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1 Introduction 
Canadian Forest Products Ltd. (Canfor) in partnership with the ‘Namgis First Nation 
(‘Namgis) and the International Woodworkers of America (IWA) have been restoring 
watersheds in the Nimpkish Valley since the inception of the Watershed Restoration Program 
in 1995.  Overview planning, prioritization and prescription studies have led to the 
deactivation of many forest roads and the construction of numerous instream structures in an 
attempt to offset and rehabilitate damage caused by forest development. 
 
One of the remaining restoration issues – the highest priority in the watershed – is how to 
address the significant channel changes that have occurred on the Yookwa Creek fan, 
Sebalhall River and Nimpkish River near Nimpkish Island after floodplain logging in the 
1960s and 1970s.  Several studies have assessed the conditions of these streams and 
developed conceptual approaches to address the coarse sediment input of Yookwa Creek, in 
particular, to Sebalhall River (see references at end of text).  A number of stakeholder 
meetings have been held over the years to address this issue, the most recent in November 
2001, but no firm agreement has been reached on the causes and treatment of the coarse 
sediment input. 

2 Project Description and Background 
In late 2002, while planning the 2003 restoration work, it was decided by the stream 
restoration team working in the Nimpkish Watershed to re-examine the conditions in Yookwa 
Creek and Sebalhall River.  A teleconference was held on February 3, 2003 to address the 
“Yookwa Creek fan problem”.  In attendance were: 
 
Ken Rood and Bruce Walsh – nhc 
Don McQueen – York U. & Aquatic Ecosystem Assoc. 
Karl Wilson and Wayne Peterson - DFO 
Doug McCorquodale - NRMB 
Warren Cooper - WLAP 
Mike Berry – Alby Systems Ltd. 
Charlie Jancsik – Canfor 



nhc 
 

 
 
YOOKWA CREEK FAN 
Assessment of Treatment Options      Page 2 

The purpose of the meeting was to reach an agreement on the steps to address the remaining 
issues so that prescription options could be developed that would lead to the selection and 
construction of a preferred treatment option. 
 
It was agreed that the following steps should be taken: 
 

• Confirm sediment supply from the upper watershed; 
• Assess the stability of the existing channel on the fan since 1995; and 
• Develop treatment options and assess their feasibility. 

 
The two primary treatment options that were assessed are: 
 

1. Re-establish the function of the fan by encouraging sediment accumulation by using 
bar stabilization structures, grade control structures, and by diverting a portion of 
peak flows into the existing distributary channels on the fan – this would still allow 
some sediment input into the Sebalhall River; and, 

2. Divert Yookwa Creek into Vernon Lake – this would eliminate any sediment input 
into the Sebalhall River. 

 
The purpose of this study is to review existing information on Yookwa Creek and identify 
changes that have occurred since 1995, evaluate the different treatments that would reduce 
the input of coarse sediment into the Sebalhall and Nimpkish rivers and improve their fish 
habitat along the streams, and  develop treatment concepts and recommend the most effective 
approach. 

3 Yookwa Watershed 
Yookwa Creek lies in the southwest corner of the Nimpkish Watershed and drains 37 km2 of 
the east side of the steep Haihte Range, near the crest of the Vancouver Island Ranges (see 
inset map of Figure 1).  The highest point in the watershed is Woss Mountain, which rises to 
nearly 1650m.  The lower slopes of the Yookwa Valley are covered with thick colluvium, 
deposited by debris torrents, debris avalanches, and snow avalanches that originated on the 
steep, active slopes.  These deposits fill much of the Yookwa valley bottom.  The mid-slopes 
of the watershed are covered with thin colluvium, while the upper slopes are exposed 
volcanic bedrock (Karmutzen and Bonanza Formations). 
 
Above the fan, the channel of Yookwa Creek is partly or completely confined, less than 15m 
wide, and contains low to moderate volumes of stored sediment.  The creek flows through a 
series of steeper, boulder and bedrock controlled reaches interspersed with flatter reaches 
where the channel wanders between gravel bars and small gravel wedges (Photos 1 and 2).  
Channel gradients are steep, ranging from about 2% in the flatter reaches to 34% in the 
bedrock and boulder controlled reaches. 
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4 Yookwa Fan 
Yookwa Creek flows through a wide, unstable channel for about 2 km on its fan (Figure 1).  
At the head of the fan, the channel is incised into glaciofluvial deposits with terrace scarps 10 
to 20 m in height (Photos 3, 6 and 7).  In Reach 1 – the lower unconfined section – the 
channel is about 1100 m long and averages 92 m in width (in 2001).  In Reach 2 – the upper 
reach bounded by terrace scarps – the channel is about 900 m long and averages 59 m in 
width (2001).  The Reach 2 channel is not completely confined, but it does impinge against 
the terrace scarps at the outside of bends.  Within the channel defined by vegetated banks, a 
relatively narrow low-flow channel (high-flow thalweg) wanders through boulder and cobble 
bars, which occupy most of the channel area, along with numerous woody debris jams.  The 
fan surface is large: approximately 100m wide at the upstream end, widening to over 1400m 
wide at the downstream end.  The average gradient from the apex of the fan head to the 
downstream end is 1.5%, though it is over 2% on the upper fan and flattens to approximately 
0.5% near its confluence with Sebalhall River.   
 
Currently, Yookwa Creek flows along the left (north) side of the fan (Photo 4).  The stream 
exits the canyon reach at the top of the fan, makes a left bend northward and flows down the 
left side of the fan to its confluence with Sebalhall River just upstream of the Nimpkish 
Mainline Bridge.  Abandoned channels provide evidence that flow once occupied other areas 
of the fan surface.  Early maps and air photos show old channels leading to the south edge of 
the fan (toward Vernon Lake) and flood channels along the main creek that apparently carried 
a large portion of the flood flow (nhc and Alby Systems, 1999). 
 
The alluvial fan of Yookwa Creek and the Sebalhall River valley bottom were logged to the 
banks in the 1960s and 1970s.  Second-growth conifers over 20m tall now dominate the 
vegetation on the Yookwa Creek fan.  Disturbed areas such as the channel margins, stable 
bars and abandoned roads support alder and shrub vegetation.  Lines of alder are visible on 
recent air photos along the path of abandoned roads. 
 
The fan of Yookwa Creek constricts Sebalhall River at the outlet of Vernon Lake causing the 
lake level to fluctuate by more than two metres during flood events (Photo 5).  During large 
floods, gravel and cobbles are deposited at the toe of the fan and are thought to create a 
“plug” that raises the bed of the lake outlet and narrows the outlet cross section.  Local 
reports state that these gravels and cobbles accumulate and raise the water level in the lake 
until the critical or threshold condition for sediment transport is exceeded and the gravels are 
transported down Sebalhall River where they accumulate. 
 
Accelerated erosion of terrace scarps and channel banks, channel enlargement on the alluvial 
fan and along Sebalhall River, and degradation or channel incision on the alluvial fan, began 
soon after logging due to the loss of bank strength provided by tree roots and fallen trunks 
and the concentration of flow into one channel by bridges and roads that traverse Yookwa 
Fan.  Yookwa Creek has been laterally active on its fan since then, shifting its position within 
the enlarged channel several times.  The erosion and enlargement of the channel and 
avulsions on the fan are important sources of coarse sediment to Sebalhall River (Photos 6 
and 7). 
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5 Climate and Hydrology 
Yookwa Creek lies within the Vancouver Island Ranges and is thought to have peak flows 
that are intermediate between the different climates of the west and east coasts of the island.  
An analysis of the climate and hydrology of the Yookwa Watershed was presented in the 
Yookwa Creek Watershed Restoration Program Level 1 Assessment and Prescription Report 
(nhc 1996) as well as nhc (1999).  These analyses – updated with the most recently reported 
(2001) Water Survey of Canada (WSC) data – are summarised below. 
 
Average annual precipitation declines from about 4,000mm on the west coast of Vancouver 
Island to about 2,000mm at Woss.  Four years (1978-81) of precipitation data collected at 
Vernon Camp in the Upper Nimpkish Watershed indicate that annual precipitation on the 
valley bottom is about the same as at Woss, averaging about 2,200 mm/yr.  Significantly 
more precipitation falls at higher elevations due to convergence in valleys and orographic 
enhancement.  The largest floods typically follow large autumn or winter rainstorms, often in 
conjunction with melt of snow.   
 
The three nearest long-term WSC gauging stations are Zeballos River near Zeballos 
(08HE006) and Ucona River near the Mouth (08HC002) on the west coast, and Tsitika River 
below Catherine Creek (08HF004) on the east coast.  Annual maximum instantaneous flows 
at these stations are shown in Figures 2 to 4.  These plots of annual maximum flows show 
that there have not been any significant floods since the large events in November 1995 and 
April 1996.  The Zebellos record is thought to be most representative of the conditions in the 
Yookwa Watershed, which suggests that a 10-year flood occurred in April 1996. 
 
Peak flows in Yookwa Creek are thought to be most similar to those at gauges on the Ucona 
and Zeballos Rivers.  Based on frequency analysis of annual maximum instantaneous flows at 
these gauges, we have accepted a Creager’s C of 30 for a 20-year instantaneous flood in 
Yookwa Creek, and a C of 35 for a 50-year instantaneous flood.  These produce estimated 
flood frequencies for Yookwa Creek are as follows: 
 

2-yr 192 m3/s 
5-yr 256 m3/s 
10-yr 297 m3/s 
20-yr 317 m3/s 
50-yr 370 m3/s 

 
Since these values are based on a regional analysis derived from large watersheds on the west 
coast, highly exposed to Pacific storms, they may overestimate actual flood peaks in the 
Yookwa Watershed. 
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6 Biological Rationale 
Mike Berry, project biologist for the Nimpkish Watershed restoration work has summarised 
the fisheries concerns on the Yookwa Fan and the lower Sebalhall River (Berry 2000).  
Resident species and lakeshore sockeye spawning success have been negatively impacted by 
large amounts of coarse sediment delivery to Vernon Lake and the lower Sebalhall River, and 
subsequently the Nimpkish River. 
 
The instability of the Yookwa Fan has led to a loss of production of both anadromous 
(especially coho) and resident (especially cutthroat) species in Yookwa Creek itself, and has 
also impacted lake-spawning sockeye survivals.  A large gravel bar regularly builds up in the 
narrow outlet of Vernon lake, causing lake levels to rise; lakeshore spawning sockeye redds 
have been left “high and dry” when the gravel bar washes down the lower Sebalhall River 
and Vernon Lake levels drop (usually during floods right after sockeye spawning in late 
October). 
 
Sockeye were reported spawning on the Yookwa fan at its outlet to Vernon Lake in 1978 and 
1979.  From the early 1980’s to 1992, very few sockeye were reported spawning in this area 
(Nimpkish SEP annual sockeye aerial counts).  Since 1992, sockeye have again been reported 
spawning along the lakeshore around the original channel outlet (now abandoned except at 
extreme high flows), and further around the lakeshore in the area of old remnant channel fans.  
It is not known whether these lakeshore spawning fish are being attracted to upwelling 
groundwater flows from the old Yookwa remnant channels; however, their consistent use of 
localized spots appears to make this appear likely.  DFO has indicated concerns that the 
primary productivity of the lake could be adversely affected by suspended sediment if 
Yookwa Creek is diverted into Vernon Lake (DFO 2003). 
 
There is little information available regarding fish utilization of the Yookwa and adjacent 
Vernon Lake shoreline.  It is known that Yookwa Creek supports populations of coho, 
cutthroat, Dolly Varden, and possibly rainbow or steelhead.  Various juvenile fish species 
(Co, Ct, Dv, Rb) have been reported in Yookwa Creek over the years.  Many of these fish are 
lost when low flows result in sub-surface flows and fish become stranded and either dried up 
or frozen in the isolated pools.  This fact makes this area a “negative” fish producer at this 
time.   Kokanee, cutthroat and Dolly Varden are regularly caught in Vernon Lake during the 
Woss Rod and Gun Club annual fishing derbies (pers. comm. R. Lutz). 

7 Coarse Sediment Budget 
In our 1998 report, Upper Nimpkish Watershed Coarse Sediment Supply (nhc 1998), we 
estimated coarse sediment production from hillslope sediment sources in upper Yookwa 
Watershed, as well as erosion rates and coarse sediment transport rates on the Yookwa Creek 
fan. The estimates were based on an analysis of air photos taken between 1948 and 1995, 
supplemented by brief field inspections in 1997.  In the upper watershed, we compiled an 
inventory of hillslope sediment sources and estimated sediment-production rates and channel-
connectivity ratios for each.  On the fan, we digitized planimetric channel boundaries and 
overlaid successive photo years to determine areas of erosion and deposition.  We assumed 
average depths of erosion and deposition to obtain volumes. 
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New air photos were taken of the Yookwa Creek fan in 2001.  The 1995 and 2001 air photos 
are larger scale than the older photo sets used in our previous study.  Shortreid Terrain Data 
Ltd has prepared digital terrain models (DTMs) from the 1995 and 2001 air photos of the fan.  
The DTMs have a 1-m contour interval and the elevation error of any point is estimated to be 
+/- 0.5 m.  By comparing the DTMs in our GIS, we have made a direct 3-D analysis of 
erosion and deposition that we were unable to do in our previous study.  The 1995 and 2001 
air photos bracket a period in which reasonably large floods occurred in November 1995 and 
April 1996 (a 10-year flood), followed by a period with only small floods. 
 
No new air photos have been flown over the upper watershed since 2001.  We inspected the 
upper watershed by helicopter as part of this project to identify any obvious changes in 
sediment-production processes or rates, but we did not make any quantitative measurements. 

7.1 Coarse Sediment Supply from Upper Yookwa Watershed 

In our 1998 report, we concluded that naturally occurring debris-torrent gullies and avalanche 
tracks appeared to be the dominant hillslope sediment sources in upper Yookwa Watershed, 
while landslides were a less significant source.  Forest harvest began in the upper watershed 
in the 1970’s, but appeared not to have had a significant impact on hillslope sediment 
production.  Low to moderate volumes of sediment were stored in the upper Yookwa Creek 
channel, which was thought to be (or was assumed to be, for simplicity) in a state of 
equilibrium in terms of coarse sediment inputs and outputs.  Therefore, we completed an 
inventory of hillslope sediment sources and estimated sediment-supply rates to the Yookwa 
Creek channel, then assumed that the sum of these would equal average sediment delivery to 
the fan.  Our estimate for coarse sediment supply from upper Yookwa Watershed between 
1948 and 1995 was 2,500 to 3,000m3/yr, based on an inventory of 20 gullies (including 
debris-torrent gullies and avalanche tracks) and five landslides and assumptions about the 
frequency that failures recurred. 
 
We conducted a helicopter reconnaissance of upper Yookwa Watershed on 14 March 2003, 
during which we looked for evidence of altered sediment-supply or channel-equilibrium 
conditions.  Gully headwall areas remained the dominant hillslope sediment sources (Photos 
9 and 10).  We did not identify any new, large sources of sediment associated with forest 
harvest or roads.  Upper Yookwa Creek contains low to moderate volumes of stored 
sediment, but we saw no evidence that the creek was choked with large, recent increases in 
sediment input from the hillslopes.  The creek is lined by many large, vegetated colluvial 
deposits which may be slowly eroding along their margins, possibly providing the dominant 
sediment supply to the creek, independent from contemporary processes on the upper 
hillslopes (Photos 11 and 12). 

7.2 Yookwa Fan Erosion and Deposition 

 
Channel Area 
In our 1998 report, we presented estimates of channel area on the Yookwa Creek fan based 
on measurements from four sets of air photos: 1964, 1978, 1982, and 1995.  The 1964 photos 
pre-dated forest harvest on the fan; by 1978, all riparian forest harvest on the fan had been 
completed.  The 1964 measurement of channel area included only the mainstem channel 
visible through the forest canopy, although there were indications of numerous tiny 
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(unmeasured) overflow channels through the forest.  By 1978, the channel appeared to have 
widened greatly, but part of this apparent widening resulted from the exposure, by forest 
removal, of these braided overflow channels.  Nevertheless, the channel did change character 
dramatically following forest harvest, including an avulsion down a logging road. 
 
Table 1 contains the channel area measurements presented in our 1998 report, as well as 
channel areas measured from the 1995 and 2001 Shortreid contour maps.  Comparison of the 
1995 channel areas from the two different sources indicates the level of error in our previous, 
less accurate measurements, compared to the more accurate mapping by Shortreid.  Overall, 
however, the results suggest that channel area did increase most rapidly in the first several 
years after forest harvest, but that the channel continues to widen by an average of 0.2 ha/yr 
more than 25 years later. 
 
Table 1.  Channel Areas and Net Lateral Erosion on the Yookwa Creek Fan 

Year Source Channel Net Lateral
Area  Erosion
 (ha)  (ha/yr)

1964 nhc (1998) 7.6
1978 nhc (1998) 12.6 0.4
1982 nhc (1998) 14.9 0.6
1995 nhc (1998) 15.8 < 0.1

1995 Shortreid 14.3
2001 Shortreid 15.4 0.2  

 
 
Erosion and Deposition Volume 
The 1995 and 2001 terrain models offer an opportunity to measure volumes of erosion 
resulting from lateral migration of channel boundaries, as well as erosion and deposition 
within the channel boundaries.  We computed the change in elevation at each cell in a 2x2 m 
grid constructed from the 1995 and 2001 DTMs, thus determining volumetric changes 
between the two model surfaces.  Table 2 summarizes these data.  From 1995 to 2001, there 
was a net deposition of 59,000 +/- 29,000 m3 within the channel boundaries, equating to an 
average aggradation of 0.4 m over the 2001 channel area.  The majority of channel deposition 
has occurred in Reach 1 (Photo 8) and at the fan head in Reach 2.  Incision occurred mostly 
along the lower section of Reach 2, as shown in Figure 5 and summarized below. 
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Table 2.  Erosion and Deposition Volumes on the Yookwa Creek 
   Fan, 1995 - 2001 

Reach Bank Channel Channel Net 
Erosion Erosion Deposition Deposition

 (m3)  (m3)  (m3)  (m3)

1 2,400 1,200 57,400 53,800
2 6,500 7,700 19,100 4,900

Total 8,900 8,900 76,500 58,700
Net Deposition = Channel Deposition – (Bank Erosion + Channel Erosion)  
 
 
Sediment Transport 
The 58,700m3 of net deposition in the fan channel over a 6-year period sets a minimum 
sediment supply rate from the upper watershed of roughly 10,000m3/yr.  Anecdotal 
observations indicate that some coarse sediment continues to be delivered into Sebalhall 
River.  We had previously estimated average transport of 6,000m3/yr in the Sebalhall River; 
adopting this rate suggests that the upper Yookwa Watershed must have supplied up to 
16,000m3/yr of coarse sediment to lower Yookwa Creek during the period 1995 to 2001.  
Assuming that all sediment eroded on the fan was transported directly to the Sebalhall River, 
while much of the sediment from the upper watershed was deposited on the fan, we estimate 
the following coarse sediment transport rates at points along the Yookwa Creek fan channel. 
 
Table 3.  Estimated Coarse Se diment Transport Rates on the Yookwa Creek 

   Fan, 1995 - 2001 

Channel Location Total

(m3)

Annual

(m3)

Explanation

Fan Head 94,700 15,800 [Net dep on fan] + [Est transport in Sebalhall]
Mid fan (Reach 1 / 2 break) 89,800 15,000 [Fan head transport] + [Reach 2 erosion] – [Reach 2 

deposition]
Fan Mouth 36,000 6,000 [Mid-fan transport] + [Reach 1 erosion] – [Reach 1 

deposition]
Sebalhall River 36,000 6,000 [Est transport in Sebalhall]  
 
 
The estimate of 16,000 m3/yr of coarse sediment supply from the upper watershed greatly 
exceeds our previous estimate of 3,000 m3/yr, based on a hillslope sediment source inventory.  
The updated sediment-supply rate is equivalent to a watershed erosion or denudation rate of 
about 0.4mm/yr, ignoring suspended load transport.  Such a long-term erosion rate is much 
more than typical denudation rates by landslides in BC and cannot be sustained by 
contemporary hillslope processes.  Given that conditions in the upper watershed do not 
appear to have changed remarkably since our previous study, we conclude that channel 
adjustments above the fan head or distributed erosion of older colluvial deposits along the 
creek channel actually provided most of the coarse sediment to the Yookwa Creek fan. 
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7.3 Coarse Sediment Mobility 

Based on an hydraulic analysis independent from the DTM analysis above, the estimated 
sediment transport rate on the fan for various return-period floods is summarized in Table 4, 
based on a sampled sediment gradation curve shown in Figure 6. 
 
Table 4.  Summary of Estimated Coarse Sediment Transport Rates  

Flow 
Recurrence 

Interval

Main 
Channel 

Discharge 

(m
3
/s)

Assumed 

Width
(m)

Velcocity
1

(m/s)
Depth

1

(m)

Bedload 
Transport

Rate
2

(m
3
/s)

Volume
3

(m
3
)

Main 
Channel 

Discharge
 3  

(m
3
/s)

Bedload 
Transport 

Rate

(m
3
/s)

Main 
Channel 

Discharge

Bedload 
Transport 

Rate 

2-Year 192 100 2.7 0.7 0.13 10884 166 0.09 13% 31%
5-Year 256 100 3.0 0.8 0.24 20802 225 0.21 12% 14%
10-Year 297 100 3.2 0.9 0.33 28125 262 0.29 12% 11%
20-Year 317 100 3.3 1.0 0.37 31916 281 0.33 11% 11%
Notes:
1.  Estimated channel conditions based on Manning's equation assuming a Manning's n of 0.036 and an average fan slope of 1.5 precent.
2.  Bedload transport rate average of seven transport formulas, inlcuding Meyer-Peter Muller and Schoklitsch .
3.  Volume computed assuming 24 hour duration of flood peak.
4.  Flow diversion into the 900 m channel assuming diversion channel 4 m wide, Manning's n of 0.030, slope of 1.5 percent, and allowing 0.5 m additional 
     head developed by downstream log jam (see Section 8.3).

Existing Channel Conditions Reduced Flow Conditions Percent Reduction

 
 
 
For the existing channel and a 2-year flood, an estimated total volume of about 11,000 m3 of 
coarse sediment would be transported past a fixed point on the fan, assuming a flood-peak 
duration of 24 hours.  A 10-year, 24-hour flood would transport about 32,000 m3 of coarse 
sediment.  Based on these estimates, the Yookwa Creek floods that occurred between 1995 
and 2001 would have transported somewhere in the order of 50,000 to 100,000 m3 of coarse 
sediment.  The DTM results presented in Table 3 are in rough agreement with the 
independent hydraulic estimates presented in Table 4. 
 
These results indicate that a significant volume of sediment could potentially be mobilized 
during a 10- to 20-year flood, which suggests that it is worthwhile to try and trap even more 
sediment on the fan and encourage vegetation of the bars.  The reduced flow condition in 
Table 4 assumes that a portion of the flow is diverted out of the main channel, effectively 
reducing the stream power available to move sediment in the main channel.  A 31-percent 
reduction in the bedload transport rate is realized for the 2-year flood; however, it is 
interesting to note that the total volume reduction is about the same for all of the flood 
conditions.  For instance, for a 24-hour peak flood duration, a 3,000m3 reduction would occur 
for the 2-year flood, which is similar to 2,900m3 for the 5-year flood, 3,100m3 for the 10-year 
flood, and 3,500m3 for the 20-year flood. 
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8 Treatment Approaches 
The main objective of the proposed work on the Yookwa Fan is to reduce the impacts of 
gravel delivery on the Yookwa, Sebalhall and Nimpkish rivers.  To achieve this objective, 
various options have been developed that incorporate some or all of the following goals: 

• Trap coarse sediment on the fan by encouraging deposition in the existing 
channel by increasing the roughness of the channel, 

• Trap coarse sediment on the fan by dissipating flood flows away from the 
main channel, 

• Divert gravel delivery away from Sebalhall River and into Vernon Lake. 
 
Table 5 lists the treatment options and summarizes the relative costs, risk of failure and 
biological benefits. 
 
Table 5. Summary of Treatment Options  
 
Option Description Relative 

Cost - $ 
Risk of 
Failure  

Biological 
Benefit 

0 No Action None n/a ( - ) 
1.1 Add Wood to Bars Med Mod + 
1.2 Open High Flow Channels Low Mod + 
2 A Full Diversion – Option A Very High High ++ 
2 B Full Diversion – Option B High High ++ 
 

8.1 Option 0 - No Action 

This option carries no dollar cost.  However, there are no benefits to fish habitat and it would 
further delay long-term recovery.  Instead there may be a biological cost to this option when 
adult and juvenile fish are attracted to the Yookwa fan where they are later trapped and die as 
the flow goes subsurface.  Also, as shown in Table  4, a significant volume of sediment could 
potentially be mobilized during a 5- to 10-year flood, which suggests that it is worthwhile to 
try and trap sediment on the fan and encourage vegetation of the bars. 

8.2 Option 1.1 - Add Wood to Bars 

Adding logs to the bar tops would increase channel roughness and encourage deposition of 
coarse sediment in the main channel of Yookwa Creek, thus reducing the delivery of coarse 
sediment to Sebalhall River (Photo 8). 
 
Logs would be placed on the exposed bars from approximately 540m to 1100m upstream 
from the mouth.  Figure 7 shows the approximate number of logs per bar in the treated 
section as well as a suggested orientation for the logs.  Logs would be 8 to 11 m long to 
maximize the bar coverage and increase stability, with a minimum butt diameter of 0.8m.  
Approximately 110 logs (11m) would be required to cover the area..  Each log would be 
ballasted with cabled rock anchors at each end to prevent shifting. 
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The total volume of sediment that could be stored behind the 110 logs is estimated to be 
about 9,300m3 assuming the dimensions of each sediment wedge to be 11m wide by 0.7m 
deep at the log and tapering out at 22m.  This volume corresponds to about 1.5 times the 
estimated annual sediment load entering the Sebalhall River from the Yookwa Fan. 
 
Logs and boulders would be collected at a staging area on a nearby road and flown to the bar 
tops by helicopter.  Depending on the size of helicopter available, boulders could be attached 
in advance or flown separately and then attached in place.  We recommend that a Spyder hoe 
also be used to rearrange the logs on the bar surface and partially bury the anchors to ensure 
that the installed logs are placed tight to the bar surface. 

8.3 Option 1.2 - Open High Flow Channels 

Prior to logging, flood conditions on the Yookwa fan likely resulted in a portion of the flow 
being diverted into the overbank channel across the fan surface.  This would have resulted in 
a reduction in the stream power available to moving coarse gravel within the main channel, 
resulting in a net deposition of coarse sediment on the fan.  The prescriptions outlined in 
Option 1.2 are designed to imitate this pre-logging flood regime on the fan. 
  
Figure 8 shows the approximate location of the high flow channels and overbank flow areas.  
Potential inlet locations to two high-flow channels were identified at 600m and 900m 
upstream of Sebalhall River.  Similar percent reductions of the sediment transport rates are 
expected by opening the 600m or 900m channels.  Also, the right bank of the lower 600m of 
the south channel is not much higher than the channel bed and flow is now able to leave the 
channel at several locations, impeded only by a number of small log jams.   
 
900m Channel – An attempt was made in the early 1980’s to open this overflow channel to 
reduce peak flows in the main channel (Photo 13).  However, this was unsuccessful for two 
reasons:  (1) the inlet to the channel became partially blocked by a log jam; and (2) the inlet 
invert was set too high and could not accommodate local bed level changes. 
 
It is proposed that this channel be re-opened (Figure 8).  The opening at the bank would be 6 
to 8m wide which would lead into a 4m wide channel a short distance downstream.  The inlet 
invert would be lowered by about 1.2m and the entire inlet would be protected with 
approximately 120m3 of rock to prevent Yookwa Creek from avulsing into the widened 
channel.  Approximately 195m3 of material needs to be excavated to join with the natural 
channel about 70m downstream.  Excavated material could be spoiled on site on the fan 
surface.  About 30 percent of the 2-year flood would be diverted by this channel, as is shown 
in Table 3. 
 
It is also recommended that a log jam be constructed on the right bank downstream of the 
inlet which would tend to raise water levels along the right bank at the inlet, thus forcing flow 
into the channel.  This logjam would consist of 10 to 20 logs and would be ballasted with 
boulders and attached to the bank with cable.  Logs and boulders could be flown to this site 
by helicopter and rearranged using a Spyder hoe or trucked to the site using the abandoned 
road system on the fan. 
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Some natural debris blockages occur sporadically in the downstream channel and would need 
to be removed by hand.  Additional excavation will be required at the road crossing about 
300m downstream (location shown on Figure 8). 
 
600m Channel – A berm has been constructed along the right bank to prevent flow onto an 
adjacent road (Photo 14).  A natural channel is located near the berm which would be re-
activated if the berm is removed.  Approximately 190m3 of material needs to be excavated to 
remove the berm and enlarge the entrance to the channel.  About 120m3 of rock would be 
required to protect the channel opening against continued erosion and channel widening.  
Small debris blockages along the downstream channel would also need to be selectively 
cleared to improve flow conditions along the channel. 
 
Overbank Flow – The right bank of Yookwa Creek is very low along the lower 600m of the 
south channel (Photos 15 and 16); however, several small log jams reduce the opportunity for 
water to flow into the surrounding forest and overbank areas (Figure 8).  Selected logs, log 
jams and standing trees could be removed by hand to encourage more overbank flow.  Also, 
at selected sites, available wood could be used to concentrate the overbank flow to form 
channels directing flow further into the forest and away from the main channel. 

8.4 Option 2 - Full Diversion 

The most effective option for halting the delivery of coarse sediment to Sebalhall River 
would be to divert Yookwa Creek for 1430m across the fan to Vernon Lake.  Figure 8 shows 
the approximate alignment of the channel.  Two options are possible for the diversion 
channel.  In Option A, the diversion channel is excavated the full distance from the top of the 
fan to the lake.  In Option B, the excavated channel ends about 2/3 of the way down the fan, 
which allows the flow and sediment to spill out onto the lower fan, but reduces the excavated 
volume by about 20 percent. 
 
Both options require a diversion dam to be constructed across Yookwa Creek near the top of 
the fan.  The dam would be about 5m high and would require up to 9000m3 of rock to 
construct. 
 
Option A – The diversion channel would begin at the top of the fan with a 5m cut and end 
near the lake where the cut would be reduced to about 0.5 m – the channel gradient would be 
about 1.5 percent.  The bottom of the channel would be 35m wide, which is equivalent to the 
channel width during a small flood, but sufficiently narrow to ensure sediment transport 
along the channel to the lake 
 
A berm would be constructed on either side of the channel for the first 200m to ensure that 
the flow is contained and directed away from the existing channel and towards the lake.  
Riprap and would be used to armour the berms to control lateral movement of the channel 
and to construct grade control structures to prevent degradation of the channel bed.  
Approximately 2,400m3 of rock would be required.  Further downstream, the berm would 
only be constructed along the left side of the channel to prevent flow into the existing 
channel. 
 
The estimated total volume of excavated material is about 98,000 m3, most of which would 
be used to construct the berms. 
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Gravel deposition at the end of the diversion channel would form a delta in the lake which 
could potentially create lakeshore spawning habitat, although any existing habitat would be 
covered.  The lake would also be subject to suspended sediments, which could affect the 
water quality of the lake, although this may be localized near the lake outlet.  
 
Option B – The diversion channel would end about 400 m from the lake, which reduces the 
required excavation to about 80,000 m3.  The end of the diversion channel would be aligned 
with existing swales that connect to the lake, and the swales would be cleared of vegetation.   
 
An alluvial fan would begin to form at the end of the diversion channel, which in the short 
term could affect the forest cover on the lower fan, and in the long term could begin to back 
up the diversion channel reducing its effectiveness. 
 

9 Budget 
Table 6 presents the cost estimates for each option and has been prepared using approximate 
material and time requirement estimates.  The cost estimates are intended to provide a basis 
for comparing the different options.  The estimates are not sufficiently refined for 
construction budgeting purposes.  A more detailed budget will be prepared after a 
prescription option is chosen and detailed prescriptions are developed. 
 
Table 6.  Estimated Construction Costs 

($) ($) ($) ($) ($) ($)
0 No Action $0 $0 $0 $0 $0 $0 No Cost / No Benefit

Not Recommended
1.1 Add Wood to Bars $3,888 $3,000 $57,750 $18,000 $11,360 $94,000 Moderate Cost / Good Benefits

Recommended
1.2 Open High Flow 

Channels
$2,000 $6,000 $0 $8,500 $9,000 $25,500 Moderate Cost / Good Benefits

Recommended
2 A Full Diversion - Option 

A
$57,000 $1,000 $0 $310,000 $38,600 $406,600 High Cost / High Risk

Not Recommended
(unit cost for excavation based on 
DFO estimate of $3/m3)

2 B Full Diversion - Option 
B

$57,000 $1,000 $0 $256,000 $31,800 $345,800 High Cost / High Risk
Not Recommended
(unit cost for excavation based on 
DFO estimate of $3/m

3
)

Total

CommentsPrescription 
Option Description

Estimated Construction Costs

Materials Labour Helicopter
Spyder / 

Conventional
Project 

Supervision
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10  Recommendations 
The objective of any work on the Yookwa Creek fan is to reduce sediment delivery to the 
Sebalhall River.  Assessed options include do nothing, re-establish the function of the fan or 
divert coarse sediment into Vernon Lake.  Following a review of these options by Canfor and 
other agencies and partners, and selection of the preferred options, detailed designs and cost 
estimates will be developed for future implementation. 
 
Option 0: No Action – While this option has the lowest cost and least amount of risk, there 
are no short- to medium-term benefits to fish habitat, and no contribution to the geomorphic 
recovery of Yookwa Fan.  Also, as shown in Table  4, a significant volume of sediment could 
potentially be mobilized during a 5- to 10-year flood, which suggests that it is worthwhile to 
try and trap sediment on the fan and encourage vegetation of the bars.  Therefore, this option 
is not recommended. 
 
Option 1.1: Add Wood to Bars – Adding wood to the bars is intended to roughen the channel 
to promote deposition of coarse sediment around the structures.  Adding 110 logs is estimated 
to trap about 9,000m3, which is about 1.5 times the estimated annual sediment load to the 
Sebalhall River.  Adding the logs will also reduce the potential for significant sediment 
movement during moderate 5- to 10-year flood events, as suggested in Table 4. 
 
We feel that this option has a high likelihood of success and recommend further development 
of prescriptions.  This option should be considered in combination with Option 1.2. 
 
Option 1.2: Open High Flow Channels – Providing high flow channels on the fan will 
reduce peak flows in the main channel and promote deposition of gravel.  A 30 percent 
reduction in the sediment transport rates is estimated for the 2-year flood if the 900m channel 
is opened.  This equates to 3,000m3, or half the annual sediment load to the Sebalhall River 
from Yookwa Creek, assuming a flood duration of 24 hours. 
 
This is the lowest cost option.  The likelihood of success is high for the right bank of the 
downstream south channel and the 600m channel, and low to moderate for the 900m channel.  
Maintenance may be required to ensure longer-term function of the two upstream sites. 
 
We recommend that detailed prescriptions be developed for these sites in combination with 
Option 1.1. 
 
Option 2: Full Diversion – This option would effectively eliminate gravel transport in the 
existing main channel, which would likely have short-term benefits to fish habitat in 
Sebalhall River, although the longer term (100 year plus) effects are difficult to know. 
 
The full diversion is the most expensive option and has a higher level of risk.  Furthermore, 
the DFO has indicated that the diversion would not be supported by the agency due to 
concerns that the primary productivity of the lake could be adversely affected by suspended 
sediment delivered directly to Vernon Lake (DFO 2003). 
 
We do not recommend any further action be taken to develop prescriptions for this option. 
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* * * 

 
We trust this meets your immediate requirements.  Should you have any questions or 
comments, please call us at 604-980-6011. 
 
Yours truly, 
 
northwest hydraulic consultants 
 
original signed by   original signed by 
 
Derek Ray   Bruce Walsh, P.Eng 
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Maximum Instantaneous Flow by Year
for WSC Gauge Zeballos River near Zeballos (08HE006)

(2001 Max estimated from Daily Max)
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Maximum Instantaneous Flow by Year
for WSC Gauge Ucona River at the Mouth (08HC002)
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Maximum Instantaneous Flow by Year
for WSC Gauge Tsitika R. Below Catherine Ck. (08HF004)
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YOOKWA CREEK
Coarse Sediment Gradation Curve
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PHOTOGRAPHS 



 
 
Photo 1: Looking upstream at the upper channel with stored sediment in the channel 

downstream of a break in slope. 
 

 
 
Photo 2: Looking downstream at a typical flatter reach of the upper Yookwa.  Note the 

sediment in transport. 
 

Flatter gradient 
reach 

Steeper gradient 
reach 



 
 
Photo 3: Actively eroding glaciofluvial scarp near the apex of the fan. 
 
 

 
 
Photo 4: Looking downstream at the Yookwa Creek fan.  Note that the creek flows along 

the left margin of the fan. 

Yookwa 
Creek Fan 



 
 
Photo 5: Looking upstream into Vernon Lake from the Nimpkish mainline bridge.  Note 

that there is more flow in the close (right) Yookwa channel than the far 
channel. 

 

 
 
Photo 6: Looking downstream at an eroding glaciofluvial terrace scarp. 
 



 
 
Photo 7: Looking across at a ravelling glaciofluvial scarp.  This sediment source is 

currently buffered from the channel by an alder covered bar. 
 
 

 
 
Photo 8: Natural LWD and gravel deposition on the bars. 
 



 
 
Photo 9: Gully erosion in the upper Yookwa watershed. 
 
 
 

 
 
Photo 10: Gully sediment sources in the Yookwa Watershed. 
 
 



 
 
Photo 11: Colluvial sediment sources in the upper Yookwa watershed. 
 
 
 
 

 
 
Photo 12: Natural colluvial sediment inputs to Yookwa Creek. 
 
 



 
 
Photo 13: Looking across at the entrance to the failed 900m channel.  Note the logs 

jammed into the entrance. 
 
 

 
 
Photo 14: Looking over at the right bank at the head of the 600m channel.  Surveyor is 

standing on top of the berm placed to prevent flow into the channel. 
 



 
 
Photo 15: Flow through right bank trees in lower 600m of the fan.  Note the gravel 

deposition in the trees. 
 
 

 
 
Photo 16: Looking upstream in the right channel at the downstream end of the fan.  Note 

the large bar complexes and flow over the low banks. 
 



 
 
Photo 17: Looking along the toe of the fan and the edge of Vernon Lake.  The fingers 

projecting into the lake contain gravel that is important for lake-spawning 
sockeye. 

 

 
 
Photo 18: Looking down at the flow split between the left and right channels at the 

downstream end of the fan. 

600m Channel 


