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VIA  Mail 
 
July 7, 2006 
 
Mr. Dave Mogenson  
Senior Structures & Roads Engineer  
Western Forest Products Ltd. 
1594 Beach Drive 
Port McNeill, BC   V0N 2R0 
 
Dear Mr. Mogenson: 

 
RE: CLUXEWE RIVER RESTORATION 

Review of Channel Stability and Restoration Designs 
 
 
INTRODUCTION 
 
The purpose of this report is to provide a review of the stream habitat structures 
prescribed for the lower Cluxewe River by LGL Ltd. (LGL, 2005).  In particular 
this review is intended to answer the question of whether the structures prescribed 
and methodology proposed are appropriate for the system given the historic, and 
current, channel stability of the lower river.  This review is based on the following 
documents and data: 
 

• Rehabilitation Designs for Lower Cluxewe River (LGL, 2005); 
• Coastal Watershed Assessment (CWAP) of Cluxewe Watershed 

(Ostapowich, 1998); 
• Historic channel mapping of Lower Cluxewe River from 1953 to 1995 

(Klohn Crippen, 2005); 
• Aerial photo coverage from 1981 and 1996; and, 
• Field reconnaissance on May 15 and 16, 2006. 

 
To assist the review, we have adopted the reach breaks of the CWAP (Ostapowich, 
1998).  All distances are reported as downstream from the West Main Bridge to 
match those in the LGL report. 
 
BACKGROUND 
 
Cluxewe River is located on Northern Vancouver Island, BC near the town of Port 
McNeill (Figure 1).  The river drains a watershed area of 94.2 km2 that ranges in 
elevation from sea level to 1356 m (Ostapowich, 1998).  The main river flows from 
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its headwaters in the steep Karmutzen Ranges, north to Broughton Strait.  The 
watershed is confined between the larger Nimpkish and Keogh watersheds and has 
a narrow shape with relatively few large tributaries. 
 
Since the 1930’s about 55% of the total watershed area (5218 ha) has been logged 
(Ostapowich, 1998).  About 88% of this logging (49% of the basin) occurred more 
than 40 years ago.  Since the early logging there has been less forestry activity in 
the lower watershed.  This has allowed the forest time to grow resulting in an 
equivalent clear cut area (ECA) today of about 14% (Ostapowich, 1998), a value 
not thought to significantly affect the hydrology of the basin. 
 
Riparian logging along the lower main river, like much of the watershed, occurred 
more than 40 years ago.  Much of the riparian vegetation was logged to the banks 
leading to bank destabilization and extensive channel widening (Ostapowich, 
1998).  Several factors lead to the significant change in bed-material load, channel 
width, and channel morphology of the lower river.  Some of these are: 
 

• A low elevation watershed that is susceptible to brief, intense flooding 
events that are typically caused by rain-on-snow events.  40% of the 
watershed lies in the 300-800 m elevation zone (Ostapowich, 1998);  
elevations below about 800 m are unlikely to have persistent snow through 
the winter in coastal BC and are thought to generate rain-on-snow flood 
peaks (MOE, 1994); 

• A stream morphology that is dependent on large wood and log jams.  
Therefore, as recruitment dropped and instream wood rotted, the 
morphology of the river changed; 

• A channel width (greater than about 30 m) and stream size that is able to 
transport small second growth conifers and alders trees.  As a result, trees 
smaller than full grown conifers are more mobile and tend to move from 
where they fall and are less likely to form log jams that can “armour” 
eroding banks; 

• Abundant alluvial and glacio-fluvial outwash sediments in the banks that 
are easily eroded by the main river.  These deposits in the bed and banks of 
the main river become the major sediment sources once instability is 
initiated and, 

• Much of the lower river has a broad alluvial floodplain where the channel 
can widen and “avulse” to new locations. 
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RIVER PROCESSES AND IMPACTS 
 
Lateral Processes 
 
Cluxewe River, in the 7 km downstream from West Main Bridge, can be broken 
into three distinct reaches when considering channel processes.  The upper, 
laterally confined reach extends 2 km downstream from the bridge and corresponds 
to the CWAP report’s C7 and C8 reaches.  In this reach, the channel is largely 
confined by high terraces and bedrock or till outcrops.  The channel is steep (1.2 
%), has a pool-riffle morphology and bed material that is dominated by cobbles and 
boulders (Photo 1).  Many of the pools are confined to areas of local scour around 
stable objects such as logs and till and bedrock outcrops.  The channel planform 
can be characterized as straight to mildly sinuous (Photo 2).  Where the floodplain 
widens in a few locations, bars have developed and bank erosion is ongoing.  
Eroding banks are high and are composed of a mixture of alluvial and non-alluvial 
(glacial and outwash) sediments (Photo 3). 
 
Downstream of the upper reach, Cluxewe River enters onto a broad floodplain.  
This reach begins from about 2 km downstream of the West Main Bridge and 
extends a distance of about 4.4 km to 6.4 km.  Here the river flows through a 
generally well-connected floodplain where the channel is largely unconfined.  The 
channel slope decreases to less than 1 % and bed material sizes decrease 
correspondingly to cobbles and gravels (Photo 4).  In this reach, logs and log jams 
are critical to channel morphology.  The formation of log jams exerts a strong 
controlling influence on channel position in the wide floodplain (Photo 5).  Large, 
channel-spanning log jams can often be found in the abandoned channels on the 
floodplain margins and often cause channel avulsions or sudden shifts of the 
channel direction.  Also, as banks erode, large trees are introduced into the river, 
which direct flow away from the point of attack thus armouring the banks 
(Photo 6). 
 
The lowest reach includes the multi-channel section of the river downstream of the 
LGL prescriptions and includes the delta.  This reach extends from the gravel pit 
and recently rehabilitated municipal dump site at 6.4 km downstream to Broughton 
Strait at 9.4 km.  Like the upstream reach the river flows through a well-connected 
floodplain where banks are low and generally dominated by alders (Photo 7).  
Channel slopes decrease downstream and the river has adopted a multi-channelled 
form around alder log jams and alder covered islands (Photo 8).  The reach is very 
unstable laterally except at the highway bridge where it is constrained by the 
highway approaches and bridge opening. 



Cluxewe River Restoration 
REVIEW OF CHANNEL STABILITY AND PROPOSED WORKS 
May 19, 2006 
Page 4 of 14 
 

 

 
 

nhc 
30 Gostick Place, North Vancouver, BC, V7M 3G3 

 
It is in the lower two reaches that riparian logging has had the greater effect.  The 
main impacts to the lower Cluxewe River channel as a result of logging are those 
associated with floodplain logging and logging to the edge of the bank.  The main 
findings of the CWAP are (Ostapowich, 1998): 
 

1. Natural landslides influence the upper watershed but would have little 
influence on channel morphology in the lower reaches; 

2. There are few logging or road-related landslides in the basin; 
3. The greatest impact to the main river is the removal of the riparian 

vegetation in the lower river;  
4. Riparian logging took place 45 to 60 years ago and bank erosion and 

channel widening have diminished significantly and the channel is trending 
toward recovery.  However, sediment loads remain above natural levels and 
channel stability remains a concern and, 

5. Lower Cluxewe River tributaries were likewise impacted and streams 1 and 
2 (located about 2 km and 3 km downstream of the West Main Bridge 
respectively) likely introduced an increased load to the main river.  45 to 60 
years of riparian growth in these smaller basins has likely recovered these 
channels to a pre-disturbed state. 

 
In general, the conclusions of the CWAP indicate a system that is in a state of 
recovery.  The riparian forest is generally 40 or more years old and should be 
approaching a size that is not easily transported by the river.  These conclusions are 
only partly supported by our field observations of May 2006.  Increased channel 
stability was evident in many areas of the channel - local sediment wedges and new 
log jam areas excluded.  The riparian forest, however, remains small and partly 
transportable by the river.  Thus local instability remains an ongoing problem.   
 
Thirteen significant eroding banks were observed during the site visit; most of 
these banks lack wood along the toe despite obvious recruitment from the riparian 
forest (Photos 9 to 21).  Many of these banks, especially downstream of 2 km, are 
located in wide unstable areas of the channel and are ongoing sediment sources.  In 
these areas, coarse sediment builds on mid-channel and point bars, narrowing the 
channel and forcing flow against the banks.  As flow is confined against the banks, 
shear stress increases and the banks erode introducing yet more coarse sediment to 
the river. 

 
On a reach-wide scale the increasing channel stability conclusion of the CWAP is 
supported by the channel stability mapping produced by Klohn Crippen Ltd. 
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(2005). This mapping gives a good perspective of the channel development over 
the last 50 years (Figures 2 to 8; Table 1).  The maps show that channel instability 
was initiated soon after floodplain logging (1935 to 1953 mapping), channel 
widening progressed until the early 1980’s (1953 to 1985 mapping), and then the 
channel width decreased as alders colonized the floodplain deposits (1985 to 1995 
mapping). 
 
Vertical Processes 
 
The vertical stability of the river was assessed by site inspection in May 2006 by 
noting bank height and riparian vegetation.  Channel aggradation is inferred where 
bank height is low and the banks are dominated by alders and mixed forest.  These 
observations were compared to the aerial photography where channel aggradation 
is inferred by the presence of sediment wedges and bar complexes.  No field 
reconnaissance was undertaken downstream of 7+200 m because of the difficult 
access and lack of prescriptions in this reach. 
 
In general, the upstream watershed does not appear to be supplying significant 
volumes of coarse sediment to the lower river and as a result, the upper reaches 
(Reaches C7 and C8) are not heavily aggraded.  The reaches are dominated by long 
riffles that are primarily composed of stable bed material sizes that are not easily 
transported.  Bank heights are generally high (1 m to 4 m), mossed, and covered by 
second growth conifers and pockets of old growth conifers.  Exceptions to this 
trend are the sediment wedges at 1+500 m and 1+800 m where a channel-spanning 
log jam and tributary fan, respectively, are causing local aggradation.  At these 
locations the river has adopted a multi-channel form as flow leaves the aggraded 
main channel.  The bedrock outcrop at 0+900 m imposes a structural control on the 
river causing deposition upstream. 
 
In the lower reach (reaches C6 to C1) the river is generally aggrading, causing 
ongoing lateral instability.  Sediment supply appears to be generated locally from 
the bed and banks of the river and is not transported from upstream.  Bank heights 
are generally 1 m to 2 m and covered by a mixture of tree ages and species that 
include small pockets of “old growth” trees to large stands of alders.  Material in 
transport is temporarily stored in a series of bar complexes or sediment wedges 
above log jams and vertical controls in the river.  Coarse sediment is not 
transported significant distances downstream, leading to a series of discrete wedges 
that are separated by short, stable river sections.  Significant controls to 
downstream sediment transport occur at the channel-spanning log jam at 3+000 m, 
the channel-spanning spruce tree at 3+650 m, the bedrock outcrop at 5+000 m, and 
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the log jams at 5+400 m and 6+300 m.  Lateral channel stability is directly related 
to the vertical stability and areas of aggradation are laterally unstable. 
 
Flooding History 
 
In addition to sediment supply, riparian vegetation, and amount and location of 
wood in the river, the lateral stability of Cluxewe River is also dependent on floods 
and the flood history of the river.  An analysis of the Tsitika River gauge reveals 
that the flood of record occurred in 1975 (Figure 9).  The effects of this flood on 
Cluxewe River are evident in the 1966 to 1977 river mapping which show little 
change in the upstream reaches (C7 and C8) but significant channel widening and 
shifting in the downstream reaches (C6, C5, C4 and C3).  This flood occurred when 
riparian forest regrowth was small (20 or so years old) and the removal of the 
riparian forest was relatively recent.  As a result the effect on the river was large 
and widespread. 
 
The period 1986 to 1995 contained the next three largest floods on record: the 20-
year flood of 1990, the 10-year flood of 1992, and the 10-year flood of 1993.  
These floods occurred during a period of increasing channel stability and riparian 
growth.  As a result they do not appear to have had the same effect as the earlier, 
larger flood.  The lack of extensive channel change in this time period despite the 
occurrence of three large floods is the best evidence for increasing channel stability 
of the river.  The period of 1994 to 2004 contained no floods greater than the 5-
year flood. 
 
Recently, Cluxewe River experienced a 5-year flood on December 24, 2005.  The 
effects of this flood were evident during the May 2006 field visit.  In general, the 
effect of the 2005 flood on channel stability in Cluxewe River was minor and 
confined to bank erosion at existing unstable banks.  There were, however, a couple 
of new log jams that formed at 1+500 m, 2+300 m, 2+700 m and 3+700 m and new 
channel shifting at the landfill occurred. 
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CLUXEWE RIVER RESTORATION PLAN 
 
The main impacts to Lower Cluxewe River fish habitat are (Fishfor, 2003 from 
LGL, 2005): 
 

• Limited pool frequency and pool area; 
• Limited instream large woody debris; 
• A lack of instream cover; 
• Moderate to severe aggradation; 
• Lateral channel instability; and, 
• Alder-dominated riparian vegetation (young seral stage). 

 
The objectives for stream restoration are (LGL, 2005): 
 

• Improving overwintering and rearing habitat for native salmon, steelhead, 
trout and char; and, 

• Increasing fry densities in LWD-complexed sites to 0.9 coho fry/m2 and 0.3 
trout fry/m2. 

 
LGL goes on to state that individual LWD structures are intended to: 
 

• Increase hydraulic diversity, promote scour and pool development; and, 
• Reduce bank erosion and lead to a narrower, more stable channel over time 

where installed on eroding banks. 
 
To achieve these objectives LGL has prescribed a series of 54 LWD structures 
mainly situated in existing pools that are close to existing or overgrown access 
roads (Table 2).  Our review of the prescriptions reveals that structures are located 
exclusively in existing pools where they are intended to add cover and value to 
these pools (as stated in their objectives).  Despite objectives to reduce bank 
erosion, however, there are very few structures located along the high, significant 
sediment-producing eroding banks except where deep scour pools have formed. 
 
Table 2 lists the 54 LWD structures prescribed by LGL by distance downstream 
from the West Main Bridge.  To this list of structures we have added our 
assessment of the channel stability of the location 
 
In general, LGL has prescribed structures more frequently in the upper river (29 in 
the upper 2,800 m versus 25 in the lower 4,200 m) where fish densities are lower 
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but channel stability is higher.  In addition, the structures are prescribed for 
locations that range from high to low channel stability (Table 2).  Consideration of 
the channel stability is not included in the report and no prioritization of works is 
presented.  As a result, we have developed a priority ranking for these structures 
based on fish use and channel stability.  These include (Table 2): 
 

Priority 1: Moderately stable downstream locations where fish use is higher; 
Priority 2: Highly stable upstream locations where fish use is lower; 
Priority 3: Low stability downstream locations where fish use is higher; 

and, 
Priority 4: Moderately stable upstream locations where fish use is lower. 

 
We recommend that only priority 1 and 2 sites be constructed in Cluxewe River at 
present.  This would leave unstable downstream and moderately stable upstream 
locations untreated. 
 
Review of the Technical Design Aspects 
 
In general the structure designs as presented in the report are well designed and 
should function in Cluxewe River.  The following design comments may improve 
the effectiveness of the structures. 

Design Conditions 
We recommend that structures in Cluxewe River be designed to an instantaneous 
50-year stream-discharge design standard that will have the following (preliminary) 
characteristics: 
 
 50-year stream discharge: 350 m3/s 
 Mean stream slope: 0.01 m/m (1.0%) 
 Assumed channel width (bottom): 15 m 
 Mean stream velocity (at design conditions): 4.8 m/s 
 Mean river depth (at design conditions): 3.7 m 
 Froude number (at design conditions): 0.89 
 
For structure design we recommend using an instantaneous discharge estimate 
instead of the maximum daily discharge values reported in Table 1 of the LGL 
report.  The conditions calculated for an instantaneous discharge present the most 
extreme conditions to which the structures will be exposed and are therefore more 
conservative. 
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Rock Ballasting 
A key feature of the LWD structures proposed by LGL is that the lateral stability is 
to be provided by bank attachments (and/or deadman anchors) and the triangular 
bracing of the structures.  As a result, the structures require ballasting to counteract 
buoyancy which is typically 25% or less than the ballast required to counteract 
lateral shifting.  LGL recommends ballasting each 0.5 m diameter log with 190 kg 
of ballast for each metre of exposed length.  We find this mass of ballast adequate 
to counteract buoyancy if all of the buoyant forces are transferred to the boulders – 
a conservative assumption.  If no appropriate bank anchors are found, however, we 
recommend burying boulders on the top of the bank to act as deadman anchors (out 
of the wetted stream width) or ballasting the structures to counteract the lateral 
shifting forces (820 kg per metre of “exposed” log length). 
 
These ballast requirements, however, are inadequate for the LO-1 “sweeper” LWD 
design as noted in the design by LGL.  These structures do not have triangular 
bracing and require rock ballast to prevent shifting.  As a result, these structures 
require 820 kg per metre of exposed log length which may make these structures 
less cost effective than the triangular or braced designs. 
 
Table 3 of the LGL report includes a minor error where it states that a 0.8 m 
boulder has a volume of 0.51 m3.  This assumption is based on a cubic 
multiplication of the b-axis diameter (0.8 3) and would account for a boulder mass 
of 1350 kg (using an assumed specific gravity of 2650 kg/m3 for solid rock).  
Instead, it is our experience that the actual shape of typical boulders are not 
idealized cubes and volumes are about ½ this value or 0.27 m3 and have a mass of 
705 kg.  Despite this apparent typo, however, LGL uses the correct 0.8 m boulder 
mass (710 kg) when calculating the more important boulder requirements in tables 
A2 and A3. 
 
A final point of consideration is the presentation of 0.8 m boulder equivalents for 
the ballast requirements (although Table A3 provides alternative quantities by 
boulder size).  We have found that using smaller boulders (such as 0.8 m boulders) 
can create construction inefficiencies.  For example, the mass of fifteen 0.8 m 
boulders is equivalent to about eight 1.0 m boulders.  Transport from a stockpile 
location, cabling, placing, and drag on the individual boulders all depend on 
boulder number.  Fewer boulders require fewer attachments etc. and therefore are 
more efficient to use during construction.  As a result, we recommend using the 
largest boulders that can be sourced and handled – typically 0.9 m and larger.  
Using larger boulders reduces the number of anchors required per structure and 
therefore project costs by requiring fewer attachments and fewer trips to deliver 
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materials to the sites. 

Cedar Log Piles 
The LGL report presents a cedar log pile option as an alternative to boulders for 
ballasting LWD.  The piles are specified to be 0.5 m in diameter and buried 2.5 to 
3.0 m below the existing thalweg elevation.  There are several potential problems 
to using log piles in gravel-bed rivers that should be considered before this 
technique is used: 
 

• Driving logs into coarse substrates such as gravel and cobbles can be 
difficult to accomplish.  Often the log splits or breaks unless a steel tip and 
cap are added to the log.  As the installation complexity rises the savings by 
using these structures is reduced; 

• There are few areas of fine material in gravel-bed rivers where easy 
installation of log piles could be accomplished.  As a result, the technique is 
only of limited use in a restoration program; 

• Adding a vibrating head to an excavator improves the installation of the 
piles.  This attachment, however, can’t be used to move logs and its use 
would require many changes to the equipment during construction or 
multiple excavators on site, again reducing the efficiency of construction; 

• When log piles fail they offer no further resistance to lateral stress, and 
instead become additional pieces of LWD in the structure.  In contrast, 
when rock ballasted structures fail they often grind along the river bed until 
they reach a more stable downstream position; 

• Log piles offer no resistance to the vertical lift forces on the logs produced 
by buoyancy.  As a result these structures must have sufficient ballast to 
prevent them floating in addition to the log piles; 

• Log piles fail when the lateral force at the top of the pile exceeds the 
resistance of the pile in the bed or the internal strength of the pile itself.  
Most often these structures fail when the pile is not driven deep enough to 
produce stability when maximum scour at the structure is produced.  Scour 
exposes a greater portion of the pile reducing its resistance to deformation.  
The LGL report requires a 2.5 to 3.0 m burial depth below the thalweg.  
There are no design criteria or scour calculations given to support this depth 
and local scour pools in Cluxewe River are currently 2.0 m or more in 
depth.  As a result, we recommend that the use of log piles be assessed at 
each location of intended use before installation proceeds. 

 
Given the potential problems with the technique, however, the use of cedar log 
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piles in the appropriate locations can be an effective lateral ballasting technique.  
Ballasting structures to prevent lateral shifting using only boulder anchors can lead 
to unrealistic boulder requirements and alternative ballasting techniques are often 
required – log piles can be cost effective.  In our opinion, however, structure design 
that uses lateral bracing in the structure and streamside anchors or deadman 
anchors on the bank is a more efficient method of providing lateral stability for 
LWD structures in gravel-bed rivers. 
 
Review of Project Logistics and Construction Techniques 
 
As with the design, LGL has done a good job considering the construction logistics 
of their prescription.  We suggest, however, that the use of a heavy-lift helicopter to 
deliver materials to the site is worth considering.  The access for land-based 
construction techniques at Cluxewe River limits the prescriptions to areas of 
existing roads and thereby limits the effectiveness of the program.  The use of a 
heavy-lift helicopter would allow the prescriptions to be determined by potential 
benefit, not access.  Heavy lift helicopters become cost effective if: 
 

• Access limits the project by limiting restoration to, or near to, existing 
access locations; 

• A logging helicopter is available nearby so that “ferry” time is minimized; 
• Access construction (tote roads) becomes a large part of the construction 

budget; 
• Materials must be transported long distances by excavator requiring many 

return trips and therefore time; and, 
• Riparian and bar vegetation damage and streambed disturbance are a 

concern where hoe-trails must be constructed to move materials up and 
down the river from the set access points. 

 
In our opinion the use of a heavy lift helicopter should be considered for this 
project (i.e. a cost-benefit analysis of this option should be considered).  The 
helicopter could be used to place the logs and rock ballast in their final orientation 
or could be used to deliver materials to the structure locations where a “Spyder” 
excavator in the channel could support the helicopter by placing the logs in their 
final orientation.  Typical triangular log-structures can cost approximately $5,000 
per structure (material costs excluded) when using helicopters. 
 
Another construction technique not explored in the report is the selective removal 
of existing riparian trees for introduction to the river (i.e. selective, directional 
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falling).  There are several pockets of large, second growth and old-growth trees 
along the river that may be appropriate for this technique.  This option is a very 
cost effective method of introducing LWD to rivers and often has little impact on 
the value of the remaining riparian forest.  A qualified riparian specialist or forester 
should consider the effectiveness of the option. 
 
PRIORITIES FOR RESTORATION 
 
It is our opinion that bank stabilization and sediment source reduction should be the 
top priority for stream restoration in Cluxewe River.  The sediment generated from 
the bed and banks of the lower river is the primary factor in the ongoing lateral 
instability.  We have identified thirteen banks by priority that require stabilization 
(Table 3).  Priorities for work are based on the bank erosion rate (amount of 
sediment supplied to the river), lateral stability of the site, and fish use.  Fish use is 
assumed to decrease up the river and is therefore highest at the downstream end of 
the prescription reach. 
 
CONCLUSIONS AND RECOMMENDATIONS 
 
As stated by LGL Ltd. (2005) Cluxewe River is a good candidate for stream 
restoration.  This is based on several lines of reasoning (partly from LGL, 2005): 
 

• Well documented degradation of the stream environment by past land-use 
activities, especially riparian logging; 

• Decreasing potential for disturbance from upslope areas; 
• Increasing channel stability and growth of riparian areas; and, 
• High fish use. 

 
Despite these positive indicators, there are several obstacles to stream restoration.  
Much of the site is not accessible by road and therefore conventional construction 
may be costly.  Alternative construction methods should be considered (e.g. 
logging helicopter).  There continues to be ongoing lateral instability in sections of 
the river that will continue to be significant sediment sources until the riparian 
forest becomes fully functioning.  Cluxewe River is naturally a laterally active river 
with a wide floodplain in its lower reaches.  As a result, as mature riparian trees fall 
into the river they will form log jams that will shift the river channel across the 
floodplain.  This lateral instability presents a risk to instream restoration that cannot 
be entirely mitigated. 



Cluxewe River Restoration 
REVIEW OF CHANNEL STABILITY AND PROPOSED WORKS 
May 19, 2006 
Page 13 of 14 
 

 

 
 

nhc 
30 Gostick Place, North Vancouver, BC, V7M 3G3 

Despite the acknowledged risks we recommend that stream restoration of Cluxewe 
River proceed as funding and approvals are obtained. 
 

 
 

*   *   *   *   *   *   *   *   *   * 
 
 
Yours truly, 
northwest hydraulic consultants ltd. 
 
original signed by original signed by 

 
  
Don Reid, R.P.Bio. Bruce Walsh, P.Eng. 
Geomorphologist Principal 
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Tables 



Table 1: Historic Channel Changes in Cluxewe River

C8 C7 C6 C5 C4 C3 C2 C1
(0 km to 1.1 km) (1.1 km to 2.0 km) (2.0 km ot 4.2 km) (4.2 km to 5.9 km) (5.9 km to 6.5 km) (6.5 km to 8.1 km) (8.1 km to 8.6 km) (8.6 km to 9.8 km)

1935 to 1953 n/a Areas of channel widening Areas of channel widening Extensive channel shifting and 
widening

Significant channel shifting, 
areas of channel widening at top 
of reach

Significant channel shifting Some widening and shifting Channel narrowing Channel shifting 

1953 to 1966 n/a Minor channel widening Moderate channel widening Some channel shifting and 
widening, areas of channel 
narrowing

Significant channel shifting and 
extensive channel widening

Extensive channel widening Some channel shifting and 
extensive channel widening

Extensive channel shifting 
with some widening

Widening and shifting

1966 to 1977 Flood of record in 1975 
(50-year)

Minor lateral erosion Some channel narrowing, 
areas of lateral erosion

Significant channel widening Significant channel shifting and 
widening

Extensive channel widening Extensive channel widening Extensive channel 
widening

Extensive widening and 
shifting

1977 to 1986 No significant floods Some widening and minor 
lateral erosion

Areas of channel widening, 
lateral erosion, and narrowing

Areas of narrowing and widening Significant channel widening with 
some areas of narrowing

Channel narrowing Channel narrowing with some 
areas of lateral erosion

Narrowing Channel narrowing but 
ongoing shifting

1986 to 1995 20-year flood 1990, 10-
year flood 1992, 10-year 
flood 1993

Minor lateral erosion Some channel shifting and 
areas of lateral erosion

Extensive channel narrowing 
with areas of lateral erosion

Extensive channel narrowing with
areas of lateral erosion

Significant channel narrowing Significant channel narrowing Ongoing channel shifting Ongoing channel shifting

1995 to present 3 7-year flood 1995 Minor lateral erosion Some areas of lateral erosion; 
some new log jams are 
creating multi-channel sections

Continued narrowing with areas 
of lateral erosion; several new 
log jams are causing avulsions

Continued narrowing and lateral 
erosion.  Some multi-channel 
sections in reach

Continued narrowing but 
ongoing lateral instability.  New 
log jam downstream is creating 
a new channel.

Significant aggradation Not observed Not observed

Notes:
1) Channel changes inferred from channel mapping produced by Klohn Crippen Ltd. (2005).
2) Areas of channel narrowing correspond to alder growth on bars and previously active floodplain.
3) Based on field observations.

Flood History for Period 
at Tsitika Gauge

Lateral Processes in Reach
Period



Table 2:  Channel Stability at Prescription Locations

1 0+155 High Steep, stable section of the river 2
2 0+205 High High eroding left bank 2
3 0+350 High Steep stable section of river 2
4 0+450 High Steep stable section of river 2
5 0+530 High Steep stable section of river 2
6 0+670 High Steep stable section of river 2
7 0+885 High Bedrock outcrops in channel 2
8 0+940 High Bedrock outcrops in channel 2
9 0+955 High Bedrock outcrops in channel 2

10 1+075 High Steep, stable section of the river 2
11 1+150 High Steep, stable section of the river 2
12 1+240 High Steep, stable section of the river 2
13 1+265 High Steep, stable section of the river 2
14 1+330 Moderate Lateral erosion 4
15 1+385 Moderate Lateral erosion 4
16 1+425 High Stable location 2
17 1+485 Moderate Low left floodplain, bar surface higher than floodplain at large 

downstream log jam
3

18 1+685 Low Bar complex and multiple channels 4
19 1+718 Low Bar complex and multiple channels 4
20 1+980 High Steep, stable section of the river 2
21 2+050 High Steep, stable section of the river 2
22 2+110 Moderate Low alder covered left bank at old channel location on left 

floodplain, natural LWD in pool
1

23 2+380 Low Multiple channels, new log jam pushes flow from right bank to 
left bank

3

24 2+485 Low Multiple channels, new log jam pushes flow from right bank to 
left bank

3

25 2+525 Low Multiple channels, new log jam pushes flow from right bank to 
left bank

3

26 2+656 Low Multiple channels and lots of wood in channel 3
27 2+710 Low Ponded section by large spanning log jam downstream, low 

alder covered banks
3

28 2+730 Low Ponded section by large spanning log jam downstream, low 
alder covered banks

3

29 2+800 Low Ponded section by large spanning log jam downstream, low 
alder covered banks

3

30 3+700 Low Possible avulsion upstream at channel spanning spruce 3
31 3+738 Low Possible avulsion upstream at channel spanning spruce 3
32 3+790 Low Possible avulsion upstream at channel spanning spruce 3
33 4+090 Low Multiple channels on bar complex 3
34 4+270 Moderate Low right bank floodplain, eroding left bank, upstream log jam 

deflects flow against left bank
1

35 4+294 Moderate Low right bank floodplain, eroding left bank, upstream log jam 
deflects flow against left bank

1

36 4+406 Moderate Low right bank floodplain, eroding left bank, upstream log jam 
deflects flow against left bank

1

37 4+610 Low Large bar complex with recent multiple channels 3
38 4+725 Low Large bar complex with recent multiple channels 3
39 4+752 Low Large bar complex with recent multiple channels 3
40 5+745 Moderate Slow lateral erosion could threaten structures 1
41 5+835 Moderate Slow lateral erosion could threaten structures 1

nhcLGL
Priority for LWD 
Cover in Pools 1 

to 4

Stucture 
Number Chainage Channel 

Stability Rating Comment



42 5+855 Low Large mid-channel bar and 2 main channels 3
43 5+880 Low Large mid-channel bar and 2 main channels 3
44 5+990 Low Large mid-channel bar and 2 main channels 3
45 6+000 Low Large mid-channel bar and 2 main channels 3
46 6+169 Low Recent channel shift to left 3
47 6+210 Low Low left bank and many alders in location 3
48 6+295 Low Channel switch to RB could isolate structure 3
49 6+352 Low Large left bank bar complex 3
50 6+590 Low Multiple channels, lots of alder logs in channel 3
51 6+650 Low Multiple channels, lots of alder logs in channel 3
52 6+670 Low Multiple channels, lots of alder logs in channel 3
53 6+770 Low Multiple channels, lots of alder logs in channel 3
54 6+965 Low Multiple channels, lots of alder logs in channel 3

Priorities
1) High Priority; Moderately stable downstream locations where fish use is high
2) Moderate Priority; Highly stable upstream locations where fish use is lower
3) Moderate Priority; Low stability downstream locations where fish use is high
4) Low Priority; Moderately stable upstream locations where fish use is lower



Table 3:  Priority Banks for Restoration

Upstream Downstream Length Height Vegetation
(m) (m) (m) (m)

1 High Left 200 325 125 8 to 10 Small conifers Predominantly sand/gravel 
alluvials, some silt/clay layers

Outside of 900 bend in river, large, coarse 
bar opposite

Actively eroding, very little lag along toe

2 High Left 755 875 120 3 to 4 Small conifers Alluvial gravel/cobbles Sedimentation in channel due to 
downstream constriction at bedrock 

Some areas of lag along the toe

3 High Left 1315 1400 85 2 to 4 Small conifers Alluvial gravel/cobbles Bar complex on right bank constricts 
channel to left

Till outcrop in centre of bank crosses the bed 
and is resistant to erosion; some logs along 
downstream end of bank

4 Low Right 1450 1620 170 2 to 3 Small conifers Alluvial gravel/cobbles Bar complex on left bank constricts 
channel to right

A new channel-spanning log jam has developed 
at 1470 m and new channel is forming to left, 
away from the bank; large log jam at end of 
bank

5 Moderate Left 1735 1820 85 15 to 20 Mixed small conifers 
and alders

Till and alluvials Bar complex and vegetated bars on right 
bank constrict channel to left, 2 large 
spruce trees on bar constrict channel

Second half of bank little erosion and vegetated 
by alders on lower bank, huge spruce trees on 
bar constrict channel, bank materials fairly 
resistant to erosion

6 High Right 2200 2360 160 4 to 6 Small conifers Alluvial gravel/cobbles Bar complex on left bank constricts 
channel to right

Actively eroding upper half, large log jam in 
middle of bank defelcts flow from lower half

7 Low Left 2580 2650 70 4 to 6 Mixed sized conifers Alluvial gravel/cobbles Bar complex on right bank and mid-
channel wood constricts channel to left

Multi-channel bend, river may move away from 
bend, short sections are eroding

8 Moderate Left 3440 3540 100 2 to 4 Small conifers Alluvial gravel/cobbles Bar complex on right bank and angle of 
river flow into the bank 

Low right bank with recent alluvial deposits and 
aldes, river could switch to right away from bank

9 Moderate Right 4070 4150 80 2 to 4 Mixed sized conifers Alluvial gravel/cobbles Mid-channel sediment wedge and bar 
complex constricts channel against banks

Main channel now on left away from bank, new 
blowdown along bank deflects flow from bank, 
coarse bar in right bank channel also deflects 
flow from bank

10 High Left 4200 4350 150 2 to 3 Mixed sized conifers Alluvial gravel/cobbles Bar complex on right bank constricts 
channel to left; increasing channel 
sinuosity

Trees eroded from the bank form jam near end 
of bank

11 High Right 4450 4500 50 2 to 3 Mixed sized conifers Alluvial gravel/cobbles Bar complex on left bank constricts 
channel to right; increasing channel 
sinuosity

Trees eroded from the bank form jam near end 
of bank

12 High Left 4950 5230 280 2 to 3 Mixed small conifers 
and alders

Alluvial sand/gravel Increasing sinuosity as channel moves to 
left away from bedrock bluff

Sections of bank are eroding, sections are 
stable, large spawning area on right bank; 
stable area of the channel with little wood

13 Moderate Left 5720 5830 110 2 to 3 Mixed sized conifers Alluvial gravel/cobbles Bar complex on right bank constricts 
channel to left; increasing channel 
sinuosity

Slowly eroding bank

Bank 
Number

Material Types Cause of Erosion CommentsLocationBankPriority for 
Restoration
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Instantaneous Maximum Flow by Year
for WSC Gauge 08HF004 - Tsitika River below Catherine Creek

0

200

400

600

800

1000

1200

19
75

19
76

19
77

19
78

19
79

19
80

19
81

19
82

19
83

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

100-year flood

50-year flood

20-year flood

10-year flood

5-year flood

2-year flood

Figure 9



 

 

 

 

 

 

 

Photographs 



 
Photo 1: Cobble/boulder substrate in upper river. 
 

 
Photo 2: Straight channel planform in upper river. 



 
Photo 3: High eroding bank at 0+300 m. 
 

 
Photo 4: Gravel/cobble substrate in lower river. 



 
Photo 5: Channel spanning log jam at 3+000 m.  New channels are forming to right of 
jam. 

 
Photo 6: Logs from bank are shifting river to left, away from this eroding bank. 



 
Photo 7: Low alder covered floodplain in lower river. 
 

 
Photo 8: Alder covered island with LWD rafted on to the upstream end. 



 
Photo 9: Eroding left bank at 0+200 m (bank 1). 
 

 
Photo 10: Eroding left bank at 0+775 m (bank 2). 



 
Photo 11: Eroding left bank at 1+315 m (bank 3).  
 

 
Photo 12: Eroding right bank at 1+450 m (bank 4). 

Photo courtesy of 
Karl Wilson, 

Photo courtesy of 
Karl Wilson, 
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Photo 13: Eroding left bank at 1+735 m (bank 5). 
 

 
Photo 14: Eroding right bank at 2+200 m (bank 6). 



 
 
 
 
 
 
 
 
 
No photo available 
 
 
 
 
 
 
 
 
 
 
 
 
Photo 15: Eroding left bank at 2+580 m (bank 7). 
 

 
Photo 16: Eroding left bank at 3+340 m (bank 8). 



 
Photo 17: Eroding right bank at 4+070 m (bank 9). 
 

 
Photo 18: Eroding left bank at 4+200 m (bank 10). 



 
Photo 19: Eroding right bank at 4+450 m (bank 11). 
 

 
Photo 20: Eroding left bank at 4+950 m (bank 12). 



 
Photo 21: Eroding left bank at 5+720 m (bank 13). 
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