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Abstract 
 
The June 1992 washout-flow and debris flood at Donna Creek has had a long lasting 
environmental impact.  Poor road construction practice and lack of water management led 
to a massive washout-flow that inundated a large proportion of the mainstem channel of 
Donna Creek with sediment and debris.  The subsequent debris flood down Donna Creek 
led to the immediate and severe alteration of the physical condition of the stream channel 
and degradation of fish habitat.  The immediate impacts included extensive zones of 
stream channel erosion and sedimentation along with both localized and downstream 
flooding.  Although the channels appeared to recover quickly, as reported in 1992, this 
has been shown to be incorrect, except in very minor, localized areas.  The effects of the 
washout-flow and debris flood have been long lasting, currently evident after 15 years 
and expected to last for many decades.  The ultimate long term effects are not known; 
neither the spatial nor temporal aspects of long term recovery are currently well 
understood.  The careful and thorough documentation of the cause and effect on Donna 
Creek in 1992 and subsequent years has provided a better understanding of watershed 
processes and also provided a unique learning opportunity to promote prudent forest 
watershed management. 
 

1.0 INTRODUCTION 
An environmentally devastating debris flood occurred on Donna Creek, 75 km northwest 
of Mackenzie, BC, on June 2, 1992. The debris flood was set in motion by a series of 
debris flow surges from a washout–flow that took place in a highly erodible glaciofluvial-
glaciolacustrine terrace of sands, silt, and gravel. The initial hillslope event, termed a 
“washout-flow” by Schwab (2001), is a complex erosional process  that describes a 
rapidly retreating seepage face: caving, collapsing and debris flow surges. 
Approximately, 422,500 m3 of sediment was eroded from the gully and transported to the 
valley flat, or floodplain (Figure 1).  Sediments were delivered directly to the channel or 
stored as proximal channel deposits on the floodplain. Donna Creek was at or near flood 
peak when the washout-flow occurred, and the large quantities of sediment and debris 
transferred from the hillslope mixed with the stream waters causing a debris flood that 
continued down the mainstem channel. The debris flood initiated the formation of huge 
log jams along the channel margins; their eventual breach triggered additional flood 
surges down the channel.  Combined, these resulted in the destruction of a forestry bridge 
3 km downstream from the debris entry point on  Donna Creek (BCMOE and BCMOF 
1992). The original (pre-washout-flow) physical characteristics of the channel were 
radically altered after the debris flood, and included both extensive channel bed and bank 
erosion and massive sedimentation of the channel and adjacent valley flat (Hogan 1992). 
Erosion and sedimentation in 1992 was evident for seven km downstream of the erosion 
scar, to the confluence of Donna Creek with the Manson River, and beyond into the 
larger Manson River system. 
 
The wash-out flow introduced a large pulse of sediment and debris to the channel. The 
term “pulse” is described here after Cui et al. (2003) as a transient accumulation of 
sediment reworked along a channel either by dispersion or translation (or both). The 
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formation of a pulse is driven by excessive sediment delivery to a channel and not by 
changes in local channel geometry (Lisle et al. 2001). In mountains regions such as 
British Columbia, a sediment pulse may initiate following the episodic delivery of 
sediment from a landslide (Roberts and Church 1986). Lisle et al. (2001), describe the 
apex and trailing edge of a dispersive pulse remaining stationary as the channel entrains 
sediment and transports it downstream; where as, a translational pulse moves downstream 
with the initial geometry of the pulse remaining largely intact. Regardless of mode, 
channel recovery generally involves the routing of sediment downstream, which may 
cause secondary channel changes that were not associated with the initial disturbance. 
Nicholas et al. (1995) suggest that the temporal response of downstream reaches is 
generally independent of the size of the initial pulse, and may vary with the presence and 
spatial configuration of independent controls on sediment transfer such as geology and 
glacial history. 
 
The cause of the wash-out flow was described by Schwab (1997; 2001). The event was 
initiated following construction of roads for forest harvesting that intersected water 
flowing within poorly defined topographic drainage features and re-routed the water into 
road-side ditches.  Culverts and other cross-drain structures were insufficient to permit 
water to cross the roads and flow into down slope natural drainage basins (Figure 2 and 
3).  The capture and redirection of surface and subsurface water effectively expanded the 
drainage basin area by 9.8 times over pre-road construction levels (5.8 ha to 56.9 ha).  
This excessive volume of water, approximately 193 000 m3 over the 9 day period of rapid 
snow melt, was delivered onto the glaciofluvial-glaciolacustrine terrace composed of 
highly erodible sands, silts and gravels. Even though the site appeared well drained, it 
was not able to handle a rapid increase in groundwater discharge at the terrace scarp; this 
increase, combined with an apparent sudden removal of material at the terrace scarp by a 
landslide and/or running water, caused the catastrophic washout-flow; and the subsequent 
spatial and temporal consequences of the debris flood down Donna Creek. 
 
The immediate and long-term consequences of this washout-flow are of concern because 
of potential fish habitat degradation.   Fisheries values in the Manson River and its 
tributaries are significant (Cadden, 1992). The system provides very good habitat for 
rainbow trout, bull trout, whitefish, and burbot.  Detailed surveys were not undertaken in 
Donna Creek but there are no apparent barriers to prevent access of common fish species. 
The Manson River system was rated high for kokanee salmon stocking; 200 000 young 
fish were released at Donna Creek each June from 1990 to 1992. (the 3 years prior to the 
debris flood).  While the effect of landslides on channel morphology and fish habitat has 
been documented in coastal British Columbia (Hogan and Schwab 1991; Hogan et al. 
1998; Cleaver and Choi 2006), less is known about the channel processes and recovery 
rates throughout the interior of  BC. 
 

1.1 Study Objectives 
An intensive survey of Donna Creek was originally undertaken along the valley flat 
(stream and flood plain) to document and assess changes in stream channel morphology 
following the 1992 debris flood. The data collected, at that time, provided a detailed 
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documentation of channel morphology changes. However, the longer term channel 
response to an event of this magnitude was not known. The study in 2007 was undertaken 
to better understand the spatial and temporal extent of channel processes.  
 
The general objectives were to document the stream channel changes along Donna Creek 
and then describe sediment transport and channel recovery processes along each zone of 
the creek downstream to its confluence with the Manson River. The dominance of either 
dispersion and/or translation of the sediment pulse are considered. In general, dispersion 
of a pulse may result in prolonged, but attenuated, upstream and downstream channel 
sedimentation (in addition to the localized initial impacts of the washout-flow) that 
decays with distance from the pulse focus, while translation may cause a relatively high-
amplitude cycle of channel aggradation and degradation to pass through the lower 
reaches of Donna Creek (Lisle et al. 2001, Cui et al. 2003). In addition, the 
effectiveness/suitability of channel work completed soon after the debris flood in 1992 is 
discussed in light of present channel changes. 
 

2.0 STUDY AREA 
Donna Creek is located 75 km northwest of Mackenzie, British Columbia (Figures 4). 
The channel drains 125.5 km2 of the southern end of the Wolverine Range of the 
Omineca Mountains and is a major tributary of the Manson River. Summit elevations in 
the watershed range from 1500 to 1800 m, with the confluence of Donna Creek and the 
Manson River occurring at approximately 850 m.  Prior to disturbance, the lower reaches 
of Donna Creek had a gravel bed with diagonal riffles, side-channel bars and abundant, 
functional woody debris. Channel banks consisted of fluvial sands, gravels and cobbles 
with stable undercut banks. Eight study reaches were selected to characterize the 
complete range of channel conditions encountered in the field, from upstream of the 
erosion scar to the confluence with Manson River (Figure 4; Table 1; Appendix I). 
Reaches 1-5 and 7-8 were surveyed in the field in 1992 (Hogan 1992) and 2007, while all 
Reaches 2-8 were analyzed from aerial photographs (airphotos) taken in 1989, 1992, 
1994, 1996, 2002, 2004, and 2007.  

2.1 Physiography and General Geology 
Donna Creek, a major tributary of Manson River, drains the southern portion of the 
Wolverine Range part of the Swannell Ranges of the Central Plateau and Mountain 
physiographic region (Holland 1964). Geology of the drainage basin is dominated by 
paragneiss metamorphic rocks with smaller amounts of marine sedimentary and volcanic 
rocks (BC Geological Survey 1997). Bedrock geology near the erosion scar is dominated 
by metamorphic rocks of the Ingenika Group and includes schist, gneiss, and quartzite 
(Ferri et al. 1988).   
 
An extensive glaciofluvial-glaciolacustrine terrace (approximately 250 to 1000 m wide) 
occupies the lower slopes of the Donna Creek valley (BCMOE 1977; Plouffe 2000). The 
upper limit of this feature is at approximately 1150 m elevation and in the vicinity of the 
mass erosion scar. Materials within the terrace exposed by the washout consist of gravels, 
sand, and silt with the irregular bedding and abrupt changes in texture typical of materials 
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deposited in close proximity to glacial ice. A glaciolacustrine terrace, modified by 
gullying and piping, occurs between 900 and 1000 m elevation in the lower portion of the 
Donna Creek watershed, but does not extend upstream as far as the site of the washout-
flow. Above the glaciofluvial-glaciolacustrine terrace, a veneer or blanket of moderately 
fine-textured morainal material (1-5 m thick and greater) mantles a strongly sloping 
bedrock surface. Exposed bedrock is a mica schist. 

2.2 Climate and Hydrology 
Donna Creek is characterized by long and cold winters and cool, short summers. The 
mean winter and summer temperatures are -9.2 and 12.5 °C, respectively, and the frost-
free period is brief, extending from June 5 to August 31. Total annual precipitation 
averages 683 mm with 255 mm falling as snow and 208 mm arriving over the summer 
months (Wang et al. 2006). Accumulation of snow at higher elevations is substantial and 
can reach a maximum depth of about 400 to 1500 mm water equivalent (based on snow 
course data for Alken Lake at 1040 m above sea level (asl) and Pine Pass at 1430 m asl, 
respectively. Although mean monthly precipitation is lowest in the spring (Figure 5), the 
onset of warm temperatures and subsequent snowmelt cause stream flow levels in the 
region to rise rapidly, peaking by late May or early June (Figure 6). Snowmelt drives the 
peak stream flow generating process. 
 
Given that there is no flow gauge on Donna Creek, four nearby watersheds were used to 
estimate discharge at Donna Creek (Figure 7). A discharge record for Donna Creek was 
required for two reasons. First, the discharge on the day the airphotos photos were flown 
is needed to determine if differences in the wetted channel width caused by varying water 
levels need to be corrected for subsequent calculations of bed material storage. Second, 
the magnitude and frequency of flood events in the years between successive airphotos 
exposures needed to be determined in order to estimate the occurrence of floods capable 
of transporting bed material. Watersheds were selected based on period of record and by 
their biophysical and morphometric similarities to Donna Creek (details are given in 
Table 2). Although the selected watersheds are generally similar, some notable 
exceptions are apparent. In particular, the watershed area of Donna Creek is relatively 
small compared to the other watersheds, suggesting the hydrological regime response is 
more rapid. In addition, Driftwood Creek is located about 120 km west of the other three 
stations and 150 km west of Donna Creek, and is primarily located in the Skeena Ranges 
physiographic sub-zone on the lee-side of the Coast Mountains. 
 
Based on the morphometric and biophysical characteristics of the watersheds it would be 
unreasonable to assume that one of the gauged watersheds has a flow record identical to 
that of Donna Creek. Thus, rather than using a single gauge record as a proxy for the 
Donna Creek discharge record, the record from all four gauges are used in subsequent 
analysis. 

2.2.1 Converting gauged discharges to Donna Creek discharges 
In order to compare the discharge record from the four gauges and predict the flow record 
in Donna Creek, the discharge records were scaled for differences in basin area.  Eaton et 
al. (2002) illustrate that for flows of varying magnitude across British Columbia, 
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discharge scales with drainage basin area to the power of about 0.75.  Thus, Q � Ad
0.75 

where Q is discharge and Ad is drainage area.  Using this relation and the drainage area of 
each watershed, the gauged flow records were converted to Donna Creek discharges. 
Figure 6 shows the scaled annual daily discharge for the four watersheds. The freshet 
ranged in magnitude from 18 m3/s in Driftwood River and Mesilinka River, to 22 and 27 
m3/s in Osilinka River and Omineca River, respectively. However, differences in the 
magnitude of the spring freshet do not correlate with any single basin morphometric or 
biophysical characteristic. 

2.2.2 Peak flow estimates 
The scaled annual maximum instantaneous flow for each gauged watershed is shown in 
Figure 5. These data were transferred to Donna Creek by spatial correlation following 
Simonovic (1995). Peak flow correlation coefficients among the four watersheds were 
plotted against the distance between respective watersheds (as measured from the 
centroid of each watershed) to generate a spatial relation for the region including Donna 
Creek (Figure 9). Data was limited to the periods 1980-1994 and 1997-2006 as these data 
were available for each gauging station. Correlation coefficients for Donna Creek and 
each of the four watersheds were then estimated from Figure 9 and used to calculate 
weighting factors for each record (for full details, see Simonovic 1995). The weighting 
factors were similar between Osilinka, Omineca, and Mesilinka rivers (0.28, 0.28, 0.26, 
respectively) and lower for Driftwood Creek (0.18). Generally, a higher weighting factor 
indicates increasing similarity between watersheds (note that weighting factors must sum 
to 1.0). These results reflect both the greater distance between Donna and Driftwood 
creeks, and differences in the biophysical and morphometric characteristics amongst the 
watersheds under consideration. 
 
The weighted records were then combined to estimate the peak discharge in Donna Creek 
(Figure 8). The standard error for each estimated peak flow was 0.48 m3/s (see Simonovic 
1995) with a standard deviation of 4.9 m3/s (given the standard error and sample size). 
The return period for each peak flow was then calculated from the synthetic discharge 
record using a log-Pearson Type III frequency distribution (Figure 8). The mean annual 
flood (Qmaf) for Donna Creek was approximately 37.9 m3/s (for comparison of the 
technique, Qmaf as calculated by the regional scale relation for British Columbia given by 
Eaton et al. (2002) was 37.4 m3/s). Since 1992, Qmaf has been exceeded at least four 
times, and may have been exceeded as many as 12 times given the uncertainty in the peak 
flow estimate (see Figure 8). 

2.2.3 Discharge and aerial photograph exposure 
An estimate of the discharge in Donna Creek on the date of the aerial photographs 
(airphotos) was made from the records for Mesilinka, Osilinka, and Omineca Rivers (data 
from Driftwood Creek was excluded as there was no flow record for the 1996 or 2007 
airphotos). For each day the airphotos were flown, the scaled discharge from the other 
three gauges was averaged. The error associated with the discharge estimates is expected 
to be relatively small compared to the error associated with estimate of the water depth 
using the Manning equation (see section 4.2). Thus, most of the error associated with the 
correction for changes in discharge is believed to be associated with the estimate of water 
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depth. 
 
The results are given in Table 3. Most of the airphotos were taken on days when the flow 
was estimated to be larger than the mean daily flow. In 2002, the photos were taken 2-3 
days prior to the maximum flow of 2002 and on the day the photos were taken the 
discharge was estimated to have been larger than the mean annual flood. The 1992 photos 
were taken when flow in Donna Creek was estimated to have been only slightly less than 
the mean annual flood.  Channel changes recorded from the air photographs are real and 
not an artifact of different flow stage at the time of photographic exposure.    

2.3 Vegetation and Forest Cover 
Donna Creek contains three biogeoclimatic zones (BC Ministry of Forests 2003): moist-
cool Sub-Boreal Spruce on the valley bottom and lower slopes; moist very cold 
Engelmann Spruce–Subalpine Fir on the slopes; and, Alpine Tundra along the ridge tops 
and peaks ( Meidinger and Pojar 1991). Forest cover on the valley bottom is dominated 
by 150-250 year old hybrid white spruce (Picea engelmannii x glauca), while forest 
cover adjacent to the erosion scar is predominately composed of immature lodgepole pine 
(Pinus contorta) and white spruce (Picea glauca) (BC Ministry of Forests and Range 
2007).  
 
Forest harvesting began in the lower watershed in the early 1980s and continued through 
until the late 1990s in the upper watershed (Figure 10). Approximately 6% of the total 
watershed area had been logged by 2000, with about 1.5 km of mainstem channel logged 
to (or near) the channel banks between 1981 and 1987 (including portions of Reaches 4-
8) (BC Ministry of Forests and Range 2007). The hillslope above the erosion scar was 
forested prior to the washout, although road construction and associated rights-of-way 
forest harvesting was undertaken directly above the glaciofluvial terrace in 1988 and 
1990 (Schwab 2001). 
 

3.0 METHODS 

3.1 Field survey 
The general morphological characteristics of Donna Creek were inventoried in 1992 in 
the weeks following the washout-flow and again in 2007. Field surveys, following 
techniques outlined in Table 4, were undertaken in all reaches except reaches 6 and 7.  
The assessment and measurements for reach 6 and 7 were undertaken primarily through 
interpretation of air photographs with ground verification when possible. Survey stations 
were located every one to two bank full widths along the longitudinal profile of the 
channel (based on undisturbed channel widths estimated from reach 1). Distance between 
stations was measured with a hip-chain. Stream bank height was measured relative to the 
thalweg with an Abney level and a stadia rod, while flow depth was measured with a 
stadia rod at the thalweg. Bar type and extent was described and the D95 was estimated 
based on a visual inspection of the bed. The length, diameter and total number of woody 
debris pieces was estimated between successive survey stations. The length and spacing 
of all channel sub-units (e.g., pools, riffles, etc.) were measured with a hip-chain.  
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Additional details concerning other information collected in the field on log jams, 
channel form, sediment wedge characteristics and channel characteristics is described in 
Hogan and Bird (1998). 

 

3.2 Airphoto analysis 
The lower seven km of Donna Creek (reaches 1 through 8) were surveyed from airphotos 
acquired in 1989, 1992, 1994, 1996, 2002, and 2007 using Leica Photogrammetry Suite 
(LPS) software. An inventory and description of all images used in the analysis is given 
in Table 3. The Base Mapping and Geomatic Services (BMGS) of the BC Integrated 
Land Management Bureau provided aero-triangulation exterior orientation parameters 
and 56 ground control points (GCPs) for images acquired in 2004. In general, GCPs 
derived from these data have an absolute positional accuracy of ± 10 m when placed on 
well-defined planimetric features, while spot features are accurate to ± 5 m of their true 
elevation (Geographic Data BC 1992). These data were used to triangulate the 2004 
images using standard photogrammetric equations for interior, relative and absolute 
orientation (see Leica Geosystems 2005). The root-mean-square (RMS) error of the 
triangulation was 0.398 pixels. Images from the remaining years of survey were then 
assembled into the block with GCPs bridged from the 2004 images to stable, discrete 
points on the older imagery (e.g., rock outcrops, buildings, bridge pilings, etc.). An 
average of five GCPs were located on each image. The 2004 images were then fixed in 
space and the entire image block triangulated relative to the 2004 images. The final RMS 
error for the entire image block was 0.981 pixels. 

3.2.1 Planimetric channel mapping 
Once the images were triangulated, planimetric channel features were mapped with a 
digital stereoplotter (ERDAS Stereo Analyst). Three-dimensional polygons representing 
water surface, channel bars, vegetated channel bars, islands, overbank scour, wetlands, 
valley bottom, large woody debris accumulations, and the erosion scar were digitized and 
saved to a shapefile. Narrow channels (generally < 5 to 10 m) obscured by the riparian 
tree canopy (at least in part) were mapped as indefinite linear features and coded as flood 
channels. Channel banks were often obscured by riparian vegetation and not mapped by 
direct observation. In this case, the position of the bank was assumed located along the 
border between the active channel (bars and water surface) and the relatively stable, 
vegetated fan surface. 

3.2.2 DEM generation and post-processing 
A DEM was generated for each year of imagery from the triangulated image block using 
a fifth-order polynomial TIN interpolation in the LPS software. Ground resolutions 
ranged from 1.0 to 4.2 m (10 times the image resolution—see Table 3). Each DEM was 
subset by channel polygons mapped with the stereoplotter to create a series of channel 
feature DEMs and then post-processed to remove any blunders generated by the 
extraction process (i.e., bars were post-processed separately from islands, etc.). This 
included application of a failure warning model (Gooch and Chandler 2001), exclusion of 
unmatched points interpolated in the extraction process (Leica Geosystems 2005), 
elimination of spikes and pits by comparison to a low resolution DEM filter-map 
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(Westaway et al. 2003), and elimination of any locally extreme edge pixels adjacent to 
pixels removed in the previous steps (edge points were considered “extreme” if they 
exceeded one standard deviation beyond the mean of a three-by-three pixel matrix). 
Channel feature DEMs were then combined back into a single DEM for each year 
surveyed. Pixels excluded in the post-processing were re-interpolated (as above) to create 
a continuous DEM surface. 
 
Submerged portions of a DEM were estimated by creating a DEM of the water surface 
and then subtracting an average water depth estimated from the Manning equation 
 

    
v =

d2 3s1 2

n
          (1) 

 
where v is the average flow velocity, s is the slope, d is the average depth of flow, and n 
is the Manning coefficient, and the continuity equation 
 
  Q = wdv          (2) 
 
where Q is discharge and w is the flow width. Equations 1 and 2 were rearranged to solve 
for d given Q at the time of image capture (see Table 3). An average s and w was 
measured for each reach from the digital stereoplotter, while n was set at 0.045 and 0.040 
for reaches 1 through 4 and 5 through 8, respectively. 
 

4.0 STREAM CHANNEL CONDITIONS AND CHANGES: 1992-2007 
 
The physical channel characteristics of Donna Creek were radically altered after the June 
2, 1992 hillslope failure. The impacts included both extensive channel bed and bank 
erosion and massive sedimentation. The extent and severity varied from reach to reach. 
Reaches 2, 3 and 4 experienced both erosion and sedimentation while reaches 
5 and 8 were influenced primarily by sedimentation. The results of the reconnaissance 
field surveys undertaken in 1992 are summarized in Table 5 and compared with 2007 
survey; these are described in detail below. Refer to Appendix I and II for the airphoto 
mosaic of the reaches (1989-2007) and the map showing channel changes (1989-2007).  

4.1 Channel reach above the washout-flow 
Throughout the undisturbed channel in Reach 1, the banks were stable, composed of 
burial sands, gravels and cobbles, and undercut bank profiles were prevalent (Figure 11). 
Channel bars were associated primarily with diagonal riffles and side channel bars; these 
occupied less than half of the channel width at low flow. Woody debris was abundant, 
with approximately 12 to 14 m3 of debris in any 100 m length of channel. Woody debris 
steps and jams were critical structural channel elements, controlling sediment storage and 
movement. Pool-riffle sequences were typical of small channels with abundant woody 
debris; the average pool-riffle spacing was 4.1 to 4.6 bankfull widths.  
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Channel conditions were generally unchanged between 1992 and 2007 and are assumed 
here to represent the expected channel condition of the lower reaches in the absence of 
the washout-out flow and subsequent debris flood. For example, pool characteristics, bar 
types, and woody debris loadings were similar throughout the period of observation 
(Table 6). However, the lower portions of the reach immediately upstream of the 
sediment pulse have aggraded somewhat, as sediment transport through the deposit was 
reduced (e.g., reduced pool area and bed surface roughness and increased sediment 
storage in mid-channel bars). 

4.2 Channel reach adjacent to the washout-flow 
Reach 2 is immediately adjacent to the hillslope washout-flow point-of-entry into Donna 
Creek (Figure 12). The original channel was completely buried by sediment and debris 
forcing the formation of a new channel along the right side of the valley. The channel was 
over twice as wide as the undisturbed channel (compared to Reach 1and 1998 airphoto) 
and adjacent to sediment deposits that extended for about 100 m across the valley 
floodplain. The reach was choked with debris, averaging a 5-fo1d increase in woody 
debris loading over undisturbed conditions observed in Reach 1 in 1992. The channel 
morphology was predominately rifles and riffle-glides, and although pools were present, 
they were shallow (near-zero residual depths). Sediment was stored throughout the reach 
in relatively unstable mid-channel bars. 
 
By 2007, the channel had continued to aggrade along the upstream portion of the reach, 
flowing in multiple channels across sandy mud deposits. The volume of woody debris 
stored in the reach increased by about 50 m3. Wood was likely recruited to the channel as 
it wandered across the deposit and/or following increased tree mortality as trees initially 
inundated by sediment have gradually toppled into the channel in the years following the 
wash-out flow. Along the downstream portion of the reach, the channel incised into the 
deposit and has developed a stepped profile as several relatively large log jams spanned 
the active channel and stored sediment in an upstream wedge. 

4.3 Channel reaches downstream of the washout-flow 
Reach 3 extends for almost 1 km downstream of the washout-flow (Figure 13). It is 
similar in many respects to Reach 2. Woody debris loading was greatly reduced in 1992. 
Most of the in-channel debris was either parallel to the channel or elevated above the bed. 
The channel experienced extensive channel widening and deep sediment deposits 
extending for a distance of 80 m across the valley flat. The sediment thickness was 
usually ≤ 1 m, but depths exceeded 2 m in some areas. Rifles and riffle-glides were the 
most common morphological features with an average pool/rifle ratio of 0.91. The active 
channel had returned (approximately) to its pre-disturbance base level several weeks after 
the debris flood and much of the fine textured sediment originally introduced to the 
channel had been re-mobilized and transferred downstream. However, large volumes of 
fine textured sediment persisted in overbank environments. 
 
Several large log jams formed along Reach 3 during the debris flood. The formation of 
these structures caused locally reduced channel gradients that promoted cycles of 
alternating sediment deposition and scour. After initially filling of the channel with 
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sediment upstream of the debris, the 1og jams subsequently failed, releasing a series of 
flood ''pulses'' down the channel, consisting of flows with high sediment concentrations. 
The channel architecture in Reaches 2 and 3 was completely destroyed as a consequence 
of both the initial disturbance due to the washout-flow and the subsequent debris floods. 
 
The channel remained relatively unchanged in 2007, although woody debris storage had 
increased by a factor of 4.3. Recent recruitment of woody debris from the riparian area 
(i.e., within the previous year) was observed along the reach (e.g., needles, branches and 
bark remained on many logs), as the laterally unstable channel attacked the stream banks 
as the channel continued to adjust to high sediment loads. Woody debris remobilized 
from previous accumulations stored in the channel and/or along the channel margin had 
been reorganized and augmented with new wood recruited from the riparian area to form 
several new log jams. 
 
Reach 4 (Figure 14) experienced extensive bed and bank erosion and sedimentation; 
however, the laterally extensive riparian deposition present in Reaches 2 and 3 was 
considerably reduced. Although deep overbank deposits did occur, the thickness was less, 
averaging about 0.3 m in depth. The active channel width had also narrowed. The initial 
debris flood eroded most channel bars, but there were isolated areas with undisturbed 
banks having undercut vertical profiles. The channel bars were less extensive and many 
were more stable compared to Reaches 2 and 3. Although the reach contained abundant 
woody debris in 1992 and stored about twice that of Reach 3 (Table 6), most of this 
debris was stored in a single log jam located immediately upstream of the upper bridge 
crossing. The jam was 155 m long and completely spanned the channel, causing a large 
sediment wedge to form on its upstream side. There were multiple channels crossing the 
upstream end of the sediment wedge, but the streamflow had been diverted off to the 
sides of the wedge closer to the jam. The channel flowed across the forest floor on the 
right bank side. 
 
Following the debris flood in 1992, a channel was constructed along the right side of the 
jam above the present bridge crossing. The channel bed appeared relatively stable in 
2007, although morphologic complexity had been reduced. In particular, the channel was 
incised into the debris flood deposit and flowed through a series of extensive riffles and 
around mid-channel bars. The banks, however, were relatively unstable and actively 
eroding. Material transferred to the channel from bank erosion was dominated by fine 
sediment (sands and finer), although the channel had also eroded some coarse sediment 
and woody debris buried in the deposit. Generally, the deposit had re-vegetated with 
grass, deciduous saplings and shrubs (the deposit had been seeded in 1992 to help 
stabilize sediment stored adjacent to the channel), although overall vegetation cover was 
relatively low. Overall, the rooting depth of the re-established riparian vegetation was 
less than the deposit height above the channel bed (given the channel was incised by 
about 2 m into the deposit), and was ineffective in reinforcing the banks from erosion 
(i.e., bank attacked occurred below rooting depth). 
 
Although the pool/rifle ratio remained low in Reach 4 (indicating that rifles are more 
extensive than pools), pools that were present were more fully developed than those 
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upstream. This was evident in the considerably greater residual pool depths compared to 
upstream. Fine textured sediments were stored on bar tops and in overbank environments 
along this reach, but there was a gradual decrease in the fine sediment content within the 
active channel. Channel erosion continued for about 800 m downstream of the upper 
bridge crossing. Besides channel impacts, this erosion had destroyed plantations located 
along the floodplain. A large log jam had formed downstream of the bridge crossing 
(August 2007). 
 
Reach 5 was characterized by extensive channel sedimentation but minimal erosion and 
channel conditions remained relatively unchanged between 1992 and 2007 (Figure 15). In 
1992, the banks were largely intact in most areas and the functional role of woody debris 
had not been disturbed substantively. Debris volumes were lower than in the undisturbed 
reaches. The location of the debris was also different, as most of the material was in the 
channel, as opposed to being elevated above the bed as is the case in upstream reaches. 
The in-stream debris was oriented primarily parallel to the banks so this material played a 
relatively minor role in forming the channel. There were, however, functioning debris 
pieces and log steps present (there were no log steps in the disturbed channel upstream). 
Fine textured sediment was less evident on the bed of the active channel. Sand textured 
sediment remained on the bar surfaces, although it was less abundant, compared to 
upstream. 
 
Stream channels in 1992 were wider in Reach 6 than in upstream zones, width was also 
highly variable ranging from 12 to over 40m (Table 5). Even with the additional sediment 
loads, the banks were, and remain, largely intact with moderate levels of undercutting.  
Channel bars were extensive, primarily diagonal forms but point bars becoming more 
prevalent as sinuosity increases in the downstream lower gradient zones.  This reach had 
far less LWD than upstream.  The bed of  the active channel was visually "clean" (devoid of 
fines) immediately post event but there were fine textured sediments (fine and medium sized sand) 
deposited along channel margins and trapped on the lee-side of large bed obstructions.  There has 
been surprisingly little change in the over and near bank fine sediment composition between 1992 
and 2007.   
 

4.4 Channel reach above Manson River 

Reaches 7 and 8 were similar to reach 6 in that they did not experience significant erosion 
during the debris flood but did receive large quantities of sediment from upstream (Figure 
16). The Reach 8 channel was characterized by undisturbed banks and stable pool-rifle 
sequences. The bed of the active channel was visually ''clean'' (i.e., devoid of fines) but 
there were fine textured sediments (fine and medium sand) deposited along the channel 
margin and trapped on the lee-side of large bed obstructions. By 2007, the volume of 
woody debris stored in the channel increased by a factor of 3.7, as the channel adjusted 
laterally to higher sediment loads transferred from upstream. The channel wandered into 
the riparian area and recruited woody debris to the channel and formed new log jams. 
 
Reach 8 includes the first 500 m of the Manson River downstream of the Donna Creek confluence. 
A detailed survey was not conducted of this reach in either 1992 or 2007. Generally, the bed and 
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banks were relatively stable, with gravel-cobble textured side-channel and point bars and regularly 
spaced pools and riffles. Upstream on Reach 7 (upstream of the Donna Creek confluence), the 
Manson River is very stable. The channel is rectangular in cross section and the entire bed is covered 
with flowing water. There are no channel bars and the bed sediment was very coarse, primarily large 
(cobble and boulder) sizes, very well rounded and well sorted material. 
 

5.0 SEDIMENT ROUTING AND TRANSPORT 

5.1 Stratigraphy of the glaciofluvial-glaciolacustrine sediments 
A general schematic representation of the valley cross section and the location of the 
washout-flow are presented in Figure 17. Shown is the relative positioning of bedrock, 
glacial till, glaciofluvial materials, glaciolacustrine materials, and colluvium found on the 
slopes above Donna Creek. The landform rises steeply (35 to 40°) from the valley bottom 
of Donna Creek to a terrace edge. The terrace surface slopes uphill in a series of short 
steep rises with an overall hillslope gradient of 10 to 20°. Some pitting existed on the 
surface of the glaciofluvial materials. 
 
Three stratigraphic sections at various locations within the scarp revealed a complex 
sequence of high-low energy environments where glaciofluvial sediments emptied into a 
glacial lake (Figure 18). Folded silt, sand and gravel beds and common faults suggested 
the presence of subaqueous sediment gravity flows and rapid dumping of sediment in an 
ice-proximal lake environment. The high-low energy fluctuations are also inferred from 
discontinuous interfingering of silty, sandy and gravelly beds. Dipping bedrock exposed 
along the south side of the scarp was occasionally overlain by glacial till. Beds of silt to 
coarse sand dominated the lower strata. The upper strata were predominantly stratified 
gravels and coarse sand with cobbles and boulders more common near the top. An 
occasional fine texture unit folded upwards into the surface gravels to a sharp eroded 
contact. A thin, silty (possibly eolian) veneer capped most of the near surface gravel. 
 
Five to seven grab samples were obtained in each stratigraphic section to characterize the 
grain size distribution in each unit shown in Figure 19. Coarse and fine sediment was 
analyzed by mechanical sieve and hydrometer analysis, respectively. In general, sediment 
delivered to Donna Creek by the washout-flow contained: 11% gravel or coarser (≥ 2 
mm), 56% sand (0.064-2 mm), 28% silt (0.004-0.064 mm), and 5% clay (≤ 0.004 mm). 

5.2 Net Storage Changes 
Net changes in sediment storage in a reach were calculated by differencing DEMs for 
each period of observation (the calculation was made so that a positive value represents 
net deposition while a negative value represents net erosion). The results are given in 
Figure 20. Approximately 4.2 x 105 m5 of sediment was eroded from the erosion scar, 
including 4.7 x 104 m3 of gravel and coarser material. Channel response and changes in 
sediment storage was complex in the first four years following the debris flood. 
Generally, Reaches 3 and 5 experienced net erosion from 1992-1994 (although the bed in 
Reach 3 aggraded during this period, it was less than the volume of sediment eroded from 
the banks). In contrast, the banks in Reach 5 remained relatively stable and most erosion 
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was confined to the channel bed. Reaches 4, 6 and 7 experienced a net deposition during 
this period. Then from 1994-1996, Reaches 3-6 experienced net deposition while Reaches 
7-8 net erosion. In the years since 1994, channel response was relatively uniform 
throughout the study reaches. The entire channel was eroded in the period 1996-2002, 
and then, with the exception of Reach 3, aggraded 2004 - 2007. (Note that Reach 2 the 
channel has remained relatively stable throughout the study period). 
 

5.3 Bed Material Transport 
Sediment transport was calculated for the lower seven km of Donna Creek by measuring 
the three-dimensional changes in channel morphology from the planimetric maps and 
DEMs. The complete method is described in detail by Ashmore and Church (1998) with 
examples drawn from British Columbia given by Ham and Church (2000) and Martin and 
Church (1995). The erosion scar itself was set as the reference transport location (there 
was no additional sediment transfer from upslope of the scar) as sediment transfer from 
Reach 1 (upstream of the scar) was negligible in comparison to the volume of sediment 
derived from the wash-out flow in the period 1989 to 1992. A sediment balance was then 
constructed for the lower reaches of Donna Creek as 
 
  ΔV = Vi −Vo           (3) 
 
where ∆V is the net change in bed material storage in a reach over the period of 
observation (erosion subtracted from deposition), and Vi and Vo are volumes of sediment 
input and output from a reach, respectively. Setting Vi to zero for the erosion scar, Vo was 
solved by measuring ∆V and noting Vo from the erosion scar equals Vi to Reach 2. These 
calculations were then extended to the remaining downstream reaches to the confluence 
with Manson River. Sediment input from tributaries was considered negligible in 
comparison to the volume of sediment delivered from the erosion scar. 
 
The number of transport events in a given period was estimated by considering the 
dimensionless critical shear stress 
 

  
θ =

τ c

ρs − ρ( )gD
          (4) 

 
where � is the Shields parameter (assumed here as 0.045 for heterogeneous, 
unconstrained bed material found in lower Donna Creek), �� is the density of sediment 
(2650 kg/m3), � is the density of water (1000 kg/m3), g is the gravitational constant (9.81 
m/s2)  and D is grain size (taken here as D50 of the surface sediment). Given that the 
boundary shear stress (�) 
 
  τ = ρgRs          (5) 
 
equals �c at the entrainment threshold (where R is the hydraulic radius), equations 4 and 
5 were rearranged to solve for R at entrainment. The discharge required to generate a 
given R was estimated from the continuity equation. Cross-sectional channel geometry 
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(w, d and the wetted perimeter to yield R) was related to v by the Darcy-Weisbach 
equation 
 

    
v2 =

8gRs
f

          (6) 

 
where f is the friction factor given by Hey (1979) 
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and a is the Colebrook-White coefficient. The results are given in Table 7 for single cross 
sections surveyed in reaches 1 and 4. 
 
The results are summarized in Figure 21. Sediment transport through Donna Creek was 
relatively high between 1989 and 1992, with an average rate of 4.4 x 105 m3/yr, most of 
which occurred during the debris flood. This rate was maintained throughout all reaches 
as sediment (likely sand and finer fractions) was moved through the stream system and 
transferred to Manson River. By 2004, overall rates (averaged across all reaches) 
declined by an order of magnitude to an average of 3.2 x 104 m3/yr and then to 1.2 x 104 
m3/yr by 1996. Following this initial period of channel recovery, overall transport rates 
increased to 6.0 x 104 m3/yr by 2002, suggesting that the channel was still reworking 
sediments delivered to the channel from proximal channel sources. Sediment transport 
then declined to 3.3 x 103 m3/yr by 2007. 
 

6.0 STREAM CHANNEL RECOVERY 
 
In the weeks following the debris flood, significant channel reworking was observed 
throughout the study reaches as the channel began to readjust its form and return to a 
more stable configuration. In upstream zones initially eroded and in-filled (Reaches 2, 3, 
and 4), the channel eroded a single thread (with some exceptions) and the bed was 
characterized by rudimentary bed forms (including stone lines and pool-glides). The 
active channel had evacuated much of the fine textured sediment, leaving predominantly 
clean, coarse substrate, composed of cobbles, gravels and boulders. However, the banks 
were unstable and almost vertical in profile. Fine sediment (fine sand and silt) was stored 
on top of most banks, and was relatively compact and resistant to collapse. However, the 
underlying coarse sediment (coarse sand, gravel and cobbles) was easily eroded from the 
toe of the bank, creating relatively large undercuts that eventually caused the banks to fail 
and assume more gentle gradients. Fine sediment persisted in storage on the banks and in 
areas not exposed to streamflow. The thickness of the bar top and overbank sediment 
deposits appeared to have been partially controlled by the formation and subsequent 
failure of large, laterally extensive log jams. 
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In channel zones that experienced massive sedimentation but limited erosion (Reaches 5 
and 8), the channel had flushed much of the fine textured sediment (fine sands and 
smaller) through the stream system. Fines persisted on bar and bank tops, but have been 
selectively removed wherever water has flowed since June 2, 1992. Fines continued to be 
transported mainly as bedload at mid-summer low stream flows. Temporary sediment 
storage occurred on the lee-side of large bed particles (e.g., large stones, cobble clusters, 
boulders, woody debris) and on the bottom of pools. Manson River experienced some 
enlargement of previously existing channel bars (evident on pre-1992 airphotos) and 
deposition of fines in overbank areas. There were sand ribbons present in the river 
indicating relatively high sediment transport rates. 
 
Channel conditions in 2007 remained relatively unchanged from those observed in 1992. 
Although storage of fine sediment was less apparent and much of the overbank deposition 
had begun to re-vegetate (mostly grasses seeded in 1992), the channel remained laterally 
unstable and continued to recruit woody debris from bank erosion processes. This debris 
was organized into relatively large log jams that further destabilized the channel as the 
flow wandered around the jam and into the riparian area (recruiting additional woody 
debris). 
 
The sediment pulse delivered to the channel resulted in relatively extreme changes in 
sediment storage and rates of sediment transport. The pattern of channel adjustment 
suggests that the pulse is being re-worked primarily by dispersion. Although there is a 
general temporal pattern to changes in sediment storage since the debris flood (Figure 
19), the trend remained relatively consistent from one reach to the next over the period of 
observation (although considerable variability existed from 1992-1996). Similarly, 
sediment transport rates varied from year-to-year but generally not from reach-to-reach. 
As such, current channel conditions are expected to persist for at least another decade as 
the sediment pulse continues to erode and disperse downstream. 
 
Finally, it should be noted that large floods, similar in size to the 1992 debris flood have 
occurred historically. This is evident in the stream bank deposits immediately 
downstream of the upper bridge (Reach 4). Three paleosols are present in the bank-cut 
indicating that large magnitude disturbance have probably occurred episodically in the 
past. 

7.0 CONCLUSIONS 
 
The physical features of Donna Creek were radically altered as a result of the sediment 
and debris introduced to the stream following the June 2, 1992 hillslope failure. The 
impacts included both a) severe channel erosion and extensive sedimentation in upstream, 
near-source, areas, and b) massive sedimentation in downstream channel zones. 
 
Approximately 4.2 x 105 m3 of sediment was transferred to the channel from the erosion 
scar during the wash-out flow, with about 3.7 x 105 m3 of this material composed of fine-
textured sediments (sands and finer). Given that the channel was at or near bankfull 
discharge at the time of the event, flow conditions were sufficient to entrain the majority 
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of size fractions delivered to the channel in the initial weeks after the event. As such, 
normal stream processes initially led to a relatively advanced stage of channel recovery 
between June 2 and July 14, 1992 (the time of the initial field visit following the debris 
flood). Approximately 4.0 x 105 m3 of sediment was transported to Manson River by June 
13, 1992 (the date of image acquisition in 1992), although this is likely an overestimate as 
it includes sediment delivered to Mason River during the entire period 1989-1992. This 
does not suggest, however, that most of the sediment pulse moved through the lower 
reaches during this initial period. Rather, as sediment was transferred downstream and the 
bed aggraded, the channel attacked the stream banks as it widened to accommodate the 
sediment load, recruiting additional sediment to the channel that was, in turn, transferred 
downstream.  
 
The initial recovery of physical channel conditions included: a) the return of the channel 
form to a more stable configuration, and b) flushing of fine textured sediment through the 
Donna Creek and Manson River systems. Localized concentrations of fine sediment 
remained on elevated bar tops, overbank environments and other areas above recent 
streamflow heights. Coarse sand continued to move as bedload through both Donna 
Creek and Manson River. 
 
However, additional recovery has been limited since these initial observations and there 
remains considerable channel instability throughout the study reaches. Each reach 
downstream of the erosion scar has experienced at least one or two cycles of alternating 
net sediment scour and deposition (with the exception of Reach 2 adjacent to the 
washout-flow), as sediment is reworked from temporary storage and transported 
downstream. In the period 1996-2002, the entire channel was eroded. Since 2002, the 
trend has been toward increasing net sediment storage and/or decreasing scour 
(depending on the reach) and a general decline in transport rates. During this period, 
sediment has likely been recruited to the channel from the banks and/or proximal channel 
deposits in response to relatively high sediment loads. Field observations made in 2007 
suggested that recent episodes of localized bank erosion have delivered relatively large 
amounts sediment and woody debris to the channel, forming laterally unstable log jams. 
These structures have forced the channel to adjust around sediment stored behind a given 
jam and into the riparian area, perpetuating the cycle of aggradation as more sediment 
and woody debris are delivered to the channel (increasing the size of the log jam). 
 
The pattern of channel adjustment in the reaches downstream of the erosion scar suggests 
that the sediment pulse is being re-worked primarily by dispersion. Although there are 
temporal fluctuations in both sediment storage and transport, these changes generally 
occurred in all reaches in a given period (although there were some exceptions). Current 
channel conditions are likely to persist until the sediment pulse disperses to Manson 
River and/or is transferred to the valley flat. Temporal cycles of channel instability, as 
observed over the past 15 years, may also persist as the channel continues to store and 
then erode sediment along the channel bed and banks. This may also include addition of 
fine texture sediments back into the channel as fine sediment has persisted in storage on 
the bank tops and in areas not currently exposed to streamflow. This may have important 
implications for any additional channel restoration activities undertaken in Donna Creek 
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(or in similar watersheds), as temporal sediment fluxes may create additional channel 
adjustment and localized and/or reach-scale disturbance. 
 
Results from this study show that restoration activities must be carefully considered if 
they are to achieve the desired environmental objectives.  Clearly, any channel restoration 
plan must begin with appropriate upslope, or watershed level, activities.  In this case, the 
road drainage problems that initiated the washout-flow event were properly addressed so 
that excess water drainage to sensitive unstable valley walls was curtailed.  The long term 
aspects of such work must be accepted; road drainage problems, including long-term 
potential problems, must be recognized, and future repairs planned for (and budgeted for) 
and completed in a timely manner.  After the non-fluvial aspects of the watershed have 
been addressed then the fluvial environment can be considered.  This study provides 
several important lessons, these are: 
 

• increased sediment loads (far above natural levels) from hillslopes to the 
channel system can cause extensive changes, in this case fish habitat has been 
severely degraded both spatially (including many hundred channel widths in 
length, 60% of the channel historically used by fish) and temporally (changes 
have not recovered in 15 years, probably will not for many more decades); 

• channel restoration prescriptions must be specific to each individual reach, 
some zones may need to remove sediment, others store sediment and still 
others to be efficient transport zones, all depend on different channel structure 
configurations and interactions with woody debris, and; 

• within each reach factors must be considered, including local geological 
influences, riparian zone conditions and local channel conditions. 

 
In Donna Creek, the newly created elevated bank and nearby riparian areas in the 
sedimentation zones (Reach 2-4), turn out to be inhospitable growing sites for the natural 
riparian vegetation.  As a result, minimal re-growth of the trees that are needed for 
recruitment of in-stream large woody debris has occurred.  The fine textured bank-top 
surface sediments are susceptible to winter frost and summer drought conditions.  
Possible solutions to rectify this situation include scarification of the surfaces, allowing 
plant establishment; but the long term implication of the resultant fine-textured sediment 
production on the stream environment may be questionable.  Aggressive tree planting 
may mitigate these effects but no effectiveness information is available.  Planted grass 
has reduced localized surface erosion but this has provided little physical strength for 
stream bank development.  Similarly, the planted grass has been minimally effective in 
protecting downstream areas from subsequent stream bank erosion.  Reconstruction of 
log jams that mimic the natural setting have not been applied but these could be 
considered in those reaches where the sediment-wood interactions are important.  
Localized, site-specific, channel engineering can also be effective in protecting structures, 
such as bridges or other stream crossings.  Given the sediment loads introduced to Donna 
Creek, engineering on a broader scale has not applicable and it is doubtful that such 
approaches would achieve any appreciable success. 
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Although the events at Donna Creek have enabled evaluation of geomorphic processes 
operating over a short period of time, in forest management terms, much can yet be 
learned from Donna Creek.  
 

8.0 ON-GOING RESEARCH  
 
A program to continue the work documenting channel changes and recovery will benefit 
resource management. Donna creek with its documentation of channel changes and 
sediment transport provides a unique opportunity to continue to monitor and document 
channel processes and sediment movement.  This will provide a better understanding of 
watershed and fluvial process in severely impacted streams and thus enable better 
resource management decisions when dealing with environmentally devastating 
landslides. 
 
On-going study at Donna Creek has shown that channel and riparian zone changes occur 
at different rates. Some are subtle in nature and difficult to detect, thereby requiring 
careful field measurements, while others are more evident and seen clearly from air 
photographs.  Previous studies have indicated that low level air photographs (1:5000; 
1:15,000) obtained once in 5 years and field surveys conducted once each decade are 
adequate to provide the necessary level of detail required to capture the channel 
changes/recovery.  
 
As noted, large floods, similar in size to the 1992 debris flood have occurred historically 
in Donna Creek.  The three paleosols observed in the bank-cut immediately downstream 
of the upper bridge (Reach 4) should be dated.  This will provide some insight into past 
large magnitude disturbances (floods) and the development of the floodplain and channel 
processes that may have occurred episodically in the past. 
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Figure Captions 
 
Figure 1. Water discharged onto a highly erodible terrace resulted in the catastrophic washout-
flow at Donna Creek June 1992 
 
Figure 2. Roads intersected natural drainage basins on the hillslope above Donna Creek 
 
Figure 3.  Insufficient cross drainage resulted in the capture and routing of water along road 
ditches. 
 
Figure 4. Donna Creek study area showing the location of the erosion scar and eight survey 
reaches (refer to the map of channel change and photo mosaics in the Appendices). 
 
Figure 5. Mean monthly temperature and precipitation for Donna Creek (1971-2000) 
summarized after (Wang et al. 2006). 
 
Figure 6. Mean daily discharge for four gauged rivers in the vicinity of Donna Creek (see Figure 
4 for the location of each watershed). Discharge for each river has been scaled to the watershed 
area of Donna Creek (see text for discussion). 
 
Figure 7. The location of nearby gauged watersheds used to estimate discharge at Donna Creek 
for the period 1981-2007. Gauge numbers refer to Water Survey of Canada gauging stations. 
 
Figure 8. Estimated peak flow discharge record estimated for Donna Creek from nearby Water 
Survey of Canada gauging stations during the period 1981-2007. Note the error bars that give the 
uncertainty in the estimate. Residuals around the estimate are generally lowest for low magnitude 
floods and highest for high magnitude floods. The spring freshets of 1990 and 2007 were the 
largest in the series, both being in the range of a 50-year flood. Several floods in the years 
following the wash-out flow may have been below Q2.33, and may have contributed to relatively 
slow rate of channel recovery in subsequent years (in particular, the period 1993-1998). 
 
Figure 9. Peak flow correlation coefficients among the four watersheds were plotted against the 
distance between respective watersheds used to generate a spatial relation for the region including 
Donna Creek. Distance was measured from the centroid of each watershed pair under 
consideration. The relation was used to calculate weighting factors for each record. Although the 
data is relatively sparse (due to the limited number of gauging stations in the region with 
appropriate biophysical characteristics), the relation indicates a general decrease in correlation 
among the records with increasing distance between watersheds. 
 
Figure 10. Cumulative area of forest harvesting during the period 1981-2007. Approximately 6% 
of the watershed has been logged, with about 1.5 km of mainstem channel logged to (or near to) 
the stream banks in the 1980s. The lower portion of the watershed was logged in the 1980s, while 
upper portions were logged in the 1990s. 
 
Figure 11. Channel conditions in reach 1 above the erosion scar in a) 1992 and b) 2007. Channel 
conditions remained relatively stable over the period although the channel aggraded immediately 
upstream of the sediment pulse. 
 
Figure 12. Reach 2 showing point of hillslope failure entry into the mainstem channel of Donna 
Creek in a) 1992 and b) 2007 (looking upstream). The original channel was buried under the 
deposit while the post-hillslope failure channel flows around the deposit (to the left of the image). 
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Figure 13.  Sediment layers (alternating fine and coarse textures) along zone of reach 3 in a) 
1992 and b) 2007 experiencing log jam bursts. 
 
Figure 14.  Reach 4. a) Stream channel diversion towards right bank in 1992, upstream of major 
log jam at upper bridge. b) Bank erosion in 2007 transferring sediment and woody debris to the 
channel.  
 
Figure 15. Reach 5 zone of sedimentation but no extensive bank erosion in a) 1992 and b) 2007. 
 
Figure 16. Reach 6 in a) 1992 and b) 2007. The channel has undisturbed banks, stable riffle-pool 
sequences and visually “clean” bed materials. Note sand deposits along channel margins. 
 
Figure 17. Schematic cross-section of landform units in the vicinity of the Donna Creek slope 
failure (topographic vertical exaggeration 2.5x; stratigraphic boundaries are conceptual only). 
 
Figure 18. Location of three stratigraphic sections used to characterize sediments eroded from the 
hillslope. 
 
Figure 19. Scarp stratigraphy for section: a) DC1; b) DC2; and c) DC3. 
 
Figure 20. Change in sediment storage in reaches 2 through 8 from 1989 to 2007. A negative 
value represents net erosion while a positive value represents net deposition. Reach 1 was not 
considered as it was positioned upstream of the erosion scar, and although some channel 
aggradation was noted in the field in 2007, change in sediment storage was considered negligible 
relative to reaches 2 through 8 (given the volume of sediment delivered to the channel from the 
wash-out flow). 
 
Figure 21. Sediment transport rates in Donna Creek following the wash-out flow. Transport 
through research 2 is relatively low throughout the period of observation. In particular, transport 
in 1989-1992 was underestimated as most of the washout-flow was transferred through the reach 
before acquisition of imagery in 1992. Transport remained relatively low in subsequent years as 
relatively little sediment was transferred from the erosion scar after the initial failure (or from 
upstream reach 1) as compared to the volume of sediment remobilized from the channel bed or 
proximal channel deposits along downstream reaches. 
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List of Tables 
 
Table 1. Channel reaches in lower Donna Creek. Refer to Figure 1 for the location of 
each reach. 
 
Table 2. Summary of gauging station records from nearby watersheds and comparison of 
biophysical and morphometric characteristics amongst watersheds. Note that 
morphometric data was derived from 1:250,000 scale mapping, as these data were readily 
available for all five watersheds and allow unbiased comparison of morphometry 
amongst watersheds. As such, basin area does not correspond with data published by 
Water Survey of Canada (WSC) or for data derived for Donna Creek from 1:20,000 scale 
mapping and used in other sections of this report. 
 
Table 3. List of airphotos selected for analysis. Note that scale and pixel size (in ground 
space) varies with topography and is given here as an average for the flight line. 
Discharge at time of exposure (Qe) has been estimated for Donna Creek at the Manson 
River confluence (see text for discussion). 
 
Table 4.  Field methods used for channel surveys at Donna Creek. 
 
Table 5. Stream channel characteristics summary. 
 
Table 6. Morphological channel conditions observed in the field during 1992 and 2007. 
Note that mean pool length and pool riffle spacing are given in units of bankfull width 
(Wb). Subdominant bar types are given in parentheses. 
 
Table 7. Occurrence of discharge events capable of entraining bed material sediment. 
Data was obtained at cross sections surveyed in reaches 4 and 8.  
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Appendices 
 
Appendix I.  Map of channel changes Donna Creek 1989-2007 (Reaches indicated). 
 
Appendix II.  Photo mosaic Donna Creek 1989-2007. 
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