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ERRATUM – Appendix A, Field stop #30, pdf page 93 of 115
The label on page 93 of the pdf file currently reads: “Field stop #30 –Wilson Creek – landslide in
gully sidewall, discovered early May 2012”.
This is inaccurate. May 2012 is when the landslide was reported to the media by members of the
public. It was known to SCCF prior to that, as indicated in Section 6 of my report which states that
this landslide was noted on falling boundary markings that had been hung approximately two years
before our field visit.
This landslide is also described in the following document which you provided to me in October
2012:
Terrain Hazard Assessment, Block EW002, Wilson Creek by Madrone Environmental
Services Ltd. Report date March 10, 2011.
While the date of the landslide is unknown, it predates both the falling boundary markings and the
field visit on January 8, 2010 by Victoria Stevens of Madrone Environmental Services Ltd.

Glynnis Horel, P. Eng.
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1. INTRODUCTION
The Sunshine Coast Community Forest (SCCF) has commissioned a watershed assessment for
Wilson Creek, which flows southwest into the Strait of Georgia near Sechelt, B.C. (Figure 1).
The purpose of the assessment is to determine the present condition of the entire watershed and
make recommendations to SCCF for forest management for the SCCF tenure in the watershed. The
total Wilson Creek watershed area is 2,207 ha. SCCF’s tenure within the watershed is 899 ha, or
41% of the watershed area.
The resource of interest to this assessment is fish habitat and water quality. Anadromous fish
habitat extends up Wilson Creek to a falls at approximately 280 m downstream of the confluence
of Wilson and East Wilson Creeks; and to the top of Husdon Creek. Resident fish are found
throughout the watershed above the limits of anadromous habitat. Overall fish values in this
watershed are considered to be high.

2. ASSESSMENT TEAM
Glynnis Horel, P. Eng. of G.M. Horel Engineering Ltd. completed assessments of hydrologic change,
sediment sources, stream channels and riparian function. These assessments are compiled in this
report. Allan Chapman, P. Geo., provided analyses and interpretation of hydrologic data and
climatic cycles. Dr. Dan Hogan, P. Geo. provided review and comments on channel processes and
stream conditions. Denny Maynard, P. Geo. undertook terrain interpretation of surficial geology.
Dr. Dave Bates, R.P. Bio. of FSC Biological Consultants completed a fish habitat assessment,
submitted separately.

3. INFORMATION AVAILABLE
The following information was provided by SCCF for this assessment:
- Black and white airphotos for 1972, 1985, 1994, 1996, 1998
- Colour airphotos for 2003
- Report titled Hydrologic Assessment of the Wilson Creek Watershed, dated March 2010.
Prepared for the Sunshine Coast Community Forest by Dobson Engineering Ltd.
A spatial data set was provided by Chartwell Consultants Ltd. on behalf of SCCF that included:
• LIDAR1 products – orthophotos, bare‐earth hillshade images, 1 m contours, slopes, tree
heights. The LIDAR was flown in 2009 and 2010.
• BC government vegetation inventory (VRI Rank 1)
• TRIM 20 m contours, streams and roads
• SCCF blocks (existing and proposed)
• Licensed water intakes
• Property ownership and parks
1
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•

Watershed boundary from BC Corporate Watershed Base (CWB)

Orthophotos and LIDAR data did not cover the entire watershed. Other data and imagery of lower
accuracy and resolution were used at the LIDAR gaps.
The following information was available in the public domain:
- 2009/2010 GoogleEarth image
- ClimateWNA – UBC climate model
- BC Government digital bedrock geology at 1:250,000
- BC Government surficial geology at 1:50,000
- BC Government water well database
- BC Government database for licensed water intakes

4. METHODS
LIDAR 1 m contours provide more accurate definition of ground surface topography than has been
available in the past, and were used to redraw the Wilson watershed boundary. Where LIDAR
contours were not available, TRIM contours were used; the boundary in these areas is less
accurate. On the upper east side of the watershed where no LIDAR contours were available, the
watershed boundary was taken to be the CWB boundary. The watershed area delineated from
TRIM 20 m contours in the Dobson report was 2,473 ha; the area within the revised watershed
boundary is 2,207 ha (Figure 2). The LIDAR contours reveal that road drainage systems may also
have caused slight changes to the surface catchment area (Section 9.8). There is minor uncertainty
of the position of the watershed boundary at these locations because drainage divides are very
subtle and in places depend on ditchwater culvert locations, which have not been mapped. A few
culvert locations and drainage directions were noted during the field review; however, mapping
culverts was not within the scope of this assessment and the locations of most culverts are
unknown. At one site, a gravel pit excavation has shifted the watershed boundary slightly.
Stream spatial data available for this assessment were TRIM streams. TRIM stream linework in
Wilson watershed was revised to fit the LIDAR contours. The LIDAR contours and bare‐earth image
suggests that there are numerous small streams that are not mapped in the TRIM stream
inventory, mainly in the upper watershed. Stream gradients were measured using LIDAR 1 m
contours where available and TRIM 20 m contours were there were no LIDAR contours. The
confidence in stream locations and gradients measured with TRIM contours is low.
Roads spatial data for Wilson Creek was created by merging two existing spatial data sets and
fitting the linework to the 2009/2010 orthos. Some roads visible on the orthos but not in the
spatial data sets were added.
Streams in Wilson watershed are quite small – less than 10 m wide. On the airphotos and
orthophotos the canopy was closed over the stream channels so that the streams could not be
seen directly except at a few locations. Some reaches were visible in the lower developed end of
the watershed on the 1972 airphotos. Identification of stream channel types and assessment of
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channel condition was based on LIDAR contours, bare‐earth imagery and field observations.
Photos from field stops are in Appendix A.
Channel and floodplain widths at the field stops were measured by range‐finder (D. Bates).
Channel gradients were measured by hand‐held inclinometer (G. Horel). Stream profiles in
Appendix B were constructed using LIDAR 1 m contours where they were available, and TRIM 20 m
contours were there was no LIDAR coverage.
Field visits were carried out between May and July 2012 as follows: On May 10‐11 (variously with
D. Bates, D. Lasser and W. Hanson), on June 27 (with D. Lasser), July 16 (with D. Lasser and R.
Sitter), on July 27 (with D. Maynard) and on July 28 (with D. Hogan).

5. GENERAL DESCRIPTION
Wilson Creek watershed is on a gentle to moderately sloping hillside flanking Dakota Ridge. The
watershed is irregularly shaped, with the greatest width in the lower‐middle watershed, becoming
narrower at a “neck” about a third of the way up the watershed (Map 1, Appendix D). Above the
“neck”, the watershed area has consistent width that narrows at the upper end of the watershed
and pinches out at about 1,161 m elevation on the slopes of Dakota Ridge. Surface topography is
subdued over most of the watershed and drainage divides to adjacent watersheds are subtle. The
lower part of the watershed, below the confluence of Wilson and East Wilson Creeks, has uniform
gentle slopes and little surface relief. The large central portion of the watershed from the
confluence of Wilson and East Wilson Creeks up to the “neck” in the watershed has irregular
hummocky to gently sloping terrain. Above the “neck”, terrain has uniform gentle to moderate
slopes with little surface relief. Steep slopes in Wilson watershed are limited to the gully sidewalls
of entrenched streams as described in Section 6.
Wilson watershed and the surrounding forest lands (both crown and private) receive a high level of
public recreation use including hiking, mountain biking, dirt biking and ATV (all terrain vehicle)
riding. There is an extensive mountain bike network in the area, and trails well used by
motorcycles and ATV’s. Several small bridges for these purposes were noted during the field visit.
Examples are shown in Field Stops 10 and 17, Appendix A.

6. BEDROCK AND TERRAIN CONDITIONS
Wilson watershed is entirely underlain by late Jurassic to early Cretaceous granodioritic intrusive
rocks of the Coast Plutonic Complex. Surficial geology in the vicinity of the watershed is complex
and variable (Map 2). In the lower watershed, below the airport on the west and the confluence of
Wilson and East Wilson Creek on the east, terrain mainly comprises deep sand and fine gravel
glaciofluvial deposits overlying glaciomarine sediments (laminated silts). Glaciofluvial deposits are
apparent in gravel pits throughout the lower to mid watershed. Glaciomarine sediments,
consisting of laminated silts and clayey silts, were visible in the sidewalls of stream gullies and were
found up to a maximum of about 180 m elevation (see Field Stops 3 and 26).
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The central wider portion of the watershed has very variable terrain with areas of deep glaciofluvial
or till deposits, and areas of thin veneers over bedrock with occasional surface bedrock exposures.
Considerable lengths of the major streams (Wilson, East Wilson and Husdon Creeks) are
entrenched in gullies (Map 1). In Husdon Creek, gully depth varies from less than 2 m to a
maximum of about 17 m (from LIDAR 1 m contours) at about 450 m above the confluence with
Wilson Creek. In the mid and upper part of the watershed, the Wilson and East Wilson Creek
channels range from unconfined to entrenched. Below the powerline right‐of‐way down to about
500 m above the estuary, these streams are mainly entrenched in gullies. The deepest gully section
on Wilson Creek is in the lower‐mid watershed area between 180 m and 280 m elevation where
the gully is 20‐30 m deep. In the lower watershed, the Wilson Creek gully reaches a maximum of
about 14 m depth at about 250 m below the confluence with East Wilson Creek. At 500 m above
the estuary the Wilson Creek gully opens out.
Some gully sidewalls are steep and in places have near‐vertical escarpments (Field Stop 26). The
gully floors vary in width. In places the gullies are narrow and the streams within are fully confined.
Where the gully floors widen out, floodplains have developed that vary in width and extent. Gully
morphology is influenced by bedrock occurrences and surficial deposits. The gullies in till tend to
be V‐shaped. Gullies in glaciofluvial or marine sediments tend to have locally broader valley floors.
The deep gully section at 180‐280 m elevation on Wilson Creek has its full depth in till; there are
numerous landslide scars along the sidewalls. They vary in age; the oldest predate the existing
forest stand and have mature trees growing on them. The age range of vegetation and visible
slumping indicate that these events occur periodically, usually triggered by undercutting at the
base of the slopes by the stream. The most recent landslide (Field Stop 30) was first noted about
two years ago, according to notations on falling boundary markings.
From the “neck” up to about 600 m elevation there are deep glaciofluvial and till deposits. Above
600 m to the top of the watershed terrain mainly comprises till veneers to blankets over bedrock,
with possible thin patches of silty glaciofluvial deposits.

7. CLIMATE
Wilson Creek watershed ranges from sea level to 1,161 m at its upper limit2. It is in Snow Zone 4, a
rain shadow area (Hudson 2000). Table 1 summarizes climate data for nearby Environment Canada
climate stations; these are all at less than 100 m elevation. The Sechelt station records have large
gaps (Figure 3). Gibsons Gower Point (Figure 4) has a more consistent record but does not date as
far back as the Sechelt stations. Annual precipitation varies widely; precipitation in the wettest
years is approximately double that of the driest years. From the combined records, the driest year
was 1929 (639 mm precipitation at Sechelt); and the wettest year was 1968 (1,696 mm
precipitation at Gibsons Gower Point).

2

Elevations from LIDAR 1 m contours.

Table 1
Climate Summary ‐‐ Environment Canada AES Climate Stations
Mean Annual Precipitation
Rain
Snow
Total
mm
cm
mm

Station &
AES Station No.

Elevation
m

Years of
Record

Sechelt*
1047170
Sechelt 5W**
1047179
Gibsons Gower Pt
1043152

23

1927-1968

897

25.5

925

61

1989-2004

1145

21.7

1176

34

1961-2011

1320

49.1

1356

Maximum of record
1-day rain 1-day snow
mm
cm
68
1968-01-18
58
1995-08-06
66
2003-10-16

Wettest year
precip
mm (year)

Driest year
precip
mm (year)

1187
1950
1312
1995
1696
1968

639
1929
1107
1992
859
1985

25.4
1927-12-12
20.0
1997-03-15
35.6
1968-12-26

*Some years missing
**Complete record only for 1990‐1995

Table 3
Water Survey of Canada Hydrometric Station

Station

08GA047

Location

Roberts Creek at Roberts
Creek
Drainage area 29.49 km2
(CWB)
Regime: regulated flow
Flow/unit area, m3/sec/km2

Period of
record

19592010

Mean
monthly
discharge

Avg. annual
max. daily
discharge

Avg. annual
min. daily
discharge

Max. daily
discharge of
record

Min. daily
discharge of
record

m3/sec

m3/sec

m3/sec

m3/sec

m3/sec

Max.
instantaneous
discharge of
record*
m3/sec

1.03

14.1

0.06

31.1

0.024

64.1

Jan 29,1965

July 9,1968

Jan 23,1998

0.035

0.48

0.77

10.5

*instantaneous discharge record 1986‐2010
From unit flow:
Wilson - 21.91 km2 - m3/sec
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Average precipitation (1,138 mm) for 1990‐1995 at the Sechelt station was significantly greater
than average precipitation (950 mm) for 1927‐1962; this suggests that mean annual precipitation
increased over that time. While the Sechelt record has too many gaps to be confident in this
conclusion, data from elsewhere (eg., Shawnigan Lake climate station and Seymour River flow data,
discussed below) indicate that mean annual precipitation increased between 1920 and 1977.
Taken over the length of the record (1961‐2011‐ Figure 4), mean precipitation at Gibsons Gower
Point has decreased slightly.
There is a clear climate effect related to the El Nino Southern Oscillation (ENSO) cycles (18‐36
months) and the Pacific Decadal Oscillations (PDO) cycle (20‐30 years), on climate, streamflow and
snowpack records in B.C. (personal communication, A. Chapman.) The most significant effect in
recent decades was the PDO shift in 1976 or 1977 from cool and wet to warm and dry. The
apparent trend in decreasing precipitation in the Gibson Gower Point record is likely a result of this
shift. Analysis of long‐term flow records for the Seymour River3 shows the following. From 1929 to
1976 there is a clear rising trend in annual runoff (corresponding to increasing precipitation). For
the post‐PDO period beginning 1977, annual runoff is very significantly reduced, and there is no
appearance of a trend.
The belief is that PDO shifted back to cold phase (in the early‐mid 2000’s). However, at the same
time, there has occurred general climate warming which will have a confounding effect. Analysis of
precipitation trends is uncertain, complicated by extreme year to year variability as well as these
cyclical patterns.
Figure 5 (for 1927‐1968) shows the wettest month at Sechelt on average to be December; Figure 6
(for 1962‐2011) shows the wettest month at Gibsons Gower Point on average to be November.
This may reflect differences in the two locations, or more likely, differences in the periods of
record.
ClimateWNA provides a means of estimating climate variables across the landscape between
climate stations. This is especially useful to get a sense of climate at higher elevations because
most climate stations are at low elevations. Table 2 summarizes climate variables predicted by
ClimateWNA for various locations throughout the watershed (Map 3). Precipitation at the highest
elevations is estimated to be more than double that at sea level. The portion of precipitation
falling as snow predicted by ClimateWNA ranges from 3% at sea level to 30% at the highest
elevation; within the 300‐900 m elevation zone, the portion of precipitation falling as snow ranges
from 7% to 16% of total precipitation. (Note that these snowfall amounts are water equivalents of
precipitation, not snowpack depth, which would be less.) The 300‐900 m elevation zone is typically
taken to be the transient snow zone in Snow Zone 4 (Hudson 2003). The elevation zones are based
on snow course data and are broadly defined at a regional scale. Actual zones in a particular
watershed will vary depending on proximity to the ocean, aspect, wind exposure and other factors.
For the purpose of this assessment, 300‐900 m elevation is assumed to be the transient snow zone.
In Wilson Creek the lower limit of the transient snow zone may be higher than 300 m because of its
aspect and proximity to the ocean.
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Table 2 ‐ Climate variables predicted by ClimateWNA for 1961‐1990 normal period
Site

Elevation

Mean annual
precipitation

01
02
03
04
05
06
07
08
09
10
11
12
13

m
1161
972
900
743
740
552
551
209
221
296
4
113
154

mm
3638
3499
3460
2982
2995
2545
2556
2236
1980
2017
1509
1688
1779

Precipitation falling
as snow, water
equivalent
mm
1077
687
535
468
416
330
285
124
110
137
51
75
85

%
30%
20%
15%
16%
14%
13%
11%
6%
6%
7%
3%
4%
5%

Mean annual
temperature
o

C
4.9
6.0
6.7
6.6
6.9
7.0
7.4
8.9
8.9
8.4
9.9
9.3
9.1

Mean max.
temperature
o

C
16
17
18
18
18.3
18.4
18.8
20.3
20.2
19.8
20.7
20.4
20.3

Mean min.
temperature
o

C
‐3.9
‐2.7
‐2.1
‐2.2
‐1.9
‐1.8
‐1.4
0.4
0.2
‐0.2
1.6
0.9
0.6
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8. STREAMFLOW
There is no streamflow gauging station on Wilson Creek. Roberts Creek is a gauged stream near
Wilson Creek (Figure 7). Table 3 summarizes streamflow occurrence from the Roberts Creek
station. Roberts Creek has flow control which may modulate low flows; even so, the flow data
indicates that the difference between mean maximum and mean minimum flows is more than two
orders of magnitude (Figure 8). This is typical of coastal B.C. streams. The maximum daily flow
reflects the largest storm that occurred in that year. Annual discharge is a function of the total
precipitation that occurred that year. Both maximum daily flow and annual discharge exhibit
extreme variability year to year.
Analysis of Roberts Creek streamflows4 finds the following. There has been a slight decline in mean
annual discharge over the period of record (Figure 9). There has been no statistically significant
change in discharge over the winter months (Figure 10). There has been a decline in discharge over
the summer months (Figure 11), and especially for the period July to September (Figure 12).
The decline in summer discharge may be due to climate effects (drier summers) but may also
reflect increased water extraction (wells and stream intakes).

Wilson Creek watershed

Roberts Creek
watershed

Streamflow monitoring station

Figure 7. Location of Water Survey of Canada Roberts Creek station

4

Analysis by A. Chapman, P. Geo.

32

Figure 8

30

Stream flow ‐ Roberts Creek (regulated)

28

26

Mean monthly
Max daily
Min daily

24

22

20

Stream flow, m3/sec

18

Mean dailyy max. 14.1 m3/sec
/

16

14

12

10

8

6

4

2

0
1960

1965

1970

1975

1980

1985

1990

1995

2000

2005

2010

Figure 9
Roberts Creek Mean Annual Discharge, 1960‐2010
1.6
1.4
1.2
1
0.8
0.6
0.4

y = ‐0.0018x + 4.5643
R² = 0.0205

0.2

Annual Runoff reduced 8.7%
0
1950

1960

1970

1980

1990

2000

2010

2020

Figure 10
Roberts Creek Winter Discharge (Oct‐Feb), 1960‐2010
3.50
3.00
2.50

y = 0.0011x ‐ 0.4048
R² = 0.0009

2.00
1.50
1.00
0.50
0.00
1950

1960

1970

1980

1990

2000

2010

2020

Figure 11
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Maximum annual peak flows occur between October and March (Figure 13), and most often in
December. This is typical of coastal regimes where peak flows can occur multiple times per year in
response to rainstorms or rain‐on‐snow events. One maximum peak flow was recorded in June.
Peak flows that may have a snowmelt component would most typically occur from November to
January. ClimateWNA mean annual variables for precipitation falling as snow (7‐16% of total
precipitation in the 300‐900 m elevation zone) in Wilson watershed suggest that under normal
conditions, snowmelt is likely to be a small component of peak flows. The rate of snowmelt
depends mainly on temperature and wind. Cold rain‐on‐snow events in calm conditions may
produce very little snowmelt. A warm windy rainstorm may cause rapid snowmelt.
The most extreme peak flows are likely to result from a combination of the following conditions:
‐greater than normal snowfall, with snowpack present at all elevations from sea level to the top
of the watershed
‐warm intense rainstorm accompanied by high wind such that combined wind and temperature
conditions cause a high rate of melt throughout the entire watershed during the rainstorm (e.g.,
“Pineapple Express”).
The return period of a “Pineapple Express” event is about 2 years. The return period of the above
combination of conditions has not been determined but it would be considerably less common
than a “Pineapple Express” event alone.

9. HYDROLOGIC CHANGE
There is an extensive body of literature on forest hydrology and the effects of forest management
on watershed processes. A good summation of the current state of science is provided in the
Compendium of Forest Hydrology and Geomorphology in British Columbia (Pike et al. [ed], 2010).
This section provides a brief discussion of key factors pertinent to this assessment.
Streamflow response in a watershed involves a complex interaction between climatic conditions,
physical watershed characteristics and land use. Factors influencing stream flow response can
include:
• Vegetation
• Regional climate
• Dominant peak flow regime (snow melt, rain, rain‐on‐snow)
• Topographic relief
• Aspect and wind exposure
• Surface catchment size
• Soil depth and permeability
• Bedrock permeability (especially karst, if present)
• Subsurface groundwater catchment
• Water storage (lakes, wetlands, icefields, late‐persisting snowpacks)
• Roads
• Non‐forest development (agriculture, urban, industrial)
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Figure 13

No. of occurences of maximum annual peak flow ‐ Roberts Creek
1960‐2010
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Changes in stream flows are of interest in watershed assessment for two reasons. One is the
potential physical effects on channel characteristics. The second is the potential effect on fish and
aquatic ecosystems of changes in magnitude, frequency and timing of flow events. See Dr. Bates’s
report for a discussion of stream flows on fish populations in Wilson Creek.
Climate and stream flows are discussed in Sections 7 and 8 above.
9.1 Vegetation – forest removal
Trees intercept some portion of rainfall and snowfall; and draw water from the ground and release
it into the air by evapotranspiration. Canopy density, tree type and degree of canopy closure
determine the extent of interception. The intercepted rain and snow may evaporate or sublimate
directly from the canopy, depending on atmospheric conditions. On the coast, evaporation and
sublimation rates are typically low because of high ambient humidity. In the absence of
sublimation, under melting conditions, snow held in the trees either melts directly out of the trees,
or falls to the ground and then melts. Vegetation removal can increase snowpack exposure to
wind; and also changes snowpack albedo, which changes radiant energy absorption and reflection
rates.
When forests are removed, the loss of interception means that all precipitation hits the ground
directly. This can result in increased runoff or infiltration and increased snowpack depth. The
extent to which this affects stream flows depends on stand characteristics; in the case of rainfall
interception, on antecedent moisture in the canopy; on the nature of the particular storm event;
and on other watershed factors described in subsequent sections of this report.
Forest removal also increases summer surface temperatures and surface evaporation rates; and
can elevate groundwater levels because of the loss of evapotranspiration.
As forests regenerate, the canopy functions with respect to rain and snow interception start to
recover. Hydrologic recovery is an indicator of how a regenerating stand compares to a reference
stand (typically a natural stand) with respect to snowpack development and rainfall interception
(Hudson and Horel 2007). Hydrologic recovery is a function of local stand characteristics and
climate conditions, and even specific kinds of storms. Equivalent clearcut area (ECA) is determined
by applying hydrologic recovery models to individual harvested stand areas, and cumulating these
stand areas for the total watershed.
ECA gives only an indication of potential streamflow change based on the extent of forest
modification. An ECA of 50% does not mean that stream flows may have changed, or recovered, by
this amount. In particular, ECA is not an indicator of watershed or stream condition.
“Hydrologic recovery” should not be confused with the term “hydrologic function”. “Hydrologic
function” is used to compare current condition to a target condition. It is sometimes used to rate
watershed and/or channel processes that have experienced some kind of non‐natural alteration.
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Hydrologic function applied to watersheds usually encompasses various physical watershed
processes including terrain stability, riparian function and channel processes. An example would be
watersheds that have been altered by urbanization, stream channelization, construction of dams or
impoundments; or other kinds of development at a watershed‐level scale. In reference to forested
terrain, the alteration may be due to historic logging practices that caused accelerated landslide
occurrence, erosion and stream channel disturbance. “Hydrologic function” may also be used in
reference to an individual stream or stream reach, or to the riparian stands adjacent to the reach,
to compare the current condition with a target condition. ECA is not an indicator of hydrologic
function at either the watershed or stream scale.
The term “hydrologic recovery” should also not be confused with “sufficiently restocked” or
“greened up”. “Sufficiently restocked” means that a harvested area has met the target stocking
standard and the seedlings or small trees are free from direct competition from other trees, shrubs,
grasses or herbaceous plants. This typically means a tree height of 1.3 m. “Green‐up” means that
a stand is determined to be adequately stocked and the tallest 10% of trees are at least 3 m in
height5. “Green‐up” does not mean hydrologic recovery.
ECA limits and rate of cut restrictions are sometimes sought as a means of restricting harvesting in
order to protect forest values other than watershed hydrology; for example, old forest attributes,
terrestrial habitat or viewscapes. ECAs are not intended for this purpose and should not be used in
this way. Other forest values should be addressed on their own merits and by the appropriate
means.
9.1.1 Research findings on coastal watersheds
Streamflow response to harvesting has been studied in the Pacific Northwest and British Columbia
for over three decades, and research is ongoing. This section briefly describes some research
findings over the past 10 years relevant to coastal watersheds; however, I note that scientific
debate continues around methods of analysis and interpretation of results with respect to stream
flow effects.
Increases in peak flow diminish with increasing storm magnitude (Hudson 2003, Grant et al. 2008).
The greatest increases occur in flows with return periods of less than 1 year (Chapman 2003, Alila
and Schnorbus 2005, Grant et al. 2008). Grant et al. (2008) found that in rain‐dominated
watersheds studied in the Pacific Northwest of the United States, detectable peak flow increases
become statistically insignificant at return periods of no more than 6 years. The rainfall zone is the
least likely to experience increased flows because of the absence of snowpack under normal
conditions. In studies of rain‐dominated watersheds on Vancouver Island, peak flow increases
were found to become insignificant at return periods of no more than 2 years (Chapman 2003)
even at harvest areas modelled up to 100% clearcut (Alila and Schnorbus 2005). In rain‐on‐snow
basins, roads are predicted to have greater influence than in rain‐only basins (Grant et al. 2008).
Increases in peak flow also diminish with increasing basin size (Grant et al. 2008). Research basins
where flow increases were measured were all smaller than 10 km2 (1,000 ha). Chapman (2003), in
5

FRPA, Forest Planning and Practices Regulation s65 (3).
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an analysis of eight watersheds on Vancouver Island, found statistically significant flow increases
only in the smallest watershed, Carnation Creek, which is just under 10 km2. It is noteworthy that
the watersheds analyzed by Chapman all had what would normally be considered a significant area
in the rain‐on‐snow zone (300‐800 m elevation in his analysis). Despite this his analysis found that
peak flows in these watersheds were predominantly rain‐generated.
Alila et al. (2009) point out that changes in the frequency as well as the magnitude of peak flows
must be considered. That is, flow events that are affected by peak flow increases may occur more
often.
Based on the magnitude of flow increases observed and the return periods of these events, Grant
et al. (2008) concluded the following:
 Channels that may be susceptible to increased sediment transport from peak flow increases are
those with gradients of less than 2% and with bed materials that are predominantly gravel or
sand.
 Steeper gradient channels or streams with coarse bed material are unlikely to be significantly
affected.
 The potential for channel change as a result of peak flow increases from harvesting is much less
than for other management effects such as non‐forest development, changes in sediment
supply, or other physical channel disturbances caused by development.
9.1.2 Determining hydrologic recovery and ECA
For the purpose of this assessment, the recovery models in TR032 (Hudson and Horel 2007) were
used to determine hydrologic recovery and ECAs. The TR032 recovery models have separate
recovery curves for the rain, transient snow, and snow accumulation zones; and require the
selection of a design storm. Elevation zones are shown on Map 3. Because trees have the greatest
ability to intercept small storm events, selection of smaller design storms is more conservative
(gives slower recovery) than large storms in the TR032 recovery models. For this assessment, a
return period of 1.5‐2 years was chosen. Return periods of storm events are not available in the
Wilson watershed; however a comparison with weather data from other sites where return periods
of 1‐day storms have been determined suggests that a 2 year return period is about half the
maximum 1‐day rainfall of record. On this basis a design storm of 35 mm was selected.
Tree height is used as a surrogate for canopy density in most hydrologic recovery models. This is
because tree height is routinely available in forest cover inventories, and is an easily repeatable
measurement. Canopy density is not routinely available and is less repeatable in measurement.
Forest cover available for this assessment was VRI Rank 1 (2006). The forest cover polygon
boundaries were adjusted to fit the 2009/2010 orthophotos and revised to account for recently
harvested areas not reflected in the VRI Rank 1.
Forest age distribution in Wilson watershed is indicated in Table 4. Only about 6% of Wilson
watershed is in old forest (more than 200 years6). About 10% of the watershed has stands 105‐165
6

Forest ages are from the VRI Rank 1 inventory.
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years old; these include stands that may have been regenerated from fire or other natural
disturbances and from early logging. There are sites elsewhere along the coast where logging is
known to have started in the mid to late 1800’s. Old stumps with springboard cuts were observed
in a 115 year old stand at SCCF’s proposed block EW002 (Figure 14). Some stands in the 60‐95 year
age range may be regenerated from logging or from fires that occurred in the first part of the 20th
century.
Table 4
Forest age range*
Area, ha
%
Forest <10 yrs
442
20%
Forest 10‐35 yrs
523
24%
Forest 40‐59 yrs
94
4%
Forest 60‐95 yrs
610
28%
Forest 105‐165 yrs
243
11%
Forest >200 yrs
130
6%
Nonforest
151
7%
Nonforest, partly treed
14
<1%
Total watershed area
2,207
100%
*Stand ages from VRI Rank 1 inventory, or estimated from imagery for recent harvesting.

Figure 14. Old stumps with springboard notches in vicinity of proposed block EW002.
Tree heights for this assessment were obtained from LIDAR data. The median (rather than mean)
tree height for each VRI stand was used in order to discount potential edge effects (from forest
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cover stand boundaries not being exactly coincident with actual stand areas as “seen” by LIDAR).
The LIDAR heights have not been calibrated by field measurements. The LIDAR tree heights were
compared to the available imagery (2009‐2010) to check that they made sense and were adjusted
where needed. Where no LIDAR data were available, tree heights were estimated from similar
adjacent stands where data were available. The LIDAR tree heights were in a number of cases less
than those indicated in the VRI attributes. Hydrologic recovery determined by the TR032 method is
displayed on Map 4.
Permanent clearings and sites without sufficient tree cover to function as a forest canopy were
assigned zero hydrologic recovery. Deciduous trees intercept less rain and snow than conifers;
thus, hydrologic recovery of deciduous stands was capped at a maximum of 50%. Most deciduous
stands are in the lower watershed in areas of non‐forest development.
ECAs by elevation band using LIDAR tree height and TR032 recovery models are in Table 5.
Table 5 ‐ total watershed
Elevation zone

Area, ha

ECA, ha

<300 m

1,015

46%

552

54%

300‐900 m

1,020

46%

435

43%

900‐1161 m
Total watershed:

172
2,207

8%
100%

56
1,043

33%
47%

These ECAs indicate an overall high potential for hydrologic change. Note that “a high potential for
hydrologic change” does not mean that significant flow increases, or impacts to stream channels,
have necessarily occurred.
ECAs in SCCF land within Wilson watershed are in Table 6:

Elevation zone
<300 m
300‐900 m
>900
Total SCCF:

Table 6 ‐ SCCF land
Area, ha ECA, ha
605
289
295
81
0
0
899
370

%
48%
27%
0%
41%

9.2 Topographic relief
In watersheds with low relief (little variation in elevation) the watershed may be mostly or entirely
in a single elevation zone. Precipitation is often fairly consistent across the watershed because of
the absence of topographic effects; and snowmelt would typically occur simultaneously throughout
the watershed. In this case, increases in snowpack may cause a significant increase in peak flows
from snowmelt events.
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In watersheds with high relief, precipitation varies with elevation and is typically greater at higher
elevations. There is a greater range of runoff and flow situations. Precipitation may occur at high
elevations when it is not occurring at low elevations. Or, there may be a rain‐on‐snow event at mid
elevations causing runoff, at the same time as snow is accumulating at high elevations. Increases in
snowpack depth tend to have less effect on normal peak flows than where relief is low because of
the “desynchronization” of snowmelt and runoff across the watershed.
Wilson Creek ranges from sea level to 1,161 m elevation over a distance of 11.8 km, giving an
average watershed gradient of about 10%. It spans three elevation zones (Map 3). The rain and
transient snow zones are approximately equal in area (Table 5) and the snow accumulation zone is
quite small. ClimateWNA outputs indicate that the mid and higher elevation zones experience
higher precipitation, including snow, than the low elevation zone. Runoff rates therefore will
normally vary with elevation, except possibly in the case of a “pineapple express” or similar warm
intense rain event that encompasses the entire watershed.
9.3 Aspect and wind
North‐facing slopes tend to be colder than south‐facing slopes. This often results in greater snow
accumulations on north‐facing slopes and later snowmelt than on south‐facing slopes. In rain‐on‐
snow events, the colder temperatures on the north side may produce a smaller snowmelt
contribution to stream flows than on the south side. In “pineapple express” or similar events
where warm rains occur right to the top of the watershed, aspect probably has little effect on
snowmelt rates; but if there is greater snow accumulation on north‐facing slopes, the total
snowmelt contribution may be greater from those slopes.
Windy conditions cause higher melt rates than calm conditions. Slope orientations parallel to wind
direction experience higher melt rates than sheltered locations.
Wilson Creek watershed primarily has a southwest aspect, so aspect is not likely to be a significant
factor with respect to variations in snowpack depth or in snowmelt contribution. Wind exposure
varies locally within the watershed.
9.4 Watershed surface catchment size
In large watersheds, precipitation may vary widely across the watershed in an individual storm.
This is less likely in small watersheds. There is also greater opportunity for variations in aspect,
topography, subsurface conditions and de‐synchronization of runoff and snowmelt in large
watersheds than in small watersheds. For example, research indicates that changes in forest cover
have the greatest effect on watersheds smaller than 1,000 ha.
A large rainstorm in Wilson Creek is likely to occur over the entire watershed, although
precipitation rates will probably vary with elevation. In smaller precipitation events it may rain in
the upper watershed but not in the lower watershed. Snowmelt typically occurs later in the upper
watershed than in the mid watershed area. Some degree of de‐synchronization is likely to occur in
normal peak flow events, but possibly not in large peak flow events.
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9.5 Soil and bedrock conditions
In watersheds with steep slopes and thin soils, concentration times can be very short. That is,
during a rainstorm, soil saturation will happen quickly, and then precipitation falling on the slopes
will run off in small ephemeral streams or as overland flow. In drainages of this type, streams can
be very “flashy”, rising rapidly during rainstorm events and subsiding quickly when rain diminishes
or stops.
In watersheds with deep permeable soils and subdued topography, much of the precipitation or
snowmelt may infiltrate into the ground. Slopes with deep soils tend to have lower drainage
densities than slopes with thin soils. Groundwater discharges more slowly than surface runoff, so
that streamflow concentration times are typically longer than where soils are thinner.
Consequently, peak flows are less prominent (less “flashy”).
Over half of Wilson watershed has deep soils (Map 5). Glaciofluvial deposits, which occur
extensively in the lower half of the watershed, are highly permeable. This means that much of
Wilson watershed has a high rate of infiltration. In the upper watershed where soils are thinner,
runoff response may be faster and concentrations time shorter.
Groundwater discharge from deep surficial deposits can be a significant source of base flows during
dry periods. This is most likely the case in Wilson watershed.
Bedrock geology can also influence drainage patterns and stream flows. For example, karst can
entirely dominate groundwater and streamflow processes where it is present. Highly fractured
bedrock can provide significant subsurface water storage and transmission.
The granodioritic intrusive rocks underlying Wilson watershed tend to have a low fracture density,
low permeability, and typically constitute a groundwater flow boundary.
9.6 Groundwater catchment
In areas with subdued topography and deep permeable soils, groundwater catchments can be
significantly different than surface catchment areas. Direction of groundwater flow depends on the
configuration and relative permeabilities of subsurface layers. For example, where glaciofluvial
deposits overlie less permeable marine deposits, till or bedrock, water infiltrating into the
glaciofluvial deposits will flow along the contact with the underlying lower permeable material.
If the topography of the contact surface does not reflect the ground surface topography, then
groundwater flow patterns may not be the same as surface flow patterns. Groundwater may exit
or enter the watershed along subsurface contacts. This could conceivably be the case in Wilson
watershed because the surface topography is subdued, the drainage divides are subtle, and there
are extensive deep glaciofluvial deposits that extend well beyond the surface watershed
boundaries.
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9.7 Water storage
Lakes, ponds and wetlands may have a moderating effect on instantaneous peak flows, and provide
important storage for low stream flow periods. Glaciers or late‐persisting snowpacks also release
water during summer low flows.
Wilson Creek has no glaciers, late‐persisting snowpacks or lakes. There are some small wetland
areas but they are too small to provide significant water storage or peak flow buffering. There are
several beaver ponds along Husdon Creek that may modulate peak flows to some extent, and are
probably important to sustain stream flows during summer low flows.
9.8 Roads
Roads can affect hydrologic processes in the following ways:
• Compact road surfaces reduce infiltration and increase runoff, especially if roads are paved.
• Road cuts intercept shallow subsurface groundwater flows and bring it to the surface.
• Road ditches can act as a secondary drainage network, concentrating flows to streams and
altering drainage patterns.
Where there are long runs of road surface and ditchlines into streams, road ditches can act as
conduits for rapid water transport into stream channels during rain events. Roads on steep slopes
with thin soils are more likely to intercept subsurface seepage and increase surface flows than
roads on gentle slopes. On gentle slopes with deep permeable surficial deposits, subsurface flows
may predominantly be beneath the road, and not intercepted in road cuts.
Wilson watershed is heavily roaded. The mapped road length in Wilson watershed, excluding trails,
is 79.6 km which gives a road density of 3.6 km/km2 of watershed area. Not all roads in the non‐
forest areas are mapped (residential, commercial, etc) so the actual road density is higher. From
the LIDAR contours, road drainage systems (ditches, and in the case of Field Road, storm drains as
well) appear to have slightly altered the surface catchment of Wilson watershed in several places,
by diverting surface drainage into or out of the watershed (Map 6).
Map 6 also shows road sections where runs of ditchlines connect to streams, as indicated by LIDAR
1 m contours. In the lower and mid watershed where there are extensive deep permeable
deposits, the drainage density is low and not all road ditchlines connect to streams. Because of the
subdued topography, road cuts are typically shallow, thereby intercepting less seepage than roads
on steep slopes. I note that not all streams are mapped, especially in the upper watershed. There
may be more road ditchlines in the upper watershed that connect to streams, than are shown on
Map 6.
Improved road construction and maintenance practices since the Forest Practices Code (the Code)
was brought into force in 1996 have probably reduced the historic effects of forest roads on stream
flows by requiring surface drainage patterns to be maintained with adequate culverts; and by
making deactivation including cross‐ditching a common practice for forest roads not in active use.
For example, the full extent of ditchline shown on Map 6 is unlikely to deliver water directly to
streams. A culvert inventory was not part of this assessment, so the number and locations of
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culverts are unknown, but some number of ditchwater culverts probably discharges ditchwater
onto the forest floor. In areas of the watershed with deep permeable surficial deposits, ditchwater
discharged onto the forest floor is likely to re‐infiltrate.
Because of these factors – gentle slopes, shallow road cuts, permeable surficial deposits, low
drainage density in the lower to mid watershed, and generally improved road drainage standards –
the influence of the forest road network on streamflows in Wilson watershed is likely to be less
than found in research studies in watersheds with similar road densities.
9.9 Non‐forest development
Non‐forest developed areas often have a disproportionately greater effect on drainage, runoff and
groundwater than forestlands.
Urban, industrial, commercial, residential or agricultural developments and utility corridors create
permanent clearings. Additionally, hard surfaces such as roads, parking lots, driveways and roofs
reduce or eliminate infiltration and increase runoff. In developed areas drainage from these
sources is commonly collected in ditches or storm drains and may be discharged directly to
waterbodies. I note that, although paved roads and grassed ditchlines increase rates of runoff,
they also limit sedimentation and prevent muddy runoff into streams that occurs from traffic on
gravel‐surfaced roads.
Water distribution systems supplied from outside a watershed may increase water input from
outdoor washing and watering. Where developed areas receive water supplies from outside a
watershed and have on‐site septic systems or local sewage systems, this increases the net water
input to the watershed.
Road drainage down Field Road discharges through a culvert westward out of the watershed (Map
6). Highway drainage mainly discharges into Wilson Creek at the bridge but may have locally
reduced the surface catchment area near the eastern watershed boundary.
The village in the vicinity of the highway at Wilson Creek has paved parking areas and a storm drain
system. The storm drainage system appears to drain westward out of the watershed although we
did not verify this during our site visits. The village and residences along the highway through
Wilson watershed are on a water distribution system. The residences have on‐site septic systems;
presumably the village has a sewage collection system.
There are powerline and gas line corridors through Wilson watershed, a portion of the airport
grounds, and agricultural areas within the watershed which all have permanent clearings. Site
grading for the airport may have locally affected the surface watershed catchment area.
Deep excavations such as pits and quarries can locally alter infiltration and runoff rates and
groundwater flow patterns. There are pits and quarries within the watershed, including an
industrial quarry operation. The influence of these sites on runoff and groundwater patterns is not
known.
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Herbicides, pesticides, fertilizers and other chemicals used in agricultural and residential areas can
affect chemical water quality. Animal wastes from agricultural land can introduce pathogens such
as E. coli to water bodies. Assessment of chemical or biological water quality is not within the
scope of this assessment.
9.10 Flow controls and water extraction
There are no artificial flow controls (dams, weirs, impoundments, reservoirs) in Wilson watershed.
There are 13 active water licences7 (Figure 15, Table 7).
Water extraction for domestic and irrigation purposes is greatest in summer, and thus has the
greatest potential to affect low stream flows. The greatest licensed quantity is for “Land
improvement”. There are also several registered water wells in Wilson watershed (Figure 16), and
could be unregistered wells as well. The registered wells include both domestic and irrigation as
listed uses.
Table 7
Stream
Licence no.
Purpose
Quantity Units
East Wilson Creek
C119349
DOMESTIC
4.546 MD
East Wilson Creek
C054963
DOMESTIC
4.546 MD
East Wilson Creek
C118025
DOMESTIC
2.273 MD
East Wilson Creek
C119349
LAND IMPROVE
113.652 MD
Husdon Creek
F004503
DOMESTIC
2.273 MD
Husdon Creek
F006370
DOMESTIC
2.273 MD
Husdon Creek
C023548
DOMESTIC
9.092 MD
Husdon Creek
C055414
IRRIGATION
3700.440 MY
Wilson Creek
C116296
DOMESTIC
2.273 MD
Wilson Creek
F004461
DOMESTIC
2.273 MD
Wilson Creek
F016231
DOMESTIC
4.546 MD
Wilson Creek
C032170
DOMESTIC
2.273 MD
Wilson Creek
C049643
IRRIGATION
3700.440 MY
Wilson Creek
C065273
IRRIGATION
6167.400 MY
9.11 Potential for streamflow effects
There is no simple relationship between the factors described above and streamflow change.
Numerical modeling methods such as the DHSVM8 that attempt to incorporate all the variables
affecting watershed hydrologic response are elaborate and costly, and at present are mainly
research applications. In the absence of a research‐scale program, we consider qualitatively the
factors that affect streamflow response and make a best judgment on how streamflows and stream
habitat may be affected, based on the potential effects of the individual factors and on direct
observations of physical stream conditions.

7
8

Source: B.C. FLNRO Water Management Branch, DataBC [web], May 2012.
Distributed hydrology‐soil‐vegetation model – see Alila references.
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Figure 16. Registered water wells in vicinity of Wilson Creek watershed. Source: iMapBC [web]

In this watershed, key factors are considered to be the following:
• Climatic and elevation zones
Wilson Creek has a rain‐dominated hydrology. Over 90% of the watershed is in the rainfall or
transient snow zone, in about equal areas. The best climate data available indicates that only
7‐16% of total precipitation in the transient snow zone is likely to occur as snow. The snow
accumulation zone is the high elevations and is a small percentage of the watershed area. Peak
flows occur during the winter from rain storms, and the largest peak flows occur periodically
from intense 2‐4 day “Pineapple Express” storms. Forest hydrology research in coastal Western
North America has found that peak flows in low‐elevation, rain‐dominated watersheds like
Wilson Creek have low potential to be affected by canopy removal. Where effects do occur,
they are low return‐period events that occur frequently (such as event magnitudes that occur a
couple of times every winter). For large peak flow events, which have the potential to cause
serious flooding, high rates of bank and bed erosion, and other such effects that might cause
impacts on aquatic resources, the presence of forest canopy is not a significant factor in
ameliorating discharge. This is because the rate and magnitude of rainfall during these storms
overwhelms the interception potential of the forest canopy.
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• Roads
As discussed in Section 9.8, although Wilson Creek watershed has a moderately high density of
roads, there are several factors that suggest roads here may have less influence on streamflow
than found in research studies in watersheds with similar road densities. In the lower and mid
watershed where there are extensive deep permeable deposits, the drainage density is low and
not all road ditchlines connect to streams. Slopes are gentle and road cuts are shallow,
thereby intercepting less seepage than roads on steep slopes. However, good drainage
management including adequate ditchwater culverts is important to minimize the potential for
peak flow increases related to roads. Ditchwater discharging through culverts onto the forest
floor is likely to re‐infiltrate.
• Surficial geology
Deep permeable surficial deposits over a large part of the watershed mean high infiltration
rates. This would have the effect of modulating streamflow response to rain and snowmelt
events. This is reflected in a comparatively low drainage density in Wilson Creek, compared to
other coastal watersheds that don’t have deep, permeable surficial materials. Instead of
flowing over the ground surface into streams, a significant portion of precipitation in the lower
half of the Wilson Creek watershed flows through the ground, as groundwater.
Based on the balance of evidence, I conclude that the potential increases in peakflow resulting
from forest removal are likely to be in the low end of the range indicated in research findings. The
natural variability of precipitation events, along with cyclical patterns of climate related to the El
Nino South Oscillation, and the Pacific Decadal Oscillation, are likely to have more effect on peak
flows than forest removal. While actual peak flow increases from roads in Wilson Creek are likely
to be less than found in research studies, nevertheless, it is prudent to manage road drainage to
minimize the potential effects of roads on stream flows. From a fisheries perspective, it may be
that low stream flows are more likely to be of concern. There is some evidence that summer
stream flows are becoming lower, possibly related to increased water extraction during dry
seasons, and because of changes in climate patterns, such as warmer and drier summers.

10. SEDIMENT SOURCES
Most of the watershed is gently to moderately sloping, or in mid‐watershed, rolling to hummocky
(Map 1). There are few steep slopes except in the sidewalls of the stream gullies. However, deep
soils provide abundant sediment sources in the gully sidewalls, which are directly connected to the
stream channels. These are the largest sources of coarse and fine sediment to streams in the
watershed. The incidence of landslides in the gully sidewalls was probably accelerated by historic
logging of the gully sidewalls, yarding and road drainage. At present, most gully sidewalls have well
advanced second growth forests and landslides are infrequent. Below Wilson Creek in the non‐
forest area, some reaches have grown in to alder, which is less effective for slope stability than
conifers.
At Field Stop 30 (vicinity of proposed block EW02) the Wilson Creek gully is incised approximately
25‐30 m deep in till. There is a recent landslide in the gully sidewall at this site. Channel
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disturbance is visible in this reach; the landslide material has transported downstream (see Section
11.1). There are numerous older landslide scars in the gully sidewalls in till upstream and
downstream of this recent event (Figure 17), including some quite recent ones (see photos, Field
Stop 30), indicating that landslides from the gully sidewalls occur periodically. Landslides from the
gully sidewalls would typically initiate a debris flood down the channel, generating a turbidity
event. Coarse sediments would tend to deposit in alluvial reaches with floodplains; finer sediment
would transport to the lower reaches of the stream. Sediment stored in alluvial reaches will
remobilize and transport at high flows; and so are sources of sediment to downstream reaches.
The erodible banks of alluvial stream reaches are also significant sources of coarse sediment and
provide direct sediment input to stream channels.
At Field Stop 26 in the lower watershed the active channel is on the west side of the floodplain and
is undercutting the gully sidewall, which comprises sandy to gravelly glaciofluvial deposits overlying
marine sediments. The gully escarpment is near‐vertical and unstable. A slump on February 17,
2012 carried trees down that have accumulated in a large debris jam at the base of the bank
(personal communication, Laurie Bloom May 11, 2012).
In the lower watershed the streams are entrenched into glaciofluvial deposits, or glaciofluvial
deposits overlying marine sediments. The glaciofluvial deposits vary in grain size but typically
consist of sand and fine gravel; these deposits are highly erodible. The marine sediments consist of
laminated silts and silty clays. Streams impinging directly on the marine sediments (e.g., Field
Stops 3 and 26) would be chronic sources of turbidity at high flows.
An earth slump was noted on the LIDAR bare‐earth image (Map 2), probably with a failure plane in
marine deposits. It was not connected to any stream and no other landslides are apparent
elsewhere in the watershed except in gully sidewalls as described above.
Other potential sediment sources are:
• Erosion of road fills at stream crossings including the trails along the gas pipeline and powerline
rights of way.
Existing sources ‐ Active erosion in gravel approach fills was observed at Field Stop 25 where a
crossing structure had been removed. The Dobson report identifies a sediment source at the
gas pipeline crossing of Husdon Creek. The trail along the gas pipeline is a popular route for
ATVs and dirt bike traffic.
•

Erosion of road ditches along steep grades
Map 7 shows road sections with steep grades. These are potential sources of sediment from
ditchline erosion. Some roads, e.g., en route to Field Stop 14, were observed to be cross‐
ditched, and cross‐ditching is visible on the ortho for some other roads. Minor erosion was also
noted in a recently‐graded ditchline on Blower Road at the Wilson Creek bridge (Field Stop 17);
the ditch drains into Wilson Creek.

•

Increased bank erosion from windthrow of trees rooted in stream channel banks
Windthrow of trees rooted in erodible channel banks can expose the banks to increased
erosion, and therefore increased sediment input to streams. Windthrow was observed at

Visible landslide scars

N

Figure 17a. LIDAR bare‐earth image of stream gully in vicinity of Field Stop 30. Steep unstable gully sidewalls on both sides of stream.
Figure 17b. 2009 ortho image of same location. Gully is forested with mature second growth.

N

Figure 17
Gully at Field Stop 30
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several sites in the watershed; at Field Stop 9, increased bank erosion and sediment input from
windthrow was noted.
•

Muddy runoff from active haul roads during wet weather, and muddy water introduced by dirt
bikes and ATV’s driving through stream channels.

While the minor sources such as muddy runoff, ditch erosion and ATV trails are individually small,
the cumulative effect of these sources has the potential to generate or to contribute to turbidity
events.

11. STREAM CHANNELS AND RIPARIAN CONDITION
In this assessment, streams are categorized into three types based on characteristics relevant to
forest management of coastal streams. The main distinction between the types is susceptibility to
channel bank and bed erosion and channel disturbance.
“Alluvial” streams as used here are those with alluvial channel bed and bank material, where one
or both banks are in alluvial deposits. Essentially, these are streams with flanking floodplains, even
though the extent of the floodplain beyond the active channel may be quite narrow. “Alluvial” as
used in this assessment is consistent with “active fluvial units” in the CIT reports9. Fans are also
active fluvial units; fan development is insignificant in Wilson watershed.
“Semi‐alluvial” streams are low‐gradient streams (less than 8%) in confined channels with fluvially
transported bed material, and banks in non‐alluvial deposits or in terraces (e.g. glaciofluvial) that
rarely or no longer inundate (e.g., return interval more than 30 years). “Non‐alluvial” streams are
typically steeper gradient streams that are bedrock or boulder controlled but may have forced
alluvial or semi‐alluvial morphologies at choke points (“vertical jams”); or have log steps that store
sediment (upland or headwater streams). Low‐gradient streams that have primarily bedrock or
boulder‐dominated channels are also non‐alluvial streams.
In alluvial streams, the riparian forest has essential functions in controlling bank erosion, providing
large wood debris (LWD) and maintaining channel processes. LWD is important in all sizes of
alluvial streams. Loss of riparian forest can cause significant, and often long‐term, channel impacts.
Riparian forest and understory vegetation on a floodplain provides surface roughness which slows
overbank flows, promotes deposition of transported sediment, reduces channel erosion rates and
increases flood elevations (source: Belt et al. 1992). Altering or removing the floodplain forest can
cause changes to these processes. In large alluvial streams, LWD naturally accumulates in jams
which can break up in peak floods, transport and reform as flow subsides. These jams dam
sediment, cause flow diversions and create scour pools. They can cause major shifts in channel
morphology (Montgomery et al. 2003) and increase flood elevations (Brummer et al. 2006). When
a stream migrates away from a jam in response to wood and/or sediment accumulation, the jam
may persist until it decays in place.
9

Coast Information Team – scientific advisory team for the central and north coast ecosystem‐based management
planning process.
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In small semi‐alluvial and non‐alluvial streams with low transport capacity, where LWD spans or
nearly spans the channel, LWD from the riparian forest forms steps and plunge pools, influences
flow patterns, limits sediment transport, dissipates energy and increases hydraulic variability; all of
which results in complexity of aquatic habitat. Individual pieces entering the stream can cause
local scour or local stream bank erosion (Keller and Swanson 1979, Hassan et al. 2005).
In semi‐alluvial and non‐alluvial streams with high transport capacity, LWD often has limited to no
geomorphic function. The importance of the riparian forest for these channels is primarily its
influence on stability of the adjacent slopes, which depends on the slope conditions.
LWD in a stream reach can come from one or more of the following sources:
• Falling in from the adjacent riparian forest as a result of tree mortality, windthrow, bank
erosion or failing escarpments
• Landslides or snow avalanches initiating upslope and entering the channel, either directly from
the adjacent slope or indirectly via gully systems
• Fluvial transport into the reach from upstream sources
Most LWD contributed from the adjacent forest through tree mortality, windthrow or bank erosion
comes from within 10 m of the stream. Studies in Southeast Alaska (Martin and Grotefendt, 2007)
found that 95% of LWD in streams in buffered units was derived from within 30 m of the channel,
whereas in unlogged stands, 96% of LWD was derived from within 20 m; and further, that 81% and
89% of LWD came from within 10 m of the channel for buffer and unlogged stands respectively. On
steep slopes, trees will travel farther down the slope as they fall, and thus wood will be contributed
from greater distances than on slopes where trees simply overturn (source: Belt et al. 1992) For
streams that receive wood from logs that span the banks, the wood in the stream enters over
prolonged periods of time (decades). In streams without sufficient energy to transport the size of
wood in the stream, wood structures persist in‐situ until they decay and break up (Bahuguna et al.
2010).
11.1 Stream and riparian condition in Wilson watershed
Stream gradients are displayed on Map 8; channel types are on Map 9. Present riparian function is
indicated on Map 10. Extent of stream channel types is summarized in Table 8.
Table 8
Channel type
Alluvial
Semi‐alluvial
Non‐alluvial
Wetland
Unclassified
Total mapped stream length:

Length, km
10.6
6.2
9.7
0.1
1.5
28.1
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There is a high proportion of alluvial streams in Wilson watershed. These streams are highly
sensitive to riparian logging, sediment input and loss of LWD.
Logging in Wilson watershed started many decades ago. Historic logging practices commonly
included logging of riparian forests, cross‐stream yarding (which disturbed banks and dislodged
LWD), instream removal of logs, and logging of gully sidewalls which accelerated landslides into
streams. There are some signs in Wilson watershed of these kinds of past disturbances. Elevated
bars in the lower channel with mossy debris jams (Field Stop 17) indicate old sediment events,
probably from landslides in gully sidewalls. The channel at Field Stop 3 appears to have resulted
from a stream diversion down an old trail or skid road.
Cut logs visible in places along stream channels (Figure 18) indicate that logs were removed from
the channel. However, old stable mossy wood debris embedded in banks and channel beds was
apparent at many field stops (Field Stops 1, 2, 5, 11, 18, 19, 20, 22, 25); and is functioning
effectively to create pools, regulate sediment transport, and provide hydraulic complexity in the
alluvial and semi‐alluvial reaches. Therefore, in‐stream log salvage and cross‐stream yarding must
have been very limited.
There is a trash rack at the inlet end of the highway culvert that catches wood and sediment.
Consequently, LWD in the channel below the highway is scarce (Field Stop 16). The riparian forest
has large trees to supply LWD, so recruitment into the channel from the adjacent stands may
eventually occur.

In

Figure 18. Cut logs indicate LWD removed from stream during historic logging. At Field Stop 21.
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In most places the riparian forest is mature second growth. While these stands have not yet
developed the root web of ancient forests, recovery of riparian functions for controlling bank
erosion and supplying LWD is well advanced and largely effective. Trees well rooted in channel
banks were observed at most field stops (e.g., Field Stops 1, 2, 6, 10, 16, 19, 20).
In assessing the riparian condition needed for streams, and the suitability of the present stand for
riparian function, one must consider how wood functions in that stream under natural conditions.
The size of LWD required for channel structure depends on the size and energy of the stream. In
streams where natural windfall would span the banks, then for a stand to be adequate to supply
functioning LWD for that stream, it should have trees large enough to span the banks and stay in
place. In streams where naturally‐introduced wood would have at least some sizes too large for
the stream to transport, then the stand should have tree diameters greater than the stream is
capable of transporting. A further consideration is durability – larger diameter wood pieces take
longer to decay and thus would remain in the stream longer. With these factors in mind, for the
streams in Wilson watershed, I have assumed that stands 40 years or older (e.g., logs >0.3 m
diameter), that are either mixed alder and conifer stands or mainly conifers, would have trees of
sufficient size to provide adequate functioning LWD. Stands that are primarily deciduous are not
considered adequate to provide functioning LWD because of the rapid decay rate. So where stands
are younger than 40 years, or are primarily deciduous, I have rated them as not adequate for
riparian function. I have also indicated where riparian function has been compromised or lost
because of significant windthrow. See Map 10.
LWD in this watershed comes mainly from the adjacent banks from tree mortality, windthrow or
undercut banks and from slumps or landslides in the gully sidewalls. Windthrow in riparian buffers
has introduced considerable amounts of LWD where it has occurred. The maximum stream width
measured at our field stop is less than 10 m. LWD falling into the streams mainly spans the banks
except where wider floodplains have developed locally (e.g., Field Stops 26 and 29). Husdon Creek
does not have the capacity to transport Logs. Logs transport in East Wilson Creek mainly only in
the non‐alluvial reaches during peak floods. Wilson Creek below the confluence with East Wilson
Creek can transport logs. From about Field Stop 10 downstream, the non‐alluvial reaches of Wilson
Creek can transport logs during peak flows; some LWD in the lower reaches has been transported
from upstream. LWD below the highway is sparse mainly because of the trash rack at the highway
culvert. In all of Husdon Creek, most of East Wilson Creek and most alluvial reaches of Wilson
Creek upstream of the confluence with East Wilson Creek, LWD tends to stay in the channels until it
decays and breaks up. Consequently, there is abundant LWD in many reaches. See also Dr. Bates’s
report for descriptions of habitat features.
The abundance of LWD in the stream system is a major factor in maintaining pools, storing
sediment and regulating sediment transport. When sediment events occur such as landslides from
the gully sidewalls, coarse sediment (gravel, cobbles) tends to deposit in the alluvial reaches.
Sediment stored in these reaches will remobilize in subsequent peak flow events, such that over
time, sediment pulses move down the channel. There is considerable storage capacity in the
streams in Wilson watershed because of the extent of alluvial channels and the presence of LWD.
Sediment deposition will cause stream channel changes in alluvial reaches such as shifting of the
active channel within its floodplain. Channel shifting is most likely to occur in response to a major
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sediment event such as a landslide; or as a sediment pulse moves downstream; or with shifting or
introduction of LWD.
The effects of the recent landslide in the gully at Field Stop 30 are evident in Wilson Creek
downstream: Loose unsorted stones without moss in the non‐alluvial reach just below the
landslide; aggraded channel at Field Stop 29; minor fresh gravel and sand at Field Stop 18; some
fresh sediment as well as elevated bars from old events at Field Stop 17; fine sediment deposition
at the highway culvert at Field Stop 16. In short, a sediment pulse from the landslide is distributing
down the channel. LWD in the channel is regulating the movement and storage of sediment, and
maintaining flow channels and pools (Field Stops 17, 18, 29).
At Field Stop 26 the present active stream channel is on the west side of the floodplain. An old well
was found on the east side of the floodplain below the old house; adjacent to it was an undercut
stream bank indicating that at the time the well was constructed the stream was on the east side of
its floodplain and has since shifted across the full extent of the floodplain. Channel migration like
this is common in alluvial streams with flanking floodplains.
The glaciofluvial, alluvial and till deposits are the sources of granular substrates found in the stream
channels which provide spawning habitat. The abundance of these materials has contributed to
favourable habitat conditions in the watershed.
Windthrow has occurred in riparian buffers in several places, mainly in the upper watershed (Field
Stops 7, 8, 9, 12). At Field Stop 9, increased bank erosion and sediment input from windthrow was
noted. At other windthrow locations stream condition has not been degraded by the windthrow,
but there is little standing structure remaining for long‐term LWD supply or for other riparian
ecosystem functions. Illegal tree cutting was noted in the riparian leave area at Field Stop 15.
In summary, despite the extent of development and history of harvesting in this watershed, the
streams are in generally good condition, with abundant LWD creating a high level of channel
complexity, pools and sediment storage.

12. SUMMARY OF KEY FINDINGS
Topography over most of the Wilson watershed is subdued and drainage divides are subtle. The
watershed boundary as redefined using 1 m LIDAR contours has changed the watershed area
somewhat from previous boundaries delineated using TRIM 20 m contours.
Hydrologic change
1. ECA’s in Wilson watershed are high, and are highest in the lower watershed. ECA determined
in this assessment includes non‐forest development, clearings for agriculture, rights of way,
industrial sites and gravel pits and quarries. ECA is an index of potential hydrologic change
based on the extent of forest removal. It does not consider other factors that affect stream
flows, or mean that changes to stream flow have necessarily occurred, or that impacts to
streams have occurred.
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2. Non‐forest development has a disproportionately higher potential for impact than forestry,
because of the alteration of surface infiltraton and runoff characteristics such as roofs,
pavements, storm drains, water input from distribution systems from out‐of‐watershed
sources, water extraction (wells, stream intakes), site grading (e.g., airport) and other effects.
3. The 1 m LIDAR contours suggest that minor alterations to the surface catchment have been
made by road ditches and culverts, possibly site grading at the airport, possibly drainage along
the gas pipeline right of way, and a gravel pit excavation.
4. Estimating the likelihood of changes to peak stream flows is complex and involves consideration
of many factors. On consideration of the watershed characteristics affecting stream flow
response, I conclude that potential increases to peak flows from forest removal are likely to be
limited to low return period events, such as occur multiple times in a year; and may be more
evident in small S6 streams in the upper watershed.
5. Although Wilson watershed has a moderately high road density, this is likely to have less
potential for increasing peak flows than found in research studies with similar road densities
because of watershed characteristics – low drainage density in much of the watershed, mainly
shallow road cuts and fills, deep permeable soils. However, good drainage management
including adequate ditchwater culverting is important to avoid discharging ditchwater into
streams as much as practicable.
6. Weather data suggests long‐term cyclical precipitation patterns, which would mean cyclical
streamflow patterns as well. The long term weather and streamflow records up to the PDO
shift in 1976‐1977 indicate increasing precipitation and streamflow; since the PDO shift, mean
annual precipitation and mean annual stream discharge (Roberts Creek) have decreased
slightly. Mean winter discharge shows no significant trend; summer discharge has decreased
slightly but this may be at least partly due to increased water extraction. There is extreme
year‐to‐year variability in both precipitation and streamflow.
7. Channel form and condition in coastal watersheds are typically dominated by physical
processes such as landslides, erosion, riparian logging along erodible channels, and loss or
removal of large wood debris (LWD) from within channels. Potential channel changes from
changes in peak flows are usually not significant relative to changes caused by these other
physical processes. Even in small alluvial streams, potential changes from altered stream flows
have far less effect on channel condition than changes caused by, for example, loss of LWD or
landslides.
8. There are beaver ponds along Husdon Creek but no significant water storage elsewhere in the
watershed. Low flows, rather than peak flows, are more likely to be a concern for fish
populations (refer to Dr. Bates’s report). Groundwater flow from deep surficial deposits may
provide important base flow during dry seasons. The groundwater catchment area might not
be the same as the surface catchment area. Water extraction (wells, stream intakes, irrigation)
might affect low stream flows especially during prolonged dry periods.

27

Sediment sources
1. The largest sources of both coarse and fine sediment to streams are landslides and slumps in
steep gully sidewalls and stream escarpments. There are no landslides elsewhere in the
watershed that affect streams. Minor erosion of alluvial stream banks typically occurs at high
flows.
2. High stream flows impinging on marine sediments in the lower watershed are most likely a
source of turbidity.
3.
•
•
•
•
•

Other existing and potential sediment sources include:
Erosion of fills or channel banks at stream crossings of roads and trails
Ditch erosion on roads with steep grades
Muddy runoff from haul roads in wet weather
Muddy runoff from recreational use (ATV’s, dirt bikes) of trails at stream crossings
Increased erosion of erodible stream banks if windthrow of trees rooted in stream banks occurs
While these may be small sources, cumulatively they may cause or contribute to turbidity
events. A recently graded ditchline at the Blower Road bridge on Wilson Creek, while dry at the
time of our site visit (Field Stop 17), showed signs of recent erosion and sediment transport into
Wilson Creek.

Stream channels
The streams are in generally good condition, with a high level of channel complexity, pools, LWD
structure and sediment storage. If peak flow increases have occurred from either harvesting or
roads, they have not resulted in deteriorated stream conditions.
In most places the riparian forest is mature second growth and providing effective riparian
functions for controlling channel bank erosion and supplying LWD. There are a few sites where the
riparian forest is considered inadequate to provide effective riparian function because of
windthrow, young stands, or predominantly alder riparian forest. Riparian practices on private
forest lands are governed by the Private Managed Forest Land Council regulation, which has fewer
restrictions on riparian harvesting than regulations under the Forest and Ranges Practices Act,
which governs Crown lands. The dispersed retention trees provided for in the PMFLC regulation
tend are more vulnerable to windthrow because even moderate windthrow can significantly
reduce riparian function. At a few sites on the private lands in the upper watershed, riparian
function in the leave trees has been lost or compromised due to windthrow. At one site, increased
bank erosion has resulted. The watershed is quite exposed to windy conditions; windthrow is a
significant management consideration.
Illegal tree cutting was noted in the riparian leave area at Field Stop 15.
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13. WATERSHED MANAGEMENT
The objective for forest management in Wilson watershed is to not cause a decline in the quality of
fish habitat including water quality; and further, to not compromise riparian and stream processes
that are needed to sustain the quality of habitat.
The critical concerns for watershed management in Wilson watershed are maintaining riparian
function and minimizing development‐related sediment introduction (including muddy runoff) into
streams.
The purpose of this report is to guide forest management practices on SCCF’s tenure. However,
land use practices outside the SCCF tenure also affect streams in the watershed and must be
recognized as influencing stream condition.
If the exact watershed boundary location is important (for example, at the boundary with Chapman
Creek watershed) then it should be verified by site surveys, and where roads influence drainage
boundaries, the culvert locations and direction of drainage should be determined.
13.1 Land ownership and community land use considerations
Land tenures and ownership in Wilson watershed include Crown forest lands under various forest
tenures, private forest lands, powerline and gas line rights of way, airport lands; and private non‐
forest lands with a diversity of land uses including industrial, commercial, residential and
agricultural (Figure 19). Land area by ownership is in Table 9.
Table 9
Description
Crown forest land
Crown lease
Right of way (powerline)
Woodlot 10
Private forest land
Private land (nonforest)
Park (Mt Elphinstone)
Total watershed:

Area,
ha
%
1293 59%
10 0.5%
6 0.3%
24 1.1%
567 26%
257 12%
51 2.3%
2207 101%

Note: Areas are from planning‐level spatial data and not from legal survey boundaries.

Community planning
The lower part of the watershed is within the District of Sechelt Official Community Plan10. The
OCP provides for future development within the private land areas including agricultural use and
large parcel sizes in the Agricultural Land Reserve (ALR), additional industrial and commercial use in
the vicinity of the airport; and residential and commercial uses around the Wilson Creek Regional
10

District of Sechelt Bylaw 492, 2010
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Centre. Community planning and development advance the economic and social well being of
communities. Nevertheless, this type of development can, and often does, affect watershed
processes.
Anadromous habitat in Husdon Creek extends to the top of the stream, but in Wilson Creek is
entirely in the developed private lands part of the watershed. Streams in developed areas are
usually the most vulnerable because it is more challenging to manage activities around streams on
private land; and when changes to the stream environment occur they are often permanent.
Riparian vegetation and wood debris are critical to maintaining channel condition. Removing
vegetation from the steep gully sidewalls along the channel will aggravate instability. There may be
private property issues with respect to gully sidewall instability and safety, such as falling trees or
large debris jams (e.g. at Field Stop 26). Remedies for these situations must be guided by the
appropriate professional expertise.
Removal of vegetation on gully sidewalls, on gully floors or anywhere next to stream channels
should be strongly discouraged unless there is an assessment by a qualified professional. Similarly,
removal of wood debris in a stream or on a floodplain should be strongly discouraged unless an
assessment is done by a qualified professional, and in consultation with regulatory authorities.
Sediment control of ditches on community roads should be improved so that sediment or muddy
runoff does not enter streams.
Forest cover
Ideally, in managed forest lands, forest stands have age ranges evenly distributed over the
landscape and the cut is similarly distributed. In this way, sudden large changes in forest cover
concentrated in one area are avoided. When land ownership and tenure is fragmented this is
difficult to achieve because each owner/tenure holder will be managing stands and timber flow
across the entirety of their holdings, rather than apportioning the cut over individual blocks of
property.
There can be practical and economic disadvantages to dispersing the cut, but to the extent that
distributed stand ages and cut levels can be achieved by the various tenure holders and forestland
owners in the watershed, it would be beneficial to do so. This is preferred to unduly restricting the
cut in one watershed because it may simply shift higher rates of cuts to other watersheds.
I recommend that SCCF develop a long term plan to achieve distributed forest stand ages across its
holdings, in conjunction with the timber harvesting plan. Since forest planning extends over
decades it may take some time to achieve this.
Recreational use of trails and pathways
Recreational use of roads and trails on both crown and private forest lands is very popular in
Wilson watershed and the surrounding area. Individually, stream crossing sites generating muddy
runoff are small sources but cumulatively they can cause or contribute to turbidity events. This is
especially so during low streamflow periods, which also tend to coincide with the greatest trail

30

usage periods. There are crossing structures at some locations but not all (e.g., Husdon Creek at
the gas pipeline crossing).
Property owners and tenure holders are encouraged to coordinate with user groups to facilitate
ATV/motorcycle passage at stream crossings by providing appropriate crossings to prevent muddy
runoff into streams.
13.2 Recommendations for SCCF forest management
Terrain stability
Unstable and potentially unstable terrain in Wilson watershed is limited to gully sidewalls and
stream escarpments. However, these are critical areas because these sources connect directly to
streams.
I recommend that SCCF develop a Terrain Stability Management Model11. In Wilson Creek this
would consist of setting out a strategy for harvest layout adjacent to stream gullies and
escarpments, and for undertaking Terrain Stability Assessments if needed. The strategy should
include consideration of the potential effects of canopy removal and windthrow on stability; and
provide for sufficient setbacks so as not to increase the likelihood of landslides occurring at the
break to unstable terrain.
Streams
The LIDAR 1 m contours suggest that there are many small streams that are unmapped. Most of
these are in the upper watershed but some are within SCCF’s land.
I recommend that SCCF complete stream mapping in their lands, with priority areas being those in
the vicinity of harvesting proposed on the short term.
Windthrow
Windthrow is evident in many places in Wilson watershed, in both recently harvested areas and in
older timber. Strong winds appear to be quite common.
I recommend that SCCF undertake windthrow assessments before harvesting next to unstable
gullies or escarpments, or next to streams. Harvest strategies should include windthrow
management strategies where needed to protect terrain stability and long‐term riparian functions.
The BCTS Windthrow Manual (Zielke et al. 2010) provides a good summation of the current
science, assessment methods and management alternatives.

11

Guidelines for Management of Terrain Stability in the Forest Sector. 2008. Joint publication by Association of BC
Forest Professionals and Association of Professional Engineers and Geoscientists of BC.
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Roads
Road systems have the potential to introduce sediment into streams, by means of erosion of road
cuts, ditches, or road fills at stream crossings; and from muddy runoff from active haul roads.
Introduction of coarse sediment can infill small pools and degrade habitat in small streams. Fine
sediment and muddy runoff can generate turbidity events. Roads also have the potential to
increase streamflows by concentrating ditchwater into streams. A precautionary standard of care
for management of existing roads and construction of new roads would include measures such as
the following:
1. Development of a risk‐based road inspection and maintenance system. Stream crossings, road
fills across gullies and roads with steep grades should be a priority for maintenance inspections.
2. Road drainage management to discharge ditchwater onto the forest floor as much as
practicable, and in particular, to avoid directing road drainage onto gully sidewalls or
escarpments, as this could exacerbate instability. In addition to reducing the potential for road
drainage to increase stream flows, ditchwater culverts discharging onto the forest floor
disconnect road drainage from streams and reduce the likelihood of muddy runoff creating
turbidity events.
3. Development of a grass‐seeding plan for roads so as to limit erosion of newly exposed
soils. The plan should target ditchlines connected to streams, road fills at crossings, and
cutslopes connected by ditchlines to streams. Hydroseeding with fertilizer, mulch and
tackifier is usually most effective at establishing grass cover quickly.
4. Development of wet weather operating guidelines to limit activities that could cause
turbidity in streams. The wet weather operating guidelines should address road
construction activities, culvert installations, grading, ditch cleaning, and hauling on
muddy roads. Note that this type of wet weather guideline, meant to limit turbidity
events, is not the same as wet weather shutdown guidelines for landslide hazards.
13.3 Proposed blocks EW02 and EW11
SCCF should ensure that all small streams in the vicinity of proposed blocks are mapped, down to
confluences with fish streams.
Block EW02 is entirely in the rainfall zone (<300 m elevation), and over half of EW11 is in the
rainfall zone (Map 11). These blocks are unlikely to cause any perceptible change in stream flows.
EW02
The primary concern for this block is the boundary next to the unstable gully sidewall. The falling
boundary is set well back from the slope break at the gully crest. A windthrow assessment should
be done for the boundary bordering the gully to determine whether windthrow management
measures are necessary to avoid increasing the hazard of instability in the gully sidewall.
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EW11
This block is mostly logged; only a small area remains to be harvested. There are no steep gully
sidewalls in the vicinity of the block and no significant terrain stability concerns.

14. WATERSHED MONITORING
SCCF is advised to undertake the following monitoring at an interval of no more than 3 years:
• Windthrow occurrence at existing and future blocks that border streams and gullies, and
any effects of windthrow on stream condition or slope stabiltiy
• Tracking of road inspections, maintenance items identified, and work completed
• Instability in gully sidewalls bordering harvest areas
A review of stream channel conditions should be undertaken at approximately 10 year intervals
unless significant events occur such as extreme storm flows or severe windthrow in riparian areas.

15. USE AND LIMITATIONS
This assessment has been undertaken in accordance with generally accepted methods of
watershed assessment for forestlands in British Columbia. No other undertaking is given. No
portion of this report should be extracted and used independently; it is meant to be read and used
in its entirety.
This report is for the sole use of Sunshine Coast Community Forest for the purpose of forest
management and harvest planning within the Wilson Creek watershed. It is not for use by any
other party or for any other purpose.

August 13, 2012

Glynnis Horel, P. Eng.
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Field stop #1 –Husdon Creek. May 10, 2012.
Channel width 3.2 m, gradient 1‐2%, wet floodplain ~12 m width (variable). Substrate fine gravel and sand.
Trees, vegetation rooted in channel banks. LWD includes old stable pieces, mossy; pieces embedded in
channel banks and bed forming steps and pools, and trapping sediment. Alluvial.
Photo 01 – Looking upstream.

Photo 02 – Looking downstream.

Field stop #2 –Husdon Creek. May 10, 2012.
Average channel width 3.7 m; channel gradient 3‐4%; wet floodplain width 14‐15 m. Alluvial. Near recently
logged block, buffer ~20 m. Substrate mainly gravel, some sand. Trees, vegetation rooted in channel banks.
Stable LWD, some old mossy pieces, regulating sediment transport, influencing flow.
Photo 03 – Looking downstream.

Photo 04 – Looking upstream.

Field stop #2 – Husdon Creek – May 10, 2012
Pipe arch culvert

Photo 05

Field stop #3 – distributary of Husdon Creek.
May 10, 2012. Eroded channel possibly
following old road or skid trail.

Photo 06 – Looking upstream.
Average channel width 1.5 m. Channel
gradient stepped. Entrenched 1.5‐2 m.
Marine sediments (silt, clayey silt) visible in
channel, overlain by glaciofluvial gravelly
sand

Photo 07 – Looking downstream,
downstream of Photo 06. Till visible in
channel

Field stop #4 – Wilson Creek. May 10, 2012. Average channel width 7 m; floodplain variable, up to 30 m.
Gradient 8‐9% U/S, 4‐5% D/S. Substrate predominantly cobbles, small boulders, some gravel. Alluvial,
variable floodplain, mostly narrow. Stable mossy pieces of large wood. Larger stones mossy.
Photo 08 – Looking upstream.

Photo 09 – Looking downstream

Field stop #5 – Wilson Creek. May 10, 2012. Average channel width 7.7 m; wet floodplain variable, up to
32 m this reach. Gradient 3% U/S, ~1% D/S. Alluvial. Substrate mainly gravel and small cobbles.
Embedded LWD along banks, some in channel bed. Minor erosion of alluvial banks.
Photo 10 – Looking upstream.

Photo 11 – Looking downstream

Field stop #6 – headwater tributary upper East Wilson Creek May 10, 2012
Average channel width 2.7 m; mainly confined, max. valley floor width 10‐13 m. Gradient 13‐14% U/S, avg. 8%
D/S. Non‐alluvial, boulder step‐pool U/S, becomes alluvial D/S. Larger stones mossy. Some recent windthrow
in leave strip. Old mossy logs spanning channel evidence of much older windthrow; stable channel.
Photo 12 – Looking downstream from bridge.

Photo 13 – Looking upstream, just upstream from bridge

Field stop #6 – headwater tributary top of East Wilson Creek May 10, 2012
Photo 14 – looking upstream,
upstream of Photo 13

Field stop #7 – 2nd headwater tributary top of East Wilson Creek May 10, 2012
Closed bottom pipe arch culvert.
Photo 15 – looking at inlet
end of culvert

Field stop #7 – 2nd headwater tributary top
of East Wilson Creek May 10, 2012

Photo 16 – outlet end of culvert.
Leave trees mostly blown down.

Field stop #8 – same headwater tributary
as Field stop 7, downstream. Leave trees
mostly blown down. Stream width 0.5-1 m
Photo 17 – looking downstream from
Wood Box Culvert (WBC)

Field stop #9 – Wilson Creek May 10, 2012 Average channel width 3.3 m, floodplain width 12‐15 m, average
gradient 2%. Alluvial. Substrate mainly cobbles, gravel, a few small boulders (mossy). Recent windthrow at
block boundary. Old mossy logs spanning channel indicate much older windthrow. Trees and vegetation
rooted in channel banks. Logs embedded in banks.
Photo 18 – Looking upstream.

Photo 19 – Looking downstream.

Upstream of Field stop #9 – 2010 ortho. Windthrow in leave trees has caused increased channel bank erosion,
sediment input to channel, loss of standing structure.

Photo 20

Photos 18 & 19

Photo 20, looking upstream

Field stop #10 – Wilson Creek May 10, 2012 Average channel width 6 m; gradient 8‐10%; max. floodplain 10
m; mainly semi‐alluvial to non‐alluvial; bedrock visible in channel upstream of footbridge.
Photo 21 ‐ footbridge

Photo 22 – looking upstream from footbridge

Field stop #10 – Wilson Creek May 10, 2012
Photo 23 – looking downstream from footbridge

Photo 24 – looking upstream from channel upstream of footbridge

Field stop #11 – West headwater tributary of Wilson Creek May 10, 2012 Average channel width 4.5 m;
gradient at crossing 7‐8%. Channel at and just upstream of crossing mainly confined (semi‐alluvial).
Photo 25 – Inlet of pipe arch culvert.

Photo 26 – Looking upstream from culvert. Substrate mainly cobbles, small boulders. Larger stones mossy,
trees and vegetation rooted in channel banks, old mossy logs embedded in channel; stable channel.

Field Stop #11. Photo 27. Looking downstream from crossing. Channel becomes alluvial, floodplain
downstream of road 4‐5 channel widths, gradient 5%. Substrate mainly cobbles, minor gravel, a few small
boulders (mossy). Large wood pieces mainly old, mossy, embedded. Stable channel. Minor recent windthrow
spanning channel.

Field Stop #12. Photo 28. May 10, 2012 East headwater tributary of Wilson Creek. Looking downstream
from road. Crossing structure removed. Downstream of road – average channel width 3.5 m, gradient 2%;
alluvial. Floodplain 3‐4 channel widths. Gravel substrate. Recent windthrow along stream at edge of block,
mainly spanning channel.

Field stop #13 – East headwater tributary of Wilson Creek, upstream of Field stop 12 May 10, 2012
Crossing structure removed, geotextile left in place.

Photo 29 – looking downstream at removed crossing

Field stop #13 – East headwater tributary of Wilson Creek, upstream of Field stop #12. May 10, 2012.
Average channel width 2.6 m; gradient 20‐22% U/S, 12% D/S
Photo 30 – looking upstream from road crossing.
Boulder step‐pool, boulders to ~400 mm (lag). Larger
stones mossy, channel stable.

Photo 31 – looking downstream from road. Minor windthrow along edge of road clearing, trees spanning
channel.

Field stop #14 – West headwater tributary of Wilson Creek, upstream of Field stop 11 May 10, 2012
Road cross‐ditched, crossings removed. Windthrow in leave trees upstream of road.
2010 ortho

Photo 32 – crossing removed

Field stop #14 – West headwater tributary of Wilson Creek, upstream of Field stop 11 May 10, 2012
Average channel width 2.6 m; gradient 8‐9%, boulder step‐pool.
Photo 33 – looking downstream from removed crossing

Field stop #15 – Wilson Creek May 10, 2012 Alluvial stream 2‐3m width.
Appears to be illegal tree cutting in riparian leave area.
Photo 34 – looking downstream

Field stop #15 – Wilson Creek May 10, 2012 Alluvial stream 2‐3m width.
Appears to be illegal tree cutting in riparian leave area.
Photo 35 – recently cut trees in
riparian leave area

Photo 36 – illegal tree cutting in
Riparian leave area

Field stop #16. Wilson Creek at highway crossing. May 10, 2012. 2009 ortho. Lower floodplain
modified by development

Stream channel
(location approximate)

Photo 37. Looking upstream at outlet of highway culverts.

Field stop #16. Wilson Creek May 10, 2012. Highway crossing. Average channel width 7.2 m; gradient ~1%.
Alluvial. Substrate mainly cobbles, some small boulders. Trees rooted in channel bank. LWD sparse. Debris
rack at inlet of highway culvert prevents LWD transport through culvert and limits sediment transport. Bank
armouring downstream of highway maintains channel position.
Photo 38. Looking upstream toward highway culverts.

Photo 39. Looking downstream below highway.

Field stop #16 – May 10, 2012. Photo 40. Looking downstream below highway.

Field stop #17 – Wilson Creek at bridge on Blower Road. May 10, 2012. Channel width 8 m, gradient 1‐
2%. Alluvial. Substrate mainly cobbles and gravel; sandy in backchannels. Elevated bars, old mossy
wood debris jams. Logs in channel mainly mossy.

Photo 41. Downstream from Blower Road bridge, looking upstream

Field stop #17. Wilson Creek. May 10, 2012. Photo 42. Looking downstream from location of Photo
41. Old debris jam on left side of photo. Garbage bags in stream.

Photo 43. Downstream of Photo 42, looking downstream. Logs mobile in channel.

Field stop #17 – Wilson Creek May 10, 2012
Photo 44 –recently graded ditchline on Blower Road at Wilson Creek.

Photo 45 – Signs of minor erosion and sediment transport
in recently graded ditch draining into Wilson Creek

Field stop #18. Wilson Creek at Tyson Road. May 10, 2012. Average channel width 7 m, gradient 4%
U/S, 2% D/S. Alluvial, floodplain variable, widens upstream and downstream of bridge. Substrate
mainly cobbles, a few boulders, minor gravel on bars. Larger stones mossy. Some old large wood
debris (logs and jams),logs embedded, mossy. Stable channel.
Photo 46. Looking upstream.

Photo 47. Looking downstream.

Field stop #19. East Wilson Creek. May 11, 2012. Average channel width 3.9 m, gradient 8% U/S, 5%
D/S. Alluvial, narrow floodplain. Substrate cobbles and gravel. Trees and vegetation rooted in
channel banks. Logs mossy, mainly embedded in banks or bed. Stable channel.

Photo 48. Looking upstream.

Photo 49. Looking downstream.

Field stop #19 – East Wilson Creek May 11, 2012
Surface of old WBC is falling through; plywood has been laid for ATV’s. Muddy approaches.
Photo 50

Photo 51 – Downstream from bridge, looking downstream

Field stop #20. East Wilson Creek. May 11, 2012. Average channel width 4.2 m; gradient in vicinity of
bridge 8%, becomes 4‐5% U/S. Alluvial, variable floodplain width. Substrate cobbles and small boulders in
vicinity of bridge; fine gravel upstream. Trees and vegetation rooted in channel banks. Old logs mossy,
embedded in banks or bed; stable. Some more recent windthrow, spans channel.
Photo 52. Looking upstream from bridge.

Photo 53. Upstream from Photo 52, looking upstream.

Field stop #21 – East Wilson Creek May 11, 2012 Crossing removed; used as mountain biking trail.
Bedrock controlled channel; average channel width ~4 m; benchy gradient average 4‐5%
Photo 54 – looking upstream from crossing

Photo 55 – looking downstream from crossing; small falls below

Field stop #22. East Wilson Creek. May 11, 2012. Average channel width 6.1 m; average gradient ~5%.
Semi‐alluvial. Substrate cobbles, some gravel, some boulders (lag). Larger stones mossy. Old wood debris
mossy, stable. Stable channel.
Photo 56. Looking upstream.

Field stop #23. East Wilson Creek. May 11, 2012. Benchy gradient 15‐30%. Nonalluvial. Boulder step‐
pool. Substrate boulders (lag), large cobbles. Large stones mossy. Old wood debris mossy. Stable channel.
Photo 57. Looking upstream.

Field stop #24 – Unmapped tributary to
Husdon Creek near gas pipeline.
Channel width 0.5 m
May 11, 2012.

Photo 58 – looking upstream

Photo 59 – muddy ATV trail in
gas pipeline right of way

Field stop #25. Husdon Creek. May 11, 2012. Crossing structure removed. Toe of fills eroding.
Photo 60. Looking east at crossing.

Photo 61. Looking upstream from crossing site. Channel width 4‐5 m; gradient 1‐2%. Alluvial, narrow
floodplain, variable. Mainly gravel substrate. Old logs mossy; embedded or spanning channel. Trees
and vegetation rooted in banks. Stable channel.

Field stop #26. Wilson Creek at Bloom residence. May 11, 2012.

Photo 62. Escarpment on west gully
sidewall. Gaciofluvial gravelly sand
overlying marine sediments (silt, clayey

Photo 63. Looking downstream from location of Photo 62. Old wood debris jam with some more recent
debris accumulation. Old wood mossy.

Field stop #26 – Bloom residence. Mass of trees in channel following bank slump on February 17, 2012 – Laurie Bloom.
Photo 64 – courtesy of Laurie Bloom

Field stop #26 –Wilson Creek at Bloom residence. May 11, 2012.
Photo 65 – downstream from Photo 63, looking downstream.

Photo 66 – old well on east side of floodplain below old house on Bloom property. Active channel is
now on west side of floodplain.

Field stop #27 –Wilson Creek just below confluence with East Wilson Creek. May 11, 2012.
Photo 67 – looking downstream from bridge. Bridge crossing is at bedrock canyon.

Photo 68 – looking upstream below bridge. Confluence with East Wilson visible in photo centre.

Field stop #28. East Wilson Creek just above confluence with Wilson Creek. May 11, 2012. Average
width ~4‐5 m; gradient 2‐3%. Confined semi‐alluvial to non‐alluvial. Sparse LWD, mainly mobile. Substrate is
bedrock, gravel, cobbles. Stable channel.

Photo 69. Looking downstream from bridge. Minor windthrow in leave strip, windthrow trees span channel.
Photo 70. Looking upstream below bridge. Bedrock visible in channel bed and banks.

Field stop #29. Wilson Creek above hydro right of way. May 11, 2012. Average width ~7 m; gradient 1% U/S,
5% D/S. Alluvial. Floodplain width variable, <20 m. Cobble‐gravel substrate. Sparse LWD, a few mossy logs.
Photo 71. Looking upstream.

Photo 72. Looking downstream. Aggraded, probably from recent landslide in gully sidewall upstream.

Field stop #30 –Wilson Creek – landslide in gully sidewall, discovered early May 2012
Photo 73 – looking upstream at recent landslide in left bank.

Field stop #30 –Wilson Creek. May 11, 2012.
Photo 74 – looking downstream from
downstream edge of recent landslide

Photo 75 – looking upstream. Active erosion undercutting toe of landslide

Field stop #30 –Wilson Creek. May 11, 2012.
Photo 76 – Unstable gully bank opposite recent landslide.

Photo 77 – upstream of Photo 76, looking upstream. Bedrock channel, falls, LWD non‐functional.
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Terrain Description
- D. Maynard, P. Geo.
Terrain
Description
unit
Deltaic deposit consisting mainly of glaciofluvial-fluvial, clean
1
sand and pebble gravel overlying silty glaciomarine sediment;
mainly thick sediments.
2
Confined fan-floodplain of Wilson Creek. Banks consist of
deltaic sand and pebble gravel overlying glaciomarine silt.
Some bedrock is exposed in the channel.
3
Shallow-to-bedrock units that occur below the glaciomarine
limit*; partial thin cover of ill, glaciomarine and/or glaciofluvial
sediments with rockoutcrops.
4
Mainly thick sediments deposited within the glaciomarine limit*.
Blanket of clean sand and gravel (glaciofluvial and/or minor
beach lag deposits) overlying glaciomarine silt; gravel may
directly overlie till in places and small.isolated areas of shallowto-bedrock also occur.
5
Probable old slump scar at the till-glaciomarine contact; sand
and gravel likely cap these materials.
6
Flat-lying surface of the Chapman Creek glaciofluvial deltaic
complex; thick deposit of clean sand and gravel.
7
Irregular surface of mainly thick glaciofluvial sand and gravel; in
places the underlying till and some bedrock may be close to the
surface.
8
Shallow-to-bedrock ridges; rock outcrops likely with a partial thin
cover of gravel and minor till.
9
Ridged to hummocky glaciofluvial ice-contact deposits (kameesker); thick "dirty" gravels.
10 Gently sloping thick surficial deposits, mainly consisting of an
underlying dense basal till capped by a variable thickness (e.g. 0-
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Wilson watershed boundary

14

Terrain units
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Highway
Roads

Streams
16

*From terrain units delineated using airphoto interpretation and LIDAR
bare-earth imagery with limited field checking.
Terrain interpretation by Denny Maynard, P. Geo.
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glaciofluvial ice-contact and ablation till deposition.
Very thick, dense basal till (>10 m), ridged to moderate sloping;
partial cover of gravelly veneers probably occur.
Deeply incised gully reach of Wilson Creek into thick basal till;
moderately steep sidewalls have likely experienced recurrent
slope instabilities over time. Till-derived colluvium infills the
gully floor.
Bedrock-controlled upper slope with north-westerly oriented
troughs infilled with thin organic deposits; probably a variable
(glaciofluvial and/or ablation till).
Sloping to hummocky, bedrock-controlled terrain; thinner
blankets and veneers of till with rock outcrops.
Sloping till blanket shallowly incised by numerous, sub-parallel,
inactive gullies.
Bedrock-controlled gentle to moderate slopes; variable
and/or ablation till). Minor bedrock at or very near the surface.

17
18

Glaciofluvial fan-terrace deposits; likely thick with till and some
bedrock at depth.
*Glaciomarine limit approx. 180 m a.s.l.
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Map 4
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SCCF land
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Map 5

Wilson watershed boundary
Sunshine Coast Community Forest

Estimated soil depth*
Deep soils (glaciofluvial/till/marine)
Thin to moderate soil depth (glaciofluvial/till)
Rock and thin soils (glaciofluvial/till)
Highway
Roads

Streams

*From terrain units delineated using airphoto interpretation and
LIDAR bare-earth imagery with limited field checking.
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Map 6
Wilson watershed boundary
Sunshine Coast Community Forest
Possible influence of road drainage on watershed catchment
-from contours - ditchwater culvert locations are unknown
Decrease catchment - conduct water from inside the
watershed to outside the watershed
Increase catchment - conduct water from outside the
watershed to inside the watershed
Road ditches draining toward streams (from contours)
Other roads
Streams
Notes:
Not all streams are mapped, especially in upper watershed.
Location of ditchwater culverts is unknown. Road ditches draining toward
streams may have culverts that discharge ditchwater onto forest floor.
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Map 7

Wilson watershed boundary
SCCF land
Road grades steeper than 10%
Other roads
Streams
Road grades determined from LIDAR 1 m contours where
available and from TRIM 20 m contours where LIDAR was
not available.

Imagery 2009-2010
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Map 8

Wilson watershed boundary
SCCF land
Stream gradient

<8%
8-20%
>20%
unclassified
Stream gradients determined from LIDAR 1 m contours where available and
from TRIM 20 m contours where LIDAR was not available.

Imagery 2009-2010
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Map 9

Wilson watershed boundary
SCCF land
Channel type
Alluvial
Semi-alluvial
Non-alluvial
Wetland
unclassified
Channel types identified using imagery, channel gradients, and field
checking at field stops.

Imagery 2009-2010
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Map 10
Wilson watershed boundary
Sunshine Coast Community Forest
Riparian function
Adequate or natural
Adequate on one side, marginal or some loss of function
on the other side
Minimum or marginal function
Inadequate to supply functioning LWD
(stands too young, nonforest or alder)
Loss of riparian function due to windthrow
Unclassified
Imagery 2009-2010

1:20,000
0

250

500

1,000

1,500
Meters

GMHEL Aug 2012
Drawn by: gmh

.
EW011

300 m contour

EW002

Map 11
Wilson watershed boundary
Boundaries of proposed blocks
Streams
Imagery 2009-2010
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