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EXECUTIVE SUMMARY
The Brunette River drains a watershed of about 73 km2 in the City of Burnaby, British Columbia,
and several neighbouring municipalities. Much of the watershed is urbanized but it remains an
important fish stream in the Greater Vancouver Regional District (GVRD). Burnaby Lake, which
is located in the middle part of the Brunette Watershed, is surrounded by a regional park and is
occasionally dredged to facilitate competitive rowing.

The Brunette Basin Coordinating

Committee (BBCC) requires sedimentation information for use in developing sediment
management options in the Brunette Basin. The City of Burnaby, on behalf of the BBCC,
contracted Northwest Hydraulic Consultants Ltd (nhc) to monitor suspended and bedload
sediment transport for a period of two years on Still, Eagle, Ramsay, Silver, and Stoney Creeks
and on the Brunette River; to investigate geomorphic processes and associated sediment
sources and sinks in the sub-basin of each monitored stream; and to present conceptual
sediment control options.

The estimated suspended sediment loads in the study streams range from 75 to 150 Mg/yr in
Silver Creek, to 2000 to 4000 Mg/yr in the Brunette River (1 Mg = 1 tonne = 1000 kg). Bedload
transport rates range from 5% to 30% of suspended sediment transport. The highest specific
yields of suspended sediment were recorded in Ramsay and Stoney Creeks (several hundred
Mg/km2/yr), compared to yields nearly an order of magnitude lower in the other streams.
Ramsay and Stoney Creeks have both experienced channel incision in thick deposits of
erodible surficial materials. In Ramsay Creek, the incision has resulted from the delivery of
concentrated urban runoff onto steep, gullied terrain. In Stoney Creek, the incision has resulted
from urban stormflow impacts, the loss of woody debris, and channel realignment through
unconsolidated sand deposits. The nature of the channel impacts, and the lack of a simple
correlation between levels of urban development and severity of impacts, is consistent with a
large body of research that has been carried out in the Puget Sound region of western
Washington State.

Our conceptual sediment control measures address generalized lake-infilling and stream habitat
objectives, selected for example only. Sediment control measures for individual streams require
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specific objectives and an understanding of the transport and deposition conditions in the
watercourse of interest. Our proposed sediment control measures include on-site treatments to
reduce erosion at source areas, and downstream facilities designed to intercept sediment in
transport. In some cases, we were able to present one approach as being more advantageous
than the other, while in other cases further information would be required.
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1. Introduction
The Brunette River drains a watershed of about 73 km2 in the City of Burnaby, British Columbia,
and several neighbouring municipalities (Figure 1). Much of the watershed is urbanized but it
remains an important fish stream within the Greater Vancouver Regional District (GVRD).
Burnaby Lake, which is located in the middle part of the Brunette Watershed, is surrounded by a
regional park and is occasionally dredged to facilitate competitive rowing.

The Brunette Basin Coordinating Committee (BBCC) is a partnership of the cities of Burnaby,
Vancouver, Port Moody, Coquitlam, and New Westminster; the GVRD; the BC Ministry of
Water, Land and Air Protection (WLAP); Fisheries and Oceans Canada; the University of British
Columbia (UBC); the British Columbia Institute of Technology (BCIT). The committee works
closely with several local environmental stewardship groups. The BBCC is responsible for
coordinating the implementation of initiatives described in the Brunette Basin Watershed Plan
(GVRD 2001). One of the initiatives in the watershed plan was a large-scale sediment detention
facility on Still Creek, the main tributary to Burnaby Lake. A few sediment-transport studies
have been completed in the Brunette Watershed in the past, but the BBCC wishes to have a
more detailed study of existing sedimentation conditions before developing sediment
management options.

The BBCC contracted Northwest Hydraulic Consultants Ltd (nhc) in June 2002 to conduct the
Brunette Basin Sedimentation Monitoring and Analysis Program. The scope of the program
was expanded in June 2004. The overall objectives of the program were as follows:
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•

Conduct a field investigation of geomorphic processes, and compile an inventory of
associated sediment sources and sinks, in the drainage basins of six selected streams in
the Brunette Watershed.

•

Monitor suspended and bedload sediment transport in the six streams for a period of two
years.

•

Estimate average annual transport rates and grain-size distributions of transported
sediment in the six streams.

•

Use the field inventory and monitoring results to prioritize sediment sources with respect to
probability and magnitude of future sediment production, and provide conceptual sediment
control options.

The six study streams are Still Creek, Eagle Creek (also known as Lozelles Creek), Silver
Creek, Ramsay Creek (also known as Robert Burnaby Creek), Stoney Creek, and Brunette
River. We monitored suspended sediment transport for a period of two years (2003 and 2004)
at existing GVRD streamflow stations on Still, Eagle, and Stoney Creeks and Brunette River,
and at new project-specific streamflow stations on Silver and Ramsay Creeks.

Turbidity

sensors were installed at all six stations, and turbidity was correlated to suspended sediment
concentration by the collection of samples during storm events. A variety of techniques were
employed to monitor bedload sediment transport during the study period – or to establish the
basis for future measurements – including full-channel collection basins, channel-sampling pit
traps, Helley-Smith sampling, tracer stones, scour chains, and depositional site surveys.
Results from the first year of the sediment monitoring program were presented in an interim
draft report (nhc 2004). The field investigation of geomorphic processes and sediment sources
was carried out at the end of the study period in February and March 2005.
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2. Watershed Sediment Yield and the Effects of Urbanization
2.1 Watershed Sediment Yield in British Columbia
The most comprehensive review of watershed sediment yield in British Columbia to date was
produced by Church et al (1989). Undisturbed watersheds with drainage areas of 5 to 50 km2
were shown to produce suspended sediment yields of 3 to 50 Mg/km2/yr (1 Mg equals 1 metric
tonne, or 1,000 kg). The wide range of values reflects the diversity of geologic and climatic
conditions in the province. Watersheds disturbed by resource development activities such as
forestry and mining, or by natural processes such as contemporary glaciation, were shown to
produce considerably greater and more variable sediment yields, on the order of 50 to 1000
Mg/km2/yr. The review by Church et al (1989) did not include any urban watersheds. Other
studies, such as Finkenbine (1998), have investigated fish habitat characteristics in urban
streams in the GVRD, but have not quantified erosional processes or sediment yield.

Aside from land use impacts, a key finding of Church et al (1989) was that sediment yield in
British Columbia watersheds is largely governed by the erosion of Quaternary sediment
deposits.

These are unconsolidated deposits that were formed during, and immediately

following, the last glacial episode which ended roughly 10,000 years ago. Quaternary deposits
include thick sequences of fine gravels, sand, silt and clay deposited on former outwash plains,
beaches, lake bottoms, and seafloors associated with varying sea levels (higher than today)
and ice-impounded lakes. The Quaternary deposits tend to be thickest in lowland areas and are
often highly erodible, especially if disturbed by land use activities.

Most of Canada was glaciated during the last glacial episode, whereas much of the USA was
not. Much research on watershed sediment yield in general, and the effects of urbanization on
sediment yield, has been carried out in unglaciated regions of the USA, and cannot be directly
compared to conditions in British Columbia.
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2.2 Watershed Response to Urbanization in the Puget Sound Region
A considerable body of applicable research has been carried out on urbanization impacts on
watershed processes in the Puget Sound region of western Washington State. The Puget
Sound region – which encompasses the metropolitan area of Seattle – has a similar legacy of
Quaternary glaciation and associated sediment deposition to the GVRD.

The climate,

topography, vegetation, and urban development patterns of the Puget Sound region are also
similar to the GVRD.

Booth (1990) and Henshaw and Booth (2000) provide useful reviews of the physical responses
of watersheds and channels to urban development in the Puget Sound region.

The most

common and significant process by which urbanization affects watershed sediment yield is the
increased magnitude, frequency and/or duration of peak stormflows in stream channels and the
consequent channel erosion resulting from the increased flows.

Distributed erosion from

construction sites and other exposed soil surfaces is a relatively minor, transient source of
sediment in urbanizing watersheds.

Stormflow Hydrology

Urbanization results in increased peak stormflows by increasing storm runoff volume and by
conveying runoff more rapidly to stream channels. Runoff volume is increased by the removal
of forest cover which intercepts rainfall and by the construction of impervious surfaces which
inhibit infiltration. Runoff conveyance to stream channels is accelerated by the construction of
smooth surfaces and runoff drainage systems, and the loss of small depressions and other
storage sites through land surface grading. Mitigative measures such as stormwater detention
facilities have been developed in an effort to limit the increase in peak storm discharge in
stream channels, but these typically result in longer durations of high flows because overall
stormflow volumes remain elevated relative to pre-development conditions. Only measures that
encourage rainfall infiltration at the site level can effectively prevent altered stormflow hydrology,
but these are difficult and costly to implement.
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The effect of even relatively low levels of urbanization has been an almost inevitable increase in
the magnitude, duration and/or frequency of peak stormflows, and a consequent enlargement of
stream channels in response to the increased flows.

Channel enlargement almost always

occurs when effective impervious area (EIA) exceeds 10%. Effective impervious area refers to
impervious surfaces that contribute runoff directly to stream channels. An EIA of 10% typically
equates to a total impervious area (TIA) of around 20%, depending on the watershed
characteristics.

At these relatively low levels of imperviousness, it may be the associated

drainage systems (ditches and storm sewers) that play the key role in rapid storm runoff
conveyance, more so than the generation of runoff on the impervious surfaces themselves.

Channel Enlargement and Incision

The enlargement of stream channels to convey increased stormflows represents the minimum,
nearly universal, response to urbanization in the Puget Sound region. The channels become
wider and deeper to the extent required to accommodate the increased flows. In some cases,
stream channels will reach a new quasi-equilibrium condition 10 to 20 years after the
completion of urban development, and the sediment production associated with channel
enlargement will taper off. The channel enlargement process is typically associated with a
coarsening of the streambed substrate, as finer material is transported downstream and coarser
material, more resistant to transport, remains.

In many cases, however, the response of stream channels to urbanization exceeds the simple
channel enlargement required to accommodate increased flows.

The streams cross a

geomorphic threshold in which the substrate lacks sufficiently coarse material to resist erosion
by the increased stormflows, so rapid channel bed erosion occurs.

The bed erosion and

consequent downcutting (or “incision”) of the channel persists until a sufficient quantity of
coarse material has been exposed to form a resistant bed, or until the overall channel slope and
stream energy have decreased to the extent that the available bed material can resist erosion.
In small steep streams, incision can take the form of catastrophic gullying.

A number of factors play a role in triggering and perpetuating channel incision.

Large woody

debris is naturally abundant in undisturbed streams in coastal Washington. Log jams create
roughness in stream channels that serves to dissipate stream energy and provide sediment
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storage sites. The intentional removal of woody debris from streams, and the loss of debris by
increased flows, results in a simplified channel structure with more energetic and erosive flows.
The onset of channel incision itself starts a feedback process in which high flows no longer
inundate adjacent floodplain areas, but rather are contained within the over-deepened channel.
The construction of bank protection works during the channel-expansion phase can also
encourage incision by concentrating flows within an overly narrow channel, and eliminating the
lateral dimension from the stream’s options for flow accommodation.

Finally, the geologic

setting of a stream determines the nature of the material beneath the streambed.

An

undisturbed gravel-bed stream may have bed material derived from upstream sediment
sources, or from the winnowing of local geologic deposits over thousands of years. Once the
bed material is rapidly eroded away, finer material with little coarse content may be exposed.
This is particularly likely where the underlying geologic material is comprised of fine-textured
Quaternary deposits formed on lake bottoms, seafloors, beaches, or outwash areas.

Channel incision is characterized by an over-deepened stream channel, by steep eroding
streambanks and ravine sidewalls, and often by the presence of a distinct step in the
longitudinal stream profile known as a “knickpoint”. Channel incision typically progresses by an
upstream migration of channel deepening. The knickpoint occurs at a locally resistant point in
the streambed and marks the upstream limit of incision. The knickpoint may be permanent in
nature if it is formed of competent bedrock or at a fixed structure such as a culvert, or the
knickpoint may be more transient and simply represent the temporary limit of incision between
large stormflow events.

Management Implications

The response of channels to urban development in the Puget Sound region has been shown to
be highly variable and poorly correlated to imperious area or other simple development
indicators. Nearly all channels show some enlargement once a low threshold of development
has been exceeded (typically around 10% EIA, or 20% TIA).

However, the degree of

enlargement, the attainment of a new quasi-equilibrium state, and the onset of channel incision,
largely depend on site-specific factors such as local topography and surficial geology.

Brunette Basin Sedimentation Monitoring and Analysis Program
Final Report, February 2006

Page 6

nhc
The management implications of the urban channel research in the Puget Sound region are as
follows:
•

Stormwater management is an important but difficult task. On-site infiltration approaches
are preferred to drainage and detention facilities.

•

Channel enlargement is nearly inevitable in the absence of intensive, on-site stormwater
management.

•

Floodplain areas and channel roughness features should be maintained to help dissipate
stream energy.

•

Potential sites of channel incision should be identified prior to development, based on
topography and surficial materials, and extra efforts should be applied to managing
stormwater and the preserving the integrity of channel structure.

•

Bank protection works should be implemented with consideration to overall channel
process.

Site-specific bank protection structures may be effective – in some cases –

against lateral channel migration, but are likely to fail if constructed in channels undergoing
enlargement and especially in those undergoing incision.
•

The mitigation of channel incision is difficult. Grade control features can be undermined by
erosion between control points. Intensive channel armouring works are often required.
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3. Brunette Watershed Overview
3.1 Overview
The Brunette Watershed consists of a central valley bottom less than 20 m in elevation, lying
between Burnaby Mountain to the north (Elevation 370 m) and the Metrotown – Edmonds ridge
to the south (Elevation 130 m), as shown in Figure 1. Still Creek flows eastward along the
valley bottom into the west end of Burnaby Lake. Brunette River drains from the lake at the east
end, at the Cariboo Dam, and flows southeast into the Fraser River. A number of tributaries
drain the upland areas of the watershed: Renfrew Ravine, Guichon Creek, and Beecher Creek
flow into Still Creek; Eagle, Silver, and Ramsay Creeks flow into Burnaby Lake; and Stoney
Creek flows into Brunette River.

The upland stream channels in the Brunette Watershed

generally have coarse bed material consisting of gravel, cobbles and boulders. The lower
reaches of Still Creek are mainly sand-bedded.

Brunette River has a sandy gravel bed.

Physical characteristics of the upland tributaries and the mainstem sub-basins (Still Creek,
Burnaby Lake, and Brunette River) are presented in Tables 1 and 2.

3.2 Climate and Hydrology
The Brunette Watershed experiences a maritime climate, with a wet autumn-winter season and
a comparatively dry spring-summer season. Approximately 75% of annual precipitation occurs
between October and March. Mean annual precipitation in the Brunette Watershed increases in
a northward direction with proximity to the North Shore Mountains. Mean annual rainfall at
GVRD rain-gauge stations ranges from 1400 mm in the southwest corner of the watershed
(southeast Vancouver) to over 1800 mm on Burnaby Mountain (GVRD 1998). The Environment
Canada climate station on Burnaby Mountain (1101158) reports normal annual rainfall of 1916
mm, plus 104 cm of snow, for an average annual precipitation of 2020 mm (Environment
Canada 2004). Klohn-Crippen (1999) estimates that 75% to 80% of annual precipitation is
conveyed by the channel network through the Brunette Watershed, while the remainder is lost
to evapotranspiration or deep groundwater.
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3.3 Geology
The Brunette Watershed is underlain by sedimentary bedrock of the Burrard Formation
(Journeay and Monger 1994). The bedrock strata dip from north to south and this is reflected in
the surface topography of the area (Clague and Turner 2003). The long, continuous, gentle
slopes on the south side of ridges (for example, the south slope of Burnaby Mountain) lie
parallel to the sedimentary layers. The steeper, more irregular slopes on the north side of
ridges (the north slope of Burnaby Mountain or the north slope of the Metrotown – Edmonds
ridge, for example) reflect erosion through the layers.

Bedrock throughout most of the watershed is covered by thick surficial deposits of Quaternary
sediments associated with the most recent glacial episode (Figure 2). The surficial geology was
mapped by the Geological Survey of Canada (1979 and 1980), and the properties of the
deposits were described in detail by Armstrong (1981). The types of deposits include:
•

Outwash sediments: gravels and sands laid down in broad plains by melting ice during the
accumulation phase of the glacial ice sheet.

•

Glacial till: a dense, compact, moderately erodible mixture of sediment plastered beneath
the advancing ice sheet.

•

Glaciomarine sediments: mainly silt and clay that settled to the seafloor during a period of
higher-than-present sea level at the end of the glacial period; the glaciomarine sediment
includes sand and stones that dropped from floating ice.

•

Beach sediments: mainly sand and gravel that formed beaches along the edge of the
elevated sea.

•

Glaciofluvial sediments: mainly sand and gravel that was deposited along former stream
channels and on former alluvial fans during the period of rapid erosion and elevated sea
level during deglaciation.

The Quaternary sediments are distributed in complex vertical sequences representing changing
glacial and sea level conditions. Vertical and spatial groupings of sediment deposits are given
names for clarification. The most widespread deposit in the Brunette Watershed is Vashon Drift
(outwash sediments capped by glacial till) which in turn is capped by Capilano Sediments
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(glaciomarine, glaciofluvial, and beach deposits).

The Vashon – Capilano assemblage is

labelled “VC” in Figure 2. More homogeneous deposits of fluvial and beach sands are found
along Stoney Creek and lower Silver Creek (labelled “SA-C” and “SAh” in Figure 2). Extensive
peat beds underlie Burnaby Lake and the adjacent lowlands (labelled “SAe” in Figure 2).

The bed of Burnaby Lake consists of mixed clay, silt and peat overlying a distinct layer of grey
clay (ENKON 2002a).

Peat forms from the accumulation of organic matter in anaerobic,

subaqueous conditions. The silt and clay are delivered to the lake from tributary streams.
Coarser stream sediment (sand and fine gravel) accumulates in fan-delta formations at the
stream mouths.

The underlying grey clay is glaciomarine material that is not related to

contemporary sediment delivery processes.

3.4 Urbanization
Much of the Brunette Watershed has been developed for residential, commercial or industrial
land uses (Figure 3). The total impervious area (TIA) is estimated at nearly 50% (GVRD 2001).
Still Creek is the mostly heavily urbanized sub-basin in the watershed with a TIA of 61%
(Table 1).

Forty percent of the stream channel network in Still Creek sub-basin has been

culverted, and the culverted fraction is close to 80% in the tributary sub-basin of Renfrew
Ravine (Table 2). In other parts of the Brunette Watershed, sub-basin TIA is typically around
30% to 40% due to a greater abundance of green space.

The Brunette River and many of the upland tributaries in the watershed are bounded by forested
riparian corridors, where harvested coniferous forests have been replaced by naturally
regenerating, second-growth stands of mainly deciduous species. The construction of trunk
sewer lines and other utilities running parallel to upland stream channels has resulted in
channel alterations within most forested corridors.

The lowland portions of the watershed were extensively altered in the early 1900s to improve
drainage and facilitate floodplain development along Still Creek. The bedrock outlet of Burnaby
Lake and the upper part of Brunette River were blasted to lower water levels in the lake. The
Cariboo Dam was constructed to regulate lake levels and Still Creek was channelized to
facilitate drainage in the floodplain area upstream of the lake.
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Burnaby Lake was dredged several times between the 1950s and 1973 to improve conditions
for rowing and other recreational lake activities. Since 1973, mineral sediment and organic
matter have been accumulating in the lake, and another dredging program is planned (ENKON
2002b). The spoil material from the 1973 dredging program was placed along the edge of the
lake, and much of it has since washed back into the middle of the lake, making it difficult to
accurately assess the rate of lake infilling that has been due to tributary inputs.
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4. Geomorphic Processes in the Study Streams
4.1 Methods
Geomorphic processes, and the associated sediment sources and sinks, in the Brunette
Watershed study stream basins were assessed during field investigations in February and
March 2005. Conditions were dry and flows were low throughout this period, following a large
flood event in mid-January 2005. We inspected nearly all trunk streams and many of the firstorder headwater channels in the study basins (Figure 4). Sites of particularly active (“high
priority”) geomorphic activity were identified in the field and are shown on the large-scale maps
in Appendix A. Figure 5 provides an index to the large-scale maps. Air photos from 1949,
1969, and 1997 were reviewed to provide historical context to our field observations.

In the course of our field investigations, we looked for obvious sediment sources such as
landslides and rapidly eroding banks, as well as evidence of more distributed processes such
as channel enlargement and incision. Channel enlargement is characterized by active erosion
of one or both banks along much of the channel length, as opposed to local lateral erosion at
the outside of channel bends. Actively eroding banks can generally be identified by a steep
slope, lack of vegetation, and mechanically weak surface. Channel incision was identified by
the occurrence of excessively deep channels downstream of knickpoints. The high-water marks
from the mid-January 2005 flood event were still clearly evident in all of the inspected channels
in the form of fresh deposits of sand and debris and the removal of the previous autumn’s leaf
litter.

The high-water marks were useful in identifying incised channels where former

floodplains had clearly remained unwetted during the flood while flows were fully contained
within the over-deepened channels. We have not assessed the return period of the January
2005 flood event, but it was exceeded by only one or two flood events (varied by stream) during
the 2003-2004 monitoring period.

Sediment deposition sites, or sinks, were identified to clarify the connectivity of sediment
delivery through the Brunette Watershed.

Sediment storage sites are stream reaches

containing abundant gravel or sand bars, and are usually associated with bank erosion caused
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or exacerbated by the deposition of bedload material. Fan-delta features form where streams
enter a lake or pond and the transport of coarse sediment reaches a terminus.

4.2 Summary of Observations
Nearly all of the upland streams in the study area appear to have experienced channel
enlargement as a result of urbanization. The stream channels are generally characterized by
eroded banks, a lack of woody debris, and planar streambeds of coarse lag substrate. Deposits
of mobile bed material occur only at channel obstructions or in large sediment storage reaches,
rather than throughout the channel length.

A variety of bank protection and grade-control

measures have been implemented over time and these are now in varying states of repair.

Many of the upland stream channels in the study area have experienced deepening beyond the
simple enlargement required to accommodate peak stormflows (i.e. channel incision).

We

identified numerous sites where former floodplains and side channels were situated 0.5 to 2 m
above the January 2005 high-water marks. In most cases, the assessment of incision was
confirmed by the presence of a knickpoint in bedrock or erosion-resistant sediment, by a large
drop at a culvert outfall or other structure, or by exposed utilities in the streambed.

In the course of our field investigations, we identified two potentially hazardous situations where
buried pipelines had been exposed by channel incision and we notified the respective owners.
The first site consisted of a Terasen jet-fuel pipeline that had been exposed in a tributary to
Ramsay Creek in Robert Burnaby Park; we learned that a rehabilitation design had already
been developed but had not yet been implemented at the time of our field inspection. The
second site consisted of a GVRD high-pressure water main that had been exposed in a tributary
to Stoney Creek on Burnaby Mountain; the pipeline has been exposed for several years and no
rehabilitation works are planned.

Many of the upland stream channels flow through ravines. The steep ravine sidewalls are prone
to erosion where the stream channels attack the toe of the slope. Channel incision increases
the potential for instability by steepening the toe of the slope. Several landslides were observed
where the stream did not flow against the toe of the slope. Such landslides are typically caused
by percolating water reaching an impermeable clay layer, resulting in increased pore water
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pressure and reduced slope strength.

These landslides were not considered important

sediment sources if a vegetated runout area provided a sediment deposition site between the
slide and the stream. In many cases, residential development has taken place at the top of
ravine slopes, and the potential for slope instability may be a risk to human safety and property.
We did not assess the ravine sidewalls for such risks, nor did we identify any strikingly obvious
risks that would warrant special notification.

4.3 Renfrew Ravine and Upper Still Creek
Renfrew Ravine (Figure A1) is one of the most heavily urbanized sub-basins in the Brunette
Watershed with a high TIA and a high density of culverted channels (Tables 1 and 2). Most of
the urban development occurred prior to 1949. The mainstem channel is open for most of its
length downstream of East 29th Avenue. The stream is enlarged and slightly incised as it flows
through a forested ravine from East 29th Avenue to East 22nd Avenue. Some localized bank
erosion continues to occur, but the channel may have reached a new quasi-equilibrium state
after decades of urbanization (Photo 1). A landslide scar on the east ravine sidewall is actively
eroding due to seepage, but the slope is not directly under attack by the stream (Photo 2).
Downstream of East 22nd Avenue, the stream flows through an artificial channel with concrete
banks and a bedrock bed (Photo 3).

The mainstem of Still Creek is channelized or culverted for its complete length from Renfrew
Ravine to Burnaby Lake (Photo 4). The stream has a gravel and sand bed. There is little
sediment storage within the confined channel apart from the mobile bed material.

The

exception occurs between Gilmore and Willingdon Avenues where sand and fine gravel tend to
accumulate, resulting bed aggradation (Photos 5 and 6). This site represents a partial sediment
sink for the sediment generated in Renfrew Ravine. This section of channel was realigned in
the 1960s to accommodate the construction of the Willingdon Avenue interchange on the new
Highway 1.

The channel was dredged in August 2004 to remove the sediment that had

accumulated over the previous four decades.

4.4 Guichon Creek and Middle Still Creek
Guichon Creek (Figure A2) is a heavily urbanized sub-basin, with slightly more green space,
open channel density, and lower TIA than Renfrew Ravine (Tables 1 and 2). Although partially
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developed by 1949, a greater amount of urbanization occurred between 1949 and 1969,
including construction of the BCIT campus. Guichon Creek flows through a forested ravine for
much of its length upstream of BCIT. Most of the channel in this section is enlarged and
incised. Obvious knickpoints were identified downstream of Burke Street and at the Willingdon
Avenue and Deer Lake Parkway culvert outlets. The culvert outlets form permanent knickpoints
which limit headward migration of incision, but the incised sections below these knickpoints
continue to experience active bank and sidewall erosion in response to the channel downcutting
(Photos 7 and 8). The knickpoint below Burke Street is an exposure of glacial till that will
continue to erode.

Guichon Creek flows into a pond on the BCIT campus before entering a long culverted section
that conveys the stream nearly all the way to Still Creek (Photo 9). The pond acts as a sink for
coarse sediment transported by Guichon Creek. The accumulated sediment is excavated from
the pond every three to four years. The pond was developed sometime between 1969 and
1997.

Still Creek has a planar sand and pebble bed downstream of the Guichon Creek confluence
(Photo 10). There is little sediment storage within the confined channel apart from the mobile
bed material.

4.5 Beecher Creek and Lower Still Creek
Beecher Creek (Figure A3) is a heavily urbanized sub-basin, with a similar amount of green
space and TIA to Guichon Creek, and a greater open channel density (Tables 1 and 2). The
level of development in 1949 was semi-rural. Most urbanization occurred between 1949 and
1969. Beecher Creek flows through a forested ravine for most of its length. A trunk sewer line
runs parallel to the creek. Beecher Creek is enlarged and slightly incised along most of its
length. A number of rock riffles have been constructed in the stream, which appear to be
inhibiting further channel incision. Local bank erosion and ravine sidewall erosion occurs at
some sites (Photos 13 and 14).

Still Creek has a planar sand bed downstream of the Beecher Creek confluence. There is little
sediment storage within the confined channel apart from the mobile bed material. Any sediment
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delivered from Beecher Creek is deposited on the bed of Still Creek or transported downstream
to Burnaby Lake. Still Creek lacks a defined delta at its mouth. The lake is shallow at the
mouth, but the lake bed appears to be composed largely of organic material (based on simple
probing with a canoe paddle). Some recent sand deposition was observed on parts of the
exposed lake bed, but the sediment depth was only around 10 cm, beneath which the substrate
was mainly organic (Photos 15 and 16). The 1949 air photos indicate a more obvious delta
formation at the mouth of Still Creek, which was disturbed by dredging from the 1950s to the
1970s. The 1997 air photos indicate that the delta did not rapidly redevelop, although small
areas of sediment deposition can be identified in front of the creek mouth.

4.6 Eagle Creek
Eagle Creek (Figure A4) is a moderately urbanized stream that drains the southwestern slopes
Burnaby Mountain (Tables 1 and 2). Denser urban development is located in the lower part of
the basin, while land use in the upper part of the basin is dominated by less intensive
development including the Burnaby Mountain Golf Course, a Terasen petroleum storage facility,
and the forested parkland adjacent to Simon Fraser University. In 1949, most of the basin was
covered by recently harvested forest land with some limited semi-rural development. Most of
the urban development – including the golf course, petroleum facility, and university – occurred
between 1949 and 1969.

The golf course development included the creation of a small artificial lake – Squint Lake – on
the western fork of Eagle Creek (Photo 17). The Terasen development included the creation of
a large detention facility that collects all site runoff, presumably for water quality purposes
(Photo 18).

One headwater channel that originates near SFU is piped under the Terasen

property and is not treated by the detention facility. Squint Lake serves as a sink for sediment
generated in the upper part of the western fork of Eagle Creek. The Terasen detention facility
serves as a sink for a large part of the drainage basin of the eastern fork.

The golf course development also included the diversion of the western fork below the lake
outlet to join the eastern fork 300 m upstream of Broadway. The western fork used to flow
through a ravine, which has since been filled in where the driving range is presently located,
and joined the eastern fork near Broadway.

The section of channel between the present
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confluence of the two forks and Broadway is deeply incised in glacial till (approximately 3 to 4
m), presumably due to the large increase in flow resulting from the diversion. Till knickpoints
are located in the western and eastern forks a short distance upstream from the confluence
(Photos 19 and 20). These will likely continue to migrate upstream and trigger bank erosion as
the channels incise.

Eagle Creek drops approximately 20 m as it passes under Broadway, dissipating much of its
energy on a rock-lined chute above the culvert and within the culvert.

Downstream of

Broadway, Eagle Creek flows through a broad forested ravine with a small floodplain on the
valley bottom. A trunk sewer line runs parallel to the creek. The channel impinges against the
ravine walls infrequently and bank erosion is localized, apart from the general erosion
associated with channel widening. The floodplain is now inactive due to minor incision.

Downstream of Lougheed Highway, Eagle Creek flows through a residential area and much of
its banks are armoured.

Minor incision is evidenced by undermining of bank protection

structures, but most banks remain protected to a certain degree (Photos 21 and 22).

Eagle Creek flows through a short unconfined forested section between Winston Street and
Piper Avenue. This is a portion of the creek’s alluvial fan. The stream deposits sediment in this
reach and reworks the previously stored sediment on the fan. It is difficult to say whether this
reach is currently a net sediment source or sink. The terminus for sediment transport in Eagle
Creek is the fan-delta feature at the mouth of the creek in Burnaby Lake. Gravel and sand form
a large lobe out into the lake (Photo 25).

The growth of this feature appears to have

accelerated in response to urban development between 1949 and 1969.

4.7 Silver Creek
Silver Creek (Figure A4) is a moderately urbanized stream that drains part of the southern slope
of Burnaby Mountain (Figure 1, Table 1). The basin headwaters consist of the central part of
the SFU campus. The numerous headwater streams flow down the forested slopes of Burnaby
Mountain,

through

a

residential

area,

then

are

culverted

under

the

Lake

City

commercial/industrial area. The mainstem channel emerges from a long culverted section at
Winston Street and flows into Burnaby Lake. In 1949, the forest cover in most of the sub-basin

Brunette Basin Sedimentation Monitoring and Analysis Program
Final Report, February 2006

Page 17

nhc
had been recently harvested, but urban development had not yet commenced. Much of the
urbanization occurred between 1949 and 1969, including the university development and
preparation for the Lake City development. Completion of the Lake City development, and the
residential development, occurred after 1969.

Most of the open channels on Burnaby Mountain, and the lower channel downstream of
Winston Street, have experienced enlargement and slight incision. The most severe and/or
active channel incision has occurred where one of the channels has been diverted to run
parallel to Gaglardi Way, and downstream of Gaglardi Way on the same channel (see Figure
A4). The incised channels have downcut into glacial till and weak sandstone (Photo 26). The
channel below Winston Street has also experienced expansion and incision (Photo 27).

There is little sediment storage within the Silver Creek sub-basin due to the confined nature of
the channels. Gravel and sand are deposited in a fan-delta feature at the mouth of the creek in
Burnaby Lake. This material has been removed periodically by GVRD personnel in the past.
The growth of the fan-delta feature appears to have accelerated in response to urban
development between 1949 and 1969.

4.8 Ramsay Creek
Ramsay Creek (Figure A5) is a moderately urbanized stream that drains a part of the steep
hillslope to the south of Burnaby Lake (Tables 1 and 2). Urban development is located on the
gentler terrain in the upper part of the sub-basin. The central part of the basin consists of
steeper forested terrain, heavily dissected by gullies, that is part of Robert Burnaby Park.
Several pipeline utilities run through the park. In 1949, the level of development in the upper
part of the basin was semi-rural. More intensive urbanization occurred between 1949 and 1969.
The forested park land does not appear to have been harvested, presumably due to the rugged
terrain.
The westernmost fork of Ramsay Creek – below 4th and Elwell Streets – has been subject to
severe channel incision. The upper half of the channel length appears to have been treated –
around 15 to 20 years ago, judging by the age of regenerating vegetation – by complete
channel infilling with rock riprap. Downstream of the treated area, another section of channel,
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approximately 100 m in length, is experiencing active incision.

The channel is incised by

approximately 2 m to 2.5 m in depth, in two discrete sections, with unstable knickpoints (Photos
30 and 31). The downstream part of the actively incising section is cutting down through sandy
clay material. The upstream part is cutting through a sandy terrace which may be a deposit
from the earlier incision episode upstream (now filled with rock).
Active gully incision is occurring at another site located downstream from 4th and Wedgewood
Streets. A small ditch conveys flow from a storm drain outfall, along a Terasen jet-fuel pipeline
right-of-way, across the right-of-way, then into an expanding gully (Photos 32 through 35). The
exposed pipeline forms the present knickpoint as the streambed drops approximately 1.5 m into
the gully. The gully expands to a depth of 10 m further downstream, with another knickpoint
formed in an exposed clay layer. The gully sidewalls are actively slumping in response to the
gully expansion.
Another less severe channel incision site is located downstream of 19th Avenue. Also, the lower
portion of the creek, downstream of Highway 1, was realigned before 1949 when a water main
was installed parallel to the creek.

This section has incised by 1 to 2 m.

Bank erosion

continues to occur in places, but the incision appears to have ceased.

There is little sediment storage within the Ramsay Creek sub-basin due to the confined nature
of the channels. Gravel and sand are deposited in a fan-delta feature at the mouth of the creek
in Burnaby Lake. The growth of the fan-delta feature appears to have accelerated in response
to urban development between 1949 and 1969. A new beaver pond had been constructed just
upstream from the mouth of the creek at the start of this study in 2002, and it has long since
infilled with sediment (Photo 38). The stream now shifts course from time to time as it spills
over the buried dam, once again delivering sediment to a growing delta in the lake (Photo 39).

4.9 Stoney Creek
Stoney Creek (Figure A6) is a moderately urbanized stream that drains the southeastern slope
of Burnaby Mountain (Tables 1 and 2). The basin headwaters consist of the eastern part of the
SFU campus and a residential portion of western Coquitlam and Port Moody. The mainstem
channel flows through forested ravines or floodplain areas for much of its length, often with a
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trunk sewer line running parallel to the creek. The level of development in 1949 was semi-rural
on the east side of the creek. The forested slopes of Burnaby Mountain had recently been
harvested on the west side of the creek in 1949. Most urbanization in the basin occurred
between 1949 and 1969. A new residential development – the UniverCity development at SFU
– is currently proceeding in the basin headwaters. The mainstem of Stoney Creek and its main
tributaries have experienced enlargement and some degree of incision along most of their
length. Particularly active and/or severe incision has occurred in a number of reaches.

Stoney Creek flows through a narrow ravine downstream of Chapman Avenue.

Channel

incision has triggered or exacerbated ravine sidewall instability on the east side of the creek,
and has undermined the bank protection structure along the toe of the slope (Photos 40 and
41). The Chapman Avenue culvert forms a stable knickpoint, but further incision below the
culvert is possible. The channel contains abundant coarse clasts which may eventually stabilize
the bed.

Stoney Creek was realigned between North Road and Broadway between 1949 and 1969 to
make way for residential development. This section of channel appears to have incised by up to
2 m since then (Photos 42 and 43). The vertical, eroding banks consist of various sandy to
clayey deposits of fluvial, beach, and marine origin. The knickpoint is an artificial rock riprap sill.
Even if the channel bed has reached a stable slope and further incision ceases, the high banks
will continue to collapse into the channel until they reach a stable slope and become
revegetated.

The largest tributary to Stoney Creek – known as Tributary 3 – joins the mainstem channel in
the incised reach between North Road and Broadway. The mainstem incision appears to have
triggered incision in the tributary. The actively eroding tributary banks are up to 5 m high and
consist mainly of unconsolidated sands (Photos 44 and 45).

The tributary knickpoints are

stable: a culvert under Gaglardi Way and a rock-lined channel along the east side of Gaglardi
Way. However, the short incised reach downstream of the knickpoints will continue to generate
sediment as the banks retreat to a stable slope.

Tributary 3 drains from the new UniverCity development at SFU. The development appears to
have concentrated the flow of several small hillslope channels into the single headwater reach
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of Tributary 3.

A number of stormwater management ponds have been constructed,

presumably to collect sediment and attenuate stormflows (Photo 46). We have not had an
opportunity to review the stormwater management plan for the development. Active channel
incision was observed in the headwater channel of Tributary 3 below University Drive. Older
channel incision was observed at Gaglardi Way (Photo 47). We did not inspect the entire length
of channel between these two crossings.

The expansion of Stoney Creek mainstem downstream of Beaverbrook Drive has exposed
sandstone bedrock in the streambed (Photo 48). Due to the limited vertical erodibility, channel
expansion has resulted in increased channel width, which in turn has caused some undermining
and instability on the east ravine sidewall.

Stoney Creek has incised by up to 3 m downstream of the CNR / BNR railway crossing. Bank
erosion has created a large scour area below the culvert. A fish ladder has been constructed to
facilitate fish passage through the culvert. The railway was constructed long before urban
development began, and the channel profile has probably long since stabilized in this reach.
However, some localized bank erosion continues to occur.

There are two large sediment storage reaches within the mainstem channel of Stoney Creek,
located upstream of Beaverbrook Drive (Photo 49) and downstream of the CNR / BNR railway
crossing (Photo 51). These alluvial reaches feature large gravel bars and active bank erosion.
Gravel deposition during floods forces the streamflow to attack the erodible sandy banks,
resulting a net exchange of coarser for finer material in the overall transfer of sediment down the
channel.

There is a small gravel bar at the mouth of Stoney Creek in the Brunette River, but the river
actively transports most of Stoney Creek’s sediment load downstream as it is delivered (Photo
52).

4.10 Brunette River
Brunette River flows through a forested valley corridor from the Cariboo Dam at the eastern end
of Burnaby Lake. A trunk sewer line runs parallel to the river. The river has been channelized
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along most of its length. Downstream of Brunette Avenue, the river flows across the Fraser
River floodplain, which has been largely developed for industrial uses starting before 1949.

The bedrock banks in the blasted section below the dam are weak and erodible, and there is
some slumping of surficial material from above the bedrock into the channel. However, Stoney
Creek is logically the main source of bedload and suspended sediment to the Brunette River,
since Burnaby Lake traps the sediment delivered by tributaries in the upper and middle part of
the watershed.

There is little sediment storage within the confined channel upstream of North Road. Gravel
deposition occurs intermittently below North Road, starting in the Hume Park area. This is also
where significant bank erosion starts to occur (Photos 55 and 56). Recent bank protection
works have been implemented on the north bank downstream of Hume Park, but the south bank
within the park continues to erode.
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5. Suspended Sediment Transport – Methods and Sources of Error
5.1 Overview
We recorded turbidity at 15-minute intervals for a period of two years (2003 and 2004) at six
streamflow stations in the Brunette Watershed. Turbidity was correlated to suspended sediment
concentration by the collection of samples during variable flow conditions, primarily during storm
events. Suspended sediment load is calculated by multiplying continuous records of water
discharge and suspended sediment concentration. Additional suspended sediment samples
were collected to determine the following:
•

The representativeness of turbidity sensor sites relative to the full channel cross-section in
each stream.

•

The grain-size distribution of suspended sediment (Stoney and Ramsay Creeks only).

•

The spatial variation of suspended sediment concentration along the stream channel
(Stoney and Ramsay Creeks only).

5.2 Monitoring Station Descriptions
The six streamflow and turbidity monitoring stations were located at the following sites. Station
locations are shown on large-scale (1:5,000) maps in Appendix A.
•

Still Creek at Douglas Road.

•

Eagle Creek at Winston Street.

•

Silver Creek at Winston Street.

•

Ramsay Creek at BC Hydro Access Road (immediately north of Highway 1).

•

Stoney Creek at Government Street.

•

Brunette River at Lower Stop-Log Structure (between Highway 1 and North Road).

The Still Creek monitoring station is located approximately 2 km upstream from Burnaby Lake,
and 300 m upstream of the mouth of Beecher Creek (Figure A3, Photos 11 and 12). Thus, the
sediment yield of Beecher Creek sub-basin is not included in our Still Creek measurements.
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The turbidity sensor was installed on the right (south) abutment of the Douglas Road bridge.
The channel of Still Creek consists of a straight, low-gradient canal at Douglas Road. The
water level in Still Creek is affected by the level of Burnaby Lake. The channel banks are stable
and are covered with dense brush.

The channel bed consists of sandy-pebbly gravel.

A

transient lobe of mobile sandy bed material was occasionally observed in the middle of the
channel.

The Eagle Creek monitoring station is located approximately 0.8 km upstream from Burnaby
Lake (Figure A4, Photos 23 and 24). The turbidity sensor was installed on the right (west)
abutment of the Winston Street bridge. The channel is a straight, moderate-gradient chute at
Winston Street. The channel banks are armoured with concrete, with dense overhanging brush.
The channel has a planar cobble bed.

The Silver Creek monitoring station is located approximately 0.3 km upstream from Burnaby
Lake in an existing concrete chamber at the inlet to the Winston Street culverts (Figure A4,
Photos 28 and 29). The creek emerges from a 1-km culvert section into the energy-dissipation
chamber. Deposits of cobbles, pebbles and sand occupy the sides and corners of the chamber,
but the turbulent flow in the chamber flushes even the coarsest material from the centre of the
chamber up into the elevated Winston Street culverts.

The Ramsay Creek monitoring station is located at the BC Hydro Access Road, in the
uppermost of three pools in a concrete fish ladder at the outlet of the access road culvert
(Figure A5, Photos 36 and 37). The access road runs parallel to, and immediately north of,
Highway 1. The monitoring station is approximately 0.3 km upstream from Burnaby Lake. The
fish-ladder pools contain deposits of cobbles, pebbles and sand.

The Stoney Creek monitoring station is located approximately 0.3 km upstream from the mouth
of the creek (Figure A6, Photo 50). The turbidity sensor was installed on the right (west) wing
wall of the Government Street culverts. The creek has a gravel bed with moderately eroding
banks and overhanging brush. Active bedload transport is evidenced by pebble and cobble
gravel bars upstream and downstream of the site.
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The Brunette River monitoring station is located at the lower stop-log structure between
Highway 1 and North Road (Figure A7, Photos 53 and 54). The station is approximately 1.5 km
downstream of the Cariboo Dam and 0.7 km downstream of the Stoney Creek confluence.
Thus, the sediment load of Stoney Creek is measured again at the Brunette River station. The
turbidity sensor was installed on the existing staff gauge mast near the left (north) riverbank.
The river channel at the lower stop-log site is relatively straight (having been channelized), the
banks are protected with rock riprap, and the planar bed consists of pebbly to cobbly gravel.

5.3 Streamflow Measurement
The GVRD records water level (stage) at five-minute intervals at stations on Still Creek, Eagle
Creek, Stoney Creek, and Brunette River. The Still Creek station is not suitable for a stagedischarge relation because of fluctuating tailwater levels in Burnaby Lake, so the Still Creek
station features a Doppler-based system that measures water velocity as well as stage and
computes discharge directly. At the other three GVRD stations, stage-discharge curves are
required to transform the recorded water levels.

The GVRD has a stage-discharge rating curve for its Brunette River station. GVRD provided us
with the computed Brunette River discharge data, and we did not examine the stage-discharge
rating curve for that station. Brunette River data were available for 2004 only.

The GVRD had not yet developed stage-discharge relations for the Eagle and Stoney Creek
stations at the time that our study commenced. A theoretical rating curve had been developed
previously for the Stoney Creek station, but it had never been verified with discharge
measurements.

During the course of our study, the GVRD made three dilution-gauging

discharge measurements in each stream under a range of flow conditions. The dilution-gauging
technique involves the injection of a known concentration of a tracer substance into the stream
and the measurement of the tracer’s concentration at a point downstream.

The diluted

concentration of the tracer at the downstream point indicates the streamflow discharge.

As part of our study, we made a series of discharge measurements at the Eagle and Stoney
stations under a range of flow conditions, and developed our own stage-discharge rating
curves. Our discharge measurements were made using the area-velocity technique in which
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water velocity is measured at a number of points across a channel cross-section with a current
meter, then the velocities are integrated by width and depth to determine cross-sectional
discharge. Our rating curves for the Eagle and Stoney Creek stations are shown in Appendix B,
along with the GVRD flow-dilution discharge measurements and the theoretical curve for the
Stoney Creek station. Our discharge measurements and the GVRD discharge measurements
together define a single rating curve for the Eagle Creek station. At the Stoney Creek station,
however, our discharge measurements at a given stage were consistently lower than the GVRD
measurements and the theoretical rating curve by a factor of two to three. Use of the theoretical
rating curve to transform the Stoney Creek water-level record results in annual runoff far in
excess of precipitation, whereas the use of our rating curve results in similar runoff rates to the
other study streams. Therefore, we have chosen to use our rating curve for the Stoney Creek
station.

We recorded stage data at the Ramsay and Silver Creek stations using pressure transducers,
and developed rating curves based on a series of area-velocity discharge measurements. The
Ramsay and Silver Creek rating curves are also presented in Appendix B.

5.4 Discharge Estimation and Sources of Error
The completeness of streamflow (discharge) data records for each station are presented in
Table 3. The Still Creek station had the most complete discharge record of the GVRD stations.
All Still Creek data gaps in 2003 occurred during periods of hydrograph recession or steady
baseflow (based on examination of other station records), so we were able to fill the gaps by
interpolation. In 2004, a longer period of missing discharge data was filled using a regression
equation based on the Eagle Creek discharge record. The Eagle Creek discharge record had
the strongest correlation to the Still Creek record (R2 = 0.80). Similarly, short gaps in the
discharge records at the other stations during periods of receding or steady flows were filled by
interpolation. Gaps during longer periods, or periods of variable flow, were filled by regression
against the Still Creek record.

The regression equations had R2 values of 0.69 to 0.84.

Simultaneous discharge values were used in the regressions; no attempt was made to
investigate lag times or other differences in hydrograph characteristics between streams.
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Discharge measurement errors result from errors in electronic stage measurement or manual
discharge measurement (rating-curve error). Gaps in stage data records resulted from datalogger problems such as dead batteries or logger malfunctioning. Stage errors at our Ramsay
and Silver Creek stations were checked by comparing instantaneous electronic readings
against a physical staff gauge at each station during site visits.

Erroneous discharge

measurements show up as outliers on the stage-discharge rating curves. Our rating curves had
no obvious outliers. Rating curves are only validated over the range of measured discharges,
and the extrapolation of the curves to extreme high and low discharges results in unavoidable
error. Loss of flow into porous substrate, particularly at the Eagle Creek station, leads to errors
in low-discharge estimation.

Irregular flow conditions at high discharges, particularly the

turbulent flow in the Ramsay and Silver Creek structures, leads to errors in high-discharge
estimation (Photos 57 and 58).

5.5 Turbidity Measurement and Sources of Error
We measured turbidity at the six stations using McVan Instruments Analite 395 turbidity sensors
and recorded the data at 15-minute intervals on Unidata Starlog data loggers. Turbidity sensors
are subject to interference from debris, ice, low water levels, sunlight, algae, bubbles, and
sediment accumulation, all of which produce artificially high turbidity readings. The Analite 395
turbidity sensors feature a wiper that periodically cleans the optical face of the sensor. The
wipers were generally adequate to remove algae and scum, but occasionally became jammed
by fine debris resulting in rapid fouling of the sensor optics. The Ramsay Creek site was
particularly exposed to sunlight and the wiper had to be programmed to wipe more frequently to
keep up with algae growth. The Ramsay and Silver Creek sites were particularly prone to
bubble formation due to the turbulent flow in the pool and sediment chamber. Bubbles did not
become a problem until mid-spring 2003, so we suspect that water temperature is an important
factor in bubble formation as it controls dissolved oxygen capacity.

Turbidity data gaps resulted from equipment malfunction (for example, the Stoney Creek sensor
leaked and had to be replaced) and from the manual, subjective “filtering” of the data record.
The turbidity records contained periods of anomalous data varying in duration from single 15minute readings to several weeks.

Subjective data filtering is a tedious and unrepeatable

exercise that is not desirable in a scientific study. On the other hand, there was no simple,
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obvious way to automate the data filtering exercise and it would have been even more
undesirable to use obviously erroneous turbidity data in the analysis.

The filtered turbidity records range from 19% to 77% complete for any given station and year
(average 52%, Table 3).

Many of the problems occurred during low-flow conditions when

suspended sediment transport was insignificant. A better way to assess the completeness of
the turbidity records is by the fraction of streamflow volume accompanied by turbidity data.
Turbidity records range from 21% to 90% complete (average 60%) by streamflow volume.
Unlike discharge, we did not attempt to estimate turbidity during periods of missing data
because turbidity is much more temporally variable and site-specific.

5.6 Suspended Sediment Sampling
We collected suspended sediment samples immediately adjacent to the turbidity sensor at each
station under a range of conditions, primarily during storm events, in order to develop sitespecific turbidity-concentration relations. A total of nine storm events were sampled between
30 January 2003, and 10 December 2004.

Samples collected during a tenth storm –

18 January 2005, just after the end of the study period – have been included in our analysis.

In addition to the turbidity-sensor samples, we also collected depth-integrated sediment
samples at several points across the channel cross-section at each station during the storm
events in order to relate the average stream concentration to the concentration at the sensor.
We weighted the cross-sectional concentration samples by discharge, but there was typically
little variation in concentration across a channel cross-section so this was not particularly
necessary. Similarly, the ratio of average cross-section concentration to concentration at the
turbidity sensor averaged close to unity for all stations, except Ramsay Creek. Concentration
was consistently around twice as high at the Ramsay sensor as in the cross-section, likely due
to sediment recirculation in the pool, so we have adjusted the concentration accordingly when
estimating the suspended sediment load in Ramsay Creek (Photos 57 and 58). At all other
stations, the suspended sediment concentration at the turbidity sensor was considered
representative of the channel cross-section.
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Additional samples were collected in the upper reaches of Stoney and Ramsay Creeks during
two storm events to help identify key sediment source areas.

The locations of these

supplemental sample sites are shown in Figures A5 and A6 (Appendix A).

All suspended sediment samples were analyzed by nhc staff in the Geography Department Lab
at the University of British Columbia. The samples were passed through 0.45-micron filters,
which were then dried and weighed to determine the concentration of suspended solids in each
sample. We did not differentiate between inorganic and organic solids or perform grain-size
analyses on the samples. Special large-volume samples (15 to 30 L) were collected at the
Ramsay and Stoney Creek stations on two occasions each, for grain-size and organic content
analysis. These two streams experienced the highest concentrations and so were suitable for
these analyses. Concentrations in the other streams were too low to permit these analyses
within practical sample volume limits.

5.7 Concentration Correlation to Turbidity and Discharge
The strength of turbidity-concentration relations was variable between the monitoring stations
(Table 3, Appendix C). The strongest correlations were observed at the Brunette, Eagle and
Ramsay stations (R2 > 0.90). Moderately strong correlations were observed at the Stoney and
Silver stations (R2 = 0.68 and 0.84, respectively). Turbidity and concentration were poorly
correlated in Still Creek (R2 = 0.35).

The slopes of the turbidity-concentration relations are generally indicative of sediment grain
sizes in suspension. Finer sediment has a greater surface-area to mass ratio than coarser
sediment.

Thus, the surfaces of fine sediment particles in suspension reflect more light –

creating greater turbidity – than the surfaces of coarser sediment particles, for a given
concentration. Stoney and Ramsay Creeks have the greatest coefficients in Table 3 (and the
lowest reciprocal coefficients in Figure 2), indicating the coarsest sediment in suspension. The
large-volume samples collected at these two stations indicated that approximately 50% of the
suspended sediment consisted of sand with the other 50% consisting of finer material. Eagle
and Silver Creeks have the lowest coefficients in Table 3, indicating the finest sediment in
suspension.
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The poor turbidity-concentration correlation in Still Creek indicates variability of grain sizes in
suspension, or the abundance of interfering factors such as fine organic matter in suspension.
We tried to refine the turbidity-concentration relation by categorizing samples by season and
flow velocity, but little improvement was obtained.

As a secondary means of estimating suspended sediment load, we developed dischargeconcentration relations for each station, using the same set of samples (Table 3, Appendix C).
At most stations, concentration was more poorly correlated to discharge than to turbidity. The
exceptions were Still Creek and Stoney Creek which had R2 values of 0.45 and 0.78,
respectively, for discharge-concentration relations. For each station, we computed suspended
sediment load using concentration estimates based on two methods.

First, we used the

turbidity-concentration relations to estimate concentration, with concentration during turbidity
data gaps estimated using the discharge-concentration relations. Then, for comparison, we
used the discharge-concentration relations to estimate concentration for the full study period at
each station.
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6. Bedload Sediment Transport – Methods and Sources of Error
The measurement of bedload sediment transport is less-standardized than the measurement of
suspended sediment transport. The main difficulties in measuring bedload transport are the
episodic and erratic nature of bed material movement, and the extreme hydraulic conditions
associated with transport events. A wide variety of bedload monitoring techniques have been
applied elsewhere, but there is no single standard technique. All techniques are subject to
considerable error, so the application and comparison of multiple techniques is a common
approach.

In September 2003, full-channel bedload collection basins were excavated in Eagle, Ramsay,
and Stoney Creeks. The following year, a wider variety of techniques was employed. The 2004
techniques included direct bedload sampling during storm events – using channel-sampling pit
traps and Helley-Smith sampling – and the establishment of tracer stones, scour chains, and
depositional site surveys to provide a basis for future comparison. All grain-size analyses of
bedload samples were performed by nhc staff in the Geography Department Lab at the
University of British Columbia

6.1 Full-Channel Bedload Collection Basins
Bedload collection basins were excavated in Eagle Creek near the mouth, Ramsay Creek
above the BC Hydro Access Road, and Stoney Creek above Lougheed Highway, on 15-17
September 2003. The existing concrete sediment chamber on Silver Creek at Winston Street
was cleaned out for bedload collection on 01 October 2003. The locations of these sites are
shown as “supplemental bedload sediment sampling sites” in Figures A4 through A6.

The bedload basins were unlined pits excavated in the streambeds in which bedload deposition
could be monitored by periodic surveys (Photos 59 and 60). The Silver Creek chamber served
the same purpose.

The basins were intended to provide a simple, low-cost estimate of

cumulative bedload transport starting at the time of excavation, and measured at various times
afterward until the basin had filled and the original streambed grade had been restored. The
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advantage of this technique was that bedload would not have to be sampled while in motion,
and that cumulative values would be obtained.

The basins were excavated by heavy machinery, in isolation from flowing water and with all fish
salvaged from the work site prior to excavation. The basins were constructed in such a way that
they would fill with bedload moving down the stream channel, rather than being filled in by local
streambed adjustments in response to the excavation. The Eagle Creek basin was constructed
with gentle sideslopes and headslope, and the water surface profile was fairly flat being close to
the lake. The Stoney Creek and Ramsay Creek basins had steeper side and headslopes due to
site confinement, and steeper water-surface profiles more capable of channel headcutting. The
headslopes in these basins were armoured with rock riprap. The concrete sediment chamber in
Silver Creek did not require these considerations.

The basin bed elevations were surveyed with a total station immediately following excavation in
September. The floor of the Silver Creek sediment chamber was surveyed by measuring water
depths on a grid at a known stage. Three of the four bedload basins were filled during a large,
early-season storm event on 16-17 October 2003. The fourth basin, on Ramsay Creek, was
damaged by headcut erosion and did not function during the event. However, a beaver pond
near the mouth served as an alternate sediment basin, nearly filling with sand and gravel during
the October 2003 event.

The basins were re-surveyed on 27 October 2003. Depositional volumes were calculated by
comparing post-excavation and post-storm bed surfaces in AutoCAD.

The depositional

volumes in the basins provide a lower bound on bedload transport during the mid-October 2003
storm event.

Grain-size distributions of deposited sediment were characterized in general terms. A bulk
sample of the Stoney Creek deposit – the only deposit above water level at low flow – was
collected and analyzed for grain-size distribution.

Bedload deposition in the basins occurs

selectively by grain size. Cobble gravel is much more easily captured than sand. Thus, the
composition of the accumulated sediment does not necessarily reflect the composition of
bedload material in transport.

Coarse sand is a particularly difficult grain size to sample
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because it often travels as bedload, so is not collected in suspended sediment samples, but is
difficult to capture in bedload collection schemes.

6.2 Bedload Pit Traps
Bedload pit traps were installed in Eagle Creek at Piper Avenue, Ramsay Creek near the
mouth, and Stoney Creek at Government Street between 14 - 21 September 2004 (Photos 61
and 62). The site locations are shown as “bedload sediment monitoring stations” in Figures A4
through A6. The pit traps consist of PVC cylinders – 54 cm in diameter, with end-caps at both
ends – inserted vertically into the streambed. The top end-cap is set flush to the streambed. A
slot – measuring 15 cm by 30 cm – in the top end-cap is aligned parallel to the streamflow.
Assuming uniform bedload transport across the channel cross-section, the width of the slot
relative to the channel width represents the sampling fraction. The pit trap cylinders all started
out 104 cm in length (i.e. depth), but had to be cut shorter on a site-specific basis depending on
our ability to excavate a pit for insertion. The pits had to be excavated in isolation from flowing
water, and all excavation work was done by hand to minimize site disturbance and cost. The
final pit trap depths were 92 cm for Eagle Creek, 104 cm for Ramsay Creek, and 52 cm for
Stoney Creek where a dense clay layer was encountered during excavation.

Sediment accumulation in the pit traps was measured manually after all major rainstorm events
using a graduated rod to measure the depth from the trap lid to the top surface of the sediment
within the trap. Observations in which little sediment had accumulated were useful in defining
the discharge threshold for bedload movement in each stream. Observations of large sediment
accumulations were useful in measuring bedload transport rates, especially multiple
observations made within a single storm event. The pit traps completely filled with sediment
during the largest events, allowing only lower-bound estimates on transport rates in those
events. The traps were cleaned out after each significant transport event and the material was
sampled and analyzed for grain-size distribution.

We used the pit trap observations and grain-size analyses to calibrate a bedload transport
formula for each stream. The Bagnold (1980) stream-power bedload formula is considered one
of the most robust. We used an in-house program to compute bedload transport rates under
varying flow conditions using 16 different bedload formulae (described by Gomez and Church
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(1989)), and found the Bagnold formula to best predict our observations in all three streams.
We then adjusted the Bagnold formula (a rough calibration) to more closely match our
observations.

6.3 Helley-Smith Sampling
A Helley-Smith bedload sampler is an instrument that is placed on the streambed with a 76-mm
square orifice oriented upstream into the flow. A fine-mesh bag attached to the downstream
end of the sampler gathers the intercepted bedload material (Photos 63 and 64). The HelleySmith sampler is best-suited to the sampling of sand or fine-gravel transport, such as occurs in
Still Creek, rather than the transport of coarser gravel that occurs in the other study streams.
Sand transport is more consistently related to discharge than gravel transport is, so the
probabilities of obtaining useful samples and accurately integrating the results to estimate longterm transport loads are reasonably good. Gravel transport is more difficult to sample directly,
and results are more difficult to extrapolate.

We collected Helley-Smith samples in Still Creek at Douglas Road during three storm events
(Figure A3). Small samples were obtained during two moderate events in autumn 2004, and a
larger sample was obtained during the large event of 18 January 2005. We used the HelleySmith sample results to calibrate the DuBoys-Straub sand bedload formula for Still Creek
(Gomez and Church, 1989).

6.4 Tracer Stones and Scour Chains
On 15 October 2004, 50 tracer stones were deployed in each of Eagle, Ramsay and Stoney
Creeks – 50 to 150 m upstream of the pit trap sites – and in Brunette River at the Stoney Creek
confluence. The stones had been collected from the streambed, drilled and fitted with magnets
in the lab, then were returned to the streambed. Only stones which appeared to make up part
of the active bedload were selected from the streambed. Each tracer stone was measured and
labelled with an identification code. The size distribution of the tracers represents the size
distribution of the active bed material.

On 2 February 2005, two scour chains were installed in each of Eagle, Ramsay, and Stoney
Creeks, between the tracer stone deployment sites and the pit trap sites. The scour chains
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consist of 1.8-m lengths of chain inserted vertically into the streambed and anchored in place
with duckbill anchors at their bottom end. A portion of each chain is left exposed, and lies flat
on the streambed surface, oriented downstream and parallel to the flow. The chain link right at
the streambed surface is marked with a small tag.

The tracer stones and scour chains need to be recovered during low-flow conditions when
salmonid eggs or early juveniles are not present in the streambed gravels. Dr. Marwan Hassan,
UBC Department of Geography, has agreed to perform this work in the summer of 2005, and is
interested in investigating bedload transport in the study streams in greater detail. The tracers
will be located using a magnetic detector and manually excavated from the streambed during
low flow conditions. The identification of each recovered stone and its downstream distance of
travel and depth of burial will be recorded. The tracers may then be redeployed for future
recovery at that time. The downstream distance of movement of tracers from the deployment
site provides information on the relative mobility of different grain sizes and the overall transit
time of bed material stored within the channel.

The scour chains will have been alternately exposed and buried by scour and fill cycles during
bedload events following installation. At the maximum scour depth over a period of time, the
chain will be kinked from vertical to horizontal.

This kink will likely have been buried by

subsequent deposition. The scour chains will be carefully excavated and the buried kink depth
identified for each chain. The depth of scour during bedload events provides additional useful
information on the active depth of bed material in the channel. Bedload transport rates can then
be estimated by combining the tracer stone transport distances and the active bed material
depth.

6.5 Depositional Site Surveys
We surveyed the topography of the fan-delta features at the mouths of Eagle and Silver Creeks
on 23 – 24 February 2005, in order to provide a baseline against which future sediment
deposition can be determined by re-survey. These sites were chosen because they represent
distinct endpoints to coarse sediment transport in each stream, with clearly identifiable lateral
boundaries.
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The fan-delta at the mouth of Ramsay Creek was not surveyed because of the site complexity
resulting from old beaver dams and stream flow through hummocky riparian terrain. A suitable
site does not exist on Stoney Creek because its sediment load is delivered to, and transported
downstream by, Brunette River. The sediment load of Brunette River is not deposited in a
single site, but is distributed along much of its lower reaches and into the Fraser River. Still
Creek appears from air photos to have had a distinct delta in Burnaby Lake in the past, but no
distinct deposition zone is identifiable at the mouth today. The historical delta was disturbed by
past dredging activities. Evidence of more recent deposition can be found at the mouth of the
creek, but the site is not clearly defined due to the fine texture of the sediment and the resulting
broad area of deposition.
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7. Monitoring Results
7.1 Annual Precipitation and Streamflow
The 2003 study period was characterized by drier-than-normal conditions overall, punctuated by
wetter-than-normal conditions in the early spring and mid autumn (Figure 6a).

The 2003

precipitation total at Environment Canada climate station 1101158 (Burnaby SFU) was 1782
mm, or 88% of normal. From May through September 2003, precipitation was only 50% of
normal. Only March, April and October were wetter than normal. A large rainstorm on October
16-17 delivered 180 mm of rain in two days, close to the normal monthly amount (198 mm).

The 2004 study period was characterized by closer-to-normal precipitation conditions than 2003
(Figure 6b).

The 2004 precipitation total at Environment Canada climate station 1101158

(Burnaby SFU) was 1930 mm, or 96% of normal. Once again, summer was drier than normal,
but the duration of dry conditions was shorter, with above-normal precipitation in May, August
and September. The largest daily rainfall of the year was 74 mm on 4 December 2004; no twoday total exceeded 100 mm.

Streamflow results from the six monitoring stations are presented in Table 4, expressed as
annual basin runoff (total streamflow volume divided by basin area). Basin runoff is generated
by the precipitation that falls within the basin boundaries, minus the quantity lost through
evapotranspiration or deep groundwater.

Klohn-Crippen (1999) estimated average annual

precipitation and runoff in each of the Brunette sub-basins. We have compared the 2003 and
2004 streamflow runoff results to Klohn-Crippen’s expected runoff values, assuming that runoff
in any given year should be proportional to the annual precipitation for that year. There are
some flaws with this assumption, but the procedure allows us to identify any gross anomalies in
runoff results.

The streamflow record for Still Creek at Douglas Road is the most complete and reliable of the
four GVRD stations used in this study. The observed runoff rates for 2003 and 2004 were 5%
above and below the expected values for those years, respectively. This is considered a close
agreement for this type of analysis. In contrast, the measured runoff in Eagle Creek was around
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30% to 40% below the expected values in each year. We suspect that our stage-discharge
rating curve for Eagle Creek underestimates low flows in the channel, due to difficulties in
measuring the lowest discharge used in the rating curve, and that there is an actual loss of flow
into the substrate that compounds the deviation from the expected runoff value. These errors
are not expected to have a significant effect on sediment transport estimates, which are
governed by high flows. The measured runoff at the other stations was within 10% to 15% of
the expected values for each year, a reasonably good agreement.

7.2 Rainstorm Events
The mid-October 2003 rainstorm was the largest of the study period. The rainfall amount of
135.5 mm on 17 October 2003 was the second-largest daily rainfall in the 40-year record at
Station 1101158. The next largest daily rainfalls occurred on 4 December 2004 (74 mm), 28
November 2003 (48 mm), and 12 March 2003 (47 mm). Daily rainfalls of 50 mm occur about
three times per year on average at Station 1101158, so these events were slightly underrepresented during the study period.

Still Creek experienced its highest instantaneous discharge of the study period on 28 November
2003 (31.0 m3/s), and its second-highest on 16 October (24.3 m3/s). The 28 November event –
despite the lower daily rainfall total – featured higher short-term rainfall intensity than the
October event. The November event had a maximum 2-hour discharge of 30.8 m3/s, which
exceeds the 25-year, 2-hour flood of 27.0 m3/s estimated by the GVRD (1998). Daily discharge
during both events fell well short of the 25-year daily flood of 30.3 m3/s. A large rainstorm event
occurred in mid-January 2005, just after the end of the study period. The maximum discharge
in Still Creek was 27.7 m3/s on 17 January, and 26.8 m3/s on 19 January, during this prolonged
event. Besides these large events, Still Creek experienced another 44 runoff events in 2003
and 2004, in which discharge exceeded 8 m3/s (an arbitrary threshold that seemed to define the
main events).

Our suspended sediment sampling was conducted during the large October 2003 and January
2005 events, and during eight of the smaller events between January 2003 and December
2004. Our sampling was guided by heavy rainfall warnings issued by Environment Canada.
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Warnings were issued for all three of the “large” events (two sampled), and 13 of the 44 smaller
events (eight sampled).

7.3 Suspended Sediment Transport
The suspended sediment transport results are presented in Table 5. Sediment quantities are
expressed in Mg (1 Mg = 1 tonne = 1,000 kg). The measured sediment loads based on two
methods are shown.

The turbidity-and-discharge method uses the turbidity-concentration

relation at each station for the period for which “good” turbidity data are available, combined
with the discharge-concentration relation for the remainder of the study period. The dischargeonly method uses the discharge-concentration relation for the entire study period. The final
estimated annual load is expressed as a range to account for methodological uncertainty and
annual variability. The estimates produced by the two methods were weighted subjectively in
arriving at the final estimate, depending on the nature of the concentration correlations and the
completeness of turbidity records at each station. Still Creek shows the greatest difference in
suspended sediment load estimates between the two methods, which is not surprising given the
weakness of the both the turbidity-concentration and discharge-concentration correlations.

The wide range in suspended sediment loads and basin sediment yields is striking. Stoney
Creek and Brunette River have the highest loads. We suspect that the Stoney Creek load may
even have been underestimated since it is the largest contributor of sediment to Brunette River.
The Brunette River suspended sediment load estimate is probably one of the most accurate
considering the accurate discharge data, the strong turbidity-concentration relation, and the
completeness of the turbidity record.

The highest specific basin sediment yields occur in

Ramsay and Stoney Creeks, being an order of magnitude greater than the other streams. Still
Creek is the largest contributor of suspended sediment to Burnaby Lake. Eagle and Ramsay
Creek contribute similar quantities to one another despite the much smaller basin area of
Ramsay Creek.

Supplemental samples were collected at four sites in upper Ramsay Creek basin on
1 November and 24 November 2004, and on 18 January 2005 (on batch per event). The
sample sites consisted of street storm-drain outlets where urban runoff flows into the forested
ravines of Robert Burnaby Park. The supplemental samples always had concentrations of less
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than 10%, and combined loads of less than 1%, of the corresponding simultaneous values at
the turbidity station downstream. These results confirm that the majority of Ramsay Creek’s
sediment load is generated in the forested ravines rather than in the urbanized headwaters.

Supplemental samples were collected in Stoney Creek at the Tributary 3 confluence – two
batches on 10 December 2004, and one batch on 18 January 2005. In the first event, sediment
concentrations and loads were similar in Tributary 3 and the upper mainstem. In the second
event, concentration and load were much greater in Tributary 3. In all cases, concentrations
and combined loads were roughly half of the corresponding values at the turbidity station
downstream. These results indicate that sediment production in Stoney Creek is distributed –
including the upper and lower mainstem and Tributary 3 – and that relative magnitudes within
the basin are variable.

7.4 Bedload Sediment Transport
Bedload monitoring results from the 2004 pit trap and Helley-Smith sampling programs are
presented in Table 6. The discharge-threshold and grain-size characteristics were used to
calibrate the Bagnold formula for each of the three gravel-bed streams, and the DuBoys-Straub
formula for Still Creek. The formulae were then applied to the annual hydrograph at each
station to compute total annual bedload transport for 2003 and 2004. An estimated annual load
is then expressed as a twofold range based on the 2003 and 2004 results.

The 2003 bedload basins provided lower-bound estimates on bedload transport during the midOctober 2003 storm event. In Table 7, the 2003 values are compared to the computed values
for that period using the calibrated bedload formulae. The Ramsay Creek bedload-formula
estimate falls within the estimated range of deposition in the beaver pond. The Eagle and
Stoney Creek bedload-formula estimate transport of approximately 1.5 to 2 times the observed
deposition in the overfilled basins. The Eagle and Stoney comparisons do not necessarily
confirm our computed bedload transport estimates, but they provide a check against gross
underestimates of transport.

We have received anecdotal information on periodic bed material removals from other sites in
the watershed. These are presented in Table 8 for comparison to our estimates.
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7.5 Total Sediment Loads and Grain Size
Estimates of total sediment load (suspended and bedload) are presented in Table 9. The grainsize characteristics of suspended load in Stoney and Ramsay Creeks are based on the largevolume samples. The grain-size characteristics of bedload in Still, Eagle, Ramsay and Stoney
Creeks are based on the 2004 bedload sampling program. The grain-size characteristics for
unsampled suspended and bedload are estimated based on qualitative assessments of
suspended sediment samples and comparative hydraulic characteristics between streams.

7.6 Comparison of Results to Other Studies
Two other sediment transport and deposition studies have been conducted in Brunette
Watershed. Macdonald et al (1997) collected suspended sediment samples in Still and Eagle
Creeks during storm events between the summers of 1994 and 1995. They estimated annual
suspended sediment loads for their study period of 908 and 207 Mg in Still and Eagle Creeks,
respectively. Their monitoring sites were different from ours. Converting to areal sediment
yields, their respective values were 87 and 33 Mg/km2/yr. Their Still Creek value is about 1.5 to
2 times higher than ours, while their Eagle Creek values lies within our estimated range.
Precipitation at the Environment Canada climate station 1101158 during their study period was
approximately 92% of normal, similar to our study period.
ENKON (2002b) reported that 100,000 m3 of sediment had been deposited in Burnaby Lake
between 1971 and an unspecified date close to the time of reporting (assume 2001). This
equates to an average deposition rate of around 1700 Mg/yr, assuming a bulk density of
2 Mg/m3. In comparison, the sum of our estimate of annual suspended sediment loads for Still,
Eagle, Ramsay and Silver Creeks is 925 to 1850 Mg/yr.

The specific sediment yields of Ramsay and Stoney Creeks lie within the range of “disturbed”
watershed sediment yields presented by Church et al (1989). The specific sediment yields of
the other Brunette streams lie in the transition between “undisturbed” and “disturbed”
watersheds.
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8. Conceptual Sediment Control Options
8.1 Objectives and Considerations
We have developed generalized conceptual sediment control options for the Brunette
watershed based on our observations of geomorphic processes and sediment transport rates in
the six study streams. However, we have not been provided with specific sediment control
objectives. The specific objectives of a sediment control program need to be identified before
appropriate measures can be developed.

For example, sediment control objectives may

include:
•

Reduce the rate of sediment deposition in the Burnaby Lake rowing lanes in order to
reduce the required frequency of dredging.

•

Reduce the rate of gravel bedload transport, and the content of sand in the bed material, in
Stoney Creek in order to improve habitat conditions for salmon spawning and invertebrate
production.

For each sediment control objective, an analysis of sediment sources and deposition conditions
is required to ensure that appropriate geomorphic processes are addressed in a sediment
control plan. An evaluation protocol should also be established so that the success of sediment
control measures can be evaluated.

In the case of lake deposition, the following factors would need to be considered:
•

Sediment trapping efficiency of various sediment grain sizes in Burnaby Lake during storm
events of varying magnitudes and durations.

•

Characteristics of recently deposited sediments in the lake (grain size and spatial
distribution).

•

Identification of the key sediment sources responsible for the bulk of deposited sediment in
the rowing lanes.

•

Periodic bathymetric surveys to evaluate the success in reducing deposition rates.
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In the case of Stoney Creek aquatic habitat, the following factors would need to be considered:
•

Source areas of mobile gravel bed material (identified as the sediment storage sites shown
in Figure A6).

•

Source areas of sand (identified as the high priority channel incision sites, and the
sediment storage sites where gravel deposition encourages bank erosion, shown in
Figure A6).

•

Identification of key habitat reaches.

•

Development of habitat evaluation indices, and the collection of baseline data, to monitor
the success of sediment control measures.

8.2 Sediment Control Approaches
The two main approaches to sediment control are sediment source mitigation and sediment
transport interception. Sediment source mitigation treatments serve to reduce the erosion of
sediment from banks, channel beds, or ravine sidewalls by means of physical protection
structures or alterations to streamflow hydraulics or alignment. Sediment source mitigation
treatments are typically implemented at a number of sites along a stream channel or throughout
a drainage basin. Sediment transport interception facilities serve to collect eroded sediment as
it is transported downstream, at sites where it can be stored and periodically removed, upstream
of the watercourse to be protected from sedimentation. Interception facilities typically consist of
ponded areas created by excavation and/or damming.

Sediment source mitigation treatments can be advantageous if they are implemented as part of
a basin-wide program to manage stormflow impacts, restore riparian forest integrity, and
address reach-scale channel profile adjustments (i.e. channel incision and aggradation). In
such a setting, erosion-control measures that include a vegetative component are likely to
become more effective over time, and typically have associated benefits to aquatic habitat. On
the other hand, sediment source mitigation treatments can be costly to implement appropriately
due to the widespread distribution, difficult site conditions, and intensity of treatments typically
required. Treatments that are implemented on an ad-hoc basis, outside of a comprehensive
basin-wide plan, are often prone to failure.
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Sediment transport interception facilities can be advantageous because they can be located at
convenient locations selected to collect the sediment from many distributed sediment sources.
The disadvantage of such facilities is that they provide no side-benefits to aquatic habitat in
upstream areas and they need to be maintained in perpetuity. The size of facility required
depends on streamflow volume, sediment load, and the grain-size characteristics of the
sediment to be collected. Facilities designed to collect sand and gravel can be considerably
smaller than facilities designed to collect silt and clay, due to the much lower settling velocity of
finer sediment. The cost of sediment interception facilities varies greatly depending on the size
and the cost and availability of land.

8.3 Still Creek – Conceptual Sediment Control Options
Still Creek is the largest contributor of sediment to Burnaby Lake, although its load is
disproportionately low for its relative drainage area. Many of its upland tributary channels are
contained within culverts or armoured channels, and coarse sediment is already collected and
removed at two sites within the sub-basin. The sediment load of Still Creek consists mainly of
suspended silt and clay and a bedload of sand. Much of the fine suspended load may originate
from distributed sources thoughout the sub-basin, combined with channel erosion in the upland
tributaries. The sand load is generated mainly from current upland channel erosion and the
transport of material previously deposited in the Still Creek mainstem during the rapid
enlargement phase of upland channels several decades ago.

Sediment control measures

aimed at reducing the sediment load in Still Creek could consist of sediment source treatments
and/or sediment interception facilities, depending on the specific sedimentation objectives and
grain-size characteristics of interest.

Delivery of Sand from Still Creek to Burnaby Lake

We envision three alternative approaches to reduce the delivery of sand from Still Creek to
Burnaby Lake, should this be identified as an objective for sediment control measures.
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The first approach would consist of sediment interception facilities as follows:
•

Development of a sediment interception facility in the natural deposition reach between
Gilmore and Willingdon Avenues to collect sediment produced from Renfrew Ravine and
upper Still Creek.

•

Investigation and possible enhancement, if required, of the BCIT pond to serve as an
interception facility for sediment generated in Guichon Creek.

•

Development of a sediment interception facility in lower Beecher Creek.

•

Installation of additional small weirs, as required, in Still Creek mainstem to retard the
transport of sand stored on the channel bed.

A second approach to reducing sand delivery to Burnaby Lake would be to construct a single
larger interception facility in lower Still Creek downstream of the Beecher Creek confluence. A
comparison between the first and second approaches, and a do-nothing approach with
occasional lake dredging, would be based mainly on relative costs and the environmental
impact of the facilities or dredging.

A third approach would be to implement sediment source mitigation treatments in the upland
channels, possibly in combination with sediment interception facilities. The most active channel
incision and ravine sidewall instability sites have been identified in Guichon Creek (Figure A2).
However, the sediment generated at these sites is already trapped, at least partially, by the
BCIT pond. Therefore, erosion mitigation treatments would likely be focused on distributed
bank erosion and channel incision throughout Renfrew Ravine, Beecher Creek, and the other
smaller tributaries. The advantage of such treatments would be to reduce the requirement for
sediment interception further downstream. The requirement for sediment source treatments is
too widely distributed and too unclearly defined to be recommended as a sole measure at this
time. Its usefulness as a supplementary measure in combination with sediment interception
facilities would have to be more carefully investigated.
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Delivery of Silt and Clay from Still Creek to Burnaby Lake

Reducing the delivery of silt and clay sediment from Still Creek to Burnaby Lake would be
considerably more difficult than reducing the sand load. Sediment sources for the silt and clay
grain sizes are widely distributed throughout the sub-basin, so sediment source treatments and
stormwater management would have to be extensively applied. Alternatively, an interception
facility would have to be large due to the relatively large flows, large fine sediment load, and
slow settling velocity of fine sediment. The cost and environmental impact of such a facility
would have to be carefully compared to a do-nothing approach, with occasional lake dredging.

8.4 Guichon Creek – Conceptual Sediment Control Options
The relative merits of erosion-control treatments in Guichon Creek are discussed above with
respect to sediment delivery to Burnaby Lake. However, specific sediment control objectives
may be developed for aquatic habitat within the creek itself.

In this case, erosion-control

treatments at the identified sites of channel incision and ravine sidewall erosion would be
beneficial. We envision treatments at these sites consisting of the following steps:
•

Eliminate further channel incision and raise the channel profile by lining the channel with
coarse rock, or by constructing appropriate grade-control steps, with careful consideration
to aquatic habitat and fish passage within the treated reaches.

•

At culvert outlets, use profile modifications to facilitate fish passage through culverts.

•

Reduce bank and ravine slopes within the incised reaches by a combination of pulling back
tops of bank and filling bases of bank. Buttress and protect bases of slopes with protective
structures, backfilled with soil.

•

Establish vegetation on banks and ravine slopes to enhance long-term stability and provide
riparian habitat, incorporating structural bioengineering elements where appropriate.

8.5 Eagle Creek – Conceptual Sediment Control Options
Eagle Creek is a large contributor of gravel, and a moderate contributor of sand and fine
sediment, to Burnaby Lake. We envision two alternative sediment control options for Eagle
Creek that are aimed at reducing sediment delivery to the lake. The first option treats erosion at
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the most active source – the incising channels within the Burnaby Mountain Golf Course. The
second option would intercept sediment in a facility located downstream of the golf course.

We envision a treatment for the incising channels that consists of the following steps:
•

Establish non-erodible sills of rock or concrete at active knickpoints.

•

Eliminate further channel incision by lining the channel with coarse rock, or by constructing
appropriate grade-control steps, downstream of the knickpoints.

•

Reduce bank slopes within the incised reach by a combination of pulling back tops of bank
and filling bases of bank. Buttress and protect bases of bank with protective structures,
backfilled with soil.

•

Establish vegetation on ravine sidewalls to enhance long-term stability, incorporating
structural bioengineering elements where appropriate.

The above treatment would reduce erosion at the most active site, but gravel and sand would
continue to be produced from distributed bank and bed erosion in the unconfined reach
between Broadway and Lougheed Highway, and from bank erosion in the sediment storage
reach between Winston Street and Piper Avenue. Erosion is too widely distributed in the former
reach for a complete bank protection treatment to be considered practical. Bank protection
works in the Winston-Piper storage reach will be prone to failure because channel confinement
may lead to aggradation and channel avulsion.

Sediment interception facilities could be located either upstream of Lougheed Highway or
upstream of Piper Avenue. A facility at the lower site (Piper) would collect sediment from the
entire sub-basin, whereas a facility at the upper site (Lougheed) would intercept sediment
generated within the golf course and between Broadway and Lougheed, but would not address
sediment generated within the storage reach. A comparison between interception facilities at
either location, or the do-nothing approach with occasional lake dredging at the creek mouth,
would be based mainly on relative costs and the environmental impact of the facilities or
dredging.
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8.6 Silver Creek – Conceptual Sediment Control Options
Silver Creek is a moderate contributor of gravel, sand and fine sediment, to Burnaby Lake. We
envision two alternative sediment control options for Silver Creek that are aimed at reducing
sediment delivery to the lake. The first option treats erosion at the main source – the incising
channels in the middle and upper parts of the sub-basin. The second option would intercept
sediment in a facility located downstream of the incising reaches.

We envision a treatment for the incising channels that consists of the following steps:
•

Establish non-erodible sills of rock or concrete at active knickpoints.

•

Eliminate further channel incision by lining the channel with coarse rock, or by constructing
appropriate grade-control steps, downstream of the knickpoints.

•

Reduce bank slopes within the incised reach by a combination of pulling back tops of bank
and filling bases of bank. Buttress and protect bases of bank with protective structures,
backfilled with soil.

•

Establish vegetation on ravine sidewalls to enhance long-term stability, incorporating
structural bioengineering elements where appropriate.

The incised reaches of Silver Creek are located in steep, forested terrain with difficult access
conditions. Therefore, the proposed treatments are expected to be relatively difficult, disruptive,
and costly to implement.

The benefits of implementing these works would have to be

considered in light of the limitations.

A sediment interception facility would most likely be located downstream of Winston Street in
order to collect sediment generated throughout the sub-basin. An alternate location would be
on the mainstem channel between Forest Grove and Eastlake Drives. A facility at this location
would collect sediment from the actively incising reaches. At either location, a facility designed
to collect sand and gravel could be considerably smaller than a facility designed to collect silt
and clay, due to the much lower settling velocity of the finer sediment. A comparison between
interception facilities at either location, or a do-nothing approach with occasional lake dredging
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at the creek mouth, would be based mainly on relative costs and the environmental impact of
the facilities or dredging.

8.7 Ramsay Creek – Conceptual Sediment Control Options
Ramsay Creek is a large contributor of gravel and sand, and a moderate contributor of fine
sediment, to Burnaby Lake. Its overall sediment contribution is disproportionately large given its
small drainage basin. We envision two alternative sediment control options for Ramsay Creek
that are aimed at reducing sediment delivery to the lake. The first option treats erosion at the
main source – the actively gullying and incising channels in the upper parts of the sub-basin.
The second option would intercept sediment in a facility located downstream of the incising
reaches.

We envision a treatment for the sites of active and potential gullying that consists of the
following steps:
•

Complete a stormwater management plan for Ramsay Creek sub-basin. Maximize rainfall
infiltration and minimize surface runoff.

•

Convey urban runoff via pipes or flumes to ravine bottoms to avoid the potential for gullying
on ravine sidewalls and headwalls.

•

The site of active gullying downstream of 4th and Wedgewood Streets will be largely
stabilized by eliminating the conveyance of street runoff through the site. Ongoing sidewall
slumping will continue as the slopes adjust to a more stable angle, but the downstream
conveyance of sediment will be greatly reduced.

•

Other ravine sidewalls and headwalls that receive street runoff are potential candidates for
future gully erosion and should also be dewatered.

We envision a treatment for the main site of active channel incision in the western fork that
consists of the following steps:
•

Establish non-erodible rock sills at the active knickpoints.

•

Eliminate further channel incision by lining the channel with coarse rock, or by constructing
appropriate grade-control steps, downstream of the knickpoints.
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•

Reduce bank slopes within the incised reach by a combination of pulling back tops of bank
and filling bases of bank. Buttress and protect bases of bank with protective structures,
backfilled with soil.

•

Establish vegetation on resloped banks to enhance long-term stability, incorporating
structural bioengineering elements where appropriate.

The gullied and incised reaches of Ramsay Creek are located in steep, forested terrain with
difficult access conditions.

Therefore, the proposed treatments may be relatively difficult,

disruptive, and costly to implement. However, the desire to address the severe and active
erosion in Ramsay Creek sub-basin may outweigh these limitations.

A sediment interception facility on Ramsay Creek would most likely be located downstream of
Highway 1 in order to collect sediment generated throughout the sub-basin. A facility designed
to collect sand and gravel could be considerably smaller than a facility designed to collect silt
and clay, due to the much lower settling velocity of the finer sediment. A comparison between
an interception facility, or a do-nothing approach with occasional lake dredging at the creek
mouth, would be based mainly on relative costs and the environmental impact of the facility or
dredging.

8.8 Stoney Creek – Conceptual Sediment Control Options
Sediment control measures for Stoney Creek may be desired to improve aquatic habitat. For
example, the objectives may consist of reducing gravel bedload transport rates (i.e. increasing
gravel storage residence time), increasing the distribution of gravel storage sites throughout the
mainstem channel, and reducing the sand content in the gravels. Sediment source treatments,
as opposed to sediment interception facilities, are the most reasonable approach for such
objectives. Some conceptual treatments are presented below. There is considerable overlap
with previous recommendations for Stoney Creek by Page et al (2000).

The gravel transport and storage objectives could be addressed by the following types of
treatments:
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•

Construct instream structures of rock or large woody debris that create roughness, reduce
streamflow velocity, and provide coarse sediment storage sites.

•

Construct protection structures and establish vegetation on larger bars of stored sediment
to reduce mobility during moderate flood events.

•

Reactivate floodplain areas to dissipate stream energy, where appropriate.

The objective of reducing sand content in gravel substrates could be addressed by reducing the
erosion of sandy deposits in the incised and storage reaches. In the incised reaches, we
envision a treatment that consists of the following steps:
•

Investigate the stability of existing knickpoint structures, and enhance stability as required.

•

Eliminate further channel incision by lining the channel with coarse rock, or by constructing
appropriate grade-control steps, with careful consideration to aquatic habitat and fish
passage within the treated reaches.

•

Reduce bank and ravine slopes within the incised reaches by a combination of pulling back
tops of bank and filling bases of bank, depending on site conditions. Buttress and protect
bases of bank with protective structures, backfilled with soil.

•

Establish vegetation on resloped banks to enhance long-term stability and provide riparian
habitat, incorporating structural bioengineering elements where appropriate.

In the sediment storage reaches, bank protection could be provided by a similar combination of
resloping, buttressing and revegetation treatments.

The bank treatments would be best

implemented in conjunction with, or following, the gravel stabilization treatments.

The works proposed for Stoney Creek would be widely distributed and in many cases would be
located in steep and/or forested terrain with difficult access conditions. Therefore, the proposed
treatments may be relatively difficult, disruptive, and costly to implement. However, the desire
to protect and improve the important salmon habitat in Stoney Creek sub-basin may outweigh
these limitations.
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9. Conclusions
We measured suspended and bedload sediment transport in six streams in the Brunette River
watershed for a period of two years (2003 and 2004). The sediment loads and grain-size
characteristics of the transported sediment are presented in Table 9.

Sediment control

measures for individual streams require specific objectives and an understanding of the
transport and deposition conditions in the watercourse of interest.

We have presented some conceptual sediment control measures based on the monitored
sediment loads, a field investigation of geomorphic conditions in each of the study sub-basins,
and generalized sedimentation objectives.

Sedimentation sites, objectives, and controlling

processes would have to be clarified before proper sediment control measures can be
developed. However, the discussion of conceptual sediment control measures in this report
provides a starting point for consideration.
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Table 1. Sub-basin physiography

Sub-basin

Maximum
Drainage Area Total Impervious
Area (%) 2
Elevation (m)
(km2) 1

3

Mainstem
Gradient 3

Basin Aspect 3

Dominant
Surficial
Geology 4

Receiving
Waterbody

Sediment Deposition / Storage Sites

UPLAND SUB-BASINS
Renfrew Ravine

5.7

~ 60%

125

3%

North

VC

Still Creek

Still Creek above Willingdon Ave

Guichon Creek

4.2

~ 55%

130

3%

North

VC

Still Creek

BCIT Pond

Beecher Creek

2.4

55%

200

3%

South

VC

Still Creek

Still Creek below Douglas Road

Eagle Creek

5.9

34%

300

3%

South

VC

Burnaby Lake

Eagle Creek below Winston Street / Burnaby Lake

Silver Creek

1.9

40%

350

6%

South

SA-C

Burnaby Lake

Burnaby Lake

Ramsay Creek

0.8

33%

130

7%

North

VC

Burnaby Lake

Burnaby Lake

Stoney Creek

7.1

33%

370

3%

South

SA-C

Brunette River

Still Creek

28.3

61%

200

0.1%

---

SAh / SAe

Burnaby Lake

Burnaby Lake

Burnaby Lake (excl Still Creek)

28.0

37%

350

0.0%

---

SAe

Brunette River

Burnaby Lake

Brunette River (excl Burnaby Lake)

17.0

47%

370

0.3%

---

T / PV / SAh

Brunette River Watershed

73.3

49%

MAINSTEM SUB-BASINS

Fraser River
Brunette River below North Road / Fraser River

Notes:
1. Sub-basin boundaries for Still, Eagle, Ramsay, Stoney and Brunette provided by GVRD. Other boundaries estimated from 1:20,000 TRIM map sheets (without consideration of street sewer networks).
2. Data source for Still, Eagle, Stoney, and Brunette: GVRD (2001). TIA in other sub-basins estimated from land use maps.
3. Data source: TRIM map sheets 92G.025 and 92G.026, 1:20,000 scale.
4. Data source: Geological Survey of Canada, Surficial Geology Maps 1486A (1979) and 1484 (1980), 1:50,000 scale.

Table 2. Sub-basin channel characteristics

Sub-basin

Drainage Area
(km2) 1

Channel Length (km) 2

Channel Density (km/km2)

Total Length

Open Channels

Fraction Culverted

Total Density

Open Channels

UPLAND SUB-BASINS
Renfrew Ravine

5.7

5.1

1.1

79%

0.9

0.2

Guichon Creek

4.2

6.6

2.8

59%

1.6

0.7

Beecher Creek

2.4

4.7

3.4

27%

2.0

1.4

Eagle Creek

5.9

19.4

15.9

18%

3.3

2.7

Silver Creek

1.9

11.4

9.0

21%

5.9

4.7

Ramsay Creek

0.8

3.5

3.3

6%

4.2

3.9

Stoney Creek

7.1

17.1

14.1

17%

2.4

2.0

Still Creek

28.3

36.9

22.0

40%

1.3

0.8

Brunette River Watershed

73.3

155.9

123.7

21%

2.1

1.7

MAINSTEM SUB-BASINS

Notes:
1. Sub-basin boundaries for Still, Eagle, Ramsay, Stoney and Brunette provided by GVRD. Other boundaries estimated
from 1:20,000 TRIM map sheets (without consideration of street sewer networks).
2. Data source: GVRD.

Table 3. Study-period data collection summary
Streamflow Data Record 2
Station

Data Source

Turbidity Data Record 3

Completeness by Time

Completeness by Time

Suspended Sediment Samples

Completeness by Streamflow Volume
n

Max. Conc.
Sampled (mg/L)

Correlation with Turbidity and Discharge
Turbidity - R2

Turb - Conc
Coefficient 4

Discharge - R2

Water Level

Rating Curve

2003

2004

2003

2004

2003

2004

Still Creek at Douglas Road

GVRD

GVRD

98.6%

97.3%

47.4%

19.4%

72.5%

21.2%

24

129

0.35

---

0.45

Eagle Creek at Winston Street

GVRD

nhc

88.9%

79.5%

49.3%

62.2%

65.9%

81.0%

20

239

0.91

1.10

0.64

Ramsay Creek at BC Hydro Access Road

nhc

nhc

99.6%

100.0%

19.3%

63.9%

30.1%

57.9%

26

7424

0.95

4.00

0.36

Silver Creek at Winston Street

nhc

nhc

87.0%

100.0%

31.2%

61.8%

49.9%

64.5%

11

161

0.84

0.76

0.52

Stoney Creek at Government Street

GVRD

nhc

87.3%

90.1%

47.0%

74.8%

46.9%

74.3%

30

1650

0.68

5.26

0.78

Brunette River at Lower Stop-Logs

GVRD

GVRD

0.0%

97.5%

73.2%

77.0%

---

89.8%

17

292

0.90

2.33

---

Notes:
1. Study period for streamflow and turbidity data is 1 January 2003 through 31 December 2004. Suspended sediment samples from 18 January 2005 included.
2. Short streamflow data gaps during low-flow periods were filled by interpolation. Longer gaps and gaps during high-flow periods were filled by comparison to other stations, except for the 2003 record on Brunette River.
3. Completeness of turbidity records after removal of erroneous data.
4. Slope of turbidity-concentration relation (mg/L/NTU), reciprocal of slopes shown in Figure 2. Turbidity (NTU) x Coefficient = Suspended Sediment Concentration (mg/L).

Table 4. Streamflow results
Annual Runoff (mm) 4

Annual Precipitation (mm)
Streamflow Station

Drainage Area
(km2)

Estimated LongTerm Mean 2

Study Period
2003

3

2004

3

Estimated LongTerm Mean 5

Expected 3

Observed

Ratio, Observed / Expected

2003

2004

2003

2004

2003

2004

Still Creek at Douglas Road

22.1

1506

1325

1446

1189

1046

1141

1096

1084

105%

95%

Eagle Creek at Winston Street

5.9

1762

1551

1692

1353

1191

1299

851

806

71%

62%

Ramsay Creek at BC Hydro Access Road

0.8

1570

1382

1507

1190

1047

1142

971

1218

93%

107%

Silver Creek at Winston Street

1.9

1750

1540

1680

1348

1186

1294

997

1205

84%

93%

Stoney Creek at Government Street

7.1

1748

1538

1678

1325

1166

1272

1085

1085

93%

85%

Brunette River at Lower Stop-Logs

63.0

1572

1383

1509

1213

1067

1164

---

1256

---

108%

Notes:
1. Study period is 1 January 2003 through 31 December 2004.

2.
3.
4.
5.

Data source for Still, Eagle, Stoney, and Brunette: Klohn-Crippen (1999). Ramsay and Silver Creeks estimated from GVRD (1998).
Scaled from the long-term mean by the ratio of study-period and mean annual precipitation at Environment Canada climate station 1101158. Precipitation was 88% of normal in 2003, and 96% of normal in 2004.
Annual runoff is the total streamflow volume in a year expressed as an average depth over the contributing watershed area.
Data source for Still, Eagle, Stoney, and Brunette: Klohn-Crippen (1999). Ramsay and Silver Creek estimates based on TIA comparison.

Table 5. Suspended sediment transport results
Suspended Sediment Load Estimated by Two Methods
Station

Drainage Area
2
(km )

2003 Load (Mg)
Turb & Discharge

3

Estimated Annual Load

2004 Load (Mg)

Discharge Only 4

Turb & Discharge

3

Load (Mg)

Basin Yield
(Mg/km 2)

Discharge Only 4

Still Creek at Douglas Road

22.1

1790

656

1084

397

500 - 1000

25 - 50

Eagle Creek at Winston Street

5.9

225

347

107

106

150 - 300

25 - 50

Ramsay Creek at BC Hydro Access Road

0.8

201

348

239

441

200 - 400

250 - 500

Silver Creek at Winston Street

1.9

56

61

162

171

75 - 150

40 - 80

Stoney Creek at Government Street

7.1

1680

1660

1125

1013

1000 - 2000

150 - 300

Brunette River at Lower Stop-Logs

63.0

---

---

2924

---

2000 - 4000

30 - 60

Notes:
1. Study period is 1 January 2003 through 31 December 2004.

2. Sediment quantities are expressed in Mg (1 Mg = 1 tonne = 1,000 kg).
3. Suspended sediment concentrations estimated from turbidity-concentration relations; discharge-concentration relations used for periods of missing or erroneous turbidity data.
4. Suspended sediment concentrations estimated from discharge-concentration relations.

Table 6. 2004 bedload monitoring results
Pit Trap Site
PIT TRAPS
Eagle Creek at Piper Ave

Ramsay Creek near Mouth

Stoney Creek at Govt St

No. Observations

25

19

24

No. Observations Trap Full

3

1

6

12

6

13

1.5

0.15

1.0

Dmax (mm)

45

20

74

D50 (mm)

6

<2

5

30%

82%

34%

Dmax (mm)

60

40

68

D50 (mm)

11

<2

8

15%

60%

31%

Observations & Samples

No. Samples
3

Discharge Threshold for Bedload Initiation (m /s)
Sediment Characteristics -- Small Events
No. Events

% Sand (< 2 mm)
Sediment Characteristics -- Large Events
No. Events

% Sand (< 2 mm)

Estimated Annual Bedload Transport based on Calibrated Bagnold Formula (Mg)
2003

120

63

159

2004

19

30

126

50 - 100

30 - 60

100 - 200

Estimated Mean Annual Bedload

Helley-Smith Sample Site
HELLEY-SMITH SAMPLES
Still Creek at Douglas Road
Samples
No. Samples
Discharge Threshold for Bedload Initiation (m 3/s)

3
1.0

Sediment Characteristics -- General
Dmax (mm)

18

D50 (mm)

<2

% Sand (< 2 mm)

90%

Estimated Annual Bedload Transport based on Calibrated DuBoys-Straub Formula (Mg)
2003

87

2004

87

Estimated Mean Annual Bedload

60 - 120

Notes:
1. Pit trap observations taken from mid-September 2004 through early March 2005.
2. Helley-Smith samples collected between November 2004 and January 2005.

Table 7. 2003 bedload basin results
Observed Deposition in Basins, 15-21 October 2003
Bedload Basin

Eagle Creek near the Mouth

1

Ramsay Creek near the Mouth

2

Stoney Creek at Lougheed Highway

1

Volume (m 3)

Mass (Mg) 3

13

26

10 - 20

20 - 40

16

32

Bagnold Bedload Transport, 15-21 October 2003
Bedload Pit Trap Site
Volume (m 3)

Mass (Mg)

Eagle Creek at Piper Ave

---

49

Ramsay Creek near the Mouth

---

24

Stoney Creek at Government St

---

48

Notes:
1. Eagle and Stoney bedload basins were filled beyond capacity during the mid-October 2003 storm event.
2. Approximate deposition volume in unsurveyed beaver pond near the mouth of Ramsay Creek.
3. Mass estimates based on an assumed bulk sediment density of 2 Mg/m 3.

Table 8. Anecdotal sediment removal quantities
Sediment Deposition
Stream

1

Deposition Rate

Site
Depositional Period (yrs)

Accumulated Volume (m 3)

Volume (m3/yr)

Mass (Mg/yr) 2

Still Creek

Gilmore Ave to Willingdon Ave

40

500

13

25

Guichon Creek

BCIT Pond

4

50

13

25

Silver Creek

Mouth

7

50

7

14

Notes:
1. Approximate time periods and sediment deposition volumes based on personal communication with M Wellman and T Hicks (GVRD) and B. Gunn (BCIT) -- to be verified for final report.
2. Mass estimates based on an assumed bulk sediment density of 2 Mg/m 3.

Table 9. Estimated annual sediment load and grain size at montoring stations
Estimated Annual Suspended Sediment Load
Station

Estimated Annual Bedload

Drainage Area (km 2)
Load (Mg/yr)

Sand (%)

Fines (%)

Load (Mg/yr)

Gravel (%)

Sand (%)

Still Creek at Douglas Road

22.1

500 - 1000

10%

90%

60 - 120

10%

90%

Eagle Creek at Winston Street

5.9

150 - 300

20%

80%

50 - 100

80%

20%

Ramsay Creek at BC Hydro Access Road

0.8

200 - 400

50%

50%

30 - 60

40%

60%

Silver Creek at Winston Street

1.9

75 - 150

30%

70%

10 - 20

60%

40%

Stoney Creek at Government Street

7.1

1000 - 2000

50%

50%

100 - 200

70%

30%

Brunette River at Lower Stop-Logs

63.0

2000 - 4000

20%

80%

100 - 200

70%

30%

Notes:
1. Grain size characteristics of suspended sediment are based on large-volume samples collected in Ramsay and Stoney Creeks, on qualitative assessments
of regular suspended sediment samples, and on comparison of hydraulic conditions between streams.
2. Grain size characteristics of bedload sediment are based on 2004 pit trap and Helley-Smith sampling, and on comparison of hydraulic conditions between streams.

FIGURES

10
0

0
10

SIMON FRASER
UNIVERSITY

100
20
0
30
0

Burnaby

Port Moody

che r Cre e k

Vancouver

C re e k

ek

Cr
e

Ston ey

Cr e e k
Si lv er
a y C re e k

Burnaby Lake

te
R

iv e

r

New Westminster

Riv

METROTOWN
a
Fr

er

r
se

BRUNETTE SEDIMENT MONITORING

Legend

Contours

Sub-basin Boundaries

Stream

Valley Bottom

Approximate Sub-basin Boundaries

Culvert

Municipal Boundaries

Brunette Basin

Figure 1

Data Sources:
- Streams and culverts: Supplied by the GVRD, modified by nhc based on field observations.
- Basin boundaries: Brunette basin and sub-basin boundaries supplied by the GVRD. Approximate sub-basin boundaries determined by nhc.
- Contours: Digitized from TRIM 1:20,000 scale provincial base maps.
- Valley bottom: Estimated by nhc based on TRIM maps.
- Basemap: Vancouver and Greater Fraser Valley Orthophotos, 1997, Triathlon Mapping Corporation, 4 metre pixel resolution, 10 metre horizontal accuracy.

Brunette Watershed
Orthophoto
Scale - 1:60,000
1

0.5

0

1 Kilometres

coord. syst.: UTM Zone 10

horz. datum: NAD 83

horz. units: metres

northwest hydraulic consultants

project no. 3-3636

12-Apr-2005

MSN, C:\_PROJ\3636\GIS\3-3636-203-orthophoto.mxd

100

Brun et

ms

Deer Lake

Ra

R enf rew

G u i chon Creek

e
ak
rL
e
De rook
B

0
10

R avine

Eagle

S ti ll

Cr

eek
l Cr
Stil

ee k

e
Be

Coquitlam

Ca

T

T

PVa,d
T

Ca

UPV

VC

SIMON FRASER
UNIVERSITY

Burnaby
T T

SAe

Port Moody

T

Ca

che r Cre e k

Vancouver

Cb

SAe

e
ak
rL
k
oo
Br

SAe

Ston ey

Cr
e

ek

SAh

VC

VC

Si lv er

SAe

e
De

Cb

PVa,c
T

SAh

SAh
SA-C

Burnaby Lake

PV

k
a y C r ee

VC

VC
SA-C

Eagle

G u i chon Creek

R enf rew

Cb

C re e k

SA-C
R avine

Cb

S ti ll

Cr e e k

T

SAe

SAh

ee k

ek

Coquitlam

Cr

e
l Cr
St il

Ca

e
Be

SA-C

Brune t
te

SAh

R iv
er

ms

Deer Lake SAe

Fc

Ra

SAe

SAb

SAa
Ri v

UPV
Fr

Legend

Sub-basin Boundaries

Figure 2

Brunette Basin

Municipal Boundaries

Stream

Culvert

er
as

BRUNETTE SEDIMENT MONITORING

Surficial Geology

Approximate Sub-basin Boundaries

er

SAa

Fc

VC

UPV

SAb-e

SA-C

PVa,b,e-h

T

SAh

Ca-d

Refer to Table X for
explanation of codes.

Data Sources:
- Streams and culverts: Supplied by the GVRD, modified by nhc based on field observations.
- Basin boundaries: Brunette basin and sub-basin boundaries supplied by the GVRD. Approximate sub-basin boundaries determined by nhc.
- Geology: Geological Survey of Canada, Surficial Geology Maps 1486A (1979) and 1484 (1980). 1:50,000 scale.

Brunette Watershed
Surficial Geology
Scale - 1:60,000
1

0.5

0

1 Kilometres

coord. syst.: UTM Zone 10

horz. datum: NAD 83

horz. units: metres

northwest hydraulic consultants

project no. 3-3636

12-Apr-2005

MSN, C:\_PROJ\3636\GIS\3-3636-207-surficialgeology.mxd

New Westminster
METROTOWN

SIMON FRASER
UNIVERSITY

Burnaby

Port Moody

er Cre e k
ec h

Vancouver

ek

ek

Cr e e k
Si lve r

G u ichon Creek

e
ak
rL
k
oo
Br

Burnaby Lake

Brune t
te

Ri

ve

r

Ra
ms

Deer Lake

a y C re e k

Re nfr ew
R avine

e
De

Cr
e

Still
C re

Ston ey

ek

Cr

Cre

Eagl e

Still

ee k

Be

Coquitlam

New Westminster

Riv

Fr

er

er
as

BRUNETTE SEDIMENT MONITORING

Legend
Land Use

Industrial

Figure 3

Stream

Sub-basin Boundaries

Agricultural

Industrial - Extractive

Culvert

Approximate Sub-basin Boundaries

Residential - Rural

Transportation, Communication & Utilities

Brunette Basin

Municipal Boundaries

Residential - Single Family and Duplexes

Recreation and Protected Natural Areas

Residential - Townhouse/Low-rise Apartments

Protected Watershed

Residential - High-rise Apartments

Harvesting and Research

Commercial - Residential/Mixed

Open and Undeveloped

Commercial

Lakes and Water Bodies

Data Sources:
- Streams and culverts: Supplied by the GVRD, modified by
nhc based on field observations.
- Basin boundaries: Brunette basin and sub-basin boundaries
supplied by the GVRD. Approximate sub-basin boundaries
determined by nhc.
- Land use: 2001 generalized land supplied by the GVRD.

Institutional

Brunette Watershed
Land Use
Scale - 1:60,000
1

0.5

0

1 Kilometres

coord. syst.: UTM Zone 10

horz. datum: NAD 83

horz. units: metres

northwest hydraulic consultants

project no. 3-3636

12-Apr-2005

MSN, C:\_PROJ\3636\GIS\3-3636-204-landuse.mxd

METROTOWN

SIMON FRASER
UNIVERSITY

Burnaby

Port Moody

che r Cre e k

Vancouver

ek

k
Cr
ee

Stoney

Cr e e k
Sil ver

e
ak
rL
k
oo
Br

Burnaby Lake

Brune t
te
R

iv e

r

Ra

ms

Deer Lake

k

e
De

a y C re e

R enfr ew

G u ichon Creek

Ravine

Eag le

Still
C re

Cr

eek
l Cr
Stil

ee k

e
Be

Coquitlam

Fr

er
as

Riv

er

BRUNETTE SEDIMENT MONITORING

Legend
Streams and Culverts

Sub-basin Boundaries

Not Field Inspected

Approximate Sub-basin Boundaries

Field Inspected

Brunette Basin

Figure 4

Municipal Boundaries
Data Sources:
- Streams and culverts: Supplied by the GVRD, modified by nhc based on field observations.
- Basin boundaries: Brunette basin and sub-basin boundaries supplied by the GVRD. Approximate sub-basin boundaries determined by nhc.

Brunette Watershed
Field Inspected Streams
Scale - 1:60,000
1

0.5

0

1 Kilometres

coord. syst.: UTM Zone 10

horz. datum: NAD 83

horz. units: metres

northwest hydraulic consultants

project no. 3-3636

12-Apr-2005

MSN, C:\_PROJ\3636\GIS\3-3636-206-fieldinspected.mxd

New Westminster
METROTOWN

SIMON FRASER
UNIVERSITY

Burnaby

Port Moody

A6

A4

e
De

e
ak
rL
k
oo
Br

ek

Cr
e

Cr e e k
Si lv er

A2

Burnaby Lake

A7

A5

Brune t
te

Ri

ve

r

Ra
ms

Deer Lake

k
a y C re e

A1

Ston ey

ek

Eagle

Still
Cr e

ee k

k

G u ichon Creek

R enf rew

R avine

ee
l Cr
Stil

Coquitlam

A3
Cr

e
Be

ch er Cre e k

Vancouver

a
Fr

r
se

R iv

er

BRUNETTE SEDIMENT MONITORING

Legend
Stream

Sub-basin Boundaries

Brunette Basin

Culvert

Approximate Sub-basin Boundaries

Municipal Boundaries

Figure 5

Watershed Maps
Data Sources:
- Streams and culverts: Supplied by the GVRD, modified by nhc based on field observations.
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Figure 6a. Monthly Precipitation, 2003
Climate Station 1101158 - Burnaby SFU
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Figure 6b. Monthly Precipitation, 2004
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nhc
Renfrew Ravine below East 29th Avenue

Photo 1. Typical eroded bank.

Photo 2. Landslide scar on east ravine sidewall.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Renfrew Ravine / Upper Still Creek

Photo 3. Typical channelization below East 22nd Avenue.

Photo 4. Typical channelization below Grandview Highway.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Upper Still Creek

Photo 5. Looking downstream toward Willingdon Avenue.

Photo 6. Typical bed material above Willingdon Avenue.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Guichon Creek below Deer Lake Parkway

Photo 7. Large drop at culvert outlet.

Photo 8. Typical bank erosion below culvert outlet.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Guichon Creek / Middle Still Creek

Photo 9. Guichon Creek pond on BCIT campus.

Photo 10. Typical channel condition in Still Creek below Guichon Creek confluence.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Still Creek at Douglas Road

Photo 11. Looking downstream toward Douglas Road.

Photo 12. Looking downstream from Douglas Road.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Beecher Creek below Springer Avenue

Photo 13. Typical eroded bank.

Photo 14. Typical existing grade control structure.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Still Creek at the Mouth

Photo 15. Sediment deposition on exposed lake bed.

Photo 16. Typical depositional material on exposed lake bed.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Upper Eagle Creek

Photo 17. Squint Lake.

Photo 18. Terasen detention facility.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Eagle Creek at Burnaby Mountain Golf Course

Photo 19. Looking upstream toward the confluence of west and east forks.

Photo 20. Incision knickpoint in west fork above the confluence.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Eagle Creek below Lougheed Highway

Photo 21. Typical channelized condition.

Photo 22. Failing bank protection structure.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Eagle Creek at Winston Street

Photo 23. Looking downstream toward Winston Street.

Photo 24. Looking upstream from Winston Street.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Eagle Creek near the Mouth

Photo 25. Eagle Creek fan-delta in Burnaby Lake.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Silver Creek

Photo 26. Looking upstream in incised reach below Gaglardi Way.

Photo 27. Looking downstream in incised reach below Winston Street.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Silver Creek at Winston Street

Photo 28. Looking upstream inside concrete chamber.

Photo 29. Looking downstream inside concrete chamber.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Ramsay Creek below 4th and Elwell Streets

Photo 30. Looking downstream in incised reach.

Photo 31. Knickpoint in incised reach.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Ramsay Creek below 4th and Wedgewood Streets

Photo 32. Looking upstream at street runoff ditch.

Photo 33. Incision knickpoint at jet-fuel pipeline right-of-way.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Ramsay Creek below 4th and Wedgewood Streets

Photo 34. Incision knickpoint at jet-fuel pipeline right-of-way.

Photo 35. Active gullying below jet-fuel pipeline right-of-way.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Ramsay Creek at BC Hydro Access Road

Photo 36. Looking downstream from access road.

Photo 37. Looking upstream toward access road.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Ramsay Creek at the Mouth

Photo 38. Former beaver pond filled with sediment.

Photo 39. Ramsay Creek delta.
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Draft Report, April 2005

nhc
Stoney Creek below Chapman Avenue

Photo 40. Looking downstream toward culvert outlet.

Photo 41. Unstable slope on east ravine sidewall.
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Draft Report, April 2005

nhc
Stoney Creek below North Road

Photo 42. Looking upstream in incised reach.

Photo 43. Looking downstream in incised reach.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Stoney Creek – Tributary 3 near Mainstem

Photo 44. High unstable banks.

Photo 45. Eroding sandy banks.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Stoney Creek – Tributary 3

Photo 46. Stormwater pond in the new UniverCity development.

Photo 47. Incised channel below Gaglardi Way.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Stoney Creek below / above Beaverbrook Drive

Photo 48. Bedrock streambed in widened channel below Beaverbrook Drive.

Photo 49. Bank erosion in gravel storage reach above Beaverbrook Drive.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Stoney Creek at Government Street

Photo 50. Looking downstream toward Government Street.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Stoney Creek near the Mouth

Photo 51. Gravel storage reach above the mouth.

Photo 52. Gravel bar in Brunette River at the mouth of Stoney Creek.
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nhc
Brunette River at Lower Stop-Logs

Photo 53. Looking upstream from lower stop-log structure.

Photo 54. Looking upstream toward lower stop-log structure.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Brunette River below Brunette Avenue

Photo 55. Looking upstream toward Hume Park.

Photo 56. Looking upstream in gravel storage reach below Hume Park.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Suspended Sediment Sampling
Ramsay Creek at BC Hydro Access Road

Photo 57. Sample collection during storm event, 16 October 2003.

Photo 58. Looking upstream toward access road, 16 October 2003.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Full-Channel Bedload Basin
Stoney Creek at Lougheed Highway

Photo 59. Bedload basin pre-storm, 15 October 2003.

Photo 60. Bedload basin post-storm, 21 October 2003.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Bedload Pit Trap
Stoney Creek at Government Street

Photo 61. Pit trap installation, 14 September 2004.

Photo 62. Pit trap in place, December 2004.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005

nhc
Helley-Smith Sampling
Still Creek at Douglas Road

Photo 63. Helley-Smith sampler.

Photo 64. Helley-Smith sample, 10 December 2004.

Brunette Basin Sedimentation Monitoring and Analysis Program
Draft Report, April 2005
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SUB-BASIN MAPS
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Figure A1
Upper Still Creek/Renfrew Ravine
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Figure A2
Middle Still Creek/Guichon Creek
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Figure A4
Eagle and Silver Creeks
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Figure A5
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Figure A7
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APPENDIX B
STAGE-DISCHARGE RATING CURVES

Stage-Discharge Rating Curve
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APPENDIX C
TURBIDITY-CONCENTRATION AND
DISCHARGE-CONCENTRATION RELATIONS

Turbidity - Concentration Relation
Brunette River at Lower Stop-Log Structure
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