Bed load measurementswith a passive magnetic induction device
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Bed |oad movement was monitored from 1993 to 1999 on asmall stream in the headwaters of the
Fraser River in northern British Columbia Canada, as part of the Stuart-Takla Fish-Forestry
Interaction Project. The investigation entailed three components: () tracer studies, to obtain
information on the distance of travel and depth of burial of clasts (b) repeated topographic surveys,
to develop volumetric estimates of nival and summer flood events and (C) a passive-magnetic bed
load detection device spanning the channel to record the passage of coarse clastic materid. This
paper will discuss the results of the Bedload Movement Detector (BM D) from the 1999 niva flood
event.

In 1997 the Bedload Movement Detector device wasingtalled in the riffle section of asmall
forest channd. The device consists of an array of 82 magnetic sensors set in an auminum housing,
mounted on an adjustable frame that may be raised or lowered to compensate for changesin
streambed elevation. The sensing surface is set flush with the streambed. The sensors are disk-
shaped (4 cm high x 8 cm diameter) and spaced 2 cm apart along the 8 m length of the device.
Ferromagnetic mineralsin particles passing over the sensorsinduce small eectrical currents.
Sufficient magnetism is found in most sedimentary and metamorphic rocks, that moving particles of
pebble and cobble size, can be detected. The apparent lower size limit of detectable particles, under
laboratory conditions, is 1to 2 mm. The signa duration is proportional to the size of the clast and
the velocity of transport. The signals generated from passing particles are sampled at 100 hz by a
data acquisition system and stored on a computer hard drive. Further details of the construction and
calibration of the BMD can be found in Tunnicliffe et al. (2000) and Tunnicliffe (2000).

The Bedload Movement Detector isinstalled on O’ Ne-ell Creek at asite 8 mwidewith a
slope of 0.013, a peak discharge about 20 m® sec™. The channel has aforced pool-riffle morphology
with an abundance of large woody debris. The sampled reach has a coarse gravel bed with amean
grain size of 42 mm. The largest clasts are approximately 300 mm. Clast lithologies and thus
magnetic properties are extremely variable.

Bed load movement occurs annually during the peak of the snow-melt flood in May or June.
O’'Ne-€dl creek hasrelatively little suspended sediment transport. At the sample site the streambed
could be visually observed from a catwak for much of the 1999 flood. At the peak of the 1999 nival
flood sediment movement, approximately 3x10° particle passages per hour were detected (Fig. 1).

The 1999 flood was unusual. A cool cloudy spring and high snow accumulations resulted in the
snowmelt period being prolonged over about six weeks. Peak discharge was relatively low. Stream
flows werejust below that sufficient to initiate bed load movement from May 25 to June 9. During
this time sporadic movement of only single particles and bursts of finer material was observed.
Between June 10 and June 12 the rate of entrainment increased, and sensors detected “ batches” of
larger-sized materia crossing the device. Sampling with a small basket net yielded maximum
particle sizesof 20 to 30 mm. Particle counts ranged from 0 to 35 per second. Asthe stage rose
during the afternoon and evening of June 12, increasingly intense waves of sediment passed over
the device. Inter-granular collisions, and the sheer volume of material in motion, often blurred the



distinction of passing particles. Peak particle counts exceeded 100 to 150 per second. At times, the
material seemed to passin steady sheets. The activity continued until about mid-day on June 13,
when the amount of materia in transit subsided for afew hours and then resumed and reached a
maximum on the evening of June 13. There was clearly an abundant supply of material entrained by
the high flows, and the bed load discharge continued even asthe stage level dropped during the
mid-day period of June 13.
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Fig. 1. Rates of particle transport (number of events per second) over the course of the flood.

With the ample avail ability of material for transport, the batch effect becomes less pronounced,
and we observed the onset of pulses of multi-minute duration. In the intervas between pulses, the
transport rate drops substantialy. A condensed record of 24 hours at this peak stageis shownin Fig.
2.

Thefind portion of the bed load trangport interva, June 14 to 17, features one or two narrow
trangport zones, 1-2 meters wide, which migrated laterdly by about one meter. Materid in
trangport was sand to small pebble size.

Temporal variation in transport rates

Pulses of sediment movement occurred during the flood at a variety of scales. Snowmet flows
in O'Ne-el Creek show aclear diurna discharge cycle. Asflows reached competent velocities each
evening from June 12 to June 17, high rates of coarse bed |oad movement commenced. The
trangport commences abruptly (Fig. 3), presumably as clusters and patches of the stream bed
disassemble and are entrained (Kuhnle and Southard (1988), Brayshaw et al. (1983)).

Within the frame of thisdaily cycle, the transport rate vacillates considerably on atime scale
measured in minutes, independent of channel flows. There appears to be no dominant cyclic period,
though the interval between pulses ranges from 5 to 20 minutes. Although previous authors (Gomez
et d., 1989, Kuhnle and Southard, 1988, Whiting et al., 1988) have attributed thiskind of variation
to the migration of bedform elements such as bed load sheets, bars or ripples, it is not clear from our
limited observations of upstream conditions that thisis the operating mechanism in the forced pool -
riffle morphology of O’ Ne-ell Creek. The reach isin an approximate equilibrium, with no marked



tendency for aggradation or degradation. Fig. 3 shows a summary of an hour and a half of bed load
activity, with at least 10 distinct surgesin bed load activity. The data are plotted assuming a
transport velocity of about 1m sec, to show that the length of the passing pulsesis comparable to
their width.

Fig. 2. Summary of bed load movement June 13-14 1999. Bed load movement commences
abruptly with increase in stage at about 14:00 on June 13. Pulses of sediment movement of variable
intensity and duration continue to 00:30 on June 14. Asthe overall sediment flux declinesin the
early morning, bed load movement is confined to one to three streets.

On thefinest scale, that of seconds, particle movement is concentrated into batches. At high
sediment discharge rates, velocity and size of individual particles becomes difficult to determine
because batches of sand and gravel particles are moving across each sensor simultaneoudly. Thisis
due mostly to the stochastic nature of bed load transport, related to near-bed turbulence, obstacles
along the transport path and breakup of clusters.



Fig.3. Transport of pulses of sediment past the Bedload Movement detector during an interval
of high transport rates.

Lateral instability in the transport record

Over the course of the 1999 flood, bed load movement involved nearly al of the streambed. Total
signa intendity for each sensor channel was summed for each sampling period, generally about
three hours. The point of maximum bed |oad transport activity in the stream cross-section, the locus
of transport, is shown in Fig.4. Early and late in the flood, when small volumes of bed load werein
motion, transport was concentrated close to the deepest portion of the channdl, the thalweg. During
the peak of the niva flood, most of the channel was smultaneoudly active; however the point of
greatest transport migrated widely across the channel and back. The 1999 niva flood produced little
change in the streambed. Previous studies of nearby reaches, using repeated total station surveys
(Poirier, 2002), show modest dteration of nearly al of the streambed during nival floods, with
complex patterns of scour and fill averaging one to two clasts thick.

During the flood, 14.41 x 10° particle signals were recorded by the BMD at O’ Ne-ell Creek. We
attempted to estimate the volume of transport making a number of smplifying assumptions,
including: that the variation in magnetic intensity is uniform for various size clasts, and issimilar in
character to the bed materid; that the material in transport has the same composition and size
distribution as the streambed; that 30% of the moving particles are detected, that only particles >4
mm are detected, and that intervals of peak sensor response represent single sediment particles.
With these assumptions the estimated volumeis 7.88 m* Independent estimates for transport rates
on this stream and an adjacent Smilar stream were determined in previous years by repeated



detailed mapping of the stream bed and by magnetic marker studies (Gottesfeld (1998), Poirier
(2002)). These estimated transport volumes agree within afactor of two.
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Fig.4 — The wandering locus of transport in the 1999 nival flood. The locus of transport moved
substantialy throughout the event, starting within roughly 1 m of the right bank (June 9) and
drifting to within 2 m of the left bank (June 15-16).

The problem of identifying single grains with assurance complicates cal culation of apparent
velocity. At present we are unable to separate the velocity and size components in the sediment
passage record. In a stream with smpler lithology the amplitude of the voltage response of the
sensor would provide ascale for clast volume and permit calculation of apparent velocity.
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