








sponding to about
90 stones per
launch line. At
least three launch
lines should be
used to identify
any strong spatial
gradients in the
sediment trans-
port patterns
within a study
reach: launch lines
should be located
just downstream

of changes in
Fishtrap Creek.

Figure 4. Grain size distribution from a bed surface sample from
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T

tracers. When drilling
the hole, the stone must
be securely clamped in
place, and the drill bit

A . must be lubricated with

A

l

Figure 3. Definition of the a and b axes for a sediment particle.

water to prevent it from
overheating. This can be
accomplished by using a
drill press designed to

channel morphology or at regular
intervals along the channel where the
morphology remains relatively con-
stant (a spacing of about 5-10
channel widths is probably appropri-
ate for most sites). For example, if we
assume that four launch lines are to be
used, and that the estimated D, falls
between 45 and 64 mm, it would be
necessary to collect about 120 stones
in each of the 45-64, 3245, and
64-91 mm size classes.

In the laboratory or workshop, care-
fully clean each tracer stone, removing
any algal growth or veneer of fine sed-
iment that may be present. Then,
using a thin wall diamond drill bit (Fig-
ure 5A), drill a hole about ¥2"-1" deep
into the stone. The tracer magnets will
be placed in the hole, then sealed in
place using clear epoxy. The drill will
cut a circular slot into the rock, and a
rock chisel should be used to remove
the central core. The resulting hole
must be large enough to accommo-
date the tracer magnets. The drill bit
shown in Figure 5A has a 9/16” diam-
eter with a 5/16" shaft, purchased for
about $50 from Pothier Enterprises
Ltd., Delta, BC. Between 20 and 100
stones can be drilled with a single bit,
depending on the lithology of the

supply water directly to
the head of the drill bit
(Figure 5B), or by immersing the stone
and clamping system in a tub of water.
While a drill press is more convenient,
a powerful handheld drill can be used
to make the hole.

Once the hole has been drilled, the
stone should be painted a bright col-
our to aid in identifying the stone. The
stones pictured in Figure 5C were
painted bright blue and yellow using
fish-friendly aquarium paint. When
establishing multiple launch lines,
paint the stones for each line a differ-
ent colour. Take care to completely
cover the exterior of the rock, but
avoid getting paint in the hole. Once
the paint has completely dried, place
two magnets in the hole. Ceramic
magnets are suitable, and emit a
strong signal that is easily detectable.
The magnets that are typically used at
UBC are disc-shaped with a diameter
of 1/2” and a thickness of 3/16” and
cost about $0.25 each (supplied by
Tormag Industries, North Vancouver,
BC). Then, place a paper label with a
unique alphanumeric code on the top
magnet, and seal the magnets and
labels in place using clear epoxy. Print
the label on write-in-the-rain paper
using a laser printer, then cut to size so

that the label fits into the hole. First
glue the label onto one of the mag-
nets and then place the magnet in the
stone before adding the remaining
epoxy. There should be at least 5 mm
of epoxy above the surface of the
label, and the epoxy should not pro-
trude above the edge of the hole: the
epoxy is prone to chip during trans-
port, and if the label is too close to the
surface, it can be exposed and ruined.

Deploying and Recovering
the Tracer Stones

As the field crew places the tracers in
the stream at a launch line, they
should carefully record the identifica-
tion label number of each stone. The
tracers from all three size classes
should be evenly distributed along a
launch line that is perpendicular to the
flow, extending between the high
water marks on the left and right
banks (Figure 5D). In snowmelt-domi-
nated systems where the timing of the
peak flow is relatively predictable, it is
often possible to launch the tracers a
few weeks before the annual peak
flow, thereby minimizing the likeli-
hood that the tracers will be tampered
with. In systems where access in the
early spring is problematic (due, for
example, to road conditions and/or
snow and ice cover), it is probably
advisable to place the tracers in the
stream in the late fall. The tracers
should be placed on the bed surface,
and then firmly pressed into the bed
with the heal of a boot: the idea is to
wedge the stone into the surface to
about the same degree as would be
typical for a natural stone on the bed.

The recovery of the tracer stones is the
most labour-intensive part of the job,
and should ideally be conducted dur-
ing summer low flows. Starting at the
upstream-most launch line, a fibreglass
tape is stretched down the centreline
of the channel and secured in place.
Then, a magnetic locator is used to
carefully search the entire streambed,
progressing systematically in a down-
stream direction. A magnetic locator
detects both the background mag-
netic fields associated with the rocks in
the stream, as well as the signal emit-
ted by the tracer magnets and other
metallic items in the streambed. The

Continued on page 26
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Continued from page 25

magnetic locator used by researchers
at UBC is the Schonstedt Magnetic
Locator (model GA-52Cx): these units
are commonly available from most
survey equipment dealers. The locator
comprises a long metal sensor (called
the “wand"”), which can be immersed
in water, and a housing for the cir-
cuitry that must never be immersed in
water. The locator emits an audible
signal, the pitch of which is propor-
tional to the strength of the local
magnetic field near the tip of the
wand. On the upper housing, there is
a control for the sensitivity and for the
volume level. Typically, a sensitivity
setting in the middle of the range pro-
vides the best compromise between
“false” signals from naturally magnetic
rocks and the ability to detect tracer
stones at depth. For a more precise fix
on the tracer location, reduce the
sensitivity.

Before beginning the tracer recovery,
dig several holes in the streambed
with depths ranging from 5 to 70 cm,
bury a tracer stone in each hole, and
then use the locator to search the gen-
eral area surrounding each hole on
various sensitivity settings. This will
give the operator a general sense for
the background signals, the character-
istics of tracer signals, and the
detection limits for the instrument.
False positives — when the field crew
dig for a tracer where there is none to
be found — are unavoidable, and a
low percentage (e.g., 5-10%) of false
positives (as opposed to none at all) is
a good indication that the searching
procedures are rigorous enough to
obtain adequate tracer recovery rates.
The field crew should also carefully
read the instruction manual for their
magnetic locator, which typically
describes the measurement principle,
provides guidelines for use of the
instrument, and illustrates the nature
of signals produced by various target
with a range of magnetic orientations.

In the Fishtrap Creek watershed, which
has a mixture of ferromagnetic
lithologies that can produce relatively
strong false positive signals, the field
crews could reliably detect magnetic
tracers buried by up to 50 cm of sedi-
ment, even when working in water as

deep as 1T m (provided the current is
relatively slow). This, however, takes
time and the field crew often had to
dig for up to an hour to find a deeply
buried stone in a pool. To recover a
representative sample, it is generally
necessary to pursue a potential signal
until the tracer is found or until it can
be confirmed as a false positive. Trac-
ers buried deeper than 50 cm were

Figure 5. A) The drill bit used to drill a hole in the tracer particles. B) The drill press and

placed. At Fishtrap Creek, a crew of
two workers (one searching for stones,
the other digging for them) was able
to recover between 20 and 50 stones
in a single day, depending on the den-
sity of tracers in the area and the
depth of burial.

Once a stone has been recovered, the
field crew should write down the label
number and colour of the tracer (par-

clamping system used at UBC. C) A collection of tracer stones to be deployed at Fishtrap Creek.
D) The tracers deployed in the field at the launch line.

also detectable in Fishtrap Creek, but
the orientation of stone (and thence
the magnetic field) had to be favour-
able, and we infer that tracers buried
deeper than 50 cm were not well rep-
resented in the population of
recovered tracers. The distributions of
burial depths (normalized by the
median surface grain size) for Fishtrap
Creek and two other streams in British
Columbia are presented in Figure 6.
While the distributions vary, it is clear
from those examples that stones are
rarely found buried deeper than 10
times the D5, which is probably a use-
ful guideline for estimating the
maximum potential burial depth in a
stream where the tracers will be

ticularly if the label is difficult to read),
and measure the b axis dimension.
Then, they should measure the tracer’s
position and burial depth. The position
of a recovered tracer stone is defined
using two measurements: the longitu-
dinal distance along the channel
centreline from the initial launch line
(X"); and the lateral distance across the
channel from the channel centreline
(Y"), measured at right angles to the
centreline. Note that tracers that are
left of the centreline (looking down-
stream) have negative Y’ values while
tracers to the right of the centreline
have positive Y values. The burial
depth (H’) should also be recorded.
Burial depth is measured from the
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Figure 6. Particle burial depths for flood events in three different streams in British Columbia. The proportion of the tracers found in each layer
is plotted against the layer number (layer 0 is at the surface, layer 1 is just below that, layer 2 is below that, etc.). A layer is defined to be as
thick as the median surface grain size (i.e., the D).

base of the tracer to the bed surface.
Since it is difficult to determine the
exact height of the bed surface, it is
advisable to establish a reference plane
spanning the hole in the direction of
flow (e.g., the handle of a shovel laid
down upon the
bed surface), and
then to measure
the burial depth
relative to the
reference plane.
Where applica-

was abandoned only after the crew
failed to find any tracers in a 100-m
section of stream channel.

Interpreting the Results

The goals of the monitoring or
research program will dictate the anal-
yses that are required. Hassan and
Ergenzinger (2003) discuss in some
detail the various questions that can
be answered using tracer data, and
the limitations of this approach; they
also provide an overview of the analy-
sis that is commonly conducted in

ciated with a fitted gamma function
were well correlated with the general
patterns of morphologic change in a
reach, where stable transport reaches
were associated with observed tracer
densities less than predicted by the
gamma function and aggrading bars

. associated with tracer densities greater
While tracers can than predicted (Figure 2).
provide a great deal
of data on how a
system is behaving,

the interpretation of

In addition to providing information
on the travel distance, tracers offer
information on the characteristic burial
depths for the transported sediment.

setting in which the
tracer study was
conducted.

ble, the .1 The observed burial depths have been
that data reauires a o research. One example of the potential N .
equir depositional uses of tracer data is presented by used to indicate scour and fill depth,

broader scientific morphology Phillips (2007), who analyzes tracer to estimate the volume of available
perspective on the should also be data to estimate the event-scale sedi-  sediment, and to determine the
land use history recordgd (e.g., ment transport rate for a stream. degree of vertical mixing (Hgssan ar_1d

/ pool, riffle, glide, ; i Church 1994). When analyzing burial

nd moroh Some of the most important insights

ana geomorpnic bar, bar edge, are qualitative ones gained during the ~ depths, it is common to normalize the

thalweg, or LWD
step). Hassan et
al. (2005) pro-
vide a good

summary of
morphologic terminology that is
appropriate for mountain streams such
as those common in British Columbia.
Once recovered, a tracer should be
stored in a container well away from
the search area (so as not to interfere
with the search); the hole should be
refilled, but only after it has been care-
fully searched to ensure that no other
tracers are in the hole.

To recover a representative proportion
of the tracers, it may be necessary to
search well downstream of the study
reach. At Fishtrap Creek, tracers
moved as far as 500 m downstream of
the study reach. Typically, the search

recovery. The typical areas where trac-
ers are found give insight into the
channel dynamics and the overall level
of activity for the various parts of the
channel. Therefore, the recovery team
should include at least one appropri-
ately trained geoscientist or engineer
who can make the necessary qualita-
tive observations and document them
appropriately.

Generally, the distribution of transport
distances is analyzed by normalizing
the distance of movement (L) by the
arithmetic mean travel distance (Lyean).
The normalized travel distances often
follow a gamma distribution. It will be
informative to compare the transport
distributions for the tracers grouped
by launch line, and distributions
grouped by particle size. Phillips
(2007) showed that the residuals asso-

depth by the median surface size (i.e.,
the Ds): the active layer thickness
scales with grain size of the bed, not
the size of the width or depth of the
channel, so data from different rivers
are directly comparable when normal-
ized by the surface grain size. While
the depth of the active layer varies
from place to place and from event to
event, burial depths are almost always
exponentially distributed, as shown for
three examples in BC streams (Fig-
ure 6).

Whatever the intended analysis, it is
important to consider the degree to
which the data are representative of
the typical system dynamics. The
investigator should consider whether
(1) the magnitude of the peak flow
was unusually high/low; (2) the dura-
tion of the peak flow was abnormally
Continued on page 28
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long/short; and (3) the tracer recovery
rate was sufficiently high. Finally, while
tracers can provide a great deal of
data on how a system is behaving, the
interpretation of that data requires a
broader scientific perspective on the
land use history and geomorphic set-
ting in which the tracer study was
conducted.

For more information, contact:
v

Brett Eaton

University of British Columbia

Tel: (604) 822-2257

Email: brett.eaton@ubc.ca
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