




research, and thus are very costly as
well as dif fi cult to inter pret as part of a 
mon i tor ing pro gram designed to
detect changes in the char ac ter is tics of 
the sed i ment trans port regime. One
impor tant result from the pre vi ous
tracer stud ies is that we can use the
behav iour of the mean sur face grain
size (D50) to accu rately rep re sent the
aver age behav iour of entire suite of
grains found on the chan nel bed (see

com pan ion arti cle by Eaton, Hassan,
and Phillips, this issue). 
For mon i tor ing, to gen er ate sim ple
and, above all, repeat able indi ces of
the bedload activ ity in a stream, we
can reduce the cost and com plex ity of
a tracer anal y sis by using fewer tracer
stones, which rep re sent just the D50,
rather than the entire bed grain size
dis tri bu tion. This approach doc u ments 
the effec tive ness of a flood event to

mobi lize and trans port par ti cles found
on the sur face that are the same size
as the median grain size, D50. 

In April 2006, we launched a total of
400 trac ers at Fishtrap Creek. Trac ers
were deployed at four sep a rate start -
ing points along the chan nel. At each
start ing point, 100 trac ers (25 from
each of the four size classes brack et ing 
the sur face D50) were placed on the
bed sur face. After the spring freshet,
the trac ers were recov ered using a
mag netic loca tor. The work was con -
ducted dur ing the low-flow period in
August 2006, when it was eas i est to
work in the stream chan nel. The
recov ery work took two weeks to com -
plete with a recov ery rate of about
80%. Nearly all of the trac ers moved
long dis tances (some over 500 m)
from their start ing loca tion. The mean
travel dis tance for all trac ers com bined 
was 103 m (~10 times the chan nel
width). Many of the trac ers were also
deeply bur ied, indi cat ing sub stan tial
scour and sub se quent depo si tion of
bed mate rial dur ing a sin gle event. 

Pre vi ous research has shown the fre -
quency dis tri bu tion of tracer travel
dis tance to be well rep re sented by a
gamma func tion in many cases
(Hassan et al. 1991). For com par i son,
fre quency and cumu la tive fre quency
dis tri bu tions of tracer travel dis tance
were gen er ated for each of the
Fishtrap Creek tracer groups. Dis tri bu -
tions for the nor mal ized travel
dis tances (i.e., the indi vid ual travel dis -
tance, L, divided by the mean group
travel dis tance, LMEAN) were ana lyzed
fol low ing the meth ods described by
Hassan et al. (1991). 

Fishtrap Creek tracer travel dis tance
was strongly influ enced by the loca -
tion of the near est depositionl area.
Trac ers were pref er en tially trapped in
morphologic fea tures (i.e., bars, LWD
stor age depos its). The down stream
dis tri bu tion of tracer depo si tion was
exam ined by cal cu lat ing the resid u als
from the pre dicted gamma dis tri bu -
tion of tracer travel dis tance. The
resid u als were cal cu lated as the
observed tracer den sity minus the
predicted tracer den sity. Fig ure 4 con -
tains the resid u als of the den sity
dis tri bu tion for all groups along the
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Fig ure 3. A. Planimetric study area map with the loca tion of cross-sec tional bed ele va tion
sur veys 1–11 labelled. B. Thalweg lon gi tu di nal pro file. The loca tion of cross-sec tional sur veys
has been added for reference.

Fig ure 4. Tracer den sity resid u als along the chan nel centreline (observed den sity minus den sity
pre dicted from gamma model). The dis tri bu tion high lights the influ ence of mor pho log i cal
constraints.
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chan nel. Sig nif i cant depositional areas
cor re spond with peaks in the resid ual
val ues indi cat ing a higher than
expected number of trac ers at that
loca tion.
Another use ful index of the sed i ment
trans port dynam ics that can be
derived from the tracer data is the typ -
i cal depth of scour and fill, referred to
as the active layer thick ness. Since the
tracer stones in this study orig i nated
on the sur face of the bed, their burial
depths indi cate the depth of depo si -
tion occur ring after the trac ers were
depos ited. A few of the trac ers will
have been depos ited and bur ied when 
local bed scour has reached its max i -
mum, but many will be depos ited in
the mid dle of the active layer and
some will come to rest on the sur face
of the stream. The dis tri bu tion of
burial depths for the trac ers gives both 
an indi ca tion of the thick ness of the
active layer (the max i mum burial
depths) as well as the degree to which 
par ti cles orig i nat ing on the bed sur -
face have been mixed into the active
layer. 

The burial depths (scaled by the char -
ac ter is tic grain size for the bed sur face) 
for Fishtrap Creek do not fit the
expected dis tri bu tion based on pre vi -
ous research (Hassan and Church
1994).1  Hassan and Church (1994)
found that short, sin gle-peaked events
pro duced a neg a tive expo nen tial
burial depth dis tri bu tion while
snowmelt and multi-peak events did
not. Fur ther more, they sug gested that
armour ing of the bed sur face (at Har ris 
Creek and Nahal Heb ron, for exam ple) 
pre vented sub stan tial ver ti cal mix ing
and inhib ited the like li hood of an
expo nen tial decay dis tri bu tion of
burial depths. 

The Fishtrap Creek data tend to con -
tra dict those con clu sions. The data
were fit ted using an expo nen tial decay 
func tion rep re sented by the dark lines
in Fig ure 5(A-I). Good ness-of-fit for the 
expo nen tial func tion was assessed
using the chi-square ( c2) test (Table
1). The 2006 hydro graph for Fishtrap
Creek was long and com plex with
mul ti ple peaks and the bed sur face
exhib ited a high armour ratio, yet the
burial depth data fit the expo nen tial

decay func tion remark ably well (Fig ure 
5). We spec u late that these dif fer ences 
are due to the lack of well-defined sur -
face struc tures rather than bed sur face
armour ing or hydrau lic con di tions. It is 
likely that the loose, uncon sol i dated

mate rial recently eroded from the
banks allowed for thor ough mix ing
and pro vided lit tle resis tance to ver ti -
cal exchange; how ever, it is dif fi cult to
draw con clu sions with out fur ther
anal y sis.
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Table 1. Chi-square (c2) statistics for exponential decay function

Event
c2 value for

c2
a = 0.01 N

A. Nahal Heb ron, Jan. 23, 1983 42.63 16.81 244

B. Nahal Heb ron, Oct. 17, 1984 12.23 15.09 141

C. Nahal Heb ron, Nov. 8, 1986 35.36 13.28 100

D. Nahal Og, Nov. 8, 1986 18.37 21.67 142

E. Har ris Creek, 1990 19.38 13.28 151

F. Car na tion Creek, Dec. 3, 1989 14.35 16.81 171

G. Car na tion Creek, Feb. 2, 1990 – yel low group 15.95 20.09  96

H. Car na tion Creek, Feb. 2, 1990 – orange group 15.90 18.48 104

I. Fishtrap Creek, 2006   8.30 23.21 279

Fig ure 5. A-H. Depth dis tri bu tion of all moved par ti cles. Source: Hassan and Church (1994). (I)
Fishtrap Creek depth dis tri bu tion of moved par ti cles from all groups. Lay ers rep re sent scaled
inter vals of burial depth equal to the median grain size of the sur face for each river. Gray
areas rep re sent par ti cles exposed on the sur face.

Source A-H: Hassan and Church (1994).



Sed i ment Trans port
One impor tant aspect of chan nel
adjust ment fol low ing dis tur bance is
the way in which bed mate rial trans -
port pat terns and rates are affected.
For a mon i tor ing pro gram, it would be 
very use ful to be able to doc u ment
changes in the typ i cal vol ume of sed i -
ment trans port that occurs each year
fol low ing a dis tur bance: bed mate rial
trans port rates are argu ably the best
indi ca tors of the mag ni tude of impact
from a dis tur bance on the phys i cal
hab i tat as well as post-dis tur bance
recov ery. Trans port rates are noto ri -
ously dif fi cult to mea sure using
sed i ment sam plers and are equally dif -
fi cult to esti mate using sed i ment
trans port equa tions based on flow
con di tions (e.g., Gomez and Church
1989). The morphologic method,
which is based on doc u ment ing net
changes in chan nel mor phol ogy and
esti mat ing the typ i cal sed i ment dis -
place ments dur ing a flood event, is an
accu rate, cost-effec tive alter na tive
(Ashmore and Church 1998). While
the tem po ral res o lu tion of this tech -
nique is lim ited to the dura tion of a
flood event, it is much more prac ti cal
for long-term mon i tor ing. The method 
does not require detailed infor ma tion
of the flow con di tions, and thus is
ideal for ungauged bas ins. One way to 
apply the morphologic method is by
assum ing a typ i cal path length for the
total vol ume of ero sion (or depo si tion) 
mea sured within a reach. To use the
morphologic method based on path
length, two impor tant data are
required: 
• the total vol ume of ero sion (or

depo si tion) over the time step of
inter est; and

• the typ i cal path length of those
eroded sed i ments. 

The trac ers give reli able and repeat -
able esti mates of the typ i cal sed i ment
trans port path lengths, and ero -
sion/depo si tion vol umes can be
esti mated from sur veyed cross-sec -
tions. The total vol ume of ero sion/
depo si tion between adja cent cross-
sec tions is esti mated by pris matic
approx i ma tion fol low ing the meth ods
of Mar tin and Church (1995). The

equa tion for the change in vol ume of
ero sion is writ ten:
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where DVe is the vol ume of ero -
sion/depo si tion (m3) between adja cent 
cross-sec tions j and j + 1, DAj is the
area of ero sion/depo si tion (m2) as
mea sured at cross-sec tion j, DA( j + 1) is
the area of ero sion/depo si tion (m2)
mea sured at cross-sec tion j  + 1, and
L(j, j  + 1) is the dis tance along the
chan nel centreline (m) between the
two cross-sec tions. 

The total vol umes of
ero sion and depo si -
tion in Fishtrap Creek
were cal cu lated from
the mea sured
cross-sec tional areas
sur veyed in 2005 and
again in 2006. Ten
zones were cre ated
rep re sent ing the area
between adja cent
cross-sec tions. The
dis tance between
adja cent cross-sec -
tions (Lr) was taken as
the chan nel centreline 
dis tance and the total
vol ume of ero sion and 
depo si tion for each
zone was cal cu lated
using the equa tion
above. The total vol -
umes through out the reach were then
cal cu lated as the sum of all 10 zones.
Table 2 con tains the vol ume of ero sion 
and depo si tion for each zone and the
total vol ume and mass of ero sion and
depo si tion.

Once the total vol ume of ero sion and
typ i cal path length are known, the
bulk sed i ment trans port rate may be
cal cu lated using the equa tion pre -
sented in Eaton and Lapointe (2001):

Q V L L ts b e rMEAN= r ( / ) /

where Qs is the bulk sed i ment trans -
port rate (kg per event) over time t
(event), rb is the bulk sed i ment den sity 
(kg/m3), Ve is the total vol ume of ero -
sion (m3), and Lr is the length of the
reach (m) in which Ve was deter -

mined.The bulk sed i ment den sity was
esti mated to be 1890 kg/m3. 

The larg est source of error in the path
length based morphologic method is
related to the esti mate of ero sion and
depo si tion, because the method does
not account for scour and sub se quent
fill occur ring dur ing the flood event.
How ever, the level of uncer tainty is
mod est when com pared with hydrau -
lic trans port equa tions, which tend to
overpredict actual trans port rates and
have been reported to have errors of
an order of mag ni tude or more.
Research ers sug gest errors in hydrau lic 

trans port equa tions are
pos si bly due to the fail -
ure of equa tions to
account for sur face
coars en ing or vari a tions
in the rate of sed i ment
sup ply (Gomez and
Church 1989).

Sum mary
We have estab lished a
long-term mon i tor ing
pro gram at Fishtrap
Creek by adapt ing var i -
ous research
meth od ol o gies to reduce 
their cost and com plex ity 
and to improve their
repeat abil ity. Our
approach focusses on
gen er at ing an index of
the sed i ment trans port
char ac ter is tics and in

care fully doc u ment ing changes in
chan nel mor phol ogy. 
Estab lish ing per ma nent cross-sec tions
allowed us to sys tem at i cally doc u ment 
the changes in chan nel mor phol ogy
over time. Our cross-sec tions were
reg u larly spaced about one chan nel
width apart, and were resurveyed
annu ally. A planimetric map ping of the 
chan nel mor phol ogy pro vided a valu -
able rep re sen ta tion of the chan nel
mor phol ogy. The map ping will be
repeated only once the cross-sec tions
reveal sub stan tial chan nel change has
occurred. 

When esti mates of the net ero sion or
depo si tion derived from the cross-sec -
tional sur veys were com bined with the 
results of our sed i ment tracer pro -
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When esti mates of
the net ero sion or
depo si tion derived
from the
cross-sec tional
sur veys were
com bined with the
results of our
sed i ment tracer
pro gram, we were
able to derive a
sim ple, repeat able
index of sed i ment
trans port activ ity. 



gram, we were able to derive a sim ple, 
repeat able index of sed i ment trans port 
activ ity. The tracer pro gram that we
devel oped involves using only a rel a -
tively nar row range of trac ers that
rep re sent the grains close to the
median size of the bed sur face: the
trac ers were placed on the bed sur face 
imme di ately before the snowmelt
freshet and then were recov ered after
the flood event. Our inten tion is to
repeat the tracer pro gram annu ally;
how ever, path lengths can also be esti -
mated rea son ably well from the flow
con di tions dur ing the peak flow, once
an ini tial value has been obtained. This 
can be used to sup ple ment data in
years when tracer sam pling is not car -
ried out.  
By employ ing this sim pli fied approach, 
which is designed to max i mize the
amount of infor ma tion that can be
col lected with finite resources,
high-qual ity mon i tor ing pro grams can 
be estab lished. The min i mum require -
ment is that the cross-sec tions be
resurveyed annu ally, with more
detailed planimetric map ping con -
ducted only once sig nif i cant chan nel
change has been detected. The tracer
stud ies must be con ducted at least
once, and should be repeated when
sig nif i cant changes in chan nel mor -
phol ogy are detected, since changes
in chan nel mor phol ogy pre sum ably
occur due to changes in the sed i ment
trans port regime.
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Table 2. Estimated total volume and mass of erosion and deposition from 2005 to 2006

XS area XS area DS Volume Volume

Cross- erosion deposition Zone distance (Lr) erosion (Ve) deposition (Vd)

section (m2) (m2) (m) (m3) (m3)

XS 1 0 1.142 — — — —

XS 2 0.212 0.318 1 11.14 1.18 8.14

XS 3 1.290 1.539 2 12.10 9.11 11.24

XS 4 0.774 1.461 3 11.20 11.58 16.80

XS 5 0.153 0.764 4 10.75 4.98 11.96

XS 6 0.660 0.886 5 11.40 4.63 9.40

XS 7 0.303 1.023 6 11.15 5.37 10.64

XS 8 0.808 0 7 11.85 6.59 6.06

XS 9 1.928 0 8 11.55 15.81 0

XS 10 0.689 0 9 14.50 18.97 0

XS 11 0 0 10 11.75 4.05 0

Total 6.821 m2 7.133 m2 — 117.39 m 82.27 m3 74.24 m3

155 tonnes 140 tonnes




