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SUMMARY 
The method of determining bed-load from successive profiles by using 

elevation differences at fixed points has been examined. ‘It was“ found that the 
bed-load discharge thus obtained is time dependent and thatlbed-forms do not 
maintain their identity long enough to apply this methodvover one bed-formcycle. 
Analysis indicates that a time averaged procedure is required which can only be 
attained’ by the use of some characteristic bed-form height and.‘ bed—form speed. 
Some suggestions are made on future research.



../‘/H 
RESUME 

’ 

On a examjné’1a méthode servant 3 determiner 1e charriage“ 
fond a partir de profi1s successifs, en utiiisant 1es differences 

d'é1évation a des points donnés. On a cdnstafié que 1e débitvcharrié 
_ainsi obtenu est fonction du temps et que 1es formes de 11ts ne 
conservent pas 1eur caractere assez 1ongtemps pour qu'on puisse 
appliquer cette méthode au cours d'un cycle d'une forme de 1it. 
L'ana1yse indique qu'i1 faut«emp1oyer un pgpcédé éche1onné sur une

V 

certaine période et selon ]eque1 on uti1ise une moyenne, ce a quoi on 
.ne peut parvenir qu'en uti1isant une hauteur de ]it et une vitesse de 
mouvement du 1it‘particu11ers. L'auteur fait certaines suggest1ons_ 
pour de futurs travaux de recherche.



l.O 
' INTRODUCTION 

The Sediment Survey Section of the Applied Hydrology Division, 

Canada Department of Fisheries and Environment, have developed a hydrographic 
ysurvey system (Hydac I00) Wiebe (I972), for conducting surveys of reservoirs and 
river estuaries. The system obtains bed profiles using echo sounders _on a rapidly 
moving boat the horizontal control of which is maintained with telemetric units on 
shore. Such a system is shown schematically in Figure I. 

it has been suggested by the Sediment Survey Section to apply this 
‘equipment to measure bed—load, by making successive bed profiles over the same. 

traverse on a selected river reac_h. Bed-load is then computed from elevation 
differences at fixed points along the profile, Wiebe (I976). The Ufimy ‘Of this 

method is discussed in this report.



2.0 
' 

ANALYTICAL CONSIDERATIONS 
During the time that the two successive profiles ‘are taken, there ha_s 

been a transport of sediment, through the downstream propagation of the bed- 
forms. If one superimposes the two profiles on a fixed set- of coordinates, then, 
the second profile is displaced with respect to the first, Figure 2. This provides 
elevation differences '6n which are positive or negative, depending on the location 
along the profiles. ln the case of a steady. state’ condition, the average sum of the _ 

negative elevations should equal the average sum of the positive elevations. lf One 
computes. the values of (Sn as the difference between the (j-_|)th and the jth (j.?2) 
profile, then the negative values of Sn signifylscour and the positive values 
indicate deposition in the trough regions. ’ ' 

The analytical considerations can _be simplified by considering 
‘idealized triangular bed-form shapes and assuming that they maintain their 
geometric identity in every respect on successive profiles. Two successive 
profiles extending over three ‘such bed-forms are shown in Figure 3. Since 
successive profiles are taken some time 6t apart,'then because of the bed-form 
translation, the bed-forms» are displaced some distance 52,. The positive regions 
denote deposition and the negative regions denote scour. In order to obtain the 
volume of sediment per unit width at a given instant, one need only to find the 
area ‘of the positive regions because under steady state conditions scour must 
equal deposition. This can be done by selecting a suitable number of intervals, say 
"n", a "distance x apart and summing these over the positive region. The volume 
of sediment(V), including the voids, ‘is then

n 
V = 6_x 2 (Sn, 

T 

T’ 
T

V 

T l=l 

Since the successive profiles were taken a time at apart then the transport rate 
can be expressed as 

_ V 
"I 

_ 6x 
V 

V

. 

‘ls ” E?‘ *- 

€Ti_X| Sn: - 

' 

.- ...2 

where: qs = 
T 

sediment transport in volume per unit timeiper unitwidth, . 

' 

including the void_s. 
V .= volume of sediment including the voids 

-1." 2' '



Equation_ 2 can be written after converti_ng to submerged unit weight 

as V 

Gs - vs(I-p)5—, 2 «Sn, V 

g 

...3 
' 

i=.l - ' 

' ’ 

where: Gs =— 
' 

sediment transport in submerged Unit weight 

_ 
p = porosity of sediment

‘ 

vs = 
A 

submerged unit weight of sediment 

Equation 3 is a two—dimensional form of that ‘proposed by Wiebe (I976) 
for use in conjunction with bed profile data to determine bed—load transport. 

However, it can be easily shown that the quantity Gs, so computed from 
successive profiles, is not a constant but varies with the elapsed time between 
successive profiles. Figures 4(a) and 4(b) show two cases, one for a small elapsed 
time between profilesland the other when the profile has travelled almost one 
wave length downstream. It can be seen that the volume of sediment, as indicated 

by the shaded areas, are much the same. This is part-icularly evident if one also 
remembers that, for steady-state conditions, volumes of scour are equal to 

volumes deposited. However, since the elapsed times St in Figures 4(a) and lt(b) 
are very different (i.e. much larger in the second case), then Gs computed from 
Equation 3' would be very different for the two cases. Further, in the case where 

A one profile is completely superimposed on the other, Equation 3 would indicate no 
transport is taking place since then <Sni=0. As a‘ further illustration, the 

variation of Gswith st, the waiting time between profiles was calculated using 
some triangular bed—forms and assuming that they remain unchanged while moving 
downstream at constant. speed. These curves shown in Figure 5, demonstrate how 
one would obtain different values of Gs for different waiting times between 
profiles. The curves would be cyclic with period equal to T*, the. time for one complete 
bed-form to pass a given point. This again indicates that the method of using

' 

successive profiles directly" with Equation 3 is unsuitable for computation of bed-loads.



3.0 
. 

ADDITIONAL CONSIDERATIONS 

An alternate method of using the profile data at fixed grid points is 
suggested by Figure 5. A profile is taken at some time t and is denoted as the '_ 

first profile, a second profile is taken at time (t+ (St), a third profile is taken at 

time (t+2 St) and so on to the jth profile at time [t+,(j-l)'<St) . The number of 
profiles required for one complete cycle for G5 is V ' 

<1-um = T. 9'1" 

where»: 
I 

l T*. - i the time required for one complete. bed-form to pass
I 

a fixed point on the bed 

For each pair of profiles thus formed (i.e. first and second, first and third . 
.

. 

firs-t and jth), a value of CS from Equation 3 can be computed and plotted versus 
the corresponding waiting time since the first profile was taken (i.e.- Gt, 25f 

.....(j-I) (st). The variation of CS with waiting time which is shown in Figure 5 can 
thus be obtained experimentally. The time averaged bed-load transport is then 

simply the average "value. for G3 from a plotted temporal transport distribution 
gsirnilar to that in Figure 6 for a given bed—form shape. This average bed-load may 
be expressed as 

I 

' 

' I 
I 

'

I 

. . .__g _'_ ax Xesw 
' 

;c.sfuéN1rm‘r % 
5' 

G.=v.<I—v> 
so 

QVGFGQO
_ 

3.l Examination of Actual Data 

The effectiveness of using the method of elevation differences at fixed 
points was considered by examining data obtained in a sediment flume from tests 
conducted by Engel (I977). The data are shown in Table I. In order to use 

Equation (5),Asuccessive profiles have to be geometrically preserved at least in the 
average sense so that they can be superimposed (i.e. l&2, |&3, l&li, etc.). To 
examine whether thiscondition can be met, the cross-correlation coefficient 

between the pairs of profiles for different length of time Gt apart were computed 
and compared. The correlations were performed for different values of spatial lag 

until the highest correlation was found. This maximum value of r ('r='correlatio,n. 
coefficient) occurred when the jth profile had been matched with the lst profile 

. 

7.1"‘-



which is tantamount to returning’ the profile to its original position. The 
magnitude of the correlation coefficient would then depend on the amount of 

distortion the .bed-forms had undergone during their movement downstream over 
the length of time fit. . In other words, if the bed-forms remained completely 
intact then r'=l', whereas if the‘ profileslwere random then r=O. Obviously, the 
success. of Equation 5 willdepend on high val_ues of r.” The maximum correlation 
coefficients for the different pairs of profilesfor four different flow conditions 
(i.e. runs) are given in Tables 2, 3_, 4 and 5. - 

_. 

b 

l. 

‘ 

_ 
The correlation coefficients are plotted in Figures 7(a), (b), (c) and (d) 

versus elapsed‘ time since the beginning of the run. It can be-seen in every case 
that the correlation between pairs of profiles decreases as the length of time 
between taking profiles increases. This reflects the fact that because of loca_l 

turbulence in the flow near the bed, the profiles become distorted and this 
becomes worse with time. Ultimately, there is virtually no resemblance to the 
original forms as indicated by the very low correlations. The implication of this is 
that the-time T* required for one bed-form to pass completely is too large for the 
profileslto maintain sufficient similarity-to compute bedload with Equation 5.



4.0 _' ALTERNATE USE OF RIVERBED PROFILE DATA 
.Alt_hough the method of elevation differences at fixed grid points is. 

not feasible, the profile data can be used to compute bed-load. The time variant 
problem is overcome by considering the transport due to the movement _of an‘ 

average bed-form. This requires the computation of some suitable bed-form 
height and bed-form speed. It is suggested that the characteristic bed-form be 
taken as the average departure E about the mean bed level. Although E is not 
partic—ula'rl'y useful as a descriptive parameter, it is very convenient for direct 
computer processinglof the profile data. The bed-load is then computed from 

.Gs"' Kell'l’-)Ys eluw 
. 

‘ - 
V 

""1-6 

where K6 = a coefficient 

Uw = bed-form speed 
A

V 

E = average departure about_ mean bed level. - 

The drawback to this method is that a coefficient is required which varies with 
.flow conditions.’ Engel (I977) conducted some tests using Equation l2 over a 

T I 

narrow range of flow conditions and found that errors in computing bed-load 
-' varied between +49% and -33% with an overall average absolute error of 24% for 
eleven separate tests. However, this doesn't mean that the method of profiling 
cannot be used. Determination of bed-load using available formulaeyields errors 
which are often greater than those given above, Engel (I977). It simply means 
that morelwork is required in defining the coefficient Ks.

'
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5.l 

5.2 

CONCLUSIONS 
Bed-load cannot be computedidirectly from elevation differences of 
pairs of profiles taken a time apart which is short enough to maintain 
geometric similarity between the pairs of profiles because the 

calculated. rate of transport varies ‘with the waiting time between 
surveys. 

The method of elevation‘ differences cannot be used to compute bed- 
load by using time averaged transport because profiles do not maintain 

' 

. sufficient geometric similarity over the length of time required for 
one complete bed-form to pass. 

The only direct application of bed profile data at the present time for 
computing bed—load is through the use of bed-form speed and some 

i 

suitable average effective bed-form height. -

:



6;0 * 

‘ 

FUTURE RESEARCH 
Direct survey methods lfor bed—load remain unsatisfactory. The 

' 

application of" available formulae to riverslcontains unknown errors. Suitable field 
sites where total [accumulations can be measured should be systematically 
surveyed and compared with dynamic sediment transport models such as developed 
by‘Krishnappan (I976). ' '

A
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" TABLE!- EX:PERlMENTAL DATA FROM ENCEL (I977) 

R53 DEPTH, h SLOPE, 5 WATER DISCHARGE, 0 BED-LOAD, cs . DEPARTURE E 
' DUNE SPEED, uw'

‘ 

. m m /s Kg/m/s m m/S
V 

- 3 .167 .00237 .175 .0134 .0191 V.00O845
I 

8 
I 

A .142 .00196 .160 .0155 * .0207 .000733, 

6 13 ._ .127 .00206 .121 .0128 .0147 .OO0675 

15 - 

_ 

.136 .00231 ' }138 .0116 __ 
.0179 

-' '.000909



TABLE 2 _. COR4REL_AT|ON C(§l§_FF|C[,ENTS FOR 
~ -PAIRS OF. PROFILES OF RUN #3

' 

(ENGEL, "I 977) 

..MA.X.‘CORRELATlOI§l V’ VT.lME(sec.) 

|and2 0.8422lr70663 
‘' 

3o4;o 

|and3 
_ 

f ‘ 

0.76549206l7 U "some 

‘ 

o.7327,883259 
' 

39.9.0’, 

lcInd5 
‘ 

’0.26Il.5730l6 ?~12oo.o 

. 

‘ #lvond6 ~ 

V 

o.4824o17oi3 l496.0 

|Vand7 '- 
.. ’0.I783lH9359 ~ 

-. 1795.0



TABLE 3 CORRELATION COEFFICIENT FOR 
_ 

I PAIRS OF PROFILES OF RUN #8
A 

" " (ENGEL, I977) 
”

. 

I 

' PROFILE MAX. CORRELATION I TIME (secg) 
V 

.O.92|9675908 I and 2 . 299.0
V 

_l cI_nd_3 0.7I87708857 503.0
" 

I_and'zI 05228994986 899.0 

. 

__ N 
I and 5 O.366|-39lI73| 

’ 

I202,.0 

" 
. I cInd6 0.2I90865|2| I.507.0

‘ 

"v I 

I and 7 I 

I 

0.039lI2882Ol I;3’05.0



TABLE 4 CoRRE_1_AT_101§1 

_' PAIRS OF PRVOFlbLES OF RUN #13 
(ENGEL, 1977)

V 

1 PROFILE MAX. CORRELAT-ION JTIMEA‘ 1,555.’) 

.1 ar'1d:2 05523234328 233.0 

1 and 3 
- 0.7394585777 

_ 

471.0 

4 

1 and 4 0.5500155359 1709.0
3 

1 and 5 053229211272 
‘ 

1 

951.0 

1' and 57 0.340557715z1 1 193.0 

1 and 05095211773 
1 
1428.0 

1 0nd 8‘ 1572.0



TABLE 5 CORRELATION COEEFICIENTS FOR 
PAIRS OF- PROFILES OF RUN #I5_ 

(ENGEL; I977) 

PROFILE ‘MAX. CORRELATION TIME Gee.) 

I and 2 0.8|lI90800lIlI 240.0 

I and 3 .O.69I6736320 lI.8O.OO 

_l and 4 o.53so7o5957. 
A 

723.0 

I and 5 _o.Io2zI7o97Io 954.0 

I 
and’ 6 0.3'l3l629952 I 

l20_l.0' 

I and 7. 7 o.2895o795oo _|_44'1{.0 

I and8 0.336|63_60l5 I 1679.0
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