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1.0 INTRODUCTION

The Hydrographic Method to compute bed load uses spatial and .
temporal data of migrating dunes. The development. and preliminary tests of the
equations have been reported by Engel, Wiebe (1979) and Engel, Lau (1979). The
method was compared with limited flume data and showed good agreement. In
order to further test the Hydrographic Method, Water Survey of Canada
(Campbell, 1978) has requested that additional flume experiments be made. In
particular, it was requested to conduct tests (a) with flow conditions for which
the Froude number is in the range of 0.1 to 0.25 and (b) using different grain
sizes fepresentative of the bed material of the lower Fraser River in British
Columbia. ’

In this report, the extent to wh1ch such an expenmental program can
" be usefully taken is exammed and a testmg plan is presented. The work is part
of the Environmental Hydraulics program at the National Water Research
Institute identified as Study No, H79-012, |




2.0 - ANALYTICAL CONSIDERATIONS

When considering a two-dimensional, normal, tranquil (Froude number
<1), open-channel flow, with no -external sources of -sediment, the
parameters dependent on the two-phase flow (sediment-water) can be expressed

by seven independent variables (Yalin, 1977). In order to conduct flume tests for

the Hydrographic Method which aré representative of the conditions likely to be
encountered on the lower Fraser River, one must be able to model: (a) the rate
of bed load transport 9 the dune speed Uw and the dune length A as the prime

dependent variables. These three dependent variables can be expressed in terms
 of the seven independent variables by the functional relationships:

qs = fg [V*, h, p, u, D50‘§ pss Ys ] (1)
. UW = wa[ Vi hy p’vur D509 psv Ys] ‘ 2
A = fA [V*, h, p’ H, Djo, Ds, .Ys ] (3)

where: qs:volumetric bed load discharge per unit width including the voids,
U, ~dune speed, A=dune length (crest to crest), f denotes a function, V,=shear
velocity (V,=/ghS, g=gravitational acceleration, S=water surface slope in
uniform flow), h=depth of flow, p=density of water, u=viscosity of water,
Dsoﬁmedian grain sizg, ps;density of sediment, v s:submerged unit weight of the
sediment.

From dimensional analysis one obtains

t ;:i; = fs [x, Y, z,w] "‘ (#) ’
\7% ‘= £ [x, Y, z,w] (5
: D‘A‘ =t [x, Y, Z, w] | (6)

.\
. O

where: X=V*Dsop/ u, Y=pV*2/}sD5O, 'Z=h/D50, W=ps/pq For sediment transport
(i.e. sand-water) W~constant and its effect is negligible and thus W may be
. ignored. For bed load, since it travels in the vicinity of the bed, Z is not an
- important parameter and if X is large enough to make viscosity effects:
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‘negligible, then bed-load transport qq depends only on Y. In the case of A/DSO
and consequently U.W/V* (since U= Nt,, t,=time for one dune to pass a given
point), it has been shown that when X240, A/DsgzZHh/Dm'zZWZ (Yalin, 1977).
Therefore; to model A and consequently Uw’ one ust be able to model Y and Z.
These conditions can be expressed by

l qs ] | '
A g
U |
-‘}";- = 'f,':,w[v, z] (8)
_ 3 X>40
ot - 4 [v, z] )

Therefore, for the experiments to test the Hydrographic Method, in order to have
conditions similar to those of the lower Fraser River, oné must have similitude
for Y and Z. This can be expressed as - '

A, =1 (10)
and

AZ = .l » (11)

where A denotes the model to prototype ratio of the given parameters Y and Z.
Equations 10 and 11 specify the relationships '

hm Sm “= hp Sp ( 1:«2«)
‘ Ysm DS.Dm _ Ysp D50p
and
h
lj50_m .90 _ ,

where subscripts m and P denote model and pr'ototyp,e respectively,

By rearranging, one obtains the equations in terms of scale ratios as
ths

"ls'l

- =1 (14)
D50_ ‘ ‘
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and
A

i =1 L (15)
Toss ,- - |

In cdnsidering the conditi’on of equation 14, if 'S:;nd is used as the test material,
then Y s is the same for the flume and river and )‘Y =1. Using X —l one must
have 1 A /A
flume by ad]ustmg the water surface slope (ie. steeper slope in the model and in

D50'l‘ On the one hand, this condmon can be readlly met in the

river). On the other hand, the condition in equation 15, clearly cannot be
satisfied when the prototype (river bed) material is of small grain size since hm
<<hp and DSO D5Op In other words, the grain size in the fIUm.e cannot be
sufficiently :educed' to be compatible with )"'h‘ Apart from this difficulty in
using fine material, there would be mechanical problems in that cohesional
forces become significant which would rendér the results to be unrepresentative
“of the prototype where cohesion is negligiblé. In addition, the very small g”r'aih
size would result in values of X=V,Ds,0/u in the flume which are so small as to
place the sand waves from dune into the ripple regime. Therefore, since both
conditions given by Xy:l and Xz=l cannot be met, we cannot model the river
conditions exactly. This condition cannot be improved by using materials lighter
than sand. For such materials, it can be shown that D5Om>D50p and this will not
remedy the problem imposed by the ¢onstraint A z;l, and cqnsequent_ly A A=’1.

The implications of the above analysis are that the conditions for the
tests set out by the Water Survey of Canada cannot be met. This_ can also be
graphically demonstrated as follows. | o |

From dimensional analysis it can be shown that

. /WTT e [x, Y, 2, w] (16)
Ygh L
Once again, for sand and large enough values of X to eliminate viscous effects,

and taking account of only those flows for which there is sediment motxon,
equation 16 can be reduced to

u Y . A -
7/gh Yer | o
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where: 'Y cr is the critical value of Y and can be obtained from the theld'
curve. The parameter U// gh is the Froude number of the flow. Equatxon 17 is
plotted as UV gh versus Z with Y/Y__ as a parameter in Figure 1 using data from
Williams (1970) and Engel (1977). The plots give a family of curves, each curve
revealing a decrease in Froude number as h/Djo increases for a given value of
-Y/Ycr' The curves are for values of Y/ Y. Up to 5, but values of Y/ Y ¢ for the
Fraser River areé of the order of 30. It becomes clear from Fxgure 1 that
conditions of Y/Y ~30 and F~,25 will be in a range of Z>>300 and thls cannot
be achxeved in the lab. .

The above results indicate that in order to test the Hydrographlc
Method for flows with a Froude number from 0.1 to 0. 25, measurements must be
conducted in the field. This may be possible once reliable calibrations for bed
load samplers have been produced. However, this does not mean that meaningful
tests cannot be conducted in the flume. A proposed work plan for such tests is

given in the next section.




3.0 - WORK PLAN FOR FLUME TESTS

The existing- data used by Engel Wiebe (1979) and Engel Lau (1979)
to test the Hydrographic Method is given in Tables 1 and 2. The data shows ten

runs with basically two average values of h/D5O" namely 145 and 122. All the

data were obtained with sand for one grain size specified by Djo?‘l'l mm. The

range of Y/Yc ¢ Was from 1.85 to 5.74. Values of h/D50 can be increased by

increasing depth of flow and reducing the grain size. Values of Y/Ycr can be

increased apart from increasing depth and reducing grain size by increasing the
water surface slope (uniform flow). The suggested work plan indicating a
minimum of 16 tests is shown in Table 3. More tests can be done depending on
the assessment of results from these tests. '
) Although the conditions in the flume are not representative of large
river conditions, the tests should indicate what one might expect from the
Hydrographic Method as a survey tool. The above objectives can be most
conveniently achieved by using a single depth of flow. This will make it possible
to. attribute any changes in dependent variables for a change in hlbjo to the
change in the grain size D5O’ The depth of 20 cm was chosen to maximize the
effective working length of the flume. It is known that, when V,D op/u> 40,
A=27h. Therefore, by choosing a small depth, a shorter value of dune length A is
obtained, thereby increasing the number of dunes in the working section. This
consideration is advantageous from a statistical point of vxew.

The methodology used in these tests will be the same as descrlbed by
Engel (1977). The total length of time for the tests will average out to about one
test/week, for a total of 16 weeks. Further testing requirements can then be
assessed after the data from the proposed tests has been analyzed.
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CONCLUSIONS AND RECOMMENDATIONS

Conditions of bed lbad -transport for flows with a Froude number. of
0.1 to 0.25 cannot be achieved in the laboratory flumes at NWRI.

Since it is impossible to simulate the river conditions exactly, the

test schedule is designed to achieve the following objectives:

a) To assess how the accuracy of the Hydrographic Method might
vary with Y/ Y., for a given grain size, |

b) To see how the method is affected when part of the sediment

~ load travels as suspended load as Y-/Ycr becomes larger, up to

maximum attainable. 7

c) To attempt to establish a relationship between number of
profiles taken and accuracy of computing the bed load, as a
function of Y/Ycr for a given value of h/DSO'

d)  To see if the accuracy of the method is dependent on h/DSO'

The flume tests must be complemented by field tests: The proposed
flume tests will be of great help in planning the field tests,
particularly regardirig the probable number of profiles required for a
particular traverse in the river section.

Field tests should be planned after the flume tests, and as soon as

 reliable sampler calibration curves are produced.
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EXPERIMENTAL DATA (ENGEL, 1977)

TABLE 1
Run ‘Depth Slope q U
, : 2 .
: m : m-/s m/s
11 .1606 .00184 .0875 545
3 .1665 .00237 .0875 .526
14 . 1498 .00171 .0750 ~.501
5 1544 .00227 .0855 .554
6 .l664 .00313 .1015 .610
7 .1626 .00103 .0820 .504
8 L1417 .00196 .0800 .565
13 .1270 .00206 .0605 476
i .1287 .00208 .0620 482
5 .1358 .00231 .0690 .508
TABLE 2 DIMENSIONLESS PARAMETERS
,|Run u/igh Y/Y h/Ds,
1 434 3.25 146
3 412 4.35 151
4 413 2.82 136
5 450 3.86 140
6 477 5.74 151
7 .399 1.85 148
3 479 3.06 129
13 427 2.88 116
e 429 2.95 117
15 440 3.46 124
D50=lol mm )
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TABLE 3 PROPOSED TESTS OF HYDROGRAPHIC METHOD

OCTOBER|

WORK PLAN FOR FLUME TESTS
1979 |
St‘udy No. Depth of Flow h =20 cm No. of
H79-012 (oo 1oim - ' v Tests**
_ Y/Y o h/Djo Y/Y o h/D50 Y/Yd,- _,_!1/050« Y/Ycr h/1)5o
33 182 | & |18 | 5 {182 | 6 | 182 4
5 |Zls [182 [ 10 | 182 | 12 182 | max* | 182 4
5 ) c
SE b—f—
) El= v ‘
Bels|3 333 4 333 5 333 6 333 4
c AT
5 |°|® 333 | 10 333 | 12 333 |max* | 333 4

#  max dehotes rmaximum attainable Y/Y or in the flume
** one test takes about four working days to complete
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