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SUMMRY 

Analytical considerations and experimental tests were used 
to examine the hydraulic efficiency of the HSC Basket Type Sampler. 
It was observed that the hydraulic efficiency was dependent only on 
the volume of sediment in the sampler. The effects of loss of 
hydraulic efficiency on the bed load sampler were found to be more 
significant at higher transport rates, It was also found that if the 
sampling time, for a given flow condition is properly chosen, then the 
NSC Sampler is a suitable instrument for measurement of coarse bed 
load. 

1 I RESUME 

. Des considérations analytiques et des essais 
’ \ expérimentaux ont servi 5 examiner l'efficacite hydraulique 

de l'échantillonneur de type panier de la Direction des relevés 
hydrologiques. On a remarqué que l'efficacité hydraulique 
dépendait seulement du volume de sédiment contenu dans 
l‘échantillonneur. On a montré que les effets de perte 
d'efficacité hydraulique sur l'échantillonneur de charriage 
de fond étaient plus significatifs pour des taux de transport 
plus élevés, On a également montré que si le moment de 
1'échanti1lonnage, pour un écoulement donné, est choisi

_ 

adéquatement, l'échanti1lonneur de la Direction des relevés 
hydrologiques est un instrument adéquat pour la mesure du 
charriage sur le fond des particules grossiéres.

i



MANAGEMENT PERSPECTIVE 

Data of bed material transport collected using samplers do 

not provide the true sediment transport rate. A correction factor, 

which can only be obtained by calibration, has to be applied in order 

to obtain the true transport rate. 
_-

. 

This report provides the information on the correction 

factor and can act as a guide for the use of the NSC Basket Iype 

Sample. The report should be useful to Sediment Survey and all who 

plan to conduct bed load sampling. 

Chief 
Hydraulics Division 

PERSPECTIVE-GESTION

I 
Des données sur le transport des materiaux 

de fond; 

recueillies 5 l‘aide d‘échantillonneurs ne 
permettent pas d'obtenir 

le véritable taux de transport de 
sédiment; un facteur de correction, 

qui ne peut étre obtenu que par calibration, 
doit étre applique aux 

données. 

Le présent rapport donne des renseiqnements 
sur ce facteur 

de correction et peut servir de guide 
pour 1'utilisation de 

l'échantill0nneur de type panier de la Direction 
des relevés 

hydrologiques. Ce rapport devrait étre utile 5 la 
division de 

l'étude des sédiments et 3 tous ceux qui 
prévoient réaliser 

l'échantillonnage du charriage de fond. 

Chef 
Division de l'hydraulique
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1.0 INTRODUCTION 

Basket type bed load samplers are used by the Hater Survey 
of Canada (NSC) and other agencies to measure the rate of transport of 
bed material in gravel bed streams. The rate of bedload transport is 

obtained from samples taken at selected points in a given cross 
section. Measuring the weight of the trapped sediment and knowing the 
duration of sampling, the.specific bedload discharge per unit width of 
bed at each sampling point ‘is determined. Standard procedures are 
then used to obtain the average bedload discharge for the entire cross 
section from the sampled points. 

The difficulty in the use of samplers arises from the fact 
that they trap less than the amount of material that would pass had 
the sampler not been there. The basic problem is that the flow 
passing through the sampler is subject to hydraulic losses and these 
increase as the sampler fills up. This is further complicated by the 
fact that the presence of the sampler on the stream bed alters the 
flow patterns and bedload ovement in its vicinity. As a result, 
samplers must be calibrated. to determine their trapping efficiency 
under the different conditions that affect them. 

In this report, the hydraulic efficiency of the basket type 
bedload sampler is examined and compared with its sampling character- 
istics. The work is being done as part of a sampler evaluation in 
support of the Hater Survey of Canada and is part of the research work 
of the Hydraulics Division at the National Hater Research Institute in 
Burlington. 

2.0 ANALYTICAL CONSIDERATIONS 

Fundamental to the behaviour of any bedload sampler is its 
hydraulic efficiency. This is defined by Hubbel (1964) as 

<15 
7 H, 
EH = X 100%
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in which EH = hydraulic efficiency in percent, Us = average 

velocity of the flow through the entrance of the sampler, and U0 = 

the average velocity through the same area had the sampler not been 

there. The NSC basket sampler is basically a rectangular‘ cage 
composed of a frame covered with wire screen, having one entire side 

open which serves as the intake. The basket is suitably mounted on a 

tubular frame as shown in Figure 1; One can expect that such a 

rectangular configuration must have a hydraulic efficiency less than 
100% even when no sediment has yet entered. As the bed material is 

carried into the sampler, the hydraulic resistance to the flow 
increases which would be reflected by a decrease in the entrance 
velocity US. _ 

In general, for a two-dimensional, uniform and tranquil flow 

Us can be expressed as 

Us 
=> f1[Uo ha pa pss us 9, Lao Lba LC D509‘/D] 

in which f denotes a function, h = average depth of the flow, p = 

density of the fluid, ps = density of the sediment, p = viscosity of 
the fluid, g = acceleration due to gravity, La = height of sampler, 

Lb = length of the sampler, LC = width of the .sampler, D50 = 

median diameter of the bed material and VD = volume of the bed 

material in the sampler including the voids. Dimensional analysis 
yields the relationship 

U U P U L L D50 V 
_s_ = f2[h ’ 

oho’ s 
’ EL‘, 

b 
, 

c 
’ ’ MQ“3] (3) 

U0 La u 0 /gh La’, La La La 

As long as h is large enough to avoid significant distortion of the 
flow around the sampler, the effects of h/La should be shall and 

thus this term may be deleted. For gravel bed streams, the effect of
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viscosity will also be negligible and hence the Reynolds number Uohp/p 

may also be dropped from Equation 3. Since one is only concerned with 

grave] and water, the specific gravity 95/O Won't vary significantly 

and hence need not be considered as an independent parameter. The NSC 

sampler has length dimensions in fixed proportions and therefore the 

ratios L¢/La and Lb/La are always~ constant and may be dropped 

from Equation 3. Finally, after some rearranging to change VD/Laa 

into the more meaningful parameter VD/LaLbLc, one obtains the 

hydraulic efficiency in the reduced form of 

_,U D50 V sH=f3[l.e--.-"1 <4) 

/gh La Vt 

in which Vt = the total volume. of the sampler given by Vt = 

LaLbLc. 
In a previous study it was found by Engel (1982) that the 

sampler catch VD/Vt was only slightly dependent on the value of 

D50/La as shown in Figure 2. Therefore, the parameter D50/La in 

Equation 4 is redundant, as it is already accounted for by the 

presence of VD/Vt. Consequently, Equation 4 may be reduced to 

U V 
EH = n.[_‘i .-91 <5) 

/gh Vt 

Experiments were conducted to examine the relationship 

between EH and the two independent variables in Equation 5.
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3.0 EXPERIHEHTAL EQUIPMENT AND PROCEDURE 

The experiments were conducted in a tilting flume, rectangu- 

lariin cross-section, 1 metre wide, having glass walls 75 cm high and 

an overall length of about 20 metres. The flume could be tilted up to 

a slope of 5%. Flow velocity was measured using a pitot tube with a 

Validyne differential pressure transducer. The granular material used 

was a gravel with a near uniform grain size distribution for which the 

mediam diameter was equal to 4.8 mm. The bed of the flume was covered 
with a rigid plane bed having a surface composed of the same gravel 

used for the tests. This ensured that velocity profiles for the flow 

approaching the intake vmuld be representative for the test gravel 

used. A bed area equal to the plan size of the sampler, and 

symmetrical about the centre-line of the flume, was marked on the 

gravel bed using white paint. This ensured that the sampler~ was 

always positioned in the same location during the experiments. The 

dimensions of the samplers are given in Figure 3. Velocities were 

always measured on a 'line running along the leading edge at the 

entrance of the sampler, perpendicular to the flow, at three locations 
as shown in Figure 3. The average of these velocities was used to 

compute US. Values of U0 were obtained in the same way, but with 

the sampler removed to obtain the actual velocity that would occur in 

the sampler section, had the sampler not been there. 
The experiments were divided into runs and tests. A run was 

a series of tests conducted for a given slope and depth. Each test 
represented the measurements of velocities for a specific percentage 
of volume of the sampler occupied by the test gravel (Figure 4). A 
total of five runs each consisting of seven tests were conducted for 
the present gravel. The data for these experiments are given in 

Table l.
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4.0 DATA ANALYSIS 

The data are plotted as EH as U0//gh with VD/Vt as a 

parameter in Figure 5. The plot shows that EH is independent of 

do]/Eh and therefore EH is a function of VD/Vt only, I The 

variation of EH with VD/Vt is shown in Figure 6. Ths plot 

clearly shows that, even when the "sampler is anpty (i.e., VD/Vt = 

0), the hydraulic efficiency is less than 100%. The efficiency 
decreases as the basket fills up with the rate of change in EH 
increasing as VD/Vt increases. _ 

The above results clearly show that for a given sampler, the 
hydraulic efficiency depends only on the percentage of the sampler's 
volume occupied by the trapped material. Therefore, Equation (5) may 
be reduced to give

_ 

E =f£V°1 (6) 5'9; 

5.0 CHANGES IN HYDRAULIC EFFICIENCY DURING SAMPLING 

It was shown by Engel (1982) that the sampler catch should 
be expressed as 

vn t,u,, 0,-,0 pU*2 T=f5[T’|_—"_E"] (7) 
t b a Ys 5° 

where t, = sampling time, U, = shear velocity, Lb = length 
of the sampler basket, p = fluid density, vs = submerged weight of 
sediment. Although the ratio VD/Vt is related to the hydraulic 
efficiency by Equation (6), the trapped percentage volume VD/Vt in 
Equation (7) is not an instantaneous value, but rather the amount
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trapped over the time t*. As a result, as t* increases, 

VD/Vt increases with the resultant decrease in hydraulic 

efficiency in accordance with the EH vs VD/vt curve in Figure 6- 

This ichange in hydraulic efficiency during the sampling time; t* 

may be written as 

where EH0 = hydraulic efficiency for a given flow condition when the 

sampler is enpty. (i.e., VD/Vt = 0). In order to determine the 

change, that is, the reduction of the hydraulic efficiency with 

sampling time, data for three different flow conditions, from Gibbs 

(1973) were used. These data, together with computed values of AEH 

are given in Table 2. _ 

The data were plotted as AEH vs t*U*/Lb with 

pu*2/vSD5o and D50/La as parameters in Figure 7.”' Values of 

D50/La varied only slightly for these flow conditions, and as shown 

in Figure 7, will have only a small effect on AEH. The plot clearly 

shows that for a given value of t*U*/Lb, the loss in the hydraulic 

efficiency increases as pU*2/YsD5Q (transport rate) increases. 

Also, for a given flow condition, the rate of loss in hydraulic 

efficiency as t*U*/Lb increases is greater for flows with 

higher values of sediment mobility number pU*2/YSD5g. This is 

because the sampler is filling at a faster rate. It is also 

interesting to note that for the values of t*U*/Lb required 

to obtain a satisfactory sample, values of AEH are less than 10%. 

This means that the hydraulic efficiency for the sampling sequences 

from Gibbs (1973), varied only from the maximwm of 90% (i.e., empty 

sampler) to about 80%, with the latter representing a maximum relative 

catch of VD/Vt = 0.3. Clearly, for most sampling applications, if 

values of t*U*/Lb are carefully chosen, then the hydraulic 

efficiency of the basket sampler can be kept quite high. Aflternately, 

for longer sampling times (larger values of t*U*/Lb),
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hydraulic -losses will increase, wnth the likelihood of‘ increased 
uncertainty in the sample quality. As shown in Figure 6, when 

VD/Vt 60% then EH 60% which means a loss in hydraulic 
efficiency of 30%. Therefore it is important to select the smallest 
possible value of t*U*/Lb for a given flow condition and 

sample size. 

6.0 CONCLUSIONS 

1. Analytical considerations and experimental results have shown that 
the hydraulic efficiency of the basket sampler depends only on 

the volume of material in the sampler. 
2. It is recommended that the relative volume of‘ sediment in the 

sampler VD/Vt should never exceed 60%. 
3. For a given sampling time the loss in hydraulic efficiency 

increases as transport rate increases. 
4. For a given flow condition, the rate of loss in hydraulic 

efficiency, as sampling time increases, is greater when transport 
rates are high than when transport rates are low. 

5. Reductions of hydraulic efficiency have a greater affect on the 
sampling efficiency at high transport rates than at low transport 
rates. 

6. For most applications the w.s.c. Basket Sampler is a suitable 
instrument to measure bedload. 
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TABLE 1 

ExBerimenta1 Data 

U0 
cms/s 

Us 
cm/s 

EH
Z 

vs/vt uo/J 

43.99 

53.06 

59.64 

64.35 

71.04 

39.93 
38.70 
36.14 
33.88 
33.93 
31.44 
32.17 

47.65 
46.85 
44.55 
43.03 
39.30 
36.46 
30.49 

53.72 
52.71 
49.36 
46.77 
43.18 

57.94 
55.67 
53.52 
50.91 
44.95 
42.99 
37.41 

60.54 
62.21 
57.54 
53.78 
50.74 
45.43 
37.96 

90.8 
88.0 
82.2 
77.2 
77.1 
71.5 
73.1 

89.8 
88.3 
84.0 
81.1 
74.1 
68.7 
57.5 

90.1 
88.4 
82.8 
78.4 
72.4 

90.0 
86.5 
83.2 
79.1 
69.9 
66.8 
58.1 

85.2 
87.6 
81.0 
75.7 
71.4 
64.0 
53.4

0 
0.10 
0.21 
0.32 
0.425 
0.53 
0.64

0 
0.10 
0.21 
0.32 
0.425 
0.53 
0.64

0 
0.10 
0.21 
0.32 
0.425

0 
.10 
.21 
.32 
.425 
.53 
.64

0 
0.10 
0.21 
0.32 
.425 
.53 
.64 

0.33 

0.40 

0.45 

0.51 

0.54



D50 
um

h 

cm
S 

TABLE 2 

Experimenta1 Results fFQ@i§ibbS_(1973) 

U* 
cm/s 

tt
s

V
S 

Vt % 

D E 
t*U* 

Lb

2 nu. 

YSD50 

D50 

La 

5.3 
5.3 
5.3 
4.3 
4.3 
4.3 
4.3 
4.2 
4.2 

5.3 
5.3 
5.3 
4.3 
4.3 
4.3 
4.2 
4.2 
4.2 

18 
18 
18 
18 
18 
18 
17 
17 

17 

18 
18 
18. 
18 
18 
18 
17 
17 
17 

.0

0
0
0
O
0
0
0
0

0
0
0
0
0
0
0
0
0 

0 
0 
0
0
7 

0 
0
0
0

0
0
0 
0. 

0.

0 
0 
0
0 

0046 
0046 
0046 
0029 
.0029 
0029 
0050 
0050 
0050 

0046 
0046 
0046 
0029 
0029 
0029 
0050 
0050 
0050 

9.0 
9.0 
9.0 
7.2 
7.2 
7.2 
9.1 
9.1 
9.1 

9.0 
9.0 
9.0 
7.2 
7.2 
7.2 
9.1 
9.1 
9.1 

30 
45 
60 
60 

120 
180 

0Jl'\)l-I 

@@© 

30 

45 
60 
60 
120 
180 

(.0l\$l-' 

CJQC 

0.164 
0.244 
0.296 
0.083 
0.166 
0.202 
0.121 
0.204 
0.274 

0.165 
0.248 
0.346 
0.080 
0.165 
0.234 
0.130 
0.216 
0.305 

17.7 
26.6 
35.5 
28.4 
56.8 
85.3 
6. 

12.0 
18.0 

17.7 
26.6 
35.5 
28.4 
56.8 
85.3 
6.0 
12.0 
18.0 

0.095 
0.095 
0.095 
0.074 
0.074 
0.074 
0.123 
0.123 
0.123 

0.095 
0.095 
0.095 
0.074 
0.074 
0.074 
0.123 
0.123 
0.123 

0.106 
0.106 
0.106 
0.086 
0.086 
0.086 
0.084 
0.084 
0.084 

0.106 
0.106 
0.106 
0.086 
0.086 
0.086 
0.084 
0.084 
0.084
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FIGURE 1. W.S.C. BASKET SAMPLER 
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Figure 3 Location of Veloc|ty Measurements 
at Sampler Intake 
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