Appendix A

Preliminary Experiments
A.1

Introduction

Three preliminary experiments (P1, P2 and P3) were conducted in order to
check if the image analysis technique is able to provide reliable results about
the grain size distribution. In these experiments the objective is to compare
the results of the image analysis with the results obtained sieving the sample.
It is very important to take into account that actually, the results cannot be
compared because they represent different grain size distributions. While the
image analysis gives a result about the areal grain size distribution, when sieving
a volumetric grain size distribution is obtained.

A.2

Experiments Summary

In all the preliminary experiments the base level was constant. The discharge
was 10 l/s in P1, and 13 l/s in P2 and P3. The average feeding rate was
280 g/min in all three experiments. The duration of the experiments was not
prearranged, the objective was to have a long enough delta (more than a metre)
for being able to take the samples.
In all three experiments 2 samples were taken, one next to the wall and
another one in the centre part of the flume. However the size of the samples
were different. In P1 the sample next to the wall was 12 cm in streamwise
direction per 11 cm in transverse direction. The sample in the centre part of
the flume was 12x18 cm. However in experiments P2 and P3 the samples next
to the wall were 24x11 cm while the ones in the centre part were 24x18 cm.
The depth of the delta was 18 cm in P1 and P2 and 16 cm in P3. Taking into
account that every sample was divided in 1 cm depth layers, the amount of
layers coincide with the depth of the delta.
In the results section, sample 1 refers to the one that is in the centre part of
the flume and sample 2 refers to the one next to the wall.
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Results

In next figures the results are presented. At the left part of the figures the
volumetric result is represented with a coloured bar while the areal one is represented with a star. The colour of the bar represents the fraction computed in
that figure, blue for fine, red for medium and yellow for coarse. On the right
hand side of the figure the comparison between both values is performed in
terms of absolute difference (areal-volumetric). In these comparisons, the volumetric value is compared with the average areal value at the top and bottom of
the volumetric one.
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Figure A.1: Preliminary experiments: 111

Figure A.2: Preliminary experiments: 112

Figure A.3: Preliminary experiments: 113
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Figure A.4: Preliminary experiments: 121

Figure A.5: Preliminary experiments: 122

Figure A.6: Preliminary experiments: 123
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Figure A.7: Preliminary experiments: 211

Figure A.8: Preliminary experiments: 212

Figure A.9: Preliminary experiments: 213
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Figure A.10: Preliminary experiments: 221

Figure A.11: Preliminary experiments: 222

Figure A.12: Preliminary experiments: 223
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Figure A.13: Preliminary experiments: 311

Figure A.14: Preliminary experiments: 312

Figure A.15: Preliminary experiments: 312
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Figure A.16: Preliminary experiments: 321

Figure A.17: Preliminary experiments: 322

Figure A.18: Preliminary experiments: 322
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Conclusions

The first conclusion is that in all the experiments the same tendency is observed,
there is a fine overestimation in the image analysis when comparing it with the
volumetric one (observe 111, 211, 311). This of course provokes a coarse underestimation (observe figures 112,212,312 and figures 113,213,313). However, the
image analysis technique is able to follow the changes observed in the volumetric
one.
It is possible to perceive the presence of a 2-3 cm armour layer in all the
samples. At the top part of the delta we found coarser layers than the ones
below. Under this armour layer the foreset of the delta is found and here there
is a clear downward coarsening. The closer to the bottom of the foreset the
coarser the grain size distribution.
Finally, comparing the samples next to the wall with the ones in the centre
part (for example figures 211,221) it is also possible to appreciate that the
samples next to the wall are coarser than the ones in the centre part of the
flume. This is due to the wall effect that provokes a parabolic front and coarser
material deposited in the lateral part.
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Experimental Set-Up
Appendices
B.1
B.1.1

Feeder calibration
Introduction

It is necessary to check that the feeder is able to keep the feeding rate and the
volume fractions of each grain size constant over time. For this purpose, the
feeder is checked and calibrated. As has been said, the sediment is extracted
using a screw that turns thanks to an engine. This engine turns at a very fast
speed so it is set to its lower velocity and then the distance between the box
and the engine (and thus the part of the screw inside the box) is modified for
reaching the desired feeding rate. The feeding rate that we seek is between 250
and 300 g/min.
Two experiments where performed. In the first one the results were not good
enough so some changes were introduced and checked another time in a second
experiment.

B.1.2

First Calibration

Methodology
The duration of the experiment was fixed to two hours. Seeking a feeding rate
between 250 and 300 g/min we knew that between 30 and 36 kg of sediment
will be necessary. It was also planned to see if the amount of sediment inside
the feeder affects the outflow so 40 kg of the trimodal sediment mixture were
prepared. That corresponds to 20 kg of fine sediment, 14 of medium and 6 of
coarse.
For filling up the feeder it is necessary to pour the sediment and this may
sort the mix so what was done was to fill the feeder and the turn it on and
while it was being emptied it was also refilled but now, as the feeder was full
the sediment did not fall and there was no risk of sorting.
Afterwards the experiment was conducted. During two hours the feeder was
releasing sediment continuously, without stop. The spin speed of the screw of
the feeder was the lowest possible. Using different buckets we took samples
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every 15 minutes so 8 in total. The first 4 samples were released maintaining
the feeder always full and since the 5th sample the feeder began to empty .
After 2 hours, when we finished the experiment there were 5.5 kg of sediment
inside the feeder that correspond approximately to 1/3 of the total capacity.
For separating each grain size, 1.4 and 2.8 mm sieves were used according to
the sediment characteristics.
Results
The results are presented in the next tables and figures.
Table B.1: Results first feeder calibration 1
Interval (min) 0-15 15-30 30-45

Fine
Medium
Coarse
Total

Fine (g)
Medium (g)
Coarse (g)
total
feed rate (g/min)
Fine fraction (-)
Medium fraction (-)
Coarse fraction (-)
relative to mean (\%)
relative to mean (\%)
relative to mean (\%)
relative to mean (\%)

2293
1555
695
4543
303
0.5
0.34
0.15
7.9
2
7.6
5.8

2423
1543
652
4618
308
0.52
0.33
0.14
14
1.2
1
7.5

2047
1338
541
3926
262
0.52
0.34
0.14
3.7
12.2
16.2
8.6

45-60
1955
1194
514
3663
244
0.53
0.33
0.14
8
21.7
20.4
14.7

Table B.2: Results first feeder calibration 2
Interval (min) 60-75 75-90 90-105 105-120

Fine
Medium
Coarse
Total

Fine (g)
Medium (g)
Coarse (g)
total
feed rate (g/min)
Fine fraction (-)
Medium fraction (-)
Coarse fraction (-)
relative to mean (\%)
relative to mean (\%)
relative to mean (\%)
relative to mean (\%)

2215
1634
717
4566
304
0.49
0.36
0.16
4.2
7.2
11
6.3

105

2131
1589
656
4376
292
0.49
0.36
0.15
0.3
4.2
1.6
1.9

2219
1539
578
4336
289
0.51
0.35
0.13
4.4
0.9
10.5
0.9

1717
1805
813
4335
289
0.4
0.42
0.19
19.2
18.4
25.9
0.9

TOTAL
17000
12197
5166
34363
286
0.49
0.35
0.15
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Table B.3: Results first feeder calibration 3
Sediment not used (g)
5514
Sediment used + sediment not used (g) 39877
Absolut error (g)
-123
Relative error (%) 0.3075
Fine
Medium
Coarse
Total

mean
mean
mean
mean

Fine standard
Medium standard
Coarse estandard
Total estandard

(g/15min)
(g/15min)
(g/15min)
(g/15min)
(g)
(g)
(g)
(g)

205
173
93
313

Feed rate mean (g/min)
Feed rate estandard deviation (g/min)

286
21
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deviation
deviation
deviation
deviation

2125
1525
646
4295
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Figure B.1: Feeding rate over time.

Figure B.2: Mass and grain size distribution over time.

Figure B.3: Relative amount of each grain size.
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Figure B.4: Fine sediment per sample over time.

Figure B.5: Medium sediment per sample over time.

Figure B.6: Coarse sediment per sample over time.
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Conclusions
The sediment used was measured in two ways, adding the weight of every sample
and subtracting the weight of the sediment in the feeder after the experiment
to the total amount of sediment used. The relative difference between these two
values was 0.3%. So no sediment was lost and the balance worked properly.
The feeder was run at the minimum possible speed and the mean (286 g/min)
proved to be in the proposed interval (250-300 g/min). However, the standard
deviation is 21 g/min and in some cases the feed rate exceeds the limits of the
interval. For some reason, between the minute 30 and the 60 (samples 3rd and
4th) it run slower than the average but it cannot be related with the amount
of sediment inside the feeder because at this time it was still full. Moreover,
in the last half an hour of experiment (samples 7th and 8th) the feeder rate is
constant and equal to the mean value.
As regards to the percentage of sediment we can see that, of course, when
the feeder runs slowly there is less sediment and this leads to a sample below the
average. However, the percentage of each kind of sediment in a sample remains
constant enough and only in the last sample it seems to be less fine sediment and
more coarse. After a visual analysis of the feeder in that moment we attribute
it to the avalanche process that can be seen when there is not enough material.
The conclusion is that it is better to maintain the feeder always full and that
it is necessary to check another time increasing the sampling rate.

B.1.3

Second Calibration

Methodology
The experiment was repeated with some slight changes. The feeder was full
during all the experiment. The feed rate was lower than in the first case. The
duration was 1 hour with time steps of 10 minutes (6 samples). However, for
this experiment the balance has been put under the bucket so we could record
the weight of the sediment in a continuous way (Figure B.7). Hence, the feed
rate has been calculated for every minute.
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Figure B.7: Second feeder calibration procedure. In this case the sediment falls
over the balance so it is possible to weight it directly.
Results
The results are presented in the next tables and figures.
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Table B.4: Results second feeder calibration 1
Interval (min)
0-10
10-20
20-30

Fine
Medium
Coarse
Total

Fine (g)
Medium (g)
Coarse (g)
total
feed rate (g/min)
Fine fraction (-)
Medium fraction (-)
Coarse fraction (-)
relative to mean (\%)
relative to mean (\%)
relative to mean (\%)
relative to mean (\%)

1146.24
784.06
312.5
2242.8
224
0.51
0.35
0.14
4.7
0.4
1
2.5

1180.7
779.65
318.39
2278.74
228
0.52
0.34
0.14
1.9
0.2
0.9
0.9

1203.88
745.98
316.49
2266.35
227
0.53
0.33
0.14
0
4.5
0.3
1.5

Table B.5: Results second feeder calibration 2
Interval (min)
30-40
40-50
50-60

Fine
Medium
Coarse
Total

Fine (g)
Medium (g)
Coarse (g)
total
feed rate (g/min)
Fine fraction (-)
Medium fraction (-)
Coarse fraction (-)
relative to mean (\%)
relative to mean (\%)
relative to mean (\%)
relative to mean (\%)

1224.88
779.56
309.78
2314.22
231
0.53
0.34
0.13
1.8
0.2
1.9
0.6

1251.39
789.76
312.78
2353.93
235
0.53
0.34
0.13
4
1.1
0.9
2.3

1213.07
807.68
324.09
2344.84
234
0.52
0.34
0.14
0.8
3.4
2.7
1.9

Table B.6: Results second feeder calibration 3
Fine mean (g/10min) 1203.36
Medium mean (g/10min)
781.12
Coarse mean (g/10min)
315.67
Total mean (g/10min) 2300.15
Fine standard
Medium standard
Coarse estandard
Total estandard

deviation
deviation
deviation
deviation

(g)
(g)
(g)
(g)

29
16
4
35

Feed rate mean (g/min)
Feed rate estandar deviation (g/min)

230.01
4
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TOTAL
7220.16
4686.69
1894.03
13800.88
0.52
0.34
0.14
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Figure B.8: Feeding rate over time.

Figure B.9: Mass and grain size distribution over time.

Figure B.10: Relative amount of each grain size.
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Figure B.11: Fine sediment per sample over time.

Figure B.12: Medium sediment per sample over time.

Figure B.13: Coarse sediment per sample over time.
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Conclusions
The standard deviations are much more smaller than in the first case. Also the
errors in percentage respect to the mean value are smaller. Every parameter
seems to be more stable than before.
However there is an increase in the feed rate before the first half an hour that
seems to affect the sediment evolution. This acceleration has an explanation.
In the minute 32 an empty bucket fall over the feeder and this may move it a
little bit so the feed rate (that is extremely sensitive to the screw position) may
has changed.

B.2

Air Bubbles

B.2.1

Introduction

In order to solve the problem an experiment is prepared. In this experiment
first we want to clearly relate the existence of air bubbles to the paint around
the sediment. Then 3 different solutions are tried. First is to pour the sediment
closer to the water level so its velocity when entering will be lower and it is
supposed to drag less air into the water. The second solution is to wet the
sediment before entering the water so it will not be possible to drag air in. The
third one is to reduce the surface tension.

B.2.2

Methodology

The experiment consisted on a battery of small experiments performed on a
test tube for trying all the solutions proposed. The first one is for relating the
air bubbles to the paint. We reproduced the conditions of previous experiments
pouring painted and unpainted sediment into the water from a distance of 15cm.
Secondly, we did the same but pouring the sediment directly into the water
with no fall distance. This was done in order to try to solve the problem just
reducing the velocity of the particles entering the flow.
The third and fourth experiment were done with the purpose of reducing
the surface tension. In the third one a common soap for washing hands (Figure
B.14) was added to the water and in the fourth dodecyl sulphate sodium salt
(Figure B.15) was used in order to reduce the surface tension. This product
was proposed by experts from the Water Management Laboratory as a good
surfactant that will act as a soap but without perfumes and other products
normally added on common soaps. The concentrations used for the soap were
2.26 g/l in the first case (Soap 1), 1.13 g/l in the second (Soap 2), 5.65 g/l (Soap
3) and 14.29 g/l in the last case (Soap 4). For the salt two tries were done one
with 0.21 g/l and the other with 2.71g/l.
The experiments are summarized in table B.7.

114

Flume experiments on sorting over a Gilbert delta

Vı́ctor Chavarrı́as

Table B.7: Conditions of air bubbles’ experiments
Sediment Humidity Paint High Additive
Fine
Coarse
Fine
Medium
Coarse
Fine
Coarse
Fine
Coarse
Fine
Coarse
Fine
Coarse
Fine
Fine
Fine
Fine
Fine
Fine
Fine
Fine
Fine
Fine
Fine
Fine
Fine
Fine

Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Wet
Wet
Wet
Wet
Wet
Wet
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry
Dry

No
No
Yes
Yes
Yes
No
No
Yes
Yes
No
No
Yes
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
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15cm
15cm
15cm
15cm
15cm
0cm
0cm
0cm
0cm
15cm
15cm
15cm
15cm
0cm
0cm
15cm
15cm
15cm
15cm
15cm
15cm
15cm
15cm
15cm
15cm
15cm
15cm

Soap
Soap
Soap
Soap
Soap
Soap
Soap
Soap
Salt
Salt
Salt
Salt

1
1
2
2
3
3
4
4
1
1
2
2
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Figure B.14: Soap for reducing the air bubbles.

Figure B.15: Dodecyl sulphate sodium salt for reducing air bubbles.
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Results

As a result we present the photographs of the test tube with different conditions.
The code of the figures is: Sediment (Fine, Medium, Coarse), Humidity (Dry,
Wet), Distance (15cm, 0 cm), Additive (- , Soap 1, Soap 2, Soap 3, Soap 4, Salt
1, Salt 2).
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Figure B.16: F,D,N,15,-

Figure B.17: C,D,N,15,-

Figure B.18: F,D,Y,15,-

Figure B.19: M,D,Y,15,-

Figure B.20: C,D,Y,15,-

Figure B.21: F,D,N,0,-

Figure B.22: F,D,N,0,-

Figure B.23: C,D,N,0,118
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Figure B.24: F,D,Y,0,-

Figure B.25: F,D,Y,0,-

Figure B.26: C,D,Y,0,-

Figure B.27: F,W,N,15,-

Figure B.28: C,W,N,15,-

Figure B.29: F,W,Y,15,-

Figure B.30: C,W,Y,15,-

Figure B.31: F,W,Y,0,119
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Figure B.32: F,W,N,0,-

Figure B.33: F,D,N,15,Soap1

Figure B.34: F,D,Y,15,Soap1 (time 0)

Figure B.35: F,D,Y,15,Soap1 (20s)

Figure B.36: F,D,N,15,Soap2

Figure B.37: F,D,Y,15,Soap2

Figure B.38: F,D,N,15,Soap3

Figure B.39: F,D,N,15,Soap4
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Figure B.40: F,D,Y,15,Soap4

Figure B.41: F,D,N,15,Salt1

Figure B.42: F,D,Y,15,Salt1

Figure B.43: Salt2

B.2.4

Analysis of the Results

The first conclusion is that air bubbles attached to sediment depends on the
grain diameter. This can be seen comparing figures B.16 and B.17. In these
two pictures there are the same conditions but with different grain diameter and
the one with fine sediment (Figure B.16) has clearly more air bubbles than the
one with coarse sediment (Figure B.17).
A second statement can be done, paint also influences the attached air.
Comparing both figures B.16 and B.18 we can see the same sediment (same
grain diameter) in the same conditions. However, the one with painted sediment
(Figure B.18) has more air bubbles than the natural one. Although paint helps
to attach air bubbles to the sediment, observing figure B.20 we arrive to the
conclusion that this effect is not enough for attach air bubbles to the coarse
sediment.
As regards to the experiments where the sediment was dropped directly into
the water so the sediment entered at 0 velocity, we can confirm that it helps
to reduce air bubbles. That can be seen comparing figures B.16 and B.21 in
the case of natural sediment or B.18 and B.24 in the case of painted sediment.
However, pouring the sediment in this manner has a negative effect because
some fine sediment remains on the water surface due to surface tension.
In addition, to use wet sediment instead of pouring it dried also helps to
reduce air bubbles. This can be observed comparing figures B.16 and B.27 and
also B.18 and B.29. In the figures where sediment was previously wet (Figure
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B.27 and B.29) there are few air bubbles in comparison with the other ones.
When soap is added, first it seems that there is no effect, the amount of air
bubbles in fine painted sediment (Figure B.18) are similar to the ones in the same
sediment but with soap (Figure B.34). However, the soap makes these bubbles
instable so a few seconds later air bubbles begin to detach and float to the water
surface and the sediment remains without air (Figure B.35). This effect is does
not exist without soap. Moreover, an increasing soap concentration helps to
accelerate this phenomenon (Figure B.40) in comparison with figure B.34) but
it is required a high concentration and it may affect water properties.
Finally, the use of dodecyl sulphate sodium salt is as effective as the soap
and it requires less concentration for having the same effects.

B.2.5

Conclusion

After performing this experiment we conclude that:
• Diameter, paint, falling distance and humidity are four important factors involved in the existence and amount of air bubbles attached to the
sediment when entering to the water.
• It is possible to eliminate the air bubbles reducing the falling distance.
This can be done putting the wooden plate close to the water surface.
However, some sediment will remain in the water surface so it is necessary
to combine it with a surfactant for avoiding floating sediment.
• It is possible to solve the problem wetting the sediment before entering
the water. However, it is not possible to wet it in the box because it gets
clogged (Hendriks12). This can be solved pouring water once the sediment
is out of the box. The sediment will remain dried inside the feeder and
water poured in the wooden plate will wet it before entering the flow. This
solution requires a system that continuously pumps water to the wooden
plate.
• It is possible to solve the problem using soap. This will require high
quantities of soap and also to close the circuit for not polluting other
experiments in the laboratory.
• It is possible to solve the problem using the salt. Dried sediment and
salt can be mixed and put into the feeder box. The salt is a powder so
it will not get the feeder stuck. A local surface tension reduction will be
achieved in the zone where sediment enters the flow instead of a general
surface tension reduction in the whole flow in case the soap is used. It
will be cheaper due to the reduction of surfactant use, there is no need of
closing the system because the necessary salt in comparison with the water
discharge is negligible and the properties of the water will be less modified
so the experiment will be more realistic. Moreover there is no need of
an additional device for continuously pumping water on the wooden plate
and it is not necessary that the wooden plate is close to the water surface.
Eventually, dodecyl sodium salt is the choice for eliminating the air bubbles
attached to the sediment.
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Sediment Distributor Variants
First Version

Hendriks (2012) installed under the box a plate made of wood with screws on
in a triangular position. This wooden plate was tilted 30 ◦ .The idea is that the
sediment is poured in the centre of the upper part and when falling down is
spread in lateral direction because it hits and bounce in the screws. A 40 cm
wide per 25 cm long version of this was made (Figure B.44).

Figure B.44: First solution of the sediment distributor.
This solution was used in the first two experiments (Figure B.45). However,
it was possible to see that the objective of spread the sediment in transverse
direction was not totally achieved. In the fluvial reach just below the wooden
plate, where the sediment enters the flume, a tongue was formed in the centre
which indicates that more sediment was falling there than in the lateral parts
(Figure B.46). This creates a non-desired 2D shape.
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Figure B.45: This figure shows the feeder during experiment 1. The image is
took looking upstream . It is possible to appreciate the box, the engine and the
first solution of the wooden plate with the screws.

Figure B.46: Tongue formed where the sediment enters the flume. Flow is going
from up to down. It is possible to appreciate how the coarse sediment (yellow)
is in the more upstream part, then the medium is formed and finally uniform.
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Second Version

For solving the problems found in the first solution, a second version was
planned. We wanted to quantify how good was a solution in terms of mass
distribution in transverse direction. For this purpose a 40 cm wide (the same
than the flume width) cardboard box with seven sub-boxes was made (Figure
B.47). This box was placed under the wooden plate so it stored the sediment
that was falling out of it in its 7 sub-boxes during 5 minutes that the engine
was on (Figure B.48). After this time the box was removed and the sediment in
each sub-box was weighted for knowing the mass distribution (Figure B.49).

Figure B.47: Box for measuring the sediment distribution in transverse direction. Is made of different thicknesses cardboard and it is composed of 7
sub-boxes.
The first solution was tested with this box and it was proved that there
was more sediment falling to the centre part of than to the lateral ones (Figure
B.50).
After carefully observing the interaction between the sediment and the wooden
plate (how the sediment was hitting the screws) we arrived to the conclusion
that the crews were not enough so we thought about introducing a new concept,
small cardboard triangles that fully cover the screws pushing the sediment to
the lateral parts. This solution was created (Figure B.51) and tested (Figure
B.52). It is possible to appreciate that a better mass distribution is achieved
but it is not totally satisfactory.
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Figure B.48: Box placed in its position under the wooden plate.

Figure B.49: Full box after one run.
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Figure B.50: Mass fraction per box of the first solution of the sediment distributor. The boxes are numerated form right to left following the flow direction.

Figure B.51: Second solution of the sediment distributor.
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Figure B.52: Mass fraction per box of the second solution of the sediment distributor. The boxes are numerated form right to left following the flow direction.
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Third Version

A new version was created following the same ideas in order to improve the
results (Figure B.53). However, this time not only the mass distribution was
measured weighting the sediment in each sub-box but also the fraction of each
kind of sediment per sub-box was also measured while sieving the samples. The
results can be seen in figures B.54 and B.55. It is possible to see that, although
the mass distribution is satisfactory the grain size distribution is not. The
sediment is well distributed in transverse direction but more coarse material is
pushed to the lateral parts than fine material.

Figure B.53: Third solution of the sediment distributor.
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Figure B.54: Mass fraction per box of the third solution of the sediment distributor. The boxes are numerated form right to left following the flow direction.

Figure B.55: Grain size distribution per box of the third solution of the sediment distributor. The boxes are numerated form right to left following the flow
direction.
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Fourth Version

With the knowledge acquired in the previous solutions we arrived to the conclusion that it was necessary to introduce a new concept of sediment distributor.
With screws and triangles it was not feasible to arrive to a satisfactory solution
where both mass and sediment fractions where well distributed. The question
was that if the spaces between the triangles were narrow enough for strengthening the mass distribution, the coarse sediment was not able to pass through this
narrow openings so it was driven to the lateral parts more than the fine fraction. On the other hand, if the openings where wide enough for having a correct
fraction distribution, not enough material was driven to the lateral parts.
Viparelli performed similar experiments where sediment was introduced into
the flume so her knowledge was used for finding a proper solution to this problem. She used guiding lines for driving the sediment (Figure B.56). This idea
was copied in the fourth version of the sediment distributor but first it was
tried with cardboard instead of wood (Figure B.57). The results (Figures B.58
and B.59) show that the mass distribution is similar to the one achieved with
the first solution (Figure B.50) (so it is not good enough) but the grain size
distribution is acceptable.

Figure B.56: Guiding lines in Viparelli’s experiments. The image shows Viparelli’s solution for a proper sediment distribution in transverse direction. The
image was taken looking upstream and it is possible to see the wooden guiding
lines behind the mesh for having a turbulent flow.
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Figure B.57: Fourth solution of the sediment distributor. Made with cardboard
and hold with tape.

Figure B.58: Mass fraction per box of the fourth solution of the sediment distributor. The boxes are numerated form right to left following the flow direction.
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Figure B.59: Grain size distribution per box of the fourth solution of the sediment distributor. The boxes are numerated form right to left following the flow
direction.
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Fifth Version

The fifth version of the sediment distributor is a copy of the fourth one but
introducing new guiding lines in the bottom part (Figure B.60). The result
achieved is presented in figures B.61 and B.62. It is possible to see that the
mass has been pushed laterally but it is still not good enough but the fractions
of each kind of sediment are acceptable, it is homogeneous.

Figure B.60: Fifth solution of the sediment distributor. Made with cardboard
and hold with tape.
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Figure B.61: Mass fraction per box of the fifth solution of the sediment distributor. The boxes are numerated form right to left following the flow direction.

Figure B.62: Grain size distribution per box of the fifth solution of the sediment distributor. The boxes are numerated form right to left following the flow
direction.
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Sixth Version

This solution is based in the same concepts than the fourth and fifth but slightly
changing the position of the two large guiding of the lateral part and introducing
two more short ones in the bottom (Figure B.63). Eventually the results are
acceptable. The mass distribution is slightly higher in boxes three and four
(Figure B.64) but good enough. The grain size distribution per box (Figure
B.65) is very uniform.

Figure B.63: Sixth solution of the sediment distributor. Made with cardboard
and hold with tape.
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Figure B.64: Mass fraction per box of the sixth solution of the sediment distributor. The boxes are numerated form right to left following the flow direction.

Figure B.65: Grain size distribution per box of the sixth solution of the sediment distributor. The boxes are numerated form right to left following the flow
direction.
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Seventh Version

The seventh version is the solution that eventually is used for the other experiments. Basically is the sixth version but made with wood instead of cardboard
(Figure B.66). However, the mass (Figure B.67) and grain size distribution (Figure B.68) are measured another time because the result is strongly dependent
on small deviations. In this solution mass distribution is symmetrical although
some sediment falling to the centre part should be driven to the laterals and the
grain size distribution is as uniform as in the sixth solution.

Figure B.66: Seventh and final solution of the sediment distributor. Made with
wood.
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Figure B.67: Mass fraction per box of the seventh solution of the sediment distributor. The boxes are numerated form right to left following the flow direction.

Figure B.68: Grain size distribution per box of the seventh solution of the
sediment distributor. The boxes are numerated form right to left following the
flow direction.
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Appendix C

Validation of Forced
Centres
C.1

Introduction

The method has to be validated, what means that we have to be sure that the
centroids of a set of photographs are close enough so the result if all of them
are analysed with forced centres (the same centroid for all of them) is the same
than if they are solved with kmeans (each photograph with their own centroid).
Of course when analysed with kmeans it is important to check that there has
not been bad clustering.
For this purpose the idea is to compare the results obtained using kmeans
with the ones obtained with forced centres for a set of photographs from different experiments and sources in order to have a wide variety of situations
and conditions. There are 3 different sources: The photos Hendriks used in
his experiments (Hendriks, 2012), Orrú’s photographs used in her experiments
(Orrú et al., 2013) and the author’s photos from the first and second preliminary
experiments (Appendix A).
Each experiment has its own conditions of light and other factors that make
de centroids of each photograph to be in a slightly different position in average
than the ones from other experiments. This is a problem for using forced centres
because it is not possible anymore to use the same centres for all the experiments.
However if all the photographs of an experiment can be analysed using the same
centres (because they have the same conditions) that means that it is possible
to find these optimum centres for an experiment using kmeans in a sample of
photographs and then analyse all the photographs using forced centres.
In the next section how this comparison is done will be explained and later
on the results will be presented. At the end a conclusion will be found.

C.2

Methodology

The idea under this comparison is to analyse the same photographs using kmeans
and forced centres and then compare the results visually (watching the clustered
images) and also checking the difference in surface percentage. Visually means
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that it is possible to see the clustered images and zooming in the image the
details of the clustering can be seen. This part cannot be presented in this
report because it is subjective but all the data is stored for future inspections.
The difference in surface means that the result obtained using kmeans and forced
centres is in both cases the percentage of blue, red and yellow present in the
analysed photograph. Hence forced centres will provide a good result if the areas
are similar to the ones that kmeans provide. Of course after analyse the images
with kmeans we check that there are not empty clusters and the clustering has
been done properly.
As has been said we suppose that all the images of an experiment (same
conditions) can be analysed using forced centres with the same centres. For
finding these optimum centres kmeans is used. The set of photographs is analysed first with kmeans obtaining not only the clustered images and the surface
but also the position of the centroids. After analysing all the images we have
the centroids of all the photographs that can be plotted in a graph. Now using
the same algorithm it is possible to clusters these centroids so we are looking
for the centroid of the centroids. The results are 3 points (in a-b coordinates
in CIELAB domain) representing the mean position of the centroids of each
set of photographs. These three points (blue, red and yellow centres) are the
ones used in forced centres. One control parameter is obtained. It is possible to
calculate the sum of the distances from the centroid of each photograph to the
centroid of all of them (the centroid of the centroids). Dividing this number by
the number of photographs we obtain the mean distance between the centroid
of a single photo and the common centroid. If this number is small that means
that the centroids are near each other and the results of kmeans will be the
same than the ones with forced centres. The bigger the number the bigger the
difference in results.
Once these centres are found the images are analysed with forced centres so
3 clustered images and a percentage of blue, red and yellow are obtained. This
can be compared with kmeans results.

C.3

Results

As has been explained three different sets of photographs has been used. First
we are going to present the results of Hendriks’ photos. Afterwards the ones
from Orrú and finally the results obtained analyzing Chavarrias’ photographs.

C.3.1

Hendriks’ Photographs

Seven photographs from Hendriks’ experiments were analyzed with the method
explained before. These photographs try to be representative of all the possibilities, some of them are from the top set, some others from the bottom set and
some from the middle part of the delta so a wide variety is analyzed.
In Figure C.1 it is possible to see the positions of the centroids of the 7
photographs after being analyzed with kmeans. Some scatter is appreciable
mainly in the blue centers. Once this is done we find the centroid of the centroids
(Figure C.2) using kmeans algorithm.
This centroid of centroids is used as the input in forced centers and the
images are reanalyzed. Figure C.3 shows the difference in percentage of blue,
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Figure C.1: Centroids of Hendriks’ photographs.
red and yellow surface using both methods, kmeans and forced centers. These
same results can be observed in Table C.1 where the percentages obtained using
kmeans have been substracted to the ones obtained with forced centers.
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Figure C.2: Centroid of centroids in Hendriks’ photographs.

Table C.1: Difference using kmeans and forced centers in Hendriks’ photos.
Blue % Red % Yellow %
-0.83
0.08
0.92
1.02
0.63
-0.42
-4.37

0.57
0.07
-0.56
-0.63
-0.35
0.48
0.90
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0.26
-0.15
-0.36
-0.39
-0.28
-0.06
3.48
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Figure C.3: Difference using kmeans and forced centers in Hendriks’ photos.
The last result to be presented is the mean distance between the centroid of
each photo and the centroid of centroids (Table C.2).
Table C.2: Mean distance between the centroid of each photo and the centroid
of the centroids in Hendriks’ photos.
Blue (a-b square-units) Red (a-b square-units) Yellow (a-b square-units)
218

C.3.2

16

6

Orrú’ Photographs

There are available only three photographs from Orrú. Although is not an extensive sample the same procedure has been applied to these photos for checking
how different the centroids can be in comparison with the other two experimental conditions.
In figure C.4 it is possible to appreciate the centroids of the three Orrú’s
photographs. In Figure C.5 we can also observe the position of the centroid of
these centroids. The difference in surface percentage can be observed in Figure
C.6 and Table C.3.
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Figure C.4: Centroids of Orrú’s photographs

Figure C.5: Centroid of centroids in Orrú’s photographs
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Figure C.6: Difference using kmeans and forced centers in Orrú’s photos.

Table C.3: Difference using kmeans and forced centers in Orrú’s photos.
Blue % Red % Yellow %
-1.90
0.87
0.63

2.15
-0.64
-0.59

-0.25
-0.23
-0.04

As regards to the average distance to the centroid of centroids Table C.4
presents this result.
Table C.4: Mean distance between the centroid of each photo and the centroid
of the centroids in Orrú’s photos.
Blue (a-b square-units) Red (a-b square-units) Yellow (a-b square-units)
131

C.3.3

11

16

Chavarrias’ Photographs

In this section we are going to present the results obtained after analyze 19 photographs from Chavarrias’ experiments. Seven come from the first experiment
(v1.jpg until v7.jpg) and twelve from the second one. In these 12 photographs 6
were taken in the center part of the flume (0101˜ .jpg) and 6 are from samples
near the flume wall (0102˜ .jpg). The same idea of trying to have a sample as
much variable as possible has been also followed.
These first Figures (C.7 and C.8) present the position of the centroids of each
photograph after being analyzed with kmeans with and without the centroid of
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centroids. And afterwards the difference between kmeans and forced centers is
presented in Figure C.9 and Table C.5. We can see that two images have a
position of the yellow centroid far away from the other ones. These two outliers
correspond with two images with a lot of yellow in comparison with the other
colours. However, although the result of these two photographs is worse than
the average is acceptable and not outrageous.

Figure C.7: Centroids of Chavarrias’ photographs
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Figure C.8: Centroid of centroids in Chavarrias’ photographs

Figure C.9: Difference using kmeans and forced centers in Chavarrias’ photos.
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Table C.5: Difference using kmeans and forced centers in Chavarrias’ photos.
Blue % Red % Yellow %
-0.18
-0.24
0.57
0.73
0.64
0.51
-1.32
-0.06
0.22
0.05
0.05
0.09
4.41
-0.76
-1.74
-1.86
-1.24
0.07
2.69

-0.39
-0.18
-0.39
-0.45
-0.32
-0.34
-0.03
-0.32
-0.36
-0.20
-0.22
-0.15
1.74
0.66
1.33
1.23
0.23
-0.08
0.73
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0.57
0.42
-0.18
-0.28
-0.32
-0.17
1.35
0.38
0.14
0.15
0.17
0.06
-6.15
0.11
0.41
0.63
1.01
0.01
-3.42
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Finally it is also possible to calculate the mean distance from each photo to
the common centroid (Table C.6).
Table C.6: Mean distance between the centroid of each photo and the centroid
of the centroids in Chavarrias’ photos.
Blue (a-b square-units) Red (a-b square-units) Yellow (a-b square-units)
70

C.4

21

238

Conclusion

The average difference between the results obtained with kmeans and the ones
obtained with forced centers is 0.77%. This difference does not vary depending
on the experiment, the mean difference in Hendriks’ photos is 0.80%, in Orrú’s
photos 0.81% and 0.75% in Chavarrias’ ones. The standard deviation of this
difference is 1.06%.
Moreover, all the clustered images have been carefully observed and visually
we obtain the same result with kmeans and with forced center.
With these results it is possible to assert that the use of forced centers using
as centers the centroids obtained from a sample analyzed with kmeans, provide
a result of enough accuracy and precision.
Knowing this we consider that for analyzing and extensive number of images
is a good idea to take a sample of these amount of photographs, analyze them
with kmeans having as an output the centroids of each cluster for blue, red and
yellow sediment. Once this is done, use the same algorithm (kmeans) but applied
to the centroids instead of to the pixels so we obtain the centroid of the centroids.
Finally, use the output (3 points in a-b CIELAB domain, 6 coordinates) as an
input in forced centers algorithm for obtaining the percentage of each area.
Proceeding in this way we avoid the problems found using kmeans to an
extensive amount of photographs as regards to empty clusters, bad clustering
and time demand without losing neither accuracy nor versatility. There is no
lose in accuracy as has been proved here and neither of versatility because this
method can be applied regardless the conditions of the photographs.
Another conclusion that we extract is that a good result is obtained when the
average distance between the centroid of each photograph and the common centroid is under 240 square-units in a-b CIELAB domain with an average distance
of 81 square-units in a-b CIELAB domain. In our opinion this information is
useful because: First, after analyzing the sample of the whole experiment, with
these numbers one can realize if the use of forced centers will produce a good
result. If the distance is small that means that all the photographs have the centroids together (same light conditions) so a good result with forced centers can
be expected. Secondly this distance can substitute the check of each clustered
photograph manually and can provide a qualitative factor. When analyzing all
the photographs with forced centers some random photographs can be analyzed
with kmeans and the position of the centroids obtained and compared with the
forced ones. We can assert that the image is well clustered if the distance is
small without having to see the clustered image.
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