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Figure 1. Schematic of the flume which was used in the experiments.
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Figure 2. Position of sediment injection to the porous media.
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Table 1. The properties of experiments and the magnitudes of longitudinal dispersion coefficient from solving
of ADE equation versus the same results from temporal moments method.

Szl LB P M b Sk sl e
TR S bedel e Sk il s b el ey sl Ae s Job 13
Sl 6 RSskiS e SRS dolas o b SeoS sl o b i e
Longitudinal L]g?sgpl Ll:sil;?l Seds Longitudinal ?edimernt Media Rock Dischﬁrge
Dispersivity coefficient Longitudinal Dispersion eeri(;:llfaye length  diameter Ls)
(temporal Dispersivity coefficient p © g (cm) (cm)
(temporal (%)
moments method) S method)  (ADE method) (ADE r?ethod)
(m) (m/s) m (m°/s)
0.0551 0.0037 0.0419 0.0028 44 .4 193 3 3.49
0.1145 0.0112 0.1026 0.01 63.2 100 3 3.49
0.0705 0.0047 0.0451 0.003 54.4 193 3 2.83
0.0688 0.0055 0.0413 0.0033 74.4 100 3 2.83
0.0540 0.0034 0.0482 0.003 48.4 193 3 2.04
0.0950 0.0070 0.0410 0.003 68.2 100 3 2.04
0.0430 0.0023 0.0377 0.002 42.4 193 3 1.36
0.0868 0.0058 0.0270 0.0018 59.2 100 3 1.36
0.0844 0.0062 0.0435 0.0032 55 193 3 3.49
0.1019 0.0081 0.0467 0.0037 68.8 100 3 3.49
0.0801 0.0056 0.0471 0.0033 48 193 3 2.83
0.0841 0.0064 0.0472 0.0036 75 100 3 2.83
0.0565 0.0034 0.0419 0.0025 47.8 193 3 2.04
0.1422 0.0102 0.0560 0.004 66.2 100 3 2.04
0.0832 0.0049 0.0651 0.0038 40 193 3 1.36
0.0917 0.0056 0.0525 0.0032 56 100 3 1.36
0.1484 0.0113 0.0854 0.0065 57 193 3 3.49
0.1582 0.0137 0.1619 0.014 57.4 100 3 3.49
0.1013 0.0064 0.1113 0.007 70 193 3 2.83
0.1165 0.0091 0.0561 0.0044 75.5 100 3 2.83
0.0917 0.0055 0.0796 0.0048 50 193 3 2.04
0.1048 0.0066 0.0442 0.0028 67.5 100 3 2.04
0.0898 0.0050 0.0712 0.004 40.3 193 3 1.36
0.1039 0.0060 0.0589 0.0034 64.4 100 3 1.36
0.0716 0.0046 0.0653 0.0042 40.4 193 1.6 3.49
0.0823 0.0051 0.0512 0.0032 56.4 100 1.6 3.49

1- Sediment Recovery Percentage
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(temporal Dispersivity coefficient PEreentage .y (cm)
(temporal (%)
moments method) S method)  (ADE method) (ADE r?ethod)
(m) (ms) (m) (m’/s)
0.0744 0.0047 0.0535 0.0034 51.6 193 1.6 2.83
0.1005 0.0049 0.0308 0.0015 48.8 100 1.6 2.83
0.0958 0.0057 0.0672 0.004 46.4 193 1.6 2.04
0.1395 0.0058 0.0313 0.0013 61.2 100 1.6 2.04
0.0629 0.0027 0.0545 0.0023 61.2 193 1.6 1.36
0.1030 0.0049 0.0483 0.0023 61.2 100 1.6 1.36
0.0719 0.0045 0.0418 0.0026 49.2 193 1.6 3.49
0.2785 0.0203 0.1783 0.013 60.2 100 1.6 3.49
0.1030 0.0062 0.0547 0.0033 52.4 193 1.6 2.83
0.2940 0.0226 0.1430 0.011 48.6 100 1.6 2.83
0.1085 0.0063 0.0651 0.0038 40 193 1.6 2.04
0.2135 0.0133 0.1248 0.0078 50.8 100 1.6 2.04
0.0938 0.0044 0.0928 0.0044 40 193 1.6 1.36
0.1759 0.0088 0.0880 0.0044 49.2 100 1.6 1.36
0.0941 0.0059 0.0611 0.0038 54.8 193 1.6 3.49
0.1631 0.0117 0.1947 0.014 62 100 1.6 3.49
0.1168 0.0075 0.0622 0.004 60 193 1.6 2.83
0.1530 0.0096 0.0603 0.0038 54.4 100 1.6 2.83
0.1054 0.0055 0.0918 0.0048 40 193 1.6 2.04
0.1289 0.0076 0.0849 0.005 61.3 100 1.6 2.04
0.1115 0.0048 0.1682 0.0072 40 193 1.6 1.36
0.2419 0.0142 0.1395 0.0082 553 100 1.6 1.36
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Figure 4. The magnitude of longitudinal dispersion coefficient which were calculated from ADE equation
versus the same variable that were calculated from temporal moments method.
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Figure 5. The magnitude of observed none-dimensional longitudinal dispersion versus the magnitude of

computed none-dimensional longitudinal dispersion.
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Abstract

Background and Objectives: Applicability of rockfill dams which has been made from large rock
materials for purpose of flood detention reduces over the time because of siltation of pore system
with sediment contained basin outflow. Since some of structures which were built with large rock
materials should convey suspended sediment contained flows therefore routing process of these type
flows have been investigated. The investigation around advection and dispersion of sediments
particles through the large porous media usually is being done with breakthrough curve. This
investigation is usually common for pollutants in rivers, sewer system and fine porous media.
Previous researchers used from various techniques like numerical solving, parameter estimation and
exact solution for solving of above mentioned problems. However unfortunately any general inquiry
about suspended sediments was not accomplished yet. The exit breakthrough curves in many cases
are asymmetrical and have skewness in their falling limbs. Therefore some researchers after
collecting the series of field data have discovered it and have presented a new model named transient
storage model. Some investigators by considering Asymmetry in exit breakthrough curve have
joined first order mass transfer equation with ADE equations and have extracted exact solutions with
various primary and boundary conditions. The important criterion in this regard is to use them in
similar primary and boundary conditions. Therefore in many cases the investigators are using from
temporal and spatial moment technique according to experimental data series. By emphasis to above
mentioned criteria and as regards to this fact that any coherent research in the investigation of
behavior of suspended sediments through the large porous media were not accomplished yet
therefore in this research tried to focus on it.

Materials and Methods: In this research by creating a laboratory model of large porous media and
employing suspended sediment particles, tried to acquire an experimental data series in order to
investigate longitudinal convection and dispersion phenomenon of suspended sediments through the
large porous media. In this investigation by application of 2 media diameters, 4 inflow discharges
and different hydraulic gradients over the media, the breakthrough curves of suspended sediments
were extracted. The BC curves were extracted with water sampling from media end and then the
samples have been passed from filter paper and dried. The concentration-time graphs were extracted
after weighting of dried sediment particles. Also by using of parameter estimation technique for
classical advection dispersion equation and temporal moments method, the longitudinal dispersion
coefficients were extracted.

Results: The results showed that due to the inherent properties of exit breakthrough curve, the
temporal moments method has a better estimation accuracy rather than classical advection dispersion
equation. Additionally by dimensional analysis method, a relationship has been acquired for
estimation of longitudinal dispersion coefficient with average relative error of 30%, which is reliable
in sediment transport studies. Furthermore, the results of analysis of BC curves exhibited that the
curve has an Asymmetric limbs in rising and falling stages, which this observation is because of
temporary storage of sediments and gradual release of them through the downstream flow.

Keywords: Rockfill materials, Suspended sediments, Longitudinal dispersion coefficient, Classical
advection-dispersion equation, Temporal moments
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