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With the purpose of controlling the sedimentation in shallow reservoirs, the effects of the 

geometry on flow pattern and deposition processes were investigated with systematic physi-

cal experiments and numerical simulations. This allowed identifying ideal off-stream reser-

voir geometries, which can minimize or maximize the settlement of suspended sediments. 

The objective is also to gain deeper insight into the physical processes of sedimentation in 

shallow reservoirs governed by suspended sediments. The experimental investigation of the 

flow and sediment behavior in axi-symmetric geometries with different shapes provides fur-

ther information on the evolution of the flow pattern and the sediment deposition. Beside 

the expansion ratio and form ratio of the basin, the flow regime was classified by the geome-

try shape factor SK and inlet Froude number Frin. Empirical relationships for the estimation 

of the reattachment length of gyres and the normalized residence time as a function of the 

geometry shape factor, SK, were established. The numerical simulation revealed that the 

observed asymmetry in flow and deposition patterns can be explained by the sensitivity of 

the flow regarding geometry and boundary conditions. Recommendations are given for the 

design procedure of a new shallow reservoir in view of minimizing the sedimentation due to 

suspended sediment. The deposited sediment volume can be efficiently minimized by optim-

al designed reservoir geometry.  
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sediment deposition patterns, suspended sediments, reservoir sedimentation,  

 

1. Introduction 

 

1.1. Background 

 
Lakes, reservoirs, bays, estuaries as well 

as coastal regions often have a very shallow 
bathymetry. Vertically mixed flows in these 
systems may be forced by wind shear, by tidal 
action, by breakdown of yet larger scale iner-
tial currents, and by river inflows. Shallow 

flows are bounded, layered turbulent flows in 
a domain for which 2D, namely the flow and 
the transversal dimensions, greatly exceed the 
vertical one. 

The present study particularly focuses on 
shallow reservoirs with a prototype depth be-
tween 5.0 and 15.0 m and mainly governed by 
suspended sediments. Recent laboratory expe-
riments and numerical simulations for a wide 
flume (Sloff et al., 2004) showed that channel 
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formation in shallow reservoirs is controlled by 
the flow pattern. Experimental investigation 
on the silting process in reservoirs and lakes 
was carried out systematically by (Mertens, 

1985) in a square, shallow basin (5.00  5.00  
0.25 m) with a horizontal bottom. 

The silting-up of reservoirs is a very com-
plex process. Shear flow over a mobile bed in-
duces sediment transport and the generation 
of bed forms. The interaction between the flow 
and the bed usually produces different types 
of regular patterns characterized by a wide 
range of sizes and shapes (dunes, ripples, an-
ti-dunes, etc.). In turn, both sediment trans-
port and bed forms, influence the flow. The 
importance of studying the presence and evo-
lution of these regular patterns arises because 
those bed forms generated by the sediment 
transport can increase the resistance to flow. 
In particular, experimental results on the in-
fluence of suspended sediment on turbulence 
are still lacking. 
 

1.2. Aim of the study 
 

This study focuses on the sedimentation of 
shallow reservoirs by suspended sediments 
and the objective of the experiments is to gain 
insight into the physical process behind the 
sedimentation of shallow reservoirs governed 
by suspended sediment. Moreover, it is aiming 
at a better understanding of the mechanism 
governing the sediment exchange process be-
tween the jet entering the reservoir and the 
associated turbulence structures. Further-
more, we would like to examine different test 
procedures and find the optimal one to con-
tinue with future test configurations. These 
experiments are part of test series prepared to 
investigate the ideal reservoir geometry, mini-
mizing the settlement of suspended sediments. 
The experiment described hereafter is expected 
to fill in part of our knowledge gap. 
 

2. Experimental setup 
 

2.1. Similarity and dimensions 

 
Comprehensive information on similitude 

requirements for movable and fixed bed mod-
els can be found in Yalin, 1970 and Kobus, 
1980. Scaled physical models are based on 
similarity theory, which uses a series of di-

mensionless parameters that fully or at least 
partially characterize the physics. The choice 
of a scaling factor λ=Lp/Lm, or length scale ra-
tio, to be used in the experiments, is deter-
mined by the objectives of the research. Ac-
cording to the length of the tested section and 
the laboratory constraints, the model has been 
designed with horizontal and vertical scales of 
λl = λh = 50 (Kantoush et al., 2005). Applica-
tion of the above similarity rules is shown in 
table 1, with a comparison between the proto-
type and the model characteristic values. 

The experiments were carried out in a spe-
cially built facility at the Laboratory of the Hy-
draulic Constriction (LCH) of Federal Institute 
of Lausanne (EPFL). The dimensions of the 
model were based on those of the Rhône River 
and the space available in the laboratory. A 
schematic view of the experimental setup is 
shown in Fig. 1. The setup consists of an inlet 
rectangular channel 0.25 m wide and 1.0 m 
long made of PVC, a rectangular shallow basin 
with inner dimensions of 6.00 m length and 
4.00 m width, an outlet rectangular channel 
0.25 m wide and 1.0 m long, a flap gate 0.25 
m wide and 0.30 m height at the end of the 
outlet (to control the water level), a drainage 
pipe 0.23 m diameter fixed after the flap gate, 
and stilling basin to collect the sediment and 
drainage the water in see fig. 1.  

The bottom and the walls of the basin con-
sist of 8 mm thick PVC plates with 0.30 m 
height on the sides. Adjacent to the experi-
mental reservoir, a mixing tank with a maxi-
mum capacity of 200 liters is used to prepare 
and store the sediment fluid mixture. A sedi-
ment supplier tank is mounted above the mix-
ing tank. To control the sediment concentra-
tion, a small gate is installed at the down front 
of the sediment tank. Sediment supplier tank 
is attached to a vibrator, which has several 
speeds to increase or decrease the sediment 
concentrations. The mixing tank is equipped 
with a propeller type mixer to create a homo-
genous sediment concentration. After filling 
the experimental reservoir with water, the wa-
ter-sediment mixture will flow by gravity into 
the rectangular basin through a flexible pipe 
with 0.10 m diameter. To ensure a uniform 
mixture in the mixing tank and reservoir ba-
sin, the density of the sediment mixture and 
the clear water were controlled before and dur-
ing the experiments by means of a turbidity 
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meter. On the basin side walls a movable alu-
minium frame is mounted with 4.0 m length, 
which carries the measurement instruments 
and can move in three directions. The parame-
ters that were measured during the experi-
mental runs are shown at table 2. 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

Fig. 1. Schematic drawing of the experimental installa-

tion. 

 

Table 1 

Characteristic values of the prototype and the model  

(scale 1:50) 

 

Item Prototype               Model 

Length, L[m] 300.0  6.0 

Width, B[m] 200.0  4.0 

Water depth, h[m] 7.6-15.2 0.20 

Discharge, Q [m3/s] 5.0  0.007 

Median grain size, d50[mm] 0.037  0.05 

Sediment concentration, Cs [g/l] 5.0  3.0 

Gradient of section, I [-]  1.0%  0.0% 

 
Table 2 

Model parameters and instrumentation 

 

Measured parameters  Dimension Instrument 

Water level  [m] Ultrasonic probe 

Sediment thickness  [m] Echo sounder 

Discharge  [m3/s] Flow meter 

Surface velocity  [m/s] PIV technique 

Sediment concentration  [g/l] Turbidity meter 

Temperature  [C◦] Thermistors 

 

2.2. Experimental conditions 
 

To model suspended sediment currents in 
the laboratory model, walnut crushed shells 

with a median grain size d50=50m, density 
1500 kg/m3 was used in all tests cases. These 
are non cohesive, light weight and homogene-
ous grain material.  The sediments are added 
to the mixing tank during the tests. The hy-
draulic conditions were chosen to fulfill the 
sediment transport requirements see Error! 
Reference source not found.. Furthermore, 
for all test cases, Froude number is small 
enough and Reynolds number is high enough 
to ensure subcritical fully developed turbulent 
flow.  
 

2.3. Measurements and data acquisition system 
 

Several parameters were measured during 
every test; namely, surface velocities, depo-
sited sediment layer thickness, suspended se-
diment concentration at the outlet, 3D flow ve-
locity, water level and water temperature. 
Table 2 provides an overview of the measure-
ments and instrumentations used during the 
tests.  

The velocities were measured by means of 
an Ultrasonic Doppler Velocity Profiler, which 
allows an instantaneous measurement of the 
1D velocity profile over the whole flow depth 
(Metflow, 2002). The measurement probes 
were mounted on a support in groups of three, 
allowing the measurement of the 3D flow field 
fig. 2. To cover the whole cross section of the 
basin, 5 positions were chosen along the cross 
section; each position has four groups of three 
probes. All twelve probes were mounted on a 
frame which moves in the two horizontal di-
rections. The probes were inclined at 20° to 
the vertical and had an emitting frequency of 2 
MHz. The velocity measurements were taken 
at about 480 measurement points. 

The bed level development was measured 
by means of Miniature echo sounder (UWS) 
see table 3. The transmitted ultrasound im-
pulse is reflected at any object serving as a 
target. This acoustic reflection (echo) propa-
gates in space and is received from the ultra-
sound sensor. In order to measure the effec-
tive distance between target and sensor the 
run-time must be determined which the sound 
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needs from the sensor to the target and back 
to the sensor again. The measured run-time 
will be averaged. The distance to the target in 
meters can be calculated by the run-time and 
the sound velocity. The UWS was mounted on 
the movable frame fig. 4 to scan the whole ba-
sin area (6m*4m). The measured cross sec-
tions profiles were spaced at 0.05 m and some 
case 0.025 m was tested, starting from 0.10 m 
from the model’s side wall, and ending at 0.10 
m from the other wall, i.e. covering a total 
model width of 4.0 m with total 77 points. The 
measured longitudinal profiles were spaced at 
0.20 and some case 0.1 was tested, starting 
from 0.05 m from the upstream sidewall, and 
ending at 0.10 m from the other downstream 
wall. 

PIV offers a simple method of measure-
ment in areas with complicated geometry and 
flow conditions. Surface flow measurements 
with PIV are described for e.g. in (Adrian, 
1991). In hydraulic engineering, however, this 
technique has so far mainly been applied for 
surface velocity measurements of water and 
ice flow in very uniform flow fields as well as 
in groyne field experiments (Ettema et al., 
1997; Fujita et al., 1998; Weitbrecht et al., 
2002).  
 
 
 
 
 

 

 
 
 
 

 

 

 

 

 

 

Fig. 2. Scheme of UVP installations and data acquisition. 

 
 
 

 

 

 

 
 

 

Fig. 3-a. Lab sensor.             Fig. 3-b. Lab device UWS. 

Table 3 

Miniature echo sounder UltraLab UWS specifications 
 

Specification 

Lab device ULTRALAB UWS see fig. 3-b 

Control keys and integrated 4 digit 12mm LCD-Display 

Dimensions:  330/115/260 mm, length/height/depth 

Measuring rate:  max. 10 Hz 

Sensor see fig. 3-a 

Dimensions:  Diameter: 30mm/ 

Length: 50mm 

Frequency:  1 MHz 

Resolution:  1 % of measuring range, max. 1 mm 

Accuracy:  1% of measured value at constant circums-

tances 

 
 

 

 
 
 
 
 
 

 

Fig. 4. Miniature echo sounder mounted on the frame. 

 

The basic principal of PIV is simple: the 
flow is seeded with plastic particles (with aver-
age diameter 3.4 mm and specific weight 
960.0 kg/m3) which are then illuminated and 
their positions recorded at two successive in-
stant. 

Fig. 5 by video (SMX-155, monochrome, 
1.3 megapixel, CMOS camera with USB2.0 in-
terface and frame rate up to 33 FPS). The vid-
eo of the whole 2D field is then divided into a 
number of interrogation areas and, in each 
area, the distance moved by the tracer par-
ticles from the time of the first image being 
recorded to the second is determined. Knowing 
the distance traveled and the time taken, the 
velocity of the flow in that area is therefore 
measured. This is done for every area, giving 
the 2D map of the instantaneous velocity field 
at the time of the recording. The camera is 
fixed perpendicular on the basin covering the 
plane basin area (the whole width 4.0 m and 
5.0 from the length, missing 0.5m from up-
stream and downstream ends). The displace-
ment of the plastic particle images over the 
time between the exposure of the first frame 
and the second is analyzed by FlowManager 
software. 

12 UVP in 4 groups

3 UVP (one group)

Running 

software on 

the computer

Multiplexer 
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(a-1)                                    (b-2) 

 

Fig. 5. Typical PIV image pair. 

 

2.4. Test procedure 
 

Two different experimental procedures 
were tested in order to find one approach for 
all test configurations. For this reason only 
experimental procedure for carrying out a 
standard continuously fed suspended sedi-
ment experiment will be described. The differ-
ence between the two procedures is as follows: 
1. Discontinuous feeding: after 1hour of feed-
ing sediment to the water mixture and doing 
the measurements (UVP, PIV and Pictures), 
close downstream flap gate, open water bypass 
and stop sediment feeding. After suspended 
sediment deposits, start bed level profile mea-
surements as explained before. 
2. Continuous feeding: working the whole du-
ration continuously feeding the mixture and 
doing the measurements. 
  Prior to each experiment, the mixing tank 
and the basin were cleaned. The pump was 
started and the electromagnetic flow meter 
and a valve were then used to adjust the de-
sired inflow rate. The down-stream flap gate 
was regulated according to the ultra sound ca-
libration curve to control the water level. Then 
the basin and mixing tank were filled with 
clear water. One hour after starting the pump 
and stabilizing the flow, the PIV measure-
ments were performed for that initial case (on-
ly clear water entering the basin). Sediment 
was added to the sediment supplier tank and 
the sediment concentration which enters the 
mixing tank was checked. The mixer guaran-
teed a homogenous mixture in the tank. Fig. 6 
shows the homogenous suspended sediment 
mixture. The left panel shows the sediment 
entering from the upstream inlet channel to 
the basin whereas the right one shows the 
mixture arriving at the outlet in a completely 
mixed state and a certain concentration flowed 
from the outlet channel. 

 
 

 

 

 

 
 

 

Fig. 6. Left: mixture entering; Right: mixture exit.. 

 
UVP probes were mounted to start 3D ve-

locities measurements. The bed profile was 
measured for specific chosen cross sections 
every 20 minutes. PIV measurements were re-
peated during the test every 30 minutes and 
attention was paid to the transitional case 
during the test (decided according to the sur-
face velocity observations). All the runs were 
repeatedly recorded with a digital video cam-
era for selected durations in order to track the 
changes in flow patterns, and to determine the 
propagation of the suspended sediment con-
centration. The experiment was then run until 
equilibrium conditions were reached, defined 
as a minimal change in water surface and bed 
slope over the two consecutive measurements. 
Equilibrium was usually achieved within 4.5 
hours after starting the experiments. The flap 
gate was then closed to permit for the sus-
pended sediment to deposit and then measur-
ing of deposit thickness was started using 
UWS as explained above. Finally the sediment 
at the outlet basin was collected, dried and 
weighted to calculate the trap efficiency coeffi-
cient and sediment volumes as well. 

 

2.5. Test series 
 

Three different test series have been car-
ried out with the same boundary conditions 
and initial conditions as explained before but 
with different test procedure as following:  
1. Series 1: The discontinuous feeding proce-
dure has been used. 
2. Series 2: Repeated test for Series A, with 
the purpose to check the reproducibility and 
the model sensitivity. 
3. Series 3: The continuous feeding procedure 
has been used with the same condition as pre-
vious series. 

Outlet channelInlet channel

Suspended sedimentSuspended sediment

Outlet channelInlet channel

Suspended sedimentSuspended sediment
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3. Results and discussions 

 

3.1. Flow patterns 
 

Averaged flow fields have been obtained by 
using Particle Image Velocimetry (PIV) tech-
niques and are depicted in figs. 7 to 9; each 
figure contains five flow patterns as follows: 
a- Flow pattern for the initial state (no sedi-
ment neither in the basin nor in the mixing 
tank) 
b- Flow pattern after 1.5 hour of adding sedi-
ment concentration in the mixing tank. 
c- Flow pattern after 3 hours from the start 
with a constant sediment concentration. 
d- Flow pattern after 4.5 hours from the be-
ginning.  
e- Flow pattern using a clear water inflow after 
completely stopping the sediment supply. 

Figs. 7-a, 8-a and 9-a show that the flow 
enters as a plane jet issuing from the narrow 
leading channel to the wide basin. After jet is-
suance, the main flow tends towards the right 
hand side, generating a large and stable main 
gyre rotating anticlockwise and two small ‘tri-
angular’ gyres rotating clockwise in the two 
upstream corners of the basin. The jet appears 
to be attracted to one of the side-walls. Its pre-
ference for the right side is weak since a stable 
mirror image of the flow pattern can easily be 
established by slightly adapting the initial 
conditions. By following floating particles, it is 
noticed that in the first meter from the en-
trance the particle is straightly entering and, 
in the next two meters, it deflects to the right 
until it arrives at the stagnation points near 
the right wall at the middle (3m from the en-
trance). The particles that do not leave the ba-
sin through the outlet channel circulate with 
the main gyre to arrive near the separation 
zone at the farthest left side wall. There, a 
small gyre has formed at the left corner of the 
basin with a triangular shape 1.2m*1.2m. The 
circulation pattern sustains itself because the 
inertia of the main gyre pushes the in-coming 
jet aside. A bottom that is initially smooth fa-
vors this inertia dominated pattern. By com-
paring the three figures similar gyre patterns 
are obtained even with different test proce-
dures and different working days. 

The water-sediment mixture flows from the 
narrow inlet channel to the much wider basin. 
At first, the inflow mixture behaves like a jet 

that remains quite separated from the clear 
water in the basin. After some distance, the 
shear between both bodies of water moving at 
a different speed causes mass and momentum 
exchange and thus eddies that are peeled off 
from the core of the jet. This peeling off occurs 
alternatively on both sides of the jet and gen-
erates eddies that increase with longitudinal 
distance. Furthermore, the jet starts to undu-
late with a wavelength and amplitude that in-
crease with longitudinal distance. The beha-
vior resembles to a continuously growing 
instability. This asymmetric and switching 
flow behavior continues until the downstream 
end of the reservoir, where the jet is forced to 
pass through the outlet channel.  

During 1.5 hours of adding the sediment 
the observed flow pattern in figs. 7-b, 8-b and 
9-b did not differ much from what is previous-
ly explained for Series (a), except for the in-
crease in size of the right corner gyre and a 
downstream shifted re-attachment point. Ap-
parently this is due to the suspended sedi-
ment entrainment and the associated emer-
gence of bed forms see fig. 10. It’s clear that 
the flow structures in the different test series 
show a similar pattern in these figures. 

Figs. 7-c, 8-c and 9-c present the flow pat-
terns after 3 hours of adding sediment for the 
three test procedures. As a result of ripple 
formation and suspended sediment concentra-
tions the flow field is completely changed. The 
gyres in the upstream corners are suppressed 
if not disappeared and a pattern has emerged 
that is rather symmetric with respect to the 
center line. It is also seen that the remaining 
two gyres interact with the jet which shows 
some tendency to meander. Since the ex-
change with the upstream corners of the basin 
is very small, it is expected that not much de-
position takes place in those areas. Apparently 
the changes in the bed forms or effective 
roughness resulting from the sediment deposi-
tion are capable of completely changing the 
overall flow pattern. Through the same me-
chanism a further development can be ex-
pected. By comparing the three figures it can 
be concluded that similar flow patterns have 
developed but with small differences regarding 
the dimensions and strength of the circulation 
cells. In particular with the continuous feeding 
experiment fig. 9-c, the asymmetry leading to 
the subsequent pattern can already be seen. 
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Figs. 7-d, 8-d and 9-d show the flow pat-
terns that have developed after 4.5 hours of 
adding sediment for the different test proce-
dures. Figs. 7-d and 8-d still show symmetric 
flow patterns with two gyres coupled to the jet 
flow. It is noticed that two very weak gyres 
that might have become laminar or stagnant 
have hardly any exchange with the main mo-
tion. In both figures the same test procedures 
were used which resulted in virtually identical 
flow patterns. Fig. 9-d presents the flow pat-
tern of the continuous test procedure after 4.5 
hours of adding sediment. It has a flow struc-
ture different from those in figs. 7-d and 8-d. 
Due to the continuous feeding procedure al-
ready during the third hour the right side gyre 
starts to enlarge in size and develops into the 
one shown in fig. 9-d. This pattern appears to 
be rather stable. With the help of bed evolu-
tion measurements and final bed deformation 
pictures, it can be said that during the transi-
tion zone from the initial counterclockwise 
gyre to the final clockwise gyre the roughness 
of the bed showed strong local variations. It 
should be mentioned that all the flow patterns 
shown in the figs. d remained during the sub-
sequent 2.5 hours of observation. 

Figs. 7-e, 8-e and 9-e present the flow pat-
terns for the three test procedures after stop-
ping the flow, clear water (without sediment) 
has been injected into the basin to investigate 
the further evolution of the bed at different 
time periods. The flow patterns in figs. 7-e and 
8-e are similar and equal to the pattern of fig. 
9-e. After restarting the flow it chooses the ea-
siest path from the inflow to the outflow gate 
along the left side wall. The sedimentation 
from the previous period has apparently be-
come too much of an obstacle to result again 
in a symmetric flow pattern. It shows at least 
that the symmetric flow pattern is not a very 
stable one and that in the long run it would 
have changed into one of the more stable 
asymmetric patterns anyhow. 

 

3.2. Morphological development 

 
This section presents a comparison of all 

test series for the time evolution of the bed. 
Figs. 10 to 12 present a detailed comparison of 
final bed elevation, 3D for sediment thickness 
layer after 4.5 hour and the contours of depo-
sition  patterns.  For  all  the tested  scenarios, 
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Fig. 7. Flow pattern at different run times during test  

Series 1. 



S. Kantoush et al. / Deposition of sediment mixture 

458                                           Alexandria Engineering Journal, Vol. 47, No. 5, September 2008  

 

 

 

 

 

 

 

 
 
 

(a) 0hr 

 
 
 
 
 
 
 
 
 

(b) after 1.5hr  

 

 
 
 
 
 
 
 
 
(c) after 3hr 

 
 
 
 
 
 

 

 

 

 

(d) 4.5hr  

 
 
 

 

 

 

 
 
 
 
(e) clear water 

 

Fig. 8. Flow pattern at different run times during test  

Series 2. 
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two typical features were observed. The first 
was development of sediment deposition with 
ripples formation concentrated on the right 
hand side and along the center line later on; 
the second was concentrated on both right 
and left sides and very low in the core of the 
basin. In the following sub sections the results 
will be described with further details. 

Fig. 10 presents the final bed elevations af-
ter 4.5 hours of testing of series 1. The mix-
ture of water and sediment is advected and 
diffused throughout the basin following the 
general flow patterns described above. The 
footprint of the flow patterns was clearly visi-
ble in the morphology as shown in fig. 10-a. 
The resistance to flow is relatively small for 
the smooth and plane bed at the start. Howev-
er, the flow resistance increases as ripples are 
being formed. The ripples play an important 
role in the interaction between the boundary 
layer flow structures and sediment transport.  

Fig. 10-b shows the processed 3D surface 
bed elevation for the test series 1 after 4.5 
hours. The asymmetric ripple patterns near 
the right side wall follow the same direction as 
the flow pattern shown in fig. 7. Ripples cha-
racteristics were measured manually before 
cleaning the basin. Moreover, several reference 
points were taken manually for calibration 
comparison with the UWS measurements. It 
was found that the UWS measures with a high 

accuracy of 1mm and it’s similar for the ma-
nual measurements. Nevertheless, some ano-
malous spikes are observed in fig. (10-b and 
10-c) presents the contours for the sediment 
thickness layer. It can be easily seen that 
most of the sediment depositions has take 
place around the centerline and the down-
stream part. It may be concluded that a stable 
morphology has been reached after 4.5 hours 
whereas possibly a longer run would be 
needed to confirm the question of full morpho-
logical equilibrium in the basin.  

The sediment concentration and sediment 
depositions are highest along the centerline of 
the basin and reduce towards the sides as 
shown in figs. 10 and 11. Fig. 11 shows the 
evolution of the sediment depositions for the 
test series 2 (repeated test). The figure shows 
an almost similar sediment deposition pattern 
as was found for the series 1 presented in            
fig. 10.  

There is a complex relation between flow 
patterns, sediment exchanges and sediment 
transport as well. Fig. 12 shows the results for 
the series 3 obtained after 4.5 hours of test 
run. Fig. 12-a presents a picture of the final 
bed evolution. It is noticed that the sediment 
deposition takes place in accordance with the 
flow patterns of figs. 9-a and 9-d. In the be-
ginning it starts to form ripples near the right 
side wall leaving the area in the upstream 
corner void, which is associated with action of 
the small gyre.  

From fig. 12-b it is clearly seen that the 
deposition at both upstream corners is very 
small. Most of the sediment deposits right be-
low the main streamlines connected to the in-
flow channel. After the flow pattern has 
changed to the clockwise gyre, a symmetric 
ripple pattern formed near the left side wall, 
similar to the one at the right side which 
formed in the beginning. After a certain period 
of testing, the deposition on the left side grad-
ually increased generating a wider bed eleva-
tion underneath the jet centerline with a width 
of approximately three times the inlet channel. 
Similarly, in the first few hours of the experi-
ment the elevated bed has reached the right 
side wall and followed the course of the 
streamlines down to the outlet channel. It is 
remarkable that in the downstream part of the 
basin the bed is elevated on a rather narrow 
ridge. Fig. 12-c shows the contours for the se-
diment layer thickness. Here the relatively 
steep gradients near the inlet channel and the 
first part of the jet are clearly visible. It is 
quite likely that on a much larger time scale 
the relatively quiet zone in the upstream cor-
ners and the central part of the main gyre will 
eventually be filled up with the finest sediment 
fraction. 

The final bed morphology obtained from 
test series 2 was used as the initial topogra-
phy for a clear water test. Here, clear water 
without sediment was introduced into the ba-
sin to investigate the further bed evolution 
under those circumstances. Fig. 13 present 
the final bed deformation after 6 hours of clear 
water test. The most important change was 
found in the erosion of the bed near the en-
trance. No significant change has been ob-
served between the respective bed profiles af-
ter   that  period.   Hence,  for  these  flow  and  
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(a) Final bed features, photo looking downstream 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) 3-D surface of final sediment thickness layer 

 
 
 
 
 
 
 
 
 
 

 
 
 
 

 

 

 

 

 

 

(c) Depositions contours 

 

Fig. 10. Morphological results after 4.5 hrs of sediment 

supply for series 1. 

 

 

 
 
 
 
 
 
 
 
 

 

 
 

  

(a) Final bed features, photo looking downstream 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) 3-D surface of final sediment thickness layer 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 
 

 (c) Depositions contours 

 

Fig. 11. Morphological results after 4.5 hrs of sediment 

supply for Series 2. 
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(a) Final bed features, photo looking downstream 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

(b) 3-D surface of final sediment thickness layer 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

 (c) Depositions contours 

 

Fig. 12. Morphological results after 4.5 hrs of sediment 

supply for Series 3. 

 

 

 

 

 

 

 

 
 
 

 
 
 

 

 

Fig. 13. Plan view for the test series 2 with the clear water 

inflow without sediment. 

 

sediment conditions, the bed might be consi-

dered as stable. 

 
4. Conclusions 
 

The first results of ongoing research on the 
influence of the geometry of a shallow reser-
voir on suspended sediment transport and de-
position have been presented. The mechanism 
of sediment transport and deposition in the 
basin differs according to the test procedure. 
In the discontinuous feeding procedure, the 
gradual changes during the transitional state 
are missing due to the effect of stopping and 
restarting the flow. For the continuous feeding 
procedure, it was easy to reach a stable flow 
and bed form in the basin after 4.5 hours. 
Whether this represents a long-term equili-
brium morphology will be checked by subse-
quent tests. It was found that the flow and se-
diment patterns are quite sensitive to the 
boundary and initial conditions. Although it is 
clear that an asymmetric flow pattern is fa-
vored, a symmetric pattern can persist for 
quite a long time. The experiment also shows 
the mutual interaction between flow and bed 
forms and the substantial increase in com-
plexity when sediment transport and morpho-
dynamics play a role. 

Regarding the continuation of this re-
search project the major goal is to find out 
which reservoir geometry leads to minimum 
sediment deposition. This requires experi-
ments of long duration combined with numer-
ical modeling techniques that include the 
processes as observed in this study. 
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