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1 Objectives 

Multithread rivers such as the Jamuna and Mekong have networks of channels and bars that 
change with every flood. Tidal systems such as the Scheldt, Humber and Columbia estuaries 
and short tidal basins in the Wadden Sea and in Florida, have perpetually changing and 
interacting channels and shoals formed by ebb and flood currents. Current models fail to 
forecast these natural dynamics, yet main channels are economically important shipping 
fairways, whilst shoal areas that emerge and submerge daily are ecologically valuable 
habitats. Human interference, changing river discharge and sealevel rise threaten all 
functions. Furthermore, there are strong indications that fairway deepening leads to reduced 
urban safety due to enhanced flow resistance by groynes in rivers and enhanced tidal range 
in estuaries (e.g. Bolla Pittaluga et al. 2015 in AWR, Seminara et al., in EH 2011). This 
enhances dike failure risk during low water level and flooding during high water level. We 
urgently need dynamic forecasting models to optimise management strategies for these 
multiple functions (Wang et al. 2012 in Ocean Coastal Manage., Coco et al. 2013 in Mar. 
Geol.). 
Here we target firstly river bifurcations and secondly the mutually evasive ebb- or flood-
dominated channels that form around bars and are found in all sandy tidal systems in the 
world (van Veen 19502002 in J. R. Dutch Geograph. Soc.). The cause for the mutual evasion 
is still incompletely understood despite the fact that they also appear in our numerical model 
results and experiments (Canestrelli et al., in JGR 2010; Kleinhans et al. 2015 in JGR). The 
nodes where ebb and flood channels connect can be seen as asymmetric bifurcations where 
one channel is preferred during ebb and the other during flood. Such bifurcations are critical 
elements that partition flow and sediment through the channel network, govern bar merging 
and splitting and are locations where bed steps form in shipping lanes, as in river bifurcations. 
Stability and equilibrium configurations are mostly unknown for tidal bifurcations except for 
one recent theory (Wang et al in prep.). In particular, we have a fair understanding of the tidal 
dynamics, but this is incomplete for the morphodynamics, especially related to understanding 
the sediment division at the bifurcation. 
We take advantage of the better but yet incomplete understanding of river bifurcations. The 
stability of river bifurcations has been studied for two decades in fieldwork, experimentation, 
linear stability theory and numerical modelling (e.g. Wang et al. 1995, JHR, see review in 
Kleinhans et al. 2013, ESPL) and our recent theory (Bolla Pittaluga et al. 2015 in GRL) 
synthesises many of the earlier results as follows: In bedload-dominated rivers, symmetrical 
bifurcations are unstable and develop towards a highly asymmetrical division of discharge 
and sediment. The same is the case for suspended sediment-dominated rivers, but the theory 
predicts stable bifurcations for intermediate sediment mobility. However, there is very little 
data for conditions intermediate between low and high mobility rivers. Moreover, we have no 
idea whether bifurcations in reversing tidal flow are unstable for similar configurations and 
conditions as in rivers. Here we mean configurations that are entirely free of topographic 
forcings on the flow: straight channels split into two channels over some length and depth.  
 
Our objective was therefore to experimentally investigate bifurcation stability in a 
range of sediment mobilities in unidirectional flow and reversing tidal flow ceteris 
paribus. 
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2 Experimental setup 

2.1 General description 

 
The Fast Flow Facility (http://www.hrwallingford.com/facilities/fast-flow-facility) is a unique, 
dual channel flume delivering a world-leading capability in wave-current-structure modelling. 
The flume has a main working channel size of 70.00 m by 4.00 m, with water depths in the 
range of 0.85 m to 2.00 m. The facility is equipped with two pumps with a combined discharge 
of up 4.9 m

3
/s. 

 

 
 

 
Figure 2.1: Schematic and drawing of the experimental setup. 
 

2.2 Definition of the coordinate system 

The origin of our coordinate system is at the opposite side of the control room (x=0), at the 
window-side (y=0) and the floor of the flume (not the mock floor) (z=0). The left-hand side is 
defined as that with the lowest y-coordinates. 
 

2.3 Relevant fixed parameters 

The particle size distribution of the sand and the flume width and length remain constant 
during the experiments. The length and the position of the splitter were also constant at 
x=22000 to 38000 mm and y=2000. 
 
  

discharge discharge

Aqua
dop

bed scan

camera

rough
ramp
down

rough
ramp
up

bed scan

splitter plate

http://www.hrwallingford.com/facilities/fast-flow-facility
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3 Instrumentation and data acquisition 

3.1 Instruments 

The following instruments were used:  

 2 line laser scanning systems for bed elevations in both parallel channels 

 2 vectrinos for velocity measurements in both parallel channels, both upward looking 

 6 pressure sensors for water levels along the flume 

 1 Aquadop acoustic device for discharge 

 imaging: underwater camera for timelapse, timelapse camera recording lab activities, 
hand-held photocameras and gopro 

 
 
Table 3.1: Positions of instruments. The elevation of the sand bed is 850 mm. 

Instrument x (mm) y (mm) z (mm) 

laser scanner variable variable,  
scan width ~560 

1480 

vectrino LHS 30000 1000 920 
vectrino RHS 30000 3000 920 

pressure sensor 1 
 

16300 
16300 
32300 
32300 
43600 
43600 

0 
4000 
0 
4000 
0 
4000 

930 
930 
930 
930 
930 
930 

aquadop return flow channel 
(2600 wide) 

1300 970 

underwater camera 40000 2000 1175 

 

3.2 Definition of time origin and instrument synchronization 

Time is given in GMT+1. Vectrinos and pressure sensors were triggered by the flume control 
system at 5 or 10 minutes after the start to allow for ramp up of the flow. The pressure 
sensors recorded the entire runtime. The vectrinos recorded in bursts during unidirectional 
flow and continuously for tidal conditions. The aquadopp was started manually and recorded 
in bursts during unidirectional flow and continuously for tidal conditions.The laser scanning 
took place during temporary still flow. The steering file for the pumps defined the normal flow 
and reversing flow characteristics. 
 

3.3 Measured parameters 

The bathymetry was mapped for a few steps depending on the rate of morphological change. 
Flow velocity and depth was measured in both channels in order to quantify flow conditions 
and changes in time during each experiment. Ripple motion was recorded on underwater 
camera. A measure for the discharge was measured by aquadopp. The particle size 
distribution of the sediment was given by the supplier.  
Table 3.2. Sieve data of the sediment. 

MICRONS BCS319 (Sieved) 

  
% 

RETAINED 
% 
PASSING 

500 0 100.01 

355 0.42 99.59 

250 13.35 86.24 

180 59.49 26.75 

125 25.01 1.74 

90 1.63 0.11 

63 0.09 0.02 

0 0.02   
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4 Experimental procedure and test programme 

A number of experiments were conducted to test the bifurcation stability theory in 
unidirectional flow in intermediate and high mobility. Low mobility was impossible because of 
run time limitations. Tidal flows were run for comparable conditions to test stability. The test 
duration was assessed on the basis of estimated sediment transport rate by a predictor and 
the required time to either remove the perturbation on the bed or develop it measurably. 
The initial bathymetry was the same in all experiments. A perturbation, necessary to initiate 
bifurcation instability, was made by a sediment hump in one of the channels (indicated in 
Table 4.2) over a given length and height. In some experiments the bed had not appreciably 
changed and was used for the next experiment in view of time limitations. 
 
 
Table 4.1: Approximate experimental conditions 

exper 

run-
time 
(hr) 

depth 
(m) 

dis-
charge 
(m3/s) 

(peak) 
veloc 
(m/s) 

target 
Shields aspect W/h 

uni-
directional / 
tidal 

tidal 
period 
(s) 

target  
bifurcation 

4 13 0.14 0.22 0.39 0.5 29 uni 
 

Unstab 

5 35.24 0.50 0.85 0.42 0.5 8 uni 
 

Stable 

6 18 0.50 0.85 0.42 0.5 8 tidal 216 Stable 

7 18.5 0.14 0.22 0.39 0.5 29 tidal 280 Unstab 

8 19.5 0.50 0.85 0.42 0.5 8 tidal 216 Stable 

9 2.24 0.25 0.77 0.77 2 16 uni 
 

Unstab 

10 18.5 0.50 0.85 0.42 0.5 8 uni 
 

Stable 

11 38 0.14 0.22 0.39 0.5 29 tidal 280 Unstab 

12 0.9 0.80 2.60 0.81 1.5 5 uni 
 

Stable 

 
 
Table 4.2 Start and stop times and flume settings 

exper date 
start 
time 

end 
time 

dura-
tion 
(hr) 

Pump 
speed 
(Hz) 

still water 
level 
(mm) 

water 
level at 
flow (mm) 

target 
velocity 
(m/s) Pertubation remarks 

1a 5-4-2018 17:25 17:45 00:20 -2 992.8 996.8 0.39 
4m (2.5cm) 
LHS wave maker not parked 

2a 5-4-2018 17:49 18:00 00:11 -3.4 994.2 unknown 0.39 
4m (2.5cm) 
LHS wave maker not parked 

3a 5-4-2018 18:33 19:05 00:32 -4 997.1 1012.3 0.39 
4m (2.5cm) 
LHS wave maker not parked 

4a 5-4-2018 19:11 21:56 02:45 -5 997.1 1022.7 0.39 
4m (2.5cm) 
LHS water level rose slowly 

4b 6-4-2018 09:11 14:16 05:05 -5 992 1016.4 0.39 
  

4c 9-4-2018 09:55 15:05 05:10 -5 992.4 1015.8 0.39 
 

pressure sensors not 
recording 

5a 11-4-2018 16:00 08:30 16:30 -11 1353.8 1363.5 0.45 
4m (2.5cm) 
LHS 

vectrino not recorded 
after 2.5 hrs pc crash 

5b  12-4-2018 11:00 15:42 04:42 -11 1353.7 1364.8 0.45 
  5c 12-4-2018 18:23 08:25 14:02 -11 1351.3 1427 0.45 
 

water level rose slowly 

6a 17-4-2018 10:29 13:11 02:42 
-10.8 
/8.6 1347.8 

~1390/~1
300 0.45 

4m (2.5cm) 
LHS 

one pump stopped, 
terminated after 7 min 
unidirectional and 
terminated 

6b 17-4-2018 14:12 23:30 09:18 
-10.8 
/8.7 1347.8 

1390/129
5 0.45 

 

pumps stopped at about 
22:30, switched of 23:30 

6c 18-4-2018 10:00 16:00 06:00 
-10.8 
/8.8 1349.5 

1390/130
0 0.45 

  
7a 23-4-18 10:00 10:20 00:20 -5 /3.4 990 unknown 0.40 

4m (2.5cm) 
RHS 

 7b 23-4-18 14:00 08:08 18:08 -5 /3.4 990 1015/970 0.40 
  

8a 24-4-2018 11:26 16:01 04:35 
-10.8 
/8.6 1348.5 

1385/130
0 0.45 

bed after 
test 7 

 
8b 24-4-2018 16:18 07:18 15:00 

-10.8 
/8.6 1348.5 

1385/130
0 0.45 

  
9a 26-4-2018 11:53 12:00 00:07 -13 1099.7 1155 0.90 

4m (4.5cm) 
RHS 

 9b 26-4-2018 12:05 13:08 01:03 -13 1099.7 1151 0.90 
  9c 27-4-2018 10:30 11:33 01:03 -13 1098.5 1146 0.90 
  

10a 30-4-2018 16:00 10:32 18:32 -11 1350 1360 0.90 
4m (3.5cm) 
LHS 

 
11a 1-5-2018 13:45 07:45 18:00 -5/3.4 987.5 unknown 0.40 

Bed after 
test 10 

 11b 2-5-2018 11:45 07:45 20:00 -5/3.4 986.5 1010/968 0.40 
  

12a 3-5-2018 13:45 14:15 00:30 -5/3.4 1648.8 1660 0.81 
Bed after 
test 11 

 12b 3-5-2018 14:51 15:15 00:24 -5/3.4 1648.8 1660 0.81 
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5 Data post-processing 

5.1 Laser scanner 

The laser scanner point cloud data were recorded in a .csv file while the location of the laser 
relative to the traverser system was recorded in a separate .txt file. HR Wallingford software 
assigned x,y data to each cloud point according to a calibrated location of the traverser 
system in time. Having done that noise and low intensity data are then filtered out by using a 
low intensity threshold or by manual cropping. The remaining data is saved in an .csv file 
where the calibrated (and corrected to true flume coordinates) x,y,z data are reported in a 
straight line. 
The laser scanner data will be filtered and gridded to obtain usable bathymetries and 
quantities describing bedform height and bed level variation. 
 

5.2 Vectrinos 

Vectrino data was saved unfiltered. For creating plottable mean values correlation, signal to 
noise and velocity threshold filters were used.  
In the plots given in this reports unidirectional mean velocities of the central node in the profile 
are plotted. For the tidal tests the Savitzky-Golay smoothed maximums and minimums for 
both negative and positive flow directions are plotted. 
 

5.3 Pressure sensors 

Data is recorded as voltage which is calibrated to a known still water level. The recorded 
voltages are then converted to the corresponding water levels in mm. The only filtering done 
before plotting is taking out sudden drops in voltage to -10. These are recorded and 
converted in the data but filtered out before plotting. 
 

5.4 Aquadopp 

The Aquadopp profiler collected timeseries of at least 10 minutes up to the entire length of the 
tests. Using the dimensions of the back flume where it was located and matlab scripts 
provided HR Wallingford discharges for all the used pump speeds were and water depths 
(above bed) were calculated.  
 
Table 5.1. Relation between discharge and set pump frequency and water depth. 

Pump speed 
(hz) 

water depth 
(m) 

Measured discharge 
(m3s-1) 

-5 0.14 0.22 

-10 0.25 0.64 

-11 0.5 0.8 

-13 0.25 0.77 

-14 0.25 0.82 

-24 0.5 1.75 

-33 0.8 2.4 

3.3 0.14 0.21 

3.5 0.14 0.23 

8 0.25 0.73 

9 0.25 0.84 

17 0.5 1.76 

17.7 0.5 1.82 
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6 Organization of data files 

Description of the data files depends on the data format of the instruments: 

 format (ASCII or binary) 

 column separator (in case of ASCII) 

 type of data (video of measurement data) 

 units of data 

 structure of file content 

 organization of files in directories 
The raw data format is generally ASCII except for movies and photographs. 
 
The data was saved in separate folders by instrument and then by experimental condition. 
Filenames were kept uniform with the following phrase in the filename:  

HyUU_Test00_a_Uni/Tid_Vec/Dop/Las/WL_0Hz_0000mm_ 

where HyUU is Hydralab Universiteit Utrecht, Test00 is the experiment number and a is the 
leg number within that test, Tid or Uni refers to the mode of flow: tidal reversing flow or 
unidirectional normal flow, and then specific instruments are abbreviated. 
 
For the specific instruments, information about the data is given below. 

 Laser scanner:  
o Equipment: 2GRobotics ULS-200 
o Folder structure: Files saved in folder per test number. 
o Filenames: HyUU_Test‘number’_scan‘letter’_‘Laser scanner serial number’_‘date 

as yyyymmdd’ 
o Tracable laser unit numbers are ULS221 on the Right Hand Side and ULS193 on 

the Left Hand Side which have their own calibrations. 
o Fileformat: .csv data stored as dt,x,y,z,int,td  
o Calibration: info about calibration found in  

Nickdocument_DDS1301_Kleinhans_ULS_Proc_Log_v01 document. 
o Units: meters 

 Vectrinos: 
o Equipment: Nortek Vectrino Profiler 
o Folder structure: Files saved in folder per test number, further subdived in folder 

for matlab files and .ntk files. 
o Filenames: HyUU_Test‘number’_‘letter’_‘position’_Vec_‘mode of flow’_ ‘pump 

speed in hz’_‘flume water level in mm’_‘software automated extension including 
record number at the end’ 

o Fileformat: raw in .ntk, processed to .mat matlab structure  
o Units: m/s  

 Pressure sensors: 
o Equipment: pressure sensors created by HR wallingford 
o Folder structure: Files saved in folder per test number. 
o Filenames: HyUU_Test‘number’_‘letter’_WL_‘mode of flow’_‘pump speed in 

hz’_‘flume water level in mm’_‘software automated extension’ 
o Fileformats: .bin .csv 
o Units: mm 

 Aquadop: 
o Equipment: Nortek Aquadopp Profiler 
o Folder structure: Files saved in folder per test number. 
o Filenames: HyUU_Test‘number’_‘letter’_AQD_‘mode of flow’_‘pump speed in 

hz’_‘flume water level in mm’_‘software automated extension’ 
o Fileformat: raw velocity in combination of .prf .pra processed to a number of 

formats; .csv .a1 .a2 .a3 .c1 .c2 .c3 .dat .hdr .hr2 .sen .ssl .v1 .v2 .v3 
o Units: meters 

 Underwater camera: 
o Equipment: DeltaVision HD Splashcam 
o Folder structure: Files saved in folder per test number, screenshot with original 

timestamp saved in folder for each test (if available). 
o Filenames: H+_Kleinhans_467 
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o Fileformat: .mp4 

 Camera and cell phone images: 
o files sorted in folder structure by experiment and date for impressions 
o treat as CONFIDENTIAL WHEN PERSONS CAN BE RECOGNISED 

 Flume pump steering files: 
o Filenames: HyUU_Test‘number’_Driving_file_‘length timeseries in hours’ 
o Units: timeseries for the pump frequency for tidal conditions, synchronisation with 

measurement instruments is automatic 
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A Appendix: log of activities 
 
Exper. date activity, remarks, measurements, filenames 

0 1st week Arrival at Oxford, arrival at wallingford with Introduction by James Sutherland of facility and 
grounds 

0 1st week HR Wallingford working on finishing the construction of the setup ramp 

 1st week HR Wallingford working on the traverser system 

 2nd week Concrete setup finished first sand put into the system on monday and tuesday, First filling of 
the system on Wednesday and first cable management 

 2nd week Thursday water was drained and the vectrino were installed in the middle of the flume and first 
attempt at screeding the bed 

 2nd week Friday installation of the camera and further screeding of the bed, Wave gauges installed 

 26-3-2018 Completed the installation of all the instruments and HR Wallingford finish traverser system 
and cable everything onto the controll room, End the day by filling the system with water again. 

 27-3-2018 Aquadopp is on traverser system to start velocity profile testing, HR crew instructed us in the 
use of the equipment and how to collect data 

 27-3-2018 First velocity measurements were taken on the right side of the splitter plate, 

 28-3-2018 Aquadopp placed on other side of flume and measurments taken for otherside of the flume, 

 29-3-2018 Cables for laser scanner routed through cable management, first laser installed and calibrated, 
Water drained for screeding of bed for first test on Wednesday, 

 3-4-2018 Bed Screeded, aquadopp placed on beam over lower flume bed, Vectrinos lowered from 10cm 
above bed to 7cm above bed 

 3-4-2018 Second laser scanner placed, first laser scanner turned 180 degrees on its vertical axis to be 
able to scan close to splitter plate (will need to be recalibrated) 

 3-4-2018 Calibration construction placed on other side of the flume, Basin filled up to about 1m (fill 
speed is about 1,5cm/min (when no other facility in the lab is filling), draining 1cm/min 

 4-4-2018 Water filled up to calibration height, second calibration done, Water drained untill bed level 
after which the construction was placed for the other laser 

 4-4-2018 Measurements taken for laser scanner offsets, Water filled for third laser calibration, (the 
recalibration of the first laser scanner) 

 5-4-2018 New calibration for laser scanner, scan made of the initial bed, Water lowered to get the 
structure out, Start first experiment 

1/2/3/4 5-4-2018 Tested several Hz for the pumps until we had the right velocity/discharge (test 1 to 3), Ran the 
experiment (test 4) for about 3 hours 

4 6-4-2018 Started vectrino measurements on a different computer, because the old one broke down, 
Adapted the range of the velocity measurements 

4 6-4-2018 Ran the experiment for 5 more hours, Increased the water level and made a bed scan, 
Lowered the water level 

4 9-4-2018 Lowered the water level, Was a small problem with the velocity measurements but solved 
quickly, Ran the experiment for 5 more hours 

4 9-4-2018 HRW operator continues in the flume at 3pm and fills the flume to scan water level 

 10-4-2018 Filled flume bit more, Esther made final scan of the bed, Drained the flume, Prepared the next 
experiment 

 10-4-2018 Wallingford installed the aquadop in the return channel and prepared another calibration for 
one of the laser scanners (installing structure) 

5 11-4-2018 Calibration of laser scanner completed, first scan for next test taken, Structure removed and 
test (stable situation at shields 0,5) started at 4pm 

5 12-4-2018 Test ran over night 16h, but vectrino PC crashed so only 2,5 hours of good measurements, 
second scan of bed made, test ran for 4,5h (11 to 15:42),  

5 12-4-2018 Scan done (3/4) but then traverser broke, test started to run overnight again (14h), Fill was not 
entirely closed during this time so WL rose by 7cm overnight 

5 13-4-2018 Test stoped and water drained to repair Traverser scanner to do final scan of the bed 

 16-4-2018 Test bed screeded and (hopefully) the last calibiration of the laser scanner was done 

6 17-4-2018 Initial scan of the bed taken, calibration structure removed and test started 10:30 am to run 
overnight untill the next morning 
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6 18-4-2018 Test restarted after a crash of the pumps at 11:30, Test ran for another 6 hours, Final scan 
done at the end of the day 

 19-4-2018 Calibration of the pumps for lower flow velocities, Screeding of the bed in preparation of the 
next test 

 20-4-2018 Finished screeding the bed, Pertubation placed on the other channel (RHS away from the 
windows), Flume partly filled with water 

7 23-4-2018 Finished filling and did first scan, start new test (tidal unstable flow) to run overnight 

7/8 24-4-2018 Laser scan taken for experiment 7, afterwards experiment 8 started with tidal stable flow over 
the same bed 

 25-4-2018 Laser scan taken for experiment 8 afterwards water drained, bed screeded and filled up for 
scan in the morning 

9 26-4-2018 First scan for experiment 9 taken than flow ran for 1 an hour after which flow was stopped to 
drain down below bed level to take pictures. than filled up again to take picture in the morning 

9 27-4-2018 After the scan ran the high shields unstable case for another hour, afterwards got another scan 
and stared screeding the bed. 

10 30-4-2018 Finished screeding the bed, got an initial scan and started the next experiment (stable 
unidirectional) 

10/11 1-5-2018 Test continued untill 10:30, upstream then moved just below laser scanners. Final/first scan 
taken in the morning. water drained and unstable tidal test started 

11 2-5-2018 Scan done and tests restarted. Vectrino crashed last day, so PC restared and vectrino's set 
back up 

12 3-5-2018 Vectrinos worked propperly overnight giving 18 hours of good data again. Scan taken of the 
bed. Final test started with higher water levels for stable high mobility case 

12 3-5-2018 All data extracted from the computers (only missing camera data and some laser scanner 
data). Cake shared with HRW team to celebrate completion of the project on site 

 


