










A  LIGHTWEIGHT,  AUTONOMOUS,  DOWN-LOOKING  WAVE  GAUGE  ARRAY  IN  SHALLOW  LAKES 

 

125 

Tm01 was also quite well resolved during wind speeds exceeding 5 m/s, it was overestimated 

during calm periods. As is known, unlike Hm0, the wave period Tm01 depends not only on the 

zero-order, but also on the first-order moment of the power spectrum, and so, it is sensitive to 

high-frequency noise. The low accuracy during weaker winds is not seen as a major drawback 

when the impact of waves on sediment motion must be characterised, as waves below 2 centi-

metres do not generate significant turbulence near the bed anyway. 

4. OUTLOOK 

The easy deployment and the successful validation of the lightweight down-looking wave 

gauges encourages their application in lake studies. Thanks to their low cost, the gauges can be 

deployed in large numbers in this shallow, fetch-limited environment. The solar panels ensure 

that their operation is autonomous, which helps lower total costs further. As the next step of the 

development, the low-power wide-area LoRa (Long Range) module installed on the gauges to 

provide online communication with the gauges will be tested, with the vision of real-time pro-

cessing and visualisation of the sea state. 
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A b s t r a c t  

Laboratory investigations into the breaching of rockfill dams is an ongoing research at NTNU. 

The current model represents a full dam profile and is a development of earlier models used 

for investigating stability of rockfill dams and ripraps under throughflow and overtopping 

situations. Instrumentation of the model includes pore pressure measurements along the dam 

foundation, water level recording and video recording from multiple angles. Video is used to 

extract images at intervals throughout the breaching process and 3D models of the breach 

opening created using “structure from motion” and “multi view stereo” processing techniques. 

The overall aim is to enhance current knowledge on the breaching of rockfill dams. Modelling 

of the impervious element is a major challenge for the experiments and the process of finding 

an appropriate solution to this is described in the present study along with preliminary results. 

Keywords: dam breach, rockfill dams, structure from motion. 

1. INTRODUCTION 

The current research is based on a continuous series of laboratory tests combined with some 

large-scale field tests and other field investigations starting in 2013. The original focus was on 

the stability of riprap on dams (Hiller et al. 2018, 2019). Further work was done on riprap sta-

bility as well as investigating throughflow in rockfill dams (Ravindra et al. 2019, 2020a,b), and 

how this affects overall stability and how different toe designs affect throughflow and stability 

(Kiplesund et al. 2021). One of the important outcomes of this research has been the description 

of failure mechanisms and quantification of the increased safety provided by dumped and 

placed ripraps as well as how the factor of safety is affected by the throughflow conditions in 

the downstream supporting fill. Present work is focused on breach initiation and development 



G.H. KIPLESUND  and  F.G. SIGTRYGGSDOTTIR 

 

128 

in rockfill dams. To describe breach development beyond the initiation a redesign of the model 

to incorporate a breachable core element rather than a fixed core as in earlier experiments was 

necessary. This work discusses the challenge relating to acceptable modelling of the impervious 

element, i.e. the core, and provides related results from SWOT analysis and pilot experiments. 

Some observations on breach development can also be drawn at this early stage from the com-

pleted tests. 

2. EXPERIMENTAL SETUP 

The rockfill dam model is situated in a 25 m long flume in the hydraulic laboratories at NTNU. 

Figure 1 shows the model setup. The breaching process is recorded with strategically located 

video cameras for creating 3D models using “structure from motion” and “multi view stereo”. 

Additionally, pore pressures along the base, upstream water levels and inflow are recorded. The 

dam body comprises about 5000 kg of well graded rockfill, scaled from observed rock grada-

tions in existing dams. Two main materials have been tested for the core: a tiled extruded foam 

core and a rubber membrane. The experiments are ongoing but currently a total of six pilot tests 

have been carried out. Currently the first test with a riprap protection is about to be performed. 

 

 

   

Fig. 1. Laboratory setup (left) and example of breached dam (right). 

3. ANALYSIS  

There are restrictions on the use of fines in the flume due to a circulation system. Consequently, 

the conditions do not allow for a realistic modelling of a clayey core. Hence, the main goal of 

the presented experiments is to realistically model the breach formation in the rockfill itself. 

Thus, different criteria for a successful test series were defined and included: a realistic phreatic 

line prior to and during the overtopping situation; reasonable effect of the watertight membrane 

on the breaching; and ease of separating the core material from the rockfill remains. A SWOT 

analysis was conducted in the selection process. Furthermore, a work process has been devel-

oped to analyse the breach process using 3D models created by extracting synchronized frames 

from the videos. Through this work many lessons have been learned on optimal camera settings, 

alignment, number of cameras, lighting, etc. 
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4. RESULTS 

The SWOT analysis aided in modelling strategically the watertight membrane. Analysis of data 

and videos from the experiments supported the selected strategy and has proven to be important 

in analysis of the breach process. The main outcome is that the research can continue with the 

rockfill, adding riprap on the dam slopes to further investigate the effect of riprap erosion pro-

tection on the breaching process using the selected instrumentation and tools. 
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A b s t r a c t  

Local scour has been widely identified as one of the primary threats to bridge pier stability. 

To better understand how the turbulent flow field modified by bridge piers interacts with the 

bed surface, it is relevant to assess the flow structures that are potentially sufficient to remove 

the bed material. Thus, the accuracy and measurement quality in estimating the flow field is 

of primordial importance, mainly in a well-controlled laboratory environment. In the present 

study, time-averaged velocities and Reynolds shear stresses were measured by using a high-

resolution acoustic velocimeter. Due to the highly turbulent nature of the flow, an assessment 

of the signal acquisition time’s influence on the statistics of turbulent quantities is performed, 

including the inherent uncertainties regarding the flow field measurement technique. The re-

sults showed that the required sampling time for mean and fluctuation velocities, and the lat-

eral Reynolds shear stress, differ by one order of magnitude. 

Keywords: acquisition time, downlooking vectrino, statistical parameters, velocity measure-

ments. 

1. INTRODUCTION 

The presence of a scour hole at the vicinity of a pier radically alters the turbulent flow field and 

its hydrodynamic characteristics. For instance, the bed shear stress and turbulence quantities 

are strengthened, which induces further sediment transport and scour development at the pier 

vicinity. The increased horseshoe vortex and the turbulent energy indicate that different mech-

anisms trigger the flow field structure when a scour hole is present, requiring further research 

to deepen the understanding of the pier scouring process (Li et al. 2020).  
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The measurement quality of the turbulent flow field around a bridge pier model, using 

a high-resolution acoustic velocimeter (also called vectrino), is strongly influenced by three 

main factors: (i) the signal acquisition time, (ii) the type of seeding particles, and (iii) the align-

ment of the probe. The current work focuses on the assessment of the signal acquisition time 

for measuring the flow field and its influence on the statistics of turbulence characteristics. 

 

2. ACQUISITION TIME INFLUENCE 

Flow and turbulence characteristics at an eroded bed stage around a 0.14 m wide oblong pier at 

the flume mid-plane surface were assessed, with respect to the vectrino signal acquisition time, 

in order to check the time needed to get stable time-averaged values. The local scouring exper-

iment belongs to a campaign composed of six fixed bed experiments performed in a recirculat-

ing tilting flume, located in the National Laboratory of Civil Engineering (LNEC), in Lisbon, 

Portugal (Bento 2021). An acquisition of 30 min with a 4-beam down-looking probe, with 

200 Hz of sampling frequency (totalizing 1800 data samples), in a point situated at an upstream 

distance of 0.09 m from the front edge of the bridge pier (0.20 L and 1.5 W, being L the total 

pier length, perpendicular to the main flow direction, and W the effective pier width), and at 

a distance of 0.223 m from the bed surface, were used for this work. The experiment was per-

formed at steady flow conditions and with the introduction of seeding particles into the flow.  

Measurements were filtered using ExploreV to reject points with a correlation coefficient 

less than 70% and signal-to-noise ratio (SNR) less than 15 dB for ensuring the reliability of 

instantaneous velocity data (Beheshti and Ataie-Ashtiani 2010). The recorded signals were 

characterized by a mean correlation value of 90% and a mean SNR of 22 dB. A sensitivity 

analysis of the sampling time for measuring the time-averaged streamwise velocity and fluctu-

ation (𝑢̅ and 𝑢′̅, respectively), and the lateral Reynolds shear stress (𝑢′𝑣′̅̅ ̅̅ ̅̅ ) was undertaken.  

The time needed for the stabilization of 𝑢̅ and 𝑢′̅ was lower than one order of magnitude for 

𝑢′𝑣′̅̅ ̅̅ ̅̅ . After 10 seconds, 𝑢̅ indicated a relative difference of less than 2%, when compared with 

the time-average value for 0.5 hours of the down-looking vectrino acquired signal. For 𝑢′̅, a rel-

ative difference of 2% was attained after 88 seconds. The variable that required longer time to 

stabilize was the lateral Reynolds shear stress. For this case, a relative difference of 5% was 

ensured after 297 seconds of acquisition. These values are in line with studies in the literature, 

which acquisition times range from 60 to 300 seconds (Li et al. 2020, among others).  
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