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1. Scientific aim and background: 

The coastal zone is subject to combinations of wave and longshore current effects. 

Within urban coastal regions a lack of sewer capacity leads to discharges within the 

nearshore zone. Soluble pollutants within these discharges are advected by the tidal and 

wave induced currents and diluted and dispersed by the mixing processes. In the 

management of urban coastal regions a worst case scenario is to assume no mixing or 

dilution. Designing facilities to prevent discharges leads to over-engineered solutions. 

Knowledge and consideration of the dispersion processes will result in improved cost-

effective solutions and a more reliable assessment of the risk to human health and water 

quality failures. 

Under extreme storm conditions, public risk is low as large waves under breaking 

conditions create rapid mixing. Under a previous EPSRC research grant (GR/J12499), 

the applicants have quantified dispersion due to breaking waves as being increased by 

up to two orders of magnitude (Pearson et al, 1997). Also, under storm conditions the 

hazard is reduced, as fewer people will venture into the sea. Conditions likely to create a 

more significant risk will occur due to short, intense summer storms. These are likely to 

create sewer overflows with a greater risk to the public due to the probable rapid 

resumption of bathing. In a recent study of urban beach contamination in Auckland, 

New Zealand, (Lewis et al, 2000) where up to 15,000 people use the North Shore 

beaches per day in summer, it was concluded that storm water and sewer overflows 

have the most significant effect on water quality. The study also showed that the 

probability of exceeding public health guidelines was more than doubled for a 24-hour 

period containing rainfall. 
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In the nearshore zone, where water depths are small, wave processes dominate the 

mixing of soluble pollutants. Previous work by the applicants (Pearson et al, 2002) 

quantified the on-offshore dispersion for regular waves of fixed 1.2s period, of different 

heights, orthogonal to a longshore current. Based on this work, a technique to predict 

the magnitude of the measured dispersion coefficients has been tentatively suggested by 

Pearson et al (2002). However, it is severely limited by the availability of accurate data 

and robust numerical techniques to describe the magnitude and spatial distribution of 

wave generated turbulence. Its applicability is also limited to monochromatic waves 

used in its development. As with all on-off shore mixing problems, it is vital to 

accurately define the vertical exchange processes in regions of horizontal velocity shear. 

Karambas (1999) describes a theoretical approach to predicting mixing in the surf zone 

and highlights the paucity of laboratory measurements of the eddy viscosity distribution 

under combined wave-current conditions. 

Svendsen (1987) summarised a number of detailed velocity measurement studies that 

determined the cross-shore variation of eddy viscosity, both in the surfzone and 

seawards of the breaker point, in the nearshore zone. Estimates of eddy viscosity have 

been suggested to model observed longshore velocity measurements in the surfzone by 

Bowen (1969), Thornton (1970) and Longuet-Higgins (1970). However, Svendsen & 

Putrevu (1994) illustrate the difficulty when they compare these predictions to the 

findings of Svendsen (1987) and show that an order of magnitude difference exists. 

Further development is hampered by shortage of accurate measurements of the spatial 

distribution of eddy viscosity. 

Under a EPSRC research grant (GR/T24081) and EU contract (HRPI-CT-2002-00190 

EC – ARI/IHP) the applicants have recently performed a series of physical model 

experiments in the shallow water wave-current facility at DHI Water & Environment, 

Denmark. [see Pearson et al (2006)]. Through a series of direct detailed hydrodynamic 

measurements and by quantifying their integrated effects on a solute tracer, these 

experiments have quantified the on-offshore dispersion for regular waves of fixed wave 

height, of different periods, orthogonal to a longshore tidal current.  

This research by two European teams describes an experimental study which elucidates 

the nearshore cross-shore transport processes. In pervious studies, the research team 

have investigated the hydrodynamics and mixing processes under regular waves and a 

tidal driven current, this research focuses on the cases where the waves approach the 

shore at an oblique angle resulting in a wave driven longshore current. The research 

provides high-quality data which will be used to refine a method to predict pollutant 

dispersion in the nearshore zone. 

The overall aims of this research was to elucidate and quantify turbulent hydrodynamic 

processes and temporal mean flow fields in the nearshore zone subjected to a range of 

combined wave conditions and longshore currents. Regular and random waves were 

studied in the facility and direct measurements allowed the on-offshore dispersion to be 

quantified. In conjunction with the knowledge of the hydrodynamic processes, obtained 

through interpretation of the proposed unique turbulence measurements, algorithms will 

be developed and validated to describe the contributions to pollutant dispersion in the 

nearshore zone produced by combined wave-current processes. The project therefore 

had five major objectives: 

1. perform turbulent velocity, momentum transport and solute dispersion 

measurements to obtain a comprehensive data set  



2. quantify transverse and vertical solute mixing processes under a range of wave-

current conditions  

3. interpret the new experimental results to elucidate the underlying influence of 

the turbulence and turbulent mean velocity fields for a range of wave conditions  

4. derive algorithms describing the solute dispersion in terms of wave and flow 

parameters, suitable for inclusion in numerical water quality models  

5. develop and disseminate techniques to predict the magnitude of dispersion 

coefficients due to wave-current processes. 

  

2. User-Project Achievements and difficulties encountered: 

Minimal technical difficulties were encountered during this study, preliminary results of 

the solute transport tests at DHI have been of excellent quality and of significant 

importance, with exciting new data on the transverse mixing processes due to the effects 

of waves. The tests have therefore been of considerable benefit in answering the 

primary question of how waves influence the transverse mixing processes in the 

nearshore region.  

The start of testing at DHI was delayed slightly during the initial set up of the wave 

driven currents. This delay however caused no major problems to the project as the 

applicants allocated contingency time in the planning phase. 

3. Highlights important research results: 

The Research: The experimental work was undertaken in the shallow water basin at 

DHI, Denmark (July - September 09). The measurement section measured 18m x 8m, 

with an offshore water depth of 0.5m. The facility is equipped with an absorbing piston-

type wavemaker and all experiments were performed on a 1:20 plain beach, with waves 

approaching the shore at 20°. Both regular and random wave conditions were studied.  

Turbulent LDA velocity Measurements: To determine the flow velocities a 2D 

Dantec LDA velocity measurement was used. Detailed velocity measurements were 

undertaken at 1.0m intervals to describe the wave-driven current. Additional velocity 

profiles, at five sections away from the shoreline, y{1.0, 1.5, 2.0, 3.0, 5.0}m were 

measured at the centreline of the basin for each wave condition. No attempt was made 

to record both velocity and concentration measurements simultaneously, although in 

some tests a wave probe and LDA were deployed as concentration data were collected 

to confirm repeatability in the hydrodynamic conditions. At each point data was logged 

for 180s, and a minimum of 20 points were taken in the vertical. Figure 3.1 shows the 

simultaneous recording of the on-offshore and vertical velocity time series during the 

data collection.  



 

Figure 3.1 Time series of LDA turbulent velocity measurements at y=3m from shore  

  

Direct Solute transport measurements: A constant injection of Rhodamine WT dye 

was introduced to the basin from a small tapping point at the bed, at various locations 

from the shoreline. To determine the spreading of the dye, discrete samples were 

pumped from sample tubes spaced 50mm apart across the plume. The pumped flow rate 

was adjusted to match the longshore flow velocity, averaging the concentrations at each 

point for 180 seconds. Up to five transverse sections, at different distances from the 

injection point were investigated for each test condition. Figure 3.2 shows the resultant 

concentration distribution at four locations downstream of a dye injection point y=1m 

from the shoreline. 

 

Figure 3.2 Transverse concentration profiles for a continuous injection of tracer at 

y=1m from the shoreline [Nominal wave condition Ho=0.09m, T=1.85s]  

  

  

4. Publications, reports from the project: 

Scientific publications and reports will be produced following the detailed analysis and 

interpretation of the measured data.  
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5. Description: 

5.1. Description: 

In the configuration selected for the experimental investigations (see Fig 5.1.2), the 

wave-current facility was designed to represent 0.7km of coastline at a 1:20 scale. 

The basin consisted of a plane concrete beach sloping at 1:20 and had a normal 

operating depth of z = 0.5m, although the depth could be altered from 0.3m to 0.8m. 

The facility had a static instrument carriage which instruments were hung from. The 

shore-parallel current was generated by a single pump in a re-circulating flow 

system. Water from the pump was stilled in a 10m wide sump. The flow from the 

pump was further controlled, by use of flow straighteners. At the down stream end of 

the facility wave adsorption / flow guides were used (see Fig 5.1.1).  

 

Figure 5.1.1 (a) Flow straighteners at up-stream end of facility, (b) wave guides / 

straighteners at downstream end of facility 
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Figure 5.1.2 Layout of the Wave-Current Facility at DHI, Denmark 

5.2. Definition of the coordinate systems used: 

The coordinate system used for this study, is based on DHI's coordinate system (see 

Fig 5.1.2), in the y-direction (on-off shore) the coordinates of the whole basin range 

from 0 – 15, and in the x-direction the coordinates range from 30 – 65. All units are 

in metres.  

x. longitudinal distance, perpendicular to y, lateral direction [m]  

y. on-off shore distance, in direction of wave propagation at an angle of 0° [m]  

z. vertical distance, from still water level, up +ve [m]  

5.3. Instruments used: 

Data logging system  

All the instruments used on the wave-current facility had analogue voltage outputs. 

These were connected by coaxial cables to the control platform where the outputs 

were logged onto a PC. The data logging system consisted of a 12 bit, 48 channel 

logging board. The data acquiring system was controlled by software.  

LDA Velocity Measurement Device 

 

Figure 5.3.1 (a) The LDA velocity measurement system, (b) Fibre optic head in 

facility 

The LDA system is a device whereby small scale turbulent velocity fluctuations can 

be measured. A 5W argon ion laser generated a beam of light of discrete wavelengths 

and a series of optics converted the beam into a suitable configuration to enable the 

velocity to be determined (see Fig. 5.3.1a). The optics split the laser beam into a 

series of parallel pairs of beams of single wavelengths, green (514.5nm) and blue 

(488nm), and is passed down a fibre optic to the head positioned in the facility. Each 

wavelength corresponding to a different orthogonal plane (x and y). The parallel 

beams then passed through a lens which focussed them all to a single point, less than 

a millimetres square, 70mm from the lens in the head. This crossing point is the 

measuring volume. When a particle enters the measurement volume the light is 

reflected back from this point on the line of incidence returns through the fibre optic 

to a series of electronic which converts and validates the signal to produce a velocity. 

The data rate is dependant on the number of particles in the flow, thus for the 

experimental investigations the flow was seeded with Timiron, a neutrally buoyant 

product which in under some test cases gave data rates in excess of 200Hz. 
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Tracer concentration measurements 

A fluorometer is a device used to measure dye concentration. By the use of suitable 

filters for different types of benzo-organic dyes, the instrument utilises the 

fluorescent properties of the tracer whereby the dye emits light of a different 

wavelength to that of the light striking it. The intensity of the emitted light is 

detected by a photo multiplier and the output measured as a voltage. By calibrating 

the instrument with known concentrations of dye, the voltages can be converted to 

concentration values.  

 

Figure 5.3.2 (a) Sample extraction tubes in facility, (b) pumping system for 

extraction 

 
Figure 5.3.3 (a) Collection containers, (b) Series 10 Turner Designs Fluorometer  

Figs. (5.3.2 & 5.3.2) show the concentration measurement system used in the wave-

current basin. The system was setup to continually sample the tracer in the facility 

via 3mm brass tubes placed in the flow (see Fig. 5.3.2a). The sample was drawn from 

the water by peristaltic pumps (see Fig. 5.3.2b), and collected in containers for later 

analysis in the fluorometer (see Fig 5.3.3). The system of continually extracting 

samples could only be used when a longitudinal current was superimposed on the 

waves. Under wave only conditions the advection caused by the sample tubes could 

generate currents greater than those generated by the waves. 

Smart & Laidlaw (1977) evaluated fluorescent dyes for water tracing studies, and 

suggested that the fluorescent intensity of dyes varies inversely with temperature. 

Experimental studies showed that for Rhodamine WT dye the fluorescent intensity, F 

was given by: 

F = F0exp
-0.027t

 

where F is the fluorescence reading at temperature t, and is the fluorescence at 0C. 

Thus a 1C change in temperature resulted in a 3% change in fluorescent intensity. It 

was therefore vital to carefully monitor the water temperature throughout the 

duration of testing and also ensure that the calibration was performed with water of 
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similar temperature to the basin water. In a fluorometer, the amount of emitted light 

is directly proportional the concentration of dye. By calibrating the instrument with 

known concentrations of dye and fitting a least squares linear regression through the 

points for each instrument, the voltages can be converted to concentrations using the 

linear equations.  

To calibrate the instruments, a 5 litre sample of fresh basin water was taken and 

allowed to reach the ambient temperature of the facility water. Known volumes of 

Rhodamine WT dye were added to the sample and mixed thoroughly and the sample 

was passed through the fluorometer. The Turner Design fluorometer has three scale 

settings which can be tuned to a desirable range. Due to the relatively low 

concentrations of dye released into the facility, only two scales on each instrument 

were used. Fig. (5.3.4) shows a typical calibration.  

  

 

Figure 5.3.4 Typical calibration of fluorometer  

  

Wave probe modules 

Eleven wave monitor modules connected to twin wire wave probes were utilised to 

measure the water surface elevation at selected locations within the facility. The 

voltage output from the 2modules were logged on to the data acquisition system. By 

raising or lowering the wave probes a known amount in still water produced a 

corresponding change in output voltage, which enabled the output voltages to be 

converted into water levels. 

The wave probes were re-zeroed and calibrated over 4 points [usually (0,+100,-

100,0)m] each day by driving the probe up or down. The output voltage from a wave 

probe monitor is directly proportional to the probes depth of immersion. Automation 

of the wave probes calibration system enabled the values of the least square 

regression line ( ) for each instrument to be displayed instantly on the control 

platform. To ensure water elevation resolutions down to ±1mm, if any of the value of 

the regressions for each probe was below 0.9999, the calibration was rejected and the 

wave probes were re-calibrated.  
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5.4. Definition of time origin and instrument synchronisation: 

N/A 

6. Definition and notation of the experimental parameters: 

6.1. Fixed parameters: 

Notation Name Unit Definition Remarks 

c concentration       

C wave celerity       

d flow depth       

D overall mixing coefficient   = k + e   

e diffusion coefficient       

E total wave energy per unit area       

g acceleration due to gravity       

H wave height       

I wave averaged momentum       

k dispersion coefficient       

L wavelength & length scale       

M constant       

Q mass of tracer also mass-flux       

T wave period       

Y width of surfzone       

u, v, w longitudinal, on-shore and vertical velocities, respectively       

u* shear velocity in the longitudinal direction       

x longitudinal distance from the tracer injection point       

y on-off shore distance from the shoreline       

z vertical distance form te still water level       

η mean water level       

ρ denisty of water       

σ
2
 spatial variance of distribution       

γ breaker index       

μ centroid of distribution       

νt turbulent viscosity (eddy viscosity)       

          



Subscript Name Unit Definition Remarks 

b breaking point       

d depth averaged value       

o offshore       

tr trough       

x, y, z longitudinal, on-off shore and vertical direction respectively       

          

Table 6.1.1 List of symbols 

6.2. Variable independent parameters: 

Notation Name Unit Definition Remarks 

          

Table 6.2.1 

6.3. Derived parameters and relevant non-dimensional numbers: 

7. Description of the experimental campaign, list of experiments: 

The results presented in this report relate to measurements undertaken on the Wave 

Current facility at DHI, Denmark (Fig.5.1.2). Tests were performed on the transverse 

sloping section of the facility, whereby a wave driven longshore current was generated 

by waves approaching the shore at 20°. The current parallel to the shore was generated 

by a single pump, which after careful calibration was set to 55l/s. The waves on the 

facility are generated by 36 computer controlled paddles and investigations focused on 

one monochromatic wave, with the crests approaching parallel to the shore, and one 

other test was undertaken with pseudo random waves. The bed of the facility consisted 

of concrete screed, with an assumed roughness height of 1mm. A week by week outline 

of research conducted on the facility is given below: 

Week no. 

(Date ) 

Brief outline of research undertaken 

Week 1 

Monday 13
th

 

July 

To 

Friday 17
th

 

July 

Travelled from UK in van, unloaded equipment, assisted in building facility, tested 

equipment, finalised position and design of support framework, configured LIF 

channel cut out in flume, positioned light sheet under facility and tested all 

equipment. 

Week 2 

Monday 20
th

 

July 

Installed:- Wave boards, wave gauges, Laser LDA system, fitted wier, calibrated 

wave gauges, set up wave conditions, learned wave paddle software, tested 1
st
 regular 

wave condition, set up flow, aligned laser, undertook initial reflection analysis. 

Compared flow pattern for Numerical model 



To 

Friday 24
th

 

July 

Week 3 

Monday 27
th

 

July 

To 

Friday 31
st
 

July 

Setting up flow regime with UCM, compared measured results in flume to both DHI 

Mike 21 and Litpak  

Cleaned optics and aligned laser, now getting much improved data rate.  

Week 4 

Monday 3
rd

 

August 

To 

Friday 7
th

 

August 

Challenges with re-circulating flow regime, can't get stable re-feed on longshore 

current, decided to ‘let waves' drive current naturally, and have less emphasis on 

Mike 21 / Litpak, retested midweek , now much better flows  

Finalised re-circulating flow regime at 55 l /s 

Week 5 

Monday 10
th

 

August 

To 

Friday 14
th

 

August 

Dye week, Regular Waves 

Tested y=1m, y=1.5m & y=2m – all in surfzone – challenges with background now 

sorted. (Repeated y=2m on Mon 17
th

 Aug ) 

Week 6 

Monday 17
th

 

August 

To 

Friday 21
th

 

August 

LDA week, Regular Waves 

LDA work continued 

Y=5m, 15 readings taken, Y=5m repeated with 15 readings taken.  

Y=3m, 13 points recorded, Y=2m, 14 readings taken 

Y=1.5m, 11 readings taken, Y=1m, 10 readings  

Orientation changed – to give full 3 directions of LDA data 

Week 7 

Monday 24
th

 

August 

To 

Friday 28
th

 

August 

Set up Flow regime for Random waves 

Dye week, Random Waves 

Tested y=1m, y=1.5m & y=2m – all in surfzone  

Week 8 

Monday 31
st
 

August 

To 

LDA week, Randomr Waves 

LDA work continued 

Y=5m, 15 readings taken, Y=5m repeated with 15 readings taken.  

Y=3m, 13 points recorded, Y=2m, 14 readings taken 



Friday 4
th

 

September 

Y=1.5m, 11 readings taken, Y=1m, 10 readings  

Orientation changed – to give full 3 directions of LDA data 

LIF lightsheet work – y = 2m, bed injection and calibration  

Pack up, and travel back to UK 

Table 7.1 Week by week outline of research conducted 

  

  

8. Data processing: 

At the time of writing, data processing is underway:- 

Tracer measurements 

The dye concentration data has been manually manipulated (see Fig. 3.2), analysis is 

currently underway. 

Turbulent LDA velocity Measurements  

The LDA data will be initially analyzed within Dantec's flow package, however detailed 

algorithms are currently being written in Fortran, as FFT / spectral analysis processing 

requires equidistant spacing of the data (LDA data is randomly spaces as and when a 

particle passes through the measurement volume)  

Wave Gauge Data 

Analysis will be undertaken using DHI's Mike Zero, Reflection analysis software 

LIF Data 

Specific algorithms need to be written to analyse the data 

9. Organisation of data files: 

At the time of writing, the data files are currently set out ‘as is' during data collection, 

data is currently ordered into date order and backed up. To distribute the data amongst 

partners the data will be sorted into appropriate directories, which will also allow the 

end users easy access to the data files in 2 years time.  

10. Remarks about the experimental campaign, problems and things to 

improve: 

During this study, the DHI support team on the project were extremely responsive, 

worked extremely long hours, and all teething problems were overcome. The results 

obtained so far have been of excellent quality and significant importance, and are 

already stimulating collaborative publications between the applicants and practicing 



coastal engineers. Further benefits are expected when the data are analysed in more 

detail. 
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