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Fig. 1. Norte beach and Nazaré canyon head capture system
Kongberg EM 710 combined with EM3000 multibeam
Fig. 1. Norte beach and Nazaré canyon head capture system
hydrographic survey (Imagery Source: Esri, DigitalGlobe,
Kongberg EM 710 combined with EM3000 multibeam
GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid,
hydrographic survey (Imagery Source: Esri, DigitalGlobe,
IGN, IGP, swisstopo, and the GIS User Community).
GeoEye, i-cubed, USDA, USGS, AEX, Getmapping, Aerogrid,
IGN, IGP, swisstopo, and the GIS User Community).
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Bay and (iii) evaluate transport rate gradients and
sediment sorting occurrence on the bypassing
process.

cloud, carrying out laborious sampling of the
mixture layer all across the beach down to the wave
breaking zone is unavoidable. In high energetic
beaches this can be quite unfeasible or at least
dangerous for the campaign participants to achieve
such task. In the case of the CIM approach only the
following conditions must be observed: (i)
unchanging forcing mechanisms through time and
space on the breaking and swash zone (wave high,
period and direction) and (ii) stable rectilinear
coastline in order to maintain a constant wave angle.
Although there is no need to determine the thickness
and width of the moving layer, the stabilization of
the tracer concentration over time and through the
sampling points must be obtained. Samples can be
taken on the superficial moving layer (aprox. 1 cm)
located on the transition between the break and
swash zone.

2.2. Methodological approach
Tracing tagged natural sediment particles with
fluorescent ink is a recognized technique to measure
the sediment transport rate and define pathways on
active sedimentary environments as beaches,
harbours and estuaries. The particles are commonly
obtained previously from the studied area with the
purpose to obtain tracer grains close to the physical
natural attributes, namely grain size, shape and
density, in order to mimic their hydraulic behaviour
during the experiment. The fluorescent tagging of
the particles combined with UV light illumination is
the physical detection principle to measure the trace
concentration as it dilutes on the system through the
transport process.

2.3. Experiment groundwork

The Norte beach creates significant practical
constraints on applying the sediment tracer
technique due to the high energy wave regime,
which induces a strong and fast displacement of the
coastline position (Silva el al, 2013). These
characteristics make it difficult to monitor the tracer
concentrations across the beach, mainly throughout
the breaking zone. For this reason, continuous inject
method (CIM) was chosen instead the most popular
spatial integration (SIM) and time integration (TIM)
methods. The CIM, a variant of time integration
method, is an Eulerian method, and is carried out by
measuring the tracer concentration as the trace is
continuously injected on a fixed point through time
at a constant rate (Duane, D. & James W., 1980).
The advantages of CIM, comparatively to the TIM
and SIM, are: 1) tracer sampling can be
accomplished at relatively few fixed points and there
is no need to monitor the entire spatial extension of a
dispersing tracer cloud; 2) problems associated with
growing dilution of tracer are not a factor because,
theoretically, in steady state conditions, tracer
concentration will increase (until attaining a constant
value) throughout the experiment; 3) it is not
necessary to control the thickness and the width of
the transport system, since demonstration of lateral
steadiness on the equilibrium concentration across
the bed within the system is sufficient to validate the
experimental results; and 4) once these experiments
are shorter in time, the risk of transport condition
changes is reduced.

The tracer experiment was designed to have
injection duration of approximately 5 hours in order
to ensure the steadiness of forcing conditions.
Simultaneously, the injection rate was calculated for
a beach scenario that could combine a probable
headland bypassing state and a linear regular
coastline path in order to obtain consistent wave
forcing along the area of the experiment. Most likely
headland bypassing conditions are related to the
maximum Norte beach sand infilling, a state where
the sandy beach extends to the Guilhim stack (Fig. 2).

In general, all the methods are based on the
assumptions that the tracer behaves as the native
sediment, the advection transport process dominates
over the diffusion and dispersion, there are no
sediment sinks or sources on the system and the
transport conditions are constant in space and time
(Madsen, 1987). Since the space integration time
and time integration methods (SIM and TIM,
respectively) require monitoring of the entire tracer

Fig. 2. (top) Norte beach summer scenario showing a straight
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regular intervals on the longshore drift during the
entire experiment.

coastline and a high infilling level; (bottom) Norte beach
extending up to Guilhim stack.

Those conditions are generally met at the end of the
summer (Silva, et al. 2013), whereas the significant
wave height ranges between 1 to 2 m, with a period
of approximately of 12 s approaching from the NW
direction. Considering the aforesaid wave conditions
and a tracer dilution that would assure detection, a
value of 10 T of tracer was the best practical
compromise achieved.

2.4. Field experiment
The experiment took place between the 9th and 15th
of September 2013, with the injection procedure
occurring on the 12th (Beach to Canyon, 2013). The
Norte beach presented ideal synoptic and
morphological conditions as described above.
Moreover, a new ephemeral beach was recently
formed in connection with the Nazaré headland
inside the bay, the Prainha beach. This beach
usually appears after the Norte beach reaches its full
capacity and the wave regime is low enough to
preserve sand accumulation on that location (Fig. 4).

The experiment comprised the following steps:
- Collection of 13.7 T of native sand on a location as
close to the predicted injection point using a heavy
duty 4X4 excavator; the sand was packed in bigbags with 750kg to 1100kg each, weighted with a 6T
scale dynamometer (Fig. 3). A minimum of 20%
margin was considered, in order to encompass any
interstitial water and assure the minimum final
weight of 10 T after drying.

Fig. 4. Prainha beach formed at the end of 2013 summer on the
13th of September.

The design of the experiment plan was devised in
accordance with all the conditions observed above
(Fig 5.)

Fig. 3. Native sand collection and weighting during the winter on
a spot near the predicted injection point

- Washing the sand inside the big-bags with fresh
water using standard water garden hoses.
- Sand drying inside a 30 m by 12 m warehouse, by
covering its cemented pavement with a 10 cm thick
sand layer for 4 weeks (hot and dry weather summer
conditions).
- Fluorescent ink coating of 10 T of dried sand using
two concrete mixers with 150 kg capacity each. The
ink that have proved to have a reliable performance
on sand coating is an Atomlac® fluorescent orange
lacquer previously diluted with 60% of toluene
based diluent. Using an average proportion of 27/1
between the sand and diluted lacquer, batches of 100
to 120 kg where weighted for each concrete mixer.
Each sand batch was introduced first into the
concrete mixer and the diluted ink was added
afterwards progressively until complete mixing was
achieved. The drying process occurred with the
mixer in constant movement.

Fig. 5. Tracer experiment plan: B2C_AI – Sediment image
analysis; B2C_CET(-50 to 600m) – reference stakes in top of the
second beach berm; B2C_CETam - sediment samples of the
breaker/swash zone collected each 10 minutes; CET 0 – injection
point; B2C_GM – Spotted residual gravel marked located on the
top of the swash zone; B2C_Plat – inner shelf samples.

- Dosage gathering: an amount of 630 PVC bags
with an average weight of 16 kg each where
produced (total of 10080Kg). The individual bags
were designed to be easily dumped by hand in

A grid of 13 sampling locations was marked with
fixed stakes at the top of the berm crest, with a
spacing of 50 m. Taking the injection point as the 0
m reference, the grid was defined between -50 m
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updrift (north) up to the 600 m distance downdrift
(south). An additional sampling point at Prainha
beach was considered. All of the 630 bags (with an
average weight of 16 kg) were injected at a rate of
one per 30 seconds, during 5h 15 min, beginning at
12:00 h (Fig. 6). A team of 15 people at the
injection point and 28 collectors where needed to
accomplish this task.

was measured by drogues, including oranges and
GPS referenced floaters launched by jet skis.
3. PRELIMINARY RESULTS
Fluorescent grain detection using a digital camera
coupled to the SAND BOX© (Bosnic et al., 2012)
with UV lights to detected the tracer, show the
presence of significant amount of grains at the 600
m position after 12 hours. The injection point and
the -50 m reveal total inexistence of fluorescent
grains, putting on evidence the southward
persistence of the littoral drift. After 48 hours tagged
grains were detected at Prainha beach, showing an
increasing in concentration on the subsequent days.
This unequivocal presence of fluorescent grains
inside the bay from a source 600 m north of the
headland demonstrates clearly the existence of
headland bypassing process. This process is the
combination of the supplying mechanism originated
by the southward longshore drift and the beach
overwash event between Nazaré headland and
Guilhim.

One sample of the superficial moving layer at the
base of the swash zone was taken each 10 minutes
on every sampling spots between 12:00 and 18:00,
making a total of 506 samples on the first day. At
the same time, sampling of the inner shelf and at the
Nazaré canyon head was taken place on 5 stations
located in front of the study area, between 6 and 65
m depth, by a coastal research boat using a Smith
McIntyre grab (Fig. 7). On the dawn of the 13th of
September sediment sampling was repeated in three
points in all off the 14 sample locations, covering
the swash zone from the base to the top. The
experiment ended in the 15th of September, with a
collection of a total 634 samples.
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