Validation of a TELEMAC-3D model of a scamount
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Abstract—A survey was carried out at Tropic Seamount off the
Atlantic coast of Africa. This has allowed a TELEMAC-3D
model to be constructed and validated using the measured
data. The importance of internal tides at the site and possibility
of a Taylor column have been assessed.

|. INTRODUCTION

In late 2016 an extensive survey was carried out of the
flows at and around Tropic Seamount. The data was to be
used both to understand the flow regime and also to calibrate
a flow model to be set up using TELEMAC-3D. TELEMAC-
3D is the 3D hydrodynamic component of the open source,
industry driven, TELEMAC system (www.opentelemac.org).
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Fig. 1 below shows the bathymetry as coloured contours
and the 2D spatial mesh used with TELEMAC-3D.

The observations have been analysed to understand the
flow processes going on at Tropic Seamount with particular
reference to internal tides at the seamount and the possibility
of a Taylor column (rotating circulation pattern including
closed streamlines) being observed here. The numerical
model has been set up and calibrated using the observations.
This has allowed the semi-diurnal internal tides to be seen
and also to look for features of a Taylor column.
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Figure 1. Model mesh in area of the seamount
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Il.  OBSERVED CURRENTS AT TROPIC SEAMOUNT

Fig. 1 above shows the location of three instruments
relative to the bathymetric contours of the Tropic Seamount.

A. Yo-yo casts near the seamount summit

During the survey (17-18 November 2016), a yo-yo set of
casts at a location near the seamount peak in about 1,000 m
of water was carried out over a 6.25hour period at
approximately hourly intervals while the vessel was
stationary. The vessel also had two ADCPs attached to its
hull measuring current at different frequencies.

Throughout the survey period at a close location B (see
Fig. 1) there was an ADCP mooring attached to the sea bed
and there was an ADCP at about 50 m below the surface
attached to the bed by a 900 m long cable. The yo-yo
currents cover almost the entire water depth over the
seamount. The measured currents in the u and v directions
are presented in Fig. 2 (top and bottom insets respectively).
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Figure 2. Observed currents (above u-velocity, below v-velocity)
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As can be seen there is a semi-diurnal wave or “beam” (in
blue) shown by both u and v currents travelling down from
mid-depth to the bed over this half a semi-diurnal period.
This is the expected behaviour of a semi-diurnal internal tide
generated above the seamount as the surface tide carries the
water up and down above the steep seabed topography.

However, what can also be seen are a quantity of narrow
horizontal slices of both u and v slowly varying currents that
last continuously for a period of nearly 6 hours.

It is not certain how accurate the currents from these casts
are, as they are on a very long cable down from the ship and
the ADCPs are falling and rising rapidly to get a cast
completed in a fast enough time. However the following
suggest that the currents are correct:

o The vessel’s ADCPs give quite similar currents in
the top 50 m or so of the water column;

e The moored current meter at 50 m depth gives a
similar result to the casts near 50 m depth;

e The moored ADCP at the seabed gives a similar
result to the casts near the bed; and

o The intrinsic consistency of the result indicates that
the ADCP cannot have been rotating significantly as
the u and v velocity components would then fade up
and down and they do not greatly but they stay
consistent for a long time.

All of this suggests that the narrow stripes of different
current speed are actually real and not instrumental noise or
error.

Similar results have been measured before (see [6] and
[7]) and they signify the presence of diurnal currents in the
signal with a high spatial wavenumber in the vertical. That is
why they vary through a tidal period at only half the rate of
change of the semi-diurnal current, but with strong spatial
variation in the vertical.

To some extent this result is surprising as there is little
apparent diurnal forcing that can cause these longer period
currents. The barotropic tide here appears strongly dominated
by semi-diurnal constituents (see Fig. 3).

Mooring B. ADCP.
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Figure 3. Observed and modelled water level
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B. Moored current meters

Moored current meters were deployed for the survey
period at location A (2 depths), B (2 depths) and C (1 depth),
where locations are shown on Fig. 1. They operated
continuously giving a high quality dataset enabling use of T-
Tide, a freeware used for tidal harmonics analysis (see [10]).
T-tide is written in the Matlab programming environment. It
is based upon original FORTRAN program developed by
M.G.G. Foreman (see [11] and [12]).

Tab. 1 below shows aspects of the statistics of the
measured currents at the moorings.

TABLE 1 RESIDUAL CURRENTS AT MOORING LOCATIONS

Location + depth u (mfs) v (m/s) Ratio
A1000 0.012 -0.027 0.18
A2000 0.005 -0.004 0.03

B50 0.010 -0.019 0.88
BADCP 0.005 -0.027 0.64
C3300 0.000 -0.009 0.35

The ratio is of minor to major M2 tidal ellipse, which
indicates how linear or nearly circular the tidal ellipse is.

Clearly at all of the mooring locations and heights there is
a general mean flow towards the east and towards the south.
The strongest mean flow is about 0.03 m/s. At all the
moorings the flow is dominated by tidal oscillations, mainly
semi-diurnal.

Further, it is clear that the ellipse is closest to circular at
the two B mooring locations representing a tendency for the
current to rotate around the compass during each M2 tidal
period. At A2000, by contrast, the ellipse is almost just a
straight line with flows all going east or west.

Tab. 2 below shows which locations are more or less
semi-diurnal dominated. Based on the tidal analysis of the
observed currents at the moorings the degree to which the
current is semi-diurnal (Ratio) is derived from the two largest
diurnal and semi-diurnal constituents (O1+K1)/ (M2+S2) for
the ellipse major axis.

TABLE 2 DEGREE TO WHICH CURRENT IS (SEMI-)DIURNAL

Location + depth O1+K1 M2+S2 Ratio
A1000 0.028 0.078 0.36
A2000 0.021 0.052 0.40

B50 0.058 0.068 0.85
BADCP 0.061 0.129 0.47
C3300 0.013 0.053 0.25

This shows that greatest tendency towards diurnal
variation is found at B50. Although the diurnal at 1,000 m
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depth at location B is almost the same, the semi-diurnal there
is nearly twice as large and dominates.

At A1000 the current flows mainly north and south. As
the meter is 1,000 m below the water surface, it is possible
for the water to continue towards approximately north or
south. This shows that the southward moving flow to the
north of the seamount at 1,000 m depth is able to keep
travelling south and sometimes flows north. During the
measurement period the average u velocity is 0.01 m/s (to the
east). The mean v velocity is 0.03 m/s south with periods of
current greater than 0.15 m/s south.

I1l. 3D MODEL ASSUMPTIONS

A. Model setup

The model was set up to cover an approximately square
area of side 450 km centred on the seamount.

The model was run using the hydrodynamic model
TELEMAC-3D in hydrostatic mode. This open source model
has the capability of a flexible mesh of triangles in the
horizontal and a choice of meshing approaches for the
vertical. In this case flat planes were used that drape the top
of the seamount where they are lower than the peak.

Fig. 1 above shows the bathymetry as coloured contours
and the 2D spatial mesh used over the seamount with
TELEMAC-3D.

B. Boundary conditions

The model boundary conditions were taken from the
Mercator Ocean global ocean circulation model (see [13])
with 52 horizontal layers with spacing closest near the
surface and largest at depth. The model layers were taken the
same as those in the Mercator Ocean model but with a
spacing not greater than 20 m in the top 1,000 m. Initial
conditions of salinity and temperature were taken from
average conditions over the survey casts. Boundary
conditions of water level were taken from the Mercator
Ocean model added to the global TPXO levels (see [9]), the
Mercator Ocean model not including tides. The currents on
the boundaries were taken from the sum of the 3D currents
from Mercator Ocean and those from TPXO, which were
assumed to be uniform over the whole water depth.

As Mercator Ocean model outputs do not include tide
variation they could not represent internal tide currents. The
TPXO model does not include baroclinic variations so
neither model allows boundary conditions representing
internal tides to be applied. Although it was not possible to
drive the model including actual internal tide motions at the
boundaries, it was possible to absorb the internal tides
generated inside the model by using sponge layer boundary
conditions on the horizontal boundaries. However to ensure
realistic water levels in the model the water level was
imposed on the model boundaries without any sponge layer.
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Model runs were carried out including different
numerical recipes, different density formulations, and
different winds (simulations reported here use the local
measured wind). The Wu formula was used to specify the
surface drag due to the wind.

V.

The 3D model result for the yo-yo period is shown in
Fig. 4. The semi-diurnal beam from the middle moving
downward can be seen but there is much less of the diurnal
stripes in the upper part of the figure compared to what is
observed.

3D MODEL VALIDATION

A longer period presentation (Fig. 5) shows that the lower
half of the water column at the yo-yo location is
predominantly semi-diurnal and the top becomes diurnal
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after the first few tides. The reason for not reproducing better
the diurnal detail could be due to:

e Diurnal internal tides propagating into the model
area have not been reproduced;

e Semi-diurnal internal tides that propagate into the
model and then change into diurnal stacked tides
have not been reproduced; and / or

e  The model has not been run with sufficient resolution
to reproduce the detail of the stacked tides.

However the model clearly does reproduce the transition
of the semi-diurnal beam into a diurnal one as the current at
the surface is diurnal and no significant diurnal influence has
caused this to happen.
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Figure 4. Model yo-yo comparison (observed currents on left, model on right)
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Figure 5. Model u-velocity at yo-yo location, through tides

Fig. 6 below shows a model result depicting the v
velocity semi-diurnal magnitude (positive towards north)
along a south to north section of the seamount. The
propagation of the beam away from the top of the seamount
towards the surface northward and southward can be seen,
followed by its reflection back downward. The angle of the
beam depends on the degree of stratification so it bends more
near the surface where the density gradient is largest. The
strongest semi-diurnal signal at the surface is about 60km
from the seamount summit.

The data do not naturally lead to a conclusion that there is
a Taylor column present at the seamount (this would be
apparent in closed streamlines around the seamount).

The time averaged currents at 20 m above the sea bed are
shown in Fig. 7 and they do show a tendency to a weak anti-
cyclonic residual circulation around the seamount just above
the bed (as has been seen at other sites). So it appears likely
that there is a very weak Taylor column in the sea around the
seamount close to the sea bed. This may be important in
keeping material at the seamount.
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Figure 6. Model v velocity (semi-diurnal) along a south-north section through the seamount (internal tidal beams)
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V. CONCLUSION

The observations show not only semi-diurnal internal
tides but also a plethora of diurnal tides due to subharmonic
instability. Because the area is bathed with internal semi-
diurnal and diurnal tides arriving from further away, it is not
readily possible to deduce the origin of all the observed
flows.

The data do not naturally lead to a conclusion that there is
a Taylor column present at the seamount. However, a 3D
numerical model has been constructed and validated and it
leads to the conclusion that there is a very weak Taylor
column close to the sea bed.
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Figure 7. Residual flow 20 m above sea bed
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