AUV-BASED TURBULENCE ESTIMATES NEAR COASTAL FRONTS
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Abstract

Microstructure observations have been made
in the FRONT coasta network, near the
mouth of Long Idand Sound, offshore, and
in the plume front of the Connecticut River.
The NUWC turbulence AUV acquires both
microgiructure and finestructure
measurements. It is an extended REMUS,
with shear sensors to edimate turbulent
kinetic energy dissipation rates, and ultra
fag themistors to estimate therma variance
disspation rates. ~ Turbulence data were
obtained in an shef front, a headland front,
in surface boils over sand waves, and near a
MIT gom predicted tidd mixing front.
Inshore of the tidd mixing front, pycnocline
esimates of KE dissipation rates of 10° to
10° W/kg were obtained, comparable to
edimates for the river plume front. Offshore
of the tidd mixing front, pycnodine
estimates of KE dissipation rates of 10° to
10° W/kg were obtained. These estimates
ae used to veify mixing fiddity in a coastd
verson of the MITgem moadd.

I ntroduction

The FRONT region (Fig. 1) has been
observed to be rich in fronta fesatures, as
obsarved in sadlite-derived SST and color.
This regime is drongly influenced by tides,
eduarine outflow, and dongshore shef
flow. The Connecticut River is the primary
fresh water input to the L. |. Sound estuary.
The FRONT observationd and modding
program provided the framework for muilti-
scde dudies of the fronts and their bio-
physca importance.

In addition to the AUV -based observations,
fronta scae observations included ship-
based hydrography and currents, towed
temperature/salinity, and dropped SCAMP
microgtructure profiles. Larger scae
observations utilized bio-physicad
ingrumented moorings, CODAR, and
sadlites.

The MITgem (Marshdl et d., 1997aand
1997b) was adapted for the coastal ocean for
the FRONT study, and can include non
hydrogtatic processes. MITgcm includes
nonloca "K profile parameterization” (KPP)



of vertica mixing by unresolved scales for
the surface boundary layer.

In previous studies, alarge AUV was found
to bein sufficiently stable to obtain
horizontal measurements of disspation rate
in shalow water (Levine and Lueck, 1999),
induding in an esuaring front, and asmal
AUV characterized turBulence in the LEO
upwdling region (Levine et d, 2003).

M ethodology

The Turbulence AUV (Fig.2) performs
synoptic microgtructure and finestructure
messurements (Levineet d, 2001). Itisan
extended REMUS vehicle (van Alt et d,
1994) 2.3 min length, .18 m in diameter,
weighing 56 kg inar. With thisfirst
generation turbulence measuring AUV, we
are currently limited to the mid-water
column, for safety, and to an endurance of 4
hours, usng rechargesble lead-acid
batteries. However, modifications to the
internd frame enable rapid redeployment
with fresh batteries.

Current scientific sensors include two FS|
CTDs, an upward and downward looking
1.2 MHz ADCP, aUniversty of Victoria
Turbulence Package (two orthogond shear
probes, three accel erometers and one FPO7
fast response thermistor), and a SONTEK
ADV-O. Vibration studies have lead to
reductionsin noise transmitted to the shear
probes with the use of a damping materid,
and a probe stiffener attached to the forward
end of the UVIC pressure case. For amore
complete description of the techniques used
to cdculate the disspation rate, see Levine
and Lueck, 1999. The combination of noise

limiting vehicle modifications, and the use
of the dl accelerometers, hasresulted in a
noise floor that resolves 10°° Wikg.

Results

The turbulence measuring AUV was
deployed in aregion (Fig. 1) containing
coastal fronta features (Bowman, 1938)
including a shelf front, a headland front,
surface boils over sand waves, ariver plume
front, and atida mixing front predicted by
the MIT gecm. In Fig. 1, trgectories of the
AUV during the FRONT experiments are
shown, and the green boundary isthe
predicted tida mixing front.

In each case, observations were made during
ebb tide, except for the case of the boils over
sand waves, which was sampled on the
flood. All observations were made away
from the upper and lower boundaries, in the
pycnocline. In each case, the frontd feature
of interest was origindly located in the

larger frontal scale and regiond scae
surveys, but with less resolution.

The December 2001 frontad scde survey for
Montauk Pt. showed a frontal festure with
warme, stier warmer offshore,
corresponding to a dendty increase of
goproximatedy 03 in ggma-t. For the
Montauk Pt. headland front survey, the
AUV was yo-yoed between the 3.5m and
75m leveds. Time saies of turbulent
parameters measured aboard the AUV, for
the Montauk Pt. front, are presented in Fig.
3.  The ahwartships (u) and vertica (w)
velocity shear components are measured
usng the shear probes, and isotropy is
assumed. The temperature and temperature



gradient are measured using the ultra-fast
thermigtor. All  three  accderaion
components are used to remove platform
motion from the shear data to resxolve
ambient  turbulence, usng a patd
coherence technique.

The shear gpectra for the entire Montauk
point deployment (Fig. 4., shows good
agreement with the Naysmith spectrum, both
in shape and magnitude. This universd fit is
based only on the disspation rate,
proportiona to the integrated area under the
shear curve, ?, and the molecular viscosty,
?. Thus for this example, the AUV-derived
veocity turbulence is condgent  with
classcd turbulent measurements.

In Fg. 5 the ranges of turbulent kinetic
energy disspation rate, ? (W/kg), from shear
probe data, are shown for the frontal festures
in Ag. 1. Inshore of the tidd mixing front,
pycnocline estimates of KE disspation rates
of 10° to 10° W/kg were obtained,
comparable to estimates for the river plume
front (upper right figure). Offshore of the
tidd mixing front, pycnocine edimates of
KE dissipation rates of 10° to 10° Wikg
were obtained. The highest disspation
vaues are esimated near the headland at
Montauk Pt., and in the area with sand
waves northeast of Montauk PX.

The MIT gcm was run for the tiddl, wind,
and dratification conditions encountered for
goproximately 20 days prior to our
measurements.  For ebb tide, disspation rate
edimates obtained from by the MITgem
model prediction, aong the AUV transect
near the headland front, are presented in the
upper pand of Fig. 6. Resllts from this

section, in the depth range of the AUV yo-
yo, are of order 10° W/kg, in good
agreement with the AUV-derived disspation
rates shown in the lower pand (Levine & 4,
2002).

Conclusions

* For the regime considered (very strong
dratification), classical turbulence theory
yields promising resuits for the velocity
shear. A similar comparison of the turbulent
temperature spectrum will be made with
Batchelor scaling.

* For FRONT, comparison of observed and
MIT modeled dissipation is reasonable in
the vicinity of a coastal front.

Future work

» Explore why classical turbulence theory
works for velocity shear in the stratified
regime.

» BExamine/quartify the role of shallow
water internal waves and solibores in the
mixing process.

* Repeat the experiment for other regimes
including surface and bottom boundary
layers, and weaker stratification.

» Examire if an instrumented AUV shows
promise for closing turbulent kinetic energy
and scalar budgets budget. Preliminary
estimates for an estuarine dataset are
encouraging.

« Utilize new generation AUV with
improved platform speed and endurance,



and streamlining. Sensing is improved for
both turbulence and CTD instrumentation.
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Figure 2. The Turbulence measuring REMUS, nighttime recovery
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Figure 3. Turbulence data from Montauk P. experiment
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Figure 4. Shear spectrafrom the Montauk Pt. experiment, universal Naysmith spectrais shown
with a dash.
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Figure 6. TKE dissipation rate comparison, model and observations



