











Figure 6-9. Bed elevation profiles A, B, C and D from bathymetry acquired on 8 June 2007 (1400
UTC), 8 June 2007 (2000 UTC), 14 June 2007 (1330 UTC), 14 June 2007 (1930 UTC) and 15 June
2007 (1400 UTC) (see Fig. 6-8). Bold blue and green curves indicate bed elevation profiles from first
(8 June 2007, 1400 UTC) and last (15 June 2007, 1400 UTC) surveys, respectively
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The current-meter data in Figure 5-19 show ebb-dominant currents at the ADCP
site (1.03 m above bottom) and strongly flood-dominant currents at the MAVS site (1.00
m above bottom). Maximum flood and ebb currents at the ADCP site are 54 cm/s and 73
cm/s, respectively, while maximum flood and ebb currents at the MAVS site are 49 cm/s
and <20 cm/s (with brief excursions to ~40 cm/s). Plots of partitioned bed shear stress at
the ADCP and MAVS sites (Fig. 5-23) indicate that the critical bed shear stress t. was
exceeded at both locations. At the ADCP site T was exceeded during flood and ebb tidal
conditions, although the skin-friction bed shear stress tss was much stronger during ebb
conditions (maximum 3 N/m?) than it was during flood-tidal conditions (maximum 1.5
N/m?). Conversely, at the MAVS site, T.; was commonly exceeded during flood-tidal
conditions, but very rarely (and for shorter periods) during ebb-tidal conditions (Fig. 5-
23).

If typical current-dominated hydrodynamic conditions such as those observed in
July 2008 were responsible for initiating and sustaining the dominant pattern of dune
morphology (i.e., reversal in dune asymmetry across the east-west axis of the bedform
field) observed in the multibeam bathymetry from 2000, 2001, 2004 and 2008, then
atypical current or wave-plus-current conditions may have been responsible for the
anomalous bed morphology (i.e. strongly flood-asymmetrical dunes throughout the
bedform field) observed in the bathymetry from 2007. Indeed, strongly flood-dominated
current or wave-plus-current conditions would be necessary to have formed the bedform-
orientation pattern observed in 2007. Such conditions could potentially be initiated by
storm forcing, particularly if accompanied by a significant storm surge and/or significant

wave height. The formation and endurance of relic bedform morphology produced by

83



such low-frequency events has been documented previously by Whitmeyer and
FitzGerald (2007).

If the bedform morphologies observed in 2007 were a relic caused by a low-
frequency storm event, then one would expect to find evidence of probable cause in the
meteorological record. Figure 6-10 is a plot of data from the Gulf of Maine Ocean
Observing System (GoMOOS) Buoy BO1, which is moored at 43.1805°N, 70.4281°W
along the Western Maine Shelf, approximately 26 km northeast of the Portsmouth Harbor
study area (GoMOOS, 2009). Buoy B0O1 was the closest point of observation to the study
area that also had a continuous record of meteorological and wave data for the six months
preceding the 2007 MBES surveys. The GoMOOS record indicates the occurrence of a
low-pressure event in the western Gulf of Maine from 16-20 April 2007. This event was
accompanied by high wind speeds (maximum of 20 m/s) and a multiday period of large
significant wave heights (maximum of 10 m). Although continuous meteorological and
wave observations are unavailable for locations nearer to the study area, water-level
observations from this period were obtained from NOAA Tide Gauge 8423898 (Fort
Point, New Castle, New Hampshire) (Fig. 6-11). The water-level record at Fort Point
shows a water level increase (residual) in the range of 0.5 m to 1.0 m from 16 to 20 April
2007. This increase in water level may indicate a storm surge driven by a decrease in
atmospheric pressure and increase in sustained wind speed, an excess of freshwater
discharge to Great Bay Estuary, or possibly both. Regardless, such conditions of
increased mean current speed associated with increased water levels in the lower estuary,
coupled with high wave-orbital velocities, might have sufficiently altered the background

hydrodynamic conditions to induce a reconfiguration of the seabed.
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Figure 6-10. Atmospheric pressure (millibars), wind speed (m/s), wind direction (degrees), significant
wave height (m) and dominant wave period (s) from GoMOOS Buoy BO01, located at 43.1805°N,
70.4281°W along the Western Maine Shelf (approx. 26 km northeast of the study area). Note presence
of stalled low-pressure system (indicated by red arrow) from 16-21 April 2007 causing a prolonged
period of elevated wave height.
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Figure 6-11. Predicted (blue) and observed (red) water level data from NOAA/NOS/CO-OPS tide
gauge 8423898 (Fort Point, New Hampshire). Residual (observed-predicted) depicts the storm surge
experienced during the period from 16-21 April 2007. Missing observations are dropouts in logged
data from the tide gauge. Note storm surge of between 0.5 and 1 meter for several days after 16 April.
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CHAPTER 7

CONCLUSIONS

Bedform migrations were detected in this study from repeat high-resolution
multibeam echosounder surveys of a dune field near the entrance to Portsmouth Harbor.
Surveys were conducted over periods that range from 6 hr to 7 days in June 2007 and
July 2008 in order to capture the response of dune morphology to ebb-flood and neap-
spring tidal cycles. Current observations were made at two locations within the study
area concurrent with the July 2008 MBES survey in order to provide context for the
observed patterns of bedform migration and in order to calculate bed shear stress. A
targeted sediment sampling and underwater video survey was conducted in February
2007 in order to characterize seafloor sediments within the study area and to provide
necessary textural information for calculations of bed shear stresses.

A new technique was developed for detecting bedform migration. This technique
(BISHNU) utilizes a fingerprint-detection algorithm (Bishnu et al., 2002) to convert
bathymetry to a binary map of dune crests, which are subsequently tracked using a
normalized two-dimensional spatial cross-correlation technique (Duffy and Hughes-
Clarke, 2005). Ridge maps are a better candidate for spatial cross-correlation than the
bathymetric or maximum-slope surfaces because they provide stronger emphasis of dune

crests, which are the primary features to be tracked. Results of BISHNU coupled with
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the spatial cross-correlation routine yield reasonable estimates of bedform-migration
magnitude and direction.

Results indicate that bedform migration magnitudes of approximately 0.2 to 0.4 m
were observed over 6-hr periods during spring and neap tidal conditions. Bedform
migration magnitudes of 0.2 to 1.2 m were observed over a 1-day period during spring
tidal conditions, whereas migration magnitudes in excess of 2.0 m were observed during
6-day and 7-day periods. Bedform migrations observed over 6-hr periods indicate the
episodic response of the seafloor to oscillatory tidal currents. Results from repeat surveys
conducted over 6-hr periods on 8 June 2007 and 14 June 2007 suggest a high degree of
spatial variability in dune migration across the study area (Fig. 5-13, Fig. 5-14).
Conversely, bedform migration observed over 24-hr and multi-day periods show the
response of the seafloor to residual currents, perhaps as the result of flood-ebb velocity
asymmetry (Fig. 5-15, Fig. 5-16, Fig. 5-17). Results over multi-day periods in 2007 and
2008 indicate a coherent pattern of bedform migration within the study area characterized
by strong cross-channel differences in dune migrations (Fig. 5-16, Fig. 5-17). Results
over a 7-day period in 2007 indicate a reciprocal pattern of bedform migrations, whereby
dunes in the eastern sector of the bedform field migrated in a net ebb (southward)
direction, and dunes in the western sector of the bedform field migrated in a net flood
(northward) direction (Fig. 5-16). Results over a 6-day period in 2008 indicate a net ebb
(southward) migration of dunes in the eastern sector of the bedform field, but reveal only
weak activity in the western sector of the bedform field (Fig. 5-17).

Acoustic current-meter observations obtained from two locations in the study area

in July 2008 provide context for the observed patterns of bedform migrations. The
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current-meter data show ebb-current dominance at the ADCP station in the eastern half of
the bedform field and flood-current dominance at the MAVS station in the western half
of the bedform field. Plots of partitioned bed shear stress indicate that the critical bed
shear stress T, was exceeded at both stations during both flood and ebb tides. At the
ADCEP site, t.r was exceeded during both flood and ebb tidal conditions, though the skin-
friction shear stress Ty was much higher in magnitude during ebb tidal conditions. T, at
the MAVS site was commonly exceeded during flood tidal conditions but only rarely
during ebb tidal conditions, indicating that bedload transport was primarily to the north at
this location. The magnitude of tr at the ADCP site was highest in magnitude during ebb
tidal conditions, indicating that bedload transport was primarily to the south.

The observed east-west differences in bedform migration are reinforced by a
time-series of multibeam bathymetry extending back to November 2000. With the
exception of surveys conducted in June 2007, all surveys show a pattern of dune
morphologies that were ebb-oriented (southward-migrating) in the eastern sector of the
dune field, and flood-oriented (northward-migrating) in the western sector of the dune
field. Dune morphologies during surveys conducted in June 2007 were strongly flood-
asymmetrical across the study area. The bed morphologies observed in June 2007 may
be relict morphologies created during a stalled low-pressure system in the Gulf of Maine
during mid-April. Observations from GoMOOS Buoy B01 located 26 km northeast of
the study area measured significant wave heights that topped 10 m during this period,
whereas NOAA Tide Gauge 8423898 (Fort Point, NH) indicated a water level surge of
0.5 to 1.0 m in Portsmouth Harbor. @~ Wave- and residual current- reinforced

hydrodynamics during this period may have created this relict bed morphology, which
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seems to have been in the process of being reworked during the June 2007 observation
period. By July 2008, the reciprocal pattern of bedform asymmetry had resumed.

The results of this study could be enhanced by the acquisition and analysis of
high-resolution in situ observations of instantaneous and mean current speeds and bed
shear stresses below 1.0 m above the seabed, which are necessary to more accurately
assess bedload transport in the study area, although reasonable estimates thereof are
provided by this study. A further improvement on this work would be simultaneous
high-frequency observations of bed dynamics and bed shear stress via bottom tripods,
which would be necessary to assess the instantaneous response of the seabed to tidal and
wave-reinforced tidal conditions. A worthwhile extension of this study would be to
continue extending the timeline of high-resolution multibeam bathymetry within the

study area in order to monitor long-term changes in bedform morphologies.
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