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LONG-TERM GOALS

A long-term goal of our sediment transport and deposition investigations is to link sediment-transport
processes to the formation and preservation of event beds in sediment deposits. The general aim of this
project is to investigate how forcing processes affect the sediment-transport dynamics that act to effect
the delivery and retention of fine-grained sediment through tidal rivers and in shallow-water coastal
regions. We strive to understand how the delicate balance of ebb and flood sediment fluxes is
maintained to create tidal flat and mangrove complexes, and distributary shoals and islands within tidal
rivers. These environments are characterized by variable bathymetry and seabed stability, and our goal
is to evaluate the processes that influence the transport pathways, seabed erosion/deposition, and
morphological development in shallow tidally influenced systems.

Sediment is eroded, transported, and trapped via a myriad of processes along the continuum from
terrestrial to oceanic environments. At present, we are focusing on sedimentary phenomena in
relatively unstudied components within a source-to-sink framework: the connection between the tidal
river and the subaqueous delta on the inner continental shelf, and sediment sinks within
vegetated/mangrove shoreline complexes. Our overall hypothesis is that sediment-transport signals of
flux magnitude, grain size, and dominant pathways are modulated within the tidal river and tidal
floodplains before the delivery of sediment to the continental shelf, and thus processes in these regions
exert a control on the ultimate fate of sediment particles.

OBJECTIVES

This research is designed to investigate sources and sinks of sediment in the tidal river and intertidal
areas of the overall source-to-sink system. We report here on preliminary results from the Tropical
Deltas DRI on the Mekong River. Our objectives focus on the following four areas:

1. Transport pathways in the tidal river. In many large rivers the tidal reach is largely
unstudied, and the sedimentary dynamics within them control the magnitude and routing of
particles onto the continental shelf. We hypothesize that there are mutually exclusive pathways
for sediment on flood and ebb tides that control the deposition of sediment into distributary
islands, impact the storage and release of sediment in both the main stem and floodplain areas,
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Figure 1. Study area basemap with Landsat 7 ETM imagery acquired 13 February 2002. Map
at top right shows greater Mekong River Delta region. Red lines denote cross-sections occupied
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during the two seasonal cruises. Inset shows generalized cross-sectional bathymetry looking
downstream, with nominal locations of CTD stations indicated by dashed lines. The mouth
(river kilometer 0) is defined as the river-transverse extension of the left-bank mainland.

and alter the delivery mechanisms to the continental shelf, thereby placing controls on sediment
fate.

Sediment retention and release on mangrove/vegetated intertidal areas. Along the main
stem tidal river and coastal banks may be shorelines lined with vegetation (mangroves at the
seaward fringe and other brackish-water vegetation in the fresher reaches). We seek to explore
the tide and wave-driven forces routing sediment to and from the intertidal mangrove
shorelines, and to contrast these processes to those investigated in previous studies of
unvegetated intertidal regions (Tidal Flats DRI; Nowacki & Ogston, 2013; Webster et al., 2013;
Boldt et al., 2013).

Sediment dispersal on the subaqueous delta. Sediment discharged to the shallow
subaqueous delta from the Mekong River is actively building a subaqueous clinoform deposit
that extends along the Ca Mau peninsula. We propose to investigate the surface and bottom
boundary layer transport dynamics that drive linkages between sedimentary signals in the tidal
river, subaqueous delta, and mangrove shorelines.



4. Understanding differences between natural (Amazon) and human-impacted (Mekong)
large tropical deltas. The tidal Mekong River has been highly impacted by humans, and the
sub-aerial delta is the site of a large proportion of Vietnamese agricultural production. Our
work on the tidal river and shoreline regions of another large tropical delta, the Amazon, allows
comparison of features that occur in a largely pristine capacity, with those in the human-
impacted Mekong environments.

APPROACH

Our general approach is to use in situ observations to evaluate the hydrodynamics, sediment fluxes,
and sediment characteristics within the environments listed above. Data from fixed instrumented
stations and boat-mounted platforms allow us to investigate each morphological setting. We determine
water and sediment fluxes and evaluate the roles of varying meteorological forcing on the sediment-
transport dynamics. In addition, we strive to work with other investigators to enhance modeling and
remote sensing efforts, and to develop an overall understanding of the system dynamics.

Transport pathways in the tidal river: We investigate water and sediment fluxes in the tidal river by
deploying fixed time-series instrumentation over the fortnightly cycle and surveying transects over
complete 24-hour tidal cycles. Preliminary investigations have been conducted in the lower tidal river
(Song Hau distributary) in August 2012 and April 2013 in the region where the tidal river separates
around Cu Lao Dung (Fig. 1). In these studies, and in the future collaborative DRI effort, we conduct
hydrodynamic and sediment transport studies on transects that encompassed the transition from fluvial
to estuarine. The boat transits for 24 hours across the channels at these transects in order to delineate
semi-diurnal variations in fluxes. We continuously operate an ADCP to measure current velocities,
backscatter and bathymetry. We also profile with CTD/OBS, and suspended-sediment samples are
collected for evaluation of grain size, and calibration of the ADCP backscatter and OBS response. We
are processing data from the previous cruises at present to address the evolution from tidal river
dynamics to estuarine dynamics as it relates to sediment transport and delivery to the coastal
environment. The integrated suspended-sediment concentration and acoustic backscatter data sets
provide information on the pathways and potential for remotely sensed signatures to interpret
processes and bathymetry. We plan to combine our sediment-transport data sets with those of other
investigators undertaking studies focused on bed sediment composition to understand the processes
and resulting morphologies within the tidal main stem.

Sediment retention and release on mangrove/vegetated intertidal areas: In the April 2013 experiment
we investigated the mangrove fringe on seaward side of the island and found a thriving, natural
mangrove forest. In this past year (February 2014), we undertook a “mini-mangrove” experiment to
investigate the feasibility of doing experimental work in this mangrove fringe. Subsequently, in the
larger coordinated DRI experiments (scheduled for September 2014 and February 2015), Aquadopp
high-resolution current profilers, wave gauges and OBS will be deployed on the mudbed in
collaborative arrays at two cross-shore transects through the seaward mangrove fringe of Cu Lao
Dung, and maintained over a fortnight. Our focus with these studies will be on fluid and sediment
exchange between the tidal river channels, the offshore shoals, and the mangrove forest. The data will
be used to investigate the processes by which tidal processes serve to import or export sediment over
hourly to weekly time scales.



Sediment dispersal on the subaqueous delta: The third environment that links together the coastal
system is the subaqueous delta that forms on the inner shelf. To investigate the processes and
pathways and whether this region is a source or a sink of sediment relative to the tidal river and
mangrove shoreline deposits, we will deploy small time-series instrument packages on the active
deposit under a range of oceanic conditions. Although the data set will be limited due to complications
with permissions and security of the instrumentation, there is little known about the active sedimentary
processes on the inner shelf and these will be some of the first observations of this type made in the
region. We seek to determine the role (and time scales) of the offshore deposits in storing sediment
that may ultimately be cycled back into the tidal river or drawn into the mangrove forests under
specific environmental conditions.

Comparison with another large tropical delta system, the Amazon Delta: We plan to compare flow
dynamics and sedimentary processes within the lower Mekong River with those in the Amazon River.
Both systems are vast and it is recognized that only specific sections or processes can be addressed in
each system. The near-continuous man-made levee structures along the shorelines of the Mekong
River create a system without porous boundaries, and therefore we can isolate main stem channel
processes better, while in the Amazon River with little human impact, we can address the natural
interactions between the channels and tidal floodplains, and how the relationship with the tidal
floodplain impacts sedimentary dynamics in the main stem of the river.

WORK COMPLETED

In this year, we conducted a third expedition to the tidal Mekong River, in February 2014. In addition
to personnel from the UW Sediment Dynamics Group, many Tropical Deltas DRI investigators also
traveled to Vietnam to determine the scientific and logistical viability of the tidal river and fringing
mangrove forest study sites for a larger investigation, and gave a short course at three different
Vietnamese organizations (VNU, CTU, and IMGG). During and after the exploratory visit with the
other investigators, we successfully deployed and retrieved a number of fixed instruments, performed
boat-based measurements, and conducted preliminary elevation surveys of the mangrove forest and
seaward flats (“‘mini-mangroves” experiment).

Specifically, we deployed water-level, wave, and turbidity gauges from 13-16 February along a shore-
normal transect starting seaward of the mangrove forest and penetrating landward, which demonstrated
the feasibility of fixed instrument deployment in the mangroves. During instrument retrieval, we
surveyed the elevation of the mangrove substrate to give context to the measurements at each
instrument location. Onboard the river boat, we performed an along-channel transect in the Tran De
(southwest of Cu Lao Dung) distributary, collecting flow-velocity and other water-column data
(salinity, temperature, suspended-sediment concentration). This data set adds to our preliminary data
sets at high and low Mekong River discharge, which focused on processes in the tidal river channels.
The initial field campaign was conducted in August-September 2012, which corresponded to high
seasonal discharge on the Mekong River, and a follow-up field campaign was carried out 20-28 April,
2013 during low discharge. Data analysis and interpretation of the sediment and hydrodynamics is
underway and a manuscript is near submission (Nowacki et al., in prep).

Much of our effort on the Tropical Deltas DRI has been in planning and organizing the upcoming field
efforts that will provide a vast multi-investigator data set in the tidal river, mangrove shorelines, and
inner shelf. We have developed relationships with Vietnamese colleagues and followed a path through
their political, cultural, and scientific systems to allow us to undertake our collaborative field effort.
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Our pilot investigations lay the groundwork for the larger Tropical Deltas DRI efforts. The DRI
research program is in place and the intensive study during high flow Mekong River conditions will
begin September 2014 (low flow study to occur in March 2015).

RESULTS

With three field expeditions to the Mekong tidal
river, we have streamlined and improved efficiency
in our research efforts in collaboration with
Vietnamese colleagues. In addition to the work
completed during the February 2014 trip, we have
generated several new results from the 2012 and
2013 visits to be submitted shortly for journal
publication.

Regime change between high and low flow:
Seasonal flood and ebb velocity dominance was
observed in the tidal Mekong River. Strong and
lengthy ebbs were present during high flow
because of the large riverine freshwater input,
while low-flow conditions exhibited more intense
flood tides, as expected from a strongly tidal,
shallow-water system with minimal freshwater
input. During high flow, salinity was in the form of
a salt wedge that extended a maximum of 30 km
upstream, while during low flow partially mixed
conditions prevailed, with a salinity intrusion
length of about 60 km. Depth-averaged suspended-
sediment concentrations (SSC) were generally
between 60 and 250 mg/L during high flow. SSC
was considerably more variable during low flow,
with values ranging from 30 to nearly 600 mg/L
and near-bed SSC exceeding 2 g/L.

Suspended-sediment import and export: The
regime change that takes place in the tidal Mekong
River has important implications for suspended-
sediment import and export from the estuary.
During high flow, the Dinh An distributary
exported sediment to the shelf at a rate of about 1
t/s, and during low flow it imported sediment from
offshore at about 0.3 t/s. Applying some simple
assumptions about yearly river flow patterns yields
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Figure 2. Decomposed residual sediment
fluxes at sections A, B, and C during high
and low flow. Section C was measured only
during low flow. G: total flux; Gg: river
flux; Gg: exchange flow flux; Gr: tidal flux.

an annual Dinh An suspended-sediment discharge of about 9 Mt/y. This suggests that the Dinh An
discharges about 10% of the estimated 110 Mt/y exported by the entirety of the Mekong system.

Sediment flux decomposition and spatial variability: To gain better insight into the factors controlling
sediment discharge in the tidal Mekong, we used a residual sediment flux decomposition approach to
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separate different terms in
the overall budget (Fig. 2).
The total sediment discharge
G was divided into that
attributable to the river flow
(Gpr), estuarine circulation
(Gg) and tidal-scale
processes (Gr). Similar to
what was observed in the
directly measured
parameters, the computed,
decomposed sediment flux
terms varied considerably
between high and low flow.
During high flow, over 80%
of the total sediment flux
could be attributed to
advection by the river, with
most of the remainder
contained in the tidal term.
During low flow, the
imported sediment was
transported primarily by the
estuarine exchange flow and
tidal processes (tidal
pumping, resuspension, etc.)
and the river term was
generally not important.
Cross-sectional variability in
sediment flux was also
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Figure 3. Residual along-channel sediment flux at sections
A, B, and C during high flow (left) and low flow (right). SSC

measured at the three stations was extrapolated across the channel

and multiplied by the measured velocity to produce these maps.
Results from the three stations at each section are presented using

circles and squares, with squares denoting seaward flow.

Contour lines indicate flux zero crossing. Note change in x-axis

scale of section C.

significant during low flow (Fig. 3). Sediment was generally imported in the lower water column of
deep sections, while regions higher in the water column typically exported sediment. This variability
suggests preferred sediment-transport pathways along the tidal river and provides evidence for large-
scale mutually evasive flow patterns, both within channel (e.g., around a shoal) and regional (e.g.,

around Cu Lao Dung).

Mini-mangroves experiment: During the mini-mangroves experiment, we learned about the possibility
of future, detailed studies in the mangrove forest on the seaward margin of Cu Lao Dung. The
mangrove forest is dominated by healthy Avicennia mangroves, and has a range of substrates from soft
mud (especially on seaward edge) to a firmer sediment surface (toward landward side). Tides and
associated currents are active, and the waterline migrates from several hundred meters out on the tidal
flat to a far distance into the forest. The forest experiences significant wave activity and longshore
transport. Water level, waves and turbidity varied with the tides (Fig. 4) at instrument sites located at
the seaward edge and middle of mangrove forest. During this period of spring tides, the tidal
fluctuation was >2 m at the outer station, and ~1.5 m at the middle station. A decrease in wave height
is suggested in the decrease in variation around the tidal mean between the outer and middle
instruments. Nearbed turbidity increases during lower water levels, when surface waves have the
maximum impact on sediment resuspension (data not yet processed to remove out of water periods).
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Results from our preliminary investigation in the Cu Lao Dung mangroves suggests that much of the
transport occurs during specific phases of the tide when waves interact strongly with the bed surface,
and that concentrations increase while water depth decreases shoreward. The upcoming DRI
collaborative experiments will allow us to investigate sedimentary processes further.

60

Inner Mangroves
l NE CLD Mangrove Profile

l Middle Mangroves

40

20

150 200 250 300

Distance from Start of Transect, m

Edge of Mangroves

Fenceline

Approximate Elevation, cm MSL

%
3

3000

2000

Turbidity, NTU
|

1000

Water Depth, m

‘Wwﬁfﬁ
30 40
Hours of deployment

3000

—2000

—1000

Water Depth, m
Turbidity, NTU

30 40
Hours of deployment

Figure 4. Preliminary results from instruments deployed on the NE edge of Cu Lao
Dung. Three wave and turbidity sensors were deployed at blue arrows and the mangrove
cross-section crudely surveyed (upper panel). Time series of water depth and
uncalibrated turbidity are shown for the two outer sites in the lower panels.

IMPACT/APPLICATIONS

Rivers are the largest suppliers of particulate material to the world ocean (Milliman and Meade, 1983),
and the pathways that sediment takes in the transition from riverine to marine and the resulting water-
surface expression can provide information about the bathymetry, shoreline processes, and ultimate
fate of these particles. For the major rivers of the world, the gateways to the open ocean include the
freshwater tidal reach, which can extend from the mouth upstream for hundreds of kilometers, and
brackish to marine intertidal areas. The hydrodynamic and sedimentary processes in these



environments remain poorly understood. Of particular interest are areas that temporarily store and
release sediment such as tidal floodplains and the channels that incise them, deltaic distributaries and
islands, and vegetated and unvegetated tidal areas. Understanding the processes in these environments,
their impacts on mass budgets, and the most appropriate means to model and interpret remotely sensed
observations of them requires research that is underway at present. The morphology and seabed
properties of these river mouth regions affected by tides are linked to the mechanisms and rates of
transport and deposition, and our studies aim to enhance the ability to predict these properties in other
unstudied areas. Our studies also provide insight for coastal management that can be transferred to
other tidal environments, allowing evaluation of the impacts of humans and invasive species on
sediment dynamics.

As part of this program, we intend to enhance the capacity of US and Vietnamese students and
scientists in the field of coastal and marine geology, and, in particular, estuarine and coastal
sedimentary dynamics. We have incorporated training activities during our field work. All of our field
activities have had and will have both US and Vietnamese student participation and we are training
these students on the principles, operation, and data analysis techniques for the instruments we use.

RELATED PROJECTS

Our pilot data collection has set the scene for the collaborative Tropical Deltas DRI program. The data
collected so far and in the future will be closely knit with other data sets being collected as part of this
collaborative DRI program. In the tidal river channels, seabed bathymetry will be collected
simultaneously by M. Allison (TU) and seabed sediment will be collected by C. Nittrouer (UW) to
incorporate into our overall understanding of sediment transport mechanics through the distributary
channels and resulting morphologies within the tidal main stem. In a coordinated effort with J.
Mullarney (NZ)/S. Henderson (WSU); S. Fagherazzi (BU); and Vo Long Hong Phuoc (VNU),
instruments will be deployed on the mudbed within the fringing mangroves of Cu Lao Dung. In a
cooperative plan developed with C. Nittrouer (UW), P. Liu and D. DeMaster (NCSU), and T. Nguyen
(IMGQG), shallow coastal cruises will be undertaken during the same time period as the tidal river and
mangrove studies in which we will deploy bottom boundary layer instruments and conduct ADCP and
CTD profiles. We will share our data, and hope to enhance the efforts of remote sensing studies and
numerical modeling efforts.

The organization and logistics of accomplishing this field work has and will continue to be a major
effort, and has required all participants (US and Global) to work closely together to design instrument
arrays that will obtain the best possible data set with the least amount of overlap. As part of this effort,
we continue to assist with the organizational tasks for the DRI, and are working diligently to integrate
the Vietnamese scientists into the data collection and analysis, and ultimately their understanding of
their major river system.

We have had a parallel program studying tidal river and vegetated shorelines in the Amazon River
dispersal system, partially funded by NSF International Programs. The focus of this work is to develop
a network of international collaborators and has included preliminary data collection efforts. The
macro- to meso-tidal Amazon system provides a contrasting large tropical deltaic environment that has
had little anthropogenic modification, while the mesotidal Mekong system has been intensely
manipulated by mankind. Comparison of processes across these two study areas allows us to discuss
the effects of anthropogenic impacts. In addition, we participated in a follow-up to the
NSF/DOE/ONR funded PASI program (Toward a Sustained Operational River-to-Shelf Observation
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and Prediction System for the Amazon), introducing interested scientists (Stevens Institute, Rutgers,
Universidade Federal do Fluminense) to the tidal river and mangrove environments at the mouth of the
Amazon River.
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