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EPIGRAPH

For instance, on planet Earth, man had always assumed that he was more intelligent
than dolphins because he had achieved so much - the wheel, New York, wars and so on
- whilst all the dolphins had ever done was muck about in the water having a good time.
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Douglas Adams, The Hitchhiker’s Guide to the Galaxy

Don’t sabotage yourself. There are plenty of other people willing to do that for free.

Jenny Lawson, Furiously Happy

Optimism is true moral courage.

Sir Ernest Shackleton
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ABSTRACT OF THE THESIS

Deep Circulation, Contaminant Mobility, and Seafloor Observations in San Pedro Basin, CA
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The San Pedro Basin (SPB) is a deep borderland basin in the Southern California
Bight containing DDT-contaminated sediments, yet the physical processes governing sediment
mobilization, transport, and redistribution remain poorly constrained. This study integrates long-
term hydrographic observations from the San Pedro Ocean Time-series (SPOT) with near-bottom
mooring measurements to characterize deep-ocean circulation, bottom boundary-layer dynamics,
and sediment resuspension potential. Hydrographic observations indicate weak stratification
below the 740 m sill and minimal seasonal or interannual variability, consistent with prolonged

isolation of deep-basin waters. Relationships between deep-water density, dissolved oxygen,
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and the Nifio 3 index are weak, suggesting limited penetration of ENSO-related variability into
the deep basin. Near-bottom Acoustic Doppler Current Profiler (ADCP) measurements show
that bottom current variability is dominated by semidiurnal tides, with secondary contributions
from diurnal and near-inertial motions. Estimated bed shear stresses were generally weak,
with intermittent spring tide maxima approaching theoretical erosion thresholds. Comparisons
with cohesive sediment erosion models suggest that widespread resuspension is unlikely under
typical conditions. Seafloor imagery collected at the sediment core locations shows evidence of
biogenic activity, suggesting a potential pathway for sediment suspension and subsequent water
column transport, in addition to the potential for contaminant transfer into the marine food web.
Together, these results suggest that deep SPB circulation is dominated by weak tidal forcing that
intermittently enhances bottom shear stress while promoting long-term retention of contaminated

sediments within the basin.
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Chapter 1

Introduction

Throughout the twentieth century, deep-water disposal of military, industrial, and chem-
ical waste was common along the U.S. coastlines, based on the assumption that dilution and
dispersion in the open ocean would minimize long-term environmental impacts [30, 15]. In
the Southern California Bight (SCB), this practice was particularly extensive, with one of the
most consequential and long-lasting examples being the large-scale production and offshore
disposal of dichlorodiphenyltrichloroethane (DDT) [18, 21]. Regulated discharges were permit-
ted through the Los Angeles sewer outfall system, which terminates at the nearby Palos Verdes
Shelf [15]. However, subsequent investigations demonstrated that these permitted discharges
alone cannot account for the observed extent of deep-sea contamination [15, 30]. The Montrose
Chemical Company was the primary source of coastal DDT waste, producing approximately
800,000 tons of the hydrophobic pesticide between 1947 and 1982 [11].

Optical surveys have confirmed debris and barrel-like objects throughout the San Pedro
Basin (SPB), reinforcing the scale and long-term anthropogenic contamination in the seabed
([15], [24]). The SPB is the southernmost basin within the SCB and lies between the Los Angeles
coastline and Santa Catalina Island. It is approximately 40 km wide, 100 km long, and deepens
to nearly 900 m. The two primary regions identified in previous studies are located near the
northeastern slope of Santa Catalina Island (dumpsite 1; DS1) and across the central plain of SPB

(dumpsite 2; DS2) (Figure 2.1). Disposal of DDT waste in the basin is estimated to include more



than 300,000 objects that potentially contained more than 1,500 tons of pesticide and industrial
waste from its production [11, 20]. High-resolution side-scan sonar surveys have identified more
than 27,000 barrel-like targets distributed across at least two major dumpsites within the basin,
identified as spatially distinct debris fields in recent surveys [20]. The spatial distribution of the
debris fields suggests that the multiple pathways of disposal contributed to the heterogeneous
distribution of DDX throughout the basin. These debris fields modify near-seafloor habitats and
may act as localized sources of chemical leakage, further enhancing contamination within the
basin.

The ecological consequences of exposure to DDX have been widely documented in both
marine and terrestrial systems. Elevated contaminant burdens and corresponding increases in
cancer prevalence have been documented in multiple upper trophic-level species [17, 18, 21].
Disruptions of endocrine function, eggshell thinning, reproductive abnormalities, cancers, and
developmental problems have been observed in birds, fish, marine mammals, and humans as a
result of exposure [9, 18, 2]. Remotely Operated Vehicle (ROV) has documented the benthic
communities inhabiting sediments surrounding the dumpsites, including polychaetes, meiofauna,
suspension feeders, and other macrofauna organisms [21, 22]. Through burrowing, sediment
reworking, and feeding activity, these organisms may disturb local shallow contaminant zones,
facilitating uptake into their bodies and creating pathways of trophic transfer into the local
ecosystem. The persistence of these compounds, coupled with limited degradation rates in deep,
low-oxygen environments, underscores ongoing exposure risks to marine ecosystems and coastal
human populations. Although chemical fate and biological accumulation pathways have been
extensively studied, comparatively less is known about the physical mechanisms responsible
for mobilizing contaminated sediments and redistributing DDX within the basin and across
the broader SCB. While contamination is distributed across 2 main disposal sites in SPB, this
study focuses on DS2, where the recent mooring observations and coring studies have been
concentrated.

Recent sediment analyses from DS2 revealed localized DDT and its degradation products



(DDX) concentrations up to approximately forty times greater than the highest surface sediment
concentrations measured at the nearby Palos Verdes Shelf Superfund site, indicating extensive
direct offshore dumping [15]. These findings indicate that the basin represents a highly contami-
nated deep-sea environment, with sediment DDX concentrations far exceeding those observed at
other sites in the region [15, 30]. Sediment cores collected in SPB show peak levels of DDX are
most consistently 4-8 centimeters below the seafloor [22]. This subsurface maximum suggests
burial following peak deposition in the mid-20th century.

The geometry of the SPB features steep sidewalls bounded by a narrow inter-basin
sill—an elevated seafloor feature at roughly 740 m depth—that restricts basin-to-basin water
exchange [13, 10]. Below this sill depth, basin waters become dynamically isolated from
surrounding source waters, leading to prolonged residence times and weak vertical ventilation.
The renewal of SPB bottom waters occurs episodically when dense, oxygen-rich water masses
overflow the sill from the neighboring Santa Monica Basin [19]. Known as flushing events, these
intrusions are identified by abrupt decreases in temperature accompanied by localized increases
in dissolved oxygen concentrations. These episodic renewal events induce density and velocity
perturbations that may play a role in intermittently enhancing near-bottom shear stress. Such
renewal events are irregular in timing and magnitude, occurring over subannual to multi-year
intervals [13, 19]. Modeling and observational studies estimate deep-water renewal timescales
of one year or longer, comparable to ventilation times in other semi-enclosed borderland basins
[19]. As aresult, deep SPB waters remain weakly stratified and suboxic for extended periods.

The physical isolation of SPB and the episodic nature of deep-water renewal suggest
that sediment resuspension and lateral particle transport are controlled by intermittent forcing.
Basin-scale circulation reflects a combination of eddy-driven along-slope flows and intermittent
cross-sill pressure gradients associated with deep-water renewal [19, 12]. Superimposed on these
motions are tidal currents that dominate near-bed velocity variance throughout the basin [12].
Independent sediment trap observations indicate that episodic resuspension events and lateral

transport into the basin contribute substantially to vertical and lateral particle fluxes in SPB [5, 25].



Bottom boundary layer processes, including oscillatory tidal flows and periodic enhancement
of near-bed shear stress, have been shown elsewhere to mobilize fine-grained sediments under
similar physical regimes [16, 26]. Whether tidal forcing alone or in combination with flushing
events is sufficient to exceed the critical thresholds for DDX-bearing mud resuspension in SPB
remains unresolved.

Large-scale climate variability may further influence the dynamics of the deep basin.
ENSO influences regional stratification, source water properties, and circulation throughout
Southern California [14, 3]. Understanding whether these large-scale signals propagate to the
bottom boundary later is important for evaluating the potential role in sediment resuspension and
contaminant transport. However, it remains unclear to what extent interannual climate forcing
penetrates to the sill depth and affects deep basin renewal or sediment mobility. Together, these
uncertainties limit current understanding of the physical pathways that govern the redistribution
of DDX-contaminated sediments throughout the SPB and across the SCB. This study uses
deep-basin observations to characterize near-bottom flow variability, assess bottom shear stress,

and evaluate the potential for sediment resuspension in SPB.



Chapter 2

Observations

This study uses datasets to investigate circulation and sediment resuspension processes
in the SPB: (1) long-term hydrographic profiles from the San Pedro Ocean Time-series (SPOT)
[27], (2) high-frequency near-bottom current measurements from moored instruments, (3) the
Nifio 3 index, used to place local variability within the broader climatic context of ENSO forcing,
(4) sediment cores, (5) AUV acoustic imagery, and (6) ROV optical imagery. Together, these
records provide a view of basin variability across seasonal, interannual, and tidal timescales,
allowing large-scale forcing to be evaluated alongside local boundary-layer dynamics, and
enabling assessment of how variability across these scales influences near-bottom circulation

and potential sediment resuspension within the basin.

2.1 SPOT Hydrographic Record

The SPOT program conducts monthly oceanographic cruises in the SPB that collect
hydrographic and biogeochemical data using Conductivity—Temperature—Depth (CTD) profiling.
Sampling locations were primarily around dumpsite 2 as seen in Figure 2.1. These samples
include temperature, salinity, conductivity, pressure, and dissolved oxygen. Each cruise includes
one to five CTD casts depending on sampling needs. The SPOT archive spans 2000-2024 (with
limited sampling during the early COVID-19 pandemic) and represents the longest continuous

record of physical and chemical properties within the basin. This dataset provides the primary
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Figure 2.1. Bathymetric map of the San Pedro Basin and surrounding region [6]. The map shows
the SPOT survey site (blue circle) and the 2024 mooring deployment location (red triangle).

observational context for assessing background hydrographic stability and identifying potential
deep-water renewal signals across seasonal and interannual timescales. In particular, variations
in temperature and potential density at depths below the sill provide key indicators of episodic
bottom water renewal and the introduction of new water masses into the basin.

CTD cast measurements are shown in Figures 2.2 and 2.3. Potential density and oxygen
saturation are derived during post-processing. Data are reported at 1-m vertical resolution and
extend to approximately 900 m, encompassing the full depth of the basin. Routine quality-control
procedures remove negative or spurious oxygen values resulting from sensor drift. Despite
intermittent gaps, the SPOT program provides a robust baseline for evaluating low-frequency

variability in bottom-water properties, allowing transient renewal events to be distinguished from
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Figure 2.2. Profiles of SPOT variables across 20 years of data in the SPB. Thick black lines
represent the mean of all casts, while grey lines represent the individual casts.

seasonal and interannual background variability.

2.2 Nino 3 Index

The Niifio 3 index (5° S-5° N, 150° W-90° W) was obtained from NOAA’s Climate
Prediction Center as a standardized metric of the ENSO phase. Monthly values were interpolated
onto SPOT cruise dates and analyzed for correspondence with density anomalies observed in
deep SPB waters. This index provides a basin-scale climate forcing reference against which
local hydrographic variability and renewal processes can be evaluated. ENSO-driven variability
influences the regional stratification of source water properties. This may modulate the density
structure of water masses entering the basin and thereby affect the frequency and intensity of

deep water renewal events.

2.3 Mooring Deployments

To complement the long-term SPOT record, near-bottom moorings (Figure 2.1) were
deployed to capture high-frequency velocity and hydrographic variability within the bottom

boundary layer, which governs near-bed shear stress and controls the potential for sediment
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Figure 2.3. CTD observations for depths below the sill (740 meters).

resuspension. These measurements resolve tidal and subtidal flow variability that cannot be
captured by monthly shipboard sampling. Each mooring (Figure 2.4) was equipped with a
downward-facing 600 kHz Teledyne Marine ADCP positioned approximately 38 m above the
seafloor and a Sea-Bird SBE37 MicroCAT mounted 1.5 m above bottom, measuring temperature,
conductivity, and dissolved oxygen [24].

The ADCP recorded three-dimensional current velocities from 0 to 38 m above bottom
with 2-m vertical bins. Sampling employed 2-minute ensembles (6-minute for the 2023 de-
ployment), resolving semidiurnal and diurnal tidal motions as well as higher-frequency internal
wave variability (Figure 2.5a,c). Maximum observed depth averaged velocities were 15 cm/s
(Figure 2.5b,d). These measurements provide the temporal resolution needed to quantify the
variability in the near-bottom flow velocities and assess the magnitude and intermittency of shear
stress forcing along the seafloor. The SBE37 collected 1-Hz burst samples lasting 12 minutes at
9-second intervals, providing high-resolution temperature and salinity measurements adjacent to
the seabed, which helps constrain density variability associated with renewal events.

The 2023 mooring (March 3 — July 7) suffered line stretching that elevated the ADCP
beyond its intended depth; these data are excluded from subsequent analyses. The 2024 deploy-

ment (late January — early July) produced the complete high-quality dataset used for boundary
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Figure 2.4. Schematic of the SPB mooring configuration used in both 2023 and 2024 deploy-
ments. The dissolved oxygen sensor mounted near the bottom experienced mechanical issues,
which prevented the collection of oxygen data [24].

layer velocity and hydrographic analyses in this study. The dissolved oxygen sensors on both
moorings exhibited drift and eventual failure, but the temperature and salinity records remained
reliable throughout both deployments. The 2024 deployment record provides the primary dataset
for evaluating the near-bottom flow variability and its role in the remobilization of sediment.
The combined datasets are limited by the sparsity of sampling and the lack of continuous
dissolved-oxygen measurements within the bottom boundary layer of SPB. SPOT surveys provide
monthly hydrographic profiles at a single central-basin location, while dissolved oxygen sensors

on the moorings experienced drift and failed prior to the conclusion of their deployments. Conse-
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(a) 2023 and (c) 2024 mooring deployments. (b) and (d) represent depth-averaged time series.

quently, assessments of deep-water renewal rely primarily on hydrographic proxies—particularly
temperature and potential density—rather than direct measurements of near-bed oxygen vari-
ability, which introduces uncertainty in identifying the timing and intensity of possible renewal

events.

2.4 Sediment Cores

Sediment core datasets from [30] and [22] were used to characterize the spatial distribu-
tion of contaminants, burial structure, and sediment properties across SPB. Core samples were
collected during multiple cruises using sediment multicorers and targeted sampling near the
primary disposal regions. A total of 54 sediment cores distributed across the basin were used
to examine the vertical distribution and preservation of DDT and related degradation products
within SPB sediments. The datasets include vertically resolved measurements of XDDT and
YDDX, along with individual concentrations of DDD and DDE compounds used to evaluate

contaminant distributions throughout the basin.
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2.5 AUV Acoustic Imagery

Autonomous underwater vehicle (AUV) surveys were conducted using the HUGIN
platform equipped with a High-resolution Interferometric Synthetic Aperture Sonar (HISAS)
system. HUGIN operated at 30m altitude and included swath widths of ~ 180m in the across-
track on both the port and starboard. Data were postprocessed to a resolution of ~ 2cm.
Surveys were designed to characterize seafloor morphology, sediment texture, and spatial
patterns in acoustic backscatter across the study region. The HUGIN vehicle operated along
pre-programmed survey lines at low altitude above the seabed to maximize sonar resolution and
spatial coverage. The HISAS system produced georeferenced acoustic imagery with 4cm square

pixel resolution, enabling the identification of fine-scale seabed features.

2.6 ROV Imagery

Additional seafloor observations were collected using the CURV-21 ROV system equipped
with forward-looking video and still-imaging capabilities. The ROV operated within the same
footprint as the AUV at ~ Im height above the seafloor and captured > 300 hours of video
imagery. Data was collected in both DS1 and DS2 following areas of interest from the HISAS
imagery. These observations provided direct visual ground truth for the interpretation of the
acoustic backscatter signatures observed in the HISAS mosaics. Video transects were used
to identify sediment type, benthic habitat characteristics, anthropogenic debris, and biological

communities that could not be uniquely resolved from acoustic data alone.
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Chapter 3

Deep Water Circulation

SPB’s deep water remains isolated below the sill for extended periods (700-900 m), and
renewal of bottom water is infrequent and poorly constrained. While circulation above the sill
is characterized by a cyclonic mean flow along the basin perimeter [12], the dynamics of the
near-bottom layer remain less well understood. This study focuses on the 50 m of the water
column adjacent to the seabed, where processes governing sediment transport are most critical.

To investigate the near-bottom environment, we combine multi-decadal SPOT obser-
vations with short-duration moored deployments. The SPOT program [? ]provides over two
decades of full-depth hydrographic profiles, enabling characterization of stratification, seasonal
variability, and interannual signals, including ENSO. In contrast, the moored ADCP deployments
resolve higher-frequency processes within the bottom boundary layer, capturing tidal currents
and velocity variability that are directly relevant to sediment resuspension. Together, these

complementary datasets link climate-scale variability to local bottom-layer dynamics.

3.1 Flushing Events

Deep-basin flushing events in the SPB are characterized by episodic intrusions of colder,
more oxygenated water that propagate over the basin’s sills and intermittently ventilate the deep
basin. Previous studies suggest that these events are weaker and less frequent in SPB than in the

neighboring Santa Monica and Santa Barbara Basins, consistent with the greater isolation of SPB
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below the sill depth and its comparatively weak deep-water variability (Figure 3.1). Flushing
events are typically identified by abrupt decreases in temperature, increases in dissolved oxygen,

and enhanced near-bottom flow associated with overflow currents crossing the basin’s sills.
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Figure 3.1. Time series of deep-basin temperature and oxygen exchange across major sill regions
in the SCB, from [19]. The relatively weak variability in SPB compared to neighboring basins
highlights the restricted nature of exchange below the sills. This supports the interpretation that
SPB’s deep water are weakly ventilated and isolated. Understanding these conditions is impor-
tant for understanding the long-term preservation and limited remobilization of contaminated
sediment.

During the 2023 and 2024 mooring deployments, however, no clear signatures of a
major flushing event were observed in the hydrographic or velocity records, suggesting that
the measurements primarily captured background tidal and subtidal variability rather than large
episodic renewal events. Temperature variability observed by the near-bottom mooring was
also extremely small throughout the deployment period, with only weak fluctuations around
the long-term SPOT climatology and no abrupt cooling events typically associated with dense

overflow intrusions or deep-basin renewal (Figure 3.2a, 3.2b).
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Figure 3.2. Temperature—salinity (T—S) diagrams for the San Pedro Basin water column. (a)
Full-depth profiles illustrate the overall water mass structure, while (b) a zoom of the bottom 50
m highlights the weak thermal and salinity gradients characteristic of the isolated deep layer.

3.2 Seasonal variability

The deep water of the San Pedro Basin exhibits very limited variability in potential

density (0p), indicating a weakly stratified bottom layer. Within the bottom 50 m of the SPOT
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record, oy varies within approximately 0.01-0.02 kg m~3, demonstrating minimal seasonal
influence at depth. Summer and fall exhibit slightly higher variability compared to winter and
spring, consistent with enhanced stratification in the upper water column during warmer months.
However, these seasonal signals remain weak in the deep basin, reflecting the limited propagation
of surface forcing into the isolated bottom layer (Figure 3.3).

Comparison with the 2024 SBE37 mooring further supports this interpretation. Observed
o values during the deployment fall within approximately 0.01 kg m ™3, consistent with the

long-term SPOT climatology and reinforcing the near-homogeneity of the bottom boundary layer

(Figure 3.3).
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Figure 3.3. Monthly climatology of potential density (cp) from SPOT observations. Error
bars represent the standard deviation across all years. Overlaid markers indicate corresponding
measurements from the 2024 mooring deployment (SBE37), showing general agreement with
the long-term seasonal cycle.

3.3 ENSO variability

Having established that seasonal variability is weak, we next examine the influence of
interannual forcing through ENSO. The Nifio 3 index has been hypothesized to influence deep
basin variability through modulation of cross-sill pressure gradients [19]. Relationships between

the Nifio 3 index and both dissolved oxygen and potential density show weak correlations and
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substantial scatter, indicating that ENSO-related variability does not propagate strongly into the

deep SPB (Figure 3.4).
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Figure 3.4. Relationship between dissolved oxygen concentrations from SPOT and the Nifio 3
index in the deep San Pedro Basin (850-900 m). Data are grouped by season to assess potential
seasonal variability. The large scatter and weak trend indicate minimal influence of ENSO on
deep oxygen variability.

Cross-correlation between SPOT density anomalies and the Nifio 3 index further confirms
this result, with low coherence (r < 0.2). This is consistent with previous observations that
renewal events occur irregularly and are not tightly synchronized with ENSO forcing. In contrast
to modeled basin relaxation timescales of approximately one month [19], these results suggest
that the restricted geometry of SPB dampens large-scale signals, limiting their influence on

deep-water variability and renewal.

3.4 Subtidal, Inertial and Tidal Variability

We characterize near-bottom current variability in SPB using power spectral density,
variance ellipses, harmonic constituent analysis, and rotary spectra. These approaches resolve
the dominant frequency bands, principal flow orientation, and the relative importance of tidal
and inertial forcing within the bottom boundary layer.

Power spectral density (PSD) estimates were computed using Welch’s method to identify
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dominant tidal and inertial frequency bands within the near-bottom currents. Spectra were
calculated from depth-averaged ADCP velocities, where the U and V components were averaged
across all valid height-above-bottom for each time step. This produced a representative bottom-
boundary-layer velocity time series while reducing variability associated with individual depth
bins.

The PSD was calculated separately for the depth-averaged U and V components using
MATLAB’s pwelch function. The sampling frequency was defined from the mean ADCP
sampling interval and converted to cycles per day. Spectral estimates used a window length of
22,392 samples with 50% overlap and equivalent FFT length to improve the statistical stability
of the spectral estimates. Frequencies are reported in cycles per day, and the main diurnal and
semidiurnal constituents, along with the theoretical local inertial frequency, were marked for
comparison with the observed spectral peaks.

The depth averaged mean flow is u,, = -0.92cm/s and v,, = -0.54cm/s. The dominant
energy peaks occur at the semidiurnal tidal constituents M2 (~1.93 cpd) and S2 (~2.00 cpd),
indicating that semidiurnal tidal forcing dominates near-bottom current variability in SPB (Figure
3.5). This suggests that bottom currents are primarily driven by predictable oscillatory tidal
motions rather than stochastic or low-frequency processes. Secondary energy is present at diurnal

and near-inertial frequencies, but these contributions are weaker relative to the semidiurnal band.
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Figure 3.5. Power spectral density of depth-averaged U and V currents from the 2024 ADCP
mooring deployment. Peaks at diurnal and semidiurnal frequencies indicate dominant tidal
forcing, with additional energy near the inertial frequency.

While the PSD identifies which tidal constituent dominates the energetics of the flow
in the center of SPB, the variability in directionality cannot be observed in this analysis. To
examine the structure of the horizontal flow, we compare the joint distribution of the U and V
velocities with the tidal constituent ellipses derived from the ADCP record.

To further characterize the directional structure of the near-bottom flow, variance ellipses
and two-dimensional velocity distributions were computed from the depth-averaged horizontal
currents. Variance ellipses were derived from the covariance matrix of the depth-averaged U and
V components using eigenvector decomposition, providing estimates of the principal axes and
directional variability of the flow field. Two-dimensional histograms of the U and V currents
were additionally used to visualize the distribution of the horizontal velocities throughout the

deployment (Figure 3.6).
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Figure 3.6. Two-dimensional histogram (heatmap) of horizontal current velocities (U and V)
from the 2024 mooring deployment. Color shading represents the frequency of occurrence,
with warmer colors indicating more frequent velocities. The elliptical structure highlights the
dominant flow variability and directional spread.

The velocity distribution is centered near zero, indicating that most of the observed
currents are relatively weak and oscillatory rather than continuously directed. Variability is
slightly greater in the U component than in the V, but distribution is broadly symmetric. This
suggests that the near-bottom flow is dominated by the back-and-forth oscillating motion rather
than a strong mean current.

Harmonic tidal analysis was performed on the depth-averaged velocity field using the
MATLAB package t_tide. The U and V velocity components were combined into a complex
velocity field

u—+iv (3.1)

allowing decomposition into the dominant tidal constituents and their associated ellipse parame-
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ters. The major diurnal and semidiurnal constituents were analyzed (M2, S2, K1, and O1). Tidal
ellipse parameters, including major and minor axes and inclination, were extracted from the
harmonic outputs and used to reconstruct the directional structure of the oscillatory flow in the
U-V velocity space.

The tidal ellipses provide a constituent-based view of the aforementioned variability
(Figure 3.7). The dominant semidiurnal constituent (M2) has the largest tidal ellipse, supporting
the PSD result that M2 is the primary contributor to the near-bottom flow. This consistency across
spectral and directional analyses indicates that near-bottom variability in SPB is primarily driven

by predictable tidal forcing, rather than sustained mean flow or episodic directional currents.
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Figure 3.7. Tidal current ellipses for the dominant constituents derived from the 2024 ADCP
data. Ellipse orientation and magnitude illustrate the directional structure and strength of tidal
currents in the deep San Pedro Basin.

While the tidal ellipses describe the amplitude and orientation of the dominant con-
stituents, they do not distinguish between clockwise and counterclockwise rotational components
of the flow. To further resolve the structure of the velocity field, we examine the rotary spectra of

the depth-averaged currents.
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Depth-averaged rotary spectrum across ADCP water column
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Figure 3.8. Rotary spectra of depth-averaged ADCP currents. Clockwise and counterclockwise
components highlight energy partitioning, with peaks at tidal and near-inertial frequencies
indicating dominant forcing mechanisms.

The rotary spectra show energy distributed between clockwise (CW) and counterclock-
wise (CCW) components, with peaks at semidiurnal tidal frequencies and weaker energy peaks
near the inertial band and diurnal frequencies (Figure 3.8). Energy is concentrated in the CW
component, consistent with expectations for motions near the inertial frequency in the Northern
Hemisphere. This distribution is consistent with the dominance of oscillatory tidal forcing
identified in the PSD.

The rotary spectra exhibit elevated energy near the local inertial frequency, although the
spectral peak is shifted from the canonical Coriolis frequency. In the presence of background

relative vorticity, the effective inertial frequency is modified as

4

feff=f+§ (3.2)

where f is the Coriolis parameter and § is the vertical relative vorticity. At the latitude of
SPB (~33.5°N), the theoretical inertial frequency is approximately f ~ 1.11 cpd. However, the

observed spectral peak occurs closer to f, sy ~ 1.22 cpd, corresponding to an approximate 10%
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increase relative to the canonical inertial frequency. This shift is consistent with the modification
of the effective inertial frequency by background relative vorticity or basin-scale circulation
within SPB.

Overall, observations from SPOT and the near-bottom mooring deployments indicate that
the deep San Pedro Basin is characterized by weak stratification, limited seasonal and interannual
variability, and relatively infrequent deep-water renewal. Variability within the bottom layer
is dominated primarily by semidiurnal tidal forcing, with weaker contributions from subtidal
and inertial motions, while no clear flushing events were observed during the 2023 and 2024
deployments. These results suggest that the deep basin remained in a relatively quiescent state
during the observational period, providing an opportunity to examine the structure and dynamics

of the bottom boundary layer under typical background conditions.
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Chapter 4

Sediment Resuspension Events

The structure and dynamics of the bottom boundary layer play a critical role in deter-
mining whether contaminated sediments within the San Pedro Basin remain buried or become
remobilized. Although previous chapters demonstrated that deep SPB circulation is generally
weak and dominated by oscillatory tidal forcing, even intermittent increases in near-bottom
shear stress may influence sediment transport, benthic mixing, and contaminant exposure at
the seafloor. In this chapter, we examine the vertical structure and variability of near-bottom
currents using moored ADCP observations and empirical orthogonal function (EOF) analysis to
characterize the dominant modes of bottom boundary layer variability. These observations are
then used to estimate bed shear stress and evaluate whether observed hydrodynamic conditions

are sufficient to exceed theoretical and empirical erosion thresholds for cohesive SPB sediments.

4.1 Bottom Boundary Layer Structure

To examine how the vertical structure of the horizontal currents within the 38 meters, we
employed an EOF. EOF’s decomposition separates the velocity fields into orthogonal vertical
modes, allowing identification of the dominant coherent structure and higher order variability
within the bottom boundary layer. EOF analysis was applied to the vertical current structure to
isolate the dominant coherent modes of variability within the bottom boundary layer (Figure 4.1).

EOF modes were computed using singular value decomposition (SVD) of the U and V velocity
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fields:
x=UsvT 4.1)

where the columns of U represent the orthogonal spatial modes, S contains the singular values,
and the temporal variability associated with each mode is represented by the columns of V scaled
by the singular values. The percent variance explained by each EOF mode was calculated from
the squared singular values normalized by the total variance.

The leading mode (mode 1) shows a near-linear vertical structure for both U and V
currents, indicating that the dominant variability is coherent with depth and maintains a consistent
flow direction across the bottom boundary layer (Figure 4.1). This indicates that the flow is not
composed of opposing turbulent layers, but rather a vertically uniform response. The amplitude
of mode 1 increases slightly with height above the bottom, consistent with the influence of
bottom friction, which reduced velocities near the seabed. The second mode (mode 2) contains
a single zero crossing, showcasing a higher-order structure associated with vertical shear and
oscillatory variability. Together, these modes suggest that the near-bottom currents are mostly

coherent, tidally driven, with secondary variability from shear arising in the boundary layer.
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Figure 4.1. Vertical structure of the leading EOF modes for the horizontal currents. The left panel
shows the U (east—west) component, and the right panel shows the V (north—south) component.
The dominant mode captures the primary depth-dependent structure of the flow in the lower
water column.
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The percent variance explained by each EOF mode shows that the leading mode (mode
1) accounts for 95.5% and 92.2% of variance for U and V, respectively (Figure 4.2). Higher
order modes contribute a significantly smaller fraction of total variance, with mode 2 accounting
for less than 5%, and all remaining modes collectively negligible. This reinforces that bottom
boundary layer variability in SPB is low-dimensional and largely controlled by a single, tidally

forced mode.
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Figure 4.2. Percent variance explained by empirical orthogonal function (EOF) modes for U and
V currents from the 2024 mooring deployment. The first mode captures the majority of variance,
indicating a dominant flow structure.

Reconstruction of the velocity fields using the first two EOF modes (Figure 4.3) isolates
the dominant coherent variability within the bottom boundary layer from higher-order residual
fluctuations (Figure 4.4). Because the leading EOF modes account for the majority of the variance
in the velocity field, the reconstructed currents primarily capture the large-scale oscillatory
structure associated with tidal and near-inertial motions. In contrast, the residual anomaly
fields highlight weaker, intermittent, and vertically incoherent variability not represented by the

dominant modes, including localized shear and smaller-scale transient fluctuations.
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Figure 4.3. Time—depth evolution of horizontal currents (U and V) from the 2024 mooring
deployment. Color shading represents velocity magnitude, highlighting temporal variability and
depth structure in the flow field.
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Figure 4.4. Time—depth evolution of current anomalies (U and V) from the 2024 mooring
deployment after removal of the mean. Anomalies emphasize variability associated with tidal
and subtidal processes.
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4.2 Resuspension Events

Bed shear stress is the primary driver of resuspension and erosion. Resuspension occurs
when the applied bed shear stress exceeds the critical shear stress required for mobilization.
Near-bottom ADCP velocities from the mooring deployment were used to estimate the magnitude
and temporal variability of bed shear stress within the bottom boundary layer. Initially, my

approach was to assume a logarithmic boundary layer and employ

K 20

u(z) = Zn <i) : 4.2)

where u, is the friction velocity, k¥ ~ 0.4 is the von Karmén constant and zg is the roughness
length. Log-law fitting assumes that there is a turbulent logarithmic boundary layer, vertically
coherent shear profiles, and a representative zo. The applicability of the logarithmic boundary
layer assumption was evaluated through quality control filtering because the observed near-
bottom currents were frequently weak and variable. Using the goodness-of-fit metrics, only
4.95% of the profiles satisfied the fitting criteria, illustrating that the observed flow did not exhibit
a clear logarithmic boundary layer structure. Due to the low number of accepted fits, a drag-law

formulation was adopted as the primary estimate of bed shear stress.
7, = pCpU* (4.3)

where C; is the drag coefficient, and p is the density of seawater. The representative near-bottom

velocity was calculated using the horizontal current magnitude at 2 m HAB.
U= Vu?+1? 4.4)

The 2 m HAB bin was selected because ADCP velocity measurements were resolved in 2

m vertical increments. Choosing the 2 m bin avoids interference and increased uncertainty
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associated with the lowest near-bed velocity bins, and is still close enough to estimate the near-
bed forcing and representative near-bed free-stream velocity. The drag coefficient C; =0.0025
was taken from the U.S. Navy Hybrid Coordinate Ocean Model, and is widely used for deep-sea
shear estimates. The drag-law framework provides a stable first-order estimate of applied bed
stress under weak flow conditions, allowing 7, to be compared against critical erosion thresholds.

To evaluate whether the observed shear stresses were sufficient to mobilize the sediment,
the estimated 7;, values were compared against theoretical and empirical erosion thresholds. The
initial framework employed for this comparison was the Shields parameter, a dimensionless
measure of the fluid stress acting on a sediment grain relative to its submerged weight. It is

defined as

o= (ps—p)gD (*)

where 7, is the bed shear stress, p; is sediment density, p is fluid density, g is gravitational
acceleration, and D is a representative grain diameter (typically Dsg). The Shields parameter is
most commonly applied to noncohesive sediment and hydraulically rough sandy beds. However,
the sediments in the central SPB are predominantly cohesive fine-grained silts and clays [10],
with mean grain sizes of 4-8 pm and upper ranges reaching 63 pm. Under these conditions, the
Shields framework becomes highly sensitive to grain size and less representative of cohesive
sediment behavior.

Due to the cohesive nature of the sediments in SPB, empirical cohesive erosion relation-
ships were adopted for the analysis. Cohesive sediments are primarily fine-grained heterogeneous
aggregates held together via electrochemical forces[4]. The porous nature of cohesive sediment
influences consolidation, water content, and interparticle cohesion, all of which strongly affect
resistance to erosion and entrainment behavior. Under these conditions, grain size alone becomes
insufficient to fully characterize sediment remobilization. Instead, dry-bulk density, defined as
the mass divided by the total volume of the wet sediment sample, provides a more representative

proxy for sediment strength and consolidation state. Therefore, the critical shear stress required
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for cohesive erosion was estimated using the empirical relationship
— apl 4.6
Tor = QP (4.6)

where p, is the dry-bulk density, ranging from approximately 165 to 330 % for SPB sediments
[10], o and B are empirical coefficients derived from the cohesive erosion studies of Owen
(1975), Liu (2002), and Perera and Wu (2016) [28, 31, 7]. Multiple empirical coefficients were
evaluated in order to assess the sensitivity of the cohesive erosion thresholds of similar sediment
types to the sediment of SPB.

The dry-bulk densities selected for this analysis represent the range reported for SPB
sediments [10]. However, sediment cores collected from nearby, but shallower, Palos Verdes Shelf
have reported substantially higher dry bulk densities [8, 29], reflecting the broader consolidation
states within the SCB. Although these sediments are not directly comparable to the deep-basin
deposits of SPB, they demonstrate that a broader range of physical sediment properties exists
within contaminated sediments of the Southern California Bight and highlight the sensitivity of
cohesive erosion thresholds to assumptions regarding sediment consolidation.

The near-bottom velocities at 2 m HAB were generally weak throughout the 2024
mooring deployment, with intermittent periods of enhanced flow. The maximum U and V were
0.107 and 0.085 % respectively, while the median velocities were 0.01 and 0.0075 % respectively
(Figure 4.5). The horizontal speed shows a maximum of 0.124 7 and a median speed of 0.038
. The median U and V velocities remained near zero throughout the deployment, indicating
that the near-bottom flow was primarily oscillatory rather than characterized by a persistent

unidirectional current.
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Figure 4.5. Time series of horizontal velocities and total current speed measured at 2 m HAB
during the 2024 mooring deployment. The upper two panels show the east-west (U), and
north-south (V) velocity components, while the bottom panel shows the horizontal current
speed. Near-bottom currents are generally weak, with typical velocities below 0.1 7, and exhibit
oscillatory variability consistent with strong tidal influence in the boundary layer.

The bed shear stress is low overall at 2 m HAB, with maximum 7, reaching 0.039 Pascals
(Pa) (Figure 4.6), and a median value of 0.0038 Pa. The peaks in the shear stress are episodic,
highlighting the oscillatory flow of SPB bottom boundary layer currents, with a clear tidal signal
visible across the time series

Applying the Shields framework for noncohesive sandy sediment to the calculated 7,
values indicates that some exceedance events are possible during periods of enhanced near-bottom
flow (Figure 4.6). However, as discussed previously, the Shields framework is most appropriate
for unconsolidated sandy beds and becomes highly sensitive to grain size at very small particle
diameters. This approach is therefore less representative of the cohesive, consolidated silty muds

that dominate the sediments within SPB.
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Figure 4.6. Time series of bed shear stress estimated using the drag-law formulation at 2 m HAB
from the 2024 ADCP mooring deployment. Horizontal lines represent critical Shields-based
erosion thresholds calculated for representative representative grain sizes of 4 um, 8 ym, and
63 um. These thresholds are most applicable to loose sandy beds, such as unconsolidated and
noncohesive beach sand, and only provide a first-order comparison between observed shear
stress and theoretical sediment entrainment conditions as our expectation of the sediments at the
study site is dominated by silt.

Because the seafloor of SPB is dominated by cohesive silty mud rather than unconsoli-
dated sand, the drag-law shear stress estimates were also compared to a set of empirical cohesive
thresholds. This comparison allows for a more reflective test of whether the observed flow across
the bed was capable of remobilization.

Comparing the observed 7, with the empirical thresholds from Owen, Liu, and Perera &
Wu [28, 31, 7], the estimated bed shear stress remains below even the lowest cohesive threshold
across the entire time series (Figure 4.7). Intermittent increases in the 2 m HAB velocity produce
peaks in 7p; the stresses generated aren’t large enough to exceed the resuspension thresholds.
This indicates that under the observed conditions in 2024, shear-driven resuspension of the SPB
sediment is unlikely. The logarithmic y-axis highlights the large dynamic range in the observed
bed shear stress and emphasizes the quiescent nature of the boundary layer. Even during the

strongest velocity events, the bed stress generated remains under the critical thresholds.
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Figure 4.7. Upper panel: Time series of estimated bed shear stress (7,) calculated using the
quadratic drag-law approach from observed horizontal current speeds at 2 m HAB. Dashed
horizontal lines indicate empirical critical shear stress thresholds for cohesive sediment erosion
[1]. Observed 7}, values remain consistently below all modeled cohesive erosion thresholds
throughout the deployment. Lower Panel: Corresponding near-bed current speed at 2 m HAB
used in the drag-law calculation. Although episodic increases in flow speed are observed, they
are insufficient to generate bed stresses capable of initiating widespread cohesive sediment
resuspension.

The resulting critical velocity curves demonstrate that the flow required for resuspension
varies greatly depending on both the empirical formulation and assumed drag coefficient (Figure
4.8). Higher drag coefficients reduce the critical velocity necessary for erosion, as greater
momentum transfer to the bed produces larger bed shear stress for the same near-bottom flow.
Across all formulations, the higher dry-bulk density case (p; = 330%) requires a substantially
larger critical velocity than the lower density case, reflecting the greater resistance of more

consolidated sediment to erosion.
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Figure 4.8. Critical velocity required to exceed modeled cohesive sediment erosion thresholds
as a function of drag coefficient Cp for two representative dry-bulk densities observed in SPB
sediments (py = 165 and p; = 330 % ). Rows correspond to empirical formulations from Owens
(1975), Liu et al (2002) stations 1 and 2, and Perera & Wu (2016). The black line is the critical
velocity required to initiate erosion for each formulation. The shaded regions indicate conditions
below threshold (blue) and potential mobility (red). Required critical velocities generally exceed
observed near-bottom currents, particularly for higher density consolidated, supporting the
interpretation that the hydrodynamic conditions in SPB are insufficient for widespread sediment
erosion.

The Owens (1975) and Liu station 1 produce the highest critical velocities, often exceed-
ing 50 - 150 < across the drag coefficient range, which is substantially larger than the observed
near-bottom currents in SPB. In contrast, Liu station 2 and Perera & Wu (2016) formulations
yield lower thresholds(= 15-60 <*), indicating that even the most energetic flow could potentially

approach conditions of resuspension.
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Chapter 5

Seafloor Imagery

The persistence of DDT and DDX within SPB sediments raises important questions
regarding long-term contaminant burial, sediment remobilization, and potential pathways into
the deep marine ecosystem. While previous studies have mapped widespread contamination
throughout the basin, less attention has been given to the relationship between contaminated sed-
iments and benthic biological activity at the seafloor. In this chapter, sediment core observations
are combined with seafloor imagery to examine the spatial distribution of DDT contamination,
characterize burial depth and concentration patterns, and investigate whether visible benthic
communities or biological activity may provide mechanisms for contaminant interaction with

the surrounding marine food web.

5.1 Sediment Cores

We used 54 sediment core samples from [22, 30] to quantify and map the spatial and
depth extent of DDT and DDX. The analysis quantifies the depth of burial across the basin, as
well as the areas of highest concentration of DDT and DDX(ug/kg). The cores are distributed
throughout the basin, with the highest density of cores transecting the basin from the Palos Verde
shelf to the northeast coast of Santa Catalina Island (Figure 5.1). A large fraction of cores is
located within DS2, allowing a more robust analysis of the sediments in the area of our mooring

data.
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Figure 5.1. Bathymetric map of the San Pedro Basin showing the locations of 54 sediment
cores. Color shading and contour lines represent seafloor depth, while dashed circles indicate
the primary ocean disposal sites (DS1 and DS2). The inset provides regional context within the
Southern California Bight. Reproduced from [30]

Natural neighbor interpolation was applied to estimate and resolve spatial patterns in
DDT and DDX concentrations between core locations (Figure 5.2). This method generates a
continuous surface constrained by the irregularly spaced observations, providing reasonable
estimates in regions not directly sampled. The interpolated fields reveal a clear spatial structure
in both the depth of maximum DDT concentration and the magnitude of the DDT and DDX
hotspots. Maximum burial depths are highest along the continental slope, where enhanced
sediment accumulation—driven by terrigenous input from the Palos Verdes shelf and lithogenic
contributions from runoff—promotes deeper sequestration of contaminants [25]. In contrast, high-
concentration hotspots are more spatially variable, with peak DDT and DDX values occurring
along the shelf and extending into the basin interior. This distribution suggests a combination
of downslope transport from the Palos Verdes shelf and heterogeneous disposal mechanisms,

including containerized waste dumping and industrial outfall discharge [15, 20].
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Figure 5.2. Interpolated spatial distributions of sediment core-derived properties across the San
Pedro Basin: (A) Depth of maximum DDT concentration (cm), (B) maximum XDDT concen-
tration at depth, and (C) maximum XDDX concentration. Color shading indicates magnitude,
and red markers denote core sampling locations. Bathymetric contours are overlaid at 100 m
intervals for geomorphic context.
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Three cores around and within DS2 were selected for detailed analysis, spanning ap-
proximately 16 km across distinct depositional settings (Figure 5.3). Each core exhibits clear
differences in DDT and DDX concentrations and the depth of maximum burial. Together, these
records highlight the spatial variability in contaminant distribution and preservation throughout

SPB.
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Figure 5.3. Locations of three representative sediment cores selected for detailed analysis. These
cores span regions of varying DDT accumulation and sedimentary environments, allowing for
comparison of contaminant penetration and vertical structure across the basin.

The vertical profiles show clear differences in both the magnitude and depth of peak DDT
and DDX concentrations across the three cores (Figure 5.4). In all cores, XDDT and XDDX
exhibit subsurface maxima centered between ~5-10 cm depth. Core T2-d exhibits the highest
overall concentrations, reaching 7,270 ug /kg for DDT and 32,780 ug/kg for DDX. Core C20
exhibits broader, more gradually varying profiles with depth, with the XDDX peak occurring
approximately 2 cm deeper than the XDDT. In contrast, A17 exhibits the lowest concentrations
and a shallower peak, suggesting reduced accumulation or enhanced dilution at this location.

The variability in both peak depth and magnitude across relatively short spatial scales highlights
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the heterogeneous nature of DDT deposition and burial within the San Pedro Basin.
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Figure 5.4. Vertical profiles of XDDT and XDDX concentrations for three selected sediment
cores plotted as a function of sediment depth. All cores exhibit subsurface concentration maxima
at approximately 5-10 cm. Differences in peak magnitude and depth between cores are evident,
with T2-d showing the highest concentrations and A17 the lowest.

5.2 Acoustic and Optical Imagery

Seafloor imagery collected with the AUV and ROV around these core sample locations is
shown in Figure 5.5. The sediment core and seafloor imagery collectively suggest that much of
the SPB seafloor within and around DS2 is characterized by fine-grained sediment, with limited
evidence of persistent physical disturbance. The SAS and optical imagery shown in figure 5.5
were collected during ROV surveys conducted in proximity to the sediment coring sites. Cores
A17, C20, and T2-d were located within approximately 0.1-0.45 km of the selected ROV images,
allowing for the imagery to provide representative seafloor conditions for each sediment sample.
HISAS imagery was collected at a range of 72 m, 158 m, and 88 m for cores A17, C20, and
T2-d, respectively. The proximity between the ROV surveys and core locations enables direct
comparison between observed seafloor morphology and the burial depth and vertical distribution

of DDT and DDX within the sediments. Across all sites, the imagery reveals predominantly
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low acoustic backscatter and minimal small-scale roughness, consistent with a smooth, fine-
grained sediment cover (Figure 5.5). The absence of discernible bedforms or erosional features
suggests limited near-bed shear stress and weak sediment mobilization. The preservation of
distinct subsurface DDT and DDX concentration maxima across the basin further suggests
that widespread sediment resuspension and vertical mixing remain limited under present-day
hydrodynamic conditions. However, because many of the concentration maxima occur within
the upper ~5-10 cm of sediment, localized burrowing, sediment turnover, or benthic feeding
activity could contribute to intermittent disturbance and exposure of contaminated material at the
sediment-water interface.

Core A17 Core C20

SAS Imagery

ROV Imagery

Figure 5.5. Representative SAS imagery(A-C) of the San Pedro Basin seafloor. The vehicle
operated at a constant altitude of approximately 30 m above the seafloor, producing swath ranges
of 72 m (A17), 158 m (C20), and 88 m (T2-d). The ROV collected video and imagery (D-F)

near the three chosen core sites.

Several seafloor observations show localized holes, pits, and small-scale disturbances

that may reflect benthic or biogenic activity within otherwise quiescent sediments (Figure
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5.5a-f). While the origin and ecological significance of these features remain uncertain, they
suggest that biological interactions with contaminated sediments may still occur at localized
scales. Such activity could provide potential pathways for contaminant exchange between buried
sediments and the surrounding benthic ecosystem, including possible transfer into the marine
food web through burrowing or filter-feeding organisms. Together, these observations support the
interpretation that present-day hydrodynamic conditions within SPB are generally insufficient to
sustain persistent basin-wide erosion, while localized biological reworking and episodic sediment
disturbance may still contribute to heterogeneous DDX distributions and sediment exposure at

the seafloor.

5.3 Biogenic Processes

Although the observed hydrodynamic conditions in SPB suggest that widespread erosion
and persistent sediment resuspension are unlikely under the observed conditions, localized
disturbances may still occur through biological influences. ROV and SAS imagery collected
from across the basin show widespread small-scale seabed features, including mounds with
holes, and irregular features that may indicate active benthic bioturbation. Biological disturbance
mechanisms such as burrowing, feeding activity, and sediment reworking may locally change
shallow burial horizons or contribute to limited redistribution of contaminated sediments, even in
areas where the bottom layer flow is weak. Unlike large-scale physical resuspension events, these
processes likely operate over smaller spatial scales and may produce heterogeneous patterns
of localized sediment mixing. These observations suggest that while bottom-boundary layer
conditions within SPB may be insufficient to sustain widespread erosion, biological activity
may be a secondary mechanism that influences contaminant exposure into the local ecology.
Additional work is needed to quantify benthic mixing rates, characterize biological disturbance
intensity, and evaluate potential trophic transfer pathways associated with persistent DDT and

DDX contamination within SPB sediments.
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Chapter 6

Conclusions and Future Work

6.1 Conclusions

The observations presented in this study indicate that the deep SPB is characterized by
weakly stratified, weakly ventilated bottom waters and relatively low-energy bottom boundary
layer dynamics dominated by oscillatory semidiurnal tidal forcing. Hydrographic observations
from the SPOT program show minimal variability below the sill depth, with weak seasonal
and interannual changes in temperature, density, and dissolved oxygen. The absence of strong
hydrographic anomalies during the 2023 and 2024 mooring deployments further suggests that no
major flushing events occurred during the observational period, and that the basin remained in a
relatively quiescent background state. Together, the SPOT climatology and moored observations
support the interpretation that deep SPB waters remain dynamically isolated for extended periods,
with limited exchange across the sill and weak vertical ventilation.

Spectral, harmonic, and rotary analyses of the ADCP observations consistently demon-
strate that near-bottom flow variability is dominated by semidiurnal tidal motions associated with
the M2 and S2 constituents. Variance ellipses and two-dimensional velocity distributions indicate
that the flow is largely oscillatory and centered near zero mean velocity, rather than characterized
by persistent directional transport. EOF analysis further showed that more than 90% of the
observed variance is explained by a single vertically coherent mode, suggesting that the bottom

boundary layer behaves primarily as a depth-uniform tidally forced flow with relatively weak
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higher-order shear structure. Although weaker energy was present at diurnal and near-inertial
frequencies, these contributions were secondary relative to the dominant semidiurnal band. Col-
lectively, these observations indicate that near-bottom circulation in SPB is primarily controlled
by oscillatory tidal forcing rather than sustained advective currents or energetic renewal flows.

A primary objective of this study was to evaluate whether the observed hydrodynamic
conditions within SPB are sufficient to mobilize DDT-contaminated sediments. Initial estimates
using the Shields framework provided a useful first-order comparison for unconsolidated sandy
sediment, but the applicability of classical Shields theory is limited for the fine-grained silty clay
and mud sediments that dominate the SPB seabed. Sediment cores and prior studies indicate
that SPB sediments are highly cohesive, water-saturated, and progressively consolidated with
depth. As a result, sediment erosion is governed not only by grain size and submerged particle
weight but also by electrochemical cohesion, porosity, and consolidation state. These properties
substantially increase resistance to erosion compared to noncohesive sandy beds.

To better represent these sediment properties, bed shear stress estimates derived from
the ADCP observations were compared against empirical cohesive sediment erosion thresholds
parameterized using dry-bulk density. Observed near-bed currents were generally weak, with
most velocities remaining below approximately 0.1 m s~!, and resulting drag-law-derived bed
shear stresses remained below the modeled critical erosion thresholds for representative cohesive
SPB sediments throughout nearly the entire deployment. Although short-lived energetic events
intermittently increased bed shear stress, these events were insufficient to indicate widespread
or persistent sediment mobilization. While the exact erosion threshold varies among empirical
formulations and assumed sediment consolidation states, the overall interpretation remains
robust across all tested approaches: hydrodynamic forcing within SPB under typical background
conditions is likely insufficient to drive widespread resuspension of cohesive contaminated
sediments. The weak near-bottom currents observed at the DS2 mooring are also broadly
consistent with recent numerical simulations of circulation within the Southern California

Borderland Basins. McWilliams et al. (2024) found that mean currents within SPB are generally
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weak in the basin interior and strongest along basin margins and sill passages, with modeled
mean velocities of approximately 0.011 m s~! along basin slopes [19]. The observed velocities
at the mooring site are therefore consistent with a low-energy interior basin environment and
support the interpretation that widespread sediment remobilization is unlikely under modern
conditions. Furthermore, the model predicts enhanced circulation near basin margins and sill
regions, suggesting that localized areas of elevated bed stress may exist outside the region
sampled by the mooring.

This interpretation is further supported by the sediment core observations and seafloor
imagery. Sediment cores show that maximum DDT and DDX concentrations are commonly
buried several centimeters below the sediment-water interface, suggesting long-term burial and
limited recent disturbance of the seabed. Acoustic and optical imagery additionally reveal a
relatively smooth depositional environment with localized benthic communities and bioturbation
features rather than extensive evidence of large-scale erosional scouring or active sediment
transport. Localized benthic communities and bioturbation features observed in the imagery
suggest biological influences might still rework contaminants in SPB sediments. Despite weak
observed near-bottom shear stresses during the mooring deployment, which are likely insufficient
to drive basin-wide resuspension, localized burrowing, sediment mixing, and benthic feeding
activity may expose contaminated sediments intermittently. These biological influences may
provide pathways for contaminants into the benthic ecosystem and into the surrounding marine
food web. These observations suggest that contaminant retention within the basin is promoted
by the combined effects of weak deep circulation, restricted basin geometry, cohesive sediment
properties, and limited bottom shear stress.

Although widespread hydrodynamically driven resuspension appears unlikely under the
observed conditions, the results do not preclude localized or episodic sediment mobilization.
Energetic flushing events, dense overflow currents, internal wave activity, slope failures, benthic
organism activity, or anthropogenic disturbance may still intermittently resuspend contaminated

material on local scales. Additionally, the observational record is limited to a relatively short
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deployment period that did not capture a major deep-water renewal event. Future studies
integrating longer-duration moorings, turbulence measurements, sediment traps, and direct
benthic stress observations would help constrain the role of episodic forcing and biological
processes in sediment redistribution and contaminant exposure pathways.

Overall, this study suggests that the deep San Pedro Basin functions as a relatively
quiescent depositional environment where weak tidal oscillations dominate near-bottom flow

variability and promote long-term retention of contaminated sediments within the basin.

6.2 Future Work

While this study provides insight into the hydrodynamic conditions and the potential for
sediment mobility within SPB, several important questions remain regarding the processes con-
trolling contaminant remobilization and transport. The present analysis is based on observations
from a single mooring location and therefore may not capture the full spatial variability in the
basin’s bottom boundary layer dynamics. Additional long-term observations and numerical mod-
eling efforts would improve understanding of episodic renewal events and interannual variability
that may not have been captured during the 2024 deployment period. Future studies should also
investigate how the geometry of SPB influences circulation patterns and sediment transport path-
ways. The constricted region between Santa Catalina Island and Redondo Knoll may influence
currents and increase bed stresses relative to the 2024 mooring site due to bathymetric steering.

Although the hydrodynamic analysis suggests that widespread physical erosion of the
basin sediments is unlikely under the observed conditions, biological disturbance may represent
an important mechanism for localized sediment reworking and contaminant exposure. ROV
and SAS imagery revealed numerous mounds and depression-like seabed features that show
evidence of burrowing activity. These are found predominantly around the margins of the basin
near the Palos Verdes shelf and slope [23]. Future work should quantify the morphology, spatial

distribution, and abundance of these features using image-based analyses. This analysis should
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Figure 6.1. The colored surface shows the spatial distribution of maximum XDDT concentrations
from sediment cores. White dashed outlines identify basin-margin regions prioritized for future
investigation of biological disturbance processes based on observations of mound- and depression-
like seabed features in available imagery.

be a collaborative effort with a marine biology-focused group to better use the physical framing
of seabed morphology alongside the identification and classification of benthic communities
that serve as possible trophic transfer pathways. The effort may help determine whether biolog-
ical activity influences the preservation, redistribution, or exposure of contaminants in SPB’s
sediments.

Additional sediment coring efforts would further improve understanding of contaminant
burial histories and sediment stability throughout SPB. Greater coverage of basin margins,
regions of observed biological disturbance, and areas exhibiting shallow contaminant burial
depths would help determine whether localized sediment mixing contributes to the observed
spatial variability in contaminant distributions. Improved characterization of how bioturbation
processes contributes to the preservation, redistribution, or exposure of contaminants within SPB

sediments.
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The results of this study suggest that widespread physical remobilization of contaminated
sediments is unlikely under the observed conditions. The presence of biological disturbance
structures throughout portions of the basin indicates that non-hydrodynamic processes may
contribute to localized sediment mixing and contaminant exposure. Future models should
incorporate hydrodynamic forcing, sediment transport, biodiffusion, and bioturbation within
a unified framework to evaluate the long-term stability of contaminated sediments. Such an
approach would help determine whether the redistribution of contaminants is primarily controlled
by episodic physical transport events, bioturbation, or interactions between the two processes.
Together, these efforts would provide a more complete understanding of contaminant preservation,

exposure pathways, and long-term environmental risk within SPB.
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