THE UNIVERSITY OF

7 WAIKATO Research Commons

gty 16 Whare Winanga o Waikato

https://researchcommons.waikato.ac.nz/

Research Commons at the University of Waikato

Copyright Statement:

The digital copy of this thesis is protected by the Copyright Act 1994 (New Zealand).

The thesis may be consulted by you, provided you comply with the provisions of the
Act and the following conditions of use:

e Any use you make of these documents or images must be for research or private
study purposes only, and you may not make them available to any other person.

e Authors control the copyright of their thesis. You will recognise the author’s right
to be identified as the author of the thesis, and due acknowledgement will be
made to the author where appropriate.

e You will obtain the author’s permission before publishing any material from the
thesis.


















Figure 2.4 - A) Depth contour map of Seismic Horizon A, using a contour interval of 2 m. Datum is mean sea level. B)
Depth contour map of Seismic Horizon B, using a contour interval of 2 m. Datum is mean sea level. C) Depth contour
map of Seismic Horizon C, using a contour interval of 2 m. D) Isopach map showing thickness between horizons A
and B in true vertical depth, using a contour interval of 0.5 m. Yellow dots represent the locations of virbracore
samples.

The isopach map of the interval between Horizons A and B shows that the thickness of
the dredge spoil mound varies from 0.5 m to 4.5 m (Figure 2.4D). The majority of the mound is
between 1 and 1.5 m thick. However, there are three thicker areas, ranging between 3.5 and 4.5
m thick, all situated within the dredge spoil site. The thinnest areas of the mound, which occur
on the eastern and western corners of the surveyed area towards the shoreward end of seismic

lines, H, G, F, and E, are directly outside of the disposal ground.

Areas with thicker deposits in the southeastern corner of the isopach map between
Horizon A and B (i.e., Figure 2.4D) indicate a possible submarine channel system that is also
imaged in the seismic lines (Figure 2.5). This feature is only observed in shore-parallel profiles
closer to shore such as in Seismic Profile D and its intersection with Profile G (Appendix D1).
The bottom of the submarine channel extends to 4.5 m below the sea floor and ranges from 75

to 110 m wide.
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Figure 2.5- A) Uninterpreted portion of seismic horizon G. B) Interpreted portion of seismic horizon G. C) Location of

seismic profiles.

2.4.2 Vibracores

Vibracore 1

Vibracore 1 (VC1) was collected from a location 2.52 km offshore (Figure 2.1C). The

core measures 55 cm long (Figure 2.6). The core comprises fine-grained, moderately sorted

sand. Shell debris was identified within the core between 27 cm and 35 cm depth. LOl varies

from 1.43% to 2.41%, with an average of 2.07%. The core is structureless/massive, with no

sedimentary structures (Figure 2.6).
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Vibracore 2

Vibracore 2 (VC2) was collected from a position 4.0 km offshore (Figure 2.1C). The core
is 35 cm long (Figure 2.6). The core is composed of medium-grained, moderately sorted sand.
The proportion of organic matter (LOI) measured in VC2 ranges from 0.79% to 1.15% with an
average of 1.10%. As VC2 is very short, there is no observable trend within the LOI or grain size

data. The core is massive/structureless, with no sedimentary structures (Figure 2.6).

Vibracore 3

Vibracore 3 (VC3) was collected from a location 5.45 km offshore (Figure 2.1C). The
core is 150 cm long (Figure 2.6). The top 30 cm of the core predominantly comprises medium-
grained sand. Between 30 cm and 80 cm depth, there is more grain size variability, ranging from
coarse-grained sand to coarse-grained silt. Most of the core is structureless, except for the
basal 40 cm where planar lamination occurs. There is also a significant amount of shell hash
that occurs within the core between 40 cm and 80 cm depth. This broken-up shell materialis

associated with higher proportions of organic matter (Figure 2.8).

The proportion of organic matter (LOI) measured in VC3 ranges from 0.45% to 3.96%,
with an average of 2.36%. There is a general increase in organic content with depth, and a spike
at 50 cm, which correlates to a decrease in grain size from medium-grained sand to coarse silt

(Figure 2.8).

Vibracore 4

Vibracore 4 (VC4) was collected from a position 7.22 km offshore (Figure 2.1C). The core
is 60 cm long (Figure 2.6). The top 20 cm of the core was damaged during collection. However,
sub-samples were taken throughout the damaged core material, which provided an estimation
of the grain sizes and the organic carbon content. The grain sizes throughout the undamaged
core section ranges from fine to coarse-grained sand; the majority of the core comprises fine-
grained sand. Sediment ranges from poorly to moderately sorted throughout the core, with all
of the sub-samples being finely-skewed. Shell hash has been identified within the core at 27 cm
and 35 cm depth respectively. This shelly material is associated with an increase in organic
content. Overall, the core is massive/structureless (Figure 2.6). The proportion of organic
matter (LOI) measured in VC4 was 1.66%. There is a substantial spike in organic matter content
at 40 cm depth. Although similar to VC3, there is a generalincrease in organic matter with

depth.
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Figure 2.6 — Vibracores from the study area. From left to right displays a photograph of each core, an x-ray image, a
LOI profile, a profile of mean grain size, and a sedimentological description of each core.

2.4.3 Surface Sediments

Surface samples reveal that sediment at the dredge-disposal sites predominantly
consists of medium-grained, moderately sorted sand (between 250 — 500 um; Figure 2.7A). The
finest-grained sediments occur in the northern portion of the study area, as well as the south
and southwestern side (Figure 2.7A). The sediment in these areas ranges from silt to very-fine
sand to medium silt (31 - 125 um). The coarsest sediment (>1000 um) occurs in the upper

north-eastern side of the study area near the edges.
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Surface sediments in the study area are characterised by a range of LOIl from 0.17% to
7.96%, with an average of 1.39% (Figure 2.7B). There are areas within the study area that LOl is
greater, such as the northern and southern corners. The LOI in the western corner reaches
7.9%. The LOI data appear to be directly linked with grain size; finer-grained sediments tend to

have a higher LOl in comparison to coarser-grained sediments.

B O Vibracore Sample
O Vibracore Sample A .7.96% Max

Very Coarse Sand (<2000um)

Coarse Sand (<1000um)

Medium Sand (<500um)

Fine Sand (<250um) 1.39% Mean
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Coarse Silt (<63um) 0 0.250.5 2 0 0.2505

2
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Figure 2.7 - A) Average grain size in surface sediment samples in the study area. B) LOI of surface sediment samples
in the study area.
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2.5 Discussion

2.5.1 Grain Size Distribution Patterns

The distribution of surface sediment samples observed in this study, with a more
offshore area dominated by coarse sand and a finer-grained inshore area, matches well with
the two-part facies classification of the Bay of Plenty shelf area proposed by Dahm and Healy
(1980) (Figure 2.7). The present results also match the data from the same area collected by
Harms (1989), Warren (1992), and Dahm and Healy (1980), showing that they predominantly
consist of medium-grained, moderately to well-sorted sands. Sediment within the four
vibracores was also dominated by fine to medium sand (Figure 2.8). Furthermore, grain size
skewness parameters measured from sediment samples at the surface and within cores
revealed a primary fine-skew or near-symmetrical skew. This also alighs with previous research
that found sediment grain size distributions from both the natural shelf sediment and dredged

material are primarily fine-skewed or symmetrically skewed (Dahm & Healy,1980; Harms 1989).
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Figure 2.8 — Relationship between the pre and post-dredging grain size data collected by Warren (1992), compared to
the surface grain size collected in this study.

Since this study found no significant changes in the composition of the sediment within
the spoil disposal mound, it can be inferred that there has been no change in the composition
of the dredged material since the Warren (1992) study. Furthermore, | concur with others in
implying that the similarity in grain size between pre-dredge and post-dredge sediments
indicates that the dredged sediments are compatible with the natural inner shelf sediments

(Davies-Colley, 1976; Foster, 1992; Harms, 1989; Michels & Healy, 1999; Moon et al., 1994;
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Warren et al., 1991; Warren, 1992). As the sediment has not changed composition it can be
assumed that there is no increased risk to benthic organisms from changing the seafloor
environment. Additionally, as the composition of the dredge spoil is comprised almost entirely
of sandy material, it can be inferred that the consolidation of the material on the seafloor is
rapid, leading to the sediment being deposited rapidly, with minimal dispersion of material

occurring during disposal (Moon et al., 1994).

2.5.2 Stratigraphy

Core Stratigraphy

The study found that the core samples were predominantly structureless throughout
the spoil disposal site without evidence of bedform generation. However, some thin intervals of
shell debris occur within VC3 and VC4, and planar lamination was noted in the lower 40 cm of
VC3, indicating sediment movement within the spoil disposal site may have occurred in the
past. | interpret the structureless nature of the stratigraphy to indicate that sediment was
deposited en masse and never re-entrained or reworked to produce bedforms. The only
exception is the planar lamination which suggests that at some point in the past there was
sediment movement but there is no geochronological information to constrain when. Figure
2.4D shows the locations of the cores on the thickness maps, based on the thickness of VC3
(1.5 m) on the map it can be assumed that the planar laminated bedding occurred within the
dredged material rather than the pre-disposal seafloor. Planar lamination in fine-grained sand

indicates a flow velocity of 0.6 m s™.Thus, this interval may be the result of a past storm event.
Seismic Stratigraphy

This study mapped distinct seismic horizons which represent the top of the dredge spoil
mound (Horizon A) and the seafloor before dredging (Horizon B). The results demonstrate that
the thickest packages are around 4.5 m thick and occur in the northeast, southwest, and
southern sides of the study area with the sediment thinning towards the edges. This thickness
differs from Healy et al. (1997), who found that the maximum thickness of the mound was 7.5
m. This is not completely unexpected as when dredge sediment is initially deposited it forms a
conical shape that thins away from the centre point, eventually flattening into a cohesive
surface due to consolidation (Moon et al., 1994; Warren, 1992). | interpret the three thicker
areas of sediment on the sea floor to be recently deposited material, as it is well known that the

dredge mound takes about two years to fully consolidate and settle (Harms, 1989; Healy et al.,
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1997; Healy et al., 1988). This is important to note because the long-term stability of the mound
and its impacts on the surrounding environment are affected by its height, with higher mounds
potentially leading to more significant changes in sedimentation and erosion patterns

(Francingues & Lamb, 1991).

The seismic surveys in this study also found that the seafloor outside of the permitted
spoil disposal sites D and G was covered with a thin layer of sediment (Figure 2.4D). Harms
(1989) and Healy et al, (1997) inferred that there is potential for irregular disposal outside of the

permitted disposal ground, and the results herein appear to support this interpretation.

Finally, this study identified a submarine channel system through the mapping of
Seismic Horizon C which was most prominent directly outside of the study area (see Figure
2.8). Previous studies have also identified channels at the dredge spoil disposal site (Harms,
1989), and interpreted them to represent channels dissecting the sea floor during a lower-

phase of relative sea level (Gibb, 1986; Harms, 1989).

2.5.4 Hydrodynamic Conditions and Sediment Transport

It is well known that the major controls on sediment erosion, transport and deposition
are grain size, flow velocity and water depth. In the study area, sediment grain size ranges from
coarse silt (63 um ) to very coarse sand (>1000 um), with the majority of the sediment being fine
to medium-grained sand (125-500 um). Hjulstrom (1935) demonstrated that erosion of fine
sand occurs at velocities of 0.2 m s™ whereas it gets deposited when velocities decrease to
0.02 m s™ (Figure 2.11). On the other hand erosion of coarse sand occurs at velocities of 0.8 m

s and it is deposited when flow velocities are below 0.08 m/s.

Previous studies demonstrated that the average current velocity at the bed in the
dredge spoil disposal sites is 0.10 m s-', which is below the critical threshold to erode and
transport fine-grained sand (Harms, 1989; Warren, 1992). Wave heights of at least 1 m with
periods of 10-12 s are required to initiate entrainment of fine-grained sand in water deeper than
20 m (Healy, 1996; Warren, 1992). Warren (1992) clearly showed that these thresholds were
only exceeded in water depths of 25 m 13.5% of the time for fine sand, 7.5% of the time for

medium sand, and <1% of the time for coarse-grained sand.
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Figure 2.9 - Hjulstrom diagram showing sediment erosion, transport and deposition as a function of flow velocity and
grain size, without an assumed water depth. The range of grain sizes within the deposition site is highlighted in green.

Modified after (Hjulstrém, 1935).

The overwhelming dominance of structureless sediments on the sea bed and in

sediment cores indicates that there is no current or wave action of sufficient energy to influence

the spoil mound. This interpretation is based on the bedform stability diagram in Figure 2.10,

using the range of grain sizes observed (fine to medium-grained sand) and assuming a mean

flow velocity of up to 0.10 m s (Warren, 1992).
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2.6 Summary and Conclusions

Approximately 1,407,300 m?® of sediment has been added to the inner shelf dredge
disposal a Sites D and G by the Port of Tauranga since 2000. Investigations into the spoil mound
were last carried out in 1992, therefore, the current composition, shape, size and sub-surface
stratigraphy of the mound as well as the potential for sediment transport away from the mound
was unknown. To address this knowledge gap, this study investigated sediments on the inner
shelf dredge spoil disposal site using shallow seismic surveys, vibracores, and surface
sediment samples, to answer the question: is there potential for sediment resuspension and

transport of dredge spoil?

Mapping of the seafloor and subsurface stratigraphy show that the dredge spoil mound
is predominantly about 1.5 m above the pre-disposal seafloor and thins towards the edges of
the surveyed area. At its maximum thickness, the mound reaches 4.5 m, which is still at a water
depth deep enough to avoid being significantly influenced by wave energy. Core samples
showed that there is no well-organized layering within the stratigraphic record supporting the
idea that once deposited most sediment is not re-entrained and moved any great distance. The
sediment grain size distribution throughout the study area was found to primarily consist of fine
to medium-grained, moderately well-sorted sand with a relatively low content organic matter
content. Data from previous studies was used to estimate the potential for sediment
resuspension and transport, which found that the mean current velocity of the spoil mound is
0.10 m/s'under fair-weather conditions, which is below the threshold needed to initiate the

movement of fine sand.

The results of this study have shown that the dredge spoil mound is similar in composition
to past studies, the spoil mound is also relatively stable and unlikely to be subject to sediment
resuspension and transport under fair-weather conditions. The results of this study can be used
as a baseline for further sedimentological and oceanographic investigations in the Bay of
Plenty. This study also serves as evidence to support the safety of dredge-spoil disposal

operations undertaken by the Port of Tauranga.
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Chapter 3

Conclusions

The overall aim of this thesis was to investigate the inner shelf dredge disposal mound
to see if any changes to the sediment have occurred since the last studies of the area
undertaken in 1992. This was achieved by collecting a range of shallow seismic surveys,
vibracores, and surficial sediment samples from across the dredge-disposal area. This type of
study is important because a significant amount of sediment is added to the inner shelf spoil
disposal sites D/G each year. Updated information regarding the composition of dredged
material, thickness and distribution of the spoil mound, and the nature of the stratigraphy of the
deposited material are necessary to identify potential sediment resuspension and movement
inshore away from the mound. Any transported sediment has the potential to cause harm to
benthic flora and fauna, as well as increase levels of suspended sediments within the Tauranga
shelf. This chapter focuses on responding to the study aims posed at the beginning of the study
(Chapter 1) and providing recommendations to the Port of Tauranga as to the suitability of the

spoil mound for future sediment deposition.

Have there been any changes in the composition, shape or thickness of the mound?

The results of this research suggest that dredged-material deposited on the shelf has
remained compositionally similar to both the pre-disposal shelf sediments and the sediments
examined in past studies (Davies-Colley, 1976; Foster, 1992; Harms, 1989; Michels & Healy,
1999; Moon et al., 1994; Warren et al., 1991; Warren, 1992). Recent grain size analysis showed
that sediments at Sites D and G predominantly comprise fine to medium-grained sand. This
matches the two part sediment distribution model originally put forth by Dahm & Healy (1980).
It follows that there has not been a compositional change in the dredged material since 1992
and that deposited material has the same textural and compositional nature as the pre-
disposal sediment. This consistency between sediment grain size and texture between pre- and
post-dredge disposal suggests that is little risk that sediment movement from the dredge-

deposition site is impacting benthic flora and fauna outside of the deposition site.

Shallow seismic surveys found the dredge mound to typically be 1.5 m thick throughout

the study area, with three small thicker areas that have been attributed to more recently
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deposited material. However, past studies by Healy et al. (1997), found that the maximum
thickness of the mound was 7.5 m. This is hot completely unexpected as when dredge
sediment is initially deposited it forms a conical shape that thins away from the centre point,
eventually flattening into a cohesive surface (Moon et al., 1994; Warren, 1992). Further
compression and compaction of the mound as more sediment is added on top may further lead

to the mound compressing and flattening.

What is the potential for sediment resuspension and transport away from the mound?

Dredge spoil deposited on the inner shelf appears to be relatively stable and not subject
to much erosion and shoreward transport. This is largely due to the location of the spoil
deposition site in water depths ranging from 20-40 m. As the Bay of Plenty is sheltered and
experiences relatively fair weather conditions through most of the year, large waves which
would make contact with the bed are not common. Previous studies have found that the
average current velocity observed at the spoil disposal site is 0.10 m s which is below the
critical threshold to initiate transport of fine-grained sand; Hjulstrom (1935) indicates that

transport of fine sand occurs at velocities exceeding 0.2 ms™.

Structureless sediment in vibracores without primary stratification is further evidence
that sediment is not being transported from the dredge-spoil location. If quasi-steady currents
were able to entrain sediment on the sea floor, this would generate bedforms and this would
produce cross bedding in the stratigraphic record. However, a thin interval in VC1 displayed
planar bedding, which may be an indication of short-term sediment movement during a storm.
Thus, we cannot completely discount that during the highest energy events (i.e., storms) that

some sediment movement can occur.

3.1 Study Limitations and Future Research

The study was not without limitations. First, the vibracore sampling could not be
completed as planned. The penetration of the vibracore sampler into the stratigraphic column
was inadequate and therefore may have been unable to accurately capture differences
between the sediments related to dredging from the older sediment layers below. Cores must

be at least 2.5 m long to intersect the dredge spoil mound and original pre-disposal sediments.
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It remains unsure if these challenges with coring were due to compaction of the dredge

sediment, or to due to issues with the vibrating head.

Another challenge frequently encountered with sediment coring is sediment compaction. |
estimated that around 30% compaction occurred in the cores from this study, which poses
challenges for accurately measuring the original length of the cores. Future research might
account for these uncertainties by collecting a greater number of longer vibracore samples
inside and outside of the spoil disposal site, to gain a better understanding of the distribution of

sub-surface facies that could be tied to the results of the shallow seismic surveys.

A third challenge of this study was the fact that neither wave height and period nor current
measurements were recorded. Instead | relied on previous studies that measured the
hydrodynamics. Ultimately, | was forced to assume the processes remain the same and to
calculate sediment transport parameters on this basis. Future research should measure these
baseline hydrodynamic parameters (waves and currents) for the inner shelf to ensure that no
changes in processes are occurring through time. Long-term measurements would allow for
waves and currents to be measured during periods of fine weather, as well as storm conditions,

to predict the likelihood and severity of sediment transport during storm conditions.

Future studies would also benefit from using multiple seismic surveys to establish if the
dredge spoil mound is subject to movement, and if so, how mobile is the sediment. This could
be done by collecting annual or even sub-annual seismic profiles across the study area.
Additionally, conducting more seismic surveys would also allow for the settling of the mound to
be monitored post-spoil disposal. Furthermore, repeat sediment sampling of the surficial
sediments may allow for a more complete understanding of the shelf sediment and if there are

any changes in the composition of sediments before and after routine dredging.

3.2 Summary and Recommendations for the Port of Tauranga
l. Based on the results and interpretations of this thesis, it appears that dredge spoil
deposition at Sites D and G are appropriate for the sandy and silty material coming from
the Port of Tauranga. This material is similar to the original sediment on the sea floor in
the area and the potential for sediment transport in the shoreward direction is low.
Il Monitoring the height and stability of the spoil mound, as well as the composition of
sediment (and any associated changes in this) can be achieved through regular repeat

seismic surveys following dredging operations. This would gain a more well-rounded
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view of the dredge-spoil mount and if the materials are consolidating with time as we
suggest in this research.

A repeat set of hydrodynamic measurements, perhaps over a longer period of time (i.e.,
months) would ensure that the process regime has not changed. It might also capture
hydrodynamic process extremes, which appear to be the only time that sediment is able

to be entrained and moved away from the dredge disposal site.
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Appendices

Appendix A. Sediment Grain Size Summary Statistics

GRADISTAT data sheets showing the proportion of samples within grain size bounds for the 64
surface sediment samples.

SAMPLE STATISTICS
A1 A2 A3

ANALYST AND DATE: , 22/0/2023 , 9/20/2023 , 9/20/2023

LOCATION 176.1945788°E 37.6108884°S |176.1972734°E 37.6142843°S |176.2005804°E 37.6176800°S

SIEVING ERROR: 0.0% 0.0% 0.0%

SAMPLE TYPE: Unimodal, Poorly Sorted Unimodal, Moderately Sorted | Unimodal, Moderately Sorted

TEXTURAL GROUP: Sand Sand Slightly Gravelly Sand

SEDIMENT NAME: Poorly Sorted Coarse Sand |Moderately Sorted Coarse Sandjhtly Very Fine Gravelly Coarse S
FOLK AND MEAN(M;): 327.5 517.7 506.7
WARD METHOD SORTING (0;): 2.558 1.718 1.707
(um) SKEWNESS (S ): 0.230 -0.069 -0.001

KURTOSIS (K, ): 1.031 0.965 0.967
FOLK AND MEAN (M ): 1.611 0.950 0.981
WARD METHOD SORTING (0;): 1.355 0.780 0.771
o) SKEWNESS (Sk;): 0.230 0.069 0.001

KURTOSIS (K, ): 1.031 0.965 0.967
FOLK AND MEAN: Medium Sand Coarse Sand Coarse Sand
WARD METHOD SORTING: Poorly Sorted Moderately Sorted Moderately Sorted
(Description) SKEWNESS: Fine Skewed Symmetrical Symmetrical

KURTOSIS: Mesokurtic Mesokurtic Mesokurtic

MODE 1 (um): 545.0 545.0 545.0

MODE 1 (): 0.881 0.881 0.881

Do (um): 95.04 250.7 253.6

Dep (um): 355.6 526.1 506.8

Deo (um): 901.0 1008.1 1006.1

(D / Dyg) (um): 9.481 4.021 3.967

(Do - Dyg) (um): 806.0 757.4 752.4

(D75 / Dzs) (um): 3.621 2.115 2.092

(Dys - Dzs) (um): 456.3 399.4 383.3

Dyo (4): 0.150 0.012 -0.009

Do ($): 1.491 0.926 0.981

Deo (4): 3.395 1.996 1.979

(Do / Do) ($): 22.59 -172.023 -227.333

{Deo - Do) (): 3.245 2.008 1.988

(Dys { Das) (4): 3.788 3.698 3.391

(D75 - Das) ($): 1.856 1.081 1.065

% GRAVEL: 0.0% 0.0% 0.2%

% SAND: 93.9% 99.8% 99.4%

% MUD: 6.1% 0.2% 0.4%

% V COARSE GRAVEL: 0.0% 0.0% 0.0%

% COARSE GRAVEL: 0.0% 0.0% 0.0%

% MEDIUM GRAVEL: 0.0% 0.0% 0.0%

% FINE GRAVEL: 0.0% 0.0% 0.0%

% V FINE GRAVEL: 0.0% 0.0% 0.2%

% V COARSE SAND: 6.5% 10.3% 10.0%

% COARSE SAND: 29.3% 43.4% 40.8%

% MEDIUM SAND: 27.0% 36.4% 39.6%

% FINE SAND: 21.9% 9.0% 8.8%

% V FINE SAND: 9.3% 0.7% 0.2%

% V COARSE SILT: 1.6% 0.2% 0.4%

% COARSE SILT: 1.5% 0.0% 0.0%

% MEDIUM SILT: 1.0% 0.0% 0.0%

% FINE SILT: 0.9% 0.0% 0.0%

% V FINE SILT: 0.6% 0.0% 0.0%

% CLAY: 0.5% 0.0% 0.0%
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