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EXECUTIVE SUMMARY
1.

My evidence provides an assessment of how sand extraction
activities might affect the geomorphic character, erosion
and physical drivers and processes along the coast.

2.

Extraction will not adversely affect physical drivers and
processes that cause coastal change such as currents,
waves and longshore sediment transport.

3.

Pits and mounds on the seabed will affect currents locally
but are not expected to impact prevailing or ambient
currents and flow characteristics. Weak cross shore currents
and modelling of sediment dispersal of sands from the
extraction area suggest that seabed sand in the area of the
extraction operations some 22 to 36 km off the coast is not a
significant source for sand on the beaches. Therefore, sand
extraction will not have significant effects on sand supply to
the beaches and will not promote beach erosion.

4.

Wave modelling of six scenarios of offshore wave conditions
showed only small changes in wave conditions close to
shore for case 1 (worst case in terms of potential effects on
the shore) seabed modifications. The maximum absolute
changes in significant wave height are 10 cm and generally
less than 5 cm. The mean absolute changes in significant
wave height are 6 cm and generally less than 3 cm.
Changes in mean wave direction are generally less than 1
degree

(increasing

locally

to

3

degrees

west

of

Manawapou) which is insignificant when compared to the
natural variability in wave approach.
5.

A 12-month long simulation of waves over a wide sampling
of the local wave climate showed small changes in wave
conditions close to shore for case 1 (worst case) seabed
modifications. Waves show a mean decrease (by less than 5
cm) in significant wave height on the coast near Patea, with
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smaller increases (of less than 2.5 cm) further west; a mean
decrease in wave period (by less than 0.1 seconds) in the
vicinity of Patea, and increases (by less than 0.06 seconds) to
the west; and a slight decrease in mean wave direction (i.e.
changes in an anticlockwise sense) on average along the
majority of the coast. These changes are considerably less
than the natural range of variability in baseline (no
extraction) values which range along the shoreline 0.51 – 3 m
for mean significant wave height, 210 – 270 degrees for
mean wave direction and 2.81 – 5.9 seconds for mean wave
period.
6.

Statistics derived from the 12-month model simulations were
used to evaluate a criterion for “accepting” or “rejecting” a
potential sand extraction site. The analysis showed that for
the case 1 (worst case) situation the differences in longshore
sediment transport potential as a consequence of extraction
lie within the envelope of one-half a standard deviation of
the natural longshore transport potential. That is to say, the
extraction proposed by TTR for the case 1 situation meets the
criterion for “accepting” a sand extraction site.

7.

My opinion that the effects of sand extraction on coastal
erosion and accretion will not be significant are based on
my determinations that: 1) sand supplies from offshore
sources are small (in comparison to supplies from cliffs and
the rivers); 2) wave modelling showed that changes in wave
characteristics on the inner shelf in the lee of the mining area
will be very small and in my opinion too small to have any
significant effects on the patterns of cross-shelf sand
transport and therefore transport to the shore; and 3) that
the changes in wave characteristics at the shore, which are
the primary driver of sand transport at the shore, are very
small and will not have a significant effect on sand transport
and therefore erosion and accretion processes at the shore.
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INTRODUCTION
Qualifications and experience
1.

My name is Terry Martyn Hume. I am a Director of Hume
Consulting Ltd where I have been employed since 2015. Prior
to that I was employed by NIWA from 1992 to 2014 where I
was a Principal Scientist in Coastal Geomorphology and
NIWA’s National Projects Manager.

2.

I have a BSC in geology from the University of Auckland and
MSc (Hons) and DPhil in Earth Sciences from the University of
Waikato. I am a member of the Royal Society of New
Zealand, a Life Member of the NZ Coastal Society, an
Honorary Associate Professor (Environmental Sciences) at the
University of Auckland, and an Honorary Lecturer (Earth
Sciences) at the University of Waikato. I am certified as an
RMA Hearings Commissioner. I have worked on projects as a
team member, project manager and project director. I have
undertaken environmental research and consulting for
government departments, local authorities and private
companies and led NIWA’s coastal and estuarine research
programmes and science teams. I have more than 40 years’
experience as a scientist and consultant. I have authored or
co-authored over 80 publications in refereed journals and
over 150 technical reports for various clients.

3.

I have expert knowledge as a marine geologist, coastal
geomorphologist and coastal oceanographer.

I have

experience in applying numerical models to inform the
understanding of coastal processes. Because of my role in
NIWA as a Principal Scientist and Project Director I undertook
technical reviews and evaluations of work by other
specialists where models were used. Of particular relevance
to my role as an expert witness in this matter is my research,
publications and consultancies on:
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(a)

investigations of coastal sand movement and the
effects of sand extraction on the Pakiri – Mangawhai
coast;

(b)

investigations of sand transport and storage and the
effects of large sand extraction in the entrance of
Kaipara Harbour;

(c)

leading the mapping of New Zealand’s beaches
and estuaries to build the Coastal Explorer website
(this involved field measurements at more than 200
beaches);

(d)

studies of how different minerals change in size and
shape as they travel along the west coast of the
North Island; and

(e)

studies of the sediment process and bedform
generation on the Coromandel inner shelf.

4.

I undertook investigations and prepared reports for TransTasman Resources Limited (TTR) on shoreline monitoring
(MacDonald et al. 2015a) and coastal stability. The coastal
stability investigations, which I led, were undertaken in two
phases (Hume et al. 2015a and Hume et al. 2015b). The
Phase 2 report updates and incorporates information from
Phase 1, as well as supplying new information from
subsequent studies. Information and interpretation in the
Phase 2 report supersedes that in the Phase 1 report. I
confirm the contents of these reports are correct (apart from
specific minor corrections made explicitly in this evidence)
and were included as part of TTR’s Impact Assessment.

Code of conduct
5.

I confirm that I have read the Code of Conduct for Expert
Witnesses as contained in the Environment Court Practice
Note dated 1 December 2014. I agree to comply with this
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Code. This evidence is within my area of expertise, except
where I state that I am relying upon the specified evidence
of another person. I have not omitted to consider material
facts known to me that might alter or detract from the
opinions that I express.
SCOPE OF EVIDENCE
6.

Extracting sand from the seabed has the potential to alter
the wave climate at the shore and reduce the supply of
sand to the shore. This in turn can cause coastal erosion. In
my evidence I assess whether the proposed sand extraction
activities might affect the geomorphic character, erosion
and physical drivers and processes along the shore.

In

particular, whether:
(a)

extraction will adversely affect wave, current and
longshore transport processes that cause coastal
change; and

(b)

the

risk

accretion

of

accelerated

along

the

coastal

region's

erosion

and

coastline

and

modification to natural hazard processes will be
significant.
7.

In the course of my investigations, I was involved in field
reconnaissance and planning of the monthly beach profile
surveys, participated in two of the 11 surveys, and undertook
the data analysis and interpretation of short-term shoreline
stability aided by: the field report of MacDonald et al.
(2015a) which I co-authored, surveyor’s field notes; and
several thousand images taken at the time of the surveys. For
the analysis of historical short-term shoreline stability, I relied
on a NIWA report (MacDiarmid et al. 2015), which used data
on foreshore sediment type and coastal landform type
generated by my NZ Coast and Coastal Explorer web tool
project (Hume 2008, Hume et al. 2008, Hume et al. 2013) to
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generate a map of shoreline stability for the South Taranaki
Bight. For information on currents and waves in the South
Taranaki Bight I relied on field measurements of inner shelf
and nearshore currents and waves, undertaken by NIWA
and reported in MacDonald et al. (2015b). I made use of
numerical model predictions of currents and sediment
transport reported in Hadfield (2015). I made use of grain size
data of seabed sediments reported in Anderson et al. (2015).
I relied on numerical model predictions of the effects of pits
and mounds on the nearshore wave climate and longshore
transport characteristics reported in Gorman (2015). I worked
closely with Dr Gorman in planning his approach and
selecting scenarios to model in order to provide the
information that I required for my analysis. My evidence also
refers to the predictions of the time it will take for the sand
extraction pits to infill and mounds to deflate under waves
and currents, reported in the Phase 2 coastal stability report
(Hume et al. 2015b) and discussed by Dr MacDonald in his
evidence.
8.

The citations for these sources are included in Appendix A of
this evidence, and all figures referred to in this evidence are
included in Appendix B.

EXISTING ENVIRONMENT
Coastal geomorphology
9.

The coast between Opunake and Whanganui forms part of
a 200 km-long littoral cell extending from Cape Taranaki in
the north to about Kapiti Island in the south (Figure 1). It is
characterised by near-vertical, actively eroding, 35 – 50 m
tall seacliffs and narrow beaches formed at the base of the
cliffs and in coastal re-entrants. Beaches develop in relatively
low energy zones provided by the shallow coastal reentrants (Figure 2). Here they comprise small, narrow (about
100 m wide), mixed sand and gravel or pure sand beaches
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built at the base of tall cliffs (Figure 3). The sand accumulates
as a thin veneer, possibly only metres thick over the rocky
shore platform, sometimes exposed at low tide at the base
of the beach, left by the retreating cliff line. Some of these
re-entrants form where streams and small rivers emerge on
the coast and others where the geology allows that section
of the coastal cliffs to erode and retreat more rapidly than
adjacent sections of cliffs. Here small, narrow, dune systems
can develop. Along a section of coast without cliffs that runs
from the Patea River to about Waiinu, the beaches are
backed by foredunes, landward of which transgressive
dunes, now stabilised by farm pasture, have formed where
sand picked-up from the beach by strong winds has blown
far inland to smother low lying topography and rising ground
(Figure 4).
10.

The overall trend in beach sediment grain size along the
South Taranaki Bight coast is for the beach sediments to be
coarser in the north than in the south. In the north at Ohawe
and Hawera, the beaches are largely poorly sorted gravelly
medium to coarse sands and fine gravels, with much of the
coarser material appearing to derive from cliff collapse. In
the

south

the

beaches

are

sandier

being

primarily

moderately sorted gravelly medium sands. In the north at
Ohawe and Hawera the beaches also tend to be narrower
and steeper (slope ranging from 4 – 7 degrees) than the
beaches to the south (e.g., Waiinu slope ranging from 2 – 4
degrees). This is a reflection of the grain size of the sediment
(coarse sediment builds steeper beaches) and also sediment
supply. Seacliff erosion is the primary sediment source for the
coarser sediment.
11.

Pits dug in the beach show alternating layers of coarse and
fine sediments made up of fine black sands, white sands and
shelly pebbly sands and gravels (Figure 5). The gravel
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fraction is mostly rock fragments. This provides evidence of
the intermittent injection of coarse sediment from sea cliff
collapse, and that the beach face is substantially reworked
and sorted during wave events (producing a coarse lag or
layer of dense black minerals) and the calmer periods
(producing a build-up of finer and less dense material) in
between.

There is a considerable proportion of gravelly

sands making up the beach in some locations and little
black sand in the beach sediments at some sites.
12.

In comparison to the beaches, seabed sediments on the
inner shelf are finer than those on the beach being mostly
fine to medium sands, particularly in the north and west, with
the gravelly coarser fraction being mostly composed of shell
fragments, with rock fragments near reef outcrops.

13.

Sand is transported through and into the nearshore primarily
by waves. Transport can be particularly large at times of
storms when large waves create a surf zone and corridor for
sand transport more than 500 m wide. Under these
conditions sand is moved along the shore in pulses or slugs
which are visible in the beach profile records. Sand moving
in this wide corridor can bypass small headlands and
promontories and ‘jump’ from beach to beach as it is driven
along the shore. Sand is also stripped from the beaches via
rip channels and temporarily stored in bars and banks in the
nearshore. These bars and banks cause the waves to break
offshore, dissipating energy and thus serve to protect the
beach from erosion. In quieter periods of long low swell, sand
is returned by wave generated currents from the seabed to
the shore where it is seen coming ashore as swash bars (low,
broad, sandy bars separated by linear depressions, or
runnels, running parallel to the shore) on the lower to midbeach.
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14.

The beach profile data show that the sediment in these
beaches is very mobile. The beach level goes up and down
1 – 2 m and the beach face shows excursions back-andforth of about 10 – 40 m over time scales of weeks and
months (Figure 6). The beach face erodes during storms (with
vertical elevation changes of up to 2 m) and builds up in the
calmer periods between, so that the sand is ‘parked-up’
temporarily before it is redistributed along the shore by
waves (mostly) and wind.

15.

Changes in sand volumes measured by beach profile
surveys at the eight sites between Ohawe and Kai Iwi over
the period June 2011 to April 2012 show that the net change
in beach volume and sand storage over the year varies from
erosion at some sites to accretion at others. The data (Table
2-1 in Hume 2015b) show no spatial or temporal pattern of
change in erosion and accretion along the shore, just
considerable change. The total volume of sand moving on
and off the beach over the year ranged from 67,000 m3 at
Hawera Beach to 247,000 m3 at Manawapou Beach. This is
of the order of at least six times to 39-times greater than the
net change in sand storage (build-up). The beaches are
continually changing as large volumes of sand enter, leave
and are redistributed in the beach system.

Inner shelf processes - currents
16.

The field measurements of MacDonald (2015b) show that
current flows are strongly orientated parallel to the shore and
the bathymetry. At most sites during periods of light winds the
prevailing or net current drift was towards the SE, which is
consistent with the influence of the D’Urville Current, which
sweeps past Farewell Spit and turns around in the South
Taranaki Bight to head south. However, current drift
directions were significantly altered by moderate to strong SE
winds which reversed the drift towards the NW. During times
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of moderate to strong W to NW winds, the prevailing SE drift
was considerably enhanced.
17.

Figure 7 displays current vector components, which shows
speed and direction combined, derived from current meter
moorings. It shows that currents near the bed (2.1 mab, plot
(A)) have less of a component toward the shore that those
close to the sea surface (16.6 mab, plot (C)) and the
dominance of the principle NW-SE current when current flow
peaks and sediment transport potential is maximised.
Similarly Figure 4-5 in Hume et al. (2015b), the progressive
vector drift, shows that water movements over 86 days show
a strong NW – SE trend, a fine saw tooth pattern reflecting
the regular tidal cycle and larger deviations to the trend due
to weather events.

There is little evidence to indicate a

significant shoreward component of current forcing.
18.

A finer scale view of water movements is provided by the
inner numerical model of Hadfield (2015) (Figure 8). It shows
the depth-averaged velocity vectors averaged over the last
730 days of the model run. The circulation patterns are
largely driven by the large-scale circulation. The timeaveraged current in the extraction area is very weak and of
the order of 1 – 2 cm/s and is directed primarily SE (shore
parallel). Between the extraction area and the shore the
time-averaged current deviates locally from that path as
currents are steered about large ridges on the seabed in the
relatively shallow waters off Hawera and Patea. Here and
landward of the 25 m contour the current is directed weakly
(1 cm/s) shoreward, but south of this point it parallels the
shore and runs to the SE. Offshore from about Patea and
Waiinu the mean current is still weak (2 – 4 cm/s) inside the 40
m depth contour. These weak net currents and their net
direction, tell us that despite large back and forth
movements of water (and therefore sediment) net sediment
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transport will be weak and directed principally to the SE
between the extraction site and the shore.
19.

As part of studies of sediment plume generation and
advection (Hadfield 2015) the fate of de-ored sand returned
to the seabed was investigated by using the models
described above. Some of the results from this modelling,
reported in Hume et al. (2015b), were used to evaluate the
potential for seabed sands to be transported away from the
extraction area by waves and currents and therefore the
connection between seabed sands at the site and sand on
the shore. In summary, the patterns of deposition indicate
that sediment of particle size similar to that on the beaches is
not distributed far from the extraction site, and that the
transport of sand to the shore from the extraction site (or a
deficit therein) will take a lot more than 2 years (730 days
was the duration of the model run). That is to say the model
results suggest there is no evidence for a significant
connection between seabed sand at the extraction site and
sand at the shore.

Inner shelf processes - waves
20.

Results from numerical modelling of waves undertaken to
quantify the location and magnitude of such potential
impacts of proposed sand extraction operations on coastal
wave and conditions and associated sediment transport. This
was undertaken using the SWAN nearshore wave model and
a set of rectangular nested model grids, described in
Gorman

(2015),

calibrated

against

wave

gauge

deployments between Hawera and Kai Iwi and in 9 m to >50
m water depth reported in MacDonald et al. (2015b).
21.

Eight cases of modified bathymetry were chosen to perform
sensitivity studies to determine the effects of possible seabed
modifications on waves and coastal processes (Figure 8).
Case 1 is a worst case scenario in terms of potential effects
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on wave characteristics, as it has 9 – 10 m deep pits and 8 –
9 m tall mounds at either end of every lane, a scenario
possible at the end of 10 years extraction and also assuming
no mound deflation or slumping or pit infilling takes place by
natural processes or engineering means during that 10-yearlong period.
22.

Two approaches, reported in Hume (2015b) and detailed in
Gorman (2015), were used to investigate the effects of
possible seabed modifications. Firstly, the scenario-based
simulations

(sensitivity

testing)

tested

all

hypothetical

bathymetry modifications using a set of six environmental
conditions (varying combinations of frequently occurring
wave height, direction and period), allowing an efficient
evaluation and inter-comparison of the relative effects of
different extraction options. The second approach, was to
carry out a long-term (12-month) climate simulation to
ensure that a more complete range of environmental
conditions have been sampled, and to enable robust
nearshore wave climate statistics to be established, and
effects of bathymetry modifications on those statistics to be
quantified. This approach also addresses potential changes
in wave-driven sediment transport processes at the shoreline.
The long-term simulations provided full time series outputs of
wave statistics on the 10 m isobaths at a time step of 1 hour.
Nearshore statistics were computed at 122 points over a 112
km length of seabed contour. Gorman (2015) undertook an
analysis

that

confirmed

that

2011

was

a

suitably

representative year to use for the simulation.
23.

Future casts of wave climate were made to demonstrate
that the changes in wave climate due to future climate
change will be very small and will not alter the natural wave
processes significantly in the next 20 years. The relevance of
this to the coastal stability predictions is that these very small
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changes in the future wave climate will not alter the
predictions we make from our wave modelling on the
impacts of extraction on coastal stability.
ASSESSMENT OF EFFECTS
24.

The potential effects of sand extraction on coastal stability
and beach processes are as follows:
(a)

Pits and mounds in/on the seabed will affect waves
by

refraction

(bending

the

wave

path)

and

diffraction (lateral dispersion of wave energy) and
locally by shoaling waves (changing the wave
height) as they pass over the modified seabed. Any
such changes in the wave field at the extraction site
will be propagated shoreward, leading to changes
in

wave

conditions

nearshore

and

potentially

changes in the patterns of sand transport and
erosion and accretion on the beaches.
(b)

Extracting sand from the seabed will alter the
patterns of sand transport in the vicinity of the pits
(infilling the pits and trapping sand) and in the lee
(between the mining site and the shore) of the pits
and mounds, potentially reducing the supply of sand
from the offshore to the beaches.

25.

Extraction will not adversely affect physical drivers and
processes that cause coastal change such as currents,
waves, longshore sediment transport and sediment supply. I
will address each of these matters in the following.

Effects on waves at the shore
26.

Wave modelling was undertaken for six scenarios of offshore
wave conditions for eight cases (configurations) of seabed
modifications (Figure 9). Case 1 is a worst case scenario in
terms of potential effects on wave characteristics, as it has 9
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– 10 m deep pits and 8 – 9 m tall mounds at the end and
start (respectively) of every lane on every mining block, a
scenario possible at the end of mine life. It also assumes no
mound deflation or slumping or pit infilling takes place by
natural processes or engineering means, processes that will
lessen the effects on the waves at the site.
27.

The

modelling

showed

only

small

changes

in

wave

conditions (wave height, period and direction) near shore
(at the 10 m isobath) for case 1 seabed modifications (Figure
10). It showed that the mean absolute changes in significant
wave height are less than 10 cm for case 1 and generally less
than 5 cm for the other cases. The maximum absolute
changes in wave period are less than 0.5 seconds for case 1
and generally less than 0.2 seconds for the other cases.
Changes in maximum absolute wave direction are generally
less than 1 degree (increasing locally to 3 degrees west of
Manawapou).

These

changes

are

insignificant

when

compared to the natural variability in wave conditions.
28.

By way of contrast with case 1, the case 3 bathymetry
modifications (Figure 11) show a similar pattern of distribution
in changes in wave characteristics along the shore, but the
magnitude of changes is far less. Wave height increases by 1
– 5 cm east of Manawapou, and decreases by 1 – 5 cm west
of Patea. Changes in wave direction are and less than 1°
and mostly negative (a slight anticlockwise shift). Changes in
wave period are less than 0.2 sec. The magnitude of change
is less for case 3 (cf. case 1) because although the extraction
area is closer to shore, it is over a smaller area and there are
fewer pits and mounds for case 3.

29.

In a complementary approach to the one I just described, a
12-month long simulation of waves for a representative year
(January – December 2011) showed only small changes in
wave conditions in the nearshore for case 1 (worst case)
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seabed modifications. Waves show a mean decrease (by
less than 5 cm) in significant wave height on the coast near
Patea, with smaller increases (of less than 2.5 cm) further
west; a mean decrease in wave period (by less than 0.1
seconds) in the vicinity of Patea, and increases (by less than
0.06 seconds) to the west; and a slight decrease in mean
wave direction (i.e., changes in an anticlockwise sense) on
average along the majority of the coast. These changes are
considerably less than the natural range of variability in
baseline (no extraction) values which range along the
shoreline from 0.51 – 3 m for mean significant wave height,
from 210 – 270 degrees for mean wave direction and from
2.8 – 5.9 seconds for mean wave period.
30.

In my opinion these small changes in wave characteristics in
the nearshore, due to sand extraction activities offshore, are
unlikely to significantly affect the patterns of erosion and
accretion along the shore.

Effects on longshore transport of sediment
31.

Longshore transport is the process by which waves arriving at
an angle to the shore drive sediment along the shore. On an
energetic coast like the South Taranaki Bight sediment is
transported in a nearshore surf zone corridor that can extend
from the beach to 500 m offshore. Longshore transport is a
primary mechanism for supplying sand to beaches from
sources alongshore (e.g. rivers, eroding sea cliffs) and is also
a mechanism for taking sand away. Gradients in longshore
transport can potentially either lead to accretion or erosion.
A key issue to determine therefore is an “acceptable” level
of change in longshore transport due to sand extraction that
will have a less than minor effect on nearshore processes
such as beach erosion.

32.

Statistics derived from the 12-month model simulations were
used to evaluate a criterion for “accepting” or “rejecting” a
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potential sand extraction site based on the longshore
transport potential. The criterion I used was published in the
scientific literature by Kelley et al. (2004) and based on a
detailed analysis of a 20-year dataset of inter-annual wave
climate, beach profile change and longshore sediment
transport potential for the shorelines of New Jersey, North
Carolina and Florida. Whether a site is “accepted” or
“rejected” depends on whether it lies inside or outside onehalf a standard deviation (+0.5s) about the mean of the
longshore transport potential. Application of the criterion to
the South Taranaki Bight showed that for the case 1 (worst
case) situation the differences in longshore sediment
transport potential as a consequence of extraction are
within one-tenth of a standard deviation compared to the
criterion of one-half a standard deviation of the natural
longshore sediment transport potential) (Hume et al. 2015b,
Fig 5-28). That is to say, extraction proposed for the case 1
(worst case) situation meets the criterion for “accepting” a
sand extraction site.
33.

Kelley et al. (2004) also make the point that for shorelines that
experience a wide variety of wave conditions, large
variability in sediment transport rates and large changes in
sand storage on the beaches, the level of acceptable
impacts from sand extraction offshore should be relatively
high, compared for instance to shores that experience a
more limited range of wave conditions. The South Taranaki
Bight shoreline

experiences

a

wide

variety of

wave

conditions, large variability in sediment transport rates and
large changes in sand storage on the beaches under natural
(no extraction) conditions.
Effects on sand transport in the lee of the mining site
34.

Sand extraction offshore will not significantly affect the
patterns on sand transport on the inner shelf in the lee of the
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sand extraction operations between the mining site and the
shore. Here sand transport is driven by tidal, ocean and wind
generated currents and waves. The currents on the inner
shelf will not change with seabed modifications due to sand
extraction except locally in the immediate vicinity of the pits
and mounds. Wave model simulations (Gorman 2015) show
changes in wave characteristics on the inner shelf in the lee
of the extraction side to be very small.

Comparing the

baseline (no pits and mounds) and the post-extraction case
1 (worst case) situation showed the following:
(a)

The root-mean-square (RMS) relative difference in
significant wave height (approximately the mean of
the highest one third of the waves) is less than 5%
(less than 5 cm).

(b)

The RMS relative difference in wave period is less
than 4 % (less than 0.15 sec).

(c)

The RMS relative difference in wave direction is up to
2 degrees.

(d)

The relative difference in RMS bed orbital velocity is
less than 12% (less than 2 cm/s). The bed orbital
velocity is the circular water motion that occurs at
the seabed as waves pass overhead and is
responsible for resuspending sediment into the water
column that tidal and other currents can then
transport the sediment.

35.

In my opinion these changes in wave characteristics are far
too small to have any significant effects on the patterns of
cross-shelf sand transport, particularly considering the large
natural variability in wave characteristics.
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Effects on the supply of sand from the offshore seabed to the
beaches
36.

Sand extraction offshore will not significantly affect the
supply of sand from the offshore seabed to the beaches. The
major supplies of sediment to the beaches are from sources
close to the beaches, namely rivers (2,930,600 m3/yr) and cliff
erosion (630,000 m3/yr), and wave driven longshore transport
(Hume et al. 2015b). Sand is also supplied from the offshore
by cross-shelf transport, potentially from a vast area
extending all along the 140 km of coast between Opunake
and Whanganui and out to the mining area some 22 to 36
km offshore. Although, supply from the offshore sources will
diminish with increasing distance offshore and increasing
water depth. In my opinion, sand from the extraction area
provides only a very minor component of sediment supply to
the beaches. The reasons are as follows:
(a)

The sand extraction area (i.e., an area of 36 km2
being mined progressively over the life of the
consent and the patch of seabed potentially
excluded from supplying sand to the transport
system), occupies only 1.7% of the seabed area
inside the 45 m depth contour in the Hawera to
Whanganui coastal reach.

(b)

The extraction area 22 to 36 km offshore is distant
from the beaches compared to the river and cliff
sources.

(c)

Both currents measured at moorings and numerical
modelling shows that the principle current on the
inner shelf is shore parallel (flowing NW–SE back-andforth along the coast), and that the cross-shore
component of currents that might drive sediment
transport to the shore are weak in comparison.
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(d)

The

near

bottom

time-averaged

(net)

current

determined by a 2-year model simulation is largely
shore parallel (NW – SE) and weak and in the order
of 1 – 2 cm/s, suggesting net flux of sediment across
the shelf and toward the shore is also weak.
(e)

The grain size of material on the seabed in the
extraction area is largely fine sand whereas the
beaches

largely

comprise

coarser

material.

Therefore, the sand at the mining site is not an
important source of sediment for the beaches.
(f)

The modelling used to compute sand transport away
from the extraction area (Hume et al. 2015b), which
used near bed currents and took into combined
wave and current forcing over 2 years (730 days)
into account, showed that sediment of particle size
similar to that on the beaches is not distributed far
from the extraction site, was transported largely
shore parallel than towards the shore, and that the
transport of sand to the shore from the extraction site
(or a deficit therein) will take a lot more than 2 years
(730 days was the duration of the model run). That is
to say the model results suggest there is no evidence
for a significant connection between seabed sand
at the extraction site and the beaches.

(g)

The pit infilling calculations reported in the evidence
of Dr MacDonald show the infilling rate to be
dependent on depth and very slow. Pit infilling will
occur over decades in 20 m water depth and take
centuries in 45 m water depth. My interpretation from
this is that pits will intercept little of the small amount
of the sand being driven by waves and current from
the mining site to the shoreline.
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RESPONSE TO SUBMISSIONS
37.

The submission by KASM (Kiwis Against Seabed Mining
Incorporated) and quoted by many other submitters states:
“Coastal Erosion: Large scale mining of the Tasman seabed will
remove non-renewable sand resources that supply west coast
beaches up to Cape Reinga. It will cause increased coastal
erosion both up and downstream from where any mining takes
place. The South Taranaki area already has severe coastal
erosion issues and this mining activity has potential to
exacerbate the erosion.”

38.

It is my opinion that the effects of sand extraction on coastal
erosion and accretion will not be significant based on my
determinations that:
(a)

sand supplies from offshore sources are small (in
comparison to supplies from cliffs and the rivers);

(b)

wave modelling showed that changes in wave
characteristics on the inner shelf in the lee of the
mining area will be very small and in my opinion too
small to have any significant effects on the patterns
of cross-shelf sand transport and therefore transport
to the shore; and

(c)

that the changes in wave characteristics at the
shore, which are the primary driver of sand transport
at the shore, are very small and will not have a
significant effect on sand transport and therefore
erosion and accretion processes at the shore.

39.

In addition, I disagree that that mining of the seabed will
remove supplies of sand to beaches as far north as Cape
Reinga. Hume et al. (2015b) describe that the littoral cell is
bounded in the north at Cape Egmont where the wave
energy flux diverges strongly, being directed NE to the north
of the Cape and SE to the south of the Cape. i.e., black
sand eroded from Mt Taranaki will be driven to the north to
Cape Reinga and south to Hawera.

That is to say South
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Taranaki Bight sediments are not a significant source of sand
for beaches to the north of the Cape and up to Cape
Reinga. Therefore, sand extraction will not deprive beaches
to the north of sand.
40.

The submission from Jacqui Malpas quotes the KASM
statement on coastal erosion and adds:
“Removal of the existing seafloor topography will have an effect
on the erosion and deposition processes along the coast both
onshore and offshore. These processes are unpredictable
especially when the coast is already subject to considerable
erosion of the sea cliffs. Deposition and the sediment plume
along the coast could change the wave directions and where
the waves break, having a potentially damaging effect on the
surf. Sediment movement is related to mean wave height and if
the coastline is accretionary (depositional) or erosional. These
processes are variable and unpredictable on a coast that is
exposed and energetic.”

41.

My evidence demonstrates how numerical modelling of
waves, and consideration of wave height, period and
direction characteristics can be used to predict the effects
of erosion and deposition processes along the coast and
offshore. There will be no adverse effects from deposition of
substances to the foreshore and seabed from the sediment
plume. Monthly surveys of the beaches found no evidence
of mud build-up on the surface of the beaches, nor was
there evidence of mud layers in pits dug in the beach
sediments, despite the river mouths being close to the
beaches and the occurrence of floods that deliver turbid
plumes to the nearshore waters. The conclusion from this was
that waves make the beach environment too energetic for
mud to settle and accumulate.

42.

The submission from David Olson quotes the KASM statement
on coastal erosion and adds:
“From a geomorphic perspective, removal of such substantial
quantities of material has the potential to affect sediment
dynamics in the nearshore environment. Removal of sediment
out of a system in an equilibrium state causes the system to
naturally adjust by sourcing sediment from other areas
(potentially including the nearshore). This can have flow-on
effects on shore stability, leading to amplified existing erosion
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processes. The exact impacts on sediment dynamics would
again be complex and difficult to model and quantify, and
would likely not be apparent until several years after the activity
commences.”

43.

For reasons outlined in my evidence, it is my opinion that the
flow on effects on sand extraction on shore stability will not
be significant.

________________________________
Dr Terry Hume
15 December 2016
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APPENDIX B: FIGURES

Figure 1. Study area and beaches where beach profile surveys were
undertaken (yellow dots).
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Figure 2. Beach formed in a coastal re-entrant at Waverley. The
yellow triangles show where the beach profiles were surveyed each
month.

Figure 3. Mixed sand and gravel beach at the base of the seacliffs at
Hawera.
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Figure 4. Sand dunes at Waiinu Beach.
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Figure 5. Pits dug in the beach at Manawapou show alternating
layers of coarse and fine sediments (ruler scale in centimetres).
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Figure 6. Spaghetti plot of 11 beach profile surveys at Ototoka. The elevation is
in metres above Taranaki Mean Sea Level datum. (Source: Hume et al. 2015b,
Figure 2-12).
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Figure 7. Scatter plots of current vector components at three
elevations above the seabed from current deployment S6/D1.
Panels: (A) data from 2.1 mab, (B) data from 9.6 mab, and (C) data
from 16.6 mab (mab = metres above seabed). Note: the u and v
velocity components relate to the east–west and north–south
directions, respectively. The thick line is the major axis and the thin
line is the minor axis (both lines span ±1 standard deviation). (Source:
Hume et al. 2015b, Figure 4-4).
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Figure 8. Time-averaged near-bottom mean velocity from the inner shelf
numerical model. Velocity vectors are averaged over 730 days and shown at
every third grid point. The depth contours are at 10, 25, 50, 75, 100 m. The sand
extraction project area is shown as the black polygon and the 22.2 km territorial
limit with the thin black line. (Source: Hadfield 2015, Figure 2-4).
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Case 1

Case 5

Case 2

Case 6

Case 3

Case 7

Case 4

Case 8

Figure 9. Outlines of the 8 hypothetical bathymetry changes tested.
Remnant mounds (maroon) have heights of 8m or 9m, remnant pits
have depths of 9m or 10m, while refilled areas (light green) are
assumed to have a depth of 1m.
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Figure 10. Difference between wave parameters at the 10 m isobath
for case 1 and existing bathymetry, in all 6 environmental scenarios.
From top to bottom: significant wave height, mean wave direction,
mean wave period and root-mean-square bed orbital velocity are
plotted as a function of distance along the 10 m isobath. Locations
of the beaches where beach profiles were surveyed are shown
above the 2nd panel. (Source: Hume et al. 2015b, Figure 5-15).
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Figure 11. Difference between wave parameters at the 10 m isobath
for case 3 and existing bathymetry, in all 6 environmental scenarios.
From top to bottom: significant wave height, mean wave direction,
mean wave period, and root-mean-square bed orbital velocity.
Locations of the beaches where beach profiles were surveyed are
shown above the 2nd panel. (Source: Hume et al. 2015b, Figure 516).

