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Figures
Figure 1-1:
ROMS domains.
Figure 3-1 Locations of interest. The locations at which time series are taken, key rivers,
mining source A and mining source B are indicated. The mining region is
outline in white. Colour shows bathymetry.
Figure 3-2. Times series of SSC for the mining plume only at the surface for Source A to
Whanganui (top), Graham Bank (middle), and The Crack 2 (bottom). This is
for a 180 day period between two mound building periods (mound building
period indicated by green line). Red lines indicate the maximum SSC for this
time period. The grey lines indicates the maximum SSC from the previous
simulation (HM15).
Figure 3-3. Times series of SSC for the mining plume only at the surface for Source A to
Whanganui (top), Graham Bank (middle), and The Crack 2 (bottom). This is
for a 180 day period between two mound building periods (mound building
period indicated by green line). Red lines indicate the maximum SSC for this
time period. The grey lines indicates the maximum SSC from the previous
simulation (HM15).
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Figure 3-4. Times series of SSC for the mining plume only at the surface for Source A to
Whanganui (top), Graham Bank (middle), and The Crack 2 (bottom). This
is for a 180 day period between two mound building periods (mound building
period indicated by green line). Red lines indicate the maximum SSC for this
time period. The grey lines indicates the maximum SSC from the previous
simulation (HM15).
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Figure 3-5. Times series of SSC for the mining plume only at the surface for Source A to
Whanganui (top), Graham Bank (middle), and The Crack 2 (bottom). This is
for a 180 day period between two mound building periods (mound building
period indicated by green line). Red lines indicate the maximum SSC for this
time period. The grey lines indicates the maximum SSC from the previous
simulation (HM15).
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Figure 3-6. Times series of SSC for the surface at Patea (blue). Red lines indicate the SSC
Median, 95th and 99th percentile as well as the maximum SSC. The grey
lines indicate the time series, percentiles and maximums from the previous
simulation (HM15). The green dash indicates times when mound building
occurs.
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Figure 3-7. Times series of SSC for the surface at South Traps (blue). Red lines indicate the
SSC Median, 95th and 99th percentile as well as the maximum SSC. The grey
lines indicate the time series, percentiles and maximums from the previous
simulation (HM15). The green dash indicates times of mound building.
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Figure 3-8. Times series of SSC for the surface at North Traps (blue). Red lines indicate the
SSC Median, 95th and 99th percentile as well as the maximum SSC. The grey
lines indicate the time series, percentiles and maximums from the previous
simulation (HM15). The green dash indicates times when mound building
occurs.
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Figure 3-9. Times series of SSC for the surface at Rolling Grounds (blue). Red lines indicate
the SSC Median, 95th and 99th percentile as well as the maximum SSC. The
grey lines indicate the time series, percentiles and maximums from the
previous simulation (HM15). The green dash indicates times when mound
building occurs.
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Figure 3-10. Times series of SSC for the surface at Graham Bank (blue). Red lines indicate
the SSC Median, 95th and 99th percentile as well as the maximum SSC. The
grey lines indicate the time series, percentiles and maximums from the
previous simulation (HM15). The green dash indicates times when mound
building occurs.
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Figure 3-11. Times series of SSC for the surface near Source A (blue). Red lines indicate the
SSC Median, 95th and 99th percentile as well as the maximum SSC. The grey
lines indicate the time series, percentiles and maximums from the previous
simulation (HM15). The green dash indicates times when mound building
occurs.
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Figure 3-12. Times series of SSC for the surface North from Source A (blue). Red lines indicate
the SSC Median, 95th and 99th percentile as well as the maximum SSC. The
grey lines indicate the time series, percentiles and maximums from the
previous simulation (HM15). The green dash indicates times when mound
building occurs.
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Figure 3-13. Times series of SSC for the surface at The Crack 1 (blue). Red lines indicate the
SSC Median, 95th and 99th percentile as well as the maximum SSC. The grey
lines indicate the time series, percentiles and maximums from the previous
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simulation (HM15). The green dash indicates times when mound building
occurs.
Figure 3-14. Times series of SSC for the surface at The Crack 2 (blue). Red lines indicate the
SSC Median, 95th and 99th percentile as well as the maximum SSC. The grey
lines indicate the time series, percentiles and maximums from the previous
simulation (HM15). The green dash indicates times when mound building
occurs.
Figure 3-15. Times series of SSC for the surface at Project Reef (blue). Red lines indicate the
SSC Median, 95th and 99th percentile as well as the maximum SSC. The grey
lines indicate the time series, percentiles and maximums from the previous
simulation (HM15). The green dash indicates times when mound building
occurs.
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Median near-surface concentration of suspended sediment from worst case
scenario at source location A.
Figure 3-17:
99th percentile near-surface concentration of suspended sediment from
worst case scenario at source location A.
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Median near-bottom concentration of suspended sediment from worst
case scenario at source location A.
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worst case scenario at source location A.
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Maximum 5-day increment in sediment bed thickness for suspended
sediment from mining source A (50 Mt/a).
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Maximum 365-day increment in sediment bed thickness for suspended
sediment from mining source A (50 Mt/a).
Figure 3-22:
Two-year increment in sediment bed thickness for suspended sediment
from mining source A (50 Mt/a).
Figure 3-23:
Near-source maximum increment of mining derived sediment, source A at
50 Mt/a.
Figure 3-24:
Median near-surface concentration of suspended sediment from worst case
scenario at source location B.
Figure 3-25:
99th percentile near-surface concentration of suspended sediment from
worst case scenario at source location B.
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Median near-bottom concentration of suspended sediment from the worst
case scenario at source location B.
Figure 3-27:
99th percentile near-bottom concentration of suspended sediment from
worst case scenario at source location B.
Figure 3-28:
Maximum 5-day increment in sediment bed thickness for suspended
sediment from mining source B (50 Mt/a).
Figure 3-29:
Maximum 365-day increment in sediment bed thickness for suspended
sediment from mining source B (50 Mt/a).
Figure 3-30:
Two-year increment in sediment bed thickness for suspended sediment
from mining source B (50 Mt/a).
Figure 3-31:
Near-source maximum increment of mining derived sediment, source B at
50 Mt/a.
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Executive summary
Trans-Tasman Resources Ltd (TTR) proposes to extract titanomagnetite sand (ironsand) from an area
in South Taranaki Bight. The application for consent is presently before the Environmental Protection
Authority.
NIWA was commissioned by TTR to undertake a further run of the established sediment plume
model using new worst case source term parameters derived by the Experts in the Field of Sediment
Plume Modelling. This worst case scenario differs from previous simulations as it uses a time-varying
source term. The new source term assumes varying fines content in the material to be mined and
also takes into account increased sediment release during mound building and an increase in
sediment release during periods of high waves. The downtime for the mining operations has also
been increased from 20% to 29% following new information on operational restrictions from TTR.
Two source locations are considered, at the inner end (A) and the outer end (B) of the project area.
The fine sediment source arising from the mining operations was introduced in a simulation of 1000
days duration on the South Taranaki Bight domain, with the source operating for the final 800 days
and statistics calculated over the final two years. The analysis of suspended sediment concentrations
(SSC) focussed on the median and 99th percentile, comparing values for background sediments,
mining-derived sediments and the combination of the two.
Plumes from the suspended source extend to the east-southeast. The plume from source location A
reaches the coast between Patea and Whanganui and has a long tail of very low concentrations
following the coast towards Kapiti. For source B the plume is located further offshore but follows a
similar path to the east-southeast, and the concentrations are significantly lower. In both cases the
plume of mining-derived sediment contributes significantly to the total SSC within a few kilometres
of the mining operation but is insignificant relative to the background SSC near the coast. This plume
behaviour is similar to that produced previously with some differences in SSC. The main difference is
that the areas of higher sediment plume concentration increase and extend further alongshore. The
new worst case scenario has the greatest effect on extreme statistics (such as maximum and 99th
percentiles), with the difference being small to undiscernible in the median values.
Deposition from the suspended source was characterised by two statistics, the maximum 5-day
deposition (i.e. the maximum amount of material accumulated over any 5-day interval) and the
maximum 365-day deposition. As defined by these statistics, the deposition footprint of miningderived sediment is extensive but at very low values of 0.01–0.05 mm (c.f. the typical thickness of a
human hair, which is 0.1 mm). There is slightly more deposition from the mining plume in the new
worse-case simulations. The deposition footprint, as with the old simulations, can be distinguished
from the background only within a few kilometres of the source.

1

Introduction

As part of the discussion surrounding the potential effects of the plume, the Decision Making
Committee (DMC) has asked for a “worst case scenario” to get an upper bound on the suspended
sediment concentrations that could arise at times during the operations.
The new runs have a time varying sediment release term to represent varying releases of sediments
during different sediment bed and wave conditions as well as during different mining operations. The
6
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new runs also have a new on/off cycle to represent the likely downtime associated with the mining
operations. The new runs also use an updated version of the underlying model, ROMS. Updates in
the code can create small changes in the model output (the “butterfly effect”) but comparisons of
the background run between the two versions (not shown) show that the differences are minimal.
These differences are not expected to impact the results presented here.
This report presents the results of these model re-runs. General model setup is described by Hadfield
(2013, Section 1) and Hadfield and Macdonald (2015) (referred to in this report as HM15) but, for
easy access, the model grids are shown here in Figure 1-1. The results presented here are from a
sediment model that was run on the South Taranaki Bight domain (middle grid in Figure 1-1). Model
times are expressed in days relative to a reference time of 00:00 UTC on 1 January 2005. The model
was initialised at 2000 days and run to 3000 days. Analyses of statistical quantities (means,
percentiles) in the remainder of this report are generally based on the last 730 days of the simulation
(21 March 2011 to 20 March 2013).
An evaluation of the hydrodynamic model against measured data was made by Hadfield (2013,
Section 2) and an evaluation of the sediment model was performed in HM15 and these do not need
to be repeated.

South Taranaki Bight Sediment Plume Modelling
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a)

b)

Figure 1-1: ROMS domains. a) Cook Strait, South Taranaki Bight and Patea Shoals domains; b) The South
Taranaki Bight domain used in this report with bathymetry (coloured surface), coastline (yellow), 12 nautical
mile (22.2 km) territorial limit (thin white line), project area (thick white line) and towns (black).
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2

Sediment properties and release parameters

The ROMS sediment scheme requires the modeller to define a set of sediment classes and, for each
one, to specify several properties, notably: median grain size; grain density; porosity (when in the
sediment bed); settling velocity (when in suspension); critical bed shear stress for erosion and
deposition; and a rate parameter used in the formula relating erosion rate to bed shear stress. The
number of sediment classes is unlimited, but the computational expense increases for each
additional class.
The results presented in this report were produced with the ROMS sediment model in the South
Taranaki Bight domain (see Figure 1.1 and Hadfield 2013, Section 1.4). The following sub-sections
briefly describe the model setup but a more complete description and justification can be found in
HM15.

2.1

Background sediments

The base simulation represents background sediment processes using 7 sediment classes which
include seabed derived sediments and sediments discharged by the rivers.
The background sediment parameters are the same as in HM15 and listed in Table 2-1. Other
properties required by ROMS include an erosion rate parameter (2 × 10−4 kg m−2 s−1 for all classes)
and a porosity (0.4 for all classes). Further details on the background sediments and the choices in
their properties can be found in HM15.
Table 2-1:

Background sediment parameters.
Label

Source

Nominal
size range
(µm)

Settling
velocity
(mm/s)

Critical
stress
(Pa)

Fraction
initially present
in seabed

sand_01

River

16–63

0.63

0.200

sand_02

River

4–16

0.01

0.200

sand_03

Seabed

500–1000

103

0.431

20%

sand_04

Seabed

128–500

38

0.219

72%

sand_05

Seabed

63–128

6.3

0.200

6%

sand_06

Seabed

16–63

0.76

0.200

1.5%

sand_07

Seabed

4–16

0.01

0.200

0.5%

The model of background sediment processes was initialised at 2000 days (relative to a reference
time of 00:00 UTC on 1 January 2005) and run to 3000 days, with statistical analyses based on the
last 730 days of the simulation. The initial sediment bed adjusts within the first 100–200 days after
initialisation as the finer classes are stripped out of the uppermost bed layer in high-energy areas like
Patea Shoals but remain in low-energy areas. A slower adjustment process occurs throughout the
duration of the simulation as seabed material is slowly eroded from the high-energy areas and
deposited in the low-energy areas.

2.2

Mining-derived sediments

Previously, two main sediment streams (each containing 3 sediment classes) from the ironsand
extraction were considered: the hydro-cyclone overflow discharge and the de-ored sand discharge.
South Taranaki Bight Sediment Plume Modelling
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For these simulations, the sediments released from these two different sources were combined into
the one sediment stream, resulting in only 3 sediment mining classes.

2.2.1 Suspended source
The suspended-source sediment parameters in the March 2017 simulations are based on updated
parameters defined by the Joint Statement of Experts. Dr Dearnaley of HR Wallingford provided
clarification to NIWA with respect to these new source terms. The main difference in the new
simulations lies in the source terms, which are now time varying. There are 3 different cases that
repeat on a 180 day cycle. The amounts of sediments released for each case can be seen in Table
2-2Table 2-2:
Suspended source sediment parameters. Case A occurs for 20 days and
corresponds with the largest release of sediments during periods of mound building. Case B occurs
for 20 days at a time but happens twice during the 180 day cycle. This case corresponds to periods
when the seabed material is higher in finer sediments and, as such, a greater portion of these
sediments are released into the water column. Case C occurs for 40 days at a time and occurs three
times within the 180 day period. Overall this case represents a worst-case sediment release including
operations in the maximum levels of high fines content that the mining operation can be undertaken
for periods of weeks to a month. The values used previously are shown in the last column of Table
2-2. In general, the sediments released in this worst case scenario are higher than those released in
the previous run. In addition to this, the amount of sediments released in the 0.1 mm/s settling class
increases with wave heights above 2.5 m. For wave heights over 4 m no sediments are released (as in
HM15) as mining operations are assumed to cease. These cases are on a repeating cycle (Case B,
Case C, Case B, Case C, Case A, Case C) that repeats just under 4.5 times throughout the simulations.
Statistics are done on the last 2 years of the simulation and they will include just over 4 of these
cycles.
Table 2-2:
Class

Suspended source sediment parameters.
Settling
velocity
(mm/s)

Critical
stress
(Pa)

A

B

C

Old rate

Mound

2.25% ultra fines (Kg/s)

1.65% ultra fines (Kg/s)

(Kg/s)

(Kg/s)

B1

B2

C1

C2

Waves<2.5m

Waves>2.5m

Waves<2.5m

Waves>2.5m

sand_08

1.0

0.200

4.5

4.5

4.5

2.9

2.9

1.70

sand_09

0.10

0.200

30.2

15.9

25.4

10.2

16.3

14.35

sand_10

0.01

0.200

15.6

15.6

15.6

10.1

10.1

6.85

50.3

36.0

45.5

23.2

29.3

22.9

Total

Another change in the new simulations is in the amount of time in which the mining is operational.
Following updates from TTR on operational constraints, mining operations will also cease for 29% of
the time (implemented in the model as a 20 day on/off cycle) instead of the 20% used in previous
simulations.

10
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3

Sediment plume results

The figures here have been reproduced to be similar to the figures in HM15. Comparisons are made
between the set of figures produced here and the figures in HM15 and it is advisable to have this
report on hand. A copy of this report can be downloaded from the EPA website here (link current on
the 15/03/2017):
http://www.epa.govt.nz/EEZ/EEZ000011/NIWA_Sediment_Plume_Modelling_Report_Full_version.pdf

3.1

Locations of interest

Figure 3-1 shows some locations of interest that will be referred to throughout this report. “A” and
“B” indicate the locations of mining source A and mining source B. The locations used in the time
series plots in the next two subsections are also indicated. The location of the Crack was not clearly
identified by submitters and no co-ordinates were provided. The location has been estimated using a
map provided by the Nga Motu Marine Reserve Society which provided approximate locations of
reefs and other sensitive sites. The Reef Project is not indicated on this figure as the stakeholder
would prefer this location to remain hidden.

Figure 3-1 Locations of interest. The locations at which time series are taken, key rivers, mining source A and
mining source B are indicated. The mining region is outlined in white. Colour shows bathymetry.

3.2

Locations most affected by the mining plume

Figure 3-2 to Figure 3-5 show three locations near the maximum effect of the mining plume. These
were chosen to highlight the differences between the worst case scenario run and the previous runs.
These time series show 180 day periods so that features of the time series can be seen. The times
where the mound building occurs are indicated by green dashed lines at the start of each time series.
In the graphs the blue time series indicate the results from the new worst case simulations whereas
grey indicates results from the previous simulations. On each panel (from bottom to top) the dashed
red lines indicate the median, 95th and 99th percentile and the maximum for the current runs and the
grey lines show the same for the previous runs.
Note that the results from background plus mining panel (panel C) does not equal the sum of the
background only panel (panel A) and the mining panel (panel B) as the mining sediments slightly alter
the behaviour of the background sediments. The mining sediments do this in two ways:

South Taranaki Bight Sediment Plume Modelling
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The sediments in the model affect the currents, though normally by a small amount, by
altering the water density and also the bottom roughness (which affects bottom drag).
Any change, however small, in a model like this then affects the transport processes,
which can have an effect on the concentration at any given point in space and time. In
this sense the model displays chaotic behaviour, otherwise known as the “butterfly
effect”.



The different sediments, once deposited on the bottom, then compete with each other
during resuspension. It appears that overall (and with a few exceptions) the
introduction of mining-derived sediment tends to reduce the concentration of
suspended background sediments.

Both these factors are behaviours that are expected in the real world and they sometimes result in a
model result where the “background plus mining” is less than the original “background”. This is most
noticeable in extreme events such as the maximums and, when comparing Panels A with Panels C, it
is advisable to compare changes in the percentiles rather than the maximums.
It should be noted that the peak in the surface sediment concentrations, as a result of mound
building, will not necessarily occur simultaneously with the mound building. There can be a delay if
the wind and current conditions do not immediately transport the sediments to the locations of the
time series.
The chosen locations are located in, or near, the main plume direction and are, hence, most affected
by changes in the plume. Four times series are shown for each location, with each time series
covering a 180-day period representative of starting and working a new mining lane. The period
commences with mound building. The difference between the current, worst case, and previous
(HM15; grey lines) runs is most noticeable during periods of mound building (at the start of each
time period). When the mound building period corresponds with a local maximum, the mound
building tends to push the extreme value higher. The differences tend to be smaller during other
periods but are still often discernible.
Sometimes there is a peak in the worst case SSC that is discernible from the previous runs at about
60 and 120 days from the start of mound building. These periods correspond with times of “case B”
sediment source release where there is an increase in fines released, albeit smaller than from the
mound building “case-A”.

12
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Figure 3-2. Times series of SSC for the mining plume only at the surface for Source A to Whanganui (top),
Graham Bank (middle), and The Crack 2 (bottom). This is for a 180 day period between two mound building
periods (mound building period indicated by green line). Red lines indicate the maximum SSC for this time
period. The grey lines indicates the maximum SSC from the previous simulation (HM15).

South Taranaki Bight Sediment Plume Modelling
17 March 2017 9.24 a.m.

13

Figure 3-3. Times series of SSC for the mining plume only at the surface for Source A to Whanganui (top),
Graham Bank (middle), and The Crack 2 (bottom). This is for a 180 day period between two mound building
periods (mound building period indicated by green line). Red lines indicate the maximum SSC for this time
period. The grey lines indicates the maximum SSC from the previous simulation (HM15).

14
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Figure 3-4. Times series of SSC for the mining plume only at the surface for Source A to Whanganui (top),
Graham Bank (middle), and The Crack 2 (bottom). This is for a 180 day period between two mound building
periods (mound building period indicated by green line). Red lines indicate the maximum SSC for this time
period. The grey lines indicates the maximum SSC from the previous simulation (HM15).

South Taranaki Bight Sediment Plume Modelling
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Figure 3-5. Times series of SSC for the mining plume only at the surface for Source A to Whanganui (top),
Graham Bank (middle), and The Crack 2 (bottom). This is for a 180 day period between two mound building
periods (mound building period indicated by green line). Red lines indicate the maximum SSC for this time
period. The grey lines indicates the maximum SSC from the previous simulation (HM15).

16
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3.3

Whole simulation time series

Figure 3-6 to Figure 3-15 show time series of SSC at the following locations:


Patea;



North and South Traps;



Rolling Grounds;



Graham Bank;



A point towards Whanganui from source A (the main direction of the plume);



20 km north of source A;



Both ends of The Crack;



Project Reef.

These locations were chosen as they represent places of interest to other stakeholders in the region
or locations near source A to demonstrate the plume behaviour. Most of the time series locations
can be seen on Figure 3-1. Project Reef has been left off this figure on the request of submitters so as
to not to reveal its location.
The difference in the time series between the old and new worst case runs is small and often
undiscernible, particularly in the changes in the background plus mining plume (Panel C). When
viewing the mining sediments only panel, there is often a small but noticeable difference in the more
extreme events (the maximum, the 99th percentile and the 95th percentile). The largest differences
occur at locations that receive the highest values for the mining plume. This is as they are most
affected by the plume and, therefore, most sensitive to changes in the plume. Time series located
near the mining plume on a transect towards Whanganui, Graham Bank and at The Crack are located
near the most frequent mining plume direction and show the greatest difference between the old
and new (worst case) simulations.

South Taranaki Bight Sediment Plume Modelling
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Figure 3-6. Times series of SSC for the surface at Patea (blue). Red lines indicate the SSC Median, 95th and 99th
percentile as well as the maximum SSC. The grey lines indicate the time series, percentiles and maximums
from the previous simulation (HM15). The green dash indicates times when mound building occurs.
18
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Figure 3-7. Times series of SSC for the surface at South Traps (blue). Red lines indicate the SSC Median, 95th
and 99th percentile as well as the maximum SSC. The grey lines indicate the time series, percentiles and
maximums from the previous simulation (HM15). The green dash indicates times of mound building.
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Figure 3-8. Times series of SSC for the surface at North Traps (blue). Red lines indicate the SSC Median, 95th
and 99th percentile as well as the maximum SSC. The grey lines indicate the time series, percentiles and
maximums from the previous simulation (HM15). The green dash indicates times when mound building occurs.

20
17 March 2017 9.24 a.m.

South Taranaki Bight Sediment Plume Modelling

Figure 3-9. Times series of SSC for the surface at Rolling Grounds (blue). Red lines indicate the SSC Median, 95th
and 99th percentile as well as the maximum SSC. The grey lines indicate the time series, percentiles and
maximums from the previous simulation (HM15). The green dash indicates times when mound building occurs.
South Taranaki Bight Sediment Plume Modelling
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Figure 3-10. Times series of SSC for the surface at Graham Bank (blue). Red lines indicate the SSC Median, 95th
and 99th percentile as well as the maximum SSC. The grey lines indicate the time series, percentiles and
maximums from the previous simulation (HM15). The green dash indicates times when mound building occurs.
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Figure 3-11. Times series of SSC for the surface near Source A (blue). Red lines indicate the SSC Median, 95th
and 99th percentile as well as the maximum SSC. The grey lines indicate the time series, percentiles and
maximums from the previous simulation (HM15). The green dash indicates times when mound building occurs.
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Figure 3-12. Times series of SSC for the surface North from Source A (blue). Red lines indicate the SSC Median,
95th and 99th percentile as well as the maximum SSC. The grey lines indicate the time series, percentiles and
maximums from the previous simulation (HM15). The green dash indicates times when mound building occurs.
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Figure 3-13. Times series of SSC for the surface at The Crack 1 (blue). Red lines indicate the SSC Median, 95th
and 99th percentile as well as the maximum SSC. The grey lines indicate the time series, percentiles and
maximums from the previous simulation (HM15). The green dash indicates times when mound building occurs.
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Figure 3-14. Times series of SSC for the surface at The Crack 2 (blue). Red lines indicate the SSC Median, 95th
and 99th percentile as well as the maximum SSC. The grey lines indicate the time series, percentiles and
maximums from the previous simulation (HM15). The green dash indicates times when mound building occurs.
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Figure 3-15. Times series of SSC for the surface at Project Reef (blue). Red lines indicate the SSC Median, 95th
and 99th percentile as well as the maximum SSC. The grey lines indicate the time series, percentiles and
maximums from the previous simulation (HM15). The green dash indicates times when mound building occurs.
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3.4

Suspended source A

3.4.1 SSC
The figures in this section show maps of median and 99th percentile SSC in the model layers next to
the surface (labelled “surface” or “near-surface” SSC) and the bottom (labelled “bottom” or “nearbottom” SSC) for the suspended source at mining location A. Figure 3-16 shows the median, nearsurface SSC. Panel a shows background SSC, from the simulation with background sediments only;
panels b and c both show results from a simulation with background and mining-derived sediments,
the former showing mining-derived sediments only and the latter the total sediment concentration.
These figures can be compared with Figures 5.8 to 5.12 in HM15.
The map of median mining-derived SSC (Figure 3-16b) indicates that the sediment plume behaviour
in the worst case scenario is similar to that of the previous runs, frequently extending to the eastsoutheast from the source location towards the coast at Whanganui. The highest values occur
around the source; there is a region extending some 10 km from the source with values between 0.5
and 1 mg/L (light purple). Median values of SSC of 0.35 mg/L extend about a few km further away
from the source than in the previous runs (about 20 km). The extensive area that reaches the coast
with median SSC above 0.1 mg/L (light grey) also reaches a few km further along the coast in the new
simulation. However (as with the HM15 simulations) at the shore the modelled background
concentrations (panel a) exceed the mining-derived concentrations (panel b) by approximately two
orders of magnitude.
We can compare the maps of median background SSC (panel a) and background plus mining-derived
SSC (panel c). The 1 mg/L threshold (light purple-light green) moves some 6 km outwards over Patea
Shoals to encompass the inner end of the Project Area. On a wider scale, the transition zone that
occurs in the background simulation between higher near-shore values and lower off-shore values
steps outwards perceptibly along the coast between Hawera and Whanganui with the addition of the
mining sediments. The differences in mining plume induced alterations to the background sediments
between the previous and new worst case scenarios are not perceivable in a comparison of the two
figures (Figure 3-16c here and Figure 5.8c in HM15).
Figure 3-17 is similar to Figure 3-16 but shows the 99th percentile near-surface SSC rather than the
median. For background sediments (panel a) this varies from a minimum of ~ 0.1 mg/L (white)
offshore from Patea up to ~ 100 mg/L near the coast, with maxima > 200 mg/L around the Manawatu
and Whanganui Rivers. At the inner end of the project area the 99th percentile background SSC is
510 mg/L (blue) and at the outer end it is ~ 2 mg/L.
The mining-derived SSC (panel b) shows an extensive plume with the 99th percentile between 20 and
5 mg/L (dark green) up to 40 km southeast of the source. Values at the coast southward from Patea
to Whanganui are between 1 and 2 mg/L (light green), but as with the median these are well below
the natural 99th percentile values next to the coast. In this worst case scenario, the magnitude of the
plume has increased near the mining release site for the 99th percentile (from approx. 2 mg/L to 20
mg/L; compare Figure 3-17b to Figure 5.9b in HM15). Away from the mining region the differences
are small but perceptible with the 1–2 mg/L region increasing slightly.
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A comparison of the background plus mining derived SSCs (panel c) with the background SSCs
(panel a) has a difference in SSC at the mining site but, otherwise, shows no perceptible difference.
Previous simulations (HM15) showed no perceptible difference, even at the mining site.
Figure 3-18 shows the median, near-bottom SSC. The background value (Figure 3-18a) is typically
greater than the median, near-surface background SSC (Figure 3-16a) by a factor of 10 or more. The
highest values are in excess of 200 mg/L (magenta) and occur near the mouth of the Whanganui
River and also near Hawera. At the coast between Hawera and Patea the SSC is typically 100–
200 mg/L (salmon). At the inshore end of the Project Area the median, near-surface, background SSC
is 6 mg/L (blue) and at the offshore end it is 1.5 mg/L (light green).
The median, near-bottom mining-derived SSC (Figure 3-18b) shows a similar pattern to the
corresponding near-surface plot (Figure 3-16b) but with concentrations generally higher by a factor
of two. The median, mining-derived SSC is not as bottom-intensified as the median, background SSC.
There is a region extending some 25 km from the source with values between 0.5 and 1 mg/L (light
purple). There is an extensive area that reaches the coast with median SSC above 0.2 mg/L (light
blue). Both the 0.5 to 1mg/L and the 0.2 to 0.2 mg/L regions extend slightly further in the new worst
case scenario than in the previous runs (compare with Fig. 5-10 is HM15).
Comparing background plus mining-derived SSC (panel c) and the background sediment (panel a) the
only perceptible difference is within 2–3 km of the source (same as in HM15).
Figure 3-19 shows the 99th percentile near-bottom SSC. For the background SSC (Figure 3-19a) this is
2–5 mg/L (dark green) offshore and > 500 mg/L (dark grey) along the coast, with peaks above
1000 mg/L at the Whanganui River and along the coast near Hawera (yellow). For the mining-derived
SSC (Figure 3-19b) the plume resembles the surface 99th percentile plume (Figure 3-17b) but with
generally higher concentrations. There is an extensive area between 1 and 2 mg/L (light green)
reaching the coast from Patea. The difference between the previous simulations and the worst case
scenario can be seen in the mining plume here as the higher concentrations plume (SSC > 2mg/L;
dark green) reaches slightly further (see Fig 5.11 in HM15).
There is very little difference between the background-only and background plus mining-derived
maps (panels a and c). This is similar to the result of the previous simulation (HM15).
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a)

b
)

c)

Figure 3-16: Median near-surface concentration of suspended sediment from worst case scenario at source
location A. a) Background SSC; b) mining-derived SSC; c) background plus mining-derived SSC. An open circle
of 2 km radius in panels b and c indicates the source location.
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b
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c)

Figure 3-17: 99th percentile near-surface concentration of suspended sediment from worst case scenario at
source location A. a) Background SSC; b) mining-derived SSC; c) background plus mining-derived SSC.
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a)

b)

c)

Figure 3-18: Median near-bottom concentration of suspended sediment from worst case scenario at source
location A. a) Background SSC; b) mining-derived SSC; c) background plus mining-derived SSC.
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a)

b)

c)

Figure 3-19: 99th percentile near-bottom concentration of suspended sediment from worst case scenario at
source location A. a) Background SSC; b) mining-derived SSC; c) background plus mining-derived SSC.
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3.4.2 Deposition
The figures in this section show rates of sediment deposition associated with the suspended
sediment source at location A. Deposition is characterised by two statistics, the maximum 5-day
deposition (i.e. the maximum increment in thickness over any 5-day interval) and the maximum 365day deposition. Both are evaluated over the last two years of the simulation.
Figure 3-20 shows the maximum 5-day deposition. The organisation of this figure is similar to that
established for the SSC figures in the previous section, Figure 3-16 to Figure 3-19, i.e. panel a is for
background sediment in a simulation with background sediments, panel b is for mining-derived
sediments in a simulation with both background and mining-derived sediment, and panel c is for
both background and mining-derived sediments in the same simulation as panel b. Panels a and c
relate to changes in the total thickness of the sediment bed, expressed in millimetres. For panel b,
we are considering only a subset of the sediment classes in the bed: in this case an equivalent
thickness is calculated by taking the total mass of these sediment classes in kg/m2, divided by the in
situ bulk density. The latter is equal to the grain density (3100 kg/m3 for the mining-derived
sediments) divided by (1-porosity). With the assumed porosity of 0.4, the bulk density is 1860 kg/m3.
The colour scale in the deposition figures is logarithmic and covers the range 0.01 mm to 100 mm.
Note that the lower end of this scale (0.01 mm = 10 μm) is equal to the diameter of a single fine silt
particle and is one-tenth the diameter of a typical human hair.
Background 5-day deposition values (Figure 3-20a) are typically 0.2–2 mm (dark green to magenta)
inside the territorial limit and 0.01–0.2 mm (light grey to light green) further offshore. Near the coast
they exceed 2 mm in places.
The mining-derived 5-day deposition figure (Figure 3-20b) shows an extensive plume with very low
thicknesses, between 0.01 and 0.05 mm (light grey and light blue). The highest value occurs at the
source (1–2mm; Figure 3-23a). Note that this relates not to material that is deposited in the pit (and
maybe subsequently buried) but to material that is deposited on the surrounding seabed. The new
simulations have a slight increase in the maximum deposited material near the source and an
increase in the regions of deposition between 0.02 and 0.1 mm.
The background plus mining figure (Figure 3-20c) is indistinguishable from the background only figure
(Figure 3-20a) except (when the figure is magnified) in the 1 km grid cell around the source. This
result is similar to HM15 (cf. Fig 5-15 in HM15).
Figure 3-21 shows the maximum 365-day deposition. For the background sediments (panel a) there is
an area shaded white on and south of the Patea Shoals and another 15–30 km offshore near Foxton.
Over most of these areas the maximum 365-day deposition is negative, which cannot be represented
on a logarithmic scale. The negative values occur because the seabed in this area undergoes net
erosion over the course of the model run. This behaviour limits the model’s ability to simulate long
term sediment deposition, as it is not possible to run the model to equilibrium on a time scale of a
year or two.
Notwithstanding the presence of long-term erosion and deposition trends in the background model,
the mining-derived 365-day deposition (Figure 3-21b) shows a very similar pattern to the 5-day
deposition, with somewhat larger values, typically around twice as large. The highest value occurs at
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the source (Figure 3-23b) and is 1.0-2.0 mm. The regions of deposition greater than 0.2 mm are
slightly larger in the new worst case scenario as compared to the previous runs (cf. Fig. 5.16 in HM15)
Again, the background plus mining figure (Figure 3-21c) is indistinguishable from the background only
figure (Figure 3-21a) except near the source. This result is similar to HM15.
Figure 3-22 shows the deposition over 2-years. In a similar manner, deposition of mining sediments
over the simulation occurs in a plume extending southeast along the coast. The region of extent of
deposition greater than 0.01 mm is similar between the previous simulations and the new worst case
scenarios but the area of regions greater than 0.02 mm have increased slightly in the new worst case
scenarios. In both simulations, the background plus mining is only distinguishable from the
background only in a small region near the source (cf. Figure 5-18 in HM15).
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a)

b)

c)

Figure 3-20: Maximum 5-day increment in sediment bed thickness for suspended sediment from mining
source A (50 Mt/a). a) Background SSC; b) mining-derived SSC; c) background plus mining-derived SSC.
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a)

b)

c)

Figure 3-21: Maximum 365-day increment in sediment bed thickness for suspended sediment from mining
source A (50 Mt/a). a) Background SSC; b) mining-derived SSC; c) background plus mining-derived SSC.
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a)

b)

c)

Figure 3-22: Two-year increment in sediment bed thickness for suspended sediment from mining source A
(50 Mt/a). a) Background SSC; b) mining-derived SSC; c) background plus mining-derived SSC.
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a)

b)

Figure 3-23: Near-source maximum increment of mining derived sediment, source A at 50 Mt/a. a) 5-day
increment; b) 365-day increment.
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3.5

Suspended source B

3.5.1 SSC
The following four figures (Figure 3-24 to Figure 3-27) are similar to the corresponding figures in the
previous section (Figure 3-16 to Figure 3-19) but for mining location B.
In Figure 3-24, showing median, near-surface SSC, panel a (background sediments) is identical to
Figure 3-16a. Panel b (mining-derived sediments) can be compared with Figure 3-16b and shows a
similar plume extending to the east-southeast, but displaced further offshore and with lower
concentrations. For source B, the 0.1 mg/L contour (the white to light grey transition) extends some
40 km downstream and does not reach the coastline as it did for source A.
Comparing maps of median background SSC (Figure 3-24a) and background plus mining-derived SSC
(Figure 3-24c) shows a perceptible difference, with the light blue to light purple boundary (0.5 mg/L)
extending some 15 km further offshore in panel c to encompass the source location.
From the remaining SSC statistics (Figure 3-25 to Figure 3-27) the differences between the plumes
from source A and B can be summarised as follows:


The plume from source B consistently sits further offshore, as expected.



Concentrations in the mining plume from source B are generally lower than in the
mining plume from source A.



Comparing panels a and c in each figure, there is a perceptible difference in the
median, near-surface SSC for source B, as noted above.



For the other statistics the mining plume causes a rise in SSC near the source but no
perceptible difference further away.

With the exception of the 4th point above, this is similar to the results for source location b in HM15.
Comparisons between the old (HM15) and current simulations of the median and 99th percentiles for
near surface and near bottom for mining at location B yield similar results as the comparisons for
mining at location A. Namely, areas of higher concentrations of the mining plume are slightly higher
in the new simulations but the changes to the background sediments are small and often
indistinguishable.

40
17 March 2017 9.24 a.m.

South Taranaki Bight Sediment Plume Modelling

a)

b)

c)

Figure 3-24: Median near-surface concentration of suspended sediment from worst case scenario at source
location B. a) Background SSC; b) mining-derived SSC; c) background plus mining-derived SSC.
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a)

b)

c)

Figure 3-25: 99th percentile near-surface concentration of suspended sediment from worst case scenario at
source location B. a) Background SSC; b) mining-derived SSC; c) background plus mining-derived SSC.
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a)

b)

c)

Figure 3-26: Median near-bottom concentration of suspended sediment from the worst case scenario at
source location B. a) Background SSC; b) mining-derived SSC; c) background plus mining-derived SSC.
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a)

b
)

c)

Figure 3-27: 99th percentile near-bottom concentration of suspended sediment from worst case scenario at
source location B. a) Background SSC; b) mining-derived SSC; c) background plus mining-derived SSC
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3.5.2 Deposition
The deposition figures for source B (Figure 3-28 to Figure 3-31) are similar to those shown for source
A (Figure 3-20 to Figure 3-23) and similar overall behaviour is evident:


The mining deposition footprint, as indicated by the maximum 5-day and 365-day
increments in sediment thickness (panel b), is extensive but at very low values, 0.01 to
0.1 mm. There are small regions of higher deposition (0.1-2mm) within a few km of the
source location.



The difference between the background-only (panel a) and background plus mining
(panel c) figures is very small, except for occasionally within a kilometre or two of the
source.

Similarly, comparisons between the old (HM15) and current simulations of deposition for mining at
location B yield similar results as the comparisons for mining at location A. Namely, areas of higher
deposition of the mining sediments are slightly larger in the new simulations, especially near the
source location but the changes to the background sediments are small and often indistinguishable.
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a)

b)

c)

Figure 3-28: Maximum 5-day increment in sediment bed thickness for suspended sediment from mining
source B (50 Mt/a). a) Background SSC; b) mining-derived SSC; c) background plus mining-derived SSC.
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a)

b)

c)

Figure 3-29: Maximum 365-day increment in sediment bed thickness for suspended sediment from mining
source B (50 Mt/a). a) Background SSC; b) mining-derived SSC; c) background plus mining-derived SSC.
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a)

b)

c)

Figure 3-30: Two-year increment in sediment bed thickness for suspended sediment from mining source B
(50 Mt/a). a) Background SSC; b) mining-derived SSC; c) background plus mining-derived SSC.

48
17 March 2017 9.24 a.m.

South Taranaki Bight Sediment Plume Modelling

a)

b)

Figure 3-31: Near-source maximum increment of mining derived sediment, source B at 50 Mt/a. a) 5-day
increment; b) 365-day increment.

South Taranaki Bight Sediment Plume Modelling
17 March 2017 9.24 a.m.

49

4

Acknowledgements

Thanks to NIWA colleague Graham Rickard for constructive comments on this report and the work it
describes. Thanks to HR Wallingford staff Mike Dearnaley for constructive comments and for
contributing expertise on sediment dynamics.

50
17 March 2017 9.24 a.m.

South Taranaki Bight Sediment Plume Modelling

5

References
Hadfield, M.G. (2013). South Taranaki Bight Iron Sand Extraction Sediment Plume
Modelling: Phase 3 studies. NIWA Client Report WLG2013-36, 86 p.
http://www.epa.govt.nz/Publications/NIWA_sediment_plume_modelling_report.pdf
Hadfield, M.G. and Macdonald, H.S. (2015). Sediment Plume Modelling, 117 p.
http://www.epa.govt.nz/EEZ/EEZ000011/NIWA_Sediment_Plume_Modelling_Report_F
ull_version.pdf
HR Wallingford (2017). Support to Trans Tasman Resources. Worst case scenario sediment
plume modelling, March 2017.
Joint Statement of Experts in the Field of Sediment Plume Modelling – Setting Worst Case
Parameters. Before the Environmental Protection Authority, 23rd February, 2017.

South Taranaki Bight Sediment Plume Modelling
17 March 2017 9.24 a.m.

51

