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EXECUTIVE SUMMARY
1.

Within my evidence I have provided an overview of the
Baseline Environmental Monitoring Plans (BEMP) that will be
implemented
commencing.

prior

to

iron

sand

extraction

activities

The BEMP will establish a baseline set of

environmental data to identify natural background levels in
the South Taranaki Bight (STB) while taking into account
temporal and spatial variation.

The BEMP will be used to

validate the Operational Sediment Plume Model (OSPM) to
predict the sediment transportation processes and define
Response Limits and Compliance Limits used for regulatory
compliance.
2.

The BEMP will ensure sufficient environmental baseline
information is available on which any subsequent actions to
avoid, manage or mitigate adverse environmental effects
from iron sand extraction can be founded. As a result, the
comparison of monitoring results collected during the BEMP
and the EMMP phases will be fundamental to interpreting
environmental data on an ongoing basis.

3.

I have also provided an overview of the Environmental
Monitoring and Management Plans (EMMP) for once iron
sand extraction activities commence.

The EMMP was

developed to confirm effects from the iron sand extraction
activities are consistent with predictions in the IA and ensure
that mitigation measures in the IA and consent conditions will
be implemented throughout the life of the Project.
4.

The removal of benthic organisms and operationally-derived
sediments are predicted to be the key project-related
effects. As a result, the BEMP and EMMP focus on monitoring
potential effects of SSC and benthic communities in the STB.

5.

The BEMP and EMMP have been designed to capture spatial
and temporal aspects of the Project at geographic and
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ecological scales appropriate for the subsequent assessment
of potential effects during iron sand extraction activities. The
monitoring

programmes

include:

Water

Quality

and

Sedimentation, OSPM Validation, Oceanography, Primary
Producer Biomass, Zooplankton, Subtidal Benthos, Subtidal
and Intertidal Reefs, Marine Mammals, Underwater Noise,
Recreational Fishing, Kaimoana, and Biosecurity.
6.

TTRs approach to avoid, manage or mitigate adverse
environmental impacts of the Project using environmental
monitoring is laid out in the EMMP. TTR will implement an
Environmental Management Strategy to provide early
detection of changes, and allow modification to the Project
as appropriate.

7.

This evidence discusses how Trans-Tasman Resources Limited
(TTR) will assess for compliance with the proffered conditions
utilising the proposed monitoring programmes, and what
processes will take place if there is any exceedances of
these limits.

8.

Details are provided within my evidence to show how TTR will
use Suspended Sediment Concentrations (SSC) to assess for
compliance at a number of locations within the STB.

9.

Data will be telemetred back to shore every hour from
permanent moorings at key sites during the BEMP phase to
assist with model validation and to test the systems that will
monitor compliance in accordance with the EMMP once
iron sand extraction activities commence. This test phase is
fundamental to assess whether the process is reliable and
accurate. These results will feed into the OSPM for validation
to ensure that the Response Limit and Compliance Limit is
accurate and appropriately set to ensure compliance with
the conditions.
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INTRODUCTION
Qualifications and experience
1.

My name is Daniel Govier.

2.

I hold a Bachelor of Science (Zoology) and a Post Graduate
Diploma in Marine Science, University of Otago, 2000. I hold
a Master of Science (Marine Science), University of Otago,
2002.

3.

I am the Technical Discipline Manager – Marine Science at
SLR

Consulting

environmental
Assessments

New

Zealand

consultancy
(IAs),

consent

that

Ltd

(SLR).

SLR

specialises

applications

is

an

in

Impact

and

marine

environmental monitoring.
4.

Prior to joining SLR, I held a number of relevant roles. I was
the Managing Director of Environmental Offshore Services
(2013-2014), specialising in IAs of the offshore marine
environment around New Zealand. Environmental Offshore
Services was acquired by SLR in October 2014.

5.

I was an environmental consultant at Resource and
Environmental

Management

Ltd

(2010-2013),

where

I

prepared a number of IAs for activities in New Zealand’s
offshore marine environment. During this time I was involved
with reviewing, presenting and interpreting environmental
monitoring programmes and results for offshore petroleum
operators.
6.

I was the Operations Manager at Challenger Scallop
Enhancement Company (2009-2010). This role involved the
management of the commercial dredge scallop fishery at
the top of the South Island and scallop stock assessments
through dredge surveys.
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7.

I was a Marine Ecologist at the Cawthron Institute in Nelson
(2006-2008). In this role I completed a number of IAs for the
aquaculture industry and completed many ecological
monitoring programmes for marine farms. During this time I
was involved in the monitoring of all salmon farms in the
Marlborough Sounds.
physicochemical

This monitoring included water

testing

and

sediment

physical

and

chemical properties to evaluate the occurrence and effects
from the deposition of excess food and excrement at
distances away from the farms.

I undertook extensive

subtidal surveys utilising van-veen grabs, sediment cores,
drop-camera
acoustic

technology,

doppler

transect/quadrat

remotely

current
surveys,

operated

profilers
side-scan

vehicles,

(ADCPs),
and

diver

bathymetric

surveys, and produced a number of scientific reports utilising
these

results

largely

for

the

purpose

of

compliance

monitoring.
8.

I was a Marine Ecologist at the Taranaki Regional Council
(TRC) (2002-2006).
compliance

At TRC I led all the marine ecological

monitoring

programmes

along

the

entire

Taranaki coastline which included intertidal reefs, subtidal
habitats and estuaries.

I established and managed a

monitoring programme for near-shore sand dispersal (part of
a capital and maintenance dredging programme within Port
Taranaki).

Fine sand was dispersed into a near-shore

environment to introduce the sand into the natural littoral
drift in an attempt to replenish the sand levels on the
beaches to the north of Port Taranaki.

The monitoring

programme involved subtidal and intertidal ecological
surveys

using

both

qualitative

and

quantitative

methodologies.
9.

In summary, I have undertaken numerous subtidal and
intertidal marine ecological surveys over a diverse range of
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habitats and regions which include Taranaki, Marlborough
Sounds, Golden Bay, Tasman Bay, Fiordland, Dunedin and
Stewart Island. As a result I have a very good understanding
of the different monitoring methodologies available and
which should be used for compliance monitoring.
10.

I confirm the contents of this report are correct to the best of
my knowledge.

Code of conduct
11.

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
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.

Abbreviations
12.

I use the following abbreviations in my evidence:
•

ADCP/s - Acoustic doppler current profiler/s;

•

AWAC – Acoustic wave and current;

•

BAG – Before after gradient;

•

BEMP – Baseline environmental monitoring plan;

•

CTD (unit) – Conductivity, temperature and depth (unit);

•

DOC – Department of Conservation;

•

EMMP – Environmental monitoring and management
plan;

•

EPA – Environmental Protection Authority;

•

FSO – Floating, storage and off-loading vessel;

•

IA or IAs – Impact assessment/s;

•

IMV – Integrated mining vehicle;

•

ISQG – Interim Sediment quality guidelines;
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•

KMP - Kaimoana monitoring plan;

•

KRG – Kaitiaki reference group;

•

MMMP – Marine mammals management plan;

•

MMO – Marine mammal observer;

•

OSPM – Operational sediment plume model;

•

PAR - Photosynthetic available radiation;

•

SLR – SLR Consulting Limited;

•

SSC – Suspended sediment concentration;

•

STB – South Taranaki Bight;

•

The/this Project – South Taranaki offshore iron sand
extraction and processing project;

•

TRC – Taranaki Regional Council;

•

TRG – Technical review group; and

•

TTR – Trans Tasman Resources Limited;

SCOPE OF EVIDENCE
13.

SLR was asked by Trans-Tasman Resources Limited (TTR) to
prepare a Baseline Environmental Monitoring Plan (BEMP) for
the South Taranaki Offshore Iron Sand Extraction and
Processing Project (the Project). The intention of the BEMP is
to validate information in the IA, to collect further ‘baseline’
data and to refine the methodologies, ‘Response Limits’ and
‘Compliance

Limits’

proposed

in

the

Environmental

Monitoring and Management Plan (EMMP) which would be
implemented once iron sand extraction commences. SLR
was

also engaged

to

prepare

the

EMMP

and

the

management plans relating to marine mammals and
seabirds. The scope of my evidence covers all of these
documents, with the exception of the seabird management
and mitigation plan which will be covered in the statement
of evidence presented by David Thompson.
14.

I have structured my evidence into five parts:
(a)

Baseline Environmental Monitoring Plan;
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15.

(b)

Data Analysis and Reporting;

(c)

Environmental Monitoring and Management Plan;

(d)

Community Involvement; and

(e)

Marine Mammal Management Plan.

The BEMP will be implemented for the first two years following
grant of the Marine Consent, prior to any iron sand
extraction activities taking place.

This will then determine

and validate the additional data required listed in Paragraph
27.
16.

After two years and prior to the Project commencing, the
EMMP will be implemented. This will enable TTR to monitor for
compliance and environmental performance against the
consent conditions. All monitoring results will be analysed
and reported on prior to submission to the EPA.

BASELINE ENVIRONMENTAL MONITORING PLAN
17.

The BEMP has been developed to establish a baseline set of
environmental data that identifies natural background levels
in the South Taranaki Bight (STB) while taking into account
spatial and temporal variation.

18.

A two year BEMP has been proposed to confirm the current
understanding of the seasonality and natural variability of
the environmental parameters that will be monitored once
iron sand extraction activities commence within the STB.

19.

The environmental data collected as part of the BEMP will be
used to validate the Operational Sediment Plume Model
(OSPM) which has been developed to predict the sediment
transportation
background
levels.

processes
suspended

in

the

sediment

STB;

including

concentration

the
(SSC)

Water quality, sedimentation and oceanography

data collected during the two year duration of the BEMP will
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be fundamental to validating and refining the existing model
to ensure accuracy of the modelled results prior to iron sand
extraction commencing.
20.

In order to achieve this, in-situ instruments will be placed at a
number of sensitive sites to monitor a suite of environmental
parameters and will be telemetered back to shore (see
Paragraph 58). The results will be compared with the
modelled predictions for these parameters at each location.
This process will allow the OSPM to be regularly calibrated
with the in-situ measurements during this period.

21.

Removal of benthic organisms and operationally-derived
sediments are predicted to be the key project-related
effects, where potential effects on the water column are
likely to arise from the development and dispersion of
suspended sediment plumes derived from the iron sand
extraction. On this basis, the BEMP and EMMP both focus on
monitoring the potential effects of suspended sediment and
benthic communities in the STB marine environment.

22.

Response Limits and Compliance Limits for SSC have been
proposed within the draft consent conditions that were
provided as part of the marine consent application. These
limits were based on best available scientific evidence that
correlates adverse effects with environmental disturbance
from other extraction projects and/or similar activities
internationally. These threshold limits have been developed
to ensure that detrimental environmental effects from iron
sand extraction activities are managed to within predetermined levels and will not exceed what occurs naturally
in the STB. Following the validation of the OSPM, the BEMP
will verify that these proposed limits are appropriate or allow
further refinement.
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23.

Site-specific limits are necessary due to habitat and
oceanographic heterogeneity of the Project Area and
surrounding marine environment.

24.

The SSC data in the STB which was used in the sediment
plume

modelling

background

was

informed

sediment

by

measurements

concentrations

and

of

other

oceanographic parameters by NIWA in reports supporting
the Marine Consent application (MacDonald et al., 2012;
MacDonald et al., 2013).
25.

The STB is a high energy marine environment in the open
ocean where it is subject to significant wave action and
large sediment movements. Baseline monitoring results will
be used to confirm that the survey design, environmental
parameters being monitored, selected monitoring site
locations and methodologies are best suited for continued
use in the EMMP once iron sand extraction activities
commence. The BEMP also sets out to ensure compliance
with all regulatory requirements and guidelines.

26.

The BEMP has been developed to ensure that there is
sufficient environmental baseline information available on
which any subsequent actions to avoid, manage or mitigate
adverse environmental effects from iron sand extraction can
be founded.

On this basis, the comparison of monitoring

results collected during the BEMP and the EMMP phases will
be fundamental to interpreting environmental data on an
ongoing basis.
27.

Within the BEMP, individual monitoring programmes have
been proposed for each of the following environmental
parameters outlined below:
(a)

Water Quality and Sedimentation;

(b)

OSPM Validation;
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28.

(c)

Oceanography;

(d)

Primary Producer Biomass;

(e)

Zooplankton;

(f)

Subtidal Benthos;

(g)

Subtidal and Intertidal Reefs;

(h)

Marine Mammals;

(i)

Underwater Noise; and

(j)

Recreational Fishing.

Each individual monitoring programme provides detail on
the sample design, methodology, frequency, duration and
monitoring

locations.

Techniques

for

data

analysis,

processing and reporting for each of the environmental
parameters are also detailed. Appendix 1 provides a
summary of each individual monitoring programme in the
BEMP and EMMP.
29.

The BEMP has been designed to capture the spatial and
temporal aspects of the project at geographic and
ecological scales appropriate for the subsequent assessment
of potential effects during iron sand extraction activities.

30.

The monitoring locations are specific for each of the different
environmental monitoring parameters; however, a number
of locations overlap to enable a full picture of the
environmental conditions at each specific site.
showing

the

monitoring

locations

are

Maps

provided

in

Appendices 2-9.
31.

A number of sensitive sites were identified during the IA
process and these have been incorporated into the
monitoring

programmes

and

Response

Limits

and

Compliance Limits have been determined for these locations
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(Appendix

2).

Monitoring

against

these

limits

is

a

fundamental part of managing project-related effects once
iron sand extraction is underway.

The BEMP will provide

monitoring data to ensure these limits are appropriate to
monitor against and that the monitoring technologies are
well established prior to iron sand extraction commencing.
32.

During the two year BEMP and depending on the scheduling
for each individual monitoring programme, sampling will
typically be undertaken either on a monthly or quarterly
basis to provide information about seasonal variations on
ecological communities and water column characteristics
within the STB.

33.

A ‘Before After Gradient’ (BAG) sample design will be utilised
for the water quality/sedimentation, primary producer
biomass,

zooplankton

and

monitoring programmes.

subtidal

benthos

baseline

This sample design allocates

sample stations at intervals of variable distance from the
Project Area, and is a useful monitoring methodology where
disturbance attenuates from a point source (i.e. the Project
area). The selection of this sampling design is also supported
by the fact that the use of control sites for this Project are
unsuitable – no control sites could be selected within the STB
that are close enough to the disturbance to have
comparable natural variability to the disturbed environment
and still be distant enough that the benthic environment and
water column are not affected by the disturbance (Ellis &
Schneider, 1996).
34.

Ellis & Schneider (1996) found that a BAG design was more
powerful than a control/impact sample design in detecting
changes due to anthropogenic disturbances.

Where the

BAG sampling design avoided the problem of arbitrarily
selecting control sites. Instead the results from a gradient
design enable chemical, physical and biological changes to
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be assessed as a function of distance from the disturbed
area.
35.

Modelling has predicted the primary concentration gradient
of the expected sediment plume.

Sample stations have

been placed along the main axis of this predicted
deposition out to 20 km from the Project Area.

Sample

stations have also been placed along secondary deposition
axes radiating away from the Project Area.

This design

enables a full assessment of the surrounding marine
environment and is illustrated in Appendix 3.
ENVIRONMENTAL MONITORING AND MANAGEMENT PLAN
36.

The EMMP has been developed to provide confirmation that
the effects from the iron sand extraction activities are
consistent with those predicted in TTRs marine consent
application material and to ensure that the mitigation
measures identified within the IA, or through consent
conditions, will be implemented throughout the duration of
the Project.

37.

The EMMP also sets out TTRs approach to avoid, manage or
mitigate adverse environmental impacts of the Project using
environmental

monitoring.

TTR

will

implement

an

Environmental Management Strategy to provide early
detection of changes in the STB ecosystem, and allow
modifications to the Project as appropriate, such that
negative project-related impacts can be prevented or
mitigated.
38.

The overall purpose of the EMMP includes:
(a)

The development of objectives for the monitoring
and management associated with the marine
consents;
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(b)

Ensuring compliance with all regulatory requirements
and guidelines;

(c)

Implementation of an environmental monitoring
programme, including sample design, methodology,
frequency, duration, and monitoring locations;

(d)

Description of the Technical Review Group (TRG);

(e)

Validation of the OSPM and providing feedback
from continual improvement;

(f)

Verifying environmental performance;

(g)

Identification of the Operational Responses to be
undertake if Response Limits or Compliance Limits
are reached;

(h)

Details of data analysis and processing for all
parameters being monitored; and

(i)

Reporting methods and frequency for all parameters
being monitored.

39.

In addition to the monitoring programmes listed in Paragraph
27, the EMMP will also include:

40.

(a)

A Kaimoana Monitoring Programme; and

(b)

A Biosecurity Monitoring Programme.

The Environmental Management Strategy implemented for
the Project will be designed to ensure compliance with
consent conditions. Essentially this will involve the monitoring
of SSC with the aim of preventing SSC from the iron sand
extraction plume, in combination with naturally occurring
suspended sediment, from reaching the 95th percentile of
levels of natural SSC variability currently experienced at a
number of key sites identified within the STB. However, TTR
has no control over natural events (i.e. large storms/floods)
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that can result in SSC levels being greater than the 95th
percentile.
41.

If any anomalies or unexpected results are detected as part
of

the

environmental

monitoring

programmes,

the

Environmental Monitoring Strategy will provide a framework
for addressing these issues.
42.

The Environmental Management Strategy will:
(a)

Provide an early warning for any potential adverse
effects to the marine ecosystem. The results will be
statistically assessed to determine whether any
anomalies are attributable to the Project or whether
they are due to natural environmental conditions. It is
important to note that monitoring results will not
necessarily allow a cause and effect relationship to
be determined due to the very large degree of
natural variability that exists for many of the
environmental

parameters

being

measured.

However, the EMMP will facilitate a large amount of
monitoring data to be gathered over both temporal
and spatial scales during the term of the consents
which will provide a robust set of environmental data
within the STB. This data will be sufficiently robust to
detect when Response Limits and Compliance limits
are reached.
(b)

Establish Operational Response measures that TTR will
implement to prevent or mitigate any negative
trends which can be deemed attributable to the
Project and are found to exceed applicable
thresholds that have been determined.

43.

The results from the BEMP will be incorporated into the EMMP
to determine the final parameters assessed and to finalise
the Response Limits and Compliance limits (Appendix 10)
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that will be monitored during the term of the consents. This
will be submitted to the EPA for approval prior to
commencement.
44.

Operational Responses for underwater noise and marine
mammals have been developed with stakeholders and
regulators.

These measures are largely derived from well-

established thresholds for marine mammal hearing impacts
and a standardised approach for managing these effects.
45.

The EMMP is considered to be a ‘live’ document that will be
updated throughout the life of the Project based on baseline
reviews, monitoring results or if any substantial operational
changes are required. Formal reviews of the EMMP will take
place annually by the TRG to ensure all recommendations
from monitoring findings are incorporated into the scheduled
monitoring for the following year.

46.

Following the completion of the iron sand extraction
activities,

a

post-extraction

monitoring

plan

will

be

developed to monitor the biological environment within the
Project Area to demonstrate how the biological environment
is recovering following the completion of the iron sand
extraction activities. This monitoring will extend for a period
of up to four years once extraction activities cease.
47.

The sub-headings throughout the remainder of this section
describe each of the individual monitoring programmes that
will be covered by the EMMP.

Water quality and sedimentation monitoring
48.

Operationally-derived sediments have the greatest potential
to influence the water column of the STB. For this reason, the
water quality and sedimentation monitoring programme was
specifically developed to provide an early warning system
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for any adverse effects associated with elevated SSC levels
within the STB marine environment.
49.

The STB is a high energy marine environment exposed to
southerly and westerly storms, producing large swells which
initiate active bed transport and resuspension of sediments.
There are also four large rivers that flow into the STB that at
times can provide significant inputs of sediments. As a result,
the natural variability of SSC is high and must be taken into
consideration when determining whether any elevations
(relative to Response and Compliance Limits) are due to
natural variability or as a result of the Project.

50.

TTR will monitor SSC at seven monitoring stations that have
been placed adjacent to both sensitive sites (i.e. The Traps)
and sites designed to resolve the sediment plume gradient
(i.e. 1 km & 20 km down plume). If monitoring shows that
Response Limits or Compliance Limits have been reached, it
will prompt an Operational Response to be implemented.

51.

If a Response Limit (80th percentile of natural SSC in STB) is
reached, the first response will be to undertake a full
assessment of all monitoring results as well as the OSPM,
current extraction activities and weather conditions to
determine whether the exceedance is a result of natural
environmental conditions or the Project. Iron sand extraction
activities will be allowed to continue whilst investigations are
underway.

52.

If the Compliance Limit (95th percentile of natural SSC in STB)
is reached, iron sand extraction activities will cease
immediately until an investigation has been conducted into
the cause of the breach and appropriate Operational
Responses are implemented.

53.

Essentially, the Environmental Management Strategy has
been designed to prevent the SSC from the iron sand
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extraction plume in combination with naturally occurring
suspended sediment, from reaching Compliance Limits at
key sites within the STB.
54.

If a Response Limit or Compliance Limit is reached, the event
and associated Operational Response will be reported to the
EPA immediately.

55.

Operational Responses that TTR would consider in the event
that the Response Limits or Compliance Limits are reached
include:
(a)

Review of iron sand excavation plan and scheduling;

(b)

Review run of iron sand excavation particle size
distribution;

(c)

Review tailings discharge particle size distribution;

(d)

Review operational efficiency of process equipment;

(e)

Undertake additional environmental monitoring;

(f)

Reducing grinding and/or repair/replace processing
equipment;

(g)

Adjust extraction depth;

(h)

Limiting the meteorological and oceanographic
conditions under which extraction takes place (i.e.
wind speed and sea state);

(i)

Relocate the Integrated Mining Vessel (IMV);

(j)

Lower extraction rate; and

(k)

In extreme cases (i.e. where the Compliance Limit is
reached), cease extraction activities pending full
review.

56.

However, the appropriate Operational Response will be
dependent on the individual circumstances of each breach.
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57.

Following the completion of any Operational Response, TTR
will provide a report to the EPA as soon as practicable, but
no later than 10 days.

The report will detail the

circumstances which resulted in the breach of the limits, the
investigations undertaken and any commentary from the
TRG.
58.

SSC will be monitored continuously at the seven selected
sites in the STB and the monitoring data will be telemetered
back to shore on an hourly basis to ensure compliance can
be assessed in a timely manner. Turbidity may be used as a
proxy

for

SSC

during

the

environmental

monitoring

programme, but this would only occur once the relationship
between SSC and turbidity has been validated.
59.

Telemetered monitoring buoys will be placed at each of the
long-term mooring locations (Appendix 5) and will be
installed with an array of monitoring equipment. An image
of the monitoring buoy that would be used is provided in
Appendix 11.

60.

To monitor environmental conditions throughout the entire
water column, the monitoring buoys will be fitted with
sensing equipment housed on a Seabird Conductivity,
Temperature and Depth (CTD) unit (Appendix 12) that will
monitor:
(a)

Conductivity (salinity);

(b)

Temperature;

(c)

Fluorescence

/

Chlorophyll-α

phytoplankton);
(d)

Photosynthetic Active Radiation;

(e)

SSC; and

(f)

Dissolved oxygen.

(proxy

for
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61.

An ADCP will be fitted to each monitoring buoy, where it will
assess current speeds throughout the water column.

The

ADCP will also measure the reflection of an acoustic signal
from particulate matter in the water. The reflected acoustic
signal can provide information on the quantity of the
particulate matter by the intensity of the reflection received;
this is also known as the backscattering strength or signal
amplitude.
62.

An annotated schematic of the mooring configuration,
monitoring buoy, ADCP and Seabird CTD is provided in
Appendix 13.

63.

The use of ADCP instruments to measure SSC from calibrated
calculations based on echo intensity have provided high
correlations

between

lab-based

and

acoustic

based

measurements (Ghaffari et al., 2011; Kim & Voulgaris, 2003;
Wall et al., 2006; Gartner, 2004). Nortek ADCP instruments will
be installed on each of the in-situ monitoring buoys. These
instruments have shown linear responses between reflected
signal intensity and sediment concentrations across a range
of 1-10,000 mg/L (Lohrmann, 2001).
64.

Prior to the ADCPs being installed, each instrument will be
individually calibrated to produce a known acoustic
response across a wide range of SSCs.

Calibrations will

involve a serial dilution of marine sediments collected from
the Project Area, ranging from clean filtered seawater,
through to extremely turbid conditions, where large amounts
of sediment will be kept suspended within the water column.
65.

The sonar equation will allow readings from the surface
mounted ADCP, which will be installed within the lower bridle
frame of each in-situ monitoring buoy, to be calculated into
SSC readings in the full range of depth ‘bins’ throughout the
water column below the buoy.
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66.

The data measured by the ADCP will be telemetered back
(via cellular network or satellite communications) to secure
servers every hour, where it will be automatically processed
using the calibrated sonar equation and saved into a
suitable database system. The data will be automatically
interrogated by programmes specifically scripted with the
Response Limits and Compliance Limits. If an exceedance is
detected an alert message (via email or text) will be sent to
the Project Manager and other nominated persons.

67.

In addition to the deployed in-situ instruments, vertical
profiling of the water column will take place and water
samples collected at 1 m from the seabed and 5 m below
the surface will be collected at each of the monitoring
stations along the gradient sampling design (Appendix 4). A
multi-parameter water profiler such as a CTD instrument will
be used to collect the water profile data, whereas a vandorn sampler or similar will be used to collect the water
samples.

68.

The following parameters along with those detailed in
Paragraph 60 will be determined from the water samples
and synoptic surveys:
(a)

Metals (Cd, Cu, Ni, Hg);

(b)

Nutrients (Total Phosphorous (TP), Dissolved Reactive
Phosphorous (DRP), Nitrate (NO3), Nitrogen Dioxide
(NO2), Ammonium (NH4), Desorption Electrospray
Ionisation (DESi));

69.

(c)

pH; and

(d)

Turbidity.

Sedimentation rates at the permanent monitoring stations
will be measured using sediment traps deployed on a heavy
instrument frame.

The sediment traps will be retrieved

19

monthly. The sediment trap design will be refined during the
BEMP

and

will

be

deployed

in

accordance

with

recommended strategy described in Storlazzi et al., (2011).
70.

Other

than

SSC,

there

are

compliance

limits

determined

no
for

specific
the

quantitative

water

quality

parameters. However, appropriate statistical analyses will be
used to analyse change so that any trends toward adverse
ecosystem effects can be identified.
Model validation
71.

As mentioned in Paragraph 17, monitoring data collected
during the BEMP will be used to validate the numerical
hydrodynamics and sediment transport modelling of the STB.
These models have been used to simulate waves, currents,
water levels and fine sediment transport under natural
conditions and projected conditions during the Project.

72.

The water column and sediment data collected during the
BEMP will also be used to validate the OSPM.

73.

The model validation process is critical to ensure that model
predictions will be the same as, or more conservative than
field measurements once iron sand extraction activities
commence.

74.

To determine impacts from the Project, it is important to be
able to differentiate between background SSC and the
added Project contribution of sediment and associated
turbidity. Turbidity effects within the STB from the Project can
arise either directly due to suspension by iron sand extraction
activities, or from re-suspension of deposited material either
in close proximity to the operation or at the medium and farfields as a consequence of natural wave processes.

75.

The objectives of the on-going model validation monitoring
are to:
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(a)

Provide calibration and validation of the sediment
plume models that will be run in hindcast mode to
simulate conditions during the Project duration;

(b)

Provide high quality temporal and spatial resolution
of the currents, turbidity and sediment characteristics
during iron sand extraction to support the continual
validation of the OSPM under a range of conditions;
and

(c)

Obtain a time-series of data for SSC, particle size
distributions and settling velocity along with current
and wave measurements to allow the determination
of critical shear-stresses for resuspension and settling
as well as differentiation between background and
extracted-material SSCs.

76.

These objectives for the model validation will be achieved
through:
(a)

The use of moored instruments to provide high
temporal resolution of the specific variables (i.e.
turbidity, water temperature and conductivity) at the
mooring locations;

(b)

Field campaign surveys involving deployment of
current meters, water quality profilers, and water
sampling

to

provide

snapshots

of

the

spatial

variability of the turbid plume characteristics; and
(c)

The use of moored in-situ particle-size and settling
velocity monitors in conjunction with current and
wave monitors.

77.

Calibration and validation of the OSPM, Response Limits and
Compliance Limits will occur annually for the first three years
of iron sand extraction activities and then every 24 months
thereafter.
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78.

Validation will occur by statistically comparing the modelled
and actual measured values to provide a measure of the
OSPM accuracy. The aim of the validation process will be to
assess whether the actual measurements differ from the
predicted values and if so by what margin and over how
much of the period that was reviewed. A range of statistical
techniques will be used (i.e. scatterplots of predicted v
actual concentrations, residual plots (observed-predicted
values), and calculating the root mean squared error).

79.

If the actual measured SSC values do not fall within 10% of
the Response Limits and Compliance Limits (Appendix 10) for
95% of the time within each review period, the OSPM will be
revised using the actual data to update the Response Limits
and Compliance Limits.

Oceanography monitoring
80.

The physical oceanography processes within the STB such as
waves and currents are largely responsible for sediment
movement (Hadfield & Macdonald, 2015).

81.

There is the potential that iron sand excavation activities
could have the following effects on physical oceanographic
processes in the STB:
(a)

Minor effects on physical driver of waves by
refracting

(bending

the

wave

direction)

and

shoaling (changing the wave height) as the waves
pass over the modified seabed (pits and mounds
created by iron sand extraction); and
(b)

Localised effects on currents through the formation
of site specific features several kilometres long as a
result of interactions with the pits and mounds.

82.

ADCP and Acoustic Wave and Current (AWAC) instruments
will be deployed at selected locations both within and
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inshore of the Project Area – along the dominant wave
direction from the Project Area.

The ADCP and AWAC

meters will be retrieved every three months to service and
download data and replaced for the next deployment
period.
83.

The meters will be deployed for a period of two years at the
start of the iron sand extraction activities, and dependent on
the results, three month deployments will be undertaken
twice per year at selected sites following the initial
deployment.

84.

The objectives of the oceanography monitoring programme
are to:
(a)

Detect

changes

in

trends

in

oceanographic

processes that could not be identified via coastal
processes;
(b)

Detection

of

any

coastal

process

changes

attributable to the Project;
(c)

Validation and data input to the OSPM; and

(d)

Provision of a long-term data set of oceanographic
data within the STB.

85.

Seabed bathymetry can influence water currents and waves
that move past/over it. It is likely that pits and mounds will be
present in the seabed following iron sand extraction as the
seabed is cut and tailings are replaced. These features may
influence waves and currents within and around the Project
Area.

86.

Bathymetric

surveys

using

multi-beam

sonar

will

be

undertaken from a surface vessel with hull-mounted arrays
which will be suitably tested and calibrated. The surveys will
be conducted quarterly to ensure the pits at the end of
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each of the mining lanes are no deeper than 10 m
(maximum depth) and 5 m (average) below the pre-mined
seabed level (in accordance with proposed consent
conditions).
87.

These same surveys will also be undertaken to ensure that
the re-deposition mounds at the start of each mining lane
are no higher than 9 m above the pre-mined seabed level.

88.

All imagery collected will be processed by trained and
experienced personnel, producing geo-rectified images of
the seabed so plots can be imported into GIS software. Any
unfilled pits or large mounds created during the Project and
identified in the imagery will be recorded and reported in
the Quarterly Operational Report.

89.

Once iron sand extraction ceases, bathymetric surveys will
be undertaken annually for a period of four years to assess
the recovery of the seabed.

Primary producer biomass monitoring
90.

Primary production in the STB is strongly influenced by drivers
such as light and nutrient availability, as well as grazing by
zooplankton.

It is considered that nutrients are the main

limitation on primary productivity rather than light availability
(Bradford et al., 1986; Zeldis et al., 2013).
91.

The discharge of sediments into the water column will affect
the optical properties of the water, specifically its clarity and
colour. Propagation and dispersal of the sediment plume
derived from the iron sand extraction activities will result in
the absorption and scattering of light in the water column,
reducing light for primary producers, potentially reducing the
light reaching the seabed and potentially smothering some
sedentary marine organisms and microphytobenthos.
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92.

The objectives of the Primary Producer Biomass monitoring
programme are to:
(a)

Ground-truth the predicted impacts of the iron sand
extraction activities on primary productivity by the
biomass of plankton; and

(b)

Determine if primary producers differ with distance
from the Project Area.

93.

Primary producer biomass monitoring will be estimated by
the measurement of the following parameters:
(a)

Phytoplankton

(Chlorophyll-α,

phytoplankton

community composition – taxonomic identification
and enumeration);
(b)

Micro-zooplankton

(zooplankton

<200

µM,

community composition – taxonomic identification
and enumeration);
(c)

Microphytobenthos (Chlorophyll-α of surficial benthic
sediments);

94.

(d)

Light availability;

(e)

Turbidity; and

(f)

Nutrients (TP, DRP, DESi, NO3, NO2, NH4).

These parameters will be sampled during the water quality or
benthic sediment monitoring programmes and will follow the
same BAG sampling design. Modelling methodology will be
used to extrapolate the primary producer biomass estimates
at each of the sampling sites for the STB before, during and
after iron sand extraction.
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Zooplankton monitoring
95.

Zooplankton can be affected by high concentrations of SSC.
Arendt et al. (2011) found that concentrations of fine
sediment over 20 mg/L can clog zooplankton respiratory
surfaces and/or feeding apparatus, as well as impair prey
detection. However fish eggs and larvae have only been
shown to be impacted if SSC was over 500 mg/L (Wilber &
Clarke, 2001).

96.

Plume modelling of the iron sand extraction predicts that SSC
in near surface waters will increase by up to 3 mg/L. The
predicted SSC is lower than the thresholds for impact
described

above;

hence,

any

potential

impacts

to

zooplankton are predicted to be minor and would be
followed by rapid recovery (James, 2016).
97.

The objectives of the zooplankton monitoring is to:
(a)

Ground truth the predicted effects of iron sand
extraction on the biomass, abundance and diversity
of zooplankton communities; and

(b)

Correlate data on water colour, clarity, and optically
active component concentrations (as collected
within the Primary Producer Biomass Monitoring
Programme) to zooplankton abundance, diversity
and biomass results.

98.

The zooplankton monitoring will be undertaken quarterly at
locations shown in Appendix 4, which will align with the
sampling for other water column parameters.

99.

Zooplankton will be sampled from the sea surface to just
above the sea floor using a 60 cm conical net with 200 µm
mesh such as “The Heron” net (or similar) (see Appendix 14).
Samples will be collected at 32 stations along transects
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surrounding the extraction area and the same stations as the
water quality monitoring programme.
100.

Integrated samples will be preserved and later analysed by
trained and experienced zooplankton taxonomists.

Water

colour (Munsell colour chart comparisons) and water clarity
(visual – Secchi Disk), will also be collected and later
correlated with the zooplankton abundance, diversity and
biomass results.

Laboratory analysis of the samples will

include zooplankton identification and enumerations, as well
as fractionated biomass analysis.
101.

Assessing changes in communities provides an indication of
ecosystem health and the biological effects of the proposed
activities. Biological indicators are useful tools in assessing
ecosystem functional and structural integrity.

Subtidal benthos monitoring
102.

Benthic assemblages within the STB could be affected by the
Project via three main mechanisms:
(a)

Direct removal from within the extraction footprint;

(b)

Direct

smothering

via

deposition

of

de-ored

sediments; and
(c)

Indirect changes to the physical characteristics of
the sediment (i.e. resuspension and accretions of
finer sediments released during iron sand extraction).

103.

The rate of recovery of benthic assemblages is likely to occur
relatively quickly following disturbance, due to the existing
benthic communities in the STB, which are dominated by
short-lived, opportunistic and early successional stage taxa
(Beaumont et al., 2013; Anderson et al., 2013).

104.

The subtidal monitoring programme aims to:
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(a)

Ground truth predicted effects on abundance and
diversity of soft-bottom infauna and epifaunal
communities within and surrounding the Project
Area;

(b)

Determine whether any significant changes in
sediment characteristics (grain size, redox potential
and pH) result, and assess how any changes
affected abundance and diversity of soft bottom
communities;

(c)

Follow the subsequent recovery of any infauna and
epifauna communities that might be impacted and
relate this to the depth of sedimentation, nature of
sediment and redox potential; and

(d)

Determine

the

re-colonisation

of

the

de-ored

sediment after it has been deposited back on the
seabed.
105.

Given the high energy STB environment, which is subject to
regular storm-related disturbance, biological assemblages
have adapted to disturbance and sedimentation events. It
is

therefore

considered

that

benthic

and

epifaunal

communities will have a certain degree of tolerance of
intermittent

elevations

in

SSC

and

deposition

rates

(Beaumont et al., 2013; Anderson et al., 2013).
106.

Biological indicators are useful for assessing ecosystem
function and structural integrity. To assess the health of the
STB benthic environment the following biological indicators
will be measured:
(a)

Taxa diversity and abundance – provide indication
of ecosystem health;

(b)

Faunal indicators – to determine if any changes to
community structure;
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(c)

Benthic microalgae – important primary producers in
shallow water marine ecosystems. Chlorophyll-α is a
proxy for micro-phytobenthos;

(d)

Sediment characteristics – determine the structure of
benthic assemblages;

(e)

Redox potential and pH – indicates the oxic state of
marine sediments which can influence distribution of
communities which require oxygen to survive;

(f)

Total organic carbon – flux of carbon to sediment
can influence infauna/epifauna communities;

(g)

Total free sulphide – provides a further measure of
the reductive/oxidative state of the sediments; and

(h)

Metals

–

chemical

contaminants

are

largely

contained within the finest sediment fractions.
107.

The BAG sample design will be followed where the sample
locations are provided in Appendix 6.

During the BEMP,

three sample stations will be sampled within the iron sand
extraction area (both within the rippled sand and worm field
areas).
108.

For the first five years of extraction activities, an additional
two stations (with three replicates per station) will be added
annually into areas where iron sand extraction activities have
recently been completed. These stations will be monitored
for the life of the Project to provide information on the rates
of recovery of the sediment and recolonisation by infauna
and epifauna.

109.

Benthic monitoring will be conducted quarterly using
triplicate grab sampling methodologies (i.e. Van-Veen,
ponar grab (Appendix 15)) at each monitoring station to
collect

sediments

for

infauna

and

physico-chemical

29

characteristics listed in Paragraph 106. Drop camera and
underwater video surveys will be used to identify epibenthic
assemblages as well as recording seabed morphology at
each sample station (Appendix 16).
110.

Sediment metal concentrations will be compared against
the ANZECC sediment quality guidelines (ANZECC, 2000).
These represent an environmental classification system with
respect

to

sediments

and

aim

to

predict

levels

of

contaminants in aquatic sediments above which adverse
ecological effects may occur. These guidelines have been
prepared for use, and are widely used, in New Zealand.
They are generally considered to be conservative with
trigger values set to favour environmental protection. Trigger
values for contaminants are not intended to represent “pass
or fail” thresholds, rather, if exceeded, they indicate a need
for further investigation.
Subtidal and intertidal reef monitoring
111.

Four Mile Reef and the North and South Traps are offshore
subtidal reef systems in the STB that are recognised as
ecologically and scientifically significant in the South
Taranaki region (TRC, 2004). These are obvious candidates
for subtidal reef monitoring. In addition to these two
locations, Tuteremoana and Grahams Bank will also be
monitored. The locations of these subtidal reef systems are
illustrated in Appendix 6.

112.

Waiinu Reef is the only intertidal reef system inshore of the
Project Area that is classified by the TRC as an Area of
Significant conservation value.

However, other important

intertidal reef systems (i.e. Patea Reef, Waihi Reef, Puketapu
Reef, and Opunake Reef) with cultural significance have
been included in the intertidal monitoring programme (see
Appendix 7).
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113.

No rare or vulnerable ecosystems or habitats of threatened
species have been identified at the North and South traps to
date. The IA suggests that the seabed and fish communities
present will be relatively tolerant to sediment elevations. The
sediment plume modelling also suggests that there will be no
significant accumulation of sediment on the North and South
Traps or at any of the other offshore reef systems from the
iron sand extraction activities.

114.

The subtidal and intertidal reef monitoring programme will
aim to ground truth the predicted effects of iron sand
extraction on the abundance and diversity of selected
subtidal and intertidal reef communities in the STB. Levels of
sand inundation/depletion around the selected intertidal
reef systems will also be investigated to assess whether
changes in sand levels could be attributable to iron sand
extraction.

115.

As part of the monitoring programme, biological indicators
will be used to assess ecosystem function and structural
integrity.

The indicators that will be used to determine

effects on subtidal and intertidal reef assemblages include:

116.

(a)

Number of taxa (diversity) and abundance;

(b)

Percentage cover and density of macroalgae; and

(c)

Habitat type.

Intertidal

surveys

will

include

both

qualitative

and

quantitative methodologies. Transect surveys using quadrats
will be used to undertake the quantitative surveys and is the
same methodology that is used by TRC.

This consistent

methodology will enable a comparison of data to areas
further north around the Taranaki coastline beyond the
influence of TTRs Project, as well as to data that may already
exist around the selected survey locations.
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117.

The subtidal reef monitoring will include:
(a)

Sediment inundation/depletion on subtidal reefs;

(b)

Subtidal ecology;

(c)

Video sampling; and

(d)

Kelp monitoring.

Kaimoana monitoring
118.

Kaimoana along the South Taranaki coastline provides a
constant supply of food resources to the Taranaki people, in
particular Ngāti Ruanui as acknowledged in the Deed of
Settlement between Ngāti Ruanui and the Crown (Ngāti
Ruanui, 2001).

119.

At the start of the Project, TTR will invite tāngata whenua to
establish and maintain a Kaitiakitanga Reference Group
(KRG) which will be used to facilitate the sharing of
information, relationship building and assessment of effects
from the iron sand extraction activities on the cultural
sensitivities within the STB.

120.

The KRG will be involved in the development of a Kaimoana
Monitoring Plan (KMP) which will be prepared following
consultation with the KRG at least one month prior to the
commencement of any iron sand extraction activities.

121.

The KMP will provide for the monitoring of species important
to customary needs, including from customary fishing
grounds around the iron sand extraction area of tāngata
whenua who have a relationship to the site.

122.

The primary indicators for kaimoana species is relative
abundance or density, although any general observations
will be made at the same time, i.e. changes in colour of
shells etc.

Understanding baseline abundance/density of
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kaimoana species at customary fishing grounds will provide
a

background

reference

point

against

which

abundance/density measures that are taken during sand
extraction activities can be compared. Any change in this
parameter will be a proxy for potential impact which may
warrant further investigations.
123.

The EMMP proposes that kaimoana monitoring will occur
biannually at intertidal reefs identified in Appendix 7. The
monitoring will assess length-frequency, abundance and
density estimates of selected kaimoana species.

124.

At this stage the primary kaimoana species of interest that
will be monitored (however, this is subject to change
following review by the KRG) will include:
(a)

Black footed paua (Haliotis iris);

(b)

Yellow footed paua (Haliotis australis);

(c)

Kina (Evichinus chloroticus);

(d)

Blue mussels (Mytilus edulis);

(e)

Green lipped mussels (Perna canaliculus);

(f)

Pupu (cats eyes) (Turbo smaragdus & T. zediloma);
and

(g)
125.

Sea snail (Scutus breviculus).

The methodology proposed is non-extractive to minimise the
risks to health and safety and the environment.

Best

endeavours will be made to involve tāngata whenua in the
field work component of the monitoring programme.
Marine mammal monitoring
126.

The monitoring objectives of the MMMP are to:
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(a)

Ground-truth the predicted impacts of the iron sand
extraction on marine mammals; and

(b)

Conduct surveys to describe the variability of marine
mammal relative abundance and distribution in the
STB before, during and after the iron sand extraction.

127.

The primary methods that will be employed to address these
objectives are 1) aerial surveys and 2) acoustic surveys. In
addition, incidental sightings data will be used to provide
context to the survey data, and systematic sightings data
(collected during pre-commencement observations) will also
provide a measure of marine mammal presence around the
IMV.

128.

Aerial ‘line transect’ surveys will focus on describing the
variability of relative abundance and distribution of marine
mammals in the STB.

Relative abundance measures

between sampling periods will be statistically compared to
detect

any

apparent

trends

in

density,

and

spatial

distribution data will be analysed to detect any potential
displacement from the Project Area once iron sand
extraction activities commence.
129.

Acoustic surveys will be used to understand how marine
mammal distribution and density changes through time.
Multiple autonomous sea noise loggers and/or echolocation
click detectors will be deployed to assess habitat use by
Hector’s/Maui’s dolphins and blue whales in the STB. Each
device will be selectively programmed and located to
target vocalisations from each of these species.

130.

Survey design for both the aerial and acoustic surveys is yet
to be commissioned; however, surveys will be designed by
qualified and experienced marine mammal scientists, and
will be of sufficient duration, frequency and seasonality to
ensure the objectives can be met.

Aerial and acoustic
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surveys will be conducted during the two year baseline
monitoring period, during the iron sand extraction phase and
for two years post-extraction.
Underwater noise monitoring
131.

An underwater noise monitoring programme has been
developed to:
(a)

Characterise the underwater acoustic environment
prior to, during and post-extraction; and

(b)

Quantify noise emissions from iron sand extraction
activities and check for compliance with proposed
consent conditions (draft Condition 12).

132.

To characterise the underwater noise environment, three
automatic noise loggers will be deployed onto long-term
moorings to gather data at three locations (an offshore
location, a location next to the Project Area, and a nearshore location (Appendix 8)). The Wildlife SM3M Submersible
Logging System is an example of the type of system that will
be used (see Appendix 17).

As well as characterising

underwater noise through the different phases of the project,
this data will be assessed in relation to any observed
changes in abundance and distribution of marine mammals
through time, as underwater noise has been identified as a
potential cause of marine mammal displacement.
133.

The compliance monitoring of near-field underwater noise
from the iron sand extraction activities in relation to consent
condition limits (as agreed by Department of Conservation
(DOC)) is a fundamental component of the underwater
noise monitoring programme.

This compliance monitoring

will involve vessel-based hydrophone surveys that will be
conducted according to the strict criteria and schedule
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outlined in draft Condition 12. In particular, compliance with
the following management measures will be required:
(a)

The combined noise from the IMV and crawler
operating

under

representative

full

production

conditions shall be measured at a nominal depth of
10 m below the sea surface and at 300 m, 500 m and
1,000 m from the port or starboard side of the IMV;
(b)

The overall combined noise levels at 500 m shall not
exceed 130 dB re 1µPa RMS linear in any of the
following frequency ranges: low frequency 10-100 Hz,
mid-frequency 100-10,000 Hz, and high frequency
>10,000 Hz; and

(c)

The overall combined noise level at a nominal depth
of 10 m below the sea surface and 500 m from the
IMV, across all frequencies shall not exceed a sound
pressure level of 135 dB re 1µPa RMS linear.

134.

In addition to compliance monitoring, data collected during
these vessel-based surveys will also be used to validate the
underwater noise modelling that occurred during the IA
phase of the Marine Consent application.

Recreational fishing monitoring
135.

Recreational fishing is a popular activity within the STB, where
most of the fishing typically occurs within 10 km of the shore
(RG&A, 2013).

136.

A programme has been proposed to monitor and report any
impacts to key recreationally targeted fish species.

This

monitoring will aim to determine if changes to recreational
fishing activities and fish catch occur as a result of iron sand
extraction activities.
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137.

The information needs required to satisfy this objective
include:
(a)

Demographics and catch data of recreational
fishers in the area determined from boat ramp
surveys;

(b)

Distribution of recreational fishing vessels in relation to
iron sand extraction activities;

(c)

Attitudinal surveys of recreational fishers regarding
their perceptions of the effects of iron sand
extraction on recreational fishing; and

(d)

Environmental

data

collected

from

other

components of the EMMP.
138.

Correlations

between

recreational

fishing

data

and

environmental data will be investigated to assess any
causative links to changing recreational fishing behaviour.
139.

Boat ramp surveys and recreational fishing club surveys will
be the main avenues for data collection, which will be
analysed statistically using a range of descriptive and
inferential techniques (Appendix 9).

Biosecurity monitoring
140.

The potential for biosecurity incursions associated with the
Project are linked primarily with the management of ballast
water and hull fouling of vessels that arrive into New Zealand
waters.

141.

Biosecurity in relation to the Project is discussed as part of Mr
Barrie Forrest’s statement of evidence.

142.

The biosecurity monitoring programme will aim to minimise or
prevent the entry of harmful organisms within ballast waters
and/or hull biofouling into New Zealand waters or onto the
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coastline.

Operational and regulatory procedures will be

implemented regarding biosecurity regulations, but regular
inspections will be undertaken of all in-water assets for any
biosecurity incursions.
143.

Monitoring/sampling

will

be

undertaken

as

part

of

maintenance activities, where divers will undertake regular
in-water cleaning of all TTR vessels and equipment.

The

divers undertaking the cleaning activities will be trained and
adequately briefed by a suitable biosecurity expert in
regards to new organisms, or known pest/invasive species,
and how to collect suitable samples for identification without
risking further spread of the organism.
144.

Opportunistic monitoring will also take place in conjunction
with the intertidal reef monitoring along the South Taranaki
coastline.

Scientists undertaking the monitoring will be

briefed and trained in field identification of possible marine
invasive species and the correct methods for collecting
representative

samples

for

formal

identification

by

a

taxonomist.
145.

A biofouling record book will be kept and maintained, and
will be submitted annually to a nominated representative of
the aquaculture industry -

as appointed by Aquaculture

New Zealand - and to the EPA.
Data analysis & reporting
146.

Data analysis will be specific to each monitoring programme
and will include descriptive statistics, inferential techniques,
univariate and multivariate methods, power analysis and
distribution plots to provide visual summaries of biological
and physical data sets. Monitoring data will be tested for
differences along the gradient monitoring sites and before,
during and after extraction for changes in relation to the
gradient of effects monitoring as appropriate.
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147.

Changes in communities will be assessed by analysing
spatial

and

temporal

changes

in

their

biomass,

abundance and diversity using an extensive suite of
univariate

and

multivariate

analyses.

Statistical

techniques will include distribution plots to provide visual
summaries

of

spatial

and

temporal

changes

and

correlations between the community variables and water
quality

variables

(Chlorophyll-a,

SSC,

Photosynthetic

Available Radiation (PAR)) will be plotted and analysed.
148.

The

general

convention

to

determine

changes

in

communities is for statistical significance to be set at 0.05. A
p-value of <0.05 would indicate a significant change and will
provide a management trigger for further investigation. The
BEMP will provide an indication of natural background levels
taking into account spatial and temporal variation from
which changes can be assessed.
149.

Quality

control

and

quality

assurance

procedures,

approaches and considerations will be in place for each of
the different monitoring programmes to ensure that the
results are robust prior to submission to the EPA.

These

procedures will align with the Marine Consent conditions
where appropriate.
150.

Each environmental monitoring programme will have a
unique reporting schedule as detailed in the respective
monitoring programme sections and as summarised in
Appendix 1.

All reports (except daily reports) will be

provided to the EPA and the TRG.
TECHNICAL REVIEW GROUP
151.

The TRG will be established prior to the commencement of
the BEMP and will consist of suitably qualified and
experienced representatives chosen by:
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152.

(a)

TTR;

(b)

Taranaki Regional Council;

(c)

Sanford Limited;

(d)

Kaitiakitanga Reference Group;

(e)

Te Tai Hauauru Regional Fishing Forum; and

(f)

Department of Conservation.

Each representative will have specialist expertise in one or
more of the key environmental, ecosystem, mātauranga
Māori and engineering components being monitored.

153.

The role of the TRG is to provide technical oversight and
advice to TTR which includes, but is not limited to the
following:
(a)

Review and advise on the appropriateness of the
environmental monitoring parameters prior to the
commencement of the BEMP;

(b)

Compare monitoring data against the background
data to assist in determining if any activities
authorised by the Marine Consents have resulted in
adverse effects that were not anticipated at time of
granting;

(c)

Consider and make recommendations on the
following:
i.

The appropriateness of the Response Limit
and Compliance Limit values and the ISQGLow and ISQG-High values;

ii.

The

implementation

of

Operational

Responses provided for under the Marine
Consents;
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iii.

Potential Operational Responses that may
be implemented based on the investigations
into the causes of any breach of the
Response Limits or Compliance Limits or any
ISQG-Low or ISQG-High values;

iv.

The need for any new Response Limit and/or
Compliance Limit for any parameter or for
any new ISQG-Low and ISQG-High values
being monitored; and

v.

Any

revised

Response

Limit

and/or

Compliance Limit value determined.
(d)

Community knowledge and mātauranga Māori
issues when reviewing the monitoring data;

(e)

An annual data review of each years monitoring
results, which will be tabulated, reviewed and
compared against the previous monitoring data
collected and the Response Limit and Compliance
Limits; and

(f)

Make recommendations to TTR that a review of the
consent conditions for the purpose of avoiding,
remedying or mitigating adverse environmental
effects from exercising of the Marine Consents is
appropriate.

154.

The TRG will meet annually during the BEMP and quarterly for
the first five years following the commencement of iron sand
extraction activities. The purpose of the meetings will be to
review and discuss the previously submitted monitoring and
annual reports.
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COMMUNITY INVOLVEMENT
155.

TTR will provide the public with up to date information on the
environmental monitoring programmes through the TTR
website as well as through community meetings that will be
held every six months. In addition to this, TTR wish to engage
and involve the local community in as many of the individual
monitoring programmes (outlined both in the BEMP and the
EMMP) as practically possible.

156.

Whilst TTR acknowledge that many of the environmental
monitoring programmes that require offshore sampling are
not well suited to community involvement (on the basis of
stringent

health

and

safety

requirements

for

offshore

operations), the onshore monitoring components are better
suited to community participation and TTR will be vigilant
and proactive towards such opportunities.
157.

As such, community members and iwi groups will be invited
where possible to participate in the collection of monitoring
data to promote a better understanding of sampling
methodologies and how monitoring data will be used to
assess the potential effects of the project.

MARINE MAMMAL MANAGEMENT PLAN
158.

The objectives of the Marine Mammal Management Plan
(MMMP) have been agreed upon between TTR and DOC
(see draft Condition 11). These objectives are to:
(a)

Ensure there are no adverse effects at a population
level on:
i.

Blue whales;

ii.

Marine mammal species classified under the
New Zealand Threat Classification System as
“Nationally

Critical”,

“Nationally
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Endangered” or “Nationally Vulnerable”;
and
iii.

Marine

mammal

species

classified

as

“Endangered” or “Vulnerable” in the IUCN
(2012) Red list.
(b)

Ensure that adverse effects on marine mammals are
avoided to the greatest extent practicable: where
adverse effects include effects arising from noise,
collision and entanglement, spills, and sediment in
the water column etc.

159.

The methods by which these objectives will be met are
detailed within the MMMP and are summarised in the
paragraphs below.

160.

In

regards

to

Paragraph

158(a)

above,

no

specific

management actions have been developed to eliminate
the potential for population effects on threatened species
(including blue whales). Instead however, the MMMP sets
out a number of ways in which effects and risks can be
mitigated or managed for all marine mammal species. A
population effect for any species (i.e. regardless of threat
status) would be dependent on a resident population being
subject to ongoing disturbance through time leading to a
reduction in survival and reproductive rates. As I understand
from the evidence of Dr Childerhouse, there are no resident
populations of marine mammals in the vicinity of the Project
Area; therefore, population level effects on any species
(including threatened species) are highly unlikely.
161.

In order to reduce the effects of underwater noise and
suspended sediment on cetaceans (whales and dolphins) all
iron sand extraction operations will be preceded with 30
minutes

of

pre-start

observations

by

suitably

trained

observers to ensure that machinery is not started whilst
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cetaceans are in the immediate vicinity.

If a cetacean

approaches within 500 m of the IMV during this period, then
operations will be delayed until the animal/s have been
observed moving beyond 500 m or have not been detected
within the 500 m mitigation zone for 30 minutes.
162.

Following

pre-start

observations,

iron

sand

extraction

operations will commence with a ‘soft-start’ whereby
equipment is activated in a staged manner to protect
marine mammals against abrupt exposure to underwater
noise. Soft-starts provide individuals with an opportunity to
leave the vicinity before full operational noise levels are
reached. Shut-downs in response to cetacean sightings are
limited to the duration of the soft-start; hence once full
operations are under way, no shut-downs for cetaceans will
occur.
163.

Although the risk is very low, there is a small possibility that
whales could become entangled in mooring lines associated
with

mining

vessels

and/or

environmental

monitoring

equipment. Entanglement risk is greatest when light floating
lines to a surface buoy are used; however, the use of thick,
high tension mooring lines has been demonstrated to reduce
this risk (Boehlert et al., 2007).
164.

On this basis a protocol to minimise entanglement risk has
been developed. The key elements of the protocol include:
that the line to any mooring buoy be kept vertical and taut,
that floating lines at the surface are to be avoided, that
good quality heavy gauge lines are used, that mooring lines
are checked regularly and that pop-up buoys are used
where possible (to remove the full-time presence of a line to
the surface).

165.

Each of the operational vessels (the IMV and the Floating
Storage and Offloading vessel; (FSO)) will have a designated
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trained Marine Mammal Observer (MMO) on-board at all
times. While each vessel is in motion, the MMO will be onwatch to detect any marine mammals in the path of the
vessel and to alert the master of the vessel to their presence
so that they can take avoidance measures where possible.
In addition, the IMV and the FSO will also be equipped with a
video camera that overlooks the bow to document any
interactions

between

the

moving

vessel

and

marine

mammals. Any ship-strike footage will be provided to DOC.
166.

The risks to marine mammals from oil spills can only
realistically be minimised through the use of operational
controls that prevent a spill from occurring and timely and
effective response procedures to minimise environmental
impact in the event that a spill does occur. On this basis,
ship-to-ship fuel transfers will be undertaken in accordance
with industry best practice and a comprehensive Spill
Contingency

Management

Plan

will

be

prepared

in

consultation with Maritime New Zealand. The statement of
evidence

by

Mr

Shawn

Thompson

discusses

these

operational controls and the oil spill response planning in
greater detail.
167.

All cetacean sightings will be recorded during TTR operations
(including sightings from the IMV, FSO, other support vessels
and helicopters). Sighting information will be collected onto
standardised forms that have been designed to capture all
the information required by the draft conditions.

Data

collected during pre-start observations will be useful to
calculate sighting rates; and all other cetacean sightings will
assist with the state of knowledge for species presence in
and around the Project Area.
168.

A training programme has been proposed to ensure all TTR
personnel are made aware of their requirements with
regards to marine mammal interactions and sightings. The
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training

programme

recognises

different

levels

of

responsibility, and will be tailored to the various roles outlined
below:
(a)

All personnel;

(b)

Vessels/masters/watch-keepers/MMOs;

(c)

Helicopter pilots;

(d)

Suitably trained observers for pre-start observations;
and

(e)
169.

Environmental monitoring teams.

As well as providing training on management actions and
reporting requirements, this training will ensure that staff have
reasonable levels of awareness of the Marine Mammal
Protection Act 1978 and the Marine Mammal Protection
Regulations 1994.

RESPONSE TO EPA KEY ISSUE REPORT
170.

The EPA key issues report identifies six key issues with the
application. Only one of the identified issues is of relevance
to the matters addressed in my evidence, and this is listed
below:
(a)

The proposed environmental triggers/limits and the
adaptive management approach.

171.

The key issue report has raised a number of questions for the
DMC to consider in regards to the approach of measuring
SSC

for

compliance

Compliance Limits.

with

the

Response

Limits

and

The questions of relevance to my

evidence include:
(a)

Is measuring turbidity appropriate as a surrogate for
SSC?;
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(b)

Are the thresholds measurable?; and

(c)

Is TTR able to respond to any exceedances within an
appropriate timeframe?

172.

The

key

issue

report

also

discusses

AECOM’s

recommendation that Response and Compliance Limits
should also be derived for subtidal and intertidal reef
communities, including macroalgae and kaimoana. This is
on the basis that if measurable changes (attributable to
extraction activities) are occurring in respect of the
abundance or diversity of these communities, yet the
response or compliance limits for SSC are not being
exceeded then this may indicate that these limits are set at
inappropriately high level’s).
173.

With regards to the question of whether turbidity provides a
suitable surrogate for SSC, this is covered off within the
evidence of Dr Mark James.

174.

With regards to the adequacy of the proposed monitoring
regime in detecting and responding to exceedances of
management triggers, the report:
(a)

Points out that TTR propose to undertake synoptic
surveys to collect water samples every fortnight to
measure for compliance with the SSC limits, and that
there is the potential for an exceedance to occur for
up to 13 days continuously prior to measurements
being taken;

(b)

Questions whether the lag in response time to
exceedances of either Response or Compliance
Limits poses an unacceptable environmental risk.

(c)

Queries whether the timeframe required to conduct
the investigations, the operational response, and the
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additional monitoring could lead to extended
periods during which the Limit is exceeded.
175.

In response to the EPA key issue report I offer the following
comments.

176.

For

measuring

compliance

with

the

Response

and

Compliance Limits turbidity sensors will be established at a
number of locations to measure turbidity.

An extensive

calibration process will be undertaken for the monitoring
equipment

prior

to

deployment.

Once

deployed,

calibration checks will occur on a regular basis; where water
samples will be collected from the immediate vicinity of the
sensor every month during the BEMP phase and every
fortnight once mining activities commence. This ongoing
calibration process will validate the relationship between SSC
(mg/L) and turbidity (NTU) on a continual basis. Any initial
discrepancies in the relationship between SSC and turbidity
will be identified and resolved during the two year BEMP
phase to ensure that calibration techniques and accuracy
are optimised once iron sand extraction commences.
177.

Given the size of the Project area and the continuous
operation of the iron sand extraction activities it would be
very difficult to continually measure SSC as this would require
constant collection and analysis of water samples. As far as I
am aware there is no instrument that could be deployed at
sea to successfully and consistently undertake remote and
continuous collection and analysis of SSCs.

178.

The key issue report has raised concern that turbidity can be
influenced by suspended particles other than inorganic
sediment. However, I do not consider this to be a significant
problem as if this did eventuate during the compliance
monitoring it would essentially lead to a more conservative
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environmental outcome as in such circumstances the
instrumentation may overestimate SSC.
179.

The benefit of using turbidity as a proxy for SSC is that in
addition to the synoptic surveys, the optical turbidity sensors
at the fixed mooring locations (for which the Response Limits
and Compliance Limits have been determined), can be
established permanently in-situ to record data.

The

recorded turbidity data (sampled every 15 minutes) will be
telemetered back to shore on an hourly basis. This will ensure
that any exceedances of these limits will be assessed and
notified

hourly

and

the

relevant

response

can

be

implemented. Therefore using telemetry of the data back to
shore ensures that there will be no extended periods of
exceedance.
180.

Further details of the turbidity monitoring, telemetry of data,
calibration methodologies, proposed Operational Responses
to exceedances and the associated response timeframes
are discussed in detail in Paragraphs 48-66.

181.

In regards to whether Response or Compliance Limits could
be meaningfully imposed on other monitoring programmes
(such as the intertidal and subtidal monitoring programmes),
statistical analysis of ecological parameters was considered
more

suitable

for assessing

any changes

to species

abundance or diversity through time. The proposed sample
design will detect ecologically or socially meaningful
impacts that may be attributable to the iron sand extraction
activities. A number of statistical analyses will be performed
including comparisons of confidence limits, power analysis
(using

simulated

data

or

standard

power

formulae),

distribution plots, sediment data analysis, and infauna and
epifauna data analysis.
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182.

The STB is a high energy environment often resulting in sand
inundation and recession along the Taranaki coastline each
year. Between 2002 and 2006 I was employed as the Marine
Ecologist at Taranaki Regional Council and undertook all the
intertidal monitoring for compliance monitoring of resource
consents and state of the environment monitoring.

As a

result I witnessed these large movements of sand along the
coast in both south Taranaki and north Taranaki, where the
sand often settles for a month or two, before moving on
again with the next storm.

The majority of the intertidal

species along the Taranaki coastline therefore are either
mobile or opportunistic - meaning when sand inundates a
section of reef, the mobile species will move away where
they can while those sessile species often die.

However,

once the sand moves away the bare rocks are rapidly
colonised by opportunistic species.

I have seen areas

completely covered by more than 1 m of sand and then
within a year of the sand retreating, the reef was healthy
again with high species diversity and high abundances of
both intertidal seaweeds and animals. I took a photograph
of a section of reef at the end of Greenwood Road, Taranaki
which is a control site for the TRC in September 2003 and
when I returned to the reef in January 2014 the sand had
receded and the marine life was recovering which was
supported by the monitoring results.

Ongoing ecological

monitoring by the TRC also concurs with this observation of
sand inundation and recession along the Taranaki intertidal
coastline (see Appendix 18).
183.

For this reason, placing limits on the intertidal, kaimoana and
shallow

subtidal

monitoring

programmes

would

be

problematic on account of the high natural variability in the
factors being measured due to the existing natural sand
inundation events.
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RESPONSE TO SUBMISSIONS
184.

I have reviewed the submissions in relation to the TTR marine
consent application, and focused on those submissions that
raise the topic of monitoring). Rather than addressing each
submission individually I have considered them under a series
of topics in the sub-headings below.

For each of the

different topics the submissions have been summarised and
my response is at the end of each sub-heading.
185.

The submissions by the following individuals or groups have
been considered within my evidence:
(a)

Hunter Douglas;

(b)

Lewis Avenell;

(c)

Malibu Hamilton – Te Ngaru Roa ā Maui;

(d)

Peter Anderson – Forest & Bird;

(e)

Peter Grant;

(f)

Andy Smith – AP Smith Fishing Consultancy Ltd;

(g)

Barbara Hammonds – Ngā Motu Marine Reserve
Society;

(h)

Richard Guy - South Taranaki Underwater Club;

(i)

Sanford Limited; and

(j)

Te Kotahitanga o Te Atiawa Trust.

Monitoring locations
186.

In relation to monitoring locations the following concerns
were raised in submissions:
(a)

The flexibility to move a monitoring location was
concerning to some on the basis that this would
disrupt the time series data.
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(b)

That there are only a few sample sites located further
than 10 km from the Permit area, and that there has
been no sampling on or around Graham Bank.
Note: this is covered within Dr Alison MacDiarmid’s
evidence.

(c)

That there may be large sections within the area of
the plume that are predicted to be significantly
impacted but they have not been surveyed. Note:
this

is

covered

within

Dr

Alison

MacDiarmid’s

evidence.
(d)

That it is inappropriate that TTR have designed the
monitoring programme and will undertake this
monitoring of their mining operation, implying that
there is a lack of independence.

(e)

That the exact nature of the monitoring locations
have not been recorded with the exception of the
North and South Traps.

(f)

That the position of the Rolling Grounds is incorrect in
the series of monitoring maps provided.

187.

In response to these concerns, I offer the following
comments.

188.

Should additional monitoring locations be added to the
monitoring programmes over time, all existing monitoring
locations (i.e. those that were part of the original BEMP and
EMMP) would continue to be monitored.

Therefore the

integrity of the time series of data would be maintained,
both temporally and spatially around the Permit area.
Therefore, should any new monitoring locations be added to
the monitoring programme, these would only serve to
improve the knowledge of the marine environment within
the area.
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189.

A BAG sample design has been utilised for the allocation of
sample stations within the monitoring programmes and is
discussed further in Paragraph 33.

The predicted SSC

modelling for the sediment plume was used to determine
monitoring locations, where the main axis of the predicted
deposition pathway out to 20 km was utilised. To ensure the
monitoring design is robust, monitoring locations were also
positioned along a secondary axis where the deposition is
expected to be much lower.

This will assist with the

validation of the modelling and ensure spatial coverage of a
comprehensive area around the Permit area. Appendix 19
shows the monitoring locations with the SSC plume derived
from the modelling output.
190.

The Rolling Grounds is not a specific location but is a larger
area of seabed approximately 15-40 km offshore in water
depths of 25-45 m.

The location depicted in the maps is

what NIWA used for determining the SSC threshold for the
location which they called the ‘Rolling Grounds’. The Permit
area is actually located within the wider area known as the
Rolling Grounds, and there are already a number of
monitoring locations within and surrounding this area and
once mining begins, additional monitoring stations to assess
recovery will be established within mined areas each year.
191.

Additional monitoring stations have also been included,
namely three reef systems inshore of the Permit area that are
currently being monitored by South Taranaki Underwater
Club (Appendix 6). These reef systems will be monitored as
part of the subtidal reef monitoring programmes.

192.

The implementation of the monitoring programmes (in
accordance with the BEMP and EMMP) will be undertaken
by an independent third party environmental consultancy.
The following elements of the monitoring programme have
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been established

to assist with the

maintenance

of

independence:

193.

(a)

Compliance limits;

(b)

Review groups; and

(c)

Reporting requirements.

The review groups in particular will be privy to all the
monitoring results and are expected to provide independent
feedback in order to implement change in the event that
adverse environmental effects are arising as a result of the
Project.

In summary, an independent process has been

established to assess whether activities are compliant with
marine consent conditions.
Additional monitoring
194.

It has been proposed that an assessment of animal
prevalence should be conducted as part of the TTR
monitoring programme.

The specific example given was

that squid numbers increase due to intermittent effects of
the D’Urville current and the Kahurangi upwelling.
submission

suggested

that

upwellings

and

The

animal

prevalence should be monitored, as it was considered that
this would avoid the worst of the impacts from the TTR
project. I note that this would place restrictions on when
dredging activities could occur.
195.

In response to this suggestion, I offer the following description
of the upwelling process. The Kahurangi upwelling originates
off Cape Farewell which generates a short tightly coupled
food chain leading from plankton through to higher trophic
levels. Cool, nutrient rich waters (from up to 100 m deep) are
brought to the sun-lit surface layers via upwelling, resulting in
a stimulation of phytoplankton growth.

A turbulent wake

containing a number of eddies then streams off the
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Kahurangi Shoals, moving the highly productive plume into
the Taranaki Bight and western approaches of Cook Strait.
196.

Zooplankton grazers exploit the increasingly abundant
phytoplankton biomass associated with the maturing eddies.
As eddies migrate north-eastward the species makeup of the
zooplankton communities changes, which has important
effects on the pelagic food chain as they provide a food
source for species such as fish, seabirds, baleen whales and
squid. However, these upwellings and associated increases
in productivity are determined by weather conditions which
are conducive to creating upwellings, essentially having
wind or current conditions in the right directions.

197.

As a result of the very high natural variability in these
upwellings,

both

in

time

and

space,

the

prevalence/abundance of animals in the ocean within the
STB would be difficult to monitor/track over time. If animal
prevalence or abundance was monitored during the BEMP
there would likely be a very high level of natural variability
observed in the results. However, given the relatively short
two year baseline period, compared to the length of larger
climatic features such as El-Nino/La-Nina, or SouthernOscillations cycles, the natural variability measured in the
baseline may not even represent the entire range of
variability in abundance/prevalence. It would be extremely
difficult for guidelines to be placed on animal prevalence or
abundance due to the naturally high variability and the
unpredictability of when and where these upwelling events
will occur.
198.

The SSC modelling has predicted that the primary axis for the
higher SSC’s is to the southeast and towards shallower
coastal waters.

Model predictions indicate that the SSC

plume will not travel into deeper waters where the upwellings
occur.
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199.

By the time the nutrient rich waters migrate around the top
of Kahurangi Shoals and Farewell Spit they become
depleted

of

phytoplankton

due

to

the

feeding

of

zooplankton and the associated grazing of higher trophic
organisms on the zooplankton communities.
Effectiveness of monitoring
200.

A number of submissions raised issues regarding the
effectiveness of monitoring:
(a)

One submission stated that the effects of any mining
will be very difficult for an independent body to
monitor effectively. The submission also questioned
whether TTR can be expected to self-report; raising
the concern of misreporting and corruption.

(b)

Another submission stated that there is no certain
mechanism to ensure that TTR would stop mining and
abandon the site if adverse effects are detected.

(c)

Another submission stated that the environmental
baseline studies are inadequate, that there will be
difficulties in conducting the monitoring programmes
and that there is a lack of triggers for compliance.

(d)

It was also stated that it will not be possible to
adequately assess the impact of the sediment plume
on

primary

production

from

the

monitoring

proposed. This was on the basis that the proposed
monitoring was considered to only be able to detect
impacts at higher levels in the food web by which
time unacceptable damage to the ecosystem could
already have occurred.
(e)

Another submission raised the same concerns as
those within the key issue report identified within
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Paragraph 174. I have responded to this concern
within Paragraph 176 and 177.
201.

In response to these concerns, I noted that a two year
baseline monitoring programme will be implemented prior to
any

mining

activities

commencing.

As

discussed

in

Paragraph 17, the intention of the BEMP is to validate
information in the IA, to collect further ‘baseline’ data and to
refine

the

methodologies,

‘Response

Limits’

and

‘Compliance Limits’ proposed in the EMMP and which would
be implemented once iron sand extraction commences.
The results of the BEMP will substantially increase the
knowledge of the marine environment throughout the STB.
This baseline monitoring programme will provide a robust set
of baseline data where any changes over time due to iron
sand extraction activities can be statistically tested against.
202.

The Response and Compliance Limits will be stipulated in the
conditions; hence it will be a regulatory requirement for TTR
to undertake the investigations and additional monitoring
detailed in the conditions and instigate an operational
response or cease mining activities should the monitoring
results exceed the relevant limits.

203.

The BEMP and EMMP incorporate numerous different
monitoring programmes, of which not all of the tested
parameters are candidates for compliance limits.
considered

that

the

primary

effect

on

the

It is

marine

environment from the TTR Project will be the discharge of
sand and sediment back to the seabed during extraction
activities. This discharge will increase SSC within the water
column; however, mitigation measures will be implemented
to manage the magnitude of this effect.

As a result,

Response Limits and Compliance Limits have focused on
managing SSC levels during iron sand extraction activities.
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204.

In response to the concern that there are no certain
mechanisms to ensure that TTR will stop the mining process if
adverse effects are detected, consent condition 6 states
that if environmental monitoring results identify that an
activity authorised by the conditions has resulted in
Compliance Limit identified in Schedule 2 (Appendix 10), or
any ISQG-High value, being breached, the consent holder
shall immediately cease all iron sand extraction activities and
notify the EPA of the breach. TTR will not be able to resume
extraction
conducted

activities
into

until

the

an

cause

investigation
of

the

has

breach

been

and

an

appropriate Operational Response is implemented.
205.

If the Compliance Limit or any ISQG-High value is breached
the following requirements, as dictated by consent condition
6 would apply:
(a)

The EPA would be notified immediately;

(b)

An investigation into the cause of the breach would
be undertaken immediately (but no later than 24 hrs)
to

identify

the

operational

implemented, why the

response(s)

to

be

response is considered

appropriate, any commentary or recommendation
from the TRG;
(c)

Following

approval

by

the

EPA

TTR

would

immediately implement the Operational Response,
and undertake a further round of environmental
monitoring at the location of the breach.
(d)

TTR would not recommence iron sand extraction
activities until they had demonstrated to the EPA
that

the

operating

regime

ensures

that

the

Compliance Limit, or any ISQG-High value, is no
longer being breached.
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206.

In response to the concern that it will not be possible to
adequately assess the impact of the sediment plume on
primary production, the monitoring programme will focus on
measuring biomass of primary producers rather than primary
productivity of the STB which I agree would be very difficult
to achieve due to the highly dynamic and variable systems,
both spatially and temporally.

Instead, the monitoring

programme proposes to monitor the base of the food web
for any change. With regard to trophic cascade effects, if
no change to the base of the food web is detected, it
follows that the higher trophic levels should also be
unaffected.

Monitoring will assess the light levels at the

seabed, phytoplankton biomass and algal biomass both
within the water column and in the benthos, where
chlorophyll-a will also act as a proxy for phytoplankton
biomass.

Any

further

questions

regarding

primary

productivity should be referred to Dr Larry Cahoon and the
scope of his evidence.
Seabird monitoring
207.

A submission has noted that no monitoring is proposed for
seabirds within the Patea Shoals area. It further goes on to
state that although monitoring could provide a means to
assess the level of adverse effects, it would not prevent
adverse effects from occurring in the first place.

208.

A Seabird Effects (Lighting) Mitigation and Management
Plan has been drafted and would be implemented once the
Project commenced. This plan sets out to ensure that a suite
of management actions are undertaken to minimise any
potential adverse effects on seabirds during the iron sand
extraction activities and to assist with quantifying any
impacts of lighting associated with the Project on seabirds.
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209.

The purpose of this plan is to ensure that no threatened
species is subject to population level effects and to ensure
that adverse effects (from lighting, spills, elevated levels of
sediment in the water column etc.) on all seabird species are
avoided to the greatest extent practicable.

210.

Mitigation measures that will be implemented include both
design considerations for the IMV and operational practices
during iron sand extraction activities.

211.

As part of the finalisation of this Seabird Effects (Lighting)
Mitigation and Management Plan, TTR is required to work
closely with DOC to ensure that the purpose of the plan can
be achieved.

212.

The most significant risk to seabirds from mining activities is
predicted to be bird strike incidents at night.

Any such

incidents will be closely monitored and employees and
contractors will be made aware of their bird strike response
and record keeping obligations. Bird strike response kits will
be held on all operational vessels to enable appropriate
handling of individual seabirds that collide with the vessel/s.
213.

Incidental observations of seabirds will also be collected
during iron sand extraction activities. This data will contribute
to seabird distribution analyses and may be helpful in
defining the range of some seabirds species.

TTR will

maintain a list of all the seabirds likely to be observed from
the IMV and this list will be updated if any new sightings
occur.

This list will include the current threat status (New

Zealand Threat Classification System and the International
Union for Conservation of Nature) of each identified species
and annual updates will be provided to the EPA, DOC and
the TRG.
214.

A select group of personnel will be designated to maintain
the bird strike response kits and to maintain and add to the
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list of incidental sightings.

These personnel will receive

additional training in bird handling, species identification and
data management.
CONDITIONS
215.

I consider that the environmental monitoring requirements in
the proffered Conditions will sufficiently gather information in
order to assess the different marine parameters, habitats and
communities that have the potential to be influenced from
the iron sand extraction activities.

216.

Defining limits for SSC at specific locations to assess
environmental compliance against appears to be the most
suitable approach based on the predicted effects of the iron
sand extraction activities, my experience and the technical
reports submitted in support of the application.

217.

TTR have proposed procedures that would be implemented
if a Response Limit, Compliance Limit or the Interim Sediment
Quality

Guideline-High

(ISQG-High)

value

for

meals,

metalloids, organometallic and organic compounds in the
ANZECC guidelines is exceeded.

Should an exceedance

occur, the TRG and EPA will assist to select the most
appropriate Operational Response in order to rapidly return
SSC levels to below the Response Limit or ISQG-High below
the threshold. A comprehensive process is proposed in the
proffered

conditions

to

ensure

robust

and

timely

investigations occur and that all relevant parties are aware
of any exceedance.
218.

The monitoring requirements identified within the Conditions,
BEMP

and

EMMP

are

extensive;

however,

they

are

achievable through the proposed monitoring design and will
be validated and updated as required during the two year
BEMP prior to iron sand extraction activities commencing.
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219.

The use of a two year BEMP to further validate the OSPM and
gain spatial information from the STB over time will ensure a
robust data set is gathered and that the model is accurate.
Comparisons of monitoring results (pre- and post-iron sand
extraction activities) can then be made once the Project has
commenced.

CONCLUSIONS
220.

An extensive BEMP has been developed to establish a
baseline set of environmental data that will identify natural
background levels in the STB while taking into account
temporal and spatial variation. The BEMP will address the
proffered conditions and ensure that a robust monitoring
programme to gather baseline data is implemented prior to
iron sand extraction activities commencing.

221.

The environmental data collected as part of the BEMP will be
used to validate the OSPM which was developed to predict
the sediment transportation processes in the STB, including
the background SSC levels.

Water quality, sedimentation

and oceanography data collected during the BEMP will be
fundamental to validating and refining the existing model to
ensure accuracy of the modelled results prior to iron sand
extraction commencing.
222.

The removal of benthic organisms and operationally-derived
sediments are predicted to be the key project-related
effects, where potential effects on the water column are
likely to arise from the development and dispersion of
suspended sediment plumes derived from the iron sand
extraction. As a result, the BEMP and EMMP both focus on
monitoring the potential effects of SSC and benthic
communities in the STB marine environment.

223.

Response Limits and Compliance Limits for SSC that have
been proposed within the conditions that were based on
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best available scientific evidence, and correlate adverse
effects with environmental disturbance from other extraction
projects and/or similar activities internationally.

These

threshold limits have been developed to ensure that
detrimental environmental effects from the iron sand
extraction activities are managed to within pre-determined
levels and will not exceed what occurs naturally in the STB.
Following the validation of the OSPM, the BEMP will verify that
these proposed limits are appropriate or allow further
refinement.
224.

The Response Limits and Compliance Limits are site-specific
and

considered

necessary

due

to

habitat

and

oceanographic heterogeneity of the Project Area and
surrounding marine environment. Monitoring against these
limits as part of the EMMP is a fundamental part of managing
project-related

effects

once

iron

sand

extraction

is

underway.
225.

Turbidity will be used as a proxy for SSC and will be
calibrated monthly during the synoptic surveys of the water
column beside the turbidity sensors on the permanent
moorings at each of the compliance monitoring locations
that the limits have been defined. The relationship between
SSC and turbidity will be validated during the BEMP.

226.

Data will be telemetred back to shore every hour from the
permanent moorings at the key sites during the BEMP phase
to assist with model validation and to test the systems that
will monitor compliance once the iron sand extraction
activities commence. This test phase is fundamental to assess
whether the process is reliable and accurate. These results
will feed into the OSPM for validation to ensure that the
Response Limit and Compliance Limit is accurate and
appropriately set to ensure compliance with the conditions.
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227.

Baseline monitoring results will be used to confirm that the
survey design, environmental parameters being monitored,
selected monitoring site locations and methodologies are
best suited for continued use in the EMMP once iron sand
extraction activities commence.

228.

The BEMP has been developed to ensure that there is
sufficient environmental baseline information available on
which any subsequent actions to avoid, manage or mitigate
adverse environmental effects from iron sand extraction can
be founded. As a result, the comparison of monitoring results
collected during the BEMP and the EMMP phases will be
fundamental to interpreting environmental data on an
ongoing basis.

229.

Each of the individual monitoring programmes within the
BEMP and EMMP provide details on the sample design,
methodology, frequency, duration and monitoring locations.
These programmes have also been designed to capture the
spatial and temporal aspects of the Project at geographic
and ecological scales appropriate for the subsequent
assessment of potential effects during iron sand extraction
activities.

The monitoring programmes in the BEMP and

EMMP include:
(a)

Water Quality and Sedimentation;

(b)

OSPM Validation;

(c)

Oceanography;

(d)

Primary Producer Biomass;

(e)

Zooplankton;

(f)

Subtidal Benthos;

(g)

Subtidal and Intertidal Reefs;
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230.

(h)

Marine Mammals;

(i)

Underwater Noise;

(j)

Recreational Fishing;

(k)

Kaimoana; and

(l)

Biosecurity.

The monitoring programmes will typically be sampled on a
monthly or quarterly basis to provide information about
seasonal variations on ecological communities and water
column characteristics within the STB.

231.

Following any requisite changes after the completion of the
BEMP, the EMMP will be implemented for the duration of the
Project to ensure regulatory compliance and environmental
performance with marine consent conditions.

232.

The EMMP was developed to provide confirmation that
effects from the iron sand extraction activities are consistent
with those predicted in the IA and to ensure that the
mitigation measures identified in the IA and consent
conditions will be implemented throughout the life of the
Project.

233.

Within the EMMP, TTRs approach to avoid, manage or
mitigate adverse environmental impacts of the Project using
environmental monitoring is laid out. TTR will implement an
Environmental Management Strategy to provide early
detection of changes in the STB ecosystem, and allow
modification to the Project as appropriate, such that
negative project-related impacts can be prevented or
mitigated.

234.

The

Environmental

Management

Strategy

will

ensure

compliance with marine consent conditions, where the aim
is to prevent SSC from the iron sand extraction plume, in
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combination with naturally occurring suspended sediment,
from reaching the 95th percentile of levels of natural SSC
variability currently experienced at a number of key sites
identified within the STB.
235.

The EMMP is considered to be a ‘live’ document that will be
updated throughout the life of the Project based on baseline
reviews, monitoring results or if any substantial operational
changes are required.

236.

Formal reviews of the EMMP will take place annually by the
TRG to ensure all recommendations from monitoring findings
are incorporated into the scheduled monitoring for the
following year.

237.

Following the completion of the iron sand extraction
activities,

a

post-extraction

monitoring

plan

will

be

developed to monitor the biological environment within the
Project Area to demonstrate how the biological environment
is recovering following the completion of the iron sand
extraction activities. This monitoring will extend for a period
of up to four years once extraction activities cease.
238.

Therefore, based on the monitoring programmes that are in
place both as part of the BEMP, EMMP and post-extraction
monitoring, and the Environmental Management Strategy in
place, any detected effects will be identified, and then
through an Operational Response will be prevented or
mitigated.

The large environmental data set that will be

collected both temporally and spatially will greatly increase
the knowledge of the STB and will be sufficiently robust to
detect when Response Limits and Compliance Limits are
reached and ensure compliance with marine consent
conditions.
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Daniel Govier
15 December 2016
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APPENDIX 1 – MONITORING PROGRAMME SUMMARY
Monitoring
Programme

Objectives

Methods

Water Quality
and
Sedimentation

Provide an early warning indicator of potential for impact on sensitive receptors due to
deteriorating water quality.
Provide contextual water quality and sedimentation data in the investigations of recorded impacts
on benthic and reef ecosystems.
The continued collection of water quality data in conjunction with the BEMP that accounts for
spatial and temporal variability of turbidity, typical for the STB.
Monitoring of sedimentation rate.

Deployed Mooring
Turbidity
PAR
Temperature
Conductivity
Depth
Gross Sedimentation
(settlement tubes)

Model
Validation

Provide high quality data for the validation of the sediment plume model results.
Provide calibration and validation data for the enhancement of the Hydrodynamics and Sediment
Transport models that will be run in Hindcast mode to simulate actual conditions during the Project
– the OSPM.
Provide high quality temporal and spatial resolution of the currents and turbidity characteristics
during the Project to support validation of numerical models under a range of conditions.
Obtain time-series of in-situ suspended sediment concentrations, particle size distributions and
settling velocity along with current and wave measurements to allow determination of critical shearstresses for re-suspension and settling as well as differentiation between background and extracted
material suspended sediment concentrations.

Turbidity / moored sensors and
profiles
Sedimentation
Currents / moored and vessel
based transects
Waves / moored instruments
Particle size and settling
velocity / moored instruments
and profiles

Oceanography

Detect changes or trends in oceanographic processes that could not be identified via coastal
processes;
Detection of any significant negative coastal processes attributable to the Project;
Early detection of any significant coastal processes to allow the Project to be adapted or the
implementation of management measures;
Validation of the sediment plume transport model and informing the real-time sediment plume
model during the iron sand extraction phase of the project; and
Provision of a long-term data set of oceanographic data within the STB.

Deployment of ADCP for
measuring waves
Deployment of AWAC for
measuring currents
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Monitoring
Programme

Objectives

Methods

Primary
Producers

Investigate the potential effects of iron sand extraction and deposition on primary producers by
plankton.
Determine how primary producers differ with distance from operational Project areas.

Phytoplankton community
composition, Chlorophyll-a
levels in the water column,
micro-zooplankton community
composition, chlorophyll-a in
surficial sediments,
Light availability - PAR logger
Turbidity - NTU logger

Zooplankton

Assess the potential effects of iron sand extraction on the biomass, abundance and diversity of
zooplankton communities.
Assess the potential effects of iron sand extraction on water colour, clarity, and compare data to
zooplankton abundance, diversity and biomass results.

Zooplankton diversity,
abundance and distribution
Surface water colour and
clarity

Subtidal
Benthos

Investigate the potential effects of iron sand extraction on the abundance and diversity of softbottom infauna and epifaunal communities within and surrounding the extraction area;
Determine whether there are significant changes in sediment characteristics (sediment grain size,
redox potential (ORP) and pH) following iron sand extraction; and assess how any changes affect
abundance and diversity of soft bottom communities; and
Follow the subsequent recovery of any infauna and epifauna communities that may be impacted
and relate this to depth of sedimentation, nature of sediment and ORP.
Determine the recolonisation of the de-ored sediment after it has been deposited back on the
seabed.

Ecological benthic sampling
programme
Abundance and diversity of
infauna and epifauna
Sediment physico-chemical
characteristics
Microphytobenthos

Subtidal and
Intertidal Reefs

Investigate the potential effects of iron sand extraction on the abundance and diversity of selected
subtidal and intertidal reef communities in the STB.
Investigate the levels of sand inundation/depletion around selected intertidal reef systems along the
STB coastline.

Intertidal and subtidal
ecological surveys using both
quantitative and qualitative
methods.
Drop camera photoquads.
Diver surveys
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Monitoring
Programme

Objectives

Methods

Marine
mammals

To ground-truth the predicted impacts of iron sand extraction on marine mammals; and
To conduct surveys to describe the variability of marine mammal relative abundance and
distribution in the STB during and after iron sand extraction.

Incidental sightings
Systematic observations
Aerial surveys
Acoustic surveys

Underwater
Noise

Establish underwater noise characteristics at selected locations within STB relative to the noise
contour established by way of marine consent condition.

Fixed-point underwater noise
surveys
Underwater noise: vessel
surveys

Recreational
Fish

Monitor and report on impacts to key recreationally targeted fish species to determine if changes to
recreational fishing and fish catch occur from the Project.

Catch per unit effort, total
abundance, size, Vessel
counts

Biofouling and
Biosecurity

Early detection of new marine pests introduced into the STB.
To allow implementation of marine pests emergency response where any Introduced Marine Pests
are detected.

Invasive species presence or
absence
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APPENDIX 2 – SSC RESPONSE LIMIT & COMPLIANCE LIMIT LOCATIONS

73

APPENDIX 3 – BENTHIC MONITORING STATIONS
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APPENDIX 4 – WATER QUALITY MONITORING STATIONS
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APPENDIX 5 – FIXED MOORING LOCATIONS
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APPENDIX 6 – SUBTIDAL MONITORING LOCATIONS
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APPENDIX 7 – INTERTIDAL MONITORING LOCATIONS
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APPENDIX 8 – NOISE LOGGER LOCATIONS
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APPENDIX 9 – BOAT RAMP SURVEY LOCATIONS
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APPENDIX 10 – COMPLIANCE LIMITS
Background percentiles (SSC mg/L)
Surface

Bottom
th

80
percentile Response
Limit

95
percentile Compliance
Limit

80
percentile
Response
Limit

95
percentile Compliance
Limit

Rolling Grounds

0.3

1.1

3.5

15.3

Graham Bank

1.7

4.5

32.8

84.0

Source A to Whanganui 1 km

1.1

2.7

16.9

44.2

Source A to Whanganui 20 km

2.3

5.9

29.0

76.6

South Traps

6.3

11.1

37.7

97.4

North Traps

7.2

12.4

46.5

115.0

Tuteremoana

8.5

13.6

23.7

62.5

STB Sites

th

th

th
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APPENDIX 11 – MONITORING BUOY DIAGRAM

82

APPENDIX 12 – CTD
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APPENDIX 13 – MOORING CONFIGURATION
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APPENDIX 14 – HERON NET SAMPLER
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APPENDIX 15 – VAN VEEN GRAB SAMPLER
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APPENDIX 16 – DROP CAMERA & VIDEO SLED
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APPENDIX 17 – NOISE LOGGER
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APPENDIX 18 – SAND INUNDATION ON TARANAKI REEFS

Photo 1: Greenwood Road Reef – September 2003

Photo 2: Greenwood Road – January 2004

Photo 3: Greenwood Road – February 2014 (left) & January 2015 (right) (TRC)
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APPENDIX 19 – MONITORING STATIONS WITH SSC MODELLING
OVERLAID

