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EXECUTIVE SUMMARY
In accordance with resource consents held by Port Nelson Ltd pertaining to the annual
maintenance dredging and spoil disposal programme, the monitoring stipulated by conditions
24, 37, 38, 39 and 43 of Coastal Permit No. RM075434 was carried out in October 2019.
The monitoring comprised two separate components, the first involving the collection and
analysis of dredged sediments; the second being a survey of the effects on water clarity of
spoil deposition within the Tasman Bay spoil ground.
Twelve sediment samples were collected from the dredge hopper while the dredger was
working within the Port. These came from three specified zones, three from each of the
Outer Harbour (OH) and Inner Harbour swing basin (IHS) areas, and six from the Inner
Harbour berth pockets (IHB). The samples from each zone were combined to generate three
composite samples for analysis of concentrations of key contaminants specified by the
consent. These included the trace metals copper, lead and zinc, polycyclic aromatic
hydrocarbons (PAHs) and organotin compounds. The analytical results indicated that, for all
three zone composites, concentrations were well below the consent limits (and also below
default guideline values) for all of the listed contaminants.
The water clarity survey was carried out in the vicinity of the Tasman Bay spoil ground
following the deposition of the first hopper-load of dredge spoil on 17 October 2019. The
spoil was deposited near the centre of the spoil ground and visual observations of the
resultant surficial sediment cloud or plume were followed by methods to track its progress
and rate of attenuation as it was advected by ambient currents. Three drogues were
deployed within the sediment plume once the dredger had moved off, allowing it to be
tracked even after the point at which it ceased to be visible to the naked eye. Parameters
related to water clarity were measured by the following methods:
• In situ water clarity at 0.8 m depth was measured continuously with a vesselmounted transmissometer as the research vessel traversed back and forth across
the plume at the position of the drogues.
• A record of turbidity within the estimated centre of the plume over time was
compiled using a drogue-mounted logger with turbidity sensors positioned at
0.35 m and 1 m depths.
• Surface water samples (0.8 m) were collected periodically for analysis of turbidity
and suspended solids, both within the plume and outside of it.
To assess compliance of water quality monitoring results with condition 43 of the consent, a
conspicuous change in water clarity was interpreted to mean a reduction in clarity exceeding
33% (consistent with relevant national guidelines). The change in water clarity attributable to
the spoil disposal plume was consistently below 10% (as measured by transmittance) where
the drogues crossed the mixing zone boundary. All of the measurements relating to water
clarity and suspended solids were consistent with rapid dissipation of the plume to nearbackground levels within the mixing zone, thereby meeting the requirements of the consent.
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The results of spoil ground turbidity plume monitoring have demonstrated full compliance
with consent conditions for the current and tenth year of the consent period, as well as for
each annual survey of its first three years. Therefore, pursuant to Condition 39, it is
recommended that this monitoring can be discontinued for the remainder of the consent
duration.
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1. INTRODUCTION
1.1. Background
Port Nelson Ltd (PNL) holds a resource consent to carry out maintenance and minor
capital dredging for the purpose of maintaining navigable depths for Port operations.
The consent permits an average of up to 50,000 m3 of sediment to be dredged
annually over any consecutive 3-year period, but not exceeding 70,000 m3 in any one
calendar year (Coastal Permit No. RM075434/02). Consent has also been granted to
dispose of the dredged material at the designated spoil ground in Tasman Bay
(Coastal Permit No. RM075434/03). Annual monitoring required under these consents
comprises the sampling and analysis of dredge hopper sediments during the dredging
campaign. An additional requirement for 2019 (being the first year of the second tenyear period of the consent) was the measurement and assessment of turbidity plumes
in the water column arising from the deposition of one dredge hopper load at the
offshore spoil ground. This had previously been undertaken annually over the first
three years of the consent (Sneddon 2009; Sneddon & Johnston 2011; Sneddon
2012a). Figure 1 shows the location of the area subject to maintenance dredging in
relation to the site in Tasman Bay established for the disposal of dredge spoil.

Figure 1.

The area subject to maintenance of depths through dredging at Port Nelson in relation to
the consented spoil ground and Tasman Bay.
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1.2. Scope
This report covers part of the monitoring required by the consents granted for Port
Nelson’s annual maintenance dredging and spoil disposal operations. Specifically, it
addresses the requirements of the following conditions of Coastal Permit No.
RM075434.
Conditions
24, 42
37, 38, 39, 43

2

Description
Collection, analysis and assessment of dredge hopper samples
Water quality monitoring at the spoil ground
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HOPPER SEDIMENT COLLECTION AND ANALYSIS

2.1. Consent requirements
Condition 24 of the dredging consent (RM075434) requires that:
Each year during maintenance dredging, the Consent Holder shall collect
a sediment sample from the hopper of the dredge after it has been
dredging in each of three harbour zones defined as follows:
a. Outer Harbour Maintenance Dredge Area
b. Inner Harbour Maintenance Dredge Area: Pocket adjacent ship
berth
c. Inner Harbour Maintenance Dredge Area: Pocket within swing
basin or Dixon Basin
The demarcation line that defines the Inner- and Outer-Harbour maintenance
dredging areas is a line that runs between the Number 5 channel marker (#4231) and
the starboard channel marker directly to the east (#4230.2). Location details are listed
in Table 1 and depicted in Figure 2.

Table 1.

Specifications for the demarcation line applied in the Consent ( RM075434) to separate
Inner- and Outer-Harbour maintenance dredging areas in Port Nelson.
Light number

Description

Position coordinates (WGS84)
Latitude

Longitude

4231

No. 5 channel marker

-41° 15.751'

173° 15.847'

4230.2

Starboard channel marker

-41° 15.810'

173° 16.031'

The sediment analytes specified by the consent for dredge hopper samples are the
metals copper (Cu), lead (Pb) and zinc (Zn); low and high molecular weight polycyclic
aromatic hydrocarbons (PAHs) and total PAHs; and tributyltin (Tbt). The compliance
limits are tabulated in Condition 42.
Condition 36 of the consent states that:
In the event of non-compliance with the limits ... the Consent holder
shall investigate the source of the elevated contaminants and identify
any adverse environmental effects arising from the elevated levels of
contaminants associated with dredge spoil disposal.

3
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2.2. Methods: Dredge hopper sediments
2.2.1. Sampling and sample processing

Sampling methodology is generally prescribed by the consent, although the
monitoring programme has adopted the generation of composite samples from
multiple replicate sub-samples for each of the dredging zones defined in Condition 24
of the consent. Composites for the Inner Harbour swing basin and Outer Harbour
zones are made up from triplicate sub-samples collected from different dredging
locations and times within each of the three Harbour zones. However, additional subsampling for berth pocket areas was recommended by Sneddon (2012a) as a result of
exceedances of Tbt consent limits in 2011 and its historically high variability. An
increase to six sub-samples for the Inner Harbour berth pocket (IHB) zone was first
adopted in 2012 (Sneddon 2013) and has since been retained as a standard
methodology. The greater number of sub-samples contributing to the composite
analysis sample should result in a better representation of bulk spoil concentrations of
Tbt. It also allows follow-up (2nd tier) analysis of a greater number of sub-samples,
which may better indicate problem areas within the Port.
Sub-samples were collected by an independent contractor on the dredger Kawatiri
during dredging of the Harbour over the period 27 September–13 October 2019. The
sub-samples were placed in pre-labeled 1.5 L containers and the time and dredge
position coordinates were recorded at each collection point (Appendix 1; Figure 2).
Equal sediment volumes from each of the sub-samples were composited to form a
single sample for analysis for each of the three dredging zones. The residual portion
of each sub-sample was placed in cold storage for possible follow-up analysis, if
required. The three composite samples were analysed by the laboratory1 according to
the summary in Table 2.
2.2.2. Data analysis

It should be noted that, while the trigger values specified by the ANZG (2018)
sediment quality guidelines for organic contaminants are intended to be compared to
sediment concentrations of organic contaminants normalised to 1% organic carbon,
no such stipulation is made by the maintenance dredging consent. Further rationale
against such normalisation includes the intended application of the ANZG triggers to
the characterisation of receiving environment sediments (as opposed to spoil
discharged to them). Hence, despite previous recommendations that normalisation be
applied (Sneddon 2012b, 2014), this approach was not employed for the current data.

1

4

Hill Laboratories Ltd, Hamilton.
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Layout of maintenance dredge areas in Port Nelson and approaches showing dredging
sites where hopper sediment sub-samples were collected in September–October 2019.
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Summary of analytical methods used for composite dredge hopper sediment samples.
Note: Mbt = monobutyltin, Dbt = dibutyltin, Tbt = tributyltin, TPhT= triphenyltin.

Analyte

Method No.

Description

Trace metals
(Cu, Pb, Zn)

USEPA 200.2

Detected by ICP-MS (inductively coupled plasma
mass spectrometry) following nitric/hydrochloric
acid digestion

PAHs

USEPA 8270C

Sonication extraction, SPE clean-up, GC-MS SIM
analysis (gas chromatography–mass
spectrometry selected ion monitoring mode).

Organotins (Mbt,
Dbt, Tbt, TPhT)

Hill Lab. inhouse method

Chelation / solvent extraction, ethylation.
Detected by GC-MS SIM.

TOC

Hill Lab. inhouse method.

Acid pre-treatment to remove carbonates present
followed by Catalytic Combustion (900°C, O2),
separation, Thermal Conductivity Detector
[Elementar Analyser].

2.3. Results: Dredge hopper sediments
Details of the sediment sub-samples collected from the hopper of the dredger
Kawateri are given in Appendix 1. These varied significantly in texture. Three of the
six berth pocket sub-samples were notably coarser than has been typical of previous
years, featuring a dominant shell/gravel component rather than the more usual fine
soft muds. Although not elevated in organic carbon, some of the sub-samples had
undergone some standing time prior to chilling and presented with a slight to
moderate odour of decay.
The results of analyses of the composited samples are listed in Table 3 along with the
ANZG (2018) DGV criteria2 and the stipulated Consent limits. The concentrations of
all contaminant analytes were well below their corresponding consent limits and also
below DGV.
2.3.1. Trace metals

As for past monitoring years, concentrations of the three trace metals (Cu, Pb, Zn) in
the OH and IHS composite samples are considered to mostly reflect the natural
background levels in these sediments. While metal concentrations continue to be
notably higher in the IHB sample, a slight decrease was observable for the current
year (Figure 3), thought to result from the coarser sediments in three of the
contributing sub-samples rather than from a broader change in contamination status.

2

6

The ANZG (2018) aquatic sediment quality guidelines are biological effects-based criteria that use two distinct
threshold levels under which biological effects are predicted. These criteria use statistical models to determine
the levels at which effects can be predicted with a certain degree of confidence. The lower threshold (default
guideline value, DGV), indicates a possible biological effect while the upper threshold (GV-High) indicates a
probable biological effect.
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Results of sediment analyses for dredge hopper samples collected 27 September–
13 October 2019.All values in mg/kg. Concentration values for analytes that do not
contribute to consent-stipulated summation totals are shown in grey-shaded cells.

0.11

Inner
Harbour
Berth
Pocket
0.32

Inner
Harbour
Swing
Basin
0.13

5.9
3.9
26

24
7.2
59

7.8
3.9
25

< 0.013
< 0.003
< 0.003
< 0.003
< 0.003
< 0.003
< 0.003
< 0.003
0.01
0.01
0.008
0.006
0.005
0.007

0.012
0.004
0.004
0.017
0.003
0.015
0.036
0.124
0.21
0.23
0.21
0.115
0.098
0.131

Outer
Harbour

Analyte
Total organic carbon
Trace Metals
Copper
Lead
Zinc

Polycyclic aromatic hydrocarbons (PAHs)
Naphthalene
< 0.010
1-Methylnaphthalene
< 0.002
2-Methylnaphthalene
< 0.002
Acenaphthylene
0.002
Acenaphthene
< 0.002
Fluorene
< 0.002
Anthracene
0.004
Phenanthrene
0.017
High molecular weight PAHs a
0.03
Pyrene
0.045
Fluoranthene
0.044
Benzo[a]anthracene
0.017
Chrysene
0.013
Benzo[a]pyrene (BAP)
0.019
Benzo([b]&[j])fluoranthene

0.021

0.008

0.135

Benzo[k]fluoranthene

0.011

0.005

0.064

Benzo[e]pyrene

0.009

0.003

0.056

Perylene

0.007

0.004

0.039

0.014
0.014
0.002
0.14
0.17

0.007
0.006
< 0.003
0.04
0.05

0.116
0.085
0.013
0.80
1.00

< 0.007
< 0.005
< 0.004
< 0.003

< 0.007
< 0.005
< 0.004
< 0.003

< 0.007
< 0.005
< 0.004
< 0.003

Indeno(1,2,3-c,d)pyrene
Benzo[g,h,i]perylene
Dibenzo[a,h]anthracene
Low molecular weight PAHs b
Total PAHs c
Organotin compounds
Monobutyltin (as Sn)
Dibutyltin (as Sn)
Tributyltin (as Sn)
Triphenyltin (as Sn)

DGV

Consent
Limit
or
0.5x GV-H

65
50
200

135
110
205

1.58

10

4.8
22.5

0.009

0.035

a.

Based on the ANZECC (2000) guidelines, Low MW components include; acenaphthene, acenaphthalene,
anthracene, fluorene, 2-methylnaphthalene, naphthalene and phenanthrene.

b.

Based on the ANZECC (2000) guidelines, High MW components include benzo(a)anthracene, benzo(a)pyrene,
chrysene, dibenzo(a,h)anthracene, fluoranthene and pyrene.

c.

The sum of low- and high molecular weight PAHs.
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Similar to trace metals, the conspicuous decrease in organic carbon in the composite
berth pocket sample for 2019 (Figure 3) is consistent with expectations for the
significantly coarser sediments observed during sample preparation (Appendix 1).

Figure 3.

8

Trends in sediment concentrations of trace metals (mg/kg) and organic carbon (g/100 g)
across monitoring years for composite samples from the three dredging zones. Red
dashed gridline represents ANZG (2018) default guideline value (DGV).
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2.3.2. Polycyclic aromatic hydrocarbons (PAHs)
Treatment of laboratory results

The seven low molecular weight (LMW) and six high molecular weight (HMW) PAH
analytes listed in the ANZECC (2000) guidelines form the basis of the consent limits
(see Table 3). However, the PAH suite measured by Hill Laboratories Ltd has varied
over time. Initially including four additional HMW analytes, it currently comprises eight
LMW and 12 HMW analytes. Monitoring reports prior to 2015 have applied summation
to all PAH analytes reported by the laboratory, making the assessment of compliance
inherently conservative. However, the continuing changes to the analysis suite have
compromised the comparability possible from this approach. Hence, for comparison
against consent limits and the presentation of temporal trends in the yearly data,
summation has been limited to the 13 ANZECC-listed PAH compounds. While it is
recognised that the updated sediment quality guidelines (ANZG 2018) have both
simplified3 and relaxed the low-risk trigger (ISQG-Low/DGV), the continuation of this
approach is both consistent with the basis of the consent limits derivation and better
maintains comparability across monitoring years. The convention of substituting a
value of half the analytical detection limit (ADL/2) where any of the PAH analytes are
below detectable concentrations has been applied for these summations.
Current sampling event and trends

Concentrations of PAHs in all three composite samples were well below both the
consent limit and DGV criteria (Table 3). However, a comparison to the historical
record (Figure 4) reveals several notable differences.
Unusually, the berth pocket composite sample (IHB) recorded a lower total PAH
concentration (0.05 mg/kg) than those from either of the other two zones, the lowest
for IHB since hopper sediment records began in 2009 (Figure 4). The pattern of PAH
results across the three samples contrasts with that for trace metals and is not readily
explainable. However, it is likely that the current IHB minimum relates at least partly to
the coarser nature of the sample and lower organic carbon content since both fine
sediments and organic matter typically act to retain organic contaminants.
Aside from the low value for zone IHB, the most notable feature of the PAH results
was the relatively higher concentration within the swing basin composite (IHS)
sample. While elevated PAHs are not unprecedented for IHS (most notably in 2010),
slightly elevated concentrations have also been returned for the most recent three
years (Figure 4). Although remaining generally low, the outer harbour sample was
also notable for recording its greatest concentration of PAHs for the ten-year
monitoring period.

3

PAH summations for ANZG (2018) include the 18 parent PAHs: naphthalene, acenaphthylene, acenaphthene,
fluorene, anthracene, phenanthrene, fluoranthene, pyrene, benz[a]anthracene, chrysene, benzo[a]pyrene,
perylene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[e]pyrene, benzo[ghi]perylene,
dibenz[a,h]anthracene and indeno[1,2,3-cd]pyrene.
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Trends in sediment concentrations of polycyclic aromatic hydrocarbons (PAHs; mg/kg)
across monitoring years for composite samples from the three dredging zones. Note: The
2010 IHS composite (31.8 mg/kg) was subsequently resampled by divers (fine dashed
line) four months following dredging (Sneddon 2011), returning a value of 0.12 mg/kg.

2.3.3. Organotin compounds

No organotin compounds were present above ADL (0.004 mg Sn/kg for Tbt) in any of
the three composite samples (Table 3), a result unprecedented in the historical
record. While it may be tempting to relate this to the recent removal of a potentially
significant source of antifouling contamination in the Calwell Slipway Basin (Sneddon
2018), the very high variability in the Tbt results across years (Figure 5) suggests that
such a result could occur by chance alone4. Hence such an inference would only be
possible once more data have been compiled.

4

Variability of tributyltin within berth pocket zone composite samples continues to be an issue for the dredged
sediment monitoring programme; however, the adoption of a tiered analysis approach from 2011 and increased
sub-sample numbers from 2012 have been largely effective in providing a suitable assessment of compliance
for this parameter.

10
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Trends in sediment concentrations of tributyltin (Tbt; mg/kg) across monitoring years for
composite samples from the three dredging zones. The geometric mean for the berth
pocket zone (IHB geomean) was derived from 2nd tier analyses of individual sub-samples
contributing to the composite. Second-tier analysis was not required for years where the
composite was compliant (2009, 2010, 2014, 2018 and 2019). The red dashed gridline
represents ANZG (2018) DGV. The solid red gridline shows the consent limit for Tbt. The
grey-shaded area represents the analytical limit of detection (ADL). Concentrations below
detection are depicted as ADL/2. Note log10 scale of y-axis.
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SPOIL GROUND TURBIDITY

3.1. Consent requirements
The sections of the consent which relate to the monitoring of sediment plumes arising
from spoil disposal are Conditions 37 to 39 and Condition 43, which read as follows:
Water quality monitoring
37.

Subject to condition 39, each year during the maintenance dredging program, the
consent holder shall conduct a turbidity plume survey following the disposal of a
single hopper-load of spoil at the spoil ground.
Parameters to be measured are as follows:
a) Turbidity (NTU) and/or clarity (transmissivity or secchi disc)
b) Total suspended solids (TSS)
As a minimum, turbidity/clarity should be measured and grab samples for TSS
taken at a point on the perimeter of the zone of reasonable mixing down-current
from the discharge location when and where it is crossed by the turbidity plume.

38.

In order to test compliance with the discharge receiving water compliance limits
an up-current sample control point will be tested at or beyond the zone of
reasonable mixing.

39.

Notwithstanding condition 37, if, at the completion of the third turbidity plume
survey, compliance has been demonstrated for each discharge event that is
monitored, then such water quality monitoring can be discontinued for the
remainder of the initial 10-year period. If the first turbidity plume survey in the
second 10-year period complies with these conditions, then such water quality
monitoring can be discontinued for the remainder of the Consent duration.

Discharge Receiving Water Compliance Limits (Class FEA)
43.

For water quality monitoring at the spoil ground, the following receiving water
standards shall apply after a zone of reasonable mixing, being 800 meters
radially from the perimeter of the dredge spoil disposal site:
There shall be no:
a) production of any conspicuous oil or grease films, scums or foams or
floatable or suspended material, and
b) conspicuous change in the colour or visual clarity, and
c) emission of objectionable odour in the receiving water.
d) significant adverse effects on aquatic life arising from the discharge of a
contaminant into water of the deposition of dredge spoil on the seabed.
Advisory note: The dredge spoil disposal site is 0.6 km in radius. The zone of
reasonable mixing is 800 metres outside this area. Hence, compliance must
occur at a distance 1.4 km from the centre of the dredge spoil disposal site. The
standards are outlined in the regional coastal plan and apply to Water Quality
Class FEA being water managed for fishing, fish spawning, aquatic ecosystems,
and aesthetic purposes. Hence, they must be met with respect to this application.
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3.2. Methods: Spoil ground turbidity
Monitoring of turbidity plumes arising from dredge spoil disposal was conducted on
17 October 2019. Cawthron’s 7.2 m research vessel Waihoe was used for the plume
tracking survey, which was conducted between 07:30 and 11:30 (NZDT). Weather
conditions were calm (~5 kn SW) with thin patchy cloud cover. Low tide (-1.70 m
MSL) occurred at 06:27 (NZDT) so the tide was in flood for the whole survey period.
The dredger Kawateri had completed filling her first hopper-load of the day from the
Coastal Berth area (south adjacent to Main Wharf south) and then deposited this
material near the centre of the spoil ground at 08:27 (NZDT). Based on the plume
visible in the wake of the Kawateri, the estimated deposition point was some 80 m
SSE of the spoil ground centre.
3.2.1. Plume tracking

In order to identify clearly the point at which the plume crossed the boundary of both
the spoil ground and its associated mixing zone, three GPS tracking drogues (or
drifters) were released at the centre of the visible plume as soon as the Kawateri had
moved off after emptying her hopper. These drogues were followed by Waihoe as
they moved initially in a SW direction then due south out of the spoil ground. The
drogue GPS units were set to internally log their positions every 15 seconds to allow
their tracks to be subsequently plotted for analysis.
3.2.2. Turbidity measurement

One of the drogues released within the deposition plume was equipped with four
Optical Backscatter (OBS) turbidity sensors mounted at depths of 0.35 m, 1.0 m,
2.5 m and 6 m beneath the float. The turbidity data (FTU5) from these sensors were
compiled with the GPS position at 15 second intervals by a logger mounted within the
float. It was subsequently found that only the two sensors closest to the water surface
had provided reliable data. To aid with comparability, these data were later scaled by
calibrating the sensor outputs against a Hach 2100P field nephelometric turbidimeter
(Appendix 2, linear fit; R2 >0.997) and is reported in units of NTU.
Discrete turbidity measurements (by Hach 2100) were also taken from each of the
samples for suspended solids analysis (see Section 3.2.4 below), at the time of
collection, to provide an independent turbidity record (in NTU) related specifically to
TSS.

5

Although generally equivalent, Formazin Turbidity Units (FTU; for OBS based on 180 degree scatterance) and
Nephelometric Turbidity Units (NTU; 90 degree scatterance) are not exactly analogous.
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3.2.3. Transmissivity (clarity) measurement

Receiving water clarity effects in the vicinity of the spoil plume were monitored from
the survey vessel using a 25-cm path length WetLabs C-StarTM transmissometer
(green 530 nm). This was mounted over the side of the vessel at a fixed depth of
approximately 0.8 m while moving at idle speed through the plume and areas adjacent
to it. Transmissivity data were collected in real-time at 5 second intervals and merged
with vessel position using a GPS-linked data-logging system. To aid navigation, these
data were simultaneously displayed on a monitor using ArcMap© GIS software.
Transmissivity gives a measurement (% transmittance) directly analogous to water
clarity, so a record can be compiled which is immediately interpretable with respect to
consent conditions expressed as an allowable reduction in clarity.
3.2.4. Suspended solids

Discrete 1-L seawater samples were collected from approximately 0.8 m water depths
(at the transmissometer) for the analysis of total suspended solids (TSS). Three
control or reference samples were collected, the first from near the centre of the spoil
ground 37 minutes prior to spoil deposition, the second (at 2 hours following
deposition) from within the spoil ground mixing zone outside the plume track and the
third (at 3 hours following deposition) from a point 1.87 km SSE of the spoil ground
centre. All other samples were from within the plume at the position of the turbidity
logging drogue. Pursuant to Condition 37 of the consent, three of these samples were
collected in quick succession (over a 5-minute interval, 2 hours 15 minutes following
deposition) on the edge of the spoil ground mixing zone where it was crossed by each
of the three tracking drogues, respectively.

3.3. Results: Spoil ground turbidity
3.3.1. General observations

Viewed from the survey vessel, the plume left by the spoil deposition was reasonably
distinct immediately following deposition; but only from relatively close by (within
approximately 100 m). The plume was observed to be very patchy, with areas of
clearer water within its outer boundaries (Figure 6), making optimum placement of the
logging drogues quite challenging. However, it was possible to visually confirm that
the drogues remained within the plume for a short time following deposition. After
approximately 30 minutes, the plume was not easily discernible and would not have
been distinct to a casual observer.
The drogues crossed the spoil ground boundary at around 9:35 (NZDT), 68 minutes
after deposition. The mixing zone boundary was crossed at around 10:40,
133 minutes after deposition.
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Photograph of the spoil plume at approximately 5 minutes elapsed time since deposition.
Two of the deployed drogues are visible with the dredger Kawateri steaming back to the
Port at back. A polarising filter has been used to reduce surface glare and the spatial
patchiness of the initial plume can be clearly seen.

3.3.2. Drogue tracks

The current transporting the plume and drogues varied over the course of the
monitoring period. Initially, it tracked south-west at a speed of 20 cm/sec but soon
turned south, slowing momentarily to 10 cm/sec at 300 m distance, before steadily
increasing from 15 cm/sec to 25 cm/sec for the remaining 1.5 km of the track. The
average 20 cm/sec current speed was comparable to that experienced during the
September 2010 plume tracking survey (Sneddon & Johnston 2011), for which tidal
and weather conditions were similar.
The drogue tracks followed a curved southward path very similar to those observed
for both the 2010 and 2011 surveys, and this is likely to indicate a typical flood-tidal
flow across the spoil ground. The drogues generally stayed together throughout the
monitoring period with only slight track divergence (Figure 7).

3.3.3. Water clarity
Background transmissivity data set

The background data set for transmissivity in the surface waters of the spoil ground
was collected over a 32-minute interval from 7:42 (NZDT) on the day of the survey.
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This comprised 377 records at 3 second intervals over a linear distance greater than
1 km. Transmissivity values ranged from 76.1% to 78.6% with a mean of 77.7% and a
standard deviation of 0.5%. From the water sample collected at the same time
(Cntl 1), this transmissivity coincided with a (field measured) nephelometric turbidity of
1.64 NTU and total suspended solid concentration of 5 mg/L (Table 4).
Post-deposition transmissivity data

Water clarity effects along the vessel track, in the form of transmissivity change from
the background mean value, are presented spatially on the spoil ground map in
Figure 7. Seawater sampling locations are also shown in Figure 7 and the results of
laboratory water analyses are listed in Table 4.

Table 4.

Sample/

Summary data for the seawater sampling points, including laboratory-measured
suspended solids (TSS) and field (Hach 2100) turbidity values and transmissivity
readings.

Time

Event

Distance b

time

Blank a

Transmissivity e

Water samples

Logging

Turbidity c

Drogue d

Absolute

Decrease

(NTU)

(%)

(relative.
to Cntl 1)

-

-

1.28

78

0%

TSS

(NZDT)

(min)

(m)

(g/m³)

(NTU)

-

-

-

-

0.63

5

1.64

Cntl 1

7:50

-37

60

Dump

8:27

0

0

SG1

8:42

15

140

11

5.84

3.29

45

42%

SG2

9:05

38

300

6

3.85

1.44

67

14%

SG3

9:35

68

580

3

3.29

1.64

71

9%

Cntl 2

10:29

122

1210

5

1.90

76

2%

MZE1

10:40

133

1350

4

1.78

79

-1%

MZE2

10:43

136

1340

4

1.81

77

1%

MZE3

10:45

138

1330

5

1.64

79

-1%

TSS9

11:05

158

1660

4

1.84

77

1%

Cntl 3

11:26

179

1780

5

4.30

60

23%

a.
b.
c.
d.
e.

16

Elapsed

-

1.42
1.48

Nelson tap water.
Distance from the approximate dump site.
Nephelometric turbidity (Hach 2100 turbidimeter) measured in TSS samples at point of collection in the field.
Turbidity measured by logging drogue at 1 m depth (post-calibrated to Hach 2100). Average of 4 records covering a
1-minute interval.
Average of 6 records covering a 30 second interval.
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Figure 7.
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Change in water clarity following the spoil deposition event as measured by vesselmounted transmissometer and represented by graduated symbols along the vessel track.
The vessel track is overlaid on the drogue/plume track with plume crossings occurring in
the vicinity of the drogues. Fly-out labels show the dump site and locations where
samples were collected for TSS analysis. The non-uniform spacing of the location trackpoints derives from a conflict between the sampling and refresh frequencies used by the
data logging routine which caused some fixes to be skipped. However, the spatial scale
at which this occurred does not compromise interpretability of the record.
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It can be seen from Figure 7 that decreases in surface water clarity (relative to
background) greater than 33% were recorded within the plume only within the spoil
ground boundary. Changes exceeding 10% were not recorded at a distance greater
than 150 m outside the spoil ground, 650 m before the plume reached the mixing
zone boundary. By the time the plume had propagated halfway across the 800 m
mixing zone, it was within 5% of the background value of 79% and generally not
detectable by transmissometer above background variability.
Another way of visualising the attenuation of the plume is provided in Figure 8, where
the time-based transmissivity change log recorded by the vessel is plotted and a
trendline is shown representing the change along the plume centreline.

Figure 8.

Time-based plot of transmissivity change (from background) along the vessel track. The
maxima (through which an exponential trendline has been fitted) logically represent the
plume centreline. Note the significant decrease in water clarity at the end of the track as
the vessel crosses a turbidity front apparently unrelated to the spoil deposition (also
visible in Figure 7).

At the completion of plume tracking and retrieval of the drogues, the vessel was
turned onto a course back to the harbour, but the transmissometer was left logging for
approximately 800 m. During this interval, the vessel crossed a turbidity front into an
area of turbid water apparently unrelated to the dredge spoil deposition (Figure 7,
Figure 8). Such fronts are a common occurrence in near-shore areas of southern
Tasman Bay. They may result from estuarine outflows and can be conspicuous,
persisting for some time and distance. This instance provides some context for the
clarity changes observed from spoil deposition.
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Turbidity logging drogue

The record compiled from the turbidity-logging drogue is plotted and portrayed
spatially in Figure 9. A 37-minute pre-deposition deployment of the turbidity drogue at
the spoil ground centre recorded levels (scaled to nephelometric turbidity) of 1.3 NTU
and 1.4 NTU at surface (0.35 m) and 1 m depth, respectively. The scaled OBS
turbidity data were generally consistent with the transmissivity record, showing rapid
initial dissipation of plume strength. The limited divergence of the drogue tracks over
the course of the study (Figure 7) suggests that initial rapid decreases were due more
to settlement of plume particulate matter rather than lateral dispersion. Levels of
turbidity equivalent to the background were achieved well before the plume reached
the mixing zone boundary.
While there is some ‘noise’ associated with the drogue’s turbidity record, much of the
larger-scale variability observed soon after deposition is considered likely to reflect the
residual vertical mixing and turbulence created by the deposition event. The
attenuation of turbidity observed by the drogue appears to have occurred more rapidly
than that indicated by the vessel transmissivity record (Figure 8). This is likely due to
the difficulty of placing the drogue directly on the plume centreline and the tendency
for the most turbid surface water to shift laterally with any vertical mixing occurring
along its propagation path.
3.3.4. Suspended sediments levels

Although consistent with the rapid attenuation of the surface plume across the spoil
ground, total suspended solids analysed in the collected water samples (Table 4)
were poorly correlated with their field-measured turbidity (Appendix 3). This is likely to
reflect the relatively limited precision of the TSS analysis (integers of mg/L) combined
with typically variable single turbidity readings. While the correlation to logging drogue
turbidity readings (averaged over an interval when the sample was taken) was better
(R2 = 0.89), it is clear that the samples collected near to and beyond the mixing zone
edge had become as much affected by spatial and temporal changes in background
turbidity as by any residual plume from spoil deposition. On their own, the water
sample analysis records indicate that near-background TSS was regained by the
edge of the spoil ground.
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Figure 9.
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Results from continuous turbidity logging by a drogue placed in the plume. Top: Spatial
representation of drogue/plume track with graduated symbols corresponding to turbidity
at 1 m depth. Bottom: Scatter plots of the turbidity data at 0.35 m and 1 m from surface
versus distance south from the release point with horizontal gridlines corresponding to
symbol ranges in the top plot (1.6, 1.8, 2.2 and 5.0 NTU). Note that the turbidity axes are
cropped at 8 NTU. Initial turbidity values immediately following spoil deposition were
greater than 10 NTU at both depth levels. It is unclear what caused the anomalous dip in
the 0.35 m turbidity trace as it approaches the mixing zone boundary.
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3.4. Consent compliance
The applicable water quality standards outlined in the Nelson Resource Management
Plan for Water Quality Class FAE (being those managed for fishing, fish spawning,
aquatic ecosystems and aesthetic purposes) are listed in Condition 43 of the consent
(see Section 3.1). These are narrative standards and, as such, require interpretation
with respect to the compiled quantitative data from this study.
Guideline documents concerning water clarity and colour aim to provide criteria that, if
met, will avoid ‘conspicuous’ visual changes to receiving waters (after reasonable
mixing) following wastewater discharge or other disturbances. Quantitative criteria
relevant to the disposal of dredge spoil include those from the following sources:
•

ANZG (2018) updates the ANZECC (2000) water quality guidelines but guidance
on water clarity remains largely unchanged. The guidelines recommend that, for
slightly to moderately disturbed systems, default guideline values (DGVs) should
be based on the 80th percentile of minimally impacted reference-site data.
However, in complex coastal systems, the difficulties in identifying suitable
reference sites that are subject to an equivalent set of water quality influences
should not be underestimated. Moreover, noting that such reference sites must
have sufficient historical data to characterise water quality condition and
variability, the guidelines acknowledge that this will in many cases present a
significant challenge.

•

MfE (1994) Water Quality Guidelines No. 2: A detailed review of colour, clarity
and fine suspended solids criteria from various countries has been presented in
this document. For Class A waters, where visual clarity is an important
characteristic of the water body, clarity should not be changed by more than
20%. For more general waters, the visual clarity should not be changed by more
than 33 to 50% depending on site conditions.

For the clarity investigations described here, the application of a 33% criterion to the
dredge spoil plume appears appropriate. However, this is possibly a conservative
figure in the context of naturally occurring near-shore clarity fluctuations, in particular
concerning ebb-flow estuarine plumes which can extend to beyond the vicinity of the
spoil ground.
The current survey found that a criterion of no more than 33% clarity change from
background was satisfied well before the plume had travelled a distance of 800 m
(equivalent to the width of the mixing zone defined by the consent), hence it is
concluded that compliance with Item b) of Condition 43 was achieved on this basis.
Variability in background clarity has been a feature of all four plume-tracking surveys
carried out to date. However, the results of clarity and suspended solids monitoring
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within sediment plumes resulting from dredge spoil deposition have been generally
consistent across monitoring events.
Concerning observations of odour and films/scums/foams/floatables, compliance with
items (a) and (c) of Condition 43 was also established. Compliance with item (d),
relating to significant effects on aquatic life, cannot be confirmed from the results of
this monitoring study and is more appropriately established from the consent-specified
benthic monitoring. However, the strength and rate of dissipation of the plume do not
raise specific concerns in regard to effects on aquatic life beyond the defined mixing
zone.
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4. SUMMARY AND CONCLUSIONS
Concentrations of all consent-specified contaminants in the composite sediment
samples from the three dredging zones were well below their applicable consent limits
and also below the corresponding ANZG (2018) default guideline values. Notably,
organotin compounds were below detection in all three zone samples.
As has been typical of the monitoring record, the berth pocket composite was
elevated in copper, lead and zinc compared to those from the swing basin and outer
harbour zones. In contrast, PAHs in the berth pocket sample were markedly lower
than in either of the other zone composites.
The lower contaminant levels in the berth pocket zone composite relative to previous
years are likely to relate, at least partly, to the very coarse texture of three of the six
contributing sub-samples.
Ten years of analysis results were plotted for composited hopper samples from the
three dredging zones. Although the data for PAHs and tributyltin have been variable,
the current results are consistent with the historical record and, bearing in mind the
noted textural differences between monitoring events, no temporal trends are
indicated.
The results of spoil ground turbidity plume monitoring have demonstrated full
compliance with Consent conditions for the current tenth year of the consent period,
as well as for each annual survey of its first three years. Therefore, pursuant to
condition 39, it is recommended that ‘such water quality monitoring can be
discontinued for the remainder of the consent duration’.
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6. APPENDICES
Appendix 1.

2019 Dredge hopper sub-samples: data and photos.

Table A1.1.

Transcription of sub-sample collection details (dredger ‘Kawatiri’) and sediment
observations.

Sample zone

Rep

Date

Time

Latitude

Longitude

Location description

Outer Harbour

A

27/09/2019

10:00

-41°15.070

173°14.894

Outer approach

B

4/10/2019

9:30

173°15.842

Beacon 5

OH

Grey fine sand
-41°15.770

Shelly silty sand
C

4/10/2019

10:35

-41°15.168

173°14.940

Outer approach

173°16.389

McGlashen south

173°16.312

North of Main Wharf

Grey fine sand
Inner Harbour

A

10/10/2019

8:10

(Berth Pocket)
IHB

-41°15.663
Very fine mud

B

4/10/2019

15:00

C

10/10/2019

10:55

-41°15.541

Gravel / shell / sand
-41°15.655

173°16.156

Main Wharf

Mix of pebble / gravel and mud
D

13/10/2019

11:45

E

10/10/2019

10:10

-41°15.503

173°16.454

Kingsford West

Sandy gravelly mud
-41°15.600

173°16.396

McGlashen

Very coarse gravel and pebble material
F

13/10/2019

10:00

-41°15.484

173°16.632

Kingsford East

173°16.277

Beacon 9

Very fine mud
Inner Harbour

A

27/09/2019

12:30

(Swing Basin)
IHS

-41°15.402

Broken shell with sand and silt
B

27/09/2019

10:50

-41°15.274

173°16.737

Beacon 16

Grey fine to medium sand
C

27/09/2019

14:45

-41°15.366

173°16.378

Beacon 10

Mix of broken shell and silty sand
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Figure A1.1
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Photographs of the sediment sub-samples collected from the dredge hopper in
September–October 2019 (prior to compositing for analysis).
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Appendix 2. Calibration of turbidity logging drogue sensors against Hach 2100
nephelometric turbidity for discrete samples.
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Figure A2.1 Logging drogue sensor at 0.35 m water depth.
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Figure A2.2 Logging drogue sensor at 1 m water depth.
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Comparison of field-collected and water sample analysis data.
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Figure A3.1 Total suspended solids vs Hach 2100 turbidity in the collected water samples.
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Figure A3.2 Water sample Hach 2100 turbidity vs turbidity simultaneously recorded by the logging
drogue sensor (average of four readings over 1 minute) at 0.35 m water depth.
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