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Executive summary 

Chancery Green on behalf of Refining NZ commissioned Tonkin + Taylor Ltd (T+T) to undertake a 
coastal geomorphology assessment for their Marsden Point site.  This is to support the 
development of options to allow existing vessels to have greater loads while safely transiting to 
and from the Marsden Point refinery.  

The main objective of this Stage 1 study is to inventory, review and summarise existing 
documents and data to highlight relevant information towards the overall project objective 
previously described. For the avoidance of doubt, this report does not seek to assess the likely 
actual or potential effects of the proposal on the geomorphology of the adjacent open coast 
shoreline, the harbour and its entrance. 

Our review of existing information and knowledge, particularly focussing on the environs adjacent 
to the refinery site, including the flood and ebb shoal and the adjacent seabed and shoreline has 
shown that there is a reasonable amount of good quality information on historic shoreline change 
(aerial photographs, surveys and reports) and bathymetry (bathymetric charts and fair sheets) to 
provide a good base to support further data collection and assessments required for the present 
study.   

The Whangarei Harbour can be classified as a single spit enclosed estuary of fluvial origins.  Its 
location is stable, controlled by Whangarei Heads to the north and the large ebb delta to the 
south.  The inlet is tide dominated with tidal flows significantly greater than littoral transport 
which results in a stable inlet.  

The preliminary analysis of historic bathymetric data shows that over the 42 year period there has 
been no significant change to the ebb tide delta.  More detailed analysis of Mair Bank, the 
shallower part of the ebb tide delta, shows that this feature is also dynamically stable over the 
last 60 years, but with natural fluctuations in the surface topography in the order of ± 1 m 
(vertical) and ± 2 m (horizontally) as banks and channels shift in response to storm events and 
tidal currents. 

Key requirements for additional investigation include: 

 Updated bathymetry to enable assessment of changes since 1981 and to provide current 
level information for modelling 

 Sediment sampling to improve characterization of the seabed over the channel, ebb shoal 
and environs (currently being undertaken by Bioresearches Ltd) 

 Preliminary design assessments of stable side slopes for the proposed dredged channel 
using results of updated bathymetric surveys (including Multi-Beam) for the general 
channel and specific considerations off Home Point to be done by Royal Haskoning Ltd 

 Additional geotechnical investigations coordinated by Royal Haskoning Ltd to support 
improved understanding of side slope stability 

 Evaluation of hydrodynamic modelling outputs from MetOcean to assess effects on 
shoreline evolution and changes to ebb delta. 

 

These tasks have been incorporated into field investigation work currently being carried out and 
for investigations and analysis to be completed as part of the Stage 2 studies. 



1 

 
 

Tonkin & Taylor Ltd 
Refining NZ, Marsden Point Site - Stage 1: Geomorphology and Baseline Report. Confidential Final 
Chancery Green on behalf of Refining NZ Ltd 

August 2015 
Job No: 30488.v7 

 

1 Introduction 

1.1 Background 

Chancery Green on behalf of Refining NZ commissioned Tonkin + Taylor Ltd (T+T) to undertake a 
coastal geomorphology assessment for their Marsden Point site.  This is to support the development 
of options to allow existing vessels to have greater loads while safely transiting to and from the 
Marsden Point refinery. 

The purpose of this commission is to characterise the physical coastal environment and to provide a 
robust assessment of both the long-term and short-term consequences of the proposed dredging 
and disposal activity on both the physical coastal processes operating in this area and the adjacent 
environment.  The assessment will inform other investigations being undertaken to support the 
Assessment of Effects on the Environment, should a resource consent application be filed seeking 
authorisation for the project.  That is, it does not seek to assess the actual and potential 
geomorphological effects of the proposal.  Instead, it is intended as part of the scoping and 
development of the proposal. 

 

Figure 1-1: LINZ Hydrographic Charts (NZ 5214) showing the channel boundaries and indicative dredging area 
as well as the indicative extent of Mair Bank extending above Chart Datum contour 

1.2 Project scope 

The main objective of this Stage 1 study is to inventory, review and summarise existing documents 
and data to highlight relevant information towards the overall project objective previously 
described.  To do so, the following stages have been identified:  

 Review of existing information and knowledge particularly focussing on the environs adjacent 
to the refinery site, including the flood and ebb shoal and the adjacent seabed and shoreline.  
A key part of this work scope is to identify existing field data that may be used to calibrate 
and/or verify numerical models. 

 A preliminary assessment of the geomorphology and key physical processes.  This is to provide 
a high level assessment of the dynamics and scale of the existing system that can help with the 
understanding of physical processes and determining the scale and resolution of future model 
studies. 
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This baseline report includes an assessment of historic changes, existing data and physical processes 
and conceptual models of the flood and ebb shoal interaction and the adjacent nearshore and 
coastal processes. 

1.3 Datums and coordinates 

All levels within this report are presented in terms of One Tree Point Vertical Datum 1964 (OTP64 or 
Reduced Level).  Coordinates are presented in terms of New Zealand Transverse Mercator (NZTM). 
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2 Background information 

This section provides background information on the physical coastal environment in the vicinity of 
Marsden Point and its environs. 

2.1 Location 

Refining NZ is situated on Marsden Point at the entrance to Whangarei Harbour.  Whangarei 
Harbour, located at the northern end of Bream Bay on the north east coast of the North Island, is a 
meso-tidal 98 km2 drowned river valley with a spring tide prism of around 155 x 106 m3 (Hume and 
Herdendorf, 1988).  The harbour is accessed through a relatively narrow tidal inlet which is around 
790 m wide and 32 m at its deepest point.  The inlet is bounded by Tertiary volcanic rocks on the 
northern side and a Holocene prograded sandy barrier spit on the southern side, which forms 
Marsden Point (Longdill and Healy, 2007).  The inlet channel separates a large ebb tide delta that 
extends seaward to around the 20 m depth contour (refer Figure 1-1).  Mair Bank, situated largely 
within the intertidal and subaerial portion of the southern ebb tide delta, extends to the east of 
Marsden Point and Calliope Bank is situated on the northern side of the channel.  The indicative 
extent of Mair Bank is also shown in Figure 1-1. 

2.2 Geology 

GNS Science geological maps reveal a very variable geological nature (displayed on Figure 2-1). 
According to Allen, the Whangarei Harbour has experienced relatively recent submergence followed 
by considerable infilling.  Other work indicate that the Harbour may technically be termed an 
estuarine lagoon, however a number of tectonic movements may have contributed to the harbour’s 
formation. These include a combination of tectonic activity, ancient block faulting, the formation of 
a drowned river valley and the existence of a barrier enclosing the mouth of the former valley. 

  

 

Figure 2-1: Geological Map, known faults are represented by solid and dashed lines (source: GNS 1:1,000,000 
Geological Units) 
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The oldest rocks in the Marsden Point area are Palaeozoic greywackes and argillite of the Waipapa 
Group. These rocks outcrop north, south and southwest of the harbour and constitute the basement 
to Quaternary costal and estuarine sediments at the site.  Although Tertiary sandstones, mudstones 
and limestone overlie basal Waipapa Group rocks and outcrop west of Ruakaka and at Mangawhai 
Point, these rocks are discontinuous and are not encountered in the Marsden Point Area. 

Andesitic agglomerate, lava and dikes and small areas of andesitic tuffs, cones and lava outcrop with 
Tertiary mudstones and together comprise the Whangarei Heads, directly across the Whangarei 
Harbour (NE) from the site. 

The low lying Marsden Point area comprises Quaternary aged older foredunes higher terrace 
deposits and undifferentiated sands with rare peaty areas, collectively described as alluvium. 

The site is located between two parallel inferred faults orientated northwest-southeast.  To the 
west, a fault in part concealed beneath recent alluvial materials extends along the Ruakaka River 
Valley and the Otaika Stream.  The second fault, immediately north of the site is inferred to have 
resulted in the present harbour alignment. Neither fault is considered to be active. 

2.3 Bathymetry 

Historic and current hydrographic charts of the harbour and approaches to Marsden Point that show 
the wider coastal context are displayed in Appendix A and summarised in Table 2-1.  There are more 
frequent surveys of the fairway, approaches terminal and shoal areas that have been carried out to 
confirm the lowest depths.  There have also been regular surveys of Mair Bank, situated on the 
intertidal and subaerial part of the ebb tide delta, that were commissioned by Northland Regional 
Council. 

Table 2-1: Summary of bathymetric survey information 

Information type Survey date 

Bathymetric chart 1848 

Bathymetric Chart 1849 

Fairsheet 1939 

Fairsheet 1959 

Chart NZ 5213 (1970) First published 1964 with updates in 1966 and 1970 

Fairsheet 1981 

NZ5214 (2004) Main channel and port area to One Tree Point 2011.  Ebb tide area 
1981, Nearshore area around Ruakaka 1961, Nearshore area around 
point 2003. 

Channel surveys to confirm least 
depth in the fairway, approaches, 
terminal and shoal area 

2004 to 2009 at approx. 6 monthly intervals (Feb 04, Aug 05, Apr 06, 
Dec 06, Aug 07, Nar 08, Sep 08, Mar 09, Oct 09)  

2010 to 2014 annual (Mar 10, Mar 11, Mar 12, Apr 13, Mar 14). 

Surveys of Mair Bank, the ebb 
tide delta and edges of inlet 
channel 

Annual surveys from 2000 to 2013 

The first hydrographic survey of the Whangarei Harbour is dated 1848 (R B Graham) and already 
illustrates the Mair and the Calliope banks extents although names of the banks changed.  In 1849, 
Captain Stokes completed another hydrographic survey and named the Mair and Calliope Banks and 
the broader ebb tide delta system.  He also identified the Snake and the MacDonald Banks and the 
main channels. 
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In 1964 the channel between One Tree point and the Snake Bank is shown as being 8 fathoms deep 
(~14 m).  It is still 14 m deep in 1974 and 17 m deep in 2004.  Further dredging modifications and 
reclamations have taken place at NorthPort in the early 2000’s.  While the channel modifications 
resulting from the works at North Port have been included in the latest hydrographic chart, the ebb 
delta and nearshore areas are still based on 1961 and 1981 surveys.    The harbour entrance is 
particularly stable, with only small changes being noted in the lower harbour bathymetry in recent 
years. 

2.4 LiDAR data 

LiDAR ground data was provided by Northland Regional Council (NRC).  The LiDAR data was captured 
between January and April 2007 by New Zealand Aerial Mapping (NZAM).  The stated vertical 
accuracy of the LiDAR data is ± 0.1 m which is acceptable for topographic mapping purposes.  

2.5 Historic shoreline change 

The existing shoreline data around the point has been provided by NRC is based on delineating the 
dune toe feature and is characterised in to the following three data types: 

 Mapped historic shoreline on Coastal Resource Maps (CRM) 

 Surveyed GPS shoreline 

 New Zealand Aerial Mapping (NZAM) aerial image archives 

 Whites Aviation oblique photographs. 

Digitised historic shorelines have been provided by NRC between 1940 and 2000.  The historic 
shorelines are based on digitising the shoreline proxy (i.e. the dune toe taken as the seaward edge of 
dune vegetation) from either geo-referenced historic aerial photographs or geo-referenced CRM to 
form a GIS polyline. The CRM were produced between 1986 and 1988 by the New Zealand 
Department of Survey and Land Information (Photogrammetric Branch).  A schedule of the CRM that 
cover each site is listed in Table 2-2.  The CRM include mapped shorelines that are based on geo-
referenced historic aerial photographs.  Therefore, all historic shoreline data provided by NRC has in 
effect been based on geo-referenced historic aerial photographs. 

Table 2-2: Coastal Resources Map Schedule 

Site No. Site Name CRM No. CRM Date Shoreline Dates 

1 Waipu Cove 2163/19,20 1988 1963, 1985 

2 Ruakaka 2163/14,15,16,17 1988 1950, 1961, 1978, 1985 

3 Marsden Point 2163/14,15,16,17 1988 1950, 1961, 1978, 1985 

4 Marsden Cove 2163/14 1988 1942 

5 One Tree Point n/a     

The surveyed GPS shorelines of parts of Marsden Point were captured in 2003, 2005, 2007 and 2012.  
The 2012 survey was carried out using a hand-held Trimble differential GPS and the data was post-
processed using standard differential correction methods giving a horizontal accuracy of between 
0.5 and 1 m.    

A selection of historic aerial and satellite images are include in Appendix B that show shoreline and 
development changes from 1942 to 2014.  Oblique satellite images have been prepared showing 
2014 shoreline (Figure B-18 and Figure B-19) to enable comparison with Whites Aviation 
photographs from 1962 (Figure B-4 and Figure B-5).   
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The resulting coastal hazard assessment for this area, based on an assessment of existing erosion 
trends, storm effects and the potential effects of sea level rise is included in Appendix C. 

2.6 Profile data 

NRC has collected beach profile data for the adjacent coastal area between 1990 and 2013 to assist 
with the long term understanding of shoreline variation.  Table 2.3 provides a summary of the NRC 
beach profile data. The beach profiles are surveyed from defined benchmarks at the back of the 
dune and extend seaward to at least the mean sea level elevation. The method of survey between 
1990 and 2009 was by total station. The method of survey between 2010 and 2013 was by Real Time 
Kinematic (RTK) GPS survey. Both methods record sub-centimetre accuracy. In addition to the beach 
profiles, NRC has supplied one offshore profile extending at least 1 km offshore. The survey method 
for the offshore profiles includes a depth sounder and differential GPS.  

There are no long term beach profile sites in the vicinity of Marsden Point, but both the analysis of 
shoreline change from aerial photographs and, more recently, the surveys of Mair Bank from 2010 
to 2014 provide information on shoreline change at this location.  Sites within Bream Bay have a 
longer survey period range dating back to 1976 while the sites within Whangarei Harbour have data 
from the late 1990’s and 2000. 

Table 2-3: NRC beach profile schedule 

Site Surveys 

ID Name Profile No. of profiles Start date End date Years 

1 Waipu Cove 

Waipu South 36 24/08/1976 24/06/1983 6.8 

Lagoon 36 14/07/1976 24/06/1983 6.9 

Cove 57 13/07/1976 7/12/2013 37.4 

2 Ruakaka 

IT8E 55 14/07/1976 6/12/2013 37.4 

RM 11 42 17/07/1977 6/12/2013 36.4 

RM 13 46 13/07/1979 6/12/2013 34.4 

RM 15 44 31/07/1976 6/12/2013 37.4 

RM 17 66 23/08/1976 6/12/2013 37.3 

3 Marsden Point NA 

4 Marsden Cove 

MB1 8 18/11/2000 17/08/2005 4.7 

MB2 9 18/11/2000 6/06/2006 5.6 

MB3 9 18/11/2000 6/09/2006 5.8 

5 One Tree Point 

OTPW1 6 23/11/1998 12/08/2002 3.7 

OTPW2 4 23/11/1998 14/09/2000 1.8 

OTPW3 7 23/11/1998 12/08/2002 3.7 

OTPW4 4 23/11/1998 14/09/2000 1.8 

OTPW5 7 23/11/1998 12/08/2002 3.7 

OTPW6 6 23/07/1999 12/08/2002 3.1 

2.7 Sediment data 

Marine sediment data is available from previous port development studies (Hawthon Geddes, 2009), 
Beca (1992) and investigations commissioned by NRC in December 2012.   
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Sediments within the deeper parts of the ebb tide shoal can be generally characterised as fine grey 
uniform silty sand with some shell fragments.  However, there are areas at the end of the existing 
channel where more significant shell content (around 50%) was observed (Hawthorn Geddes, 2009). 
Within the main tidal channel adjacent to North Port the sediments were fine to coarse sands with 
small traces of silt (Beca, 1992).  Within the harbour bottom sediments in the middle part of the 
harbour are similar to those of the marine beach sands of Bream Bay.  In some parts of the main 
channel, the bottom sediments appear derived from Portland, while on the northern side of the 
lower and middle harbour, sediments are derived from streams.  The beach sediment for all sites 
comprises predominately sand material, ranging from fine to very coarse in size.  

In 2013, NIWA completed a study on sedimentation trends and patterns in the Whangarei Harbour 
and produced deposition rates pattern maps for a 1 year and 10 year ARI flood flow. These results 
are presented respectively in Figure 2-2 and Figure 2-3. 

 

Figure 2-2: Flood flows (1-year return period) - net sediment deposition pattern (kg/m2) in Whangarei Harbour 
(source: NIWA 2013) 
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Figure 2-3: Flood flows (10-year return period) - net sediment deposition pattern (kg/m2) in Whangarei 
Harbour (source: NIWA 2013) 

The location of harbour sediment sampling completed for NRC in 2012 in the Marsden Point area is 
shown on Figure 2-4. We note that there was no analysis of the samples from the ebb delta.  
Analysis was done on samples adjacent to the point and within the harbour and these are shown in 
Table 2-4.   
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Figure 2-4: Sediment Sampling Site Location (Red Underlined) 

Table 2-4: Sediment sampling size results (Source: NRC, 2012) 

Test Description of test Units 

Site 

1
0

0
1

2
7

 

1
0

0
2

6
8

 

1
0

0
6

0
5

 

1
0

0
1

9
0

 

1
1

0
6

2
4

 

1
0

0
5

3
2

 

1
1

0
5

9
3

 

1
0

9
2

6
5

 

GRN<63um 
Grain Size Analysis 
<63um 

% 2.4 22.5 6.4 NA 1.1 1.5 63.9 3.6 

GRAIN 
Grain Size Analysis 63-
250um 

% 72.4 60.5 7.7 80.7 17.8 50.5 22.5 79.2 

GRAIN 
Grain Size Analysis 250-
500um 

% 24.5 13.3 72 16 69.2 32.6 13.5 17 

GRAIN 
Grain Size Analysis 
>500um 

% 0.8 NA 13.9 0.5 11.9 15.4 0.1 0.2 

Additional sediment sampling is required on the ebb delta to assist in the characterisation of the 
sediment.  This will assist in the understanding of sediment transport dynamics and provide baseline 
information for numerical modelling.  
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Figure 2-5: Sediment sampling size results from NRCs analysis of the middle harbour and harbour entrance 

Sediment sampling results and the grain size distribution of six beach sites has been carried out. The 
sediment characteristics of the foreshore were taken from the mid-beach slope along each site.  The 
sediments were sampled from the top 300 mm of the beach face using a trowel and separately 
bagged for analysis.  The sediment samples were analysed for grain size at the University of Waikato 
using the Rapid Sediment Analysis (RSA) method.  Sediment size information is provided in Table 2-5. 
This shows that the beach sand has a similar composition to the harbour bed sand. 

Table 2-5: Beach sediment summary 

Site Size Range (microns) Description 

ID Name D10% D50% D90% Wentworth Size Classification 

1 Waipu 136 216 347 Fine Sand 

2 Ruakaka 146 246 428 Fine Sand 

3 Marsden Point 158 238 357 Fine Sand 

4 Marsden Cove 120 200 336 Fine Sand 

5 One Tree Point East 327 567 1012 Coarse Sand 

6 One Tree Point West 315 448 639 Medium Sand 

2.8 Water level data 

Tidal information for Marsden Point in Northland was obtained from the New Zealand Nautical 
Almanac 2013/14 (NZ 204: LINZ, 2013).  
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Additional one hour raw sea level data was provided by NRC/LINZ for Marsden Point from August 
1984 to September 2013. This data was decomposed into tidal and non-tidal residual and was 
processed as a combined series to obtain extreme storm tide elevations.  

Water levels play an important role in determining coastal erosion hazard both by controlling the 
amount of wave energy reaching the backshore and causing erosion during storm events and by 
controlling the mean shoreline position on longer time scales. 

Key components that determine water level are: 

 Astronomical tides 

 Barometric and wind effects, generally referred to as storm surge 

 Medium term fluctuations, including El Nino-Southern Oscillation (ENSO) and Inter-decadal 
Pacific Oscillation (IPO) effects 

 Long-term changes in sea level due to wave transformation processes through wave setup and 
run-up.  

We examine each in turn in the sections below. 

2.8.1 Astronomical tide 

Tidal levels for primary and secondary ports of New Zealand are provided by LINZ (2013) based on 
the average predicted values over the 18.6 year tidal cycle.  Values for Marsden Point in terms of 
Chart Datum and OTP64 (RL) are presented within Table 2-6.  

Table 2-6: Tidal levels given for Marsden Point (LINZ, 2012) 

Tide state Chart Datum (m) OTP64 (RL) 

Highest Astronomical Tide (HAT) 2.98 1.30 

Mean High Water Springs (MHWS) 2.74 1.06 

Mean High Water Neaps (MHWN) 2.32 0.64 

Mean Sea Level (MSL) 1.57 -0.111 

Mean Low Water Neaps (MLWN) 0.83 -0.85 

Mean Low Water Springs (MLWS) 0.40 -1.28 

Lowest Astronomical Tide (LAT) -0.05 -1.73 

Source: LINZ Nautical Almanac 2012 – 13 

2.8.2 Storm surge 

Storm surge results from the combination of barometric setup from low atmospheric pressure and 
wind stress from winds blowing along or onshore which elevates the water level above the predicted 
tide (Figure 2-6).  Storm surge applies to the general elevation of the sea above the predicted tide 
across a region but excludes nearshore effects of storm waves such as wave setup and wave run-up 
at the shoreline.  

Previous studies of storm surge around New Zealand’s coastline have concluded that storm surge 
appears to have an upper limit of approximately 1.0 m (Hay, 1991; Heath, 1979; Bell et. al, 2000). 
Given the perceived upper limit of storm surge for New Zealand, a standard storm surge of 0.9 m is 
considered representative of a return period of 80 to 100 years (MFE, 2004). 
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Figure 2-6: Processes causing storm surge (source: Shand, 2010)  

2.8.3 Medium term fluctuations and cycles 

Atmospheric factors such as season, ENSO and IPO can all affect the mean level of the sea at a 
specific time (refer to Figure 2-7).  The combined effect of these fluctuations may be up to 0.25 m 
(NIWA, 2011). 

 

Figure 2-7: Components contributing to sea level variation over long term periods (source: Bell 2012) 

2.8.4 Storm tide levels 

The combined elevation of the predicted tide, storm surge and medium term fluctuations is known 
as the storm tide. Results of an extreme value analysis of hourly sea level data for Marsden Point 
using a Weibull distribution and Gringorten plotting position formula are shown in Figure 2-8.  On 
this basis, 10 and 100 year Average Recurrence Interval (ARI) storm tide levels utilised in storm 
response modelling are selected with a slight reduction in elevation for open coast Northland east 
coast beaches, and an increase for west coast sites to account for variation in astronomical tidal 
range based on LINZ (2013) secondary port tidal information and Bell and Gorman (2003) analysis. 

TOTAL (MAX) 

0.25 

- 0.25 
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Figure 2-8: Extreme one hour averaged water level for Marsden Point (1984 - 2013) 

Table 2-7: Storm tide level  

Site Peak storm tide level (m RL) 

10 year ARI 100 year ARI 

Bream Bay 1.6 1.83 

2.8.5 Long-term sea levels 

Historic sea level rise in New Zealand has averaged 1.7 ± 0.1 mm/year (Bell and Hannah, 2012) with 
Northland exhibiting a slightly higher rate of 2.2 ± 0.6 mm/year.  Beavan and Litchfield (2012) found 
negligible vertical land movement in Northland and this higher rate and wider uncertainty may be 
due to the short record length.  

Climate change is predicted to accelerate this rate of sea level rise into the future. The NZCPS (2010) 
requires that the identification of coastal hazards includes consideration of sea level rise over at 
least a 100 year planning period.  Potential sea level rise over this time frame is likely to significantly 
alter the coastal hazard risk.  

The Ministry of Environment (2008) guideline recommends a base value sea level rise of 0.5 m by 
2100 (relative to the 1980-1999 average) with consideration of the consequences of sea level rise of 
at least 0.8 m by 2100 with an additional sea level rise of 10 mm per year beyond 2100.     

Modelling presented within the most recent IPCC report (AR5; IPCC, 2014) show predicted global sea 
level rise values by 2100 to range from 0.27 m, which is slightly above the current rate of rise, to 1 m 
depending on the emission scenario adopted. Extrapolating the RCP8.5 scenario to 2115 results in a 
sea level range from 0.27 to 0.47 m by 2065 and 0.62 to 1.27 m by 2115 (Figure 2-9).  The RCP8.5 
scenario assumes emissions continue to rise in the 21st century.  Adopting this scenario is considered 
prudent until evidence of emission stabilising justify use of a lower projection scenario. 
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Figure 2-9: Projections of potential future sea level rise presented within IPCC AR5 (IPCC, 2014) with adopted 
values for this assessment at 2065 and extrapolated to 2115 

2.9 Waves climate data 

MetOcean Solutions Ltd provided wave data for Bream Bay as part of T+T study on coastal hazards 
for NRC (T+T, 2014). 

2.9.1 Offshore wave climate 

The east coast is sheltered from the predominant westerly systems and waves are dominated by 
infrequent easterly airflows generated by subtropical low pressure systems with ex-tropical cyclones 
and storms descending from the tropics during summer months.  

Wave roses and cumulative distributions (cdf) of significant wave height, peak period, peak direction 
and non-tidal residual are shown for Bream Head in Figure 2-10.  It shows predominantly north to 
northeast wave directions with less frequent southeast components.  Mean significant wave height 
(1.2 to 1.5 m) and peak period (9 s). Refer to Table 2-8 for a summary of the characteristic wave 
heights for Bream Head. 

Table 2-8: Characteristic wave heights for Bream Head offshore locations 

Location 

Coordinates Mean 1% Exceedance 

E (°) S (°) Hs (m) Tp (s) Dp (°) Hs (m) Tp (s)1 Dp (°)1 

Bream Head  174.63 35.74 1.2 9.0 84.1 3.9 10.5 62.8 
1 Wave period and direction for 1% exceedance Hs conditions 
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Figure 2-10: Wave roses and CDFs for the Bream Bay offshore buoy showing significant wave height (Hs), peak 
period (Tp), peak direction(Dp) and non-tidal residual(Re) 

2.9.2 Storm climatology 

Northland is affected by storm events from a range of sources.  The east coast is affected by sub-
tropical lows and by systems of tropical origin descending towards the north of New Zealand as 
tropical or ex-tropical cyclones (Figure 2-11). 

 

Figure 2-11: Sub-tropical storm systems causing large waves on the Northland east coast in July 2008 (A) and 
July 2009 (B) 

Significant storm events have been identified for each offshore dataset using a peaks-over-threshold 
(PoT) method based on a 1% exceedance height threshold and incorporating a minimum duration 
threshold between storms to ensure event independence.  Results (Figure 2-12 and Figure 2-13) 
show that wave period tends to increase with storm peak wave heights, although longer periods are 
observed for smaller waves too.  

On the east coast, the largest storms may arrive from 40 to 100° with respect to north.  Non-tidal 
residual (storm surge) appears highly scattered compared to more typical (lower) storm events on 
the coast but the largest events do coincide with largest tidal residual indicating high dependence in 
extreme events.  This is similar to findings on the east coast of Australia (Shand et al., 2011) where 
asymptotic dependence between wave height and non-tidal residual was noted. 

 

 

Bream Head Offshore 

Hs (m) 
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Figure 2-12: Storm peak characteristics for Matauri relating wave height to wave period, direction, non-tidal 
residual (storm surge) and tide 

 

Figure 2-13: Time series of maximum storm on record for the for the Matauri sites (March 1988)  

The clustering of storm events can result in greater beach erosion than would occur for singular 
storm events as the beach not have time to recover between events.  Such storm clustering is known 
to occur along the New Zealand east coast.  For example, Tropical Cyclones Fergus, Drena and Gavin 
made landfall between December 1996 and March 1997.  De Lange (2000) found the phase of IPO to 
cause changes in sea level, prevailing wind direction, storm frequency and wave climate with more 
events (and increased erosion on the northeast coast of New Zealand) occurring during negative 
phases (i.e. 1948 to 1974) than during positive phases (i.e. 1976 to 1998). 

Figure 2-14 shows the time interval since previous events as a function of wave height for the 
Matauri offshore sites.  Event interval is negatively skewed for both sites indicating some tendency 
for clustering, although not necessarily for the largest events which lie at the median interval.  

Matauri Offshore 

Matauri Offshore 
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Figure 2-14: Storm peak wave height as a function of time since the previous storm event 

Figure 2-15 shows the sheltering provided by Whangarei Heads for a 1%AEP north easterly storm. 

 

Figure 2-15 Significant wave height for Bream Bay during 100 year ARI storm event from the Northeast (T+T, 
2014) 

Significant Wave Height (m) for Br3 - BreamBay
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2.10 Tidal current  

Tidal current information summaries for spring and neap tides are available in the channel based on 
the marine charts.  The velocities are summarised in Table 2-9.  There is no change in tidal velocities 
comparing the documented spring and neap tide velocities from the 1970 chart to the 2004 chart.  It 
is possible that the velocity information has not been updated with revisions to the chart 
bathymetry, or that there has been no significant change to tidal flows with the port development.  
The tidal velocity has now been measured using ADCP data.  This will provide more up-to-date and 
reliable information on tidal velocities in this area and this will provide essential verification and 
calibration data sets for hydrodynamic modelling. 

Table 2-9: Reported tidal currents in knots from hydrographic charts 

Stage of tide 

Tidal velocity (m/s) from NZ5213 (1970) 

Site A) (in channel off Home Point) Site B (in channel off refinery wharf 

Springs Neap Springs Neap 

  H
o

u
rs

 b
ef

o
re

 

-6 0.2 0.1 -0.5 -0.3 

-5 1.0 0.7 0.4 0.2 

-4 1.2 0.8 0.8 0.5 

-3 1.1 0.8 0.9 0.6 

-2 1.0 0.7 0.9 0.6 

-1 0.9 0.6 0.8 0.6 

High Water 0.6 0.3 0.2 0.6 

  H
o

u
rs

 a
ft

er
 

1 -0.4 -0.3 -0.3 -0.2 

2 -1.1 -0.8 -0.7 -0.5 

3 -1.6 -1.1 -1.0 -0.7 

4 -1.4 -1.0 -1.1 -0.7 

5 -1.0 -0.7 -0.8 -0.6 

6 -0.2 -0.2 -0.6 -0.4 

According to the Black and Healey study (1982), at high spring tide, the Whangarei Harbour has a 
surface area of 98 x 106 m2 and a tidal prism of 186 x 106 m3.  In the harbour mouth, currents are 
estimated to be 1.3 m/s during spring tides which is slightly lower that estimated currents from the 
hydrographic chart. 
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3 Preliminary assessment of costal processes 

3.1 Definitions and key processes 

A tidal inlet includes the narrow entrance channel together with the intertidal and submarine deltas 
that can form at one or both ends of the entrance channel (Hume and Herdendorf, 1987).  The major 
morphological units are (refer Figure 3-1): 

1 Ebb tidal delta – this covers the seaward part of the inlet and includes the main ebb channel, 
swash bars and marginal flood channels.  It is formed by the mainly influenced by tidal 
currents and waves. 

2 The narrow deep channel at the inlet entrance (throat/gorge) 

3 Flood tide delta, typically comprising a shield of sand that develops in the tidal basin landward 
of the throat, including flood channels, tidal flats and ebb spits. 

 

Figure 3-1: Definition of a conventional tidal inlet (USACE, 2008) 

As identified in Section 2.2, the harbour has a varied of origins, but can be characterised as a 
drowned river valley with a Holocene barrier.  Based on the classification of Hume and Herdendorf 
(1985) Whangarei Harbour inlet can be classified as a single spit enclosed estuary of fluvial origins 
and the Mair Bank and Calliope Bank are swash bars that are formed largely within the intertidal and 
subaerial parts of the ebb tide delta. 

3.2 Locational stability 

Morphological stability of tidal inlets has two main components; location stability and cross-
sectional stability.  Locational stability describes the lateral migration of the channel and cross-
sectional stability relates to the variability of the cross-sectional area and its relation to tidal flow 
characteristics.  The inlet to Whangarei Harbour is situated in the lee of the Tertiary volcanic rock 
Whangarei Heads and, as such, is reasonably stable in terms of position, with the main controls on 
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the ebb tide delta size and shape being a function of the tidal flows into the harbour, the incident 
wave direction, sediment grain size and the alongshore drift rate (Figure 3-2).  

 

Figure 3-2: Schematic diagrams depicting controls on ebb delta size and shape for half delta inlets (Hicks and 
Hume, 1996)  

The key characteristics of the tidal inlet and ebb delta at the entrance to Whangarei Harbour are 
summarised in Table 3-1.   

Table 3-1: Characterisation of the Whangarei Harbour tidal inlet and the ebb delta (Hume and 
Herdendorf, 1988) 

Ebb delta sand volume (106 m3) 168 

Ebb delta shape High-angle half delta 

Mean spring tidal range (m) 2.1 

Mean Spring tidal prism, Ω (106m3) 155 

Throat width at mean tide (m) 790 

Throat area at mean tide (m3) 14,600 

Mean throat depth (m) 18.5 

Ebb jet angle (Deg) 55 

Beach slope to 10 m depth contour 0.0111 

Annual littoral drift, Mtotal (m3/year) 20,000 

Ebb delta length/breadth ratio 1.6 

Average sand size, d50 (mm) 0.17 

Wave energy factor (m2sec2) 22 

Daily mean runoff (m3/sec) 1 

Ω/Mtotal ratio 7,750 (> 150, good flushing and little bar formation) 
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A study of wave refraction patterns in Bream Bay showed the Whangarei Harbour inlet entrance 
emerges in a zone of low energy that provides natural stability to the inlet (Duder & Christian, 1983) 
due to the sheltering effect of Whangarei Heads from northern and eastern wave energy.  This is 
illustrated in Figure 2-13.  There is a large volume of sand storage and this directs tidal flows against 
the volcanic rocks of Whangarei Heads.  Annual littoral drift of 20,000 m3 per annum is a relatively 
small value for open coast locations.  However, based on observations of movement of the Ruakaka 
River entrance to the south, there is little evidence of pronounced trends of movement, either to the 
south or north, also suggesting a small net littoral transport rate.  These low transport rates suggests 
the local wave climate effects and the influence of the sheltering effect of Whangarei Heads plays a 
significant part in the formation of the ebb tide delta.  The ebb delta and flood tide shoals are 
supplied by small amounts of northerly directed alongshore transport.  A key observation from this 
data is the large tidal prism in relation to the littoral drift.  This ratio, introduced by Bruun and 
Gerritsen (Bruun, 1978) relates these two important parameters that control inlet stability.  The 
results suggests good flushing and little bar formation on the ebb delta. 

3.3 Inlet cross sectional stability 

The inlet cross-sectional stability is often evaluated based on the relationship between the tidal 
prism and cross-sectional area of the inlet. Figure 3-3 shows the results of the relationship for 
Whangarei Harbour in relationship with other New Zealand inlets.  This figure suggests the inlet is 
stable. 

 

Figure 3-3: Stability of New Zealand tidal inlets using Heath (175) relationship (Source:  Hume and Herdendorf, 
1985b) 
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Stability of the harbour entrance has also been attributed to the presence of shell material, which 
provides an armour layer protecting the underlying soft sands.  This was confirmed by Healey and 
Black (1982) who investigated sediment transport in Marsden Point and concluded the shell lag 
present on much of the inlet rarely moves, even in spring tide conditions, and that much of the bed 
have an aged appearance with the shells being covered by algae; a testimony to the stability of the 
sediment and the low rates of sand supply by alongshore drift. Morgan, Kench and Ford (2011) also 
acknowledged the role of shells in the long term stability of the ebb tide delta and Mair Bank.  

The Black and Healy study (1982) defined that no sediment movement occurred when tidal 
velocities were less than 0.3 m/s and that sand grains were moving more than 50% of the time when 
current speed at 1m above the seabed was between 0.3 and 0.35 m/s.  The main sediment transport 
paths due to tidal currents are identified in Figure 3-4. 

 

Figure 3-4: Main sediment transport paths due to tidal currents (source: Black & Healey, 1982) 

3.4 Ebb tide delta stability 

A preliminary assessment of the stability of the ebb tide delta has been made by comparing the 2 m, 
5 m, 10 m, 15 m and 20 m depth contours from the 1939 and most recent hydrographic charts 
showing 1981 depth contours.  It is acknowledged that the earlier survey is reasonably coarse scale 
and interpolation between the depth contours is approximate.  However, if significant changes had 
occurred this should be observable.  The resulting analysis is included in Appendix D and shows that 
over the 42 year period there has been no significant change to the ebb tide delta or the 
approaches.  This has occurred despite both anthropogenic (human induced) and changes that are 
occurring naturally within the harbour. 



23 

 
 

Tonkin & Taylor Ltd 
Refining NZ, Marsden Point Site - Stage 1: Geomorphology and Baseline Report. Confidential Final 
Chancery Green on behalf of Refining NZ Ltd 

August 2015 
Job No: 30488.v7 

 

3.5 Mair Bank stability 

Due to the significance of the Pipi population decline on Mair Bank over recent decades, there has 
been a number of studies specifically looking at the stability of Mair Bank.  Morgan et al. (2011) 
analysed digitised aerial photography of Mair Bank over 56 years to determine multi-decadal 
changes in the position and planform configuration of major morphological units (refer Figure 3-5).  
It was identified that the footprint of Mair Bank has remained constant over this time period, but 
with significant changes in surface morphology have occurred with dynamic sediment reworking.  
These changes were largely above chart datum while contours below 2 m Chart Datum were largely 
unchanged. 

The dynamics of the surficial sediment are illustrated by western end of the seaward shell swash bar 
migrating landward at an average rate of 10 m/yr between 1950 and 2006.  Morgan et al. (2011) also 
calculated the largest subaerial change in sand storage volume occurred between 2003 and 2006, 
when volume increased from 1.107 x 105 m3 to 1.690 x 105 m3.  The change in volume is around 
60,000 m3, or 20,000 m3/yr and equivalent to the full amount of alongshore transport estimated by 
Hume and Herdendorf (1985) stored on the bank.  In terms of material accumulation over the extent 
of the ebb delta, this equates to a uniform bed level rise of 10 cm across Mair Bank, or a 1.3% 
increase in total volume of the bank.  

We note that this volume change may be due to redistribution of sand from the remainder of the 
ebb delta, a survey error factor, or a combination of the above.  However, the resulting conclusion of 
a largely stable feature with dynamic surficial features appear valid.   

 

Figure 3-5: Mair Bank morphology from 1950 to 2006 (source: Morgan & al. 2011) 

The Morgan et al. (2011) study also point out that minor changes in delta configuration have been 
shown to have pronounced effects on the erosion and accretion of adjacent shorelines (Oertel, 
1977), particularly if the changes result in changes to wave energy and direction arriving at the 
coast.  Consequently the geomorphic stability of these sand bodies are important to adjacent 
shoreline morphodynamics, as reduction in size, a change in position or loss of sediment volume 
have the potential to alter physical processes acting on the coast and promote coastal change. 

Annual surveys have been carried out over Mair Bank from 2000 providing more detailed 
information (Williams and Hume, 2014). This survey data has been to assess spatial and temporal 
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elevation changes and to construct digital elevation models (DEMs) for quantitative comparisons.  
Results show that the footprint of Mair Bank has remained constant over this period, especially 
along the northern boundary indicating a geometric stability of the inlet system over the analysis 
period. However, changes in surface morphology have occurred which can be identified with the 
more frequent surveys (refer Figure 3-6 to Figure 3-8 for changes greater than 0.3 m for the periods 
2000 to 2005, 2005 to 2010 and 2010 to 2014 and Figure 3-9 for the total change from 2000 to 
2014).  

From 2000 to 2010 (Figure 3-6) the following processes were observed: 

 Erosion along shoreline of Marsden Point 

 Accretion on the northern shoreline of Marsden Point and along the edges of the entrance 
channel and around the wharf 

 Movement of shoals on the surface of Mair Bank, characterised by areas of accretion adjacent 
to areas of erosion. 

From 2005 to 2010 (Figure 3-7) the following processes were observed (Williams and Hume, 2014): 

 Erosion in the nearshore along the southern refinery shore of Marsden Point 

 Accretion on the northern shoreline of Marsden Point and a shoal extending north into the 
main channel 

 Erosion in the channel separating Marsden Point and Mair Bank 

 Accretion around the margins of the shallower central parts of Mair Bank 

 Erosion along the southern seaward margin of Mair Bank and a migration northward of the 
shell ridge of some 150 m. 

From 2010 to 2014 (Figure 3-8) the following processes were observed (Williams and Hume, 2014): 

 Erosion in the nearshore along the southern refinery shore of Marsden Point 

 Accretion on the northern shoreline of Marsden Point and a shoal extending north into the 
main channel 

 Erosion in the channel separating Marsden Point and Mair Bank 

 Accretion around the margins of the shallower central parts of Mair Bank 

 Erosion along the southern seaward margin of Mair Bank and a migration northward of the 
shell ridge of some 150 m. 

Overall these results indicate that there are natural fluctuations in the surface topography in the 
order of ± 1 m (vertical) and ± 2 m (horizontally) as banks and channels shift in response to storm 
events and tidal currents.  Over the last 15 years there appears to have been a northerly migration 
of sand towards and extending into the main channel (Figure 3-9).   

This encroachment into the main channel, as well as increased accretion along the shoreline to the 
north of the refinery, may be a localised effect of the North Port reclamation which may have 
resulted in reduced ebb tide flows adjacent to the shore at this location, although a previous study 
of bathymetry identified some accretion at this point from 1982 to 1992 (Barnett,1993).  Previous 
modelling for North Port (Barnett, 1993) also identified small scale localised areas of accretion and 
erosion at this location, but with the grid size resolution and the fine model not extending past the 
refinery site, only general trends can be identified.  
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Figure 3-6: Differences in Mair Bank bathymetry from 2000 to 2005 (Source: Williams and Hume, 2014) 

 

Figure 3-7 Differences in Mair Bank bathymetry from 2005 to 2010 (Source: Williams and Hume, 2014) 
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Figure 3-8 Differences in Mair Bank bathymetry from 2010 to 2013 (Source: Williams and Hume, 2014) 

 

Figure 3-9 Differences in Mair Bank bathymetry from 2000 to 2013 (Source: Williams and Hume, 2014) 
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3.6 Summary of coastal processes 

The Whangarei Harbour can be classified as a single spit enclosed estuary of fluvial origins.  Its 
general location is stable, controlled by Whangarei Heads to the north and the large ebb delta to the 
south.  The inlet is tide dominated with tidal flows significantly greater than littoral transport which 
results in a stable inlet.  

The preliminary analysis of historic bathymetric data shows that over the 42 year period there has 
been no significant change to the ebb tide delta.  More detailed analysis of Mair Bank, the shallower 
part of the ebb tide delta, shows that this feature has been dynamically stable over the last 60 years, 
but with natural fluctuations in the surface topography in the order of ± 1 m (vertical) and ± 2 m 
(horizontally) as banks and channels shift in response to storm events and tidal currents.  Over the 
last 15 years there appears to have been a northerly migration of sand towards and extending into 
the main channel.  This supports historic observations of accretion along this area from 1982. 
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4 Summary and conclusion 

Our review of existing information and knowledge, particularly focussing on the environs adjacent to 
the refinery site, including the flood and ebb shoal and the adjacent seabed and shoreline has shown 
that there is a reasonable amount of good quality information on historic shoreline change (aerial 
photographs, surveys and reports) and bathymetry (bathymetric charts and fair sheets) to provide a 
good base to support further data collection and assessments required for the present study.   

The Whangarei Harbour can be classified as a single spit enclosed estuary of fluvial origins.  Its 
location is stable, controlled by Whangarei Heads to the north and the large ebb delta to the south.  
The inlet is tide dominated with tidal flows significantly greater than littoral transport which results 
in a stable inlet.  

The preliminary analysis of historic bathymetric data shows that over the 42 year period there has 
been no significant change to the ebb tide delta.  More detailed analysis of Mair Bank, the shallower 
part of the ebb tide delta, shows that this feature is also dynamically stable over the last 60 years, 
but with natural fluctuations in the surface topography in the order of ± 1 m (vertical) and ± 2 m 
(horizontally) as banks and channels shift in response to storm events and tidal currents. 

Key requirements for additional investigation include: 

 Updated bathymetry to enable assessment of changes since 1981 and to provide current level 
information for modelling 

 Sediment sampling to improve characterization of the seabed over the channel, ebb shoal and 
environs (currently being undertaken by Bioresearches Ltd) 

 Preliminary design assessments of stable side slopes for the proposed dredged channel using 
results of updated bathymetric surveys (including Multi-Beam) for the general channel and 
specific considerations off Home Point to be done by Royal Haskoning Ltd 

 Additional geotechnical investigations coordinated by Royal Haskoning Ltd to support 
improved understanding of side slope stability 

 Evaluation of hydrodynamic modelling outputs from MetOcean to assess effects on shoreline 
evolution and changes to ebb delta. 

These tasks have been incorporated into field investigation work currently being carried out and for 
investigations and analysis to be completed as part of the Stage 2 studies. 
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5 Applicability 

This report has been prepared for the benefit of Chancery Green on behalf of Refining NZ Ltd with 
respect to the particular brief given to us and it may not be relied upon in other contexts or for any 
other purpose without our prior review and agreement. 
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Appendix A : Historic and Current Hydrographic 
Charts 

 Hydrographic Survey 1848 – R B Graham 

 Hydrographic Survey 1849 – Captain Stokes 

 Hydrographic Survey 1964 

 Hydrographic Survey 1974 

 Hydrographic Survey 2004 – NZ52 

 Hydrographic Survey 2004  – NZ5214 

 Hydrographic Survey 2004  – NZ5215 

 

 





 

Figure A.1: 1848 Bathymetric Chart (Source: Alexander Townhall Collection)



 

Figure A.2: 1849 Bathymetric Chart



 

Figure A.3: Historic Analysis 1939



 

Figure A.4: Historic Analysis 1959



 

Figure A.5



 

Figure A.6



 

Figure A.7: NZ5214 Hydrographic Chart (Source: LINZ)



 

Figure A.8: NZ5214 Hydrographic Chart (Source: LINZ)



 

 

Appendix B : Historic aerial and satellite images 

1. 1942 

2. 1950 

3. 1958 (oblique) 

4. 18/04/1962 (oblique) 

5. 18/04/1962 (oblique) 

6. 06/02/1963 (oblique) 

7. 22/12/1965 (oblique) 

8. 05/04/1967 (oblique) 

9. 05/04/1967 (oblique) 

10. 20/11/1967 (oblique) 

11. 2/04/1976 (oblique) 

12. 21/02/1987 (oblique) 

13. 17/05/2006 (satellite)  

14. 2/11/2010 (satellite) 

15. 9/12/2012 (satellite) 

16. 6/03/2013 (satellite) 

17. 27/03/2014 (satellite) 

18. 27/03/2014 (satellite – oblique) 

19. 27/03/2014 (satellite – oblique) 

 





 

Figure B.1: Marsden Point 1942 (Source: NZAM)



 

 

Figure B.2: Marsden Point 1950 (Source: NZAM)



 

 

Figure B.3: 1958 oblique Marsden Point (Source: NZAM)

 

 

 

 

 

 

 



 

 

 

Figure B.4: Marsden Point 18/04/1962 (Source: Whites Aviation)



 

 

Figure B.5: Marsden Point 18/04/1962 (Source: Whites Aviation)



 

 

 

Figure B.6: Marsden Point 06/02/1963 (Source: Whites Aviation)



 

 

Figure B.7: Marsden Point 22/12/1965 (Source: Whites Aviation)



 

 

Figure B.8: Marsden Point 05/04/1967 (Source: Whites Aviation)



 

 

Figure B.9: Marsden Point 05/04/1967 (Source: Whites Aviation)



 

 

Figure B.10: Marsden Point 20/11/1967 (Source: Whites Aviation)



 

 

Figure B.11: Marsden Point 02/04/1976 (Source: Whites Aviation)



 

 

Figure B.12: Marsden Point 21/02/1987 (Source: Whites Aviation)

 

 

 

 



 

Figure B.13: Marsden Point 17/05/2006 (Source: Google Earth)



 

Figure B.14: Marsden Point 02/11/2010 (Source: Google Earth)



 

Figure B.15: Marsden Point 09/12/2012 (Source: Google Earth)



 

Figure B.16: Marsden Point 06/03/2013 (Source: Google Earth)



 

Figure B.17: Marsden Point 27/03/2014 (Source: Google Earth)



 

 

Appendix C : Existing coastal hazard maps 
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Appendix D : Long term analysis of ebb tide delta 
contour positions  

 Figure D1: Comparison of 2 m depth contour, 1939 and 1981 

 Figure D2: Comparison of 5 m depth contour, 1939 and 1981 

 Figure D3: Comparison of 10 m depth contour, 1939 and 1981 

 Figure D4: Comparison of 15 m depth contour, 1939 and 1981 

 Figure D5: Comparison of 20 m depth contour, 1939 and 1981 

  



 

 

 

Figure D 1 Comparison of 2 m depth contour, 1939 (dashed line) and 1981(solid line) 

 

 

Figure D 2 Comparison of 5 m depth contour, 1939 (orange dashed line) and 1981(red dotted line) 

 



 

 

 

Figure D 3 Comparison of 10 m depth contour, 1939 (dashed line) and 1981(dotted line) 

 

 

Figure D 4 Comparison of 15 m depth contour, 1939 (orange dashed line) and 1981 (green solid line) 

 



 

 

 

Figure D 5 Comparison of 20 m depth contour, 1939 (pink dashed line) and 1981(purple dot-dashed line) 

 

 

 

 

 

 

  

 



 

 

 

  



 

 

 


