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Executive Summary

Environment Bay of Plenty (EBOP) seeks to undetstedimentation in Tauranga Harbour in order

to appropriately manage growth and development aogvin the future and adapt management rules
and practices appropriately and be able to makisidas concerning development of the harbour and
catchment with full understanding of likely sedirtegion effects. EBOP contracted NIWA to conduct

the Tauranga Harbour Sediment Study to: (1) agkesselative contributions of catchment sediment

sources surrounding the southern Tauranga Harl®uassess the characteristics of significant
sediment sources from the catchment, and (3) iigagst the fate (dispersal and deposition) of

catchment sediments in southern Tauranga Harbour.

This report is Technical Report C1 of the Taurahigabour Sediment Study. It documents the data
discovery process for sediment grainsstatistics (including mean, sorting and skewnessjiment
composition(percent mud <63 pm, sand 63 pum — 2 mm, and gr/@him) and patterns of sediment
accumulation_ratén southern Tauranga Harbour. It provides the nooshprehensive summary of
those data for the harbour. These data are beiad for: (1) choosing grainsizes to be simulated
during the modelling component of the Tauranga BarbSediment Study, (2) initialising bed
sediment composition for the harbour sediment-frarismodel and USC-3 sedimentation model, and
(3) end-of-chain model validation of sedimentatiates predicted by the USC-3 model.

For the purpose of the modelling the southern TragaaHarbour was divided into 26 subestuaries.
Subestuaries are km-scale compartments of the imaviith common depth, hydrodynamic exposure
and bed-sediment grainsize and are the fundamemtalat which predictions are made by the USC-3
sedimentation model. They primarily include in@gali areas where fine sediments are deposited. The
subestuaries were initially delineated on the bafi conceptual understanding of harbour processes
This categorisation was refined following analysfishe sediment data. An extensive literature searc
identified 40 studies, some 26 of which containeteptially useful sediment data. The data, once
screened for applicability and quality, identifiedbout 300 samples with useful information on
grainsize statistics and 600 samples with inforamatn gravel/sand/mud percentage. The data were
assimilated in ArcGIS along with hydrodynamic amagorphologic information to describe and map
the mean bed-sediment properties of each subesfliai/ information is required to set up and run
the harbour sediment-transport model and for imtreg the USC-3 sedimentation model.

The sediment data were combined with a conceptuatlerstanding of hydrodynamic,
geomorphological and catchment processes thattaféetimentation, to group subestuaries into 11
categories. These categories identify areas ofl@iraediment types and geomorphology and where
similar sediment processes (transport, dispersdl deposition, resuspension) of similar intensity
(wave and tidal energy) occur. Categorisation fissh step towards translating the sediment datia in
initial conditions for the USC-3 sediment model.

Tauranga Harbour Sediment Study: Harbour bed sedin iv
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Sediment accumulation rate determined for variogations in the harbour provides information on
where sediments are building up and rates of sedimecumulation over the past 90 years. This
information will be used to validate sediment acualation predictions by the USC-3 model. There
was little information available from existing stes, so 10 subestuaries were selected for coring.
Coring was undertaken and sediments dated by sadiape techniques. X-radiographs (x-rays) of the
cores revealed the fine-scale sedimentary fabricthef sediments, providing information on
depositional processes, sediment texture. Imptiytahalso provided information on disturbance by
animal burrowing (bioturbation) and/or physicalratig by waves. This information was also used to
prioritise which cores to date and exactly wherdake subsamples of sediment from the cores for
radioisotope analysis. Sediment cores were das@tyuadioisotopes of caesiurtt’Cs) and lead
(**Pb) and sediment accumulation rates calculated franvertical concentration-activity profiles of
2Pp and'®'Cs. Concentrations of the cosmogenic radioisotmreylium (Be, with a ¥ life of 53
days) were also measured in the core samples tadprinformation on the depth and intensity of
sediment mixing in the surface-mixed layer, soaglentify those cores where the sediments were
least likely to be disturbed by bioturbation andygibal mixing (as mixing corrupts the sediment
accumulation rate data derived from the datingktaided radioisotopic dating was undertaken on 6
cores. Sediment accumulation rates on tidal ffathe subestuaries ranged from 0.75 to 1.57 mm/yr
over periods of 23 to 90 years.

The sediment accumulation rates measured in soufferranga Harbour are low compared to other
estuaries on the east coast of Auckland, the Birthhames and Pauatahanui inlet where NIWA has
done similar measurements. The low rates and ee@ef deep mixing in the surface sediments of
the cores indicate that large areas of the waveseg intertidal flats in the southern Tauranga
Harbour are not long-term sinks for fine terrigep@ediments. Potential depositional environments
for sediment include tidal flats, tidal creeks, Isfved bays, mangroves and saltmarsh habitats.
Sediment is also exported from the harbour tornher shelf. These hypotheses need to be tested and
reconciled against the results from the modelliogpgonents of this study.

Tauranga Harbour Sediment Study: Harbour bed sedin v
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1. Introduction

11

1.2

Background

Environment Bay of Plenty (EBOP) seeks to undetstsgdimentation in Tauranga
Harbour in order to appropriately manage growth dadelopment now and in the
future and adapt management rules and practice®@piely and be able to make
decisions concerning development of the harbour aadchment with full
understanding of likely sedimentation effects. Tiged stems from section 5 of the
Tauranga Harbour Integrated Management Study (THIMS8ich describes the many
effects of sediments. Although these changes aagldoge extent driven by historical
events when there was little control on developmdéimére is increasing public
concern about sediment-related issues, and theseexgected to escalate as the
catchment continues to develop and climate chamgerbes increasingly felt. The
THIMS recommended a review of the drivers and cqueeces of sedimentation,
including analysis of sediment yields from all sms in the catchment, peak flow
monitoring, projection of sediment yields under gwsed development scenarios,
assessment of sediment effects in the harbourdimguwcumulative effects, analysis of
current best practices, and recommendations ontb@ddress the findings, including
appropriate policy.

EBOP contracted NIWA to conduct the Tauranga Hart®ediment Study. The

study began in April 2007 and is scheduled to mm3fyears. The main aim of the
study is to develop a model or models to be used(1p assess the relative

contributions of the various sediment sources exdatchment surrounding southern
Tauranga Harbour, (2) assess the characteristisgoificant sediment sources, and
(3) investigate the fate (dispersal and depositaimatchment sediments in southern
Tauranga Harbour. The project area is definechassbuthern harbour, extending
from Matahui Point to the harbour entrance at Mddatunganui. The timeframe for

predictions is 50 years from the present day (20080).

Study outline and modules

The study consists of 6 modules:

Module A: Specification of scenarios — Defines land use amdther that are
required for driving the various models. Threense®s are defined in terms of
landuse which includes earthworks associated with anyettgwment, and weather
The weather is described in terms of magnitude feemency of storms and wind

Tauranga Harbour Sediment Study: Harbour bed sedéme 1
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climate, and needs to be specified to a degreadlisaificient for driving models. The
third scenario incorporates anticipated effectslioiate change.

Module B: Catchment sediment modelling - (1) Uses the GLEANKIRIel to predict
time series of daily sediment yields from each attdument under each scenario. (2)
Summarises these predictions to identify princigaurces of sediment in the
subcatchment; to compare sources of sediment prdsent-day landuse and under
future development scenarios; and to assess sedichanacteristics of significant
sources. (3) Provides sediment loads to the US@®@einfor prediction of harbour
sedimentation over decadal scales.

Module C: Harbour bed sediments - (1) Develops a descriptiothe harbour bed

sediments to provide sediment grainsize and coriposinformation required for

running the harbour sediment-transport model amdnitialising the USC-3 model.

(2) Provides information on sedimentation ratesrdhe past 50 years for end-of-
chain model validation.

Module D: Harbour modelling - (1) Uses the DHI FM (Fexibleesh) hydrodynamic

and sediment models and SWAN wave model to devplepictions of sediment

dispersal and deposition at the “snapshot” or ewaale, including during and

between rainstorms and under a range of wind dondit (2) Provides these event
predictions to the USC-3 model for extrapolation rafrbour sedimentation over
decadal scales.

Module E: USC-3 model - Uses the USC-3 sedimentation madeiake predictions
of sedimentation, bed-sediment composition andaljels between sources and sinks
at decadal scales, based on division of the catchiméo subcatchments and the
estuary into subestuaries. An end-of-chain modidiation will consist of comparing
USC-3 model predictions of annual-average sedinientarate to measurements,
where the measurements derive from Module C.

Module F: Assessment of predictions for management — Assessd synthesises

information developed in the modelling componeritghe study using an expert panel
approach. It will address matters including: (1)ig¥hcatchments are more important
as priority areas for focusing resources to rediemdimentation in the harbour?, (2)
What are the likely effects of existing and futurdan development on the harbour?,
(3) How can the appropriate regulatory agenciesQEBWBPDC and TCC) most

effectively address sedimentation issues, and wisaitagement intervention could be
appropriate? and (4) Are there any reversal metheglsh as mangrove control and
channel dredging, that may be effective?

Tauranga Harbour Sediment Study: Harbour bed sedéme 2
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1.3 This report

This report is Technical Report C1 of the Tauraktzabour Sediment Study and
completes Module C and Milestone 5. It documehés data discovery process for
sediment _grainsizestatistics (including mean, sorting and skewnesggiment
composition(percentage mud, sand and gravel) and patterssdanent accumulation
rate (SAR) in the southern Tauranga Harbour. It prosidee most comprehensive
summary of those data for the harbour. These theez of data are required for: (1)
choosing grainsizes to be simulated during the fhiadecomponent of the Tauranga
Harbour Sediment Study, (2) initialising bed seditmeomposition for the harbour
sediment-transport model and USC-3 model, andr(@)o#-chain model validation of
USC-3 sedimentation rates.

This report describes the division of the south®arbour into 26 compartments with
similar physical properties, called subestuariesletails the data discovery process
for surficial sediment grainsizstatistics (mean, sorting and skewness) and setlime
composition(percent mud <63 um, sand 63 um — 2 mm, and gre/@hm) for each
subestuary. These data were compiled from exiditewature and a careful selection
process was undertaken to ensure only comparatdendae included. The sediment
data are then interpreted together with a concéptuderstanding of hydrodynamic,
geomorphological and catchment processes to grbep26 subestuaries into 11
categories. The categorisation process is a fiegt /owards translating the sediment
data into model initial conditions. Finally the datdiscovery for sediment
accumulation rate data is documented. The dateoeksy found little useful
information and so field work (coring and dating bflal flat sediments) was
undertaken. A description of the methods used lecseore sites, the coring process
and radioisotopic analysis and dating of the ctwedetermine sediment accumulation
rates is provided along with the results of theyses.

Tauranga Harbour Sediment Study: Harbour bed sedéme 3
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2. Subestuary definition

The southern Tauranga Harbour was split into 2@stufaries for the purpose of the
modelling (Fig. 1). Subestuaries are km-scale @ringents with common depth,
hydrodynamic exposure and bed-sediment grainsideassm the fundamental units at
which predictions are made by the USC-3 sedimantatiodel (Green, 2007). They
primarily include intertidal areas where fine sednts are deposited. They exclude
deep channels where there are strong currents $efiae sediment does not deposit
in these environments. The subestuaries were lipitielineated on the basis of a
conceptual understanding of harbour processestandriteria described above at a
meeting between NIWA and EBOP in Tauranga in Sep&m2007. This
categorisation was refined following analysis &f #fediment data described below.

U ) N

[ ¢
I § D N A
A [ - N
\ [ »
o

(o]
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Figure 1:

Southern Tauranga Harbour divided into 26 subeistsiar

Tauranga Harbour Sediment Study: Harbour bed sedéme 4
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2.1 Data discovery

An extensive literature search was undertaken éatify studies containing data on
surface sediment __grainsizestatistics and sediment__compositiorfpercent
gravel/sand/mud) in the southern Tauranga Harb®ources included Environment
Bay of Plenty (EBOP) reports and monitoring recorsisident theses, published
papers and unpublished reports. A total of 40 studias reviewed (see Appendix 1),
26 of which contained data that were potentiallgfulsfor this study.

The data were assimilated in ArcGIS along with alhkilable hydrodynamic and
geomorphologic information. A selection process ueed@ chosen data were
representative of a subestuary and comparablé& studies before being transferred
to a Microsoft Access database for analysis. Thalt® describe the mean properties
of each subestuary.

2.2 Data selection and preparation

The grainsize statistics and composition data wade ranging in terms of spatial

extent and quality and were collected and analpsea wide variety of methods. We
screened the data carefully to ensure that onlypeoable data were assimilated into
the database.

Data were excludedhen:

1) There was a lack of information about collection tmoes or analysis
techniques.

2) Samples fell outside subestuary boundaries (e.gleép channels).

3) Results appeared unrealistic considering the hyaraalic environment they
came from.

4) Only the mean grainsize was reported. All threengiae statistics (mean,
sorting and skewness) were needed in order to geo&icomplete picture of
the sedimentation environment.

Tauranga Harbour Sediment Study: Harbour bed sedéme 5
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Data were includedhen:

1) Different sampling equipment was used in differstidies (e.g., grab versus
core), or the sediment was sampled to differenthdepor different analysis
techniques (such as sieving or laser measurememst®) used, or when the
sample was split before analysis.

2) Samples were collected a long time ago (sampleaah dates ranged from
1976 to 2006, a 30-year time period) and there tasuncertainty that the
sediment grainsize characteristics at the site lmeagifferent to that today.

3) Results from one study were very different to rssfrtbm other studies in the
same subestuary.

Samples from mid-tide level were selected as beamgst representative of a
subestuary, particularly when there was large apatiriation in grainsize along or

across a subestuary (due to hydrodynamic energyheopresence of mangroves).
Lone samples from very sheltered (causing the smwinto be finer than the

subestuary average) or exposed (causing the sedimdre coarser than average)
locations were not considered to be representativa subestuary. In a few cases
numerous samples from a subestuary (e.g., theestipgli White, 1979, or Hope, 2002)
provided an accurate picture of subestuary sedsnent

Selection of data was facilitated by creating Gigpe files for each subestuary which
contained the study name, location, and sedimeat(damposition and/or grainsize).
The sample locations and sediment data were mappedrcGIS along with
subestuary boundaries and on the hydrographic <lfartcheck channel and sand
bank positions) and on high resolution colour dephotographs (to check for
mangroves or seagrass).

2.3 Studies selected for sediment description

Table 1 lists the 10 key studies used. The locatiminthe samples from those 10
studies are shown in Figure 2. Figure 3 distirfgesssites with grainsize statistics
from those sites with composition data only.

Tauranga Harbour Sediment Study: Harbour bed sedéme 6
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Table 1: Studies used to describe surface sediment grainsiagstics and composition
(gravel/sand/mud percent).

Grainsize data type

Full grainsize statistics

Data source Composition Mean grainsize (mean, sorting & skewness)
Davies Colley 1979 o o [
Healy 1985 M M M
Hope 2002 M M M
Mclintosh 1994 o o [l
Park 2003 ] ~ ~
Park unpublished data M M )
Stokes 2008 o o ~
Stokes unpublished data o o ~
Swales 2000 ] ] [
White 1979 M M )

Tauranga Harbour Sediment Study: Harbour bed sedéme 7
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Legend

4 Davies Colley 1979

4 Healy 1983

A Hope 2002
Mcintosh 1994

e Park 2000

e Park 2003

4 Stokes 2003a
Stokes 2003

= Swales 2000

4+ White 1976 0o 1 2 4 6 8 10
N I 1 Kilometres

Figure 2: Sample locations of the 10 studies used to dessdabignent grainsize and
composition. All 10 studies had sediment compasi{gravel/sand/mud percent) data,
while only 7 provided full sediment grainsize sttitis data. Figure 3 shows the
distribution of sediment samples throughout theestimries.

Tauranga Harbour Sediment Study: Harbour bed sedéme 8



—NIWA_—

Taihoro Nukurangi

To prepare data for analysis the grainsize sodimd) skewness were calculated from
percentile results using standard equations aniehgizga units were converted from
phi to millimetres (where necessary). In studieemhpercent mud or sand had been
divided into finer fractions (e.g., very fine safide sand, coarse sand etc.) the results
were recombined to create the three compositiatidmas (i.e., mud <63 um, sand 63
pm to 2 mm, gravel >2 mm) used in this study.

N

A

Legend S
sediment data type ] L-/')
e composition and grainsize statistics oe Y
e  composition data only J\P
I maaaaaa O meeassaw Kilometers
0 1 2 4 6 8
Figure 3: Sediment sample distribution according to data.tgpeen dots show samples with

composition (gravel/sand/mud percent) data onlyueBtots show samples with
grainsize statistics and composition data.

Tauranga Harbour Sediment Study: Harbour bed sedéme 9
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Analysis of grainsize statistics and composition da

ArcGIS shape files created for each data sourcgc(deed above) contained the study
name, location, and sediment data (composition oangrainsize) in the form of
attribute tables. These individual shape files waszged in ArcGIS to form a single
shape file and attribute table that contained &unsent data from all 10 studies.

The merged attribute table was exported into Migftodccess where queries were
run to calculate the mean values of sediment ge@nand composition for each
subestuary. Subestuary grainsize was calculatadKiyg the arithmetic mean of all
of the grainsize data from within the boundaries aof individual subestuary.
Subestuary sediment composition was calculatedarsame way using all available
composition data from each individual subestuary.

The mean sorting parameter and skewness for edastsiary were calculated in a
similar manner to that above. A simplified fourréd sorting parameter table was
created by combining parts of the Folk and Wardirspparameter table (Table 2).

Simplified sorting parameter, based on Folk anddVar

R Verbal classification for Folk and R Simplified sorting parameters for
Phi units ) Phi units o
Ward sorting parameters describing Tauranga samples
<0.35 Very well sorted
<0.5 Well sorted
0.35-0.5 Well sorted
05-1.0 Moderately well sorted 0.5-1.0 Moderately sorted
1.0-2.0 Poorly sorted 1.0-2.0 Poorly sorted
2.0-4.0 Very Poorly sorted
>2.0 Very poorly sorted
>4.0 Extremely poorly sorted

Sediment grainsize and composition results

Table 3 provides further details of the informatianTable 1. It lists the number of

samples per study and per subestuary used foretfiement grainsize statistics and
composition analysis. The number of samples vankly between subestuary: in

some cases there were no samples for calculateigsige (subestuaries 12, 14 and
15) and only one sample for composition (e.g., stagy 22), while in other cases

there were over 90 samples (e.g., subestuary &reTlas a total of 619 samples for
composition and 298 samples for statistics. Figusbows that the greatest number of
samples was collected in the vicinity of the TagCity/Port area.

Tauranga Harbour Sediment Study: Harbour bed sedéme 10
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Table 3: Number of grainsize statistics and composition dasmpsed from each study, in each
subestuary, to calculate the representative sudrgsgmainsize statistics and sediment

composition.

Number of samples

Number of samples

Subestuary used to calculate Study name Subestuary used to calculate Study name
number . . number -
grainsize statistics composition
1 1 Mclintosh 1994 1 1 Mcintosh 1994
1 3 Park 2003 1 10 Park 2003
2 2 Mcintosh 1994 2 2 Mclintosh 1994
2 6 Park 2003 2 15 Park 2003
3 2 Park unreported data 3 2 Park unreported data
3 2 Mclintosh 1994 3 2 Mcintosh 1994
4 1 Park unreported data 3 18 Park 2003
4 1 Mclintosh 1994 3 12 Stokes unreported data
4 1 Park 2003 4 1 Park unreported data
5 1 Park unreported data 4 2 Mclintosh 1994
5 2 Mcintosh 1994 4 22 Park 2003
5 6 Park 2003 5 1 Park unreported data
6 2 Mclintosh 1994 5 2 Mcintosh 1994
6 18 Park 2003 5 17 Park 2003
7 1 Park unreported data 6 2 Mcintosh 1994
7 87 White 1979 6 27 Park 2003
7 3 Mcintosh 1994 7 1 Park unreported data
7 1 Park 2003 7 87 White 1979
8 2 Park unreported data 7 4 Mcintosh 1994
8 3 Mcintosh 1994 7 22 Park 2003
8 9 Park 2003 7 11 Stokes unreported data
8 12 Swales 2000 8 2 Park unreported data
9 33 Hope 2002 8 3 Mcintosh 1994
9 1 Mcintosh 1994 8 21 Park 2003
10 1 Park unreported data 8 14 Swales 2000
10 2 Mcintosh 1994 9 33 Hope 2002
10 1 Park 2003 9 1 Mclintosh 1994
11 2 Mcintosh 1994 9 1 Park 2003
11 3 Park 2003 9 17 Stokes unreported data
12 0 nil 9 3 Stokes 2008
13 1 Mcintosh 1994 10 1 Park unreported data
14 0 nil 10 2 Mclintosh 1994
15 0 nil 10 16 Park 2003
16 2 Mcintosh 1994 11 2 Mcintosh 1994
16 3 Park 2003 11 19 Park 2003
17 2 Mclintosh 1994 12 5 Park 2003
17 5 Park 2003 13 1 Mclintosh 1994
17 1 Swales 2000 13 12 Park 2003
18 1 Park2003 14 1 Mclintosh 1994
19 2 Park unreported data 14 11 Park 2003
19 1 Mclintosh 1994 15 10 Park 2003
19 7 Park 2003 16 2 Mclintosh 1994
20 7 Davies Colley 1979 16 26 Park 2003
20 27 Healy 1985 17 2 Mclintosh 1994
20 1 Mclintosh 1994 17 11 Park 2003
21 2 Healy 1985 17 1 Swales 2000
21 2 Mclintosh 1994 18 7 Park 2003
21 3 Park 2003 19 2 Park unreported data
21 10 Swales 2000 19 1 Mclintosh 1994
22 1 Park2003 19 35 Park 2003
23 2 Mclintosh 1994 20 7 Davies Colley 1979
24 2 Park 2003 20 27 Healy 1985
25 1 Mclintosh 1994 20 1 Mclintosh 1994
25 1 Park 2003 20 1 Park 2003
25 1 Swales 2000 21 2 Healy 1985
26 1 Park unreported data 21 2 Mclintosh 1994
26 1 Mclintosh 1994 21 8 Park 2003
26 2 Park 2003 21 9 Swales 2000
22 1 Park 2003
23 2 Mcintosh 1994
23 3 Park 2003
24 3 Park 2003
25 1 Mclintosh 1994
25 9 Park 2003
25 1 Swales 2000
26 1 Park unreported data
26 1 Mclintosh 1994
26 4 Park 2003

Tauranga Harbour Sediment Study: Harbour bed sedéme
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Surface sediment grainsize statistics (mean, gpaimd skewness) for each subestuary
are presented in Table 4. Subestuaries 12, 14 Buhdd no suitable data available for

calculating grainsize statistics. All subestuarmscept number 13 had a mean

grainsize of between 0.125 and 0.5 mm which equatéise Wentworth size classes

of fine to medium sand, but in this study thesergiaes are simply defined as sand.

Only subestuary 13 fell in the category of mud (63 mm).

The skewness and simplified sorting parameter lse @esented in Table 4. Sorting
was poor or very poor across most subestuaried) wie exceptions being
subestuaries 8, 18, 20 and 22, which were modgratelvell sorted, indicating that
these are higher-energy environments.

Mean surface sediment composition results for satlestuary are presented in Table
5. All subestuaries are predominantly sand (gelyeraf0%) and have very little
gravel (generally < 5%). The result that best dbssrharbour bed sediments for this
study is percent mud; firstly because this is a\stabout the fate of fine sediments,
and secondly because percent mud gives a simpleag@irate indication about
variability in sediment composition between subasés (ranging from 0.7% in
subestuary 22% to 43.7% in subestuary 14). Thexetbe analysis in the following
sections only refers to percent mud.

Figure 4 shows mean surface sediment grainsizesepemud composition and
simplified sorting parameter for each subestuagyesmposed on the subestuaries
map. An interpretation of these results is discdigsehe next section.

2.6 Summary

The southern Tauranga Harbour was split into 2@stularies for the purpose of the
modelling. Subestuaries are km-scale compartmeithe harbour with common

depth, hydrodynamic exposure and bed-sediment gizairand are the fundamental
units at which predictions are made by the USCedinsentation model (Green, 2007).
They primarily include intertidal area where finedsnents are deposited. The
subestuaries were initially delineated on the basia conceptual understanding of
harbour processes and the criteria described a#oaemeeting between NIWA and
EBOP. This categorisation was refined followinglgais of the sediment data.

An extensive literature search identified 40 stsgdi6 of which contained potentially
useful data. The data, once screened for applitabild quality, identified about 300
samples with useful information on grainsize stagsand about 600 samples with
information on composition (gravel/sand/mud peraga). The data were assimilated
in ArcGIS along with available hydrodynamic and g®ophologic information to
describe and map bed-sediment properties of edsstuary.

Tauranga Harbour Sediment Study: Harbour bed sedéme 12
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Table 4: Mean surface sediment grainsize statistics reBultsach subestuary.

Number of samples

Subestuary used to calculate Mean grainsize (mm) Standard deviation Mean skewness Mean sorting Sorting parameter
number o - +(mm)
grainsize statistics

1 4 0.273 0.035 0.259 1121 Poorly sorted
2 8 0.324 0.103 0.152 1.049 Poorly sorted
3 4 0.270 0.070 0.095 1.783 Poorly sorted
4 3 0.335 0.056 0.154 1.274 Poorly sorted
5 9 0.403 0.186 0.010 1.213 Poorly sorted
6 20 0.321 0.104 0.246 1.038 Poorly sorted
7 92 0.156 0.104 0.170 1.437 Poorly sorted
8 26 0.299 0.134 0.316 0.940 Moderately sorted
9 34 0.272 0.115 0.358 1.770 Poorly sorted
10 4 0.281 0.044 0.162 1.793 Poorly sorted
11 5 0.185 0.025 0.277 1.064 Poorly sorted
12 0 ~ ~ ~ ~ ~
13 1 0.061 ~ -0.180 4574 Very poorly sorted
14 0 ~ ~ ~ ~ ~
15 0 ~ ~ ~ ~ ~
16 5 0.179 0.089 -0.070 1.254 Poorly sorted
17 8 0.402 0.144 -0.046 1.075 Poorly sorted
18 1 0.321 ~ 0.397 0.967 Moderately sorted
19 10 0.315 0.060 0.330 1.098 Poorly sorted
20 35 0.346 0.121 -0.194 0.876 Moderately sorted
21 17 0.244 0.088 -0.040 1.158 Poorly sorted
22 1 0.235 ~ 0.113 0.458 Well sorted
23 2 0.308 0.070 0.040 1.263 Poorly sorted
24 2 0.326 0.220 0.290 1.448 Poorly sorted
25 3 0.290 0.112 0.081 1.147 Poorly sorted
26 4 0.287 0.079 0.149 1.636 Poorly sorted
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Table 5: Mean surface sediment composition results for sabestuary.

Number of
Subestuary samples used to % Mud % Sand % Gravel
number calculate
composition (< 63 pm) (63 um - 2 mm) (> 2mm)
1 11 13.95 85.36 0.69
2 17 6.89 92.04 1.07
3 41 31.14 68.25 0.61
4 29 30.32 68.22 1.46
5 20 9.80 87.56 2.69
6 29 8.13 91.16 0.71
7 126 20.84 77.62 0.66
8 40 3.50 94.04 2.43
9 55 35.74 63.84 0.07
10 19 22.26 75.05 2.69
11 21 23.69 75.67 0.62
12 5 6.27 92.87 0.86
13 12 48.10 49.35 2.55
14 12 43.68 54.59 1.73
15 9 27.17 72.29 0.54
16 26 14.47 83.55 1.98
17 14 3.36 94.73 1.89
18 7 10.84 88.89 0.28
19 43 8.53 90.32 1.16
20 36 0.27 96.71 2.96
21 21 4.43 90.49 5.04
22 1 0.70 99.30 0.01
23 5 4.30 92.84 2.86
24 3 14.07 80.74 5.19
25 11 10.80 88.50 0.72
26 6 14.29 83.80 1.91

Tauranga Harbour Sediment Study: Harbour bed sedéme 14
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3. Categorising subestuary types

This section describes how the sediment data werebimed with a conceptual

understanding of hydrodynamic, geomorphological @&adichment processes that
affect sedimentation, to group subestuaries intodt&gories. Categorisation is a first
step towards translating the sediment data int@irdonditions for the model.

3.1 Sediment data considerations

When mapped, the mean grainsize of the 26 subéstutmilowed the patterns we
would have expected given our conceptual understignaf the environment. Our
analysis determined that grainsize compositiondesfly percent mud) gave better
resolution of the differences between subestuamyr@mments than mean grainsize.
Reasons for this were: 1) percent mud had beemndieid at many more sites (about
600) than mean grainsize (about 300), 2) therebe#ter spatial coverage for percent
mud than for grainsize statistics (subestuaries1¥2and 15 had no suitable data
available for calculating grainsize but all subests had composition data) and 3)
during the data selection process percent mud shéess variability between studies
compared to mean grainsize. Skewness and a sietpbforting parameter were also
used to verify trends and patterns during the caitsation process.

3.2 Processes affecting sediment regimes

Factors that affect the processes controlling sedirerosion, transport and dispersal
include geomorphology (estuary shape and aspedttta geometry of banks and
shoals) and hydrodynamics (exposure to wind-wawk tadal current energy). The

influences of these processes on sediment transpemt gauged by examining

bathymetry charts and ArcGIS maps of subestuatimes and sediment data results
(percent mud, mean grainsize and sorting).

Another major factor controlling sediment transpantd dispersal is the volume of
freshwater arriving in the form of catchment rundfigure 5 shows a simplified

drainage network for the catchment of Tauranga élarb This was used to examine
the relative size of the subcatchments, and theiy gooints into the harbour, in order
to consider the likely effects of freshwater diggeaon the hydrodynamics and thus
the sediment transport. Most of the subcatchmenatis the hills to the west (Kaimai-

Mamaku) and the south (Welcome Bay) of the harb®hese areas are generally
covered with forest, horticulture and agriculturigtmsome urban pockets. In contrast,
the subcatchments on the northeast (Mount Maunpaide of the harbour constitute
a small percentage of the total catchment arealoardying, smaller and generally

urbanised.

Tauranga Harbour Sediment Study: Harbour bed sed@me 16
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Figure 5: Simplified drainage network for the catchment olufeamga Harbour. The numbers
are those used to identify catchments in the catchrmmomponent of the Tauranga
Harbour Sediment Study.
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3.3 Category descriptions

Table 6 lists the various factors (sediment, hygnagnic, geomorphologic and
catchment information) considered in subdividinge tB6 subestuaries into 11
categories. Figure 6 shows the 11 categories aloitly their mean grainsize,
percentage mud composition and simplified sortiagmeter.

The categories are described as follows. HuntezskCand Hunters Creek Transition
categories are low energy with medium mud cont&® ¢ 10.8%). They were
designated as distinct categories due to theirragpa from the mainland catchment.
Mid Harbour has no direct catchment input but imisexposed with medium mud
content (14.0%). Open Harbour Banks is very expagéd low mud content (0.3 —
4.4%) and no direct catchment input. Open Silty Bymbents are medium energy and
low-medium mud content (3.5 — 8.1%). They are dididnto East and West due to
differences in wave climate and catchment inpM#hereas the East has a flat urban
catchment, the West has a large hilly catchmenglt&led Muddy Embayments are
sheltered (low wave energy) environments with highd content (10.8 — 48.1%) and
all lie on the western shore (West) with largeyhdatchments except for subestuary 1
which is on the eastern shore (East) and whichah#est urban catchment. Southern
Harbour Open and Southern Harbour Transition categare wide with medium
wave energy and medium mud content (6.9 and 9.8%#§ Southern Harbour
Transition category has no immediate catchmentcd@s name, while the Southern
Harbour Open has a hilly catchment and large rimgut. The Upper Harbour
Transition category is a large, wide, and exposgld medium mud content (14.5%)
and no immediate catchment input.

3.4 Summary

The sediment data were combined with a conceptuddnstanding of hydrodynamic,

geomorphological and catchment processes that taffledimentation, to group

subestuaries into 11 categories. These categatésdify areas of similar sediment
types and geomorphology and where similar sedimpestesses (transport, dispersal
and deposition, resuspension) of similar intengityave and tidal energy) are

presumed to occur.

Tauranga Harbour Sediment Study: Harbour bed sed@me 18
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Geomorpholocial factors

Hydrodynamic energy

Catchment factors

Category Subestuary  Percent 5 factors
number mud Subestuary Subestuary position on Wave Tidal Maximum )
shape Subestuary exposure Catchment size
harbour shore exposure currents stream order
(narrow/open)
Hunters Creek 19 85 narrow north sheltered low medium n/a nla
Hunters Creek Transition 18 10.8 open north sheltered low low n/a n/a
Mid Harbour 24 14.0 open mid harbour semi-exposed medium high nil nil
17 3.4 open north exposed medium high nil nil
20 0.3 open mid harbour exposed high high nil nil
Open Harbour Banks X X . . .
21 4.4 open mid harbour exposed high high nil nil
22 0.7 open mid harbour exposed high high nil nil
Open Silty Embayment — east 6 8.1 open east sheltered medium medium 3 small
8 35 open west exposed medium medium 5 large
Open Silty Embayment — west 12 6.3 open west semi-exposed medium medium 3 small
23 4.3 open west exposed high low nil nil
Sheltered Muddy Embayment - east 1 14.0 open east sheltered low low 3 Small
3 31.1 narrow west sheltered low low 3 medium
4 30.3 narrow west sheltered low low 4 medium
7 20.8 narrow west sheltered low low 3 medium
9 35.7 narrow west semi-exposed medium low 3 small
10 223 narrow west sheltered low low 3 small
Sheltered Muddy Embayment — west 11 23.7 combination west semi-exposed medium low 2 small
13 48.1 narrow west sheltered medium low 2 small
14 43.7 combination west semi-exposed medium low 3 small
15 27.2 combination west semi-exposed medium low 4 medium
25 10.8 narrow west sheltered low low n/a n/a
26 14.3 narrow west sheltered low low na/ n/a
Southern Harbour — open 2 6.9 open south and east semi-exposed medium low 4 medium
Southern Harbour — Transition 5 9.8 open south and east semi-exposed low medium nil nil
Upper Harbour - Transition 16 14.5 open mid harbour and north exposed high medium nil nil

Tauranga Harbour Sediment Study: Harbour bed sedéme
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Legend

catergories

- Hunter's Creek

l:l Hunter's Creek transition

I:I mid harbour

- open harbour banks

- open silty embayment - east
I:] open silty embayment - west
- sheltered muddy embayment east
- sheltered muddy embayment west
- southern harbour - open

- southern harbour - transition
- upper harbour transition

Figure 6: Subestuary map showing subestuary number (largeafwh bold) above mean grainsize, percentage mddsiamplified sorting parameter
results for each subestuary. The 11 categorieslantified by colour coding and defined in the lede
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4. Sediment accumulation rate

4.1

Measurements of sediment accumulation from the charlprovide information on
where sediments are building up and rates of sediaecumulation over the past 50
years, which will be used to validate sediment amadation predictions by the USC-3
model. Our literature research revealed littleinfation on sediment accumulation
rate (SAR). The core sites were selected, corimeriaken and sediments examined
by x-radiograph and dated by radioisotopic techesquo determine sediment
accumulation rate.

Existing sediment accumulation rate data

We located 13 studies that potentially containddrination on SAR. Twelve of these
studies revealed little useful information for tteasons summarised in Table 7. The
study by Burggraaf et al. (1994) on sediment comtants in Waikareao Estuary
(subestuary 7) detected the organochlorine DDTOatn& depth, which provides an
estimated average sedimentation rate of about M8/mnsince the last use of DDT (to
control grass grubs on pasture) in about 1950.

Unfortunately, data from the surveys of intertitlat profiles at 26 locations by EBOP
(Figure 7) in 2003 and 2007 did not provide sugabdhta to derive SAR. The

surveying method used had a resolution of aboutrvi® which was too large to

resolve the centimetre or two change in bed elenahat probably took place in the 4
years between the two surveys. However, as maneeys are completed over a
longer time period, these data will have greateoligion and be valuable records of
sediment accumulation over large parts of the harbo
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Source

Description

Why not used

Barnett 1985

Beamsley and Black 2003
Black 1984

Burggraaf et al. 1994

EBOP surveys 2003 - 2007

Davies-Colley 1976

Davis and Healy 1993

Healy 1985

Hope 2002

Perano 2000

Stokes et al. 2008

Stokes unpublished results 2003-2005

Swales et al. 2000

No data in Barnett reports (all data for the Tauranga study is in the Healy and
Black reports)

Sediment flux inferred from sediment trap and SSC data

Data from Healy report

Journal paper looking at DDT, DDE, DDD contaminants in surface sediments
from Tauranga harbour. Simple calculation for sedimentation rate on pg 295.
Calculation based on levels of different contaminants found at different depths
within the sediment (e.g. DDT found 50 mm down sediment profile), and likely

time of contaminant use (e.g. DDT, ¢.1950). This gives an approximate
sediment accumulation rate of 0.9 mm/yr since 1950.

Surveyors measured intertidal flat level at 20+ sites in Tauranga harbour in
2003 and again in 2007

Sediment discharge inferred from Bagnold's bedload formula

Interpretation of the late Quaternary stratigraphy of southeastern Tauranga
harbour based largely on >70 bore holes and radiometric dating, supplemented
by high resolution seismic survey and scuba observations.

Sub bottom seismic profiles

4 x 40 cm cores in Waikaraka estuary

Sediment flux inferred from sediment trap and SSC data

Erosion pins and Surface Elevation Table methodologies

Cores

12 x 3 m deep cores around Wairoa River to determine key lithological
properties

No data

Rates inferred and dataset too short

Data from Healy report

n/a

Survey results not yet accurate enough

Dataset too short

Dates not detailed enough to infer SAR

No dates associated with profiles
Dating results not reliable

Rates inferred and dataset too short
Data set too short

Results not yet available

No dating done on cores

Tauranga Harbour Sediment Study: Harbour bed sedéme

22



_/N~LWA/

Taihoro Nukurangi

N

A

Figure 7: The 26 locations (survey profile lines) wheEBOP surveyed the intertidal flats in
2003 and 2007 to monitor level change and sedia@umulation.
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4.2 Selection of core sites

High-resolution colour aerial photographs alonghwiarious other catchment and
estuary information were examined from the 26 swizeis to select core locations
that would provide representative sediment accumomarates. Table 8 lists
considerations undertaken in choosing the 10 suéess for coring. Criteria for
selection also required that the core sites beackerised by a uniform (not patchy
depositional regime and that the sediments shoahtaa >3% mud (for successful
radioisotope analysis), be away from meanderingaggtchannels, stream inputs,
areas of physical or biological reworking and mawgs or seagrass beds. A GPS
location was determined for each site, but the tgpasition was chosen in the field on
the day of the coring. All sites ended up beintpted close to the original selection
sites, apart from the site in subestuary 15 whics wnoved to a location one
kilometre away where it was more easily accesipleoat. This resulted in the core
being taken in the western corner of subestuarynéér subestuary 14. A tenth core
intended for subestuary 21 was not taken as tleeveas clearly very active and sandy
and would not have yielded useful SAR results. S&Re locations are shown in
Figure 8 and Table 9.
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Criteria considered in selecting core locations.

Subestuary Cored Reasoning

1 Speedway - Sewerage treatment pond upstream may input particlesinto estuary

2 Rangataua Bay | Outflow for subcatchment 104; open south harboarmgle

3 Welcome Bay - In same subcatchment as subestuary 2; mangroves; to be represented
by SAR from subestuary 4

4 Waimapu Estuary | Outflow for large subcatchment (106); sheltered dyuembayment
example; data can represent subestuary 3

5 Tauranga City foreshore - Transition area; no direct subcatchment drainage

6 Waipu Bay | Unusual geomorphology; likely depositional are@resents west
facing open silty embayment; outflow for urban satbbment 125

7 Waikareao - SAR given by Burggraaf 1994 paper

8 Mouth of Wairoa River | Outflow for Wairoa river subcatchment (108)

9 Waikaraka - Obstruction upstreamwill likely affect sediment supply; to be
represented by SAR from subestuary 10

10 Te Puna | Representative of subestuaries 9,10 and 11, ofwdichas the largest
subcatchment

11 Mangawhai Bay - To be represented by SAR from subestuary 10

12 Mouth of Waipapa River - To be represented by SAR from subestuary 23

13 Pahoia Beach Road - To berepresented by SAR from subestuary 15

14 Mouth of Wainui River - To berepresented by SAR from subestuary 15

15 Mouth of Aongatete River | Represents subestuaries 13, 14 and 15, where 16ehksgest
subcatchment

16 Middle-harbour sandbanks - May be too hydrodynamically active

17 Matakana Island | West facing open harbour bank; land and channeigeghysical
boundaries

18 Rangiwaea Island - To berepresented by SAR from subestuaries 17 and 19

19 Hunters Creek | Possible sink; separate hydrodynamics

20 Centre Bank - Too hydrodynamically active; low gercmud

21 Oikimoke Point | Represents 20 and 22; open harbour bank wheresligizest percent
mud

22 Sandbank east of Motuhoa - Too hydrodynamically active; low percent mud

Island

23 West of Omokoroa Peninsula | Open silty embayment; represents subestuary 12&mslibcatchment
112 outflow

24 Sandbank east of Omokoroa - Too hydrodynamically active; channels either side

Peninsula

25 Matua - To be represented by SAR from subestussg@e subcatchment as
subestuary 8; small

26 Waimapu causeway - No direct subcatchment drairsagel!

Tauranga Harbour Sediment Study: Harbour bed sedéme
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Figure 8: Locations of SAR core sites in the 26 subestuaniekthe site (in subestuary 7) where Burggraafrchied SAR based on DDT in the core.
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Locations cored to determine sediment accumulatita

Subestuary NZMG (Northing) NZMG (Easting)
2 -37.70398 176.21188
4 -37.71337 176.16197
6 -37.68500 176.18878
8 -37.66968 176.09770
10 -37.67493 176.04890
16 -37.61593 175.99557
17 -37.62253 176.07675
19 -37.60675 176.09732
23 -37.63688 176.02872

Field methods

Two replicate PVC cores (50 cm deep by 10 cm diarhetere collected at each site
at low tide. The cores were driven carefully int@ tsand, avoiding compaction as
much as possible, and were dug out using a spade.

Attempts at collecting sediment slabs using reatkargsection Perspex trays for x-ray
imaging were unsuccessful as the sediment wasitmoaind sandy, so a third PVC
core was taken for x-ray imaging instead.

Photos of the site and sediment surface were takewell as a photo of the sediment
profile that had been cut away with a spade. Feleés and photos are documented in
Appendix 2. The cores were capped, taped and kegizdmtal during transport to
avoid compaction. A core from each site was atshiged.

X-radiographs of cores

X-radiographs (x-rays) of the cores were undertakeshow fine-scale sedimentary
fabric of sediments and to provide information @apadksitional processes, sediment
texture, and whether the sediment column had bestarlded by animal burrowing
(bioturbation) and/or physical processes within sheface-mixed layer (SML) depth.
This information was also used to prioritise whadres to date and exactly where to
take subsamples of sediment for radioisotopic amalyX-ray images of cores are
shown in Appendix 2.
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The cores were sectioned longitudinally, photogeapaind then trimmed to provide a
2 cm thick longitudinal slab. The slabs were x-thyasing a Phillips Model
Macrotank 205 X-ray generator with Kodak AA400 fi(B0 kV, 5 mA, 1.1 min) (see
Appendix 2 for more details on x-ray processing).

The x-radiographs show the cores are characteridtithe mixed silt and sands
deposited on estuarine intertidal flats. Loweradignmaterial such as plant fragments
and/or fine-grained muds show up as darker gregkbdmeas. Cockle-shell valves
(Austrovenus stutchburyi) are abundant in most of the cores (Appendix Zhe
higher-density carbonate shell material, along withartz sand layers, appear white in
the x-radiographs. A description of each of theesdollows.

Core 2 was collected from Rangataua Bay (subes®iaFjg. 8). The x-radiographs
show that sediments are composed of homogenoyssaiiid to 25 cm depth, where
there is a sharp contact with a shell layer comtgirabundant shell valves and
fragments of cockle (Appendix 2). The SML extemalsabout 6 cm depth, where a
contact with lower-density silts occurs. Therditite intact lamination or bedding

above the shell layer. The numerous mm-scalecatrtubes infilled with mud are

indicative of the burrowing action of worms. Tharkliareas within the shell layer are
consistent with muds and/or sediments with higrewabntent.

Core 4 was collected from Waimapu Estuary (subegtda Fig. 8). The x-
radiographs show that sediments are composed offace layer of shell-rich sand
overlaying a low-density mud layer below 10 cm tiepShell material is rare in the
top most 5 cm of the core (Appendix 2). The muyeféhas a mottled appearance with
numerous dark patches and tubes of low-densityriahteThere is little evidence of
intact bedding, which is consistent with sedimentimg by animals.

Core 8 was collected from the wave-exposed inta@rtihts of the Wairoa Estuary
near Oikimoke Point (subestuary 8, Fig. 8). Thadiograph indicates that the top of
the core is composed of a homogenous sandy muateriogged fine sand. A sharp
contact with an underlying cockle-shell layer oscat 15 cm depth. The dark areas
within the shell layer indicate water and/or mutetl voids. There is little evidence
of intact bedding. This is most likely the resaft sediment mixing related to the
feeding and burrowing activities of animals. This indicated by the mottled
appearance of the sediment, which occurs when sedénof different textures are
incompletely mixed. By comparison, physical mixigntertidal-flat sediments, most
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commonly by waves, results in fine-scale laminatjaifue to sediment resuspension,
sorting and redeposition.

Core 16 was collected from wave-exposed intertftlis east of Te Hopai Island
(subestuary 16, Fig. 8). The x-radiograph indieatehigh-density fine-sand layer to
~10 cm depth overlaying lower-density muddy sarithere is some evidence of
bedding towards the base of the surface sand lay&r9 cm depth. This is indicated
by fine mm-scale horizontal laminations in the sesht. There is also evidence of
weak bedding in the muddy sand unit below 10 cmitde sharp contact with a
cockle-shell layer with fine sand occurs at 37 @aptt.

Core 19 was collected from intertidal flats neaerd®a Point in the Hunters Creek
Inlet, which separates Rangiwaea and Matakanadsléubestuary 8, Fig. 8). The x-
radiograph indicates a high-density silty fine-salager to about 7 cm depth

overlaying a lower-density sandy-mud. There isdoegl visible in the lower part of

the surface sand layer. The sandy mud unit belom €ontains numerous mm-scale,
mud-filled vertical burrows formed by worms. Theig also some evidence of
bedding, as shown by fine laminations at 15-20 etld Cockle-shell valves and
fragments are rare throughout this core. Thioissistent with the worm-dominated
muddy sediments found at this site.

Core 23 was collected from intertidal flats westQrhokoroa Peninsula (subestuary
12, Fig. 8). A relatively high-density silty firsand layer occupies the top 4 cm of the
core. A thin layer of sand at the base of the isnihdicative of sediment sorting by
wave resuspension/re-deposition. This surfacer layerlies a sandy shell layer
extending from 4-35 cm depth. A sandy-mud uniuegdelow 35 cm. There is little
evidence of intact bedding in this core.

45 Dating cores and determining sediment accumulatiorate

Sediment cores were dated using the radioisotopesium-137 '¢'Cs, % life 30
years) and lead-21G'Pb, ¥ life 22.3 years). SAR was calculated from vhrtical
concentration-activity profiles dfPb and*'Cs. Concentrations of the cosmogenic
radioisotope beryllium-7'Be, ¥ life 53 days) were also measured in the sanaples.
'Be is particle reactive and tends to be concemtrateaquatic systems, making it a
useful sediment tracer in fluvial-marine systemsedsonal timescales (Sommerfield
et al. 1999). More detail about radioisotope analyand the formation and
significance of surface-mixed layers in estuarieg@iments are described in Appendix
3.
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In the present study tHBe was used to provide information on the depthiatehsity

of sediment mixing in the surface-mixed layer .eTle was also used to select cores
for further radioisotope dating analyses in orderidentify those cores where the
sediments were least likely to be disturbed byuskmtion and physical mixing (as
mixing corrupts the sediment accumulation rate datéaved from the dating).

Sedimentation rates calculated from cores are &avesage rates which are usually
expressed as mm/year. More detail about SAR asalysiescribed in Appendix 3.

On the basis of the information provided by theadiographs (in particular the
surface mixing) sediment cores from subestuariés &, 16, 19 and 23 were selected
for radioisotopic analysis. Sediment samples ftbentop most 10 cm of each core
(i.e., 0.5, 2.5, 6.5 and 9.5 cm depths) were ardlygthin one month of collection to
analyse for the short-liveBe to determine the depth and intensity of sedimering

in the SML. #°Pb and™*'Cs were also measured. In the second phase ofsasal
samples below 10 cm depth (19-20, 29-30, 39-4048&0 cm) were taken to
determine the maximum depths @fPb and**'Cs in the cores. In addition, surface
samples (0-1 cm depth) from cores 6, 10 and 17 weadysed to determine
radioisotope surface concentrations.

4.6 Sediment accumulation rates

Sediment accumulation rates were estimated forrakeeeres from depth profiles of
21%p. ¥'Cs was not detected in any of the cores, meaning-siveraged SAR could
not be determined from the maximum depth*¥€s in the sediment column as has
been applied in a number of North Island estuariéss result is notable given the
ubiquitous nature of’Cs in the environment (Appendix 3J>'Cs concentrations in
estuarine sediments have substantially reducee sihecatmospheric deposition peak
in the mid 1960s, due to radioactive decay. Funtioee, *'Cs deposition was
substantially less in the southern hemisphere ithéime northern hemisphere. Today,
137Cs concentrations in estuarine sediments are tjyilsss than 1 Becquerel (Bq)
per kilogram (1 Bg = 1 radioactive decay per segosal that they are getting close to
minimum detectable concentrations. By compari$8®b concentrations in surface
sediments are typically 10 Bq kgr more. Thus, the most likely explanation for
being unable to detett’Cs in Tauranga Harbour sediments is that origieabdition
and accumulation of'Cs was low due to sediment reworking and dispessal, the
low mud content of the sediments was not condutmvé’Cs accumulation. Today
the small amounts df’'Cs have decayed below minimum detectable concenmisat
This also means that we have no independent mdathatieck the SAR estimates
derived from thé'%Pb concentration profiles.
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'Be was detected in each of the cores to 3-10 crthslegnd these concentration
profiles were also analysed. The$e data provide information about sediment
mixing and were also used to interpret ff®bprofiles. Figure 9 presents tfBe
concentration profiles for the Tauranga sedimeméesoln the absence of sediment
mixing, the maximuniBe depth due solely to sedimentation would be fleas 1-2
mm, based on the shdBe half-life and typical SAR of several mm per yedthe
presence ofBe to 3-10 cm depth in the cores indicates {Batlabelled sediments
are being mixed into the surface-mixed layer ovenrtstime scales (i.es 100 days)
by biological and/or physical processes. TBe profiles can be classified into two
types. Type (I) profiles are well mixed (i.e., fanin ‘Be concentrations with depth)
and have complete sediment mixing within the SMar¢s 2, 8 and 16). Type (ll)
profiles have exponentidBe decay profiles and show a reduction in mixirigrsity
with depth (cores 4, 19 and 23). In both casesptbsence ofBe to several cm depth,
and absence of bioturbation structures in the Sigllconsistent with wave- or tidal
current-driven sediment re-suspension/re-depositi@n days—months.
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Figure 9: Be concentration profiles for the Tauranga sediroengs.

The depths of théBe SML in cores taken from Tauranga Harbour arepdee
comparison to other North Island estuaries. Fa@mete, maximum depths éBe
SML were< 5 cm in intertidal-flat sediments of the Centrah®@mata Harbour, Firth
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of Thames, Pauatahanui Inlet (Porirua) and Okutadgg (Swales et al. 2005; Swales
et al. 2007a; Swales et al. 2007b; Swales et 8820

2% concentrations in the SML of 5-15 Bdq'kare typical of North Island estuaries.
Because of the relatively deep surface mixing iaidid by theBe data the temporal
resolution of the?’®Pb dating will be reduced. Figures 10a-f presémt 4%Pb
concentration data and fitted regressions thatised to estimate time-averaged SAR.
Typically, regressions are fitted to tH&Pb profile in the accumulation zone below the
SML, indicated by the x-radiograph and/8e data In Tauranga Harbour sediments
2%Ph profiles display considerable scatter and theirmam depth of*°Pb in most of
the cores is less than 20 cm. This is shallowomgarison with recent studies in other
North Island estuaries whefé®Pb profiles extend to 50 cm depth or more. This
implies low accumulation rates in southern Tauradgebour sediments.
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Figure 10a-f: The?%h, profiles and x-radiographs for SAR cores 2, 4,98,10 and 23.
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Core 2 (subestuary 2)

The *°Pbprofile in core 2 displays considerable scaffig.(10a). The coefficient of
determinationr(?) of 0.5 for the regression fit is poor. The fé@includes data from
the ‘Be SML, so that the estimated SAR of 7.2 mihlyas considerable uncertainty.

Core 4 (subestuary 4)

At core site 4, the presence of the SML to 7 cmthiep indicated by relatively
uniform #°Pb concentrations (Fig. 10b). The regressiorofthe**Pb data below the
SML yields a SAR of 0.75 mm yr(r* = 0.98,n = 3). The data points available (i.e.,
3) are the minimum number for the regression fithis accumulation zone occurs in
the low-density mud layer immediately below thefisial shell-rich sand layer in the
top most 10 cm of the core. These results inditateinputs of sediments to the
Waimapu Estuary (subestuary 4, Fig. 8), with deepng of surface sediment, most
likely due to wave re-suspension. This physicdaiisg process will winnow fine silts
from the SML. The residence time of sediment i@ 8ML before it is removed by
burial can be estimated from tA&b SAR ad/SAR, whereD is the SML thickness.
For core 4 this gives a residence time of 70 mra/@nh yi' = 90 years. Thus, core 4
indicates that sediments trapped in Waimapu Estuallyremain in the SML for
almost a century before being removed by burial.

Core 8 (subestuary 8)

At core site 8, théBe SML extends to 10 cm depth, with the maximumtidep>*Pb
being 15 cm. As a result, tfé"Pb data show considerable scatter and there are
limited data below the SML (Fig. 10c). Therefotevas not possible to estimate a
SAR for this site. These data are consistent avitighly wave-exposed intertidal flat,
with negligible long-term accumulation of fine sedints. While fine terrigenous
sediments might be deposited in the immediate rafidtr of storms, the
unconsolidated deposits can be eroded by wavestidaldcurrents, dispersed and
settled in depositional environments elsewheréenharbour.

Core 16 (subestuary 16)
At core site 16, th@Be SML extends to 7 cm depth, with the maximum ket Pb

being less than 15 cm (Fig. 10d). The regresstdao the*°Pb data below the SML
yields a SAR of 1.57 mm yr(r> = 0.99n = 3). The data points available (i.e., 3) are
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the minimum number for the regression fit. Theuaaalation zone occurs in the
transition between the higher-density fine-san@iand the underlying lower-density
muddy sand. The absence’8Pb below 12 cm depth suggests that most of this mud
unit was deposited more than 100 years ago. Thp,detense mixing of the SML
indicated by the x-radiograph and the unifdiBe concentration profile is consistent
with a wave-exposed intertidal flat environmentheTresidence time of sediment in
the SML before it is removed by burial is 70 mm7LtBm yi* = 45 years.

Core 19 (subestuary 8)

At core site 19, th@Be SML extends to 3 cm depth, with the maximum degt**Pb
being 40 cm (Fig. 10e). The regression fit to3ffeb data below the SML to 10-cm
depth yields a SAR of 1.33 mmy(r? = 0.57n = 3). The data points available (i.e.,
3) are the minimum number for the regression Tihe accumulation zone occurs in
the silty fine-sand and sandy-mud layers of the-sagface sediments. The higfPb
concentrations below 30 cm are likely due to dowmlwaixing of more recerft:®Pb-
labelled sediments. This is consistent with thediegraph which shows numerous
mm-scale, mud-filled worm burrows in the sedimegiblwv the SML. The exponential
decay in théBe concentration profile indicates that mixing iy reduces rapidly
with depth in the sediment column. This is comsistvith a more sheltered intertidal
flat environment, as found in the Hunters CreektlniThe residence time of sediment
in the SML before it is removed by burial is 30 B8 mm yi* = 23 years.

Core 23 (subestuary 12)

At core site 23 th@Be SML extends to 10 cm depth, with the maximuntidep> Pb
being 48 cm (Fig. 10f). The uniforfBe and™*%Pb concentrations in the SML indicate
intense physical sediment mixing at time-scalesldf0 days or less. The absence of
?1%ph between 10 cm and 40 cm depth coincides withsémely-shell layer, which
suggests that'®Pb-labelled fine sediments are absent. As destribecore 8, the
radioisotope data are consistent with a wave- ata turrent-exposed intertidal flat
where long-term accumulation of fine sedimentsegligible.

4.7 Comparison of sedimentation rates with other Northisland estuaries

The radioisotope data for Tauranga Harbour argivelg poor compared to those we
have determined for some other North Island essariFor this reason have only 3
reliable SAR estimates based on radioisotopes &oranga Harbour (along with the
single SAR based on the DDT marker in Waikareo &$ju The lack of resolution in

the radioisotope data is due to: (1) deep, int@hgsical mixing of sediments which
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means that the temporal resolution of the cora®dsiced, (2) absence 6fCs in
sediments so that we have no dating method independ the’*Pb data, and (3) low
rates of fine-sediment accumulation on intertidatsf consistent with wave-driven
sediment re-suspension, which exacerbates sedimgimtg effects. This is an
interesting finding in itself as it suggests thatre are low net rates of accumulation
of fine sediments on the intertidal flats (at leastthe places we cored) due to
reworking by waves and currents and burrowing aosyas.

By way of comparison, Figure 11 shows an examplehef sedimentation record
preserved in a sub-tidal basin at Karepiro Bay {N&hore, Auckland) where long-
term accumulation of fine terrigenous sediments Ib@sn occurring over the last
century (Swales et al. 2008). In this example teb dating is supported by an
independent’®Cs SAR estimate. Furthermore, th¥Pb data shows a smooth
exponential decay with depth, with a robust fithie datai® = 0.88,n = 9), providing

a high degree of confidence in the SAR estimate.
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Figure 11: Core KPO-1 (Karepiro Bay subtidal) sediment prafilea) x-radiograph; (b) mean (black)
and median (red) particle diameters, with 1 std gktted; (c) mud content (%
volume); (d) dry-bulk sediment density (g &m(e) unsupported®Pb concentration
profile with 95% confidence intervals, time-averdgeediment accumulation rate
(SAR) and co-efficient of determination®Y derived from fit to data (red line),
maximum’Be and™'Cs depths; (f}*'Cs concentration profile with 95% confidence
intervals and time-averaged SAR. Nof8Cs SAR accounts for rapid mixing in the
surface mixed layer. Source: Swales et al. (2008).
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In Tauranga Harbour, annual-average SAR of 0.7~ yi' on intertidal flats
over the last 50-100 years is low in comparisoatk@r North Island estuaries where
similar methods have been applied. In making tumparison it is important to
distinguish between the various depositional emvitents found in estuaries: (1) tidal
creeks, (2) intertidal flats, and (3) subtidal $lat the main bodies of estuaries. In the
tidal creeks of the Auckland Region, SAR has tyihicaveraged ~20 mm yrover the
last 50 years or so (e.g., Oldman and Swales, 199@les et al. 2002a). Rapid
infilling of these tidal creeks is a consequencanafeased soil erosion associated
with land development, close proximity to catchmeatlets and estuarine processes
that favour fine-sediment deposition.

Beyond the tidal creeks (which account for a srpatiportion of the estuary area)
terrigenous sediments accumulate on intertidal andtidal flats. Studies in
Auckland’s east-coast estuaries show that sedirtienthas typically occurred more
rapidly on intertidal (average 4.7 mni‘yithan on subtidal (average 2.9 mrit)yflats
(Swales et al. 2002b). Although, in the Centralitéfaata Harbour, SAR was similar
on intertidal (average 3.2 mmYyrand subtidal (average 3.3 mni'yflats (Swales et
al. 2007b). In the Pauatahanui Inlet (Porirualggaf estuary infilling are similar to
Auckland estuaries, with SAR averaging 2.4 mi gver the last century (Swales et
al. 2005). In the Firth of Thames, several tenmiflions of tonnes of fine sediment
have been delivered by rivers over the last centsmythat sedimentation has been
extremely rapid even on highly wave-exposed irdaftflats. Radioisotope data show
that SAR has averaged ~25 mm'\gince at least the 1930s (Swales et al. 2007a).
This study also shows how mangroves influence ¢uengentation process, with 3-5
fold increases in SAR following mangrove colonisati

4.8 Summary

Sediment accumulation rate determined for vari@esitions in the harbour provide
information on where sediments are building up eatds of sediment accumulation
over the past 90 years. This information will beedH to calibrate sediment
accumulation predictions by the USC-3 sedimentatodel.

A literature search identified only one useful mgament of sediment accumulation
rate. That was 0.9 mm/yr (over 58 years) for thekafao Estuary (subestuary 7).

Because there was little information available frernsting studies, 10 subestuaries
were selected for coring. Coring was undertakem sediments were dated by
radioisotope techniques. X-radiographs (x-rayshefcores were undertaken to show
fine-scale sedimentary fabric and provide inforimation depositional processes,
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sediment texture, and whether the sediment coluath leen disturbed by animal
burrowing (bioturbation) and/or physical processesh as wave stirring of the
seabed. This information was also used to prieritiblich cores to date and exactly
where to take subsamples of sediment from the ctegadioisotope analysis.
Sediment cores were dated using the radioisotdp@s and*°Pb. Sediment
accumulation rates were calculated from the vdrtoacentration-activity profiles of
?%p and™*'Cs. Concentrations of the cosmogenic radioisof&ee(¥ life 53 days)
were also measured in the core samples to proviftgmation on the depth and
intensity of sediment mixing in the surface-mixegdr and to identify those cores
where the sediments were least likely to be digirby bioturbation and physical
mixing (as mixing corrupts the SAR data derivednfrghe dating). Detailed
radioisotope dating was undertaken on 6 cores. inf&ed accumulation rates so
derived were 0.75 mm/yr over 90 years (Waimaput,|rdabestuary 4), 1.57 mm/yr
over 45 years (Te Hopai Estuary, subestuary 1@),(Hunters Creek, subestuary 8)
1.33 mml/yr over 23 years. These rates are low aoaapto other estuaries on the east
coast of Auckland, the Firth of Thames and Pauataiialet (Wellington).

The low rates of sediment accumulation and theorsoliope evidence of deep mixing
in the cores indicate that large areas of the veaymsed intertidal flats in southern
Tauranga Harbour are not long-term sinks for fiegigenous sediments. There is
evidence of reworking of deposited sediment (by egaand tides stirring the seabed)
which remobilises sediment, which is then dispersaday from the original
deposition site more widely about the harbour. eRimdl depositional environments
for that sediment include tidal flats, tidal creelsheltered bays, mangroves and
saltmarsh habitats. Sediment is also exported ftoenharbour to the inner shelf.
These hypotheses need to be tested and recongkdsa the results from the
modelling components of this study.
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7. Appendix 1. Sediment grainsize statistics and congsition data.

All studies located during the review.

—NIWA_—

Taihoro Nukurangi

Sediment character
(grainsize and composition)

Sedimentation rate (SAR)

Reference sediment  data why not rate data  data why not
data used used
Barnett, A.G. and Gregorius, B.H. 1984 Tauranga Harbour Study Report. Numerical n/a n/a
modelling of the proposed harbour crossing. Water quality centre job report No.
WT319/1
Barnett, A.G. and Bell, R.G. 1984. Tauranga Harbour Study Report. Hydrodynamic n/a n/a
model results for the Tauranga harbour ship handling report. Water quality centre job
report No. WT319/2
Barnett, A.G. 1984. Tauranga Harbour Study. Model studies of alternative Tauranga n/a n/a
harbour bridge configurations. Consultant report WT319/3.
Barnett, A.G. 1985. Tauranga harbour study. Studies of the new Murray-North harbour x| n/a X n/a
bridge proposal. Consultant report No. WT319/4.
Barnett, A.G. 1985. Tauranga Harbour Study. Tauranga harbour tridge - impact on tidal E| n/a |Z| n/a
flows. Consultant report No. WT319/5
Barnett, A.G. 1985. Tauranga Harbour Study. Part 1: OVERVIEW |Z| data in healy report n/a
Barnett, A.G. 1985. Tauranga Harbour Study. Part 3: Hydrodynamics |Z' |Z| data in healy report |Z| n/a
Beamsley, B and Black K. 2003. Opureora (Matakana Ferry) Channel Dredging: Field M X subtidal M x] inferred from settling
data collection. Report prepared for: Boffa Miskell Ltd on behalf of EBOP. Report velocities
Number 2003.1400.1 ASR Ltd.
Bell, R.G., 1991. Port of Tauranga model study (deepened shipping channel proposal), x| n/a [x] n/a
Port of Tauranga Limited, Mt Maungauni .DSIR report 6127/1,
Bell, R.G., 1994. Port of Tauranga model study: Sulphur point whaft extensions , Port g n/a @ n/a
of Tauranga Ltd., Mt Maunganui. NIWA report POT002/1.
Black, K.P., 1984. Sediment Transport. Tauranga Harbour Bridge.Part IV: TEXT |z| data is from Healy field |2[ data is from Healy field
study study
Black, K.P., 1984. Sediment Transport. Tauranga Harbour Bridge.Part IV: FIGUES M X data is from Healy field M x] data is from Healy field
AND TABLES study study
Burggraaf, S., Langdon, A.G., and Wilkins, A.L., 1994. Organochlorine contaminants in |Z, |Z| not comparable |z[ |Z,
sedments of Tauranga Harbour, New Zealand. NZJMFR, 28(3): 291-298.
Burggraaf, S, Wilkins, A.L., Langdon, A.G., Kim N.D. 1997. Heavy metals and organic M X same grain size data as X n/a
hydrocarbons in sediments from the waikareao estuary, Tauranga Harbour, New from 1994 paper
Zealand. Bulletin of Environmental Contamination and Toxicology. 58:871-878.
Dahm, J. 1983. The geomorphic development, bathymetric stability and sediment |z| not in subestuary n/a
dynamics of Tauranga Harbour. MSc thesis, Department of Earth Sciences, University
of Waikato, Hamilton
Davies-Colley, R.J., 1976. Sediment dynamics of Tauranga Harbour and the Tauranga |Z| Iz[ Iz[ |z| inferred from settling
Inlet. MSc thesis, University of Waikato. velocities
Davies-Colley, R.J. and Healy, T.R. 1978. Sediments and hydrodynamics of the |z| not in subestuary, n/a
Tauranga Entrance to Tauranga harbour. N.Z. Journal of Marine and Freshwater entrance data
Reaserach 12(3): 225-36.
Davis, R.A. and Healy, T.R. 1993. Holocene coastal depositional sequences on a x n/a Iz[ 3] no dates for cores
tectonically active setting: southeastern Tauranga harbour, New Zealand. Sedimentary
Geology, 84: 57-69.
de Lange, W.P., 1988. Wave climate and sediment transport within Tauranga Harbour, |z| not in subestuary n/a

in the vicinity of Pilot Bay. D.Phil. Thesis, University of Waikato, Hamilton, New
Zealand
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Healy, T.R. 1985.Tauranga Harbour Study Part ii: Field data collection programme |z[ |z[ E[ 3] no dates done on cores

Hope, H.M., 2002. Sediment Dynamics of Waikaraka Estuary, a small, semi-encolsed ™M ™M ™M 3] rates not accurate enough
estuarine system in the upper reaches of a developed harbour. M.Sc. Thesis.
University of Waikato, New Zealand.

Kruger and Healy 2006 Mapping the morphology of a dredged ebb tidal delta, tauranga ™M x not in subestuary 3] nla
harbour, nz. Journal of coastal research. 22. 3. 720-727.

Mcintosh, J., 1994. Tauranga Harbour Regional Plan Environmental Investigations; M |Z[ |Z| n/a
Water and sediment quality of Tauranga Harbour. EBOP 94/10. ISSN 1172-5850

Park, S.G., 2003. Marine sediment and contaminants survey (2001-03) of Tauranga M |Z[
Harbour. EBOP, 2003/20

Roper, D. 1990.Benthos associated with an estuarine outfall, Tauranga Harbour, New
Zealand. New Zealand Journal of Marine and Freshwater Research, Vol. 24: 487-498.

M =

not in subestuary 3] n/a

Stokes, Debra. Unpublished sediment grain size data. Excel spread sheet M |Z[ X n/a

Surman, M., Clarke, R. and Carter, M. 1999. Tauranga Harbour sediment source stream data stream stuff
survey. Environment BOP Operations report 98/13. EBOP.
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Sediment grainsize mean, sorting and skewness retsuper study per subestuary.

number of

number of
samples to

samples to . mean

subestuary study name mean (mm) stdev calculate  mean sorting

calculate . skewness

sorting and
mean

skewness

Mcintosh 1994 2 0.399 0.136 2 0.917 -0.015
Park 2003 6 0.298 0.090 6 1.093 0.208

Park unpublished data 1 0.395 n/a 1 1.341 0.042
4 Mcintosh 1994 1 0.325 n/a 1 1.038 0.210
Park 2003 1 0.285 n/a 1 1.443 0.210

Mcintosh 1994 2 0.252 0.100 2 0.796 0.155

Park 2003 18 0.329 0.104 18 1.065 0.256

Park unpublished data 2 0.346 0.094 2 1.559 0.560
8 Mclintosh 1994 3 0.259 0.058 3 0.825 0.110
Park 2003 9 0.318 0.121 9 0.858 0.286
Swales 2000 12 0.287 0.165 12 0.928 0.350

Park unpublished data
10 Mcintosh 1994
Park 2003

[N

0.295 n/a 1 1.760 0.384
0.300 0.048 1.987 -0.060

N
N

(2]

12 nil

o

n/a n/a 0 n/a n/a

14 Park 2003 1 0.961 n/a 0 n/a n/a

Mcintosh 1994 2 0.146 0.166 2 2.176 -0.275
Park 2003

16

18 Park 2003 0.321 n/a 0.967 0.397

Davies-Colley 1979 7 0.344 0.125 7 0.889 -0.253
20 Healy 1985 27 0.349 0.123 27 0.884 -0.187
Mclintosh 1994 1 0.278 n/a 1 0.574 0.030

22 Park 2003 1 0.235 n/a 1 0.458 0.113

Park 2003

Park unpublished data 1 0.351 n/a 1 1.511 0.191
26 Mcintosh 1994 1 0.225 nla 1 2.199 -0.290
Park 2003 2 0.287 0.103 2 1.417 0.347

B
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Sediment composition results per study per subestoa

number of
subestuary study name samples used  percent mud (<63 percent sand (63 um - percent gravel (> 2
to calculate pm) 2 mm) mm)
composition

Mclintosh 1994 2 1.50 96.50 2.00
Park 2003 15 7.61 91.44 0.95

Park unpublished data 1 0.00 99.20 0.80
4 Mcintosh 1994 2 12.00 84.00 4.00
Park 2003 22 29.69 69.39 0.92

Mclntosh 1994 2 2.50 95.50 2.00
Park 2003 27 8.54 90.84 0.61

Park unpublished data 2 0.90 96.40 2.71
8 Mcintosh 1994 3 1.67 96.67 1.67
Park 2003 21 4.68 94.18 1.14
Swales 2000 14 2.55 92.94 4.49

Park unpublished data 1 11.19 88.35 0.46
10 Mcintosh 1994 2 9.50 84.50 6.00
Park 2003 16 24.55 73.04 241

12 Park 2003 5 8.16 90.99 0.85

Mclintosh 1994 1 22.00 78.00 0.00

14
Park 2003 11 48.12 49.99 1.89

16

Mclintosh 1994 2 22.50 75.00 250
Park 2003 26 14.74 82.67 1.83

18 Park 2003 7 10.84 88.89 0.28

Davies Colley 1979 7 0.69 96.14 321
20 Healy 1985 27 0.18 96.62 311
Mclntosh 1994 1 0.00 100.00 0.00

Park 2003 1 0.00 100.00 0.00

Park 2003

24 Park 2003 3 14.07 80.74 5.19

Park unpublished data 1 13.56 86.01 0.43
26 Mcintosh 1994 1 12.00 84.00 4.00
Park 2003 4 15.05 83.21 1.75
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8. Appendix 2: Sediment coring core field notes and-radiographs.

Core 2 - subestuary 2

Site description: Sand, ripples, few shells on fbipick black smelly layer of sand
below. Bottom layer is soft, fine, grey clay witttd of big dead shells.

———— e

g

<+ 0 cm (surface

Core 2 was collected from Rangataua Bay
(subestuary 2, Fig. 8). The x-radiographs show
that sediments are composed of homogenous
silty-sand to 25 cm depth, where there is a
sharp contact with a shell layer containing
abundant shell valves and fragments of cockle.
The surface-mixed layer (SML) extends to
about 6 cm depth, where a contact with lower-
density silts occurs. There is little intact
lamination or bedding above the shell layer.
The numerous mm-scale vertical tubes infilled
with mud are indicative of the burrowing action
of worms. The dark areas within the shell layer
are consistent of muds and/or sediments with
high water content.

<+ 50 cm (Depth below surfac
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Core 4 - subestuary 4

Site description: Firm near shore but got muddret enuddier as we walked toward
site. Got too soft to walk. Muddy, burrows, spaskell on surface. Mud lower down
in core too. Grey soft clay layer with large dehdlis/hash at bottom.

<« 0cn

Core 4 was collected from Waimapu

Estuary (subestuary 4, Fig. 8). The x-
radiographs show that sediments are
composed of a surface-layer of shell-rich
sand over-laying a low-density mud layer

below 10 cm depth. Shell material is rare
in the top-most 5 cm of the core. The mud
layer has a mottled appearance with
numerous dark patches and tubes of low-
density material. There is little evidence of
intact bedding, which is consistent with

sediment mixing by animals.
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Core 6 - subestuary 6

Site description: Firm sand, ripples, few shellsn@®y lower down in core as well. No
clay/mud. Seagrass beds 200-300 m away.

<« 0cn
No description of corg
6 as it was not selected
for SAR analysis.

<« 50 cn
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Core 8 - subestuary 8

Site description: Firm and sandy on top. Shell Hagbar below. Clay layer with shell
below that.

<« 0Ocn

Core 8 was collected from the wave-exposed
intertidal flats of the Wairoa River mouth near
Oikimoke Point (subestuary 8, Fig. 8). The x-
radiograph indicates that the top of the core is
composed of a homogenous sandy-mud or
water-logged fine-sand. A sharp contact with
an underlying cockle-shell layer occurs at 15
cm depth. The dark areas within the shell layer
indicate water and/or mud-filled voids. There
is little evidence of intact bedding. This is
most likely the result of sediment mixing
related to the feeding and burrowing activities
of animals. This is indicated by the mottled
appearance of the sediment, which occurs when
sediments of different textures are incompletely
mixed. By comparison physical mixing of
intertidal-flat sediments, most commonly by
waves, results in fine-scale laminations, due to
sediment re-suspension, sorting and re-
deposition.

<+ 45 cn
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Core 10 - subestuary 10

Site description: Thin soft muddy layer on the tmwering a moderately firm brown
sand/mud mix with some cockles and macomona. Thig&r of black sand below.
Grey clay with layers of dead shells. Then layemgody clay only. Mangroves on
upper shore.

<« Ocn
No description of
core 10 as it was not
selected for SAR
analysis.
<+ 45 cn
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Core 16 - subestuary 16

Site description: Very difficult to navigate to cect site. Couldn’'t get up small
channels. Had to pick new site that we could acbgdsoat. Took core in subestuary
16. Firm sand on top, mud lower down. Hole filledhawater so couldn’t take cross
section photo. Took spade full of sand and got @lubttop section only — top layer
oxic sand, then black anoxic sand beneath. Cap’tnsad layer in photo but it was
there. Seagrass at channel edge. Mangroves frimayelse.

Core 16 was collected from wave-exposed
intertidal flats east of Te Hopai Island

(subestuary 16, Fig. 8). The x-radiograph
indicates a relatively high-density fine-sand

layer to ~10 cm depth overlaying lower-density

muddy sand. There is some evidence of
bedding towards the base of the surface sand
layer, at 7-9 cm depth. This is indicated by
fine mm-scale horizontal laminations in the

sediment. There is also evidence of weak
bedding in the muddy sand unit below 10 cm
depth. A sharp contact with a cockle-shell

layer with fine sand occurs at 37 cm depth.

<+ 45 cn

Tauranga Harbour Sediment Study: Harbour bed sedéme 51



—NIWA_—

Taihoro Nukurangi

Core 17 - subestuary 17

Site description: Firm sand with shells on surfddarrow shore. Lots of water in
sand, hard to dig out cores. Seagrass bed nearby.

<« 0cn
No description of
core 17 as it was nat
selected for SAR
analysis.

<+ 45cn
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Core 19 - subestuary 8

Site description: Hard sand with ripples. Firm bnosand at top then thick black layer
of sand. Seagrass fringe along channel. Mangravepper shore.

<« 0cn

Core 19 was collected from intertidal flats
near Paeroa Point in the Hunters Creek Inlet,
which separates Rangiwaea and Matakana
Islands (subestuary 8, Fig. 8). The x-
radiograph indicates a relatively high-density
silty fine-sand layer to ~7 cm depth
overlaying a lower-density sandy-mud.
Bedding in the lower part of the surface sand
layer. The sandy mud unit below 7 cm,
contains numerous mm-scale, mud-filled
vertical burrows formed by worms. There is
also some evidence of bedding, as shown by
fine laminations at 15-20 cm depth. Cockle-
shell valves and fragments are rare
throughout this core. This is consistent with
the worm-dominated muddy sediments found
at this site.

<+ 45 cn
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Core in subestuary 21 -No core taken

Firm sand with ripples which broke the coring hammn#es this site was near site #8
(~1.5 km), and had similar physical characterisflager of shell hash then mud) it
seemed likely long term deposition would be similo core taken. Large dense sea
grass beds in area.

No site photo.

No core.

No x-radiograph.

No sand photo.
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Core 23 - subestuary 12

Site description: Moderately firm sand/mud mix uridet, thin soft muddy layer on

top, except in middle of larger seagrass patchesrevband/mud up to ankles. Thick
black sand layer below. Layer of dead shells irygriay. Then layer of grey clay

only. Many large seagrass bed in the area.

<« 0Ocn

Core 23 was collected from intertidal flats
west of the Omokoroa Peninsula (subestuary
12, Fig. 8). A relatively high-density silty
fine-sand layer occupies the top 4-cm of the
core. A thin layer of sand at the base of the
unit is indicative of sediment sorting by wave
resuspension/re-deposition. This surface
layer overlies a sandy shell layer extending
from 4 cm to 35 cm depth. A sandy-mud
unit occurs below 35 cm. There is little
evidence of intact bedding in this core.

<+ 45 cn
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9. Appendix 3: Sediment core dating methodology.

X-ray digitising procedure

The x-rays films were digitised as follows. Film&re illuminated using a Kaiser
Prolite 5000 high-frequency 500 lightbox. A Nikon D1x digital SLR camera with
60mm f2.8D microNikkor lens (ISO 125, 6.3 or faperture) was used to image the
films. File format is black and white RGB-tif fdewith 3008 x 1960 pixels. The
images were cropped and in some cases duplicated irange and contrast
adjustments made using the Adobe Photoshop software

In x-ray images relatively high density objects Isws carbonate shells and sands
appear white. Lower density organic material (epdant fragments) and/or fine-
grained muds are identified as darker grey—blaeksar

Sediment Mixing

Biological and physical processes, such as theotmimg and feeding activities of
animals and/or sediment resuspension by waves f8d.), mix the upper sediment
column (Bromley, 1996). As a result, sediment ipgefare modified and this limits
the temporal resolution of dating/arious mathematical models have been proposed
to take into account the effects of bioturbation?8Rb concentration profiles (e.g.,
Guinasso and Schink, 1975).

Biological mixing has been modelled as a one-dinwerad particle-diffusion process
(Goldberg and Kiode, 1962) and this approach iethas the assumption that the sum
effect of ‘random’ biological mixing is integratemler time. In estuarine sediments
exposed to bioturbation, the depth profile of umsuped®'%Pb typically shows a two-
layer form, with a surface layer of relatively ctarg unsupporte&®Pb concentration
overlying a zone of exponential decrease. In apglyhese types of models, the
assumption is made that the mixing rate (i.e.udifin co-efficient) and mixing depth
(i.e., surface-mixed layer, SML) are uniform in émThe validity of this assumption
usually cannot be tested, but changes in biotwbgbrocess could be expected to
follow changes in benthic community composition.
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Figure A3.1: Biological and physical processes, such as theoimg and feeding activities of
animals and/or sediment resuspension by wavesthaixipper sediment column. As
a result, sediment profiles are modified and lithi¢ temporal resolution of dating.
The surface mixed layer (SML) is the yellow zone.

Radioisotope dating

Sediment cores are dated using the radioisotopsiura-137 ¥'Cs, ¥ life 30 years)
and lead-210 {%b, % life 22.3 years). SAR are calculated from trertical
concentration-activity profiles dfPb and*'Cs. Concentrations of the cosmogenic
radioisotope berrylium-7'Be, t,, 53 days) were also measured in the core samples.
Be is particle reactive and tends to be concemtrateaquatic systems, making it a
useful sediment tracer in fluvial-marine systemsessonal timescales (Sommerfield
et al. 1999). In the present studge is used to provide information on the depth and
intensity of sediment mixing in the surface-mixagdr (SML).

Sediment dating using several independent methffsist® the limitations of any one
approach. This is important when interpreting sedit profiles from estuaries
because of the potential confounding effects ofinsedt mixing by physical and
biological processes.Sediment mixing by physical and biological procsssethe
surface mixed layer (SML) results in uniform radimtiope concentrations. Because of
differences in'Be and®%b decay rates, these radioisotopes provide catiwgit
information about the depth and rate of sedimentingi This is important when
considering the fate of fine-sediments in estuaries
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Radioisotope activity concentrations expressed if. $inits of Becquerel
(disintegration $) per kilogram (Bq kg) were determined by gamma-spectrometry.
For simplicity, we will refer to the activity conogations of**'Cs and?%b as
concentrations. Dry samples (~50 g) were courde@3 hrs using a Canberra Model
BE5030 hyper-pure germanium detector. The unst@@oor excess®'Pb
concentration°Ph,) was determined from thé8°Ra (t, 1622 yr) assay after a 30-
day ingrowth period fof*Rn (t,,3.8 days) gas in samples embedded in epoxy resin.
Gamma spectra 6f®Ra,**%Pb and™'Cs were analysed using Genie2000 software.

The uncertaintyly,,) of the?*®Ph,s concentrations was calculated as:

U, =y (*°Pby,)° +(*Ray, )’ @

where #%Ph,, and #*Ra,, are the two standard deviation uncertaintieshin total
2%Ph and**Ra concentrations at the 95% confidence level. faén source of
uncertainty in the measurement of radioisotope eotrations relates to the counting
statistics (i.e., variability in the rate of radeb@e decay). This source of uncertainty
is reduced by increasing the sample size. Whevalues are presented in section 4
with the radioisotope concentration data.

The **%Ph, profiles in cores are used to determine: (1) taweraged SAR from
regression analysis of natural log-transformed;d&g*°Ph;,s inventory @, Bg cni?)
and; (3) mean annual supply rafe, Bq cn’ yr') based on thé'®Pb decay co-
efficient (, 0.0311 y). These data were compared with Heb atmospheric flux
(0.005 Bq crit yr') measured by NIWA at Auckland. SAR are also estid from
137Cs profiles based on the maximum depthB€s in each core, which include
corrections for sediment mixing in the surface tapeicated byBe profiles. In NZ,
13'Cs deposition from the atmosphere was first detisictd 953 (Matthews, 1989).

137Cs dating

137Cs was introduced to the environment by atmosphauilear weapons tests in
1953, 1955-1956 and 1963—-1964. Peaks in arfAi@8 deposition corresponding to
these dates are the usual basis for dating sedim@mise, 1977; Ritchie and
McHenry, 1989). Although direct atmospheric depositof **'Cs into estuaries is
likely to have occurred™’Cs is also incorporated into catchment soils, which
subsequently eroded and deposited in estuaries ABig¢). In New Zealand, 137Cs
deposition was first detected in 1953 and its ahdaposition was been measured at
several locations until 1985. AnnudICs deposition can be estimated from rainfall
using known linear relationships between rainfafid aStrontium-90 *Sr) and

Tauranga Harbour Sediment Study: Harbour bed sedéme 58



Figure A3.2:

_NIWA_—

Taihoro Nukurangi

measured”'Csf°Sr deposition ratios (Matthews, 1989). ExperienteAuckland
estuaries shows th&YCs profiles measured in estuarine sediments beeglation to
the record of annuaf’'Cs deposition (i.e., 1955-1956 and 1963—19&2s-deposition
peaks absent), but rather preserve a record oftdared indirect (i.e., soil erosion)
atmospheric deposition since 1953 (Swales et &)20The maximum depth 6f'Cs
occurrence in sediment cores (corrected for sediméting) is taken to coincide with
the year 1953, whel'Cs deposition was first detected in New Zealande assume
that there is a negligible delay in initial atmosgh deposition of*'Cs in estuarine
sediments (e.g**’Cs scavenging by suspended particles) whereas ihdiiely to
have been a time-lag (i.e., < 1 yr) fiCs inputs to estuaries from topsoil erosion,
which would coincide with the occurrence of floods.

source: atmospheric nuclear
weapons tests

NZ: first detected in 1953

indirect **'Cs direct ¥'Cs
deposition deposition

soil erosion

cs in soil

T——

Maximum **'Cs depth - SML = post-1953 sediments

137Cs pathways to estuarine sediments.

If a surface mixed layer (SML) is evident in a gaxs shown by an x-ray image and/or
a tracer profile (e.g..Be, *°Pb) then™'Cs is likely to have been rapidly mixed
through the SML. Therefore, to calculate time-aged sedimentation rates, the
maximum depth of*'Cs occurrence is reduced by the maximum deptheoSL.

Uncertainty in the maximum depth 6fCs is due to: (1) the depth interval between
sediment samples and (2) minimum detectable coratért of **'Cs, which is
primarily determined by sample size and countingeti The 1963-1964°'Cs
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deposition peak was about five-times than the deposplateau that occurred
between 1953 and 1972. Thus, depending on thelsasize, there is uncertainty in
the age of the maximuii’Cs depth (i.e., 1953-1963). To reduce this uniceytave
have maximised the sample mass that is analysetiofsa).

2P dating

2%p (half-life 22.3 yr) is a naturally occurring raidotope that has been widely
applied to dating recent sedimentation (i.e., 1&§} yrs) in lakes, estuaries and the sea
(Fig. A3.3). #%Pb is an intermediate decay product in the urar2@&€*%U) decay
series and has a radioactive decay constgnof(0.03114 yr. The intermediate
parent radioisotope radium-228°Ra, half-life 1622 years) yields the inert gas rado
222 @*Rn, half-life 3.83 days), which decays through salveshort-lived
radioisotopes to produ¢é®Pb. A proportion of thé*Rn gas formed bf”Ra decay
in catchment soils diffuses into the atmospherera/fitedecays to fornri'®b. This
atmospheri¢'%Pb is deposited at the earth surface by dry dépogit rainfall. The
2%Pp in estuarine sediments has two components: siegiFPb derived fromin situ
*Rn decay (i.e., within the sediment column) andiasupported'®Pb component
derived from atmospheric fallout. This unsuppof&Bb component of the totdPb
concentration in excess of the suppoftéab value is estimated from théRa assay
(see below). Some of this atmospheric unsuppoftéeb component is also
incorporated into catchment soils and is subsetjuesmbded and deposited in
estuaries. Both the direct and indirect (i.e.] sgputs) atmospherié'®Pb input to
receiving environments, such as estuaries, is tbtireunsupported or excés®b.

The concentration profile of unsupport&dPb in sediments is the basis fdfPb
dating. In the absence of atmospheric (unsupppft&b fallout, the”®Ra and*Pb
in estuary sediments would be in radioactive elailm, which results from the
substantially longef*Ra half-life. Thus, thé'®Pb concentration profile would be
uniform with depth. However, what is typically @pged is a reduction iA*°Pb
concentration with depth in the sediment columnhisTis due to the addition of
unsupported*®Pb directly or indirectly from the atmosphere timileposited with
sediment particles on the bed. This unsuppd®b component decays with ade (
= 0.03114 yr) as it is buried through sedimentation. In theemize of sediment
mixing, the unsupported®Pb concentration decays exponentially with depthtane
in the sediment column. The validity 3fPb dating rests on how accurately tHeb
delivery processes to the estuary are modelledjrapdrticular the rates 6t%®b and
sediment inputs (i.e., constant versus time vagjabl
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“1%pp: 28y - 2pp decay series

#%pp = basis for dating

222 210
Rn

210 direct “"Pb
indirect " Pb deposition
deposition

N

soil erosion

deyr unsupported

226Ra

supported “*°Pb
= in situ decay
226R

a

unsupported ?°Pb profile = f (supply rate,
source, SAR, particle size, mixing)

Figure A3.3: ?%b pathways to estuarine sediments.

1ph budget

The quantity of unsupported’®Pb in sediment cores is often referred to as”tfiRb
inventory, A(0). This inventory provides important informatiabout the long-term
fate of fine-sediments in receiving environmentshsas estuaries>*Pb is delivered
to the Earth’s surface as dry deposition or wiihfedl. The latter appears to be more
important (Matthews, 19895:%Pb are delivered to estuaries directly (by atmosphe
deposition) and indirectly (attached to eroded saiiticles). Once in the estuary,
radioisotopes are scavenged by fine-sediment pegtsuspended in the water column,
which then may be deposited on the bed (Swalels 2002).

The mean annudf’Pb atmospheric fluxRume) can be estimated from the inventory
of unsupported'®Pb in the sediment column, which is denotedAfg) (Bq cn).
This is estimated from the dry bulk density andupp®rted®'®Pb concentration in
sediment samples. The mean annual supply ratesofpported™Pb (, Bg cnm yr?)

Is then calculated as:

P =kA(0) (6)
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wherek is the decay constant f6Pb (0.03114 years). Note that unsuppoftéeb is
the atmospheric component @b in sediments, &%b is also produced by in situ
decay of parent radioisotopes present in sedinf@pizendix 2).

Comparison of thé\(o) andP estimates derived from cores with the average a&nnu
?1%p atmospheric fluxRume) can be used to evaluate long-term fine-sedinmetet 4t
a given core site:

P > Pamesindicates fine sediment is preferentially beingaited over time scales of
decades.

P < Pamos indicates that fine sediment is being removed frand/or is not
accumulating at a site.

The ratioP /PamesisS termed the concentration fact@)(

The atmospherié°Pb flux has been measured at monthly intervals WAsince
June 2002 at a rainfall station in Howick. MonttfjPb fluxes show substantial
variability (0.0001-0.002 Bq cima?), whereas annudt®b fluxes show much less
variability (0.0049-0.0056 Bq chryr®). This is an important result because constant
“%Pp supply at annual-decadal time scales is a keyngstion of the’*®Pb dating
method. The average annd&Pb flux of 0.0051Bq cifiyr' (2003—2007) is used
here to calculat€.

Sediment accumulation rates (SAR)

Sedimentation rates calculated from coresr@eaverage sediment accumulation
rates (SAR), which are usually expressed as mm ¥r These SAR are net values
because cores integrate the effects of all prosesdech influence sedimentation at a
given location. At short time scales (i.e., sesamdonths), sediment may be
deposited and then subsequently resuspended Byctidents and/or waves. Thus,
over the long term, sedimentation rates derivethfcores represent net or cumulative
effect of potentially many cycles of sediment dejims and resuspension. However,
less disrupted sedimentation histories are foundejpositional environments where
sediment mixing due to physical processes (e.gysmension) and bioturbation is
limited. The effects of bioturbation on sedimentfpes and dating resolution reduce
as SAR increase (Valette-Silver, 1993).

Net sedimentation rates also mask the fact thatmsgdation is an episodic process,
which largely occurs during catchment floods, rattiean the continuous gradual
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process that is implied. In large estuarine emleys) such as the Firth, mudflat
sedimentation is also driven by wave-driven resosio® events. Sediment eroded
from the mudflat is subsequently re-deposited diegevin the estuary.

Although sedimentation rates are usually expressea sediment thickness deposited
per unit time (i.e., mm ) this statistic does not account for changes ynsédiment
mass with depth in the sediment column due to cetigra Typically, sediment
density p = g cn¥®) increases with depth and therefore some workeeferp to
calculate dry mass accumulation rates per unit pegainit time (g cifi yr'). These
data can be used to estimate the total mass aheathition in an estuary (tonnes'yr
(e.g., Swales et al. 1997). However, the effedteampaction can be offset by
changes in bulk sediment density reflecting laygh low-density mud and higher-
density sand deposits. Furthermore, the signiieaf a SAR expressed as mrit is
more readily grasped than a dry-mass sedimentadienin g crit yr’. For example,
the rate of estuary aging due to sedimentation gmincan be directly compared with
the local rate of sea level rise.

Time-averaged SAR were estimated from the unsupgotPb ¢°Phy)
concentration profiles preserved in cores. The aif'°Ph, concentration decrease
with depth can be used to calculate a net sedimecimulation rate. Th&%Ph,
concentration at time zer€4, Bq kg?), declines exponentially with age)(

C,=Ce™ (2)

Assuming that within a finite time period, sedimamin © or SAR is constant then
t =z/Scan be substituted into Eq. 2 and by re-arrangeémen

fe

z

=-k/S (3)

Because”'Ph, concentration decays exponentially and assumiag sadiment age
increases with depth, a vertical profile of natuog(C) should yield a straight line of
slopeb = -k /S. We fitted a linear regression model to naturgldm@nsformed™°Pb

concentration data to calculdte The SAR over the depth of the fitted data isegiv

by:

S=-(k)/b (4)

Tauranga Harbour Sediment Study: Harbour bed sedéme 63



—NIWA_—

Taihoro Nukurangi

An advantage of th€%Pb-dating method is that the SAR is based on ttieeéPh,
profile rather than a single layer, as is the dasé>’Cs. Furthermore, if th&'Cs
tracer is present at the bottom of the core then ghktimated SAR represents a
minimum value.

The *'Cs profiles were also used to estimate time-avera®AR based on the
maximum depth of*’Cs in the sediment column, corrected for surfaceéngi The
13'Cs SAR is calculated as:

S=(M-L)T -To (5)

where S is thé*’Cs SAR, M is the maximum depth of tH&Cs profile, L is the depth
of the surface mixed layer (SML) indicated by fBe profile and/or x-ray imageg,
is the year cores were collected ahd is the year (1953)°'Cs deposition was first
detected in New Zealand.
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