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ABSTRACT |
This report describes surficial sediments, depositional history and
sedimentary processes for the Upper Waitemata Harbour estuary, Auckland,
with emphasis on Lucas tidal creek. This 1information 1s compared with
present day and historical data from other estuaries to predict
sedimentological changes likely to result from catchment and estuary use
change. These include changes 1n sediment character and rates of
" deposition, nutrient distribution, estuarine stability and the effects of
engineering works. |
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CHAPTER ONE : INTRODUCTION

1.1

BACKGROUND |
The Waitemata Harbour plan (Auckland Regional Authority 1975)

identified the estuarine area above Hobsonville as being particularly
%sensitive to pollution (Fig. 11 and Plate 11). As a result the
Upper Waitemata Harbour Catchment Study was initiated in 1976 to study

the land and water resources of the catchment in order to provide

; guidelines for the integrated development, management and protection

‘ of these rescurces and to promote their enhancement for the benefit of

the local, regional and national communities,

This report is one of a series of ‘Specialist Reports’ covering a wide

range of topics, that are part of the final series of summary

- publications from the Upper W(ijlitemata Harbour Catchment Study.

OBJECTIVES

. Estuarine sediment studies wele initiated to

1. establish baseline data [against which to monitor future changes
in the system ‘
describe sediments ar/l sedimentary processes to provide a

no

reference source for otlisr UWHCS research topics and a variety of
UWHCS summary  publicalions (Upper Waitemata Harbour Catchment
study 1983a): and
3. assess the nature, logition and magnitude of change in estuarine
sediments likely to re¢fsult from future land and estuary use

change,

SCOPE OF THIS REPORT

Sedimentological baselir

studies in Lucas and Hellyers Creeks are
detailed in Fry and Humg (19834 '
This report summarises furticial sediment character and distribution
in the Upper Waitemata PFirbour estuary.

The short time frame ¢f the investigations and limted resources did

not allow detailed stidies of sediment procésses. Instead inlet
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1.4

morphology, hydrology, sediment and stream sediment input were
examined, and the estuaries likely response to catchment use change
assessed by : (1) direct calculation of future sedimentation rates

from predicted estuarine inputs, (2) considering the systems past

response to change determined from historical records and subsurface

sediment data, and (3) by studying the effects of catchment use change

on other estuaries,

' sedimentological studies were focused in Lucas Creek because of

limited resources, and because it was foreseen (Auckland Regional
Authority 1975) that this would be the site where catchment use change

. would have maximum impact on Upper Waitemata Harbour sediments, The

very generalised account of surficial sediments of the wider Upper
Harbour estuary is largely based on data collected by other workers,

for purposes other than this report.

 ESTUARINE SEDIMENTATION

The composition and distribution of sediments in an estuary is largely

determined by the nature of source material and the hydrological

regime of the estuarine system, Sediment source initially determines
sediment particle shape, size, density and mineralogy, influences
organic content, and regulates the frequency and quantity of sediment
injécted to the estuary. The sediment nature may be modified during
transport from source to estuary. The hydraulic characteristics of
the estuary, which are primarily determined by river discharge, tidal
flow and wind wave action, controls the redistribution of sediment in

the system through the processes of deposition {or accretion), erosion

(or scour) and transportation. In addition to the hydraulic controls,

bidlogical activity can both enhance and inhibit erosion and

deposition of sediments. -

Possible sourceé of estuarine sediments include: () land erosion by

~streams, (2) flood tide transport from outer estuary sources, (3

disposal of domestic and industrial effluents and solid wastes, 1)
wind transported material from neighbouring sources, (5} decompositior

and excretion products of plants and animals,

10



The most important sediment sources are generally the river and outer

estuary sources (McDowell and O'Connor 1977

| The magnitude of sediment input to the estuary from river sources
depends ‘on‘iz.he hydrology, pedology, geology, and land use of the
catchment. Supply of sediment is intermittent and determined by the
| frequency of floods, the particle size of the source material and man-
induced factors. Investigations of the effects of high flows on
sediment transport showed that for one small catchment in the UK 88%
of the total sediment yield was transported by flows that were
! éxce’ede‘d, only 5% of the time (Humby 1973). Mans influence in the form
of removal of the topsoil in an estuarine catchment can result in an
increase in sedimentation in the estuary (Strachan 19773, and the
: pfesence of engineering structures such asg weirs in the river can
- prevent the passage of bed load material to the lower reaches of the
estuary (Humby 19730,

Material derived from estuarine sources outside the mouth (e.g. othér
arms of the estuary and bank erosion} may be transported by the flood
: tide into the estuary where it settles in areas of low energy

protected from waves and tidal currents,

Estuaries commonly contain sediment in the very fine sand size (125-62
um) and mud (silt and clay) size (less than 62 um) ranges (Appendix
I). The primary mode of transport of such fine material is as
suspended load and it may amount to 75-95% of the total sediment load
(McDowell and O'Connor 1977). The distribution of suspended load
varies with depth and in general has its highest concentration near
the bed and decreases towards the surface Fig., 12, This vertical
| distribution 1s altered in highly stratified estuariesvby the presence
of the salt wedge which alters the vertical density and velocity
profiles (Fig. 1.2).. Fine sand and cocarser material is transporte’d as
bed load. |

The current velocity at which particles are entr'ained,'transported and

deposited depends in large part on particle size (Fig. 1.3J.

Particles transported as suspension and bed load will be deposited &as

11
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iFit-;ure 1.2 : Vertical sediment profiles in stratified flows (from
McDowell and O'Connor 1977). For the river inflow shown
on the left the sediment concentration decreases towards
the surface. In stratified flows where fresh and 'salt
waters meet,the salt wedge alters the velocity and
density profile resulting in a sediment concentration

high in the water column,

turbulence and current velocities fall below certain values. For
cohesionless sands, small particles are transported more easily than
‘larger omnes. For cohesive silts and clays the critical erosion
velocity iﬁcreases to clay size indicating that fine sediment can be
carried in suspension at velocities lower than those required to erode
it, Consequently fine sand particles may be transported into the
estuary 6n the flood tide and deposited at slack water,. but the
requirement of a higher erosion velocity on the ebb tide to resuspend
sediment means that the fine sediments progressively accumulate in

cohesive deposits.

rDiscrete particle behaviour can be substantially modified by
flocculation of clay material, Clay particles are commonly less than
2 um “equivalent spherical diameter”, have a density similar to quartz
or feldspar but are usually plate-shaped. In the freshwater’
environment the clays are usually dispersed. On entering the marine
environment interactlon of the ionically charged clay minerals with
dissolved salts in estuarine water causes the clay particles to
flocculate into larger size aggregates (Fig. 1.4). The process causes
the clays to behave like larger silt and sand size sediment. | Deposits

formed from floc groups have considerable porosity which slowly

s
[
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decreases as the deposit consolidatés and the cohesive strength and
iresistance ofrthe bed against scour increases. The change is
‘reflected in bulk density, for example, freshly deposited material may
ihave densities of 1020-1050 kg/’m3, surface deposits in docks and on
estuary margins 1100-1200 kg/’m3, compared with consolidated organic-
‘rich clay with values of 1400-1600 kg/m3 (McDowell and O'Connor 1977,
:_The process of flocculation is reversible and floccules exposed to

;freshwater may be dispersed.

Once in an estuary sediments are subject to complex variety of forces
that act to sort the sediment and redistribute it within the system or
. expel it through the mouth. The dominant forces are tidal currents
" which increase from zero at slack water (high and low tide) to peak at
mid tide in ‘response to the semi-diurnal tidal cycle, Maximum current
velocities can vary markedly with tidal range being largest for the
fortnightly spring tides and lesser for the intermediate neap tides.
The flood énd ebb of the tides flushes sediment back and forth in the
estuary providéd there is sufficient velocity to keep the particles in
suspension, The sediment particles tend to settle to the bottom under
gravitational forces when tidal velocities are low but may be
resuspehded when velocities increase. The shells of larger animals
concentrate in areas of high current velocity as lag deposits and
protect finer sediments beneath from erosion. Sediment input
increases markedly during storm events but high river inflow can

increase bed scour, sediment transport and flushing.

Wwave action serves to rework the sediment because high orbital
velocities associated with waves are sufficient to suspend most sizes
' of sediment and once in suspension much lesser tidal velocities can-

transport the particles.

Biological pr-océsses may enhance sediment stability., For instance
filter feeding and burrowing animals bind sediment particles as
pseudofaeces and faecal pellets, benthic macroalgae grow on surficial
sediments binding the grains together and plants .feduce current
velocities in their vicinity allowing entrained sediment to settle
out, ‘

14



 Where physical force& actifig on the sediments combine to produce high
: éﬁéftjy environierits (Le. where current, wave and river inflow effects
are mtense) the coarser sediments tend to accumulate, Fine muddy
: sédiments predommate in fore tranqml low energy situations such as
 high up on the tidal flats.

Thé bed of an estuary is constantly changing ih response to variations

i
B 3

in sedifent input, and hydratilic forces such as tidal flows, stream

N inflow and wave action, Geometric stability refers to the ability of
an inlet to return to its initial conflguratlon after & disturbance.
“ An equilibrium inlet is dekined here as oné which tends to maintain
1’1tself ifi a partlcular Stable gonfiguration. The time-span Withih
. which equilibfium is defmed is fiost critical, sirice it must be lorg

B ugh to covar all major varlatlons in those parameters which affect

Sediment motion as well as supply of sédiment.



CHAPTER TWO : UPPER WAITEMATA HARBOUR SEDIMENTOLOGY

2{1 PHYSIQGRAPHY AND HYDROLOGY _
. The Upper Waitemata Harbour estuary (7.4 kmz) is narrow and branching

 in shape and mangrove bush is common in the more. sheltered embayed

areas (Fig 1.1 and Flate 1.1,

The bathymetry shows the channel areas of the estuary are composed of
a deeper main axis (4-6 m at MHWS), extending from Hobsonville to .the
li‘junction of the Rangitopuni and Brighams Creeks, from which branch six
shallow (2-4 m at MHWS), narrow tidal creeks of varying geometry and
size (Fig. 2.1). The estuary deepens significantly at constrictions
and waterway junctions, where flows incréase, e.g. the mouths of the
Paremoremo and Lucas Creeks (8-12 m at MHWS), adjacent to Herald
Island (18 m at MHWS) and at the narrow throat between Hobsonville and
Greenhithe (10 m at MHWS), Considerable areas of the harbour are less
than 2 metres in depth at MHWS and are exbosed as low gradient tidal
flats at low tide (Plate 11). The intertidal flats are cut by narrow

incised drainage channels that feed the central creek channels,

The estuary receives drainage from a catchment of 200 km@ (Fig 1.1,
Approximately 90% of _the harbour’s freshwater input enters at the
headwaters of the Rangitopuni, Brighams, Paremoremo, Waiarohia and
Lucas tidal arms. The Rangitopuni being the largest single freshwater
source (Table 2.1). The summer and winter flows are small compared to
the tidal prism, about 0.5% for summer flows (cf. Tables 21 and 2.2,
Stream inflow increases markedly for short periods during floods
(Smith 1983). '

Tides are semi—diufnal with mean épring and neap ranges of
approximately 3 and 2 metres respectively. Tidal currents show marked
across channel variation but mid-channel velocities are in the order
of 0.5 and 1 m/sec for neap and spring tides respectively, The tidal |
prism of the Upper Harbour comprises 73% and 55% of the high water

volume for spring and neap tides respectively (Table Z.2).

le
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2.2

Proportion of flow"
' Subcatchment  Summer Flow Winter Flow  into headwatgrsu of
' subestuary (%)

. 6500 98

' Rangitopuni 50 - 600 1100 -

" Brighams 40 - 200 200 - 800 - 85
Paremoremo 40 - 120 70 - 380 87
Lucas 30 - 210 340 - 1180 60
Waiarchia 20 - 100 50 - 200 80

fTable 2.1 : Approximate mean daily flows (litres/éec‘)for the Upper
: Waitemata subcatchments (from Williams and Rutherford
1983).

Spring Tides  Average Tides Neap Tides
(Range 3.6 m) (Range 2.5 m) (Range 2.0 m)

H.W. volume 25600 22000 18300
L.W. volume 7000 8000 8300

Tidal Prism 18600 14000 10000

Table 2.2 : Tidal volumes (x 1000 m3) in the Upper Waitemata

Harbour (after Williams and Rutherford 1983).

The strong tidal influence and elongate nature of the vsystem means
circulation largely parallels the major channel systems. Exceptions
occur in the shallow water area north of Herald Island where

anticlockwise rotatory circulation appears to be generated on flood

flows, A variety of minor water movements occur, particularly over
' shallow intertidal areas, due to wind generated currents and waves,

DEPOSITIONAL HISTORY ‘

The present distribution pattern of continental shelf marine sediments
of the Hauraki Gulf began to form during the latter part of the Otiran
(or last) glaciation about 20000 yr BPF (years before present, where
present = 1950) when sea level stood about 130 metres below its
present level, At that time the ancestrél shoreline probably lay east

of its present position and between the present 100 and 125 m

18



isobaths, During this“:time the ancestral Waitelﬂata River extended
from its headwaters ‘neari Rewiti and Waimauku to meet the sea, on what
is now the continental shelf, near Great Barrier (Gregory and Thompson
1973). Drill hole ~récorg_15 and seismic profiling in the Waitemata
Harbour show the ancient. topography through which the river flowed to
be very irregular perhapg with precipitous buried slopes comparable to
those cliffs and steep-walled valleys that can be seen about the
harbour shores | today (Hicks and Kibblewhite 19‘76).

It is generally accepted ,that from 15000 to 20000 yvears ago, there was
a rapid perhaps oscillatory, {(Curray 1965, Cullen. 1967) rise in sgea
level (averaging 8 mm/yr) until about 7000 yr BP, when sea level was

approximately 10 metres belew its present level,

 Subsequent changes are more debateable showing a genérally smooth
{e.g, Shepard 1963) or an oscillatory (Morner 1969) slowing down (1.4
mm/yr) in rise until the present, Fairbridge (1961) and Schofield
(1973, 1975 suggest a rapid risé in sea level to 2’ to 3 metres above
existing sea level by 6000 yr BPby,f followed by periodic high sea levels
until 4000 yr BP, which were followed by fluctuations nearer present

sea level to the present day.

Radiocarbon dates of shallow watef estuarine fauna from Hellyers Creek
cores (Hellyers Core 4, Figs. 2.2 and‘2.3) show that marine
sedimentation 1.0 km upstream from the entrance began by'6460 yr BP,
Similar fauna dated from Lucas Creek cores (Lucas Core 10; Fig, 2.4
and 2.5 demonstrate that sedimentation was already taking plac,e 1.7
km upstream of the entrance in the Te Wharau area by 5730 yr BF, ie.
 sediment deeper than 0.4 metres below the bed of the blind channel on
L14 (Figs, 2,5 and 2.6) were laid down before 5730 yr BP. Perhaps
: much‘Qf the sediment beldw thig level acrose L14V,‘ and the many metres
_of thick sediment in,‘tbhe Lucas Creek entrance reach L15 - L18, Figs.
2.6 and 2.7) were laid down before 6000 yr BP, Comparison with sea
level ,curves“for the period e.g. Curray '1965: Cullen 197, 1970) and_‘
the level of basement' égnd recent estuarine sediment's, suggests
sedimentation probably océurred between 9000-6000 yr BP and perhaps

very rapidly as sea level fose abruptly; Hence only the top few

19



UPPER WAITEMATA HARBOUR ‘CATCHMENT STUDY
BELLYERS CREEK
LORE LOCATONS

275 MANGROVES

'Figure 2.2 + Locations of core samples in Hellyers Creek.
metres will represent deposits less than 6000 yr BF in age.

‘Radiocarbon dates from the Hellyers Core 4 (Fig. 2.3) record that the
sedimentation rate doubled over the more recent 1070 yr BF - present
period compared to the earlier 6460 - 1070 yr BP period, possibly as a

result of catchment use change.

Changes in catchment use are only recorded clearly where the sediment
column is thickest, In the upper one metre .of the ten metre thick
sequence at Lucas Core 12 (Figs. 2.4 and 2.8), the pollen distribution
records changes in catchment vegetation (Fig. 2.9) that equate with
‘firstly the arrival‘of' Polynesian and ‘then, more recently, the

European settlers (Fig. 2.10).

The pollen show that when the Maori first came to the Waitemata in -
‘about 1420 AD (530 yr BP) he would have viewed forest areas dominated
‘by rimu, podo,carp, rata, kauri, beech and toatoa. He practiced small
scale burning of areas on the isthmus and upper harbour to obtain or
cultivate food (Schriven 1981), a practice that would prevent forest‘
regeneration and cause an increase in secondary growth such as bracken

(Fig. 2.10).
It was 1840 AD (110 yr BP) before the European undertook significant

20



Hellyers 4

0x-6cm Olive brown snndy eilt. Diffuue 1rregular boundary.
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o B carbonaceous matetial. Diffuse irregular boundary.
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boundary [ 4¢l. ’

'Grey green mud with rare flecks of fibrous carbonaceous R
material and calcareous material throughout. Boundary
diffuse regular.

40 - 103

195 ;'104.5 cm ‘Grey grecn slightly sandy mud uith few shell debris.
s Boundnry diffuse regulur.

Grcy green mud with rare catbonaceous tlecks throughou:
Diffuse regular boundary

:;64:;gi»vm-«r:.
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11} - :/\‘ \ Grey green mud. Boundary ir

iés - ht; e ‘Grey fine sand with abundan: bivalves bo:h wholo and
: debris. Boundary irregular sharp [14c].

430 - em  Basement

Figure 2.3 : Core 4 {rom Hellyers Creek (Fig. 2.2) showing two shell

layers from which Chione were dated by radiocarbon
“methods, ‘



UPPER WAITEMATA HARBOUR CATCHMENT STUDY
" LUCAS CREEK

AELA

Sampling Sites:
C Core _
P Sediment thickness probe
L Line ofcross section survéys.

0 : S50 = o 1-00 km

Figure 2 4 : Locations of surveyed channel cross sections, sediment
thickness probes and core samples in Lucas Creek. The
dotted line defines the low tide channel and the fine

line, mangrove communities.



cor_é _Description: Ljucas 10

Lucas 10

0=3cem Olive brown 111:, mottied. Sharp Eogular
| . boundnry.’

1=~ 30 cw ' Olive brown with black, mottled alle. Tracas
fibrous carbonaceous material. Sharp regular
boundary.

50 < 33 cin Bnuuu grey ullty gaind with black nortlesd, Rare bividive
debris, rare fibrous organic material disseminated
throughout. Sharp tegulur boundaty.

'jj = 46 cﬁ “Bruwn gray alliy sand, abuiidant hilvaivea hoth wheole
: and debria, Pleces of fibrous carbonacecus material
disseminated throughout. Fibrous carbonaceous

%?yeis at 36, 40 and 42 cni.. Sharp regular boundary.
: e

"46 < 55 cm Crey silt, Rare organic dnd calcareous matter disseminated
‘throughout\ Sharp regular boundary

60

v55 =87« cm Grey silt, Raré fibrous ofganic material diasseminated
throughout. Few bivalves, mostly whole. .

70

-90
cm

Figure 2.5 : Core 10 from Lucas Creek (Fig. 2.4) showing a shell layer
from which Chione were radiocarbon dated.
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LEVEL ( m9 - in:terms -of chart datum-

6 4
Prasent Surface
\“J/ UG, Pleistocene Surface ( Basement)
-8 - 151412, etc Number of Cross Section -
.10 - -—
- T =T =7 Y - 1 T
0 1000 2000 . 3000 4000 5000 6000

DISTANCE FROM MOUTH {m)

. Figure 2.7 : Longitudinal profile of bed level and sediment thickness

in Lucas Creek.

investigations of the upper harbour, and 1841 AD when large blocks of
land were purchased from the Maoris (Schriven 1981),  Timber milling
operations began as early as 1841 AD,and along with gum digging
proceeded rapidly. The decimation of remaining forest by fire and
1‘tlmber haulage, the modification of stream banks to straighten the
 line of flow to assist log transport and pit digging associated with
kauri gum exploitation, would have resulted in increased erosion and
dissection and increased sedimentation, at least until a neia
vegetation cover could establish itself. It is difficult to establish
when forest clearance finished in the Upper waltemata Harbour,
catchment, but it was nearly 1870 AD before farming became su;mfmant
(Schriven 1981, p.5). The catchment use changes brought about by the
European are reflected both in the pollen spectra of the sediments and

perhaps in the four-fold increase in sedimentation rate Fig, 2.10),

In other parts of the estuary where the gediment is thinner (e.q.
Hellyers Cresk Cores 1 and 5, Fig. 2.2, Lucas Creek Core J, Fig‘ 2.4)
the changes over the last 1000 vears are compressed and blurred in the

upper 10 cm or so of sediment. In other words, the estuary has

B~
(W]



Coré Description : Lucas 12

1

Lucas 12
0-6cm Brownish olive mud. Fibrous carbonaceous material at
' surface, Boundary diffuse irregular,
6 ~ 89 cm Green grey mud. Rare bivalves both whole and debris.
; Trace flecks and pieces fibrous organic matter
disseminated throughout. Boundary sharp regular. ,
89 - 93 cm

Green grey mud, Trace flecks and pleces fibrous
carbonaceous material disseminated throughout. Abundant
bivalves both whole and debris., Boundary sharp regular.

93 - 110 - "cm

ﬁOTE: Samples for Pollen Analysis Taken in 1 cm bands.
0-1, 4-5, 9-10, 14-15, 19-20, 24-25, 29-30, 34-35, 39-40, 44-45, 49-50,
. 59-60, 69-70, 79-80, 89-30, 99-100

Figure 2.8

Green grey mud. Rare bivalves both whole and debris.
Trace flecks and pleces fibrous carbonaceous material
disseminated throughout.

20

30

-40

+-60

from which pollen were counted, The sediment column

this location 1is over 10 metres thick.

3}
o

' Core 12 taken near the entrance to Lucas Creek (Fig, 2.4)

at




20

Hf-=--- e S B el e Sl il Iabat ateiiete i European

| 40

|60

80

1 '\" - T - s T R ek Polynesign i

12

Percentages calculated on basis of pollen sum of all terrastrial types
P = less than 1%

% 5%

Figure 2.9 : Pollen distribution in Lucas Core 12 (Fig. Z.8).
Percentages calculated on the basis of pollen sum of all
térrestrial types., Pollen counts by M. McGlone., The
trace amounts of E;_M and Grass lower in the core

probably result from mixing during corer penetration.

| reWorked much of the input material and flushed it ffom the system

despite the large increase in sediment input responsible for a four-
 fold increase in sedimentation rate recorded in the sediment column in
gsome parts of the system, In the central and channel area of Lucas
Creek there has been zero sedimentation or net erosion over the last
125 years (1854 - 1979 AD) (Fig. 2.1

- The numerous volcanic cones and craters that mark the Auckland
landscape testify to intermittent volcanic activity on the Auckland
isthmus since about 40000 yr BF (Searle 1964, 1965). Even though
eruptions continued over the more recent period when upper Waitemata
Harbour sediments were being deposited. none of the Lucas or Hellyers
Creek cores ghowed evidence for eruptions in the form of layers of
volcanic material. This could in large part be due to the fact thét

the amount of airfall material (lapilli, scoria and ash) erupted from




LUCAS CORE 12

Depth . Cause of Average
(m) Vegetation Change Change Sedimentation
Rate
A Sur face
T
ik
Wi .
HETE : 3rm/yxr
b Introduced pollen types
B appear e.g. pine, willow European
l; plantain and grass Settlement
o 0.4 __ ___pollen increases _ _ _ _ _ 110 yr BP =« ~ w —— —'— — - =~
gy
B
gl
B M s
i o
L os
Lo
[T} )
L& Polynesian 0.8mm/yr
i - Bracken becomes the Settlement and
0.8 dominant type Forest clearance -
———————————————————— 530 yr B P —_————— =
0.9
Catchment covered with
undisturbed kauri, podocarp
rimu, rata, beech and
1.1 toatoa forest

Lower limit of core

<10.0 : :
Basement not reached by probe

Figure 2.10 : Lucas core 12 sampled near the entrance to Lucas Creek
(Fig. 2.4), Pollen distribution in sediment 1is related
to catchment use change and sedimentation rates are

- derived,

-
I



: PAREMOREMO
RANGITOPUNI

BRIGHAMS
“DEPTH CHANGE 1854 - 1979
*+  Accretion

- FErosion

L 500m 1000 ki

/' WAIAROHIA

Figure 2.11 : Net sedimentétion in the Upper Waitemata Harbour between
1854 and 1979 based on comparison of soundings made in
1854 (British Admiralty 1854) and 1979 (Johnston 1980).
Error range in soundings resulting from datum
determination, depth meaSurément method and position
fixing are probably in the order of 0.7 m for the 1854
and 0.3 m for the 1979 data.

the individual centres was small andsor that tidal and biogenic

reworking redistributed vélcanogenic debris.

By 1854 AD, when the HMS Pandora surveys were made, catchment
. ¢clearance by the European ‘was well under way (Schriven 1981 and much
of the estuarine sedimentatioh due to logging in the catchment may
have taken place. Compariéon of the 1854 and 1979 soundings indicate
- that the mid and lower rea;:hes of the tidal creeks (with the eitc’eptioﬁ'
of Lucas Creek) have seen net deposition in this period (possibly
largely as a function of sediment generated in the later phase of
forest clearance by the Europeamn), while the main axis has shown
varying amounts of erosion and deposition (Fig. 2.11), This could
mean that in future times. the middle and lower reaches of the tidal
creéks will be the most likely sites for sediment accumulation while
high fresh water influx accompanying floods will inhibit deposition in

thHe upper reaches,



The net erosion in the channel area of Lucas Creek over ‘the last 125
years (Fig. 2.11) is an interesting feature and may indit:ate that
‘sedimentation dccompanying early European bush clearances was over
prior to the 1854 HMS Pandora survey or that Lucas Creek has a far
lgreater flushiﬁg capacity than the other tidal creeks,

‘ngn very recent times mans activities are represen.ted in sediment
jdisti‘ibution patterns : (1) to the south of Hérald Island where
‘bathymetric data (Fig. 2.11) and local opinion point to a build-up of
‘sediment since the construction of the Herald Island causeway cut off
tidal flow from behind the island, and (27 adjacent to the southern
' shores of the Hellyers Creek estuary, where sediment accumulation is

iper‘haps due to urbanisation of its catchment (Fig, 212).

SEDIMENTATION - HELLYERS CREEK

—— i

+ Deposition
- Erosion

e

1854 — 1959 1959 — 1980°

Data source 1854 HM.S.PANDORA Survey Data source 1959 R.N.Z.N. NZ 5322
1959 RN.Z.N. NZ 5322 1980 MW.D.

0 500m $000 km
R

SN

Figure 2.12 : Net sedimentation in Hellyers Creek over the periods
1854 (British Admiralty 1854, and ’1959 (RNZN
Hydrographic Office 1959) and 1959 to 1980 (survey by
MWD). Error range in soundings 1s probably in the order
of 0.3 m for the 1980 data. .

R
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The stability of the chamnnel and tidal flat areas over historical
times is more difficult to assess. Sediment cores from Lucas and
iHellyerss Creeks show changing lithologieé% at some sites (e.g. Figs,
2.3 and 2.5 that could be due to either lateral channel migration and

associated change in depositional environment, or catchment condition

change. The thickness of recent unconsolidated marine sediments in
' Lucas Creek at L10, L12, L1S, L16/L17 and AELA (Fig. 2.6) show that
~the existing channel does not coincide with the channel bed cut into
. basement material (.e. the original stream before drowning by rising

sea level) and that the palaeo channel lay closer to the western bank

indicating lateral channel migration of over 100 metres since

'3 ' sedimentation began some 6000 years ago. Alr photographs that back

2.3
' Sediment input derives primarily from the streams that discharge into

' in the order of hundreds of years in time. i

date some 30-40 years de not show significant changes in channel

position. It is likely that the gentle channel curves found in the

- tidal creeks migrate slowly downstream but that the changes have been

B
!

SEDIMENT SOURCES

the headwaters of the Upper Waitemata Harbours ¢ tidal arms (Fig.
21). Unfortunately, sediment input data is available for suspended
loads only. Without bed load data, total sediment input must be
considered as a conservative estimate, However, several factors
suggest the bulk of sediment input is suspended load: () the bulk of
surficial sediments are of a particle size that are normally
transported in suspension, (Z) there 1s no trend of increasing
particle size towards the peints where streams enter the estuary -
locations where bed load size material would be expected to be
deposited, and (3 the bulk.of the catchment erosion products are of &
fine grain size and capable of being carriéd in auspension (Jessen
1983).

Estimates of the total suspended solids 1input for the major
contributing sources to the Upper Waitemata Harbour estuary are listed
in Table 2.3 (after van Roon 1983), The data were determined by
sampling stream surface ﬁaters, laboratory analysiz to determine

suspended sclids (non-filterable residuel concentration, derivation of

(€]
-
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K- stream stage height/suspended solids relationship {sediment rating),
‘and application of this relationship to the stream discharge/time—
‘hydrograph to give total daily mass transport of suspended solids.
Because the samples are surface samples, the sediment ratings are of
'variable quality, and various assumptions are made in calculating the
‘total loads, the data should be considered to be best estimates only.
For a complete description of the data and assumptions made in their

calculation refer to van Roon (19833,

Annual inputs for 1980 (Table 2.3) show that the Rangitopuni (61%) and
Lucas Creek (14%) estuaries are the most important sources of
- suspended solids to the Upper Waitemata Harbour, It is significant
that the largest input of approximately 12707 tonnes, chtributed by

the Rangitopuni, enters the estuary head where flushing is poorest.

Total input load for 1980 and 1981 for the major sediment contributor,
the Rangitopuni, reveals some interesting features, In 1980 the mean
yield was 35 tonnes/day, the total yield was 12638 tonnes/year, of
which 65% was contributed on 15 March 1980 (Cyclone Sina) and 89% was
contributed in 7 flow days (or 2% of the flow duration time), In 1981
the mean yield was 9 tonnes/day, the total yield 3187 tonnes/year of
which 11% was contributed on 2 September 1981 and 36% was contributed
in 7 flow days. The 1980 sediment yield is 4 times that of 1981

primarily due to one large storm.

It is apparent that sediment discharge to the estuary varies markedly
from year to year as a function of the size and frequency of storm
events, and that a large proportion of sediment inflow occurs over a

small period of flow duration.

SURFICIAL SEDIMENTS ,
surficial sediments have been described by Thompson and Gregory
(1973), Fry and Hume (1980), and Bioresearches Limited (1381,

Surficial sediment texture is shown in Figure 213 and 1is based on
Bioresearches (1981). Details of sampling methods and analysis are

given in Bioresearches (198D,

Tk
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Catchment

Area (kmz)

Suspended Solids

1980 Year 2000
tonnes/yr % tonnes/yr %

Rangitopuni

Riverhead Sewage - - - 31 0.1

Rangitopuni at Walkers 81.5 12632 60.9 12632 45.3

Deacon Forest 3.6 75 0.4 1533 5.5
Brighams

Ngongetepara 11.2 107 0.5 107 0.4

Totara Creek 5.7 556 2.7 893 3.2

Thomas Richards - a.3 <0.1 ¢! <0.1
Rarawaru 2.2 90 0.4 90 0.3
‘Waiarohia 3.8 156 0.8 156 0.6
Paremoremo

Sewage - 5.5 <0.1 11 0.1

Catchment 7.4 700 3.4 700 2.5
Lucas

Lucas at Gills Rd 6.3 300 4.3 974 - 3.5

Oteha at Days 12.1 1947 9.4 5724 20.5

Albany Meats - 0.4 <0.1 - -

Albany Hotel 3.1 0.1 0.1 - -
Balance of Catchment '
 Hobsonville Sewage - 5 <0.1 10 <0.1

‘Whenuapai Sewage - 7 <0.1 14 <0.1

Septic Tanks - 24 0.1 29 0.1

Papanui Farms - 0.6 <0,1 & 0.1

Balance of Catchment 51.0 3544 17.1 4954 17.5
Total 20750 27860

Table 2.3 : Annual inputs of suspended solids (non-filterable residue) to

the Upper Waitemata Harbour from the major subcatchments (from

van Roon 1983),

Inputs from outside the subcatchment

measurement station areas are included in Balance of Catchment.

kYear 2000 estimates are described in van Roon (1983)

[N
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‘Although large areas of intertidal flats are exposed at low water
direct examination of sediments 13 made difficult by low water
clarity, and soft muddy sediments that make foot access extremely
difficult. Sediments are génerally fine grained being largely sandy
muds and muddy fine sands (Fig. 2.13‘ and Appendix ID, Texture 1is
closely related to environmental energy. The coarsest sediments,
which include gravelly fine sands, medium sande and gravels, represent
the areas of highest energy and are located along the main harbour
axis from Lucas Creek south, particularly in the deep channél section
adjacent to Herald Island, and the creek entrances, Most of the
~ gravel size material in samples is shell debris. Mud is absent where
gravel ’lag deposits concentrate in areas swept by strong tidal
currents, In or near the main axis and tidal creek channels the
;sediments are dominated by ‘muddy and gravelly very fine sands, areas
of environmerital energy lower than those above, Muddy very fine sands
and sandy muds occur in the tidal flat areas, largely in the arms of
the tidal creeks, where environmental energy 1is low, The finest
sediments predominate in the mangrove and embayed areas where
deposition takes place at the upper level the tide reaches, where
current velocities are minimal and shelter from wave and tidal flow is
good, and in creeks such as Brighams and Rarawaru where environmental

energy is low.

Locally, wave action concentrates sand size material at several more
exposed locations in the main axis, to form sandy beaches that

constitute an important recreational resource (Duncan 1981),

Fresent day sedimentation rates are difficult to quantify because -
sediment accumulation in muds is very slow, varies in rate from place
to place, and 1s difficult to physically measure, A rough estimate of
the maximum possible average sedimentation rate for the upper harbour
can be calculated for 1980, a year in which rainfall was approximately
9% less than the 40-yr nqrmal annual rainfall (Smith 1983), If all
the 20750 tonnes (Table 2.3) transported to the estuary was deposited
it would have a volume of : '
20752 » 1000 kg
1100 kg/m? = 18

Xy
30
s
©n
=3
L%

[ €8]
(N



2.5

where 1100 kg/m?’ is the density of surficial sediment (see Section

1.4). 1f the sediment were spread evenly over the bed of the estuary

it would form a layer :

18865 m°
741 x 10000 m° =  0.003 m thick

In other worda the net sedimentation rate would be in the order of 3
mm/annum. This would increase slightly if bed. load were included.

‘The sediment would be deposited at different thickness in different

places according to local environmental energy. Although the 3

mm/annum is an average maximum value, as some of the input sediment

- must pass directly through the system and to the Waitemata Harbour or

the Hauraki Gulf, it is in line with the 3 mm/yr rate obtained from
pollen data (Fig., 210 and aimilar to the 2.9 mm/yr measured in the
Pauatahanui Inlet (Fickrill 1979).

Storm events inject large proportions of the annual load into the.
system, Because of this, estuarine sediment deposition will occur in
short periods of time, and net sedimentation rates will vary markedly

from year to year.

The flushing characteristics of the Upper Harbour and individual
creeks (Williams and Rutherford 1983) give a guide to the minimum
time it takes to flush suspended sediment from the system (the actual
residence time of sediment in the system would in fact be longer;
sediment does not behave like a solute but may be deposited and
resuspended). For average tides and low freshwater inflow, fine
ma‘terial injected at high tide (and that remains continuously
suspended) could be flushed from Lucas Creek in 8-10 tidal cycles and-
from the upper harbour in 9-11 tidal cycles. During storm events high
freshwater inflo_ws are observed to phsh suspended solids laden waters

well down the tidal arms and into the main axis, so flushing time

-would be shortened.

SEDIMENT NUTRIENTS

Nutrient levels in Upper Waitemata Harbour surficial sediments were

examined by Fry and Hume (1980} and Bioresearches Limited (1981} (Fiqg.

36



2.14). Fry and Hume (1983) detail nutrient distribution in Lucas 'and
Hellyers creek sediments and discuss changes in nutrients with season
and depositional environment. Methods of sediment sampling and
“analysis differ between studies therefore comparison of results should

ibe made with caution.

In Upper Waitemata Harbour surficial sediments total organic carbon
(TOC) ranged between 0.4% and 51% with a mean of 2,08% and total

Kjeldahl nitrogen (TKN) ranged from 400 to 2700 mg/kg with a mean of
1300 mg/kg (Bioresearches Ltd 1982). Total phosphorus values range
from 200 to 590 mg/kg with a mean of 363 mg/kg (Fry and Hume 1980,
. 1983).

Examination of the spatial distribution of nutrients show no clear
trend down the axes of the tidal creeks. However, on an estuary-wide
basis, TOC, TP and TKN values showed higher levels in the Rangitopuni,
Brighams, Rarawaru and Péremoremo creeks than in the Lucas, Hellyers
and Waiarohia inlets, TOC and TKN were higher in the westérn main
axis than the east and lower in the channels than the tidal flats,
. The generally higher nutrients in the west relative to the east of the
harbour coincides with poorer flushing and generally finer sediments
in the west. The winter values (Fig. 2.14) are expected to rise even
higher with significant natural seasonal (spring and summer; increases

{(see Section 3.5

2.6 GEOMETRIC STABILITY
A number of workers, including O'Brien (193D, Furkert (1947), Bruun
(1966) and Heath (1975), noted that for tidal embayments on sandy
coastlines thé relationship
A = CP"

(where A is the entrance cross sectional area, P the tidal prism, and

C and n are constants) indicates that the size of an entrance is one
of the main factors determining the ability of flow to transport
sediment through the entrance, and estuaries that conform to the

relationship can be considered to be geometrically stéble.

The major harbours in the Auckland area, the Manukau and Waitemata,

(;_'.
~1
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have many similar hydrological and géomor'phological féatures. They
have constricted entrances to the outer oceanic waters that open to
broad central regions floored with muddy sands and fringed with
substantial areas of intertidal flats, These link with narrow tidal
river arms floored with dominantly muddy sediments. An A-P
relationship has been determined for the entrance cross sectional area
A (below a tide level corresponding to peak dischafcje which is
approxiately midway between mean tide level and mean high water
spring) and tidal prism F (for a mean spring tide) for tidal waterways
in the upper reaches of Auckland Harbours (Fig, 2.15 and Hume, in
prep.) where : | | " E
A=6.2x103, p0.76

10 T T |IIII1| I T 1 1 1 11

- Upper

) 4
Waitemata @ Pahurehure

Mangere

' 10 Tamaki .

™ ]

Lucas

. . . -3 076
Regression Equation. A=6+2x10 P {r=0992)

Channel Cross Sectional Area. betow Peak Discharge Tide Level -{ A mZ)

102 - I Il oo - . i L i [
10 10 10
Tidal Prism- for Tidal Range MLWS-MHWS (P'm?)

Figure 2.15 : Relationship between channel entrance cross sectional
and spring tidal prism for tidal inlets in the Auckland

area.

The relationship demonstrates that

1 Ar A-F relationship analogous to that derived for open coast



sandy inlets and sandy tidal wa{:erways holds for estuarine creeks

floored with fine grained sediments.
Auckland inlets shown in Fig. 215 are in a state of net non-

o9}

scouring, non-silting, sedimentary equilibrium,

1 In the absence of a more sophisticated model the relationship provides
. a semi-quantitative method for assessing the geometric stability of

 Auckland inlets.

Furthermdre, it can be used to predict the changes in channel cross

' gection resulting from dredging and reclamation of the intertidal

. area, For instance, if the tidal prism (P) is increased Dby dredging

the estuary will accommodate this change, increasing the tidal throat
cross sectional area (A) by scouring by an amount given by the above

empirical equation.

The Upper Waitemata Harbour inlet lies to the left of the regression
line indicating it is to some extent naturally unstable, Any such
instability will be reduced by those events that cause an increase in
the tidal prism inatural scour or dredging upstream of the entrance)
and/or a decrease in the channel cross sectional area at Hobsonville

(sedimentation or reclamation),

An estimate of the scale of change necessary to achieve inlet

equilibrium for the upper harbour can be gauged from Fig, 2.15.

1 For the present mean spring tide c‘omparf.ment of 19.71 x 10%
m3, the existing entrance of 2340 me cross sectional area below
peak discharge level at Hobsonville should reduce to
approximately 2240 m? to attain equilibrium, ~This could be
achieved by natural sedimentation causing & reduction in cross
section of approximately 4%,

Alternatively the tidal compartment, which is too small for the

]

existing entrance, could be enlarged some 22% from 19.7 x 106 m3

to 241 x 10° m3. This would equate with natural erosion from
the intertidal area of the whole part of the upper harbour

3

estuary of 4.4 x 109 m3 of sediment. Alternatively material
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could be dredged from the intertidal area upstream of the

entrance.

Because the.two parameters covary it is nost probable natural -
adjustments will occur in both simultaneously, rather ‘than in just one

~ alone.

Whlle the derived A-P relationship (Fig. 215 1is & simplification of
complex processes it suggests Upper Harbour equ111br1um would be
encouraged by natural and engineering dCthltleC‘ that promote erosion
of the intertidal zone (ncrease in tidal prismy of the upper harbour

and/or sedimentation -in the entrance,

41



CHAPTER THREE : LUCAS CREEK SEDIMENTOLOGY

3.1

PHYSTOGRAPHY

Lucas Creek 1s a funnel shaped estuary that extends 6.5 km from the

- mouth near salthouses Jetty to the township of ‘Alb‘any (Plate 3.1, Fig.
31). At low tide a considerable proportion of the estuary is exposed
~as low gradient intertidal flats with extensive mangrove vegetation

; (T'able, 3.4,

Surface Area at

Sedimentary Environment Spring Low Tide % of Total Area
‘ ‘ (ha’

Low tide ‘chanmel 39.6 26

Intertidal flats 63.3 45

Mangroves 43,2 29

Table 3. : Major sedimentary environments in Lucas Creek (Figs.
2.4 and 3.1)

The bed of the main channel falls 3.4 metres (+ 1.3 m CD to - 21 m

CD) from L1 to L1§, an average slope of 1:18000 (Fig, 2.7, In the

‘upper reaches the tidal chanrel is very narrow, recent muddy sediments

are thin (Fig. 2.7) and low tide exposes bed rock and rubble bars
which 1impede ebb tide drainage (Flate 3.2), Between L5 and LIl the
estuary widens locally but low tide waterz are confined to a narrow
central channel (Fig, 3.1). Between LIZ and LIS the estuary widens to
.2 km where the Te Wharau Creek inlet joins the main.tidal waterway
(Plate 3.3). Here the wide intertidal mudbanks are up to 4 metres
thick (Fig. 2.6), and support extensive mangrove communities in the Te
Wharau arm of the estuary Fig. 31. In the entrance reach LI15-L18) ,
the estuary narrows to 200 m and deepens towards the mouth. The bulk
of recent marine sediments are situated in the entrance area where

they are up to 10 metres thick (Fig., 2.7). The mouth of the estuary

~terminates in a 7 metre submarine cliff,

“
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Notes
1. EZMangroves.
2. A" Isobaths (metres}
3. Surveyed 13-18 July 1979

L Elevations in terms of
AHB Chart Datum

0 100 200 300 400 500 metres
. SCALE

Figure 3.1 :

Bathymetry of Lucas Creek. Note bifurcations in the main
channel near the entrance and in the vianity of the Te
Wwharau delta. Mangrove stands normally grow above 2.3 m
CD.




3. 2 SEDIMENT SOURCES

3.3

 The geological, pedological and morphological characteristics of the
. catchment show that dominantly mud and very fine sand size material is

| available for erosion by overland flow (Jessen 1983). Field

examination of atream bank erosion debris, stream channel deposits

| (including weir pond debris) and flood debris confirms the majority of

sediment transported by the streams is mud and very fine sand (.e.

material transported largely as suspended load).

Suspended solids comprised largely of mineral material, originates

from the Lucas and Oteha catchments that .discharge into the headwaters

" of Lucas Creek, with a lesser contribution from the Te Wharau Stream

(van Roon 1983, and Fig. 3.2). Suspended solids input to Lucas Creek
for 1980 and 1981 were calculated from measurements at the Lucas and
oteha stream water level recorder stations (Table 3.2) The
techniques, and assumptions made in the calculations are detailed in
van Roon (1983). No bed load data are available.

The Oteha ’c_lata show that the annual mass transport can vary markedly
depending on the size and frequency of storm events, For instance 72%
of the 1980 sediment load resulted from one days discharge (15 March
1980) associated with cyclone Sina. The next largest storm produced
7% of the 1980 load on 20 July 1980. 86% of the 1980 sediment yield
was contributed in 7 flow days (2% of the annual flow duration time)
The total sedimkent yield for 1980 was nearly 5 times that for 1981
primarily due to the cyclone 3ina storm. This storm alone produced
35 times the 1981 total sediment yield, The shorter Lucas stream
record shows similar features, It is clear that floods have a major

influence on sediment vyield.

SURFICIAL SEDIMENTS ‘
Surficial sediments were sampled by box dredge sampler, Textural .
analyses were carried out by pipette analysis (mud fraction) and dry
sieving (sand and gravel fractioni,' and nutrients were determined by
chemical methods detailed in Fry and Hume (1983), Comparisons are
drawn between Lucas and the adjacent Hellyers Creek sediments to

demonstrate that the trends observed are not unique to Lucas Creek and
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- LUCAS CREEK CATCHMENT

™ Beathhaven

Ay Scale - kilometres
0 I 2 3

Figure 3.2 : Lucas Creek catchment, Most of the catchment is drained
by the Lucas (6.26 km? and Oteha (1213 km% streams.

are perhaps of much wider significance.

Surficial sediments are generally fine-grained and are classified as
muds and sandy muds (Fig, 3.3 There 1s considerable variation in
sediment texture from the estuary channels to the mangrove areas (Fig.
3.4). Channel sediments are relatively high in sand and low in silt

and clay. In places in the upper estuary. reaches the charnnel floor 1is



OTEHA

LUCAS

1980
Mean yield (tonnes/day)

Total yield (tonnes/yr)

Specific yield (tonnes/ha)

July to December 1980
Mean yield (tonnes/day)

Total yield (tonnes/yr)
Specific yield (tonnes/ha)

1981
. Mean vield (tonnes/day)

Total yield (tonnes/yr)

Specific yield (tommes/ha)

S

1947

-~
4

72%

~
L

86%

1980 load on
15.3.80

1980 load on
20.7.80

1980 load in
7 flow days

0.5 yrs load

~on’ 20.7.80

2 0.5 yrs load

in 7 flow day

1981 load
on 16,6,81
1981 load
in 7 flow days

No data for first
half of year

539

0.5 yrs load
on 20,7.80

% 0.5 yrs load

in 7 flow days

% 1981 load

on 24.8,81

: 1981 load

in 7 flow days

Table 3.2 : Mass transport of suspended solids (non-filterable

residue) as measured for catchments Oteha Stream at

Days Bridge (12,13 km%) and Lucas Stream ét Gills Rd
(6.26 kaJ. Data from van Roon 1983,



Sand

o Lucas
o Hellyere

§ sand
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sM sandy mud
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M = mud
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Figure 3,3 : Ternary diagram for Lucas and Hellyers Creek surficial
sediments, Textural size classes are defined in Appendix
I.

Sand, silt, clay %
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Figure 8: Map of Lucas and Hellyers creeks shovin_g’:
- sand. silt and day percentages.

Figure 3.4 : Sand, silt and clay present in Lucas (23.4.80) and
Hellyers (17.6.80) Creek surficial sedimenta, |
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swept clean of sediment. In the lower reaches zoft muddy channel
floor sediments sometimes are armoured by shell lag deposits, The
‘mudbank sediments are high in silt and clay and low in san'd.
jSediments of- the shoreline embaymentzs have little sand and are
dominated by muds. In contrast to the acrcss channel differences in.
sediment texture, the longitudinal changes in particle size commonly
associated) with tidal inlets, are not evident, Surficial sediments
sampled at 3 sites in both Lucas and Hellyers creeks show “guasi-
seasonal’ fluctuations in texture being coarsed textured in winter

compared to summer (Fig. 3.5; Fry and Hume 1983

LUCAS CREEK TIME SERIES DATA * SITE 1

-

z

Lot

[&)

o

Ll .

o o

W :

> :

= :

g : *x 23-4-80

= :

o) R .

[&) . *oo i 15-8-80
: 4--a 29-9-80
: s—a 14-11-80

0 i--v-'i""'f/a ; i i

0 2 T 6 , 8 10
PARTICLE SIZE IN PHI UNITS

Figure 3.5 : Textural variations in surficial sediments sampled on
four separate occasiona at site LS1 (Fig., 3.4). The
sediments are coarser in the winter and finer in the

summer .,

Overall, dead and living animalg and plants are not a significant
component of Lucas Creek sediments, Both CaCOj and organic carbon are
generally less than 4% dry weight (Bioresearches 1981, Fry and Hume
19833, ‘

Clay mireral ‘distributions in the <Z um zize fraction of Lucas Creek

sediments '(Fig. 3.8) determined by XRD analysis show that the average
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Surficial Sediment
Average Clay Mineral Compasition %e

T oy LS 8
lite 1 L5 1 ::
Smectite - S %2 273 3
Kaolinite - K 30-8 3-95

LS 4 tsn s 3
w0 5 13

W0 -G 100 200 300 400 500 m
-

LS 1047 =1 %
23 =S %
30 = K%

Figure 3.6 : Clay mineral abundance in. Lucas Cr’eek sediments. The
diffractogram shown for LS10 is typical of the poori?

crystalline clay mineral suites,

clay mineral composition to be illite 45% kaolinite 31% and smectite
24% The clay mineral distributiong show no discernable trends either
from the headwaters toward the mouth or rbetween channel bed and tidal |
flat samples. Hellyers Creek samples show a similar distribution (Fry

and " Hume 1983).
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3.4 SEDIMENT PROCESSES

Tides

Because the tidal range ig a significant pfoportion of the water depth
at many points in the estuary, the cyclic back-and-forth flushing of
tidal currents is the principle mechanism for transporting and

reworking estuarine sediments,

Sedimentatibn processes at L5, Wharf Rd, Figs. 2.4 and 3.7 and Plate
3.2) are considered representative of the upper estuarine reaches of
Lucas Creek. The tidal flow at this point varies markedly across the
~ section and throughout the tidal cycle, because of the variable

channel morphology and the Z to 3 metre tide range.

On the tidal flats (V1 and V4: Fig. 3.8) conditions are favourable for
deposition for 3-4 hours either side of high tide when flood and ebb
spring tide velocities do not exceed 0.2 m/s. Sedimentation of mud
from suspension is only appreciable if current speeds drop below 0.2
m/s (Fig. 1.3 and Einstein and Krone 196Z). Peak velocities on the
tidal flats (less than 0.2 w/s) are far below that necessary to rework
the muddy tidal flats (c.f. Fig., 1.3 resulting in net deposition of
sediment over the tidal cycle, However, complete settling of
suspended material is prevented by 1its small fall velocity. During
the 3-4 hours either side of low water the tidal flats are dry and
subaerial exposuré can greatiy aid consolidation (e.g. Terwindt and
Breusers 1972). Sandy muds up to 1.5 metres thick have accumulated on
the channel flanks (Fig. 2.6 and Plate 3.2). |

In the central low water channel area (V3 conditions are favourable
for suspended sediment deposition e, V < 0.2 m/8) for approximateify
3 hours about high water and low water (Fig. 3.8). Despite this the

channel bed iz barren of sediment in places, perhaps due to erosion by
turbulent freshwater and ebb tide drainage generated by & rock bar
immediately uﬁstrearn of the site (Plate 3.2). Upstream of L5 ebb tide
drainage is impeded at lower stages of the tide by rock bars, and the

ponded areas upstream of the bars form natural sediment traps.
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Downstream of L5 where the estuary widens, current velocities
decrease, resulting in a reduction in the sediment transport capacity,
and sedimentatién occurs. At L7 (Fig. 2.4), for instance, a wedge of
unconsolidated sediment that thickens to nearly 4 metres has built-up
on the channel bend (Fig. Z.6) In the lower charmel reach between
141 and L15 (Fig. 2.4 a complex array of intertidal bar-s, deltas and
channels has formed in a major area of sediment deposition (Fig, Z.6).
From the Te Wharau subestuary an intertidal delta stabilised by
mangrove bush builds out into the main channel (Fig. 3.1 and Plate
3.3). Its distal end is truncated by ebb tide flows in the main
channel which are strong enough to rework fine sediment and
concentrate lag shell deposits on the channel flank (Plate 3.4, In
the centre of the main channel an intertidal bar (Fig. 3.1) separates
" flood tide flows concentrated in the western blind channel from ebb
tide flows in the eastern main channel. In the entrance reach & thick
sequence of unconsolidated sediment has built-up attaining maximum
thickness at L16/17 (Fig. Z.b).

sedimentation processes at L17 are congidered typical of those in the
entrance reach, Here the charnel cross section 1s slhightly
asymmetrical being deepest on the western flank (Figs., 2.4, 3.9 and
Flate 3.3).

At tidal flat site (Vy) weak spring tidal currents (Fig., 3.10) are
favourable for sediment deposition for the 3.5 hours either side of
high tide when water covers the gsite and when the tide recedes the

deposited sediment can consolidate subaerially,

In compariscn the deep western channel flank (Vg) 1s explained 'by the
strong flood dominated flows wup to 0.5 m/3) constricted against a
headland. Thie is undoubtedly related tc the flows at the mouth of the
creek where the bathymetry indicates a subtidal bar separates flood

(westerny and ebb (eastern) flows (Fig, 31 and Plate 3.3

small tidal velocities make conditions favourable for sediment
" deposition throughout most of the ebb tide phase. Extremely fine

grained mud-rich sediments on the western flank of the inlet at Ll&/17/

on
o
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(Fig, 2.4) may represent flood tide deposits and perhaps suspension
load material from outer eztuyary SOUrCes, Here, peak spring tide
velocities are only 013 m/s and deposition will occur for much of the

time that water is present at the site.

In the central channel at L17 (V4-V5S) ebb velocities dominate over
flood suggesting that more erosion and resuspension 'is likely to occur
‘on the ebb tide (Fig, 3.100. The most favourable conditions for
sedimentation occur for the short periods when velocities drop off

toward slack water low and high tide.

Nearer the entrance of Lucas Creek strong ebb tide flows maintain a
deeper channel on the castern side of the estuary Fig. 31 and 2.6l
" In the entrance, complex flows are sufficient to concentrate muddy-
sandy shell gravels on the eastern channel flank (Bioresearches 1981.
Quieter flows on the west of the entrance are reflected in finer sandy

sediments.,

Compared to the channels, the tidal flate are the most favourable
sites for deposition as tidal currents ars weaker for longer periods
and, when the tide recedes, the freshly deposited sediment dewaters
and consolidates subaerially. cediment deposited in the channels at
high and low slack tide does not have the same chance to consolidate,
is situated in areas of relatively high current flow (the channels)

and is more likely to be reworked.

The substantial difference in neap and spring tidal prism for Lucas
Creek (1.6 X 100 md and 2.3 = 10° n respectively) has a pronounced
effect on the magnitude of velocities and discharges, tidal excursion
and flushing and thus on the sediment transporting capacity of neap
and spring tides.

Neap tide wvelocities are about 70% those of spring tides (Figs. 8

Lad
-

and 3A0). For this reason sedimentation 13 likely to be favoured on
neap tides when velccities are too low to rework sediment for most of
" the tidal cycle wcf. Fig., 1.3 Furthermore, increasing current

velocity - time asymmetry, brought about by decreasing tidal range,



and corresponding longer flood slacks, will argument the sedimentation
potential during neap tides. A cycle of net erosion and sedimentation
corresponding to neap and spring tides, with respect to the suspended
sediments, reported in other estuaries (e.g. Wright ¢ a/ 1975, Allen

ot al 1976) may well exist in Lucas Creek,

Stream flows

Flood events can significantly alter tidal forces, and associated
sedimentation patterns in estuaries because floodz carry the bulk of
sediments to the estuary, they may generate currents that rework
sﬁrficial sediments, and result in a net export of water, and

therefore suspended solids.

- Field observations confirm floods influence sedimentation patters in
the headwaters of Lucas Creek. After the 15 April 1978 storm, debris
lines in the trees indicated that the water level at L1 (Fig. Z2.4)
rose to 2.4 m above spring tide level, Downatream of LZ silty
unconsolidated sediment up to 10 cm thick was depcsited on the grassed
‘berms bordering the tidal flats, The (Telethon) 30 June 1979 storm
caused sediment stripping of tidal flat sediments to a depth of 30 cm
about the base of mangrove shrubs on the eastern flats immediately
upstream of LS5, and bank collapse downstream along the main channel
flanks and in tidal flat drainage channels, velocities  at L5 (Wharf
Rd) were sufficient to move concrete blocks along the tidal flats,
Interestingly flood debris (presumably trees) acted as sediment
stripping tools in the upper reaches of Lucas Creek producing deep
grooves along the tidal flats parallel to the channel axis (Plate
3.57.

Observations from Salthouses boatyard (L18) near the entrance of Lucas
Creek suggest that during times of larger river inputs the ebb tide
phase is increased to well beyond the normal 6.5 hours. On some
occasions the movement of keel boats on swing moorings in the area
suggests the tide does not flood at all. It is probable that in big
flood events zurface water outflow 13 probably maintained for a long
“time, but that flood tide waters intrude along the bottom of the
estuary.

N
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U‘nfortunately, there is no flow data available for flood asgisted
flows in the estuary. However, calculations of a range of stream
characteristics for the headwaters (catchment above LS), and the
entrance (catchment above L17). can be compared with tidal data ’(Table
3.3 and Figs, 311 and 3.12) which allows an assessment of the role of

stream flows in controlling sedimentation patterns.

The stream data (Table 3.3} show mean annual discharges are 10 to 20x
summer low flows, Flood events significantly increase stream flow.
For instance, a relatively small 1 in 2 yr flood event will produce a

peak discharge 26X mean annual discharge.

" - At L5 (Wharf Road) summer low flows and mean annual discharges and

flow volumes over the tidal cycle are insignificant compared to tidal
flows and volumes (Fig. 3.11) and will not influence tidal sediment
transport., Peak discharges and flow volumes per tidal cycle due to a
1 in 2 yr flood are more comparable to tidal water statistice while
the 1 in 5 yr freshwater input 18 clearly larger than spring tide
flows and volumes. Extreme events such &s the 1 in 50 yr flood are

orders of magnitude larger than tidal events.

The data suggest that large gtorm events will push the limit of
freshwater excursion wwith its sediment load) downstream of L%, toward
the estuary mouth, 2t some point interaction of opposing tidal and
stream flows will result in velocity drop-off and sedimentation.
Obvicusly the effects will be complex and depend on whether the stream
flood event coincides with a flood or ebb tide, the tidal range at the
time and the coincidence of the flood and tidal peaks. High suspended
solids concentrations will not result in sediment build-up 1if flow

velocities are too high to allow deposition (e.g. de Mowbray 19837,

yelocities generated by peak flood water flows through the estuarine
headwaters are large and, particularly if they coincide with the ebb
tide, will be adeqguate to scour surficial sedimentz in the low tide to
-middle tidal flat areas (cf, Table 3.3 and Fig. 1.3},  Bed scour may

be accelerated by a drop in salimity and water temperature, and an
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HEADWATERS L5 ENTRANCE L17

yolume Discharge Velocity volume Discharge  Velocity
3

(m3) (m3/s) {(m/s) (m3) (m3/g) (n/s)
FRESHWATER
Summer Low Flow 606 0.01 - 1966 0.04 ' -
Mean Annual Flow 10700 0.24 - 22095 0.49 -
Flood Events
1 in 2 yr 160600 7.9 1.0/0.1 265800 11.4 <0.,1/<0.1
1 in 5 yr 468500  23.0 2.9/0.,4 /75000 33.1 0.2/<0.1
1 in 10 yr 698700 34.3 4,3/0.5 1155900 49.4 0.3/70.1
1 in 50 yr 1231400 - 60.4 7.6/0.,9 2036300 87.0 0.5/0.2
TIDES
Neap (mean) 71200 8.7 0.25 1623400 154 0.39
Spring (mean) 104000 12.7 G.36 2369600 224 0.56

Table 3.3 : Estimates of volume, discharge and velocity for a variety of
stream inflows (calculated from Smith 1983) and tides
(calculated from McLachlan and Hume 1981y at L5 and L1V in
Lucas Creek. The summer and mean annual streamflow data record
total input volumes, and steady flow discharge to the estuary
per tidal cycle (about 12.4 hrj, Fleood event data records
total input volume, and peak discharge for the flood event,
For the headwaters (5 the flood duration time is akout 13
hours i.e. asimilar to a tidal cycle, The flood (mean in
section) velocities (e.q. 1.0/0.1) are those generated by peak
freshwater flows through the estuary azections, at LS and L17,
at low/high tide respectively, Tidal volumes (tidal prism),
peak dlséharge and mean in section velocity are calculated from

tidal gauging data.
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increase in suspended solids accompanying floods (McDowell and
o'Connor 1977). The role of sediment stripping by flood waters in
preventing a build-up of sediment in the upper reachés of Lucas Creek,
is indirectly supported by the abaence of sediment from the floor of
the channel at L2 and L5, and by the low net sedimentation rate,
evidenced by the veneer of tidal flat sediment 1 to 15 metres thick
(Fig. - 2.6) that equals the sum total of zediment deﬁosition since sea

level attained at its present level some 6000 years ago.

Nearer the entrance at L17 only the larger flood events have
discharges and volumes that approach thoze of the tides, and the
influence of floods on sedimentation patterns will be far less

pronounced. Floods are unlikely to gererate velocities large enough

-~ to strip sediments (cf. Table 3.3 and Fig, 1.3). If strongly

atratified flows developed, the exit of sediment laden freshwater over
the top of less turbid incoming tidal waters, would provide an
important mechanism for expelling flood input suspended sediment. from

the estuary.

Waves
sediment. reworking by wind wave action can be an important process in
sorting and redistributing estuarine surficial sediments. High

orbital velocities produced by waves entrain fine sediment that can be

'i:ransported by much weaker tidal currents (Fig. 1.3), In Lucas Creek

suspended solid plumes generated in intertidal areas, by waves at the

tidal front indicate this process 1s operating.

Wind waves in the entrance reach and Te Wharau area are generally less
than 30 cm high and of about 1-2 second period. In 1 metre water
depth these waves generate mean velocities of 0.7 to 0.3 m/sec
(Coastal Engineering Research Centre 1977) which will resuspend fine
sands and coarse gilts, but not the cohesive fine silts and clays
(Fig. 1.3). Conditions most favourable for sediment reworking by wave
action are restricted to pericds of mid to high tide when tidal flats

are covered by water, and to times when winds blow northeast or

“southwest along the axig of the estuary.



It wae initially thought that the "gquasi-seasonal’ changes 1in
surficial sediment texture were evidence of the importance of sediment
reworking by wave action, However, comparison of the 1980 wind
records from Whenuapai with 1980 textural variations (Fig. 3.5 showed
that mean monthly wind speed (based on hourly values) were constant in
mid to late autumn and winter (6-7 m/s) but increased in spring and
summer 8-12 m/s), whereas sediments coarsened in winter and fined in
summer i.e. coarsening sediments do not coincide with higher wind
speeds. Furthermore, those winds with the longest {etch blow from the
northeast or southwest and occur largely in spring and summer,
Therefor'e, it appears that wind generated wave activity is not an
important factor contributing to "quasi—seasonal“ coarsening and

fining of sediment,

During the winter period the estuary is subject to more frequent and
larger freshwater inflow events that result in larger amounts and
coarser grained material being delivered to the system, In the upper
reaches of Lucas Creek current velocities generated by  these events
strip and rework unconsolidated fines deposited in qﬁleter periods,
1t appears that variatiohs 1in fluvial sediment texture accompanying
predominantly winter flood events 1s a more likely cause of "quasi-

seasonal’” changes in estuarine sediment texture than wave action,

Net Deposition
2 crude estimate of the maximum average annual sedimentation rateg in

Lucas Creek estuary can be made from the sediment input data (Table
3.2). The total mass transport to the estuary from the Lucas and
Oteha Streams was approximately :/94 tonnes in 1981 and about 5 times
this in 1980 (about 3971 tonnes). Assuming half this amount (2383
tonnes) to be a "typical annual sediment load”, and that if all of

this was transported to the estuary and depositedait would have a

volume Qf:
2383 tormes x 1000 kg
1100 kg/m3 = 2166

{(where 1100 kg/m3 ig the density of surficial sediments, Section L4

1f spread as an even thickness layer over the bed of the estuary

(excluding the low water channel area where substantial sediment
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accretion 1s unlikely because of relatively high environmental energy)
it would form a layer:
2166 m°
112 % 104 m¢ = 0,002 metres thick

The 2 mm per annum maximum sedimentation rate would increase slightly
if bed load were included. & gingle storm the size of cyclone Sina
would' deposit a similar amount of sediment, whereas the 1981 total
sediment load would form a layer only 0.6 mm thick, In actual fact
the sediment would not be spread as an even thickness layer but would
distribute itself according to environmental enmergy within the systen,
These rates are slightly less than the 1 mm/annum calculated from the

pollen data (Fig. 2.10).

Field observations suggest much of the sediment 1s flushed from the

estuary before it can be deposited, sc that net deposition would be
less than that calculated above. After storms, sediment plumes from
the Waitemata Harbour extend far out into the Hauraki Gulf, Some idea
of the capacity of Lucas Creek to expel input suspended sediment can
be gained from estimates of flushing time, The fluéhing time or
residence time is the average time a solute particle remains in the
system, For Lucas Creek best estimates of flushing time are 7 and 11
tidal cycles for spring tides and neap respectively (Williams and
Rutherford 1983} These values describe the mimmum time it takes
for suspended sediment to be flushed from the system since suspended
material will settle out only 1if the velocity falls below a critical
transport value (Fig, 13). At many points of the estuary flood and
ebb velocities are maintained at a high enough level to keep material
in suspension throughout much of the tidal cycle and, given the short
flughing time, much of the suspended load can be flushed out the
entrance. Estimates of entrance water exchange suggest that once out
of the entrance, less than Z20-30% would be expected to return
(Williams and Rutherford 1983).

SEDIMENT NUTRIENTS

_Sur£1c1al sediments of Lucas Creek, sampled 1in April 1980, were

analysed for their major nutrient components, mnamely total Kjeldahl

nitrogen (TKN), total phosphate (TF), and readily oxidisable carbon
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(ROC) (Fig. 3.13). The subtidal or channel samples averaged 1060

818 TKN mg.kg™'

545 250 TP mg.kg'
317 0.8 ROC.
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Ficure 15: Map'of Lucas and Hellyers creeks showing
TKN., TP, and RO.L. values

Figure 3.13 : Total kjeldahl nitrogen, total phosphorus and readily
oxidisable carbon in Lucas (23.4.80) and Hellyers

{17.6.80) Creek sediments,

mq.kg'1 TKN, 320 mg.kg”1 TP and L1.1% carbon, The  mudbank or
intertidal sediments contain about 50% more nutrients, averaging 1590

mg.kgf1 TKN, 467 mg.kq“1 TP and 1.68% carbon. The samples taken from

)

the mangrove areas had the highest total nutrient content: 3573

_mg.kg"l TKN, 750 mg.kq‘1 TP and 3.5% carbon,

There is a good correlation between increasing TKN and ROC and



decreasing grain size 1in both Hellyers and Lucas Creek sediments (Fig.
3.14). For instance & clay size sample from a mudbank might be
expected to have 4 times as much TKN and ROC as a coarse silt sample
from an adjacent chanmel area. TP shows no simple relation to grain
size. Furthermore, replicate sampling suggests that 20% of the
variation in TKN, 15% in TP and 30% in ROC is due to errors inherent
in the sampling technique (Fry and Hume 1983). The relationship
between TKN and ROC (Fig. 3.14) has been observed elsewhere in
terrestrial soils and estuarine sediments and suggests the nitrogen in
the sediments is closely associated with the organic fraction (e.q.
Smith and McColl 1979,

The coincidence of increasing TKN and ROC mth decreasing grairn size
" (Fig. 3.14) can be explained in part by the sediment rexture and
composition, = Fine grained sedimehts like those of the Upper Waitemata
Harbour, have a large surface area to volume ratic and contain large
volumes of interstitial water which provide ideal sorbtion conditions
for nutrients. Upper Waitemata Harbour sediments contain clay
minerals that have an exceptionally high surface area to volume ratio
and high sorbtive capacity. The poorly crystalline and expandable
illite and smectite clays, in particular, adsorb materials onto their
surface and absorb them into their lattice framework, In comparison to
TKN abd ROC there appears to be no selective sorption of TP onto finer

grained compared to coarser grained sediments.

Repeated sampling at 3 siteg in Lucas and Hellyers creeks throughout
1980 showed increases 1n sediment nutrient abundance in spring and
" gummer suggesting  a weék seasonal pattern, TKN and ROC, in
particular, more than quadrupled and doubled respectively. in some

Lucas Creek sediments (e,gy. Table 3.4, Fry and Hume 13983),

Seasonal fluctuations of nutrients 1n estuarine waters and sediments
have been well documented. Spring 1ncreases in nitrate and dissolvedr
phosphate (Stevenson etz al 1976), and the C/N ratio éf the seston
(Roman 1980) have been found. Smith and McColl (1979) reported
(generally higher levels of organic carbon and total mitrogen in spring

and summer in Pauatahanui surficial sediment s,
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Sample Date TKN TF ROC LK

mg .kg_'l mg. kg;1 % ¢
Ls 1 23/27.4.80 &18 250 0.8 5.63
LS 1 15.8.80 906 257 0.9 5.0
Ls 1 29.9.80 1487 297 0.7 4.8
LS 1 14.11.80 3842 391 2.1 /.38

Table 3.4 : Variations in surficial sediment nutrients and texture at
- Site 1 in Lucas Creek (Fig. 3.6).

L

//’
// In Lucas and Hellyers creeks the spring and summer increases in
= nutrient levels, particularly those in TKN and ROC, coincide with a
similar trend described for sediment texzture (increasing sediment
fineness) suggesting some common controlling factor. More detailed

sampling and analysis 18 necessary to quantify any relationship,

3.6 GEOMETRIC STABILITY
The ’ideal’ or ‘equilibrium’ estuary concept implies that a unique
relationship exists between maximum tidal discharges and channel cross
sectional area at mean tide level at all points up an estuary
S (Pillsbury 1956, McDowell and O'Connor 1977) 2 relationship“of the
//' ' | A = cp" -
type described in Section 2.6 has been shown to exist between the
cross sectional and flow characteristlcs at various points along tidal

rivers (e.g. Nelson 1977:  van de Kreeke and Haring 1979),

To test if a similar relationship holds for the Lucas Creek tidal
river, A and P values were plotted for measured cross sections L1 -
L18 (Fig. 3.15). Mean spring tide conditions were selected for the
plotting since one would expect peak flow to eguate with maximum
erosion and greatest influence on channel cross sectional area. In
fact the fit for neap tides 18 only a little less than those for

spring tides, Similarly, the best-fit line was attained using 2
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Figure 3.15 : Relationship between channel cross sectional area (below
' mean tide level) and spring tide prism upstream for L1
to L18 (Fig. 2.4).

measured below mean tide level (MTL) because peak flows are generated
at about MTL and the channel cross section below this level would be
most susceptible to scour, When the tide is above MTL, velocities
~ become progresSively weaker and deposition predominates over erosion.
The plot of channel cross sectional area at MIL versus mean spring
tide prism at the 18 cross section locations in Lucas Creek (Fig.
3.15) reveals that :

1 A zimple

A = cpl
relationship does not hold for the entire length of Lucas Creek
and
Individual

3

A = Ccpl



relationghips appear to hold for three individual sectionsg of the
cresk, mamely L1 - L7, L8 - L12 and Ll6 - LS. |

Locations not conforming to the relationships are L14 and LIS, Li4
liee in the Te Wharau delta confluence area and the line section runs
up the Te Wharau Stream and one would not expect it to conform to the
same-simple relationship. L15 lies on the periphery of the delta area

and as such may be influenced by processes unigue to that area.

It is clear that there 13 mno simple egpression of geometric stability
for Lucas Creek. It is hypothesised that: () the three sections of
channel, L1 - L7, L8 - 112 and L1 - L1§ are in a atate of mnon-
_ silting, non-scouring sedimentary equilibrium with spring tidal flows
in the system, and that (Z) the segmentation results from
geomor phological or structural controls, L1 toc L7 is the headwaters
section above channel narrows (at L& and L9 at which channel
migration and bed erosion are restralined by bedrock outcrop (Fig.
34). L8 to L12 is the funnel-shaped reach extending south as far as
the Te Wharau delta. At L12 there is & basement high that impedes

drainage past this point, 116 to L18 is the entrance reach.



CHAPTER 4 : INFERRED IMPACTS OF CATCHMENT AND ESTUARY USE CHANGE
Anticipated changes in Upper waitemata catchment and estuary use for the
year 2000 are detailed 1in Moody (1983), It 1s possible to predict only in

very general terms the nature, magnitude and location of the impact that

these changes will have on estuarine sediments, This chapter  identifies
some of the effects of changing : (1) stream flow and sediment input to the
estuary, in particular, that resulting from urbanisation of Lucas Creek
catchment, (2) nutrient input to the estuary, and (3) commercial and
recreational use of tidal waterways and associated reclamation, dredging

and erigineering works.

4,1 SEDIMENTATION
_Upper Waitemata Harbour

Examination of historical sedimentation data suggests that it is
likely that fine grained sediment will continue to accumulate  in those
areas where it does at present, that is, on the upper tidal flats, in
the embayed areas of tidal creeks, and in the western harbour axis and
the broad ba‘ys north and south of Herald Island where environmental
energy is low, tidal flushing is poor and clay material flocculates on

entering the marine environment (Fig, 2.11).

The sedimentation rate i3 most likely to show an increase where
sediment 1nput due to specific and localised land use changes,
increases markedly over short pericds of time and tidal currents are
unable to transport the increased load, For instance, the Rangitopuni
Creek is a potential problem area because 1t has the largest catchment
to estuary area ratio, has extensive forestry development, and lies at
the head of the harbour where flushing i1s poorest. A 20% increase in
gediment input 1is expected by the year 2000 (Table Z2.3). Provided
forestry operations are carried out on small areas at a time the
estuary will probably cope with the increased sediment load,
Localised build-ups of sediment are likely to be flushed from the
egtuarine headwaters by flood events, Beyond the Rangitopuni estuary
the effects of logging activities may increase water turbidity but

sediment build-up will probably be undetectable,



In Brighams Creek where requirements for irrigation water for
horticulture may be met by impounding flood waters, the sediment
stripping capacity of flecods in the estuary headwaters could be

seriously reduced resulting in 1NCreasing deposition.

Suspended solids input data from the estuary suggest an increase from
3581 to 5006 tonnes/year for Balance of Catchment (Table Z2.3). It is
considered that despite this 30% increase, sedimentation rates will
probably remain at a few millimetres/annum for the bulk of the
estuary, because this sediment enters the estuary at points well

spread throughout the system.

Lateral migrations of the chanrels in the upper harbour resulting from
- sadimentation are expected to be only mnor as in the past. This
procese should be clearly differentiated from vertical erosion and
accretion in the estuary because lateral charnmel migration away from a
shoreline might suggest to an observer that the area 18 1n a
depositional phase, whereas 1in fact the net overall change, 1i.e.,
deposition on one side and ercsion on the other, may be zero,  Surveys
are necessary to assess such changes since casual visual observations

and memory can be very subjective and misleading.

Lucas Creek
Changing catchment use will alter the rate and location of sediment

deposition,

Urbanisation in the Albany Basin will more than double sediment input
to 6695 tonnea/year (Table 2,3). For this reason Lucas Creek will
show the most marked change in sédimen‘tation patterns of any part of
the Upper Waitemata Harbour., Increased sediment input is likely to
result in an increase in sedimentation rate and sediment build-up;

the precise amount can cnly be roughly estimated.

In the neighbouring Hellyers Creek for instance catchment urbanisation
may have been the cause of locally increased sedimentation rates in
the order of & mm/year Fig, 2,12}, In the nearby Wairau Creek

catchment urbanization was accompanied by an increase in the size and



frequency of flood events and suspended sediment runoff, This caused
severe siltation problems in the Milford Marina receiving waters
(Williamg 1976, Beca Carter Hollings and Ferner Limited 1978), and
seriously reduced the uszsefulnezs of the facility because of

insufficient water depth (Plate 4.1

L crude estimate of the maximum potential rate of deéaositlon vin, Lucas
Creek due to runoff from the Lucas and Oteha Streams under urban
development can be made by considering the sediment runoff data for
the Wairau catchment and rates of deposition 1in its recewving basin,
ie. Milford Marina. Assume that the Lucas and Walrau catchments
will generate similar amounts of sediment runoff per unit area. At
its peak in 1976, sediment deposition in the Marma averaged 7300 mJ
- per year, and over 1977-80 this reduced to 2500 S per year (Takapuna
City Council pers, comm). 1f the larger rate 15 scaled to take into
account the difference in catchment areas between the Lucas and Oteha
Stream catchments (16,39 km< and the Wairau Creek catchment (11.4
kmz) and the difference in depositional basin ratios between the Lucas
Cresk (1115 ha of tidal flat area) and Walrau Cresk (2.7 ha marina)

then the total mass transport to Lucas Creek will be !

7300 z 18.39

= 11766 mgfyear
11.4

sedimentation rate in Lucas Creek estuary will be

11766
111.5 = 10000

= {,010 m/year

In other worde if the Lucas and Oteha Stream catchments were to
undergo a similar style and pace of development to that of the Wairau
Creek they would contribute 10 mm/annum of sediment to the tidal flat

areas.

This should be regarded as a crude but absclute maximum rate for Lucas

Creck sediment deposition because the geometry of the two depositional
‘basins 18 quite different, ie.,, the Milford Harina 1s a very gpecial

case because ponding of waters by the weir at the mouth, the presence
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of keel boats and the carpark/break-water at the entrance all act to
reduce velocities and thus induce szediment deposition. It 1is
considered that half of the sediment entering the Marina 1s deposited,
the rest passes out to sea iBeca Carter Fermer and Hollings 1978). It
is anticipated that a large fraction of input sediments will pass from
Lucas Creek to the lower Waitemata Harbour because the geometry o_f the

system 1s more conducive to flushing.

Historical bathymetric data suggest that over the last 130 years there
has been zerc sedimentétion or ercsion in the main body of Lucas
C.feek, despite major catchment use change (Fig. 211 Pollen changes
in the sediment column support this because 1n most parts of the
system, the last 500 yesars or =0 of stratigraphic record 1s compressed
- into the few topmost centimetres., In areas where the sedimentation
rate 1s probably a maximum, the recorded rate is 3 mim/year over the
last 140 years (Fig. 2.10), Contemporary rates of sediment deposition
calculated from only very short term suspended sediment input records
suggest a 2 mm/year maximum - the actual rate is probably less than
half this figure since much of the input sediment 1is considered to be
flushed to the lower harbour. By the year 2000 suspended solids input
is predicted to double to 663§ tonnes {(Table 2.3) 1.e.. the average
net sedimentation rate would increase from Z to 4 mm/year maximum if

all input sediment was deposited.

The sites where deposition will occur in Lucas Creek are easier to

predict than the amount of sediment that will be deposited,

Deposition will be concentrated in those areas of low environmental
energy such as the present tidal flats and mangrove embayments as at
present. However, higher discharge (but similar volumes) will extend
the limit of freshwater influence further down the estuary resulting
in sedimentation maxima nearer the mouth for comparable pre-
urbanisation storm events., Sedimentation would be expected to take
place 1n the wicinity of L6 and L7 (Fig. Z.4) and downstream of LIO,
particularly in the Te Wharau delta area (LIZ to L15) because channel
widening will cause velocities to drop off resulting in sediment

depoaition. In the present system a topographic high at L1Z impedes



ebb tide drainage of upstream waters and flushing of the system,
Further sedimentation in the vicinity of LlZ will accentuate this
problem, 3Sediméntation could result in lateral migration of the
channel in the wide estuarine reach between LI1 and L15, Further
upstream the channel 1s too restricted by bedrock to move appreciably.
These effects will be most pronounced during the ’devevlopment phase of

urbanisation when sediment input is large.

Higher freshwater discharge will increase the frequency and magritude
of intermittent sediment stripping events in the reaches of estuary
uf;stream of L7 and will result in very low or negative sedimentation
rates, Stripping of the upper layers of sediment and channel bank
scour will continue during both the constructional and completed
- gtages of urbamsation. In the Wairau Creek estuary for example
floods have caused severe bank erosion and chanmel scour in the upper

reaches (Plate 4.2},

The Lucas Creek entrance reach mooring area extends 900 m upstream of
the mouth, and is identified as a site where excessive sedimentation
could sericusly impair a facility used by both the public and the
Salthouse boat building industry. At Rugust 1982 there were &3
moorings registered by the Harbour Board in Lucas Creek, at which
launches up to 15 metres and yachts up to 13 metres were moored.
Conditions for mooring and manoeuvring craft, particularly at low
water, are marginal. Even at higher stages of the tide low water
clarity makes it easy to go agfound on the intertidal flats, Further
Harbour Board approvals for moorings in the area are dependent on the
size of the craft. Any sediment build-up in this area and increasing
turbidity, can only make worse the already marginal mooring facilities

and navigational conditions.

It is highly likely that the particle size and nature of sediment

entering Lucas Creek will change with urbanisation.

Obgervations in Auckland urban estuaries g, Milford Marina, Tamaki
estuary) suggests that urbamsation may result in a relative increase

in the quantity of the larger size fracticns of material entering the



4,2

estuary, such as gravel from drives and roads (Plate 4.3), although
overall the volume of this material will be small, It 1z preferable
that this material be kept from entering Lucas Creek because under
normal conditions, channel tidal currents are too weak to rework
material of pebble size ¢ 4 mm) and larger. Finer sandy input
sediments are less likely to be problem because Spring tide currents
at most channel locations are adequate to rework and transport this

material as bed load.

Field examination of Aucklands urbaniced estuaries shows that a

potentially serious problem is the accumulation of urban debris such

as construction and roading metal, concrete, tree and shrub debris,

glass, metal, wooden and plastic objects in the system which detracts

- from the estuaries visual appearance, Entrappment at source is the

only effective solution to this problem,

In summary, it is anticipated that sedimentation erffects accompanying
land use change in the Upper Waitemata Harbour will be largely
localised in Lucas Creek and that, apart from temporal increases in
water turbidity, sediment deposition will be largely undetectable

elsewhere.

SEDIMENT NUTRIENTS

Too little is known about the processes of nutrient exchange between
the estuarine sediments and estuarine waters to predict the
quantitative effect that changes in river input and estuarine water
nutrient levels accompanying land use change, are likely to have on
estuarine sediment nutrients, Nor did this study attempt to address
this complex research problem.' ‘However, our knowledge of the
sedimentology and existing nutrient distribution patterns enables us
to asszess the susceptibility of the sediments to nutrient enrichment

and pinpoint likely areas and times of nutrient kuild-up.

The very fine grained nature and the clay mineralogy of surficial

Upper Waitemata Harbour sediments (Figs, 213 arnd 3.6) indicates that

‘the potential of the sediments to sork nutrents and possibly organic

and inorgamc pollutants 1s high,



4,3

In the Upper Waitemata Harbour locations for potential nutrient build~
up are those poorly flushed areasz of the western harbour main axis and
the Brighamg, Rangitopuni, Rarawaru and Paremoremo Creeks, where
nutrients are the highest at present, In comparison, nutrient levels
in surficial sediments of Lucas, Hellyers and Wailarchia {reeks, the
lower channel areas of the other creeks, and the eastern maln axis of
the Upper Harbour are likely to be less because they are near the

harbour entrarnce where tidal exchange is larger.

In particular nutrient accumulation generally would be expected to be
greatest where fine grained sediments build-up in areas, of low

environmental energy high on the intertidal areas particularly the

_mangrove embayments. Sediments in the channels are less likely to

become nutrient enriched because of their coarser grain size and more
importantly because of frequent reworking and flushing by tidal
currents, High freshwater mputs during floods that periodically
strip surficial sediments 1In the narrow inlet headwaters, particularly
in the Rangltopum and Lucas Creek, would serve to flush nutrient

enriched sediment,

Nutrient enrichment in surficial sediments will be its greatest 1in

spring and summer as a function of natural fluctuationz,

It is difficult to make guantitative comment on the present level of
nutrient enrichment of Upper Waitemata Harbour sediments, as there is
no universally‘recognised “index" to gauge the trophic status of
estuarine sediments., Such indices are difficult to “construct” as
plant growth is limited by other factors beside nutrient levels,

including substrate type, water temperature and light availability.

CHANGE IN WATERWAY USE AND ENGINEERING WORKS

Engineering activities such as causeway construction, reclamations and

other developments that act to alter tidal flow and/or wave climate

will alter environmental energy and change sediment distribution

:pat.terns. Deposition in the vicinity of such developments is likely

to be initially rapid. The present distribution patterns of sediments

in the estuary demonstrate that if environmental energy is reduced
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sediments will accumulate and grain size will be reduced, For
instance, the construction of the causeway between Herald Island and
the mainland blocked the tidal flow and reduced wave action through
the area resulting in rapid sedimentation of muds and mangrove
expansion (Thompson and Gregory 1973). The deposition is supported by

historical records (Fig, 2.1l

Dredging and disposal of tailings in the Upper Waitemata Harbour
associated with maintenance and development of marinas, navigational
channels and other facilities poses special problems because the

sediments are fine grained and difficult to handle.

_Changes in the submarine topography due to removal (dredging) or
deposition (disposal) of material can cause changes in the hydraulic
regime of an area with effects on sedimentation patterns and
biological habitat. Increases 1in turbidity with its ecological
impacts are probably the greater concern because of the abundance of
fine grained sediments 1n the upper harbour, even though most species
present in an estuary are likely to be normally adapted to relatively
high levels of turhidity, albert temporary.

A cross channel cut made in September - October 1980 by the Takapuna
City Council for the Paremoremo Prison water supply pipeline (Plate
4.4) showed the dredged channel section to be surprisingly stable in
sub-aerial exposure, However, dredge spoil stock piled on the tidal
flats slumped and spread., Turbidity caused by the dredging operation
was very short lived and restricted to one or two tidal cycles (C
Glenfield pers. comm,).. The dredging experience in Lucas Creek
suggests that only longer term and larger scale operations in the

Upper Harbour need cause concern,

Careful planming of dredge cuts and dizposal sites can minimise impact
and aveid costly maintenance dredging. The impact of dredging
operations can be leszened by regulatory controls that relate to the
total resource and the incremental effect the proposed action will
‘cause. These may include choice of dredging eguipment, land dizposal

of spoil, use of silt curtains, restrictions on upper limit of

~1
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turbidity levels, or banning dredging during periods of high
biological productivity in spring and summer (seasonal dredging

moratoriums).

The upper harbour 1s shallow, sediments are fine grained and cause
turbidity, and tidal flows are generally weak, . For these reasona
considerations should be given to prohibiting the disposal of dredge
spoil in the upper harbour and altermnative land or ocean sites

utilised.

Increasing boat traffic in the estuary may increase internal sediment
generation in the estuary due to bank and tidal flat erosion caused by

wake wash.

In the absence of a more sophisticated model the channel cross
sectional area - tidal prism (A - P) relationships developed for the
Upper Waitemata Harbour and Lucas Creek provide a useful engineering
tool for both estimating tidal discharge in Auckland inlets, and for
predicting the relative sensitivity of estuaries to engineering works
that result in changes in channel geometry and tidal prism. If the
tidal compartment is decreased (reclamation) or increased {dredging)
through engineering works in the intertidal zone, the estuary will
respond by silting or scouring its bed respectively, resulting in a
change in channel cross section area by an amount that can be
predicted from Figs. 215 and 215  Similarly, & decrease in channel
cross sectional area due to barrage construction for jetties or
causeways will cause a corresponding reduction in tidal prism

resulting in sedimentation upstream of the works,

There are a rumber of estuaries in the Auckland area where barrage
works for road or railways have reduced the channel cross sectional
area, namely, the Whau and Waterview Inlets of the western Waitemata
Harbour and the Whakatapatapa and Judgez Bay Inlets on Auckland's
waterfront drive, These inlets lie well below the A-P relationship
line for Auckland estuaries (Fig, 215 indicating their entrances are
‘too small for the tidal prisms. The continued increase in Whau Inlet

entrance dimensions that has followed the 1952 causeway construction
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(Hume in prep) supports this hypothesis,

The relationships derived for 3 segments of Lucas Creek (Fig, 315
indicate that different parts of the system will respond at different
rates to imposed changes, For instance, the lesser gradient of the
line for the entrance reach (L16 - L18) indicates relatively large
chantjes in tidal prism (e.g. dredging of intertidal areas) will cause
only small adjustments in channel cross sectional areas. In comparisch
the steep line for the central reach (L& - L1 indicates the channel
cross section geometry will respond a relatively large amount to

dredging or reclamation in the intertidal =zone.

_The Upper Waitemata Habour has a potential for active sedimentation in
the entrance at Hobszonville (by 4% of the cross sectional areas and/or
for an increase in the upper harbour tidal prism (by approximately
20% (Fig, 2.15). Engineering works in the Upper Waitemata Harbour
that alter channel cross sectioﬁal areas, or involve tidal prism
changes throﬁgh dredging and reclamation, should be planmed with the
equilibrium relationship (Fig.. 2.15) in mind, Reclamationsg, in
particular, can alter estuarine equilibrium and should be
discouraged. The sum effect of a number of small reclamaticns 1s the
same as that for a single large one of the same area, Of course the
intertidal éreas are ecologically impertant to the whole of the
Waitemata Harbour (Upper 'Waitemata Harbour Catchment Study 1983b). =0

proposals for engineering works must also consider this fact,



CHAPTER S : SUMMARY AND CONCLUSIONSV

5.1

UPPER WAITEMATA HARBOUK SEDIMENTS

Studies of subsurface sediments show that sedimentation began in the
Upper Waitemata Harbour eatuary some €500 yr BF, and since thl.: time
the nature of input sediment, sedimentation rate and environmental
energy has fluctuated markedly in response to d’mngmg ‘freshwater and
sediment input, sea level and catchment use, Pollen anal’Ysis of
sediments show changes in vegetation attributed to the arrival of the

Polynesian at about 530 yr BP, followed by European gettlement and

‘land development beginning at about 110 yr BF (about 1841, The 0.8

mm/yr sedimentation rate recorded just inside entrance of Lucas Creek,

associated with the Polynesian phasé, guadrupled during the subsequent

' " European phase, perhaps largely as a result of logging and gum digging

activities. Since 1854 sedimentation has been most rapid in the
western part of the Upper Waitemata Harbour main axig, and ih the
middle and lower reaches of the tidal creeks. Lucas Lreck however
has experienced zero‘sedimentation or net erosion perhaps as a result
of its greater flushing capacity. Zero sedimentation in the upper
reaches of the harbours tidal arms reéults from flushing associated

with flood events.

Today, Upper Waitemata Harbour sediments derive largely from streams
during flood events and the dominant 1input material 1s fine sand to
clay size. Surficial sediments of the Upper Waitemata Harbour reflect
this input being largely very fine grained sandy muds and muddy sands.
The clay fraction contains largely poorly crystalline illite, smectite

and kaolinite,

Sedimentation patterns in the estuary are controlled primarily by the
tides. The finest sediments accumulate on the upper tidal flats and
in the mangroved embayments where currents are weak, Coarse sands and

a fow areas of shell gravels concentrate locally mear the entrances of
the tidal creeks, on channel flanks and in the Herald Island narrows

where currents are strong, Overall, sediments fine toward the western

“end of the harbour where flushing is poorer, In the main body of the

estuary, freshwater inflow has httle effect on sedimentation except

o
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during flocds, when large gquantities of suspended sclids entering the
estuary may result n average net sediment accumuwlation of up to 3
mm/yr. In the tpper reaches of the tidal creeks however, tfloodwater

flowzs may erode aurficial zedimenta,

Compariscn of the channel cross sectional area Al and tidal prism \FJ
relationzship for the Upper Waitemata Harbour with that derived for
auckland estuaries suggests the upper harbour is not in sedimentary
equilibrium, and that the inlet 1s likely to be undergoing changez 1in
flow and sedimentation patterns leading to an increase in tidal prism
auhd decrease in crose sectional area of the channel ('below mean

discharge level) or sedimentation at the Hobsonville entrance.

- Nutrient levels in the Upper Waitemata Harbour surficial sediments
average ..0&% for total orgamc carbon, 1300 mgkg for total Kjeldahl
nitrogen and 363 mg.kg for total phosphorus. TGC, TEN and TF show no
clear trends down the tidal creeks but are higher in the Rangitopuni,
Brighams, Rarawaru and Faremoremo creeks. than in the eastern Lucas,
Hellyers and Waiarohia inlets, TOC and TKN are higher in the western
maln axis than in the east. The higher nutrients in the west
coincides with poorer tflushing in Lhese areas ROC and TKN
concentration in sediments increase markedly with dec:rea:—m‘:q grain
size, TP =zhows no such trend., Fine grained intertidal samples in
Lucas Creek contained on average 50% more TKN, TF and ROC than a
coarser textured sample from an adjacent channel area, Marked
increases in sediment nutrients, particularly TEKN and ROC were found

to occur in spring and summer,

In Lucas Creek estuarine morpholog v and tidal prism are described by a
formula which relate channel cross sectional area (R) and tidal prism
(P) for three reaches in the inlet which are seymented by bedrock
structure, Thiz fact and the large tidal prizm to total volume ratio
suggests the patfefn" of sedimentation and erosion,  and overall
morphological stabihity are controlled primarily by current flowa

ntz about h:.qh

fh

generated by the semi-diurnal tidesz, Weak tidal cu

tide allow fine grained zedimentz Lo accumulais px:zmarll}-' on the tidal
flats, then consgeolidate during z2ubaserial  expcesure at low tide,

L
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It ig probable that neap tides concur with net depositon, and spring
tides, and asasociated strong tidal currentz, with net channel scour

and reshaping.

The “tidal sedimentation pattern” is dizgturbed by random pulses of
freshwater and considerable zediment mnput assomated with floods., In
1980 80% of the annual sediwent input to Lucas Creek by the COteha
Stream occurred during storm eventz that make up approximately 2% of
the flow duration time, The maximum estuary-wide average
sedimentation rate due to these events is zstimated as having been
about 2 mm. The winter coarsering and summer fining of surticial
sediments iz considered to be largely a result of coarsering sediment

input associated with more frequent and larger winter stream inflows:

- and not due to zorting 27 szzw by wave action.

During floods, stream flows ercde sediment from the narrow upper
reaches of the tidal creeks and, along with the dominantly suspension
load river input, transport and redeposit gsediment in the lower
estuarine reaches where velocities leszen 1n response to 1ncreasing
waterway width and decreasing treshwater influence, and/or pass
through the entrance to the muddle reaches of the Waitemata Harbour,
It is probable that a large proportion of  zediment entering Lucas
Creek during storm events 1s fluzshed out the Hobszonville entrance to
the middle harbour. After floode more moderate tidal forces then
gradually restore the aystem to a “tidal equilibrium’, Once deposited
the muddy cohesive estuarine sediments are resistant to reworking by

weak tidal currents except under peak spring ftade flows,

CATCHMENT AND ESTUARY USE_CHANGE, ENY IEONMENTAL CONSEQUENCES AND
REMEDIES
CATCHMENT USE CHANGE

In general, catchment use change in the Upper Waltemata Harbour will
increase the stream flood frequency and magraitude (Gmith 1383, and
the guantity of zediment nutrients carried by the streams wan Roon
19835,

The Upper Harbour will continue o experience high turbidity during

by

[¢3]
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and for short periods after, storm eventa. Sediment depositon will

continue to be largely fine grained, occur largely in areas. of low
environmental enérgy in embayments high on the tidal "laté; and in the
central and lower reaches of the tidal creeka., Because the zediment
sources are spread around the harbour the net average sedimentation
rate 12 likely to remain low. The most marked cvhange‘ it Upper
Waitemata Harbour sedimentation pattermg will result from mcr'éasmg
flood water and sediment runcff accompanying catchment urbarisation in
Lucas tidal Creek, and tc a far lesser extent forest harvesting in the
Rangitopuni. The extent of change however. will be very dependant on

the methods and pace of land use change.

In Lucas Creek sediment will be mainly depozited on the tidal flats 1in
“the middle wider reaches, Sedimentation will probably increase during
urbanigation to a net average of several millimetres per annum, Once
the catchment is urbanised sediment input will drop. Much of the fine
grained sediment entering Lucas Creek will be fine grained suspended
load and will continue to be flushed to the lower Waitemata Harbour,
Very coarse sediment resulting from urban development (egg. roading
and construction gravels) are likely to remain trapped in the estuary.
Increasing sedimentation can only be effectively minimised by action
st the source. Catchment development should utilise engineering
methods that mirimise surface runoff and soil ercsion to avoid large
injections of sediment in short pericds of time e.g. develop small
areas at a time, grass bare areas, carry out construction during
periods of low storm cccurrence and use sediment traps Uarge volumes
of water associated with suszpended material make =11t detention only
partially successful), Sediment erosglon in the upper reaches of the
Lucas Creek resulting from mcreaalng flood frequency and magmtude
can be mimmiged by reducing the impervious area of developed

catchment, developing flood detention areas and soakage systems,

Nutrient enrichment in surficial sediments will be greatest where fine
grained sediments accumulate in areas of low envirenmental energy and

flushing is poor, 1.&., in the upper reaches of the estuary and high

n

on the tidal flats in mangroved embayments, Nutrient buld-ups will

be greatest in summer., Solid wastss in the form of urban debris



(wood, plastic containers etoy are a probable serious consequence of

(
[

urbanisation az they will wash into L . Creek where they wlll litter

uc
the low energy Zones, particularly the mangrove areas. Sediment
stripping 1n the upper rsac hes of the tidal creeks particularly the
Lucag and Rangitopuni which have high freshwater inputy ‘f]’lll erode
sedimenta and mirimise pollutant and nutrient build-up. However, 1n

catchments where flood waters ma

v be uapounded for irrigation purposes
{e.g., Brighams) sediment stripping and pericdic flushing by floods

would be lessened,

ESTUARY USE CHANGE

Estuary use change can alter environmental energy in parte of the

system. and alter tidal patterns and flows, all of which can bring
" abcut sediment redistribution,

Increasing power boat traffic will increase boat wake wave erogion of
the shoreline 1n upper narrow waterways, particularly at high tide, as
well as increase turbidity tshort term). The effect will be minor
unless traffic increases considerably and larger displacement hull
craft become more Common, The effect can be minimiged by limiting

boat =zpeeds,

@iltation andsor scour will occur in the vianity of engineering
structures that impede tidal flow., Structures should be aligned with
flow or piled tc allow flow beneath. Embankments and causeway
conatruction should take into conzsideration chanmnel crosas sectional
area - tidal prism relationships; otherwise reduction in tidal prism

will lead to sziltation upstream,

Reclamations in the intertidal zonme result in a reduction in the tidal
compartment with conszequential decreases 1n tidal wvelocity and the
capacity of the system to flush sediment and pollutantz, HNet charnnel

ro

f.rl

sectional area changes and acour of the intertidal area

1

resulting from reclamations can be predicted for the Upper Waltemata
Harbour and Lucas Creek from Figs., 2.1°% and 3,15 reapsctively.
Reclamations 1n particular, are likely to alter estuarine stability

and flushing and should be discouraged. Zeveral zmall reclamations can
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have a =similar effect to a single large one. If reclamations are
constructed they should mot obstruct tidal flow patterns otherwise

local cedimentation and scour - will result,

Dredging above the low tide level will increase the tidal prism and
result in greater tidal flughing, The effect of dredging in the Upper
Waitemata Habour and Lucas Creek can be predicted from Figs. 215 and
3.15 respectively. Fig. 215 squeéts estuarine stability of the
upper harbour would be increased by dredging in the intertidal zone
(increase tidal prlsm by up to 20%), Dredging will result in
increased turbidity that wlll be short term small scale and local.
Dredge tailings should not be disposed of in the estuary, hut rather

as bunded land fill or outside the harbour.

RECOMMENDATIONS FOR FUTURE WORK

Future land and estuary use change are likely to alter patterm of

zediment distribution, scour and =siltation, sediment texture, nutrient
and pollutant levelg 1in surficial sediments, and estuarine

morphological stability to varying degreea,

It is important that a monitoring program be =set up to guantitatively

record changes in these parameters, particularly over the period of
most intensge land use change and development, and in those areas where
problems are anticipated. Without such & program obljective evaluation
of problems will give way to lengthy subjective debate, Furthermore,
the considerable effort and resources uzed in the Uppcr Waltemata
Harbour study should be capitalised on by recording the eftects of any
future land and estuary use change on the zatuary to check conclusiona

presented in thiz report.

Baseline data for Lucas Creek presented in Fry and‘H‘ume t1983)
together with this report are auitable for s*.t’f"nq up .4 monltoring
program whilst the quantitatwe dezcriptions of sampling and uﬂdl‘v’&

procedures, and short term ze asonaly variationa in sediment texture
and nutrienteg provide a good hasls for planmng harbour wide surveys.
Baseline data for the Upper Waitemata Harbour 13 available from this

report.
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FPlate 1.1

PLATES

The Upper Waitemata Harbour eatuary looking east

toward Herald Island and the Greenhithe Eridge ct
Fig., 11, The Rangitopuni and Brighama Creskz run

left to right in the foreground respectively., Photo

taken on 25 May 19/9 at spring low tide.
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e 3.1 : Lucas Creek estuary locking scuthwest toward Herald

Izland and the Wararohia Estuary wof Fig., 1,11,

Wharf Foad and =zecticn LS lie 1in the immediate

foreground, the Te W Creek 1n the upper centre.
beyond which lies the entrance reach and the mooring

area, Photo taken on 10 July 1979 at zpring low
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Rock bars upstream of LS5 at Wharf Road Lucas Creek. The
main channel 13 flanked by elevated tidal flats, cut by
incised drainage channels, and mangrove shrubs, Note the
bush debris left on the far bank after the Telethon atorm
of 30 June 1979, Photo taken on S July 1979,

Aerial obligque of the Te Wharau Creek delta area (deft of

centrer and entrance reach of Lucas Creek. Note the
extensive mangrove development and shoalz in the Te Wharau
area and the subtidal bar that separates ebb and floo

tide flows at the entrance to Lucas Creek iFhoto taken on

25 May 1979 at spring low tide).
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Millimetres Fhi ¢! Wentworth Size

Class
Boulder
: i : G
—_— : 256 -5 —
: R
Cobble
. A
—_— 64 —& —_— )
: Y
Febble
. E
—— A - ——
L
Granule
———— [ — 1

VYery coarse sand

— 1.0 0.0 S

o =2 = U

Coarse sand

—— 3.5 1.0 ———

Medium sand
——— 0.2% v <.0 ———

Fine sand
- 0,125 3.0 ———

Jery fine szand
—— 0.625 ———= 4.0 0 mmmmmmmmm e

3ilt
- 0.0039 &.0 ———-

APPENDIX I. Grain size scales for zediments

¢ = —-log~ igrain diameter 1in millimeters:,
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SEDIMENT TEXTURE

GRAVEL

G inuddy Gravel

nfaiG muddy fine sandy Gravel

G Gravel

SAND

sgmms - slightly gravelly muddy wedium 3arnd
gmasS gravelly muddy medium Sand

nmsS . muddy wedium Sand‘

gfs gravelly fine Sand

gva- gravelly very fine 3and

gmfs gravelly muddy fine Zand

sgmfS slightly gravelly muddy fine Sand
gnvEs gravelly muddy very fine Sand
sgmvES slightly gravelly iuddy very fine 3Sand
nfsS muddy fine 3Sand

nwis iuddy very {ine 3and

S Sand

MUD

gfsM gravelly'fine sandy Mud

gvisH gravelly very fine sandy Mud

syvisM slightly gravelly very fine sandy Mud
2gM slightly gravelly Mud

visM very fine sandy Mud

M : Mud

APPENDIX II, ,Descriptivé terms applhied to miztures of sand, gravel
and mud. The majer textural class 1s defined by the

capital letter wo,f, Lppendiz 1.
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