3. Hydrodynamics

3.1 Existing Hydrodynamic Data
3.1.1 Previous Studies

There are no previous studies of the hydrodynamics of the overall lagoon. Mounser (1981)
conducted a flood study for a proposed residential development and as part of that study
estimated water flow through the system. This study provides useful data for the lagoon but
only considers the flooding in areas around Gregory Street and Frank Cooper Street. As such,
the lagoon system is included only as a route for receding flood waters and the dynamics
during dry periods are not included.

As part of this project MHL conducted a site inspection on 4 April 2001. At the time of
inspection the entrance to the creek was open. During the inspection water quality data were
collected using a Hydrolab Multiprobe to record vertical profiles of temperature, salinity,
dissolved oxygen, pH and turbidity at three sites within the estuary (Figure 3.1). On 1 May
2001 DLWC conducted a more detailed exercise using more sophisticated instruments. They
also deployed water level recorders near the entrance and in the lagoon for a two-month
period. In addition DLWC conducted a detailed bathymetric survey of Saltwater Creek in
early April. The collected data are described in MHL (2001) and sites are shown in Figure
3.1.

In the following sections the results of these field exercises are used to describe the
hydrodynamic processes.

3.2 Tidal Characteristics of Saltwater Creek and Lagoon
3.2.1 Preliminary Volumetric Assessment

A simple volumetric analysis of the creek and lagoon provides a useful preliminary
understanding of the tidal effects and impact of the changing level of the entrance bar. Using
the cross-section data (depths to Australian Height Datum or approximately mean water level)
provided in Mounser (1981) and water level measurements (MHL 2001), a range of variables
that highlight the hydraulic characteristics may be derived (Figure 3.2).

Five cross-sections along Saltwater Creek between the entrance and the lagoon were surveyed
by Mounser (1981). These sections were analysed to derive an estimate of the volume in
Saltwater Creek at different levels (Figure 3.2). Note volume of the creek varies
approximately linearly with increasing tidal height above the bed. The area of the lagoon
varies in a similar manner. The cross-section area and width of Saltwater Creek were
calculated by assuming a depth of 0.7m AHD (Figure 3.2). The volume of Saltwater Lagoon
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was approximated by assuming the lagoon occupies an area of 24.4 hectares, the bed is 0.4 m
AHD and that the sides are vertical. This assumption did not allow for inclusion of wetland
area with increasing tidal height, which is estimated would increase the volumes
approximately 50%. The total system volume was then estimated by adding the water body
volumes.

The water level recorders deployed during the recent field exercise (see following sections)
were analysed to provide the tidal characteristics. The difference in water volume between the
High High Water Solstice Springs and Indian Spring Low Water was used to estimate the
tidal prism while the lagoon is open. The tidal prism in the lagoon is about 12,000 m’ and for
the whole system is approximately 24,790 m’, while the total system volume at 0.7 m AHD is
142,490 m’ or approximately six times the tidal prism.

Using the mid-cross-section in the creek and assuming 75% of the tidal prism flows past this
section then the average tidal flow velocity is estimated at 6cm s and tidal excursion
1,300 m. In the lagoon the tidal currents are estimated at about 0.2 cm s and excursion
around 60 m.

As more than half of the tidal prism is captured within the creek and the average tidal velocity
is relatively low the mixing efficiency due to the tide is also likely to be very low. In such
situations the flushing efficiency factor (fraction of tidal prism volume entering the system
that remains after the next tidal cycle) is likely to be less than 10% while for more open
systems this factor is generally between 20% and 30%. Assuming a 10% tidal flushing
efficiency yields an estimate of the flushing time of about 60 tidal cycles or 30 days.
However, the entrance is unlikely to remain open that long. Flushing will continue when the
entrance reopens and hence total flushing time is expected to be longer than the stated time of
30 days.

On the other hand the salinity gradient enhances the gravitational flows resulting in more
rapid exchange than suggested by the tidal flushing estimate. This mechanism is discussed
further in Section 3.3.

These estimates are relevant while the entrance is open to the same degree as in May 2001.
The entrance bar is thought to vary between 0.45m AHD and about 1.45m AHD and hence
the tidal characteristics will vary depending on the degree of closure.

3.2.2 Water Level Variability

Changes in water levels within the estuary are influenced by a range of phenomena that
operate at different time scales, from a few minutes to millennia, including:

astronomical tides

wind setup

freshwater inputs and floods
ocean storm surges

coastal trapped waves, and
sea level rise.

* * ¥ ¥ ® ¥
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3.2.3 Tidal Planes

Astronomic tides are the ocean’s response to the gravitational attraction of the planets. Each
of the planetary and lunar orbits and the earth’s rotation occur at set frequencies that force
oscillations of the oceans - the tides — at similar frequencies. The major tidal components
along the NSW coast occur in response to the lunar and solar attractions interacting with the
rotating earth. The tides in the region are dominated by the semi-diurnal (twice per day)
constituents with a strong spring-neap cycle as shown in the water levels recorded near the
entrance, in the lagoon (see Figure 3.1 for locations) and in the ocean at Crowdy Head (Figure
3.3). The figure highlights the attenuation of the tides between the ocean and entrance gauge
and further attenuation between the entrance and the lagoon.

The tidal planes are derived from results of an harmonic analysis of the time series water level
measurements of at least one month’s duration (MHL 2001). The harmonic analysis provides
a measure of the true astronomic or tidal character of the water level variability. The tidal
residuals (difference between the observed and tidal predicted water levels) provides a
measure of the non-tidal variability (Figure 3.3) that is associated with the phenomena listed
above.

The tidal planes for the two sites within the lagoon and the adjacent ocean (nearest
measurement site at Crowdy Head boat harbour) are listed in Table 3.1.

Table 3.1 Tidal Planes for Saltwater Creek Estuary

Ocean | Saltwater Saltwater
Tidal Plane Crowdy Creek Lagoon
Head Entrance
HHWSS 1.139 0.794 0.771
MHWS 0.693 0.735 0.750
MHW 0.577 0.724 0.748
MHWN 0.462 0.713 0.746
MSL 0.037 0.704 0.744
MLWN -0.388 0.694 0.741
MLW -0.504 0.683 0.739
MLWS -0.620 0.672 0.737
ISLW -0.938 0.630 0.722
HHW(SS) to ISLW 2.077 0.164 0.049
MSR 1.313 0.062 0.013
MNR 0.850 0.019 0.005
Note: Data relative to Australian Height D atum (AHD)
HHW (SS) - Higher High Water (Spring Solstices) MLW - Mean Low Water
MHWS - Mean High Water Springs MLWS - Mean Low Water Springs
MHW - Mean High Water ISLW - Indian Spring Low Water
MHWN - Mean High Water Neaps MSR - Mean Spring Range
MSL - Mean SealLevel MNR - Mean Neap Range

MLWN - Mean Low Water Neaps

(See Appendix D for definitions of tidal planes)
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3.2.4 Tidal Phasing

The tidal phasing relates to the rate of propagation of the tides into the estuary. Using the data
collected at the ocean, inside the entrance and upstream near the lagoon provides a measure of
the time lag between high tide in the ocean and high tide at the two lagoon sites. As the tides
are heavily damped across the entrance the tidal phase lags vary with the degree of entrance
attenuation. At the entrance site the lag is relatively short while at the lagoon the lag appears
to be around one to two hours.

3.2.5 Low Frequency Sea Level Oscillations

Low frequency sea level oscillations include phenomena with periods greater than about four
days such as the coastal trapped waves that propagate up the NSW coast causing ocean water
level changes of around 0.1 to 0.5 m. When the entrance is open these changes are transferred
to the estuary and result in significant changes in the water volume within the estuary. The
tidal residuals presented in Figure 3.3 highlight these oscillations during May 2001 when a
significant increase in the average ocean water level occurred between 6 and 10 May and then
a gradual decrease ensued between 10 and 18 May.

These oscillations and general spring-neap response in the lagoon are a major component of
the water level variability. The exchange of water between the wetland areas surrounding the
lagoon is likely to be influenced by these longer period water level changes as the tidal
influence is negligible in these areas.

The gradual decrease in water level in the lagoon up to 17 May then gradual increase between
17 and 20 May prior to the rainfall event may be explained by an interaction between
groundwater and baseflow inputs, groundwater discharge to the ocean, the entrance bar height
and the mean ocean water level. This complex interaction is difficult to quantify in terms of
the actual flows. The water level in the lagoon responds to freshwater runoff following
rainfall events and the entrance bar height.

3.3 Freshwater Inflows

Freshwater inflows to the estuary from the local catchment have been modelled by Mounser
(1981) for a flood study of residential lots east of Mitchell Street. The aim of the study was to
estimate the 1-in-100-year flood level and hence the possible need for fill of the residential
lots. The study derived estimates of the runoff hydrograph due to a range of extreme rainfall
events determined from available data using methods described in Australian Rainfall and
Runoff (Institution of Engineers Australia 1977). The catchment was divided into two main
areas — the steeper slopes of Smoky Cape Range to the east and the floodplain and minor
slopes of South West Rocks in the west. Hydrographs for the peak flows from these two
catchment areas were estimated and the flows routed to the ocean via Saltwater Lagoon and
Creek.

Estimates of the peak discharge are listed in Table 3.2. These flows are important for

determining the extreme water levels, but from the water quality and ecosystem perspective
estimates of the total volume entering the lagoon are of interest.
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Table 3.2 Peak Inflow Discharge to Saltwater Lagoon for Extreme Rainfall Events
(after Mounser 1981)

Storm Duration (Hours) Discharge (m’/s)
1 45.2
6 67.3
12 69.8
18 63.5

The average monthly discharge entering the estuary from the local catchment area (8.7 km?)
may be estimated by assuming a runoff coefficient of 0.2 which is typical for these

catchments and applying the average monthly rainfall statistics available for South West
Rocks.

Table 3.3 Monthly Freshwater Inflow Volume to Saltwater Lagoon (,000 m?)

Jan |Feb [Mar|Apr |(May |Jun|Jul |Aug |Sep [Oct |Nov [Dec |[Annual
264 | 283 | 341(292| 239 |234(142| 148 [ 100 (161 196 |216| 2616

Runoff entering
Saltwater Lagoon

The influence of the freshwater inflow on the water levels in the lagoon is demonstrated in the
data presented in Figure 3.3. Time series rainfall data from BoM’s Smoky Cape station is
used. The rainfall at Smoky Cape is indicated in the figure and the water level increase in
Saltwater Lagoon occurs about one day after heavy rainfall at Smoky Cape (as determined
from Figure 3.3). Prior to the event on 7 May the lagoon entrance was closed as indicated by
the constant (non-tidal) water level near the entrance. The rise in water level in the lagoon
from 0.87m on 7 May to a peak of 1.22m on 8 May corresponds to a volume change of
160,000 m’ (Figure 3.2). The time for the water to discharge from the system depends on the
entrance condition. The water level data indicate that the entrance opened during the high
tide early on 8 May and the channel scoured over the subsequent few hours allowing the
water level to drop and the higher tides to affect the system over the subsequent four days.

3.4 Evaporation

During dry and windy periods the relatively large surface area of Saltwater Lagoon acts as an
effective evaporation pond. The magnitude of the evaporation rate may be estimated
assuming the available monthly average evaporation data for Coffs Harbour represent the
conditions at Saltwater Lagoon and multiplying by the lagoon surface area. The surface areas
for the Saltwater Creek (72,000 m”) and the Saltwater Lagoon area (551,700 m°) were taken
from the Kempsey Shire Council GIS creeks layer. Multiplying the surface area for the
combined creek and lagoon by the monthly evaporation (see Chapter 2) yields the monthly
water volume losses due to evaporation listed in Table 3.4.
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Table 3.4 Monthly Evaporation for the Combined Surface Area
of Saltwater Creek and Lagoon (,000 m’)

Jan |Feb |Mar [Apr [May|Jun [Jul |Aug|Sep [Oct |Nov |Dec [Annual

Evaporative losses
from Saltwater 11798 | 95| 73 | 54 [ 47 | 50 | 67 | 87 [ 102|113 |120| 1024
Lagoon
Fraction ofrunoff  [44% |35% |28% |25%[23%|20%|35%|45% |87%|64% |58% |56% | 39%

The percentage of monthly runoff is also listed in Table 3.4 and indicates that on an annual
basis 39% of the catchment runoff is lost to evaporation, with the losses during the drier
spring months up to 87%.

Evaporative losses are an important component of the water budget and will also affect water
quality. The evaporation process essentially removes the fresh water from the system and
leaves behind any salts and other constituents essentially leading to increased concentrations
in the lagoon waters. When the creek is open evaporative losses in the creek and lagoon will
be compensated by an influx of saline ocean water.

3.5 Conceptual Water Balance Model

A conceptual water balance model is shown in Figure 3.4. The major water inputs include
contributions from the local catchment, groundwater flows from the surrounding floodplain
areas and the tidal prism when the entrance is open. The major outputs are the tidal prism,
evaporation and groundwater discharge through the dunes to the north of the creek and
entrance area when the entrance is closed. The annual tidal flushing can be calculated from
the tidal prism (approximately 25,000 m3). Assuming that the lagoon is open for four months
per year at full tidal efficiency (two tides per day for 120 days) and assuming a flushing
efficiency of 0.1 the annual flushing volume is estimated at 600 ML.

Groundwater flows to and from the lagoon and creek are also likely to form an important
contribution to the water budget. Quantitative data were not available for calculation of the
total natural discharge of groundwater to Saltwater Creek and lagoon, however an estimate of
the maximum average groundwater inflow may be derived using the following assumptions:

+ Transmissivity of the sand aquifer is estimated to average 500 mz/day.
#+ The hydraulic gradient towards the creek and lagoon is estimated as 0.001.
+ The shoreline of the west side of the creek and the lagoon is approximately 6,200 m.

The average inflow can be calculated from the relationship that
Q=TIL

where Q = flow

T = transmissivity
I = hydraulic gradient
L = perimeter length

From this equation the maximum estimated groundwater flow into Saltwater Creek and
lagoon is estimated to be 3.1 ML/day or 1,135 ML/year.
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When the entrance is closed a small amount of flow will exit the Saltwater Creek system via
groundwater to the ocean in the dune area near the creek entrance. An estimation of this
outflow requires the following assumptions:

Transmissivity of the sand aquifer is estimated to average 500 mz/day.
The hydraulic gradient from the creek to the ocean is estimated as 0.005.

+ The perimeter length between the creek and the ocean where groundwater discharge
occurs is 200 m.

Using the above equation the maximum estimated groundwater discharge from Saltwater
Creek to the ocean is estimated to be 0.5 ML/day or 182.5 ML/year.

3.6 Stratification and Mixing Processes

The recent vertical water quality profiler measurements collected by MHL on 4 April 2001
and DLWC on 1 May 2001 show the presence of stratification in the creek even though the
water depths are less than 2m (Figure 3.5 and Table 3.5). Prior to 4 April heavy rains in the
Saltwater Creek catchment occurred in early March and the entrance was scoured by the
exiting flood waters. Following this event the entrance appears to have remained open and the
freshwater stored in the low lying areas of the catchment gradually drains to the ocean while
saltwater enters only during the highest tides. The salinity stratification at any given time
reflects the preceding conditions. The data for 4 April are typical of tidal estuaries after
freshwater inflow events with low salinity water at the upstream Site 3 and a deeper saline
intrusion near the entrance at Site 1 which was only 0.5m deep. The higher salinities on
1 May (12 ppt at Site 3 and 33ppt at Site 1) indicate an intervening drier period (between
4 April and 1 May) with open entrance conditions when the saline ocean water penetrates
upstream causing a general increase in salinity. While the presence of stratification is of
interest the significant factor is how long the stratification persists and hence affects the water
residence time. If the stratification persists and inhibits vertical exchange between surface
and deeper water layers then the dissolved oxygen in the lower layer will decrease due to
consumption by microbial activity.

The data presented in Figure 3.5 indicate a complex pattern of mixing, with the different
variables suggesting different processes. The dissolved oxygen (DO) data on 4 April
indicates relatively high levels (greater than about 70% saturation) suggesting a rapid recent
turnover of lagoon and creek waters by the freshwater inflow of oxygenated waters. On
1 May the DO is much lower at the upstream site indicating the consumption of DO in the
lagoon and brackish creek waters but near the entrance the well-oxygenated oceanic water has
recently entered the creek from the ocean. The tidal mixing would appear to be limited to the
downstream end of the creek and the gravitational (or density-driven) flows are an important
factor in the water exchange.

The density-driven circulation is manifest in the typical salt wedge flows that are common in
estuaries. The brackish and lighter water of the lagoon essentially floats on the heavier saline
waters from the ocean. As this saltier water propagates upstream vertical mixing between the
two water types causes the formation of the brackish waters. This process is likely to have
implications for the water quality.
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Chlorophyll-a data indicate a healthy algal population with mixing throughout the water
column. As discussed further in Section 4.4, measured chlorophyll-a values are generally in
exceedance of ANZECC (2000) guidelines.

The lagoon is flushed by the freshwater inflow events and gravitational flows when the
entrance is open. During dry windy periods evaporation from the lagoon surface may also be
an important contributor to water losses and the salinity concentration. As the fresh water
evaporates it leaves salt behind resulting in an increase in salinity of the lagoon water. The
balance between the evaporation and inflow of groundwater during drier conditions is likely
to affect water quality.

Table 3.5 Depth Averaged Values of Water Quality Profile Measurements
Collected on 4/4/01 (MHL) and 1/5/01 (DLWC)

.. Back-

. Date and Depth | Temp. Salinity DO Chl-a
Site Time m | oy | PH | opo | (%sat) s“&";ﬁ‘)‘ce (1L
1 4/4/0114:10 | 0.25 25.17 6.70 7.19 86.09 1.95 8.17
1 1/5/01 10:02 | 0.90 22.22 8.05 3232 80.39 2.60 3.75
1 1/5/01 16:11 0.70 22.90 8.01 31.93 101.39 3.98 426
3 4/4/01 14:42 1.03 24.21 6.63 0.28 69.59 5.15 8.59
3 1/5/01 11:02 1.60 20.89 6.83 11.70 22.39 4.00 6.87
3 1/5/01 16:49 1.70 21.08 6.63 12.04 17.69 3.36 6.86

3.7 Conceptual Model of Circulation and Flushing

Water circulation is dominated by tidal flows and superimposed over these daily variations is
a long-term salt wedge-like exchange flow driven by the freshwater inputs to the creek. The
intrusion of saline water (from the ocean) into the creek occurs only when the creek mouth is
open (Figure 3.6). Salty (and hence dense) water from the ocean intrudes into the estuary and
sinks to the deeper areas of the creek. Fresh water from catchment runoff enters the estuary
and floats on top of the denser salt water forming distinct layers (stratification). Tidal action
essentially mixes the fresh low salinity water with the saline intrusion and forms a brackish
mixture. When the creek is closed off from the ocean no saline water enters the estuary and
the lack of tidal flushing allows distinct horizontal stratification to form (Figure 3.7).
Stratification is broken down by turbulent mixing caused by wind and tidal exchange (when
open) and by mixing between the layers. When the mouth is closed, mixing only results from
wind-generated turbulence and mixing between the layers.

Large freshwater inflows can completely flush the creek but regular rainfall events generally
cause only limited mixing and exchange. These flushing characteristics result in longer
residence times in deeper areas of the creek/lagoon, while the reaches both upstream and
downstream of deeper areas are characterised by shorter residence times. These flushing
characteristics hence play an important role in determining the distribution of phytoplankton
which require reasonably stable (residence times >3-4 days) conditions to reach bloom
proportions.

MHL1126 - 35



oleog

f
ﬁ&oom

uooxely

A4

K

uoobe] Jejemjes

AVE

TVIdL

(8661 ¥snbny- 9661 AInr)
SO)IS UOI}09||00 B}EP [19UN0 D aiIyS Aesdway

uopeoo| a|d wes uswipag
100z Ae N L0 seus ajyoud Ajjenb seje pm
191008y [9A8T J8JBAA OllB WOINY

100z IHdY ¥0 S8Ns 8|yold

4B+ e x

i
Lpueg i
i
i
& Spoy :
JSOM UINOS i
abpLiqyoo 4 ;
i
i
@®s

+

M\
abpliqjoo 4 P

‘¢
’d
- K

mi mi [m?

-, ®

MHL
Report 1126

Figure

3.1

DRAWING 1125-0301.CDR

SALTWATER CREEK
WATER QUALITY SAMPLING SITES

NSW DEPARTMENT
OF PUBLIC WORKS

AND SERVICES

MANLY HYDRAULICS LABORATORY

MHL1126 - 36



!
|
/
4 Saltwater Creek
1.8 volume R
«— Total
Creek
1.6 A and
! Lagoon
! volume
! A
. /
14 ,
/
!
4 Saltwater )
— 1.2 Lagoon \A/
% volume /
< 1
E ) Entrance Bar
~ Height Range
- 7/
(14 /
08 i HHWSS 4
i L/ tagon
range // / r;lgzle
0.6 - ISLW o’
/’/
- ’/
0.4 =7
0.2 Creek Lagoon
tidal tidal
prism prism
0 T
10000 100000 1000000

Volume (m3)

o
<
N
E
©
o
©
< rea at hei 7m
_g 8 4 A theight 0.7m AHD
|3}
Iy
9
3
e
(&)
o T T T T T T
0 500 1000 1500 2000 2500 3000 3500
o
©
E 2
s Width at 0.7m AHD
S
S 2
o T T T T T T
0 500 1000 1500 2000 2500 3000 3500
Distance from ocean (m)
MHL
NSW DEPARTMENT Report 1126
of pusLic works | WATER VOLUMES AND PHY SICAL CHARACTERISTICS Figure
AND SERVICES OF SALTWATER CREEK AND LAGOON 32
MANLY HYDRAULICS LABORATORY DRAWING 1126-03-02.CDR

MHL1126 - 37




00
S

P

C-AVIN
v,
e

ade) Asjows je ||ejuiey G0 Hoofe 9 Jejemjes

9 S& v w2 <cZ e 0C ¢l
] ]

8k

055H AOMOIY - ------

21 9F  S)

SOUEILIT 40 Jelen2s ——  NIDTT

|

©eIH AOMOID -

QUULI I D 9N |G

aNT0I7

MHL
Report 1126

Figure

3.3

DRAWING 1125-0303.CDR

WATER LEVELS AND RESIDUALS FOR SALTWATER

CREEK FROM 04 MAY 2001 TO 25 MAY 2001

NSW DEPARTMENT
OF PUBLIC WORKS
AND SERVICES

MANLY HYDRAULICS LABORATORY

MHL1126 - 38



Tidal flushing
600 ML/yr
(entrance open)

Groundwater discharge
(entrance closed)
~182.5 ML/yr

) TRIAL BAY PACIFIC
[ ]
Y
. ﬂ@@, OCEAN
1 %Yy,
1
1
: R
i '
N Gro_undwater N Evaporation ¥
inflow 1024 MLAyr o
’ N 1135 ML/yr Yy
i « :‘
= Saltwater N ;
K Lagoon -
S . ]
oI -
Q . j % A Y
o~ l -
5 N .
)
< ﬂ +
5(..; 1 Surface runoff
o o 2616 ML/yr
‘' m
‘o
Q' ¥
. R A )
¢‘ \' N « . -l
e A 4
s ~
‘o ) !
~ 'm oy m Im !
“ ,
¢‘ '~
S - .&~
0 1km
Scale
MHL
NSW DEPARTMENT Report 1126
OF PUBLIC WORKS i
AND SERVICES CONCEPTUAL WATER BALANCE MODEL Figure
34
MANLY HYDRAULICS LABORATORY DRAWING 1126-03-04.CDR

MHL1126 - 39



=B T - 2E T
i | , K ' :[ Fresh waser from catchment inp.t
5 . L1
- | - Fo~. pDerse saline
B - L - Y ocear waerirllcw
. Colc sall water = — .
5 L |
- I = N Qcean water 0
E - E ! Frest waler influence
= L = L1 irflcw flushas
g-i.ﬂ = Ehﬂ B te mavth Brarkish
- o - < mxtare cf
L L1 lresh and
| E | ocgan wale-s
15 |- 15
i B
i_':' IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 2_':' IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
a0 b | = e o 5 o i | =] 5 [+ 1L e} 5 x A5
Tamperati i f'c) SaInme[ppe)
=B T R
[ y [/ ¥~ Clear [vcsn waler
L \ L
| , .J‘ E _l-/;I'U'l‘: d szlt water
=0 o /‘ =N o ’
B 9 B Sermi-clear
E : ! N 7‘. E ocear water
= - " Law DO * Ocean wate- ﬁ L e e — — = =,
5'1_5 - I irdicating 1 inpL.t near 1A=
el , consLmpton , entrance E
| © nearer : |
g i I lzgoon ! E i R Layer af
L ) ; Well mxed | S 1Urt_)Ld
1< : © o thraug the 1 - . wacer
| ' ! walgr colurnr i N
/ with sansu-nptinr S
i = ngarthe hed i - = =Y
- e YT P P T YT YT TR BT P + T B BT R
g oW M A R o W A W tDm =] 5 T 5
0 % St radien BGks Caaranea (|
jake T ]
: /e 2 Luwplllrom i 7
- \ . fresh water inflaw I \‘:-
L N _ . - ' ‘_/-\.-
L o ' ! 8 |- < g a2
1 ‘} L 3 ./ ~
5 | | . e
- 14! 'Y Ocean - “® Al
£ F N VT fuence E [ = - )
= L T Well mixac = - ,
ﬁ'nm - o lower than 3’15 » (F Y
; | | neulralpll g 5 '
[ ’
N ot = i -
2 [ R = | 7 Well mixed,
- | ! - ¢ | <« algag presart
15 R ii - ¢ in wate-
| | | E " calumn
) [ T T T R e B =0 [ oA 1. 1. 1.1
= EE Tl 75 Ba Lk -1 s 1 4 & L H
o ENloRangl 2 g
- == 4:5. il & 490 Hows  Site - - = - 4:5. il &0 144E Hows Sie 2
- = 2007 0z Hows  She - = - ay #0190 Hours - Siled
e 'i by 2001 9891 Howrs  Site —_— 'i May 2001 iS4d Hours Sied
) o
NSW DEPARTMENT SALTWATER CREEK - WATER QUALITY fof
OF PUBLIC WORKS Figuire
AND SERVICES SITE 1 (NEAR ENTRANCE) AND SITE 3 (NEAR SALTWATER LAGOON) 3.5
MANLY HYDRAULICS LABORATORY TR PR RE

MHL1126 - 40



|

I
“

Tidal flushings at

Spring Tides
following fresh events

Fresh inflow m '

Wind mixing ==

NSW DEPARTMENT
OF PUBLIC WORKS
AND SERVICES

MANLY HYDRAULICS LABORATORY

CIRCULATION AND FLUSHING - OPEN

MHL
Report 1126

Figure
3.6

S

MHL1126 - 41



Fresh inflow

Wind mixing ==

v

NSW DEPARTMENT
OF PUBLIC WORKS
AND SERVICES

MANLY HYDRAULICS LABORATORY

CIRCULATION AND FLUSHING - CLOSED

MHL
Report 1126

Figure

3.7

DEAWING 1120307 COR

MHL1126 - 42



4. Water Quality

4.1 Introduction

Water quality in Saltwater Creek/Lagoon is influenced by inflows from the catchment, from
water exchange with the ocean and by bio-geochemical cycling within the estuary.

Urbanisation of the catchment has led to an increase in sediment and nutrient loads to the
estuary. During rainfall events these pollutants are washed into the creek from diffuse sources
such as South West Rocks urban areas and rural areas. They may also be discharged directly
into the creek from point sources such as at stormwater inputs (as indicated in Figure 2.12). A
discussion on sediment processes can be found in Chapter 7.

When the mouth is open during summer nutrient-enriched water from oceanic upwelling and
suspended sediments caused by wave motion enter the lower reaches of the creek (Figure
4.1). When the creek is closed off from the ocean, nutrient sources include catchment runoff,
groundwater and benthic sediment efflux. Nutrient release from the sediments and exchange
with macrophytes and microalgae become more important for nutrient cycling when the
entrance is closed (Figure 4.2; MHL 2000).

These water quality impacts also influence the estuarine processes within Saltwater Creek and
Lagoon. Pollutant and hydraulic loads affect the bioavailable nutrients, which are integrated
by and therefore affect the macroalgae, phytoplankton and zooplankton communities.
Phytoplankton, as well as being dependent on bioavailable nutrients, are also affected by
environmental factors such as light and temperature. It is likely that a complex population of
microalgae and biofilms exists within the sediments and in a surface algal mat
(microphytobenthos) in the lagoon. This population will respond to changes in nutrient
inputs, light and temperature and may have the ability to store nutrients and metals from the
water.

Water quality in Saltwater Creek is a major concern for the community and one which greatly
affects recreation and tourism. W hen the mouth is closed for extended periods the water in the
creek is turned a dark tannin colour by nearby tea trees (Melaleuca) and starts to smell badly
due to decomposition of organic materials. Although these are natural processes the results
are unpleasant and of concern to the community.

Opening of the Saltwater Creek entrance requires permission from NSW Fisheries and the
Department of Land and Water Conservation. Permission to dredge the mouth was sought by
Council in November 2000, but rejected by NSW Fisheries since there was no evidence of
public health, safety or flooding impacts that would be resolved by opening the creek (NSW
Fisheries pers. comm. 2000).
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The community is also concerned about the possible soil and groundwater contamination at
the former Caltex oil terminal site close to Saltwater Creek. In 1992 significant soil and
groundwater contamination was discovered and during 1993 investigations were carried out
by consultants for Caltex to determine the nature and extent of this contamination on and off
the site. Testing indicated that hydrocarbon contamination was present in the soils on the
terminal site. More importantly, the principal contamination off-site was a plume of
hydrocarbons in the groundwater (EPA 1995). The plume emanated from the former Caltex
terminal and extended under the adjoining road, a number of private residences, a proposed
resort development site and through a Crown reserve to Saltwater Creek. This off-site
contamination was believed to have the potential to affect human health and the aquatic
organisms of Saltwater Creek (EPA 1995).

A Steering Committee consisting of affected residents, landholders and representatives from
Caltex, Kempsey Council and the EPA was established to oversee the clean-up program.
Clean-up standards were established and remediation technologies included a soil
‘bioremediation cell” and ‘air sparging’, which involves pumping air through the groundwater
to remove the volatile hydrocarbons. This also enhances the natural breakdown of
contaminants in the soils and groundwater. The EPA is awaiting the results of an ecological
study to determine whether hydrocarbon contamination has affected the creek. The
remediation of the contaminated groundwater, once complete, should prevent contamination
reaching the creek.

4.2 Existing Water Quality Data

Water quality information was provided to MHL by Kempsey Shire Council and included
data collected as part of the Beck Development Environmental Study (Kempsey Shire
Council, unpublished) as well as routine water quality monitoring results. For both of these
sets of data three sites were investigated, namely Brighton Park approximately 100 m from the
creek mouth (1), a site opposite the old oil terminal (2) and Lagoon View caravan park ((3)
now Trial Bay caravan park) (Figure 3.1). For the Beck Development Environmental Study,
data was collected on nine days between July 1996 and August 1998. The monitoring data
includes 31 sampling occasions between July 2000 and February 2002.

These data are presented in Section 4.4. They should be interpreted with caution as there is no
record of sampling and analytical methods, exact locations of sampling or quality control.
Moreover it is not clear whether the entrance was open or closed at the time. There is
insufficient data to enable analysis of trends.

4.3 Field Observations

As part of this project MHL conducted a site inspection on 4 April 2001. During the
inspection water quality data were collected using a Hydrolab Multiprobe to record vertical
profiles of temperature, salinity, dissolved oxygen, pH and turbidity at three sites within the
estuary (Figure 3.1). On 1 May 2001 DLWC conducted a more detailed exercise using a Sea-
bird Seacat SBE25-03 water quality profiler. They also deployed water level recorders near
the entrance and in the lagoon for a two-month period. Details of these site investigations are
presented in Section 3.
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44 Comparison of Water Quality Data to ANZECC Guidelines

The two sets of water quality data collected by Kempsey Shire Council between July 1996
and August 1998 and July 2000 and February 2002 were compared to the ANZECC (2000)
guidelines. Guidelines for the protection of aquatic ecosystems are divided into six ecosystem
types, one of which is estuaries. The ANZECC (2000) guidelines, however, recommend that
detailed local water quality studies are undertaken to determine appropriate and acceptable
background levels for specific water bodies. Trigger values are presented which represent the
best currently-available estimates of ecologically low-risk levels of water quality indicators. If
values exceed these or fall outside a specified range it is recommended that management
action is taken. For the purposes of this report guidelines for recreational waters are used for
those water quality variables that do not have an aquatic ecosystem trigger value. A summary
ofrelevant ANZECC guidelines is shown in Table 4.1.

Table 4.1 ANZECC (2000) Guidelines for Water Quality Parameters

Aquatic ecosystem

Water quality parameter

trigger value

Recreational guideline

Dissolved oxygen > 6.5 mg/L
pH 7— 8.5

Temperature 15-35"°
Total phosphorus 30 pg PL

Total nitrogen 300 g N L

NO, 15ugNL"

Chlorophyll-a 4 pg/L

Faecal coliforms
(cfu/100mL)

1° contact < 150
2% contact < 1000

The data from the Beck Development Environmental Study (BDES) indicate that DO levels
fell below 6.5mg/L on 13 of the 18 sampling occasions. Three of these measurements were
below 3.0 mg/L. Similarly, the Council water quality monitoring data show that DO levels are
frequently below the guideline level of 6.5 mg/L at all three sites. The data show a trend for
DO levels to decrease away from the entrance and there were seven sampling occasions with
DO less than 3.0 mg/L at Site 3, compared to three at Site 1. Dissolved oxygen is an important
water quality constituent as it plays a role in many biotic and chemical processes. Low DO
can cause stress in biota and at very low levels can be fatal, for example fish kills. High DO
levels are also necessary for the efficient functioning of some estuarine processes, such as
denitrification (see Section 4.5.1). DO is strongly influenced by temperature, salinity and
diurnal biotic activity, and without any indication of the time of day or salinity conditions
these values should be interpreted with caution.

Values for pH in Saltwater Creek vary between 6.2 and 8.0, with a mean value of 7.06 across
all of the sampling sites in the BDES. The majority of the Council water quality monitoring
data indicate pH values of 7 £ 0.5. Marine environments typically have a pH of 8.0 to 8.3,
while low pH values are usually related to freshwater inputs. This is particularly the case in
areas draining acid sulphate soils. The presence of potential acid sulphate soils in the area (see
Section 4.7) suggests that localised acid runoff may occur although its area of influence is
likely to be small. The available data indicate that measured levels of pH are not of concern at
the sites sampled. Significant changes in pH can have adverse effects on biota and can cause
changes in the toxicity of pollutants.
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Water temperatures in the creek range from around ~17°C in winter up to ~28°C in summer.
These are well within the recreational guidelines and would only be of ecological concern if
significant changes were experienced in a short period of time, for example a ~2'C change
over an hour.

Salinity values for Saltwater Creek range from 2 to 28 g/L. (approximately parts per thousand
by weight, ppt). In estuarine environments salinity is highly variable, related to tidal
variations and changing freshwater inputs. Salinity and stratification are discussed in detail in
Section 3.6.

The 2000 ANZECC guidelines suggest a trigger value for chlorophyll-a concentrations of
41 gfL.. Vahies chserved by MHL on 4 April and 1 May 2001 varied between 4 and 5 11g/L
indicating a healthy population of phytoplankton and likely blooms at certain times. High
chlorophyll-a values can be an indication of nutrient enrichment and often coincide with high
nutrient values (see Section 4.5 below).

Faecal coliforms are generally used to provide an indication of potential human health
concerns associated with immersion in water. ANZECC (2000) guidelines stipulate that for
primary contact, such as swimming, median counts (determined from at least five samples
collected at regular intervals not exceeding one month) should not exceed 150 cfu/100 mL and
for secondary contact, such as watersports, median counts should not exceed
1000 cfu/100 mL. The nine values recorded for the BDES were well under this value except
on one occasion when values in all three locations exceed 3,200 cfu/100 mL. Conditions and
activities on the day of sampling are unknown and thus little can be interpreted from this
result. The Council water quality monitoring data show that of the 31 sampling occasions the
primary contact value was exceeded on seven occasions at one or more sites, and the
secondary contact value was exceeded on three occasions. Two of the values greater than
1000 cfu/100 mL were recorded at Site 1 and one at Site 2, indicating that the source may be
related to proximity to the township of South West Rocks. Faecal coliforms provide a
measure of pathogens derived from warm blooded animals and without additional information
it is not possible to speculate further on the source of the measured values.

Water clarity measurements are not available to compare to the ANZECC guidelines.
However, water clarity is also an important determinant of water quality. The water clarity is
generally measured by turbidity which provides a measure of the light scattering that is
influenced by the number, size and character of suspended particles. Water clarity is also
affected by colour that is typically determined by the concentrations of dissolved organic
compounds such as tannins derived from Melaleuca forests. There is some evidence of the
brown colouring typical of the coastal lakes of the NSW north coast with adjacent Melaleuca
wetland areas.

Suspended particulate matter is generally comprised of inorganic clay material and fine
organic particles. The concentrations of suspended particulates at any given time depends on
the inflows and resuspension of bottom material due to wind- or tidally-induced turbulence.
Water clarity will therefore vary considerably with the weather and runoff events. Water
clarity affects the penetration of light into the water column and hence depth to which plants
such as phytoplankton, cyanobacteria and macroalgae can photosynthesise.
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4.5 Nutrient Inputs and Cycling in Saltwater Creek

Nitrogen and phosphorus are the two most commonly measured nutrients and in high levels
can result in nuisance plant growth, excessive algal proliferation and increased levels of
oxygen-consuming microbes causing low DO concentrations.

The ANZECC (2000) guidelines suggest an aquatic ecosystem trigger value for total
phosphorus of 30 nig/L. The values from the BDES vary approximately between 10 and
300 1 /L, with values exceeding 301 gL on ~80% of the sampling occagions. The water
quality monitoring data include one value for total phosphorus greater that 30 11g/L. There
may be many reasons for high phosphorus levels including sampling and analysis methods,
inflows from the catchment via stormwater or release from the sediment. From the available
information it is not possible to determine the reason for the higher values.

Guidelines for oxidised nitrogen (nitrate and nitrite) are provided in ANZECC (2000) with
values recommended to not exceed 151 g/L. Values In Saltwater Creek are typically much
higher, with minimum values of 611/l and maxdmum measured values of above
1,000 11g/L. Possible reasons for high values are similar fo those described above for
phosphorus. High values are typical in highly productive shallow ecosystems but again it is
not possible to determine the specific reason for the higher values in this situation from the
available information.

4.5.1 Nutrient Budget

The nutrient budget for the system may be estimated by considering the nutrient
compartments within the system and the inputs and outputs. Nutrient inputs to the creek and
lagoon are derived from the catchment inflows and also from nutrient recycling from the
sediments. Nutrient losses from the system are due to sedimentation from the water to the
sediment, denitrification, uptake by biota and when the entrance is open flushing of nutrients
to the ocean (Figures 4.1 and 4.2).

Catchment inflows have been calculated in Section 2.8 using nutrient generation rates derived
from the Catchment Management Support System. Nitrogen loads were estimated to be
approximately 5,300 kg/year and phosphorus loads approximately 1,000 kg/year.

The rate of flushing to the ocean, which only occurs when the entrance is open and spring
tides occur, has been estimated at 600 ML/year (see Section 3.5). Assuming from the
available data that average concentrations in the creek of nitrogen are 500 g/l and of
phosphorus are 100 I1g/L, ammual nufrient flushing rates of 300kg/year for nitrogen and
60 kg/year for phosphorus are derived.

The above calculations conclude that while flushing to the ocean is occurring there is a
nutrient retention and cycling rate in the system of around 95%. When the entrance is closed
all of the catchment nutrient load will be retained or cycled in Saltwater Creek and lagoon.
Cycling processes include uptake by plants and algae, denitrification, and burial in the
sediments.
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There is likely to be a relatively high rate of sediment burial of phosphorus, as this is a
conservative compound which adsorbs to sediment surfaces and is buried by deposition
processes. A management implication of this is that disturbance of the creek and lagoon
sediments should be minimised to prevent the release of large quantities of phosphorus into
the system.

As Saltwater Lagoon is very shallow and generally the water depth is less than the photic
depth the partitioning of nutrients between waterborne phytoplankton and benthic species is
likely to favour the benthic species. Nutrients are brought into the waterway in a range of
forms including dissolved inorganic forms that are available for uptake by biota
(phytoplankton and macroalgae), particulate forms that generally settle to the bottom, and
organic-bound forms locked up in leaf litter and detrital matter. These different forms are then
subject to transformations through a range of processes that operate under differing
conditions. There are no detailed measurements that may provide information on the different
regimes and temporal trends.

Denitrification efficiency refers to the biological ‘self cleaning’ ability of an estuarine
ecosystem to convert bio-available nitrogen into nitrogen gas that is then lost to the
atmosphere. Denitrification is an important process as it reduces the quantity of available
nitrogen in the water column and thus restricts the development of harmful or excessive algal
blooms. The process is carried out by groups of bacteria inhabiting the estuarine sediments.

The denitrification process has two steps and requires certain environmental conditions to
proceed efficiently. The first step is ‘nitrification’ which involves the conversion of
ammonium to nitrate and requires the presence of oxygen. The second step (denitrification)
uses the nitrate in the breakdown of organic matter and produces nitrogen gas, requiring
sufficient organic matter and nitrate. Denitrification efficiency can be impaired by chronic
algal blooms as the breakdown of large amounts of algal material depletes oxygen in the
water and sediments, stopping the process at the initial nitrification step.

Direct measurement of denitrification efficiency involves the collection and incubation of
sediment cores and subsequent laboratory analysis using membrane inlet mass spectrometry.
This procedure has not been undertaken in the Saltwater Creek estuary. The closest study
performed was in the Brunswick estuary, where it was found that denitrification efficiency
reduced towards the middle and upper sections of the estuary during the occurrence of large
algal blooms (MHL 2000). The denitrification efficiency rates for most of the sites in the
study were similar when compared with other shallow sub-tropical estuaries, although they
were extremely high compared to efficiencies measured in other estuarine systems around the
world.

It is recommended that measurements of denitrification efficiency be undertaken in Saltwater
Creek at various temporal and spatial scales, as it has been suggested as a potentially useful
health indicator in shallow sub-tropical estuaries where benthic microalgae and bioturbation
are prevalent.
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4.6 Conceptual Model of Water Quality

Phytoplankton blooms respond relatively quickly to changes in water quality and are therefore
a good indicator of the condition of the estuary. The processes that control phytoplankton
blooms in open and closed conditions are schematised in Figures 4.1 and 4.2. Nutrient inputs
provide a continuous food source for phytoplankton and when there exists sufficient light and
optimal temperature the phytoplankton populations can multiply very quickly. This rapid
growth is then countered by the flushing effect (when the lagoon is open) and zooplankton
grazing.

Bioavailable nutrients are derived from episodic inputs from the catchment during inflow
events and more continuous supply via recycling through the sediments. The latter supply will
vary depending on the entrance condition, organic content of the sediment, stratification and
resuspension events.

During periods when the entrance is open tidal flushing will effectively disperse the
suspended matter including algal cells and introduce saltwater that may also affect the algal
species composition. By contrast, when the entrance is closed the system will continue to
produce biomass until some other factor such as zooplankton grazing effectively limits the
algal population.

It is likely that the factors controlling algal growth and mortality vary over seasons and with
entrance condition.

It is difficult to assess the likely water quality status of the system prior to artificial entrance
opening and urbanisation of the catchment. More frequent entrance opening has increased
flushing and reduced retention times for nutrients entering the system but urban developments
and channelling of stormwater to the lagoon has increased nutrient loads. In addition the more
frequent opening has lead to an influx of salt water and hence the creek areas are subject to
larger saline variations that will cause a shift from freshwater to salt-tolerant species.

4.7 Acid Sulphate Soils

Acid sulphate soils (ASS) are sediments deposited under estuarine conditions which contain
the sulfidic mineral pyrite. As long as the acid sulphate soils are not disturbed or drained,
these materials are relatively harmless and called potential acid sulphate soils. If the soils are
exposed to air, the pyrite oxidises and sulphuric acid is generated. Drainage from acid
sulphate soils areas severely affects water quality as aluminium, iron and sulphuric acids are
washed into the waterways.

Priority areas for management of acid sulphate soils in the lower Macleay floodplain have
been mapped by the Department of Land and Water Conservation (DLW C 1999). Priority
areas are areas where land management decisions in relation to acid sulphate soils may cause
severe soil acidification, poor water quality, reduction in agricultural productivity, loss of
estuarine habitat and degraded vegetation and wildlife. Figure 4.3 presents a map of acid
sulphate soils risks around Saltwater Creek and lagoon.
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High risk areas are predominantly in the low-lying areas adjacent to the creek and lagoon.
Any proposed disturbance of soils or vegetation cover in these high risk areas should be
subject to an assessment of potential for acid generation and possible environmental impacts.
The pH measured in the creek on 4 April and 1 May varied between 6.5 and 7.0 which is
typical of these systems. There is no suggestion from these data that acid runoff within the
previous week had caused a major decline in pH.

Changes to the opening regime may affect the water table levels adjacent to the creek and
lagoon with flow-on effects on groundwater flows and acidity with the ASS. It is likely that
more regular opening has lead to a lower water table and possible exposure of ASS and hence
a possible lowering of pH in the creek and lagoon. Alternatively, during extended periods of
closure and dry weather the water level may drop due to evaporation, hence creating a similar
condition to the open system. There are a number of mechanisms that may affect the acid
runoff and pH of the water. These issues should be considered carefully for any proposed
developments within the high risk ASS areas.

4.8 Implications of Poor Quality Water on Biota of Saltwater Creek

Water quality is a critical issue for the management of aquatic ecosystems. There is no
evidence in the available literature of poor water quality having detrimental impacts on the
biota of Saltwater Creek. There have not, however, been many studies aimed at establishing
the link between water quality and biota in the system. Juvenile mullet observed with their
heads out of the water during the field trip by The Ecology Lab on 4 April 2001, however,
may indicate that oxygen levels in the lagoon are low. The profile data (Figure 3.5) indicate
low DO in deeper waters but surface water was around 100% saturation.

Some of the fish caught by TEL in 2001 had ‘red-spot disease’ (epizootic ulcerative
syndrome). Acid waters have been implicated in the occurrence of this disease in other areas
(TEL 1996). Unfortunately, due to the limited amount of data available, it is difficult to
determine if there has been significant acid sulphate soil pollution in Saltwater Creek.
However, water quality data collected by Kempsey Shire Council as part of the Beck
Development Environmental Study did not record pH levels lower than 6.17 over the two
years of the study (Kempsey Shire Council, unpublished). Furthermore, fine algae noted on
the sediments and on the surface of the lagoon may indicate high nutrient loads. Although
high nutrient loads cannot be confirmed as the reason for the algae found in the lagoon, nitrate
and phosphate levels were found to be high in samples taken from Saltwater Creek (see
Section 4.5).
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5. Ecological Processes

5.1 Existing Ecological Data
5.1.1 Introduction

Manly Hydraulics Laboratory provided TEL with a list of references, and those of relevance
to the ecological component of the study were reviewed and summarised. The library
database of TEL was also searched for relevant material. The NSW National Parks and
Wildlife Service’s Wildlife Atlas was searched for records of protected flora and fauna in the
area and the Environment Australia website for the Environment Protection and Biodiversity
Conservation Act 1999 was searched for threatened species, marine protected species and
migratory species likely to occur in the region. Finally, the World Wide Web was also
searched for current information on Saltwater Creek and surrounding areas.

5.1.2 Flora

Virtually all of Saltwater Creek has been designated as SEPP 14 Coastal Wetland (No. 439,
Map 12 in Adam et al. 1985) (Figure 5.1). In NSW, State Environmental Planning Policy No.
14 (SEPP 14) covers the management of estuarine and freshwater wetlands, i.e. land that is
temporarily or permanently covered by water. These wetlands were mapped and numbered
by Adam etal. (1985) and have since been amended by DUAP (1998). SEPP 14 Wetland 439
encompasses Saltwater Creek and Lagoon. There are several other SEPP 14 wetlands in the
area. These include South West Rocks Creek (436), a small wetland to the south of South
West Rocks township (438) and three others that drain into Spencers Creek (446, 437, 443), a
tributary of the Macleay River.

West et al. (1985) mapped estuarine habitats in NSW using a combination of aerial
photography and ground surveys. They reported that Saltwater Creek has a ‘map water area’
of 0.078 km?, but it is unclear if this includes Saltwater Lagoon. They also reported that no
seagrasses, mangroves or saltmarshes occur within Saltwater Creek, which does suggest that
Saltwater Lagoon was not included in the mapping by West and his co-workers, as we know
that extensive saltmarshes occur around Saltwater Lagoon (see below). In contrast to
Saltwater Creek, West et al. (1985) reported that in South West Rocks Creek, which has a
map water area of 0.118 km®, there were extensive seagrasses (2.4 ha), mangroves (52.8 ha)
and saltmarshes (14.1 ha). Based on this comparison alone, Saltwater Creek has far less
extensive estuarine vegetation than nearby South West Rocks Creek. It should be noted that
West et al. (1985) mapped vegetation at a scale of 1:25,000. Therefore, small, fringing beds
of vegetation tended to be overlooked by their mapping.
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A vegetation survey carried out by Dwyer (1995) focused on the area between the creek and
the beach within Arakoon State Recreation Area. Three vegetation communities were
identified in the area including estuarine, coastal scrub and wet sclerophyll forest. The
dominant vegetation types within each of these communities were listed and evidence of
fauna was recorded. In total, 48 plant species were identified along the transect. It was
concluded that the environment was quite undisturbed considering its proximity to urban
development.

NSW National Parks and Wildlife Service has produced a vegetation map for Hat Head
National Park which includes the area surrounding Saltwater Creek. A map of the creek and
surrounds has been reproduced in Figure 5.2. The dominant vegetation types that surround
the creek and lagoon include:

Sedgeland — dominated by Baumea juncea

Swamp forest and woodland — dominated by Melaleuca quinquinerva
Dry forest and woodland — dominated by Eucalyptus sp.

Foredune complex

Dry sclerophyll scrubland — dominated by Acacia sophorae, and
Tussock grassland — dominated by Spinifex sericeus.

* ® ¥ ¥ ¥ ¥

Eddie (DLWC, unpublished) identifies three main physiographic environments in the
Saltwater Creek and lagoon catchment, namely bedrock hills, sandplains (including sand
ridges, sandplains and sand swamps) and estuarine flats. A cross-section representing these
environments and their relationship with vegetation communities is reproduced in Figure 5.3.
Groundwater-dependent ecosystems have developed on the sandplains and the estuarine flats,
where the highest quality and most accessible groundwater is found. Water tables in the
sandplain regions would respond rapidly to groundwater extraction with significant ecotone
shifts resulting (Eddie, DLW C unpublished). In the estuarine flat regions very low substrate
permeability means that the effects of water table lowering are usually localised. Vegetation
communities form complex mosaics depending on depth of water table, frequency and
duration of inundation, and groundwater and surface water salinity. Fire regimes are also
important controls (Eddie, DLWC unpublished).

5.1.3 Fauna

Wading birds feed and roost on many intertidal flats and marshes and many migrating birds
have been recorded on the beach extending north of the Macleay River entrance. Common
species include the whimbrel, grey-tailed tattler, masked lapwing, greenshank, bar-tailed
godwit, whit-headed stilt and sandpipers. Many other wader species inhabit the area but have
not been studied in detail (SPCC 1986).

The area around Saltwater Creek and lagoon provides feeding and roosting areas for many
birds other than waders. The most important species are the crested tern, little tern, silver
gull, white-breasted sea eagle, pelican, chestnut teal, darter mangrove warbler, mangrove
honeyeater, gull-billed tern, azure kingfisher, mangrove bittern and four species of cormorant.
The white—fronted chat also reaches the northern limit of its New South Wales distribution at
the Macleay estuary (Morris et al. 1984).

No additional existing information was available on the estuarine fauna of the creek or
lagoon.
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5.1.4 Catchment Flora and Fauna

An indication of the flora and fauna in the catchment of Saltwater Creek was obtained through
a search of the Wildlife Atlas of the National Parks and Wildlife Service. It should be noted,
however, that these lists are indicative only and cannot be considered comprehensive. The
searches cover an area within approximately 20 km of South West Rocks. The results of these
searches are presented in Tables B.1 and B.2 in Appendix B.

5.1.5 Rare or Endangered Species and Communities in Saltwater Creek

The NSW Threatened Species Conservation Act 1995 (TSC Act) is aimed at protecting
animals and plants considered vulnerable and endangered from human activities. The
legislation provides for the listing of threatened species, populations and ecological
communities and has replaced the endangered fauna list known as Schedule 12 of the
National Parks and Wildlife Act 1974. ‘Threatened’ species are now listed in Schedules 1 and
2, endangered and vulnerable species respectively. New Commonwealth legislation, the
Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) also lists
threatened species. Threatened species identified under each of these pieces of legislation
within approximately 20 km of Saltwater Creek are highlighted in Tables B.1, B.2 and B.3 in
Appendix B.

Four species of endangered fauna, one endangered plant, 29 species of vulnerable and three
plant species identified under the TSC Act have been recorded within 20 km of Saltwater
Creek. A search of the EPBC Act database found 10 endangered and 21 species of vulnerable
flora and fauna. The search also detected a number of animals protected under other sections
of the EPBC Act including 14 marine birds; six marine species; seven terrestrial species and
six wetland bird species covered by the migratory provisions of the Act; and 24 birds; 19 fish
and four reptiles covered by the marine provisions of the Act.

The Fisheries Management Act 1994 protects fish species listed as endangered or vulnerable.
None of the species on this list is likely to be found in Saltwater Creek or lagoon. The
Fisheries Management Act also provides protection for estuarine habitats including seagrass
and mangroves, both of which occur within Saltwater Creek (Section 5.2).

5.2 Field Investigations
5.2.1 Introduction

Staff from The Ecology Lab visited the creek on 4 April 2001 for a general site inspection.
Photographs were taken of the dominant habitats and of any evidence of degradation (e.g
erosion, dead mangroves etc). The habitat type and dominant vegetation were recorded at
each of four sites along the creek and near the entrance to the lagoon, and the presence of
fauna was recorded. A seine net was used to sample fish near the mouth of the creek. The
purpose of the seining was to understand better connectivity between the creek and the ocean,
as suggested by the species present. Note that the site inspection and field sampling were
extremely limited by difficult access to the creek and lagoon and by the resources available to
do the project. Moreover, at the time of the visit, water clarity was extremely poor due to
recent rain, hence it was not possible to observe creek-bed habitats, such as seagrasses, that
might have been present.
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5.2.2 Site 1 Creek Entrance

The entrance to the creek is shallow and sandy with a rock shelf at the mouth. An artificial
rock wall extends along the western bank. Upstream of the footbridge, a mixture of riparian
vegetation lines the western bank, including large paperbarks (Melaleuca sp.), small patches
of reeds (Phragmites australis), coral trees, occasional banksias (Banksia sp.) and strangler
figs. Exotic species observed include lantana (Lantana camara) and morning glory. On the
eastern bank, the beach near the entrance is approximately 2—4 m wide with a bar near the surf
club. This beach narrows upstream towards the footbridge. Vegetation on the eastern bank
above the footbridge included a variety of grasses, acacias (Acacia sp.), banksia and some
bitou bush (Chrysanthemoides monilifera ssp rotundata). Further upstream, there are
paperbarks, some lantana and rushes (Juncus sp.).

During community consultation, one of the residents advised that there had been seagrasses in
the creek upstream of the first footbridge (see reported zone in Figure 5.2). The resident also
suggested that these seagrasses had declined in recent years. We were not able to observe any
seagrasses during the site visit to Saltwater Creek, but this was not surprising given the
limited access available and poor water clarity at the time.

During the site inspection, a little black cormorant (Phalacrocorax sulcirostris), a white-faced
heron (Egretta novaehollandiae) and a little pied cormorant (Phalacrocorax melanoleucos)
were sighted along with many silver gulls (Larus novaehollandiae). Fish observed included
snub-nosed garfish (juv.), mullet (juv.), gobies, whiting (juv.) and crescent perch (Terapon
jarbua). Towards the entrance, there were many small invertebrate burrows evident on the
fine sediments of the bottom of the creek. No seagrass was present near the mouth of the
creek. However, it was not possible to determine whether seagrasses were present in the
creek due to the brown staining of the water. According to a local resident, seagrasses do
occur in the lower portion of the creek but the total area has declined in recent years.

A 25m seine net was used to sample juvenile and sub-adult fish at this site. The net was set
in a U-shape and then hauled up on to the shoreline. For each of three hauls, fish were
identified, counted and released and the caudal fork length (LCF, mm) of economically
important species was measured. Results of the beach seines are presented in Table B.4 in
Appendix B. A total of 150 fish from 15 different species were caught, five of which are
economically important. All the fish collected are common estuarine species, apart from
some unidentified fish larvae that were probably mullet (Table B4). At least three of the
species, including yellowfin bream, tarwhine and sand whiting, spawn in coastal waters
(SPCC 1982a), indicating an ecological link with the adjacent coastline. Five of the fish
collected had red spot disease, although it is difficult to interpret the significance of this from
the limited sampling done (see below).

5.2.3 Site 2 Second Footbridge

The eastern bank of this site was lined with reeds (Phragmites australis) and rushes (Juncus
sp.) and backed by a paperbark forest. The western bank had many paperbarks and swamp
she-oaks (Casuarina glauca) overhanging the creek. No fish or waterbirds were visible.
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5.2.4 Site 3 Road bridge (Phillips Drive)

Phillips Drive crosses Saltwater Creek near the entrance to the caravan park. The creek
narrows upstream and there was a visible flow in the stream (approximately 50 mm of rain on
the previous day). The edge of the creek was lined with paperbarks and swamp she-oaks
standing over reeds (Phragmites australis) and rushes (Juncus sp.). A number of fish were
seen in the creek including mosquito fish (Gambusia holbrookii), a small unidentified shrimp
and many larval fish which could not be identified (possibly mullet or galaxids).

5.2.5 Site 4 Entrance to Saltwater Lagoon (near Caravan Park)

The small embayment on the north-western edge of the lagoon was surrounded by a range of
wetland vegetation including small mangroves (Avicennia marina and Aegiceras
corniculatum), reeds (Phragmites australis), paperbarks and swamp she-oaks. Large black
cormorants and unidentified ducks were seen on the lagoon. A filamentous algae coated with
mud floated on the water surface of the lagoon. Many juvenile mullet could be seen in the
shallows, some of which had their heads out of the water. The presence of algae and the
mullet behaviour could indicate eutrophic conditions with low levels of dissolved oxygen in
the water, however, without more information (e.g. concentrations of nutrients and oxygen)
we cannot be confident of the cause or significance of these observations.

5.3 Conceptual Models of Ecological Processes

To illustrate the ecological processes operating within Saltwater Creek, three conceptual
models have been developed and are presented in Figures 5.4-5.6. These models are based
on the graphical interpretation of very limited existing information on the system as well as
background knowledge of similar systems. The sections below provide a brief explanation of
each of the models to aid understanding of the processes that have been illustrated.

Figure 5.4 illustrates some of the important physical and biotic characteristics of the creek and
their relationships to ecological processes. It is not possible to map the distribution of aquatic
habitats as there is no information available. According to local residents, seagrasses occur in
the lower portions of Saltwater Creek, but there has been some decline in recent years. Also
included on the model is a list of the data gaps that are considered to be of major importance
to ecological processes within Saltwater Creek and lagoon.

Figures 5.5 and 5.6 illustrate the processes of spawning, recruitment and dispersal which
would be expected to operate in the creek and lagoon during open and closed entrance
conditions. In general, seasonal effects are not likely to be very strong and the influences of
entrance condition and flooding are likely to be the major natural structuring processes. There
are three exceptions to this. First, many fish species and some invertebrates typically recruit
to estuarine habitats in the period from late winter to early summer (SPCC 1981b). Thus, if
the entrance were open during spring there may be a large recruitment at that time.
Conversely, if it is closed at that time, diversity and abundance of fish through summer may
be relatively small in Saltwater Creek.

Second, the NSW coast is often subject to a large influx of nutrients from upwelling events in
spring and summer. Hence, if Saltwater Creek is open during an upwelling and at a time of
spring tides, there may be an influx of nutrients and/or phytoplankton into the creek. The
effect of this on the ecology of the creek is unknown.
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The third exception is that pre-spawning fish often make their way out of estuaries in autumn
and late winter. A good example of this is sea mullet, which migrate out of estuaries and
northward from autumn into winter. If the creek entrance is open at such times, fish will be
able to move out of the creek, but if it is closed they become trapped.

Thus, the timing of various estuary conditions can have a large effect on the biodiversity and
abundance of fauna in Saltwater Creek. Moreover, several major processes can interact (e.g.
estuary condition, recruitment) to affect the ecology of Saltwater Creek.

Most of the information presented in these two models is drawn from studies done in other
estuaries and intermittently closed coastal lagoons in NSW (e.g. SPCC 1981a,b, Allan et al.
1985, Bell et al. 1988, Bell and Pollard 1989, Lincoln Smith 1991, 1998, Pollard 1994a, b,
The Ecology Lab 1993, 1995, 1998a,b,c, Griffiths 1998, 1999). Although it is expected that
some of the key processes occurring in these other places are relevant to Saltwater Creek and
lagoon, data are not currently available to confirm this. Comparison of the two models
highlights the importance of entrance conditions to the distributions, densities and age
structure of fish populations within the lagoon. It should be noted, however, that these two
models represent extreme conditions of prolonged opening or closure and the actual situation
at any time would be expected to fall somewhere between the two.

5.4 Estuarine Processes and Ecological Health

As outlined in the sections above, there is very little data available on the aquatic ecology of
Saltwater Creek. In particular there is a lack of replicated spatial and temporal information to
determine the variability of the system. This limits our ability to accurately define the
processes operating within the creek and restricts the potential to adequately model these
processes. As a working hypothesis, ecological processes in Saltwater Creek are
fundamentally similar to those in other estuaries operating as ICOLLS along the NSW coast.
The system, however, has features that make some of these processes of particular importance
to the community and the managers responsible. Clearly the most important feature is the
intermittent nature of the creek entrance, which has important implications for water quality
and the ecological processes mediated by water flow such as the recruitment and migration of
fishes and invertebrates. In addition, the presence of the long, narrow creek leading to a
shallow lagoon suggests that the system may be poorly flushed.

The background conditions of Saltwater Creek are those of a small coastal creek with inputs
of fresh water, nutrients and sediments and an intermittently open entrance. These conditions
favour the presence of certain habitats and the growth of particular species of macrophytes
and macroalgae. Human-induced changes to these conditions (mechanical entrance opening
and foreshore development) are likely to result in changes to the distribution and dominance
of species. Determining the relative contributions to temporal variability in the system
attributable to natural and human-induced causes is difficult. Thus, although it is clear that
catchment development and anthropogenic uses of the catchment and the creek itself have
altered the inputs to the creek, it is not possible to determine the extent of the changes.

It is difficult to assess the status of the faunal assemblages of the creek, due to a limited
amount of information. Data on spatial and temporal patterns of abundance and distribution
of most faunal groups are lacking, and further work is required to provide an adequate
description of baseline conditions from which to identify principal factors that influence these
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components. Factors that are likely to have a negative impact on the biotic health of the
lagoon and creek system include deoxygenation due to changing water levels and poor
circulation and/or flushing, acid sulphate soil pollution and other anthropogenic pollutants
such as oil and nutrients.

Drying effects within wetlands (including sedgelands) could obviously affect aquatic flora
and fauna living there, by reducing available aquatic habitats, isolating populations within
pools or providing an advantage to certain species. For example, mosquito larvae and/or
mosquito fish (Gambusia holbrooki) often survive well in small, isolated pools. If water
levels increase (for example due to extended closure of the creek), the sedgelands might
encroach into the lowlands between the lagoon and the creek (Figure 5.3). In addition, there
may be some colonisation of shallow inundated areas by mangroves, but this would also be
influenced by salinity.

The potential effects of acid sulfate soils can also be altered by changes in water levels,
particularly removal of surface water or changes in the depth of groundwater. This can be
exacerbated by small to medium floods, which can flush acid into waterways causing fish
kills and other problems. Other than outlining general effects, it is important to recognise that
more detailed information is necessary to better understand these processes, or to predict
when environmentally damaging events may occur.

In terms of aquatic ecology, this study indicates that Saltwater Creek does not support large
areas of seagrasses and mangroves, which are common in South West Rocks Creek and the
Macleay River. Given the morphology of the system — a narrow, intermittently open
entrance, a long creek and large shallow lagoon — it is likely to be relatively sensitive to
environmental disturbance and it would often have little or no flushing. Furthermore, given
the limited resources available for the study, it is not possible to provide a confident
assessment of the current health of the system. We did note the following, however. First,
there was some evidence of growth of algae in the lagoon, possibly indicating nutrient
enrichment. Second, mullet ‘gulping’ may indicate low levels of dissolved oxygen. Third,
red spot disease observed in some fish also may indicate water quality problems. These
observations suggest that further investigation would be useful to assess the environmental
condition of the system.

The natural patterns and processes occurring within Saltwater Creek are likely to interact
strongly with human activities which, in turn, would probably have altered these natural
processes. Without data from prior to development within the catchment, we can generally
only speculate on the effects of these interactions. Some of these are discussed in Section 6 of
this report.

MHL1126 - 60



v g
7 South West
Y v Roclsﬁ Creek

Scale (approx)

TRIAL BAY

Saltwater Creek’
. and Lagoon

NSW DEPARTMENT
OF PUBLIC WORKS
AND SERVICES

MANLY HYDRAULICS LABORATORY

SALTWATER CREEK AND SURROUNDS SHOWING
SEPP 14 WETLANDS

MHL
Report 1126

Figure

5.1

DRAWING 1126-0501.CDR

MHL1126 - 61




g

(1002 1dy ¢)
uonoadsul a)s Bulinp paAlasqo sanolbuew jo sauoz

&.

MHL
Report 1126
5.2
CRAWING 11260502 COR

Figure

Ayieo Jayem Jood AisA 0} anp uopoadsul ays
Bulinp paalasqo JoN ‘ymmoub sseibeas jo suoz pajioday

|

uonejasdiajul oyoyd |euse
uo paseq sadA) uoljeyeban S N JO UOISUBIXS palIdju|

}seJoj ||[Aydois|as 1o

foomﬂ ; 7 ki
LQHN\SENW i .” 1 : puepbpas

......
.| puepoom puejsaioy dwems

1

1000

puejpoom pue }saio} AiQ
x9|dw oo aunpalo

pue|qnios [Aydous|os AiQg

puejsselb yo0ssn]

AVE 1VIdL

AS MAPPED BY NPWS

SALTWATER CREEK VEGETATION COMMUNITIES
MHL1126 - 62

NSW DEPARTMENT
OF PUBLIC WORKS
AND SERVICES

MANLY HYDRAULICS LABORATORY




€9-9CII'THIN

£4 ANIWHIL D W33l D B3 LA LTS
. _,._z_ﬁ 40 NOLLD3s S50 DLFHWIHIE
Tl podv;

THN

AJOIVIOHIVT S TNVAUAH AINVIA

SHOIAYAS ANV
SMIOM D1T7dNd 40
INANIIVIId MSN

uonjoelxa Jgyempunolb Jo Buipooly pabuojoid oy anq be
s|aAa| Jajem Jo Buuamol Jo Buisu Jayye

ALK

I
<> SUNV IH904%
nq..n_._&_..:- Qi S
SR BRTET
EENEO] R

(5p .FRBT =20

I B A Y |

AR LA nj =1l
LT TR TR

3|=A.n|
g = =

ELSE DD B IS E Sy
ERE AR RO

1Eadap | oo s 28 zans)
F [ o O B b P

(AL
AL W=
A1 SATINE

By DOOUNA D

EaTe et T R e it e LTI

DO 0 DRSS!
_u._.ﬂ_....._..:._: .u......._.m..u__.u.___su...v_..

l 2 St ST
pazay m_ Zopd el pny ekt |
E3d0N=_C0d SV I LGP0
RIS RIS YURS

Elilaas &' YuRd

Swapdug g yoeEy g poyge L S

Hiv1zdrbes

_ .ﬂuﬁu%ﬂﬂgﬁfﬁﬁﬂ% ,uﬁ)?wv_

m,

(Paysiiandun *OAA1Q) @1PP3 :80N08

—

UM sallepunoq auojoos jo Bulylys s|qissod sajealpu] <« A=

— —_—
e
S
o i e i
i
N —
g — ok et
e
—
- lllllllll
A $3.BS ARUISIENN PEENET
lulllllllll
—
o
L|l|1|1|.1|
P
....,..1.1.1 shEjp Azoes AUl anss shed Spues d o uen
A| T8 F R, !

o Ll Ay ags: -

= L HEnT a|7EL
-:mmt L. L] .w. B LARELL
S — i 2 —_—

TITY T N B | T =

q _.

%@ % EET LR ;Q,Hhm_m
i PECRELY S I i ..qm
TRBL Fam FlIRIL e

e =posjahpeEa)

S0

Udleanl I7d

LalT S E waa TS IS A G T
oA AL, m.___cu_c.ur.q t__._n.c_u.
TLuEY L

=H7C3404

RN TL T g IRS
sHeanT TEA RIS
i-=aan) | Sydn= a5 s)
TN HONTS




yuls juarnnu a1qrssod e
S0} BIQA)IOAUT

pue ysij 10 JeNqEY e
sassaoord

Arejuaunpas Sundfjee

TSPoq POl puE SOUSIEUIES

ysymoqurer A qissod pue

ysij oyinbsow ‘ynoifnq ‘suoo3png
‘)ornu se yons sardads 10§

Jenqey apraord suoIIpuod ysiyoreIq

$90IN0S [BO0] WOIJ SHUALNU
pue sjueurweluod jo syndute
ysy

u1 9seasIp 10ds pal Jo 1UX .
®jo1q pue Aienb iojem
‘SUOTJIPUOD QOUBIIUS UOIMIOq
sdiysuornear jeroduwale
uojyuerd

PUB S0)BIQOIOAUTO I0R W

sy Jo arnjonns AJIunwuiod
pue uonnquysip jeneds.
SoA0IZUBW puE SOSSBIT RIS
Jo oouasaid ‘spaq paal

pue soysIewl[es ‘uone}ogoA
uerzedur Jo uonnqrusip

PUE JUAXO JUILINDI.

s e

yurs
juaLnnu 91qIssod «
Judwdoroaop
ueqin o) 19JJnqe
Aranonpord/ronty
JBO] JO 90IN0S o

suroyed uonso dap
pue Surysn(j ‘vonenouod
[ep11 S109jJ ® A[210A9S

9310 MoIIeu sU0T

USIJ PUB SO} LIGO}IOAUT
oIy1uaq 10§ JeIqeY
TOMTETSqS 370g

JUSWIAOW JoJe M pue A)rjenb 1o1em
‘saje1qaiIoAuw pue ysi jo Surumeds
s)o0)ye Suruado jo uonjeinp pue Jurwiy

Source: Produced by The Ecology Lab Pty Ltd - Maritime and Freshwater Studies

MHL
Report 1126

Figure

5.4

DRAWING 1126-05-04.CDR

OVERVIEW OF THE PROCESSES OPERATING IN
SALTWATER CREEK WITH EMPHASIS ON DATA GAPS

NSW DEPARTMENT
OF PUBLIC WORKS

AND SERVICES

MANLY HYDRAULICS LABORATORY

MHL1126 - 64



S8Ipn}S Jeyemysal- pue awile |\ - py1Ald qe ABojoo3 eyl Aq peonpolid :821nos

(US moqurel.
ysy oymbsour.
suoagpns3.
:s0109ds ysiyoeIq
10] Surtumedg

Jysyies.
$91q03.

“SUTTATdg

19[nw A[nqe

S[e9e

TSUTIATg sumeid
) 1[N U
weaIqes
jerqey Jnpe oy
TS AW/ SUTIATAS
\\
y
\ s\
\ /
\ ;
\ y
\ y;
\
MRS
Suniyme
weolqe aSessed
J9[nu. Usy ynoyp
sumerd. 0} anp sjudIsuey jo
JuaunInI Sy JUdWIAOW paywIt|

BASED ON INFORMATION FROM OTHER NSW ESTUARIES

©
N -
| o 2
T |59l
S5 20|
of W z
[ z
@
Z
I
2}
L
L
n
OGN
9z0
ZxE
ZDO N
i
X
w.uEC
Ly
L
OCN
N r<
Zig
T
w <<=
——
<hz
P%_m_,r._
(@)
w (@)
T
(@)
L
o
X
L
=9 -
£28 £
DUSM
z.2 2
Z O < &
=
s
Z
=

MHL1126 - 65



Reduction in abundance of
landlocked species due to:

sshort life cycle, e.g. prawns
limited fishing

spredation

emosquito fish
rainbow fish?

Spawning for

egudgeons

Spawning:
gobies
egarfish?

BASED ON INFORMATION FROM OTHER NSW ESTUARIES

Source: Produced by The Ecology Lab Pty Ltd - Maritime and Freshwater Studies

NSW DEPARTMENT
OF PUBLIC WORKS
AND SERVICES

MANLY HYDRAULICS LABORATORY

EXPECTED PATTERNS OF SPAWNING OF FISH IN
SALTWATER CREEK DURING
CLOSED ENTRANCE CONDITIONS

MHL
Report 1126

Figure
5.6

DRAWING 1126-05-06.CDR

MHL1126 - 66






