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1 SUMMARY
The Elizabeth River estuary is a major tributary of Darwin Harbour. Development around
the Elizabeth River estuary and in its catchment is increasing. New suburbs are planned
in Palmerston, the city of Weddell is proposed, and the INPEX gas processing facility is
planned. Pollution from catchment sources such as rural and urban land use, and point
source discharges have the potential to affect water quality of the harbour.
There has been no monitoring and research to quantify water quality indicators
throughout the entire length of the Elizabeth River estuary across a range of wet season
inflows and their influence on flood plumes in the marine environment.
In this report, water quality indicators from the Elizabeth River estuary are evaluated to
help improve our understanding of the variability in water quality prior to a flood plume,
and to determine the extent, influence and characterisation of the plume during and after
a large storm event.
The study includes chlorophyll a mapping during the wet season 2010. During March
2010, physical indicators were also continually logged during a longitudinal transect of
the estuary, with spatial interpolation used to produce water quality mapping. Physical
and chemical water quality indicators were measured for depth profiles at seven sites.
Chlorophyll a spatial interpolation indicated values of 3-4 µg/L were in the upper estuary
on 19 February 2010, prior to the plume. Concentrations in many areas in the mid to
lower estuary of the Elizabeth River were 2-3 µg/L, indicating water quality in most parts
of estuary was in good condition at the time of observation. The spatial distribution of
salinity and other physical indicators reflected the influence of freshwater in the upper
estuary, even though there had been little rainfall prior to the February sampling. During
the presence of the flood plume on 4 March 2010, chlorophyll a concentrations were low,
and all complied with the upper estuary water quality objective.
The spatial distribution of pH, conductivity and salinity showed low values in the upper
estuary to mid estuary in the plume on 3 March 2010. The values of salinity for three
samplings reflected the catchment freshwater input. The values of salinity, for example,
ranged from 4-32 ppt on the 19 February 2010 prior to the plume, 2-18 ppt during the
plume, while two weeks later on 19 March salinity was 24-32 ppt.
Physical water quality indicators showed there was considerable influence of freshwater
in the upper estuary. Even at the furthest site in the outer estuary (18.5 km from upper
estuary), there was some influence of freshwater, so it is likely the flood plume influence
extended beyond the outer estuary site measured. There were few discernable trends
and patterns with site or with depth for nutrient indicators measured during the plume.
The influence of freshwater particularly in the upper estuary was still apparent three
weeks after the large rainfall event. Depth profiles of physical water quality indicators and
the spatial distributions were very useful to determine plume characteristics and extent.
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2 BACKGROUND
2.1

Darwin Harbour and region

The Elizabeth River estuary is a major tributary of the south-eastern part of Darwin
Harbour. Darwin Harbour and surrounding catchments are located in the wet-dry tropics
of northern Australia. The Darwin Harbour extends from Charles Point to Gunn Point
including Port Darwin and Shoal Bay (DHAC 2009). Darwin Harbour has an estuary area
of 1,220 km2 at the high water mark, with a catchment land area of 2,010 km2. The
climate is tropical with distinct wet and dry seasons. The monsoonal wet brings rainfall
averaging 1,700 mm per year, with the majority falling between December and March
inclusive. Savannah woodlands and forest dominate the catchment, with approximately
80% of the catchment uncleared. Darwin Harbour is a large macro-tidal estuary that
experiences tidal variations up to 8 m. The mean spring tidal ranges are approximately 6
m, while mean neap tidal ranges are around 3 m.
The population of the Darwin region is approximately 117,000 (ABS 2008) and
increasing. The City of Palmerston, south of Darwin, is also subject to increasing urban
development. Continued growth of urban and rural areas around Darwin Harbour will
place increasing pressure on the region’s waterways.
Growing urbanisation, industry and clearing in the catchment contribute to increasing
diffuse and point source loads to the harbour. Increased loads of pollutants entering
waterways are of importance particularly at a localised scale, where there is limited tidal
flushing in the mangrove fringed upper estuaries. Some tidal creeks adjoining urban
areas are subject to increasing pressure from the catchment receiving diffuse loads from
a range of land uses.

2.2

Elizabeth River estuary

The location of the Elizabeth River estuary is shown in Figure 1. The Elizabeth River
estuary is a major tributary of Darwin Harbour and is located at the south-eastern end of
the East Arm. The urban area of Palmerston is shown.
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Figure 1 Location of Elizabeth River estuary in the Darwin Harbour region. The location
of a sewage treatment plant outfall (STP) in the adjacent Myrmidon Creek estuary is also
shown.
Development around the Elizabeth River estuary is increasing. In Palmerston, four new
suburbs are planned. The new suburbs of Bellamack, Johnston, Mitchell and Zuccoli will
provide 3,700 new residential lots for housing and will increase Palmerston's population
by around 15,000 people (DPI 2009). Zuccoli will have up to 1750 lots of new residential
housing, and will become one of the biggest suburbs in Palmerston. Bellamack is
undergoing development, and construction of Johnstone has commenced. The proposed
city of Weddell south of Palmerston will drain into the upper reaches of the Elizabeth
River estuary. Weddell may have a population up to 50,000 in the future.
The INPEX gas processing facility is also planned to be developed in Middle Arm at the
lower reaches of the Elizabeth River estuary.

2.3

Water quality objectives to protect water quality

A Water Quality Protection Plan is being developed for Darwin Harbour for protection of
water quality in the region. Locally-derived guidelines called water quality objectives
(WQOs) have been established in phase one of the Water Quality Protection Plan.
Phase two commenced during 2010.
Under a process developed by the National Water Quality Management Strategy, water
quality objectives have been developed, and have now been formally declared under the
Northern Territory legislation (Water Act part 7). Further details of the process are
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available in ANZECC guidelines and related publications. Further details of Darwin
Harbour WQOs are available in Fortune (2010). Darwin Harbour WQOs have been
developed for ‘slightly disturbed waters’ (Fortune 2010). WQOs for upper estuary waters
of Darwin Harbour are summarised in Table 1.
As reported in Drewry et al. (2010a), the two water quality objective indicators total
suspended sediment and dissolved oxygen (% saturation) are under revision and new
water quality objective values will be developed. This report therefore generally
excludes total suspended sediment and dissolved oxygen (% saturation) from
comparison to water quality objectives.

Table 1 Water quality objectives for upper estuaries in Darwin Harbour.
Indicator and units

pH
Dissolved oxygen (%)
Chlorophyll a (µg/L)
NOx
Ammonia
Total nitrogen
Total phosphorus
FRP
Note: 1 mg/L contains 1000 µg/L.

2.4

Water quality objective for upper
estuary in Darwin Harbour
6-8.5
80-100
<4
<20 (µg N/L)
<20 (µg N/L)
<300 (µg N/L)
<30 (µg P/L)
<10 (µg P/L)

Water quality objective for upper
estuary in Darwin Harbour (as units
commonly presented in this report)
6-8.5
80-100
<4
<0.02 (mg N/L)
<0.02 (mg N/L)
<0.3 (mg N/L)
<0.03 (mg P/L)
<0.01 (mg P/L)

Previous monitoring of water quality in Elizabeth River estuary

Quarterly monitoring at one site in the Elizabeth River estuary was undertaken during
2002-2004 (Duggan 2006). Duggan (2006) concluded that seasonal (i.e., rainfall), rather
than spatial or tidal aspects were more important in causing differences in water quality.
Research in Darwin Harbour indicates that the ocean is a large source of nitrogen to the
Harbour system due to higher N concentrations in incoming tides than outgoing tides
(Burford et al. 2008). Water quality data for the Blackmore River estuary and mid harbour
sites for the 2003 wet and dry season were evaluated by McKinnon et al. (2006). The
study indicated that some nutrient concentrations recorded in the Blackmore River
estuary in the wet season were lower than recorded during the dry season. It was
suggested that lower nutrient concentrations may be caused by later wet season inflows.
There appears to be no such information for the Elizabeth River estuary.
In a study of two tidal creek sites and two Elizabeth River estuary sites during 20062007, in general, oxidised nitrogen (NOx) had the greatest variation during March 2007
samplings (Drewry et al. 2010a). In contrast, total nitrogen and turbidity were likely to
have been associated with surface runoff transport during greater rainfall and freshwater
inflow events (Drewry et al. 2010a). River flows reflect the region’s rainfall, with flows
typically reaching maximum during periods of heavy rainfall between January and March.
By June most seasonal rivers cease to flow. Diffuse source discharge is associated with
wet season flows. The Elizabeth River catchment area surrounding the estuary
(including the Mitchell Creek and Palmerston subcatchments) is estimated to contribute
12-13% of total nitrogen, total phosphorus and total suspended sediment diffuse source
loads to the Harbour (estimated from Skinner et al. 2008).
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The Elizabeth River estuary water quality at upper estuary monitoring sites in good
condition as reported by Fortune et al. (2009). However, some indicators did not comply
with water quality objectives (Fortune et al. 2009). More recent monitoring showed that
all water quality objectives were complied with (Drewry et al. 2010c). Spatial distribution
of chlorophyll a in the estuary showed low chlorophyll a concentrations (<3 µg/L) in the
upper estuary, with values increasing to 10-12 µg/L towards the estuary entrance
(Drewry et al. 2010b). Many areas of the upper estuary had chlorophyll a concentrations
that complied with water quality objectives (Drewry et al. 2010b).
More data are required to evaluate chlorophyll a concentrations further. Further
monitoring and research are required to help quantify nutrient concentrations and
physical indicators throughout the length of the estuary and across a range of wet
season inflows over an entire wet season. There is no such research that we are aware
of in the Elizabeth River estuary.

Figure 2 View of lower Elizabeth River estuary looking towards Blaydin Point (left) and
across the Elizabeth River estuary to Hudson Creek (middle) and Myrmidon Creek
estuary (far left).

2.5

Flood plume monitoring

Storm events in the wet season transport sediment, nutrients and other pollutants to
waterways. Flood plume monitoring of storm event inflows into the marine environment is
useful to evaluate water quality processes. Flood plume monitoring has been
undertaken, for example, in Great Barrier Reef oceanic areas of Queensland (Rohde et
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al. 2008; Bainbridge et al. 2009; Devlin and Schaffelke 2009). Flood plume monitoring is
useful to help understand the extent, concentration, dynamics, and distance transported
of pollutants. Such data can also be useful for evaluating future risk and exposure to
pollutants. Flood plumes have potentially important influences on seagrasses, corals and
other organisms through increased turbidity, nutrients and contaminants (Devlin and
Schaffelke 2009).
While it is common in monitoring programs to measure catchment freshwater, or marine
ambient conditions separately, it is much less common to measure the interactions within
a flood plume and its extent. There are no water quality data that we are aware of on the
extent, longitudinal and depth characteristics of flood plumes in the Darwin Harbour
region.

2.6

Objectives

This report presents flood plume monitoring during the wet season 2010. The objectives
of this study and report were to:
• build knowledge of the state of water quality in Elizabeth River estuary;
• evaluate chlorophyll a mapping and physical indicator mapping; and
• evaluate intensive site and depth monitoring along the length of the estuary
during a flood plume.
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3 METHODS
This section presents methods used in this study.
3.1

Water quality indicators

Water quality indicators used in this study are shown in Table 2.
Table 2 Water quality indicators in this study and why they are used as indicators.
Indicator

What it represents

Why it is used as an indicator

Conductivity

A measure of electrical
conductivity (dissolved
solids, usually salts).
A measure of the acidity
or alkalinity of a solution
Cloudiness in water

Inhibits plant and animal growth if too high.
Provides an indication of freshwater or marine
water.
Important for many chemical and biological
processes.
A measure of the light scattering as a result of
material suspended in water. This affects the
amount of light available for photosynthesis.
Critical for aquatic organisms to survive. Low
dissolved oxygen is the major cause of
freshwater fish kills.

pH
Turbidity

Dissolved oxygen

Chlorophyll a

NOx

Ammonia

A measure of the amount
of oxygen in the water.
Varies with physical and
chemical conditions.
The green component of
plants used in
photosynthesis.
Nitrate + nitrite (dissolved)
forms of nitrogen

Total nitrogen

Total ammonia is the sum
of un-ionised ammonia
and the ammonium forms
of nitrogen
Nitrogen.

Total phosphorus

Phosphorus.

Filterable reactive
phosphorus

Fraction of phosphorus
that passes through a fine
filter.
A pigment produced by
digestion or degradation
of chlorophyll a.

Pheophytin

3.2

Is used as an index of the amount (biomass) of
algae.
Nitrate stimulates plant growth. Travels with
water in solution.
Readily used by aquatic plants. Decomposition
and excretion product. Ammonia can be toxic to
biota.
Nitrogen is essential for living organisms.
Includes all forms of nitrogen.
Phosphorus is essential for living organisms.
Travels predominantly with sediment in water.
Stimulates aquatic plant growth. Travels with
water in solution.
Used as an index of the amount (biomass) of
algae.

Chlorophyll a mapping and fluorometry

Chlorophyll a is a pigment contained in phytoplankton. Chlorophyll a is one of the most
important indicators of eutrophication in water bodies. Chlorophyll-containing organisms
are the first part in most food chains, so the evaluation of chlorophyll a concentration is
important when monitoring the health of an estuarine or freshwater system. Nutrients
associated with diffuse and point sources in urban and other waterways can lead to
increased algae growth.
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Chlorophyll a concentrations can be determined in the laboratory either by fluorescence,
or by light absorption, the latter of which requires greater resources (Pinto et al. 2001).
Fluorescence is a process where some compounds absorb specific wavelengths of light
and almost instantaneously emit longer wavelengths. Chlorophyll a naturally absorbs
blue light and emits, or fluoresces, red light. The measurement of fluorescence of the
water containing the natural plankton is a practical and cost effective method when
evaluating large areas and living phytoplankton when checked with discrete samples for
laboratory analysis (Pinto et al. 2001).

3.2.1

Fluorometry and other sampling

Several sampling campaigns were undertaken pre-, during-, and post-plume. These are
summarised in Table 3.
Table 3 Dates of sampling activities prior to, during and after the flood plume.
Event referred
to

Date
sampled
2010

Mapping

Nutrients and
other indicator
sampling

Pre-plume

19 Feb

Chlorophyll a and
physical indicators

no

Large rainfall
event
During plume

26-28 Feb
yes at 7 sites

Post plume

19 March

Chlorophyll a and
physical indicators
Physical indicators
only

3-4 March

no

Depth
profile
sampling

Other sampling

Myrmidon chlorophyll
mapping
yes at 7
sites
yes at 7
sites

no
no

Chlorophyll a samples and fluorometer readings were taken prior to occurrence of the
flood plume on 19 February 2010. Chlorophyll a samples and fluorometer readings were
also taken after the rainfall event during the flood plume on 4 March 2010.
A Turner 10A fluorometer was used to determine fluorescence of continuously pumped
water, collected from about 20 cm depth, in one longitudinal transect of the estuary. The
fluorometer logged fluorescence values every five seconds. Approximately 2100
fluorometer readings were taken on 19 February, and 2700 on 4 March). The fluorometer
measurements were taken over a 3-5 hour period. Tide times for all sampling dates with
the project are shown in Table 4.
The location of transects for chlorophyll a mapping on the 19 February 2010 and 4
March 2010 are shown in Figure 3. The 19 February 2010 transect included Myrmidon
Creek estuary and Mitchell Creek estuary.
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19 February 2010

4 March 2010

Figure 3 Transects of the Elizabeth River estuary and tributaries for chlorophyll a.
Discrete water quality samples (13 on 19 February; 13 on 4 March) were taken for
laboratory determination of chlorophyll a to calibrate the fluorometer readings (Davies
2004; Pinto et al. 2001; Masson and Pena 2009). Pure chlorophyll a from laboratory
standards is not recommended to be used to calibrate in vivo (field) samples since it
fluoresces with a different intensity to that of chlorophyll a inside living cells (Pinto et al.
2001). Laboratory methods are shown in Table 6.
Table 4 Sampling dates in 2010, times, and low and high tide times.
Note that tide times in Elizabeth River estuary vary from tides quoted below for Darwin
from BOM website.
Date
sampled

Start
time

Finish
time

Sampling
on tide

Tide

19 Feb

0949

1321

Outgoing

4 March

0821

1152

Outgoing

19 March

0818

1039

Outgoing

Time
Height
Time
Height
Time
Height

0311
1.61
0236
0.63
0214
1.17

0903
6.74
0839
7.62
0818
7.21

1445
2.14
1434
1.62
1404
1.99

2052
6.97
2031
7.65
1958
7.10

Tide data from BOM website. Height (m).
http://www.bom.gov.au/oceanography/tides/MAPS/nt.shtml#form

3.2.2

Spatial interpolation, data and statistical analyses

A regression model was used to determine the relationship between the fluorometer
reading and field chlorophyll a values. Spatial data for the fluorometry data were
obtained from a ‘Garmin GPS 60’ logging at 5 second intervals.
A regression model was fitted to the values. Significance was assessed at the P<0.05
level. Regression models were fitted using the statistical package Statistica. Chlorophyll
a spatial interpolation was undertaken with ArcGIS spatial analyst by ordinary kriging
methods.
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3.3

Physical indicator mapping

A Hydrolab multi-parameter probe was used to determine physical measurements of
continuously pumped water into a small bucket, collected from about 20 cm depth, in one
longitudinal transect of the estuary. The Hydrolab was calibrated prior to use for all
samplings. The longitudinal transect was the same as for the fluorometer. The Hydrolab
data was logged every 30 seconds. The physical measurements were temperature, pH,
dissolved oxygen, electrical conductivity, and salinity.
The Hydrolab data logging readings were made for four dates, firstly on 19 February
prior to the plume. Hydrolab data logging readings were also taken during the flood
plume on 3 and 4 March 2010, and after the plume on 19 March 2010. Dissolved oxygen
was measured with a Hydrolab Clark cell DO sensor on 3 March 2010, and LDO sensor
on 19 March 2010. On 4 March 2010 no DO measurements were made. The transects
are shown in Figure 4.
Spatial data for the physical indicator mapping were obtained from a ‘Garmin GPS 60’
track log. Water quality mapping was undertaken with ArcGIS spatial analyst by ordinary
kriging methods.

19 February 2010

3 March 2010

19 March 2010
Figure 4 Transects of the Elizabeth River estuary and tributaries for physical indicators.
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3.4

Water quality profiles

Physical measurements of depth, temperature, pH, dissolved oxygen, electrical
conductivity and salinity were measured with a Hydrolab multi-parameter probe logging
at 1-2 second intervals, while lowering the probe to the bottom and pulling it up again.
The probe was placed in the water to equilibrate for several minutes to enable readings
to stabilise, then data logging commenced while slowly lowering the probe to the bottom
and then slowly pulling it up again. Logging was completed for approximately 3-4
minutes at each site. Dissolved oxygen was measured with a Hydrolab LDO sensor.
Profile sampling was completed on 4 March 2010 (Table 4). Seven sites were sampled
(Figure 5 and Table 5), from site 11 (first site) in the upper navigable part of the estuary
to site 17 (final site) in outer estuary. Site 11 in the upper estuary was 0 km from the start
through to site 17 in outer estuary was 18.5 km from the start.
A later sampling on 19 March 2010 at the same sites for all physical measurements was
completed to evaluate profile changes in estuarine and plume conditions.

17

16

15

14

0

4

km

13

12
11

Figure 5 Site locations for the profile samplings on 4 and 19 March 2010.
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Table 5 Sites and sampling times, location for depth profile sampling 4 March 2010 and
19 March 2010.
Site

11
12
13
14
15
16
17

3.4.1

Lat

-12.58442
-12.57731
-12.56570
-12.55303
-12.53458
-12.51157
-12.50186

Long

131.03403
131.02726
131.00803
130.99150
130.96653
130.93238
130.90530

Distance
from upper
estuary
(km)

Time
sampled 4
March

0
1.1
3.8
6.2
9.6
15.1
18.5

Depth
max (m)
4 March

Time
sampled 19
March

Depth max
(m) 19
March

3.8
3.9
7.2
7.2
7.6
10
10.6

8:18 AM
8:37 AM
9:06 AM
9:25 AM
9:46 AM
10:16 AM
10:37 AM

3.4
3.4
7.3
7
7.7
10.6
12

8:21 AM
8:42 AM
9:10 AM
10:04 AM
10:29 AM
11:13 AM
11:49 AM

Data and statistical analyses

Water quality data from depth profiles of the seven sites were summarised using the
statistical package Statistica. Some data are presented as summary statistics and box
plots.

3.5

Profile nutrients and other indicators

This section presents methods for nutrients and other indicators from sampling of profiles
on 4 March 2010.

3.5.1

Nutrient measurements and laboratory methods

Nutrient samples were taken at surface water (<0.5m depth) and from the middle and
bottom depths of the total water column depth using a hose and pump system. Separate
sample bottles were collected for total and filterable nutrients. All samples were analysed
for total kjeldahl nitrogen (TKN), nitrite (NO2), nitrate (NO3), ammonia-N, total
phosphorus (TP), and filterable reactive phosphorus (FRP). Nutrient samples for nitrite,
nitrate and FRP were filtered with 0.45 µm filters in the field. All samples were collected,
transported and stored using recommended sampling protocols, preservation protocols
and chain of custody documentation.
The chemical and nutrient analyses were carried out by Northern Territory Environmental
Laboratories (NTEL), Berrimah. NTEL is National Association of Testing Authorities
(NATA) accredited. All nutrient samples were determined using APHA standard methods
(Table 6). If required, NOx and total N (TN) can be calculated as follows:
TN = TKN + nitrite + nitrate
NOx = nitrite + nitrate
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Table 6 Laboratory methods for water quality.
Measurement
Nitrate
Nitrite
Ammonia
Total kjeldahl
nitrogen
Filterable reactive P
Total phosphorus
Chlorophyll a
Pheophytin

Method
Automated cadmium reduction
Automated cadmium reduction
Automated phenate method
Sulphuric acid digestion followed by the
automated phenate method
Flow injection analysis for orthophosphate
Persulphate digestion followed by
automated ascorbic acid method
Fluorometry (3) or spectrophotometry (H2)
Fluorometry (3) or spectrophotometry (H2)

APHA (1998) number
4500-NO3 I
4500-NO3 I
4500-NH3 G
4500 TKN D
4500-P F
4500-P H
10200 H (APHA 2005)
10200 H (APHA 2005)

APHA (1998) unless otherwise stated
APHA (2005) for chlorophyll a and pheophytin; method depends on concentration.

3.5.2

Chlorophyll a

Chlorophyll a samples were also taken at the three depths and for chlorophyll a
mapping. Chlorophyll a was filtered by vacuum and Whatman 45 µm filters in the
laboratory upon returning form the field, and kept in dark conditions in a freezer prior to
dispatch to the laboratory. Chlorophyll a and pheophytin (Table 6) were analysed by the
Department of Resources laboratory, Berrimah. All samples were collected, transported
and stored using recommended sampling protocols, preservation protocols and chain of
custody documentation.

3.5.3

Suspended solids and turbidity

Total suspended solids (TSS) and volatile suspended solids (VSS) were taken at surface
water (<0.5m depth) and from the middle and bottom depths. TSS and VSS were
analysed by the Department of Resources laboratory, Berrimah. All samples were
collected, transported and stored using recommended sampling protocols, preservation
protocols and chain of custody documentation.
Turbidity was measured using a using a portable turbidity meter (Hach) at surface,
middle and bottom depths.

3.5.4

Data and statistical analyses

Where concentrations of nutrients and other measurements were below limit of
detection, half the limit of detection was used in calculations. Data are presented as
summary statistics and scatter plots.
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4 RAINFALL AND FLOOD EVENT RESULTS
4.1

Rainfall

Daily rainfall for February and March 2010 is shown in Figure 6 (Elizabeth Valley).
Rainfall data at Elizabeth Valley rainfall station showed 21 mm rain fell over the 10 days
prior to the 19 February 2010. Rainfall data at Elizabeth Valley rainfall station (14222)
shows 258 mm rain fell over the nine days prior to the 4 March 2010. Between 4 March
and 19 March 2010, 88 mm rain was recorded.
120
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18/03/2010

Sampling date

Figure 6 Rainfall (mm) for February and March 2010 at Elizabeth Valley, BOM site
number 14222 and sampling dates.
Rainfall data at Darwin airport, BOM site (14015) showed 16 mm rain fell over the 10
days prior to the 19 February 2010. Rainfall of 394 mm was recorded over the nine days
prior to the 4 March 2010. Between the 4 March and 19 March 2010, 18 mm rain was
recorded.

4.2
4.2.1

Catchment hydrology
Catchment hydrology for flood plume

The Elizabeth River gauge station (G8150018) hydrograph for mean daily flow for
February and March 2010 is shown in Figure 7. Cumulative flow over the five days prior
to the sampling on 4 March 2010 was 10,600 ML. In contrast, cumulative flow over the
five days prior to the sampling on 19 February 2010 was 640 ML.

14

3500
3000

Flow (ML/d)

2500
2000
1500
1000
500
0
30/01/2010

14/02/2010

01/03/2010

Mean daily flow (ML/d)

16/03/2010

31/03/2010

Sampling date

Figure 7 Elizabeth River gauge station (G8150018) mean daily flow (ML/d) and sampling
dates.

4.2.2

Catchment hydrology long term

The Elizabeth River gauge station (G8150018) hydrograph for mean daily flow for 1990mid 2010 is shown in Figure 8 for comparison to the current study. Wet season flows
can commence in December, with the greatest median monthly flow occurring in
February, followed by March and January (Figure 9). Typically, minimal or nil flows occur
from June to November.
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14/12/2000

Mean daily flow ML/day

10/9/2003

6/6/2006
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Figure 8 Elizabeth River gauge station (G8150018) mean daily flow (ML/d) 1990-2010.
Marker indicates the 2010 wet season sampling in this study.
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Figure 9 Elizabeth River gauge station (G8150018) mean monthly total flow (ML) 19902009. Source: Hydstra database, NRETAS.

4.2.3

Catchment pollutant concentrations

Typically, urban land use in the Darwin region has a TSS export coefficient eight times
greater than non-urban land use (Skinner et al. 2009). Urban land use in the Darwin
region has a TN and TP export coefficient three and 10 times, respectively, greater than
non-urban land use (Skinner et al. 2009).
This section presents Elizabeth River gauge station (G8150018) wet season TSS, TN
and TP concentrations for later comparison to data from the estuary plume. TSS, TN and
TP concentrations from the Elizabeth River gauge station are presented in Figure 10 to
Figure 12. The box plots show composite sample concentrations which are flowweighted event mean concentrations sampled during each sampling period, typically 2-3
weeks. Data were obtained from a composite sampling technique at the gauge station,
with methods described in Skinner et al. (2009). Consequently, it is likely that
concentrations shown are lower than may occur for discrete samples.
The area draining the southern residential suburbs of Palmerston and new developments
in the area, for example, drain to the estuary but are not included in the gauge station
data. Note that the Elizabeth River gauge station has an area draining to the gauge of
approximately 10,100 km2, while an estimate of the catchment surrounding the Elizabeth
River estuary is approximately 22,900 km2.
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Figure 10 Box plots for TSS (mg/L) concentration of composite samples for Elizabeth
River gauge station.

Figure 11 Box plots for TP (mg/L) concentration of composite samples for Elizabeth
River gauge station.
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Figure 12 Box plots for TN (mg/L) concentration of composite samples for Elizabeth
River gauge station.
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5 WATER QUALITY MAPPING RESULTS
5.1

Spatial distribution of physical indicators pre-plume

This section presents spatial distribution of physical indicators for the wet season
sampling on 19 February 2010.
The spatial distribution of salinity, conductivity, dissolved oxygen and pH, measured at
approximately 20 cm depth, are shown in Figure 13 to Figure 20. The spatial distribution
indicates that salinity, conductivity and pH were lower in the upper part of the estuary.
Salinity values were 5-12 ppt in the upper navigable part of the estuary, approximately
20-29 ppt in the mid estuary and 31-32 ppt in the outer estuary. Conductivity values were
8,000-15,000 µS/cm in the upper navigable part of the estuary, approximately 30,00045,000 µS/cm in the mid estuary and 45,000-49,000 µS/cm in the outer estuary. The pH
values were 7.2-7.5 in the upper navigable part of the estuary and 7.7-8 in the outer
estuary. DO (% sat) values were 61-65 in the upper to mid Elizabeth River estuary area
and 68-76 in the outer estuary (Figure 15). DO (% sat) values were approximately 60 in
the Myrmidon Creek estuary.
The Elizabeth River estuary results are likely to reflect some influence of freshwater in
the upper estuary, even though there had been little rainfall prior to 19 February 2010.
Rainfall data at Elizabeth Valley rainfall station showed 21 mm rain fell over the 10 days
prior to the 19 February 2010.
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Figure 13 Spatial distribution of salinity (ppt) in Elizabeth River estuary, 19 February
2010.
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Figure 14 Spatial distribution of conductivity (µS/cm) in Elizabeth River estuary, 19
February 2010.
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Figure 15 Spatial distribution of dissolved oxygen (% sat) in Elizabeth River estuary, 19
February 2010.
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Figure 16 Spatial distribution of pH in Elizabeth River estuary, 19 February 2010.

5.2

Spatial distribution of physical indicators during plume

This section presents spatial distribution of physical indicators in the Elizabeth River
estuary during the plume sampling on 3 March 2010. The Myrmidon Creek estuary
region was not measured. The spatial distribution of salinity, conductivity, dissolved
oxygen and pH, measured at approximately 20 cm depth, is shown in Figure 17 to Figure
20.
The spatial distribution of pH, conductivity and salinity indicates low values in the upper
estuary to mid estuary during the plume on 3 March 2010. Low values of conductivity
and salinity indicate inflow of freshwater. Depth profile data in section 7.2 shows
changes in salinity with depth, indicating some stratification in the upper estuary.
The values of salinity were generally lower during the plume along a greater extent of the
estuary, than before on 19 February. The values of salinity at about 20 cm depth, for
example, ranged from 2-18 ppt during the plume while prior to the plume the values were
4-32 ppt. Salinity values at the Elizabeth River estuary bridge were approximately 16 ppt
on 3 March during the plume, but were approximately 28 ppt on 19 February.
There were similar trends for conductivity. Conductivity values at the Elizabeth River
estuary bridge were approximately 25000 µS/cm on 3 March during the plume, but were
approximately 43000 µS/cm on 19 February. The spatial distribution of dissolved oxygen
(% saturation) also indicates low values in the upper to mid estuary (Figure 19).
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Figure 17 Spatial distribution of salinity (ppt) in Elizabeth River estuary, 3 March 2010.
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Figure 18 Spatial distribution of conductivity (µS/cm) in Elizabeth River estuary, 3 March
2010.
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Figure 19 Spatial distribution of dissolved oxygen (% sat) in Elizabeth River estuary, 3
March 2010.
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Figure 20 Spatial distribution of pH in Elizabeth River estuary, 3 March 2010.
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5.3

Spatial distribution of physical indicators post plume

This section presents spatial distribution of physical indicators in the Elizabeth River
estuary during the plume sampling on 19 March 2010. The spatial distribution of salinity
and dissolved oxygen measured at approximately 20 cm depth is shown in Figure 21
and Figure 22, respectively.
The spatial distribution of conductivity and salinity indicates low values in the upper
estuary to mid estuary on 19 March 2010, but were greater than for the previous plume
sampling campaign.
The values of salinity ranged from 2-18 ppt during the plume while two weeks later on 19
March were 24-32 ppt. Salinity values at the Elizabeth River estuary bridge were
approximately 16 ppt on 3 March during the plume, but were greater (27 ppt) during this
later sampling indicating tidal mixing. There were similar trends for conductivity. The
spatial distribution of dissolved oxygen indicated lower values were observed in the
upper estuary than in the outer estuary (Figure 22).
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Figure 21 Spatial distribution of salinity (ppt) in Elizabeth River estuary, 19 March 2010.
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Figure 22 Spatial distribution of dissolved oxygen (% sat) in Elizabeth River estuary, 19
March 2010.

5.4

Comparison of physical indicators pre-plume, during and post-plume

This section presents a comparison of the longitudinal transect data for physical
indicators measured at approximately 20 cm depth, for the pre-plume (19 February
2010), during plume (3 March), and post-plume (19 March) sampling campaigns.
Comparisons of salinity pre-plume, during plume and post-plume are shown in Figure 23
and Figure 24. The sequence of data point values is from the transect start in the upper
estuary (from site 11) to the end of the transect. Salinity values are clearly lowest during
the plume when influence of freshwater volume is greatest (Figure 23 and Figure 24).
Values are greatest post-plume approximately three weeks after the large rainfall event.
Salinity values are intermediate pre-plume but the influence of freshwater is clear in the
upper estuary. Conductivity showed similar trends (Figure 25 and Figure 26).
Dissolved oxygen (% sat) values were generally lower in the post-plume sampling (19
March 2010) compared with the two previous samplings (Figure 27). DO values of the
surface hydrolab logging were generally of a similar range to appropriate values for the
depth profiling.
The influence of freshwater in the main plume, from side tributaries and tidal mixing are
likely reasons for differences in the transect salinity and conductivity values. Note that
the length of transect varied with the date of sampling. All three transects shown were at
least 10 km in length from the upper estuary. Despite these cautions, the trends in
salinity and conductivity pre-plume, during the plume and post-plume are clear.
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Figure 23 Sequence of data points from start of upper estuary for salinity (ppt) preplume, during plume and post-plume.

Figure 24 Box plots for salinity (ppt) pre-plume, during plume and post-plume.
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Figure 25 Sequence from start of upper estuary for conductivity (µS/cm) pre-plume,
during plume and post-plume.

Figure 26 Box plots for conductivity (µS/cm) pre-plume, during plume and post-plume.
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Figure 27 Box plots for DO (% sat) pre-plume, during plume and post-plume.
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6 CHLOROPHYLL A MAPPING RESULTS
This section presents results for 19 February 2010 prior to the flood plume and for 4
March 2010 during the flood plume. This section presents chlorophyll a mapping for 19
February 2010 for (i) Elizabeth River estuary excluding data from a smaller study on
Myrmidon Creek estuary, and (ii) Myrmidon Creek estuary. Results are presented in this
way for chlorophyll a mapping for comparison with pre and during flood plume results.
Myrmidon Creek estuary is influenced by treated wastewater discharge from a STP.
6.1
6.1.1

Elizabeth River estuary
Regression model pre-plume

This section presents results for 19 February 2010 prior to the flood plume. Elizabeth
River estuary data only are presented here. This section excludes the Myrmidon Creek
estuary data because of the influence of treated wastewater.
The regression model is shown in Figure 28. The relationship had a good fit (r2 = 0.70,
P<0.01). Regression statistics and parameters for the relationship are shown in Table 7,
with equation parameters presented in the form of equation 1.
(1)

Chla=bF + c

Where Chla is the concentration of chlorophyll a in the laboratory (µg L–1), F represents
field-based fluorometer value, and b, and c are fitted parameters for slope and intercept,
respectively.

Figure 28 Relationship between field-based fluorometry reading and chlorophyll a (µg/L)
determined by laboratory from samples collected in Elizabeth River estuary 19 February
2010.
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Table 7 Regression model parameters and statistics for Elizabeth River estuary for 19
February 2010 for equation 1.
2

b slope

Std error
for b slope

c intercept

Std error for
c intercept

r

0.38

0.095

0.72

0.60

0.70

6.1.2

P

P<0.01

Chlorophyll a spatial distribution pre-plume

The spatial distribution of chlorophyll a in Elizabeth River estuary on the 19 February
2010 shows values of 3-4 µg/L in the upper navigable part of the estuary (Figure 29).
Concentrations in many areas in the mid to lower estuary of the lower Elizabeth River
estuary were 2-3 µg/L. The greatest values were associated with Myrmidon Creek
estuary. Myrmidon Creek results are presented separately in section 6.2.
The Elizabeth River estuary chlorophyll a results indicate water quality for this indicator
was in good condition on 19 February 2010 and complied with water quality objectives.
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Figure 29 Spatial distribution of chlorophyll a (µg/L) in Elizabeth River estuary on 19
February 2010, prior to the flood plume.
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6.1.3

Regression model during plume

This section presents chlorophyll results for 4 March 2010 during the flood plume. The
fitted regression model had a poor fit (r2 = 0.02, P=NS), most likely due to a small range
of values measured. Regression statistics and parameters are shown in Table 8.
Table 8 Regression model parameters and statistics for 4 March 2010 equation 1.
2

b slope

Std error
for b slope

c intercept

Std error for
c intercept

r

0.090

0.28

1.09

1.47

0.02

6.1.4

P

NS

Chlorophyll a spatial distribution during plume

This section presents results of the spatial distribution of chlorophyll a for the estuary,
during the flood plume, sampled on 4 March 2010.
The spatial distribution of chlorophyll a in Elizabeth River estuary on 4 March 2010
during the plume had values in the range of 1.4-1.8 µg/L (Figure 30). Chlorophyll a
concentrations on 4 March 2010 were greatest in several smaller areas of the upper
estuary, Mitchell Creek estuary and a small area in the outer estuary.
The chlorophyll a results indicate water quality for this indicator in the Elizabeth River
estuary was in good condition on 4 March 2010.
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Figure 30 Spatial distribution of chlorophyll a (µg/L) in Elizabeth River estuary, 4 March
2010.
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6.2

Myrmidon Creek estuary

6.2.1

Regression model

This section presents results for 19 February 2010 for Myrmidon Creek estuary. This
section is not directly related to the flood plume part of the report. Myrmidon Creek
estuary is influenced by treated wastewater discharge from a sewage treatment plant.
These results contain additional chlorophyll a samples collected in Myrmidon Creek
estuary, and are therefore representative of this estuary. The pooled Elizabeth River
estuary and Myrmidon Creek estuary data are presented here. The regression model is
shown in Figure 31. The relationship had a good fit (r2 = 0.83, P<0.001). Regression
statistics and parameters for the relationship are shown in Table 9, with equation
parameters presented in the form of equation 1.

Figure 31 Relationship between field-based fluorometry reading and chlorophyll a
determined by laboratory from the pooled Elizabeth River estuary and Myrmidon Creek
estuary data from 19 February 2010.
Table 9 Regression model parameters and statistics for the pooled Elizabeth River
estuary and Myrmidon Creek estuary data for 19 February 2010 for equation 1.
2

b slope

Std error
for b slope

c intercept

Std error for
c intercept

r

2.71

0.37

-12.8

4.13

0.83

6.2.2

P

P<0.001

Chlorophyll a spatial distribution

Chlorophyll a concentrations in Myrmidon Creek estuary were greatest near the
Palmerston STP discharge point with a plume extending seaward (Figure 32).
Chlorophyll a concentrations in the Myrmidon Creek estuary near the STP discharge

32

point were >50 µg/L, with concentrations falling to 20-30 µg/L in areas about halfway to
the Myrmidon Creek estuary entrance. Chlorophyll a concentrations near the estuary
entrance were 3-6 µg/L where the discharge influence was still apparent. In the other half
of the estuary where there was no influence observed, concentrations were <2 µg/L.
Concentrations in the Myrmidon Creek estuary were not measured on 4 March or 19
March 2010.
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Figure 32 Spatial distribution of chlorophyll a (µg/L) in Myrmidon Creek estuary on 19
February 2010. The Palmerston STP outfall location is also shown.
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7 WATER QUALITY DEPTH PROFILE RESULTS
This section reports water depth profile data at seven sites sampled 4 March 2010 after
the rainfall event, and again on 19 March 2010. Site details were presented in section
3.4.
7.1

Summary of data during plume

Summary statistics for the seven sites across all depths are presented in Table 10. The
physical water quality indicators (pH, conductivity and salinity) show that water quality
particularly in the upper estuary (sites 11 and 12), is heavily influenced by inflow of
freshwater. In the mid estuary, water quality is influenced by inflow of freshwater, but to a
lesser extent than the upper estuary. There were generally greater values for
conductivity, salinity, and pH at sites 16 and 17 (in outer estuary), indicating less
influence of freshwater inflow than in the upper estuary. Even at site 17, there was still
influence of freshwater, for example, salinity had not yet reached typical marine values of
approximately 33 ppt. It is likely the flood plume influence extended beyond the last site
measured. The results in Table 10 are across the total water column depth, and further
details with depth are presented in the following sections.
Table 10 Summary statistics for physical indicators for sites for 4 March 2010.
Site

Conductivity (µS/cm)
Mean
Std.Dev.
Median

11
12
13
14
15
16
17

5800
21100
33000
35600
38700
42700
43700

710
670
2520
2880
1510
180
670

Site

Mean

Salinity (ppt)
Std.Dev.

Mean

Std.Dev.

6000
21500
33800
36600
39300
42600
44000

55
49
50
50
53
55
59

1.8
0.5
3.2
0.4
2.2
2.3
2.1

Median

Mean

Std.Dev.

DO (% sat)
Median

P20

P80

54
48
48
50
52
56
58

54
48
48
50
52
55
58

55
49
49
51
53
56
58

pH
Median

P20

P80

11
3.2
0.4
3.3
7.5
0.03
7.5
7.5
7.5
12
12.6
0.4
12.9
7.7
0.01
7.7
7.7
7.7
13
20.7
1.7
21.2
7.9
0.04
7.9
7.9
7.9
14
22.4
2.0
23.1
7.9
0.05
8.0
7.9
8.0
15
24.6
1.1
25.0
8.0
0.02
8.0
8.0
8.0
16
27.5
0.1
27.5
8.1
0.01
8.1
8.1
8.1
17
28.3
0.5
28.4
8.1
0.01
8.2
8.1
8.2
th
th
Notes: P20 is 20 percentile; P80 is 80 percentile. Number of readings varies from 60 at site 11 to 117 at
site 16.
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7.2

Sites by depth during plume

Data for each site and depth on 4 March 2010 during the plume for salinity, conductivity,
DO (% sat) and pH values are presented as box plots in Figure 33 to Figure 36. Salinity,
conductivity, DO (% sat) and pH values, in general, varied more at <1 m depths than for
deeper depths. There was much less variation of salinity with depth at sites 16 and 17.
The salinity and pH were greater and less variable for the outer estuary. Sites from upper
to mid estuary (sites 11 to 14) show the influence of freshwater from the catchment
through reduced salinity and conductivity values. These data show the influence of some
stratification of the water column, i.e. the influence of a layer of freshwater over marine
water especially in the mid estuary region, for example at sites 13, 14, 15.

Figure 33 Box plots for salinity (ppt) for each site and depth for 4 March 2010.
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Figure 34 Box plots for conductivity (µ
µS/cm) for each site and depth for 4 March 2010.

Figure 35 Box plots for DO (% sat) for each site and depth for 4 March 2010.
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Figure 36 Box plots for pH for each site and depth for 4 March 2010.

7.3

Summary of data post plume

Summary statistics for the sites across all depths for the 19 March 2010 sampling are
presented in Table 11. Sites from upper to about the mid estuary (sites 11 to 13) show
the influence of freshwater from the catchment through reduced salinity, pH and
conductivity values. DO (% sat) values are also less in the upper estuary sites than in the
outer estuary sites.
The influence of freshwater was still apparent three weeks after the large rainfall event.
Conductivity values, for example, show the influence of freshwater in the upper estuary,
but values across the profiles are greater (e.g., 27,800 µS/cm at site 11) than for the
sampling campaign on 4 March (e.g., 5,800 µS/cm at site 11), indicating a greater mixing
of marine water. Conductivity values were greatest at site 17 in the outer estuary. Note
that the results are across the total water depth, and further details with depth are
presented in the following sections.
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Table 11 Summary statistics for physical indicators for sites for 19 March 2010.
Site

Conductivity (µS/cm)
Mean
Std.Dev.
Median

Mean

Std.Dev.

DO (% sat)
Median

P20

P80

11
12
13
14
15
16
17

27800
38900
43000
46200
48100
49600
50000

1710
420
2570
1430
150
210
50

29000
39100
44400
46800
48200
49600
50100

47
46
49
52
56
60
61

1.5
0.5
1.1
0.9
0.9
0.2
0.3

46
46
49
52
56
60
61

46
45
48
52
55
60
61

49
46
49
53
57
60
62

Site

Mean

Salinity (ppt)
Std.Dev.

Median

Mean

Std.Dev.

pH
Median

P20

P80

11
17.1
1.2
17.9
7.1
0.02
7.2
7.1
12
24.8
0.3
24.9
7.3
0.01
7.3
7.3
13
27.8
1.8
28.7
7.4
0.09
7.5
7.3
14
30.0
1.0
30.5
7.6
0.07
7.6
7.6
15
31.4
0.1
31.5
7.7
0.01
7.7
7.7
16
32.5
0.2
32.5
7.8
0.01
7.8
7.8
17
32.9
0.0
32.9
7.8
0.01
7.8
7.8
th
th
Notes: P20 is 20 percentile; P80 is 80 percentile. Number of readings varies from 40-58 per site.

7.4

7.2
7.3
7.5
7.6
7.7
7.8
7.8

Sites by depth post plume

Data for each site and depth for 19 March 2010 are presented as box plots in Figure 37
to Figure 40. This sampling was approximately three weeks after the large rainfall event,
and two weeks after the previous sampling.
Sites from upper to about the mid estuary (sites 11 to 14) show the influence of
freshwater from the catchment through reduced salinity, pH and conductivity values. Of
note is that the influence of freshwater is still apparent three weeks after the large rainfall
event. Salinity values, for example, show the influence of freshwater in the upper
estuary, but values are greater (e.g., 15-18 ppt at site 11) than for the sampling
campaign on 4 March (e.g., <4 ppt at site 11), indicating a greater mixing of marine
water.
The values of the physical indicators were generally greater and less variable at the
outer estuary sites than at the upper estuary.
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Figure 37 Box plots for salinity (ppt) for each site and depth for 19 March 2010.

Figure 38 Box plots for conductivity (µS/cm) for each site and depth for 19 March 2010.
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Figure 39 Box plots for pH for each site and depth for 19 March 2010.

Figure 40 Box plots for DO (% sat) for each site and depth for 19 March 2010.
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8 WATER QUALITY RESULTS FOR NUTRIENTS AND OTHER
INDICATORS
This section presents the results for nutrients and other indicators from the sampling on
4 March 2010 sampled during the flood plume.

8.1

Site

Summary statistics for each site across all three depths are presented in Table 12.
Further details are presented in the following section.
Chlorophyll a concentrations at the seven sites were all considered low. Overall there
were few discernable trends and patterns with site for nutrients and other indicators in
this section. Turbidity and TSS concentration tended to increase from the upper estuary
to the outer estuary sites.
Table 12 Summary statistics for each site for nutrients and other indicators on 4 March
2010.
Site
11
12
13
14
15
16
17

NOx-N (mg/L)
Mean
Std.Dev.
0.024
0.007
0.029
0.001
0.024
0.004
0.036
0.003
0.033
0.007
0.031
0.011
0.037
0.013

Ammonia-N (mg/L)
Mean
Std.Dev.
0.032
0.011
0.041
0.003
0.044
0.006
0.042
0.005
0.042
0.004
0.034
0.004
0.034
0.003

TN (mg/L)
Mean
Std.Dev.
0.38
0.18
0.14
0.04
0.20
0.12
0.42
0.33
0.42
0.21
0.57
0.21
0.41
0.05

Site
11
12
13
14
15
16
17

FRP (mg/L)
Mean
Std.Dev.
0.004
0.002
0.004
0.000
0.004
0.001
0.006
0.002
0.006
0.002
0.006
0.002
0.007
0.002

TP (mg/L)
Mean
Std.Dev.
0.027
0.003
0.032
0.006
0.016
0.014
0.008
0.010
0.003
0.000
0.003
0.000
0.013
0.019

Chlorophyll a (ug/L)
Mean
Std.Dev.
0.9
0.3
1.1
0.3
1.6
0.5
1.6
0.5
1.5
0.2
1.3
0.2
0.9
0.1

TSS (mg/L)
VSS (mg/L)
Site
Mean
Std.Dev.
Mean
Std.Dev.
11
10
3
5
2
12
17
4
8
1
13
23
14
7
3
14
36
37
12
9
15
63
40
15
9
16
61
14
13
3
17
51
15
11
6
N is number of samples per site is 3.

Turbidity (NTU)
Mean
Std.Dev.
11
1
13
4
14
9
20
20
30
18
37
8
30
11
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8.2

Site and depth

Data for each site and depth are presented in this section. Nutrients, chlorophyll a and
TSS values for each site and depth (surface, middle and bottom) are shown in Figure 41
to Figure 48.
Overall there were few discernable trends and patterns with site, or with depth, so it is
difficult to draw strong conclusions from the data. Turbidity and TSS concentration
tended to increase at several outer estuary sites.

Figure 41 Scatter plots for NOx (mg N/L) for each site and depth.
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Figure 42 Scatter plots for ammonia-N (mg N/L) for each site and depth.

Figure 43 Scatter plots for TN (mg N/L) for each site and depth.
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Figure 44 Scatter plots for TP (mg P/L) for each site and depth.

Figure 45 Scatter plots for FRP (mg P/L) for each site and depth.
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Figure 46 Scatter plots for TSS (mg/L) for each site and depth.

Figure 47 Scatter plots for turbidity (NTU) for each site and depth.
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Figure 48 Scatter plots for chlorophyll a (µg/L) for each site and depth.
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9 COMPARISON WITH WATER QUALITY OBJECTIVES
The chlorophyll a results indicate water quality in the Elizabeth River estuary was in good
condition on 19 February 2010, with areas in the Elizabeth River estuary complying with
upper estuary water quality objectives.
The spatial distribution of chlorophyll a in Elizabeth River estuary on 4 March 2010
during the plume had values up to 1.8 µg/L. Values were considered low, and below the
upper estuary water quality objective.
This study indicated that mean values of TN and TP indicators on 4 March 2010 across
many of the seven Elizabeth River estuary sites exceeded upper estuary water quality
objectives (Table 12). Mean values across all seven sites exceeded water quality
objectives for NOx, ammonia, TN, TSS concentrations. Mean values of FRP and
chlorophyll a across all sites complied with water quality objectives (Table 12).
Median values of pH across all seven sites complied with upper estuary water quality
objectives on 4 and 19 March 2010. Most parts of Elizabeth River estuary, for example,
had chlorophyll a concentrations that complied with upper estuary water quality
objectives on 19 February 2010. All values of pH complied with upper estuary water
quality objectives on 19 February 2010.
As noted in section 2.3 the water quality objectives for dissolved oxygen and TSS are
under revision. For comparison with water quality objectives, it is preferable to compare
indicator values collected at regular intervals over a period of time, such as one year. In
this report, values were compared from data collected over a short period, so some
caution should therefore be used when interpreting these results.
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10 DISCUSSION
10.1 Flood plume influence in Elizabeth River estuary
Storm events in the wet season transport freshwater and pollutants to waterways and the
Harbour. Monitoring the flood plume in the Elizabeth River estuary was useful to
evaluate processes such as the influence of the plume, water quality indicators and their
spatial distribution. Monitoring catchment processes and the influence of a flood plume
can provide a linkage between catchment and marine processes.
Physical water quality indicators, such as salinity, pH and conductivity, showed the
influence of freshwater remaining in the upper estuary prior to the flood plume. The same
indicators showed to a greater extent the influence of freshwater in the flood plume
particularly in the upper estuary. Parts of the upper estuary were predominantly
freshwater to the depth of the water column after the large rainfall event.
Depth profiling revealed the influence of some stratification of freshwater over marine
water. The salinity, conductivity and pH data, for example, showed the influence of some
stratification, i.e. the influence of a layer of freshwater over marine water especially in the
mid estuary region at sites 13, 14, 15 on 4 March 2010. Upper estuary areas tended to
be only freshwater on that sampling date. Other studies have also reported estuarine
stratification associated with inflows (Dong et al. 2004; Eyre 1998). Flood plumes in
confined estuarine waters are likely to disperse more slowly than in oceanic waters.
Concentrations of TN and chlorophyll a were lower in this study on 4 March 2010 than
several samplings in the 2006/07 wet season in the Elizabeth River estuary region.
Although values varied considerably with samplings, mean TN and chlorophyll a
concentrations were approximately 1.2 mg/L and 11µg/L, respectively for the 2006/07
wet season (Drewry et al. 2010a). In contrast, concentrations of TN and chlorophyll a on
4 March 2010 in the plume were approximately 0.4 mg/L and 1 µg/L, respectively.
Monitoring a greater number of plume events will increase knowledge of temporal
patterns of pollutants and processes.
10.2 Water quality in Myrmidon Creek estuary
The evaluation of water quality in Myrmidon Creek estuary was only a minor part of this
project, and was not related to the main flood plume monitoring. Myrmidon Creek
monitoring sites are influenced by the treated wastewater discharged from the
Palmerston sewage treatment plant, and may be within a mixing zone. The treatment
plant is subject to a Waste Discharge Licence. The Palmerston wastewater treatment
plant uses a treatment system utilising a combination of sunlight, micro-organisms and
algae to break down the raw wastewater. The presence of elevated concentrations of
chlorophyll in the estuary could be associated with algae present in the treated
wastewater discharge, or from algal growth in the estuary, or a combination. Chlorophyll
a concentrations were greatest associated with the influence from the discharge point
with concentrations falling towards the estuary entrance, most likely as dilution occurred.
The effect of treated wastewater discharge in the well flushed Myrmidon Creek has been
reported as only temporary and localised (Smith and Haese 2009).
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10.3 Recommendations for further research
Further monitoring of each site prior to the freshwater inflows is recommended.
Monitoring a greater number of plume events, and some dry season conditions, would
also be worthwhile to gain increased knowledge of temporal patterns. Wet season
freshwater inflow is likely to carry nutrients from the catchment, and therefore algal
growth is expected to increase. Increased replication of nutrient and other indicators
during the flood plume may also be worthwhile to help better evaluate future data.
Further research is required to quantify these processes.
We recommend deployment of Hydrolab or similar logging equipment in river and
estuarine locations to improve time series data capture and further evaluate temporal
changes prior to, during and after flood plumes. Such data will help build knowledge of
catchment and estuarine processes and the integration of these processes. The effects
and consequences of flood plumes on benthic organisms, including coral and seagrass
are unknown in the region, so further research is needed.
Intensive monitoring programs such as this study are essential to build knowledge of
processes in the Elizabeth River estuary.
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11 CONCLUSIONS
The chlorophyll a results indicate water quality in the Elizabeth River estuary was in good
condition on 19 February 2010 prior to the plume. Areas in the Elizabeth River estuary
complied with upper estuary water quality objectives. The spatial distribution of salinity
and other physical indicators reflected the influence of freshwater in the upper estuary,
even though there had been little rainfall prior to the February sampling.
The spatial distribution of pH, conductivity and salinity indicated low values in the upper
estuary to mid estuary during the plume. The values of physical indicators such as
salinity were lower during the plume along a greater extent of the estuary than before,
reflecting the freshwater input. During the flood plume chlorophyll a concentrations were
considered low, and all complied with water quality objectives.
Physical water quality indicators using depth profiling and spatial distributions were very
useful to determine the plume extent. There was much less variation in salinity and
conductivity values, for example, for the outer estuary sites, indicating well mixed marine
conditions at those sites. The influence of the flood plume was apparent at the furthest
site, but is likely to have extended beyond the sites measured. Overall there were few
discernable trends and patterns with site or with depth for nutrient indicators measured
during the plume.
A sampling campaign three weeks after the large rainfall event indicated the upper to
mid estuary still showed the influence of freshwater from the catchment through reduced
salinity, pH and conductivity values. The influence of freshwater in a large proportion of
the estuary was still apparent three weeks after the large rainfall event.
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13 ACRONYMS AND ABBREVIATIONS
Acronym or
abbreviation

Definition

AHU
DO
FRP
NTG
NRETAS
STP
TN
TP
WQO

Aquatic Health Unit
Dissolved oxygen
Filterable reactive phosphorus
Northern Territory Government
Department of Natural Resources, Environment, The Arts and Sport
Sewage treatment plant
Total nitrogen
Total phosphorus
Water quality objective
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14 GLOSSARY
Key water quality indicators were described in an earlier section.
Terms

Definition

Ambient water
quality
Diffuse source

Background water quality levels in waterways. In freshwater
streams this commonly refers to low flow (non event) conditions.
Refers to transport (such as runoff) from non-point sources such as
urban paved or non-paved areas, hillslopes, agricultural land and
forest.
The capacity of tidal movement to dilute a body of water.
Discharge from a single point, such as an outlet pipe. Can refer to
runoff or wastewater discharges.
A facility that processes wastewater and partially removes
materials that damage water quality.
Water quality objectives act as local waterbody guideline levels
and/or reference levels to help guide planning and water
management. Water quality objectives describe the water quality
needed to protect Beneficial Uses identified by the community.

Flushing
Point source
Sewage
treatment plant
Water quality
objective
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