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433  Tide with Constant Shore-parallel Winds 250 ML/day (Scenarios 4 & 5)

Results for the run with tidal and constant shore parallel wind forcing from both the SE and NW
directions are shown below in Figure 4.9 and Figure 4.10 respectively. Interestingly the results from the
two directions are quite different due primarily to the effects of the earth's rotation. The deep water
upwelling favourable SE winds produce the longest shoreline footprint with the plume extending some
1.5 km alongshore to the 1 ppt excess salinity (37 ppt). For the NW shore-parallel winds the plume
forms a downwelling favourable flow and extends offshore with a shoreline footprint of around 1.5 km
to the 1 ppt excess value.

The near bottom plume footprint area under the SE winds is considerably smaller than the NW results
because of the greater wind driven mixing in shallower waters. These conditions of winds blowing for 2
days from the same shore parallel direction and no waves occur very infrequently and most of the time
the plume footprint for the conditions of dodge tide with constant shore parallel winds is likely to be
considerably smaller than indicated here.
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Figure 4.9 Plan view of bottom salinity for the tide and constant shore parallel SE wind case after 2
days
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Figure 4.10 Plan view of bottom salinity for the tide and constant shore parallel SE wind case after 2
days

434  Tide with Constant Shore-parallel Winds 250 ML/day - 9 days (Scenario 6)

Results are presented in the plan view (Figure 4.11) showing the bottom layer salinity at the end of the
model run (~ 9 days) during slack water. The saline plume is clearly swept alongshore toward the NW
and the results are similar to the previous 2 day run described in the previous section. Following the
longer exposure to the SE winds and larger tidal range the plume extends a little further to the NW.

The time series of bottom salinity at a series of locations 200 m from the discharge are shown in Figure
4.12. The plume is clearly swept to the NW and superposed by tidal oscillations as indicated by the
trace at the NW location.

At 200m NW of the discharge (red line in figure 4.12) the general salinity has increased from the ocean
salinity of 36 ppt to about 38 ppt with tidal oscillations of about 1.25 ppt. At 200m SW and SE of the
discharge the tidal oscillations are much weaker and general salinity increase is around 0.25 ppt above
the ocean salinity of 36 ppt.

The results suggest that running the model for the longer period of SE winds does not significantly
affect the saline plume dispersion.
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Figure 4.11 Bottom Layer Salinity for Tides with SE wind 5 m/s after 9 days simulation
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Figure 4.12 Bottom Layer Salinity time series for case of Tides with constant SE Wind at selected
locations from the discharge (SE, 200m SW, 200m NW and 200m SE of the discharge).
435 Tide with No Winds 250 ML/day - 9 days (Scenario 7)

Results for the case of tide with no winds long term model run are presented in Figures 4.13 and 4.14.
Comparing the results with the worst case winds (constant shore parallel SE winds) presented in
Section 4.3.4 shows that the plume covers a slightly larger area with reasonably symmetric distribution

aurecon
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around the discharge. With no wind the dispersive mixing is reduced and hence the saline footprint is
slightly larger than the case with winds and tidal currents.
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Figure 4.13 Bottom Layer Salinity for Tides and no winds after 9 days simulation
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Figure 4.14 Cross section view of Salinity for Tides and no winds after 9 days simulation
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5. Conclusions

On the basis of the findings of this preliminary hydrodynamics and dispersion assessment, it may be
concluded that the saline discharge is likely to rapidly disperse into the high energy Southern Ocean
marine environment. The natural dispersion processes in the coastal ocean are highly dynamic
fluctuating with the weather and tidal conditions. The results presented have focused on the worst case
conditions that produce the largest plume footprint. These conditions include the neap tides with very
low waves and either low winds or shore-parallel winds situations. Analyses of wind records indicate
that these worst case conditions are likely to persist less than 1 % of the time and hence most of the
time the plume footprint will be smaller than indicated by these results. The 3 ppt excess salinity (39
ppt and 38 fold dilution) is likely to be confined within a distance of less than 200 m of the discharge
during the worst case conditions. The 1 ppt excess salinity (37 ppt and 100 fold dilution) extends
around 2 km offshore under the worst case scenarios and is within a similar distance alongshore under
the influence of the SE shore-parallel winds.

5.1 Recommendations for Baseline Studies

Results presented above provide a reasonable overview of the dispersion of the proposed discharge
plume and discuss the possible engineering constraints on the construction of the proposed system.
Assuming that the project were to receive approval to proceed then additional information is required to
provide a basic information for the preparation of concept design engineering hydraulic assessment
and drawings to enable further refinement of the concept presented here. Further studies include

. Pipeline route
o] Detailed terrain survey
o] Identification of potential ASS areas
. Hydrodynamic modelling calibration/verification data
o] Littoral currents in the surf zone
o] near bottom currents (in say 10 m depth)
o] sediment transport estimates

The data collection exercise of at least 3 months deployment would likely take up to 5 months and cost
around $80,000. These data would then be suitable to further refine the hydrodynamic model or assist
to define a monitoring regime to test the performance of the system when installed.
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Monthly Climate Statistics for Goolwa (Hindmarsh Island Marina)

Created on [ 26 Mar 2009 07:18:33 GMT]

023849 GOOLWA (HINDMARSH ISLAND MARINA)
Commenced: 1989

Last Record: 2003

Latitude: 35.51 Degrees South

Longitude: 138.80 Degrees East

Elevation: 3m

State: SA

Statistic Element

Mean maximum temperature (Degrees C)

Highest temperature (Degrees C)

Date of Highest temperature

Lowest maximum temperature (Degrees C)

Date of Lowest maximum temperature

Decile 1 maximum temperature (Degrees C) for years 1989 to 2003
Decile 9 maximum temperature (Degrees C) for years 1989 to 2003
Mean number of days >= 30 Degrees C

Mean number of days >= 35 Degrees C

Mean number of days >= 40 Degrees C

Mean minimum temperature (Degrees C)

Lowest temperature (Degrees C)

Date of Lowest temperature

Highest minimum temperature (Degrees C)

Date of Highest minimum temperature

Decile 1 minimum temperature (Degrees C) for years 1989 to 2003
Decile 9 minimum temperature (Degrees C) for years 1989 to 2003
Mean number of days <= 2 Degrees C

Mean number of days <= 0 Degrees C

Mean daily ground minimum temperature Degrees C

Lowest ground temperature Degrees C

Date of Lowest ground temperature

Mean number of days ground min. temp. <= -1 Degrees C
Mean rainfall (mm)

Highest rainfall (mm)

Date of Highest rainfall

Lowest rainfall (mm)

Date of Lowest rainfall

Decile 1 monthly rainfall (mm) for years 1989 to 2002

Decile 5 (median) monthly rainfall (mm) for years 1989 to 2002
Decile 9 monthly rainfall (mm) for years 1989 to 2002

Highest daily rainfall (mm)

Date of Highest daily rainfall

Mean number of days of rain

Mean number of days of rain >= 1 mm

Mean number of days of rain >= 10 mm

Mean number of days of rain >= 25 mm

Mean daily wind run (km)

Maximum wind gust speed (km/h)

Date of Maximum wind gust speed

Mean daily sunshine (hours)

Mean daily solar exposure (MJ/(m*m))

Mean number of clear days

Mean number of cloudy days

January
23.6
43
14-Jan-96
16.5
8-Jan-92
18.3
345
5.6
2.9
04
154
7.8
8-Jan-95
25.7
21-Jan-97
12
18.6
0
0

12.8
30.6
1997
2
1992
3.2
11.7
24.2
19
22-Jan-97
52
2.6
0.2
0

26.7
43
13.4

February
244
41.3
2-Feb-00
16.5
21-Feb-93
18.5
36.4
6.2
3.5
0.5
15.5
9.1
26-Feb-92
25
8-Feb-01
11.9
19.1
0
0

14.4
63.4
2000
0
1991
44
10.8
224
244
20-Feb-00
4.5
2.8
0.4

0

23.7
6.8
11.5

March
221
39.1
17-Mar-00
135
14-Mar-90
17.9
31.2
4
0.8
0
13.9
74
16-Mar-95
226
2-Mar-00
10
171
0
0

18.6
58.8
1992
0.2
1994
24
12.6
49.5
24.4
1-Mar-92
74
4.1
05
0

19.2
5.8
13.5

April
20.6
35.4
3-Apr-92
14.5
27-Apr-99
16.4
274
1.2
0.1
0
11.8
5
26-Apr-00
19.3
24-Apr-02
7.9
15.3
0
0

21.7
83.4
1992
2.1
1993
54
224
62.5
43
6-Apr-92
10
6.3
0.5
0.2

13.2

153

May June
18.1 15.8
28.9 25.5
7-May-02  5-Jun-98
12.6 9.5
16-May-92  1-Jun-89
14.5 13.3
228 18.5
0 0
0 0
0 0
9.7 8.4
1.2 0.6
12-May-94  18-Jun-98
18.7 15
3-May-99  24-Jun-91
5.6 45
13 11.5
0.2 0.3
0 0
41 59.8
63.4 108
1995 1991
12.7 26.8
1990 1997
24.7 40
426 54.8
52.3 78.4
37 38.3
3-May-95  7-Jun-94
15.8 18.1
9.2 1.7
0.7 1.2
0.2 0.1
9.2 7.6
2.3 1.6
19.2 171

July August
15.4 16
229 27

27-Jul-02  24-Aug-95

9.8 11.5
8-Jul-91  26-Aug-89
12.7 13
18.3 20

0 0

0 0

0 0

7.7 7.7

2 1
14-Jul-98  31-Aug-94
13 14
8-Jul-94  16-Aug-01
4.6 4.5

10.4 10.5

0.1 0.4

0 0

60.5 53

98 79.3

1995 1996
25.2 214
1997 1995
39.9 41.2
60.5 48
86.1 74.9

36 19.8
8-Jul-93  26-Aug-01
19.8 17.8
11.2 11.3

14 0.8

0.1 0

8.5 11.8

25 4.4

14.7 15.4

September
18

314
28-Sep-99
12
5-Sep-95
13.8

23.8

0.1

0

0

9

34
11-Sep-02
16
30-Sep-01
5.8

12

0

0

50.6
99
1992
215
1994
23.6
46
78.2
30.6
25-Sep-92
14.9
8.5
1.3
0.1

16
35
15.2

October
19.9
34.7
17-Oct-98
12.5
10-Oct-93
14.9
275
1.6
0
0
10.7
4.3
7-Oct-90
20.5
26-Oct-97
6.9
14.1
0
0

40.6
82.7
2000
8.2
1991
18.6
414
61.8
45
31-Oct-97
12.7
8.1
0.8
0.1

20.2
3.6
15.7

November
21.2

415
30-Nov-93
13.5
1-Nov-94
15.9

30.2

34

0.8

0.1

12.4

58
1-Nov-98
25
26-Nov-97
8.9

15.5

0

0

278
63.1
1997
14
1990
4.8
283
56.4
45.6
1-Nov-97
9.9
5.5
0.6
0.1

24.3
3.9
15.1

December  Annual

21.9 19.7
41.2 43
11-Dec-98  14-Jan-96
15.5 95
9-Dec-90 1-Jun-89
171
31.3
3.9 26
1.1 9.2
0.1 1.1
13.9 11.3
7 0.6
1-Dec-94  18-Jun-98
22.6 25.7
12-Dec-98  21-Jan-97
10.8
17
0 1
0 0
304 4422
185.4 755.5
1992 1992
2.8 3554
2000 1994
47 360.7
14.7 423.6
40.7 450.7
904 904
19-Dec-92  19-Dec-92
8.1 144.2
45 85.8
0.7 9.1
0.1
25.8 17.2
3.6 46.3
154 181.5

Number of Years

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

14
14

14

14
14
14
14
14
14
14

14

14
14
14
14

14
14

14

14
14
14
14

14
14
14
14

19
14
14

Start Year

1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989

1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989

2002
2002

1990
1989
1989

End Year

2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003

2002
2002
2002
2002
2002
2002
2002
2002
2003
2003
2002
2003
2003
2003

2002
2002

2009
2003
2003



Mean daily evaporation (mm)

Mean 9am temperature (Degrees C)

Mean 9am wet bulb temperature (Degrees C)

Mean 9am dew point temperature (Degrees C)

Mean 9am relative humidity (%)

Mean 9am cloud cover (okas)

Mean 9am wind speed (km/h) for years 1989 to 2003
Mean 3pm temperature (Degrees C)

Mean 3pm wet bulb temperature (Degrees C)

Mean 3pm dew point temperature (Degrees C)

Mean 3pm relative humidity (%)

Mean 3pm cloud cover (oktas)

Mean 3pm wind speed (km/h) for years 1989 to 2003

19.2
15.7
13.1
70
5.4
15.5
214
171
13.9
67
45
21.7

19.3
16.2
13.5

71

13.8
22.1
17.5
13.9

65

4.2
20.8

17.5
14.8
12.6
74
52
13.1
20.4
16.2
12.8
65
4.7
18.9

16.1
13.4
10.9
74
5.5
13
18.9
14.7
11.1
64
5.2
16.9

13.5
11.6
9.8
80
5.8
11
16.8
13.2
9.9
66

15.2

11.5
10.1
8.7
84
5.6
12.4
14.6
11.9
9.1
4l
5.9
15.5

10.8
9.5
7.9

83
5.4

1.7

14.2

11.5
8.6

7
5.7
16.6

1.7
9.7
7.5

77
5.1

14.5

14.7

11.2
7.6

64
54
18.9

13.8
11.4
8.9
74
5.4
14.8
16.4
12.7
9.2
65
5.4
17.9

15.9
124
9.1
67
5.4
16.7
17.6
13.4
9.3
62
5.1
19.7

16.6
13.3
10.3
68
5.7
15.3
19.2
14.7
10.8
63
5.1
21

17.9
14.7
11.9
70
58
15.7
20
15.8
12.4
65
5.1
215

15.3
12.7
10.4
74
5.4
14
18
14.2
10.7
66
5.2
18.7

14
13
13
13
14
13
14
13
13
13
14
13

1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989

2003
2002
2002
2002
2003
2003
2003
2002
2002
2002
2003
2003
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Beach Discharge Concept
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Appendix C

Surf Zone Discharge Concept
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Appendix D

Sensitivity to Dispersion Parameterisation




The model forcing for tide only condition was run with different parameterisations of the dispersion
ranging from a constant diffusivity approach to the more sophisticated mixing algorithms, the so-called
k-£and k- algorithms. Results are shown in Figure D.1 below and indicate subtle differences between
the various methods.
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Figure D.1 Sensitivity runs showing the effects of different diffusion formulations.

The preliminary run with astronomical tidal forcing only represents a theoretical situation with no wind
driven or wave driven flow. This is unlikely to occur in nature as the winds and waves are rarely absent
in these waters and hence is referred to as an extremely low mixing scenario. For the purpose of
demonstration the preliminary run provides a useful starting point to assess the likely dispersion
characteristics.



Tidal forcing results for the bottom layer salinity at the end of the 2 day run show a broad plume area
where salinity exceeds the background salinity shown in Figure D.2. Note the sigma coordinate system
is a bottom following system.
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Figure D.2 Plan view of bottom salinity for the tide only run case after 2 days of simulation.

The cross-section out from the outlet site (Figure D.3) shows the heavy saline plume water mixes over
the full depth at the shore and then plunges beneath the surface at about 5 m water depth, or around
400 m offshore, then flows offshore down the sloping bottom. The longshore extent is shown in the
surface plan view and indicates that near the shore (for this extremely low mixing scenario) in about 2
m water depth the plume extends about 1 km along the shore.

The bottom plan view shows that the plume spreads rapidly both alongshore and offshore and the
influence of the earths rotation, the Coriolis effect, causes the plume to vear toward the south. A quasi
steady state is achieved within about 1.5 days. The plume area defined by the 1 ppt above ambient
salinity contour extends over an area of roughly 8 km offshore by 2 km wide. The extreme low mixing
scenario provides estimate of the extent that is unlikely to occur. It is expected that under natural
forcing the plume footprint will be significantly smaller than indicated in these figures.
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Figure D.3 Cross section view of salinity for the tide only case after 2 days of simulation.
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Appendix E

03 March 2010

Glynn Ricketts

SA Murray-Darling Basin NRM Board
Level 4, 111 Gawler Place

Adelaide SA 5000

Dear Glynn

Following our meeting of November 3, 2009, Aurecon are pleased to provide this letter report on the possible
dispersion of nutrients with the proposed discharge of saline Coorong waters to the ocean near Policeman Pt.
This assessment has utilised the available data and dispersion modelling results (Aurecon, 2009a) to provide an
interpretation of the likely effect of the nutrient loads to the coastal ocean, associated with the discharge. The
main issue to be addressed concerns the potential for eutrophication (enhanced algal growth associated with
nutrient enrichment) of the near-shore ocean receiving waters.

The following discussion provides an overview of the primary production system, the nitrogen cycle, current
nutrient and chlorophyll-a (measure of phytoplankton biomass) concentrations in the Coorong and adjacent
marine waters. The immediate dilution of the nutrients is estimated by applying the dilutions obtained from the
previous dispersion modelling and the potential influence of the complex nitrogen transformation processes on
algal production are discussed.

The review of information and ecological assessment (Aurecon, 2009b) describes the
available information and interpretation of the relationship between nutrient sources, primary
production and the abundance of cockles on the high-energy Coorong coast. A simplified
overview of the system is shown in the schematic diagram (Figure 1). Enhanced nutrients
concentrations adjacent to the Coorong are thought to be attributed to freshwater outflows
from the Murray River, the upwelling of nutrient-rich waters from below the continental shelf
to the surface waters (Bonney upwelling near Robe) and local resuspension of decomposed
organic mater. The enhanced nutrient concentrations elevate primary production which
provides a more abundant food supply of phytoplankton for filter feeding species such as
cockles (Donax deltoides).

The abundance of cockles is affected by environmental variations and is subject to large
fluctuations from year to year. Cockles in South Australia are typically greatest in numbers
just below the lowest tide levels with juveniles typically living at higher levels on the shore
than adults. The Goolwa cockles are filter feeders, and surf diatoms such as Asterionella on
South Australian beaches form their major food source.
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Figure 1 General concept diagram shoeing the relationship between nutrient supplies, primary production and
filter feeders such as cockles on the high-energy Coorong coast.

The Nitrogen Cycle

Primary production in the oceans is affected by a range of physical and chemical processes and is generally
limited by the availability of nitrogen in its forms that can be readily assimilated by marine phytoplankton. The
processes that lead to the conversion of nitrogen into bio-available forms are complex and have been
summarised schematically in the nitrogen cycle diagram below (Figure 2).

The bio-available forms of nitrogen (NH4* and NOsz) required to stimulate marine phytoplankton growth are
produced by the decay of organic matter and nitrogen fixing bacteria or cyano-bacteria (blue-green algae). At the
Coorong ocean beaches the main sources of organic matter comprise phytoplankton, macro-algae and seagrass.
As shown in Figure 1 primary production in the marine waters adjacent the Coorong is stimulated by nutrient
sources including the Murray outflow, upwelling of deep ocean nutrient-rich water onto the shelf and coastal
areas and recycling from deposition and decay of organic matter in the coastal zone. The discharge of water from
the Coorong will provide an additional source of nitrogen (both in the inorganic and organic forms) to the coastal
waters that could lead to enhanced algal growth within some distance of the discharge. The secondary processes
of biological uptake followed by mortality, sedimentation, decay and release back into the water column is another
mechanism that may result in enhanced algal growth for some period following the initial discharge of nutrient rich
water to the ocean.
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Figure 2 The nitrogen cycle (reproduced from Environmental Biology Sequence - Ecosystems
www.marietta.edu/~biol/102/ecosystem.html).

The ANZECC guidelines (2000) for the protection of slightly disturbed estuarine and marine waters of South
Central Australian, low rainfall areas are reproduced in Table 1 below. The guidelines recommend that where
available local data be used to define more appropriate trigger values. The guidelines also suggest that higher
values are likely to occur in near shore coastal waters. The South Australian Environmental Protection Authority
(SA EPA,) lists water quality criteria for achieving or maintaining a designated environmental value (EPA 2003).
The values listed for protecting marine aquatic ecosystems are provided in Table 1. These values will be
compared with available data to provide an assessment as to the status of the existing system and likely nutrient
status following introduction of the proposed discharge.

Table 1 Default trigger values for physical and chemical stressors for south-east Australia for slightly disturbed
ecosystems. Trigger values are used to assess risk of adverse effects due to nutrients, biodegradable organic
matter and pH in various ecosystem types. Data derived from trigger values supplied by South Australia. Chl a =
chlorophyll-a, TP = total phosphorus, FRP = filterable reactive phosphate, TN = total nitrogen, NOx = oxides of
nitrogen, NH4* = ammonium, DO = dissolved oxygen.

pg /L pg P /L pgP/L | ugN/L | pgN/L | pgN/L | Lowerlimit | Upperlimit | Lower limit | Upper limit

ANZECC 1 100 10 1000 50 50 No data No data 8.0 8.5
SA EPA - 500 100 5000 200 - >6 mg/L - -

PROJECT 41180-004008 MARCH 201000PAGE 4



aurecon

Investigations of the marine ecosystem in the ocean waters offshore the Coorong were carried out in 2005 for the
SA MDB NRM Board (Haig et al, 2006) to assist with providing information on the environmental assets of the
Coorong Marine Bioregion. Samples were collected in 5 to 20 m water depth from waters offshore the Coorong
between Cape Jaffa in the southeast and Victor Harbour. The results indicated a maxima in Chlorophyll-a near
the Murray mouth of about 2.5 pg Chl-a/L decreasing both northward and southward of this location. Near the
proposed discharge location typical values of between 0.7 and 1 pg Chl-a/l were found. Total nitrogen
concentrations generally decreased towards the southeast from around 120 ug N/L near the Murray mouth to
around 80 g N/L near the proposed discharge site. Concentrations of ammonia and phosphate (1 g N/L and 20
Ug PIL, respectively) showed little variability with longshore distance.

Assuming it is appropriate to compare the ANZECC trigger values for filtered reactive phosphorus and
ammonium (NH4*) with the measured phosphate and ammonia concentrations then the measured concentrations
are generally well below the ANZECC trigger levels for marine waters (offshore). The chlorophyll-a levels,
however, show similar levels to the ANZECC guideline values and on occasion exceed the guidelines. This may
be explained by the spatial distributions in the sources of nutrients from near-shore and Murray mouth areas that
are assimilated by phytoplankton (thereby reducing concentrations of dissolved nutrients) and subsequent
dispersion of the phytoplankton biomass to areas depauperate of nutrients. The data indicate an area where
primary production is limited by nutrient availability.

The nutrient loads from the Murray Mouth to the ocean have been estimated recently by Brookes et al. (2009).
They conducted an analysis of available data on nutrient inflows to the lower lakes, assimilation of nutrients within
the lakes and export from the lower lakes (Alexandrina and Albert) to the ocean and to the Coorong. The average
annual discharge from the Murray to the ocean is around 25 000 ML/day with significant interannual variability
related to wet/dry and drought cycles. Total nitrogen and total phosphorus export loads from the Murray to the
ocean for low and high Murray River inflow years are estimated as:

e 172 - 3245 Tonnes N/year and
* 94 - 540 Tonnes Plyear.

In essence the loads from the lower lakes to the Coorong lakes are concentrated by the evaporation processes
leading to higher concentration waters in the Coorong lakes. Under extended periods low or (as in recent years)
no flow periods the Coorong lakes concentrations have increased beyond their natural variability.

Water sampling in the Coorong over the past 10 years has been summarized in Appendix A. The results indicate
significant gradients along the Coorong lakes from the near the Murray mouth at the Tauwitchere site to the south
eastern extremity as represented by results for the site at Policemans Pt (Tables 2 and 3). The Policemans Pt site
provides a reasonable representation of the likely water quality near the intake for the proposed pumping system.
Results indicate a mean total nitrogen concentration of 6000 g N/L and total phosphorus of 260 g P/L near the
intake. Chlorophyll-a concentrations are significantly higher in the south lake with a mean value around 80 g Chl
alL. The conductivity indicates the strong saline gradient increasing from 50 mS/cm, a typical seawater
concentration near the Murray mouth to a hypersaline value around 120 mS/cm at Policemans Pt in the south
lake due the strong evaporative effects.

Soluble phosphorus, ammonia nitrogen and oxidised nitrogen concentrations are similar at both the sites. Total
phosphorus and total nitrogen concentrations are considerably higher in the south lake than near the Murray
mouth due to the high organic components associated with the high phytoplankton biomass at the Policemans Pt
site. This is indicated by the high chlorophyll-a concentrations that also comprise nitrogen and phosphorus that
contribute to the total nutrient concentrations.
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The loads of nutrients associated with the proposed discharge may be estimated by multiplying the Coorong
discharge, Q = 250 ML/day, by the median nutrient concentrations. Assuming the pumps and discharge operate
for the full 365 days per year and applying the above formula yields the following maximal annual nutrient loads
estimates from the Coorong via the proposed pipe discharge:

e 520 Tonnes N/year and
» 23 Tonnes Plyear.

These estimates are the maximal that could be exported assuming the pumps operate for the full 365 days per
year and in addition assume the median nutrient concentrations will continue to persist after pumping
commences. Both of these assumptions are conservative in that pump maintenance and operational constraints
will require some shutdown periods. Further, the aim of the pumping system is to ultimately reduce the salt
concentrations and this process will also lead to reductions in the nutrient concentrations. Hence the above
estimates are considered to be conservative and somewhat higher than would likely occur.

Effectively the proposed discharge will redistribute the existing point source Murray River export load to a second
point source some 70-80 km south to the proposed discharge location. In terms of the total combined Murray
River and discharge pipe nutrient export to the ocean there will be little change in the long term and it is likely to
less than historical loads from the Murray.

Table 2 Mean and median values of water quality variables at the Tauwitchere (near Murray Mouth) and
Policemans Pt sites in the Coorong lakes.

Tauwitchere
Mean 41.7 18.5 8.2 17.0
Median 50.0 5.2 8.2 1.1
Maximum 87.4 152.0 9.0 106.0
Policemans Pt
Mean 121.5 12.0 8.0 78.8
Median 117.9 11.8 8.0 794
Maximum 163.0 205 8.5 134.7

Table 3 Mean and median values of water quality variables at the Tauwitchere (near Murray Mouth) and
Policemans Pt sites in the Coorong lakes.

Tauwitchere

Mean 1 115 91 12 1063 1075

Median 7 76 48 6 775 780
Maximum 50 510 804 130 3400 3405

Policemans Pt

Mean 13 264 88 12 6064 6076
Median 7 255 50 5 5735 5740
Maximum 50 532 343 167 14030 14035
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Results of the dispersion modelling (Aurecon 2009a) may be used to estimate the dilution of the discharge water
with ambient marine water as a function of distance from the discharge source. Saline discharge dispersion
modelling indicates when considering the ‘worst case’ scenario a dilution of 100 fold (~1 ppt excess salinity)
occurs within about 2km of the source and the 3 ppt excess salinity (38 fold dilution) occurs within some 200 m of
the discharge.

Assuming the nutrients may be treated as a passive tracer (like salt) then the concentrations at some distance, x,
from the discharge may be estimated by the dilution formula:

C :Cd +Dbe
* D,+1

where C,, Cq and Cy are the nutrient concentrations at a distance x from the source, in the discharge (subscript
d) and background (subscript b) ocean, Dy is the dilution at distance x from the source.

Passive tracer estimates of the concentrations at the 38 fold (<200m from the source) and 100 fold (< 2km from
the source) are listed in Table 4.

Table 4 Estimates of nutrient concentrations dispersion assuming passive tracer dilution. Values for the
background (ocean) concentrations from Haig et al (2006) and values in italics assumed. Values for source
waters taken from the Policeman’s Pt monitoring site concentrations.

Salinity ppt 150 150 36 39 39 -
Turbidity NTU 12 205 30 29.5 29.8 10
pH pH units 8.01 8.5 8.1 8.1 8.1 8-85
Chlorophyll-a ug/L 79.0 134.7 1.0 3.0 44 1 -
Soluble phosphorus ug/L 13 50 20 20 21 10 100
Total phosphorus ug/L 264 532 30 36 43 100 500
Ammonia (As N) ug/L 88 343 1 3 10 50 -
Oxidised N (As N) ug/L 12 167 5 5 9 50 200
Tkn (As N) ug/L 6064 14030 20 175 379 N/A -
Total N (mg/L) ug/L 6076 14035 80 234 438 1000 5000

These estimates indicate that the nutrient concentrations will rapidly disperse into the environment such that the
ANZECC and SA EPA guideline trigger values for nutrients will be met within 200 m of the source for the mean
and maximum discharge concentrations as indicated in Figure 3. As the soluble phosphorus concentration in the
ocean already exceeds the ANZECC guideline it is suggested that the ANZECC trigger value is not appropriate to
this area.
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Figure 3 Approximate locations of the inlet and discharge points and the 200 m radius indicating approximate
extent of the 38-fold dilution.

The chlorophyll-a concentrations in the source waters are comprised of phytoplankton species likely to be
adapted to the hypersaline conditions. It is unlikely that these species will survive firstly; the passage through the
pumping system in which algal cells will be exposed to vigorous turbulence and a rapid pressure increase (~25 m
head of water) and; secondly as high salinity tolerant species they will be exposed to lower salinity marine waters
and as such are likely to denature, suffer cell damage and eventually settle to the sea bed.

Discussion

Salt tolerant phytoplankton from the Coorong waters are not likely to survive through the discharge pipe and
subsequent rapid exposure (shock) to lower salinity ocean waters. Phytoplankton biomass as indicated by the
chlorophyll-a concentrations of Coorong waters are therefore likely to contribute to the organic nitrogen pool in
the coastal waters through the process of die-off, settling, decay and release of previously bound nitrogen.

The pathway of nutrient enrichment is likely to be through the decay of organic nitrogen at the bed and under the
right conditions release to the water column becoming available to stimulate localised enhanced algal growth.
However, the modelling results indicate that the nutrient concentrations will rapidly disperse into the environment
such that the ANZECC and SA EPA guideline trigger values for nutrients will be met within 200 m of the source
for the mean and maximum discharge concentrations.

The nutrient loads to the ocean from the combined Murray mouth and proposed Coorong discharge will not
increase beyond the historic loads from the Murray mouth. In the short term, the redistribution of loads from the
introduction of another discharge location some 70-80 south of the Murray mouth may lead to localised effects
within a short distance of the discharge.
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The current species composition of the near-shore phytoplankton biomass is not well documented. It is known
that some species of blue-green algae occur within these waters but their possible effects on the higher order
filter feeders such as cockles are equally unknown. The locally enhanced availability of nutrients associated with
the discharge may stimulate blooms of algae of a variety of species, including the possibility of harmful species.
As the historic loads from the Murray mouth are not known to have stimulated harmful algal blooms it is
suggested that the redistribution of the total ocean load to the combined Murray mouth and the proposed
discharge location will have similar effect on the ocean waters off the Coorong.

While it is not possible to quantify the processes in a predictive sense nor the probability of occurrence of a
harmful algal bloom that may be attributed to the discharge as opposed to a natural occurrence, it is suggested
that a precautionary approach be adopted. It is recommended that algal species be monitored and results provide
feedback to the pumping program. The proposed monitoring and feedback process is viewed to provide sufficient
management tool to mitigate any adverse conditions. This monitoring could incorporate the chlorophyll-a satellite
processing capability available within the DEH as a first stage to identifying potential bloom conditions that would
trigger more detailed sampling of waters around the discharge site.

ANZECC (2000), Australian and New Zealand Guidelines for Fresh and Marine Water Quality (2000) Chapter 3
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Resource Management Council of Australia and New Zealand. (www.mincos.gov.au/publications)
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Yours sincerely

David van Senden

Executive Water

Ph: (02) 9465 5431

Email: vanSendenD@ap.aurecongroup.com
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Appendix A

Coorong Water Quality Data (Provided by SA NRM Board.) Sites located near Murray mouth.
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(Total
(AsN) (250) | (AsN) (SolAs | AsP) | (AsN)
mg/L ug/L uS/cm mg/L pH units | P) mg/L mg/L mg/L mg/L NTU

Tauwitchere Data from 7-Jan-98 to 1-Jun-09
Number of
Samples 52 46 54 52 54 52 52 52 52 44
Number of Non-
Detect 19 0 0 21 0 21 1 1 0
Mean 0.091 17.0 47.7 0.012 8.191 0.011 0.115 1.063 1.1 18.5
Median 0.048 11.1 50.0 0.006 8.210 0.007 0.076 0.775 0.8 5.2
Policemans Pt Data from 7-Jan-98 to 7-Mar-05
Number of
Samples 36 33 36 36 36 36 36 36 36 32
Number of Non-
Detect 14 0 0 32 0 19 0 0 0
Mean 0.088 78.8 1215 0.012 8.006 0.013 0.264 6.064 6.1 12.0
Median 0.050 79.4 117.9 0.005 8.005 0.007 0.255 5.735 5.7 11.8
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Figures

showing the monthly measurements at Tauwitchere and Policeman Point.

Conductivity (uS/cm)

180000

160000 -
140000 -
120000 -
100000 -
80000 -
60000 -
40000 -
20000 -

—— Tauwitchere

——Policeman Pt

0

97

98

99

00

01

02 03 04 05 06 07 08 09

Chlorophyll (ug/L)

160
140
120
100 -
80
60
40
20

—— Tauwitchere |- -

——Policeman Pt|- _

97

98

99

02 03 04 05 06 07 08 09

Year

Turbidity (ntu)

160

140
120
100 -
80
60
40
20 +

—— Tauwitchere |- -
—— Policeman Pt|- -

97




0.6

Total P (mg/L)

—— Tauwitchere

—— Policeman Pt

0.06

0.05 +

0.04

o

Q

®
|

0.02

Soluble P (mg/L)

0.01 +

16

TKN (mg/L)

—— Tauwitchere | —

—— Policeman Pt} —

0.18

0.16
0.14 1
0.12 1
0.1+
0.08
0.06
0.04
0.02 -

Oxidised Nitrogen (mg/L)

—— Tauwitchere

—x— Policeman Pt

Ammonia N (mg/L)

—— Tauwitchere

—— Policeman Pt|

Year

aurecon

PROJECT 41180-0040018 MARCH 2010CPAGE i





