
APPENDIX A – SALT CONCENTRATION RESULTS OF SSS1 
 

 
 

Figure A1 – Model salinity distribution in Model Layer 1 from the case SSS1. Salinity contours are in the 
units of relative salinity, whereby a value of 1.0 is seawater (e.g. 50,000 µS/cm) 

 

 
 

Figure A2 – Model salinity distribution in Model Layer 2 from the case SSS1.



APPENDIX A 
 

  
 

Figure A3 – Model salinity distribution in Model Layer 3 from the case SSS1. 
 

 
 

Figure A4 – Model salinity distribution in Model Layer 4 from the case SSS1. 
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Figure A5 – Model salinity distribution in Model Layer 5 from the case SSS1. 
 

 
 

Figure A6 – Model salinity distribution in Model Layer 6 from the case SSS1 (note: no sand in Layer 6) 



APPENDIX B – SALT CONCENTRATION RESULTS OF SSS2 
 

 
 

Figure B1 – Model salinity distribution in Model Layer 1 from the case SSS2. Salinity contours are in the 
units of relative salinity, whereby a value of 1.0 is seawater (e.g. 50,000 µS/cm) 

 

 
 

Figure B2 – Model salinity distribution in Model Layer 2 from the case SSS2.
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Figure B3 – Model salinity distribution in Model Layer 3 from the case SSS2. 
 

 
 

Figure B4 – Model salinity distribution in Model Layer 4 from the case SSS2. 
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Figure B5 – Model salinity distribution in Model Layer 5 from the case SSS2. 
 

 
 

Figure B6 – Model salinity distribution in Model Layer 6 from the case SSS2 (note: no sand in Layer 6) 



APPENDIX C – RESULTS OF SSS3: A 548-YEAR 
SEAWATER INTRUSION SIMULATION OF COUSINE 
ISLAND 
 
 
Here, a complete set of results is given for one of the “steady-state” simulations, in 
order to afford the reader insight into the flow and transport processes of the “steady-
state” model. The results are presented for the case SSS3, and an interpretation of the 
results given in Appendix C is outlined in Section 4.4 of the main report. 
 
In order to interpret the results of Appendix C, it is necessary to provide information 
relating to the layer elevations (i.e. the elevation within the aquifer at which the 
hydraulic heads would be measured), which are summarised in Table C1, below. It is 
also suggested that the reader be familiar with the assumed distribution of sand and 
granite, as illustrated in Figure 14 of the main report. 
 

Table C1 – A summary of model layer elevations 
Top of Layer Bottom of Layer Layer 

Minimum 
Level 

(m MSL) 

Maximum 
Level 

(m MSL) 

Average 
Level 

(m MSL) 

Minimum 
Level 

(m MSL) 

Maximum 
Level 

(m MSL) 

Average 
Level 

(m MSL) 
1 8.15 68.21 31.91 1.04 14.92 8.48 
2 1.04 14.92 8.48 -2.47 5.00 0.82 
3 -2.47 5.00 0.82 -2.54 -7.48 -5.04 
4 -7.48 -2.54 -5.04 -14.95 -7.51 -10.33 
5 -14.95 -7.51 -10.33 -49.54 -15.01 -35.06 
6 -49.54 -15.01 -35.06 -80 -80 -80 

 
Hydraulic heads on Cousine Island are expected to vary with depth due to the three-
dimensional nature of groundwater flow in situations where density-dependent flow 
and transport are important considerations. Therefore, it is necessary to examine the 
predictions of differences in hydraulic head at different depths below the ground 
surface. The density variation attributable to the salinity variability of the groundwater 
produces hydraulic heads (in metres of equivalent freshwater) that are higher in areas 
of high salinity water. Hydraulic heads in all 6 layers are given for SSS3 in Figure C1.  
Hydraulic heads are provided with respect to mean sea level (rather than depth below 
ground surface) and as equivalent freshwater heads at the end of the simulation (i.e. 
after 548 years). 
 
As with hydraulic heads, groundwater salinity is also expected to vary in all three-
dimensions (and with time) on Cousine Island. Salinity predictions from SSS3 are 
given in Figure C2 for all 6 layers.  Salinity units are given relative to seawater – i.e. 
where 1.0 is seawater salinity (e.g. an electrical conductivity of 50,000 µS/cm or total 
dissolved salts of 35 g/L). Model-predicted salinity contours of 1.0 (i.e. 50,000 
µS/cm), 0.9 (45,000 µS/cm), 0.1 (i.e. 5,000 µS/cm), 0.03 (1,500 µS/cm), 0.01 (i.e. 
500 µS/cm) and 10-6 (virtually no salts/pure water) are presented. 
 
Cross-sections through the model showing the salinity distribution in transect are 
given in Figures C4 and C5.  Eight cross-sections, aligning with four model rows and 



four model columns are given. The results shown in Figure C5 are for the saturated 
part of the aquifer only, as processes in the unsaturated zone are approximate only. 
 
The direction of groundwater flow throughout an aquifer system is an important 
aspect of the analysis of the groundwater hydrology and its links to seawater intrusion 
trends.  Groundwater velocity vectors (in plan view) are given for all 6 layers in 
Figure C3.  Note that the point at which each vector represents the groundwater 
velocity is located at the tail of each vector. The same scaling is used for the vector 
diagrams of all layers. 
 
Water balance summaries are given for each of the layers, and for the entire model in 
Table C2.  Water balance summaries provide an indication of the total fluxes of 
groundwater in and between each of the model layers.  Given that SSS3 is a “steady-
state” simulation, the contribution of changes in stored groundwater with time was 
found to be negligible as expected, because equilibrium between inflows and outflows 
had been established in the model. 
 

Table C2 – Water balance fluxes (m3/d or kL/d) for SSS3 
Water balance 

component 
Layer 1 Layer 2 Layer 3 Layer 4 Layer 5 Layer 6 Entire 

Model 
Recharge (IN) 8.89 136.6 173.9 0.00 0.00 0.00 319.3 

Inflow from layer above 
(IN) 

0.00 8.89 143.0 235.2 495.6 5.30 - 

Inflow from layer below 
(IN) 

0.00 0.99 735.5 557.7 4.40 0.00 - 

Inflow of seawater (IN) 0.00 0.00 185.3 447.9 64.88 <0.01 698.1 
Discharge to layer above 

(OUT) 
0.00 0.00 0.99 735.5 557.7 4.40 - 

Discharge to layer below 
(OUT) 

8.89 143.0 235.2 495.6 5.30 0.00 - 

Groundwater discharge 
to the ocean (OUT) 

0.00 0.00 990.5 9.77 1.88 0.90 1003.0 

Evapotranspiration of 
groundwater (OUT) 

0.00 3.47 11.0 0.00 0.00 0.00 14.5 

Change in stored 
groundwater 

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

 
 
 



 
 

Figure C1 – Hydraulic head distributions in all layers from simulation SSS3 



 
 

Figure C2 – Salinity distributions in all layers from simulation SSS3 



 
 

Figure C3 – Groundwater velocity distributions in all layers from simulation SSS3 



 
 
 
 
 

 
Figure C4 – The alignment of salinity cross-sections (transect data shown in Figure C5) 



 
 

Figure C5 – Eight salinity cross-sections (alignment shown in Figure C4). 
 



APPENDIX D – SALT CONCENTRATION RESULTS OF SSS3 
 

 
 

Figure D1 – Model salinity distribution in Model Layer 1 from the case SSS3 Salinity contours are in the 
units of relative salinity, whereby a value of 1.0 is seawater (e.g. 50,000 µS/cm) 

 

 
 

Figure D2 – Model salinity distribution in Model Layer 2 from the case SSS3
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Figure D3 – Model salinity distribution in Model Layer 3 from the case SSS3 
 

 
 

Figure D4 – Model salinity distribution in Model Layer 4 from the case SSS3 
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Figure D5 – Model salinity distribution in Model Layer 5 from the case SSS3 
 

 
 

Figure D6 – Model salinity distribution in Model Layer 6 from the case SSS3 (note: no sand in Layer 6) 



APPENDIX E – SALT CONCENTRATION RESULTS OF SSS4 
 

 
 

Figure E1 – Model salinity distribution in Model Layer 1 from the case SSS4 Salinity contours are in the 
units of relative salinity, whereby a value of 1.0 is seawater (e.g. 50,000 µS/cm) 

 

 
 

Figure E2 – Model salinity distribution in Model Layer 2 from the case SSS4
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Figure E3 – Model salinity distribution in Model Layer 3 from the case SSS4 
 

 
 

Figure E4 – Model salinity distribution in Model Layer 4 from the case SSS4 
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Figure E5 – Model salinity distribution in Model Layer 5 from the case SSS4 
 

 
 

Figure E6 – Model salinity distribution in Model Layer 6 from the case SSS4 (note: no sand in Layer 6) 



APPENDIX F – GLOSSARY OF TERMS 
 
 
“A” soil horizon – The uppermost layer of a soil, containing organic material and leached 
minerals.  
 
Alluvial deposits – Geological deposits relating to the action of rivers. 
 
Anthropogenic – Originating from the activity of humans.  
 
Anorogenic – Lacking in tectonic disturbance.  
 
Aquifer – A geological sequence that is capable of storing and transmitting appreciable quantities 
of groundwater 
 
Basalt – A fine-grained, dark igneous rock.  
 
Desalination – A process that treats saline water to remove or reduce chlorides and dissolved 
solids, resulting in the production of freshwater. 
 
Dispersion coefficients – A measure of the spreading of a flowing substance due to the nature of 
the porous medium, with its interconnected channels distributed at random in all directions. 
 
Drawdown – A lowering of the watertable of an aquifer caused by pumping groundwater from 
wells. 
 
Effective porosity – The ratio of the total volume of voids available for fluid transmission to the 
total volume of the porous medium. 
 
Effluent – Water that flows from a sewage treatment plant after it has been treated. 
 
Electrical conductivity – Measure of the ability of material to conduct an electrical current.  
 
Ephemeral watercourses – Streams which flow only in direct response to precipitation, and whose 
channels are at all times above the water table. 
 
Evaporation – The process by which a liquid is converted into a vapor (gaseous) state. 

Evapotranspiration – The water loss from the soil both through evaporation and transpiration from 
plants. 

Ferralitic soils – The soils in which ferrallitisation has taken place, a process in which the parent 
rock is chemically weathered to form clays and sesquioxides. 
 
Geomorphology – The study of surface landforms, including their origin and evolution. 
 
Groundwater – Subsurface water located in the saturated voids of both sediments (e.g. gravel, 
sand, clay, silt) and rocks (e.g. in rock fractures and in porous rocks such as sandstone) 
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Guano deposits – The ancient and/or fossil deposits of bird or bat excreta. 
 
Humus – The decayed part of the organic matter in a soil.  
 
Hydraulic conductivity – A measure of the rate at which water will move through a permeable 
medium. 
 
Hydraulic head – The height of the free surface of a body of water above a given point beneath the 
surface. 
 
Hydrogeology – The study of the water-related properties of naturally occurring sediments and 
rocks. 
 
Hydrograph – A graph showing stage, flow, velocity, or other characteristics of water as a 
function of time.  
 
Hydrological cycle – The complete cycle through which water passes from the atmosphere to the 
earth and back to the atmosphere. 
 
Hydrostratigraphic unit – Any soil or rock unit or zone which by virtue of its hydraulic properties 
has a distinct influence on the storage or movement of ground water. 
 
Infiltration – Flow of water from the land surface into the subsurface. 
 
Lateritic soils – A distinctive soil formed in humid regions which is enriched in iron and 
aluminium and is produced by rapid weathering of the underlying parent rock.  
 
Monsoon – A seasonal prevailing wind which lasts for several months. 
 
Mor-humus - Organic material in soils, produced by the decomposition of vegetable or animal 
matter, and formed under acidic conditions. 
 
Olivine dolerites – Mg-rich Igneous rock 
 
Permeability – The capacity of a porous material to transmit water 
 
pH – A measure of the relative acidity or alkalinity of water. 
 
Phosphatic sandstones – Sand that contains an appreciable quantity of phosphatic debris. 
 
Piezometer – A monitoring bore constructed to measure the water level in an aquifer. 

Porosity – The ratio of the volume of void spaces in a rock or sediment to the total volume of the 
rock or sediment.  

Potable water – Water of a quality suitable for drinking.  
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Precipitation – The process by which water vapor condenses in the atmosphere or onto a land 
surface in the form of rain, sleet or snow. 
 
Recharge – Infiltration of rainfall and irrigation water through the soil zone to the 
watertable/aquifer. 
 
Riparian zone – The near-river region associated with normal river flows. 
 
Runoff – That part of precipitation that flows over land to surface streams. It is composed of 
overland flow, interflow and baseflow.  
 
Salinograph – A graph of salinity versus time 
 
Seawater intrusion – The movement of saltwater into freshwater aquifers. 
 
Specific retention – The ratio of the volume of water which the porous medium, after being 
saturated, will retain against the pull of gravity to the volume of the porous medium. 
 
Specific storage – The volume of water released from or taken into storage per unit volume of the 
porous medium per unit change in head.  
 
Specific yield – The ratio of the volume of water which the porous medium after being saturated, 
will yield by gravity to the volume of the porous medium. 
 
Storage coefficient – The volume of water an aquifer releases from or takes into storage per unit 
surface area of the aquifer per unit change in head. 
 
Subterranean – Below the ground surface 
 
Superficial soils – Shallow surface deposits 
 
Topography – The shape of the Earth’s surface, above and below sea level. 
 
Transpiration – The process by which plants loose water as vapour, into the atmosphere.  
 
Turbidity – A cloudy condition in water due to suspended silt or organic matter. 
 
Up-coning – Process by which saline water underlying freshwater in an aquifer rises upward into 
the freshwater zone as a result of pumping water from the freshwater zone. 
 
Watertable – The water level in a shallow aquifer, usually observed as the water level in a 
piezometer. 


