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Executive summary 
The Myalup Irrigated Agriculture Precinct (MIAP) is broadly recognised as an important 
agricultural district in the south west of Western Australia.  A number of state government 
initiatives recognise the agricultural significance of the MIAP including the Department of 
Water’s (DoW) Regional South-West Water Plan (2010-2030) and State Water Strategy (2003).  
This significance recognises both the immediate economic value of the MIAP as well as its 
potential expansion. 

In 2014, the state government launched the Royalties for Regions funded Water for Food (WFF) 
initiative. This four-year funded programme aims to accelerate water investigations across the 
state in targeted precincts and so determine the sustainability of the existing landuse and its 
capacity for expansion. The MIAP is identified as one of the Water for Food precincts targeted 
for this research and the subject of the Myalup-Wellington project. The terms of reference of the 
Project includes confirming water and land resources to enable the value of food production in 
the Myalup region to double. 

This study considers a number of factors influencing the current and future production potential 
of the MIAP. These include: 

 Water resources 

o Groundwater  

o Surface water 

o Modelling 

 Potential Impacts 

o Environmental values 

o Cultural assets 

 Landuse 

 Land Capability 

The study determined that the existing models, PHRAMS and the Myalup-Lake Preston Model, 
whilst requiring calibration, are suitable to determine sustainable water resource yield for the 
area.  The study concluded three groundwater data gaps: 

1. The nature of the hydraulic connectivity of the superficial and the Leederville aquifer; 

2. The extent of the freshwater lenses in the Leederville aquifer; and 

3. The risk of saline/hypesaline groundwater intrusion into the superficial aquifer. 

The study recommended that the yield estimate for the Harvey Diversion Drain is reviewed and 
that a water quality monitoring programme to characterise water quality in the HDD is 
established.   

Impacts on the environmental assets of the area, notably Lake Preston are unknown and further 
work is required to determine what if any, impacts may occur if the MIAP were to be expanded. 
The environmental assets include both state and federally listed species.  
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1. Introduction 
1.1 Project background 

The Myalup Irrigated Agriculture Precinct (MIAP) is broadly recognised as an important 
agricultural district in the south west of Western Australia.  Located approximately 40km north 
of Bunbury and west of the Darling Scarp, the MIAP is recognised for its current and potential 
future production of horticultural crops.  Comprising an area of approximately 1900ha, gross 
turnover of production for the MIAP for 2010/11 was estimated at $62m (vegetablesWA 2012). 
This gross income is unlikely to have changed since 2010/11 as the number of landholders has 
remained steady and the MIAP remains a significant horticultural area (pers comm DAFWA 
2015).  This comment is further supported by a review of ABS data 2012/13 which estimated 
the Gross Value of irrigated vegetables to be $100.51M for the south west region where Myalup 
is a significant contributor of this income  

Groundwater drawn from the superficial aquifer is currently the principal source of supply for 
the irrigation of crops produced in the MIAP.  The sustainability of current production in the 
MIAP is, to a large extent, dependent on a reliable supply of water that is suitable for 
agricultural production.   

A number of state government initiatives recognise the agricultural significance of the MIAP 
including the Department of Water’s (DoW) Regional South-West Water Plan (2010-2030) and 
State Water Strategy (2003).  This significance recognises both the immediate economic value 
of the MIAP as well as its potential expansion. 

In 2014, the state government launched the Royalties for Regions funded Water for Food 
(WFF) initiative. This four-year funded programme aims to accelerate water investigations 
across the state in targeted precincts and so determine the sustainability of the existing landuse 
and its capacity for expansion. The MIAP is identified as one of the Water for Food precincts 
targeted for this research and the subject of the Myalup-Wellington project. The terms of 
reference of the Project includes confirming water and land resources to enable the value of 
food production in the Myalup region to double. 

1.2 Purpose of the report 

The purpose of this report is to provide a gap analysis and recommendations to address the 
gaps determined in this review and so inform the next phase of field investigations leading to 
decisions for water supply and land capability. 

1.3 Scope of works 

GHD reviewed currently available data and proposed works and provided comment on the 
sufficiency of the available information and identified gaps that should be filled in order to 
complete the following tasks: 

 Determine the availability and suitability of land to expand the MIAP (Section 5.5 and 5.6) 

 Develop a conceptual model/description of the geology and hydrogeology of the MIAP 
(Section 2.3) 

 Determine sustainable yield of current use (Section 4.0) 

 Determine sustainable yields from surface water sources (Harvey Diversion Drain) under 
varying climate change scenarios (Section 3.0) 



 

GHD | Report for Department of Water - Myalup Irrigation Agriculture Precinct, 61/31870 | 5 

 Identify potential impacts on environmental and cultural assets and values (Section 5) 

The report provides a list and description of gaps in scientific understanding and proposes work 
to fill or address the gaps identified (Section 6.0). 

1.4 Limitations 

This report has been prepared by GHD for Department of Water and may only be used and 
relied on by Department of Water for the purpose agreed between GHD and the Department of 
Water as set out in Section 1.3 of this report. 

GHD otherwise disclaims responsibility to any person other than Department of Water arising in 
connection with this report. GHD also excludes implied warranties and conditions, to the extent 
legally permissible. 

The services undertaken by GHD in connection with preparing this report were limited to those 
specifically detailed in the report and are subject to the scope limitations set out in the report.  

The opinions, conclusions and any recommendations in this report are based on conditions 
encountered and information reviewed at the date of preparation of the report.   

The opinions, conclusions and any recommendations in this report are based on assumptions 
made by GHD described in this report Sections 2.0 – 5.0 of this report.  GHD disclaims liability 
arising from any of the assumptions being incorrect. 

GHD has prepared this report on the basis of information provided by Department of Water and 
others who provided information to GHD (including Government authorities), which GHD has 
not independently verified or checked beyond the agreed scope of work. GHD does not accept 
liability in connection with such unverified information, including errors and omissions in the 
report which were caused by errors or omissions in that information. 

1.5 Acknowledgements 

GHD would like to acknowledge the following people who were consulted during this Project: 

Dr Don McFarlane  CSIRO 

A/Prof Ryan Vogwill UWA 

Heather Percy   DAFWA 

Neil Guise  DAFWA 

Richard George  DAFWA 

Peter Gartrell  DAFWA 

Joel Hall   DoW 

Adrien Goodreid  DoW 
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2. Water resources  
The MIAP extends from around Ludlow and Bagieau Roads in the north to Buffalo Road in the 
south, and occurs adjacent to the east side of Lake Preston. The area is approximately 26 km 
long (north to south), 8.5 km wide (east to west) at its widest point and covers an area of 
approximately 1900 ha.  Pine plantations extend along the east of the MIAP separating the 
MIAP from the Harvey Irrigation Area (HIA), Figure 1. 

The Greater Bunbury Region Scheme’s (GBRS), 2005 Strategic Agricultural Resources Policy 
identified the MIAP as an area of agricultural significance.  The eastern section of the broader 
Binningup-Myalup area was designated by the Department of Agriculture and Food WA 
(DAFWA) as a Priority Agriculture area and recommended that the land is protected for 
agriculture for the long-term (edge Planning and Property 2011)  

2.1 Geology 

The MIAP is located on the Swan Coastal Plain, which extends from the Darling Scarp on the 
east to the Indian Ocean on the west and is characterised by a broad flat alluvial belt, with lines 
of sand dunes and limestone ridges on its seaward side.  

The main Quaternary deposits of the MIAP are the Guildford Formation, the Bassendean Sand, 
the Tamala Limestone and the Safety Bay Sand (GSWA 1982). 

 The Guildford Formation – This Formation is located on the eastern boundary of the 
MIAP and consists predominantly of sandy and silty clays, which are brown and mottled 
orange in colour. 

 The Bassendean Sand – This forms a series of irregular, rounded dunes, displaying 
gentle slopes and represent the oldest of the three dune systems that run roughly 
parallel to the coast. The sands are fine to medium grained, coarse in places, especially 
towards the base of the unit. 

 The Tamala Limestone – This and its associated sand, form the Spearwood Dunes 
physiographic unit and are located immediately west of the Bassendean Sand. In 
general, these dunes are higher than the Bassendean Dunes, have steeper slopes, 
especially at their eastern edge and exist in two continuous ridges running parallel to the 
coast. 

 The Safety Bay Sand – This is the youngest geological unit in the area and is still being 
formed as low dunes from material washed up from the ocean and then blown inland. 

Geological units mapped within the MIAP are outlined in Table 1 and presented in Figure 2. 
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Table 1 Geological units mapped within the MIAP 

Code Description Location within the Myalup 
Irrigation Area Precinct 

Qhsm Safety Bay Sand (mobile dunes) Western boundary 
Qhs Safety Bay Sand Western part 
Qha Alluvium Southern central 
Qg   
Qtl Tamala Limestone (Qtl) Central part 
Qts Sand Derived from Tamala Limestone Eastern part 
Qhw Swamp Deposits Scattered within eastern part 
Qpb Bassendean Sand North east part 
Qpb/Qpa Thin Bassendean Swan over Guildford Formation North east part 
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2.2 Groundwater resources 

2.2.1 Introduction 

Sustainable yield estimates for groundwater in Western Australia are based on throughflow 
estimates, chloride analyses, rainfall recharge estimates and land use and determination of 
impact of landuse on recharge. The sustainable yield of the groundwater resources is a key 
determinant of the viability of the irrigated horticultural industry in the MIAP and its planned 
expansion. 

The most significant groundwater resource of the MIAP is the Tamala limestone aquifer which 
underlies a large area of the MIAP. This aquifer is generally fresh and extremely permeable. 
The DoW has calculated water entitlements of this aquifer at 4000 kL/ha per annum, an 
allocation generally regarded as being considerably less than what is required for continuous 
cropping of vegetables throughout the year (Vegetables WA 2012).  The justification for this 
allocation however, is to manage the draw of the groundwater resource and slow the rate of 
salt accumulation in the superficial aquifer.   

There is general agreement that more data are required to understand: 

1. The sustainability of the set allocation limit for current production; 

2. If the MIAP were to expand, what is the sustainable yield of the resource? 

Groundwater modelling will, in part, address these questions, however, further data of the area 
are required. This section of the report considers these data requirements for the determination 
of the sustainable groundwater yield of the MIAP. 

Add in figures from DoW showing current draw, rainfall and wateruse impact on the aquifer.  
Refer to the Groundwater plan. 

2.1 Source of Information 

This data review included the following information sources: 
 

1. WIN data base (drill hole and monitoring information), DoW 

2. Hydrochemistry and Nutrient Cycling in the Yalgorup National Park (Rosen et al, 1995) 

3. Groundwater resources of the Lesuer carbon storage project area (SW Hub) 
(Commander, 2013) 

4. Groundwater Yields in the south-west Western Australia, CSIRO south-west Western 
Australia Sustainable yields project (CSIRO 2009) 

5. Geology and hydrogeology of the superficial formations and coastal lakes between 
Harvey and Leschenault inlets (Lake Clifton Project) (Commander 1988) 

6. Personal communication with Dr Don McFarlane (Portfolio Coordinator, Land and Water 
Flagship, 9th February 2015)  

7. Personal communications with Ryan Vogwill (Associate Professor, UWA, March 6th 
2015) 

2.2 Hydrogeology of the MIAP 

The MIAP is located within the South West Coastal groundwater area as proclaimed under the 
Rights in Water and Irrigation Act 1914 (RIWI Act) (DoW 2015). 
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The superficial formations cover the Swan Coastal Plain, extending from the Darling Scarp to 
the coast and together form the superficial aquifer.  Within the MIAP, the underlying aquifers 
are the superficial and the Leederville. The superficial aquifer, which is mainly unconfined and 
shallow, contains fresher groundwater resting on saline groundwater. The superficial aquifer is 
hydraulically connected to the underlying Leederville aquifer. 

The main recharge to the superficial aquifer takes place directly from rainfall in the centre of the 
coastal plain to the Bassendean Sand, forming the Yanget Mound (north) and the Mialla Mound 
to the south, separated by the Harvey River Diversion Drain (all of which are located within the 
MIAP) (Commander 1988). Groundwater flow from the mounds is mostly westwards, but also 
with a component to the east discharging to the Harvey and Brunswick Rivers. The height of 
the water table in the Yanget and Mialla Mounds is sufficient to generate groundwater flow from 
the superficial aquifer into the underlying Leederville aquifer (Commander 1988). 

Low salinity groundwater, less than 500 mg/L occurs in the Bassendean Sand on the Yanget 
and Mialla Mounds , rising slightly westwards in the Tamala Limestone. This low salinity 
groundwater discharges to the coastal lakes over a wedge of hypersaline groundwater at the 
base of the aquifer (Commander 1988). 

The Leederville aquifer underlies the superficial formations across most of the Swan Coastal 
Plain. Within the study area and more regionally, recharge to the Leederville Aquifer primarily 
occurs by leakage from the overlying superficial aquifer. Groundwater salinity can be quite 
variable and low groundwater salinity occurs where there is potential to recharge from the 
overlying superficial aquifers and where the groundwater in that aquifer is fresh (Commander 
1988). 

2.3 Conceptual hydrogeological model 

Commander (2013) published a hydrogeological conceptual model that has the following key 
generalised features: Figure 3,  

 The superficial aquifer (unconfined) with a saturated thickness of approximately 25 
metres comprising generally fresh waters primarily derived from rainfall infiltration. 

 Groundwater in the superficial aquifer is inferred to migrate towards the coast where 
discharge will occur at the coastal margins, refer to Figure 4.  Where downward hydraulic 
heads are present, groundwater may discharge from the superficial into the underlying 
Leederville aquifer (where confining beds in the Leederville aquifer are absent) 

 The Leederville aquifer (likely semi-confined to confined) underlies the superficial aquifer, 
and generally exhibits brackish waters, however, where recharge is inferred from the 
superficial aquifer, fresher waters may dominate. 

 Discharge of the Leederville aquifer waters into the superficial aquifer may occur in areas 
where upwards hydraulic heads are present and confining beds absent (eg: close to the 
coast line). 

 A complex hydrodynamic regime is located beneath the evaporative lakes within the 
superficial aquifer (i.e. Lake Preston). The lake levels are generally below sea level and 
are noted as a groundwater sink and are underlain by plumes of hypersaline water. The 
position of the dense hypersaline plumes is likely to constrain the migration pathway and 
discharge point of superficial aquifer waters (and visa versa). A review of the available 
groundwater quality information indicates increasing salinity towards the base of the 
aquifer in areas beneath the Lake Preston.   
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Figure 3 Hydrogeological conceptual model through the Myalup Irrigation 
Area Precinct (modified Commander 2013) 

GHD’s review of a range of the data sources and consultation concurs with Commander’s 
interpretation of the hydrogeology of the MIAP.  

Table 2 lists the information reviewed from the above information sources in relation to the 
hydrogeology of the MIAP. 
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Table 2 Review of information sources 

 

 

 

Likely 
sufficient

Insufficient 
(can be 

estimated)

Insufficient 
(recommend 

works - Minor 
gaps)

Insufficient 
(critical to 

establish yield - 
Major gaps)

Groundwater levels - trends 1) Groundwater level time series ~ 80 to 100 superficial bores. 

Saturated thickness of aquifer 1) 3) 5)  Depth and Spatial distribution of groundwater bores sufficient

Aquifer yields/geology 1) 3) 5) Lithology data available ~ 400 bores

Rainfall recharge  Regional data sufficient for purpose

Groundwater quality - Salinity 1)  salinity data available for >100 sites (generally  one monitoring event).  

Groundwater quality – Nutrients 1) nitrogen and phosphorous data available for >100 sites (generally one event)

Groundwater quality – Pesticides 1) Lack of  groundwater monitoring data on pesticides

Discharge/recharge into Leed. Aquifer Hydraulic connectivity with the Leederville aquifer unknown

Define hypersaline interface 1) Salinity profile  - 34 superficial sites (screened full aquifer thickness)

Define saline interface 1) Salinity profile generally not undertaken on the coastal margins

Groundwater levels - baseline 1) limited water level data on Leederville bores ~ 15 bores

Groundwater levels - trends 1) ~ 6 with time series groundwater levels 

Aquifer yields 1) 28 deep bores - geology

Geological characterisation 1) 56 bores intersected top of formation, 28 deep bores with geology

Groundwater quality - Salinity 1) salinity profile within Leederville profile - data poor 

Groundwater quality – Nutrients 1)10 sites between 50-250 m  (one-off monitoring events)

Groundwater quality – Pesticides No data

Discharge/recharge into super. aquifer Hydraulic connectivity with the superficial aquifer unknown

Acid sulphate soil occurrence Based on ASS risk mapping 

Groundwater dependence Unknown effects on wetlands in the area (perched groundwater) 

Water balance/effects on hypersalinity Insufficient understanding of evolving hydrodynamic system

Ecology and groundwater dependence Some relevant studies in preparation (UWA)

Source reference and comments:

Superficial aquifer

Leederville Aquifer

 Wetlands

 Lake Preston

Status of information gaps
Data/information requirements for 

Sustainable yieldAquifer and receptors
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2.4 Gap analysis 

The review of available information and data found that these data should be sufficient to 
broadly characterise the groundwater levels and yields and groundwater quality within the 
superficial aquifer (see Figure 5, Figure 6 and Figure 7).  The review did identify some gaps 
and these related to: 

 Leakage and connectivity to the underlying Leederville aquifer; and 

 The location and dynamics of the saline interface. 

The data are sufficient to broadly characterise the geology, likely aquifer yields and limited 
groundwater quality of the Leederville aquifer (Figure 8 and Figure 9). The review of the 
literature and data identified gaps related to: 

 The absence of sufficient water quality to determine shifts in water quality and potential 
impacts from expansion; 

 Limited time series data from which to draw clear trends; 

 Limited number of bores aimed at identifying the location and size of freshwater lenses; 
and 

 Leakage from and connectivity to the overlying superficial aquifer; 

The following significant gaps are discussed in further detail: 

 The hydraulic connectivity of the superficial and the Leederville aquifer 

 Defining the freshwater resources contained within the Leederville aquifer 

 Risk of saline/hypersaline groundwater intrusion into the superficial aquifer 

Hydraulic connectivity of the superficial and the Leederville Aquifer 

Groundwater yield estimates (and modelling for the purposes of sustainable yield) will require 
an understanding and quantification of the hydraulic connectivity of the superficial and the 
Leederville aquifer. 

Groundwater flow may occur between the aquifers where the confining layers are absent and 
hydraulic heads drive groundwater movement. Where confining layers are absent, abstraction 
from either the superficial or the Leederville aquifer has potential to draw water and impact 
water levels and salinity within both aquifers. 

The presence or otherwise of hydraulically separating and laterally continuous shale/clay layers 
within the Leederville aquifer has not been established given the low density of investigation 
bores into the Leederville aquifer over the Study area (Figure 8).  

Water resources within the Leederville aquifer 

The information presented in Figure 10 indicates that the groundwater quality of the deeper 
parts of the Leederville aquifer (>400 m) are not suitable for horticultural use (> 1000 mg/L). 
The limited information from shallow parts of the Leederville aquifer (six bores over the study 
area), indicate that salinity of the groundwater within the shallow parts of the aquifer (70 to 200 
meters) may be suitable for horticulture (less than 1000 mg/L).   

The depth and lateral extent of the freshwater resources within the Leederville aquifer has not 
been reliably established given the low density of investigation/monitoring bores into the 
Leederville aquifer investigation bores over the Study area (Figure 8). 
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Risk of saline/hypersaline intrusion into the superficial aquifer: 

The superficial aquifer is the main source of groundwater supply for the MIAP.  There is general 
consensus that this aquifer is likely to be over-allocated and should not be relied as a water 
source to support the expansion of the MIAP.  In order to more accurately determine the 
groundwater yield estimates of the superficial, an understanding of the effect of groundwater 
abstraction on the mobilisation/intrusion of the hypersaline waters in the superficial aquifer is 
required.  Water quality data recorded in the MIAP show increasing TDS concentrations in the 
superficial trending from east to west with the lowest concentrations recorded in the 
groundwater mounds, Figure 10.  

The shallow groundwater system beneath Lake Preston is considered complex, with 
groundwater gradient westward towards the lake balanced by the density of the hypersaline 
plume below the lake, which controls the position of the hypersaline water interface.  

Historically, the position of the hypersaline water interface is inferred to reflect an equilibrium 
between density driven flow and advective groundwater flow. However, more recent changes in 
salinity of the lake and potential decreases in groundwater flow (due to rainfall decreases 
and/or groundwater abstraction) may have altered the balance, increasing the risk of migration 
of saline waters into the superficial aquifer. 

There are a reasonable number of monitoring wells located in the vicinity of eastern side of 
Lake Preston dedicated for the purposes of conductivity measurements (full screen intervals) 
within the superficial aquifer (Figure 11). In addition to the DoW monitoring bores there is a 
number of licenced bores throughout the MIAP), Figure 12. These bores are monitored 
according to their licence conditions and water quality data, including TDS, are recorded.   

This review did not identify any recent study of the dynamics of the hypersaline plumes under 
Lake Preston or the other Yalgorup lakes, nor any existing model that might be used 
prognostically to assess the risk of mobilisation or intrusion of hypersaline groundwater into the 
superficial aquifer. 

. 
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Figure 6WIN bores with groundwater level data 



aosbaldeston
Text Box
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Figure 8WIN bores intersecting Leederville Formation (only those greater than 40m total depth) 
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Figure 9WIN bores  - Leederville or deeper, with conductivity data 
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Figure 10 Salinity trends in the Superficial aquifer in the MIAP
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Figure 12  Location of privately owned licenced monitoring bores in the MIAP
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2.5 Gaps in groundwater data 

A review of the groundwater data, information and knowledge of the MIAP indicates four major 
data gaps that are considered to preclude a reliable understanding of the sustainable 
groundwater yield of the region: 

 

1. The hydraulic connectivity of the superficial and the Leederville aquifer 

2. The water resources contained within the Leederville aquifer 

3. Risk of saline/hypersaline groundwater intrusion into the superficial aquifer 

An understanding of the hydraulic connectivity of the superficial and the Leederville aquifer and 
the identification of the fresh water resources within the Leederville aquifer can be achieved 
through the tailoring of groundwater investigation programs. 

 

Gaps 

To address items 1, 2 and 3 the following are recommended 

 Review the existing geophysical logs of boreholes within the Leederville Aquifer to 
identify/quantity the vertical and lateral extent of fresh groundwater resources. Where 
absent, down hole geophysical logging should be undertaken (on existing suitable bores). 

 Review the requirement (and likely success) of undertaking an EM airborne survey to 
map the salinity of Leederville Aquifer - focused on low salinity to locate a groundwater 
source within the aquifer and indicate where recharge to the aquifer is supported. 

 Installation of groundwater bores in the Leederville Aquifer where information indicates a 
low salinity resource within the Leederville Aquifer, and/or where groundwater bores are 
absent  

 Develop piezometeric surfaces based on the new groundwater level information and 
undertake aquifer pump-testing within the newly and formerly installed bores to test 
aquifer connectivity between the superficial and Leederville Aquifer. 

 Consider undertaking age dating of groundwater (e.g. carbon 14) to indicate areas of 
recharge and discharge between the superficial and the Leederville aquifers, where 
confining layers which separate the aquifers are absent. 
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3. Surface water resources 
Previous studies (e.g. GHD, 2005) have identified the Harvey River Diversion Drain as a 
potential water resource for the MIAP 

The Harvey Diversion Drain was originally constructed in 1932 and drains a catchment of 
approximately 96.7 km2, commencing at the town of Harvey and discharging to the Indian 
Ocean, approximately 20 km downstream at Myalup. The drain conveys surplus water from the 
Harvey and Wokalup Rivers as well as agricultural drains to the west of Harvey. 

Potential yield 

The most recent estimated yield from the Harvey Diversion Drain is 26 GL/a (GHD, 2005). 
However, that estimate was based on stream gauged flows in the drain between 1982 and 
2000, when the Myalup gauging station was closed, and climate scenarios of that time. The 
estimate attempted to account for the construction of the Harvey Dam, which occurred in 2000, 
although no downstream flow data in the Diversion Drain were available at that time. 

Since the 2005 yield estimate, large areas of the Harvey Irrigation Area have been piped, 
potentially changing the water balance and flows in the Harvey Diversion Drain. The Myalup 
gauging station (Site Ref 613019) was reopened in June 2014 and climate scenarios have been 
revised since the 2005 yield estimate. 

It is recommended that the yield estimate be reviewed and revised to account for changes in 
catchment hydrology (including the construction of upstream dams and the piping of the Harvey 
Irrigation Area), more recent rainfall and stream gauge data, agreed climate scenarios. 

It is also recommended that any yield estimate consider the interaction between surface water 
flows in the Harvey Diversion Drain and the underlying superficial aquifer. 

Water quality 

The water in the Harvey River Diversion Drain generally has low turbidity, moderate salinity and 
low nutrient concentration (GHD, 2005). However, there are limited data for some parameters 
and current data are limited to discrete samples and do not give a good indication of the 
variation in water quality during periods of high or low water flow.  Water quality is not monitored 
at the recently reinstated Myalup Gauging Station 

It is recommended that a water quality monitoring program be implemented to characterise the 
water quality in the Harvey Diversion Drain. 

Environmental flows 

The proposed Harvey Basin Surface Water Allocation Plan (Water and Rivers Commission, 
1998) noted that the Harvey River Diversion Drain has little ecological value and is therefore 
unlikely to require an environmental water entitlement. 

 

GAPS 

 The most recent available yield estimate for the Harvey Diversion Drain was prepared in 
2005 and pre-dates significant changes in the catchment. It is recommended that the yield 
estimate be reviewed and revised to account for changes in catchment hydrology 
(including the construction of upstream dams and the piping of the Harvey Irrigation Area), 
more recent rainfall and stream gauge data, agreed climate scenarios. 
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 There are very limited water quality data for the Harvey Diversion Drain. It is recommended 
that a water quality monitoring program be implemented to characterise the water quality in 
the Harvey Diversion Drain. 

 There are no data or models able to quantify the interaction between the surface water 
flows in the Harvey Diversion Drain and the underlying superficial aquifer. It is 
recommended that any yield estimate for the Harvey Diversion Drain consider the 
interaction between surface water flows in the drain and the underlying superficial aquifer. 
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4. Modelling tools 
Numerical models are valuable tools for decision-making regarding water resource 
management and potential environmental impacts and are particularly useful for developing 
groundwater allocation plans. The Department of Water uses numerical models for developing 
H3 Allocation Plans. 

For the Myalup-Wellington Project numerical models could be used to answer the following 
questions: 

 Potential yield from groundwater resources in the Myalup area 

 Potential yield from the Harvey Diversion Drain 

 Interaction between the surface water flows in the Harvey Diversion Drain and the 
underlying superficial aquifer 

 Dynamics of the coastal salt wedge and saline/hypersaline plumes under Lake Preston 
and the Yalgorup lakes. 

 Impacts of climate scenarios. 

Given the interaction between surface water and groundwater in the  MIAP, it is preferable that 
any model includes both surface water and groundwater. 

The Department of Water currently has two numerical models relevant to the MIAP: Peel 
Harvey Regional Aquifer Modelling System (PHRAMS) and the Myalup-Lake Preston Local 
Model. These models were jointly developed with CSIRO to provide a quantitative tools for the 
assessment of groundwater resources in the Myalup area. 

PHRAMS 

The regional groundwater model PHRAMS, covers an area between the Peel Inlet and Bunbury, 
from the Darling Fault to the coast, and is designed to assess the superficial aquifer yield under 
various rainfall recharge and land use scenarios (URS, 2009a). The model accounts for rainfall 
recharge, drainage and wetlands, the Peel Inlet, and groundwater flow in the Superficial and 
Leederville aquifers, with emphasis on the superficial. 

PHRAMS is built using Visual MODFLOW with SURFACT. The model has a horizontal grid and 
is 500 m x 500 m with six layers. The model includes major drains, including the Harvey 
Diversion Drain. In MODFLOW, groundwater flows into drains (wherever the groundwater level 
is higher than the drain invert), but drainage water does not discharge to groundwater. This 
does not capture the full dynamics of the surface water-groundwater interaction but is probably 
sufficient for the purposes of water resource allocation in the MIAP. 

The model was calibrated against 2003-2007 data and considered to be sufficiently well 
calibrated (URS, 2009b), based the Murray-Darling Basin Commission – Groundwater Flow 
Modelling Guidelines. 

Myalup-Lake Preston local model 

The Myalup-Lake Preston local model simulates the potential impact of groundwater irrigation 
and recirculation on groundwater salinity, and the potential movement of the salt water interface 
at Lake Preston (URS, 2009a). The model domain extends from approximately mid-point of 
Lake Preston in th north to Binningup in the south, and approximately 10 km offshore in the 
west to approximatel;y 15 km inland to the east.. 



 

GHD | Report for Department of Water - Myalup Irrigation Agriculture Precinct, 61/31870 | 29 

The Myalup-Lake Preston local model is built using MODFLOW/MT3DMS and SEAWAT. At the 
time of completing this report, GHD was unable to source a construction and calibration model 
for the Myalup-Lake Preston local model and cannot confirm whether the model was considered 
sufficiently calibrated. 

Suitability of existing modelling tools and recommendations 

The PHRAMS and Myalup-Lake Preston Local Model provide the Department of Water with 
appropriate models for investigating key hydrogeological questions related to groundwater 
allocation and potential impacts of the MIAP. It is recommended that these models be used for 
future investigation. 

The existing models were constructed and calibrated in 2009 and are not currently used by the 
Department of Water. 
 

GAP 

That PHRAMS and the Myalup-Lake Preston models are reviewed and validated against more 
recent data including groundwater abstraction, climate and groundwater levels before they are 
used for allocation planning. 
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5. Environmental and cultural assets  
5.1 Environmental assets 

The predominant environmental feature of the MIAP are the wetlands that occur along the 
coastal strip, forming part of the Peel-Yalgorup system.  These wetlands occur as permanent 
(generally groundwater fed), seasonal or ephemeral systems and predominately occur as a 
linear north-south chain of wetlands.   

A number of these wetlands are gazetted Environmental Protection (Swan Coastal Plains) 
Policy 1992 (EPP) and therefore protected from activities including draining, filling, mining, 
polluting or alteration to the hydrological function of the wetland.  

The Peel-Yalgorup system has also been identified as having geo-heritage features of 
international significance, ecological communities, flora and fauna species of national 
significance and regional significant vegetation, flora and fauna and significant stands of 
Eucalyptus gomphocelphala (Tuarts) and significant coastal and landscape values (EPA 2010). 
The DotE (2015) notes that the Peel-Yalgorup System is the most important area for waterbirds 
in south-western Australia and also supports a wide variety of invertebrates, and estuarine and 
marine fish. 

Given these environmental values, some of the MIAP wetlands are protected under 
environmental legislation including the Ramsar Convention, the Commonwealth Environment 
Protection and Biodiversity Act 1999 and the Western Australia’s Environmental Protection Act 
1986.   

5.1.1 Wetlands  

Wetlands of International importance 

Wetlands of International Significance are listed under the Ramsar Convention, which is an 
international treaty that covers the conservation of internationally important wetlands. 

The MIAP occurs adjacent to the Peel-Yalgorup system, which is a Ramsar listed wetland. This 
wetland system comprises a large and diverse system of shallow estuaries, coastal saline lakes 
and freshwater marshes and includes the Peel Inlet, Harvey Estuary, Lake Preston, Lake 
McLarty, Lake Mealup and ten Yalgorup National Park wetlands (DotE 2015).  

National Important Wetlands 

Wetlands of national significance are listed under the Directory of Important Wetlands in 
Australia.  

The MIAP occurs adjacent to one nationally important wetland, the Yalgorup Lakes System. 
This System is also part of the Peel-Yalgorup system, which is a Ramsar listed wetland. 

Geomorphic Wetlands 

The Geomorphic Wetlands Swan Coastal Plain dataset (Hill et al. 1996) displays the location, 
boundary, geomorphic classification (wetland type) and management category of wetlands on 
the Swan Coastal Plain.  

There are numerous geomorphic wetlands within and adjacent to the MIAP. Details of the 
Conservation category and Resource Enhancement wetlands occurring within the Survey area 
and are listed in Appendix A. 
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EPP Lakes 

The EPA Environmental Protection (Swan coastal plain lakes) Policy 1992 identifies lakes on 
the coastal plain that have been provided with statutory protection (EPP Lakes). Nineteen EPP 
Lakes occur within or intersect the MIA; these Lakes are mostly associated with geomorphic 
wetlands. 

The wetlands in the MIAP are shown in Figure 13 and Figure 14, where Figure 14 shows the 
EPP wetlands only.  

Lake Preston 

Lake Preston is the most significant environmental feature of the MIAP and is listed as a 
Ramsar wetland.  Data for this groundwater fed system is limited in terms of understanding the 
sensitivities its groundwater dependent ecosystems (GDE’s) have to the changes in water 
quality and groundwater discharge. 

A review of the understanding known of the ecology and groundwater dependence of Lake 
Preston was drawn from a combination of the literature reviewed for this study (Table 2) and a 
master’s thesis currently in preparation at the UWA (7). The review found:  

 Since the collection of baseline water quality data in 1991/92 (2), there is supporting 
information that the salinity of the lakes in the region has increased significantly (including 
Lake Preston). 

 The increasing concentrations of salt in lake are possibly a result of:  

o  decreasing rainfall, and/or  

o decreasing groundwater discharge into the Lake, and/or  

o  seawater intrusion (lake levels below sea level). 

 The sensitivity of the lake ecology to changes in water quality is not known. The ecology 
of Lake Preston is partially understood, but key components of the system are the 
microbialites and macro invertebrates, which support water birds and other higher life 
forms (UWA works in prep). The fringing vegetation communities are deemed critical.  

Given the complexity and state of change between the interaction between Lake Preston’s 
surface water and groundwater regime (hypersalinity), the current lack of knowledge precludes 
an understanding of the  

 risks of hypersaline groundwater intrusion into the superficial aquifer, and  

 groundwater discharge into the lake/water balance.   

GAPS 

It is recommended that an investigation is undertaken to: 

 Understand ecological dependence on groundwater discharge into the Lake,  

 Characterise the recent evolution of hypersalinity of Lake Preston waters and 
hypersalinity of groundwater (beneath the lake) 

 Determine the water balance and relative contributions of inputs of the Lake such as 
rainfall, superficial groundwater discharge and seawater migration/intrusion.  

The outcomes of the investigation should form the basis for development of an appropriate 
surface water, groundwater and ecological monitoring program for the purposes of 
understanding the impacts that abstraction of groundwater in the Myalup region will induce on 
Lake Preston. 
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Figure 14  EPP wetlands in the MIAP
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5.1.2 Ecology 

The MIAP has a number of environmental assets and supports a diverse natural environment 
particularly around Lake Preston.  The environmental values have been broadly mapped by the 
EPA and shown in Figure15.   This Figure shows identifies the ecosystems and vegetation that 
has high environmental value and represent areas that should be conserved. The Figure 
highlights the area of native vegetation throughout the MIAP, the protected wetlands and of 
biodiversity areas is shown.   

The EPA’s 2010 Bulletin 1359 identified that a number of flora and fauna of significant value are 
found in the area.  These species are likely to include Matters of National Environmental 
Significance (MNES) such as the Carnaby’s Black Cockatoo, Forest Red-tail cockatoo and 
Baudin’s Cockatoo and the Western Ringtail Possum as well as well as species listed under the 
Wildlife Conservation Act 1950 such as the Western Brush Wallaby and Quenda.  

This study has highlighted that gaps in knowledge regarding the risk of hypersaline intrusion 
into the superficial aquifer and groundwater discharge into the lake.  The potential 
environmental impact of changes in salinity concentrations in Lake Preston on the groundwater 
dependent ecosystems and surrounding ecology. 

 

GAP 

There are very few ecological studies that have been completed that address the criteria of the 
EPBC Act and EPA Act within the MIAP. Future development of the MIAP would require a range 
of environmental studies.  It is recommended that a series of studies are undertaken to 
understand the ecological dynamic of the MIAP, and in particular the environmental values of 
Lake Preston. These studies would be identified in an Environmental Impact Assessment.  
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Figure 15 Environmental values in the MIAP
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5.2 Acid Sulphate Soils 

Acid sulphate soils are soils that naturally contain iron sulphide minerals, particularly pyrite and 
form in waterlogged sediments in anaerobic conditions. They are prevelant on the Swan coastal 
plain.  Mapping by the DER indicate a moderate to high risk of shallow acid sulphate soils risk in 
the Myalup area, most likely where land is closer to the established wetlands. 

The expansion of the MIAP and potential drawdown of groundwater may lead to the acidification 
of these soils and formation of a plume as soils listed as having high to moderate ASS risk, 
Figure 16.  The DoW (2014) notes that the risk of ASS is potentially increased by the reduced 
rainfall experienced in the south west region of Western Australia.   

 

GAP   

An assessment of the extent of ASS is undertaken wherever there is proposed expansion of the 
MIAP.  
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Figure 16 Distribution of ASS in the MIAP
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5.3 Cultural Assets 

5.3.1 Heritage 

Aboriginal heritage 

A search of the Department of Aboriginal Affairs’ (DAA’s) Aboriginal Heritage Inquiry System 
(DAA 2015) did not identify any known Registered sites of Aboriginal heritage significance within 
the Myalup Irrigation Area. However, nine ‘Other Heritage Places’ occur within the Myalup 
Irrigation Area) and shown in Figure 17. 

Table 3 Aboriginal heritage sites recorded within the Myalup Irrigation 
Area 

Name and Site ID Status Access Type 
Lake Preston (5614) I Open Artefacts / Scatter 
Harvey 95 (5797) Stored Open Artefacts / Scatter 
Harvey 46 (5798) Stored Open Artefacts / Scatter 
Harvey 47 (5799) Stored Open Artefacts / Scatter 
Harvey 49/Myalup Beach Rd (5801) Stored Open Artefacts / Scatter 
Harvey 60 (5811) Stored Open Artefacts / Scatter 
Harvey/Brunswick Junction 51 (5803) Stored Open Artefacts / Scatter 
Old Coast Road 1 (4884) Stored Open Artefacts / Scatter 
Australind: Buffalo Road Burial 
(15371) 

P Open Ceremonial, skeletal 
material/burial 

 

5.3.2 European heritage 

A search of the Western Australian State Heritage Office Inherit database has indicated that 
there are no known sites of heritage significance within the vicinity of the MIAP (GoWA 2014a). 

Further work 

The expansion of the MIAP is unlikely to be constrained by Aboriginal or European heritage 
values and so further work is not recommended at this point.  Further work would however be 
required if cultural values such as skeletal remains or a site of significance is discovered.   
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5.4 Land Capability 

The land capability of the MIAP is determined by the geology described in Section 2.1.  The 
area is dominated by the Spearwood Dunes and Bassendean Sand.  Perennial and annual 
horticulture is well suited to these free- draining soil types.  These soils are generally deficient in 
macro and micro nutrients, particularly phosphorous and nitrogen.    

Expansion of the MIAP will require increased applications of fertilisers and trace elements. 
There is a potential that these increased tonnages of fertilisers may have some impact on water 
quality which may impact production potential per hectare.  Effective nutrient management will 
need to be demonstrated as a component of the expanded MIAP. 

An expanded area of horticultural production will also likely lead to an increase in pesticide use 
which may permeate through the transmissive sands, potentially impacting water quality.  
Further investigations may be required as to the potential pesticide loading and impact this may 
have on water quality. 

GAP 

The impact of increased fertiliser and pesticide applications in the expanded MIAP is unknown, 
particularly on water quality. It is recommended that modelling of current and predictive fertiliser 
and pesticide applications is undertaken to determine what if any impact it may have on water 
quality and any receiving waters  and water users, for example the Ramsar wetlands 

5.5 Land use 

In 2000, the Western Australian Planning Commission (WAPC) and DAFWA assessed the 
strategic resource areas for the Greater Bunbury region.  The first phase of that work mapped 
the agricultural capability of the land according to the following criteria: 

 Potential for conflict with surrounding landuses; 

 Synergies with surrounding uses; 

 Water availability; 

 Off-site environmental impacts; 

 Land for expansion; 

A series of maps showing agricultural capability and where land was constrained and 
unconstrained were generated. The land suitability assessment identified the MIAP as a 
strategic horticultural precinct, although it was constrained by: 

 Land for expansion; 

 Off site environmental impacts (discussed in Section 4.0 of this Report). 

The land in the MIAP is constrained by a range of existing and potential landuses. These 
include: 

 Pine plantations; 

 Urbanisation (including transport corridors); 

 Protection of Basic Raw Materials, which in the case of MIAP is agricultural lime and 
limestone. 

As a result of the land suitability assessment, the MIAP was recognised in the Greater Bunbury 
Region Scheme - Strategic Agricultural Resource Policy 2005 (WAPC 2005) as a Strategic 
Agricultural Resource Policy area.   
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Pine plantations 

The pine plantations in the MIA are a significant constraint both in terms of land availability for 
horticulture and also their impact on potential recharge of the superficial aquifer. The root 
system of this perennial crop is well established and intercepts the majority of rainwater that 
percolates through the soil profile.  While these plantations are a stable landuse, there have 
been economic studies undertaken to justify their removal and, in so doing, increase the 
freshwater yield of the aquifers in the area, which is particularly significant in a drying climate.  
The most recent review for the cost:benefit of removing the plantations was in 2002 (Wright et 
al., 2002) and it is timely to review this CBA in light of updated hydrological information and 
changes in landuse. 

GAP  

The 2002 cost/benefit analysis of the removal of the pine plantations should be reviewed and 
updated to reflect changes in landuse since the study, current economic data and updated 
hydrogeological information.  Revised groundwater modelling may be used to support the 
estimated increase in groundwater yields. 

Urbanisation 

In May 2009, the EPA released Environmental Bulletin No. 4 Strategic Advice – Dawesville to 
Binningup which recognised that land between Dawesville and Binningup is under increasing 
pressure for urban development in the midst of a number of competing landuses, including 
environmental sensitivities and agriculture.  The Bulletin advised that a strategic approach was 
required to account for the environmental and planning pressures of the area and specifically 
that a review to clarify the environmental values and the current knowledge and data of these 
values was required.   

The results of the review were presented in the EPA’s 2010 Report 1359 which put forward 12 
recommendations to the Minister for the Environment of the significant environmental values of 
the area. 

The study area included land in the MIAP and draws particular attention to the Peel-Yalgorup 
Lake system and specifically Lake Preston. The EPA concluded that 

“…cleared land south of Lake Preston and generally east of Binningup towards the Old Coast 
Road may have development potential that could be explored to determine its suitability.” 

The urbanisation of land that may be identified for expansion of the MIAP is a potential 
constraint and may result in a possible conflict in landuse and competition for water resources.  

The inclusion of the MIAP as a Strategic Agricultural Resource Policy area in the Greater 
Bunbury Region Scheme - Strategic Agricultural Resource Policy 2005 (WAPC 2005) aims to 
manage this urban development pressure.  

 

GAP  

There is a potential conflict of landuse between land development and agriculture. Potential 
land development areas have not been identified and how this may impact potential 
development of the MIAP. 

It is recommended that there is further understanding of the potential urbanisation of the MIAP.   

It is recommended that the buffer limits for the MIAP are determined to reduce the risk of 
pesticide and nutrient impacts on households.   
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Basic raw materials 

A limestone resource belt runs north-south through the MIAP and corresponds to the 
Spearwood Flats system.  This agricultural lime resource is identified as a basic raw material 
(BRM) in the GBRS and recognised as a Strategic Agricultural Resource.  As a result, there is a 
potential conflict in landuse and therefore land identified for the future of the lime industry 
should be identified as part of the MIAP expansion planning and appropriate buffer areas 
determined.  

 

GAP  

There is a potential conflict of landuse with agriculture and BRM including buffers and transport 
corridors.  The potential scale of the extent of the BRM is unknown and consequence for 
expansion is unknown.  It is recommended that the areas of the BRM are mapped and buffers 
determined to inform landuse planning for the MIAP. 

 
 
  



 

GHD | Report for Department of Water - Myalup Irrigation Agriculture Precinct, 61/31870 | 43 

6. Summary of Gap Analysis  
The gaps discussed in this Report are presented in Table 4 

Table 4 Gaps for further investigation for the Myalup Irrigation Agriculture 
Precinct 

 

Myalup Irrigation Area 
Precinct 

Data Gap What further work is required? 

Groundwater resources 

Superficial and 
Leederville aquifer 

The hydraulic connectivity of 
the superficial and the 
Leederville Aquifer 

 

 Review the existing geophysical 
logs of boreholes within the 
Leederville Aquifer to 
identify/quantity the vertical and 
lateral extent of fresh 
groundwater resources. Where 
absent, down hole geophysical 
logging should be undertaken 
(on existing suitable bores 

Leederville aquifer Water resources within the 
Leederville aquifer 

 Review the requirement (and 
likely success) of undertaking an 
EM airborne survey to map the 
salinity of Leederville Aquifer - 
focused on low salinity to locate 
a groundwater source within the 
aquifer and indicate where 
recharge to the aquifer is 
supported 

 Installation of groundwater bores 
in the Leederville aquifer where 
information indicates a low 
salinity resource within the 
Leederville aquifer and/or where 
groundwater bores are absent 

 Develop piezometric surfaces 
based on the new groundwater 
level information and undertake 
aquifer pump-testing within the 
newly and formerly installed 
bores to test aquifer connectivity 
between the superficial and 
Leederville Aquifer 

 

Lake Preston Hydrodynamics of Lake 
Preston 

 It is recommended that an 
investigation is undertaken to 
better understand: 

 The ecological dependence of 
groundwater discharge into the 
lake; 

 Characterise the recent 
evolution of hypersalinity of 
Lake Preston water and 
hypersalinity of groundwater 
beneath the lake 

 Determine the water balance 
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Myalup Irrigation Area 
Precinct 

Data Gap What further work is required? 

and relative contributions of 
inputs of the Lake including 
rainfall, superficial groundwater 
discharge and seawater 
migration/intrusion. 

Superficial aquifer Risk of saline/hypersaline 
intrusion into the superficial 
aquifer 

 Consider undertaking age 
dating of groundwater (e.g. 
carbon 14) to indicate areas of 
recharge and discharge 
between the superficial and the 
Leederville aquifers, where 
confining layers which 
separate the aquifers are 
absent 

Surface water resources 

Yield estimate The most recent available 
yield estimate for the Harvey 
Diversion Drain was prepared 
in 2005 and pre-dates 
significant changes in the 
catchment.  

 It is recommended that the 
yield estimate be reviewed and 
revised to account for changes 
in catchment hydrology 
(including the construction of 
upstream dams and the piping 
of the Harvey Irrigation Area), 
more recent rainfall and stream 
gauge data, agreed climate 
scenarios 

Water quality There are very limited water 
quality data for the Harvey 
Diversion Drain. 

 It is recommended that a water 
quality monitoring program be 
implemented to characterise 
the water quality in the Harvey 
Diversion Drain. 

Groundwater/ surface 
water interaction 

There are no data or models 
able to quantify the 
interaction between the 
surface water flows in the 
Harvey Diversion Drain and 
the underlying superficial 
aquifer. 

 It is recommended that any 
yield estimate for the Harvey 
Diversion Drain consider the 
interaction between surface 
water flows in the drain and the 
underlying superficial aquifer 

Modelling Tools 

PHRAMS and 
Myalup Lake 
Preston Local 
Model 

The existing models are not 
currently used and 
consequently not updated 
since 2009. 

 That PHRAMS and the 
Myalup-Lake Preston models 
are reviewed and validated 
against more recent data 
including groundwater 
abstraction, climate and 
groundwater levels before they 
are used for allocation 
planning. 

Environmental 

Lake Preston There is currently insufficient 
knowledge with which to 
outline data and information 

 It is recommended that a 
detailed review of the data and 
information is undertaken to 
demonstrate the behaviour and 
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Myalup Irrigation Area 
Precinct 

Data Gap What further work is required? 

requirements to understand 
the hydrodynamics of Lake 
Preston and the sustainable 
groundwater requirements of 
its ecosystems. 

recent evolution of the Lake.   
 It is recommended that the 

sensitivity of the GDE’s to 
changes in water quality is 
investigated in Lake Preston 

Vegetated land 
potentially 
impacted by the 
expansion 

There are very few ecological 
studies that have been 
completed that address the 
criteria of the EPBC Act and 
EPA Act within the MIAP. 

 It is recommended that a 
series of studies are 
undertaken to understand the 
ecological dynamic of the 
MIAP, and in particular the 
environmental values of Lake 
Preston. These studies would 
be identified in an 
Environmental Impact 
Assessment. 

Acid Sulphate Soil DER mapping of the MIAP 
indicates moderate to high 
risk occurrence of ASS. 

 An assessment of the extent of 
ASS is undertaken wherever 
there is a proposed expansion 
of the MIAP. 

Cultural 

Aboriginal Heritage   No further work is required 
unless a significant finding is 
made 

European Heritage   No further work is required 
unless a significant finding is 
made 

Land capability 

Land capability The impact of increased 
fertiliser and pesticide 
applications in the expanded 
MIAP on water quality is 
unknown. 

 It is recommended that 
modelling of current and 
predictive fertiliser and 
pesticide applications is 
undertaken to determine the 
impact to water quality. 

Land Use  

Limestone Resources There is a potential conflict of 
landuse with agriculture and 
BRM including buffers and 
transport corridors.   

 It is recommended that the 
areas of the BRM are mapped 
and buffers determined to 
inform landuse planning for the 
MIAP 

Urbanisation There is a potential conflict of 
landuse between land 
development and agriculture. 

 It is recommended that the 
buffer limits for the MIAP are 
determined to reduce the risk 
of pesticide and nutrient 
impacts on households.   

Pine plantations Feasibility study   The last feasibility study was in 
2002. An updated of feasibility 
study of the removal of the 
pine plantation is 
recommended. 
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Appendix A  - Geomorphic wetlands 
UFI Classification Evaluation 
1197 Dampland Multiple Use 
1198 Sumpland Multiple Use 
1199 Dampland Multiple Use 
1200 Dampland Multiple Use 
1201 Dampland Multiple Use 
1202 Dampland Multiple Use 
1203 Sumpland Multiple Use 
1204 Sumpland Resource Enhancement 
1205 Dampland Multiple Use 
1206 Dampland Multiple Use 
1207 Dampland Multiple Use 
1208 Dampland Multiple Use 
1209 Sumpland Conservation 
1210 Sumpland Multiple Use 
1211 Sumpland Conservation 
1212 Sumpland Conservation 
1213 Sumpland Conservation 
1214 Sumpland Multiple Use 
1215 Dampland Multiple Use 
1216 Sumpland Resource Enhancement 
1217 Artificial Lake Not Assessed 
1341 Sumpland Multiple Use 
1343 Dampland Multiple Use 
1344 Dampland Multiple Use 
1345 Dampland Multiple Use 
1346 Dampland Multiple Use 
1347 Dampland Multiple Use 
1348 Dampland Multiple Use 
1349 Dampland Multiple Use 
1350 Dampland Multiple Use 
1351 Dampland Not Assessed 
1352 Dampland Multiple Use 
1353 Dampland Multiple Use 
1354 Dampland Multiple Use 
1355 Dampland Multiple Use 
1356 Dampland Not Assessed 
1357 Dampland Multiple Use 
1358 Dampland Multiple Use 
1365 Sumpland Conservation 
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UFI Classification Evaluation 
1367 Dampland Multiple Use 
1490 Sumpland Multiple Use 
1491 Sumpland Resource Enhancement 
1492 Sumpland Multiple Use 
1493 Dampland Multiple Use 
1494 Dampland Multiple Use 
1495 Artificial Lake Not Assessed 
1584 Dampland Multiple Use 
1587 Sumpland Multiple Use 
1588 Sumpland Multiple Use 
1589 Dampland Multiple Use 
1590 Sumpland Multiple Use 
1591 Sumpland Multiple Use 
1598 Dampland Conservation 
1632 Palusplain Multiple Use 
1633 Sumpland Multiple Use 
1635 Palusplain Conservation 
1637 Sumpland Conservation 
1638 Dampland Resource Enhancement 
1639 Dampland Multiple Use 
1640 Dampland Multiple Use 
1641 Dampland Multiple Use 
1643 Sumpland Conservation 
1645 Sumpland Resource Enhancement 
1646 Sumpland Resource Enhancement 
1648 Dampland Multiple Use 
1649 Sumpland Conservation 
1650 Dampland Multiple Use 
1651 Sumpland Multiple Use 
1652 Dampland Resource Enhancement 
1660 Dampland Multiple Use 
1780 Sumpland Conservation 
1781 Sumpland Conservation 
1782 Sumpland Conservation 
1783 Sumpland Conservation 
1784 Sumpland Resource Enhancement 
1785 Sumpland Multiple Use 
1786 Sumpland Multiple Use 
1787 Sumpland Resource Enhancement 
1793 Sumpland Multiple Use 
1794 Sumpland Resource Enhancement 
1795 Sumpland Conservation 
1797 Sumpland Resource Enhancement 
1801 Dampland Multiple Use 
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UFI Classification Evaluation 
1802 Dampland Multiple Use 
1803 Sumpland Multiple Use 
1804 Sumpland Resource Enhancement 
1805 Sumpland Multiple Use 
1806 Sumpland Conservation 
1807 Sumpland Multiple Use 
1808 Sumpland Multiple Use 
1809 Sumpland Multiple Use 
1810 Sumpland Resource Enhancement 
1817 Sumpland Multiple Use 
1818 Sumpland Multiple Use 
1879 Sumpland Resource Enhancement 
1880 Sumpland Multiple Use 
1881 Sumpland Conservation 
1885 Dampland Multiple Use 
1886 Palusplain Multiple Use 
1887 Sumpland Multiple Use 
1888 Dampland Conservation 
1889 Sumpland Multiple Use 
1890 Dampland Multiple Use 
1892 Sumpland Multiple Use 
1895 Sumpland Resource Enhancement 
1899 Sumpland Multiple Use 
1900 Dampland Multiple Use 
1901 Sumpland Conservation 
1902 Sumpland Multiple Use 
1917 Sumpland Resource Enhancement 
1932 Sumpland Multiple Use 
1943 Sumpland Conservation 
1967 Sumpland Resource Enhancement 
3022 Dampland Multiple Use 
3024 Dampland Multiple Use 
3025 Dampland Multiple Use 
3026 Dampland Multiple Use 
3027 Dampland Multiple Use 
3028 Dampland Multiple Use 
3029 Dampland Multiple Use 
3030 Dampland Multiple Use 
3031 Dampland Multiple Use 
3032 Dampland Multiple Use 
3033 Dampland Multiple Use 
3246 Dampland Multiple Use 
3247 Dampland Multiple Use 
3248 Dampland Multiple Use 
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UFI Classification Evaluation 
3249 Dampland Multiple Use 
3250 Sumpland Multiple Use 
3251 Sumpland Multiple Use 
3252 Sumpland Resource Enhancement 
3490 Dampland Multiple Use 
3491 Sumpland Multiple Use 
3494 Sumpland Conservation 
3495 Palusplain Conservation 
3496 Sumpland Conservation 
3640 Sumpland Conservation 
3641 Dampland Conservation 
3643 Sumpland Multiple Use 
3644 Sumpland Multiple Use 
3645 Sumpland Multiple Use 
3816 Sumpland Resource Enhancement 
3822 Palusplain Multiple Use 
3823 Palusplain Multiple Use 
3824 Sumpland Conservation 
3825 Sumpland Conservation 
3826 Sumpland Multiple Use 
3827 Sumpland Multiple Use 
3828 Palusplain Conservation 
3829 Sumpland Conservation 
3830 Sumpland Multiple Use 
3833 Sumpland Conservation 
3834 Dampland Conservation 
3835 Sumpland Conservation 
3836 Sumpland Conservation 
3837 Sumpland Conservation 
3838 Sumpland Multiple Use 
3841 Sumpland Resource Enhancement 
13245 Palusplain Conservation 
13246 Artificial Lake Not Assessed 
13249 Dampland Multiple Use 
13252 Sumpland Multiple Use 
13253 Palusplain Multiple Use 
13257 Palusplain Multiple Use 
13258 Palusplain Conservation 
13259 Palusplain Multiple Use 
13285 Palusplain Multiple Use 
14410 Dryland Not Applicable 
14411 Dryland Not Applicable 
14547 Sumpland Multiple Use 
14550 Sumpland Conservation 
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UFI Classification Evaluation 
14581 Sumpland Resource Enhancement 
15231 Palusplain Multiple Use 
15480 Lake Conservation 
15490 Dryland Not Applicable 
15491 Estuary-Peripheral Multiple Use 
15508 Estuary-Peripheral Multiple Use 
15717 Estuary-Peripheral Conservation 
15718 Estuary-Peripheral Multiple Use 
15719 Estuary-Peripheral Conservation 
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