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This report has been produced as part of the project AGR047T-05/06 - Consultancy to 
Develop Landuse Nutrient and Best Management Practice Models. It reports on 
Activity 2: Run BMP model scenarios to determine most cost effective set of actions to 
achieve anticipated water quality targets in rural catchments (incorporating a margin of 
safety recognising associated errors of estimation). 

The Tender is part of an overall project being conducted by the WA Department of 
Agriculture and Food (DAFWA) to develop, test and implement point and non-point 
source Best Management Practices (BMPs) for the control of nutrient export in the 
Vasse-Geographe, Ellenbrook and Bremer Bay Catchments. This work is supported 
by financial assistance from the Natural Heritage Trust’s Coastal Catchments Initiative, 
and is allied to a suite of projects implemented by the WA Departments of 
Environment and Water. 

���   ���!��"�#�$����!��

The Tender specifies that this Activity must: 

�  Identify and describe non point source BMPs and their component parts by way of 
review, literature searches and local/regional discussions and where time permits, 
workshops. 

�   Run BMP model scenarios to determine most cost effective set of actions to 
achieve anticipated water quality targets in rural catchments (incorporating a 
margin of safety recognising associated errors of estimation). 

��%   ���!��"� �&
�

The aims therefore are simple: 

�  Review BMPs 

�  Develop Scenarios 

�  Run the model 

�  Report on scenario outcomes. 

The present report should be read in conjunction with the report “SSPND - Landuse 
Nutrient Model Framework Development Report” from Activity 1 (Neville, 2008), that 
details model development and basic outputs. 

��'  (�)�������
��
������
�

This document reports on modeling results for the Ellen Brook catchment in the Swan-
Canning river system. A previous document reported on the Vasse-Wonnerup 
Estuaries and Geographe Bay catchments – referred to as the Vasse-Geographe 
catchments. 

��*  +��$������&�������
�

Note that this project and the SSPND modelling are targeted at rural land and were 
bound to 2004 land use: 

·  No provision was made for climate change. 

·  Land use is taken from 2004 aerial photography (with on-ground checks). 
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·  Urban land use was included in base export modeling but only to a limited 
degree in BMP modeling.  

·  Costs of associated with implementation such as publicity, catchment support 
staff etc have not been included in BMP cost/benefit figures. These have 
been assessed in a limited degree in other reports conducted for this project 
(URS 2005, 2008). 

·  A breakdown of costs between public and private is not provided in scenario 
results, and SSPND is not currently set up to make this distinction. 

���  --+./�0�/���
����-�))���������

The DSS that this work is based on is available to land managers and others through 
the WA Department of Agriculture and Food (DAF). It is based on a database and can 
be supplied as a run-time program, downloadable from the internet. For further 
information you can contact Mr David Weaver, at WA Department of Agriculture and 
Food (08 9892 8429) or dweaver@agric.wa.gov.au. 

���  (�)����/�
����&���

Nutrient exports, landuses, best management practices and catchment hydrology 
exhibit characteristics and properties which vary from place to place and can change 
with time. The preparation of this Report involved gathering and assimilating facts and 
other information—including opinions—about these characteristics and properties, in 
order to carry out the brief. The facts and opinions reported in this document have 
been obtained by surveys and sampling, and interpretations of these using a variety of 
mathematical models. They are directly relevant only to the catchments and 
waterways and management practices at, about or for which the surveys and 
sampling were carried out, and are believed to be reported accurately. The 
mathematical models used are intended to provide indicative results only, and are 
dependent on input parameters. Any interpretation or recommendation given in this 
document is based on judgment and experience, and not on greater knowledge of the 
facts that the reported investigations may imply. The interpretations and 
recommendations are opinions provided for the sole use by the WA Department of 
Agriculture and Food, in accordance with a specific Tender Brief. Ecotones does not 
represent that the information or interpretation contained in this document address 
completely all issues relating to nutrient management in the CCI catchments. The 
responsibility of Ecotones is solely to its client, the WA Department of Agriculture and 
Food. It is not intended that this report be relied upon by any third party. Ecotones 
accept no liability to any third party. 

���   ����1�����&���
�

The work detailed in this report has been a collaborative effort between the author and 
David Weaver from the Department of Agriculture and Food, WA, with assistance from 
Rob Summers, Nardia Keipert, Rebecca Ovens and others from the Department of 
Agriculture and Food, WA. 

Dennis Van Gool from the Department of Agriculture and Food assisted in 
constructing the P & N loss frameworks used, based on work from the Department’s 
land resource mapping program (see Neville, 2007). He also calculated P & N Loss 
risk indexes based on landform and soils (the map unit database). This is an essential 
part of the model. 

Our thanks to these people. 

This work is supported by financial assistance from the Natural Heritage Trust’s 
Coastal Catchments Initiative. 

 



SSPND: BMP SCENARIOS REPORT – ELLEN BROOK 

ECOTONES & ASSOCIATES� � ��  

% /�!���)&�����	��2+�-�������
�

%��  �������������

The initial task in this project was to establish which BMPs were most suited to the CCI 
project area and land uses. This was carried out under the associated Activity 3: 
Identify and describe non point source BMPs and their component parts by way of 
review, literature searches and local/regional discussions and where time permits, 
workshops. This required a review of existing BMPs from previous projects (Neville, 
2004), and identification and description new BMPs for the Ellen Brook.  

%�% �2+�-���������

A range of rural BMPs have been used in past modeling work, either on the south 
coast (Weaver et al 2003) or for the Peel-Harvey (Neville 2005). Further development 
of urban BMPs was provided in Neville (2006) to assist in evaluation of LASCAM 
model results.  

As part of the current project, a list of BMPs/management scenarios was developed in 
a CCI Steering Committee workshop in October 2007. Not all BMPs or management 
scenarios proposed could be implemented in SSPND, and so some – such as 2 
climate change scenarios - were left for SQUARE to evaluate. Details of the response 
to this workshop are provided in Appendix 1. 

Costs and benefits of the existing and potential BMPs were reviewed as well as 
potential P and N reductions. The review work was carried out in conjunction with 
project staff within the Department of Agriculture and Food (DAF) and with other CCI 
members. 

  �������������2+
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The Agricultural BMPS selected were as follows: 

�  Riparian Management, applied to 1st, 2nd or 3rd order and above streams: 

�  LOW – (Level 3) fencing, revegetation with paddock grasses only 

�  MODERATE – (Level 2) fencing, revegetation with trees & grasses, 

�  HIGH – (Level 1) fencing, revegetation with trees & grasses, off-stream 
watering points, stock exclusion and crossings 

�  Fertiliser Management 

�  Implementation of a fertiliser management program for grazing pasture.  

�  Best management practices for fertiliser management include: 

�  conducting regular soil and/or tissue testing to determine the required 
nutrients to meet crop, pasture or animal needs 

�  applying nutrients according to the recommendations of soil or tissue 
testing 

�  using nutrient budgeting in making fertiliser decisions 

�  applying fertiliser after the break of season when there is some green 
cover, preferably in split applications 

�  application of fertilisers in spring when nutrient requirements are greatest 

�  having buffers between fertilised areas and watercourses 

�  avoiding fertilising when intense rainfall is forecast 

�  avoid fertilising firebreaks 
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�  Low Water Soluble P Fertiliser 

The use of low water-soluble P fertiliser mainly on low PRI sands. This would be 
used as a P fertiliser replacement, with an anticipated additional cost being offset 
by lower usage. A variety of types are possible, including red-mud coated 
superphosphate; lime reduced super, and citrate-soluble fertiliser, however none 
are commercially or widely available at this stage. 

�  Perennial Pastures 

Perennial pastures have deep rooting systems: they are able to stay green later in 
spring, and therefore limit erosion. They have the ability to intercept nutrients that 
have leached below the shallow root system of annual pastures and provide 
opportunities for immediate water and nutrient uptake when there is un-seasonal 
weather. Perennial pasture systems can also be significantly more productive than 
annual systems, and use larger amounts of water than annual systems which can 
reduce waterlogging and salinity problems. Perennial grasses include : 

�  Kikuyu and Paspalum which are suited to wet depressions and drainage 
lines 

�  Couch which is suited to medium and higher sands 

�  Rhodes which is drought tolerant and suited to soils ranging from deep 
sands and gravels to duplexes with at least 400 mm of sand to clay 

�  Perennial veldt grass on the dry sands 

�  This practice requires that annual based pasture systems are replaced by 
perennial based systems. 

�  Soil Amendment (Alkaloam, NUA or TiFIX) 

�  Application of soil amendment at 5T/ha 10T/ha and 20T/ha, for all suitable 
soils (high sandy soils).  

This practice involves the application of high P fixing materials such as NUA 
to sandy soils to restrict P leaching. Sandy soils are naturally nutrient deficient 
and have very little capacity to retain applied fertilisers. Leaching of fertilisers 
applied to sandy soils is high but with the addition of a soil amendment such 
as Alkaloam or TIFIX the phosphorus retention capacity of soils can be 
greatly increased. Improvements in pasture condition on sandy less 
productive land can be expected which results in increased levels of 
production and income. Different products (NUA, TiFIX and Alkaloam) are 
available as mining by-products in different parts of the WA west coast, 
although none are commercially available at this stage.  

An additional BMP of intensive pasture management has been identified, but no data 
is currently available to specify this in modelling. However current DAF research will 
provide more information within the next 1-2 years (Dave Rogers, DAF, pers comm.). 

 3������2+
�

�  Fertiliser Reduction (Urban)  

The Fertiliser Reduction (Urban) BMPs are a response to the need for large P or 
N reductions from urban areas in order to meet high reduction targets in some 
catchments. Rather than being a specific BMP, they involve a range of fertiliser 
reduction strategies as applied to an urban setting. The individual BMPs are 
adapted from agricultural BMPs such as the use of low water-soluble P fertiliser, 
application of TIFIX, better fertiliser management and finally simple reduction in 
the fertiliser levels. These BMPs are listed with no capital costs, but it should be 
understood that behaviour change such as this would require significant cost. At 
this stage it is not possible to ascribe costs to such a campaign, as the necessary 
research is lacking. 
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�  25% Fertiliser Reduction (Urban) [FRU] 

The 25% level of FRU involves the substitution of 50% of P fertilisers with 
Low water soluble P fertiliser to reduce P loss, and a 25% actual reduction in 
N application. 

�  50% Fertiliser Reduction (Urban) 

The 50% level of FRU involves the substitution of all P fertilisers with Low 
water soluble P fertiliser to reduce P loss, and an actual 50% reduction in N 
application. 

�  75% Fertiliser Reduction (Urban) 

The 75% level of FRU involves a 20% reduction in P fertiliser levels, the 
substitution of all P fertilisers with Low water soluble P fertiliser, better fertiliser 
management, and the use of TIFIX in all gardens as a soil amendment. For N 
it means a 70% reduction in N application as well better fertiliser management 
and the use of TIFIX in all gardens as a soil amendment. 

�  90% Fertiliser Reduction (Urban) 

The 90% level of FRU involves a 60% reduction in P fertiliser levels, the 
substitution of all P fertilisers with Low water soluble P fertiliser, better fertiliser 
management, and the use of TIFIX in all gardens as a soil amendment. For N 
it means an 85% reduction in N application as well better fertiliser 
management and the use of TIFIX in all gardens as a soil amendment. 

�  Infill Sewer – to convert un-sewered urban areas (houses still on septics) to 
sewer. This is a very capital intensive option, with costs based on Water 
Corporation data. 

�  Urban /Rural - Septic Tank Upgrade – an alternative option to upgrade the septic 
tanks in urban and rural residential areas. The costs are for replacing or sealing 
the existing septic tanks, and upgrading the leach drains to contain P through the 
use of soil amendment. 

�  Full Sewer Connection in urban residential areas currently serviced by sewer. This 
covers the connection of the estimated 20% of properties that are still on septic 
tanks even though sewer is available. 

%�'  �2+�4!���������

Each BMP was run individually, to assess its individual impacts and associated costs.  
Some variations were run to assess different levels of implementation.  

 ����!������(������2+
�

�  TIFIX 5t/ha 100% - applied to all low PRI soils 

�  TIFIX 10T/ha 100% - applied to all low PRI soils 

�  TIFIX 20T/ha 100% - applied to all low PRI soils 

�  Low water soluble P fertiliser 100% - applied to all low PRI soils 

�  Perennial Pasture - grazing systems at 100%. 

�  Fertiliser Management – all grazing systems 100% 

A limited amount of evaluation was done of selectively applying some scenarios to 
demonstrate the great variation in cost-effectiveness by subcatchment. 

 ����!������(�)�������2+
�

These act on both rural and urban nutrient sources. 

�  Riparian Management LOW - All stream orders 100% 



 SWAN-CANNING CCI PROJECT�

�*� � ECOTONES & ASSOCIATES 

�  Riparian Management MODERATE - all 100% 

�  Riparian Management HIGH -  all 100% 

�  Riparian Management Low/Med/High Assorted – different BMPs on different 
orders of stream:  

�  Riparian Management Low  on 1st order streams at 35% adoption 

�  Riparian Management Moderate on 2nd order streams at 50% adoption 

�  Riparian Management High on 3rd+ order streams at 100% adoption 

 ����!������3������2+
�

�  Infill Sewer – to convert un-sewered urban areas to sewer. This is a very capital 
intensive option. 

�   Urban /Rural - Septic Tank Upgrade – an alternative option to upgrade the septic 
tanks in urban and rural residential areas. 

�  Full Sewer Connection in urban residential areas currently serviced by sewer. 

�  25% Fertiliser Reduction (Urban) 

�  50% Fertiliser Reduction (Urban) 

�  75% Fertiliser Reduction (Urban) 

�  90% Fertiliser Reduction (Urban) 

%�* �2+�-�������
�

BMPs were then combined in scenarios to test the cumulative effect of a number of 
simultaneous BMP implementations, according to the requirements of the project. Six 
scenarios were run: 

�  Status quo – an estimation of the effect of BMP change to date 

�  Total Max –everything could be done, all at once 

�  Cost Effective 100% - all of the most cost-effective BMPs implemented at 
maximum levels; 

�  High Reduction Feasible 100% - all of the most effective BMPs implemented at 
levels considered feasible, but not necessarily realistic. 

�  High Reduction Realistic 20yrs 100% - all of the most effective BMPs 
implemented at levels considered realistic in a 20yr intensive program. 

�  Fertiliser Action Plan – a scenario to simulate the effect of the proposals in this 
plan (Dr. R Summers, DAF, pers com). 

 -����
�5���6�
�������7���
�

The Status Quo scenario is an estimate of existing BMP implementation, based on 
surveys of properties carried out as part of the CCI project (Keipert, et al 2008). The 
existing BMP implementation is estimated as follows: 
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The results from the modelling of BMP implementation have been assessed on the 
basis of P and N removal and cost-effectiveness at both the catchment and sub-
catchment scales. BMP results are summarised for the CCI study area in the tables 
below, while a table of results for each BMP identifying results for each sub-catchment 
in the associated Water Quality Improvement Plan (WQIP) is provided in the 
Appendices (Appendix 2 – Appendix 3). Some comments are provided on these 
results in Section 3.3. 
In the summary tables below, shading has been applied to highlight BMPs which have 
the highest performance. 

Overall Reduction refers to the modeled reduction in kilograms of P or N exported. 

 
����������	
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Overall Percentage refers to the modeled reduction in kilograms of P or N exported as 
a percentage of current modeled P or N export. 

 

In the tables showing net benefit per kilogram of P or N removed, colours indicate the 
cost-effectiveness – the least cost-effective options are shaded red, while the most 
cost-effective are shaded green. Note that a negative number (eg -$123.0) indicates a 
net cost to the land manager from a particular BMP. ‘nYear’ benefit is the benefit for 
the number of years that a scenario has been run for (usually 10 years) , and includes 
implementation and maintenances costs, productivity increases, and the cost of capital 
investment and either loan repayments or forgone interest. 
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Overall Capital Cost is included as this measures the potential financial impediment to 
any BMP. The darkest cells indicate the highest initial costs. 

����������"
�������� � ��������	
���
#
������ �

� �
� �

��$���� �

'�%  �2+���
���
��!������

Summary results for each BMP for the CCI project area in total (all WQIP catchments) are provided 
in Table 1. 
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The results indicate the following: 
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Other than perennial pastures, the agricultural BMPs modeled have relatively modest 
investment costs. 

Fertiliser Management 100% 

The implementation of effective fertiliser management on all grazing land use was 
estimated to give a reduction of 422kg P (4.2%) and 3,907 kg N (5.6%) of the total P & 
N export to the Swan River. The overall capital cost was estimated at $271,000, but 
this BMP would return a net benefit over 10 years of over $4.1 million, or $976/kg P 
and $106/kg N. This is one of the few BMPs that returns a positive result over 10 years 
for both N & P, and is the most cost-effective of all BMPs modeled for P. 

Perennial Pasture - 100% 

The conversion of annual pasture to perennial pasture (mixed grazing, cattle for beef, 
lifestyle blocks and horses) was estimated to provide a reduction of 1,554kg, or 15.4% 
of the total P export, and 13,892kg N (19.8%). The overall capital cost was estimated 
at over $8.1 million, with a net cost over 10 years of over $3.8 million, or $245/kg P 
and $27/kg N. In previous work this has been listed as the most cost-effective of all 
BMPs modeled, however recent research has indicated greater capital costs and 
lower returns.  
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TIFIX 5t/ha 100% 

Application of TIFIX at 5T/ha to all suitable soils (low PRI sands) was estimated to 
provide a reduction of 1,554kg P, or 10.8% of the total P export, and 992kg N or 1.4%. 
The overall capital cost was estimated at just over $430,000, but this BMP would 
return a net benefit over 10 years of $5.3 million; $486/kg P or $535/kg N. This 
indicates a very cost-effective BMP, with a significant amount of suitable soils has in 
comparison to other catchments such as Vasse-Geographe. 

TIFIX 10T/ha 100% 

Application of TIFIX at 10T/ha to all suitable soils (low PRI sands) was estimated to 
provide a reduction of 1,821kg P, or 18% of the total P export, and 992kg N or 1.4%. 
The overall capital cost was estimated at just over $840,000, and this BMP would 
return a net benefit over 10 years of $7.4 million: $407/kg P or $747/kg N. 

TIFIX 20T/ha 100% 

Application of TIFIX at 20T/ha to all suitable soils (low PRI sands) was estimated to 
provide a reduction of 2,185kg P, or 21.6% of the total P export, and 992kg N or 1.4%. 
The overall capital cost was estimated at just under $2 million, and this BMP would 
return a net benefit over 10 years of $7.7 million: $352/kg P or $776/kg N. This 
provides the second largest P reduction of all BMPS and must be considered an 
essential part of  reduction strategies. 

Low Water Soluble P Fertiliser - Low PRI Soils 100%  

The large amount of low PRI soils means that LWS fertilisers perform well in 
modelling. The use of Low Water Soluble P fertiliser on low PRI sands was estimated 
to provide a reduction of 1,092kg P, or 10.8% of the total P export, and 3,491kg or 
0.8% of N. As is it expected to be used as a P fertiliser replacement, with an additional 
cost being offset by lower usage, the overall capital cost was estimated nil, with no net 
benefit or loss over 10 years. Cost per kg P or N is therefore $0. 

Low Water Soluble P Fertiliser – All Soils (Low PRI  Soils 100%, Other soils 10%) 

The use of Low Water Soluble P fertiliser on low PRI sands and on 10% of other soils 
(lower PRI soils) was estimated to provide a reduction of 2,699kg P, or 4.8% of the 
total P export, and 992kg or 1.4%.  of N. As is it expected to be used as a P fertiliser 
replacement, with an additional cost being offset by lower usage, the overall capital 
cost was estimated nil, with no net benefit or loss over 10 years. Cost per kg P or N is 
therefore $0. 

 

Individual BMPs – Riparian 

Riparian works have very large costs in the following results, however it should be 
noted that in many sub-catchments no works will be required at all, as there are no 
significant nutrient sources in those subcatchments. The following results for riparian 
works are therefore very much for illustration. 

Riparian Management All Low 100% 

Riparian Management LOW (comprising fencing, revegetation with paddock grasses 
only on all streams) was estimated to provide a reduction of 736, or 7.3% of the total P 
export, and 16,994kg N (24.2%). The overall capital cost is estimated at over $1.5 
million, with a net cost over 10 years over $3.1 million, or $427/kg P and $18/kg N. The 
efficiency of N removal provides very large N reduction, but for P this is the most 
expensive agricultural BMP on a per kg basis of removal. Whilst cheaper than other 
stream BMPs modeled, it provides for the least efficient removal. 

Riparian Management MODERATE all 100% 

Riparian Management MODERATE (comprising fencing, revegetation with trees and 
grasses on all streams) was estimated to provide a reduction of 1,471, or 14.6% of the 
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total P export, and 27,190kg N (38.7%). The overall capital cost is estimated at over 
$2.7 million, with a net cost over 10 years over $5.2 million: $356/kg P and $19/kg N. 
The efficiency of N removal provides very large N reduction, but for P this is still a very 
expensive agricultural BMP on a per kg basis of removal.  

Riparian Management HIGH all 100% 

Riparian Management HIGH (comprising fencing, revegetation with trees and grasses, 
and off-stream watering and stream crossings on all streams) was estimated to 
provide a reduction of 2,942kg, or 29.1% of the total P export, and 33,988kg N 
(48.3%). The overall capital cost is estimated at over $3.8 million, with a net cost over 
10 years of over $6.5 million, or $223/kg P and $19/kg N. The inclusion of creek 
crossings and off-stream watering is expected to greatly improve P removal for 
relatively small additional cost, leading to the lower cost of removal per kg of p. 
However, like all the riparian management BMPs, this remains a cost to farmers/land 
managers, with a high up-front investment. 

Riparian Management Low/Med/High Assorted 

Riparian Management Low/Med/High ASSORTED comprised different levels of 
management of different stream orders: 

�  Riparian Management Moderate on 2nd order streams at 50% adoption. 

�  Riparian Management High on 3rd+ order streams at 100% adoption. 

�  Riparian Management Low on 1st order streams at 35% adoption. 

This scenario was designed to more closely replicate the likely highest achievable level 
of riparian works, although it is still applied to all subcatchments.  It is estimated to 
provide a reduction of 1,362kg or 13.5% of the total P export, and 18,614kg N (26.5%). 
The overall capital cost is estimated at over $1.6 million, with a net cost over 10 years 
of over $2.8 million, or $208/kg P and $15/kg N. 

This illustrates that with more selective implementation across different stream types, a 
lower level of investment can be made which still returns similar efficiency to high order 
stream works. 

Riparian Management Low/Med/High Assorted – Selecti ve Implementation by 
subcatchment 

A further refinement of this scenario (or of any BMP implementation) can be made by 
opting to carry out work only in subcatchments where the cost/kg of removal meets a 
particular threshold. By limiting works to subcatchments where removal cost less than 
$500 per kg of P and $100 per kg N (for example), the Riparian management cost-
benefit result improves dramatically. The capital cost is reduced to just under $1 million 
(less than half) and the net cost over 10 years to just over $1.6 million, whilst still 
providing P reduction of 12.4% and N reduction of 21.8%. The detailed result of this 
selection is provided in Appendix 2. The impact of selective implementation will be 
discussed further in Section 5. 
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Of all the Agricultural BMPs, P removal is best provided by Riparian (High), followed 
by TIFIX at 20T/ha. Riparian works (Moderate and Assorted), Perennials and lower 
levels of TIFIX also provide good reductions. Both riparian management and perennial 
pasture BMPs involve high investment costs. TIFIX at high levels and fertiliser 
management offers moderate levels of removal for significant net benefits. 

N removal is best provided by any Riparian Works (particularly High and Moderate), 
followed by Perennials, again with significant investment costs. Agricultural fertiliser 
management offers low levels of removal, but for significant net benefits. 
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Urban – Infill sewer 100% 

The cost of providing infill sewer to un-sewered urban areas is very high: a capital cost 
of over $39 million and a 10 year cost of over $63 million. The attendant benefits are 
calculated as very low: infill sewer was estimated to provide a reduction of just 211kg 
or 2.1% of the total P export, and 1,110kg 1.6% of the N. The cost per kg for N is the 
highest modeled. 

Full Sewer Connect 100% 

The cost of providing infill sewer connections to all properties still on septics in 
sewered urban areas is lower: a capital cost of over $1.6 million and a 10 year cost of 
over $2.6 million. However the attendant benefits are calculated as tiny: full sewer 
connect was estimated to provide a reduction of only 7kg, or 0.1% of the total P 
export, and 55kg N (0.1%). The cost per kg for P is the highest modeled. 

Urban/Rural Septic Tank Upgrade 100% 

The cost of up-grading septic tanks in all un-sewered residential areas (urban and 
peri-urban) is also very high. The capital cost is estimated at over $26.3 million with a 
10 year cost of more than $41.7 million. The attendant benefits are calculated as quite 
low: septic upgrade was estimated to provide a reduction of only 223kg, or 2.2% of the 
total P export, and 804kg N (1.1%). The cost per kg for N is the second highest 
modeled. 

25% Fertiliser Reduction (Urban) [FRU] 

25% FRU was estimated to provide a reduction of 134kg, or 1.3% of the total P export, 
and 1,206kg N (1.7%). No capital cost or net cost has been specified.  

50% Fertiliser Reduction (Urban) 

50% FRU was estimated to provide a reduction of 267kg, or 2.6% of the total P export, 
and 2,407kg N (3.4%). No capital cost or net cost has been specified. 

75% Fertiliser Reduction (Urban) 

75% FRU was estimated to provide a reduction of 400kg, or 4.0% of the total P export, 
and 3,612kg of the total N (5.1%). The overall capital cost is estimated at nil, although 
there would be a net cost over 10 years over $1 million, or $270/kg P and $30/kg N. 

90% Fertiliser Reduction (Urban) 

90% FRU was estimated to provide a reduction of 480kg, or 4.7% of the total P export, 
and 4,332kg of the total N (6.2%). The overall capital cost is again estimated at nil, 
with a net cost over 10 years over $1 million, or $225/kg P and $25/kg N. 
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Of all the Urban BMPs, P and N removal is best provided by residential fertiliser 
management at low costs. All septic related BMPs involve high investment costs for 
minimal reductions. No urban BMPs offer net benefits. Some potential BMPs (such as 
in-stream constructed wetlands) have not been modeled. 
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As mentioned previously, a table of results for each BMP identifying results for each 
sub-catchment in the associated Water Quality Improvement Plan (WQIP) is provided 
in the Appendices (Appendix 2 - Appendix 3). There are too many BMPs to be 
discussed in detail here, and the reader is directed to the appendices if they want to 
understand BMP performance in more detail on a WQIP catchment basis. Even more 
detail (subcatchment level) is available from the use of SSPND, and this can be 
exported from the model in spreadsheet form. 
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The overall comment to be made is that BMP cost/benefit varies substantially for all 
BMPs, and for some this variance is huge, notably with riparian works. This is due to 
how SSPND implements riparian works: on a subcatchment basis by stream length. 
No allowance is made in the basic BMP scenario for the actual problem 
subcatchments which require works, and so costs will be registered in subcatchments 
where there is virtually no N or P export. Hence cost/kg can be very large.  

In the implementation phase, the land/catchment managers would need to oversee 
such works to ensure a match between the problems and the BMPs implemented. 
SSPND provides reports on a subcatchment basis to assist. 
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Based on the basic modelling of BMPs, various BMPs have been identified for 
incorporation into integrated scenario testing, based on reductions and cost-
effectiveness. These scenarios have been run for the overall Ellen Brook, and the 
results are presented in Section 4.1. 
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Surveys carried out as part of the CCI project (Keipert 2008) provide indications of the 
current level of BMP uptake in the Ellen Brook catchment. The survey results have 
been used to create a scenario of the current implementation of the various BMPs we 
have modeled, called the “Status Quo” scenario. It comprises the following BMPS at 
the levels shown: 

Landuse Management Practices:  

�  Fertiliser Program on Cattle for Beef at 4% adoption 

�  Fertiliser Program on Mixed Grazing at 9% adoption 

�  Fertiliser Program on Horses at 9% adoption 

�  Perennials on Mixed Grazing at 20% adoption 

�  Perennials on Cattle for Beef at 44% adoption 

�  Perennials on Horses at 73% adoption 

�  Perennials on Lifestyle Block at 49% adoption 

�  Perennials on Sheep at 80% adoption 

Catchment Management Practices:  

�  Riparian Management Low on 1st order streams at 30% adoption 

�  Riparian Management Low on 2nd order streams at 30% adoption 

�  Riparian Management Low on 3rd+ order streams at 27% adoption 
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The Maximum Reduction scenario simply uses all the BMPs which return nutrient 
reductions: 

Landuse Management Practices 

�  Fertiliser Program on Cattle for Beef, Cattle for Dairy, Horses & Mixed 
Grazing at 100% adoption 

�  Perennials on Cattle for Beef, Sheep, Horses & Mixed Grazing at 100% 
adoption; Cattle for Dairy at 20% adoption 

�  Effluent management level 2 on Dairy Sheds at 100% adoption 

�  90% Fertiliser Program on Lifestyle Block, Rural Residential, all Urban 
Residential at 100% adoption 

�  Full Connection to sewer on Sewered Urban Residential at 100% adoption 

�  Full Sewer Connection on Commercial-Industrial at 100% adoption 

�  Infill Sewer Provision on Urban Residential at 100% adoption 
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�  Septic Tank Upgrade on Lifestyle Block & Rural Residential at 100% adoption 

�  Remove All Point Sources (Caravan Park, Effluent Treatment, Feedlot, 
Landfill, WWTP) at 100% adoption 

Soil Management Practices 

�  TIFIX 20T/ha [VG] + Low Water Soluble P Fertiliser on Low PRI Sand at 
100% adoption 

�  Low Water Soluble P Fertiliser on Other Soils at 10% adoption 

Catchment Management Practices 

�  Riparian Management High on all streams at 100% adoption 

Clearly such a scenario is simply theoretical – such levels of adoption are not going to 
be achieved in the real world. It does provide an indicator of the highest level of 
reduction conceivable with current land use. 
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The High P reduction scenario is a variation on the Maximum, removing some BMPs 
which provide small reductions at great cost (such as in-fill sewer), minor BMPs for 
which no actual mechanism is known (Point Source Removal), and reducing some 
levels of implementation to more feasible levels. Clearly such a scenario is still 
theoretical – such high levels of adoption are very likely not achievable. It does provide 
an indicator of the highest level of P reduction feasible with current land use. 

Landuse Management Practices 

�  Fertiliser Program on Cattle for Beef, Cattle for Dairy, Horses & Mixed 
Grazing at 100% adoption 

�  Perennials on Cattle for Beef, Horses, Lifestyle Blocks & Mixed Grazing at 
60% adoption; Cattle for Dairy at 20% adoption 

�  Effluent management level 2 on Dairy Sheds at 100% adoption 

�  50% Fertiliser Program on Lifestyle Block, Rural Residential & all Urban 
Residential at 50% adoption 

�  Full Connection to sewer on Sewered Urban Residential at 100% adoption 

�  Full Sewer Connection on Commercial-Industrial at 100% adoption 

�  Infill Sewer Provision on Urban Residential at 100% adoption 

�  Septic Tank Upgrade on Urban Residential at 50% adoption 

�  Septic Tank Upgrade on Lifestyle Block & Rural Residential at 25% adoption 

Soil Management Practices 

�  Low Water Soluble P Fertiliser on Other Soils at 10% adoption 

�  TIFIX 10T/ha + LWS P Fertiliser on Low PRI Sand at 100% adoption 

Catchment Management Practices 

�  Riparian Management High on 1st order streams at 35% adoption 

�  Riparian Management High on 2nd order streams at 50% adoption 

�  Riparian Management High on 3rd+ order streams at 100% adoption 
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The Cost-Effective Actions scenario collects BMPs which have a high financial return 
to the land manager for the investment in management: Alkaloam 5t/ha, Level 2 
Effluent Management on Dairy Sheds and Fertiliser Management on all grazing land 
use. All of these are specified at 100%, which again is unreasonable but indicates a 
theoretical limit to cost-effective nutrient reduction. 
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Landuse Management Practices 

�  Fertiliser Program on Cattle for Beef , Cattle for Dairy, Horses & Mixed 
Grazing at 100% adoption 

�  Effluent management level 2 on Dairy Sheds at 100% adoption 

�  50% Fertiliser Program on Lifestyle Block, Rural Residential & all Urban 
Residential at 100% adoption 

Soil Management Practices 

�  TIFIX 10T/ha + LWS P Fertiliser [VG] on Low PRI Sand at 100% adoption 
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This scenario contains a more realistic implementation of BMPs, within a timeframe of 
20years. 

Landuse Management Practices 

�  Fertiliser Program on Cattle for Beef, Horses & Mixed Grazing at 100% 
adoption 

�  Perennials on Cattle for Beef, & Mixed Grazing at 60% adoption; Horses at 
70%; Lifestyle Block at 70%; 

�  50% Fertiliser Program on Lifestyle Block,  Urban Residential, Sewered 
Urban Residential,  (50% adoption) 

�  Septic Tank Upgrade on Rural Residential (25%),  

�  Full Connection to sewer on Sewered Urban Residential at 100% adoption 

�  Septic Tank Upgrade on Urban Residential & Lifestyle Block at 50% adoption 

Soil Management Practices 

�  TIFIX 20T/ha on Low PRI Sand at 70% adoption 

�  Low Water Soluble P Fertiliser on Low PRI Sand at 70% adoption 

Catchment Management Practices 

�  Riparian Management High on 1st order streams at 35% adoption 

�  Riparian Management High on 2nd order streams at 50% adoption 

�  Riparian Management High on 3rd+ order streams at 100% adoption 

�������
��� ������+����

This scenario contains an implementation of Urban and Agricultural BMPs, to provide 
an indication of the potential impacts from the proposed Fertiliser Action Plan 
(Summers pers. Com.). 

Landuse Management Practices 

�  Fertiliser Program on Cattle for Beef at 100% adoption 

�  Fertiliser Program on Mixed Grazing at 100% adoption 

�  Fertiliser Program on Horses at 100% adoption 

�  ‘Fertiliser Action Plan’ (LWS P Fertiliser, Fertiliser management)  on Lifestyle 
Block, Rural Residential, Sewered Urban Residential and Urban Residential 
at 100% adoption.  

Soil Management Practices 

�  Low Water Soluble P Fertiliser  on Low PRI Sand at 100% adoption 

�  Low Water Soluble P Fertiliser  on Other Soils at 10% adoption 
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Note that all the results in this section are in the context of no landuse change. Where 
landuse changes to more nutrient-intensive forms this will increase exports and 
possibly reduce management ability to achieve the reductions stated.  
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The overall results for a number of integrated scenarios are shown in Table 2. The 
shading in Table 2 is described in Section 3.1 – each scenario is evaluated in the 
context of all integrated scenarios. 

Current implementation efforts – the status quo - are estimated to have provided a 
reduction of 995kg, or 9.8% of the total P export, and 11,392 or 16.2% of the N export. 
The overall capital investment is estimated to be nearly $4.5 million, with a net cost 
over 10 years of $2.9 million, or $289/kg P and $25/kg N removed. This existing 
estimated reduction is higher than in other catchments due to higher reported levels of 
riparian works and perennial pastures. 

The estimated maximum possible reduction is over 65% (6,658kg) for P and over 
65.3% for N (45,906kg). Although this exceeds the target N reduction of 45%, it is still 
short of the Target P reduction of 76%, and given that the Maximum scenario is not 
considered feasible, this is cause for concern. The indicated net cost is a huge $70.3 
million over 10 years, on the basis of over $60 million capital investment. This provides 
a purely theoretical upper limit; as such investments will, in our opinion, not happen. 
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The High Reduction – Feasible scenario was created to provide a more feasible upper 
limit to nutrient reductions base on investment and behaviour change that may be 
possible. The HRF reductions are just over 5.2 tonnes for P (52.4%) and over 31.6 
tonnes for N (45%). The indicated net cost is a still large $14.4 million over 10 years, 
on the basis of over $23.1 million capital investment. This provides a still probably 
academic upper limit, unless nutrient related problems in the Ellen Brook or Swan-
Canning estuary were to suddenly worsen hugely.  

If the time for action was extended out to 20 years, as in the High Reduction - Realistic 
20yrs scenario, it is considered possible that similar reductions (45.8% P and 44.5%N) 
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could be made. The scale of the actions is similar, but the longer timeframe makes the 
necessary uptake of BMPs more likely. 

The Cost-Effective BMP scenario does not include catchment BMPs or perennials, 
and so offers a much more cost-effective result, although projected reductions are 
significantly lower at 3.2 tonnes or 31.7% of current modeled P and 5.9 tonnes or 
8.4% of modeled N loads. However the modeled benefit over 10 years is completely 
different: $13.3 million return on a capital investment of just under $2 million. 

Clearly, based on these results, the implementation of the Cost-Effective BMPS at the 
100% level could provide excellent economic and environmental outcomes. However, 
as discussed previously, even these levels of implementation would require very 
substantial improvements in uptake over the current situation. It appears from the 
modeling that for the Ellen Brook catchment, the P target reduction could be met with 
cost-effective BMPS alone. 

 

The Fertiliser Action Plan (FAP) scenario provides interesting results: a significant 
reduction of over 1.7 tonnes for P (17.5% of the total), although under 3.4 tonnes for N 
(5%), for a modest investment of $270,000 and a net benefit over 10 years of over 
$4.9 million. Although from the modelling it does not deal well with N loss, the results 
are promising for P, and the policies that make up the FAP form the backbone of cost-
effective nutrient reduction in both the agricultural and urban sectors. 
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In order to assess the potential for BMP implementation to achieve benefits in water 
quality in the receiving waters – the Swan-Canning estuary – it is necessary to 
establish load targets based on water quality parameters. In this case, nutrient 
concentration targets for waterbodies (0.1 mg/L P   and 1.0 mg/L N) have been set by 
the DOW/DEP for the Swan Coastal Plain.  

Modelling has been carried out by the Department of Water (Hall et al 2008) using 
SQUARE to assess the load targets that correspond to these concentrations, for each 
WQIP sub-catchment in the Swan-Canning system. The load reduction targets are 
based on estimated current loads and the loads required to meet median winter 
concentrations of 0.1 mg/L P   and 1.0 mg/L N.  

For the Ellen Brook WQIP catchment, the P load target (‘Maximum Acceptable Load’) 
is 2.23 tonnes, a reduction of 6.3 tonnes or 78% of the median SQUARE modeled P 
load for the last 10 years of 8.6 tonnes. The N load target is 35.2 tonnes, a reduction of 
31.2 tonnes of 53% of the median SQUARE modeled N load for the last 10 years of 
66.4 tonnes. Although the SQUARE system calculates these loads in a different way 
to SSPND, in particular allowing for equilibration of fluxes and different assimilation 
model, and SSPND assumes instantaneous equilibration, a process of simple 
calibration for SSPND allows us to use these % reductions from SQUARE as our 
target reductions (see Neville 2008). 

Although the entire Ellen Brook catchment is a single WQIP catchment, we have split 
this into six ‘subcatchment zones’ for the purpose of discussion, as shown in Figure 1. 

Based on how each WQIP catchment lies in relation to targets, a classification has 
been produced by the DOW for the Vasse-Wonnerup/Geographe Bay WQIP that 
identifies catchments in a range from ‘Protection’ (meets N & P targets), through 
‘Intervention’ (fails N but meets P targets) to ‘Recovery’ (fails both N & P targets). On 
the basis of this classification, the Ellen Brook WQIP catchment would be considered 
a “Recovery’ catchment, requiring high levels of reduction for both N and P. The same 
reduction targets have been used for the WQIP catchment zones in discussion below. 
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The following table (Table 3) displays the estimated load reductions for each WQIP 
catchment zone under the various scenarios modeled.  
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In Table 4 we have provided a simple performance indicator for each scenario, 
shading cells on the basis of whether the scenario would meet or exceed the target 
reduction required, be close to it (more than 80% of the required reduction), indicate 
significant progress (more than 40% of the required reduction) or show less progress 
than that. 

The shading used indicates the progress towards the target as follows: 

 
Target Achieved or exceeded (>100%) 

Target Close (80-100%) 

Significant Progress - 40-80% 

Poor progress - Less than 40% 

 

The table indicates that two scenarios meet the WQIP catchment N reduction targets 
overall: the Maximum and the High Reduction Feasible. Neither scenario meets the P 
target overall, and only the Maximum scenario meets P targets in any part of the 
WQIP catchment. Although the Maximum implementation is not considered likely in 
any circumstance, not least due to the huge costs, it provides a reference point as 
being the upper limit for reductions. 



SSPND: BMP SCENARIOS REPORT – ELLEN BROOK 

ECOTONES & ASSOCIATES� � %�  

 
 
 

� ��8�6�6�

9��5�
�	������
�+�

1	�����	� �����2��	����	�

9��5�
�	������
�
�	��������

!�:���

� ���
$�

���
	��

���
��"

�)
���


�

���
$�

4�
�	�

���
�

��"
�)

���

�

���
$�

���
	��

���
��"

�)
���


�

���
$�

4�
�	�

���
�

��"
�)

���

�

���
$�

���
	��

���
��"

�)
���


�

���
$�

4�
�	�

���
�

��"
�)

���

�

���
$�

���
	��

���
��"

�)
���


�

���
$�

4�
�	�

���
�

��"
�)

���

�

2��	
�������34/�� *&#� �$&#� '�#� &)#�  $#� �*#� )!#� &(#�

� � � � � � � � �

&!!���/���
�:���*� &!#� �$*#� '*#� ��(#�  )#� �$#� )&#� �� #�

��)��	� **#� � !#� '!#� &*#�  $#� �'#� )$#� &'#�

:����'���*� *(#� �!*#� )*#� *(#�  (#� �'#� (*#� * #�

���
���	�!�� '*#� �$�#� (*#� *)#� !$#� ��#� ( #� *(#�

�	�!���;����0� ���#� �)!#� '�#� & #� (�#� $&#� )!#� &$#�

/���
'���*� �� #� �'&#� $(#� ((#� )�#� &)#� $(#� ((#�

 

-���	� �+�0�	
������	����6�
�	�+�#����34/��?����-�� �	����5�	�	� ����

The wholesale implementation of High Reduction BMPs – considered ‘feasible’ but still 
requiring huge investment and, more significantly, behaviour change - would almost 
meet the N reduction target. However the P target would only be 71% achieved 
overall, and reductions would be well short in many of the catchment zones. 

The more likely Cost-Effective BMPs would fall well short of the targets for both P and 
N. Clearly it will not be sufficient to simply pursue BMPs which are understood to 
return financial benefits to the affected community if WQ improvements are to meet 
targets. 

A much more optimistic outcome can be taken from the Realistic 20 years scenario, 
which combines BMPs considered ‘realistic’ over a 20-year timeframe. This scenario 
run suggest that the N reduction target could be achievable over a longer timeframe. P 
reduction is still well short of target, and clearly other BMPs or measures will be 
required if such a drastic P reduction is to be achieved.  

If there is something positive to take from our modeling of these BMPs and scenarios, 
it is that it appears possible to make some progress towards targets within a medium 
timeframe, and that we think mechanisms exist to cut N and P nutrient loads to a point 
where the N target could be met and progress made towards the P target. We are not 
in any position to say if this will be enough, no more than we can say with any certainty 
if such improvements in management are actually possible. Evidence from other WA 
catchments (Peel-Harvey, Wilson Inlet and Oyster Harbour) would suggest not. 

We also have to note that landuse change may increase exports of nutrient in ways 
that cannot be compensated for with management, and reiterate that the modelling 
presented here is explicitly in the absence of landuse change. However the situation 
with WSUD in new urban development and the potential for offset requirements 
should make transitions to urban less damaging than in the past. 

 (���&&���������	��� ������0��,�����%,"��������
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If progress is to be made towards targets, then the first step is to try to implement the 
works listed in the realistic 20yrs scenarios for Agriculture and Urban landuses. Given 
the size of the works required, and the costs of implementation, investment should be 
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limited to the type of works required for the nutrient involved, and made in those 
subcatchments where cost/benefit is maximised. 
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Recovery  
Reduce N and P to 

targets. 

�  Targeted Riparian 
Management 
Assorted 

�  Perennial Pastures 
�  Ag Fertiliser 

Management 
�  TIFIX 20T/ha 
�  LWS P fertiliser 

�  Targeted Riparian 
Management Assorted 

�  Perennial Pastures 
�  Ag Fert Management 
�  High  level residential 

fertiliser management 
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In the long term (20yrs+), management would need to aim for the High Reduction– 
realistic. We have therefore modeled this scenario over a 20-year costing period, 
which we have called the 20yr Target scenario. In this result shown in Table 6 below, 
we have set a threshold for the cost per kg of P and N at the subcatchment scale of 
$300/kg. As a result, the overall reductions are reduced, but so too is the level of 
investment. Because this scenario excludes modeling subcatchments1 with high N 
and P costs per kg, the overall result over 20 years is budget positive.  

The investment is significant at nearly $10 million; however due to the long time-frame, 
agricultural BMPs such as perennial pastures are modeled as having paid back capital 
investment and are contributing to the net return of over $13 million. Significantly, the 
over N reduction (37%) is close to the target of 45%, although P reduction target is still 
well off. The table indicates that cost-effective load reductions tend to be less as you 
move down the catchment; reflecting the ability to moderate load more easily from 
broadscale agriculture than urban and peri-urban landuses. 
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We have provided detailed integrated scenario results by WQIP catchment zone in 
Appendix 4. From these it is possible to assess performance of particular BMP options 
for each WQIP catchment zone. 

                                                      
1 The term ‘modeling subcatchment’ is used to denote the hydrological subcatchments used in the underlying SSPND risk 

model, and in the SQUARE hydrological model – there are 100 of these in the Ellen Brook WQIP. 
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We have previously suggested that the 20 Year Target Scenario provides for BMPs 
that are most effective, implemented at levels that are possible – in effect, the 
recommended BMPs. We note that the 20-year timeline is long, but this is the amount 
of time required to make such significant changes to management and to implement 
significant landscape-scale landcare works. 

This section identifies priorities for BMP works implementation in two different ways, 
either: 

·  by identifying the areas of highest modeled P & N loss – ie the highest 
potential threat to water quality; or 

·  by prioritising works by catchment on the basis of cost-benefit and P/N 
removal. 
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The following maps (Figures 2 and Figure 3) show the modeled P and N export from 
the SSPND model – the level of P and N in kg/ha/yr that would reach the Swan River. 
One approach for BMP distribution is simply to locate works on those areas of land 
with the highest modeled P or N export rates. In other words, use the maps of loss risk 
to focus on the worst problem areas. 

The 20-year scenario is made up of BMPs implemented - in most cases - on less than 
100% of the applicable land use. As the scenario reductions have been calculated as 
a % of a median P or N loss figure, concentrating on the highest P or N loss areas 
would increase the potential reductions. The modeled P & N export maps should 
therefore be used to focus works in priority catchments if this approach is used. 
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In order to further guide potential management directions, we have carried out an 
assessment of BMPs by WQIP catchment zones, based on two criteria: 

�  Cost/Benefit of BMPs (capital cost and net cost over time) 

�  Effectiveness of BMPs relative to the overall P & N loads.  

These are discussed below. The context for the discussion is the 20 years scenario, 
where subcatchments have been selected for BMP works only if the cost/kg for N and 
P removal was below $300 averaged over the modeling subcatchment. Note that this 
excludes the Ellenbrook catchment zone. 
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The SSPRED model indicates likely capital cost per kg of P and N reduced over a 
given time – in the case of the 20-years Target Scenario it is 20 years. The cost for 
any BMP in a WQIP catchment zone can be ranked against all others. For decision-
making purposes we have divided all BMPs into four (arbitrary) classes of capital cost-
effectiveness: 

 Low: <$500 investment for each kg removed 

 Medium: $500-$1000 investment for each kg removed 

 High: $1000-$2000 investment for each kg removed 

 Top: Cost of > $2000 investment for each kg removed. 

 

These classes are indicated using the shading in the following tables 7 & 8. Note that 
the table indicates only three BMP categories – soil amendment (TIFIX and LWS 
fertiliser), Landuse BMPs (excluding soil and riparian work), and riparian works 
(fencing and replanting). These are the three significant classes of BMP that have 
applicability over all of the WQIP catchment zones.  

There is a clear distinction in capital costs: P reduction is cheapest in capital costs with 
soil amendment and most expensive for landuse BMPs. N reduction is cheapest for 
riparian works, and most expensive for soil amendments, with landuse BMPs being in 
between. 

 

 
Soil 

Amendment Landuse 
Riparian 
Works 

Upper Ellen Brook $1,366 $6,149 $1,599 

Muchea $406 $5,201 $1,549 

Bullsbrook $247 $9,435 $1,466 

Twin Swamps $691 $3,535 $3,318 

Sawpit Gulley $343 $3,884 $1,211 
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Soil 

Amendment Landuse 
Riparian 
Works 

Upper Ellen Brook $2,196 $626 $84 

Muchea $1,582 $612 $118 

Bullsbrook $1,256 $1,202 $163 

Twin Swamps $1,018 $487 $178 

Sawpit Gulley $2,321 $590 $171 
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The SSPRED model provides likely cost/benefit per kg of P and N reduced over 20 
years. The cost for any BMP in a WQIP catchment zone can be ranked against all 
others. For decision-making purposes we have divided all BMPs into four (arbitrary) 
classes of cost-effectiveness: 

 Top: > $750 return for each kg removed 

 High: $0 to 750 returned for each kg removed 

 Medium: $2000 cost to $0 returned for each kg removed 

 Low: Cost of > $2000 for each kg removed. 

 

 
Soil 

Amendment Landuse 
Riparian 
Works 

Upper Ellen Brook $14,474 $11,617 -$2,654 

Muchea $4,302 $779 -$2,603 

Bullsbrook $2,623 -$8,941 -$2,484 

Twin Swamps $7,318 $3,375 -$5,608 

Sawpit Gulley $3,637 -$1,685 -$2,072 
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The two tables (Table 9 and Table 10) demonstrate the significant financial benefits of 
soil amendment and (to a lesser degree) agricultural landuse BMPs, and the 
significant net costs of riparian works, especially for P removal. 

 

 
Soil 

Amendment Landuse 
Riparian 
Works 

Upper Ellen Brook $23,264 $1,183 -$141 

Muchea $16,764 $91 -$198 

Bullsbrook $13,306 -$1,139 -$277 

Twin Swamps $10,789 $465 -$301 

Sawpit Gulley $24,581 -$256 -$293 
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Finally, we can assess the ability of any BMP to impact on P or N entering the Swan 
River. The reductions have been grouped into four classes: 

 Top: > 1500 kg reduction in P or N 

 High: 500-1500 kg reduction in P or N 

 Medium: 100-500 kg reduction in P or N 

 Low: < 100 kg reduction in P or N 

 

These classes are indicated in color in the following tables. 

 

Catchment Name 
Soil 

Amendment Landuse Riparian Works 

Upper Ellen Brook 487 394 329 

Muchea 534 443 332 

Bullsbrook 410 123 156 

Twin Swamps 84 246 121 

Sawpit Gulley 187 55 75 
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Catchment Name 
Soil 

Amendment Landuse 
Riparian 
Works 

Upper Ellen Brook 303 3,866 6,202 

Muchea 137 3,764 4,351 

Bullsbrook 81 968 1,400 

Twin Swamps 57 1,786 2,250 

Sawpit Gulley 28 364 528 
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The P and N reduction of BMPs provides an interesting picture. The P reductions 
available are spread across the BMPs, although somewhat more reductions come 
from soil amendment. For N however the picture is revered: the largest reductions 
come from riparian works, followed by landuse BMPs. The implication is that all BMPs 
must be implemented to meet targets for both P and N, and that different selection 
criteria will provide different investment priorities. 
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Using the tables and classifications shown above, we can prioritise the type and 
locations of catchment works for addressing nutrient reduction under the 20 year 
Target scenario. This can done in many different ways, and has been done here 
based on: 

�  Catchment Priority 

�   Nutrient Removal AND Capital Cost 

�  Nutrient Removal AND Cost/Benefit 
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As in other WQIP plans, the Swan-Canning WQIP has many WQIP catchments. The 
report only deals with Ellen Brook, which due to the high levels of reductions of both P 
and N required must be considered high priority. All WQIP catchment zones therefore 
carry the same priority for works 

 .��������(�&�!��� ./�
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In this we combine the capital cost/kg removed with the total removal of P or N. The 
values use a combination of the capital cost classification and the reduction 
classification as shown below in  

Table 13.  The BMP priorities that result are shown in Table 14 for P and Table 15 for 
N. 
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Indicated BMP priorities are soil amendment in some zones, Riparian works 
throughout, and landuse BMPs in Twin Swamps. 

 

 
Soil 

Amendment Landuse 
Riparian 
Works 

Upper Ellen Brook  MED   LOW   MED  

Muchea  HIGH   LOW   MED  

Bullsbrook  HIGH   LOW   LOW  

Twin Swamps  LOW   LOW   LOW  

Sawpit Gulley  MED   NIL   LOW  
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Soil 

Amendment Landuse Riparian Works 

Upper Ellen Brook  LOW   MED   HIGH  

Muchea  LOW   MED   HIGH  

Bullsbrook  NIL   LOW   HIGH  

Twin Swamps  NIL   HIGH   HIGH  

Sawpit Gulley  NIL   LOW   HIGH  
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If cost benefit over 20 years is combined with nutrient removal, a different set of 
priorities emerge, in Table 17 and Table 18. The tables use a simple matrix shown in 
Table 16.  
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If cost/benefit is important with reductions, priorities should be directed to soil 
amendment and landuse BMPs in the upper zones of the Ellen Brook. 

 

 
Soil 

Amendment Landuse Riparian Works 

Upper Ellen Brook  HIGH   HIGH   MED  

Muchea  HIGH   HIGH   MED  

Bullsbrook  HIGH   LOW   LOW  

Twin Swamps  LOW   MED   LOW  

Sawpit Gulley  MED   LOW   LOW  
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Soil 

Amendment Landuse 
Riparian 
Works 

Upper Ellen Brook  MED   HIGH   LOW  

Muchea  MED   MED   LOW  

Bullsbrook  LOW   LOW   LOW  

Twin Swamps  LOW   MED   LOW  

Sawpit Gulley  LOW   LOW   LOW  
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We are not in a position to recommend a single approach to BMP implementation. It is 
therefore up to those preparing the WQIP to select the most appropriate approach, 
based on their understanding of the priority – be it catchment, cost/benefit or nutrient 
removal. 
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If all three criteria are combined, a less clear picture emerges, shown below. Many 
combinations of BMP and Zone simply fail to meet one of the three criteria and thus 
are excluded. For P, only soil amendment works against all three criteria. 

 

 
Soil 

Amendment Landuse Riparian Works 

Upper Ellen Brook  MED   LOW   LOW  

Muchea  HIGH   LOW   LOW  

Bullsbrook  HIGH   NIL   NIL  

Twin Swamps  LOW   NIL   NIL  

Sawpit Gulley  MED   NIL   NIL  

�
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For N, no BMP rates as High priority, they either remove a lot (landuse and esp 
riparian work) but have high on-going costs, or remove very little N (soil amendment.) 

 
Soil 

Amendment Landuse Riparian Works 

Upper Ellen Brook  NIL   MED   MED  

Muchea  NIL   MED   MED  

Bullsbrook  NIL   NIL   LOW  

Twin Swamps  NIL   MED   LOW  

Sawpit Gulley  NIL   NIL   LOW  

�
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We are not in a position to recommend a single approach to BMP implementation. It is 
up to those preparing the WQIP to select the most appropriate approach, based on 
their understanding of the priority – be it capital cost, cost/benefit or nutrient removal. 
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In either approach, once the preferred priority method is selected, the SSPND maps 
can be used to if required to fine-tune BMP location, as discussed in Section 5.2.  
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A very important caveat over the entire BMP location issue regards the availability of 
landowners to carry out works. In the absence of regulation or other enforcement of 
particular works, the implementation of P or N-reducing BMPs – even those with 
apparent financial benefits to landowners, or those heavily subsidised – will only take 
place where landowners are both willing and able to make the necessary 
management changes or implement the appropriate works. In this situation, and 
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where a lack of nutrient reductions will lead to significant or continued degradation of 
natural or other assets (such as property values) it is appropriate to consider regulation 
or other tools for improving uptake of better nutrient management. 
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The cost-benefit figures provided in this report are quite narrowly based: costs of 
establishment and on-going maintenance of the BMP works; direct financial benefits to 
the farmer from the works involved through effects such as better productivity etc. 

As discussed in Neville (2002) however, all of the farm BMPs provide additional 
benefits beyond nutrient reduction – both on and off-farm.  

“It is conceivable that in the long term, this improved farm management will 
provide greater benefits through the maintenance of the farm-based ecosystem 
services than through the maintenance of waterway ecosystem services via 
reduced nutrient export.” (Neville, 2002, p32) 

Calculation of ecosystem services is complex and well beyond the scope of this study, 
but we can assume they will be significant. Improved agricultural management, in 
which the BMPs proposed would play a part, can provide a broad range of indirect 
benefits: 

·  aesthetic benefits  

·  potential biodiversity benefits including protecting bird and wildlife habitat,  

·  reduction of soil erosion, soil compaction and water repellence,  soil 
fertilisation, reduction in waterlogging and salinisation; recycling of nutrients 
and the regulation of important greenhouse gases including CO2, CH4 and 
NO2.  

·  improved water supply for domestic, commercial & industrial use, irrigation 
and other agricultural use; flood control, recreation, pollution dilution and 
water quality protection;  

·  enhanced property values and other non-user values (Postel & Carpenter 
(1997), Daily et al (1997)). 

 

We believe it is critical to look beyond the calculated cost-benefit values in assessing 
the community benefit of the nutrient management proposals outlined here. 
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If managers are looking to limit or reduce P or N losses to the waterways and/or the 
inlets, a basic principle would be to rank landuse suitability based on surplus. High 
surplus land use should be located further away from inlet/waterways than low, and in 
areas of lower inherent risk. High efficiency land users (ie individual operations) could 
have more flexibility in location than poor efficiency individuals. 
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Appendix 2 Key 

For the Scenario P and N Load Reduction (%) columns, the shading indicates progress towards the target reductions: 

Target Achieved or exceeded (>100%) 

Target Close (80-100%) 

Significant Progress - 60-90% 

Poor progress - Less than 60% 

 

For the 10 year and capital cost columns, shading indicates the cost per kg of P or N reduction as follows: 

 

Cost per Kg is positive, ie a return 

Cost/kg is between $0 and $100 

Cost/kg is between $100 and $500 

Cost/kg is greater than $500 
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Scenario: Agricultural Fertiliser Management 100% 

Landuse Management Practices: Fertiliser Program on Cattle for Beef at 100% adoption 

Landuse Management Practices: Fertiliser Program on Cattle for Dairy at 100% adoption 

Landuse Management Practices: Fertiliser Program on Mixed Grazing at 100% adoption 

Landuse Management Practices: Fertiliser Program on Horses at 100% adoption 

Landuse Management Practices: 75% Fertiliser Program on Lifestyle Block at 100% adoption 

Landuse Management Practices: Fertiliser Program on Cattle for Beef at 100% adoption 

Landuse Management Practices: Fertiliser Program on Cattle for Dairy at 100% adoption 

Landuse Management Practices: Fertiliser Program on Mixed Grazing at 100% adoption 

Landuse Management Practices: Fertiliser Program on Horses at 100% adoption 

Landuse Management Practices: 75% Fertiliser Program on Lifestyle Block at 100% adoption 
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Scenario: Perennials Max 

Landuse Management Practices: Perennials on Mixed Grazing at 100% adoption 

Landuse Management Practices: Perennials on Cattle for Beef at 100% adoption 

Landuse Management Practices: Perennials on Horses at 100% adoption 
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Scenario: TIFIX 5T/ha 100% 

Soil Management Practices: TIFIX 5T/ha [VG] on Low PRI Sand at 100% adoption 
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SSPND: BMP SCENARIOS REPORT – ELLEN BROOK 

ECOTONES & ASSOCIATES� � *�  

 

Scenario: TIFIX 10T/ha 100% 

Soil Management Practices: TIFIX 10T/ha [VG] on Low PRI Sand at 100% adoption 
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Scenario: TIFIX 20T/ha 100% 

Soil Management Practices: TIFIX 20T/ha [VG] on Low PRI Sand at 100% adoption 
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 SWAN-CANNING CCI PROJECT�

*�� � ECOTONES & ASSOCIATES 

 

Scenario: Low Water Soluble P Fertiliser Low PRI 10 0% 

Soil Management Practices: Low Water Soluble P Fertiliser on Low PRI Sand at 100% adoption 
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Scenario: Riparian Management Low All 

Catchment Management Practices: Riparian Management Low 1st on 1st order streams at 100% adoption 

Catchment Management Practices: Riparian Management Low 2nd on 2nd order streams at 100% adoption 

Catchment Management Practices: Riparian Management Low 3+ on 3rd+ order streams at 100% adoption 
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SSPND: BMP SCENARIOS REPORT – ELLEN BROOK 

ECOTONES & ASSOCIATES� � *�  

 

Scenario: Riparian Management Moderate All 

Catchment Management Practices: Riparian Management Moderate 1st on 1st order streams at 100% adoption 

Catchment Management Practices: Riparian Management Moderate 2nd on 2nd order streams at 100% adoption 

Catchment Management Practices: Riparian Management Moderate 3+ on 3rd+ order streams at 100% adoption 
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Scenario: Riparian Management High All 

Catchment Management Practices: Riparian Management High 2nd on 2nd order streams at 100% adoption 

Catchment Management Practices: Riparian Management High 3+ on 3rd+ order streams at 100% adoption 

Catchment Management Practices: Riparian Management High 1st on 1st order streams at 100% adoption 
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Scenario: Riparian Management Assorted 

Catchment Management Practices: Riparian Management Low 1st on 1st order streams at 35% adoption 

Catchment Management Practices: Riparian Management High 3+ on 3rd+ order streams at 100% adoption 

Catchment Management Practices: Riparian Management Moderate 2nd on 2nd order streams at 50% adoption 
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Scenario: Riparian Management Assorted SELECTIVE P <$500 per kg AND N < $100/kg cost 

Catchment Management Practices: Riparian Management Low 1st on 1st order streams at 35% adoption 

Catchment Management Practices: Riparian Management High 3+ on 3rd+ order streams at 100% adoption 

Catchment Management Practices: Riparian Management Moderate 2nd on 2nd order streams at 50% adoption 

Only includes sub-catchments where the aggregate cost for P removal is <$500/kg and for N <$100/kg 
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SSPND: BMP SCENARIOS REPORT – ELLEN BROOK 

ECOTONES & ASSOCIATES� � ��  
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Scenario: Infill Sewer 

Landuse Management Practices: Infill Sewer Provision on Urban Residential at 100% adoption 
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Scenario: Urban /Rural - Septic Tank Upgrade 

Landuse Management Practices: Septic Tank Upgrade on Urban Residential at 100% adoption 

Landuse Management Practices: Septic Tank Upgrade on Rural Residential at 100% adoption 

Landuse Management Practices: Septic Tank Upgrade on Lifestyle Block at 100% adoption 
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Scenario: Urban - Full Sewer Connect 

Landuse Management Practices: Full Connection to sewer on Sewered Urban Residential at 100% adoption 

Landuse Management Practices: Full Sewer Connection on Commercial-Industrial at 100% adoption 
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Scenario: Residential 25% Fertiliser Program 100% u ptake 

Landuse Management Practices: 25% Fertiliser Program on Urban Residential at 100% adoption 

Landuse Management Practices: 25% Fertiliser Program on Sewered Urban Residential at 100% adoption 

Landuse Management Practices: 25% Fertiliser Program on Rural Residential at 100% adoption 

Landuse Management Practices: 25% Fertiliser Program on Lifestyle Block at 100% adoption 
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Scenario: Residential 50% Fertiliser Program 100% 

Landuse Management Practices: 50% Fertiliser Program on Sewered Urban Residential at 100% adoption 

Landuse Management Practices: 50% Fertiliser Program on Rural Residential at 100% adoption 

Landuse Management Practices: 50% Fertiliser Program on Urban Residential at 100% adoption 

Landuse Management Practices: 50% Fertiliser Program on Lifestyle Block at 100% adoption 
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Scenario: Residential 75% Fertiliser Program 100% 

Landuse Management Practices: 75% Fertiliser Program on Urban Residential at 100% adoption 

Landuse Management Practices: 75% Fertiliser Program on Sewered Urban Residential at 100% adoption 

Landuse Management Practices: 75% Fertiliser Program on Rural Residential at 100% adoption 

Landuse Management Practices: 75% Fertiliser Program on Lifestyle Block at 100% adoption 
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SSPND: BMP SCENARIOS REPORT – ELLEN BROOK 

ECOTONES & ASSOCIATES� � ��  

 

Scenario: Residential 90% Fertiliser Program 100% 

Landuse Management Practices: 90% Fertiliser Program on Urban Residential at 100% adoption 

Landuse Management Practices: 90% Fertiliser Program on Sewered Urban Residential at 100% adoption 

Landuse Management Practices: 90% Fertiliser Program on Lifestyle Block at 100% adoption 

Landuse Management Practices: 90% Fertiliser Program on Rural Residential at 100% adoption 
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 SWAN-CANNING CCI PROJECT�

��� � ECOTONES & ASSOCIATES 
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Scenario: TOTAL MAXIMUM 

Landuse Management Practices: Fertiliser Program on Cattle for Beef at 100% adoption 

Landuse Management Practices: Perennials on Mixed Grazing at 100% adoption 

Landuse Management Practices: Perennials on Cattle for Beef at 100% adoption 

Landuse Management Practices: Fertiliser Program on Mixed Grazing at 100% adoption 

Landuse Management Practices: Perennials on Horses at 100% adoption  

Landuse Management Practices: Fertiliser Program on Horses at 100% adoption 

Landuse Management Practices: Full Connection to sewer on Sewered Urban Residential at 100% adoption 

Landuse Management Practices: Infill Sewer Provision on Urban Residential at 100% adoption 

Landuse Management Practices: Septic Tank Upgrade on Rural Residential at 100% adoption 

Landuse Management Practices: 90% Fertiliser Program on Urban Residential at 100% adoption 

Landuse Management Practices: Septic Tank Upgrade on Lifestyle Block at 100% adoption 

Landuse Management Practices: 90% Fertiliser Program on Sewered Urban Residential at 100% adoption 

Landuse Management Practices: 90% Fertiliser Program on Lifestyle Block at 100% adoption 

Landuse Management Practices: 90% Fertiliser Program on Rural Residential at 100% adoption 

Landuse Management Practices: Full Sewer Connection on Commercial-Industrial at 100% adoption 

Landuse Management Practices: Perennials on Sheep at 100% adoption 

Catchment Management Practices: Riparian Management High 2nd on 2nd order streams at 100% adoption 

Catchment Management Practices: Riparian Management High 3+ on 3rd+ order streams at 100% adoption 

Catchment Management Practices: Riparian Management High 1st on 1st order streams at 100% adoption 

Soil Management Practices: Low Water Soluble P Fertiliser  on Other Soils at 10% adoption 

Soil Management Practices: TIFIX 20T/ha + LWS P Fert [VG] on Low PRI Sand at 100% adoption 
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SSPND: BMP SCENARIOS REPORT – ELLEN BROOK 

ECOTONES & ASSOCIATES� � ��  

Scenario: High Reduction - Realistic 

Landuse Management Practices: Fertiliser Program on Cattle for Beef at 100% adoption 

Landuse Management Practices: Perennials on Mixed Grazing at 60% adoption 

Landuse Management Practices: Perennials on Cattle for Beef at 60% adoption 

Landuse Management Practices: Perennials on Cattle for Dairy at 20% adoption 

Landuse Management Practices: Fertiliser Program on Cattle for Dairy at 100% adoption 

Landuse Management Practices: Fertiliser Program on Mixed Grazing at 100% adoption 

Landuse Management Practices: effluent management level 2 on Dairy Shed_PS at 100% adoption 

Landuse Management Practices: Perennials on Horses at 60% adoption 

Landuse Management Practices: Fertiliser Program on Horses at 100% adoption 

Landuse Management Practices: Full Connection to sewer on Sewered Urban Residential at 100% adoption 

Landuse Management Practices: Septic Tank Upgrade on Urban Residential at 50% adoption 

Landuse Management Practices: Septic Tank Upgrade on Rural Residential at 25% adoption 

Landuse Management Practices: 50% Fertiliser Program on Sewered Urban Residential at 50% adoption 

Landuse Management Practices: 50% Fertiliser Program on Rural Residential at 50% adoption 

Landuse Management Practices: 50% Fertiliser Program on Urban Residential at 50% adoption 

Landuse Management Practices: Septic Tank Upgrade on Lifestyle Block at 25% adoption 

Landuse Management Practices: 50% Fertiliser Program on Lifestyle Block at 50% adoption 

Catchment Management Practices: Riparian Management High 2nd on 2nd order streams at 50% adoption 

Catchment Management Practices: Riparian Management High 3+ on 3rd+ order streams at 100% adoption 

Catchment Management Practices: Riparian Management High 1st on 1st order streams at 35% adoption 

Soil Management Practices: Low Water Soluble P Fertiliser  on Other Soils at 10% adoption 

Soil Management Practices: TIFIX 10T/ha + LWS P Fert[VG] on Low PRI Sand at 100% adoption 
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 SWAN-CANNING CCI PROJECT�

��� � ECOTONES & ASSOCIATES 

Scenario: Cost Effective 100% 

Landuse Management Practices: Fertiliser Program on Cattle for Beef at 100% adoption 

Landuse Management Practices: Fertiliser Program on Cattle for Dairy at 100% adoption 

Landuse Management Practices: Fertiliser Program on Mixed Grazing at 100% adoption 

Landuse Management Practices: effluent management level 2 on Dairy Shed_PS at 100% adoption 

Landuse Management Practices: Fertiliser Program on Horses at 100% adoption 

Landuse Management Practices: 50% Fertiliser Program on Sewered Urban Residential at 100% adoption 

Landuse Management Practices: 50% Fertiliser Program on Rural Residential at 100% adoption 

Landuse Management Practices: 50% Fertiliser Program on Urban Residential at 100% adoption 

Landuse Management Practices: 50% Fertiliser Program on Lifestyle Block at 100% adoption 

Soil Management Practices: TIFIX 10T/ha + LWS P Fert[VG] on Low PRI Sand at 100% adoption 
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SSPND: BMP SCENARIOS REPORT – ELLEN BROOK 

ECOTONES & ASSOCIATES� � ��  

 

Scenario: Fertiliser Action Plan 

Landuse Management Practices: Fertiliser Program on Cattle for Beef at 100% adoption 

Landuse Management Practices: Fertiliser Program on Mixed Grazing at 100% adoption 

Landuse Management Practices: Fertiliser Program on Horses at 100% adoption 

Landuse Management Practices: Fertiliser Action Plan on Lifestyle Block at 100% adoption 

Landuse Management Practices: Fertiliser Action Plan on Rural Residential at 100% adoption 

Landuse Management Practices: Fertiliser Action Plan on Sewered Urban Residential at 100% adoption 

Landuse Management Practices: Fertiliser Action Plan on Urban Residential at 100% adoption 

Soil Management Practices: Low Water Soluble P Fertiliser on Low PRI Sand at 100% adoption 

Soil Management Practices: Low Water Soluble P Fertiliser on Other Soils at 10% adoption 
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