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Photo 5 1986 aerial photograph of the study area (Source: NSW aerial imagery) 

A later aerial taken in 1998 (Photo 6) shows crop farming practices had intensified in the study area with 
extensive cropping visible throughout. A dam in the north western corner has been filled in and a residential 
property constructed [14]. A shed [6] associated with the original house in that area has also been expanded, 
in addition to the construction of a shed [15] in the central southern portion of the study area. As well as 
cropping, the southern portion displays evidence of orcharding, reflecting the increased use of the study area.  
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Photo 6 1998 aerial photograph of the study area (Source: NSW aerial imagery) 

A current aerial photograph of the study area shows continued development has occurred (Photo 7). A 
residential property [16] has been constructed in the north western corner of the study area. A pool has been 
added to a property [14] to the south of this, while the construction of hothouses dominates areas within the 
central [17] and [18] and southern portion [19] and [20] of the study area. Water tanks have also been 
developed in the south in addition to small sheds in the south west.  
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Photo 7 A current aerial photograph with the study area outlined in red (Source: Department of 
Customer Service) 

 Chronology of the study area 

Based upon the historical research presented it is possible to summarise the chronology of the study area, 
this is presented in Table 2. 

Table 2 Chronological development of the study area 

No. Building Date  

1 Transmission line 1963 

2 Fence line Pre 1970 

3 Residential property in north-west Pre 1986 

4 Sheds associated with residential property in north-west Pre 1986 

5 Residential property in north west Pre 1986 

6 Large shed associated with residential property Pre 1986 

7 Residential property in central-west and associated structures Pre 1986 

8 Residential property in central-west and associated structures Pre 1986 

9 Residential property in central-west and associated structures Pre 1986 
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No. Building Date  

10 Residential property in south and associated structures Pre 1986 

11 Residential property in south and associated structures Pre 1986 

12 Residential property in south and associated structures Pre 1986 

13 Large shed in south Pre 1986 

14 Residential property in north-west Pre 1998 

15 Shed in central-south Pre 1998 

16 Residential property in north-west Pre 2020 

17 Hot house in centre Pre 2020 

18 Hot house in east Pre 2020 

19 Hot house in south-east Pre 2020 

20 Hot house in south-west Pre 2020 

  Research themes 

Contextual analysis is undertaken to place the history of a particular site within relevant historical contexts in 
order to gauge how typical or unique the history of a particular site actually is. This is usually ascertained by 
gaining an understanding of the history of a site in relation to the broad historical themes characterising 
Australia at the time. Such themes have been established by the Australian Heritage Commission and the 
Heritage Office and are outlined in synoptic form in Historical Themes.36 

There are 38 State historical themes, which have been developed for NSW, as well as nine National historical 
themes. These broader themes are usually referred to when developing sub-themes for a local area to 
ensure they complement the overall thematic framework for the broader region. 

A review of the contextual history in conjunction with the local historical thematic history has identified two 
historical themes which relates to the occupational history of the study area.37 This is summarised in Table 3. 

Table 3 Identified historical themes for the study area 

Australian theme NSW theme Local theme 

Developing local, regional and 
national economies 

Agriculture Activities relating to the cultivation and rearing of 
plant and animal species, usually for commercial 
purposes, can include aquaculture 

Developing Australia’s cultural 
life 

Domestic life Activities associated with creating, maintaining, 
living in and working around houses and 
institutions. 

 

                                                        

36 NSW Heritage Council 2001 
37 Kass 2005 
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4 Physical inspection 

A physical inspection of the study area was undertaken on 13 August 2020, attended by Biosis Archaeologist 
Mathew Smith. The principal aims of the survey were to identify heritage values associated with the study 
area; this included any heritage items and places (Heritage items can be buildings, structures, places, relics or 
other works of historical, aesthetic, social, technical/research or natural heritage significance. ‘Places’ include 
conservation areas, sites, precincts, gardens, landscapes and areas of archaeological potential). 

 Site setting 

The study area consists of seven lots located across undulating hills and slopes which gradually descends 
towards unnamed tributaries of Ropes Creek in the north-east and Kemps Creek in the south. It is bordered 
on its west by Aldington Road, with alluvial flats to the east (Photo 8). The study area consists primarily of 
cleared paddocks, market gardens, and scattered residential dwellings. These residential dwelling are 
primarily located on the western side of the study area, near to road access, although two residential 
dwellings are located on the eastern boundary in the southern section of the study area. The study area 
appears to have been used primarily for grazing and agricultural practices, with sheep livestock, orcharding 
and market gardening observed (Photo 9). 
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Photo 8 East views from study area out across alluvial flats 

 

Photo 9 Photo showing example of orcharding occuring in study area, photo facing east 
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 Built fabric assessment 

A number of modern structures and elements of the built environment were present within the study area, 
reflecting the relatively recent development of the study area. The primary built elements consisted of 
fronted brick veneer residential dwellings which are common across Western Sydney. Roofing styles were a 
mixture of hipped, gable and hip and gable combinations with roof cladding consisting of tiles primarily, 
although the most modern house in the study area displayed corrugated sheet roof cladding (Photo 10 and 
Photo 11).  

 

Photo 10 Modern brick veneer 
house in the northern 
extent of the study area 
with gable sheet metal 
roof, photo facing east. 

 

Photo 11 1970s hipped brick 
veneer house and shed 
in southern extent of 
the study area, photo 
facing south west 

A number of sheds were present throughout the study area reflecting the semi-rural nature of land use. 
These sheds were primarily constructed of corrugated sheet metal and timber (Photo 12). The study area also 
featured temporary market garden structures showcasing the modern agricultural uses (Photo 13).  
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Photo 12 Modern corrugated 
steel farm shed, photo 
facing south east 

 

Photo 13 Temporary market 
garden structures, 
photo facing south east 
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5 Archaeological assessment 

The potential archaeological resource relates to the predicted level of preservation of archaeological 
resources within the study area. Archaeological potential is influenced by the geographical and topographical 
location, the level of development, subsequent impacts, levels of onsite fill and the factors influencing 
preservation such as soil type. An assessment of archaeological potential has been derived from the historical 
analysis undertaken during the preparation of this report. 

5.1.1 Archaeological resource 

The potential archaeological resource relates to the predicted level of preservation of archaeological 
resources within the study area. Archaeological potential is influenced by the geographical and topographical 
location, the level of development, subsequent impacts, levels of onsite fill and the factors influencing 
preservation such as soil type. An assessment of archaeological potential has been derived from the historical 
analysis undertaken during the preparation of this report.  

Background research undertaken for the project did not identify any existing or potential heritage items 
within the study area. Review of Crown plans and aerial imagery indicated that no physical structures were 
constructed in the study area until after 1970, with the primary use up until then low intensity agricultural 
use. As a result the only potential archaeological resource in the area would be associated with the 
agricultural activities undertaken in the study area and could include fence lines and post holes, and 
agricultural marks such as plough lines.  

The results of the field survey confirm this as built structures in the study area are typical of post 1970s brick 
veneer architecture that is common throughout Western Sydney. The study area has also been used for 
market gardens, orcharding and stock grazing continuously from the 1970 until the present, resulting in large 
areas of ground disturbance and removal of potential archaeological resources associated with agricultural 
uses. 

5.1.2 Research potential 

Archaeological research potential refers to the ability of archaeological evidence to provide information about 
a site that could not be derived from any other source and which contributes to the archaeological 
significance of that site. Archaeological research potential differs from archaeological potential in that the 
presence of an archaeological resource (i.e. archaeological potential) does not mean that it can provide any 
additional information that increases our understanding of a site or the past (i.e. archaeological research 
potential). 

The research potential of a site is also affected by the integrity of the archaeological resource within a study 
area. If a site is disturbed, then vital contextual information that links material evidence to a stratigraphic 
sequence may be missing and it may be impossible to relate material evidence to activities on a site. This is 
generally held to reduce the ability of an archaeological site to answer research questions. 

Assessment of the research potential of a site also relates to the level of existing documentation of a site and 
of the nature of the research done so far (the research framework), to produce a ‘knowledge’ pool to which 
research into archaeological remains can add. 
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Agriculture 

Archaeological remains that may be present which fall under the research theme of agriculture include 
agricultural marks, such as plough lines and hoe marks, and post holes. While there may be multiple fence 
lines and post holes present due to the numerous subdivisions, it is unlikely these archaeological remains will 
contribute any information that is not already known about this area as these land divisions have been well 
documented on certificate of titles. The study area has also been used for market gardens and orchards since 
the 1970s resulting in significant disturbances across the study area.  

Domestic life 

The history of the study area indicates it was used primarily for agricultural purposes after the initial grant, 
going through several land holder changes until subdivision into 20 acre lots in the early 20th century. No 
residential development occurred in the study area until after 1970, by which time the lives of western Sydney 
residents were becoming well documented in newspapers and other historical sources. The residential 
buildings constructed in the study area are all still in use and represent the brick veneer house types common 
across western Sydney. The study area would therefore contribute no information that is not currently 
available.  

5.1.3 Summary of archaeological potential 

Through an analysis of the above factors a number of assumptions have been made relating to the 
archaeological potential of the study area that is presented in Figure 5. 

The assessment of archaeological potential has been divided into three categories: 

• High archaeological potential – based upon the historical context and documentary evidence 
presented within this report there is a high degree of certainty that archaeologically significant 
remains relating to this period, theme or event will occur within the study area. 

• Moderate archaeological potential – based upon the historical context and documentary evidence 
presented within this assessment it is probable that archaeological significant remains relating to this 
period, theme or event could be present within the study area. 

• Low archaeological potential – based upon the historical context and documentary evidence 
presented within this assessment it is unlikely that archaeological significant remains relating to this 
period, theme or event will occur within the study area. 

Based upon the historical context and documentary evidence presented within this assessment it is unlikely 
that the study area contains any archaeologically significant remains which have research potential. Therefore 
the archaeological potential of the study area is considered to be low. 
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6 Significance assessment 

An assessment of heritage significance encompasses a range of heritage criteria and values. The heritage 
values of a site or place are broadly defined as the ‘aesthetic, historic, scientific or social values for past, 
present or future generations.38 This means a place can have different levels of heritage value and 
significance to different groups of people.  

The archaeological significance of a site is commonly assessed in terms of historical and scientific values, 
particularly by what a site can tell us about past lifestyles and people. There is an accepted procedure for 
determining the level of significance of an archaeological site. 

A detailed set of criteria for assessing the State’s cultural heritage was published by the (then) NSW Heritage 
Office. These criteria are divided into two categories: nature of significance, and comparative significance.  

Heritage assessment criteria in NSW fall broadly within the four significance values outlined in the Burra 
Charter. The Burra Charter has been adopted by state and Commonwealth heritage agencies as the 
recognised document for guiding best practice for heritage practitioners in Australia. The four significance 
values are: 

• Historical significance (evolution and association). 

• Aesthetic significance (scenic/architectural qualities and creative accomplishment). 

• Scientific significance (archaeological, industrial, educational, research potential and scientific 
significance values). 

• Social significance (contemporary community esteem). 

The NSW Heritage Office issued a more detailed set of assessment criteria to provide consistency with heritage 
agencies in other States and to avoid ambiguity and misinterpretation. These criteria are based on the Burra 
Charter. The following SHR criteria were gazetted following amendments to the Heritage Act that came into 
effect in April 1999: 

• Criterion (a) - an item is important in the course, or pattern, of NSW’s cultural or natural history (or the 
cultural or natural history of the local area). 

• Criterion (b) - an item has strong or special association with the life or works of a person, or group of 
persons, of importance in NSW’s cultural or natural history (or the cultural or natural history of the 
local area). 

• Criterion (c) - an item is important in demonstrating the aesthetic characteristics and/or a high degree 
of creative or technical achievement in NSW (or the local area). 

• Criterion (d) - an item has strong or special association with a particular community or cultural group 
in NSW (or the local area) for social, cultural or spiritual reasons. 

• Criterion (e) - an item has potential to yield information that will contribute to an understanding of 
NSW’s cultural or natural history (or the cultural or natural history of the local area). 

• Criterion (f) - an item possesses uncommon, rare or endangered aspects of NSW’s cultural or natural 
history (or the cultural or natural history of the local area). 

                                                        

38 Heritage Office 2001 
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• Criterion (g) - an item is important in demonstrating the principal characteristics of a class of NSW’s 
cultural or natural places; or cultural or natural environments; or a class of the local area’s cultural or 
natural places; or cultural or natural environments. 

 Levels of heritage significance 

Items, places, buildings, works, relics, movable objects or precincts can be of either local or state heritage 
significance, or have both local and state heritage significance. Places can have different values to different 
people or groups. 

Local heritage items 

Local heritage items are those of significance to the local government area. In other words, they contribute 
to the individuality and streetscape, townscape, landscape or natural character of an area and are 
irreplaceable parts of its environmental heritage. They may have greater value to members of the local 
community, who regularly engage with these places and/or consider them to be an important part of their 
day-to-day life and their identity. Collectively, such items reflect the socio-economic and natural history of 
a local area. Items of local heritage significance form an integral part of the State's environmental heritage. 

State heritage items 

State heritage items, places, buildings, works, relics, movable objects or precincts of state heritage 
significance include those items of special interest in the state context. They form an irreplaceable part of 
the environmental heritage of NSW and must have some connection or association with the state in its 
widest sense.  

The following evaluation attempts to identify the cultural significance of the study area. This significance is 
based on the assumption that the site contains intact or partially intact archaeological deposits. 

 Evaluation of significance 

Criterion A: An item is important in the course, or pattern, of NSW’s cultural or natural history (or 
the cultural or natural history of the local area). 

Archaeological remains that may be present include fence post holes and agricultural marks. However, 
archaeological remains such as these are unlikely to be of importance in the pattern of NSW’s cultural history.  

The current structures in the study area are a combination of residential and rural (sheds etc.) which were 
constructed and altered post 1970s. Structures such as these are common throughout the Western Sydney 
region and the history does not indicate that they are particularly important in the course, or pattern, of 
NSW’s cultural history. 

The potential archaeological remains and built structures do not satisfy this criterion at a local or state level. 

Criterion B: An item has strong or special association with the life or works of a person, or group of 
persons, of importance in NSW’s cultural or natural history (or the cultural or natural history of the 
local area). 

The study area formed a part of the 1070 acre land grant to Nicolas Bayly in 1810, which was then acquired 
by Richard Jones in 1826 following Bayly’s death. The land was then subdivided in 1891 but sales did not 
commence until the 1930s. The land was used for pastoral and agricultural uses; however there are no 
special associations relating to tenure of the land by Bayly, Jones or subsequent owners and the historical 
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research did not indicate the study area had any association with anyone of importance in NSW’s cultural 
history, or the history of the local area. 

The potential archaeological remains and built structures do not satisfy this criterion at a local or state level. 

The study area does not satisfy this criterion at a local or state level. 

Criteria C: An item is important in demonstrating aesthetic characteristics and/or a high degree of 
creative or technical achievement in NSW (or the local area). 

Archaeological remains that may be present include fence post holes and agricultural marks. Archaeological 
remains such as these would not demonstrate aesthetic characteristics of a high degree of creative or 
technical achievement in NSW or the local area.  

The current structures in the study area are a combination of residential and rural (sheds etc.) which were 
constructed and altered post 1970s. The majority of these are brick veneer houses and corrugated sheet 
metal sheds which do not demonstrate aesthetic characteristics and/or a high degree of creative or technical 
achievement in NSW. 

The potential archaeological remains and built structures do not satisfy this criterion at a local or state level. 

Criterion D: An item has strong or special association with a particular community or cultural group 
in NSW (or the local area) for social, cultural or spiritual reasons. 

While no community consultation has been undertaken for this report, the history has not indicated that the 
potential archaeological remains or current structures would have an association with a particular community 
or cultural group in NSW or the local area. 

The potential archaeological remains and built structures do not satisfy this criterion at a local or state level. 

Criterion E: An item has the potential to yield information that will contribute to an understanding 
of NSW’s cultural or natural history (or the cultural or natural history of the local area). 

Archaeological remains that may be present include fence post holes and agricultural marks. Archaeological 
remains such as these are not uncommon in a study area which has been used for agricultural purposes.  

The current structures in the study area are a combination of residential and rural (sheds etc.) which were 
constructed and altered post 1970s. It is unlikely that these structures, which are still found throughout 
Western Sydney would have the potential to yield information that will contribute to an understanding of 
NSW’s cultural or natural history. 

The potential archaeological remains and built structures do not satisfy this criterion at a local or state level. 

Criterion F: An item possesses uncommon, rare or endangered aspects of the area’s cultural or 
natural history (or the cultural or natural history of the local area). 

Archaeological remains that may be present include fence post holes and agricultural marks. Archaeological 
remains such as these are not uncommon in a study area which has been used for agricultural purposes.  

The current structures in the study area are a combination of residential and rural (sheds etc.) which were 
constructed and altered post 1970s. Structures such as these are common throughout the Western Sydney 
region and are not uncommon, rare or endangered aspects of the area’s cultural or natural history. 

The potential archaeological remains and built structures do not satisfy this criterion at a local or state level. 
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Criterion G: An item is important in demonstrating the principal characteristics of a class of NSW’s 
cultural or natural places, or cultural or natural environments (or a class of the local area’s cultural 
or natural places, or cultural or natural environments). 

The history has not indicated that the types of archaeological remains present across the study area or 
current built structures within the study area would be important in demonstrating the principal 
characteristics of a class of NSW’s cultural places or environments.  

The potential archaeological remains and built structures do not satisfy this criterion at a local or state level. 

 Statement of significance 

6.1.1 Statement of significance 

Based upon the evaluation criteria outlined above the following statement of significance has been 
formulated for the study area: 

The study area forms a small part (80 acres) of the larger 1070 acre land grant given to Nicholas Bayly in 1810. 
Following Nicholas Bayly’s death in 1823, the study area was then acquired by Richard Jones in 1826, and 
became known as Fleurs Estate. No evidence has been uncovered that the study area was used by Bayly or 
Jones for any specific purpose; however it is likely that it was used for farming and/or grazing purposes.  

The land was subdivided into 20 acre farms in 1891, with sales beginning in the 1930s. From this point, the 
study area was likely utilized for grazing purposes, but it was not until after 1970 that scattered residential 
development occurred in the study area, resulting in intense market garden farming and orcharding. 

This assessment has not revealed any evidence of items, activities, or events occurring within the study area 
which are historically significant, either to the local area or NSW. Archaeological remains that may be present 
within the study area are likely to include fence post holes and agricultural marks which hold no research 
potential and are unlikely to provide information that is of importance in the pattern of NSW’s cultural history 
at a state or local level. The study area is not associated with a significant figure or community group within 
the local area and possesses low aesthetic value. 
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7 Conclusions and recommendations 

 Conclusions 

The study area formed a part of an initial land grant to Nicolas Bayly in 1810, which was then acquired by 
Richard Jones in 1826 following Bayly’s death. The land was then subdivided in 1891 but sales did not 
commence until the 1930s. The land was likely used for pastoral and agricultural uses in this time, but no 
residential structures were constructed in the study area until after the 1970s. Following the residential 
development of the study area, intense orcharding and market gardening occurred resulting in large 
disturbances to the study area.  

The potential archaeological remains in the study area are associated with agriculture and domestic themes. 
Archaeological evidence associated with this theme within the study area may include agricultural marks and 
post holes; although, the high levels of disturbance from the continuous use of the study area since the 1970s 
for market gardening makes it unlikely these remains will still be present in the study area. 

The archaeological evidence associated with the domestic theme include current residential and rural 
structures such as sheds and houses. Historical research and a field survey have identified that these 
structures have been constructed post 1970s and are common element still present throughout the Western 
Sydney region. These structures would not contribute information that is not already available and are of low 
significance. 

 Recommendations 

These recommendations have been formulated to respond to client requirements and the significance of the 
site. They are guided by the ICOMOS Burra Charter with the aim of doing as much as necessary to care for the 
place and make it useable and as little as possible to retain its cultural significance.39 

Recommendation 1: The proposed works may proceed with caution 

There are no recorded items of heritage significance in or adjacent to the study area. Works can proceed in 
the study area with caution as it has been assessed as possessing low archaeological potential. Should 
unexpected archaeological remains be uncovered during the course of the proposed works, 
Recommendation 2 should be implemented. 

Recommendation 2: Discovery of unanticipated historical relics 

Relics are historical archaeological resources of local or State significance and are protected in NSW under the 
Heritage Act. Relics cannot be disturbed except with a permit or exception/exemption notification. Should 
unanticipated historical archaeology be discovered during the course of the project, work in the vicinity must 
cease and an archaeologist contacted to make a preliminary assessment of the find. The Heritage Council will 
require notification if the find is assessed as a relic. 

 

                                                        

39 Australia ICOMOS 2013 
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1 Introduction 
1.1 Background 

The site is located approximately 4 kilometres (km) north-west of the Western Sydney Airport (currently under 
construction), 13 km south-east of the Penrith CBD and 40 km west of the Sydney CBD. 

This Primary Erosion and Sediment Control Plan forms a Request for Additional Information for the proposed 
Concept State Significant Development Application for a new industrial estate on land at 106 – 228 Aldington Road, 
Kemps Creek.  

The EIS for the project was placed on public exhibition between 18 November 2020 and 15 December 2020. During 
this period, a total of 18 submissions were received. These submissions were addressed and subsequent 
amendments to the project were made, as outlined in the Response to Submissions Report (dated 23 March 2021) 
prepared by Ethos Urban. 

In written correspondence dated 28 April 2021, it was requested that FKC provide a further response to additional 
commentary raised by DPE, as well as additional comments raised by public authorities in their review of the first 
Response to Submissions Report. This was responded to via a second a Response to Submissions Report outlined 
by Ethos Urban (dated 22 September 2021).  

Additional correspondence was received from DPE dated 15 November 2021 which has necessitated updates and 
additional information, as contained within this report.  

1.2 Summary of the project for which development consent is now sought  

Consent is sought for the following development. It represents minor amendments and does not represent a 
significant material change to what was previously proposed under the second RTS Report (22 September 2021). 

A concept masterplan with an indicative total building area of 342,865 sqm, comprising:  

• 325,865 sqm of warehouse gross floor area (GFA);  

• 17,010 sqm of ancillary office GFA;  

• 13 individual development lots for warehouse buildings with associated hardstand areas and two lots for 
water management infrastructure purposes (each including a bio-retention basin);  

• roads, including: 

- internal road layouts; 

- southern road connection to Aldington Road;  

- northern boundary road (half road corridor) connecting to Aldington Road;  

- road connections to adjoining landholdings to the north and east;  

• provision for 1,517 car parking spaces;  

• associated concept site landscaping;  



 

 

E220208 | RP#1 | v2   2 

• detailed consent for progressive delivery of site preparation, earthworks and infrastructure works (ie Stage 
1 works) on the site, including: 

- demolition and clearing of all existing built form structures;  

- drainage and infill of existing farm dams and any ground dewatering;  

- clearing of existing vegetation;  

- subdivision of the site into 15 individual lots;  

- construction of a warehouse building with a total of 50,300 sqm of GFA, including: 

 47,800 sqm of warehouse GFA;  

 2,500 sqm of ancillary office GFA; and  

 222 car parking spaces;  

• bulk earthworks including ‘cut and fill’ to create level development platforms for the warehouse buildings, 
and site stabilisation works (if required);  

• roadworks and access infrastructure, including an interim access road and a temporary junction with 
Aldington Road;  

• stormwater works including stormwater basins, diversion of stormwater;  

• utilities services including sewer and potable water reticulation; and 

• Road and boundary retaining walls. 

The project layout is shown in Figure 1.1. 

The proposed construction works will involve disturbance of the entire project area which will expose soil to the 
erosive forces of wind and water however the potential impacts to soil and water can be suitably mitigated by the 
correct implementation of the control measures described in this Primary ESCP. 

1.3 Scope 

This Primary Erosion and Sediment Control Plan (Primary ESCP) has been prepared to describe the overarching soil 
and water management design approach for the development and to provide erosion and sediment control 
guidance and standards for the contractors that will construct the development. It specifically addresses the 
requirements of SSD10479, Western Sydney Employment Area Mamre Road Precinct Development Control Plan 
2021 (DPIE 2021) (DCP) and Managing Urban Stormwater Soil and Construction Volume 1 4th edition (Landcom 
2004) that are relevant to this phase of the project. 

It includes plans showing indicative drainage, erosion and sediment control measures for the following project 
development phases: 

• demolition; 

• construction; and 
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• building. 

The final sizing and location of drainage, erosion and sediment control measures will be dependent on the 
contractors proposed construction sequencing and will be detailed in the contractors Progressive Erosion and 
Sediment Control Plans (PESCP’s). 

1.3.1 Objectives 

The objectives of this Primary ESCP are to: 

• minimise potential impacts on receiving land and waters from construction activities and operation of the 
project; 

• conserve and protect site soil resources; and 

• ensure compliance with relevant regulatory requirements. 

1.4 Approach and document hierarchy 

A two-level approach and document hierarchy to erosion and sediment control planning and site water 
management will be applied to the project, comprising: 

• Primary ESCP (this document); and 

• stage-specific PESCPs prepared by the demolition and construction contractors. 

This Primary ESCP for the project provides detailed background information, erosion hazard assessment, overall 
drainage and water management approach, erosion and sediment control approach, design standards and 
management strategies. 

PESCPs will ultimately be prepared for all disturbance areas by contractors Certified Professional in Erosion and 
Sediment Control (CPESC), prior to disturbance commencing. Each PESCP will address erosion and sediment control 
for each stage of the project and will be progressively updated as required as construction works progress. 

1.5 Document revisions 

Changes to the Primary ESCP shall only be implemented with the approval of Fife Kemps Creek Ltd (FKC) CPESC. 

This Primary ESCP will be revised to reflect agency comments, monitoring outcomes, lessons learned and as 
otherwise necessary in accordance with continuous improvement. 
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2 Legislative and guideline requirements 
2.1 General 

The project will be undertaken in accordance with all relevant legislation, development approval conditions, permits 
and licencing requirements, as described in this section. 

2.2 Legislation 

2.2.1 Environmental Planning and Assessment Act 1079 

i State Significant Development 10479 

The Ministers conditions of approval have yet to be issued for the project. This Primary ESCP will be updated if 
required to address the conditions of approvals. 

ii Western Sydney Employment Area Mamre Road Precinct Development Control Plan 2021 

The DCP has been prepared in accordance with Part 3, Division 3.6 of the Environmental Planning and Assessment 
Act 1979 (EP&A Act) and the Environmental Planning and Assessment Regulation 2000 (Regulation). The DCP came 
into force 19 November 2021. 

The requirements of the DCP as it relates to erosion and sediment control and where they have been addressed in 
the document are provided in Table 2.1. 

Table 2.1 DCP erosion and sediment control requirements 

Reference  Aspect Requirements Where addressed 

Section 2.4, 
Table 5 

TSS and pH All exposed greater 2,500 m2 must be provided with sediment 
controls designed, implemented and maintained to a standard 
achieving at least 80% of the average annual runoff volume of the 
contributing catchment treated (ie 80% hydrological effectiveness) 
to 50 mg/L TSS or less, and pH in the range 6.5 – 8.5. 

Section 5.3 

Section 2.4, 
Table 5 

Stabilisation Prior to completion of works for the development, and prior to 
removal of sediment controls, all site surfaces must be effectively 
stabilised including all drainage systems. 
An effectively stabilised surface is defined as one that does not, or is 
not, likely to result in visible evidence of soil loss caused by sheet, rill 
or gully erosion or lead to sedimentation water contamination. 

Sections 5.2, 6.1, 6.3 and 6.4 
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Table 2.1 DCP erosion and sediment control requirements 

Reference  Aspect Requirements Where addressed 

Section 
4.4.2 

Erosion and 
Sediment 
Control 

1. Development applications must include an Erosion and Sediment 
Control Plan (ESCP) prepared by a Certified Professional in 
Erosion and Sediment Control (CPESC). 

This document 

2. The ESCP is to be implemented under the supervision of a CPESC. 
The relevant consent authority will require the CPESC to 
regularly audit and certify that the works are suitable to protect 
Wianamatta-South Creek and its tributaries, including audit 
reports. 

Section 6.6 

3. Soil erosion and sediment control measures are to be provided 
on-site before the commencement of any earthworks or 
development activity, in accordance with the approved ESCP. 
These must be maintained throughout the course of 
construction until disturbed areas have ben revegetated and the 
soil stabilised to the satisfaction of the relevant consent 
authority. 

Section 6 

4. Development is to comply with the construction phase targets in 
Table 5. 

Section 5.3 

5. Erosion and sediment control measures are to be installed in 
accordance with best practice (including Managing Urban 
Stormwater – Soils and Construction and Best Practice Erosion 
and Sediment Control, IECA). 

Noted 

6. The ESCP is to consider the following measures:  

• identify all areas likely to cause pollution of waterways from 
stormwater run-off and implement appropriate devices to stop 
the risk of pollution; 

Sections 1.1, 6.3 and Appendices 
A1, A2 and A3 

• divert clean water around the construction site to prevent 
contamination; 

Site topography limits the ability 
to diver run-on water and the 
HES basins have been sized 
accordingly 

• retain as much natural vegetation as possible and limit site 
disturbance; 

Not possible due to the required 
earthworks however 
construction of the project will 
be staged as detailed in section 
6.1 

• control stormwater that enters the construction site from 
upstream; 

Site topography limits the ability 
to diver run-on water and the 
HES basins have been sized 
accordingly 

• divert stormwater from undisturbed upper slopes onto stable 
areas; 

Site topography limits the ability 
to diver run-on water and the 
HES basins have been sized 
accordingly 

• retain and stockpile all excavated topsoil for future landscaping; Section 6.4 

• prevent sediment/silt from entering adjoining property by 
installing sediment control devices at the low side of sites and 
wash down areas; 

Sections 5.3 and 6.5 and 
Appendices A1, A2 and A3 
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Table 2.1 DCP erosion and sediment control requirements 

Reference  Aspect Requirements Where addressed 

• install high efficiency sediment basins to ensure compliance with 
the water quality target throughout the construction and building 
phases; 

Sections 5.3 and 6.5 and 
Appendices A1, A2 and A3 

• provide a single, stabilised entry/exit point to the site; During demolition works existing 
driveways will be used for site 
entry/exit. During construction 
there will be two main entry/exit 
points as shown in Appendix A2 

• prevent sediment, including building materials, from reaching the 
road or stormwater system. Sediment is to be removed by 
sweeping, shovelling or sponging. Under no circumstances shall 
sediment be hosed; 

Sections 5.3 and 6.5 and 
Appendices A1, A2 and A3 

• where a work zone permit over public property is applicable, 
debris control devices are to prevent spillage of building materials 
into stormwater drains; 

Noted 

• compact all drainage lines when backfilling; Noted 

• connect downpipes to the stormwater system as early as possible; Section 6.2 

• revegetate all disturbed areas, after on-site works are completed; 
and 

Section 6.4. Refer also to the 
landscaping plans for the 
project. 

• maintain all sediment control devices during earthworks and 
construction. 

Sections 6.6, 7.1, 7.2, 7.3 and 7.4 

2.2.2 Protection of the Environment Operations Act 1994 

The Protection of the Environment Operations Act 1997 (PoEO Act) establishes offences for polluting the 
environment and procedures for the granting of licences for environmental protection including waste, air, water, 
land and noise pollution control. It is an offence to pollute water, air, land, noise and waste. It is also an offence to 
allow a substance to leak, spill or escape from its container in a manner that results or is likely to result in harm to 
the environment (s116). 

Water pollution is prohibited under section 120 of the PoEO Act.  
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3 Existing environment 
3.1 General 

This section provides a brief description of the existing environment relevant to soil and water management. 

3.2 Site location and topography 

The site is located within Kemps Creek with the Penrith Local Government Area. The site also forms parts of the 
Mamre Road Precinct which sits within both the Western Sydney Employment Area and the Western Sydney 
Aerotropolis. 

It is located approximately 60 km west of the Sydney CBD and 20 km south-east of the Penrith CBD. It is located on 
Aldington Road which connects with Mamre Road. Mamre Road provides support connections to the Western 
Sydney Motoway (M4), the Northern Road and Westlink M7, that allows vehicular connections across Greater 
Sydney. 

The land surrounding the site is generally rural in nature comprising a variety of rural dwellings, rural land, farm 
dams and scattered vegetation. Proximate to the site, land comprises a range of uses including the Oakdale South 
industrial estate to the north-east, aged care and retirement village as well as a childcare centre, Trinity Primary 
School and Emmaus Catholic College to the north-west. An established residential housing community is located 
approximately 600 m to the east of Mount Vernon. 

The site comprises an undulating topography, with high points in the north-western portion (86 m AHD) and 
south-eastern portion (86 m AHD), and a northwest/southwest ridge through the middle. From the ridge line, the 
topography slopes down towards the north-eastern site boundary to 62 m AHD and the southwestern site 
boundary to 60 m AHD (Figure 3.1). The topographical slope at the site ranges from 0 to 20 degrees. 

3.3 Soil landscapes 

Soil landscape mapping for the western Sydney area was done by Bannerman and Hazelton (1990) presented as 
the ‘Soil Landscapes of the Penrith 1:100,000 sheet’. With reference to the NSW Soil and Land Information (SALIS) 
System (DPIE 2015-2020) through the ‘eSPADE’ Soil Profile Database (Version 2.0, OEH 2016) the soil landscape unit 
mapped for the site are the Blacktown soil landscape, Luddenham soil landscape and South Creek soil landscape. 
(OEH 2019) as described in Table 3.1 and shown in Figure 3.2. 

Table 3.1 Soil landscape units applicable to the project site 

Soil landscape unit Description 

Blacktown (bt) • Landscape – gently undulating rises on Wianamatta Group shales. Local relief to 30 m, slopes usually 
>5%. Broad rounded crests and ridges with gently inclined slopes. Cleared Eucalypt woodland and tall 
open forest (dry schlerophyll).  

• Soils – typically shallow to moderately deep (>100 cm) hard setting mottled texture contrast soils, red 
and brown podzolic soils (Dr3.21, Dr3.31, Db2.11, Db2.21) on crests grading to yellow podzolic soils 
(Dy2.11, Dy3.11) on lower slopes and in drainage lines. 

• Limitations – localised seasonal waterlogging, localised water erosion hazard, moderately reactive 
highly plastic subsoil, localised surface movement potential. 

• Development – high capability for urban development with appropriate foundation design. Small 
portions of this landscape not yet urbanised are capable of sustaining cultivation and grazing. 



 

 

E220208 | RP#1 | v2   9 

Table 3.1 Soil landscape units applicable to the project site 

Soil landscape unit Description 

Luddenham (lu) • Landscape – undulating to rolling low hills on Wianamatta Group shales, often associated with 
Minchinbury Sandstone. Local relief 50-80 m, slope 5-20%. Narrow ridges, hillcrests and valleys. 
Extensively cleared tall open forest (wet sclerophyll). 

• Soils – shallow (<100 cm) dark Podzoloic Soils (Dr2.11, Dr2.41, Dr3.11) on upper slopes; moderately 
deep (<150 cm) Yellow Podzolic Soils (Dy4.22) and Prairie Soils (Gn3.26) on lower slopes and drainage 
lines. 

• Limitations – water erosion hazard, localised steep slopes, localised mass movement hazard, localised 
shallow soils, localised surface movement potential, localised imperable highly plastic subsoil, 
moderately reactive. 

South Creek (sc)  • Landscape – floodplains, valley flats and drainage depressions of the channels on the Cumberland Plain. 
Usually flat with incised channels; mainly cleared. Flat to gently sloping alluvial plain with occasional 
terraces or levees providing low relief. Slopes <5%. Local relief <10 m. 

• Soils – often very deep layered sediments over bedrock or relict soils. Where pedogenesis has occurred 
structured plastic clays (Uf6.13) or structured loams (Um6.1) in and immediately adjacent to drainage 
lines; red and yellow podzolic soils (Dr5.11, Dy2.41, Dr2.21) are most common terraces with small areas 
of structured grey clays (Gn4.54), leached clay (Uf4.42) and yellow solodic soils (Dy4.42, Dy5.23). 

• Limitation – flood hazard, seasonal waterlogging, localised permanently high watertables, localised 
water erosion hazard, localised surface movement potential. 

• Development – not capable of urban development due to flood hazard. Capable of supporting grazing 
and regular cultivation. 

The typical soil profile and dominant soil materials are summarised in Table 3.2. From this information the soils 
across both soil landscape units can be generally characterised as: 

• slightly to strongly acid; 

• often hard setting with low permeability and water holding capacity; 

• localised saline, sodic subsoils prone to erosion and with low chemical fertility and elevated aluminium; and 

• generally low fertility. 
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Table 3.2 Soil landscape units – soil profile descriptions 

Soil Landscape Dominant Soil Materials Description 

Blacktown (bt) bt1 – friable brownish black loam • Occurs as topsoil (A horizon).  
• Friable brownish black loam to clay loam with moderately pedal 

subangular blocky structure and rough-faced porous ped fabric.  
• pH varies from moderately acid (pH 5.5) to neutral (pH 7.0). 
• Limitations to development: strongly acid. 

bt2 – hard-setting brown clay loam • Occurs as topsoil (A2 horizon).  
• Brown clay loam to silty clay loam which is hard setting on 

exposure or when completely dried out. 
• Apedal massive to weakly pedal structure and slowly porous 

earthy fabric. Peds when present are weakly developed, 
subangular blocky and are rough faced and porous. They range in 
size between 20–50 mm. This material is water repellent when 
extremely dry. 

• pH varies from moderately acid (pH 5.0) to slightly acid (pH 6.5). 
• Limitations to development: hard-setting, low fertility, strongly 

acid, high aluminium toxicity. 

bt3 – strongly pedal, mottled brown light 
clay. 

• Usually occurs as subsoil (B horizon). 
• Brown light to medium clay with strongly pedal polyhedral or sub-

angular to blocky structure and smooth-faced dense ped fabric.  
• pH varies from strongly acid (pH 4.5) to slightly acid (pH 6.5). 
• Limitations to development: high shrink-swell (localised), low 

wet strength, low permeability, low available water capacity, 
salinity (localised), sodicity (localised), very low fertility, very 
strongly acid. 

bt4 – light grey plastic mottled clay. • Usually occurs as deep subsoil above shale bedrock (B3 or C 
horizon). 

• Plastic light grey silty clay to heavy clay with moderately pedal 
polyhedral to subangular blocky structure and smooth-faced 
dense ped fabric.  

• Limitations to development: high shrink-swell (localised), low 
wet strength, stoniness, low available water capacity, salinity 
(localised), sodicity (localised), low fertility, strongly acid, very 
high aluminium toxicity, high erodibility. 
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Table 3.2 Soil landscape units – soil profile descriptions 

Soil Landscape Dominant Soil Materials Description 

Luddenum lu1 – Friable dark brown loam • Occurs as topsoil (A1 horizon). 
• Dark brown, friable loam, silt loam or silty clay loam with 

moderate to strong structure and porous rough-faced ped fabric. 
• Surface condition is distinctly friable but may become hardsetting 

when compacted and dry. 
• Limitations to development: High erodibility and stoniness 

(localised). 

lu2 – Hard setting brown clay loam • Occurs as a topsoil (A2 horizon). 
• Brown to dull yellowish brown and reddish brown clay loam to 

reddish brown clay loam to fine sandy clay loam with an apedal 
massive or weakly pedal; structure and earthy or porous, rough-
faced ped fabric. 

• It is occasionally hardsetting when exposed at the surface. 
• Limitation to development: Very hardsetting surface, stoniness 

(localised), low available water capacity. 

lu3 – Whole coloured, strongly pedal clay • Occurs as a subsoil (B horizon). 
• Reddish brown, bright reddish brown and bright yellowish brown 

medium clay with strong structure and smooth-faced, dense ped 
fabric. 

• pH varies from strongly acidic (pH 4.0) to moderately acidic 
(pH 5.5). 

• Limitations to development: low wet strength, low permeability 
(localised), low fertility, high shrink-swell (localised), low 
available water capacity. 

lu4 – Mottled grey plastic clay • Occurs as a deep subsoil. 
• Light grey to light reddish grey with yellow and red mottles 

(common) medium clay with strongly pedal structure and dense, 
smooth-ped fabric. 

• pH ranges from strongly acidic (pH 4.0) to moderately acidic (pH 
5.5). 

• Limitations to development: low wet strength, low permeability, 
low available water capacity, stoniness, low fertility, high shrink-
swell (localised). 

lu5 – Apedal brown sandy clay • Occurs as subsoil (B horizon). 
• Brown (ranges from dull reddish brown to dull yellowish brown 

apedal sandy clay to light clay with dense earthy fabric. 
• pH is moderately acidic (pH 5.0) to neutral (pH 7.0). 
• Limitation to development: low wet strength, low fertility, high 

shrink-swell (localised), very high aluminium toxicity, low 
available water capacity. 
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Table 3.2 Soil landscape units – soil profile descriptions 

Soil Landscape Dominant Soil Materials Description 

South Creek sc1 – Brown apedal single-grained loam • Commonly occurs as topsoil (A horizon). 
• Dull reddish brown to dull yellowish brown sandy loam to sandy 

clay loam with generally apedal single-grained structure and 
porous earthy fabric. 

• pH is usually moderately acidic (pH 5.5) but varies from strongly 
acidic (pH 4.5) to slightly acidic (pH 6.5). 

• Limitations to development: high erodibility. 

sc2 – Dull brown clay loam • Occurs as a topsoil (A horizon). 
• Dull brown (ranges from greyish brown to yellowish brown) clay 

loam to fine sandy clay loam, usually with apedal massive 
structure and porous earthy fabric.  

• pH varies from moderately acidic (pH 5.5) to neutral (pH 7.0). 
• Limitations to development: high erodibility (localised), 

hardsetting surface, strongly acid, low fertility. 

sc3 – Light Brown clay  • Usually occurs as subsoil (B horizon) 
• Reddish brown to bright yellowish brown light to medium clay 

with strongly pedal structure and dense smooth-faced ped fabric. 
Mottles when they do occur, are yellow or grey and occupy up to 
15%of the volume of he material 

• pH is highly variable, ranging from extremely acid (pH 3.0) to 
neutral (pH 7.0) 

• Limitations to development: shrink-swell potential (localised), 
stoniness (localised), very high erodibility, saline, low fertility 

3.4 Australian Soil Classification 

The ASC scheme (Isbell 2016) is a multi-category scheme with soil classes defined based on diagnostic horizons and 
their arrangement in vertical sequence as seen in an exposed soil profile.  

The Australian soil resource information system (ASRIS) mapping indicates that soil type is present in the project 
Area, Kurosols (Table 3.3). They have very low agricultural potential due to low chemical fertility and poor soil 
structure (Gray and Murphy 2002).  

The ASC soil map for the project site (from OEH 2017a) is presented in Figure 3.3. 

Table 3.3 Summary of regional ASC soil mapping: Greater Luddenham area 

Soil Type ASC description Agricultural potential 

Kurosols 
(KU/KUn) 

• Soils with strong texture contrast between A and 
strongly acid B horizons. 

• Soils other than Hydrosols with: 
– with a clear or abrupt textural B horizon; and  
– in which the major part of the upper 0.2 m of the 

B2t horizon (or the major part of the entire B2t 
horizon if it is less than 0.2 m thick) is strongly acid. 

• Generally low agricultural potential. 
• High acidity, low chemical fertility, generally low 

water holding capacity. 
• Frequent sodic conditions (natric great group under 

the ASC indicates the major part of the upper 0.2 m 
of the B2 horizon is sodic). 



 

 

E220208 | RP#1 | v2   13 

3.5 Hydrologic context 

The site comprises pervious surfaces and includes several unnamed first order water courses and farm dams (Figure 
3.4). A tributary of Ropes Creek is present in the north-eastern portion of the site.  Surface water flows at the site 
follow the topography, drainage either to the northern or southern catchments (Figure 3.5). 

3.5.1 Hydrologic soil group 

The hydrologic soil groups (OEH 2017c) present in the Project area are Groups C and D, defined as: 

• Group C: soils having slow infiltration rates when thoroughly wetted and consisting chiefly of soils with a 
layer that impedes downward movement of water, or soils with moderately fine to fine texture. These soils 
have a slow rate of water transmission. 

• Group D: soils having very slow infiltration rates when thoroughly wetted and consisting chiefly of clay soils 
with a high swelling potential, soils with a permanent high water table, soils with a claypan or clay layer at 
or near the surface, and shallow soils over nearly impervious material. These soils have a very slow rate of 
water transmission. 
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3.6 Climate and rainfall 

The climate is typical of that for south-east Australia being temperate with warm to hot summers and mild to cold 
winters. The long-term maximum average temperature is 23.2° and a long-term average annual rainfall of 
756 millimetres (mm) based on data from Badgerys Creek McMasters F.Stn Bureau of Meteorology (BOM) station 
number 67068 . 

The high rainfall erosion hazard (rainfall erosivity) occurs during the summer storm season from November through 
to March (Figure 3.6). 

 

Figure 3.6 Average daily rainfall and evaporation rates (BOM station number 67068) 

3.6.1 Rainfall erosivity 

Rainfall Erosivity (R-Factor) is a measure of the ability of rainfall to cause erosion and is calculated based on total 
energy and maximum 30-minute storm intensity (Landcom 2004). It is a multi-annual average index that measures 
rainfall’s kinetic energy and intensity to describe the effect of rainfall on sheet and rill erosion. It can either be 
interpolated from the R-factor maps in Landcom 2004 or more accurately calculated using the formula: 

R = 164.74 (1.1177)S S0.6444 

where, S is the 2-year average recurrence interval (ARI), 6-hour rainfall event (ie 0.5 exceedances per year (EY),  
6-hour event) in millimetres per hour (mm/h) (Rosewell & Turner 1992). 

For the project S equals 9.13 mm/h. 

The calculated R-Factor for the project is 1,892 MJ.mm.ha-1year-1. 
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4 Erosion hazard assessment 
The process for the assessment of erosion hazard in NSW is detailed in Section 4.4.1 of Landcom (2004). It is a 
two-step process that considers overall project erosion hazard via consideration of slope and rainfall erosivity 
(R-Factor). A more detailed assessment of land soil loss classes (SLCs) is then determined using annual soil loss 
calculated using the revised universal soil loss equation (RUSLE). Site-specific slopes have been used with a nominal 
slope length of 80 m. The SLC dictates specific erosion management and mitigation measures as detailed in Landcom 
(2004). 

An assessment of the erodibility of the soil itself is important as the presence or absence of a highly erodible 
dispersive soil will significantly influence the project drainage, erosion and sediment control requirements. 

When a sodic soil (exchangeable sodium percentage (ESP) >6%), or a magnesic soil (exchangeable magnesium 
percentage (EMP) >20%) contacts non-saline water, water molecules are drawn in between the clay platelets 
causing the clay to swell to such an extent that individual clay platelets are separated from the aggregate. This 
process is known as dispersion. Dispersive soils have an extreme rill, gully and tunnel erosion risk and can erode 
irrespective of surface treatments (e.g., rock lining) applied to the soil surface. 

4.1 Soil erosion hazard analysis 

Erosion potential of a soil is determined by its physical and chemical properties.  

The clay soils of the project area have low surface infiltration rates and potentially sodic and magnesic chemical 
properties and due to the high vegetation cover, have low water erosion risk provided they are not disturbed. 
During construction surface soils will be stripped, compacted and have cover removed, increasing erosion risk. Sodic 
and/or magnesic soils have a higher risk of soil dispersion and increased runoff due to compaction, particularly at 
depth. Exposed subsoils have high potential to generate highly turbid runoff during rainfall. 

As detailed soil sampling for erodibility and agronomic parameters has not been undertaken of the project area, 
site specific soil erodibility factors (K-factors) have not been determined, however Loch et al (1998) measured and 
estimated K-Factors for a range of Australian dispersive soils and a K-Factor of 0.071 has therefore been adopted. 
An assessment of project K-Factors against the Rosewell (1993) soil erosion ranking (Table 4.1) demonstrates a 
‘high’ soil erosion potential. 

Table 4.1 Rosewell (1993) Soil Erosion Ranking 

K factor (t ha h ha-1MJ-1mm-1) Erosion Potential 

<0.02 Low 

>0.02 to <0.04 Moderate 

>0.04 High 

4.2 Slope and rainfall erosion hazard analysis 

As detailed above, the overall project water and slope erosion hazard is determined using the process described in 
Section 4.4.1 of Landcom (2004). If a low erosion hazard is determined, no further delineation of erosion hazard is 
required. If a high erosion hazard is determined, then further assessment to determine the SLC is required.  
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SLCs are determined by calculating the annual average soil loss using the Revised Universal Soil Loss Equation 
(RUSLE) with a nominal 80 m slope length and soil surface cover factor (C-Factor); RUSLE calculates the annual 
average erosion in tonnes per hectare (t/ha) from rill and inter-rill (sheet) erosion. It does not consider gully or 
tunnel erosion and does not calculate peak erosion. Section 4.4.2(c) of Landcom (2004) nominates additional 
requirements for land of SLC 4 and higher.  

The first step in the hazard assessment uses a nomograph from Figure 4.6 of Landcom (2004) (reproduced as  
Figure 4.1) that considers slope of the land and the Rainfall Erosivity (R-Factor) to provide a low or high erosion 
hazard. 

 

Figure 4.1 Assessment of potential erosion hazard 

As detailed in Section 3.6, the calculated R-Factor for the project is 1,892 MJ.mm.ha-1.h-1 and the maximum slope 
is approximately 20° (36.4%), the erosion hazard ranges from low to high depending on slope. 

A high erosion hazard requires further detailed assessment in accordance with section 4.4.2 of Landcom (2004) to 
determine soil loss classes (Table 4.2). 

Table 4.2 Soil loss classes  

Soil Loss Class (SLC) Calculated soil loss (t/ha/yr) Erosion hazard 

1 0–150 Very low 

2 151–225 Low 

3 226–350 Low-moderate 

4 351–500 Moderate 
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Table 4.2 Soil loss classes  

Soil Loss Class (SLC) Calculated soil loss (t/ha/yr) Erosion hazard 

5 501–750 High 

6 751–1,500 Very high 

7 >1,500 Extremely high 

Adapted from Table 4.2 Landcom (2004) 

Figure 4.1 demonstrates that there are lands of both low and high erosion hazard within the project area and 
therefore determination of soil loss classes is required. Calculated indicative soil loss in t/ha/yr for slopes ranges 
from 1–40% for the project are provided in Table 4.3. 

Table 4.3 Soil loss calculations to determine soil loss classes 

Slope % 1 5 10 14 20 25 30 

R-Factor (section 3.6.1 1,892 1,892 1,892 1,892 1,892 1,892 1,892 

K-Factor (Loch et al. 1998) 0.071 0.071 0.071 0.071 0.071 0.071 0.071 

LS-Factor (Landcom 2004) 0.19 1.19 2.81 4.61 7.32 9.51 11.6 

Area 1 1 1 1 1 1 1 

P-Factor (Landcom 2004) 1.3 1.3 1.3 1.3 1.3 1.3 1.3 

C-Factor (Landcom 2004) 1 1 1 1 1 1 1 

Soil loss (t/ha/yr) 106 208 491 842 1278 1661 1769 

Soil Loss Class (SLC) 1 2 4 6 6 7 7 

Lands with SLCs ≥4 trigger increased erosion and sediment control management requirements as stipulated in 
section 4.4.2 of Landcom (2004). The project area is in rainfall zone 1 (refer Figure 4.2). 

Land disturbing works in highly sensitive lands should be scheduled for periods when rainfall erosivity is low. 
Landcom (2004) defines highly sensitive lands as: 

1. always on SLC 7 lands; and 

2. at certain times of the year: 

a) on SLC 5 or 6 lands in all rainfall zones; and 

b) on SLC 4 lands in rainfall zones 5 and 11. 

Where scheduling activities on highly sensitive land to periods when rainfall erosivity is low is not possible or is 
impractical, ideally ensure that any disturbed lands have C-Factors lower than 0.1 when the 3-day rainfall forecast 
suggests that rain is likely. 

Further project specific management and mitigation measures are provided in section 6. 
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Source: Landcom (2004) 

Figure 4.2 Rainfall zones 

Table 4.4 Zone 1 high and low rainfall erosivity periods 

SLC Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

1-4 L L L L L L L L L L L L L L L L L L L L L L L L 

5 L L H H H H L L L L L L L L L L L L L L L L L L 

6 H H H H H H H H H H L L L L L L L L L L L H H H 

7 H H H H H H H H H H H H H H H H H H H H H H H H 

Source: Landcom (2004) 
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5 Design standards 
Recommended design standards for drainage, erosion and sediment control are derived from: 

• legislative requirements; 

• Penrith Council guidelines; 

• industry guidelines; and  

• site-specific risk assessments for design life and consequence of failure. 

The Penrith City Council Design Guidelines for Engineering Works for Subdivision and Development (PCC 1997) 
references temporary drainage, erosion and sediment control standards from Landcom (2004) ((Table 5.1) below.  

5.1 Drainage 

The minimum recommended drainage standards for the project are show below in Table 5.1. 

Table 5.1 Recommended drainage design standards (IECA 2008, Landcom 2004 and PCC 1997) 

Drainage structure Landcom (2004) PCC (1997) Adopted standard 

Drains 10-year ARI 10-year ARI 10-year ARI 

Clean water diversion drains 10-year ARI 10-year ARI 10-year ARI 

culvert crossing 2 -year ARI  2 -year ARI 

Road drainage (Industrial)  20-year ARI 20-year ARI 

The 200 Aldington Road Industrial Estate, Kemps Creek, Lots 20-23 DP2555560 and Lots 30-32 DP258949 Civil 
Infrastructure Report (AT&I 2021) nominates that: 

• Pipe drainage shall be designed to accommodate the 20-year ARI storm event. 

• The combined piped and overland flow paths shall be designed to accommodate the 100-year ARI storm 
event. 

• Where trapped low points are unavoidable and potential for flooding private property is a concern, an 
overland flow path capable of the carrying the total 100-year ARI storm event shall be provided. 
Alternatively, the pipe and inlet system may be upgraded to accommodate the 100-year storm event. 

Several unsealed roads will be required on site for access and haul purposes. 

If construction of mitre drains is necessary for internal unsealed roads, spacing of the mitre drains is generally 
dependent on-site topography and conditions however the horizontal spacing proposed in Table 5.2 will be used to 
provide guidance. 

Haul roads from the borrow areas will be treated with trafficable polymers to minimise dust and turbid water 
missions. Polymer emulsion pavements are achieved by treating the top 50 mm of the unsealed track or road using 
the following process: 
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• Scarify the surface to a depth of 50 mm. 

• Apply trafficable soil polymer such as GRT 5000 (1 part polymer to 6 parts water) to the ripped surface at a 
rate of 300 mL/m2. 

• Re-scarify before the polymer dries to mix. 

• Apply additional polymer at the same rate. 

• Grade to achieve the necessary trail profile before the polymer dries. 

• Compact with sheeps foot roller followed by a steel drum roller. 

• Apply a polymer seal coat (1 part polymer to 8 parts water) at a rate of 300 mL/m2. 

The resultant pavement will have greater California Bearing Strength Ratio (CBR) strength (approximately 2 to 
4 times (Mawal and Ojaimi 2019)) compared with the untreated surface, less potential for rutting, potholing and 
corrugations, reduced dust emissions, reduced erosion and reduced watering requirements. 

Unsealed tracks and roads are recommended to have a minimum cross slope of 4% to minimise the potential for 
corrugations to form (WSC 2012). 

Table 5.2 Recommended mitre drain spacing (IECA 2008) 

Table drain slope (%) Horizontal spacing of mitre drains (m) 

0–2% 120 

>2% but ≤4% 60 

>4% but ≤8% 30 

> 8% 15 

Adopted from Table 4.3.12 from IECA (2008) 

On tracks used by light vehicle and small trucks, cross banks (trafficable inclined diversion banks) are an effective 
means on reducing slope length and flow velocity. Cross banks should be constructed on light vehicle access tracks 
at the horizontal spacing proposed in Table 5.3. 

Table 5.3 Recommended cross bank spacing (IECA 2008) 

Road grade Cross bank spacing 

Up to 14% (8o) 60–70 m 

14–21% (8o–12o) 50–60 m 

5.2 Erosion control 

Erosion control standards are generally addressed in section 5.1. There are, however, several important erosion 
control standards that are recommended to be adopted for the project additional to those described. 
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In accordance with Landcom (2004) FKC will adopt a 70% soil surface cover as the indicator for the provision of 
adequate erosion protection in sheet flow environments and the target C-Factors and timings nominated in  
Table 5.4. Soil covers that may be utilised on site include: 

• polymer soil stabilisers; 

• grasses and legumes; 

• gravel; and 

• hydro-mulches and Hydraulic Growth Mediums (HGM). 

Table 5.4 Target C factors and timing 

Lands Target C-factor Description 

Waterways and other areas subjected 
to concentrated flows, post 
construction 

0.05 A target C factor of 0.05 (approx. 70% soil surface cover) will aim to be 
achieved ten (10) days from completion of construction and prior to 
exposure to concentrated flows. 

All lands, including waterways and 
stockpiles during construction 

0.15 A target C factor of 0.15 (approx. 50% soil surface cover) will aim to be 
achieved twenty (20) working days of inactivity or from completion of 
construction. 

Stockpiles, post construction 0.10 A target C factor of 0.10 (approximately 60% soil surface cover) will aim to 
be achieved ten (10) working days from completion of construction. 

For concentrated flow environments erosion protection must be employed when the maximum permissible velocity 
of the soil is exceeded. The maximum permissible velocities for various soil types are shown in Table 5.5. 

Table 5.5 Maximum permissible velocities for various soil types (IECA 2008) 

Soil description Allowable velocity 
(m/s) 

Anticipated to be 
impacted by the project 

Comments 

Extremely erodible soils 0.3 Yes Dispersive clays are highly erodible at low flow 
velocities and must be gypsum treated or capped 
with stable soil. 

Sandy soils 0.45 No 
 

Highly erodible soils 0.4–0.5 Yes Highly erodible soils may include: Lithosols, 
Alluvials, Podzols, Silicious sands, Soloths, 
Solodized solonetz, Grey podzolics, some Black 
earths, fine surface texture-contrast soil and Soil 
Groups ML and CL. 

Sandy loam soils 0.5 No 
 

Moderately erodible soils 0.6 No Moderately erodible soils may include: Red 
earths, Red or Yellow podzolics, some Black 
earths, Grey or Brown clays, Prairie soils and Soil 
Groups SW, SP, SM, SC. 

Silty loam soils 0.6 No 
 

Low erodible soils 0.7 No  

Firm loam soils 0.7 No  
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Table 5.5 Maximum permissible velocities for various soil types (IECA 2008) 

Soil description Allowable velocity 
(m/s) 

Anticipated to be 
impacted by the project 

Comments 

Stiff clay very colloidal soils 1.1 No Erosion-resistant soils may include: Xanthozem, 
Euchrozem, Krasnozems, some Red earth soils 
and Soil Groups GW, GP, GM, GC, MH and CH. 

Adapted from Table A23 IECA (2008) 

Data in Table 5.5 demonstrate that the anticipated maximum permissible velocities for soils impacted by the project 
ranges from 0.3–0.5 metres per second (m/s). FKC will ensure that flows are maintained below those permissible 
velocities for bare soils or line concentrated flow areas where the maximum permissible velocity of the soil will or 
is likely to be exceeded. 

Channel liners appropriate for use on the project and their allowable flow velocities are provided in Table 5.6. 

Table 5.6 Allowable flow velocity for various channel linings 

Product Allowable velocity (m/s) Comments 

Jute mesh with bitumen emulsion 1.3–1.7 Design life 1 year 

Coir mesh 1.7 Design life 1 to 2 years. Minimum of 400 g/m2 is 
recommended. 

Turf 1.5–2.0 Turf must be anchored to the soil, soil must suitable 
for plant growth. 

Spray on hydro-colloid cementitious 
channel liner (Geospray™) 

2.6–3.2 1 L water/1 kg product applied at 4 kg (of equivalent 
dry matter)/m2. 

Rock Dependent of the rock size and 
density and shear stress from flow 

Must be durable, angular igneous rock. Dispersive soil 
under the rock must be treated with gypsum to 
minimise tunnel and gully erosion. 

3D polyamide soil filled turf 
reinforcement mat 

5.5 m/s for 30mins 
3 m/s for durations up to 50 hours 

 

Concrete 7  

Adapted from Tables A25 and A26 IECA (2008) and Landloch (2018). 

Dispersive soils are present within the project area. Dispersive soils are sodium dominated soils with weak ionic 
bonding. When the soil contacts non-saline water, water molecules are drawn in-between the clay platelets causing 
the clay to swell to such an extent that individual clay platelets are separated from the aggregate resulting in the 
soil losing its structure. Magnesic soils can demonstrate similar behaviour. 

The most effective treatment for soil dispersion is the incorporation of calcium sulphate (gypsum) into the soil.  The 
calcium ions in the gypsum displace the sodium ions in the soils resulting in a more cohesive soil. Lime cannot be 
used as lime does not dissolve at pH >6.5. 

Dispersive soils disturbed by the project will be treated such that the exchangeable sodium percentage (ESP) is less 
than 4% an exchangeable magnesium percentage (EMP) is less than 20%. 
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5.3 Sediment control 

Soil loss calculations, the need for TSS control due to the DCP water quality limits and calculated soil loss, triggers 
the requirement for sediment basins on the project. 

The DCP specifies the use of high efficiency sediment (HES) basins capable of treating 80% of the average annual 
runoff volume of the contributing catchment treated (ie 80% hydrological effectiveness) to 50mg/L TSS or less, and 
pH in the range 6.5 – 8.5. Type B basins have been adopted as they are designed to retain water that can be used 
for construction purposes and are less complex to construct and operate than a Type A basin.  

Minimum basin sizing will be in accordance with Appendix B and locations shown in Figure 5.1 and Appendices A1, 
A2 and A3. The two permanent biorention basins will be constructed to operate as Type B basins during the 
construction phase and then converted to biofiltration basins once more than 70% soil surface cover has been 
achieved. Final basin sizing will be confirmed in the construction contractor’s progressive erosion and sediment 
control plans. 

The HES basins will be designed and operated in accordance with Best Practice Erosion and Sediment Control – 
Appendix B Sediment basin design and operation (IECA 2016a). This will include the use of flow activated coagulants 
and/or flocculant dosing systems.  The selection of appropriate coagulants and/or flocculants and determination of 
indicative dosing rates will be in accordance with the IECA fact sheet Chemical coagulants and flocculants (IECA 
2016b). 

Type B basins will be used during the demolition and earthworks phases and Type A during the building phase due 
to the need to link the basin decant systems to the permanent stormwater management system. 

A typical long section of a Type B basin is provided in Figure 5.1. 

 

Figure 5.1 Typical Type B basin long section (Figure B7 IECA 2016) 

Suitable coagulants and/or flocculants are dosed into the basin inlet drains upslope of the forebay. The chemicals 
mix in the inlet drain and the sand and silt sized particles (and some of the clay sized particles) will settle out of the 
water column in the forebay.  

The forebay also reduces the flow velocity of the incoming water and as it passes over the level spreader flow 
reverts from concentrated flow to uniform flow creating conditions that allow the remaining coagulated/flocculated 
particles to settle out of the water column prior to the treated water discharging over the spillway. 
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6 Management and mitigation measures 
The erosion hazard assessment generally demonstrates a low to high hazard due to: 

• the erodibility of soils; 

• calculated soil loss from site; 

• slope steepness; and 

• rainfall erosivity from November to April. 

FKC will apply the following drainage, erosion and sediment control management strategies and measures to 
address the identified project erosion hazard. 

6.1 Minimising the extent and duration of land disturbance 

The project will be developed in three stages to minimise the extent and duration of disturbance as shown in Figure 
6.1. Initial earthworks and major land disturbing activities will be scheduled to avoid high rainfall erosivity periods 
for SLCs 5, 6 and 7 lands (Table 4.4) where practical to minimise erosion. Where major land disturbing works need 
to occur in high rainfall erosivity periods then there will be an appropriate increase in the levels of control measures 
to compensate for the increased erosion risk. 

Sediment and turbid runoff only generally occur when erosion occurs, therefore progressive stabilisation and 
rehabilitation of disturbed areas is fundamental to successful erosion and sediment control. The timing of 
stabilisation and rehabilitation works needs to consider: 

• proximity to sensitive receptors; 

• soil erosivity; 

• slope gradient and length; 

• time of year (rainfall risk); and 

• site access. 

Table 6.1 provides guidance on the recommended timing of stabilisation and rehabilitation works with soil erosion 
risk as the main determining factor. 

Table 6.1 Maximum C-Factors during construction and post-construction  

During Construction 

Waterways and land below the 2-yr ARI 
flood levels including stockpiles 

0.10 When working in waterways and flood prone lands a C-Factor of ≤0.1 is to be 
achieved if the 3-day forecast indicates rain causing runoff is likely. 

Land above 2-yr ARI flood levels flood 
levels (including stockpiles). 

0.15 A C-Factor of ≤0.15 is to be achieved within 20 working days of inactivity, 
even though works might continue later.  
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Table 6.1 Maximum C-Factors during construction and post-construction  

Post Construction 

Waterways and other areas subjected to 
concentrated flows 

0.05 Applies after 10 working days from completion of formation and before they 
are allowed to carry any concentrated flows.  

Stockpiles 0.10 Applies after 10 working days from completion of formation. Maximum C-
factor of 0.10 equals 60% ground cover  

All other land 0.15 In periods of expected ‘low’ rainfall erosivity during the rehabilitation period, 
achieve a C-Factor of less than 0.15. Maximum C-Factor of 0.15 equals 50% 
ground cover 

0.10 In periods of ‘moderate’ to ‘high’ rainfall erosivity during the rehabilitation 
period, achieve a C-factor of less than 0.1.  
Set in motion a program that should ensure it will reduce permanently to 
less than 0.05 within a further 60 days. 

Adapted from Section 7.1.2, Tables 7.1 and 9.3 in Landcom (2004) 

Indicative C-Factors for some common stabilisation products are provided in Table 6.2 (the lower the C-Factor the 
better the erosion protection). 

Table 6.2 Indicative C-Factors for common soil stabilising products/techniques 

Product C-Factor range Rate/cover Duration Source 

Grass cover 0.09 60% Permanent Landcom (2004) 

Grass cover 0.05 70% Permanent Landcom (2004) 

Turf (Kikuyu) <0.01 100% Permanent Landcom (2004) 

Soil stabilising polymer (GRT Enviro Binder) 0.01–0.002 25% solution 
100 mL/m2 

Not tested Landloch (2015) 

Soil stabilising polymer (Vital Bon Mat P47) 0.12–0.66 10% solution 
1 L/m2 

2 months Landloch and SEEC 
(2013) 

Soil stabilising polymer (EnviroStraw 
EnviroBondTM) 

0.004–0.023 10% solution 
1 L/m2 

Not tested Landloch (2018) 

Hydro-mulch 0.00–0.10 1,500 kg/ha 
300-L binder/ha 

3 months Landcom (2004) 

BFM hydro-mulch (wood fibre) 0.00–0.10 5,000 kg/ha 6 months Landcom (2004) 

BFM hydro-mulch (straw fibre (EnviroStraw 
BFM plus)) 

0.006 – 0.008 4,000 kg/ha Not tested Landloch (2016) 

Hydraulically applied growth medium 
(EnviroStraw EnviroMatrixTM) 

0.006–0.008 4,500 kg/ha Not tested Landloch (2015) 

Jute mesh 0.10–0.60 Not provided but 
expected to be 350 g/m2 

6–12 months Landcom (2004) 
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Soil stabilising polymers will be used for temporary stabilisation within the project area and bonded fibre matrix 
hydro-mulches and hydraulically applied growth mediums will be used for permanent vegetative stabilisation 
solutions. 

6.2 Controlling water movement through or around site 

There are two small clean run-on water catchments that impact the project area.  

Clean and dirty water catchments will be segregated to the maximum practical extent to minimise erosion potential 
and the volume of turbid water that needs to be contained and treated on site via diversion around disturbed areas 
and/or safe conveyance through the site without meeting exposed soils or mixing with turbid water. 

During the building phase, roof runoff will be connected to the permanent stormwater drainage system as soon as 
practicable. 

Treated runoff from the floating decants on the Type A HES basins during the building phase will be connected to 
the permanent piped stormwater drainage system.  

6.3 Minimise soil erosion 

The most effective form of sediment control is erosion control.  Sediment and turbid water are only generated 
when erosion occurs. Effective erosion control is therefore a fundamental component of FKC’s drainage, erosion 
and sediment control strategies. 

The types of erosion that can potentially occur on the project are: 

• raindrop splash erosion; 

• sheet erosion; 

• rill erosion; 

• gully erosion; 

• chemical erosion (dispersion); and 

• wind erosion (dust). 

Raindrop splash erosion is most effectively controlled by providing soil surface cover.  FKC’s contractors will achieve 
by: 

• minimising the extent and duration of soil disturbance; 

• covering and binding exposed soils with soil stabilising polymers and gravel; and 

• progressively rehabilitating disturbed areas. 

Rill erosion is effectively controlled by minimising slope length and gradient.  This will be achieved within the project 
area by: 

• minimising disturbance to steeply grading areas where possible; 

• using retaining walls to minimise the creation of long, steep earthen slopes; 
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• treating dispersive soils with gypsum; 

• covering and binding exposed soils with soil stabilising polymers and gravel;  

• progressively stabilising and revegetating disturbed areas; and  

• early installation and connection of permanent stormwater drainage systems. 

Gully erosion is effectively controlled by minimising the concentration of flow and slowing flow velocity. This will 
be achieved within the project area by: 

• maintaining sheet flow where possible; 

• avoiding the use of ‘v’ shaped drains; 

• lining drains where flow velocities exceed the maximum permissible velocity of the soil (temporary and 
permanent); 

• treating dispersive soils with gypsum if disturbed; and 

• early installation and connection of permanent stormwater drainage systems. 

Chemical erosion is effectively controlled by minimising the disturbance of dispersive soils and maintaining sheet 
flow conditions. This will be achieved in the project area by: 

• avoiding the concentration of flow where possible; 

• avoiding ponding water on areas of dispersive soil (not using check dams, channel banks, benches, etc); 

• lining drains where flow velocities exceed the maximum permissible velocity of the soil (temporary and 
permanent); 

• treating dispersive soils with gypsum particularly pipe trench back fill material; and 

• installing trench breakers to minimise tunnel erosion in stormwater, sewer and potable water pipe trenches 
(Figure 6.2). 
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Figure 6.2 Pipe trench breaker concept design 

Energy dissipaters will need to be used at the outlets of drains and spillways to reduce flow velocities to less than 
the maximum permissible velocity for the soil type. Stilling pond and roughness type dissipators are recommended. 

Wind erosion is effectively controlled by minimising disturbance and utilising soil stabilising polymers and wetting 
agents. This will be achieved in the project area by: 

• minimising disturbance; 

• gypsum treatment of dispersive soils; 

• progressively stabilising disturbed areas temporarily with soil stabilising polymer or gravel or permanently 
with BFM hydromulch and grass; 

• reducing speeds of machinery and vehicles and/or suspending operations during excessively dry and/or 
windy periods; and 

• using trafficable soil polymers and water trucks on tracks and haul roads. 

6.4 Prompt stabilisation of disturbed areas 

As detailed in sections 6.1 and 6.2, progressive stabilisation and rehabilitation of disturbed areas will be undertaken 
to minimise erosion and the generation of sediment and turbid runoff. Due to maximum batter gradients being 
1(v):3(h) or flatter, permanent revegetation seeding will be undertaken using site won topsoil and BFM 
hydro-mulches.  

EMM’s experience is that the Australian made straw based HGMs are the most appropriate and cost effective for 
direct seeding of vegetation. HGM will be applied at the following rates specified in Table 6.3. 
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Table 6.3 BFM hydro-mulch application rates 

Slope gradient  Organic matter Binder 

<1(v):3(h) 4,000 kg/ha As supplied in the product bags 

>1:3 but ≤1:2 5,000 kg/ha As supplied in the product bags 

6.5 Maximise sediment retention on site 

As discussed in section 6.3, the most effective form of sediment control is erosion control. Irrespective of how well 
designed and implemented erosion control is on site, sediment and turbid water will always be generated during 
rainfall events. 

Type 2 and 3 sediment controls will be ineffective at reducing turbidity due to the presence of dispersive clay soils 
but will be utilised during the demolition phase when soil surface disturbance, particularly subsoil disturbance will 
be minimal. As discussed in section 5.3, Type B HES basins will be reconstructed and used to capture and treat 
turbid runoff. These will have automated flow activated dosing systems. 

Bench testing of site turbid water will be undertaken by FKC’s CPESC in accordance with IECA (2016b) to determine 
the most appropriate coagulants and/or flocculants to be used and indicative dosing rates. Products to be tested 
include: 

• aluminium chlorohydrate; 

• chitosan lactate; 

• non-ionic polyacrylamide; and 

• anionic polyacrylamide. 

FKC will require their contractors to implement a Water Movement Permit system on site to minimise the potential 
for accidental turbid water discharge during pumping and dewatering activities on site. Water Movement Permits 
will be issued by the Contractors Environmental Management Representative or delegate. 

6.6 Inspection and maintenance of control measures 

Drainage, erosion and sediment control measures will remain in place at all times until their function is no longer 
required. Technical notes for drainage, erosion and sediment control measures recommended to be used on the 
project are included as Appendix C. These technical notes include construction and maintenance requirements for 
the control measures. 

Inspections of control measures will be undertaken prior to predicted rainfall and following rainfall that causes run-
off or weekly during dry conditions. 

Inspections will be undertaken by the Contractors Environmental Management Representative or delegate. That 
person will have the following knowledge: 

• an understanding of site environmental values that could be impacted by site construction and operation; 

• an understanding of the requirements of the Development Approval that are relevant to drainage, erosion 
and sediment control; 
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• a good working knowledge of drainage, erosion and sediment control fundamentals and the project specific 
application thereof; 

• ability to provide advice and guidance on appropriate measures and procedures to maintain the site at all 
time in a condition representative of regionally specific best practice, and that is reasonably likely to achieve 
the required standards; and 

• a good working knowledge of the correct installation, operation and maintenance procedures for the full 
range of drainage, erosion and sediment control measures used on the project. 

FKC’s independent CPESC will undertake fortnightly inspections during periods of high rainfall erosivity and monthly 
during periods of low rainfall erosivity in accordance with the requirements of the DCP. 

FKC’s contractor will maintain control measures to maximum practicable extent so that control measures: 

• will best achieve the sites required environmental protection including achieving the water quality criteria 
specified in the Development Approval and this Primary ESCP for the nominated design storm event; 

• are in accordance with the specified operational standard for each drainage, erosion and sediment control 
measure; and 

• prevents or minimises safety risks. 

All water, debris and sediment removed from control measures shall be disposed of in a manner that will not create 
an erosion or pollution hazard.  

6.7 Monitoring and adjustment of control practices 

FKC has adopted a hierarchical esc planning system be adopted for construction of the project consisting of an 
overarching project wide Primary ESCP (this document) with Progressive ESCPs (PESCPs) for all disturbance areas 
prepared by the construction contractor) to ensure that the project PESCPs are living documents that can and will 
be modified as site conditions change, or if the adopted control measures fail to achieve the desired treatment 
standard. 

The PESCPs will be prepared and certified by a CPESC. 

If a site inspection or environmental monitoring identifies a significant failure of the adopted drainage, erosion and 
sediment control measures, a critical evaluation of the failure should be undertaken to determine the cause and 
appropriate modifications made to the control measures on site and PESCPs amended. 

6.8 Drainage, erosion and sediment control competence 

All project personnel including contractors are recommended to have an appropriate level drainage, erosion and 
sediment training.  Two levels of competency training for personnel are proposed: 

• Level 1 – basic awareness level training and provided during the site induction; and 

• Level 2 – half day training for foreman, engineers, project managers etc on the legal aspects of drainage, 
erosion and sediment control, fundaments and site-specific strategies, techniques and requirements 
prepared and presented by FKC’s CPESC. 
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7 Phase specific control measures 
The project will be constructed in three stages as shown in Figure 6.1. Within each of the stages will be several 
phases of construction: 

• Demolition; 

• clearing, grubbing and topsoil stripping; 

• cut to fill and general earthworks; and 

• building construction and landscaping (Stage H only). 

Each phase will require a different level of erosion and sediment controls primarily as a function of the extent of 
land disturbance and modification to the existing landforms and drainage patterns. 

Planned erosion and sediment controls for each phase are detailed as follows: 

7.1 Demolition 

The demolition phase will involve the demolition of all existing buildings and surface infrastructure including but 
not limited to: 

• Houses 

• Sheds 

• Greenhouses 

• Animal years 

• Fences 

• Tanks 

Soil surface disturbance will be minimal as no soil stripping will be required and existing access tracks and 
driveways will be used.  

This phase will also include the treatment and dewatering of the existing farm dams. 
There will be no alteration of existing drainage patterns during this phase. Planned erosion and sediment control 
measures for this phase are detailed in Table 7.1. 
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Table 7.1 Demolition phase drainage, erosion and sediment control measures 

Control Measure Purpose 

Drainage control 

Temporary 

Maintain existing surface water flows 
paths and culvert crossings 

Allow clean water to pass through the site without coming into contact with exposed 
soil. 

Pipe culverts To allow vehicle access over drainage lines and to allow clean up-stream water to pass 
through the construction zone without contamination. 

Erosion Control 

Temporary 

Delineate no-go areas with flagging tape 
or bunting 

To minimise unnecessary soil and vegetation disturbance. 

Utilise existing access tracks and 
driveways 

Minimise disturbance to existing stable vegetated areas and minimise mud tracking to 
Aldington Road. 

Polymer soil stabiliser. To protect and exposed soil from erosion and to control dust and minimise turbid runoff 
from access tracks. 

Sediment Control 

Temporary 

Sediment fence Installed immediately downslope of demolition works to capture coarse sediment in 
sheet flow environments resulting from exposed soil during demolition works. 

Grass filter strips Maintain existing exotic grass cover to slow flow velocity to encourage the removal of 
sediment via gravity and infiltration. 

Coagulants and/or flocculants To treat any turbid water in the existing dams to achieve a TSS < 50mg/L prior to 
dewatering. 

Trash pumps, dosing pumps and pipes To create a circulation in and dose coagulant and/or flocculant into the existing farm 
dams. 

Stabilised construction entry/exits Installed at each public road access point to minimise mud tracking to Aldington Road. 

Vacuum/sweeper truck  To remove any sediment tracked to Aldington Road. 

Indicative drainage, erosion and sediment control measures for this phase are shown in Appendix A.1. 

7.2 Clearing, grubbing and topsoil stripping 

During this phase trees will be felled, roots will be grubbed, and topsoil will be stripped to facilitate cut to fill and 
general earthworks and stormwater infrastructure installation. 

Any cleared trees and roots will be mulched and re-used on site for temporary sediment controls (mulch bunds). 

The Type B sediment basins will be constructed and will be operational prior to any topsoil stripping to ensure that 
any eroded sediment and turbid runoff is captured to the maximum possible extent. The two proposed bio-basins 
will be constructed as Type B basins and the converted to bio-basins. Topsoil will be either pushed into windrows 
and stabilised and used as temporary clean water diversions (back-push banks) or stockpiled for later re-use. 

Planned erosion and sediment control measures for this phase are detailed in Table 7.2. 
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Table 7.2 Clearing, grubbing and topsoil stripping drainage, erosion and sediment control measures 

Control Measure Purpose 

Drainage control 

Temporary 

Utilise existing access tracks and 
driveways 

Minimise disturbance to existing stable vegetated areas and minimise mud tracking to 
Aldington Road. 

Pipe culverts To allow vehicle access over flow paths and to allow clean up-stream water to pass 
through the construction zone without contamination. Maintain natural drainage paths. 

Clean water diversion banks/drains Do divert clean water around areas being stripped and to minimise the volume of turbid 
water to be treated. 

Diversion banks/drains To reduce slope length and divert turbid runoff to sediment basins. 

Erosion Control 

Temporary 

Delineate no-go areas with flagging tape 
or bunting 

To minimise unnecessary soil and vegetation disturbance. 

Check dams To reduce flow velocity in the access track table drains and mitre drains until permanent 
drain linings can be installed. 

Cover crops Rapid vegetation establishment until permanent vegetation germinates and grows. 

Polymer soil stabiliser. To protect exposed soil from erosion, to minimise turbid runoff and dust emissions from 
unsealed tracks. 

Cementitious hydrocolloid hydraulically 
applied soils stabiliser (Geospray) 

Spray on channel liner to protect drains and other concentrated flow paths from erosion. 

Amelioration of dispersive soils with 
Gypsum 

Reducing the ESP of dispersive soils to <4% to minimise dispersion. 

BFM hydro-mulch To protect newly seeded areas from erosion and to facilitate rapid vegetation 
establishment. 

Rock energy dissipator (stilling pond 
type) 

To reduce flow velocities from drains and culvert outlets to below the maximum 
permissible velocity for the downstream soil. 

Sediment Control 

Temporary 

Check dams Capture small quantities of coarse sediment in the table drains and mitre drains. 

Floc blocks and/or topical application of 
Gypsum 

To increase sediment particle size to improve the efficiency of Type 2 and Type 3 
sediment controls. 

Sediment Fence To capture coarse sediment in sheet flow environments. 

Mulch bunds To capture coarse and medium sized sediment in sheet flow environments. 

Type B sediment basin To capture and treat sediment and turbid runoff. 

Flow activated dosing system To supply coagulants/flocculants into the inlet drains of sediment basins at the required 
rate and volume to treat 80% of the average annual runoff volume of the contributing 
catchment. 

Stabilised construction entry/exits Installed at each public road access point to minimise mud tracking to Aldington Road. 

Vacuum/sweeper truck  To remove any sediment tracked to Aldington Road. 
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Indicative drainage, erosion and sediment control measures for this phase are shown in Appendix A.2. 

7.3 Cut to fill and general earthworks 

This is the most challenging phase from and erosion and sediment control perspective and the greatest 
modification to the existing landforms occurs during this phase. Clean water run-on water will either be diverted 
around the active construction zones or temporary lined drains isolated on either side with sediment controls or 
pipes will be used to safely convey clean water though the construction zone without coming contact with exposed 
soil or turbid runoff. Clean water drains will be lined with an impervious channel liner such as Geospray™ spray on 
liner or a high-density polyethylene rolled erosion control product. Geofabric will not be used as it is pervious, and 
water can flow under the geofabric resulting in erosion under the geofabric and the generation of sediment and 
turbid runoff. 

Permanent retaining walls will be constructed to retain both fills and cuts which will minimise both the length and 
steepness of any earth embankments and batters thereby reducing their erosion potential. Remaining batters will 
generally be 1(v):4(h) or flatter to facilitate stabilisation using topsoil and vegetation. 

Installation the permanent stormwater drainage system and construction of the access roads and associated 
drainage will be a priority during this phase to maximise the safe conveyance of clean-run on water through the 
project.  

At the completion of this phase all roads will be constructed, sealed and verges vegetated and storms water 
systems and services installed and functional. Lots will have been constructed to finished levels and temporarily 
stabilised for soil stabilising polymer in preparation for the building construction phase 

Planned erosion and sediment control measures for this phase are detailed in Table 7.3. 

Table 7.3 Cut to fill and general earthworks phase drainage, erosion and sediment control measures 

Control Measure Purpose 

Drainage control 

Temporary 

Pipe culverts To allow vehicle access over flow paths and to allow clean up-stream water to pass 
through the construction zone without contamination. Maintain natural drainage paths. 

Clean water diversion banks/drains Do divert clean water around areas being stripped and to minimise the volume of turbid 
water to be treated. 

Diversion banks/drains To reduce slope length and divert turbid runoff to sediment basins. 

Permanent 

Permanent piped stormwater system Diversion of clean run-on water and conveyance of stormwater. 

Permanent road drainage Diversion of clean run-on water and conveyance of stormwater. 

Permanent access and internal road 
network 

Minimise erosion, generation of dust and turbid runoff, minimise mud tracking to 
Aldington Road. 
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Table 7.3 Cut to fill and general earthworks phase drainage, erosion and sediment control measures 

Control Measure Purpose 

Erosion Control 

Temporary 

Delineate no-go areas with flagging tape 
or bunting 

To minimise unnecessary soil and vegetation disturbance 

Check dams To reduce flow velocity in the access track table drains and mitre drains until permanent 
drain linings can be installed. 

Cover crops Rapid vegetation establishment until permanent vegetation germinates and grows. 

Polymer soil stabiliser. To protect and exposed soil from erosion and to control dust and minimise turbid runoff 
from access tracks. 

Cementitious hydrocolloid hydraulically 
applied soils stabiliser (Geospray) 

Spray on channel liner to protect drains and other concentrated flow paths from erosion. 

Permanent 

Amelioration of dispersive soils with 
Gypsum 

Reducing the ESP of dispersive soils to <4% to minimise dispersion, reduce the potential 
for rill, gully and tunnel erosion, increase CBR’s and reduce turbid runoff. 

Topsoil and seeding Facilitate stabilisation of the more erodible subsoil and establish vegetation. 

BFM hydro-mulch To protect newly seeded areas from erosion and to facilitate rapid vegetation 
establishment. 

Rock energy dissipator (stilling pond 
type) 

To reduce flow velocities from drains and culvert outlets to below the maximum 
permissible velocity for the downstream soil. 

Trench breakers To minimise the potential for tunnel erosion within pipe trenches. 

Sediment Control 

Temporary 

Check dams Capture small quantities of coarse sediment in the table drains and mitre drains. 

Floc blocks and/or topical application of 
Gypsum 

To increase sediment particle size to improve the efficiency of Type 2 and Type 3 
sediment controls. 

Sediment Fence To capture coarse sediment in sheet flow environments. 

Mulch bunds To capture coarse and medium sized sediment in sheet flow environments. 

Type B sediment basin To capture and treat sediment and turbid runoff. 

Flow activated dosing system To supply coagulants/flocculants into the inlet drains of sediment basins at the required 
rate and volume to treat 80% of the average annual runoff volume of the contributing 
catchment. 

Stabilised construction entry/exits Installed at each public road access point to minimise mud tracking to Aldington Road. 

Vacuum/sweeper truck  To remove any sediment tracked to Aldington Road. 

Indicative drainage, erosion and sediment control measures for this phase are shown in Appendix A.2. The size and 
location will change depending on how the contractor to stage the constructions works. 
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7.4 Warehouse construction (Lot H) only 

This phase involves the construction of: 

• 48,430 m2 of warehouse GFA; 

• 2,500 m2 of ancillary office GFA; 

• 231 car parking spaces; and 

• associated landscaping works. 

As Lot H will be generally level, run-on water will be diverted by the permanent stormwater management system 
and the Type A sediment basins will be in place as shown on Appendix A.3, the complexity of erosion and sediment 
controls required for this phase is reduced and will focus on: 

• minimising the extent and duration of disturbance to the surface densely graded base material (DGB); 

• minimising loss and spillage of loose materials imported for construction purposes; 

• minimising mud tracking to Road 03 (not yet named); 

• progressing building construction such that roof drainage can be temporarily and permanently connect to 
tanks and the stormwater drainage system; 

• landscaping works are implemented; and 

• the Type A sediment basin is operated and maintained until untreated runoff quality less than 50 mg/L TSS 
is achieved from Lot H. 

Planned erosion and sediment control measures for this phase are detailed in Table 7.4. 

Table 7.4 warehouse construction phase drainage, erosion and sediment control measures 

Control Measure Purpose 

Drainage control 

Temporary 

Diversion banks/drains To reduce slope length and divert turbid runoff to sediment basins. 

Temporary downpipes to connect 
roof drainage to tanks 

To prevent the contamination of clean roof run-off water, to maintain safe working conditions 
and to minimise the volume of turbid water to be treated. 

Permanent 

Permanent piped stormwater 
system 

Diversion of clean run-on water and conveyance of stormwater. 

Permanent road drainage Diversion of clean run-on water and conveyance of stormwater. 

Permanent access and internal 
road network 

Minimise erosion, generation of dust and turbid runoff, minimise mud tracking to Aldington 
Road. 

Downpipes To prevent the contamination of clean roof run-off water, to maintain safe working conditions 
and to minimise the volume of turbid water to be treated. 
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Table 7.4 warehouse construction phase drainage, erosion and sediment control measures 

Control Measure Purpose 

Erosion Control 

Temporary 

Delineate no-go areas with 
flagging tape or bunting 

To minimise unnecessary soil and vegetation disturbance. 

Polymer soil stabiliser. To protect and exposed soil from erosion and to control dust and minimise turbid runoff from 
access tracks. 

Permanent 

Amelioration of dispersive soils 
with Gypsum 

Reducing the ESP of dispersive soils to <4% to minimise dispersion, reduce the potential for rill, 
gully and tunnel erosion, increase CBR’s and reduce turbid runoff. 

Landscaping works Cover exposed subsoil/DGB to minimise erosion and run-off and reduce the generation of 
turbid runoff. 

BFM hydro-mulch To protect newly seeded areas from erosion and to facilitate rapid vegetation establishment. 

Trench breakers To minimise the potential for tunnel erosion within pipe trenches. 

Sediment Control 

Temporary 

Bulka bags Contain loose construction materials to minimise sediment release to drainage systems. 

Check dams Capture small quantities of coarse sediment in the table drains and mitre drains. 

Floc blocks and/or topical 
application of Gypsum 

To increase sediment particle size to improve the efficiency of Type 2 and Type 3 sediment 
controls. 

Sediment Fence To capture coarse sediment in sheet flow environments. 

Mulch bunds To capture coarse and medium sized sediment in sheet flow environments. 

Type B sediment basin To capture and treat sediment and turbid runoff. 

Flow activated dosing system To supply coagulants/flocculants into the inlet drains of sediment basins at the required rate 
and volume to treat 80% of the average annual runoff volume of the contributing catchment. 

Stabilised construction entry/exits Installed at each public road access point to minimise mud tracking to Aldington Road. 

Vacuum/sweeper truck  To remove any sediment tracked to Aldington Road. 

Indicative drainage, erosion and sediment control measures for this phase are shown in Appendix A.3. 
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8 Inspections, maintenance and 
monitoring 

8.1 Incidents and complaints 

All incidents will be reported and investigated, and corrective actions assigned to prevent future occurrences in 
accordance with the CEMP. 

An incident may involve: 

• actual or potential pollution incidents where material harm to the environment is caused or threatened. In 
this case, a ‘duty to notify’ relevant authorities applies under the POEO Act for material harm (which includes 
actual or potential harm) to the health or safety of human beings or to ecosystems that is not trivial or that 
results in actual or potential loss or property damage exceeding a threshold dollar value; or 

• any other action or activity deemed to be in non-compliance with this Primary ESCP or associated PESCPs. 

8.2 Inspections 

Inspections of drainage, erosion and sediment control measures will be undertaken by the Contractors 
Environmental Management Representative: 

• weekly during normal construction hours; 

• daily during periods of rainfall; and 

• within 24 hours of the cessation of a rainfall event causing runoff to occur on or from the project (≥10 mm). 

Joint inspections will be undertaken by the FKC’s CPESC with the Contractors Environmental Management 
Representative to verify the adequacy of PESCPs and control measures for site conditions. 

8.3 Water quality monitoring 

Upstream and downstream water quality monitoring will be undertaken at the locations detailed in Table 8.1 and 
shown in Figure 8.1 for TSS, pH and visible hydrocarbon sheens. 

Table 8.1 Surface water quality monitoring locations 

Site number Location Frequency Purpose 

SW1 Clean water dam above the 
project 

Monthly and prior to sediment basin 
discharge 

To understand clean run-on water quality 

SWA BioBasin A Following treatment prior to discharge 
and during discharge 

To determine compliance with discharge 
criteria 

SWB HES Basin B Following treatment prior to discharge 
and during discharge 

To determine compliance with discharge 
criteria 
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Table 8.1 Surface water quality monitoring locations 

Site number Location Frequency Purpose 

SWC HES Basin C Following treatment prior to discharge 
and during discharge 

To determine compliance with discharge 
criteria 

SWD BioBasin B Following treatment prior to discharge 
and during discharge 

To determine compliance with discharge 
criteria 

SWE HES Basin E Following treatment prior to discharge 
and during discharge 

To determine compliance with discharge 
criteria 

SWF HES Basin F Following treatment prior to discharge 
and during discharge 

To determine compliance with discharge 
criteria 

SWJ HES Basin J Following treatment prior to discharge 
and during discharge 

To determine compliance with discharge 
criteria 

8.4 Maintenance and remedial actions 

Various types of drainage, erosion and sediment control measures will be utilised for the project. A description of 
the key measures used and maintenance and remedial actions likely to be required are provided in Table 8.2. 

Table 8.2 Maintenance and remedial actions 

Control measure Maintenance and remedial actions 

Drainage control 

Lined clean water diversion drains 
and banks 

Repair any damage to the liner (replace, re-anchor), repair any bunding or silt fence isolating 
the clean water catchment from the dirty water catchment. 

Dirty water diversion drains and 
banks 

Repair any erosion, re-line if necessary. 

Drain blocks Ensure turbid water cannot enter the drain or pipe.  Monitor for damage and sediment 
accumulation and repair as necessary.   

Erosion control 

Temporary 

Polymer soil stabiliser and covers Reapply or adjust/repair following rainfall, heavy vehicle traffic or other disturbance. 

Permanent 

Gypsum amelioration of dispersive 
soil 

Check for rill, gully and tunnel erosion. Re-test soil and incorporate additional gypsum in 
accordance with the soil testing results. 

Lined channel, drains and batter 
chutes 

Look for water flows under or beside the structure and repair and/or modify as necessary. 
Look for erosion around and downstream of the energy and repair and/or modify as 
necessary. 
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Table 8.2 Maintenance and remedial actions 

Control measure Maintenance and remedial actions 

Sediment control 

Temporary 

Silt fences Ensure silt fences pond water. If not, install additional panels.  Check for blow-outs in the 
anchor trench.  Re-anchor as necessary. Replace any ripped or damaged sediment fence. 

Check dams Check for erosion between check dams. Install additional check dams if necessary.  Remove 
accumulated sediment. 

Stabilised construction exits Ensure rock is free from accumulated sediment. Replace as necessary. 

Construction sediment basins Treat accumulated water with high efficiency coagulants and flocculants.  Dewater when water 
quality is less than nominated water quality limits. Check basin inlets and outlets for erosion 
and repair as necessary. Check the basin wall for slumping or tunnel erosion. Repair as 
necessary. Remove accumulated sediment from the basin when it reaches the sediment 
storage zone marker. 

Coagulants and flocculants Check coagulant/flocculent levels in flow activated dosing units and replenish as necessary.  
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9 Review and Improvement 
9.1 Continuous improvement 

Continuous improvement of this Primary ESCP will be achieved by the ongoing evaluation of environmental 
management performance against environmental policies, objectives and targets for the purpose of identifying 
opportunities for improvement. 

9.2 Document update and amendment 

The Primary ESCP will be revised whenever the construction program, scope of work or work methods change, or 
whenever the work methods and control structures are found to be ineffective after each site inspection, or if so 
directed by authorities.  

A copy of the updated plans and changes will be distributed to all relevant personnel and discussed at pre-start and 
toolbox talks. 
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10 Certification 
I Michael John Frankcombe, CPESC No. 1351 from EMM Consulting Pty Limited certify that: 

• This Primary ESCP complies with the intent of the Landcom (2004) given the phase of the project and 
available information. 

• This Primary ESCP does not include all details required for ESCPs as this information will not be available until 
the construction tender process has been completed, contract(s) have been awarded and construction 
sequencing and methods have been finalised. 

• The successful contractor(s) will prepare compliant Progressive ESCPs as an addendum to this Primary ESCP 
as explained in the hierarchy of documentation. 

• The recommended drainage, erosion and sediment control management and mitigation strategies if 
implemented correctly and competently, will achieve TSS levels equal to or less than 50 mg/L in the sediment 
basins up to and including the design event. 

 

Michael Frankcombe 
National Technical Leader - Land, Water and Rehabilitation 
21 April 2022 
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A.1 Demolition phase Progressive ESCP 
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Rainfall Evaporation

LIKELIHOOD OF RAINFALL DURING THE CONSTRUCTION PERIOD: 

INSPECTION EROSION AND SEDIMENT 
CONTROL MEASURES 24 HOURS PRIOR 
TO PREDICTED RAINFALL AND 
UNDERTAKE ANY NECESSARY 
MAINTENANCE (TRIGGERED IF 60% 
CHANCE OF 10 MM OF RAIN). 

ENSURE SUFFICIENT QUANTITIES OF 
SOIL POLYMER, SILT FENCE AND 
APPROVED COAGULANTS AND/OR 
FLOCCULANTS. 

ENSURE ALL SITE TURBID RUNOFF IS 
DIRECTED TO SEDIMENT CONTROL 
MEASURES. 

ENSURE THE STABILISED CONSTRUCTED 
EXIT IS FREE FROM ACCUMULATED SOIL 
AND MUD. REMOVE AND REPLACE 
WITH CLEAN ROCK AS NECESSARY. 

APPLY SOIL POLYMER TO ANY EXPOSED 
SOIL PARTICULARLY STOCKPILES. 

APPLY APPROVED COAGULANTS AND/OR 
FLOCCULANTS TO THE INLET DRAINS TO 
SEDIMENT BASIN. 

ENSURE ANY CHEMICALS AND 
HYDROCARBON CONTAINERS ARE 
PLACED IN BUNDED AREAS OR ON 
BUNDED PALLETS. 

INSPECT CONTROL MEASURES DURING 
AND AFTER RAINFALL. 

WET WEATHER SHUTDOWN 
PREPAREDNESS: 

EROSION HAZARD: 

 

1. THIS EROSION AND SEDIMENT CONTROL PLAN (PESCP) SHOULD BE READ IN CONJUNCTION WITH THE 
PRIMARY EROSION AND SEDIMENT CONTROL PLAN. 

2. NUMBERING (1,2,3) INDICATES ORDER OF WORKS AND CONTROL IMPLEMENTATION. 

3. CONTROLS SHOWN ON PLAN ARE INDICATIVE ONLY. EXACT LOCATION WILL BE MODIFIED TO SUIT 
CONDITIONS AND FUNCTION PROVIDED THEY ARE LOCATED WITHIN CLEARING LIMITS AND REF LIMITS 
WHERE APPROPRIATE AS DETERMINED BY THE CONTRACTOR(S). 

4. CONTROLS WILL BE INSPECTED FOLLOWING RAINFALL CAUSING RUNOFF, WHEN RAINFALL IS PREDICTED 
AND AT A MINIMUM WEEKLY. 

5. ‘CLEAN WATER’ FLOW IS TO BE MAINTAINED AROUND THE SITE WITH SEPARATION BETWEEN 
CONSTRUCTION OR ‘DIRTY’ WATERS IF RUN-ON WATER CATCHMENTS ARE PRESENT. 

6. ‘CLEAN WATER’ DIVERSION CHANNELS WILL BE SIZED TO CONVEY THE 1:2 YR ARI STORM EVENT WHERE 
TOPOGRAPHY AND CLEARING LIMITS PERMIT. 

7. ‘DIRTY WATER’ FLOW TO SEDIMENT CONTROLS IS TO BE MAXIMISED THROUGH THE USE OF DIVERSION 
BANKS, CUT OFF DRAINS. 

8. SEDIMENT TRAPS ARE TO BE MANAGED IN ACCORDANCE WITH THE PRIMARY EROSION AND 
SEDIMENT CONTROL  PLAN AND DEWATERING EWMS. 

9. ‘DIRTY WATER’ THAT CAN NOT BE DIRECTED TO SEDIMENT BASIN MUST BE DIVERTED TO LOCAL TYPE 2 
AND TYPE 3 SEDIMENT CONTROL MEASURES. 

10. DEWATERING IS TO BE UNDERTAKEN IN ACCORDANCE WITH THE PRIMARY EROSION AND 
SEDIMENT CONTROL PLAN  AND EWMS. 

11. THE DEPOSITION OF SEDIMENT ON PUBLIC ROADS (TRACKING) IS TO BE MONITORED AND REMOVED 
USING A VACUUM TRUCK. 

12. DUST TO BE MINIMISED WITH WATER CARTS, LIMITING VEHICLE SPEEDS AND THE USE OF SOIL 
POLYMERS. 

13. DISTURBED AREAS ARE TO BE PROGRESSIVELY REVEGETATED WITH STERILE COVER CROP OR 
PERMANENT REVEGETATION DESIGN. TEMPORARY CONTROLS ARE TO REMAIN UNTIL SITE IS STABILISED 
(60% SOIL SURFACE COVER). 

14. THIS PLAN IS TO BE REVISED AS SITE CONDITIONS OR CONSTRUCTION METHODS DETERMINE. 

CONSTRUCTION NOTES: 

 
COVER PAGE 

 
200 ALDRINGTON 

ROAD KEMPS 
CREEK EROSION 
AND SEDIMENT 

CONTROL PLAN – 
DEMOLITION 

PHASE 

SOIL LOSS CLASS: 

SOIL LOSS CLASS (SLC) CALCULATED SOIL LOSS 
T/HA/YR 

EROSION HAZARD 

1 0–150 VERY LOW 

2 151–225 LOW 

3 226–350 LOW-MODERATE 

4 351–500 MODERATE 

5 501–750 HIGH 

6 751–1,500 VERY HIGH 

7 >1,500 EXTREMELY HIGH 

 
SEDIMENT BASINS: HES Basin Type 2B 

BASIN 
IDENTIFIER 

Settling zone surface area 
(m2) 

Settling zone depth (m) Settling zone vole (m3) Basin storage (soil) 
volume (m3) 

Total basin volume to 
spillway level (m3) 

BioBasin A 802.7 0.90 722.4 217 939.4 

HESB_F 3723.6 1.3 4840.7 1452 6292.7 

 

SCHEDULE OF WORKS: 

ORDER 
OF WORKS 

TASKS BMPS REQUIRED TIMING PURPOSE 

 

1 
 

INSTALL STABILISED 
CONSTRUCTION EXITS 

 

ROCK/ SHAKER GRIDS 
 

PRIOR TO 
DEMOLITION 

WORKS 

 

MINIMISE MUD TRACKING TO PUBLIC ROADS 

2 CONSTRUCT HES BASIN A AND 
ASSOCIATED INLET DRAINS 

HES TYPE B BASIN, FLOW ACTIVATED 
DOSING UNIT, COAGULANTS AND/OR 
FLOCCULANTS 

PRIOR TO 
DEMOLITION 

WORKS 

TO TRAP SEDIMENT GENERATED DURING DEMOLITION 
WORKS IN LOT M 

3 MODIFY LOT K FARM DAM TO HES 
BASIN TYPE B (SB2) AND 
CONSTRUCT DIRTY WATER 
DIVERSION DRAINS AND BANKS 

DEWATERING PUMPS, TSS METER, 
FLOCCULANTS/COAGULANTS, FLOW 
ACTIVATED DOSING SYSTEMS 

PRIOR TO 
DEMOLITION 

WORKS 

TO TRAP SEDIMENT GENERATED DURING DEMOLITION 
WORKS IN LOT K 

5 MAINTAIN EXISTING CLEAN WATER 
FLOWS 

NIL PRIOR TO AND 
DURING 

DEMOLITION 
WORKS 

 

MINIMISE THE POTENTIAL FOR CLEAN RUN ON WATER TO 
MIX WITH ANY TURBID WATER 

6 STABILISE EXISTING ACCESS TRACKS GRAVEL/ TRAFFICABLE SOIL STABILISING 
POLYMER 

PRIOR TO 
DEMOLITION 

WORKS 

MINIMISE EROSION AND THE GENERATION OF TURBID 
RUNOFF, MINIMISE MUD TRACKING TO PUBLIC ROADS 

7 INSTALL TEMPORARY SEDIMENT 
CONTROL DOWNSLOPE OF 
DEMOLITION WORKS 

 

SILT FENCE PRIOR TO 
DEMOLITION 

WORKS 

TO TRAP COARSE SEDIMENT 

8 STABILISE EXPOSED AREAS SOIL STABILISING POLYMER IMMEDIATELY 
FOLLOWING 
DEMOLITION 
WHEN SOIL IS 

EXPOSED 

TO MINIMISE EROSION AND THE GENERATION OF TURBID 
RUNOFF 

 

PREPARED BY/REVIEWED BY 
 

REVISION 

MICHAEL FRANKCOMBE CPESC 1351 
 

1 

DATE COMMENTS 

 

 

 



Demoli�on Phase – Erosion and sediment control plan

200 Aldington Road Industrial Estate Kemps Creek
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A.2 Earthworks phase Progressive ESCP 
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Rainfall Evaporation

LIKELIHOOD OF RAINFALL DURING THE CONSTRUCTION PERIOD: 

INSPECTION EROSION AND SEDIMENT 
CONTROL MEASURES 24 HOURS PRIOR 
TO PREDICTED RAINFALL AND 
UNDERTAKE ANY NECESSARY 
MAINTENANCE (TRIGGERED IF 60% 
CHANCE OF 10 MM OF RAIN). 

ENSURE SUFFICIENT QUANTITIES OF 
SOIL POLYMER, SILT FENCE AND 
APPROVED COAGULANTS AND/OR 
FLOCCULANTS. 

ENSURE ALL SITE TURBID RUNOFF IS 
DIRECTED TO SEDIMENT CONTROL 
MEASURES. 

ENSURE THE STABILISED CONSTRUCTED 
EXIT IS FREE FROM ACCUMULATED SOIL 
AND MUD. REMOVE AND REPLACE 
WITH CLEAN ROCK AS NECESSARY. 

APPLY SOIL POLYMER TO ANY EXPOSED 
SOIL PARTICULARLY STOCKPILES. 

APPLY APPROVED COAGULANTS AND/OR 
FLOCCULANTS TO THE INLET DRAINS TO 
SEDIMENT BASIN. 

ENSURE ANY CHEMICALS AND 
HYDROCARBON CONTAINERS ARE 
PLACED IN BUNDED AREAS OR ON 
BUNDED PALLETS. 

INSPECT CONTROL MEASURES DURING 
AND AFTER RAINFALL. 

WET WEATHER SHUTDOWN 
PREPAREDNESS: 

EROSION HAZARD: 

 

1. THIS EROSION AND SEDIMENT CONTROL PLAN (PESCP) SHOULD BE READ IN CONJUNCTION WITH THE 
PRIMARY EROSION AND SEDIMENT CONTROL PLAN. 

2. NUMBERING (1,2,3) INDICATES ORDER OF WORKS AND CONTROL IMPLEMENTATION. 

3. CONTROLS SHOWN ON PLAN ARE INDICATIVE ONLY. EXACT LOCATION WILL BE MODIFIED TO SUIT 
CONDITIONS AND FUNCTION PROVIDED THEY ARE LOCATED WITHIN CLEARING LIMITS AND REF LIMITS 
WHERE APPROPRIATE AS DETERMINED BY THE CONTRACTOR(S). 

4. CONTROLS WILL BE INSPECTED FOLLOWING RAINFALL CAUSING RUNOFF, WHEN RAINFALL IS PREDICTED 
AND AT A MINIMUM WEEKLY. 

5. ‘CLEAN WATER’ FLOW IS TO BE MAINTAINED AROUND THE SITE WITH SEPARATION BETWEEN 
CONSTRUCTION OR ‘DIRTY’ WATERS IF RUN-ON WATER CATCHMENTS ARE PRESENT. 

6. ‘CLEAN WATER’ DIVERSION CHANNELS WILL BE SIZED TO CONVEY THE 1:2 YR ARI STORM EVENT WHERE 
TOPOGRAPHY AND CLEARING LIMITS PERMIT. 

7. ‘DIRTY WATER’ FLOW TO SEDIMENT CONTROLS IS TO BE MAXIMISED THROUGH THE USE OF DIVERSION 
BANKS, CUT OFF DRAINS. 

8. SEDIMENT TRAPS ARE TO BE MANAGED IN ACCORDANCE WITH THE PRIMARY EROSION AND 
SEDIMENT CONTROL  PLAN AND DEWATERING EWMS. 

9. ‘DIRTY WATER’ THAT CAN NOT BE DIRECTED TO SEDIMENT BASIN MUST BE DIVERTED TO LOCAL TYPE 2 
AND TYPE 3 SEDIMENT CONTROL MEASURES. 

10. DEWATERING IS TO BE UNDERTAKEN IN ACCORDANCE WITH THE PRIMARY EROSION AND 
SEDIMENT CONTROL PLAN  AND EWMS. 

11. THE DEPOSITION OF SEDIMENT ON PUBLIC ROADS (TRACKING) IS TO BE MONITORED AND REMOVED 
USING A VACUUM TRUCK. 

12. DUST TO BE MINIMISED WITH WATER CARTS, LIMITING VEHICLE SPEEDS AND THE USE OF SOIL 
POLYMERS. 

13. DISTURBED AREAS ARE TO BE PROGRESSIVELY REVEGETATED WITH STERILE COVER CROP OR 
PERMANENT REVEGETATION DESIGN. TEMPORARY CONTROLS ARE TO REMAIN UNTIL SITE IS STABILISED 
(60% SOIL SURFACE COVER). 

14. THIS PLAN IS TO BE REVISED AS SITE CONDITIONS OR CONSTRUCTION METHODS DETERMINE. 

CONSTRUCTION NOTES: 

 
COVER PAGE 

 
200 ALDRINGTON 

ROAD KEMPS 
CREEK EROSION 
AND SEDIMENT 

CONTROL PLAN – 
EARTHWORKS 

PHASE 

SOIL LOSS CLASS: 

SOIL LOSS CLASS (SLC) CALCULATED SOIL LOSS 
T/HA/YR 

EROSION HAZARD 

1 0–150 VERY LOW 

2 151–225 LOW 

3 226–350 LOW-MODERATE 

4 351–500 MODERATE 

5 501–750 HIGH 

6 751–1,500 VERY HIGH 

7 >1,500 EXTREMELY HIGH 

 
SEDIMENT BASINS: HES Basin Type 2B 

BASIN 
IDENTIFIER 

Settling zone surface area 
(m2) 

Settling zone depth (m) Settling zone vole (m3) Basin storage (soil) 
volume (m3) 

Total basin volume to 
spillway level (m3) 

BioBasin A 802.7 0.90 722.4 217 939.4 

BioBasin B 4530.6 1.25 5663.2 1699 7362.2 

HESB_B 1848 0.7 1293.6 388 1681.6 

HESB_C 4814.5 1.50 7221.8 2167 9388.8 

HESB_E 3723.6 1.3 4840.7 1452 6292.7 

HESB_F 1690 0.7 1183 355 1538 

 
SCHEDULE OF WORKS: 

ORDER 
OF WORKS 

TASKS BMPS REQUIRED TIMING PURPOSE 

 

1 
 

INSTALL STABILISED 
CONSTRUCTION EXITS 

 

ROCK/ SHAKER GRIDS 
 

PRIOR TO LAND 
DISTURBANCE 

WORKS 

 

MINIMISE MUD TRACKING TO PUBLIC ROADS 

2 CONSTRUCT BIOBASIN B AS A TYPE 
B HES BASIN AND ASSOCIATED 
INLET DRAINS AND DIVERSION 
BANKS 

HES TYPE B BASIN, FLOW ACTIVATED 
DOSING UNIT, COAGULANTS AND/OR 
FLOCCULANTS 

PRIOR TO LAND 
DISTURBANCE 

WORKS 

TO TRAP SEDIMENT GENERATED DURING CLEARING AND 
GRUBBING AND CUT TO FILL WORKS 

3 MODIFY FARM DAMS AS REQUIRED 
TO HES BASIN TYPE B (SB2) AND 
CONSTRUCT DIRTY WATER 
DIVERSION DRAINS AND BANKS 

DEWATERING PUMPS, TSS METER, 
FLOCCULANTS/COAGULANTS, FLOW 
ACTIVATED DOSING SYSTEMS 

PRIOR TO LAND 
DISTURBANCE 

WORKS 

TO TRAP SEDIMENT GENERATED DURING CLEARING AND 
GRUBBING AND CUT TO FILL WORKS 

4 INSTALL TEMPORARY SEDIMENT 
CONTROLS IN ANY AREAS 
DISTURBED AREAS UNABLE TO 
DIVERTED TO SEDIMENT BASINS. 
USE POLYMER FLOC BLOCKS TO 
INCREASE SEDIMENT RAPPING 
EFFICIENCY AND SOIL STABILISING 
POLYMER TO MINIMISE EROSION 
AND THE GENERATION OF 
SEDIMENT AND TURBID RUNOFF 

SEDIMENT FENCE, POSTS, PAM FLOC 
BLOCKS, SOIL STABILISING POLYMER 

PRIOR TO LAND 
DISTURBANCE 

WORKS 

TO TRAP SEDIMENT AND MINIMISE EROSION IN DISTURBED 
AREAS THAT CANNOT BE DIVERTED TO SEDIMENT BASINS 

5 STABILISE ACCESS TRACKS AND 
HAUL ROADS 

GRAVEL/ TRAFFICABLE SOIL STABILISING 
POLYMER 

PRIOR TO INITIAL USE MINIMISE EROSION AND THE GENERATION OF TURBID RUNOFF 
AND DUST, MINIMISE MUD TRACKING TO PUBLIC ROADS 

6 STRIP, SAVE, STOCKPILE AND 
STABILISE TOPSOIL STOCKPILES FOR 
FUTURE REVEGETATION AND 
LANDSCAPING WORKS 

POLYMER SOIL STABILISER, SEED, 
HYDROMULCH 

FOLLOWING 
CLEARING AND 

GRUBBING 

TO CAP ERODIBLE SUBSOILS AND FOR FUTURE REVEGETATION 
AND LANDSCAPING WORKS 

7 PROGRESSIVEKL STABILISE AND 
REVEGETATE EXPOSED AREAS 

SOIL STABILISING POLYMER, TOPSOIL, 
SEED, BIOLOGICALLY INOCULATED 
MINERAL BASED, NON WATER SOLUBLE 
FERTILISER, GYPSUM, BFM HYDROMULCH 

TEMPORARY 
STABILISATION 

PRIOR TO 
PREDICTED 
RAINFALL 

TO MINIMISE EROSION AND THE GENERATION OF TURBID 
RUNOFF 
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A.3 Building phase Progressive ESCP 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

  

0

1

2

3

4

5

6

7

0

1

2

3

4

5

6

7

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

A
ve

ra
ge

 e
va

p
o

ra
ti

o
n

 r
at

e 
(m

m
/d

ay
)

A
ve

ra
ge

 r
ai

n
fa

ll 
ra

te
 (

m
m

/d
ay

)

Rainfall Evaporation

LIKELIHOOD OF RAINFALL DURING THE CONSTRUCTION PERIOD: 

INSPECTION EROSION AND SEDIMENT 
CONTROL MEASURES 24 HOURS PRIOR 
TO PREDICTED RAINFALL AND 
UNDERTAKE ANY NECESSARY 
MAINTENANCE (TRIGGERED IF 60% 
CHANCE OF 10 MM OF RAIN). 

ENSURE SUFFICIENT QUANTITIES OF 
SOIL POLYMER, SILT FENCE AND 
APPROVED COAGULANTS AND/OR 
FLOCCULANTS. 

ENSURE ALL SITE TURBID RUNOFF IS 
DIRECTED TO SEDIMENT CONTROL 
MEASURES. 

ENSURE THE STABILISED CONSTRUCTED 
EXIT IS FREE FROM ACCUMULATED SOIL 
AND MUD. REMOVE AND REPLACE 
WITH CLEAN ROCK AS NECESSARY. 

APPLY SOIL POLYMER TO ANY EXPOSED 
SOIL PARTICULARLY STOCKPILES. 

APPLY APPROVED COAGULANTS AND/OR 
FLOCCULANTS TO THE INLET DRAINS TO 
SEDIMENT BASIN. 

ENSURE ANY CHEMICALS AND 
HYDROCARBON CONTAINERS ARE 
PLACED IN BUNDED AREAS OR ON 
BUNDED PALLETS. 

INSPECT CONTROL MEASURES DURING 
AND AFTER RAINFALL. 

WET WEATHER SHUTDOWN 
PREPAREDNESS: 

EROSION HAZARD: 

 

1. THIS EROSION AND SEDIMENT CONTROL PLAN (PESCP) SHOULD BE READ IN CONJUNCTION WITH THE 
PRIMARY EROSION AND SEDIMENT CONTROL PLAN. 

2. NUMBERING (1,2,3) INDICATES ORDER OF WORKS AND CONTROL IMPLEMENTATION. 

3. CONTROLS SHOWN ON PLAN ARE INDICATIVE ONLY. EXACT LOCATION WILL BE MODIFIED TO SUIT 
CONDITIONS AND FUNCTION PROVIDED THEY ARE LOCATED WITHIN CLEARING LIMITS AND REF LIMITS 
WHERE APPROPRIATE AS DETERMINED BY THE CONTRACTOR(S). 

4. CONTROLS WILL BE INSPECTED FOLLOWING RAINFALL CAUSING RUNOFF, WHEN RAINFALL IS PREDICTED 
AND AT A MINIMUM WEEKLY. 

5. ‘CLEAN WATER’ FLOW IS TO BE MAINTAINED AROUND THE SITE WITH SEPARATION BETWEEN 
CONSTRUCTION OR ‘DIRTY’ WATERS IF RUN-ON WATER CATCHMENTS ARE PRESENT. 

6. ‘CLEAN WATER’ DIVERSION CHANNELS WILL BE SIZED TO CONVEY THE 1:2 YR ARI STORM EVENT WHERE 
TOPOGRAPHY AND CLEARING LIMITS PERMIT. 

7. ‘DIRTY WATER’ FLOW TO SEDIMENT CONTROLS IS TO BE MAXIMISED THROUGH THE USE OF DIVERSION 
BANKS, CUT OFF DRAINS. 

8. SEDIMENT TRAPS ARE TO BE MANAGED IN ACCORDANCE WITH THE PRIMARY EROSION AND 
SEDIMENT CONTROL PLAN AND DEWATERING EWMS. 

9. ‘DIRTY WATER’ THAT CAN NOT BE DIRECTED TO SEDIMENT BASIN MUST BE DIVERTED TO LOCAL TYPE 2 
AND TYPE 3 SEDIMENT CONTROL MEASURES. 

10. DEWATERING IS TO BE UNDERTAKEN IN ACCORDANCE WITH THE PRIMARY EROSION AND 
SEDIMENT CONTROL PLAN AND EWMS. 

11. THE DEPOSITION OF SEDIMENT ON PUBLIC ROADS (TRACKING) IS TO BE MONITORED AND REMOVED 
USING A VACUUM TRUCK. 

12. DUST TO BE MINIMISED WITH WATER CARTS, LIMITING VEHICLE SPEEDS AND THE USE OF SOIL 
POLYMERS. 

13. DISTURBED AREAS ARE TO BE PROGRESSIVELY REVEGETATED WITH STERILE COVER CROP OR 
PERMANENT REVEGETATION DESIGN. TEMPORARY CONTROLS ARE TO REMAIN UNTIL SITE IS STABILISED 
(60% SOIL SURFACE COVER). 

14. THIS PLAN IS TO BE REVISED AS SITE CONDITIONS OR CONSTRUCTION METHODS DETERMINE. 

CONSTRUCTION NOTES: 

 
COVER PAGE 

 
200 ALDRINGTON 

ROAD KEMPS 
CREEK EROSION 
AND SEDIMENT 

CONTROL PLAN – 
BUILDING PHASE 

SOIL LOSS CLASS: 

SOIL LOSS CLASS (SLC) CALCULATED SOIL LOSS 
T/HA/YR 

EROSION HAZARD 

1 0–150 VERY LOW 

2 151–225 LOW 

3 226–350 LOW-MODERATE 

4 351–500 MODERATE 

5 501–750 HIGH 

6 751–1,500 VERY HIGH 

7 >1,500 EXTREMELY HIGH 

 
SEDIMENT BASINS: HES Basin Type 2B (see Appendix B1) 

 

SCHEDULE OF WORKS: 

ORDER 
OF WORKS 

TASKS BMPS REQUIRED TIMING PURPOSE 

 

1 
 

INSTALL STABILISED 
CONSTRUCTION EXITS 

 

ROCK/ SHAKER GRIDS 
 

PRIOR TO 
BUILDING WORKS 

 

MINIMISE MUD TRACKING TO PUBLIC ROADS 

2 CONSTRUCT HES BASINS AND 
ASSOCIATED INLET DRAINS 

HES TYPE A BASINS, FLOW ACTIVATED 
DOSING UNIT, COAGULANTS AND/OR 
FLOCCULANTS 

PRIOR TO 
BUILDING WORKS 

TO TRAP SEDIMENT GENERATED DURING BUILDING WORKS 

3 MAINTAIN POLYMER GROUND 
COVER 

DEWATERING PUMPS, TSS METER, 
FLOCCULANTS/COAGULANTS, FLOW 
ACTIVATED DOSING SYSTEMS 

AT ALL TIMES TO MINIMISE EROSION AND THE GENERATION OF TURBID 
RUNOFF 

4 CONNECT DOWNPIPES TO 
STORMATER SYSTEM 

DOWNPIPES AS SOON AS 
POSSIBLE 

MINIMISE CONTAMINATION OF CLEAN WATER AND THE 
VOLUME OF TURBID WATER TO BE TREATED 

5 INSTALL PERMANENT DRIVEWAYS, 
ACCESS ROADS, HARDSTANDS AND 
PARKING AREAS 

PERMANENT PAVEMENTS AS SOON AS 
POSSIBLE 

TO MINIMISE EROSION AND THE GENERATION OF TURBID 
RUNOFF 

6 INSTALL PERMANENT 
LANDSCAPING 

PLANTS, MULCH, EDGING, TREE GUARDS AS SOON AS 
POSSIBLE 

TO MINIMISE EROSION AND THE GENERATION OF TURBID 
RUNOFF 

     

     

     

     

     

     

     

     

     

     

     

     

     

  TRAP (RFD1). CONSTRUCTION  

7 CONSTRUCT ACCESS ROAD POLYMER EMULSION PAVEMENT (P1) AFTER TO MINIMISE EROSION, DUST EMISSIONS AND TURBID 

   CONSTRUCTION RUNOFF FROM TRACK SURFACE. 

8 CONTOUR SCARIFY AND FERTILISE MINERAL BASED, NON-WATER SOLUBLE, BEFORE ERECTION TO ENCOURAGE WATER INFILTRATION AND IMPROVE 

PREPARED BY/REVIEWED BY 
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Appendix B 
SEEC’s sediment basin sizing report 
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Appendix C 
Control measure fact sheets 
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����������	��
��������������������������������������� !�""���#$�%��"&��'�()*�+(��"�(),-��������$� ����"%�%� $�'&�!��#!&��.��$��"%�/))��-�0!� 1�%��'���&!���!��#!&��� ��%�"#/))���'!���%���� !� 1�%�.�$�!2%$���� �'&�����&2-3!�� $�'&��"4�$&�'!���%�����&����'&�(/)�������$�&!�"���&�$��%#�'�+5�#�$��6,-��3!�'��'�&��$�%� �&!��7�&�"&����.�$���&�$�&���27�''��$��"%�&!���%#���.�&!�� !� 1�%��8��"%�&��������&!� �" �"&$�&��"��.�.�����"�&!�� �"&$���.�&!�� !�""��-

�������9��	��:�;<�=��;<��;����������3!�� $�'&��.�&!�� !� 1�%���'!���%���� �$4�%�+4�$&� ���2,�'� !�&!�&�.����.�$'&�'7���'��4�$�&!�� �"&$��.�&!��%��-�>%����28�&!�� $�'&��.��� !�%���'!���%�����&����'&�(/)�������$�&!�"�&!����"1���4�&��"��&�&!����&�$��%#�'��.�&!��'&$� &�$�-3!��7�$7�'���.��� �$4�%� $�'&�7$�.�����'�&�?@� ��"���'��&!��A��"&�&2��.���&�$��27�''�"#��$��"%�&!���%#���.�&!�� !� 1�%��B��"%@� &�� �" �"&$�&��.�����"&��&!�� �"&$���.�&!�� !�""��-C'���.���.��&� $�'&�7$�.���� �"� ��'���$�'��"�+$����"#,�%��"�&!����"1'��.�&!��%$��"-����������"1�'��7���.�$� 1�.� ���'�6?(�+D?E,-��5�$� !� 1�%��'�!�#!�$�&!�"�)-/��&!��'��7���.&!��%��"'&$����.� ����2�"��%�&�����'�#"�.� �"&�2�.��&&�$�&!�"���6?(�'��7�->.��� !� 1�%����'���1��2�&��'�#"�.� �"&�2� !�1����%$��"�#�� !�""��� ��'�"#���&�$�&���4�$&�7�&!� !�""��8��"%��.�'� !��4�$&�77�"#��'���1��2�&�� ��'��%$��"�#���$��$�'��"�7$�����'8�&!�"�&!�!2%$���� � �7� �&2��.�&!�� !� 1�%����"%� !�""���'!���%���� !� 1�%-�F�.�$�&��#��%���"�'7$�4�%�%���&!�"�&!��.� &�'!��&'�.�$�%$��"�#�� �"&$���GHIJK�LMNO�.�$��%4� �-



���������	
�����������������	����������������������� !"�#��$!"%%&�'��(��)�	*+,
--���	���	��������������.��%�#������/""�#��/!"%%&0����.��1���23�4�������1#�15�.�61�#���%��1.��%7�..�.��#�����#� ""%%��1#��#4����������#4��6�����1�4���.�#�����8�1#�6�#��������15�91.���#4�������&��4�����5���������5�1�������4�8�#4���7���#��#�������6�����1�����.��1.����#4��9�������6�#4�9#��..�#��1����1�4���5�&�4������#����#4�������:;<=�7���#�����#� ""%%���6���#4�1�#4����6��#�5��91.���8����%%�.��#����.>���1#�#��#4���1.�����#4������&����?�	
�@���@*�-��*�*����,����������	�A�����1�.�61�#���%�������4��4����.�%�6����7��%�1�%���.����#4��.�%������������#��������.��9�4#4�#�#4������#�������4�.�%������8���6�#4�#4��#������#4��1�����#�9��#���%�.�%&B4����1��������C�#4����������������1��#�#4��#���������4��4����.�%�%���7����.9��.�7�����%�15���4��4����.�%��1����4��#����5��#�D#������7����E�&5&����#������#4����6�8�1���7���F�#4�#��D#�1.�.�61�#���%����#4��.�%���.��#�1����#�����#��G9���#��#4��4��54#����#4��.�%�EH�59��� F&����I)*
�
	�*
�@��,�	��
��@*�*�))
@J�)�,���@���K�.�%�1#�������#��1�%���7����#�%���.�7�LM� �D��8�#�15�����.�%�1#�������#��1���#�9�3���������#4��.�%�EH�59���$FN�4�6�8��C���6�����4�����#�1#��������#�����9��NM� 9��15���%���#3�����.����#����������1��������������������1.7�5�&M� �����15����������������1��55��5�#���1�#4��9�3��������������#4��.�%�E%�1����%���8�%�1#��1������%�1��FNM� �����15���������������#������#4��1�#4��9��#���%���������#4���4����.�%&O����������#��#4����.�%�1#���1#�������#��4��#�����PQRS�TUVWXY�Z[\]�����#4��.���51���������/��.�%�1#�#����&
_̂̀;ab�c��d��efbgh�ij:�<bi_:bk=�=ajl�m_=f�nl=_nkjo�<bi_:bk=�gnoobg=_nk�l_=pjak_k̀qr4����.�%���4�9�.�kn=�7��9��.�#����1#����������1�6�#4�1�.���1�����%�.����%�.�������8������&�s1����9%�#�1���64�����#����91�8��.�7��C�#4�1�#4���D����.�.�������8��������4�9�.�7����8���.�6�#41�13.�������8������C��1.��#�7�����.�6�#4��1����������#���4�11�����1��&�t�����#��59�.���1�����8�.�.�6�#4�1�#4�����#��4��#������.���1�5����1#����uvXRS�Z[\]������9�#4����.8���&



���������	
����������������������������������������������������������������������� ��������� � ������ � ����!������"�!�����������#�����������������$������������������������������������������%�����$&'��	����������������������� ���������������"���������������������������������������%������������������"��������$(�%��!���������������������������������������������������������������)����������������� ���$*�+��,��	
���������������������������������� ��%���������������"�������� �������"����� ���� �������������������������������������$-������������������������������./0$1	��������������������%���������$2������������������������ �����������������!����%�����������������������������������$345,
�,6��7�����������8����������������������������$�������#�����������������������������������9��������������������������������������������������������������������%����������"������"����������$���,45,
�,6���������������"����"�����������"9���������������������������������������������"��������������"�����������������$:������������������%�������������������������������������%�������;<=//�����>$�?�����������!��������������"��������� ������������%�������� �����������$@����,A�B�C'���+�
��?������������������8���������������������������������������������$:���������� ���������������������$�������������������������������������� �%�������������"����� ������"�������$

2���%�����������
	����������������������$D	++	
�&�	EA�+�( ���������������������������%�������������������������������������%�������$2���������������������������������������"�����������;��� ��9����%����������������������������� �������������������>$@����F
������	
G������������������������������������������ �����������$G�������������������%������"�������������%��"������������$G��������������������������� ������$���������������������� ������$����������������������������#������"$H,����,A�I� J���K�.=/����L//���9�������������!�����!���������������������$I� 2�����"�K�"��8������"��;%���� ������!�������#%��������"������>������%�������������������!������""�"��!�����������$



������������	
���	����	������	�����	��	��������	� �!"	���	 �#��$�!�!�	$!"��  ��$�!	����$ "�	%�	�&���	���'(�"�$�!"	��	���) �*"	+$�&	�&�	 �#��$�!��	*��&��	��	$!"��  ��$�!	#�!��#�	�&��!,$!���	��	��"��!"$) �	�!-"$��	���$#�����	�""$"��!#��.�	/�$��	��	� �#�*�!�	��	�&�	"��$*�!�	����0�!"(��	�&�	���$!�,�	#&�!!� 	$"	�����!�(,&	��	�����!�	+����	)�$!,	(!"��� 1�$������	�(�	��	�&�	���$!	�!#�	�&�	#&�#2��*"	���	$!"��  ���3�	4�#���	��#&	#&�#2	��*	"��$*�!�	�����"	�$��#���	+$�&$!	�&�	��������	� �!"0��	��&��+$"�	��	"(#&	�	"��#$!,	���#&$���	�&�	��'($���	"��$*�!�	�����$!,�(�#�*�"�5�	%�	�&�	#&�#2	��*"	���	� "�	)�$!,	("����	#�!��� 	���"$�!	+$�&$!	�&�	���$!�,�#&�!!� 0	�&�!	 �#���	��#&	"(##�""$��#&�#2	��*	"(#&	�&��	�&�	#��"�	��	�&�$**��$���	��+!"����*	��*	$"	 ��� +$�&	�&�	#&�!!� 	$!����	��	�&�	$**��$���(�"����*	#&�#2	��*�6�	7�!"��(#�	��#&	#&�#2	��*	��	�&��$*�!"$�!"	�!�	����$ �	"&�+!	+$�&$!	�&���������	� �!�8�	9&���	"��#$�$��0	�&�	#&�#2	��*"	*("�)�	#�!"��(#���	�!	�	"&���	��	,����:�$ ���)�$#	("��	�"	�	��+!"����*	"� �"&����;�	<�#&	#&�#2	��*	*("�	)�	�:��!���	(��&�	#&�!!� 	)�!2	=+&���	���#�$#�) �>	���!	� ����$�!	��	 ��"�	�6?**	�)���	�&�#��"�	 ��� 	��	�&�	��*�������������	
���@���AB����C	�������	�����	��	��������	� �!"	���	 �#��$�!�!�	$!"��  ��$�!	����$ "�	%�	�&���	���'(�"�$�!"	��	���) �*"	+$�&	�&�	 �#��$�!��	*��&��	��	$!"��  ��$�!	#�!��#�	�&��!,$!���	��	��"��!"$) �	�!-"$��	���$#�����	�""$"��!#��.�	/�$��	��	� �#�*�!�	��	�&�	"��$*�!�	����0�!"(��	�&�	���$!�,�	#&�!!� 	$"	�����!�(,&	��	�����!�	+����	)�$!,	(!"��� 1�$������	�(�	��	�&�	���$!	�!#�	�&�	#&�#2��*"	���	$!"��  ���3�	4�#���	��#&	"�#2	�"	�$��#���	+$�&$!	�&���������	� �!"0	��	��&��+$"�	��	"(#&	�"��#$!,	��	�#&$���	�&�	��'($���"��$*�!�	�����$!,	�(�#�*�"�5�	/ �#�	��#&	"�#2	��	�&�	 $!�"	�!�	����$ �"&�+!	$!	�&�	��������	� �!	��	�"�$��#���	)1	�&�	"$��	"(����$"���

6�	<!"(��	��#&	"�#2	�:��!�"	(�	�&�#&�!!� 	)�!2"	=+&���	���#�$#� >	��	� ��� 	��	 ��"�	�??**	�)���	�&�	#��"� ��� 	��	�&�	#&�#2	��*�D������������	%!"��#�	��#&	#&�#2	��*	�!�	�&����$!�,�	#&�!!� 	��	 ��"�	+��2 1	�!������	�(!���-����(#$!,	��$!��  �.�	7����#�	�  	��*�,�	$**��$��� 1�	%�"$,!$�$#�!�	���"$�!	�##(�"	)��+��!	�!1��	�&�	#&�#2	��*"0	�&�!	#&�#2	�&�"��#$!,	��	�&�	��*"	�!�	+&���!�#�""��1	$!"��  	$!���*��$���	#&�#2��*"	��	�	"($��) �	#&�!!� 	 $!���3�	7&�#2	���	�$"� �#�*�!�	��	�&�	#&�#2��*"�5�	7&�#2	���	"�$ 	"#�(�	���(!�	�&�	�!�"	����#&	#&�#2	��*�	%�	"(#&	���"$�!	$"�##(��$!,0	#�!"$���	�:��!�$!,	�&�	+$��&��	�&�	#&�#2	��*	��	���$�	"(#&���) �*"�6�	%�	"�����	"�$ 	���"$�!	�##(�"	�$�&��(!���	��	���(!�	�&�	#&�#2	��*"0	�&�!"��2	�:����	���$#�	�!	�!	� ���!��$�������*�!�	*��"(���8�	E�-"$ �	"��$*�!�	����	$�	�&�	"��$*�!� ��� 	�:#���"	�F3	�&�	#��"�	&�$,&��;�	E$"��"�	��	#�  �#���	"��$*�!�	$!	�"($��) �	*�!!��	�&��	+$  	!��	#�("�	�!���"$�!	��	��  (�$�!	&�G��������H����	9&�!	#�!"��(#�$�!	+��2	+$�&$!	�&����$!�,�	����	�)���	�&�	#&�#2	��*"&�"	)��!	#�*� ����	�!�	�$"�(�)������"	"(��$#$�!� 1	"��)$ $"��	��	��"���$!���"$�!0	�&�	��*"	*("�	)�	��*����0(! �""	�&�	"��$*�!�	����"	���	��	��*�$!�"	�	���*�!�!�	����(���.�	��*���	 #�  �#���	 "��$*�!�	 �!��$"��"�	��	$!	�	"($��) �	*�!!��	�&��	+$  !��	#�("�	�!	���"$�!	��	��  (�$�!&�G����3�	��*���	�!�	�������$��� 1	�$"��"�	���  	*����$� "	$!# (�$!,	�!1	,����:�$ ���)�$#�5�	I��)$ $"�	�&�	�$"�(�)��	#&�!!� 	+$�&	� $!$!,	��	��)�$#	�!�	��#20	��	�"��) $"&��,����$�!	�"	�������$����



���������	�
��		�������������
���������
������������� !"#$ % &"'�(!$)�*�#$��' +,��$�-"�. %+$""/���� !"#$ *,�##"'��!#!#0 1" !2.3��#0�-"�. %42$'"$�*�#$��' +�!'�-�"�$."#$ 5"�.�#"#$ 678678 -,"� "9!0#��:�/"�.�#"#$� !;"�9!�#�(,�##"'9��"<2!�"9�(�#9! "��$!�#��:�!992"9�#�$� !9(299" ��!$,!#$,!9�:�($�9,""$=�92(,��9�9�:"$)��# �.�!#$"#�#("��"<2!�"."#$9> ?@AB�
C��D��E��F����AG����@�H�������	�I��		�I��ID�	J�KH��D@L�M�D���H�M	N��G���O������H��DP�B�	I� C��D��Q��F��C��A�	�	D�H�������	�I��		�I��ID�	J��D��AM�D����P	�OO�PGN��G���O���PBH������	R�@�C��	I�G��7>�S!;"�9!�#�(,�##"'9���"�9!T" �:�����9/"(!:!(� "9!0#�:'�����$"�U�9" ��#�$,"�(�$(,."#$���"�=$�/�0��/,)=�9�!'��# �,) ��'�0!(�(�# !$!�#9>V>�*�!$!(�'� "9!0#�/���."$"�9���"�$,"�(,�!("��:�92�:�("�'!#!#0=�,) ��2'!(�(�/�(!$)��# �9$�U!'!$)��:$,"� !9(,��0"�/�!#$>W>�*�!$!(�'��/"��$!�#�!992"9���"�292�'')��"'�$" �$��(�#$��''!#0�9" !."#$=�;"0"$�$!�#��# � "U�!9(�''"($!�#��!$,!#�$,"�(,�##"'=��# �.�!#$�!#!#0���9$�U'"��2$'"$>����J	��	O��A�D��	S!;"�9!�#�(,�##"'9���"�292�'')�.�X���,) ��2'!(�9$�2($2�"9��"<2!�!#0� "9!0#�!#/2$�:��.��#"Y/"�!"#(" �,) ��2'!(9�9/"(!�'!9$>�-,!9�:�($�9,""$� �"9�	�D�/��;! "�92::!(!"#$�!#:��.�$!�#�$��''��� !;"�9!�#�(,�##"'9�$��U"� "9!0#" �U)�!#"Y/"�!"#(" �/"�9�#9>-,"� "9!0#��:�/"�.�#"#$� ��!#�0"�(,�##"'9��"<2!�"9�(�#9! "��$!�#��:�!992"9�#�$� !9(299" �!$,!#�$,!9�:�($�9,""$=�92(,��9�9�:"$)��# �.�!#$"#�#("��"<2!�"."#$9>-,"� "9!0#� !9(,��0"�Z[\�.29$��":'"($�$,"�9/"(!:!" � ��!#�0"�(�#$��'�9$�# �� ��:�$,"�9!$">�]":"�$��$,"��"'";�#$��"02'�$!#0��2$,��!$)�:����"'";�#$� "9!0#�9$�# �� 9>�̂ ,"�"�92(,�9$�# �� 9� ��#�$"Y!9$=�$,"#��":"��$��_̀*a�ZVbbc\�*,�/$"��d�e�fghijk�hlmknmonh�mkn�lgpqkirsg�hgtgpliuk>-)/!(�'� "9!0#�9$�# �� 9���"�/�"9"#$" �!#�-�U'"�7>]":"��$��$,"�;��!�29�:�($�9,""$9�2# "��$,"�92U3,"� !#0�vqmkkgt�wikikjh�:���;"'�(!$)�(�'(2'�$!�#9�# �02! "'!#"9��#�$,"� "9!0#��:���(x=�0��99����.�$�'!#!#0��:�$,"�(,�##"'>]"(�.."# " �.�Y!.2.�U�#x�9'�/"9���"�/��;! " �!#�-�U'"�V>



�������������	
��������������������������
����	��������������������������� �������������������� ��!"#$�� %� &�'�$�()�*+,-�./0012�3#45��67879:�,"#;(�$�6�<�=>?@AB�?CDBEDFE?�DBEC>GHB@IJ>�?>K>GC@LB,"#���5� �;(" %� M���NON�!"#���5� �;("�)'�800NNP$��4)#$ %� M���NON�'$��4)#$ �4�����("���$�#(�$�)'�9Q0NN:�90R�)'�!"#���5 �;(":�)$�("��S�5)!�(T�"�# �.U/V/�2%� -55)W��N4#�XN��(���((5�N��(�)'�90R�)'�'�55�"���"(�.���#  �(�)��()'$��4)#$ 2��'�("���N4#�XN��(Y�� ������5�'���Z!�� ��9�T�#$+N4#�XN��( %� [;(�)�#5��N4#�XN��(�')$N� � )W�\�5);��)'�("��!"#���5�.P��O$��927%� M���NON�!$��(�W� ("�)'�]00NN:�#� � )W�\�5);��4#�X��$# ���(�)'/̂9�')$�$�#�)���)'��(#4�5�(T�#�#���(�)S�$();;����'5)W�_#'�(T %� _#'�(T�$�̀O�$�N��(�:��O!"�#��("�� �;("aS�5)!�(T�;$) O!(�. 7U2:����$#55T� )��)(�#;;5T�()� $#��#���!"#���5�%� _#'�(T�!)��� �$#(�)�������$#55T�')!O��)��#55)W�����)) ���$����'$)N("��!"#���5:�#� ����O$�����#'�(T�$��X��#$��)4S�)O�M#��(��#�!�4�$N %� ����$#45��97QN�W� ��.N��2�N#��(��#�!��4�$N�)��#(�5�#�(�)����� ��)'("��!"#���5�.�)(�#5W#T��;$#!(�!#45������")$(\(�$N�;$)b�!(�2������c������	
�������d��e�����f����
���g�hi������������� j�d����f����
��klmnop��"5T�!)N;#!(� �!5#T�."#$ :�;�!X�$�̀O�$� 2 9̂9�()�97/Q̂9M� �ON�!)N;#!(��#� T�!5#T 97/̂9�()�97Q̂9_5��"(5T�!)N;#!(���5(T�!5#T�)$��#� T�!5#T�.�)'(:��;# ��$�̀O�$� 2 97Q̂9�()�/̂9q)�\!)"���S��'�����#� T��)�5�)$��)�5��W�("�"ONO��)$�;�#(�!)�(��( /̂9�()�8̂9q)��N)W#45��S���(#(� ��5);�� 8̂9r�$N#���(:�N)W#45�:��$#����5);���.N#Z�NON��$# �2 6̂9r�$N#���(:�N)W#45���$#����5);���.$�!)NN�� � ��$# �2 ]̂9&)!X�5��� �!"#���5� 97Q̂9�s/ts9t u#�X��5);���;$)S� � �#��#��O� ��)�5T7�-!(O#5�4#�X��5);���")O5 �4��4#�� �)����)(�!"��!#5�#� 5#� �!#;����# S�!��W"�$�S�$�;$#!(�!#45�7s/t ����$#45��N#Z�NON�4#�X��5);�����/̂9�')$� ON;� �$)!Xv�")W�S�$:�W�("���!$�#�� �;5#!�N��(��'')$(�#� �X�55�:�$)!X�N#T�4��;5#!� �)��4#�X��5);���O;�()�97Q̂9����5)W�S�5)!�(T�!"#���5�7

w��e����������	
�����
�������������
����	������������������



��������	
�����
��
���������
	������������
� ���������
� �
��!"���#
#�$�%�
#�$& '�%�
()*+,-
� �
& '���.
%�'#����
/'���$
$�%��-�&'��.0
'.1�%
��$
.��%� 2
� ��
��
�'0
3�
#�$��'3.��1
$4.��
� �
& '���.
���1
��#�/�#"'.
$�&��1�$
'�#
#��������
'�
'44�14��'��
#�$�%�#�$& '�%�
'�
� �
#15�$���'�
��#
1-
�'& 
1-
� �$�
$�&��1�$+����
6 71���'��
� �
& '���.
4�1-�.�8
4'�'31.�&
1�
���'�%".'�
(9:#�'��*+
;'�'31.�&
& '���.'��
%����'..0
.�$$
$"$&�4��3.�
�1
��/���
��1$�1�+����
< = 11$�
� �
4��-����#
$"�-'&�
&1�#���1�
1-
� �
& '���.
(�+%+
�'�� 2
%�'$$2
�1&>*+? �
#�$�%�
��-1��'��1�
4�1/�#�#
��
� �
@ABCD
EFAGH
-'&�
$ ���$
&'�
3�
"$�#
'$
'%"�#�
��
$�.�&���%
'
$"�-'&�
.����%
'�#
���'.
& '���.
$�I�+����
J K�.�&�
'
3'�>
$.14�
(�*
"$��%
?'3.�
L
'$
'
%"�#�+
�1
MN�
��&�$$'��.0
$�.�&�
� ��'O��"�
3'�>
$.14�2
3"�
&1�$�#��
$"& 
�$$"�$
'$
$'-��0
'�#
�'�����'�&�
'&&�$$+����
P ���������
� �
Q'����%R$
�1"% ��$$
(�*
'�#
'..15'3.�
-.15
/�.1&��0
(9'..15*
"$��%� �
��.�/'��
-'&�
$ ���
(��-��
�1
& '���.
.����%$*
1�
?'3.�$
STU
�1
SLV2
'�#
?'3.�$SLW
�1
SLX
��
,Y=S
LVVX2
S44��#�O
S
Z
@[H\BF]CBG[H
\GB̂
D_̀F[a[b_
AH̀
D_̀FA]aGC\+c1�
%�'$$
'�#
�1&>:.���#
& '���.$
��
�'0
3�
��&�$$'�0
�1
�$���'��
'
& '���.#�4� 2
'�#
 0#�'".�&
�'#�"$
(K��4$
d
�1
X*
3�-1��
#���������%
Q'����%R$
�1"% ��$$+����
e ���������
� �
�����"�
��!"���#
-.15
'��'
(S
f
)g9'..15*+? �
#�$�%�
-.15
'��'
#1�$
�1�
 '/�
�1
3�
�!"'.
�1
� �$
�����"�
-.15
'��'2
3"�
1-&1"�$�
��
�"$�
�1�
3�
.�$$
� '�
� �$
'��'+
,�
#�4��#$
1�
 15
&1�-�#���
� �
#�$�%����$
��
� �
#�������'��1�
1-
� �
#�$�%�
#�$& '�%�
'�#
� �
'..15'3.�
-.15
/�.1&��0+����
h = 11$�
'
���'.
& '���.
$�I�
(#�4� 2
0i
3�#
5�#� 2
3i
'�#
-.15
�14
5�#� 2
?*
'�#
� ���!"���#
-���31'�#
(��-��
�1
?'3.�
T*+j.���'��.0
� �$
�'0
��!"���
'�
����'��/�
4�1&�$$
5 ���
/'��1"$
& '���.
4�1-�.�$
'����$��#
-1�
 0#�'".�&
&'4'&��0+����
k ���������
� �
 0#�'".�&
�'#�"$
(l*
1-
� �
& '���.
(3'$�#
1�
-.15
'��'2
MN�
� �1/��'..
& '���.
#����$�1�2
5 �& 
51".#
��&."#�
-���31'�#*+
l�-��
�1
?'3.�
SWV
��,Y=S
(LVVX*
S44��#�O
S+����
mn op
�q�
rqnMM�s
tunvw�M�
wx
MN�
x��
yz
xw��
rNMvw�wNMx{
�q�M|���������
� �
& '���.
%�'#����
(K*
"$��%
Q'����%R$
�!"'��1�+K

f

(�
+9*
L
g(l*
}gW (K
 '$
"���$
1-
�g�*����
my op
�q�
rqnMM�s
tunvw�M�
wx
x��
yz
xw��
rNMvw�wNMx{
�q�M|���������
� �
'&�"'.
-.15
/�.1&��0
(9*
'�#
&1�4'��
� �$
5�� 
� �
'..15'3.�
-.15/�.1&��0
(9'..15*+ 9

f

(Tg�*
l
LgW
K
TgL,-

9
~
9'..152
� ��
'&&�4�
� �
#�$�%�2
1�
��4�'�
K��4$
U
�
�
-1�
'
$�'..��
& '���.+,-

9
�
9'..152
� ��
��4�'�
K��4$
U
�
�
$�.�&���%
'
.'�%��
& '���.+����
�� =1�-���
-��'.
-���31'�#
��!"�������$
%�/��
-��'.
#�4� 
'�#
/�.1&��0
 �'#
(?'3.�
T*+����
�� Y�$"��
$"��'3.�
&1�#���1�$
�O�$�
(�+%+
�'& ����0
'&&�$$*
�1
&1�$��"&�
'�#
�'���'��� �
& '���.2
1� ��5�$�
'
�'��15��
& '���.
5�#� 
�'0
3�
��!"���#+����
�6 ��/��
� �
-��'.
& '���.
#�4� 
'�#
/�.1&��02
& �&>
� �
��!"���#
-���31'�#+K4�&�-0
� �
1/��'..
#����$�1�$
1-
� �
#�/��$�1�
& '���.2
��&."#��%
-���31'�#+����
�< Y�$"��
'44�14��'��2
�1�:��1$�/�2
-.15
&1�#���1�$
�O�$�
'�
� �
41���$
1-
-.15
����0���1
� �
& '���.+����
�J Y�$"��
� �
& '���.
#�$& '�%�$
�1
'�
'44�14��'��2
$�'3.�
1"�.��
$��"&�"��+����
�P S44�14��'��.0
&1�$�#��
'..
.�>�.0
$'-��0
�$$"�$2
'�#
�1#�-0
� �
& '���.
#�$�%�'�#g1�
$"��1"�#��%
��/��1�����
5 ���
��!"���#+



���������	
��������������������������������������������������������������������� �!"#$%&����������'�������$�������� ������(�������")*+,�- .�����/0���������������������������1�����2�3�4�!"#$%&�")*+,�5 .���/0����������������������������������������������")*+,�6 .����0��������������������(����������������������������")*+,�7 8������������ ���$������������9� ��������������$����� ������:2�����$�;�$0$�(��<�����������<�� ����(�����0���="#>=����?>=�9���$�.�(���?:"@������������'������������(�������9�� 2� �A�!"#$:��������������������%>=�'�0���(�������(����������������������� B���'�1��2�����������������<�� ����(��������1�� �������'2������������(��<����������?>=�9�"�"�$�4�?:"C������>�D$E�����������$�0��������(����(��<������2���������$������0�������$�����F)*+,�G H��������I������E��J�K���������������������������2���4�!"!?����$�.�(���L=M����@NOL9?!!P:�L������;�L�Q�RSTUVWXYVZST�UZV[�\]̂WS_S̀]�aT̂�\]̂WaX_ZYU"8�����$�������� ������(�������2����������$�;�$0$�����'�(���1������ 2b����'�4�!"c$&�����$�.�(���L?%����L������;�L")*+,�d .���$���$0$���/0��������'�����2�L$���4�3&b����'�4�!"#&!"c�4�!"P%%$?")*+,�e 8���������;�$�������'����(�����0$�����������������������������������������������$������������������������������������������������������������'�(������'1������ �����������1������������������"�.��������2�������������'���������!"Pf$?����������9��� �������� ������������������$���$0$�1��0�������$��������H����c:"O�����> L��4��!"Pf$?ghijk�lkmno+,*pjqo�r+onio*ps t�1��������$�;�$0$���������������;��1�������������$� �(����$�����( ��;���������������������2����������0���������������������$������������(���(�������( �������������������������'�����������>�9�:� �� ������'������2� ��4��$�;�$0$�����'�(�������������������=#!$$B����9��:� �� ���(���'����2�(��4��9L&9=�u�$::�=&?@��'��������������������������2�����> ( L$ $v w v w v9 : "9 : "= !Pf= ? !#%8����$���������������������������������������������(���'������/0����������'���������� �������;��1�����(0�<��"�.���$������$$���(0�<���'����������f#!2�c!!����x!!$$"�H�2�����������;�$������(���'����2�(�4�!"c$�'����(��������"@�������'�������9 :����������2����� ( L  $v y 9:@����(���'�����9(:����������2�����>  ( $ L ($v w y9 9::? f?.�0������������;�$���>  $v w y v9" 9:" : "9: "!c f?!Pf !c?? !#=#?)*+,�z 8��$�.�(���L%!����L������;�L2������ ���0��������0��9{:������1���( >{  ( $ (  $ $v ww w v ww w v9 :9 : " 9" 9:" :" 9" :9 : "? = !#=#!c ?!#=#!c ?!#=# = ? !?Px? ?



������� �	�
�������������������������������
��������������������
��
����
�������
�
�����
����������
�����
��	�������������
�������	������������������ !�������������
����������������������������
����	����"��
��#���$��
��%&��
����������������% ' � ()* * *+ +,- + +,-..+ ./.+01 ....23� ��  ��� ��  �4 45���������$��
�������
����������
����
������6�4�7!�����������������������
��$�
��������!�'�8�.�.239������:; <����������$�
��������=
��������	
�������������������	%��
 � >3.����

 � >.9��	�������������!�8�.�>�.�3>3�?�.�>3 �8�.�./2�!�����


 � ���������
��������(+4+� �8��.�/ +4>1�/�8�.�.>0�5����	���!���������	���������	�>3.���@AB�C�DE�BB�C�FAG�BHAIBJ&
������!�K�8�.�3�-4�L�����������!�'�8�.�.239M�N������!���8�+�������+%> ��O%( "�
�������
���	��=������!���8�.�3>3�<��������8�.�>3�P��������������������8�.�3>3�?�.�>3�8�.�//3�M���=
���!���8�.�/�5���=
�����	����������������8�.�/�?�+�+ �.�3>3�?�.�>3 �8�-�+/�
@AQRS��T��U��@AB�C�DE�BB�C�FAG�BHAIBH



���������	
������������������������������������������������� ��� ���������� �������������������������� � �����!����!���"�������#�������#��$�%����������������������������������#������!����������������������������������������������&��������������������������������%'�!���&��������� ������������������ ��������������������������������������������������������������������%����������������������#���������!������!���� ������������������!�"���������!���������#��$%�(������� ������������!�"������#��$������������������������������������ ���������������������������%)*��	������������������������ ������+,� ���������������������������!������ ������� ���������� �����!��$�����-,� ������������������������ �������!�"��������������� �#������������������������������������-,� ���������������������������������������������!����������� ���������������������� �����%.�/��0��	
�1���������2���������������������������#���������!�#������!����������������� �������������%3450
�06��7�!���������������8 ��������%9�������������������&������������������� ������ ����� ���� ��������� �� ��������������:�����;����!���� ������������� �#��������<���������������������#������������%���0450
�06��=���������������� ���������������� ����������&������#�����8 ���������������� ��������>?@ABCDCE�FDG?CHBICJ?�KCBJJLMNJ���������������%1����� ��������������������������#�����������!����������������������������� ���������������%O	//	
�)�	PQ�/�(�����!������������������������ �������"��������������������8 ����#�������%R�������������������������!����������!�������������������� ����%

S����0Q�T�U*���/�
��(����������"������������������������� #�������� ���#��������������#������������������������������������������������%��������������������� ���#��������������������������!��$�����������������VW�����%X�����������������������������������"�����������%Y��������������������#����������� �����������������&��������������������� ���#�����#�������!����#��������������!��������������!�����������������%Z���������������������/*������������#��� ����%(������������ ���������������������������������� �����������������!��������������%R ���������������� ���#�����������������!������ ����������������������������%S����[
������	
1���$�������������������������#��&������������������������������%1���$����������#���������� ����%1���$���������������������#��$����������������������\�%�%���������� ����#������� �������������]%1���$�����������������������8 �������� ������������������������������������\���������#����������#����������������������]%1���$����������������� � �������!����������������%1���$�������������������������������������������������#��$�����%1���$��������������������\������]��������������������������%�Y��̂CBJLBM�KBMGCB_D̀GJ�����#���� ���&�����$�����������������������������������������������������!%Y�����������������������!�������$&�����$������������$����������� ����������������;���8 ���������� ������������%



������������	
����������������������������������������������������������������
���������� ��������������!�"��#���������������� ������ ��� "����� ����������������������������$�������������!�� ��%���� ������� ������������
&
�'���������������(�����������$�)
$
������*��������������+���������(�������!����"����������� �����������,���"���������"������������������$
-
�.������������������������������������$����(�#������������������������������������������������������ ���"��
/
��"�������������"�������������!��������������������"�������(
0����������!�������!�������(����������"!��1"���
2
�'���������������������������������������������������������$������
3���������������������������!���������������&4	�)*45+���������������������������������������(�������#����������������������
6
�7��!�������������������!��1��""�����(����������#����������������������-8���(�
��������������"�����(������������������)"�����$����1����
+�#����!�� ���������������#����������������������������������
9
�'����������������������$���������!�����
:;;<=<>?@A�BCDE<BCFC?=G�H>B�=EBH�IA@JCFC?=K	
�3�����������!�����#������	&��������������(������#�������������������������������������������������������#����������������)
$
�����������+
&
�L�������$���������������������������#��������"���������������!����(
-
�3�����������!�����������"���"�"92""�!������� ����(����������������
���1�������������������!��1���������,����!������(��$��������
/
�0����$����#��"��"���������$���(����$������������""�����(�!�����(��$��������
2
�'����������������������������$����������(���"������������������������������!�������(�������#�����!�����


6
�'�������������������������������������������������	88""��!�������������������������������������������������������������������������(������������������������#
9
�M���������$�����������-4	)*45+��������������������������#�����$�����#���������)�

�������(�N	
2"O�+�����1�(�#����������������#��#1������#��$����"����������������������������������#����#�����������������$�
P
�'��������������"������������������������"���������!�#����������������������������������$����#�!���������������������
Q
�R���������������������#��	88""�!��#�������
�3��������#�����$��������!�������������"���������������"�������(�$��#��S����T���UT	
�0����$�������V�����������������������������������������������#1�(�����������(��������������#��#��������������
���������(����"����#������1���"�$��������������!����
&
�'����������"�������������"�����������������(�!���1��$����������
�R��������(���"�����(��������"��������������#����������$
-
�0�����������(������������"���������������"����������#�������������������������������������W���
XTY�Z��	
�R�������������������#��1��!�����"�����(��������������������������������������������!��������������������!������������(����!�������
&
�0�����������(������������"���������������"����������#�������������������������������������W���
-
�[����������������"��������������������������������!���������
/
�7��!����������������������������������������




����������	�
����������������������������������� � ! "�#$�%����&'�#���( ) *+�%�,��%# )-���.��������� � ! /���"%�$�0( ) 1���,��%# �2!/��3�&���%�' *�#�,4%�3�5���( ) 6�%#������ ! "%���#�����$����(�0�����0'73����#$�%�%8��������������3����,��������3��%���#�����$����(9�2! :�(���%���#�����$����(;��<0'73����$�%#������%�����������;�$%���3����'8�(+�%�,��%#�=���>��(9�?@A�

BC?�D	E�FEG
C� 9�6�������'��3��%(���#$�0�(��>�37(��0���%�'�$%�370�(H0+�#�0�'(�����+������%��#����I=��+(+�%�,���3�'���,��%#J�@���������<0��3��+��$�������'�=���>��(��0+����3�=8��+��%�7(�;��%���8'�0�''8��3�$��3�#��(7%�(��>�7��00�$��='������%��#����'�%�(K929�&%���0�'�3�(����$�%�#���%(���0'73���=�'��8����0���%�'�37(������%�����;�(7���=�'��8��>��+��$%�370�����+��L�%K�$'�0��0��3�����(���3��+��(��'��8$�9M9�N>>�0������((���3�37%�=�'��8��>�#�(���%���#����#��(7%�(�3�$��3(����(��'��8$�;�L���+�%0��3�����(;���3�>%�O7��08��>�3�(�7%=��0��I�9�9��%�>>�0�#���#���J9�C�EP����Q�	@R�E��S7(��0���%�'�����'��(��+��(7$$%�((�����>�37(��$�%��0'�(�����%�''8�����+��%�����T9TT ����T9 ##�I ��� TT�#�0%��(J9��:70+��>��+��37(������%���3����0��(�%70�����(���(��(�'�K�'8����=���%����%��+��� T#�0%��(9�-��,��(�='��37(��$�%��0'�(�I'�((��+���U�#�0%��(J��%��$�������''8��+��#�(��+�%#>7'���+7#���+��'�+9S7(������%�������((�0����3�L��+�L��3��%�(�����(���%#�''8�0���%�''�3�7(���������%�#�%���>��+�>�''�L������0+��O7�(V�I�J� :�����������#��(��(��'�0��3�����(�IL���%��%70K(���3�($%��K'�%�(8(��#(J�I��J� &+�#�0�'�(��'���(�$'�0�3����%��+��(��'�(7%>�0��I%�>�%����WXYZ�[Y\]̂_̀�>�0��(+���J�I���J� *7%>�0��%�7�+������I%�>�%����Wa_bcd̂�eXafĝ\Y\f�>�0��(+���J�I��J� �������������I(+�%�,���3�'���,��%#��%�7�3�0���%��$����(J�I�J� /��3�=%��K(�I�9�9�%����������>��<�(���������������;��%�hTViT�>�=%�0V�$������(+�3��0'��+J9
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