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SUMMARY

Introduction

The Jerberra Estate was registered in the Land Titles Office on 30 June 1922 under the provisions
of the Local Government Act, 1919. The subdivision comprised 166 lots ranging in size from <1,000
m2t0 1.7 ha.

Since the Shoalhaven’s first landuse planning scheme was introduced on 28 February 1964, the
land’s rural zoning has effectively meant that Council does not have the legal ability to approve
dwellings on the individual lots (as they are less than 40 hectares).

Following repeated requests by the landowners, on 15th December 1992, Council resolved to
prepare a draft local environmental plan (LEP) over the Estate. A significant amount of work was
completed by Council on the rezoning investigations in the following years. In 2000 despite the
then advanced consideration of the rezoning, and a previous commitment that the rezoning could
continue, the State government advised Council that it had placed a moratorium on the progression
of any rezonings in the Jervis Bay area until completion of the Jervis Bay Settlement Strategy
(JBSS). Just prior to this, Council had commissioned an effluent disposal study by Coffey
Geosciences which had concluded that each lot would require a minimum effluent disposal area of
1,500 m2 and recommended a minimum lot size of 2,500 m2.

The Jervis Bay Settlement Strategy (JBSS) was completed by Council and endorsed by the State
Government in 2003. The JBSS identifies Jerberra Estate as an opportunity for rural residential
settlement, and specifically states:

“The development potential for rural residential development will be investigated through a
review of lot sizes and configuration in order to accommodate on site effluent management
and meet the guiding principles and policy actions of this Strategy.”

In 2005 Council commissioned a desktop study by Martens & Associates Pty Ltd to review current
onsite effluent disposal technology and any implications for Jerberra Estate. This review identified
the need for additional constraints mapping and more detailed water and nutrient balance
calculations.

The purpose of this assessment is to provide a strategic assessment of the subject land’s effluent
disposal capability and to provide the information requirements identified in the desktop review.

Methodology

The relationship between lot size and the area available for effluent disposal was determined by
preparing hypothetical site plans for a selection of the existing lots. The site plans incorporated a
building footprint, driveway, and the relevant minimum setback requirements required by AS1547
for both above ground spray irrigation and subsurface trickle irrigation. The minimum setbacks
were determined in accordance with detailed contour information derived from a LiDAR survey.

Monthly water and nutrient balances were calculated in accordance with the NSW guidelines (‘the
silver book’) and AS1547. Further soil sampling was undertaken with the soil terrain units identified
as being suitable for effluent disposal in the Coffey Geosciences report, and the soil attributes were
factored into the nutrient balance calculations.
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Recommendations and conclusions

It is concluded that onsite effluent treatment and disposal on the developable lots (as identified in
the Planning Proposal) is achievable provided the following recommendations are adhered to:

e Treatment is provided to tertiary treatment standard, e.g. by aerated wastewater treatment
system (AWTS) or equivalent.

o Treated effluent is disposed of via subsurface pressurised irrigation.

e The onsite effluent disposal area should be no smaller than as follows:

No. of bedrooms Minimum effluent disposal area (m?)
3 583
4 777
5 972

For a 4-bedroom dwelling the minimum effluent disposal area required is 777 m? equating
to a lot area of approximately 2000 m2.

e Full water reduction fixtures are to be installed in each dwelling as an added factor of
safety. It may be possible to further reduce household hydraulic load by incorporating
greywater reuse systems and/or dry composting toilets. Any such proposal would need to
be accompanied by a detailed design at development application stage.

¢ Individual onsite effluent disposal assessments should be submitted at development
application stage. Nutrient balance calculations should also be provided where any
variation to the calculations provided in this report is proposed.

o Alternative subsurface disposal methods such as sand mounds or amended earth mounds
could be considered subject to provision of design details at development application stage.
Any sand or amended earth mounds should be installed appropriately and in particular, the
base of the mound should not extend below the ‘B’ horizon (subsoil).

¢ Anorganic soil mix should be spread over the effluent disposal area to a minimum depth of
100 mm. The imported soil should be spread uniformly over the effluent disposal area and
can be blended into the upper 50 mm of native soil. The soil mix should conform to
AS4419 (2003) ‘Soils for landscaping and garden use — Organic soil'.

e Appropriate vegetation should be selected for the effluent disposal areas and should be
established before systems are commissioned.

e The areas available for effluent disposal should be protected from ingress of surface and
subsurface moisture through the provision of appropriate stormwater diversion measures
such as grassed swales or cut-off trenches.
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GLOSSARY

aerated wastewater treatment system (AWTS): a wastewater treatment process typically
involving:
 settling of solids and flotation of scum
« oxidation and consumption of organic matter through aeration
o clarification - secondary settling of solids, and
« disinfection of wastewater before surface irrigation unless disposed of sub-surface,

in which case disinfection may not be required.

aerobic: dissolved or free oxygen is present

amended earth mound system: primary treated effluent flows or is pumped to one of two
amended earth ‘cells’ comprising a blend of sand and industrial slag. Phosphorus is
adsorbed/absorbed by the slag. The mound is underlain by an impervious barrier and is
covered by a veneer of sand and topsoil into which grasses/shrubs are established.

anaerobic digestion: decomposition of effluent in the absence of free oxygen

biochemical oxygen demand (BOD): a measure of the dissolved oxygen required for the
breakdown of organic material in the effluent; usually refers to a 5-day test (BOD5),
which typically represents 70 - 80% of the total BOD in a sample; expressed in
milligrams per litre (mg/L)

biological film: (zoogloeal film) gelatinous-like film that forms on the surfaces of inert materials,
forming the media in a biological filter; it can contain bacteria, protozoa and fungi, and is
the site where organic matter in the wastewater is oxidised or degraded biosolids:
primarily organic solid product produced by wastewater treatment processes. The
solids become biosolids when they come out of a digester or other treatment process
and can be beneficially used. Until such solids are suitable for beneficial reuse they are
defined as wastewater solids

denitrification: transformation of nitrate into the gaseous NO and N forms; denitrification is an
anaerobic process carried out by micro-organisms; it can occur only if the soil becomes
oxygen deficient (for example, as a result of waterlogging)

disinfection: a process that destroys, inactivates or removes pathogenic micro-organisms

evapotranspiration: removing water from soil by evaporation and from plants by transpiration

faecal coliforms (fc): a type of bacteria that live only in the gut of warm-blooded animals. Can be
detected in the general environment if that environment is contaminated with human
excreta, and therefore can act as an indicator of recent faecal contamination

horizontal flow wetlands: wastewater flows horizontally through a bed of gravel into which reeds
have been planted.

hydraulic load: the amount of liquid applied to land over a specified time interval. Can be
expressed as either a depth or a volume

land application area: (effluent disposal area, irrigation area) the area over which treated
wastewater is applied

membrane filtration: filtering effluent through a membrane, usually in combination with biological
processes. Produces high quality effluent but has high capital and maintenance costs at
small scale. Small package plants capable of treating effluent from three households
are more economic.

nitrification: transformation of inorganic ammonium (NHs+) into nitrate (NO3-)

nutrients: chemical elements that are essential for sustained plant or animal growth; the major
nutrients essential for plant growth are nitrogen (N), phosphorus (P) and potassium (K);
in excess, N and P are potentially serious pollutants encouraging nuisance growths of
algae and aquatic plants in waters and (in the case of nitrate) posing a direct human
health risk
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pathogens: micro-organisms that are potentially disease-causing; these include but are not limited
to bacteria, protozoa and viruses

reticulated water supply: the provision by a water authority of water for potable and non-potable
uses to households through a network of pipes

sand filters (recirculating and single pass): provides further treatment of pre-treated wastewater
by percolation through graded sand.

sludge: mainly organic semi-solid product produced by wastewater treatment processes

suspended solids (SS): in wastewater analysis: solids retained after filtration through a glass fibre
filter paper followed by washing and drying at 1050C, or by centrifuging followed by
washing and removal of the supernatant liquid; expressed in milligrams per litre (mg/L)

total Kjeldahl nitrogen (TKN): nitrogen chemically bound in organic molecules such as proteins,
amines, and amino acids; plus ammonia nitrogen

total nitrogen (TN): the sum of all nitrogen species (nitrate, nitrite, ammonia and organic nitrogen)

total phosphorus (TP): Total phosphorus (TP)" means the total phosphate content of water or
wastewater including all of the ortho-phosphates and condensed phosphates, both
soluble and insoluble, and organic and inorganic species

vertical flow wetlands: wastewater passes downwards through a bed of sand in a largely aerobic
environment of sand or gravel into which reeds have been planted.

Watercourse: any river, creek, stream or chain of ponds, whether artificially modified or not, in
which water usually flows, either continuously or intermittently, in a defined bed or
channel, but does not include a waterbody (artificial).

wet composting system/biological treatment system: Uses the principle of aerobic composting
to break down the solid waste; the liquid component is directed to a land application
system after passing through filter media inoculated with micro-organisms, worms etc.
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1. INTRODUCTION
1.1 Background

Jerberra Estate is a ‘paper’ subdivision located approximately 20 km south of Nowra and 1.5
km east of Tomerong. See Figure 1 - Location of the subject land.

Figure 1 - Location of the subject land

The Jerberra Estate was registered in the Land Titles Office on 30 June 1922, under the
provisions of the Local Government Act, 1919. The Estate consisted of 166 lots varying in size
from 1,200 m2 to 1.75 hectares. As a result of the realignment of Pine Forest Road, a number
of lots are now <900 m2. Of the 166 lots, 102 have an area less than 4,000 m2. The subject
land comprises 153 lots of the original subdivision, with a total area of approximately 84.9 ha
(including roads).

The subject land comprises the following lots:
e lots 1to 11in DP 1088096;
e lots 23 to 36, 39 to 49, & 52 to 166 in DP 11629; and
e ot 501 in DP 1122649 (on which an approved dwelling is located and where no further
dwellings are proposed).

The subject land boundary is shown in Figure 2.

Figure 2 - Boundary of subject land.
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Since 1986, many of the lots have been bought on speculation that the land would be rezoned
to allow dwellings to be constructed on each individual lot. On 15 December 1992, Council
resolved to prepare a draft local environmental plan (LEP) over the Estate.

There is one approved dwelling within the subject land (Lot 501 DP 1122649). There are a
numerous unauthorised structures, approximately 10 small dams and various other
disturbances.

1.2 Current land use zoning

The subject land is currently zoned part Rural 1(b) (Arterial and Main Road Protection) and part
Rural 1(d) (General Rural) under the provisions of Shoalhaven Local Environmental Plan 1985
(SLEP 1985). Under SLEP 1985 dwellings cannot be approved on the individual lots as they
are less than 40 ha.

The Draft Shoalhaven Local Environmental Plan 2009 (Draft SLEP 2009) was exhibited from
18 July to 14 October 2011. Under Draft SLEP 2009 the land is proposed to be zoned Rural
Landscape (RU2) with a 40 ha minimum lot size which retains the status quo under SLEP
1985.

1.3 Jerberra Estate Planning Proposal

A Planning Proposal was submitted to the Department of Planning & Infrastructure (DP&I) in
August 2011. The Planning Proposal seeks to eventually amend SLEP 2009 to rezone the
subject land to a mix of Environmental Living (E4), Environmental Management (E3) and
Environmental Conservation (E2) in conjunction with a reduction in the minimum lot size
requirement where housing is proposed to be allowed. The Department of Planning and
Infrastructure (DP&I) issued a Gateway Determination on 2 September 2011, allowing Council
to place the Planning Proposal on public exhibition, subject to completion of a stormwater
assessment and various other matters.

Details of the planning proposal are illustrated in Figures 3 to 5 below. The minimum lot size
for most of the proposed E4 area (refer to Figure 4) is based on the findings of this
assessment.
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Figure 3 - Planning proposal - zoning

KEY

[ V- 2000 (sa. m)

[wr] w1-3000 (sq. m)
3] x1 - 5000 (sq. m)

[2] x4 - 8000 (sq. m)

[ v+ - 10000 (1.0ha)

[2] Y2- 13000 (1.3a)
B8 Y3 - 15000 (1.5 ha)
B 21 -20000 (2 ha)
[ A1 - 50000 (5 ha)
[ZE] AB4 - 400000 (40 ha)

E::] Existing authorised dwelling.

No further development proposed.

Proposed Minimum
Lot Sizes
Map 2

Figure 4 - Planning proposal - minimum lot size
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Figure 5 - Planning proposal - bushfire and conservation management areas

1.3.1  Onsite effluent disposal study by Coffey Geosciences, 2000

An effluent disposal study was completed by Coffey Geosciences Pty Ltd in February 2000.
The study concluded that:

a. There are only two feasible options for waste-water disposal. Either individual aerated
water treatment system (AWTS) or a common effluent system (CES) for the estate;

b.  The minimum lot size for a individual AWTS for the estate is about 2,500 m? of which
about 1,500 m? is the minimum area required for irrigation.

Given that Council will not be pursuing a community title/resubdivision outcome, a common
effluent system is highly unlikely.

1.3.2 Review of Best Practice Methods of On-site Sewage Disposal — Jerberra Estate
Rezoning Investigations, Martens & Associates, 2006

A desktop review of onsite effluent disposal options for Jerberra Estate was undertaken by
Martens & Associates in 2006. Martens’ report identified potential onsite effluent disposal
options for smaller/more constrained lots if individual systems are to be used. A copy of the
Martens report is provided in the Appendices. The Martens report recommends:
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1. A decision will need to be made in relation to whether individual or a communal CES
system is to be pursued.

a. In the case of the individual systems, the cost to land owners will be
considerable on the smaller allotments where space restrictions require more
elaborate and complex on-site sewage management scheme and non-potable
re-use will be required. These systems may cost the home owner $20,000 -
$25,000 once fully constructed. In the case of the larger allotments where
more land is available, a standard AWTS and irrigation system may suffice,
costing approximately $8000 per dwelling.

b. In the case of the communal system, 1-3 lots will need to be resumed for the
necessary infrastructure including the STP and the wet-weather storage
system. Cost for the scheme may be of the order of $15,700 per allotment
(comprising of a very preliminary budget of $650 K for the STP which would be
for nutrient removal and tertiary filtration and dual disinfection, $150 K for the
wet-weather storage facility, $1500 K for sewering and dual reticulation, and
$100 K for a pump-station). The cost of resumed lots would need to be added
to the above cost estimate.

2. A more detailed and precise land capability map should be produced. This will assist
in isolating allotments on which various effluent management options (as per Table 2)
are feasible or where effluent disposal can not be undertaken. This should account for
recommended buffer distances to water courses (see Attachment B) in accordance
with the environmental Health Protection Guidelines (1998) and Shoalhaven City
Council's DCP 78.

3. More detailed water / nutrient balance assessment should be developed to refine the
sustainable effluent application rate nominated by Coffey’s (ie. DIR = 0.67 mm/d). Our
view is that a sustainable rate may be considerably higher than that recommended by
Coffey’s, particularly in light of the potential for higher effluent quality (with nutrient
removal) available from a range of manufacturers. These assessments should be
undertaken for a range of dwelling sizes (eg. 2 - 5 bedrooms).

4. Following the above, the minimum allotment size recommended by Coffey’s should be
revisited in the light of the various on-site treatment alternatives. Various minimum
performance standards (in terms of water consumption restrictions, effluent quality
requirements and re-use requirements) can then be determined for each of the existing
allotments.

5. Inthe event that a CES is regarded as one which can pursued, then a dual reticulation
system should be constructed such that reclaimed water can be returned to each
allotment. A suitable location for the STP and wet-weather storage facility will need to
be chosen. Qur preliminary view is that this should be in the NE corner of the site, with
a pump-station located in the centre-south of the site (to transfer sewage to the STP at
the NE of the site). See Attachment A for preliminary location of these structures. Our
preliminary view is that some 150 m? will need to be provided at each allotment as a
designated effluent disposal area within the sites landscaping / gardens. This is made
on the assumption that nutrient removal (say N = 10 mg/L and P = 2 mg/L), disinfection
and tertiary filtration are provided at the communal STP and would need to be
confirmed with more detailed analyses.

Shoalhaven Water has indicated that the CES option is not favoured.

This report builds upon the review undertaken by Martens & Associates, particularly in respect
of:
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1.3.3

Improving the site and soil assessment information

Refining land capability mapping

Revising water and nutrient balance calculations in respect of:
> Number of bedrooms

> Water reduction fixtures

> Effluent quality (nutrients in particular)

Previous Consultation

Comments received from the EPA in 1999 and 2000 in response to the Coffey Geosciences
study included:

“..the EPA has very serious reservations about on-site wastewater management for
the site. This is because significant constraints to onsite effluent management are
apparent from the information presented in the study. Based on the information
presented, and in light of the sensitivity of the receiving environment, the EPA
questions the sustainability of the proposal in on-site effluent management is adopted.”

Some of the limitations to onsite effluent disposal were understated.

The feasibility of connecting the Estate to sewer (St Georges Basin STP) had not been
addressed.

Where town sewerage is not practical the proponents must demonstrate that on-site
wastewater management strategies can meet accepted performance objectives to
protect the environment and public health (i.e. ‘the silver book’).

Site limitations inadequately addressed:

o Limitations regarding duplex soils generally;

o Presence of mottling in subsoil indicative of poor drainage — a significant
constraint for onsite effluent disposal;

o No chemistry data (P sorption, CEC, ESP) provided for topsoil - P balance
underestimates irrigation area; and

o Concerns about the practicality of a large wet weather storage requirement
(53 m3 for each household)

The EPA preferred a common effluent system (CES) over individual aerated
wastewater treatment systems (AWTS). In respect of the CES option however, the
capacity of the subdivision to accommodate a CES has not been demonstrated. In
particular:

o Effluent disposal proposed over whole lots as well as roads.
Adequate buffer distances not considered.
Ownership/management of CES not considered.
No nutrient balance provided.
Proposed CES capable of accommodating effluent from 85 houses.

0 O O O

In regard to individual AWTS:
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o Concerns about the chemical and physical attributes of the duplex soil, in
particular the topsoil, in Units 1 and 2.

o Given the constraints posed by the site and the large number of lots, further
assessment of the viability of the AWTS option is required. Council must fully
appreciate the deficiencies of AWTS and consider the cumulative
environmental impacts.

1.4 Aims

The objective of this report is to assess the suitability of the subject land for onsite effluent
disposal. The aims are to:

« review the site and soil constraints for the subject land and address information
deficiencies outlined in the 2006 report by Martens & Associates;

 ascertain the minimum lot size to meet environmental and health objectives;

« provide recommendations to ensure the development meets environmental and health
objectives; and

« review onsite effluent disposal technologies for environmentally sensitive areas.
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2. LEGISLATIVE & POLICY FRAMEWORK
21 State Environmental Planning Policy (SEPP) No. 14 — Wetlands

The subject land drains to Moona Moona Creek via Duck Creek. Moona Moona Creek flows
into Jervis Bay between the townships of Huskisson and Vincentia. The lower reaches of
Moona Moona Creek support an extensive wetland system, which is located approximately two
(2) km east of the subject land. The wetland is protected under State Environmental Planning
Policy No. 14 (SEPP 14 wetland No. 325). A basic description of Wetland No. 325 is provided
in Winning and Brown (1994) which states that it is tidal with mangroves, saltmarsh (Juncus,
Sarcocomia, Sporobolus) and Casuarina.

Figure 6 shows the location of the subject land in relation to the Moona Moona Creek
catchment.
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Figure 6 - Location of subject land within Moona Moona Creek catchment

2.2 South Coast Regional Strategy (SCRS)

In relation to development proposal within the catchments of SEPP 14 wetlands (refer to
above) the SCRS states that:
“Future development in these catchments will need to demonstrate no net impact on
the hydrology, water quality or ecology of these wetlands.”

In terms of onsite effluent disposal assessment, water, nitrogen and phosphorus balance
calculations are calculated to determine the land application area(s) needed to assimilate
wastewater constituents. Hence, in respect of onsite effluent disposal, the recommendations
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and findings of the assessment are considered capable of meeting the requirements of the
SCRS.

Wastewater treatment and disposal is just one aspect of development of the site that would
have the potential to impact on the values of Currambene Creek and the SEPP 14 wetland.
State Government agency input may be needed to clarify the requirements of the SCRS.

2.3 Jervis Bay Regional Environmental Plan (JBREP)

The subject land is affected by the Jervis Bay Regional Plan gazetted by the NSW Government
in 1997.

The subject land forms part of the Moona Moona Creek catchment, a waterbody to which
clause 11 — catchment protection of JBREP applies. Currambene Creek is mapped as ‘a two
use waterbody, protection of aquatic ecosystems; and primary contact recreation’.

Clause 11 states that a proposal must:
(a) for the water quality in any waterbody it may affect, either:
e sustain uses identified on map 2 and as defined by the Australian National Water
Quality Guidelines for Fresh and Marine Water 1992, or
e demonstrate how the water quality will be maintained or improved, if the water
quality in those waterbodies does not at that time sustain the uses identified on
map 2, and
(b) outline a water quality management strategy for surface water to demonstrate how
paragraph (a) will be achieved, and
(c) rehabilitate and restore any degraded areas along a waterbody on the site, and
(d) provide sewerage for all new development (unless the development is within an
existing unsewered area). If alternate systems of sewage disposal have been
approved by health and environment protection authorities, they may be provided, and
(e) protect ecosystems and natural habitats, including waterbodies, from degradation.

JBREP will be repealed when SLEP 2009 is gazetted. Draft SLEP 2009 includes provisions in
relation to protection of sensitive water bodies. Refer to below.

2.4 Jervis Bay Settlement Strategy (JBSS)

The Jervis Bay Settlement Strategy (JBSS) was released in 2003. In relation to the Jerberra
Estate, the JBSS states:

“Jerberra Estate will be investigated to provide for rural residential living
opportunities. In order to achieve this, it will be necessary to finalise detailed
environmental investigations that have commenced into the appropriate size and
configuration of allotments and their ability to accommodate on-site effluent
disposal.”

Map 10D also identifies the adjacent land to the south and southeast known as Port Jervis
Estate as one of the existing rural residential deferred areas for which the following action
applies:
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“The potential for the existing rural residential deferred areas to accommodate
increased densities will be resolved in accordance with the guiding principles and
policy actions outlined in this Strategy. In order to achieve increased densities, an
understanding of the baseline environmental condition should be investigated and
the potential cumulative impacts should be addressed.”

Section 9.1 ‘Water Quality and Flow’ includes several actions that are broadly relevant,
including action i) which requires that “All development will meet the statutory requirements of
the Jervis Bay Regional Environmental Plan 1996 in respect of clause 11 — Catchment
Protection.” More specifically, action iii) requires that “New development will be designed so
that domestic effluent management does not have a detrimental impact on water quality and
flow, meets the interim Environmental Objectives for the Jervis Bay Catchment (EPA 1999) and
is consistent with relevant State government guidelines.”

Section 9.4 ‘Soils’ states that “The calculation of development density will only be made
following an assessment of soil attributes of the land, and some lands may be totally excluded
from development on the basis of their soil attributes.”

2.5 Shoalhaven Local Environmental Plan 1985 (SLEP)

The land is currently zoned part Rural 1(d) General Rural and part Rural 1(b) Arterial and Main
Road Protection under the provisions of SLEP. As outlined in section 1.2, Council does not
have the legal ability under SLEP 1985 to approve dwellings on the individual lots as they are
less than 40 ha in size.

Clause 26(2) of SLEP states that:

‘In deciding whether arrangements for drainage of stormwater and other surface

water and the treatment and disposal of effluent are satisfactory, the Council

must take into account whether the proposed systems can be accomplished in a

manner which meets the following objectives:

(a) economic feasibility and practicality in terms of design, installation and
maintenance;

(b) protection of public health;

(c) protection of surface water;

(d) protection of ground water;

(e) encouragement of the utilisation of wastewaters as a resource rather than a
waste for disposal;

(f) protection of a community amenity.’

2.6 Draft Shoalhaven Local Environmental Plan 2009

As outlined in section 1.2, Draft SLEP 2009, as exhibited, would retain the status quo under
SLEP 1985. The Jerberra Estate Planning Proposal seeks to eventually amend SLEP 2009.
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2.7 Development Control Plan No. 78 Onsite Sewage Management

DCP No. 78 was adopted by Council in 1998 and amended in 2005 and 2009 (Shoalhaven City
Council 2009). Relevant aspects of the DCP include various setback requirements, provisions
in relation to flooding, reserve area requirements, and policies on pump-out and common
effluent system. These are summarised below.

2.7.1  Minimum buffer distances

All land application systems
« 100 metres to permanent surface waters (e.qg. river, streams, lakes, etc).
e 250 metres to domestic ground water wells.
o 40 metres to other waters (e.g. farm dams, intermittent waterways and drainage
channels, etc).

Surface spray irrigation (Tertiary treated effluent) (Irrigation systems to conform to AS 1547)
e 6 metres if area up-gradient and 3 metres if area down-gradient of driveways and
property boundaries.
e 15 metres to dwellings.
o 3 metres to paths and walkways.
e 6 metres to swimming pools and buildings.

Surface drip and trickle irrigation (Tertiary treated effluent)
o 6 metres if area up-gradient and 3 metres if area down-gradient of swimming pools,
property boundaries, driveways and buildings, including dwellings.

Sub-surface irrigation (Secondary treated effluent or higher)
o 6 metres if area up-gradient and 3 metres if area down-gradient of swimming pools,
property boundaries, driveways and buildings, including dwellings.

Absorption system (Primary treated effluent or higher)
e 12 metres if area up-gradient and 6 metres if area down-gradient of property boundary
o 6 metres if area up-gradient and 3 metres if area down-gradient of swimming pools,
driveways and buildings, including dwellings.

2.7.2 Flooding

All wastewater treatment systems and application areas must be located above the 1 in 20 year
flood level. Systems with electrical components must be located above the 1 in 100 year flood
level.

2.7.3 Reserve effluent disposal area

A reserve effluent disposal area is generally recommended for contingencies in the case of
system failure and/or for expansion.

Comments
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Primary treatment and soil absorption systems have a much higher failure rate than secondary
treatment and pressurised irrigation systems. |If pressurised irrigation systems are correctly
sized, designed and installed, and the treatment system is correctly maintained and operated,
the risk of system failure is considerably lower. If problems do occur, corrective action would
generally involve servicing or replacing the distribution system, and not necessarily establishing
a new effluent disposal area.

2.74 Pump-outs

Effluent disposal by regular tanker pump-out can be costly for property owners and can result
in illegal discharges and overflows of effluent. The resulting health and environmental problems
are a major concern and Council will generally not consider providing additional pump out
systems.

2.7.5 Common effluent systems (CES)

Common effluent systems (CES) can provide significant technical and financial advantages
over individual onsite systems. The fragmented ownership of the subject land is a major
impediment to this option. Where multiple owners are concerned, Community Title subdivision
would be more suited to a CES approach. However, community title has been ruled out due to
a lack of landowner support.

A community title scheme is not proposed and it is beyond the scope of this report to assess
the feasibility of CES options.

2.8 Protection of the Environment Operations Act (POEO Act) 1997

The relevant objects of the Act include: “...to protect, restore and enhance the quality of the
environment in New South Wales, having regard to the need to maintain ecologically
sustainable development...” Hence, Council has a statutory obligation to consider the potential
cumulative impacts of onsite effluent disposal in Jerberra Estate on the Moona Moona Creek
catchment and associated ecosystems.

2.9 Local Government (General) Regulation 2005

Under the provisions of Division 4 (Sections 40 and 41) Local Government (General)
Regulation 2005, a local council must not approve of the installation of certain sewage
management facilities unless they have been accredited by the NSW Department of Health.

The types of sewage management facilities to which accreditation applies include septic tanks,
collection wells, aerated wastewater treatment systems, greywater treatment systems,
composting toilets and incinerating toilets which are available for purchase by retail. This only
includes sewage management facilities which treat sewage of a domestic nature from premises
occupied by 10 persons or less or where the average daily flow is <2000 litres.
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Accreditation does not apply to any drains which are connected to the facility nor to any land
application or soil absorption system. Accreditation also does not apply to models under test or
if the facility is purpose designed for a specific situation.

210 AS1547 Onsite Domestic Wastewater Management

AS1547 (Standards Australia 2000) provides the requirements for primary and secondary
onsite treatment and land application systems. Any land application system within the subject
land must be designed and installed in accordance with this standard to ensure long term
sustainability and performance.

AS1547 states:
“Where there is likely to be uncertainty in the outcome of the design and its
installation, sufficient factors of safety must be available to ensure that the long-term
performance objectives are met.”

The above principle has been adopted in this strategic assessment.

211 Environment & Health Protection Guidelines: On-site Sewage
Management for Single Households

The Environment and Health Protection Guidelines “On-site Sewage Management for Single
Households (NSW Health 1998) is colloquially known as the ‘silver book”. The silver book sets
out the following long term performance objectives for onsite systems:

« prevention of public health risk, particularly in respect of bacteria, viruses, parasites
and other disease-causing organism
protection of lands
protection of surface waters
protection of groundwaters
conservation and reuse of resources
protection of community amenity

In respect of rural residential subdivision, the silver book states:

“If on-site sewage management is determined to be the best long-term option for
an area, appropriate development standards, including minimum lot sizes,
should be established before the land is released. When setting the
development standards, factors such as climate, soil, geography, environmental
sensitivity, and risks to public health should be taken into account.

An EPA model has been developed for estimating land requirements for effluent
irrigation, based on eliminating impacts on soils, waters, and public health (NSW
Environment Protection Authority 1995). Assessments with the model in many
areas of the State have shown that new subdivisions for residential development
involving on-site sewage management require a minimum of 4000 - 5000 m2
total area per household to reduce impacts in the medium to long term.”

The silver book sets out methodologies for estimating the land application area based on water,
nutrient and organic matter balances. The ‘nominated area’ method detailed in Appendix 6 has
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been used in this assessment. While there are many areas of overlap between the silver book
and AS1547 and these are generally consistent, the silver book provides more detailed
guidance on estimating nutrient balances. Further details are provided in section 5.

212  NSW Health accreditation for Sewage Management Facilities (SMF)

NSW Health operates an accreditation scheme that is mandatory for certain types of sewage
management equipment sold in NSW (NSW Health 2005). Accreditation does not apply to the
drains which are connected to the facility nor to any land application system. Accreditation is
also not required for systems installed for research, development or testing purposes, for non-
standard systems designed for a particular site, or for systems constructed to individual
designs. The types of sewage management facilities (SMF) to which accreditation apply
currently include:

. Aerobic Sand Filter Systems
. AWTS
. Biological Filter Systems

. Greywater Diversion Devices

. Greywater Treatment Systems

. Incinerating Toilets

. Septic Tanks and Collection Wells

. Sewage Ejection Pump Stations

. Waterless Composting Toilet Systems

. Wet Composting Closet Systems

The number and range of onsite effluent treatment systems has expanded considerably in
recent years.

2121 Minimum water quality standards

Section 6.2.2 of the ‘Sewage Management Facility — Sewage Treatment Accreditation
Guideline’ (NSW Health 2005) provides the following treatment standards for accreditation of
standard secondary treatment sewage management facilities (SMF):
(@) 90% of the samples taken over the three test periods shall have a BOD5 less than or
equal to 20 mg/L with no sample greater than 30 mg/L;
(b) 90% of the samples taken over the three test periods shall have TSS less than or
equal to 30 mg/L with no sample greater than 45 mg/L;
(c) 90% of the samples taken over the three test periods shall have a thermotolerant
coliform count not exceeding 30 cfu/100 ml with no sample exceeding 100 cfu/100 ml;
(d) 90% of the samples taken over the three test periods shall have a total kjeldahl
nitrogen (TKN) of no more than 20 mglL;
(e) Where chlorination is the disinfection process, the free residual chlorine concentration
shall be greater than or equal to 0.2 mg/L and less than 2.0 mg/L in all samples taken.
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A series of testing programs that involved 143 aerated wastewater treatment systems (AWTS)
and 48 septic tank systems undertaken by the Sydney Catchment Authority (SCA) found that
AWTS generally performed to the accreditation guidelines (Charles et al., 2005).

In contrast, effluent from septic tanks which is only treated to primary level was generally
poorer quality than guideline and literature values of 50 mg/L SS and 150 mg/L BOD (Charles
et al. 2005).

2.12.2 Water quality standards for sensitive environments

The SMF accreditation guidelines (NSW Health 2005) suggest additional criteria for
environmentally sensitive areas, namely:
a) The total nitrogen (total N) concentration shall be less than or equal to 20 mg/L in all
samples taken; and
b) The total phosphorus (total P) concentration shall be less than or equal to 10 mg/L in
all samples taken.

Testing of total N and total P to achieve NSW Health SMF accreditation is optional and has not
been carried out for all systems. It should also be noted that accreditation testing is carried out
a sewage treatment facility, not under field conditions.

Having undertaken some testing of onsite systems around Sydney, Charles et al. (2005)
concluded that there is insufficient effluent treatment data to assess sustainable nutrient loads.

In the US, the EPA and the National Sanitation Foundation (NSF) developed an Environmental
Technology Verification (ETV) protocol, under which proprietary systems can undergo a
minimum 12 month testing program to demonstrate an effluent standard of 20 mg/L total N
(Washington State Department of Health 2005).

An equivalent program to the ETV protocol in Washington has not been established in
Australia, but a similar testing program commenced in New Zealand was reported by Fletcher
(2007). The results of the New Zealand trial show that some AWTS are able to achieve median
total N concentrations of <20 mg/L.

In the absence of independently verified N and P data, the veracity of claims made by
manufacturers should be closely scrutinised. Requests made to manufacturers of NSW
accredited AWTS revealed that relatively few manufacturers have gone to the expense of
obtaining total N and total P removal data. The data that was obtained suggests that in
controlled conditions, some AWTS do potentially satisfy the 20 mg/L for total N and 10 mg/L for
total P criteria.
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3. SITE & SOIL ASSESSMENT

3.1 Catchment description

The subject land drains to Moona Moona Creek via Duck Creek. Moona Moona Creek flows
into Jervis Bay between the townships of Huskisson and Vincentia. The lower reaches of
Moona Moona Creek support an extensive wetland system, which is located approximately two
(2) km east of the subject land. The wetland is protected under State Environmental Planning
Policy No. 14 (SEPP 14 wetland No. 325). Refer to Figure 6.

The subject land makes up less than 3% of the Moona Moona Creek catchment which has an
area of 28.05 km2. The subject land is currently subject to a range of disturbances including:
e Numerous unauthorised structures, many of which are believed to have sub-standard
onsite effluent disposal systems.
e Varying degrees of vegetation clearing on a number of the properties.
¢ Informal vehicle tracks, many of which are severely eroded, exposing the erodible
subsoils.
e Construction of approximately 10 small dams.

3.2 Topography

The subject land is characterised by undulating slopes and broad drainage depressions. As
shown in Figure 7, the elevation ranges between 13 and 51 metres Australian Height Datum
(AHD). The subject land comprises two main sub-catchments separated by a broad ridge that
has a north-west south-east alignment.
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Figure 7 - Elevation of subject land (Source: SCC LiDAR data)
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As shown in Figure 8, the majority of the subject land has a slope of <7% (4 degrees). At the
western end of the proposed Environmental Living (E2) areas, the slope is 7-9% (4-5 degrees).
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Figure 8 - Slope analysis (50 m tiles). Source: SCC LiDAR data

The Huskisson 1:25,000 topographical map sheet indicates that the subject land is dissected
by a number of intermittent watercourses all of which are unnamed and flow to Duck Creek and
thence to Moona Moona Creek. However, as clearly shown in Figure 7, the upper reaches of
these are better described as open depressions associated more with sheet flow than
channelised flow.

There are two main drainage lines: one in the southern and one in northern part of the subject
land. Both of these drainage lines are associated with Swamp Sclerophyll Forest vegetation
which are included in the areas proposed to be zoned “E2 - Environmental Conservation” (refer
to section 3.4). The proposed E2 area generally includes a vegetative buffer which has an
average width of approximately 50 metres.

There are approximately 10 small dams in the subject land. Effluent should not be applied

within 40 metres upslope of any dams that are retained. This should be evaluated on a lot-by-
lot basis at DA stage.

3.3 Soils & Geology

The locality is underlain by Permian Wandandian Siltstones which form part of the Shoalhaven
Group (Ulladulla 1:250,000 sheet).

Mitchell McCotter (1994) described two soil types in the subject land, namely:
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e Duplex (textural contrast) soils comprising clayey sand / sandy loam topsoils (A
horizon) over sandy clay loam / clay subsoil (B horizon). The average depth of the
topsoil was 15 cm.

o Gradational soils (with a less pronounced transition between topsoil and subsoil)
located in the low-lying areas and drainage depressions.

Coffey Geosciences (2000) described three terrain units, namely:
« Unit 1 Ridgeline. Clayey sand A horizon over a silty clay B horizon.
o Unit 2 Sideslopes. Similar soil profile to unit 1 but deeper B horizon.
o Unit 3 Low lying land with seasonally variable groundwater. Unsuitable for effluent
disposal.

The terrain unit map produced by Coffey Geosciences is shown in Figure 9.

The main difference in soils between terrain Units 1 and 2 was the greater depth of the subsoil
(B horizon) in Unit 2 compared to Unit 1.

The duplex soils in Jerberra Estate are described by Cowman Stoddart Pty Ltd (2009) as:
“...a shallow sandy topsoil overlying a bleached A2 horizon with a yellowish brown
medium clay subsoil and general fertility is low, with a deep A2 horizon which is weak
in structure and hardsetting. The area is subject to severe soil erosion, due to the poor
road design, lack of maintenance, wide nature of the road, and the concentration of
runoff on the road.*

3.3.1  Soil sampling
Sampling undertaken by Coffey Geosciences in 1999

Coffey Geosciences undertook soil descriptions and soil testing on sub-surface soil horizon (‘B’
horizon). The results of this testing are summarised in Table 1.
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Table 1. Summary of Coffey Geosciences' soil test results

Terrain Soil texture | Emerson pH EC P ESP (%) CEC
Unit horizon class (1Slem) | sorption meq (%)
number (mg/kg)
1 A Sandy nt nt nt nt nt nt
clay loam
- sandy
clay
1 B Medium 2,6 4.7-51 0.04 - 550 29 7.5
to heavy 0.56
clay
2 A Sandy nt nt nt nt nt nt
clay loam
2 B Sandy 5 52-53 0.03- | 560 -600 20 6.0-8.0
clay - 0.07
medium
to heavy
clay
3 A Sandy nt nt nt nt nt nt
clay loam
3 B Fine nt nt nt 400 0.9 2.3
sandy
clay loam

nt = not tested

Laboratory testing was not carried out on the A horizon. This deficiency was noted by the EPA
in their response to the Coffey Geosciences report.

Sampling undertaken by Council in 2006

Surface soil sampling was undertaken by Council in 2006 to address the deficiency identified in
the work by Coffey Geosciences. This additional sampling was limited to terrain units 1 and 2,
as terrain unit 3 would be excluded from effluent disposal.

The A horizon was sampled at eight (8) locations across terrain units 1 and 2. A composite
sample from each terrain unit was sent to a NATA registered laboratory for analysis (DNR
Scone Research Service Centre). The results are summarised in Table 2 and provided in full
in the Appendices.

Table 2 - Soil laboratory results from composite A horizon samples in terrain units 1 and 2.

Terrain | Texture | EC pH | Cation Exchange Capacity (CEC) & | P sorption |P sorption| Emerson
Unit (dS/m) exchangeable cations (me/100g) capacity index | Aggregate
CEC |Na| K |Ca|Mg| Al (mg/kg) Test (EAT)
1 Sandy | 003 |52| 78 [03|06|21|14]13 321 2.6 8/3(1)
loam
2 Sandy | 0.02 |54| 66 [02[04]|13]11[12 293 24 8/3(1)
loam
3.3.2 Interpretation of soil results

The results indicate that the soil characteristics are relatively uniform across terrain units 1 and
2. The A horizon is shallow, the depth ranging from 0.05 to 0.2 m indicating that a good quality
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soil blend should be spread over the individual effluent disposal areas to improve the overall
depth of the topsoil. Soil parameters relevant to effluent disposal are summarised below.

Emerson Aggregate Test (EAT)

The EAT results indicate that the A horizon is prone to dispersion if mechanically disturbed
when moisture levels are high. According to Coffey Geosciences (2000) the B horizon in
terrain units 1 and 2 is moderately erodible. This is evident within the road reserves in the
subject land where the A horizon has been removed, exposing the B horizon to rill and gully
erosion.

Acidity/alkalinity

The A and B horizons are very strongly acid to strongly acid, limiting the availability of several
nutrients to plant uptake. The application of agricultural lime or dolomite within the effluent
disposal areas would provide more favourable conditions to plant growth.

Cation Exchange Capacity (CEC)

The CEC is the capacity of the soil to hold and exchange cations. CEC effects soil structure,
nutrient availability and the soil's response to additional nutrients. The CEC of the A and B
horizons in terrain units 1 and 2 is low. This could be improved by adding gypsum and organic
matter.

Calcium to Magnesium ratio (Ca:Mgq ratio)

The Ca:Mg ratio in the A horizon is low, bordering on Ca deficient in terrain unit 2. The B
horizon in both terrain units is Ca deficient, a characteristic linked to clay dispersion. The
addition of gypsum, lime or dolomite may benefit soil structure.

P sorption capacity

The P sorption capacity and P sorption index indicate the capacity of the soil to absorb P. The
P sorption index for the A horizon is very low. The higher P sorption capacity in the B horizon
can be attributed to the higher clay content.

The P sorption capacity can be expressed as concentration (mg/kg). P sorption values for
each soil horizon are used to calculate the total P sorption capacity of the soil profile to an
arbitrary depth of 1m, over an area of 1 ha as shown in Table 3.

Table 3. P sorption capacity (kg/ha)

Depth (m) Average P sorption | Assumed bulk density | Calculated field P
capacity in samples sorption capacity
(mg/kg) (kg/ha)
0-0.15 307 1.4 645
0.15-1.0 570 1.4 6783
TOTAL (0-1.0m) 7428

According to the NSW Health Guidelines, a P sorption capacity of >6000 kg/ha is regarded as a
‘minor limitation’. The risk of leaching of P through the soil profile increases as the P sorption
capacity is reduced and the critical value proposed by the NSW Health Guidelines is one third
of the total P sorption capacity. Based on these assumptions, the soil in the subject land could
adsorb 2476 kg/ha of P (i.e. 5 x 7428 kg/ha) before water quality is adversely impacted.
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Correspondence from the EPA in response to the Coffey Geosciences report expressed a view
that the P balance should actually be calculated only for the relatively permeable upper soil
profile. This view was based on Coffey’s soil observations, in particular, Coffey’s conclusion
that “..significant percolation to the B horizon is not envisaged” which was based on
observations of the shallow depth of the A horizon, coupled with mottling in the B horizon.
However that this suggestion would not be consistent with the methodology provided in the
NSW Guidelines for calculating the total P sorption capacity of the soil profile.

Salinity
The soils in the subject land are non-saline.

Sodicity
The soils in the subject land are non-sodic.

34  Vegetation

BES (2007) described five native vegetation communities within the subject land:

o Large-fruited Red Mahogany Swamp Forest in the north-east corner of the subject land
(approx. 4 ha)

« Blue Gum/Bangalay Hybrid Open Forest occurring in wetter area in south-west portion
of the site occupying approximately 4.8 ha.

« Blackbutt Spotted Gum Open Forest in western half of subject land (approx. 38.5 ha)
on higher slopes and crests

o Scribbly Gum - Red Bloodwood Woodland on eastern third of the subject land (approx.
23 ha) on drier crest and upper slope positions extending to mid-slope positions.

o Melaleuca Bangalay Swamp Forest occurs in the south-west drainage line (approx. 4.1
ha).

A map showing the distribution of these is provided in Figure 10. The Large-fruited Red
Mahogany Swamp Forest and the Melaleuca Bangalay Swamp Forest were collectively
classed as Swamp Sclerophyll Forest, an Endangered Ecological Community (EEC) on the
NSW Threatened Species Conservation Act, 1995.
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Figure 10 - Vegetation communities (source: BES 2007)

While the tree canopy remains partly intact across most of the subject land, approximately one
third to one half of the subject land has been under-scrubbed. Vegetation on a number of lots
is still relatively undisturbed.

Some tree removal would be recommended on many of the developable lots to improve sun
exposure in the effluent disposal areas during winter (refer to section 3.5).

3.5 Sun and Wind Exposure

Sun and wind exposure influence the effectiveness of evapotranspiration, a key process in the
water cycle and important parameter in determining the minimum effluent disposal area.

Sun exposure is affected by topography and vegetation (if it creates shading). Vegetation
within the subject land is generally open forest with a shrubby understorey. About one third of
the subject land has been under-scrubbed. It is likely that some clearing would be required to
meet bushfire asset protection zone requirements, in which case, sun exposure may improve
slightly. However to create more optimum sun exposure additional clearing would be required.

Topography, viz., the combination of slope and aspect influence the level of sun exposure. The
slope is gently inclined (refer to Figure 8). The aspect of the subject land is shown in Figure
1.
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Figure 11 - Aspect of subject land (source: SCC LiDAR data)

The majority of the proposed developable lots (approximately 2/3) would have a favourable
aspect (north-west through to north-east).

3.6 Climate

Coffey Geosciences (2000) used rainfall data from the Jervis Bay (Point Perpendicular)
weather station in their water balance calculations. However, Point Perpendicular is
approximately 19 km east of the subject land. Advice provided by the Bureau of Meteorology in
this regard is that Wandandian (stn no. 068222) is more appropriate as it is closer to the
subject land (approximately 10 km), and is a similar distance from the coast.

The nearest available evaporation data are from Albatross. Median monthly precipitation
(Wandandian) and mean monthly evaporation (Albatross) are illustrated in Figure 12.
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Figure 12 - Comparison of mean
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monthly evaporation (Albatross) and median monthly rainfall

The data presented in Figure 12 show that evaporation exceeds precipitation throughout the
year. The difference between precipitation and evaporation is least during May and June.

3.7 Summary of site and soil assessment

Site Feature Limitation Implications/comments
category
Flood potential minor Not mapped as flood liable
Sun & wind exposure | moderate Evapotranspiration may be reduced by shading

from trees or southern aspect. May improve as
development proceeds, depending on extent of
tree removal and solar orientation of effluent
disposal systems (will have to be addressed at DA
stage).

Slope

minor to moderate

Surface irrigation not recommended for slopes
>6%

Runon, groundwater
ingress

minor to moderate

Groundwater cut-off trenches or diversion drains
should be incorporated into design for individual
dwellings at DA stage.

Erosion potential moderate Care should be taken to avoid exposing the clay
subsoil.
Site drainage minor Poorly drained land to be excluded from effluent

disposal

Buffer distances

minor to major

Buffer distances from watercourses are provided
through provision of buffers to protected flora
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which occur in the main drainage lines (Melaleuca
biconvex and Swamp Sclerophyll Forest EEC)

Land area minor to major A number of the lots are too small to safely
accommodate onsite effluent disposal. This will be
addressed by requiring the amalgamation of lots
through the minimum lot size map.

Rock/rock outcrop minor

Geology/regolith minor

Other

Soil Characteristic | Limitation Implications/comments

category

Depth of topsoil major Importation of organic soil recommended.

Depth to bedrock minor

Episodic water table | moderate Mottling in B horizon indicates imperfect drainage

depth and may become saturated for extended periods of
time.

pH moderate Addition of lime/dolomite recommended at 2.5
kg/10 m2 to optimise plant growth (and utilisation of
effluent nutrients)

Electrical conductivity | minor

(EC)

Sodicity minor

Cation exchange moderate Importation of good quality soil recommended.

capacity (CEC)

P sorption minor

Soil structure, moderate Soil amelioration and/or importation of organic-

aggregate stability

based soil blend recommended. Addition of
gypsum prior to organic matter is recommended.

3.8 Area available for effluent disposal

The area available for effluent disposal would depend on a range of factors including:
e ot size & configuration;
e slope and aspect; and
e size and position of building footprint and other features such as sheds, driveways,

paths etc.

Existing lot sizes

As can be seen in Figure 13 below, there is currently a wide variation in lot size in the subject
land. 45 properties are less than 0.2 ha and 81 properties are less than 0.3 ha. A number of
the smallest lots are within the proposed E2 area (where no development is proposed).
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Figure 13 - Histogram of Jerberra Estate property sizes

This strategic assessment concerns the ability of the existing lot configuration to accommodate
onsite effluent disposal whilst meeting environmental and health objectives; and whether lot
consolidation is necessary to meet these objectives. As the lot size and configuration varies, it
is necessary to determine the relationship between lot size and the area available for effluent
disposal.

The area available for onsite effluent disposal on individual lots was determined for nine (9)
‘case study’ lots ranging in size and configuration. A site plan was drawn for each lot, showing
a building envelope (15 metres x 20 metres) set back at least 10 metres from the front
boundary and with a 3 metre wide driveway access. The accepted minimum setbacks were
applied to these features.

The area available for effluent disposal also varies depending on whether the method of
application is surface or subsurface. In the case of surface spray irrigation, a 15 metre setback
is required from dwellings, whereas the setback for drip or trickle irrigation is between 3 and 6
metres depending on slope. Thus, the area available for drip or trickle irrigation would be
expected to be greater than for surface spray irrigation. For each lot, two scenarios were
calculated:

1. Area available for above-ground spray irrigation; and
2. Area available for sub-surface drip irrigation.

An example of one of the prepared site plans is provided in Figure 14. All of the case study site
plans are provided in the Appendices. This analysis was undertaken prior to the planning
proposal being prepared and some of the lots are not proposed to be developed. Nevertheless
the data allows the relationship between the lot size and the area available for effluent disposal
to be established.
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Figure 14 - Sample site plan showing building envelope, driveway & effluent disposal area

The lot size and area available for onsite effluent disposal, including for drip/trickle irrigation or
surface spray irrigation, are provided in Table 4 and Figure 15.

Table 4 - Areas available for effluent disposal on case study site plans

Lot area (m?) | Area available for | Area available for
drip or trickle surface irrigation
irrigation (m2) (m2)

1188 269 51
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1226 211 0
1802 646 160
1935 530 282
2320 974 607
2561 1520 231
2782 1402 699
3465 1912 1147
4844 3142 2110

The data shown in Table 4 is shown graphically in Figure 15.
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Figure 15. Relationship between lot size and onsite effluent disposal area

The regression equations can be used to calculate the lot size that would be required for a
given effluent disposal area, where:

LS = lot size

EDA = effluent disposal area

For example, the lot size required to provide 1,500 m2 for effluent disposal (including reserve
area) would be:

Minimum lot size equation 1 - spray irrigation

LS = 1.6408 X EDA + 1494
= 1.6408 X 1,500 + 1494
= 3,955 m2

Minimum lot size equation 2 - subsurface irrigation
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LS = 1.2158 X EDA + 1025
= 1.2158 X 1,500 + 1025
= 2,849 m2

Any additional setback requirements, for example if other sheds or other structures are located
outside of the building envelope would mean that less land is available for onsite effluent
disposal.
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4, LITERATURE REVIEW

4.1 Characteristics of domestic wastewater

Household wastewater includes blackwater, which contains human excreta and water grossly
contaminated with human excreta, and greywater; wastewater from kitchen, bath, shower and
laundry. Greywater is also contaminated with human excreta and includes detergents,
cleaning agents, fats and oils, food wastes and various other substances including organic
wastewater compounds such as surfactant metabolites, steroids, stimulants, antimicrobial
agents, and pharmaceutical compounds (Seigrist, et al. 2007).

Characteristics of Typical Untreated Domestic Wastewater are summarised in Table 5.

Table 5 - Constituents of untreated domestic wastewater

Parameter NSW guidelines (NSW Health | Literature (Lowe, et al. 2006)
1998)

Biochemical oxygen demand 200 - 300 343 (30 - 1147)

(BODs) [mg/L]

Suspended solids [mg/L] 200 - 300 293 (18 - 2232)

Total N [mg/L] 20-100 63 (44.1 - 189)

Total P [mg/L] 10-25 19 (13.0-25.8)

Faecal coliforms [cfu/100 mL] 108 - 1010 4.9 x 105 (104 - 108)

Domestic wastewater must be treated to prevent damage to the environment and minimise
health risks. The main health risks concern pathogens in wastewater including faecal coliforms
and viruses.

411 Pathogens

Pathogens are micro-organisms that can cause diseases. Pathogens include bacteria,
protozoa and viruses. Pathogenic organisms are present in high numbers in untreated
domestic wastewater. Wastewater treatment, including disinfection, decreases the number of
pathogenic organisms present. Faecal coliforms are used as an indicator of pathogenic
contamination.

4.1.2 Nutrients

Domestic wastewater contains relatively high concentrations of the elements nitrogen (N) and
phosphorus (P), essential macro-nutrients for plant growth.

These elements are present in organic and inorganic forms, derived from urea and human solid
wastes, and the decomposition of proteins contained in waste from the household, including
cleaning agents. The amount of phosphorus contained in cleaning agents has decreased
significantly in recent years.
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The discharge of excess N and P can adversely impact on downstream ecosystems in the long
term. High concentrations of nitrogen and phosphorus in waterways can be an important
contributor to eutrophication. Symptoms of eutrophication may include algal blooms and
seagrass decline.

4.2 Nitrogen in the environment & removal from wastewater

Nitrogen (N) gas comprises 78 % of the Earth’s atmosphere, but most plants and animals
cannot use nitrogen gas directly, instead relying on nitrogen to be "fixed" from the air and
bonded to hydrogen or oxygen to form inorganic compounds, mainly ammonium (NH4*) and
nitrate (NO3") (Fields 2004).

The amount of gaseous N being fixed at any given time by natural processes represents only a
small addition to the pool of previously fixed nitrogen that cycles among the living and nonliving
components of the Earth’s ecosystems as shown in Figure 16. Most of non-gaseous N is
unavailable, locked up in soil organic matter and plant and animal remains (ibid.).

Nitrogen-fixing organisms include a relatively small number of algae and bacteria. Of particular
importance are Rhizobia, which form symbiotic relationships with peas, beans, alfalfa and other
legumes, growing on nodules on their roots. These bacteria manufacture an enzyme that
enables them to convert gaseous N directly into plant-usable forms. A relatively small amount
of N is fixed by lightning (ibid.).

Nitrogen enters estuarine systems via catchment runoff, tidal transport and fixation of gaseous
N from the atmosphere. It is lost from the system mainly by tidal and freshwater flushing and
diffusion of gases to the atmosphere (NSW Department of Natural Resources 2009), as shown
in Figure 16.
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Figure 16 - Nitrogen cycle in context of estuaries (NSW Department of Natural Resources 2009)
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Treatment processes for nitrogen removal involve sequential nitrification/denitrification. While
there are other removal processes, biological nitrification/denitrification is the only process that
has been demonstrated to be economically and technically feasible for onsite N removal
(Washington State Department of Health 2005).

Nitrification uses aerobic processes to transform organic nitrogen and ammonia products to
nitrate. A variety of treatment devices can be used to aerate the wastewater, such as aerobic
treatment units utilising blowers or fans, or more passive trickle devices using sand, gravel or
other filter media.

Denitrification requires shifting the wastewater from aerobic to anaerobic (without oxygen,
anoxic) to allow the growth of denitrifying bacteria which utilise the nitrate-bound oxygen and
organic carbon in the wastewater, and transform the N to gas. An inadequate supply of organic
carbon will limit the denitrification process (ibid.).

In reality, achieving the correct environmental conditions is complicated by several factors
including:
o fluctuating flow rates;
fluctuating waste strengths;
temperature;
acidity and alkalinity; and
inhibitory compounds.

According to Washington State Department of Health (ibid.) removal rates of 50 — 70% can be
reached fairly consistently but achieving higher removal rates and consistently low N
concentrations requires more complex treatment and more onerous monitoring and
maintenance.

Denitrification can account for significant N losses in certain soil conditions, particularly where
there is an impermeable B horizon.

4.3 Phosphorus in the environment & removal from
wastewater

Phosphorus (P) is a naturally occurring element that exists in minerals, soil, living organisms
and water. P is the least mobile of the major plant nutrients. The forms of P summarised from
Wiederholt and Johnson (2005) include:

e Organic P - the principal form of phosphorus in the manure of most animals. About
two-thirds of the P in fresh manure is in an organic form.

e Soluble P - can include small amounts of organic P, as well as ‘orthophosphate’. It
also is the form subject to loss by dissolution in runoff and to a lesser extent, leaching.
Soluble P is the smallest proportion of the total P in most soils.

When soluble P is added to soil, the soil's pool of soluble P increases and is
transformed over time to less soluble (less plant available) forms.

e Attached or "bound" P - inorganic P unavailable for plant uptake. A large amount of the
soil's P is bound in compounds that are formed when the anionic (negatively charged)
forms of dissolved P become attached to cations, such as iron, aluminium and calcium.
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Attached P includes labile, or loosely bound, and "fixed," or tightly bound, P
compounds.

P that is loosely bound to soil particles (labile P) remains in equilibrium with soluble P. When
plants take up soluble P, labile P is converted to the soluble form to maintain the equilibrium
(ibid.).

The concentration and load of particulate and soluble forms of P in waterways reflect the
stresses imposed by land uses and land practices in the catchment. All soils naturally release
some soluble P into surface runoff. Soil P concentrations affect the concentration of soluble P
in runoff. Substantial evidence shows soluble P concentrations in runoff increase linearly with
increasing soil P concentrations. However, this linear relationship varies between soil types
(ibid.).

Damann et al. (1998) reported that in a controlled trial of alternate nutrient removal systems in
Florida, P sorbing materials in a lined irrigation bed performed best in terms of P removal with
<1 mg/l total P in treated effluent.

4.4 Onsite Wastewater Systems (Secondary & Advanced)

4.41 Introduction

This section outlines a range of secondary treatment systems, add-on treatment processes and
wastewater reduction/management options that could be considered for the subject land.
Potentially, there are numerous types of systems that can be used in isolation or in combination
to manage effluent on constrained sites. Secondary treatment systems provide treatment
beyond primary settling in a septic tank, incorporating aeration of the wastewater. These
generally include AWTS, single pass and recirculating sand/rock filter systems, biological
filtration systems. Advanced systems utilise nutrient removal process either for nitrogen and/or
phosphorus. Such systems potentially include amended earth mounds, membrane filtration,
and optional phosphorus removal processes for AWTS. Various types of systems are
described in this section.

4.4.2 Aerated wastewater treatment systems (AWTS)

Aerated wastewater treatment systems (AWTS) incorporate active oxygenation of wastewater
to promote aerobic biological processes. Effluent can be oxygenated either mechanically (i.e.
using air pumps/blowers) or passively (e.g. trickling filter).

The level of treatment achieved by AWTS depends on a number of factors including
maintenance of an adequate microbial biomass in the aeration chamber. Fluctuations in
hydraulic load (e.g. caused by intermittent or variable occupancy) and effluent strength can
cause fluctuations in microbial conditions and therefore AWTS performance. Microbial
populations are also susceptible to the presence of anti-bacterial agents in effluent due to
inappropriate use of household cleaning productions, anti-biotic medications and other
biocides.

AWTS vary in respect of process used, but consist mainly of attached growth or suspended
growth process. Oxygen is supplied to the tank in a number of ways: air diffusers; mechanical
mixing or by trickling wastewater through a porous filter media. At least one AWTS

Jerberra Estate, Tomerong - Strategic Onsite Effluent Disposal Assessment



34

manufacturer has an optional P removal process which involves dosing with a flocculating
chemical (ferric chloride) to precipitate and bind phosphorus to the sludge which must be

periodically removed.

Research commissioned by the SCA involved sampling from 44 operating AWTS. The results
generally met NSW Health requirements for the tested parameters as shown in Table 6.

Table 6. Concentrations of nutrients from 44 operating AWTS in the Sydney region (Charles et al. 2005;

Charles, pers. comm., 2006)

Total N Total P SS BOD Free chlorine
[mg/L] [mg/L] [mg/L] [mg/L] [mg/L]
average 22 14 18 11 0.5
80t percentile 32 19 27 15 0.5
NSW Health guideline value 25-50 10-15 <30 <20 0.2-2.0

The average concentrations or total N and total P reported above (22 and 14 mg/L
respectively) have been included in the nutrient balance calculations.

4.4.3 Biological filter systems

Biological filter systems involve passing effluent over fixed media inoculated with micro-
organisms. Effluent is trickled through media inoculated with worms and micro-organisms and
is passively aerated in the process. There are currently two manufacturers of accredited
biological filter systems. Both of these treat effluent to a sufficient standard to be disposed of
via sub-surface drip irrigation.

On constrained sites where nitrogen or phosphorus is the limiting factor, consideration should
be given the nutrient removal capability of the specific system. Independent test data for the
specific system should be used for nutrient balance calculations.

Biological filter systems generally have lower power requirements to many AWTS and are a
viable alternative to AWTS in some situations such as where power is not available or supply is
prone to regular disruption.

444 Membrane filtration

Membrane filtration involves the use of a non-absorbent, porous membrane to trap particles
(including bacteria) and filter water. There are four categories of membrane types based on
pore size: reverse osmosis; nanofiltration, ultrafiltration; and microfiltration. The pore size
dictates the quality of filtered liquid (Mallia and Till 2001). Finer pore sizes produce higher
quality effluent but are more prone to fouling.

Pore sizes commonly employed in wastewater treatment are typically 0.1 to 10 microns
diameter (microfiltration), filtering a very high proportion of suspended solids and pathogenic
organisms.
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Membrane filtration is highly energy intensive process especially if pretreatment is inadequate
Membranes can be expensive to replace and the cost of installation and servicing may be
prohibitive to individual landholders.

Currently, two AWTS accredited by NSW Health incorporate membrane filtration. The
certificate of accreditation for one of these provides the following nutrient removal information
derived from testing under controlled conditions:
e Total N reduced on average from 45.6 mg/l to 6.19 mg/l; a
reduction by 86%;
e Total P reduced on average from 7.6 mg/l to 0.29 mg/l; a reduction
by 96%.

The manufacturer of this system indicated that the cost for the system alone would be
approximately $10,000, excluding installation and irrigation system costs. The system requires
servicing every 6 months (although the certificate of accreditation stipulates quarterly servicing)
at a cost of around $600 p.a. The manufacturer indicated that this service fee covers cleaning
and eventual replacement of the membranes.

The certificate of accreditation for another membrane system accredited as an AWTS provides
the following nutrient removal information:
e Total N reduced on average by 87% with all samples recording less than 20 mg/L total
N;
o Total P reduced on average by 89% with all samples recording less than 10 mg/L total
P.

Membrane filtration could also be an option for a community-scale or cluster system due to
economies of scale.

4.4.5 Sand filters

Sand filters are most commonly used to provide a higher standard of treatment after primary
treatment in a septic tank, before sub-surface disposal. They could also be used to provide
additional treatment following an AWTS or biological filter system if this was cost effective.

Recirculating filter systems typically use sand, foam, textile or biodegradable media (Pratt, et
al. 2004). Currently, one sand filter is accredited by NSW Health.

Sand filters could however be used to ‘polish’ effluent after treatment by AWTS or biological
filter system. Sand filters may treat wastewater in a single pass, or may recirculate the
wastewater through the sand filter a second or third time.

Recirculating filters may be appropriate in environmentally sensitive areas or where effluent
must be treated to a high standard. After the wastewater has passed through the filter for the
first time, it is collected and piped to a recirculating tank where it mixes with the septic tank
effluent. When the recirculating tank is low, the effluent is recirculated through the filter for a
second pass. When the recirculating tank is full, a valve diverts the water to the disposal pipes,
to prevent overloading the system (Perkins 1989). The ratio of sand filter effluent that is
recirculated should range from 3:1 to 5:1.
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Recirculating filter systems are noted for their ability to remove N from effluent following
primary treatment. Performance varies significantly, typically between 40% and 75% of influent
N is removed, and is largely dependent on an adequate carbon to nitrogen ratio (>5:1) and
adequate oxygen supply in the aerobic phase (Damann, et al. 1998; Davison and Herity 2005);
Jantrania, et al. 1998; Loomis, et al. 2001; and Pratt, et al. 2004).

446 Wetlands

In a horizontal sub-surface flow wetland (HFW) wastewater flows horizontally through a bed of
gravel into which reeds have been planted. Oxygen transfer from the roots of the reeds
creates aerobic micro-sites in a predominantly anaerobic/anoxic environment. Nitrification and
denitrification processes can occur simultaneously (Davison et al. Undated).

In vertical flow wetlands (VFW) wastewater flows vertically down through a largely aerobic
environment of sand or gravel substrate planted with reeds providing a similar level of
treatment to a single pass sand filter.

Research by Davison (ibid.) at Lismore on the NSW North Coast has explored the use of
various combinations of sand filters, horizontal and vertical flow wetlands to optimise
nitrification and denitrification processes for N removal. The report states:

It is suggested that a fruitful area for further research in combined vertical
flow/horizontal flow systems would be the intentional bypassing of a fraction of primary
treated effluent to the horizontal flow device as a way of providing the carbon for
denitrification. The fact that, on a number of occasions in this study, solitary HFWs
achieved TN load removals in excess of 80% indicates that the added complexity and
expense entailed in combined systems may not be warranted (especially in smaller
systems) until further light is shone on their nitrogen removal requirements.

The literature suggests that well designed sand filter/constructed wetland combinations can
remove significant portions of nitrogen and phosphorus. The main weakness of these systems
appears to be the consistency of performance, which can partly be attributed to substrate
material used and influent quality and variability. Particle size and uniformity are critical to the
rate at which effluent passes through the system, which strongly influences the degree of
treatment achieved.

Removal of both nitrogen and phosphorus may decline after initial establishment of the
wetland(s) depending on the system design and materials used. More consistent N removal
can be achieved by recycling a portion of the treated effluent back through the system (Brix and
Arias 2005; Davison et al. Undated)).

Davison et al. (undated) tested a number of combinations of sand filters and constructed
wetlands and obtained variable results. For example Davison reported:

Total phosphorus (TP) removals varied from <0% to 90% of influent load in the seven
HFWs studied. Removal was highest in those reed beds following a sand filter and
therefore having wastewater with a high redox potential. All of the reed beds studied
were less than 18 months old at the time of sampling and removal rates are expected
to decline as available precipitation and adsorption sites saturate.
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Total nitrogen (TN) load removal by HFWs in both parts of the study exceeded 80%
during the period of rapid reed growth. This removal rate declined to closer to 60%
after approximately a year, a figure which corresponds to performance found in other
local studies. Because of the complexity of nitrogen dynamics in HFWs it is difficult to
increase TN removal by increasing residence time alone. The Second Study at the
Test Facility highlights the importance of the reeds in the complex nitrogen removal
process.

The ability of constructed wetlands to remove phosphorus depends largely on the substrate
material used. Mann (1997) trialled 9 substrata in constructed wetlands including 6 steelworks
by-products including granulated blast furnace slag, blast furnace slag, steel slag, fly ash,
bottom ash and coal wash. Korkusuz et al. (2004) achieved 60% total phosphorus removal in a
VFW using granulated blast furnace slag in the substrate compared to 9% for gravel. A review
of literature on substrate materials used in wetlands for phosphorus removal was undertaken
by Westholm (2006). It is difficult to compare studies on phosphorus removal due to the large
range of variables in methods and experimental design. Slag materials were noted for their
potential phosphorus removal capabilities, yet it was concluded that in relation to all materials,
there is no empirical data on the longevity of phosphorus removal from the use of various
substrate materials.

Attempts to find an effective phosphorus sorbing material for use in wetland substrate in
Denmark were abandoned in favour of dosing the sedimentation tank with aluminium
polychloride to precipitate phosphorus and remove via annual desludging (Brix and Arias
2005).

Constructed wetlands are reputed to be low maintenance, have low power consumption
requirements, and be more stable than many other treatment systems.

4.4.7 ‘Wisconsin’ sand mounds

The Wisconsin sand mound was developed in the US in the 1970’s to overcome soil and site
limitations such as low soil permeability, high groundwater, shallow soils etc. The system
normally includes septic tank, dosing chamber and elevated sand mound. Alternatively effluent
could be aerobically pre-treated. The mound itself consists of a layer of sand, aggregate, a
pressure distribution network and is covered by a layer of topsoil (Blasing and Converse 2004).

Treatment provided within sand mounds is similar to that provided in a single-pass sand filter.

Leakage at the toe of the mound during saturated conditions is the main failure mechanism for
this type of system and can be associated with pathogen contamination although it has been
argued that this does not pose a health or environmental concern (Blasing and Converse
2004). Blasing and Converse (ibid.) reported nitrogen removal efficiencies of 55% from pre-
treated effluent to the toe of the mound across a range of mound systems. Other removal
efficiencies reported were 80% of total suspended solids and 99.8% of faecal coliforms.
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448 Amended earth mound systems

Amended earth mound systems are similar to Wisconsin sand mounds except that they are
lined with an impervious barrier and various materials with nutrient (particularly P) absorbing
properties are mixed with the sand. P removal occurs primarily by chemical and physical
adsorption and/or complexation and precipitation with Fe, Al or Ca (Pratt, et al. 2004).

Materials used to remove P typically include red mud, blast furnace slag, fly ash and lightweight
expanded clay aggregate. A system marketed in NSW utilises blast furnace slag which is
mixed with sand.

Amended earth mound systems typically comprise:
e aseptic tank;
o two ‘cells’ underlain by an impermeable membrane that are used in rotation; and
e aleach drain is located in the centre of each cell, surrounded by the amended medium
which is covered by topsoil and planted with grass and/or shrubs to aid
evapotranspiration.

The cells are used alternately at 3-6 month intervals.

Amended earth mounds can operate with little or no power depending on whether effluent
enters via gravity or is pumped. However, there is a relatively high capital cost (typically
$13,000-$15,000) and the mounds can limit amenity of the area.

Staff in Council's Development & Environmental Services have indicated the incorrect
installation of amended earth mounds is not uncommon. In some cases the mounds are
installed too deep in the soil profile (in an effort to make them less visible) reducing the
potential evapotranspiration.

Amended earth mound systems do not require accreditation in NSW and there is no
independent test data for the systems being marketed for individual residences.

A manufacturer of amended earth mounds claims to achieve effluent with 10 mg/l or less of
total N and <1 mg/l total P. Available data however suggests less N concentrations can be
substantially higher. A study commissioned by the Sydney Catchment Authority (SCA)
involving a commercial amended earth mound designed to treat up to 5000 L/day (i.e. larger
than a domestic scale system), found P removal varied between 98.3% - 99.6% (20t and 80t
percentiles) equivalent to approximately 0.07 mg/L P. P removal was inversely correlated to
hydraulic load. N removal was poor at 0 — 69% (20t and 80t percentiles). The average N and
P concentrations were 40 mg/L N and 0.07 mg/L P (Charles, et al. 2004).

Hydraulic load and climate are likely to influence to the N removal efficiency. No data is
currently available to validate nutrient removal performance of amended earth mounds in the
Shoalhaven.

4.5 Wastewater Reduction Options

In addition to limiting the scale of development, there are several options for households to
reduce water consumption and these should be considered particularly for sites with limited
area available for effluent disposal. These options are discussed in the following sections and
include:
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1. use of dry composting and hybrid toilets to reduce the volume of blackwater;
use of water efficient plumbing fixtures which reduce the volume of blackwater and
greywater; and

3. reuse of greywater for toilet flushing and laundry use.

451 Dry Composting Systems & ‘Hybrid’ Toilets

Composting toilets (also known as humus closets or biological toilets) are systems which rely
on the principles of composting by micro-organisms to decompose human waste, paper and
other materials into humus. Dry composting systems can consist of either single or multi-
chamber systems. The multi-chamber carousel type must be rotated after each chamber is
filled. Dry composting systems are typically installed directly below the toilet and treat toilet
waste only.

Micro-organisms decompose the material, with around three quarters of it being converted to
carbon dioxide and water vapour. Air drawn through an exhaust pipe removes these gases
and maintains an aerobic environment. The remaining solids are converted to friable compost.
Excess liquid either flows into the greywater stream, which includes all other wastewater
generated in the bathroom, kitchen and laundry, or is directed to a separate wastewater
treatment system and land application area.

The maintenance of the composting toilet is the responsibility of the owner/occupier and is not
normally subject to a maintenance contract. Maintenance varies among composting toilets, and
the needs of particular units should be specified clearly in a manual provided by the
manufacturer. If maintenance is not undertaken properly there is an increased risk of disease
and odour generation. It is recommended that an approved contractor service units annually.
The minimum composting period should be 12 months.

Unless otherwise permitted by Council or the NSW Department of Health, all compost from the
system must be buried within the boundaries of the premises. The cover of the soil over the
deposited humus must be at least 300 mm. Compost must also not be buried in an area used
for the cultivation of crops for human consumption, unless:
e compost is placed in a separate lidded composting bin providing aeration for at least
three months with no further addition; or
e compost has seasoned underground for at least three months. (Hornsby Shire Council
Undated).

Dry composting toilets are generally direct-drop installations. Therefore, their exclusive use in
a dwelling is a significant design limitation.

If dry composting toilets are used exclusively in a household, the wastewater load would be
reduced by 50-60 litres per person per day compared to a household with standard plumbing
fixtures (refer to Table 7) equivalent to 30-40% of total effluent volume. However, with the use
of more water efficient toilets (assisted by the introduction of BASIX) the capacity of dry
composting toilets to reduce household wastewater generation is less. Refer to section 4.5.2.

The Hybrid Toilet has a drop toilet over a dedicated, water-filled primary anaerobic digestion
tank. Displaced effluent then enters a secondary treatment chamber via a series of baffles.
Aeration is provided passively through tank ventilation and surface-overflow and micro-
organisms are encouraged to grow on plastic pipe media. The toilet can be either zero flush or
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‘micro’ flush (i.e. 0.3 L). The very long solids and liquid detention times provide effective
stabilisation. The liquid overflow can then be disposed of appropriately or subject to further
treatment. The system requires odour ventilation and must be periodically de-sludged. The
system requires at least 1.3 metres of space below floor level which makes it difficult to add to
existing dwellings.

4.5.2 Water efficient plumbing fixtures
Wastewater generation can also be markedly reduced by using water efficient plumbing

fixtures. This is reflected in the water use figures provided in AS1547 (2000) and a draft
revision of AS1547 (DR07920) (Standards Australia 2008) as shown in Table 7.

Table 7 - Wastewater generation rates for rainwater tank supply based on AS1547 (2000) and Draft AS/NZ
standard (DR 07920:2008)

Source Typical wastewater flow allowance (L/person/day)*
Rainwater tank Reticulated/town

Households with extra wastewater producing facilities 180 220
Households with no water saving features 180 200
Households with standard fixtures 140 180
Households with standard water reduction fixtures! 115 145
Households with full water reduction fixtures23 80 110
Blackwater only 50 60

Greywater only 90 120

Notes

1 Standard water reduction = 5.5/11 litre dual flush toilets, shower flow restrictors, aerator taps, and “water
conserving automatic washing machines”.

2 Full water reduction = 3/6 litre dual flush toilets, shower flow restrictors, aerator taps, “front load washing
machines”, and flow/pressure control valves on all water use outlets.

3 Additionally, full water reduction may be achieved by treatment of greywater and recycling for toilet flushing
and washing machines.

4 Number of persons should be based on maximum occupancy.

The Water Efficiency Labelling and Standards (WELS) Scheme requires mandatory water
efficiency labels on all showers, toilets, domestic washing machines and dishwashers, urinals
and some types of taps, as well as voluntary water efficiency labels on flow control devices
(Australian Government 2009). The WELS Water Rating label is similar in appearance to the
Energy Rating label (which clothes washing machines and dishwashers are also required to

carry).

Toilet cisterns are subject to a mandatory water efficiency requirement of an average of 5.5 L
per flush, which for a dual flush, equates to 9/4.5 L per flush. The combined effect of the
WELS scheme and BASIX is that new dwellings need to be fitted with ‘standard water
reduction fixtures’ or better as referred to in AS1547. However, additional water generating
fixtures such as spas have the potential to offset these efficiency gains.
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4.5.3 Greywater reuse

There are two main ways in which household greywater can be reused: either through a
greywater diversion device; or through a greywater treatment system and reuse for a beneficial
purpose. These are briefly discussed below.

4.5.3.1 Greywater Diversion

Greywater diversion devices divert untreated greywater directly to a subsurface disposal
system. They can be either gravity or pump-assisted. Storage for more than 24 hours is not
permitted. No treatment is provided prior to application to the irrigation system and in the case
of the subject land, could adversely impact on human health and/or the receiving environment.

4.5.3.2 Greywater Treatment & Reuse

Greywater treatment and reuse systems collect, store and treat greywater to a standard
suitable for toilet flushing and laundry use. Treatment involves primary settling and flotation,
aerobic and anaerobic digestion, clarification and disinfection. A greywater reuse and
treatment system would also add significant cost (typically between $5,000 and $15,000) to the
household wastewater treatment system.

Several greywater treatment systems are accredited by NSW Health to treat greywater for use
in toilet flushing and laundry use (cold water inlet for washing machine) and general garden
use. Use of the treated greywater on hardstand areas or for car washing is not permitted.

There are some concerns relating to an accumulation of salts in the greywater if it were reused
for laundry purposes. Trends towards the use of low phosphorus detergents have resulted in
the replacement of phosphorus with salts in powdered laundry detergents. For example,
Whitehead and Patterson (2007) calculated salt and nutrient loads for greywater from a typical
household as follows:

e 37.6 kg of salt per year

e 11.6 kg of sodium per year

e 1.4 kg of phosphorus per year

This can be addressed by the use of low/no phosphorus laundry liquids rather than powders.
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5. EFFLUENT DISPOSAL CALCULATIONS

The minimum irrigation area is determined by calculating the:
e water balance;
e nitrogen balance; and
e phosphorus balance;

The limiting factor is used to determine the area required for effluent disposal.

5.1 Water Balance

A water balance is based on the following equation:
Design Precipitation + Wastewater Applied = Evapotranspiration + Percolation

The variables in the water balance equation are discussed in detail below.
5.1.1  Water supply, plumbing fixtures and wastewater generation

Reticulated (town) or non-reticulated (rainwater tank) supply?

Reticulated water supply is provided at Tomerong village and a 100 mm main extends from
Tomerong along Pine Forest Road to within approximately 1 km of the subject land. It is likely
that this existing line would need to be augmented if it were to be extended to the subject land.

Both water supply options have been considered in the water and nutrient balance calculations.

According to AS1547, hydraulic loading rates are 20-30% higher for households which have a
reticulated water supply compared to those which rely solely on rainwater tanks (refer to Table
7). This means that households which have a reticulated water supply are likely to generate
more wastewater and therefore require a larger effluent disposal area than those which rely on
rainwater supply. In effect this means that fewer dwellings could be accommodated if
reticulated water supply were to be provided.

AS1547 provides three categories of water reduction fixtures as described in Table 7. The
number of equivalent persons for 2, 3, 4 and 5 bedroom dwellings is provided in Table 8.

Table 8 - No. equivalent persons for 2, 3, 4 & 5 bedroom dwellings (AS1547:2000)

# bedrooms 2 3 4 5

equivalent persons 4 6 8 10

Based on the above information, the wastewater generation rates for various combinations of
water supply, dwelling size, and water reduction fixtures is provided in Table 9.
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Table 9 - Wastewater generation scenarios

Water supply Town Tank
# bedrooms 2 3 4 5 2 3 4 5
nil 720 1080 1260 1440 560 840 980 1120
Water reduction | standard 580 870 1015 1160 460 690 805 920
fixtures full 440 660 770 880 320 480 560 640
Recommendation:

Unless otherwise demonstrated in a detailed site and soil assessment report, full water
reduction fixtures should be mandatory. This should be stipulated in a Development Control
Plan for the subject land.

5.1.2 Evapotranspiration

Evapotranspiration (ET) is calculated by multiplying pan evaporation (Epan) by a crop factor (C).

Handreck and Black (2001) reviewed crop factors for a range of crop types. These are
summarised in Table 10.

Table 10 - Crop factors for different vegetation types

Crop/plant type Crop factor (C) range
low High

Trees 0.3 0.8

Shrubs 0.3 0.7

Ground Covers 0.3 0.6

Turf - Cool season grasses | 0.65 0.85

(Bentgrass, Bluegrass, Tall
Fescue, Ryegrass)

Turf - Warm season 0.25 0.7
grasses (Buffalo, Couch,
Kikuyu, Zoysia)

The crop factor for cool season grass species is generally about 0.3 higher than warm season
grasses.

A crop factor of 0.65 is considered appropriate for this assessment. This assumes minimal
shading, especially important during winter. It should be noted that additional tree removal
would be required on many lots to create more optimal sun exposure.

5.1.3 Percolation Rate/Design Irrigation Rate (DIR)

The percolation rate or design irrigation rate (DIR) should reflect the long term acceptance rate
of the soil. AS1547:1994 prescribed various clean water percolation tests which were then
converted to the long term acceptance rate. This approach is not espoused by AS1547:2000
and a desktop approach is promoted instead.
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There is some inconsistency between DIR recommendations between AS1547:2000 and the
NSW Health guidelines. The NSW guidelines refer to a generic percolation rate of 5 mm/week
irrespective of soil type. This is conservative by comparison to AS1547 which specifies a
Design Irrigation Rate (DIR) of 15 mm/week for medium to heavy clay soils.

Given the presence of mottling in the B horizon, a reasonably conservative DIR of 10 mm/week
is considered appropriate for this assessment.

In reality, the long term rate at which effluent can percolate through the soil profile is influenced
significantly by effluent quality: the cleaner the effluent, the higher the long term acceptance
rate.

It is recommended that a suitable imported landscape soil mix be applied to the effluent
disposal area. The imported soil should be spread uniformly over the effluent disposal area to
a minimum depth of 100 mm (can be blended into the upper 50 mm of native soil). The soil mix
should conform to AS4419 (2003) ‘Soils for landscaping and garden use — Organic soil’. If this
is not done, a more conservative DIR of 5 mm/week should be used.

5.1.4 Water Balance Calculations

The minimum area required for effluent disposal based on the water balance area for various
hydraulic loads is shown in Table 11. The water balance calculations are provided in the
Appendices.

5.2 Nutrient Balances

The effluent disposal area required to ensure there is no loss of potentially harmful nutrients to
the receiving environment is determined by calculating nitrogen (N) and phosphorus (P)
balances. The formula used to determine area requirements based on organic matter and
nutrient loads provided in the silver book is as follows:

A = CxQ
L
Where
A = effluent disposal area (m2)
C = concentration of nutrient (mg/L)
Q = treated wastewater flow rate (L/d)
Lx = critical loading rate of nutrient (mg/m?2/d)

The critical loading rates for N (Ln) and P (Lp) are based on the ability of vegetation to use
these nutrients before they pass through the root zone. For example, the Ly for perennial
pasture varies between 18 and 36 mg/m2/day, while Lp varies between 2 and 4 mg/m2/day.

Examples of N and P balance calculations are provided respectively in sections 5.2.1 and
522.
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5.21 Nitrogen (N)

Denitrification

Evidence suggests that denitrification can be significant on duplex soils where the subsoil is
relatively impermeable (e.g. Gardner et al. 2004). Given the presence of a duplex soil at the
subject site it is considered appropriate to allow a denitrification rate of 20% in the N balance
calculations.

Plant uptake
The NSW guidelines for onsite effluent disposal recommend using N uptake values of between

18 and 36 mg/m?/day L for perennial pasture varies. 27 mg/m?/ day is considered appropriate
for this assessment.

Irrigation area required for N balance

The N balance would be calculated as shown in the following example based on a 4-bedroom
dwelling, reticulated water supply, assuming no water reduction, and 22 mg/L of total N in the
treated wastewater:

A

22 mg/L TN X 1,440 L/day
27 mg/m?/ day L

1,173 m2

The minimum area required for effluent disposal based on the N balances for various hydraulic
loads is shown in Table 11.

5.2.2 Phosphorus (P)

The P balance also takes into account the P sorption capacity of the solil, i.e. the soil’s capacity
to adsorb/absorb phosphorus. Based on P sorption results and soil profile data, the mean P
sorption capacity across the effluent disposal area is 7,428 kg/ha.

A soil with a P sorption ability of at least 50 years is recommended by the silver book for land
application areas.

The potential for P to leach through/across the soil profile is largely dependent on the P
sorption capacity of the soil. Using ¥ of the total P sorption capacity as the nominal value after
which leaching can occur through the soil profile, the amount of P that can be sorbed without
leaching over 50 years is calculated as follows:

7,428 x Y
2,476 kg/ha
0.2476 kg/m2

P sorption

Vegetation Uptake
The amount of vegetation uptake over 50 years based on critical loading rate of 3 mg/m2/day is
calculated as follows:
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3 x 365 x 50
54,750 mg/m?
0.055 kg/m2

P uptake

P Generation
The amount of P generated over 50 years from the development would be calculated as shown
in the following example based on a 4-bedroom dwelling, reticulated water supply, assuming no
water reduction, and 14 mg/L of total P in the treated wastewater:

P generated Total P [mg/L] x volume of wastewater
14 mg P/L x 525,600 litres/year x 50 years
367.9 kg

Irrigation area required for P balance
A = P generated
Padsorbed + P uptake

= 367.9
0.2476 +0.055

= 1,216 m2

The minimum area required for effluent disposal based on the P balances for various hydraulic
loads is shown in Table 11.

5.3 Minimum Effluent Disposal Area & Minimum Lot Size

Table 11 combines water, N and P balance results for rainwater tank supply and reticulated
water supply. Results are provided for 2 to 5 bedrooms, for nil, standard and full water
reduction fixtures.

Key input variables are provided on the left hand side of both tables. The nutrient balance
calculations are based on median concentrations of 22 mg/L total N and 14 mg/L total P in the
treated effluent as reported by Charles (pers. com.) for 44 in situ AWTS.
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Water supply & level of water reduction fixtures

Rainwater supply Reticulated supply

Input variables nil standard  full nil standard  full
2 300 247 172 || 386 311 236
Water gl‘;f ]:?1?1(/)\;/; 0_6150 3 450 370 257 | 579 466 354
Balance | O """ 4| 601 493 343| 772 622 472
5 751 617 429 | 965 777 590
, 2 365 300 209 | 469 378 287

N concentration [mg/L] = 22

N N uptake (mg/m2/day) = 27 z 3 548 450 313 | 704 567 430
Balance | Denitrification allowance(%) = 20 S 4 730 600 417 939 756 574
2|5 913 750 521 | 1173 945 717
P concentration [mg/L] = 14 “é 2 473 389 270 608 490 372
p | Pulake(kymiS0n) =009 | 5| 3| 710 583 406| 913 735 558
Balance F(’)rgport?gr:polfo Qogl IgD sg)rp_tio,n = | 4 946 177541 ) 1217 980 744
capacity utilised over 50 yrs = 1/3 5| 1183 972 676 I 1521 1225 030
2 473 389 270| 608 490 372
Area required based on limiting factor (P 3 710 583 406 | 913 735 558
balance) (m?) 4 946 777 541 || 1217 980 744
5| 1183 972 676 || 1521 1225 930

Advice from DP&I is that the calculations for a 4 bedroom dwelling fitted with standard water
reduction fixtures will be used as the basis for determining the minimum lot. Therefore, the

minimum effluent disposal area is either:
e 980 m? for reticulated water supply or
e 777 m? for rainwater tank supply.

This translates to the following minimum lot sizes:

Reticulated (town) water supply:

LS

1.2158 « 980 +1025

2,216 m?

Non reticulated (rainwater tank) supply:

LS

1.2158 « 777 +1025

1,970 m2

5.4 Wet Weather Storage

During prolonged wet weather the ability of the soil profile to store applied effluent and

evaporation rates are greatly reduced. Under these conditions, the application of effluent
poses an increased environmental and health risk. Temporary storage of effluent during wet
weather can reduce these risks.
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The limiting factor for effluent disposal used in this assessment is the nitrogen balance. No wet
weather storage would be required in this case.

There are two main methods for providing wet weather storage:
o Sub-surface in gravel-filled trenches; or
« Storage tanks to which effluent is diverted when triggered by an automated soil
moisture monitoring system.

Sub-surface wet-weather storage is a more reliable method for domestic situations as soil
moisture control systems are more complex and prone to failure, and effluent stored in a tank
for any length of time will become septic and generate odour (Martens 2001). Effluent is
applied continuously to micro-trenches via a pressurised sub-surface irrigation line. The
trenches are partially lined with an impermeable barrier which stores applied effluent to a
design level. Excess soil moisture beyond the design storage capacity is allowed to enter the
surrounding soil profile (Martens 2001).

If effluent were to be applied via properly designed and installed sub-surface trickle irrigation in
accordance with the recommendations of this report, subsurface wet weather storage would be
provided in the natural soil profile. Additional wet weather storage is considered unnecessary.
However, should additional wet weather storage be required, storage volumes should be
calculated using an established water balance method and a daily time-step. Further
information on wet weather storage methods and calculation of volume are provided in Martens
(2001).

5.5 Climate Change

Climate change is expected to influence the local climate (rainfall, temperature and
evaporation) which could have implications for effluent disposal at the subject land. This
section assesses the implications of predicted climate change in respect of effluent disposal.

According to the CSIRO (2007), the climate of the Southern Rivers (i.e. from Nowra to Eden,
from the coast to the Great Dividing Range) will become warmer and there are likely to be more
extreme weather events with increased heat waves, intense storms, extreme winds and
bushfire risk. This section outlines the local climate change predictions and considers the
potential implications for the subject land’s suitability for effluent disposal.

5.5.1 Temperature & Evaporation

The range of projected temperature increase for Australia in the near term (to 2030) is about
0.5t0 2.0°C above the 1990 level (CSIRO 2001). For the longer term (to 2070), the CSIRO
(ibid.) projected temperature increase is about 1 to 6°C above 1990.

Higher evaporation rates are predicted during winter and spring (Department of Environment &
Climate Change 2008). Table 12 includes projected changes in evaporation for 2030 and
2070.
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5.5.2 Rainfall

The east coast of Australia, including the NSW South Coast, has experienced significant drying
over the last 50 years, exceeding a decrease of 50mm per decade (CSIRO 2007).

Rainfall projections are less certain than temperature projections (ibid.). Overall, rainfall in the
region is distributed relatively evenly throughout the year, although there can be significant
short term variation. Projections for the Jervis Bay area published by DECC (2008) suggest
that summer rainfall will increase by 20-50%, winter rainfall will increase by 5-10%, and spring
and autumn rainfall will increase by 10-20%. This suggests that rainfall will become more
summer-dominant due to an increased incidence of storm activity during the warmer months of
the year. Table 12 shows the predicted increase in frequency of extreme rainfall events
(Department of Environment & Climate Change 2007).

Table 12 - Projected changes in extreme rainfall and evaporation for the Southern Rivers

Projected Change

2030 2070
Extreme Rainfall (40 Year 1 +7% +5%
day rainfall total)
Evaporation +1% to +13% +2% to +40%

Source: Department of Environment & Climate Change (2007)

5.5.3 Conclusions

In terms of the water balance calculations used to help determine the minimum area required
for effluent disposal, May and June are the limiting months.

Notwithstanding the uncertainties in the climate change predictions, it appears that monthly
evaporation rates are likely to exceed any increases in rainfall during these months in the long
term. This would mean that a smaller effluent disposal area would be required for effluent
disposal based on the water balance alone. In this case however, the nitrogen and phosphorus
balances are more limiting, so any reduction in the water balance area would have no effect on
the area required for effluent disposal. Therefore, the effect of the predicted changes in climate
would have no bearing on the outcome of this assessment and can be ignored.
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CONCLUSIONS & RECOMMENDATIONS

A detailed site and soil assessment was undertaken for the subject land to determine the
feasibility of onsite effluent disposal and ascertain the minimum lot size that would be required
to meet environmental and health objectives in respect of onsite effluent disposal.

Monthly water and nutrient balance calculations were undertaken in accordance with the NSW
guidelines and AS1547. ltis considered feasible to provide onsite effluent treatment and
disposal on the developable lots (as identified in the Planning Proposal) provided the following
recommendations are adhered to.

6.1

Effluent is treated to tertiary standard as a minimum, e.g. aerated wastewater
treatment system (AWTS) or equivalent.

Treated effluent is disposed of via subsurface pressurised irrigation.

The onsite effluent disposal area should be no smaller than indicated below.

No. of bedrooms Minimum effluent disposal area (m?)
3 583
4 777
5 972

For a 4-bedroom dwelling the minimum effluent disposal area required is 777 m2. This
equates to a minimum lot area of approximately 2000 m2.

The hydraulic and pollutant loads generated from each dwelling should not exceed the
assimilative capacity of the area available for effluent disposal on the property, as
shown in the water and nutrient balance calculations. Planning controls should be
considered to ensure that development does not exceed these limitations.

Full water reduction fixtures should be required in each dwelling as a factor of safety.

Individual onsite effluent disposal assessments should be submitted at development
application stage. Assessment s should include design details for the effluent
application system and maintenance requirements.

Alternative design proposals

Alternative subsurface disposal methods such as sand mounds or amended earth
mounds could be considered subject to provision of design details at development
application stage.

Detailed design should be submitted at development application stage if any variation
to the calculations provided in this report is proposed. Nutrient balance calculations
should also be provided where any variation to the calculations provided in this report
is proposed.

Jerberra Estate, Tomerong - Strategic Onsite Effluent Disposal Assessment



51

e Any sand or amended earth mounds should be installed appropriately to maximise
evapotranspiration. The base of any mounds should not excavated into the ‘B’ horizon
(subsoil).

e |t may be possible to further reduce household hydraulic load by incorporating
greywater reuse systems and/or dry composting toilets. Any such proposal would
need to be accompanied by a detailed design and assessment.

6.2 Landscaping

¢ An organic soil mix should be spread over the effluent disposal area to a minimum
depth of 100 mm. The imported soil should be spread uniformly over the effluent
disposal area and can be blended into the upper 50 mm of native soil. The soil mix
should conform to AS4419 (2003) ‘Soils for landscaping and garden use — Organic
soil". It is recommended that gypsum be applied to the soil at a rate of 0.5 to 1 kg per
m2 prior to the addition of the organic soil mix.

e Appropriate vegetation should be selected for the effluent disposal areas.

o Vegetation should be established on the effluent disposal areas before any systems
are commissioned.

e The areas available for effluent disposal should be protected from ingress of surface
and subsurface moisture through the provision of appropriate stormwater diversion
measures such as grassed swales or cut-off trenches.

6.3 Monitoring

Given the sensitivity of the receiving environment and site constraints it is recommended that
onsite systems should be inspected by Council at least every three years.
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Appendix A - Effluent Disposal Study, Jerberra Estate
Prepared by Coffey Geosciences P/L. 2000.
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Appendix B - Review of Best Practice Methods of On-
site Effluent Disposal - Jerberra Estate Rezoning

Investigations (Draft LEP LP155) Prepared by Martens
& Associates, 2006
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Appendix C - Water & Nutrient Balance Tables
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Appendix D - Soil Laboratory Results

Jerberra Estate, Tomerong - Strategic Onsite Effluent Disposal Assessment



63

Jerberra Estate, Tomerong - Strategic Onsite Effluent Disposal Assessment



64

Appendix E - Case Study Site Plans
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EXECUTIVE SUMMARY

Coffey Geosciences Pty Ltd (Coffey) were commissioned by Shoalhaven City Council {the Council) to carry
out an effluent study at Jerberra Estate, St Georges Basin. The study was commissioned by Council to
provide additional information on the suitability of the site for rural residential subdivision. The potential
development area is 85 hectares and currently contains one legal and a number of illegal dwellings. The
development is understood to contain 153 lots ranging from 860m? to 1.76ha with 102 lots less than 4000m?,
The objective of the study is to ascertain whether effluent disposal for rural residential development is feasible
and will meet the objective of nil pollutant export from the site  The following scope of work was carried out.

» desk study including a review of published information, aerial photographs, Council records and
information held on Council files;

» site walkover by a senior environmental geologist;
« field investigation including the excavation of fifteen test pits and the collection of soil samples;
« laboratory analysis of selected samples for a suite of physical and chemical analytes;

+ assessment of the data and reporting of the results including a discussion on the suitabte lot size for
effluent disposal.

The study has identified three terrain units related to fandform and soil types. Unit 3, low lying land, is not
considered suitable for on-site effluent disposal because of the potential for flooding and the height of the
seasonal water table. Unit 3 comprises about 10% of the study area. Unit 1 Ridgeline and Unit 2, Side-
slopes are considered suitable with the following major limitations to effluent disposal;

o [ow soil permeability in clay B horizons;
¢ erosion potential.

As the effluent disposat system would largely be based on evapotranspiration and nutrient up take in the root
zone, significant percolation to the B hotizon is not envisaged. To lower the risk of soil erosion, irmgation areas
shoutd be well grassed, well drained and preferably located on slopes less than 5° from the horizontal, that is,
largely within Unit 1 Ridgeline The potential locations for irrigation fields are indicated on Drawing G12023/1-
4.

Based on the preliminary data collected for this study, it is considered that there are only two feasible options
for waste-water disposal, either individual aerated water treatment system (AWTS) or a common effluent
scheme {CES) for the estate

The recommended minimum lot size for an individual AWTS is about 2,500m?2 of which about 1500m? is
recommended as the minimum area required for irrigation. It should be noted that, because of the site
consiraints, the AWTS irrigation field would need to be located within those areas indicated on Drawing
G120231-4. These areas should be regarded as indicative only and would require further field survey to
establish more accurate boundaries

The minimum lot size is based on preliminary calculations of the water balance, and assumed nutrient loading
(nitrogen and phosphorous), hydraulic loading, the number of people per household and the area of a site
devoted fo social and recreational use. The minimum area for irrigation represents a nil pollutant export of
nutrients from the site based on the available data and assumptions regarding the waste-water quantity and
quality. The assumptions on which the lot size and imrigation areas are calculated are anticipated to change
with more detailed data.
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The responsibility for operation and maintenance of the individual AWTS lies with the householder Generally
AWTS are not as suitable for use where occupancy is sporadic (such as a holiday homes) since servicing
should be carried out at each start-up. Householders need to be aware of system limitations and correct

operating use.

A CES would involve preliminary treatment of sewerage on each individual site, through say a septic tank. The
waste-water would then be collected and piped to a centralised treatment plant and a fixed irrigation field
Based on the size of the potential irrigation field, as indicated on Drawing G12023/1-4 and assuming a
minimum irrigation area of 1500m? per household, it is estimated that about 85 households could potentially
utilise the CES. These estimates ate based on the current data and will be subject to change when more
information becomes available.

Preliminary construction and maintenance guidelines for the CES irrigation field include the following:
 theirrigation field should be landscaped, with minimum vegetated buffer distances of:
- 40m from the edge of drainage;
- 6m from property boundaries, buildings and swimming pools;

« imigation fields should not include areas of ponded water or shallow rock exposures unless
substantial ground improvements are made;

« sprinklers with a throw of not more than 2m, producing coarse droplets, not a fine mist, should be
used to lower the risk of aerosol dispersion and wind drift of effluent. The spray height should not be
more than 400mm above the finished level of the surface irrigation disposal area;

« effluent quality should conform to the requirements of Environmental Health Protection Guidelines
(1998) and the NSW EPA  This may be superseded if the EPA require the disposal system to be
licensed, in which case the effluent quality requirements will be provided;

« effuent should not be used for irrigation of fruit and vegetables;

« disposal areas should be carefully managed to ensure that the infiltration capacity of the soil is
maintained as outlined below and that the vegetation cover is well established . Irrigation disposal
methods are primarily designed to ensure most of the treated effluent is held in the soil profile, taken
up by plants or lost as evaportranspiration with only a small percentage infiltrating below the topsoil.
No effluent should be allowed to run-off from the site and it would be necessary to store effluent for
several days during prolonged rain events.

« Field grass cuttings should be mowed regufarly and removed from site;

o earth bunding to about 0 3m height should be installed around the field fo provide temporary storage
within the irrigation field Wet weather storage overflows from the field should be intercepted by a
downstream catch drain and diverted into stormwater pond/dam if possible;

o effluent quality should be maintained with regular servicing of the treatment plants This service
should be provided by the manufacturer in the form of an ongoing servicing contract The servicing
contract usually requires six monthly or annual maintenance, depending on the systems selected.
De-sludging of the plants will also be required from time to time depending on the volume of effluent
processed.

To ensure acceptable long term performance of the effluent disposal system, EPA Licensing Agreements
generally require monitoring and testing of downstream ground and surface waters adjacent to the disposal
areas. Monitoring should be conducted periodically (usually oncefyear) or after uncontrolled discharges into
the rivers/creeks have occurred.
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1. INTRODUCTION

Coffey Geosciences Pty Ltd (Coffey} were commissioned by Shoalhaven City Council (the Council) to carry
out an effluent study at Jerberra Estate, St Georges Basin  The study was in general accordance with our
proposal dated 29 January 1999 (Proposal No GP12532/1-AB}).

The study was commissioned by Council to provide additional information on the suitability of the site for rural
residential subdivision. The potential development area is 85 hectares and currently contains one legal and a
number of itegal dwellings The development is understood to contain 153 lots ranging from 860m? to 1.76ha
with 102 lots less than 4000m2.

11 Objectives and Scope of Work

The objective of the study is to ascertain whether effluent disposal for rural residential development is feasible
and will meet the objective of nil pollutant export from the site.

The following scope of work was carried out:

o desk study including a review of published information, aerial photographs, Council records and
information held on Counil files;

« site walkover by a senior environmental geologist;
o field investigation including the excavation of fifteen test pits and the collection of soll samples;
s [aboratory analysis of selected samples for a suite of physical and chemical analytes;

« assessment of the data and reporting of the results including a discussion on the suitable lot size for
effluent disposal.

2, BACKGROUND

The study area was registered as a subdivision in 1922 and individual lots have been bought and sold since
that time though there has been no guarantee {from Council) that future development approval would be
granted Following submissions from the Pacific Pastures Progress Association the Council commissioned
Mitchell McCotter and Associates in 1994 to carry out an Environmental Study of the site to support a
rezoning application (Report No 93152RP1)  The main conclusions of the report with respect to effluent

disposal were:
» there were three practical options for waste-water management, namely:
- individual on-site disposal systems for each dwelling;
- collective package treatment plant for all dwellings within the estate;
- connection to the existing reticulated sewerage system

« for individual on-site systems aerated water treatment systems (AWTS) were preferable with a
recommended minimum irrigation area of 470m?,

e acollective package treatment system was feasible and would require about 14 ha for irrigation.

It should be noted that there is no supporting data regarding the calculations of irrigation area within the copy
of the Mitchelt McCotter (1994) report supplied to Coffey. The assumptions upon which these calculations are
based are therefore unknown and the data cannot be verified
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3. SITE CHARACTERISTICS
31 Site Description

The site is located approximately 150km south of Sydney and about Skm from Tomerong, the nearest
township. The site is rectangular in shape and has an area of about 85 hectares of which approximately 20%
has been cleared Drawing G12023/1-2 show the locality of the site and Drawing G12023/1-1 shows the
current lot layout and street configuration. The majority of the site is without power, town water and sewer

There are several unsealed roads that traverse the study area. There is evidence of erosion in the form of
rilling and minor gullying along the road alignments  Most of the site is timbered apart from some individual

lots where clearing has taken place.
3.2 Topography and Drainage

The highest elevation on the site occurs towards Pine Road in the west and is about 50m above Australian
Height Datum (AHD) The site slopes gently (< 5 degrees from the horizontal) down towards the east along a
broad ridgeline that separates two drainage catchments. The side slopes generally range from about 5 to 10
degrees from the horizontal and comprise north and south facing slopes

The two catchments form the headwaters of Moona Moona Creek which flows in an easterly direction and
eventually discharging to Jervis Bay, some 5km fo the east Drawing (G12023/1-2 shows the catchment
configuration and the regional setting of the site. The catchment shown on Drawing G12023/1-2 is about 10
km2 and the study area comprises about 8% of the catchment area  According fo Mitchell McCotter (1994)
the study site comprises about 2% of the total Moona Moona Creek catchment.

3.3 Soils Geology and Hydrogeology

Published geological information (Ulladulla 1:250,000 sheet) indicates that the site is underlain by rocks
belonging to the Wandandian Siltstone formation, part of the Shoalhaven Group This formation consists of
siltstone, silty sandstone and is pebbly in part This rock type differs from that described in the Mitchell
McCotter (1994) Report where Nowra sandstone is given as the underlying geology Nowra sandstone
outcrops further west of the study area.

There is little published information regarding the soil types in the study area. Mitchell McCotter (1994)
inferred soil types from the 1:100,000 Kiama Sheet on the assumption that similar geology will produce similar
soils. The Wandandian Siltstone does not occur on the Kiama Sheet and therefore inferring soil types from
that sheet for the study area is not appropriate.

Site specific soil descriptions found in Mitchell McCotter (1994), give two soil types for the study area, namely:

o  duplex soils where the soil texture shows a distinct contrast with depth ie soils where a sand or loam
topsoil (A Horizon) overlies a clay subsoil (B Horizon)

s gradational soils where the soil texture shows a gradual change with depth.

Groundwater beneath the study area is expected to occur generally within the weathered rock, between 5Sm
and 10m depth  Groundwater flow would follow the surface topography and discharge zones would most
likely ocour along drainage depressions eventually providing base flow for Moona Moona Creek
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3.4 Climatic Conditions

Most of the site would receive considerable sun with little sheltered areas. The existing tree cover, however,
means that parts of the ground surface would be shaded during each day As is common along the east cost
of southemn and central NSW, north facing slopes are generally drier than south facing slopes. This is
because of the prevailing southerly wind patterns which would account for the majority of the rainfall within the
study area The south facing slopes would be expected to remain wetter for longer periods of time than the

north facing slopes.

Average rainfall in the Jervis Bay region is 1,177mm. The wettest months are January to March and October
and November, Evaporation exceeds rainfall in all months except June Further information on rainfall and
gvaporation is given in Mitchell McCotter (1994).

4. STUDY METHODOLOGY
41 Fieldwork and Mapping

Fieldwork was carried out on 8 and 9 of March 1999 and consisted of a site walkover and mapping by a senior
environmental geologist who noted topographic features, drainage characteristics, slope morphology and
soils. Fifteen test pits were excavated in selected areas corresponding to the terrain units identified during the
field mapping The test pits were excavated by a rubber tyred backhoe in the full-tme presence of an
environmental engineer from our Wollongong office ‘

Test pits were excavated to a maximum depth of 2 5m and samples of both topsoil (A Horizon) and subsoil (B
Horizon) were collected for texture classification and later laboratory analysis. Drawing G12023/1-1 shows
the approximate location of the test pits and a description of the sails, using the Unified Classification System,
is included in Appendix A,

4.2 Laboratory Analysis

4.21 Physical Testing
The following physical testing program was implemented:
s Emerson crumb test on four samples;
+ pH on four samples; and
«  Electrical conductivity on four samples
Samples were dispatched to our Sydney materials testing laboratory who is NATA registered for the tests
performed. The original taboratory reports are included in Appendix B1.
4.2.2 Chemical Testing
The following chemical testing program was implemented:
s Phosphorus adsorption on four samples;
o Exchangeable sodium percentage (ESP) on four samples; and

« Cation exchange capacity (CEC) on four samples.
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Samples were dispatched under standard Coffey Chain of Custody documentation to Sydney Analytical
Laboratories (SAL) who are NATA registered for the tests performed. The original laboratory reports are
included in Appendix B2

5 FIELDWORK AND MAPPING RESULTS
51 Terrain Units

Three terrain units were identified from the desk study and the field mapping and are shown on Drawing
G12023/1-3. The three units are;

UNIT 1 RIDGELINE This unit is characterised by gentle slopes, generally less than 5 degrees
from the horizontal, shallow soil profiles comprising a clayey sand A
horizon overlying a sandy silty clay B horizon ~Weathered rock is
generally encountered within 1.5m depth. Groundwater in this unit would
be expected to be at a depth of about 10m or greater. This unit comprises
about 30% of the study area.

UNIT 2 SIDESLOPES Flanking the ridgeline are the side-slopes. These are characterised by
stopes of between 5 to 10 degrees from the horizontal and deeper s0il
profiles (than Unit 1) The soil types are simitar to the Unit 1 soils though
the B horizon extends to a greater depth  Groundwater would be
expected to be at a depth of between 5 and 10m. This unit comprises
about 60% of the study area.

UNIT3 LOW LYING LAND Low-lying land was identified in the north-east comer and then along the
southern boundary of the study area This unit is characterised by gently
sloping to near level terrain and gradational soils comprising sandy clay A
harizons overlying silty clay B horizons. Groundwater would be expected
to vary seasonally and be generally less than 3 Om depth  This unit
comprises about 10% of the study area

5.2 Subsurface Conditions
The subsurface conditions encountered at the test pit locations consisted of:

« Topsoil comprising silty clayey sand, fine grained light grey to a depth of 0.35m (A HORIZON);
overlying

» Sandy silly clay and silty clay, medium to high plasticity light grey, mottied red to depth of about 1 9m
(B HORIZON); overlying

» Extremely to highly weathered rock comprising weathered sandstone (C HORIZON)
Groundwater was not encountered in the test pits.
5.3 Soil Texture Classification

Ten soil samples were classified according to their texture and principal profile forms (PPF) as described in
Northcote (1979). The results are summarised in Table 1
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TABLE 1: TEXTURE CLASSIFICATION

SAMPLE SOIL TERRAIN DESCRIPTION PRINCIPAL ESTIMATED
IDENTIFICATION | HORIZON UNIT PROFILE FORM' | PERMEABILITY? £
(PPF} m/day A
JPT4 0.0015m A 2 Sandy Clay Loam Duplex 01005 e
06-07m B Medium to Heavy Clay <0.06 '
JPT7 00-015m A 3 Sandy Clay Loam Gradational 011005
04-05m B Fine Sandy Clay Loam 01f005
JPT9 00-0.1m A 1 Sandy Clay Loam Duplex 0.1to05
0 4-05m B Medium to Heavy Clay <0.06
JPT11 00-0 1m A 1 Sandy Clay Duplex 006t 01
04-0 5m B Medium to Heavy Clay <0 06
JPT14 00-015m A 2 Sandy Clay Loam Gradational 01t005
04-05m B Sandy Clay 006t 01
Notes.

Principa! Profile as per Northcote (1979),

Pameability estimated from Hazelton and Murphy (1992}
The fexture classification show that there are two principal profile forms (PPF) namely duplex soils and
gradational soils. This confirms earlier data contained in Mitchell McCotter {1994}, The estimated soil
permeabilities for Terrain Units 1 and 2 are similar and generally range from 006 to 0 tm/day for the B
horizon clays.
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6. LABORATORY RESULTS
6.1 Physical Testing Results

The results of the physical testing are presented in Table 2 below:
TABLE 2: SUMMARY OF PHYSICAL TESTING RESULTS

PARAMETERS/ SOILHORIZON/ | EMERSON |  pH ELECTRICAL
SAMPLE IDENTIFICATION | TERRANUNIT | S8 | (unirs) CO":%%;“TY
JTPY (04 to05m) B horizen 2 51 0.56
Unit 1
JTP12 (04 to 0.5m) B horizon 6 4 7 0.04
Unit 1
JPT3 (0510 0 6m) 8 horizon 5 52 007
Unit 2
JPT10 (04 to 0 5m) B horizon 5 53 003
Unit 2

The Emerson class number for B horizons in both Terrain Unit 1 and 2 show a moderate erodibility potential
The pH in both units is acidic and the electrical conductivity is low to moderate

6.2 Chemical Testing Results

The results of the chemical testing are presented in Table 3. The results shown are considered representative
of the soil profile, including the A horizon, to the depths indicated by the sampling

TABLE 3: SUMMARY OF CHEMICAL TESTING RESULTS

PARAMETER/ SOILHORIZON/ | PHOSPHORUS | EXCHANGEABLE |  CATION
SAMPLE IDENTIFICATION | TERRAIN UNIT Agf&%ﬁ’;g“ PE;SE{'\E% | c Aii%?ﬁ{“@i .
(mg/kg) (ESP} % meq %
JTP 4 (0 6-0.7m) B horizon / Unit 2 600 2.0 80
JPT7 (04-05m) B horizon / Unit 3 44 09 23
JTP 1 (040 5m) B horizon / Unit 1 550 29 75
JPT 14 (0.4-0.5m) B horizon / Unit 2 560 2.0 6.0
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Terrain Unit 1 and 2 show a moderate fo high phosphorus adsorption capacity with a low ESP and CEC
Based on the chemical results the B horizon clays in units 1 and 2 have relaively low salinity and have a low

capacity for metals adsorption.

Terrain unit 3, B horizon clays have a lower phosphorus adsorption capacity, low salinity and low capacity for
metals adsorption.

7. PRELIMINARY WATER BALANCE

The following calculations have generally been based on Appendix 6 of the Environmental & Health Protection
Guidelines On-Site Sewage Management for Single Households (1998). In compiling the preliminary water
balance, the following assumptions have been made:

e each dwelling will have three bedrooms and is expected to accommodate five people and generate
1000 litres of waste-water per day as per the Environmental & Health Guidelines (1998);

e the dwelling is part of a subdivision on land identified as suitable for re-development using on-site
sewage management;

« average nufrient loading rates and waste-water concentrations have been taken from Table 14 of
the Environmental & Health Protection Guidelines (1998);
» the percolation rate is Smm/week;

e 520m? has been allowed for the dwelling footprint, vehicular access and social and recreational
space

The water balance calculations are presented in Appendix C. A summary of the preliminary calculations is
provided below:

- Design waste-water flow rate: 1000 l/day

- Recommended lrrigation Area: 1480m? (based on nitrogen loading)
- Recommended Wet Weather Storage: 53m3 (based on hydraulic loading)

- Recommended minimum lot size: 2,500m? (1480 + 1020)

The recommended minimum lof size refers to the irrigation area, combined with an assumed area of 1020m?,
comprising a single storey dwelling, vehicular access areas, social and recreational areas. It should be noted
that by applying the buffer distances set out in Section 8 1 the minimum lot size may increase

It should be noted that the preliminary water balance indicates that precipitation and irrigation (inputs)
exceeds evapotranspiration and percolation (outputs) during five months of the year (ie from February fo
July). Using this model, there would be periods when irrigation would not be possible, such as during high

rainfall events and storage of effluent would be required

8. SITE CONSTRAINTS
8.1 Buffer Distances

The following buffer distances are recommended for on-site disposal systems from the Environmental and
Heaith Protection Guidelines (1998):-
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» 100m to permanent surface water — creeks, rivers, lakes;

o 250m to domestic groundwater well;

e 40m fo other waters — farm, dams intermittent creeks drainage channels;

» 6m from driveways and property boundaries;

+ 15m to dwelling;

e  6m to swimming pool;

« 3mto paths and walkways

8.2 Physical Features

The site specific physical features are presented in Table 4 and have been compared to the rating system

given in the Environmental and Health Protection Guidelines (1998)

TABLE 4: PRELIMINARY SITE ASSESSMENT RATING FOR ON-SITE SYSTEM

PN
/N
7 N\
7N\
an

FEATURE RELEVANT DISPOSAL | TERRAIN JERBERRA ESTATE EPH
SYSTEM UNIT GUIDELINES
UNITS
( ) (1998) 1
LIMITATIONS
1 | Depthfo rock Surface and subsurface All units 10to15m Moderate
e Limitation
irrigation
Absorption All units 1.5m Minor Limitation
2 | Depthto Surface and subsurface | Units 1& 2 +3m* Minor Limitation
Watertable irrigation Unit 3 13m* Major Limitation
Absorption All units same as above same as ahove
3 | Soil Permeability | Alf land application All units Ahorizon-0.1t005% | Minor Limitation
(miday) systems B horizon <0 06 to 0 5* | Major Limitation
4 | pH All land application All units 50 (average) Moderate
systems Limitation
5 |ESP% Surface and subsurface Alf units 201029 Moderate
irrigation (0-0 4m) Limitation
Absorption (0-1.5m) All units same as above same as above
6 | Electrical All land application All units 0.001to 0.05 Minor Limitation
Conductivity system
(dsfem)
7 | CEC (% meq) Surface and subsurface | Units1&2 6to8 Mod Limitation
irigation Unit 3 2 Major Limitation
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FEATURE RELEVANT DISPOSAL TERRAIN | JERBERRAESTATE EPH GUIDELINE
SYSTEM UNITS LIMITATIONS
8 | Phosphorus All land application All units 7200 Minor Limitation
sorption (Kg/ha) | systems
9 | Flood Potential | Al land application Units1&2 | above 1in20year* | MinorLimitation ¢
systems Unit 3 below 1in 20 years * | Major Limitation -'
10 | Exposure All fand application All units High sun & wind Minor Limitation
systems exposure
11 | Slope All application systems Al units 5-10° from horizontal * | Minor Limitation
12 | Landform All application systems Unit 1 and 2 Ridges & slopes Minor Limitation
Unit 3 Floodplain Major Limitation
13 | Erosion Potential | All application systems All units Emerson Class 2,5 | Moderate to Major
Evidence of erosion Limitation
{rills) along roadways
14 | Site Drainage All application systems Unit tand 2 Fair to good Minor Limitation
Unit 3 poor Major Limitation
15 | Land Area All systems All units Land areas available | Minor Limitation
16 | Rock & Rock All land application All units Less than 10% of Minor Limitation
Outcrops systems area”
Noales:

Environmental and Health Protection Guidelines for On-site Sewage Management for Single Households (1998)

* - gstimate only.

The major limitations to the use of on-site effluent freatment systems in Terrain Units 1 and 2 are the following:

» low soil permeability in clay B horizons;

e erosion potential;

In addition to the above Unit 3 has major fimitations with respect to landform, site drainage and cafion
exchange capagity and this unit is not considered suitable for on-site effluent disposal
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9, CONCLUSION

The study has identified three terrain units related to fandform and soil types. Unit 3, low lying land, is not
considered suitable for on-site effluent disposal because of the potential for flooding and the height of the
seasonal water table. Unit 3 comprises about 10% of the study area. Unit 1 Ridgeline and Unit 2, Side-
slopes are considered suitable with the following major limitations to effluent disposal;

o low soif permeability in clay B horizons;
e erosion potential

As the effluent disposal system would largely be based on evapotranspiration and nutrient up take in the root
zone, significant percolation to the B horizon is not envisaged. To lower the risk of soil erosion, irrigation areas
should be well grassed, well drained and preferably located on slopes less than 5° from the horizontal, that is
ldrgely within Unit 1 Ridgeline. The potential locations for irrigation fields are indicated on Drawing G12023/1-
4,

Based on the preliminary data collected for this study, it is considered that there are only two feasible options
for waste-water disposal, either individual aerated water treatment system (AWTS) or a common effluent
scheme {CES) for the estate

The recommended minimum lot size for an individual AWTS is about 2,500m? of which about 1500m? is
recommended as the minimum area required for irrigation. It should be noted that, because of the site
constraints, the AWTS irrigation field would need to be located within those areas indicated on Drawing
G12023/1-4. These areas should be regarded as indicative only and would require further field survey to
establish more accurate boundaries

The minimum lot size is based on preliminary calculations of the water balance, and assumed nutrient loading
(nitrogen and phosphorous), hydraulic loading, the number of people per household and the area of a site
devoted to social and recreational use The minimum area for irrigation represents a nil pollutant export of
nutrients from the site based on the available data and assumptions regarding the waste-water quantity and
quality The assumptions on which the lot size and irrigation areas are calculated are anticipated to change
with more detailed data

The responsibility for operation and maintenance of the individual AWTS lies with the householder. Generally
AWTS are not as suitable for use where occupancy is sporadic (such as a holiday homes) since servicing
should be carried out at each start-up. Householders need to be aware of system limitations and comect
operating use.

A CES would involve preliminary treatment of sewerage on each individual site, through say a septic tank. The
waste-water would then be collected and piped to a centralised treatment plant and a fixed irrigation field
Based on the size of the potential irrigation field as indicated on Drawing G12023/1-4 and assuming a
minimum irrigation area of 1500m?2 per household, it is estimated that about 85 households could potentially
utilise the CES  These estimates are based on the current data and will be subject to change when more

information becomes available.
Preliminary construction and maintenance guidelines for the CES irrigation field include the following:
s the irrigation field should be landscaped, with minimum vegetated buffer distances of:

- 40m from the edge of drainage;
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- 6m from property boundaries, buildings and swimming pools;

« irigation fields should not include areas of ponded water or shallow rock exposures unless
substantial ground improvements are made;

» sprinklers with a throw of not more than 2m, producing coarse droplets, not a fine mist, should be
used to lower the risk of aerosol dispersion and wind drift of effluent. The spray height should not be
more than 400mm above the finished level of the surface irrigation disposal area;

« effluent quality should conform to the requirements of Environmental Health Protection Guidelines
(1998) and the NSW EPA. This may be superseded if the EPA require the disposal system to be
licensed, in which case the effluent quality requirements will be provided;

« effluent should not be used for irrigation of fruit and vegetables;

« any disposal areas should be carefully managed to ensure that the infiltration capacity of the soil is
maintained as outlined below and that the vegetation cover is well established Trrigation disposal
methods are primarily designed to ensure most of the treated effluent is held in the soil profile, taken
up by plants or lost as evaportranspiration with only a small percentage infiltrating below the topsoil
No effluent should be allowed to run-off from the site and it would be necessary to store effluent for
several days during prolonged rain events

« Field grass cuttings should be mowed regularly and removed from site;

« earth bunding to about 0.3m height should be installed around the field to provide temporary storage
within the irigation field. Wet weather storage overflows from the field should be intercepted by a
downstream cafch drain and diverted into stormwater pond/dam if possible;

« effluent quality should be maintained with regular servicing of the treatment plants This service
should be provided by the manufacturer in the form of an ongoing servicing contract The servicing
contract usually requires six monthly or annual maintenance, depending on the systems selected.
De-sludging of the plants will also be required from time to time depending on the volume of effluent

processed

To ensure acceptable long term performance of the effluent disposal system, EPA Licensing Agreements
generally require monitoring and testing of downstream ground and surface waters adjacent to the disposal
areas. Monitoring should be conducted periodically {usually oncefyear) or after uncontrolled discharges into
the riversfcreeks have occurred '

The following analytical suite is recommended:
» biological oxygen demand (BOD);
» suspended solids;
e pH, electrical conductivity (EC), Total Dissolved Solids (TDS);
» ammonia, total keldaht nitrogen, and nifrate; and
 total Phosphorous.

The frequency of testing may change with results. Baseline data of existing surface and groundwaters would
also be required prior to the operation commencing.
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10. LIMITATIONS

The findings contained in this report are the result of discrete/specific methodologies used in accordance with
normal practices and standards. To the best of our knowledge, they represent a reasonable interpretation of
the general condition of the site in question. Under no circumstances, however, can it be considered that

these findings represent the actual state of this site at all points

In preparing this report, Coffey has refied upon certain verbal information and documentation provided by the
client andfor third parties. Coffey did not attempt to independently verify the accuracy or completeness of that
information. To the extent that the conclusions in this report are based in whole or in part on such information,
they are contingent on its validity. Coffey assume no responsibility for any consequences arising from any
information or condition that was concealed, withheld, misrepresented, or otherwise not fully disclosed or

available to Coffey

For and on behalf of

COFFEY GEOSCIENCES PTY LTD

LAURIE FOX

Senior Environmental Geologist

| g
N\
AN
AN
an




G1202311-AD
27 January 2000

APPENDIX A

Test Pit Logs
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Soil Description

Form No. GEQ5.6 1ssue 3. Rew, i.

DEFINITION:

In enginearing terms soil includes every type of uncemanted or
partially cemented inorganic material found in the ground. In practice
if the material can be remoulded or disintegrated by hand in its field
condition or in waler it is described as a scil

Other materials are described using reck description terms

AS1726.1993
The descriptive terms used by Coffey are given below They are
broadly consistent with AS1726-1993

UCS & SOIL NAME
Soils are described in accordance with the Unified Scil Classification
(UCS) as shown in the table on the following page

MOISTURE GONDITION

Dry Laoks and feels dry Cohesive and cemented soils hard,
friable or powdery Uncemented granufar soils run freely
through hands

Moist  Soil faals cool and darkened in colour. Cohesive solls can be
moulded Granular soils tend to cohere

Wet As for melst but with free water forming on hands when
handled

PARTICLE SIZE DESCRIPTIVE TERMS

NAME SUBDIVISION SIZE
Bculders >200 mm
Cobbles 83 mm to 200 mm

Gravel coarse 20 mm to 63 mm

medium & mm to 20 mm
fine 2,36 mm to 6 mm

Sand coarse 600 pm to 2 36 mm

meditim 200 um to 600pm

fine 75 pm to 200 pm
MINOR COMPONENTS
TERM ASSESSMENT GUIDE PROPORTION
Trace of Presence just deteciable Coarse grained soils:

by feel or eye, but soll <5%
properties little or no

different to general Fine grained soils:

properties of primary s 15%
componeant.
With some  { Presence easily detected Coarse grained soils:
CONSISTENCY OF COHESIVE SOILS by feel or aye o 5o
UNDRAINED properties little gilﬁerent to Fine grained sails:
general properties of 15-30%
TERM Séﬁ!iﬁg)ﬂ FIELD GUIDE primary companent
Very Soft <12 A finger can be pushed well into the
soil with [itlle effort SOIL STRUCTURE
Soft 12-25 A finger can be pushed into the soil to ZONING CEMENTING
about 25mm depth
Layers  Continuous Weakly Easily broken up by
Firm 25-50 The soil can be indented about Srmm expostire of sample | cemented  hand in air or water
with the thumb but not penetrated i
Lenses Discontinucus Moderately  Effort is required to
Stiff 50 - 106 The surface of the sail can be layers of lenticutar | cemented  break up the soil by
indented with the thumb  but not shape hand in air or water
penetrated
Pockets lrregular inclusions
Very Stitf| 100 - 200 The surface of the scil can be marked of differential
but nat indented with thumb pressure material
Hard >200 The su_rface of the soil can be marked
only with the thumbnail SO!IL STRUCTURE
Friable - Crumbles or powders when scraped WEATHERED [N PLACE SCILS ) N
by thumbnail Extrermnely Structure and fabric of parent rack visible
weathered material

DENSITY OF GRANULAR SOILS

TERM DENSITY INDEX {3}
Very loose 9-15
Loose 15-35
Medium Dense 35-85
Cense 85 —8h
Very Dense 85- 100

Residual sail Structure and fabric of parent rock nof visible

TRANSPORTED SCILS

Aeolian soil Deposited by wind

Allpvial soff Deposited by streams and rivers

Colluvial soil Deposited on slopss {transported downslope by
gravity)

Fil Man made deposit. Fil may be significantly

more variable between tested locations than
nalurally oceurming soils
Lacustrine soil Deposited by lakes

Deposited in ocean basins bays beaches and
ostuaries

Maring soft
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EXC 1 . office job no; 6120231
client: SHOALHAVER CITY COUNCIL pit commenced: 30-03-99
pr incipal: pit completed: 30-03-99
project: EFFLUENT BISPOSAL STLDY 15g0ed by: M
pit location: JERSERRA ESTATE, ST GEOASES BASIN [REFER TO ORAKING) checked by:
equipment type and model:  BACKHCE "R L Surface: NOT MEASURED
excavation dimensions: . 4 @ long 0.45 8 wide orientation; datum
-
s TEl=ss
g0 o | 3 naterial 25 | B5|EEE steucture and
= ] = —_ 22— A A= B = Thi .
2| 5 |g|g|soles [, sS5@mis | 28 soil typeplasticity or particie charactzristics | 85 | B3 2 additional observations
2| 5 [3|F|tstsee = S5 nEH colaur, secondary and minor components BS | =8 d
[ - o
1234 & | S sggs
b E 0 0 j;"/" < TLAYEY SAND: #ine grained, light grey-white xith ] L TOPSDIL leaf litter on surface
Ta ‘? some 5iit and some fine roots
"f}e‘;” CH SANDY SILTY CLAY: medium to high plasticity, orange L] H RESTDUAL
/ aptiled shite & red with sand fine to medium
s 7/‘/ grained ¥
7 ¥
%
-/ ¥
0 1 ///? I
o
75
A SANDY SILTY CLAY: medium plasticity, orange red § EXTAEMELY WEATHEREQ RGCK
0 -//; white with sand fine to medivm grained
_/ ;
)/ "
] NI A SANGSTONE: fine graingd, orange, red, & white with TRIGHY WEATERRD AOCK |
b irenstained sections highly weathered
D ]
2 .
N Pit JIP1  Terminated at 220 m
1
4
HETHOD PENETRATION SAMPLES TESTS, ETC CLASSIFICATION CONSISTENCY/DENSITY INDEX
N naturs) exposure SYHBGLSTAND SOIL ¥S very soft
;H :x;z;mgﬁex;a;atmn 1 2 3 4 e resistance g Eng;a:grgeg ;a:lgle {n) DESCRIP IU.N. E‘:s s;g[f;
acknoe bucke pangjn? to 1 el sang based on unifisd IA
g guggozer b}aggr . VETY SN B ES E;”'(rsampli 1 sample classification systes \?Est iaiifst'ii
1] 0Zef ip y1roneenta 1
E excavatar WATER ¥ vane shear MOISTURE H hard
HA  hand auger 0 flong observed 0P dynamic penetrometer 0 ary Fb friable
HT  hand tools X ot mezsured FI  field density N noist W, very loose
SUPRORT Vot level NS water sample N wet L loose
SH shoring SC shotcrete| — S qimi KD nediun dense
¥il no s Eiurt ~  ater outficw o piastic linit i denze
upe tor intlow L liguid limit
A8 rockbolts P wter inflo 0 very dense
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engineering log - 22
t‘ . sheet 1 of 1
excava ]-Dn office job no: 61202311
client: SHOALHAVEN CITY COUNCIL pit commenced: 30-03-9
principal: pit completed; 30-03-99
project: EFFLUENT DISPOSAL STUDY Ingged by:
pit lecation: JERBERAA ESTATE, ST GEORGES BASIN [REFEA TO DRANING) checked by:
equipnent type and model:  BACKHOE A L Surface: NOT MEASURED
excavakion dipensions: » long 0.45 o wide or ientation: datum
= 5 _ Blobs
5 o | 2 mater ial ws | B5 (BE2E structure and
R 3 — i = = = 313 3
2 % S|s sanples . Ssg8|= | E8 scil type:plasticity er particle characteristics BZ | 25 Z additional observations
B £ [F| % |testsete | SE|F | &7 colour  secondary and minae conponents 25 | £8 kPa
1234 Sl ERAE
- =i D )}:’« ST | CLAYEY SANG: fine grained, 1ight grey-grey wWith ] L TOPSOIL some leaf litter
T some i1t and some fine roots "
(/ CH SILTY CLAY: medium to high plasticity, orange, <Hp H RESTDUAL
41 mottled red with a trace te some sand fine grained
w
D ] jx/
_/ x
1/
N (]
w
79
0 v LI SILTY CLAY: mediun to high plasticity, light RESTOUAL
-?/ grey-white, 6 red, mottled with red ironstaingd
1 _/% sections and a trace of sand fine grained
_g;
)
Y
%Y
o)
il %7 5 U B R 1 I I S
7‘/ SILTY CLAY: mediun plasticity. 1ight grey-white & EXTREMELY WEATHERED ROCK
-,/// red mottled with red ironstained sections {tissured structure)
q//
0 § ,4
-.; (]
2 1
] ////
4
4//
| Pit J1P2  Terminated at 240 n
3
£
METHOD PENETRATION SAMPLES. TESIS ETC CLASSIFICATION CONSISTENCY/DENSTTY THDEX
N natural exposure SYMBOLS AND SOIL VS very soft
X existing excavation | 1 2 3 4 . ¥ undisturbed sample [an) DESERIPTION 5 soit
B backhoe bucket réﬁ;iﬁ rfg'Sta"CE 0 disturbed sample based on unifisd F tirm
B bylldozer n%ade Yery 5?0?1 progress | B3 bulk sample classiFication systen 5t stiff
R bulldozer ripper WATER £ environmental sample ¥St very stiff
£ excavator ¥S  vane shear HOISHIRE H hard
Mo hand auger 0 nane obser ved 0P dynamic penetrometer o i F trianle
HT  hand tools ¥ nat. measured F1  field density " nu‘ifst VL very loose
SUPPOAT v water level W3 water sample y '-:et t loose
SH shoring ST shotcretef == Lo MD nediud URNSE
Nil no support —  water outflo :[f ?_lasgéc}_]:ng;t i) dense
BB rockbolts B water o fuid st VD very dense
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Coffey Geosciences Pty Ltd
ACN 056 335 518 E@EIFIEY] pit ma
JTP3
engineering log - 022
extavation L
: office job no;  612023/%
ciient: SHOALHAYEN CITY COUNCIL pit commenced: 30-03-99
principal: pit completed:  30-03-98
project: EFFLUENT DISPOSAL STUDY iogged by:
pit location: JERGEARA ESTATE, ST GEOAGES BASIN (REFER TO (IRANING] checked by:
equioment type and medel:  BACKHOE R L Surface: NOT MEASURED
gxcavation dimensions: 4 nlong 0.45 n wide orientation: - datum:
g g . 2 |ebs
b=t g | 2 material wg | BRl8SE structure and
8| E [&]g | samles =all | 23 - - - et 22 | Sz |T 87| additional observations
21 2 8] l; S2ig | == s0i) type; plasticity or particle characteristics Bz | 83 =4
g Sl 2 |testsete | SE (& o totour Secondary and minor components 25 =5 kFa
= E —_— (=} QU
1234 i 2288
1 Cx 7 A . T . =
w =1l D jf,'f SE | CLAYEY SAMD. fine grained light grey ith some ] L TOPSOIL
?)/}J silt and some roots
;.4{,. TI | GANDY SILTY CLAY: medium plasticity orangs, with W[ RESTDUAL
:j/ some light grey sand fine grained some fissuring
7
7
.
_y‘/i
1 AL
. SANDSTONE: Highly Weathered fine grained orange § HIGHLY WEATHERED ROCK
light grey
2
A Pit JTP3 Terminated at 220 m
3
. . _
HETHOD PENETRATION SAMPLES TESTS EIC CLASSIFICATION CONSISTENCY/DENSITY INDEX
N natural exposure SYMBOLS AND SOIL ¥§ very soft
X existing excavation | 1 2 3 4 e resist U undisturbed sample (am) DESCRIPTION S soft
81 backhoe bucket E}!éngiﬁir?gm ance | 1 gisturved sanple wased on unified ; firn
] buildozer b}ade ‘ ery slow progress [ 8BS tlLIil_: sample classification systen St 5tiff
] hulldozer ripper E envirenmental sample ¥St very stiff
£ excavator RATER ¥S  vane shear HOISTURE H nard
WA  hand auger 0 fnene obser ved EP  dynamic penetroseter 1 ry Fi irianle
BT hand teels % not measured FO field density i aoist w very loose
SUPPORT [ e level WS water sampie W st L loose
SH sporing  SC shotcrete] —, ¥ lastic limit M medium dense
Nit no suppart ~ vater outfiow H[; Iiiquid li;ni; 0 dense
BB rockbolls B>~ vater inflwy va very dense
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Coffey Geosciences Pty. Ltd
ACH 036 335 516 E@E \\7 pit no
' J1P4
engineering 1og - 22
X a ton sheet 1 ¢f |
e C Va 1 office job no  G12023/4
client: SHOALHAYEN CITY COUNCIL pit commenced:  30-03-983
principal: pit completed: 30-03-98
project: EFFLUENT DISPOSAL STHDY logged by: MF
pit lscation; JERBEARA ESTATE, ST GECRGES BASIN (REFER 70 ORAWING) checked by:
equipment type and model:  BACKHOE AL Surface: NOT MEASURED
excavation dirensions 4 nloag 0.45 m wide orientation datua:
]
s & 2 lass
s g | = natérial wg | 25 |55E structure and
2 e e | 2, 52 | B FEF iti -
Bl 5 |g|p|mes |, sg|g | S8 spil type:plasticity or particle characteristics | w2 | B3| B additional observations
2] g Sleftstserc & S8 |5 | 85 colour  secondary and minor components g5 Eé kFa
§234 & |3 2888
e =R ] ]{f SC CLAYEY SAN: Fine grained, light grey-grey wWith [ TOPSCIL
REES some 531t and sore roots theoughout "
A7 o | SILIY CLAY. sediun to high plasticity, orange. IR Y RESTOUAL
//“% nottled red with some sand fine to medium grained H
_/ /
g 2
-;g
L]
1 ]
_/% old tree rocts in westera end of pit from
_?‘ ] Ymtattn
2 P I
1 -—f/ Cl SANDY SILTY CLAY: nedium plasticity, light grey, <Kp H
é/ nottled orange, & red, sand fine grained, clay has a
TS closely Fissured steucture with a trace of roots
2%
7
877
¢
'K%"““""""“"“"““ﬁ‘ ____ e m— sl B BT A Thrus v weaaenen pew T
r/,/ SANDY SILTY CLAY, medium plasticity, light grey EXTREMELY WEATHERED ROCK
-}4‘}-‘/}’ moktled orange & red with sand fine grained
2 _| / :
4o
v
4
4 Pit JTP4 Terminated at 250 n
3
4
METHOD PENETRATION SANPLES  TESTS ETC CLASSIFICATION CONSISTENCY/EENSITY INDEX
N natural exposure SYMBOLS AND SOIL V5 very saft
X gxisting excavation | 1 2 3 4 Little resistan U undisturbed sample (mn) DESCRIPTICN 5 soft
BS  backhoe bucket r‘éngin? [HSANCE | p o disturded saople hased an unified F fire
;] bulldozer blade ey slow progress | B bulk sample classification Systen St stift
i buildozer ripper E environmental sample E ¥5t very stiff
3 pxcavator HATER ¥§  vane shear MDISTURE H nard
HA  hand auger 0 fione obser ved 0P dynamic penetroneter 0 ary f friable
KT hang taols ¥ not neasued F)  Field density " s0ist W very locse
SUPPCAT [ vater level ¥ uater sample ¥ wel L laose
S84 snoring  SCosnotcrete| — W plastic linit L1} medium dense
: ‘ g ater autflon n :8SLIL 0 dense
Nil no support . L3} liguid Iimit
A8 rockholts P> water inflow vd very dense




168-239

B4.

YERSION

COFEXCA

12 32 45

18/ 5/9

i) Copyriaht Geosciences Pty, Ltd. 1938

Coffey Geosciences Pty Ltd -
ACH 036 3% 516 Emﬁ 'V] pit no
JIPS
. . AN
engineering log Vo004 w1 o
office job no: 61202311
client: SHOALHAVER CITY COUNEIL pit commenced: 30-03-99
princigal: pit campleted: 30-03-99
project: EFFLUENT DISPOSAL STUDY iogged by:
pit location: JERBERRA ESTATE, ST GEORGES BASIN (REFER 10 ORAKING) checked by:
equipnent type and model:  BACKHOE R L Surface: HOT HEASURED
excavation gimensions: 4 long 0.45 m wide orientation: datum
g g . Elets
2 = | & naterial oc | 25 |BEE structure and
=| g : = | 2z ) et o2 | 2z |78 it] i
2| & 188 samples; |, S8 = | =8 soil type:plasticity or particle characteristics a2 | 4o 2 additional gbser vat ions
gl E |33 {tstsete b B2 |5 ] g5 colegr secondary and minor corponents 25 | 88 kPa
§234 &= L
- =N L ;,1 S | CLAYEY SAND: fine grained, light grey, with some K L TOPSOTL
N fing roats breaks up in clump with some silt from
MY 0 15m
g 7 T T STTY LAY Tediin to Wigh plesticity ngntgrey, | < | H
// moktled orange & red, with some sand tine grained
%/ clay breaks Op into 20-50mm pedals fissured rock
- structure light ironstained former root hairs
%%
17
17 ;
i ]
0 1%
| J;%
7
. /?
177
177
_g//’
197
1 %
17%
. 2
”//y 00 71 ST S TOAE Tow b aedive plasticity, light "~ EXTRENELY WEATHERED ROCK ~
T %‘ orey mottled orange G red with sand fine grained
%%
N pit JIPS  Terminated at 290 n
3
4
METHOD PENETRATION SAMPLES 1ESTS LIT CLASSIFTCATION CONSISTENGY/ORNSITY INDEX
N natural exposure SYMBOLS AND SOIL VS very soit
% existing excavation 12 3 4 . . U undisturbed sample [mn) DESCRIPTIEN 5 soft
BY  backhoe bucket Aie eSSt | g gistarted sample vased on unified Fr firn
8 vl ldazer blade {_very s?uw oragress | 85 Dulk sample classitication system St stiff
R bulldazer 1ipper E environmental sampie vSt very stifi
£ excavator HATER VS vane shear MOISTURE H hard
HA  hand auger D none observed 0P dynamic penetrometer 0 ary Fo fr iabla
HT  nand tools ¥ not measured FO field density " avist Wi very lnase
SUPPORT v water level HG  water sapple " HE; L logse
SH shering SC shotcrete| = L i M medi
Hil no suD;gmrt ~ vater autilon " plastic Lnt DD ;lemum e
B water inflow ¥l liguid Himt orse
A8 rockbelts L] very dense
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{C} Copyrioht Geosciences Pky. [td. 1998

Caffey Geosciences Pty Ltd :
ACH 055 135 546 E@E T/ pit no
JTPB
engineering log - Do
t B n sheet 1 of
excava ]-D office job no:  G12083/1
tlient: SHOALHAVEN CTTY COUNCIL pit commenced: 39-03-9H
principall pit rompleted: 30-03-99
aroject: EFFLUENT DISPOSAL STUDY logged by:
pit location: JERAERRA ESTATE, ST GEORGES 8ASIN (REFER 10 ORAWTNG} checked by:
equipment type and model:  BACKHOE R L Surtace: HOT WEASURED
excavation dimensions: n long 0,450 wide arientatian: datum
< 5 _ =Elets
= = | 2 material wg | 2= |B5% structure and
= B = = S 55 G = P43 wats
2l & [Bls swles | sg@|g | S8 soil type: plasticity or particle characteristics s | g% & additional oaservations
Bl § |31E |testsete & SE|§ | E5 colaur  secondary and minge CORPOGERES 25 | &5 kPa
1234 & | = 2583
w =1 D ){,/- 5C ELAYEY SAND: fine grained grey-brown wWith some 4 L TOPSOIL
Te 5ilt and fine roots
R [P I
44 (1 SAKDY CLAY: medim plasticity crange-trown with <Hp B RESIDUAL
e sand fine to medium grained
AL, clay from 0.2-0.5n dreaks up in hard
/5 Tumps ko 0.1m in size
0 (/// CH STLTY CLAY medium ta high plasticity. light grey
-/% mottied orange, § red, with @ teave of sand fine
4/ grained breaks up into pedals 20-50mm in size
o
v
7%
]
i i
2%
_//
...%/
1%
R é
i (} 0 SANDY SILTY CLAY: highly fissured structure low to EXTREMELY WEATHERED ROCK
-/;/{J medium plasticity light grey some red ironstaining
_?/ sand ine grained
17 I R N NN A S ——
: SAMOSTONE; tine grained light grey-orange highly HIGHLY WEATHERED ROCK
weathered
2. -
i Pit JIP6 lerminated at 2 40 m .
3 -
4
METHOD PENETRATION SAMPLES. TESTS EIC CLASSIFICATION CONSISTEMCY /DENSITY INDEX
N natural expasure SYMBOLS AND SCIL VS very soft
X existing excavation 12 31 4 - ot U uedisturbed sample (mo) DESCRIPTION 5 saft
B Dackhoe bucket r:]mgig r%gls 8CE f p disturbed sample hased on wailied F firm
B bulldozer blade very s?uu pragress | B hulk sample classification system 5t stitf
R bulldozer ripper WATER 3 envirenmental sanple : ¥St very stifi
£ excavator ] VS vane shear HOTSTURE H hard
WA hand auger none oDSer ve 0P dynamic penetrameter 0 ary Fb fr jable
HE  hang tonls ¥ ol neasured O field censity 4 noist v very loose
SURPORT Yoo vater Jevel WS water sanple " ot L loose
EJ?I ign;;ggmsc shotcrete -—Q water outtlon ﬁ? p!as_tic !“?” En gsg;gsﬂ dense
BB rockbolts B vater intlow ligeid Tinit Y0 very Gense
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Caffey Geosciences Pty Ltd

ACN 056 335 516 E@EIFE pit no
JIP?

: : AN

engineering log - 700 L

excavation office joo no 6128231

client: : SHOALHAVEN CITY COUNCIL pit commenced: 31-03-99
principal: pit completed:  3§-03-99
project: EFFLUENT 01SPOSAL STUDY 1ngged by:
pit lacatien: JERBEARA ESTATE, ST GEORGES BASIN IAEFER TD DRAHING} checked by:
equiprent type and model:  BACKHOE R L Surface: HOT MEASUREDR
excavation difiensions: 4 along 0.45 m wide orientation: datum
= s _ wEBlets
5 o |2 matar al we | Z2[REE structure and
= 5 |2 = oo . : (et a0 | 82 3 iti ‘
Bl £ |3|gms | S8(o | £5 soil type: plasticity or perticle characteristics | &% | 23| & additional observations
2| 5 2|2 testsete & SE|E | E5 colour secondary and minor ompenents 25 | 58 kP
1234 = o 2228
s =n D =] SC CLAYEY SAMD: fine grained, light grey-grey with H L T0PSOIL
!
e some §ilt and seme fine roots M b
i N Sl R R 2 [ PO ]
I3 s CLAYEY SAMD: (ine grained, orange, with some low to RESICUAL -
b I medium plasticity ¢lay clay content increasing xith
s b
X/.)d depth
C 3
-5,5;' "R TSR SIO LAY mdiun to high plascicity gt | g | B -
/v/ grey, mottled orange & red with sand fine to :
‘;}/ nediun grained b
1 _4’?? -
4 _
b ] &
_ﬁ/ 4
q;%l,/ clay beging to have a slightly fissored i
/‘% structure from 1.3m with @ trace of former
”jﬁ% roots and red ironstaining 7
T :
ks ;
] G T S A N 1 1 I S
. SaubY SILTY CLAY, medium plasticity 1ight grey EXTRENELY WEATHERED ROCK
—'?/ with send tine orained =1
J?é B
1% 1
2%
_ pit JIP7 lermingted at 240 m -
3 ]
4
METHID PENETRATION SAMPLES TESIS. EIC CLASSIFICATION CONSISTENCY/DENSETY INDEX
M natural expasure SYMBOLS AND SOIL s very soit
X existing excavation 1 2 3 4 ble resistance U undisturbed sample {ne) DESCRIPTION 5 soft
84 backhoe bucket @angin? h 9 disturbed sample based o0 uni Fied f tiin
g twlldozer h%ade very slow progress | 89 t)u}!f sample classification system 5t stiff
R Bulldozer 1ipper WATE E environgental sample ¥SL very Stiff
£ excavator A VS vane shear KOISTURE H nard
HA  hand auger D none obser ved 0°  dynamic penetrometer B oy Fb ir 1able
HT  hand tools £ Aot neasy ed F field density M moist VL very loose
SUPFORT oo et devel WS water sanple W aet L loose
SH shoring  SC shotcrste) = cater autHow Wp olastic Tinit HD aediun gense
Nil oo support = Wl Hquid linit i dense
B8 rockbolts E>—  water inflox yp very dense
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Coffey Geoseiences Pty Ltd
ACN 056 333 516

engineering log -

0%

AR
V747474

W]

nit no

JTP8

sheet i of 1

exCavation office job no: 612023/
client: SHOALHAVEN CITY COUNCIL pif commenced: 31-03-99
principal: pit campleted: 31-63-98
project: EFFLUENT DISPOSAL STUDY logged by ;
pit location: JEABERRA ESTATE, ST GEOAGES DASIN IAEFER 10 ORAING) checked by: /
equipment type and model: BACKHOE R L Surface: NGT MEASURED
excavation disensions: 4 nlong 0.45 m wide orientation datum
< § ) Bloss
2 = |2 materizl sz | 25 lES® strycture and
2l £ |&ls samples, | sglo | S8 soil tyserplasticity or particle characteristics %2 | =3 = additional odservations
121 § [E]E {testsete | SE(5 | &5 colour. secondary and minor components g5 | 5 kPa
=1 J1234 o 828%
- () n - . <
=l “ = 9 i} S/ B CLAYEY SAND: Fine grained, brown, with some sili and | M L TOPSDIL
% 0 ::(f" 3 fine roots, breaks up in S0mm pedals A 0
w il CLAYEY SAND: tine grained, orange, with @ trage of
¥ T sj1t and oceasioral medium to coarse anqular and 4= ST e R
= e wounded quartz gravel Ao S
[ A SANDY STLTY CLAY medium to high plasticity. orange RESTOUAL
g 0 PSR | with sand fing grgined _  _ ______ ... L |
g j‘ L1 SANDY CLAY: medium plasticity orange with Some 5t
S sngular sandstone gravel
. Pit JIP8 Terminated at 060 m
- Backhoe refusal at O 6m on moderately
weathered sandsione
1 ]
o ]
o -
2
s 2 _
3 ]
2 4
= METHID PENETRATION SAMPLES TESTS EIC CLASSIFTCATTON CONSISTENCY/DENSTTY TNDEX
=l 0 natur al expusure SYMBOLS AND SOIL Vs yery solt
| ox o eastigecavation | 1 2 3 4 e | undisturbed Sample len} DESCRIPTION § saft
] 84 backhoe bucket rangin? to 0 disturbed sample pased on unified 3 hr_m
wi B pulldozer plade very siow progress | 85 Dulk sample classification system 5t Stiff
= I bulldozer ripper WATER £ envirenrental sample St very stifi
gl € excavator ¥S  vane shear MOISTURE H har ¢
£i Ha hand auger 0 none obser ved 0P  dynamic penetrometer 0 dry Fb frigble
=i T hand teals ¥ nat measur ed f0 field density " noist VL very loose
S SUPPORT oo weter lewel ¥ water sanple i uat L Joose
£ SH shorjng  SC shotcrete]| —= wter outilow ¥ plastic Timit MD medium gense
&1 Nil no support -Q : ™ Yiquid linit n dense
=l BB rockbolts B water Inflow D very dense
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Coffey Geosciences Pty Ltd -
ACN 036 333 516 E@E “{7 pit ra
JTP9
engineering log - 22
t . sheet i of 1
excava lon affice job no:  612023/1
client: SHOALHAVEN CTTV COUNCIL pit comnenced: 31-03-99
principal: pit completed: 31-03-39
project: EFFILUENT DISPOSAL STUDY 1ogged by: ) ;
pit location: JERBERARA ESTATE, 5T GEORGES BASIN (REFER T0 DRAWING) checked dy:
equipeent type and model:  BACKHOE RL Surface: NGT MEASURED
excavation dimensions: n long 0,45 o wide orientation: datum;
o s A Elebs
5l g | g nater ial »s |25 |EEE structure and
- © = — 1 35 o = i+3 H
2| 5 |88 smles ). sg o | OB s0il type:plasticity or particle chracteristics | B2 | 2% = gdditional observations
Je S |Z]| 2 ftestsete 2 S5 |[§ i colour secondary and minor comgonents gs £ kP
-~ a = | 3= < =) b=t
= 1234 SR szgs
= - =1 o ] )*',,/, 5C CLAYEY SAND: fine grained light grey with some ] L TOASOIL
W et fine roots
& st H
= '// CH SILTY CLAY; high plasticity, orange. with a trace of =Hp H RESIDUAL
_/f sand fine grained. massive structure
5 1] %
A 4 L __.
= D [ % V5t
=] — b
A
1 r/] ———
1 ? <Hp
5%, .
i o, : . ' |
\ ﬁg/ SANDY SILTY CLAY: low to medium plasticity, crange EXTAEKELY WEATHEAED RACK
—{;{!‘; with brown layer ing sand fine to medium grained
§ys%p)
7
22 I U N R 1 N I A
- o SANDSTONE: Highly weathered fing grained, HIGHLY WEATHERED ROCK
o — grange-brown. With some extemely weathered bands
o | ; :
% -
u 2 —y
- Pit JIP9 Terminated at 240 m
3 ]
§ 4
- ME THOR PENETRATION SAMPLES, TESTS ETC CLASSIFICATION CONSISTENCY /DENSTTY INDEX
s N natural exposure SYMBOLS AND SOIL 5 very soft
o X existing excavation 1 2 3 4 it4le resistance U undisterped sanple fme) DESCRIPTION 5 soft
=t BH  backhoe bucket ? r;ngiﬁ rggis a 0 disturbed sample pased on unified F tirm
w| B aulldozer blade very s?uw progress | Bs  bulk sample classitication system St stiff
E R tulldozer ripper WATER E environmental sample Y5t very stiff
G| E excavator ] ¥5  vane shear MOISTURE H nard
gl M nang suger ”Uft]e abser “;5 P dynanmic penetrameter 0 dry Fir iriable
2| HT - hand tools ¥ not measure FO tiald density p noist 4L very loose
&{ SUPPOAT Yo veter leve} WS water sample " vet L lnose
54 SH shoring  SC shoforetep “= N i 5
El w1 supgo;t 'Q water outflod :lll Dlas@;c llnm ED ndizgégm gense
=| M rockbolts B water inflow Hagid Lmit D very dense
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[C} Copyright Geosciences Pty. Ltd.

Coifey Geosciences Pty Ltd

ACN 056 335 516 EFEEW pit no
JIP$0
: : ARNRRE
ngineering log -
€ gav t'{}ng g VL4 ot 1 o 4
gxXCavatl office job nr 6120231
client: SHOALHAVEN CITY COUNCIL pit cormenced: 31-03-99
principal: pit completed: 31-03-89
project: EFFLUENT DISPOSAL STUDY logged by:
pit location: JERGERRA ESTATE, ST GEORGES BASIN (AEFER TO DRAXING) checked dy:
squipment type and model:  BACKHCE ft L Surface: NOT KEASURED
excavation dimensions. 4 along 0.45 n wide orientation: . datum
g & : 2Eless
=" g |4 naterial »g | B |85 8 structure and
o = | = L == B = i3 H
El £ |g|lg(smies |, S8l | S8 s0il typeplasticity or particle charactesistics | % | B3| & additional abservations
2| 5 B2 |testsete |2 Bz |5 | BF colour  Secondary and sinor components 25 g5 kPa
23 i 2888
al =10 }/ SC CLAYEY SAND: fine grained. light grey with some 0 L TOPSOIL
' 5ilt and roots M0
[ 7 CH | SILTY CLAY; medium to high plasticity, oramge, with | <M H RESTOUAL
1 / 3 trace to some sand fine grained with slight
_;’}/4 fissuring and a trace of roots _
(A
4 )
%7
| 7,
?Q SANOY SILTY CLAY; light grey, motiled crange, some EXTREMELY WEATHERED ROCK
-;,4,?4 red fissured structure breaks up into 20-500m
| “f’/'zi// pedals gravelly from 0 8-0 Sm _
7
9
-
1
| 7 N N R S 111 1
: SAMDSTONE: fine grained light grey motiled orange HIGHLY WEATHERED ROCK
highly weathered
— Pit JTP{O Terminated at 240 n -
J Practical refusal with backhoe at 2 da
3 -
4
METHOD PENETRATION SAMPLES, TESTS, ETC CLASSIFICATION CONSISTENCY/DENSITY INDEX
N natural exposure SYNBOLS AND SOIL ¥s very saft
X existing excavation | 1 2 3 4 Jittie resistance 9 undisturped sample (an) DESCARIPTION 5 soft
B backhoe bucket = reing f 0 disturbed sample pased o1 unified F fzr_r;lf
i Buildozer blage | very slow progress { B bulk sample classification system st stiff
R bulldozer rippet E environmental sample VY5t very stiff
£ excavator HATER VS vane shear KOISTHRE H hard
Hh  hand auges 0 none odserved DP  dynamic penetrometer B ory Fb friable
HT  hand tonls % Aot neasured FO  tield density ¥ noist L very loose
SUPPOAT ot lpvel ¥S  water sample ¥ wet L loose
SH shoring  SC shotcretel — e viai ] med ium dense
Nil no s;ggur‘t = wter outflo ;[]) g!azzéclimt 0 dense
A8 cockboits B>~ wter inflow 1 ' ] very dense
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Coffey Geosciences Pry. Ltd

ATH 095 335 516 E@EFE pit ne
JiP1d
engineering log - 2222
t . n sheet i of |
exXcavatld office job n  G12023/1
client: ' SHOALHAYEN CITY COUNCIL pit commenced: 31-03-99
principal: pit completed: 31-03-99
project: EFFLUENT DISPOSAL STuQY logged by:
pit location: JERACRAA ESTATE, ST GEORGES BASIN REFER TO ORAXING] checked by:
equipment Lype and model:  BACKHOE A L Surface: NOT REASURED
excavation dinensions: 4 mlang 0.45 n wide . orientation: datum
s g T
3 = | B material vg |83 |558 structure and
R=] o = e 52 e @ . ) "
E| £ igjg oS | 58] | 2B soil type:plasticity or particle eharacteristics | &5 | BZ{ 2 additional observations
2| g [F]2 |twstseic & B % %: colour. secandary and minor components EH Eé kPa
123 il sg58
w =1 o 0 5C CLAYEY SAND: fine grained light grey with some L TOPSOIL
silt and roots
CH SILTY CLAY: medium to high plasticity, orange, sty RESIOUAL
b mottled red, with a trace to some sand fine grained H
D ]
J becoring light grey from 1 1n S
Ll [ s R RS S RN B B B I [ TR AP P
SILTY CLAY; medium plasticity, light grey Fissured EXTREMELY WEATHERED ROCK
1 structure withsome sand fine grained
Kl I SINGSTORE Fine gradnes Lignt grey-orange manly | 1 | {17 RIGHLY WEATWERED ROCK
] weatherad
2
i Pit JIP1! Terminated st 220 n
J 51 nighly Lo noderate
SSHIR SR to ekl
3
4
HETHOD PCNETRATION SAMPLES, TESTS. ETC CLASSIFICATION CONSISTENCY/DENSITY INDEX
B naturai gxposurs SYMBOLS AND SO11 ' very soft
bt existing excavation [ 1 2 3 4 Jittle resist U undisturbed sanple {mm) DESCRIPTION 5 soft
B backhoe bucket *——|_\_ péngiﬁ?fiﬁls CE | p gisturbed sample nased on unified F firn
8 buildezer blade | very slow progress | Bs  bulk sample ¢classification system st stiff
R bulldozer ripper E environmantal sanple ¥St very stiff
E eXCEYVaLO! HATER NS vane shear MOISTHRE H har¢
HA  hand auger B nane pbserved [P dynamic penetrometer 1 ary Fu friable
KT hand tools X not measure FO field density 0 noist VL very loose
SUPRDAT o wter lewel S water sample ¥ et L loose
SH shoring SC shotcrete| — ¥ lastic linit ] medium dense
Mil no support ¢  vater outfloy Wi ?mm Jinit 0 dense
B8 rockbolts P water inflow g very dense




T88-239

B4.

VERSION

COFEXCA

19 49

12

18 / 5/99

1598

{C] Copyrioht Geosciences Pty. Ltd.

Caffey Geosciences Pty Lid

ACN 056 335 516 @@F J; Ew pit no
JIP12
engineering log - 2227
extavation L
' office job noz 61202371
client: SHOALHAVEN CITY COUNCIL pit commenced: 31-03-99
o incipal: pit compieted 31-03-99
project: EFFLUENT DISPOSAL STUDY logged by:
pit location; JERBERRA ESTATE, ST GEDRGES BASIN [REFER TO (RARING) checked by:

equipment type and model:  BACKHOE A L Surface: NOT MEASURED
gxcavation dimensions. 4 = long 0.43 m wide orientatisn: datum:
re
5 s . 2 |loek
2 L g | = material ez | BS [ESE ~structure and
B2l S |g|lg = |, 58| | S8 s0il type: plasticity or particle characteristics | 2= | o= | & additional observations
gl g |32 testsete ¢ BB |E | 85 colour secondary and @inor companents g5 | g5 kPa
£ pi=1 o o
1234 =1 288§
i 5 0 M S e CLAYEY SAND: fine grained, lignht grey with some TORSCIL
T silt and some fing roots breaks up in hard lumps ug
_'ﬂé to 20Cnm frcn O im depth
£ p CH | SILTY CLAY medium ta high plasticity, orange-trown | <ip { H RESTOUAL
// § red, with a trace of sand fine grained slight
1/ / Fissur ing
77 }
7%
_;/
179
1
147
7Y
i / -
79
? SANDY SILTY CLAY: medium to high plasticity, light EXTREMELY WEATHEREQ ROCK
h / grey nottled orange, & red highly fissured breaks
//* into pedals of 20-50mn with rec ironstaining in some
//' fing root hairs
o
" SANDSTONE:  fine grained, 1ight grey-orange with T RIGALY WEATEREQ fOCK
some extremely weathered sections
2 -
Pit JTP12 Terminated at 250 m
3 -
4
METHOD PENETRATION GAMPLES, TESTS EiC CLASSIFICATION CONSISTENCY/DENSITY INDEX
N natur al exposure SYMBOLS AND SOIL VS very soft
X existing excavation | 1 2 3 4 Litt]e resist U undisterbed sample (mal PESERIRTION g soft
B4 backhoe bucket fanging ta e |0 disturoed sarple based on unified F Fira
g bultdozer blade | very 5?0\1 progress | 85 bulk sample classification systen St stiff
R tulldozer ripper E envirenmental sasple Y5t very skiff
E excavator HATER ¥S  vane shear HOISTURE H hard
KA hand auger D none odser ved 0P dynamic penetrometer 0 iy Fb frianle
Bl hané tools ¥ aot measured FD field density ¥ neist YL very loose
SUPPORT yoooate level WS water sasple " wet L lonse
SH shoring SC shaicrete) — W plastic linit K nediun dense
Mil no support ~  vater outflod W] Tiuid limit 0 dense
fB rockbolts P water inflow i0 very dense
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office job no:  G12023/§

pit no

JIP13

sheet 1 of |

client:
principal:
project:

pit location:

SHOALHAYEN CITY COUNCIL

EFFLUENT OISPOSAL STUDY

JERBEARA ESTATE, ST GEORGES BASIN (AEFER T0 JRAWING)

pit commenced: 3{-03-99
pit completed: 31-03-89

1ogged by
checked by

U0 surface.  NOT KEASURED

equipment type ang model:  BACKHOE
excavation dimensions: 4 nlong 0.45 n wide orientation: datum:
5 5 : Elees
2 o | o material ps | 25 |55 strycture and
o B[ = S . 52 B | = . .
BE| S |glgfsmwles . sSgla | S8 si type:plasticity or particle characteristics | Ba | @n | & additional ohservations
2| 5 [2fE{estselc r 3@ ‘:;; :E: colour secondary and minor cosponents 25 %g kPa
i 234 il 8888
w Elo ) / S CLAYEY SAND: fine grained 1ight grey with fine ] L TOPSOIL
Tas roots and a trace te some silt E
1 LI SILTY CLAY: medium plasticity corange & light grey ySt RESTOUAL 7
i mottled B
0 | Lo
3 -
LE [ 0 N P VU S I S N N S T e S —]
0 SANDY SILTY CLAY: medium plasticity, light grey, EXTAEMELY WEATHERED AOCK
pottled orangs, with some red ironstaining highly h
fissured structure with fine reot hairs i
' R B R B SHOSTONE fine graied, Lignt greyorenge witn | | |11 |1 RGO WEATHEREO ROCK |
some extremely weathered sections 7
2 —
] Pit JIP13 Terminated at 260 m 4
1 4 -
4
HETHOD PENETRATION SAMPLES, TESTS, EIC CLASSIFICATION CONSISTENCY/BENSITY TNDEX
N natur al exposure SYMBOLS AND SDIL VS very soft
1 existing excavation ] 1 2 3 4 . istan U undisturbed sanple (am) DESCRIPTION 5 soft
81 backhoe hucket ' r;ngiﬁ TESISWOCE | 0 disturted sanple based an unified F fira
] buildezer blade ery s?nn progress | B85 bulk sample glassification system St stiff
R bulldozer ripper E environmentz] sample Y5t very skiff
E excavator HATER ¥S  vane shear HOISTURE H nard
HA  hand auger 0 nang obser ved 0P dynaric penetrometer 0 iy Fi friable
BT hand teals % not mezsured - FO field density y woist Vi very loose
SUPPORT o ety level WS water sample ¥ ot L loose
S{f sharing  SC shoicrete] — water outilo W plastic linit ] nedium dense
Nil no support ’Q in ¥1 Yiguid limit 0 danse
fB rockbalts B> water inflov 10 very dense
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- : AR
engineering log -
exgavationg ! el e L0
: office job no;  G12023/1
client: SHOALHAYEN CITY COUNCIL pit commenced;  31-03-93
orincipal pit compleied: 31-03-99
project; EFFLUENT DISPOSAL Siuny 1logged by: M
pit location: JERBEARA ESTATE, ST GEORGES BASIN {REFER T0 CRARINSG] checked hy:
equiptent type and model:  BACKHDE R.L Surtace: K0T WEASURED
excavation dinensions: 4 nlong 0.45 0 wide orientation: datum:
5 g . EBlass
2 L S material pe | E5 558 . structure and
El S |g|g|smles. | sglg [ <B s0i1 type: plasticity or particle characteristics | &g | 24 = additional odservations
2] 5 122 |wstsee & 8F |5 | &7 colpwr secondary and minar coORpaRERts 25 | g5 kFa
e —_— (=]
1234 = b e 8388
—7F B - N - ] -
- =] 0 0 ;{, sC CLAYEY SAND: fine grained light grey, with low M L TOPSOTL
oot plasticity clay with seme siit and fine rects
A7/ UL | SILTY CLAY: negium plastivity orange with atrace | > | Vst RESIDUAL
; 4 to some fine grainec sand
1/
[
o
L]
]
(]
1]
g
L
D e SANDY SILTY CLAY. fedium plasticity, 1ight urey, G EXTREMELY WEATHERED ROCK mist
f some red irenstaining fissured structure in places in places
£y
e
L
b
127,
7 N .
_,,/'1./ centains some highly weathered ironstone
3 ?{'/ hands from § .90
/%
K
.
]
9 /%
A Pit JIP14 Termingted &t 270 m
3 4
4
HETHOD PENETRATION SAMPLES TESTS. ETC CLASSIFICATION CONSISTENCY/BENSITY INDEX
E| natural exposure SYMBOLS AND SOIL VS very soft
X existing excavation | { 2 3 4 1 st U undisturbed sampla [mal DESCRIPTION 5 soft
84 backhoe bucket r';ngiﬁ FESISIANCE [ p disturbed sample pased on unified F fira
8 oulldozer blade very 5?“ progress | Bs  bulk sample classification systen 5t stift
A bulidozer ripper RATER £ environsental sampie ¥t very stiff
£ excavator VS vane shear MOISTURE H hard
WA hand avger 0 nong obser ved 0P  dynamic penetcaster Fu friahie
not reasured : ; 0 dry
HT  hand tools ¥ FD field density " st ' very loose
ESPPGHT o shoret Jooeter level ¥ water samle W et lﬁ[l Iog;e )
shor in shotcrete| — P fediun dense
Nil 5111 : rt weter nutflow i lastic limt ] dense
11 00 Suppa water inflow )| }iquid init
A3 rockbalis B ! ) very dense
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'17 pit no

JTP15
engineering 1og - PO
t - sheet 1 of |
exCavarion oftice job no: 61202311
client: SHOALHAYEN CITY COUNCIL pit commenced: 31-03-99
principal: pit completed: 31-03-99
oroject: EFFLUENT DISPOSAL STUDY ogged by:
pit ipcation: JERBERAA ESTATE, ST GEOASES BASIN [REFER TO DRARING) checked by:
equipment fype and model:  BACKHOE RL 'Surface: NOT MEASURED
excavation dimensions: 4 n long 0.45 n wide orientation: datum
s Bloss
& g | = rater ial ws | B2 |ESE structure and
il = —_ e ) L . o 55 3.?.7 = & - “ -
2| £ lgls smples 1. 52 |e | SE seil typerplasticity or particle characteristics | &5 | B2 1 & additional gbservations
fE g S12 |testsele F S5 |8 | 84 celoyr  secondary and minar compenents 85 | 55 kPa
“ 1234 L= T
=" =1 D 2 7 CH ORGANIC CLAY: medium plasticity, dark grey with Hp TOPSOIL
= b fine roots and organic spongy material U I
W 4 Q CH SILTY CLAY: high plasticity, grey-trown with fine Mp ALLUVIUM
’& % rogts Slightly fissured structure
= 0 %/ pecoming 1ight grey brown matsled orange .
i // rassive stricture
= - /%
199
1%% (
0 % %
t 1 % e
27
Ny /
2%
..//
177
4/
pro /4/ *
e A
5 4
o 177
g Y
z 77
E -
41 g
1 2
A Pit JiP5 Terminated at 260 m
3 ]
% 4
=1{ METHOD PENETRATION SAMPLES TESIS EIC CLASSIFICATION CONSISTENCY/DENSITY INDEX
g # patural exposure SYMBOLS AND SOIL Vs very soft
- X existing excavation 1 2 3 4 ‘ttle resistance Y undisturbed sacple (mm) OESCAIPTION 5 soft
z gH gaﬁgoe hugke; EWN? i D disturbed sample based oo unilied 3 firn
2 ulldozer biade very slow progress | B Bulk sample c1assiHication systen St stitf
g R hulldozer ripper WATER £ environmental sample V5t very stifi
Sl E excavator 0 VS vane shear HOLSTURE i hard
Sl M hand auger none obser ved 0P dynamic penetrometer 0 dry o friable
| HT - hand tonls % not. peasured 0 fielt deasity " noist VL very loose
g SUPPORT § vater level ¥S  water sample W ot L logse
g Sf_! shar ing .SE shotcrete| —= water out(low Wp plastic liit D nedium dense
&1 Nil no support ~ : Wl Viuid Yiait 0 dense
=| BB rockbolts P water dnflow ) very dense
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SYDNEY Page 1 of 5
ANALYTICAL
LABORATORIES
Office:
PO BOX 48 e
ERMINGTON NSW 2115 ‘:;;-n::—:("‘ -;:.3 _
COrr s yid -_1
Laboxratory: GERWTY Ly R
1/4 ABBOTT ROAD WTL;g;uEi* R
SEVEN HILLS NSW 2147 i
Telephone: (02) 9838 8903 . 099 :
Fax: (02) 9838 8919 9§ APR 1
A.C.N. 003 614 695 ayohEY *
NATA Reg. 1884 o :
.--_'-—-‘--’_‘ .
ANATYTICAL REPORT for:
COFFEY GEQSCIENCES PTY LTD
PO BOX 125
NORTH RYDE 2113
ATTN: ANDREW DAWKINS
JOB NO: SAT.7628
CLIENT ORDER: G12023/1

DATE RECEIVED: 08/04/99
DATE COMPLETED: 16/04/99
TYPE OF SAMPLES: SOILS

NO OF SAMPLES: 4

" S Issued on 23/04/99
Lance Smith

National Association of Testing - .

" Aunthorities, Australia - { Chief Chemist )

NATA Endorsed Test Report
This document may not he
reproduced except in fufl.
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JOB NQ: SAL7628
CL.IENT ORDER: G12023/1

*PHOSPHORUS
SAMPLES SORPTION ESP CEC
mg/kg % MEQ$
1 JTr4/0.6-0.7 600 2.0 8.0
2 JTP?/O-4"'0.5 400 Ong 2-3
3 JTP11/0.4-0.5 550 2.9 7.5
4 JTP14/0.4-0.5 560 2.0 6.0
MDL 1 0.1 0.1
Method Code 59 C35 57

Preparation P5 P5 P5
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TICAL
RATORIES
ANALYTICAL REPORT

JOB NO: SAL7628
CLIENT ORDER: G12023/1

------------ e EXCHANGEABLES —me—mm—m e

SAMPLES Na K Ca Mg Mn Al
MEQ$ MEQ% MEQ% MEQ$% MEQ% MEQ%

1 JTP4/0.6-0.7 0.16 0.12 0.23 3.45 <0.01 3.8
2 JTP7/0.4-0.5 0.02 0.02 0.34 0.70 <0.01 1.0
3 JTP11/0.4-0.5 0.22 0.04 1.45 4,05 <0.01 2.1
4 JTP14/0.4-0.5 0.12 0.06 0.10 2.75 <0.01 2.7
MDL 0.01 0.01 0.01 0.01 0.01 .l
Method Code S7 sS7 S7 s7 57 57

Preparation P5 P5 P5 P5 P5 P5




YDNEY
ANALYTICAL
LABORATORIES

JOB NO: SAL7628

CLIENT ORDER: G12023/1

SAMPLES
1 JTP4/0.6-0.7
2 JTP7/0.4-0.5
3 JTP11/0.4-0.5
4 JTP14/0.4-0.5
MDL
Method Code
Preparation

RESULTS ON DRY BASIS

.01

57
P5

.01

S7
B5

ANALYTICATL, REPORT

Page 4 of 5

SOLUBLES

Ca Mg
MEQ% MEQ%
<0.01 0.10
0.01 0.17
0.04 0.45
<0.01 0.31
0.01 0.01L
57 87

B5 P5

.01

s7
P5

P!



SYDNEY Page 5 of 5
ANALYTICAL
LABORATORIES

ANALYTICAL REPORT

JOB NO: SAL7628
CLIENT ORDER: G12023/1

METHODS OF PREPARATION AND ANALYSIS

The tests contained in this report have been carried out on
the samples as received by the laboratoxry.

P5 Sample dried, split and crushed to -150um

*S9 Phosphorus Sorption - Dept of Agriculture Standard Method
Determined by APHA 4500F

C35 Exchangeable Sodium Percentage - Silver Thiourea Extract
Determined by APHA 3500D

57 Cation Exchange Capacity & Exchangeable/Soluble Cations

Determined by Silver Thiourea Method

*The laboratory’s NATA registration does not cover performance of this service

A preliminary report was faxed on 16/04/99
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coffey GeOSCiences Pty Ltd AC.N.056 336 518

Geotechnical

Resources

determination of emerson class number

client : SHOALHAVEN CITY COUNCIL
principal :
project I cFFIUENT DISPOSAL STUDY

location : JERBERRA ESTATE. 8T GEORGES BASIN

Environmental

Techni

job no :
laboratory :

date :
test report :

cal Project Management
142 Wicks Road, North Ryde, NSW, 2113
Ph: (61 2) 9888 7444 Fax: (61 2) 9878 81556

G12023/1
SYDNEY
15/04/89

v B

test procedure &

AS128938.1-1957
sample identification: J7P9 (0.4 - 0.5m)

Sample supplfed by CG-Wollongong an the 9/4/99.

test data
time start of 712/4/99
test: 15:26
time dispersion 12/4/99
commences: 15:27
time dispersion Not
Observed

completed:

does not slake

slakes

remoulded material

time start of
test:

time dispersion

commences:

time dispersion
compieted:

2l descrinti

({CI/CH} CLAY - medium ta high
plasticity.light brawn.

type of water used: Distiled

water temperature: 20.5°

immersion of air dried crumbs
U 1
X swell |:| @
does not swell i :'

complete dispersion D

partial dispersion X

no dispersion [:]

®
@

H

immersion of remoulded material

4

disperses D

®

does not disperse

a

calcite or gypsum

present

absent

vigorous shaking

@ ©

class number

disperses D
flocculates D
Emerson

0'% UDIBIAA LHR'T J2GWNN wiod

= 011 AY4 8A3UBISS0ER AS110N D1 THAIN LAON

oral

N\
N\

accreditation.

This laboratory is accredited by the National Association of
Testing Authorities, Australia, The test(s) reported herein
have been performed in accordance with the terms of
This document shall not be reproduced
except in full without the prior approval of the laboratory.

Authorised Signature
NATA No

431

161+ 77

CAINeS




Coffey Geosciences Pty Ltd, ., ... ..

Geotechnical Resources Environmental Technical Project Management
142 Wicks Road, North Ryde, NSW, 2113
Ph: {61 2) 9888 7444, Fax: (61 2} 9878 8155

determination of emerson class number

Coffev P»
y rYssrsa

client:  SHOALHAVEN CITY COUNCIL job no: G12023/1
principal : laboratory : SYDNEY
project :  £FrfUENT DISPOSAL STUDY date: 15/04/99
location : JERBERRA ESTATE, ST GEORGES BASIN test report :
test procedure : A871289.3.8.1-1997
sample identification: JTP3 (0.5 - 0.6m)
Sample supplied by CG-Wollangong on the 9/4/99.
test data immersion of air dried crumbs
ir dried I does not slake D vL

) slakes e swell ij @

time start of 12/4/99
. 15:27

test: does not swell D @
time dispersion

commences: complete dispetsion |:| @

time dispersion partial dispersion ] @

completed: B

no dispersion i —‘|

remoulded material immersion of remoulded material
{

time start of 13/4/99

test: 11:50 disperses ] @
. . . does not disperse <

time dispersion

commences:

time dispersion i
calcite or gypsum

present ] @

completed:

material description absent [

vigorous shaking
{CI} CLAY - medium plasticity light .
brown orange. disperses & @
flocculates D @
type of water used: Distiffed E
merson

class number

water temperature: 20.5°

At LOIKIAA | UG w3 1a0uina wiod

- R AL SHDIANROAT ARILAA (D) | LD A 4NA

aecl

" This laboratory is accredited by the National Association of § Y
Testing Authorities, Australia. The testls) reported herein £3, 1%
L have been performed in accordance with the terms of " ;
accreditation. This document shall not be reproduced Authorised Signature

except in full without the prior appreval of the laboratory. NATA Mo 431

ISSELL /6] £/ 77

§ L8 PL,
bomerhwsiet”
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Coffey Geosciences Pty Ltd . ., ..o

Geotechnical

Resources Environmental Technical Project Management
142 Wicks Road, North Ryde, NSW, 2113

Ph: {61 2} 9888 7444, Fax: (61 2) 9878 81565

determination of emerson class number

Coffey 22
y YIrrri

client : SHOALHAVEN CITY COUNCIL jobno: G12023/1
principal : ' laboratory : SYDNEY
project i E£FFI UENT DISPOSAL STUDY date : 75/04/99
location 1 JERBERRA ESTATE. ST GEORGES BASIN test report :

test procedure : A87289.3.8.1-1997
sample identification: JTP70 (0.4 - 0.5m)

Saniple supplied by CG-Wollongong on the 9/4/93

test data immersion of air dried crumbs

does not slake |:| -L

i dried ]

slakes = swell J

time start of 12/4/99

test: 15:25

time dispersion

commentes: complete dispersion [l @
time dispersion partial dispersion M @
completed:

no dispersion <] ——]

remoulded material

13/4/99
11:45

time start of
test:

time dispersion
commences:

time dispersion

completed:

ial descrinti

{Cl) CLAY - medium

immersion of r

does not swell

moulded material

97}

disperses

e

®

does not disperse

X

calcite or gypsum

present

absent

vigorous shaking

plasticity.orange brown, some fine disperses @ @
to medium sand
flocculates D @
type of water used: Distilled
Emerson

water temperature: 20.5°

class number

®

OF UCIEIRA | HR 1 Jequiny Wied

QGG | - P11 Ald 520UBIO800G ABHOD (0} LHDIRALOD

" This laboratory is accredited by the National Association of
Testing Authorities, Australia.” The test{s) reported herein

. have been performed in accordance with the terms of
accreditation. This document shall not be reproduced

except in full without the prior approval of the laboratory.

Authorised Signature __

NAT

‘A Ne 431




Coffey Geosciences Pty Ltd , _, .......

Geotechnical Resources Environmental

determination of emerson class number

client : SHOALHAVEN CITY COUNCIL
principal :

project 1 crFlUENT DISPOSAL STUDY
location : JERBERRA ESTATE, ST GEORGES BASIN

job no :
laboratory @
date :

Technical

test report :

Project Management

142 Wicks Road, North Ryde, NSW, 2113
Ph: (61 2) 9888 7444, Fax: {61 2) 8878 8155

G12023/1
SYDNEY
15/04/99

vy B3

test procedure : AS1289.3.8.1-1997

sample identification: JTP12 (0.4 - 0.5m)
Sample supplied by CG-Welfonqong on the 9/4/99,

test data immersion of air dried crumbs
ir dried | does not slake D _;
slakes B4 f
time start of 12/4/99 swe [ ®
. 15:28
test: does not swell D

time dispersion

®
@

commences: complete dispersion |:|
time dispersion partial dispersion L
completed: .

no dispersion <

-

remoulded material

'S

time start of 713/4/99
17:52

test: disperses

0|®

does not disperse

time dispersion

X

commences:

time dispersion

calcite or gypsum

completed:

present

[]
®

material description absant

X

immersion of remoulded material

vigorous shaking

{Cl} CLAY - medium plasticity.red
brown.trace of fine sand.

type of water used: Distilfed

water temperature: 20.5°

disperses O @
flocculates < @
Emerson
&
class number

Atdr LOIIBA | UG JBALENA HUINJ

» DIV Ald 530UBI0503M ABL10N (DY 1 HAIMAADD

ARRI

This laboratory is accredited by the National Association of
Testing Authorities, Australia. The test{s) reported herein
have been performed in accordance with the terms of
accreditation. This document shall not be reproduced
except in fuli without the prior approval of the laboratory

NATA No 431



Coffey Geosciences Pty Ltd , ., ... o6

Geotechnical Resources Environmental Technical Project Management

142 Wicks Road, North Ryde, NSW, 2713
Ph: (681 2) 9888 7444 Fax: {61 2) 9878 8155

test results

cient :  SHOALHAVEN CITY COUNCIL jeb no : G12023/1
principal : laboratory : SYDNEY
project :  EFFLUENT DISPOSAL STUDY date : 15/04/98
location : JERBERRA ESTATE, ST GEORGES BASIN test report :
test procedurs AS12894.37 tast date : 13/4/99
Sample pH
[dentification Units
JTP3 (0.5-0.6m) 52
JTPY (0.4 - 0.5m) 517
JTPIO (0.4 - 0.5m) 5.3
JTP12 (0.4 - 0.5m) 4.7

remarks : Samples supplied by CG-Wollongong on the 9/4/99.

This laboratory is accredited by the National Association of . H
Testing Authorities, Australia. The test(s) reported heregin 3

0 o b 4§79
have besn performed in accordance with the terms of . !

accreditation. This document shall not be reproduced Authorised Signature . //
except in full without the prior approval of the [aboratory NATA No 431 { ﬁWW
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Coffey Geosciences Pty Ltd , ., ........c

Gaotechnical Resources

test results

Environmental Technical

142 Wicks Road, North Byde, NSW, 2113
Ph: (81 2} 9888 7444, Fax: {61 2} 9878 8155

Projeet Management

Coffev P>>»
v T L

client:  SHOALHAVEN CITY COUNCIL job no : G712023/7
principal : laboratory : SYDNEY
project : LI UENT DISPOSAL STUDY date : 15/04/99
logation : JERBERRA ESTATE, ST GEORGES BASIN test report :

Prepared In accordance with AS1289 4.3.7 test method test date - 13/4/99

test procedureg @

Sample

Electrical Conductivity

{dentification

Units usfem

JIP3 {0.5-06m)

JTPY (0.4 -0.5m}

JTP10 (0.4 - 0.5m)

JTP12 (0.4 - 0 5m)

0.07

0.56

0.03

0.04

remarks : Samples supplied by CG-Wollongong on the 9/4/99.

0" UOISIBA L1O"LT RGUInY uiag
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APPENDIX C

Preliminary Water Balance Calculations
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Coffey Geosciences Pty Ltd «iossassis

JubNoqolz 23//.
Computations Sheet /ol

N >|
Client SAM Aofef‘ é% CJ"L”C"-’( Office §

Principal Date 30 /ﬁv( /??7
Praject f .ﬁﬂ /U—bvf cpa-t @_1 z

Location /%44540,\/5 q}ré/zﬂsw ,997‘/44;’13 Checked

A B T @ - masmazaf Jéw
R ; o o L, =mﬁ(_a,//moa,jmx¢

assumie. /550 454 /

2.3

‘@K’ /973/( /L f(,.:ru,« o 77)),_ /2M s

, &M /mm RJQ( ) =3 MJ/M"‘/J{%

/ym floin M?/(h ooty = T ke

: !%Q«VL Conn A aésw‘f(ot .n-terw/ﬁ,oJ

/P'“‘féfﬁﬁ* . = B x 35 x 50
- sy 750ﬂj/ﬁ,,z

0 055 éj/m |

MW/ /@Aﬁm PN

- /2 xé/ooo x S < 3o
— 2/ g
Lc/

it

.




Jab No 4’/2013//

Computations st 2o
et Ao lher~ by Cotncd Offic
7

Coffey Geosciences Pty Ltd «onosmssis E

prinipal ’ Date ‘Zo ng/i{a‘, &
Project é;fﬂ[t e g{ud‘;‘ By

Checked

Location 7—5@&664!% _55’:7‘?7f

NN a N
- = - agégxéefx— # L[ 7/:,5/&‘%4—
B N B

I e IR R

HENE A = [ Cix & ]
] L I . B U i _
F -
_______ whs<| | | A= trgale, | ardl 1 g
| 4 |eaeda ] dr |alilixddT _
5 ﬁ/&&‘(ﬁ— e ali / Vo brofe :__
L | 2L |2 | atted s (vt fmle i
/?— = '3 V A /006G L

: _ o
T T T ; 2 :
; = O M | ;
% — /A[‘ 5 ,4' ! _—"_T JE S — - i e}
‘ Eo j ! N
| : r _
i . i H
i : . e _ .
- - i e ‘
i Lo i B 1 o4
_ I ! et % ‘
— — P = ! — 3 , - I J— -
: ! s _' __ SV AN SN N SR S ‘_______(‘ .
3‘ i ! . L SIS D R
T T [ I I R | | :
; i ; I i A B -
i 1 ] 1 1 1







G12023/1-AD
27 January 2000

APPENDIXD

Drawings

Coffey=x







e rA SR - .
| deebers TP SNOILYOC™T DNIMdWYS ILYNIXOHddY 66702} aweg - — oomm.w
NiSVE S39H039 LS ‘F1VLIST vuy3gyar g ) p1ROg
yE20eLD AQNLS vSOdsId INAN 1299 A D o
FONNOD ALID NIAYHIVOHS ?
O ONN ¢ SN umeig - g pre— ose 002 0SL  pol 0% ] 0%
juaiebeusy 10900ld 1 1BIINYIBE | [EIUSWLCHALT | SeaIn0say | [RALYDEICAD aissessy Py Ald SSOUDIDS0DE) Aapon -

2L d _GUJ—EQI --
thww \.

-
;e

3

AHYONNOR TL|S em———"

NOLLYOO Lid 1531 AZ4400 TLYWIXOHAY  m

ONOMZLIA -

[YERER

oL




ST

sonaw) 9le0g
0SS  §¢

{(ev 1) oOO'SE: L
7]

SZL ooi

Revision

vogdpasag

g

Neq

areg
Pay2au)
usel

66-50-8L
e

S 'A1V.LS3 vau3asar

AQNLS TYSOJSIC LN2N7-443

TONNCI ALID NIAYHIVOHS

NOLLYENDIINOD INFWHILYD

NiSvd 8398030

SISSEERIRN Pi-"lﬂ}d SS0UDS00N Aa00

|

ou oy
tou Bupmeag

LIEZUZLD
g-Heenele

suowafieiely 109104 | [€olUyge) | [EUAUDIALY | SeINOSEY | [BANI9025

SWYRHELS ANV SHIZED

INEDE N

T }'UPP REIag,

Collingwoog

e |
-

- +
O

SAISEIY

NOSSHISN

-
-,

wossiysay










(v

Posted

rtens Erated

onsulting engineers since 1989 Courier
By Hand
Contact: Dr D. Martens
Our Ref: P0501093JC1_v3.doc

Pages: 12

3 April 2006

Shoalhaven City Council

Eric Hollinger (Strategic Project Planner)
PO Box 42

Nowra, NSW 2541

Dear Eric,

RE: REVIEW OF BEST PRACTICE METHODS OF ON-SITE SEWAGE DISPOSAL — JERBERRA ESTATE
REZONING INVESTIGATIONS (DRAFT LEP LP155)

BACKGROUND AND SCOPE

We provide the following review of on-site effluent management alternatives for the study
area within the context of existing environmental information, this being:

1. ERM Mitchell McCotter (1994) Local Environmental Study.
2. Coffey (2000) Effluent Disposal Study, Jerberra Estate, St. Georges Basin.
Key aspects of our review include:

1. The adequacy of effluent disposal requirements discussed in the Coffey (2000)
report, within the context of current standards.

2. Assessment of and recommendations for best practice on-site wastewater
treatment alternatives for the site, taking into account spatial variations in soil,
gradient and buffer requirements.

EXISTING SITE AND ENVIRONMENT CONDITIONS
The following salient points pertain to on-site effluent management within the study area.
1. The site contains 153 allotments ranging between 860 - 17,600 m2, with 102

allotments less than 4000 m2 in area (some lots adjacent to Pine Forest Road are <
900 m? although exact areas have not been determined by survey).

2. Three primary soil units occur on the site:
a. Moderate depth podzolics of clayey sand (to say 0.3 m depth) overlying
silty clay to between 0.9 - 1.5 m depth. These overlay sandstone which is

broadly expressed in the NW-SE aligned ridgeline.

b. Deep podzolics of clayey sand (to say 0.3 m depth) overlying silty clay to
between 1.8 - > 2.2 m depth. These broadly occur along the side slopes of
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the NW-SE aligned ridgeline.

c. Poorly drained highly plastic clay soils occurring in low lying land subject to
overland flows and flooding. Soil depth in these areas generally exceeds
2.0 m.

3. Two drainage depressions / intermittent water courses occur on the site.

4. Site slopes are generally < 10 % and suitable for a range of effluent re-use
methods (see Attachment A).

5. Several unsealed roads traverse the study area.

6. Whilst some buildings have been erected on some of the allotments, much of the
study area remains in an unbuilt form and extensively covered with native
vegetation. Approximately 65 lots contain unauthorised structures. There is 1
approved dwelling within the estate.

KEY COFFEY RECOMMENDATIONS AND COMMENTS

The following points summarise recommendations of the Coffey (2000) report and our
comments:

1. Simple annual nutrient (N and P) balance calculations indicated minimum
effluent disposal area of 695 m2 on the basis of P (using an irrigation P
concentration of 12 mg/L) and 1480 m2 on the basis of N (using an irrigation N
concentration of 37 mg/L). The monthly water balance calculations provided by
Coffey’s indicated a minimum effluent disposal area per house of 414 m2.

Our view is that there is considerable discrepancy between the outcomes of the
water and nutrient balance calculations. More detailled N and P balance
modelling (using say a daily model) is likely to show that smaller areas are required
for re-use. Further to this, Coffeys did not investigate the potential of providing a
higher quality effluent, which in turn would further reduce the nutrient loads within
irigated effluent and therefore the irrigation area requirement.

2. Two feasible effluent management options were proposed by Coffey’s:

a. Individual AWTS systems servicing each allotment. These would require a
minimum allotment size of 2500 m? of which 1500 m? would be required for
effluent disposal. A wet-weather storage of 53 m3 per site was
recommended. An earth bund around each disposal field was
recommended to provided storage within the irrigation area.

Our view is that the effluent application area of 1500 m2 is probably
excessive on the basis of current approaches to wastewater management
and the sites reasonable soil effluent renovation potential. Our view is that
based on current best practice, both the wet-weather storage and the
earth bund proposed around the irrigation field would be unnecessary.
Finally, we note that Coffey’s did not investigate a range of other
alternatives to the AWTS option.
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b. A common effluent scheme for the estate. An assumption was made by
Coffey’s that 1500 m2 per lot would be required for effluent disposal. On
this basis, Coffey’s recommended that the site could only support 85
allotments because effluent could only be disposed of within the ridge line
area of the site.

Our view is that the flaw in the above argument is that the 1500 m2 /
dwelling assumption is extremely general, does not discuss the
considerable differences and benefits offered by a CES, and unlikely
accurately reflect engineering practice. Our view is that it is not possible
to extrapolate linearly from a single household design to the design of a
CES.

Further to this, it is our view that on the basis of the existing soil data, that
many areas of the site outside of that proposed by Coffey’s could be used
for irrigation by the CES. Coffey’s have taken the view that all effluent
from the CES would be irrigated within a single area. For a site such as this
one, where land has already be sub-divided, the most practical solution
when implementing the CES would be to treat effluent centrally and then,
through a dual reticulation system, allow for reclaimed water to be re-used
on individual allotments.

EFFLUENT TREATMENT STANDARD

The Coffey report does not discuss the implications of applying effluent at a range of
treatment / quality standards. Calculations in the Coffey report assume secondary
effluent treatment with no further nutrient removal. However, nutrients were the limiting
factor in the determination of the 1500 m2 recommended for effluent irrigation. This
implies that lower nutrient concentrations may result in reduced irrigation areas per lot.

WATER SENSITIVE URBAN DESIGN AND WATER CONSERVATION

The Coffey report does not discuss the implications of BASIX (which was not gazetted at
the time of report preparation), standard water reduction devices and re-use
opportunities (eg. toilet flushing re-use) for effluent management. In both the water and
nutrient balances presented by Coffey’s, 1000 L wastewater production has been
assumed per dwelling. Using AS/NZS 1547 (2000), the following rates for a five person
family (ie. 5 EP dwelling) would apply for a house supplied with reticulated town water:

No water reduction fixtures 900 L/d
Standard water reduction fixtures 725 L/d
Full water reduction fixtures 550 L/d

These values are considerably less than the 1000 L/dwelling assumed by Coffey’s. Toilet
flushing re-use would account for some 30 % reduction in wastewater production from
the above. On the basis of a typical minimum irrigation areas for a 3 and 4 bedroom
dwelling are indicated in Table 1 and are based on an example design irrigation rate
(DIR) of 20 mm/week. We note that the adopted DIR is for illustrative purposes only.

Page 3
rtens Our Ref: P0501093JC1_v3.doc

Prepared: 34 April, 2006



Table 1: Summary of individual system alternatives.

Category 3 Bedroom Dwelling (5 ep) 4 Bedroom Dwelling (6 ep)
No water reduction fixtures Flow 900 L/d, Area 315 m2 Flow 1080 L/d, Area 378 m2
Standard water reduction fixtures Flow 725 L/d, Area 254 mz Flow 870 L/d, Area 305 m2
Full water reduction fixtures Flow 550 L/d, Area 293 m2 Flow 660 L/d, Area 231 m?

SINGLE ALLOTMENT SYSTEMS

A range of single allotment systems exist on the current market that may be suitable for
the site. These fall into the following broad categories:

1.

Standard secondary treatment systems (S)

These generally include AWTS, single-pass / recirculating sand / rock filter systems
and biological systems (eg. Biolytix and Aqua Clarus) which are capable of
producing secondary quality effluent. Effluent disposal is by way of irrigation
either to surface (if disinfected) or sub-surface (if not disinfected).

Water reduction systems (W)

These generally apply to systems which reduce or remove the blackwater
component of the wastestream. Examples include composting toilets and the
hybrid toilet. In the case of the hybrid toilet, these differ from composting toilets in
that toilet wastewater is discharged into a large water filed chamber with an
extended residence time. This process allows for a very long blackwater retention
time and high levels of anaerobic digestion prior to discharge. Hybrid toilets either
utilise direct drop installations (ie. no blackwater produced) or a mini-flush system
(where say 0.3 L/flush is produced).

Nutrient Removal Systems (N)

A range of nutrient removal systems for both nitrogen (N) and phosphorus (P)
removal exist on the market. These include for example Ecomax, Garden Master
(nutrient removal models), BushWater and other AWTS derivatives to name but a
few. The use of non-proprietary amended media filters (containing for example
BHP blast furnace slag or other products) for advanced nutrient and pathogen
removal can also be used downstream of the AWTS.

Generally, all of the above systems produce high grade effluent with N < 5-10
mg/L and P < 5 mg/L (or better). Any of these systems would be suitable for the
study area and would have the benefit of producing higher grade effluent which
would result in the reduction of effluent disposal area size and [in some cases]
provide the opportunity for toilet flushing re-use.

Combination Water Reduction / Nutrient Removal Systems (C)

These systems involve a combining the benefits of water reduction with advanced
nutrient / pathogen removal. An example is given below for a typical
arrangement on a single allotment:
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A summary of the above system types is provided below in Table 2.

> BLACKWATER

HYBRID
TOILET

TOILET RE-USE

GREYWATER

AWTS
OR
SIMILAR

NUTRIENT

Table 2: Summary of individual system alternatives.

REMOVAL /
FILTRATION

GARDEN IRRIGATION
(SURFACE / SUB-SURFACE)

Standard Secondary

Nutrient Removal

Combined Water

Issue Treatment Systems Systems Reduction / Low Nutrient
Requires Power Yes Yes Yes
Malnt_enance 3 monthly 3 monthly 3 monthly
Requirements
Effluent Quality Secondary! Tertiary? Tertiary?
Re-use Potential Inigation Irrigation / Some Possibly | Irrigation / Some Possibly

Toilet Re-use

Toilet Re-use

Disposal Type

Surface / sub-surface

Surface / sub-surface

Surface / sub-surface

Disposal Area

AS/NZS 1547 +
Nutrient balance

AS/NZS 1547

Reduced
AS/NZS 1547

Operator Awareness

Must be made aware

Must be made aware

Must be made aware

Robustness

Good

Unknown

Uknown

1 Secondary treatment refers to BODs < 20-30 mg/L, SS < 30 mg/L, no reference to pathogen levels is normally
given. 2 Tertiary treatment refers to an effluent standard better than Secondary. This may include a range of
performance criteria such as nutrient removal, additional solids removal, or superior disinfection.
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COMMUNITY BASED SYSTEM

We understand that Jerberra Estate is an existing Torrens title sub-division and on this basis
a community title approach to managing a common or single sewerage system is not
possible (but would be possible if the site presented a ‘greenfields’ sub-division. On this
basis, a community effluent scheme (CES) could only be implemented if the sewer were
provided by Shoalhaven Water / Shoalhaven Council. Minimum components of the CES
would include:

1. Installation of a gravity sewer system to each allotment.

2. Installation of a sewer pumping station (probably only 1 servicing some 25-30 |ots)
and rising main (say 100 — 150 m long).

3. Installation of a sewage treatment plant (STP).

4. Installation of a wet-weather detention facility (say 20 - 50 days storage or
approximately 1 - 3.25 ML depending on soil types and uptake rates).

5. Installation of a reclaimed water re-use scheme redirecting reclaimed water back
to residential allotments for a range of purposes (eg. garden and lawn irrigation,
toilet flushing, car washing etc). Alternatively, a dedicated irrigation field could
be situated on each allotment such that it received a set-volume of irrigation
water each day and the home owner had no uncontrolled access to the
reclaimed water.

The CES would not require any easements, but it would involve the purchase of at least 1
- 3 allotments. Given the small scale of the scheme and that there is not direct discharge
to receiving waters, an EPA license may not be required (depending on Shoalhaven
Water’s licensing requirements). Shoalhaven Water would be responsible for operating
and maintaining the scheme and design and construction would be in accordance with
their standards.

A CES offers several advantages over the on-site treatment / disposal systems, including:

1. Design sewage flow rates can be based on peak populations rather than peak
household occupancy as in the case of the individual allotment system. This
means that the total EP for the study area would be say 153 x 3EP/dwelling. At say
145 L/EP/d, this would result in a peak daily flow rate of 66.555 KL/d. For the on-site
system, the design total for the site would be 110.925 KL/d (ie. 5 EP/dwelling rather
than 3 EP/dwelling for the community system).

2. A common and larger STP is capable of more consistently achieving higher
effluent performance standards than typical on-site systems. This comes about
because of:

a. Cost of construction and operation reduces with scale of the STP.
b. Operating funds can be collected from allotment owners by Council

(thorugh its rating system). For example at this site, at an annual rate of
say $650/year, an annual operating budget of $99,450 can be collected
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to safely operate and manage the STP and effluent re-use system.

There is only one system and therefore total site management requirements are
reduced when compared to multiple on-site systems.

More of the site allotments are likely to be able to undertake reclaimed water re-
use than under the individual allotment scheme.

Buffers to internal property boundaries of 3/6 m would not be required given the
high quality of water and its supply from a Shoalhaven Water operated facility.
This provides for greater flexibility in scheme design and location of nominated re-
use areas within individual allotments.

Several issues and / or disadvantages arise in the case of the CES.

1.

Allotments will need to be purchased to site the necessary infrastructure.

The rate at which the Estate is developed may affect the operation and
performance of the STP.

The community within the Estate will need to be informed and educated about
the schemes operational requirements.

Given that the majority of infrastructure will need to be constructed up-front,
funding will probably need to come from Council initially and then recovered
either through rating or some other mechanism.

SUMMARY RECOMMENDATIONS

1.

2.

A decision will need to be made in relation to whether individual or a communal
CES system is to be pursued.

a. In the case of the individual systems, the cost to land owners will be
considerable on the smaller allotments where space restrictions require
more elaborate and complex on-site sewage management scheme and
non-potable re-use will be required. These system may cost the home
owner $20,000 - $25000 once fully constructed. In the case of the larger
allotments where more land is available, a standard AWTS and irrigation
system may suffice, costing approximately $8000 per dwelling.

b. In the case of the communal system, 1-3 lots will need to be resumed for
the necessary infrastructure including the STP and the wet-weather storage
system. Cost for the scheme may be of the order of $15,700 per allotment
(comprising of a very preliminary budget of $650 K for the STP which would
be for nutrient removal and tertiary filtration and dual disinfection, $150 K
for the wet-weather storage facility, $1500 K for sewering and dual
reticulation, and $100 K for a pump-station). The cost of resumed lots
would need to be added to the above cost estimate.

A more detailed and precise land capability map should be produced. This will
assist in isolating allotments on which various effluent management options (as per
Table 2) are feasible or where effluent disposal can not be undertaken. This
should account for recommended buffer distances to water courses (see
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Attachment B) in accordance with the environmental Health Protection
Guidelines (1998) and Shoalhaven City Council’s DCP 78.

3. More detailed water / nutrient balance assessment should be developed to refine
the sustainable effluent application rate nominated by Coffey’s (ie. DIR = 0.67
mm/d). Our view is that a sustainable rate may be considerably higher than that
recommended by Coffey’s, particularly in light of the potential for higher effluent
quality (with nutrient removal) available from a range of manufacturers. These
assessments should be undertaken for a range of dwelling sizes (eg. 2 - 5
bedrooms).

4. Following the above, the minimum allotment size recommended by Coffey’s
should be revisited in the light of the various on-site treatment alternatives.
Various minimum performance standards (in terms of water consumption
restrictions, effluent quality requirements and re-use requirements) can then be
determined for each of the existing allotments.

5. In the event that a CES is regarded as one which can pursued, then a dual
reticulation system should be constructed such that reclaimed water can be
returned to each allotment. A suitable location for the STP and wet-weather
storage facility will need to be chosen. Our preliminary view is that this should be
in the NE corner of the site, with a pump-station located in the centre-south of the
site (to transfer sewage to the STP at the NE of the site). See Attachment A for
preliminary location of these structures. Our preliminary view is that some 150 m?2
will need to be provided at each allotment as a designated effluent disposal area
within the sites landscaping / gardens. This is made on the assumption that
nutrient removal (say N = 10 mg/L and P = 2 mg/L), disinfection and tertiary
filtration are provided at the communal STP and would need to be confirmed with
more detailed analyses.

If you require any further information, please do not hesitate to contact the writer.

For and on behalf of
MARTENS & ASSOCIATES PTY LTD

kﬂ4 Cic/u\f\\

DR DANIEL MARTENS
BSc(Honsl), MEngSc, PhD, MAWA, FIEAust, CPEng, NPER
Manager, Principal Engineer
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ATTACHMENT A — JERBERRA ESTATE SLOPE MAP
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ATTACHMENT B — JERBERRA ESTATE CREEK MAP
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Jerberra Estate - Water and Nutrient Balances (nominated area method)

WATER BALANCE NO water reduction fixtures with STANDARD water reduction fixtures with FULL water reduction fixtures
2 3 4 5 2 3 4 5 2 3 4 5
litres/day litres/day litres/day litres/day litres/day litres/day litres/day litres/day litres/day litres/day litres/day litres/day
Design Minimum Minimum Minimum Minimum Minimum Minimum Minimum Minimum Minimum Minimum Minimum Minimum
Pan Crop EVapU L . . |rrigali0n . P . P . P . P . P . P . P . P . P . P . P . P .
) WO | precipitation | Retained Disposal irrigation irrigation irrigation irrigation irrigation irrigation irrigation irrigation irrigation irrigation irrigation irrigation
Evaporation | Factor | Transpiration ®) Rainfall () Rate (DIR) rate 560 area 840 area 1120 area 1400 area 460 area 690 area 920 area 1150 area 320 area 480 area 640 area 800 area
Month (E) ©) (ET) (10 mm/
week)
(mm) ET=E*C (mm) r=0.75*P | (mm/month) | (mm/month) }litres/month mn2 litres/month mn2 litres/month mn2 litres/month mn2 litres/month mn2 Jlitres/month mn2 Jlitres/month mn2 Jlitres/month mn2 Jlitres/month mn2 Jlitres/month mn2 Jlitres/month mn2 Jlitres/month mn2
Jan 194.4 0.65 126.4 100.6 75.5 443 95.2 17,360 182 26,040 274 34,720 365 43,400 456 14,260 150 21,390 225 28,520 300 35,650 374 9,920 104 14,880 156 19,840 208 24,800 261
Feb 161.1 0.65 104.7 86.2 64.7 40.0 80.1 15,680 196 23,520 294 31,360 392 39,200 490 12,880 161 19,320 241 25,760 322 32,200 402 8,960 112 13,440 168 17,920 224 22,400 280
Mar 144.6 0.65 94.0 55.2 41.4 443 96.9 17,360 179 26,040 269 34,720 358 43,400 448 14,260 147 21,390 221 28,520 294 35,650 368 9,920 102 14,880 154 19,840 205 24,800 256
Apr 118.7 0.65 77.2 59.3 44.5 42.9 75.5 16,800 222 25,200 334 33,600 445 42,000 556 13,800 183 20,700 274 27,600 365 34,500 457 9,600 127 14,400 191 19,200 254 24,000 318
May 95 0.65 61.8 82.6 62.0 443 441 17,360 394 26,040 591 34,720 788 43,400 984 14,260 323 21,390 485 28,520 647 35,650 809 9,920 225 14,880 338 19,840 450 24,800 563
Jun 85.8 0.65 55.8 56.9 42.7 42.9 56.0 16,800 300 25,200 450 33,600 601 42,000 751 13,800 247 20,700 370 27,600 493 34,500 617 9,600 172 14,400 257 19,200 343 24,000 429
Jul 94.7 0.65 61.6 51.8 38.9 443 67.0 17,360 259 26,040 389 34,720 518 43,400 648 14,260 213 21,390 319 28,520 426 35,650 532 9,920 148 14,880 222 19,840 296 24,800 370
Aug 127.6 0.65 82.9 34 255 44.3 101.7 17,360 171 26,040 256 34,720 341 43,400 427 14,260 140 21,390 210 28,520 280 35,650 350 9,920 98 14,880 146 19,840 195 24,800 244
Sep 148.1 0.65 96.3 59.4 44.6 42.9 94.6 16,800 178 25,200 266 33,600 355 42,000 444 13,800 146 20,700 219 27,600 292 34,500 365 9,600 102 14,400 152 19,200 203 24,000 254
Oct 177.4 0.65 115.3 57.7 43.3 44.3 116.3 17,360 149 26,040 224 34,720 298 43,400 373 14,260 123 21,390 184 28,520 245 35,650 306 9,920 85 14,880 128 19,840 171 24,800 213
Nov 182.1 0.65 118.4 91.3 68.5 42.9 92.7 16,800 181 25,200 272 33,600 362 42,000 453 13,800 149 20,700 223 27,600 298 34,500 372 9,600 104 14,400 155 19,200 207 24,000 259
Dec 214.2 0.65 139.2 72 54.0 44.3 129.5 17,360 134 26,040 201 34,720 268 43,400 335 14,260 110 21,390 165 28,520 220 35,650 275 9,920 77 14,880 115 19,840 153 24,800 191
250 - o i ‘ ) )
Wprecipitation ~ @Pan Evaporation Effluent Disposal Area (Nominated Area Method)
Effluent Disposal Area Output__
200 # bed- |level of water reduction fixtures
= Input variables rooms _|nil standard__full
- I _ o |[crop factor 0.65 2 300 247 172
- -] = g 2 [DIR(mmiwk) 10 3 450 370 257,
£ 150 7] =1 S5 4 601 493 343
2 =] o I o 5 751 617 429
b
E = i I © [Nconc 22 2 365 300 209
= I S [N uptake 27 3 548 450 313
E 100 1= 1 z3 2oTE
i~ - - < [Denitrification (%) 20 4 730 600 417
- X 0 5 913 750 521
o |Pconc 14 2 473 389 270
50 + A § P uptake (kg/m2/50yr) 0.055 3 710 583 406
-~ < |total P sorp (kg/ha) 7428 4 946 777 541
:C: M [o5 soil P sorp capacity BErs) 5 1183 972 676
0 - 2 473 389 270
T L T L T - T L L T . . .
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Area required (whichever is the 3 710 583 406
largest) 4 946 777 541
5 1183 972 676
N & P Balances Standard of water reduction fixtures
Nil Standard Full
# bedrooms 2 3 4 5 2 3 4 5 2 3 4 5
Wastewater ' (I/day) 560 840 1120 1400 460 690 920 1150 320 480 640 800
P balance 473 710 946 1183 389 583 777 972 270 406 541 676
N balance 365 548 730 913 300 450 600 750 209 313 417 521
P GENERATION (kg/ha/50 years)
# bedrooms 2 3 4 5 2 3 4 5 2 3 4 5
Wastewater ' (I/day) 560 840 1120 1400 460 690 920 1150 320 480 640 800
P conc 14 143 215 286 358 118 176 235 294 82 123 164 204
P SORPTION (kg/ha)
Depth (m) JAverage PJAssum |P sorption
sorption Jed bulk|capacity
capacity |density [(kg/ha)
(mgrkg)
0-0.15 307 14 645
0.15- 570 14 6783
1.0
TOTAL (0- 1.0 m) 7428
Page 1 Tank
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Jerberra Estate - Water and Nutrient Balances (nominated area method)

WATER BALANCE NO water reduction fixtures with STANDARD water reduction fixtures with FULL water reduction fixtures
2 3 4 5 2 3 4 5 2 3 4
litres/day litres/day litres/day litres/day litres/day litres/day litres/day litres/day litres/day litres/day litres/day litres/day
Design Minimum Minimum Minimum Minimum Minimum Minimum Minimum Minimum Minimum Minimum Minimum Minimum
Pan Crop Evapo _ Irrigation
. PO Precipitation | Retained . irrigation irrigation irrigation irrigation irrigation irrigation irrigation irrigation irrigation irrigation irrigation irrigation
Evaporation | Factor | Transpiration ®) Rainfall (1) Rate (DIR) |Disposal rate| 720 area 1080 area 1440 area 1800 area 580 area 870 area 1160 area 1450 area 440 area 660 area 880 area 1100 area
Month (E) © (ET) (10 mm/
week)
(mm) ET=E*C (mm) r=0.75*P | (mm/month) [ (mm/month) |Iitres/momh mn2 |Ltreslmonth mn2 |Ltreslmonth mn2 |Ltreslmonth mn2 |Ltreslmonth mn2 |Ltreslmonth mn2 |Ltreslmonth mn2 |Ltreslmonth mn2 |Ltreslmonth mn2 mes/month mn2 mes/month mn2 mes/month mn2
Jan 194.4 0.65 126.4 100.6 75.5 44.3 95.2 22,320 234 33,480 352 44,640 469 55,800 586 17,980 189 26,970 283 35,960 378 44,950 472 13,640 143 20,460 215 27,280 287 34,100 358
Feb 161.1 0.65 104.7 86.2 64.7 40.0 80.1 20,160 252 30,240 378 40,320 504 50,400 629 16,240 203 24,360 304 32,480 406 40,600 507 12,320 154 18,480 231 24,640 308 30,800 385
Mar 144.6 0.65 94.0 55.2 41.4 44.3 96.9 22,320 230 33,480 346 44,640 461 55,800 576 17,980 186 26,970 278 35,960 371 44,950 464 13,640 141 20,460 211 27,280 282 34,100 352
Apr 118.7 0.65 77.2 59.3 445 42.9 75.5 21,600 286 32,400 429 43,200 572 54,000 715 17,400 230 26,100 346 34,800 461 43,500 576 13,200 175 19,800 262 26,400 349 33,000 437
May 95 0.65 61.8 82.6 62.0 44.3 44.1 22,320 506 33,480 759 44,640 1013 55,800 1266 17,980 408 26,970 612 35,960 816 44,950 1020 13,640 309 20,460 464 27,280 619 34,100 773
Jun 85.8 0.65 55.8 56.9 42.7 42.9 56.0 21,600 386 32,400 579 43,200 772 54,000 965 17,400 311 26,100 466 34,800 622 43,500 777 13,200 236 19,800 354 26,400 472 33,000 590
Jul 94.7 0.65 61.6 51.8 38.9 44.3 67.0 22,320 333 33,480 500 44,640 666 55,800 833 17,980 268 26,970 403 35,960 537 44,950 671 13,640 204 20,460 305 27,280 407 34,100 509
Aug 127.6 0.65 82.9 34 255 44.3 101.7 22,320 219 33,480 329 44,640 439 55,800 549 17,980 177 26,970 265 35,960 353 44,950 442 13,640 134 20,460 201 27,280 268 34,100 335
Sep 148.1 0.65 96.3 59.4 44.6 42.9 94.6 21,600 228 32,400 343 43,200 457 54,000 571 17,400 184 26,100 276 34,800 368 43,500 460 13,200 140 19,800 209 26,400 279 33,000 349
Oct 177.4 0.65 115.3 57.7 433 44.3 116.3 22,320 192 33,480 288 44,640 384 55,800 480 17,980 155 26,970 232 35,960 309 44,950 386 13,640 117 20,460 176 27,280 235 34,100 293
Nov 182.1 0.65 118.4 91.3 68.5 42.9 92.7 21,600 233 32,400 349 43,200 466 54,000 582 17,400 188 26,100 281 34,800 375 43,500 469 13,200 142 19,800 213 26,400 285 33,000 356
Dec 214.2 0.65 139.2 72 54.0 44.3 129.5 22,320 172 33,480 259 44,640 345 55,800 431 17,980 139 26,970 208 35,960 278 44,950 347 13,640 105 20,460 158 27,280 211 34,100 263
250 + . .
‘ Dprecipitation @ Pan Evaporation Effluent Disposal Area (Nominated Area Method)
Effluent Disposal Area Output __
# bed- [level of water reduction fixtures
200 Input variables rooms__|nil standard _ full
— ] _ o [crop factor 0.65 2 386 311 236
_ R g § DIR (mm/wk) 10 3 579 466 354
£ 150 | ™ o I ST 4 772 622 472
s F: = @ 5 965 777 590
£ : 3 j ﬁ © [Nconc 22 2 260 378 287
E - MO R ~ £ [Nuptake 27 3 704 567 430
€ 100 n R ) < |Denitrification (%) 20 4 939 756 574
::Z [ o0 5 1173 945 717,
K o [Pconc 14 2 608 490 372
50 A a § P uptake (kg/m2/50yr) 0.055 8 913 735 558
N b < |total P sorp (kg/ha) 7,428 4 1217 980 744
n F 0 [9% soil P sorp capacity 33.3 5 1521 1225 930,
] K F 2 608 490 372
0 e e e e e e Area required (whichever is the 3 913 735 558,
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec largest) 4 1217 980 744
5 1521 1225 930
N & P Balances Standard of water reduction fixtures
Nil Standard Full
#bedrooms 2 3 4 5 2 3 4 5 2 3 4 5
Wastewater » (I/day) 720 1080 1440 1800 580 870 1160 1450 440 660 880 1100
P balance 608 913 1217 1521 490 735 980 1225 372 558 744 930
N balance 469 704 939 1173 378 567 756 945 287 430 574 717
P GENERATION (kg/ha/50 years)
#bedrooms 2 3 4 5 2 3 4 5 2 3 4 5
Wastewater » (I/day) 720 1080 1440 1800 580 870 1160 1450 440 660 880 1100
P conc 14 184 276 368 460 148 222 296 370 112 169 225 281
P SORPTION (kg/ha)
Depth (m) |Average PJAssum |P sorption
sorption |ed bulk]capacity
capacity |density |(kg/ha)
(mgrkg)
0-0.15 307 1.4 645
0.15- 570 1.4 6783
1.0
TOTAL (0—1.0m) 7428
Page 2 Town
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SOIL TEST REPORT
Page 1 of 2
Scone Research Service Centre
REPORT NO: SCO06/084R 1 3
REPORT TO: Eric Hollinger
Shoalhaven City Council
PO Box 42
Nowra 2541 33062 |
wBct] €. Holli '
REPORT ON: Two soil samples ' ‘ nnge/
Jerberra Estate, Tomerong
Ref: 33021 EH
PRELIMINARY RESULTS
ISSUED: Not issued
REPORT STATUS: Final
DATE REPORTED: 18 April 2006
METHODS: Information on test procedures can be obtained from Scone

Research Service Centre

TESTING CARRIED OUT ON SAMPLE AS RECEIVED
THIS DOCUMENT MAY NOT BE REPRODUCED EXCEPT IN FULL

G Holman
(Technical Officer)

Scone Rescarch Service Centre, PO Box 283 Scone 2337, Gundy Road Scone 2337
Ph: 02 6545 1666 Fax: 02 6545 2520
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NSW Soil Conservation Service

SOIL TEST REPORT

Page 1 of 2
Scone Research Centre

REPORT NO: SCO012/002R1
REPORT TO: Ashley Bond

Footprint (NSW) Pty Ltd

15 Meehan Drive

Kiama Downs NSW 2533
REPORT ON: Two soil samples
PRELIMINARY RESULTS
ISSUED: Not issued
REPORT STATUS: Final
DATE REPORTED: 25 January 2012
METHODS: Information on test procedures can be obtained from Scone

Research Centre

TESTING CARRIED OUT ON SAMPLE AS RECEIVED
THIS DOCUMENT MAY NOT BE REPRODUCED EXCEPT IN FULL

(( ﬂ/z/L( A

SR Young
(Laboratory Manager)

Scone Research Centre, PO Box 283 Scone 2337, 709 Gundy Road Scone 2337
Ph: 02 6545 1666, Fax: 02 6545 2520



SOIL CONSERVATION SERVICE

Scone Research Centre

Report No: SC012/002R1

Client Reference:  Ashley Bond
Footprint (NSW) Pty Ltd
15 Meehan Drive
Kiama Downs NSW 2533

y. 4//:(:' -,

Lab No Method P8A/2
Sample Id D%
1 A horizon 5¢cm 50
2 B horizon 300cm 44

END OF TEST REPORT
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