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1 INTRODUCTION

This report has been prepared to inform and assist the City of Greater
Shepparton in relation to the stormwater drainage servicing issues and
requirements associated with the development of the proposed
Shepparton North East Growth Corridor Precinct Structure Plan.

The information contained in this report is based on investigations by
Reeds Consulting Pty Ltd that have been facilitated by our inquiries with
City of Greater Shepparton (CGS), Goulburn Murray Water (GMW) and
the Goulburn and Broken Catchment Management Authority (GBCMA)
and the information provided by these parties.

In addition to the above authority consultations, additional advice has
been provided in relation to site levels and limited geotechnical
investigation to assess current groundwater conditions.

Reeds Consulting have undertaken several inspections of the site and
surrounding drainage infrastructure to better assess the constraints of
the current conditions and the limitations that will be placed on the
development of the land in its intended use of residential subdivision.

The report is based on both written and verbal advice from the
abovementioned parties and our own calculations and assessments.
The information has been prepared with due diligence and care however
Reeds Consulting retains the right to alter this report should we become
aware of a change in policy or advice that is contrary to the assumptions
upon which this report has been prepared.

Prior to issue of this report Reeds Consulting has prepared interim
documents in relation to the drainage strategy for the Shepparton North
East Growth Corridor (NEGC), this document supersedes the previously
issued reports dated September 2012 and January 2014.

S
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2 EXISTING CONDITIONS

2.1 SITE DESCRIPTION

The subject area is approximately four kilometres north east of the
Shepparton town centre.

The area is bounded by Ford Road to the north, Grahamvale Road and
Goulburn Murray Waters irrigation channel to the east, Verney Road to
the west and Goulburn Murray Waters Drain number 3 along the
southern abuttal. A plan of the subject land is shown in Figure 1 below.

The subject land has a total area of approximately 172 Ha and consists
of 8 major parcels of land, several smaller landholdings and contains two
existing school sites. A number of existing irrigation channels bisect the
site. The retirement of these channels will be a constraint on the full
development of the PSP area as the channels will need to remain until all
irrigation activity ceases in the precinct.
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FIGURE 1: SITE LOCALITY PLAN.
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2.2 EXISTING DRAINAGE CONDITIONS

The area has historically been used for fruit production and generally
exhibits flat grades that have been artificially modified to facilitate gravity
irrigation and drainage of land.

The land sheds runoff into two existing drainage catchments; these are
demonstrated in figure 2 below. The southern portion of the site drains
to Goulburn Murray Waters Drainage Channel No.3. The northern
portion of the site drains to Goulburn Murray Waters Drainage Channel
No. 4.
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FIGURE 2: EXISTING DRAINAGE CATCHMENTS
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Advice from Goulburn Murray Water indicates that the site currently has
no formal drainage strategy and the current drainage outlets are limited
to rural capacity and are not sufficient to provide any formal level of
drainage or flood protection to the area.

The subject area is not identified as land subject to inundation in a 100Yr
event on GBCMA'’s flood mapping of the Shepparton Area (refer
Annexure A). In its current state the site is subject to localised flooding
following more substantial rain events. In particular GMW has provided
advice that Drain No 4 has an extremely limited capacity to receive water
from the site or to accept stormwater when the drain is running partially
full. This is discussed in more detail below.

Investigations with GMW and council in relation to external catchments
that may discharge flows into the site has not revealed any external flow
paths exist. As such these have not been considered further in this
discussion. It is noted that the site is well protected on the Eastern
abuttal by the rail lines and GMW channels, which will remain post
development.

2.3 EXISTING IRRIGATION CHANNELS

Two significant irrigation channels bisect the subject land. The primary
purpose of these channels has been to convey water for orchard
irrigation from GMW'’s supply network. Whilst these channels are not a
component of the drainage strategy they are a constraint that will control
the development timing, as their continued use will impact the ability to
effectively remodel the site to provide adequate drainage to some
portions of the site until they are retired from service and abandoned.

It is noted that abandonment of the channels will require cessation of use
and surrender of water rights as well as acquisition of the crown land
within which the channels are located. If development is to proceed
whilst the channels are in use there will need to be a bypass solution
comprising siphons, gravity drainage or temporary pumped drainage
lines.

It is also noted that the irrigation channels also provide stock and
domestic supply to a portion of the existing residential development in
the north-west of the subject area. This supply would need to be
replaced as part of the channel retirement process.

Fh
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3 PROPOSED DRAINAGE STRATEGY

The following section outlines the design constraints and methodology
behind the development of the drainage strategy for the site.

The site has a number of design constraints, which include physical,
aesthetic and social, these have all been considered during the
development of the drainage strategy.

It became apparent during the process that the drainage solution for this
site would have a controlling effect on the overall road and public open
space network and to this end the drainage strategy has been developed
in conjunction with the overall PSP layout to ensure that an integrated
design solution is achieved that will permit the efficient and economic
development of the site.

The constraints on the site are derived from three primary sources; these
are natural topographic constraints, Goulburn Murray Water constraints
in relation to outlet capacity and water quality treatment and City of
Greater Shepparton constraints in relation to internal drainage
requirements and a stated desire to integrate any storage / retarding
basins in areas of open space. Each of these design controls is
discussed below:

3.1 TOPOGRAPHIC CONSTRAINTS

The site is generally flat with minimal surface grades due to the historic
agricultural use artificially shaping the land surface to provide efficient
gravity flood irrigation of the orchards.

To develop the site for residential development it will be necessary to
undertake significant site remodelling and bulk earthworks to meet
required minimum grades for roads and allotments and to convey and
control overland stormwater flow.

Filling of the site will be constrained by abuttal to existing development in
the north west of the area and to a lesser degree by the interface with
existing roads and channels that surround the site.

In order to provide an economic design solution and limit the extent of
earthworks it is necessary to remodel the site into a series of sub-
catchments. Based on the geometry of the overall parcel the drainage
strategy has proposed a series of five approximately equally sized sub-
catchments.

These sub-catchments are defined on the drainage strategy plan in
Annexure B.

-5-
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3.2 GOULBURN MURRAY WATER ADVICE

Goulburn Murray Water is the responsible drainage authority that
manages the drainage and irrigation network in the Greater Shepparton
area.

GMW defines both the treatment requirements for stormwater and the
permissible discharge flows into their drainage network. Advice from
GMW in relation to drainage of the subject area has confirmed that
Drainage Channel No. 4 to the north of the site has significant discharge
constraints and a maximum permissible discharge rate of 0.4 litres
/second /hectare.

Drainage Channel No. 3 to the south of the subject land has a
permissible discharge rate of 1.2 litres /second /hectare which is still a
restrictive figure when considering the size of the catchment.

In discussions with GMW there has been confirmation that alteration of
the existing drainage catchment boundaries would be supported to
enable the majority of the site to be conveyed to Drain No. 3 provided
that the maximum discharge rate is not exceeded. GVW have also
advised that level monitoring of Drain No. 3 will be necessary and no
outfall / discharge permitted when a pre-determined top water level is
reached or exceeded. Given the extremely restrictive discharge rate
permitted to Drain No 4, the drainage strategy for this precinct will be to
discharge all flows, other than localised road flows in the Ford Road
abuttal to Drainage Channel No 3.

During or following times of heavy rainfall GMW has advised that the
drainage channel network does not have sufficient capacity to cater for
any additional contributing flows. GMW has confirmed that a pump
controller will be necessary to regulate discharges into Drain No. 3. As a
result of this limitation it is a requirement that the drainage system within
the PSP area be designed to store all discharge from a 1% AEP (100 Yr.
ARI) storm for a 24 hour period. This is a significant factor in the
development of the drainage strategy and requires the inclusion of
significant storage basins within the site area.

In addition to the controls placed on the quantity of discharge from the
site GMW have also stipulated that the quality of the discharged
stormwater must meet industry benchmark practice with regard to the
removal of suspended solids (80%), nitrogen (45%) and phosphorous
(45%). To achieve the water quality targets for stormwater the drainage
strategy will incorporate Water Sensitive Urban Design (WSUD)
elements where possible into the road and storage basin design.

2 o
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3.3 CITY OF GREATER SHEPPARTON ADVICE

In developing the drainage strategy Council has placed a number of
design constraints on the site. These are a combination of technical
constraints and desired outcomes with respect of landscape interface
and integration of public amenity between proposed storage basins and
public open space areas.

Councils technical design criteria is based on the requirements in the
Infrastructure Design Manual (IDM) and includes the provision of a major
/ minor drainage system with a 5Yr ARI underground system and an
overland flow path with capacity to convey and control 100Yr ARI runoff.

Council have indicated a desire to move away from past municipal
practices of providing isolated water storage basins. Traditionally these
have been located in fenced off reserves and have been excavated
depressions with steep batters to maximise storage capacity. Council
have stipulated that any stormwater storage basins be integrated with
public open space. Such integration offers a range of community
benefits including additional opportunity for landscape embellishment of
open space, increased overall size of community reserve areas,
improved visual amenity and sightlines within the reserve and
opportunity to integrate shared pathways with the basin to enhance
passive recreation opportunities.

The inclusion of the storage basins within public reserve areas increases
design constraints due to the safety and maintenance requirements of
flatter batter slopes and curvilinear geometry to give a more ‘natural’
footprint to the basins. Both of these factors reduce the efficiency of the
storage area. The design compromise is to minimise the footprint of the
storage area whilst providing a natural basin shape and gentle batters
that are amenable to all reserve users.

3.4 SUB-CATCHMENTS

The drainage strategy for this site has been dictated by the various
constraints discussed above. The site has been divided into 5 sub-
catchments that will each have an independent storage basin capable of
storing a 1% AEP storm for a 24 hour period with no discharge to the
receiving waters external to the site. The location of the storage basins
is generally central within each catchment to ensure that the drainage
lengths are not excessive which avoids unnecessarily deep basins.

Each storage basin will have a controlled pumped discharge as a gravity
discharge will not be possible due to the site topography and relative
water levels in the drainage channels.

N
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Generally each sub-catchment will have a 5 Yr. ARI piped drainage
network to convey flows to the storage basin area. Flows in excess of
the 5Yr ARI event will be conveyed overland via the road network to the
storage basin. Once piped flows reach the storage basin area they will
need to discharge into a sediment pond to remove bulk sediment load.

The sediment pond will require a low flow (3 month capacity) outlet into a
bio-swale treatment zone to remove nitrogen and phosphorous loads
contained in the stormwater. Flows in excess of the 3 month ARI storm
will be diverted from the sediment pond directly to the storage basin, so
as to limit damage to the bio-swale area.

Preliminary drainage analysis of each sub-catchment has been
undertaken and from this an estimated storage requirement has been
determined for each basin based on the 100Yr storm. A summary of
these results and preliminary basin storage volumes is presented in Fig 3
below sub-catchment identification is per Annexure B:

SHEPPARTON NEGC
'SUBCATCHMENT STORAGE REQUIREMENTS
Sub-catchment Storage Volume 100Yr Basin Area
Sub-Catchment :

D Approximate Area ARI storm 24 Hour 100Yr level

(Ha) (cubic metres) (sg.m)

1 32.2 31,000 14,720

2 35.5 38,000 16,850

3 34.5 33,800 16,200

4 37 42,800 19,400

5 25.8 27,500 14,350

TOTAL 165 173,100 81,520

FIGURE 3: BASIN STORAGE CAPACITY & INDICATIVE SIZING

Based on the required storage volumes and batter slopes of 1 in 8 an
approximate footprint area for each storage basin has been calculated.
These have been located approximately central to each sub-catchment
area; the areas shown have been used for estate planning. The road
network and public open space elements have been integrated in this
strategy to provide the most efficient layout for the site. It should be
noted that the above calculations are based on a ‘regular’ basin shape
and the inclusion of a ‘natural’ shaping will be less efficient and increase
the basin footprint. The treatment of the storage basins is discussed
below. It is noted that the two school sites within the parcel have existing
drainage connections. It is not proposed to alter the existing connections
for the developed portion of the school sites. Where the school land may
be sold off and its use altered to residential development then these
areas of altered land use would be incorporated into the estate storage
design.

<8 -

H:\21656\Overall\Correspondence\Final PSP drainage report\RB- PSP Final Drainage Strategy Shepparton
NEGC.docx

COMSULTING



DRAINAGE STRATEGY REPORT
SHEPPARTON NORTH EAST GROWTH CORRIDOR
SHEPPARTON JULY 2014

3.5 STORAGE BASINS

The storage basins vary slightly in size due to variance in the sub-
catchment areas. In general these basins will be located within or
directly adjacent to public open space reserves, such that the spaces
become integrated community areas.

Each basin is expected to be in the order of four (4) to five (5) metres
deep to provide the required storage volume. In higher order rain events
these basins will be sized to fill to the level of the surrounding reserve;
however the public open space areas will be above the 100 Yr. storage
level and will maintain functionality. In times of low rainfall the basins will
generally be ‘dry’ grassed areas with the exception of the sediment
ponds which will always contain water due to them receiving all minor
flows within the catchment. Appropriate signage will be required around
the storage areas to alert users to the potential for inundation following
rain events.

Council has stipulated that the five year storage level in the basin must
be lower than the invert level of the local drainage network to ensure that
a free draining network in the 5Yr ARI event. A preliminary design has
been prepared in relation to Catchment No 1 to demonstrate the
operation of the storage basins and provide a functional assessment of
the catchment remodelling. This detailed assessment is provided in
Section 4.0 of this report and additional data is provided in annexures.

The Shepparton area has high incidence of groundwater and this was a
primary consideration in assessing the viability of such significant
storage bodies. To address the concerns relating to groundwater and to
confirm the feasibility of the storage basins, a geotechnical consultant
was engaged to undertake field bores and assess ground water
conditions.

Once preliminary assessment of likely basin location was determined the
geotechnical engineer was provided co-ordinates of the proposed basin
locations and drilling was undertaken at the proposed location of each
basin. The testing revealed that there was no groundwater present at
depths up to five (5) metres and as such the basin footprints as proposed
in the Drainage Strategy plan are considered feasible in terms of the
proposed depths. A full copy of the geotechnical report prepared by BM
Consulting Engineers is included in Annexure C. The basin footprints
proposed have been based on a batter slope of 1 in 8. This is a
reasonably conservative figure but one that provides unimpeded
pedestrian access to the basins. The ultimate landscape treatment of
the basins will provide opportunities to increase this batter slope through
intense localised landscape treatment or the incorporation of formal
retaining walls, boardwalks and fences in other areas.

29
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The successful integration of the basins into the public open space will
rely upon the variability of the landscape treatments and the details of
this concept will be fully developed during detailed design. The inclusion
of areas of steeper batters has the beneficial impact of reducing the
overall basin footprint, decreasing the area of land subject to regular
inundation and creating or enhancing visual interest and overall
aesthetics. Section 4 of this report has included a preliminary basin
modelling exercise and contains cross sections of a design for catchment
- Catchment No 1.

It is anticipated that the landscape treatments for the basins will be
predominantly open grassed areas in the lower areas subjected to
frequent inundation. The inclusion of open swales / dry creek beds and
appropriate ephemeral plantings will be appropriate in the lower reaches
of the swales.

The upper reaches of the basins can be planted with trees and species
that will tolerate occasional inundation. The use of mulched garden
areas should be restricted to the periphery of the basin areas to avoid
transportation of the mulch and blockage of the drainage outlet systems
and pumps.

Each storage basin will have a localised sump and pump station to
enable discharge of collected runoff. The sump areas could be either
underground chambers or incorporate small pondages.

Due to the already significant depth of the basins it is not anticipated that
there will be significant opportunity for large water bodies to be
incorporated into the storage basins. These would be required to be
excavated below the required storage level (i.e. the top water level of any
permanent water body would need to be below the 5 metre basin depth).

3.6 STORMWATER OUTLETS

As discussed in the above report ultimate discharge of stormwater runoff
is to GMW’s Drain No.3. This discharge will be via a pressurised
discharge from each storage basin. After assessment of the likely
development staging, landholdings, site topography and road network
the most economic and flexible solution is to provide two linked
pressurised systems, with two independent connection points to Drain
No 3. GMW has offered in-principle support of two discharge points.

The proposed discharge system is shown in the Drainage Strategy plan
provided in Annexure B. A combined discharge system will be
constructed that links the basins in Catchments 1, 3 and 4 and
discharges via Verney Road to Drain 3. Basins 2 and 5 could also
combine to a localised discharge point part way along the Southern
boundary of the site.

-10 -
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Such an arrangement will enable infrastructure costs to be rationalised
and alleviate the need to install multiple pipelines within road
reservations to cater for drainage discharge. A proposed street cross
section is shown below which incorporates the pumped drainage outlet
and demonstrates that the inclusion of this asset within a typical street is
achievable.
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3.7 WATER SENSITIVE URBAN DESIGN

Prior to discharge into GMW'’s drainage channel, stormwater flows will
need to be treated to meet best practice targets for the removal of
contaminants particularly suspended solids, dissolved nitrogen and
phosphorous.

There are a number of treatment options available to reduce the pollutant
load on receiving waters, these include:
= Household rainwater tanks connected to toilets or laundry;
» | ocalised rain gardens adjacent to carparks, community buildings
or commercial precincts;
* Inclusion of gross pollutant traps (GPT’s) on local drainage
networks;
= Linear treatments such as grassed swales or bio-swales;
= End of line treatments such as wetlands.

Usually a combination of several treatments provides the optimal solution
for a larger site. Within the Shepparton NEGC there is opportunity to
implement a number of these solutions. Given the depth of the storage
basins required to retard stormwater flows a wetland is not considered
feasible as this option would require additional excavation below the
level of the basin floor and would be subject to frequent inundation due
to the lack of ability to bypass ‘higher flow’ events.

=14
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It is considered that the primary treatment feature of the drainage
network will be the inclusion of grassed swales and / or bio-swales within
edges of the storage basins, these would be linked to the piped drainage
network via a sedimentation pond and would provide opportunity to
create a natural appearance ‘creek bed’ style treatment.

The size of the basins will mean that swale lengths can be in excess of
several hundred meters per basin by incorporating multiple or curvilinear
alignments which will offer the opportunity to incorporate an appropriate
landscape theme throughout the basin floor and still retain significant
areas of grass that can be utilised by park users in times of low rainfall.

The basin swales could potentially be supplemented by swales located
within road medians or as discussed by incorporating elements into site
design for commercial and community precincts. Detailed design and
modelling of the WSUD elements will be undertaken during the detailed
design phase of the project and will need to consider not only the
physical constraints of the site but also the financial impact of both initial
construction and ongoing maintenance of the various treatment train
elements.

4 CATCHMENT No.1 ANALYSIS AND BASIN DESIGN

During the process of developing the drainage strategy Council Officers
requested that a further level of detail design be undertaken to provide
surety to council that the servicing strategy proposed could be
successfully integrated within the public open space reserves as
described.

In particular council sought investigation on the following aspects of the
strategy:

1. Detailed analysis of storage basin sizing and shape;

2. Water Sensitive Urban design elements including sizing and
treatment level;

3. Integration of the WSUD elements in the basin / reserve area;

4. Integration of basins within the public open reserve area and
details of the operation of the system.

The design presented below is not intended as a final detailed design of
the subdivision and is a high level functional design assessment of
potential operation of all elements of the drainage system. Final detailed
design will be undertaken following issue of planning permits and may
have other constraints that need to be considered that do not form part of
the assumptions of this report. It is anticipated that the design of all
storage basins within the Shepparton NEGC will generally be of the form
detailed in this report. Base assumptions have been listed in this report
in order that assessment of applicability can be made.

-12-
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4.1 SITE DESCRIPTION

Shown is a copy of the overall site with the five (5) drainage catchments
highlighted. The proposed storage basin location is also shown within
each sub-catchment, the locations have been selected generally to be
central to each catchment to minimise the length of drainage pipelines to
each basin and hence limit the depth of incoming lines to the basin and
ultimately control basin depth.

FIGURE 1: SHEPPARTON NEGC DRAINAGE CATCHMENT PLAN

| CATCHMENT
| T\ #3
i)
‘ CATCHMENT
2| #1 E }
3 , CATCHMENT °
f | =k s
E e = :
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#2 ) By
!
| il
 CATCHMENT
#5 :

In some cases the basin location has also been dictated by other
planning constraints, such as collector road location, community facilities
and existing schools. In these cases the basins have sometimes been
shown to be ‘off centre’ to the catchment. It is noted that in the case of
Catchment 1 the basin is noticeably ‘off centre’.

For the purposes of undertaking this analysis catchment No.1 has been
selected on the basis that its ‘off centre’ basin location will aggravate
basin depth due to the longer controlling drainage reaches required to
reach the outlet location.

This catchment also has a number of existing constraints such as abuttal
to existing development, an existing school and an intersection with
Verney Road. The above elements all add constraints that are at least
equivalent to those of the other catchments and for the purposes of this
type of assessment provide suitably conservative assessment criteria to
ensure that the operation of the other basins is functional.
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4.2 CATCHMENT 1 DESCRIPTION

Catchment No 1 is located in the North West portion of the site and is
approximately 32.1 hectares in area. It is bounded to the North by the
existing Matilda Drive residential development, to the south by the
existing Shepparton Christian College school site and to the West by
Verney Road.

Due to its historic use for fruit production the existing surface levels have
been artificially graded to uniformly fall from East to West. Examination
of existing contour plans show that the average existing grades on the
land are in the order of 1 in 700; these grades are generally inconsistent
with those required for residential development which will generally
require minimum road and allotment grades of 1 in 200.

As such the entire catchment area will require remodelling to make it
suitable for residential development, this will require extensive
excavation and filling of the site to make is suitable for residential
development.

The requirement by Goulburn Murray Water to capture and store the 100
year storm for a period of 24 hours with no discharge from the site will
result in the site being re-shaped to convey all flows to the central
reserve / basin area rather than provide an overland flow route that will
convey flows off-site.

Further discussion is contained below in relation to the logic and impact
on the site remodelling, and also the impact of storm events greater than
the 1 in 100Yr ARI event.

The area of catchment No 1 includes abuttal to the Shepparton Christian
College site; a portion of the school site is already developed and has
existing drainage to Verney Road. This area has been excluded from
the catchment analysis and its existing drainage arrangements are
proposed to remain in place.

For the purpose of this catchment analysis the undeveloped portion of
the school land has been included as there is future possibility that this
could ultimately form part of the residential development.

A preliminary layout of the elements of the storage and treatment system
is shown in Annexure D; this includes various cross sections of the
ponds to give an indication of levels.

The assumptions behind the development of this plan are discussed
below.

-14 -
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4.3 ASSUMPTIONS

The preliminary storage basin sizing listed in Section 3.3 above were
determined based on with regard to catchment No.1 this is now further
refined.

The following data and assumptions have been used to undertake this
more detailed analysis:

Catchment Area: 32.1 Ha

Initial Time of Concentration: 6 minutes

Maximum length of reach to basin: 700m

Assumed grading of pipelines: 1in 400

Assumed surface grading: 1in 200 (herringbone)
Basin discharge limit in 5 Yr event: 1.2 litres/sec/Ha
Basin discharge limit in 100Yr event: Nil

100Yr Storage period with no discharge: 24 Hours

The storage analysis was undertaken using RORB flood modelling
software. Annexure E shows a copy of the raw data results of this
analysis, a summary is provided below.

4.4 RESULTS

Based on the above assumptions and input data the flood storage
required for Basin 1 in a 100Yr event with no discharge for a 24 Hour
period is 28,500 cubic metres.

This volume is the required storage in a 1 in 100Year event and such a
rainfall event will see the entire basin area fill to a depth of approximately
three metres. In such an event the public reserve area will not be subject
to inundation for storage purposes , however, overland flows will be
conveyed to the basin via the reserve are during such a storm event.

4.5 BASIN DESIGN - CONTROLS AND ASSUMPTIONS

The storage analysis and discussion in Section 3.5 determined a basin
size based on constraints of limiting the depth to five meters and
assuming a batter slope of an average of 1 in 8. This then allowed a
determination of the basin ‘footprint’ such that an area could be defined
for estate planning purposes.

In order to provide greater surety about the basin / reserve outcome
council has required additional analysis and modelling to be undertaken
to model a preliminary basin solution taking into account the likely road
pavement and allotment levels, the invert of incoming drainage pipelines
and the impact and Water Sensitive Urban Design (WSUD) treatments.

-15 -
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All of these elements will impact the potential shape and depth of the
storage basins and the successful integration with the adjacent reserve
area.

Per above discussion, catchment 1 has existing constraints on three
abuttals. These elements limit the extent of earthworks possible on the
abuttal boundaries. In general where the land abuts existing
development future ground levels will need to match existing conditions
or be managed via integrated fencing and low retaining walls. The
abuttal to Verney Road allows for some level difference that can be
remediated via landscaping however the intersection with Verney Road
is a ‘fixed’ control that provides initial control for internal road grading.

A model was generated using the existing Verney Road levels as a
control point. A high point was located within the site entry to ensure that
Verney Road flows remain within the existing reservation and do not
enter Catchment No 1. The road grading then generally grades to a low
point located adjacent to the reserve and rises to the abuttal boundary
with Catchment No’s 3 and 4.

The collector road grading was then used as the basis for minor road
gradings and setting of allotment control levels around the abuttal of the
catchment zone. Road grading controls used were all based on the
minimum grading of 1 in 200 defined in the Infrastructure Design Manual
(IDM) road design guidelines, this was considered a conservative
approach and flatter grades could be achieved by incorporating a
herringbone grading design in the ultimate detailed design process. The
approach outlined here provides a surface model framework for further
assessment of drainage pipelines. From the above surface model a
number of drainage pipeline alignments were assessed to determine the
controlling reach. Generally the longer the reach the deeper the pipeline
will be at the basin outlet, hence this will have a direct impact on the
ultimate basin depth.

Following determination of a pipeline invert level at the storage basin a
further constraint was considered, this was the council requirement to
that a 1 in 5 Year storm event must be stored at a level below the invert
of the incoming drainage line. This constraint needs to be considered as
it may be a controlling factor in the basin footprint if the incoming
drainage lines are excessively deep. Modelling outputs for the 5Yr
storage level have been included in Annexure F and in the 1 in 5 Year
event assumes that the system is still discharging at a rate of 1.2 litres /
sec / Ha. A number of iterations were required to produce a
representative surface model and pipeline network. Following the initial
work on this element other factors were considered, primarily these were
constructability issues and flood events greater than a 100Yr event;
discussion of these elements is expanded below.

4G =
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4.6 EARTHWORKS BALANCE

The design methodology described above is based on a physical
constraints only, such as existing surface, minimum grades of pipes road
and allotment, it is a necessary first step in determining the physical
constraints of the ultimate basin, however other factors need to be given
consideration in shaping the end result.

A review of this preliminary framework was undertaken from a
constructability perspective and it was revealed that the remodeling of
Catchment No 1 would require in excess of 320,000 cubic meters of fill
material. This presented both potential supply issues in the local area
and had significant cost and timing implications for the efficient
development of this site. A revised model was prepared which lowered
the finished surface level of the public reserve to approximately 1.0-1.2
metres below the existing surface level. An appropriate adjustment was
made to the local street network and associated drainage pipelines and a
resultant earthworks balance of less than 40,000 cubic meters of fill was
achieved. Given the area of the catchment this is considered an
approximate balance and will result in the bulk of the site remodeling
being completed as a cut to fill exercise within the site. This will result in
a more efficient development process from both cost and timing
perspectives.

Despite the public reserve area being lowered below the current surface
level the limiting factor for the base of the storage basin was still capped
at generally 4.5 metres below the original ground surface level, this will
result in a general maximum level differential between the public reserve
and base of the storage basin of around 2.8 metres, which will provide
greater opportunity for successful integration between the two areas.
The level difference between the basin areas and the road reserve will
be in the order of 3.5 — 4.0m. The detailed modelling of the storage basin
has adopted a general batter slope of a maximum of 1 in 6. This can
varied during detailed design when more formal elements can be
considered.

4.7 FLOOD CONTROL AND MITIGATION

A potential negative impact of shaping the catchment to direct flows
towards a central basin is the remove the ability for catchment ‘overflow’
to occur in greater than the 100Yr ARI events.

As discussed in the preceding section the central reserve in this
catchment will be generally 1.2m metres below the current surface level,
this is approximately 800mm below the existing road levels in Verney
Road. A high point within the site entry will prevent excess flows from
Verney Road entering the site however this will also prevent excess
flows within the site from ‘overflowing’ to Verney Road.

-7 -
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The catchment layout which has the storage basins adjacent to public
reserve areas provides significant opportunity for ‘extreme event’ storage
such that once the 1 in 100Yr design storage within the basins is
exceeded there will be a significant level of storage available within the
reserve area and surrounding road reservation to provide protection to
surrounding allotments. All abutting allotments will then be elevated
above the road reserve for additional protection from ‘extreme rainfall
events’.

An extreme event scenario of a 1 in 500 Year event was modelled based
on the above, the additional volume of storage required was
approximately 10,500 cubic metres this would in effect result in an
increased depth of flooding of 450mm. This would cause a portion of the
public reserve area to become inundated. Allotment levels are proposed
to be generally a minimum of 600 mm above the 100 Year storage level
and would be above even a 500 Year event.

Annexure G has a plan showing the flooding level in a 1 in 100 Year
storm event. Annexure H shows the extent of flooding in a 1 in 500 year
storm event on the modelled basin; all allotments are protected from
inundation in this scenario as the overflow flooding will be captured in the
reserve area. The calculations made assume there are no external or
downstream controls on the inundation of the land and consider only
runoff from within this catchment. Previous advice has indicated that the
PSP area is not currently subject to inundation in a 1 in 100Yr event.

4.8 WSUD - BACKGROUND AND ASSUMPTIONS

The above discussion considers the hydraulic and topographic
constraints of the basin, catchment and future allotments, the final
element in determining the operation of the drainage system is the
treatment of storm water flows to remove pollutants prior to discharge
into receiving waters.

In line with industry best practice, storm-water flows are to be treated
prior to discharge from the site to remove the following pollutants in all
events up to a 3 month ARI storm:

e Suspended solids 80% reduction
e Nitrogen 45% reduction
e Phosphorous 45% reduction

There are several methods of achieving these targets: these are
generically discussed section 3.7 above. In the preparation of the
detailed analysis preliminary WSUD design has been undertaken using
MUSIC modelling software. A copy of the results and inputs is provided
in Annexure | and a summary is provided below.
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When considering the suitability of WSUD treatment options, there are
several constraints that control the suitability of one treatment over
another. Given the storage function of the basins and the likelihood of
regular inundation, in-line treatments were not considered suitable as
frequent flooding and or high velocity flows will scour treatment zones
and re-suspend sediment material within the treatment area.

The treatment considered most suitable is an offline bio-retention zone
and sediment pond, with a bypass weir for storm events greater than the
3 month ARI design event.

4.9 ALTERNTIVE OPTIONS

The treatment proposed is still considered to be an ‘end of line’ style
treatment and could be supplemented by upstream measures such as
swales in road reserves or water tanks within properties connected to
dwellings for toilet flushing or laundry supply.

The option of swales in road reserves has not been modelled in this
exercise as it requires a significant area of land and can only practically
treat flows from road reserve areas. Hence in a residential setting
provides limited benefit for the additional land required for
implementation. There are also potential issues created for property
access and traffic movement.

The inclusion of rainwater tanks connected to dwellings has also not
been modelled in this assessment as it would require regulatory controls
to be imposed on all allotments within the Growth Corridor and can
potentially push a significant additional cost back to homeowners,
particularly on smaller allotments where tanks may need to be
constructed underground due to limited space within the allotment.

The exclusion of both of these upstream measures means that the
assessment of treatment area within the reserve and storage basin is
conservative as the calculated treatment zones will be larger that
otherwise required if supplementary treatments such as those listed were
included.

4.10 WSUD TREATMENT TRAIN

The treatment train adopted in this design assessment is that of an ‘off
line’ bio-retention zone, located within the basin but with protective
measures in place to divert high flow events and avoid damage to the
treatment zone. A schematic of the treatment train adopted is shown
below to describe the various elements of the treatment process.
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All flows are conveyed via the underground pipe network to a control pit
located within the reserve area. This pit has an internal weir
arrangement that will divert all flows up to a 3 month ARI storm towards
the bio-retention zone; flows in excess of this event will then bypass and
be conveyed directly into the storage basin, with no treatment. After
consideration of several options a single discharge point and
consolidated treatment zone design was adopted as this minimised
future maintenance for council and only had a minor impact on depth of
incoming drainage lines.

4.10.1 Sediment basin

Low flows that are diverted from the control pit will be directed to a
sediment pond that will allow primary settling of suspended sands and
sediment within the stormwater.

The sediment pond has been sized based on Melbourne Water
guidelines. The volume of storage required in the sediment pond is 670
cubic metres. This equates to a normal water level (NWL) area of
approximately 1000 sgm. The sediment pond will generally be a
permanently wet area as all low flow events will be directed through the
sediment pond, as such it will received regular ‘top —up’ flows and will
provide opportunity for [andscape embellishment.

The basin water level will generally be 2.5 metres below the adjacent
road reserve however with planting and appropriate alignment of shared
path networks within the reserve, views of the pond could be
incorporated into the final reserve design.

-20 -
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Sediment ponds require periodic maintenance, the sediment pond
modelled in this design will require de-silting every five (5) years based
on typical sediment removal and flows. To facilitate the maintenance
requirements an access ramp has been modelled into the design to
ensure that this will be a practical consideration during the detailed
design process. This access is currently shown on the south eastern
side of the sediment pond accessed from the adjacent minor street.

There would be opportunity in detailed design to include formal
landscape treatments such as retaining walls or platforms close to the
edge of these sediment ponds. Such treatments would allow for vertical
banks and reduce the required footprint. Such treatments would require
consideration of public safety fencing as these are best dealt with during
detailed design. In order to maintain the conservative approach during
the town planning phase the model has allowed for 1 in 6 batters
between the road reserve / sediment pond and storage basin.

4.10.2 Bio-retention treatment zone

Following primary treatment in the sediment pond to reduce suspended
solids, flows will then be conveyed to the bio- retention treatment zone.
This zone is again protected from high velocity flows which will damage
the treatment medium. The treatment zone will be located lower than the
adjacent sediment pond but above the general base of the storage basin.
Annexure J contains a plan of the basin area as modelled and shows
cross sections to better demonstrate the relativity of the various elements
and their connectivity.

The bio-retention zone will receive flows from the sediment pond via a
low flow pipe line, with higher flows being diverted via a weir or spillway
arrangement that will deliver a sheet flow over a wide area rather than a
concentrated flow at one point. This ensures that treatment area is
maximised and assists in protecting against localised scour of the filter
medium as flows become more intense during a storm event.

The bio-retention zone is a relatively flat area, filled with a filter medium
and planted with appropriate plants to aid the removal of nitrogen and
phosphorous from stormwater flows. Generally these are ‘reed’ type
plantings that will tolerate high variance in moisture conditions at their
roots. Flows will be retained in this area for a period of time and will
percolate through the filter medium and root systems and be collected
via a perforated drain network under the treatment zone that will convey
flows to the ultimate outlet at the discharge pump. In the event that
storage within the basin area is exceeded, flows would be diverted
directly to the basin via controlled weir flow. The MUSIC modelling
undertaken in relation to Catchment No 1 indicates that a treatment area
of 1800 square metres will be required to achieve best practice reduction
figures.
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5 SITE MODELING AND LANDSCAPE OPTIONS

A digital terrain model has been prepared based on the detailed design
undertaken during the preparation of this report; this model includes the
road network, reserve area, storage basins, sediment ponds and bio-
retention zone. This model has been prepared to assist in visualizing
the potential outcomes for the Catchment No 1 reserve and basin.

This report has been prepared to determine the constraints, dimensions
and levels of the various elements required to successfully provide
drainage to this site. The successful integration will rely on appropriate
landscape treatments to ensure that the outcomes of both the reserve
and storage basins can be met.

As discussed earlier in this report, the use of mulches within the area
impacted by a 1 in 100Yr storm event should be avoided and tree
plantings should be appropriate for the level of inundation that a
particular area may receive.

Tree plantings in the base of the storage areas should be avoided and
species that are able to withstand some inundation can be planted within
batter areas between the 1in 5 Yrand 1 in 100Yr inundation extents.

Dense ‘grassy’ plantings adjacent to the sediment ponds will discourage
access to the permanent water area but still provide opportunity for
sightlines to the water areas as well as encourage wildlife to inhabit
these areas of relatively permanent water.

The additional areas required for the sediment pond and bio-retention
zone have been added to the basic basin footprint originally calculated.

The 100Yr ARI storm has been re-calculated based on the detailed basin
incorporating the additional elements and a top water level determined.
The depth of flooding in a 100Yr event will be approximately 2.65 metres.

In this event both the sediment pond and bio-retention zone will be
inundated however the inundation will occur via indirect means and after
several hours duration of storm event, as such high velocity linear flows
through either of these elements will be avoided and as such scour and
damage to the elements minimized.

To further aid the visualization of the impact of flood events and the level
of inundation anticipated a series of inundation plans have been
prepared for a 5 year, 100Yr and 500 Year event, these are included in
Annexures G & H.
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6 CONCLUSION

This report has sought to outline the physical and statutory constraints
that impact provision of drainage facilities to the Shepparton NEGC as
well as consider the desired outcomes from a public amenity
perspective. The site requires significant remodelling and the inclusion of
storage basins that will be a major visual feature of the redevelopment of
the site. ,

A number of opportunities exist to incorporate Water Sensitive Urban
Design elements into drainage infrastructure to ensure that stormwater
runoff from the development of the land meets current best practice
requirements for the removal of pollutants.

The design presented in Section 4 of the report is based on reasonable
assumptions to determine the potential for the functional operation of the
drainage strategy. The design presented is not intended to be a final
detailed design and will be subject to variation during the subsequent
planning permit and staged subdivision design phases of the project.
Options exist to relocate the storage basin and other public reserve
elements such that efficiencies in the drainage system may be achieved.
This functional design has sought to provide a conservative assessment
of the likely built form of the basins and reserves in order to confirm the
viability of the proposal.

This assessment has demonstrated that the integration of various
elements of the drainage strategy can be successfully incorporated into a
public reserve area and the need for isolated and visually unappealing
storage basins can be eliminated and a higher order land use afforded
these areas which can complement the adjacent public reserve areas
and improve public amenity in these areas.

Prepared by:
REEDS CONSULTING PTY LTD

RICHARD BREWSTER
Engineering Director

Disclaimer

The information contained within this report has been obtained from various servicing Authorities either
verbally or in writing however, until such time as formal applications made, conditions and the appropriate
approvals obtained, it should only be used as a guide. Any party wishing to use the material contained within
this report should make their own inquiries to satisfy themselves to the accuracy of the information.
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ANNEXURE A

Goulburn and Broken Catchment

Management Authority (GBCMA) 1% AEP
Flood Inundation plan
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ANNEXURE B

Shepparton North East Growth Corridor
Drainage Strategy Plan
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Shared Path Within Reserve

400m Walkable Catchment

100m Shed Buffers
Damien and Sali sheds (all sheds)

Interface Zone
o for 14m wide road (cross section 6)
fronting drainage reserve

—e— e Pumped Drainage Lines
Total Site Area 170 ha (approx)
Existing Schools 10.67 ha
Mixed Use 2.50 ha
Encumbered Reserves 6.675 ha
Unencumbered Reserves 8.340 ha
Area of Connector Streets 10.97 ha
Net Developable Area 130.85 ha
LEVEL 6
440 ELIZABETH STREET
PROPOSEBPIEUGURE T~ | MELBOURNE VIC 3000
PRECINCT STRUCTURE PLAN REF 21656 | Refer to sheet 2 for Cross Sections and Catchment details SIO ? = "?0 - Z?O = 2o - i?a SHEET 1 OF 2 Eﬁizg?;:;gg?owunmc COMAU RE E DS
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Groundwater Investigation
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B.M CONSULTING
M ENGINEERS PTY.LTD.
¢ ABN 36473 826 551
6 Clarke Street, Shepparton, 3630

P.O. Box 6577, Shepparton, 3632
CIVIL ENGINEERS

David Earl B. Eng. (Civil), M.LE. (Aus.)

Peter Willmott B.Eng. (Civil). M.LE. (Aus.)

Ph: (03) 5821 7393
Fax: (03) 5831 3042

20-Apr-11
CLIENT : Reeds Consulting

JOB DESCRIPTION: Provide Site Investigation for proposed Stormwater Retardation
Basins.

PROJECT ADDRESS: Shepparton North East Growth Area.

OUR JOB NO: 30170

REPORT BACKGROUND:

Rezaning of farmland to residential land is proposed as part of the North East growth area
of Shepparton. As part of this process up to five stormwater retardation basins may be
required. John McKernan of Reeds Consulting has requested this investigation in order to
determine the suitability of the nominated sites for the proposed use and also to provide the
soil parameters necessary for the basin designs.

REPORT OBJECTIVES:

Two Dboreholes are to be drilled at each of the proposed retention sites. Soil profiles are to
be logged and an assessment of soil type and porosity undertaken. Permeable soils or
unsuitable water retaining soils such as filling, dispersive or granular soils are to be
identified. The presence of groundwater or other factors that may impact on the design of
basins and on the construction techniques are to be identified.

1.0 SITE DESCRIPTION:

1.1 There are five (5) proposed construction sites. All sites are currently within
orchards. Their locations are illustrated on figure 1 and pictured in the photos.

152 Geologically the soils of the area are fine grained soils of Quaternary Pleistocene
alluvium of the Shepparton Formation. These are sediments of sands, silts and
clays laid down in lens like deposits. There can be variations in soil types over
short distances with the discontinuity of the lenses.

2.0 SITE INVESTIGATION:

2.1 Boreholes of general depth 5000mm and down to 6000mm were drilled using
100mm diameter continuous flight mechanical augering — two at each site. The

Pt
o L
MATE  SOIL TESTING LABORATORY @ STRUCTURAL & CIVIL DESIGN

W

David Melrose ¢.p. Eng. (Civil), M.LE. (Aus) EC1917



locations and logs as well as GPS co-ordinates for each test hole are shown on the
attached borehole log sheets.
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otol: Site 1 breholes 1&2.

Photo 2: Site 2 Boreholes 3&4 U
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Photo 5: ie 5 Borehols O.

Logged soils were hand and visually classified. Soil shear strength was assessed in
the field using shear vane measurements. Soils were sampled and returned to the
laboratory for comparison and confirmation of the classification and to indicate
other soil properties typical of those in the classified group. Particle size
distribution and Plasticity testing was undertaken as part of the testing process.
Maximum dry densities of the pre-dominant soil type were assessed. All tests
were undertaken to our NATA accredited procedures. (Laboratory Registration
Number 5023)

Borehole Descriptions: Soils recovered were of similar texture from all test holes
with minor variations in sand and clay content and colour.
Site 1

Borehole 1: There is light brown clay of sand traces to 3400mm with moist
brown clay with sand traces extending to the end of the E‘)_orc.

Borehole 2: Beneath shallow clayey fine sand, there is light brown silty clay with
sand traces to 1500mm with light brown clay extending to the end of the bore at
5000mm.

Site 2

Borehole 3: There is light brown silty clay with sand extending to the end of the
bore at 5000mm..

Borehole 4: There is light brown silty clay with sand extending to the end of the
bore at 5000mm..

Site 3

(=4 ]



2.3

2.4

Borehole 5:  Beneath shallow clayey sand there is stiff brown clay to 500mm and
overlying light brown silty clay with sand. The light brown silty clay of sand traces
extends to the end of the bore.

Borehole 6: Beneath shallow clayey sand there is stiff brown clay to S00mm and
overlying light brown silty clay with sand. There is a seam of clayey sand between
1800mm and 2400mm before the light brown silty clay of sand traces extends to
the end of the bore.

Site 4

Borehole 7: Beneath shallow clayey sand there is stiff red brown clay to §00mm
and overlying clayey sand of medium density to 2000mm. Beyond this, light brown
silty clay with sand traces extends to the end of the bore.

Borehole 8: Beneath 200mm of shallow clayey sand there is stiff red/ brown
clay which becomes increasingly sandy with depth to become red/brown sandy
clay from 800mm to 2000mm. Beyond this, there is light brown silty clay of sand
traces which extends to the end of the bore.

Site 5

Borehole 9:  There is light brown silty clay with sand to 1500mm. Beyond this,
there is very stiff light brown clay to the end of the bore at 5000mm.

Borehole 10: : There is light brown silty clay with sand to 1500mm. Beyond
this, there is very stiff light brown clay to the end of the bore at 5000mm.

Laboratory Testing and Classification: The soils encountered are within the
range of medium plasticity with minor variations in liquid limits yielded across the
entire site. The results of site 2 (BH3 & BH4) reflect the sandier soils encountered
in this area and are of lower plasticity or CL soils. There is a significant sand
content in all soils analysed. The soils of the site 1 (BH1 & BH?2) are of a heavier
clay and this was also reflected in the higher plasticity test results for this site.

In summary, all samples analysed are classified as clays with the lesser components
of silt and sand. The sand and silt will enhance the soils’ workability while the clay
will contribute to the impermeability properties.

These results are typical of soils gathered and tested by this company in the alluvial
soils of the Shepparton area. The Plasticity testing on samples from each test hole
are summarised in table 1. Particle size distribution analyses results are
summarised in Table 2.

Based on the correlation of soil properties, the estimated seasonal soil surface
movement is moderate. It is estimated to be between between 20mm and 40mm.

For construction of residential parameters, the site classification for the site is M-D
Moderately Reactive in accordance with AS2870-12011.



Borehole No. Depth L, - PL:. PI LS  Class

(mm)
%
| 1000-1500 49 17 39 16 CI-CH
2 500-1600 44 16 28 14.5 @Il
4 200-2000 31 13 18 10 CL-CI
3) 500-2000 44 16 28 14 CI
8 2000-3000 41 15 26 13.5 CI
10 800-1500 47 17 30 15 CI-CH
Table 1: Plasticity Test Results
Australian Standard Sieve Sizes(mm)
Borehole No. Depth 236 06 03 0.075
(mm)
%

1 1000-1500 100 98 97 92 CI-CH
2 500-1600 100 99 98 92 CI
4 200-2000 99 96 92 74 CL-CI
5 500-2000 100 99 97 89 il
8 2000-3000 99 98 96 87 CI
10 800-1500 97 95 92 87 CI-CH

25

2.6

2.7

Table 2: Particle Size Distribution Test Results

Ground Water: Bore holes were monitored over a 4 hour period . No infiltration
of ground water occurred within this time in any of the test holes. It is reasonable to
assume that groundwater will not be encountered in any excavations down to at
least 5000mm and up to 6000mm across the site. There were no gravelly seams
carrying perched water encountered in any of the bores. There were no dry gravelly
seams of potential to carry water during different climatic conditions encountered
in any of the bores across the site.

Soil Moisture Content: Soils were observed in the field to be moist (but not wet)
over all of the soil profiles. Measured moistures were of the range 12.2% -18.4% .
At these values the soils are pre- moistened and are within 4% of respective
optimum moisture contents. Addition of moisture during construction would be
nominal in magnitude and ecasily applied at these levels where some curing is
already inherent in the soils.

Bulk Densities: Samples from most sites and representative of the major soil types
were laboratory tested to determine the moisture density relationship. The results
are tabulated in table 3.




Report Borehole | Depth Moisture-Density
No. No. (mm)
Bulk Density Max.Dry Density| OMC
Py P
11721 1 1000-1500 3 3 18.7
1976 kg/m 1717 kg/m
D] X 3 3 14.5
i : L 2076 kg/m 1849 kg/m
11724 -2000 3 3 19.4
b 2 200200 1969 kg/m 1712 kg/m
11725 8 2000-3000 3 3 16.5
2012 kg/m 1760 kg/m
11726 10 800-1500 3 3 20.3
1994 kg/m 1684 kg/m
Table 3: Dispersion test results summary
2.8 Bearing Capacity: Shear vane testing was carried out at intervals within the

natural soils to establish soil shear strengths. For shallow pad and strip footings
bearing on natural soils below any surface silt, the estimated maximum allowable
bearing capacities are as follows:

Depth (natural soils) Below the surface. Allowable
(mm) Bearing Capacity
(kPa.)
400mm 80
600mm 100
900mm 150
1200mm 200

Table 4: Allowable Bearing capacities All Sites.

2.9 Deep structures and Soil retention (manholes and pumpwells): As a guide,
typical values for cohesion and angle of shearing resistance are estimated based on
the correlation of soil properties for the sandy clay soil as classified.

¢ =12kPa
b =29°
¢ ,= 0.45 max. (capacity reduction factor based on the level of

investigation )

219 Adhesion: The silty clay and clay soils have estimated adhesion of at least 10kPa.

2.30  Dispersion: Samples were laboratory tested using the Emerson Dispersion
Classification number method. The solutes of distilled water and tap water were
used. Tap water is representative of the stormwater that may be retarded in the
basins while distilled water is representative of the soils” behaviour under direct
rainfall runoff . Dispersive behaviour of the soil during storage conditions may
result in slumping and a loss of storage geometry and therefore operating capacity.
It may also allow seepage of stored from the basin. Dispersive behaviour of the



2.31

soil surface slopes under the action of rainfall travelling down it will result in
rutting and erosion of the banks. The eroded soils will be washed into the storage
with subsequent reductions in design capacities.

Table 4 is a summary of the emerson number test results. The values indicate that
the soils are non dispersive in the water storage mode. Soils form sites 1 and 4 may
erode easily with rainfall possibly rutting exposed slopes.

Report Borehole | Depth Emerson Class Number
No. No. (mm)
0 ppm 120ppm

11721 1 1000-1500 4 4
11722 3 500-1600 2 5
11723 4 200-2000 5 6
11724 5 500-2000 5 5
11725 8 2000-3000 2 4
11726 10 800-1500 6 6

Table 5: Dispersion test results summary

Permeability:

Silty clay soils and clay soils of sand traces and plasticity properties of those
recovered from all the sites are practically impermeable when constructed at the
prescribed density and moisture content. By correlation of soil properties , the
permeability of all samples tested at 95% of standard density is anticipated to be

less than  1x10 " m/s.

In their natural state , the soils are affected by the root zone and deep seasonal
cracks and fissures would be prevalent. Reworking the lining of basin soils would
create an homogeneous mass of compacted soil as required for impermeable
conditions.

3.0 CONCLUSIONS, DESIGN and CONSTRUCTION:

3.1

General: The test bores and laboratory testing yielded similar results across the
entire site. Soil profiles as encountered are typical of those of the Shepparton area on
Shepparton Formation alluvial soils. Soils are generally silty clays with sand traces
and of medium plasticity. These soils will be impermeable as a reworked and
compacted liner in the retardation basins.

The sandy clay and clayey sand soils are of good workability properties. They are
readily excavated and easy to place by conventional earth moving equipment. The
soils exist at moisture contents close to optimum and nominal moisture addition will
be required for compacted placement. The soils in this state are pre-cured and
additional moisture will be efficiently absorbed as required. The soils’ sand content
facilitates the addition of moisture and the ability to be readily compacted.




3.2

3.3

There was an absence of groundwater at all of the sites tested. An awareness that
water may be encountered in deeper than 6.0m excavations is important as ground
water levels are subject to seasonal and climatic variations. Excavations beyond 6.0m
may strike groundwater under a nominal pressure head which may lead to water
rising closer to the surface. There is no evidence to suggest that this will be the case
from this investigation.

There was no rock encountered in any of the test sites as would be expected in this
site of deep alluvium. There are areas of surface soil which will require removal and
nominal stripping to avoid vegetable matter. There is a clayey sand seam which was
encountered in borehole 6 of site 4. This seam does not represent a prior stream or
serious point of escape or influx of water. Such clayey sand seams if encountered
during construction will need to be chase excavated, blended with the clayey soils
and replaced under compaction. No other factors which may limit the selection of a
particular site for the proposed new construction were encountered.

The frequency of borehole sites and the intensity of the testing program is
considered reasonable and comprehensive for the requirements of this project and in
the context of a subsurface investigation. It remains possible that there may be
variations in the geotechnical conditions from those described in this report as no
geotechnical investigation can be considered exhaustive. The results and
recommendations are therefore a reasonable platform upon which to base subsequent
site selection and preliminary design decisions with a flexibility to change course
should there be variations in the conditions beyond a more intensive investigation
within the actual construction envelope.

Design Recommendations:

Beds of the Storages: Losses and seepage form retention basins are usually through
the base under the storage water pressure head. It is important that the base be
impervious and constructed of appropriate materials. In the current format the natural
soils are suitable at the proposed base depth. A liner of minimum layer depth 600mm
is recommended . This can be constructed by reworking and compaction of the natural
soils of the site with the aforementioned properties taken into account.

Reworking requires that the liner soils be conditioned to an appropriate texture and
moisture content and then placed under compaction. Compaction cannot be achieved
using earthmoving traffic alone — an articulated pad foot roller would be the
minimum requirement for these soil types.

The design levels of the basins: The proposed design levels being no greater than
4.0m below existing surfaces will be satisfactory as no groundwater has been
encountered within this range.

Batter slopes: are recommended to be 2.5 : 1 on the upstream faces of basins. These
values are appropriate for the soil types. Compaction equipment should be able to
negotiate slopes of this magnitude. Compaction of the batters and reinstatement of
protective grasses will minimise potential erosion due to rainfall. Flatter slopes may be
adopted if there is a plan to use the basins recreationally or regular grass mower traffic
is planned.

Construction and Maintenance Recommendations:



Stripping: Strip the area beneath the bed and embankment construction of any topsoil
and vegetable matter. Stockpile this material for spreading across the finished
embankments as required. Material containing vegetable matter or humus must be
avoided as structural filling.

Compaction: All of the recommendations given are based on the materials being
compacted to engineering density standards for earthworks. This is important to
counteract the potential for some site soils to be dispersive on batter slopes and it will
also develop the impermeability of the soils. Re-work the bases in shallow layers of
no greater than 200mm and compact using a vibrating pad foot roller.

Moisture Content :The filling should be placed within -2% to + 1% of its optimum
moisture content. Within these limits the soils will be able to be compacted to
maximum densities with impermeability and using the least compactive effort.

Compaction Control: In order to maintain control over density and moisture content
it is recommended that a compaction testing program be undertaken during
construction to establish an effective placement procedure. The earthworks code
AS3798 can be used as a guide for the frequency of testing. Compaction should be
such that no test is less than 95% of the maximum dry density as determined in the
laboratory. With a proven test success record and therefore proven construction
process, the frequency of testing may be relaxed. Obviously the most critical areas for
control are within the lower embankments and the storage beds.

Maintenance: Desirably plant binding type grasses on the finished topsoiled surfaces
in order to minimise erosion and the seasonal drying of storage base soils. This will
assist in preventing propagation of surface cracking in the liners.

Carry out maintenance checking over the duration of the storage’s operational lifetime

using the techniques offered in the publication “Your Dam - an asset or a liability”
(DSE-Victoria website)

Please contact the undersigned for any further enquires.

David Melrose.
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= BV SITE INVESTIGATION LOG

g CIVIL ENGINEERS

Location:

Client:
Easting:
Northing:

Job No.: 28565 Date: 1.4.2011

NE Shepparton Growth Corridor

Borehole
Reeds Consulting No.: 1

E 358019
N5975799

Depth

i Cond Cohesi z
Description Plasticity Doelnc:i't(;," Moistul

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

1700

1800

1900

2000

2100

2200

2300

2400

2500

2600

2700

2800

2900

3000

3100

3200

3300

3400

3500

3600

3700

3800

3900

4000

4100

4200

4300

4400

4500

4600

4700

4800

4900

5000

5200

5300

5400

5500

5600

5700

5800

5900

6000

Lt. Br. Clay (sand traces) M-HP WVSHT M

LL=49%
PL=17%
PI=32%

LS=16%

Brown Clay with sand traces MP ST M

EOB

PLASTICITY

LP- LOW MP- MEDIUM HP- HIGH

CONSISTENCY

COHESIVE SOILS VS- very soft S-soft F-firm ST - stiff VST - very stiff H-hard
NON COHESIVE SOILS VL very loose L-loose MD-medium dense DS-dense VD-very dense

MOISTURE CONDITION D-dry M- moist W-wet SA-saturated

DRILLING METHOD

continuous flight auger randavger [ ]
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9 CIVIL ENGINEERS

Location: NE. Shepparton Growth Corridor

SITE INVESTIGATION LOG

Job No.: 30170 Date: 1.04.2011

Client: Reeds Consulting

Borehole
No.:

Easting: 358167E
Northing: 5975923N

Depth Description Plasticity

Cohesion
Density

Moisture

100

200 Clayey Fine Sand

300

400

500

600 Lt. Br. Silty Clay with sand MP ST

700
800

900 LL=44%

1000 PL=16%
1100 PI=28%

1200 LS=14.5%

1300

1400

1500
1600
1700

1800
1900
2000

2100
2200
2300

2400
2500

2600

2700
2800

2900
3000
3100

3200
3300 Lt. Br Clay
3400

3500
3600
3700

3800

3900

4000

4100

4200

4300

4400

4500

4600

4700
4800

4900

5000 EOB

MP VST

5100

PLASTICITY

LP- LOW MP- MEDIUM HP- HIGH

CONSISTENCY COHESIVE SOILS
NON COHESIVE SOILS

VS- very soft S-soft F-firm ST - stiff VST - very stiff H-hard

VL very loose L-loose MD-medium dense DS-dense VD-very dense

MOISTURE CONDITION

D-dry M- moist W-wet SA-saturated

DRILLING METHOD continuous flight auger

ardager [ ]
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N CIVIL ENGINEERS

Location: NE. Shepparton Growth Corridor

SITE INVESTIGATION LOG

Job No.: 30170 Date: 1.04.2011

Client: Reeds Consulting

Borehole

Easting: 358827E
Northing: 5975995N

No.: 3

Cohesion

Depth Description Plasticity Donsie Moisture

100

200

300

400

500

600 Lt. Br. Silty Clay with sand LP-MP Sl M

700

800

900 LL=31%

1000 PL=13%

1100 PI=18%
1200 LS=10%

1300

1400

1500

1600
1700

1800

1900
2000

2100

2200
2300

2400
2500

2600

2700

2800

2900

3000

3100

3200

3300

3400

3500
3600
3700

3800
3900

4000
4100

4200

4300

4400
4500

4600

4700

4800

4900

5000 EOB

5100

PLASTICITY

LP- LOW MP- MEDIUM HP- HIGH

CONSISTENCY  COHESIVE SOILS
NON COHESIVE SOILS

VS- very soft S-soft F-firm ST - stiff VST - very stiff H-hard

VL very loose L-loose MD-mediumdense DS-dense VD-very dense

MOISTURE CONDITION

D-dry M- noist W-wet SA-saturated

DRILLING METHOD continuous flight auger

andauger [ ]
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- B.M SITE INVESTIGATION LOG

q CIVIL ENGINEERS

Location:

Client:
Easting:
Northing:

Job No.: 30170 Date: 1.04.2011

NE. Shepparton Growth Corridor

Borehole
Reeds Consulting No.:

358950E
9975995IN

Depth

Cohesion

Density Moisture

Description Plasticity

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

1700

1800

1900

2000

2100

2200

2300

2400

2500

2600

2700

2800

2900

3000

3100

3200

3300

3400

3500

3600

3700

3800

3900

4000

4100

4200

4300

4400

4500

4600

4700

4800

4900

5000

Lt. Br. Silty Clay with sand LP-MP ST M

LL=31%
PL=13%
PI=18%

LS=10%

EOB

5100

PLASTICITY

LP- LOW MP- MEDIUM HP- HIGH

CONSISTENCY

COHESIVE SOILS VS- very soft S-soft F-firm ST - stiff VST - very stiff H-hard
NON COHESIVE SOILS VL very loose L-loose MD-medium dense DS-dense VD-very dense

MOISTURE CONDITION D-dry M- moist W-wet SA-saturated

DRILLING METHOD

continuous flight auger hand auger I:
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Location:

Client:

Easting:
Northing:

SITE INVESTIGATION LOG

Job No.:

30170

NE. Shepparton Growth Corridor

Date:

Reeds Consulting

358865E
5975487N

1.04.2011

Borehole
No.:

Depth

Description

Plasticity

Cohesion
Density

Moisture

100

200

Clayey Sand

300

400

Br.. CLAY

500

600

700

800

900

LL=44%

1000

PL=16%

1100

PI=28%

1200

1300

LS=14%

1400

1500

1600

1700

1800

1900

2000

2100

2200

2300

2400

|

2500

2600

2700

2800

2900

3000

3100

3200

3300

3400

3500

3600

3700

3800

3900

4000

4100

4200

4300

4400

4500

4600

4700

4800

4900

5000

EOB

Lt. Br. Silty Clay with sand

Lt. Br. Silty Clay with sand

5100

HP

MP

LP

MP

VST

ST

VST

PLASTICITY

LP- LOW MP- MEDIUM HP- HIGH

CONSISTENCY

COHESIVE SOILS VS- very soft S-soft F-firm ST - stiff VST - very stiff H-hard

NON COHESIVE SOILS VL very loose L-loose MD-medium dense DS-dense VD-very dense

MOISTURE CONDITION

DRILLING METHOD

D-dry M- moist W-wet SA-saturated
==

continuous flight auger hand auger

17
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SITE INVESTIGATION LOG

Job No.: 30170 Date: 1.04.2011

Location: NE. Shepparton Growth Corridor

Client: Reeds Consulting

Borehole
No.:

Easting: 359039E
Northing: 5975486N

Depth Description Plasticity

Cohesion
Density

Moisture

100

200
300

Clayey Sand

400 Br.. CLAY

500

700
800

900 LL=44%

1000 PL=16%

1100 PI=28%

1200 LS=14%

1300

1400

1500
1600
1700
1800 s .
1900
2000

2100

Br. Clayey Sand

2200

2300

2400
2500

2600

2700

2900

3000
3100

3200
3300
3400
3500
3600
3700

3800
3900

4000

4100
4200
4300

4400

4500
4600

4700
4800

4900

5000 EOB

HP VST

600 Lt. Br. Silty Clay with sand MP ST

Lp D

2800 Lt. Br. Silty Clay with sand MP VST

5100

PLASTICITY

LP- LOW MP- MEDIUM HP- HIGH

CONSISTENCY COHESIVE SOILS
NON COHESIVE SOILS

VS- very soft S-soft F-firm ST - stiff VST - very stiff H-hard

VL very loose L-loose MD-medium dense DS-dense VD-very dense

MOISTURE CONDITION

D-dry M- moist W-wet SA-saturated

DRILLING METHOD continuous flight auger

arcauger [ ]
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= B.M SITE INVESTIGATION LOG

N CIVIL ENGINEERS
Job No.: 30170 Date: 1.04.2011

Location: NE. Shepparton Growth Corridor

Borehole

Client: Reeds Consulting No.:

Easting: 359039E
Northing: 5975486N

Cohesion

Depth Description Plasticity Density Mois ture
100 | :

200 Clayey Sand

300

400 Red/Br.. CLAY

500

600 Red/Brown Sandy Clay MP SHE M

700

800

900

1000

1100

1200 Clayey Sand iR ST M

1300

1400

1500

1600

1700

1800

1900

2000

2100

2200
2300

2400

2500

2600

2700 MP ST

2800 Lt. Br. Silty Clay with sand

2900 M

3000

3100

3200
3300

3400

3500

3600
3700

3800
3900 M

4000
4100
4200

4300

4400

4500

4600

4700

4800
4900 M
5000 EOB
5100

PLASTICITY LP- LOW M P- MEDIUM HP- HIGH

CONSISTENCY  COHESIVE SOILS VS- very soft S-soft F-firm ST - stiff VST - very stiff H-hard
NON COHESIVE SOILS VL very loose L-loose MD-mediumdense DS-dense VD-very dense

MOISTURE CONDITION D-dry M- moist W-wet SA-saturated

DRILLING METHOD continuous flight auger hand auger :l
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Location:

Client:

Easting:
Northing:

SITE INVESTIGATION LOG

Job No.: 30170 Date: 1.04.2011

NE. Shepparton Growth Corridor

Reeds Consulting

Borehole

358414E
5975339N

No.: 8

Depth

Description Plasticity

Cohesion

Density Moisture

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

1700

1800

1900

2000
2100

2200

2300

2400

2500

2600

2700

2800

2900

3000

3100

3200

3300

3400

3500

3600

3700

3800

3900

4000

4100

4200

4300

4400

4500

4600

4700

4800

4900

5000

Clayey Sand

Red/Br.. CLAY

Red/Brown Sandy Clay

Clayey Sand

LpP ST M

Lt. Br. Silty Clay with sand MP VST M

LL=41%
PL=15%
PI=26
LS=13.5%

EOB

5100

PLASTICITY

LP- LOW MP- MEDIUM HP- HIGH

CONSISTENCY

COHESIVE SOILS
NON COHESIVE SOILS

VS- very soft S-soft F-firm ST - stiff VST - very stiff H-hard

VL very loose L-loose MD-medium dense DS-dense VD-very dense

MOISTURE CONDITION

D-dry M- moist W-wet SA-saturated

DRILLING METHOD

continuous flight auger

randauger [

20
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Location:

Client:

Easting:
Northing:

Job No.:

SITE INVESTIGATION LOG

30170

Date:

NE. Shepparton Growth Corridor

Reeds Consulting

358905E
5975038N

1.04.2011

Borehole

No.:

Depth

Description

Plasticity

Cohesion
Density

Moisture

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

]

1700

1800

1900

2000

2100

2200

2300

2400

2500

2600

2700

2800

2900

3000

3100

3200

3300

3400

3500

3600

3700

3800

3900

4000

4100

4200

4300

4400

4500

4600

4700

4800

4900

5000

Lt. Br. Silty Clay with sand

Lt. Br Clay

EOB

5100

MP

MP

ST

VST

PLASTICITY

LP- LOW

MP- MEDIUM

HP- HIGH

CONSISTENCY

COHESIVE SOILS

NON COHESIVE SOILS

VS- very soft S-soft F-firm ST - stiff VST - very stiff H-hard

VL very loose L-loose MD-medium dense DS-dense VD-very dense

MOISTURE CONDITION

D-dry M- moist W-wet SA-saturated

DRILLING METHOD

continuous flight auger

hand auger

|
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Location:

Client:
Easting:
Northing:

NE. Shepparton Growth Corridor

SITE INVESTIGATION LOG

Job No.: 30170 Date: 1.04.2011

Reeds Consulting

Borehole
No.:

359011E
5975021N

10

Depth

Description Plasticity

Cohesion
Density

Moisture

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

1700

1800

1900

2000

2100

2200

2300

2400

2500

2600

2700

2800

2900

3000

3100

3200

3300

3400

3500

3600

3700

3800

3900

4000

4100

4200

4300

4400

4500

4600

4700

4800

4900

5000

Lt. Br. Silty Clay with sand MP ST

LL=47%
PL=17%
PI=30
LS=15

Lt. Br Clay

EOB

MP VST

5100

PLASTICITY

LP- LOW MP- MEDIUM HP- HIGH

CONSISTENCY

COHESIVE SOILS
NON COHESIVE SOILS

VS- very soft S-soft F-firm ST - stiff VST - very stiff H-hard

VL very loose L-loose MD-medium dense DS-dense VD-very dense

MOISTURE CONDITION

D-dry M- moist W-wet SA-saturated

DRILLING METHOD

continuous flight auger

ancavger [ ]
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Dhasidd Laz] & s wess bl ines i Bead

P 'Wilknan

Phe i SET1 TRED
Faas: (000 5830 A0eld

v ol sl o T

Quality of Materials Report

Rezport Mumber:

JoETT - 8

Cliznk: Roeds Condswlting
Clignk Address; Litoal &, 4440 Elizabeth Straat Malbowrns WIS 3000
Job Mumber: I0LTn Henort Dabe: LB G4 2011
»?Pn'.-jnrt: Geotechnical Tnvastigabicmn Qrder Mumaar -
Lagalsan RE Shep Grawth bres , Shepparton Page 1 of &
Lab Mo L1Fal Eamgale Locatian
Dake Sampisd: 1/04/2011 fBora Hoba ;|
[iahe Tested: 14,004 3011 Start Capkh [mm) @ 1000
Bampdsd By Cavid Melrose End Deptin fmm) @ L5003
Samphe Mathcd: AS12890.1,2.1 Ly wibh frace Sand [C-CH)
Material Sourca: Site Spec Descopbon:
For Use As: Inweskigakion Lot Muamber: -
Ramarks: - Sper Muimber:
A5, Simge Sipss Spe=cifizatian Paro=nt Spectication
PIRirminm Pagsing P
] Tast Mathod: AB1I8Y.3,6.1
e P00 mum R elx]
i e 5300 faim ]
| S350 mim AGa
286510 i A
1800 mim i E]v]
13.2 mums pivle i
G50 imm il |
B iray Lk
A, 75 LN
| 230 men i
1. 18 mm G5
(B G {
A5 rnmf el
A0 rrvm| o
1 10,150 mm G
QL0 o b
Atterbeng Tasts Test Method Specilicatan Rezult Specillcabon
Minimwm Maximum
Liguid Lail £ %] A5 2053, 1.2 A%
{Plastic Limit {%) AS1289.3.2.1 17 =
[Plaskicity Indes b R e I a3
Linear Shrinkage (%) AS1L2H9.3.4.1 1.0
| i
I
: Thin dosurrank i mausd in sscordemes with BATA s Approed Signatory Forrn Number
accradBalion reaubsmeede. Acs redibed for compliancs e e
MHATA with LSO IEC AT0EE. The neselus of e Dests, e
V" mllhﬁuur::i"r:::l.l‘nr mnuubr:n:nnll f:i::dhd in Rhix f REP ASQUAL-1-42
.‘;"“;.‘..F.a‘;. standpnds, Deanvidd Sleep

HATA Socred Ma: 3080
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Porar Will il & fag ofes 840 Ceni 0N
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Quality of Materials Report

Cliemt: Reods ConsulEEng Hepart Mumber: AV - A
Cliant Adoraes: Lewel 6, 440 Elizabath Street Melbournes YIC 2000
I Murmibsar: b Lo el |Repart Dete: 1804 e
(Frodect: Grabechnicel Tnvestigation Qrder Mumber; -
Lipcatian ME Shep Growth dred , Shepparton Page X al §
Lab Mot LAFXZ Sample Locaticn
Date Sampled: 10042048 Eigra Hala + &
[iale Teated: U e Skart Depth (mm) ¢ 500
Sarmpled By: Dawld Eelrosoe Erd Depkh (mim = 1600 i
Sample Methad AS1IED L2 Silty Clay with trace Sand [T
Marerial S Hite Sapr Description:
For Use as: Inwvestigatiom Lot Mismisers w .
& b = Spec Humber: -
.5, Sieve Sipax Ep=sification Fercent Specificatian <
1 Mirdmm FasEng Mairmim
Test Heshod ! AS1IDE.0.6, 1 ‘
PRSEer 4 5,060 i LMy
| s 5300 rnm 104
A7.50 rm 1
26,50 ik 100 )
1500 M 10
13.2 mm 100
S50 i 160
i 6.7 MiT 100 o
| 4,75 mim 160 |
2.6 G “s
118 mm L]
DLEOD ren L] a1
BuAZS wrrn a9
0 A0 [T : b
150 mm L] i
0U0FE mm| a3 | 2
Atterberg Tests Tast Methad Specificatian Result Specilicabion
1= 2 Minimum Maximum -
Laguia Ll |5} | ASIIEG.3.1.2 LL]
Plestic Limik (%) ASLIED. 320 L a =
Plastichy Dndee AS13R9.3.3.1 28
Linear Shrinkacs (34] AS1 2S840 14,5
e - 1 |
A VAR st ol o kit el TR #pprosed :Em-nxmry  |Form Humber |
NATA e 1EG/TEC 17025, The resllts af Ehe oeats, o
v calibra s and/ar measurarenks included in this ; HEF ASQUAL-1-4F
2 | ! nt mna i ; ‘o Austrelinnfnaticnal Canskd SWF’
Er e Hipretands, AT ecrm] Ko:Ba2
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(T BB I
EMGINEERS FIY.LTER

AN I A

& Ckrks Siroct, Sacprocion. ol
10 1S B80T, Bl ppranion,. Sl

Do kd Pl Eosd £ F fow wleds WE0 ahan 1 BT

ITTSTE R

Ernaeid Patl n v e

Py WElmIA ) 6 e s B E od B

Phe (303 3821 7383
Fax: 13 SEL1 KM

1

elienls Reeds Consulting Repart Humber: AGETE - L
Clent Andress: Level &, 440 Elizabeth Streal Melbowrme WIC 3000
ol Mumdar 31w Raport Dabe: L 20T
Projmct: Geotochnlcal Invoskbigation Orokar Humbar: -
|Legaticn _____HEShep Growth Ares , Shepparian Page 3 of &
{Lak b 11723 Esmpds Locabon
Db Sampled: 1042011 Borg Hicde - 4
Cate Tested: 140002001 Srart Depkh {ren) ¢ 200
Sampled By Baviel Melrose End Cepth {mm) : 2000
Samiple Msthod: AS1ZES.1.2.1 Sty Clay with Sand (CL-CT)
Haharial Sourna: ke Spesc Desoripticn; |
Far Use &g Investigation Lok Mumber: “
Resmarks: el e S Numibar:
A5, Siewe Suees Specificatian Penceril Specricaton
Minimum | Passing B i
Test Method: AS1TED 5 6.1
S F 50 e A
- 53,00 min R
o 37,50 mm 100 |
= | 26,50 mim| 11
19,08 e ]
3.2 mnj RLIE
o500 s LMK
£, 7 ik 1041
4. 75 mm 104
2,36 mm i
L A& B
L0 1Y
0425 i i
0,300 L)
0L LS50 s | 3
. 0,075 | 74,
WLy ey Tachy Test Method Epeofication Hesudt Spsofication
bty e Hirbmaim _ Maoimaum
Liguiad Limnit (%) AS1288,3.1.2 31
IMaske Ll %] AS51289.3.2,1 13
[Flasticity Irdex = AS1TES.3.3.1 18
Lingar Shrinkage [ %) IS EESE A0 1610
A Thia ot et R —— T Rpproved Shonatony Farm Mosnoer l
- ot i i B Aor i for comnlanca -
MATA with 150/ TEC 17035, The resulos of the tests, o |
v callbmmtm .'mq.-’m' Hmhbﬂﬂ:’lilnduﬂﬁdln iz * REP ASQUAL-L-42
B3 i daisment are lrm;ﬂ::mhmlun,- nistizmal Daid Sleop
—— ' i PR gl PSSO S
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Tav k] BeScinme o' e bes orvam b i 8 pnss 0151

Tre il Faad A b im0 e« 1

Pater WIBTTREE & v pivs wrn ) masony eai

P o200 J830 T30
Fan (03 2874 g

Quality uf Materials Report

Clierk: Reeds Consulting Renart Miimear: ANATO - 4
Client Address: Levnl 6, 440 Elizpheth Strest Melbourns VIC D00
Jod Mumbar BE Riepart Dote: B O BN
Froject: Geobochnlcal Investigation Cirgder Murmbses; -
Lecatiam ME Shap Growth dred | Shepparton Page 4 af 8
Lab Mo LA A Sample Losation
Date Sampled: 17042011 {Bgre Hole : 5
Date Teshad; Ly 2001 Start Depth (mm) : 500
Sarnpled By Dawid Melrose Ered Dapth (mimy 2 2000
Sampl= Method: AS12B9.1.2.1 Silty Clay wath teace Sand [C)
Materiad SoEce: Kikm Spec Descriptian:
For Uge 45; Investigaticn Lot Mismbsrs
Rermarks: - o Numbr: -
AS. Sleve Bipes Epspfication Fercert | Specifcatian
Hirikmiam Paseang Haztrnirm
Test Methad : A1 I 2,61 |
i e 5.0 mm Lid]
D i 5300 | L
— A7.50 mm 104
26,50 mim 104
1800 rmim 100
13,2 mim 10
G50 mm ]
; .7 mim 108
| 4,75 mm 1aa
2,36 i 100
110 men Laa
L B0 trem a9
(25 wrrn an
DU 30 erirm aF
L1500 rrmf a3
0.075 rmm| ag
‘ Aatterbearg Tesis Taosk Mettiad Specificatian Result Specification
S Miniinpeg Haximwm
Liguid Lérnik £35) AELIEG, 3, 1.3 4
Plastic Limek [ _AS1289.3.2.0 = A6
Plasticty [noex AS1280.%, 3.1 28
Lnear Shrinkage (%) A51289.3.4.1 140

MATA

e
AT BTV

This documend s lesund s accordsncs with BETA'S
arcreditation raquiremaonis. &ccrecsed for comp@ancs
wath IR/ IEC 1R025, Thae pesufts Gl 188 L2308,

calEratians andar me ; ks imel d in this
document e tracosbin to Australien) nabonnsl
aEperafarids,

Approved Signatary Form Mumber

o

et

” REP ASGQUAL-1-43

Cranvid Sl
MATH Serrerd Mo-S031
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Cient:
Client Address:
Jab Mumbar:
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CIVIL EMGINEERS

A O SULTING
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& Dk Bt =hepraston, 300

P, Haow 65

617

STV, Bleprpano,
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Fhasti] 15011 B e Tosy MET o jhermans

ey Aillmell 8 vm
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1%, (LU AET) R
Paw: AN S5 MM

QI;EI%”’IZ Mate:rials Report

Reads Consulting
Ll i, 440 Ellzabeth Strest Medlbounng WD 3000
20170

Raport: Muamber: 20170 - 1

Rapert Das: EESO4/2011

oo et Geobachnical Investigation Qroer Mumbesr: -
iLecation HE Shep Growth Arsa, Shepparton B _Page 5 af &
Lab Ma: 11725 Barmpie Location
Cate Sampled 10002011 Hore Hole - 8
[rake Teuted: L0 20 1 Start Csepth {mim) ¢ 2000
Samipled By: Duawiel Ml rass End Depth (ramg : 00
Samglg Methiod! AS1IES, 1.2, 1 Sty Clay wih braoes Ssng (1]
Hasmrial Sounoe: Sikn Spec Descriptinm;
Far s Az Investigation Lot Mumber: -
{REMEks; - o Spec MmbiEn = ot
I A5, Sigva Sizpas SpecHicaTan Pencent Spenification
Haimum Fassing M irmnmy
Tiash Malfad: ASLEES 6.1
S 5,00 mmi - et
fo 53,00 mm
37.50 mm G S _
2650 mm|
15.00 rmm| ===
_ 13.2 mm i
G50 mim| e
| B.7 mm =
5 4,75 mm| =t ] -
E .36 mm i e | | ] S
T e e [ s
0.ED e o8 P
S | o7
B— |11 )T o6 3
T L50 mim 21
< {1075 mm ay —
Mtertiorg Tests Tast Malnad Specileaticn Beqult Specificakism
Minirmusm Haxsmuem
Liguid Limsk {5} ~ AS1ZES.3.1.% 41
Plsic Limi [Fh) e e e 15
Prastichy [ncay | AS1ZE9.3.3.1 i)
Linear Shrnkags {341 ! AS13E0.3 4.1 13.5

F

NATA

iy fe A

s g

Thig doumes] 1§ isseed in secoadanio wilh MeTA'S
| res §

svwaadantinn

with TS0,/ 1EC 1703%. The rasults of tha bamtn,
wis Inclisded in this

calir

pnel G

AU T B PO b Do At adian s il

slunderds.

Aooravedd Signabory
o

David Sleep
REATE Arcred oS00

Form Nigmnbear

REP ASQUAL-1-93
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Quality of Materials Report

el b |

\Report Humbers

Cli=nk:
Chant Address; Lawval & 440 Elizahath Steeat Medlsodsne WIC 3000
Job Mumber: bl e Report Daba: 18 i B0 E
Progact: Geotechnical Investigation Drckar Numbser: -
Locatian ME Shap Grawth Area , Sheppartan Paga & al &
Laf Mo 117326 Eample Locabon
Date Ssmaled: 104 3oal Bonn Hiobe o 10
Date Tested 14,040 201 Zrart Dapkh Jown) | B00
(Sarmphed By Diavid Malrose End Cepth {mm) : 1500
{Eample Method: AS1389.1.2.1 Clay with frace Sard B Grawal (C1CH) |
Matarial Sore: Site Spec Deseripticn: -
For Ussa As: Inwastigabiom Lok Mumber: =
Mamarks: = Spec Number:
A5, Sjeve Gpes Specifeation Pepcent Soacificaban
Minirmurm Passing Faximium
Tish Mathod; AL IRE0.6,1
s FEJ0 100
e T i 53,00 mem A0
| = 37,50 mem A
| 35,50 fem amm
19,00 mai gl
13.2 | g
9,50 mny LY
| 7 | py
| 4. 75 i il
2,35 mm a7
LA rmm L]
G0 Py s
0425 M G
20 i L
0, 350 i ) ]
075 mm Lt
Atterbarg Tesis Test Method Specificatian Rmmylt Specicatan
= = Minimiim S Mz imiim
Licyuicd Limsk [%6]) AEL20S. 51,2 47
Phmstic Limit [ %) AS1289.3.2.1 17
Fasticy Ingdax AS1ZER.3.3.1 o e
Linear Shemkage (% ASLZAR, A, 1 15.0

an
MATA

= v

AT Ty

This documernt in seued n sccordamcs wikh KATA s
accred inlon reccirerments. Aooresited for comedlnncs
winth S0 TED 87005, The resoins ol the bests,
calErali and o : wchudied i this
arrt ane o Australleny nanbonst

stanalards,

-

Dkl Sioop
AT el Ho:B0Ed

T Approwdd Signeory

Farm Mumber
. s

-~
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Moisture De:rwisiyty Eﬁlatfunship Repurt

Cliert:

|Client Adclness:

lob Mumbear:

Froject:

Locaktion

Reeds Consulting

Ll 6, a0 Blizakeeth Street Melbourne VIE BO00

J0L7F0
Gaobechnical Tmoestigation

ME Shep Growth Area , Shepparton

Lak: Ma:

[ate Sarnphad:
Daba Tesked:
Sampled By
Sample kethoo:
Matarial Sourie;
For Lige s
Resmarks;

11721
170452011
a/04/2011
David Medross
AS1ITED 1.3 1
Hite
Investigation

Report Numbser: 3ol -3

Report Date: 180442011
Cwdar Bumber)

| Tt Method :

Samala Lecation

Bare Hal= : 1

Srat Dopbh (mm)] § 1000
Erel Dapth [mm) @ LS00

Clay sith frace Sand {CI-CH)

Lot Musmbss=r: -
Iern Wumber ; -

AS1Z89.5,1.0

Fage 1 of 5

Miaaimiim Size (mmi) !

19.0

| Meigture Content Test Hethod |

AS]3ERL2. 1,1

Creprsize (%)

MDD (e mt)

1717

Dwersze Test Methoo : -

Cresrsze Densky (5ma] -

DMC{ %) ¢

18.7

P e

wprrars S SURE HOY Y —

S SSE——————

——

A spprrrad Sigeisa [Foom Mombee
i ﬁT Titls docues (5 seued In stoordines with MATAS secredilathon '",:-3
i’ a1 ruguirsssents. ccradibed Tor complance with TE0SIEC ITOES. The resulin -
af ki Dewts, CnFRe Uk and ) oF me agu e es Inchudied i s gt
- % ire Arecuabis bo Austrabaninstions) sesdards. Dl Sleep
MBTE Arerad Ho:S04A
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Moisture Density Relationship Report

Client:

Client &doress:
Jab Nismbssr;
Brajeck:
LeCation

Raads Consulting

Lewed 5, 440 Elzabaoth Strect Melbournas WIC 3000
F0AFD

Geabachnical Investigation

ME Shep Grawth Aram, 5'“_!1!“!1#“

|Repor Nismbar:

R poe Dake:;
Crrclar Wumber;
Teesh Mt

3170 - 3
18,04,/ 2011

AS12H9.5.1.0

Lab Bda:

Data Sampled:
Cuabe Tosked:
Sampied By

Faar Lz As:
Remiarks:

Sample Method:
Material Sounoe:

LIFEY
140472011
LEEE Wl
Daniel Mg rosa
R e e e
Gt
Inwvastigation Lot Muirmiar:

Ramrgle Losation
Bore Hale ; &

Sxart Depth frng & 200
Ered Diepth (rmm] o 2000
Sify Clay with Sand (CL-CT)

- : iy Ite=mn Humber ;

Pagie 2 af 5

Haximum Sk (mm)

19.0

Dversiza (%)

Hoisture Condant Tast Hethod -

ASTIES3.0.1

Qyersizg Tast Mathod 1

-

MDD (£fm) :

1.849 Quersizg Danstty [himdh 2

DMC{ %)

14.5

b ek B il avi-bie Ui

e} ] "ﬁ\_

NATA

P et
Arrmimvaems

Eppeeuar Slpnaban | Fremm Rombere

Thds dooument i isgusd bn arcordance with MATAS scormdRation
wequineaents, Actredned for compliance wih [1SO/TEC 1808, The resslts
of the tass, calibrationy end) e meeiuressnty Includaed in Ehis document
ary frapcesbhs bo Rustralisn natisnal staesdands.

Diawid Slenp
HATA feocrad Hos 5023

REP MDR-1-17
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RETARDING BASIN & RESERVE VOLUMES

SEDPOND VOLUMES
RL (m) FILL / VOLUME {m?)
107.25 (BASE) 0.000
107.4 51.747
107.6 130.816
107.8 226.471
107.9 281.544
108.0 343.045
108.2 490.625
108.4 (NWL) 673.101

RL (m) FILL / VOLUME {m?) VOLUME MINUS SEDPOND VOLUMES {m?)
107.9 (BASE) 281.544 0.000
108.0 361.797 18.752
108.2 1124632 634.007
108.4 2452.996 1779.895
108.6 4021.537  3348.436
108.8 5838.501 5165.400
109.0 7838.016 7164.915
109.2 9982.968 9309.867
109.4 12255.330 11582.229
109.6 14656.888 13983.787
109.8 17189.432 16516.331
110.0 19854.750 19181.649
110.2 22654.631 21981.530
110.4 25590.863 24917.762
110.6 28665.235 27992.134
110.8 31879.535 31206434
111.0 35494 873 34821.772
REE) 39734.185 39061.084
111.4 44610,017 43936.916
111.6 50189.130 49516.029

NOTE Sediment storage to 0.5 below NWL

(ie RL 107.9)is 281m®

Requirement for 5 Yr frequency cleanout

(at 1.6 m*/Ha/Yr loading) is 256 m3.

The proposal is adequate for 5yr maintenance
with max sediment level 0.5m below NWL
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Routing results:

e e e Wt e ot Wt oS s ofa o St o o e o
Thdedfedefhhddededdk

XXXX

XXXX: 15 min 5 year Design Storm
DESIGN run no.

Parameters: kc = 1.25 m= 0.80

Loss parameters Initial Toss (mm) Runoff coeff.
10.00 0.60

Results of routing through special storage STORAGE A
Peak elevation= 108.49 m

Peak outflow = 0.04 m3/s

Peak storage = 2.51E+03 m3
#%% Special storage : STORAGE A

Hydrograph
Outf%ow Inftlow

peak discharge,m?®/s 0.040 1.880
Time to peak,h 1.29 0.29
volume,m? 4.03E+02 2.73E+03
Time to centroid,h 54 0.46
Lag (c.m. to c.mi),h 1.40 0533
Lag to peak,h 1716 0.16

*** calculated hydrograph,

H{drograph
calc.
pPeak discharge,m?®*/s  0.04000
Time to peak,h 1.29
volume,m? 4.03E+02
Time to centroid,h 1554
Faghi@ec im. e e mi)aih 1.40
Lag to peak,h 1716

Page 1



Discharge (m?/s)

Rainfall (mm)

Discharge (m?/s)

Special storage : STORAGE A

1.8
1.6 H

1.4

S5A¢ EverX
Lo \&'

e=—— Outflow
Inflow

=

T T

1 1) 2
Time (hr)

Calculated hydrograph,

25

1.8
1.6 —
1.4 —
2
1 -
85

4 -
2

[ Gross rainfall
s Rainfall excess

Calculated

1 ii5 2
Time (hr)

2.5




Untitled

Rout1ng resu1ts
o e R R R R T R

XXXX

XXXX: 24 hour 100 year Design Storm _

DESIGN run no. 1

Parameters: kc = 125 m = 0.80
LOSS parameters Initial loss (mm) Runoff coeff.
10.00 0.60

Results of routing through special storage STORAGE A
Peak elevation= 110.65 m

Peak outflow = 0.00 m3/s

Peak storage = 2.88E+04 m?
#%%* Special storage : STORAGE A

drograph
0utf¥ Inflow

Peak discharge,m?/s 0.003 1.585
Time to peak,h 26.0 3.0
volume,m? 6.58E+02 2.90E+04
Time to centroid,h 38.3 6.8
Faghde.m. o 'c.m.).h 323 0.9
Lag to peak,h 20.0 -3.0

Page 1



Discharge (m?s)

Rainfall (mm)

Discharge (m?s)

Special storage: STORAGE A

1dsh=

1.4 |

1.2 +

P QUtflOW
Inflow

oo\ v E\/w:*
A\ tove .

10

20

30 40 50 60 70
Time (hr)

Calculated hydrograph,

C— Gross rainfall
mmmmmmm Rainfall excess

Calculated

10

20

30 40 50 60 70
Time (hr)



untitled
Routing results:
wdede S dedee e fe ek dededek
XXXX

XXXX: 24 _hour 500 year Design_Storm
DESIGN run no. 1

Parameters: kc = 1L, 25 me=0:80
Loss parameters Initial Toss (mm) Runoff coeff.
10.00 0.60

Results of routing through special storage STORAGE A
Peak elevation= 111.10 m

Peak outflow = 0.00 m3/s

Peak storage = 3.70E+04 m?
**% Special storage : STORAGE A

Hydrograph
outflow Inflow

Peak discharge,m3/s 0.004 2.007
Time to peak,h 26.0 2.0
volume,m? 8.44E+02 3.72E+04
Time to centroid,h 38.3 6.8
llag @cam. to ‘c.m:),h 32.3 0.8
Lag to peak,h 20.0 -4.0

Page 1



Discharge (m?/s)

Rainfall (mm)

Discharge (m?/s)

1
1
1
1

Special storage: STORAGE A

2

8
6
4 -
2

.8

.6

4

20

= Qutflow
Inflow

S A e

L T

20 30 40 50 60
Time (hr)

Calculated hydrograph,

70

g & — Gross rainfall
8_ =mmmmm  Rainfall excess
5 -
(g =
)
Calculated

0] r T - - - T

0 10 20 30 40 50 60 70

Time (hr)
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== MUSIC - Model for Urban Stormwater Improvement Conceptualisation - [TRIAL STAGE "1° NO STORAGE TANKS]
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Treatment Nodes ~

Other Nodes »
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Urban park 3.5 ha FI=0.20

B

Urban Dev 28.6ha Fi=0.7

Sedimentation Basin

Bioretention

Sources— ] [ Residual Loa % Reduction—
Flow (ML/yr) 66.5 61.7 7.2
Total Suspended Solids (ka/y) | |13.8E3 1.20E3 913
Total Phosphorus (kg/yr) 28.1 6.65 76.4
Total Nitrogen (kg/yr) 191 105 45.1
Gross Pollutants (kasyr) 277E3 0.00 100.0
Receiving Node %] _é:_‘
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Source Nodes ~ Treatment Nodes ~

Urban park 3.5 ha FI=0.20

h

B

Bioretention

o

Receiving Hode

Urban Dev 28.6ha FI=0.7

Location Sedimentstion Basin|
r—Inlet Propertie:
Low Flow By-pass (cubic meties per sec) 0.000
High Flow By-pass (cubic metres per sec) 1'.8411 ,.
—Storage Propettie:
Surface Area (square metres) 1100.0
Exlended Detention Depth (metres) 0.30
Permanent Pool Volume (cubic metres] 670.0
Exfiltration Rate [mm/hr) 0.00
Evaporative Loss as % of PET 75.00
—Outlet Propetties
Equivalent Pipe Diameter ([mm) 100
Overflow Weir Width (metres) 30.0
Noticnal Detention Time (hrs) 7.18
Re-use... ! Fluxes... I Notes... ‘ More I
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Urban park 3.5 ha FI=020

Sedimentation Basin

Receiving lode

@

Urban Dev 28.6ha F1=0.7

Location { :: Products >> |
i~Inlet Propettie: Lining Propetties
Low Flow By-pass (cubic meties per sec) 0.000 ( Is Base Lined? ¥ Yes|~ No
High Flow By-pass (cubic meties per sec) 100.000 ~Vegstation Properties
|~ Storage Propertie: 5 &' Vegetated with Effective Nutrient Removal Plants
B d Hetegict Depth elies) ﬂ_i  Vegetated with Ineffective Nutrient Removal Plants
Surface Area (square meties) 2000.00
" Unvegetated
—Filter and Media Propertie:
Filter Area [square metres) 1800.00 [ Outlet Properties
Unlined Filter Media Perimeter (metres) 240.00 Overflow Weir Width (metres) ]1 5.00
Saturated Hydraulic Conductivity {mm/hour) 100.00 Underdrain Present? ¥ Yes[~ Mo
Fiter Depth [metres) 0.60 Submerged Zone With Carbon Present? [¥ Yes ™ No
TH Content of Filter Media (mg/kg) 800

Proportion of Organic Material in Filter (%] ==
* <5%  >5%

Depth (metres) |U.00

rnﬁﬂration Propetties

Orthophosphate Content of Filter Media (mg/kg Exfilration Rate ( ) s ‘
(e -
* <55 (" 55-80 € >80 Fluxes... | Notes... I More '
€ Cancel | <= Back l ¢ Einish I
{



