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INTRODUCTION

Spiire has been engaged by the Victorian Planning Authority (VPA) to complete a peer review
on the drainage strategy prepared for the North East Growth Corridor (NEGC) in Shepparton
by Reeds Consulting (Reeds).

The drainage strategy review has been undertaken to determine if there is a more economical
drainage solution for the NEGC. The drainage costs for the corridor have been calculated at
approximately $20 million and has raised multiple submissions through the recent exhibition
process from landowner and developers for a review to be undertaken.

From these submissions the peer review focuses on the proposed drainage catchments, basin
locations, basin numbers, basin depths and basin cost estimates prepared by Reeds. In
addition to this report Spiire has undertaken its own assessment of the existing drainage
catchments and has provided an alternative drainage solution for the NEGC.

To finalise the peer review report the VPA has requested a functional design and opinion of
probable costs for the catchment 1 basin to be undertaken and apportioned across the corridor
to determine the overall drainage costs. This information will then assist in determining the
development contribution rates to be implemented once development occurs.

The information contained in this report is based on Spiire’s local knowledge of work in
Shepparton’s flat terrain and long working relationship with Greater Shepparton City Council
(GSCC), Goulburn-Murray Water (G-MW) and Goulburn Broken Catchment Management
Authority (GBCMA) to provide drainage solutions that best fit the local drainage challenges and
constraints.

Prior to the issue of this report Spiire has previously prepared a desktop assessment on the
drainage corridor, this document supersedes the previous issued report dated March 2016.

SCOPE OF WORKS

The scope of the works includes the following:

» Collection and review of Reeds drainage strategy completed in July 2014.

» Catchment review, analysis and modelling in order to determine number of basins
required to drain the corridor.

» Analysis and modelling of proposed development pollutant loadings and treatment
elements required to achieve best practice objectives.

» Preparation of peer review report including functional drawings and opinion of probable
costs.

» Apportionment of drainage costs across NEGC.

» Address drainage related submissions raised through the exhibition process.

METHODOLOGY

The following methodology was utilised to develop an appropriate drainage strategy for the
NEGC:

» Rational method calculations to determine stormwater runoff from catchments.

» Basin storage calculations using Swinburne Institute of Technology 1987 method with
G-MW and Infrastructure Design Manual (IDM) requirements.

» Water Quality Modelling (MUSIC modelling to determine a water sensitive urban design
strategy and sizing of treatment elements to ensure adequate space was allowed within
the development).
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REVIEW OF EXISTING DRAINAGE STRATEGY

The current drainage strategy for the NEGC has been completed by Reeds who have been
involved over a 5 year period with their final drainage strategy being adopted in July 2014. Over
this period Reeds have undertaken extensive consultation with GSCC and service authorities
to develop the strategy which proposed to split the NEGC into five drainage catchments each
with a corresponding basin as shown below in Figure 1.
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Figure 1: Reeds NEGC Drainage Catchment Plan.

Based on the 5 drainage catchments in Figure 1, Reeds have undertaken a functional design
for the basin in catchment 1 as shown in Figure 2. Based on this design Reeds have completed
an opinion of probable cost for the construction works to determine a cost that can be
apportioned over the remaining catchments.

The civil works estimate completed by Reeds in July 2015 estimates the basin 1 civil costs to
be $1,802,568.80. This estimate excludes any construction contingencies, authority fees and
charges and any professional fees.
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Figure 2: Reeds Consulting Catchment 1 Functional Design Plan.

In order to determine an overall drainage cost for the NEGC the VPA have adopted Reeds
estimate for the catchment 1 basin. In addition to Reeds estimate the VPA have added the
following costs:

»

>

»

Construction contingencies
Authority fees and charges
Professional fees

Land acquisition costs
Basin landscape works

Consumer price index (CPI) adjustment

The addition of the costs above has resulted in a total drainage cost for the NEGC of
$19,536,726.64 or $134,897.53 per hectare of net developable area.

Drainage is the largest component of costs for the NEGC and in order to determine a more
economical drainage solution Spiire’s review on Reeds drainage strategy will focus on the

following:

» Investigation on the possibility of reducing basin numbers

» Address recent submission concerns over the catchment 1 basin location
» Review storage capacity calculations

» Review water sensitive urban design (WSUD)

» Review outfall infrastructure strategy

| 4

And, review construction costings and adopt local contractor rates.

Refer to Appendix A for Reeds drainage strategy report and Appendix B for Reeds functional
plans and estimates.
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As discussed, Reeds have proposed to split the NEGC into 5 drainage catchments. On review
of the basin locations within these catchments it has been identified that catchment 4 basin is
located on an existing G-MW irrigation supply channel. Traditionally G-MW channels are
located on high ground in order to supply water to the adjacent land. A review of the existing

surface levels within this area confirm this and a basin located in this area would result in large
earthworks to be undertaken to grade the catchment towards the basin.

21 BASIN NUMBERS REVIEW

Based on this finding Spiire propose to split the NEGC into 4 drainage catchments as shown

in Figure 3.
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Figure 3: Spiire’s NEGC Drainage Catchment Plan.

Refer to Section 3 of this report for the detailed catchment analysis and basin location
determination.

Refer to Appendix C for Spiire’s revised drainage catchment plan.

NORTH EAST GROWTH CORRIDOR
DRAINAGE STRATEGY PEER REVIEW
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Reeds have located the catchment 1 basin in the North West corner of the catchment to utilise
the natural fall of the land. During the exhibition process a submission has been raised in
regards to the proximity of the basin in relation to the existing low density residential

development north of the basin. The submission relates to concerns over the existing septic
systems servicing the existing development and the basin location.

CATCHMENT 1 BASIN LOCATION REVIEW

To address this concern Spiire has reviewed the offset and shifted the basin further south as
show in Figure 3 below to provide a minimum of 60m setback between the proposed basin and
existing septic systems following the guidelines set out in Table 5 from the Environmental
Protection Authority (EPA) Code of Practice for Onsite Wastewater Management.
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Figure 4: Proposed Basin offset Plan.

STORAGE CALCULATIONS REVIEW

Review of the storage calculations undertaken by Reeds has uncovered a variance between

their 100 year storage calculations. From Reeds drainage strategy report (Report) completed

in July 2014 there are two (2) different values for their 100 year storage volumes. The 2 values

stated for the 100 year storage volume are 31,000 cubic metres for catchment 1 as shown in

Figure 5. And a storage volume of 28,800 cubic metres from their RORB outputs in Annexure
E of their report as shown in Figure 6.
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Sub-catchment Storage Volume 100Yr Basin Area
Sub-Catchment :
D Approximate Area ARI storm 24 Hour 100Yr level
(Ha) (cubic metres) (sg.m)
il 32.2 31,000 14,720
2 355 38,000 16,850
3 34.5 33,800 16,200
4 S 42,800 19,400
5 25.8 27,500 14,350
TOTAL 165 173,100 81,520
Figure 5: Reeds Basin Storage Volumes.
Routing results:
L2t 22 2% 2 8 28 2 2 2 2]
XXXX
XXXX: 24 _hour 100 year Design _Storm
DESIGN run no.
Parameters: kc = qiv2 = 0.80
LosSs parameters Initial lToss (mm) Runoff coeff.
10.00 0.60

Results of rout‘mgﬁhrgugh special storage STORAGE A

Peak elevation=

peak outflow =
pPeak storage =

0.00 m?/s
2.88E+04 m?

#%% Special storage :  STORAGE A
drograph
0utf¥ Inflow

Peak d1scharge m3/s 0 003 1.585
Time to peak,h 3.0
volume,m? 6. 58E+02 2.90E+04
Time to centroid,h 38.3 6.8
Lag (c.m. to c.m.),h 323 0.9
Lag to peak h 20.0 -3.0

Figure 6: Reeds RORB output for Catchment 1.

From Reeds RORB output on catchment 1 it was identified a coefficient of runoff (C of R) of 0.6
was used for the storage volume calculations and this is the mostly likely the cause between
the differences in storage volumes.

The C of R adopted by Reeds does not match the IDM coefficients of runoff for residential areas
lot areas greater than 600 m? to 1,000 m? and 0.75 for residential road reserves as shown in

Figure 7.

NORTH EAST GROWTH CORRIDOR
DRAINAGE STRATEGY PEER REVIEW
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Catchment Type

Runoff Coefficient

(applies to all AEP for most
Councils)

Runoff Coefficient

(applies to 20% AEP for
those Councils listed in
Selection Table 16.7)

LDRZ — lot areas > 2 ha 0.30 Seenotes 1, 2and 3 0.30
LDRZ->1hato2ha 0.35Seenotes 1, 2and 3 0.30
LDRZ - lot areas >4000 m?to 1 ha 040 Seenotes 1, 2and 3 0.35
LDRZ — lot areas >2000 m?fo 4000 m? 0.45 Seenotes 1,2and 3 0.35
Residential areas — lot areas >1000 m2to 2000 m2 050 Seenotes 1,2and 3 0.40
Residential areas - lot areas >600 m? to 1,000 m? 0.70 See notes 1, 2and 3 0.55
Residential areas - lot areas >450 m? fo 600 m? 075 0.60
Residential areas — lot areas >300 m2to 450m? 0.80 0.65
Residential areas — lot areas <300 m2 0.80 0.80
Residential areas (medium density, i.e. Units, 0.90
including potential unit development sites)
Commercial zones 0.90
Industrial zones 0.90
Residential road reserves 0.75
Landscaped areas 025
Public Open Space 0.35
Paved areas 095

Figure 7: Table 10 IDM Runoff Coefficients.

Adopting the IDM values for runoff coefficients will result in an increased storage volume
required for the catchment 1 basin and subsequently the other 4 basins. Refer to Section 4 of
this report for Spiire’s revised basin storage calculations.

Spiire has also reviewed the IDM requirement to store the peak 5 year storage volume below
the invert of the incoming drainage pipes and deem this an unnecessary requirement given the
current depths of the basin which will reduce overall construction costs.
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2.4 WATER SENSITIVE URBAN DESIGN REVIEW

Review of the water sensitive urban design (WSUD) calculations within the report undertaken
Reeds includes a sedimentation pond size of 1100m2 and bio retention treatment area of
2000m?2 as shown in Figures 8 and 9.

r—Inlet Properti
Low Flow By-pass (cubic meties per sec) [0.000
High Flow By-pass (cubic matres per sac) 1.800
Storage Propesties
Surface Area (square meties) 1100.0
Extended Detention Depth (metres) 0.30
Permanent Pool Volume (cubic metres) [6700
Exfilration Rate (mm/hr) [o.co
Evaporative Loss as % of PET |75.00
Outlet Fcupuﬁc&
Equivalent Pipe Diameter (mm) 100
Overflow Weir Width (metres) 30.0
Notional Detention Time (hrs) |7.18
Rewuse... ' Fluxes... ' Notes... ' More I
Heemce |  <rak [ SErisn |

Figure 8: Reeds Sedimentation Pond Sizing.

e~
Location  |EEIENED ] Products >> |
i~ Inlet Propettie: i~ Lining Properti ==
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 | —vegatation Properties
[~ Storage Properti > ¢ Vegetated with Effective Nutrient Removal Plants
Esfenciad Detecion Depih freires) 0% € Vegstated with Insffective Nutient Flemoval Plarts
Surface Area (square meties) 2000.00 =i i
—Filter and Media Properti hi
Filter Area [square melres) 1800.00 rOutiet P'”“‘"{“
Unlined Filter Media Perimetet (metres) 240.00 Overflows Weir Width (metres) [15.00
Saturated Hydraulic Conductivity (mmZhour) 100.00 Underdrain Present? ¥ Yes[~ Mo
Filtes Depth [melres) 0.0 Submerged Zone With Carbon Present? [¥ Yes [~ No
TN Content of Filter Media (mg/kg] 800 Depth (metr IU 00
Proportion of Organic Material in Fitter (%) Spth fneres) :
® <5%  >5% |

Infiltration F‘l‘uwl‘:m
l_ Exfiltration Rate (mm/hr) 0.00 ]

Fluxes... | Notes... I More I

XConcd | Bk |[ P Erish |

Orthophosphate Content of Filter Media [mg/kg
@ <55  55-80 >80

Figure 9: Reeds Bio Retention Basin Sizing.

Undertaking new calculations for these treatment nodes has reduced these areas significantly
back to 870m? for sedimentation pond and 600m? for bio retention area.

Potential reasons behind the differences in calculations could be the increased detention depth
for the sediment pond of 0.5m from 0.3m that Spiire has adopted and the low hydraulic
conductivity rate of 100mm/hr compared to the 150mm/hr adopted by Spiire for the bio retention
area and we are uncertain of the rainfall data used. However, neither of these are reasons for
it to be so different and without the Model for Urban Stormwater Improvement
Conceptualisation (MUSIC) design file it is hard to determine the exact causes. Another
potential reason to explain the differences could be the increased accuracy of the software
package since the earlier calculations were carried out Reeds.

Refer to Section 5 of this report for Spiire’s MUSIC modelling results.

NORTH EAST GROWTH CORRIDOR
DRAINAGE STRATEGY PEER REVIEW 11
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25 OUTFALL INFRASTRUCTURE REVIEW

Spiire agrees with Reeds approach to drain all basins rising main back into G-MW’s Drain 3 in
lieu of draining the northern catchments in G-MW'’s Drain 4 as shown below in Figure 8.
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Figure 10: G-MW Existing Drainage Catchments.

NORTH EAST GROWTH CORRIDOR
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CIVIL COST REVIEW

As discussed, civil cost estimates for catchment 1 basin were undertaken by Reeds in July
2015. The estimate for these works was $1,802,569.80 with no construction contingency
allowance provided or any authority fees and charges and professional fees.

A review of the costings identified an excavation cost of $12.50 per cubic metre. Spiire believes
this rate is excessive when compared to local contractor rates, and also given the fact the
excavated soil will be retained on site to assist in earthworks for overland flows. Based on
similar projects completed within Shepparton region Spiire believes the excavation rate can be
reduced to $5 per cubic metre of soil.

Examples of where similar works have been undertaken include the basin construction for the
Lifestyle Village in Shepparton where the average tendered excavation rate was $3.22 per
cubic metre in 2011 for approximately 10,000 cubic metres of soil and the average tendered
excavation rate for the basin works at Providence Estate in Shepparton was $4.50 per cubic
metre in 2018 for approximately 22,000 cubic metres of soil.

Other items from the costing undertaken by Reeds that can be reduced or removed from the
catchment 1 basin include:

» Quantity of pipes and pits included in functional design costings, total costs for pits and
pipes amount to approximately $277,000. Spiire has reduced these works to only include
the basin outfall pipes and pits into the costing for the basin works which is approximately
$75,000.

» Geofabric waterproof liner, of approximately $20 per metre squared. Spiire have removed
this item and replaced with a permeable geotextile which is approximately $7 per metre
squared.

» Concrete footpaths, total cost $78,750. Spiire have excluded this cost and recommend this
cost should either be borne by the developer if they front onto the basin with a road reserve
or included in the landscape costings if deemed a part of the open space elements.

» Overdesign of WSUD treatment areas. New calculations have determine these areas to
significantly reduce in size as discussed.

Reducing or removing the items above provides a significant saving in civil costs with
excavation cost forming the largest component of works which results in a $465,000 saving
when applied on Reeds estimates.

Refer to section 7 of this report for Spiire’s revised cost estimates for the NEGC drainage.

DRAINAGE STRATEGY CONCLUSION

Overall the methodology adopted by Reeds is in line with Spiire’s approach, only differences
will be the slight tweaks to the designs and construction cost rates discussed and the change
to the strategy to remove catchment 4 basin and bring the total number of basins to 4.
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3. EXISTING CONDITIONS

3.1 CATCHMENT REVIEW

The NEGC catchment is approximately 177 Hectares (ha) in size and bounded north by Ford
Road, east by Grahamvale Road, west by Verney Road and south by G-MW'’s Drain 3. Reeds
Consulting has proposed to spilt the NEGC into five (5) catchments as explained in Section 2
of the report.

A review of the existing survey information supplied by GSCC shows the natural fall of the land
is grading east to west across the site. After analysing the catchments Spiire note the catchment
4 basin is located on an existing G-MW channel where traditionally these assets are located on
the high ground to provide irrigation to the adjacent land. A review of the levels confirm this and
to reduce earthwork costs to convey 100 year drainage flows to the retention basin, Spiire
proposes to split the NEGC into 4 catchments as shown below in Figure 11 and Appendix D.

‘ J_i
I —
Y
]
SUB CATCHMENT 3B =
12.3Ha 5 ‘
w
o
&
ASIN SURROUND 0.63ha 2
3
100yr STORAGE LEVEL z ‘
E
5
100yr BASIN 3 g
STORAGE 1.91Ha )
STORMWATER RISING N - —— ——
_ MAIN 160 L =250m ASIN SURROUND 0.49ha ‘
=== 100yr BASIN 1 STORAGE 1.54Ha —— -
100yr STORAGE LEVEL PUBLIC OPE N
-t = 5 2 i = Spya/,.f,_:- —
PUBLIC OPEN - —
acezamal  MCATCHYENT 1 | <Z catguvent 3 u
| 37.Ha P 55.1Ha \
. L ——a R STORMWATER RISING \ N
L | \ ~__ = =51 MAIN 2008 L=390m S 1 -
STORMWATER RISING 1 =N i SUB CATCHMENT 3C
| MAIN 2508 L=960m & o 16.7THa 1
S [] 1 & o -
— |l | I. = i 2 o _
i e ! el L& =
JIm SUB CATCHMENT 14 1 =z = o
SUB CATCHMENT 1A = S
r 18.6Ha 1 = S W
T 'y SUB CATCHMENT 1B = i 1IN 00 PIPE ;[RADE' =
- J —— L=670m 1IN 400 PIPE GRADE ¥ 185Ha N RE — || <
tll | — 3 | | 1 -
TT [ =
HE|F . .00 PIPE GRADE =
o 1 STORMWATER RISIN * \L=855m 1IN | z
a\ > 1 MAIN 1608 L=600m | \\\ / o
| \ | [
SUB CATCHMENT 24 1 SUB CATCHMENT 28 — — \ |
n| ] B6Ha 1 18.5Ha L=695m 1IN 400 PIPE GRADE § g "\'-\"\ | ‘
)
— — 1 |3 | SUB CATCHMENT 4B
- sy Smllmene I W 7=
- - I 1-100yr BASIN 2 ’ '
P STORAGE 1.43Ha 1
i w CATCHMENT ' H
PUBLIC OPEN-"] é 47.6Ha L |
SPACE 0.THa I
L) ASIN SURROUND 062ha &1
100yr STORAGE 1 a '
LEVEL 1 = | STORMWATER
B CATCHMENT 2 2 RsNGMAN
| = 1§ 2008 L=310m )
[ | E -
1 3 100yr STORAGE |
—/ . i) LEVEL
100yr BASIN 4 /
STORAGE 1.79Ha PUBLIC OPEN /
e e ——— SPACE ﬂ.?Ha‘?
w n
2 BASIN SURROUND 0.7tha =] ‘ ‘
g ]z
]
P (N B —
& SUB CATCHMENT 4C &
a 3Ha I v & SUBCATCHMENT 40
‘fe 1 ng 11.Ha
= z
T I* =
= il e
=3 1
5 L
| W | e —

Figure 11: Spiire’s NEGC Drainage Catchment Plan.

NORTH EAST GROWTH CORRIDOR
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As shown in Figure 11 catchments 1 and 2 are located on the west side of the corridor and
catchments 3 and 4 are located on the eastern side to utilise the available grades.

The natural grade on catchments 1 is approximately 1 in 620 towards Verney Road from the
eastern catchment boundary. Due to the grade over the land the basin location is critical in
reducing the earthwork volumes across the development. Therefore catchment 1 basin has
been located in the North West corners of the catchment to maximise the grade of the land and
to allow the 100 year overland flows to enter the basin. By locating the basin in the lowest area
of the catchment it also reduces the final depth of the basin as the underground drainage and
the land are grading in the same direction.

The existing survey information supplied by GSCC did not include any levels through catchment
2. Therefore, the basin location for this catchment has been kept as centrally as possible to
reduced pipe lengths and the overall basin depth.

Catchments 3 and 4 continue to grade west; however, it is not as significant as catchment 1.
The grade across the catchments is approximately 1 in 2400 from the eastern and southern
catchment boundaries. Due to these catchment being quite flat the basin location is not as
critical as discussed with catchments 1 and 2. Therefore as in catchment 2 the basins have
been located in the centre of each catchment to reduce the pipe lengths and overall depth of
basins.

By reducing the catchments from 5 to 4 it has increased the overall size of catchments 3 and 4
by consolidating catchments 3, 4 and 5 from Figure 1. These catchments were merged because
of the relatively flat ground when compared to catchments 1 and 2.

The catchment boundaries discussed above have been based off feature survey information
supplied by GSCC and may be subject to change during detail design of drainage basins.

GEOTECHNICAL INVESTIGATION

In order to determine the existing ground water conditions of the NEGC, GSCC have engaged
the services of Geotechnical Testing Services (GTS) to undertake a groundwater investigation
at the nominated basin locations. (Refer to Appendix E)

GTS undertook 10 boreholes to a depth of 6m and found no ground water present. GTS noted
moist to wet material present at 5.2m on borehole 1 which is located at the catchment 1 basin
location.

The catchment 1 basin is approximately 4.5m deep with only the sedimentation pond being
excavated deeper than the 5.2m where wet to moist layer exists. An allowance to clay line the
sedimentation pond has been included in the civil estimates to control any ground water
present.
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CATCHMENT 1 BASIN MODELLING

STORAGE REQUIREMENTS

Storage requirements for Catchment 1 were calculated using Swinburne Institute of
Technology 1987 which is a conservative method for on-site storage calculations. The
following parameters were adopted from G-MW’s and IDM standards for basins:

» Basin sized for the 24hr 1 in 100 year storm event with a blocked outfall.

» 1% ARI volume to be stored.

» No requirement to store the peak 5 year volume below the incoming drainage pipes.
» Shepparton Intensity Frequency Data sourced from Bureau of Meteorology.

» Coefficients of runoff have been adopted from Table 9 in the IDM.

Table 1: Basin 100 Year Storage Volumes

Catchment No. Approx(irTae)xte e 1(\)/%Ttlfm8et%rna3ge
1 37.1 0.73 31,276
2 371 0.73 31,276
3 55.1 0.73 46,450
4 47.6 0.73 40,128
Total 177 149,130

*Average coefficient values adopted.

Refer to Appendix F for storage volume calculations.

BASIN COMMAND ANALYSIS

To determine the minimum depth required for each basin a pipe control investigation was
undertaken. The pipe control exercise was based on the following parameters:

» 1in 400 pipe grades

» 1m/s pipe flow for time of concentration in pipe

» 6 minute initial time of concentration

» 1.1m initial pipe cover

» Rational flow calculations.

» Manning’s calculations to determine outfall pipe sizes.

Pipe reaches were determined as shown in Figure 12 with the purple dashed lines representing
the controlling line in each sub-catchment. Pipe sizes were determined for the 5 year flows
generated from the development.
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e following minimum depths can be determined as shown in Table 2.

Table 2: Basin Pipe Controls.

Catchment No.

Control Length
(m)

Approx. Outfall Pipe Approx. Basin Depth

1B

2A
3D
4B

Outfall pipe size calculat

NORTH EAST GROWTH CORRIDOR
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Diameter (mm) (m)
775 1350 4.5
710 1350 4.4
785 1200 4.4
855 1200 4.3

ions for each sub-catchment can be found in Appendix G.
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WATER SENSITIVE URBAN DESIGN

The proposed water quality treatment elements for the proposed development were modelled
using MUSIC Version 6.2. Rainfall data was selected in line with Melbourne Water’s ‘Guidelines
for the use of MUSIC’. Proposed development catchment areas and fractions impervious were
also entered based on Melbourne Water MUSIC Guidelines. Water quality treatment elements
were entered and analysed by trial and error to determine an effective treatment train that met
the required water quality objectives. All sediment basins were sized using a calculation based
on the methods within chapter 5 of the WSUD Engineering Procedures 2005.

RAINFALL AND EVAPOTRASPIRATION DATA

Tatura rainfall data (Years 1980-1990) was selected as the reference rainfall and
evapotranspiration location as per Melbourne Water MUSIC guidelines.

RUNOFF PARAMETERS

0.75 Fraction impervious value was adopted allow for any increase in density the development
that may occur in the future

WATER QUALITY OBJECTIVES

The objectives required by the Infrastructure Design Manual relate to the Urban Stormwater -
Best Practice Environmental Guidelines (2009). The performance objectives of this document
are summarised below in Table 3.

Table 3: Summary of treatment objectives for stormwater quality.

Pollutant Performance Objective

Suspended Solids (SS) 80% reduction of the typical urban load
Total Phosphorous (TP) 45% reduction of the typical urban load
Total Nitrogen (TN) 45% reduction of the typical urban load
Litter/Gross Pollutants (GP) 70% reduction of the typical urban load

PROPOSED WATER SENSITIVE URBAN DESIGN TREATMENT

The proposed WSUD treatment for catchment 1 basin includes a sedimentation pond and bio
retention system. Calculations to determine the size of each treatment areas has been
undertaken using MUSIC.

Figure 13 below shows the treatment train considered for the WSUD system on the catchment
1 basin.

¢ 1 + +-Sedimentation Basin
Catchment [Mixed] Raingarden

g

Receiving Node

Figure 13: Catchment 1 MUSIC treatment train.

Figures 14, 15, 16 and 17 show the MUSIC model inputs and results to achieve best practice
reduction on pollutant loads before being pumped to G-MW Drain 3.
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Figure 14: Catchment 1 MUSIC Details
Properties of Sedimentation Basin X3
Inlet Properties
Low Fow By-pass (cubic metres per sec) I0,00000
High Flow Bypass (cubic metres per sec) |100000
Storage Properties
Surface Area (square metres) 870.0
Bxdended Detention Depth (metres) 0.50
Permanent Pool Volume (cubic metres) 622.0
Initial Volume (cubic metres) 622.00
Exittration Rate {mm/hr) 0.00
Evaporative Loss as % of PET 75.00
Estimate Parameters |
Qutlet Properties
Equivalent Pipe Diameter {mm) |180
Overflow Weir Width {metres) 4.0
Notional Detention Time (hrs) 2.26
[T Use Custom Outflow and Storage Relationship
| X Cawel || Bk || o Breh |

Figure 15: Catchment 1 Sedimentation Pond Details
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Properties of Raingarden
Location  [Reingarden 7 Products >>
[“Inlet Properti Lining Propest
Low Flow By-pass (cubic metres per sec) |0-000 Is Base Lined? [~ Yes [v No
High Flow By-pass (cubic metres per sec) |1.000 =
i @® Vi d with Effective Nutrient Removal Plants
Extended Detention Depth (metres) [0.30
Surface Area (square metres) |600.00 (" Vegetated with Ineffective Nutrient Removal Plants
[~Fiter and Media Properti : (" Unvegetated
Fiter Area (square metres) [600.00
Uniined Fiter Media Perimeter (metres) [13000 Outiet Propedies
Overflow Weir Width (metres) 2.00
Saturated Hydraulic Conductivity (mm/hour) 150.00
Fiter Depth (metres) 050 Underdrain Present? [V Yes [~ MNo
TN Content of Fiter Media (mg/kg) [s00 Submerged Zone With Carbon Present? [T Yes [v No
Othophosphate Cortert of Fiter Media (mg/kg) [0 > s
Infikration Properties
Bxitration Rate {mm/hr) oo Fues... Notes... | More |
 —r—mm— | | o y=—
Figure 16: Catchment 1 Bio Retention Details
Treatment Train Effectiveness - Receiving Node &=
Sources Residual Load % Reduction
Flow (ML/yr) 102 100 1.8
Total Suspended Solids (kg/yr) 20800 3640 82.5
Total Phosphorus (kg/yr) 43.3 18.3 57.6
Total Nitrogen (kg/yr) 296 158 46.4
Gross Pollutants (kg/yr) 4420 99.5 97.7

% &

Figure 17: MUSIC Results Catchment 1.

Refer to Appendix H for MUSIC treatment train and Appendix | for sedimentation basin
calculations.
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FUNCTIONAL BASIN DESIGN CATCHMENT 1

Functional designs plans were prepared for the catchment 1 basin to determine the extent of
works required to meet G-MW and IDM standards. The functional design also includes an
opinion of probable cost for the basin civil construction.

The functional basin designs were based on the following G-MW and IDM requirements:

» Basin sized for the 24hr 1 in 100 year storm event with a blocked outfall.

» Sedimentation ponds have been provided to cater for the 1 year flows into the basin.
» Flows greater than 1 year have been diverted around the WSUD.

» Bio retention rain gardens have been provided to meet water quality requirements.

» High flows to bypass the sedimentation pond and bio retention basin.

» 1 in 6 batters have been provided in design to allow access to basin floor for
mowing/maintenance.

» 1in 400 minimum grade for along basin floor/bed.

» Concrete access track has been provided to provide maintenance to the sedimentation
pond.

» Stormwater pump stations and rising mains to discharge into G-MW'’s Drain 3.
» 1m freeboard to allow overland flow to enter basin from surrounding basin area.

» Freeboard area ranging from 6m to 10m wide depending on if the area is to be consider for
open space requirements as per Section 18.2 of the IDM.

» Maximum discharge rate of 1.2L/s/Ha.

Based on these requirements the function design for catchment 1 basin is shown in Figure 18
below.

Spiire acknowledge that our current proposed functional design provides limited flood immunity
to the bio retention system. Flood storage in the base of the retarding basin can only
accommodate a volume approximate to the 1 year flood volume, calculated as approximately
3,800 cubic metres. Therefore the WSUD system will be drowned out and may require reactive
maintenance in storm events greater than the 1 year ARI which is typical of a Shepparton
drainage solution given the flat terrain and outfall constraints.

Furthermore, in a 100 year storm event the system will take up to 9 days to empty, which is not
ideal for any proposed water quality treatment system. The plant species selected in the design
should consider this and a maintenance program should be developed and adhered to in order
to replant plants that may die due to drowning and reset the filter media that may be clogged
with resuspended sediment.

OPENSPACE WITHIN DRAINAGE BASINS

To reduce the open space area requirements on each park within the NEGC, the VPA and
GSCC have reduced the 1 hectare parks back to 0.7ha with the remaining open space area to
be provide within the drainage reserve.

Section 18.2 of the IDM states that any area to be contributed to open space requirements must
meet the following criteria:

» Be at least 10m wide; and

» Incorporate the construction of shared walkways; and

» Have a cross-fall within a 10m wide corridor around any path; and

» Be linked to other public open space being provided in the area; and

» Not be inundated during any event up to and including a 20% AEP event; and
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» Unless otherwise agreed by Council, not be inundated during a 1% AEP event.
Spiire have applied these conditions to catchments 2, 3, and 4 within the NEGC and have

achieved a minimum of 0.3ha of unencumbered land to offset the reduction in open space
park areas.

By applying this principal it will reduce the overall costs for open space areas where the
landscape treatments around basins will not be as intensive as they are with an open space
park areas. Refer to Figure 11 and Appendix J of this report for these areas.
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Figure 18: Catchment 1 Functional Basin Design.

Please refer to Appendix J for the catchment 1 functional basin design.
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OPINION OF PROBABLE COSTS

From the functional design prepared for the catchment 1 basin an OPC for civil works has been
undertaken. This OPC’s has been used as a basis for the cost apportionment over the
remaining 3 catchment basins as shown in Figure 11.

The following assumptions have been adopted for the costings:

» No allowance for landscaping works included in estimates.

» Council Fees of 3.25% included in estimate.

» 5% Traffic Management included in estimate.

» 0.5% Environmental Management included in estimate.

» Survey and Design Fees of 10% included in estimate.

» 5% Supervision and Project Management included in estimate.
» 2.5% Site Establishment Fee included in estimate.

» 15% Construction Contingency included in estimate.

» Basin excavation material assumed to be retained on site to be utilised in subdivision
earthworks.

» Pump station and rising main works calculated separate to basin costing due to the
variance in scope of works between basins.

» Civil elements of WSUD treatment systems included in estimate.
Based on the assumptions above the total civil construction cost for the catchment 1 basin
works is $1,182,371.00.

This estimate is a significant reduction on the $1,802,569.80 prepared by Reeds. The main
factors contributing to the reduction in cost is:

» Local contractor rates have been applied which has greatly reduced key items like
excavation costs from $12.50 per cubic metre to $5.

» Slight reduction in earthwork quantities, approximately 6,000 cubic metres.

» Significant reduction in the amount of pipes and pits included in estimate.

» No footpath allowances in estimates.

» Significant reduction in WSUD areas and lining material.

» Removal of hydro seeding from civil estimates and to be included in landscape estimates.

The largest saving from the estimates is the basin excavation cost which has reduced from
$775,000 in Reeds estimates to $280,000 in Spiire’s estimates and this is achieved through
applying local contractor rates.

Refer to Appendix K of this report for cost break down of catchment 1 basin estimates and
individual estimates for the outfall infrastructure costs for each catchment.
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The cost apportionments have been based on the storage volume required for each catchment.
This was deemed the most appropriate method for apportionment given the excavation costs

represent the largest components of the basin construction. Below is the apportionment
calculations for each basin based off the OPC for catchment 1.

7.1 COST APPORTIONMENT

Table 4: Civil Apportionment Calculations.

Catchment Approximate 100YR P STEeT
PP Storage Apportionment Basin Cost Rising Main Total Cost
No. INEERGED) 3
Volume (m?) Cost

1 37.1 31,276 100% $765,667* $416,704** $1,182,371

2 37.1 31,276 100% $765,667 $390,204** $1,155,871

3 55.1 46,450 149% $1,140,844 $570,213** $1,711,057

4 47.6 40,128 128% $980,054 $358,002** $1,338,056
Total $3,652,232 $1,735,123** $5,387,355

* Base civil cost to be apportioned over remaining catchment basins.
** Separate cost estimates complete for each catchment.

As discussed the outfall infrastructure works have been calculated separately and any common
infrastructure items apportioned accordingly. Catchments 1 and 3 share a common outfall
infrastructure and therefore an apportionment of costs has been applied to these items in
particular the rising main works as shown in Table 5 below.

Table 5: Civil Apportionment Calculations - Catchments 1 and 3.

Common Risin
Catchment Approximate SR ; g
Storage Main
No. INGCENGEY] 3 :
Volume (m°)  Apportionment”
1 37.1 31,276 40%
3 55.1 46,450 60%
Total 92.2 77,726 100%

N Apportionment based on 100 year storage volume.

The total basin civil costs for the NEGC is $5,387,355 including construction contingencies,
professional fees and authority fees and charges.

Land acquisition costs and landscape works are to be applied to this figure to determine the
resultant drainage costs for the NEGC.

Refer to Appendix K of this report for cost break down of catchment 1 basin estimates and
individual estimates for the outfall infrastructure costs for each catchment.
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DRAINAGE SUBMISSIONS FROM INITIAL EXHIBITION

Please find below submissions in relation to drainage items from the initial exhibition of
documentation for the NEGC. Spiire has provided a response in bold on the following
submissions where appropriate:

» Provide a revised recommendation on applying the functional layout plan for retarding basin
1 to the other basins.

To determine the most accurate drainage costs for the NEGC functional designs and
costings for each basin would be recommended.

» Suggestion to compare construction rates with local contractor rates, as the given rates
appear to be high and more consistent with metropolitan standards.

New cost estimates have adopted local contractor rates for construction costs.
» The requirement of 5 drainage basins is excessive for the land area within the corridor
The new drainage strategy proposes to adopt 4 drainage basins.

» There is a discrepancy between the Spiire and Reeds Consulting drainage report, Spiire
indicate the site has a significant grade where Reeds indicate the site is generally flat

Significant grade mentioned by Spiire relates to Catchment 1 analysis where a grade
of 1in 620 for the catchment is quoted. Reeds report Page 14 references a grade of
1in 700 across Catchment 1 which is a similar observation. Given Shepparton’s flat
terrain and approximately 2m of fall from the south to the north of the township these
grades represent a significant fall across the site to be utilised.

» There scope to merge the two northern catchments, as typically with larger diameter pipes
could be laid at flatter grades of 1 in 600, almost fully negating the increased distances from
the basin.

More information required before providing a response.

» The northern catchments are proposed to be discharges via pumped systems to the south
as the northern channel has limited capacity to cater for flows. Has the southern catchments
discharge rate been compromised to accommodate the northern flows and hence the
southern basins needing to be larger? It is acknowledged that the 1.2L/s/ha may be a
maximum discharge limit set by the drainage authority, however this requires clarification.

No, the 1.2 L/s/hais a standard condition from G-MW and basins are sized based on
a blocked outfall for a 24 hour period.

» Due to the large size of the basin footprints, the requirement for cross-fall of the base of the
basin appears to not be considered, further increasing the depth required for the basin,
which a permanent water body in the base would eliminate.

New functional designs include aminimum of 1 in 400 grade along the basin footprint
as per IDM requirements.

» Is it expected that the site is free from inundation in the 500 year event, which is the basis
for their calculations.

No response.

» A bio retention basin would require frequent resetting. A wetland may provide more tolerant
of the inundation, with no clogging of surfaces available.

Refer to section 6 of the report, Spiire agrees the bio retention basins will require
frequent resetting, however to reduce any impacts on groundwater through deeper
excavation over a larger areas for a wetland and the increased construction costs
Spiire have kept the bio retention systems proposed by Reeds.

» A review of the MUSIC water quality treatment analysis indicates there may be a large
omission of the bio retention design. Any flows entering the sedimentation basin/bio
retention basin exceeding this flowrate will quickly overwhelm the system leading to bypass.
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Flow routing through the system will occur during the detailed design phase. In
general however, the sediment pond is used to retain flows slightly, which protects

the bio retention from high velocities. The sediment pond will overflow during events
larger than 3 month flows.

There may be an issue with the WSUD treatment calculations, which as part of detailed
design may force a larger area to be required for drainage purposes.

Refer to section 5 of the report, WSUD calculations were calculated by Spiire and
resulted in smaller treatment areas than calculated by Reeds.

The estate on Matilda Drive is on septic tanks, the number of houses in this estate will
cause damaging run off as drainage in these types of housing states is never sufficient.
The housing estate across Verney Road floods constantly.

Basin positioning has been reviewed and shifted further south to provide a minimum
setback from the existing septic systems to meet EPA standards. Refer to section
2.2 of the report.

The IDM requirement to store the 5 year peak storage below the invert of the incoming
drainage line further deepens the basin leading to increased costs.

New designs have excluded this requirement given basin depths are 4m+ and
hydraulic grade analysis is based on the top of pipe which is lower than the 5 year
peak volume.
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In conclusion to the drainage strategy review, functional basin designs, and OPC’s completed
please find below a list of findings and recommendations:

» Review of Reeds drainage strategy identified catchment 4 basin was located over an
existing G-MW irrigation supply channel and would result an inefficient design and add
significant earthwork costs during development.

» New drainage strategy proposes 4 basins in lieu of the 5 proposed by Reeds.
» Review of Reed storage calculations showed 2 values for the 100 year storage volumes.

» Review of the catchment 1 basin location identified the basin was too close to the existing
low density development north of the basin and was shifted south to provide minimum
setback requirements to meet EPA guidelines for Onsite Wastewater Management.

» Review of OPC undertaken by Reeds identified construction rates more consistent with
metropolitan areas.

» Geotechnical investigation was undertaken with no water present to 6m deep.

» Basin cost estimates have been undertaken for catchment 1 basin and apportioned over
the remaining 3 catchments.

» Apportionment of civil costs based on 100 year storage volume requirements for each
catchment given excavation works represent the largest component of the basin costings.

» WSUD analysis identified the proposed WSUD treatment areas were oversized to cater
for the catchment.

» Land acquisition costs to be applied to civil work estimates.
» Landscape costs to be applied to civil work estimates.
» Total cost for basin civil works is $5,387,355.00.
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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 inspegtions 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 Consuiting 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.
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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 GMVV 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.

=
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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 egually 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 04 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 fo
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.

g
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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.

o
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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:

'“'I}‘“ﬁfﬁmﬁf EGC .
UBCATC gryi_mjli‘hf_“agl\‘c; E R usmi REMENTS

Sub-Catchment Sub—t:'f’ltchment Storage Volume 100Yr Basin Area
5 Approximate Area ARI storm 24 Hour 100Yr level

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

1 322 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 1in 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-
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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 concemns 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.

-9-
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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 fo
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
consfructed 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 Southemn
boundary of the site.

-40 -
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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;
= |nclusion 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.

-9 -
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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
creale a natural appearance ‘cregk 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 fo 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.

42 -
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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
. #3
: \ ‘
CATCHMENT
#1 -
CATCHMENT
‘-.;#4 '
I
- ']— —
CATCHMENT S
#H2Z ]
4 )
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.

-13-
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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 arder 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 ARl 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: - B | 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: 1 in 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 abuis existing
development future ground levels will need to match existing conditions
or be managed via integrated fencing and low retaining walls. The
abuital 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
thata 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.

-16 -
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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
Vemey 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 ‘exireme 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 exiternal 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 ina 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 landscape 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.
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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 fo 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 1in 100YT 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 Shepparion 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 ablained frorm various sarvicing Authorities elther
verbally oc 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 tihe malerial contained within
this repart should rake thelr own'inguiries Lo satisfy themselves lo 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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ANNEXURE C

Groundwater Investigation
BM Consulting Engineers
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B.M CONSULTING
M ENGINEERS PTY.LTD.
¢ AR 47T 00 50
6 Clarke Strect, Shepparton, 3630

; P.O. Box 6377, Shepparton, 3632
CIVIL ENGINEERS

Dyl Eatd i tbie qeivilin L Au

Peter Willmoth s gonit pL: (.

Phe (03) 38217393
Fax: (043 5831 3p42
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 farmiand 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
501l parameters necessary for the basin designs.

REPORT OBJECTIVES:

Two boreholes are to be drilled at each of the proposed retention sites, Soil profiles are to
be logged and an assessment of so1l 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 adre 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.

1.2 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
shart distances with the discontinuity of the lenses,

2.0 SITE INVESTIGATION:

!-J
-

Boreholes of general depth 5000mm and down to 6000mm were drilled using
100mm diameter continuous flight mechanical augering — two at each site. The
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lacations and logs as well as GPS co-ordinates for each test hole are shown onthe
attached borehole log sheets.

Photol: Site 1 boreholes 182,

“Photo2: Sife 2 Boreholes 3dc
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2.2

Photo 3 Site 5 Borehales 9& 10,

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 fthe testing process.
Maximum dry densities of the pre-dominant soil type were assessed. All tests
were undertaken to our NATA aceredited procedures. (Laboratory Registration
Number 5023)

Borehole Deseriptions: Soils recovered were of similar texture. from all test holes
with minor varidtions insand and elay content and colour.
Site 1

Borehole 1: There is light brown clay of sand traces to 3400 with moist
brown clay with sand traces extending to the end of the ljdrc.

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 3000mm..

Borehole 4:  There is light brown silty clay with sand extending to the end of the
bore at 3000mm..

Site 3
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Borehole 5:  Beneath shallow clayey sand there'is stiff browin clay to 300mm 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 ¢lay to 500mm and
overlying light brown silty clay with sand. There is a seam of elayey 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 stilf red brown clay to 800mm
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 stff red/ brown
¢lay 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. Beyvond this.
there is very stift light brown clay to the end of the bore at S000mm.

Borehole 10:  :  There is light brown silty elay with sand to 1500mm. Beyond
this, there is very stiff light brown clay to the end of the bore at S000mm.

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. Theresults of site 2 (BH3 & BH4) rellect the sandier soils encountered
in this area and are of lower plasticity or CL soils. Thereis a significant sand
content in.all soils analysed. The soils of the site 1 (BH1 & BE2) 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 propertics.

These resulls are typical of soils gathered and tested by this conipany in the alluvial
soils of the Shepparton area, The Plasticity testing on samiples from cach test hole
are summarised in fable 1. Particle size distribution analyses results are
summarised in Table 2.

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

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



Borehole No.  Depth LL PL PI LS (Class

{rim) "
| 10001500 49 17 32 IG CI-CIt
2 500-1600 H 16 28 145 I
<& 200-2000 31 13 18 10 CL-€1
5 300-2000 44 16 28 14 Cl
8 2000-3000 4 15 26 135 ClI
10 B00-1500 47 L7 30 15 Cl-CH

Table 1; Plasticity Test Results
Australian Standard Sieve Sizes(mm)
Borehole No. Depth 236 0.6 0.3 0.075
(mn)
i

1 H000-1500 100 a8 97 92 Cl-CH
2 FO0-1600! 100 29 28 92 (&
4 200-2000 99 96 o2 74 CL-Cl
5 500-2000 100 99 97 9 (@ |
R 2000-3000 vy u8: Y6 87 Cl
10 S00-1500) o7 95 92 BT CI-CH

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 S000mm and up to 6000mm across the site, There were no gravelly seams
carrying perched sater encountered in any of the bores, There were no dry gravelly
scams of potential to carry water during different climatic conditions encountered
in any of the bores across the site.

Soil Moisture Content: Sails were observed in the field to be moist (hut 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,  Addifion of moisture during construction would he
nominal in magnitude and’ easily applied at these levels where some curing 18
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.

f




) Report Borehole | Depth Moisture-Density
No. No. | (mm) |
Bulk Density | Max.Dry Density| OMC
— |
1 | Py _ Pa
11721 i 1000-1 :?_uu = 3 | 1917 ke 3 187
il PET 3 Sl 2076 l\'}_.}r"ﬂ'l ’ | 1849 |§ﬁ"rl.'ll ! L
1724 3 500-2000 {660 ke 3 | 1712 ke 3 194
‘ 11 ?'h g 2000-3000 0105 5,!_»’1"_3_ (760 ket 16,5
11726 10 | §00-1500 0 k_gnul 6RA kg.‘mj 203

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

4 bearing on natural soils below any surface silt, the estimated maximuni allowable
bearing capacities are as follows:

Depth (natural soils) Below the surface.  Allowable
(mm) Bearing Capacity
(kPa.)
400rmim 80
600nm 106
900mm 150
13 12005m 2000

Table 4: Allowable Bearing capacities All Sites.

2.9 Deep structures and Soeil 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°
b = 0.45 max. (capucity reduction factor based on the level of

investigation )

2.9 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 relarded 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

=

-1



2.31

soil surface slopes under the action of rainfall travelling down it will resull in
rutting and erosion of the banks, The eroded sails will be washed inia the storage
with subseguent reductionsiin design capacities:

Table 4.1s a summary of the emerson number test results. The values indicate that
the soils are non dispersive in the water storage mode: Sotls form sites I' and 4 may
erode eastly with rainfall pogsibly rufting exposed slopes.

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

11721 [ 1000-1500 4 4
11722 2 | S00-1600 2 5
11723 4 | 200-2000 5 6
11724 S| 500-2000 5 5
11725 8 | 20003000 2 3
11726 10| 500-1500 6 T

Table:s: 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 (he
preseribed densily 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  1x107 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 @s required for impermeahle
conditions.

3.0 CONCLUSIONS, DESIGN and CONSTRUCTION:

K

General: The fest bores and laboratory testing yiclded similar results ‘across the
entire site, Soil profiles as encountered are typical of those of the Shepparton: arca 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 ate 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

33

There was an absence of groundwater at all of the sites tested. An awareness that
water may be encountered in deeper than 6.0m exeavations is important as ground
water levels are subject to seasonal and climatie 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 encourtered,

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 & subsurface investigation. [t 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
recominendations 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 bevond a more intensive investigation
within the actual construction envelope.

Design Recommendations:

Beds of the Storages: Losses and seepage form relention basins are usually through
the base under the storage water pressure head. 1t is important that the base be
impervious and constructed of appropriate materials. In the current format the natural
50ils are suitable at the proposed base depth. A liner of minimum layer depth 600mm
is reccommended . 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 eompaction. Compaction cannot be achieved
using earthmoving tratfic alone —an articulated pad footroller would be the
minimum requirement forthese 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 basing recreationally or regular grass mower traffic
1s planned.

Counstruction 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 fimished
embankments as required. Material containing vegetable matter or huymus 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 1s  important to
counteract the potentig] for some site soils to be dispersive on batter slopes and it will
also develop the impermeability of the soils. Re-work the bases i shallow layers of
no greater than 200mm and compact using a vibrating pad foot roller.

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

Compaction Control: In order to maintain control over density and moisture eontent
it is recommended that a compaction testing program be undertaken during
construction 1o establish an effective placement procedure. The earthworks code
A83798 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 constriction
process, the frequency of testing may be relaxed. Obviously the most eritical ateas for
control are within the lower embankments and the storage beds.

Maintenance: Desirably plant hinding type grasses on the finished tapsoiled 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 ¢hecking 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 Melrase.

-l

Ll

a4

i
wE



~JE [ ——JE —— J == i —— R —— [ == [ =Rl —— R —— A —— S — B —- B — B — R R = J = [ — |

* - < ? : ._
| . Ree ok SRS E e o [ o
1 : g = 1= S B 'li': -
| b i‘j-’ -;Tlfi-—ﬁ-(ﬁ:.'; ta
|| Ly o A, o "
‘ = - ) ot "éfi‘

1] ;r‘ 111,
-
A

"
~ I ; : D

| A - 1= | o Hil y f-.:. - - -.. | b 9 E‘d#;}f};hgmi ||-€i

= Hii=g -l--.
= (o= : L SEE
B i IE = ne MEJE
zmmu‘ecumaj v | =5 = s niE i
qrrmmmmma .|
CorRTRIGE I A6 EAToR: = |
SSRGS fMTs g | 4
ﬁmmu DENETEE | (M =
(919 tienei i w iSEE S | © L:I’
| AT N O e ;—_;=||
== TR L (B
_Ilw.@ma:n lanEsl T =,
'mmﬁmemT T

L

FRI O T8

TaaE =3

i3

f[:i

- I




— 4300

| == B.M

M CIVIL ENGINEERS

Loeation: NE Sheppuarton Growih Corridor

SITE INVESTIGATION LOG

Job No.: 28565 Date: 1.4.2011

Client: Reeds Consulting

No.:

Easting: E 358019
Northing: N3975799

Borchole

Cohesion

Depth Description Plasticity D ensity

Moeistu

200
300
400
500

F00
00
Bl
[ HTN]
L1600
1200
1300 TL=349"%h,
1400 PL=17"%
Lextols PI=32%y
16060 LS=16%
1700
| 800
1900
2000
2100
2241
23010
2400
2500
2600
2700
200
Z901)
3000
3100
3200
53 4300
34060
3300
A6
3700

3900
4000
4100
A200

A-400
2500
FOTI0
S700
ARO0
- A9}
SO0
SO0
5300
S400
5500
5600
S700
SE0G
=200
6000 ROl

atho Lt B Gy (sand waces) NI-H I VST

3R00 Brown Clyy  with sand ey M ST

M

PLASTICITY

LP- LOW MP- MEDIUM HP- HIGH

CONSISTENCY COHESIVE SQILS
- NON COHESIVE SOILS

VS« wary sofl S-gafl F-firen 3T = stiff VST - vary s H-riarg
VL very Ipose - lppse MD-medium depse DBS-dense VBwwarny diansan

MOISTURE CONDITION

Doddry M- maolst Wewal SA-saturmted

DRILLING METHOD conlinuous light avgar

L S—
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Location:

B.M

CIVIL ENGINEERS

NE. Shepparton Growth Corridor

SITE INVESTIGATION LOG

Job No.: 30170 Date: 1042071

Client: Reeds Consulting

Borehole
No.:

Easting: 3S8167E
Northing: S5975923N

Depth

Deseription Plasticity

Cohesion

Density | Moisture

100

200

Clayey Fine Sand

200

400

S00

600

700

200

)

LI=4<%4

100

PL=160

1100

|)|’=23"'b

1200

LS-14.5%

1300

1400

1500

1000

1700

1800
1900

2000

2100

2200

2300

2400

2500

2600

2700

2RO0

2900

3000

3100

3200

3300

LiL Br Clay

3400

3300

3600

3700

Asb0

3900

4000

4100

4200

4300

A440

4500

A500

#7000

4800

4900

SIKIO

EOR

Lt Br. Silty Claw with sand NP ST M

NP VST M

shn

PLASTICITY

LP- LOW MP- MEDILIM HP- HIGH

CONSISTENCY COHESIVE SQJLs

NON COHESNVE SOILS

VS-very soft S-spfl Flirm ST - st VST - veiy sl H-Had
VL very lopse L= lopse MD-madium danse DS-dense VD-very danga

MOISTURE CONDITION

D-elry M- molst Weowat SA-saturatad

DRILLING METHOD conlinuous flight auger

o —
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W CIVIL ENGINEERS

Location: NI. Shepparton Growth Corridor

SITE INVESTIGATION LOG

Job No.; 30170 Datesr 1.04.2011

Client: Reeds Consulting

Borehole
No.:

Easting: 358827E
Northing: 5975995N

Depth Description Plasticity

Clohesion

Desity Moisture

100
200
300
400
N 500

T00
800
g0 EL=31%
1000 PL=13%
1100 Pl= 8%
1200 LS=10%
1300
1400
1500
OO0
1500
1 800
1900
2000
2100
2200
2300
ol | 2400
2500
- 2600
2700
1 2800
24600
000
oo
! 3200
3300
3400
1500
600
3700
3800
J9n
4000
4100
4200
4300
4400
4500
4600
4700
4800
4900
SO00 EOH

[

6o L. BE Silty Clay with sand Li-pp ST M

5100

PLASTICITY

LP- LOW MP- MEDIUM HP- HIGH

CONSISTENCY  COHESIVESOLS
NON COHESVE SOLS

VS- vely sofl S-salt F-fitm ST = sliff VST - very stifl H-hatd
VL vty loase L-loose MD-mediumdense DS-dense VD-vary densa

: MOISTURE CONDITION

D-dry M- noist W-wat SA-salurated

DRILLING METHOD contihuous flight auger

| x harid auger | [
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N CIVIL ENGINEERS

Location: NE. Shepparton Growth Corridor

SITE INVESTIGATION LOG

Job No.: 30170 Date: 1.04.2011

Client: Reeds Cun:-iulting

Borehole
No.:

Easting: 358950E
Northing: 5975995N

Depth Description Plasticity

Cohesion
Density

Moisture

100
200
300
400
S00

T00
00
a0 LIE=31%
1000 PL=13%
1100 PI=18%
1200 LS=10%
L300
(400
1500
1600
1700
TRO0
1900
2000
2100
2200
2300
2400
2500
2600
2700
2800
2900
3000
3100
3200
3300
3400
3500
3600
3700
A8H)
3900
4000
4100
4200
4300
40
4300
4600
AT0D
4800
4900
2000 EOB

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

L1

PLASTICITY

LP=LOW MP-MEDILUM HP-HIGH

CONSISTENCY  COHESIVE SOILS
NON COHESIVE SOILS

V8- very soff S-soft F-firm ST - sliff VST - veny stifi H-hard

VI vary loosa L= Inosa MD-medium dense DS-dense VD-very danss

[MOISTURE CONDITION

D-dry M- molst W-wel SA-saluraled

DRILLING METHOD contihuous gt abgar

i
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Location:

ENGINEERS

NE. Shepparton Growth Corridor

SITE INVESTIGATION LOG

Job No.: 30170 Date: 1.04.2011

Client:

Reeds Consulling

Borehole
No.:

Easting:
Northing:

358865E
5975487N

Depth

Deseription Plasticity

Cohcsion

Detsity Moisture

100 EETEC

2007 r=sazar==d

A0

40U

500

6o

T00

KOO

S

oo’

1100

1300

| 300

{400

LS00

S

1700

1900

2000

2100

2200

2300

2400

2500

2600

2700

2500

2000

3000

F10

3200

3300

3400

3500

3600

3700

1800

80

44110

4100

4200

4300

4400

4300

4600

4700

43010

4200

000

Clavew Sand

Br.. CLAY

HP Vs N

L1 Br. Silty Clay with sand MPp ST M

LL=41%
PL=16%
PI=28%

La=14%

LP D M

Lt Br. Siliy Cliay with sand MP VST M

EOR

M

10

PLASTICITY

LP- LOW MP-MEOIUM HP- HIGH

CONSISTENCY

COHESIVE S0ILS
NON COHESIVE SOILS

VS- very soft S-soft F-limm ST - stiff VST - verny sifl H-hard
VL very loosa L- loose MD-madium dense DS-danse VD-very derise

MOISTURE CONDITION

D-dry, M- moist Wewet SA-saturated

DRILLING METHOD

cantinuous flight auger

e —
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N CIVIL ENGINEERS

Location:

Client:
Easting:
Northing:

NE. Shepparton Growth Corridor

SITE INVESTIGATION LOG

Job No.: 30170 Date: 1.04.2011

Reeds Consulting

Borehole

359039E
5975486N

No.: 6

Depth

Deseription Plasticity

Caohesion

Density Moisture

106,

200

ann

A0y

S00

600

700

S00

a0

1000

1100

1208

1300

1401

| 506

1600

1700
1800

1000

2000

2100

2200

2300

2400

2500

2600

2700

2800

2000

3000

100

3200

3300

3400

3500

3600

3700

AR00D

3900

4000

4100

4200

4300

4400

4501

4600

4700

4800

4000

5000

Clayey Sand

Br.. CLAY

HP VST M

L Br Silty Gy with sand' MP ST M

LL.QM “‘h
PL=16%
PI=28%
LS=]4%

Br. Claysy Sand

Lp D M

Lt. Br. Silty Clay with sand NIP V8T M

OB

M

SHia

PLASTICITY

LP=LOW MP- MEDILIN HP- HIGH

CONSISTENCY

COHESIVE SOILS
NON COHESIVE SOILS

VS-very soft S-soft F-firm ST - sliif VST - very stff H-hard

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

MOISTURE CONDITION

D-dry M- mpist W-wel' SA-sallrlad

DRILLING METHCD

cantinuous fMight augar

L —
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Location: NE. Shepparton Growth Corridor

SITE INVESTIGATION LOG

Job No.: 30170 Date: 1.04.2011

Client: Reeds Consulfing

Borehole
No.:

Easting: 359039E
Northing: 5975486N

Cohesion

Depth Description Plasticity | ponge | Moisture

(iH
i V]
L]
400
500

Clavey Sand

Red/Br., CLAY

§00
o0
1000
0o
1200
1300
1400
1500
1600
| 7040
1800
1900
2000
2100
2200
2300
2400
25040
2600
2700

Clay ey Sund

2900
3000
3100
== 3200
3300
3400
as00
2600
3700
3800
3900
4000
4a1on
4200
4300
4400
4500
A6
4700
RO
4900
0010 EQB

Red/Brown Sindy Clay MP 8T

2800 L. Br. Silty Clay with sand

u")

£

MP 8T

S

M

M

M

M

M

PLASTICITY

LP- LOW MP- MEDIIM HP- HIGH

CONSISTENCY  COHESIVESOILS
NON COHESIVE SQIL.S

VS-véry soft S-sofl' F-firm ST - stiff VST - very stiff H-hard
VL vany lopse L- nose MD-madiumdanse D8-dense VD-very densa

MOISTURE CONDITION

D-dry M- moilst W-wel SA-satlirated

DRILLING METHOD continucls flight auger

19



.
o
.

B.M SITE INVESTIGATION LOG

CIVIL ENGINEERS
Job No.:

30170 Date: 1.04.2011

Location: NE. Shepparton Growth Corridor

Client: Reeds Consulfing

Borehole
MNo.:

Easting: 3584141
Northing: 5975339N

Depth

Description

Cohesion

Plasticity Density

Moisture

100

200

Clayey Sand

300

400

Red/Ar, CLAY

SO0

(0

Re/Brown Sandy Clay

700

800

900

1000

1o

1200

Clayey Sand

1300

1400

1500

1600

1700

1500

1900

2000
2100

a 2 i

2200

2300

2400

2500

2600

2700

2800

Lt. Br. Silty Clay with sdng

2900

3000

LE=41%

3100

PL=15%

3200

PI=26

3300

LS=13.5%

3400

500

3600

JT00

3800

3900

A000

4100

4200

4300

4400

4500

4600

4700

4800

4900

5000

EOR

S1D0

Mp ST

MP VST

M

M

M

M

PLASTICITY LP-LOW

MP-MEDILIM HP- HIGH

CONSISTENCY COHESIVE SOILS VS- very soft 8-

soft| F-firm ST = stiff VST - venystiff H-harg

NON COHESIVE SOILS VL verylbnse L-imase MD-madilm dense DS-dense VDwern/ dense

MOISTURE CONDITION

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

DRILLING METHOD ‘confinuaus fiight auger

pandanger [ ]
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= B.M SITE INVESTIGATION LOG

9§ CIVIL ENGINEERS
Job No.: 30170 Date: [.04.201]

Location; NE. Shepparton Growth Corridor

Borehole
Client: Reeds Consulling No.:

Easting: 33538905E

Northing: 5975038N

ey s 2y Cohesi o
Depth Description Plasticity l;lelll,:il[:'“ Mauisture

106
200
200
200
500
600 Lt Br. Siltv Cluy with sand MP
700
£00
500
[ D
1100
1260
1300
1=}
1500
1700 M
1800
1900
2000
2100
2200
2300
2400
2500
2600
2700 M
2800
2900
3004
3100
3200
3300 Lt Br Cloy MP VST M
3400
3500
360
3700
800
3900
4000
4100
4200
43
4400
4500
4600
4700 N
AR00
4900
3000 EOR
5100

o
—

M

PLASTICITY LP-LOW MP- MEDIUM HP- HIGH

CONSISTENCY  COHESIVE SQILS V§-very soft S-seft F-firm 8T - stiff VST -wvery stiff H-hard
NON COHESIVE SOILS VL.very loose L-lodse MD-medium derise DS-dense VD-very densa

|MOISTURE CONDITION Doy M-mnist Wewat SA-saturatad

DRILLING METHOD continuowus fllght auger hand auger E
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Location:

Client:

Easting:
Northing:

SITE INVESTIGATION LOG

Job No.:

301770

NE. Shepparton Growth Corridor

Reeds Consulting

359011E
5975021N

Date:

1.04.2011

Borehole

No.:

10

Depth

Deseription

Plasticity

Cohesion
Density

Moisture

100

2001

300

400

500

B0

700
200

YO0

1200

oo

1200

1300

100

1500

1600

1700

1500

1900

2000

2100

2200

23100,

2400

2500

2600

2700

2800

2000

30

3100

3200

3300

3400

2500

3000

370

3RO

3000

LE=4T4%
PL=17%
PI=30
18-15

Lt, Br Clay

4000

4100

4200

4300

4400

4500

SH00

4700

AR00

3900

S000

EOB

Lt. Br. Silty Clay with sand

S100

MR

MP

ST

VST

M

PLASTICITY

LP- LOW

MP-MEDI LW

HP- HIGH

CONSISTENCY

COHESIVE SOILS
NON COHESIVE SOILS

VS- very saft S-zoft F-firn 8T -shiff VST - vary stifl H-hara

VL vary loose L- lbose MD-medium densa DS-dense VD-very danse

|IMOISTURE CONDITION

D-dry M- maist W-wet SA-saluratad

DRILLING METHOD

cantinuous flight augar

hand agar

=

b
T
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Quality of Materials Report

liznk: e eds Dol ting Meport Niumber: IW170 - 1 }
Cliant Andress! vl B, 440 Elizabeth Strent Melbrarns WIC 3000
Jite Prurmters piTe Heonrt Date: 15054/ 2011
{Proiie: Gaotachnical Tnuastigation Qrder Mumas -
LoEalBN RE Shep Growth Arens , Sheggsrtan Page 1 of 6
Lati Np: 11721 Samals Locatian
Bato-Sampled 17042008 Bore Huse (1
Drate Tested: 14708/ 2001 Start Oupth (men) - 1000
Sermpled By: Dizvid Malrosa Snd Aot (mam) @ 2504
Sumpie Mathad: AS1I80.1.2.1 Chaae il e Sang [CI-Ss)
Malerigl Seures: Site Spec Oeseoplion
Fo Ude An: Investigation Lot Numiber: -
RAmRIks: - IS0 Mui=lee: -
AS, Sliwde Sizes Lpecifmatn Bersent Spacijcatioe
Mingrmrm Possing Faximinm
Tasn Mathod: ABRI2ET, 3,60
ZF F5000 rrith 100
___Dse—— 5300 100
37 .50 ¢ 100
245, 500 ooy 1060
5,410 iy 160
153 s G0
9,50 ity T
&7 1 100
4,75 i o0 1
2,50 p L |
3.38 sl T i
A G03 i ol
8.425 suif bl
i O 300 mnm ar
! €. 150 mm G
0,075 miw G
Attprbeam Tadts Tt Metho Specillicatan fesult Srecilication
M BRI
L Lenit (9% AS1289.3,1.7 45
Flagtic Lirfilt {5 AS1Z239.3.3.1 17
| Flasticity Tndes AS1289.3.3.0 32
Linear Shankage () AS51289.3.4.1 16,0
i | |

N\
NATA

[ —

R

 Thin desament is tstuid in'sscordamco wah MATA'S
sceradiallon regulamineste Accmditnd (ar ocnmslanon
weth IS0/ IEC 1005, The resadrs of e besty,
eilibratind sl far ek L vt in this
o tarw sl bon A Al ratiannl
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{Forrme Ninmher

REP ASQUAL-1-42




f
=
N

B-M

CIVIL ENGINEERS

BM CONSULTING
ENGINERERS PTY,LTH.
AR e A ey

W btk Sinedd, Shimpoertiie. 1430
UL IS X T Sl rygpesrion . 2t )0
EAwind ATl b & beg slnsd NTW o (6401501

Dmral VA sy vas W i om -

PR WIRIPAEE e preial 1030

v (00) $3Y 20
LTS IR TR ] e D w3

B E

Quality of Materials Report

F0ATH -

Cligrits floods Consulting Aepart Humbat:
Gliprt Ad@ess: Level 6; 440 Elfieaieth Street Melboume VIE 2000
les Nusnls=r A7 Repart Date: 1 foa 001
Froject: Goatechinlcal Tnvestigation Qider Humber: -
Lacatisn NE Shep Grawth Ared , Sheppacton Page 2 of @
Lass Mt 11722 Sample Locakisn
Date Sampieed: L/D4s2018 Bare: Hode & 7
e Tested: ra 04 2011 Star Depth (rm) + 500
Samoled By David Melrose Erd Dépeh (mmp - a0l
Sarmsike Methad; ASLZET,1.2.9 Silly Clay with trace S=nil 1T
HMutenia Source; Sige Szt Detripliin
For Use A5z Investigation L Nigambser—
Rgrnarks: - Sosr Huetber
A5 Shevs Sizas Epecification Percant Spesifcaban
Mindmtinn fMesng i
Tt Meshad., AS1281.3.6,1
D S 100
— 53,04 e 100
A7 50 | 100
2650 100
15 .00 rrey 100
13,2 it 160
S0 100
5.7 i 100
475 1 1t
2360 100
110 mam i00
D600 o 449
QLAZS e ag
0300 s a9
50 el a6
QaY5 sl 492 !
Adurberg Telbs Tamt Mathad Seecificatan Result Specilication
LR Minkenim AN mm
| Loyt Liere® (W) ASLING, 2.1, dad
| Hisatic Efprpit (V) AS1280.3.2.1 16
Paasticity incioy AS1289.3.3.1 208
Uneat Shrikage (39) AS1249.5.4.1 U

~”\
NATA

—— Y ——

it

Teis corurnent ik tsssed in acomrrionon w it MATA'S
eesredilation rentilremunts. Acerneived far rampiinn s
WHTh IS0 TEC L7025, Tha nesults of v rests,
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SoccaniEnt are v
panchiidse,
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Davil Sean
MATA dorsed Ny SN
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Quality of Materials Report

: Ciusnits Revds Cangulting Repor Number: o079 <L
! Cllent Atdress: Lavel 6, 440 Elizabeth Strast Meiboure VIC 3000
Job Nmibar 170 Repomt Date: 18/04/20L1
Froject: Geotechinical Investigation Gk Nambars -
y [Lecating _NE Shep Grawth Area , Shegpartan Pisge 3 of 6
Laly 11723 Eamrple Leenbon
IEate Saimpded = 1/08/20144 Pans Hole . 4
Gt Terrael 14/04/ 2001 Btart Duplle (en) @ 200
Sampled By Diavid Melmse Ene Ceithy (mm) 222000
i Saminle Mathog: AS1289.1.2.4 Sity Ciyy Wwiih Sand (CL-CT)
Mataria) Souree: Sitw G Desaripiir!
i Far Like pG; Investigation Lot Number:
flenarks; - Spec Mumbar:
— A5, Sityie Soes Specifiation Biper=n) Soagfication
Pintrraurn Raszing Faxtimunm
T Yars Methng! AR12UY,. 361
S 75.00 irem 100
- - 1 5300 min 100
_,r-’ 3780 e 1on
il ol 26540 | 100
1 - I 19,00 ] 100
§32 BTm pL L1l
.50 fuyy 104
n 6,7 miri 144
TS e 104
o 2.36.mm [
Ligmm bad
1 .80 M G6 |
0,475 mm 1 1
b 0, 200 v i 9z i
050 e I [}
t ; . - 0.075 mem | 74
= L
Aklerberg Tests TestiMathpe Specification Hezuit Specdioxion
) My Makimum
| Liquid Uit (96) A51280.3.1.2 -y
B IFias e Lt (95) AB1289,3.2.1 13
Fiasticity Inidex - ASLTER.I 3L 18
Lnwar Shrinkag e (96 ASE269.3,4.1 10,0
ad Th¥ Gacamunt i swsd i accordanca it NATA'S Approves Signatoey Farm Numiber _'l
NATA it TEDITEC Y035, Thw rasuits &4 the testse .
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Quality of Materials Report

Cllerit: Reeds Constiiting RepartRUmDAE | 30170-t
Elipra Asiriress: Levael &, 440 Fiiraheth Street Melbourne VIC 3000 i
Job Numar 30170 Repart Dot m/na; a1
Pros|i=ci Gestachinleal Invostigution Qe MUk =
Leeatian | MNE Shap Growth Area , Shepporton Pago 4 of § .
Laty Mev 11724 Sample Locatico |
Dats Sampled: L/04,/3011 Aare Hale | = i
[ate Testao 16/0a/201 Shass Bepth (rm) ¢ 200
Sarnpled By David Melrose End Diapth (rnm) 2 31005 3
Sample Method: AS1289.1.3.1 Sty Clay mith fraace Sang L0
Material Sownce: Site Sang Dascription: -
For Ude s Investigation Lat Numbar B
Remnries: - Sout Nurrier -
NS, Sizve Sizes Sosgfiaticn Percemt Sp=dificatsn
Mirdmaen fuszag Masimum
Test Mathod: A1IAG2.6.Y il
I e e 75,00 mrm | 100 I
= 53,00 titry Ao -
= 7B et 104
BE.50 it o n
1500 mm I 100 |
L3.Z ram 100 i
S50 mmm iaa
| 6.7 I%in 104 ™
A5 mm 166
2.36 1 100 il
LA 160
LB fren 95 "
DoaES | 98
030 iy a7 el
ST mmi a3 I
Q075 Aim| L]
! _ ul
lerberyg Tests o= Hathatl Speciicatian Ragult Specifioation
Minimuea Haxiiniin —
Liguid Lewlk §55) ASL269.3.1.2 da
Pl Lin'nt (5 AS1289.3.2.4 16 -
Plasticty [ngex | AS1280.3.3.1 20
Lingar ShifnkRge (54) AS1288.3.4.1 8.0
VR e e [ e e B |
MATA WATH TG D/ TEE 17025, Thot 1t o T 14535, A .-3’5:- |
v tall‘hmiu‘nr;mﬂ(or meaiuremahty tncluded inthis TEF ASQUAL-1 a2 1
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. Quality of Materials Report
(CEont: Reeds Cansulting Rispreet Nusntisr LT/ Y
i Client Aaress: Level 6, 440 Ellzabeth Street Melbourmne VIC 3000
il b Nismder: 30170 Report Dats U8/ 0ay 2011
Pnject Geotechnical Invastigation Uree Mirmber: .
3] Lication HE Shep Growth Arai , Shepparton Page 5ol &
Lab o 11725 Saiire Localion
, Cate Sampled 1/0402014 Bore Hole - 8
- [Daites Tombugg: 14,04,/2041 Szt l}ef;ll"l Imm) : 2000
4 Sumiplas By Duvid Malrase End Depths (eanay = 000
v Satmaln Methaor ASITERG .20 Silby Clar wih trace Sang (C1)
Maserisl Souro=: Site St TEscHipkism:
- Far Use As: Irwestimation LLo% Ruthier: -
Revilasks: = Spec NumEer - — |
- A5 Sigva Slies Speciricatian Perent { Speofication
Henjirram Pegaing Haxemm
i Tait Malnpa: AS1ZHD.3.6.4
—— 75.00 mml : 100
" e | 53.00 fnm E 100
e A7 50 mm ' igo
¥ 16.50 mm S| 100
e — 1%.00 mim 100
- 132 mm wo |
550 mm|_ 100
i .7 [mm iao -
It e .75 0 _i8g i
236 mm i - T— - |
_ == 118 em 99
L 00 men — 9
i 8 (R L) a7
L30T mrn 7
il 150Lmen 91
I L7735 | | _g_? |
=
Aiteroirg Teats Test Mt Specilcntion Resplt Dprecilcabioe
T Miftirmsr Hesomum
1 Licyuitd Litrst {9 = AS12180.3.4.2 41
Fmskie Lime (6} ASLIR0.3.3.1 15
- Fraslicny fmdax AS1T¥E9.3.3.1 26
1 Linsar Shrnknoe ) AS1189.5.4.1 135
J -
— | |
= A\ TS HOTOMSE I8 issusd 10 Seninie will) NATA'S Amsyvett Singlory Farm/Num bar
NATA With ISO/1EC 17035, The Fesilts u:u:::;‘.-”— " Jﬁ‘ﬁﬁ;
v [calErmilane padlf er £8 Included 10 giis ’ WEP ASCUAL-1-92
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El=nt; Reeds Consuiting h,Repar: Huihber; 01701
CE=nt Ackiress; Level 6, 440 Elizhbelh Strest Mellbourne VIC 3000
Job Nueber; Fprzo Rapert Dats: /04 10N
Propect: Gactechnical Investigation Qg Nyrebar: .
faacation NE Stsip Growith Area , Shepgerion Page 6 of &
ety e 11728 Esmmpie Lupabion
Dato Samolad: 1/04)2051 Baore Haole 1 10
Datia Tagted|) 140472011 Sturt Daplly Lavn) -1 &30
Snrmped By Doved Melrose Enhet Depty fmim) @ 1540
| Enmypie Methock: AS1289.4.2.1 Clay with trves Sard & Grawnl KCl/CH
Maberal Soprie: Site Spw ORsesipaion:
For e s Investgntiem Lot Mumber: =
Ramnrks: - Spec Numifen
AS Simire Steies Seecifgation Parosat Specification
Mipimun naEsing Ay mum
Test Mathoed: 1989303
S FH00 T 1006
e 53.00 mim 0o
—— 37:50 | 100
2550 nvn 100
19000 e 100
{32 mii) i0n
b I 100
&7 b 10D
4.75 mim an
.38 i a7
118 rmm 6
2.600 e 5
0 A25 i o
0.300 mm 02
0,250 mim 00
0.075 e L4
Artertaarg Tests Tzt I ethod Spedifieatin Rosaxilt Specilicatan
M Mapmum
Liguid Lifse %) AB1209.3.1,2 AT
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Moisture Density Relationship Report

Client:

Client Addeass:
ol Musnbiers
Praject:

\Location

Laviel 6, 440 Elizpbeth Streel Melbourne VIE 3000
Joizo Finpers Dote:
Gaotwehnical Invaslightion Drder Bimper

Repors Numbers aai7a -3

18/04/2011

NE Shep Growth Area , Sheppartan

Tt Method o

(Lats Mo

Dete Sampded:
Dabe Tested:
Saipled By
Sample Matnne;

11721
1/04/201%
§/04/2012

iSamole Location
Bare Mola's t

ABLRED.5.1.8

rS'tu'_l:'Dapth't-mni] ;LoD

David Melrose Erel Dapth (mm) = 1500

ASIIR9.1.21

Clay with Tame Spral (C1:CH}
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For Use &s: Investigation
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Moisture Density Relationship Report
Cient: Reads Consuiting Rapot NuUmbar: 0170 -3
Client Addres: Leved 5, 440 Elizabeth Strest Melbourna VIC 3000
2ats Mismbse- 30470 Raport Dake: 18/04/2014
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Locatibn NE Shop Growlh Ares . Shopparton Twst Mothad < AS1289.5.1.1
Lab gt 173 Saimale Leatice
Data Sampieds 1)/04/3044 Bare Hole 1 &
Drate Taarnd: 80472011 Sttt et (mm) | 206
Sampies By: Dawid Molrose Eod el (M) - 2000
Sample Hethoo: ABI2E9.1,2.1 Sy Clay with Sarsl (CL-CT)
Materal Spurcen Site
For Usa Asi Tavestigption Lt Mg -
|Hnmﬁrlu::’- - loen Mumiber: -~
Pago2af s
| Mexitraitn Size () - 19.0. I b Task Wty - AS3280,2.1.1
[Qvessiza (%) : - |Quersize Tost Mathiod - =
(MDD (t/m>) : 1.849 |oyersiza Dansity. (Wme) :
1OMC{%) & 14.5 |
— Tl ————
e ; — - : ————— T -
e == ;
pr— ~ :
'F‘.": . i £ -
I:GE_ T — _ —— :;_“:“’L:_ ;"T:__r _'"‘1::1_\;- =="1
e = - -
-": ‘ - _-"‘ $ = -"'__ _':;-_'-__ > = -
g I & #F"_— e - -y - T—-L - -
Ch — 5 - = - —
< = o= 3 - - —
:-_r,)"‘." . =. - ; e
i'»‘;' ?’ : — < — — X z
i ——— = e
e 7 - ~
1= - = =5
) — | N —— -
hi; 2 e :
cI-;. L = = —— (S LI—M—T—' —-a
M : =i
e ~ S e
{7 T re— 3 ] — — -
o —— —
AT e T T, e = - ;
] : This docurant i lapund & gecordanies Wl NATA'S scormiSatian
requireasernts, Actrestes for compliance with) 150/ 1EC 1 Pes, Thi ressllts
NS o1 tha taaty, cafitsratins snd o maaniuresenty [ncuded i thie decumen REP MDR-1-17
o, Aro TnCORIGe Lo KISLA| iR Haen] SanaadE |
AT mEr—

30

— — N — - — 1 — N — N — N —

=



It

=

_— =] 5= =2

- [ ]
[ [ |

e BB = ==

—_ =

B-M

CIVIL ENGINEERS

BV CONSULTING
ENGINEERS PTY: L TD.

A NN e

s Chark Strou, Shajesiian, I
1) s 63T Shieppaiion, 5651
vl WAL U P i e i e T
5 B ) L]
Py Wallmell o Ty P AT b0

L SR LT I N e
dan QG SaL] el

&t Lacsubln 1o Austealisn /natianal atanilnras, il Slesas

Moisture Density Relationship Report
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Moisture Density Relationship Report

Client:
Cliont Addracs
e unmban:
Prisjects
Lagaticn

Mteeds Conaulting

Level 6, 430 Elizabelh Street Mellourng VIC 3000

20170
Geotechniical Investigation
NE Sheps Growth Ares , Sheppsrton

l.ai_:- Ko:
Date Sampacs
Dnte Tectad

Report Nuembar:

Raport [t
Dedar Huniber:
Test Metivd :

iniza-a

18/06/2011

10725
10472041
B/04/2011
LaviE Malrose
AB1259.1.2.1
Sike
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RETARDING BASIN & RESERVE VOLUMES

RL (m) FILL / VOLUME (m?) VOLUME MINUS SEDPOND VOLUMES {m?)
107.9 (BASE) 281544 0.000
108.0 361.797 18752
108.2 1124632 634 007
108.4 2452.995 1779.895
108.6 4021,537 3348.436
108.8 5838.501 5165.400
103.0 7838.016 7164.915
109.2 3982.968 9309.867
109.4 12255.330 11582.229
1095 14656.888 13983.787
109.8 17189.432 16516231
110.0 10854.750 10181.643
110.2 22654.631 21881530
110.4 25500.863 24917.762
1106 28665235 27392134
110.8 31879.535 31206434
111.0 35494.873 34821772
111.2 39734.185 39061.084
111.4 445610.017 43936.916
1116 50189.120 489516.028

SEDPOND VOLUMES

RL (m) FILL / VOLUME {r¥’)
107.25 (BASE) 0,000

107.4 51.747

107.6 130,816

107.8 225471

107.9 281.544

108.0 343.045

1082 490.625
108.4 (NWL) 673.101

NOTE Secliment storage to 0.5 below NWL

(ie RL107.9)is 281m?

Requirament for 5 Yr fraquency deanout

{at 1.6 m*/Ha/Yr loading) Is 256 m%.

The proposal is adequate for Syr maintenanca
with max sediment level 0.5m below NWL




Untitled

Rout1n§ resylts:

R R A ERER IR EREN

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
rPeak elevation= 108.49

pPeak outflow = 0,04 m’/s

Peak storage = 2.51E+03 m?

#%% gpecial storage : STORAGE A

drograph
outf¥ Irflow
Peal discharge,m?/s 0. 040 1.880
Time to peak,h _ L.29 0.29
volume,m? 4. 03E+02 2.73E+03
Time to centroid,h 1.54 0.46
Lag {c.m. to c.m. ),h 1.40 0.33
Lag to peak,h 1.16 0.16
*** calculated hydrograph,
H¥drograph
. . calc.

peak discharge,m?/s  0.04000
Time to peak,h 1.29
Volume,m* 4.03E+02
Time to centroid,h 1.54
Lag (c.m. toc.m.),h l 40
Lag to peak,h 1.16

Page 1
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Rainfall (mm)

Discharge (m'/s)
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untitled

Routing results:

Frifedede vl ve e e e e deie

XXXX .

XXXz 24 hour 100 year Design Storm
DESIGN run no. 1

Parameters: kc = <25 m= 0.80

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

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

Peak outflow = 0 00 m3/s

Peak storage = 2.88E4+04 m®

t## Special storage : STORAGE A

drograph
0utf¥ Inf1ew

peak d1scharge m3/s 0. 003 1.585
Time to peal.h 26.0 3.0
Volume,m? 6.58E+02 2.90E+04
Time to centroid,h 38.3 6.8
Lag (c.m. to c.m. ) h 33 0.9
Lag to peak,h 20.0 =3.0

Page 1
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Discharge (m%s)

Rainfall (mm)

Discharge (m%s)

Speclal storage : STORAGE A

1.6 =
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— Oty

Inflsw

OO v Evensy

ZA.-\/'\V" Sdovie -

10

20

30 40 50 60 70
Time (hr)

Calculated hydrograph,
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s HainfElexcess
——— Galcujatad
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Untitled

Routing results:
dedlefodle et Fo e el e fe e e i

O

WXXX: 24 hour SQ%.year Design_Storm

DESIGN run no.

Parameters: kc = 025 m = 0.80

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

rResults of routing through special storage STORAGE A
Peak elevation= 111.10 m
Peak outflow = 0.00 m3/s
Peak storage = 3.70E+04 m*®

#%* gpecial storage :  STORAGE A

drograph
Outf% nf1ow
Peak discharge,m?®/s 0.004 2.007
Time to peak,h 26.0 2.0
VQ1ume m= 8.44E+02 3.72E+04
Time o centroid,h 38.3 6.8
Lag (c.m. to c.m. ) h 32. 3 0.8
Lag to peak,h 20,0 -4.0

Page 1
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PLAN AND OPINION OF PROBABLE COSTS.
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SHEPARTON NEGC - STORAGE BASIN
SEDIMENT PONDS & TREATMENT SYSTEMS

RECEDS

JOB NO: 21656E ==CONSULTING=
DATE: 20.07.2015
VER: C
ITEM DESCRIPTION Qry UNIT RATE AMOUNT
1 SITE ESTABLISHMENT
Provision of all site amenities and site management as required under the Occupational Health and
Safety Act - 2004 and as per Victorian Workcover Authority, the Principal's requirements and local 1 ltem $25,000.00 $25,000.00
authority requirements
2. SITE & TRAFFIC MANAGEMENT PLAN
Including documentation of all quality plan and procedures for QA, OH&S, Traffic & environmental
measures and requirements relevant to this project including those of the Principal. Including supply &
implementation of specific traffic / environmental measures/techniques required to minimise emission 1 ltem $2,500.00 $2,500.00
of dust, silt & polluted runoff from the site or related to the site
3 ENVIRONMENTAL MANAGEMENT PLAN
Preparation of an approved EMP and all associated works for implementation, monitoring and
) 1 Item $25,000.00 $25,000.00
maintenance.
4 EARTHWORKS
Including removal and disposal, clearing and grubbing of all trees and
vegetation, removal and disposal of all construction waste, rubbish and
debris; desludging, desilting and pumping throughout the course of the
contract; stripping, stockpiling, bulk earthworks, filling, shaping, formation of
batters, final trimming, compaction (including testing to Level 1), disposal of
all surplus, retopsoiling of all areas; provision of tree & grasslands protection.
4.1 Clearing, stripping and all related preliminary earthworks as per description above 1 Item $10,000.00 $10,000.00
(Approximate area 18,000 m2)
4.2 Retarding Basin to 150 mm below finished basin floor Level
4.2.1 |Cut and disposal on site of spoil material. 62,000 m3 $12.50 $775,000.00
43 Additional Earthworks to depth shown below finished surface level
Sediment Pond
43,1 |Cutto 0.6m and on site disposal of all excessive material. 200 m3 $15.00 $3,000.00
4.3.2 |Fill- 300mm Compacted depth clay liner to the base up to extended
detention level. Fill material to be imported with suitable impervious qualities. 100 m3 $9.50 $950.00
Inclusive of all compaction and testing requirements.
4.3.3 |300 mm nom Rockwork in base of sediment pond to 300 mm above floor level 335 m2 $90.00 $30,150.00
4.4 Additional Earthworks to depth shown below finished surface level
Bioretention Basin
44,1 |Cutto 1.0m and on site disposal of all excessive material. 1,840 m3 $12.50 $23,000.00
4.5 Additional Earthworks for Swale
to 150 mm below finished surface Level
45,1 |Cutand on site disposal of all excessive material. 150 m3 $15.00 $2,250.00
4.5.2  |300 mm nom Rockwork 640 m2 $90.00 $57,600.00
4.5.3 |Final trimming, Shaping, and Clean Up. 1 Item $10,000.00 $10,000.00
4.6 Additional Earthworks pump well
4.6.1 |Cut and off site disposal of all excessive material. 25 m3 $500.00 $12,500.00
4.6.2 |Final trimming, Shaping, and Clean Up. 1 Item $5,000.00 $5,000.00
4.7 Additional Earthworks for spillway
to 300 mm below finished surface Level
4,7.1 |Cut and on site disposal of all excessive material. 40 m3 $15.00 $600.00
4.7.2  |150 mm nom Rockwork 55 m2 $45.00 $2,475.00
4.7.2.1 |Extra Over for grouting between rocks. 55 m2 $39.10 $2,150.50
4.7.3 |Final trimming, Shaping, and Clean Up. 1 Item $2,500.00 $2,500.00
4.8 Retopsoiling of retarding basin, wetland, channel and to all disturbed areas 18,000 m2 $1.00 $18,000.00
within the Reserve area with 150mm of quality site topsoil
Approx Area 18,000m2
4.9 Hydroseeding of drainage reserve 18,000 m2 $1.00 $18,000.00
Approx Area 18,000m2
H:\21656\General\Design\Quantities\Retarding Basin 150721(Revision C).xIsx RB & W Comps Page 1of 2



ITEM DESCRIPTION Qry UNIT RATE AMOUNT
5 DRAINAGE WORKS
Including supply of all materials and incidentals, labour, equipment,
machinery, and hire and diversions, preparation, installation, backfill,
testing, etc.
5.1 Class 2 R.C. RRJ Drainage Pipe with selected backfill.
5.1.1 [Twin 1050mm Diameter 60 L.m. $1,550.00 $93,000.00
5.1.2  [1050mm Diameter 16 L.m. $800.00 $12,800.00
5.1.3  [Twin 825mm Diameter 13 L.m. $1,080.00 $14,040.00
5.1.4 [525mm Diameter 171 L.m. $300.00 $51,300.00
5.1.5 [300mm Diameter (av. Depth 3m) 70 L.m. $220.00 $15,400.00
5.2 Slotted uPVC - Including all Fittings for Bioretention basin
5.2.1 [100mm Diameter 600 L.m. $28.00 $16,800.00
5.3 Un-Slotted uPVC - Including all uPVC fittings and riser pipes for Bioretention basin
5.3.1 [100mm Diameter 25 L.m. $40.00 $1,000.00
5.3.2  [150mm Diameter 25 L.m. $72.00 $1,800.00
5.3.3  [225mm Diameter 50 L.m. $85.10 $4,255.00
5.4 Concrete structures/pits, as per MW Standards
5.4.1 900mm x 600mm - Junction pit with HD grate 1 No. $4,284.90 $4,284.90
5.4.2 900mm x 750mm - Junction Pit, with HD cover 3 No. $2,451.30 $7,353.90
5.4.3 |[Bioretention outlet pit 1 No. $3,381.90 $3,381.90
5.4.4 [Small diversion structure as detailed plans. 1 No. $8,000.00 $8,000.00
5.4.5 |[Big diversion structure as detailed plans. 1 No. $22,000.00 $22,000.00
5.5 Rockwall endwall as detailed:
5.5.1 [To suit 525mm diameter pipe 4 No. $3,000.00 $12,000.00
5.5.2 |To suit 525mm diameter pipe including pipe grille 1 No. $5,125.00 $5,125.00
5.5.3 [To suit 1050mm diameter pipe 1 No. $5,250.00 $5,250.00
5.5.4 |To suit 1050mm diameter pipe including pipe grille 1 No. $8,250.00 $8,250.00
5.5.5 |To suit twin 825mm diameter pipes including pipe grilles 1 No. $14,250.00 $14,250.00
5.6 Bioretention Basin Works
5.6.1 [Fill with approved filter material as detailed (approx area 1,840 m2) :
5.6.1.1 [450mm Depth Submerged Zone - Gravel and Carbon Source 830 m3 $45.00 $37,350.00
5.6.1.2 |100mm Depth Transition Layer Coarse Sand 185 m3 $56.40 $10,434.00
5.6.1.3 |500mm Depth Unsaturated Zone - Filter Media 920 m3 $44.50 $40,940.00
5.6.2 |Inspection opening surrounds to suit 100mm riser 2 No. $197.70 $395.40
5.6.3 Inspection opening surrounds to suit 150mm riser 2 No. $300.00 $600.00
5.6.4 |Inspection opening surrounds to suit 225mm riser 2 No. $476.20 $952.40
5.6.5 |Approved Geofabric waterproof liner 1,840 m2 $20.30 $37,352.00
5.7 Pumping station Works
5.7.1 |Aquatec SW packaged pump station 1 No. $138,000.00 $138,000.00
5.7.2 DN PE 90 rising main 1,070 Lm $60.00 $64,200.00
5.7.3 |Pressure testing for PE main 1 Item $1,000.00 $1,000.00
5.7.4 |Construct concrete plinth for switchboard 1 Item $1,500.00 $1,500.00
5.7.5 |[Bollards around pumping station 40 No. $30.00 $1,200.00
5.7.6  |Water tap and 20mm connection to water main for pump weell 1 Item $2,000.00 $2,000.00
5.7.7 |Connect rising main to GMW Drain with outlet structure and beaching 1 Item $5,000.00 $5,000.00
5.7.8 |Flow control and cabling 1,070 Lm $28.00 $29,960.00
6 MISCELLANEOUS
6.1 Supply & placement of rockwork using on site or imported material
6.1.1  [300mm nom. rock lining of drainage outlet areas (Approx 92 m2) 28 m2 $90.00 $2,520.00
6.1.2 |Extra Over for grouting between rocks. 28 m2 $39.10 $1,094.80
6.2 Maintenance Access Tracks - 200mm depth concrete with SL 82 reinforcement, 220 m2 $60.70 $13,354.00
on 50mm consolidated depth CL 3, bedding
6.3 Concrete footpaths - 1.5m wide, 75Smm depth 25Mpa concrete, broom finish on 75mm Class 3 FCR 1,050 m2 $75.00 $78,750.00
6.4 Asset recording of 'as built' all works including RB & other bodies, pipes and pits 1 item. $10,000.00 $10,000.00
TOTAL ITEMS 1-6 $1,802,568.80
H:\21656\General\Design\Quantities\Retarding Basin 150721(Revision C).xIsx RB & W Comps Page 2 of 2
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ENGINEERING

' ETs BOREHOLE LOG
\ e . Borehole no. 1

Sheet no. 1 0of 1

PO Box 13, Strathdale 3550 Jobno. 18C 0523
Ph (03) 54414881 Fax (03) 5441 5089
Client : Greater Shepparton City Council Date: 27/06/2018
Project : North East Growth Corridor Logged by: BB
Location : Shepparton
Drill model : Gemco HS7 Slope 90 deg RL surface: Not measured
Hole diameter :  100mm Bearing - deg Datum :
2l 2|3 =
. - Depth | o | &| § | 55| Structure, additional Notes 28
Material Description (m) L13| e § g observations Samples HiEs
S|=|z2(3° Tests [=|a
O S é
Sandy Clayey SILT (ML), dark .= R M | MD
brown, low plasticity fines, fine to i | M | VSt
medium sand 100mmi B
Silty CLAY (CH), high plasticity, red/ ____.---=1 |
brown 700mm 1.00 M | St
Sandy Silty CLAY (Cl), medium plasticity, | Sample
orange/brown, fine to medium sand | 0.7-2.1m
[ 2.00
2100mm -1 |
Silty CLAY (CH), high plasticity, brown, | M | VSt
some fine sand B Sample
B 2.1-3.0m
3.00
4000mm| 4.00
Gravelly Clayey SAND (SW), fine to coarse, | M | MD Sample
orange/brown, low plasticity fines, fine to | 4.0-4.5m
medium gravels |
[ 5.00
5200mm
Silty CLAY (CI), medium plasticity, grey | M-W| F
| Sample
B 5.2-6.0m
6000mm| 6.00
BH1 terminated at 6.0m |
[ 7.00
| 8.00
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ETs BOREHOLE LOG
\ e . Borehole no. 2

Sheet no. 1 of 1

PO Box 13, Strathdale 3550 Jobno. 18C 0523
Ph (03) 54414881 Fax (03) 5441 5089
Client : Greater Shepparton City Council Date: 27/06/2018
Project : North East Growth Corridor Logged by: BB
Location : Shepparton
Drill model : Gemco HS7 Slope 90 deg RL surface: Not measured
Hole diameter :  100mm Bearing - deg Datum :
NEEE
S, 2|8 =i
. - Depth | 2| & | 8 > 5 Structure, additional Notes 2[8
Material Description (m) L13| e % g observations Samples HiEs
o = 2 |2 h Tests |=|n
O EO é
Clayey SILT (ML), dark brown, low =~ ____.--== R M | MD
plasticity fines 100mm} M | VSt
Silty CLAY (CH), high plasticity, red/brown |
700mm e |
Sandy Silty CLAY (Cl), medium plasticity, 1.00 M | St
pale brown/orange, fine to medium sand
| Sample
B 1.0-2.0m
2000mm| 2.00
Silty CLAY (CH), high plasticity, brown, | M | VSt
trace fine sand |
[ 3.00
: Sample
| 3.0-4.5m
4.00
[ 5.00
5200mm
Silty CLAY (Cl), medium plasticity, pale | M | St
brown | Sample
B 5.2-6.0m
6000mm| 6.00
BH2 terminated at 6.0m |
[ 7.00
[ 8.00




ENGINEERING

' ETs BOREHOLE LOG
\ e . Borehole no. 3

Sheet no. 1 of 1

PO Box 13, Strathdale 3550 Jobno. 18C 0523
Ph (03) 54414881 Fax (03) 5441 5089
Client : Greater Shepparton City Council Date: 27/06/2018
Project : North East Growth Corridor Logged by: BB
Location : Shepparton
Drill model : Gemco HS7 Slope 90 deg RL surface: Not measured
Hole diameter :  100mm Bearing - deg Datum :
- [ -g 3 kel k™
. - Depth | o | &| § | =5 Structure, additional Notes 28
Material Description (m) L13| e % g observations Samples HiEs
s> 2 I Tests [=|®
O EO é
Sandy Silty CLAY (CL), low plasticity, pale | M F
brown/yellow, fine to medium sand 400mm
Silty CLAY (CH), high plasticity, red/brown M | VSt
n Sample
1.00 0.5-1.5m
[ 2.00
2600mm |
Sandy CLAY (CI), medium plasticity, orange/ | M | St
brown, fine to medium sand 3.00
3200mm
Silty CLAY (CH), high plasticity, brown | M | VSt
: Sample
4.00 3.5-4.5m
5100mm 5.00
Sandy Silty CLAY (CI), medium plasticity, : M | St Sample
pale brown/orange, fine to medium sand | 5.1-6.0m
6000mm| 6.00
BH3 terminated at 6.0m |
[ 7.00
| 8.00




ENGINEERING

' ETs BOREHOLE LOG
\ e . Borehole no. 4

Sheet no. 1 of 1

PO Box 13, Strathdale 3550 Jobno. 18C 0523
Ph (03) 54414881 Fax (03) 5441 5089
Client : Greater Shepparton City Council Date: 27/06/2018
Project : North East Growth Corridor Logged by: BB
Location : Shepparton
Drill model : Gemco HS7 Slope 90 deg RL surface: Not measured
Hole diameter :  100mm Bearing - deg Datum :
2l 2|3 gol b=
. - Depth || 8| § | >3 Structure, additional Notes 2[8
Material Description (m) L13| e § g observations Samples HiEs
Sl=|z2(3° Tests [=|a
O EO é
Sandy Clayey SILT (ML), dark brown, low | M | MD
plasticity fines, fine to medium sand _____---- | M | vst
Silty CLAY (CH), high plasticity, 600mm|
redbrown T B D | St [Dryfrom 0.6-0.8m
Sandy Silty CLAY (Cl), medium plasticity, 1.00 M | St
orange/brown, fine to medium sand | Sample
| 0.8-1.5m
2000mm| 2.00
Sandy Silty CLAY (Cl), medium plasticity, | M | VSt
brown, fine to coarse sand, trace fine gravel | Sample
B 2.0-3.0m
[ 3.00
3300mm-
Silty CLAY (CH), high plasticity, mottled grey/: M | VSt
orange | Sample
4.00 3.5-4.5m
5000mm| 5.00
Silty CLAY (CH), high plasticity, brown | M | VSt
| Sample
| 5.0-6.0m
6000mm| 6.00
BH4 terminated at 6.0m |
[ 7.00
| 8.00




' ENGINEERING

ETS BOREHOLE LOG
\ o — Borehole no. 5

Sheet no. 1 of 1

PO Box 13, Strathdale 3550 Jobno. 18C 0523
Ph (03) 54414881 Fax (03) 5441 5089
Client : Greater Shepparton City Council Date: 26/06/2018
Project : North East Growth Corridor Logged by: BB
Location : Shepparton
Drill model : Gemco HS7 Slope 90 deg RL surface: Not measured
Hole diameter :  100mm Bearing - deg Datum :
NEEE
S, 2|8 =i
. - Depth [ 2| 2| 8 S % Structure, additional Notes 2[8
Material Description (m) L13| e § g observations Samples HiEs
sS|=|z2(3° Tests [=|a
O EO é
Clayey Sandy SILT (ML), brown, low plasticity M | MD
fines, fine sand 300mm .- |
Silty CLAY (CH), high plasticity, red/brown | M | VSt
800mm Sample
Sandy CLAY (CH), high plasticity, orange/ 1.00 M | VSt 0.5-1.2m
brown, fine to medium sand B
1500mm |-
Silty CLAY (Cl), medium plasticity, mottled : M | St
brown/grey, some fine sand 2.00
: Sample
B 2.0-3.0m
[ 3.00
3500mm[-
Silty CLAY (CH), high plasticity, dark brown : M | VSt Sample
4.00 3.5-4.5m
5000mm| 5.00
Silt CLAY (CI), meidum plasticity, dark brown/_ M | St
brown, some fine to medium sand | Sample
n 5.0-6.0m
6000mm| 6.00
BHS5 terminated at 6.0m |
[ 7.00
| 8.00




L GTS

PO Box 13, Strathdale 3550
Ph (03) 54414881 Fax (03) 5441 5089

ENGINEERING

BOREHOLE LOG

Borehole no. 6
Sheet no. 1 of 1
Jobno. 18C 0523

Client : Greater Shepparton City Council Date: 26/06/2018
Project : North East Growth Corridor Logged by: BB
Location : Shepparton
Drill model : Gemco HS7 Slope 90 deg RL surface: Not measured
Hole diameter :  100mm Bearing - deg Datum :
N
S, 2|8 =i
. - Depth | o | &| § | =5 Structure, additional Notes 28
Material Description (m) L13| e % g observations Samples HiEs
Sl=|z2(3° Tests [=|a
O EO é
SAND (SP), fine, orange 300mm k M L
Sandy CLAY (CL), low plasticity, orange, B M | St
fine sand 700mm}-
Silty CLAY (CH), high plasticity, brown 100 M | vst
1200mm Sample
Silty CLAY (Cl), medium plasticity, mottled M | St 1.0-1.5m
grey/orange, trace fine sand B T
[ 2.00
[ 3.00
3800mm|° Sample
Silty CLAY (CH), high plasticity, brown 4.00 M | VSt 3.5-4.5m
| 5.00 Sample
5200mm 4.5-6.0m
Sandy Silty CLAY (CH), high plasticity, dark M | VSt
brown, fine to medium sand |
6000mm| 6.00
BHG6 terminated at 6.0m |
[ 7.00
| 8.00




' ENGINEERING

ETS BOREHOLE LOG
\ L OTECHNICAL TESTING SERVICES Borehole no. 7

Sheet no. 1 of 1

PO Box 13, Strathdale 3550 Jobno. 18C 0523
Ph (03) 54414881 Fax (03) 5441 5089
Client : Greater Shepparton City Council Date: 26/06/2018
Project : North East Growth Corridor Logged by: BB
Location : Shepparton
Drill model : Gemco HS7 Slope 90 deg RL surface: Not measured
Hole diameter :  100mm Bearing - deg Datum :
N
S, 2|8 =i
. - Depth [ 2| 2| 8 S % Structure, additional Notes 2[8
Material Description (m) L13| e % g observations Samples HiEs
Sl=|z2(3° Tests [=|a
O EO é
Sandy CLAY (CL), low plasticity, mottled | M F
brown/orange, fine to medium sand _____---- B
Silty CLAY (CH), high plasticity, red/brown | M | VSt
800mm
Sandy CLAY (Cl), medium plasticity, orange/| 1.00 M | St
brown, fine sand B
n Sample
n 0.8-2.0m
[ 2.00
[ 3.00
3600mm|
Clayey SAND (SW), fine to medium, orange/ | M | MD
brown, medium plasticity fines 4.00
| Sample
| 3.6-4.8m
4800mm |
Sandy Silty CLAY (Cl), medium plasticity, 5.00 M | St
dark brown, fine to medium sand |
| Sample
B 4.8-6.0m
6000mm| 6.00
BH7 terminated at 6.0m |
[ 7.00
| 8.00




GEOTECHNICAL
INVESTIGATION

CLIENT: GREATER SHEPPARTON CITY COUNCIL

PROJECT: NORTH EAST GROWTH CORRIDOR
SHEPPARTON

APPROXIMATE LOCATIONS
NOT TO SCALE

GTS REF: 18C 0523

DATE: 29 JUNE 2018
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APPENDIX F — CATCHMENT STORAGE CALCULATIONS

NORTH EAST GROWTH CORRIDOR
DRAINAGE STRATEGY PEER REVIEW 33



NEGC Catchment 1 - 100yr Storage Estimation

Calculation in accordance with Swinburne Institute of Technology 1987

Onsite storage calculation

Input data from calcs/external source
Calculated data

ARI

a

b

Cc

d

e

f

9

100] 3.815643[-6.68E-01] -3.94E-02 | 8.35E-03 | 1.09E-03 [-1.88E-04] -4.00E-05]

S

Project No.:

Project:
Designed:
Date:

lnre

305578
NEGC

A. Scott
20/06/2018

Ref: Shepp IFD Data
Qa Peak inflow for design storm. (L/s) (Calculated for a given td)
Qpl Peak permitted controlled outflow to drainage system (m3/s)
Qp2 Outflow to main drain at commencement of above ground storage or the capacity of the outfall drain running full. (m3/s)
Where Qp2 = 0.8 Qp1 approx
ts Site time of concentration usually 6 mins (mins)
td Duration of critical storm (mins)
Vs Volume of on site storage needed (cubic metres)
A Area of catchment (ha)
clo Coefficient of runoff (for 10 year ARI)
| Intensity (design year ARI corresponding to td)
MAX  31276.1
| ari c100 A Ae Qa Qpl Qp2 ts td Vs Check
160.965 0.73 37.1 27.083 12.110 0.000 0.000 6.00 6.00 4359.4
78.715 0.73 37.1 27.083 5.922 0.000 0.000 6.00 25.00 8882.6 More Storage
51.222 0.73 37.1 27.083 3.853 0.000 0.000 6.00 50.00 11560.3 More Storage
31.979 0.73 37.1 27.083 2.406 0.000 0.000 6.00 100.00 14434.7 More Storage
19.493 0.73 37.1 27.083 1.466 0.000 0.000 6.00 200.00 17597.2 More Storage
14.545 0.73 37.1 27.083 1.094 0.000 0.000 6.00 300.00 19696.0 More Storage
11.828 0.73 37.1 27.083 0.890 0.000 0.000 6.00 400.00 21356.5 More Storage
10.088 0.73 37.1 27.083 0.759 0.000 0.000 6.00 500.00 22768.0 More Storage
8.867 0.73 37.1 27.083 0.667 0.000 0.000 6.00 600.00 24013.4 More Storage
7.955 0.73 37.1 27.083 0.598 0.000 0.000 6.00 700.00 25136.5 More Storage
7.245 0.73 37.1 27.083 0.545 0.000 0.000 6.00 800.00 26163.8 More Storage
6.674 0.73 37.1 27.083 0.502 0.000 0.000 6.00 900.00 27112.7 More Storage
6.202 0.73 37.1 27.083 0.467 0.000 0.000 6.00 1000.00 27995.2 More Storage
5.804 0.73 37.1 27.083 0.437 0.000 0.000 6.00 1100.00 28820.3 More Storage
5.464 0.73 37.1 27.083 0.411 0.000 0.000 6.00 1200.00 29594.7 More Storage
5.168 0.73 37.1 27.083 0.389 0.000 0.000 6.00 1300.00 30323.7 More Storage
4.907 0.73 37.1 27.083 0.369 0.000 0.000 6.00 1400.00 31011.7 More Storage
4.812 0.73 37.1 27.083 0.362 0.000 0.000 6.00 1440.00 31276.1 More Storage



NEGC Catchment 2 - 100yr Storage Estimation

Calculation in accordance with Swinburne Institute of Technology 1987

Onsite storage calculation

Input data from calcs/external source
Calculated data

ARI

a

b

Cc

d

e

f

9

100] 3.815643[-6.68E-01] -3.94E-02 | 8.35E-03 | 1.09E-03 [-1.88E-04] -4.00E-05]

S

Project No.:

Project:
Designed:
Date:

lnre

305578
NEGC

A. Scott
20/06/2018

Ref: Shepp IFD Data
Qa Peak inflow for design storm. (L/s) (Calculated for a given td)
Qpl Peak permitted controlled outflow to drainage system (m3/s)
Qp2 Outflow to main drain at commencement of above ground storage or the capacity of the outfall drain running full. (m3/s)
Where Qp2 = 0.8 Qp1 approx
ts Site time of concentration usually 6 mins (mins)
td Duration of critical storm (mins)
Vs Volume of on site storage needed (cubic metres)
A Area of catchment (ha)
clo Coefficient of runoff (for 10 year ARI)
| Intensity (design year ARI corresponding to td)
MAX  31276.1
| ari c100 A Ae Qa Qpl Qp2 ts td Vs Check
160.965 0.73 37.1 27.083 12.110 0.000 0.000 6.00 6.00 4359.4
78.715 0.73 37.1 27.083 5.922 0.000 0.000 6.00 25.00 8882.6 More Storage
51.222 0.73 37.1 27.083 3.853 0.000 0.000 6.00 50.00 11560.3 More Storage
31.979 0.73 37.1 27.083 2.406 0.000 0.000 6.00 100.00 14434.7 More Storage
19.493 0.73 37.1 27.083 1.466 0.000 0.000 6.00 200.00 17597.2 More Storage
14.545 0.73 37.1 27.083 1.094 0.000 0.000 6.00 300.00 19696.0 More Storage
11.828 0.73 37.1 27.083 0.890 0.000 0.000 6.00 400.00 21356.5 More Storage
10.088 0.73 37.1 27.083 0.759 0.000 0.000 6.00 500.00 22768.0 More Storage
8.867 0.73 37.1 27.083 0.667 0.000 0.000 6.00 600.00 24013.4 More Storage
7.955 0.73 37.1 27.083 0.598 0.000 0.000 6.00 700.00 25136.5 More Storage
7.245 0.73 37.1 27.083 0.545 0.000 0.000 6.00 800.00 26163.8 More Storage
6.674 0.73 37.1 27.083 0.502 0.000 0.000 6.00 900.00 27112.7 More Storage
6.202 0.73 37.1 27.083 0.467 0.000 0.000 6.00 1000.00 27995.2 More Storage
5.804 0.73 37.1 27.083 0.437 0.000 0.000 6.00 1100.00 28820.3 More Storage
5.464 0.73 37.1 27.083 0.411 0.000 0.000 6.00 1200.00 29594.7 More Storage
5.168 0.73 37.1 27.083 0.389 0.000 0.000 6.00 1300.00 30323.7 More Storage
4.907 0.73 37.1 27.083 0.369 0.000 0.000 6.00 1400.00 31011.7 More Storage
4.812 0.73 37.1 27.083 0.362 0.000 0.000 6.00 1440.00 31276.1 More Storage



NEGC Catchment 3 - 100yr Storage Estimation

Calculation in accordance with Swinburne Institute of Technology 1987

Onsite storage calculation

Input data from calcs/external source
Calculated data

ARI

a

b

Cc

d

e

f

9

100] 3.815643[-6.68E-01] -3.94E-02 | 8.35E-03 | 1.09E-03 [-1.88E-04] -4.00E-05]

S

Project No.:

Project:
Designed:
Date:

lnre

305578
NEGC

A. Scott
22/06/2018

Ref: Shepp IFD Data
Qa Peak inflow for design storm. (L/s) (Calculated for a given td)
Qpl Peak permitted controlled outflow to drainage system (m3/s)
Qp2 Outflow to main drain at commencement of above ground storage or the capacity of the outfall drain running full. (m3/s)
Where Qp2 = 0.8 Qp1 approx
ts Site time of concentration usually 6 mins (mins)
td Duration of critical storm (mins)
Vs Volume of on site storage needed (cubic metres)
A Area of catchment (ha)
clo Coefficient of runoff (for 10 year ARI)
| Intensity (design year ARI corresponding to td)
MAX  46450.5
| ari c100 A Ae Qa Qpl Qp2 ts td Vs Check
160.965 0.73 55.1 40.223 17.985 0.000 0.000 6.00 6.00 6474.5
78.715 0.73 55.1 40.223 8.795 0.000 0.000 6.00 25.00 13192.3 More Storage
51.222 0.73 55.1 40.223 5.723 0.000 0.000 6.00 50.00 17169.1 More Storage
31.979 0.73 55.1 40.223 3.573 0.000 0.000 6.00 100.00 21438.1 More Storage
19.493 0.73 55.1 40.223 2.178 0.000 0.000 6.00 200.00 26135.0 More Storage
14.545 0.73 55.1 40.223 1.625 0.000 0.000 6.00 300.00 29252.0 More Storage
11.828 0.73 55.1 40.223 1.322 0.000 0.000 6.00 400.00 31718.2 More Storage
10.088 0.73 55.1 40.223 1.127 0.000 0.000 6.00 500.00 33814.5 More Storage
8.867 0.73 55.1 40.223 0.991 0.000 0.000 6.00 600.00 35664.1 More Storage
7.955 0.73 55.1 40.223 0.889 0.000 0.000 6.00 700.00 37332.1 More Storage
7.245 0.73 55.1 40.223 0.810 0.000 0.000 6.00 800.00 38857.8 More Storage
6.674 0.73 55.1 40.223 0.746 0.000 0.000 6.00 900.00 40267.1 More Storage
6.202 0.73 55.1 40.223 0.693 0.000 0.000 6.00 1000.00 41577.8 More Storage
5.804 0.73 55.1 40.223 0.649 0.000 0.000 6.00 1100.00 42803.2 More Storage
5.464 0.73 55.1 40.223 0.610 0.000 0.000 6.00 1200.00 43953.4 More Storage
5.168 0.73 55.1 40.223 0.577 0.000 0.000 6.00 1300.00 45036.1 More Storage
4.907 0.73 55.1 40.223 0.548 0.000 0.000 6.00 1400.00 46057.7 More Storage
4.812 0.73 55.1 40.223 0.538 0.000 0.000 6.00 1440.00 46450.5 More Storage



NEGC Catchment 4 - 100yr Storage Estimation

Calculation in accordance with Swinburne Institute of Technology 1987

Onsite storage calculation

Input data from calcs/external source
Calculated data

ARI

a

b

Cc

d

e

f

9

100] 3.815643[-6.68E-01] -3.94E-02 | 8.35E-03 | 1.09E-03 [-1.88E-04]-4.00E-05]

S

Project No.:

Project:
Designed:
Date:

lnre

305578
NEGC

A. Scott
20/06/2018

Ref: Shepp IFD Data
Qa Peak inflow for design storm. (L/s) (Calculated for a given td)
Qpl Peak permitted controlled outflow to drainage system (m3/s)
Qp2 Outflow to main drain at commencement of above ground storage or the capacity of the outfall drain running full. (m3/s)
Where Qp2 = 0.8 Qp1 approx
ts Site time of concentration usually 6 mins (mins)
td Duration of critical storm (mins)
Vs Volume of on site storage needed (cubic metres)
A Area of catchment (ha)
clo Coefficient of runoff (for 10 year ARI)
| Intensity (design year ARI corresponding to td)
MAX  40127.9
| ari c100 A Ae Qa Qpl Qp2 ts td Vs Check
160.965 0.73 47.6 34.748 15.537 0.000 0.000 6.00 6.00 5593.2
78.715 0.73 47.6 34.748 7.598 0.000 0.000 6.00 25.00 11396.6 More Storage
51.222 0.73 47.6 34.748 4.944 0.000 0.000 6.00 50.00 14832.1 More Storage
31.979 0.73 47.6 34.748 3.087 0.000 0.000 6.00 100.00 18520.0 More Storage
19.493 0.73 47.6 34.748 1.881 0.000 0.000 6.00 200.00 22577.6 More Storage
14.545 0.73 47.6 34.748 1.404 0.000 0.000 6.00 300.00 25270.4 More Storage
11.828 0.73 47.6 34.748 1.142 0.000 0.000 6.00 400.00 27400.8 More Storage
10.088 0.73 47.6 34.748 0.974 0.000 0.000 6.00 500.00 29211.8 More Storage
8.867 0.73 47.6 34.748 0.856 0.000 0.000 6.00 600.00 30809.6 More Storage
7.955 0.73 47.6 34.748 0.768 0.000 0.000 6.00 700.00 32250.6 More Storage
7.245 0.73 47.6 34.748 0.699 0.000 0.000 6.00 800.00 33568.6 More Storage
6.674 0.73 47.6 34.748 0.644 0.000 0.000 6.00 900.00 34786.1 More Storage
6.202 0.73 47.6 34.748 0.599 0.000 0.000 6.00 1000.00 35918.4 More Storage
5.804 0.73 47.6 34.748 0.560 0.000 0.000 6.00 1100.00 36977.0 More Storage
5.464 0.73 47.6 34.748 0.527 0.000 0.000 6.00 1200.00 37970.6 More Storage
5.168 0.73 47.6 34.748 0.499 0.000 0.000 6.00 1300.00 38905.9 More Storage
4.907 0.73 47.6 34.748 0.474 0.000 0.000 6.00 1400.00 39788.5 More Storage
4.812 0.73 47.6 34.748 0.464 0.000 0.000 6.00 1440.00 40127.9 More Storage
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APPENDIX G — SUB-CATCHMENT PIPE CALCULATIONS

NORTH EAST GROWTH CORRIDOR
DRAINAGE STRATEGY PEER REVIEW 34



North East Growth Corridor
Inlet Pipe Calculations

Rev 1.0
1A
AREA CofR AE TC FNT ARI Qact Q3month Diam ROUGH |SLOPE |Qfull Viull Qa/Qf
(ha) (ha) (min) |(mm/hr) |(yr) (L/sec) (L/sec) (mm) n (L/sec) |(m/s)

18.6 0.73 13.578 17| 51.89781 5 1957.41 391.48 1350 0.013 400| 2667.35 1.86 0.73]
1B
AREA CofR AE TC FNT ARI Qact Q3month Diam ROUGH [SLOPE |Qfull Viull Qa/Qf
(ha) (ha) (min) |(mm/hr) (yr) (L/sec) (L/sec) (mm) n (L/sec) [(m/s)

18.5 0.73 13.505 19| 49.36418 5 1851.84 370.37 1350 0.013 400| 2667.35 1.86 0.69
2A
AREA CofR AE TC FNT ARI Qact Q3month Diam ROUGH |SLOPE |Qfull Viull Qa/Qf
(ha) (ha) (min) |(mm/hr) |(yr) (L/sec) (L/sec) (mm) n (L/sec) |(m/s)

18.6 0.73 13.578 18| 50.89523 5] 1919.60 383.92 1350 0.013 400| 2667.35 1.86 0.72
2B
AREA CofR AE TC FNT ARI Qact Q3month Diam ROUGH |[SLOPE |Qfull Viull Qa/Qf
(ha) (ha) (min) |(mm/hr) (yr) (L/sec) (L/sec) (mm) n (L/sec) [(m/s)

18.5 0.73 13.505 17| 52.68282 5 1976.34 395.27 1350 0.013 400| 2667.35 1.86 0.74
3A
AREA CofR AE TC FNT ARI Qact Q3month Diam ROUGH |SLOPE |Qfull Viull Qa/Qf
(ha) (ha) (min) |(mm/hr) |(yr) (L/sec) (L/sec) (mm) n (L/sec) |(m/s)

12.3 0.73 8.979 16| 53.49824 5 1334.34 266.87 1200 0.013 400| 1948.38 1.72 0.68!
3B
AREA CofR AE TC FNT ARI Qact Q3month Diam ROUGH [SLOPE |Qfull Viull Qa/Qf
(ha) (ha) (min) |(mm/hr) (yr) (L/sec) (L/sec) (mm) n (L/sec) [(m/s)

12.3 0.73 8.979 17| 52.28663 5 1304.12 260.82 1200 0.013 400| 1948.38 1.72 0.67
3C
AREA CofR AE TC FNT ARI Qact Q3month Diam ROUGH |SLOPE |Qfull Viull Qa/Qf
(ha) (ha) (min) |(mm/hr) |(yr) (L/sec) (L/sec) (mm) n (L/sec) |(m/s)

16.7 0.73 12.191 17| 52.15621 5 1766.21 353.24 1200 0.013 400| 1948.38 1.72 0.91
3D
AREA CofR AE TC FNT ARI Qact Q3month Diam ROUGH [SLOPE |Qfull Viull Qa/Qf
(ha) (ha) (min) |(mm/hr) (yr) (L/sec) (L/sec) (mm) n (L/sec) [(m/s)

13.8 0.73 10.074 19| 49.13864 5 1375.06 275.01 1200 0.013 400| 1948.38 1.72 0.71
4A
AREA CofR AE TC FNT ARI Qact Q3month Diam ROUGH |SLOPE |Qfull Viull Qa/Qf
(ha) (ha) (min) |(mm/hr) |(yr) (L/sec) (L/sec) (mm) n (L/sec) |(m/s)

9.6 0.73 7.008 18| 51.26551 5] 997.97 199.59 1050 0.013 400| 1364.67 1.58 0.73]

4B
AREA CofR AE TC FNT ARI Qact Q3month Diam ROUGH [SLOPE |Qfull Viull Qa/Qf
(ha) (ha) (min) [(mm/hr) J(yr) (L/sec) (L/sec) (mm) n (L/sec) |(m/s)

15.7 0.73 11.461 20| 47.62794 5 1516.29 303.26 1200 0.013 400| 1948.38 1.72 0.78
4C
AREA CofR AE TC FNT ARI Qact Q3month Diam ROUGH |SLOPE |Qfull Viull Qa/Qf
(ha) (ha) (min) |(mm/hr) |(yr) (L/sec) (L/sec) (mm) n (L/sec) |(m/s)

11.3 0.73 8.249 16| 53.22293 5 1219.54 243.91 1050 0.013 400| 1364.67 1.58 0.89!
4D
AREA CofR AE TC FNT ARI Qact Q3month Diam ROUGH [SLOPE |Qfull Viull Qa/Qf
(ha) (ha) (min) |(mm/hr) (yr) (L/sec) (L/sec) (mm) n (L/sec) [(m/s)

11.1 0.73 8.103 14| 57.77233 5 1300.36 260.07 1200 0.013 400| 1948.38 1.72 0.67
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APPENDIX H - MUSIC TREATMENT TRAIN

NORTH EAST GROWTH CORRIDOR
DRAINAGE STRATEGY PEER REVIEW 35



BASIN 1 - MUSIC MODEL

| Catchmen

Sedimentation Basin

|
|
|

t [Mixed)

Raingarden

ceiving Node

R

Wizard - Page 1 of 5 = Properties of Sedimentation Basin =
Location |Catchment = ]S Jmertation Basin
rees ~Inlet P
Total Area tha) Zoning/Suface Type: Low Flow By-pass (cubic metres per sec) 0.00000
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i
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Equivalent Pipe Diameter (mm) 180
RO Overflow Weir Width (metres) 4.0
L Notional Detertion Time (hrs) 2.26
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Fluxes... Notes. | Jefine Custt tflow and Storage I Not Define
[~ import Fow
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Properties of Raingarden b3
Location |Ra‘nga'den
rInlet Properties Lining Properti
Low Flow By pass (cubic metres per sec) o000 Is Base Lined? [~ Yes [ Mo
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[Sorage Prop @ Vi d with Effective Nutrient Removal Plarts
Extended Detention Depth {metres) Jo30
Surface Area (square metres) IGOD.DD (" Vegetated with Ineffective Nutrient Removal Plants
i~Fitter and Media Prop (" Unvegetated
Fiter Area (square metres) IGOD.BD
Unlined Fitter Media Perimeter (metres) [130.00 EREE DR
Overflow Weir Width (metres) 2.00
Saturated Hydraulic Conductivity (mm./hour) |15{],{I0
Fiter Depth (metres) [os0 Lderdrain Freesnkt? [# Yes [ Mo
TN Content of Filter Media {mg/kg) [eco Submerged Zone With Carbon Present? [~ Yes [v No
Orthophosphate Content of Fitter Media {mg/kg) |55.D Dest G
Infitration Properties
Bditration Rate {mm/hr) 0.00 Fluxes... Notes | More |
LA | ,.Z n || ' Fiish |
Treatment Train Effectiveness - Receiving Node
Sources Residual Load % Reduction
Flow (ML/yr) 102 100 1.8
Total Suspended Solids (kg/yr) 20800 3640 82.5
Total Phosphorus (kg/yr) 43.3 18.3 57.6
Total Nitrogen (kg/yr) 296 158 46.4
Gross Pollutants (kg/yr) 4420 99.5 97.7
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Project Name

Project ID 305578
Designer R Carnegie
Date 29/06/2018

North East Growth Corridor - Basin 1

[Sedimentation Basin Sizing Calculation

The purpose of this tool is to check potential sediment basin areas against design criteria and practical constructability. Only cells coloured green should be edited unless the designer has justification for altering other parameters.

Catchment Name A General fraction impervious 0.75
Catchment Area (ha) 37.1
Sed basin surface area 870 m* |Sed pond OK? | Yesl
Design Outcomes Design Flows Sediment Basin Sizing Parameters Comment
Sediment Capture Q100 9.25 m%s  Settling Velocity of Target Sediment 1 mm/s
Capture efficiency® 98.33% Q5 372 m%s  Hydraulic Efficiency (A) 0.41
Qi 185 m*s  Permanent Pool Depth, d, 1.5 m As per guidelines. Can potentially be increased to 2.0m.
Storage Q3-month/Design flow 0.740 m*s  Extended detention depth, d, 0.5 m As per DtC guidelines. With IFD can be increased to a max of 0.50m.
Storage volume required 297 m* Number of CSTR's, n 1.69 Round to nearest whole number for MUSIC
Depth below permanent pool that is sufficient to retain sediment,
Available storage volume® 305 m° d* 1.00 m As per MWC advice
PP volume* 622 m® Sediment Loading Rate, L, 16 m®/halyr
Desired clean-out frequency, F, 5 years 3-5 years is the preferred range
Surface area - Sediment Pond® Assumed L:W ratio of basin 2 al 2-3:1 should provide efficient area with acceptable hydraulic performance
Length at NWL 42 m Batter slope of sed basin edge (1 in x) to 350mm below NWL 8 Either 1:8 (safety batter) or 1:3 (impenetrable planting) acceptable (per DtC)
Width at NWL 21 m Batter slope of edge (1 in x) from 350mm below NWL 3 As per DtC guidelines.
Sediment dry-out area 594 m? Batter slope of edge (1 in x) from NWL to EDD 5 Either 1:5 (safety batter) or 1:3 (impenetrable planting) acceptable (per DtC)
MWC permissible 'PP' depth 0.5 m Top 500mm of basin not to be counted as sediment storage.
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Item

1.1

1.2

13

1.4

15

1.6

2.1

2.1.1

2.1.2

2.1.3

2.1.4

2.2

2.2.1

2.2.2

2.2.3

2.3

23.1

2.3.2

2.4

Description

WORKS

CATCHMENT 1 BASIN COSTS

SITEWORKS AND EARTHWORKS

Site preparation

Stripping of topsoil

Basin excavation

Sedimentation Pond and Bio

Retention Excavation

Final Trimming and Shaping
Topsoil replacement
DRAINAGE STRUCTURES
DRAINAGE PIPES

300dia. RCP

675dia. RCP

1050dia. RCP

1200dia. RCP

DRAINAGE PITS

Diversion Pit

600x600 Grated Junction Pit
900x900 Grated Junction Pit
HEADWALLS

1050dia

1200dia

BIO RETENTION AREA

Quantity  Unit Rate
S
Item
20300 m2 $0.25
56000 m3 $5.00
1230 m3 S10

1 Item $10,000
20300 m2 $0.50
50 LM $150
11 LM $290
25 LM S$590
15 LM $650

1 No. $20,000

1 No. $2,000

2 No. $2,500

1 No. $6,000

1 No. $7,000

Amount

$

$5,075
$280,000

$12,300

$10,000

$10,150

$7,500
$3,190
$14,750

$9,750

$20,000
$2,000

$5,000

$6,000

$7,000

Comments

Refer to item
4.6.



241

2.4.2

2.4.3

3.1

3.2

3.3

3.4

4.1

4.2

4.3

4.4

4.5

4.6

4.7

150dia. slotted pipe including filter
media 0.5m deep

Permeable liner

Fitting, risers, non-return valves,
etc

MISCELLANEOUS
General Rock work (150dia.)

Sedimentation Pond Rockwork
Base (300dia.)

Sedimentation Pond Clay Lining
Concrete Access Track
SUB-TOTAL WORKS

DELIVERY

Council Fees

Traffic Management
Environmental Management
Survey & Design

Supervision & Project Management
Site Establishment
Contingency

SUB-TOTAL DELIVERY

TOTAL ESTIMATED COST

600

750

670

330

860

250

3.25

5.00

0.50

10.00

5.00

2.50

15.0

m2

m2

item

m2

m2

m2

m2

%

%

%

%

%

%

%

$90

S7

$5,000

$40

$90

$10

$80

$54,000

$5,250

$5,000

$26,800

$29,700

$8,600
$20,000

$542,065

$17,617
$27,103
$2,710
$54,207
$27,103
$13,552
$81,310
$223,602

$765,667



Item

11

1.2

13

1.4

1.6

1.7

1.8

1.9

2.1

2.2

2.3

2.4

2.5

2.6

2.7

OUTFALL INFRASTRUCTURE COSTS — CATCHMENT 1

Description

WORKS

PUMPSTATION WORKS AND
RISING MAIN WORKS

Stormwater Pump Station

Pump Station Installation

Pump Station Electrical Supply

160dia. Rising Main (100%)
Including flow control cable
250dia. Rising Main (40%)

Including flow control cable

Dispersion Pit for Outlet
Rock Beaching in Drain
Rising Main Fittings
SUB-TOTAL WORKS
DELIVERY

Council Fees

Traffic Management
Environmental Management

Survey & Design

Supervision & Project Management

Site Establishment
Contingency
SUB-TOTAL DELIVERY

TOTAL ESTIMATED COST

Quantity

1

250

960 x 40%

0.5
0.5

1

3.25
5.00
0.50
10.00
5.00
2.50

15.0

Unit

Item

Item

Item

LM

LM

Item

item

item

%

%

%

%

%

%

%

Rate

$

$140,000

$50,000

$10,000
$100

$140

$10,000
$2500

$10,000

Amount

$

$140,000
$50,000
$10,000
$25,000

$53,760

$5,000
$1,250
$10,000

$295,010

$9,588
$14,751

$1,475
$29,501
$14,751

$7,376
$44,252
$121,694

$416,704

Comments

Part share with
catchment 3.



Item

11

1.2

13

1.4

15

1.6

1.7

2.1

2.2

2.3

2.4

2.5

2.6

2.7

OUTFALL INFRASTRUCTURE COSTS — CATCHMENT 2

Description

WORKS

PUMPSTATION WORKS AND
RISING MAIN WORKS

Stormwater Pump Station
Pump Station Installation
Pump Station Electrical Supply
160dia. Rising Main (100%)
Including flow control cable
Dispersion Pit for Outlet
Rock Beaching in Drain
Rising Main Fittings
SUB-TOTAL WORKS
DELIVERY

Council Fees

Traffic Management

Environmental Management

Survey & Design

Supervision & Project Management

Site Establishment
Contingency
SUB-TOTAL DELIVERY

TOTAL ESTIMATED COST

Quantity

600

0.5

0.5

3.25
5.00
0.50
10.00
5.00
2.50

15.0

Unit

Item

Item

Item

LM

Item

item

item

%

%

%

%

%

%

%

Rate

$

$140,000
$50,000
$10,000
$100
$10,000
$2500

$10,000

Amount

$

$140,000
$50,000
$10,000
$60,000
$5,000
$1,250
$10,000

$276,250

$8,978
$13,813

$1,381
$27,625
$13,813

$6,906
541,438
$113,954

$390,204

Comments



Item

11

1.2

13

1.4

15

1.6

1.7

1.8

2.1

2.2

2.3

2.4

2.5

2.6

2.7

OUTFALL INFRASTRUCTURE COSTS — CATCHMENT 3

Description

WORKS

PUMPSTATION WORKS AND
RISING MAIN WORKS

Stormwater Pump Station

Pump Station Installation

Pump Station Electrical Supply

200dia. Rising Main (100%)
Including flow control cable
250dia. Rising Main (60%)

Including flow control cable

Dispersion Pit for Outlet
Rock Beaching in Drain
Rising Main Fittings
SUB-TOTAL WORKS
DELIVERY

Council Fees

Traffic Management
Environmental Management

Survey & Design

Supervision & Project Management

Site Establishment
Contingency
SUB-TOTAL DELIVERY

TOTAL ESTIMATED COST

Quantity

1

890

960 x 60%

0.5
0.5

1

3.25
5.00
0.50
10.00
5.00
2.50

15.0

Unit

Item

Item

Item

LM

LM

Item

item

item

%

%

%

%

%

%

%

Rate

$

$140,000

$50,000

$10,000
$120

$140

$10,000
$2500

$10,000

Amount

$

$140,000
$50,000
$10,000
$106,800

$80,640

$5,000
$1,250
$10,000

$403,690

$13,120
$20,185
$2,018
$40,369
$20,185
$10,092
$60,554
$166,523

$570,213

Comments

Part share with
catchment 1.
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11

1.2

13

1.4

15

1.6

1.7

2.1

2.2

2.3

2.4

2.5

2.6

2.7

OUTFALL INFRASTRUCTURE COSTS — CATCHMENT 4

Description

WORKS

PUMPSTATION WORKS AND
RISING MAIN WORKS

Stormwater Pump Station
Pump Station Installation
Pump Station Electrical Supply
200dia. Rising Main (100%)
Including flow control cable
Dispersion Pit for Outlet

Rock Beaching in Drain

Rising Main Fittings
SUB-TOTAL WORKS
DELIVERY

Council Fees

Traffic Management
Environmental Management
Survey & Design

Supervision & Project Management
Site Establishment
Contingency

SUB-TOTAL DELIVERY

TOTAL ESTIMATED COST

Quantity

310

0.5

0.5

3.25

5.00

0.50

10.00

5.00

2.50

15.0

Unit

Item

Item

Item

LM

Item

item

item

%

%

%

%

%

%

Rate

$

$140,000
$50,000
$10,000
$120
$10,000
$2500

$10,000

Amount Comments

$

$140,000
$50,000
$10,000
$37,200
$5,000
$1,250
$10,000

$253,450

$8,237
$12,673

$1,267
$25,346
$12,673

$6,337
$38,019
$104,552

$358,002



spiire

ALBURY | BENDIGO | CANBERRA | GEELONG | MELBOURNE | SHEPPARTON



	G04 001 NEGC Drainage Peer Review Rev A (No Appendices)
	Drainage-Strategy-Reeds-Pty-Ltd-July-2014.compressed Max Compression
	G04 001 NEGC Drainage Peer Review Rev A (No Appendices)
	21656_1Q1C.compressed
	Retarding Basin 150721(Revision C) (1)
	Worksheets
	RB & W Comps


	G04 001 NEGC Drainage Peer Review Rev A (No Appendices)
	drainage basin.compressed
	G04 001 NEGC Drainage Peer Review Rev A (No Appendices)
	305578CD200 - Catchment Plan
	G04 001 NEGC Drainage Peer Review Rev A (No Appendices)
	18C 0523 Prelim Logs.compressed
	G04 001 NEGC Drainage Peer Review Rev A (No Appendices)
	G04 001 On Site Storage Calcs 
	G04 001 NEGC Drainage Peer Review Rev A (No Appendices)
	G04 002 ALL DRAINAGE CALS1 - Outfall pipes
	G04 001 NEGC Drainage Peer Review Rev A (No Appendices)
	W_MOD_305578_1_Results
	G04 001 NEGC Drainage Peer Review Rev A (No Appendices)
	W_CAL_305578_1_Sed Pond v2
	G04 001 NEGC Drainage Peer Review Rev A (No Appendices)
	305578CD201 - Basin 1
	G04 001 NEGC Drainage Peer Review Rev A (No Appendices)
	305578-NEGC-Catchment-1-Basin-Cost-Estimates-Rev-1
	305578-NEGC-Outfall-Infrastructure-Cost-Estimates-Rev-1
	Spiire last page

