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: Introduction

Brown Consulting (Qld) Pty Ltd has been commissioned by Gracemere Industry Park Pty Ltd to prepare a Stormwater
Management Plan (SMP) for the Gracemere Industrial Area, east of the Gracemere Overpass. This report investigates
the impacts of existing infrastructure under two scenarios:

» Development of 245 Somerset Road (Lots 2 and 50 on SP260358); and
Development of future industrial land on the eastern side of the Gracemere Overpass.

This report has also been prepared to address item 1 of Rockhampton Regional Councils (RCC) Information Request
dated 12 November 2013 for the 245 Somerset Road development.

Issue C of this report provides further clarification of percentage impervious values adopted for developed
hydrological analysis, refer to Section 3.3 for details.

1.3 Scope of this Report

This SMP addresses the management of stormwater quality and quantity during the operational phase of the
development. Best Practise Water Sensitive Urban Design (WSUD) measures have been adopted for the management
of stormwater runoff from the site.

This report demonstrates that the requirements of Rockhampton Regional Council {RRC), the Queensland Urbaon
Drainage Manual Third Edition 2013 Provisional (QUDM, 2013) and State Planning Policy (2013) can be achieved in
terms of stormwater management.

B13313.W-01D — Regional Stormwater Management Plan | Gracemere Industrial Area
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2. Site Characteristics

2.1 Location

Located within the suburb of Gracemere within the Rockhampton Regional Council (RRC) local government area, the site
has real property descriptions of Lot 2 and Lot 50 on SP260358. The site of approximately 21.8ha extends South East from
Somerset Road which is its only current access point. Figure 2.1 below shows the approximate location of the site.

 Adjoining Future
Pevelopment

Figure 2.1: Approximate Site Location (Google Earth)

&2 Existing Topography, Drainage and Vegetation

From topographical information available, the site is part of a catchment that drains roughly North West and has a
discharge location on the western side of the Gracemere Industrial Access Road overpass. Once discharged at this
location the water enters a culvert on the adjacent side of the Capricorn Highway, eventually draining to Neerkol {
Creek.

Being located towards the outskirts of Gracemere the site is surrounded by acreage properties. Currently the majority
of the land is open grassed areas with some existing vegetation.

The site itself consists mainly of grassed areas similar to its surroundings and also contains two small dams.

813313 W-010 —Regional Stormwater Management Plan | Grac re industrial Area
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3. Hydrology

Hydrological analysis has been undertaken to determine the impact of the site development and surrounding
industrial development east of the Somerset Connection Road overpass on the existing culverts discharging under the
Central Rail line and the Capricorn Highway. The analysis undertaken involved the following:

Determining the catchment area to the culverts under the Capricorn Highway;
Developing a Watershed Bounded Network Model (WBNM) to determine existing flows;
Comparison of the WBNM flows with the Gracemere Catchments Flood Study (Aurecon, 2012); and

» Modelling of the site and surrounding area developed as proposed to determine changes in flow.

3.1 Catchments

The catchment to the Capricorn Highway was determined based on a digital terrain model (DTM) provided by RRC.
Drawing No. B13313.W-F001 in Appendix B shows the existing catchments boundaries. Areas for each sub-catchments
are shown within Table 3.1 below. Percent impervious values were adopted generally in accordance with Aurecon
2012, however a higher values has been adopted for some catchments based on the existing landuse within the sub-
catchment.

Table 3.1: Existing Catchment Parameters

Subcatchment Area (ha)

502 | 23.50 5%

5040 320 0%

505 | 203 | 10%

506 40.80 5%

i ‘53“7_'!”  96.66 ‘ 5%

s08 33 %

509 6203 2%

; el & 0%
~ s15| 4504 2%
520, 6467 5%

521 77.36 5%

522 | 2384 2%

~ s23|  1096| 5%
L el UBERYT AR

3.2 Existing Scenario WBNM Analysis

Modelling of the existing scenario peak flows for the 1 to 100 year ARI events for the 45 to 270 minute duration storms
for all catchments has been undertaken using WBNM. WBNM is an advanced Windows based hydrological software
package for simulation of runoff from natural and partially developed urban catchments. The flows generated by the
WBNM model were compared to the flows determined by Aurecon 2012 at the Capricorn Highway Culverts.

B13313.W-01D — Regional Stormwater Management Plan | Gracemere Industrial Area
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32.1 Losses/Model Parameters

Initial and continuing losses were initially selected in accordance with Table 6.6 of AR&R (1987). The model was
calibrated by adjusting the losses and Lag Parameter (C) values. The following parameters were adopted for the

WBNM model for all sub-catchments:
» CValue of 1.8;

» Initial Loss of 30mm; and

» Continuing Loss of 2.5 mm/hr

These values are within the ranges specified by AR&R and the WBNM User Guide. A 30mm initial loss was adopted in

order to verify that the flows produced by WBNM were similar to the flows produced by the Queensland Rational
Method (QRM).

3.2.2 Rainfall Data

Design storm rainfall hydrographs were generated in WBNM using the Log Normal intensities and Geographical
Factors for Rockhampton Regional Council.

3.2.3  Existing Scenario Results

The existing scenario WBNM results for flows discharging to the Capricorn Highway are shown in Table 3.2 below. A
comparison of the WBNM flows and the Aurecon 2012 flows is also provided. An additional verification to the
Queensland Rational Method was also undertaken. Refer to Appendix B for details of the QRM calculations.

Table 3.2: Existing WBNM Results
AR | WM (/e Aurecon (me/sr [ /)
1 SR 4312

2 e s B

5 | 29.10 | 26.09

B Gk 3340 3127
& 39.00 | 38.28
BRIl S
T00| 6020  59.10

As shown the WBNM results are generally similar to both the Aurecon 2012 and the QRM results. It is noted that the
WBNM flows for the 1 and 2 year ARI events are lower than the QRM, this may be due to the QRM over estimating
flows for the lower recurrence intervals events. Flows for the 100 year ARI events are similar across all three
methodologies. Therefore the WBNM configuration is considered to be appropriate.

3.3 Developed WBNM Analysis

The following two scenarios have been modelled to determine the impact of the developments of the site and the
industrial area east of the Somerset Connection Road Overpass:

» Scenario A: Development of the Site Only; and

» Scenario B: Development of the site and industrial areas east of the Somerset Connection Road.

3.3.1 Updated Catchments

Catchments were updated in order to account for the changed in percentage impervious for each modelled scenario.
Routing factors were also updated were applicable to account for reduced flow times through the catchments east of
the Somerset Connection Road Overpass. Table 3.3 shows the revised catchments areas and percent impervious.
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Table 3.3: Developed Scenario Catchment Parameters*

Subcatchment Scenario A Scenario B

Area (ha) % Impervious | Area (ha) ' % Impervious
5022 904  70% 9.04 70%
CorE R SO S T e 70%
506 3852 s%| 3852 70%
Toml| sa2e U@ Ul 12%

*- Modified subcatchments shown only. Total values include all other unmodified subcatchments as per Table 3.1
The following percentages impervious values have been adopted for the developed scenario:
Low Impact Industry Precinct — 80%
»  Medium Impact Industry Precinct — 50%
High Impact Industry Precinct — 30%

The percentage impervious values above are for the landuses shown on the Gracemere Stanwell Zone Precincts Map
shown Appendix A. These values have been adopted based on discussions between Brown Consulting (Jeff Davey)
and Rockhampton Regional Council (undertaken on 18 October 2013). As the exact proportion of each type of
Industrial Precinct is unknown at this time, a percentage impervious value of 70% has been adopted for the industrial
catchments. This value is conservative as it assumes more Low Impact Industry resulting in a higher overall percentage
impervious value. The average percentage impervious of the three types of development is only 53%, whereas 70%
has been modelled. If modelling was undertaken exactly as per the Precinct Plan the percentage impervious values
shown in Table 3.4 would be have been modelled for each sub-catchment.

Table 3.4: Precinct Plan Percentage Impervious

5021 | 72%
e
5023 aa%

506 60%

NOTE: Percentage impervious values are for Scenario B
As the percentage impervious values adopted in Table 3.3 are greater than adopted in the precinct plan they are
considered conservative.

332 Scenario A Results

Scenario A results and comparison to the existing flows at the Capricorn Highway (and rail corridor) are shown within
Table 3.5 below. As shown the development of the proposed site results in no perceivable change in flows at the
Capricorn Highway.

Table 3.5: Scenario A Results at Capricorn Highway / Rail Corridor
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There is no change in peak flow at the Capricorn Highway due to the timing of the hydrograph from the sub-
catchments east of the underpass compared to the remainder of the catchment. As a result of the developed (and
subsequent increase in impervious area) the critical flow time for the sub-catchments east of the highway has reduced,
allowing the peak flow from this catchment to discharge earlier than the peak flow from the remainder of the
catchment. Figure 3.1 below shows the Existing and Scenario A hydrographs at the Capricorn Highway for the critical
duration storm.

100 Y ARI Hydrograph - Capricorn Highway
(120 Minute Duration Storm)

70

60
|
50 \
_ a0 |
" i
= |
E
! 3 —— Existing
* 30 ——Seenario A |
I
|
20 i
10
|
|
€]
0 30 60 90 120 150 180 210 240 20 300 330 360

Time (mins) l{
|

Figure 3.1: Scenario A 100 Year AR| Discharge - Capricorn Highway

Peak flow results at the culverts under Somerset Connection Road are presented in Table 3.6 below. As shown whilst
there is an increase in peak flow the road would remain trafficable during flooding from the catchment east of
Somerset Connection Road.

Table 3.6: Scenario A Results at Somerset Connection Road Culverts
ARI Existing (m3/s) Scenario A {m?*/s)

1| 0886 393 ~ 136% | Culverts Have Capacity
“57 T iae| s 78% GivenstaveCapacty
é‘ zigg - 7@_' ' E_é/s“' Eu!verFsHaveCapauw
_;o"'_ T R e " 60% | CulvertsHaveCapacity
20 | 4,377 12.94 54% | Culverts Have Capacity
T R R U e omi AN OV r0adv.D001
0| ese|  1870|  40% | 130mmflow overroad V.0 008

A 50% blockage scenario was also undertaken to determine if the road will still be trafficable if half the culvert cells
were blocked. It was determined that under 50% blockage conditions in a 100 year ARI event the flow depth over the
road is 0.28m and the Velocity Depth (D.V) product is 0.25. Under 50% culvert blockage conditions the road would
remain trafficable during flooding from the catchment east of Somerset Connection Road.
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Please note that the results presented above are based on flooding from the catchment east of Somerset Connection
Road only. In a 100 year ARI flood event Somerset Connection Road is also impacted by flooding from the main
flowpath and catchment upstream of the Capricorn Highway. As shown on Figure 22 of Aurecon’s Flood Study, the
100 year ARI water surface level upstream of the Capricorn Highway is 18.60m, which results in a flow depth greater
than 0.3m over Somerset Connection Road. Therefore Somerset Connection Road is not trafficable due to backwater
flooding from the main flowpath. Refer to Appendix C for details of the Somerset Connection Road calculations.

3.3.3 Scenario B Results

Scenario B results and comparison to the existing flows at the Capricorn Highway are shown within Table 3.7 below.
As shown the development of the proposed site and surrounding industrial area results in no perceivable change in
flows at the Capricorn Highway.

Table 3.7: Scenario B Results at Capricorn Highway

ARI Existing (m3/s) Scenario B {1’/5_) Difference (%)
| | 5%

3 8.74 | 9.19
z] ST S ]
5| 2470 | 2474 0%
I T T
0 4046 40.50 | %
- 50 T TS
100 | 64.09 63.82 0%

As discussed for Scenario A above there is no perceivable change in flow due to the timing of the hydrograph for the
sub-catchments east of the overpass compared to the remainder of the catchment. Figure 3.2 below shows the 100
year ARI hydrograph for Scenario B and the existing flows at the Capricorn Highway.

100 Y ARI Hydrograph - Capricorn Highway
(120 Minute Duration Storm)
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Figure 3.2: Scenario B 100 Year ARI Discharge - Capricorn Highway
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Peak fiow results at the culverts under Somerset Connection Road are presented in Table 3.8 below. Whilst there has
been an increase in peak flow the culverts under Somerset Connection Road appear to have sufficient capacity to
convey the 100 year ARI flow from the catchment east of Somerset Connection Road.

Table 3.8: Scenario B Results at Somerset Connection Road Culverts

Existing (m?/s) Scenario B (m3/s}r Difference (%) Impact on Culverts
" ; .

0.886 8.48 409%  Culverts Have Capacity
B R e 282% | Culverts Have Capaclty
5 | 2496 14.51 199%  10mm flow over road V.D < 0.01
o 32 170 173% 8ommfow overroad V.D0.04
20 4377 2073 147% 170mm flow over road V.D 0.12
50 | s708| 244 123% 240mm flow over 0adV.D0.20
100 6863 2835 113%  290mm flow over road V. 0.26

A 50% blockage scenario was also undertaken to determine if the road will still be trafficable if half the culvert cells
were blocked. It was determined that under 50% blockage conditions in a 100 year AR| event the flow depth over the (
road is 0.38m and the V.D product is 0.39. However as discussed at the end of Section 3.3.2 Somerset Connection
Road is not trafficable due to backwater flooding from the main flowpath. Providing additional culvert cells will have

little benefit as the road is already flood impacted. Refer to Appendix C for details of the Somerset Connection Road
calculations.

3.4 Waterway Stability Management

As outlined in the SPP (2013) the design objective for waterway stability management is to mitigate the peak 1 year
AR event developed discharge to the pre-developed (existing) peak discharge.

As demonstrated above there will be no significant increase in peak discharge for the 1 year ARl event to the Capricorn

Highway Culverts for either scenario, therefore satisfying the waterway stability management requirements for the
development.

3.5 Channel and Culvert Sizing within the Site

Two channels and two box culvert crossings are proposed to convey flows through the site from the proposed
development and the upstream catchment. The location and sizes of these channels and culverts are shown on
Drawing B13313.W-5K01 in Appendix E.

Manning’s calculations were undertaken in order to determine the channel sizes as indicated in Appendix E. The
assumptions and further details of the manning’s calculations are provided in Appendix C.
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4. Stormwater Quality

It is expected that the proposed development will increase the stormwater pollutants that are exported from the
subject site. A treatment train of suitable Stormwater Quality Improvement Devices (SQIDs) has been proposed to
intercept and capture the pollutants so that the potential impacts on creeks and waterways downstream are
mitigated.

it is therefore important to highlight the following:

» The identification of key stormwater pollutants associated with the development;
The Water Quality Objectives (WQOs) identified for the catchment;
Proposed measures to mitigate the increase in pollutant export; and

» Modelling of the proposed measures and comparison to the identified WQOs.

4.1 Pollutants of Concern

Typical key pollutants expected to be generated during the operational {post-construction) phase of the planned
development are listed as follows, with those presented in capitals being the key pollutants to be targeted for

treatment:
» LITTER »  HEAVY METALS (associated with fine
» SEDIMENT sediments)
Oxygen demanding substances (possibly » Surfactants
present) »  Organochlorines & organophosphates
»  NUTRIENTS (N & P) »  Thermal pollution
» Pathogens / Faecal coliforms »  pH altering substance

»  Hydrocarbons

Only the key pollutants will be further addressed within this report, however the proposed treatment train developed
will adequately mitigate the other pollutant loads. As heavy metals are predominantly associated with fine sediment,
the controls used to reduce the total suspended solids will also adequately reduce loads of heavy metals.

4.2 Water Quality Objectives
The load reduction WQO's presented in Table 4.1 below have been adopted from the SPP (2013).
Table 4.1: Load Reduction Water Quality Objectives

Total Phosphorus | Total Nitrogen | Gross Pollutants

Load Reduction Target 8% | 0% |  a5%  so%

Pollutant

Total Suspended
Solids

4.3 MUSIC Modelling Methodology

Water quality modelling of the proposed site has been undertaken using the Model for Urban Stormwater
Improvement Conceptualisation (MUSIC) Version 5.1.16, developed by the Cooperative Research Centre for
Catchment Hydrology (CRCCH). MUSIC enables the user to conceptualise the transfer of pollutants through a
stormwater drainage system and provides an aid in quantifying the effectiveness of the proposed stormwater quality
treatment train. MUSIC only provides quantitative modelling for Total Suspended Solids (TSS), Total Phosphorous
(TP), Total Nitrogen (TN) and Gross Pollutants (GP).
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With the proposed SQIDs included. The MUSIC model was setup in accordance with Water by Design MUSIC Modelling
Guidelines (2010}.

43.1 Meteorological Data

Six minute pluviographic data was sourced from the Bureau of Meteorology (BOM) for Rockhampton Aero (Station
No. 039083). The mean annual rainfall over the station’s entire rainfall data period is 807mm. Based on this and the
availability of pluviograph data the 10 year period from 1st January 1986 to 31st December 1995 has been adopted
for the rainfall duration. The mean annual rainfall for this period corresponds exactly to the mean annual rainfall over
the entire rainfall data period.

Monthly evapotranspiration data for the 10 year period was sourced from the Bureau of Meteorology’s Climatic Atlas
of Australia - Evapotranspiration (2001) and then entered into the MUSIC model. The mean annual evapotranspiration
for the modelled period is 1,621mm.

4.3.2 Source Nodes

Source nodes represent sub catchment areas within the MUSIC model. The split catchment approach in accordance
the MUSIC Modelling Guidelines (2010) has been adopted. The site was divided into four sub-catchment areas within
the MUSIC model. Three types of surfaces have been modelled: Roof, Road and Ground. The three node types have
been set up with the following total impervious percentages:

» Industrial Roof — 100% impervious
» Industrial Ground — 20% impervious (depending on ground configuration
» Industrial Road (Including Reserve) — 60% impervious

Base and Storm flow pollutant concentrations have been adopted from Table 3.7 & 3.8 of the MUSIC Modelling
Guidelines (2010) and soil characteristics have been adopted from the Music Guidelines (Mackay Regional Council
2008). Soil characteristics have been adopted from MRC 2008, as they as considered to better reflect the soil

conditions at the site, compared to the Water by Design (2010) which were prepared based on South East Queensland
conditions.

The overall percentage impervious for the MUSIC model is 72% which is consistent with the hydrological modelling
described in Section 3.

Stochastic generation estimation and serial autocorrelation set to zero has also been adopted. Refer to Appendix D
for detailed MUSIC model set up details.

4.3.3  Drainage Links

No routing has been adopted for all drainage links within each model. It is believed this assumption will produce
results that are more conservative.

4.4 stormwater Quality Management Strategy

To mitigate the increase in pollutants generated by the proposed development a treatment train of suitable
Stormwater Quality Improvement Devices (sQIDs) is proposed. Refer to Drawing No. B13313.W-5K01 in Appendix E

shows the location of the proposed SQIDs. The subsequent sections detail the proposed treatment devices for the
development.

4.4.1 Lot Scale Bio-Retention Basins

Lot scale bio-retention basins are proposed to treat runoff from all lots excluding Lot 1 (Toll site) and General Industrial
allotments, before they discharge to the proposed stormwater drainage network. These bio-retention basins will treat
runoff by storing and discharging it through a permeable soil based filter media providing significant sediment and
nutrient removal. Table 4.2 below shows the modelled lot scale bio-retention basin parameters.

B13313.W-010 - Regional Stormwater Management Plan | Gracemere Industrial Area
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Table 4.2: Lot Scale Bio-Retention Basin Parameters

1

Extended Détention Depth (mm) | 300
Aterdeph(om) e
.FilterType' Ok 1 . séadyLaém
e s
Average Surface Area ' " 1.5%of lot area
Saturated Hydraulic Conductivity (mm/hr) 200
Filter Median Particle Diameter (mm) 045

Due to the varying uses for the high and medium impact aliotments and their relatively large areas, it is considered
appropriate that each incorporates their own lot scale bio-retention basin to achieve the required WQO's. The general
industry and estate road will be treated with the other SQID’s proposed.

4.4.2 Bio-Retention Swales

Bio-retention swales are proposed with the channel along the western boundary of the development and adjacent to
the southern boundary of Lot 2 to treat runoff from Stage 4 of the development and road within the northern part of
the site. These bio-retention swales will provide sediment and nutrient remaval by treating runoff through infiltration
through a permeable filter media. Table 4.3 below shows the modelled bio-retention swale parameters for the two
SQID's.

Table 4.3: Bio-Retention Swale Parameters

Parameter Western Bio-Retention Lot 2 Bio-Retention
Swale Swale?

Modelled Length = W 390 7 100
R e o e SRR
longitudinal Grade I 1% . 03%
Extended Detention Depth (mm) s e B
Filter Depth (mm) | a0 400
Aterfype = 0T sandyleam| | Sandyloam
Filter Area (m?) Y o 690 20
Average Surface Area (m?). RN S

Saturated Hydraq{ig(‘tgnductivityr(rr"\;t_l_'n[lﬂr} [ - _ _ 200 200

Filter Median Particle Diameter (mm) | (LR AR 045

1- Total base width of channel 11m. Base width of bio-retention filter i less.
!- Depth and side slope of swale to be confirmed at detailed design.

4.4.3 Swale

A swale is proposed through the site to convey flows from the upstream catchment. This swale will also convey and
treat flows from the southern part of the site (General Industry allotments and road). Table 4.4 below shows the
modelled swale properties.
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Table 4.4: Swale Properties

Model!ed Length* 200
Minlmum Base Wldth (m] : : 7 W 3
Depth of Swale (m)* 0.8
Long}tudlnal Grade RS : ST (BT ”196
VVegetatton He1ght (rﬁm) - 100

e Depth and side slope of swale to be confirmed at detailed design.

4.5 MUSIC Results
MUSIC results of the proposed treatment train are shown in Table 4.5.

Table 4.5: MUSIC Model Results

T T S s S e e

WQO (% Reduction) © 85% 60%  45% - 90%
%ReductlonAchteved 87% | 60% . 49%  100%
Objective Achieved YES | YES YES YES

As shown above the proposed SQID’s achieve all the water quality objectives applicable to the proposed developed as
required by the SPP (2013).
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5. Conclusion

Brown Consulting (Qld) Pty Ltd has prepared the Stormwater Management Plan for the Gracemere Industrial Area,
east of the Gracemere Overpass and to address Item 1 of RRC’s information request dated 12 November 2013
regarding the 245 Somerset Road development. This SMP has demonstrated the following:

» The developed of the subject site does not result in a perceivable change in peak flow the Capricorn Highway;

»  The development of the industrial sites east of Somerset Connection Road do not result in a perceivable change in
peak flow at Capricorn Highway;

The culverts under Somerset Connection Road have sufficient capacity to convey the 100 year ARI from the fully
developed industrial catchments east of Somerset Connection Road, however this road is not trafficable in a 100
year event due to backwater flooding from the Capricorn Highway; and

The proposed stormwater treatment train provides adequate poliutant removal and incorporates the following:

Lot scale bioretention basins with the filter area sized at 1.5% for all lots excluding Lot 1 (Toll Site) and the
General Industry allotments;

Bioretention swale with a filter area of 690m? along the western site boundary; and
Bioretention swale along the southern boundary of Lot 2.

6. Recommendations

It is recommended that the Stormwater Management Plan be approved and incorporated into the final design.
Furthermore detailed design and construction drawings for the proposed works are to be undertaken and submitted
with the Operational Works application. Detailed design may result in changes to this stormwater management
proposal but the design objectives will be maintained.
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8. Disclaimer

This report has been prepared on behalf of and for the exclusive use of Gracemere Industry Park Developments Pty
Ltd and is subject to and issued in accordance with the agreement between Brown Consulting (QLD) Pty Ltd.

Our investigation and analysis has been specifically catered for the particular requirements of Gracemere Industry
Park Developments Pty Ltd and may not be applicable beyond this scope. For this reason, any other third parties are
not authorised to utilise this report without further input and advice from Brown Consulting {(QLD) Pty Ltd.

Brown Consulting {(QLD) Pty Ltd accepts no liability or responsibility whatsoever for the report in respect of any use of
or reliance upon this report by any third party.

The investigation and analysis has relied on information provided by others. We accept no responsibility for accuracy

of material supplied by others. The accuracy of the investigation, analysis and report is dependent upon the accuracy
of this information.
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Appendix A:

Site Layout Plan

Gracemere-Stanwell Zone Precincts
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Appendix B:

B13313.W-F001 - Existing Catchment Plan
B13313.W-F002 - Developed Catchment Plan
Developed Catchment Plan

Queensland Rational Method Calculations
WBNM Catchment Parameters

WBNM Muiti Storm Summary
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WBNM Catchment Configuration

Existing
521 513 77359 5 18 0.1 SO 25 01
520 513 64.67 5 18 0.1 30 25 01
513 500 65.126 0 18 01 R 1 30 25 01
522 509 23.835 2 18 0.1 30 25 0.1
515 509 45,041 2 1.8 01 30 25 0.1
500 508 62.027 2 1.8 0.1 R 1 30 25 0.1
506 505 40.798 5 18 0.1 30 25 0.1
523 502 10.955 5 18 0.1 30 25 01
502 505 235 5 18 0.1 R 1 30 25 01
505 508 2932 10 1.8 0.1 R i 30 25 01
508 504 3.317 5 1.8 0.1 R 1 30 25 0.1
507 504 96.659 5 18 01 30 25 0.1
504 out 31 20 18 0.1 R 1 30 25 01
out SINK 0 0 18 0.1 R 1 30 25 0.1

Scenario A - WBNM Configuration

513 7 i [0 30 T 01

521 3 77359 5
520 513 64.67 5 18 01 30 2.5 01
513 509 65.126 0 18 01 R 1 30 25 0.1
5022 DUMMY 2.04 70 18 01 30 25 01
522 509 23835 2 18 01 30 25 01
515 509 45.041 2 18 0.1 30 25 0.1
509 508 62.027 2 18 01 R 1 30 L 25 01
506 505 3852 5 1.8 01 30 25 0.1
523 5021 10.955 5 18 01 30 25 0.1
5021 5023 8389 70 1.8 01 R 05 30 25 0.1
5023 DUMMY 10.32 70 1.8 0.1 R 0.5 30 25 0.1
DUMMY 505 0.001 0 18 0.1 R 0.5 30 25 01
505 508 2.932 10 18 0.1 R 05 30 25 01
508 504 3.317 5 18 0.1 R 1 30 25 0.1
507 504 96.659 5 18 0.1 a0 25 01
504 out 31 20 18 0.1 R 1 30 25 0.1
out SINK 0 0 18 01 R 1 30 2.5 01

Scenario B - WBNM Configuration

TERE T Y B > e T i Ty 01

521 513 E ; 2.
520 513 64.67 5 18 0.1 30 25 0.1
513 509 65.126 (] 18 01 R 1 A 25 01
5022 DUMMY 9.04 70 1.8 0.1 a0 25 01
522 509 23835 Z 1.8 0.1 30 25 j 01
515 509 45.081 2 18 01 30 25 01
509 508 62.027 2 18 0.1 R 1 30 25 01
506 505 2852 70 18 0.1 30 25 0.1
523 5021 10.955 5 18 01 ; 30 25 01
5021 5023 8.389 70 18 0.1 R 0.5 30 25 0.1
5023 DUMMY 1032 70 18 01 R 05 30 25 01
DUMMY 505 0.001 0 18 0.1 R 05 30 25 0.1
505 508 2932 10 T8PE o R 0.5 30 25 i
508 504 3317 5 18 0.1 R 1 30 25 01
507 504 96.659 5 18 01 20 FE N b
504 outT 31 20 18 0.1 R 1 30 25 0.1
ouT SINK 0 0 18 01 R i 30 RS e 0
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Existing 1-5 year

#####STARTJ%ULTIPLE_STORM*SUMMARY#######################################

STORM -=--BURST----~ -=-EVENT---=-~ RAINFALL EXCESS PEAK

ARI DURATION ARI DURATION RAINFALL DISCHARGE

(year) (minutes) (year) (minutes) (mm) (mm) (m3/s)

X 1 45 0 0 30.60 1.60 1.24
2 1l 60 0 0 35.07 5.30 1.95
3 3 a0 4] 0 40.63 9.90 4.41
4 1l 120 0 0 44,94 13.21 6.18
5 1 180 0 0] 51:65 18.07 7.98
6 1 270 0 0 59.26 22.44 8.74
7 2 45 0 0 38.81 9.21 4.14
8 2 60 0 0 44,29 14.09 7.18
9 2 90 0 0 51. 39 20.26 11.06
10 2 120 0 0 56. 89 24.72 13.11
11 2 180 0 0 65.47 31.49 14.72
12 2 270 0 4] 7922 37.75 14.44
13 5 45 0 0 49,81 19.88 11.43
14 5 60 0 0 56.71 26.30 16.17
15 5 a0 0 4] 66.05 34.76 21.54
16 5 120 4] 0 73.34 40.97 23.54
17 5 180 0 0 84.74 50.52 24.70
18 5 270 0 0 97.77 59.98 22.24

#####END_MULTIPLE_STORM_SUMMARY############;#######################k####

Existing 10-100 Year

#####START_MULTIPLE_STORM_SUMMARY#######################################

STORM ---BURST----- --=-EVENT----- RAINFALL EXCESS PEAK

ARI DURATION ARI DURATION RAINFALL DISCHARGE
(year) (minutes) (year) (minutes) (mm) (mm) (m3/s)

1 10 60 0 0 64.36 33.91 22.39
2 10 a0 0 0 75:12 43.71 28.42
3 10 120 4] ] 83.55 51.10 30.44
4 10 180 0 0 96.76 62.39 31.07
5 10 270 0 ¢] 111. 88 73.97 27.01
6 20 60 (] 0 74.70 44.21 31.31
i 20 90 0 0 87.35 55.82 38.03
8 20 120 0 0 97.28 64.71 40.15
9 20 180 0 0 112.87 78.29 40.46
10 20 270 Q 0 130.76 92.70 35.91
11 50 60 0 4] 88.73 58.12 44.05
12 50 a0 0 0 103.98 72.33 £1.70
13 50 120 0 0 115.98 83.25 53.33
14 50 180 0 ] 134.87 100.09 51.43
15 50 270 0 0 156.59 118.40 44.55
16 100 60 0 0 99,79 69.14 54.63
17 100 a0 0 0 11712 85.43 62.73
18 100 120 0 0 130.77 97.95 64.09
19 100 180 ] 0 152.30 117.36 61.78
20 100 270 0 0 177.10 138.7 54.15

9
#####END_MULTIPLE_STORM_SUMMARY#########################################



Scenario A 1-5 Year

FEFFHESTART_MULTIPLE_STORM_SUMMARY#######8 R bes ol pspasaposyecupsosyssy

STORM -=-=BURST~===-- -==EVENT----- RAINFALL EXCESS PEAK
ARI DURATION ARI DURATION RAINFALL DISCHARGE
(year) (minutes) (year)(minutes) (mm) (mm) {m3/s)

1 1 45 0 0 30.60 2.64 3.67
2 1 60 0 0 35.07 6.37 4,08
3 1 S0 0 0 40.63 11.00 4. 87
4 1 120 0 0 44,94 14.35 6.41
5 1 180 0 0 51.65 19.28 8.11
6 1 270 0 0 59. 26 23.76 8.93
7 2 45 4] 0 38.81 10.27 6.10
8 2 60 0 0 44,29 15.17 8.21
9 2 90 0 0 51.39 21. 37 11.44
10 2 120 0 0 56. 89 25. 88 13.23
11 2 180 0 0 65.47 32.71 14.83
12 2 270 0 0 75.22 39.10 14.68
13 5 45 0 0 49.81 20.95 13.37
14 s 60 0 0 56.71 27.39 17,12
1.5 5 90 0 0 66. 05 35. 88 21.76
16 5 120 0 0 73.34 42.13 23.59
17 5 180 0 0 84.74 51.75 24.74
18 5 270 0 0 97.77 61.33 22.58

H#HFEFEND_MULTIPLE _STORM_SUMMARY### 44 #4540 Ll L 8L L el b S L L L L b R R L R R L sk

Scenario A 10-100 Year

HHFFHSTART_MULTIPLE _STORM_SUMMARY### 4 F# SRS R E# S FF$F RS S S SR L ELLRERRLRE L

STORM ---BURST=----- ---EVENT----- RAINFALL EXCESS PEAK

ARI DURATION ARI DURATION RAINFALL DISCHARGE
(year) (minutes) (year)(minutes) (mm) (mm) (m3/s)

1 10 45 0 0 56. 60 27.67 18.72
2 10 60 0 0 64. 36 35.00 23.31
3 10 90 0 0 75.12 44,84 28.57
4 10 120 0 0 83.55 52.26 30.53
5 10 180 0 0 96.76 63.62 30.98
6 20 45 0 0 65.76 36.75 26.58
¥ 20 60 0 0 74.70 45,30 32.15
8 20 a0 0 0 87.35 56.95 38.08
9 20 120 0 0 97.28 65. 87 40.13
10 20 180 9} 0 112. 87 79.54 40.50
11 50 45 0 0 78.21 49,16 38.19
12 50 60 0 0 88.73 59.22 44,83
13 50 90 0 0 103.98 73.487 51...75
14 50 120 0 0 115.98 84.42 53.36
15 50 180 0 0 134,87 101.34 51.47
16 100 45 0 0 88.04 58.95 47.86
17 100 60 0 0 99.79 70. 24 55.30
18 100 90 0 0 11732 86.57 62.70
19 100 120 0 0 130.77 99.13 64.01
20 100 180 0 0 152.30 118.61 61.78

#####ENDHMULTIPLE_STORMhsUMMARY######################9##################



Scenario B 1-5 Year

#####START;MULTIPLE_STORM_SUMMARY#######################################

STORM ---BURST=----~ -=-=-EVENT=----- RAINFALL EXCESS PEAK
ARI DURATION ARI DURATION RAINFALL DISCHARGE
(year) (minutes) (year) (minutes) (mm) (mm) {m3/s)
1 1 45 0 0 30.60 4,08 7.22
2 1 60 0 0 35.07 7.85 8.02
3 1 90 0 0 40.63 12.53 a2l
4 1 120 0 0 44.94 15.93 6.91
5 1 180 0 0 51.65 20.95 8.29
6 1 270 0 0 59.26 25.59 9.19
7 2 45 0 0 38.81 11.74 9.74
8 2 60 0 0 44,29 16.67 11.69
9 2 90 0 0 51.39 22.92 11.91
10 2 120 0 0 56.89 27.48 13.37
11 2 180 0 0 65.47 34.40 14.96
12 2 270 0 0 75.22 40.96 14.96
13 5 45 0 0 49.81 22.44 16.84
14 5 60 0 0 56.71 28.90 19.88
15 5 90 0 0 66.05 37.44 22.03
16 5 120 0 0 73.34 43.74 23.75
17 3 180 0 0 84.74 53.46 24.74
18 5 270 0 0 97.77 63.21 22.91
#####END,MULTIPLE_STORMWSUMMARY####################### EHEEEREEFEEREHRAEE

Scenario B 10-100 Year

#####START_MULTIPLE_STORM_SUMMARY######

STORM ---BURST-----
ARI DURATION
(year) (minutes) (yeal

1 10 45
2 10 60
3 10 90
4 10 120
5 10 180
6 20 45
b4 20 60
8 20 90
9 20 120
10 20 180
: i | 50 45
12 50 60
13 50 90
14 50 120
15 50 180
16 100 45
17 100 60
18 100 90
19 100 120
100 180

#####END_MULTIPLE_STORM_SUMMARY#

---EVENT---=-- RAINFALL
ARI DURATION

OOOOOOOOOOOOOOOOOOOO

r) (minutes) (mm)

56.60
64.36
75.12
83.55
96.76
65.76
74.70
87.35
97.28
112. 87
78.21
88.73
103.98
115.98
134.87
88.04
99.79
117.312
130.77
152,30

OOOOOOOOOOOOOOOOOOOO

EXCESS

RAINFALL

(mm)
29.16
36.
46.
53,
65.
38.
46.
58.
67.
81.

52
40
87
33
25
82
52
49
26

.66

.74
.04

.05

07
.45
s T
.14
100.
120.35

LESEREREHEEHHRREEERERY

76

SHFEEE R R A S ERRRERERRRHERRBREAEEER

PEAK
DISCHARGE
(m3/s)
22.16
25.78

61.67

BEEREEH AR REAH
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Appendix C:

Manning's Calculations

Weir and Culvert Flow Calculations

D —Regional Stormwater Management Plan || Gracemere Industrial Area




MANNING'S WATER SURFACE EXTENT CALCULATION

Filename: H:\B13\300-348\B1331 3, W\Stormwater\(B13313.W Manning's Calcs.xIs]Section 3 (5023 ds)
Date: 19/12/2013
By: AH

Manning's calculation as per Equation 4.2.3 of Australian Rainfall and Runoff (1987)

Cunningham Highway
SECTION A
CROSS SECTION DETAILS Q100 Q50
POINT CH Z n whA wP nx wA wA wP n x wh
1 0 1.2 0080
2 48 0 0080 | 162 37 0.10 1.62 371 0.10
3 8.1 o 297 3.30 0.09 2.97 3.30 0.09
4 8.124 1.2 0.01 0.80 0.00 0.01 0.90 0.00
5
wh wP nxwA wA wP nxwhA
TOTAL 45981 7.910975 0.186543 45081 7.910975 0.186543
s
001 R n Q R n Q
e CH 0.581231 0.041 7.89 0.581231 0.041 7.89
523 Flow 6.93 1.97
wsL 0g [ 08
Calculated by Manning's Equation 7.89 7.89
Vel (m/s) 172 1.72
14 1 e Exisling Surface
1 1 ------- Q100
12 e Lo
1
0.8 1 i
06 |
|
i
0.4 1 |
i
!
0.2 t
0 !




MANNING'S WATER SURFACE EXTENT CALCULATION

Fitename: H:AB131300-349\813313.W\Stormwater\[B13313.W Manning’s Calcs.xIs|Section1 INT (5023 ds) (140227)
Date: 13/03/2014

By: AH

Manning's calculation as per Equation 4.2.3 of Australian Rainfall and Runoff (1987)

SECTION 1 - INTERIM

CROSS SECTION DETAILS Q100 Q1o
POINT CH Zz n wA wP n x wA wA wP nxwA
1 0 1.2
2 4.8 0 0040 g 1.04 2.97 0.04 0.56 219 0.02
3 11.75 0 0050 5.00 6.95 0.25 368 6.95 0.18
4 12.05 1.2' 0.040 0.06 0.74 0.00 0.04 0.55 0.00
wA wP nxwaA wA wP nxwA
TOTAL 6.1056 10.6608 0.294264 | 4.280413 9.681557 0.208052
S
0.01 R n Q R n Q
0.572715  0.048 8.74 0.44212 0.049 5.11
502 Flow 8.4 4.9
WSL 0.72 0.53
Calculated by Manning's Equation 8.7 5.1
Vel (m/s) 1.43 1.19

Design Surface




MANNING'S WATER SURFACE EXTENT CALCULATION

Filename: H:\B13\300-349\B1331 3. W\Stormwater\[B13313.W Manning's Calcs.xIs]Section1 ULT (5023 ds) (140227)
Date: 13/03/2014

By: AH

Manning’s calculation as per Equation 4.2.3 of Australian Rainfall and Runoff (1987)

SECTION 1 - ULTIMATE

CROSS SECTION DETAILS Q100 Q10
POINT CH Z n whA wP nx wA wA wP n x wA
1 0
2 0.3 0.10 0.93 0.00 0.05 0.65 0.00
3 6.2 5.31 5.90 0.27 3.72 5.90 0.19
4 6.5 0.10 0.93 0.00 0.05 0.65 0.00
wA wP nxwA wA wP nxwA
TOTAL 55125 7.755398 0.2736 | 3.81 6225 7.198778 0.189818
S
0.01 R n Q R n Q
0.710795 _ 0.050 8.85 |0.530121 _ 0.050 5.03
502 Flow 8.4 4.9
WSL 0.80 063
Calculated by Manning's Equation 8.8 5.0
Vel (m/s) 1.60 1.32
1'4 .I b St - e
—_— Design Surface
2 weenene Q100

- —Qi0




MANNING'S WATER SURFACE EXTENT CALCULATION

Filename: H:)\B13\300-349\B13313.W\Stormwater\{B13313.W Manning's Calcs.xis]Section 2 (5023 ds) {140227)

Date:
By:

13/03/2014
AH

Manning's calculation as per Equation 4.2.3 of Ausiralian Rainfall and Runoff (1987)

SECTION 2
CROSS SECTION DETAILS Q100 Q10
POINT CH Z n wA wP nxwA wA wP nxwA
1 o 1.2 2
2 4.8 0 0040 1.62 a7 0.06 0.87 272 0.03
3 8 0 0.040 | =288 3.20 0.12 211 3.20 0.08
4 135 0 0.040 4.95 5.50 0.20 3.63 5.50 0.15
5 13.8 1.2 0.040 0.10 0.93 0.00 0.05 0.68 0.00
wA wP nxwA wA wP nxwA
TOTAL 9.55125 13.33849 0.38205 | 6.66765 12.10156 0.266706
S
0.005 R n Q R n Q
0.716067 _ 0.040 13.51 | 0.550874  0.040 7.92
502 Flow 12.7 7.7
wsL 0.90 0.66
Calculated by Manning's Equation 13.5 7.9
Vel (m/s) 14 1.2
1.4 -
f s Design Surface
= < Q100
i —--=—Q10
1
0.8
0.6 f
0.4 |
|
I
0.2 1
i
0 F . |
0 2 4 6 10 12 14 16
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Appendix D:

MUSIC Model Layout

MUSIC Summary

313313 .W-010 —Regional Stormwater Management Plan | Gracemere Industrial Area
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Appendix E:

B13313.W-5K01

B13313.W-SK02

B13313.W-01D — Regional Stormwater Management Plan | Gracemere Industrial Area
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CALIBRE CONSULTING

APPENDIXR WATER NETWORK ANALYSIS

ROCKHAMPTON REGIONAL COUNCIL
APPROVED PLANS

These plans are approved subject to the
current conditions of approval associated with
Development Permit No.: D/55-2015

Dated: 12 November 2018
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232 Bolsover S$t, Rockhampton
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Our Ref: 1335
13 JUIy 2015 Enquiries: Peter Wheelhouse
Telephone: 130022 5577
Fax: 130022 5579
Email: peter.wheelhouse@rre.qld.gov.au

Ron and Tracey Bowes

C/- Calibre Consulting

PO Box 1580
ROCKHAMPTON QLD 4700

ATTENTION: Ken Laughton

Dear Ken

WATER NETWORK ANALYSIS
ZEBRA INDUSTRIAL ESTATE STAGES 1 to 10

I refer to your request for the above work; please find enclosed the water network
analysis.

An invoice in the amount $1,476.00 will be forwarded in the near future.

Should you have any queries or require any further information please contact Peter
Wheelhouse on telephone number 4936 8403.

Yours sincerely

Mo~

Martin Crow
Manager Engineering
Regional Services

Enc Water Network Analysis Report

Rockhampton Regional Rockhampton Regional Council PO Box 1840. Rockhampton Q 4700
Council proudly supports Phone 4932 9000 or 1300 22 55 77 | Fax 4936 8862 or 1300 22 55 79
enrieio the CQ NRL BID Email enquiies@mc.gld.gov.au | Web www.rockhamptonregion.gld.gov.au
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Water Network Analysis

Client: Ron and Tracey Bowes

Address: C/-  Calibre Consulting
PO Box 1580
ROCKHAMPTON QLD 4700

Site Address: Lot2 SP259555
265 Somerset Road
GRACEMERE, 4702

Description of Analvsis:

Investigate the capacity of the water reticulation network to accommodate the
proposed 10 Stages of the Zebra Industrial Estate subdivision. The proposed stages
are comprised of 53 industrial allotments of various sizes ranging from 0.14ha to
1.29ha located off Somerset Road, Gracemere, as detailed in the attached staging plan
and preliminary water reticulation layout prepared by Calibre Consulting.

Refer Attachment A
Staging Plan

Network Analysis

Existing Reticulation

The subject site is located at the western extremity of the Lucas Street pump station
supply zone. The site is serviced via a 200mm main in Somerset Road. This main is
supplemented via a 300mm main in Macquarie St linking Middle road and
Cherryfield Road. These two mains were constructed in 2013 with the primary
purpose of servicing initial development within the Gracemere Industrial Area.

Development
Site
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It is proposed to service the proposed development via 2 x 150mm connections to the
200mm main in Somerset Road. 150mm mains are to be located on either side of the
proposed roadways as shown in the attached preliminary water reticulation layout
prepared by Calibre Consulting.
Refer Attachment B
Preliminary Water Reticulation Layout Plan
The Lucas Street pump station is currently in the process of receiving a substantial

upgrade that will include new pumps, switchboard and the provision of pipework to
accommodate the future duplication of the Lucas St reservoir and delivery main.

These upgrades are scheduled for completion in 2015 and will ensure the Lucas St
pump station has sufficient capacity to maintain service over the next fifteen years.

Estimated Demands

The demands for the proposed development have been calculated based on the
following assumptions.

e Industrial Area Design EP 56 EP per ha
¢ Maximum Day Base Demand per EP = 0.01 L/s

Refer Attachment C

Base Loading Calculations

Using these assumptions, the base demand has been calculated for the ten proposed
development stages and apportioned amongst the respective nodes within the network
model using the following non-residential diurnal pattern

Hourly Hydraulic Pattern
Non Residential

1.509
1.375
1.250
1.125
1.000
0.875
0.750

Multipher

0.625
G.500
Q.375
0.250
0.125

0.000

0.000 2.500 5.000 7.500 10.000 12.500 15.000 17.500 20,000  22.500
Time (hours)
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Fire Fighting

For an industrial development the following fire-fighting requirement is applicable as
per the Capricorn Municipal Development Guidelines (CMDG).

¢ Design criteria of 30L/s @ 120kPa residual pressure

Scenarios

The following scenarios have been analysed to demonstrate the capacity of the
existing and future network to service the proposed development.

Scenariol  Stageslto5
Scenario2  Stages 1 to 6
Scenario3  Stages 1 to 7

Scenario4  Stages 1 to 10

Scenarios 1 to 3 analyse the existing network and scenario 4 analyses the future
network augmentation.

Results:

These results are theoretical and based on the use of the water model (WaterGEMs
V8i), which has been developed by Council based on the best information available.
Errors in the model may occur due to a range of factors. The results should not be
taken to represent measured values in the pipe network, as the condition at the time of
measuring may be different to those modeled.

Refer Attachment D
Residual Pressure and Fire-Fighting Capacity Results
The maximum pressure to the development site is the same for all scenarios as this

occurs during periods of low demand with the Lucas Street pump station hold a
constant set point of 550kPa,

Residual Pressure (kPa)
Scenario Residential Demand Fire Flow
Min Max @ 30L/s
1 570 730 180
2 564 730 120
3 558 730 60
4 480 730 280

Summary of Residual Pressure Results
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Discussion:

The analysis shows the existing network only has capacity to service up to the sixth
stage. The existing network is unable to provide the minimum fire- fighting capacity
of 30L/s at 120kPa for stages 7 to 10.

The 200mm Somerset Road main would need to be at least partially duplicated in
order to provide the minimum required fire-fighting capacity.

Priority future trunk infrastructure projects (PFTI’s) have been identified in Middle
Road (WAT-60) and Stewart St (WAT61).

The Scenario 4 analysis shows the augmentation of these two PFTI projects provides
a significant boost to the available fire-fighting capacity of the Somerset road main
enabling stages 7 to 10 to be well serviced.

These PFTI projects are currently scheduled for construction in 2021.

Recommendations:

It is recommended that the development be serviced by the proposed two 150mm
connections to the 200mm Somerset Road main.

The existing network has capacity to service the first six stages of the proposed
development. Stages 7 to 10 would require the augmentation of PFTI projects WAT-
60 and WAT-61 in order to receive adequate service.

The two 150mm mains to be located on either side of the proposed roadways are to be

interconnected at various locations as indicated in the “Stages 1-10” analysis provided
in Attachment D.

End of Report
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Attachment A
Ultimate Staging Plan

SUMMARY OF DEVELOPMENT
ir—’_‘"] Lew Impuct Incustry 13 Lars iSrag
(R Medun frpact dustry 1 Lots b
L5 i s ,W;—f-;z stages 17 l
ZEBRA INDUSTRIAL ESTATE : . -
FOR RON & TRACEY BOWES TN (
PRELIMINARY STAGING LOT LAYOUT Roakhamgeon Q 4700 .
 R14205 e, e | e sz calibre
e o e T RN -




Zebra Industrial Estate -6- 1335
13 July 2015

Attachment B

Preliminary Water Reticulation Plan

5 TR

g
g |

D—

ZEBRA INDUSTRIAL ESTATE S—
FOR RON & TRACEY BOWES A4 v C

WATER AND ELECTRICAL LAYOUT PLAN | “awrmmqono

R14205 pue. ERNC [t Calibre

o E-Mail: Rockhamptonicalivreconsulting <o CONSULTING




Zebra Industrial Estate

1335
13 July 2015

Attachment C

Base Loading Calculations

Stage | Lot (ha) EP | Baseload
(56/ha) |(0.01L/s/ep)
1 1 130 | 7280 073
53 120 | €720 0.67
[ 14
2 2 130 | 7280 0.73
52 120 | 67.20 0.67
[ 140
3 3 079 | 4424 0.44
4 045 | 2520 0.25
50 045 | 25.20 0.25
51 049 | 27.84 0.27
]
4 5 054 | 3024 0.30
6 045 | 2520 0.5
438 045 | 2520 0.25
49 045 | 2520 0.25
[ 106
5 7 045 | 2520 0.25
8 045 | 2520 0.25
46 045 | 2520 0.25
47 045 | 2520 0.25
[ 1m
6 9 051 | 2856 0.29
44 045 | 2520 0.25
45 0.45 25.20 0.25
" ore
7 10 044 | 2464 0.25
11 0.16 8.56 0.09
12 018 | 1008 0.10
29 018 | 1008 0.10
31 027 | 1512 0.15
32 019 | 1084 0.11
43 020 | 11.20 0.11
[ oo
8 13 018 | 1008 0.10
14 018 | 1008 010
27 018 | 1008 0.10
28 018 | 1008 0.10
3 022 | 1232 0.12
34 022 | 1232 0.12
41 022 | 123 012
42 0.22 12.32 012
[ o050
9 15 018 | 10.08 0.10
16 0.18 10.08 0.10
25 018 | 1008 0.10
26 018 | 1008 0.10
35 022 | 12.32 012
36 022 | 1232 0.12
39 022 | 12.32 0.12
a0 02 | 1232 0.12
[ 0s0
10 17 018 | 10.08 0.10
18 028 | 1568 0.16
19 018 | 1008 0.10
20 0.18 10.08 0.10
21 018 | 1008 0.10
22 0.14 7.84 0.08
23 030 | 16.80 0.17
24 018 | 1008 0.10
0.91
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Attachment D

Stages 1-5

5700 kPa
5700 kPa

Fressure (kPa)

Stage 5 Hydrant Flow Curve

600.0
§50.0
500.0
450.0
400.0
350.0
300.0
250.0
200.0
150.0
100.0
50.0
9.0

30L/s @ 180kPa

0.00

4.00

8.00 12.00 16.00 20.00 24.00 28.00
Flow (L/s)

32.00 36.00
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Stages 1-6

564 3 kPa

Stage 6 Hydrant Flow

600.0

550.0

S00.0
—~ 450.0
$ 400.0
= 350.0
300.0
250.0 |
200.0 30L/s @ 120kPa
150.0 .
100.0

kP.

Pressure

0.00 3.00 6.00 9.00 12.00 15.00 18.00 21.00 24.00 27.00 320.00 33.00
Flow (/s5)
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Stage 1-7

657.3 kPa

558.4
558.4 kPa

558.4 kPa
558.4 kPa

Pressure (kPa)

Stage 7 Hydrant Flow

30L/s @ 60kPa

¢
0.0 s

0.00 3.00 6.00 .00 12.00 1500 18.90 21.00 2400 27.00 30.00
Flow (L/s)
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Stage 1-10

6323 kPa

S 642.1 kPa

Pressure (kPa)

Stage 10 Hydrant Flow Curve

60C.0
§50.0
500.0
450.0
400.0
350.0
300.0
250.0
200.0
150.0
100.0
50.0
2.0

30Us @ 280kPa

0.00

5.00

10.00

15.00
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25.00
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