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1. Introduction
Suburbs within the Rapid Creek floodplain community (in particular the suburb of Milner) experience flooding
that allows little time to respond.  In order to design appropriate flood mitigation works for these areas, the
hydrology and hydraulics of the Rapid Creek catchment need to be understood.

Hydrologic modelling of the Rapid Creek Catchment was undertaken in 2012 by SKM (now Jacobs) using the
URBS model.

Hydraulic modelling of Rapid Creek was undertaken by SKM (now Jacobs) in 2012.  The hydraulic model was
developed using TUFLOW, and was based on:

· a Digital Elevation Model (DEM) derived from 2011 aerial photography

· bathymetric survey data for the lower reaches of Rapid Creek, and

· levels inferred from design plans of various structures crossing the creek.

The model was calibrated using observations of the February 2011 Rapid Creek flood event provided by the
Department of Land Resources Management (now Department of Environment and Natural Resources, DENR).

The modelling was able to reproduce 2011 flood levels with reasonable accuracy and flood plain maps were
produced.  However, subsequent discussions with residents in the area of suggested some inconsistencies
between the extent of the 2011 flooding shown on the mapping Milner and the observed flood behaviour.

It was thought that improving the accuracy of the DEM used in the development of the TUFLOW model might
address some of the inconsistency and more accurate digital photography is now available.  Additionally,
calibration could take into account ground truthing and additional flood marks from the 2011 flood event that
were obtained during flood audits (carried out at residences in Milner and located on the floodplain).

Therefore, the Department of Lands, Planning and the Environment (now Department of Infrastructure, Planning
and Logistics, DIPL) engaged Jacobs to:

· derive a new DEM from 2014 aerial photography

· update the existing TUFLOW model based on the new DEM and the additional flood marks, and

· undertake flood mapping for the Q100 (1% AEP flood) and four (4) tide scenarios, that being mean sea
level, highest astronomical tide (HAT), 1%AEP storm surge level, and year 2100 condition after climate
change with HAT.

In general, the hydrologic modelling for the catchment remains unchanged and the same calculated flows have
been used as inputs to the updated TUFLOW model.

The development of the new DEM and TUFLOW hydraulic model undertaken by Jacobs is described in the
DEM and TUFLOW Model Development Report (Jacobs, 2016).

In October 2017, Department of Infrastructure, Planning and Logistics commissioned Jacobs to undertake
further modelling, in order to:

· provide consolidated flood plain mapping for the case when a detention basin has been constructed at
Marrara

· Provide floodplain mapping for the case when allotments fronting Rapid Creek Road are filled to Q100 flood
level.

This report presents the results of this flood plain mapping.
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2. Proposed floodplain filling
The Rapid Creek Floodplain Risk Management Discussion Paper (SKM, 2014) included a recommendation that
“options are examined with a view to re-developing the floodplain in the areas most at risk (the suburb of Milner)
through planning and zoning changes.  These would be structured to take effect over a longer period of time
and be driven by market forces, however would result in a reduction in overall risk to life and property to Rapid
Creek flooding.”

It is understood that Government intends to use this approach to encourage redevelopment of properties
fronting Rapid Creek Road in Milner, such that they are effectively cleared and filled to Q100 flood level before
construction of new, flood resilient, higher density development.  Therefore, hydraulic modelling for
post-mitigation conditions has included scenarios where allotments fronting Rapid Creek Road are filled to
Q100 flood level.  The fill locations are shown in Figure 1 and assessment is provided in Section 5 Land use
planning information.

It is assumed the fill surface rises steeply at the property boundary, which corresponds to the construction of
retaining walls at the boundaries.
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Figure 1.  Locations adopted in modelling for filling to Q100 level
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3. Hydrologic Modelling
Hydrologic modelling for the Rapid Creek catchment is described in the Rapid Creek Flood Study Hydrology
Report (SKM 2013) and summarised below.

The URBS hydrologic model was used for the modelling as requested by DIPL and in 2016 a detention basin at
Marrara was incorporated into the model in order to calculate post-mitigation flow hydrographs for input to
TUFLOW hydraulic modelling of the Rapid Creek water course.

The hydrologic modelling was based on Australian Rainfall and Runoff (AR&R) 1987 version.  A new release of
AR&R was published in 2016 and again revised in 2019. The hydrologic modelling was not updated to align with
the more recent version of AR&R.  This was due to all historical modelling on this system undertaken pre 2016,
and consistency required for comparative purposes.  The model was calibrated using recently sourced and
reliable flood information and therefore updating the hydrological and hydraulic modelling to reflect AR&R 2016
or 2019 is unlikely to result in any significant change. It is however recommended that if significant change
occurs with the catchment that triggers the need to revaluate flooding risk, that the model and methods be
undertaken in accordance with the most recent version of AR&R.

The catchment area of 1.67 sq km from Anula, Moil and Marrara will be diverted into the basin.  This is one-third
of the area of catchment that enters Rapid Creek between the existing Flood Control Weir and the gauging
station (which can be thought of as the most upstream location on the creek where floodwaters overflow the
banks and cause damaging flooding in the suburb of Milner).

Three drainage inlets are diverted into the basin from the east side of Henry Wrigley drive and two culverts (and
a spillway) allow discharge from the basin.

Culvert 4 is located at the north-west corner of the basin and freely drains the “higher” undisturbed portion of the
basin. Culvert 5 is the confluence of all three drainage inlets to the basin (Culvert 1, 2 and 3) and allows free
drainage of the remainder of the basin. Culvert 5 is the lowest point of the basin and no dead storage remains.
The spillway is only engaged for inflows that exceed a Q100 event. Refer to Figure 2.  Basin Features.

Figure 2.  Basin Features
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The basin was incorporated into the hydrologic model using the Detention basin function within URBS.  The
basin was sized based on the largest storage that could be constructed on the available land with a Q100 level
(weir height) that would not impact or enhance flooding of the drainage system upstream of the basin site.
Culvert sizing from the basin was determined by matching the discharge required for the Q100 event at a
storage height of 13.25m AHD and resulting stage discharge curves created. The hydrographs were generated
for all events and used as a point discharge at the specific location in the Tuflow Hydraulic Model of the Rapid
Creek.

The volume of storage required was 93,000 cubic metres at the peak of the Q100 flood to be stored above the
Q100 flood level in Rapid Creek.  The top storage level in the basin is below the level of Henry Wrigley Drive
and McMillan’s Road such that the basin does not interfere with existing drainage systems that will discharge
into the basin.

The detention basin features are described in further detail in the Rapid Creek Flood Mitigation Works Design
Basis Report (Jacobs, 2017).
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4. Hydraulic modelling
4.1 TUFLOW Modelling

The TUFLOW hydraulic model and the Digital Elevation Model that supports it are described in the Rapid Creek
Flood Study Update DEM and TUFLOW Model Development Report (Jacobs, 2016).

This report includes assumptions regarding manning’s n roughness coefficients adopted for the catchment.
The roughness coefficient used with the basin is inconsequential to the design event as the basin will be
drowned out.

The basin itself is not represented in the Tuflow model or floodplain mapping.  Despite the basin storing a
volume of flood water, this is above the above the Q100 level of the Rapid Creek.  The basin is modelled in the
hydrological model of which the resultant hydrographs are direct inputs to the TUFLOW model.

A static downstream water level boundary was applied according to the scenarios in Table 1: Design flood
scenarios.  The model was run for multiple durations for the 100 year ARI event, from 45 minutes to 6 hours.
The critical flood heights, depths and velocities were obtained for each scenario from the envelope of durations
run.

4.2 Design flood modelling

In early 2016, the calibrated 1D/2D TUFLOW model with a 5 m grid was used to simulate the design flood
scenarios outlined in Table 1. Only the 100 year average recurrence interval (ARI) storm was modelled, with a
range of tidal boundary conditions.

Table 1: Design flood scenarios
Scenario
Number

Design Storm Downstream
water level
boundary (m)

Downstream boundary condition represented

1 100 year ARI 0.10 Mean sea level

2 100 year ARI 3.36 Highest astronomical tide

3 100 year ARI 4.16 Highest astronomical tide with 2100 sea level rise projection (+0.8 m*)

4 100 year ARI 4.60 100 year storm surge

*Addition of the 0.8 m for the tide level boundary condition to be applied to the year 2100 highest astronomical
tide was requested by DIPL for consideration of climate change.

Updated floodplain maps were produced, including flood depth and floodway/floodplain delineation with peak
water level contours for the 100 year ARI design storm event for each of the downstream boundary scenarios
listed in Table 1.

The introduction of the basin has reduced the peak flow for the large events downstream in the Rapid Creek.  A
summary of the peak flow reduction in the catchment at flood gauge G8150127 for scenario 3 as a result of the
detention basin is in Table 2: Design Peak Flow Reductions at Gauge G8150127.
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Table 2: Design Peak Flow Reductions at Gauge G8150127

Design
Storm

Peak Flow
Pre-
Mitigation at
G8150127
(m3/s)

Peak Flow
Post-
Mitigation at
G8150127
(m3/s)

Peak Water
Level in
Basin
(mAHD)

Peak water
level at
G8150127
Pre
Mitigation
(Gauge)

Peak water
level at
G8150127
Post
Mitigation
(Gauge)

Reduction in
Water Level at
G8150127
(mm)

Q5 68 58 12.04 3.04 2.95 90

Q10 89 73 12.36 3.29 3.12 170

Q20 110 87 12.65 3.48 3.26 220

Q50 135 103 12.90 3.58 3.39 190

Q100 157 119 13.25 3.68 3.49 190

Selected floodplain maps are presented in Appendix A.

The influence of the downstream sea level used on the extent of flooding is largely in the area downstream of
Trower Road.  There are some minor differences in flood levels immediately upstream of Trower Road, but in all
cases the flood profiles are identical above chainage 3,500 m, which roughly corresponds to the location of the
gauging station G8150127.

Table 3: Detention Basin Holding Times shows that the basin holds water for only a few hours, even in long
duration major storms.  It also suggests that the basin can be expected to be virtually empty within 24 hours
after it reaches its peak height for all but the rarest of floods.  All modelling of the system has been undertaken
based on the basin being empty at the commencement of the storm event. Given the basin does not contain
dead storage, and the reasonably quick time that it takes to drain, this approach to modelling is considered
appropriate.  If the basin’s capacity is exceeded, the spillway will be engaged as the third discharge point form
the basin.

Table 3: Detention Basin Holding Times

Design
storm

Design storm
duration

Peak basin
outflow

Time deeper than
0.6 m in NW
corner of basin

Time deeper than
1.2 m in NW
corner of basin

Time deeper than
1.8 m in NW corner
of basin

Q2   1 hr   8.22 m3/sec   1 hr 40 minutes   1 hr   zero

Q2 24 hr   7.00 m3/sec   3 hrs 55 minutes   1 hrs 15 minutes   zero

Q100   1 hr 15.2 m3/sec   3 hrs 45 minutes   3 hrs 15 minutes   2 hrs 35 minutes

Q100 24 hr 13.8 m3/sec 20 hrs 20 minutes   5 hrs 30 minutes   4 hrs 05 minutes

In June 2016, a number of design floods were also modelled with the proposed mitigation measures included in
the catchment area for scenarios shown in Table 4.
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Table 4: Design flood scenarios with mitigation measures

Design Storm Downstream water
level boundary (m)

Downstream boundary condition
represented

Mitigation measure

1, 5, 10, 20, 50,
100, 200, 500 year

ARI and PMF

4.16
Highest astronomical tide with 2100 sea
level rise projection (+0.8 m)

Detention basin at Marrara

4.16
Highest astronomical tide with 2100 sea
level rise projection (+0.8 m)

Detention basin at Marrara and
mitigation measures within Darwin
Airport1

4.3 Post Construction Review

The detention basin design was altered during construction due to the discovery of remnant asbestos cement
waste material.  A certified asbestos waste containment cell was constructed at the northern extent of the basin
site that reduced the volume of the basin.  To compensate for the loss of volume, excavation of the southern
portion of the basin was undertaken in an area originally intended to be maintained at natural surface level.  The
basin’s minimum volume requirement, full supply level and drainage culvert invert levels were all maintained as
per the design in order that there is no impact to the hydrologic or hydraulic functioning of the system. No dead
storage within the basin was created either. The minimum basin volume requirement of 93,000m3 has been
exceeded and therefore no further modelling was undertaken.

An updated drawing showing the basin earthworks model and corresponding volumes has been provided in
Appendix D.

1 Darwin International Airport is understood to be considering flood mitigation measures in line with its Masterplan 2017 and commitment made to the
Darwin Flood Mitigation Advisory Committee.
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5. Land use planning information
5.1 Flood levels for remaining flood-impacted lots along Rapid Creek Road,

post-detention basin

As identified through the modelling, and discussed in Section 2, there remains properties that are subject to
inundation for a Q100 flood along Rapid Creek Road following the implementation of the basin.  Additional
Modelling of the Rapid Creek floodplain has been undertaken for the following scenarios in Table 5.

Table 5: Design flood scenarios

Design Storm Downstream water
level boundary (m)

Downstream boundary condition
represented

Floodplain condition
represented

100 year ARI 4.16
Highest astronomical tide with
2100 sea level rise projection
(+0.8 m)

Detention basin at Marrara +
Floodplain filled as shown in
Figure 1

Probable
Maximum

Flood
4.16

Highest astronomical tide with
2100 sea level rise projection
(+0.8 m)

Detention basin at Marrara +
Floodplain filled as shown in
Figure 1

Figure 3 shows Q100 flood extent after filling of allotments as described in Section 2.  No allotments fronting the
western side of Raid Creek Road are inundated by Q100 after filling.

It’s also observed that there is no noticeable impact on food extents on adjoining allotments or allotments
upstream of the filled area.

Figure 3  Q100 flood extent after detention basin construction and lot filling
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5.2 Impact to flood extents and flood depths upon filling of lots along Rapid Creek
Road to Q100 flood level

After construction of the detention basin, the filling of allotments as shown in Section 2 makes little difference to
levels across the floodplain as shown in Figure 4.

Figure 4.  Changes to calculated Q100 flood levels for filling as shown in Figure 1

The increases in calculated Q100 level are represented by the yellow-shaded areas.  These increases are
mostly in the road reserves of Aldridge Place, Carrington Street, Solomon Street and Roberts Place and are in
the order of 12 mm.

5.3 Impact on retaining wall design

Prospective developers of allotments will be advised that an application to develop land must include
documentation prepared by a suitably qualified registered and practicing Engineer recognised under the
National Engineering Register that demonstrates via a structural design report that the development will be
capable of withstanding hydrostatic and hydrodynamic forces of flood waters impacting on the specific site, and
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where applicable, is in accordance with the Building Code of Australia requirements for construction of buildings
in flood hazard areas.

Calculated Q100 flood levels after construction of the detention basin at Marrara are shown in Appendix B.

Appendix C gives maximum flood height (m AHD) and velocity (m/sec) for a Q100 flood after construction of the
detention basin for selected allotments.

Walls retaining the fill on allotments will need to be designed to take the load of saturated soil being
retained.  There will be no additional load from floodwaters coming from Rapid Creek on the lot (because fill is
to Q100 flood height).  However, the Engineer would need to take account of whether soil will be saturated as a
result of local rainfall or runoff from the local Milner area on any particular allotment.
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Appendix A. Floodplain maps

Figure number Description

A1 Q100 - HAT plus 0.8 m – detention basin – flood extent and flood surface contours

A2 Q100 - HAT plus 0.8 m – detention basin – flood depth and extent

A3 Q100 - HAT plus 0.8 m – detention basin and filling west of Rapid Creek Road – flood
extent and flood surface contours

A4 Q100 - HAT plus 0.8 m – detention basin and filling west of Rapid Creek Road – flood
depth and extent
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Appendix B. Model-calculated flood levels
The following shows model-calculated flood levels at corners and centre of each allotment if flooded.

Figure number Description

B1 Q100 - HAT plus 0.8 m – detention basin – model-calculated flood levels (north)

B2 Q100 - HAT plus 0.8 m – detention basin – model-calculated flood levels (south)



Flood Modelling with Detention Basin

IW111200-CH-RPT-0002

FIGURE B1
Computed Q100 with Highest Astronomical +0.8 Tide:  Detention basin only:  Calculated flood levels (north)
Values are calculated flood height in metres to Australian Height Datum (AHD)
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FIGURE B2
Computed Q100 with Highest Astronomical +0.8 Tide:  Detention basin only:  Calculated flood levels (south)
Values are calculated flood height in metres to Australian Height Datum (AHD)
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Appendix C. Calculated maximum flood level and velocity on selected allotments
Lot
Number

Street address Highest Q100 flood height on allotment
after construction of detention basin
(m AHD) 2

Highest Q100 velocity on
allotment after construction of
detention basin (m/sec)

Comment

1086 65 Trower Road 5.5 0.26

1087 61 Rapid Creek Road 5.3 0.08

1214 60 Trower Road 5.5 0.01

1218 8 Berry Place 5.5 0.06

1225 1 Berry Place 5.5 0.09

1226 19 Sprigg Street 5.6 0.11

1227 17 Sprigg Street 5.6 0.01

1234 14 Sprigg Street 5.6 0.03

1235 49 Rapid Creek Road 5.6 0.11

1236 10 Burden Place 5.6 0.08

1237 9 Burden Place 5.6 0.01

1245 1 Burden Place 5.6 0.01

1246 43 Rapid Creek Road 5.6 0.01

1247 11 Brooks Place 5.6 0.02

1257 1 Brooks Place 5.6 0.01

1258 37 Rapid Creek Road 5.7 0.03

1259 14 Aldridge Place 5.7 0.03

1272 33 Rapid Creek Road 5.7 0.02

1273 45 Robinson Road 5.7 N/A Allotment not flooded – level is flood
height at nearest approach to lot

1525 42 Robinson Road 5.8 N/A Allotment not flooded – level is flood
height at nearest approach to lot

1526 33 Carrington Street 5.8 0.02

1609 26 Carrington Street 5.8 0.01

1610 28 Carrington Street 5.9 0.04

1611 29 Solomon Street 5.9 0.09

1612 27 Solomon Street 5.9 0.02

1668 20 Solomon Street 5.9 0.01

1669 22 Solomon Street 5.9 0.10

1670 5 Roberts Place 6.0 0.11

1674 1 Roberts Place 6.1 0.07

1675 11 Levi Street 6.1 N/A Allotment not flooded – level is flood
height at nearest approach to lot

2 Quoted levels and velocities in the table are for Q100 after construction of the detention basin and before any filling of these allotments
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Appendix D. Detention Basin Earthworks Drawing
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