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City of Rockingham 
PO Box 2142 
Rockingham DC WA 6967 

 
 
 
Attention: Damien Slack 

 
Dear Damien, 
 
Re:  Parkland Heights – LWMS Hydrologic and Hydraulic Modelling Engineering 

Summary (Addendum to Lot 1507 Eighty Road Baldivis LWMS, Report Number 
10/174, date 14 Dec 2011) 

 
Further to our discussion regarding the proposed Parkland Heights Neighbourhood Centre 
(NC), detailed hydrologic and hydraulic modelling has been prepared to analyse the effect of 
the Parkland Heights Neighbourhood Centre on the constructed infrastructure downstream, 
and identify whether the approved LWMS (dated 14 Dec 2011) should be amended to guide 
the Parkland Heights Neighbourhood Centre development and the adjacent stages. 
 
MUS has completed the drainage modelling and analysed the results, following which it was 
deemed that a complete LWMS amendment will not be necessary and this Engineering 
Summary Report can be an addendum/appendix to the approved LWMS dated Dec 2011. 
 
Hydrologic and hydraulic modelling has been undertaken to determine the peak flow rates 
and retention requirements of the proposed Neighbourhood Centre, in addition to checking 
the retention capacity of the constructed drainage basins, downstream of the catchment. As 
a quick overview, our modelling indicates that only 2.3% of the total Neighbourhood Centre 
catchment area is required for stormwater retention up to the 100 Year 6 Hour ARI event, 
this being the equivalent of 270m3 of storage per hectare of Neighbourhood Centre 
(Commercial) Catchment Area.  
 
Alternatively, should the City accept our proposal to retain the critical 10 Year ARI (10 Year 1 
Hour) storm event within the Neighbourhood Centre, and allow storms greater than 10 Year 
ARI events to overflow downstream, then the retention requirement for the Neighbourhood 
Centre would be 1.8% of the total NC catchment area, being the equivalent of 217m3 of 
storage per hectare. This option does not impose any adverse impact to the downstream 
infrastructure, as it will be demonstrated in this report and in the attached drawings. 
 
Modelling of the drainage system for Parkland Heights has been undertaken using the 
computer software package XPSWMM. XPSWMM is an urban drainage design software 
package capable of carrying out both hydrologic and hydraulic modelling of urban 
catchments. The following sections outline the assumptions made and results calculated 
from our modelling. 
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1. GENERAL 
 

Detailed surface water modelling of the drainage system was undertaken using the 

stormwater modelling software XPSWMM to provide details of the required retention 

volumes for all interconnecting sub-catchment areas west of and including Nairn Drive. 

Design storms are between 1 year and 100 years ARI, and the storm durations investigated 

varied between 10 minutes and 72 hours. 

The stormwater model considers the existing/as-constructed development of Parkland 

Heights Stages 1 to 5, and also considers future development within Stage 6 and the 

Neighbourhood Centre area of interest. 

The detailed modelling also considers the conveyance system, and information such as 

water level, flow, velocity, and velocity depth factor, typical to that of a UWMP as the majority 

of the catchment has been constructed. 

 
2. IFD: 

 
Using the principals of AR&R 1987, a site-specific IFD table was generated in XP-SWMM for 
modelling of Parkland Heights post development.  The Rainfall IFD data utilised in our model 
is presented below: 
 

DURATION 1 year 2 year 5 year 10 year 20 year 50 year 100 year 

5Mins 59.2 78.1 103 121 146 182 214 

30Mins 24.4 31.6 39.8 45.3 53.3 64.7 74.3 

1Hr 16 20.5 25.4 28.8 33.5 40.3 45.9 

6Hrs 5.01 6.39 7.76 8.66 10 11.8 13.4 

12Hrs 3.21 4.1 4.96 5.53 6.36 7.53 8.49 

24Hrs 2.07 2.65 3.2 3.57 4.11 4.87 5.5 

48Hrs 1.31 1.68 2.04 2.28 2.64 3.14 3.55 

72Hrs 0.98 1.25 1.53 1.71 1.98 2.35 2.68 

Table 1: Parkland Heights IFD (mm/h) 

 
3. CATCHMENT AREA: 

 
As per the approved LWMS, Sketch 28601-NC-SK001 Rev A shows the post-development 
sub-catchment areas within the study area. The entire catchment area ultimately discharges 
into POS F’s retention basins B5 & B6. Whereas, basins B7, B8, B9 and S5, within POS G, 
C, and E, respectively, serve as bio-retention and stormwater detention basins for the 
respective sub-catchment areas. 
 
Under the approved LWMS, the proposed Neighbourhood Centre was a mixed-use area 
consisting of residential, high-density development, and commercial space. This area was 
also divided into 3 sub-catchments and is connected to basins B7, B8, and B9.   
 
From our modelling and calculation check, there is little spare capacity within the existing 
drainage basins, B5 & B6, during the critical 100 Year ARI (6 hours) storm event. However, 
the district oval and the remaining area within POS F do possess significant storage and 
infiltration capacity which previously was not considered in the approved LWMS, for major 
events such as the 20 Year and 100 Year ARI events. 
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Our modelling and bulk earthworks design envisaged that the northern portion of the 
Neighbourhood Centre (3.46ha) can overflow on to Brockwell Street then connect into Basin 
B8, and the southern portion (1.69ha) can overflow on to Arpenteur Drive and Chelsea Way 
then connected into Basin B7. 

 
4. RUNOFF: 

 
To convert the region’s rainfall pattern and the tabled rainfall intensity into a runoff 
hydrograph for proposed post development catchments, the following assumptions were 
made. The runoff models were determined based on the following assumptions of 
impervious area percentage for 5 types of Land-use. 
 

POST DEVELOPMENT LAND-USE PERCENTAGE OF IMPERVIOUS AREA 

Road Reserve 80% 

Lot < 300m2 80% 

Lot > 300m2 80% 

POS 20% 

Commercial (Neighborhood Centre) 90% 

Table 2: Post Development Land-use, Percentage of Impervious Area 

 
Based on our estimates, we believe the Road Reserve percentage of impervious area is 
approximately 64% to 70%. However, and impervious percentage of 80% has been adopted 
as this is commonly used within the industry, stemming from the Rational Method Runoff 
Coefficient for Road Reserves. 
  
Lot percentage of impervious area is based on measurements of the constructed Lots 
through Parkland Heights. It is recognized that the Impervious Area within Lots is connected 
to other pervious and soakage areas, such as soakwells and garden beds. Therefore, a 
separate loss model was created for Lot Impervious areas, as it is different to all other 
impervious areas which are assumed to be directly connected to the street storm-water 
conveyance system. 
 
In accordance with the latest AR&R Guidelines, we’ve assumed that the catchments area 
has been receiving rainfall throughout the winter period, prior to the arrival of the storm event 
of interest. Therefore, 20% of the POS area was assumed to be impervious which consists 
of 10% wetted area, and 10% for paved or hardstand area within the POS. 
 
With regards to the Neighborhood Centre (commercial area), as the development planning is 
still conceptual, we have conservatively assumed 90% impervious in our modelling for the 
purpose of this report. It is recommended that this percentage of impervious be refined at 
UWMP and detailed design stage. 
 
The above assumptions are considered conservative, and refinement of these assumptions 
can be reviewed and approved at the detailed design phase, which could highlight additional 
drainage capacity within the downstream infrastructure. 

 
5. LOSS MODEL: 

 
The following Uniform Loss Model was applied to all Impervious, Pervious, and Lot 
Impervious Areas. The use of 3m/day continuing loss is based on permeability test results 
for the sandy fill materials that will be sourced from Parkland Heights. In 2009, geotechnical 
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testing undertaken by SKM found the sandy material at Parkland Heights to have an 
infiltration rate from 4.3m/day to 5.8m/day. Furthermore, these sandy materials have recently 
been placed over the Guildford Formation at the North Baldivis Development Area and initial 
infiltration tests carried out over North Baldivis Bulk Earthwork areas have shown an average 
infiltration rate of 5m/day prior to installation of subsoil drainage. Mortons Urban Solutions 
(MUS) believes 3m/day continuing loss is conservative and suitable for this development 
with the consideration for clogging over time. 
 
All Lot impervious areas are assumed to be connected to drainage soakwells, and from our 
assessment of varying Lot sizes (320m2 to 660m2) and the correlating number of soakwells, 
it was established that the Initial Loss varies between 18mm to 26mm, and Continuing Loss 
varies between 1.7mm/h to 2.5mm/h. As a result, an average Initial Loss and Continuing 
Loss of 21mm and 2mm/h, respectively, has been adopted for all Lot Impervious Areas.  
Initial Loss is the storage capacity of the Soakwell and Continuing Loss is the infiltration rate 
through the soakwell base. It is recognised that soakwells do have sidewall infiltration 
capability, however, it is difficult to translate this into a loss model as side infiltration varies 
based on the depth of water within the soakwell during the storm event. 
 
Loss Model Initial Loss Continuing Loss 

Impervious Area Nil. Nil. 

Pervious Area 9mm 3m per day 

Lot Impervious Area 21mm 0.048m per day 

Table 3: Loss Model Assumptions 

 
We recognised that ARR 2016 recommended using 60% to 80% of the pre-development 
storm initial loss, which is supplied by ARR Data Hub (data.arr-software.org/). This would 
equate a Pervious Area’s Initial Loss of 18mm to 24mm for this proposed urban catchment. 
However, we have proceeded with caution for sites such as this, where there is no 
measurable surface runoff that would enable us in calibrating our Hydrological Model. As a 
result, we have assumed 9mm initial loss for all Pervious Areas. 
 

6. HYDRAULICS: 
 
The majority of the Parkland Heights Development area west of Nairn Drive, has been 
constructed with the exception of Stage 6 and the Neighbourhood Centre. Stage 6 detailed 
design is complete and the final submission is currently with the City for review and 
approval. As a result, the majority of the hydraulic model was set-up based on as-
constructed or detailed design information.  
 
The development area west of Nairn Drive contains 7 storm-water detention and retention 
basins. Basin B10 was not considered as part of this investigation as it is unrelated to the 
proposed Neighbourhood Centre development. 
 
For the purpose of our preliminary analysis, it was assumed that 1.8% of the Neighbourhood 
Centre will be used for stormwater drainage retention, being the equivalent of 217m3 of 
storage per hectare of Neighbourhood Centre (Commercial) Catchment Area. This will be 
adequate to retain up to and including the critical 10 Year ARI storm-event. 
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It is envisaged the Neighbourhood Centre stormwater detention infrastructure could be in the 
form of; garden swales, soakwells, or underground storage chambers (such as Stormtech 
polypropylene chambers). 
 
The highest detention basin/swale in the overall catchment is Swale S5 which has been 
designed to capture up to and including the critical 10 Year ARI storm-event. During the 100-
year ARI storm-events Swale S5 will overflow then convey to Basin B9 via Arpenteur Drive 
and Furnivall Parade’s pit and pipe system. 
 
All other basins have also been designed for capture up to and including the critical 10 Year 
ARI storm-event. Basin B9 will also overflow to Basin B8 during the 100 Year ARI storm-
event, via overland flow running across POS C. Then in turn Basin B8 will overflow into a 
grated pit at the southern end of POS C, then link into the existing pit and pipe system along 
Peckham Blvd, and ultimately discharge into Basin B6. 
 
In accordance, with the approved LWMS, Basin B6 is allowed to overflow into the Playing 
Field during 100 Year ARI storm events. Based on our calculation, the water level within the 
Playing Field would only reach approximately 7mm in depth during the critical 100-year ARI 
event. 
 
Our modelling shows spare capacity within Basin B7 to detain runoff from Arpenteur Drive 
and the southern area of the Neighbourhood Centre. Without taking any runoff from the 
Neighbourhood Centre, Basin B7 water level will only reach 0.4m during the critical 100 Year 
ARI storm-event. However, with the Neighbourhood Centre retaining the 10 Year ARI and 
allowing the 100 Year to overflow into Basin B7, then water level within this basin will reach 
0.85m, still well below the basin’s maximum capacity. 
 
From our analysis, Basin B7 is unlikely to overflow into Basin B5, and Basin B5 will have the 
capacity to retain up to and including the critical 100 Year ARI event, with the maximum 
water level at the design limit of 1.2m. As for other major storm events greater than 100 Year 
ARI, storm-water will overtop a low point along Eight Road and move west toward the 
wetland. 
 
The volume of infiltration was modelled by using XPStorm based on 4.3m/day infiltration rate 
and variable infiltration area based on the depth of water during the storm event. The 
estimated emptying time is presented in Table 4 below and Sketch 28601-NC-SK004 Rev A. 
 

Basin 1 Year 1 Hour ARI 
Emptying Time (hours) 

100 Year 6 Hour ARI 
Emptying Time (hours) 

S5 3 6 

B5 1 8 

B6 6 9 

B7 1 4 

B8 2 4 

B9 2 4 

Table 4: Basins Emptying Time 

 
In accordance with City of Rockingham Planning Policy 3.4.1 – Public Open Space, MUS’ 
modelling has checked for compliance with the following conditions: 

 A maximum of 25% site area of any parcel of POS may be covered by any body of 
water a frequency of inundation of 1 in 10 years. 

 The base of detention basin be a minimum of 0.5m above the post-development 
groundwater level.  
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 Flood depth of 1.2m maximum for storm up to the critical 100-Year event. 
 
Refer to sketch 28601-NC-SK002 to SK004 for MUS’ modelling results, for 5, 10, and 100 
Year ARI storm-events, with the assumption that the Neighbourhood Centre will retain up to 
and including the critical 10 Year 1 Hour storm event onsite. 

 
7. Water Quality 

 
Stormwater runoff within Parkland Heights will be captured and infiltrated at source within 
one of the designated Drainage Basins, and Groundwater Quality and Surface Water Quality 
Management shall be as per the approved LWMS. 
 
The Neighbourhood Centre stormwater runoff for frequent events up to the 1-year 1-hour 
ARI will be managed and treated prior to entering the Drainage Retention Basin/Cells. 
Treatment can be in the form of Planted Swales or Tree Pits within Carpark areas. Detailed 
design of these treatment trains will be finalised at UWMP Stage and be subjected to City of 
Rockingham review and approval. 
 

8. Conclusions 
 
MUS’ detailed modelling of Parkland Heights’ catchment areas shows no adverse impact 
from the proposed Neighbourhood Centre to the downstream infrastructure nor noted any 
necessary changes to the overall drainage strategy. Therefore we believe that a complete 
amendment of the approved LWMS will not be necessary, and this engineering letter report 
shall serve as an appendix to the approved LWMS. 
 
With conservative assumptions in the runoff and loss model, there is still capacity within the 
existing infrastructure to accommodate for overflow from the Neighbourhood Centre, for 
events greater than the 10 Year ARI. Therefore, it is recommended that the Neighbourhood 
Centre detains the Critical 10 Year ARI (10 Year 1 Hour) storm-event onsite, and for greater 
storm-events, overflow from the Neighbourhood Centre is allowed via overland flow or via a 
pit and pipe system. The design of the Neighbourhood Centre detention and overflow 
system is to be investigated at Detailed Design and UWMP Phase. 
 
As part of this investigation, we’ve now calculated and detailed overflow conditions for all 
basins and swales west of Nairn Drive, which was previously not demonstrated in the 
approved LWMS. This information is presented on Sketch 28601-NC-SK004 Rev A. 
 
We trust this engineering summary report satisfied the City’s requirements, and resolves any 
concern with regards to the proposed Neighbourhood Centre’s drainage strategy. Should 
you have any further queries or would like to review the drainage model in more detail, 
please do not hesitate to contact the undersigned. 
 
 
Yours faithfully, 
 

 
Christopher Le 
Development Manager - Engineering 
Mortons Urban Solutions  
















