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Traffic Impact Assessment Report 
Parkhurst Service Station, 1018 Bruce Highway (Lot 81 SP300144), Parkhurst QLD 

1.0 INTRODUCTION  

1.1. PROJECT BACKGROUND 
Pearl Energy are proposing to establish a service station on part of the property at 1018 Bruce Highway (Lot 81 
SP300144) in Parkhurst, Queensland. The service station is expected to cater for passing traffic on the adjacent section 
of the Bruce Highway, and provides refueling and parking facilities for both light and heavy vehicles.  

1.2. SCOPE AND STUDY AREA 
McMurtrie Consulting Engineers (MCE) have been commissioned by Pearl Energy to undertake a Traffic Impact 
Assessment (TIA) for the proposed Service Station, located at 1018 Bruce Highway (Lot 81 SP300144) in Parkhurst, 
Queensland.  

This Traffic Impact Assessment (TIA) was carried out to determine the level of potential impacts of the Project on the 
operation of the surrounding road network. The outcomes of the TIA will be used in support of the Development 
Application which will be assessed by Department of Transport and Main Roads (TMR) and Rockhampton Regional 
Council (RRC).  

The assessment methodology adopted for this TIA is summarised in the key tasks listed below.  

• Broadly identify the existing transport infrastructure which is of relevance to the Project.   

• Estimate traffic generation associated with the Project and the distribution of this development traffic on the 
identified road network.   

• Assess the potential impact of the Project on the surrounding transport infrastructure. 

• Identify potential mitigation and management strategies to be implemented to offset the impact of the proposed 
Project (if required). 

As outlined above, the adopted methodology centers on establishing a background, “without development” traffic 
scenario for the identified transport routes and comparing this with a scenario including the Project-generated traffic, 
i.e. the “with development” scenario.  

The process allows for the assessment of the traffic impacts of the Project in terms of road safety, access requirements, 
intersection operations, road link capacity, pavement and other transport infrastructure. Following this, if required, 
potential mitigation and/or management measures would be formulated to address the potential traffic impacts 
caused by the proposed Project.  

Additionally, we have included further information to address the SARA and RRC Information Requests from March 
2020 to provide swept paths and address minor traffic generation associated with an occasional vehicle accessing the 
exiting Rural Shed use on the balance lot to the North of the Service Station site. 

 

1.2.1 STUDY AREA 
As previously identified, the planned service station is proposed to be at 1018 Bruce Highway, Parkhurst, on the land 
parcel formally described as Lot 81 SP300144. The site is located within the area of the recently completed TMR 
roadworks project for the Rockhampton Northern Access Upgrade (RNAU) project, as shown in Figure 1 below.  
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Figure 1   Study Area – 1018 Bruce Highway, Parkhurst Qld                                                [Source: Qld Globe] 
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2.0 EXISTING CONDITIONS 

2.1. SURROUNDING ROAD NETWORK DETAILS 
2.1.1 ROAD LINKS 
Bruce Highway (Rockhampton-St Lawrence) – 10F 

The Bruce Highway links the east coast of Queensland running from Brisbane to Cairns. In the Parkhurst area the link 
is the primary north-south road transport route for both passenger and road freight vehicles within Central 
Queensland. At the time of the initial TIA submission the highway through Parkhurst was typically a two-way, two lane 
rural standard road with a posted speed limit of 70km/h, generally with direct access to properties fronting the route. 

In the vicinity of the proposed development site, and with the completion of the RNAU works the section through 
Parkhurst is now a 4 lane divided urban highway standard permitting left in/left out access directly to the highway or 
via service roads, the speed limit on the Highway will be 70km/hr and the link is currently and approved 23m and 25m 
B-Double route.  

Access to the highway for the proposed development will be from the southbound or against gazettal direction as 
indicated in Figure 3 below. 

 

Figure 3 Bruce Highway frontage post RNAU construction          

2.2. TRAFFIC VOLUMES 
2.2.1 ROAD LINK VOLUMES  
The background traffic volumes for the relevant section of the state-controlled road network were established using 
the available 2020 AADT segment traffic count data provided by TMR (refer Appendix A) and the latest 2021 counts 
with a 50/50 directional split. Using these established traffic volumes for the relevant road link, the development year 
(2023) daily traffic volumes on the network were established assuming a 10 year growth rate of 3%. Noting that TMR 
shows a 10 year growth factor of 1.34.  

A summary of the forecast background traffic volumes for each of the relevant road segments for the development  
year (2023) is provided in Table 1 and refer to Appendix A for peak hourly counts. 

 

 

SITE 

Approx. 
location of 
egress only 

Approx. location 
of combined 
ingress and egress 
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Table 1 Forecast Future Background AADT Traffic Volumes 

Site ID 

AADT 
Segment Base 

Data 
Year 

Base Year (2021) AADT 10 
Yr. 
GR 
% 

Background AADT (2023) 

Start     
(km) 

End     
(km) Gaz % HV A-Gaz % HV 

Gaz A-Gaz 
Total HV Total HV 

Bruce Highway – 10F  

60926 8.55 13.18 2021 6392 16.6 6392 16.6 3 6781 1126 6781 1126 

2.3. NETWORK PERFORMANCE 
2.3.1 ROAD LINKS 
Based on the daily traffic volumes identified in Table 1 above, and following completion of the RNAU works, it is 
anticipated that all relevant sections of the Bruce Highway can be considered to be currently operating satisfactorily 
well under capacity, as the existing mid-block traffic volumes identified are considered well within the capacity of a 
two-way, four lane sealed urban road / highway. 

2.4. ROAD SAFETY ISSUES 
2.4.1 EXISTING SITE CONDITIONS 
A site inspection of the existing traffic conditions on the relevant road network was undertaken by Chris Hewitt 
(RPEQ/Road Safety Auditor) on Friday 11 November 2022. No safety issues were identified.  

 

2.4.2 ROAD CRASH HISTORY REVIEW 
A review of the road crash history of the section of the Bruce Highway 500m either side of the proposed access point 
was undertaken using the road crash data available from the Queensland Globe database, with the assessment 
completed for the available data range (2002-2018).  

The results of this assessment identified 5 crashes in the nominated extents within this timeframe, with the 
approximate location of the recorded crashes shown in Figure 4 below, while a summary of the details of the road 
crash data is provided in Table 2. 
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Figure 4 Road Crash Locations – Bruce Highway / Proposed Site Access Intersection  [Source: QLD Globe] 

Table 3  Summary of Road Crash History (2002-2018) 

Crash 
Ref. 
No. 

Crash 
Year Crash Severity Crash Type DCA Description Crash Description 

Bruce Highway  

194279 2009 Hospitalisation Multi-Vehicle Veh'S Manoeuvring: 
Leaving Driveway Vehicle leaving driveway 

25506 2002 Hospitalisation Multi-Vehicle Veh'S Same Direction: 
Right Rear Rear-end 

61114 2003 Hospitalisation Multi-Vehicle Veh'S Same Direction: 
Right Rear Rear-end 

251512 2012 Hospitalisation Single Vehicle Off Path-Straight: Left Off 
Cway Hit Obj 

Off carriageway on straight hit 
object 

175307 2001 Minor Injury Single Vehicle Off Path-Curve: Other Other 

The results above indicate that no one traffic movement can be considered a specific safety risk, with only 5 crashes 
recorded along the section of the Bruce Highway in the vicinity of the proposed site over the last 16 years (2002-2018) 
and no recent accidents recorded in the past 7 years.  
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2.5. SITE ACCESS 
As previously identified, access to the site will be via a left in/left out intersection to the southbound lanes.  

The access intersection will need to cater for vehicles up to a B-Double size. 

 

3.0 PROPOSED DEVELOPMENT DETAILS 

3.1. OPERATIONAL DETAILS 
The proposed development is a service station, which will occupy the southern portion of the subject site as shown in 
the site plan included as Appendix B and the extract provided as Figure 5 below. The balance of the lot is to remain 
operating as per its existing use of a rural lot with a vacant shed under the proposed development. Traffic generation 
associated with the existing use is negligible and separate low-level access, contingent with the existing use, to this part 
of the lot has been provided by TMR as part of the RNAU works. Access to this existing use is less than 1 vehicle per 
week so is not included in any peak hour generation rates. In any case, further development of this lot will be referred 
to TMR and require separate traffic and access analysis and approvals. 

The development will provide four  (4) bowsers for cars (i.e. eight (8) refueling positions), and three (3) bowsers for 
heavy vehicles/trucks. Vehicular access is proposed via a left in/left out access intersection with the Bruce Highway, 
while the largest design vehicle anticipated to require access to the site is a 25m B double combination vehicle. 

The proposed service station building has an area of 350m² GFA, with parking bays provided for cars parking in close 
proximity to the building and truck parking areas provided to the east of the main service station area.  

The traffic elements of the proposed development are discussed further in the following sections. 

 
Figure 5   Extract from Site Plan (Dwg. 22175 – DA01 Rev P1)           [Source: Verve Building Design Co.] 
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3.2. PROPOSED ACCESS AND PARKING 
3.2.1. SITE ACCESS 
As previously identified, vehicular access to the service station development is proposed to be provided via a left in/left 
out access intersection with the Bruce Highway catering for vehicles in the Southbound lanes. 

3.2.2 INTERNAL SITE FACILITIES 
In order to assess the adequacy of the internal traffic facilities, reference has been made to the Access, Parking and 
Transport Code within the Rockhampton Regional Council Planning Scheme, as well as the relevant Australian 
Standards.  

Compliance with the requirements of these documents is discussed in the following sections. 

3.2.2.1 CAR PARKING 

Table 9.3.1.3.2 of RRC’s Access, Parking and Transport Parking Code stipulates a car parking requirement of 1 space 
per 25m² GFA for the relevant shop area of a service station. Given the proposed service station includes 
approximately 350m² GFA of shop area, the recommended parking provision for the development is therefore 14 
parking spaces (minimum). 

As shown in the site plan (included within Appendix B), a total of 14 parking spaces are proposed on site, including 1 
PWD Bay for Persons with Disabilities and an additional 9 truck parking bays at the rear of the service station shop 
area.  

All parking spaces proposed for light vehicles (cars) are generally 5.4m long and 2.6m wide and are accessed by a 
parking aisle exceeding 6.6m width, which meets the requirements stipulated in AS2890.1 for short term, high 
turnover parking, while the provision of 1 PWD bay for the proposal aligns with the general PWD bay provision rate of 
between 1-2% of the overall parking bays on site.  

3.2.2.2 QUEUING AND VEHICLE CIRCULATION 

As shown in the Site Plan (refer Appendix B) the proposed site layout nominates one-way traffic flow (clockwise) for 
vehicles through the petrol pump lanes in the vicinity of the service station, with the vehicle access to the pump area 
located off the main access road. Vehicle swept paths have also been undertaken which confirm the ability of a B 
double combination to travel through the site as required, with a copy of the relevant swept paths for the proposal 
included for reference in Appendix B and C.  

3.2.2.3 SERVICE VEHICLE ACCESS, CIRCULATION AND LOADING 

RRC’s Access, Parking and Transport Parking Code does not stipulate any specific requirement for servicing at service 
station developments. Notwithstanding this, a service vehicle bay is proposed to the east of the building. 

Finally, it is also understood that the fuel tanker which is expected to be used for regular refueling of the service 
station tanks will be a B-Double configuration vehicle. The swept path for the proposed refueling activities on site is 
shown on Dwg. 18284 – TP03 (refer Appendix B),and  clearly indicates that the B-Double can comfortably access the 
proposed fuel fill points within the truck stop area.  
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4.0 DEVELOPMENT TRAFFIC 

4.1. TRAFFIC GENERATION 
As mentioned previously it is envisioned that the site will cater for south bound traffic only as there is no direct access 
to or from the site from the north bound lanes other than by convoluted means. In any case for heavy vehicles there is 
no close practical facility for a heavy vehicle to exit the site and continue north bound. 

In order to determine the traffic generation of the proposed service development, reference has been made to the 
Traffic Generation Data—2006–2017 recently published on the Queensland Government website 
(https://data.qld.gov.au/dataset/traffic-generation-data-2006-2018) which includes the recorded weekday trip 
generation rates for 10 separate service stations locations in Queensland.  

A summary of the relevant service station data is provided in Table 4 below, which reveals an average trip generation 
rate of 29.32 trips / 100m² GFA for service stations which are less than 1,000m² GFA. Applying this rate to the 
identified service station tenancy area (350m² GFA) would equate to a peak hour trip generation for the proposed 
development site of 104 trips (entry and exit). 

Table 4:  Summary of Trip Generation Data (Service Stations)  

  
Source:  https://data.qld.gov.au/dataset/traffic-generation-data-2006-2018/resource/73079dc1-c34e-44cf-9e9a-8acb13591c1b 

It is considered that this calculated rate is more appropriate for the site than the standard trip generation rates 
recommended in the DTMR’s Road Planning and Design Manual (Chapter 3) and the RTA Guide to Traffic 
Engineering Developments of 66 trips / 100m² GFA in the peak hour. This is because the adoption of this rate for the 
development would equate to a peak hour generation of 231 trips for the site, which is considered to be excessive when 
compared to the peak hourly traffic on the adjacent section of the Bruce Highway (peak approx. 914 vph). While the 
main use of the service station is expected to be “drop-in” trips by vehicles passing on the Highway, it is not considered 
reasonable to assume that almost 25% of the passing vehicles would utilise the service station development.  

As such the adoption of the calculated rate from the Queensland Government’s Traffic Generation Data—2006–2017 
of 29.32 trips / 100m² for service stations under 1,000m2 GFA is considered acceptable, and equates to a peak hour 
traffic generation of 104 trips during the AM and PM periods.  

4.2. TRAFFIC DISTRIBUTION 
Given the proposed development is a service station, it is anticipated that the vast majority of trips generated (if not 
all) will be undiverted “drop-in” trips undertaken by vehicles travelling past on the Bruce Highway.  

However with a view to maintaining a conservative approach, it has been assumed that 20% of trips generated by the 
service station during the peak hours will be destination (i.e. new) trips, with a summary of the expected distribution 
of traffic from the development provided in Table 5 below.  
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Table 5  Proposed Development Traffic Distribution  

AM PEAK PM PEAK 

ARRIVAL / DEPARTURE SPLIT 

• 50% traffic inbound to development; and 
• 50% traffic outbound from development. 

• 50% traffic inbound to development; and 
• 50% traffic outbound from development. 

“NEW” TRIP DISTRIBUTION (20% Overall Trips) 

INBOUND 
• 100% from Bruce Highway (North). 

OUTBOUND  
• 100% to Bruce Highway (South). 

INBOUND 
• 100% from Bruce Highway (North). 

OUTBOUND  
• 100% to Bruce Highway (South). 

“DROP-IN” TRIP DISTRIBUTION (80% Overall Trips) 

INBOUND 
• 100% from Bruce Highway (North). 

OUTBOUND  
• 100% to Bruce Highway (South). 

INBOUND 
• 100% from Bruce Highway (North). 

OUTBOUND  
• 100% to Bruce Highway (South). 

4.3. DEVELOPMENT TRAFFIC VOLUMES ON THE NETWORK 
Based on the information outlined above and the conservative assumptions applied, an estimate of the additional 
development traffic volumes at the key site access intersection of the Bruce Highway were established, with a summary 
of the resultant AM and PM peak hour development traffic volumes provided in Figure 6 to Figure 11 below, noting 
that 20% of the development traffic is assumed to be heavy vehicles.  

The development year has been assumed as 2023 thus resulting in a 10 year design period of 2033.  

  

Figure 6   “New Trip” Development Volumes AM Peak   Figure 7   “New Trip” Development Volumes PM Peak   

10 
10 10 

10 
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Figure 8   “Drop In” Development Volumes AM Peak   Figure 9   “Drop In” Development Volumes PM Peak   

  

Figure 10    Total Development Traffic Volumes AM Peak  Figure 11    Total Development Traffic Volumes PM Peak  

 

5.0 IMPACT ASSESSMENT AND MITIGATION 

Based on the information provided above, it was determined that the critical elements of the surrounding road 
network in terms of the potential impact of the proposed service station development was the Bruce Highway access 
intersection. 

Further details of the assessment of the impact of the development on road network is provided in the following 
sections. 

5.1. WITH AND WITHOUT DEVELOPMENT TRAFFIC VOLUMES 
5.1.1 ROAD LINK VOLUMES 
As previously discussed, given the proposed development is a service station it is anticipated that the vast majority of 
trips generated by the proposed development will be undiverted drop-in trips. 

Whilst the development is predicted to generate in the order of 104 vehicle trips (entry and exit) in the AM and PM 
peak hours, at least 80% of these trips are expected to be undiverted drop-in trips by vehicles travelling past the site on 
the Bruce Highway, which would have been on the road network even in the absence of the proposed development. 
Accordingly, the impact of the proposed development upon existing road link volumes is anticipated to be negligible. 
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5.2. ACCESS AND FRONTAGE IMPACT ASSESSMENT AND MITIGATION 
The proposed access locations were discussed at a meeting with TMR 13 November 2018, attended by Chris 
Murphy,Anton DeKlerk (TMR), Gideon Genade and Chris Hewitt along with representatives of the RNAU project 
team. At this meeting TMR indicated general acceptance of the proposed access locations. 

The proposed site access ingress and egress will be provided as per Figures 3 and 5 with an egress only point located 
approximately 290m downstream of the roundabout and an ingress/egress access point located approximately 200m 
downstream from the roundabout.  Access visibility from both locations will be able to sight a vehicle leaving the 
roundabout thus comfortably achieving SISD of 181m for an 80 kph design speed. 

Forecast through road and access volumes based on Table 1 and Figures 10 and 11, the detailed hourly volumes 
from Appendix A and a compound growth rate of 3% are shown in Figures 12 to 15 below for the opening year of 
2023 and the 10 year design horizon of 2033. We have also assumed 50% of traffic will utilize the outside lane of the 2 
southbound lanes. 

  

Figure 12   Development Volumes AM Peak 2023   Figure 13   Development Volumes PM Peak 2023 
 

  

Figure 14   Development Volumes AM Peak 2033   Figure 15   Development Volumes PM Peak 2033   
 

A turn warrants assessment was undertaken for the current site access intersection with the Bruce Highway based on 
the forecast 2033 post development traffic volumes from the proposed Parkhurst Service Station as identified in 
Figure 14 and Figure 15 above. The assessment was completed using Figure 2.26b of Austroads Guide to Traffic 
Management Part 6: Intersections, Interchanges and Crossings, which depicts the turn warrants graph for design 
speeds between 70km/h and 100km/h.  

The resultant graph from the assessment for the post development (2033) traffic conditions is provided in Figure 16 
below.         

227 227 
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Figure 16  Turn Warrants Graph (70-100km/hr) – Post Development Traffic Volume Scenario (2030) 

The results of the turn warrants assessment indicate that the recommended turn treatments at the intersection of the 
Bruce Highway for the post development traffic volume scenario was an AUL(s) treatment. 

As such a functional layout plan for the upgrade works to the Bruce Highway / site access intersection proposed as 
part of the service station development has been developed. This layout (refer Appendix C) identifies the expected 
works required at the intersection including the provision of the required AUL(s) turn treatment. Swept paths for a B 
double combination have also been detailed as part of this plan. Please note that this layout is only 
functional/conceptual in nature being sufficient to approve an MCU/ROL – detailed design will of course need to 
follow and TMR will have the opportunity at that time to approve the detail. 

 

5.3. PAVEMENT IMPACT ASSESSMENT AND MITIGATION 
Given the proposed development is a service station on a major arterial road and is not expected to generate a 
significant number of new heavy vehicle movements under typical operation, no pavement mitigation works are 
deemed warranted or required as a result of the proposal. 

 

6.0 CONCLUSIONS AND RECOMMENDATIONS 

6.1. SUMMARY OF IMPACTS AND MITIGATION MEASURES PROPOSED 
6.1.1 INTERNAL FACILITIES 
The traffic elements of the proposed plan of development have been designed generally in accordance with the 
requirements of AS2890 and the Access, Parking and Transport Code within the Rockhampton Regional Council 
Planning Scheme. 

The proposed on-site parking provision a total of 14 parking spaces, including 1 PWD Bay for Persons with Disabilities 
and an additional 9 truck parking bays at the rear of the service station shop area is considered adequate to cater for 
the parking demand expected to be generated by the development. 

In addition, the proposed shop and petrol tank servicing and refuse collection arrangements for the service station 
development can be considered adequate, with the swept paths of the largest vehicle entering the site shown to 
comfortably be able to enter the site. 
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6.1.2 TRAFFIC IMPACTS 
The turn warrants assessment undertaken based on the estimated post development traffic volumes (2033) indicated 
that the recommended turn treatments for the site access intersection of the Bruce Highway / site access was an 
AUL(s) treatment.  

These works are proposed to be completed generally in accordance with the functional layout plan for the intersection 
provided in Appendix C, which identifies the required AUL(s) turn treatment and the minor widening works to the 
Bruce Highway (site access) approach to the intersection required to accommodate the vehicle swept path of a B 
double combination vehicle.  

6.1.3 RECOMMENDATIONS 
In light of the information provided above, it is concluded that conditional to the provision of the identified upgrade 
works to the Bruce Highway/site access intersection, the proposed development will have a negligible impact on the 
adjacent road network and can therefore be recommended to be approved from a traffic engineering perspective. 

6.2. CERTIFICATION STATEMENT AND AUTHORISATION 
A copy of the RPEQ certification and authorisation statement covering this assessment of the proposed Parkhurst 
Service Station development located at 1018 Bruce Highway (Lot 81 SP300144) is included for reference as Appendix 
D.  
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TARS
Traffic  Analysis  and  Reporting  System

AADT  Segment  Report
Area 404 - Fitzroy District          Road Section 10F - BRUCE HIGHWAY (ROCKHAMPTON-ST LAWRENCE)

Road Segment from 8.550km to 13.180km          Segment Site  60926          Traffic Year  2020          Data Collection Year  201824-Jun-2021  14:55

10.34 km

Site 60926.  Point 260000686.  140m
S of William Palfry Rd, Parkhurst.

The width of each Road Segment is proportional to its AADT.

8.55 km

Start Point 260000303.  Yaamba
Rd/Bruce Hwy to City @ Yeppoon Rd.

13.18 km

End Point 260000531.  Bruce Hwy
to R’ton CBD @ Terra Nova Dr.

All Vehicles  (00)

G 6,366 100%

A 6,384 100%

B 12,750 100%

Light Vehicles  (0A)

G 5,495 86.32%

A 5,796 90.79%

B 11,291 88.56%

Heavy Vehicles  (0B)

G 872 13.70%

A 588 9.21%

B 1,460 11.45%

Short Vehicles  (1A)

G 5,495 86.32%

A 5,796 90.79%

B 11,291 88.56%

Trucks and Buses  (1B)

G 565 8.88%

A 306 4.79%

B 871 6.83%

Articulated Vehicles  (1C)

G 142 2.23%

A 127 1.99%

B 269 2.11%

Road Trains  (1D)

G 165 2.59%

A 155 2.43%

B 320 2.51%

Short 2-Axle
Vehicles  (2A)

G 5,340 83.88%

A 5,629 88.17%

B 10,969 86.03%

Short Vehicles
Towing  (2B)

G 155 2.43%

A 167 2.62%

B 322 2.53%

2-Axle Trucks
and Buses  (2C)

G 514 8.07%

A 254 3.98%

B 768 6.02%

3-Axle Trucks
and Buses  (2D)

G 43 0.68%

A 45 0.70%

B 88 0.69%

4-Axle
Trucks  (2E)

G 8 0.13%

A 7 0.11%

B 15 0.12%

3-Axle
Articulated  (2F)

G 13 0.20%

A 6 0.09%

B 19 0.15%

4-Axle
Articulated  (2G)

G 22 0.35%

A 15 0.23%

B 37 0.29%

5-Axle
Articulated  (2H)

G 22 0.35%

A 20 0.31%

B 42 0.33%

6-Axle
Articulated  (2I)

G 85 1.34%

A 86 1.35%

B 171 1.34%

B Double  (2J)

G 164 2.58%

A 154 2.41%

B 318 2.49%

Double Road
Trains  (2K)

G 1 0.02%

A 1 0.02%

B 2 0.02%

Triple Road
Trains  (2L)

G 0 0%

A 0 0%

B 0 0%

This report shows Annual Average Daily Traffic
values (AADTs).  Because the AADT values are
converted to whole numbers, there will be
occasional inaccuracies due to rounding.
These inaccuracies are statistically insignificant.
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AADT Segment Annual Volume Report
Provides summary data for the selected AADT Segment of a
Road Section.  Summary data is presented as both
directional information and a combined bi-directional figure.
The data is then broken down by Traffic Class, when
available.  The report also includes maps displaying the
location of both the AADT Segment and the traffic count site.

Annual Average Daily Traffic (AADT)
Annual Average Daily Traffic (AADT) is the number of vehicles passing
a point on a road in a 24 hour period, averaged over a calendar year.

AADT Segments
The State declared road network is broken into Road Sections
and then further broken down into AADT Segments.  An AADT
Segment is a sub-section of the declared road network where
traffic volume is similar along the entire AADT Segment.

Area
For administration purposes the Department of Transport and
Main Roads has divided Queensland into 12 Districts.  The Area
field in TSDM reports displays the District Name and Number.

District Name District

Central West District 401
Darling Downs District 402
Far North District 403
Fitzroy District 404
Mackay/Whitsunday District 405
Metropolitian District 406
North Coast District 407
North West District 409
Northern District 408
South Coast District 410
South West District 411
Wide Bay/Burnett District 412

AADT Values
AADT values are displayed by direction of travel as:

G Traffic flow in gazettal direction
A Traffic flow against gazettal direction
B Traffic flow in both directions

Data Collection Year
Is the most recent year that data was
collected at the data collection site.

Please Note:
Due to location and/or departmental policy,

some sites are not counted every year.

Gazettal Direction
Is the direction of the traffic flow.  It can be easily recognised by
referring to the name of the road eg.  Road Section: 10A Brisbane -
Gympie denotes that the gazettal direction is from Brisbane to Gympie.

Maps
Display the selected location from a range of viewing
levels, the start and end position details for the AADT
Segment and the location of the traffic count site.

Road Section
Is the Gazetted road from which the traffic data is collected.  Each
Road Section is given a code, allocated sequentially in Gazettal
Direction.  Larger roads are broken down into sections and
identified by an ID code with a suffix for easier data collection and
reporting (eg.  10A, 10B, 10C).  Road Sections are then broken
into AADT Segments which are determined by traffic volume.

Segment Site
Is the unique identifier for the traffic count site
representing the traffic flow within the AADT Segment.

Site
The physical location of a traffic counting device.  Sites are
located at a specified Through Distance along a Road Section.

Site Description
The description of the physical location of the traffic counting device.

Start and End Point
The unique identifier for the Through Distance along a Road Section.

Vehicle Class
Traffic is categorised as per the Austroads Vehicle Classification
scheme.  Traffic classes are in the following hierarchical format:

Volume or All Vehicles
00 = 0A + 0B

Light Vehicles
0A = 1A
1A = 2A + 2B

Heavy Vehicles
0B = 1B + 1C + 1D
1B = 2C + 2D + 2E
1C = 2F + 2G + 2H + 2I
1D = 2J + 2K + 2L

The following classes are the categories
for which data can be captured:

Volume
00 All vehicles

2-Bin
0A Light vehicles
0B Heavy vehicles

4-Bin
1A Short vehicles
1B Truck or bus
1C Articulated vehicles
1D Road train

12-Bin
2A Short 2 axle vehicles
2B Short vehicles towing
2C 2 axle truck or bus
2D 3 axle truck or bus
2E 4 axle truck
2F 3 axle articulated vehicle
2G 4 axle articulated vehicle
2H 5 axle articulated vehicle
2I 6 axle articulated vehicle
2J B double
2K Double road train
2L Triple road train

Copyright
Copyright The State of Queensland (Department of Transport and Main Roads) 2013

Licence
http://creativecommons.org/licences/by-nd/3.0/au

This work is licensed under a Creative Commons Attribution 3.0 Australia (CC BY-ND) Licence.  To
attribute this material, cite State of Queensland (Department of Transport and Main Roads) 2013
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Annual  Volume  Report
Area 404 - Fitzroy District          Road Section 10F - BRUCE HIGHWAY (ROCKHAMPTON-ST LAWRENCE)
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Area 404 - Fitzroy District

Road Section 10F - BRUCE HIGHWAY (ROCKHAMPTON-ST LAWRENCE)

Site 60926 - 140m S of William Palfry Rd, Parkhurst

Thru Dist 10.335

Type C - Coverage

Stream TB - Bi-directional traffic flow

Year 2018

AADT 12,750

Avg Week Day 13,260

Avg Weekend Day 9,945

Growth last Year 6.10%

Growth last 5 Yrs 1.12%

Growth last 10 Yrs 2.32%
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AADT  History

1-Year 1-Year5-Year 5-Year10-Year 10-Year
Year YearAADT AADTGrowth GrowthGrowth GrowthGrowth Growth

2018 12,750 6.10% 1.12% 2.32%

2017 12,017 2.09% 0.59% 1.81%

2016 11,771 -0.51% 1.29% 1.87%

2015 11,831 -9.70% 1.87% 2.35%

2014 13,102 8.67% 6.13% 4.32%

2013 12,057 11.89% 4.38% 3.37%

2012 10,776 4.06% 1.74% 1.96%

2011 10,356 -6.14% 1.22% 1.60%

2010 11,034 11.54% 3.76% 3.00%

2009 9,892 -2.10% 1.58% 1.58%

2008 10,104 2.38% 2.58% 2.33%

2007 9,869 2.66% 2.25% 2.57%

2006 9,613 3.48% 1.78%

2005 9,290 4.65% 1.94%

2004 8,877 -2.72% 0.82%

2003 9,125 1.07% 2.73%

2002 9,028 1.09% 4.04%

2001 8,931 11.35%

2000 8,021 -7.39%

1999 8,661 12.15%

1998 7,723 8.38%

1997 7,126
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Days on which traffic data was collected.

Page 3 of 3  (6 of 7)

Version: 1, Version Date: 16/12/2022
Document Set ID: 40150014
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Annual Volume Report
Displays AADT history with hourly, daily and weekly
patterns by Stream in addition to annual data for AADT
figures with 1 year, 5 year and 10 year growth rates.

Annual Average Daily Traffic (AADT)
Annual Average Daily Traffic (AADT) is the number of vehicles passing
a point on a road in a 24 hour period, averaged over a calendar year.

AADT History
Displays the years when traffic data was collected at this count site.

Area
For administration purposes the Department of Transport and
Main Roads has divided Queensland into 12 Districts.  The Area
field in TSDM reports displays the District Name and Number.

District Name District

Central West District 401
Darling Downs District 402
Far North District 403
Fitzroy District 404
Mackay/Whitsunday District 405
Metropolitian District 406
North Coast District 407
North West District 409
Northern District 408
South Coast District 410
South West District 411
Wide Bay/Burnett District 412

Avg Week Day
Average daily traffic volume during the week days, Monday to Friday.

Avg Weekend Day
Average daily traffic volume during
the weekend, Saturday and Sunday.

Calendar
Days on which traffic data was collected are highlighted in green.

Gazettal Direction
The Gazettal Direction is the direction of the traffic flow.
It can be easily recognised by referring to the name of the
road eg.  Road Section: 10A Brisbane - Gympie denotes
that the gazettal direction is from Brisbane to Gympie.

G Traffic flowing in Gazettal Direction
A Traffic flowing against Gazettal Direction
B The combined traffic flow in both Directions

Growth Percentage
Represents the increase or decrease in AADT, using a
exponential fit over the previous 1, 5 or 10 year period.

Hour, Day & Week Averages
The amount of traffic on the road network will vary depending
on the time of day, the day of the week and the week of the
year.  The ebb and flow of traffic travelling through a site over
a period of time forms a pattern.  The Hour, Day and Week
Averages are then used in the calculation of AADT.

Road Section
Is the Gazetted road from which the traffic data is collected.  Each
Road Section is given a code, allocated sequentially in Gazettal
Direction.  Larger roads are broken down into sections and
identified by an ID code with a suffix for easier data collection and
reporting (eg.  10A, 10B, 10C).  Road Sections are then broken
into AADT Segments which are determined by traffic volume.

Site
The unique identifier and description of the physical
location of a traffic counting device.  Sites are
located at a Through Distance along a Road Section.

Stream
The lane in which the traffic is travelling in.  This report
provides data for the combined flow of traffic in both directions.

Thru Dist or TDist
The distance from the beginning of the Road Section, in kilometres.

Type
There are two types of traffic counting sites, Permanent
and Coverage.  Permanent means the traffic counting
device is in place 24/7.  Coverage means the traffic
counting device is in place for a specified period of time.

Year
Is the current year for the report.  Where an AADT Year record
is missing a traffic count has not been conducted, for that year.

Copyright
Copyright The State of Queensland (Department of Transport and Main Roads) 2013

Licence
http://creativecommons.org/licences/by-nd/3.0/au

This work is licensed under a Creative Commons Attribution 3.0 Australia (CC BY-ND) Licence.  To
attribute this material, cite State of Queensland (Department of Transport and Main Roads) 2013
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APPENDIX C 

Bruce Highway / Site Access Intersection Upgrade Plan 
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Certification of Traffic Impact Assessment Report 

Registered Professional Engineer Queensland 

for 

Project Title: Parkhurst Service Station  

As a professional engineer registered by the Board of Professional Engineers of Queensland pursuant to the Professional 
Engineers Act 2002 as competent in my areas of nominated expertise, I understand and recognise: 

• the significant role of engineering as a profession, and that 

• the community has a legitimate expectation that my certification affixed to this engineering work can be trusted, 
and that 

• I am responsible for ensuring its preparation has satisfied all necessary standards, conduct and contemporary 
practice.  

As the responsible RPEQ, I certify: 

i) I am satisfied that all submitted components comprising this traffic impact assessment, listed in the following 
table, have been completed in accordance with the Guide to Traffic Impact Assessment published by the 
Queensland Department of Transport and Main Roads and using sound engineering principles, and 

ii) where specialised areas of work have not been under my direct supervision, I have reviewed the outcomes of the 
work and consider the work and its outcomes as suitable for the purposes of this traffic impact assessment, and 
that 

iii) the outcomes of this traffic impact assessment are a true reflection of results of assessment, and that 

iv) I believe the strategies recommended for mitigating impacts by this traffic impact assessment, 

v) embrace contemporary practice initiatives and will deliver the desired outcomes. 

Name: Chris Hewitt RPEQ No: 5141 

RPEQ 
Competencies: 

Civil   

Signature: 

 

Date: 21 November 2022 

Postal Address: PO Box 2149 Wandal QLD 4700 

Email: chris@mcmengineers.com 
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Traffic impact assessment components to which this certification applies   

1. Introduction 

Background  

Scope and study area  

Pre-lodgement meeting notes  

2. Existing Conditions 

Land use and zoning  

Adjacent land uses / approvals  

Surrounding road network details  

Traffic volumes  

Intersection and network performance N/A 

Road safety issues  

Site access  

Public transport (if applicable) N/A 

Active transport (if applicable) N/A 

Parking (if applicable) N/A 

Pavement (if applicable) N/A 

Transport infrastructure (if applicable) N/A 

3. Proposed Development Details 

Development site plan  

Operational details (including year of opening of each stage and any relevant catchment / market 
analysis) 

 

Proposed access and parking  

4. Development Traffic 

Traffic generation (by development stage if relevant and considering light and heavy vehicle trips)  

Trip distribution  

Development traffic volumes on the network  

5. Impact Assessment and Mitigation 

With and without development traffic volumes  

Construction traffic impact assessment and mitigation (if applicable) N/A 

Road safety impact assessment and mitigation  

Access and frontage impact assessment and mitigation  

Intersection delay impact assessment and mitigation N/A 

Road link capacity assessment and mitigation  

Pavement impact assessment and mitigation  

Transport infrastructure impact assessment and mitigation N/A 

Other impacts assessment relevant to the specific development type / location (if applicable) N/A 

6. Conclusions and Recommendations 

Summary of impacts and mitigation measures proposed  

Certification statement and authorisation  
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1 Introduction 
RoadPro Acoustics was engaged by Pearl Investments (Aust) Pty Ltd to assess 
potential noise impacts from a proposed service station at a site at 1018 Yaamba 
Road, Parkhurst (the Site).  The Site has previously been assessed and approved 
for a service station, however the current proposal is expanded and includes 
truckstop facilities.  The site location is shown in Figure 1, and proposed site layout 
is shown in Figure 2.  Plans are provided in Appendix A. 

 
Figure 1: Site Location – 1018 Yaamba Road, Parkhurst 

 
Figure 2: Site layout - 1018 Yaamba Road, Parkhurst 
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The proposal involves establishing a fuel retail outlet and truckstop at the Site with 
the following facilities: 

• 8 x light vehicle fuel bowsers 

• 4 x truck fuel bowsers 

• Fuel shop 

• 14 x light vehicle carparks 

• 9 x truck bays 

• Loading area 

• Waste and services area 

• Associated conveniences (air and water, bike racks etc) 
This noise assessment has been carried out generally in accordance with the 
following: 

• Environmental Protection (Noise) Policy 2019;  

• Environmental Protection Act 1997; 

• Noise Measurement Manual, Queensland Government – Environmental 
Protection Agency, Version 4, August 2013; and 

• Australian Standard AS1055.1–1997 Acoustics – Description and 
measurement of environmental noise. 

Information used for this assessment included: 

• Development plans prepared by Verve; 

• Queensland Globe and Google Earth imagery;  

• Ausmap LIDAR spot heights; and 

• Photographs and general information from a site visit and inspection. 

2 Acoustic Terminology 
The following is a brief explanation of the acoustic terminology used in this report. 

 Sound (Noise) Level 
Sound or noise consists of minute fluctuations in atmospheric pressure capable of 
evoking the sense of hearing.  The human ear responds to changes in sound 
pressure over a very wide range.  The loudest sound pressure to which the human 
ear responds is ten million times greater than the softest.  The decibel (abbreviated 
as dB) scale reduces this ratio to a more manageable size by the use of logarithms. 
The symbols “L” or “LA” are commonly used to represent Sound Pressure Level. 

  “A” Weighted Sound Pressure Level - dB(A)  
The overall level of a sound is usually expressed in terms of dB(A), which is 
measured using a sound level meter with an “A-weighting” filter.  This is an 
electronic filter having a frequency response corresponding approximately to that 
of human hearing. 
People’s hearing is most sensitive to sounds at mid frequencies (500 Hz to 
4000 Hz), and less sensitive at lower and higher frequencies.  Thus, the level of a 
sound in dB(A) is a good measure of the loudness of that sound.  Different sources 
having the same dB(A) level generally sound about equally as loud. 
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A change of 1 dB(A) or 2 dB(A) in the level of a sound is difficult for most people 
to detect, whilst a 3 dB(A) to 5 dB(A) change corresponds to small but noticeable 
change in loudness.  A 10 dB(A) change corresponds to an approximate doubling 
or halving in loudness.   
Table 1 below shows examples of typical noise levels. 
Table 1:  Typical Noise Levels 

Sound Pressure 
Level (dB(A)) 

Typical Source Subjective 
Evaluation 

130 
120 
110 

Threshold of pain  
Heavy rock concert 
Grinding on steel 

Intolerable 
Extremely 

noisy 

100 
90 

Loud car horn at 3 m 
Construction site with pneumatic hammering 

Very noisy 

80 
70 

Curbside of busy street 
Loud radio or television 

Loud 

60 
50 

Department store 
General Office 

Moderate to 
quiet 

40 
30 

Inside private office 
Inside bedroom 

Quiet to very 
quiet 

20 Unoccupied recording studio Almost silent 

 Statistical Sound (Noise) Levels 
Sounds that vary in level over time, such as road traffic noise and most community 
noise, are commonly described in terms of the statistical exceedance levels LAN, 
where LAN is the A-weighted sound pressure level exceeded by N% of a given 
measurement period.  For example, the LA1 is the noise level exceeded for 1% of 
the time, LA10 the noise exceeded for 10% of the time, and so on. 
Of particular relevance are: 

LA1 The noise level exceeded for 1% of the 15 minute interval. 
LA10 The noise level exceed for 10% of the 15 minute interval. This is commonly 
referred to as the average maximum noise level. 
LA90 The noise level exceeded for 90% of the sample period. This noise level is 
described as the average minimum background sound level (in the absence of 
the source under consideration), or simply the background level 
LAeq is the A-weighted equivalent continuous sound pressure level (basically the 
average sound level).  It is defined as the steady sound level that contains the 
same amount of acoustical energy as a given time-varying sound. 

When dealing with numerous days of statistical noise data a method is required to 
determine the noise descriptors that are representative of a monitoring location for 
a particular time of day.  The method of statistical accumulation provides an 
appropriate method of determining these noise descriptors.   
This method accumulates each value for the days of monitoring and produces an 
estimate of the “repeatable minimum” LA90 noise level over the daytime and night-
time measurement periods, as required by the Department of Environment and 
Heritage Protection.  In addition, the method produces mean or “average” levels 
that are representative of the other descriptors that can be expected on a typical 
day at each particular site. 
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3 Background and Ambient Noise 
Noise measurements were carried out at the site from Wednesday 18th September 
to Wednesday 25th September at the location shown in Figure 3 and Figure 4.  
The location was selected as being representative of background noise levels for 
the nearest sensitive receivers.  
The measurements were carried out using a Rion NL-22 (Serial number 1273964) 
recording “fast” response “A” frequency weighted sound levels at 15-minute 
intervals, with the microphone at a height of approximately 1.2 m.  The instrument 
was checked for calibration prior to and post-measurement using a 94 dB acoustic 
signal at 1000 Hz, and drift in calibration remained within ±0.5 dB. 
Weather conditions for the duration of the survey were monitored through the 
Bureau of Meteorology website and were generally suitable for noise monitoring 
throughout the measurement period. 

 
Figure 3: Noise Logger Location “ML1” - 1018 Yaamba Road, Parkhurst 
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Figure 4: Noise Logger 

Ambient noise at the Site is dominated by road traffic on Yaamba Road (Bruce 
Highway).   
A summary of the logged data is provided in Table 2. The full dataset of the 
measurements is provided as charts in Appendix B. 
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Table 2:  Logger noise measurement results, dB(A) 

Day Period,T LA90,T LAeq,T LA10,T LA1,T 

Wednesday-18-Sep-19 
Day 46.9 54.7 57.1 62.5 
Evening 41.1 54.3 58.0 63.4 
Night 27.6 54.3 58.9 63.6 

Thursday-19-Sep-19 
Day 47.0 54.9 57.4 62.1 
Evening 40.9 54.9 58.0 62.9 
Night 30.4 53.5 57.2 62.9 

Friday-20-Sep-19 
Day 48.0 55.0 57.6 62.0 
Evening 43.2 53.1 56.1 61.4 
Night 30.5 51.6 54.1 62.3 

Saturday-21-Sep-19 
Day 44.7 53.7 56.6 61.1 
Evening 40.4 52.2 55.0 62.0 
Night 24.6 50.2 52.7 61.1 

Sunday-22-Sep-19 
Day 43.7 53.9 54.9 59.9 
Evening 37.5 52.5 55.2 62.3 
Night 31.8 51.9 52.2 61.5 

Monday-23-Sep-19 
Day 45.5 54.8 56.8 61.5 
Evening 39.0 53.3 55.9 61.9 
Night 30.8 54.1 55.4 63.4 

Tuesday-24-Sep-19 
Day 47.5 57.3 59.6 63.7 
Evening 46.7 56.9 58.8 63.9 
Night 41.8 54.5 57.4 63.2 

Wednesday-25-Sep-19 Day 47.0 55.6 58.2 63.6 
 

     

Overall RBL and 
averages 

Day 47 55 57 62 
Evening 41 54 56 62 
Night 30 53 55 63 

 
The following background noise levels are adopted for the Site for assessment 
purposes: 

Day   47 dB(A) 
Evening  41 dB(A) 
Night  30 dB(A) 

4 Noise Criteria 

 Acoustic Quality Objectives - Residences 
The Environmental Protection (Noise) Policy 2019 (EPP(Noise)) is designed to 
achieve the object of the Environmental Protection Act 1994. Relevant extracts are 
as follows: 
The environmental values to be enhanced or protected under this policy are— 
(a) the qualities of the acoustic environment that are conducive to protecting the health and 
biodiversity of ecosystems; and 

(b) the qualities of the acoustic environment that are conducive to human health and wellbeing, 
including by ensuring a suitable acoustic environment for individuals to do any of the following— 

(i) sleep; 

(ii) study or learn; 

Version: 1, Version Date: 16/12/2022
Document Set ID: 40149981



Proposed Service Station, Parkhurst 1376R1-R0 

www.roadpro.net.au 2 December 2022 Page 7 of 16 

(iii) be involved in recreation, including relaxation and conversation; and 

(c) the qualities of the acoustic environment that are conducive to protecting the amenity of the 
community. 

Acoustic Qualify Objectives are specified for residences as shown in Table 3. 
Table 3:  Environmental Protection (Noise) Policy 2019 Acoustic Quality Objectives 

Sensitive 
receptor 

Time of day Acoustic quality objectives 
(measured at the receptor) dB(A) 

Environmental value 

  LAeq,adj,1hr LA10,adj,1hr LA1,adj,1hr  

Dwelling (for 
outdoors) 

Daytime and 
evening 

50 55 65 health and wellbeing 

Dwelling (for 
indoors) 

Daytime and 
evening 

35 40 45 health and wellbeing 

Nighttime 30 35 40 health and wellbeing, in 
relation to the ability to 
sleep 

In order to assess internal sound levels, a 7 dB(A) noise reduction (free-field) 
through partially opened windows as per the Queensland Ecoaccess Guideline 
Planning for Noise Control (2004) is assumed. 

 Background Creep 
The EPP(Noise) provides the following regarding background creep in Section 9.  
Note that the technical provisions for background creep for time-varying (LAeq) and 
constant noise (LA90) have been removed from the EPP(Noise) as of 1 September 
2019.   
(2) To the extent it is reasonable to do so, noise must be dealt with in a way that 
ensures— 

(a)the noise does not have any adverse effect, or potential adverse effect, 
on an environmental value under this policy; and 

(b)background creep in an area or place is prevented or minimised. 

The potential for an increase in background noise levels from this proposal is 
limited to noise from mechanical plant.  The criteria specified in the Environmental 
Protection Act 1994 is deemed to be appropriate for appropriate control of 
mechanical plant noise by the Queensland Government. 

 Sleep Disturbance 
Sleep disturbance criteria from discrete LAMax noise events are not specifically 
addressed in any current QLD government policies.  It is prudent to assess the 
potential for this to occur for commercial activities that will potentially operate 24-
hours by limiting LAMax noise levels to ≤ 60 dB(A). 

 Mechanical Plant Noise 
The Environmental Protection Act 1994 specifies criteria for specific mechanical 
plant, summarised in Table 5. 
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Table 4: Summary of mechanical plant noise criteria from the Queensland Environmental 
Protection Act 1994 

Plant Time Period Start Time Period Finish Criterion 

Pumps1 

7am 7pm Background + 5 dB(A) 

7pm 10pm Background + 3 dB(A) 

10pm 7am Inaudible 

Air conditioning 
equipment 

7am 10pm Background + 5 dB(A) 

10pm 7am Background + 3 dB(A) 

Refrigeration plant2 
7am 10pm Background + 5 dB(A) 

10pm 7am Background + 3 dB(A) 
Notes:  
1A pump means an electrical, mechanical or pneumatic pump; and includes a 
swimming pool pump and a spa blower. Examples — liquid pump, air pump, heat 
pump. 
2Criteria for refrigeration plant applies to an occupier of premises at or for which 
there is plant or equipment for refrigeration (refrigeration equipment); or an owner 
of refrigeration equipment that is on or in a vehicle, other than a vehicle used or to 
be used on a railway. “Vehicle” includes a trailer. 

Based on progressing interpretation of the above, noise from fuel bowser pumps 
is included in overall noise emission calculations rather than being assessed as a 
continuously running pump. 
The site-specific criteria for mechanical plant noise considering the measured 
background noise levels are provided in Table 6.  
Table 5: Site-specific mechanical plant noise criteria from the Queensland 

Environmental Protection Act 1994 

Plant Time Period Start Time Period Finish Criterion 

Pumps 

7am 6pm 47 + 5 = 52 dBA 

6pm 7pm 41 + 5 = 46 dBA 

7pm 10pm 41 + 3 = 44 dBA 

10pm 7am 30 -10 = 20 dBA1 

Air conditioning 
equipment 

7am 6pm 47 + 5 = 52 dBA 

6pm 10pm 41 + 5 = 46 dBA 

10pm 7am 30 + 3 = 33 dBA 

Refrigeration plant 

7am 6pm 47 + 5 = 52 dBA 

6pm 10pm 41 + 5 = 46 dBA 

10pm 7am 30 + 3 = 33 dBA 
Notes:  
1A noise level 10 dB(A) or more below the ambient background noise level is 
generally adopted for design purposes to represent “inaudibility”. Even though a 
noise level 10 dB(A) below the background noise level may not be imperceptible, 
the likelihood of disturbance being causes by the source is considered to be 
negligible. 
 

5 Predicted Noise Emission Levels 

 General Methodology 
The site was modelled using the PEN3D noise modelling software package. The 
software allows the site to be modelled in 3-dimensional space and incorporates 
environmental noise calculation algorithms for point and mobile sources, and 
attenuation due to distance, barrier and terrain effects, and ground and 
atmospheric absorption.  Weather conditions were assumed to be calm.   
Terrain data was derived from LIDAR spot heights at 5 m grid intervals and 
converted to 0.5 m ground contours. 
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The nearest potentially affected receivers to the Site are: 

• the caretakers’ residence for the Casa Nostra motel resort,  

• the Casa Nostra resort bungalows and 

• The nearest residence in Bantry Street to the north-east of the Site.  
A snapshot of the model scenario is shown in Figure 5. 

 
Figure 5: Model scenario screenshot 

 Mechanical Plant 
Refrigeration and AC plant for the fuel shop building have been assumed to be in 
the services area, with sound power levels of 80 dB(A) and 90 dB(A) respectively. 
Refrigerated truck trailers were assumed to be running in the truck stop area.  4 x 
refrigeration units running with sound power levels of 98 dB(A) each have been 
assumed. 
The predicted noise plant noise levels without additional attenuation are shown in 
Table 5. 
Table 6  Calculated mechanical plant noise levels, LAeq,adj dB(A) – no additional 
attenuation 

Receptor Noise Level Complies 
Casa Nostra Residence 2nd Floor 57 No No No 
Casa Nostra Bungalow 1 59 No No No 
Casa Nostra Bungalow 2 56 No No No 
Casa Nostra Bungalow 3 54 No No No 
Bantry Street 50 Yes No No 
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The results indicate that mechanical plant will require substantial noise attenuation 
treatment in order to operate throughout the night-time period.  The dominant noise 
sources are truck trailer refrigeration units. 

 Vehicles and Refuelling  
Vehicle noise for carparking was modelled using the BayFlU method adapted for 
Australian conditions1.  The LAeq(1 hour) sound power level for a single vehicle 
movement is 64 dB, and it was assumed a peak hour would have one vehicle stop 
and leave per car park on average.  The method incorporates all noise such as 
door closures and engine starts.  The LA10(1 hour) and LA1(1 hour) noise levels are 
approximately 2 dB(A) and 8 dB(A) greater than the LAeq(1 hour) respectively, 
implying that if the LAeq(1 hour) Acoustic Quality Objective is achieved, the LA10(1 hour) 
and LA1(1 hour) Acoustic Quality Objectives will also be achieved. 
Vehicles travelling through the Site were modelled as moving point sources.  
Sound power spectra for vehicles2 is shown in Table 7. 
Table 7:  Vehicle sound power levels at low speeds, dB 

1/1 Octave Band Centre Frequency (Hz) 

 63 125 250 500 1000 2000 4000 8000 

Light 63 72 73 77 78 78 75 69 

Heavy 103 101 99 98 99 96 89 78 

LAeq noise levels from refuelling is a combination of sound from vehicle movements 
and operation of the bowser pump, including removal/replacement of the nozzle 
and replacement of fuel caps.  The overall synthesized noise level for these 
activities is 66 dB LAeq(1 hour) per light vehicle refuelling, and 70 dB LAeq(1 hour)  per 
truck refuelling. 
The number of vehicles for a peak hour during each time period are shown in 
Table 8.  
Table 8  Peak hour numbers of vehicles 

Time period Total number of light vehicles Number of vehicles using 
bowser 

Day (peak) 100 100 
Evening 75 50 
Night 20 10 

 
Table 9  Calculated vehicle noise levels LAeq,adj dB(A) – no additional attenuation 

Receptor Noise Level Complies 
 Day Evening Night Day Evening Night 
Casa Nostra Residence 
2nd Floor 45 44 42 Yes No No 
Casa Nostra Bungalow 1 40 39 37 Yes Yes No 
Casa Nostra Bungalow 2 37 36 34 Yes Yes Yes 
Casa Nostra Bungalow 3 36 35 33 Yes Yes Yes 
Bantry Street 36 35 33 Yes Yes Yes 

 
1 Laurence Nicol and Paul Johnson, Paper Number 39, Proceedings of ACOUSTICS 2011 
(November 2011) “Prediction of parking area noise in Australian conditions” 
2 Emanuel Hammer, Sebastian Egger, Tina Saurer and Erik Bühlmann, 23rd International 
Congress on Sound and Vibration (July 2016) “Traffic Noise Modelling at Lower Speeds” 
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Variable noise levels are expected to achieve the criterion at residences during the 
daytime and evening.  However, the Site will require additional attenuation 
treatment in order to operate during night-time hours. 

 Maximum Noise Level Events 
Other noise sources expected include relatively infrequent events such as: 

• Waste disposal / collection, 

• Compressed air stations, 

• Fuel deliveries, and 

• Shop deliveries. 
These sources will generally not be significant for overall LA1(1 hour) noise levels but 
have potential to produce disturbing LAMax noise events if they occur at night time. 
It is not envisaged that fuel deliveries will occur during the night-time period. 
Typical LAMax noise levels from waste disposal are 100 dB(A), while delivery LAMax 
noise levels are in the order of 88 dB(A).  Predicted LAMax noise levels from these 
activities are shown in Table 10. 
Table 10  Calculated waste and delivery noise levels LAMax,adj dB(A) – no additional 
attenuation 

Receptor Noise Level Complies 
 (dB(A))  
Casa Nostra Residence 2nd 
Floor 

56 Yes 

Casa Nostra Bungalow 1 53 Yes 
Casa Nostra Bungalow 2 50 Yes 
Casa Nostra Bungalow 3 48 Yes 
Bantry Street 45 Yes 

The results indicate that the 60 dB LAMax,adj criterion for the night-time period will be 
achieved at all residences. 
 

6 Discussion of Results and Attenuation 

 Noise Barriers 
Noise barrier fences around the Site have been designed as shown in 
Appendix C.  The noise barrier design is dictated by the refrigerated trailer noise 
levels expected and are 5.5m above carpark/driveway level. 
Noise barrier fences are required to have the following properties: 

• Have a minimum surface density of 12.5 kg/m2. 

• Be completely free of gaps, including underneath the fence. 
The noise barriers are significant in height, but can be made aesthetically 
acceptable using techniques including but not limited to: 

• Articulation, 

• Landscaping, and 

• Using different coloured and / or transparent panels. 
Some of these techniques are shown in Figure 6 to Figure 9. 
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Figure 6: 4.5m high acoustic barrier atop 1m high landscaped earth, Benaraby 

 
Figure 7: 4.5m high acoustic barrier atop 1m high landscaped earth (foreground), 
Benaraby 
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Figure 8: 4.0m high landscaped acoustic barrier adjoining supermarket loading dock - 
Coolum 

 

 
Figure 9: Acoustic barrier with clear panels adjoining service station - Rockhampton 
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 Mechanical Plant 
The resultant LAeq(1 hour) noise levels with the noise barriers as designed are shown 
in Table 11.   
Table 11  Calculated mechanical plant (including mobile truck refrigeration) noise 
levels LAeq,adj dB(A) – with noise barrier attenuation 

Receptor Noise Level Complies 
 (dB(A)) Day Evening Night 
Casa Nostra Residence 2nd Floor 47 Yes No No 
Casa Nostra Bungalow 1 45 Yes Yes No 
Casa Nostra Bungalow 2 44 Yes Yes No 
Casa Nostra Bungalow 3 42 Yes Yes No 
Bantry Street 39 Yes Yes No 

The calculated noise levels show that with the exception of a marginal exceedance 
at the 2nd floor level of the Casa Nostra manager’s residence, the daytime and 
evening noise criterion for mechanical plant can be practically achieved.  It is not 
considered that the 1 dB(A) exceedance of the criterion at a single residence is 
significant, as the calculation methodology is quite conservative. 
It is not considered to be reasonably feasible to construct an acoustic barrier to the 
height required to achieve the night-time noise criterion.  Therefore, it is 
recommended that prohibition signs are used within the Site warning that operation 
of mobile refrigeration plant is not permitted between 10 pm and 6 am.  It is noted 
that while the night-time period technically ends at 7 am, background noise levels 
are already elevated well before 6 am, and the criterion as written in the 
Environmental Protection Act 1994 will be achieved. 
Fixed air conditioning and refrigeration plant noise levels will require further 
assessment during the detailed design stage of the project to ensure the night-
time noise criterion is achieved.  Achieving the criteria with small commercial fixed 
plant is generally readily achievable, and the model indicates that the criteria will 
likely be achieved with the above noise barriers in place. 

 Vehicles and Refuelling 
The resultant LAeq(1 hour) noise levels with the noise barriers as designed are shown 
in Table 12.   
Table 12  Calculated vehicle noise levels LAeq,adj dB(A) – with noise barrier 
attenuation 

Receptor Noise Level Complies 
 Day Evening Night Day Evening Night 
Casa Nostra Residence 
2nd Floor 35 33 31 Yes Yes Yes 
Casa Nostra Bungalow 1 29 27 24 Yes Yes Yes 
Casa Nostra Bungalow 2 28 26 23 Yes Yes Yes 
Casa Nostra Bungalow 3 27 25 22 Yes Yes Yes 
Bantry Street 24 22 19 Yes Yes Yes 

The results indicate that with the designed noise barriers, noise as a result of 
vehicle movements, carparking and refuelling will achieve the criteria for all time 
periods. 
The predicted attenuated noise levels will achieve the indoor Acoustic Quality 
Objectives. 
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The timing of the noise produced relative to the background noise level is pertinent.  
Service station business is reliant on being located on major traffic routes, rather 
than attracting traffic to the business i.e. customers typically will use a service 
station as a matter of convenience, and as such the vehicle usage of a service 
station coincides generally with, and to a large extent is a product of, the dominant 
source of background noise.  Mechanical plant aside, noise production from 
service stations tends to therefore have a natural coincidence with background 
noise. 

 Maximum Noise Level Events 
Calculations indicate that the LAMax noise criterion for night-time will be achieved.  
However, it is suggested that waste collection and fuel delivery activities are limited 
to between 6:00 am and 9:00 pm for general amenity.   
Delivery vehicles to the fuel shop and fast-food outlet can occur at any time. 
Compressed air stations should have either adjustable audible signals, or no 
audible signals at all. 

 Future Access via Easements 
The designed noise barriers allow for access to the adjoining property at the north-
west corner of the Site. 
Future access via the south-eastern corner of the Site will necessitate removal of 
a portion of the noise barrier.  While subject to detailed design, it is envisaged that 
deleting the southern-most truck park to construct a leg in the noise barrier would 
satisfactorily maintain the amenity of the adjacent motel units, as indicated in 
Figure 10. 

 
Figure 10  Conceptual alternative barrier design for easement access 

 

Noise barriers 

Easement access 
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7 Conclusion and Summary of Recommendations 
RoadPro Acoustics was engaged by Pearl Investments (Aust) Pty Ltd to assess 
potential noise emissions from a proposed service station and truck stop at 1018 
Yaamba Road, Parkhurst. 
Acoustic barriers are recommended at various locations within the Site as detailed 
in Appendix C, primarily to mitigate mobile refrigeration noise on truck trailers. 
Refrigerated trailers must not be operated at the Site between 10 pm and 6 am. 
Fixed mechanical plant should be further assessed during the detailed design 
stage of the project to ensure the noise criteria are achieved. 
It was found that the Site design, with inclusion of the recommendations in this 
report, can achieve the Acoustic Quality Objectives and Background Creep criteria 
during the day, evening and night. 
It is the view of RoadPro Acoustics that the Site is suitable for the proposed use, 
subject to the recommendations made in this report. 
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Appendix A – Site Plans 
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Appendix B – Noise Charts 
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Appendix C – Noise Barriers 

 

5.5m noise barrier 
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proxim

ately)
to so

fte
n the

 visu
al im

pa
ct o

f th
e fen

ce
 w

he
n se

en
 from

 w
ith

in the site.
N

o
te tha

t th
e d

en
sity o

f th
is plan

ting
 is no

t e
xpe

cted
 to

 fully screen the
fen

ce b
ut ra

the
r on

ly softe
n its visua

l im
pact.

In a
dd

itio
n to the

 shrub
 laye

r it is prop
ose

d tha
t a sin

gle
 ro

w
 of taller

g
row

ing
 tree

s (to 6
 m

etres he
ig

ht ap
p

roxim
a

te
ly) b

e p
lan

ted
 in front of the

fen
ce to

 p
ro

vid
e a d

eg
re

e o
f scree

nin
g

 a
bo

ve
 th

e le
vel o

f the acoustic
fen

ce to
 so

fte
n

 th
e visu

al im
pa

ct of th
e

 d
eve

lo
pm

en
t w

he
n seem

 from
o

utsid
e la

nd
 uses.

A
 strip o

f p
la

ntin
g a

lon
g th

e site fro
nta

ge
 w

ith Y
aa

m
b

a R
oad is also

p
rop

o
sed

. T
h

is plan
ting

 w
ill co

nta
in

 laye
rs of sm

a
ll sh

rub
s (to 1.5 m

etres
h

eig
ht a

pp
ro

xim
a

te
ly), g

ro
un

dco
vers a

n
d acce

n
t p

lan
ts w

hich w
ill retain

vie
w

s in
to

 th
e

 site
 an

d to th
e pylon

 sign
 from

 Y
a

am
ba

 R
oad w

hile
p

rovidin
g

 a
n a

ttractive
 stree

t fro
n

ta
ge

 to the
 de

velo
p

m
en

t site. T
ree

p
lan

ting
 is no

t p
ro

po
se

d w
ith

in th
is strip o

f p
la

ntin
g d

ue
 to

 an existing
se

w
er m

ain lo
cate

d ju
st w

ith
in

 th
e fro

nt b
ou

nd
ary a

n
d w

ith
in this strip of

p
lan

ting
. W

h
ilst tree

s m
ay ca

use
 da

m
a

ge
 to

 th
is se

w
er m

ain, the low
sh

rub
s (w

ith
 sha

llo
w

 ro
ot system

s) w
ill n

ot be
 an

 issue
 if pla

nted over the
se

w
er m

ain.
A

 b
io

 rete
ntio

n b
asin is prop

ose
d

 a
lo

ng
 th

e so
uth

ern bo
u

nd
ary of the site

(insid
e th

e aco
u

stic fe
nce

 lin
e) fo

r th
e

 tre
a

tm
en

t o
f sto

rm
w

ater flow
s as

id
en

tified
 in

 th
e S

to
rm

w
ate

r M
a

na
ge

m
e

nt R
e

po
rt. T

o a
ssist in filtering

storm
w

a
ter run

off an
d re

m
o

vin
g sed

im
en

ts e
tc, this rete

ntion basin is
p

rop
o

sed
 to

 be
 p

la
nte

d o
ut w

ith su
itab

le
 se

d
ge

s, tu
ftin

g g
ra

sses, trees and
p

alm
s w

hich
 w

ill a
lso

 assist in
 scree

ning
 th

e a
cou

stic fe
n

ce w
hen seen

fro
m

 w
ith

in the
 site.

A
 large

 o
n

 site
 de

ten
tion

 ba
sin is a

lso
 p

ro
po

sed
 w

h
ere

 sho
w

n
 on the plan.

T
h

e d
esig

n a
nd

 surfa
ce tre

atm
en

ts fo
r th

is b
asin

 are sub
je

ct to detailed
e

ng
ine

e
rin

g d
esign.

P
lan

t spe
cies to

 b
e u

sed
 on

 th
e d

eve
lo

pm
en

t site
 are

 sho
w

n
 indicatively

o
n L

A
-D

A
-C

P
-02 b

ut typ
ica

lly the
 spe

cie
s u

sed
 w

ill refle
ct th

e different
"la

nd
scap

e
" zo

n
es. T

he
 pla

n
ting

 strip a
lon

g
 th

e site
 fro

ntage (Y
aam

ba
R

o
ad

) w
ill ge

ne
ra

lly co
nsist of tro

pica
l, colou

rful p
la

ntin
gs (p

redom
inantly

e
xotic) w

h
ile

 the
 p

la
ntin

gs a
lo

ng
 th

e o
th

e
r bo

un
da

ries (in
 front of the

a
cou

stic fe
nce

) w
ill tran

sitio
n to m

o
re

 na
tive, colou

rful p
la

nt species w
hich

w
ill re

qu
ire

 less w
a

ter a
nd

 m
a

inte
na

nce
. P

la
n

ting
s to

 th
e b

io retention
b

asin
 w

ill b
e n

ative
 pla

n
ts w

h
ich

 a
re

 w
ell suite

d to b
oth

 a
 w

e
t and dry soil

e
nviron

m
e

nt an
d a

lso
 th

eir ab
ility to strip

 an
d re

m
o

ve n
utrients from

storm
w

a
ter run

off flow
s.

P
L

A
N

T
IN

G
 B

E
D

typ
ica

lly 3
.4

 m
e

tre
 w

id
e

 strip
 o

f p
la

nting
 inside site

b
o

u
n

d
a

ry in
 fro

n
t o

f a
co

u
stic fe

nce consisting
 of

scre
e

n
in

g
 sh

ru
b

s (to
 1

.2
 m

e
tres and

 2.5 m
etres

h
e

ig
h

t) a
n

d
 ta

ll/sp
re

a
d

in
g

 sh
a

de/scree
ning trees

P
R

O
P

O
S

E
D

 B
IO

 R
E

T
E

N
T

IO
N

 B
A

S
IN

p
la

n
te

d
 w

ith
 se

d
g

e
s, tu

fting grasses and
tre

e
s/p

a
lm

s to
 a

ssist in
 filte

ring w
ate

r etc
a

n
d

 to
 scre

e
n

 a
co

u
stic fe

nce

b
io

 reten
tio

n
 b

asin

o
n

 site d
eten

tio
n

 b
asin

O
N

 S
IT

E
 D

E
T

E
N

T
IO

N
 B

A
S

IN
 (h

a
tc

h
e

d
 area)

re
fe

r to
 sto

rm
w

a
te

r m
a

nagem
ent report -

e
a

rth
w

o
rks, su

rfa
ce

 tre
a

tm
e

n
ts to engin

eering
re

q
u

ire
m

e
n

ts a
n

d
 d

e
ta

iled
 design
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P
R

O
P

O
S

E
D

 S
E

R
V

IC
E

 S
T

A
T

IO
N

 D
E

V
E

L
O

P
M

E
N

T
1

01
8 B

ru
ce H

ig
h

w
a

y, P
a

rkhu
rst

L
a

n
d

s
c

a
p

e
 C

o
n

c
e

p
t P

lan
 (D

A
)

d
w

g
. no

. L
A

-D
A

-C
P

-02

D
e

ce
m

b
e

r 2022

M
A

D
D

E N
L
a
n

d
sca

p
e
 A

rch
ite

cts P
ty

 L
td

S
u
n
sh

in
e C

oast

M
: 0

4
0
7
 6

3
2
8
3
3

E
m

a
il:   law

rie@
b
ig

p
on

d
.n

e
t.au

IR
R

IG
A

T
IO

N
 S

Y
S

T
E

M
:

S
ub

je
ct to b

ud
ge

t con
side

ra
tion

s, it is p
ro

po
sed

 to in
sta

ll a
n e

fficient, w
ater

w
ise

, fu
lly a

uto
m

atic, u
nd

ergro
u

nd
 a

n
d pe

rm
an

en
t irriga

tion
 syste

m
 to deliver

3
2m

m
 of w

ate
r pe

r w
e

ek to
 a

ll p
lan

tin
g be

d
s sh

ow
n w

ith
in

 th
e site. It is not

p
rop

o
sed

 th
at this irrig

atio
n

 syste
m

 w
ill co

ve
r an

y existin
g g

ra
ssed areas on

the
 fo

o
tp

ath
/roa

d
 rese

rve.
M

in
im

u
m

 sy
stem

 req
u

ire
m

en
ts a

s fo
llo

w
s:

d
rip

 irriga
tion

 (16
m

m
 'N

e
ta

fim
" tech

lin
e

 a
t 4

5
0m

m
 ccs a

nd
 50

m
m

 soil cover) to
a

ll plan
ting

 be
ds w

ith
in

 th
e d

eve
lop

m
e

nt site;
m

a
in

lin
es a

t 4
50

m
m

 co
ver, la

teral line
s at 30

0m
m

 cover;
sin

gle au
tom

atic C
o

ntro
lle

r, of a
pp

ro
priate

 size, in a
 locka

ble a
nd

 w
eatherproof

m
e

ter b
ox fixe

d to a
 w

all in the
 R

e
fu

se e
nclosu

re
 o

r o
th

er no
m

in
ated location;

C
o

un
cil a

pp
ro

ved
 ba

ckflow
/R

P
Z

V
/filter loca

te
d

 a
fte

r the
 site w

ater m
eter.

P
R

O
P

O
S

E
D

 P
L

A
N

T
 S

P
E

C
IE

S
 L

IS
T

T
h

e follow
ing

 list of plan
t sp

ecies is in
te

n
de

d to in
dicate

 th
e type

 an
d style

 o
f plants to be

u
sed

 th
ro

ug
ho

ut the
 prop

ose
d d

eve
lo

pm
e

n
t. T

h
ey can

 be
 typ

ica
lly d

escribed as sub
tro

pica
l p

lan
ts (a m

ix o
f na

tive a
nd

 n
o

n na
tive

 sp
ecies) w

hich
 are kno

w
n

 to grow
 w

ell in
ce

ntra
l Q

ue
en

sla
nd

's clim
ate a

nd
 soils p

ro
vid

ed
 th

ey a
re

 w
ate

red
 ad

equately during
p

eriod
s of dry w

ea
th

e
r. T

he
 list is n

o
t in

ten
de

d to
 b

e e
xha

ustive
, no

t a
ll p

lants listed m
ay

b
e use

d
 a

nd
 oth

er p
la

nts of a sim
ila

r cha
ra

cter m
ay b

e use
d

 a
t th

e d
eta

iled design/O
P

W
o

rks stage. N
ote that sh

ould a
n

 irrigation
 syste

m
 n

ot be includ
ed in the w

orks th
en

le
ss no

n na
tive

 (exotic) p
lan

ts w
ill be used

.

Y
A

A
M

B
A

 S
T

R
E

E
T

 F
R

O
N

T
A

G
E

 -
T

ro
p

ica
l S

h
ru

b
s

 (to
 1

.5
m

 h
e

ig
h

t), G
ro

u
n

d
c

o
v

ers, A
cc

en
t P

lan
ts

A
C

A
LY

P
H

A
 sp

ecie
s (dw

arf)
A

C
M

E
N

A
 A

llyn M
a

gic
A

LL
A

M
A

N
D

A
 su

n
n

ee
A

U
S

T
R

O
M

Y
R

T
U

S
 dulcis

G
A

R
D

E
N

IA
 S

P
E

C
IE

S
H

IB
IS

C
U

S
 sp

ecie
s (R

oseflake)
IX

O
R

A
 spe

cies (M
a

la
y P

ink, dw
a

rf re
d/yellow

/pink etc)
R

A
P

H
IO

L
E

P
S

IS
 sp

ecie
s (pin

k)
X

A
N

T
H

E
S

T
E

M
O

N
 Little

 G
oldie

G
A

R
D

E
N

IA
 ra

dicans
L

IR
IO

P
E

 sp
ecies (green

, w
hite, variegated)

P
H

ILO
D

E
N

D
R

O
N

 xa
n

adu
T

R
A

C
H

E
L

O
S

P
E

R
M

U
M

 tricolor

A
G

A
P

A
N

T
H

U
S

 sp
ecie

s (b
lu

e and
 w

hite)
C

O
D

IA
E

U
M

 sp
ecie

s (croton
s)

C
O

R
D

Y
LIN

E
 spe

cie
s

D
IA

N
E

LL
A

 S
ilver B

o
rd

er
H

Y
M

E
N

O
C

A
L

IS
 litto

ra
lis

Y
U

C
C

A
 d

esm
etian

a
S

T
R

E
LIT

Z
E

A
 re

ginae

S
ID

E
 B

O
U

N
D

A
R

IE
S

 -
T

re
e

s
 (to

 6
.0

m
 h

e
ig

h
t, N

a
tiv

e
 S

h
ru

b
s

 (to
 2.5m

 h
eig

h
t), A

ccen
t P

lan
ts

G
R

E
V

ILL
E

A
 b

ailyea
na*

M
ILLE

T
IA

 pinn
ata

M
IM

U
S

O
P

S
 e

len
gi

P
H

Y
LL

A
N

T
H

U
S

 cu
scu

tifloris
S

T
E

R
C

U
L

IA
  qu

adrifida
S

Y
Z

Y
G

IU
M

 sp
ecies*

X
A

N
T

H
E

S
T

E
M

O
N

 ch
rysa

nthu
s*

C
A

L
LIS

T
E

M
O

N
 spe

cies
L

E
P

T
O

S
P

E
R

M
U

M
 sp

ecies
M

E
L

A
L

E
U

C
A

 spe
cies

S
Y

Z
Y

G
IU

M
 sp

ecies
X

A
N

T
H

E
S

T
E

M
O

N
 F

a
irhill G

old

D
IA

N
E

LL
A

 sp
ecies

L
O

M
A

N
D

R
A

 species
Y

U
C

C
A

 d
esm

etian
a

S
T

R
E

LIT
Z

E
A

 re
ginae

* de
no

tes tre
e sp

ecie
s use

d to tra
nsition

 be
tw

ee
n tro

pical p
lan

ts along front
b

ou
nd

ary to
 na

tive p
lan

ts a
lo

ng
 side

 bo
undaries.

B
IO

 R
E

T
E

N
T

IO
N

 B
A

S
IN

 P
L

A
N

T
S

D
IA

N
E

LL
A

 caeru
lea

L
O

M
A

N
D

R
A

 hystrix
JU

N
C

U
S

 usitatus
M

E
LA

L
E

U
C

A
 leu

cad
end

ra*
M

E
L

A
L

E
U

C
A

 virid
iflora*

* de
no

tes p
ap

erba
rk tree

s suita
ble for u

se
 a

ro
un

d b
io

 rete
ntio

n basin for
sh

ad
e  a

nd scre
e

nin
g.
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