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1 Introduction 

1.1 Project Background 

A major recommendation put forward by the Brown Hill and Keswick Creek Stormwater Project 

Stormwater Management Plan (Worley Parsons, 2012) was to divert a portion of the flow (22m
3
/s 

total) from Keswick Creek to Brown Hill Creek to ensure that a 100 year ARI event flow remains 

within the Keswick Creek channel. It was proposed to separate this into two diversions each of 

11m
3
/s.  

Tonkin Consulting has previously prepared a feasibility study (20090878RA2) and preliminary 

design (20090878RA4) for the Keswick Creek diversions in 2009 and 2010 respectively. The 

studies investigated alignments for the two diversions commencing upstream of Goodwood Road 

and on Anzac Highway.  

The preliminary design for the diversion upstream of Goodwood Road is a culvert (with 

approximate dimensions of 3.6×1.2m) through the Adelaide Showgrounds then along Leader 

Street, under the rail (passenger and freight) through to Anzac Highway. Due to the size and 

grade of the culvert, the location is constrained and some service relocations/adjustments are 

proposed. Originally it was proposed to jack twin pipes under the rail.  

1.2 Investigation Scope 

The Department of Planning, Transport and Infrastructure (DPTI) have produced concept plans 

for an underpass of Leader Street under the railway line and there are concerns that the culvert 

alignment previously identified may not still be suitable. For this reason, Tonkin Consulting has 

been approached by the Brown Hill Keswick Creek Stormwater Project to revisit the options 

study and determine whether the previously preferred alignment in the vicinity of the rail crossing 

is still preferred in light of the underpass project. As the underpass design is at a concept phase 

only, the concept plan has been viewed by Tonkin Consulting, but a copy from DPTI was not 

available.  

The underpass concept shows works extending from Devon Street North in the east through to 

Ethel Street in the west with a separate bike underpass adjacent to the road underpass.  Service 

roads adjacent the road underpass are proposed to provide property access.  The underpass is 

likely to be 8-10 metres wide and 5-6 metres deep under the rail and grading to natural surface 

at Devon Street North and Ethel Street. 

The alignment upstream of the Showgrounds and within Anzac Highway has not been re-

investigated as it is not affected by the Leader Street underpass. The hydrology and hydraulics 

has also not been re-evaluated as part of this study, the previous culvert design dimensions have 

been assumed for the purposes of this investigation. No site investigations other than a site visit 

were carried out as part of this investigation, the location of services was determined primarily 

through information available from “Dial Before You Dig” searches and SA Water’s Aquamap 

database. The investigation also did not include direct consultation with the Unley City Council, 

service authorities and rail authorities 
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2 Site Conditions 

2.1 Leader Street 

There are a number of services in Leader St, including trunk sewers and a high pressure gas 

main in the northern footpath. From the Leah St to Anzac Highway intersections, a second 

DN250 water main runs down the north side of the street.  

East of the railway line, a DN450 trunk sewer in located in the centre of Leader Street. Another 

DN450 trunk sewer runs in parallel on the western side of the railway line before they join and 

turn north to run under the Le Cornu site. A DN300 gravity drain services the remainder of 

Leader Street.  

 In the past 15 years, two sections of the trunk sewer in Leader St have been relined in situ. As 

constructed information available from the SA Water database indicates that the sewer invert is 

approximately 3m deep. Survey data previously provided to Tonkin Consulting indicates that 

there is a clearance of approximately 6m between the sewer and the kerb on the northern side.  

Other issues with Leader Street include: 

• Telecommunications cables along the southern footpath and a portion of the northern 

footpath 

• Some existing, ageing buildings are constructed on the edge of the property boundary 

• Stormwater mains run on both sides of the street east of the railway line, and mostly on 

the southern side west of the railway line  

• Due to the location of the Le Cornu site, there are more wastewater and potable water 

connections on the southern side of the street 

• The main overhead power lines run along the southern side of the street 

• Leader Street is a collector road providing a link between Goodwood Road and Anzac 

Highway 

• The street is used by an Adelaide Metro bus route 

• There are numerous trees 

Some of these features are shown in Figure 2-1.  
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Figure 2-1 Leader Street facing east, showing stormwater manhole cover, wastewater IP, trees, 
overhead electricity and building constructed on property boundary 

2.2 Maple Avenue 

The combined trunk sewer from Leader Street crosses Maple Avenue in approximately the 

middle of the street.  

No survey from the previous study was available for Maple Avenue, however the width of the 

road is estimated to be narrower than Leader Street (Figure 2-2).  

 

Figure 2-2 Maple Avenue facing west 

There are telecommunications cables along both north and south footpaths.  The main 

powerlines run down the southern side of the street with fewer stobie poles on the northern side.  

The nature of Maple Avenue is more industrial (i.e. less residential) than Leader Street and it is 

estimated it would experience less traffic than Leader Street as it is not a thoroughfare. There 

are numerous small trees along Maple Avenue.  

“Dial Before You Dig” information obtained from Unley Council indicates that there are no 

underground stormwater drains in Maple Avenue.  
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2.3 Anzac Highway 

The preliminary design previously prepared noted that existing sewer mains in Anzac Highway 

would need to be relocated in order to accommodate the culvert alignment in the median strip. 

There are a number of trees in the median strip, including established palms. It should also be 

noted that the access to the Ashford Hospital emergency service is via Anzac Highway, adjacent 

to the proposed culvert alignment.  

2.4 Railway 

No “Dial Before You Dig” information was provided by ARTC. It is understood that the passenger 

lines will not be operational during the first half of 2013, therefore it is preferable that the section 

of the culvert crossing the railway is constructed during this time so that it can be constructed 

using an open trench (as opposed to culvert jacking) to reduce costs. The freight line will remain 

operational and will need to be managed during any construction works.  

2.5 Culvert Construction 

The proposed culvert is approximately 3.6m wide and 1.2m high. The trench required for 

installation would be in the order of 5.5m wide (allowing for shoring). It would also be preferable 

for a working area on one side of the culvert of at least 4m.  
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3 Options 
Layout plans of all options investigated are provided in Appendix A.  

3.1 Option 1 – Maple Avenue Alignment 

The first option considered is to cross the railway line north of the level crossing and continue the 

alignment along Maple Avenue until Anzac Highway. The most direct alignment to Maple Avenue 

from the showgrounds is through the building in the southwest corner of the showgrounds 

(Figure 3-1). The existing Keswick Creek passes under this building. This building has a number 

of large sliding door openings facing onto the bike path west of the showgrounds (Figure 3-2). 

The width of these openings would most likely not be sufficient for the culvert width.  

To divert the culvert alignment around all Showgrounds buildings would increase cost and 

reduce hydraulic effectiveness due to the extra length of culvert and pipes required, therefore is 

not recommended. 

The culvert alignment within the show grounds would need to follow internal roads and consider 

future development within the showground’s site. 

 

Figure 3-1 Building in southwest corner of Showgrounds 
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Figure 3-2 Opening in Showgrounds building 

It is unlikely that there is sufficient room in the northern side of the Maple Avenue road 

carriageway for construction of the culvert between the existing sewer and kerb. Therefore it 

would be recommended to relay and duplicate the sewer running east-west such that there is 

one sewer either side of the culvert. This will ensure that the existing property connections are 

able to drain directly to the gravity main, i.e. not negotiate crossing the culvert. It is likely that this 

will require the excavation of most of the carriageway, causing a major disruption to traffic.  

The culvert will need to cross the trunk sewer, the depth of which is currently unknown, but as it 

is an extension of the trunk sewer that crosses Leader Street, it is estimated that it would be 

deeper than the culvert (i.e. ≥ 3m deep).  

The length of culvert required from Goodwood Road to Brown Hill Creek on Anzac Highway is 

approximately 1.5km.  

Advantages Disadvantages 

• Independent of Leader St Underpass works 

• May be fewer railway cables to negotiate 

further away from the level crossing 

• Less disruption to traffic and residents of 

Leader Street 

• No underground stormwater drains in Maple 

Ave 

• Hydraulically efficient design 

• Showgrounds building will need to be  altered, 

requiring negotiations with the Royal 

Agricultural and Horticultural Society 

• Possible relocation of small diameter gas, 

sewer and water mains in north-south section 

of Maple Avenue  

• Removal and duplication of east-west sewer 

• Most of the carriageway would need to be 

rebuilt, major disruption to businesses with only 

one access 

• Additional length of culvert in Anzac Highway 
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3.2 Option 2 – Upgrade of Keswick Creek 

The second option considered is to increase the capacity of the existing Keswick Creek channel 

(Figure 3-3) along the length of the army barracks. It is understood that the channel has recently 

been upgraded and is in good condition. The channel changes from a rectangular to a 

trapezoidal cross section near the eastern side of the military barracks. From visual inspection, 

the channel sides appear to be relatively steep. It is understood that the channel has a capacity 

of 22m
3
/s, which would need to be increased to 33m

3
/s to accommodate the additional flow of 

the diversion.  

The Le Hunte Street diversion could connect to the existing Keswick Creek upstream or 

downstream of the railway and building.  This would be assessed as part of further investigations 

depending on the capacity of the culvert under the building and rail.  A downstream connection 

would again require the culvert to pass through the southwest building of the showgrounds.    

The culvert alignment within the show grounds would need to follow internal roads and consider 

future development within the showground’s site. 

 

 

Figure 3-3 Keswick Creek within Army Barracks, adjacent Anzac Highway 

Without undertaking additional hydraulic modelling, the augmentation required to sufficiently 

increase the channel’s capacity is unknown. It is possible that the additional capacity can be 

achieved by converting the trapezoidal section of the channel to a rectangular cross-section 

channel, but it is more likely that the banks will need to be widened, requiring negotiations with 

the Department of Defence. Based on the aerial photography images available, it may be 

feasible to widen the banks to the north of the channel by removing one small building and a 

small number of trees.  

It is understood that the Keswick Barracks may be redeveloped and this may provide opportunity 

to upgrade the drain to the required capacity. 

The length of new culvert required from Goodwood Road to Brown Hill Creek on Anzac Highway 

is approximately 1.24km, in addition to approximately 450m of concrete channel to be upgraded. 

As for Option 2 it is not recommended to divert the culvert around the Showgrounds buildings.  
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Advantages Disadvantages 

• Independent of the Leader St Underpass 

works 

• May be fewer railway cables to negotiate 

further away from the level crossing 

• Minimal disruption to services, traffic and 

residents 

• Culvert works on Anzac Highway could be 

combined to a single large culvert 

• Hydraulically efficient 

• The Keswick Barracks may be redeveloped 

providing opportunity to upgrade the open 

channel. 

• Feasibility of the concept requires confirmation 

• Showgrounds building will need to be  altered, 

requiring negotiations with the Royal 

Agricultural and Horticultural Society (RAHS) 

• Require negotiations with the Department of 

Defence  

• Bridges spanning the creek need to be 

reconstructed or carefully managed during 

construction 

• Additional culvert length required along Anzac 

Highway 

3.3 Option 3 – Leader Street Alignment 

The preferred solution put forward in the previous study by Tonkin Consulting was a culvert 

alignment on Leader St, passing under the railway at the level crossing. The alignment at the 

level crossing would need to be coordinated with the Leader Street underpass works, which 

would likely be on the northern side of the road due to the presence of two trunk sewers on the 

southern side of Leader Street immediately west of the level crossing.  

Concept plans of the Leader Street underpass design show a bike path leading under the rail 

lines adjacent to the proposed road underpass.  The ramp extends approximately 10m north of 

the existing footpath into the Showgrounds car park connecting the bike path on the east side of 

the railway.  

In order to accommodate this, the culvert alignment would need to pass through the 

Showgrounds car park under the railway line with a bend adjacent to the property on the corner 

of Leader Street and Maple Avenue.  

Currently the culvert is proposed under the showgrounds carpark adjacent Leader Street.  This is 

necessary to avoid additional bends within the culvert alignment and would require an easement.  

This easement and culvert may affect any future development opportunities of this carpark site 

and discussions with the carpark owner should be undertaken to determine any future plans or 

potentially reserve a suitable corridor for a culvert.   

It is likely that an easement will need to be obtained over the south east corner of the property on 

the corner of Leader Street and Maple Avenue to accommodate the bend. The culvert should 

return to the Leader Street road reserve west of this allotment and the properties further west 

should not require easements. 

However, it is not known if this bike path alignment is DPTI’s preferred option. If it did not extend 

as far north, was constructed at a different level to the road, or was an at-grade crossing, the 

alignment of the culvert could be south of the proposed alignment and it is less likely that an 

easement would be required.  

The property at the north west corner of Leader Street and Maple Avenue appears to have a 

reasonable setback (6 metres from the front boundary, 9 m from the water table) and would be 

able to accommodate a front easement.  This is preferred over a land acquisition to allow parking 

in front of the building.  The location of the culvert in the vicinity of the property would be subject 

to detailed design and be assessed based on the location and final design of the underpass 

works, other services and the bike paths.  The culvert would require a trench in the order of 5.5 

metres and then sufficient room to construct shoring. 

In this location, the culvert is likely to pass at an angle to the building and be close only for a 

relatively short distance, Some underpinning of the building may be required if the edge of the 
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culvert trench is within 2-3 metres of the edge of the building.  Otherwise trenching with care may 

all that is required. 

It is recommended that a dilapidation survey is undertaken for all buildings in close proximity to 

the edge of the trench. 

 

Figure 3-4  Proposed Option 3 alignment at level crossing 

The proposed culvert alignment on the western side of the railway line is parallel with and 

adjacent the Leader street underpass. It is on the northern side of the Leader Street to avoid 

services. However, there are two water mains running in parallel on the western side of the 

street, the northernmost of which would need to be relocated for the culvert alignment. It may be 

possible (pending SA Water approval) to remove and not replace the northern water main and 

connect the northern properties to the southern main.  

The culvert will need to cross over the trunk sewer as it turns north under the Le Cornu site. If the 

information retrieved from SA Water’s asset database is correct, it is likely that the sewer is deep 

enough for the culvert to pass above. This would need to be confirmed by site investigations.  

There is a risk that there will not be enough vertical clearance underneath the culvert for the 

property connections on the northern side of the road to connect directly to the sewer main. If 

this could not be avoided, it may be necessary for these properties to drain to a rider main 

running parallel to the culvert. This is not preferred as the rider main would most likely need to 

run in the footpath which is already a gas main and telecommunications cables.  

As the trench in Leader Street is expected to be relatively deep (>2m) and immediately adjacent 

the kerb, it would be recommended to carry out a structural building assessment of the buildings 

immediately on the property boundary as part of the detailed design phase of the project.  

One or both of the stormwater mains in Leader Street east of the railway line would likely need to 

be diverted into the new culvert. On the western side of Leader St, there are approximately four 

stormwater drains aligned perpendicular to the road that would be need to be negotiated by the 

culvert or regraded.  

The length of culvert required from Goodwood Road to Brown Hill Creek on Anzac Highway is 

approximately 1.54km.   

Potential Bike 
Path Alignment 
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Advantages Disadvantages 

• Residents and businesses would only be 

disrupted once by the culvert and underpass 

works if construction of both is coordinated, i.e. 

there would be reduced through traffic in 

Leader Street during construction of the level 

crossing 

• Most of the works can take place in the road 

carriageway 

• No disruption to buildings in the Showgrounds 

• Retains much of the preliminary design 

alignment 

• Need for coordination with Leader St 

Underpass works, or if the underpass does not 

progress, design of the culvert to comply with a 

potential future underpass will be difficult 

• Additional disruption to businesses and 

residents along Leader St 

• Easements potentially required over the 

showground’s carpark and another property 

which may affect future development 

opportunities 

• Removal or relocation of existing water main in 

Leader St required 

• Potential risks with buildings immediately on 

the property boundaries 

• Maximum trench width between services does 

not allow for much flexibility for culvert 

alignment 

• Additional bends reduce the hydraulic 

efficiency 

3.4 Option 4 – Leader Street Alignment with Syphon 

The final option considered is to use the alignment originally proposed but to lay the culvert 

underneath the Leader Street underpass through the use of an inverted syphon. The syphon 

would fill during a storm event allowing flow to continue uninterrupted downstream, but after the 

storm event would remain full. The syphon would need to be emptied using a portable 

submersible pump or vacuum truck, therefore suitable access would need to be provided. 

If it were possible to isolate the syphon from the local catchment and design the Le Hunte Street 

bypass so that it only activated in a large event, the syphon would remain dry a majority of the 

time.  

If the stormwater mains in Leader Street were diverted to the new culvert, some water would pool 

in the syphon during smaller storm events, causing a nuisance. Whether the diversion is 

necessary would be dependent on how many services in Leader Street can be consolidated and 

the detailed design of the underpass.  If it were, a permanent sump with submerged pump could 

be incorporated into the design for this purpose, although this may be required for the underpass 

regardless. 

There would remain a risk of the public entering the syphon section of the culvert while it 

contains water and of large debris collecting in it over time.  

Depending on its depth, the low point of the syphon would experience approximately 3 to 4m of 

pressure head when full. Therefore it would be necessary to adequately seal the syphon section 

of the culvert to ensure the water does not leak under the carriageway.  

The main advantage of this option is that the culvert horizontal alignment could run directly 

underneath the underpass carriageway, reducing the footprint of the underpass and making 

relocation of services around the underpass easier.  
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Advantages Disadvantages 

• Residents and businesses would only be 

disrupted once by the culvert and underpass 

works if construction of both is coordinated, i.e. 

there would be reduced through traffic in 

Leader Street during construction of the level 

crossing 

• Most of the works can take place in the road 

carriageway 

• No disruption to buildings in the Showgrounds 

• More room for relocation of services either side 

of carriageway 

• Slightly less disruption to businesses on 

Leader St 

• Only an option if the underpass progresses, 

would need to be closely coordinated with 

underpass design 

• Removal or relocation of existing water main in 

Leader St required 

• Potential risks with buildings immediately on 

the property boundaries 

• Culvert would fill with water during would 

require pumping to remove the trapped 

stormwater 

• If local stormwater is diverted into the new 

culvert, the syphon would  fill with water during 

smaller flood events, requiring pumping 

• Risk of a member of the public drowning in 

syphon after storm event 

• Risk of debris build-up  within syphon 

• Reduced hydraulic efficiency 
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4 Conclusion and Recommendations 
In light of the information available, all of the options presented above are considered to be 

feasible at this stage of the investigation. The preferred option is Option 3 as it minimises 

disruption to residents, negotiations with major property owners and service relocations. In order 

to confirm Option 3’s suitability, sewer depthing and structural assessment of adjacent buildings 

is recommended.  

Option 2 is considered to be the second choice. Its suitability would need to be confirmed 

through hydraulic modelling of the channel augmentation requirements and initial negotiations 

with the Department of Defence and the RAHS. 

Option 1 is considered to be the third choice due to the impact on the Showgrounds building, the 

impact on businesses in Maple Ave and the significant length of gravity sewer that needs to be 

duplicated. Option 4 is not preferred due to the ongoing maintenance necessary for a syphon 

structure.  

Option Description Priority Comment 

1 Maple Ave 3 Requires sewer duplication  

2 Keswick Creek 2 Extent of channel augmentation unknown 

3 Leader St 1 Consistent with previous preliminary design 

4 Leader St Syphon 4 Issues with safety and reliability 

The above options and priorities are based on the Keswick Creek diversion culverts connecting 

to the Brown Hill Creek channel upgrade immediately west of Anzac Highway.  A high level 

assessment has been undertaken to investigate the diversion of the Keswick Creek flows 

through culverts in the road network west of Anzac Highway to bypass a large section of Lower 

Brown Hill Creek.  This has some benefit to the works involved in upgrading Lower Brown Hill 

Creek.  If the culverts in roadway option is viable, this is likely to affect the preferred option to 

divert the Leader Street culvert and Option 2 (upgrade Keswick Creek open channel in the 

Keswick Barracks) may be the preferred option as it reduces the length of culvert and amount of 

works in Anzac Highway.   

It is recommended that this be reviewed once more certainty of the Lower Brown Hill Creek 

channel upgrade is known. 

In addition, if easements are not available over the showground’s carpark and another property, 

this may also affect the viability of option 3. 

The works to construct the Leader Street underpass may be undertaken by DPTI under Section 

26 of the Highways Act which states (amongst other things) 

The Commissioner may, with the approval of the Minister, by notice published in the Gazette, 

assume the care, control and management of any road in a district for a specified period 

This may impact on the separate construction of any culvert along Leader Street. 

4.1 Cost 

The cost of each option has not been assessed and would be very sensitive to service 

adjustments and relocations, length of culvert, any property related costs and ease of 

construction. As the length of each option and construction complexity is similar, we expect the 

costs to be similar and accordingly have not included cost in our assessment. A detailed cost 

estimate should be undertaken following preliminary design. If significant or excessive services 

relocations are required an alternative alignment should be investigated.  
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4.2 Further Investigations 

Subject to the outcome of the Brown Hill Creek channel upgrade project, it is recommended that 

Option 3 (Leader Street alignment) be further investigated including its impact on services, 

hydraulics and adjoining land. This alignment is adjacent to the Leader Street underpass and 

therefore some coordination with this project’s design and timeframes will be required.  

To take advantage of the rail closure in 2013, the detailed design of the culvert will need to be 

completed from nominally Goodwood Road to Brown Hill Creek (including the identification of its 

impact on existing services) to allow the section under the rail to be constructed to the ultimate 

vertical and horizontal alignment.  
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Appendix A  
 
Alignment Sketches 

Option 1 Figure 1 

Option 1 Figure 2 

Option 2 Figure 1 

Option 2 Figure 2 

Options 3 & 4 Figure 1 

Options 3 & 4 Figure 2 
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