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1. INTRODUCTION 

 

Gosford City Council has regularly received reports of flooding of properties in the 

Wagstaffe area, most notable at and around the intersection of Wagstaffe Avenue and 

Mulhall Street.  The shop at the corner of Wagstaffe Avenue and Mulhall Street has reported 

floodwaters entering the building. 

 

In May 2000 Gosford City Council commissioned Ivan Tye & Associates Pty Ltd to carry 

out a drainage investigation and to develop a drainage strategy for the Wagstaffe area. (Refer 

to Figure 1). 

 

The scope of work for the drainage study was as follows: 

 evaluate the existing drainage system, 

 determine options to upgrade the existing drainage system to meet Council's current 

standards, 

 provide a drainage management plan for the preferred trunk drainage system. 
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2. SURVEY 

 

Gosford City Council carried out a survey of the existing drainage system for Wagstaffe, in 

February 1997.   This survey was carried out as part of Council's asset condition audit and 

included such information as: 

 gully pit type and size, 

 pit depth, 

 incoming and outgoing pipe sizes, 

 material type, and 

 condition. 

 

Council provided a contour plan of the study area (Figure 1) and this was used to extract 

ground levels and stormwater pit cover levels.   
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3. BACKGROUND 

 

3.1 Topography 

 

The study area is generally steep with the high ground in the west located in Bouddi National 

Park and having a peak elevation of about R.L. 75 m AHD.   The study area falls to the 

north-east towards Brisbane Water over a distance of approximately 350 metres.  Wagstaffe 

is typical of most coastal areas in Gosford in that the steeper ground is located at the top of 

the catchment and the less steep to flat ground is located near the waterfront. 

 

3.2 Existing Drainage Problems 

 

The study area has an isolated low point located in Albert Street between Mulhall Street and 

Bulkara Street as shown on Figure 1.  The ground level at the isolated low point is 

approximately 30 m AHD.  The escape route or overland flow path for floodwaters from the 

isolated low point is across privately owned land between Albert Street and Wagstaffe 

Avenue.   After floodwaters reach Wagstaff Avenue it travels to the intersection of Wagstaffe 

Avenue and Mulhall Street and then along Mulhall Street to Brisbane Water. 

 

Mulhall Street is located in the low point of a mild gully and in times of above average 

rainfall performs as an overland flow path conveying floodwaters from the west to Brisbane 

Water.   The intersection of Wagstaffe Avenue and Mulhall Street is a collection point for 

overland runoff and ponding of stormwater at this location is a regular event.  The ponded 

stormwater then build up sufficient hydraulic head (depth) before flowing further north- 

eastwards along Mulhall Street and into Brisbane Water.   Surface stormwater has also been 

reported to enter a garage located at the north-eastern most end of Mulhall Street and the 

tennis court located in Lot 16B, DP 402392 (No. 73 Wagstaffe Avenue).  In addition the 

store/petrol station is known to have flooded several times.  This flooding has been as a 

result of only minor rainfall and it is considered that many homes would flood in a 100 year 
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storm event.  The properties between No. 57 and No. 73 Wagstaffe Avenue have experienced 

flooding from overland flows.   
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4. DESIGN CRITERIA AND METHODS 

 

4.1 General 

 

The design criteria and methods to be adopted for this study were to be in line with Gosford 

City Council's publication "Specification for the Drafting and Design of Stormwater 

Drainage Works and Roadworks". 

 

4.2 Design Flood Standard 

 

The design flood standards selected are as follows: 

 

(a) 10 years ARI drainage standard where secondary flow paths are available. 

(b) 20 years ARI drainage standard where surface flow may cause property damage. 

(c) 1 in 100 AEP drainage standard where no secondary flow paths are available. 

 

4.3 Brisbane Water Levels 

 

The starting level for Hydraulic Grade Line (HGL) backwater calculations was taken to be 

1.5 mAHD for the 100 years ARI storm event and 0.35 mAHD for storm events less than or 

equal to the 10 years ARI.  This is in accordance with Council's specification for Design of 

Stormwater Drainage Works. 

 

4.4 Hydrology 

 

The rainfall-runoff process was modelled using ILSAX.  The ILSAX model layout is shown 

on Figure 2. 

 

The rainfall data and soil infiltration parameters, used in the Killcare Drainage Strategy 

Study (Reference 1), were adopted. 
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The times of concentration for each sub-catchment was calculated using the 'kinematic wave' 

formulae recommended in both Australian Rainfall and Runoff (Reference 2) and Council's 

Drainage Specification. 

 

ILSAX was run for various storm durations (6 minutes to 120 minutes) so as to determine the 

critical duration for each length of pipe in the system.  The critical duration storm for the 

catchment was determined to be 25 minutes.  Peak flow rates were determined for each 

length of pipe and these are presented in Appendix A. 

 

4.5 Hydraulics 

 

Hydraulic Grade Line (HGL) calculations were performed using the Steady Flow Pressurised 

HGL model - as explained in Australian Rainfall & Runoff (Reference 2). 

 

Friction losses in pipes were modelled using the Manning's equation with Manning's  'n' set 

to 0.012. 

 

Pit losses were modelled using pit loss coefficients recommended in Council's Drainage 

Specification. 

 

Pipe sizes were chosen by an iterative process.  For each iteration a complete HGL 

backwater calculation was performed to see where the system failed. 
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5. DRAINAGE OPTIONS 

 

5.1 Existing Pipes 

 

The existing pipe system is shown on Figure 1.   Hydraulic analysis of the existing system 

shows that the main systems in Mulhall Street and Albert Street low point have capacities of 

less than 5 years ARI.  The hydraulic grade line analysis is presented in Appendix B. 

 

5.2 Drainage System Upgrade Standard 

 

In order to meet the "Design Flood Standards" quoted in Section 4.2 the standards listed in 

the following table are proposed. 

 

Table 1:  Design Flood Standard 
 

ILSAX Model (Refer Figure 2) 
 

Branch 
 

Reach 

 
 Design Flood 

 Standard - ARI 

 
A 

 
A1 to A8 

 
10 years 

 
A 

 
A9 to Outfall 

 
20 years* 

 
B 

 
B1 to A5 

 
100 years 

 
C 

 
C1 to Outfall 

 
10 years 

 
D 

 
D1 to A11 

 
20 years 

 
E 

 
E1 to A11 

 
100 years 

 
F 

 
F1 to E3 

 
 10 years 

* Should detailed design determine that the intersection cannot be regraded to eliminate the 

low point then the Design Flood standard should be revised upwards to 100 years.   
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5.3 Description of Drainage System Upgrade 

 

The drainage system upgrade proposes no changes to the existing topography.   The drainage 

system upgrade proposes the retention of: 

 the existing land forms 

 overland flow paths, and 

 isolated low points. 

 

It assumes that all overland flow will reach the intersection of Mulhall Street and Wagstaffe 

Avenue. 

 

There are currently 33 gully pits and 4 inlet headwalls in the Wagstaffe drainage system.  In 

order to meet the drainage design standard set out in Table 1 and the flows generated by the 

ILSAX model, an additional 35 to 40 standard inlet pits would be required to transfer surface 

runoff into the design pipes. 

 

5.3.1 Low side of Wagstaffe Avenue, north of Mulhall Street 

 

Existing Situation 

The low side of Wagstaffe Avenue, north of Mulhall Street currently experience flooding 

from overland flows originating from the Albert Street low point and the north of the study 

area. The section of Wagstaffe Avenue between numbers 57 (on the corner of Mulhall Street 

and Wagstaffe Avenue) and 73 (property with tennis court) is on a very flat grade and the 

footpath is lower than the road.  There is no kerb and gutter to guide the overland flow to the 

letterbox pit at the corner of the street.   Approximately 10 properties and houses in this 

section are currently affected by overland flows.   

 

Proposed Upgrade 

To improve flood protection to properties on the low side of Wagstaffe Avenue between 

numbers 57 and 73 it is proposed that a kerb be constructed from asphalt, concrete or earth 
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and be aligned in such a manner as to direct surface runoff from Wagstaffe Avenue into 

Mulhall Street.   To not exacerbate flooding in Mulhall Street east, it is proposed that the 

kerb or berm be extended to include the eastern side of Mulhall Street and that the vertical 

alignment of Mulhall Street between Wagstaffe Avenue and Brisbane Water also be 

investigated to improve the conveyance of surface stormwater into Brisbane Water.  

Additional stormwater collection pits are recommended in this general area, refer to section 

5.3.3 for more details. 

 

To reduce the quantity of surface runoff originating from the north of the catchment the 

option of realigning the intersection of Wagstaffe Avenue and Bulkara Street such that 

overland flows instead of flowing southwards towards Mulhall Street, flows north-eastwards 

towards Brisbane Water and discharging into Brisbane Water adjacent to an existing Sewage 

Pumping Station was investigated. 

 

At the intersection of Wagstaffe Avenue and Bulkara Street the difference in peak flows 

between the: 

 10 years and 20 years ARI storm event is 0.05 cubic metres per second, and 

 10 years and 100 years ARI storm event is 0.12 cubic metres per second. 

 

The difference between the 10 years and 100 years ARI peak flow is approximately equal to 

the inlet capacity of a single standard inlet pit.   Therefore rather than reconstruct the road 

intersection, it would be less costly to construct a single pit and divert its outlet into 

Wagstaffe Avenue.   

 

5.3.2 Low side of Wagstaffe Avenue, south of Mulhall Street 

 

Existing Situation 

Stormwater drainage works recently undertaken in this section of Wagstaffe Avenue and in  

property number 47A Wagstaffe Avenue include the provision of additional surface water 

collection and the upsizing of the drainage pipe in number 47A from a 600 mm diameter pipe 
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to a 675 mm diameter pipe.  These works have raised the capacity of the drainage system to 

the 20 year ARI standard.  Flows in excess of the drainage system capacity flows overland to 

the intersection of Wagstaffe Avenue and Mulhall Street.   

  

Proposed Upgrade 

No upgrades are proposed for this section of drainage works. 

 

5.3.3 High side of Wagstaffe Avenue, north of Mulhall Street 

 

Existing Situation 

A 750 mm diameter pipe is located between numbers 48 and 54 Wagstaffe Avenue.  This 

pipe is connected to the 525 mm pipe that services the Albert Street low point and the 450 

mm pipe that is connected to an inlet headwall, located in Wagstaffe Avenue and which 

intercepts the surface runoff from the north of the study area.   The system capacity is below 

Council's designated design standard of 100 year ARI for isolated low points. 

 

Proposed Upgrade 

In Wagstaffe Avenue provide an additional 1200 mm pipe between the  Mulhall Street and 

number 56 Wagstaff Avenue.   From number 56 Wagstaff Avenue to number 68 Wagstaff 

Avenue provide a 450 mm pipe to connect to the existing 450 mm pipe at the corner of 

Bulkara Street and Wagstaff Avenue.   Provide up to 16 additional collection pits on new 

drainage line. 

 

5.3.4 Albert Street Low Point  

 

Existing Situation 

The Albert Street low point is serviced by two letterbox type pits.  One is located on each 

side of the road.  Being an isolated low point, Council's drainage standard is the 100 year 

ARI event.   The hydrologic analysis estimated a 100 year peak flow on the high side of the 

street of 1.16 m3/s.  This is in excess of a letterbox pit inlet capacity and surface runoff 
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would flow across the street and onto Wagstaffe Avenue via a number of private properties.  

A single 525mm pipe is located in the Drainage Easement between the Albert Street low 

point and Wagstaffe Avenue. 

 

Proposed Upgrade 

The hydraulic analysis estimates that an additional 600mm pipe is required to supplement the 

existing 525mm diameter pipe to raise the pipe system conveyance capacity to 100 year ARI 

standard.   Additionally up to 10 pits are required to transfer the runoff from the surface into 

the pipe system. 

 

The overland flow path from the Albert Street low point to Wagstaffe Avenue is located over 

 land within and adjacent to the Drainage Easement.   Lot 11, DP 857987 (No. 10A Albert 

Street) is located on the low side of the low point.  The lot is currently vacant and overland 

flows pass through the site.   Future development of this lot and other lots through which the 

easement traverses should retain the overland flow path and not construct structures or solid 

fences at property boundaries which can obstruct surface flow.   Any such obstruction would 

direct surface flow along another path and could result in flooding of previously not flood 

areas. 

 

5.3.5 Mulhall Street west of Wagstaffe Avenue 

 

Existing Situation 

Mulhall Street has existing pipe drainage from Albert Street down to Wagstaffe Avenue and 

is serviced with approximately 10 gully pits.  The pipe system and the overland flow drains 

from west to east towards the intersection of Mulhall Street and Wagstaffe Avenue.    

Proposed Upgrade 

To meet Council's drainage standard it is proposed that the top half of the drainage system is 

upgraded to provide 10 year ARI capacity and the lower half be upgraded to a 20 year ARI 

capacity.   The existing system would need to be at a minimum duplicated (refer to hydraulic 
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calculation in Appendix B) and up to 10 additional pits provided to meet Council's latest 

drainage standard. 

 

 

5.3.6 Mulhall Street east of Wagstaffe Avenue 

 

Existing Situation 

The pipe drainage systems from Mulhall Street west, Albert Street low point and Wagstaffe 

Avenue all join at the intersection of Wagstaffe Avenue and Mulhall Street.   From there the 

flow is conveyed to Brisbane Water via a box culvert and single 1050mm diameter pipe.   

The 1050mm diameter pipe is approximately 3 metres long and only at the outfall. 

 

The intersection of Wagstaffe Avenue and Mulhall Street is a large flat area and floodwaters 

have been known to pond to a considerable depth resulting in flooding of the store/petrol 

station at the corner.    

 

Proposed Upgrade 

Roadworks - to improve the flow of surface water from the intersection of Mulhall Street 

and Wagstaffe Avenue to Brisbane Water it is recommended that the re-contouring of the 

intersection and the re-alignment of this section of Mulhall Street be investigated.  The 

crown level of Wagstaffe Avenue requires lowering to prevent floodwaters from being 

trapped on the western side of Wagstaffe Avenue should piping not be feasible.   The 

lowering of the road surface will require accurate establishment of levels of existing 

underground services.  Concrete encasement of these services may be required to ensure 

adequate protection from vehicle loads and accidental excavation.   Kerb and guttering or an 

earth berm is also proposed along the northern side of Mulhall Street to channel surface 

water away from the garage at number 2 Mulhall Street.  These works have been mentioned 

earlier in 5.3.1 above. 

 



 
 

 
2000401:WAGSTAFFE2 

 

November, 2000 

16 

Drainage Works - the existing drain is a box culvert / 1050 mm diameter pipe.   To raise the 

pipe drainage system to the 20 year ARI standard it will be necessary to provide an 

additional 1050 mm diameter pipe.    If the intersection cannot be reconstructed to eliminate 

ponding, then the pipe system capacity should be upgraded to cater for the 100 year ARI 

peak flows.   

 

5.3.7 Intersection of Albert Street and Bulkara Street 

 

Existing Situation 

The intersection is serviced with 5 letterbox gully pits and a 450mm diameter pipe system 

which discharges into a table drain on the high side of Wagstaffe Avenue.   The drainage 

system meets Council's design standard of a 10 year ARI event. 

 

Proposed Upgrade 

No upgrades are proposed for this system. 

 

5.3.8 Albert Street - South of Mulhall Street 

 

Existing Situation 

There is a low point outside No. 28 Albert Street and No. 16 Mulhall Street.  Although there 

has been no reports of major flooding, in times of heavy rainfall the existing letterbox pit and 

small diameter pipe would be insufficient to contain moderate flows and this could result in 

damage to properties.   There is an existing drainage easement over Nos. 14 and 16 Mulhall 

Street, which contains the existing drainage line from Albert Street to Mulhall Street.   

 

Proposed Upgrade 

To meet Council's drainage standard it is recommended to upgrade the existing pipeline to 

contain the 100 year ARI peak flows whilst improving pit inlet efficiency.  In addition 

properties located downstream of the low point should be encoded on their 149 certificates 
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with a suitable message advising relevant properties that are affected by a secondary flow 

path.     
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5.4 Costing of Drainage Upgrade Works 

 

The cost for the upgrade drainage works including major roadworks recommended in 5.3 is 

estimated to be of the order of $0.86M.    

 

A list of unit rates adopted for pipework is shown in Table 2. 
 
Table 2 :Pipework Unit Rates ($ September 1999) 
 
 

Pipe Size 
(mm) 

 
Supply RCP 

($/m) 

 
Lay & Joint 

($/m) 

 
Pits & Fittings 

($/m) 

 
TOTAL 

($/m) 
 

375 
 

42.70 
 

56.80 
 

10.50 
 

110.00 
 

450 
 

60.90 
 

66.60 
 

11.50 
 

139.00 
 

525 
 

77.60 
 

73.00 
 

12.50 
 

163.10 
 

600 
 

95.40 
 

74.70 
 

14.60 
 

184.70 
 

675 
 

124.80 
 

81.10 
 

16.70 
 

222.60 
 

750 
 

147.20 
 

88.00 
 

18.80 
 

254.00 
 

825 
 

182.30 
 

94.40 
 

20.80 
 

297.50 
 

900 
 

222.40 
 

109.60 
 

23.00 
 

355.00 
 

1050 
 

289.50 
 

116.00 
 

25.00 
 

430.50 
 

1200 
 

363.80 
 

124.60 
 

27.10 
 

515.50 
 

1350 
 

444.00 
 

132.90 
 

29.20 
 

606.10 
 

1500 
 

540.50 
 

135.60 
 

31.30 
 

707.40 
 

1650 
 

638.50 
 

148.10 
 

33.40 
 

820.00 
 

1800 
 

747.10 
 

150.60 
 

35.40 
 

933.10 
 

1950 
 

907.40 
 

159.20 
 

37.50 
 

1104.10 
 

2100 
 

1021.20 
 

161.30 
 

39.60 
 

1222.10 
 

2400 
 

1417.10 
 

166.70 
 

41.70 
 

1625.50 
 
 
 
 
 
Summary of Costs 
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A summary of the costs for various components of the proposed drainage upgrade works is 
presented in Table 3 below: 
 
TABLE 3: Cost of Drainage Upgrades 
 
 

Item 
 
Location of works 

 
Brief Description 

 
COST 

$ 
A  

Low side of Wagstaffe 
Avenue, north of Mulhall 
Street 

 
Kerb and gutter, provide 
extra pits and duplicate 750 
mm diameter pipe. 

 
$80,000.00 

 

 
B 

 
High side of Wagstaffe 
Avenue, north of Mulhall 
Street 

 
Provide upgrade pipes and 
additional pits. 

 
$220,000.00 

 
C 

 
Albert Street Low Point 
north of Mulhall Street 

 
Provide additional pits. 

 
$30,000.00 

 
D 

 
Mulhall Street west of 
Wagstaffe Avenue 

 
Provide additional pipes 
and pits. 

 
$130,000.00 

 
E 

 
Mulhall Street east of 
Wagstaffe Avenue 

 
Provide upgrade pipe. 

 
 $80,000.00 

 
F 

 
Throughout catchment 

 
Provide minor drainage and 
collection. 

 
 $170,000.00 

 
G 

 
Wagstaff Ave. / Mulhall 
St. intersection 

 
Roadworks 

 
 $70,000.00 

 
H 

 
Albert Street Low Point 
south of Mulhall Street  

 
Provide additional pits and 
upgrade existing pipes. 

 
 $80,000.00 

 
 

 
 

 
 TOTAL 

 
 $860,000.00 
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6. DRAINAGE MANAGEMENT PLAN 

 

A description of the proposed drainage improvement works together with a priority for 

implementation is set out in the following table as well as being presented in a Drainage 

Management Plan (Figure 4). 

 

TABLE 4: Proposed Drainage Improvement Works 

 
 
ITEM 

 
 LOCATION 

 
 DESCRIPTION OF WORKS 

 
 COMMENTS 

 
 PRIORITY 

 
A 

 
Low side of 

Wagstaffe 

Avenue, north of 

Mulhall Street 

 
Provide 100 year ARI drainage 

system and kerb and gutter or earth 

berm between no.'s 57 and 73 

Wagstaffe Ave. 

COST: $80,000 

 
This will reduce 

frequency of flooding 

of properties on the low 

side of Wagstaffe Ave. 

 
HIGH 

 
B 

 
High side of 

Wagstaffe 

Avenue, north of 

Mulhall Street 

 
Provide 100 year ARI drainage 

system from the low point in Albert 

St. to Wagstaffe Ave. to Mulhall St. 

COST: $220,000 

 
This will reduce 

flooding of properties 

on the low side of 

Wagstaffe Ave. 

 
HIGH 

 
C 

 
Albert Street Low 

Point 

 
Provide extra pits to collect up to 

100 year surface runoff.  Encode 

properties to keep clear the overland 

flow path.   COST: $30,000 

 
This will reduce runoff 

through private pro- 

perties between Albert 

St. & Wagstaffe Ave.  

 
HIGH 

 
D 

 
Mulhall Street 

west of Wagstaffe 

Avenue 

 
Provide 10 year ARI drainage 

system.  

COST: $130,000 

 
Reduces quantity of 

surface flow that 

reaches Wagstaffe Ave. 

 
LOW   TO 

 MEDIUM 

 
E 

 
Mulhall Street 

east of Wagstaffe 

Avenue 

 
Provide 20 year ARI drainage 

system.  Improve overland flow to 

Brisbane Water by regrading the 

intersection and road to Brisbane 

Water.   COST: $150,000 

 
This will reduce flood- 

ing  at the intersection 

of Wagstaffe Avenue 

and Mulhall St. and 

flooding in Mulhall St. 

 
HIGH 
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F Throughout 

catchment 
Provide minor drainage and 

collection.   COST: $170,000 
This will facilitate 

transfer of surface 

runoff into the pipe 

system 

MEDIUM 

TO HIGH 

H Albert Street 

Low Point south 

of Mulhall 

Street 

 
Provide extra pits to collect up to 

100 year surface runoff, upgrade 

pipeline from Albert Street to 

Mulhall Street.  Encode properties 

to keep clear the overland flow 

path.   COST: $80,000 

 
This will facilitate 

transfer of surface 

runoff into the pipe 

system and reduce 

overland flow through 

residential properties. 

 
HIGH 
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