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1.0 Introduction 
 
1.1 Investigation Objectives 
Northrop Engineers have been engaged by J W Planning to undertake a preliminary 
flood inundation assessment for an investigation zone as defined by the Draft LEP 
2002 (refer to LMCC correspondence dated 11 April 2003), to form part of a 
proposed master planning process for a 240ha parcel of land that lies to the north of 
Freeman’s Drive and west of Avondale Road, Cooranbong. 
 
The objectives of this investigation are to; 
 

• Determine the peak 100 year average recurrence internal (ARI) flowrates 
from catchments within the study area, and 

• Determine the predicted 100 year flood inundation levels with the study area. 
 
 
1.2 Site Description 
The ‘subject site’ covers an area of approximately 240ha, lying to the north of 
Freeman’s Drive and west of Avondale Road. Refer to Figure 1 for the location and 
extent of the study area. 
 
The study area has been divided into 4 major catchment areas and 3 minor 
catchment areas. The major catchments consist of; NW catchment, SW catchment, 
SE catchment and Felled Timber Creek catchment. The minor catchments consist of 
tributaries A-D. All areas on a regional scale form part of the Dora Creek catchment 
and ultimately drain to Lake Macquarie (refer Figure 2 for catchment location and 
extents).  
 
The NW and SW catchments both drain from the north towards Freeman’s Drive 
where two sets of circular culverts discharge to the south of the road and join with 
flow from the SE catchment before the flow is controlled by a weir located at the 
downstream end of the pond in the retirement village.  Ultimately, this flow arrives at 
Dora Creek a few kilometres downstream of the pond. 
 
The vast majority of the subject site falls within the NW catchment, whilst none of the 
subject site lies within the SW or SE catchments.  There is however, a splitting of the 
NW catchment flow during major events which results in a portion of this flow arriving 
at the outlet point of the SW catchment.  Elevations within the NW catchment range 
between RL48m and 3.6m, the SW catchment ranges between RL33m and RL 2.8m, 
whilst the SE catchment falls from RL12m to RL1.0m 
 
Felled Timber Creek encompasses an area of approximately 1539ha (Avondale 
Greens Flood Investigation, PPK 2002).  The subject site lies to the east of Felled 
Timber Creek and only contributes approximately 0.2ha of catchment to this Creek 
system (refer Figure 2 for catchment location and extents).  Catchment elevations 
range from RL430m at the top of the catchment down to approximately RL7.5m in 
the study area and falling further to the confluence with Dora Creek, with over 10km 
of creek line length. 



 

North Cooranbong Flood Investigation Assessment 4 February 2004 

 
Tributary A covers an area of approximately 15.2 ha running in a westerly direction, 
with elevations ranging from RL 48m to RL 9m, whilst Tributary B runs south-east, 
comprising of approximately 9.7 ha with elevations between RL48m and RL19m. 
Tributary C is the largest of the minor catchments with approximately 58.1 ha flowing 
in an easterly direction, from RL 49m to RL9m. Tributary D is 13.9ha, meandering in 
a south-easterly direction, from RL36m to RL8m. 
  
 
1.3 Available Data 
The following information was used in the investigation; 

• 1:25,000 Topographical map (with 10m contour intervals) – regional scale, 
• Digital Terrain Map (DTM - with 1m contour intervals) – local site and 

catchment scale, derived from an aerial photograph, 
• Avondale Green Pty Ltd Cooranbong Flood & Drainage Assessment Report 

(PPK 2002), 
• Australian Rainfall & Runoff (AR&R, 1987) was used to derive rainfall 

intensity frequency duration (IFD) data for the Cooranbong area. 
 
 
 
2.0 Hydraulic Modelling 
 
2.1 Peak Flowrate Determination 
Long-term stream flow data is not available within the study area (Avondale Greens 
Flood Study, PPK 2002) and hence the Statistical Rational Method was used to 
determine flowrates emanating from each catchment.  Flowrates were also 
calculated at regular and progressive intervals along the streamline of the NW and 
SE catchments for use in the backwater curve modelling program suite ‘Hydrologic 
Engineering Center’s River Analysis System’ (HEC RAS).  Table 2.1 below depicts 
predicted 100year ARI flows at select locations within the study area (refer to Figure 
3 for these flow locations and Appendix A for a summary of flow calculations). 
 
Table 2.1.  -  100year ARI Flowrate for select location within the study area. 

Flow location Flowrate (m3/s) 

Q1 2.06 

Q2 5.73 

Q3 13.01 

Q4 16.02 

Q5 1.36 

Q6 17.41 

Q7 17.81 

Q8 13.34 

Q9 13.70 

Q10 14.49 

Q11 26.49 

Q12 11.06 

Q13 18.26 

Q14 112 

Q15 0.95 
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Q16 2.92 

Q17 0.72 

Q18 2.01 

Q19 4.44 

Q20 6.82 

Q21 8.78 

Q22 0.93 

Q23 2.71 

 
It should be noted that the calculated flowrates for the NW catchment assume a 10% 
impervious fraction, the SE catchment assumes a 40% impervious fraction and the 
SW catchment a 15% impervious fraction. In the Tributaries A-D, the impervious 
fraction was deemed to be effectively 0%. These fractions have been determined 
from observation of the aerial photograph and 1:25,000 orthomap. 
 
The flowrate for the Felled Timber Creek Catchment were reviewed, but ultimately 
taken from the Avondale Greens Flood Study, which estimated the peak 100yr flow 
at 112m3/s. 
 
 
2.2 Model Parameters 
A site visit was conducted to familiarise ourselves with the study area and review the 
accuracy of the DTM at critical locations.  Manning’s ‘n’ values for main stream and 
overbank zones were ascertained during this visit and major hydraulic control 
influences (multiple driveway crossings) were observed along the lower section of the 
creek line adjacent to Freeman’s Drive road crossing. 
 
Manning ‘n’ values for channel flow and overbank flow were estimated during the site 
visit and based on published material by Chow (Chow, Van Te., Open Channel 
Hydraulics, 1959).  Adopted stream channel ‘n’ values ranged from 0.05 for the upper 
and middle reaches to 0.13 for the lower section of the NW catchment, where 
multiple driveway crossings would interfere with channel flow, to 0.15 for a section of 
the SE catchment gully where a sub-capacity road weir crossing and dense 
vegetation would hinder flow. Adopted overbank ‘n’ values generally ranged from 
0.04 through to 0.06 depending upon observed site conditions. 
 
For the tributaries A-D, a channel ‘n’ value of 0.05 was chosen for each of the minor 
tributaries. Furthermore, given the relatively low flowrates and simple channel cross-
sections, a separate overbank value was not used in the calculations. 
 
Cross section information at regular chainages (typically 40m to 80m intervals) along 
the stream channel length was derived from the DTM for the NW and SE 
catchments.  It was observed that the DTM did not match the actual geometry of the 
main gully line adjacent to Freeman’s Drive and directly to the north.  The cross-
sections at these locations were manually altered to more closely represent the 
actual gully geometry, based on field observations. 
 
It was further observed that the survey levels for the pond in the SE catchment 
seemed to relate to the pond surface rather than the pond invert levels, hence the 
cross-sections at these locations were also amended.  Cross-section locations are 
shown on Figure 3. 
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Subcritical flow was assumed to govern the flow regime in all sub-catchments, whilst 
downstream control was assumed to regulate water levels at the outflow of the NW, 
SE and SW catchments.  Table 2.2 below outlines the various downstream control 
structures for these catchments. 
 
Table 2.2.  -  Downstream control structures for NW, SW and SE catchments for 
100year ARI. 
 

 

Location 

Low-flow 
Control 
Type 

Low-flow 
Control 

Characteristics 

Predicted 
Spillway length 

(m) 

Estimated 
Spillway RL 

(m –AHD) 
Q7 – eastern road crossing 
under Freeman’s Drive at 
outlet from NE catchment 

Circular 
culvert 

 
3/1200φ pipes 

 
- 

 
4.4 

Q11 – pond weir at 
southern end of SE 
catchment 

Broad-
crested 

weir 

 
- 

 
Approx. 60m 

 
1.55 

Q12 – intercatchment 
overflow link 

 
- 

 
- 

approx. 25m – 
channel flow 

 
4.0 

Q13 – western road 
crossing under Freeman’s 
Drive at outlet from SW 
catchment 

Circular 
culvert 

 
2/900φ pipes 

 
45m 

 
3.5 

 
 
From the onsite inspection it was observed that the low point along Freeman’s Drive 
occurs adjacent to the 2/900φ pipes at the outlet from the SW catchment and that the 
road steadily grades from the outlet point of the NW catchment (approximately RL 
4.4AHD) toward the outlet point from the SW catchment (approximately RL 3.5AHD).  
Additionally, an overflow link exists between the downstream end of the NW and SW 
catchments on the north side of Freemans Drive. This link has a critical overflow 
point of approximately RL 4.0 AHD and can serve to split higher flows and allow a 
significant portion of the flow to be directed towards the SW catchment. 
 
For the 100year ARI event, all pipes were modelled with a 50% blockage factor.  Due 
to the lack of detailed survey information on the circular culverts it was assumed that 
they had a hydraulic grade of 1% and were affected by high tail water conditions 
during the 100 year event.   
 
Flow from the NW catchment in excess of the maximum allowable pipe flow (3/1200φ 
pipes with 50% blockage factor) and minimum water surface level of RL 4.0AHD was 
assumed to flow along the north side of Freeman’s Drive, in a westerly direction, 
before combining with the flow from the SW catchment.  This is due to a low level 
relief point on the northern edge of Freeman’s Drive as previously described. 
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2.3 Backwater Curve Modelling Methodology 
Select cross-section information for the main gully line in the NW catchment was 
used in HEC RAS to model the backwater curve in the NW catchment, with a starting 
water surface level at the culvert outlet of RL 4.2m AHD.  This starting water level 
was derived from determining the depth of bypass flow (flowing on the north side of 
Freeman’s Drive towards the SW catchment) and head over culvert (manual iterative 
procedure), assuming a 50% blockage in the culverts, using a simple Manning’s 
equation calculation for flow depth and a standard design chart for conduit culvert 
capacity. 
 
A HEC RAS simulation was then carried out for the main gully line in the SE 
catchment, using a starting water level of RL1.95m AHD at the Retirement Village 
pond weir, which is located some 200m downstream of the three 1200mm diameter 
culverts under Freeman’s Drive (refer to Figure 3 for pond location).  This starting 
level was determined by a simple calculation for a broad-crested weir given the full 
100yr peak flow derived from the NW, SW and SE catchments (some 26.49m3/s).  An 
effective weir width of 65m and a coefficient of 1.71 were assumed for this 
calculation. 
 
Flood levels in the SW catchment were governed by the road/weir overflow on 
Freeman’s Drive, given a 50% blockage factor on the two 900 diameter culverts.  
This was estimated using the broad-crested weir equation assuming an effective weir 
width of 45m and coefficient of 1.71, combined with culvert flow taken from design 
charts. 
 
Furthermore, there are several man-made drainage channels adjacent to the air strip 
towards the top end of the NW catchment, which have a tendency to concentrate 
flows.  The extent of predicted flow for the 1 in 100yr ARI event was estimated using 
the Statistical Rational Method and Manning’s equation. 
 
In the case of the tributaries (A-D) the predicted flood levels in each of the streams 
was also determined using the Statistical Rational Method and Manning’s equation.  
Channel cross sections were defined at select locations along the gully lines by 
approximations drawn from the DTM.  As mentioned earlier the channel geometry for 
each of these tributaries was found to be relatively simple, and hence a simple 
prismatic geometry, with a single Manning’s ‘n’ to cover channel and overbank, was 
used.  Using these calculated water surface levels at the select location, we then 
interpolated (assuming linear interpolation) along the gully to determine the extent of 
the predicted flood inundation, during a 1 in 100 year ARI event, for the four 
tributaries.   
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3.0 Results 
 
3.1 Backwater Flood Levels 
Backwater flood levels were calculated for the NW and SE catchments using HEC 
RAS.  
 
No defined channel was observed in the lower reaches of the SW catchment system 
and as such the predicted flood levels were manually calculated after estimating 
water levels discharging over Freeman’s Drive above the 2/900φ pipes.  In short, the 
predicted flow reaching this point comprises of a portion of the NW catchment flow 
(for major events only - NW catchment flow minus 50% of the 3/1200φ pipe capacity) 
plus the flow emanating from the SW catchment.  The predicted depth of water 
flowing across Freeman’s Drive has estimated to be approximately 400mm during 
the 100 year ARI event. 
 
Given the relatively minor hydrological effect that the proposed development site has 
on Felled Timber Creek (i.e., subject site contribute less than 0.02% of catchment 
area) it was not remodelled as part of this study, but rather the predicted flood level 
and extent of inundation were directly taken from the Avondale Greens Flood Study 
(PPK, 2002). 
 
Relatively minor inundation was predicted along each of the four tributaries.  It should 
however be noted that Tributary C has a dam towards the lower end of the study 
area, and as such a widening of the predicted flow would be expected. 
 
Tabulated results for all catchments are shown below in table 3.1, whilst the land 
area that is predicted to be affected by the 100 year flood is shown in Figure 4. 
 
Table 3.1.  -  Predicted 100year ARI Water Level 

 
Location 

Predicted 100year ARI 
Water Level 

(m AHD) 
Q1 – NW catchment upstream extent of HEC RAS 
model 

14.16 

Q2 – NW catchment 12.09 
Q3 – NW catchment 9.15 
Q4 – NW catchment 7.00 
Q6 – NW catchment 5.28 
Q7 – pipe crossing under Freeman’s Drive for NW 
catchment 

4.20 

Q8 – upstream end of SE catchment 3.90 
Q9 – midstream of SE catchment 2.99 
Q10 – middle of pond in SE catchment 1.95 
Q13 – outlet across Freeman’s Drive from SW 
Catchment 

3.90 

Felled Timber Creek – upstream extent of study area 
under Avondale Greens Flood Study (PPK, 2002) 

9.5 

Felled Timber Creek – downstream extent of study 
area under Avondale Greens Flood Study (PPK, 2002) 

8.5 

Q15 – Tributary A, Node 1 20.26 
Q16 – Tributary A, Node 2 9.31 
Q17 – Tributary B, Node 1 28.20 
Q18 – Tributary B, Node 2 19.11 
Q19 – Tributary C, Node 1 23.32 
Q20 – Tributary C, Node 2 16.50 
Q21 – Tributary C, Node 3 9.55 
Q22 – Tributary D, Node 1 21.19 
Q23 – Tributary D, Node 2 12.25 
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4.0 Conclusion 
 
Based on the Statistical Rational Method, Manning’s Equation and the hydraulic 
program suite HEC RAS, the 100 year ARI flood affected areas of the study area 
have been predicted and, with graphical interpolation, are presented in Figure 4, 
whilst Appendix B presents the tabulated water surface levels for each cross section 
modelled within HEC RAS. 
 
Predicted flood inundation levels along the creek line between Freeman’s Drive and 
the Retirement Village pond, and to the north of Freeman’s Drive adjacent to the 
creek line can be seen to threaten low lying residences.  A major contributing factor 
to flooding within these areas is the choked creek conditions (dense vegetation and 
litter) and sub-capacity driveway crossing structures. 
 
It should be noted that there may be other isolated locations within the study area 
where overland flow could potentially pond and that have not been identified within 
this report.  These areas may seem flood prone but are generally due to minor 
changes to the landscape, typically man made, which could result in wet or boggy 
ground.  This report was aimed at identifying flood prone land for the purpose of 
developing a subdivision and therefore we may not have included these areas in the 
report given that the relatively minor flows could easily be dealt within the subdivision 
design. 
 
 
5.0 Model Constraints and Limitation of Analysis 
 
It should be noted that with any type of flood investigation study there are a variety of 
limitations inherent within models, model parameters and modelling methodologies.  
This particular study is based on information derived form aerial photogrammetry, 
and consequently predicted flood levels can be taken to be indicative only. 



APPENDIX A  -  ESTIMATED FLOWRATE  (PAGE 1/2)
C10 imp. 0.9
C10 per. 0.37

NORTH CATCHMENT
Flow location subcatchment Area FF100 Imp. Frac. Total C10 Tc (progressive) Intensity Flowrate Cumulative Flowrate

ha - (%) - min mm/hr m3/s m3/s

Q1 NW1 9.1613 1.3573 10 0.423 18.39 140.0 2.06 2.06
Q2 NW2 20.3056 1.3573 10 0.423 28.70 112.0 3.66 5.72
Q3 NW3 48.8588 1.3573 10 0.423 41.50 92.9 7.30 13.01
Q4 NW4 21.5452 1.3573 10 0.423 45.60 87.8 3.04 16.06
Q5 NW5 9.8100 1.3573 10 0.423 47.20 86.0 1.36
Q6 NW6 confulence 17.41
Q7 NW7 2.8500 1.3573 10 0.423 47.70 85.8 0.39 17.81
Q8 SE1 1.8000 1.3573 40 0.582 48.00 85.3 0.34 13.34
Q9 SE2 1.9300 1.3573 40 0.582 48.30 85.1 0.36 13.70
Q10 SE3 4.2000 1.3573 40 0.582 48.90 84.6 0.79 14.49
Q11 below se catchment 26.49
Q12 SW1 divergence 11.06
Q13 SW2 sw outlet 7.2 18.26
Q14
Q15 TribA1 4.2344 1.3573 0 0.37 13.71 159.6 0.95 0.95
Q16 TribA2 11.0313 1.3573 0 0.37 22.32 127.0 1.97 2.92
Q17 TribB1 3.0396 1.3573 0 0.37 12.09 168.1 0.72 0.72
Q18 TribB2 6.6518 1.3573 0 0.37 18.78 137.8 1.29 2.01
Q19 TribC1 27.8281 1.3573 0 0.37 28.05 113.4 4.44 4.44
Q20 TribC2 16.2500 1.3573 0 0.37 33.40 104.3 2.38 6.82
Q21 TribC3 14.0312 1.3573 0 0.37 37.10 99.1 1.96 8.78
Q22 TribD1 4.1133 1.3573 0 0.37 13.56 160.4 0.93 0.93
Q23 TribD2 9.8164 1.3573 0 0.37 21.56 129.1 1.78 2.71

subcatchment analysis



From Mannings Eqn= (1/n)*(A)*(R2/3)*(So
1/2)

Mannings equation was used to solve for flow depth, given a flow rate.

Flow Location Flowrate Mannings 'n'  Side Slope Flow Width Flowdepth X-sect Area Wetted Peri. Hyd. Radius Channel Slope Calc Q Error:
Q15 0.95 0.05 0.075 6.86 0.26 0.88 6.88 0.128 0.045 0.951 3E-07
Q16 2.92 0.05 0.041 15.22 0.31 2.38 15.24 0.156 0.045 2.919 2E-07
Q17 0.72 0.05 0.059 6.89 0.20 0.70 6.90 0.101 0.056 0.719 7E-07
Q18 2.01 0.05 0.040 23.44 0.11 2.25 23.44 0.096 0.045 2.007 1E-07
Q19 4.44 0.05 0.025 25.86 0.32 4.18 25.87 0.162 0.032 4.435 6E-07
Q20 6.82 0.05 0.039 25.64 0.50 6.41 25.66 0.250 0.018 6.819 4E-07
Q21 8.78 0.05 0.046 23.72 0.55 6.47 23.75 0.273 0.026 8.775 3E-08
Q22 0.93 0.05 0.031 12.36 0.19 1.18 12.37 0.096 0.035 0.927 4E-07
Q23 2.71 0.05 0.020 25.17 0.25 3.17 25.18 0.126 0.029 2.710 2E-10

(m3/s) - (m/m) (m) (m) (m2) (m) (m2/m) (m/m)

MANNINGS FLOW CALCULATIONS

APPENDIX A  -  ESTIMATED FLOW DEPTHS  (PAGE 2/2)
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Appendix B  -  Water Surface Level Information 
 
The following table depicts predicted water surface levels at each cross-
section modelled with HEC RAS.  Figure 3 graphically depicts the location of 
each cross-section within the subject site. 
 

Catchment Section No. Predicted 100yr ARI 
Water Level (AHD) 

NW 105 14.16 
NW 104 13.78 
NW 103 13.26 
NW 102 12.88 
NW 101 12.33 
NW 100 12.22 
NW 99 12.07 
NW 98 11.68 
NW 96 10.64 
NW 95 10.37 
NW 94 9.86 
NW 93 9.42 
NW 92 9.17 
NW 91 8.64 
NW 90 8.39 
NW 88 7.68 
NW 87 7.30 
NW 86 7.00 
NW 85 6.23 
NW 83 5.88 
NW 81 5.28 
NW 79 4.61 
NW 78 4.20 
SE 10 3.90 
SE 9 3.48 
SE 8 2.99 
SE 7 1.86 
SE 6 1.95 

 












