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1 Introduction 

URS Australia Pty Ltd (URS) has been engaged by Heathgate Resources Pty Ltd (Heathgate) to 

investigate and report on the surface hydrology associated with the southern portion of EL 3251 

surrounding the existing mine operation area. 

In undertaking this investigation, URS has relied on both topographic information derived from satellite 

photographs, as well as ground-truthing of the site.  As well as this, reference has been made to earlier 

work undertaken by consultants on Heathgate’s behalf, to ensure that the current study is broadly 

consistent with findings previously made on the site. 

Our investigation has been confined to the southern portion of EL 3251, defined by the rectangular shape 

shown on Figure 1 in green hatching.  A previous study (Tonkin 1998) investigated the two Creeks; 4-

Mile Creek and Jenny Creek, in the northern part of the Lease.  This study considers Mulga Creek, 

through the centre of the area, and Paralana Creek which is largely contained outside the Lease area, but 

which enters it for a short distance near the south-eastern corner. 

A flood-routing model and backwater curve analysis model are established for the Creeks, defining extent 

of flooding during both a 1 in 10 year Average Recurrence Interval (ARI) and 1 in 100 year ARI event. 

The study concludes that the extent of flooding during both ARI events is quite similar, with relatively 

low velocities associated with flood flows.  It is proposed that a risk-based approach is appropriate in 

determining the location of facilities within floodplains, recognising both the risk of inundation as well as 

the consequences of inundation, given considerations of velocity of flow.
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2 Rainfal l 

Beverley Mine is located in an arid region of South Australia, in the Northern Flinders Ranges.  The area 

is characterised by low, but highly variable, average rainfall.   Recording stations are widely scattered and 

the length of record is relatively short.  Though further information has been gathered in the time since 

previous studies, Australian Rainfall and Runoff (ARR 1987) still defines the manner in which rainfall is 

estimated across Australia, based on analysis from these stations.  

As a result of the mine’s establishment, a weather station has been constructed at the site, however the 

very short length of these records means that deriving meaningful data for event prediction is likely to be 

subject to large uncertainty.  Tonkin (1998) utilised ARR rainfall estimation techniques and this is still 

considered appropriate for the current study. 

Events of varying duration and recurrence interval were derived using the procedure outlined in ARR, for 

use in predictive modelling using the RORB flood routing model.  This model is described in detail in 

Section 5 of this report, but essentially flow estimates are derived using inputs of catchment 

characteristics and rainfall information.   

The present study assesses a range of recurrence interval events up to and including the 1 in 100 year 

flood, which is assumed to be generated by the critical 1 in 100 year rainfall event.  In addition, areal 

reduction factors, described in ARR, have been applied, representing an assumed reduction in total 

rainfall falling over a larger area, as the rainfall data derived by ARR is assumed to occur as a point 

rainfall.  Taken over large areas, it is demonstrable that total rainfall experienced in a catchment will 

reduce from the point estimates in proportion to area.  Therefore a larger reduction will apply to larger 

catchments; a smaller reduction to smaller catchments. 

In the analysis reported here, the areal reduction factor is applied to the total rainfall within the RORB 

model directly. 

Rainfall information, for input into the RORB model, can be found in Appendix A, derived for the 

location of the mine site using the methodology outlined in ARR. 
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3 Catchme nt Ana lysis 

Beverley Mine is located to the east of the Northern Flinders Ranges, approximately 550 km north of 

Adelaide and 35 km west of the northern end of Lake Frome. 

A series of water courses, rising in the Ranges, flow is an easterly direction, eventually discharging into 

the Lake.  Between the Ranges and the Lake, many small flow channels are cut into the topography, 

rising in the low foothills of the area, at about elevation 100 m AHD, then also flowing in an easterly 

direction toward Lake Frome.  As these channels merge and join, increasing catchment areas contributing 

result in larger flows being experienced during major storm events. 

The Beverley Mineral Lease is crossed by many such ephemeral streams, whose channels vary in size 

from shallow depressions at their source, to large, flat expanses of braided channels, flowing across the 

flat topography.   

To the south, beyond the Lease boundary, Paralana Creek drains a significant catchment which rises in 

the Ranges.  As it travels generally beyond the southern boundary, it branches at a point near the Paralana 

Outstation, with one branch flowing to the south-east, and a second to the north-east.  This branch enters 

the Lease near the south-eastern corner, joining with Mulga Creek, prior to discharging across the eastern 

boundary of the Lease and flowing toward Lake Frome. 

Within the Lease, Mulga Creek rises along the western boundary in a series of small channels spread 

from south to north across the Lease.  These various branches gradually join together in a series of 

increasingly larger streams, which become wider as they reach the flatter land toward the eastern side of 

the Lease. 

In general slopes of channels in the western part of the Mineral Lease are 10 % in grade, but as they travel 

east, these grades become flatter, being generally of 0.5 %.  Correspondingly flow decreases in velocity, 

but increases in depth and spread of flood flows. 

At the bifurcation of flow in Paralana Creek, two flow directions are created.  It is difficult to determine 

the proportion of flow that will travel in each of the two directions.  An estimate of the flow toward the 

north-east, which enters the Mineral Lease, has been made from consideration of the flow channel present 

within the Lease boundary (Figure 2).   

Observations of channel form were made during a visit to the site conducted in March, 2006.  At this time 

no flow was observed in any creeks, as rain had not been experienced in the area in the period either 

before or during this visit.  A series of photos were taken of many of the channels throughout the Lease, 

and these were subsequently used to confirm channel characteristics, including roughness parameters 

used in the backwater curve analysis described later in this report. 

Catchment areas were determined by topographical analysis of 1:250,000-scale plans of the area.  

However contour intervals were considered too large to provide sufficient accuracy for detailed 

catchment definition.  To supplement this source, digital photos supplied by Heathgate of satellite images 

of the Lease and surrounding areas, with contour information determined by stereography, were used to 

correlate information and confirm assumptions.    

Figure 1 shows the catchment areas of Paralana Creek and Mulga Creek on a regional scale. 
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Each catchment was divided into a series of sub-areas, simplifying subsequent input into the hydrological 

model.  These sub-areas are shown in Figures 2 and 3, corresponding to natural catchment draining into 

the various streamlines throughout the area of both the Mineral Lease, as well as the larger catchment 

area to the west, extending to the Northern Flinders Ranges. 

In general, the two main drainage systems are called the Paralana Creek and Mulga Creek catchments, 

though each has many tributaries and smaller drainage lines that combine to form the larger system. 

Analysing the two main systems, the following catchment areas are derived. 

Drainage System Area  

(km2) 

Paralana (including both arms) 208 

Mulga 47 

Table 3.1 Drainage System Areas 

3.1.1 Paralana Creek bifurcation 

Paralana Creek is a complex drainage system which bifurcates to the south of the Mineral Lease, prior to 

crossing the southern boundary and joining with Mulga Creek.  An estimate of the flow entering the 

Mineral Lease has been made considering channel section, bed grade and flow depth.   

It is estimated that the capacity of flow within the channel entering the Mineral Lease is approximately 

250 m
3
/sec, which corresponds to a bank-full plus 1 m overbank depth flow.  Consequently it has been 

assumed that during a 1 in 100 year flood event, this quantum of flow joins together with the Mulga 

Creek catchment flow.   

For a flow of lesser recurrence interval, such as a 1 in 10 year flow, it has been assumed that a lesser flow 

of 100 m
3
/sec, corresponding to the estimated bank-full flow, enters the Mineral Lease area from the 

south. 
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4 Streamflow records 

Little information relating to streamflow records exists in the immediate vicinity of the Mineral Lease, 

which includes Four-Mile Creek, Jenny Creek, Paralana Creek and Mulga Creek. 

However, as reported in Tonkin (1998), streamflow records of short duration do exist for some of the 

rivers and creeks in the Northern Flinders Ranges.  Analysis of these in that earlier report provided some 

assistance in developing regional regression equations, but this was found to be of limited value. 

However, application of the relations derived in Tonkin (1998) yield the following flow rates for the two 

catchments considered as part of this study. 

Catchment 1 in 10 year ARI Flow Rate 

m3/sec 

1 in 100 year ARI Flow Rate 

m3/sec 

Paralana Creek 201 491 

Mulga Creek 48 112 

Table 4.1  Peak Flow Estimates based on Regional Regression Equations 

The method of developed by Gerney is still considered to of use in deriving flow estimates.  This method, 

developed in 1962, relates flow to area through the following relation; 

 

Q = 2.19 . c . A . (K + d . log (0.5 * (1 + Y)/(1+ 112 . √ A / (c . K)) 
0.74
 

Where: 

Q : Peak flow (m
3
/sec)  

A : Catchment area (km
2
) 

c : Parameter derived by Gerney based on rainfall intensity 

d : Parameter derived by Gerney based on rainfall intensity 

K : Coefficient related to catchment slope and imperviousness 

Y : Recurrence interval (Years) 

The method of Gerney was derived for an early Environmental Impact Statement (AMDEL, 1982) for the 

Beverley site, and is considered appropriate for flow estimation using parameters derived during that 

study.  Parameter values adopted were as follows: 

 c : 10.0 

 d : 2.0 

 K : 0.95 
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Based on application of the Gerney Method, a tabulation of flow rates for both Paralana Creek and Mulga 

Creeks, immediately upstream of their confluences, is given.  Taken from the catchment analysis 

described in Section 3, it is noted that the areas of the two catchments are 208 and 47 km
2
 respectively. 

 

Peak Flow (m3/sec) for ARI Creek 

5 yr 10 yr 20 yr 50 yr 100 yr 

Paralana 193 246 303 382 442 

Mulga 76 97 119 149 173 

Table 4.2 : Peak Flow Estimates based on Gerney Method 

Estimates for Paralana Creek are made assuming the whole of the catchment is contributing to flow.  As 

is noted above, Paralana Creek is a braided creek system, with numerous channels interweaving across 

the floodplain.  At a point south of the Mineral Lease, Paralana Creek bifurcates into two flow paths, one 

heading to the north-east, the other to the south-east. 

These estimates using the Gerney Method will later be compared with estimates derived using RORB, to 

ultimately determine flows to be used in backwater curve analysis. 
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5 RORB Modelling 

In addition to flow estimates derived using the Gerney Method and Regional Relationships, described 

above, application of the rainfall runoff routing model RORB Ver. 4 (RORB), has been made to estimate 

flow rates for various recurrence interval events. 

RORB is a rainfall excess model, generating flow via application of rainfall excess over defined sub-

catchment areas.  Losses are abstracted from the rainfall hyetograph according to an input loss model, 

with on-going losses throughout the rain event also input as part of parameter selection. 

Flows which are thus generated are routed along flow reaches, with application of a reach storage 

function of the form, 

 

  S = 3600 . Q 
m
  

where: 

  S  : Reach Storage 

  Q : Reach Flow 

  m : constant related to non-linearity of storage (typically taken to be 0.8) 

As the computed flow passes along the drainage channel, additional inflow is added to the developed 

hydrograph, representing local inflow of each sub-area. 

The catchment model can be established with any degree of complexity, with predicted outflow 

hydrographs able to be extracted at any point in the network. 

A series of points have been identified in the current study, at which flow hydrographs were derived for 

subsequent use in predicting flood plains through the application of a backwater curve program. 

5.1 Input Parameters 

The application of RORB requires input of a number of parameters to generate runoff hydrographs.  

These parameters have been the subject of research over a long period, however specific application to 

catchments of the Northern Flinders Ranges is limited. 

Summarising, RORB requires that a loss model be applied to the rainfall, generally consisting of an Initial 

Loss (IL), which is abstracted from the beginning of the rainfall event; and a Continuing Loss (CL), 

which is applied at a constant rate over the duration of the rain event. 

In addition to this, parameter kc, which is a function of reach delay, and hence has a significant impact on 

the “peakiness” of the resulting flow hydrograph, must be determined for input. 
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Parameter “m”, previously mentioned, is taken to be a constant 0.8 in most applications of the RORB 

model.  Only for the most extreme events, such as the Probable Maximum Flood (PMF), would “m” be 

taken as 1.0, generating a linear relationship between reach storage S, and reach inflow, Q. 

RORB can be executed in a number of different forms.  It can be run, using known rainfall and runoff 

from a catchment, for calibration of the input parameters, such that the shape of the recorded hydrograph 

is matched as closely as possible.  By varying parameters accordingly, the shape and peak flow of the 

output hydrograph can be matched to the actual recorded hydrograph, and parameter values determined. 

These parameters, thus determined, can then be used to re-run the model for different rainfall inputs, such 

as the ARR-derived storms, to make estimation of generated flood flows. 

5.1.1 Initial Loss/Continuing Loss 

Work undertaken by Kemp (1989) proposes a Loss Model using the inputs: 

Initial Loss :  20 mm 

Continuing Loss : 7 mm/hr 

for use in the Northern Flinders Ranges.  ARR (1997) provides limited guidance for selection of Loss 

Model parameters, suggesting a median initial loss of 15 mm ad a continuing loss of 4 mm/hr for the Arid 

Zone of South Australia, in which the Beverley Mineral Lease is located. 

Calibration by Tonkin (1998) incorporating the results of Kemp, suggest that the following values be used 

for RORB analysis: 

10 Year ARI : 12 mm Initial Loss, 5 mm/hr Continuing Loss 

50 Year ARI : 18 mm Initial Loss, 5 mm/hr Continuing Loss 

100 Year ARI : 20 mm Initial Loss, 5 mm/hr Continuing Loss 

These values will be adopted for the present analysis. 

5.1.2 kc parameter 

Kemp (1993) investigated kc for a range of catchments across South Australia, dividing these into Arid 

and Humid (near-coastal) locations, determined by rainfall.  A relationship was derived for catchments 

with average annual rainfall of less than 320 mm; applicable to the study area. 

Arid catchments yielded the following relation for kc, based on area and rainfall: 

 kc = 7.06 . (RF/1000)  
2.79
 . A 

0.71
  

where: 
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 kc : empirical coefficient applicable to the entire network 

 RF : average rainfall (mm/annum) 

 A : catchment area (km
2
) 

A number of the analysed catchments were located in the vicinity of the Mineral Lease area, with 

catchment areas both greater and smaller than the Paralana Creek catchment.  The Mulga Creek 

catchment area however, falls below any of the analysed catchments. 

Tonkin (1998) undertook an analysis of kc, also with input from Kemp, as well as calibration results for 

Arcoona Creek.  A curve fitted to the results yielded the following relation for kc, subsequently applied in 

the Tonkin study (1998). 

 kc = 0.091 . A 
0.741

 

where kc and A have the same meaning as above. 

In applying these two equations to the present study, it can be seen that there is little difference between 

the calculated kc values, as shown in the following Table. 

Catchment kc=7.06.(RF/1000)
2.79.A0.71 kc=0.091.A

0.741 

Paralana Creek 4.6 4.79 

Mulga Creek 1.6 1.6 

Table 5.1 Estimated kc Values  

Values consistent with the previous Tonkin report will be adopted for this study, as the difference 

between the two estimates is small. 

5.2 RORB Catchment Data 

As previously described, each of the two catchments; Paralana Creek and Mulga Creek; has been divided 

into sub-areas for input into the RORB model.  Figures 2 and 3 detail the sub-area boundaries, areas and 

corresponding flow path lengths for subsequent establishment of the RORB model. 

Though the two flow paths ultimately join, as least in part, near the eastern boundary Mineral Lease area, 

the two have been treated as separate for the purposes of determining catchment flows.  This is a 

conservative approach in that it calculates the peak flow in each catchment, assuming different storm 

events occurring over the two catchments.   

This reflects the fact that the nature of a storm cell producing the rainfall event could be a system moving 

from west to east, resulting in an event on the westerly Paralana Creek catchment commencing before an 

event on the Mulga Creek catchment.  In relative terms, it is expected that the Paralana Creek catchment 

will have a longer duration event as its critical storm, due to its larger area and its greater length.   
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For the peak flood flows in the two catchments to coincide therefore, a storm event would be required to 

commence on the larger Paralana Creek catchment and move easterly to then fall on the Mulga Creek 

catchment in a manner than caused the two peak flows to arrive at the junction of the two flow paths 

simultaneously.  A conservative assumption is made here, that this does occur, so that peak flows in both 

Creek systems will be taken as input to the backwater curve modelling described in the next Section. 

Areas and stream lengths are taken from the sub-area plans, and formulated into a RORB input file, which 

is then used to undertake the analysis of the catchment.  Catchment files for both Paralana Creek and 

Mulga Creek can be found in Appendix B. 

5.3 RORB model simulations 

With the input of the catchment files described above, together with ARR-derived rainfall, the loss model 

and kc value, estimated flows for the catchment can be derived.  As RORB produces a flow hydrograph at 

each point of interest, incorporating delay due to reach storage effects, a range of duration rainfall events 

must be simulated on the catchment, to determine which of the events is the critical event; i.e. which rain 

storm produces the peak flow within the catchment. 

For the analysis undertaken for both the Paralana Creek and Mulga Creek catchments, events of duration 

10 minutes to 72 hours have been simulated, allowing the peak flow event to be identified.  In 

determining peak flows, each catchment has been simulated separately, using its specific kc value, though 

the loss model used in both catchments is identical. 

As expected, the results show that shorter duration events are more critical in the Mulga Creek catchment 

(approximately the 2 hour event), with longer duration events are critical for the Paralana Creek 

catchment (approximately the 6 hour event at the confluence).  Results are summarised in detail in 

Appendix C, but the following table shows the flow values estimated before applying the bifurcation in 

the Paralana Creek catchment, described in Section 3.1.1 above.  The results reported for Mulga Creek 

are at a series of points which are identified on Figure 3. 
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Flow Location 1 in 10 Year ARI Flow 

m3/sec 

1 in 100 Year ARI Flow 

m3/sec 

Paralana Creek at confluence 165 384 

Mulga Creek    

P8 55 118 

P10 104 249 

P12 106 255 

M5 26 50 

M7 59 121 

Table 5.2  Calculated Flows using RORB 

Application of the estimated split of flow at the bifurcation reduces the flow in Paralana Creek to 250 

m
3
/sec and 100 m

3
/sec for the 1 in 100 year and 1 in 10 year ARI events respectively, and these flows 

have been algebraically added to the Mulga Creek flows to derive flows for use in the HEC-RAS 

analysis, described below. 

It should be noted that the flow predictions made here are subject to a wide error band.  When assessing 

the input information, particularly rainfall inputs to the RORB model, it is acknowledged that a high 

degree of uncertainty surrounds rainfall estimates, based on the small number of recording stations and 

the length of available record. 

5.4 Adopted Flows 

When comparing the estimates produced by the three methods discussed; Regional Regression equations; 

Gerney and RORB, it is apparent that the RORB flow estimates are straddled by the other methods.  

Tabulating the three methods, before application of bifurcation flow, so that all catchment areas are 

consistent, flows are as shown in Table 5.3 below. 
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Catchment Regional 

Regression  

m3/sec 

Gerney 

m3/sec 

RORB 

m3/sec 

 

201 

 

246 

 

165 

Paralana Creek    

10 year ARI 

100 year ARI 491 442 384 

 

48 

 

97 

 

106 

Mulga Creek 

10 year ARI 

100 year ARI 112 173 255 

Combined Flow downstream of confluence, allowing for bifurcation (S. 3.1.1) 

10 year ARI 

100 year ARI 

 

212 

510 

Table 5.3 Comparison of Flow Estimates 

It is apparent that a divergence in the flow estimates using the three methods.  In general it is noted that 

RORB estimates are higher than the other methods for the Mulga Creek catchment, and lower for the 

Paralana Creek catchment.   

When reviewing the background to the three methods, Regional Regression equations derived by Tonkin 

(1998) are based on a small sample of gauging stations and relatively few years of records at each station.  

The results appear to be too wide-spread to provide a useful basis for estimating flows in the two 

catchments of concern. 

The Gerney method produces results that range between -32% and + 49% of the RORB flows, however 

for the 1 in 100 year ARI predictions, these differences reduce to -32% and +15% of the RORB flows. 

Given that the RORB input parameters are based on analysis of a range of catchment sizes, into which the 

two catchments fit, these flows are proposed as the flows to be used for the backwater curve analysis. 

It is noted that the Paralana Creek catchment is affected, in peak flow estimation, by the extended length 

of its channel to the east of the Flinders Ranges part of the catchment.  This length has the effect, in the 

model, of introducing significant channel storage, relative to the peak flow, thus attenuating the peak flow 

with relatively less catchment area contributing to increasing the flow through the reach. 

Analysis of the model shows that flow in fact is greater, during both the 10 year and 100 year ARI events, 

a points further to the west in the catchment, even with smaller catchment areas.  This result highlights 

the attenuating effect of the channel storage, which acts to reduce the estimate of peak flow.  However 

visual assessment of the creek channels on the flatter margins of the catchment, near the southern 

boundary of the Mineral Lease, suggest that this effect is likely, given the shallow bed grade, the width of 

channel and the extensive nature of overbank storage potential. 
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6 Hec-Ras Analysis 

6.1 Introduction 

First-order estimation of flood plain extent within the Mulga Creek catchment has been undertaken using 

HEC-RAS, an industry standard, one-dimensional, backwater curve analysis package.  The package uses 

step-wise solution of the energy equation to predict water surface profiles for a range of open-channel 

flow situations. 

It is particularly applicable to the present study, given the detail of available input information and the 

extent of channel requiring modelling. 

HEC-RAS requires, as input, data defining channel cross-sectional shape, roughness and flowrate, to 

enable it to predict water surface levels associated with the flow. 

Preparation of a Digital Terrain Model (DTM), using satellite imagery, has enabled the definition of the 

landform, from which cross-sections can be taken.  However it is the case that the degree of accuracy of 

contour information to closely define the flowpath channel is relatively coarse.  As a consequence 

predicted water surface levels are sufficient for planning purposes, however it must be expected that 

actual events may vary significantly from these levels. 

Provided account is taken to ensure that any construction within predicted floodplains is located beyond 

the channel of any flowpath, and is able to withstand expected velocities across the overbank area, 

floodplain maps derived from such an analysis will provide valuable information. 

It is noted that flooding associated with Paralana Creek is largely contained to the area outside the 

Mineral Lease.  However, to allow for the effect of additional flow occurring downstream of the 

confluence of Paralana Creek and Mulga Creek, and the consequent increase in predicted water surface 

that would occur in Mulga Creek as a result of greater water depth downstream of the confluence, the 

estimated flow in Paralana Creek has been assessed and incorporated into the HEC-RAS model. 

6.2 Cross-sectional information 

To undertake the HEC-RAS analysis, development of cross-sectional information along flowpaths of 

interest is necessary.  Contour information, drawn from a DTM of the site, was used to identify cross-

section locations, as well as to prepare the cross-sectional shape itself. 

In conjunction with this, a visual inspection of much of the Mineral Lease area, and areas to the south, 

was undertaken, to confirm assumptions regarding channel roughness and form. 

A series of digital photographs were obtained to allow office-based assessment of general roughness. 

Cross-sections are generally located at points of major flow change, such as significant bends, and at 

relatively regular intervals along individual creek lines. 

Figure 4 shows the location of all cross-sections taken. 
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Once cross-sectional information is extracted from the DTM, a visual check is made of the resulting 

profiles, to determine any irregularities, prior to entering information into the HEC-RAS program.  On the 

basis of the site inspection and review of photographs, a single roughness value of 0.05 has been selected 

to apply across the full cross-section, reflecting the stone-lined nature of the upper part of the catchment, 

and the winding and vegetated nature of the lower parts of the catchment. 

Review of Figure 4 indicates that cross-sections have been taken along the full length of Mulga Creek 

main channel and tributaries, extending to the western boundary of the Mineral Lease.  Paralana Creek 

has been analysed for the length contained within the Mineral Lease boundary, extending to the eastern 

boundary of the Lease, beyond the confluence of the two Creeks. 

6.3 HEC-RAS Modelling 

With the input of cross-sectional information, flow data has been entered to the model, which was 

simulated for both the 1 in 10 year ARI and the 1 in 100 year ARI events. 

Flood plain maps have been prepared for both events; Figure 6 for the 1 in 10 year ARI event and Figure 

7 for the 1 in 100 year ARI event.  In addition, Figure 5 combines the two floodplain extents, to allow 

comparison of the additional extent of flooding associated with the 1 in 100 year ARI flood. 

It is noted, by analysis of Figure 5, that the extents of flooding are quite similar, indicating that the 

increased flow depth associated with the larger flow, does not result in a significantly greater extent of 

flooding. 

During simulation runs, it was observed that the HEC-RAS program identified, as a result of large energy 

changes at cross-sections, the need for additional cross-sections.  Given the nature of the input 

information, it was decided to use the interpolation feature of the program, rather than extract further 

sections from the DTM.  This approach is supported by the on-site assessment, where it was observed that 

changes in cross-section occurred gradually, rather than abruptly, which is reflected in the interpolation 

between two adjacent sections occurring as a gradual change from one section to the next. 

This process was found to resolve the internal warnings. 

6.4 HEC-RAS Results 

Of interest is both the extent of flooding, as shown on the floodplain maps, and the velocity of flow 

occurring during a flood event. 

Summary tables from the two HEC-RAS model runs are included in Appendix D for reference.  These 

tables show the predicted water surface level at each cross-section, the analysed flowrate and the 

predicted average flow velocity. 

It should be noted, with regard to velocity, that the average velocity represents an average taken over the 

full cross-section.  It can be expected, particularly in the event of overbank flow, that the velocity in the 
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channel proper will be higher than in the overbank flow.  Therefore the velocities tabulated in Appendix 

D would be expected to be in excess of the velocity that would be experienced on the bank of the channel. 

However, review of the predicted results shows that maximum average velocity is approximately 1.3 

m/sec at one location, with the majority of velocities less than 1 m/sec for both the 1 in 10 year ARI and 

the 1 in 100 year ARI flood events. 

6.5 Accuracy of Results  

It has been noted that some uncertainty exists in the prediction of both flowrates used in the HEC-RAS 

modelling, as well as in the determination of cross-sectional information along flow paths.  However, it is 

apparent from comparison of the predicted water surfaces for both the 1 in 10 year and the 1 in 100 year 

ARI events, that a significant increase in flow (more than 100%) results in only a small increase in 

predicted inundation area. 

It can be expected that this principle will extend to flows in excess of the 1 in 100 year flood flow, due to 

the flat, wide nature of the overbank region.  Significant increase in flow can be accommodated with 

small increase in water depth. 

It should also be noted that the large increase in flow between the 1 in 10 year and the 1 in 100 year ARI 

events also produced only a small increase in average velocity.  Again this principle can be expected to 

extend for flows in excess of the 1 in 100 year ARI flow. 

6.6 Comments on resultant flood risk 

In assessing the impact of predicted flood risk on potential operations within the floodplain, recognition 

must be made of the likelihood of a flood event occurring.  For example, if activities are to be located 

within a floodplain for a period of 12 months only, such as URS understands is the case for piping and 

extraction equipment associated with the In-situ Leaching (ISL) process, a lower flood standard may be 

appropriate.  Over a 12–month period, the probability of operations within the 100 year floodplain being 

inundated is 1%, while within a 1 in 10 year ARI floodplain it is 10%. 

However operational facilities that are to remain in one place for a much longer period, for example 15 

years, would be exposed to a higher level of probability of inundation if located within a floodplain.  

Within a 1 in 100 year floodplain, a facility with a 15 year life would have a probability of 14% of being 

inundated, which although still unlikely, is clearly higher. 

Consideration of risk should also be tempered with consequence of inundation.  As has been discussed, 

flow velocities within the floodplain, be it either the 1 in 10 year or 1 in 100 year ARI floodplain, are 

relatively low; generally 1 m/sec or less.  Provided design of equipment was able to sustain flow of such a 

velocity, location of equipment within the 1 in 10 year floodplain for 12 month periods could be 

considered appropriate, with more long-term equipment located beyond the 1 in 10 year ARI floodplain. 
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8 Limitations 

URS Australia Pty Ltd (URS) has prepared this report in accordance with the usual care and thoroughness 

of the consulting profession for the use of Heathgate Resources P/L and only those third parties who have 

been authorised in writing by URS to rely on the report. It is based on generally accepted practices and 

standards at the time it was prepared. No other warranty, expressed or implied, is made as to the 

professional advice included in this report. It is prepared in accordance with the scope of work and for the 

purpose outlined in the Proposal dated December, 2005. 

The methodology adopted and sources of information used by URS are outlined in this report. URS has 

made no independent verification of this information beyond the agreed scope of works and URS assumes 

no responsibility for any inaccuracies or omissions. No indications were found during our investigations 

that information contained in this report as provided to URS was false. 

This report was prepared between March and May, 2006 and is based on the conditions encountered and 

information reviewed at the time of preparation. URS disclaims responsibility for any changes that may 

have occurred after this time. 

This report should be read in full. No responsibility is accepted for use of any part of this report in any 

other context or for any other purpose or by third parties. This report does not purport to give legal 

advice. Legal advice can only be given by qualified legal practitioners. 
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