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Australian Rainfall and Runoff, the main guide for 

design flood estimation in Australia, provides the basis 

for the design and analysis of urban drainage systems. 

 

The latest edition, released two years ago, remains 

unfinished, but we can apply most of the methods and 

resources supplied. 

 

This paper describes the coverage of urban drainage 

design in ARR 2016, and explores its preferred 

hydrological model. 
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The ARR 2018 Guidance, in particular Book 9 on runoff in 

urban areas, is incomplete at present, and lacks detailed 

advice and examples. 
 

The new features affecting urban drainage practice are: 

• revised design rainfall data – intensity-frequency-duration 

(I-F-D) information and ‘ensembles’ of rainfall patterns; 

• a preferred rainfall loss model based on effective 

impervious areas, initial and continuing losses; 

• advice emphasising consideration of runoff volumes as 

well as flow peaks.  



Handling Rainfall Data and Results 
 

Available software can input rainfall data, organise runs 

with ensembles and sift through results.  In DRAINS, storm 

ensembles are shown as: 



After a run, the calculated flowrates and water levels 

for each component are displayed as a chart: 

Ten durations are considered here.  Each bar is a result 

from a particular storm.  The pink bars are representative 

median results for each duration considered, and the red 

bar is the highest of these. 



Since ensembles involve more calculations, it has been 

necessary to limit the output of results in DRAINS.  

However, individual storms can be run if desired. 
 

The design procedure for pipes follows similar procedures 

to runs with 1987 rainfall data, and is not onerous. 
 

Procedures for detention basins and other components 

are now more complex, but appear to be manageable.   

Designs comparing pre- and post-developed flowrates 

and volumes involve complicated iterative searches. 



Preferred Loss Model 
 

This is set out in Chapter 3 of Book 5 of ARR 2016. 

It defines impervious areas 

as being directly-connected 

(DCIA) or indirect (ICIA), 

and introduces the concept 

of effective impervious 

area (EIA), which is the 

basis of the preferred 

model. 



Lumped pervious & impervious areas, 

e.g. rational method, RORB 

Separate pervious & impervious areas, 

e.g. RAFTS, WBNM, ERM 

Separate DCIA & (ICIA + pervious areas), 

e.g. ILLUDAS, ILSAX 

ARR 2016 Loss Model - EIA & ‘other’ 

or ‘remaining’ areas 

EIA 

Alternative Loss Models 

DCIA 

ICIA 

Other 



Percentages of EIA were derived from plots of rainfall and 

runoff depths from gauged catchments. 



Estimates of EIA ratios from 9 gauged urban catchments 



The preferred model works with the following parameters: 



Difficulties with the Preferred Model 

 

(a) Proportion of EIA 
 

The recommendation is 50% to 70% of TIA or 60% to 

80% of DCIA.  However, there are cases, particularly 

smaller catchments where higher ratios seem justified. 
 

There is no convincing explanation of the effective 

impervious area effect, and where the ‘missing’ water 

goes. 



(b) Pre-burst rainfall depths 

ARR 2016 only provides burst patterns, and the initial loss 

must be adjusted according to the AEP and duration of the 

burst.  Mostly, this is done by subtracting a pre-burst depth: 

ILB = ILS – pre-burst. 



Example for  

Gymea, NSW 

 

 

 

 

ILB = ILS – pre-burst 



(c) Combination of hydrographs 
 

Depending on assumed times of concentration, the EIA 

hydrograph and the remaining area hydrograph can move 

apart as impervious area increases.  When combined, the 

peak flows only increase slightly. 



Comparison of Urban Hydrology Models 
 

Tests were conducted using a set of simple DRAINS 

models for a 0.25 ha catchment at Gymea, NSW.   
 

 

 

 

 

These applied various hydrological procedures– the 

rational method, extended rational method, ILSAX and the 

IL-CL model, over a range of impervious area percentages. 
 

Impervious area times of concentration were all 5 minutes 

and pervious area times ranged from 15 to 5 minutes.   

1% AEP and 0.2 EY frequencies were considered with 

storm durations from 5 minutes to 4.5 hours. 



Results for Flowrates 

For 1% AEP storms, the IL-CL Model increases more slowly 

than other models as the impervious area percentage 

increases. (Note that IL-CL flows are underestimated because no pre-

burst depths are applied.) 



Volumes from 1 Hour Duration Storms 

Volumes are generally consistent, with the ERM and IL-CL 

models being similar.  (Again, note that IL-CL volumes are 

underestimated with zero pre-burst depths.) 



Variation of EIA / TIA Ratio from 60% to 100% 

The IL-CL model results approach those of ILSAX as 

the EIA/TIA ratio increases. 



Variation of EIA / TIA Ratio with pre-burst depths 

applied from the ARR Data Hub 

Critical duration for this catchment is less than 1 hour  

Pre-burst depths for 60 minutes have been adopted for smaller duration storms 



Results for Manly, Queensland (high rainfalls) 

Flowrates and volumes are more consistent than at Gymea. 



Results for Port Adelaide, SA (low rainfalls) 

Results are more variable than those at wetter locations. 



Other matters 

• Hydraulics - not much material on piped systems, 

• Design procedures - more examples required, and not 

enough specific information, 

• Detention basins - no post-burst rainfall data, use of 

ensembles is not as complex as anticipated, 

• The rational method - still in use, must be updated with 

2016 I-F-D data, 

• Industry adoption of ARR 2016 procedures – cautious. 

 



Conclusions 
 

• BOM has successfully delivered new I-F-D data. 

• ARR 2016 is incomplete, but rainfall ensembles can be 

used with appropriate software. 

• The preferred effective impervious area loss model has 

problems.  Guidance and additional data are needed. 

• Older hydrological models give similar, and are probably 

still acceptable. 

• The treatment of issues in ARR 2016 is variable, and more 

is needed on matters such as hydrological routing and 

urbanisation. 

 


