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SUMMARY:
The 1960s and 1970s involved massive change in urban drainage practice and significant advancement in analytical techniques for design and analysis of increasingly complex systems based on the evolving computers of the time.  The 1980s and early 1990s consolidated water quality into urban drainage management plus refined the analytical modeling techniques developed over the previous two decades.  The 1990s also saw the embryo stages of water sensitive urban design especially following the initiatives of the federal better cities program and the stormwater industry association in particular.  Four Australian Rainfall & Runoffs (ARRs) have spanned this total period.  The next major revision of ARR is now underway and hopefully will be available around the 50th anniversary of the first ARR spearheaded by Professor Crawford Munro in 1958.  Considerable voluntary effort will be required by many individuals to ensure the revision most appropriately prepares the profession for the next decade or more.  It is hoped that this oration will encourage those present to contribute to this endeavour.
Slide 1     Introduction
I am honoured to present the 2005 Munro oration and at the same time I am somewhat overawed by the responsibility following the previous orators.
I have decided that my oration will be based on my witness to the changes in urban drainage since ARR1958 and raise some of the possibilities for the next era hopefully starting with the ARR2008 major revision.
This presentation is therefore a continuing tribute to Professor Munro whose role in spear heading ARR1958 introduced me to urban drainage design very early in my career and set in motion the evolutionary processes of drainage practice for us all.
Slide 2     Preamble
As we know there have so far been four Australian Rainfall & Runoffs if we count the 1997 revision.
Hopefully the 5th edition will eventuate around the 50th anniversary of Professor Munro’s first edition in 1958.
While the Australian Rainfall and Runoffs cover far more than urban drainage my role over the last 40 years has concentrated on that area in particular.

I have therefore restricted my oration to that area of endeavour.

There have been very significant changes in urban drainage practice since 1958.
It is interesting however to note as indicated in slide 2 that the journey in many ways has been somewhat circular, albeit changing to modern materials.

For example water tanks disappeared and are now on their way back.
Allotment yards have changed from being primarily pervious to mostly concrete and more recently with WSUD are hopefully shifting back to simulated pervious areas.
Roof drainage used to discharge to pervious area absorption trenches. This changed to direct connections to the municipal piped drainage system and again in recent times, where a tank is not fitted, reverting to simulated pervious absorption via detention.
For this presentation I would like to share a few pivotal projects I have been associated with and events that have shaped or been shaped by urban drainage practice, that I believe mirror a number of the wider changes and advances in urban drainage management over the last 47 years.

I acknowledge that this presentation is only my view point, based on my personal experiences and therefore it does not pretend to be a rigorous review of all events or contributions made by many along the way who have influenced directions far more than my own.
It may provide some basic points and questions for us all to grapple with during this symposium and specifically at the forum on Wednesday afternoon.
Slide 3 (1958)
Before discussing the first period between 1958 and 1976 it is useful to spend a moment reflecting on the reasons for ARR1958 and its role envisioned by the Institution of Engineers’ technical committee No. 2 charged with its content and publication.
Appendix A was a direct copy of the 1958 Publication 5 of the then New South Wales University of Technology authored by Professor Munro, H. R. Vallentine and Neil Body that in turn was founded on Professor Munro’s 1956 paper on the “Basic Theory of Urban Storm Drainage Design”.
Slide 4 (1958)

Technical committee No. 2 consisted of 58 Members from all states that oversaw the development of ARR1958. 

I have listed in slide 4 just a few of the committee as well as those involved in the 1960 amendments. 

I am sure many of these are very well known to many if not all of you.

Urban drainage actually appeared in 2 separate parts of ARR1958.
The first was Section 2 that dealt more with the principles of urban drainage design and the second was (Appendix A) that dealt more with the application side of urban drainage design where it included working examples.
Slide 5 (1958)
Slide 5 includes the terms of reference for ARR1958.

You will note that the Committee was charged with providing suitable values for the formulas they proposed.

ARR1958 also stated that it relied on the reader being familiar with basic material in standard texts.
The main elements of design were formulated around the Rational Formula and the estimation of “C”, “tc” “I” and Manning’s equation for the sizing of pipes to contain the design flow peak based on pipe grade.
The three nomographs used for estimating “C”, “tc” and pipe size are reproduced in slide 5.
In ARR1958 the gap between designated design values and “leave it to the reader to guess” was fortunately narrow.
I will discuss this gap later in respect to subsequent editions of ARR. 

No design guidance was provided for Retarding Basin design in ARR1958 although it did acknowledge their usefulness.
In reality it is my opinion most practitioners of the day including myself in the 1960s concentrated on (Appendix A) and mostly ignored the Section 2 broader discussion.

Slide 6 (1965)
My first urban drainage design assignment was at Sherwood Hills in 1965 assisting with survey and the design of new subdivisions in what is now known as Bradbury, a part of Campbelltown in Sydney’s south.
Bradbury is in the upper reaches of the very much bigger 90 km2 Bow Bowing/Bunbury-Curran Creek catchment that runs into the Georges River to the northeast of Campbelltown.

My experience at that time was to apply normal drainage practice using the Rational Formula and Manning’s equation based on pipe grade as prescribed in  ARR1958 (Appendix A).
As soon as practical the pipes were directed from the roadways to the nearest creek.
In this instance it was either Smiths Creek or Fishers Ghost Creek.  I don’t remember any serious consideration given to floods greater than 5 year, nor do I remember any substantive catchment wide pre-design stormwater planning during the Bradbury analysis.

I will return to this project when discussing 1983.
This approach to urban drainage design, for me personally, continued up until approximately 1973 when I joined Willing English and Devin where I remained until 4 years ago when we merged with the Cardno group.
Slide 7(1960s)
One of the first significant shifts in urban drainage practice in this period was in Melbourne by the MMBW and later the Dandenong Valley Authority.  In the 1960s many large retarding basins were designed and constructed to solve urban drainage flooding problems.
Slide 7 indicates a number of these basins I photographed back in the early 1970s.
During that time the analysis consisted of predominately manual calculations based on the derivation of synthetic unit hydrographs and the estimation of inflow hydrographs corresponding to recorded flood producing rainfalls followed by manual flood routing through the basin.
During the same period Tony Aitken who worked at the MMBW in the 1960s began to influence urban drainage practice throughout Australia. 
He carried out post graduate studies at UNSW in the late 1960s and then wrote and presented a number of technical papers on storage routing methods applied to urban catchments.
His work widely promoted the use of retarding basins to solve urban drainage problems and he presented ground breaking studies and reviews on urban drainage after worldwide research for the Australian Water Resources Council in the early 1970s.
His visionary work as my project leader on Darwin East NewTown, the Upper Parramatta River Catchment and Albury-Wodonga to name a few in the mid 1970s led to our development of RAFTS and comprehensive master planning studies for many large scaled urban developments across Australia.
He was also responsible for encouraging the ACT authorities of the day to establish the paired urban/rural gauged catchments at Giralang in Canberra that have provided records since 1976 and are now maintained by Ross Knee’s Ecowise group.
The outcomes from these research catchments have been very significant in helping to understand the effects of urbanization, urban pollutant accumulation and lately individual processes applicable to water sensitive urban design applications.
Tony Aitken’s role in influencing urban drainage during the 1960s, 1970s and 1980s cannot be over-estimated.
Slide 8 (1973)
In 1973 I was given, under the leadership of Leo Devin, a project to develop the stormwater master planning for the University of Technology Lae in PNG.

Leo Devin as an avid reader had read about the changes in urban drainage philosophy in parts of the US mainly through the papers of people like Earl Jones, who in the late 1960s and early 1970s, wrote a number of papers that challenged past drainage practices and promoted the idea of the major/minor drainage concept and the term blue green engineering.
We ultimately applied those concepts to the Lae project.
Earl Jones’ papers were very influential in my evolving outlook on urban drainage and subsequently the Darwin East Newtown project in early 1974 provided the perfect opportunity to put the ideas more firmly into effect.  
In this project we were engaged to master plan the stormwater management for the proposed Darwin East Newtown for some 150,000 people.  Willings engaged Tony Aitken to lead our work on loan from SMEC.
As we believed there were no numerical modelling tools suitable and available at the time in Australia for use in Darwin we went about developing our own. 
The initial urban sub-catchment routing was based on Tony Aitken’s adaptation of Eric Laurenson’s 1964 research.
Floodway routing was based around the Muskingum – Cunge procedure after correspondence with Roland Price at Wallingford in the UK. Level pool routing was applied through the multiple retarding and detention storages throughout the development.
The culmination of this work throughout 1974 was the development of the Regional Stormwater Model (RSWM) later renamed RAFTS in 1991.  
Slide 9 (1975/6)
In 1975 I attended my first Hydrology Symposium in Armidale NSW.  

If I remember correctly I believe it was notable as being the last symposium attended by Professor Munro and additionally it was also the first symposium to include “hydrological games” under the direction of Professor Burton and Steve Perrens.  

In 1976 I commenced working on a range of urban drainage projects for the NCDC in Canberra starting with the Sullivans Creek flood mitigation scheme.

For those unfamiliar with Sullivans Creek, it runs through the middle of north Canberra and then through the ANU into Lake Burley Griffin.  It has a catchment area of 5000 ha and in 1976 was subject to flooding along most of its urban length and through the Australian National University (ANU).  
Additionally urban pollution from the catchment was seen as a major problem by the ANU.

Using the RSWM I proposed in 1976 a multi-retarding basin solution in a free report to the NCDC.  The cost of my solution was estimated at $200,000 compared to the standing channel augmentation proposal estimated at $1.3 million.

The result was that we were offered the official contract to design and implement the basin scheme.
At the Sydney Hydrology Symposium in 1976 Tony Aitken and I presented our first paper describing the RSWM (RAFTS). 


A wide range of catchments were also studied in the period for the newly formed Albury-Wodonga Development Corporation. 

It is interesting to note that one of our early concepts there was to include a roof water tank under every house.

Unfortunately the idea was not accepted by the Corporation as it was believed to be a bit too left field for that era.

Slide 10 (1976)
Flow estimation checks were carried out using multiple methods including the Rational Formula, Fitzgerald’s Method (a locally developed methodology) and Fenwicks Method.  Checking also used gauged flow data from a storm occurring during the study. 

The study proposed an innovative solution that provided significant cost savings as well as downstream social and environmental benefits.
As I had proposed a fuse plug spillway to control flows up to the PMF and there was little data available to base its design on, I decided to construct a physical model with the assistance of my colleague the late David Mc Laughlin to better understand the constraints and design parameters needed. 

The proposals put forward in the study challenged the then current line of practice of concrete lined channels and ultimately led to the greater use of retardation in Canberra including water quality.
Slide 11 (1976)
Also in 1976 SMEC and Willing and Partners were given the job of analyzing and proposing the watershed wide stormwater management for the Parramatta River above the tidal weir at Parramatta to reduce serious flooding particularly in the Parramatta CBD.
The RSWM was used as the primary tool to analyze the catchment and define suitable basin sites as well as channel training works.
The 100 yr flow was estimated at ~1000 m3/s against previous prevailing estimates of between 600 and 700 m3/s and 22 Basins and improvements to naturalised channels were proposed to alleviate major flooding throughout the catchment.
The study recommended that a Catchment Authority be set up to oversee the construction works that straddled four separate Council areas.

The study recommended that a long term rainfall and flow gauging program be implemented to ultimately confirm the correct 100 year flow peak.
The study also recommended that a water quality study be carried out.
This report ultimately led to the formation of the Upper Parramatta River Catchment Trust (UPRCT).
As the years went by after the acceptance of the 1976 report a number of the basin sites unfortunately became housing estates.
The lesson was if it is planned and accepted there is a responsibility for it to be carried out or there are often serious lost opportunities. 
Slide 12 (1977)
Although there had been considerable new research and development work carried out on urban catchments during the late 1960s and early 1970s leading up to ARR1977 I am of the opinion that the urban drainage chapter 12 in the revised ARR1977 was largely a conversion from imperial to metric units.

ARR1977 retained the Rational Formula as the main tool for estimating urban flow discharges.  In fact it retained the same method for estimating tc from ARR1958 only converted to metric and varied C estimation slightly to fit with the modifications made by Ordon in the US in 1954.
It did not take up on the mainly American initiatives of people like Earl Jones to formally include the major/minor drainage concept.

It did however introduce Culps formula for preliminary estimates of retarding basin volume to meet attenuation objectives using a fictitious triangular hydrograph usually based on Rational Formula peak.
For final designs of basins however it recommended the estimation of inflow hydrograph be carried out using methods in Chapter 8 that included a description of the algorithms used in rainfall/runoff routing with a reference to the RORT program an early version of RORB.
Overseas rainfall-runoff models were mentioned including the Road Research Laboratory Model, the Storm Water Management Model and the Stanford Model, all of which at the time were not entirely suitable for urban drainage design as described in Chapter 12.
Design recurrence intervals became less spelt out than in ARR1958 and alternatively encouraged the reader to make their own judgment based on Chapter 11 Selection of Design Flood.
Pipe sizing introduced hydraulic grade-line theory and the Colebrook White equation over the more accepted Manning’s equation proposed in ARR1958.
It should be noted that even though ARR1977 introduced the principle of hydraulic grade-line design, it fell considerably short of that described in ARR1987.

Slide 13 (1977)
In about 1977 we along with several other Canberra Consultants were invited by Geoff Henkel while at the National Capital Development Commission to analyse in detail the existing street and allotment drainage of a number of the older suburbs in Canberra.

As normal we could not find any numerical tools that could adequately and quickly analyze the large urban systems down to individual pits and pipes plus overland flows so RATHGL was developed.

The results of this work were ultimately presented at a Conference in Kentucky in 1980 by Geoff Henkel and myself. 
RATHGL went on to be used by over 500 organisations across Australia and was also used in the next round of work to analyze the major share of all the then existing urban areas in Canberra.
In the early 1980s with the input of Mike Messner we developed a more detailed hydraulic grade-line analysis component in RATHGL with the development work leading up to this being reported at the Hydrology Symposium at in 1984.

Coincidently in about 1977/8 we also licensed copies of the RSWM to both SKP (SKM) and the NSW Soil Conservation Service.

This informally created the birth of XP Software although it would be some years before that section of the Company really got off the ground.

The most interesting thing at the time was the notion that anyone would actually purchase software rather than write their own.

Slide 14 (1979)
In 1979 the water quality issue in Sullivans Creek re-surfaced.  Consequentially a downstream basin in Sullivans creek at Barry Drive was designed to (i) collectively solve a potential flood problem at the lower Barry Drive Bridge as well as protect low lying areas to the immediate east and (ii) retain pollutants upstream of the ANU. 

An integrated facility was proposed that attenuated floods up to the 100 year ARI in the main basin and protected the side catchment up to the PMF.
Additionally the outlet works provided hydraulic capacity through the existing Barry Drive Bridge that was then seriously undersized.  

The various parts of the facility also acted to retain both debris and sediment plus oil spills from the upstream city catchment.
Because the facility was a hydraulically complicated facility with minimum energy principles employed plus momentum transfer effects between the side basin and the main basin, it was physically modelled at the SMEC hydraulics laboratory in Cooma.

The trash rack design criteria, at the time, was not as carefully conceived and relied on the prevention of a coca-cola can passing through the bars.
As it happened after construction we realized that the trash racks matted up with finer debris during storm events so in fact much finer material was retained than first expected.

Subsequent data collection in fact indicated that it also collected a number of other pollutants including organics and phosphorus etc. associated with the trapped finer sediments.

Slide 15 (1979)
Although this was not the first pollution control device in use in Canberra it did represent one of the early combined quantity/quality facilities that are now in common use across Australia.

The first GPT in Canberra was probably the 1964 Rond Pond in Parkes Way followed by the pollutant trap in Eastern Valley Way at the headwater of Lake Ginninderra designed in 1974 by D J Dwyer.
The 1970s provided a wealth of local data and analysis on the amount of pollutants contained in urban runoff and their affects on downstream receiving water bodies.

Locally Barry Hart in 1974 provided a computation of Australian water quality criteria, also J. Walker from the Victorian EPA  presented a paper on the “management of water quality in urban streams” and Ian Cordery in 1976 presented research findings on the evaluation and improvement of quality characteristics of urban stormwater and Professor Peter Cullen published a very detailed report based on some of the first data collection of its type in Australia on a phosphorous budget for Lake Burley Griffin and management implications for urban lakes.
This was some 66 years after Walter Burley Griffin designed what was probably one of our first large scale urban pollution ponds in 1911/12.
Peter Cullen’s study provided one of the first if not the first scientific study on the interactions within a large Australian lake facility that has led to subsequent design and management philosophies in place to this day.

In 1978 together with my colleague the late David McLaughlin we published a paper at the 1978 Hydrology Symposium in Canberra titled: “Can We Afford to Treat Urban Stormwater Runoff?  This paper was supposed to engender debate on the complex issues associated with urban stormwater quality management.  
The paper strongly supported  treatment but it questioned the first flush effect, it sought  to separate point and non-point problems and treat each appropriately, it raised the need for acceptance criteria,  as well as the use of both end of line treatment together with at source reduction and treatment and other non-structural management methods. 
It also called for the need for data collection in different areas and regions to best characterize pollution and management techniques appropriate to the particular area.

Although the paper was presented 27 years ago the Stormwater Industry Association saw fit to recently republish the paper in their Waterfall magazine being in their thinking still relevant today.  This means that the content was either a little ahead of its time for Australia or conversely we still have a lot of work ahead of us.

The work in the 1970s led in 1984 (instigated largely by Ian Lawrence) to the ACT water pollution ordinance to control discharges to lakes, streams or stormwater systems.

Slide 16 (1980)
In 1980 a further report was commissioned for the entire Parramatta River Catchment for the Water Resources Commission of NSW including the Upper Parramatta River Sub-Catchment.
The report indicated that there were still major problems in the Upper Parramatta river above the tidal limit.
The conclusions again included a plea for further data collection especially at smaller urban catchment scales.
In the wake of repeated flooding in this catchment the Upper Parramatta River Catchment Trust (UPRCT) was finally officially established in 1989 to address the impacts of urbanization on flooding and water quality in the 110 km2 catchment. 

As suggested in the 1976 study flow gauging at Marsden Weir was established in 1979, however there are still no small catchment flow gauges as proposed in 1980.
Geoff O’Loughlin did however independently establish gauging at both Jamison Park and Hewitt catchments, that are outside of the Upper Parramatta catchment, for a significant period.
I guess the lesson here is not new and echoes Ian Cordery’s Munro Oration in 2003 that not enough is being done to ensure we have the data to prove our modelling exercises.
Slide 17 (1983)
In 1983 we were retained to analyze and make recommendations for the augmentation and future planning controls for the catchment of Bunbury-Curran Creek.
This became the Campbelltown flood mitigation scheme that included some 32 flood storages across the catchment.
This work allowed me to help reverse the effects of the stormwater design I was involved in back in 1965 in Bradbury.
Slide 17 indicates 3 retarding basins within Smiths Creek immediately downstream of the 1965 Bradbury subdivision design area.
The total augmentation system was developed in conjunction with a detailed flood benefit cost study to ascertain the economic viability of the proposed multi-basin system and channel augmentation works.

The rework was not to say that ARR1958 was lacking.  It did however indicate that the split structure in ARR1958 lent itself to practitioners of the day concentrating on Appendix A and paying far less attention to the more global principles in Section 2 particularly relevant to the part on “development plan of the district”.
Slide 18 (1987)
ARR1987 was released after 2 years of forums and workshops across Australia on the draft versions.
Chapter 14 on urban stormwater drainage was co-authored by Geoff O’Loughlin and David Robinson and was far more comprehensive than ARR1977 with 73 pages compared to 20 pages in ARR1977.
The main additions over chapter 12 in ARR1977 are described in a paper by Geoff O’Loughlin and David Robinson at the ICUD conference in Lausanne in 1987.
As well as retaining the Rational Formula ARR1987 also recommended a large number of computerized software programs to aid design and analysis of urban drainage systems mainly developed in the 1970s and first half of the 1980s.

For the Rational Formula it introduced a different graph for the estimation of “C” and a different method for the estimation of “tc” using the kinematic wave equation.
Hydraulic grade-line procedures were formalised for the sizing and positioning of pipes and inlet pits.

After its promotion in the late 1960s and early 1970s by Earl Jones in the US the concept of the major/minor dual drainage system was finally included in ARR1987.
The four guiding principles included in slide 18 are reproduced from the introduction to Chapter 14. I believe these statements well serve current practice and should definitely be retained in the next ARR.
ARR1987 significantly increased its coverage over ARR1977 to explicitly describe trunk drainage, retarding basin analysis and channel analysis using HEC-2 steady flow analysis.
Water quality was introduced without detailed methodology.  This area is however now covered in detail in ARQ.
Probably one of the most important changes in ARR1987 was the updating of rainfall data by Ray Canterford and his team at the Bureau of Meteorology.
Changes in parameter estimation and basic data in ARR1987 however were known to have the effect, in some cases, of significantly changing previous flow estimates both up and down.   I will discuss this issue again shortly.
In 1986 Steve Bresnan had joined us and with Brett Phillip’s project management we began to add to the initial work of Ian Lawrence and Phil Landsdown firstly to develop the POLLUTE program and then secondly expand this to develop AQUALM.
This time period saw water quality control facilities becoming central to all urban design activities throughout Canberra and many other areas across Australia.

In 1985 we began to develop close ties with Professor William James in Canada and his PC SWMM program that was the first version of the EPA SWMM program running on a PC.
This and other partnerships with overseas experts are some of the more important outcomes of attending symposia similar to this one overseas.
We foresaw the potential in the SWMM framework and began to explore how we could make it more applicable to Australian practice.  This ultimately led to the development of XP-SWMM.
By 1987 XP Software was officially launched when we realized that there was a need for a software provider in our field in Australia.
Shortly after that time Geoff Thompson had entered into agreements with Haestads Methods in the US to distribute our software in the USA initially with XP-RATHGL and subsequently with XP-EXTRAN thus commencing our start in that country.
Slide 19 (1989)
Changes in ARR1987 resulted in pipe sizes, in Canberra, shrinking by sometimes up to 30 % in diameter based on Rational Formula results.
The ACT Government invited us to utilize the Canberra gauged data from three urban catchments to assess the reasons for the shrinking pipe dilemma.
Without going into detail slide 19 indicates the differences between ARR1977 and ARR1987 in the estimation of “C” and “tc”.
The estimation of “tc” changed from Friend equation to the kinematic wave and the estimation of “C’ changed from Ordon’s curves to the new graph in ARR1987.
The different results produced by the different combinations of parameter estimation methods are provided in the flood frequency graphs for both the 63 ha Giralang and 400 ha Mawson catchments.
The results indicated that the older Friend equation combined with an appropriate Ordon curve actually produced far more accurate results based on the gauged data over the complete frequency range.
Ultimately this led to separate guidelines in the ACT that I will refer to again shortly.
Also in 1989 Robert Dickinson joined us from the University of Florida where he worked with Professor Wayne Huber and Professor Jim Heaney who were integral to the initial development of the EPA SWMM model.
Robert Dickinson spent the next 2 years in Canberra helping us develop XP-SWMM and then he returned to Florida to help establish our own company there in 1992 and further develop and market XP-SWMM throughout the USA.
Slide 20 (1991)
In the beginning of the 1990s the unsteady flow analysis of combined surface and conduit capability of XP-SWMM began to take hold in urban trunk drainage studies.  This was also mirrored with other programs like MIKE-11, MOUSE and RUBICON etc.
The change from steady flow to unsteady flow was found to significantly improve the simulation accuracy of trunk drainage systems and was more compatible with the full hydrograph inflows already available from programs like RAFTS, RORB and WBNM etc.
It was at about this time that the hydraulic analysis by the UPRCT switched from HEC-2 to unsteady flow modelling.
Also in 1991 the UPRCT invited us to carry out a study to formulate a policy for on-site detention throughout the catchment.
The need for on-site detention came after the Trust found that, after losing many significant basin sites proposed in 1976, the only way to maintain current flow peaks, after maximizing large scale basin construction, was to transfer the effects of future urbanization to the individual developers.

RAFTS was used in that study to define the required storage/ha and the max allowable discharge/ha criteria that would retain 100 year flow peaks throughout the catchment, after development, at 1991 magnitudes.
Slide 21(1992)
By 1992 water quality control had significantly spread across much of Australia with the main emphasis on GPTs and water quality control ponds.  By that time there were some 50 structures established across Canberra.
In 1992 XP-AQUALM after considerable development by Brett Phillips began to be licensed to users in Australia for use in water quality planning for new developments as well as retro-fitting of existing areas.
XP-AQUALM has been extensively used throughout Australia since that time.  The CRC for Catchment Hydrology has also recently developed the similar program MUSIC for water quality planning.  

XP-AQUALM was used extensively to define the water quality control structures throughout the Sydney 2000 Olympics site.  Interestingly XP-RATHGL was also used for the detailed piped drainage.
1992 also marked the year that XP-SWMM was initially released in the USA, where there are now over 3000 licensed copies.
Slide 22 (1993)
In 1993 the ACT Government commissioned a part 2 study to the 1989 Rational Formula study to establish design parameters for use throughout Canberra for a range of rainfall/runoff models including RAFTS, RORB and ILSAX.
In this study it was found that the traditional initial and continuing loss rate procedure did not perform well when comparing the results to gauged data over the full flood frequency range.
The results indicated that continuous loss modelling even through relatively short event periods provided far better agreement.
In RORB the proportional loss rate method was also found to perform better than the initial loss continuing loss rate method. This was in keeping with Russell Mein’s RORB recommendations for urban catchments.
The results from the 1989 part 1 study covering the Rational Formula and the part 2 study covering rainfall/runoff models led to the development of a revised ACT urban stormwater manual.
Slide 23 (1993)
Slide 23 shows some representative pages from the ACT urban stormwater manual written by Steve Bresnan.
Specific parameter estimation procedures are included for the Rational Formula plus RAFTS, RORB and ILSAX.
The directions differ from those described in ARR1987 however, as they have been based on high quality gauged rainfall and flow data for 3 urban catchments ranging in area between 60 and 2000 ha, the approach taken by the ACT Government is entirely in keeping with the introductory principles included in ARR1987 namely: “Descriptions and analyses of stormwater drainage systems should be based on measured or observed real system behaviour”.
Slide 24 (1997)
ARR1997 was released after splitting ARR1987, Volume 1, into eight separate books with Urban Stormwater Drainage being Book VIII.
The edition also contained a revision to the estimation of Large and Extreme Floods Book VI.  That book contained references to revised loss rate parameter estimation for design storms for south east Australia based on the work by Peter Hill.
Again the effects of incremental changes between ARR1987 and ARR1997, taking into account revisions to areal reduction factors and new loss rate estimation procedures, have had the effect of significantly changing previous flow peak estimates.
Changes in successive ARRs should trigger a re-checking process in all QA systems.
In fact the change to separate books may potentially, while shortening the lag between research and accepted practice, increase the “change syndrome” that may catch out in-experienced practitioners.

It was interesting to share in the flood estimation journey for one catchment in Australia where, when using the same rainfall runoff model, the effects of differences in ARR1977, ARR1987 and ARR1997 led to flow estimates firstly increasing by some 21% and then reducing by some 27% respectively.

During this period the detailed monitoring of the Stranger pollution control pond, by Ian Lawrence’s team at the CRC of Fresh Water Ecology and work by Peter Breen also led to the more precise design guidelines for pollution control structures.  It was found that the actual processes were far more complex than had been assumed during the pond’s design.
This further highlights the importance of data collection especially with newly proposed treatment facilities.

The need for process knowledge will continue to increase especially with the widening WSUD facilities being proposed.  

Hopefully the work in this area being undertaken at the University of Newcastle by Peter Coombes and George Kuczera will help convert theory into practice.

The proposal phase of WSUD has been well served over the last decade through initiatives by the Federal Better Cities Program and also the Stormwater Industry Association in particular. 

Unfortunately however, I still notice a great number of very large houses covering most of the allotment being constructed without any apparent WSUD components. 

Slide 25 (2000)

During the 1980s I realized that although it was possible to calibrate individual events using rainfall/runoff models it was difficult to find parameters that would consistently give satisfactory results for a wide range of events on any one catchment.
It wasn’t until the 1990s that I started to seriously research the question why?
Slide 25 indicates the sort of problem I refer to.
The three graphs indicate three events, using the same runoff parameters, in this instance using Monica Bufill’s rainfall/runoff model.  The first estimates the peak far too high, the second about right and the third much too low.
Slide 26 (2000)
To answer this type of question it was obvious that we did not have enough data to define the individual processes occurring within an urban catchment.
The only way forward would be to collect the required data.
The Giralang catchment was selected as the prime study catchment as it already had perimeter rainfall stations and a long term flow gauge at the outlet going back to 1976 thanks to Tony Aitken and in more recent times Ross Knee’s Ecowise Environmental group.
I installed a micro gauging network inside the catchment to isolate rainfall/runoff processes occurring at an allotment scale. 

The total gauging network then allowed the observation of the scaling effects from individual allotments up to the total catchment.
This catchment could then be representative of an individual sub-catchment in a larger rainfall/runoff model.
Slide 27 (2000)
To observe separate individual rainfall/runoff processes it is also often necessary to continue to collect data from ever smaller portions of the catchment.
Slide 28 (2000)
With the valuable guidance of Geoff O’Loughlin, the results of this research led to the development of a scalable allotment based modelling approach that would fit comfortably inside RAFTS or any other rainfall/runoff model and was also suitable for WSUD process modelling.
Slide 29 (2000)
The results also supplied the means to estimate more unique parameter sets that would perform far more satisfactorily at different catchment scales and when subject to varying rainfall events.
The approach which is continuous in nature provides avenues for assessing the effects of individual components of WSUD as well as their collective effect at various catchment scales.

Slide 30 (2001)
At about the same time I was examining smaller and smaller processes I was co-opted into analyzing systems at the upper end of the catchment scale in China.
In 2001 RAFTS was further tested in China along with Don Carroll’s URBS program on large rural sub-catchments (between 5000 and 10,000 km2) of the Yangtze River as part of an AUSAID project being undertaken by Coffey’s for future flood forecasting purposes.
The training of Chinese engineers and real life catchments applied RAFTS in a continuous mode for a year at a time with hourly time steps and tested the results using a coefficient of determination based on the total year’s result at a time.

It showed that continuous modelling of surface flow, infiltration and base flow is feasible and provides excellent results under tight international scrutiny.

The approach is equally applicable to both large and small urban catchment simulations.
Slide 31(2004)
While the 1990s and more recent research answered a range of questions in respect to urban rainfall/runoff processes it also, as usual, tossed up a number of yet not fully resolved modelling dilemmas.
In 2004 flood frequency analysis was carried out by the UPRCT using Marsden Weir flow data at Parramatta.
The flood frequency analysis results broadly confirmed our 1976 (100 yr) flood estimate however suggested that the same rainfall/runoff modelling appeared to over-estimate flow peaks at the 110 km2 outlet below about 10 year ARI.
Unfortunately there was still no small catchment gauging to compare modelling parameters at a smaller catchment scale.
 Research on this issue is continuing with rainfall non – uniformity, especially during smaller events, being the prime suspect. 

The results of this investigation may lead to significantly different areal reduction factors, depending on ARI.
Similar effects were also found using different raingauges across the 63 ha Giralang catchment that begs the question about rainfall spatial effects even at small catchment scales.
Slide 32 (2004)
Over the last few years we were invited to revisit the 1991 UPRCT on-site detention policy, and using the results of the 1990s RAFTS/WSUD research just described, to look at amending the policy to consider attenuation between 1 and 100 year and to also consider the effects of roof water tanks and extended detention for water quality control.
This work has led to an amended draft policy that after proper consultation should hopefully be released shortly.
(2005) Some Outstanding Issues for Book VIII
The following points describe some issues that may need further work prior to the development of the next Book VIII.

Practice in WSUD is presently outstripping our ability to adequately model many of the individual effects creating a need for more data collection and modelling development

While lumped catchment modelling is giving way to allotment scale modelling this will shortly need to reduce to pixel scale modelling to align with remote sensing and GIS following the type of approach of Chris Ryan

There is presently a need for long term rainfall data at any required development site.  The work by George Kuczera and his colleagues developing the DRIP program approach looks most encouraging

ARR1977 and ARR1987 tended to veer away from prescribed parameters and leave the decision often to the reader with little data on which to base them

There is therefore a need for studies similar to the ACT parameter estimation work in all other capitals and major regional centres in Australia

If the data does not presently exist for such studies then it should be collected as a matter of priority or the same questions will be raised again in 2015.  With potential changes in weather patterns and climate new data may even be more valuable than old data

WSUD theory will only move to widespread practice and replace the current impervious allotments with adequate legislation throughout Australia

The NSW “BASIX” initiative will help in this regard, however it may also be time to consider the concept of an impervious tax similar to that proposed in some parts of the USA

(2005) Some thoughts for ARR2008 Book VIII
The following thoughts are also provided to start discussion on what issues may need to be included in the next Book VIII.

Provide national guidelines to parameterization of modelling techniques following the terms of reference for ARR1958?
Introduce continuous modelling as a preferred approach to modelling of urban systems?
Include example effects of potential changes in runoff or flood level estimation that could be attributable to changes in ARR2008 over earlier editions?
Provide interface between Book VIII and ARQ so there are no created gaps between the two documents?
Add WSUD as a preferred solution for urban stormwater management, however still describe traditional drainage design as mixed systems will unfortunately remain for a long time to come?
Describe the advantages and disadvantages (if any) of unsteady flow modelling in urban drainage systems based on both 1-D and 2-D approaches?
Update IFD information based on the 20 years of rainfall records since 1987?
Describe effects of rainfall non-uniformity at different flood frequencies, particularly in respect to continuous modelling?
Remove the Rational Formula as a sanctioned methodology?

CLOSING COMMENTS
In my experience, the 1960s and 1970s involved massive change in urban drainage practice and significant advancement in analytical techniques for design and analysis of increasingly complex systems based on the evolving computers of the time.
The 1980s and early 1990s consolidated water quality into urban drainage management plus refined the analytical modelling techniques developed over the previous two decades.
The 1990s also saw the embryo stages of water sensitive urban design especially following the initiatives of the Federal Better Cities Program and the Stormwater Industry Association in particular.
Before embarking on the next edition of ARR I feel it is valuable to first have a good understanding or at least be reminded of what occurred leading up to the past editions. 
We can then base our improvements and inclusions based on a firm foundation.
We are now at the point in time nearly 50 years on from when Professor Munro spearheaded the start of a national approach to urban drainage practice through ARR1958.

We are entering another refinement and proving period in urban drainage design that incorporates a mixture of WSUD together with more traditional systems that now have to co-exist with one another and interface with water quality, water supply and grey water initiatives.  
Design by continuous analysis using far more process orientated approaches is becoming far more practical and enticing at a time where gauged data is as always lagging behind.

We can imagine that we are now the re-incarnated 1950s technical committee No 2 and therefore can collectively help shape ARR2008 and the future of urban drainage practice and design techniques over the next decade or more.

It is unfortunate that Professor Munro is not around to spur us on, however he started the momentum and it is now up to us to continue to build on his great work.  As an alternative however we have both James Ball and Brett Phillips to leads us.  I am sure they will be equally up to the task.
So at that point I would like to close this oration to allow you to ponder some of the points raised prior to Wednesday’s forum on the next ARR.
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