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1. Introduction and Acknowledgements

For some 37 years the Municipal Engineering Foundation (Victoria), or MEF, has been supporting the professional development of both individuals and the wider municipal engineering sector by offering a range of study opportunities via its awards programs.  The 2003 overseas study tour award sits within this context, and I gratefully acknowledge the support of the MEF in providing the opportunity to me as one of four Victorian engineers working in the municipal sector chosen to be part of this year's program.  I would also like to take the opportunity to thank the City of Boroondara for releasing me to attend the study tour, and my wife Janine and children for their support.   Lastly, the host sites who took the time to share their knowledge with us are acknowledged - without them, the tour would not be possible.  In particular, the staff at the two sites I organised – the City of Indianapolis and the National Research Council of Canada.

The 2003 tour group consisted of the following persons (and topics)

1. Peter Mclean, Manager Assets and Development, Cardinia Shire Council (Water Sensitive Urban Design);

2. Stephen Howe, Manager Asset Management, City of Boroondara (Risk Based Prioritisation of Works Programs);

3. Danny Eaton, Manager Services, Hume City Council (Workplace Culture and Productivity); and

4. Thomas Kuen, Monash City Council (A Systems Approach to Knowing Your Assets)

The study tour leader was Robert Ward, one of the MEF trustees.

As is usually the case, the study tour centred on attending the American Public Works Association (APWA) International Congress, plus a range of “best practice” local governments (or related organisations) organised by the tour members.  

My study topic was chosen due to the fact that over the last year, the City of Boroondara has started using risk analysis techniques for prioritising capital and maintenance works programs.  This has involved use of advanced data capture techniques and modern asset management software systems.  While the general principles of risk-based decision support can apply across all asset classes, they require adaptation to the issues and factors pertinent to specific asset groups.

In two areas of concern at Boroondara (footpaths and stormwater drains), I found that there was a shortage of hard data and rigorously proven models that would enable advanced risk-based decision support techniques to be readily and transparently applied.  The aim of my study was therefore to determine the current world’s best practice in these two areas of municipal works management, and compare them to Australian approaches including Boroondara’s.

2. Background

There has been a well-documented increase in the focus on Risk Management as a key requirement of Asset Management, both within Australia and overseas (Ref. 8).  The drivers of this change are litigation and legal precedents (the removal and temporary reinstatement of the “non feasance” defence for highway authorities, and impending Road Management Bill) and a range of advisory guidelines advocating best practice (Ref. 1,3,4).

Risk is not the only basis upon which to prioritize works, be they reactive maintenance, proactive/planned maintenance or capital replacement in nature – in fact, to focus on risk alone can be overly narrow.  However, risk management principles lend themselves to adaptability, so that almost any factor that would influence prioritisation decision-making can be quantified as a risk and made (if so desired) part of an integrated decision-support system.  The trick is to adequately explore and define the parameters, so that the right decision is being made, for the right reasons, based on the right data.

Ref. 1 defines Risk Management as “the culture, processes and structures that are directed towards the effective management of potential opportunities and adverse effects”.  Ref. 13 states that “Risk assessment need not be a highly technical process, and is fundamentally the structured and systematic expression and recording of collective good judgment based on the best available data”.

The “full” risk management spectrum involves steps such as identifying, analysing, evaluating, treating, monitoring and communicating risk.  This paper does not examine risk management organisational cultures or structures, nor the steps related to identifying, treating, monitoring and communicating risks.  Instead, it concerns the processes related to analysing and evaluating risks that lead to treatments occurring – specifically, works treatments (as opposed to non works “treatments” such as increased insurance, managed failure, demand management or asset closure).  Furthermore, this paper does not focus on discussing what might be termed “internal risks”, such as the risk of failure to complete a project on time, or having an OH&S incident occur on a work site. 

The risks that municipal authorities face typically relate to the consequences of an external, unmonitored action occurring, such as:

· An asset total failure, such as a drain structural collapse;

· An asset maintenance service failure, such as a drain blocked by tree roots not providing the designed hydraulic capacity;

· An asset capacity failure, such as a drain designed to take a 1 in 5 year storm event being subject to runoff from a 1 in 20 year storm.

These are primary risk consequences.  Secondary consequences can be issues such as political/media scrutiny/loss of image, legal claims and costs, higher insurance claims/costs etc.  Some risk issues may not even relate to primary or secondary consequences of asset failures, but simply from an organisation’s failure to take certain proactive precautions (such as being fined for inadequate Essential Services maintenance), even in the absence of any corresponding emergency or asset/system failure.

Both the primary and secondary consequences of asset failure can be treated and ranked in the same decision-support framework, if so desired.  The typical or classical approach is to develop an overall risk score or risk rating, by combining the consequence of failure magnitude for an issue with its probability of failure.  

The sections below examine practical ways in which this basic theoretical concept is applied, as well as whether or not organisations carrying out risk management strategies are even doing this advanced type of works planning.

3.  Overseas examples of Risk-Based Prioritisation of Works Programs

(Note:  Only those authorities that addressed the study topic specifically are listed and discussed)

3.1 Authorities visited in the United States of America

Orange County Sanitation District, California

The OCSD is only in the early stages of implementing an Asset Management improvement program, though has undergone major structural changes over the last decade.  As a provider of sewerage services to 2.3 million people, the OCSD’s main focus with regard to risk is to assure regulatory compliance with regard to health and safety issues affecting water, soil and the air.  They have been able to do this successfully without the range of complex pressures and service needs affecting local governments.  Asset performance and condition knowledge is held at the field staff level, and they have not had to take many risks or choose between higher or lower risks in prioritising works, mainly due to their single service, robust organisational capacity and budgets.  With the move towards Asset Management, they expect to take more risks and therefore will need to quantify them and develop a decision-support methodology with which to manage them.  Their main risk management initiative is to provide some redundancy or back up capability in their infrastructure, which does not exist adequately at present.

Irvine Ranch Water District, California

The IRWD provides sewerage, water supply and a small amount of stormwater drainage services (wetlands for flood mitigation and treatment of nutrients entering watersheds during low flow periods) to a large and growing area of California.  They have a stable financial position due to large reserves and new connection fees in growth areas.  Up until the last three years, they have not had to deal with risk issues, but due to some sewage spills affecting beaches, have had to do so.  This has been (like OCSD) mainly via building in some system redundancy at the problem locations (outfalls), which they have not had to “prioritise” as such due to their plentiful financial resources.   Reactive strategies are based on the best treatment of whatever risk issue has occurred – as these are rare and relatively major issues, they are simply responded to with the best treatment available.  They will soon develop their second generation asset master plan, which will document the how and why the current risk management processes currently occur – there are no current written documents that capture what is being done or the rationale used.

San Diego County, California

The San Diego County provides road, drainage, sewer and a range of non-infrastructure related services across those portions of the County not covered by the cities within its borders.  With regard to stormwater drainage, the County maintains and builds special flood control structures, stormwater drainage systems and water quality treatment installations. 

The County is progressively adding assets to its GIS network and carrying out condition assessments in order to prioritize renewal works, as its drains are constructed from corrugated metal pipes that are progressively wearing out as they reach the end of their 25-30 year life.

The condition assessment and subsequent works prioritisation process is relatively subjective at present, particularly for smaller projects.  Hydraulic analysis is done on drains earmarked for condition-driven renewal to confirm the current asset size is still appropriate for the needs, though are occasionally upgraded in size to improve ease of maintenance.  More refined analyses are performed on the major drains in the network as part of drainage master plans.

Risk management criticality factors such as actual or potential property damage are included in the current decision making process on smaller works, but not as part of a formally adopted risk based methodology.  Major capital works are scored with a formal, weighted project ranking system that takes into account location, land use etc, which - though not intentionally or explicitly risk based - has risk management aspects or outcomes.  The same approach occurs with reactive responses to maintenance issues, whereby more critical assets (by location, size, etc) are given higher priority via the judgment of the officers in charge of the tasks.  This is sometimes undermined by the political pressure put on officers via customers who lobby intensively for priority treatment.

City of Indianapolis, Indiana

The City of Indianapolis is a combined City/County government, administering a large municipality (the 10th largest in the U.S.A.).  They have a mix of prioritisation methods and practices that generally handle risk issues in an implicit rather than explicit manner:

· For prioritising major renewal works across various asset classes, including drains, most projects would undergo ranking within the engineering department via the Initial Priority Rating (IPR) process.  This uses multiple factors to allocate coarse categories for further decision making (high, medium, low);

· For reactive maintenance, there are different hierarchies in place for different asset types – for Civil assets, the hierarchy is:

· Level 1 (Rapid response) – issues causing risk to life, limb or property; 24 hour response, 7 day finalisation of repair

· Level 2 – issues causing potential liability: 21 day repair

· Level 3 – Routine Maintenance task (not time framed, and sometimes never done if budgets do not permit)

These have been well applied to footpath works.  Proactive maintenance can also result from the “Township Coordinators” field inspections.

Papers presented at APWA Congress, San Diego, California
“Using Computerised application for risk management of sidewalks”, Alan Covey, City of Lethbridge, Alberta, Canada.

Lethbridge responded to an identified growth trend in litigation and claims in the early to mid 1990’s with a major data capture, condition assessment and works program strategy for its path network, including a new system implementation.  The paper presented included comments such as “…a prioritised rehabilitation program was established to fix and repair problem areas through the annual budgeting process.  In all cases, rehabilitation treatments were tailored to the specific distresses encountered….the sidewalk management tool also has a powerful planning component, allowing user-developed weighting of distresses to come up with overall scores per sidewalk section and a prioritised distress program”.  

However, when I asked the author about the prioritisation process and examined the screen shots in the paper that accompanied his presentation, it appeared that the prioritisation that occurs is only with regard to relative asset condition – the weighting system allows the development of an overall result for condition based on severity and extent of sub defects of various types.  There appears to be no other “layer” of or filter for prioritising the program.  The author stated in response to my question “there has been an 80% reduction in requests from the 1993 levels, so there is no real need to prioritise”.  If there was any other sophisticated prioritisation used in the earlier days of the strategy (i.e. before they reached their current steady-state position), it is undocumented and was presumably based on officer judgment at the time that - in all likelihood - considered consequence issues, pedestrian traffic volumes, types and locations, and not just asset condition.  However, this is conjecture on my part.

“Stormwater Master Plan – a Comprehensive update: Finding all the pieces and putting them all together”

Matt Koch, Burns & McDonnell Inc., consultants to the City of Jefferson, Missouri, United States of America

The SWMP developed by the City of Jefferson focussed on the major capital improvements required to solve the recurring flooding problem in the city.   The total needs developed totalled $64M, including $41M of upgrades to main drains, $5M local and regional detention structures, $3M in erosion prevention projects, $5M in local drain upgrades and $10M in other customer identified or historical incident local projects (the latter were not predicted by the flooding model).  These will be carried out over a long period of time of around 10 years duration, with a gradual increase over the first 5 years based on special, dedicated funding streams levied as special charges on properties ($3-4 per month).  The prioritisation was weighted based on the initial public consultation, developed by a stakeholder body called the “Stormwater Advisory Committee” (SWAC).

The SWAC was used by the city all the way through the process, and will exist into the future to monitor results and amend the resulting masterplan as required from time to time.  The public survey developed by the SWAC was mailed to all residents of the City, asking them to identify storm flooding problems as well as rate the prioritisation factors.  

The resulting scores then decided the weightings used when applying the prioritisation factors to the overall program of works and budget cashflow.  The factors were (in descending order of community importance):

· Protect Water Quality;

· Limit damage to structures;

· Minimise Street Flooding;

· Limit damage to environment;

· Minimise erosion damage;

· Minimise temporary ponding on property; and

· Other

This process was not based on a risk-based methodology per se (but rather a public opinion-based weighting system for decision support) but does address risk issues in an implicit fashion, and has the added advantage of being highly defendable to the public, particularly as an additional, dedicated revenue stream was the end result, which could be controversial to administer or retain, particularly during years without flooding or during droughts.

Summary of status quo in the United States of America

Based on the study tour locations visited, Public Works authorities in the U.S.A. are generally not demonstrating the use of advanced risk-based decision support techniques for prioritising works activities on footpaths and drains.  It is worth noting that a number of other municipalities were visited which are not even listed above, as they did not even appear to have rudimentary approaches in place.  I found this surprising, given the fact that the U.S.A. is the original "litigious society".  My surprise was further enhanced by the poor state of footpaths in some cities – particularly the national capital, Washington, D.C.

3.2 Authorities visited in Canada

National Research Council, Ottawa, Ontario

The Institute for Research in Construction (a division of the NRC) has been funded by the Canadian Federal government in a 5-year, joint venture with the Federation of Canadian Municipalities to develop a “National Guide to Sustainable Municipal Infrastructure”.  This initiative has some similarities to the Australasia-developed “International Infrastructure Management Manual”, though will in many cases go into far greater detail than the IIMM for the various published “best practice” guidelines being progressively issued by the NRC-IRC.

With regard to risk-based prioritisation of works programs, the NRC-IRC has carried out and will be carrying research and issuing relevant publications, particularly with regard to capital investment (predominantly focussed on asset renewal) and associated decision support tools.

The currently published papers and guidelines have some implicit risk-focussed aspects, such as in the area of project ranking methodologies, where risk rating is one of the inputs being considered as part of multiple goal decision-making processes, and where some of the other inputs are themselves concerned with risks in one way or another.  However, there are no “cascading risk” template approaches to works program development (for either reactive or proactive maintenance or capital asset renewal) or specific guidance on allocating risk-rating scores (or for its “components”; consequence of failure and probability of failure) – for any asset classes. 

It is worth noting that this is an area the NRC-IRC is planning to devote considerable effort to in the coming couple of years, and Australia will do well to monitor the NRC’s progress in this regard, as their fully developed best practice guidelines are extremely useful tools (which potentially provide more guidance than the equivalent sections of the Australasian-developed "International Infrastructure Management Manual").  In developing best practice guidelines, the IRC uses an extensive and lengthy industry expert consultation and peer review process.

To date, the approaches taken by the NRC to techniques for managing risk have been general (i.e. not asset-specific) or focussed on asset types other than footpaths or drains – for example, the ”Buried Utilities” group within NRC has focussed on water supply and wastewater.

Summary of status quo in Canada

It is perhaps a little unfair to base any conclusion on the status quo in Canada on a visit to only one organisation, but the NRC-IRC National Guide to Sustainable Municipal Infrastructure project is a joint venture between the Federation of Canadian Municipalities (in the Victorian local government context, arguably the equivalent to the Municipal Association of Victoria) and the Canadian Federal government, involving experienced local government engineers – so it is not without some basis that I do so.

With the above caveat, I conclude that Canada is (like the U.S.A.), still on the whole not exhibiting the use of advanced risk based works prioritisation methods.  Given the cultural and legal similarities to the U.S.A., this is again a little surprising.

3.3 Authorities visited in the United Kingdom 

City of Liverpool

The City of Liverpool manages the road network within its municipal boundary with the exception of freeways and trunk roads managed by the Highway Agency.  It manages only a small amount of stormwater drainage, due to the fact that all mid size and large drains are combined sewer/stormwater drainage systems operated by another authority (a practice quite common in the United Kingdom).  Consequently, Liverpool only tends to manage (i.e. mainly inspect and clean) small diameter drains and “gully trap” pits that drain the road reserve directly into these third-party systems, as well as swale drains and land drains – which are usually simply ditches.  There has been relatively little attention given to drainage improvement as a result, even in areas where flooding occurs.

With regard to paths, Liverpool has a hierarchical asset inspection and maintenance response regime, developed in response to a challenging and rising legal claim history in recent years, and pressure from the central government to develop coordinated transport plans and report on national Best Value indicators addressing asset condition and safety.  The inspection regimes for assets on roads correspond to a footpath hierarchy separate from their road hierarchy.  

The hierarchy of maintenance responses has been simplified in recent years, as Liverpool found that an earlier, more complex approach was found to be confusing to legal practitioners and courts.  The reactive maintenance hierarchy now has only 2 tiers – 2-hour response, and 25-day response.  It is interesting to note that officers at Liverpool did not believe courts would allow any “built in allowable failure levels” in documented maintenance service standards.

There are no “formal” risk-based prioritisation approaches as such – the prioritisation that thus occurs on footpath works is therefore implicit in the hierarchy of inspections and maintenance responses, and would appear to be absent from Capital works planning, except as applied informally by officer judgement - which inevitably accounts for risk issues to some degree.

Borough of Telford and Wrekin

Like many other United Kingdom municipalities, Telford and Wrekin have a proactive hierarchical road asset inspection regime and corresponding reactive maintenance response framework.  However, in terms of proactive footpath and drainage forward works programs or even the reactive works, there is only an implicit risk management aspect, and no formal attempt to apply the “pure” risk management logic in a transparent, documented manner.  Significant analysis effort is put into developing the sophisticated road asset plans and programs, but this (as yet) has not translated into a risk based works program methodology – though when discussed with the relevant officers, it was agreed that the development and application of such processes would be a likely future direction.  

Telford and Wrekin have to date focussed on more pressing concerns such as substantial and severe mining subsidence and river flooding affecting both roads and private property, and understandably have not yet been able to devote resources into other areas such as the application of advanced asset management techniques to managing paths and stormwater drains.   The stormwater drains are not a significant factor in the local flooding problem; rather it is the proximity of the townships in the district to the river flood plain and lack of river flood mitigation structures (permanent diversion weirs/dams etc).

Royal Borough of Kingston on Thames

Kingston on Thames, noted as a “good” performing Council within the hierarchy derived from the United Kingdom Audit Commissions website, also adopt a template-based, hierarchical approach to inspecting maintenance issues on footpaths.  The maintenance response hierarchy has 3 levels – 24-hour response, 30-day response and “monitor only”.  For example, a 20mm footpath trip hazard has a 24-hour response.  Lesser defects warrant the lesser responses.  The response time appears to be simply based on the defect only, and is not further prioritised according to location or other indicator of risk, at least not explicitly (it would in all likelihood occur via officer judgement).

Desires for planned, proactive maintenance or asset renewal strategies have to date been stymied by budget cuts, plus the system of using a large number of geographic area-based “neighbourhood committees” to plan proactive works is seen by officers to be problematic in this regard – unable to see the “wider picture”, neighbourhood committees based in geographical areas missing out on proactive activities/budgets may be prone to exerting undue political pressure.  In any case, the municipality is still gathering the data necessary to analyse and develop a proactive works program – obviously the nature of the hierarchical condition and risk inspections have not lent themselves to such analysis to date.

With regard to drains, the borough is in a similar position to the others interviewed in the U.K. – having only a limited network of surface and road reserve “gully trap” drains that drain directly into the more major network owned by the Thames Water Authority.  As a result, drains do not present the same degree of management issues and priority of effort as would be the case in most Australian municipalities, and sophisticated approaches to works prioritisation have not yet been developed.  The main asset management issues for Kingston on Thames are not paths and drains, but roads, public lighting and street furniture, and these are obtaining the greatest attention of the staff responsible for oversight of assets.

Surrey County Council

Similar to municipal councils or Boroughs in many respects but covering a wider area, the Surrey County Council also has a hierarchy for inspecting and maintaining many assets it controls.  The hierarchy in use for inspections includes “serviceability” inspections and separate condition inspections (using detailed visual methods).  These assess paths according to specific safety standards or defect levels.   

Cycle ways are treated differently depending on their location – if on a road pavement (e.g. specially line marked lane), they are assessed as part of the road inspection, if on a shared path, done on a frequency related to pedestrian paths, and if in neither situation (e.g. purpose built surface for cycling only), assessed every 6 months for serviceability and 12 months for condition.

The reactive maintenance response hierarchy used has 3 levels; Emergency (24 hour make safe, repair within 28 days), Urgent (make safe within 28 days) and Routine (3-24 months).  They are moving into a new framework, with the response grades being 1A (equivalent to Emergency), 1B (equivalent to urgent) and 2 (similar to Routine, but will not be time framed, but instead just flagged for planned programs, whenever they happen to occur).

The County Council uses the path and cycleway categories nominated by the national Code of Practice for Maintenance Management (Ref. 13), which is as follows for footpaths:

· 1A: Prestige areas in towns and cities;

· 1B: Primary walking routes;

· 2: Secondary walking route;

· 3: Link footway;

· 4: Local access footway

Cycle ways have a more simple, 3-part hierarchy.  Priorities for works are to be allocated so as to “account for pedestrian characteristics” (disabled, elderly etc.)   Surrey County Council must be in a better financial position than the local municipal councils or more mature in their asset management or less prone to political pressures (or perhaps a combination of all three), as they have separate proactive and reactive budgets for path works.  The local “district offices” decide the local priorities for planned works (as opposed to the reactive service standard, which applies across the entire area controlled by the authority), based on locally gathered evidence and contractor inspections.  There are also special “top up” funds allocated for proactive strategies, typically targeting special initiatives such as disabled access or integrated transport.

With regard to drains, there is a simple 2 level hierarchy for defect identification and response – level 1 attracting a 24-hour response (issues such as standing water, water flowing across a road, drain obstructions, missing or broken ironwork at gully traps), and level 2 being not time framed, but absorbed into broader works programs.

Inspections are also carried out on a simple planned hierarchical basis:

· Culverts: 5 year maximum interval;

· Gully pits: cleaned and inspected annually, less at heavy silting or leaf fall sites.  Drains inspected reactively are usually flushed and cleaned at the time or programmed for quick follow up;

· Filter mediums are cleaned or replaced 10 yearly;

· Pits and Pipes are inspected on a 10 year maximum cycle.

There is at present no formal risk basis for prioritising capital works.

Whilst at the Surrey County Council office, there was also an opportunity to look at the Road Asset Management Plan published by the Hertfordshire Council (which covered paths and cycle ways as well as road pavements, street lighting, bridges, crash barriers, road signs etc).  This appeared to have followed the template for Asset Management plans found in the International Infrastructure Management Manual (Ref. 3) and was produced with significant assistance from consultants.  The Hertfordshire approach – and Hertfordshire are one of the few “Excellent” graded Councils in the United Kingdom – is as follows:

· Safety inspections follow an interval hierarchy based on the adopted path hierarchy (e.g. monthly in town centres, quarterly on “important footways”, annually on others);

· Detailed condition inspections are carried out on a 2 yearly basis (50% of the entire network per year), with an additional sampling of 30% of utility company works plus all complaint sites;

· Preventative and corrective works are based on condition only, with officer judgement being the only other filter;

· The reactive response time is 24 hours to repair any hazards exceeding the intervention level;

· For path renewal works, priority is given to sections of the network with the combination of highest condition scores and highest path hierarchy for programmed works, with other localised patching works also done in addition to the entire segment renewals;

· New paths are prioritised based on pedestrian/cycle traffic speed/volume, proximity to economic development sites, terrain and ease of construction;

No information was available on drains.

Special Listing - Transport Research Laboratory

The Transport Research Laboratory (U.K.), though not visited as part of the 2003 study tour, is a world leader in providing guidance on risk related issues, and their publication TRL 534,  “Condition Indicators in Footway Maintenance” (Ref.5) is an example of a recently published, sophisticated template approach, and thus worth mentioning.  Its risk-based prioritisation methods are inherently and intentionally built into the suggested action types, frequencies and intervention thresholds. 

However, as comprehensive and helpful as TRL 534 is, the methodologies suggested are only as good as the data upon which they are based, and as with Australian industry guidance documents ( Ref. 3, 4), require local interpretation and implementation.  It is worth noting that in an email response to my enquiry related to determining whether large or small trip hazards  (differential displacements) on paths were more likely to lead to actual trip incidents, a TRL representative stated that “no risk or accident data is available regarding incidents on the footpaths” - thus demonstrating that even a world leading expert authority can base its published guidance on unsubstantiated assumptions.   

With regards to the specific issue of trip hazard heights, courts in Australia have so far taken diverging views in public liability claim cases, with one recent court decision even quashing an action on the basis that the trip hazard was sufficiently large that the injured pedestrian should have seen it and thus prevented the resulting incident.  

This perhaps indicates that while sophisticated templates can be helpful, they are not to be taken as being necessarily more “correct”, and are no substitute for ones own locally derived data and trends.

Summary of status quo in the United Kingdom
As the United Kingdom has had an environment of no "non feasance' defence against public liability claims for a long time, and been forced to implement a range of road asset inspection regimes and maintenance service levels to feed into national performance monitoring processes, it is again a little surprising that these stimuli have not led to advances in risk-based decision support.  Most organisations have more or less settled for the "template" approach, though the best are beginning to explore advanced asset management techniques.  All organisations we met with agreed with the need to go down the path of advanced risk-based works prioritisation.

4. Australian examples of Risk-Based Prioritisation of Works Programs

Both Ref. 1 and Ref. 3 provide a way of developing a risk hierarchy for prioritising decision making in regards to those risks.  Ref. 3 builds on the general approach in Ref.1, providing example scores as guidance.  The methodologies can even be expanded to include cost of failure, either as a substitute for, or in combination with consequence scores.

As helpful as these sophisticated approaches are, they can be somewhat confusing for organisations implementing basic asset and risk management.  However, it is not acceptable to have no methodology, as this simply results in officers applying subjective judgment, a situation which is far more open to criticism than a documented, transparent approach – even if that approach is proven over time to be overly or insufficiently conservative.  

To illustrate this point, a recent study of decision making on risk (Ref. 6) found that “nearly half the variance in decisions was almost equally explained by the subject’s characteristics and decision making style, and by their evaluation of the decision setting and expectation of the decision outcome…a big surprise was that none of the key facts...had a significant impact on the decision”  .  In other words, in the absence of a documented methodology, people tend to decide things subjectively and with different outcomes.

In order to “walk before you try to run”, simplistic template approaches may be appropriate to use until locally relevant statistics are available.  Once they are, they can be used to justify the assumptions about failure probabilities or consequences used in the more sophisticated methods of risk-optimised renewal or maintenance decision making.  Ref. 4, 5 and 13, for example, give substantial guidance in relation to planned inspection and maintenance activities, in the form of intervention thresholds and/or inspection or maintenance frequency levels.  The suggestions these publications make have an inherent “risk prioritised” approach, though these should always be subject to local interpretation and adjustment, as one size rarely fits all, and many organisations can neither afford the best practices promulgated by others, nor could implement and track them readily even if they had the money.

4.1 City of Boroondara

At Boroondara, a simple methodology has been developed (Ref. 2) in relation to prioritising proactive footpath maintenance/renewal works, which could also be applied in future to reactive maintenance and proactive risk inspection activities.  This methodology uses the existing road and park hierarchies to allocate a generic risk rating, which is then escalated if the adjacent land use is such that the footpath traffic volume (e.g. shopping centre, train station) or type (aged care, child care) warrants the allocation of the higher risk score.  This risk-escalation concept is called a “localised risk factor zone” (or LRFZ), and its application to road reserve paths as shown below:

	State Road Classification
	Boroondara Road Classification
	Risk Rating

	 
	 
	LRFZ 
	No LRFZ

	 
	 
	Critical
	Serious

	State Highway
	Primary Arterial Road
	Serious
	Significant

	Declared Main Road
	Primary Arterial Road
	Serious
	Significant

	Tourist Road
	Secondary Arterial Road
	Serious
	Significant

	Declared Main Road
	Secondary Arterial Road
	Serious
	Significant

	Local or Unclassified Road
	Secondary Arterial Road
	Serious
	Significant

	Local or Unclassified Road
	Sub Arterial Road
	Significant
	Moderate

	Local or Unclassified Road
	Local Crossing Road
	Significant
	Moderate

	Local or Unclassified Road
	Collector Road
	Significant
	Moderate

	Local or Unclassified Road
	Local Access Road
	Moderate
	Minor

	Local or Unclassified Road
	Named Lane
	Minor
	Negligible


The resulting “adjusted” risk score is then combined with a field-assessed condition score to prioritise the works program on a “descending risk” basis (Note: the highest risk level – “Critical” - is reserved for virtually catastrophic events that require no decision making methodology, as they require making safe and/or fixing immediately, and where the concept of risk hierarchies is irrelevant).

Boroondara is also currently developing a risk management approach to prioritising drainage replacement works, in order to obtain the maximum benefit from a rolling program of assessing the condition of stormwater drains.  The field assessment program uses closed circuit television (CCTV) and associated non destructive testing methods such as ground probing radar (GPR) or wave impedance probes (WIP), which help clarify adjacent soil conditions.  

The condition assessment methodology accounts for both the notional pipe or pit condition (derived from structural defect severity/extent/frequency counts) and also environmental considerations likely to affect structural failure – many of which interrelate with each other.  The resulting “structural failure risk rating” matrix is shown below:

	Structural Condition Rating

Score
	Drain Structural Risk Rating

	
	No Environmental Factors present
	One Environmental Factor present
	>1 Environmental Factor present

	0
	Negligible
	Negligible
	Minor

	1
	Minor
	Minor
	Moderate

	2
	Moderate
	Moderate
	Significant

	3
	Significant
	Serious
	Critical

	4
	Serious
	Critical
	Critical


The “Environmental Factors” that escalate the raw “in pipe” structural failure risk score are:

1/ Insufficient Hydraulic Capacity (based on engineering analysis or field observations)

2/ Reactive clays in combination with mature trees where trunk edge <6m from pipe edge

3/ Mature Trees < 2m from trunk edge to pipe edge (any soil/species)

4/ Alluvial Soils (silts, sands) present, in combination with observed flow losses from pipe or groundwater levels above pipe invert

5/ Existing soil voids above, below or beside pipe, where void size > half pipe minimum dimension

6/ Pipe cover < 1m (where subject to traffic or building loads, using 45 degree soil load distribution) or > 6m (excessive overburden load)

7/ Brittle pipe material (earthenware, vitreous clay, brick/stone)

8/ Known aggressive tree species located within zone of root influence (canopy edge)

9/ Age of pipe was such that poor jointing or construction technologies were known to have been common (pre-1980 in the case of Boroondara)

10/ Pipe size < 600 mm (typically show a greater propensity to fail structurally)

11/ AS 3600 Exposure Category (tidal, coastal, inland, industrial etc) – where located in aggressive environments, the pipe is more likely to degrade faster.

These factors were determined from a literature study of factors likely to influence or exacerbate structural degradation of stormwater drainage pipes (Ref. 10, 11, 12).

It was decided that the other (non structural) reasons for pipe failure (such as serviceability failures due to siltation/debris/tree root ingress - that can be removed via maintenance activities, and insufficient hydraulic capacity - which requires pipe upgrading whether or not the pipe is in poor structural condition) needed separate consideration, even though they also have an influence on structural longevity and risk consideration.  

Some references included the hydraulic capacity and serviceability loss issues as being directly relevant in determining the structural condition rating. However, Boroondara chose to focus on the “purely” structural aspects/defects only in assessing structural condition scores and condition-related risks, and intentionally assess hydraulic capacity and serviceability separately.

The “structural failure risk rating” developed at Boroondara is therefore exclusively concerned with the probability of structural collapse.  The results will need consideration in a wider decision support matrix, that accounts for the other relevant asset failure modes or performance parameters (eg hydraulic capacity), plus consequence of failure factors such as location (main road vs. local road, or easement vs. under a building) and community impact (number of homes/commercial premises).  In some cases a pipe could even be structurally adequate but require urgent replacement due to the combination of its poor hydraulic capacity and location being more critical than a poor condition pipe of the correct size in a less important location.

Once an overall “all failure modes” decision support approach is developed, it will in principle match the classic approach inherent in references 1 and 3, though with an inferred rather than explicit calculation of failure probability – for as with footpaths, the science and statistics available do not yet support the “ideal” approach, requiring coarser methods which still follow the same risk-hierarchy methodology.  After combining the various failure modes and relative/combined risks into a cohesive framework for decision support, Boroondara will then be able to prioritise its drainage asset renewal works program on a “descending risk” basis, where all pertinent risks are considered.

Any serviceability problems discovered (such as tree root ingress and siltation) will be removed via maintenance programs, which will also be informed - and possibly revised by - the results of the structural condition assessment program.  There is as yet no intention to risk-prioritise the reactive or proactive maintenance of drains, though once a more complete picture of maintenance needs has been built up, this should follow readily along similar logic to the renewal planning/prioritisation process, and service level documents could be updated accordingly.

4.2 Montgomery Watson Harza/Bega Valley Shire

A good combined consequence/probability approach has been developed by Montgomery Watson Harza (MWH) and used to prioritize a 20 year program for water supply and sewerage pipe rehabilitation works in the Bega Valley Shire (Ref. 7).

Similar in concept to the Boroondara model for footpaths, the MWH model uses an integrated methodology (incorporating condition plus criticality) to delineate renewal actions into 4 categories:

· Do nothing (low criticality, good condition);

· Immediate or short term renewal (high criticality, poor condition);

· Medium term renewal (low criticality, poor condition);

· Routine inspection/monitoring (high criticality, good condition)

The categories are divided further into timeframes (within 12 months, within 3 years etc) based on the actual condition and criticality scores.  This allows for both budget planning and stakeholder communication.

The condition scoring follows a typical approach.  The criticality scoring uses a clever combination of simple and sophisticated approaches, with the peak categories of A, B and C themselves being derived from multi-aspect considerations that have their own scoring template.  The considered issues contributing to the criticality score are:

· Customer disruption;

· Type of Customer;

· Risk to public health;

· Environmental impact

· Difficulty of repair; and

· Cost of repair

In this way, what is notionally a risk management/risk prioritised approach to renewal works planning ends up actually providing a “triple bottom line” (social+financial+environmental) decision support framework, thus showing the adaptability of risk management methodologies.

5. Comparison of Approaches and Commentary

It is apparent from the sites visited on the study tour that most overseas public works organisations have yet to develop advanced, explicit risk –based methods of prioritising works programs, in drains, paths or even other asset types.  Even where there has been substantial financial or staff resource capacity, a high legal claims/cost history or centrally imposed and regulated management and reporting regimes, the approaches used have generally only applied risk management methodologies in an implicit manner, via template-based hierarchies of inspection and reactive maintenance response.

In the United Kingdom, this phenomenon has probably been due to the imposition of the national Performance Indicators for all municipal organisations, and corresponding Code of Practice for Maintenance Management (Ref.13) used to assist in managing road reserve assets (the recent version of which replaced an earlier version published in 1989).  The implementation of the hierarchy-based approaches arising from these influences have perhaps allowed the U.K. authorities to “relax” a little and not progress into advanced asset management/decision support techniques such as “intentional” or explicit risk-based prioritisation.

In Canada and the U.S.A., the reasons for a lack of application of the techniques seen in Australia would appear to be a combination of a lack of awareness (minor factor) and distraction on other priorities.  Whatever the reason, the nett result is that some organisations in Australia seem to be ahead of the U.K., U.S.A. and Canada in the area of advanced asset management, though the existence of the template hierarchical approaches to inspection and reactive maintenance in the U.K. and associated reporting of key performance indicators would put the typical U.K. municipality ahead of the typical Victorian Council in relation to managing footpaths at least.

With regard to drains, the asset ownership/responsibility structures in the U.K. mean that municipalities have a much smaller, less complex asset base to manage than Victorian Councils, and in North America, the fact that most stormwater drains are also combined sewers has added both a commercial impetus and a unique difference – renewal issues and management strategies/techniques tend to be related to the wastewater issues rather than the stormwater issues.  With the exception of the City of Jefferson, Missouri, there was nothing observed on the study tour that approached a risk-based approach to works planning, and even that example was one where the developed approach was assisted by the twin drivers of recent catastrophic floods and significant consultant input.

6. Conclusions and recommendations

Based on the experiences gained on the study tour, it is my conclusion that Australian municipal organisations appear to be ahead of their counterparts in the U.S.A., Canada and U.K. with regard to implementing advanced asset management techniques such as risk-based works prioritisation.

This concurs with comments made at conferences by consultants such as GHD and Meritec, who consult in Asset Management around the world, both in the private sector and across all levels of government.  It also makes sense given that the IPWEA is selling the "International Infrastructure Management Manual" in all three overseas markets, where it has reportedly been well received.  

The lesson for Victorian local government engineers is not to look overseas for best practice examples in this area of public works service provision, as Australia is in all likelihood the place where the leading examples will be found.

I also suggest that organisation's should systematically work through a "progression model" with regard to implementing risk-based approaches to works planning, which would be as follows:

1. None – basis used does not account for risk at all (e.g. all assets inspected to the same frequency, reactive works done simply in order reported, or capital works based on factors such as politics or request levels);

2. Template approach - handling of risk being undocumented, and implicit in the hierarchies of inspection, reactive and proactive maintenance standards;

3. Intermediate approach - handling of risk is explicit and documented, but still inferred i.e. based on suppositions rather than verifiable data and trends;

4. Advanced approach (initial) – handling of risk based on probability and consequence of failure estimates, using industry benchmarks (e.g. IPWEA/NAMSNZ International Infrastructure Management Manual);

5. Advanced approach (best possible practice) – handling of risk based on locally derived statistics and trends on asset failures, with use of results in extrapolated probabilities of failure and failure consequences.

Being at level 1 should be unacceptable to any modern public works organisation.  Most organisations visited on the tour were at stage 1 or 2, and the examples given in this paper for Australia are organisations that are at stage 3.  It is further recommended that an organisation should spend 2-3 years at a given level before moving up to a higher one, so as to learn the lessons from developing and testing assumptions.
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