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Highlights
e Asset management for stormwater control measures is gaining momentum due to preoccupation
for utility managers,
e Asset management encompasses different key activities and draws on a wide range of knowledge,
e Many research studies contribute to asset management without even knowing it!

Why is SCMs asset management important?

The first stormwater control measures (SCMs) were installed more than 30 years ago (Fletcher et al., 2014)
with the primary (and almost exclusive) focus on stormwater management at the source of the runoff or
close to it. They are nowadays widely used and tend to provide more services in relation to the natural
environment, the cities and their inhabitants (Belmeziti et al., 2015). Since the emergence of SCMs,
operational and research questions have largely focused on optimising hydrologic, hydraulic and water
quality performance. After several decades of operation, there is, however, a growing concern regarding
their medium and long-term performance and maintenance. This growing concern is confirmed by recent
studies (Drake et al., 2013; Al-Rubaei, 2016; Werey et al., 2017; Cherqui et al., 2019). It is also confirmed by
the increasing number of guidelines dedicated to their operation and maintenance (O&M) (see
http://tiny.cc/guidelinesSCMs for an up-to-date list). As with any asset, stormwater control measures (SCMs)
need to be managed over their life. Asset management involves managing assets to minimize their ownership
and operating cost, while delivering the required level of service (Schulting and Alegre, 2007).

The article aims at presenting five operational or research asset management approaches on SCM —
governance, life cycle cost evaluation, performance assessment, evolution, and maintenance and
rehabilitation. Essentially, governance oversees and operates every other approach. Life-cycle cost
evaluation constrains both performance assessment and maintenance and rehabilitation activities which in
their turn, impact each other and SCM evolution. The connections between these five approaches is
illustrated in Figure 1.
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Figure 1. Hierarchy and connections between the five approaches to SCMs asset management.
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What approaches in SCMs asset management are already tackled

nowadays?

As discussed previously, asset management (AM) draws on many different research fields. While there is a
growing interest in the research community, SCMs AM research remains unknown or misunderstood by
most researchers. The objective of this section is to create connections between asset management and
different fields of research related to SCM, and to show how these researches could contribute to enhance
asset management practices and knowledge.

Governance

Governance is essential to realize value through managing risk and opportunity, in order to achieve the
desired balance of cost, risk and performance (ISO 55000). Stormwater governance is mainly led by local
governments who formulate stormwater policies and programs (Dhakal and Chevalier, 2016; Cossais, 2021).
As SCMs are multifunctional assets, the implementation of the asset management system requires
coordination and collaboration within and between a large number of organizations (e.g., cleaning
department, sanitation department, road department) (Cossais, 2021). Thus, management is fragmented
spatially and functionally (ibid). This organizational obstacle appears to be one of the most important to the
development of stormwater control measures (Berdier et al., 2007). Governance is thus a key element of
asset management as the leading organization defines responsibilities, objectives and strategies which
creates the environment for an asset management system (ISO 55000). Research in this field could contribute
to better understanding the roles of each party, the decision-making process (equivalent to the work of van
Riel et al., 2016, for sewer), and proposing innovative governance system such as the two-tier urban
stormwater governance model proposed by Dhakal and Chevalier (2016).

Life cycle cost assessment

The economic assessment of SCMs asset management refers to the costs of maintaining the assets in optimal
or good condition throughout their life cycle in order to sustain an efficient level of performance that meets
both needs and expectations. These costs encompass capital, inspection, operation, maintenance and
rehabilitation operations (Huang et al., 2005). With its asset management cost and capital planning, the US
EPA advises utilities to determine the costs associated with near- and long-term maintenance as well as
refurbishment to secure and allocate the appropriate funds (US EPA, 2018). Multiple life-cycle costing tools
calculate O&M costs on the basis of the cost of capital, using percentages taken from the literature (e.g.,
E2STORMED, National Stormwater Calculator, Green Values Calculator, Classic DSS) (Solarte Moncayo and
Duschene, 2023). For example, a study of seven different types of SCMs estimated annual maintenance costs
range from 4% to 19% of the investment cost (Houle et al., 2013). Moreover, SCMs have lower maintenance-
related expenses in terms of labor hours and maintenance costs compared to conventional systems (Duffy
et al., 2008; Solarte Moncayo and Duschene, 2023). The development of accurate life cycle cost-based
models rather than the more common capital cost-based models could help make appropriate investment,
address the lack of maintenance funding and reduce asset management costs in the long run. This economic
assessment shift requires well-maintained data on O&M cost and thus O&M cost feedback from SCMs
operatives.

Performance assessment

Performance assessment helps evaluate whether the asset management objectives set by the utilities are
met. It can be indirectly established thanks to condition assessment which is often based on visual inspections
(Asleson et al., 2009, Beryani et al., 2021) as it remains the less expensive method. However, assessing the
condition of a stormwater control measure means to assess the condition of very different components such
as inlets, outlets, filter media, soil and vegetation (ibid, Langeveld et al., 2022). Complementary to condition
assessments, direct performance assessment methods encompass site investigations (destructive or non-
destructive methods), monitoring (from “short” to “long” term) and modelling.

Regarding stormwater control measure performance, most of the existing literature focuses on hydraulic —
reducing stormwater peak flows and discharge volumes, and treatment performance —reduction of pollutant
load (Allison and Francey, 2005; Andradéttir et al., 2015; Alsubih et al., 2017). The assessment of hydraulic
and treatment performance indicators can be made thanks to monitoring (Bergman et al., 2011; Perales-
Momparler et al., 2017; Cotterill and Bracken, 2020). The US EPA provided a recommended set of protocols
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in their Best Management Practices (BMP) Monitoring Program for collecting, storing, analyzing, and
reporting monitoring data that will lead to better understanding of the efficiency of urban stormwater BMP
(US EPA, 2009). In most studies, monitoring periods range from a couple months to a couple years and may
also include gaps (Jenkins et al., 2007; Cotterill and Bracken, 2020) making it difficult to evaluate long-term
performance. SCMs modelling and simulation is a response to this shortcoming (Jenkins et al., 2007; Bergman
et al., 2011; Liu et al., 2018). Predictions of water quality and quantity over the lifespan of a SCM can help
define a maintenance planning (Bergman et al., 2011). Moreover, projected precipitation data from climate
change scenarios can be incorporated into models to understand the resilience of SCMs in the face of climate
change (Wang et al., 2021).

Other types of performances related to biodiversity, social and environmental benefits are also associated
with SCMs (Brown et al., 2014; Al-Rubaei, 2016; Dagenais et al., 2016; Dusza, 2017; Belmeziti et al., 2018) but
still lack indicators and assessment frameworks.

The main services delivered by stormwater control measures are known (Belmeziti et al., 2015) but research
related to stormwater control measures performance assessment is still in its infancy considering that very
few indicators are available to assess the whole range of performance (from hydraulic performance to well-
being of inhabitants). Many assessment guidelines are developed at the local (city), national or international
levels, but so far do not provide a holistic assessment framework, as stated for example by Roghani et al.
(2023).

Evolution

SCMs’ performances can also vary over time according to their evolution, chosen or undergone. On the one
hand, the evolution can be wanted and taken charge of by operators following a change of expectations.
New or updated asset objectives such as pollution reduction, increase in catchment size or biodiversity
preservation can lead to physical changes on SCMs. For example, the Indre and Loire Department in France
chose to extend and retrofit its retention basin into a wetland to create a richer and more biodiverse
environment open to the public (Hubert, 2023).

On the other hand, unwanted changes can occur due to new regulations, misuse by visitors (or local
residents), or more natural changes such as vegetation growth. For example, sediment deposition and
permanent inundation in an infiltration basin in Columbia, Maryland indicated its failure. However, the site
also showed the presence and emergence of wetland vegetation, small animals, and some potential for
cultural benefit (Natarajan et al., 2015). This condition assessment led to a more precise performance
monitoring which proved effective control of storm runoff flows and volumes, and discharge water quality
improvement (ibid). In this case, thanks to the basin’s measured effective performances, its unexpected
evolution into a wetland did not require retrofitting; however in most cases maintenance and rehabilitation
actions are highly recommended to prevent unwanted evolutions to occur (Al-Rubaei, 2016). Additional
research on undergone evolution could help determine its factors — design, conception, operation or
maintenance (Al-Rubei, 2016) — and consequences on performance. Moreover, whether chosen or
undergone, SCMs evolutions rely on multiple fields of expertise (law, regulation, urban planning) which
should be taken more into consideration in asset management.

Maintenance and rehabilitation actions

To effectively manage an asset, maintenance and rehabilitation activities are implemented during its lifespan
(until replacement). Two approaches exist regarding the time and frequency of maintenance: the run-to-
failure approach and the pro-active approach (Figure 2). The run-to-failure approach considers that the action
will be triggered because of the consequence of a failure which will be observed and reported. This approach
is obviously not recommended because the failures decrease the overall performance, and often leads to
higher costs (due to the consequences of the failures or to the need for an urgent intervention). The pro-
active approach requires to act before the failure of any asset, based on the prediction of its deterioration
over time, or based on frequent or continuous monitoring. Frequent scheduled visits are “blind”: the
operator does not know before the visit if the system will be in good condition (unnecessary visit) or not.
Condition-based visit means that the system deterioration is predicted and used to schedule the visits. When
considering stormwater control measures, the level of knowledge does not permit today to accurately predict
the evolution of hydraulic parameters such as permeability (Gonzalez-Merchan et al., 2012). Continuous visit
or monitoring remain thus today the best solution to maximize the system performance and reduce overall
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costs, however budget repartition within utilities (CAPEX / OPEX separation) and current monitoring systems
don’t allow for continuous monitoring of each stormwater control measure.

Maintenance frequencies
\ I L
Corrective maintenance Preventive maintenance
Run-to-failure Pro-active
; L 3 ¥ 1 ¥
Urgent Deferred Sche.duled Conditio_n based Continuous
“Blind” “Predicted” “Always”
B Monitoring costs —
equence + Rehabilitation costs ]

Figure 2. Maintenance strategy (type of site visit or audit) regarding costs, adapted from CEN, 2010

In addition to the frequency of maintenance, three levels of rehabilitation stand out. The first level refers to
routine maintenance which includes actions such as grass cutting, regular removal of debris, trash and weeds,
and repairing of broken components (UKWIR, 2005; Hunt and Lord, 2006; Duffy et al., 2008). The second level
includes renovating techniques. For example, Jenkins et al. (2007) modelled two cases of physical
modifications - lowering the outlet orifice or modifying the wetland bathymetry- to improve wetland’s
vegetation survival and thus, overall hydrological and water quality performance. Lastly, the third level of
rehabilitation leads to the renewal and replacement of the asset. All these actions require investment over
the asset’s lifespan hence the need for a proper life cycle cost assessment acknowledging monitoring and
maintenance costs which are often overlooked (Qiao et al., 2019). The need for innovative monitoring
systems to provide accurate performance evaluation and feed deterioration models is essential to ensure
efficient maintenance and rehabilitation activities and overall asset management in the long run.

Conclusions and future work
This article briefly shows that the five linked approaches to asset management - governance, life cycle cost
assessment, performance assessment, evolution, and maintenance and rehabilitation - are already discussed
in research and operational fields. However, they are rarely considered as part of a broader asset
management vision. Hence, there is a need for better communication and joint research to help feed and
consolidate a global asset management approach. This global approach on asset management will help:
— Ensure a common strategy amongst an interdisciplinary pool of organisations to fulfil performance
objectives
— Anticipate SCMs’ evolution over time
— Guarantee efficient SCMs in terms of stormwater control, environmental preservation and quality of
life thanks to the consideration of operation and maintenance actions
The last point is the subject of a thesis which has just begun and aims to model the impact of O&M actions
on the performance of SCMs.
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