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Combining community and technology to turn stormwater into water supply, flood mitigation and provision of environmental flow
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ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

INTRODUCTION

The impacts of urban stormwater on streams are well known; gross disturbances to flow regimes, degradation of water quality, and subsequent degradation of channel habitat value and a loss of biodiversity. But the 'urban water problem' also has other elements; increasingly frequent and severe droughts result in periods where water supplies are inadequate and, almost ironically, intense rainfall events result in urban flooding. These extremes can also have severe environmental impacts on receiving waters. As an example, the platypus (Ornithorhynchus anatinus), a monotreme restricted to Australia, is threatened in many streams due to a combination of interactive impacts, such as stormwater inputs (poor water quality, habitat degradation) and droughts (loss of wetted habitat, inadequate food resources to support remnant populations and their reproduction) [START_REF] Bino | A stitch in time-Synergistic impacts to platypus metapopulation extinction risk[END_REF].

The use of stormwater control measures (SCMs) to address stormwater impacts is widely documented and in recent times we see a move towards more sophisticated SCMs, operated by Real-Time Control (RTC) [START_REF] Shishegar | An Integrated Optimization and Rule-based Approach for Predictive Real Time Control of Urban Stormwater Management Systems[END_REF]. Real-Time Control has the advantage of being able to adapt to suit operating conditions (inflows, current storage level), thus optimising performance. The real power of Real-Time Control lies in its applications not just to single systems, but across entire networks, where coordinated control can deliver substantial performance benefits [START_REF] Xu | Coordinated Control Can Deliver Synergies Across Multiple Rainwater Storages[END_REF].

In this project, we are implementing a "Smart Water Network", made up of 100s of rainwater tanks (collecting water from roofs of houses, businesses, public buildings, etc) and 3 large on-line urban lakes (a small decommissioned water supply reservoir and two that currently serve as flood retarding basins). The rainwater tanks will be installed for private and public landowners, using a financial incentive to encourage participation (in the initial phase no charge for the tank and associated technology). Combined, the many tanks act as a "virtual reservoir", allowing releases of water to meet multiple objectives. The system will be operated with three objectives:

1. Maximising (non-potable) water supply to the owners of rainwater tanks in the network 2. Minimising flooding (by drawing down tanks in the 7 days prior to storm events) 3. Minimising periods of streamflow that fall outside the identified environmental flow requirements for the receiving waterway (Monbulk Creek) for the threatened platypus population.

In this paper we outline the proposed network, present the control logic, called "MUFASA", that has been created for it, and discuss the social factors that are going to be critical to understand, if such a hybrid water supply approach is to become mainstream.

THE SMART WATER NETWORK

BACKGROUND INVESTIGATIONS

The Monbulk Creek catchment has been chosen to pilot this Smart Water Network concept (see: https://mwrpp.org/mcsw/). Amongst other fauna, including aquatic macroinvertebrates, fish, frogs and waterbirds, Monbulk Creek provides important habitat to the threatened Platypus (Ornithorhynchus anatinus). This unusual creature -being one of only two species of monotreme (egg-laying mammal) in the world -is at risk in peri-urban creeks (such as Monbulk Creek) across its range, because of major threats such as (i) the impacts of urban stormwater (pollution, habitat degradation) and (ii) inadequate wetted habitat during drought periods.

As part of the efforts to protect peri-urban platypus, an environmental flows study identified two critical minimum flow requirements to protect the platypus and ensure it has adequate habitat and food availability (primarily aquatic macroinvertebrates):

1. A minimum daily flow of 2 ML/d in the "summer period" (defined as 1 st December to 31 st May) 2. A minimum daily flow of 5 ML/d in the "winter period (defined as 1 st June to 30 th November)

We undertook initial modelling, using MUSIC [START_REF]Model for urban stormwater improvement conceptualisation[END_REF], to test the feasibility of providing these flows from a network of rainwater tanks, combined with large online storages (Belgrave Lake and the two at Birdsland Reserve (referred to as Monbulk Retarding Basin in Figure 1) within the catchment. All storages will be equipped with RTC, to (i) provide these minimum flows when required and (ii) capture and retain impervious runoff, with the aim of reducing stormwater impacts on the stream and the platypus population. We also undertook detailed stream survey to understand the hydraulic and habitat impacts of flow releases.

Following these background investigations, the project team, involving a collaboration between the University of Melbourne, Melbourne Water, South East Water and Yarra Ranges Council, applied for funding to cover (i) the costs of installing the real-time controlled tanks in up to 300 households, businesses and public buildings (100 in "Phase 1" between 2022 and 2023), (ii) the cost of retrofitting the large storages with real-time controlled release valves, (ii) the research to monitor the hydrologic, hydraulic and ecological responses, and to understand how this novel network affects the relationship of householders with water (Figure 1). Funding for these was obtained in 2022, which in addition to the project partner organisations included the Victorian Department of Environment, Land, Water and Planning (DELWP) and The Australian Research Council.

Figure 1. Conceptual layout of Monbulk Creek Smart Water Network and the research to understand its impact.

Based on the MUSIC modelling of the catchment, we predict that the RTC SCM network could be capable of doubling autumn baseflows downstream of the two public storages, resulting in increased wetted area in the channel, providing increased foraging habitat in those reaches at a critical time of the year for platypus. We will assess the potential for increased wetted habitat to provide food sources for platypus by comparing macroinverterbrate abundance and assemblage composition between permanently inundated channel habitat and seasonally inundated habitat. Platypus foraging behaviour (time spent foraging in permanently or seasonally inundated habitats) will be assessed using an array of IR cameras along the creek. Cameras will be deployed to target permanently or seasonally inundated habitats, including pools, riffles and runs. Foraging information will compared to hydraulic modelling data and physical habitat mapping along the creek (e.g. pools, riffles, large wood, benches, bars) to understand how habitat use might change under different flow conditions.

INSTALLATION OF CO-MANAGED SMART TANKS

Real-time controlled tanks are being installed in (i) private households and businesses and (ii) properties operated by Yarra Ranges Council. Installation costs will be covered by the project, with householders/business owners signing an agreement that requires at least 50% of the tank to be made available for releasing environmental flows to Monbulk Creek during dry periods. Apart from this, the tanks will be operated 'as normal', allowing owners to use the water for their toilet, washing machine, garden water, etc. Each property can track their tank's performance and alter the proportion dedicated to providing flows to the creek via a dedicated interactive participant website (Figure 2). 

REAL-TIME CONTROL LOGIC: "MUFASA"

The control logic for the smart network has been written in Python and is called MUFASA (Multi-User Flow Allocation Simplified Algorithm). On each day, the software needs to decide on theflows that need to be released for that day, and then:

1. Communicate this to Melbourne Water, who will remotely operate the actuated valves on the large online storages (Belgrave Lake and Monbulk Creek Retarding Basin) through their existing SCADA network 2. Communicate this to South East Water, who will operate the 100 real-time controlled tanks on individual properties, through their existing SCADA network and their OneBox/TankTalk (see: https://iotaservices.com.au/innovations/tank-talk/) controllers located on each tank.

To achieve this, there needs to be secured communications between MUFASA and its "collaborators", through secured Application Programming Interfaces (APIs) (Figure 3). For example, MUFASA requests current streamflow data from Melbourne Water's monitoring network and requests current tank levels and tank status (online/offline) each day from South East Water, which is then and used to allocate the required flow releases between all tanks, proportionate to their available volume. MUFASA also times the release from each tank to ensure the flow is evenly distributed throughout the day.

In addition, the individual tanks have an existing "flood mitigation" algorithm applied that allows for releasing water prior to a storm based on weather forecasts up to seven days ahead, to avoid possible rainwater tank overflows. This is achieved by South East Water's existing TankTalk algorithm, which works in conjunction with MUFASA, to ensure the combined release meets the objectives.

Figure 3. MUFASA control logic used to control flow releases across the network.

Is Q< 2 ML/d ('summer')?

Is Q< 5 ML/d ('winter)? 

Releasetoday = Q current -Q target +

SOCIAL SUSTAINABILITY

The networked centralised-decentralised infrastructure approach to water supply and stormwater management being piloted in this study reconfigures public-private relations and responsibilities in the co-management of urban water. It requires a modified "hydrosocial contract" between the various actors in urban water management [17], in which householders are re-cast as providers and managers of water (rather than simply water consumers) and their RTC-networked rainwater tanks as storages for managing flows for both private and public good. Understanding the ways in which RTC technology may become embedded in, and adapted to, household practices of water management is crucial, both in assessing the technology's potential and in underpinning its social sustainability. Installing RTC technology on household tanks enables new connections between individuals and agencies, private and public spaces, and household and institutional practices in comanaging urban water, requiring careful negotiation of issues of reliability, agency, usability and trust.

We will use an exploratory, qualitative social research design to investigate the ways in which the networked smart tank: 1) transforms, and is transformed by, household water practices; 2) enables new relations between the home, local environments and the sociotechnical network of urban water management. This will involve surveys, interviews and participatory methods to generate insight into the ways in which residents engage with this technology in the domestic setting and within an urban catchment. All residential participants in the study will be surveyed before and after RTC installation. To investigate a range of household experiences in more depth, a purposive sampling strategy will be designed for the interviews to achieve maximum variation within the sample across: type of tenure, household composition, dwelling type, and primary motivation for participation. Data will be uploaded and analysed in nVivo through an iterative coding process.

CONCLUSIONS AND PERSPECTIVES

In this presentation, we will provide the first data from implementation of the smart network, including data on water use and environmental flow releases. The project will run over at least 5 years. The contributions to knowledge from this project go well beyond water, however, because the networked centralied-decentralised infrastructure approach could be used to deliver a wide range of decentralised and participatory 'microinfrastructure', in areas such as energy, food production and even transport in the context of future population growth and climate change. The revolution in low-cost sensor and digital technologies opens up new and farreaching possibilities to transform the way people in cities and towns engage with and contribute to urban services; this project is well-timed to provide the conceptual underpinnings of this revolution.
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 2 Figure 2. Householders can modify their contribution to environmental flows through a user-interface.