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BACKGROUND

The water quality of stormwater is at an alarming level and poses risk to human health in recreational waterways [START_REF] Sidhu | Prevalence of human pathogens and indicators in stormwater runoff in Brisbane, Australia[END_REF][START_REF] Sidhu | Sewage pollution in urban stormwater runoff as evident from the widespread presence of multiple microbial and chemical source tracking markers[END_REF], due to the rapid urbanisation and increasing impervious surface areas that impede water infiltration and produce stormwater runoff, consisting of unwanted hazards such as pathogens, nutrients, and heavy metals. At the same time, climate change leads to more frequent and extreme precipitation and flooding events, which in turn detrimentally erode the downstream water channels and even threaten human lives [START_REF] Cianfrani | Watershed imperviousness impacts on stream channel condition in southeastern Pennsylvania[END_REF].

To address these two problems, stormwater constructed wetlands (one type of Stormwater Control Measures, also known as SCMs) have been built in many cities and used to improve stormwater quality and reduce the peak flow to the receiving water bodies [START_REF] Malaviya | Constructed Wetlands for Management of Urban Stormwater Runoff[END_REF]) by treating stormwater using natural processes and releasing stormwater in controlled flow rate [START_REF] Xu | Enhancing stormwater control measures using realtime control technology: a review[END_REF]. However, most of the wetlands are passive facilities with static control, hence the system performance is sometimes compromised due to poor designs and the inherent inflexibility in controlling the uncertainties in inflow rate, outflow rate, and detention time. This is proved in past research. For example, the median total suspended solids (TSS) removal efficiency of many passive systems typically ranges from 46%-64% [START_REF] Bilodeau | Urban Water Journal Real-time control of stormwater detention basins as an adaptation measure in mid-size cities[END_REF][START_REF] Okaikue-Woodi | A critical review of contaminant removal by conventional and emerging media for urban stormwater treatment in the United States[END_REF] and it is below the aim of ~80% TSS removal target stated in the regulatory requirements by many water authorities [START_REF] Naughton | Barriers to Real-Time Control of Stormwater Systems[END_REF].

In the past decades, Real-Time Monitoring and Control (RTM&C) technologies have been introduced to the field of SCMs and it provides great opportunities for researchers and practitioners to actively control the existing passive systems to improve the overall effectiveness and efficiency of the SCMs [START_REF] Shen | Real time control of biofilters delivers stormwater suitable for harvesting and reuse[END_REF], without the need for costly investment in reconstruction of the systems. Nevertheless, most studies on the RTM&C system are simulation-based studies and the attempts to field study are usually challenged by technical and social-economic factors, including costs, operations and maintenance, and social acceptance [START_REF] Naughton | Barriers to Real-Time Control of Stormwater Systems[END_REF][START_REF] Xu | Enhancing stormwater control measures using realtime control technology: a review[END_REF]. Also, the existing studies are done on the other types of the SCMs, including detention or retention basins, rainwater harvesting systems, and biofilters, while no study has been done on the stormwater constructed wetlands which are usually larger in size, and more multi-functional and complicated than other SCM systems.

A large-scale long-term field-based research project has been proposed to experiment with the RTM&C system implementation and optimise RTC strategy development for a stormwater constructed wetland in Melbourne, Australia. This abstract aims to introduce the proposed RTM&C system, the early work that has been done so far, and the planned future work.

METHODS

Site Information

The Troups Creek Wetland (37°59'53.2"S 145°17'20.0"E) is a free surface stormwater constructed wetland located in Narre Warren North, Melbourne, Australia. This wetland sits at the end of Troups Creek West Branch catchment, which is a 1020-ha mixed land-use catchment with 23% imperviousness. This wetland is roughly 87,267 m 2 in total, consisting of a sedimentation pond at the inlet, the main wetland (i.e., macrophyte zone, roughly 64,168 m 2 ), a high flow bypass, and a stormwater harvesting pond at the outlet (Figure 1(a)). This wetland system is designed to reduce the forecasted water shortage in Melbourne by providing appropriate quality water for substitution of potable water for non-drinking purposes, such as toilet flushing, laundering, and gardening.

RTM&C System

The fundamental architecture of the RTM&C system consists of sensors, actuators, communication devices, and a web server. The water level and water quality sensors (RTM on-site hardware) are already installed at key points of the wetland to provide important information on the system's health and capacity in real-time. These key points include the sedimentation pond, inlet and outlet of the main wetland, and the stormwater harvesting pond. The actuators (RTC on-site hardware) have been installed at the control points to adjust the valve position, hence to flexibly hold and release water into and out of the wetland. The cabinet setup with multiple layers of power protection is shown in Figure 1(b). The control points include the inflow and outflow pipe of the main wetland, as well as the underground baseflow bypass between the harvesting pond and the downstream creek. The communication devices are essential to connect the on-site hardware to the centralised web server. The web server is the "brain" of the entire system, it consists of a centralised database to collect and store real-time data from the field and weather forecast from the weather agency (i.e., BOM in Australia). The collected data is used as input to the decision-making process of RTC strategies, resulting in the valve position target, which is then sent to the actuators for execution. A unified and secure protocol is used for the system enabling flexibility, modularity, and improved cybersecurity. A redundancy system is partially built for the RTM system to reduce the probability of errors in data and minimise the impact of incorrect data. Also, double layers of redundancy mechanisms are designed at the local level and online level to detect and deal with emergencies (including power outages, internet outages, unwanted flooding, or hardware failure), hence avoiding serious consequences. On the local level, pre-set emergency procedures are stored on each RTC device to enable rapid safety response before human intervention, when an emergency is detected. On the online level, the "brain" web server continuously checks all incoming information from the field and sends different levels of alarms to the responsible parties for human intervention in case of an emergency.

Figure 2 illustrates the concept of the RTM&C system architecture.

Figure 2: Real-time monitoring and control (RTM&C) system architecture. The RTM data are collected in the centralised database and used as input for RTC decision-making in accordance with the designated RTC strategy. The RTC decision outputs (mainly the actuator valve opening percentage) are sent from the web server.

The RTM&C system's long-term performance would be continuously monitored and evaluated.

RTC Strategy

To develop the details of RTC strategy, the following RTC objectives could be converted into numerical constraints or target values to formulate the RTC strategy rules. It is hypothesised that a combination of rule-based control and Model Predictive Control (MPC) could be used to improve the overall effectiveness, taking the advantage of each method, while they have respective advantages and limitations. The core of the RTC strategy is rule-based, using in-situ information collected by the RTM system installed in the wetland. The model prediction is the supporting component of the RTC strategy, but it still plays an important role, as it would be used to convert the rainfall forecast into the predicted stormwater inflow, which is the critical input to the rule-based decisions.

• Detention Time (by controlling inlet and outlet): At least two to three days (30-60 hours) of detention are required to significantly improve the stormwater quality (in terms of TSS) in the wetland [START_REF] Bilodeau | Urban Water Journal Real-time control of stormwater detention basins as an adaptation measure in mid-size cities[END_REF]. After this period, the water quality may be difficult to be further improved. To what extent the quality is improved would be subjected to the new rainfall events during the detention, resuspension caused by the unsuitable inflow and outflow velocity, and vegetation health. While rainfall is uncontrollable, high inflow and outflow velocity should be avoided by limiting the valve opening to an adequate percentage. Once the optimal detention time is reached, the water level should be lowered by releasing water out of the wetland.

Maintaining the water level at a suitable level can help the recovery and growth of vegetation, which in turn improves the treatment ability of the wetland. • Flow Velocity (by controlling inlet and outlet): Controlling the inflow velocity would protect the vegetation from excessive shear stress, and the water level should be maintained around the natural/designed water level at all times [START_REF] Robertson | Identifying critical inundation thresholds to maintain vegetation cover in stormwater treatment wetlands[END_REF], if possible. During dry weather, the water level could be lowered, thus the vegetation gets exposed to sunlight for better growth and health recovery. • Pre-drain (by controlling inlet and baseflow bypass): The times of overflow and peak flow rate could be reduced by pre-draining water prior to a forecasted rainfall event. Though extreme rainfall events are inevitable, the impact of induced flooding could still be mitigated by releasing storage capacity in advance. It is hypothesised that pre-development baseflow could be simulated using the rainfall information and the control of water release into downstream waterbody could be regulated to produce the pre-development baseflow hydrograph.

CURRENT AND FUTURE WORK

RTM&C Architecture Building

Currently, the RTM&C hardware has been preliminarily installed at the studied wetland and is under trial run including water depth sensors, turbidity sensors, and actuators at the control points (penstock). The web server is established with a user-friendly interface, and the system administrators are able to see the system status at a glance and send (via secure 3G/4G transmission) control point valve adjustment commands. Redundant sensors are being prepared and will be installed to understand long-term performance and the impact of sensor errors. Weather forecasts are being downloaded by our web server and will be used in the control algorithms. The web server would be able to make RTC decisions and send RTC commands automatically according to the developed RTC strategy. The unmanned aerial vehicle (UAV) is being used to monitor vegetation health throughout the study period using RGB image analysis methods.

RTC Strategy Development

Preliminary laboratory experiments on wetland RTC strategies have been carried out and a hydrodynamic model has been developed by a fellow PhD student (see the submission by Shi et al., submitted to the conference). Laboratory experiments and a hydrodynamic model are being used to inform the development of RTC strategies. In the future, the RTC strategy would be designed to collectively meet all the proposed objectives and constraints of this wetland. Multiple sets of RTC strategies would be proposed and the performance metrics could be established based on the RTC objectives to quantify the performance change before and after the RTC retrofitting Also, the effectiveness of different RTC strategy sets can be evaluated and compared to result in a preferred optimal strategy set, which gives adequate the balance or trade-off between water treatment performance (such as TSS removal efficiency), peak flow reduction, pre-development baseflow restoration, overflow prevention, and water supply. Finally, the chosen RTC strategy would be tested in
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 1 Figure 1: (a) Site Map of Troups Creek Wetland and the RTC control points. (b) Cabinet setup for the actuators installed at the control points. The actuator is placed behind the back of the cabinet.