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La surveillance à long terme a l'avantage de démontrer le rendement des infrastructures vertes d'eaux pluviales, comme les systèmes de bioinfiltration, qui tient compte des différences saisonnières et annuelles. Dans cette présentation, une bioinfiltration est analysée pour un ensemble continu de données de variables hydrologiques pendant dix-huit ans (2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015)(2016)(2017)(2018)(2019)(2020)(2021). Dans l'ensemble, la bioinfiltration et son bassin versant ont géré 84% de toutes les précipitations au cours de cette période. Sur les eaux de ruissellement qui sont entrées dans le bassin de bioinfiltration, seulement 29 % ont débordé, ce qui a été principalement attribué à de grands événements (> 75 mm). Cet ensemble de données de surveillance à long terme montre la résilience et la longévité du GSI au fil du temps, ainsi que sa capacité à agir comme un paysage naturel.

INTRODUCTION

Urban green stormwater infrastructure (GSI), such as bioinfiltration basins, that mitigate effects of urbanization, can reduce stormwater runoff, and improve runoff water quality. The key hydrologic processes that drive GSI performance are how runoff enters the GSI, infiltration and evapotranspiration (ET) within the GSI, and the frequency and volume of overflow. All these processes vary over time (i.e., seasonally and annually) and in response to varying rainfall patterns. As such, it has been common for researchers to monitor a GSI to analyze performance, and municipalities are leaning towards requiring monitoring for inspection and operation. However, there is little understanding of how much monitoring is needed to determine GSI effectiveness or the ability to do multi-year monitoring. The Villanova Center for Resilient Water Systems has had the opportunity to execute long-term monitoring on several sites, including one bioinfiltration basin with 20 years of continuous hydrologic data. This continuous dataset is complimented by additional studies directed at specific hydrologic processes, such as infiltration (CITE), ET [START_REF] Hess | Evapotranspiration in Rain Gardens using Weighing Lysimeters[END_REF], and precipitation (Amur et al. 2023), has enabled a complete budget of system processes and the benefit of the GSI within a watershed can be quanitified.

SITE AND METHODS

The bioinfiltration basin used in this study is a retrofit of an existing traffic island at Villanova University in Villanova, PA (Figure 1). The basin watershed is 5261 m 2 and is ~50% impervious with a 10:1 loading ratio (directly connected impervious area to GSI treatment area) (Figure 2). Water level in the system and overflow from the system has been monitored since 2003 at 5-minute intervals. Inflow is calculated as measured rainfall over the watershed since 2003 using the Curve Number method with the coefficient of 0.05 for the initial abstraction. Evapotranspiration is estimated with the Hargreaves equation that relies on temperature, which is measured onsite. The Hargreaves equation yields acceptable values for ET as compared to observations from a nearby site (similar soil type and weather) [START_REF] Hess | Predictive Evapotranspiration Equations in Rain Gardens[END_REF]. The data set from 2004-2021 was analyzed as a mass balance and separated into component volumes. 

PRELIMINARY RESULTS & DISCUSSION

Summing the component volumes over the study period, which includes total rainfall volume, total pervious area retention, bioinfiltration (rain garden) basin inflow, evapotranspiration (ETO), infiltration, storage (the residual of the mass balance), and outflow volume, provides a mass balance for 18 years (Figure 3). The pervious area managed 45% of all rainfall and 55% of the rainfall entered the bioinfiltration basin. Of the volume that entered the bioinfiltration basin, 18% is estimated to have gone to ET, which is in-line with observations [START_REF] Hess | Evapotranspiration in Rain Gardens using Weighing Lysimeters[END_REF][START_REF] Ebrahimian | Evapotranspiration in Green Stormwater Infrastructure Systems[END_REF]). 53% of the bioinfiltration inflow went to infiltration, and 29% went to overflow. Overall from the entire drainage area, 84% of all rainfall was kept onsite and 16% of the rainfall discharged out of the drainage area into the receiving system, which are in line with nation-wide estimates of natural land management [START_REF] Sanford | Estimation of Evapotranspiration Across the Conterminous United States Using a Regression With Climate and Land-Cover Data[END_REF]. Others have demonstrated that looking at different bioinfiltration basins, the curve number tends to behave more like a meadow [START_REF] Davis | Hydrologic Performance of Bioretention Storm-Water Control Measures[END_REF], this present work is able to show that through a mass balance. Additionally, this work shows that this high level of management persists over time demonstrating system longevity.

There was some variability from year to year, as the total rainfall volume varied, along with storm intensity (e.g., years with multiple hurricanes). In fact, the majority of the overflow volume comes from hurricanes and other extreme events (larger than 75 mm events), which this system was not designed for (it was designed to manage 25 mm of rainfall). Additionally, there were seasonal variations with the most overflow in summer, followed by fall, spring, and winter, which follows the general trend of rainfall.

FUTURE WORK

This work is significant as there are very few long-term data sets that show the variation over time. This dataset will continue to be interrogated to determine the level of uncertainty in measurements and the impact of seasonal and annual variability. Additionally, it will be compared against the projected water balance under different natural landscapes. With this understanding, there will be a more robust expectation of design and subsequent performance, it will aid a definition of what is considered failure or "non-attaining" performance and the certainty with that assessment. Further, this work shows that a bioinfiltration basin can be resilient to changes in weather and climate, which points to its utility in resilient urban development. 
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 1 Figure 1. Bioinfiltration basin at Villanova, 2018.
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 2 Figure 2. Drainage area of bioinfiltration basin with green indicating the pervious drainage area, and the black line indicating the pervious drainage area.
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 3 Figure 3. Mass balance of bioinfiltration basin using data from 2004-2021.