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Pour résoudre les problèmes liés à la pollution des eaux de surfaces par les débordements d'égouts unitaires à la suite d'orages intenses, des sommes d'argents considérables sont investies pour maintenir et améliorer les réseaux de drainage urbains. Les méthodes utilisées pour prédire et évaluer ces polluants sont donc cruciales pour identifier les investissements à réaliser. Parmi ces méthodes, les campagnes de suivi et de surveillance de la qualité de l'eau jouent un rôle clé. Ce travail examine l'influence de l'incertitude dans les mesures de qualité de l'eau sur le respect apparent des normes liant concentration, durée, et fréquence d'agents polluants. Pour cela, les marges d'erreur données par les fabricants de capteurs ont été traduites en termes probabilistes. Ensuite, des tirages aléatoires par la méthode de Monte Carlo ont été réalisés pour quantifier l'impact de ces incertitudes sur l'annonce de violation des normes. La démarche a été répliquée pour cinq points de collecte de l'eau dans le Nord de l'Angleterre. Notre analyse confirme que l'incertitude de mesure peut conduire à des modifications significatives de la fréquence des violations des normes de qualité de l'eau. En revanche, l'idée reçue qu'une incertitude plus importante entraîne toujours une augmentation dans le nombre de violations est incorrecte, car cela dépend aussi de la distance au seuil critique avant l'arrivée de polluants par les égouts. Cette observation a ouvert un dialogue avec les compagnies des eaux et leur régulateur, pour évaluer avec plus de précision l'impact des incertitudes de mesure, de la qualité des capteurs, et de l'aversion au risque des compagnies, sur la fréquence des manquements aux normes, ainsis que sur les investissements dans le réseau d'égouts décidés en conséquence.

INTRODUCTION

The improvement of surface water quality remains a pressing concern, with considerable investments made to maintain and upgrade urban drainage assets to reduce pollution entering, on receiving surface waters [START_REF] Giri | Water Quality Prospective in Twenty First Century: Status of Water Quality in Major Rivers Basins, Contemporary Strategies and Impediments: A Review[END_REF]. The Urban Pollution Manual (UPM) [START_REF] Fwr | Urban Pollution Management Manual[END_REF] still specifies the UK's Water Framework Directive (WFD) requirements as a set of water quality standards, known as the Fundamental Intermittent Standards (FIS). FIS are directly related to the characteristics of intermittent spill events that can cause unacceptable stress in freshwater fish. FIS consist of concentrationduration-frequency criteria. Certain contaminants, namely Dissolved Oxygen (DO) and Un-ionised Ammonia (UA), for a set duration of time and certain concentration, can cross a threshold for a set number of times in a year (Table 1). This current understanding of water quality regulation thus considers water quality as a binary problem; passed or failed. This work aims to investigate the influence that uncertainty in continuous water quality monitoring can have on the assessment of whether water bodies meet UK regulatory standards by utilising a case study. This work is of particular importance due to increased scrutiny on storm overflows in both UK and EU, requiring improved evidence of potential adverse impact caused by storm overflows [START_REF] Pistocchi | Water quality in Europe: effects of the Urban Wastewater Treatment Directive. A retrospective and scenario analysis of Dir. 91/271/EEC, EUR 30003 EN[END_REF][START_REF] Gill | Final Report Storm Overflow Evidence Project[END_REF].

METHODOLOGY

The analysis was carried out on data collected at five locations in England, with different expectations as to whether the river locations would be compliant or not. Water quality instruments were installed for a period of 12 months, with the exception of one catchment, in which monitors were installed for 14 months, due to concerns of high turbidity levels influencing the instruments. The aim of all the instruments deployed was FIS analysis to identify non-compliant locations in which calibrated integrated catchment models would then be built to assess the need for investment to achieve compliance. The instruments collected the DO, total ammonia (NH4), pH and temperature at 5 minute intervals. The uncertainty range of the instruments associated to these parameters is taken to be the uncertainty bands provided by the manufacturers' technical specifications. The total ammonia is converted to UA using Equation 1. As FIS thresholds are dynamic dependent the conditions of other parameters in the ecosystem, DO thresholds are calculated using a combination of Table 1 and2. 𝑈𝑈𝑈𝑈 (𝑚𝑚𝑚𝑚𝐿𝐿 -1 ) = 𝑁𝑁𝑁𝑁 4 (𝑚𝑚𝑚𝑚𝐿𝐿 -1 )/(1 + 10 (10.055-(0.0324 * 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(˚𝐶𝐶)-𝑇𝑇𝑝𝑝) ) Equation 1 It is assumed that the probability of the measured DO or total ammonia is normally distributed, with the mean taken as the recorded value. The first assumption used was that the upper and lower uncertainty limits (as specified by the manufacturer) would be equivalent to two standard deviations, accounting for 95% of the possible measured values to fall within this band. This was called "Assumed confidence". However, this work wants to test the impact of the quality of sensors on identifying intermittent spill compliance. Hence, two other categories have been investigated. The second category called "High confidence", has the upper and lower uncertainty limits mapped to three standard deviations from the recorded mean point and hence 99% of the data between these limits. The third category called "Low confidence", has the upper and lower uncertainty limits set at one standard deviation from the recorded mean point and hence 68% of the data are within the sensor uncertainty limits. These normal distributions are ascribed to each set of values in the time-series. Monte Carlo simulations are then run at each timestep, randomly picking from probability distributions, and this is repeated for all three categories of sensor quality. These values are then compared to the FIS thresholds, to find the probability of the 'true' DO or total ammonia value exceeding the threshold at that timestep.

RESULTS

As FIS is a concentration-duration-frequency based regulation, an "exceedance" is only counted when the measured parameter crosses the regulatory threshold for a defined period. Therefore, the relative distance between the average measured DO and threshold is important to consider. This relative distance has been quantified by using the term Normalised Distance from the Threshold (NDT). NDT is calculated by averaging DO measured points and dividing by averaged DO threshold (Equation 2). NDT is seen to vary between the different catchments studied. If the average measured DO is already relatively low, then measured DO values are expected to interact more often with the threshold. If the average measured DO is considerably higher, then even assuming 'low confidence' quality sensor, and hence a 'wider' normal distribution to represent the probability of 'true' DO values, could still lead to this location always passing. Or, vice versa, the location could always be failing if the average measured DO was lower. When the average measured DO is close to the regulatory threshold, then adding the uncertainty bands could lead to considerable changes in passing or failing the standards. Figure 1 shows the effect that the NDT has on the number of DO exceedances recorded. Zone one is where the average measured DO of the river is already under the threshold. The catchment is continuously failing according to the FIS analysis. For example, the system could have a blockage, leading to continuous CSO spill. Zone three would be a river with high average measured DO, and shows a normalised distance far from the threshold (that when a CSO spill occurs, the measured DO values do not cross the threshold and hence no exceedances are recorded), the catchment always passes the FIS regulatory framework. Zone one and three are expected to be unusual cases, it is hypothesised that most catchments fall in Zone two. In Zone two the measured DO level is above the threshold but close enough such that a spill occurring may cause it to interact with the threshold, it is hypothesised to follow an exponential curve. Figure 1 also shows the number of FIS exceedances against NDT for four of the twenty two locations analysed. Exponential curves (Equation 3) are fitted to the data show R 2 values above 0.92.

𝑦𝑦 = 𝑁𝑁𝑁𝑁 -𝑏𝑏𝑏𝑏 Equation 3
Where 'a' and 'b' determines the rate of change in the exponential curve. Therefore, understanding the values of 'a' and 'b' will allow understanding to the sensitivity the catchment has to the uncertainty of the instrument used. Locations with a shallower gradient, such as location CB3 and RU4 in Figure 1, have exponential decay curves that would be less sensitive to uncertainty and risk profile. This is shown by smaller difference in FIS reported from the high and low confidence sensor qualities (Table 3). Spills in these locations tend to cause larger deviations in the measured DO. Meaning that the instrument does not need to be very accurate because it is recording two very different DO values when spills occur. Locations with steeper exponential decay gradients such as location O21 and RL6 in Figure 1, may need greater accuracy in measurements as the spills are causing much smaller deviations in the measured DO. This is shown by larger difference in FIS reported from the high and low confidence sensor qualities (Table 3). These locations are however found to enter Zone 3 (Figure 1) at smaller NDT, where uncertainty level becomes less important.

CONCLUSIONS AND FURTHER WORK

The initial research into the effect of water quality monitoring uncertainty has shown that considering this uncertainty during the FIS analysis can alter the number of times a water quality failure is assumed to occur. The work has also begun to show that the assumption that larger uncertainty bands always results in larger discrepancies in the FIS analysis is not always correct, as it also depends on the gradient of the exponential curve seen in the location where the instrument is implemented. Hence it is thought that selecting suitable level of instrument quality would be catchment characteristic specific. Therefore, instruments with large uncertainty bands (assumed to be of lower cost than those with lower uncertainty bands) may be suitable in certain catchments for regulatory assessment. Current work is examining the effect that personal risk perception can have on the FIS analysis for the different locations. Risk profiles will be set up to identify whether a timestep would be considered to be exceeding the threshold, based on the probability of it exceeding the threshold, and assumed risk aversions of decision makers. For example, a risk profile of 0.1 would mean a risk averse individual, who would decide that when there is a 10% or higher probability of the 'true' measured value to be exceeding the threshold; this timestep has exceeded the threshold. Future work also wants to examine the UA FIS analysis in relation to normalised distance from threshold and the characterisation of locations in terms of suitable instrument uncertainty bands.
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 1 Figure 1; Diagram of the hypothesised effect the NDT will have on the reported number of exceedances. (Left) Figure showing Zone two of the Diagram for locations CB3, O21, RL6 and RU4 under the assumed confidence level. (Right)

Table 1 .

 1 Example of the Fundamental Intermittent Standards (FIS) Thresholds Base Value for Dissolved Oxygen (DO).

	Dissolved Oxygen Concentrations for	Dissolved Oxygen Concentrations for Cyprinid
	Salmonid Threshold (mg/L)	Threshold (mg/L)	
	Return Period 1 hour duration	6 hours duration	1 hour duration	6 hours duration

Table 2 :

 2 Equations used for DO thresholds

	Parameter	Action
	UA < 0.02	Base Value
	0.02 ≤ UA ≥ 0.15 Base Value +( 0.97 * Log10 (UA) ) + 3.8
	UA>0.15	Base Value +2

Table 3 :

 3 

	Confidence
	Level

Table

showing

the FIS exceedence reported at the NDT of 1, 1.2, 1.8 and 3 for loctions CB3, O21, RL6 and RU4 at the three confidence levels of uncertanity