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Les stratégies actuelles d'entretien des avaloirs ne disposent pas de données robustes ni d'objectifs clairs permettant d'évaluer leurs performances. Pour faciliter les discussions, leurs capacités in situ à piéger les sédiments sur le long terme en fonction de divers facteurs nécessitent un examen approfondi. Cet article présente des données sur les sédiments de 27 avaloirs situés dans différentes configurations de chaussée (giratoire, route droite, croisement) avec différentes intensités de trafic (<1000-23666 véhicules/jour), sur deux périodes d'accumulation : I'hiver-printemps et I'été-automne 2020-2021. Sur une base annuelle, les avaloirs ont retenu 0,54-44,2 (médiane : 10,95) kg (masse sèche) sur 151-189 jours soit un taux d'accumulation de solides de 2,5-1140,6 (médiane : 69,4) g/m 2 /an. 18 des avaloirs ont montré des variations saisonnières significatives de taux d'accumulation de solides, bien que la saison dominante ne soit pas constante. Par exemple, les ronds-points présentaient un taux d'accumulation de solides significativement plus élevé pendant l'été-automne, en comparaison avec les avaloirs des croisements de routes et des routes droites où l'accumulation était typiquement plus élevée pendant l'hiver-printemps. De plus, une corrélation négative significative entre l'intensité du trafic et le taux d'accumulation des solides a été identifiée dans les avaloirs situés à des giratoires. Une des explications envisagées est qu'en tournant, les véhicules remettent davantage en suspension les sédiments.

Evaluating the impacts of seasonal activities and traffic conditions on the accumulation of gully pot sediments
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INTRODUCTION

Gully pots (GPs) are an ubiquitous urban drainage infrastructure which both directs urban runoff into the underground sewer pipe system and provides a basic runoff treatment function through the in-pot sedimentation processes. Over time, a decreasing available sump volume (due to the accumulation of sediments) may impact the hydraulic function of GPs, and subject already-deposited particles to scouring and remobilisation processes which adversely affect receiving waterbodies (Wei et al., 2021). Continuous silting may also lead to GP blockage, putting the urban catchment at risk of flooding [START_REF] Post | Quantifying the effect of proactive management strategies on the serviceability of gully pots and lateral sewer connections[END_REF]. Despite their long use, knowledge on in-situ GP performance and required maintenance operations is scarce. The current commonly adopted approach of e.g., emptying GPs once/year lacks both a clear objective and an evidence base.

While earlier works by e.g., [START_REF] Butler | Dynamic modelling of roadside gully pots during wet weather[END_REF] and [START_REF] Deletic | Modelling input of fine granular sediment into drainage systems via gully-pots[END_REF] studied event-based solid dynamics in GPs, these cannot be directly adopted for predicting build-up processes over the long term due to the complexity of weather conditions and solid source availability and characteristics. More recently the longterm in-situ GPs study by Rietveld et al. (2020) contributed to the understanding of in-pot sediment build-up processes in GPs located in temperate, low-trafficked catchments (annual average daily traffic (AADT) < 6000 vehicles/day). However, non-temperate climate conditions (such as the sub-arctic conditions experienced in Sweden) necessitate a different winter road maintenance strategy involving the combined use of anti-skid materials and studded tyres. Hence the direct transferability of results from Rietveld et al. (2020) to GPs under both higher traffic densities and differing winter maintenance practices is challenging. To further examine the impacts of both factors (seasonal activities and traffic conditions) on the long-term performance of GP system, 27 GPs located at various street layouts experiencing a range of AADTs were emptied twice during 2020-2021, representing two accumulation periods (winter-spring and summer-autumn periods). Sediments were analysed to determine wet and dry mass fractions (fd) which when then used to evaluate the impact of seasonal activities and road layouts on total mass and mass accumulation rates.

MATERIAL AND METHODS

Sampling site and approach

All 27 GPs were located in Luleå, Sweden, which features a subarctic climate with a yearly precipitation of 525-678 mm of which 35-40 % falls as snow. The GP locations are evenly distributed (in terms of numbers) within three types of street layouts, roundabouts (R), road crossing sites with traffic lights (C) and straight roads (S), with AADTs ranging from <1000-23666 vehicles/day. The first accumulation period commenced in November 2020 when all 27 GPs were fully emptied using an eductor truck and ended in May 2021; a winter-spring accumulation period of 174-189 days. All 27 GPs were manually emptied (and sediments retained for analysis) in May 2021. This marked the start of the second accumulation period which ended in October 2021; a summerautumn accumulation period of 151-165 days.

Prior to sediment collection, in-pot standing water was removed using a low flow-rate pump which was shut off when the standing water was observed to reach the sediment bed level. An aluminium spade was then pushed down to the bottom of the GP to evaluate sediment bed level. For each GP, sediments were manually removed using a stainless-steel scoop and stored in pre-weighed stainless-steel buckets and their wet weight recorded. A sediment homogenisation process was then implemented following the spatula-mixing technique adopted by [START_REF] Flanagan | Contamination of urban stormwater pond sediments: A study of 259 legacy and contemporary organic substances[END_REF] due to the sediments' high water content which prevented the use of cone-and-quartering. To support uncertainty analysis, 7-8 homogenised sediment samples from each GP were analysed as replicates for fd by weighing the residue weight after drying the wet sediments at 105 °C, following SS-EN 15934:2012.

Uncertainty propogation

The total dry solid mass in each GP was calculated following Eq. 1.

Msolid,dry = Msolid,wet * fd (Eq. 1) Where Msolid,dry, total dry solid mass [kg] in each GP; Msolid,wet, total wet sediment mass [kg] in each GP; fd, dry mass fraction [unitless].

Two major sources of uncertainties were identified related to the sampling (e.g., potential for sediment spillage or inaccuracies when stopping pumping of standing water on reaching the sediment bed level) and homogenisation procedures (e.g., variation in fd values determined for the subsample replicates). These uncertainties were propagated to reduce uncertainties associated with determination of total dry solids mass using the Monte Carlo (MC) method. The sampling-related uncertainty was propagated assuming a true Msolid,wet within +/-10% from the recorded Msolid,wet following an uniform distribution. The homogenisation-related uncertainty was propagated assuming a normal distribution with the mean and standard deviation of fd calculated from the 7-8 subsamples. Each uncertainty parameter in Eq.1 was varied stochastically (randomly generated following the assumed distribution type) with the whole mass calculation repeated one million times. The propagation results are reported as median values and the empirically calculated 95% confidence intervals (CI, 2.5 and 97.5 percentiles) are presented as lower and upper error bars.

Further data analyses

Topography-based catchment delineation was used to determine the directly connected impervious area (Aimp; m 2 ) contributing to each GP using Scalgo LIVE. The total dry solid mass for each GP was normalised by the Aimp and accumulation period, and presented as normalised solids accumulation rate (maccumulation, kg/m 2 /year).

RESULTS AND DISCUSSION

Solids mass and normalised solids accumulation rate

An overview of the total dry solid mass by GP and accumulation period, as well as normalised accumulation rates, are presented in Figure 1 where individual GPs are identified in association with their street layout feature and AADT i.e., R1_20384 indicates a GP located by a roundabout with an AADT of 20384 vehicles/day. Overall, data indicates a GP can retain 0.54-44.2 (median: 10.95) kg dry solids over 151-189 days, corresponding to a normalised solids accumulation rate of 0.0025 -1.1406 (median: 0.0694) kg/m 2 /year. Whilst no statistical difference was identified for solids accumulation rate (p=0.5806, Wilcoxon signed-rank test) between the two accumulation periods, consideration of the propagated uncertainties indicates a seasonal difference in accumulation rates for 18 of the 27 GPs (i.e., non-over-lapping CI associated with median values; Figure 1). Specifically, a significantly higher solids accumulation rate in winter-spring period is reported for C2_18991, C4_7389, C5_10372, S1_12100, S4_7389, S5_10372, S8_3643 and S9_3125, whilst a significantly higher solids accumulation rate is reported in summer-autumn period at R2_23666, R3_13728, R5_6297, R6_10493, R9_4100, C3_12058, C9_NA, S2_18991, S6_5726 and S7_2876. The identified seasonal differences are assumed to be related to a combination of road maintenance operations including the use of anti-skid materials, studded tyres, roadside snow dumping, snow ploughing as well as spring sweeping (the annual collection of previously applied grits at the end of the snow melt period). The form of precipitation (snow/rain) may also have contributed to differing magnitudes of soil erosion from near-road green areas, with contribution of soils from these areas indicated by the presence of a large quantity of earth worms in sediments from eight GPs accumulated over the summer-autumn period.

Data on the impacts of traffic intensities on solids accumulation rate by street layouts are presented in Figure 2. Whilst a significant, negative correlation between AADT and solids accumulation rate was identified for GPs at roundabouts (rho=-0.55, p=0.018; Spearman correlation), a similar relationship was not identified for road crossings (p=0.554) or straight roads (p=0.303) GPs. A factor in the negative correlation reported for roundabouts may be the turning activities of traffic leading to intensified solids resuspension rates and the settlement of resuspended solids outside the directly drained catchments, with higher AADTs having a relatively greater resuspension effect than lower AADTs (see Figure 2). A further difference between roundabout GPs and the other two street layout types (road crossing and straight road GPs) is that the roundabout GPs report a significantly higher solids accumulation rate (p=0.03815, Wilcoxon signed rank test) during the summer-autumn period compared to the winter-spring period, a trend that is typically absent for GPs located in the latter two environments. This may be attributed to the higher proportion of finer (<63 µm) particles generated during the winter-spring season due to the combined use of studded tyres and anti-skid materials especially in roundabout GPs. However, the hydraulic conditions within GPs does not favour the efficient retention of these finer particles [START_REF] Lager | Catchbasin technology overview and assessment[END_REF], thus leading to a lower solids accumulation rate in roundabout GPs in particular during the winter-spring period, again as a function of intensified resuspension activities.

Figure 2. Scatter plot between solids accumulation rates and AADT by street layouts.

CONCLUSIONS

Sediments from 27 GPs associated with various street layouts and AADTs were collected over two distinct accumulation periods: winter-spring and summer-autumn. This study reports the total solids dry mass and timeand impervious-area-normalised solids accumulation rate by GP and sampling occasion, using uncertainty propagation analysis to reduce the potential uncertainties associated with sampling and analysis processes. The data suggests GPs retained a median of 10.95 kg dry solids over time intervals of 151-189 days, with a median solids accumulation rate of 0.0694 kg/m 2 /year. The 27 GPs did not present a consistent seasonal pattern in mass accumulation, with 8 and 10 GPs exhibiting significantly higher solids accumulation rates in winter-spring and summer-autumn periods, respectively. However, roundabout GPs displayed consistently and statistically higher solids accumulation rates in the summer-autumn period. Also specific to roundabout GPs, significant and negative correlation between solids accumulation rate and AADTs was identified. The preliminary results confirm the potential impacts of both seasonal activities and traffic conditions on the accumulation of GP sediments and contribute to the development of evidence-based GP maintenance programmes.
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 1 Figure 1. Total solids dry mass and normalised solids accumulation rate by gully pot and season, presented as median values and their 95 % confidence intervals developed based on uncertainty propagation via Monte Carlo calculations. The gully pots are denoted as R, C and S representing roundabouts, road crossings and straight roads respectively with the following numbers indicating traffic intensities.