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The impact of sludge densification was studied through side-by-side full-scale experiments on the WRRF of Dijon (France). The comprehensive analysis of the results pointed out a need to substantially change the rules usually used to size and operate activated sludge systems equipped with hydrocyclones. Among others, the maximum clarifier surface overflow rates and the apparent sludge retention times for complete nitrification need modification. The impact on main equipment (pumping and mixing power, oxygen transfer efficiencies) remains to be evaluated.

Background and objectives

Among the possibilities to improve sludge settleability in activated sludge systems, selective wasting of flocs by means of hydrocyclones has been demonstrated to be a very promising candidate [START_REF] Regmi | Impact of Hydrocyclone based wasting on settling characteristics and nutrient removal[END_REF][START_REF] Willoughby | Wasting through the spin cycle: a full-scale demonstration of WAS hydrocyclones to provide capacity improvements[END_REF]Avita et al., 2021;[START_REF] Roche | Biological process architecture in continuous-flow activated sludge by gravimetry: Controlling densified biomass form and function in a hybrid granule-floc process at Dijon WRRF, France[END_REF]. This cost effective solution has shown its capacity to improve process stability and for process intensification.

Hydrocyclones technology consists of imposing a gravimetric selection pressure to retain in the system dense flocs and granules. To this aim, hydrocyclone skids are installed on the wasted sludge line. Denser material contained in the underflow of the hydrocyclones are sent back to the biological reactor, whereas the overflow containing poor settling sludge is directed to the sludge line.

This paper scrutinises the performance obtained on a full-scale implementation of hydrocyclones in one of the four 100 000 p.e. secondary treatment trains of the Dijon WRRF. The main objectives were to identify potential impacts on the operation of the plant, in order to point out the modifications of classical design and operation rules.

Material & methods

During the period under study, the Dijon WRRF (400 000 p.e.) was operated at 44% of its design organic load. One of the biological trains was equipped with a skid of 8 hydrocyclones (10 m 3 /h) fed with a portion of return activated sludge.

From October 2019 to June 2021, the performance of this (test) train was compared to the one of a conventional activated sludge (control) train. As detailed in [START_REF] Roche | Biological process architecture in continuous-flow activated sludge by gravimetry: Controlling densified biomass form and function in a hybrid granule-floc process at Dijon WRRF, France[END_REF], main influent and effluent physicochemical parameters were measured (e.g. COD, BOD5, TSS, N, P), and the sludge was characterised in terms of settleability and particle size distribution.

Results and discussion

Sludge settleability. As shown in Figure 1, the implementation of the cyclones helped to maintain a constant and low dSVI, even during the winter period usually associated with hampered sludge settling due to growth of filamentous bacteria (as seen for the control train). In addition to stabilising this important operation parameter, enhancing the sludge settleability allowed to reduce the return flow (RAS) down to 40 % of the inflow. The drastic reduction of dSVI may allow to increase the maximum clarifier SOR well above the usual 0.6-0.8 m 3 /m 2 /h.

Accumulation of inorganic matter. The mass split of ISS is presented in Table 1 for three different stabilised periods (loading rate doubled in comparison to test train during Periods 2&3). As seen in Figure 2, the sludge of the densified train became less organic than the control one. Nevertheless, ISS accumulation stabilised after a few months of operation.

Apparent vs weighted SRT. In order to specify the functioning of the system, the sludge retention times of the granular biomass (fraction > 200 µm) and of the flocculent biomass were determined (Figure 3). A weighted SRT was calculated from the granular and flocculent SRTs, weighted by the respective mass fraction of granular and flocculent sludge in the bioreactor. This weighted SRT may be considered to determine nitrification limits (Figure 3 and Table 1).

Sludge viscosity. Preliminary measurements (Figure 4) indicate a different rheological behaviour of the densified sludge in comparison to the control sludge. This in turn can have an impact on pumping and mixing power, as well as on aeration performances that are currently under investigation.

Conclusion and significance

The main impacts of the implementation of the hydrocyclones are schematised in Figure 5. Among the design and operation practices that require modifications, the increase of the maximal clarifier surface overflow rate is the most obvious one, while redefining mixing power and aeration demand calls for further investigations. 
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 345 Figure 3Granular and flocculated SRTs. The apparent SRT corresponds to the usual SRT. The weighted SRT is calculated from the granular and flocculated SRTs, weighted by their corresponding fractions of sludge.

Table 1

 1 Flow and mass split along the studied period

		F/M ratio	Ratio weighted SRT/	Flow split	ISS flux split
		kg BOD5/kg VSS/d	apparent SRT	(UF/OF)	(UF/OF)
		Control	Test			
	Period 1	0.07	0.09	1.08	18/82	51/49
	Period 2	0.05	0.10	1.22	17/83	67/33
	Period 3	0.06	0.11	1.42	20/80	73/27