079 Modelling Waste Water Sludge’s for Different Particle Size Distributions

C. Syred1, C. Robinson1, D. Burt1 and J. Black2.

1. MMI Engineering, 10 Park Street, Bristol, BS1 5HX, CSyred@MMIEngineering.com.

2. United Utilities, Lingley Mere, Great Sankey, Warrington, Cheshire.

ABSTRACT

There are a large number of legacy biological filtration plants in the UK. In such plants, the influent waste water is screened and settled in primary tanks prior to filtration in biological filter beds. Effluent from these beds passes to humus tanks where residual solids are allowed to settle out. Final effluent may then be polished through sand filters prior to discharge. In this paper Computational Fluid Dynamics (CFD) modelling is used to predict the settlability of sludge with different Particle Size Distributions (PSD) in primary and humus tanks. 

The sludge’s in the tanks are considered to be in the discrete particle settling range where particles settle without influencing each other and are of low concentration. The CFD model used in this work was modified with the multiple drift flux model (Burt and Gilbertson, 2005) for the primary and humus sludge’s. Each sludge type solids were divided into ten discrete particle sizes each with a characteristic settling velocity (“slip” velocity). The CFD code was then augmented with an additional set of transport equations to represent the sludge. 

The effect of dosing on the retention efficiency of primary tanks will be discussed through modelling the settling of flocculating and non-flocculating solids using a representative PSD for the dosed and undosed solids. Figure 1 shows the PSD manipulated from averaged experimental data gained in the UK (Tiehm,1999; Robinson,2006) to give theoretically 50% retention efficiency for undosed solids and 75% for dosed solids according to 1D settling theory.
This paper will show that primary tanks can retain up to 50% of solids from the influent flow. If the primary sludge is then dosed and particle flocculation occurs this increases the solid sizes and hence PSD and can increase the tank retention efficiency by a further 20% (Figure 2 shows solid concentration though the tank). When the process flow reaches the humus tank it has passed through a filtration bed and the solids concentration is reduced. The humus tank retention efficiency is also reduced when compared to primary tanks. 

CFD results showed that as flow entered the tank it travels along the water surface in an outward radial direction until it hit the stilling well where it was forced downwards. As the flow traveled below the stilling well its high inertia forced the vertical flow into the tanks hopper and causes mixing and re-suspension of settled solids. To prevent this disturbance a horizontal floor baffle was placed under the stilling well (Figure 2). Results showed that the addition of the floor baffle caused the vertical flow traveling down the stilling well to change direction radially along the settling region of the tank, avoiding the hopper and re-suspension of settled solids. This baffle was shown to increase the retention efficiency of a primary tank by 10% at all flow conditions. The baffle reduced the solid concentration build up in the settlement zone and reduced the effluent concentration. In the humus tank the floor baffle did not improve the performance as fewer solids were settled and less re-suspension occurred.  
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Figure 1: Particle Size Distribution of Primary solids.
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Figure 2: Total solids concentration in a primary settling tank with and without a floor baffle
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