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Practical Paper

The practical application of computational fluid dynamics
to dissolved air flotation, water treatment plant
operation, design and development

Tony Amato and Jim Wicks

ABSTRACT

Computational fluid dynamics (CFD) can be applied to the advancement of dissolved air flotation
(DAF) plant design. The use of CFD in design and predictive analysis, in particular here with
reference to the upgrading of an existing DAF plant from 30 to 60MI/d and associated
diagnostics, while still developing, helped by the emergence of ever more powerful computational
systems, can be regarded as an established tool providing beneficial and useful data, although on
occasions care may be required in the interpretation of results. The initial CFD studies were
undertaken using the existing and upgraded works flows and structures at both ‘low” and “high’
temperatures, i.e. 2 and 20°C, while the modelling results are reported using graphical
representations of ‘contours of flow velocity’ and ‘velocity vectors’. In addition the degree of
short circuiting based on T4, together with other retention parameters Tso and Tso/m are
reported. Further modifications were also considered: how changes to the incline baffle and tank
depth can impact on the predicted distribution, vorticity and in practice on the actual subnatant
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water quality measured in terms of turbidity. Finally applying CFD to DAF plant design is shown

to be a beneficial tool for the designer.
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INTRODUCTION

The traditional approach to water treatment plant design is
to consider a number of parameters such as but not limited
to the capacity, processes to be applied, the general
arrangement to assess land area requirements and water
quality. All of these requirements, even to some extent the
final water quality, are further constrained by the inevitable
budgetary limitations placed on any project.

Where the proposals involve the building of a new plant
the latest design know-how and approach can generally be
applied without any major restrictions subject to the above
limitations. However where an existing plant is to be
upgraded and incorporated into any final design then one
or more aspects of the latest available technological features

doi: 10.2166/aqua.2009.003

may need to be adjusted to maximise the benefits within the
constraints of the existing structures and layout.

It is this case which will be covered by this paper,
which focuses on the improvements to the DAF clarifica-
tion stage of Rosebery Water Treatment Works (WTW), an
existing plant designed to produce 30 M1/d and built in the
early 1980s, located in the East Lothian region of Scotland
near Edinburgh. While details are provided in Tables 1
and 2 on the two raw water reservoir sources that could
be fed to the works together with the subnatant water
quality specified and guaranteed for the upgraded plant,
respectively, the specific water chemistry, flocculation
and other treatment requirements throughout the water
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Table 1 ; Gladhouse and Megget Reservoir water quality supplied to Rosebery (1999-2003)
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Gladhouse Megget

Ave. Max Min St. Dev. 95%ile Ave, Max Min St. Dev. 95%ile
pH 7.54 8.10 7.00 0.25 7.90 7.30 8.00 6.30 0.38 7.90
Turbidity [NTU] 3.59 29.10 0.70 4.89 8.83 1.18 10.90 0.40 1.72 2.05
True colour [mgl"1 Pt/Co] 33.32 56.00 19.00 9.13 47.00 19.61 46.00 13.00 533 23.00
Alkalinity [mgl“1 as CaCOs] 24.42 32.79 17.21 3.18 29.18 9.44 2597 6.56 2.68 9.84
Conductivity [nScm™] 81.44 10200 7300 571 87.45 4208 7500 3500  6.01 45.00

temperature range 2-20°C reported, will not form part of
this paper. The detail is provided here to simply highlight
the nature of the water, which could be delivered in any
combination, to be treated.

It should also be noted that, throughout this paper, the
DAF loading rates quoted will be based on the flow per cell
divided by its area, including both the contact and
clarification zones as highlighted in Figure 1 but excluding
any recycle flow.

PROJECT STRATEGY

The Rosebery plant was upgraded in accordance with the
issued specification which required the works capacity to be
increased from 30 to 60 M1/d using where possible existing
structures and processes. The latter was suitably upgraded
to incorporate changes in technology since the plant was
originally constructed. The original plant comprised an inlet
mixing chamber which discharged into a common distri-
bution channel, feeding three separate streams. Each stream
comprised two stages of flocculation, providing a total of 20
minutes’ retention at maximum design flow, followed by a
close coupled DAF cell rated at a net loading of 10mh™".
The clarified or subnatant water then discharged via a fixed
outlet weir arrangement into a common collection channel
which fed four mono-media rapid gravity filters {(RGF).

It had been envisaged in the project scoping document
that the increased capacity would be achieved by simply

Table 2 \ Upgrade plant specified subnatant guaranteed water quality

Parameter Value  Parameter Value
Turbidity =15 Soluble aluminium [pgAll™!] =50
[NTU] (95%ile)

Turbidity =2.0 True colour [mgl™* Pt/Co] =5

[NTU] (100%ile)

doubling up on the main process streams, i.e. six and eight DAF
and RGFs respectively, and a similar increase to all other
ancillary equipment such as the DAF recycle system. However
as part of the initial design review the possibilities of utilising
the high rate DAF concepts reported by Edzwald et al. (1999)
and Amatoet al. (2001) were considered. As part of a feasibility
study a full-scale site trial, over eight days was undertaken at a
rate, limited by the maximum capacity of the recycle system, of
~150% design capacity, without any attempt to optimise the
prevailing operating conditions. The results of this trial
showed that at ~13°C subnatant turbidities were stable at
~1.6 NTU which compared favourably with pre-trial values of
1.4-2.5 NTU when only actually operating at 90% of design.
In light of these results and improvements envisaged as part of
any upgrade it was decided to incorporate the high rate
concepts without further testing or modelling. The principle
design parameters to be used were those of reduced floccula-
tion times and increased DAF loadings where the total
flocculation times could be reduced from 20 to 10 minutes
and the net DAF loading could be increased from 10 to
20mh 1. There was no change to the amount of recycle
required which remained equivalent to 6-10% of the incom-
ing flow. As a result of applying the high rate concepts the need
to build three additional DAF streams was removed and
therefore a significant saving in project costs was attained.

As part of any design there are a number of areas that
need to be considered and in incorporating certain local
velocities the requisite flow patterns are attained thereby
ensuring both good design and performance: these are
summarised in Figure 1.

The Rosebery plant was upgraded in line with the detail
referred to above and as each stage was completed
hydraulic and process tests were undertaken to confirm
that the design basis worked. During the course of these
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Figure 1 ! Typical DAF design. ‘A’, the ‘contact zone’ where hydraulic retention times (HRT) are typically 60-240 seconds and rates are 20-110mh~"; ‘B’, generally referred to as
the ‘clarification zone’ where the upper cross-flow velacities are generally <0.05ms™" including any circulation currents; loading rates are a function of influent and tank

dimensions, i.e. length (L) and width.

tests one specific parameter was found to be higher than
expected and this was the subnatant turbidity which only
just achieved the 95%ile limit. In an attempt to improve
operational flexibility a series of further investigations was
undertaken to try to eliminate the possible sources
contributing to the higher than expected turbidities. These
investigations included the traditional optimisation of
treatment chemistry via jar tests and process plant, such
as the adjustment of flocculator speeds. While all of these
gave some improvement, more was sought to mitigate the
risk of exceeding the guarantee limits over an annual cycle.

As has already been stated there is always the likelihood
that some limitation will be placed on any design when
trying to incorporate the latest approach using pre-existing
structures, which, while complying with theoretical require-
ments, do not appear to deliver what is expected. It was
therefore considered appropriate at this time to use modelling
techniques provided by the use of CFD, to look in particular
at the baffling arrangement and flow patterns within the
DATF cell with the basic dimensions detailed in Table 3.

PLANT MODELLING

The CFD modelling used was that based on a dynamic,
second order, multiphase Eulerian-Eulerian renormalisation

Table 3 | DAF cell dimension summary

Parameter Value Parameter value
Cell length [m] 5.34 Incline baffle angle [°] 30
Width [m] 7.7 Water depth [m] 2.391
Incline baffle 1.136 Overall depth [m] 3.0

vertical height [m]

group k-epsilon (RNG k — &) turbulent model (Marshall &
Bakker 2002), simulating both water (temperature within the
specified range of 2-20°C) and air.

Background

While the mathematical equations and their manipulation
fall outside the scope of this paper, the following is intended
to highlight some of the mechanisms involved in the
computational process.

In general CFD models and calculations will utilise first
principles described by the Navier-Stoke equations of mass,
momentum and energy conservation. In turn the models for
multiphase flows can be divided into a number of categories;
however, for these studies the use of the Eulerian-Eulerian
model was selected as this is the most commonly used and
acceptable under the conditions investigated and is based on
the assumption of inter-penetrating continua. In addition it
has been shown to be applicable for both continuous-
continuous and continuous-dispersed systems, with the latter
allowing the dispersed phase to be in the form of bubbles and
hence appropriate for studying DAF.

A further consideration in determining the type of model
to use is the turbulence associated with any flow through the
DATF cell, since in these regions there will be fluctuations in
both velocity and other parameters. Therefore for the model
to be representative these need to be incorporated. To
achieve this there are two equations in general and popular
use when determining the impact of transport (i.e. velocity)
and hence stress in terms of Reynolds. These equations,
which are predominantly empirically based, need to be
solved for the kinetic energy of turbulence ‘%’ and the rate
of dissipation of that turbulence ‘¢’.





















