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Foreword

This document (CEN/TR 16456:2013) has been prepared by Technical Committee CEN/TC 308
“Characterization of sludges”, the secretariat of which is held by AFNOR.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights.
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Sludge processing train is a major problem in water and wastewater treatment, as it can account for up to
50 % of total operating costs. The effectiveness and cost of sludge treatment and disposal operations are
strongly affected by its volume and, consequently, by its water content or solids concentration. Thickening and
dewatering are therefore important steps in the total sludge processing train and have serious impact on

subsequent operations.

For illustration, Figure 1 shows the existing solutions for sludge water content reduction, and Figure 2 shows

the level of dry matter content required for intended utilisation and disposal routes.

SLUDGE

CONDITIONING

THERMAL / CHEMICAL

THICKENING / MECHANICAL DEWATERING

SETTLING / FLOTATION CENTRIFUGATION

GRAVITY DEEP

CONE THICKENER

FLOTTATOR

CENTRIFUGE

FILTRATION

BELT / DRUM
DISC/ SCREW/
DECK THICKENER

FILTER PRESS

BELT PRESS

SCREW PRESS

OTHERS

Figure 1 — Principal thickening / dewatering processes

Full document details: PD CEN/TR 16456:2013

Documents
Document Sharingd—lub


http://www.avadocuments.com/doc/pd-cen-tr-16456-2013
http://www.avadocuments.com/doc/pd-cen-tr-16456-2013

PD CEN/TR 16456:2013
CEN/TR 16456:2013 (E)

This guide deals with the dewatering and thickening techniques quoted in Figure 1.

Thickening and dewatering Composting
>15% or liming
e
- Drying >
! Th | ‘ !
Landfill Proggrsnsis Use as fuel Use on land
> 30 % > 35 9 >35% >15 %
0

T

Y Y

Figure 2 — Percentage Dry Solids (DS) usually required after thickening and dewatering for intended

routes

Sludges management options are developed in a series of CEN Technical Reports to which belong the

present report, see Figure 3 below.
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DATA COLLECTION ON OBJECTIVES AND
CONSTRAINTS:

- sludge quality and quantity

- possible sludge treatments

- possible use/disposal options

- environnmental acceptability and public
acceptance for all pre-selected options

See CEN/TR 13097, CEN/TR 13983,
CEN/TR 15809, CEN/TR 15473 and - :::_'_'_'_'_'___ Land application
CEN/TR 15584 Yes

No
A

Evaluation of possible sludge quality
improvement or/and sludge reduction

Land application

| I

Detailed evaluation of costs, environmental
aspects, public acceptability and security for
thermal processes including incineration and

landfill options

See CEN/TR 13767 and —"Thermal processes |nclud|ng

Yes

CEN/TR 13768 Yes incineration

l No
See CEN/TR 15126 4—-—::::_‘_'_'_'_'"'----- Landfill
Yes T

Figure 3 — A basic scheme for deciding on sewage sludge use/disposal options and the relevant
CEN/TC 308 guidance documents
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1 Scope

This Technical Report describes good practice for sludge dewatering and belongs to a series on sludge
management options.

It gives guidance on technical and operational aspects of conditioning, thickening and dewatering processes.

Drying, which is another water content reduction process, is not dealt with in this document, but in
CEN/TR 15473, Characterization of sludges — Good practice for sludges drying.

This report is applicable for sludges from:

— urban wastewater treatment plants;

— treatment plants for industrial wastewater similar to urban wastewater;
— water supply treatment plants.

This document may be applicable to sludges of other origin.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

EN 12832:1999, Characterization of sludges — Utilization and disposal of sludges — Vocabulary

prEN 16323:2011, Glossary of wastewater engineering terms

3 Terms and definitions

For the purposes of this document, the terms and definitions given in EN 12832:1999, prEN 16323:2011 and
the following (taken either from the normative references or from a technical dictionary [1]) apply.

3.1
cake
solid fraction of sludge as resulting from a solid-liquid separation process

3.2
centrate
sludge liquor separated by centrifugation

3.3
centrifugation
partial separation of solid from liquid under centrifugal forces

3.4
charge density
percentage of positive or negative charge

3.5

compressibility
ability of a sludge to be compressed under pressure
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3.6
compression point
sludge solids concentration at which compression begins in a sedimentation process

3.7
desaturation
removal of water due to displacement of water by air

3.8
draining / drainage of sludge
separation of water from sludge liquor by gravity filtration

3.9
dryness
ratio of dry solids to sludge mass

3.10
electroosmosis
movement of liquid relative to a stationary charged surface as induced by an electrical field

3.1
expression
removal of sludge water due to deformation of solids under pressure

3.12
filter
device for the removal of sludge water whereby solids are retained on a water-permeabile filter medium

3.13
filter medium
material where through a fluid flows and which retains matter contained in the fluid

3.14

filterability

characteristic describing the ability of sludge to be filtered
3.15

filtrate

sludge liquor separated by filtration

3.16
filtration
process of retention of the suspended matter by passing through a medium

317
floc
aggregate of particles that results from a flocculation process

3.18
flotation
raising of suspended matter in liquid to the surface by the entrainment of a gas

3.19

Py

gravitational acceleration (9,81 m/s?)
3.20

isolelectric point
condition in which a substance has a neutral charge
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3.21
mesh
interlacing of crossed wires that determines the openings which can be square, triangular or rectangular

3.22
molecular weight
chain length of a polymer

3.23
particle size distribution
relative amount of particles classified per size ranges

3.24

polymer

class of natural and synthetic materials which are formed by association of structural units (monomers) by
covalent bonds

3.25
porosity
ratio of the void volume to the total volume of material

3.26
pre-treatment
improvement of sludge characteristics by physical or chemical means

3.27
rheology
study of flow and deformation properties under the influence of an applied stress

3.28
saturation
ratio of the volumes of water and pores in a solid matrix

3.29
sieve (sludge treatment)
device for removing solids from fluids whereby the fluid flows through slots, perforations or a mesh

3.30
settling
ability for sludge solids to separate from water by sedimentation under gravity

3.31
sludge liquor
liquor separated from sludge. Sludge liquor can be called supernatant, filtrate and centrate

3.32

specific cake resistance

property representing the resistance to filtration of a layer of particles, having a unit mass of dry solids
deposited on a unit filtering area

3.33
supernatant
sludge liquor separated by gravity thickening

3.34

water distribution
different physical states of water associated with sludge solid particles
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3.35

zeta potential

electrical potential present at the plane of slip when a particle moves relative to its suspending liquid (or vice
versa)

4 Description and features of thickening / dewatering systems

4.1 Thickening devices

411 General

Thickening devices enable the removal of free water from sludge. They are based on:
— natural (static) forces;

— artificial forces.

Thickening presents the following advantages:

— reduction of sludge volume with low energy consumption;

— reduction of storage capacities and volumes for subsequent treatment;

— reduction of transport costs;

— improvement of performance of dewatering machines;

— decrease in quantity of chemicals for dewatering in some cases.

This section discusses the most commonly used devices for thickening.
4.1.2 Devices based on natural forces (gravity)

4.1.21 General

The principle of gravity thickening relies on sludge settling under the effect of gravitational forces. It enables
the raising of the concentration of a suspension through sedimentation to produce a thickened sludge with a
relatively clear liquid as overflow. Thickeners can be designed to operate in either the batch or continuous
mode.

Sludge thickening can be achieved in clarifiers or separate thickeners which provide for a greater sludge
storage capacity.

4.1.2.2 Gravity thickener

The traditional gravity thickener (Figure 4) comprises a relatively shallow, open top cylindrical/rectangular tank
with either a flat bottom or a bottom shaped in the form of an inverted cone. The feed mixture is gently and
continuously introduced to the feedwell. The supernatant is removed via an annular weir at the top of the unit
and sludge solids are removed from a well at the bottom. Slowly rotating rakes mounted on a central shaft aid
the thickening process by directing thickened solids towards the well for subsequent discharge and by
creating channels to release further liquid from the sludge.

Tanks with a diameter smaller than 25 m are usually formed from steel and have bottoms with an angle
usually less than 10° equipped with rake arms. Larger tanks between 25 m and 200 m diameter are normally
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made from a combination of concrete and steel and employ rakes designed to match the angle of the conical

bottom.

Key

1 feed 6 rake

2 drive head 7  feedwell

3  walkway 8  thickened suspension (underflow)
4  supernantant (overflow) 9 well

5 flocculant

Figure 4 — Gravity thickener [1]

When space is limited, the lamellar separator is used. It is a rectangular tank containing a series of closely
spaced rectangular plates inclined at an angle of higher than 50° to the horizontal.

Commercial designs provide three flow patterns, cross-flow, parallel flow and the most common counter—flow
where the feed and supernatant flows can be most simply arranged.

The choice of a lamella separator is mainly related to the concentration of the input sludge.

4.1.2.3 Deep cone thickener

A deep cone thickener (Figure 5) has the same operation principle as a conventional circular gravity thickener
but the slopes of the bottom are far steeper and have an angle in the region of 37°. Units are available with
diameters of up 15 m. A rake rotating at speeds between 0,25 rpm and 2 rpm is usually provided in order to
aid the thickening process and increase the underflow concentrations.
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Key

1 fast acting flocculant 5  supernatant (overflow)

2 feed 6 rake and scraping arms

3 mixing device 7  thickened suspension (underlow)
4  motor drive

Figure 5 — Deep cone thickener [1]

4.1.3 Devices based on flotation

Flotation thickeners are process devices wherein solid particles are separated from the liquid phase by
becoming attached to air bubbles. The particles float to the water surface and are removed with skimmers.
The most common device is dissolved air flotation (Figure 6) which uses pressurised air 300 kPa to 600 kPa
and dissolves it in pressurised water. The pressure is then suddenly released to form small bubbles with a
diameter of 40 ym to 80 um. Bubbles are mixed with sludge (direct flotation) or with sludge diluted by
underflow water (indirect flotation).

Other systems are also used:

¢ vacuum flotation thickeners employ air that is dissolved at atmospheric pressure followed by a pressure
drop to allow the formation of bubbles with a few millimeters diameter;

¢ induced air flotation thickeners generate bubbles of 0,2 mm to 1 mm diameter by injecting air into water,
e.g by means of a Venturi nozzles.
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Figure 6 — Dissolved air flotation

4.1.4 Devices based on filtration
4.1.41 General

Many kinds of devices are commercially available and the most common ones are described below. They are
usually fed with flocculated sludges.

41.4.2 Belt thickener

The sludge is uniformly distributed on a travelling filter belt (width: 800 mm to 2 700 mm, length: 2 m to 5 m)
that moves slowly (7 m/min to 30 m/min). The filtrate drains through the continuously travelling filter in the
horizontal filter zone. Solids are retained on the belt. Specially designed “baffles” divert the sludge in order to
facilitate water drainage. Spray nozzles are used to wash the belt while it returns to the front end (Figure 7).

1) This belt thickener is an example of a suitable design thickening and dewatering equipment available commercially.
This information is given for the convenience of users of this CEN Technical Report and does not constitute an
endorsement by CEN of this equipment. The manufacturer has given the authorisation to reproduce the scheme included
in Huber documentation (www.huber.de).
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Figure 7 — Belt thickener

4.1.4.3 Disc thickener

Flocculated sludge overflows into the disc thickener consisting of an inclined and slowly rotating disc
(diameter: 1 500 mm to 1 800 mm) that is lined with a filter cloth (Figure 82)). Sludge water drains by gravity

2) This disc thickener is an example of a suitable design of thickening and dewatering equipment available commercially.
This information is given for the convenience of users of this CEN Technical Report and does not constitute an
endorsement by CEN of this equipment. The manufacturer has given the authorisation to reproduce the scheme included
in Huber documentation (www.huber.de).
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through the filter. While the sludge moves upwards, it is turned over by ploughs to open up free filter surface in
their wake. A scraper removes thickened sludge from the disk at its upper side. Before sludge is fed again, the
filter cloth is backwashed by means of a spray bar.

Figure 8 — Disc thickener

4.1.4.4 Drum thickener

Sludge is fed from the bottom and is thickened in a drum (diameter: 600 mm to 1 200 mm) rotating at low
speed and equipped with a metallic mesh (500 um to 600 um) or belt. Sludge water drains through the mesh
and is collected in a trough. Thickened sludge is driven by rotating baffles through the drum (which might be
slightly inclined) and drops at the drum’s end into a chute. The exit of the sludge is allowed by the inclination
of the drum (Figure 93)).

3) This drum thickener is an example of a suitable design of thickening and dewatering equipment available
commercially. This information is given for the convenience of users of this CEN Technical Report and does not constitute
an endorsement by CEN of this equipment. The manufacturer has given the authorisation to reproduce the scheme
included in Huber documentation (www.huber.de).
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Figure 9 — Drum thickener

4.1.4.5 Screw thickener

Flocculated sludge overflows into the screw thickener consisting of an inclined screen drum (diameter:
300 mm to 1 200 mm) and a flighted screw slowly turning therein (Figure 10). The screen drum is completely
filled with sludge. The screw transports the sludge slowly upwards, whereby sludge water drains by gravity
through the screen. Thickened sludge is discharged at the upper end of the screen drum. The screen drum is
backwashed at regular intervals by means of rotating spray bars.
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Figure 10 — Screw thickener

4.1.4.6 Draining bag/tubes

Specific synthetic filter cloths of high permeability and mechanical resistance are assembled to form draining
bags/tubes into which sludge is pumped while sludge water drains through the cloth. During subsequent
storage, consolidation of sludge continues as water evaporates through the pores of the filter cloth
(Figure 11).

Figure 11 — Draining tubes
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4.1.47 Horizontal grids / deck thickeners

In these filter thickeners, the separation of the solid and liquid phase is mainly achieved by means of a two
dimensional mesh of 100 ym to 500 pm. Flocculated sludge is fed onto the gravity drainage grid/deck
(Figure 12), which retains the thickened sludge. Thickened sludge is removed by gravity or by a mechanical
scraper or by vibrators. Grids are washed by spray water.

Figure 12 — Horizontal grid with scraper
4.1.5 Devices based on centrifugation
Centrifuges are commonly used both for thickening and dewatering.

Centrifuges permit accelerated sedimentation of particles under the force of centrifugation. This centrifugal
force is up to 3 000 "g" depending on the machine size and sludge characteristics (Figure 13).

Key

A feed sludge
B cake
C centrate

Figure 13 — Schematic diagram of a centrifuge

The suspension to be treated is introduced via a fixed tube to a rotating distributor. Under centrifugal force,
heavy particles settle on the interior wall of the bowl. They are scraped by a conveyor scroll and conveyed
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towards a cone. The scroll rotates slightly faster or slower than the bowl thanks to a gear box and this
difference is called differential speed. Compacted sediment in the cone is driven through nozzles. Centrate
flows over a circular and usually adjustable weir.

The weir is adjusted while the machine is stopped.
4.2 Dewatering devices

4.2.1 General

Dewatering devices can also remove interstitial water (water that is attached to solids by surface tension and
can be partially removed by sludge compression) and vicinal water (water that is physically bound to solid
surfaces and can only be partially removed even by extreme mechanical force) from sludge. Filter presses,
belt presses, screw presses and centrifuges are the most common techniques.

4.2.2 Filter press (plate, membrane)

A filter press includes a plurality of plates arranged in a horizontal stack, together with a head piece and a
pressure piece, the latter being hydraulically pushed towards the head piece. The plates and head pieces
have a slurry feed port and a number of filtrate outlet ports usually located at the corner of the plates. Each
plate has a cloth on both sides with appropriate holes for the feed and filtrate ports, thus creating a series of
chambers when the plates are held together (Figure 14).

The sludge is pumped into the chambers allowing solids to build up in the filter and filtrate to flow through the
filter cloth and along the ribbed plate surface to their filtrate outlets. The press is fed under pressure until the
set pressure is reached and/or until the filtrate flow drops below a minimum value.

In the conventional plate filter press, after a press cycle, the feed ports are blown out with air and the plates
are removed from each other, allowing cake to drop out of the bottom of the press. After discharge of all
cakes, the press is closed again for the next cycle.

Some filter presses (membrane filter presses) are additionally provided with flexible diaphragms between the
filter plates and cloth, whereby a fluid medium (water or air) is pressed into the space between the plates and
cloth. This further compresses the filter cake (until 1 500 kPa) in the chamber by inflating the membrane. The
compression process also tends to produce more uniform cake. Although membrane presses are more
expensive than conventional filter presses, the additional capital and operating costs are often justified by
better performance (Figure 15).
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