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FOREWORD

The Concerted Action "Treatment and Use of Sewage Sludge" is a research
programme implemented jointly by the European Communities and Austria,
Finland, Norway, Sweden and Switzerland. It aims at coordinating in the
most flexible way all relevant research receiving public funding in this

area in the countries involved.

Obviously, research in Europe cannot be isolated from scientific progress
abroad; informal but fruitful working relationships were established with

scientists from non-European countries, in particular from Canada.

The Concerted Action, continuing a more Limited research programme execu-
ted in the early 70s, was running from 1977 to 1980. During this period
some 400 national research projects have been identified; an attempt is
made now to evaluate the results of this effort in order to make them
available to the scientific community and to administrative bodies con-
cerned with the disposal of sewage sludge and its utilisation on cultivated

Lland.

In early 1979, a first Symposium was organized in Cadarache, France, which
permitted to outline the state of knowledge at the onset of the programme.
The second Symposium in Vienna will serve as an important collection of
scientific knowledge to enter the evaluation process mentioned above. The
organizers stressed therefore to include a fair number of reviews which

should summarize the major achievements of the Concerted Action.

It seems indicated to reiterate briefly the general objectives of the

programme :

- to evaluate technological processes and equipment,

- to elaborate and evaluate analytical procedures, aiming at

establishing standardized or harmonized "European' methods,



- to assess the impact on the environment of sludge treatment and

disposal,

- to evaluate the constraints to the use of sludge and its conversion
products (compost) in agriculture due to the content of pollutants

and pathogens,

- to contribute knowledge necessary for optimum utilisation of sludge,

considered to be a valuable resource.

The reader of these proceedings may profit also from some information of
the practical implementation of the programme. The research area was
subdivided in 5 areas and working parties were established in order to
promote the coordination in these areas. These working parties are the

following :

- Sludge processing
- Chemical pollution of sludge

- Biological pollution of sludge

Utilization of sludge

- Environmental effects of sludge

The organisation of the Symposium followed this subdivision of the whole

area.

We hope that this volume will be a useful contribution to the important
problems of treatment and utilisation of sewage sludge. Moreover, it may
demonstrate that coordination of research on European level is a rewarding

task.

The organizers wish to express their sincere thanks to the Austrian
Government for hosting this Symposium. We appreciate in particular the
support received from Dr. E. Pescheck and Dr. K. Stangel, Bundesministerium

fur Gesundheit und Umweltschutz, Dr. R. Weiss, Osterreichischer wasser;



wirtschaftsverband und Prof. Dr. H. Supersperg, Universitdt fir Boden-

kultur - Institut flr Wasserwirtschaft, and from the regional government

of Burgenland.

We wish to express our gratitude also to Andritz Maschinenfabrik AG, Graz,
and Voest-Alpine AG, Linz, who kindly supported the organisation of the

Symposium.

Brussels, January 1981

H. OTT P. L'HERMITE
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REGULATORY ASPECTS OF SEWAGE SLUDGE DISPOSAL
ON AGRICULTURAL LAND

La politique de 1l'environnement des Communautés européennes
et la valorisation des déchets en agriculture



LA POLITIQUE DE L'ENVIRONNEMENT DES COMMUNAUTES EUROPEENNES ET LA
VALORISATION DES DECHETS EN AGRICULTURE

L. KLEIN

Service de L'Environnement et de la Protection des Consommateurs
Commission des Communautés Européennes, Bruxelles

as a priority by the Commission of the European Community. The
treatment of waters leads obviously to a large production of

sludge of about 6 million tons expressed in dry matter per year

or 230 million cubic meters of raw sludge per year for the Community.
A sensible increase is to be expected in the future. About 29 %

of the sludge is used in agriculture. Regulations on the agricultural
use of sludge are scarce in the Community; so, the Commission of

the European Communities is already setting up a directive in this
field aiming at the promotion of the agricultural use of sludge in
emphasizing on their agricultural value taking into consideration

the necessary steps for avoiding the negative environmental effects.

Abstract : The agricultural use of waste and sludge is considered



Les deux programmes d'action des Communautés Européennes en matiere
d'environnement du 22 novembre 1973 et du 13 juin 1977 soulignent
la nécessité d'une politique communautaire en matiére de déchets

industriels et de résidus de consommation.

Toute action en matiére de déchets comporte un double objectif : d'une
part, la protection de la santé de L'homme et de Ll'environnement
contre les effets nocifs des opérations liées a L'élimination de ces
déchets; d'autre part, la protection des ressources naturelles en
luttant contre le gaspillage et en prenant en particulier des mesures

destinées & faciliter le recyclage et la réutilisation des déchets.

Dans le cadre du Comité de Gestion en matiére de déchets institué
par la Commission en 1976 (1), qui formule des avis sur L'élabora-
tion et la mise en oeuvre d'un programme communautaire dans ce do-
maine, un groupe de travail a été créé pour étudier les possibilités
d'utiliser les déchets en agriculture.

Par type de déchet utilisable en agriculture, on entend le terme
général "matiére organique fermentiscible'" et plus spécialement Lle

compost, les effluents d'élevage et les boues de stations d'épuration'.

L'utilisation de ces déchets en agriculture permet, d'une part, de
résoudre de maniére substantielle le probléme de L'élimination des
déchets, et, d'autre part, elle peut étre d'un intérét non négligeable
pour Ll'agriculture.

Si de grandes possibilités existent dans ce domaine, l'utilisation

des déchets en agriculture comporte néanmoins certains aspects
négatifs (pathogénes, métaux lourds ...). Il importe donc de pré-
server, tant a moyen qu'a long terme, notre environnement ainsi

que les conditions de production les meilleures pour l'agriculture.
C'est pourquoi L'action du groupe de travail développe ses efforts

dans les directions suivantes

(1) J.0. n® L 115 du 01.05.76



1. Faire le point des expériences tendant a promouvoir L'utilisation

agricole des déchets dans la C.E. et les pays tiers.

2. Examiner les possibilités actuelles et potentielles d'une telle
utilisation en tenant compte des aspects techniques, économiques,

juridiques et écologiques du probléme.

3. Recommander des mesures communautaires adéquates, notamment dans

les domaines suivants :

- normes visant la qualité des produits organiques
- organisation de la commercialisation

- recherche et développement

Parmi les différentes utilisations de déchets en agriculture, celle
relative aux boues d'épuration a été considérée comme prioritaire

par la Commission.

L'épuration des eaux résiduaires aboutit, en effet, a une énorme
production de boues d'épuration. En ce qui concerne la Communauté,
celle-ci est estimée a quelque 6 millions de tonnes de matiéres

séches par an ou encore a plus de 230 millions de m3 de boues fraiches

par an.

Chaque habitant produit donc de L'ordre de 800 kgs de boues/an
auxquelles il faut ajouter les boues industrielles biodégradables

(brasseries et industries alimentaires).

Les perspectives futures laissent supposer un accroissement sensible
de la production de boues d'épuration au niveau de la Communauté.
Ainsi, en 1980, pourrait-elle atteindre 15 & 20 x 106 tonnes de
matiéres seches/an (ERL, 1979).

Le tableau en annexe donne un aperg¢u des productions et des moyens
d'élimination des boues dans les différents pays de la Communauté.

L'élimination des boues se répartit de la fagon suivante : (moyennes)



- 45 % partent en décharge contrdlée
- 19 % sont déversées en mer
- 7 % sont incinérées

- 29 7% sont utilisées en agriculture.

Il est évident que les 3 premiéres pratiques ne constituent pas des
solutions satisfaisantes pour L'élimination des boues; en effet, les
décharges en mer ou sur terre posent des problémes de nuisances
olfactives, d'eutrophisation, de pollution bactériologique et chimique
de L'eau. Méme si L'on procéde a leur incinération, une pollution

de Ll'eau et de l'air peut encore se produire et le processus est

onéreux.

Les 29 % utilisés en agriculture ne constituent donc qu'un faible
pourcentage alors que les boues présentent un intérét certain pour le
sol étant donné que les boues sont sources de matiére organique,

d'azote et de phosphore.

Pour ce qui est des législations relatives aux boues, celles-ci sont
assez rares : ou bien elles font partie de lois—-cadre, ou elles sont

a L'état d'ébauche ou méme inexistantes.

La Commission prépare une proposition de la directive dans ce domaine
visant a favoriser l'utilisation de ces boues en agriculture en sou-
lignant leur valeur agronomique mais en établissant les précautions a

prendre pour une bonne utilisation.

Il est bien connu, en effet, que L'élimination des boues des stations
d'épuration pose aux gestionnaires de ces stations et aux collectivités
locales des problémes complexes. Il importe, bien siGr, de procéder

3 L'élimination de ces boues en essayant de tirer parti de leur

valeur : L'utilisation agricole des boues devrait donc constituer une
voie privilégiée car elle bénéficie des remarquables propriétés
épuratives du sol tout en lui offrant les propriétés non moins in-

téressantes qui caractérisent certaines boues.



IL est bien certain, cependant, que L'épandage des boues d'épuration

ne se fera dans de bonnes conditions que si les agriculteurs sont

convaincus de son intérét.

Il convient donc de préciser les conditions de mise en place d'une
telle voie en essayant de satisfaire a la fois a quatre contraintes

essentielles :

1. la protection de L'homme, des animaux d'élevage et de Ll'environ-
nement contre les effets préjudiciables causés par L'épandage

incontrdlé des boues résiduaires;

2. la protection des milieux naturels récepteurs (sols et plantes)
en limitant L'apport d'éléments—trace pour éviter toute intoxi-

cation et a long terme leur accumulation dans le sol;

3. la protection des eaux souterraines et superficielles en limitant

L'apport d'azote par les boues;

4. la recherche de la filiére de traitement et d'élimination la moins
onéreuse et la plus pratique compte tenu des contraintes précéden-

tes et des possibilités locales offertes sur le lieu de production

des boues.

La directive devra porter sur les boues issues des stations d'épu-
ration d'eaux usées domestiques ou d'eaux industrielles lorsqu'elles

sont raccordées & ces stations.

Les boues provenant de stations d'épuration de petite taille (le
nombre d'équivalent - habitants reste 3 préciser) ainsi que les
boues dont la teneur en métaux lourds ne dépasse pas une certaine [i-

mite seraient exclues du champ d'application de la directive.

Les autres boues devront subir un traitement approprié suivant le

type d'utilisation envisagé. Aucun traitement ne serait obligatoire
pour les boues utilisées en sylviculture, horticulture, restauration
de sols voire méme pour certaines cultures industrielles. Pour les ay-

tres types deculture, les boues devront au moins &tre stabilisées,
7=



que ce soit par digestion anaérobie ou aérobie ou par traitement

chimique.

Les procédés de désinfection et leurs effets n'étant pas encore
suffisamment connus a l'heure actuelle, la directive se bornera a
recommander de respecter un délai minimum entre L'épandage des boues

et la mise en culture ou en pature.

En ce qui concerne les doses permissibles de boues & épandre, celles-ci

seront fonction :

- de la concentration en éléments-trace dans les boues et dans les
sols;
- de la teneur en éléments fertilisants desboues;

- du type de culture.

Les boues ayant une concentration en éléments-trace (en mg/kg matiére
séche) supérieure & certaines normes seront exclues; elles seront

alors a considérer comme déchets toxiques et dangereux.

Pour les boues ayant une concentration en éléments-trace inférieure

4 ces normes, les Etats membres fixeront les quantités d'éléments—
trace pouvant étre apportées par hectare et par an en tenant compte
des conditions locales (du type de sol, de la teneur "antécédente"

des éléments-trace dans les sols); ils veilleront toutefois a res-
pecter une concentration limite de ces éléments dans le sol.

Les éléments essentiellement visés sont le cadmium, le zinc, le cuivre
et le nickel. En ce qui concerne les autres éléments, les Etats membres
pourront en fixer les normes en fonction du type de sols et de
cultures. Les quantités d'azote et éventuellement de phosphore appor=
tées par les boues ne devront pas dépasser les quantités utilisées par

la culture recevant Ll'épandage.

Avant de pouvoir étre utilisées, les boues devraient étre analysées
au moins plusieurs fois par an. Les analyses porteraient sur les

paramétres suivants : matiéres séches, matiéres organiques, cendres,
azote, cadmium, zinc, cobalt, nickel. S'il intervenait un changement
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brutal dans la qualité des eaux épurées, la fréquence de ces analyses
serait augmentée. Les échantillons de boues analysés seront constitués
sur la base d'échantillons moyens & partir de prélévements effectués

a des périodes différentes.

Il est a noter que ce type d'information ne devra pas étre dissocié
des conseils d'utilisation; Ll'analyse chimique sans interprétation

n'est pas suffisante.

D'autre part, les sols destinés a recevoir les boues devront au préala-
ble faire L'objet des mémes analyses. En effet, les teneurs en azote,
en phosphore et surtout en cadmium, zinc, cobalt, nickel varient
énormément selon le type de sols, les types de cultures et surtout les
types et quantités d'engrais chimiques ou d'effluents d'élevage utili-
sés. Il est donc essentiel de connaitre "['antécédent" d'un sol, avant
de pouvoir déterminer la quantité de boues applicables et donc les

quantités d'éléments-trace tolérables qu'elles apportent.

On veillera également a ce que le pH de ces sols soit au moins su-
périeur a 6 - 6,5 , étant donné que les éléments-trace sont moins

disponibles & pH élevé qu'en conditions acides.

La directive devra également comprendre certaines contraintes
d'épandage. On n'épandra pas sur les sols fortement drainés afin de
ne pas polluer les eaux de surface et les eaux souterraines; on ne
contaminera pas directement les cultures afin d'éviter L'ingestion

par les animaux d'élevage et les étres humains. C'est pourquoi un
délai d'au moins 3 semaines devra étre respecté entre L'épandage des
boues et la mise en cultures ou en patures. Ce délai sera méme d'un

an lorsque ce sont des fruits et des légumes consommés crus qui seront

cultiveés.

Telles sont les grandes lignes et orientations qui guideront Lla
Commission dans son travail. Certes, cette proposition ne prétend

pas couvrir tous les problémes que comporte L'utilisation agricole

des boues d'épuration. Elle vise simplement a établir, a travers un
certain nombre de régles, un équilibre entre L'intérét des producteurs
de boues qui cherchent a les éliminer et des utilisateurs qui trou-

veraient La un engrais a faible co(Gt.
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Un Comité d'adaptation au Progrés technique devra étre prévu dans le

cadre de la directive pour permettre de tenir compte d'une maniére

simple et efficace de L'évolution des progrés scientifiques et des

expériences qui découleront de l'application de la directive.

BOUES D'EPURATION : PRODUCTION ET UTILISATION AU NIVEAU DE LA C.E.E. ANNEXE
PAYS Production Projection Utilisation Incinéra- Décharge| Rejet
totale (4) future en agricul- tion contrdé- | en mer
ture Lée
IRELAND 18.000 T/a 40.000 1/a 4 X - 39 % 47 %
1977) 1977
GERMANY 2.014.324 T/a 4.000.000 1/a 34 % 8% 51,6 % ?
L (1974) (1985/1990)
FRANCE 1,6 8 2 x 106 augmentation de 27 % 20 % 53 % -
T/a 5 4 8 X/an
BELGIQUE 76.000 T1/a augmentation de 10 % 10 % 80 % -
(1978) 28.000 T/a
u.K. 1.250.000 T1/4 faible 44 X 3% 33 % 23 %
1975) augmentation
DENMARK 130.000 T/a 320.000 T1/a 45 % 9,5 % 55 X% interdit
(1972) (1982)
ITALY
NEDERLAND 202.500 1/a 400.000 T/a 31 % 2,6 % 4,9 %
(1974) (1985)
LUXEMBOURG 11.000 T/a 6.500 T/a
977 (1982)
(i) : Production totale brute (non stabilisée) exprimée en matiére séche par an

(ii) : 33 X épandues sur terres pon agricoles
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SESSION I - SLUDGE PROCESSING

Introductory remarks

I.1 - Sludge production and characterization

Characterization of sewage sludges
Sludge production in the Netherlands
Standardized sludge parameters and methods for their determination

Differential thermal analysis for the characterization of the
stability of sludge

I.2 - Sludge dewatering

Dewatering of municipal sludges
Dewatering of activated sludge

Die Bedeutung von Kennwerten zur Charakterisierung der maschinellen
Fest-Fliissig-Trennung von Kldrschlamm

Influence of precipitation on the behaviour of sludge in the case of
dewatering

An application of natural sludge dewatering at small sewage treatment
plants in Finland

Kl&drschlammbehandlung in Oesterreich

I.3 - Sludge stabilisation

A brief review of methods for stabilising sewage sludges

Behandlung von Kldrschlamm mit Branntkalk - Voraussetzungen und Absatz-
méglichkeiten

Prefabricated systems for low-cost anaerobic digestion

I. 4 - Economic aspects of sludge processing

Etude de comparaison technico-économique des filiéres de traitement
et élimination des boues résiduaires urbaines

Experiences in large scale treatment and utilisation of sewage sludge

Sludge generation, handling and disposal at phosphorus control
facilities in Ontario

Computer control of sludge fermentation: process monitoring and data
treatment
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ACTIVITIES OF WORKING PARTY 1 "SLUDGE PROCESSING"
INTRODUCTORY REMARKS

by
A.M. BRUCE
Water Research Centre, Stevenage Laboratory,
Stevenage,
Coordinator of the Working Party

The interest of this Working Party was rather different to the four other
Working Parties which comprised the COST 68 bis programme and was certain-
ly less controversed.

Thus, Working Party 1 was concerned with the chemical and engineering
problems associated with sewage sludge rather than an evaluation of the
effects of its use. At the first Symposium on the Characteristics, Treat-
ment and Use of Sewage Sludge held at Cadarache in February 1979, the
objectives of Working Party 1 were defined as '"to render sewage sludge
suitable for disposal at minimum cost and with maximum benefit".

- Working Party 1 was formed in July 1978 with U.K. as the pilot country
and Norway and Switzerland as co-pilot countries. More than 80 technical
papers had been produced by the Members.

- The scope of Working Party was particularly wide and covered all aspects
of sewage sludge from primary treatment to the final disposal site.
The key tasks of the Working Party were :

1° Identify/classify national research projects on sewage sludge :
more than 100 projects had been identified to date and it was
interesting to note regional variations in interest. For example,
most of the projects on composting of sewage sludge were carried
out in the Federal Republic of Germany.
Additional projects covering characterization of sewage sludge,
treatment of return liquors, economics and energy considerations
had also been identified.

2° Exchange of information

39 Prepare '"'State of Art" reviews on aspects of treatment of sewage
sludge

40 Identify need for further research.

- The interests of Working Party 1 also extended to the harmonization of
methods for the characterization of sewage sludge and to the evaluation
and recommendations of new methods.

- Seventeen papers will be presented at the Symposium on this session
and for convenience they have been grouped into the following four
subject areas :

1) Sewage sludge characterization

2) Sewage sludge dewatering

3) Sewage sludge stabilization

4) Economics of sewage sludge processing.
-12-



CHARACTERIZATION OF SEWAGE SLUDGES

B.E. HAUGAN and G. MININNI

Norwegian Institute for Water Research,
Oslo, Norway and
Istituto di Ricerca sulle Aque,

Bari, Italy

Summary

Sludge characterization involves description of sludge behaviour in
treatment processes and disposal. Appropiate characterization methods
facilitate understanding and prediction of sludge properties. The charac-
terization parameters belong to one of three cathegories: Indication of
quantity, treatability or quality. Discussion of quantity and treatability
reveals a large number of proposed parameters. Unfortunately there is a
lack of universally accepted parameters to describe centrifugation. In
stabilization one has no common method suitable for sludges from anaerobic,
aerobic and chemical stabilization. This makes the degree of offensiveness
hard to compare between sludges of different origin.

Sludge behaviour in thickening and most dewatering processes can be
evaluated by several accepted methods. Characterization of physical pro-
perties is still in its infancy, but methods have recently been proposed.

Common sludge characteristics are reflections of fundamental proper-
ties that can often be identified even if their influence is hard to quan-
tify. The diversity and complexity of the sludge microcosmos make generally
valid relationships very hard to find.
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INTRODUCTION
The object of sludge characterization must be to get quantitative mea-

sures for sludge behaviour in treatment processes and when disposed of.
Thus the incentive for characterization could be one of the following:

1. Because sludges exist in large quantities we want to know the amounts

and the expences involved in their treatment and disposal.

2. Because sludges are environmental nuicances/hazards, energy sources,

fertilizers or even food sources; we want to know their potential.

3. Because the processes change the sludge properties, we want to know
their "treatability".
4, Because sludges have a history, we want to know how the generation

process affects the quantities and the properties of raw sludge.

Parallel to the characterization of the sludges runs characterization
of the sludge treatment-—processes and the environment in which we dispose

of the sludge.

In the following discussion we will group parameters related to sludges

into three cathegories:

1. Sludge Quantity. Both total and per capita sludge production data

from all common sewage and sludge treatment methods are of ‘interest.

2. Treatability parameters. These are characteristics of how a sludge

behaves in a specific process. Typically; dewaterability and digesta-
bility.

3. Sludge quality parameters. These are indicators of how the sludge

could influence the environment when disposed of. Sludge quality
changes through most sludge treatment processes (stabilization,ther-—

mal etc.) and include concentrations of chemical compounds, pathogenes

etc.

Sludge quality in relation to final disposal is the object of Working
Parties 2-5 in this COST-action. The sludge parameters defining chemical
and biological composition, toxicity, fertilizer value etc. will therefore

not be further discussed below.

1. SLUDGE PRODUCTION

Sludge production can be given in mass or volume, in total or in per

capita values. The production will depend heavily on the given sewage
~14 -



treatment process and on the subsequent sludge treatment. The human body
excretes approx. 110 g of organic matter pr. day. This includes some 14 g
of N and 2 g of P. In sewage, other sources of pollutants are: "Grey" waters
from households, industrial effluents and urban storm drainage. Within a
particular sewage works the sludge production will be related to the total
volume of influent and to its quality. The amount of water and pollutants
reaching the works will most certainly differ from that generated in the

district served. This is due to infiltration and exfiltration in the servers.

Table I (1) gives sludge production per capita pr. day in a number of
treatment processes. The figures are approximate. In chemical treatment the
precipitating chemical is dosed proportional to the volume of influent.
The amount of chemical precipitates will increase with amount of coagulant
added, and therefore with volume of influent. To achieve per capita figures
one must assume a figure for the per capita water consumption, a very un-—
certain venture indeed. The sludge production in biological processes will
depend on the organic load on the plant, and could be very much influenced
by industries with high organic effluents. The volume of sludge from the

first separation process is reduced through thickening and dewatering.

Table I Sludge mass and volume prior to thickening
‘Mechanical Biological Chemical Total
g/DS/p-d 1/p+d 8/DS/p-d 1/p+d g/DS/p-d 1/p-d 8/DS/p-d 1/p-d
Mechanical 60 1.2-3.0 - - - - 60 1.2-3.0
Activated - - 80 4.0-8.0 - - 80 4.0-8.0
Mech. +Activ. 60 1.2-3.0 35 1.8-3.5 - - 95 3.0-6.5

Primary and secondary

w/aluminium 60 1.2-3.0 - - 70 3.5-7.0 130 4.7-10.0
w/ferric 60 1.2-3.0 - - 75 3.5-7.0 135 4.7-10.0
w/lime 60 1.2-3.0 - - 200 5.0-10.0 260 6.2-13.0
Simultancous Precipitation

w/aluminium 80 - 20 - 100 4.0-10.0
w/ferric 80 - 25 - 105 4.0-10.0
Post precipitation

w/aluminium 60 1.2-3.0 35 1.8-3.5 30 1.5-3.0 125 4.5-9.5
w/ferric 60 1.2-3.0 35 1.8-3.5 35 1.5-3.0 130 4.5-9.5
w/lime 60 1.2-3.0 35 1.8-3.5 160 4.0-8.0 155 7.0-14.5

2. SLUDGE TREATMENT

Fig. 1 (2) shows processes and pathways available to alter properties
and volumes of the untreated sludge. The treatment processes can be grouped

according to their objective:
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Fig. 1 Sludge treatment processes and pathways.
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2.1 Thickening
2.2 Dewatering
2

.3 Stabilization

Final treatment and disposal

Parameters relevant to these groups of processes will be discussed below.

2.1 Thickening

Through thickening of the sludge one can achieve a 1 to 4 times reduc-—

tion in volum. How well the sludge thickens can be estimated through a

number of tests:

Table IT Thickening test.

Parameter

Measurement

Sludge voluﬁe

Sludge Volume Index (SVI)
Stirred SVI (SSVI)

Low speed centrifugation
Ultimate Solids

Flotation tests

Volume of settled sludge after 30 min. in
graduated sylinder. (ml sludge/1 sample)

Sludge Volume/Suspended Solids concen-—
tration (ml/g)

SVI in a slowly stirred graduated sylin-
der (ml/g)

Sludge blanket settling velocity in a
field of 10-100 G

Dry Solids concentration after settling
or centrifugation

Specific air requirement in lab thickener
Dry solids achieved
Flux of thickener

Of these the SVI (and lately in Britain the SSVI) have found widspread

use. In activated sludge, an SVI of less than 100 ml/g is considered

"well

settling" while sludges with greater values are often troublesome (3). The

SVI can however be misleading if the SS value is high, as one can get a low

SVI even with poor or no settling.

Careful use of a low speed centrifuge (5) candirectly model sludge

performance in thickeners. A new device called "WRCfrozen image centrifuge"

(5) is a promising tool for predicting thickener; - performance - flux and

ultimate solids for a specific sludge. The method can also be employed to

evaluate particle mobility and sludge compressibility.
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The thickening tests can be used to design and determine operational
parameters of thickeners. The tests all reflect more fundamental properties
of the liquid and the solid matter in the sludge. Among these properties

are:
- The suspended solids concentration (SS)
- The specific gravity of the solids

- Chemical and electrical interaction between individual sludge partic-

les (surface charge)
- Particle area
- Particle size distribution
- Compressibility of individual particles
- Presence of filamentous organisms
- Viscosity of sludge and sludge liquour

- Ionic strength

- Distribution of water around and in the flocs

- Shear strength of sludge flocs
- Aggregate volume index () = water volume
sludge solids volume

- Nature and amount of exocellular polymers

- Etc.

The fundamental properties that affect thickening are also important
in dewatering. The parameters measured to evaluate dewatering are different
however. The listed fundamental properties are of great research interest
even if microlevel interactions in sludges to day are hard to quantify and

relate to both process performance and sludge behaviour.

2.2 Dewatering

Prior to dewatering sewage sludges are nearly always conditioned. This
operation can only be appreciated in the way it succeeds to improve the de-
watering properties of the sludge. The parameters related to conditioning
are thus measurements of the dewatering properties and the amount of che-

micals and energy required.
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The parameters of dewatering model forces acting in full scale de-
watering processes. They are often liable to scale effects and will
sometimes better predict relative changes in dewaterability with condi-
tioning than give exact figures for fullscale process performance. The
parameters are often as much functions of test variables as of sludge
properties. The data are nevertheless useful when obtained under standar—
dized conditions. The parameters listed in table III are direct!y related to
specific dewatering methods. Parameters related to dewatering by filtra-
tion (vacuumfilter, filterpresses and belt filters) are commonly used to
caracterize sludges. Surprisingly there is a lack of universally accepted
methods to predict sludge behaviour in centrifuges. This is all the more

unfortunate as centrifuges are common in many countries.

The dewatering parameters CST (10) and specific resistance to filtra-
tion have found widspread use and acceptance, and are by far the most com-
monly quoted indicators of dewaterability. Both are measured under standar-
dized conditions. With the CST a standardized test procedure is available
indicating sludge shearstrength and conditioning dose demand. CST and
specific resistance data are available from reported research works over
a number of years. The CST method has been further developed (13) and the
"multi radii CST" may facilitate very rapid determination of important de-

watering characteristics.

Filter Leaf Testing relate directly to vacuumfilters, quite uncommon

in Europe apart from France.

Filter belt presses enjoy increasing popularity and recently a two
stage test procedure was proposed (9) to investigate conditioning and
dewatering with these machines. Experience with the method is still scarce,
but it may help to achieve a more rational approach to polyelectrolytic

conditioning.

Filtration processes inevitable cause a resistance buildup in the
filter cloth due to increasing sludge solids deposited in the pores. The
degree and rate of resistance increase in the medium (referred to as blind-
ing) is dependent upon sludge quality after conditioning. Measurement of
specific resistance in successive filtration cycles will give an indica-

tion of the degree of blinding. Little experience is available with this

as a test method.
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Table III. Dewatering tests.

Parameter/related process Measurement

Specific resistance to Rate of sclids buildup in a filtercake
filtration (r)

Capillary suction Time Rate of liquid with rawal from a sludge by
capillary suction (seconds)

Multi Radii CST Modified CST-method.
(filtration)

Compressibility Rate of increase in "r'"' with increasing
(filter presses) pressure in filtration.

Shearstrength Rate of change in CST or "r'" with turbulent

stress on sludge particles.

Filter leaf yield Sludge solids captured pr. unit area in a
(vacuum filters) vacuum filter. Cake solids concentration
achieved.
Filter belt press yield 1. Rate of gravity water drainage from slu-
(filter belt presses) dge on filter belt

2. Rate and extent of water removal from
sludge subjected to compression subse-
quent to drainage

Blinding index. Degree of in resistance buildup in filter
(filtration) cloths though a sequence of filtration
cycles.
Extent of dewatering Dry Solis measurement of sludge cake.

2.3 Stabilization

The object of all stabilization processes are genereally to make the

"offensiveness" exhibited by the

sludge "less offensive'". The degree of
the sludge is primarily linked to the character and the intensity of its
odour. The first COST-68 action proposed the following definition of an
aerobically stabilized sludge: "A sludge where the odour intensity Index
(0II) does not exceed 11 at any time prior to 14 days of storage at 20 °C
unless the odour can be classified as a typical "soil" odour." (8). Odour
is a highly individual perception and its measurement requires a panel

of test persons and a rather laborious test procedure. Odour measurements

have therefore found little practical application in sludge treatment.
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Rather, several researches have tries to link "stability" to other more

convenient characteristics of the sludges. The parameters measured to

determine stability vary among the different stabilization processes.

Table IV  Stability Tests.
T n

Stabilization a Property Test

method

All Odour Odour: - intensity

(Biological and - number

chemical) Number of liquid or gas dilu-
tions necessary to make odour
indetectable.

Odour identification: Gas chromato-
graphy followed by simulta-
neous concentration record-
ing and human detection.

HZS emission Time to colour lead acetate paper

(Riffer-test)

Biological Volatile solids Reduction of organic material
through process
Potential Total organic carbon content
degradability
Nutrients in Sludge liquour COD and BOD varia-
sludge liquour tion through reactor
Viability gTP concenﬁration
nzyme
" Anaerobic Gas Production Carbondioxide and Methane produc-

Gas composition
Volatile fatty
acids

tion rate
COZ/CH4 ratio

Bicarbonate
alkalinity

" Anaerobic Activity Oxygen uptake rate
Nitrification Nitrate concentration
pH Change of pH during process
Denitrification Flotation detection

during storage
Chemical (lime) pH Stability of high pH during storage
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In an-aerobic and aerobic stabilization, the biodegradable fraction
of the volatile solids may vary with time, and from one sludge to another.
Stability measurements based on volatile solids reduction, must therefore

be made on the assumption that a specified fraction is biodegradable.

This limits the accuracy and comparability of volatile solids mea-
surements as a stability indicator. Apart from pH and oxygen uptake rate,
other parameters of stability are limited by either requirement of labo-
rious test procedures, limited reproducability or weak correlation with
the odour emission. Oxygen uptake rate has been proposed as an indicator
of sludge stability obtained in aerobic processes (7), while an elevated
pH (>11) during storage indicates low biological activity after lime

stabilization (7).

Anaercbically stabilized sludge is characterized by process related
parameters like gas-production, composition, fatty acid content and alka-
linity. These give useful informasion of digester performance, but less

precisely indicate the appearance of the sludge.

Recently a "biological evolution index" was suggested (14) as
a general indicator of sludge stability. The index is defined:

VS 2
I = [}TP coné] [}og interstitial BOD + (ﬁ§) - (Enzymatic activity 1eveli]

The index however, requires complex analytical procedures and equip-

ment. It's application will therefore be restricted to research purposes.

2.4 Final treatment and disposal

Relating to the final sludge disposal a large number of parameters are
of interest. In particulatr contents of pathogenes, heavy metals and nutrients;
the potential hazards and benefits will be the topic of numerous papers at

this Vienna conference.

From the point of view of sludge treatment, sludge behaviour in drying,
incineration, composting, transportation and disposal (spreading etc.) is
of interest. Heat drying of sludges take place to convert wet sludge into
a possible fertilizer, soil conditioner, or as a pretreatment ment to com-—
bustion. Of interest is the energy required to evaporate the desired amount

of water frem the sludge.
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Table V a. Characterization of physical properties. Identification of
physical state.

State Definition or test requirements

Liquid Sludge will drain from a specified vessel through a
calibrated orifice in a specified time.

Plastic 1. Not liquid
2 Sludge can be extruded in a continuous sylinder

from a specified pressure cell.
Solid "with" 1. DNot plastic or liquid
shrinking 2. Experiences reduction in volume upon drying

Solid "without"

No reduction in volume upon drying

shrinking

Table V b. Testscharacterizing sludges within each physical state.

State Property Test

Liquid Viscosity Flow rate through a specified tube
viscosimeter

Plastic Degree of plasticity Pressure needed to extrude sludge

Mechanical stability

through a specified orifice.

Casagrandes shock apparatus
(Adapted from geotechnical ana
lysis)

Shearstrength Penetrometry test
Adhesion Force needed to ectract specified
cones from adhesion to plastic
sludge
Solid state Shearstrength As above

Degree of shrinking

Volume reduction upon drying
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Combustion of dry sludge solids will liberate energy. Any sludge will
therefore have a specific heat value, typically from 8.000-20.000 Btu/kg
dry solids.

Economics of incineration are dependent of the specific heat value,

the water content and ash content of the sludge.

Sludge handling after final treatment depend on the sludges physical

state and rheological properties.

The physical state of sludges is determined by the nature and amount
of solids present. Methods developed in soil science and rheology can be
adapted to fill the need for a system to characterize the physical state
of éludges. In this COST-action has been suggested (11), table V a and b,
that the physical state of a sludge can be classified in one of four groups:
Liquid, plastic, solid "with" and "without" shrinking. A number of test have
been defined to identify to what group a given sludge belongs. Within each

group tests have been defined to measure important properties.

Other useful information of the physical properties of sludges include:
Specific weight, bulk weight, dry solids concentration and water retaining

properties.

Testing physical properties of sludges is almost a virgin area of re-
search. One has yet to see to what extent one in sludge treatment and dis-
posal can apply results obtained through research on physical characteriza-
tion.

Characterization is an area of research where more fundamental know-

iedge is desired, but made hard to aquire by the extreme complexity and

diversity of sewage sludges.
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SLUDGE PRODUCTION IN THE NETHERLANDS

by

L.E. DUVOORT- VAN ENGERS
Institute for Waste Disposal
Amersfoort, The Netherlands

Summary

Any solution of the problem of sludge disposal starts with the collection
of reliable data on quantities and qualities of the produced sludges.
Since 1959 the Standing Committee on Sludge Disposal of the Netherlands
Association of Wastewater Treatment and Water Quality Management (NVA)
undertakes inquiries of purification methods, methods of sludge stabili-
sation, sludge production, ways of sludge disposal, disposal costs and
composition of the sludge.

The paper describes the way in which the questions are asked in the
inquiry among the circa 30 Water Authorities and industries with private
purification plants and the presentation of the results. Some results

of the 1978 inquiry are given.
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A sewage treatment plant delivers in principle two products,
namely the effluent and the sewage sludge.

Nowadays it is not really a probldem to produce a good quality
of effluent;

However from the beginning of the practice of sewage treat-
ment the treatment and disposal of sewage sludge is the pro-
blem child of those who are concerned with sewage treatment.
Quantities and qualities of the sludge are dependent on the
composition of the sewage and the process of sewage treat-
ment.

The number of sewage treatment plants in the Netherlands in-
creased from 200, with a capacity of 2.250.000 i.e. in 1959,
to 568 with a capacity fo 18.000.000 i.e. at this moment.
This increase is attended with an increase in sludge produc-
tion and a more than proportional increase of the problems of
the treatment and disposal of the sludge.

However one will think about it, the sludge should be dis-
posed off in the environment in one way or the other.

The actual method depends on factors like, among others,

quality, quantity, local circumstances, and seasons.

A right approach to the problem of treatment and disposal

of sludge starts with the collection of reliable data on
quantities and qualities of the produced sludges.

With this in view the Standing Committee on Sludge Disposal
of the Netherlands Association of Waste Water Treatment and
Water Management (N.V.A.) undertakes inquiries among the
circa 30 Water Authorities and industries with private sewage
plants since 1959.

In the beginning these inquiries were undertaken at intervals
of some years, at present it is use to have an inquiry each

year.

As a matter of course every year the way in wich the ques-
tions are asked has impoved as well as the processing of the
data.

In the following the inquiry of 1978 is described.
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In the spring of 1979 we did sent two forms, A and B, to

each Water Authority and industry with private sewage plant
to be filled up before the 1th of September.

Before half September we got back + 80% of the forms.

We called upon those who did not reply and at the end of
October the total response was 94%.

The remaining 6 percent that did not send back their forms
were small industries.

Only data of the sewage plants with over 1000 i.e. are pro-
cessed.

In form A details of the plants are asked, as location, capa-
city (both design and actual capacity), purification method,
method of sludge stabilisation, sludge conditioning and de-
watering, the transporter of the sludge and the destination.
With the exception of the capacity all these data are filled
up in code according to a code list enclosed with the forms.
Moreover figures are asked about sludge quantities before and
after dewatering, the dry matter and ash content, costs of

sludge transportation and disposalcosts of proceeds.

Form B contains questions about the quality of the sludge,
such as: organic matter, pH, nitrogen, phosphate, calcium,
potassium, chloride, zinc, lead, copper, manganese, chromium,
cadmium, nickel, mercury, cobalt, molybdenum and iron con-
tent. The methods of destruction and analysis of the samp-

les are also asked.

The data are processed by a computer; therefore it is possi-
ble to combine the results in every possible way. Only the
useful combinations are worked out because it has no sense to

get more theoretical interrelationships.

In 1978 we got the information of 479 sewage plants. (At that
moment there were in the Netherlands 568 plants with more
than 1.000 i.e.).

Some of these plants have more than one stream of sludge,

often different in the dry matter content, sometimes diffe-
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rent by the purification method and so they can have two or
more destinations of the sludge.
With the 479 sewage plants went 537 streams of sludges.

With all these detailed data coming from so many sewage
plants we are pretty sure of the reliability of the results.
So we have for instance no doubts about the quantity of
sludge produced per inhabitant equivalent (4 54 g BODZg).

In 1976 these production was 13.9, in 1977 13.5 and in 1978
12.6 kg dm/i.e.

In literature (Imhoff, Taschenbuch der Stadtentwdsserung
1969) a quantity of 25 - 28 kg dm/i.e. is admitted; in the

Netherlands the situation clearly is different.

The results of the inquiry are published in the Journal HZO'
(H,0 (13) 1980, nr. 13). All the figures are summed up in
eight tables. (See Appendix).

An other interesting matter we were able to work out, is the
so called base-concentration of heavy metals in sludge: the
heavy metals content that satisfy 10% of the sludges.

The underlying thought was that this figure would be about
the concentration of the metals if all the industrial dis-
charge of these elements were eliminated.

We found that 10 percent of the sludges can satisfy the fol-

lowing concentrations:

Zn 820  ppm
Cu 222 ppm
Pb 156  ppm

Ni 17 ppm
Cr 25  ppm
Cd 3 ppm
Hg 0 ppm

It is worth to strive after a good qualtity of sludge without
affecting the qualtity of the effluent, which has proven to

be possible!

This way of processing enables us to follow trends in sludge

production, destination and composition over the years.
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Tabel 1

ie ie ';g/,‘]?:ar
1. mech;r.n-';;he zuivering 66 2.212.700 3.040.460 13,1
(idem zonder Den Haag) 65 812.700 880.460
2. aktief slib 88 7.462.300 5.492.060 13,6
3. oxidatiesloot 216 4.887.110 2.954.420 14,1
4. oxidatiebed 89 2.927.500 2.661.030 9,1
5. compactinstallatie 7 16.120 9.535 11,3
6. combinatie aktief slib 0 0 0 0,0
en oxidatiebed
7. combinatie oxidatiebed 11 1.683.500 1.210.290 11,0
en derde trap zuivering
Totaal 479 19.195.700 15.367.800 12,6
Totaal zonder Den Haag 478 17.795.700 13.207.800
Pur;fication method number design actual d.m.prod.in

capacity kg/inh.e.q./
(inh.e.q.) year

The purification plants surveyed

Tabel 2
Type inrichtingen in percenten
type zuivering 1976 1977 1978
1. mechanische zuivering 15 14 14
2. aktief slibinstallatie 16 17 18
(incl. ox.tank)
3. oxidatiesloot 45 44 45
(incl. carroussel)
4. oxidatiebed 22 22 19
5. compactinstallatie 1 1 1
6. combinatie aktief slib 1 2 0

en oxidatiebed

7. combinatie oxidatiebed 0,2 0,2 2,3
en derde trap
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Tabel 3

Overzicht methoden slibstabilisatie

(getallen tussen haakjes geven de waarden voor 1977 aan)
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STANDARDIZED SLUDGE PARAMETERS AND METHODS
FOR THEIR DETERMINATION

R. LESCHBER

Institute for Water, Soil, and Air Hygiene,
Federal Health Office

Summary

A short description of the development of standardization is
given with regard to impulses which had come from the research
group "Standardization" in ECE's first concerted action COST68
which ended 1975.

At present, the German Institute for Standardization (DIN =
Deutsches Institut fiir Normung) coordinates and leads all
standardization activities in the Federal Republic in the
field of water, sewage, and sludge through its committee
called "NormenausschuB Wasserwesen (NAW)" which coordinates
the activities of seven special committees and a great number
of subcommittees. The author is chairman of the committee
"Sludge and Sediments" which was set up in 1969 as a working
group of the German Chemical Society. In a first phase, this
group has worked out a number of German Standard Methods which
were published in "Deutsche Einheitsverfahren zur Wasser-—,
Abwasser- und Schlammuntersuchung”.

The second phase comprises work on the revision of these
methods, transformation into German Standards of DIN (DIN-
Normen) and preparation of other methods not yet standardized.
With a view to harmonizing all these methods and new ones
required for sludge treatment and disposal, the above named
committee has set up a table listing the necessary and de-
sired sludge characterization and investigation methods. It
is hopa that the discussions and work within COST 68bis will
influence progress in this field to give aid to scientists
and technicians working in sludge treatment and disposal to
improve processes and to come to solutions acceptable both
from the economical and environmental points of view.
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As a consequence of increased efforts in the field of water
pollution control, the treatment, utilization, and disposal
of sewage sludges have gained in economic and technical im-
portance in recent years. During the coming years, continua-
tion of this development is expected to meet with a lot of
success but also to raise numerous problems. There will be
solutions for these problems if onward development of methods
is accompanied by the development and improvement of proper

conditions for sludge treatment and disposal.

In this context, sludge examination and analysis are playing
important roles. The significance of this field is examplified
by the agricultural utilization of sludges where the analysis
of heavy metals in sludges, soils, and plants is of prime im-
portance. There have been numerous comprehensive programmes of
study on the international level, among them Project COST 6§ﬁs
under the auspices of the Commission of the European Communi-

ties (CEC).

Besides heavy metals, there are numerous other factors in-
fluencing the characterization and evaluation of sewage
sludges. Within the first CEC Project COST 68 (1), the study
group "Standardization" established a list of parameters and
methods to be used in sludge characterization that has been
a guideline for onward activities. Unfortunately, these in-
ternational activities of the past met with little response

by circles outside the research programme proper.

Thus, the international standardization work by ISO does not
yet include work on sludge investigation and analysis although
a basis for such activities has been provided by preparatory
work in a number of countries, e.g. in the U.K. and in the

Federal Republic of Germany(2, 3).

The following is to give a brief account of German activities
in this field and to submit proposals to be included in a list

which is thought to serve as a basis for future international

cooperation.
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Intensive work on the German Standard Methods (DEV) (3) include&d
the formation of a specific working party within the Water
Chemistry Division of Gesellschaft Deutscher Chemiker (GDCh)
as early as 1969. This working party has been dealing with
the elaboration of corresponding methods of characterization
under the name of "Methods of examination of sludges and
solid wastes". The author has participated in this work which,
until 1975,has resulted in the following methods: S 1 -
Sampling, S 2 - Water Content and Dry Residue, S 3 - Loss on
Ignition and Residue, S 4 - Leachability (water), S 5 -

pH Value, and S 10 - Sludge Volume (activated sludge).

Later on, there has been close cooperation between the above
mentioned division of GDCh and Deutsches Institut filir Normung
(DIN) with a view to a future revision of DEV methods to form
DIN standards. The working party has been re-named Special
Committee "Sludge and Sediments". Thus, it has become a sub-
committee within the Standards Committee "Water Management"

of DIN. When the long-standing chairman of this working party/
subcommittee, Professor Dr. F. von Ammon, Munich, retired in
1979, the author was asked to become his successor. Work has
since been continued in accordance with the programme which

had been set up under Professor von Ammon's chairmanship.

The transbrmation of the DEV methods into DIN standards

(No. DIN 38 414/part 1 - part 10) is under way. The methods
are revised and completed taking into account experience with
their application after their publication in 1975. The first
to appear in the near future will be DIN 38 414/part 5
"Determination of pH value in sludge and sediments" and DIN
38 414/part 10 "Determination of settled sludge volume and
sludge volume index". A new item that has been included in
the list of methods will be the one on "Determination of the
anaerobic digestion of sludges". Methods for the analysis of

surfactants will also be discussed.
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Despite such progress, the number of standardized methods of
analysis has remained a rather limited one and is not at all
corresponding to the requirements of practice. Although the
manuals, handbooks,and other publications in this field pro-
vide a number of other rules and guidance in matters of sludge
investigation, these are frequently of a quite general nature

and only rarely meet the requirements of binding standards.

Fast progress in this field is a necessity to provide material
that would permit e.g. a comparison of the performance of
sludge treatment installations. Such material should have been
developed on the basis of generally recognized and exactly
described chemical, physical, and technical methods of char-
acterization. For this purpose, cooperation with a committee
of "General Problems of Sludges and Solid Wastes" of Abwasser-
technische Vereinigung (ATV) which is also under the author's

chairmanship has started.

As a first result of such cooperation a table has been pre-
pared listing methods of characterization that have either
been used in the field of sludge investigation or proposed
for such purpose on the basis of scientific studies (4). This
list has been related to an enumeration of the common methods
of sludge treatment and disposal and includes a rating that
provides information on the necessity of the application of
the former. This list does not include the microbiological
methods needed for an evaluation of the agricultural use of
sludges. Standardization of these methods is a task of hygi-
enists. As has been shown by work under the COST 68bis Project
(Working Party 3), this task is still meeting with difficul-

ties and will take a certain time.

The author and his colleagues within the working parties
would welcome proposals by the experts of other countries that
could help to improve and complete the list provided.
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Method of sludge
treatment and disposal

Transportation

Sedimentation

anaerobic (digestion)

Activat.sludge process
aerobic
chemical
thermal

Stabilization

Thickening by

methods)

artificial (mechanicall

mechanical methods
natural (drying beds)

gravity
flotation
Tipping, barging

Dewatering

Composting

Incineration

Agricultural use

Method of characterization

Temperature
Density

Dynamic viscosity
Rheolog.properties

Settling behaviour (+)

Sludge volume/
sludge index
Moisture content/to-
tal solids residue
Volatile substance/
fixed residue
Organic carbon
COD of liquid phase
Digestibility
Digestion behaviour
Digester gas composit

pH value +

Acid consumption
Volatile acids

Fats and oils
Surfactants
Heavy metals
Other pollutants
(cyanides,halogenateé
hydrocarbons etc.)

Nutrients (N,P)
Enzymatic activity
Conditionability
Particle size distrib
Dewaterability
Capill.suct.time (CST)
Spec.resist.to filtraff.
Compressibility
Centrifugability
Calorific value
Heat.by autoxidat.etc
Leachability by water

+ o+ o+

+
+

+
+
+

(+) +
(+)

t++ A FEFEFT

+ + +

+ +
(+)  (#)

+

+ +

+ o+

+

+ +

x
+

(+)

(+) +

+
+
+
+ o+ o+ o+ o+ o+

(+)

(+)

(+)
(+)

Table 1: Characterization of sewage sludges for
evaluation of methods of treatment and
disposal

necessary

+

(+)

: desirable
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DIFFERENTIAL THERMAL ANALYSIS FOR THE
CHARACTERIZATION OF THE STABILITY OF SLUDGE

P. BALMER and B. KAFFEHR

Chalmers University of Technology, Department

of Sanitary Engineering, Gothenburg, Sweden

Abstract

In stabilization processes such as aerobic stabilization, composting
and digestion, the organic matter in the sludge is transformed to products
with a lower total free energy content. Differential thermal analysis (DTA),
is a method in which the weight and enthalpy changes in a sample are con-
tinuously registered during the heating of the sample. DTA should thus be
of potential interest for the characterization of the stability of sludges.

In this study DTA has been used to characterize the stability of
sludges from

- a pilot scale experiment with the composting of mixed biological-
chemical sludges.

- a full scale composting unit for the composting of a bark -
biological mixture.

- a laboratory scale aerobic stabilization unit and some samples
from full scale aerobic stabilization units.

The DTA-analysis of compost samples made it possible to study the
transformation of the organic matter in the sludge. The transformation
could be characterized as a shift of the combustion energy release to higher
temperatures.

The origin of the sludges seems to influence the shape of the thermo-
grammes, but some of the characteristics of the compost sample thermo-
grammes could also be found in the thermogrammes of the aerobic stabilized
sludge samples.

44 -



Introduction

Parameters for the characterization of stability

Sludge stabilization processes have been in use for many decades, but
there are still not any generally accepted methods for the characteriza-
t” .1 of sludge stability. The implication of this situation is that the
design and operation of the sludge stabilization processes lack elementary
fundamentals. A large number of sludge stability parameters has been de-

veloped. These parameters can be classified into three categories;

- parameters related to the objective of the stabilization process

e.g. odour and hydrogen-sulphide production

- parameters related to the properties of the sludge e.g. loss on

ignition and liquid content

- parameters related to the biological activity of the sludge e.g.

respiratory activity and the TTC-test.

From the fundamental point of view a parameter for the characteriza-
tion of stability should be related to the principal process and that is
the mineralization of the biodegradable organics of the sludge. From this
point of view the widely used loss on the ignition= mineralization index can
be justified. Experience has ruled out the mineralization index as a para-

meter for sludge stability.

Differential Thermal Analysis (DTA) is a method that is largely un-
tried in sludge characterization. DTA is of interest as it is related to
the fundamental process in the sludge stabilization and it could be re-

garded as a sophisticated loss on ignition method.

The objective of this study was to make a preliminary appraisal of

the usefulness of DTA for the characterization of the stability of sludges.

The DTA method

When DTA is applied, a small sample (about 20 mg) is heated in a
furnace. Simultaneously an inert reference sample e.g. A1203 is heated. The
sample crucible is coupled to a sensitive balance and the weight loss of

the sample is monitored continuously. Any endo- or exothermic reaction in
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the sample during the heating will give rise to a temperature difference
between the sample 'and the reference. The temperature difference, AT, is
recorded continuously. Integration of the AT-curve over a temperature in-

terval gives a relative measure of the enthalpy changes.

Material and methods

DTA-analysis

A Mettler TA-HE-20 instrument was used. The sample consisted of 10-
25 mg dry matter. An inert reference sample of A1203 ignited to 900°C was
used. The furnace was continuously supplied with air at a rate of 5 1/h.
The AT curves were normalized to a linear temperature increase and to a
100 mg sample size. The base line was established at 100°C. The AH-values
in arbitrary units have been calculated in the whole of the 100-850°¢C

range and at graduations of 50°c.

Dehydrogenase activity was determined according to German Standards

in the ''"Deutsche Einheitsverfahren''.

The composted sludge was produced from primary-chemical (Al) sludge
composted in a batch reactor with forced aeration at the Norwegian College

of Agriculture, Dep. of Microbiology.

Composted sludge-bark mixture was obtained from a full-scale com-
posting plant in Gothenburg. The sludge originated from a high-rate acti-
vated sludge plant without presettling. The composting plant was run

according to the Windrow principle.

Activated sludge was obtained from six continuously operating labo-
ratory units. The activated sludge units were fed with unsettled and

settled domestic waste-water.
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Aerobic stabilized sludge was produced in a Sapromat-B (Voith) unit
operating at ZSOC. Surplus activated sludge from a high-rate activated
sludge plant without presettling (sludge age 1 day) was added to the six
vessels of the Sapromat unit. Respiration was monitored continuously. Due
to the limited oxygen transfer capacibility of the Sapromat unit, initial

sludge concentration in the vessels was limited to 2,0 g/1.

Results

Samples have been analyzed after 0, 4, 11, 30 and 40 days of com-

posting. The results are shown in figure 1.

The heat of combustion of the sludge was reduced by about 30% during

40 days of composting.

The enthaply changes are subdivided in temperature intervals (figure
2 raw sludge, figure 3 composted sludge) and it is obvious that there is a
shift in the "AH-distribution' towards higher temperatures. Table | gives

additional data.

Table 1. Percentage distribution of the heat of combustion versus tempera-

ture for a raw and a composted sludge.

Days of Percentage distribution of the heat of combustion
composting 350-400°¢C 500-550°¢C 600-650°C
0 18,9 10,8 1,7
Lo 17,1 9,4 7,9

Sludge-bark mixture was analyzed after 0, 3, 6 and 7 weeks of Windrow

composting. The results are shown in figure 4.

The "AH-distribution' exhibits also here a shift towards higher
temperatures, as can be seen for 0, 3 and 7 weeks of composting in figures

5, 6 and 7 and table 2.
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Table 2. Percentage distribution of the heat of combustion versus tempera-

ture for a raw and a combusted sludge-bark mixture.

Weeks of Percentage distribution of heat of combustion
composting 350-400°¢C 500-550°C 600-650°C
0 14,0 10,7 3,3
15,5 9,8 8,9
12,5 9,5 7,5

In the 700-800°C temperature range the fraction increases from 1,9%
9

in the 3 week sample to 13,0% in the 7 week sample.

Activated sludge developed on unsettled domestic waste-water with a
sludge age of 2, 5 and 13 days was analyzed (figure 8), as well as acti-
vated sludge developed on settled domestic waste-water with a sludge age

of 5, 13 and 30 days (figure 9).

There is a shift in the "AH-distribution' towards higher temperatures
as in the compost samples. It should also be observed that the general
appearance of the thermogrammes of the two sludge types (figures 8 and 9)

are quite different.

Samples were withdrawn for analysis after 1, 4, 7, 14, 18 and 21 days.
The thermogrammes will be found in figure 10. Respiration activities and re-
sults of the TTC-test will be found in figure 11. The heat of combustion

was reduced by almost 40% during 21 days of stabilization.

The ''AH-distribution'' for 0 and 21 days can be seen in figures 12 and

13 and in table 3. The shift previously noted can again be observed.
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Table 3. Percentage distribution of the heat of combustion versus tempera-

ture for raw and aerobic stabilized sludges.

Stabilization time Percentage distribution of the heat of combustion

Days 350-400°C 500-550°C 600-650°C
0 13,9 9,5 4,6
N 12,3 10,4 7,0
14 11,4 10,9 7,4
21 9,6 11,2 9,7

Discussion

In this study activated sludge samples with sludge ages of 2-30 days,
sludge stabilized aerobically for 1-21 days and sludge composted for 0-7
weeks have been analyzed. There are no fundamental differences between
activated sludge treatment and aerobic stabilization. Composting may also
be regarded as an aerobic stabilization process. Thus it could be expected
that thermogrammes of these sludge types should exhibit some general simi-

larities.

With increasing sludge age or stabilization time the heat of com-
bustion has been observed to decrease. A general tendency that a greater
part of the combustion occurs at higher temperatures for more stabilized
sludges has also been observed. With the thermogrammes it seems to be
possible not only to study the degredation of the organics to end products

but also the transformation of the organics.

It is interesting to observe that while parameters as respiration-
and dehydrigenaseactivity change only very little after 7 days of stabili-
zation at 25°C, (figure 11) the thermogrammes indicate that large trans-

formations of the organic material occur after this time.

In the study some deviations from general tendency have been observed.
There are no good explanations but shifts in bacterial populations and in
the type of substrate utilized have been discussed by other investigators
(McKinney (1960), Middlebrooks and Garland (1968), Obayashi and Gaudy
(1973), Yang and Gaudy (1974), Molland (1980) et. al.).
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When the thermogrammes of activated sludge derived from unsettled
and settled waste-water are compared, the differences are obvious. These
differences were not detected in the normal analysis of the sludge. DTA

may thus have some possibilities as a general characterization tool.

It should be stressed that DTA is a research tool. The operation of
the equipment requires skilled personnel and the small sample size requires

very careful homogenization.

It is too early to draw any final conclusions on the usefulness of
DTA in the characterization of sludge stability or as a general sludge charac-

terization parameter, but it seems to have several interesting possibilities.
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Summary

Dewatering processes considerably affect costs of sludge

treatment and disposal.

On the basis of a survey carried out in European Countries,
the status and trends regarding conditioning and dewatering of

municipal sludges are discussed.

Conditioning methods and laboratory tests for determining
optimal conditioner dosages and predicting sludge behaviour in
dewatering are outlined briefly.

The paper also presents a general description of dewater-
ing systems and attention is given to the influence of operat-
ing variables on dewatering performance.

A literature data analysis allows us to outline typical
conditioner demand and performance of each dewatering operation,
as functions of feed sludge type. The discussion is completed
with data on labour and energy requirements.

Furthermore, a few results of experimental activity carri-
ed out within the EEC Concerted Action to study the mechanisms
of conditioning and some dewatering operations are presented.
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1. INTRODUCTION

Sludge treatment and disposal is one of the major problems
at wastewater treatment facilities, from both a technical and

economical point of view.

For sludge processing there are many alternatives. The ul-
timate disposal can, however, be made less costly by reducing
the volume, i.e. the moisture content. Through dewatering, a
volume reduction greater than that achieved by thickening is
obtained and sludges result in a semi-solid material. This op-
eration can be accomplished by drying beds and lagoons or by

different mechanical equipment.

Dewatering usually requires sludge conditioning, in order

to increase the efficiency of the operation.

2. EUROPEAN SURVEY ON SLUDGE DEWATERING PRACTICE

A survey on sludge conditioning and dewatering practice in
Countries participating in EEC Concerted Action was carried out.

The results are summarized in Table I.

Drying beds utilization is very different, since percent-
age values in the whole range from 0 (Norway) to 100 (Ireland)

are present.
Lagooning is limited to the United Kingdom.

As far as mechanical dewatering is concerned, centrifuges
and filter-presses seem to be the most widely used. Where cen-
trifuge percentage exceeds the average (Finland, Norway and
Sweden), the filter-press percentage is below the average. Oth-
er Countries (Belgium and the United Kingdom) show apposite fig-

ures.

Belt-presses find quite uniform use (20%), while no inter-

est is shown in vacuum-filters, except for France.
-56 -



TABLE I-Conditioning and dewatering practice in European Countries

Percentage of sludge dewa- | Percentage of sludge
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vk | 1240 56| 20 25 10 3 35 5 20|20 24 15 1 -- 40
Notes: (**) container (') natural

(°) thermal drying (") rotoplug

(+) incineration and drying (*) none

General trends show an increasing interest towards belt-
presses and filter-presses. The latter are still giving the
driest cake. The percentage of sludge dewatered by centrifuges

can be expected to keep constant.

Regarding conditioning, polyelectrolytes and iron salts,
with or without lime, have found widespread use; but there is

an increasing preference given to polyelectrolytes.
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3. SLUDGE CONDITIONING

Prior to dewatering, sludges must nearly always be condi-
tioned. Conditioning is a physical-chemical process whose pri-
mary purposes are to enhance water removal and improve solid

recovery. In some cases, a more hygienic sludge can be obtained.

There are three basic processes: chemical conditioning,

thermal conditioning and elutriation.

Chemical conditioners alter the surface characteristics
of sludge (destabilization) and provide bridging of particle
into a floc structure (flocculation). They can be inorganic or
organic (polyelectrolytes). The inorganic chemicals normally

used are iron and aluminium salts and lime.

Investigations 1_1_7 on the effectiveness of iron salts
for raw mixed sludge conditioning showed that the best effects

are provided by ferric chloride with lime.

Sludge behaviour in dewatering and the optimal condition-

er dosage can be evaluated by laboratory tests.

For filtration processes, Specific Resistance to Filtrat-
ion and Capillary Suction Time (CST) are the most widely used
and accepted parameters. For vacuum filtration, the filter-leaf
test can be useful, since it allows the simulation of the phases

of the full-scale operation.

A method for predicting the performance of a belt-press
has recently been proposed 1~2_7, while there is a lack of ac-
cepted parameters for centrifugation. Floc strength measure-
ments can be used, however, as an indicator of sludge centrifu-
gability. Two methods have been developed 1_3, 4, 5_7; the one
based on centrifugation by laboratory equipment 1_6_7 has found

limited practical application.

In full-scale operation, sludge often has worse dewatera-

bility characteristics than those determined by laboratory test,
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mainly owing to different methods of conditioner/sludge mixing
and to higher mechanical stresses in full-scale equipment. Ex-
perimental results Lf?, 8_7 confirmed the importance of stir-

ring and mixing conditions.

Thermal conditioning involves heating (180 to 240 °C) un-
der pressure (15 to 30 kg/cmz) for a period of 15 to 40 min-
utes. Flocs are lysed and water contained inside is released.
This process allows us to obtain a sludge with very good dewat-
ering characteristics (cake solids up to 50% are obtainable by
filter-pressing) and, at the same time, to sterilize it. The
disadvantages are high costs, production of an odorous gas and
a concentrated supernatant which must be recycled to the plant.
Thermal conditioning is adopted in France, Germany and Swit-

zerland for large plants.

Eluatriation is the washing of the sludge and generally
follows anaerobic digestion. Washing reduces the alkalinity
and removes the fine solids, thus lowering the chemical de-
mand of sludge. When eluatriate is recycled back to the treat-
ment plant, the fine solids could degrade the effluent. Elua-

triation also tends to remove nitrogen from the sludge.

4. DEWATERING

The purpose of dewatering processes is to reduce sludge
volume, in order tc decrease the costs of the subsequent sludge
processing and/or disposal. To meet this goal, natural (drying
beds and lagoons) or mechanical (filtration, by vacuum-filters,
filter-presses and belt-presses, and centrifugation) processes

can be used.

4.1. Drying beds and lagoons

When land is available, dewatering by nature can be attrac-

tive.
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On the beds, sludge is 15 to 30 cm in depth and the time
required for dewatering to a liftable state ranges from a few
days to several months, depending on sludge type and climatic
conditions. For these reasons, the required minimum area was
found to be between 0.05 and 0.10 m2/person in Italy, 0.10 and
0.21 in France, 0.33 and 0.53 in the United Kingdom, 0.40 and

1.40 in Scandinavian Countries.

Drainage characteristics can be improved by the addition
of chemical conditioners and also by elutriation. In order to
prevent re-wetting of sludge by rain and reduce bed area, dry-
ing beds are sometimes covered. Odour problems and potential

health hazards often require that sludges are digested first.

The use of drying beds is now much less common that it was
some years ago. At some older plants, the beds have been re-
placed by mechanical dewatering equipment and, often, the sludge
from small sewage works is transported to a central works for

mechanical dewatering.

Lagoons are simular to drying beds; however, the sludge is
placed at depths 3 to 4 times greater than it would be in a bed.
English experiences indicate that, in some cases, if the sludge
is allowed to remain undisturbed for some years, vegetation
grows on the surface and even large trees may developed. The
lagoon can then represent a hazard because intruders to the
works may fall through the crust into the wet sludge. For these
various reasons lagoons are only used for long-term storage.

They may be used also for cold digestion.

4.2. Vacuum-filters

From the European survey, it appears that the use of vac-
uum filters is declining. The main disadvantages in vacuum-fil-
tration lie in high power requirements and the presence of very

noisy auxiliary equipment.
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The performance of a vacuum-filter is characterized by the
filter yield, in terms of kg solids/mz-h. The most important
sludge characteristics,which affect filtration performance, are
the Specific Resistance, which must be of the order of 1012
m/kg at 0.5 kg/cmz, and the feed solid concentration, which
must generally be higher than 3%, although, in some cases, good

results have been obtained at a lower concentration. Typical

yields and cake solid concentration are shown in Fig. 1.

Operating variables of the machine are: vacuum, drum sub-
mergence and drum rotational speed. A further important process
variable is the filter media; filter aids can.be necessary to

minimize clogging.

Ferric chloride and lime are widely used for sludge condi-
tioning. However, use of polyelectrolytes has been reported
1 9;7 with cost savings. Typical conditioner dosages are report-

ed in Table IT.

TABLE II-Typical conditioner dosages for vacuum-filters/9/

Sludge type FeCl Ca0O Polyelec.

’ (kg/t) (kg/t) | (kg/t)
Raw Primary 20~ 40 80-100 0.3-0.5
Raw Activated 60-100 0-160 4.0-7.5
Raw Primary+Activated 25- 60 90-160 2.0-5.0
Raw Primary+Trickling filter 20- 40 90-120 1.3-2.5
Anaer. Digested Primary 30- 50 100-130 0.8-2.0
Anaer. Dig. Prim.+Activ. 30- 60 150-210 2.5-6.0

Power consumption is 3 to 6 kWh/m3 sludge treated.

4.3. Filter-presses

Pressure filtration is an advantageous process if high
cake solid content ( > 30% up to 50%) is required. Disadvant-

ages include factors such as batch operation, low filter yield
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and high labour cost, especially compared to belt-press and
centrifuge. Recently, new systems have been developed to over-
come these problems. The introduction of mechanical plate move-
ment has allowed us to reduce labour costs, while the overall

press cycle has been shortened by means of the membrane presses.

Operating variables which influence the process are oper-
ating pressure and pressing time. Correlations between these
variables and sludge characteristics have been studied in pilot
scale-filter-press tests carried out with several types of

sludge / 10, 11_/.

In order to compare the performance of fixed-plate and
membrane filter-presses, parallel dewatering tests were car-
ried out with a lime conditioned ferrichloride precipitated

sludge L 12_7. Yields as a function of lime conditioning dose
are shown in Fig. 2. The results indicate that membrane presses

can dewater satisfactorily on lower conditioning doses and give

4 o Fixed-plate (filtration time: 3 to 4 hours)
51 ® Membrane (filtration time: 22 minutes) °
Feed solids: 2.5 % ) [ ]
4 o ¢ /
/ /

351 / /
oy / O [ ] / oo
= g /0 /

o/ 04 [ ] / L]
/ /

254 °© o * e
. o 4
2 /
] 0o’ ’

20 o ® [
@
z ,° * / ’
= 15 ,0 ) /

Y 7
1 °
5.

02 04 05 08 10 12 14 16 18 20 22 24 26 28 30 32 34 38
YIELD (kg/m% h)

Fig, 2 - Yield of fixed-plate and membrane filter-presses [1%7
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higher capacities and drier cakes. They have, however, higher

capital costs per unit filter area.

Ferrichloride, with or without lime, and Aluminium Chlo-
rohydrate are generally used for sludge conditioning. Several
English studies have indicated that polyelectrolytes can be ef-

fectively used, if done with care.

The effect of ferrichloride and lime conditioning on chem-
ical precipitated sludges has been studied 1_12~7. At low lime
dose (5%), increasing the Fe dose caused an improvement in the
yield. Increasing the lime dose to 17% showed the yield would

decrease with an increasing Fe dose.

Dewatering performance data and conditioner dosages are

reported in Table III.

TABLE III - Performamce data of filter-presses

Feed Cake Pressing Conditioner dosages
Sludge type solids solids period FeCly ca0 Alum-Chl.
(%) (%) (min) (kg/t) | (ke/t) MeAl,03/t)
Raw Primary /9] 5.0-10.0 45 - 40-60 100-140 -
Digested Primary /15/ 3.8~ 4.0 23-37 60-180 40-60 200 -
5 & | Raw Primary+Activated /97 1.0- 6.0 45 150 50-60 100-120 -
£ 2 " " " N4 4.6- 7.6 27-41 |290-390 - - 15-39
s Anaer. Digested Primary+Activated /97| 3.5~ 5.0 42 - 27 170 -
Aerob. Digested Activated /107 4.4~ 5.6 37-42 |240-360 - - 12-13
Yield
_'E H (kg/m?h)
o 3
E E Raw Primary+Activated /9] 4.0 40 4.4 50 150 -
” Anaer. Digested Primary+Activated /97| 2.5~ 6.4| 36-50 [3.0-9.8 40-90 110-290 -

Power requirement is estimated to be 1.5 to 3.0 kWh/m3

sludge treated.
4.4. Belt-presses

Belt-presses have recently been introduced for sewage sludge
dewatering. First type machines have been widely modified, thus
obtaining more compact equipment, although belts have been length-

ened.
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Dewatering occurs in three phases: during the drainage
phase (sometimes under vacuum) feed sludge concentration is
increased 2 to 3 times, up to 10%. The sludge is then subject-
ed to increasing pressure between two belts and, finally, to a
shearing action due to different relative movements of the two
belts. Generally good performance is obtained with an initial

concentration of not less than 4%.

The operating variables which affect machine performance
are sludge flow rate, belt speed, pressure and rinsing water

flow rate.

Input sludge flow rate varies between 1.5 and 7.0 mg/h-m
belt width. A linear relationship has been found between cake
solids and belt speed. Low speed (0.01 m/s) is not economical,
but gives a drier sludge cake, while belt speed above 0.10 m/s

gives a sludge which is not sufficiently dry.

Variation in pressure can be obtained by adjusting the
rollers. The influence of pressure and sludge solid flow rate

on cake solids is reported in Fig. 3.

Treatment plant effluent is generally used for belt clean-
ing at a flow rate of 50 to 100% feed sludge and at a pressure

of 4 to 6 kg/cmz.

For sludge conditioning cationic polyelectrolytes are used.
Typical dewatering performance data and levels of conditioner

addition are reported in Table IV.

Power consumption is very low and ranges between 0.5 and

1.0 kWh/m3 treated sludge.
4.5. Centrifuges

The most widely used machine for dewatering by centrifu-
gation consists of a cylindrical-conical solid bowl shell with
an internal Archimedean screw (the scroll) which revolves slight-

ly more slowly than the bowl.
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ke solids for belt-presses (by courtesy of Serna
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A - Raw Primary, 6-7% D - Anaer. Dig. Act., 4%
B - Anaer. Dig. Prim., 4-5% E - Raw Prim.+Act., 5-6%
C - Raw Activated, 4% F - An. Dig. Prim.+Act., 4-5%

TABLE IV - Performance data of belt-presses /9,137

Feed Cake Condit.
Sludge type sol. (%) |sol. (%) [dos.(kg/t)

Raw Primary 3-10 25-44 0.6-4.5
Raw Activated 0.5- 4 12-32 1.0-6.0
Raw Primary+Activated 3- 6 20-35 0.6-5.0
Aerob. Digested 1- 8 12-30 0.8-5.0
Anaer. Digested 3- 9 18-34 1.5-4.5
Thermal conditioned 4- 8 38-50

The machine variables, which dewatered sludge concentration
and solid recovery depend on, are length/diameter ratio, beach

angle, bowl rotational speed, liquid ring volume and bowl/con-
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veyor differential speed. There is not a generally accepted
point of view regarding the effects of bowl speed. It seems
1_9_7 that in most cases, low speed machines ( < 1400 rpm) give
significant advantages (less energy, maintenance and noise lev-
el). In addition, low rotational speed gives less mechanical

stress on the flocs, thus reducing polymer consumption.

Although a theoretical approach to the process is very dif-
ficult because of the many factors involved, statistical anal-
yses of experimental data were carried out L_IO, 11_7 in order
to correlate dewatered sludge concentration and solid recovery
to the operative variables and sludge characteristics. Results

are repcrted in fig. 4.
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Fig. 4 - Statistical correlations for dewatered sludge
concentration by centrifuge /1Q/
C_=dewatered sludge conc.(%); tbzbeach resid. time (s)

hlrnliquid ring height (mm)

a=Aerob. Dig. Activ.;4.8%;&g=73.75; %,=0.215; 0¢,=0.273
b=as a) deph. by Al_(S0,) 3.2%; 81.79; 0.203; 0.093

E]
c= " " " " Fe 0‘7428; 4.5%; 61.25; 0.244; 0.263
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Cationic polyelectrolytes are used for aerobic sludge
conditioning. The structural strength of the solids is in-
creased, and larger flocs of the fine particles are produced,
thus increasing the settling rate. Typical performance data

and conditioner dosages are reported in Table V.

TABLE V-Typical performance data for solid bowl centrifuge/9;

Feed Cake Condit.
Sludge type solids solids |dosages Recovery
(%) (%) (kg/t) (%)

Raw Primary 5- 8 25-36 [0.5-2.5 90-95
28-36 0 70-90

Raw Activated 0.5- 3 8-12 [5.0-7.5 85-90
Raw Primary+Activated 4- 5 18-25 {1.5-3.5 90-95
Anaer. Dig. Prim.+Act. 2- 4 15-18 [3.5-5.0 90-95
4- 7 17-21 2.0-4.0 90-95

Therm. Cond. Pr.+Act. 9-14 35-40 0 75-85
13-15 29-35 10.5-2.0 90-95

Power requirement is of 2 to 3 kWh/m3 treated sludge.

5. CONCLUSIONS

Sludge treatment and disposal must be considered as a
whole. Therefore, the selection of the dewatering system will
be influenced by the disposal method planned for the sludge

cake as well as the type of sewage treatment process used.

If the aim is to maximize cake solid concentration, fil-
ter-presses are preferred. Lower solid concentrations in the

cake are obtained by vacuum-filter, belt-presses and centri-

fuges.

Although vacuum-filters achieve higher yields than filter-
presses and can be operated continuously, they have several
disadvantages, such as a higher energy consumption (about dou-

ble), higher initial costs, and a more complex and noisy ma-

chine.
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The main disadvantage of filter-presses lies in the high
labour cost (about five times higher than belt-press and cen-
trifuge). This can be overcome by automatization of filter-
loading and cake discharge. The filtration run can be remark-
ably reduced, with a consequent increase of the yield, by mem-

brane filter-presses, which are still very expensive.

If it is not necessary to achieve high cake solid concen-
tration, the centrifuges and belt-presses are preferred. Belt-
presses consume less energy than centrifuges (two or three times
less) but the machine costs more. Total cost analysis has not,
however, pointed out any remarkable advantage in the use of one
or the other machine. The above mentioned figures are summarized

in Table VI.

TABLE VI - Dewatering equipment comparison
Vacuum | Filter | Belt Centri
filter | press press | fuge
Capital costs XXX XX XX X
O?erat. co§ts (energy, che XXX XXX X XX
micals, mainten., labour)
Cake solid concentration XX XXX XX X
Solid recovery XXX XXX XX

It is necessary to carry on research regarding dewatering,
so that the process can be optimized. There is also a need for
better ways of predicting dewaterability of sludges without us-
ing pilot-scale or full-scale tests; this is especially true for
centrifugation, so that all the variable factors involved can
be evaluated and the performance of each dewatering machine op-

timized.
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DEWATSRING OF ACTIVATZD SLUDGS

T.J. CASEY* and J. DALY**
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Summary

Activated sludge is often conditioned with the aid of polyelectrolyte
to a highly flocculent state to facilitate dewatering by filtration.
Activated sludges in this condition have excellent drainage character-
istics when subject to low solids stress, as in gravity drainage at low
filter loadings. When subject to large hydraulic gradients, however, as
in pressure filtration, the solids are ccmpressed by flow-generated drag
forces and resistance to filtration increeses. At constant aprlied
vressure, the average specific resistance to filtration varies with time
and filtrate volume discharged. The widely used simple model of cake-
filtration, which implies a linear correlation of reciprocal filtration
rate and filtrate volume is not valid in such circumstznces. Thus, the
specific resistance to filtration, as measured by the Buchner funnel methcd
is of limited value as a measure of filterability. Using a scaled-up
version of the Buchner funnel system, employing positive pressure in
place of vacuum, the influences of applied pressure and solids loading on
the filterability of polyelectrolyte - conditioned activated sludge were
experimentally investigated. The results illustrate the dominant effect
of compressibility in pressure-filtration and the need for a better
understanding of compressible filtration mechanics.

=72 -



1. INTA2CDICTICN

The vroblem of phase seraration in particle/liguid mixtures is
encountered in many process technologies including the water pcllution
contrcl field. The processes used to effect phase serparation can be

classified broadly into itwo sroups. The first grour includes all processes
if

which devend on the existence of a density differerice between the
varticles and the surrounding liguid. The prccesses of sedimentation,
flotaticn ard centrifugation belong to this category. The second group
consists of filtration processes, of which there are two kinds, depth-
filtraticn and cake-filtration. In depth-filtration, the particulate
fraction is retzined within the interstices of the filter medium as in

the sand filtrztion process commonly used in potable water production. In
cake-filtration, the filtered solids are retained on the surface of the
filter medium, thus forming a cazke of increasing thickness, through which
the extressed filtrate must flow. Frocesses of this latter type are
widely used in sludge dewatering and manufacturing industry. There is
thus a considerable accumulated experience on the practical aspects of the
process and, perhaps, a lesser knowledge of its fundamental mechanics.

The materials on which the process is used range from easily filtered
inorganic slurries to the more difficult compressible materials.

Activated sludge belongs to the latter category. This paper examines its
cake-filtration characteristics when conditioned to a highly flocculated

state by addition of polyelectrolyte.

2, MECEANICS CF FILTRATION

In the course of sludge dewatering by filtration, the filter medium
forms a barrier to the passage of solids, which build up to form a cake
of increasing thickness on the medium surface. In the general practical
application of the process, the hydraulic resistance of the medium is
negligible compared to that of the sludge cake which develops on its
surface. The cake may be regarded as a water-saturated porous medium

through which liquid flows according to the Darcy (1) equation:

=-5 % Q)
p ox
where Vg is the volumetric flow rate per unit area in the x-direction,

Kd is the Darcy coefficient of permeability and.§2 is the pressure
Dx
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gradient in the direction of flow. Flow is taken to be laminar, hence the
inverse relationship of flow rate to dynamic viscosity p. It is often
more convenient in filtratior aralysis to correlate filtration rate and
pressure gradient by means of hydraulic resistance in place of hydraulic
perweability. The resulting formulation of the Darcy equatiion is as
follows:

1 dp

Ve =7 rpsz1-€;p % (2)

where r is the specific resistance to filtration, Ps is the density of the
particle fraction and € is the cake porosity i.e. the ratio of void volume
to total volume. The resistance to flow through a porous medium is
obviously related to the size and extent of its flow passages. The
Carman/Kozeny (2/3) equation is often used to correlate porosity and
particle surface area to hydraulic resistance., It is based on a capillary
tube model of vore structure and may be written in the following form:

ks2(1-€)
(3)

TT psel )

where S is the specific surface of the solid fraction i.e. the surface
area per unit volume of solid and X is the Kozeny constant. If the
particles in a filter cake are hydraulically equivalent to srtherical
particles of diameter de, for which S = g:, the correlation of specific
resistance, porosity and particle diamete;, according to equation (3),

is as follows:

36K(1-£)

while this idealised model might not be a very accurate representation of
cake resistance to filtration, it nevertheless highlights its sensitivity

to porosity and particle size.

The rate of filtrate discharze in cake-filtration is conventionally

modelled (L) by an equation of the form:

a pPA
dt eV | omn (5)
A
av
where E; is the rate of filtrate discharge, p is the applied pressure, A

is the filter surface area, c¢ is the sludge solids concentration, r is the
average specific resistance of the cake and Rm is the hydraulic resistance
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of the medium, EQuation (S) can be re-arranged in the form;

dt rcV Rm
av = paZ * ph (6)

If p, r and Rm are constant, equation (6) may be integrated as follows:

i IV Fm

V =2pa2 + A (7)
The foregoing filtration rate expressions imply a linear cor§elation of
both the reciprocal filtration rate(gV) and its mean value (;) with
filtrate volume V. While incompressible materials exhibit this linear
characteristic, highly compressible materials, such as conditioned
activated sludge, do not. Compressibility is measured by the extent to
which pore volume is reduced by an increase in the solids compressive
stress, the latter undergoing a plastic - type deformation, resulting in a
more closely packed structure. As the liquid flows through the cake pores,
it exerts a cumulative frictional drag force on the cake solids, resulting
in a solids stress gradient, increasing in the direction of the medium.
This stress gradient creates a porosity gracdient, in which the porosity
decreases from a maximum value at the sludge/cake interface to a minimum
value at the medium. In constant pressure filtration of compressible
materials, therefore, specific resistance to filtration varies over the
cake depth and the average specific resistance r is not necessarily time-

invariant,

More detailed mathematical models of compressible cake-filtration
have been presented in the literature (5, 6, 7, ). While the constraint
in space in this paper does not permit a detailed discussion of such
models, they can be said, in general, to treat filtration as an unsteady
flow process in which there is a flux of both liguid and solid phases
towards the filter medium. These fluxes are modelled by Darcy and
continuity equations, subject to the approrriate initial and boundary
conditions. The generally unknown factor however, is pressure/permeability
relationship within the filter cake. Its measurement is discussed in the

following section.

3+ LABORATORY MsASURHES OF FILTSRABILITY

The properties of a liquid sludge and its cake derivative, which may

influence dewatering by filtration, include particle size, shape and
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density, viscosity of the liquid phase, suspended solids concentration,
solids compressibility porosity and hydraulic permeability. Particle sizg
shape and density are very much stress—dependent in a flocculent material
such as activated sludge and hence are greatly altered in the transition
from liquid sludge to sludge cake. Hydraulic permeability, which is a
function of solids stress in compressible cakes, can be measured in
compression-permeability cells, which are used in filtration studies in
chemical engineering (5) and soil mechanics (9). In these devices, the
test sample is compressed between permeable faces by a mechanically
applied load, while the rate of water flow through the sample, under a
small external head, is measured. From the results, empirical correlations
of permeability and applied pressure are obtained (5). There is consider-
able doubt (8, 10) as to the applicability of compressibility data
obtained in such cells to the conditions obtaining in cake-filtration,
where the solids stress results from flow-induced drag. To the authors!
knowledge, compression-permeability testing has not been used in the

sewage sludge field.

The most widely used experimental indices of sludze filtration
characteristics are the specific resistance to filtration (SRF) measured
by the Buchner funnel method (11) and the instrumentally determined
capillary suction time (CST)(12). The shortcomings of the Buckner funnel
test for comiressible materials such as kighly flocculated activated
sludze are deronstrated in the following sectionj the CST apparatus
guantifies sludge drainability under very low hydraulic gradients by
measuring the time required to withdraw a fixed volume of filtrate. It is
thus a very convenient tool for the rarid comparison of conditioning
agents, but does not model cake-filtration conditions, where steep

hydraulic gracients and high drag forces exist.

L. EXPERIFENTAL TESTS CL CCRDITICHED ACTIVATED SLUDGE

4 series of tests were carried out on an aerobically stabilised
sludge (of municival oxidation ditch origin) to evaluate its filtration
characteristics when conditioned by polyelectrolyte. The cationic
polyelectrolyte Zetag £1, which was in use at the treatment rlant, where
the sludgze was dewatered on drying beds, was used throughout the tests.
The optimum polyelectrolyte dose was determined by CST measurement (13).
The mear specific gravity of the sludge suspended solids was 1.4 and their
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average volatile fraction 0.71. The results of typical Buchner funnel SRF
tests on the sludge, in its uncondition%d state and after conditioning,
are presented in Fig. 1 in the form of ;' versus V plots. The linear
correlation of these variables for the unconditioned sludge indicates

that its filtration characteristics are satisfactorily modelled by
equation (7). Its computed r value of 12 x 1O15
very low filterability (14). By addition of polyelectrolyte, the sludge

m.kg-1 is indicative of

was transfermed to a highly flocculated condition, in which its filtration
characteristics were no longertsatisfactorily modelled by equation (7) as
its non-linear correlation of ¥ and V, plotted in Fig. 1, shows. It is
clear that the Buchner funnel test is of limited value for this type of
sludge because of scale effects related to pressure, solids loading and
time. In order to overcome these limitations, a scaled-up version of
Buchner funnel system was devised, as shown in general outline in Fig. 2.
A positive air rressure was used in place of a vacuum to impose a

hydrzaulic pressure gradient on the test sample.

Fisz. 3 shows typical correlations of reciprocal filtration rate and
filtrate volume, derived from filtration tests usirng this apparatus. The
shape of these curves correspends with that reported by Tiller (5) as
being characteristic of compressible filter cakes. In the early part of
the filter run, the reciprocal filtration rate and hence, the overall cake
resistance, are non-linearly related to filtrzte volume, the relation

becoming effectively linear after about three hours filtration time.

Fig. L shows the influence of filter solids loading on dewatering
rate at given values of initial sludge solids concentration anc applied
pressure. Examination of these plots shows that dewatering time is very
sensitive to filter solids loading i.e. tc filter cake thickness. For
example, an increase in solids loading from 2 to L kg.m-z increases the
dewatering time to reach a specified solids concentration (test range

6 — 12%) by a factor of approxirately 3.1.

Fig. 5 compares the filtration rates of two identiczlly prepared test
samples of conditioned activated sludze, one subject to gravity drainage
and the other subject to a filtration rressure of 300 Kh.m_z aprlied after
an initiazl 15 minute pericd of gravity drainage. The gravity-drzined
sample had an initial total pressure head of about 1.4 KN.m.z,
corresrending to its own hydrostztic pressure, which decreased with time

in direct rrovortiorn to the volume of filtrzte discharged. Its meximum
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drainage driving force was therefore.less than 0.5% that of the
pressurised sample, which was subject to a constant pressure of 300 KN.m_?
It is therefore remarkable that there was no significant difference in
their drainage rates which could be attributed to the large pressure
difference. The major part of the difference in the accumulated filtrate
volumes occurred in the initial 15 minute period, when both samples were
undergoing gravity drainage. This suggested a slight initial difference
in filtration resistance, possibly due to a variation in sample handling.
The medium resistance was relatively low, discharging a clean water volume,
equal to that contained in the sludge samples in 35 seconds. The
effectively zero response in filtration rate to applied pressure indicates
the development of a cake resistance which would appear to be directly
proportional to the applied pressure. Much additional testing is however,
required to more fully define the influence of pressure on filtration

resistance.

The porosity gradient across gravity and pressure-drained filter cakes
is illustrated in Fig. 6, which shows the variation in the water content
of slices cut from these cakes. As might be exrected, there is a
negligible porosity gradient in the gravity-draired cake. The results
also indicate that porosity and vorosity gradient in the pressure-drained
cakes are maximum at the filter medium and minimum at the cake surface.

It is interesting to note that Gale (15) found a similar water content

profile in 2 conditicned raw sludge produced by pressure filtration at

approximately 709 (pressing time and cake thickness not reported).
Similar results have also been reported by Tiller (5) for compressible

cakes such as those formeda from fine silca and polystyrene latex.

5. DISCUSSICH AXD CCHCLUSICHS

Tre degree of flocculation of zctivated sludge, which can be obtained
with currently available polyelectrolytes, greatly ennances its filtration
characteristics at low valves of hydraulic gradient and comvressive stress.

Increasing compressive stress, whetner due to self-weight or of hydraulic
drag origin, is zcccmpanied by an increasing resistance to filtration.
Thus, in dewatering by a filtration process, the desirzble odbjective of
increasing filtration rate by increasing the aprlied pressure is
frustrzted by the development of a czke layer on the mediw: which has a
kigh hydraulic ressistznce with the result that the filtration rzte is very
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little different from that ottainabtle by simrple gravity drainage. The CST
test provides an excellent index of sludge drainage characteristics at low
kydraulic gradient. There is need, however, for the development of test
cvrocedures whick would provide a more complete picture of the hydraulic
gradient/filtration resistance correlation for highly flocculated
conpressible sludges. Such knowledze would facilitate the determination
of the optimum combination of gravity and pressure filtration for de-
watering of a particular sludge. It is clear that the Buchner funnel SEF
test gives but 2 very limited insight into the mechanics of filtration of
such materials. The test results presented in this paper indicate that
the overall cake resistance varies non-linearly with time and hence the
commonly used model of cake-filtration, based on a linear cake resistance/
filtrate volure relationship, cannot be applied to the filtraticn of highly

flocculated activated sludges.

Solics loading also has a strcng influence on dewatering by filtration.
The data plctted in Fig. l indicates that the output of dewatered sludge
per unit zrea of filter, at a given solicds concentratiorn, increases, as the
arplied solids load decreases. In practice, however, the influence of
downtirme in btatch filtration and the difficulties in removing thin cakes
from the filter medium would have to be taken into account in determining

the most procuctive loading rate.

Two factors, which may influence the dewatering of conditioned
activated sludge znd have not been examined experimentally in this study
are the initial sludge water content and the effect of shear stress on
filtration resistance. The apprlication of shear stress to filter cakes
has been shown (16) to reduce filtration resistance and is considered to be
a significant factor in dewatering by filter belt presses (17). Since all
the filtrate must flow through the compressed cake, it is clearly desirable
that as much water as possible should be separated by thickening pricr to
filtration. However, highly conditioned activated sludges release free
water very rapidly by gravity filtration and where the latter is provided
prior to pressure filtration, the influence of initial water content on the

overall process may not be significant.

The results presented in this paper are no more than generally
illustrative of the filtration characteristics of highly flocculated
activated sludges. Considerable additional work is needed to provide a

basis for the better understanding of filtration mechanics and hence
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exploit the remarkable degree of flocculation which polyelectrolyte-

conditioning can achieve,
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List of Symbols

A cross—-csecticnal area, 12
c solids concentration, Mp™3
de equivalent spherical particle diameter, L
K Kozeny constant, dimensionless
Kg Darcy permeability, L2
P pressure, FL-2
r specific resistance to filtration, i (srrF)
r mean value of T
Rm medium resistance, L-1
1 time
Vx volumetric discharge per unit grea, T
v volume, L3
distance, L

Porosity, dimensionless

1=

B dynamic viscosity, ¥LT T
ps solids density, M3

(Dimensions: M = mass, L = length, T = time, F = force)
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DIE BEDEUTUNG VON KENNWERTEN ZUR CHARAKTERISIERUNG DER

MASCHINELLEN FEST-FLUESSIG-TRENNUNG VON KLAERSCHLAMM

E. ENGLMANN

Wissenschaftlicher Assistent
Technische Universitit Munchen

Summary

Besides the general characterization of the dewaterability of sewage
sludge, parameters are more and more used in the field of mechanical
sludge dewatering for selection and dimensioning of sludge dewatering
facilities. In this way -large full scale trials can be reduced by the
application of preliminary tests. This requires the exact knowledge of
the medium sludge, especially the qualities which are relevant for dewa-
terability. In this context structure and quality of the sludge solids
are primarily important as well as the water binding forces between the
solid=liquid-components.

By laboratory investigations the influencing factors were found out which
are of importance for the dewaterability and by which technique of measu-
rement they can be determined sufficiently and finally which importance
has to be attributed to these statements.

Besides dry residue and non volatile substance, the specific resistance of
filtration, the compressibility, the capillary suction time and the par-
ticle size distribution were determined as the substantial parameters.

Whereas sludge parameters are used with success for the comparison of the
dewaterability of different sludges and for estimation of the quantities
of chemicals, which are necessary for a good conditioning, there is only a
reduced information, dealing with the application of sludge parameters for
dimensioning and control of sludge-dewatering facilities.

Relations between technical dewatering with full scale trials and the Llabo-
ratory parameters of dewatering were elaborated.
Hereby it was necessary to take into consideration the basic conditions of
the dewatering machine. To tharacterize the dewaterability in filter pres-
ses, the specific resistance of filtration proved to be an appropriate pa-
rameter, whereas for dewatering in centrifuges the particle size distribu~
tion, which was determined by sieve analysis, was used for evaluation of
the flocculant quantities. The capillary suction time is a versatile pur-
pose param:ter, which on one hand can be used for documentation of the
amelioration of dewaterability for the application of organic and non-orga-
nic chemicals and on the other hand for automatic control of the dewate-
ring process.
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Zusammenfassung

Sowohl bei der allgemeinen Kennzeichnung des Entwédsserungsver-
haltens als auch bei der maschinellen Fest-Fliissig-Trennung
von Klidrschlamm kommen Schlammkennwerte zur Anwendung. Durch
labormidBige Voruntersuchungen kdnnen ohne grdBeren verfahrens-
technischen Aufwand Konditionierungsmittelmengen ermittelt und
orientierende Bemessungswerte flir die Aggregatauslegung erar-
beitet werden. Ausgehend von der Kenntnis der fir die Entwéds-
serung relevanten Schlammeigenschaften und unter Berilicksichti-
gung der verfahrenstechnischen Randbedingungen der einzelnen
Entwdsserungsaggregate konnten durch Untersuchungen die Anwen-
dungsmdglichkeiten von Entwdsserungskennwerten aufgezeigt so-
wie Zusammenhdnge zur Entwdsserung in Filterpressen ermittelt
werden.

Neben Feststoffgehalt und Glihriickstand wurden der spezifische
Filtrationswiderstand, die Kompressibilitdt, der CST-Wert und
die TeilchengrdBenverteilung bestimmt. Bei der Filterpressen-
entwdsserung hat sich der spezifische Filtrationswiderstand
als geeigneter Kennwert zur Charakterisierung des Entwédsse-
rungsverhaltens erwiesen. In Abhdngigkeit von der Schlammaus-
gangsbeschaffenheit 1&d8t sich die flir eine ausreichende Kondi-
tionierung erforderliche Chemikalienmenge mit Hilfe des spezi-
fischen Filtrationswiderstandes durch Vorgabe eines Zielwertes
ermitteln. Zusammenhdnge zwischen dem spezifischen Filtrations-
widerstand des konditionierten Schlammes und dem erreichbaren
Feststoffgehalt im Filterkuchen des entwédsserten Schlammes
konnten unter Beriicksichtigung der Filtrationsdauer nachge-
wiesen werden.
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1. Einleitung:

Im Zuge des wachsenden Kldrschlammanfalles und der damit in Zu-
sammenhang stehenden steigenden Anforderungen an Behandlung und
endgiiltige Beseitigung, gewinnen geeignete Charakterisierungspa-
rameter sowohl zur Bewertung und Einordnung von Schl&mmen un-
terschiedlicher Art und Herkunft als auch bei der maschinellen
Entwidsserung vermehrt an Bedeutung. Aufgrund der Inhomogenité&t
und der Komplexitidt des Mediums Kldrschlamm ist jedoch die Be-
schreibung der im Hinblick auf die maschinelle Entwésserung
relevanten Schlammeigenschaften mit nicht unerheblichen Schwie-
rigkeiten verbunden, da neben der Menge vor allem die Beschaf-
fenheit der in den einzelnen Verfahrensstufen anfallenden

Schldmme starken Schwankungen unterliegt.

2. Allgemeines zu Entwdsserungskennwerten und Mdglichkeiten

ihrer Anwendung

In Tabelle I sind die wichtigsten Kennwerte zusammengestellt,
die fir die Charakterisierung des Entwdsserungsverhaltens von
Kldrschlamm eine Rolle spielen. Die Tabelle erhebt keinen An-
spruch auf Vollst&dndigkeit. Einen allgemeinen Uberblick iliber

Charakterisierung und Bewertung von Schldmmen gibt Leschber ﬁ]

Kennwert Bestimmung
Trockenriickstand TS (%) nach DEV und [2]
Glithriickstand GR (%) nach DEV und [2]
spezifischer Filtrations-

widerstand r.10_12 (m/kg) nach [2, 3, 4]
Capillary suction time csT (s) nach [2, 5, 6]
Kompressibilitét s (-) nach [2, 3]
TeilchengréBen-

verteilung - - nach (7]
Konditionierbarkeit - - nach [2, 8]
dynamische Viskositdt n (Ns‘/mz) nach (2, 9, 10]
Dichte S (kg/ma) nach (2]
Absetzbarkeit - - nach [2]
Abscheidegrad - - nach (2]

Tabelle l: Zusammenstellung von Schlammentwdsserungskenngrésen
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wiahrend Kennwerte zur Charakterisierung des allgemeinen Entwéds-
serungsverhaltens von Schlimmen unterschiedlicher Art und Her-
kunft in der Praxis bereits Einigung gefunden haben, befindet
sich die praxisorientierte Anwendung von Entwdsserungskenngr&Ben
bei der maschinellen Entwidsserung noch am Anfang. Bei Kenntnis
der stoffspezifischen Grundlagen und unter Berilicksichtigung der
daraus abgeleiteten entwdsserungsrelevanten Einfluffaktoren sind
bei Anpassung der Kennwert-Mefmethodik an die verfahrenstechni-
schen Randbedingungen des Entwidsserungsaggregates folgende An-

wendungsméglichkeiten denkbar:

- Abschidtzung der fiir die Entwidsserung glinstigen Chemikalienart
und -menge bzw. der Konditionierungsbedingungen.

- Auswahl des Entwdsserungsaggregates

- Erarbeitung von Orientierungshilfen bei der Aggregatauslegung

- Steuerung von Schlammentwdsserungsanlagen

Uber Bedeutung, Mdglichkeiten und Grenzen der Anwendung von
Schlammentwidsserungskennwerten liegen bereits verschiedene Ver-
6ffentlichungen vor |6, 11, 12, 13] . sie befassen sich {iber-
wiegend mit Untersuchungen im labor- und halbtechnischen MaBstab,
weisen jedoch ilibereinstimmend auf die Problematik der Ubertrag-
barkeit von im Laborverfahren ermittelten Aussagen auf groB-

technische Entwidsserungsaggregate hin.

3. Untersuchungen zur Anwendung von Entwédsserungskennwerten

3.1 Voriberlegungen

Die zur Beschreibung des Entwédsserungsverhaltens von Klidr-
schlamm wesentlichen Eigenschaften leiten sich aus den Grund-
lagen fir Zwei-Phasen-Systeme ab, wobei in erster Linie der
GrdBe, Beschaffenheit und Zusammensetzung der im Schlamm ent-
haltenen Feststoffpartikel sowie den damit in Zusammenhang
stehenden Bindungsmechanismen zwischen den Fest-Fliissigkompo-
nenten besondere Bedeutung zukommt, Mit kleiner werdendem Teil-
chendurchmesser ist durch die zunehmende spezifische Gesamt-
oberfldche ein Anwachsen der wirksamen Bindungskrdfte und somit
eine Verschlechterung der Entwdsserungseigenschaften verbunden.

Energetisch gesehen erfordert die Schlammwasserabtrennung die
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Zufiihrung einer den im Stoffsystem herrschenden Bindungskrdften
dquivalenten Energiemenge {14] . Insofern zielen die der Ent-
wdsserung vorangehenden Vorbehandlungsmafnahmen primdr auf ei-
ne Aufhebung bzw. Reduzierung der Bindungskrdfte ab.

Aufgabe von Entwdsserungskennwerten ist es nun, das Schlamm-
wasserabtrennungsvermdgen und die Schlammwasserpartikelstruk-
tur- und grdBe bzw. die durch Konditionierungsverfahren ein-
tretenden Verdnderungen der oben genannten Eigenschaften zu
beschreiben. Sollen Kennwerte zur Aggregatauslegung bzw.
-steuerung verwendet werden, geniligt es jedoch nicht, nur die
stoffspezifischen Eigenschaften auszudrilicken, vielmehr missen
die verfahrenstechnischen Randbedingungen im Hinblick auf die
unterschiedliche Schlammwasserabtrennungstechnologie der Ent-

widsserungsaggregate berlicksichtigt werden.
3.2 Versuchsdurchfihrung

Im Rahmen eigener Untersuchungen wurden im labortechnischen
MaBstab Entwdsserungskennwerte ermittelt und im halbtechnischen
und technischen MaBstab Entwédsserungsversuche durchgefiihrt.
Folgende Kennwerte wurden nach den in der Literatur angegebenen

Verfahren bestimmt:

- Trockenriickstand TS in %
-~ Glihriickstand GR in %
- spezifischer Filtrations-
widerstand ra1071% in m/kg

- Capillary suction time CST in s
- Kompressibilitédt s
- TeilchengrdBenverteilung

Im Gegensatz zur liblichen Verfahrensweise wurde die Messung des
spezifischen Filtrationswiderstandes mit Uberdruck (10 bar)
durchgefihrt, um im Hinblick auf die Filterpressenentwédsserung
eine bessere verfahrenstechnische Ubereinstimmung zu erzielen.

Die Untersuchungen bezogen sich auf zwei Faulschldmme und einen
aerob stabilisierten Schlamm, deren Eigenschaften durch ausge-
wdhlte Kennwerte in Tabelle I beschrieben sind.
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Schlammart 8 aR r.10732 csT Fraktions- s
anteil< 63 .um
% % m/kg ] ] -
Faulschlamm
Geiselbullach 2,7 45,5 heu 600 68 0,93
Faulschlamm
Dachau 4,1 47,6 339 381 62 0,89
Schlamm Haim-
hausen, aerob 7,1 62,4 12 40 56 0,87
| stabilisiert
j'

TabelleTI: Entwdsserungskennwerte fiir die untersuchten Schlidmme
(Mittelwerte)

3.3 Beschreibung des Konditionierungsverhaltens

Der Nachweis der verbesserten Entwdsserbarkeit infolge Konditio-
nierung ist als erster Schritt beim Einsatz von Kennwerten bei
maschineller Schlammentwidsserung anzusehen. Neben einer Quali-
fizierung ist vor allem die Quantifizierung der Verdnderung des
Entwidsserungsverhaltens im Hinblick auf die Konditionierungs-

mengenermittlung von Bedeutung.

Bei der Konditionierung im LabormaBstab, durchgeflihrt entspre-
chend dem Verfahrensvorschlag von Leschber und Niemitz [8] ,
gelangte Eisenchlorid (FeCl3 6 HZO) in Verbindung mit Kalk
(Ca(OH)z) sowie ein kationisches Polymerisat zur Anwendung. Um
den Schwankungen der Schlammausgangsbeschaffenheit Rechnung zu
tragen, empfiehlt es sich, die aus der Konditionierung resul-
tierende Verbesserung des Entwdsserungsverhaltens in Abhdngig-
keit von den Ausgangswerten darzustellen.

Organische Flockungsmittel bewirken neben einer Verminderung
der Schlammwasserbindungskrdfte vor allem die Ausbildung
gréBerer Teilchenverbdnde und damit eine Verschiebung der
TeilchengrdBenverteilung. In Bild 1 ist die Abnahme des
Fraktionsanteiles <63 ym in Abhdngigkeit von der zugegebenen

Flockungsmittelmenge fir die drei untersuchten Schlédmme dar-
-89 -



gestellt, Ein Vergleich mit der Ausgangsbeschaffenheit
(siehe Tabelle ) verdeutlicht den Zusammenhang zwischen dem
Fraktionsanteil < 63 pm der ungeflockten Schldmme und der
Flockungsfdhigkeit, dargestellt als Abnahme des Feinstkornan-
teiles <63 um (Bild 1). Mit dem hdchsten Feinstkornanteil weist
der Geiselbullacher Faulschlamm bei zunehmender Flockungsmittel-
dosierung auch die geringste prozentuale Abnahme an Feinstbe-
standteilen auf. Diese Aussage 1&48t sich durch die CST-Messung
bestdtigen.

Abnahme des Fraktionsanteiles <63 um

°l
100

© Faulschlamm Geisel-
bullach

4 Faulschlamm Dachau

® aerob. stabilisierter

Schlamm Haimhausen

80

60

40

20

0 4 8 12 16 20 g/kg TS
Flockungsmittelmenge

Bild 1: Abnahme des Fraktionsanteiles < 63 pm durch Zugabe or-
ganischer Flockungsmittel

Wdhrend durch das NaBsiebverfahren ausschlieBlich die infolge
Flockungsmittelzugabe hervorgerufene Ver&dnderung der Teilchen-
gréBenverteilung dokumentiert werden kann, erfaBft die CST-Mes-
sung mehrere durch die Flockung hervorgerufene Eigenschafts-
verédnderungen. Zum einen das Schlammwasserabgabevermdgen, zum
anderen jedoch auch in gewissem Umfang die damit verbundene
PartikelgrdBe, wie aus Bild 2 zu ersehen ist. Am Beispiel des
Faulschlammes Dachau wird der Zusammenhang zwischen dem CST-
Wert und dem Fraktionsanteil < 63 pm fir Flockungsmittelzu-
gabemengen von O - 600 g/m3 verdeutlicht.

Der in Bild 2 dargestellte Zusammenhang 148t sich fiir jeden
Schlamm ableiten, verliert jedoch bei Konditionierung mit an-

organischen Chemikalien seine Gliltigkeit, da es hierbei zu
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keiner durch die NaBsiebung nachweisbaren Beeinflussung der

Teilchengr&Benverteilung kommt.

g/l Fraktionsanteil <63 um

50 7
| £
T [ L x
40
Faulschlamm
Dachau 2la
1T /“
30 ! : 2/
| a
i /e
i AN
20 SIS 3
| f
; ? o q
4 2 ‘/A‘/’A
10 : zf ’A1 a
H \A} | ‘
L]
4 6 810 20 40 60 100 200 400 600 1000 sec

csT

Bild 2: Zusammenhang zwischen dem CST-Wert und dem Fraktionsan-
teil <63 um

wWihrend sich der mit Uberdruck ermittelte spezifische Filtra-
tionswiderstand zur Beschreibung des Konditionierungsverhaltens
bei Verwendung organischer Flockungsmittel aufgrund der Insta-
bilitdt der gebildeten Flocken gegeniiber hSheren Druckkrédften
nicht als geeignet erwiesen hat, l&d8t sich bei Konditionierung
mit Eisenchlorid und Kalkhydrat die Verbesserung der Entwdsser-
barkeit zufriedenstellend beschreiben (Bild 3). Der Quotient
des spezifischen Filtrationswiderstandes nach (rk) und vor der
Konditionierung (ro) wird in Abhdngigkeit von der Eisenchlorid-
menge aufgetragen, wobei zur Vereinfachung von einem konstan-
ten Kalk-Eisenchlorid-Verhdltnis ausgegangen wurde. Das optima-
le Verh&dltnis muB jeweils untersucht werden. In diesem Fall er-
wies sich ein Verhdltnis von 3 : 1 als glinstig. Nach Ermittlung
dieser Eichkurve 1ldBt sich in Abhdngigkeit von r, nach Vergabe
eines Zielwertes T, die bendtigte Chemikalienmenge ablesen.

-91 -



Nk

To
010
005
0,04 X
003 Faulschlamm Dachau Faulschlamm Geiselbullach
002 \ TSe = 41 % 1 TSo = 265% |
' N GRy = 4&7,6% GRo = 455 %
\ fo = 339:102m/kg \ fo = 464-102m/kg
0,010 N . ‘\i
- _ 0.
o'ms \A‘\A \\ o
0004 s -
00034+— Zielwert »
' g = 1,0 10‘2 m/kg a Zielwert o o \
0002 5N s Tk=10-102m/kg o
0001 . ' }
0 2 4 6 8 10 12 14 16 18 20 22 24 26 °
FeCly - 6H0

Bild 3: Ermittlung des Chemikalienbedarfs mit Hilfe des spez.
Filtrationswiderstandes fir Ca(OH)z/FeCl3~6H20 ist 3/1

3.4 Zusammenhang zwischen Laborkennwert und maschineller

Entwdsserung

Am Beispiel der Filterpresse werden die Mdglichkeiten der Kenn-
wertanwendung im Hinblick auf die maschinelle Schlammentwdsse-—
rung aufgezeigt. Bei der Filterpresse gliedert sich der Verfah-
rensablauf in Filtrations- und Entwidsserungsvorgang, welche
durch den spezifischen Filtrationswiderstand mit gewissen Ein-
schrédnkungen beschrieben werden kdnnen. Aus Bild 4 ist zu ent-
nehmen, in welchem MaB der erreichbare TS-Gehalt bei sonst kon-
stanten Betriebsbedingungen vom spezifischen Filtrationswider-
stand abhdngt. Es best&dtigt sich, daB Schldmme mit einem spe-
zifischen Filtrationswiderstand kleiner 1,0-1012 m/kg in ei-
ner Filterpresse gut zu entwdssern sind [13] . Die in Bild 4
dargestellten Ergebnisse, gewonnen mit einer Modellfilterpresse
(Filterfldche 0,5 m2) konnten mit einer groBtechnischen Presse
(Filterfldche 300 m2) verifiziert werden. Infolge der grdBeren
Abmessungen des Aggregates ist eine ldngere Filtrationsdauer in

Ansatz zu bringen (Bild 5).
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INFLUENCE OF PRECIPITATICN ON THE BLHAVIGCUR

CF SLUDGE IN TEE CASE OF DEWATLRING

D. GLEISBERG

Application Department, Eoechst AG, Works Knapsack

Sunmary

The influence of sludge from precipitation purification on
the dewatering behaviour of sludges was examined in four compa-
rative tests carried out in municipal sewage treatment plants.
The same pilot plants were used in all cases for sludge dewate-
ring: hydrostatic bag, belt filter and filter press. Pure pre-
cipitation sludge from postprecipitation is difficult tc dewa-
ter. A mixture (1:1) of precipitation sludge and conventional
Gicested sludge displays the same dewatering behaviour as natu-
ral mixed sludge, e.g. from simultaneous precipitaticn. Intro-
duction of precipitation purification in the form of simultan-
eous precipitation increased the total solids content of the
sludge and with that the absolute flocculant consumption; the
specific consumption only increased in the belt filter in spite
of the reduced volume of sludge produced. Iron III precipitants
had a more favourable effect on flocculant consumption and dry
matter content achieved than aluminium precipitants. This was
not confirmed by the other dewatering units. Pre and sirmultan-
eous precipitation displayed similar results in sludge dewate-
ring. Simultaneous precipitation is to be given preference on
account of the smaller amount of sludge produced.
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1. INTRODUCTION

The eutrophication control of stagnant and slcwly flowing
waters reqguires that these are kept free from phosphorus which
is a plant nutrient. Phosphorus is eliminated from polluting
sewage by means of precipitation purification. Approx. two
thousand municipal sewage treatment plants all over the world
work according to this process. Precipitation purification not
only eliminates phosrhates but also other substances found in
sewace and is therefore used in particular to relieve sewage
treatment plants. It can be introduced into existing sewage
treatment plants at short notice and without structural alter-

ations. The additicnal costs are relatively low.

A swift increase in the installation of precipitation purifica-
tion must therefore be expected in the future. The sludge from
sewage treatment undercgoes changes due to precipitation purifi-
cation; its solid matter content increases and its ccmposition
alters. The influence of this on the mechanical dewatering of
sludge should be examined. Then the scope of sludge dewatering
is increasing. It is necessary before depositing, incineration,
composting and other sludge transformations. Environmental pro-
tection and the protection of raw materials are bringing new

aspects in this respect.

2. INVESTIGATION PROJEKT

The investigation project comprised four comparisons
(fig. I):
Sewage treatment with and without precipitation purification.
Pre and simultaneous precipitation.

Aluminium and iron precipitants.
Pure precipitation sludge and a mixture with conventional

O Q0 w »

digested sludge.

Each part of a comparison was examined in the same sewage tre-
atment plant. There was an interval of more than 50 cdays bet-
ween two parts of a comparison. Within this period the contents

of a digestion tank were generally replaced to approx. 90 %
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Survey of investigations

INVESTIGATION |TREATMENT| PRECIPI- METHOD |PRECIPITANT|SLUDGE
PLANT TATION
i WITHOUT| I
1 Auenheim SIMULTAN| AL MIXED
2 Ravensburg| WITH " "
4 Uberlingen " POST AL P RAT
] Influence of precipitation on dewatering
Fig. I of municipal sludge.
Survey of treatment plants of investigations
Auenheim ’Ravensburg |Friedrichshafen |Uberlingen
TREATMENT | I
LSEWAGE | |
MECHANICAL + ' + | + +
BIOLOGICAL O B e O
CHEMICAL - ‘ SIMULTAN. “ SIMULTAN. POST
I.SLUDGE | | |
| | ‘
ANAER.DIGEST. + L+ o+ X
DEWATERING |CENTRIF. CENTRIF. CENTRIF. FILTER PRESS

Q aeration from surface; [/ aeration from bottom; [except chemical sludge

Fig, II

Influence of precipitation on dewatering of
municipal sludge
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and more. This was not necessary in the case of comparison D.

Four well-operated municipal sewage treatment plants which
were not overloaded were chosen for these investigations, and
three of these in the region of Lake Constance work regularly
with precipitation purification (fig. II). In all four sewage
treatment plants the waste sludge is stabilised by means of
digestion and then dewatered. In the sewage treatment plant in
Uberlingen post-precipitation sludge is not digested but de-

watered directly in a filter press.

Three portable pilot plants were used in all cases for dewa-
tering the sludge with which it was possible to carry out prac-

tice related tests:
A Belt filter, performance approx. 1,5 m3/h

B Filter press, performance dependent on number of frames

approx. 0,02 m3/h

C Hydrostatic bag, performance approx. O,1 m3/h.

The results of the dewatering units in the four sewage treat-
ment plants were taken into consideration in the evaluation of

the investigations.

The sludges were examined with respect to total solids, vcla-
tile solids, pH-value, specific filter resistance, and capil-
lary suction time. Flocculation tests were carried out in the
laboratory with one liter of sludge in order to select suitable
conditioning agents. There were 33 organic polymers and four
inorganic electrolytes to choose from. Conditioning agents
were added to the sludge which was then decanted ten times.
The formation and settleablility of the flakes was observed.
Stability of the flakes was tested by pressing a filter cloth
bag filled with sludge by hand. The conditioning agents selec-
ted in this way were used in the pilot plants. Depending on
the unit concerned and the expenditure of time between three
and thirty tests were carried out per unit for each part of a
comparison. Seven different measurements were generally taken
cn the sludge cake and the filtrate as a double test: dry

matter, volatile solids, residue on evaporation, settleable
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solids after 2 hrs, pH-value, conductivity and turbidity.

3. PRELIMINARY EXAMINATION OF VARIOUS CONDITIONING AGENTS ON
THE SLUDGE UNDERGOING INVESTIGATION

The nature of precipitation sludge can be observed most
distinctly when treated separately. But this is not often
possible in practice because precipitation sludge resulting
from pre and simultaneous precipitation flows together with
the sludges resulting from other methods. Even when it flows
separately as in postprecipitation it is usually mixed with

the other sludges before dewatering.

The other charge characteristic of precipitation sludge
colloids is visible during treatment with cationic and anionic
polymers. Precipitation sludge does not react or only poorly
to cationic polymers; the same is true in part with combina-
tions of anionic and cationic flocculants (fig. III). This is
in contrast with a mixture of precipitation sludge and conven-

ticnal digested sludge.

As expected, inorganic electrolytes such as FeCl3 do not achie-
ve a satisfactory dewatering structure of pure precipitation
sludge. Lime which is used in practice together with polymers
has a different effect. The reason for this is that the sludge
has a hich pH-value when lime is used, which weakens or re-

verses the electric charge of the colloids.

The comparison of digested sludge from mechanical-biclogical
sewage treatment with and without simultaneous precipitation
shows that these properties of precipitation sludge are no
longer effective in mixed sludge (£fig. IV); they are compen-
sated by the colloids of the other sludges which are in the
majority. Mixed sludge from precipitation sludge and conventi-
onal sludge can be best conditioned with cationic polyelec-
trolytes or combinations of anionic and cationic polyelectro-

lytes.

These observations are confirmed by the flocculation test in
the comparison of sirnwultaneous precipitation and preprecipita-

tion. The flocculation properties were fair to poor in the
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