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CONVERGENCE OF ACTIVATED SLUDGE AND TRICKLING
FILTER DESIGN FORMULAS

It has recently been proven that activated sludge substrate removal mechanism of the
first order type is analogous to the kinetic representation of the biodegradable organic load
removal across high-rate trickling filters. The paper illustrates further convergence of the
removal mechanisms in the two basic aerobic biological processes, based on the excess sludge
production. The presented hypothesis suggests that the performance of trickling filters can
be represented by excess sludge accumulation diminished by the magnitude of endogeneous
respiration against the specific surface area of biological slime exposed to wastewater flow.

1. INTRODUCTION

The popularity of trickling filters had ups and downs in the last three decades and
frequently lost ground to activated sludge. Recent years have lifted the popularity
to new high levels and several new companies in Europe have profited from introduction
of plastic media [5]. It occurs that one of the major factors in deciding against trickling
filters had been the difficulty in actual design of full scale units and problems in running
and interpreting pilot studies data.

Based on author’s work on modelling removal mechanisms in biological systems an
attempt will be presented here to show the distinct similarities existing in interpreting
data and designing the biofilters and activated sludge units.

2. ORGANICS REMOVAL CHARACTERISTICS

Completely mixed, homogencous activated sludge reactor (CMR) traditionally has
been modelled by a simple first order relationship of the type :
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where :

So, S, — influent and effluent soluble BOD, COD or SOC concentration, respec-
tively,

and S, = S,—S,,

X, — the mixed liquor volotile suspended solids concentration (dry weight),

t — the aeration time,
k — rate removal coefficient in units corresponding to S,
For a plug — flow PFR activated sludge reactor the equation is:

8./So = exp(—K1) 2

where

K = k-X, — the volumetric substrate removal coefficient

k — the specific substrate removal coefficient.

Recently introduced the so-called substrate removal mechanism [1] [3] has provided
an additional dampening effect on the variability of the rate coefficient. The forms used
now for completely mixed and for plug flow activated sludge reactors account for influent
concentration variability :
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Taking into account the fact that the food to microorganism ratio, F/M, is equivalent
to load — L (mg/mg-h) then
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and thus PFR equation (4) takes the form
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Author’s studies on trickling filter substrate removal mechanism [4] have proved that
heavily loaded, oriented plastic media biofilter responds to loading according to the mecha-
nism :
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assuming there is no recycle and the temperature is constant.

In case of recycle — mixed influent concentration S, is substituted for S,, while tem-
perature correction can be made by the standard Arrhenius equation. Mathematical
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transformations have lead to another convenient trickling filter design formula propo-
sed by the author:

Se/So = exp(—K/L) ®)

apparently identical to equation (6); and it assumes that the product of specific surface
area A(m?/m3) and rate coefficient k is equal to K = kA and represents the fixed biomass
solids in the filter ; and that H/Q is proportional to time, ¢. One has to state here, however,
that detailed studies [4] have proved irrelevance of residence time in evaluation of trickling
filter performance. This is the single most significant difference between highly loaded
mixed — homogeneous reactors and heterogeneous reactors such as biofilters. Naturally,
equation (7) can be transformed to show the food to microorganisms F/M ratio con-
cept as in equation (6).

3. SLUDGE PRODUCTION
3.1. ACTIVATED SLUDGE

Sludge settling and recycle is inherent to activated sludge process performance. Sludge
production and wasting of excess sludge is a measure of process stability and activity
of the microbial population. The exact mathematical relationship for daily sludge accu-
mulation (i.e. excess sludge X, — kg/d) involves at least four elements:

1. Sludge build-up due to influent suspended solids which are not degraded in the

process ;

2. Increase in biological volatile solids (VS) due to cell synthesis ;

3. Decrease in biological VS due to endogenous respiration ;

4. Decrease of sludge mass due to solids lost in the effluent.

To simplify the reasoning let us assume that influent is totally soluble and final clari-
fication is 100%, efficient (i.e. disregarding elements 1 and 4), then the resulting equation is :

AX, = aS,—bX, ©)

where :

a — sludge synthesis coefficient, (kg VSS produced/kg organics removed),

b — sludge endogenous respiration coefficient (kg VSS oxidized/kg MLVSS-day);
and where it is assumed that X, represents 1009, biodegradable fraction coefficient — as
used by ECKENFELDER [l1], i.e. x = 1.

The design values for a and b coefficients are obtained from the plot of net sludge
production versus activated sludge loading, as shown in fig. 1.

3.2. TRICKLING FILTERS

In case of trickling filters — with proper hydraulic regime i.e. where no sludge deposits
are retained in the media — the active sludge is retained in the media in form of biological
slime. The sludge removed from the final clarifier should then be considered as excess
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sludge i.e. AX,, proportional to the load removed S, and to the active slime mass. The
latter is directly proportional to the specific surface area A. It should be stressed here
that sludge recycle, sometimes advocated, is without substantiation and may only be
used for start-up acclimation. In active biological filter sludge that is removed (unloaded)
has no further treatment potential.

Results of studies on six parallel biofilters published by BRUCE and MERKENS [2] have
been utilized here to show that sludge production in trickling filters can be accurately
related to the applied and removed organic loadings. From the published data on average
values of unit BOD removal and average quantity of wet film the values of kg BOD remo-
ved per kg of wet film-day were calculated and plotted in fig. 2.

The resultant equation is

AX = a S,—bX = 0,59 S,—0.016 X (10)

where X denotes total sludge, since VSS were unknown and thus the relationship is-appro-
ximate.

4. SUMMARY AND CONCLUSIONS

Further data is needed to verify the hypothesis that the classic excess activated sludge
approach to sludge mass balance in trickling filters is adequate. Data is needed also to
prove that the unit oxygen uptake rates and consumption by biofilter slimes can be used
in a manner similar to activated sludge oxygen requirements formula.
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Fig. 2. Trickling filter excess sludge production versus removed BOD load — municipal wastewater

Rys. 2. Zalezno$¢ nadmiernej produkcji osadu czynnego ztoza biologicznie zraszanego od usunigtego
obcigzenia BZT — S$cieki miejskie

The information presented, proves however, that the design models for the two biolo-
gical processes are similar in nature and that pilot studies should be aimed at determining
the sludge production and characteristics since it does play a significant role in biofil-
tration technology and the role is measurable.
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MODELE PROJEKTOWANIA Z£OZ BIOLOGICZNYCH 1 PROCESU
OSADU CZYNNEGO

W pracy przedstawiono zbiezno$ci nowego modelu kinetyki osadu czynnego w ukladzie tlokowym
i modelu empirycznego zloza biologicznego. Oba urzadzenia da si¢ modelowa¢ podobnym wzorem

Se/So = exp(—K/L),
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gdzie S,, So sa stezeniami BZT 5 odptywu i doptywu, L obciazeniem objeto$ciowym s. m. osadu lub jednost-
ki powierzchni wlasciwej. Praca dowodzi wiec roli, jaka w tych procesach biologicznych odgrywa obciaze-
nie tadunkiem organicznym osadu lub powierzchni blony biologicznej. W dalszym ciagu, na przykladzie
dokladnych pomiaréw produkcji osadu w zlozach biologicznych zaproponowano interpretacje z16z na
podstawie przyrostu osadu, poniewaz udato si¢ zastosowaé wzor analogiczny do podstawowej zaleznosci
na przyrost osadu czynnego, tj. AX = aS,—bX. Hipoteza ta oparta jest na badaniach pilotowych oczyszcza-
nia na zlozach z tworzyw sztucznych $ciekoOw miejskich i wymaga potwierdzenia dla innych rodzajow
sciekow oraz dla wypelnien konwencjonalnych.

GEMEINSAME PROJEKTIERUNGSRUNDLAGEN
FUR TROPFKORPER UND BELEBUNGSANLAGEN

Der Verfasser erliutert im vorstehenden Beitrag die Konvergenz eines neuen kinetischen Modells
des Belebtschlammes und des als Propfenstromungsreaktor arbeitenden Tropfkorpers. Beide Einrich-
tungen lassen sich mit der gleichen Formel

Se/So = exp(—KJ/L)

beschreiben, wobei S, und S, die Abflul- und Anfangskonzentrationen des BSBs und L die Belastung
des Schlammes bzw. der spezifischen Filterfliche sind.

Der Beitrag beweist also die grundlegende Tatsache, dall im biologischen Reinigungsverfahren die
spezifische Belastung des Schlammes oder des biologischen Rasens des Tropfkorpers von ausschlaggeben-
der Bedeutung ist. Anhand von genauen Messungen des Rasenswuchses im Tropfkorper, ist es dem Ver-
fasser gelungen, die bekannte Formel der Schlammzuwachsrate AX = aS,—bX auch als Zuwachsrate
fiir den Tropfkorperrasen anzuwenden.

Die vorgeschlagene Hypothese wurde im Reinigungsverfahren stadtischer Abwisser im Pilot-Tropf-
korper mit Kunststoffiilllung erstellt. Sie soll demnéchst mit anderen Abwasserarten und am anderen Fiill-
material erprobt bzw. bestitigt werden.

MOJEJIN TIPOEKTUPOBAHUWA BUODPUJIBTPOB U HPOHECCA AKTHUBHOI'O WMJIA

B paboTe npeacTaBieHO COBNAACHNE HOBOW MOJE/IH KHHETHKH aKTHBHOTO MJla B MOPIIHEBOM CHCTEME
3MOAPHYECKOR Mojenu Guodunbrpa. O6a yCTpOHWCTBA MOTYT MOIEIUPOBATHCS NMOTOOHOM (HOpMyINoii:

Se/So = exp(—K/L),

roe S,, Sy — xoHueHtpauum BZTs ctoka u nputoka, L. — oObeMHas Harpys3ka Ocajka MJIM €IWHHULBI
YAEIbHOM MOBEPXHOCTH. B paboTe m0Ka3aHa OCHOBHAs 3aBUCHMOCTH, KaKOil B 3TUX OMOJIOTMYECKHMX MpPO-
Leccax sIBJISETCS HATPYXKEHME OPraHMYecCKHMM BEILECTBOM oOcajka (Kila) WMJIM MOBEPXHOCTH OHMOIJIEHKH.
Ha ocHOBE TOYHBIX H3MEpPEHMiI ocaaka B OMOGHIBTpaxX MpPeaIokeH pacyeT (GHIBTPOB IO NpPUPAILECHUIO
ocazaka, Tak KaK yJaJioch IPUMEHUTh (HOPMYILy, aHAJIOTMYHYO OCHOBOM (hOpMyIIe [IJIsi MPUPALIECHUS aKTUB-
HOro wia, To ectb AX = aS,—bX. DTa rumore3a OCHOBaHA HA IMPOBEACHHBIX B I0JIy3aBOACKOM Mac-
mrtabe UCCAeIOBAHHUAX MO OYUCTKE TOPOACKUX CTOYHBIX BOJ C MOMOUIbIO (DUIBTPOB U3 IUIACTMACC; OHA
Hy’)KIaeTCsl B TMOATBEPKICHUH IUISl IPYTHX BHIOB CTOYHBIX BOM, a TaKXe AJIsl KOHBEHUMOHAJBHBIX 3o~
HHTETEH.




