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STHOPSIS
1. Objectivas

In a memovapdum to the Water Reseavch Commizsion {WRC), the
loztitute for Water Pollution Control (IWPC) indicated that sludge bulling
waa a problem of considerahle cooncern in Sauth Africa. Consideration of
tha problam lad ths WRC ¢to contract the University of CapeTown to
uodertaske an exploratory study into the problem. The objectives of the
study were

1) gurvay the extent and severity of activatad sludge bulking and
foamlag problens,

it} identify the [ilamsntous micro-organiama that are the principal
cagse of bulking and foaming,

{1i1) identify research needsa and directions for controlling bulking and
foaming problems to perve as a basis for pogsible future ressarch.

(iv) review the litapature em bulking control with the view of compiling
an information document on bulking identification and preventaive
and remedial measurea,

(v} review the litevature oa sludge settleability and sscondary settling
tank design criteria and procaedures with the view of updating
current tachoniques.
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Concluaions and Recomsendstions

A survey of 111 Southern African activated aludage planta treating
a total flew of 1515MA/d indicates tha fellowlng breakdowm in problems at
a level worae than minor (figure in brackets reprasents peccentage of
total flow): 44%{47%) either bulking or foaming or both; 324 43%)
bulking; 4O%{38Z) foawming, 27%(34%) bulking and foaming; 5%{9%) bulkiag
only; 12%{4Z) foaming only; and 56Z(53%) neither bulking nor foaming.

Identificarion of filamentous micro—organisms In 96 mixad liquor
and 37 foam samples {inadicates that the elght principal dominant filaments
in descending order of fraquency in the mixed liquor are Type 0092,
M.parvieella, Types 1831, 0675, 0914, 0041, Wocardia app. amd Type 0CBO3,
and the three in the foam ara Type 0092, H.parvicalls and Nocardia =pp.
All these filaments sort inte the low F/M group. Some of thess filaments
ara alao the principal dominant onee in the mized liquor 1a U,5.A. planke
f.e. Hocardia spp. (raoked 1lst), Types 0041 (5th), 0675 (6th) and 0803
{7th) and in European plants i.e. M.parvicella {ist), Types 0092 (4th)} and
0041 (6th)., The highly ranked dominance of M.parvicella and Nocardla spp.
ta foam samples 13 ook unusuwal as these bio are notorious for foaming

protlema.

The raview of the hulking control literature was undartaken by
Professor D Jankina of the University of Berkelay, Californla and the
information document prepar=d by him is dJus to be published by the Water
Research Commisafton moan,

On the basis of the exploratory study em bolking, 1t ie
recomnendsd to undartake ressarch into preventative and remedisl measures
for foaming and bolking contrel. Towards this end the WRC has concluded
twe conttacts, ona wich the Unilvearaity of Pretoria to inveatigats foaming
and the other with the University of Cape Town to {nvastigate bulking. 1In
the bulking research, the high incldencs of low F/M filameat types-
indicates the =zppropriate ramsdial action to be the epplication of
palactor reactors. Consaquently, cesearch ghould focus on the follawiag
aspecta owing to their particular relevaoce to South Africa's biologleal
autrient removal techoology:
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{{) marobic salacters, and their effactas on resdily blodegradable
{soluble) CCD utilization and oxyzen comaumptlon ratsa and integrat—
ing these fntc the general kinetic activated sludge wodel to serve
ag a bmsls for research into anoxic selactors,

{11} anoxic selectors for application im full =scale denitrification
plants

{111) the feasibility of anaeroble, aooxle and aerobie aselectara for
ineorporation 1n nutrient removal placks.

Ia {2 recommended also to lovestigate chlorinatioc =23 a bulling
control measure apd 1ts effect on blolegical aitrogen and phosphorua
remsval plants.

In the taview of aludge settlsability and mecondary eettiing tank
desipn procedures, pelationships between the different sludge settle-~
ab{lity measures viz. the [lux theory constanta ‘.Tﬂfn, Stirred spacific
Yolume Index at 3,5g/% {SS‘-.FILS) and Diluted Sludge Voluma Index {DSVI),
wers invastigated and verified with date reported in the literature. With
the aid of these relationships, the pradictions of four secondary settling
tack desipgn procaures, viz, {1) the flux, (iif) the Hater Research Centre
{WRC}, (1ii) Abwasser Techaik Verband {(ATV) aad (iv} Stiehting Toegepost
Ondarzosk Reiniping Afvalwater (STORA)} procedurss, are wverified againet
full scale dats maasurced by STORA {1981). The verificatiom shows that the
flux and WRC procadures ovepredict the permisaible solids loading, and
hence the permisaible maxinum overflow rate by about 20%. A comparison of
the flux, WRC, ATY and STOBA procedures shows that for average to poor
slvdge settleablility {DSYI > 120 mkfgz, 55?13’5 > 80 mkig), all prediet
pimilar maximum overflow rates. 4 comparison of che Flux and WREG
ptoceduras with the empirical hydraulic overflow rate criteriou of 1 m/h
at Peak Wat Weathar Flow (sat by tha IWPC SA branch)indicates that this
criterion 1is adaquate only for nom=bulking aludges (DSVI < 150 mli/g,

55?1315 < 100 wmi/g)} provided the reactor coucentration 13 less than
3,58/%,
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Tha review indlcatea that a large body of raesearch laformation 1s
avatlable on the behaviour of secondary settling tanks. A significant
poction of this work was conducted at full scale and directed specifically
at devaloping design oprocedurss but recognize alodge sectleability.
Although thesa procedures give good covrelation with observed behaviour,
they have not been widely adopted in South Africa. Consequently, at
present attention ehould be focussed on upgrading currently used ampirical
deaiza criteria by making available the design procedures and full scale
expariance {apptopriataly modifiad whers raquired) rather than conduct
further full scale research. It i3 recommended ko meat this need by

(1} writing an information document on sludge eettleability and

gacondary eattling tank design for publication by the Water Research
Commisaion,

{11} writing a series of techoology transfer papers for publication fu
"IMIESA" or "Water, Sewage and Ef£fluent”™ highlighting important
aapects Eor deeign and operation,

{111) writing a sarles of gcientific papera for MWater SA detailing
otiginal eontribukione by the avthor of the review.
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THTRODOCTION

Bulking may ba described as a phenomencon in aetivated aludge
plants in which the sludge asettles 9o slowly that the velume occupied by
the settled eludge in rthe secondary settling tank becomes gxcessive: the
sludge volume builds up eventvally to spill over with che clariffar
overflow resulting in high suspended wolids concentrations ia the
effluent,

The mlcro—orguniems In actlvated eludge, broadly speaking, can be
divided into two basic growpe, i.e. Eilamentous micro-organisms and floc-
forming micro-organiams. Tha filamentous miepo-organisms form an es=zential
part of the activated sludge flo: becauwse thay form the backbone to which
the floc=forming organiams adhere. If thera are insufficisnt f£ilaments,
the floc 18 weak and subject to break=-up into amaller particles in the
turbulent zones of the activated wsludge plant; when this bappens, fins
flac particles remain suspended I1n the eupernatznt aftar a perfod of
gettling and this condicion 1a called pin-poafnt flue. If the filamenkbs are
present In toc pgreat numbers, the sluodgs flocs are bound uwp together by
the filaments fn a weblike structure resulting In a very clear supernatant
but also imn a very poor utl:ling- gludge, and this conditicn is konown as
Ellamentous bulkiang. Clearly, 2 balance between [lec-formers and Eilamenta
is desirable to ¥yield a slodge with good eettling and clarification
propectias,

In March 1981 the Water Research Commiasion (WRC) wse approachad
by the Inetitute for Water Pollutiom Coatrol {IWPC)} (Southern African
Branch) 1in conpection with the problem of sludge bulking. The IWPC
indicated that a aurvey which it had undertaken had shown that aludge
bulking wam 2 problar of gonsiderabla proportion In South Afrieca. It
expressed 1lts coacern that this problem was currently not recelving high
priority by any of the uater research organizatlona in South Africa and
therefore requested that the matier recelve urgent attention.

Thorough consideration of -I:he problem highlightad by the TIWPC,
led the Commissiom to provide funds for a short term exploratery study to
egrtablish the extea: and nature of the aludge bulking problam In South
Africa. Mare aepacificelly, the objsctives of the study wera:



{i) Survey the eaxtent and savarlty of activated sludge bulking and
foaming preblems; '

{11) 1Identify the filamentous micro~organismas that are the principal
cause of the bulking and foaming;

{111) identify reaearch meeda and directiops aiped at controlling bulking
and foaming problems to #4rve aa & basim for pozsible future

research contracts;

{iv) Review the literature ou bulking control with the aim of drawiung up

an iaformation doecument on  bulking I[dentification, remedlal
praventative measuraes.

(v} PReview the llteratura on eludge settleabillity and secondary settling
tank design criterla and procedures with the aim of wupdating
techolques presently in uves.

Over the past two yeara the Univeraity of Cape Town undartock the
explovatory study and Investigated the Eive aspects set out above, The
results have been reported in detall in a number ¢f raports and sclentifie
papers (see Saction 7). Thia report summarizes tha findings of this

research work.

1. EXTENT ARD SEVERITY OF SLUDGE BULKING AND PFOAMING
in ordar to obtain information on bulking mnd foeming problams in

activated aludge plants in South Afrlca, a short twg page questionnzire
raquesting information on bulking and foaming was (1) diatributed to all
loeal anthuritiln {+ 400) and members of the INPC (5 A Branch) during
early 1983 and (1i) published {o IMIESA (1983, 8, 7, 59) and 5 A Water
Bulletin (Aug 1983, 15-16). Loformation requestad included the size and
type of the plent, and the extant to which bulking and foaming wes a
problem.

The reseponse o the survey was excellent; 220 returns were
recefved, Of thesge, 109 reported not having activated sludge plants, 111
supplicd the neceasary {information on activated sludge plants with design



flowa from 0,5 to 150 M&/d. The results of the survey, in terme of plant
number and Jdesign flows are asummarized in Fig 1. The results have heen
analyaed in detail by Blackbeard and Ekama (1984). In summary, of the 11l
plants, 78% experlénced eithar btulking or foamlng, or both preblems
together, in various degrees of saeverity ranging from mipor to fmpossibla,
This number of plapts rtepressnted BOX of the total desipgn flow. Bulking
Wwas reported to take place in 563(681}* of the plants, foaming 1o 68%(65%)
and neither bulking mnor foaming 1n 22%{20%). Sorting the plante with micor
problema in the group of plants with nc problems and accepting the plants
teporting difficult, mansgeable or impossible problems as the problem
glants raquirlng bulklng and foaming temedlal attention, the breakdown of
the problam plants 1is as follows: 44%{47%) of the plants have elther
bulking or foaming or both problems, 32Z{43%) have bulking, 40%(38%) have
framing and 36%(53%) have neither bulking nor foaming problems.

With regard to bulking, only the larger planta {> 40 ME/4)
reported the problem aa {inposaible; ail the smaller plants reported ths
problem at worst to be manageable. A poasible explanatica for this ie that
large plants are llkely to have a greater induatrial waste content, aome
fractions of which may stimulate the grtowth of filamentous organisms,
Similarly, fomming smppears to be more severe 1in large than in small
plants. & reapon for this may be the same ag that cited above for bulking
but additionmally, some of the large plants have diffused air aasration
whilch rtendg to exacerbate an inh:aren.t foaming problem, However, this
nsgessnent 1is a purely aubjective one and no direct cavsefeffact
relationehips could be deduced.

Tha survey confirmed that bulking and foaming problams ware
suffilciantly wildaspread, and esevers, to nmerit proceeding with the
tenaining objectives of the research programme i.a, addressing cbjectives
(11) to (v) 1isted above. -

*The first flgure is the percentage of plants and the second (in bracketa)
ia the percentage of the total design flow,
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1. INENTLIFICATION OF FLLAMENTOUS MICRO-ORGANISHS

2.1 Conges of fllasentous mm

Each eype of filamentous mdero=-organism 1s l1ikely tw prefer a

spacifis gat of environmental conditlons fopr fts proliferaticn. Henae
predominance of one type over anothar will depend on aenvironmental
conditions in the activated sludge plant. At presant, it i3 ocoly posaible
to suggast tantatively which proceas operationnl conditions Favour the
proliferatim of some fllamentous micro-ovgaolsme;: these conditions aand
the correaponding filaments which favour tham are 1isted in Table 1. Using
this Table poseible problematis operational conditions can be {dentifiad
from the types of filamentous micro-organisme present. It may then be
poselble to change the conditions to pravent the proliferation of the
filaments and o L0 ameliorate the bolking problem.

2.2 Acquisition and mlzlil of sanples

Hixad Jliquer and foam sampies (1f preeent) wers obtaived for
filament d{dantiflcation from woat plants that participated in the
questionnaire survey frrespactive of whether the plant raported bulking or
non~bulking conditiona. Tha filaments were iIdentified by tha
internationally accepted microscoplc analysis tachnique of Eikelboom and
van Buijsen (1981), In this technique the followlng terms are used to
axpress the rasults:

{1} Oyerall abundaogce = a semi—guantitative assessmant of  the
abundunce of all the filament typea prasent in the sample.

(113 Occurrence = the prasence of a particular filament type.

(114) Dominance and secondary - the most abundant filament type present
The microscopic analysis allows distinction betwsan bulking and
non~bulking sludges on the basis of the fillament abundance in the
samplas. The resulte of the identification of the filaments in
bulking and non-bulking mixed l1liquor samples {(judged in the
mnicroacople analyeas from overall filament abundancs level) and
foam aamples are sat gut helow.



2.3 Fllapente In bulkigg m&s

The frequency of occurrence aond frequency of dowinance of the
different filaments in the bulkirg sludges are given in Table 2. The eight
moat frequently cccurring and domlnant fllamant types are rankad 1 to 2 in
deacending order in Tabla Z and this ranking number Is shown in brackets.
The results 1n Table 2 are shown graphically in Fig 2 fn which the
filaments are ranked from left to right in descendiag order of frequemey
of dominanca.

From Flg 2 and Table 2 the eight most frequently occurring
Ellament typea 1o bulking sludges, in descendiog order are: Type 0041
present in 94%, Type 0092 {in 79%, Type 0675 ia 64%Z, Type 0914 1mn 53%,
Microthrix parvicella 1n 51X, HNocardia spp. 1o 42%, Hallscomenobacter
hydroseiz in 30Z and type D803 in 262 of those planta having fllamentoun
bnlking eludgea. The eight moat frequently domipant filaments are Type
0092 in 43% of the plante, H.parvicella in 28%, Type 1851 in 23%, Type
G&75 inm 21X, Type 0914 in 17%, Type 004l and Wocardia spp. each in 15%,
and Type 0803 in 1iZI of plaata. All these types apparently favour low
Food/Micro-organisn {F/M} ratio conditfons although Types 0041 and 0675
alev apparently have a salective adventage with nutrient deficient
condittons (Table 1}. However, im Socuth African planta the low F/M
conditions are the most likely cause as most activated sludge plants are
oparated at long sludge ages,

Frequency of occurrence and frequency of domimmnce of Filament
types in bulking sludges in the U.5,4. also are listed in Table 2.
cﬁnparing the South Afriean and U,S.A, results, Type 0041 13 the most
fraquently occurripng filament in both countries; similarly in both
countriea Hocardia spp. and H.hydrosails are frequently accurriong fllaments
(6th and 7th in 5.A. respectively amd 4th and 3rd iIn U.S.A. respectively)
13 termed dominant while the resainder are termed secondary. If the
overall abundanca 1a high it iz possible to have 2 or more domlinant
fillament Eypes.

With regerd to tha frequency of dominance of Filameants in U,5.A.
plants, from Table 2 the six principal ones sve, in descending order,
Hocardia spp., Type 1701, Type 021H, Thiothrix z2pp. aud 5.oakana and Type
0675, Prollferation of these apparsntly can be ascribad to all the
posslbla causes lieted in Table 2, except low pH; the probable reason for
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2 Filamentous micro-organisms in bulking mized liquor
samples ranked in descending order of dominance.




this 18 that in tha F.3.A, activated sludge processas are operatad under a
wide tange of conditions, fram high rate {short sludge age, high F/N,
possibly low Disselved Oxygen, D.C.) to low rate (lomg sludge age, low
¥/M,). Comparing the principal dominant filamentsz In South African and
U.5.A. bulking sludges, the three rypes that sre common are (i} Nocardia
spp. ~ 7th in S.A, and lst in U.8.A., {ii) Type 0041 = 6th in S.A. and Sth
in U,5.A. and (1i1) Type 0675 - 4th in S.A, and &th in U.5,A, Clearly,
there 1s similarity with the U.5.A. ogly whera the filaments are low PB/H
types.

The priceipal dominant filament types causing bulking in Europe
and Germany have %been ldeuatified in Independent surveys by Elkelboom
(1977) and Wagner (1982) respectively. In Table ] the prineipal dominant
filaments for South Africa ave raoked In deacending order plus the
correaponding ranking mumber for that filamant found in Europe, Germeny
and U.S.A., 83 reported by the differqent investigators., Both Eikelboon's
and Wagnet's surveys show that bdulking fn Europe and Germany may bha cauzed
bty ome or more of the differcnt c¢zusative operating conditions {except low
pi) (Table 1), This 1a parhaps aot unexpected because in Eutope activated
sludge processes are operated at both high rate, in which the low D.O.
filaments wmay develop and low rate, in which the low BF/M filameats may
develop.

Conparing the surveys In Eorope with that in South Africa, againp

thera 15 soma similacity but, as in the U.3.4., only in so far as tha
cansative fllaments are the low F/H types: M,parvicella, Type 0041 and
Nocardia app, are in the top =ix in both caountries. The mejor diffarences
are (1) in Furcpe the filaments Type 021N, S.natans, Type 1701 and
H.hydrossia often are the cause of bolking whereas in South Africa theae
seldom are, and {(il) filaments Typee 0675 and 0914 are aot listed iu the
European surveys, whereas these are Lthe 4th amd 5th moec frequently
dominant filaments 1in South Afriea,
I Assesgsing the situation im South Africa, with respect to ths
suggested ceausea in Table 1, the low F/M ratio {(long sludga =ge)
filamentous mlcro-organiems (Type 0092, M.parvicella, Types 1851, 0675 and
0914) abound in bulking sludge=. Theese types aleo cavee a large proportion
of the bulking preblems 1o Europe and the U.S.A. 80 that the low F/H
condition im one that 1s of greatast practical impertance,




Table 3

BAMEING ©F DOMEHAMT PILAMENT TYPES TH SOUTR APRICAW,
EURGPEAN AND WOHTR AHERICAH PLAMTS

Filamearous South AFrica TR Eirope 'ﬂ:iﬁnny
oleraocganiama this study Jenking #c ai., Elkalboom dagner
ey {1977} {1932}

Type 0052
H.parvisaila
Type 1891
Type 0673
Type M1k
Typa 0041
Hocardiy spp.
Type
Trype 1701
H.llile=ola
ype
H.hydroywla
S.nnCans
Thiothrix [ 1)1
Trpe o501
Type 0961
Regpiscos &pp.
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Figure 3 Filamentous micro—organisms in non-buiking mimed liguor
eanples ranked in dascending order of dominance.
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2.4 Filaments in non-bulking sludges

The f[ilament types In oowa~bulkiog eludges are set out in Flg 3
which oshows that the five most frequently occurring Eilaments in
dascending order of fraequency, are Types 0092 and 0041 im 771 of samplas,
Type 0673 in 72Z, Type 1851 in 49% and H.parvicella in 44% and tha seven
most frequently dominant filaments, in descending order of fraquancy, are
Type 0092 In 23X, Type 0041 and HWocardia spp. each in 12X and Typaa 0675,
1851, 0914 and M.parvicella each in 9%.

Table &

FILAMENTOUS ORGANISMS IN POAM SAMPLES FROM PLANIS
IN SOUTHERN AFRICA

Filamentouse * Toam Sample
Hicro=-organism {lecurrencea Domfpant Fank
Type 0052 B 48 1
M.parvicells 53 46 1
Nocardia =pp. 41 30 2
Typa d041 13 L4 3
Type 0803 27 11 &
Type 0914 &b 11 &
Type 0675 51 B 5
Type 1841 a3 5 &
H.hydrosals 14 3 7
Typa 0ZIK 22 0 -
Typa 1701 22 0 -
H,limizola 11 0 -
Type 0961 B 0 -
Thiothrix spp. 5 4] -
Typs 1702 5 o -
Type 1852 3 0 -
Type 1863 3 o -
Type 0581 3 0 -
" Baggiakoa 3 V] -
Tnknowo 3 ] -
Humber of sanples = 37

. Humber of plants = 37

* Parcentage of plantz in which each filament was abserved to oecur
@ Parcentage of plants in whiszh aach filament was observed to be dominant
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Comparing the saven most freguently dominsgt f{ilaments in noa—
bulking samples wirh those In the bulking ones, It appears that they are
the Bame types saxcapt the order of ranking 1a siightly different. Hence
bulking and non-bulking sludges are eszenkially simllar with regard to the
types of filaments preaent in them, the difference 1llex only In the
abundance level of the filaments. This seems to indicate that underxr
certain conditions, the princlpal causative agents lucrease in abundancs

to cause the bulking problem but the condirvions that atimulate thie are at
present uoknown,

z,5 Filaments in foam samples

The frequency of occurrence and frequency of dominance of
filanentous grganisms Iin the foam samples are set out in Table 4 and shown
graphically in Fig 4, in which the fllaments are srranged in descending
Erequency of dominaoce. From Flg 4, the six most frequently dominant
filaments are Typas 0092, M.patviealls, Nocardia spp., Types 0041, 0914 and
0303, However, it cannot bae conzlvded from this that thase filamenka are
the main causativa agants for foaming bechuse they are pregsenkt alsc In the

mixed liguor from which the fomm originates. This difficulty can be
resclved by comparing the fraquency of dominance of filaments in foam
aamples with that in mixed liquor samples (se= Fig 5), From Fig 5, those
filaments which ara found with approximately egqual frequency of dominance
in the foam and the mixed liguasr 2an be said ta be present In the foam due
to incidental entrapment froem the mixed liquor; the firat five of these,
are Types 0041, 0675, 0914, 1851 and 0803. Those fllaments which dowluate
with a considerably higher frequeacy In the foam compared with the aixed
liquor, can ba 3ald to bde spacific foaming organisms due to thelr
salective sccunvlation in the foam; the prioeipal three of these are, in
descending order, Type 0092, MH.parvicella and Hocardia spp. The [inding
that H.parvicella and MNocardia app. are bio of the principal Ellaments
causing foaming 1n South Africa is not surpriaing; thea= two are notorious
internationally for ecacsing this problam. The findiog that Type 0092
pechaps causes fosaning 1s unaxpected becavss, to the knowledge of the
writers, this i3 mok reecorded in the literature. However, the implicaticn
that Type O097 13 a posaible foaming £ilament 1is tentative akt best:
M.parvicella and Hocardia Epp. are dominant in foam samples 2,3 end 2,1
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timasa mora frequently than in mixed liquor samples respectively, bubt fov
Type 0092 thia ratio is 1,35. ’

3. RECOMMENDATIONS KIE BULEING AND FOAMING RESEARCH

The axploratory study described above {for detafls see Blackbeard
et al,, 1985) as well as visits to a number of local =sewaga works
indicates that bulking end foaning give rize to considerable problems in
activated aludge plants in South Africa. A conviderable Information base

already existe on the control of sludge bulkimg and fcaming, as set out in
the rteview of Jenkins et al. {1955} {see Section 4 below). However, a
number of research mneeds related to bulking and {eoaming control and
remedial measures in activated sludge plants have been ldentified and are
datailed below,

{1) Invegtigate bulking, its causes, control and preveatative
meaayres at activated sludge plants.

(2} Invastigate foamdng, 1its cawses, control #nd preventative
nenfures at activated sludge plants.

3.1 Bulkfng control weaaures
With regard to ©bulking econtrol and preventative moegsores,

considerable advances hava already been made iptermationally, but thease

megsures ned4d to be Investipatad more claosely &0 evalvate thelr
application fa South Afr{ieca. Bulking remedial and praventative measures
can be divided ipto o groups viz:

1) Non=specific bulking control methods

it) Spectfic bulking control mathods.

3.1.1  Non—ppecific lmlking control measures

The nop—apecifie bulking control methods icvolve dosing the plant
exparlencing the problam with a bactariacide such as chloripne or hydrogen
peroxide. The principle behind nom-apecifie bulking control ia that the
filaments exteading outside the sludge flocs expose a much larger surface
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aresa than the £loc formers sichin the sludge floca, with the result that
the former are wmore susceptible to toxicity: The bacteriacides %111 the
filaments outside the sludge flocs thereby controlling their growth. The
dosing has to be dome In a specific and very controlled manner so as W
affect the fllamentous organiams only and not the other bacteria in the
proceass, in particular the niteifying ovganiams which effeckt
nitrification. Chlepine desing inveolves two aspects (i) a tokal doase of
batween 1 and 10g chlorine per kgMLSS per day and {{1) an exposurs mate of
at lesst 2 to 3 times per day to keep the actual dosing concentratlon lauw
{5=20 mg/R)., The most commou dosage poeint in the plant 1is f{n the return
sludge etrean because here the HMLSS concentratlon is high and seluble COD
low, With this method, coosiderable auecees in controlling bulking tme
been achieved ir the U,5.A, (Jepkins and Richard, 1985}, In reaponse to a
ahart cautse on actlvated sludge bulking coantrol prasented hy Professor D
Jankins, the method has been applied with some success at a few extended
aeration plants in South Africa e,g, Heidelberg and Daspoort (S.A.
Waterbellectin, Aug., 1983).

To apply chlozinaclon in South Africa, the following needs
attantien {for detalls ses Blackbeard et al., 1985}).

’ To Investigate the effacts of chlorlnsation en the specifie micra-
crganisms Implicated In the bielegical phesphorus removal, such
as Acinetobacter. Thie is {mportant for South Africma's mutrient
removal plapgts. Mo experience of this has besn reported e date,

. To adapt where nacessary the chlorination techunique for use at
South African planta and eageader conffidence amd reliabllity in
its epplication by bullkting controel demonatratioms aud publication
in trade and tachnical Jeurpals,

In the South Africam context chlorination should not be viewed aa an
gnrarpgancy <ontrol measure only - ali:hnugh its expenss will 1imit 1its
axtensive use Iin Sowuth Africa some municipalitics have found regolar
chlorination to improve sludge settleabllity {thearaby allowing higher
averflow rates) more ecooomical than the cost of interest rates on capital
investments required for additional settling tacks. However, Lt must be
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ramemberad thet In many $natances, spanific bulkiong contwel measuras wan
be applisd for permanent prevantion of bulking, in particular the sglactor
approach.

3.1.2 Spacific bulking contyol mesaures

The most important reascoa Eor knowlog the differentr fllamentous
micro=-organiam typea i3 that it asaiets Ldentifying possible aspecific
oparating copditlons that lead to their proliferarien. The principal
filaments causing twlking 1n South African planta are the low F/t (long
sludge =pge) types, The ipndicated meawure for thelr control is the
"galector” reactor approach; with this approach, a amall aerobie (or
anoxic) reactor 1is placed ahead of the main biologleal reactor, The
priascsipla of tha "zalactor™ teactor is that the readily bleodegradable OO
{or dissolved COB)} 1a at a ralatively high coocentration and hence 1is
utilized at a high rate in the selector, a condlition which reputedly glives
the floc-forming types of micro-organisms A growth advantage over the
filamentous micro—organism Lypas. By the suppresaicn of the filamentoua
growkth, good settling eludges are obtalaed.

Consldarable success hme been racorded ig the U,.S5.A. and Europe
in ¢ontrolling and curing low F/H filamentous bulking with the sslector
approach {for U.5.A. experience see Jenkins and Richard, 1985). In the
main, thia rtasearch describes gitwations where the esslector reactors or
zonas atre aerobic. FRacantly, work by the Berkelay grouvp, has Indicated
that the selector effect also can be induced Af the reactor or zome 1is
anoxic {lL.e, in the presence of nitrate and abseance of disaolved oxygen),
but this J&avelopment has not vyet been adoptad at fuil scale. Anoxie
selecktors are of particular ralevance to South Africa whers mitriflcation
is abligatory - indeed {t i3 unlikely that asrcbilec selectors, as applied
to extended asration plants, will find wide application here bacause of
the advantage of denitrificatien once nitrification ias {ocluded im the
design. Furthatmore, biologlcal nutrlaent removal plants have anaarobic
reactors as their fiest zona and this ralses the question of the
applicabilicy of the selecter approach for bulkieg cookrol In  these
plants,

Hoting the above, it ia recommended to iavestigata the following
aspects doe top their partlcular relevance to blological altrogen and
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phosphorus removal techmology in South Africa (for detsfled background,
ses Blackbeard et al., {1%85);

. paraoblc salectors and thelr effects oa the readily blodegradabla
{soluble) £OD utilization and oxyvgen consumption rates with the
view to Integrating these In a general kinetle theory and thereby
asalat In developing & vational dasign procedure for aerobic
selectors.

. anoxie galecrors for applicaticon tn full scale denitrificatien
plants
. the feaslbility of anaercbic, anmoxic or aeroble aslectora for

incorporation in nutrient removal plants for bulkimg control.

3.1.3 Bulking contrel mesearch contract

The racommendations on bulkinz control raeseatch sak out abovs
have been Incorporatad in a 3 year research contract betwsen the Water
Researeh Commisaion and the University of Caps Town. The rassarch prograa
13 to be executed in collaboratdon with Dr Jenkina of the Uolversity of
California, Berkeley.

3.2 Besaarch into foaming control
With regard to Foamlng, it would appear best o adopt o

approachas fn this ctesearch: (i} to investipgate different desipn featorss
in activated sludge plants and sacopdary eettling tanks that will iead to
gfficient and effactive foam removal and to investigate altarpatives for
vltimate dieposal of the collected foam. Thia approach iz likaly to yield
the wost coat-effective relief to foaming problems in the short term (i1).
to invesatigate the causes for the proliferation of the foaming micro-
organisme Bocardla spp, and H.parvicella; a knowledge of tha causes will

a]l.luw development of contrpl measyres that will lead to Lthe declina of
these organiems in the activated sludge plaat.

Research on the o approaches thag been Inftinted: At the
Department of Water Uril{zatfon of the Univarsity of Pratoria under
Prof W Pretorius with funding £from the Water Reasearch Conmiasion, both



17

approachea are being investigated, although the first approach 1a at
present emphaaized; at the Sanitary Enginsering Research Labotatory of the
Univeraity of Califormia, under Prof [ Jenkins, rasearch attention I3
focussed on the asecond approach. 5cme Interesting advances in combating

foaming problems are likely to flow from thess investigatious in the not
too distant future,

1.3 Clogure

The survey summarized in this teport haw stimulated Interest in
btulkiog and foaming control methods in the municipal wastewater treatment
field im South Africa, am iInterest that has exiatad for many years in
Europe and the U.5,A. With the keen rvestarch intarest at the international
level in solving bulking and foaming problems, and the two Hater Research
Conmisalon cootracts focuasing attention on tha problems locally, it im
euvisaged that significant progreas in dealing with thede problems will be
made In the not too distant future.

&, REVIEN OF BOLETING AND FOAMING CONTROL LITERATURE
Thia aspact of the exploratory study wes not covered by the Cape

Towa group. The Water Research Commission commissioned Profesaor D Jenkins
of the Uoniversity of Californla, Berkeley, U,5.A, whe has wide axperience
in bulking control at full =cals, using chlorination and aerobic
selectora, to review the literature, The review is currently being
finalized and will be published as a Water Raessarch Commisslon publicacion
entitled: "Manwal oo the cauaed and control of Activated Sludge Bulking
and Foamiog”, by D Jenkina, H Richard and G T Daigger (1985).

5. SLUDCE SETTLEABILITY AND SECONDARY SETTLING TANK DESIGH

In pdditiom to the reaesarch into the execsent and severity of bolk-
ing and foaming, and identificatiom of the filaments that cause these
problems, the exploratory study alac envisaged a review of pesearch om
slndge sattleability apd secondary sattling taok bghaviour, with the ainm

of poseibly updating current secondary settling tank design theories or
procedures.
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3.1 Pilamentous organisps and settleability

To obtaln 3 quantitacive measure of the affect of filamentous
organizme on sludge sattlaability, efforts have beem directed at relating
the sludge settlsability to the oumber or the total length of filamenta.
Sezgin et al., {1978) and Pipes (1979) found the most widely used settle-
ability measure, the Sludgs Volume Index (SVI), to be poorly related to
the filament numbar (millions/mg}. This ias because (i) the filament number
fails to account for filament length and (ii) the SVI teat is a poor
gattleability measure. BSezgin et al., (1978) and Lee &t al., (1983}
investigated tha effect of filament Jlength, (dencted Total Extended
Filament Length TEFL, km/g) on the SVI, but plots of 5Y1 versue log TEFL
showed such a wide s¢catter that an 5VI of 150 mfi/g could have & TEFL vang-
ing between 5 and 70 km/g (sea Fig 6). This work demomatrated the
inadequacy of the SVI as an Indicator of Eilament number or length. Work
by Lee et al., {1983) ahows that the Diluted Sludge Volume Index (DSVI),
is ar inproved asectleabllity measure over the SVI, and does give =&
conpistent relationship with log TEFL (Fig 6): for TEFL below 30 km/g,
corcasponding to a DSVI of 150 mifg, the filaments do not influence the
DSVI significently; however for TEFL above 30 km/g, the filaments rapidly
commence to dominats the sactling behaviout, indicated by the marked pro—
gressive 1ncrease in DEYI. Evidently the DSVI can searva ag an indirect
quantitative assessmant of the filamant length and cap ba used to ldentify
bulking sludges. As a guide, one can accept that alvdges with DSVI above
150 mi/g, are bolking sltudges. With regard to the 5VI this conaistency of
behaviour 1a abaant; the reported SVI values at whieh bulkinmg 1s implica-
ted differ widely — from as low as 100 mi/g to as high as 200 mifg; from
Fig & this Is oot unexpected. However In the absence of DSVI experleace
ong Iz forced in the interinm to uee the 5VI to identify bulking sludges in
the field. Taking note of the above trange, one <can acceapt, tather
arbitrarily, that sludges with 5VI'e above 150 mt/g are bulking sludges.

5.2 Sludge settleability and pecondsry settling tank design
procedures
5.2.1 Empirical dasign ceiteria

The conventional measure for determining sludge settlaability i1a
the Sludge Volume Index {SY1). Despite many attempts, it has not been
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the Sl.udg-pvﬂ.un Indar {SVI) and the Diluwtad Siudae Folume
Inder (DS¥TJ. The 5F1 i inconmietently resated to the TEFL ssch
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valated to the TEFL in that 2 siwdge with a D5V of 150 mi/g haa
a TEFL gf gpprowimately 30 kmfy (Lee ot al., 1983).

paogaible to incorparate the SVI succasefully lnte a rationmal aettlinz tank
design procedure. The principal reason for this i3 the inadequacy of tha
SVL as a mettleability measure - it hma been eriticized on the following
aapects: the 5¥I (1) is oot independent of sludge concentration {2} i{s nac
indepandant of cylindeyr diameter and depth (3) iIs effected by gentle
atirring {4) has no observable relation to rheologicsl properties of
aludge (5} has no relation to the zone settling valocity.

Bacause of these 1lpadequoaciss, alpdge settleability has not
featured directly In design criceria for settling tanks but enters in an
indirsct and often quite empirical fashion: For the various process typas,
desipn eriteria have been set down which experience has shown to provide,
usually, for adeguats fonctioning of the settling tank over a tange of
sattling bekavigur that can ariee. These rules do not itcorporats directly
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the pettleabllicy of the eludpge - this iz "hidden™ in the thydraulic
and solids loading design criteria; examples of such criteria are those
recomeended by (1) the Insritute for Water Pollution Contrel (IWPC, S5A
Branch} {Table 5), (i1) the Unitad States Fovirommental Frotection Agency
(USEPA) {Table 6), and {ii1) the Great Lakes = Upper Misalasefppi River
Board of State Sanicary Engineers (GLUMRE, or Ten States} {Table 7). All
these critaria in effect implicitly accept that settleability will not
fall below @ cartain miaimom quality, 8 quality unknown st in confermicy
with past axperience of similar sludges.

Since 1950, considerable reaearch effort has beean dirsctad to
developing improved meapur=a far aludge settleability and incorporating
these into ratignal theorles or deslgn criteria ar orocedure for sattling
tanka. Thres such settlagbility measures have been develepad {,s, {1} The
stirred Zone Settling Velocity (ZSV) test with its associated flux theory
(1) the Dilute Sludge Volume Index (DSVI) test with its assoclated ATV*
and STORA™ design procedures and (1i1) the Stirred Specific Volume Indax
(SSVI) test with its sesoclated wre” thenry.

5.2.2 Zome Settling Velocity {ZSV) test and the flux theory

The Zone Settling Velocity test 1z conducted in a gently atirrad
(L rpm) columm of abgut 100 mn diameter and 600 mm deep, About 2 to 3
ninutes pfter the column hag been filled with slodge of a certain

concentration and stirring commenced, the solid/liquid interface bagins to
aubside and zome settling commences. Curlng stirred zone settling, the
subsidence rate of the interface Iis called the Zome Sattling Velocity
{25V} and i3 messured from the =laope of the straight line pottiom of an
interface hefght - time plot. Because ths sludge concantration of the zone
gekbtling ragion remalns coanstant during zone settling and 1a equal to the
concentration with which the columm was originally f£iliad, tha Z3V {is
asgoclated with the original sludge concentration. By repeating the test

*Research organizarions 1.e.

ATY - Abumaser Technlk Verband, Germany.

STORA - Stichting Tosgspast Onderzoek Reiniging Afvalwater, Ryswijk,
Helland.

WEC - Water HRasaarch Centre, Stavenage, England.
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at different concentratloms a set of ISV concentration data can be
collected.

The origin of the flux theary c¢an be tra¢ed as far back as 1914
with the work of Coe and Clavanger, Since thaet time 1t has zecelved con—
siderable ressarch attention: notable eontributions townrds 4its develop=-
ment have beem by Kynch, (1952), Yoshioka et al., {(1957), Vesilind (1968),
Dick end co-workees (1967, 1970, 1972), Alkema (1971}, Kelnath and co—
workeys (1973, 1977, 1983), Pitman (1980, 1984) and Ekama et al., (1984).
To facilitate analytical solutions from the [lux theaory (as opposed to the
graphical ones developed by Yoshioka et al., 1957}, Vesilind {1968) and
Dick and Young (1972) proposad mathematical expressions linking the ZS¥
and the solids concantration; the former proposad a semi-log one £.a.
Vg = "-'ne.- b uhereas the latter s log-log one i.e. Vg = VX" (where Ve
i.s_ the Z5¥ in w/h and X, the HLSS conceotration and V, and n are constants
that describe the settleability of the aludge ealled the flux theory
constapts}., In reviewing thess expressions Iin the flux theory, Smollen and
Ekama (1984} found the semi-log expression ylelded a more consistent Flux
nodel and alss gavae cloger correlation with their measured 25V -
concentration dats at labkoratory, pilot and full acale and also with data
reparted in the literatura.

Today, the [lux theory 1s probably the most ratiomal model avail-
able for secoondary settling tanks, its valuoe and cvsefulness well gtteated
in the quoted referencea, However, it haa not been widely adopted Eor
deslign and operation principally for three reasons: (i} it requirss
multiple batch stirred sertling tasts {6 to 10) over a mange of concentra-
tions from about 2 to 12 g/% to obtain the Z5¥ - concentratiom data, a
tedisus undartaking, {1i) measurement of ZSV-concentraktion data {s
uoconmen In practice and the test bas not acquired familiarity as a éludga
settleabllity meesure with the resulf that no dats base relating thia
weasure to full scale sattling tank behaviour has developed and (iii)
tothe knowledga of the writers the flux theory par se has oot been
verified on full scale sattling taoks, These problems with the fiux
thesyy, 1n particular the tedipux ZSV-goncentration measurement, has
promaptad the development of other simplar sattleabllity measurwas.
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Table 5: Secondary settling tank design critaria for activabed sludge
plantz set out by the IMPC {5 A Branch) (1971)

1. Maximum overflow rats at Peak Wel Heather Flow 1,0 a/h
2. Minimum ratention time at Peak Dry Weather Flow 1,5h
3. Maximum welr loading rate at Peak Dry Weathar Flow 8,3 m3/b/m

Table 6: Secondary setrling tank design criteria f[or ackivated sludgs
plants set sut by the EPA (1975)

Hydraulie loading Solids loading Sldewall
Type of (m/h) (leg/m2/h) depth
Procesa Avarage Peak Avarags Peak {m)
Alr activated sludge| 0,58-1,36 |1,70~2,04 | 4,08-6,08 | 10,17 3,60=4,37
Extended aeration 0,34-0,68 1,36 4,08-5,08 | 10,17 3,66—4,57
Oxygen act. sludge |0O,68-F,36 |1,70-2,04 | 5,08-7,13 { 10,17 3,66-4 ,57

Table 7: Secondary

plants set out by GLUMRE (1978)

asttling tauk design criteria for activated

Bludge

Hydraulic Loading

S50lids loading

Weir overflow

Type of (a/h}) (xg/u?/h) rate {w3/h/m)
Process Avarage Feak Average | Peak | Average | Peak
Conventicnal, - 2,04 - 10,17 7475

gtep aeration
contact — atah,




23

5.2.3 The Diluted Slu Yolune Index (DSVI) deasi roceduras

The simplicity of the SVI test haa been a major factor contribut-
ing to fta popularity. Accordingly there were endeavoura at modifying the
test auch that it retains its simplicity but improves 13z vsefulness. One
of the main deficiencies of the 5VI 15 1its dependeacy oa the lntal
Sectleable Solids concentration (TSS). Stobbe (1964) investigated this
depandence and showed that the test resulr i{s largsly independeat of com—
centration if in the I litre cylinder the 30 minute Settled Volume (S?za)
s lasa than 250 ni, In consequence, ha proposed the Diluted Sludge Volume
Index {DSVI) in which the sludge is diluted such that the S‘.F3ﬂ ia lass
than 200 mi In the 1% cylinder; the D3VI 15 given by the SV34 divided by
the diluted sludge coacentration in the cylindar.

5.2.3.1 The ATV and ST0RA design proecadure

The DSVI's ingsensitivity to siudge concentration makes it a con—~
sistent ©basis for comparlson of sludga weettleability in differest
sctivated sludge planta, The DSVI has baen integratad Into two settling
tank design procedures proposed by the ATV (1973, 1976) and STORA (1981)
groups respectively. These two procedures ara identical in principie and
operate as followe: Using STORA's symbola, the product of the blological
reactor sludge concentration (G,, /1) and the DSVI (Igyr mi/g) is called
the Sludge Volume (V5 ,m2/2). The Sludge Volume VS, is smpiricelly linked
to the permisaible overflow rate (qi’ mfh) found from experience to give
safe designs i.e.

for ATY : q, = 2400 {VS y~1,34 subiact ko q, < 1,6 m/h {1)
A 1 v A
for STORA: q, = 3+ 200/VS,, subject to 300 < q,.¥S,, < 400 and
qs < 2,0 a/h (2)

The permiseible overflow rats function for the ATV procedurs is-
not based on settling tank failure per sa (i.e. groas solids overflow
witheffluent sollds concentrations of eaveral hundred mg/f) but on
limiting the effluent solids concentration balew 30 mg/%. In developing
their function, STORA {1981} found that there 15 only s small difference
in permiseible overflow rate for an efflusct seolids concentration of 30
mg/t aod settling tank failure because when Failure occurs the effluent
solidas concentration increaaes pguddenly from vary low (< 30 mgfR) o
saverasl hundred mg/t. STORA (1931) therefore based their function on
gattling tank failure.
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Extensive research at full acale, (STORA, 1931) has indicated
that the ATY and S5TOREA procadures pradict with reasonable aceuracy thae
permisalble overflow crates from DSVI  measurements {(Stofkoper and
Trentelman, 1982}. {(aee section 5.5.4. below).

5.2,3.2, The Hoopmun and Cadee deeign procedure

& third design procedure based on DSVI measurement Is proposad by
Koopman and Cadee {1983) {n the G.5.A. In this procedure Lha DSYI maasure—
ment is wsed to estimate the flux thaory constants V, and n In tha semi-
log ZSY - concentration expression from a set of corresponding DSVI and ¥ o
and n datas that Koopman and Cadee callected., Onca ¥, and n are known, the
permiasiblea aolids lcadinmg 1 calculated via the flux theory. Thie
appreach has oot yat been tested et fullscale but clearly iks succeass will
largely depand on the succesa of the flux theory (see 5.5.,3 below) and how
general their set of datz ara for converting DSVI to V, and o (gea 5.4.1
balow}.

5.2.4 Tha Stirred Specific Yoluma Index and the Water Essearch Centre
desipn procedure '

Hhite {1975) modified the SV1 by Introducing geatle atirring {1
rpm) during settling. He found that this improved flocculation and reduced
ahort-—cireviting and bridge formation effects, theareby creating conditions
mare in keaping with those in the settling tamk. But wmore Importantly,
gentle stirriug inoduces a linear ralationship between tche 30 minute
Sattled Volume (51’35} and sludge concentration. He callad this tast the
Stirred Specific Volume Index (SSVI). For moat sludges White investigated,
the 5SVI was independent of the initial sludge comceatration. Howevar, for
same &sludges this waa nobk the case, hence to Impart a geomerality to

theSSYL as a comparative measure for sludge asectleability, he proposed a
standard concentration of 3,5 g/ for reporting the S5VI data, denoting it
the ssvréis.

In terme of the 55?13’5, png amplrical theory {a available. This
theory, knowa as the Water Research Centre (WRC) theory 18 based on the
flux theory for predicticg the maximum s0lids handling capaclty of
eettling tanks. Ressarch at full scale has indicated that the WRC theory
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predicts within 20Z the maximum solids handling capacity of a2 settling
tank based on tha SS‘IIE_'S as the slodgs settleabllity measure (White,
1975; STORA, 1%81; Rachwal et al., 1982}, The 55?13.5 haa been widely
adopted In Eangland as the routine aludge settleablility measure aad,
togather with the WRC theory 13 extensively used for design and control of
sacondary oebtling tanks.

5.3 Scope of the remearch
In the PCT research program, the problems with the flux theory
sat out abeve ware addreased with a view to making it more attractive for

deeign and operation of sattling tanks, This was largely auccessful
because with settleability daka wmeasured and reported In the literature,
1t ean be shown that it fs ao longer neceasary to do the tedious multiple
batch Ctasts to measure the ZSV~concentration data to ohbtain thae £lux
constants ¥V, apd n because these can be estimmead from relationships that
can ba establigshed between ¥ aud n and the 35?13’5 measure. Furthermore
dats wad massured and obtained showing that a relationship between the
DSVI and 55?13’5 also can be established. With the aid of these
relationshipa the flux theory could be checked againat full seale settling
tank data reported by Stofkoper and Trentelman (1982). The sawe data also
could be need to check the theory of FKoopman and Cadee (1983) mentiomed
above and to verify the WRC theory developed by White (1575). Finally,
having verifiad the settling tank theorlas, the pradictions of the WRC and
Flux thaories could be compared to the ATV and STORA design proceduress aad
the empirical design criteria aset out in Tables 5 to 7. From =a
conpariaon with ehe empirical design ecritaria the “hidden" sludge
settleabllities in the criteria could bg sstimatad. The remainder of this
repart dilculu._i the more ilmportant results of this research.

5.4 Eslationahip between sludge settlgabllity mgaaures

5.4.1 Balaticaship between Flux theory constants ¥ _/n amd 55?]:3,5

Accepting the seml-log expresaiem for the ZSV—cooncentration data
le. V, = 'In axp{—nxt), Pitman (1984) found that the Flux theory constanks
Y, and u, when expressed as v, divided by n, i.a. ‘Iil'nfn, correlated well
with tha SSFIB'S {gee@ Fig 7). The relationship bs obtained is

-vo{n w 67,9 axp(-0,015 SSFIE_’S) {rz = ,968) {3)
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To werify the generality of Pitman's data, these are comparad
with data reported in the litarature in Fig 7. In Filg 7, the data of
Rachwal st al. {1982) are averages of a number of years full scale opera-
tion; White's data (on which the WRC theory is bassd)}, which were
¢aleulated by equating the WRC and flux theory and finding paired datz for
¥, and n and SSHH,S’ show a remarkably clesse correlation to Pitman's, Tha
data that deviate significantly are those of ¥oopman and Cadee; However,
_they did not measure the 551'13’5 directly, this was eatimated from the
DSVI accepting that 55“3.5 = 3,67 DSVI {aes 5.4.2 below); apart from the
devigtion that may arise from the convarsion, the principal cause for the
deviation ls that in Koovpman and Cadee's the Z3V batch tests, t obtain ?u
and n, the concentration range wzs only 0,7 to 4,8 g/i, a range that is
much to¢ narrow for rellable V, and n values and also much narrower than
that of the other researchars {1 to 12g/1),

Knowing ‘.Fn!n from the 55"'13,5 doas not unambilguously define ‘i.'u
and n individually. Thia problem ¢an be overcome bacause White's, Pitman’s
and Rachwal's data indicakte that as 'Jn.-’n increases (i.e, settleability
improves) so n decreasas; all three data ssts correlate wall when plottad
n versua log {?uf'n}. Pltman's data yield

n = 0,88 - 0,393 log {v,/0) {r% = 0,976) (4)
Once n is known, V, is found from Eq 5 i,e,
v, = (V,/o)n {5)

The importance of Pitman'a daea &5 that they confim White's
origioal work and firmly establishea the relatfionship beatween ‘.Fo!'n and
33?13,5, and o and ‘i"n!n. Pitman's wark consolidatea the WRC and Flux
theoriea into a single theory so that with only 53?13’5 deca, the design
engineer and plant oparater haa at his disposal both the WRC and flux
theories end caa utilize aspecta of both #in his work, Both these thearias
are verlfied against full scale data, ({sectiom 5.5.2 below). In tha
interests of brevity, detailed compariason of the WRC and flux theories ia
nat pressnted in this raport; such a comparisom showas chat rhe WRC theory
requires A amnll wodificgtion to make 1t identical to the flux theory.
This mnedification introduces the critical underflow rate which
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Figure 7 Relationship between sludge seitleability parwmmeters
V,/n and ESE’I 3 5 ehowing data from Pitman {1985), wWhite
(15875}, Ractwal et al. (1982) and Kpopman and Cadee
(1983}, With the exception of the last, there appears
to be a consistent relationship between V,/n und S5VI3 ;.

aets an upper limit to the underflow rate beyond which settling Laok
overioasd cannot be amaliorated by fupther lncreaaes in underflow rata,

3.4.2. Ralationship betwesn DSVI and SS'FILS

Stofkoper aud Trentelman {1982) repocrt DSVI and 55?13& data
pairs measured on 25 activated sludge plantas (with and without primary
gsattling) in Holland. Their data are shown plotted in Fig 8. Although

thera 1a a falrly wide scatter, it seems that the DSYI and SS‘H’ILS Are
Huopearly ralated 1.e.
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where k = conatant of proportionsiity = 0,65.

Data ou 13 plants fn the Western Capa over a wida range of
aettleablility confirm Eg (6). However a slightly higher ¥ value was found
f.a. 0,68 inatead of 0,85 (see Fig 9).

The sptead of data in Figs 8 and 2 {s auch thet there iz littla
to choose betwsen the two k values. Consequantly, until the k wvalue ia
more precisely fixed, or an improved relationship found with the aid of
mora data, it saems reasonable to assume that tha svaJ,S is approximately
2/3 of the DSVIL {.e.

SSVI3 5 = 0,67 DSVI (7}

The relationship between 35?1'3,5 and DSVI sllows & comparison to
be made between the DSYI based ATV and STORA design procedures and WRC and
flux theories. This comparison iz discussed briafly balew (Section 5.6},

If it is posslble to establish a firm relationship between tha
55'4.'13j 5 and DBSVI, it will become possible o use the WRC sod flux theorias
and their assoclated design and operating charts with DSVI measurements
which 13 a simpler and hence more appropriats mesgsure for settleabllity in
the field. However, 1t seems from the scatter of dara collectad to date
that, from a desigan gpoint of view, such ao approach may not be
sufficiently accurate and that It will have ko atand over uatil more data
are available, For this reason it 1s recowmended that whereaver possidlae,
the 53!:13,5 or DSVI, but preferably both, are weasured coutinely on full
gcale plants so that a data base for these messursoents can be
established. Such a daca base will be of great wvalue for daesign of
secondary settling tanks.

$.4.3  Relationship between SVI and flux V./a

Owing to the general acceptance of the SVI in practiss, one may
ask if it is not posaible Lo establish a relationahip between tha SVI and
the flux theory constants "fo,-"u and so zide—step the problesm of aencouragiog
operators and engioeers to adopt the USYI and/or 55?13'5. In his papar,
Pitman (1984) presents a relationship betwesn the SVI and thae flux
conatants ?D!n and suggests that with thia relationship, the flux thaory,
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and its axapclated dealgn and operating chart proposed by Ekama et al.,
{1984}, can be used with the 3V¥I measurement, Although the relatiouship
correlates reasonably wall l:rz- 0,913), the writers are of the opinlon
that it should not be used becauvee of the 5VI'a dependence on sludge con-
centration at high 30 minute sattled volumes (5V,; > 400 m2/R) and other
problems associated with it (see 5,1 and 5,2.,1 above). It is possible that
from the settleabilitfea and coacentrations maasured by Pltman, the SVI
was not strongly affected by councentration {which wmay be why he obtaimed
the rmazonable correlatioa), but this concentration effect may be substan—
tial with other sludges. Indeed 1t 18 because of the unmpredictable
behaviour of the SYI at differsnt concentrations between different
sludges, that the more reliabls 55'."13’5 (or the DSVI, with the neceasary
caution, see 5.4.2 above) is preferred for eatimating the flux constaots
v,/0.

5.9 Verificarion of the sett'l.i.!g teuk theorlies

5.5.1 Data source

STORA {1981) undartook an extensive investigation into Full secaia
secondary aettling tank behavigur 1o whieh thay analysed 45 cases of

gsolids loading on 23 planta, Ths settling tanke investigated were circular
and had

1) diameters larger thanp 30 m

£1) side wall depths of 1,5 to 2,5 m

111) conical hottome with & alope of 1 in 12 towsrds the centre

1v) scraper slundge collectlon ayastems &0 central sludge collection
happers

v) peripheral overflow efflusnt weirs.

Each test was conducted as fallsws: Influent to the plant was shut off and
gccunulated in the sewer. At the same time the upderflow recycle was ssat
te the required rate and, whila the influent waa withheld, the aettling
tank emptied {tself of eludge, The teast commenced at the moment the
influent pumps were astarted and set at tha required flow rate ™o glwe a
pragelected overflow rate. The flowa ware kept conetant until the test led
to (1) eludge lose over tha effluent wairs in which case the teat suded in
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a aolids overloaded state, (il} a steady state in which the sludge blanket
remainad at a conetant level in the settling tank, in which case the test
ended im & solide underloaded stats and (1ii)} an inability to maintain the
influant Flow at the gpecified rate due ts a shortage of sewage, im which
casa the final over— or undarload state wae L{nferred from the messurements
stated above = if this was not possible with reargnable accuracy, the test
wad deemed Inconcluasive. Durlng sach test the following were messured =t
repular intervals (1) influent and recycle Flows (1i) sludge settleabilicy
with the SSVI; o, DSVI amd batch ZSV .

5.5.2 Comparison of predictad and messuped saxigum polids lgading
for the Flux, WRC and K & C thaories

For the 45 tests, tha applied solids loading {Gap} was calculated
from the influent and underflow rates and the solids concentration in tha
feed flow to the settling tank at (1) ths onset of Failure for the ovar-
loaded cames and {1i) equilibrium for the underloaded cases, For the (L)
flux (ii) WRC sud (111) Koopman aund Cades (K & C) theories, the predicted
solide loading was calculated from the measursd 1influent and underflow
rates, tha settlar feed flow coocentration and eludge eettleabiliey: for
the flux theory the V, and u were estimated from the measured 55“3,5
witheha aid of Egs (3 ta 5); far the WRC theory the measured 35?13,5 was
usaed directly and for the K & C theory, the v, and o were caleulated from
the msapured DSYI with the ald of the squations given in thelr paper. A
comparison of the predicted and applied solids loadlog for the Flux, WRCG
and ¥ & C theories i3 given in Figa 10 to 12 respactively. In Figs 10 ta
12, the different settling tank loading cases are marked as fellowa:
solids overload i.s. fallure X; solids underload 1.a, safe Q and

% This data unfortunately cannot be ueed because these, 1ikea those of
Koopman and Cades, were measurad over toc narrow a coocantration range (1
to 4,5 g/1). Because of this, STORA (1981} incorrectly concluded that the
flux theory, although providieg a good cooceptual model for secondary
settling tanks, {8 unsatiafactory for pradicting settling tank failure.
Thia comment ia not intendad to disparage their work; on the contrary the
gcope ané detall of the work 1a very impressive and thelr exparimental
data are the moat valuable and comprehensive avallabla in the literakure.
In the opinion of the writers this research obviates: the need for dolng
full acale msattling tank experimentation unti) the wealth of information
contained in all the dataz has been carafully evaluated.
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incouclusive A; for perfect prediction, all the X's should fall below the
dlagonal and all the O's ahove. Because many data £all near the diagonal,
the data are sufficiently discerning to locate the onset of solids
overload.

For the flux and WRC theorles, & overload cases fall imcorrectly
ahove the diaponal, but no underload casas £all incorrectly below the
diagenal. This indicates that the theoriss tend to ovarpredict the maximum
golide loading; if the predicted solids loading is reduced by 208 {which
$=s shown In Figes 10 and 11 by the lins Applied = 0,80,.Predicted) ell
axcapt one solids overload cases ave correetly placed, The reason for this
reduced loading rate Iz ascribed to the Jdifferences iIn the direction of
the flux £low patterns In the petiling test on which the predictions are
bagsad and in tha £ull =cals tank; in the former thesa are wvartical omly
whereae in the lakter thaea gre horizental and wveptical., For the £ & &
theory (Fig 12) all the data points pamerally fall lower in the diagram
lodicating that thls theory generally predicts lower solide loadiogs
camparad to flux and WRC theorles. This Is becavnes ganmerally Rowar v, and
a values are estimated from the STORA measured DSV data with ¥ & C's
relaticuships; this ie indirectly reflacted in Fig 7 in which the K & C
data £all above the other ressarchers {om the basiz that 35?13,5 = 0,67
DE¥I; the K & C data conform baest in Fig 7 when 53?13’5 = 0,80 DSYI, but =3
constant of proportiormality of 0,80 seems too high compared fo tha data in
Figa 8 and 9). Desplte the generally lower prediction of the solids load-
ing with the K & € theory, 5 overload cases fall lacorcectly above the
diagousl and 2 undarlosd casas fall incorrectly below the diagonzl (Fig
12}, In ordaer to astimate the approximara solids leading it sesems that
with this theory aleo the pradicted solids loading should be reduced by
208 {sea Applied = 0,30 Predicted line 1ip Fig 12), On the baals of this
reduction, sll .&xupt one {the sam= one found f{a the £flux and WRC
theorias) overload ¢ases are corcectly placed, but the exception iz not
misplaced wery far as for ths WRC and flux theories,

5.9.3 (ualitativa verificatiom of the flux theory

The ohservaticns made during the different loading caszes can ba
uped o verify the Ffundamental priociple of the flux theory. It was found
that a distinct sludge blankat lavel exists between tha sludge on the
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bottom of the tank and the elear supernatant abova. At the atart of the
teat, there i{s sludge ounly in ths cone near the centre of the tank., Az the
tast pracseds snd mora slodga enters the tank than 45 removed, first the
botton cone £ills with aludgs. Whan the cona 1s full, the gludga hlankst
lavel bacomea horizontal and remaine so throughout the remaindar of the
tagt irrespective of the outcome. Ia tha underleaded cases, the sludge
blanket level rises only ko a certain height which iz less then 0,3m above
tha bottom of the side wall, When this occure the fedd and underilow
concentrations remain constant and the sludga concentration in the blanket
increases towards the bottom in horizontal layers except ngar the inlet
conatruction. The concentration in the bottom of the tank alwaya 1
greater than in the uwoderflow. Im the overloaded cases, the sludge blanket
lavel conkinues to rise until it resches the overflow walr, 1its cate of
rise depending on the peverity of the ovarload. While the blaoket is
rising, the effluent solids concentration is low and remainp constant, 4



i5

soon a8 tha blanket level ia abeve 0,2m below the welr, sludge losa In tha
affluent commences and tha effluent szo0lide concentratisn increases
puddenly by ase&veral hundred mg/Y. Tader thase couditions, a sludge layer
of constant concentration and thickness ranging from 0,5m (pear the middle
of tha cank) te 0,3m (near the periphery) axists in tha sludge blanket
over the whola area of the taok. Its position, thlckuoess and concentration
do not change with time. Balow 1%, o zona of increasing concemtration
exista having a depth of about 0,5m parallel two the sloping boettom,

The sessence of the flux theory is that it predicrs that under
overloadad conditions there is a critical zona settling luwyar of sludas
which 1imits the eollds tranapart ta the bottaem of the tank. This larver
builds up and cauees the sludge blanket lavel to increase. The cobserva-
tiona rcited above indicate that this behavicour indead occurs under
overloaded conditiona theraby providing esupport for the fundamental
priociple oa which the flux theory is based. Tha orher aapacts af the £lux
theory can ba developed from this fundamental principle agd 1t can be
shown that these also agree with the full scale observations cited above
{except that the concentration in the bottom of the tank is greater than
in the underflow, but this 13 caumed by tha sludge collaction systems
rather than a Hmurgtieal inadaquacy}.

5.5.4 Verification of the ATV and STORA procedures

The ATV and STORA design procedures ip eseence ame the =zame. Both
provide a means o calculate the surface arsa and depth of the sattling
tapk, With regard to the surface area, thia i estimated Ffrom tha
permisaible ovarflow rate (qh} and the Peak Wet Weather Flow (PWWF), where
q, ak PUWF 4s calculated from the empirical expresalons (Eqs 1 and 2}
linking q, to the Sludge Volume .{?5‘,} by an ILterative process: During
PWWF, sludge 1s transferred from the biclogical  resctor to the settling
tapkt and needs ko be atored there to avold 2elids owverleoad. This causaes
the blologlcal resctor concentration (Ga) at WWF o be leas than that at
bry Yeather Flow {DMF). The louar G, at WWF raduces the ‘L'Sv which in tura
@llows a higher q,. An 1iterative procedurs 1s followed bty suvccessively
reducing G, sod continued umtil (1} the perm{ssible sludge storage and

required nludge storage are equsl, {(ii) tha Ga at WWF 1a reduced tn =
minloum of 2 kg!ma or (1ii) a maxinun of 30% of the sludge mass is stored
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in the gs=ttling tank. Mathods and equations for ecalgulating tha
concentration at which the sludpe 15 stored and voluome avallable ia the
tank for sludge storage are given by the btwo design proceduras,

With regard to the depth design in the two procedures, these also
sre gimilar and ape based on the research of Merkel {1971ag, 1971h, 1974)
and Blllmaler {(1976). Four diatinct zones apre recognized fm the tank 1i.e.
from the bottom (i) thickening zome (i1) buffer or sludge atorags zone
{111} separation zone and (iv) clear water zome. Hethods for estimating
tha depthe of tha four zonas and tha concentrations In them are given. The
teguired average depth (slde wall + ceatre dapths divided by 2} is the sum
of the depths of the four zouea but may mot be lesa than Z m,

STORA used thelr full scale data to check the ATV q,-¥5,
expreaalon for estimating the overflow rate (Eq 1). Por each loading case
the \TS“ wag caleolated from the measurad DSVYI and reactor concantration Ga
at the end of the loading test i.a. to taka account of the ﬂa raduction am
required by the ATV procedure, The applied overflow rate ¢, was plotted
varsus the VS, In Fig 13 where the following symbols denote the outcoms of
the loading test = X fallure 1.e, wollds ovarload, *® equilibrium i.e. safe
and po Bolids overlcad, and 4 Iancenclusive (see Pig 13). The ATV guide
line {Eq 1) alsoc {a plottad in Fig 13, For parfect prediction, all the X's
should fall above the 1lins and all the * balow, Figure 13 shows this to be
the case generally for Vs, £ 500 nlt/i. However, for Vs, > 500 /Y (which
are the usual design conditions) there ara a group of aafe loading cases
that fall above the line indiecating that for theas VS, values, the ATV
theory tends to b too coneervative. Thia conservativeness of the ATV
guide Iins prompted STORA to modify tha empirical ATY guide line
distinguishing between safa and failure load cases {(pee Fig 13}.

In thelr experimantal work GSTORA also measured concentratiom
profiles in the settling tacks in ovder ko check the depth design of the
ATV procedure, The most Important aspect in the dagign of the depth ia the
estimate of the concentration {n the sludge storage zonme (Gc} during WWF.
The estimate of G, was adopted from Heckel's (1371a, 1971b, 1974) work and
fe given by G, = 300/1,, kz/m’ (vhere I__ 1s the DSV1). STORA's measured
concentratione in the atorage zone were consimtently 1,2 '::g!m3 higher than
the sestimated wvalues, but they did not modify tha equation becsusa a
glight onderestimate of the sludge storage concantration introduces a
factor of safety against so0lids ovarload having PWWF.
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5.5.% Discussion on_the ATY and STOEA pro¢edures

With regard to the estimate of the overflow rate, considecing the
gimplicity and apparent highly esmpirical nature of the guideline
expresajons (Eqs 1 and 2) the ATV and STORA guldelines can be asen to give
remakably elsse bowvndary lines between sattling tanmk overload and
underload caaes, Surprisingly, when tracing the development of the ATV
procedurs, it ¢en be shown that the ATV expreseion {and hence the STORA
also, though more Indirectly) has ita roats In the comcepts of the flux
theory: Herkel (1971la, 1971b, 1974}, from a sat of eludge settleability
data {{ncluding paired data of Z5V {(m/h} and 30 mioute settled volume 5V,,
(ml/2}, which he accepted to be numerically equal to the Sludge Volume
vsv} daveloped an equation based on flux primeiples from which tha over—
flow rate can be calculated from given DSVI, reactor concentration Gy and
underflow recycle ratic R {Fig l4a), Furtharmore, from a set of sludge:
thickening time - concentration data, he devaloped alac a procedurs for
calculating the depth requirement of the settling tank frea giveam DSVI, Ga
and R (Flgs 14b and c). From Fig lia, the recycle ratio R only affects the
overflow rate at good sludge settleabllity and/or low reactor concentra-—
tion (l.s. ¥s, < 500 nifL), situationa for which one would not oormally
deaign. Hoting thie, Ralbskopf {(1972) sinplified Markel's overflow rate
equation by suggesting that the product of the ovatrflow rate Qs Teactor
concentration Ga gnd DSVI, a patameter which he cslled tha Sludge Volume
Loading (VS,}, can be assumed conseant i.a.

¥s, = q, C,.DSVL. [4/¢n?h) or @3/(a?h))] (8)
= q, V5,

However he does wnot sgpeciffeally recommend what v5, value should be
adopted. PFrom his grapha 1t appears V5, can range between 0,2 and 0,6,
which is 8 very wide range and consequently a little counter-productive to
his auggestion that "ISA cac be assumed constant. Nevertheless his approach
seems to be gound because both the ATV and S5TORA axpressions have an
almast coustanmt VS, L.e. 0,3 for low VS, and ¢ 0,4 for high VS,.

The approach of Kalbskopf eventually Ied to the ATV overflow rate
versus V5, expression set out in Eg (1), by trial and error relocatiom of
the lina ko f£it experimental data. The data that appear to have bean
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acceptad by the ATV to fix the 0, = ?Sv lioe are those massured by Pflantz
{1959) on tio full scale treatment plants in Garmany: {ia Figa 152 and b
aifluent subpended solids concentration contours are plotted in the 9
VS, diagram; alse shown is the ATV guideline expression, Eq (1}. In Fig
13a the guldelime accepted by the ATV [alls very close to the 30 mg/2
afflusnk TSS contoutri; 1a Fig 15b, the guidaeline doee nor conform so well
ta the 30 nmg/i effluent TSS whem VS < 450 ol/4 but the correlation for
VS, > 450 mt/R (which are the normal design situations) nevertheleas 1s
reasonavls. The differences between effluent T35 contours Iin Figs 153 and
15b arise apparantly due to dlfferences in DSYI of tha sludge at the two
plants; at Celle (Fig 15a), this was 80 mk/g and at Falliogsbostel (Fig
15b)}, thie waa 155, 201 and 306 nlfg.

The overflow rate {(q,) - Sludge Voluma (‘U’Sv} axpression of the
STORA procedure can be viewed as a further relocation of the guideline in
the q, - V5, diagram but In this instance it 1e positionsd so as to
distinguish berween so0lids underload and ovarload conditions rather than a
specific effluent TSS concentration. Although this i3 a difference in
ptincipls (and is the ouly aignificant one between the two procedures), in
practice it leads to oaly relatively amail differences in overflow rate.
The reason for this Iz that the settling tauk operates safely with
incraasing overflow rate, except for small incresases in effluent TSS con—
centration, until asolids overload takes place, when precipltowmsly, the
effluent TSS increases from low values {30 - 60 ng/%)} to sevaral hundred
mg/ £,

5.6 rison of the Flux and WRC duras and the ATV and STORA
ures

The major differences batween the Flux and WRC desipgn pr-:mml:lures
and tha oones set down by the ATV and STORA ate that {i) the ATV and STORA
do not recognize the mmderflow reeycle ratic as importsnt in the estima-
tion of the permissible overflew rate whersas the WRC and Flux procedures
do recognize thie, and (3i1) the ATV and STORA procedures include criteria
with whieh the depth of the settling tank cen be estimated whereas mno
methods are provided for thie in the Flux and WRC procedures.

4 direct comparison of the overflow rate estimates by the Flux,
ATV and STORA procedures iz given in Fig 16. The WRC predictions are
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omicted because these ars virtuazlly the seame as those from the Flux pro-
cedure., The comparizon i# based on the following: {1i) because the flux
theory tenda to overpredict the applied solids load hy 20%, the predicted
g0lide loading was reduced by 20% by raducing the applied fluxes attribu—
table to both the finfluent and undeprflows by 20%. (il} Pltman's data wera
uaed to convert the ¥V, and n to 55\"13’5 which 1in turn wae converted to
DSV1 on the basis of DSVI = 1,3 S8VI3 g, (1i1) Flux theory predictions are
ghown for recycle ratios bet at BOX and 4C¥ of the optimum values giving
the maximum permissible overflow rate (actwslly, WX and 507 of the
optimum reeycle ratlo was choasn but because of the 207 reduction in
accordance with (1) above, this 13 caduced to 30% amd 40Z). {iv) for the
flux procedure, the ovarflov rate 15 gensiclve to the feed concentration
s0 that a range of concentratiopms from 2,5 {top of band) to 6 g/ {(bottom
of band) are presented In Fig 16.
The following conclusions can be drawvm from Fig 163

{1} According to the flux procedure (and hancs aleo the WHC), doubling
the woderElow vate from 40T to BOY of the optimum increases the
overflow rate by about a third. This beneficial {nflueance on the
overflos rate of inerepaing the undearflow rata is absent in the ATV
and STORA procedurss.

(11) Far good sludge sattleabiliey {‘JS.IIIr ¢ 500 mi/L) the ATV and STORA
design procedurss ara considerably more coanservative than the flux
procedure whereas for avarage to bad sattling sludges st » 300
mi/L), which would ba the normal design situation, the different
procedures yleld approximately tha same parmissibla overflow rmates.
This seems perplexing om firat sight since all the procedures have
been verified agzinst the same aet of data so that some degrae of
uniformity Ia expected, However tiw diffecences can ba explained and
are attributable to (a) varlations In sludge settleability paramater
converaion factors = thasa facesrs do show some varlability batuween
different aludges (see Fige 7 to 9} and different factors would lead
to relative relocation of the linea asd (b} one third of the solids
loading experiments by STORA have tecycls ratios less than half of
the optimum £for Ehe maximum permissible overflow rate, Such low
underflow tates sigmificantly reduce the permissible overfiow rate
balow the maximum, an e¢ffect that occurs to a far greater degres at
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the pgood sludge settleability andfor low feed concentration {low
?S‘,) than at poor settleability and/or high feed concentratlons.
{111} for the normal design conditions i.e. average to poor sludge settle-
ability {Vs, > 500 m&/R) the {lux, WRC, AIV and STORA design
procedures give approximately simllar permissible overflow rates and
differences in the proceduras asuch as the influence of underflou

rate, do have an effeckt but are of no major consequence.

5.7 Comparigem of flux and WRC theorles with eopirical degism
criteria

Having eatablished the qualitative and quantitative wvalidity of
the flux theory, the predicted maxlmum overflow rates and assoclated

maximur =s9lids lgading can be compared to the empirical design criteria
set out in Tables 5 toe 7. This was done as followa: For a selected
55?13,5, the V, and n values were calculated from Eqa (3 to 5), From Vs
the optimum uanderflow rate, (which gives the maximum permissible overflow
rate} (Q_/a},, 1= calculated from {Qr!'&)o = 'o'ofez. The maximun permissible
ovarflow rate, (QfA)., is given by (Qg/A), = Ve °, where X, is the
biological reactor sludge concentration. WNow, the assoclated maximum
solids loading, G, 1o calculated from G, .. = X, e 18y, + {a./a) ],
but to conform to ohgervatioms thiz oeeds to be reduced by 20Z. In making
the 20% reduction to Gapn’ it vas accepted that the floxes coptributed by
the influvent and recycle flowa are each reduced by 20X. In Figa 17 and 14,
the reduced maximum overflow rate and solids losdiog respectively are
pleotted wveraus the SS‘II3‘5 gettleability measure. For coavenlenca, the
flux 'infn am] DSVI gattleability measures calcolated from Eqe (3 to 7) are
shown alao. To show the similaricy between the wodlfled WRC and flux
thegries the maximum asolids loading for the modified WRC theory are
plotted also in Fig 18. In Flg 18 the todified WBC line iz ecalculsted as
fnllws; from a selected 55?13’ 5 the optimum underflow rate is calculated
(this calcnlation 1a the assence of the medification}); Uknowing the
undarflow rate, the appliead flux {8 calculated with the wusual WRC
squation; the appiled flux Is reduced by 207 and 1a independent of reactor
concentration which ia why there i{= only onme line faor applied flux in Fig
18, Superlmposed on Figs 17 and 15 are the recommanded dealgn criteria set
gut Iin Tables 5 to 7., Because these criterls =re indapendent of aludgs
concentration and settleability, each plots as a siogle horizontal live.



$SVing

X
&

4 T | ™
& T e Ux THECRY (80%) by
€ 35 ) &i
» :';éa
23.0 I59
g ., g8
2 35
- 20
5
|

T T T T

I
y; 0 30 40 Y./n
""53 33338 g3 3 2 ossvy,
psvips 2883 2 § B5R ¢ 2 S g ¥ osw

Ere i7

SLUDGE SETYLEABILITY

Marimen permiceible overfiow pate (reduced to #U%) versus
studge settleability in terms of DSVI, 8SVIz g and Vy/n
(related through Eqs 3 to ?) for the flm: theory at 80%
optimum underflow rate for 2,5; 3,5; 4,5 and 8,0 g/&
regetor concentration. Also shm&n anre i:he F:yir'cmiic ovEr=
ﬂma rate oritepia ¢f the EPA, GLURMB and INFC: Criteriaz
give safe designs for asttlsabmh-twa better than that
given by the intersection point of the flux pmdwtzms and
ariteria lines fi.e. left of intersection point) e.q. ! m/h
IWPC epiteria safe for DSVI < 150 melg at 3,5 g/&.

43



44

20~

— T T T 1 J 1 | | L i | I LI ) 1
3 ~———FLUX THEORY (80 %)
< ~==—= WODIFIED WRC THEORY {80 %) At x,
Ty, LOADED
2 s ovER SOLIDS OVERLDAD gt
= |¢‘ ia FAILLRE 48
L REGION
g UNOERLOADED &0
< EPA, GLUMRE »/
9 WF— "% cairerion -
* UNDERLOAD
REGION
Ei 5= c.ntnnu‘,;__4_4u__..ﬁﬁiﬁﬂtﬁﬂﬁﬁv m
mun Folt BETTER THAM
" TVIy o oty | Wty WYl
; DIV > H0Gmbig ¢ ': Wy DIV
1) I N T TN T 2ID i EI I P Y B
i S0
w82 82823 293283 3 3 8 s
SSVIMSLL b L T b
pswiBs 2883 2 & 8588 R 5 g ¥ osv

SLUDGE SETTLEABILITY

Figure 18 Maximan solids loading (reduced to 80%) veraus aludge setile-
ability in terme of DSVI, §5VI3 5 and Vy/n (related throgh Egs
3 to 7) for flux and WRC theory at 80% opiimum underfiow rate
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predictions and eriterion lines, e.g. criierion safe for DSVI
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The approximate sludge settieablility that 15 “hiddan" in the
criteria 13 given at the intersection polat of the horizomkal lines and
the calculated Iines for the f£lux and medified WRC theoriss. From Fig 17,
it appeara that for a reactor concenktration of 3,5 g/f (an approximate
average for 5 A plamts), the IWPC 1 m/h overflow rate will yleld ssfe
settling tank designs for sludges with 55?13'5 below about 100 mt/g or
DEY¥L telow about 150 mifg, The higher overflow rate criterla set by the
GLUMER snd EPA require batter asludge sattlaability for safe dasigns than
that sat by the IWPC i.e. for a reactor concentration of 3,5 g/f, GLUMRB
requires en 35?1315 below abouk 63 mif/g {DSVI < 95mi/fg) and the EFA an
55?13’5 < 85 mltfg (DSVI < 130 mi/g) for extended aeratton and an 55‘4‘13'5 <
7% mifg (DSVI < 110 mi/g) for air and oxygen mctivated sludge. The maximum
polida loading criterion asst by the GLUMBE and EPA (Fig 18) will lead to
safe designs if the 85VI, 5 1s below about 63 mdfg (DSVI < 100 mifg): Por
the CGLIMRE this settleability Ia coneistent with that which leads ve safe
daaigns on the basis of overflow rate provided the underflew rate 1a aat
at the optimum; for the EPA, this asettleability 1ls better tham that which
laads to safe designa on the beails of overflow rata, iodisating thar tha
s0llds loading criteriem 43 the limitiog one 1f the settlimg kank is
aperated at the optimum underflow recycls rata,

5.8 Conclusioms
The review above indicatas the follawing:

1. The flux theory formsa the basles for describing secondzry settling tank
behavionr, The arigie of all the design procadures 1.e., the Flux,
WRC, ATV and STCRA, cam be traced to the flux theory. The diffarences
betwsen the diffearent deslgn procedures are wore apparent than real
and grise from differant settleablility parameters and ainplifications
locorporated iu them for practical convenleace.

2. The DS¥I and/or 55?13,5 should be adoptad as the new sludge eettle—
ability parameters., The muitiple batch tests to estimats tha v, and o
flux comstsnts way be abandoned (except for research purposes) because
thagqe constaots cano be estimpted with veascnable accuracy from the
ESFILS. Althowgh still of some practieal wvalue, the SVI 13 an

tnfarior sattleabllity teat and its replacemant by the DSVI or SSHB,E
should be seroagly promotad.
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3. With the afd of the relatlonships between tha flux coastants ¥V  and u,

4.

6,

DS¥I and SSHE,S’ tha different settling tank design procedurea and
theories were wverified agalnst full secale gettling cank operational
data. The wmodifiled WRC amd flux procedures overpredict the
permiastbla aolids loading by about 20%. For average to poot settling
sludges {(the uaual design situation) the ATV guideline gives a goad
estimatas of the permiasaible pverfiow rate for a maxipum effluent
solids concentration of 30 mg/t, but teada to be conssrvative for
estimating the overflow rates for the onset of sollds overload. The
STOEA guldeline ia a mionor relocation of the ATV puideline so that It
yields overflow tvates for the omeet of selids overload rather than a
apecific afflvent TS5 concentration,

It i3 recommended that the Flux or nodified WRC and ATV or STORA
proceduras are adopted for a more rational approach to deaign that
include aludge settleability, For average ta paar aludge
settleability all theae procedures yiald approximately aimilar
peralsalble overflow rates.

Both the ssvrjls based flux and modifisd WRC procedurss and the DSVI
baged ATY and STORA precedures have daficiencles. Tha former two
include the effects of tha underflow racyele, buit exelude a meana for
estimating depth whereas the latter tdo eaxclude the effects of Che
underflow reycle but include a means for estimating depth. However,
knowing the relationship between 55?13,5 and DSVI the positive aspaects
of the different approaches can be uzed In desizn.

Deslgn criterla based on hydravlic overflow rates do naot overtly
recognize sludge settieabllity although io them a settleability 1a
implicitly {ncleded; if in practice, a sludge has & wsettleability
woraa than that Impliad, the gettling eank Hes a radyced maxinum
permissible gverflow rata, At a bilolegical reactor concentration of

3,5 g/, the IWPC 1 w/h overflow rate at PWWF will yleld safe designs

for sludges of settleability lower than a DSVI of 150 mifg. A DSVI of
150 mi/g also 13 the upper 1limit for oaon-bulking sludges (ses
Blackheard st al., 1985}, Consaquently, the 1 n/h IWPC hydraulie

criterion appears adequate for non—-bulking sludges provided the
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reactor HLSS < 3,5 p/l; the higher the vreactor concentration above 3,5
g/, the lower the parmissible overflow rate below 1 m/h and vice
versa., For bulking sludges (DSYI > 150 mi/g) the 1 m/h IWPC criterion
I:I; longer adaquate acd the design should be based on an sxpacted
DSVI (or 351.-'13’5) using the ptocedurea discussed in the paper.

From a design polnt of vlew, sufficient understanding of szacondary
aactling tank Ybehaviour has been developed Gto produce rTellable
degigne, The emphasis should be foevssed on practical application of
tha design procedures discuased in this review. The probléma still to
be reavlvad lie in datermining the causes of bulking and devaloping
metheda for amealiorating this; Thowever, bulking is a probil=m of the
activated sludge process 1ltaelf, not the seitling tank.

Io South Africa, it 18 recommended that design of pattling tanks
always should provide for bulking sludges until the causes for bulking
aad rempdies to control chese ob & permanent basie have been
edtablishad. 1In the interim, zttentlen should be glven to the current
mathods for contrelling bulking by approprlate process configuration
depign end wvhera a hulking problem needas to be overcome in the short
tetm, thia can ba dons by apprepriate dosing of chlorine (see Jenkins
et gl., 1985).

Hydraulic conslderatlons wers mot discussed im detai]l in this review
but a coneistent pattarn emerges from the literature viz (a) with
daouble aildad ovarflew laundsrs, sollds loss alwaye occurs szoonar than
with single sided launders; with the former, sludge 1a scoured by a
horizomtal flow betwasn the bottom of the lauvnder and the sludge
blanket whereas with tha latter, the blanket muat rise to within 0,2m
‘of the walr leval bafore solldas loss occeurs; with the former the tank
depth, and hence sludge storage volume, iz sffectively reduced by 0,6
to O0,8m., In cotsequenca, 1t 1s recommended that the IWPC 8,3 m3,fh!m
welr discharge flow should fall away and o provide always a aingla
peripheral afflaent walr on which there 1a oot flow rate per unit
length limitation (Stofkoper and Trentelman, 1982; Stukenberg et al.,
1983), (b) although there were good resons faor hydraulic suetion
sludge collaction systems {fast sludge return, elimination of sludge
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wovement to the centrsl collection hopper), research indicates that
these aystema are no more =effective than the conventional scraper
collaction systems. Furtharmore the auction callectlion syetem has a
ourbar of disadvantages: 1t tenda to collect praferentiamlly the more
diluts congentrationa amnd causes hydrsulic disturbance of the symmetcy
of flow due to the raotating suckioa arm; this effect iz particularly
ndverse uader high reacyele gates (l:1l on ADWF) common t9 nutrient
removal plants 1o Scuth Africa whare delibetats denitrification Is
incinded in the plane, It 1e recommended to design deep settling
tanka {3,5=-5,0m} (Parker, 1933; Pitman, 1984} with scraper ecollectilon
{Stukenberg et al,, 1983; Pitman, 1984) inetead of shallewr tanks {2-
im} with hydraullc euction collection systems,

5.9 Recommendations for research

The literature rveview abave {ndicates that a largs body of
resaarch information 1s svailable on the behaviour of secondary settling
tanke., A sigolficant proportiom of this research wes undertaksa on full
scale tanks and waa directed apecifically at developing design procedurea
that recopgnize sludpe settleability. Thesa proceduras wWera shown ta give a
good corrvelation with obsarved behaviour of full ascale eettling tamks, The
procedures have oot been adopted for deaign in South Africa. Consequently,
it {8 more appropriate at presant to upgrade the currently uszsaed hydranlie
deaipgn critaria which diavegard eludge eattleahility, by makiag avallable
tha dealgn procedures and full acale exparience {appropriataly modified
wheva necesasary) developed in Europe and Enpgland, rather than conduct
further full ascale research, In other words, a lot of researech has been
dene; 1t £ time it {is put into practise {n South Africa. Thia need will
be filled by thresa approaches:

{1} writing apn information document Efor distribution to municipal and
consulting engineers and plant oparators giving guidance for tha design

and operation of secondary settling tanks, baased oo the above review,

(i) writing a series of tachnology transfer papars for publication im
IMIESA or "Water, Sewsge amd Effluent” highlighting important aapecta for
design and operation, and
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{113} writing 2 serfes of acientific papers for Vetar 54 detailing
original contributions by the writers of this review,
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