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Ì{oðellnglldcntlftcatlonandcontrolof¡nactlv¡t¡drludgr
Þroccra har bcen õãñãrããràà' oynarnlãal expcrlmntr-havr bean

ää;ñ.ä-ã"-"-ïd i--ããiil-t""rãrpai wartcirrtcr trG¡tn'nt plant
Ï'iüËi.i"si"ãitãrñl-õi.ããñ. 

-rñe atr flor rat., lnfluent
Ìret€r f10w rarc .äã-îå.-iãtuin ¡luAqe f10r rât. hava b..n
;;i;"i;täa. r¡o¿.Tã ;;; ãi.-õtvcd oivse1- alq. thG sGparator-
'ili"ï;;;-iå"nË t;i;a-iitñ- ãñe Haxlrnr¡i Llkol thood ncthoô. th¡
äi-,ãIãi" have uããñ co¡npared vrth physlcal paranctcrt'
õontrol of the dtrrolved oxygen conccntratlon rl
dc¡non¡tratcd.

INTRODUCTION

Thc acttvrt.d rludgc proce¡t ls th. ma]o¡ part 9f nort wr¡tcrratcr traatncnt plantr'
rn th1, proces¡ nlcroorgan.lrrne r."ãt"iíiñ ãrEantc pãrr"üi"t.1n thc råateïatÇr anô

wtth oxygen af'olïcã-fñ ttc ,"r.t-Io-pio¿u"å ¡,or.-'ããfi-n¿a¡, carbon dloxlde and

¡ratêr. Dtffusêd alr, neçhanlcar acratlðn or Gvsn Purc oxygen r1-913t1 to achlevc

rhe acrobtc cnvlronn nt ln tne rcaãIõtl-',tñã ãfgfuänt of tñe rcactor flow¡ to a

sertter, h'hGrr tr¡ã'îãärvãê.ã ir"agã'ii-.ãi-ti!4-çiõ*-ihc llquld Phå't' Fle' 1'

A porrron of rhc 
-ãonããñtiiiea 

cruåõs-1"-;ããFicd. rn-ärder .o -malnlaln enoush ma¡s

of vtabLe organttmt tn the ryrtcm.ånd-ã ie"ione¡fc-riúio of food üo mlcroorganlrmf'
part of, th. ¡cttted rludEc f¡ rartãäl itã-procc"¡ "iilurnt conrlrt¡ of thc

l,rlirir"¿ ovcrflow fro¡n thc setÈlcr tank'

Dynarnlcal.ûodelfng of thc acÈlvateû eludgc Proc-Gaô har becn ¡tudlcd rxtcnelvcly
durins rhe iasr féw yeare. so..r"yã-ti;;å-rãuna rn ¡üã;ãr¡'[il, suhr et aI [2] and

ol¡ron [31. partlcularly rhe blol;gi"är-r*ããr" navaieichcd-quite a ¡tructurcd
'¡trtut. They rrç gcnerally Actcr¡nlåfiilc ana çontain rnany-paianâterr ruch a¡

ktnorlc rarc and ma* tran¡fer .olïifãf."til nrtt.ilo- ftilaiy lny of thcrc nodclr

heve bccn vcrtf,ted tn any rufr sciiå-;i;;-;t;õ-tttán ln a rã¡nl-guantltattve rav
(rreponree fn tfrã-rlõfrt- åfrectfon-¡nO-ifftrt ordcr of nagnltudc) '

syttor lôenÈlf,lcatlon hag bccn proved to be a u¡ef,ul tool ln rater quallty and

ra¡t.eat€r trrat¡nGnt ryttamt noa"iinã.-Ut"y.ldca¡,from lnôu¡trlål proce¡t

iôcntlflcatton arc dtrectly appffãi¡ic to it¡e sêw¡¡ge treatnent flcld' Sonc

;eäi;r;-;iã¡rct", hoseverl eiìóuld be mentloned:

othcflowratc,conPo.ttlonorconcGntratlonofth.lnflu.nÈ3treencan
teldom or nèv.r be naniPulâte'l

o adeguet€ lnttrr¡lcntetlon 1r a maJor obrt¡cl'
o thr l¡vel of undsr¡tandtng thc undcrlylng phlnoncna lr oftrn poor

o lt 1r dlfflcult to rcproduce 'r[tcrlncntr
Sone of thG¡e problcnr arc dl¡cu¡red ln norc dct¡1l ln'[3] andl ln Bcch fll'

In thig papcr üaxlmt[ì llkellhood ldtnttflcatlon-tGchnlquc ha¡ bocn appllcd to
achtcve modct¡ and lntcrnal pararn:;;;-;;-;-iull ¡cal¡-âctlvat'd rludgc ProcGts'

By rht¡ rypo ot üãuräã-" p""¡¡riiãy-L¡-Coün¿-to-ippro"ch thc rtructured
n.chanlrtlc ¡¡odclr plcccwlzc. ptittfô"i r€rult, erå-iic-cnted ln Ol¡¡on and

Brnrgon [5J.

thä ptp.r 1r organlrcd- a¡ follorr. Dt¡¡olvcd oxyg€n (DO) -dynanlcr 1r dl¡cul¡cd and

rhG rtgntf,tcrnt digturb¡ncct are'å.;;;õ;å.-fñ.'óÍani' anð ltrc ld¡ntlflcatlon
.¡ßpGrrnGnrr rs ;11-;¡-ùnã åat¡ üil;ñ;-iia-ä""ii;ï- .;¿ brlrflv ¡urnnarlzcdl' th'

17. r
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SYSTEMS AND MODELS IN AIR AND WATEF POLLUTION

ldenttflcatlon results of the oxygen transfer models are Preaented and Eo¡ne DO

control axperlments are dlscugseä. gone hydraultc experlments- ar€ deseribed and
phyrlcal lãterpretatlons are made. fn partlcular lt Ls ehostn how the settler
dynamlcs are examlned wlth etochaatlc methods.

DISSOL\¡ED OXYGEN DYNA¡{ICS

The DO dynamlcs are lmportant to know of two maJor reasona. Firstly, the DO

conccntrãtlon has to bã kcpt above a ccrtåln crltlcal level' some l-2 m9,/1, ln
ordtr Lo supply the syntheðls and endogeneous respiration wlth anough cxi¡5en. for
hlghrr concáñtiattong, the metåbollsn 1r independent of the DO level. To save
powtr Joata the DO concentratlon Èherefore should be mlnlml¿ed. Secondly, the DO

conccnrratlon ls closely rclated to the blologtcal actXvlty of the reactor.
Thcrefore lt ts a u¡efu1 lndlcator of load changcs or other dlsturbances of the
¡nctabolLsm actlvlty. The baclc theory of oxygen transfer and comeuriptlon Is fo.nd eg.
fn Eckenfelder et áf tel. Four baslc-!ûechanlsmg determine the DO mass balance fn
a btologlcal reåctor,
(a) the hydraultc traniportat.lon or dtsperelon of DO ln the reactor'
(b) the oxygen transfcr from gaeeous to ltquld phase,
(c) tnc oxygcn uptakc due to cell syntheail,
(d) the endogeneous rerplrat!.on.

A complctc mlx reâctor maec balance eguatlon degcrlbes these mechanlems,

åÊ '+ ', - o*f3 c + klu(c"-c) - k,
(a) (b)

vhcre c - DO conc€ntratlon
c¡ - DO 3âturttlon concêntratlon
cl - lnflucnt ¡taat€¡tater DO
V - reactor volune
O - lnfluent flow ratê
Q¡ - rêturn rludgc flow rate

k¡ - congÈantg
s^- substratÇ concentratlon
x - ml.croorganl.onr concentratlon
K^,Ko - rate lfmltLno constanta
kiu i overall oxygen transfer coeffictent
u'- aÍr flow rate

ca{F'ç¡a
(c)

x-k3x
(d)

(r)

The ovcrall oxygen tran¡fcr eocfflclent ls aseumèd t9 bc proportlonal to thc alr
flow ratc. lhlã-a¡gumptlon la rcasonable over a cmall opciattng-rangc, gee [61.
The coefflclent k1 lc- also dep'endlng on the watcr gualtty and thc operatlng
conditlon¡. Thc cêll eynchesfi oxygãn uptåke r¡tc !s llmlted both by the tubstrate
and oxygen concentratlõng. It ts áásr¡¡rcð that the endogeneous rcsPlretlon Íe not
Ilmlted by the DO concentratlon.

In nâny plentr (al¡o ln thc Kåppala plant) thc conccntratlont are rpatlally
ãipenaËni. sutrablc changes of-bq. (li thcn h¡ve to be nade, sce further ol¡eon [71.

Thc natural control variablc of the DO concentratlon le the alr flow rate. Several
dlfferent dt¡turbancca can change the DO concentratlon, luch ae

o changer ln sub¡Èrâte conccntntlon of the lnflucnt wattcrater
o toxlc contcnt of the lnfluent nâatcwatGr
o changcr of the rau wåatewåter flor rüt€
o changcr of the r.turn tludge flos ratc.

Hcre the LntGrcstlng tlnc ¡cale t¡ linltoö to a fcw hour¡. Tha change of tot¡l ccll
mlc¡ due Èo mctabollrm or cndogcnoour rrrplratlon tharcfore c¡n be neglcctcd.

À subsèrate changc of the lnfluent ïa!Èewatcr w111 c¡u3e a dllutlon change ot
substratc Ln the r.åctor. tht¡ ln turn wlll tnfluance the nettboll.sm rate and l¡
dlrectly reflected lnto thc oxygen uptekc rate. lherefore ¡ DO conccntratlon change
1¡ a ueèful dctector of gubctrátc dliturbanceg. loxlc dt¡turbancs¡ arc alao
reflccted ln the oxyg3n uptakc ratê but ln oppostte dlrcctlon. Generally thc t'oxic
gubstance can elther-changc the apcclftc Erowth râte or the number of mlcro-
organlama

Hydraullc changee ln the ra¡r sast€¡ratcr have dtfferent consegucncea on the DO

cóncentratlon. The hydraullc tnnsport of oxygen lnto and out of the reactor wlll
change, but. thls effãct 1¡ of llttie lnportañèe. Subetrate and euspended solld¡
concentraÈlon changes are more slgnlflcint conaeguencca, causlng the oxygeJl uptakc
ratê to ehange. Aleo the settlcr iftt Ue affected by a flow dlsturbance. The
clarlfler part of the eeparator Lr ccn¡ltlve to fl.ow dlsturbance¡. Àlread¡t at
normal opelatlng condltlõne a slgnlflcant part of the waeted suspended eollds are

L7.2



Iost unp'urpoeefully 1n the clartfied water. l.or a major flow increase the effluent
suspended solltls content can Lncrease dranatlcally. thls results ln a slgnificant
loes of mlcroolganLsns and consêguently a decrease of the oxygen upÈake rate.

Changes ln return rludÇe flow rate will have two maJor effects on the DO
concentratlon. Flrstly the hydraulic change ln prlnciple glves the Bame
conr¡sguence âs the ptevious hydraull-c dlsturbancea, but generally thc amplitudee
are smaller. Seconctly, the suàpended sollde concentration ln the serator w111
change, whlch ln Lurn changes the oxygen uptake rate ln the reactor.
A steady stato gain duè tl dlfferent dlsturbanees are derived frorn Eq. (1). For
small dlsturbances the 6tñtic change of the Do concentration can be lrritten,

Au AQo ÀQ As ôx
Âc-G1 

--c^.J-ü-.--ct.T-Gc.T Q,t- u 12'l;-çr'E--oo'î-Gs'î

where all G* > 0. Tha details are found tn [8]. fhe values of G,, G, and G" are of
the Barna order of rnågtlltuder about S. G¡ ia an order of magn1t,uåe sñallerr'abouÈ
!.5 an! G2 even ¡m¡ller. It, should howeüer, be enphaslzed, that changes ln Q or
0¡ wlll changc s lnd x. therefo¡s the DO concenträclon is lndtrectly lnfluenced
iry the f low ratec to guite a lclrÇê extent.
ÀXPERII,IENTS

The d¡manlcal ¡tudleg have been performed at the underground muntclpal waste¡ratcr
treatmcnt plant at ßåppaia, Llilngð, outstde Stockhol¡n. ttre plant serves sone
300 000 - {00 000 people ln the northern suburbs of Stockholir and was conpleted ln
1969. the average dry weather f].o:c le about 1.3 m3 /øec. The blologlcâl trêatnânt
ln_tÌ¡r plant Ig madc ln slx paraltel aettvated eludge unltg. Each aerator has a
volu¡rc of 6000 mr end a lcngth of 100 m. À1r te supptted by dlffuacrs uniforrniy
along th€ tânk8. Thc prlrnary Bldl¡nentatlon effluenl-le fcd-aè four posit,ions along
the aeraÈors, betveen 30 and 60 n fro¡n the head end, a eo ealled rtóp loading,
Flg.l. The settlera are lamclla se.llmentatlon unlts. Because of theli smatl.
volu¡tr they hold a relatlvlly small amount of buffer volune of rludge. Tlrc plant
ha¡ ¡I¡o che¡nlcal prccfPltatlon for piroaphorue removal, but thcso unltr arc not
con¡ldcrod here.

In r scrlcr of ex¡rerlticnt! the alr f¡ow rate and the r.turn rludge flor rate have
bcen manl!¡ulat.d. Al¡o thc influant wastewater flow råte h¡t becñ nantpulated by
redlrectlng the flow to othcr acra!.lon ballno. the lnpuÈs ârâ chrnged both
eeparately and sl¡nultrncourly and lr.dcpcndently.

DATÀ TIANDLING AND IDENTIFICÀTTONS

The measurenent 4rta wcre acg-ulrcd tn the Slemen¡ 304 conputcr lnstålled at the
planÈ. The pqper t.pa.oucput l¡a¡ bren brought to thc pDp i5,/35 computar at the
DePartment of AutonËt.le Control, Lund, shere the dat¡ haa been analyzed and
ldentlfled. For thL¡ Purpote ô progratir package IDpAc (gee nleslandei [9ì) has
been used. The program package Ls lnterictlvè, whlch offers a grêat fle¡(tblllty,
elpcclally for rclatlvely pobrly known eyaterni llke å rastcreter Èreätment
sy6t€m. Many relatlonshlpr c¡n be tetted, data can caslly be nanlpulated and
models be slmulat€d and terted to dlffcront accuracy crllerla. -

It ls asgumed that, the dlfferent relatlonghlps can be de¡crlbed by linear
dlfference equatxons sith cohstant coefflcteñts. The cånonlcâI ÂsÈrtJ¡û [10]
structure, has been provcd to descrr.be s large clâ3r of rtochaetlc systenr wlth
one output y anct ¡evcral lnput sJ,gnala u1 r

À (s-r) y (t) - I n1(e-r) u (r-k) + rc(q-r) c (r) (3)
1-l

where À, B ànd e arc polynornlals of the backrard ghlft operaÈor g-1,

A(q-r) * I + a1g I + ... + an q-n
Bt(q-r) - bto * brt q-l + ... + bt' q-t (4)

c(q-l¡ - I i c1 q-l + ... i c' q-n

The unknown dlgturblncea are descrlbcd by a moving average proceEs, where e(t) fE
a seguence of lndepcndent, normal ¡tochactle varliblee witt¡- zero m€an and unLt

SYSTEMS ANO MODELS IN A¡R AND WATER POLLUTION

ì

,I
ñ

fi

l?.3



SYSTEMS ANO MODELS IN AIR AND WATER POLLUTION

varlance, whtle I ls an åmpli.tude fäctor. A syetem descrlbed by (3) can be
tdentlfiÞd wl,th the l.taxl¡num Llkelihood (l,tt,) nethod, see Âström [10]. The parameter
estimates are conslstent, âsymptotlcally normal and efflcient under qutte mlld
conditlons. The paramèter I can be lnterpreted as the standard deviatlon of the
on€ 6tep predlctlon error. The technlguec alve not only the estlmates but also
their stândard devlatlona from the Cramer-Rao lneguallty.
the l¡lL method has been used Ln many lndusÈrlal appllcatlons and surveys can be
found ln Âetröm-Eykhoff [l1J and Gustavsson tf2l.-
IDEI.¡':TIFTCÀTION OF TIIIE OXYGEN TR.ÀNSFER DIN¡A}TICS

The oxygen transfer dynàmlcs can be examlned by manipulation of the afr flow rate.
Thc value of the måsa tranafer coefflclent k1 u corresponds to a tlme constant of
10 - 20 rnlnutcg for a nomlnål aLr flow rate.- The mäBs trâhsfer parameter varleg
due to c.g.

o the wàter guallty
o the LeaL aLr flow ln dlfferênt parts of the aerator
o the cfflcJ-ency of the dlffusers
o the locatfon of the DO probe

Some ldcntlflcation regults are ¡hosn ln lable 1. All of the rcdelg are of fLr¡t
order. Fron ex¡rerlment I the Èlme conrtant for 'Èhe two gensor', locrtlons are
compared, l{ and 28.7 ¡nlnutes reçpectively. Thçy correspond to overall oxygen
transfer coefflcients of 4.3 (h-r) and 2.1 (h-r) respectLvely. The latter value
Lt too snall and fndlcates that the real alr flov ls lower thân expected near Èhe
tall end. One reason for thle may be cloggfng of the dlffuserg. Another one can
b€ a vertlcal posltlon error of the dl"ffueers. Thls causce a dlfferent prêssure
reslBtance ln the alr tube. lhe air flow rate 18 extrenely sensltlve to thlt type
of posltlon error.
TAALE I - Dô Model Parametere for Alr Flow Input

Expt I 2 2 3 3I
Output
N
81
b11rlO0
ber
c1
I
ar (3)
1 (oin)

D0 (60 n)
405

-0.977r0.003
1 . 27 2r0. 104

-0.527r0.036
0.380r0.013
20
14.0

Do (84 o)
405

-0. 98810 .002
1.0r7r0. 08ó

-0. 24410. 046
0.25610.@9
20
28,7

lr0 (90 n)
144

-0 .96210.007
. 901r0. 153

. 2681 0. 01 ó

IrO (80 o)
L44

-0. 947r0.009
I .92910. 189

0.09610.082
0.30210.018
60
18.5

Do (90 o)
205

-0.96110.m8
I . 98810. 190

-0.153!0.080
0.251t0.012
ó0
24.8

Do (90 u)
99

-0.92810.013
3.64610.329

-0; 915r0. 359
-0.235r0.106
0.324r0.023
120
26.6

I

0
0
60
25

ll . number of aanplee¡ ^ôt - eopling tír¡ 1- tin cor¡lt¡ût; input 1 - ¡ir flor (N.3/tit);
ioput 2 ¡ v¡ter flow (nt/¡cc)¡ Iþ ie æagurcd in t (fOO î - L2 ûS/1).

The concluslon ls conflrmed by Expt 2, pêrformed more than one year later. The
senaor at 80 m from the head end haa a Ehorter tlme congtant (I8.5 nln) th¡n thc
on€ ât 90 n (25.1 ntn). A t value of 0.3 corres¡ronds to a ¡tandard devlatlon of
the 2 mlnute predtct,lon error of about 0.03 ¡ng/l of the DO concentratlon. À
further discusefon of the DO mase tranefer dyñantcs lE found j.n [5] and [81.

In Expt 3 not only the manl,pulated varlable but also the lnfluent flow rate lù¡e
becn changed unpurposefully. Column 5, Table 1, shows the modal rhere only alr
flot¡ Ie aasumed to be the tnput. Ihe lratêr flow was recorded every 2 nLnutcs, and
was lncluded as an lnput ln colunn 6. Thl¡ lmproves the ¡rodel.

The static galns are compared wlth the aseunptlon of Equatlon (!). In coh¡mns
3-6 the nor¡nalfzed statlè galn wlth rèspect Lo alr flow ls { (cf. G1 ln nq. (2) ) .
the corresponding statlc AÃtn for the wãter flow (c3) Is found to Ee -0.6 In
column O. if¡e moáel outpuõe of the modela in column-3 and 6 are compared wlth the
experlmental data ln thã Flgures 2 and 3 respecttvely. The relattvely large model
erlor between 60 and 80 rnLnutes ln Flg.3C depende probably on lncomplete nlxlng
due to the water flow dlsturbance (ffg.38).

17.4
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CoNTROL OT THE DrssoLvED OXYGEN CONCENTRAIToN

Thc control of Do aa a physlcat variable l.s not a.complex probrem as Iong as

suitable sensore and actuatora "tå^ã".ifiUl"' 
tnf" itãs Ueän performed earlier ln

comprete mix reactore and lmplementatlons are reported e.9.by Brouzes [13]'
srepner et at [14J, Petersack "t-.i-ii!-i-""ã 

noeäler t16]' orgital or analog PI

controllers håve been used. In the Kåppala-planÈ two conirol ãIgorfthms have been

lmplemented 1n the compu¡er, one PI cõñtrotter and-one self-tr¡nlng regulator'
Here rre de¡crrbe some experrencca åt-iüã-pi-ããniror. tne self-tunlng controller
is descrlbed by lãtiOm-ã-t aI I17,fé1.-õp"ratlng experlences of the self-tuninq
iãgutator tn tñe plant wIlI be rePorted latèr'

The Do concentratLon is measured in tìro potnts..TyplcallX lhe samPllng tnterval
is 30 secondg. The Do slgnats "rr 

-rrigtrtãã-togetträ;-;;ã ?lltered in an exponentlal
fttrer. A new desired control srgnär-íä-ããréuíatea each n:th saÍiPllng lnterval,
where n has been typtcally l0 "t 

jõl iñ.-ããni""l elqnal w111 adjust a valve ln
the alr tube Eyste¡n-. Becau¡e of prãå"uiã "or,str.fniá 

fn the alr tube lt ls often
tnporslble to reailze rhe ¡rhole if.ãliãã-"ãnlrof sic:ìaf tn one sampllnq tnterval'
The pressure must be kept withtn ó:;8-;"ã-ô.øZ x'plê^i iSZ ana 6I kÞa)' AÈ the hlgh
preaaure tt¡ntt the alr ilow can "åii-uä'-rn¿;;ã.;ã;;a'at 

tt¡e low llmtt ft can onlv
be decreased. ltoreover, the arr riãi rate chang".üät t'õt-àx"ee¿ 2-Nm3'/min in one

sanrptlng tntervai.-tháiefore t¡t. åã"tt"iiti õiË"" has to actuat'e the deslred
conrrol atgnal durlng several ""diï;;-iniã.vufs..ii-¿f't 

whole deslred control
slgnal cannot be reaílzed before [;;--å.;a e19nal tã calculated the real conÈro1

signal te stored.-iñla is adeguat;--;"tt for Éhe self-tunlns regulator'

A pressur€ Control loop- ie closed outslde the Do control loop' The maln tube

presaure ts contrãtled'by a throttiã-valve of the compresaor' By the preesure

control the atr ftow rate can be ããi"å[ãa-20-30 ¡ of i:t¡e total b]ower capaclty'

In the Ffgure 4 a seguence-of the test period ls shown' The DO conqêntratfon at
60 m downsrream fs controlled. tne ã;; ;i"; iate fã a good measure of the load

varlartone. ourril !il-;¿ãi;;d th; ãri iio, rate ls rept at lts lower 1i¡nit'
Consequently the áestred DO concentratlon can not be malntalned'

IIYDRÀULIC DISTURBANCES

In thls aection tf w111 be discussed how dlsturbances i.n the-influent flow rate
will affect the DO concentratton as sell as the aeparator effluent concentratlons'

In on DO tratlon

Expt 4

The lnfl.uent flow rate has been dtaturbed ln Expt 4 åccof.dlng. to rtg' 5' the flow
;;i"-;h;gã results tn an MLSS (!{lied Llquor Suãpended Soltds) concentratlon
varlatlon, Ffg.5. Flrst order models havä been fòund relatlng the water flow rate
and the MLSS to the Do concentration, Table 2. The titLSS tnput paraneter ls quite

inaccurate but frnproves to the model.

TÀBLE 2 - DO Mod.el Paraneter¡ for
Hvdraullc DlaturbancQs

A phyalcal lnterpretatlon of the tlne
coi'tstant hag beeñ glven ln f {1. rne
normallzed Etatlc aaln for the flow lnput
(Gr ln (2)) te found Èo be 0.5. If lt 16
asËumed that, the l¡t[,SS conglsta of 20 I
llvlng mlcroorganlsml, then the statlc
galn ior tt¡e Ì{LSS !'nput (G5 fn (2)) le 6.

Flg. 6 shows the comparlson -between the
nroãel output and the rêal data ln Expt '0.

Clgrlfler dvnamlcq

very llttle progrerc ha¡ been ¡nade on
etrúcturcd dynamlcal moôelr for cl'arlflcre.
rn ¡uch a moãel thc efftuent aurpended
solfds concentratlon ¡hould be related to
the flow rate and concêntratlon varlatlona
surroundlng the clarlfler. St,atlc models
are used sómet,lmes, and a coltfnc,n approach
le the emplrlcal statlc relatlonshlp found

t the efflueñt suspended sollds content l"s
Ids flux to the eolfds-IlquÍd separator,

Output
N
ei
uit. ro 

^b21 * 105
c1
r. l0
¿t (ain)
T (oin)

input I - influent satcr flos rate (n3/e)
Ínput 2 . l'fLSS (g/n') 

-

DO is me¿sured in g/m3

bv Pflanz [19]. This formula sâyg tha
aþproxirnately proportlonal to the so1

Do (66 u)
424

-0. 96910.005
-0.3¿4r0.031

-0.453r0.042
o. rr:tô.oo¿
I
32.L

Do (66 n)
424

-0 . 96710 .005
{.34910.030
-0.101r0.04ó
-0.4ó9r0.042

0.11210,004
1

30.0
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x =Ke
Q+Qn
--l- x

(5)

wherex^*effluentluapendedsolldsconcentratlon
n"- .i.iiii.t ut.ä (- 210 m?' at Kåppala)
K * congtant.

tn thê tctual experlnents the load change has.b?"1.Iarge' Therefore lt ls not
à prtort ctear, tñaã ifnear models ãä"ïå-pt.alct. the eludgc concentraelon of the
effluent. tt¡e reeüi["-ãi tt o different exþerlmenta are prerented hcre'

ÎÀBLE 3 - C larifler

Expt {

x'o(r/n3)

-0. 982ro .005
21.5r2.5

x. (B/n3)
247

-0.967r0.008
29.4t7.0

ínout 1 . lnflucot
uel¿r flos (n3/s)

input 2 -l,tLSS (g/o3)

input 3^. undcrflon
r¡te (rn5/s)

I 5 5

OutPut
N
t1
btt
brr I l0AL
b31 r l0-r
cl
t
ot (oin)
T (oin)

r'o(e/n3) it,(g/r3)

-0.31210.041
8.67r0.30
t
5ó

{.977r0.006
16.4r3.9

1. 1ll).66
-0 . 31 210. 041
8.6410.30

:
0
4.
2

59

2285r0

-o .97810.010
26.7!7 ,O
0.1210.06

0
4. 81rO . 22
2

90
I
41

In Ftg. ? anô 8 tha G¡r.ntlal slgnale are shorn from the €xPerlmente I and 5

tärpããii"ãfi. ftr" tnfluent flow-rate ls an etlentlal lnput-rtgnal to the
clarlfler systcm. üoreorr"r, as thc flow r¡tc l¡ nanlpulátca ft ls Possible to
gct a rclatlvely good accuracy of the model. In ¡.tg.i¡-tt fs also.demonsùrated'
ho,' the t'tl.ss concentratlon re cnantãå uãã"ote of tñe flow râte change' F19'-8
ghowg, that tne sväiãm-i" "ãt ltneár. The effluent concentratlon does not ôecrcalc
for a flow ratc decrea¡e (at t ¡ 55). For a flow rate tncieaae' howevcr' the
rcspon¡e la verY clear.

Column I and 3 of Table 3 shcn, Èhat a tyste¡n wtth. a tlmc constant clo¡e to onc

hour can descrlbe the relattonatr:.i. 
-eiom'itte stattc aaf n of the ¡nodels thc

constanr K can t; È;. (Si-Uc Aeterininàa to 0.06. ¡{Lth respect to.the. Iarge flow
dleturbances thls value le favouraËi-ã-"omp"red to values found ln the lltêraÈure
(0.08 - 0.10 during stattc conditlons).

It ls posstble to achleve Lmprovement of the models by lncorPorâtlng clther the
MLSS concenÈration or the aettler underflow rate aa lirputs'-In Expt ¿l the
underflow rare ,ãs irpiã"f"g ttte moãei (colu¡nn 2) whllä 1n Expt 5-the IILSS

concentratlon lnsteåd ¡nade the modãi-eo;¿what better (column. {).-1he parânetcr.
accuracy tB gulte poor, hortever. The maJor-rea3on.la, that the HLSS conccntratlon
can noÈ be manlpulated and depends on tñe flow rate input. thg. underflow rate 1r
ãrãfi-ã".fared lo ttre lnfluenË water flow rate, uhlch caules thc poor accuracy'
It has also been tested lf a more iã""iiie mo¿åt could be achleved-wlth the
total soltde flux iO*O"lx entering-ittÀ-"ãttler as an lnput. Thc r¡oder accurâcy'
ñãñ;.;;-is'not betãei^compared tó only the flow râte aB lnpuÈ.

fn the Flgs 9 and l0 the ¡nodel¡ outputs ¡!e comPared wlth the expertmantal data'
f t ehould be remãrked, that ttre pùiþsã oi tftt þresent ¡nodel ls not to- Pr€dlct ,an

;;.;;t;;-oi-Èñã- crartfter. such 
"-¡oõ¿àr 

¡hould incorporate thc eludge blanket
tevel. Tracy a"a-iãfnãttt-i¿Ol trave àèifyed and testeã guch a model ln laboratory
scale.

Thlckener Dvnamlce

Dynamical models of the thlckener have not y€t attalned thc eame levcl of
development ånd structure as the aeiator ¡¡oãe1¡. Further, none of the cxleÈlng
models have been used ae a parr 

"i-i-ðóãtrol 
system ln any furt scale syatem. A

dynamical model should predlct the underflow cõnqentratloi or the recycle flow
sludge concentration. r¡rñ1s is related fn a cqîplex way to the eettllng
characteriÊtics ði-itr. studge, phys!.cal featurãs of tñe ÊePäråtor, temperature'
recycle flow rate, ånd the solids flux to the separator'

Host of the avallable dynarnlcal modelã are based on the Kynch [21] analysfe of
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uone settLlng. rt ls aseumed that sollda are transported to the bottom of asettler by bulk flow and gravlt.âtlonaL sedlnentätion. An excellent si:'-vey of the
sÈate of the art ln thlckêner deelgn ls found in Fttch [22].
From the hydraulic experlments lt has been att.empted to establlsh dynamic ¡nodelsfor the thickener, the Kynch theory statês that Lhe underflow concentration
depends prfmarlly on the underflow rate. !{hen the flow rate lncreages the
concentratl,on would decrease. A ftrst order model is presented ln Table 4,
column l. It has a relåtlvely long tlme constant, 78 mlnutes. The accuracy of the
b11 pararneter le not good bul adeguate. Alro the ULSS can be related to the
underflow concentratJ.on, column 2r but thls model l-s somewhat less accurate. vùlththe two lnputs combined the model. accuracy can be increased, even If the L21paranéter accuracy ls relatlvely poor. Observe, however, thaÈ the time conõËant
now ls only {2 minuèes.

rn partlcuLar it hae been verlffed thaÈ the lnfluent water flow rate has anegltglble lnfluense on the underflow concentratlon. Ne{ther is Èhe total solldsflux (Q-Q*)x entering the settler any adequate input slgnal.
The models from colt¡¡tns I and 3 In Table 4 are slnul.ated tn Ftg.ll. the experl-
mental data are conpared wlth the èwo model outpttts. The recyci'e flow rate- laalso shown, whlle the oÈher inputs from Expt 5 áre shor¡n tn rrg.8.

IABLE 4 - Thlckener Para¡neters

Expt 5 55

ourput x. (g/u3)
N 2¿7
¡l ^ -0.97510.009
bll t lo-., -0.99910.258
b2t
c1 -0.484t0.076
ri to-2 0.52310.023
Àt (nin) 2
r (uin) 78

x" (g/n3 )
247

-0.95310.019

-0. 1 52t0.063
-0. 390!0.07ó

0. 53210 .024
2
42

x- (8/¡û3)
2t7.

-0.95410.017
-0.907r0.274
-0.08610.059
-0 . 45910.081
0.521J0.023
2

42

input I * underflos (return flov)
rate (ru3/s)

input2-ULSS(g/n3)
x" - underflov concentr¡tÍon (g/u3)

Identlflcatlon technlguee offer good poeslbilftles to exa¡nlne not only dynamlcalmodels for control purposes but also lnternal pärameters of stn¡ctureã ¡nódets ofa rtaste$rater treatrnent plant. Oxygen transfer ldentlftcation has been demon8trated.Several spln-off results are obtáined. Control of Do has been tested for a i""g ---
perlod. The load variatlons to the plant are clearly reflected ln the controlelgnal ' Even lf a great modeling chángelte st1ll exists for the blologlcal reåctoras well as for the separator, model ldentlflcatl,on can provlde the moáel bulldcrwlÈh lnslght Into the proper cause-effect relationships.
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Figrre 24. the ¡ir flow r¡te inpur of Expt 2.
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figure 28. E:rperinentel m ourprit fron
E:çt 2 coupered rrith I first order oodel
output. the D0 probc is loc¡ted ¡t 90 o
fron the head rnd.

n0 ¡ú1

Flgrre 3C, Erçeriuental DO ouÈput fror¡
Expt 3 cornpared with a firet ordct nodel
output. the air ¡nd water flor¡ rat.es are
considered inpure. The DO,probc íe
locatcd at 90 n frou the head cnd.

Fis. 4A

æG

$l
Fig. 48

i
I

Þ..i

| Ts

Figure 34. Thc air flqr rere lnprt of Erpt 3.

Figure 4 A-8. P.rt of DO control crpcrinntl,
Âptil 21-27, 1975. thc ¡ir flor rete rcflccts
Èhc diurn¡l lo¡d v¡rirtion¡ to tho platt.
The ¡ir flos ia not pcr:uittcd to bc srnôller
th¡n 40 N o3/¡ln. Ttràrcforc Èbê tro pcehs of
thc D0 concêntrrtion ¡ppêâr during thc
weekcnd lotr loadÍng. Thc uppcr lloit of the
eir flow r¡te i¡ rcrchcd during oarly
seturday. No r¡instorrD occurrcd during the
¡ctu¡l tcet period.

-l:'-* tù

Ët€F É1il l^l€

Figure 38. The rrater flot rate input
(unpurposcfully dieturbcd) in nxpi :.
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Figure 8, Input and ourput signals of ExpE S.
The r¡arer flo¡¡ rate (A) has been manipulared,
causing the effluent suspended aolÍde
concentråtion to vary (U). Thc MLSS concen-
tretion (C) is also affected by the water
flow change, but here considered ås rhe
secor¡d inpuc.I

f&
I
¡
I

i

Figure 5. Discurbance rignale in Expt 4.
the ratcr flow rate h¡¡ boen uanipuiaced,
causing the Mixed Liquour Suspendåd
Solide Concentration to vary.

I

i
o0 cotrc
lr4¿l

lDe *r{tÊs

,ir"r""s. Experinenral d¡tå fron Expt 4 of
the efftruent suspended sqlido concentratíoû
coryared r¿ith ¡odel outputs. Currc B is the
nodel output for only uatêr flou input. In
curv€ A also the underflor¿ r¿te ic an ioput.

Di¡ure ó..Experinantal IX) output fror Erpt
4 comparcd uith I first. order nodel outpur.
the u¡trr flot¡ rate and the I{LSS conccnrre-
ríon (flg.5) ¿re the inpute. The Do ;;ob;is locared åt 66 ¡D from the head end.

,¡¡., r¡ ----'-- -: ' -E-*--'å-" --;À ró

coM r/&rghrrtl
Fi¡ure 10. Experirnental det. of the efflucnt
r¡uspcûded colÍd¡ concantr¡rÍon cæprrcd rlth
oodel outputs of Erpr 5. In curve A or¡ly the
r¡¡ter flor¡ r¡te i¡ rn input, ín curvc B ¡l¡o
the ULSS ie considered an input.

Figure 7, Íhe ueoipulatcd flou retc input
of E:rpt 4 ¡nd the reeulting effluent
auopended colíd¡ conccntrrtÍon variation.

--f "-.'_-t;---':il

Figure 11. Input and outpur sign¡l. of Expt 5
for the thickencr idcntific¡tion. tho r.turn
flory r¡tc (O) hac bccn -¡nlpulatcd (rs ¡rell
rs th€ nater flow rate, cf. fí¡. 8). the
underflor concantracion output it coryercd
rith tr.ro uodcl outputa, only raturn flon r¡te
ea input (B), also XLSS ¡¡ lnput (C).Fig.8
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