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1. InaODUC'!IOI 

'flle anaerobie sludCJe diCJestioa process i8 not a recent 

deyelop.ent. lt least 100 years aCJq in Prance, Louis Bouras , 

aes1CJned and coastructe~ fer •• ntars to liquefy tbe sludqe 

obtained fro. do.estie vastes (8uS •• 11, 1964). Siace the 

tarn of the century, the anaerobic feraentation proe.ss has 

b.en uséd éxtensi.e1y in the treataent of vastavatar solids, 
o 

.. ie. sludqe. Ho ••• ar, th. first diCJesters .ere Qsed 

prl.arily as storaqe basins. It has oilly been recently tbat 

" ae. aaaeroble diqestion processes ha.e •• ol.ed ei ther up to 

pilot or full scala operation for application to 10., 
\ 

.ediaa, and hiqh strenqth orqanie vastes, and fOof a.thane 
'i> 

prodiction fro, blo.ass as a rene.able source of energy. 

It has b .. îi--point.d oat tbat _ anaerobie treat.ent of 
. 

org'.ic waste •• ay be deseribea as a sequential tbree step 
~ 

,roc •• s in.ol.inq tbe eODyersLon of coaplex orqanie aaterial 

fo •• a 18- the wastes to si.~.r soluble orqanic coapouD4s 

(KoraaDit, '968). The SOIQ~. orqan1cs are ~hen conyetted 

"y acid forainq bacteria' 'into short ehai'D fatty aeids, 

callecl yolati.l .. aeiels, ie. ul tiaately acetie aci.d, as we{l 

•• carbon dioxide, b,droqe. ancl otller end prod acts • 

"iI1811y, tbe .ola tile fatty aeids are eOD.erted i1lto .ethene 

1 

( \ , a1ld earboa tioxide bI' .eth... for.ia9 neteria. otheJ; aeids 

/ 
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2 ..st first be fer ••• ted ~o acetic' acid (lor,aDi~, 

7oeri •••• d ~attiDqk, 1969; ~.Dze a~4 Harre.oes, 1983). 

1968; 

l. 
Stadies OD anaerobic diq~stion tr •• taent and its 

o 

cert.in factors lnf~uence diqestion. rt has been found that 

t.. po~.atlal fac~ors inf1aenclng the perforaance of a 

specifie digest.r are organie and hydrau1ic 10ading, tOIie 

oy.r10ading, the te.peratQr~ of operatton, the design of the , . 
diq •• t.r, the .ode,of operation, and the source of inoculaa 

or .icroorgani~.s re4uired ta di~est the ~ubstrate (k~t~e et 

al, ,'969; Gra.f aad lndre.,s. 197'; Benze and' Harreaoes, 
, . 
" t.83)~ 

'0" 
'f~. follo.iDg factors are .ost' fr.quently. ased ta 
» .,. 

c'.raeterlz. a, 4iq.ster and are noraally used to indicate 
, , " 

t •• co.r •• of .naerobic digestion: pH', altaliaity. yo1atil. 
/'" 

, ~ iatty aeid eOJlc.ntra.tion,· th. rate of qas production ahd gas 

co.posi tioll. 
" 

!~. de •• lop •• at of hiqh - rate .•• th.ne·f.r •• ntation has 

" .~d.Cect ,a •• ri.ty of pJoeess confiqurations to sat!'sfy thé 

' __ 4 forj9reater .ffi~i.ncJ and ',.c~no.~ in the treata.nt oi . 
••• ièipal aad industria1 wast.s. se.eral hay. -"-n studi.d . ..... o. 1.~ratorJ sca1e, 'and oa1y a f.. ha •• been de.oDstrat.~ 
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.~fall scale (Beert jes and 'an 
~ 

1919) • t 1 co. a?n J 

retention of actiYe 

.icrobial bio.ass ln the digester, instèad of allovlng it to 

escape vith the treated 
) 

êf~luen-t., th us 

J 
1. 

developing a long 

sollds retention tiae which allows operation vith a 

relatiyely short h ydraulic re tention ti.e, increasinq 

process sta~ility; and decreasing reactor yoluae (Young and 

!lcCarty. 1969; Yan den Berg and Lentz, 19'19). \ 

The present project is concerned only vit4 a high - rate 
/ 

ao.nllo. stationary fixed fil. r (DSF!') anaerobic ~·èactor. 
.... 'j . 

the dovnflo. stationary fl ... tt fil. reactoJ; ~ently 
'" , 

l' 

ae.eloped at the laboratories of Canada's Wational ~search 

Council has ~lleYiated .any of the probleas that a~~ 

assoclated vith conventl~al anaerobic digestion. According 

• ' <::... ~ 
to Yan den BerC} and Lentz (1979), lCénnèdy and Van den Berg 

'. 

(1981, 1982), and 'an den Berg and lCennedy (1981, 1982), the 

procesa has provlded adequate treat.ent of .ediua and high 

strenqth vastes, could be changed oyer fro. one vaste to 

another vithout adverse effects, could be operated at 
'-

t •• peratures as lovas 10 0 e, and cOllld handle seyere organic 

ana hydraullc, overloading, both inter.i ttent and co,ntinuous. 

rarther.ore, these stadies have iaplied that the process is 

.vailable to treat soluble and'concentrated vastes. vithout 
J • 

the n •• d for solids recycle. 
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lIany food and dairy operations prodace ,larqe qu&ntities 

of hiCJb strenqth vaste effluents ,that const! tuta au njor 

tUsposal problu. !!anJ of these streaas Il!,e soluble, ,et 

hue a BOD. and/or COD in the ranqe Of~ Iq/1 - 48000 .git 
• (Harper et. Ill, 1971; Brown and pico, 1919). the hlCJh 

strenqtb of the vastes .ates conyentlonal atrobic treataent 
, 

.ery c1ifficult and expensl,e~ 'l'her.fore, the osrr's abUity 

.akes it ideaU, suited for, sach applic-ations. 

Despite the videspread application of the anaerobic. 

dieJestion processes and its theoret-ical ben.fi ts, the desiqn 

alld operation of these systea::;; 0 haYe baen yety cons~rYatiye, 

pri.arily because of the deba t.~ tha t. exists aloD9st 

rasearebars about the deCJree o,f elpiricisa that prnailed in 

the desigD and operation. 

slC)nificantly increased 

'Whi1e reeent studies haye 

the understandinq of the \ 

11crobioloqy and bioch.list.ry, and factors inf1uencinCJ 

• aDleroblc digestion treahent, Il, aore rational approach to . 

the deslqB and operation. of the syste. ls possible. 
-/ 

1 suryey )f design and opera~ion approaches present1y 
, 

ba1a9 usea to describe the anaerobic diqestlon process 
1 

iDcJ!c:ates t:hat ki netie reaction rela tioDshlps ha Ye been u;ed 

sGcce •• fully in prec1ictlnq the perforaance of ~Daerobic 

processes t. res tin CJ ,unicl pal a Bd i Dd ustria 1 vast:es. 
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t'lae IIth.latical lodels 

stead J . sta te and/or use 

\ 
r 

, 

are based OD the 

equi. libri a. 
- . 

5 

a ssulptioD of 

relationships, 

stolchioletric, coefficients, .aterial bala nee relatLoDships, 

.as! trânsfer equations, and diffasinal coefficients, t9 

raUeet t-he interàctions 
. 

Ihich occur in the and baheen 

bioloqleal. lic}ll.id, and qas phase (Andrews and Graef, 1971). 

'l'lle extent1.on of tUs approach ta anaerobie fixed fil. 

ree.ctors has proYidèd' a •• ans for unityi.n9 the &fallable 
• 

data and seryes as a quantitat.iYe basis in deseribinq futore 

proe.ss perforlance. 
l' 

, , 

t'laese lode1s haYè proYeD their Yaloe OD a qual1. tatiYe 

basis bJ 1.ndieat.i.nlj needed changes in sJste. Ilnalyais 

(Baller and lIaneini., 1975; Devalte and Chian, 1976; Rittlann 

and IIcCartl, 1(80). Ro •• nr, in .ost instances, they are 
, -. .. 

Dot adequate to de scribe process operation siDce the 'inputs 

are tar fro. const.ant, and tllere are considerable nrlatioDS 

1.n the etflloent rlspo,nse w1th respect:. -.to the. ln 
" 

alternathe to 
'-

these types ot ·.od.15, althooqh Dot 

Deeessari1, a eOlpetinq one, 1s dynaaie lodelUnq. One such 

•• thod is the Box - Jenkins 'l'iile s.ri~s Analysis (BOX and 
". 

Jenkins, 1976). This •• thod has be.n successfullr a pplied 

to ,erobic processes soch as: acthated slodg, (Berthoun et 
" , 1 

1 

J 
al, 1978; Kennet h and SilS, 1981) ~ rotat1ng bioloqieal 

contact.or (filion et' al, 1979), sllspended qrowth 5yste.s 

, 
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(I.rphy et al, 1971). 8114 to the biologiacal fluidize4 be4 

proc ••• (laU .t a~. 1981). It vas used ta deter.ine the 

.Etant to wUch treated effluent is relatec! ta the inna.Dt, 

aa4, to predict effluent respollse IInder different 

, operational conditions. 
l, 

The objecti .. es o~ tUs present vork were, ,therefore. ta 

•••• s. the iaflu_nce of control .ariables on the perforeance 

of a l1igh ra te DS!'!' anaerobic reaetor uoder ditterent 

operatine) candi tians; ta deteraine the nature and extent of"" 

the .ariability in e~fluent quality and gas production; to 

i4.lltify faetors con tributiDg to this .ariabilit,. through 

.tatistical analysis of pilot plant data; t,o spply Box­

.Jellkins tiae series transfer functioD - Doise .ode1s to 
- j 

char.ct.rize the dynaaie rasponse> of a DSrr resctor unda..r a 

91 ... n organic loadine) condition; and to Il ••• 10p 
~ 

•• ri.s .o~e1 

reactoI. The 

to predict • fflll. Dt response of 
~ 

r.sll tant .0411. which relates 

the DSrl 

effluent 
..t 

respon.e to yariations in the influent uri.ables, defiDes~ 

ia41cators of process response such as the process ti.e 

cOD.tant, the proeeSB steady state gain. and Ue procass 

4ea4 ti ••• 

.chi.... the aboYa object1 Y." 0,. a t.o phase 

.Ep.tiieDta1,. proqrn was CODduct.d aD a high rat. anatrobie 

( 
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DS'" pilot plaDt- at tlle laste.ater 'e~)lJlC)lo9f Ce.t.r, CaDaaa 

Center for IIl1aDd latera, Bu:rliDqtdp, ODtario, o.er a peri.ôd 
l 

of four .ollths, (DeCeaber, 198,3 to April, 198.), to a110 • 

•• alustioD of three input yarlàbles: illfluent substrat • 

CODcentratloD (89/1 ~s COD), • o1u •• tric loadiD9 (kg 

~OD.3/da,.~, alld hydraulic retentloD ti •• (days). 
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2. alll.OBle DIGISTIO. PIOCIS5 0.11'11. \ 

-
- 2.1. 1. -Brief Ristory of ,.he Anaerobie Diges~ion , 

'" Proeass 
\ 

. 
lna.rob~e digestion, as applied to vastevater tr.at.ent, 

sppears to date frol the Austin ,,",-nt PT Beicalf, hayin9 
J 

~~irst been éOllstructed ~n 1857.' About the sale ti •• , 

(1860), Louis H. l!ouras, a l'rench "enqineer,. tJa4-1t the 

-!aaras latolatic SC4.enqer". Liquifaction of organic 

solids vas the' reèognized affect of the action in these 

tanks and thi-S lias earlJ attributed to anaerobic organisas 

by bacteriologists of the tiae (Blls.el1, 1964). , 

separation of' sedilentation and diges~ion by aaans of Il 

tvo storey tank vas the next deyeloplent. The 'l'raYis Tant , 
built in !nqland and the Ilhof'! ta,nt of Ger.anf, cirea 1907, 

.ere the lost suceessful exaaples • The llhoft tank foand 

• 14. Ilse in the U.,_ largaly beeause of i t-s suitabili tr to 

the bot sa •• er cli.a te (Bus"ell, 196~J" 
u 

In the I.anti •• , I.hoft and co-vork.ra in Ge~aanJ, and-
, 

O'scbauq'nessy in. ~ Eng1and had deyel-0ped .uch o~ the basic 

b~eterioloCJr required ~ for 
\ 

sta-rtin9 aDd ebealstry and 
.". 

operatillCj alla_robie s1049_ in either tvo storey or separate 

\ 
1 , 
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fo sUI •• rize the sI. tuation" as of 1925" aDaerobie 

41.cjestioD had t'h. folrovinC} ebaraeteristics :. (1) It 

prod,cee) an iDofteDSiye stab).e 51udge vb1ch dried e~ilY to 

• disposable consiatancy; (2) lpproIilately half of the 

org.llie latter vas eODyerted to agas aDd, t;he BOD 0 f the 

.1.dq_ • as reduced by!ln equi .alent alount.; (3) The procass 

required a larqe inoculai and ,thorouqh li'liDq; (') If 

insufficiently s.eded" acids de.eloped and the forlation of 

•• thIDe VIlS partly or cOlpletely inhibi ted; and ,,(5) Tbe 

taats ta Iceo.odate the proper •• Ol1nt of seed vere large and 

Il.Dce the capital cost vas b1gh. • lnaerobic digestion vas 

attracti.e becaus_ tha products vare cOlpletely disposable. 

Ïfhe qls cOllld be burned for laeat or powar (Bos.ell" 1964). , " 

1} 

Dor1.nq the lore reeent past ne. anaeroble procass 
1 

eo.fiqar.tioDs ha.e 8.ol.ed Lor application to both 

••• icipal and indu.trial .aste •• t.ers. fhe nead Lor gr.a ~er 

.• ~ficiency and eco~oly iD the treatlent of in,da.strial and 

••• icipal liqoid wastes and interest in .ethalle production 

~ -frol bio.ass as a reD •• a ble soarce of enerqy has lad to 
1 

rene.ad interest iD anlerobie digestion and the stady of ne. 

type. of fer.eDters. fbese ne. types ha.e in COllon the 

( ) r.~ention of acti.. 81crobial biol.s. iD the ~.r8.llt.r." 

q --- .. --... _____ ~-----.....--r----~- ..... ----.-- _____ .~ ___ ._._._w_.~.~ _______ ~ __ ..• 
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J. •• t •• d of a110.18q it to •• cèpe .1t,1l th.'treat.4.€tbent 

('.. d.1l Berq and Lentz, 1979). 
\ 

In order to ••• t the 

•• rioas n.eds of .ullieipal and industrial vute treat.ent a 
" 

,.1d. yariety of syste •• ha". e"ol •• d eittaer up to p110t or 

t'.ll-scale operation. These inclade the follo.ille} : 
. 

attached fil_ expandea bed reactor (S.i tzenbau. and Je.ell, 

1980): ana.roble find fila r.actor ('an den Berq and Lentz, 

1919): anaerobic tllter (t011l19 and !CCllrt,Y, 1969); IIp-flow 

an •• roble sllldq. blallket-r.act:or (d. Z.eu. and Lettlnqa,' ., 
1910); two-phas8 d1qtstloD proeess (Cohen et al, 1979). 

In q.n.ra1, aIl the.e t'arioas typtS of the, anaaroble .." 

proeeall are 'capable of acbi •• inC) the C)0ala of aaxi.izinq 

•• thane Jields and production rates, increasing proceas 

stabillt:y an~ th •• ost i.portant, decrellsinCJ reactor ,,01u ••• 

lIo.e.er each proe.ss configuration h~s !ts assoeiated 

••• kn.sses and 4isad"antaqes vben .astevater characteristics 

(aueh aa cOlltents of sol able and ins91uble otC)an1.cs) , 

p •• pine} require.ent, structure of reaetor, reqgireaents of 

operation and aaintenance are .. , In"oh.d in design and 

operatioD (fanC} and lonq, 1982). 

2.2. Th.ory of 1Daerobic 

ln. lln4.rstandinCJ of the fllndaaentals of allaerobic '" 

- - --,- ---------_. 
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4eeolpos1tloB i. Il.1pfa1 for prop.r d •• lqft, opera~ioD,. and 

cODtrol of anaeroble proeasses. !his Is e.pacially trIe ..... eODsiderlnq tha relati ye •• ri ts and ' potan tial 

applicatloDS of the proe.ss to treat larq. yolu.es of 

••• tewat.rs fro. do.estic, indastrial, co .. ercial, and 

a9rical taraI soarce •• 

1 br 1.f ra .. i.w of the qeneral pr1ncip1es o~ anaaroblc 

tr.at •• nt 1. praseftted to facll1tàta farther discassion. 

D.co.posi tion of orqan1es in an anaerobic process 15 an 

e1[tre •• l y co.plel sY'biotic illt.raction of a yariet, of 

••• eroble and facul ta1tlye bacter ia (!.oerien and Hattinqh, 

1969). Decolpositioll of cOlplez: and solable orqaDics can be 

elaaracterizad as Il sequential, three-step procesB in.olY1nq: 

step 1 : Rydrolysis of suspendsd orqantcs and soluble 

orqanics of 111gh lolecular vaiqht. 

Step 2 : Orqanic acid forlation and daqradation of saall 

or9a~ic lolecalas to nr10ls yolatila fattyacids (t',.I),' 

alti.ate1y ae.tic acid. 

step 3 ": Production of •• thane prilarUy frol acatic acld 

but also fro. bJdroqen and carbon 4io1[1d •• 

lIowey.r, 1t should be andarstood that .... n thoaqh the 

( a ••• rob1c: proc... i8 pre.entecl as be1n9 saqaent!al in 

. 
--~- - ---------....,.-- ----.... -...... ------- ._-~ .. _-_ ..... _----. 
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a.~are, tll. tllr.e steps tate place si.1Iltaaeo1ls1, aad 

syacllroDollsly in aa aet1ye, •• 11- bafferea syst.. (Benefield 

aDc! .anda11, 1980). 

In th. tirst .~.p, iasolubl. and soluble o'rqaDics ot 

hlqh lolecalar .eiqlht s'Uch as lipids (fats, tatty acids, 

.tc.), ca11alose, proteins, aDd earbohydrates are eODyerted 

to l.ss cOlple" soluble orqaDic co.pounds· by enzy.atic 

byc!rolysls produc.d by a heterogeneous qroup of facultati ... 

Inc! anaerobic bacteria. Hydrolysis O'f this cOlplex or41anic 

occurs .hen ex,tracellolar catal yze 

bydrolysis of co.plex carbohyd ra tes to silple su41ars; 

proteins to peptides and a.ino acids; and fats to peptides 

1 

.. 

\ 

and fatty acids (BcCarty, 1964; Korlanit, 1968; Toerien and ' 

1'\ 

Battiaqb, 1969; Benefield and Bandall, 1980). 

la the .ecoDd step, th.se 
o 

bacteria then sabject t.he 

procS.cts of llydroly.is to fer.antations, B-oxldat~ons, and 

oth.r .et.bollc processes leadinq to the for.a tion of si. pIe 

orfanic co.pounds, lain1, short chain alcohols, aDd .. olat!.le 

orqanic acids Buch as acetic, propionic, aDd batyric acids 

alollC} with the' 41a8eous products of C02, \ CH", 12, and H2. 
,ç.. 

'fhis stage is coa.only referred to as "acid feraentation w • 

'fhe type and-quaDtity of the end pro!Jucts of the second step 

( aapend OD th. pB, tbe t •• peratare, the re~ati'Ye fract10Ds of 

-. -- -- -- .. ----- -----.............. ., ........ ~ ............ -------- .~ ~- -~~- ..... __ ::..- ...... -

-' 
(. 
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fat., earbohydrates, and pro teins in th. f •• d, tb. 'lIpresence 

or .ba.De. of specifie trace natrients, tb .. eharacteristies 

of the 11eroblal ~lora, tbe solids retentlon tiae (SR'!'), and 
. ~ 

t~. bio-ch.aica'l or other a.chanisas ~ yailable for al tiaate 

stabilization of the second st~p 
~ 

end products. 

~t should be noted that in this staqe organie laterial is 

s1:.p1y conyerted to ortlanic acids, aicohols, and ne. 

baet.rial cells 50 that little stabllization of BOD or COD 
, 

18 1964 ; 1968; 10er ièn and 

lIatt1.ngh, 19~9; Benefield and Bandall, 1980). 

Bo.eyer, in th.. thlrd step, tbe ~nd prod ucts of . the 

first twq st.ps are eonyerted ta qases, lalnly let.hane and 

carbon ~ioxide, by seyeral dlf(erent species of strictly 
" 

aDaerobic bacteria called "the, lethane produeing bacteria-. 

fhas, it is bere that true stabilization of tbe influent 

substrate, BOD or cob, oçcur s, in vhich tbe yola Ule organie 

acids, .ainlr acetie, ,ropionie. and butyric 'acids are 

9asi~ied 'ta I.thane and carbon dloxide as Il resalt of gro.th 

~ aD<I aetabolisl of the obli.qate anaarobic .etbane bacteria 

(Koraa~it, 1968; Kotze et al, 1969: To.rien and HattinC}h. 

1969). The exception to this, under anaeroble conditions, 

18 r •• oyal resultlDg frol foraatiou of hydroqen or reduction 

of inorqanie .1ectroD acceptors .aeh as salfa tes, nitrates, 

and nitrites (Kotz. et al, 1969). Tbe coaposition of tbe 

Î 

'-...-.,_ ... _-·····.4 1 
• ,-1 
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, .. 
aierobi.al pop111a tion . in an anaeroble digester wi.11 b. 

dependent on _ the co.position and aaouDt of substrates lt 

recei Y8S. In ~ neral, aic:robia~ grovth ra tes 'and reiati"e 

respoDse to changes in the enYironaent Tarr a aong groups 

('l'oarien and Hcttinqh, 1969). ,. 

'À general outline of the aetcbolic pathwa}'s and 

~ierobial eco10gy i8 suaaarized ~in Figure 1 wbl.ch shows the 

four qroups of bacterla now beli ••• a to be in't'ol.,ed i.n the 

apparently siaple con.,ersion of glucose into carbo~ dioxide 

and .ethane. 

""'-1It 
lIIIic • , ~ ~ 

. tilt ... ,'" w,ric ~ 

~ü . 1. Kif , 
piOjOKlIC 

f 

1-'" r llt 
lCIIIic • --

0\. co. • 

Figure 1. The Mfcrob1al Ecology of The Anatrob1c Di'gest1on 

! 
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2 •. 3. eo •• ~. raetors Iffec:ti.C) •••• robic Di., •• tioD 

stadi.. o. •• aerobie dige.tio. treat.ent and its 

.• pplication OYer • DU. ber of Jears ha,e d •• onstrated that 

c.rtaiD factors intlaence diqestioD. .0 sinqle factor, 

(para.et.r). can b. ased as li control aeasure of the proeess 

~ of anaeroble 1lqestioD. as the degradation of orgenie aatteY; 

to •• t;ha.. and .carbon dioxide \ Is brouqht about by a 

.. et.roqe •• ous .1erobial popula tion (Kotze et ,al, 1969)." 

ID diq.stion praet1c •• 'proc.ss tailur. has oecarred iD , 

so •• case. s1.ply beea1l!l'e an operator cUd Dot r.coCJni ze the 

si9 •• o~ l.p •• din., diftie1llty~ It is litelr that fail1lre . 
, ~ 

coa1d Ila"e b •• D o~fset laac! the prop.r process .ariables, .iz 

l..pat 10ad., efflueD~ qualitJ, pH. t"l anc! 
, 

allL:al.inity, qas 

prodaction and gas co.positioD. b... aonitored at an 

.,propriate freque.cy (Graef ând Indr.... 197.). 

1 lact of .qr •••• nt has persistea o.er .hat yariables or 
~ 

of ".riable. pro"ide b •• t .arnlDCJ of 

... 4iD9<:o diq.ster instability (8en%.e and 8arre.oes, 1983) • 

O •• of th. obj.ct1".. of this .ork is to identity those 
, 

ai.., •• tèJ:' .arlables that best indle.te the r.aetor conditioD 

••• pro"icl. safflcieDt .ar.ilC) of l.pe.dinCl failar •• 

, 

, 

, , , 

1 , 

1 
! 
1 

1 

1 
1 

i 
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2.l.1. Pote.titl Factor'. AffectiaCJ t"~e Stabil1ty of 

.a,.robie DiCJestio~ Treat.ant 

potentl.~ factors of dlgester lDstabilitJ 
, 
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-and 

•• r1abi.~ltJ. and ultiaat. fai1~ra. Are hydrauli.e, organie, 

aael toxie QyerIoacl1nCJ. ,B-eha,ior of the DS" reactor nnder 

.ario.s leye~s of hydrauUc and orqa'nic oYerloadinq haYe 

.... b •• D analyzed herein and the DSrp's responses to the 

operational factors are pOinted oat in further s'ectioDs. 

~1a. in~1aenc-e of toxie oye.Iloading ou the DS" reaetor vas 
~ Dot IDa1y.zed herein, but vill be con.idered iD -the present 

sectloD for uDderstandizaC)' ,the crQses 

i.terfere vith uthaDe fer •• Dtati~ 

of instab.iIit-J that 

ID che.o.tats hydua1:l:c oyerloadillCJ occars w"entyer the 

.~feeti.e re • .ideftce 'the, -hich is defined as ',the effecti Ye 

rt!tactor yo11l.8 4iYided bf the iaflllent wastevater flol rate. 

1.. redlleall to the point at vbieh orC)'anisas cannot reprodQce 

before beiDC)' v.shed out (Graef and lndrews, 197") • 

.~f.ctiYe resi.denca ti •• can' a150 be d.creased bJ yolgae 

c: •• aCJe. if e.cessi Ye solids aceu.alate in the reactor 

ca.slDC)' cloqC)'iDCJ, channellinq, and sbort 'circuitiDCJ. or -beD 

~ iD.gifleient .ixiDC)' prodac~s ,staC)'llatlon ,,' zones ID the 

reaetor. 

Il 

," 

" , 

) 
;' 

\ 
.1 

1 
l 

1 

1 

l 
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orq&Dic o •• rIoading can resalt wh.neyer an excessiye 

aass rate of orqanic addition to a digestar causes an 

ade.aala tian of '''A tha t can inhibi t the lethanogenic 

orqanisas. This can be callsed in practice br 11 sudden 

,; 

illeraase in' the orqanic feed concentration (Graaf and.-

Andre.s" 197~) • Tvo 
/ 

typicai cases' 'readily the 

li terature are: Il t teaptinq to start up a diqester too 

rapidIy" and excessiye diqester loading on an infrequent 

basis (Van den Berq and ltenDedr, 1982; lennea! aD~ Dros~e" 

1983). 

• 
Toxie oterloadillCJ cao be Cllused by the- introduction of-

laterial thllt can', kill th'e aethaoagenlc orqanis.s. For 

hellYf .' letaIs" "detergents" .., 
~ 

.... Qnia, and yarious cations" la" C,a, and "q are a11 

possible contributors. 

tnhibitory substances are Introdu'ced lnto ,_ the di,ester 

in two vars: 1 siDCJle sluq addition o,f toxicallt •• J occu'r, 

no.inallr ter.ed "transient toxicity" '(interaittant Sl119'. 
" 

doses aa y a150 . occur), and lnh ibi tory substat:lces ilal be . 
ch{oniCa11y present in the influent nste and be ad ded . 

the orqanics and other 

, 

continuousl, -to 1:J1e sJste. alonq vith 

Dutrients (Park:in and, ffi11er /1 1982). 
"... 

(' .. , 1 , , 
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l.'. prilcipal Indices "1'0 Indicate 'l'he cour •• o~ 

Anaerobie Digestion 'l'reataent 

followi:ug factors 
1 

cbatacterize a diqester and 
1 

are .ost frequentl..J,... a.ed to 
r 

are nornlly Qsed to> control 

a.a~robic diqastion: pH, '~alJtalinity, yolatile 
..... 

fatty aclds, • 
1 1 

(wb~ch ste interd,pandent), the rate of gas production, and 
, 

co.~ositioD of the 9as produeed. 

2.'~ 1. pH, llkalinity, and Volatile l'atty lcids (,r~) 
1 

1 

1 
1 , 
: -rh. betero9aneous bacteria,l population in "l1n anae!ioblc _1 

1 
ctif_ter co.prises a .i .. de' Yariety of bacterial specles. 

Ba1h specifie species has ·an opti.u. Pif ranqe in vhieh 
1 

qrqwth is best and in vhich i ts .etabolic processes function 
1 À 

i 
at jopti.o. layels. In anaerobic digestion the optiau. pH 

ralq. is the integral resalt of the different contributions 

by the 4iff.rent reactions taking place (J{o~ze et al, 1969), 

(sea J'igore 1) • 'l'he preferred pH range for anaarobie 

treat.ent is fro. 6.4 'to 7.6 'vith ln opti.u. ràuqa of 

approxiaately 6.9 to 7.1. Beyond the se liaits digestion i5 

le.s efficient (Yan den -Berg et al, 1976). 

lt pB~< 6.2 the efficiency drops off rapidly,' and the 
1 

ac;i4ic conditions produced can becoa. toxie to the •• thane 

" 

---

----

, . 

1 f 

/ \ 

" , 

f i 

1 
i 
1 
f 
t , 
" 
1 

# i 
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bacter1.a (fccartJ. 1964; Benefield and Randall, 1980). 

jhateyer the pH of a diqester in equll~br·iu. aay be, aDy 

a.finite drop in pH 'alaé, as a resalt of production of "1, 

wIll be an indication of a disturbance of this equillbriu. 

and will necessitate so.~ .et'hod of control (!lcc~rty, 1964). 

'0 ensure. ,that sufflcient bufferinq . capacity ls 

.Y81la&1. to counteract sQdden inèreases in fatty acid 

content, the alkalinity titrat,ed to pR 6.0 should be qreater 

tllaD 1000 .• q RC03/1 (Daque, 1968). Kotze et al (1969) state 

t:hat as a qood .aeasure of safet!, alkalinity ~n the aore 

aesirable ranqe of 2500 to 5000 .q/1 as CaCoj proYides a 

better baffer capacitY. 

'«w! ~, 

1 

,olatila fatty 'acids content of tlle alxed liqQor of a 

aiqester is one of the .ost Bseful para.eter!! in controllinq 
\ 

aiqestion (Barnes et al, 198~). Any sudd.n incr_ase iroa a 
, 

COllst.at ,alue is disruption of 

equilibriQ. conditions.' It should be noted tbat a high 

-.olati1e acid conc.nir.t.i~, ls tbe resalt of unbalancad 

. treat •• nt and not the cJus. as is· soaati •• s belia.ad 

(IICCarty,o 196'). 

" 

'Ile le.e1 of YI'A cO,Dt.at. ia .. debatiDq point .. aonqst 

.ortera in t •• field -of 4n.~.robic digelltioll. lo.e.er. a "1-

, 

! , 

1 _ 
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eoataat in the ranqe of 100-300 Il;/1 i5 preferred. 
. , 

2. ,. 2. Bata of Gas Production and Co.posl t'-on of Gas 

'a, daeline ln the rate' of qas produet-ion fro. a 

coa.tant 'Yalue in ~he 

i.Ddicati'Ya of unbalanek 

bJ a change 

.ethane-to-carbon dioxide rates is 
\, 

conditions (ftcCarty. Typical1J, diqest.er ql!lS' is 

co.prisect of approxi.atel, tvo-thirds .athane and one-third­

carbon dioxide bJ yolu.. fraction. HOveyer, ~lstribùtion 

.arlas dapandinq OD the partial pressure, aItalinit" pH, 

and vaste .co.position (Kotze et al, 1969). The CR4/C02 

ratio for the gas produced fro. carbohJdratas. fats, and 

proteins are 1.0, 2.3, and 5.3 r.,pactiyel,. 

2.S. Te.peratara 

, 

're.per.ture is an i.port~nt consideration in anaerobic 

treat.ent because of the affect it bas on the .alue. of 

.lcrobia1 kinetics. 'ralperature has a slqDifican~ influence 

oa diqester perfor.anee as vell. The optl.ul te.perature 

for th. aDaarobic diqastioD process in the" nOIl- therlophilic 

rallq. has be.n aq}t.ed, upon 'to be bat.een 90 0 ? to 95 0 r (32°C 

lS·c) ('an dan BerC) ët al, 1976). Thas. t •• paratare, 
. 

• Illell caa, be controllad externall" i8 cartainl, Bctl.e in 

, 
/ . 

J 

. , 

• 

1 

1 

1 , 

1 
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•• 1.cti8Q Ue ulti.ate population that viII preyail in a 

4igester. 

" 
2.6. Physical Deseri pt ion of DO.Dflov stationary 

\ 
rixed ri1. (DS"I') 'eaètors 'f 

'l'her. are two .a jor desiqn eonfiqllrations for anàerobie 

fix.d fila reaetars, one beinCj the sta tic bed reactor.. ~he 

other, flllidlzad-bed (expanded-bed) reactor. 'of refe~eDc8, 

tla. static-bed suba.rqed •• dia, anaeroble reaetor #1 (5"11), 

was init.ially referred to as t.he anaerobie fllter or t.he 
() 

ao.aflo. bed reactor.. bat reeentlJ lt took the n~ae 

stationarJ fixad fil. reaetor; the fluidi2ed-bed. SPiII bee.ae 

th. anaarobie .ttaehed fil. expanded-bed reaetor (liFtS). 

'l'he .ain difference bet.een both types Is the direction 

of flo •• 'l'he statioDary fiKe4 fil. reaetor i5 alaost 

eze1usiyely Clo.nflo... in troduced at the top vith any 

actiYity in th. liquid oriqinatinq fro. bacteria 1 •• Yinq the 

fi1 •• A fluidisea bed reactor consists of a bed of saall 

parrticles expandea bl aD upward 

with a .iqniLlcan~ part of 

pr •• ent in the lower half of 

te.tz., 1979). 
~ 

J • 

flow introdaeed at the base 
, , ' 

the actiYltJ in t.he liquid 

the col.an ('an. den aerq and 

• 

.. -.~ ........ _-.-""?-.,.!""--~-- ..... ~_-ro .... ,.f'"~~_:..~'7-- ..... ~. • .,. ................ PA '''''.Nd , a 
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t'his project is concerned only vith the do_nflo_" 

stationary fiIed fil. reactor (D5I'r). 

1 dovDflo. statioDary fixed fil. reaetor co'nsists of au 

Inert support aedia. contained ln a .ertical cola.n to 

retain bio.ass vithiD the reactor," thus de.elopinq a long 

solids retention tile and pco.idi~q a larqe specific sarface 

a.a~lable for .ierobial gro_th vhlch is neeessary for 

anaeroble treat •• nt. 1 sketch of tbe DSrr ,reactor ased iD~ 

this stady is sho_n iD riqace 2. 

In a DS'., reaclor, bacteria, (particularly .ethaDogens), 
« 

attaeh th •• sel.es to ~tat.ioDarf supports especially pro'fided 

to ~or. conqlo •• rates, and are pre.ent.d fro. being _ashed 

oat vith the ef~laent by .the solid sapport to vhich they are 

attached. 15 saeh, a DS" reactor 15 capable of e~f.ctiYe 

ttea t •• nt of biqh strength vastevaters at relati yelf shor~ J 
" 

hyclraalic detention ti.es (0.5. days to 11.8 days dependiD9 

apOD vastevater characteristics and te.peratures) 

8er9 alld KeaDedy. 1981>'. 

There are se .. eral types of •• pport .eIU" ~or- statioaary 

flIed fil. reactors. Bock has be.n ~reqaently ased as a 

aicroblal sapport •• dia. rob.st .s it is a ehe.p and • 
aaterlal, Other sapport •• terial. reported inclade potter's 

\ 
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Figure 2. -A Sketch of the DSFF,.Anaerobfc Reactor Used 1n Th1s Study 
&; 

" 

• --
II 

'c 

\ 

~ v 
• 1 

• 

• Il 

N 
w 

) 



( 1 

, 

1 
o 1 

! 

1 

( 

\ 

élay, draintil. clay, ne.dle pUDched polyester, and 

polyYinylchloride (Yan den Berg and Kennedy, 1981; Yoang and 

Dahab, 1983). 

2.7.",PPlication of Anaeroblc '1I:ed ri1. Deactora 'fo ., 

Vaste.ater Treat.ent: Dairy Industry • 
;' 

ftaDy dairy wastellaters are ty pically dilate SOllltipDS of 

ai lit and cl.eaninq aaterials, ~(4-5~ total sQlids), Jet ha •• a 

10D range for plant efflae~ts of 40 .9/1 - 48000' .g/l vith a 

•• an of 2300 ag/1, and a COD rang. 80 ag/1 - 95000 a9/1 vi th 

an a ... erage of about 4500 ag/l (Harper et al, 1971; Brown and 1 

Pico 1979; Carlv4n et al,. 1979). 11 th_o~9h dairy vastevaters 1 

\ 

• 
are treated bJ co.aon bioloq ieal aetbods (BalI et al, 1983), \ 

t,bera i8 an interest in tbe us. of high rate 

, fer •• ntation SJ)teas to pro.ide .o,e efficient and acoDoaic 

\ trea~aelit (Swttzenbaua and Danskin, 1981; aall et al, 1983; 

\'al cJen Berg aDd KeDJledy, 1983). 
\ \ 
\ 
\ 
\ t'he Ds:rr reactor' s abllity to baadle hiqb orqanic 

1141.898 (&.4 - 39.2 t9 COD/.l/hy) &84 hiqh rat .. " of 

.e\laaa8 production (2 l- 8 a3/a3/day), at re1ati •• ly short 

.Yd\aalic ret.Dtion ti.e (depending on the tipe of vaste and 

t.eap.,.rat.ure) ae.tes it. ideally Buited to •• ch application •• 

rartlaer.ore, t,he Dsrr reactor i. applicable ta Il _lde 

\. 
\ 

\ 

\ - --- ----_. ---
. \ 

T:*r---r--:;;-:.,; - ~ -- -------- --:~ - - ------- .... -....... -----~~ "'7. , ..._ 
~ ~ '" ,,-;li: .. J~ / t 

1 ~ ",;r 7- '" -1. 



( 

1 
î ~ 
1 q 

( 

\ 
25 

•• rlety of soluble .aste. ranqlnC] fro. food processinC] and' 

'"' che.lcal w.stes to beat-treat llquors resultlnq fro. tber.al 

condltioDiDq of aunlelp.l sludge ('an den Berg and Kennedy# 

1981; lennedy and 'an dèn Berq# 1981#1982; Hall and 

.loyaDoYle, , 1982). The ezeellent abllity ta handle 

iateraittent Ioads .stes lt 1 acceptable for trest.ent of 

w.st.s troa industries operating only a fe. days each •• et 

.s •• 11 as fro. ..ason.l .ast.s str.a.s ('an den Berg and 

I.Dn.~y, 1982). 

2.$. Adyantaqes and Disadyantaqes of lnaerobie 

~reat.ent Processes 

\!o... 

laaerobie bloloqlcal tr.at.ent of higla ~r.nqth erqanle 

w •• te. has a nu. ber of' adftntaqes w"ieh .ate i t pref.rable 
-/ 

to either a.roble biologieal or physleal ch •• leal treat.ent. 
/ 

The .aia adyaDtaqes are: 

1 higla degree of w.st. stabilization eaD b. 

aceo.plishaa .ith a relatiyaly 10. production ofobioloqlcal , 
~lid. thus rad.cinq th. eosts a.soeiated .ith .Iudqe 

di.pos.1. 

2. Lo. natrlent raquir •• ents and DO oxyge. r.qQir ••• nt •• ~ 

tla.. .ll.inatinq elpa •• i •• aad .nèrgy-intensi.e aeration 

e,utp ••• t. 

~~ .. -----,--.------_ .. _-,--- . - ~~"--" _.---~ 
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3. Th. for.ation of yaluable •• thane 9a$ as an end 

'prodact.. InergJ can be recoyered fro. the gas br \Ub'S&q,uent 

co.ba_t.i on. 

4. 10 enYiron.ental nDis~nce, since the process by .*ts 

yerJ nature i5 totallJ anclo.ed and all the .shaust qas i5 

either burned in agas utilitJ or in an autoeaticallJ 

coatr01l.d fla.estact. 

s. fteasarabl_ and i~entifiable inter.ediate produets .hieh 

o~fer aD additional control potential. 

\ 

Bo.eyer, anaerobie processes haY. so •• 'dra_baeks .hich 

coasi_tentl, are based on the sa.e properties as so •• of t~e 

adyantaqes: 

1. It ia t •• perature dependeDt and .aJ requir. haat to 

.aiatain an opti.a. .icrobial qrowth rate. 

2. Slo_ qro_t.b of .ethan~ produciDq bacteria, so reeoyerJ 

fro. 14Yerse conditions is difficalt. 

3. Bethane .easit.iyitJ, so pr •• ence of oxidizLDq aqents ia 

toxic. 

/v 
It is i.portaDt to .ention t.hat a fixéa fil. reletor haa 

, 

• aa.ber of adyantaqe_ an~ disa4yantaqes ~yer other tJpes of 

fer.entera designed to ret.in t.he aet.i. 

1. the fer.enter: 

.icrobial bio.ass 

1. It obYiate. .ixinq, .hick i.· difflc lt. to proYide for 
\, 

~ __________ 1 ____________ . _____ _ l .. ' 
, 

... 

" 
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aa.qllatelJ in large tanks, an4- settlinq, a aajor problea 
-' 

vith aDaarobic contact processes. 

2~ It caD be desigDed to ayoid chanDellin9, a probl..ea 

lnherent in upflow filtera, and possibl! in other lIpflow 

re.ctors. 

3. lith the bact.riavadhering to a surface, tbe reactor 

heiqht is not liaitea as it appears to be vith the anaerobi~ 

filter. 

,. Otber i.portant features inclllde their c~pability to 

handle dilllte and concentrated vastes (vith and without bigh 

saspended 801ids), to oparate at 10. teaperatures (dovn to 

10.C), ta ehanqe OYer froa one waste to anothet vith little 

or no loss in perforaance, to vithstand veeks or aonths of 

coolinq aDd staryation vithout aajor a~Yerse effeets on 

perforaance, and finally to be able to vithstand seyere 

hy4ralllic oyerloadlnq and handle hiqh organie shock loads, 

as well tS int.raittent (o~ee or t.ice a day) slu9 loading 

(llecarty, 196': Pteffer e\ al, 1967; Devalle and Chian, 

1976f 'an den Berg and Lentz, 1979; lnderson et al, 1982: 

Partin and liller, 1982) 

Potentiel disadyantage& of fixed fila reactors include 

slow initial deY.lopa.nt of t.he fila and slow 

re •• tablishaent atter failar.. ContlnU!d growth of the fila 

a.y .Y •• tuallJ li.it effielency bJ reducing effecti.e 

\. 

------------- - ,--- -------
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.arfeca araa. Accululation of prilarily attached.solids in 
i 

tk. fi.ed fila reaetor reduces the size of the actiyely • . 
'Il •• ct zone and lay, cause a forl of plllQ9ing or short 

, \ i 1 \.-" 

cireaitinq. lnd',fina1ly, gas bubbles that OCClU during the 

I.thane conyeraion, lay ,-cause disturbance of the biofil. -by 
- , 

aah.ring to floes/b_d partieles, eau~inq thel to rise in the 

raaetor, resulting '_ in the .ash· Ogt of biolasss, or 

a.t.rioration of .fflû~nt qgality (Hall, 1982; Hall et al. 

1983, aenze and Harre.oes,· 1983; 'lCa'nnedy and Dr'oste, 1983). 

2.9. çarre.t !athalatical !odels For Anaerobic 

Diqestion Procas.es 

For anaerobic treatl.nt p~oe.sse., IOst lath.latieal 

loaela carrently used to ~ describ. th.1 are steady-state 
. 

loaels (La_rence and ftcCartt, 1969; S.itzenbaal and Je.ell; 
q 

"80). ~herefore, tbey cannot be used for process control 

•• « prediction of proces.~ perforlance during start-ap 

op.rations, or ander transient and/or dyna.ic conditions 

rasultin~ frol chanq8a in procesB input. ls .e11, in th. 

sp.cial case of stationary fi.ed fill a,naarobic reactors, 

4ya •• ic .odela wbich d.scribe 

1iaited. 

th. proces.es are yery 

In r.c8.t y •• r.,' 'a4r ••• Ina Graef (1'71) a ••• lope •• 

) 

,. 

l 
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ayaa.~c .od.l for anaerobic diq.stioD o~ sludqes whicb was 

basea oa a continuous cultore theory and incorporates 

Rueller and ftancini (1975) adopted 
'1 

t~e saa. CODC.pt to anaerobic filt.rs. The kel features of 

these ao~els are: ase of 8!l inhibition fonct-ion ~nstead of 
, 

the Bonod expression to relate yolatil. acids concentration 

alld speci~ic qrowth rate of ~ •• thane bacteria; tbe 

COBsideration of the o~ionized fraction of the Yolatil • 
..., 

acids as both the gro_th-li.itinq substrate and inhibiting 

.gell~.; an~ the interaction which occurs in and bet'_.en the 

biological. liqui'd and qas phases of the diqeste'r. 

P.rt~.raore. th.y ase equillbrlu. relationshlps, kinetic 

•• pre.sioll •• stoichloaetric coefficients. aaterial balance 

r.lationahips, and .ass transfer refleet these 

iat.ractions. Lindqran ( 1983) a relatlY.ly. t.. 

co.ple. •• theaatieal apdel the anaerobic 

a.qradation of organic carbon and nitro en in anaerobic 

filt.ra. He usad el.yen stat. Yariab~.s. nine related to 

t~e l~quid pha.e and two to the qas phas.~ to siaulate the 
:-.... 

all •• robic tilter as a t_o-step process *nder steady state 

a.ta. Th •• odel ia based on ftonod kinetics incorporatinq a 

,1 i.ltibit;ion tUlletioJl Cbased 

,rincipl., 1971). but neqIectiD9 solids transport and 

Itlot~la ait~u.ioJl. ' littaann and' ~ccartJ (1'980) pr.s.nt.a 

.I •••• ta ot tlt. biofila kinetlcs" with application to 

-, 

--_ .. _----.-....-...... _----
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a •• ltrifiC:,atioa atld to .ethan0genesis. ~~sed on th~ general 

kinetic eODsta~ts kno.n fro. other in ... estig,ati;ons the, 

çalcalate4 substrate, profiles for coaparison vith data tro. 

YOGDq and ~aCarty (1969).· Henze and Harre.oes (1983) 

poiDtact oat that the co.parison of this- .ode1 to Young's" 

a.ta .as not saffiei.ntl y '" co.prehen'sl h ' to be taken as 

y.rifleatioD for the applicability of biofil. kinet~cs to 

aaaeroblc processes in ftxed fil. 'reaetors. 

, 
llthoagh siaalation stadies ha .... , pro ... icled quali ta~iYe 

•• iG.nce for th. ...ali4i ty of th. .oct.ls by pr.dict~nCJ: 

resalts and, response of the sJst •• s close to thos. obseryed 

. ' 

ia the field, tlt·.ir applicability to aaaerobic fixed fila '-

reactors has aot fet,~ •• n established. 
\.. 

'ro. tbe afor ••• nttoned aodels Il na.ber of difficalties 
", .a.... b •• n identifi.a .bich binder or pr ..... nt their 

appl!eability to fi~.d fil. reaetors onder ... ariable loaclinq. ~ 

cODditions aad for control of the proe.ssea: 
" , 

" 
1. lIany para.eters sach as kinetie r.:t. èoeffieie.ts 'ar~ .' . 

• ntao.n anG .ast b. deter.inad for e8th spaeifie .asta.ater 

... ~o be trea tel! • 
, . 

" 2. ,her. ia a co.plieatacl r.lationshlp bat •• an the re.oyal 

rate., tha gro.th rates, tbe dltflsioDal bul1d-ap of aelditr 

.net lo.erinCJ of pB inslet. t.. bi~.1.1.,- pla. tbe tozlc 

, .. , 

-, 
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the aethanoqens inside the biofil •• , ... '-

• loise ' in the aeasureaents of syste,~ perforaance., ,a'al -, . 
so aake calibration and verification difficult. 

; 

fe Substrate reaoval rates are affeeted J by sUbs~ra~e 

crncentration, 

~.pera t ure, " and 

specifie surface area, 

type of support aediua. 
, 

flo. , - rClte," 

• Ti.e-varying inputs frequently a&y cause the expected 
- ~ 

rforaance of a systea to be co.pletely' different frol -that 

edicted by a steadr state aodel. 
~ 

~ -lluctuations in 
l 

input loads; environaental conditions; , , 
l , 

, '-plant biologieal and operational paplaetars;. -' ,size' : of 

pi.'nt and' type of process;. huaan factors; and inherent 

pr~cess variability are givè~'very little consideration' ib 

, . thJse aodels for 'Syst •• design- and operational :ontrol. " 

7.. The anaerobie fix,d fi~. reactor,',s paraaeter.s are not 

stationary and \ t:"equire constant of 

8.i Out diffusion of,gaseous products of lov solubility 8ay 

qiye rise to bubble foraation in the biofila. '1"his 

• g 

oaeno\ can siqnifican~ter the tineticS' of the filti r-

can 9iv. ris. to sloughinq off 

heavy loading conditions. 

, '1 

of ~iofil. paTticIèS: 

., 

'/0 -C~;,.~ 
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2.10. Ti.e serie. lDal,sis 1s ln 11 t.erute lIetlaod 'fo 

'tady The Dyna.ie Behaylor of ln lnaeroble 

Dsrr aeactor: The Box-Jenkins 'file Series 

lnalysls 

". 

One of the purposes of t.he present wort is to apply a 
" < 

.. 

Bo~ Jentins t.ile series tunsfer functio. lodel to 

cltaracteriz. the response of a' Dsrr reaetor ander orqanic 

10a41D9 condltions and to deyelop a dyu.ie lodel to prediet 

efflJDt qa.lity uDder elynalle cODditlons. 

, 
'l'he: ti.e series transfer fanction •• tlaocJoloCJY as 

1 . 
aeye10ped by Bo~ and Jentins (1976) inol Y.S aGni toriaq\1l tlle 

process response t.o a raqalat.d .equence of perturbations o~ 
. ---.....:J. 

U' 

tlte iDfiaent nriables. The resaIt.ant .0481, which relates 
\ \- -{ 

. efftuent response t'o yariations in the iD~la.nt Yarlables, 

aefines the siqnif'icaDt yariables affecting perfonançe anel '~ 

la a. ba.is for prQc.ss assess.ent and p~ssible control" 

'l'his la 'Yll1ullble .in t.he descripti Ye analysis of 

prOc.sses au~sceptible to yariable inpats in tin and in 

4e.i9D of .eh~ns to reduce the i.pact of .ariable or .hock 

loads or ,to .aDipalate other nriabl •• for cODt.rol p1lrpose. 
f. 

('att. et al, 1981). 

-. -- ------- --.-... -;-.~.:, -',\ li ~:.:"~ :~~rt""",r""~ .~·~·l:-~-' _· ...... --'!-..... ;-~t~tfr-~ ... ---
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la tla. p •• t, . Box-J.Dkins ~ia. Seri.s ADalysis has only. \\. 

"en sacc •• s'f"ully applied to aerobic treata.nt -processe •• 

l'or iDstanc., Berthouex et al (1978), appliad this technique. 

to de~.r.ine tlae e][ten.t to which aftl aent Bon5 15 rala'ted to 

1..fl.eDt BOD5 for a a1lDicipal actiYated sludge procass. 

hrph", et al (1977) aascribed the dynadc natura ol 

aJ.trifyinCj b1.oloqical. suspend.a qrowth srstaas applYiDq this 

.~thOelOIOqy. The e.Pi"d..cal tra,asfer fUllction .odels whicb 

.. ra deY.lop.d <\escribe botb coabined and separate sludge 

, ayste.s operatiD(J ander critical nitrifriDcr co.aitions and 

•• re able to L oreca st t be te.poral uriation iD 

a1.triflcatioD liçhi •• ed. 

rilioa et al (1919) prec11.ct... t" perfor •• Dce of • 
') 

rotatiD9 . biologic.1 co.taetor uader transi •• t, 10adin9 
, 

coaaitiolls. They •• rifiea the loael. by preelictiDq the 

erLlueat response obtai.ed fro. iadepenelaDt St. adiu, and 
, 

poiatea .oat that aa acte .. aate repr.s.atatioa of tlae dyaaaic 
. 

er~lue.t re.poD.e caD be obtainad tlaroagb tiae serie • .ad.I 

baillUDq_ 

lutt et al (1981) 4 • .,elo,.d dy ••• ic transfer flllctioD 
, 

aol.. aoelels ~as.d Oll ... l'tipl. procass inpata wllich. 

predict.d the re.pollse of tla. biological flaidiled-be4 

treata.at s,st •• ulid-er dyaa.ie operat1.DC) conditio.s. 

.. 1 
, 
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stocha.tic aode11in9. 1l.inq a Boz-JenkiDs ti.e seri~s 

traDsfer function lodel, was done by Kenneth and Sias (1981) 

for an industriel actiYated sludge pro cess. The f poin tad 

yariable in a , Gat t~t the~l1se of 8005 as a leasllred 

feed-forward/feed-back control' syste. _ay not be suitab1. 

becaase of the long analysis the of the 80D5 test. COD. o~ 

tlae other baDd, can be aeasa red ra pidIy anel can be a5,d as a 
.. 

• ea.ared yariable in a control scla.le. 

l'roI the.e stadies a DUlber of adyantages of asiJlg 

loz-J,ntiJls Tia. Series ny be dra.ll: 

1. 1'h,ere is a we11 defllled aetbod of calca1atinq loele1 

para.,ters froa process data. 

2. 'l'h~ .od.ls i.n ase are easUy apdated. 

3. ,.he < co.p~e][ltf of the lod.1. is 8asU,. bcr •••• a or 

aecr.and. 

,. . ,.he .odels tate Dol.e iato accoant. l 

5. Procedar.s are ayailable to aeteraia. ho ••• 11 tll, 
\ 

loa.1. are .ortinq aad how ta i.proy. th.a. 

6. ,.h, ti.a •• eries transf,r fallction. are sa1-tab1' for t., 

ae.igD of fe.d-forward/fe.d-bac::k control sy.t~.s. 

7. Probabl1it,. Uli ts for aach forecast of 
, 

the re.poD.' 

8. I.illg fe. paraaeter_" t.... aOdels· ,pean clo •• lf 

\ 
\ 

l' 

- ~---- -- -
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co.pl.x. J 
, 

9. 'ro. dJna.ie .odel 15 

possi.ble to calClllate indica tors of proces5 response SQch '1S 

the process ti.e c01nst'1!lt, T , and the proc.s5 steady-state 

,ain .. q, (~chanq. iD output 1 J chanqe in input): 

10. Usinq su~h characterilstic yalues, one .aJ predict the 
Cl U.. ta' approach a. De. steady-st'ate .alue after a step 

c~aDq. in preees5 input or to re.turn ta steadr-state after a 

.hock load. 

, 

, 
1 

" 

.' 

.' 

# , 
'~..,- '~. ~'lul :-:. ~r \ ~ ~1 ~ : f' ::i; 
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2.10.1. flle Basic Steps In De.elopinq 1 Box - Jenkins 

!raDster ?unction loise Bodel 

\ 
Box and Jenkins (1976) haye effectiyely put toqether in 

a coaprellensiye aaDner the releyant infor.ation required to 
. 

anderstand and use cO.bined ttansfer function noise .odeis. 
fi' 

J 

The qeneral for. of the Box - Jenkins tranfer function 

Boise .odels to ,be cODsidered i5,: 

(1 ) 

where: y t :II the .ft'lu~nt response yariable at ti.e t. 

'(S) .. a polynoaial of the o'parator \.B, detined as. \ 

('0 + '1 B + '2 BZ + •••••• ); k.no"n as the 

i.pulse response function, it is the transfer 

fUDctioD part of the aodel. 

B .. the backvard shlft operator defined as 

SIt :Ir It-1 ' BZIt =It_2" etc. lote for 
{j 

axaaple (1 - B) X :II Xt - It-1 • 

b = tiae delay of th. 5yste •• 

It-b .. the influent yariable. at ti.e t-b. 

,(8) .. a polynoaial of the oparator 9 detinea as 

\ 

i 
1 

'1 

i 

',,1 --'-~', .ç ... 

.,.. =--A'" 
.~.'>;-.. " .:::~~' ',~ 1 
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( 
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» 

~ a .bite ~oise, ie. uncorrelated, nor_ally 

d'istributad vith zero .ean and constant 

Tarianee. Renee, 11 t = • (8) a t ls the noise 

at ti_e t. 
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This"qeneral .ode1 applies to situations vhere the data 

(Tt ,I t ) are si.ultaneous pairs of obser'Yations at d-iserete 

equispaced ti.es. In equation (1) one .a, substitute: 

weB) 
T (S) = = ----- -

6(8) (1 + Ô1 B + ••••• + 

whera: w, 6 :II: transfer fllnction _odel 
r,,,,~,\ 

para.eters. \ \ 
"" .• L \ , , 

r, s = transfer function .odel orders. 

) 

TJpiea11y only a fev Wï. Ta1ues and 6 i t'alues a ra n 

tor adequatel! .odelling transfer functions of real 

(Box and Jenkins, 1976).' 

( 

Si.i1ar1y, for the Moise: 

whera: 

= 
8 (8) 

• (S) 

e,. = noise lode1 para •• ters. 

PI' d, q :Ir noise .ode1 order •• 

a.a 

t 

(2) 

\ 

(3) , 
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'th. approach ~or bui1dinq aode1s of thi$ type 

1.yolY.. a i tarati Ye procedure to idell tif Y tentati Ye 

aod.l., to sti.ate .ode1 para.eters, and to test residuals 

adequacy of the fit (Box and Jenkins, 

1976). P'igu:re 3 presents 5 flovchart 

4.".lop1 "9 r t tonstar fu DeHo", 

pr •• hiteninq phase. 

of the basi c steps in 

.odel, includinq t'he 

Bafore can be discu.sad th. crossco.ariance and the 

crosscorrel tion functions .ust be defined. 

'the scoyariance is: 

CTt +k -!) 

'n+1t 
• 1/11 L '(Tt'" y) (~-k - 1) 

tal 

taO, 1.2, ••• 

taO, -1',-2, ••• 

Ihera: 1. y. the input Ilnd output ti •• series respecti,ely. 
\ 

r. f18 ... an of l, t ti •• serie. respectiy,ly_ 

Il • DU. ber of obseryations. 

k • laq b.t •• en X and T in sa.pllnq units of ti.e. 

~- - -~ - --:-""'T\-~-, J--­
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Figure 3. Basic Steps in Developi-ng a Transfer Funct10n Noise 
Madel (Afte ... MakrfdakiS--and "h~elwr1qht, 1978) 
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The erosscor-relation Is: 

" k -0 , 1: 1 , ± 2 , ••••• 

Vilere SX" Sy = the sa.ple standard de.,iations of 1 and Y 

series res~ecti.,ely. 

To idantify Box-Jenkins transfer fonction Doise .ode1.5, 

the crossee rrela t ion function be-tlleen the 

prnhitened input data series and "" correspondlnqly 
!II 

trustor.ed output data series. Tbe porpose of prevhitenig 

th. input i5 to allo. direct calclIlatioll of the iapalse 

respollse fonction, '(S), sinee O;Ily whan the series" 11:" is 

Dot alltocorrelated' does the crosscorrelatlon function. 

y (B) directIy. To pre.hiten the input an 

t4nti tic~ tion of autor.grtssi". inteqratea aoYinq a yerage 
\ 

1(1!!ftA) proc.s5 ls .aae of the inpat data ser,ias \. (Bex Jand" 

JenJtin •• 1976) • 

: 

.x (8) ft - ex.(B) Ut 
~ 

where a.t 1s the uneorre1atea .hi te Doise serie •• · 

'fh!.. tran.fora.tion i. DOV appliea to Tt to obtaln: 

(6)' 

.x (1) t t - ex CI) St (7) 

(S)'\ 

\ 

. \ 
\ 

-

1 
1 

i 

l 



/. 

one can .rite equation (1) as: 

• (B) x 

weB) 

cS (8) 

\ 

(8) 

. l 
fllis 1ialds ~vo tran5~or.ed series at and Bt "hoae saapl. 

crosscorrela tion function raB can be used to esU.a te the 

lapulse respons.· function, '(8) (Box and Jenltins, 1976). 'fo 
, 

flnd response function, y (8), the 

crosscorrelations, raa ' are .ultlplied by Il ratio o~ th. 

standard deyiation of the output series residuals. Sœ' ~y~r 

tbe .t~nda.rd daYi& tion of the input series resid uals, Sa ~ 

(9) 

Q 

l •• lysis ot the esti.,tec! iapulse \re.pons. function 

allo •• identifica tion of potan tial transfer function aod.r •• ... . 
the .odel' s ordar Cr ,a), ,the 4.1,,&1 period (b), vhicb is 

identi~led as t be ti.e laq c;orrespondinq to the flrst 

sl9alf1.cant crosscorrel\tlon, and tha tr.Qs~.r function 

· 
· · / . , '~',-,---,-~--

.,.~ ri' ~_'I • 

\ 
,.--.":"',.--­

è" 

1-
1 

j 

1 
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\ 
.ode1'. para •• tera, (~6). 

'1 

~Ile autocorrelation tUDctlollS Dt the residuals of the 

fitted transfer fllDction .odels are used to ideDtifT the 

Doi.e 80d.l, It. ODce the para •• ters· of the cOlbiD84 

transfer tUDctlon noise a04eL ara estilated e:ffich~t11r 
~-.e' l, 1 l ' , '( 

J 

•• inCl a Don-linesr least squares techl1~que, lodel adeRQ aCI" 

caD be yerified throuqb diaqnostic checks. ' ' 

) 

Parsiaonious lise of parlaeters is i.portaDt. A good 

.oae1 _koald aceollDt for as ."ch of the yariation in th. 

Clata as possible wlai1e US1DQ oilly a fe. para.eters. 0 

'l'h. fit of the aod.1 1s illdicat.d bl th. residual •• an 

a 
~ .••• idu.l •• aD sqlare a ~ al' (D-I-p) 

t~. 
(10) 

wla.re (D-a-p) .la th. aaaMr of c!89r •• ot fr •• do. associated 

wit:h aDY qi ••• .ode1; n ls th. au.b.r of obs.r.,atioDS; 8 ls 

th. 1l!.l8b.r Dt lost .alues lit . and p ls the Du.ber of • 
,ara.etera in the .od.1. !b. ..aller ~the n.lue of the 

r •• id.al •••• sq.ar., th. aor. yariat101l in th • data th. 
/" 

.oelel la •• b •• D able to ezplain. 

, , 
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5.1'io.. .o4e1 1.a4., •• c:y ca. b. ..Ially a.t.ct.cl by 

ezaaiaiJl9 : 

a) 'l'he ,aatocorrelatioD f1UlCtioD of th-e residuals 
1 

f~tt.d .ode1. 1 

b) 'l'he crosscorre1atioD tlDction in'ol yln.9 input and 

1' •• idual., iD part.icular the crosscorrel~ion funct.ion 

pr •• hitened input series and t.he .odel 

xt th.· .ode1 ls inaa.qoa t.., t Ids briDqs ODe back to the 

iel •• t.ifiea tion .t.ep and, ~nt.o 8.n i tera ti ye ~od.l 

b • .tldlD~ proces. of I~Dtificatio~ flttinq, checking, 

id •• tification, and ~n (Box and Jentins, 1976). 'l'his 15' 

nscas •• d fortber ,(" section •• 6. Diagnostic Cbock of jde1 

Ad.qgacr. ( 
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l. p •• rOIIl.ICE OP 11 .WlIIO.XC US!"!' 111C-rOI or •• l'I.e; 
l 

DAIRY • ASTIIAT •• V.DIB CO.'fllU'OUS' LOA 011; 

A two-~lta.e exper1..enta1 proqra. was 4e •• lope4 at tlle 

last ••• ter Teclanoloqy Center. CaDada Ce.ter for InlaDcI 

lat.rs. BarlinqtoD. Ontario, to assess the perfora.nce of a 
. 

Ia1qll rate anaerobic 4owntlo. sta tJ.onary fixed fil. reactor 

'(OSI'P) Qlleter d1tterellt opera t111q cOlld1 t1.oIlS. The operatinq 

coacli tiolls ·and experi.ental resal ta obtained fro. .this t.o 

pll ••• experi •• ntal work are l.nc1ac:!.d iD Appendix ,D. 

,'ID '''a •• 1. pseado-steady-state rans .ere condac~ed o •• r 

, perlod p~ tbre. aon ths to chara..cteri z. the DSt, r.aetor· s 

r.spo... to a ralq. of Ilydraalic 10,d1nCJ an~ substrate 
... 

10a4189 coaditioas t'or cbe.ical oxyqen d •• and; to ass.ss the 

.,rlablllty of proce.s perfor.ance; ald. to characterize the 

ef~l.e.t r.spoa. i." ter •• o~ fil terecl COD Qnder YaryiDCJ COD 

10.41.., •• 

r. p ..... II. tlle ely •• aie re.po ... of t.1a. DSFY re.etor ••• 
" 

••••• rec! o.er,l8· peri04 of 18' d.,. 1. orcier to eI ••• 10p Ti •• 

S.r1._. I~el. to p~.cllet .tfl •• at: 1J •• 1~t, •• der d,Da.i.e 

" 

\ 
\ -
\ 

, 
" 
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" 3.2. Pilot Plant :.n •• çriptloD 

~ '. 1 

~h."d.si9D a~d preYi6as operation of th. reaetor bas 

1» •• D d_ser i bed e lse"bere (Ha1.1 et al, 1983). ~ scheaatic 
~--~) 

4iaqra. 'Of the DS!'l reactor vas' sbown in !'igure 2. The/DS!'!' 

r •• etor cODsiated , ., of a "5 c. dia_eter cylindrical colllaD, 

220 c. ~ ta1l vi th conica1 ends to l.proTe out1at flov 

.U.tri1»utioD of 

fitt.1' .i th 2S 

n 

qas aDd treated afflaent. Q Tbe cola.D vas 

cyliDders of a plastic packi~g a'edilla, 

·Cloisony1.", "bicb in turn contains s.a1ler cylitlders of 
\ ' 

/ 

approziaat.1y 2.5 
-~-

ca tnside diaaeter. ,.i th a wall tb'ic'kna.s 

01 approd,.a~e11 5 •• , .,11;d lenqth of 180· ca. ,'l'he ~1) 
~-

1 

•• pty bed yo1a •• vas 820 1. , ,'l'his packinq aediu. vas chosan 
, 

beca.se of the need for hiqh yoi:daqe QS!'l support aate~ia1 ' 

to aasi.iz. reactor '1ola.e uti1ization and to reduee th. 

riak, of becl pluqqtnq (Hall et al, 1983). 

1 Jl1q& speed perista1tic pU.P. equipped vith a ti.ei- to' 

'. r.qa1ate the feecl flow rate, fed the. wastevater fro. th. 

~e,etor feed tank, yo11l •• 13,200 l, to the DS'P reaetor. 

. 
.eforé the IncoalnC} dai1'Y -ast •• ater vas passed throuqh 

Cf 
t •• osn. tlle te.peratur. of the dairy vast •• àter vas raisea 

, 0 

, -'-

. ! 

1· 
, l 

, 

! .. 

/ 
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" 
~o a,proxia.t.ly in-line eleetric: of, 

. 
t~ ensare aaxi.a. rate O~ 

••• 0,1a1lic 4iqeatioll. aeactor te.perature was tept ~l1t ~ 

• • 
l5~C bl tharlostaticall, cOlltrolled 'resi.taDee heatin9 0'Il < 

,. < • t' .. ~ll. , . .. 

Oae. t!ae te.peratare of the clairy wastawatir 'as 

s.llcr •••• a the was",at.~.r was then introc!ueed to the J)SrF 
J 

reaetox-, 3 e. abo.-a the .ldi •• and passed down.ard th·rollqb 
~ n 

tJae sapport .ecUa.. 'l'reatad effluent was ~i thêl.fa.n fro. the 

botto. for disposal or analysis. Effluent sa.p:!as .ere 
, 

collectea us1n9 a discrete sa.pler aDd 'storea at "OC • 

.,. 
th.e syst.. "as eqaipp.a .lth a pH ra~cora.r-eoDtroller 

. 
• ~lcla 1IO.1torea pl i' a 3 CI a •• p popl abo.-e th._ ladia. 1 

.iai... pB of 6.5 .as .aiataillea aato.atically br the 

• at1ditioJi of 1-21 I.OR to the r.aetOt iDfuent. 
1 

\ 
810g.8 production 0 .a. re.oyea tJarouqh tbe. --top of tla., 

,r •• ctor. Off, •• .f1:o. rat •••• re thea· •• asar" a81119 aD 

Oil-fil.1." •• t test .eter. 

., , 

• 

.. 

1 
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DQrJ.luJ tJte two-pl1ase exP4tri •• nta1 proqra., ro~tin. 

'" re.ctor perfor.ance was, .,.saesse4 iD the fol10.J.nq .aDner. 
" 

Sa.pl.s ot the dairy hstewat4tr in the reaetor feea. taat 

•• r, analyzed t-tce dai1f •• ith flll iÏlternl ot 18 - 2' boar • 
• 

l'or the treated effla.Dt, ••• pl •••• r. 

COlycted asng.. Iln auto.atic sa.pler at inter.als of " hour • 
..... 

at the effla.at strea. ot th. OS,,, reactor. rhe sa.pies 

•• r. t.pt aader r.friqeratlon st '.C Qat11 th.y coul.d b. 

aaalyzect later in the laboratory • 

Il.,, •• para •• tars .are • onit.or.d to a ••••• t~. 

of the DSPI' re.etor -a nel i ta r. sponse to 

coati.aoas iDPQts by d.tardaiDq iat1aeat f •• d qGalitJ. 

erfl •• Dt coac.ntratioll (total and rilterad COD). 8Olia. 

, coat.Dt (susp.nd.d solids aad "olati.1 •• a.p.ad.4 soli4.) of 

tlt. etfl.eDt, yolatil. fatty .cid. coateDt ot tlae effla •• t 

a. acetJ.c, proplollc .. 'D4 batyrJ.c acicJ, pl, t. •• peratur., .Dd 

v' 

fe. rate. 

'l. cl •• ieel ... ly... for t~. ~.o p~a.. • ... ri_atal 

,r09r.. are •••• ris" la ~."l. -f .. 

r-. 
f 

,,' 
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,able 1. c.lla.ical lnalysis of Dai~y 'a.tewater 

------------~----------------------------------.-----------------------
para.et.r !ethod of lnalf.is 

----------------------------------_._--------------------------------------
~tal COD 

. 
Pll. tered COD 

oS •• pend.d solids 

'o1atil. sasp •• dad solids 

'olatU. fatty aciels 

pl of the efflaent 

li09as productioD 

T •• peratare 

Optical Sethod (Ball & JoyaaoYle, 1982) 

Optical fIIetbod (Hall & JOYa DOYle, 1982) 

r-
Gla.s fiber fil ter, a t 180 oC (Standard 

".thods, 1980) 

Glass fiber fil ter at 550 oC '(staDdard 

Bet hods, 1980) 

Gas Chro.ato(Jraplly (R .. 1l at al, 1983) 

pB •• ter 'llass electrode 

Oil-filled .et test •• tar 

IOD-indicatiD(J te.peratare controll.rs -

l... Dairy .ast •• ater Claaracuri.tics 

Dairy ••• te •• ter .a. dra.n directlf fro. tlae d.J.ry plaDt 

••• slaipped to tlae .a.te .. ter ~ecla.ol09Y C •• ter by tract 
1 

... r. 1t .a. norecl at '-S-C. 'ria. .treD9tll of tlae d.1.ry 

... t ••• t.r •••••••• r.d at 60000 - 70000 .9 CODII apo. 

arrinl fro. tla. d.iry pl •• t. Costi ••• d ••••• r •••• t of i t. ' 

ftre_.tIl ••• do ••• e.kly, clulctin9 for a.t.rior.tion. 

-,~"~ ---- .... --...---·---:' ........ ,-. ..,. .. ---..'-t":----·-----... ~.,.,.,., -------
. '. ..'. .._ '. .' . ~~t .. ~J....... \.<,. ".'. " 
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.. , 

., 
fo~ t'e oper.tloaal co.di tioa. to b •• tecUea. f... b.tc .... . ,. .er. prepared .itb coaceDtrate4 dairy wa.te.eter a.d tap 

w.ter twlce dailf (to qiYe the proper wast. stteD9th. eJ 
'\ 

YarylDq tla. yola •• of tap .eter allf co.biaatioll of wast • 

.tr.D,th coald b. obtai •• d. 

\ 
or ... '''rsical end cla •• ical ctaaract.ristics of th. dil.t.d 

.airy wa.t ••• t.r for each operatio.al coaditioD dariD9 ph ••• 

1 or t •• e.peri •• Dt ar. sa •• arizecS ill Tabl. t". 

'.bl. 2. Dairf Wastew.ter Characteristics Daria, Phase 1 

of Tile l.p~rl •• llt (89/1 e.cept pB) 

~ot.l COD 

1'1.1ter.d COD 

5S 

.55 

Yol.til. acid as: 

pli 

lc.tic acid 
'topl0.ic acid 

eat fric Ac id 

1 

629Q 

S950 

92 

87 

187 

4.l 

2 

19720 

18125 

5.5 

502 

890 
35 
31 

4.1 

laD (aYerage l'al a.) 

3 

15150 

13800 

195 

160 

695 
30 
32 

3.6 

9250 

8500 

53 

1180 
12 
16 

3.8 

5 

20500 

18350 

150 

103 

535 
2S 
41 

ft. 3 

6 

14600 

12600 

721 

665 

330 
50 

139 

'.0 , 

--------~-----------.----.--._,-----------------------------------,--------
\ 

\ 
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l.5. ..peri .. atal 'r09ra. 

~.. ..,eri .. atel protocol n. allo • 

••• l •• tion ot thr.. inpat .ariebl.. : iatla.nt •• bstrat. 

coac •• tration (COD), .CJ/l ... ola •• tric orqaDic loadinCJs (fL).. )~." 
kt COD/.3/day, aDd hydraalie reteDtioD tia. (BI'!').. da, •• 

!ke r.aq •• of iDput yariabl ••• ere bas.d OD pre.ioûa stadie. 

o. t~. p.rfor.eac. of tb. DsrF Ina.roble r.actor (Hall .t al 

1913) • Tbe l ••• ls at .bieb tbe iapat .ariabl.. ..r. 

cODtroll.d ar. oatli •• d in Table 3. 

'rab1. 3. D •• i9D te •• la Por I.pat 'eriabl.. Dari~9 Pha.. 1 

of Tb. I.p.rl ••• t 

'.riabl. t ••• l 

-1 0 ., 
COD 6.50 11'00 20150 

.IT 0.39 1.15 3.50 

'L 6' 12 18 - .... -_ ... 

l.5.1. lD •• robie Ds,r pilot Pl •• t oper.tto. 

t'o eeco.plis" t.. obj.cti ••• 

• Kp.rt ••• tal pr09r.... pilot pl.at oper.tio •• witk t •• DSF~ 

L~ --------__________ -_~ 

' ( 
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r •• ctor •• r. ia1tlated oa Dec.aber 20, 19', throaqk lpril 

5, 19... -the hiqla rate 05FF re.etor ha! b ased prior to 

tk1. stad, at the •• ste.ater ~eebaoloq, Ceater, ha.inq been 
1 

.zpo.ed to a raa9- of hydraalie and orqa~1e 10adiaq5, tbas 

••• ia9 already d •• elopecl .affici.nt and leatar • aaaarobie 

• tta-cllecl filas • 

1 

'h_ first pha.e o.! tit. stady •• Ucb \.ted 82 clay., 

layol.ecl six experie.Dtal rans at different op • .ratiilg '. 
1 

cOldi tiODS • Eacb ODe of the QP~atinq conditions was 

•• iatalaed for a periocl'of 13 dafs ~1.5 cIays. 

If ter ehanqin9 the operatinq conditions the D51F reaetor 

••• not allo • .a to aeelieate to the n.. chanq. in th. 

co.trol .ariable.. The reason for this .as ia order to 

eyalaate the step response of the syst •• by eeans of ti.e 

•• rie. analysis, as disc~ •• d ia Section '.0 .hen the 

lafla.at sabstrat. conc.ntration and bydraullc retention 

tl •••• re yar1ed incl.pendeatly of eaeh ot.er. 

-th.operational cqnditions,for _ach ran are sa.earilea 
/ 

la table _, .hO.iD~ a differeDce bet •• eD the de.iqnecl 

laflaeDt conceDtrati~D (COD) aa4 tha aetual B.era,e 

cOlc.atration atteiaecl by dil.tinq the cODcentrated daifY 

•• ote •• ter. \ 

.. ~ 

\ 
\ \ 

'~--"----.~--\'-; --------.--:-:';,. ---_._-------_ .. -.,... .... _--~ 
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7.bl. '. , ••• 4o-5t •• dy State Izperi •• Dtal CODditioDS 

'lite 

MI 

o.siCJllec! IDpllt 'ariablea 

--------------------

laD 

1 

2 

3 

, 
5 

6 

act.al 

COD 
(a9/1) 

6950 

20850 

13900 

6950 

20150 

13900 

'fL 
ftllT (ke) COD/ 

(dayal a3/day) 

-----
0.38 18 

3.50 6 

1.15 12 

1.15 6 

1.15 18 

1.15 12 

~~------ -......-.--.--

\ 

iaflaeDt COD a.d flo. 

lctaal '.9 

- -------
6290 

19725 

15150 

9250 

20500 

,.600 

rate. duriDq 

p ••• 4o-st.a4y state .lp.ria.Dt are alao-D ia riCJur.s ,. -

the 

9. 

•• a 6, ligare. 8 aDd 9 •• a. a r,plicat. of raD 3 at the 

.... raa,e of iafla.Dt ~OD eoace.tratioa. 10000 - 17000 

.V/l. Althoaqh tla. raD,. of iaflaeat COD COD 

.l.ost si.ller. the f •• 4 rate was .ore 

eoateat iD tlae fee~ .er. hl,laer iD raD 6 thaD rll~ 3. Thl. 
'\ , \ \ 

replieate .aa eerri\ d out beeaa •• of a tailare of 'he sa.pl. 
\ 

collector ctariDe) l at the effl.eat of \ the 1)5" 

re.ctor •• ct operatio éonctitiolls .hich 716 

('1 

~ 

\ \ 
\ 
\ 

• ~ ~ ,1.. ~ ~ ". ~ .... '" • '<-------1\ -------. -- , --r-~--~ \ , . -' r .. ~~;...., ~,.... .. n .. . - , .. t' 
~ ~ , ~ ~. 
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.eaealr-----~----T_----~----~----__ ----~----__ --__ 
.. _ TOTAL cac 
____ -.~I~T~ED COD 

Run 1 Run 2 

10121 2mœ am 121 4me ~121121 S012J 
TI ME (HOURS) 

F1gure 4. Runs 1<1 ~nd 2. Influent Total COD and Filtlered COD 

4a0a~----~----,-----~-----P----~----~----~----~ 

F1gure 5. 

\ 
\ 

3121121 
TIME 

_pe __ " INFLUENT 
• ____ •• :rOG .... 

Run 2 

.. Qle, ~QSI2J 800 
(HOURS) 

j;) 

r 

71111 aea 

Run5 1 Ind 2. Flow Rites: Feed Ind B10915 

; 

. , 
~ 
! 
l 
f 
l • 1 

f 
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3BBmBir-----~----~------~----~----~----~------~--___ 

___ • TOTAL. 

______ FJLTERED COD 

2JZtB00 
No NaOH 

I,Add f t ion ,.. 
.J , 
m 
E 1 !50121121 
" 

Run 3 Run 4 

70121 QI2IB IBI2IB 11121121 12121121 13121121 14el2l 
TI ME CHOURS) 

Flgure 6. Ru'ns 3 and 4. Influent Total COD and Filtered COD 

.. l' J NFL.UENT 
_____ .8JOGAa 

Ru" 3 
1 

~ 

Run 4 
le .. 

Wit 
1 1 

t 1 '.. i.. I~ 
" 1 l' ,,' .... Il l , LI 1 

.,-- - 1 
l , .. 

• l " ...:. ... ~ ~ ~ 
l ,. '!' ' '~ \ 
'... 1 : ~~ -:r ~,.w' ______ ' - ---
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,.,. 1.ct ~ pl coa~l'ol ~o aaiD;taiD a 

.1al ••• pl ia th. r.actor of 6.5 aariD9 thi. perio4 of ti •• 

1 •• t ••• J.~ •• to op.ra~. iD; aD acidic cOllcJitioD, PH of 5.1, \ 

at •• i9h 10a41.9 rat. of -H. 5,5 k9 -reOD/.3/day. 

,. •• o •• ~.ll rall9. of te.p.retar.. a.d pl iD .hieh the 

·.,.t.. .a. operat.. iD tki. tirst p ...... peri •• atal pr09r •• 

•• re 32 - 15-C a.d 5.9 - 6.1 pl. 
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J.'-. rirlrt ,Ilas. l_peri •• 8t.al .esalts 

Tla. tlle DS" r.actor 

lall •• nt. .ub.trat. concent.rations aDa hydraalic loadinqs ls 

91 •• a iD Table 5 along with the DS"·s r.spoase in liqare. 

10 18 for _ach oparatinq coadit.ioa. !acb _ff~aeat. 

para.et..r ia Table 5 is t.he a •• raq_ .alae calculatea aft.r 

t..r •• hydra.lic ret.entioD ti... fro. t.he aat.a collect.ed at 

eacll op.ratiaq condition stadi.a dur189 t.b. first pbas. 

e.,.ri.e.tal progra •• 

At t.h. operational conditions of raD " (or,aalc 10841D, 

o"f 15. ,ct tg COD/al/day). tbe •• or of O.], days baca •• too 

•• ort for co.pl.te bydrolysis of tb. orgeDic sabstrat., alld 
, 

acid f.r.aatat.ion. The qas productioa was low, a.eràqiD9 

approsiaately 1.65 Th. sharp d.crease in 

e~flw •• t. qaality, as sbown ia Piqar.. 10 and 11, is aa 

la4icatioa of 0 •• rloadln9 and aabalaaced tr.at. •• at. 

IIa.n tla. 10a4i89 rat. w •• r.4ac.4, rw. 2, to 5.60 tg 

COD/.3/4ay. the Dspr r.aet.or reco •• r.4 subst.antielly alter 

56 ~r. &.d aft.r 516 br. no effects of iaitial 0 •• rlo&4ia9 

coald be aat.ct.d froa an a.alysl. of pilot plant .fflaent. 

At lO84ia9 rata. of 5.60 k9 COD/a3/da,. fll t.ar.d COD 

re80n18 a •• r&9.4 85., .Ilil. at 15.90 keJ cOD/al/da, th.y . 
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lt t~. la191a 10acU., rat., .rl l ••• la 

.ad iacr •••• d, (riqar. 12), •• d tla. DS" re.ctor bec ••• 

•• stabl •• 

Duriag raD 1, t.~. capability of the OS" reactor to 

o .. ~at •• 1t~ollt tbe lacr •••• d altaliaity for the first 200 

.ra 1. r.adily Dotieeabl.. (riqllr. 13). At biqh 10adiDq 

~at ••• 11.55 tg COD/a3/day, tbe rapld d.creas. of pH 1ed th • 

• yllt. •• to operat. ollly vi th tbe bUfterlDq e,plci t. y proyid.d 

Ity tb. iDtlaent. 11thoat. tbe iDer •••• d a1t.linity the 

ot, instlbili t,. Tb~ aost 

.i,BificaDt aspects of this instlbility .ere the greater 

r.ductio ft ln pH (Table 5), decr.as.d etfluell t quality 

(Piqures 13 and 1'). 10 •• tficiencles IBd higb rat. of gIs 

prOduction (riqare 7), and longer period of recoYery ie. 96 
1 

~r •• followinq the increas. in al talinity. 

O •• r tbe last three raDS, the DS" reactor sho.ed ,ood 

stability .gainst ch.nges in or,aDic 101ds. Hiqh orqanic 

10ad ••• re tolerated. these beinq 6.30, 14.90, .nd 10.40 kg 

fCOD/.J/day, (!able 5). This stability ls due to tbe long 

so11ds retention tia.s of fized fil. reactors iode pendent of 

the hydraulic 10ad. 

Tbe •• or9anic load chanq •• broagbt the DS" re.cter to a 

- 0- .~-------r"'" 
!~ ". ;" • *' .. ~ 

i 
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•• ry h19h actiyltf 1 ••• 1 with 
• 
,rod.ction, ap to 4.30 Il/.3/day, 

aIl ,rl co.centrations, (Fiqures 

ct.erease in effluent quali ty due 

la effluent COO concentration, 

.01icts concentration, (liqure 
, 

!COD/l aad 5150 Iq/l S5 r •• pect! •• lf. 

65 

inerease. iD 9as 

9), and a rise in 

This in tarn caused a' 

sabsequen t increase 

16), Ilnd suspeDded 

ya1Ue5 op to 9_35 Iq 

tlae re.poase of q'. proaaction after each ehaDqe in 

o .. rational conditions is re,ail y noticeable. the rate of 

, •• production 1ncreas.a ana/or docre sed iD proportion to ~ 

tlle raDqe of orqanic 10,aiDq, (se. 'l'ab e 5). Gas production 

p.ated i •• ediately after an incr.ased in COD 10a4 (liqures 

5, 1, and 9), th.n returDed quict (le. dec.reased) to 

p •• udo-ateady-state 1en1s as orq 5abstrates were 

letaboli~ed aDd reaetor conditions r turned to Dorlal frol 

tlle eff.cts of the 51u9-loa4in98. 

~ 

OariDCJ Pha •• l of the experi •• nt th. te.peratare raDq8 

was 32-350 C" and pH ranged frol S., t 6.1. 

the relati •• perfOrlaDCe of the 0 Pl r~actor aDalyzed in 

thi.s project" cOlpare4 to other ,type qf re.etors and other 

wastes" ia shown in Table 6. 
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1.7. Di.ca •• ioa of rir.t Phase Ixperi.ental aesalta 

1.7.1. tafl.ence of COlltrol Yariables On proee.s 
1 

PerforaaDce 

67 

aD exa.iDation of 'l'able 5 aloDCJ with the DS" reaetor' s 

r •• poa •• iD 'iqare. 10 - 18 sho •• that tbe process was able 

to' ac~1e.,. .. i9b COD re.onl effiei.ncie. at hiqh 'ola.etric 

ortaDic loadiDCJ rates. fola.etric organie lo.ding rat.s up 

to 15.90 tq COD,. 3/da,. and COD re.onl efUci.ncha of 53 -

85 1 .ere abOlit the sa.. as thoa. reported for sta tionar, 

filed Ula and apflo. sludqe blaDltet reactor~. (fan den Berq 

a lU' Kenned,. 1981, 1983), for dair, .ast •• ater and skia ailk 

.a.te.. Ro.e.er. th., .ere Dot as hiqh as tbose reported 

for tb. expanded bed reactor, (S.ltzenbaua and Danskin. 

1981) and DS" reaetor, (Hall et: al. 1983), for vbey 

.a.t~.~ter. 

1 

1 

'rhe re.ponse of the DSr" reaet.or to cODtinllolls 10~nq 

retlects the effects of" both hydraalic vasb out and 

bloloqical deqradation. 1 hyd,raalie retention Uae less 

than 0.39 days eoqI'a not be laintained. Th:is is 

de.onstrated by the decrea.e in ,effluent qual.! ty, (Figure. 

10 and 11). aDd t.h4t lov percentage of COD reaoyals and 10. 

qa. product.:ion, ('l'able $). On the other hand, COD loadinq 

1 

l 

---,,_. --,~._. _J 
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fate. .ere 

effleienCT ayeraqed 63.5 1 aDd decreased witb loading rate. 

lo.e"er, substrate re.oyal rate .as iDdependent of tbe 

~ydr.ullc loadlnq rate and Increased .ith aD Increase ln COD 

1014189, ("fable 5) • Tharefore. 1 t cu be s •• n that 

llcreaslng tbe COD loadiDq doe. Dot ha ye the sa .. effect as 

lacre •• lDC) the hTdri allc loadilul rate. The h7draolic 

10lalDC) lllcreise lass.Ds tbe contact U.. bat ••• n th • 

•• b.~r.te aDd the bacteria eabedded ln the fila. resoltlnq 

l, 1 decrea.se of the efficlencT of the DS~' reactor • 
.... 

~Ile affects of COD loadin(j on 'FI conteDt of the 

effluant can b. s.en ln ligures 12. 15 and 18. 'an den Berq 

.,cI .a ••• dy (1981) ha •• indicat.d that at short bydraolic 

rete.ticn ti,a (RBT=O.6 da7s) th. hydrolysls and acid 

reaction. beco.. li,l tinq. 'rhls condition ls indica tad by 

the 10. and erratic qas prad uction, 1.65 .3/.3/da y, (Figure 

5), 10. 1 COD re.oyed and an al.ost 8qual concentra.tion of 

acetic and propionic acids, (see Table 5 and 'igure 12). 

11thouC)h the 81'r .as increas.d ta 3.5 da ys (rOll 2). the 

concentration of propionic Ilci.d. 655 .q/1. persisted in the 

Dsrr J reactor for Il considerable tiae. The increase of 

propionic aci.d and it8 accu.a1ation under unsteadT sta te and 

yarfiDf} loads 18 co •• on and has been reportecl by Cohen et al 

(1979). Barne. et al (1982), Kennedy and '1an den Berq 

.J 
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,(1"2) •••• 110'" (1983). 

\It • 
•• a/tlle 

COD 10.4inq rat. o •• r 12.0 tg/.l'/a.y. J,.'. incr •••• ct 

DS'., r.actor beca.. 1 ••• stahle. 8ig" ". l ••• ls 

•• riag raD 3, (,igure 15), and rans Sand 6, <Figare 18) • 

• eeo.at.ct tor a larqe proportion ot tbe COD content of the 

.ffl •• nt. ~h •• e bigh ,rl 1 ••• ls 1e4 to an _yentaal 

lahibitio. of th. fera.ntation process since tbe, are Dot 

co ••• rt.4 to •• thene and carbon diosid. and consequently are 

aot re.o.ect fro. tb. s1ste., thus causing th. decrease in 

COD re.o.al efficiency_ 

It shou14 be pointea Ollt thtt althoaqh hiqh ". l ••• ls 

•• ~e prodac.a unaer pseado-steady-state conditions, the OS" 

r.'ctor had a raser ••• ethaDoq_nic capacity. This i8 shown 

b1 t"_ hi9h bioqas yield coefficient vhich a.erag_d 

.pprosi.atelr 0.54 .3 per tg COD re.o.ed (STP). Fortherlore 

acetate is utilizea e •• n in the presence of h19h "l 

conc.ntration, and high rate. of qas .ere produced, (Figures 

9 and 18). 

It can'be concludea frol the results obtained in phase l ........ 
of tIle experiaant that the u._ of anaerobie do.ntlov 

atationary fis.d fill reactors for tha treatlent of 4air} 
\ 

••• te" is estre.ely proalsiDq • 'l'he treatlant of dairy 
... 

. -. - -~~_· ... ·-.·_· ........ • ... q"ç,"#"":""-I4I'L 
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, 

••• te •• ter by DS" ra.ctor. o~~er. the d •• l ad.aataqe of 

e.erg, pro'dactiQn in wllicb tlle production of ga!, is 

attracti.e fro. -an aconoalc polnt of .1e., and as a 

poll.tion control in .Ilich as .ueh 80D/COD is re.oYed as 18 

feasib1e at t'elatl.elr short HKT and at blqh organic loading 

rate.. IIo.s.er, the srste. lould require control ta Jteep 

tlle pB 1e •• 1 abo.e 6.5 aad post-treat.ent of the allaarobic 

effluant to reduca suspanded soli4s and COD to acceptable 

1e.,.18 for reeei.inq waters. 

l.7.2. 'actors ltfecting .fflaant '.riabllity In Tha 

Dspr a.actor 

"'e objecti •• of tbis section is to dater.ina the Datura 

8.4 e.tent of the .ariabilitr in affluent quali ty and to 

ideatify factors contributiDg to tbis nriabllity through 
. 

statistical aaalrsis of operatin9 data. Both experi.ental 

and ana lytical research stad! es ha.s besn condQcted .. 

DSFI' reactot perfor.anèé· Yarl~t1.ons Ilndar 

Thus, the results reported herein 

reflect conditions encountered in pil9J~ scale operations. 

) 

. 'l'he statistical analysis of .operatinq data includad .. 
correlation and ragressioD analysis, and ti.e series 

a.alysis of th- affluent response in taras of effluent 

• 1 

-; , 
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111 taretS COD. 

Difter-Dt ayailable stati.t.ical packa,.. ..re statU.ad • 

•• 4 tke St..tistical lnalyais Slst... (SAS).. 1982 was chos.a 
• l 

to carry oat t.his analysla b,ca1ls. of 1ts yersatl1itYi aDe! 

•• SJ operatiD<j .ode. 

l. 7.2.1. Correlation aDd aeqressioa laalyisis rOt 

Pha •• 1 of 1'he !~p.riHD t 

Correlation aD4 ReqressioD aDalysis .ere as.d as 

cJ.acrlpt1.._ too1. to enla_t.e the cODtr1.bation of a sp.ci~ic 

yariabl. or set of yar1ables t.o the ef~laeDt re.pons. 

Yariation '(Iika and schroeder, 1981). ( 

1'he co.trol yariables •• re st.1IcU.d both indiylc!ually and 
o 

lu co.biDation to deteraiDe the In41Y14ual and cO.bin.a ~ 

.ffacts of the control yariables OD effluent fl'uctuations 

aDd 9a. production. The da ta used ln t.he present analls1s 

co.pris.e! the ent.ire set of data coll.ct.a duriDg phase 1 of 

the experiaent. 'the reaSOD for considering the entire set 
< • , 

of data .as in an at.t •• pt to establish' the nature of the' 

,. telationship bet ••• n the select.d yariàblas and effluent 

response. 'l'hus /.f~ctional relatioDsh1p bet_een 

yar'lables '.as st.G·(.d and a •• chanis. of anallzing the 

" ' 

.. 
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The r •• alts of correl tion ana,lysis fOI phase r of the 

e.,.ri"Dt are pre.entell in Table 7. The rela tionshi p 
1 

Mt •• en select.d cont 01 yariable. and 

coaceatrat~oa sho •• d .oder dispersion. Lesa than 161 of 

tla •• fflaeDt COD yari.tions (r28 0.16), can be elplainea bJ 

qare" 19). 'ola.etric oIqanic 

loacJ~DCJ, Y t, accollnted f r 30S af the effluent COD 

flact.atio •• , Criqare 20). .as anrelate4 . ta ECOD or 
1 

.rCOD. t'-e aaxi.aa correlati n coefficient for EPeO» baine} 

0.054. 

"\1 ' .......::.., 
j 1 

ICOD. 'L. and liB,. aie! not ha •• Il siCJni:ficant inflaenQ/ in 
" 
~ . '" 

effl.ent ss. OBly 31 of E"SS n atioBs .e)re exp,lalnea bJ 

challges iB the cODtrol .ariables, (see· FiCJure 21) • !fast of 

tlae COD of the .tflueDt vas iD sasp nded far'.. (Figures 11, 

1', aad 17). This saspended COD app ared to be larqe!y due 

to the excess pradueed iD the reactor. 

D.teriorat~oD of effluent qua1ity by t e increase in 55 ia 

~ 

." 

1 
/ -

/ 
probab1y due to wash-out of reacto suapended salJds 

affected by chanqes in the loadine} rates "-nd the increase iD 

9as pradaction wheIe unattaehed bia.ass articles bacoa • 

attached to <Jas bubbles. As .ell, 
. t \ 

bioaass _ay also ha.e 

( s10agbed oLt fro. the support aedia due to inere.sed qas 

f 

1 
l 
J 

}t 

• t 
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production·vithin the fil. and relatively short HR~. These 
" 

effects hà'e been o~served in overloaded reactors (Kennedy 

and Van den' Berg, 1981, 1982; RaIl, 198'2; Bull et al, 19-83; 

van den Berg and Kennedy, 19B3). 

It vas found that. up to 40~ of COD re.oval rates (SRRT 

and SBR') and up to 3 3~ of COD e fficieney (PSRRT and PSR RF) 

varia,tions vere caused ' ~J' voluaetric organic loading,' V1 

(see Figures 22 and 23) • ICOD accounted for . 54~ of the 

variations of PSRR!" and 34' of 1RR'. HRT vas fo'und to be 

siqnificant in e~plaininq the PSRR', PSRRT, and SRBT 

variàtions but not SRRr. the total contribution of HRT to 

re.oval ratps vere 781 .for PSRRl", 52~ - for PSRRT, 211 for 

SBRT, and only 0.31 for SRRl. Therefore, it can be seen 

that ICOD, VL, and HRT ha ye 'a high' influence in COD re.oval 

rates. 

l'he highly siqni,ficant rel~tionshlp betveen,.,. selected 

control variables and re.oyal ratet iDdicates that the ~ COD 

re.oved and COD re.oYaI ,rate Of a DSr!' rellctor are a 

function of the organic loa"ding and cO,ncoaitant HRT. These -iesults are in agree.ent vith~ the results presen~ed by 

Kennedy and Yan den Berg (1982), RaIl et al' ~.983)!' and Van 
..-.: ',s:o. t , 

den Berg and Kennedy (1983) for anaeroèic DSP'l" reactors, and 

.. Swi'tzenbau. and Jevell (1980) for the expanded bed reactor •. 
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3a~ of acetic;:p acid (C2) varia tions vere explained' by changes 

in inflll~n t COD, ($ee Figure 24) • VF d i:~. '1no t ha Y.e 

siqnîficant rela tionshi p with C2, r 2 =0.015. The correlation 

coeffièi/nt between RP.T and acetic acid lias r=-O. ~8. ICOD 

-'!nd VL had a rala ti vely hiqh' corre,laUon with gas 

production, (figure 25). up~o 55~ of gas production 
, , 

variation vas axplHned by thesef'va·riables, th us indicating 
<', 

that the rates of qas production 'and VFA levels j,ncrease 

with increased in put loads. > 

1'!ultiple reqression analysis vas used ,ta relate effluent 

quali_ty, relloval ratas, and qas production ta the. variables 
. 

inflaenc;:inq performance; this analysis is sumllarized in 

Table 8. 
;( 

A cOlllbination of ICOD, VL, an\l HRT vas able to 

deséribe up :ta 40~ of the variance of effluent quality, a5~. 

of thé variance of ramova! rates, and 77~ of the variance of 

qas producti'on. Allonq all· the variables, 
~. 

orqanic loadinq 

(VL) ,ts the !lost illportant factor .., influencinq perfor.ance, 

but performance vas also 'influenced by the ICOD, and HST. 

The unexplained variation lIIay be caused by oth~r variables 

not in~luded in .the regression anàlysis, slJch as pH and 

Inherent .variability "of process itself. Temperature vas ke-pt 

in the .esoph~liF range, 3~o-3 Soc. 
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Coefficient 
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Tab 1 e 8. Regression Analysis: of Determination For 

/ Trea ted Effluent and Control Variables 

~ 

\ 

f· OEP \lAA( ASU!: fCca , 

p~A"ETEA STAHCAAO T "OA ... 0: 
VARI AIH.E 'OP esnNATE " fRROA PARAM eTE: AllO PRoe > 1 Tf 

" ~ .. 3959 
IN .. e:RCEP 1 1500.816 535.9.5 • 2 .. 785 0.0056 R-SQUARE 

• lCao 1 0.,126297 IJ .037366 3 .. 3110 0.0008 AD..) R-SO .3'915 

vt. 1 '368.918 '48 .... ~OOI!l 7.615 O.IU'OI 
HAT' 1 -561.950 385.'94 ,. 1.458 0.1457 

OEP. vAR 1 ~8Lf: EFCOC 

" ST4NOAR&'( P4RANe:n! R' T "OR "'Ot- " VARUBL E OP EST INATI! ERRPR PARAMf!: TER'Oo.O PROS > ITI 

lHTfRCEP 1 2175.890 257.949 8.435 0.000 t 
ICOO 1 ' -0.027688 0.0178&3 -1.548 0.1223 R-SQUARE 0.5989 

o Ill.. 1 393.520 23.1"4955 16.973 0.00.01 AOJ A-SO 0.5960 
"FIT 1 -;-1660.682 18 ..... 91 -Q.OOI 0.0001 

, OEP VAR lAOU;: ESS "- ,J, 
? 

J:"AAANeTER STANDARD T "OR -...0: 
'TI V~IABI.E OF .! STJHAT5: ERAOA PA RAHETE RaO PROS > 

IHTfRŒP IQ) -791 ... 92. .11.047 '-1.926 0.OSt9 
A-SQUARE 0.0815 talO 1 0.14cn61 0.0211 .. 96 4.919 0.0001 

VI. 1 -113.864 36.9456-59 -3.082 0.0022 AQ-J A-SO 0.0747 
HRT 1 151C!.2.9 293.990- 5.157 • 0..0.0.0.1 

.' '.. 
OEP IIAIU ABU::: ~AF 

... ~ .. PAAANeTeÂ Sl'ANOARO T ,.CR ... 0: 
VAR 1 A8t.E Df' ESTlMATE e~OA PARANfTE:A-O PRoe > 1 T' 

INTERCEP 1 0.Sl8073 0.2"3291 3.363 0..0.0.08 
u:oo 1 0..0.0.0.0. 481553 .0.0.001686639 z.aes 0..00..1 

A-SQUARE 0..828& VL 1 0.570655 0..0.21867 t6. Q9I. 0..00.01 " 

HAT 1 -2.13987. 0..1740.0.7 -12.29' , 0.00.0.1 AD.I A-SQ O~ 8273 

,.-. 

'. \ 
..> 

, 0Ii1! VARI,"eu:: l'SAit" 

-' PAAANI!'TI!: R' STANDARD T ,"DA ttO: 
VAAlAfLE Df' f!STIN"TE fAR OR PARAM!:TE ~o PROS) 11'1 
INTfRCEP 1 G.se8nG 0..017531 33.5_ 0..01)01 o .S492 ICOO • 1 .0.0.0.0. 16S0421!1 .0000.0. 1 21 539 13.579 0..000.1 R-SQUARE 
VI. 1 -0.01532. 0. .0.0. 1575762 -9.725 0..0.0.0.1 AD.I R-s4 q,.8481 
t1RT 1 -0..052761 0.0.12539 -"'.2otr' 0. .0001 

OEP~8LE: C2 2 
PARAHET!!R STANDARD l' FOR HG: 

,. 
VAA1A8l.E Cf' ESTtNATE E~OR PARAMI!TEJI8O PRD8 ). fTI 

INTEAŒP 1 713.339 121.113 5.890. 0..000.1 
ICOO 1 0.019610. 0..0.0.8396291 2.336 0..0.20.0 A-SQUARE 0..424e 
VL 1 • 76.255729, IG.81!15863 7. ,a:s 0..0001 ADJ R-sa~ 0. .. 420.5 
HAT 1 -499.880. 116 .. 6Z26~~ -5. 1 0..000. 1 

• 
OEP VAIUA8U!: GAS 

'" 
PARAIET!!R STANOARO T POR HO.: 

VAAIAIl..E CIl' esT 'NATE ERRDR PARAMI!1I!R-O PROtS > 'T' 

JNTERCEP 1 778.973 73.7$01595 10..562 0. .0.00. 1 
Jc.co 1 ~0073.48S9 0..0.0.5112839 l. ... •• 1494 R-SQUARE 0..7692 w.. 1 127.760 6 .. 6288'0. 19.%73 0..0001 4.0.1 A-sa 0.7675 
tflT

c 
1 ~,.JS""'792.003 520 7480"1 -15. 015 0.0001 
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pH d uri !lep pha se l of ~he experi aant ranged bet wean 6.5 

. to 7.3. except in tun 3 in vhich the pH o.f the syste. 
«t 

dropped ta 'S.3.' It should be noted tha t the OS.,,. reactor 

.as not .operating in this ,per;iod of ,tiaa (700-904 hrs) vith 
" ' 

any increase' in a IkalJni t y. iithout the increased 

aUft"linity,. tbere vas . considerat>le variabili fj .. the lDost 

ilportant aspects being the incr.ease in effluent COD, SS., 

and Vl'A. 

~ 

Based on pseudo steady state - data, the resul ts from 
.. , 

correlation isnd re<jression analysis tend to indicate that 

COD loadinqs oyer 12 kg COD/.3/day could not be mantained in 

tbe DSP, treatinq dairy vastevater because of increasinq 

effluent yariabi,lity., The increa~e in effluent Yariability 

.as .ore noticeable vhen the loading resulted frol a higher 
• 

influent caD than Wo. a decrease i~ HRT. .rroreonr. the COD 
t 

relOYa~ (SRR) increase~vith an increase in organic load 

obtained by a sharp rise in ICOD frai 8500 to 17000 ag/l. 

"he qa.s prod action increàsed linearly vi th the reaoyal rate 

of COD, S~.iDg hiqh-yaria'bility at a hiqher loading rate~ 

~t should be noted tbat given that the scatter diagra.s 

in l'iqure 19 - 2"5 show that th,e dependent l'ariables, EreOD, 

ISS, SRI!' , psltn, -C2, 

1-h.t.rosce~ic, conseqae~! 

and gas ,production~' are 

the regression eguationp and 

- -~ - ~--
" 

.. 

- - - - .... - ..". - ~ "'1:~ ~ _._ - >'1 f , 
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correlation coeffi.cients shown ar~ onlY indicative and 

shotUd not be used for predicting •. 

,-'rinally, the effluent eoneentrati on, 
o 

removal rates, and 

gas prod uctioJ;l vere subjected. to an anal l'sis of variance 

(ARon.) procedure 
9 

to analyze the total va~iation of their 
) 

response attributed to changes ,in the control ,variables. 
~ " 

This ana iris, sU.l!arized in Table 9, revea led tha t the only 

variable vhic;:h vas not 'significantly affected by the coutrol 

variab'l.es, influent fil tered COD (iFeOn) and volumetrie 

organic loading (TF). vas effJ;lent ,suspended solids (55) • .. 

Ta ble 9. ANOV A rroced ore Tor Pbt.:;e :! of. 

~be E-xperiaen t 

:r-'test 
",). __ .. ' Dt 5~· 

Dependen-t T-tes't I.'eYel of 
Verie.bJ.e ~ source Celcula~eêl_ 5,ignificant Pelllr~s 

trCOD I!"COD 5.113 1.84 significant 
fT 99.69 2.71 significant 

He'!' 1S.1I5 '.32 siqnifi7!!nt 

E5S rTCOP 1.36 '. BII not sigDlficaDt 
n, 0.74 2.71 Dot siqllificllnt 

BR! 12.70 ,. ;2 siqllificDJlt 

r::.2~ IFCOD 8.63 ,. BII' si CJlIHi Cl'l Dt 
2.71 ", siCJlI1f1cent vr 09.42 

!!liT ~9. '13 , .32 siCJnif~cant 

GAS ' IYC:OD 6.92 - , :84 " sigllificeDt 
n 678.73 2_71 s~9nificent 

Rn'!' ' 23. tJS '.32 sigllificant 

PSBRJ' :I?'COD '5.46 ,. BII sigJlificant 
V! '1 "1.70 2.71 si Illlific:aDt 

lf,R'l' 66.&7 '.32 siqJlificant 
, . 

, . 

• 

.. '----~----~ .. , 1 
1 

1 
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The Series Anal ysis of The 'Effluen t Pesponse 

'''in Terms of Filtered COD FroD! The DSFF, Reactor 

Under COD lo~as 

, 
The o bjecti ve of this section is to apply B.ox - Jenk:ins 

1 

, 
.ethodology to study how and ta what extent effluent 

fil tered' COD 1s rela ted to influan t fil~tered COP :in the D!;iFF 

reactor • In addition, discre'te transfe'!: fUDction noise 

• odels to o predict the efflilen t Q 

resPC?nse (in - tans of 

filtered COD) of th.e DSFf reaetor under COD loads were 

developed. The tool employèd here 1s the crossco.frel:a tion • , , 
fanction betlifeen infiuent and effluent~ which indiea tes , .J 

,() 
vhether a qiven output response 15 sta tisticali"y réiat'ed' to 

1 

çhanqes in specifie input variables. A si'g~ificant ' 

,correlation between an inp,ut va~iab1e Xt and ~n output 

response Yt generally indicates a relation~hip' if a' ~actoria'l 

design or other pro per sta tistical pro'ced u.re is used in 
.' 

conducting the experiments. (aox and ',JenkiIls, 1.976). 

,-

Before 100 king a t the crosscorrela tion function between 

input and output filterea 

auotocorrelation function o~ 
COD, an 

effluent 
~ 

per,ormed to gain further ins~~into 

~hspe.cti, ,of the 

fil tery .. COD was 

the ti m~ '(varia ble 

behavior of treated effluent frdlll the DSFF reactor • 

. , 

, . 
C ", 

-

, . 
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The estiaated autocorrelations of the oriqinal ti.e 0 

series are shawn in Figure 26. The autocorrelation depicted 

in ligure 26 (b) indicates that effluent filtered COD Is a 

Donstationary series because of long persistence of Donzero 

values for several tille p-eriod 1ags. llonstationary series 

occur vhen the underlying physical aechanisas generating the 

series change" ie. "hen the principal aoveaents or 
. 

variations of the series" are due to variations caused br its 

o.n processIf by the qenerating process for the C input, or 

jointlf by previous)f vh-Ûès of the input and output series. 

lk can be pointed out therefore that in tllis case" changes 

in operationa1 conditions have a .arked effect upon the 

soluble COD in the reactor. , 

Trends of anJ kind tend to introduce spurious 

aatocorrelations that do_inate the autocorrelation pattern. 

It ls iaperative, thereforer" to remove the nonstationarity 

fro. the' da:a bef~re 'proceedinq further wi th time series 

analysls. Be.oving trends can be routinel! achieved through 

the ~ethod, of differencinq Ota trlda kis and Wheelwright, 

1978) • 

Figure 27 shows the autocorrelation of the differenced' 

influent and effluent fil tered COD. Ifotable fea tares are, 

firstly" that stationarity is achieved vith one deqree of 

\ 
~, ___ M __ ~........,..._, _. _. ___ ". __ ._._._._._+-\ ___ _ ~ __ ._.u -,_-_. ___ • ____ ~_. f' 
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Figure 26. Estimated Autocorrelation of Influent and Effluent Fil tered 
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dlfferencinq. and the .ean of the vorkinq. series does not? 

siqnificantly differ fro. 'zero. This' i5 indicated 'br 

co.parlnq the _eans to their ow~Pstandard deviation (Figure 

, / 27 (a) and (b) respectively) •. Second, there is a lack of 

( 

.. 
slqnificant spik~S"" in the l '" autocorrelation function of 

effluent filte-red COD. lIone of the 

&atocorrelations are larqe at the 95' confi~ence level. 

'fhird. the autocorrelation funçtion of influent fil tered 

COD, (~19ure '21.a).' damps out toward zero quictly in an 

.. po.uential manner suqqestinq that,_an autoregres$ive process (J 
~ .' 

.al' describe .the qenerating-~anlsas of the input filtered 
- ~ 

,cqn concentration. 

F1qure 28 shows the estiaated crosscorrelation function 

'. bat.een the prewhi tened (see paqe 40) influent fi,ltered e~)D 

tlae series and the correspondinqly transforaed effluent 

response in teras of filtered COD tiae 'series (Appendix A 

shows the identifled aodels for the input variables. IreOD 

and 'F, esti.ated .odel para.eters, and diagnostic check of 

.od8ls adequacies). The crosscorrelation bet_een.effluent . 
tiltered COD and influent filtered COD is rélatiy~ly weat. 

The data indicate th~t at a 951 confidence 1evel, effluent 

qualitï as filterèd COD, 15 siqnificantly affected bJ 

influent fil tered con., as 30.e transfer of input to output 

i5 detected in the crosséorrelation function at a laq period 

.. .,.. 
-... -----..,...~- ...... __ ._.-._._ ....... -._._. --- .. -~,.-

.. 
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90TH V4RIABI..ES HAY.E SEEN PREWHITËNED ey THE "OI.. ... O.INC; FII..TER 

.A 
~R!.HITENING FII..TER 
NO MEAN TE~M IN THIS MODEI... 

AUTOR!GRESSIVE FACTORS 
FACTOR 1 

1-.3892158 •• (1 ) 

M::JVI~G AVERAGE F~CTPR.s 
. FACTOR 1 

1+0.1732058 •• (57) 
'" 

Figure 28. Estimated Crosscorrelation "Between PrewhHened 

1 
Influ.ent Filtered COD (IFCOD) and Corres'pondingly 
Transformed Effluent Filtered COD (EFCOQ) 
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of 1 (4 hours). Al t hough the estima ted crosscorrelation in 

Figure 28 shows a siqnific~nt spike at a lag period of 9 (36 

hours), this statistically significa~t crosscorrelation 15 

felt to be'unimportant from an engineering point of view 

because of the hydraulic retantion time of the system, 

HRT'=32 hours. Effective residence "time is decreased by 

volume changes if solids accumulate in the reactor. Hall 
. 

(1982) concluded - that accumulation of primary attached 

solids in downflow st~ tionary bed raactors rad uced the 

actively mixed zone to 60~ of the nominal volume and , 

resulted in 30-3S~ short circuiting of the incoming flov • 

.. 
Impulse " response weights are related to the 

'crosscorrelation f~nction and may be used to id~ntify 

siqnificant output responses caused by changes in the levels 

of -input variabhts~(Nutt et ,~l, -1981).' Figure 29 shows the 

impulse response weiqhts for effluent filtered COD during 

,runs 4, 5, and 6. The i~pulse resp-onse weight~ for effll:len~ 

fil tered COD versus influent fi 1 ter~d COD, (figure 29. a) , 

indicate a rapid response' to step changes in the influent 
.. , 

COD concentration. The impulse response weiqht at laq 1 (4 

hrs), wi th a value of O.135~ fallo,ving the step ch~nge a t 0 

, hour, 1s significant a t the 95~ ,confidence level. As we11, 

" 
ligure 29 (a) shows that'a change in the COD concentration 

( - 1 éntering the DSFF reactor ca llsed a response in the effluent 

... 

- . 
------_ ... -{: 
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b) Vol~metri.c Organic Loading (VFlt 
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Figure 29. Impulse Response We1ghts For Effluent Fi1tered COD Fol1owin~ 
A Step Change in Input ~_ar1ables 
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filtered COD concentration approxilate1y 4 hours after the 

influen.t e~ange -'as .ade. 
J' 

!eg~rdin9 t~e ilpulse response veiqhts betve8,n effluent 

tilt.rd COD and or<]anic loadinq, ", in ligure 29 (b), it .. , 
" 

~ce.n be seen that the 'DS!'r reactor has a r.elatively hiqh 

capacity to wit.hstand high organie loadings or rapid c::hange, 

in rav vastevater" conditions, sinee none . oe the ilpu1se 

responss v~i9hts are signifieant at the 95' confidene 1e.e1. 

Howeyer the iapulse response veights at lags of ,1 (Q 

hours) , and 3 (12 ho~rs) are significant at t.he 68~ 

, cOl\~idence le.el. This .ay indicate t.hat a change in th~ 

organic loading entering the Dsrr reactor caused a response 

four-hours after the loadinq vas changed and reacclilation 

and norlal react?r perfor.ance vas reestabli~hed, 12 hours 

after the cbange vas lade. 

"lbese findin<]s frol the iipulse response veights during 

pseudo - steady sta te operations are siailar to the 

conclusions pointed out br Kennedy and Yan den Berg (1981) 
,0 ' 

that Dsr' . reactors could handle severe oyerloadinq without 

serious pr~b1e.s. and that nOflal reactor perforlance vould 

he reestablished 12'- 48 hours after oyerloading. 

'" 

ID 
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3.1.2.3. Preaictinq the Effluent Response in Ter.s of 

ril tered COD ,by Box - Jenkins Transfer "-l'anction 

loise lIodels Under COD' toads 

. 

95 

':0. Figure 29, it ls Dot possible to identif~ vhether 

.\,. thè syste. behn·es aècording to a fir~t' order transfer 

( 

1 
I~- . 

function .odel, or vhether a second order .odel woald be 

better. transfer function noi$e lIodels vere 

deweloped relating effluent filtered COD (E'COD) to influent 

filt.rad COD (l'COD) and orqanlc 10adinq (VY). Table 10 

s~o.s the ~ransfer'function noi~e aodels which ~ro,ided the 

best predictiob of effluent filtered COD, interpreted as 

t.at which prodqces the s.allest ~tandard error of estiaates 

at the output. Figure 30 pro.ide~isual .easure of tbe 

.odel aaequacy by co.paring the predicted effluent response 
) 

by the transfer function noise .ode1 relating EFCOD to vr to 
, ' 

/' those obseryed in rUD 6. Appe~dix A shows thé ARlflA least 

squares esti.ation, and ,the autocorrelatioD, plot of tbe 
• 

. trlasfer function noisa .Odè1s resiauals, as vell as, the 

crosscorrelaticD check of the residua1s vith influent 

filterea COD and fY ti.e series, for the .ode1s shown in 

~ab1. 10. 

- ",..----_._ ... _._ .. -.. _ .. _---_.-----~~--"' ......... - .. . •• -------.---. _ •• ~ 1 ._' 
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Model 
Humber 

~ .,. 

Table 10. Box - Jenkins Transfer Fun~tion Noise Models 
For The DSFf Reactor Under COD Loads 

~ 

Model Form 
.' Number of 
Parameters 

~"'" , 

Std. 
Error(mg/l ) AIC 

;, 

--------------------------------------------------~------------~~----------------------------------------~ 

1 . (EFeOD) • 0.1638 (IFCOD) + (1+0.1468) (' Il 

t (1+0.4138) t-l (1-0.14585+0.13812+0.15820) t 6 ~ 478 -1'2 

2 
a 

(EFCDD) • 0.08898 (VF) + t_ 
t (1-0.8228) t-1 (1+0.1583+0.147B4+0~135B'2) 5 416 -14 
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, 
rrOI ligure it can be se en that the 

response in terls of filtered COD vas reasonably predicted 

br the Boi-Jenkins transfer fjnction noise lodel ielatinq 

effluent filtered COD and YOluletric organic loading. Thi f 
lodel vas able to account for' 741 of the total variation in 

the response variable (ie. effluent filtered COD). A 

si.iIar standard erro~ vas obtained relatinq effluent 

filtered COD and influent fi1tered COD (see Table 10)., 

~herefore, it can be concluded frai the d,namlé _ode11inq 
o 

that changes in ra. wastevater characteristics an~ 10adinq 

rate to the DS,r reactor haye a sarked affect upon the DS~F 

pertorlance in terls of effluent filtered COD. 

\ 
l.8. SUllarr of Discu.sion ro~ Phase l of The 

!'xperi.eDt 

Basad on the results presented in section 3.7, the 

(ollo.iog sU.lary can be .ade regarding the DSl! reactor. 

Dairr vaste.aters (.ar 

organic loading rates~ up 

relatively short hydràu1ic 

ft Ds,r reactor vith a 

approxilately 65 •• 

be 8naerobically treated 'at high 

to 12 kg COD/13/day. and at a 

reteotion ti.e, say 32 hours, in 

COD re.oval effici~hcJ of 

, " 



q 
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't'he 'li.e series~ analysis of the process indicated that 
" " , )' 

effluent quality in ter.s of filtere4 CODlis affected mainly 

bJ the' infl~ent COD' concen-tratiQn and the process COD 
, , 

loadinq. T~S, resa,l t- agrees l'i th the' findings of the 

correlation and regressi'on an~lysis. Of the variables 

inyestigated under pseudo-ste~dy-s~a te conditions, the 

effluent qqality vas significantly Icorrelated to volumetrie 
-. 

. o'rgani~ loading. Influent COD conc~ntrat:i.o.n and tbe· proce,ss 

'loadinq vere also correlated to gas prodqction; of these, , , , 
Il 

,influent COD concentration 'had a' more pronounced effect. 

Substrate re.oyal ra~es vere significantly affected .by the 
~ " 

process lo~ding and'concoaitant 'HRT. 

4 

ln adequate representation of th~ effluent response in 

ter.s oi filtered eOD'va~ obtain~d throu~h time'seri~s model 

buildin<J, based 
%> 

on COD ~oading. The Box~Jenkins transfer 

function' noise ,aodels. developed (Tab~:e _ 10) . vere able 0 to 

accoant 'for 74~ of the,total variation in the response 

yariable effluent' fiièPcon. '~onSider'inq the , errors 

Inherent in the 
-

.,e,asure~?"nts, . sampli,g procedur,è, and 

analftical procedure, thi~ 1s judged sat1sfactory. 

( 
" 

, " 

.. 
, 
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Il. !'fODELLIMG DS'F RE1CTORS UNDER 
,1 <-, 

4.1. 'l'he Ose of Box Je-nkins TilIIe Series Analrsis For l' - o . 

Predictinq The Dynallie Resp°tlse 2f ln Hiqh Ra!e 
) , 

Anaerobie DSFF Reaetor 
~ 

~ - '- ' 

..!;;:'::~"!.-.'::_'!::'" 

"l'he need of adequate IJlathellatical'tools for describing, 

and underst~nding wastewater treatllent, processe's, such as a 

hiqh rate anaerobid DSFF reactor, has made researchers in 

the field of water pollution to look _f cSr , better mathellatical 

.odels vhich are able to eh~raeterize,the 'proeess response 
') 

and predict i ts dynamie beha vior. ltIlder different opera tional 

condi tions. ' .. 
(1 , 

1 

Two ' important app:oaehes 1 used 
J 

in deseribin<t and 

ande~standing blolbqieal processes are: first, kinetie 
C 'oe 

.odels, based on continuous culture theory and 

stoiehio.etrie coefficients, and use,d for design and 

operation; second, Box ~ Jenkins 'l'i.e Series Jnalysis, wh~ch 
ft 1 ~ , 

has been applied only to aerobie processes such as: 
. , 

a,ctiyated sludge,' . rotatinq bioloqical cont~ctor, susp~~ded , , 
qrowth syste.s, and, late~y, to the ~l?loqical fluidized 

bed process, (see Section 2.10.), predlctinq the performance 

of the processes and characterizinq the effluent response o~ 

.~he systems andér dyna.le co~ditions. 

.~ .. 

~ 
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, . 

• 

1 

.) 



I------~--·~·~----------:-----------------~------------------------------_.-

1 

l 
1 
J 

1 

1 
d 

f 

1 

() 

( 

101 
"'4" ........ 'l ~".,.-'- .• 

steia-y - - "'S'ta te .odels are unable to predict process 

perforunce ,darinq start up operations, and dyna.ie 

conditions resul tinq from cha nqes in proeess input. <\ 

!herefore, Box - Jenkins rime' Series l'fodels vere used for a 

hiqh - rate anaerobic dovnflow sta~na~ry fixed 'film reactor 

in o.rder to a5jbieve the following Objectives: one; to relate 

'inf1uent variables vi th effluen~ response as fil tered COD 

onder dyna_i'c p condi ti.ons. Second" ·to predic't the effluent 

response of the DSFF reactor. 

... ~. Operational Conditions 

The second part of this study, , developllent of tiile 

seri~s Illodels, cOlllprised 18 days of operation, C (410 hours). 

Figures 31, 32, and '33 show the operatin r9 condition of 
" 

this second, .r.phase experi.entaI proqral, and effluent 
\ 

response of the DSFF reactor as total and filtered COD,. 

respecti vely., 

2? observatious of the reactor feed tank and 114 
(,p 

obserYations of the treated effluent vere obtained to 
1 

eva1uate indicators 9f process response and develop discret~ 
" ti_e series lIodeIs for the purpose of predictinq effluent 

respoDse as fi1 tered COD. 
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Figure 31. Dynamic Run. Influent Total COD and Filtered COD 
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The d,na.ie -run vas conducte-d the influent , 

COD concentration and 'the hydraulic -load'inq independently of 

each,other during the 18 days of the experi.ent. Voluaetric 

orqanic 10adinq yaried i\ the ranqe of 16 to 17 kg 

COD/1l3,(day, vith influent COD concentration and hydraulic 

1oadi~CJ of 6IJQO - 21750 aq/l COD and 0.24 - 1.78 l/day (RRT 

SI 0.56 - ".22 days) respectively. 
" 

Suspended solids and -acetic acid conten,t of the 
~ ,-

influent vere variable throaqhout the entire ran- in li. r~,nqe 

1 

of 170 - 570 _q/1 and 210 - 1122' IIq/1 respective1}. 
~ 

The performance of the DSfF t'eactot under the operational 
~ 

conditions studied is shown in Table 11. 

" 

.. f 

, • 0 
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Table.l1. OS" Reaetor p~rfqr.ance Under Dyna_ie Conditions 

----------------~---- -- - .. ----------------------
Para.ete~ Units Avg. Va-lue 

, . ---------------------------­, , 

HRT 

Organic Load 

Te.perature 

pR 

Influent Total COD 

'!ffl-uent Tot al COD , 

Effluent Filtered COD 
~ 

bours 

kg TCÔ'D/a3/day 

ag/1 
\ 
mgll 

mg/l 

Effluent SS ag/l 
\ 

VFA as i~etic Acid m9/1 

COD Reduction 

total - Total 

COD Reduction 

Total '- Tiltered 

34 

\ 10.80 

35 

6.65 

15621 

6087 

4925 
/ 

459 

1364 

61.00 

68.50 

Gas Production a3/_l/day 3.10 
\ ,-

---....-..... -. - ---------- ------------------­; 

".3. Quantitative Data lnallsis 

~t .ust be eaphasized tbat suecess in 

.od~lling dlpends upon baYinq tbe best possible 

\ 

\ "-
sta tir,tica 1 

data~ !lnd, 

accordinqly. qreat eare .as taken to ensure that the data . . . 
• as as ~~11ab1e as ,possible. 

.. 
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Befora aodellinq could b~qin~ the aissinq data for the , 

feed vas estiaated by uSinq linear' interpolation betveen the 

, existing , interpolation . technique ppint;;. data An 

(Heinsch,1961) vas applied. to estiaate the .issinq data' of 

the Dsrr reactor's effluent response as filtered COD. This 

technique is' an I85L subroutine. IC5SCU, for~ cubic spline é., . 
tibrary, 198~. 1CSSCU 

, 
interpolation (User' s Planual,1"SL 

places a s.ooth cabie spline along a qiYen set of data 
, 

points. 1 feature of this sobroutine' is tha t the user-

supplied saoothing paraaeter contraIs the extent of 

ls vell, the statistical 
\ 

package. Statistical Analysis 

systea, SAS/BTS User's Guide', 
1 

for 1982, vas use'd 
~ 

identification, estiaation of transfer ~/function noisa 

_Od918' ·para_etars and diaqnostic check of .odels·, adequacy. 

The resalts are shown in Appendix A ~hrough C. 

_.4. I~entification of Box - Jenkins Transfer Function 

".oise Rodels Under Drna.ie Conditions 

, . 
'l'he identification procedure of transfer function noise 

<' 

.od918 reco •• ~nded by Box & Jentins (1976) reqùires 

consideration of the crosseorrelation function betveen the 

pre"hi taned input series, IFCOD, VI', and 'flo" rate (rBED) 

\ 

~ -'''' 

, 
" 

"'~ ... _--.. ~~ ft 
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and correspondinqly transfor!1led effluent response in terms 

of \fil tered COD. 

To prevhiten the input a 'identification of ARIIU process' 
\ 

vas made of the input data series. 'l'hé same transforlllation, 

usinq the ~a.e parameters as fQr in put Rlodels, vas a ppli~d 

to the effluent 'response. This yields two transformed 

series at and /3 t vhose satl-ple crosscorrelation function 

allows identifica tion of pote,nl:ial transfer funct,i.on modeis. 

A sUlliary of statistical procedure for buildinq this t Ipe of 
~ 

.odel is p.rovided in section 2.10. 1. The basic steps in 

. developinq a transfer function<l' lodel are shown in figure 3 

(page 39) including the prewhitenig phase. The identifi.,a 

lIodels for the input v~ri~hles, IreOD, VF, and rEED, 

estisated .odels para.eters, and diaqnostic check of Dlodels 

adequafi:i,es (autocorrelation 'of the residuals) are shown in 

lppendix B. 

After prewhiteninq the inpgts, the crosscorrelation 

function between the 'prevhitened inputs the 
. 

correspondinqly transformed output vere cOlputed t. shovn in 

l'iqures B1, a2, and B3 in lppendix. The erosscorrelation 
. 

functions allow the i.dentification of tranfer function 

lIodals, the .odel ordes (r,s), the ti.é delay (b), and' the 

( estilates of tra n:sfer function' s paralleters (w,o). Next, 

.. 

, l 

) 

j 

i 
------.. J 
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the autocorrelation fnnctions of the residuals of the 'fitted 

transfer function 1Iodels are used to identify the noise 

lIodels,. 1ft' following ~s well, the same procedure outlined 

in l'iqure 3. 

These estillated crosscorrela tian f unctions unf ortunat~ly 

C!O not qive any definite clues 'concerninq the forlll of the 

transfer fonction .odels. Apart froID significan t spikes at 

1ags 1 and 7 for the hydraulic loadinq (7EED), (see riçure 
,.1 

B3 in Appendi.x.). I~cti.,ity at lags np to 6 ;is dOIlinating in . ) 

, the cros'scorre''1~ ons of influent fil tered COD (IFCOD) and 

·1 organic 10adin - fY), (Figures Bl and 82). stnce, in thts 

case, one laC} is ,four hours, the detention tille 0 f the Dsr1 

reactor .. 34 hours, also suqgests that this tille period would 

he of .ost interest. Therefore, i t vas d,ecided to fi t 

seyeral reasonable IIodels vith tille' delay b of 0, 1, 2, 3, 

Cl, 5, and 6 laqs andrevaluate hOIl \luch of the V'ariatio~ in 

the respo1lse E!'COD each was able to account for. 
( 

~4. 5. Estillation of Transfer function Boise .l!odels· 

Para.eters 

To choose the hest .ode! aaonq::;t the se.,eral lIodels 

eT~luated, the followinq 'cri.t~ria was used: Box & Jenkins 

( (1976) stress the -need to use as fell parameters as possible!, 

1 
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(the lodel should be parsi.onious) so tha t passes. a1l the 

diagnosti:c checks. The AIC UJcaike, 1974) is a lIIathelatical 

for •. Blation of the p'arsiaony criterion of lodel bu~ldin,. 
_/ 

Ihen there are seyerai co.peting' 1I0dels to choose froll, 

!lelect thé aodel that glTes the "aini.ua of the AIC ~efined 

by IIC = -2Ln\ (sd) Z + 2K; vbere le = (lluaber, of paralleters in 

the lodel) + \ 1; The relatife lIeasure of the additional 

contribution ~f t~e control Tariables and para.eters in 
\ 

descrlbinq. the effluent response of the .DS!" wére based on 

the' - test at the 5" _ll;!Yel of si:gnificance; an~ last, 

optillli .odel vas interpreted ~s that which linill~ze the 

standard error of the estiaates". 

<-
Por the above criteria, Table 12 indicates the fora of 

the Box - Jenkins tile series .odels that vere chosen tQ 

predict tbe obseryed effluent response. "Botice first that 

aIl the aodels use alaost the salle noise model. This noise 

aodel vas suggested by the ti.e series analys1s of effluent 

response le. EPCOD, vhich led ta aodel 1, Il single series 

model which "contains no reference to the input series 

(:I:rCOD, .!', and l!ED). 'l'his lodel is based only on effluent 

filtered COD being an autoreqressi Te 1ntegrated 1091ng 

a'Yerage , (18I!A) of order Cp=1, ~1, q=11) • 'l'he single 

series a.odel has the greater standard error of . ~he 
.' 
(. 

esti.at_es, 508 mg/l, and the residuals hay. a lean of 2 •. 80 

/ 

, 

(/ 
- fi li ---.. ---__ ,. r 
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Table 12. Box-Jenkins Transfer Function Noise Models For The 
DSFF Reactor Under Dynami~ Conditions • 

Model No. Model Form Na. of Parameters std. error(mg/l) Ale 

~ 

l 'j 

" -

1 

2 

3 

4 

----~ ... ,.,/ 

5 

(EFCOD) = (1-0:2'9S
11

) t a 
(1:-0.2636) t 

11 
(EFeOO) = 0.062B (IFeOO) + (1-0.2148 )a 

, t ~1-0.82B2) t (1-0.185B) t 

(EFCOO)t = 0.071B (VF 
(1-0.705B) ,}t-2 +-(1-O.317B1~) a t 

(EFCOD)t ::: 
0.5128 (FEEO) + (1-0.2598

11
) t-7 a 

(l-0.359B) t 

(EFeOD) = 0.04~B (IFCOD) + 0.0668 (VF) 
. t (l-0.78S)' t-2 (1-0.70B) t-2 

'-------~_ .../.~,...." - O.43(FEED)t_7 + (1-0.35B~1)at 

2 

4 

. 3 

3 

6 

6 (EFCOO) = 0.059B nFCOO) + 0.06,3B (VF) + (1-0.29B ll )a t ,.", _", ... 2, t ,.", _", ... \ t-2 t 

508 ':19 

471 -15 r 

1 
474 -17 

/ 

458 -17 

l/ 

426 -10 

j 446 -12 

'; 

" 

.~ 

~ 6 

o 

1 

1 , 
1-

0, 
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Il,9/1., and the autocorre'lation plot of the residuals is shown 

in Appendix B. However, the Q-statistic (see sectio~n 4.6, 
1 

Equa tion 11) vas used to check the adequacy of the model a nt! 

cOllparist vith tlle Chi-square distribution for 22 degrees 

of freedom which suggests that the model adequately 

describes the response of the DSF~ reactor, (see Table 13, 

page 116). 

Th~ tiae delay b dift-ers in the transfer function noise 

aodels for single input and lIul tiple input. For single 

inputs, vhen IYCOD" i5 used to describe the effluent 
..-----. 

respons.e" the model vitll time delay b of 0 l.ag periods w-as 

found to l'Ilinimize the standard error of the estilllates, , 

(Fiqure 81). This lIodel is a t'I'ansfer function noise model 

of order" (r=2" s=O, b=O), vhich means that the response to 

a unit step chanqe in input took place in less than one 

sallp1.e interval" b=O (lag 0') r the effluent response is, 
~ 

prc:portional to the, input, and the effluent filtered COD is 

rela ted to i ts ovn past value (EFCOD) t-2" ie. r=2. 
, 

J'or the transfer function noise model relatinq the 

effluent fi.ltered COD and voluaetric organic loading, the 

tille ~ delay b vas found to be of 2 laq periods" (Figure B 2) , 

and is a mOdel of order, (r=1. 5=0, b=2)" vhich illlplies 

agaill tha~ the output is propo~tional to the. input" but is, 
• 

I ______ -----~--- ___ "'--__ ~_ . __ . __ ._~ - ...... __ ._ 

----~-~". 
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displaced by b tiae interval, and that the effluent filtered 

COD ls related to its owo past value ie.' r=l. 

Al thouqh the crosscorrelation function of effluent' 

filtered COD versus flov rate . (FEED) shows significant 

spikes a t laqs '1, and 7, (Figure l B 3) .. 1 t vas found that the 

trànsfer function noi se lodel vi th tille dalay b of 7 lag 

periods minillize the standard error of the estillates. The 

order 01 the lodel vas also fonnd to be _of zero order, (r=O, 

s=O, b=7).. but is displaced \by b ~i.e ioterval. 

When the cOllbined effects of the control variables vere , 
used to fora lIultiple 'input tran~fer function nOi,se 1I0dels. 

it vas found th,!- t the 1I0,dei vith . influent fil tered COD 

(l'COD) and orqanic loa8inq CYl) at tillle dalay b of 2 laq 

periods (8 hours), and hydraulic of loadinq (FEED) at tiae 

delay of 7 laq periods (28 hours) mini.ize the 'standard 

error of the estiaates, 426 IIg lCOD/I. Altbough the 

aultlple input transfet' function noise _odel mini.ize the 

standard error of the estiu te, the paIiaaeter describinq the 

effect of ,flov ra te (FEED), at' the 5' level of significance, 

vas Dot siqnifica nt .. 
b ' 

(see ARI'" d.e~st square estimation in 

t'able CIJ in Appendix C) • Furt ber.ore, tbe estimated 

paraweter describi,nq the effect of flo .. rate in the single 

laput .odel vas Dot siqnlficant different froll zero, at ~the 

fi 

.... --------------------- no ~>--___________ . 

l-___ ~~ ___ _ 
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saae eonfide'Dce leYel, (Table C3). As 'llell, the lIe 
> - • 

criterion shovs 'that,' th~ three-varaiable ,model' is 'not 

parsi.onious slnce the add1tion of va,riables complica te the 

.ode]: and make parameters estimation 'more uncertain. 
Q 

''l'~erefor~, the 'flov 'tera qffecti'lely drops out of the 
, , 

~hreé-'Iariable model. 

, , 

The paraseters describing the effects of IYCOp and' 'F 0 

.ere highly siqnifican.t in the single and luI tiple inputs 

.odels at the 51 level of signifièa~ce, (Tables.Cl, C2, and 

C4 in Appendix). Elililina tion of the flov ten (FEED) in the 
IJ 

three-variable model, and reestilla tion of the para meters 

increased the .a:9ni~ude ~the stand~rd 
ROlever, based on an 

,error of the 

esti.ates, ("l'able 12). 
c 

l'-test at the 
, " 

5~ leve! of siqnificance, the single input models "ere . , 

st~tistlcl!lll y ,infer,ior, to the' JlultiP1:.-e input lo.dels. 

In ganeral, the correlation lIatr ix' of the estima tes in 

'fables . Cl-CS show tha t the setof estiaated para meters~ 

describinq, the effects of the operational variables~ 1;.,"COD, 
\, 

Y7, and flow rate (rEED) in the transfer function noise 

, .odels are not related to each other. The models do' not 
\ 

su'ffer ftoB 

redllnclancy) • 

hiqh 

Althouqh 

better prediction of 

pa~meter carrela tion (p'aralleter 

, 

effluen't fii tered COD concentration 

1) , 

~ -~~ .... -..- - _&_-~~-'--_ ....... - --~. " ~ -- -- -- ..... ..". - -.------'- -,;;- --.. -,-

y 
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1, 
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-than\the sin'qle input Ilodels, the parameter estilllates 'for 

the two-variable mo<tel were more consistent with tho,se ,fbr 

the single input models . and appears to best describe, the 

process dynamic. From this a nalysis, the effluent fil tèred 

COD concentration from tlle DSFF is bÈ!tter predicté'd " by' a , . , 

relationship which accoun ts f'or ~he, effects of ., ~ /' ~ 
influant 

filtered COD concentration and organic loading. 

" 

4,! 6. Diagnostic Check of Models Adequac,y 
" , ' 

i ) 
It \i~ cbmmon practice in Box - Je,~:j.n~ mode'lling te" go a 

carefu'1 diagnostic check to test. the validi t y ,of t.:he 
, 

transfer ftinction noise models. A helpful ove raIl check of , 

the autoCqfrelalion .. function of the r.es~duals from the 
, 

fitted : modals, which. takes acc;:ount of 'the distributional 
\ ~, JI, 

epfects produced br the fi tting' is as fol1ows: > 
____ ).; l, 

, 
If the functional fprm of the model. is adequa te, t,he, 

quantity given by the· Q-s,tatistic.' i5 a.:ppr;oximat e;I.y 
" 

distribu ted as the Chi-square wi th k- p-g degrees of freedolII. 
~ \ .., . 

k 
Q-sta tistic = m '\' raz pc) 

k~l 
(11) 

\, 

Note th~,t th.e degrees of freedom of the Chi-square depends 
;,. . /' 

on the' nuœber (Df parameters in the noise model but not ,on 
\, , 

the nUllber of pa,ralleters in the t ransfer func~i.on mod.jÜ (,9ol 

j ., 

• 

• 

. l 

, 
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& Jenlcins, 1976). By referring the Q-statistic to a table' 

of percent~ge points of the Chi-square, one obtains an 

approxima te test of hJpathe sis of model. adequacy. 

In a sllllilar lIIanner, to check the significance o.f the 

crosscorrelations between prevhi ten inputs and t.1ie model 

residuals, the S-sta tistic is used and the computed valu~ is 

cOllpared to the Chi-squar e dis tribution vi th k+ 1- (r+s + 1) 

degrees of freedolll, where (r +s+ 1) i5 the 

pa1:a.eters fitted in the transfer function model. 

k 
s-statistic = 111 L r 2 (k) xa 

. 
11:=0 

1 

nUlIçer of 

(12) 

l further assessœent of Bodel adequacy i5 that the 

esti-ated autocorrela tian of the residuals sbould be 

uncorrela ted and distributed normal1y about zero wi th 

variance, lIN, where.N i5 the n umber of residuals. These 

checks are presented in Ta ble 13 and Tables C1-CS for the 

autocorrel.ation plot of the transfer function residuals and 

calculated crosscarrelation check of residuals vi th ,input 

time series. 

• 

• 1 

l 
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i 
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< 

\ , 

---~ 



( 1 

:... 
\... 

• " ' .. 
f rD 

, ; 

, ..... r": 
, • > , 

116 

Table 1 3. Diaqnostic Check of Transfer Yunctioo 'Boise t'Iodels 
, . 

Under Dynamic Conditions 

----...,---------------------, ---------, 
• q 

Autocorrelation of 
l'Jodel Resi'duals 

24 
If Q-stati"stics :: m L r 2 (k) 

J(=" a 

where: li = No. 0 f residuals 
k = Laq 
a.? Model residuals 

bd Chi-Square:: X Z v' ct 

where 'J = K-p-q 
ct :: 0.95 

The~n : 

Bodel 1: Q = 9.66, x 2 :: 33.92 
Q < XZ 

nodel 2: Q:: 6.59, x 2 :: 33.92 
. 0 < x2 

Bodel 3: Q :::; 11.29, ,x 2 :: 35.17 
(2 < XZ 

-
'nodel 4: 0, :: 8.53', x 2 ::: 33.92 

o < xZ-
1 

f!ode! 5: (2 = 9.80, x~ :: 35.17 
(2 < XZ , , 

Rode! 6: 0:: 7.68" XZ = 35.17 
. 0 < X: .' 

crosscorrela tian 0 f 
Prewhi ten Inputs and 
Model Residuals 

24 
If S-statistics :: m L r 2 (le) 

)C::: 1 xa 

wh,ere: li, 

X 
= Wo. of residuals' 
= Prewhi ten input 

series 

And Chi-Square = X z v' ct 
where: Vi = QK+1- (r+s+1) 

ct = 0.95 

s :::; 18.71, X2 ::: 33.92 
S ~ X2 

S = 12.63, x2 :: 35.17 
S < t 

50 ::: 25.06, X2 :: 33.92 
S < t , 

\ 
S = 21.99, x:Z = 33.92 
S :: 14.07, r =' 35.17 
S = 2S.7S.x4! :::: 33.92' 

~ < X 2 

S = 24.07, x 2 = 33.92 
S = 15. SlJ, x 4! :: 33.92 

S < X 2 

... _----
-------------------~--------------------------------- ". 

\ 

1 : 

l, 

l ' 

/ 
1 " -..~ ... 
" 

"" 

'i 
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'.7. Predicting The Effluent Response in Teras of 

Filtered COD for the DSP'F Reactor Under 

Dynasie Conditions 

The aia of this researcb paper is to see vhether Box -

Jenklns tise series models ean be ~sed to prediet the 

droa.ie response of a DSFF reactor. The last 12 o~~er'.d 
yalues (2 days) véra left represen tinq actual valu s for 

coaparison vi th the modeis 1 predi~tions. Figures 34 (a) and 

(b) show the .results of the predicted eftluent response in 

tens of filtered COD by' the selected transfer function 

noise .odels. 

The ti.e delay of b=2 lags (8 hours) and b=1 laqs (28 

hours) used to predict the effluent response in .odel 3 ana 
.. 

• odel 4 agree vith the findings .. ' 

tbat the rapid appe8r'ane~ of' 

of Hall (1982) pointi n,9 ~out 

tracer at the reactor o'ti-t!let 

SU9gested that the anaerobic dovnf~. 
.. 

bed reactor .ust 

oper,ate vi th substantial internaI racireulation or short 

circuiting of the liguid phase. Renee the range of ti.e 

delay of 8 - 28 hours for COD loading and flcv ra te 15 

,reasonable on physical gronnds, being consistent vi th tbe 

resid~nce ti.e distribution conducted.by Hall (1982). 

.. . ., 

" - - - --" - -- -- - - -
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llthouqh the au1 tiple input transfer function noise . 
lode1 provided slight1y better 

.. 
one-step ahead pred~ction of 

\ 

the effluent response, no Si9nificant reduction of the 

standard error of' the estiaates ls achi.eved, as shown in 

'rab1e 12. The bast transfer function 

~.terlined by the AIC were the single inpu~ aodels. Thes~ 

IodaIs have a . standard error ~lth an iaproveaent of 72.01, 

11.5', and 72.401 for the'aodels 2, 3, and 4 respective1y, 

oyer the standard deviation 
, 

of the 'non-Iodel1ed data. A 

~o.parison of the predicted effluent filtered COD by _ode1s 

3 and 5 ia shovn. in Figures 34 (a) and ~b) respecti ve1y. 

'rhe la st 12 observed values, starting at the arrow, v~re 

, 1eft for cOlparison vith the predictions lade by the lode1s. 

It shou1d be' noted that the fitted cOlbined transfer 
~ 

,fu.nction noise IodaIs do follov the fluctuations in the 

output luch better than the single serièi lode1, and this is 

because they taka account of 8udden fluctuations in the 

input variables. 

Indicators of pto~ess response for the DSP'F ·reactor vere 

\, obtalned froa the transfer function no~se lode1s un der 

f dylia.lc conditions. The process~teadY state gain (1 change 

ln output/l change in input) for the ifiput concentration' 

ter. in the tvo-variable lodel fo~ COD re.oval frol the 

aairy vastewater vas approxi.ate1y 0.28. ls a basis 'for 

----------- .--- ---------- -----_. ___ ~ ..... " iD , 
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coaparison vith other biofU_ reactors using s'i.ilar 

proce~ures to those outlined in this project, the process 

gain for the RBC (rilion et al, 1979) \and fluidized bed 

reactor (Wutt et al, 1981) for carbon re.oval froll dosestic 

vaste~ters vere 0.14 'and 0.20 respectively. This indicates 

the t fQr a unit step· çhange in process concentration the 

DSl'l' reactor .ay be expected to have a greater response than' 
~ 

the R.BC and fluidized bed syste.s. The process gain based 

on the input ~rganic loadinq ter. in the tvo-variable model 

for the'DS'Fr reactor v~: 0.22 cOllpared to 0.033 for the RBC 

and 0.011 for the fillid\zed bed. 

The tinetics of . carbonaceous oxidatiQn in' ~he three 

biofil.s p,rocesses, DsrF reactor, RBC, an~ f1uidized bed 
~ 

aiffer considerably. The.rate of organic stabilization in 

an RBC syste. is generally ll.ited 'by oxyqen flux rather 

than subs~rate diffusion into' the biological fib CBu~l et 

al" 1981; ) Rutt et al, 1981).· In the fluidized bed, the 

biofiX. th!ctnesses ranged fro. about 50 to 250 .ierons. At "", 
an effluent dissoived oxygen concentration of 5' _g/l, the 

botto. half of the biological reactor contained dissol.jed ' 

oxyqen concentration ln excess of 10 .g/l Clut1t et al, 

1981) • Over thi~ range of biofil. thictness and liquld 

phase dissolved oJygen concentration, the biofil. can be 

considered to be aerobically actiye throughout its depth (La 

-----?t!/J.)..-------- ---------..----- ---

oc 
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!Jota, 1916). This probably accounts for the smaller gain 

identified for the fluidized" bed coapared to the BBC systea 
"-

'(Rutt et al, 1981). 

On the other band, it is vell kno.n tbat in anaerobic 
• 1 

digesters, acetate-utilizing .ethanogens are slow grovers 
." 

and bave been shovn to be,present in the fila vhich aay be 2 

- 4 .a thick (Van den Berg and Kennedy, 1982; Kennedy and 

Droste. 1983). In spite of the film thi~kness, it is not 

litel! tbat diffusion, vhich normally liaits the activity of 

bioloqical filas (La nota, 1916), played a aajor role in 

llmltlnq activlty. Tbe high rate of gas production in the 

fil. will cause the fil. to be "Iixed" roughly (Hall,. 1982; 

Van den Berg and. Kennedl! 1982; Kennedy . and Droste, 1983). 

Roveyer, anaerobic treataent of soluble1~ organic vastevater 

(dair! vastevater) ·cont.aining easily-hydrolrsable substrates 
~ 

(Caravan et al, 1919) aight be beset with probleas under 

drna.ic conditions and at high loadinq raies. 

Sinc~ anaerobic digestion ls essentially di phasic (acid 

phase and .-ej:hane phase, see Section , 2.2. and Figure 1) 

instability aay often be due to tlbalances occqr~ing betveen , 
• 

those groups of aicroorqanis.s achievinq the ini th.l 

liquefactio n and acidification, and those affecting the 
~ 

final conversion of the substrate to aethane (Hanati and 

~. ~-~~-----____ IIT_;Y~': 
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lagase, 1981). A too rapid acidification of substrate mrght 

concentrations suffieient to be inhibitory for Methane 

foninq processes (Graaf and Andrevs, 197tJ;- ~ Chynolfeth and 

Bab, 1977; Barnes et al, 1982; Bull et al, 19'83) • These 

Intermediates are converted to the end the 

aicrobial mass requires a finite tiœe to re-adjust to tbes~ 

transients. Therefore, this may aceount for the qreater 

_gain and large response to a unit step change 
~ 

in influent 

for tbe DSFF reactor compared to the RBC (rilion et al, 

1979) and fluidized bed (Hutt et al, 1981) systellls. " 

\ 

Matt et al (1981) pointed out that'it is informati~e to 
( 

estimate the ti~e constant associated vith the transfer 

function noise model, where for the first orde~ systems 

identified bere vith a four-hour sa~pling interval the time 

ctnstant (T) in hours is defined br (Box and Jenkin~, 1976): 

T = -(J/ln d 

The tiae constants for the concentration and volumetrie , 
\ 

orqanic loading ter~s associated vith the tvo-variable .odel 

are approxi.ately 17.0 and 13.0 hours respectively. Tbis 

indicates tbat tbe tiae constant of 17.0 hours ig tbe tille 

reqaired after initiation of a step cbange in input 

concentration for tbe DSFF reactor to reach 63.2~ of its 

'. 

f 
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final equilibriu. leyel, and tbat 95" response ie. 

essentlally co.plete response, vill occur in about ·three 
~ 

ti.e constants or 51~O hours. ror the loading ter., the 

ti.e constant to reach 951 response will occur in about 39.0 

hours~ 

The ti.e cons~ant associated vith the tvo-variable .odel 
-, 

19 si.l1ar to the conclusion pointed out by Kennedy and Van 

den Berg (1981, 1982) and Bull et al (1983) that ln~reases 

in influent CO~ concentration and floV rate' caused a 

deterioration in effluent quality, 

perfor.ance was regained within 12 

oyerloadinCj • 

o 

but nor.al reactor 

48 hours after 
v 

- -,,-- - --------------------- ------.;------- .... ~-~-~- - ------______ ... _ ...... "" ...... t 
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5. SU!UIABY 

1 

In sll.lIa~y, the results froll the first 

experi.ental proqrall show that the DSFF reactor is able to 

aChie:e COD re.oval efficiencies in the range of 31.2 - 85~ '\ _ 

and a high rate of gas producti?n (4 • .30 113/113/'day) 'at G 
volu.etric orqanic loadinqs of, 5.60 - 15.90 kg COD/mJ/day. 

At short hydraulic retention . tizes (less than la da y) and 
-

vith the ~orrespondinq wash-::,out of solids, the hydrolysis of 

co.plex orqanics in the dâirr vastevater became limiting, 

hence the acid foraation did Dot occur. 

On the other hand, at COD- loadinqs over 12.00 kg 

COD/a3/day the "FA i'ncr,eased rapidly to a peak level of 3016 

_q/l (su. of acetic acid, propionic acid, and'butyric acid)~ 

and the reactor becaae less stable, causinq deterioration of 

effluent quality by an increase of effluent COD and SS. 

Based on pseudo-steady-state data, the correlation 8nd 

reqression analysis showed that a 'coabination of the three 

con~rol variables, ie. influent COD concentra tion, 

volu.etric organic loadinq, and hy~raulic retention ti.e, 

vas able to' describe up to 401 of the variance of effluent 

qualitf, 811 of the yariancë of re.oYal rates, and 77f, of 

the variance of gas production. The re_aininq anexplained 

f 
r'" -. -- ................ '?'- ___ If __ .... -..,,:_~ l' 
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variations are due to other minor process variables, as vell 

as being inherent in the proc~ss ~tself. 

The time series ana1ysis of the eff1uent response in 

tarms of effluen t fil tared COD ("EFCOD) showed that EFCOD is 

a nonstationary series. This is because of long persistence 
~ 

0: nonzero vàl-u~s in the autocorrela tion function for 
" . 

severa1 . time period lags. It was found from the· 

crosscorrela tion functions under COll', loading and d yn~ mie .... 

. conditions that effluent filtered COD 1s significantly 

affected by the control variables. ffowever, the process was 

found to have reserve methanogenic capaci ty and could bandle 

rapid step changes in ra il wastewa ter IIi thout serious 

problells. Reesta b1ishment of normal ,reactor perforilla nce 

occurred 39 - 51 hoUrs after a step change was made. 

, ... 

Analysis of the' crosscorrelation functions allowed 

identification of transfer function noise moc!els. The 

Box-.:re~kins transfer function IIcdels such as· the one 

presented in this project attellpt to formulate cOlllplex 
. 

physical and biological phe nomena occurring in biological . . 
vaste treatllent systems (Hurphy et al, 1977; Berthoije% et 

al, 1979; Filion et al, 1979; Kenneth and 5ims, 1981; lfutt 

et- al, 1961). 

adequately 

Sncb lIodals are ~pplicable, only if they 

describe the , effluent 
\ 

response under 
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consideration, or in 
,; "', -

other vords, if }hey fi,t' the 

Onder COD Ioadi nq and dynaaic" 'c;ondi~ion,s the ~transfer 1 

function-noise aodels developed in this p,roject appeared to 

be able to predict the ~ffluent. f.iltered COD reasonably 

vell. 'he predictions' vere vithin a 95J confidence level of 

the actu~l effluent filtered COD. 
"" 

This resul,t is excellent 
... 

• hen considerinq ,the va~iations that may occurred in'such 

experiaen..ta 1 proq ra.s. 

, ' , 

'There has been an i~creasing' need ' i~, a~aerobic 
, ' 

adoption of opera tional lIo'deIs' treat.ent techDo~ogy for the 

for the anaerobic fer.entation of industrial was~es. The 

relatl.onship to I:!ridqe this gap has been investiqated, 
L 

deyeloped and asse.bled in this project. The .enqineerinq 

siqnifieance 'of this project llies -, in using these 
, 

relationships in the development of operati,onal crite;ria for 

the desi9n of feed-forvard/feed-back control sy,:;teas for 

hiqh l rate ~naerobic fixed fila reactors. 

'Influent 'COD con'centra tion and 
l' 

loadinq rate haye been suqqested 'i'n t,his proje,ct, as the 
. "- ... 

opera<tional yaria bles of choic~ for the use in pre:dictinq 

the eff~~ent ,response of the' I?SrF reactor in teras of EFCOD. 

The esti.ated para.eters describing the effecFs of the 

operational .. ariabl~s selected vere hiqhly significant at 
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the 51 levei of siqnificance. The transfe,r function no;se 

.odels developed in 'this p'roject vere able 0 able to predict 
, 

the effluent response of the syst~. two steps ah~ad (8 

hours) • ,This in turn could reduce the ;'impact 'of shock 

loading due to increases in the level dt lnput vari~~les. 

Hovever, if the models'~ pr~dic~ions " vere not,updated and an 
, ' 

~' 

atte.pt then made to predict more than tvo steps,ahead the. 

prediction vould becoae steadily varse. , , 
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6. COICLtJSIOIfS .-

The followinq concl\1sions can be dravn based on the 

findinqs of this t1l0 phase experi.ental~progra •• 

1. Besul ts shOlled t hat the DS"!' reactor is applicable to 

dairy vastewater vi th a percentage 
'" 

85.0' and 9a~ production up to 4.30 

~he operational conditions. 

of COD reduction up ta 

a3/13/day dependinq on 

b '/_ Treat.ent of dairy vastevater vas satisfactory over the 

1fhole range of influent COD concentration (5000 to 25000 

Iq/1) and hydraulic retenti6n ti.es (3.5,to 0.40 days). lor 

a shock loading of approxi.ately 12.00 kg COD/1I3/day the 

DSJ'F reactor exhibi ts li ttle disruption and continues to 

provide a high deqr~e of treataent and a hiqh-Tltt.Q of gas 15 
Q. 

, 0) • 

produced. At a> hydraulic retentio~' tiu of '0.40 days the 

hydrolysis of cOlp1ex organics in the vhole lilk becale 

li_iting, hence acid fotma tien does not occur and treatllent 

.' 
, efficiency droppèd off rapidly. This condition is indicated 
. 
bl' the 1011 gas production, high concentration ,of sollds in 

.the effluent, and lov percentage of substra te rellonl. On 
~ 

the other hand, at a high organic loading rate, 15.00 kg 

COD/Il/day, and a HRT of 1.35 days, accululatlon of VlA was 

obser,ed. These high VFA levels are not ton verted to 

.. 

1 

1 
- '--' ------......... -....' ---' , -
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aethane and carbon dioxide as fast "a's thé'y a.re for.ed, and 

cOBsequently are not re.oyed fro. the syste., thus causinq 
\ , 

the decrease in COD re.oyal efficiéncy •. 

3. Suhl1trat-e te.oya1 ra tes increased li th an increase' in COD 
\ 

cODcentration in'dependent of t'he H!T. HoVeyer, the 0 

-
percentaqe pt COD reduction i5 dependent on the hydraulic 

t.~entioD ti.e a.nd influent COD concentration.. 

. .~ 
4. 'rhe DS!'!' reactor' s effie'iency 1s adyerseiy affected a t a 

pB.1eYel beIov 6~4.' 
\ 
j 

5: The correlation and r-eqression analfsis resulted in the 

cODcl~sion that a consistent relationship betveen effluent 
" 

t,esponse (as effluent COD concentration and qas production) 
. 

î and indi Yidual control variables does not exi.st. 

co.b1nation of the three control variables,' influent COD 

concentration, orqanic loadinq, .and hydraulie retention tiae 

us able tOI describe up to 401 of the yariance of effluent 

qua-l1ty, 81~ of the variance of COD relloval rat'es, 17~ of 

the yariaDCe of gas production. The remain;ng unexplained 

yariations are due to other ainor process variables, as ve11 

as beinq inheren t in the process i tself. 

""'- ----:-...--_r 
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6. The tiae series analysis of the DSTF reactor ander 

.• aryinq COD loadinqs (runs 4, 5, and 6) and the dynallic 

stady shoved that the OSFF reactor treat~nq dairy wastevater 

us a rela ti vely high .ca paci ty to withstand high organic 

loadinqs or rapid changes in rav wastewa ter. Reacc1iraation , 
a"n.d normal reactor performance lias reestablisheà 39 - 51 

hours after the chanqe vas made. 

. 
7. The effects of varying COD loadinq .(runs 4, 5, and 6) 

.ere satisfactorily lIodelled by a Box - Jenkins tille series 

transfer function .odel, nallel y: 

(HeOD) 0 • 08898 (VF) + __ ----:r---a-t~-+t---~ 
t· (1-0.8228) t-1 (1+0.150 3+0,1470 11 +0.1358 12 ) 

'l'his .odel .as a.ble to accoun~ for 74~ of the total 

yariation in the response - variable. Considerinq the errors 

inherent in the aeasureaents, saapllng procedures and 

ana1ytical procedure, this 15 judqed satis..factory. 
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8. Althouqh the aultiple input BOX Jenkins tr&nsfer 
" 

function noise lodel relating the tbree input variables vas 

fOQnd (0 provid~ s1ightly better prediction of th.' effluent 
, 

response onder dynalllie conditions, no significant reduction 

of t.he standard error Qf the estima tes was achieV'ed. The 
\ 

bast .odeis deter.ined br the AIC cri terion vere the single 

input /lodeis. These IOdels vere" able to accoun t for 12.0';, 
~ 

71. 5~ and 72.40" of the total variation in the effluent 
" 

response in terlIIs of effluent filtered COD compared to 74.0ta 

for the lIul tiple in put model incorpora ting the three cbn trol 

yariables. 

9. The hiqh degree of eOllplexity of the anaerobic downflow 

Cf,J stattonary fixed film reactor reduces the ability of the Box 
" 

- Jenkins tille series !lodels to predict aIl the variations 

occurring.. in the effluent response in terls of fil tered COD," 

1 
but not to a degree that would negate the usefulness of the 

.odel to predict, at the 951 confidence leve~, B hours 

ahead. This in turn could reduce the iapact of sboek 

loadinqs due to changes in--the level of input variables. 
-----

" -

" 

----------------~ _ r 



133 

7. R!PEB!ICES 

Akaike.. H. (1911J). A Ifev, Look At The statis,tical !!odel 

Identification. IEEE Trans. Aufo.at. Contr. , AC-19 (6). 

716-723 , 

Anderson, G.K •• Donnelly, T ... and f!cKeown, K.J. (19~) • 
... 

Application of Anaerobie Paeked-Bed Reactors To Industrial 

lastevater Treataent. Proc. 37th purdue Il\d. Waste Conf ... 

651-660. 

. 
lnftews .. J. F... 'and Graaf,' ~P. (1971). Dynallie 1'I0deling 

~, 
and Si.ulatioD of the Anaerobie Digestionlproc~ss. Advances-

in Cho.istry sori\ 105, 163-189. 

Barnes, D ... 

Influence of. 

81155, P.J., Kao, E.Pf ... Robins. K. (1982). 

orqanic Shock Loads on ~be performance\ of an 

lnaerobic Fluidized Bed syste •• Proc. 37th purdue Ind. Waste 

"Conf., 715-723. 

Benefleld.. L.D. and Randall, c.v. (1980). Anaerobie 

Contact Process. In Biologieal ~Proeess Desiqn for 
, 

laste.'ter Treat.ent. Prentice-Hall Inc. Rev Jersey (Ed)., 

256-274 

/' 



134 

Berthou~lt, P.rI., Hanter, W.G., and Pallesen, L. (1978). 

Dyna.ic Baha ... ior of an 

Research. Vole ."2, 951-972'. 

Activated Sludge Plant; Water 

BOl:, G.E.P. and Jenkins,. G.!!. (1976). Transfer Function 

!fodeis. In Ti.e Series Analysis: rorecasting" and Control. 

Holden~DaJ Inc. San Francisco Calif. (Ed). 337-420 

Brown, H. B. and Pico. R. l'. (1919). Characterization and 

Tre~t.ent of Dairy vastes in the Municipal Systems. Proc. 
, 

lItth Purdue Ind. Vaste Conf.,. 326-334. 

Bull, B.A.,. sterrit,. R.!! ... and Lester,. J.H. (19B3) • 

Response of The Anaerobie Flaidized Bed Reactor to Transient 

Changes in Process Para.eters. Vater Research. Vol. 11, 

1563-1568. .J 

Basvell,. A. ft. (1964). t'!ethane Fer.entation. Proc. 19th 

Purdue Ind. Vaste 'Conf. rlp. 117, 508-511. 

( 

Caravan,. R.E., Jones, V.l., and Hanzan, A.P. (1979) • 

"iasteVater Characterizàt10n in a !!ultiprodact Dairr. J. 

Dairy Science. '01. 62, 1243-1251. 

chyno.eth, D. P. and Bah,. R.l. (1917) ,; Bad:arial 



L 

135 

Populations and Ena produets ~urinCJ Anaerobie Feraentation 

of Glucose. J. Rater PolI. Cont. Fed. Vol. 49, "05-"12. 

Cohen, A., zoete.eyer, R.J., van Deursen, 1., and van 

Indel, J. G. (1979). Anaerobie Digestion of GluCOSE! vi th 

se~arated Acid Production and l!ethane roraation. 'Ma ter 

Raseareh, 11'01. 13, 571-580. 

Dague, R.R. (1968). Application of Digestion Theory To 

Diqester Control. J. Ifater. PolI. cont. Fad. Vol. 40, 

2021-2032. 

'. DeValle, r.B. and Chian, E. S. K. (197"6). Kineties of 

Substrate Re.oyal in a Co.pletely ftixed Anaerobie l'lUar. 

Biotech.' Bioeng. '01. X'III, 1275-1295. 

r11.1.on, ft. P., flurphy and J. P. stephenson. (1979) 

a Rotatinq Biologieal Contaetor Under 

'fansient Loading Conditions. J. Vater pol1..' Cont. \ l'ed. 

'01. 51, 1925. 

Graef, S.P. and Andrews, J.r. (1974). Stabllity and 

-------COlltrol of lnaerobie Digestion. J. Jater PolI. Cont~ red. 

'01. 46, 666-683. 

i ~ ...... -.. _,_ .... ___ ,...'$t.. ___ e,. __ ~_ 



\~ 

136 

Hall, E. R. (1982) • Biomass Retention and l1ixinq 

Characteristies ln Flxed Film and Suspended Grovth 

Inaerobie Reaetors. IAWPR selll.nar on Anaero'bic Treataent of 
. ) 

Vastevater in Flxed - Fil. Reaetors. Wat. sei. Teeh. June, 

16-18. " 

Hall, E.R., "abood, T., and Plarsha11, D.J.B. (1983). 

ftetbane' Fer.entation of Cheese Whey. Vastevater teehnology 

center, B~r'linqton, on'tario, Canada. 

Hall, E. R. and Jovanovic, ". (1982). AnaerobIe Treatllent 

of Ther.al Slqdge Condi tioninq tiquor vith Fixed Yil. and 

SQspended)- 'Gro"th Process. Ptoe. 31th Purdue Ind. Wâste 

Conf., 719-728. 

Ranaki, K. and Naqase, li. (1981). ffechanis. of Inhibition 

CaQsed bJ Lonq Chain Faottl Acids In Anaerobie Digestion 

Process. Biotech. and Bioeng. vol. XlIII, 1591-1610. 

Harper, W,.J. et al. (1911). Dairy 'ood Plant "estes and 

Vaste Treataent praetlces, En viron.enta1 Protection Agency, 

Grant ,Ho. 12060 EGU 0'3/71. 

" 

Henze, ft. and Harre.oes, P. (1983). Anaerobie 'rreataent of 

Wastevater in l'ixed ril. Reaetors - 1 Literature' Bevi'ew...... > 

1 

r 

) 

... -. -----------·~.I 

l ' 



-

.. 

\ 

137 

Presented At IAlfPR - Se.inar on Anaerobie' Treatlent. 'lat. 

Sei. 'l'ech. yol. 15, 1-101. 

Heertjes, Poil!'. and Van der !'Ieer, R.R. (1979). co.pa~i{0n 

of Different Iifethods for Anaerobie Treat.ent of DillJ~ 
Vastevaters. Proe. 34th pur due Ind. iaste Conf erenee. 

790-80J. 

. 
~ennedJ, K.J~ and Oroste, R.L. (1983). Effect of Influent 

concentration on the startup of Anaerobie DS:FF Reaetors. 

Proe. 38th Purdue Ind. Vaste Conf., '615-626. 

j) . 
1t&nnedy, IhJ. and Van den Berg, t. (1981). !ffects of 

'l'elperature and Oyerloadinq on "the Perforaanee of Anaerobie 

rixed- rila Reaetors. prâl:. 36th pardue Ind. Vaste Conf., 
. . 

618-685. 

fiennedy, lt.J. and Van den Berg, L. (1982). Stability and 

Perfor.anee of Anaerobie FiJ:ed lil. Re'actors Durinq 

B,draulic Oyerloading at lO-J5 0 C. Vater Research. vol. 16, 

1391-1398. 

'\ 

lenn!!tb, I.D. and SilS, C.l. (1981). Stoëhastie ftodelling 

of ln,~dustrial AcUvated! Sludge Process. Water Research. 

YOle 15, 1173-1183. 



4, 

\-

...... 
138 

Koraanik, R. A. (1968). A Resa_è.. of the Anaerobie Digestion . 
Process. J. 'ater and Se.age Work. R154 - R166. 

Kotze, J.P., Thiel, P.G., and Hattingh, W.B.J. (1969). 

Re9iev Paper: Anaerobie Digestion II. The Charaeterization 

ând Control of Anaerobie Digestion. Water Researeh. Vol. 3, 

459-1194. 

,La nota, E.J. (1976). Kineties of Growth and Substrate 

tJptake in a Biological Fil. Systell. A pplied . and 
l 

En9ironaental nierobiology, Vol. 31(2). 286. 
1) 

Lawrence, A.L. arid l!CCarty,·P.L. (1969). Kinetics of 

fteth&ne Fer.entation in Anaerobie Treataent. J. Wat. PolI. 

Cont. Fed. vol. 41, Rl - H17. 

Lindqren, n. (1983). l!athellatical nodelling. of, the 

Anaerobie rilter Process. Presented at IAVPB - Se.inar on 
1 

Anaerobie Digestion. Vat. Sei. Tech. '01. 15, 19~~207. 

ffeCarty, P.L. (1964) • Anaerobie Vaste 

Panda.entals, Part One: Che.istry and ftierobiology. Public ... 

Vorts, 107-112. 

Batridatls, S. and iheelvrigbt, S.C. (1978). naltivariate 

.. -... _ ... ~ - - ------_ ... _---------......... _ ....... ----- -- ---

- ..... 

\ 



1\ 

139 

~eries Analysis. ln Foreeasting: ft e't. hods .and 
. 

I.pplications. John Viley and Son (ld). 376-430. 

~ 

!losey, F.E. (1983). ftathellatical HOdélling' of the 

Anaerobi.c Digestion Process: Begulatory fteehanisms For The 

Foraation of Short- Chain Volatile Acids From Glucose. 

Presented at, IAWPR - Se.inai' on Anaerobie Diqe~tion. Wat. 

Sei. Tech. Vol 15, 209-232. 

!lu}ler, J.!. and Hancini, J.L. (1975). Anaero-btc riiter 

ltinetics and Application. Proe. 30th Purdue Ind. Waste 

Conf., 423-447. 

I!urphy, !C.L. et al. (1977). Dynallie Nature of .Nitrifying 

Bioloqieal Suspended Growth Systems. prog. lat. Tech. Vol. 

9, 279-290. 

lIitu, S. and Schroeder, E.D. (1981). Factor Affeetinq 
. 

Effluent Variability Froa Aetivated Sludge Process. J. la ter 

PolI. ,cont. Fed. vol. ,53, 546-559. 

Rutt, S.G., Stephenson, J.P., and Pries, J.H. (19~ 
Pilot Scale !ssessaent of The Bioloqical Fluidized Bad 

Proeess l'or !lunieipal Vastewater Trêataent. canada "!lortgage 

and Housing Corp. EnYironaent Canada, Report SCAT - 11 • 
.r 

~ - -~ - ---~ - ..,. ~ -.. - . f 



1 -

,,-

L 

," 

parkin, G.r. and lIfiller, S.lf. (1982). Response of l'Jethane 

rer.enta. tion 'lo Con tinuous ladi t ion of Selected Industr laI 

'1'oxieants. Proe. 37th Purd ne Ind. iaste Conf., 729-7IJ3. 

Pfeffer, J.T., Leiter, 
Cl, 

PI., and .worlund-, J.R. (1867) • 

Population Dynallles in Anaerobie Diges1!.lon. J. Vat. PolI. 

Cont. red. Vol .. 39, 1305-1322. 

'Reinsch, C.H. (1967). SlIootb.ing by Splln'e Funetions. 

lu.erische Plathellatik, Vol. 10, 177-183. 

Rittnnn, B.E. and ffcCarty, P.L. (1980). Design of'Fi~ed 

li1.. Processes With ~teady-State-Biofil.-"odel. prog. wat. 

Tech. Vol. 12, 271-281. .... 

statisti.ca.l Analysis System. (1982). SAS/ETS User' s Guide: 

!cono.etric and 'l'i.e Series library. SAS Institute Ine., 

Cat~ Borth Caro1.ine. ~Ed). 11-114. 

standard ftethods For Exa.ination of lIater and ,vastevatar. 

(1980) • suspe~ôîfu and Volatile Suspend~d Sollds. 

APIU, AillA, vpcr, 15th EditiÔÏi';-----

svitzenDau., ft.S. and Danskin, S.C. (1981). Anaero.bie 

1!llJ:panded Bed Treatlent of Ilhey. Proe. 36th Purdue rnd. Naste -

..... 

" 



,. 
1 (~L' \ 
1 

t 
t 
\ 

i' '? 

, 
} 

L 

" 

. ,/ 

-. -\ ( , ~ 

S.itze,nbau." l'I.s. and Je.eU, '.J. -(1980). Anaerobie 
, 

lttached-Pil. !:Jpanded Bed' Reactor Treat.ent. J. later Po11. 

Coat.. Fed. '01. 52, 1953-1965. 

!oerien, D.r. and Ratt,inqh, I.H. (1969). ReYiev Pàpèr: 

lllaer,o'bic Digestion l. The !icrobio10gy, of Anaerobie 

Digest.on. lUtter Researeh, '01. 3" 38'5-416. 
~ 

Userts lIanual, 1"Sl Libratr. (1984). ':Interpolation, 

lpprOIhlltion, S.othinq. In Proble.-So1 yi ng Software Srst.e. " 

for ftathe.a tical and Statistical Fortran Proqca.inq. '01., 1, 

Chapter t, ICSSCU-l-léssctJ-4. 

'an' den Berg, L., Patel, G.B., Clark, D. S." and 1entz,' 

C.P.' (1916) '. Fa ctors !ffecting 'Rate of "ethane F.or.a.tion 

Pro. leetic: Aci~ br Enriched .ethanogenic ,cul tares. Canada 

Journal !icroblal. Yole 22, pt. 2, 1512-1519. 

"IlD den Berg, L. and P;ennedy, ~.J. (198l). Effeet of 'l'~ 

of laste on Perforaance of Anaerobie 1lxed-ril. and Upflow .. -

51ad9è Bed Heaetors.· proc. '36th purdue Ind. iaste Conf.,. 

686-692. 

.' 

'. 

, 

.' 

• -\' 

J ---~-- .... ___ "Jt'_. ______ ---~ ... ,..~ ... 
~ -- .... --- ............. ~_·_·-...... ___ t 



,. . 
.1 

. l 

! 
i (- ) 
1 
1 
1 

j 
1 

·1 
t::: 

~ 

.1 

-

1 • 

" 

• 1 

142 

van den Berq, L. Ilnd ('ennedy, K.J. (1982). COlparison of, 

Inter.ittent and Contin,uous Loadi.n~ of sr" Reactors For 

Bethane Production Froa Vastes. J. Che.. Tech. Bioteeh. Vol. 

32, 427-432. 

, fan den' Berq, L. and t<:ennedy, K.J. (1983). Dad.ry lfaste 

'frea t.ent Tfi th A naerobic stationary Fi.%ed Fil. Beactors~ 

Presente a at IAtiPR - selinar ll On Anaerobie Digestion. !fat. 

Sei. Tech. Yole 15, 359-368. 

1 

'an den Be,rg,'. t. and Lentz, C.P. (1979). co.parison 

Betveen Up- and Dovnflow Anaerobie Fixed Fila Reaetors of 

'arying Surface-To-.,olulle Ratios For The 'freatllent of Bean 

Blanchinq Waste. Pr,?c. 34th purdue Ind. Waste Conf •• 

319-325~ 

Yàng, P. Y. and Wong, ~. t. (198~). Sludqe Recycling For 

Bethane Fer_entation processinq of Swine Vastevater. Proe. 

'37th purdae Ind. Wa~te Conf., 329-317. 

, 

Young" J.C. and Daha~, lI.r. (1983). Effeet of fted~a ~esign 

on The Perfor.ance of Fixed-Bed' Anaerobie Reactors. 

Presanted at IlllPll- Se_inar on Anaerobie Digestion. lat. 
a 

Sei. Tech. Vol. 15, 369-383. 

,. , 
'I . 

'0 

.,-.~ -~-............... ----
- 1 

\ 

{ 

\ 
1 

1 ... ' 



() 

, 

o 

• 
, " _ ..................... "._~...I:O,.:e.. .... ~"':"' .... ,_ ~ 

.. 

143 

Young, J.C. and ilicartr, P.t. (19~9). 'l'he Alfterobic rilter 
, . 

Por leste' Tt.~t.ent. J. later Pol~. Cont. Fad. Vol. "1, R160 

11173. 

de Zeeuv, 1. and Lettinga, G. (1980). lccliaation of 
o 0 

1)i.qested seva,e sludqe Dorine; start-Up of an UpfloV" 

ln<aerobic Sludge 81anket (tH.SB) Reactor. Proc. 35th purdue 

Ind. Vaste Conf., 39-41. 

J 

. f <ft 

o' . <1 

--, , 

. 

. <> Cl ,- ~ . 
" 

,.~ 

., ., 1 

, . 
, ,\ 

~~,. \ ( 1 ' 

.' 
" 

. , 
/ " 

-

.. 

~\ ,. 
'.( 

\. 

I
~ 
, , 

1 

,1 

t, 
1 

\ 

- ----_...-_~!"'"'"""~---.,..-.._ .. _ .............. .--.,~.-._._"' _ .. ---_ ....... ------.---- .. ~ .. -- -~~-~-- .. --... _- ~ . --



J 
i 

t' ' ' 
f ' 

.,... 

'J 

1 
t 

1 

\~ 

~ 

) 

n 

) 

. , 

/ 

-'-----...,..--.---p--------_ ... _----------~ 
1. 

--,.-- ~--~,-_. "'- - ,- '~--_._-~---- , 

, 
i 
i , , 
1 

, 

4 



, 
" y 
1 

; 
f 
~ 

î 
f 

i ,. '. 
~\ 
ff.'-
t '" 

1 
{ 
\ 
1 
1 

1 
1 
1 
1/ 
-,' 

L 

(-:, 

---- r---- --

, TC 
l.AQ 

6 
12 
18 
24 
30 
36 
42. 

..,. 

Table A1. ARIHA l.east Squarès Estimation for In!lUt (lFCOD) Mode 1 

, NIl"": LEAS'T SQUARES ESTlt1ATIQN . . 
PARN'IETER . ESTIMTE STD ERROR 

",,1,1 -0.17320:5 O. OéS65% 
ARl,1 0.38921:5 0.05768:5~ 

T RATIO - l.AQ 

-2. b4 :57, 
6.7:5 1 

VARIANCE ESTlt1ATE - 38S0é6 
ST» ERROR ESTlt1ATE - 62:3.431 
NUr'lBER OF RES lDUALS- 257 

CHI 
- SGUME nF 

2.83 4 
S 81 10 
9 3:5 16 

13.4422 
17.82 28 
21. 9S 34 
23.6640 

CORRELATIONS OF THE ES~I"ATES 

MAI, 1 
1.000 

-0.010 

'ARI, 1 
-0 010 
1000 

Al{TOCORREl.ATION CHECK OF RESIDUALS 

PROI 
O. S87 
0.831 
O. S9B\ 
0.920 
O. cno 
0.944 
0 .• 981 

AUTOCORRELATIONS 

-O. 011 O. 002 O. 078 -O. 029 
O. 010 -0.036 0.009 0 002 

-O. 026 -O. 065 -0 082 -O. 014 
-O. 008 O. 036 O. 029 O. 031 
-0.031 0.056 -0_033 0.009 
-O. 060 -O. 072 O. 049 -O. 044 

O. 04'9 -0.01'9 0.038 -0.03;2 

0.041 
-O~ 

0.003 
0.102 

-0.081 
-0.028 

0.009 

AUTOCDRRa..A T-ION PLOT OF RESlDUN...S 

-o.04S 
-O. 06S 
-0.032 
-0.02'9 
-O. ose 
-0.006 
-0.013 

L.AO COVARIANCE CœREl..ATJCIII -1 '9 8 7 " :5 4 32 1 0 1 2 34:56789 1 
0 38B66J. 1.00000 ' ! •••••••••••••••••••• ! 
1 -431'9.04 -0.01111 • ! 
2 617.729 0.0015'9 ! 
3 30404.7 O. 07823 ! .. 
4 -11193. CI -O. 02S80 *! 
S 1S892.1 O. 0408'i' !* . 
.6 -17378.8 -0.04471 *! 
7 3928. B3 0.01011 • 
8 -1404~. e -O. 03614 *! ., 34;37 27 o 00884 f 

10 24026.4 o OôlS2 !* 
11 -13248.7 -o.O:MO'i' *! 
12 -26318.9 -0.06772 *! 
13 ~1.S3 -O. 02~ *! 
14 -2:5337.7 -0.06:51'9 *! 
1:5 -31~ 4 -O. 08202 .**! 
16 -:;4'97.7 -0.01415 , 
17 1332. 14 0.00343 1 

18 -12378.4 -0.0318' • .' 
1'9 -307:5.45 -0.00791 

',-.,/ 

20 1379'9.7 0.03:5~1 • 21 11~4 0.02932 • 22 12230.3 0 03147 •• 23 39b2'i'.8 0.10196 ... 
24 -11156.4 -0.02870 • 2:5 -12145.3 -0.03125 • 26 21067.2 0.0:5575 .* 
27 -12726.6 -0 0327 .. *! 

·28 3429.3B o 00SB2 ! 
29 -31290.7 -0.08051 **! 
30 -22:550.2 -0.0:5802 .! 
31 -23245.2 -0.05981 .' 32 -2801B. 1 -O.072O'i' .t 
33 19211.1 0.04943 !. 
34 -17'262 -0.04441 .t 
~ -11056.1 -0.02845 .! 
36 -2211. CI -0.00:569 ! 
37 IB903.6 o 048b4 !* 
38 -7550.76 -0 01943 1 

39 14t;>~:5. 5 0.03848 • !. 
40 -12S34.2 -0.0322:5 • .! 

• • rtNtKS TWO ST ANi:ut.RJ) ERRc:RS 
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Table A2. Statistics of Transfer Function Noise Model For EFCOD Under 
COD Loads, Model 1 ' .. 

AR IMA: LEAST SQUARES ESTIMATION 

PARAMETER E8TIMA;rE BTD ERROR T RATIO LAO VARIABLE 
MAt.l -o. t46204 0.0637211 -2.0ii!C1 1 EF.COO AR 1, 1 O. 14:5382 0.062:5898 2.32 , EFCOD ARt,~ -O. 131064 0.063~'31 -2.06 12 EFCOD ARt,:] -0.1'3191 0.067'636 -~.;Z7 20 EFCOD NUHI O. 163461 0.046300' 3. '3 o~ IFCOO DENI. 1 -0.473727 0.21387 -2.22 1 IFCOO 
VARIANCE 
BTD ERROR 
NUHBER OF 

ESTIHATE • 228786 
ESTIHATE - 478.316 
RESIDUALS= 255 

CORRELATIONS OF THE ESTIMATES 

MAI, 1 
AR-!, ! 
AR1,2 
AR1,3 
NUHl 
DENt, 1 

MA 1, 1 
1.000 

-0.0C18 
-0.01:5 
-0.074 

0.089 
0.022 

AR1,1 
-0.'0C18 

1.000 
-0.049 
-0.0'2 
-0.020 
-0.02~ 

AR1,2 
-0.01~ 
-0.049 

1. 000 1 

0.048 
-0.050 
-0.0~7 

ARI, :3 
-0.074 
-0.052 

0.04'8 
1.000 

-0.030 
-0.112 

NUMt 
0.089 

-0.020 
-0.000 
-0.030 

1.000 
0.273 

AUTOCORRELATION CHECK OF RESIDUALS 
CHI AUTOCORRELATIONS SQUARE OF PROS -

DENt, 1 
0.022 

-0.02' 
-0.0'7 
-0.112 

0.273 
1.000 

6. 13 2 0.047 0.003 0.004 -0.063 -0.136 0.006 -0.026 9.21 8 0.32' 0.03' -0.034 0.071 -0.057 -0.029 -0.006 12.80 14 O. 542 -0.081 -0.018 0.066 -0.028 0.029 0.017 16.63 20 0.677 -0.068 0.015 -0.052 0.033 -0.066 -0.025 22.32 26 0.671 -0.042 -0.042 -0.009 -0.068 -0.052 -0.092 26. '8 32 O. 737 0.01' 0.048 0.000 0.104 -0.015 0.029 31. 20 38 0.77:5 -0.090 -0.043 0.026 0.028 0.062 0.010, 
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.' 
AUTOCORRELATION PLOT OF RESIDUALS 

LAG COVARIANCE CORRELA TI ON -1 9 a 7 6 5 4 3 2 1 0 1 234 567 8 9 1 
0 228786 1.00000 ~ !**~*+~*~+**.**~~~*~~ 
1 640, '07 o 00280 , \ 

2 914.468 0.00400 
;3 -14795. 1 -0.06467 *' 
4 -31167.6 -o. 13623 **~, 
5 14:S1. 4 0.00634 
6 -5915. 16 -0.02585 *' 
7 801a.89 0.035Q5 !* 
8 -7862.77 -0.03437 *! 
9 16239.2 0.07098 !* 

10 -12989.3 -0.05677 *! 
11 -6686.5' -0.02923 *' 12 -1330. '4 -0.00:582 , 

)/ 
13 -18453.2 -0 08066 .. .-' 
14 -4200.61 -0.01836 , .. 

!* 15 1~16'. 8 0.06629 
16 -6508.65 -0.02845 ~! 
17 6707.6' 0.02932 !* 
18 3974.02 0.01737 
19 -1:S627 -0.06830 *' 
20 3:505.22 0.01532 

*' 21 -11850.6 -0.05180 ) 22 7589.05 0.03317 !* 
23 -151'2.3 -0.06623 t *! 
24 -5627.02 -0.02460 t , . , 
25 -9690.89 -0.04236 *' 
26 -970:S. , -0.04242 *! 
27 ' -1945.79 -0.00850 ! 
28 -1~658. 3 -0.06844 *! 
29 -12008.3 -0.05249 *' 
30 -21131 -0.09236 . **! 
31 3545.91 0.01550 ! 
32 11040.8 0.04826 !* 
33 5.94033 0.00003 , 
34 23763.7 O. 10387 '** 
35 -3345.43 ' -0.01462 , 
36 6~78. 14 0.02875 '* 
37 -20482. :2 -0.08953 . *~! 
38 -9907,6 -0.043:;31 .,., 
39 5864.94 0.02564 !* 

,40 6507.96 0.0284' f '* , t MARKS TWO STANDARD ERRORS 

CROSSCORRELATION CHECK OF RESIDUALS wrTH INPUT IFCOO 
TQ CHI CROSSCORRELATIONS LAG SQUARE DF PRoe , 4.89 4 0.299 0.008 -0.004 0.031 0.109 0.053 O. 059 11 13.52 10 O. 196 0.071 0.055 O. 157 0.015 0.010 -o. 028 17 23.88 16 0.092 ~o. 093 0.092 -0.052 o 057 0.027 -o. 130 23 27.06 22 0.209 0.067 0.086 -0.015 0.009 0.014 -o. 005 29 30.34 28 0.347 -0.069 -0.013 0.025 -0 001 -0.035 -o. 078 3' 39 .... 78 34 0.228 0.072 0.033 -o. 101 -0 116 -0.084 -o. 011 41 45.69 40 0.248 0.025 -0.014 -0.112 -0 048 o 024 O. 083 

Figure Al. Autocorrelation· Plot of Transfer Function Residuals and 
Crosscorrelation Ch~ck of Residua1s With Input Filtered 
COD '-JFCOO) . 
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Table A3. ARIMA Least Squ3res Estimation For Input (VF) Model 

ARIMA: LEAST SQUARES ESTIMATION 

PARAMETER ESTIMATE 5TD ERROR T RATIO LAG 

MAl,1 0.359376 0.0629707 5.71 6 
AR1,1 -0.144945 0.065362 -2.22 12 
AR1,2 0.162942 0.0641173 2.54 48 

VARIANCE ESTIMATE - 944095 
STD ERROR ESTIMATE - 971. 646 
NUMSER OF RES 1 DUALs-= 257 

CORRELATIONS OF THE ESTIMATE,S 

MAI. 1 AR!. 1 AR1,2 
MAl,l 1.000 0.278 0.078 
ARl,l 0.278 1.000 0.124 
ARl,2 0.078 0.124 1.000 

AUTOCORRELATION CHECK OF RESIDUALS 

TO CHI AVTOCORRELAT 1 ONS 
LAG SGUARE OF PROS 

6 2.07 3 0.558 0.058 0.010 0.011 0.009 -0.Ob5 0.000 
12 7.ô5 9 O. 570 -0.029 0.031 0.024 0.109 0.079 0.013 
18 10.30 15 0.800 -0.078 -0.021 -0.041 0.021 0.017 -0.029 
24 15. 15 21 0.816 -0.057 -0.004 -0.003 -0.116 -0.021 0.008 
30 17.47 27 0.919 -O. 025 -o. 005 -0.024 -O.ObB 0.023 0.040 
36 21.45 33 0.939 -O. 015 -O. 010 0.053 -0.019 -0.012 -o. 098 
42 26.86 39 0.'930 -0.-052 -0.038 -0.007 -0.030 0.086 0.072 

AVTOCORRÉLATION PLOT OF ,RESIDUALS 

LA~ COVARIANCE CORRELATION -1 9 8 7 6 5 432 1 o 1 234 5 ô 7 8 9 1 
0 944095 1.00000 ! •••• ****************! 
1 54881. 1 0.05813 !*. 
2 9351. 59 0.00991 ! 
3 10467.2 0.01109 1 

4 8463.72 0.0089ô 1 

:; -ô1201.6 -0.06483 *' 
6 142.759 0.00015 ! 
7 -27161.8 -0.02877 *! 
8 29235.2 0.03097 !* 
9 22535.6 0.02387 1 

10 103109 0.10921 !**: 
11 74709.7 0.07913 !**. 
12 12032.4 0.01274 , 
13 -73379.9 -0.07773 

i' · **! 
14 -19415.6 -0.02057 ! 
15 -38529.7 -0'.04081 *! 1 

16 19752.6 0.02092 ! t 

17 15635.7 0.01656 1 1 

18 -27390.8 -0.02901 *! 1 

19 -53669.7 -0.05685 *! 
20 -3923.92 -0.0041ô ! 
21 -3068.34 -0.00325 1 

22 -109254 -0.11572 · **! 
23 -19306.6 -0.02051 
24 7504.52 0_ 00795 
25 -23363.8 -0.02475 
26 -4592.45 -0.004'87 
27 -22427.4 -0.02376 
28 -64439.8 -0.06826 * 29 21915.4 O. 02321 
30 37:538.8 0.03976 * 
31 -14238.2 -0.01508 
32 -928:5.84 -0.00984 1 • 

33 49690.9 0.05263 !* ! ' 
34 -18293.3 -0.01938 , , 
35 -10932.5 -0.01158 1 

36 -92B81. 1 -0.09838 · **! 
37 -48951. 4 -0.05185 *! 
38 -35991.2 -0.03802 *! 
39 -6712.7 -0.00711 1 1 

40 -28019.7 -0 02968 1 *! 
1 1 MARKS TWO STANDARD ERRORS 
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Table A4. Statistics of Transfer Function Noise Model For EFCOD Under 

COO Loads, Model 2 

y 

'-

'ARI"~: LEASY! SQUAReS EST(~AT ION 

PARAfoCETE If ESTIMATE STO EÂROR T ~ATI0 LAG VA~UBLE 

ARI,I -0.1527C51 0.0632671 -2.41 3 EFCOO 
AR1.2 -0.141994 0.0621913 -2.39 -\ epcoo 
#RI .3 -0.135631 0.0635151 -2.14 12 EFCOD 
t<UMI 0.0889213 ' 0.0164436 5.41 a VF 
OEN 1. & 0.-,822037 0,0393444 20.89 1 \IF 

VARIANCE ESTIMATE • 227376 
sro ERROR EsTIM#TE • 476.839 
~UMaER OP RESIOUALS-, 255 

COfORELATIONS OP THE eSTIMA T,es 

AR 1.1 AR1~2 ARI .3 NUMI DENI •• 
AR 1.1 1.000 -0.085 -0.129 -0.175 o. 131 
AR1.2 -0.085 1.000 -0.006 -0.131 0.077 
ARI.3 - C. 129 -0.006 1.000 -0.059 0.007 
NUMI -0.175 - 0.131 -:0.059 1.000 -0.559 
DENI,I 0.131 0,077 0.007' -0.559 1.000 

AUTOCORRELATION CHECK OF RESIOUALS 

CHI 
SQUARE OF PRoa 

AUTOCORRELA:TIONS 

5.97 3 0.03 0.066 ~0.083 -0.009 -0,001 0.086 -o.06e 
9.77 9 0.370 -0.006 -0.010 0.111 -0.010 -0.040 -0.003 

12.72 15 0.624 -0.066 -0.060 0.010 -0.051 0.006 0.012 
19,34 21 0.563 -0.040 -0.112 ~0.065 0.048 -0.049 -0.026 
28.35 27. 0.393 -0.069 -0.033",'--0.007 -o. 05!5 -0.102 -o., 09 
3-2-.64 33 0.485 0.041 0.083 -0.006 0.057 0.OJ8 0.030 
35.08 39 0.649 -0.021 .. 0.034 0.016 0,026 O.06~ -0.032 
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AUTOCO~RELATION PLOT OF 
1 

RES)'DUALS 

LAG COV"Rl~N(e CORRELAT ION -1 9 8 7 6 5 0\- 3 2 1 a 1 2 3 4 5 6 7 8 Ci 1 '0 227376 1.00000 , •••••••••••••••••••• 1 14945.9 0.06!573 • • • 2 -18922.8 -0.08322 ••• • 3 -2059.31, -0.00906 • • 4 -213.518 -0.00094 • • 5 19566.4 0.08605 • ••• e -14683 .. 5 -0.06458 • .. • "1 -1429.56 -0.00E29 • • e -2353.92 -0.01035 • • 9 2531e.2 0.J1135 • ". 10 -2347.93 -0.01033 • • 11 -9031.69 -o. 03972 • • • 12 -605.4e9 -0_00266 • • 13 -15058.1 -0.06623 • • • 1'- -13560.6 -0.05964 • • • 15 2193.5 0.00965 " • 16 -1160\0.4 -0.05119 • • • 17 1438.36 0.00633 • • le 2779.28 0.01222 • • 19 -9l98.36 - O. 04045 • .. • 20 -2540\1.6 -0.11189 ••• • 21 -14720.7 _-0.06474 • .. • 22 10826.3 0.04761 • • • 23 -11103.9 -0.04883 • • • 24 -5925.68 -0.02606 • • • 25 -15750.1 -0.06927 • .. • 26 -7400.01 -0.03255 • • • 27 ~1602.1l -0.00705 • • 2e -12521.4 -0.05507 • .. • 29 -23080.7 -0.10151 ••• • 30 -24788.7 -0.10902 ••• • 31 9329.51 0.04103 • • • 32 18195.5 0.08266 • ". 33 -1412.85 -0.00621 • • 34 13008.8 0.05721 • • • 35 8539.98 0.03156 • .. , 
3e 8214.5 0.03e13 • • • 37 -6233.8 -0.02742 • .. • 38 -7195.27 -0.03428 .. • • 39 3736.63 0.01643 • • 40 5880.07 0.02586 • .. . 

.* MARKS TWO STAND~RD ERRORS 

CROSSCOR~EèAT~N CHECK 

--------------------

OF RESIDUALS lUTH INPUT VF 

TC CHI CROSSCORRELATtONS 
,!IG SQU~RE CF FRoe 

5 2.76 4 0.599 0.018 -0.043 0.050 -0.013 -0.017 0.007 
1 1 15.27 10 0.123 0.025 0.095 0.129 o.oeo 0.007 -0.128 
17 19.61 Hi 0.238 '-0,084 -0.002 0.009 -0.035 -0.028 -O.0!9 
23 21.74 22 0.475 -0.022 '0.071 -0.023 0.011 -o.Oo!! 0.044 
29 27.85 28 0.472 0.009 -0.058 -0.088 -0.07e -o.oe~ -0.0!2 
35 30.75 34 0.628 0.063 0.007 -0.084 -0.011 -0.009 -0.012 . 
H 3e.09 40 0.557 -0.014 -0.044 -0.126 0.031' 0.069 0.071 

Figure A2. Autocorrelation Plot of Transfer Function'~esiduals and 
Crosscorrelation Check of Residuals With Input Organic 
Loading (VF,) 
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-10556.4 
-117!.~. 2 
-12974. '1 
-8017 16 
-3160 :3 
1696. '8 
6:;53 46 
11410 3 
16267.2 

LAG 
1 
2 
:3 
4 
~ 
6 
7 
8 
9 

10 
Il 
12 
13 
14 
l' 
16 
17 
19 
19 
20 
21 
22 
23 
;;:4 

CHI 
SQUARE OF 
221 76 6 
227 °4 12 
2'72 oe 18 
311 59 24 

r~AME OF VA~IABLE 

MEAN OF WO~\-< ING SER lES­
STANDARD DE'J!ATION :: 
NUM13ER OF Of:!SERVATIIJN5= 

= FEED 

363 61-1 
~06 527 

109 

AUTCCORRELAT IONS 

-1 9 8 - 6 !i 4 :3 2 1 0 . ... :3 1 • c:. 

159 

4 ~ 6 789 l CORRt::'LA TI ON 
1 Oç.O~O • +.** .. *.*** .. *.**~** •• 
0 St.417 
0 7~a33 
0 ~9:2~0 
0 45666 
O. 32063 
O. 18499 
0 13103 
0 07706 
0_ 02309 

-0 03088 
-0 08465 
-0 13862 
-o. 16599 
-o. 19316 
-0.22032 
-0.24749 
-0 27466 
"\"0.30183 
-o. 19796 
-0.07409 

0 03978 
o. 1 ~364 
0 267'1 
0 36138 

CORRELATION 
0.86417 

-0 ,07287 
-0.078'9 
-o. oe~30 
-0.0932' 
-0 10284 
0.22126 

-0 06"8 
-0.07018 
-0.07'48 
-0.08164 
-0.oae89 
o 13114 

-0.06828 
-0.07329 
-o. 07~08 
-0.08'87 
-0.OQ394 
0.68041 

-0 01787 
-0.01819 
-o. 018~~ 
-O~OlSS8 
-'J. C 1924 

1 ~""'****""'**~******* 
'. ! *************** 

! ******** .... ** 
!********* 
!***~** , !**** 
!*** 
!** 
! 

*! 
**! 

***' 
***! 

****' 
****! 

*****! 
*****! 

******' 
****! 

*' 
'* 
! ... *~ 
'***** 
!********. , , MARKS T&oJO STANDARD ERRORS 

PARTIAL AUTQCORP.ELATIONS • 

-1 1:;1 8 7 6 ~ 4 :3 2 l 0 1 2 :3 4 5 6 7 8 9 1 
!***~**~**~**~+.** 

*' 
**! 
**' 
**! 
**! . 

!**** 
*! 
*! 

**! 
**! 
**! 

!***. 
*! 
*,! 

**! 
**! 
**! . 

! ** .. ***""'******* 
1 

AUTOCOR~ELAT ION CHECK FOR WH l TE: NO l SE 

AUTOCORRELAT IONS 
PROE 

o 000 0,864 0 728 0.592 0 457 o 321 0.185 o 000 0.131 0 077 O. 023 -o. 031 -0 OSS -0 139 
o 000 -0 166 -0 193 -0.220 -o. 247 -0.275 -0.302 
0.000 -0.188 -0.074 0.040 O. 1'4 0.268 0.381 

r -----, 



, , 
i 
t 

! 
1 
l 

# , , 

? " t \ • 

J, \ -. 
t 
1 

t 
~ 

f ..J 

, 

1 
\ 
1 
1 
1 
t 
1 

t 

• 

(:1 

LAt; 
a 
1 
2 ., ... 
4 , 
6 
7 
S 
9 

Il 
12 
13 
14-l' 10 
17 
18 
1Q 

2C-
21 ....... 
.::;. ... 
23 
24 

TO 
LAG 

6 
12 
la 
24 

::C'';AR lANCE 
1112'.2 

-7. 89161 
-:". 954~9 
-3. 027:56 
-8 100'4 
-9. 17352 
-3575 45 
-9. 96477 
-10 0377 
-10. 1107 
-10 183:-
-10. 2567 
-261.264 
7.25165 
7_ 17868 

7. 1057 
7. 03272 
6. 95974 

-Q403 73 
2 321137 
2.24699 
2. 17'591 
2. 10293 
2.02996 
6!589. 12 

L~(; 
1 
2 
3 
4 , 
0 
'7 
0 

'"' 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
-~ .o:;.~ 

24 

CHI 
SùUARE OF' 

1. 1.93 6 
12.00 12 
SS.41 18 

10".71 24 

NA ME OF :.u .. R ~AeLE = F'EEC, 
FERIons OF DIFFERE'NCING= 1. 

MEAN OF :.JQRJ.:.H~G SEc r:::s= 
ST~NDAF~ DEV!~~!ON = 
NUMnE~ 0= OBSERVATIONS= 

At, ïOC ùR R ELA i l Qi,.S 

-2. 79439 
105.476 

l07 

160 

CORRELATION 
1 00000 

-0 00071 

-1 9 a 7 6 5 4 3 2-
1 

101234:56789. 
!*****+***~*~~+ .. ~***­, 

-0.OC·072 
-0 00072 
-0.00073 
-0 00073 
-0 32138 
-0.00090 
-0.OC·090 
-0 00091 
-0.00092 
-0 00092 
-0 02348 
o 00065 
o OC·065 
o 00064 
0.00063 
0.00063 

-o. ~'7~61 
0.00021. 
o 00020 
0.000;:0 
0.00019 
o 00018 
o ~9227 1 , 

.. *****1 

************ ! 

1 

1 . . 
!*"'***4****~* 

, ,~ARKS TWO STANDARD ERRORS 

C~r.RE:"'~ï!ON 

PARTIAL AUTOCORRELATIONS 

QS765432101234567891 -1 
-0 0:::'071 
-0.00072 
-0.00072 
-0.0007.'3 
-0.00074 
-0.32139 
-0.00160 
-0 OCi 16:' 
-0.OC·162 
-0.00164 
-0.·0016!5 
-o. 14139 
-0.00047 
-0.00049 
-0.00050 
-0.00051 
-0.000!l2 
-0.71654 
-0.00527 
-O. ':'0534-
-o. C·Q540 
-0.00547 
-0.00554 

C 19403 

****** 

. i 

: ~**l 

/ 

" 

*********~**** / 

AUTOCORRELATtON CHECK FOR WHITE NOISE 

AVTOCORRELATIONS 
PRoe 

0.004 -0.001 -O.OUl -0.001 -0.001 
0 446 -0.001 -0.001 -0.001 -0.001 
0 000 0 1 00! o 001 o 00:' 0 001 
0 OdO 0 000 o 000 o 000 0 000 

-0.001 -0.321 
-o. 001 -0.023 

0.001 -0 ~76 
0.000 O. ~9~ 



» 

, 
1 

\-

TO 
LAG 

6 
12 
19 
24 

LAG 
o 
1 
2 
3 
4 
~ 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1~ 
16 
17 
18 
19 
20 
21 
22 
23 
24 

CHI 
SQUARE 

0.4' 
3.8~ 
3.96 
B. Il 

ARIMA: ~EAST SQUARES ESTIMATION 

PARAMETER ESTIMATE STD ERROR T RATIO LAG 

MAI, 1 0.331694 0.0946913 3. ~O 6 
ARI,1 -0.197661 0.0721229 -2.74 12 
ARl,2 -o. "627~ 0.0704699 -7.99 19 
ARl,3 0.439903 0.0719226 6.12 24 

VARIANCE 
STD ERROR 
NUMBER OF 

MAI, 1 
ARl,l 
ARt,2 
ARl, ;3 

E5TIMATE - 43~1. 16 
E5TIMATE - 6'.9633 
RESIDUA~S- 107 

CORRELATION5 OF 

MAI,1 
1.000 
O. Ittt8 
0.116 
O.ottto 

ARl, 1 
0.199 
1.000 
0.134 
0.2~1 

THE EST 1 MATES 

ARI,2 AR1,3 
O. 116 0.090 
O. 134 0.2~1 
1.000 0.127 
0.127 1.000 

AUTOCORRELATION CHECK OF RES~DUALS 

DF PROB 
AUTOCORRELATIONS 

2 0.800 0.000 0.000 0.000 0.000 O. 000 a O. B71" 0.000 0.000 0.000 0.000 O. 000 
14 0.tttttt6 0.000 0.000 0.000 0.000 0.000 
ti20 O. t;ttttl 0.000 0.000 0.000 0.000 O. 000 

AUTOCORRELATION PLOT OF RESIDUALS 

161 

0.062 
-o. 166 
-o. 029 
0.172 

COVARIANCE CORRELATION -1 q 9 7 6 ~ 4 3 2 1 0 1 2 3 4 ~ 6 7 8 9 1 
43~n. 16 

o 
o 
o 
o 
o 

270.927 
o 
o 
o 
o 
o 

-723.B~3 
0' 
o 
o 
o o 

-126.467 
o 
o 
o 
o 
o 

747.862 

1.00000 ' '********************! 
0.00000 ' i , 
O. 00000 " , , 
0.00000 
0."00000 
0.00000 
0.06224 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

-0.16636 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

-0.02907 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 ! 
O. 171BB 1 

1 

Ji , 
!* , 

, , . . 
.***! , 

1 

! . 
. !***. 

, MARKS TWO STANDARD ERRORS 



( 

" ", 

\, 

LA( 
o 
1 
~ 
:: 
~ 
!: 
f 
f 
e 
"i 

10 
1 1 
1~ 
13 
1~ 
l~ 
If 
17 
lE 
te; 
2C 
21 

le 
L.lG 

E 
1~ 
le 
2" 

CC,,~I:u ..... (E 
~7!:l C; 04 
é!C;6~~e 
~:!75177 
~IClC;EÇÇ 
IE22729 
1 f407! ~ 
J ~~02 ,0 
Sf023. 
~ e2~21 
.. 08229 
14eOfO 

·S:!7SE .1 
-cl1!~e 
-"09310 
-!::: 10 '3, 
-fE41E J ~ 
-7e21S1 
-E724:!1 
-S::U2f 
-Se074! 

-101277:! 
-10~eEa:4 
-10E26f7 
-10781"7 
-11111~6 

CHI 
SC~ARE 
3!:<Ç.53 
3e! •• ~ 
43S.11 
558.97 

LAG 
1 
2 
.3 
4 
!5 
6 
7 
e 
9 

10 
Il 
12 
13 
14 
15 
16 
11 
18 
1<Ç 
iO 
êl 
22 
:é~ 
c4 

CF 
6 

12 
lE 
24 

EFCOO 162 

... E~fI, CF -'Cf=tcII\G seRIE~= -
ST"~C'~C Cf~l"TICN = 
~u~ee~ CF ceSERVATICNS= 

CC"f:ELAlICI\ 
1.(0000 
C.~434e 
o .ee31 0 
0.16670 
a .fe~:!!: 
a .!!fSeS 
0.4~7SE 
o .::4ES::! 
0."47S4 
0.IU34 
o. C~3eo 

-0.C.'!40e 
-O.CSE67 
-0 .14ne 
-C. JÇ2S6 
-O.C413!: 
- C'.21!424 
-C:.:!170~ 
-C.~3S45 
-0 .3~E3C;' 
-C.3fEa3 
-0 .~7744 
-C.3e616 
-a.3SnE 
-0.40317 

cc .... eLA TItiN 
o .S43 .. e 

-C.24621 
-O. 1 ~:!24 
-O. a8~!: 1 
-O.D 1:: 1.! 
-0.Of.ê3!! 
-o. I~C04 

o.onse; 
- C. aeC:!2 
-o. (4SCiO 
-0.a~lg3 

C.12E33 
-0.COE3e 
-0.10713 
-O.1~1l7 

0.00243 
O.O:!~S7 

-0.03S.1 
-O"OEOEe 
-O. C3:!2!: 
-0.04211 
-0 .Ge; 14e; 
-C.CIl!:! 
-0.11277 

,tllT C CCJëf;EL."'T IONS 

-1 SEl E 5 • .'3 " 1 01234S67eSl ....................... 
• ••. H ••• ~". lit ~ lt.~ .. lit •• 

• 
• 
• 

• 
• 
• 

• 
• 

• 

· .. 
• t. 
• ••• 
• •••• 
• ••••• · ...... . · ..... . · .JI.~."" • ••••••• · ...... ~. 

• •••••••• 
• •••••••• · ........ . • .* ....... . 

~.lf .............. * . ............... . .............. ............ ~ 
•••• ** •••• ••••••• • ....... 
••• 
* 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

'.' M~,"KS T"O STA"'OA~D ERJëCRS 

F~RT HL .UTOCCIOREL,tTICNS 

-1 Sel e 543 210 123" e 67 es 1 • ••••••••• ~ •• ** •• * •• 
* •• *. • •••• • 

• •• • •• • 
• * • .0.** • 
• • 
• •• 
• • 
• • 

• 
• 

• 
• 
• .... 
• 
• 
• 
• 
• 

• * • •• • ••• • •• • 
• •• • • • 
• •• • 

; 

A~TOCCR~ELATICN CHECK FC~ W~JTE NOISE 

~UTO.cCRR ELA 1 IONS 
F .. ce 

O.GOO 0.943 0.8E! 0.7e7 o.f!e~ c. etc c ... f~ 
'1.000 0.349 0.248 0.148 a.Of4 -0.034 -O.OS'ii 

0.000 -0.149 -0.1~~ -0.241 - C.2E4 -o.~ J '7 -C.33~ 
G.GOG -0 • .356 -0.3f8 -0.317 -O.3ee -0.3Ç~ -C.4C~ 

------.: ! 



( 

L 

'-A'; 
0 
1 
2 
:3 
4 
5 
6 
7 

·,6 
9 

10 
Il 
12 
13 
14 
1:5 
16 
17 
16 
19 
20 ....... .:.. 
~ .... 
.::..::. ... ...., 
.:,...., - .. .:::...,. 

TO 
LAG 

6 
12 
18 
24 

/ 
/. 

/ 

CQv';';\ ~ANCE 
286933 

81335 
5~887. -; 
29087. 1 

2113. 4 
912.644 

-436'.99 
-8209.04 
-12296. 7 
-20193. 9 
-19036. 4 

N?ME OF VAR I ABLE = EFCOD 
PERlOOS OF DlFFERENCINQ= 1. 

MEAN OF WORK l NG SER l ES= 
STANDARD DEVIATION = 
NUMBER OF OBSERVATIONS= 

~UTQCORRELATIONS 

CORRELATION -1 9 8 7 6 :; 4 ., 2 1 ..., 0 

8 03736 
535 661 

107 

l 2 3 

163' 

4 5 b 7 8 9 l 
1.00000 !************~**~**** 
O. 28:346 ! ****** 
0.20872 !**** 
O. 10137 !** 
0.00737 ! 
0.00318 

-0.01'22 
-O. 02861 *! 
-0.04286 *' 
-O. 07038 *! 
-O. 066~4 *! 

-!'8370. ~. -0.20343 ""*** ! 
-39'?39 
-19570 

12416. 2 
-13895.8 
-20~38. 2 
-29998.6 
-11992.7 
-lS848.9 
-12940. 9 
-6747.07 
-12204. 4 

14397. 1 
-,3296.09 

CHI 

LAC 
1 
2 
3 
4 
~ 
6 -. .. 
8 
ç 

10 
Il 
12 
13 
14 
15 
16 
17 
18 
19 
20 

-""2-1 
22 
23 
24 

SQI .... ARE DF 
14.87 6 
23.70 12 
27. Il 18 
28.75 24 

-O. 13919 
-0.06820 
0.04327 

-0.04843 
-0.071'8, 
-O. 104'5 
-0.04180 
-0.06'69 
-0.,04'10 
-0.02351 
-O. 042'3 
0.05018 

-0.02891 

CORRELATION 
0.28346 
O. 13'158 
0.01209 

-0.05449 
-0.00339 
-0.00834 
-O. 019:58 
-0.03036 
-0.04934 
-0.02796 
-O. 17847 
-0.0392' 
0.03803 
O. 11058 

-0.09507 
-0.09164 
-0.07971 

0.0334'1 
-0.04377 
-O. 03772 
-0.01190 
-0.06421 
o 05264 

-0.06872 

*** ! 
*! 

!* 
*! 
*! 

** ! 
*! 
*! 
*! , .' 1 !* , 
*! . , , 

MARKS TWO STANDARD ERRORS 

PARTIAL AUTOCORRELATIONS 

-1 9 a 7 6 5 4 :3 2 1 0 1 2 3 
~****** 
~***. 
1 

* ~ 1 , , 
*' 
* . * 

**** 
* 

** **~ 
**! 

'* ** 

!* 
*! 
*! 

1 

*! 
!. 

*! 

4'67891 

l' 

AUTùCORRELA ï ION CHECK FOR WH l TE NO l SE 

PROS 
0.021 
0.022 
0.077 
0.230 

0.263 
-0.029 
-0.068 
-0.066 

AUTOCORRELATlONS 

0.209 0.101 0.007 
-0.043 -0.070 -0.066 
0.043 -0.048 -0.072 

-O. O'\l-~ -O. 024 -o. 043 

0,,003 -0.015 
-o. 203 -o. 139 
-o. 10~ -0.042 

O. 050 -o. 029 



i 
l' 

Î' 

o:::t 
lD 

TO 
LAG 

6 
12 
18 
24 

CHI 
SQUARE 

2.64 
3.88 
7.92 
9.66 

ARIMA: LEAST SGUARES ESTIMATION 
, 

PARAMETER ESTIMATE STO ERROR T RATIO 
MAl.l 0.219078 O. 100003 
AR l, 1 o 2629 o 0942019 

VARIANCE ESTIMATE = 258466 
STD ERROR ESTIMATE = 508.395 
NUMBER OF RESIOUALS= 107 

CORRELATIONS OF THE ESTIMATES 

MA1,1 
AR1,1 

MAI, 1 
1.000 

-0.030 

ARI, 1 
-0.030 

1.000 

2. 19 
2.79 

AUTOCDRRELATION CHECK OF RESIOUALS 

OF PROB AUTOCORRELATIONS 

LAG 

Il 
1 

4 
10 
16 
22 

0.620 -0.036 0.115 0.075 -0.045 -0.015 -0.034 
0.953 -0.034 -0.027 -0.034 -0.012 0.007 -0.084 
0.951 -0.038 0.109 -0.063 -0.047 -0.109 -0.020 
0.989 -0.065 -0.037 -0.003 -0.050 0.049 -0.048 

AUTOCORRELATION PLOT OF RESIOUALS 
LAG COVARIANCE 

O' 2'8466 
1 -9268.96 

CORRELATION -1 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 1 
1.00000 ! !********************! STO 

2 29843.6 
3 19288.6 
4 -116~::). 4 
5 -3864.62 
6 -8794.09 
7 -8777.~8 
8 -692:5. 13 
9 -8686. 57 

10 -3123.03 
11 1721. 08 
12 -21747. 1 
13 -9943. 7 
14 28145.4 
15 -16227.3 
16 -12240.9 
17 -28057.9 
18 -504:5.95 
19 -16682.5 
20 -9652.81 
21 -866.004 
22 -12896 
23 12790.4 
24 -12395.4 

-o. 03586 * ! ! 
0.11546 !** 
0.07463 !* 

-0.04509 *! 
-0.01495 ! 
-0.03402 *! 
-0.03396 *! 
-0.02679 *! 
-0.03361 *! 
-0.01208 ! 

0.00666 ! 
-0.08414 **! 
-0 03847 *! 

O. 10889 ! ** '. 
-O. 06278 * 1 l 
-0.04736 * 
-o. 10856 ** 
-0 01952 
-0.06454 
-0.03735 * * " 

-0.00335 
-0.04989 
0.04949 ! 

-0.04796 ! . *. . 
, , MARKS TWO STANDAR~ ERRORS 

* * 

,-

o 
0.0966736 
0.0967979 
0.0980766 
0.0986059 
0.0987984 
0.0988196 

0.098929 
O. 0990379 _ ~-
0.0991056 
0.0992121 
0.-0992258 

0.09923 
0.0998945 

0.100033 
O. 1-01135 
O. 101498 
0.101705 
O. 102782 
O. 102816 
O. 103194 
O. 103321 
O. 103322 
O. 103547 
O. 103767 

'--

- , 

-' 



~gS~E~~~J~~E2F D ï~~~~E~~~D~COD 
PERIODS OF DIFFERENCINO-l. 
BOTH SERIES HAVE BEEN PREWHITENED. 
VARIANCE OF TRANSFORMED SERIES- 364964 
NUMBER OF OBSERVATIONS- 107 

303819 

CROSSCQRRELATIONS 

LAG 
-24 

COVARIANCE 
-179707 

CORRELA TI ON 
-0.17066 

-1 9 8 7 6 :5 4 :3 :2 1 0 1 2 3 4 :5 6 7 8 9 1 . 
1 .***! 

-23 
-22 
-21 
-20 
-19 
-19 
-17 
-16 
-1~ 
-14 
-13 
-12 
-11 
-10 
-9 
-9 
-7 
-6 
-~ 
-4 
-3 
-2 
-1 
o 
l 
2 
3 
4 
~ 
6 
7 
9 " 
9 

10 
11 
12 
13 
14 
1~ 
16 
17 
19 
19 
20 
21 
22 
23 
24 

-24~2~. 2 
-114706 

-68::319.9 
-81697. :3 
-693~4. ~ 
-181~9~ 

-301:32. 1 
-:35993.6 
141:3~. 3 
27~0. 8~ 
7882.0:5 
-109410 
123~94 

~7308,6 
373<?3.9 
16107.3 
606~. 1 

-162463 
-30013. 1 
-114389 

-3:5746.2 
40Cf'20.3 
~3616. 2 
221084 

-4:5381. 1 
172576 
16~336 
21~030 
141480 
22::3236 
3969~. 7 
127~7:5 

1::3720 
42~::34. 3 
-692::3.4 

1:57628 
-B~7:5é. 9 
2!5~31. 2 
-9~23e. 1 
-62764.7 
-72:58:5. ~ 

157698 
-221277 
33334.2 
-137677 

-81340.2 
-100417 
-51a~6 

-0.02329 
-0.1089:3 
-0 06488 
-0.077:57 
-0.Oé~86 
-0.1724:5 
-0.02862 
-0.03417 

0.01342 
0.00261 
0.00749 

-0.10390 
0.11737 
0.05442 
O. 03~:51 
O. 01~30 
O. 00~76 

-0.1~42a 
-0.028~0 
-0.10963 
-0.0339:5 

0.03886 
O. 0~092 
0.2099' 

-0.04310 
0.16389 
O. 1~701 
0.20420 
0.13436 
0.21200 
0.03770 
0.1211' 
0.01303 
0.04039 

-0.006:57 
0.14969 

-0.08144 
0.0242' 

-0.090-44 
-0.O~960 
-0.06893 

0.14976 
-0.21014 

0.03166 
-O. 1307~ 
-0.0772:5 
-0.09~36 
-0.0492' 

** 
* 

** · * .*** 
* * 

! 

1 

**' 
1** 
!*' 
!* 
1 

· ! 
.***! 

*! 
**! 
*! 

!* 
!* . 
!**** 

*! . 
!***. 
!***. 

. !**** 
!***. 
!**** 
!* . 
!** . , 
!* , 
!***. 

**! , 
**l 
*l 
*! 

· !*** 
****! 
· !* 
· ***! 

**! 
**' 
*' 

" CROSSCORRELATION CHECK BETWEEN SER lES 

TO 
LM 

5 
11 
17 
23 

CHI 
SQUARE DF 

16.82 6 
23.~:5 12 
28.48 18 

PROB 
0.010 
0.023 
0.05:5 
0.026 

CROSSCORRELATIONS 

0.210 -0.043 
0.212 0.038 
O. 1 ~O -O. 081 
O. 150 -0.210 

0.164 
0.121 
o. 024 
0.032 

O. 157 0.204 O. 134 
O. 013 O. 040 -O. 007 

-0.090 -0.060 -0.069 
-O. 131 -0.077 -0.095 39.16 24 

80TH VAR l ABLES HAVE BEEN PREWHITENED SV THE FOLLOWING FILTER 

PREWHITENING FILTER 
NO MEAN TERM IN THIS MODEL. 

AUTOREGRESSIVE FACTORS 
FACTOR 1 

1-.303489B**(24) 

MOVING AVERAGE FACTORS 
FACTOR 1 

1;-.4:572128** (6) 
Figur'e Bl. trosscorrelation Function of Effluent Filtered C'lD 

and Influent Filtered COD Under Dynamic Conditions' 
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CORRELATION OF EFCOD AND VF 
VF HAS SEEN DIFFERENCED. 
PER lODS OF DI FFERENC 1 NGo::1. 
SOTH-SERIES HAVE BEEN PREWHIT6NED. 

. 166 

VARIANCE OF TRANSFORMED SERIES- 389160 2:57194C 
NUMBER OF OBSERVATIONS... 107 

LAG 
-24 

COVARIANCE CORRELATION -1 
-15~9ct',6 -0.15593 
12ct'16.ct' 0.01291 

CROSSCORRELATIONS 

ct'876543210 
· ***! 

f 

12345679ct'1 

-23 
-22 
-21 
-20 
-19 
-18 
-17 
-16 
-15 
-14 
-13 
-12 
-11 
-10 

-ct' 
-8 
-7 
-6 
-5 
-4 
-3 
-2 
-1 
o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

TO 
LAG 

5 
11 
17 
23 

-40621.3 -0.04060 
19ct'4~.9 0.01ct'94 
913.264 0.00091 
15494.4 0.01549 
-163353 -O. 16329 
-7369~.3 -0.07366 

14599.4 0.01459 
80164. a' 0.06013 

118608 O. 11856 
11 7049 O. 11 700 

60565.2 0.06054 
129024 0.12897 

38389.4 0.03837 
-1140ct' -0.01140 
-21a99 -0.02189 

-190. 146 -0.00019 
-56950.3 -0.05692 

:Tg3~g~' l:g:Tgg~~ 
-136~44 -o. 13648 
-615~9.9 -0.061~3 
-:88~5.5 -0.05883 

52613.6 0.05259 
-110419 -0.11037 
221688 Or221~ct' 
163592 O. 16352 
224083 O. 2~~98 
166248 O. 16617 
144~ct'6 O. 14453 

85504.6 0.08547 
11Sa18 O. 11876 

-7300a.3 -0.07298 
-66102.2 -0.06607 
-3712~.4 -0.03711 
22329.4 0.02232 

-81109.2 -0 08107 
-64781.8 -0.06475 
-133354 -o. 13329 

-71098.5 ,-0.07107 
-6'220.4 -0.06519 
80709.8 0.08067 
-257323 -0.25721 
15~7 0.0157~ 

-6224~.9 -0.06222 
2563.17 0.00256 
25491.6 0.02548 
27400.2 0.02739 

*! • 
· ! 
· ***! 

*' i 
!** 
'** 
1** 
!* . 
!***. 
!* , , , 

· *! 
*****! 

· ***! 
· ***! 

*' 
*1 

!* 
**! . 

!**** 
!***. 
!**** 
!***. 
!***. 
!** 
!** 

*! 
*' *1 

**! 
· *! 
· ***! 

*! 
*! 

· !** 
*****! 

! 
*! , 

1* 
!* 

CROSSCORRELATION CHECK BETWEEN SERIES 

CHI 
SQUARE OF PROS 

18.04 6 0.006 
23.7' 12 0.022 
27.85 18 0.064 
36. 13 24 O. 053 

BOTH VARIABLES HAVE 

. 
CROSSCORRELATIDNS 

0.053 -0.110 0.222 0.164 0.224 0.166 
0.145 0.085 O. l1ct' -0.073 -0.066 -0.037 
0.022 -0.081 -0.06' -0.133 -0.071 -0.06' 
0.081 -0.257 0.016 -0.062 0.003 0.025 

BEEN PREWHITENED BV THE FOLLOWING FIL TER 

PREWHITENING FILTER 
NO MEAN TERM IN THIS MODEL. 

AUTOREGRESSIVE FACTORS 
FACTOR 1 

1+0. 716145B**(18) 

Figure B2. Crosscorrelation Funetion of Effluent Filter~d COD' 
1n~ Volumetrie Organic Loading Under Dynamic \ 
Cond i t ions 
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---~ ~RRELATION OF EFCOD AND FEED 
FEED HAS BEEN OIFFERENCEO. 
PERlOOS OF DIFFERENCIN~1. 
BOTH SERIES HAVE BEEN PREWHI TENED. 
VARIANCE OF TRANSFORMED SERIES- 411041 41e~. 7 

LAG 
-24 
-23 
-22 
-21 
-20 
-1~ 
-18 
-17 
-16 
-1l5 
-14 
-13 
-12 

,-11 
-10 
-9 
-9 
-7 
-6 
-!I 
-4 
-3 
-2 
-1 

0 
1 
2 
3 
4 
~ 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1:5 
16 
17 
18 
19 
20 
21 
22 
23 
24 

TO 
LAG 

!I 
11 
17 
23 

NUMSER OF OBSERVATIONS- 107 

CROSSCORRELATIONS 

COVARIANCE CORRELATION -1 ~976:5 4 3 2 1 0 1 234 ~ 6 7 S Cf 

-90C?~. 26 -0.21927 .... ! 

70~1. 91 O. 17097 !*'**: 
-911. 37~ -0.019l56 ! 

Cfcl7. 80~ 0.02406 
, 

-370.823 -o. 008~4 \' 1 ~ 
2147.94 O. 0:5179 !*' 

-7960.03 -O. 19190 ****' 
-2140.49 -0.0:5160 *! 
-:5621. 79 -O. 13!1!13 ,* .. ! 

77~ 0.01869 
1 

8:52.8:52 O. 020!l6 
i 

2719.22 O. 06:5:56 1. 
-608.194 -0.01466 

1 .~>-

-41:51. 4~ -0.10009 .. ! 
'747.966 0.01803 

, 
3'33.6 o 08:U9 1** 

38:51: 41 0.0929:5 !** 
2396,~2 O. 0:5779 !* 

-1284. 1:5 -0.03096 *! 
4336.:51 O. 104:5:5 !** 
41~8. 03 O. 10121 !** 
3921. 47 0.09213 !** 
3002.89 0.07240 !* 
1843.68 0.0444:5 !* 
1169.46 O. 02819 !* 

-6937.69 -O. 16726 :* .. ! 
23~. 449 O. 00:577 

1 

-7:58.34 -0.01829 ! 1 

1:59!1.!59 0.03847 1* 
1~96. 29 0.0312:5 !* 
39'1.39 0.0~28:5 !** 

-10198.2 -0.24:586 *****! 
468.093 0.01129 

, 
-2239.43 -O. 0:53~9 *! . 
-876.316 -0.02113 ! 
-1221. 2~ -0.02944 *! 

230:5. 71 O. 0:5l5!19 !* 
3943.94 O. 0~267 !** 
~120.01 0.21987 !**** 

-:531. 678 -0.01282 
1 

2931.97 0.06827 !* 
116:5.93 0.02811 !* 

-:590.091 -0.01423 ! 
-2419. 1 ~ -0.0:5832 *! 

302. ~36 0.00730 
, 

-"47.94 -O. 1337:5 : ***1 
-1426.68 -0.03440 *! 

2179.58 O. O!l2:5:5 1* 
206.437 O. 00498 ! 

CROSSCORRELATION CHECK BETWEEN SERIES 

CHI CROSSCCRRELATIONS 
SQUARE OF PROS 

3.38 6 0.760 
11. 24 12 O. :;Oct' 
18.26 18 0.439 

Q 20 99 24 O. 6"'9 
BaTH VARIABLES!HAV~ 

0.029 -o. 167 
O. 093 -o. 246 
0.056 0.093 

-o. 014 -o. 058 
BEEN PREWHITENED 

PREWHITENING FILTER 
NO MEAN TERM IN TH l 5 MODEL,· 

O. 006 -o. OIS O. 039 O. 031 
0.011 -0.054 -0.021 -o. 029 
0.220 -0.013 0.068 0.028 
O. 007 -o. 134 -o. 034 O. 053 

SY THE FOLLOWINQ FILTER 

1 

, 
i , 
j r/ 

~ . ~-
1 

1 

1 
! 
1 

• 
! 

- AI.'TOREGRESSIVE FACTORS / 
FACTOR 1 

1+0. 197661B**(12)+0. 55627~B**(18)-.439903D**(24) 

MOVING AVERAGE -FACTORS 
FACTOR 1 

1-. :3316829** (6) 

Figure 83. Crosscorrelation Function of Effluent Filtered COD 
and Feed ~ate Under Dynamic Conditions 
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TC ,- .~ LAG 
7~~~- :.6 .. 

12 
le 
24 

1 
1 -

. ( . 

TC 
Lote: 

5 
Il 
17 
2:' 

1.. 

/ 

Table Cl. Statistics of Transfer Function Noise Model For 
Effluent Filtered COD, Model 2 

"R rMJi: LE.aST SQUARES ES'I)oIATICN . 
-~ 

Hi9 

5:ARA __ ETE 1= eSl J"ATE STO ERRI!R l "AT la L~G VAR HBLE 

.. "t. 1 0.2 14 79C; 0.102648 2. OC; 11 ... EFCCt 

.. ~ 1. 1 0.leS42:! 0.0980935 1.89 1 'E'FCOC 
I\UMl O.OE:2~~QE 0.0167213 3.76 O· IFCCt l CENl.1 o .a2?737 0.0720789 Il.41 2 IFeOa 

VAR I."CE ES1'IM,ITE = 222025 
!HO EFFOO'; ESïIlUTE = ... 71.195 
I\UMeEFi CF RESIDUALS= IO!: 

CCfWRElATICNS OF ït-E ESTIMATES 

CHI 
SQUARE 

M "1.1 
... fOl.1 
"'U"l 
CE'" 1. 1 

OF 

If .. 1.1 
1.000 

-0.076 
\ 0.oe7 
-0.007 

MU .1 
-0.076 

1.000 
-0.069 
0.0~9 

NUMI 
O .. O~!7 

-0.069 
1.000 

-0.4_11 

'DENl.l 
-0.007 D 

0.049 
-0.411 

1.000 

, 
AU1'OCCRRElAT 1 ON CHECK' OF RESIou'ALS 

\ 
AUTOCCRRELA lIONS. 

1.02 -4 
PRoe 

0.906 
0.965 
Q.c;as 
0 .. 999 

- \ . - , 
-0 .. 012 1 0.042 (1.071 ~0.O~3- o.0~ct_-a.03a 

3.57 
E.25 
6.59 

10 
lE 
22 

0.045 -0.002 -0.019 -O.04E -o.ooç- -0.1 ~CJ 
,'.40.053 O.OEE -0.070 -0.064 -0.0'7-3 -Cl.OCt 

-0.013 -0.023 -O.0:!9 O.OOE -O.OC!: -c.O lE 

AUiaCQRREl.~TION PLOT OF RESIOUALS 

LAG 
o 
1 
2 
~. 

COVA~ r AN CE 
:2.22025 

-2!:c;7.S1 
C;.3 21.!i9 
1:654.5 

-7328.<;5 
4338.67 

-E 703.15 
o;S~3.02 

-40~.::22 

CCJ;~EL.4 nON 
1.00000 

-0.01170 
0.041!i9 
0.07051 

-0.03301 
0.01954 

-C. (3010; 

-19 a 7 6 5 4 3 2 1 0 1 2 :3 " 5 E 7 a <; 1 

***-********** ****** 

'" 
E 
7 
e 
0; 

la 
1 1 
12 
I~ 
14 
15 
lE 
1 7 
le 
le; 
20 
21 
2~ 
23 
24 

-4U!1.el 
-10132 

-lÇ14.4i5 
-2e701.4 
-11745 .. e 

14~:!e 
-15492.4 
-14188.7 
-16144.9 
-1~':1.::4 
-2818.67 
-5115.S5 
-e666.94 

1.:::71.Ç2 
-1047.25 
-~!:25.02 

0.04483 
-0.C0182 
-0.OlE83 
-0.04563 
-C.OOE62 
-0 .. 12927 
-o. C5290 
O.0(5~93 

-0.06 «;78 
-O.OéJ<;l 
-0.07272 
-o. CO~S5 
-0.01270 
-O.02~04 
-0 .. 03904 
a.COfia 

-0.00472 
-O.OI!:ea 

• 
• ... 
• 
• 
• 

. . 
• 

* 
* 

.. * 
• 
.*** 

* ,. 

,. 

• * < · ,. * . 
• * 
• >1< .. 
• 
• 
• >1< 

• 

• 

• 

,.~' 
J. 

• .. 
• 
• 
• 
• .. 
• 
• 
• .. 
• 
• 
• 
• .. . 

'.1 ",~J;KS~TWO STANDARD ERRORS 

CI1CSSCCF'HLATION C"'ECK CF RESICUAL5 ~ITH INPUT IFCOO 

CHI CRCSSCOFOFë ELA rz ONS 
saUARE CF PRoe 

5.94 4 0.204 0.087 -0.11 a 0.059 0.160; 0.012 
E.92 10 O.73:! o. OH 0.049 0'.025 -0.03<; -0.033 
8.63 16 o .'i2a 0.062 -0-.026 Cl .OS9 -0.O7!: -0.047 

lC.7 ' ~ ~ ('".6-.&..""} ~. r",'1 -~ ~"'4~ -Ij.n ~o:: -f) • ! .... ,. -1) • " "'7 " , 
n _________ 

a.o ~~ 
-0.001 
-c.o ê~ 
-~ .')"c 
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Ta b 1 e C 2. St a t i s t i ~ S 0 f T r ans fer Fun ct; 0 n ~ 0 i S,é Mo de 1 For 

Effluent Filtered -COD, Model 3 0' 

TC 
l'C: 

t' 
12 
le 
24 

'LA(i 
a 
1 
ê 
~ 
4 
• -f 
7 
E 

~Cj 

1C 
Il 
12 
l:! 
U 
1f 
lE 
17 
lE 
lÇ 
êC 
21 
22 
23 
24 

TC 
L 'G 

~ 
11 
17 
23 

PAR .... fT! 1= 

"'A 1.1 

es l l'''4TE ' 

0 • .'317211: 

STO Et:FèCfOi 

O.OÇ4Ç609 
o. 0Ie~7.!! 

:41.:!4 11 
flUfil 1 O.D71~E!!. ~.Ç2 ct 
ceN 1 .1 O.7a56~. a .14e6es 4.7S 1 

VAfOi IA"'CE ESTUOTE:a 
!TD EI=';CfOi fSlll101E li!; 

"'UMEe .. CF fOieSIC"~LS-

2248.'3e 
.74.171 

104 

CHI 
SCU~"E CF 

ê • .3Ç f 
4.91! 11 
Ç~97 17, 

Il.2Ç 2~ 

"F"EL"~ IC"5 .... ' n-E EST JN~TES 

..... 1.1 
1.000 

-0.015 
-a.oIE 

"''''1141 -0.0 H! 
1.000 

-O.-'2Ç 

De~l.l 
-c. ets 
-C.429 
l.~OO 

'UTCCC",.EL'TICN C"ECK' OF Res ICUALS 

Ac..1CiCCJ;f;eLA TJC"'S 
F,.ce 

C.7C;~ 0.091 O.O~9 /4).072 -0.0 le 
a .Ç~2 '-O.OS3 0.0 26 1-0. 04e -0.011 
a .ço!!: -0.079 0.074 -a .oss -0.102 
C • Cie a -O •. OS 1 -0.0.=7 -0.0(7 ~a.021 

-O.O~2 
-G.cca 
-0.1 C 1 

o • Q3S 

AUTCCC""EL'lJCN 'FLOT CF RE!ltU~LS "-

-G.07~ 
-C.07 !! 
-C.O~. 
-0.012 

CO,,~RIA"'CE CCFèfiELA 11CN -1 .ç f • 4! 5 4- 3 2 1 0 1 "\ 2 3 4 5·6 '7 e ç. 1 
êé4e~e 1.00 ClOO Il.4 ••••••• It ••••••• ** 
a46~.2 0.09 104 • ... • 
EE79.0E C.C.:!ff:G • • • 
lE242.7 '0.07224 li " • • 

-~seo .21 -Cl.(117C • • -71f3.49 -O.031Sf • * • -lf75S.3 -c. C 7.~4IJ • • • 
209'70.E a.oç3~7 • •• • 
~9 ~441 4IE Cl.C2E44 .' • • 

-lOE~"2.f -O.O·U:':31 • • • 
-lfeSS.l -0.070~3 .' • • -lE .27;!2 -Cl.Cl G G.:!-4 • • -16807 -O.0747~ • • • -1777f .2 -C.C7S0t • •• • 
1~E67 .6 0.06S6B • • • -JSOI4.3 -Cl.CI:! 4!!7 • •• • -23023.8 -0.10240 • •• • -ê2Eçe.!: -C.IOOS! • •• • -7seç.39 -0.03375 .) . • -U':Ç2.2 -c.oe l~.e • *. • -e2S0.78 -0.C.:!E7G • • • 

-1ft:~.2E -O.C074tl • • -411636.,77 -O.020E2 <'1 • • 
E7Cl.:!" Cl .,~ E7G • • • -2t44.64 -0.0117E • ~ • .. ' """teS T.C Sl"",O",.C e.,J;Cf<S 

C,.CSSCCFFEL'TIC'" ( .. ec" CF "ESICU'LS "ITtt INPUT VF 

CHI 
sc,-,"f<e 

1.73 ' 
4.07 

10.20 
12.6~ 

CF 
4 

la 
If 
2~ 

F .. ce 
Cl.786 a .c; .... 
0.eS6 
C.Ç43 

CRCS!CC~FèeLATIC"'S 

-0.029 -0.0::9 a.OSE O.07~ o.o.=~ -o.oos 
C.12l -O.O~4! -('lOf.:! 0.031 C.OO! ç.an 
0.002 -0.112 -0.066 -0.0~2 -o.en -t.2Cê 
0.0l! -O.OCj4'-Cl.041 -C.,OCI -C.C~4j C.ICE 

, 1 



'-

f 

t 
! 
1 
1 
1 
i 

\ 

( 

L 

, ~. 
). 171 

Table C3. Statistics of Transfer Funct;on No;se 
Effluent Filtered COD, Mode1 4 

PI1od'e1 For 

PAA.METE~ 

liAI. l' 
"'U.l 
"'.Kl 

,,~t;II"'CE 
.s'lO E .. f;CIO 
MJN!e .. CF 

TC CHI 
L"cr sCt;,. .. e CF 

t 0.6Ç 4 
12- 2.10 la 
U! 7.12 lE 
i4 e.!~ ~~ 

lA l/WI : LE'S-r SOUA" ES EST lltAT le ... 

E!lIIiIATE STO e"RC~ 

a.2~C;07E O.10~414 
o.~~çeGe o.a94e3GE 

-G.! 1244:1 o .3e42e 

ESTIM,.,e :II i lGl.3e 
E~'lIInE ::. 458.406 
fOeSIDI.ALSa 100 

CCIOJ;ELAlICt-S OF Tfoe 

,.'1,1 
1.400 
O.03~ 
o .. C.3ç 

.... 1.1 
0.O:!2 
1.0CO 

-0.0 J9 

1 ""TIC 

2.4E 
:!.74i 

-1.33 

eSlIMATE! 

"U", O.C3<Ç 
-0.019 

I.COO 

L'Ci 

11 
1 
0 

IU1CCCf;FiEL,I1ICN C ... ECK OF AfSICU4LS 

AI;TCCC"ro ELA'I C"S 
FJ;Ce 

a .c;s:! -0.013 0.013 0.060 -o.o .. ~ 
O.9C;E o. OG3 '-O.GëO -O.O~~ G.044i 
0.C;71 -0.114 o.Ge? -o.oeo -Cl.040 
o.C;c;!! -0 .. CSS - O.G~E C-.044 -0.070 

"'F HELe 

E~(CC 
EFCCC 
FEEC 

O.OiJ! e .oa 1 
0.014 -c.oeç 

-Cl.l 14 -C.OH 
G.017 0.0 JI 

.. U1ccc .... eu1ICN PLOT CF R e~ ICUALS 

LAG CC".RUN (E ccr;fiieLATICN -1 .,; E , e , " .3 2 1 0 1 Z 3 4~~7~~1 
Il •• :4 ••••• $$~ •••• ~ _li. a 21013e I.COOOO 

1 -~E~S.~l -G.CIJ~"~ • • 
4 ~le'.E4 O.Ol:!lE • • 
:! lHO~.4i a.c!sçe • • • .. -S"67.,fe -O.G4!oe • • • 
! o1e3@.!: c .02Jo:! • • 
t é!4i.1EI G.CO 12 Cl • • 
1 '~Ç.6.:!!l 0.00347 • • e -.é~e.~e -'c.cal7 • • 
S -1325.71 -0.03486 • • • 

JG 10"01.:! C • US!!G • '. • 
11 2n2.~2 o .Ol~7e • • 
lé -lf77!! .1 -c .US~!! • •• • 
13 -~3e7!5 .8 -O.11!62 • •• • 
1'" u~e2.~ c .Cet.:!9 • $$ • 
li! -leS78S .4 -O.Gn89 · .. • 
If -E."6.4~ - C .C40~O • • • 
17 -23~34.1 -O.U390 • •• • 
If -·U~I.2E - O. USc;!! • • 
l'li -lH42.9 -0 .O~ .. Ç3 • • • 
20 -!o13t. f!! -O.G2!e7 • • • 
21 'Ii 148.;;1 c.u~!. • -$ • 
2é -14e02.1 -0.01044 • • • 
~':I 

"'- ~!4~ .4 C% .cltee • • 
24 2238.02 o .oaoe~ • • 

'.' llUl=tc S 1"C S T ~"C'f;C E .. ,.cr;s 

CfOCS!CCIOFEL~T ICh <I-I:(/( CF RES ICU"L! 11 JTH INPUT FEEO 

ïC CHI C,.csS(C,. .. eL~TlC'" s 
L ~<: \SC:I..ARe CF F,.ce 

~ \ 1.31 !! O.Ç34 -0.061 o.oa -O.O7~ -c.o .. !! -G.CC1 -C.o ~~ 
Il !! .61 1 1 o.eçe o. Cf!4 0.1(2 -0.121 o .oçc; o.o .. e -c.o .. ! 
17 e .64 J7 o.çee 0.02' 0.0(0 -a.O!1 c.oe l 0.0 EC -c.o(~ 
-"'lI ê!.06 22 0.347 -0.41 e -0.O:!8 -0.GE4 -a.otlte o.o~t c.o J t c_ 
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Table C4. Statistics of Transfer Function Noise Model For 
Effluent Fi 1 tered COD, Model 5 

'~H": Le'~T saUARE5 ESlI", .. TrCh 
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ES' JIIATE C;TD EFRCfO T RAUO LAC: VAr;I~eLe 
FA ...... ElEF 

"~1.1 G .. ~~elS 1 0.1C1~~.ë !.4!! Il EFCCC 

fI'-M 1 O.C·U40e o .01.!575 2.8'- (1 Fece 
CE~ 1.1 0.7ES1E!! o .1J~e~.ë ~.ç!5 1 Feee 
IIl.N2 O. 0f;ue77 '0 • 0 lE~9 l'Si 4.0'- 0 ~F 

CEN 1.1 o. JGOS3e o. J1~9.1 t.04 1 "F. 
IIl.Je3 -0.4:!62 e o .39!4 73 -l.lG 0 FEED 

"AR JAtteE eSTl~"le - _ 181494 
HC urocJO ES11,,'lE :: o\ë6.021 
IIu .. ees; CF f;E~I ct. 'lS= lOCI 

cc ~f;E,-;I 't lCt.5 OF n-E ESl I.II'IIATES 

fi" 1. J "UIII ceN 1.1 NU"2 CEN 1.1 NU"~ 

""1.1 1.COQ -c .Cl40 -C.007 -G.02~ -o. GG! O.02:! 

~U41 -0.040 1.000 -0.455 -a.14e o.oo~ -O.CE4 

C ENI,l -O.COl -0.4!!S 1. 000 0.141 -0.201 O.2E7 

~U(2 -O.O~!! -0.148 0.141 1.000 -0.4éÇ G.c~e 

C ENI ,,1 -a.cO! o .OO!! -o. 2Q 1 -O.4éS '1. coc -0 .::S e 
'''Ul:! O. 02:! -0.062 0.267 o.ose -0.2se 1.CClC 

A(., TCCCJ;RELATI CN CHECK CF f;ESICI,;AL S 

le CH 
,IUTOCCRRELA 'lIQh~ 

L,G SC ..... RE CF F"CE -G.o.e -o.cu. -C~lC1 
e ~.Ee • O.~Ç7 0.J29 -C.O~l -O.O~ç ... 

12 ~.3a Il 0.91e 
~ 

0 .. 095 0.034 -a.Ol1 a.oCl! a.O~l -'.ot 1 

U! E.21 11 CI.ÇEO -0.070 O.OE:l -CI .oe~ -o. ou -0 .O:!E -0 .. 0 ~. 

24 s.ao 23 C.Ç9~ -0.020 G.a~o G.O.:! -C.C~f -G.O~! a.o~ !i 

"\ 

-A\. TCCCJ:REL,InCh FLeT CF RES 1 Cll,LS 

L .. G COV,IA , .. ,. ce CCJ;,.eL"lICN -J S E 1 e 5 " ~ , 
1 1 2 3 4 ~ E 7 E S 1 ~ 

CI lE14S4 1. tauo ••• ~ ••• -4.H,* •• ~ ~.II.:C 

1. ~.:!.62.7 o .12S26 • ~.*. 
~ -e .27. 'ie -G. C4US • • • ) 

:! -24ee.11 -c.C I~eo • • 
4 -lS36J .5 -0.lOE68 • .. • 
~ -u: C;C;".:! -C.GEel!!!! • • • 
e -5282.32 -0.C2«;10 • • • 
7 l"7UJ.l el. C ~ ",Et • ... • 
e E147.75 0.033e7 • :11 • 
!i -3a~4.!!!E. -G.GIU2 • • 

le 1~25.C1 ,C.COUG - • 
11 :! 7'77 .!2 G.O~AIe' • • 
12 -1101t.7 -O.CECl70 • • • 
l:! -12E~1.7 -Cl.CEUl • • • 
•• 1!!H48.8 a.GSlot' • ... • 
If - 1I4:!C -CI. CE ~çe • • • 
lE -1 ~232.6 -0.08393 • •• • 
17 -eeU.3 -0.C~f42 • • • 
1 E -443".6 -O.02 •• ~ • • 
lS -!'eJO ... 7 -o.e 1 ses • • 
20 3E34.!7 0.G2003 • • 
21 l'lEO.lI C.C4ne • • 
2~ -II C;78.9 -o.oeEOO • • • 
2.:! -f.:! t7.2e -G. O:!!Cl • • • 
24 1 CES5.2 o .o~e93 . , • • ' .. III .. F=I<S T.C UA "C.t .. EfOIOCftS' 
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CHSSCCHeL~lIC" ("'ECK CF RESIDU~L! UTH 1 NP\. -r FeCO 

.L 

1 

1 

TC. Ct!1 C~CSS~C~~EL~~ICNS 
L'G sca,'RE Cf ~fêce 

!5 0.70 ~ 0.9!1 -0.043 -0.oe9 o.oe" a.a Il o.à~t c.oe~ 
lJ 3.JO Je G .S7. ·O.CS3 -0.D30 0.011 D.a~2 O.l~~ C.O~7 
17 Il.01 te ·c.eoç a.cl. -O.Ole -G.07e .;. t. CI!Ç. 0 .. a ~ ~ -C.2~ 1 
23 02h99 22 C.460 -0 ••• 3 -0.1 el -O.lCO -0.oe2 -a.Ut (.214 

( 
\ C"CSSCCHEL~TIC" CHelC CF RESIDUAL! ~ITH INPU-r .. t= 

le CtI' ~~CSSCC~~ELATICNS 
L'G SCl.-RE~ Cf FRce • 

!! 1.64 4 o .80~ -C.G!6 ~O.Q70 0.07. o.G~e O.CI~~ c.o Il 
JI •• E2 Je a.S03 0.160 -0.018 -0.03Ç -0.002 a.a";! C.Ot!G 
17 11.13 lE a .eOl 0.U4 -.0.11.3 -0.011 ;"0.021 -0.014 -C.2(~ 
23 1".0 l 22 G.eçç -o.ooz -0.127 -c.oe. -a.ooe -O.O",i c.oct 

CfiCS s eCFF EL,Il 10r- C"Eue CP RESIDUALS tlITH INPUT FEEC 

le c .. , <~CSSCQ~~ELATICNS 
L'G SCI.;'RE CF ~Rte 

!! 4.28 ! a .~10 -0.019 0.0 la -0.0-;7 -o. 11~ -o. Cl4i -'C.l tÇ 
11 7.7!! 11 0.73e o.ooe 0.1(3-0.101 a.ce,; a.cu -c.a. J 
11 11.EO 11 a .e12 a.oOl O.O!.:!, -c.ace 0.0!2 C .14E o .11t 

. 
23 2!.7!5 .23 0.313 -0.333 -(1.138 -0.aE2 -0.0 4! a.O.if c.o~~ 

, -
\.. 

, . 

. . 
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Table CS, Statistics of T~nsfer Function Noise Model 

Effluent Filtered COD, Model 6, ; 
For 

TO 
LAG 

0 

6 
12 
18 
24 

.t.RINA: LEAST SQUARES ESTI",A.TION 
, 

FARAMETEf; EST IMATE STO ERROR T RATIO L4G VARIABLE 

, MAI. 1 .... 
NJMl 
CENl.1 
NUM2 1 

OEN 1 .1 

1 VARI ANCE 
STO 'ERROR 
"UM8ER CF 

MAl'.l 
NUM 1 
DEN1.1 
NUM2 
DEN 1.1 

) 
CHI 

0.296871 0.100165 
0.0595097 0.0157152 

0.793313 0.0804109 
0.Of33893 0.0116418 

0.721553 0.125576 

ESTIMATE = J 199676 
ESTIMATE = 446.8Si 
E<ESIOUAL5= lG4 

2.96 
3.79 
9.87 
3.59 
5.75 

eO,RRELA TI flNS OF THE ESTIM4TES 

MAl.1 NUMI OEN);.l NUM2 
1 .. 000 0.054 -0.025 -0.046 
0.054 1.000 -0.404 -0.113 

-0.025 -0.404 1.000 - 0.033 
-0.046 -0.113 0.033 1.000 
-0.019 o .ou~ -0.063 -O.~33 

11 EFCCC 
0 .IFCOC 
2 l'FeOO 
0 VF 
l V'F 

DEN 1.1 
-[).0"19 
0.018 

-0.063 
-0.433 

1.000 

AUTOCORREL4T~ON CHECK OF,RESIOU~S 

AUTOCORRELATIONS 
PRO 8 

. 

SQUARE OF 
1.85 5 
5.20 Il 
7.60 17 
7.68 23 

0.869, '0.043 -0.040 0.034 -0.089 -0.036 -0.0 55 
0.921 0.091 0.049 -0.020 -0.075 -0.011 -0.109 
0.974 -0.060 0.084 - 0 .055 - 0.070 -0.029 - 0.0 la 
0.999 . 0.004 0.013 -0.006 0.014 0.009 0.009 

~ 

~TOÇORRELAT[ON PLOT OF RÊSIOUALS 

L4G COVARIANCE CORRELATION -1 9 8 7 6 5 .~ 3 2 1 0 1 2 3 4 5 6 7 e 

.[ 

" 

C; l 
0 199676 1. 00000 .* •• * •• **.*.* •• ***** 
1 8603.51 0.04.309 • * • 
2 -7<;95. sa -o. 04004 • '" • 
3 6722.73 0.03367 · . * • / 

4- -17808.5 -0.08919 •. ** • 
5 -7142.45 -0.03577 • • • 
6 -10941.9 -0.05480 .. * • 
7 1 a098.2 0.09064 • *. • 
8 9ES5.82 0.04.936 • * • 
Ci -4039.4.2 -0.02023 • • 

10 -14961.2 -0.07493 • * • 
11 -2.277 _43 -0.01141 .. • • 
12 .-21674.7 -0.10855 

-) • •• • 
13 -11916.4 -0.05968 • • • 
14 16766.6 0.08397 • ** • 
15 -10894.4 -0.05456 • '" • 
16 . -1'4062.6 ~0;07043 • * • ~. 
17 ,. !:7J2. 44 -0.02871 -. * • 'p • 

18 -1904.65 " -0.00954 • • 
.19 713.473 0 .. 00357 • .. 
20 ~f06. S6 0.01.305 .. 

1 • 21 ,-1160.37 -0.00 581 • • 
22 2.E91.96 O.OL448 • '. 23 1784.17 0.00894 • • 
24 1892.5 0.00948 • • ••• MARKS TWO STANDARD ERRORS 

J 

---~"---1 
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CROSSCOARELATI0h 

TO Ct11 
LAG SQUARE OF PRoe 

5 5.04 4 0.283 
11 7.71 10. 0.657 
17 10.36 16 0.847 
23 24.07 22 0.34. 

CROSSCO~~El.ATION 

TO CHI 
L. AG SQUARE OF PRoe 

5 1.64 4 0.802 
11 4.93 10 0.896 

'17 12.28 16 0.72'5 
23 15.54 22 O.~3a 

: 
• .j' 

-. 

. .. 
, . 

. ' ' 

" 

j 

"-

.,l' 

/) 

U 

p 

CHECK OF ' RES 1 CU Al.S W ITH INPUT IFCOO , 
CROS SCORRELA Ti ON S 

0.122 -Q.l O~ -0 ~rJ.5 0.131 0.036 
o. '108 0.100 0.036 -0.038 ~.023 

/0 .. 090 -0.010 0.030 -0.095 -0.077 
0' 068 -0.26. -0.068 -0 .1 78 " -0 .. 1 10 

f • 

CHECK OF RE~ [aVAl.S WITH INPUT VF , 
CROSSCORREL ATIONS 

-0.063 -0."25 0.046 0.066 
0.160 -0.045 -0 ~ 36 0 .026'· 
0.025 -0.1 ~o -0.065 -0.030 

-0.01 4 ::-0.112 -0.067 -0.003 

. ~ , . 

, , .. 

'. 

0.066 
~ .0·36 

-o. O~l 
-0.029 
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,,0 

0.0 .. 7 ~ 
0.l23 

-Q.O.?<i 
-0.094 

o • 

-0.017 , 
0.02f 

-0.217 
o. 1"1 !: 

-_______ J 
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APPENDIX 0 

. . 
The experimenta 1 data presented in ,th; s Appendix together with 

Figures 4 - 18 and il - 33 -were provided by Dr: Eric R. Hal~, ~rocess 

Development Engineer of the Wastewater Technology Center, Canada Center 

for Inland Waters. Burlington, Ontario. 
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Ir. 
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~ 
1tCfED)"OOIl4 IS OH Cl0DI49 USING GI078 BUS R=0I01 

'101 ~FEED TVS' TIN FTKM HH~ TP 
''--.. 

'002 • f'HII. TS 55 VSS CtJJ) FCOD FTP BOl) F&OD 
1013 165 IS ,p 

0004 U' 10'--1 -1 61 58 6821 592. -1 -1 -1 -1 -1 -1 -1 
1005 .21 '2'.-1 -1 72 71 6621 b328 -1 -1 -1 -1 -1 -1 -1 
10Gb 124 124 -1 -1 51 40 614' 5018 -1 -1 -1 -1 -1 -1 -1 
'1107 '145 1-45.,. -1 -1 88 ' 76 60.1 S821 -1 -1 -1 -1 -1 -1 -1 
1000 149 '49 -1 -1 53 SI mt 6'U -1 -1 -1 -1 -1 -1 -1 
0889 0il'68 -1 -1 85 H 6Sil 634. -1 -1 -1 -1 -1 -1 -1 
1018 1 2 '12--1 -1 55 642. 618. -1 -1 -1 -1 -1 -1 -1 
IIU 192 ~.??. -1 -1 126 US 63&1 622. -1 -1 -1 -1 -1 -1 -1 
0112 .96 196 -1 -1 86 82 594' ~. -1' -1 -1 -1 -1 -1 -1 

IIlI Il' ClI-:l -1 161 lF ~21 bI -1 -1 -1 -1 -1 -1 -1 
-1 64 41 554. -1 -1 -1 -1 -1 -\ -1' 

" 
. 811S 143, 143 0-1 -1 156 145 6161 59 .. -1 -1 -1 -1 -1 - -1 

, "U 144 144--1 -1 56 51" 6311 612. -1 -1 -1 -1 -1 -1 -1 
1017 lit 164 -1 -1 II . :: 6161 578' -1 -1 -1 -1 -1 -1 -1 ' ' 

4018 1 1 171--1 -1 638' 612. -1. -1 -1 -1 -1 -1 -1 

"l9 188 111 -1 . -1 91 v Ft 6411 594. -1 -1 -1 -1 -t -1 :9" -1" 
U' 194 1 4--1 -1 }} ~ 654. 6111 -1 -1 -1 -1 -1 -1 -1 \ 

1121 212 212 ·1 -1 6401 6I~ -1 -1 -1 -1 -1 -1 :1 1122 218 218 --1 -1 113 102 1146'586 -1 -1 -1 -1 -1 -1 ~, 

.123 236 236 -t -1 ~8' U. 636' 586. -1 -1 -1 -1 -1 -1 -1 
1124 242 242--1 -1 6381 596. -1 -1 -1 -1 -1 >-1 -1 
1025 261 261 -1 -1 1.6 94 6121 S611 -1 -1 -1 -1 -1 -1 -1 
1126 266 266 --1 -1 112 112 6911 636' -1 -1' -1 -1· -1 -1 - -1 
1127 W 287 -1 -1 94 91 S941 S781 -1 -1 -1 -v -1 -1 -1 
•• 28 288 288--1 -1 119 98 5911 554. -1 -1 "1 -1 -1 -1 -1 
112V 319 319_ -1 -1 Ils 112 618. 6161 -1 -1 -1 -1 ,,1 -1 -1 
1031 '311 lU -1 • -1 121 US 6141 582. -1 -1 -1 -1 -1 -1 -1 Run #1 (O-332hrs) .Im lB! -1 -1 191 171 6541 634. -t :1 -1 -1 -1 -1 -1 

-1 =1 284,'" 18121 lb2i - - -1 -1 -{ -1 

liB mm -1 -1 • 26t 171 11221 16441 -1 -1 "1 -1 -1 -1 -1 
'II -1 -1 292 244 18181 1614. -1 • -1 -1 -1 -1 -1 :\ 
.135 ~ 385 -1 -1 JI, ~9 17861 17181 -1 -1 -1 -1 -1 -1 
1136 4 4'5-1 -1 472 461 1918117621 -1. -1 -1 -1 -1'-1 -1 

liB :Il.tl =1 =l " JI 
H911 19751 -1 -1 -1 -1 -1 -1 -1 

SS12lw. -1 -1 -1 -1 -\ -1 :\ 
1139 4761 -1 -1 51'5 al ,213511 1-1 -1 -1 -1 - -1 
1141 482. -1 -1 611 2.951 1945. -1 -1 -1 -1 -1 -1 -1 

IItl Bl III :1 "1 fi: ,,#1 2145.19211 -1 -1 -1 -1 -1 -1 -1 
-1 214511.1 -1 -1 -1 -1 -1 -1 -1 

lia 81 i: ;/ -1 6-4. -1 t9411 1"'1.-1 -1 -1 -1 -1 -1 -1 
-1 581 541 18651 ftl· -t -1 -1 -1 -1 -1 -1 

.145 ~~ -1 -1 661 S6I ----mIl 111- -1 -1 -:1 - -1 -1 
1146 -1 -1 491 391 21"1 1"" -1 -1 -1 -1 -1 -1 -1 I?' 

".:l 572 sn -1 -1 671 661 21911 19711 -1 -1 -1 -1 -1 -1 ;'1 

.. S79 S79 -1 -1 SlITsu ZlISI 18711 -1 -1 -1 -1 -1 -1 -1 

::~l Bt m =l -1 lU RI 21311 17651 "tl -1 -1 -1 -1 -1 -1 
-1 17451 1561. -1 -1 -1 -1 -1 -1 -1 Run #2 (336-696hrs) 

IRJ tH tH -1_1 -1 !il m ni R -1 -1 1 -1 -1 -1 -1 
-1 Ii -l, -1 - -1 - -1 -1 

~lIa lB 18 -1 :1 fit lU l1r. 149S1 -1 -1 -1 -1 -1 -1 -1 
-1 114111 -1 -1 -1 -1 -1 -1 -1 

"J 14114' -1 -1 161 BI 1541114151 -1 -1 -1 -1 -1 -1 -1 

Il 146 146 -1 -1 332 292 11211 Im1 . -1 -1 -1 -1 -1 -1 • -1 

1157 11» ' -1 :\ b' II tWill' -i :\ :\ :\ :\ :\ :\ 
II~ :t 

_ " 

"- ' 
-1 244 ll3I. 1251. -1 -1 -1 -1 -1 -1 -1 

tl6l 112 812 -1 -1 21. 192 1285111651 -1 -1 -1 -1 -1 -1 -1 

1161 '816 -1 -1 241 218 1111! -1 -1 -1 -1 -\ -\ :\ 
:J Iltf IIlm =1 :1 ln 141 1 1 -1 -1, -t -1 - -

U5 1"" 1 • -1 -1 ~I -1 -1 -1 -1 
1164 166 866 -1 -1 14S -1 177111681' -1 -1 1 -1 -1 -1 -1 

.165 Vtl 'm -1 -l 188 i~ \tm\UU :\ -l \ -1 -i -\ :\ 
J 

1166 18 -1 - lU - -t·-
1167 915 91S -1 -1 196 U2 lB 1481' -1 -1 ~ -1 -t -1 -1 

1168 m 't: -1 -1 212 144 151111421. -1 -1 --1 -1 -1 -1 -1 
1169 9 -1 -1 212" 152 15211 1371' -1 -1 -1 -1 -1 -1 -1 

, 1.71 li: 984 -1 -1 lat 144 15211 136st -1 -1 -1. -1 -1 -1 -1 

- '171 1'4"'4 -1 -1 116 121 lm' 13151 -1 -1 -1 i -1 -1 -1 :\ Run #3 (700-1032hrs) ::tf 119 1119 ;1 -1 168 152 1 1 1'151 -1 -1 -1 -1 -1 -1 
- ~-1 :\ :\ :\, :\ :\ :\ 

~. 
't~ lt 1 34 -1 41 9t -1 
1 11 1152-1 42 8811 191. -1 -1 -t -1 -1 -1 -t 
U1t lm 1157 -1 -1 " 52 88S1 8151 -1 -1 -1 -1 -1 -1 -1 
Il 11 6 1176 .fl -1 ,. 46 sali 78S1 .. 1 -1 -1 ":1 -1 -1 -1 

\ 1178 it81 lIBl -1 -1 34 \ -1 7681 115. -1 -1 -1 -1 -1 -1 -1 
'. ,. 

-- -"~- ~----
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;Z 

." 0 .,.. 
." r.. 
l, • "". g; 
~- • .. p'" ,.-

el> 

• 
• 
• 

l!)" • 
• ; 

• : .. : .. , 

'( " {'.... , 
~~. 
r 

" ... 

a 

-" - ----------....... ,,---
nn ~~tf. •••• .-

III' ftli 1M2 :1 GlU USlllit -t 
1183 1152 U5Z -1 
1184 1172 -1 
ms ue'-l 
'186 1196-1 
1187 1211-1 
1188 1221-1 
1189 1225-1 m. 1244-1 
0191 1249-1 
0192 -1 

-1 
-1 
-1 
-1 

-1. ~ -1 8 
-1 1 
-1 4& 
-1 44 
-1 78 
-1 '14 
-1 6ô 
-1 58 
-1 '6 
-1 11 
-1 28 
-1 38 
,-1 71} 
-1 62 
-1 34 

l' taï: 
.. 2 ~ 5521 
42" S6BI sa 8961 
54' 94.1 
62 9821 
54 9161 
â '. \\1\\ 
26 li'" 18 lUS. 
52 lm: 
~ 117'5' 

, '. -1 -1. -1 -1 -1 -1 -1 
:l :\:1:\:1:\ :\ 
:\ - :\ :\ :.:~:\:\ :\ 
-1 -1 -1 -1 -1 -1· -1 
-1 -1 -1 -1 -1 -1 -1 
-1 -1 -1 -1 -1 -1 -1 
-1 -1 -1 -1' -1 -1 -1 

.:\ :\:\ ~ :\:\ :\ 
-1 -1 -1 -1 -1 -1 -1 
-1 -1 -1 -1 -1 -1 -1 
-1 .. 1 -1 -1 -1 -1 -1 

:\ "C ,:\ :\ :\ :\:\ :\ 

-1 -1 -1 -1-1 
-1 
-1 

·-1 
-J 
-1 

11351 
U611 
lUS. 

-1 -1 -1 -1-1 
-1 -1 -1 -1,-1 ~un #4 (1 034-1 364hrs 0 

'112 
OU3 
1114 
DUS 
1116 
'117 1461 
1118 1487 
0119 1488 
lut 1518 
lm 1513 

Illi lm 
1114 lSSt 
0115 1586 
1U6 1814 
1117 1619 
1118 1631 
1U9 1632 
1121 
8121 
1122 
'123 
U24 ms 

-l' 
-1 

=1 
0132 1846 184& -1 -10 
8133 l8SI lBS. -1 -1 

lIN lm fm:l :1 
lm II ml:l :1 
IHf lm lnt:l :1 
Illl lm Im:1 =1 ;15 ;:15 m:ll~': 

1 ils 1161' 11151 Ils llll Bll:l :1 Iii 441 14311 1311. 

-1 
-1 
-1 
-1 
-1 
-1 
.. i 
-1 
-1 
-1 
-1 
-1 
-1 ... 1 -
-1 
-1 
-1 
-1 
-1 
-1 

1144 2137 2137 -1 -1 535 m 14311 1281. 
Î\~ ~A ~\n:\ :\ YI 'i \1\\ f,~i\ :\ 
1147 2t8t 2189 -1 -1 57. Sil IntI 1'''51 -1 
1148 2191 2191 -1" -1 441 0436 7651 Mil -1 
1149 2113 2113 -1 -t 444 - -1 lUt m. . -1 IRI IW lm -1 -t 414 392 1 lm' 21751 -1 
'152 2138 2138:i :\ 11 : ml, ~~, :\ 
11$l 2162.2162 -1 -1 RI 316, 139St 12951 -1 

. il~ air; =1' =Î r 1D mIl pli" :1 

-1 -1 
-1 -1 

-1 -1 -1 -1 -1 ~1 
-1 -1 -1 -1 -1 -1 
-1 -1 -1 ;'1 -1 -_1 
-1 -1 -1 -1 -11 
-1 -1 -1 -1 -1· -1 
-1 -1 -1 -1 -1' -1 
-1 -1 -1 -1 -1 -1 
-1 -1 -1 -1 -1 -1 
-1 -1 .. 1 -1 -1 -1 
-1 -1 -1 -1 -1 -1 
-1 -1 -1 -1 -1 -1 
-1 -1\ -1 -1 -1 -1 
-1 -1 -1 -f. -1 -1 
-1 -1 -1 -1 -1 -1 
-1 -1 -1 ,-1 -1 -1 
-1 -1 -1 -1 -1 -1 
-1 -1 -1 -1 -1 . -1 
-1 -1 -1 -1 -1 -1 

:\ :\ :\ :\:\ :\ 1 

-1 -1·, -1-1 
-1 -1 -1-1 

Run #5 (1368-17 48hrs 

:\ :\ :!:1 :\ . • -l -1 -1 -1 -1 
-1 -1 -1 -1 -1 
-1 -1 -1 -1 -1 
-1 -1 -1 -1 -1 

:\ :1 :1:\ :\ 
:\ :\ :i:\ :\ 
'-1 -1 -1 -1 -1 

-1 -1 -1 -1 -1 -1 

:\ :\ :\ :\:\ :\ 
-1 -1 -1 -1 -1 -1 

. " 
~ 

-1 -1 ::'1 -1 -1 -1 ( 
:\ :\ :\ :\:\ :\ Run #6 . 1752-2061 hrs) ~ 

:\ :\ ":\ :\ :\ :\' 
:\ :\ :i :\:\ :\ 
-1 -1 -l, -1 -1 -1 
-1 -1 -1 -1 -1 -1 

:\ :\ :i :i:1 :\ 
:\ :l :\ :t:t:t ~ 1157 2m 2Zl4 ' -1 -t 172 ~w. 1131 -t 

hSl 2S.22S! -1 -1 214 261 tSlSt Sil -1 -1 -1 -1 -1/1 -1 ., 
- 0' 

./ 

! , 



-v 
~--..... ~ .. ,,- - .... " 

, . 
. .... 

• .', 
• 

. 
8159 2282 2282 -1 -1 171 lM r" .UI 

-1 -~ ~ _,' ~, -1 -1 

1161 ZlU 2316 -1 -1 126 U8 .• 95. 11101 -1 -1\ :-1 -1 -1 -1 -1 

Irt! mlHl: -1 -1 111 116 7811 6SS1 -1 -1 -1 -1 -1 -1 -1 
-1 ~ -1 138 11711 USSI -1 -1 :'1 -1 -1 -1 -1 

1163 2l1B 2378 -1 ·-1 1'" 168 1625. lB -1 -1 -1 -1 -1 :\ -1 . 
tit: 21 2412 -1 -1 ua 161 '1"" 1 -1 .. 1 -1· -1 -1 -1 
Il S 2 2426-1 -1 182 lat Wall \~, -,1 " :\1>:\ :\ :1 :\ :\ lItt 1:1: lm =1 -1 1" 1. -1 

-1 214- .198 21as, 19611 -1 -1 -1 -1 -1 -1 -1 ~ f 

1168 2498 24" - -1 -i 2t4 211 \ 21451 19151 -1 -1 -1 - -1 -1 -1 -1 
Oynamic Run 

• (2066-2498hrs) . 

~ 

• /" 

• 
e,· / 

• t 

• , . 
r 

• 
• .- . \ , 

\.." 

o 

• , 
• 
• 
• 
• /-

• ! " 

(' 

• r 

i • i 

Il. • f < 

i' -1 • , 
1 



~ . 
'"' • -.,>.--, 1ICFTœ TIIOIO'" IS OH ClOU.9 USINe m65 BUS R=oaOl l ' . 

... 1 tien" . 
1112 Il. n.. PK TEIf C2 Cl C4 TVA 

• '''3 164 8 
DI" .11 "' 4.2-1 lI' -1 -1 -1 
'''5 121 12. 4.3-1 1 -1 -1 -1 
"" .24 .24 4.4 ~ 119, -1 -1 -1 .' 1111 145 I4S 4.3 143 -1 -1 -1 
"" .49 ... , 4.3-1 '141 -1 -1 -1 

liN :n m 1:1:1 14j' -1 -1 -1 .' 14 -1 ":1 -1 
1111 192.92 4.2-1 143 -1 -1 .. -1 

1 "12 19H96 4.4-1 143 -1 -1 • -1 

1111 \ III III ' ::~ :l 1# -1 -1 .. 1 
l ' -1 -1 ' -1 

• 1115 143 143 4. ..1 140 -1 -1 -1 
1116 144 144 ".2-1 162 -1 -1 -1 
"li lit 164 '4.4-1 140 -1 -1 -1 
• 1 1 1 171 ".3-1 \1\ -1 -1 -1 

• liN 188 188 4.3-1 -1 -1 -1 1.'( 
IJ 19. 194 4.3-1 141 -1 -1 -1 " 

:. 
lm 212 212 4.4-1 141 -1 -1 -1 

, .. 218 218 4.4-1 '229 -1 . -1, -1 .- 1123' 23tt 2lIt 4.4-1 229 -1 -1 -1 
1124 242 242 4.3-1 lU -1 -1 -1 

\ ' "i m lt: 4.4-1 234 11 11 -1 
Il ' 4.3 -1 3t&'· 8 '-1 -1 '-- 1121 2fl217 4.4-1 215 " 15 -1 J' /. 

1128 288 288 4.3-1 194 18 21 -1 
US lll1:" 4.4-1 272 22 12 -1 " 

.. 11 1. 4.3-~ 2111 16 2S -1 Run #1 (O-332hrs) • - -
4. -1 3J -1 

lB illl ::: =1 ' i 2. -1 \. 

14 -1 

•• f! :R 415 4.4:'" 615 18 -1 .. • 4If 4.1-1 914 29 34 -l 
Iii mm 3.'-1 926 22,35 -1 (j 

\ i • ".1'-1 \\1 J7 i :\ • • 139 482 482 4.1-1 ... 
IMI Sil Sil .... -1 1 l4 31 -1 

IW lit lit l:1 =1 3S Il -1 
0 

1141 53 -1 

• IMl 526 sa 4.'-1 1199 4. 19 -1 t=- 548 S4I 4.'-1 111525" 22 -1 -' 
• ft: li: 4.'-1 855 24 'li -1 
1146 ~ 4.1-1 1114 76 53 -1 

• "i mm 4.1-1 1257 SI 41 -1 
4.' -1 \I\~ ~ -1 

iii ~tI 4.1-1 
-1 Run #2 l336-696hrs' 

\\\ 1 ~ :\ • .. ~ rr t.l:\ 
. Il 117 717 J.8-1 834 , 2S -1 

lia nt m 1:1 =1 431 23 -1 
~ i i 1, :\ • lm la 1:1 l:~:l 1127 17 42' -1 

Iii RI RI I:i:t· ~ -t -1 -1 
:\ :\ :\ • 1159 812 M2 .-1 

1161 816 116 J.S-1 ~ \\ ~ .:\ "- ~ 

lit! Ilf III 1:2 =l l131 182 !6 -t >, .- 1161 ... 866 3.5-1 662 12 48 -t 
1164 8ft 891 3.8-1 692 i9 JI -t '" 

lit: ni Rf 1:1 =1 
649 13 -t 
111 5- 1 -1 

• 1167 '" 961 :r.'-1 794 18 -1 
'168 981 fil 3.5-1 1 22 31 " -1 
lm 984,... 3.7 ... 1 23 41 ' -1 
Il II" Il'' J.' -1 '" 24 45 

-1 

• li 1119 1'" l.a -1 315. 12' 38 :\ Run #3 (700-,~~32hrS) 
il il ft ,\1 \1 \\1 !:, ~\ 

1114 1152 11523.1 -1 311 4 1 -1 
0 lm ml ml J:J =t m {f ~l :t 

"" 1181 1181 • - 9 
.. ,. 1111 111. 3.7 -1 lI6 9\ 9 -1 

~ '.,.... 



• .' 
• 
• 
• 
• 
• .. 
• 
• 

• 
• 
• 
• 
• 
• '\ 

• 
• 
• 
o 

.. 

0119 Il's 11 DS .... -1' 431 fi J'I \, -1 
ooal 1 28 1128 4.1 "'1 348 ~1 -1 -1 

llti U~ ll~ J:f :1 l:f -1 ~1 :1 
nUl 1172 U72 3.8 -1 324 -1 -1 -1 
0184 USI 118. 3.8' -1 5J8 -1 -1 -1 "as 1196 119' 3.8 -1 ~~ _-11 -1 -1 
1.86 12111281 3.1 -1;nf -1-1 
1181 1221 1221 3.7 -1 524 1 -1 -1 -1 . 
0198 l225 1225 3.9 -1 §.4.4 12 -1 -1 

IIll U: li:: l:l :1 m ri 71
' :1 

01'11 1268 1268 3.S -1"' 5&6 '} 19 -1 
1092 1273 1213 3.8 -1 568 b· 2Z -1 
Gl93 1295 1295 3.8 -1 'S56 4 2. -1 
Gl94 13211321 3.9 -1 6et 26' 12 -1 ' 
1195 1321 1321 3.9 :-1 518' 1'2 -1 0 

1196 134' 134' J. 9 -1 SiJ 'J 13" -{ 
1197 1346 1346 3.8 -1 691,6 32 --.1 Run i #4 (1034- 1364hrs) .ms li 1364 3.8 -1 1\1 19 41 ] l 

11 4J2 11 

1\a~m 
234 123'287 
50 J98 875 -1 

1 m 1":\ 
294 245 513 -1 
241 122 263 -1 

\n~i:\ 
524 l'59 &94'-1 
S38 329 SJ7 -1 
176 136 461 -1 

. . -,. 



· , 



• 
• 
• 
• 
• 
• 
• .' 
• 

• 
• 
• 
• 

• 

ct 

,- • 
o 

KCOPER T=00004 I5 OH CROD 049 USING 00 18S SLKS R=ODOO 

0
0
'01 KcDPEI 0.2 HI, FIIR. Fm RECYC GAS PH TEHP COl CH4 02 H2 C2 Cl C4 TVA NoDH 

.103 517 16 
8014 lD4 004 1377 1 1247 6,b 32,' -1 -l -1 -1 1359 51l 498 -1 1710 

"" 111111 lm, :n t:: lfl :1 :t =t:l ::~ Fsl---i:2 :} \1?1,0' 
1117 116 116 1377 1 901 6.6 32,' -1 -1 -1 -1 680 409 44 -1 71 
OU8 '21 '2' 1377. 88iJ 6.6 32.8 -1 -1 -1 -1 (,47 457 44 ,-{ .1710 

1111 1131t: fl~' ?li t:: n:: ::1 :1 :1;1 ;, m 1:.
3 

-_-1
1

1 
0 1999:~ 

Dl11 032132 1195 1 m 6.433,0 -1- -1 -1 -1 0'1.1/567 36 162 
0112 136 136 119S 1 ~. 6.4 33.0 -1 -1 -1 -1 714 634 ,54 -1 1962 
0813 141 .4a 1195' 880' 6.4 33.0 -1 -1. -1 -1 114 634 54 -1 1962 
0014 144 144 1195' 886 6.4 33,. -1 -1 -1 -1 643 561 S4 -1 1962 ms Q4B 048 1212 a 75S 6.5 33.' -1 -1, -1 -1 942' 97~ 108 -1 2124 
ml, 152 152 1212 1 886 6.5 33.8 -1 -1, -1 -1 879 SM UB -1 2124 
0017 OSl! 056 1212' 961 6.5 33.0 -1 -1° -1 ~1 816 880 90 -1 2124 
OU8 161.61 1212. B4D 6.5 3J.O -1 -1 -1 -1 816 784 109 -1 2124 
0019 lM 164 1212' 886 6.5 33.1 -t -1 -1 -1 754 .16 90 -1 2124 
1020 06B 868 1221 1 960 6.l 33.0 -1 1 -1 -1 -1 1100 U63 114 -1 2214 . 
ID21 072 172 1221. 961 6.3 33.1 -1 -1 -1 -1 1008 1180 95 -1 2214 
0122 "6 076 1221 1 916 6.3 33.8 ""1 -1 -1 -1 857 99. 9S -1 .2214 
0123 DS' 88D 1221 1 916 6.3 33.0 -1 -l' -1 -1 7Sb 983 76 -1 2214 
0.24 OS4 DB4 12211 84D b.3 33.0 -1 -1 -1 -1 114 781 57 -1 2214 
0025 Gas lBS 1221 1 840 6.3 33.1 -1 -1 -1 -1 6-43 694 57 -1 2214 
0.26 D92 .92 1352. 886 6.3 32,0 -1 -1 -1 -1 710 738 156 -1 2280 
OOZ? 101 100 1352 a 916 b.3 32.1 -1 -1 -1 -1 no 9S8 123; -1 2280, 
0.28 10~ tl4 1352' 916 6.3 32,' . -1 -1 -1 -1 681 769 88 -1 Z2BO 
1029 118 188 1352. 8B6 6.3 32,' -1 -1 -1 -1 71D 832 101 -1 2280 
0031 112 112 1352. 651" 6.3 32,' -1 -1 -1 -1 651 738 107 -1 2280 
0031 116 116 1352 1 m 1..3 32.1 -1 -1 -1 -1 592 644 162 -1 2280 
0032 121 121 1339 1 916 6.b 32.0 -1 -1 -1 -1 829 958 193 -1 231,4 

llll l~ li: IH:' ~,tJ~:::I:f:f::f~! ~~ f# :f. H~ 
ms 132 132 1339 1 785 6. 63l, a -1 -1 -1 -1 Sil «a 107 -1 2364 
0IJ6 144 t44 1343. 12. 6.6 32.0 -1 -1 -1 -1 111 377 162 -1" 2400 
0.37 148 148 -1343 D 785 6.6 32.' -1 -1, -1 -1 651 345 162 -1 <2400 
0138 152 152 1343. 785 6.6 32.0 -1 -1 -1 -1 5J3 411 144 -1 2400" 
1139 156 156 1343 0 SM 6.6 32.0 -1 -1 -1 -1 53l «1 144 -1 2400 
0041 161 161 1343 1 785 6.6 32.1 -1 -1 -1 -1 562 42-4, 162 -1 240. 
1141 164 164 1343 1 SM 6.6 32.. -1 -1 -1 -1 47. 311 144 -1 2400 
0042 168 168 lJSS 1 SM 6.S 32.' -1 -1 -1 -1 744 58-4 229 -1 2454 
.. 43 172 172 lm 1 86-4 6.5 32.' -1 -1 -1 -1 712 534 208 -1 2454 
DG« 176 176 lJSS 1 864 6.5 32.' -1 -1 -1 -1 - 681 5DO 212 -1' 2.54 
1D45 lBI 180 lm 0 SM 6.S 32.1 -1 -1 -1 -1 6-47 417 191"'1 2454 
1146 184 1IU 1355 1 864 6.5 32.0 -1 -1 \ -1 -1 712 461, W -1 2454 
QI41 188 188 lm 1 7as 6.S 32.1 -1 -1 -1 -1 615 '384 20S" -1 2454 
0048 192 192 133. 1 785 6.6 32,' -1 -1 -1 -1 1S. 625 280;..1 2JJ~ 
1049 196 196 - 1331 ,-- - 78S -6.6 32.0 -1 -1 -1 -1 754 625 2BD -1 . 2334 
0050 288 2tD 13311, 864 6.6 32.0 -1 -1 -1 -1 754 60B 280 -1 2334 
0.51 21. 214 1331 1 864 6.6 32.0 -1 -1 -1 -1 785 608 28' -1 2334 
U52 218 218 133. 1 864 6.6 32.0 -1 -1 -1 -1 122 521 301 -1 2334 

0
0.53 2212 212 1331 1 888 6.6 32.' -1 -1 -1 -1 754 521 lU -1 2334 
154 16 216 1398. 864 6.b 32.1 -1 -1 -1 -1 11B9 954 419 -1 2461 

0055 220221 1398 a 811 6.6-32.1 -1 -1 -1 -1 945 167 368 -1 2~60 
DtS6 224 224 1398. S80 6.6 32.8 -1 -1 -1 -1 11S9 SB6 419::'1 2460 
1057 228 228 1398 1 864 6.6 32.0 -1 -1 -1 -1 112B 852 398 -1 2460 
0158 23Z 232 1398' 86-4 6.6 32,' -1 -1 -1 -1 1158 983 316 -1 2461 
0859 236 236 1398 1 864 6.6 32.' -1 -1 -1 -1 1006 811 355 -1 2460 

.1061 248 240 1221 1 864 6.6 32.a -1 -1 -1 -1 989 484 202 -1 220S 
0061 244 244 1228 1 ~ 6.6 32.' -1 -1 -1 -1 619 m 123 -1 ms 
0062 248 248 1221 1 960 6.6 32.' -1 -1 -1 -1626' 4'~ 138 -1 22'8 
.,63 2S2 252 122. t 961 6.6 32.0 -1, -1 -1 -1 S59 392 115 -1 2288 
1164 256 56 1221. "1 6.6 32.1 -1 -1 -1 -1 ..... 91 <i36 107 -1 220B 
1065 261 261 1221 1 ~ 6.6 32.1 -1 -1 -1 -1 361 194 65 -1 2208 
0.66 264264 133. 1 961 6.S 3J,D -1 -1 -1 -1 832 4SB 417~ 2111 
1061 268 268 1331 1 961 6.5 33.1 -1 -1 -1 -1 904 '111 233 -1 2110 
0.68 272272. 1331 1 961 6.5 33.' -1 .. 1 -1 -1 U12 685.-118 -l" 2111 

Ilil lIt Nt IBI' III t:~ il:1 ::1 :1 :1::1 lit. «i l' ~ ii:: 
1I1l 113 lN lm, III t:~ Il.'' =l ::1 ::1 =1 m 118 i~ -t 21:: 

'" . 

.' 

• 1 

j' .. 

!In III m lm: III ::: B:,' =1 ::t =t ~l m t1l 162 :1 ~ if:: ms ,3n 3.. 1298. 811 6.4 33. -1 -1 -{ -1 142 557 141 -1 2D94 
1176 314 JI4 1298 1 8DI 6.4 33.1 -l -1 -1 -1 '93 521 216 -1 2194 Run #1 (O-332hr ,s) 
1177 318308 ma 1 '21 6.4 33.' ·1 -1 -1·1 659 37S lSl -1 2094 1 

1178 312 312 1314. 72. 6.' 33.' -l -t .. J -1 1141 111 165' -t 216. r. , 
.. 

Q 

. ~ '. 



• 
• 
• 
• 
• 
• 
• 
• 
o 

• 
• 
• 
o 

• 
0" 

• 
o 

\. 

<t ' 

0184 34. 340 143 • 
lOBS 344 344 i43 1 
01& 349 348 '143 • 
lOB? JS2 3S2 143 8 
DD88 3SO 3S6 151 • 

lin lt: lt4 l~: :. 
1191 372 372 lS0 D 
0192 376 37& ,151 1 
8193 384 384 108 • 
809~ 388 388 1G8 • 
Dl9S 39Z 392 189 • 
1096 396 396 118 1 
1097 410 ... 8 189 • 
0098 414 414 119 1 
1D99 408 488 HS 1 
8180 412 412 145 1 
1111 416 U& 145 8 
0112 42. 42. 145 1 
0113 424 424 145 • 
0184 428 428 22B l' 
81IS 432 432 22B 0 
0106 436 436 229 1 
01ll? 440 44. 228 0 
0108 444 444 228 1 
81 09 44B 448 228 0 
DUl! 452 452 -1 • 
OUl 456 4Si. -1 1 
OU2 460 461 -1 8 
OU3 464 4604 -1 • 
DU4 48Q 490 141 • 
8115 484 484 141 D 
0116 488 498 141 ., 
0111 492 492 141 • 
IU8 496 496 ,141 1 
IU9 504 514' 142 Q 
812. 5.8 5.8 H2 1 

IlB ?ll?lt lS 1 
8123 520 521 • 142 • 
0124 528 528 144 1 

Ili i~ ut 1 
0127 5-40 5U 144 • 
8128 S44 s.... 144 1 

lm ~~ l~ 1 
0131 S'56 SSb 133 • 
0132 56. 560 133 1 

. t133 5M 5604 133 • 
8134 S68 568 133 1 
0135 576 516 13'1 8 
0136 580 598 137 1 

un I~:: lB ~ 
0139 592 592 137 • 
0148- 596 596 114 1 

lU! tll NI It: 1 
0143 ,,6DB 618 114 • 
1144 612 612 114 • 

4 .... 
014? 714 704 427!' 
0148 70B 108 -\27 \. 
1149 712 712 427-1 0 
OiSD 716 116 -\34 • 
8151 720 721 434 • 
0152 724 724 434 a 
8153 728 128 43-\ D 
Q1~ 132 732 -\3-\ • 
B~ lt8?a ·m , 
0157 752 752 435 0 
8158 756 156 435:0 

-~-_._--------

1121 6.6 33.1 -1, -1 -1 -1 971 635 125 294 
1440 6.6 33.0 -1 -1 -1 -1 939 664 liB -1 294 
1296 6.6 33.1 -1 -1 -1 -1 919 115 121 -1 294 
1120 6.6 33.1 -1 -1 -1 -1. 936 666 61 -1 294 
1584 6.1 lU -1 -1 -1 -1 11 9b iDl -1 414 
1440 6.7 36.' -1 -1 -1 -1 12 191 -1 41. 
1296 6.7 36.1 -1 -1 -1 -1 1 3 -1 414 
128D 6.736.1 -1 -1 -1 -113 813 113 -1 414 
1440 6.736.1 -1 -1 -1 -1 1311 S23 128 -1 414 
1498 6.635.' -1 -1 -1 -1 1394 842 164 -1 288 
1490 6.6 35.1 -1 -1 -1 -1 ' 1281 196 184 -1 2B8 
1491 6.6 35.0 -1 -1 -1 -1 1223 121 UO -1 288 
1490 6.6 35.1 -1 -1 -1 -1 U65 124 147 -1 288 
149D 6.6 35.' -1 -1 -1 -1 12JB 841 192 -1 288 
1498 6.6 35.1 -1 -1 -1 -1 1255 80B 171 -1 386 
1392 6.5 35.' -1' -1 -1 -1 1482 803 176 -1 3'6 
1392 6.5 35.1 -1 -1 -1 -1 1461 e21 138 -1 316 
1392 6.5 35.1 -1 -1 -1 -1 1433 802 137 -1 306 
1392 6.5 35.1 -1 -1 -1 -1 1318 163 139 -1 316 
1392 6.5 35.' -1 -1 -1 -1 1345 766 138 -1 31" 
1496 6.6 35.1 -1 -1 -1 -1- 1299 138 138 -1 120 
1496 6.6 35.' -1 -1 -1 -1 1252 721 139 -1 120 

. 1496 6.6 35.8 -1 "1 -1 -1 1417 846 213 -1 12. 
1496 6.6 35.' -1 -1 -1 -1 1122 666 134 -1 128 
1496 6.6 35.1 -1 -1 -1 -1 1311 192 167 --1 121 
1496 6.6 35.8 -1 -1 -1 -1 1241 1H 116 -1 12. 
1432 6.5 35.1 -1 -1 -1 -1 1333 7S6 201 -1 141 
1432 6.5 35.' -1 -1 -1 -1 1179 628 86 -1 141 
1432 6.5 35.. -1. -1 -1 -1 1119 h33 97 -1 141 
1432 6.535.' -1 -1 -1 -1 992 54B 94 -1 141 "1 

1432 6.6 3B.' -1 -1 -1 -1 1249 621 175 -1 114 
1432 6.6 38.0 -1 -1 -1 -1 1103 S'35 92 -1 114 
1432 6.6 39.1 -1 -1 -1 '-1 1092 SS8 7S -1 114 
1432 6.6 38.1 --1 -1 .-1 -1 1088 589 114 -1 11+ 
1432 6.6 38.0 -1 -1 -1 -1 1126 541 7S -1 114 

. 1361 6.5 35.' -1 -1 -1 -1 1158 553 122 -1 fi 
1361 6.5 35.1 -1 -1 -1 -1 1161 510 112 -1 9. 
1361' 6. S J),I -1 -1 -1 -1 1134 553 71 -1 9. 
\~\ ~:~ ~'.\ :\ :\ :\ :\ \m \B t\ :\ ~, 
1441 6.1 35.' -1 -1 -1 -1 1133 47. 78 -1 66 
1291> 6.' 35.1 -1 -1 -1 -1 1132 4'. 63 -1 66 

\~~~ i:~ ~:\ :\ :\ :\:\ \ii; 11\ 1l :1 tt 
1440 6.1 35.1 -1 -1 -1 -1 1213 568 79 -1 66 
1584 6.7 35.1 -1 -1 -1 -1 1318 632 86 -1 66 
1441 6.6 35.1 -1 -1 -1 -1 1413 621 121 -1 239 
HU 6.6 35.' -1 -1 -1 -1 1164 541 91 -1 239 
1152 6.6 35.' -1 -1 -1 -1 1256 S18 76 -1 239 
1440 6.6 35.' -1 -1 '-1 -1 1619 112 -1 239 
1441 6.6 35.' ~1 -1 -1 -1 619 118 -1 239 
1371 6.6 35.' -1 -1 -1 -1 1 8 59S" -1 162 
1371 6.6 35.' -1 ~1 -1 -1 11 51A 61 -1 162 
1371 6.b 35.1 -1 -1 -1 -1 1192 5B2 51 -1 162 
1311 6.6 35.' -1 -1 -1 -1 1187 586 52 -1 162 
1371 6.6 35.8 -1 -1 -1 -1 1216 62S 141 -1 162 
1238 6.1 31.0 -1 -1 -1 -1 1129 561 11-4 -1 61 
1238 6.7 37 •• ,-1 -1 -1 -1 lUI' 4r1 4~ -1 61 
1238 6.137.. -1 -1 -1 -1 1129 581 li7 -1 61 
1258 6.737.' -1 -1 -1 -1 ms 591 sa -1 61 
123B 6.7 37,1 -1 -1 -1 -1 1133 598 93 -1 6 Run #2 - - - -
2 If; 1.1 34.1 -1 -1 -1 -1 2114 1128 142 31B 

1238 7.2 34.' -1 -1 -1 -1 2511 1212 16-4 318 
1238 6.4 34.0 -1 -1 -1 -1 2511 1196 193 -1 318 
1238 6.1 3-\,1 -1 -1 -1 -1 2312 754 176 -1 31B 
123B 5.5 34.1 -1 -1 -1 -1 1611 316 91 . -1 • 
1238 '.1 35.' -1 -1 -1 -l, 1687 451...2i1O -1 0 
1128 1 •• 35.' -1 -1 -1 -1 lSB4 324 78 -1 1 
172B 6.B 35.1 -1 -1 -1 -1 1519 367 91 -1 1 
1128 6.8 35.0 -1 -1 -1 -1 1694 569 245 -1 , 

rHI ~:~ ltl =1 :1 =1:1 Uit H 118:1 1 
1728 5.3 34.1 -1 -1 -1 -1, 1169 12 1121 -1 e 
112B 5.3 34.1 -1 -1 -1 -1 1889 65 1132 -1 1 

,... 
'. ", 

(336-696hrs)- , 

----_J 



-.-----------------
-. ... • 0159 768 769 431 , 

otbD 712 772 431 • 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

'lit! nt m tlt 1 
1163 788 788 .. 31 • 
1164 792 79Z 431 1 
016S 19f1 796 431 • 
0166 N. BU 431 1 

IIM Il: 113 tif 1 
IHI Ilt~t Hl 1 
1111 824 824 437 1 
U12 828 828 .. 31 , lm mm 8J , 
U7S 841 B4I 436 1 
1176 S44 844 43fI • 

IBi ltll:l §t 1 
1179 864 864 215 • " 
0181 868 B68 21S 1 
1181 812 812 215 1 
0182 876 876 215 1 
0183 88. 881 215 , 
1184 ~ B84 J.42 1 
8111S 888 BIS 30\2 1 
0186 892 B92 342 1 
0187 894 89& 30\2 1 
usa 901 '" ~2 1 
lIn 111lll lU , 
1191 916 916-- 314 G 
0192 961 96' -«1 1 
1193 964 964 441 0 
0194 968 968 441 • 
8195 912 972 441 1 
1196 914 976 441 1 

Illé fi: 11: ::: : 
1199 988 988 441 • 
0211 992 992 448 1 
1211 994 996 441 1 
.212 iDlI 1111 4" 1 
1213 ut4 1 .... 393 1 
aZI4 1118 1108 393 1 
1215 - 1116 1116 393 • 
1216 U21 112. 393 1 
1217 1132 1132 385 1 
.218 1136 1136 385 , 
0219 1141 1141 38S • 
• 211 114-4 1144 3BS , 
0211 1148 1148 38S 1 
.212 1052 1152 414 • 

IIU IID lIa 11: 1 
Ill: litt lm tu , 
IRl lIn 1111 :U : 
0219 1881 lIBO 4t3 • 
1221 1884 1184 4111 

lm 111lI'":U: 
.223 1196 il96 4t3 • 
1224 110' t1l' 394 1 
1225 lm 1114 394 1 
.226 1118 1118 394 1 
8227 ,1112 1112 394 1 
0228 tU6 U16 394 , lm Ill: lm fi: , 
1231 1128 1128 418 1 
1232 1132 1132 4.8 , 

Illl litt Ult :" 1 
Dm 1144 1144 U8 • 
1236 1148 1148 4IS 1 
.237 1156 1156 3S2 1 
1238 1161 1161 3S2 1 

1Ia ~.,) J1.U -1 -1 -l -~ nu .. &., 
2592 5.3 34.0 -1 -1 -1 -1 1m 14 US? -1 • 
2160 5.3 34.0 -1 -1 -1 -1 1034 52 1877 -1 8 
21&1 5.3 3U -1 -1 -1 -1 88U SI 1809 -1 0 
2161 5.3 30.0 -1 -1 -1 -1 849 46 964 -1 0 
2161 5.3 35.1 -1 -1 -1 -1 1131 98 1064 -1 -1 
216. 5.3 lS.t -1 -1 -1 -1 997 61 1134 -1 -1 
2141 5.3 35.' -1 -1 -1 -1 m -1 1112 -1 -1 
216. S.3 35.. -1 -1 -1 -1 991 -1 943 -1 -1 
2141 5.3 35.0 -1 -1 -1 -1 1112 -1 938' -1 -1 
2161 5.3 35.' -1 -1 -1 -1 1844 72 931 -1 -1 

. 1728 5.3 35." -1 -1 -1 -1 911 74 941 -1 -1 
2141 5.3 35.' -t -1 -1 -1 965 48 982 - ';1 Q-1 
216' 5.3 35.1 -1 -} ~:"1 961 71 9S0 -1 -1 
2161 5.3 35.0 -1 -1 -1 -1 94-4 -1 927 -1 -1 
1728 S.3 35.1 . -1 -1 -1 -1 196 -1 S86 -1 -1 
2160 5.3 lS.' -1 -1 -1 -1 1811 11 861 1-1 -1 
2161 5.3 35.1 -1 -1 -1 -1 1014 61 1111 -1 -t 
2161 S.3 lS.. -1 -1 -1 -1 815 -1 952 -1 -1 
216' 5.4 34.1 -1 -1 -1 -1 911 -1 862. -1 78 
"2592 5.4 34.1 -1 -1 -1 -1 91S -1 978 -). 78 
2592 5.4 34.' -1 -1 -1 -1 919 SI 954 l! 7S 
2592 5.4 34.. -1 -1 -1 -1 ua7 72 187& -1 78 
2S92 S.4 34.0 -1 -1 -1 -1 9SB -1 954'\ -1 78 
2592 5.4 34.1 -1 -1' -1 -1 93S -1 943' -1 78 
216' S." 36.' -1 -1 -1 -1 1129 112 1114 -1 -1 
2168 5.4 35.1 -1 -1 -1 -1 1139 82 924 1-1 -1 
2145 S." 35.1 -1 -1 -1 -1 1123 66 861 \-1 -1 
2045 5.4 35.' -1 -1 -1 -1 1040 68 8~! -1 -1 
2145 5.4 35.' -1 -1 -1 -1 1145 68 814YM -1 
1694 5.5 35.' -1 -1 -1 -1 9"S 61 at3 li 78. 
1694-6.1-35of --1 -t '"1 -t --tt7S-98~e5' - 78. 
1694 6.1 35.' -1 -1 -1 -1 1173 98 794 -1 781 
2214 6.8 3S.D -1 -1 -1 -1 12G6 381 385 -1 780 
2214 6.8 35.1 -1 -1 -1 -1 1398 310 647 -1 780 
2214 6.8 35.1 -1 -1 -1 -1 1288 241 642 -1 781 
_2214 6.B 35.' -1 -1 -1 -1 1276 2S4 st4 -1 781 
2214 6.8 35.1 -1 -1 -1 -1 14.8 3'ZI 5S7 -1 7BI 
2214 6.8 35.1 -1 -1 -1 -1 1429 411 481 -1 780 
198P 6.8 37.1 -1 -1 -1 -1 1'537 191 292 -1 61. 
1919 6.8 37.1 -1 -1 -1 -1 ISBI 671 ... -1 bll 
t919 6.8 31.1 -1 -1 -1 -1 1576 7S8 381 -t 6 •• 
1919 6.B 37.1 -1 -1 -1 -1 1636 859 388 -1 68D ' 
1919 6.8 31.' -1 -1 -1 -1 162. 841 3S9 -1 6U ) 
-1315 7.1 35.' -1 -1 -1 -1 1997 1182 411 -1 340 1 
1315 1.1 35.' -1 -1 -1 -1 ta54 UIS 30S -1 341 • ms 7.135.' -1 -1 -1 -1 19929'58 268 -1 lb,Run #3 (700-1032hrsJ 
l~S 7.1 35.1 -1 -1 -1 -1 1~t\ ru 1 -\ ~ 
1 6 6.S 34.1 -1 -1 -1 -1 1 - -
894 6.5 34.1 -1 -1 -1 -1 lSlt 472 2SB -1 534 
864 6.5 34.1 -1 -1 -1 -1 1382 438 '2~ ~1 sn 
864 6.5 34.1 -1 -1 -1 -1 .1344 451 2.2 -1 534 
B64 6.5 34.1 -1 -1, -1 -1 1318 433 I1Tl -1 534 
864 6.6 34.1 -1 -1 -1 -i 141' 454 1221 -1 36. 

lW l:t 11:: :1 :1 :1::1 l~::: 111:::; ft: 
864 6.6 3.... -1 -1 -1 -1 1244 411 li6? -1 360 
1296 6.6 34.1 -t -1 -1 -1 1295 422 /186 -1 36. 
1295 6.6 34.1 -1 -1 -1 -1 1269 3B4 179 -1 360 
1296 6.5 34.1 -1 -1 -1 -1 1296 418 287 -1 216 
864 6.5 lU -1 -1 -1 -1 1265 453 245 -1 21b 
1296 6.5 34.1 -1 -1 -1 -1 U84 418 219 -1 216 < 

864 7.' 34.1 -1 -1 -1 -1 1268 436- 2i2 -1 2ib • '" 
1294 1.' lU -1 -1 -1 -1 usa 3S4 219 -1 21. 
1294 7.' 34.1 -t -1 -1 -1 tu4 2W 2~ -1 216 
864 1.' 34.1 -1 -1 -1 -1 1219 2ü 3J5 -1 -1 
B64 7.' 34.1 -1 -1 -1 -1 1812 192 271 -1 -1 
864 7.' 34.1 -1 -1 -1 -1 921 162 3U -1 -_1 
B64 1." 34.1 -1 -1 -1 -1 931 132 311 -1 ,1 -~ 
864 7.' 34.1 -1 -1 -1 -1 848 128 250 -1 -1 
864 7.' 35.' -1 -1 -1 -1 ,.... 68 344, -1 -1 
864 7.' 35.1 -1 -1 -1 ~1 n, 94 llr -1 -( 
B64 6.9 34.1 -1 -1 -1:-1 'rl7 107 274 -1 211 
864 6.9 34.1 -1 -1 -1 -1 699 92 344 -1 211 
864 6.9 34.1 -1 -1 -1 -1 bD4 54 29S -1 210 
,~ \:~ ~t, :i :\ :\:\ ~ ~, }\h :\ iil 
DM 6.9 3-4.1 -1 -1 -1,,1 SSS 43 256 -1 211 
864 6.9 34.1 -1 -1 -1 -1 538 46 lSG -1 44 
864 6.9 3U -1 -1 -1 -1 521 46 251 -1 44 
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0239 1164 116~ ~~~ • 864 6.9 3-4 •• -1 -1 -1 -1 41f~ 1) ~12 -1 bO 

\}1\ \\~i \\~i '3b \ '~~'.~ \1'.\ :\ :\ :\:\ \\1 ~1 lU:\ ~\ 
0242 1180 1180 JS2 • 864 7.8 34.' -1 -1 -1 -1 665 52 459 -1 -1 
0243 1184 1184 382 D 864 7.' 34.0 -1 -1 -1 -1 67. 41 480 -1 -1 
0244 UBB 1188 JS2 1 B64 1.0 34.' -1 -1 -1 -1 SiG 40 256 -1 -1 
02~S 1192 1192 Jal 1 B64 7.' 34.' -1 -1 -1 -1 SM 41 356 -1 -1 
0246 1ZU 120. J56 • 1296 7.3 32.' -1 -1 -1 -1 696 35 ~3 -1 -1 
8247 1204 1214 3S6 1 1296 7.3 32.' -1 -1 -1 -1 724 54 541 -1 -1 
0248 120B 1208 JS6 • 1296 1.3 32.1 -1 -1 -1 -1 662 52 498 -1 -1 
D249 1212 1212 3S61 1296 7;332.' -1 -1 -1 -1 614 52 502 -1 -1 
lm 121(1211) JSb 1296 7.3 32.1 -1 -1 -1 -1 5S4 52 471 -1 :1 
Dm 1224 1224 281 , iD81 6.5 33.' -1 -1 -1 -1 121 99 464 -li 
0252 1236 1236 281 • U8. -6.533.1 -1 -1 -1 -1 676 52 411 -1 37Z 
0253 12448 1122~, 28 ••• ' 864 6.5 33.' -1 -1 -1 -1 801 11b m -1 372 
0254 12· 4 TI 28 864 6.5 3J.' -1 -1 -1 -1 714 82 365 -1 372 
.255 1248 1248 4.5 , 864 6.6 33.' -1 -1 -1 -1 914 137 513 -1 43"2 

• 0256 1252 1252 405 • U8. 6.6 ll.O -1 -1 -1 -1 S21 92 389 -1 432 
1257 1256 1256 415 1 1296 6.6 33.' -1 -1 -1 -1 827 lM 376 -1 432 
0258 126' 12&. 405 1 1512 6.6 33.' -1 -1 -1 -1 923 130 464 -1 432 
8259 12M 126+ 415 • 1296 6.6 33.D -1 -1 -1 -1 869 119 380 -1 432 
126' 1272 1272 400 1 UBI 6.6 35.0 -1 -1 -1 -1 946 156 446 -1 -1 
8261 1276 1276 410 1 1296 6.6 35.8 -1 -1 -1 -1 975 18B 337 -1 -1 
0262 1280 1281 4" • 1296 6.6 35.8 -1 -1 -1 -1 1814 198 3S9 -1 -1 
0263 1284 1284 411 1 1296 6.6 35.' -1 -1 -1 -1 1031 242 318 -1 -1 
0264 1288 1288 411 • 1296 6.6 35.0 loi -1 -1 -1 1154 279 J32 -1 -1 
0265 1296 12V6 4.8 • 1296 -1 35.' -1 -1 -1 -1 iDDS 191 ,"9 -1 -1 
0266 1300 1300 418 • 1296 -1 35.' -1 -1 -1 -1 1044 180 ,"3 -1 60 
0267 1384 1314 418 D 1296 -1 35.0 -1 -1 -1 -1 974 187 315 -1 68 
0268 1308 m8 4.8 • 1296 -1 35.' -1 -1 -1 -1 959 192 4D3 -1 61 81t9 1320 1320 216 , USD -1 34.1 -1 -1 -1 -1 861 152 J38 -1 -1 

127t \~é \~ ~It , -m' :\ i1'.\ :\ :\ :\:\ '* lU 1\1:\ :\ 
0272 1332 1332 216 • 864 -1 M. • -1 -1 -1 -1 838 138 292 -1 -_\ 
0273 1336 1336 2.6 • USD -1 34.' -1 -1 -1 -1 780 132 267 -1 
1214 1341 1341 2.6 , 864 -1 34.0 -1 -1 .:<1 -1 902 112 313 -1 -1 
8275 1348 1348 183 1 864 6.635.' -1 -1 -1 -1 821 HS 280 -1 222 
8276 1352 1352 183 • 864 6.635.8 -1 -1 -1 -1 841 149 294 -1 ~ 

. 
! 

8277 1356 1356 183 • 864 6.6 35.' -1 -1 -1 -1 868 178 249 -1 r;u. 
8278136.1360'183' 8lt4 6.635.' -1 -1 -1-1874208 186 -1 222 Run #4 (1034-1364hrs) 
ml lm lin JI: m 6,t 35,1 -1 -1 -1 -1 75~ m ~3' -1 222 tri 6. 35.1 -1 -1 -1 -1 U78 -1 762 
1281 1376 1376 412 • 1512- 6.5 35.' -1 -1 -1 -1 1732'564 346 -1 '72 
0282 138. 1381 412,' 1128- 6.5 35.1 -1 -1 -1 -1-,.l957118. J82 -1 ,762 
1283 1384 1384 472 • 3824 6.5 35.1 -1 -1 -1 -1 1926 737 355 ,-1 '62 
1264 1388 1388 472 1 2592 6.535.1 -1 -1 -1 -1 1798 692 319 -1 162 Il lm HIE ln , ltbe 6.8 34.1 -1 -1 -1 -1 1822 557 348 -1 162 
na1 HII 1411 344 1 ~t i'.\ ~t' :\ ~\ :\:i lia Ut in:t \\1 
1288 1-4.4 1414 J44 1 2818 6.8 34.' -1 -1 -1 -1 18.4 366 833 -1 162 
1289 1488 140B 344 1 2818 6.8 34.1 -1 -1 -1 -1 1811 357 872 -1 162 
0291 1412 1412 -433 1 2818 6.9 32.' -1 -1 -1 -1 1451 152 1131 -1 • 
• 291 1416 1416 433 • 2592 6.9 32.1 -1 -1- -1 -1 1469 15; 1145 -1 • 
0292 1421 1421 4J3 • 2592 6.9 32.1 -1 -1 -1 -1 ISS0 152 1179 -1 1 
0293 1424 1424 4J3 , 2376 6.9 32.1 -1 -1 -1 -1 141B 137 1141 -1 • 
8294 1428 1428 4J3 1 2316 6.9 32.' -1 -1 -1 -1 1252 120 1152 -1 1 
1295 1432 1432 433 1 2812 6.932.1 -1 -1 -1 -1 1178 113 1115 -1 0 
1296 1436 1436 421 • 259Z 6.6 33.' -1 -1 -1 -1 lSS1 152 1133 -1 1118 
lm 1444 1444 421 1 21be 6.6 33.' -1 -1 -1 -i 1311 166 677 -1 1818 
.298 448 1«8 42. , 1944 6.6 3.J.' -1 -1 -1 -1 1226 131 786 -1 lt8a\8 
1299 1452 1452 428 1 2316 6.6 33.1 -1 -1 -1 -1 1256 165 654 -18 
1311 1456 1456 421 • 2376 6.6 33.' -1 -1 -1 -1 l226 166 Sô8 -1 1,018 
1311 1 .. 68 1468 .. 19 • 1728 6.6 32.1 -1 -1 -1 -1 1564 211 B73 -1 72 
1382 1412 1412 419 • 1128· 6.632.8 -1 -1 -1 -1 1619 m ,115 -1 t~ 
:llf Ult t:lt :f: :t-\t, m: t:: ~:: :1 :1 :1 =t liH 3l: al~:t 612 

Il'~ lm II :11 , El:: t:~ Il:: :1 :1 =1 =t 111::i fIl m:J m 
13D7 1492 1492 419 • 1128 6.1 32.' -1 -1 -1 -1 .581 312 78S ·1 SM 
8388 1496 1496 419 • 2161 6.132.' -1 -1 -1 -1 1520 331 653 -1 514 

11311 1511 1518 419 1 2161 6.7 32.' -1 -1 -1 -1 1573 323 131 -1 SM 
31 15.4 1504 419 • 19'" 6.732.1 -1 -1 -1 -1 1595 351 662 -1 Sl4 

1311 15.8 1S18 419 • -1 6.' 32.' -1 -1 -t·-l 1488 JS5 576 -1 ~ 
1312 1512 1512 442 • 19'" 6.6 33.' -1 -1 -1';'1 1419 359 498 -1 7S 

'

1313 1516 1516 442 0 1296 6.6 33.1 -1 -1 -1 -1 1268 349 311 -1 7S 
314 1521 1521- 442 • 864 6.6 33.' -1 -1 -1 -1 971 3.5 231 -1 15 
81~ ~ ~ m, t11 é:é li:1 :1 =1 :1:1 ln W ilS =1 lèSB 
1117 1564 1564 lBS 1 -11 6.B 36.1 -1 -1. -1 -1 $4 61 2 -1 U88 
'lIB 1568 1568 -388 • 1944 6.B 36.1 -1 -1 -1 -1 186 52 22 -1 U88 

Q 

• 
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0319 1S12 15-72 lBS 1 
0321 1576 1516 389 1 
0321 1581 1581 411 1 
832.2 ISM 1584 411 • 
1323 1588 1588 .01 • 
'324 1592 1592 m • 
0325 1596 1596 .11 0 

,8326 IbiD 1611 401 • 
1327 1612 1612 39S • 
e32S 1616 1616 395. / 
1329 1621 16.21 39S .. " 
1330 1624 1624 395 1 
1331 1628 1628 395 , am 1632 1632 395 1 
1333 1636 1636 381 • 
8334 1648 164. 381 • 
8335 IlM 1644 381 • 
.336 1648 1648 381 • 

ml Itll ft?l1811 

Il f ltt: 1t:: 1 : 
• 1668 1668 28S • 
o 2 1672 1672 285 1 
1J.41 1676 1676 28S , 

21bl 6.B 36.0 -1 -~ 
2161 6.B 36.D -1 -1 
2J7b 6.535.0 -1 -1 
2l6G 6.5 35,1 -1'-1 
3672 6.535.' -1 -1-

'32.4' 6.5 35.' -1 -1 
3824 6.5 35.0 -1 -1 
2808 6.535.1 -1 -1 
3D24 6.6 34.1 -1 -1 
3124 6,6 34.1 -1 -1 
3124 6.6 34,1 -1 -1 
2808 6.6 34,' -1 -1 
2918' 6.6 34,' -1 -1 
2316 6.634.1 -1 -1 
2888 6.6 35.. -1 -1 
2818 6,6 35.' -J -1 
2818 6.6 35.' -1 -1 
28.8 6,6 35.' -1 -1 
28.8 6.6 15,1 -1, -1 
2888 6.6 35,.0 -1' "1 
2818 6.6 35.' -1 -1 
2U8 6.6 35.', -1 -1 
2118 6.6 3;; f -1 -1 
2118 6.6 35.' -1 -1 
2018 6.6 35.1 -1 -1 
2.45 6.S 34 •• ,-1 -1 
2045 6.534.' -1 -1 
2145 6.534.1' -1 -1 
2D45 6.5.34.8 -1 -1 
2161 7, S3S, 0 -( -1 
2161 7.535.8 -1 '-1 

-1 -1 :t;)1 l'Il ,on -I.L ........ 

-1 -1 961 161 509 -1 1188 
-1 -1 1213 256 S89 -1 114' 
-1 -1 1394 52Z 518 -t 1141 
-1 -1 1589 858 39t -1 1140 
-1 -1 1118 telS 295 -1 1141 
-1 '-1 lUS 1256 311 -1 ~ 1148 
-1 -1 2352 1339 34b -1 1140 
-1 -1 24-'2 1598 450 -1 2822 
-1 -1 2411 1518 482 -1 2122 
-1 -1 2624 14" 547 -1 2122 . 
-1 -1 271. 1451 682 -1 2022,' 
-1 -1 2522 1256 539 -1 21~ 
-1 -1 269S 1290 SU -1 2atz 
-1 -1 2312 1186, SU -1 -1 
-1 -1 2586 U98'558 -1 -1 
-1 -1 2955 1112 618 . -1 -1 
-1 -1 29.2 932 60S -1, -1 
-1 -1 2613 149 626', ,-1 -1 
-1 -1 2415 679-"' -~ -1 
-1 -1 2433 S7S 418 -1 -1 
-1 -1 26-t1 883' 543 -1 -1 
-1 -1 2519 631 463 -1 -1 
-1 -1 2991 676 493 -1 -1 -
-1 -1 2586 693 415 -1 -1 
-1 ~1 2S29 Ut7 411 -1 961 
-1 -1 288D 1178 364 -1 961 
-1 -1 2929 H6? 394 -1 96D 
-1 -1 2BU 1156' 339 -1 960 
-1 -1 2315 914 321 -1 678 
-1 -1 2498' 831 382 -1 678 
-1 -1 2421 771 S34 -1 i 678 

(lB68-1748hrs) 
--~~~~~~~~~~~~~~~~~~~~~~--------ôl. 6.' .1 B6-4 

• .~ 1718 1718283 .' 
13<45 1112 1112 283 • 
fI3~ 1716 1716 283 • 
83-47 1720 1720 2B3 D 
Ql4S 1728 1128 189 1 
0349 1732 1732 189 • 
OlSI 1736 1136 189 • 
1351 1741 1741 189 , 
8152 1744 11« 189 ~ 

./' '216 •. 7.53S.1 -1 -1 
1296 7.1 35.' -1 -1 
1296 7.1 •• -1 -1 

-1 -1 501 781 SIS -1" 67a 
-1 -1 2512 846 513 -1 678 Run #5 

am 1756 1156 395 1 
.356 t76' 176. 395 1 

lm Ht: 11t::I~ , 
Dm 1772 1772 359 1 
1361 1781 1181 3S9 • 
.~ lm 1784 359 • 
• 1788 1788359 1· 
1 1792 1192 3S9 1 

~~. i~~ ~~~ m , 
.366 lS18 181S 328 • 
'36' 1812 1812 328 1 
0368 1816 1816 328 0 
1369 18210 1821 328 • 

. 1378 1824 1824 346 1 
1371 1828 1828 346 1 
1312 '1832 1832 346 1 
.373 1836 1836 146 1 
.374 184. 184. 346 • 
.315 184.4 1844 346 • 
.316 1848 1848 37. • 
8377 1852 18S2 371 • 

. 8378 1856 1850 311 1 
0379 18"1 18" 371 1 
8381 1864 1864' 371 • 
1381 18fa8 1868 38? • 
1382 1812 1872 381 1 am 1876 1876 387 • 
• .-. 188. 188. 387 • 

lm lm fll:18: ' 
1387 1911 1911 lS2 D 
.388 1941 1941 453 1 
8389 19" 1944 453 1 
0391 1952 1952 453 .-
1391 1956 19S6 453 1 
U92 196. 1961 4S3 • 

1111 "11jlll~1 :1: 1 
9395 1916 1976 431 1 
0396 1980 1981 431 • 
0397 1984 1984 431 , 
0398 1988 1988 431 • 

-- - ----

216' '6.~3S.0 -1 -1 -1 -1 2587 ns 490 -1 B64 
1729 6.6 35.' -1 -1 -1 -1 ~9 146 55D -1 B64 

Ifll t:t R:: :1 :t· :1 =t mt 111 lz::l 864
0 

21'" 6.6 35.1 ~ -1 -1 -1 -1 2168 679 . 436 -1 m 
2161 6.6 35.1 -1 -1 -1 -1 2386 133 411 -1 ~ m 6.6 35.' -1 ,-1 -1 -1 2398 685 4.2 -1 ,-

21\\ tt il·.\ :\ :\ :\:\ il~ \U 11i :\ ~ 
216. 6.6 35.' -1 -1 -1 -1 2.&JS 56. 38S -1 726 
21". 6.5 35.' -1 -1 -1 -1 2319 411 271 -1 486 
2161 6.5 35.1 -1 -1 -1 -1 2144 JJ8 213 -1 486 
2161 6.535.1 -1 -1 -1 -1 2192 381 211 -1 486 
2161 6.535.1 -1 -1 -1 -1 2138 286 261 -1 48ô 
2592 6.535.' -1 -1 -1 -1 2131 278 229 -1 48b 
216. 6.5 35.1 -1 -1 -1 -1 1982 2S4 2a4 -1 ,354' 
2161 6.5 34.1 -1 -1 -1 -1 2144 288 235 -1 m 
2161 6.534.' -1 -1 -1 -1 1862 232 221 -1 354 
1728 6.534.1 -1 -1 -1 -1 1894 2S8 249 -1 J54 
1728 6.534.' -1 -1 -1 -1 1813 2&4 212 -1 354 
1128 6.5 34.' -1 -1 -1 -1 1817 272 29' -1 3S4 
1728 6.6 34.' -1 -1 -1 -1 2125 348 412 -1 139 
1128 6.6 34.1 -1 -1 -1 -1 lm 4t6 '4S1 -1 739 
1728 6.6 34.1 .. t -1 -1 -1 t11f S2.6 421 -1 139

739 1728 U 34.1 -1 -1 -1 -1 1711 541 4J6 -1 
1728 6.6 34.1 -1 ~1 --1 -1 t114 S38 424 -1 m 
2161 6.635.1 -1 -1 -1 -1 1719 S2S 412 -1 96. 
2161 6.6 35.' -t -1 -1 -1 1968 523 "445 -1 96' 
1128 6.635.1 -t -1 -1 -1 2 .... 614 412 -1 961 
-IAZI 6.6 35.' -1 -1" -1 -1 2116 66J J92 -1 96. 
-1" 6.6 35.'" -1 ~-1 -1 -1 21.9 661 348 -1 961 
1728 6,5 13.' • -1 -1 -1 -1 ,2165 642 286 -1 SS8 
17211 la.5 D.' -1 -=1 -1 -1 1868 548 281 -1 $B -lm'6.s 35.1 -1 -1 -1 -1 23&B 1134 32l -1 9SI 
t728 la.5 35,' -t -1 -1 -1, t7.4 '" 266 -1 9SI. 
\~ t:~ ~:I;:l :\ :\:1' lm ~s il :1 m 
1728 6.535.' -1 -1 -1 -1 1691 8S4 311 -1 9SI 
1728 6.5 3S.t -1 -1 -1 -1 184. 712 314 -1 648 . -

\~ t-.~ itl :i :\ :\:\ \~ t~ 1fl :\ t\i 
1'128 6.5 35.1 -t -1 -1 -1 1425 624 299 -1 648 
1728 la,S 35.1 -1 -1 -1 -1 1380 617 315 ~ 64B 
1728 6.535.1 -1 -1 -1 -t 1321 S88 321 -1 648 

1 

L 

-------------- ----- -------- --- -- _ .... _-----, 



_ .. 

i··~!'"~ 

) Imy:pmr ~ 1128 6~S 36.' -1 -1 -1 -1 11 ... 1,7i 311, -1 366 

, ;1'l ' 't' ~r., ~ \ \ . , t"~l' :\ :\ ::}:\ \I~ ~ i :\ ~ii 
" 

'" 4 '1 4 104 4 1 17 6.. &.8 -1 "\ -1 -1 975 m m -\ hi 
) "'3 2118 2118 421 • 1728 6.S .• -1 - -1 --1 911, 1, -

.414 2U2 2.12 320 • 864 6.6 34.0 -1 -1 -1 -1 1148 411 439 -1 822 

041S lU" 2U6 3~' • 
Q6.4 6.6 34.0 -1 -1 -1 -1 842 43. 2g. $1 822, 

1406.,2 D3" 864, 6.6 34.8 -1 -1 -1 -1 1025 6.4 Wu'-1 ~ 
, , 1 

) "17 2124 ZI24 32' 1 la6 ".6 34.8 -1 -1 -1 -1 1343 844 0'-1 
1408 2.28 "2'28 320 • 1296 6.6 34.1 -1 -1 -1 -1 1369 9S6 m -1 ~ Illl HUlfl 1 Wt: t·~ rs· 1. -1 -1 -1 -1 lft9 979 1-1 

,Uf>. S.G -1 -1 -1 -1 9 11~ ~ -1 m 
L '411 2.4. 2"" 431 • -1 '11.~6.9 3S.! -1 -1 -1 -1 1564 11 -1 

1412 2144 2'~ 431 • 1728 6.935.1 -1 -1 -1 -1 1532 1152 341 -1 822 '" \ 

• 1413' ~'48 2 ... 43' • ~ 6.9 35.' -1 -1 -1 -1 1566 1161 3i2 -1 822 
R'un j6 t1752-2061hrs} 

.414 152 ~S2 4il 1 ~ h.9 ~.. -1 -1 -L;I 1S1~ lMl412 -1 Si 
) 0-.m-i85h 56 4 , • ~ , -f -f - -1 166 4 0 -i 

b 

---, w-zaWil2H lIan.:· - - -\ -1-113&-654 144 -1 1120 ", 

M17 2111 2171 43-1 1944 6.7 36.' -1 -1 - -1 1497 865 250 -1 102 • 
• 418 2174 2114 425 ... 1'44 6.7 36.' -1 -1 -1 -1 181' 1I6~ -1 112. 

) 1419 2178 21"18 425-1 2161 6.7 36.' -1 -1 -1 -1 2051 119 358 -1 1028 
1421 2182 2182 42S-t 2592 6.1 36.1 -1 -1 -1 -1 2230 1261 39S -1 lOZO 
1421 2186 2t86 42S-I 2161 6.7 36.' -1 -1 -1 -1 2388 1312 394 -1 1820 
0422 2191 2191 .. 2161 6.135.t -1 -1 -1 -1 2177 1156 411 -1 486 

'J' ) . 1423 2'U ZI'" :ft. 1512 6.7 35.1 -t -t -1 -1 2161 11.8 JJ2 -1 4Sb 
1424 21 2198 • ' 1512 6.735.0 -1 "1 -1 -1 1911 966 296 -1 486 

lm I1ll111l l , lIBI 6.1 ~.. -1 -1 -1 -1 1571 168 230 -1 48b 
-1 6.1 •• -1 "1 -1 -1 1444 7S1 226 -1 -1 

,of 1427 2UI 2U. 48S 1 - SM 6.7 35.1 -1 -1 -1 -1 1336 631 237 -1 4Sb 
e.t2S 2114 2U4 lU • BItS 6.5" 36.8 -1 -1· -1 -1 1191 584 244 -1' 61 

lm mllfllUl: aM 6.5 36.8 -1 -1 -1 -1 1238 611 2S7 -1 68 
1416 6.137.' -1 -1 -1 -1 1~ ~- ru -1 \8~ l 

) lm H42 1142141' -1 6.7 31.' -1 -1 ;-1 -1 1 -1 8 
46 46 14t • -1 6.137.1 -1 -1 -1 -1 1938 1112372 -1 181 0 

. 
lm B~llaUlI -1 '·6.737.' -1 -1 -1 -1 1838 961 334 -1 180 

-1 6.137.' -1 "1 -1 -1 1918 1IH 1 -1 1" 
) r:B Rli58 141 1 

1416 6.7 37.1 -1 -1 -1 -1 1819 111 -1 ,1 
1 62-396 • ~ 1944 6.1 35.1 -1 -1 -1 -1 1716 9il 1 -1 546 

/ lm llnllnl~: 1944 6.735.' -1 "1 -1 -1 1691 891 -1 S40 
1944 6.735.' -1 -1 -1 -1 1528 11l 518 -1 ~ ), M39 H:74 2174 m • 1128 6.7 35.' -1 -1 -1 -1 1535 568 61ft -1 

1441 18 2178 396 • 1728 '.7 35.1 -1 "1 -1 -1 11\\ 496 66l -1 S46 

Ut! il BI lit : 1128 6.7 ~.I -1 -1 -1 -1 16 Sil S'IS.' -1 W, 
1944 6.6 .1 -1 -1 -1 -1 ~ m 549 -1 f,6 -

) 1443 1ft ~ft ~4 • 1728 6.6 35.1 -1 -1 -1 -1 488 -1 '. 

1.... ,. 94 4. 1512 6.6 35.1 '''1 -1 -1 -1 948 211 611 -1 876 

ml fmBllml ml 6.6 35.1 -1 "1 -1 -1 U32 219 610 -1 876 
6 6.6 ~.I -1 -1 -1 -1 4 m ut -\ ~i /: 

) 1447 2216 m: 924 1 1296 6.6 3.1 -1 -1 -1 -1 981 -
1448 221. 1 431' 1 1186 6.8 41.1 -1 -, -1 -1 1.84 i84 m -1 66. 

i ml ll1Ilm 81 , lB' 6., 41.' -1 -1 -i -l 1316 IS -1 6U 
6 6. .1.1 -1 ~l -1 -\ \ij\ ~'~ ~ -\ 11\ 

) '4~ li 2222 431 • 2316 6.B 41.' -1 -1 -1 - 1 6-
1. 2226 431 • 2592 6.8.1.1 -1 "1 -1 -1 1547 211 925 -1 ·661 

mllBlBlt If 6.8 4'.' -1 -1 -1 -1 1749 219 881 -1 660 
24 6.1 35.' . -1 -1 -1 -1 1743 m 163 -\ WI 

) l:~ Blll::U: 2818 6.1 35.' -1 "1 -1'-1 1687 U37 - 618 
2S92 6.' 35.' -1 ~1 '-1 -1 lm'I ~-1 t" , -l.fllllll:l:1 . BR 6.1 !.I -1 (A,;l -1 -1 1 1 1 -1 

6.1 .1 -1 -1 -t -1 1456 184 1464-1 ... 
) -049 22S2 22S2 424 1 2376 6.' 35.' -l -1 -1 -1 1552 179 ms-l "' 1461 22S81 }l' • 2818 6.5 1" -1 -1 -1 -10 w,\ m \ii -1 m 

ntl Il ' ft 1 Nt: 6.~ .1 -1 -t -1 -1 1 -1 
9 6. •• -1 - -i -1 18SI m 1316 -1 f55 

) 1463 li' li: 3" 1 
1,," .6.5 35.1 -1 -1 -1:-1 1752 J.266 -1 9SS 

t-'64 4 4 l16 • 2161 6.535.1 -1 -1 -1 -1 1871 27S 986 -1 9S5 . 

lm ifBDIUl- 1944 6.~ D" -{ -1 -1 -1 ~119~ 291 m2 -( 9S5 
1512 la. •• -1 -1 -1 -1 1828 ftl -1 811 

) us ;m'lm '" • 
1512 6.5 35.1 -1 -1 -1 -1 13'11 12 61B -1 881 .," . 1.81 6.5 35.' -1 -1, -1 -1 °1218 m 499 -1 SlD 

:'Sl HU 114 711 1 
-1 6.S 35.' . -1 -1 -1 -1 1161 514 -1 BOl 

1 4 2'" • -1 6.5 35.1 -1 -1 -1 -1 1I26:MI .ct6 -1 eu 

J lm il:l 2312 'II • 0 

-1 6.5 35.1 !1 ·1 -1 -1 1121 J82 369 -1 80f 
2316 421 • 118. 6.8 35.1 -1 -1 -1 -1 lUi 461 l84 -1 121 

1413 B" 2311 42t 1 1296 6.8 35.1 -1 -1 -1' -1 1189 SS6 374 -1 121 

) 
'474 14 2314 421 • 1512 6.8 35.' -1 -1 -1 -1 1331 S94 412 -1 121 ; 
1S11BIlBl SI , ml 1.1 i:I :1 =1 :l:1 Rf lM ~ :1' , 
1417 ma Z138 421 1 1296 6.9 35.' -1 -1 -1 -1 788 161 -1' 
1418 2342 2342 421 • 1296 6.' 35.1 -1 -1 -1 -1 1611 134 S7S -1 1 

) r 

---~ -- -~--------



• 
• f 

\/ 

.' .. 
1 

fi: 

p 

~ 

(1' 

(-

• ç 

( 

ç-

Il 
\ 

.ft 

c: 
/1 

r 

f 

\L 

ç 

1479 2346 2346 42t l' 1. ..9 35.' -1 -1 -1 -1 1 771 1. .. -1 • 
fa 2J5I 23SI -421 • . ,.. 6.' 35.' -1 -1 -1 ~1 696 89 S39 -1 • 
MIl ma ma 18' 1. 864 6.61" -1 -1 -1 -t m Œ 1 -1 .251 le ZI62 Zl62 124 - 148 6.6 • -1 -1 .. 1.5 -1 
1483

1 

236Il 2366 124 t- 648 6.6 .1 -1 :\ ';1 - ~ 4 -1 m-
l'' 2371 2371 124 1 641 6.6 35.' .-1 -1 -1 -1 61t 12 265 -1 258 
MIS 2374 2374 124.l 648 ,.61" "1 -1 -1 -1 li 117 212 -1 258 ,. 2318 2J78 273 1512, 6.4 •• -1 -1 -1 -1 11S 244 -1 S22 
1487 2182 2382 ml· ' -1 6.4 ,. -1 -1 -1 -1 lU 498 -t 522 
1481 2386 %186 zn. -1 6.4 35.1 -1 -t -1--1 9t4 136 653 -1 S22 
1489 2l9t ml ml lm 6.435.' -1 -1 -1 -1 962 154 754 -1 S22 
"" 2394 ZJ94 27J -1 6.4 35.1 -t -1 -1 -t 992 145 821 -1 S22 
l49t 2398 2398 m 1 864 6.4 3S. 1 -1 -1 -1 -1 982 152 838 . - S22 
1492 2 ... 2 .. 16 282 1 641 6.137.1 -1 -1 --1 -t 1246 Ni St8 -1 318 
l49l 2411 2411 2R 1 ~ 648 6.737.1 -1 -1 -1,..1 1274 1 3SI -1 378 
1494 2414 2414 • -t '.7 37.1 -t -t -1 -1 1142 '268 -1 178 
1495 2418 24181' .. t.737., -1 -1 -1 -1 862 212 262 -1 378 
1496 2422 2422 -t.7 31. -1 -1 -1 -1 1: 2SI 2S4 -1 318 
1497 2426 2426 4251 2376 6.8 B.' -1 -1 -t -t 1862 372 -1 954 
1498 KIl 2431 425 _ 6.8 35.1 -t -1 -t -1 2184 461 -1 954 
'1499 24J4 2434 42S • '2592 6.8:G. 1 -1 -1 -1 -1 18t6 2114 574 -1 9S4 
ISII 2438 ZGI 425 • 2316 6.835.' -1 -1 -1 -1 1 .. l632 m -1 9S4 
1511 2442 2442 42S 1 2S92 6., 1,1 -1 -1 -t -1 1"48 UI3 -1 954 
1512 2 .... 2446 42S.. 2316 6. .1 -t -1 -1 -1 1 1 il -1 9S4 
lSIl 2451 24St 123 • 2376 6.8 •• -1 -1 -1 -1 ' 1 lluft -t • 
ftM 2454 24S4 123 • 2161 6.8. •• -1 .. , -1 -, '716 971' 815 -1 • 

lm la UllB 1 II: t:I ~:, o:l =1 :l:1 l~" S78 :l : 
, 1511 2466 2466 ta • 1,... 6.831.. -1 ·t -1·1 sm" li -1 & 

IS.. 2471 2471 123 1 1944 6.8 35.1 -t ·1 -l -1 USI 168 351 -1 1 
l5t9 24,.. 2414'·126 1 1512 6.9,35.1 -1 -1 -t -l t254 812 321 -1 1 
1511 2478 lm ta • 1512 '.9 35.' -1 -1 -t -t il., &SI 273 -1 , 
KU 12482 126 • 12t6 6.915.' -1 -1 -1 -1 1182"' 261 -1 
lSt2 2. 126 • 1296 6.9 35.1 -1 -t -l -1 U96. 918 242 -t 1 •. '.f.' -1 -t -t -1 1135 B98 22t -1 1 Ra l#J lit 1 lm ' 6.9 R.I -t -1 -1 ah. t2J6 m 248 -1 , 

1 
MfI 24ft 137 • 1296 6.915.' -t -1 -1.-1 'tifS "1 231 -t 
1SI2 2SI2 137 • " 1296 '.935.' -l -t -t -l' 11M" 241 -1 • 

~ 1\ 1511 25f6 ml 12f6 6.9 :G.' -1 ., -1 -1 1165 f2t 231 -t 1 
• v 'SB 251. 137 lSU 6' 35.1 -t -t -1 -t 1114 -1 ~ '1519 2514 il! 137. . 1512 6~' 35.' -l -1 -1 -1 l2l71 m -1 , 

1521 25d RI: 137 • 1296'.' 35.' -t -1 -1 -1 ua 896 if4 -1 1 

Dynam1c Run 
(2066-2498hrs ) 

" 

.. 
. . 

----.-._- -______ -____ • f 



• , 
") 

.' 

.) 

., 

., ,p 

-) 

) 

~ 

l 

., 
) 

) 

) 

) 

) 

) 

) 

) 

j' 

) 

~ 

IIlfr T ..... ~ IS 011 ail .. ' ~DI: .1188 lUS I-a... r. 

• 1111 /tUF 
1112 III. M. TS NS SS' vss COI) FCOD nN mM NH4 TP FTP BQD FBOD 
1113 S1915 \ ' 
I, •••• ~ 1"1l4 ""Ia '-1 -1 2711 2151 1lU 4121 -1 -1 -1 -1 -11 -\ ~ -1 

;;t "1 -1 1S41 1241 52lt l8S0 -1 -1 -1 -1 - -~ -1 
1116 1 112 -1 -1 63t 511 -478' 3831 -1 -1 -1 -1 -1 -1 -1 
Il'' 116 .116 -1 -1 ". . 681 4761 4'21 -1 -1 -1 -1 -1 -1 -1 
Ilia 121 '2. -1 -- -1 -1121 lIU 516. 3961 -1 -1' -1 -1 -1 -t -1 

1 lin. flIll: =1 =1 tn RI ~/:: ml' :1 :t :1 :1 =1:1 :1 
1111 132 m -1 -1 64" S4I 4981 3961, -1 -1 ",:1 -1 -1 -1 -1 
1112 136 136 -1 -1 811 741 4841 3921 -1 -1 -1 -1 -1 -1 -1 1111 III III -1 -1 1.11 nI Z' 39H -1 -1 -1 -1 -1 -1 -1 

( IIlS. 148 148 :1 :\ ," m .,11 ~,,:\ :1 :t:\ :\:\ :\ 
1116 '52 152 -1 -1 841 . 731 4841 39" -1 -1 -1 -1 -1 -1 -1 
.U7 '56 lS6 -1 ' -1 63t '" 4621 4411 -t -1 -1 -1 -l, -1 -1 
1118 161... -1 -1· 741 62t 5121 4361 -1 -1 -1 -1 -1 -1 -1 
Ill' 164 164 -1 -1 911 761 5241 4341 -1 -1 -1 -1 -1 -1 -1 
"21 168 168 '-.-1 -1 ~ 471 5.41 414. -t :l -1 -1 -1 -1 -1 

IIi m ln :1 :1 l.. ::lI mr:m: -=l -1 :t -:t :t:t :t 
.123 181 181 -1 -1 741 631 4961 3941 -t - -1 -1 -1 -1 -1 -1 
'124 184 184 -1 -1 691 511 4681 ml -f -1 ~1 -t -1 -1 -1 

lli III ''I :1 :l Il: ~ =: Il:1 :1 :1 :t :1:1 :t 
1127 111 11. -1 -1 491 41. 4641 382. -1 -1 -1 -1 -1 -1 -1. 
1128 114 114 -1 -1 '" 511 4911 4.41 -1 -1, -1 -1 -1 -1 -1 

liB HI tif· :t :1 tU m.::I: lm:1 :t :1 :1 :t:l :1 . 

'

131 116 116 -l -1 691 611 448' 3661 -1 -1' -1 -1 -1 -1 -1 
'32 121 121 ,-1 -1 711 58' 4911 3161 -1 -1 -1 -1 -1 -1 -1 lIB l13lR -1 -1 1961 1731 581. 3821 -1 -1 -1 -1 -1 -1 -1 

lUS 132 132 :1 :\ ~\ ~q:il Il:l :i :\ :\ :1:\ :\ 
1136 144 144~ -1 -1 ,921 86t 4381 Il -1 -\ -1 -1 -1 -1 -1 

Iii 1:11: :1 :1 lU ff:· ::: 398t:l =1 :: :1 :f:\ :f <. \ 0 

lm 156 1! -1 -1 721 561 S761 !!! -1 -1 -1 -1 -1 - . -1 
..... 161 _ ~1 -t 1f' 5SI m, III"'" -t -1 -1 -1. -1 -1 lOS lm lN ft: -1' -1 ni 751 4121 4141 .. 1 -1 -1 -1 -1 -1 -1 \ 
1143 112 172 :1 :i 11\ t\\ n" 1B':\ :\ :1 :\ :1:\ :l 
1144 11' 116 -1 -1 8SI 151 51.. 4111 -1 -1 -1 -1 -l' -1 -1 
II~S 181 1

84
81 -1 -1 161 631' 5.61 418,"1 -1 -1 -1 -1 -1 -1 

1146 184 11 -1 -1 1181 1531 5 ... · 4261 -1 -1 -1 -1 -1 -1 -1 
- . 1147 188 181 -1 -1 1941 16S1 5941 œ -1 -1 -1 ,-1 - -1 -1 

Il. 192 192 -t -t 1241 118. _ 5S2I" 3761 -1 -1 -1 -1 -1 -1 -1 
lIB lit Nt '=l -1 lm lBl 1 !II -1 -1 -t -1 -1 -1 If -1 
1151 214 214 " -1 :,. 1961 1741 1\1:i:i:\:i :i:i :\ 
1152 2t8 218 -t -t 3561 321" 9641 QI -1 -1 -1 -l' -1"'1 -1 

lia BllH =1 :l:U lm fill.·8:: :1 :t :1 :1:1 =t 
IISS 221 221 -1 -1 2451 2351 am .Q4I '-1 -1 -1 -1 -1 -1 -1 
1156 224 224 -1 -1 521. 471' 13121'" -1 -1 -l' -1 -1 -1 . ·-1 

" Iii lB II =l =1 IlU III 1111:1:f :1-:1 ~ :1 :\' :1 
IlS9 216 236 -1 -1 fit lsm.. -1 -t :-1 -1 -1 - -1 
'''' 241 241 -1 -t 'II -1 -1 -1 -1 -1 -\ -1 1161 244 244 -1 0_1 ,ft, 1 .. -1 -1 -1 -1 -1 - .., 

,. 1162 248 248 -1 -1 631 1 Il '-1 -1 -1 -1 -1 -t -1 Ilti i Il -1 -1 711. ~.. 1S161 G4I -1 -1 -1 -1 -1 -1 -1 
lm m lt: :\ :~ \~\ 1.\1 \Br VA\:\ :\ :\ -~\ -.:\:\ :\ 
1167 268 268 :\ :~ ~5I ~5I \11 < 1\1\:\ :\ :\ :\,:\:\ :\ 
1168 m 272 -1 -1 3651 335' 7111 4321 -1 -1 -1 -1 -1 -1 -1 

lit: mil :1 :1 li:: Hll BI: 8:1 :1 ,:1 :1 :1 :t:1 :1' 
1171 284 284 -1 -1 3511 311D 5511 4241 -1 -1 -1 -1 -1 -1 -1 
1172 • 288 -1 -1 2811 2611 "II 3981 -1 -1 -1 -1 -1.-1 -1 

- lin 292 292 -1 -1 5410 531' 12310 4ut -1 -1 -1 "1 -1 -1 -1 
1174 296 296 -1 -t 1211 1211 6811 3721 -1 ,..1 -1 -1 -1 -t -1 
lBi IllU =1 :1 iII ~I lM lIlI:~ :1 :1 =1 =1 =1 =1 
1117 318 318 -1 -1 '5' -1 491. 3681 -t -1 -1 -1 -1 -1 -1 
1178 312 312 -1 -t 1511 1211 6KI 4161 -1 -1 -1 -1 -1 -1 -1 .. 

Run #1 (O-332hrs) 
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) 
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lm 316 lU .. t -t 911 III 66SI 4311·1 -1 ·1 -1 -1 -1 -1 
IIBI 32t 321 -1 -1 111 711 495. 3961"1 -1 -1 -1 -1 -1 -1 
'1181 324 324 -1 -1?t1 511 .911 3981 -1 -1 -1 -1 -1 ... 1 -1 
'1182 328 328 -1 -1 SIl 411 49SI 3961 -1 -1 -1 -1 -1 -1 -1 

~1Il mm :1 :1 il.Hl.Hl:-m: i=t :1 =1:1:1:1 :1 Il 1# jJ -1 -1 J.,9I1 ISO' 5961 2911 -1 -1 -1 -1 -1 -1 -1 :l :\ eJ' 1;11 U\1l lii':l :\ :1:1 :\:\ :i Run #2 (336-696hrs) 
III ~ 1 -1 ·1 5911 4811 11441 J6" -1 -1 -1 -1 -1 -1 -1 

, 1111 1tlM =1 ::t RII ml mtlll:l:l =i :1 =1 :1:1 -_-1 
litt 368 m -1 -1 Ga 3211 9641 3541 -1 -1 .. 1 -1 -1 -1 ,1 
1192 372 372 -1 -1·2411 1"1 7881 3J4I -1 -1· -1 --1 -t -1 -1 
1193, 376 376 -t . -1 161. 61. 644. 3541 -1 -1 -1 -1 -1 -1 -1 
'194 384 384 -1 -1 1811 '911 6241 3Ult -1 -1 -1 -t -1 -1 -1 

'
II~ 318 318 -1 -1 lIli 2111 6181 ;1181 -1 -1 ,-1 -1 -1 -1 -1 
"6 392 392 -1 .... 1 3911 3811 6121 3I6t -1 -1 ;.1 -1 -1 -1 -1 

,"Ii llIllt =1 :t BlI m: ml m::t :1 :t:l :1:1 :;. 

'l
'" 414 SJ -1. -1 2911 2811 5861 3UI -1 -1 -1 -1 -1 -1 -1 
III 418 '"" -1 -l 1911 181. 6661, 381. -1 -1 -1 -1 -1 -t -1 

IlIa :If ln :t :t li" ;1.. :W m: t~ :1 :1:l :1:1 :i 
1113 42t 421 "1 0 -1 -181' 1711 6361 ml -1 -1 -1 -1 -1 -1 -1 
'U4 424 424 -1 -t 1511 -1 6141 3611 -1 -1 -1 -1 -1 -1 -1 
lin SI 81 =t =t NIl ra. ~!I lM! =t -1 :l:t =1:1 __ et 
lU' 436 G6 -t -1 2111 1411 mi 'ml - :i -1 -1 -1 -11 
.118 -Mt .. 1 -t -1 2311 1911 7241 3211 -1· -1 -1 -i -1 -1 -1 

Illl :::::: '=l =l 1::1 ~.,,: :m RIZ" =1 =1 -.. -j -.-1 -_.or -_-1 -_-1, 
1111 452 452 -1 -1 lUI ml 6461 lS40 -1 -1 ,1 ,1 -1 ,1 1 
.112 4S6 456 -t -1 2111 1911 5961JS2t -1 -1 -1 -1 -1 -1 -1 
Illt :a:a. ·:1 :1 1111:1 m: li: =t :l ~:1 :1:1 __ -: 
IU5 461468 -1 -1"1 '" ml 2781 -1 -1 -1 -1 -1 -11 
lU' ., 481 -1 -1 111. -1 5141 3421 -l -i -1 -t -1 -1' -1 

IIU :1 1 =l =1 BII ~~: !:: 'Ba =1 :1 :l:l :l:t __ -\1 
IU9 492 492 -1 . -1 1211 -1 5241 2761 -1' -t -l -1 -1 -1 
1121 496 496 et: -l t.U 11. 5941 2721 ~ -i -1 -1 -t -t -1 
IlB ~ li: :t :t ni ~I :B: =: -1 :1 :1:1 :t :t' -1 
.123 512 512 -1 -1 56. 461 4511 2741 -1 -1 -1 -1 -1 -1 :\ 
1124 516 Ut -1 -1 211 -1 4661 2741 -1 -1 -1 -1 -1 -1 -1 
IHl ~ Il =l =1 III ,1. :'''ll ml:l :1 :1:1 :1:1 __ -: 'li BlI' -1 -1 41. 311 3621' 2261 -1 -i -1 -:1 -1 -11 

IBI iIl al :} ~ iii· ~ 1\ '1»:\ :\ :\:\ :\:\ :\ lm ~I :s -1- 1111 "1 = ml:i :\ :i:\ :i':i .:\ 
'11133 ~ S56 :l :\ 'l'A," ~ = m-' :1 ':l ~ :l :\:\ :\ 

134 S6I 56t -t -l tlll "1 4181 61 -1 -1 -1 -1 -t -l -1 

1135 564 SM -1 -1 1S11 t4l1 GI '61 -t ... 1 -1 -i -1 -1 -1. 
t36 568 568 -1 -l 1111 711 4361 2881 -l -1 -1 -1 -l -1 -1 

IlB ml =1.:1 lUt lUI lm 11 :1 :l:: :1:1 ~\ 
1111 1: 21 =1 =t Ill: Ill' ::: 2S4I:' :: :::1 :t;:1 :1 
Il:! mil :1 -:1 111: tlI lm =: ~ ':t :::1 :t:t :t 
8143 61' 61. -1 -1 ···tUI t2t, -3121 2i6I -1 -1 -1 -1 -1 -1 -1 
1144 614 614 -1 -1 181. III _ 2841 -1 -i -1 -1 -1 -1 -1 

III mm =l :1 III tlLIE.:t :t :1:1 :t:t :1 

,/ 

" 

i 
) 

-ltHlt-ttt :1. :~Is.,LIs. 6711-.. - :r :1 :t:l :I:t :t IMl 1141~4 -1 -1. lm RI ml »! -l -1 -1 -1 -1 -1 -1 
I1S1 712 7~ :1 :\ "U,\ "1 744' ml:1 :i :1:1 :i:1 :1 Run #3 (700-1 032hrs) . 
1152 116 716 -1 -1 1151 lU 7741 11\ -1 :\ -t -1 -1 -\. -\ 

lm RI il :1 :1 Il. ta l' 6!i21 :1 :. :11 :\1 :t:l :t l 

Big 728 728 -1 -1 B21;ii 6381 -1 -1 - - -1 -1 -1 
- 1156 732 132 -1 -1 112' 841 8111 6911 -l -1 -1 -1 -1 -1 -1 

~ ilS'! 741 741 -1 -1 981 861 12141"" -1 -1 -1 -l -1 -1 -1 
usa 748 148 -1' -1 1121 781 fi" 794t·l -l -1 -i -1 -1 -'1 ' 
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) 
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) 

) 

) 

) 

) 

) 
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) 
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._---_._-_.-- ._------

" . 

IlB Il ~ :t lllf (1 Iii ~~ ~ ~ =p( ~t ifB 111 m =1 =1 ml 128t" UW 7t .. =t, =1 =1 =t =1 =1 ·t 

'

164 784 784 -1 -1 2181 1681 "'1 6S6I -1 -1 -1 -1 -1 -1 -1 
165 188 188 -1 -t 1480 Will .... 652t -1 -1 -1 -1 -t -t -1 

1166 792 792 -1 -1 -i -1 8921 7161 -1 -1 -1 -1 -1 -1 -1 
1167 7ft 796 -1 -1 218. 1881 1134' 6621 -1 -1 -1 -1 -1 -1 -1 
1168 l' BI' -1 -1 1411. 1381 9181 6541 -l -1 -1 -1 -1 ,,:,1 -1 

111~ ~ ra :\ .:\ i~, 1151 \lU'"tlY :t :\ :\:\ :\:\ :\ 
171 816 8t6 -1 -1 1351 1311 9421 6381 -1 -1 -1 -1 -1 -1 -1 

1112 821 821 -1 -1 16S1 lm 11861 592. -t -1 -1 -1 -1 -1 -1 
1113 824 824 -1 -1 11 lm Hlr mi -1 -1 -1 -1 -1 -1 -1· 
l't74 828 Il -1 -1 1 Il 1 4 -1 -1 -1 -1 -t -1 -
175 B32 -1 -1 1: 1 1: 1 III -1 -1 -t -1 -1 -f '-1 

1176 836 -t -l ~ 1111 ,tlll 9161 6121 -t -t \ -t -t -1 -1 -1 
1117 141 841 -1 -l 121. 1151 tm. ml -\ -\ -\ -1 -\ -1 -\ 
111: ::::: =l =l il.. ri.- 1 l~ 6S8I =1 =1 =1:t =1 =1 =1 
Il. 861 '" -1 -1 14sa -1 11221 7S8I -1 -1 -1 -1 -1 -1 -1 
1181 864 864 -1 -1 911 8SI US.. 7S6I -1 -1 -1 -1 -1 -1 -1 
1182 868... -1 -1 1111 1151 1114L71 .. ' -1 -1 -1 -1 -1 -t -1 
1183 872 872 -1 -1 1111 -l !l4IflI138I -1 -1 -1 -1 -1 -1 -1 

1184 816 816 -1 -1 "1 611 U641 7161 -1 -1 -1 -1 -1 -1 -1' 
185 .. 881 -1 -1 121' lUI 13761 6'" -1 -1 -1 -1 -1 -1 -1 

1186 884 184 -1 -1 2211 1611 97'1 6961 -1 -1 -1 -1 -1 -1, -1 
1187 8B8 888' -1 -l, 2151 12.. 9541 7181 -1 -1 -1 -1 -1 -1 -1 
1188 192 892 -1 -1 t1l1 12SI 11741 7141 -1 -1 -1 -1 -1 -1 -1 

'

1\= =~, :\ :\ =- \1 \1\ ml :t :\ :\:\ :\:\ :\ ' 
191 918 918 -t -1 2UI 1251 984. 6981 -1 -1 -1 -1 -1 -1 -1 

1192 912 912 -1 -1 4S11 3811 illll "" -1 -1 -1 -1 -1 -1 "1 
19l 916 916 < -1 -1 -1 -t 13361,.... -1 -1 -1 -1 -1 -t -1 

1194 961 '" -1 -1 16S1 '" 7681 6781 -1 -1 "1 -1 -1 -1 "1 
lits 964 964 -1 -1 281. 1751 11221 6641 -1 .. t -t -1 -1 -1 \Lr-l 

'

196 968 "." -1 -1 lUI Sil 828t 6721 -1 -1 -1 -1 -1 -1 -1 
197 972 f72 ".:\, :\ \\1 11\ 'JI \1\1 :\ :\ :l:t :\ :\ 1111 III RI -t -l USI 351 7411 6641 -1 -1 -1 -1 -1 -1 -1 Bli :1 984" -1 -1 1i! 411 7311 5981 --t .. t -1 -1 -1 -1 -1 

~ 9t2~':\ :\ \ni m. R ml :\ :i :\:\ :\:\ :\ 
'213 '" '" -1 -t li.. Sil 7661 6311 -1 -1 - -1 -1 -1"1 -1 

m~ , III: l''::f =1 li: m. n:: = :t :t :t:t :1:1 :1 
1216 lIlI 1111"1 -1 1151 &SI '481 gal -l -1 -1 -1 -1 -1 -1 
.211 1'" 1116 -t ·1 tal tM 6161 -1 -1 - "'-1 

-lm lm lm :l ,0 :l tBr6itLS64L 41 = : :; : :1 :1 
1211 1136 1136 -1 -1 ftI m rd ftI ~ - - - - - -
1211 1.... 1141 -1 -l 4SI -1 4141 378a -1 " -l' -1 -1 -1 -l -1 
1212 1144 1144 -t ,-l $SI -1 52tI 3S2t -1 -1 -1 -1 -1 -1 -1 
.213 1148 1148 -1 -t 551 -t 4161 3561 -1 -1 -1 -1 -1 -1 -1 
1214 1152 11S2 -1 -1 721 381, 414. 3721 -1 -1 -1 -1 -1 -1 -1 
1215 1156 1156 -1 -1 621 411 411. 31&1 -1 -1 -1 -1 -1 -1 -1 
1216 1161 116' -1 -1.... • 4211 ml -1 -1 -1 -1 -1 -1 -1 
1211 llM IM:l :\ Il ~~ 111 lB :\ .:\. :\ :\ :\:i :l lm Iltllm =l -1 1.11 S4i _ 351. -1 -1 -1 -1 -1 -1 -1 

",. BR lllt lllt ~ ~ =l "~I 14111 Il :\ :\ ~:\ :i:\ :i lm 11111 -1 -1 III -1 fili -1 -1 -1 -1 -1 -1 -1 lm 1192 1192 -1 -1 -t -l, 4241 3MI -1 -1 -.t -1 '-1 -1 -1 

1226 l,r., iU':i :\ il.. a. = w :\ :\ :\:i :\:\ :\ 
.227 114 1114 -1 -1 SI' .... .. 2781 -1 -1 -1 -1 -1 -1 -1 
1228 1118 1111 -1 -1 841 781 3121 2611 ~1 -1 -1 -1 -1 -1 -1 
1229 1112 1112 -1 -1 411 381 314. 2548 -t -1 -t -1 -1 -1 -1 
'231 1116 lU6 -1 -1 711 761 4421 20 -1 -1 -1 -1 -t -t jj,1 

"1231 1121 1121 -1 -1" 461· 3611 2221 -1 -1 -1 -1 -1 -1 -1 
1232 1124 1124 -1 -1 '121 68t 3311 ait -1 -1 -1 -1 -1 -t -1 
am 11281-1 -1 Sil S4I ml 2421 -t -1 -1 -1 -1 -1 -1 
1234 1132 -1 -1 S4I 461 4161 2341 -1 -1 -1 -1 -1 -1 -1 

{RM\ ':1 :\1\" .~':1:1 :\:\:\:\ :\ 
"J ii7 1144 1144 -1 -1 441 411 3181 2S4I -1 -1 -1 -1 -1 -1 -1 

1238 1148 11"" --1 -1..... UI 4t6I 2441 -1' -1 -1 -1 -1 -1 ~1 

Run #4 
(1034-1364hr~) 

.. 

- -- --- -,! . 



• ' l-
. 

rA 
,';1 ': 

" 

), 0239 1156 1156 -1 -1 44. 341 3411 . use -1 -1 .. 1 -1 -1 -1 -1 • 
124. 1161 1161 -1 -1 S8t S6I 3481 221' -1 -1 -1 -1 -1 -1 -1 
12U 1164 1164 -1 -1 saI 441 m' il '''-1 -1 -1 -1 -1 -1 -1 

... rf,-'2 1172 U12 -1 -1 34t 32. 1 -1 -1 -1 -1 -1)-1 -1 
1 43 .1116 111. -1 -1 1421 128. sm 3831,-1 -1 -1 -1 :"1 -1 -1 
12'" 1111 1111 -1 -1 1361 132. ma DU -1 -1 -1 -1 -1 -1 -1 
'24, 1114 1184 -1 -t 981 ". 5471 .t23I -1 -1 -1 tot -1 -1 -1 

li:t 1l1l.1l1 =t -1.11 311 3191 m: -1 -t -1 -1 -1 -1 -1 
) -1 '" -1 438. 141 -1 "- -1 ,-1 -t -1 -1 

Ii# Ill' 1211 -1 -1 1121 961 588' 444. -1 -1 -1 -1 -1 -1 -1 
4 1214 -1 -1 84' 821 g mi -l -l -l -1 -l -l :\ 

lm Illllm :1 -1 III' -1 .. - .. -1 - - "" 
) -1 ft, 841 5.l6I 4231 -1 -1 -1 -1, -1 -1 -1 

e mtmt"=l -1 1411 al' ",. 4191 -1 -1 -1 -1 -1 -1 -1· 
-1 42. ,5141 4180 -1 -1 -1 -1 -1 -1 -1 lm 12J6 1236 -1 -1 361 341 512' 4361 -1 -1 -1 -1 -1 -1 -1 

) 124. 1241 -1 -1 34t 321 484t 1il I-i -1 -1 -1 -1 -1 -1 

IRi Il: 11#, =1 -1 441 381 .. 421· ·-1 -1 -1 -1 -1 -1 -1 
-1 281 111 sa41 4t8I -1 -1 -1 -t -1 -l -1 

ml ml III :1 -1 Sil 261 4561 3621 -1 -1 -1-1-1- -1 
) -1 411 211 Slii ~ -1 -1 -1"-1 -1 -1 -1 

1261 126t 126' -1 -1 SI' 361 542. • -1 -1 -1 -1 -1 -1 -1 
1261 l2A4 1264 -1 -1" 1. 5S4I 4211 -1 -1 -1 -1 -1 -1 -1 
1262 1212 1272 -1 -1 621 411 4811 4111 -1 -1 -1 -1 -1 -1 -1 

) .263 127. 1276 -1 -1 74'& S4t 241 3781 -1 -1 -1 -1 -1 -1 -1 
1264 128' l28t -1 -1 661 441 5161 371' -1 -1 -1 -1 -1 -1 -1 
1265 J.284 l284 -1 -1 '" 421 _ lrA -1 -1 -1 -1 -1 -1 -1 
1266 1288 1288 -1 -1 lItl 281 . -1 -1 -1 -1 -1 -1 -1 

~ • 267 1296 1296 -1 -1 721 111 468t 336. -t -1 • -1 -1 -1 -1 -1 
l26B 131. 1311 -1 -1 ~ 5UI 362. -1 -1 -1 -1 -1 -1 -1 
'269 1314 Ut4 -1 -1 SIl .911 361. -1 -1 -1 -1 -1 -1 -1 

ml WB llr. -1 
-1.... 341 .... 3811 -1 -1 -1 -1 -1 -1 -1 

) 1 1 1 1 -1 -1 6f. SIl S66I 314. . -1 -1 -1 -1 -1 -1 -1 .... 

1212 1324 1324- -1 . -1 6It 64. 5661 3I4t -1 -1 -1 -1 ~t -1 "'1 . 
t27l ~ WA -1 -1 SIl 341 45\ ml :i -\ ;~ -i - -l :1 1274 -1 , -1 -1 -1 ..... -. - - - ... 

) .215 ll36 1l3i -1 -1 521 J6I = 2961·-1 -1 -1 -1 -1 -1 -1 
lm t34I 1341 -j 

-1 31. -t 2921 -1 -1 -1 -1 -1 -1 . -1 

t348 ~.1 -1421 •• W:1 :\-\:\-1-\ -1 

lm lliœ :f -1 211 261 3W 61 . - .. - -1- -1 Jl l 
) -1 211 1. 3111 2621 ~ -t -i -t -1 -1 -1 "'1 

.. 1311 l36I "1 -1 241 211 3S2I M4I -% -1 -1 -1 -1 -1 -t 
-
-I.I~ -t N-Iïi\\' -, ~ -\ -\ -\ -\ :\ .1 ~ tll-:: ,.--- , 

). -t 641 1_-1 -1.-1-1-1-1 -1 1 

" 111381 -1 
-1 S4t SI' 652' 5221 -1 -1 -1 -1 -t -1 -1 ~ 

1 1384-1 -1 1. ~ 6161 U -1 -1 -1 -\ :\ -1 :i Run #5 (1368-1748hrs) 

lm 81 1388 -1~ :fm S86I -1 -1 -1 - - -1 

) i392 -1 -l". 1241 6111 -f. ,-1 -1 -1 -1 -1 " -1 = 1396 1396 -1 -1 SI' 42. ,7211 6261 -1 -1 -1 -1 -1 -1 -1 
1411 1411 -1 -151 411-IU ~:1 :1 :1 :\ :\ :\ :i 

lm Ut:::ra =l -1 -1 ~ 

) -1 541 1621 751. ~ -1 -1 -1 -1 -1 -1 

lm l~~ l:ll :t -1 lII" Il 942t 8261 ~, -1 -t -1 -1 -1 -1 

-1 8S2I = -1 -1 -~ -1 -1 -1 -1 

'. lm 11: II: :1 -1 781 661 1 -1 -1 -1 -1 -1 -1 -1 
) -1 U6I 1121 ~ -1 -1 -i -1 -1 -i -1 

·Im 'IS 111 :t -1 lB: 1161 -1 -1' -1 -1 -1 - -1 
-1 U4I'nu. lB :\ -1 -\ -1 -1 :i -1 

lm 1436 1436 -1 -1 961 941 11 -1 - -1 -1 -1 

) 1444 1444 -1 ' -1' 1561 1411 fJ6I 1241 -1 -1 -1 -1 -1 -1 -1 

m' 1"'1~ -1 -1 "' '" MIl 792t -1 
-1 -1 -1 -1 -1 -1 

1 14S2 l ,-1 -1 . 1521 lm me 1141 -1 -1 -t -\ -1 -1 -1 
1312 1456 1456 -1 -1 1"1 1 _ ml -1 -1 -1- -1-1 -1' 

) un 1461 1468 -1 -1 1lI1 ".. -9441 ;1 -1 -1 -t -1 -1 -1 -1 
l3M 1412 1412 -1 -1 821 1 fUI -1 -1 -1 -1 -1 -1 -1 

1141' 1476 -1 :\ \1 -a.. Il Il :l :\ -l -1 -1 -l :i 
II: 1:11 -1 - -1 -1 -

) 1 1. -1 -1 1 . t32I ;VS ,Mtl ... -f. -1 -1 -1 -1 -1 -1 ' 

'j" 1.1. -1 -1 2421 2311 6511 -1 -1 -1 "1 -1 -1 -1 

." 1492 11 :\ :llD' IlmI:l:\ :\ :i :i :i :i 
)i 8lf MIt ~ =1 -1111 .. =-1-1 -1 -1 -1 -1 -1 

tllf m:iiP -1 1651 161. .... -1-1 -1 -1 -1 -1 -t 

:lll\II~:i-:l :\:\:i~ =1-
8~ ml =1 ) ::l"1 -t S84I -1 -1 -1 -1 -1 -1 -1 

RH 1111: :1 -1 SISI ..... 1211 S3II -1 -1 -1 -1 -1 -1 -t 
-1 51st ,-1·' 111ft = -1 -1 -1 -t -1 -1 -1 

1; ) 
1311 l528 1521, -1 -1 39SI 295. 12121 -1 -1 -t -1 -1 -1 -1 ---'-

l 



--- - " .... ~"'-

~,.'~ Ir 
1 

l 131' 1564 lSM -1 

:1 ./'" f. i' 11 ~! ri -1 -\ :\ "\ 1,11:/ Jl~' ID ,,\ - : :i =\r:\ :\ 1: 161&-1 
~ 158' lSU -1 -1 '1258 1201 9121 662. "1{ -1 -1 -1 -1 -1 -1 

1324 ' 1584 1584 -1 -1 lSSI 1511 9"1 634' -1 -1 -1 -1 0 -1 -1 -1 am 111S88 - -1 -1 J"IO 1310 8460 6811 -1 -1 -1 -1 -1 -1 -1 
• t 1592-1 -1 m 210. 944' Il -1 -1 -1 -1 -i -\ -1 

) 1327 1596 1596 -1, -1 2310 2210 11281 -1 -1 -1 -1 - - -1 
1328 1,..'"16 •• -1 -1 23.. 225. 1168. ,818' -1 . -1 -1 -1 -1 -1 -1 

lm ItlE/tll =1 -/ -1 -/ U~I 836'/ ~1 -1 -1 -1 -1 -1 -1 
- -1 - 11 Il 884.?1 -1 -1 -1 -1 -1 -1 

), .331 1621 162. -1 -1 -1 -1 Ill" 82.. -l, -1 -1 -1 -1 -1 -1 
,m 1624 1624 -1 -1 -1 -1 11ISI 8161 -1 -1 -1 -1 -1 -1 :h .333 1628 1628 -1 -1' -1 -1 1UBO 186. -1 -1 -1 -1 -1 -1 
1314 1632 1632 -1 -1 -1 '-1 1116' 1811 -1 -1 -1 -1 -1 '-1 -1 

l 1335 1636 1636 -1 -1 "1511 14S. U72 8161 -1 -1 -1 -1 -1 -1 -1 
1336 164. 164. -1 -1 lP1' 11S1 ua. 88 .. ' -1 -1 -1 -1 -1 -i -1 
Ill7 1644 1644 -1 -1 1S11 1311. li'" 912. -1 -1 -1 -1 -1 -1 -1 
0338 1648 t648 -1 -1 1 1511 1151 12B2' 938t -1 -1 -1 -1 -1 -1 -1 

) 1339 1652 1652 -1 -1 1111 1211 13621 9311 -1 -1 -1 -1 -1 -1 -1 
I:MI 165lt 1656 -1 -1 -165. 1411 11611 7141 -1 -1 -1 ~ -1 -1 -1 
'J:! 1661 1661 "'1 -1 2R" 185J 1178. 8321 -1 -1 -1 -1 -1 -1 -1 

- 1 1&64 1664 -l -1 21' 1911 lU21 1911 -1 -1 -1 -1 -1 -1 -1 

) 1343 1668 1668 -1 -1 1811 1"1 1146. 1711 -1 -1 -1 -1 -1 -1 -1 
:M4 1612 1612 -1 -1 2IU 1S1. "'" 1111 -1 -1 -1 -1 -1 -1 -1 

Il:l HU lill :1 -1 -1 -1 11981 6'121 *1 -1 -1 -1 -1 -1 -1 
-1 -1 -1 11511 664. -1 -1 -1 -1' -1 -\ -1 

~~ 1347 1712 1112 -1 -1 -1 -1 111 .. 8111 -1 -1 -1 -1 -1 - -1 
1348 1716 l1t6 -1 -1 -1 -t 1184. 1621 -1 -1 -t -1 -1 -1 -1 

IMl lRllll·:1 -1 -1 -1 11541 6811 -1 -1 -1 -1 -1 -1 -1 
-1 1351 1381 8861 _ -t -1 -1 -1 -1 -1 -1 

) IlSl lm 1732 -J -1 2411 2351 898t 6111 -1 -1 -1 -1 -1 -1 -1 
1352 1 lT.l6-1 -1 2411. ml 962. 6641 1 -1 -1. -1 -1 -1 "1 -1 
853 1741 1141 -1 -1 22SI 2111 934. 6141 -:-1 -1 -1 -1 -1 -1 *1 

54 1744 1144 -1 -1 2611 2411 "'La -t -1 -1 -1 -1 -1 -1 

) ~48-S .. 1 U2L."L7'~ -1 -1 -1 ::i "1 -1 -1 
,/ 

1752 ... 1 -1 1551 1451 7S8I SS2I -1 -1 -1 -1 -1 -i -1 

Bi lm 1156 -1 -1 1661' 1$1 7281 5241 -1 -l -1 -1 -1 -1 -1 Run #6 (1752-2061hrs) 
16 1768 -1 -1 221' i 2151 11.. 5261 -1 -1 -1 -1 -1 -i -1 

) rm 1764 1164 -1 -1 2151 19151 7511 S26I -t -1 -1 -1 -1 -1 '-1 
• 1768 1168 -1 -1 2211 1951' 7S2I SlB1 -1 -1 -1 -1 -l -1 -t 

8t! BlI8lI =1 :1 litt lm lm 01\ =l -1 -1 -1 -1 -1 -1 

:\ -1 -1 -1 -\ :\ 
) na II 1784 -1 -1 2211 2111 7S2t -1 -1-1- -

1 1788-l -1 2111 1911 7741 5161 -1 -1 -1 -1 -1 -i -1 -

BtllRllm :t -1 2511 -~ 7861 5161 -1 -1 -1 -1 -1 -1 -1 

-1 tIId 1 l' ml = -i :\ :\ :\ :l :\ :i 
) (;~ lla llM llM -l -1· U 111 -

,:j', 11111 .. -1 -1 951, SIl 6141 fJ\ -1 -1 -t -l -1 -1 -1 

~' Iltlllllllll· =l =lll' ~ f,i u 1 -1 --1 -t "1 -1 -c 
:\ :\ :\ :i :i :1 

> 1311 1821 1121 -1 -1 6SI ". 1372 1824 l824 -l -1 ni a 5521 4141 -1 -1 -1 '-1 -1 -t -1 
1313 1828 1121 -1 -1361 -1 4661 4341 -1 -1 -1 -1 -1 -1 '-1 
137. 1832 l832 -1 -1 411 .. ... 4111 -1 -1 -l -t :h. -1 -1 

-) lm la 1836 -l -1321 261 4711 41 -t -1 -1 -1 -1 -1 -1 
, 1141 lI4I -1 -ta 361 4581 4S11 -l -l -1 -l -1 -1 -1 

lm 11:811:: :l =lI m :::: 1:1 -1 -1 -1 -1 -1 -1 

:\ -1 -t -1 -\ :\ 0' 

J 13'19 1152 l8S2 -1 -1 S4I 441 S16I -1 -1 -1 -1 -
1381 1& f.856 -1' -1 741 • .. 1 Il -1 :\ -1 -1 -1 -\ -1 

# iii litt lItf =1 -ll1lA Il -1.- -t -t -1 .. -1 
.. , 1-1-1 -1 -1 -1 -1 -1 

) III lItIlIf :1 -1 fi 951 6921 .. -1 -1 -t -1 -1 -1 -1 
-1 II fSI 711. 5221 -1 -1 -1 -1 -1 -1 -1 

" BI lItlil :1 -1 951 .. 6441 4921 -1 -1 -1 -1 -1 -i -1 
-1 16" 1151 6211 4141 -1 -1 -1 -1 -1 -\ ' -1 
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1444- 2t86 2186 -1 -1 1111 -l 6821 571f -1 -1 -1 -1 -1 -1 -1 
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