
irt sltiillow rlclltlr, It !vas taj(en irl,r> ;rr:t:orrrrt try
llok>tovskii. 'lhcrcforr: in our calcul;rl,iorrs tlrr:rc art:
solrrc dillcrenr:t:s in thc iirnplitudt: of l,ltr: rv;rves ;rnd
in the velo<:il,y of thcir propagal,ion. Figurc 5 shorvs
tlrc chrorrosrarrrs of elt:vation of the frq: srrrfa<r: at
the lxrints irrrlicatcd in l.'igurc 3 by nurnbcrs I,2.ii,
rcsl>t:cti vclv.

^..!\'c 
car-lic.r sirrrrrl;rted the proccss of <lr;rinirrg arrrl

ftlling this basirr without colsidt:ring l.lrr: l>t>itonr
frit:l,ion. r\t the instant thc total dcoih 11 is r,,1,,
1iv,,ly I;rrgt:, taking intr> accounr tlrc fr.icti,,rL docs
not lcad to any substantjal rejint:rncnl, of l;lrr: cirl_
crrl;rl,ion rr-'srrlts. If the value of 11 is srnall :rnd thc
frictiol is nol; takcn inl,o account, thr: anrpliturl:s
of inc<rning arrd rc(k:r:tccl wavcs irrcrr:;rsc bv ;rborrl.
0.ll-0.ir rn. 'l'his tcstilics that it is advis:rbl,i t o takc
into accor:rrl, thr: friction in th<: first :rpl)roxim;rt;on
of 1,]rc 

"^lr;rllow-rvaLr:r modcl.
Wi: also sirnrrl;rl.,:d thc rvavc proccsscs l,h;rt ;rJr_

p<.;rr rvlrer: l.hr: ternpor;rl rl;rm built ar:ross l,hc lr;rsin
rvas clcstr>vt:rl. Irr tltis case tlrr: lvho[r: litirrnrlirry of
l.lr,' lr;rsilt rv;r:; r:orrrir[,rr'<l as an irrrp,.rrrx,,r[1,, r.rti
t:a[ rv;rll.

Nott: 1lra.t wlrrn tht: darn is dcstrtiytxl, trvo
grorrl>s of rva.vr:s fi)r1rl, thc,v propa.girtt: ;rlong tlrr: op-
positc lr;rnl<s. 'l'lr<:n Lhesc groups olw;rvr:s int,r,rai:l,
wii,lr r:a.r:h ol,lrrrr, ;urrl a w:rvc olr.jcr;t oI silrrilir:ant
arrrplil.rrrL: r,'srrlts, rvlri,:h is w,'ll so,:r irr IJi4rrr,{i. If
l.hc lrotl.orrr friction is l.akcn into ac()unt, tl)c;rrn-
plil,rrle of this objrr:t rlr:crca^ses by aborrt 7 pr:r <:t:nt
as r;omp;rrcd Lo l,lur ;rm1>lil,ude calcrrl;rlrrl wil,horrt
t:ukirrg inl,o accor:nt tlrr: friction.

,-,-t/"\ I

'l lr,' ipv,..1i*,1;,rrr lras I,,.,,rr sll)t)ort,.,t t.,, .!
l'Lrrrr,irl.iorr of ljurr,l;uncrrt;,.1 I1,,r",,.,.1,,,r,,,.i',,t".
si;urr I,',',lcr;Lt.iurr (!)7.()l {X,sll)).
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Figurc 6. Frcc srrrlacc and its isolines il the problcn on
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System identification on open-channels
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ABSTRAC'I-:'llris palrcr is on irlcntillcalion o[oJrcn channcl cl]aractcristics. It dcscrilrcs x rnethod to obtain

an approxil)rilt(' nr(xlcl ol wirlcr nrovc[]cr)t using lincar rcgrcssion tccltniqucs known as syslcm idcntiljcation,
The tlcrivcrl r)lrxlcl is to lrc uscd for lhc dcsign o[ a rcal tirnc control systen]. 'fhc principlcs of idcntillcation
and dcsigo ()f cxpcrinrcnts on opcn-channcls arc cxporrntlcd. 'l-he mcthod was applic(l ai thc Arizona Canal.

I INTRoI)TIC'I'ION

Watcr is an incrcrrsingly scit, cc rcsource. Duc t0 tltis
the necd for clficicnl witler usc is incrciisiig. Itl thc

field oI irrigation lllc pcrli)n)lancc of the channcl

systcm could bc intpr0vctl [)y bctter control of tllo
regelalors- Aulolr)iIli(rt 0f thc control systcnl will
improve cfficiency and casc lhc contplcx task of thc
watcr nlana{:crs (Artkunr 1995). Along with othcr in-
stitutions, thc W;rtcr IVI:tnagcmenl Scction at tltc Fac

ulty of Civil linginccring ol' l)clft Univcrsily ol-

Technology his ration:rliscd the dcsign proccss ti)r
autorna{cd conlrol r:[opcn-channcls.

2 MODEI-I-IN(; OIJ OPI]N-CIIANNOL I.'LOW

To obtain sintplc, rcli:rhlc control systcms, cfficicnl
dcsign mcthods havc ltcen dcvcloped in linear crn.
trol thcory (c.9. Aslr(iln l9tt4). Such methods rcquire
a linear nrcdcl ol lhc watcr nrovcmcot- Schuurnrans
(1997) simplilicd thc St. Vcnlnt cquations (c.g.
Chow 1959) and tlcrivcd an approximltc modcl ft)r
opcn-dranncl flow. 'I'his dividcs a rctch into two
pa-rts: a part with rrnilirrm llow antl a backwutcr 1;ar(
(fig. I ).

In thc prrt ol thc clranncl in which lhc llow can bc
dcscribcd as unilonu llorv, it is:rssulncd that witves
travel in rkrwnslrc:rrrr rlircction only- liurlhcnnorc, it
is assumcd that llow in lhc unilbrm part can llc tlc-
scribc(l l)y r tilrrc del:ry only trnd tlrel lht' rlcftllr:r
tton oI wavcs crrt lrt' ttcglcclctl:

qt,,(t )=q,,,(t -r)
where q; = intlow

blckwater pad (nrrs-l); r = tir)ro dclay (s); I = cur
tinuous tirtrc variablc (s).

In thc backrvlter part lhc wllc[ surfirce is assunro(l
to bc horizontal. It cirn bc nlo(lcllcd using r rcscrvoir
ill)Proach:

lh(rlA l=rt ,,Jt) t1.,,,,(r)

whcro .4 = b:rckrvaler srrrfacc (ln:); lr = rvatcr levcl
(nt); t1,,x = oflixkc tlischargc lrrtlsr); r7,,,, - outllow
rcprcsel)ling lh(: sur)) of tllc 0rrl[krrv l0 tltr. ncxl rr':rt lr
;rrnl thc ollirLlic rlisclr;rrge (rnts l). ''l hc approxintalc nl(xlcl Ibr a rcach consisting ol a

pirrt wilh uniforrn Ilow (cq. 2.1) iurd a brrckwirlcr
part (eq. 2.2) bccorncs:

dllr)A-71 - t1,,( r -t) (t,,,,( t )

(2.2)

(l. l)

IJlilrlrnr llorv Ilrrck rv:(cr

(2.t)

lmus'r;; q,,, = dischargc inr. IffiI-i,ff,i.?Xm.nel 
dividcd in a pan with unirorm flow

Ourlkrw q,,,,,

ffi
ffi

ffi
:W

ffi
t*t
ffi
H

w
IEI
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tlrc discrctc frcqrrcncy tlr;rnairr rlcscription
opclr-chlrnncl rclrt h bccrurrcs:

.btl'(r) 
,',, 

("''t...(r) tt,,.,(r))

, 
'l he control dlsign t.ornpul:rliorrs rcqrrire rr discrctc

(lcscrrplion of thc wrtcr tllovcrncnt irr tltc [reqrrcncv
dr,nrlirr. Assrrrrrrng lh:lt irll sign:rls iuc ,n.rrurlJ-ril,
s;unJrlc tirne f, and thrr rr1, is an integcr. thc rlis.
cretc lrcquency domain variable z can bI dcfined :i.
llrc h:rtkwlrd sltilt ()perillor, wif tr f tt" p^,p.rf y 1..g.Liung 1994):

zth(t)=h(t-7,) e.4)
When_dchning lhc backwatcr coe fficienl D (srn-2)

and thc delay z1 (-):

of tho opcn-channcl tlow is obtainc.l by palarnctris-
ing,a nrodcl.scr using thc syslcrrr,s 

"_,;;,;ll;;;;i-urahlc signals.'l'hc inflow r7,,, irnrl thc oLrrfl,,*J,, l]
lcct thc syslcm and arc dcllnctl .,;,, ,n,rr,l"r,','-
watur Ievcl lr shows llte st:itc ut f t . ,yrt,:,n",r,.i' ji
called output.

3-l System orul tlisturbutcas
'[hr trpprorim:rtc rnodc] trf ol)cn.clr.tnncl flow r.^2-7) is of e(,nrs(. Jn rhslrlcliorr fr,,,,,l ,.r,flir' f,l
opclr cI;rnncl will nol srtrsly tlrt.|repgrty;,.i;,,;;:
ity. but wrll cxhjhir du.iaririx f,..i,, ri,i. i,,,,;,;;';ri-
Atklilion;rlly. nle;lsurcltcrrls (h,,t,,." t,,k"; i;;;;;;;;
systcrn .will :rlw;rys hr. r.rrrl;rrnin;rlcrl *ilf, ,iirr,,rl
f]ill.1,*iSr,,l. ttrrc ro c.g. rvirrd wavcs ,,.;"i,:.';;,.
(tu(.cd hy rncilsur(,mcnl dcvir.cs. Irt 0r,]cr l0 dcal withthesc cflccts the disturbancc ternt yflJ l:; ,,f,f"J'iu
erlualion 2.7:

.. lt /
14t )- | -,1.."',t,,,(r) -,1.,,,(t))t t1r 1 (J.t)

'I'his equalion shows lhal thc obscrvcd rvtrter lcvel
dcpcnds on infiuw, outllow, ,na Airtu.t,,n.". ilr*l
evcr. tltc ()trlliow or) ils ltrrn dcpcrrrls _,r,,",,trfl1v unlltc w:rlcr lcvel: e.g- ;r risc t,[ tirc rv:rlcr l, ;i ,;;li;.
sult irr an increase ol thc oulllow. this nrccnanirm i,knowns as fccdback. 'l'hc rclarion b"r,r"";, ii;";.i;;
Icvcl and thc out{Iow is Iho transf-cr ti,n.ri.,n-'i,
:]:::'l]^::,,l,tllr.,c:rJly hc irrrcprcrctr :rs rhe,r;.,:r,,,,g.
cqlt;llrorr ol lhc (.rrt)trol slnlctrtrc ;rl thc rlrrrvrtstrer"nt

lj]1.. 
T,1.., opcrr cn:urnt'l sysleru is *.1,",n;;i;;;l;

strown rn Irgorc 2.
'l'hc disturbancc r,(/) can bc rnoilcllcd as a se_qucncc ol zcro-n)can idcntically distilbulcrj, indc-

pcnrlenl nrrrrlorrr v;rri:rlrles. flris rr:t.;rns tt,at *.1 ,=,nwrilo:

(2.s)

(2.6)

for an

(2.1)

Iltis nxxlt.l is r.r'lr,orr:rhly ir(.crrr:rlc urrrlcr lhc eontli_
lt()n ll)ill lltc irtflrlrv v,lri;tlions rrc srrr;tll:rr,rtrrtLl
slcir(ly slatc. For desigu <>[ a control systcrn lwo
rrodels arc dcllncd clrch rtcscrihilrg a, 

"i1."r," 
op_

cnrtional c<tndition: one rnodcl at tlrc lowcst flow
rutc and orie at the highcst. l-hc backwalcr arca and
lhe titnc dclay of both lnodcls arc uscrl lo calculale
tl)c scttings 01'a Pl-c(mtrollcr (c.g. Asl(inl l9tt.1). It
has bcon shorvn that tlris lc:uls to stiiblc an<l rcli:iblc
cu)tr(rlcrs (Schurrtmans I 997).

Thc bitckrvatcr lt.ca anrl thc tiurc delay can bc dc-
fincd rrsins knolvlctlgc on physical piuamctcrs of llrc
systcnt, such as gconlctry and liiction. Firr irrcrulirr
clrirn-rrcli tltou;'lr. IIrc it((.urilcy ol llrc trlr.Jr.l nr:ry hc
tttsttlliciclrl br.r ;rrrsc llrcsc Ir;tr,trrt(.lcrr atc t:ol krr0wrr
prcciscly,.and nr:ry changc in tirrrc. Applying cx
pt'rirrrrrrt:rl nlorl.llinl tc(.ltli(lucs k,,.,w,i',ri *it",rr
t(l('ttlilic:lti('l lrr.llt to orcrcor:rr' tlrcsc lrrolrlcrnr-

3 II)ENllFICiIftON

Wir(l usl)g itlclrlilrr';rtjon lcr.lrnitlrrr.s. lr Iinc:rr ntotle l

t( r 1= 11,,1 - 1t'1, 1

whcrc //,,(;J is :r lrropcr nrlionrl trlnsli:r lunction lhat
is slrlrlt.. lrnri rr{l) is;t \(.rlucil((,(}l z(,r() t0(.iril, i(lL,rl
Itc:rJly tlislrilrrrtcrl. irrrlePL.rrrlcll r;lilrl()r)l \irriirl)lcs
l(llr)U'r),l\ tVlrr lr: rroisrr

ll lho lransfcr lurctirxr:

->l]
I 1 r,,. ,t.,, l-. l,t-.,t t I't' 'i I +'- lr''t 't' 

'l n I "l"''"'1 t . 1
l;igurc 2. Illock tliagnrrl ol opcn (.lllrlncl svslcnt_

220
221

G,(z)=#
is introduced and it is assum('d lhat thc oull-low is

frxed, ('quation 3 l is rcduced to:

Nt)=G,)(z)rt,,(r)+Hr(z)w(t) (3-4)

This equation will be uscd to cxplain the applied

identification method'

3.2 ldentiJit atiln mcthril

The trursfcr functions Go(z)and Ho(z) c'.tn bo idcnti-

fied using the ARX model structure (Ljung 1987):

B(z)
G( 2,0)=-j' A(?.)

br+brzt +...+b,,,.2'u't - ., 
(3 5)

l+otz.')...+u",2 "

I
H(2.0)= 

-
A(z)

I (3.6)

l+rr,: '+... ltt,,,i "'

where nk is thc nurnbcr ol'tlclays frorn input to oul-
put and nu rnd n, are the ordcrs of thc polynomials
A(z) and B(;) rcspectively. The paranetcr vector 0
thus contains the cocfficients a; and D; of lhc transfer
functirns antl is tleflncd :ts:

0' = fr, at ... tt,,,b, lr, h^, ) o.rt

Iior cach valuc of thc pararncler set 0 thc nrotlcl pro-
vides us rvith a lxctliclion ()l-thc watcr lcvcl.'l'hc
signal rv(1) crinno( bc prcdictcd, sincc it is indcpcnd-
ent of evcrythin.r that has happcnctl hcftxc 'l hLr pre
tliction is (lenotcd by:

iqt,o1=y'qt p (i.rJ)

whcrc t{l) is thc rcgrcssion vcctor, which in thc
ARX casc srtislrcs:

ilr)=

-Wt-1 )

-h(t-2)
:

*h(r -n, )
o. ( t )

tlt,,( I -l )

:

q,,(t-n6)

(.1.9)

At tirnc / it is cvalualcd how good this prctliction is
by calculating the prediction ctror:

4t,Q1=t4 11-*r,,,, (3 r0)

Whcn having collcctcd data soqucnccs o[ inflow
r1,,,(t) and walcr lcvcl h(t) ovcr a pcriod r = 1,2,...,N,
it is possiblc io evaluato how well thc nxrdcl with
thc pararr)eter 0 can dcscribc thc pcrlbrntancc of tlrc
open channcl systcm. Thc critcrion function is dc,
flnccl:

(3.3)

,,rrr *i,01t 1-tp'1t p)' (3.r r)

Sincc the rrxrtlcl is a lincur rcgrcssion, this function
is rluadratic in thc prcdiction xrrot e(t) and thc pa-
rarnolcr sct 0. Tlris irnplics lhat thc oplitnal pararnc-
tcr scl (, can lrc calculatcd when tlic first dcrivativc
ol-thc criterion lirnction yN(0,) is set to zcxr. l-hc rc-
sult is:

3. 3 I )t si gtt of i dut iJ i ttt I i rtt (4)( ri m( nt.\

A srrcccsslitl idcntification applicltion rcr;uircs tltat
tlrc r:ollcctcd nlclsurcrrrcnt (lrla contrin signilicant
inlirrrnalion aboLtt llrc systcrn.'fhis mcans tl)rt tllc
drta aqtrisition has to bc rvcll plenned.

'Io cirpturc lhc cllirraclcristics ol'iur opcn channcl
rt;r'lr. il is r( crs\;lly l() ( xf( rl(' :rrr cxpctirttenl rrsirrg
an inllow signal ry", covcring a witlc Ir'cr;ucncy
rangc. C)nc singlo prtre sinusoirl with ficqucncy
onrcgl, lirr cxiur4rlc, only gives irrformation on thc
valuc ol' tlrc lranslcr lunction at tiequcncy rxncgrr.
'l'lrcrc :rre inlinitcly rnany systclns thxt givo tllc saruc
output rvith this input. A Pscudo Ranclorrr Binary
Signal (c,g. Van rlcn Ikrl l996) rrccts ll)c rcquirc-
ulcnt. It shifts r:urdrrnly l)ctwocn two lcvels at dis-
crctc poillls in tirne untl can bc dcl'incd by tlclcr-
nrininu rrrnplitrrdc :rrrri hrrsic lirnc intt:rval bclwccn
two corlsCCutivc slcJr ch:rngcs.'fhcsc palan)ctcrs
slrorrkl bc dcsigncd srrch that the inflorv rJ,, rcsults in
nrcasrrnrtrlc anrl salb vlriation of thc watcr lcvcl /r.
'fhcy c:rn bc lirund by using historical (lata ail(l
knowlcrlgc oI canal <4rcrators on tlrc r:llcct ol stcp
wisc inllorv clr:rngcs on ll)c downstrcarn wiltcr lcvcl.

Iirrthcrrlore, it is inlpoltani to dcllnc a s;rrnplc
tinrc 7', for thc irlcnlificatiorr procerlurc. It is coupled
to lllc tinlc consl:rrlts 0[ lhc opcn channr:l systern.
Sanrl;ling tltat is ctursirlcmhiy lastcr thun lhc systcrrr
dynanrics will lead to tlrta rcdundancy. 'I lrc rcsult is
lhat thc rnulcl frt lnay lrc conccn(ratcd to lhc lriglr-
f)cqucncy rrr:gc. anrl thus not rlcscribc thc csscntirl
dynanrics. Slnrpling llr;rt is considcrably slowcr than
tl)o systcr)) tlynarrrics u,ill lcad lo scrious tlifiicrritics
in dctcrnrining tho I)aliln)ctcrs that desc[itrc thc dy-

o=[] itor,r,o'(,,,)]'[+]( <6 t ru t 1l (3 12)

(3.2)



n:rrnics. 'fhc tirnc dclay of a rcaclr is rrscd a.s a nreas-
rrrc of lhcse tiyn:rrrrics: thc krrrgcr rt," ri,n" J.llrr.'rJ,.
rn()rc lllc dynalnit.s will irrllrrcnr.c rt,",l"li,,rnaii',rn niwayc-\. C)perators will bc lblc to givc ,,, 

"rti,r;;,(;;ithc lirrrc tk.lay- lr is adviscrl ,. p1,,i",,f.,,r,-i0'.,,.r),1
[)oint.s r)vcr llr. csti,::rtt.ti (irrrc rJel;ry. I l;,*;;;;, 'ii 

;,u,isc lo samplc ftrstcr tluring aata a,iri.;tion. ;ii," A"-cision u.lriclr srrnPle Iirrrc is goirrg to h; ,,_;;i ;;,l(lenttltcJlt(nt c;rn l,u deli.rrerl lrr r.0ilr|rrtr.r. sCssiorrs.

. 
'fo obtain sullicicnl (iara for a pr',,p". i;;;;;;;.,,

lion, expcrirncnts rtr:ccls to h" .*c.irtc',i i".'a,,,r,if,r,,
ol'roughly 8 tintcs lhc cstir)talc(l tinre rlclay.

It should be loticcd tI)al thc parillltclcrsl which sct
tlp :lll r'(p( rin)cilt. dept'rrrl olt llte r.lr:rr:tt.tcr irtics ,,ll ;rcl)i,Iil(,1 rcitCIl.'l-ltcsr: lrc llle cllilrit(.1(risliCs wr.woulcl likc.tlr trlcnlif;,. -l'lrrrs, thc tlcsign ,ra,;;; 

";prrilrrcnl.rvill_lcrniritl il f r{)c(,ss ol lr i,rl ;urrl ar,,r. .IIo
rUtc\ ()t ll)Unlh pt(.scnl(,(l trhovu rvill lr.rvc l,l lt 0st.tl
as il slatling point only.

3.4'l'rtatnot ol tltilt
Prir;r to idcntifictrtion of lhc l)aran)clcrs, it is rrcccs-
sary to llodily llrc scl of rncasrrrctl tj;rtlr in rxrlcl lo
obttrin cunsislcn I idcnti licatiitn rcsults.

Iiirst, (lata pojntr tllirt alc obviously ilcorrcct arcrcrrrovcrI lty lirrcar inlcrpolittion tr","""u 
'r,,,rJ

lnuir\trn.il)cr)ts llt;rl .nt.llltlrrrrr tlrt.st.. AItu^v;rrrls, trsrr)\\t) v.tr.)Il!] lr,.lrri. rvJrit.h r(.\lllls ir) :r rlriltrrrr orrtptrt sipir; l. is rerrr,rvcti lry ll:r lre:l ,r,,,,;t,r liin, iii.t\e\t. tttr':lvcri,f( (), lrollr irrPrrt;rrli o1;1p1;1 si*rr;rls islllil(lc /cr.(, lilc:rrr by srrlrtr;rr.tin. llrt.rili.;tr: tlilrrr llrc()Iglt)ill (liltJ.

-\.5 ltl r n tilicu itt t t l r !t, I u 1, u u I Int.kt,u tL r
AIlcr Ir.rrirr; Jl)l,li(.(J tlre lrc J)r(n.c\s1tt \lur)s llr(:tl.lli Is Icir(ly for irlcntilir';rlrorr. liir.l, llru lirrrtJ tl.:l.rv,i is cstirnltc(l usine thc inl)orv r7.,,i, ir1",i,,,r,i"ii,'"
wtrlcr Irtcl /r;rs otrlllrl. As lcr.olrruen,L:rl hv I i,,,,,,
( I 9(t.l), tlrc qrr.rrlr;rtir. t.rit..rion t,,,n ri,,n f ..f . i. t 

jt'ii
ev-alualctl lbr all rcasonablc tlclays in 

" i;"1, ,;i;;AIIX rrrrxlcl (//,, .- .[ :lr(l,t,. _ .11. 1i,,. fi,,,,,,t.i,,v
r( ilull){ [{) llre s,lt;llc5l v:rlrrc rrl tltc cril.rion ltrrr.trolis chosen trnrl uscd to shilt thc i,rll,,r, {,; i;;';;;;r;It.rding lo ;r dest.ipliorr ol tlrc rlisr.l',rgtl'1,,,,,-ii,"
n;rck\\,itlet. pltrt t1,,, I I I t,;.2):

lr;rrkw;rtcr c(trflicier)t b. ln orcler lo lrc ;rblr. to irit.n-

::,1 ii l 
rlr. ot l). ltru. knowlcrlgc ol tlrc ;r,.,,r,,i , l-lr5c(t l(, c()nslnt(.t tllc inlrEritk\l nct tlist.lt:ugcl:

(l*t(t)=: '',11,,,(r)

q,,,,( t)=q,,,1(t )-q,,,,,(t )

Ir!..,2( t ) = ; -1t1,,",( t )
t- 1.

Trbic L Dimcnsions ol rcachcs ofArizona Canal.
Ilcach ill llcach il5

Now. tlre llrckw:rtcr cr]el[i(.icnl I is iticntificrl Usrr,,,
r7,..,. rrs inlul rrnrl llre w:rltr lcvel /r :rs rruilr;; 

-' " "'E

h(r)=hq,,,a(t)+ilu(z)y(t) 
(1. 16)

by applying an ARX mtxlcl structure with 21? = 0 a1drr, : I rnitlorl(.lr) tllc previ()rrs i,l",,tif,,,,r;,,n ,,iii,""tlntc tlcl:ry rr1.

4 APPI-ICAIION ON I.TIE AITIZONA CANAL

4.1 I)tsL.ription of' tlr Ariaorut L.tn<il
Thc idcntilication nrcthorl was applicd on lhc Ari_zona Canal, rvhich is onc of rhc iri^i, 

""rrir'i"ri"-clng,wiltcr_ro thc city ol'Phocnix (USA) ,ra it. *,,.nrundirrgs. l'hc clnal is orvncrl ,,,,,i ,rp".ri",ifry i,liRiri'r I,r'.jcr.t (,SRIr1. [1p1yi161lls wcrc Dr(,r):uLrl i,t(\x,ltr.r;rtrr)n uitlt lltc Irnilcd St:rlcs W;rtci Cir,.,,r,r.
li_on..l,lhotatory and cxccutcd on l.irc r"uch"s (Silvi,
i,()()lJ)-'l lr(. r('sltlls ol lltc cxJrcrirnenl 

", ,f.l., firr',,",illr('lrlllt relrelt illr'w{rrke(l oUl, wlrich ,vill lcr,l f, t,l'l1lr] rrrrtlcrsrrrrtling rrt Prssihiliri"r rr,l Ij;;;,,ti;r.()r t(rcntttrc:rltrrl l;rlrlc I surtrnt;rrizc. llrc trvcr;rr,.
,li nrcrrsiorrs,I t]rcsc r crrclrcs lc,lcrlurrcrx i,j,lzl.' "'"''l-lrt. ALrzollr ( :rrlrl is rrrolrilorctl trld conlt.olletl hv()nr \villcr lt;rsl(,r in SRp.s ccrrlr;rl \\,illcr.cr)llrit,toltl. A srrpclrirory (.()nlr()l ,11(l (l;tl:l ;l(l1is;i;;n(5('ADA) sy:l(.rlr is rrscrl. Ir inr.lrrrlt.. 

"li.f t,o,r,,,
cr;rri1,111g111 in tlt(. Ijcl(l :rrr,l ;r cr,lrrlrrrl,irl L,,;;;;';
ccttl r':r l Irx.lrt ion.'l ltL, r.(lltil)llanl re.lcir..s lclemclcreJ(,;llit Irl)rn (.r)illr()l strucl,lrL.s. srrclr :rs *lrlcr lcvCIs rndgiltc positions. I)ala is stor.cd at a ont:-rnjnuto tinrcirlcrvrrl firc (1.nlr:tl !.0llprrtcr :rrrtorrr:rticlrily clrlcrr_

.,;.11:'t ll,l.tu r;rle-s tiu;ril i'ltes ilt:rny giv(.n stlti(,n.
l llts .rll('rJil;tli()rr is trs,,rl hy lllc wirl.-cr mirslcI l()
sclrerlttlc llorvs llrrrlrSlr llrc c;rrItl.

.1.) 1.t1,1 71p, nt: r,rt tlr Ari:tntr ( itrtrtl

. SRI) irnposcd lhe conslmini on the cxpcrintcnts
lhat norn)al opcr:rtion of thc canal should not bc in_
flur'rrr'..r1: lll(. witlL.r lcrcl vrri;rli,lrs ll the (lownN('\ 1., I l)c,t lct rlisclr;rr gc inl(, I It(. l)ilek\v.rlr,r ;rrr.a r7,,,, i.

:.'ll:ll]i:,1 ff ',rl,rr,,trn: tlrc nrc;trrrr,,t ourilow q.,,,

ii;l'lrl"" 
riis.lt:rrpe ittr, Il* Ir;rtlrvrrr.r I',,fl ,/;,;.

(3.r3)

(3.1,1) I;ftrrv clqtacity
I r:ngth
Ilotlonr \!,idtll

'fhc transl'cr lilnctior) Ihrn tho walcr ]evcl h k) lllLlttcl.rii:clt;rr.le rl,,,q is tlrc :ll)l)r(,\i,littc ,,,,,,j.1 ,,t. rii.rl;t(tiw.tl(t l).ltt. lt (1)rrl.rit)\ l I)lrrc inl\.Sr;llrx iltld lllc
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4. Oulflow roach #1.
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Figure 5. Mcasurcd (solid) and sirnulatcd (tlashcd) watcr
level dcvialion rcach Ji l.

strcarn cnd hld to rcnrain rvithin r lixcd rirngc, and
thc duration ot cach cxpcrinicnt lrad to be lirrritcd to
one niglrt.

'fhu inflorv q;,, rrnrl thc samplc linrc 7', werc dc-
signcd with lhc hclp ol'thc rulcs ol' lltrrrb prcsentcd
;trevirrrrsly (tlrll.2). I lrc (.xpr'riiltcnls u(:re excculc(l
hy tcrnolcly ol)( ritlinu tlrt. riP:lrtlrrrr c()lltlrl \lnrelurL'
ln orrlcr lu crclrlc tltr' sl\.1)wisc vrrrfirrg inllrrw. flr
gatc opcning of tlre conlrol slruclurc irt lllc down-
strcant cnd was llxcd. llcsulting dala w:rs storcd by
SCADA and could be rcatl liorn cornputcr scrccns
durirrg thc cxpcrirrrcnl. Mcrsr:rctl watoalcvel, in{low
:rnd outlkrrv, wlriclr is (ho sur)r of lho oftiakc (lis-

'l iilrc (h)

I"igurc 7. Outflow rcach.ll-5.

0246ll
Tirnc (h)

Irigurc 8. Mcasured (solid) and sinulatcd (dashcd) watcr
level deviation rcach ll5.

charge ard lhc outflow to the ncxt rcach, arc plotted
in iigurcs 3-8.

Trblc 2: l)aranrclcrs
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1.3 IdentiJit utiotr
'l'he nrcasrrrclnents ol'inflow, outllow and witlcr

lcvcl wcrc uscd to idcntify thc charactcrislics of thc
channcl rcrchcs. I:irst, rcach #l rvas idcntilicd using
60 santples at ir siltlrplo lilnc 7-, o[ 10 nrinrrtcs.'lhc
idcntiiication tncllxrd as dcscrihctl prcviously tv;rs
applicd, and lcd to cstin)atcs of thc lrackrvllcr cocl-
llcicnt b and llrc dclay ilr sclting up thc ntodcl:

hotlr thc lrnrc dt'lrry lrrxl tlrc idcntitlcd brrckrv.r,.-
arc:r. I( is slrowrr llrrt it[.r:tificatron t.r,f. rn,,r',,"1
pr()xiln:ttL. rrrodel of lltc watcr ntr)vcrucnt in ff,"'nl,_
zon:r (ltrnal tlr:rl is:rhlc to givc ir good d.rcripri6n otils ehar;rcteristics. Although thc :ri.rual .un,r.ifi..r'AIl
sign has not l)ccn r sul)icct ol tlrt.strrtJy, ft,".r.,.,,,]^
ol thc iderrtifictl rrxxlcl will cn;rhlc thc A"r;gn ,ririrl
blc and rcliable contrcllers.

_ Wlrcn :rllrlying irlcrrlilictrtirrn ()n (,p(,1 cl)itnnel(
Ir;tving a hxlg (lchy lirnc, tlisprrsiun ,,i *rr"a-;jii
rnakc idcn(ilication of wiltcr
c u I r si ncc r hi s dynanr ic 

",r'".i'i'l';ljl'',l..r'li"ii,,i' [-Lr)turt I)y llrc lpprrrxinxrlc rrrotlcl. It rvili lrc h:rr1l io
dcsign arr ilrl)ow sign:rl, wlrich rcstrlts i,, ,, ,,,,,r*ri_
ilblc wiltor lcvcl vltriation ll thc do\.ynstleanr cnrt ul arcaclr *i(lrrlrt lirrcing ltrc syslcln oul ,,1 tlrc oprri
tirrrurl. r;rnllo irr rvlriclr linc:rlily is vtrlid. h trtrtiri bcusclul to tlcvclop a nuxlcl which is ablc ro givc a
tnorc accurrtc dcscription ol-thc uniform llorv [arf.

A. problcnr.<l[ rnotlcls in gclreral is lhat thc sys_
lcrn's propcrtics nray change in tin)e, so that ihc
nrodel rnay beconrc invalitl lirr thc nerv situation.
Ilorvevcr, thc allvanttgo ol identiflcation is that it i.s
rclativcly casy to cxocutc cxpcrirncnls. A new, low
cost rnodcl can be lirund filr. lho changed situation,
so thrt tltc control nlochanism can e:rsily be updated
wilh the hclp ol idcntiticllion.
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tr.l)

Arralotuc to thc i(lonliiiciltion ol reuch ifl tlrc pl-
rarDclcrs chiLractt:rizing tltc lilth rc:rch wcrc irlcrrti
Iicd. [)sing l(X) s:l]lll)lcs at a sarnplinr irrlcrv:rl 7. r>l'
I nrinule {hc lolkrs'ing nrrxicl rvas idcntilictl:

_ 0.00162 '

l-;-' (1.2)

Ilolh ntotlcls lvcrc uscd trl sirlulalc tllc walcr
nlovcruent rrsing rrrcasrrrcrncnls ol-thc inflow r1,,, arr<l
lltc outllow r7,,,,, :rs input signds. Thc outplrls ol'
sinrulation of'tllc lirst alld (hc fiIth rcach shorrltl l;c
in agrccnrcnt wilh lhc ntcrrsurc<l wrlcr lcvcl ,/r.

It cln be sccn lllat thc idcntifictl urodcl ol r.caclr Jil
ovcrcstirnlrtcs ths lvitlol lcvcl variatjon in thc bcgin.
ning, bul is vcry rvell ablc 1o catch lhc pcak at I I

hours (lig. .5). 'lhis indicatcs that thc discluu.gc
variations rvcrc lirrcc<i out ol- lhc rarrgc in rvlriclr
lincariry is valitj. l)uc t() thc long dclay tinre ol thc
first rclch, rlispcrsiolt o[ rvavcs will nr:rlic itlcntifi
catk>n o[ thc \\'iltcr rr)ovcrllcnt difllcult. Th(: rcsulls
of lhc cxpcrirncnt rxr reach #5 (llg.E) sl)o\y lllirt
idcntihcirtion of I rc:rch ilrvins a shorlcr tlcliry hlrs
lcd to vcry acculatc sitnullti<>n rcsrrlls.

Finrlly, thc idcntiljcd backwatcr ald del:ry cocl)i-
cicr)t wcrc lranslalcd inlo physicrrlly intcrplctablc
bltckrvatr-r urcas arrd lirnc tlclays using thc slrrrplc
tinrc 7', and crluatior 2.5 and 2.6 lcspcctivcly (lirt).3).
Thcsc valucs c;rn lrc rrsctl lilr thc dcsign of a cr>lrlrcl
syslcrn.

5 CON(--I-IJSION

'l'he aim of idcntification ol'opcn,channcl char:tc-
tcristics is to cstiD'tatc rnodcls that can bc uscd lirr
conlrollcr rlesign. 'lhc ostil)talion ol tltc lirrrc tlclay
can be uscrl litr thc dcsirn ol a lcctlfrrvard c<nrlrol-
Icr, and a ltctlhacli controller can bc lunctl using

'I'uble 3. Rcsults of identification
Rcach #l ltcrch #5

Sarrple tinrc 7.
Backrv;rter <rrl'1. D

Hydrcinlormatics'98, Babovic & Lasen (eds) () 1998 Balkema, Rofterdam, ISBN 90 541 0 983 I

lncreasing accuracy of the box model

VPsizonenko
lnstitutc of Mathcnrulical Machines an<l Systcm I'rohlcnts, Kiev, Ukraine

ABS'I ItA("1 : 'l'his papcr prcscnls non-lLll rnixcd box nxrdcl rvith a rclardctl paranrctcr. l hrr nxrdcl assurlcs
lhe trimsport {intc of rvlttcr and conlamination tltnlrglh tlrc rcscrvoir. It givcs thc opportunity t() dcscrihc lhc
cxchangc process n)orc cxactlv. As a rcsult, thc rrrodcl IINI)Ill'l incrcasc thc accuracy ol prcdiction of a pol-
lutiutl conccltrrtiott in thc outllorv ofrcscrvoir particulrrly in lhc casc of a short tinrc lbrccirst. 'l'his approach

not rcquircs ntorc tlctltilcd Iield mca;urcs tharr thc lirll ntixcd ciurcra nrodcl.'lhc rn:rthcnralician and soli
complexity o1'llrc rtxrtlcl incrcased not so strongly. 'l'lrc hlock o1'par:unetcrs itlcntilication rvas inclurlc in thc
model's soli. lt Irtakcs possibly to choosc ihc hcsl rnodcl pilralnctcrs and thcrclirre to caliblatc thc nrodcl lbr a

concrctc rcscrvoil'ar)d pollutilnt.'I'hcre arc rosults ofrnotlclirrg fbr conccntnrtiort "0sr in rhe Kicv Ilcscrvoir
aftcr thc Chcrnobyl accidcrrt in the articlc.
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Tlrc Chcrnohl'l accident hcavily contantitrtlcd
the Dnicpcr rivcr-rcscrvoir systcnr. 1'he Chcrnohvl
Nuclcar Pu*cr Plant(Nl'}])) is situatcd on thc l)ank
ofthcl'ripyat rivcrJ0knr liom rtsinflorv into thc
Kiev llcscrvoir at the l)nicper rivcr.'lhr: Ilood-
plain tcrritorics ncrr (lhcrnobyl NPP and surround-
ing rratursl:ctls ttrc lrcrrvily crlll(antit)J(cd lry lt?( 

s

and""I'ir. Rirrliorrrrtlidcs irrc rurslrirrg out liorrr tlru
watcrshcds undcr lhc impact ol- snow-mclting and
rain storm runoll. Signilicant parl ofradiorruclidcs
lallout look placc on lho rvatcrshcd of thc f)nicpcr's
dght tributary -- thc l)ripyat ltivcr. l'hc highcst lcvcl
of radioactivily in thc \yater of lhc I'ripyal rivcr was
obsewcd during thc initial pcriod alicr thc accidcnt.
Radionuclidcs conlcnts in thc rivcr florv arc pernra-
ncntly docrcascd drrring thc tinrc front 1986 to 1997.
But during cach high rvatcr pcriod its conccn(ration
in thc rvatcr tcn)porary incrc;rsed undcr thc wnsh-ofl'
ard erosion phcnol))cna, crcating a sccondary con-
tamination ol thc rvatcr ntasses. 'fhc largcst part of
an annual runoll'routs through the rescrvoirs tluring
spring llood li'orn March lill Jrrne.'lho spots of ra-
dionuclitles cxist also in the uppcr Dnieper watcr-
shed on Russian and IJclorussian territorics. Radi-
onuclidcs sashcd out lroni April 1986 transportcd
down florv hy lhc l)rrirpr srter to tl)c lllaik Sea
through thc sel ol sis rcsun.oirs. Frorn thc l)ripyut
River moulh dorvnslrcanr thcrc arc Kicv llcservoir,
Kanev llcsclvoir, Krcnrcnchug Rcservoir,
Dncprodzerzhinsk l(cscrvoir, Dncpiovskoje Ilcscr-

voir lnrl Klklrovskoic licscrvoir. Since I()li6 tlrc
lcrcl oI lt?('s 

corrccntr:rtirrrr irr llrc l)rriepr.r rcscr-
vr>irs dccrcasc (conrparc sith lhc prc-accidcnt val-
ucs). h (luo 1o kxv rnagtriludc ol'the spring llootls
antl as a result of the dirninishinlt of IiTCs rvash-ou[
cocllicient. 'l he cosl'llcisnt ol' ')oSr *ashcs out ducs
not dimin;sh in lhc samc nnnner. 'l'hercfrrre thc
e0Sr contamination rcnrait'rs rnost significont prob-
lcm lirr higlr sprir)g lloods irr thc l)ripyat l{ivcr -
l)rricpcl ltivcr systern. 'llre poprrlatitm o1 I)rrieper
basin rcgions is 32.5 nrillion pcoplc. l)nicpcr rvltcr
is consumed tlrrough thc nrunicipal tap watcr supply
rnrlrc lhan 8.1 nrillion pcop)c in ll regions. 'llrc
I)nicpcr rescrvoirs arc also uscd Ibr conrmcrcial
Iishing. Nlore than 1.8 nrillion hcctares in IJkrainc
arc irrigatcd by Dnicpcr *,utcr. 'l'hcrcfirre this plob-
lcm is very inrportan( cvctf nowadtys ten yeals altcr
thc rccidcnt.

'l'here arc nrany approaches and modcls lor corr-
tiulination triurspoft nxlrlcling in surfacc wrrtcrs
([AEA, Salcty Sclics N50-S(i-S6 1985). 'I'hc ur-
gcncy lo incrcasc lhc prcdictubility ol modcls irr
post-Chcrnobyl situation rcquires dcvelopmcrrt lllc
mclllods' pollution nrigration modcling espcciaily
radionuclidcs. Frorn alother sido thclc is possibility
lo cornpare mathernatical motlcls and Iield mcasurcs.
'l'hc set ol' motlcls o[' dillcrcnt complcxity(front
tlrrcc dimcnsional to box) uas dcvclopcd to simulutc
ratlionuclidc lransport in the Dnicpcr rcscrvoirs irr

thc Cybcrnctics Cenlcr, Kir:v (Morozov ct al. 1996).
Onc ol'thern WATOX is a box nxrdel which vari-
ables :ire avcragcd ovcr conlpartmonts that as trsurl

225

IJircLrvalcr atr:r ;1

Tinrc dclry r
I0.1
ti( ) 2

ha

rnin

1

I

I

I

I
l

I

i
I

1

224


