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A Lst ruc t. . T he 11 11111 ip urpo-,c wnt e r resources sys tem U'UHlbc-Tisz'L· DaUII!Jc ( \ VHS
DT D) {flood con t rol , drainage , irtiga tiou. wat er sup p ly, uevlgmiou , wat er q ual it y
control. e tc .] is hydrnuli r-ally very complex . \\'HS i~ con t rolled th rough a number o f
we irs wh ich send the wat er in various d irections. d epending 0 11 the a ctual hydrolog
ic o r wat er resources condi t ious , To improve the o pera t ion o f the sys tem a con t rol
m ode l has been d eveloped . T he com p le x d e ve lopment task is realize. I by a chain of
grndunl ly de vel op ed i\1i\ 1. Ftrvr , WHS was d ecomposed : (a ) sp ntinlly {di vided into
su bsys tems ] ; ( b ) temporally (by ti mc iu tervnls - o r the p er io ds o f quosy-stend y
.'1111 1 unst cady 1I0w ); (I') according to the hydraulic Iunc tiou ( t he weirs o pera t ion
i\ 1 ~1. network flow ~ 1i\ 1. iu llow c-timatiou i\ 1i\1. e tc); ..... nd [d] a ccording to IIUIlH:r

ica l nsp ect .s , T he uo n-s t andnrd problem- of ull st eady Ilow wit h va ryi ng discharge
throughout t111~ \V B.~ [trihutarir--. pumping s t a t ions fOI irtigot iou a nd drninngc]
are solved by usin g the la test a d vcncemeuts in the coruputational hydrnuli cs theory
[Preismnuu !'!ChCllIC, C ho lesk v -cbcmc. etc.]. A ve ry o perable unst ca. Iv-Ilow :\1:\1 has
),('CII d eveloped allel its introduction to p racticc will im prove the opera tion efficiency
o f t he \\'B.S.

K e y w ord s nn rl p lu-a s c s : wa te r I'C SOll n x ' S syst eru, real-l ime con t rol. m odelling ,
unsteady Ilo w

I. IXT RODUCTI ON

The Da nu be-Tiszn-Dauu be Wa t N resources System (W it S DTD) ill t.h e P all 
nonia u Pl a in is t.h e largest. a nd most irupor t.a nt drni nage and irrigation system ill
Yugos la via . Pa rti cula rly import-a lit a nd intr insic, from the aspect of water m anage
meut is its pa rt east of t ile Tisza , in Ban a t region . This part is spa t ia lly se pa rate
a nd iu dop erul ent s ubsyste m form the rest o f t he WH S LJ TLJ. The rivers o f the DTD
system (T isza, Zlnt ira , the Old a nd Nav iga ble fk gl'j , T~lI l1is , Hrza va , ~ I oravi ca ,

I\: a ras , etc. }, whirh llow from t he Carpa thians, ha n.' vt.'r~ unfavoura ble , nonuniform
water regi mes . T h» ruuiu ca na ls receive water [rom a ll these intersecting rivers
for m ing a water resource sys tem which is ex pec ted to provide t he most effic ient



no

fl ood cont rol. :-> lIccf's:..rll l d r. u n.u;«, irrigation , uavigai iou , illdllstrial (a nd 1II1IIIicipai

ill ti lt' [ut u n- ] wake s up p ly and wan-r quality con trol. All I'Xl t' IIS io li o f til l' \\"H S
II :--!' to t he hydrol'k rlri c power ~f'lwratioll is plann ed fur Ilw Iut.un- , thus leading 10

a ll vx t n -u n-l y cu u rph-x \\'B S.

Each of , I", :.1 .. ,,,,, 11I" lI t ioll"<! I'"r p" '"" of th e WBS i, flil lilito tl "ssP ll ti" lIy
Ihrt lll ~h lilt ' IlI itillll'llilIlCf' of till' n-quir..d wat e r lr-v-ls uud dis r ha rgf' s a t s pec if
if \\ 'BS :-OJ·c l io us. Tlwst' tasks art ' accoruplislu -d hy a sys tem of weirs alld gal f's

( I i ~ I ) ill ~talll'c1 a l i ll ll' ls ;Il1d / or o n tlr-tx an .l al ong ti lt' r01JrSl' o f till ' main r a n a ls .
Di: dlar~t's and Il'vI·ls a rt' co ut rol led by o pt- ra t ing p;alt' :-; ( IIIl' k-y co nt ro l int er veu

11011 ill " 'US ) a (' r (J rdill ~ l u li lt' n-q u irv n u-u ts o f t lu- " ' US. J{p;:dizalioll s o f vari ous

cou rp h- x Ilow pal "'CIIS (a .... I ll di ra l f'd hy a r rows ill r ig. I ) an ' f,'asih k d r-pending a ll
hycl cll lu~ l r coudi t ious nud i1ppl if 'd .c;a l f' pco r l'dllC ('s .
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Fi ~lIl · " I , Sl llf' ll lol l il" 1" PIl ' '' l'lII Oll ioll 01 11... ("o ll ... id'"!l'd pari o f 1111" l I n nub e
I i ...",-) ) . tIlll l .. , WHS.

I I... k, 'y ~"a l, uf tl ... \\'IlS a n' :

1:.lli ci l 'lI l (II .... Ildrg. " f lI ood [l ows iut o the rj vcrs wit II 111t~ airu u f n-dist rihut ing

Ilow-, aud pCtJvidill ).; I Ill" IU\\'I':o-1 It'vd:o- in n i l i t'al :O-ySl f' l li sec t ions during 1I00d cou t ro l
I" rtl .d s ,

EII'I 'rli vl' dl ll llla).;, · !lr i rriga!l'd <Hl'as (.·j , IIPf hy gravily o r pll ill pillg) , dp
)H'lId ill .c; Oil t.lu- PI'O)!;l'l ':O-S o f hydro logi c r n ndi r ion -, TI II 'I'l' a n ' Btall )' o u t let s Irom t.hc

drai llaJ.!,I' sysl vu rs , which f a us t'S dit li cult ies fur I lu- dcvelop meut o f I Itt' lIIat heuiatira l
1110.1"1 ( ~ "\ I ) ,



•

~ Iotlellillg of un .. t.:ady H. I\\" .......... "U I'I'01 1 t o th e operntioual f"OlltlOlof a \VH S 'L'L I

- Pro vis io n o f a .lequat e condit ions for irrigution , hy 1I1t.'a1lS o f lIIa iuta ill ilig t he
t'l l'cessary water levels ill the \\' liS junctions and providing necessary llow rat es .

- Provision o f adequa te wa ter level s for navigat io n .

- Provis ion o f condit.ions fur safe discharging o f mu nicipal alld indust.rial waste
wa ters .

- P revent ion of 1I00ds ( which were frequen t in Ila nat region) ca used hy th e
T isza r iver ill the WI{S protected a rea .

- ~ I a i "t ,, " an c .· of wa ter levels in ind ividualjun ctions of the WitS with in t he
lim its dl' lIl1 ed hy I he agree llll'llt lu-tweeu Yugoslavia and Horuania . fo r a better
drainage and irrigation in th e t.wo coun t ries .

- UP OIl t.he cons t.r uc t.ion o f power plant s Oil the T isza and t. laQ ca na ls. the
tua inteua nce of su ch water levels and Ilow rates wh ich will maximize hydroelectri c
power generauou .

T ill' strat egy o f the dralliage and fl ood co ntro l polic y is based 0 11 all important
hydrologic featurc of th e 1100 .1 g"llerat ion ill t he catchment area : 1I00d peaks of
the Tisza , as the major recipient. do 1I0t coi ncide with the 1I00ds of o t he r rivers .
The dday of these 1I00.1s, provided good forecas t a nd skilled runuipula t ion of ga tes,
allows for a ll ellicien t fl ood cont ro l a nd drai nage . The wat er is sent to alit let o f the
WI{S (to t he Tisza a nd t he Dauube] thus mainta in in g low wa ter levels at criti cal
WitS sectio ns , Being a very important system, wh ich prot ects the g ra llary of
Yugosl avia a nd 1I1t111 ,Y towns and ind us t ries , its maxiruurn ellicicncy an d reli ability
, . .
I S an Imperative.

~ , CO~I I' LEX C II A IN or ~IATIl EIIIATI CAL ~IODELS

T he complex development. task is real ized by a chain of gradually devel
o ped ~1 ~1. Fi rst , WH.S was decomposed : (a ) spatially (d ivided into subsystems) :
(h ) temporally (by time intervals o r the periods of quasi-steady a nd unsteady fl ow ) ;
(c) according t.o t he hydrauli c fun ction ( t he weirs opera t ion ~ I ~ I , network fl ow III Ill ,
inflow est im a t ion ~ l j\ I , et.c.): and (d) accord ing to numerical aspects .

The cha in of con t rol models cons ists of the following groups:

(a) .)lmulrilwll models : the quasi -steady tlow nlnl ; unsteady flo w nl nl ; and the
weirs-operar.ion nl ~I . These models can be used in a real- t ime manner if appropriate
information is added to t.he ex is t.i ng models.

(h ) Estun ation models: the M~I for input es t imatio n (forecast ing) ; a nd ~IM

for level est.iniat.i on at. recipi ents - th e Danu be a nd Tisza Hivers (w hich a re t he
boundary condit ions ).

(c) O /, I ll/IIZo l 10 7I models: ~I~I with embedded criteria for evalua t io n of the
" ' ltS s ta te variables .

(d) Erpe rt sy.,l clII (model): the highest development level in t he cha in of ~ I II I.

W eir o peratio n m o clel s tr uct ure . Simulation of the weir operat ion is based
on the well- known hy drau lic relat ions fo r a ny possib le l~ pe of flow tha t m ay occur:
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s ulu uerged o u t flow, fref' over flow, s uhuu- rged overflo w and broad-crested weir fl ow .

The IIlOd..l is o f IIIl' type
q = ! (Zk, Z" Z,, ; ,III , lT ) (I)

where ZJ: = the water 1('\11'1 upstrea ui of t.1lt' weir ; Zr = the water level downstream
of th e weir ; ZUI = lilt' water level of til t, ;-tlt cont ro l weir ; HI = th e coeffic ient

of disrharge/ ovcrllow derived from measurements at weirs; (1 = the coeffic ient of
Sl ,h llle rg" lIee : IT = (ZI" Z" Z"j); aud q = disch arge . Adjusuueuts to I. he coeffic ien ts
a nd cons ta nts Wl'fl ' clone 0 11 t.11f' basis of t.IIt, in s it.u IIwaSllft'IIWlIls .

C a ll a l flow IIlotl.!! s t ructuru. Calla ) and river lIow models were de veloped
for steady aud uu su-ady fl ow couditions for t it" Danube-Tisza-Dnnube Ri ve rs case .
'1'1... s tea dy fl ow j\ I ~ 1 was based o n the Ma n n ing equa t ion. The m odel in the fo rm o f

parametri c fun ctions deteruuned the upst ream wate r level for t he given downstream
wat er level . This model is muuerically s im p ler titan the unsteady fl o w ~ I M . It
is ilion' I'XIH'dipIiL ill s i ruu la t.ion , which is irnpo rtu ut for operat ions ru a uagem en t .
llllder t ilt, steady Ilow cond it ious the t\lall ui llg equation is geue rnlly given as :

z = F(q ,A, U, II , ~r) (2)

wlu-re A = th e cross-sec t iou area ; z = t he water level : 1l = tile hydraulic radius; Q
= discharge ; II = ch nu uel roughness : alld ~.r = the length o f l.he channel sec t ion.
Similarly 10 weir-opemtion equations. ti le coellicient (u ) values '...'ere det ermined
from tht' field nu-asurerncuts . NIIIIlt'rOllS measurements gave a good agreem ent

wit h the m odel " '511 Its . The weir o pr-rntion a nd stead y llow m o d el were co mb ined
into o ue model wh ich deter tui ues the syste m's beha vior for any weir operat ion

condition.

:I. UNSTEADY F LOW MO D EL

'1'1 ... unsteady fl ow M~I is developed a lso for tlood co nditions ill the WRS . T he
model is com plex du e to its s pecific cont ro l charac terist ics: ( a) there ar t" various

co n t ro l o p t io ns for rt·oI irec ti llg lI ooti lIows to different recipients , depending 0 11 t he
coud it ions at weirs: (h) the main cana ls art' intersected hy a numero us Humber
of s t rea ms alld irrigation ca na ls with variable directions and quantities of flow ;

(c) there art' str ict const raints imposed 0 11 water level s at th e certain points, some
o f them heing based o n interuutioual agreements ; and (t1) high efficien cy o f the
model is required du o to its frequent lise in th e system '5 operation. The St. Ve nant

conservat ion of mo uu-nuun alld cont inuity eq uations , for t he case of la teral in llow,
art' giVt'U ill the matri x form

oo/iiJ'

[UJ~A 2
0 0 ~] .

oo/iii [ - '/ ] (:I)-
I /A iiz/iir - - W ·q!I

ilz/ iii

alld

(4)
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where J ~ and tart' t.ll t' independent. spatial and tempora l variables , z is the water
su rface elevation , Q is t he discharge , 'I is t he la teral in fl ow , A is the wetted cross
sectiona l area , R is the hy draulic rad ius , II is t he Mann ing coellicient , and y is the
gravitationa l cons ta nt .

T he above sys te m ran be sum ma rized in the operator form

~ (Q , CQ, ) + ~( : , C', , ) = 0

~(Q , CQ,) + ~( : , C', ,) = 0

where ~ is the di fferential operator in t he form

(5)

A(I C') (' (I I c al c" I C'
u , = ~ I -:-) + ,' 2 -:-) + 3 + '.

(J, tu
(6)

where the pa rameters are defined in the matri x form

CQ , = [1 , 0, 0, 0] ;

C" = [0, £I , 0, 'I];

CQ, = [2Q/A2
, I/A , W,O]

C" = [y ,O,O,O] ,
(7)

This system of partial equations is solved using the I'reismann schem e (implicit
finite differen ce method ) [a], a lso known as the four-poin t sche me

I
' + 1 . ' + 1 .1 = '1'[0, I f+1 + ( I - O) lf+d + ( I - cp)[Olf + (1- O)m

al _ 0 HI HI 1 - 0 j j
-:-) - ~ (Ii+ I - I; ) + ~ (li+1 - I;)
(X x x
al _ 'I' HI j 1 - 'I' H I j
al - ~I (li+1 - l i+1) + ~I (Ii - I; ),

(8)

(9)

The relation ~(I' C) of Eq , (6) m ay be rewritten in the discretized form

i = I , n (9)

I

where expressions for Di , Di+1 a nd E, are rather co mplex a nd will not be given
here .

Figure 2 gives the th ree-dimensional interpreta t ion of "hyd raulic surfaces"
where the four-point scheme represents a proj ection of the hy d raul ic surface on
the x-I plane. The J:- I p lane is discretized in to rectangles , using t he off center
points M for each "hyd ra ulic surface" in the space (J:, I , I).

Usi ng E'1 . (9) for ~(I, C') , the system of Eqs , (5) can be rewritten in the de
veloped form a-, a system of 211 - 2 a lgebraic equations with 211 unknowns. Two
additional relat.ions com e from the boundary conditions , whereas the va lues (of
unknowns and cocllic ients at each x point ) , at the ini tial t ime till'p are determined
from the initial cond it ion . T he steady-sta te conditions a re assumed for the ini tial
co ndit ion.

T he resulting alge braic system of equat ions is

A · X = a (10)
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},igllrp 2. TIlt" t luvc -d u uensronal eli .., n :tl ;l.,tiull o f the "hyd rau lic surfaces"
[e} , a nd de tai lcd fou r-point .. . h eme (h ).

\\'h tTI 1 - tlaf Iwo-dill wlIsionalnOlilincar-cocflicicnl (uri ) matri x , X = lht" o ne
di m --n 1011 <:1 1 [co lum n ] matri x WhOSI~ eleu u-nts art' () and z va lues , and () = t he
0 (1(" dlllll 'Il rona l matrix cousisu ng of the frt.·(10 (pr ill '"

As t. h« mai n ca na ls of \ \' HS a rt' int-rscctcd by Il UII W COUS nat ural water courses ,
ir rigatioll ca na ls .uul iutu kes , til, · How-regime I.... very com plex T h- com p uta t iona l
...ch '11I1' s hown ill Fig .:1 co ns iders t.wo a djace nt cr oss s-erious between wh ich the
.lisch a rg» cha ng-s for t he a mount Qrr J\ S the two cross f: l'd lO US (i) a nd (i+ l ) are
VI ' Q r los. he . olurion of HIP prob k III is bas-d 0 11 the continuity - qu at iou and t ln
I 'q u ,d \\ a t l 'l s ll rhre e leva t io ns

Q1+ 1 = (,1 +1
1 + 1 (I " ( I I)
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U
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I XI_1 I Xl cO Xl.,

Figure 3. Inflow / out flo w scheme at i t confl ueu ...-e .

Th is is used at eac h loca tion of fl ow vari at ion : loca t ions of ri ver in fl ows into
t he ma in ca na ls (Q,.r > 0). loca t ions of d rninuge-cana l inflows (QI" > 0). a nd
locations of irriga tion turnouts (Q,,, < 0). The pro blem is solved numerically by
introd ucing the two qua d ruplets o r coellic ien ts [- I 0 I 0) a nd [0 - I 0 I) into th e
matrix A, a nd the resper t.ive pa ir of values (Qr" 0) in to the m atrix of the sys tem
of Eqs, ( 10). This is done for a ll locatious with fl ow division / r onlluence. O bviously
such numerical approa ch leads to an illcreased number of equa t ions .

Consequent ly, the algebrai c syste m or Eqs. ( 10) as au gmented I,y using Eq , ( 11)
may 1", represented in the mal rix fonu or Fig.'! .

x x :-< 0 0 x :-., x X 0 X X• •
x v :< ' .' x x• •

>: v X X Q x..
r- l 0 1 01 • Qz

0-1 0 1 Q
, j,:.· r

L = 0. .. J , • 1

X X >: x '7 X- , • I
X X X X . · · :<

I. • . . . I . · ·
0 X x x x xj0 a :-:: x x x x-

Figure 4. T he mat rix Ionu of the sys tem of equations.

The it erati ve a lgo ri th m applied here was an orig inal generalizat ion of the Ver
wey 's varia nt of t ill" Preissrnauu 's scheme [2]. Accardi ug to the Verwey 's proced ure ,
a sy nu n-t ric sche me is to be used (tp =0 = 1/2 ) . The a utho rs applied a generalized
proced u r«, allowing various values for the weighing coellicients, tp and 0, to be used.
Il l 'r alio ll ~ are com p uted ill the (I, f ) planes, perpendicular to the z-axis ( Fig . 2) at
poiut.s J '

"

i = 1 ,~ , . . . . N (N is the lola I number uf cross sect ions along the reach) .
The foll owing equa t ion is used

( 12)



. .
wher-- , 1\ = the index of iterat.ion i , ff = f;(:f) .

The sys tem of equat.iou s is solved as the roeflic icuts are com puted at til t> points

M;(/\ ) (i = 1. '2 . . ... N - I) of the (.r. /)- pla ll" perpendicular to t ho I-axis at t he
points (j + 0) . c,,1

f l l\' lj+' - . f (l\' )iH + ( I - ). f(l\ )i+'
1+ 1.;" - CP .+1 CP I •

( 1:1)

"hydraulic-The ,\I j( l\") point s ,U I' proj ect ions of tilt, .\li point s o f lilt' di srrt.'li zed

su r fa ces" f a ll tilt' it ern t iou su rface K tl s~'d to n p p roxiu ia te t.lu- a rea J.
IJsillg 10 '1 . ( 1:1) aud so lving the system of 1::'1<. ( 10) ""W approximat e values are

obtai :...d :~ I\') .i+1 alld Q~l\' l .i + 1 for all poiIlls (i) of the tin u- int erval (j + 1)il.1 and

t he procedure is n'llt'al ed uut.il t he required accuracy is a chieved. i.e .• 1I111il

. ' IJ l\' ji +1 . (I\ - llj+ 1t « s
111 ,I X _j - " j _ II

wh"n ' 1 < i < N . aml b = the required II lOd,,1 accuracy (e .g .• b = I ('III ) .

T o s ta r t t lu- it ernt ive procedure for the non-linear Iuu ctious ( for ti ll' first
a r io n) it is assuuu-d that

( 1·1)

in -r-

f 1Iji +' = f i ., .. / (I )i +" - f i ( I ') f ii + 8 - t.p . i + I + -..p . i ' ( I ;')

N u unuiou l aSpl~ l~t S . ll uviug in ur iml t.h e purpose of t he ruo .lel , wh ich had to
dt'l erl llilH" t. 11l" opti ma l stra!.l'gy o f we ir m nu agorueu t for 1I 00 d control p urposes , t.he
l\ L\ l OIll' l'Clh ility wa~ l'X lll'l's :·wd hy tile l" lwl'd o f iterative com p u t. a t.ions. C hol esky

SCll l' JIIl', su i t nhl« for large ~(lal":';;P sys t em s o f l'qllatio lls , is applied . IIowevr- r , a ll

o rigina l a l,.;or it.l llll for cou ipnc t.i ug iu.u.ri ces a nd cha nging th eir indi ces is d ev eloped
wi t hin t his par t.icula r ~1.\1. lns t.ea rl of t he ur atr ix of s ize ('2 11 - '2 ) x ('211 - '2 ) a
(2 11 - 1) x vl ru nt rix is used . TIIP upper a nd lower a uxi lia ry t ria ngu la r m atri ces ,
[rom th" C holcsky scheme, of Ihe di mension ( '2 11 - '2 ) x ('211 - '2) a re also compressed
au .l rc-i lldf'xt' d wit h 11('\\' d ill lt'lI:-,iolls (111 - 2) x :L Thi s pror--d un- ~h O l' lt' JH'd t.ll t'
coru p ut at.io us whil e pn -scrviug till ' su un' accuracy. Thus . the total 1I111111 H'r o f t.h o

mat.rix '-" '111('11 1< is siguilicnut ly red uced , from 1'2 x ( II - I ) x ( II - 1) '.'1"" )(' 1115
origi na lly, 10 ~U X ( II - I ) a ft ", th o tr.ur sformnt ions ( il total reduct.ion of O.li X

(11 - I ) Ph' IIIl' ll tS) . T o il lus tra to how large t he reduction is , let, us assume that th e
nu m ber o f CO li 1)1lJt a t.ion po int s ( i) was 101 ; til l' ac tu a l II1I1J1h er o f m at.rix c lem ents
would il l' rt'd Uft'd s ix ty till it's a ft er a p plyi ng the t rausfonuations . II se ts fre t' ti ll'
com puter IlI t'llIOQ' Iroru t h.- storage of larb,' squa re matri ces with a la rge num ber o f

ze ro e lc rucut«, a nd I'li llli nate:, opera t ions wi t It t.hes« c leu u-nt.s, lead ing tu a radical
improvement ill ~1.\ 1 opera bility.

The " SSl'lI Ct' o f t.hi s o rigiua l pr ocedure i:') illustra u -d ill Fig .5 0 11 the ex.u u p le of
. 11 1 l' ip., lll-d illwlIsio lla l cocllicicnt n uu.r ix A , whi ch , aft-t'r th l' co rupac t iu g au .l cha nge
of illdi ",'s . IW COIIIl'S A. Suui lar ly, hot.h Ih" lower Iri.mgulur-mat rix II an rl Ihe "PI,,'r
tria ug uln r ruat.r ix ( ' after t r.ue-Iorrnat ions hcco u «- LJ a nd ( ' resp ect ively. III lilt,

new Ior ru , coe lllc i.-nt Illat.ri n ·s A , U a nd Cart" usvd for [urt.l u-r com p u t a t ions.
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Solving the syste m of Eqs, ( 10) gives a direct sol ut ion (J'd) for t.he gi\'<'n erro r
term ~X . With the proposed al gorithm. a correct solut ion (X .) is oh tained as

X, = X d + ~X .

Correct ion aX is ohtained by solving tilt' following sys tem o f equa t ions

A · ~X = ~n

using the sallie direct procedure , where

( IS) ~(l = (l - A . X d.

( IG)

( 17)

Till' original proced ure leads to the solution of the system of four-diagonal eq lla

tions.

TIH~ introduced iuodifl cat.ion have proven to he very useful : tl u.' coruputat ion
procedure is correc t a nd clfec t in' even for the real -t ime co nt ro l of th e system . For a
general picture, a co m puta tion for a specified hydrologi c input. for t.li p very com plex
sout.heru subsvste m of ti ll' Danube-Tisaa-Dauube svsteu ita kes on lv :W serouds.

• • •

4. USE OF S )~ )LJ LATION ~ IODELS

lntroduccd ill operat ion cont rol. these s irn u la t iou moch-ls provide the answers
to any kind o f questions import.ant for tht' control process , such us:

(a) What will happen in WILl) if , for any hy drologic si tua tion. speci fic weir
management instructions are iniriated?

(h) lIow to lI.anage the weirs to esta blish some required states of WitS in o rder
to meet. differen t. demands for various purposes'?

(c) lIow to redistribute 1I0ws in Wi tS in 1I00d periods , respecting th e assigned
cons traints at eac h critica l sec t ion?

(d) Ilow to ope ra te the system in hypotheti cal emergency s it nat.ions ( weir gat.es
a re not operatioual, d ike breach . ctc.]?

(e) How sensiti ve is \VItS to a co nt ro l error or a n error in Hood forecast'?

To suuu nnr izc, a s imulat ion ~I~ I provides for the operrui ng st ra t.f'gy for t.he nor
mal or emergellcy opera t ion. The m odel a ns wers to possible quest ions a re prompt
and clear .

Three graphs. representing t.he relationship Q = ! (J: , t) for the three con t rol
sit ua t ions o f the sou theru subsystem a re g iven in Fig . G-8 . The first case , (a) ,
represents a 11 00 ,1 co nt ro l period . when th e water is intensively released from W itS
even through the inlet weirs of the subsystem (QUi < 0) ( Fig. G); the second case ,
(b), is the o ne when the inl et weir is closed ( t his weir sepa rates two subsyste tns ,
(QUi = 0) (Fig .7) ; the thi rd case, (c) , is opposite from till' case (a l, the 1I00d
cont rol problem ill a recipient is alleviated by direct ing water Iroiu 0 1lC' river towards
a no t her ri ver , i.e. , the out let recipient (Qui > 0) ( Fig. S) .

On e to its opera hility, the simu la t ion model enables a very effic ient suppo rt to
the decision-making as present ed in Fig . 9 . Three different gate maneuvers within
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t h.. \\'I IS are siuurlat..d for the 1I 00d condit io us . Thc s ta tes ill t he Danube-Tisza
Danu he \\'llS ill O il" cr it.i ru! sec t.io n are co m pa red t.o the coust.raint defi ned by
a plalH' wh ich re p resents til t' ex tre me levels 1I0t to !> (> exceeded. Figllft' 9a shows
that the t est ed manoeuvre of the gates is not adequa te s ince the constraint plane
"breakt hrough" is rm.her h ig h (pay a ttention to t he Iun ct ion z = =(J', J) beyond
the constraiut pla ne]. The hrcak th ro ugh is lower fo r the case (h) ; whi le for the
cas" (cl it. is rather m arg inal . while , after the fourth it crat.i ou , t.he control whi ch
co m pletel y respects t.h e co us t ra inr, has been found . This pi cture is 1I0t. presented
since.' il represents t ill:' plane: = :( J' , f ) withou t any "break through".

al

b l

•

1,.V"..,
C> t 1. «1

c l

Fi ~llrt~ D. !t,·.;ul ts .If th e thr ee , lilTen"lll t e ... r ed m an o euvres of t he g at e -,

witluu W HS for n ile flood si tuation,

The very uat.ure o f t.lic si m ulat ion ~ I~ I m a kes it possible for it to he very easily
t ransfon ucd into all optimization model hy iutroduciug some crite ri« for eva lua t.ion
of control actions . ll a viug in min d the ruul t.i purpose cha ra cter of \\'!lS , various
cri teriu ra il he [urllllllalt'd 10 approach the opt iruiznt.ion problem as a multi-cr iteria
optu uizn t iou task . During t lu- period of llood protection a nd intensive dra inage , the
\\'ltS goals art' reduf ed to : (a) dema nd for the weir control that would ruiuimize
thcIevels (="",,) a t. th e cri t ical W itS sec t ions; and (h) to minimize the cost o f



, Model lin g fl f uu vr eady flow it... it support to (li e o perat io nal cout rol of " \VHS

the dra inage syst vi u o pera t.io u (T) and d<tlliage Iron: the excess ive tloo.ls ( U) . For
I.IH.'se two goa ls th e following t wo criteria for evalua t ion of control actio ns f a ll he
formu Iated as

(a) • •
-- 1Il1ll ; (LJ) (T + Il ) -mill . ( I !J )

For a g iven hy d ro logic sit ua t io n ill th e river basins , hy vnry in g t.h» control decision
wi th in th e perm issibl e ra nge , li E U , diflercn t ma t.r ices , con ta in ing th e iu a x iu uu u

di scharge and wn t.er level val lies , t.he correspond ing damages a nd plllllping cos ts ca n
be obt.a iued and iue ruor ized . By sea rching these mnt.rices a ile ca ll det erm iue the
best co n t rol o p t io ns ill agreem ent with th e defined criter ion for cont ro l eva lua t ion .
Since the search is th e m ain o pt im iza t ion too l, used to di scriiu iua te among d ifferent
alteruat.ivcs . t.his process is ac t ua lly "s ubo pt im ization" . Ho wever . a Icug(' numbers
of a lternat.i ves ca n be gt' llera l.ed in a shor t time period , so the s ubopt im a l so luti on
can he o bta iued very qui ckly. and with the required accura cy.

In o rder to impro ve the WitS elllc iency during the period of 1I00d cond it ions
and intensive drainage , ex terna l est im a to rs sho uld be introduced int o the a naly
sis . These are hyd ro log ic models , ex tern a l to t he lI llI l o f t he consider ed WRS , for
pred ict in g the lIood 1I 0ws at. eac h key inflow point o f the WitS. T he models a re com
bined : genera ti on of 1I00d is m odelled by parametri c hyd rology urethods , whereas
uns teady 1I0w in rivers and ca na ls is modelled by solving St. Venaut eq ua t ions . The
es t im a t ion model st ruc ture is no t p resent ly co nsidered . Using the gallle t heory a ile
ca n show that the introduction of externa l es t ima tors into the ruau agement process
wi ll s ig u ifica ut ly improv e til t.' quality of man agement.

Finally, int.cgrat.ion of all the men ti oned m odels in one m auagement a lgorit h m
will m a ke a co m plex ex pert system for managemen t . This will lead to the most
de ta iled and 1Il0S1 efficient IItilizat ion of a ll its po tent ials . T he develo pment of t he
exper t system is under way.

REFERENCES

{I ] McB. Ab b ott ( 1980) : Eirme nts of th e T heor y o] Frrc SllrJart F lows - C'omputational lIy
drau /ic5. P it man P ll t, li sl l in~ Lim it ed , London .

[2] J . A. C nnge , F.r-,1. Holly and A . Verwey (1980): P ra ct i cal A 5pa b of C om,"dational R iver
H ydr4u!iC' 5, P it man P u blishi n g Lim ited , Loudon.

{3] A . George and J . Liu (198 1): Compu te r So lution o] Larg e Spa,·S(: P f) 3it i tl f n rji 'l it c SY3 tem5 .
Ne w J er ...e y.

{4] B. Dord ev; (~ ~ 1!t(.1 M. B'IO~ic ( 1980): Th e U5f, oj a M at hr m llti ca l ,\fodt-Iwit h thr Estinuuor f or
th f Optl'/,l ':l(l(I n oj a Com virx lVater Il t SO!l.TCI 5 Sy5t c: m, P roceedings UNESC O Symposi mu
on Decision Ma k in g ju \Val cr Reso urces P lanning, Vol. '1. , Ed. Arne J. Ca rlsen . Oslo, 5 19- 539.

[5] M . Bansicand B. Dordevid (1988 ): Nu m erl c(J 1 A 5prcb of S imulation an d Opt imi=atl ofl M odels
[ or a Co m pleJ: W at t r U r50UTces SY5 ftm Co n trol, Developments ill Wat~ 1 Science, Ed . r-..t.
Celia, Else vie r Scien ce Pu blishers , Amsterd am, 393- 398 .


