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La deter.lnaci6n si.ultinea d. 101 par~tr_~ de dispersfAn y
adsorcl6n no lineal s. realiza en for•• auto"tlca. EI declr, .e ajustan
los perfiles de conoentraci6n .edidos en el laboratorlo con 101
obtenidos nu.erlca.ent.. £1 ajulte Ie reallza apllcando t6cnlcal de
optlalzacl6n .ultivarlable para .Inl.lzar lal dlterenclal entre 101
resultados nu"rlco y experl.ental. La ecuacibn difer.nciaJ se re.ueJve
nu.erlca.ente por dlferenclas finites apllcando el ••todo de Crank-
Nlcollon.

LOl relultadol .uestran que cuando Ie optl.l&an 101 tres par"etrol
sl.ultanea.ente. el vector solucl6n hallado no .1 6nlco y depende del
eodelo de adsorcibn. £.to I.pllca que 101 par"'trol estln
correlaclonados.

The sl.ultaneoul deter.lnatlon of the dlsparsion and nonllne.r
adlorptlon (Freundlich or Lan,.ulr) par••eters Is obt.lned auto••tlcally
by .atchln. relultl of n~rlcal .odell with e.perl••ntal data troe a
laboratory dllplace.ent test.Thll ••tchln, Is perfor.ed by applyln,
eultlvarlable optl.i&ation technique. to .Inl.ize the ditferencel
between nue.rlcal and experi.ental re.ults. NueericaI solutlonl are
obtained by solvln. the convection-disperlion-nonlinear adlorptton
equation by finite differences ulln, the Crank-Nicolson ••thod with
Iteration. to account tor nonlinearitles.

The.e results show that whenever the thr"
si.ultaneously deter.lned, the vector solution i.
dependl on the adsorption .odel. Therefore,
correlated.

para.eterl
not uaique and
the p.r•••t••••

are
it

.re



Th. d.t.r.ination of the disp.r.ion and ad.orption para••t.rs tor
tlow throuehout porous .edia i. at int.r••t in the .n,in••rin, d.sien of
aany proc...... Aaone th••: ad.orption bed.. ion ••chan,. coluan. and
chroaato,raphy in cn••ieal .nein••rin,: .nhanc.d oil r.cov.ry proc•••••
in r•••rvoir .n,in••rin,; and .olut. transport in the soil, in soil
phy.ics, could b••• ntioned.

Th. .ov•••nt of .olut. in porous ••dia i. ,ov.rn.d by the
conv~ction-di.p.rsion-ad.orption partial ditt.r.ntial .quation.

Analytical solution. tor on.-di••nsion and various boundary and
initial conditions hay. b••n tound for the conv.ction-di.p.rsion
equation co.bined vith a lin.ar equilibriue adsorption <Lapidu. and
A.und.on [1], Ba.tian and Lapidus [2], Br.nn.r (3). How.v.r. wh.n
consid.rin, nonlin.ar ad.orption. nue.rieal ••thods ou,nt to b.
appli.d. Th. two lost popular nonlin.ar adsorption aod.ls ar. Fr.undlich
and Lan,.uir equation.. The introduction of any of th... two .od.ls
in the conv.ction-disp.rsion-ad.orption .quation, r.sults in a nonlin.ar
parabolic ditf.r.ntial equation. Nuaeriea1 solutions hay. b••n
obtained by finite diff.r.nc•• <Gupta and Gr••nkorn [4]. Gabban.lli .t
al. [5], S.ith and Keller (8), Satt.r et al.[7]. Carpano et al. [8] >.
by ortho,onal collocation <Coppola and Levan [9]> and by finite .l••ents
<Vos.ou,hi .t al.[l']>.

Thi. paper d.als vith the inv.r.e
dispersion and nonlin.ar ad.orption
diff.r.ntial equation, by aatchin, the
with the ••p.ri••ntal ••••ur•••nts.

proble.: d.t.r.ination at the
para••t.rs of the partial

results of the nueeric.1 .0d.1

Th.s•• xperi.ental ••••ur•••nt. are usually: di.ensionl••• solut.
conc.ntration v.rsus di••n.ionl... ti.. at outl.t. P.rfor.ine a
displac•••nt t.st in the laboratory, and introducine a chan,e in the
.olut. conc.ntr.tion at inl.t. the br.akthrouch curv. i. obtain.d.

Th. .xperi.ental br.akthrou,h curv. can b. titt.d to the
nue.riea1 .olution usin, a I.ast .quar•••• thod. In ord.r to find the
b••t aatch, thr•• para••t.rs are ,aried:th. disp.rsion co.ffici.nt and
two adsorption para••t.r••

Gupta and Gr••nkorn[ll] as.uaed the principl. of superpo.ition to
d.t.r.in. the thr.. para••t.rs ••par.t.ly. Thu., the disp.rsion
co.ttici.nt vas e.tiaat.d by analyzin, the br.akthrou,h curv. for a non-
adsorbin, sp.cies. On. at the ad.orption para••t.rs. of the Fr.undlich
iaoth.ra. vaa deterained by .tatic ad.orption ••periaents. Th. other vas
found fro. a ,.n.raliz.d nonlin.ar r.lr.s.ion. Gabbanelli.• t al. [5]
appli.d a siailar proc.dur.: the two LanllUir ad.orption para•• t.r.
w.r. ..ti.-t.d by .tatic e.peri••nt. and the disp.rsion co.ffici.nt
va. found vhen a1ni.izinl the obj.ctive function <the .ue ot the
square of the dift.r.nc.. b.tw••n ••peria.ntal and nu••rical
conc.ntration.). Thi. .ini.iz.tion va. done by applyine the Fibon.cci
t.chnique (12).

The history-eateh proc••• va. al.o appli.d to
paraa.t.r. of tbt Lanl.uir .qUilibriua i.oth.r. and
co.fficient by Vos.~.hi [1'). In hi. propo.al one

find the two
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chanced at. tiee, and the lowe.t value of.the objective function was
deterained for that para.eter at fixed values of the other••

Ca.eron and Klute [13], worked out a different convection-
dispersion-adsorption equation which represents linear equilibriua
and a kinetic adsorption aodel; and has analytical solution.
Consequently, he found the three para.eters of the analytical solution
by applying the Powell [14] optimization t,chnique to mini.ize the
differences between the predicted and the experimentally observed
breakthrough curves.

It is worth .entioning that automated matching has been used
for a different aodel: the convection-dispersion~capacitanc. model of
Deans [15]. This aodel has analytical solution in Laplace space. For
this reason, Baker [16] proposed the transformation of experimental
data to the frequency doaain, and an algebraic curve fittine procedure
in the frequency domain. Unfortunately, Batycky et al. [17] studyine
siaulation of aiscible displacement.in carbonate-cores, concluded that
the curve fitting in the Laplace-transfora do.ain and in the real ti.e
doaain is not equivalent. They found the three paraaeters of the
convection-dispersion-capacitance aodel by usine an iaplicit finite-
difference siaulator and a sequential search in the real time doaain to
.ini.ize the error of this aatchine.

In this work the convection-dispersion-non linear adsorption
differential equation is solved. Two adsorption equilibriua aodels, the
Freundlich and Lane.uir ones, are considered. The numerical solution is
obtained by usine a Crank-Nicolson implicit sche•• with an iterative
procedure to take into account the nonlinearities. The autoaated
matchine is performed by definine an objective function which is the sua
of the squares of the residuals. Residual is the difference between the
experimentally observed and the numerically calculated concentration.
The objective function is ainimized by varyine the three para••ters
si.ultaneously, with two different optimization techniques: Lev.nbere-
"arquardt's [18] and Coaplex of Box's[12].

The transport equation characterizine convection, dispersion and
adsorption of a solute flowine throu,h a porous .edium can be written
as,

ac ac__ + __ r

at at
a2e ac

-K--2--v---
ax ax

1- The porous mediua is ho.o,eneous with constant croll s.otlon and
porolity.
2- The flow is Isotheraal and one-dla.nalonal.
s- Th. Inter.tlclal velocity. v - obtained divldln. Darcy velocity by



porosity-, is constant.
4- The dispersion of the solute occurs in the lon.itudinal direction.
The dispersion coetticent. K. is independent tro. concentration and it is
constant at a fixed ~elocity.
5- There is no che.ical reaction between the injected solution and the
rock or the ~Iuid in-situ.

Considerinc a se.i-infinite
conditions to solve eq. (1) are

C(O.t! a C t > 0
0

1':(:<. i:) -0 if x-+ •• t > O.

Initial condition 13

.:(x.Jl • O.

Oetinin. di.ensionless lIariables
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Cd(O,td) . td > 0

Cd(xd,td) -+ 0 ii xJ - ~ td > 0

The tera ac rd ;td in eq. (1) represents the adsorption of solute
onto the rock. It is obtained by takin. the derivative of the appropriate
adsorption isother. as.

kl,Cd/3td Linear (8)

kZ
C (0-1) 3Cdl 3td Freundlich (9)o J

•k) (1 ~ ~Cd)-~ ;Cdl 3td Langmuir (10)



Transport equation (6) is nueerically solved by fi~ite differences
applying the Crank-Nicolson method and an iteratiye scheae to take into
account the nonlinearities. Truncation error and stability of the
nueerical scheee have been previously analyzed [5], [8].

Dieensionless space and tiee increeents which are equal to '.'1
yield a good nueerical behaviour [8]. Semi-i~finite boundary condition
is sieulated increasing the nueber of grid points as tiee increases[2I].

The convection-dispersion-nonlinear adsorption equation has three
characteristic parameters: Peclet number and two adsorption paraaeters.

The two adsorption parameters could b. deterained froe static
adsorption experimental tests. The dispersion coefficient could be
estimated from correlations [21]. Th.se corr.lations, in turn. are"based
on analytical solutions of the convection-dispersion equation.

Therefore. it is desirable to evaluate the three para•• ters
simultaneously froe dynamic tests - i.e. displaceaent or flooding
laboratory tests -. From these tests solute concentration as a function
of time is usually measured at outlet. On the other hand, the nua.rical
solution of eq. (6) also proviDas ~Luie concen~n as a function of
time. Therefore, an objective function ,FO, which is th. sua of th.
squares of the residuals can be defined. Residuals are th. diff.r.nc.s
between nueerical and exp.rimental concentrations.

[Cdl (t.)-Cdl (ti,pe,k3,b)]21 exp 1. num

for Freundlich adsorption aod.1 k3 and b are both replaced for k2 and
n.respectively. For lin.ar adsorption k3 and b. both are replac.d just

by one paraa.ter k1•

The vector of th. three paraa.ters which einieizes .q. <Ill is
found by applying two different optieization technique.: Coepl.. of
Box's [12] and Lev.nberg-"arquardt's [18J, in ord.r to coapar. their
results.

Coeple. of Box is an alternative version of the siepl.. a.thod
which s.arche. for the einiaun of a n-variabl. obj.ctiv. function with
constraints. The search is stopped wh.n for so.e consecutive function
evaluations, the e.an change of the paraa.t.rs differl 1.11 than a
prescribed tol.rance, called COTA, h.re.

Levenberc-"arquardt's •• thod is a loa.what aor. refined t.chnique
which coebined th. b.st features of the Taylor serie •• ethod and the
aradi.nt •• thod.,on ••• The convlrClnel critlrion i•• atilfi.d it,on two
lucceslive iterations, the paraaet.r 'Itiaates acr.. coaponent by
co.ponlnt to NSIG diCitl.



Penalty function [181 is added to this technique in order to
consider the physical constraint of the vector of the para.eters.

The proposed sodel was tested alainst eeasure.ents fro. floodinl
••peri.ents in the laboratory. Three ~.ses are shown and analyzed:
aqueous solution of Hal tagled with 11J1/brine displacesent throuch a
sandpack; aqueous solution of two percent NaCI tailed with tritiated
water/brine displace.ent throulh Berea rock and solution of co•••rcial
polymer 454 in two-p.rcent NaCI/brin. displace.ent throulh Ber.a rock.

Expert.ental floods have b.en previously reported. theretore. only
a briet description ot the tests is outlin.d here. On the contrary,
results of the autoaat.d latching are pres.nt.d in d.tail.

131Aqu.ous solution of Hal tal,ed with I Ibrine displacesent.
Grattoni et al. [221. p.rfor••d displace••nt testI on a sandpack

i.purifi.d by clay. Initially, the sandpack wal filled with water. At
the inl.t boundary. a constant concentration solution of INa taCled with
1131 is inject.d continuoully at a conltant flow rate.As the lolution il
displaced forward due to the prellure ,radient, the radioactive salt is
dispersed and, it is alia adlorb.d onto the surtac. ot the porous .-4ia.

Durinl the run.th. activity coain, fro. the tracer is s.asur.d as a
function of distance frol inlet and as a function of tise. Noraalized
activity profil.s are repr••ented al dia.nsionl'l. concentration a. a
function of tiae at outlet in FiC. 1. Porous media and fluid
characteristics can b. lee" in Table 1.

An auto.atad satchin, is perfor••d on e.periaental data at outlet.
Pecl.t nusber and the two para.eters of Lanl.uit's sod.1 are found
applying two opti.ization techniqu.s in parallel: Coaple. of Bo.', (
COTA-O.OOI land Levenberg-"arquardt's ( NSIGa3 l. The value. obtain.d
by the.e two .ethods coincide and can b. se.n in Tabl. 2-Case A.
Further.or.. P.cl.t nuaber and the two paraaeters of the
Freundlich model are found applyin, the sase two aethodl. R.sults can
be s.en in Table 2-Case B. It is startlinl to notice that the Peclet
nu.ber obtained when adsorption il ruled by the Lanlmuir aodel is mar.
than five tia.s bi'ler than the one calculated with the Freundlich
model. Therefor•• adsorption isoth.rsl shown in Fil. 2. also differ. For
Ca.e A. the curv. is concav. upwards. For cal. B, it i. conv.x upwards.

In ord.r to analiz. this nonuniqu.n.... Lev.nber,-"arquardt's
.ethod is appli.d with the two adsorption .od.ls a. follows. In Ca•• C,
Pe -5.53 il fix.d (valu. obtain.d in cas. Bl and the two para••t.r. of
the Langauir sodel are vari.d. Re.ult. of Tabl. 2-Cas. C show that the
adju.ts.nt il good thoulh the object'iv.function value is .r.at.r than
b.fot. (error i. incr.al.d). On the oth.r hand. in Cal' 0, Pe a29.7 i.
fi••d (valu. obtaln.d in cal. A for the Lan.suir sodel), and the two
para••t.rl of the Fr.undlich eodel are vari.d. Re.ults of Tabl. 2-Cale 0
show a wor••• atch, b.cau•• the obj.ctiv. function value i. nearly five
ti••• creater than in Cas. A or 1n Ca.e 8. Finally, a linear aod.1 is
tri.d (Tabl. 2-CAI' il. It Ilvi. an lnt.r••diat. value of the
objective function. Th. valull cho••n tor the para••t.r., to blCln the



Langmuir
Freundlich
Linear

Pe 12.1
Pe 12.1
Pe = 15.0

k) 1.25
k? 1.58
ki ••0.736

-0.175
1'.12

Adsorption isotherms taker. as starting value. for the Lang.uir and the
Freundlich models are si.iiar, both are concave upwards.

Aosorption isotherms are drawn for cases A, B, C, 0 and E in Fi,.
2. Curves corresponding to cases Band C are both convex upwards.

In Fig. 3, experi.ental dimensionless cOncentration as a function
of distance from inlet, and time are represented as points for the same
data set ot Table 1. Nu.erical results for cases A, and Bare .hown as
continuous curves.

The matching was performed on experi.ental data at outlet. There,
the cases A, B, C, 0 and E have an acceptable adjust.ent with
experi.ental data. However, difference. are appreciable for points
inside the porous media. ~oreover, the nu.erical curves are closer to
each other than with experimental eeasurements. For that reason, a new
global error. Eexp' is estimated,

M N 2
r L [Cdl (td·.xd·>-cdl (tdi,xd.,Pe,k3,b)]

i=1 j-l exp J. J num J

Let us notice that eq. (2) is not an objective function to be
minieized. It is only the sum.ation of the square of the residuals, for
measureeents in ti.e (M) and space (N).

Global errors, E
measureaent,~(Eexp7(N+M~~
big and sieilar for all cases.
Therefore a new error of other
with respect to ca •• A,EA, is

and .ean errors with respect to each
can be seen in Table 3. Error. are very
However, case A shows the s.allest error.
nu.erical solution. (case. B, C, 0 and E)
introduced,

M N
EA - i=1 j~I[CdIA(tdi·Xdj)-Cdlnum(td,xdj·pe.k3,b)]2

where Cd Aare the nueerical di.ensionless COnCe1'ltrations correspondin, teJ
case A. It is evident that EA<Eexp , and the aodels do not reproduce the
experi.ental te.t. Oiscrepancies could arise froe several sources~ the
packin, could be inho.o,eneous, per.eability and porosity could vary
with space, they could also vary with ti•• it the tine sand ,rains are
carried forward by the fluid. For this reason, the intersticial velocity
and the dispersion coefficient M~d be neither constant in space
nor in time. In this case .q. (8) w1l1 not rule the convecUon-
dispersion-adsorption phenoeenon. Thus, eq. (11), could be adjusted with
experi.ental data at outlet but it fail8 to match experi.ental
.'Isur•••nts inside and Ilona the Iindpack.



The unc.rtainty in the det.r.in.tion at the p.r.a.t.rs i. I.tia.t.d
followin. Batycky et al. [171. Thi. is don. by Iv.lu.tin. the
sensitivity of the objective function valu. to chan••• In the p.raa.t.r
valu•• around the optiau.. H.r., the ch.n•• in thl optiaiz.d v.lu. of a
p.raa.t.r n.c••••ry to incr.a•• thl obj.civl function v.lue by 501 i.
taken as the unc.rtainty In d.t.rain.tion of th.t paraa.ter.

In ord.r to obtain the unc.rtainty In one p.raa.t.r, ainiaiz.tion
of the obj.ctiv. function i. carried out by v.ryin. that p.ra••t.r,
while the oth.r two reaain filed. Kini.ization i. p.rfora.d by
applyln. Fibonacci's[12] opti.ization t.chniqu., which I. appropriate
for variation at on. p.raa.ter at a ti•••

Lan••uir .0d.1 (Cas. A)
Pe • 29.7 t 2.5

Fr.undlich aod.1 (Casl B)
Pe • 5.53 t 0.31

Aqu.ou. solution at H.CI ta•••d with tritiatld
di.plaC8aen-t.
Szabo [23] studi.d poly••r r.t.ntion In porous ••dia. Two at hi•

•lparl••nt.1 curv.. are .i.ul.t.d h.r.. The tir.t on. i. the
diaen.Ionle.. conc.ntr.tion at triti.t.d w.t.r as a function ot
di.ensionl••s ti•• (Fi.. 4). The curv. was obt.in.d di.plaeinl brine
by 2-p.rc.nt HaCI brine t.'.ed vith tritiat.d w.t.r. Th. di.pl.c•••nt
w•• plrfor••d on a B.r•• Rock core, the charact.ri.tic. of which c.n b•
•••n in T.bl. 1. Aft.r two pore volua.. of trltiat.d w.t.r w.r.
inj.ctld, the cor. w•• flu.h.d with thr•• pore volu••• of r••ul.r brin••
Then a 800 pp. solution 01 coa••reial Polya.r 454 in two-p.rc.nt HaCI
watlr wa. inj.cted. Thl polya.r breakthrou.b curvI w•• dltlrain.d by
vl.co.ity ••••ur•••nt•• It i. shown In Fi•• 5 and It will b. an.lyz.d in
thl nlxt section.

Th. nu••rical .0d.1 d.,crib.d b.r. i. a.tch.d with Ixp.ria.ntal
••••ur•••nt. shown in Fi.. 4. The auto••t.d ••tchin. i. p.rfor••d by
applyin. Caapi.. ot Box'. and L.venb.r.-Karquardt'. a.thod. and
varyin•• i.ultan.ou.ly the thr•• para••t.r. corre.pondin. to disp.rsion
and lith.r the Lan••uir or the Frlundlich .od.I•• Opti•• 1 paraa.t.r. and
obj.ctiv. function value. ar. shown in T.bll 4. Froa that tabl., it
is Ivid.nt that the ad.orption i. practically lin.ar Con••quently,
Lev.nblr.-K.rqu.rdt', opti.iz.tion tlchniqu. w., applied a.ain, but
con.id.rin. lin.ar ad.orption and v.ryin. '.ol.t nuab.r and the
lin.ar ad.orption par.a.t.r k • Th. ..tchin. v.. don. u.in. the
nua.rical .odel and the analyt\cal solution. Th••• r.,ult. are al.o
shown in Table 4, lnd drawn in Fl.. 4. Finally, Peclet nu.b.r w••
calculat.d by the analytlcal-.raphical ••thod propo••d by Brl.haa [2~



Th. function U i. plott.d v.r.u. the p.rc.nt of di.pl.cin, fluid on
arith••tic probability paper, U90 and UIO corr••pohd to 99 .nd 10
p.rc.nt di.placin, fluid r••pectiv.ly. Appltin, this proc.dur.,

Pe t 71.1

Conclu.ionl fro. T.bl. 4 .nd Fi,. 4 ar.: adlorption il lin••r,
p.ra••t.r valu'l obtain.d by diff.r.nt ••thoal a,r•• r.a.onably v.II,
obj.ctiv. function valu'l and ••an .rrorl are 1•• 11.

Unc.rtainty valu'l fat the para••t.rl are ••ti.at.d by the ••thod
d.lcrib.d .bov•• Th.y ar., Pe t 72.2 t3.9, kl - 0.0760 to.0050.

Aqu,oul solution of Poly••r 454/brin. dilplac•••nt
In Fi,. 5 Szabo'I .xp.ri••ntal ••••ur•••nt. of di••nlionl•••

poly••t conc.ntration al a function of di••n.ionl••1 ti•• at outl.t are
shown. Th.l••••• ur•••nts h.v. b••n tak.n fro. a dilpl.c•••nt of r.,ular brine
by a 600 pp. lolution of co•••rcial Poly••t 454 In two-p.rc.nt NaCI-
wat.r, throu,h I 8.t.a rock ,the char.ct.rl.tici of which can b. I••n in
Tabl. 1.

"Auto.at.dW •• tchin, II p.rfor••d on the .xperi••nt.1 data. P.cl.t
nu.b.r and the .dlorption para••t.rl corr••pondin, to the Lan,.uir,
the Fr.undlich or the lin••r .0d.11 c.n b. I••n in Tabl. 5.

Lan,.uir
Fr.undlich
Lin••r

Pe-IS7
Pe-IS7
Pe-150

k3-O.1S6
k2-0•304
kl-1.00

b- -0.455
n_ 1.24

Th. r.lultl obt.in.d by .pplyin, L.v.nb.r,-"arquardt'l t.chniqu.
(NSIG - 3) .r. in tot.1 .'r••••nt with the r••ultl obtain.d by Co.pl.x
of Box'. (COTA - O.OOll, thul only on. I.t of r••ultl i. Ihovn in Tabl.
5. c... A corr••pond. to Lan,.uir'l .0d.1 opti.izin, the thr••
par•••t.rl 11.ultan,oully and ca•• 8 to Fr.undlich'l .0d.l. Obj.ctiv.
function v.lu.1 .r. low .nd .i.ilar. Onc. a,.in; P.cl.t nu.b.r and
adsorption i.oth.r•• diff.r. Th.y are Ihown in Fi,. 6, for ca•• A the
i.oth.r. is conc.v. upward. .nd for cal' 8 it i. conv.x upward••

Both ad.orption .od.ll are a,ain appli.d h.r•• 0 .1 to .nalyz. the
nonuniqu.n•••; this ti.. d.cr•••in, the d.,r"1 of fr••do•• In ca••
C, Pe-44.5 il fix.d at the opti.u. value for the Fr.undlich .0d.1
(C.I. Bl, and k3 .nd n .r. vari.d. Obj.ctiv, function v.lu.
duplic.t.l. In ca•• D, Pe -254.11 fix.d at the opU.ua value for ca••
A, .nd k2.nd n .r. v.ri.d. Obj.ctiv. function v.lu.·in this ca••
incr.as.1 n••rly t.n ti.... Ad.orption i.oth.r••• r•• hown in Fi,. 8
conv.x upw.rd. for ca•• C .nd downwardI for ca•• D. In ca.. E. the
.atehin, i. don. with. linear ad.orption .od.1. Th. obj.etiv. function
v.lu. i. al.o hi,h.r than In ca•• A Ind 8.

By Ix••lnln. Tabll 5, v. conelud. that the r••ult. of cal.1 A and B
.r. Iquiv.l.nt .nd th«r are thl b••t.

In Fi,. 5, di••n.ionl••• concentration. calculat.d for ~ ••• A. B
.nd .xperl••ntal point•• r•• hown.



Unc.rtainty valu.. in p.r•••t.r d.t.r.in.tion,
b.for., ar.:
Th. Lanl.uir .0d.1
Pe a 254 ±49

Th. Fr.undli~b .0d.1
Pe a 44.5 ±2.6

(ca•• A) k3
(ca•• BIk3

Th. fin.1 v.lu.. of p.ra••t.r. obt.in.d, by applyin, eith.r
Lav.nb.rl-Harqu.rdt's or Co.pl.x of BOI'. allorith••, d.p.nd on the
stoppin, criterion. The stoppin, crit.rion, in turn, influ.nc.. the
valu. of the obj.ctiv. function -the coodn••• of the ••tch -.

In thi.~.r, a ••an r••idual .rror p.r
d.fin.d •• '<FO/M) • Th. search of the opti•• 1
continu.d whil. the ••an r••idu.1 .rror p.r ••••ur•••nt
the elp.ri••ntal .rror of di••n.ionle.s conc.ntration.
wh.n

•••• ur ••• nt is
p.r•••t.r. is

Is biuer th.n
It i. stopp.d

1 (FO/M) < exper1mental error

It i. consid.r.d that the exp.ri••nt.l .rror of the di••n.ionl •••
conc.ntration is around 0.01

In Tabl. 6 the vari.tion of the obj.ctiv. function v.lu.,th•••• n
r••idual .rror p.r ••••ur•••nt and the opti•• 1 p.r•••t.r. with the
Co.pl.x of Box's .toppin, crit.rion .r. shown. Th. obj.ctiv.
function v.lu. r.ach•• its .ini.ua at FQ- 0.00107, COTA - 0.005, and it
r•••in. con.tant for s.all.r valu•• of COTA. Th. sa•• b.h.viour is found
for differ.nt sets of I.p.rl••nt.l data and for the Lav.nb.rc-K.rqu.rdt
al.orith ••

In ord.r to an.lyze the nonuniqu.n••• of the vIctor solution of the
para••tlrs, the initial v.lu.s of the p.r••et.rs are v.ried. The r.sults
are shown in Table 7, and they r.f.r to the Lanc.uir ad.orption
isoth.r. (cas. A). Only on. alt.rn.tiv. solution - to the on.
alr••dy shown - is found. Th. solution ha. Pe - 29.5 which i. clo••r
to the one found in ca•• 8. Th. adsorption curve correspondinc to
k3- 0.983 and b-l.84 is drawn in FiC. 8 (C••• A ). It is conv.x upward.
lik. in ca•• B, but the curvatur. i. ear. evid.nt. Th. objective
function v.lu. il IliChtly 1•• ller than in c••e A.

Th.refor., the nonuniquene•• of the solution i. cau.ed not only by
• different .d.orption .odel (Lancauir'., Fr.undlich's or lin.ar). Here,
two v.ry cood .nd different .olution•• re obtained for the Lancauir
.0d.1 ju.t by chanain, the initi.1 v.iu•• 01 the paraaet.r••

So a. to lay a.id. nuaerical or optiaization .rror. the followin,
procedure w•• done. Th. nua.rlcal .olutlon CdCtd,xd-1) obtained With
the I.t of par•••t.r. for ca•• A C Pe -254, k3 - 0.172, b-· 0.499) i.
arbitrarily taken.. ..p.riaental data. Th. L.venb.r,-Karquardt
t.chnique i. .ppli.d with t.heinitial value. ot Tabl. 7. Id.ntical



results are obtained. but with I aore favourable objective function
value. They are also shown in Table 7.

It is worth lentionini. that when trayin. dJfterent initial values
with the Freundlich aodel. only one solution with an error (7FO!M) less
than the experiaental error is found. This is case B. Other solutions
show a bi,.er error.

On the other hand. for the displace.en~ of an aqueous solution of
Nal tailed with I already described <Table 2, Fi.. i and Fi.. 2) an
alternative set of final para.eters is found. Startin, with a non-
realistic set of initial values: Peal. 0, k]-0.736, b-0.91 the followin.
set of final values is encountered: Pea3.22. k] -7.15 and b -3.3 .
The objective· function value, FO -0.138xI0-2, i. s.all and si.ilar to
the one found in Table 2. Hovever the final value. k2 and b .ive an
adsorption i.othera with a .arked and non-realistic curvature.

A aethod for aatchin.
aodel <either Lan.auir's
presented. The aatch is
technique. to ainiaize
experiaental result.. The
characteri.tic para.eters:

a conve~tion-disper.ion-nonlinear adsorption
or Freundlich's) with experi.ental data i.
autoaaticallY done by applyin. optiaization

the differences between nu.erical and
ainiaization i. accoapli.hed by varyin. three
P~ ~ ~ ad.orption paraa.te,s.

The conclusions are:
1- The results obtained with two different opti.ization techniques,
Levenber.-Marquardt'. and Co.ple. of Box'., are identical.
2- For linear equilibriue ad.orption, a unique set 01 two paraaetwrs <
and k1 ) is obtained.
3- For nonlinear equilibriue ad.orption. if the thrae para.eter. are
siaultaneou.ly obtained, the vector .olution i. not unique and depend.
on the ad.orptiDn aodel. If a .iven .et of experiaental data fro.
laboratory displaceaent. i. well adjusted with Lan.auir'. adsorption
aodel for I bi.h Peclet nueber and an ad.orption curve concave upwards,
it can also be aatched with Freundlich'. adsorptiDn aodel for a low
Peclet nuaber and an adsorption curve concave downwards. This kind of
nonuniquene•• occur. in every case.
4-0ne .et ot experi.ental data could be adjusted vith Lan••uir'.
adsorption .odel, but with two different vector solution. of the thr.e
para••ter.. One .et of para••t.rs consi.ts of a relatively hilh Pecl.t
nuab.r and an adsorption curve upwards. The other .how. anextre •• ly low
P.clet nueber, and ad.orption curve with pronounced concavity downwards;
this s•••• phy.ically non-reali.tic.
5-Another .et of experi.ental data consi.t. of concentration
di.tribution. a. a function ot distance troa inlet and as a function ot
ti.e. The outlet concentration protile is well reproduced with Peclet
nuaber and the ad.orption par••eter. ar. obtained by auto.ated .atchin.
Howev.r, the convection-di.per.ion-nonlinear ad.orption equation usin.
these para.eters do.s not exhibit a ,ood ••tch with e.peri.ental
concentration protiles alon, and In.ide the poroul aediue. One .i.ht
inter that the lnter.tlclal velooltr and the di.per.ion coefficient aay
be ne1ther constant 1ft space nor in ti... In other vordl. the
alsu.ption. taken aay not be realistic.
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dlaenslonless concentration of solute.
3

concentration of Injected solute, K/L.
3

a.ount of solute adsorbed per unit of volu•• of fluid, K/L.
Crd diHnsionless aaount 01 solute adsorbed per unit of volu.e of

fluid.

EA clobal error, d.fined by eq. (141.

Eexp ,Iobal error, defined by eq. (13)'

objective function to be alni.lzed.
2

lonlitudinal dispersion coefficient, Lit.
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