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Tha pO~OlatiOm balamco •athodolo~y iO
doaoznod 8* ●pplied to tbo tramapor t ●8d tap-
tom ●f polydisparaod coLlofdo is packed Col-o .
Tbc traasiont ●odal i8cl*os particioSrouth,
eap taro, conwPe tiso trammport, nod diaparaiao.
Uo ●lso folho tba dpmic ●acomula tion of esp-
tu rod eot lo ids On tha solids. rha
●uLtidinNiNl parabolic partial diffaromtial
●~OOtiCO sa 00ivd by Q roaoatiy aokoaad -tbd
of abarhe tarto clam taclmiqaa. TM. caputctioaal
tacbBiquo ●isimimd nsrical disparsioa ●- 1.
eapu~tiaaiiy vary foot. Tbc PORTRAW77 and.
tan Oa ● VAX-780 in 100a *D ● nimlm Sod ●loo
;-o co ●a IM-AT ●OISS tbt p?OtOtOiOM 1 FORTRAN
aompilor. ThO codo was ●xtomoivoiy tasted
s~~isct WariOeS oinplifi”d C*SO- ●od @@ia St
Saalytioal Odola .

Tb@ packed COLU_n ●xporimonts by
Saltalli ●t ●l. uoro ro-aoalyrad incorporating
tba ●xparimntilly roportod ●iaa distribution of
tho colloid focal -torisl. C&loid capturo IMO
ocdolad US1OSa limaar mica dopaodmt filtration
runctioa. Tho ●ffocto Of ● colloid ●iso
dopamdont filtration factor ●nd various initial
colloid siso diotributivao 00 col~oid ●isratico
ad capturo uaro invan tisa tod. Also, * fol~e
tba cbamgics colloid siccdiotributioc ●s s fuac-
tioo of poshtico in tba Colua.

Soea cimla ●wmontc ●ro mdo to ●ooooo tbc
iikalihoadof coiloid ●isratlom ●t ● potontial
WTSyuCCC ltatm~in WCOtO dtspoml oiti.

IUTROWCTIOM

To dato both laboratory (8sl tolli ●t ●l .
19m\ Praid ●t ●l. 1976) ●d Oito Otdioo (Champ
● t ●l. 19S21 Travi# ●ad tiuctall 1985) ba?w
domaootmatod tk ●ltifitSOCO ‘Ad i8 ●m CAOO~ thO
●caoloratod traacport of coiioida. Wuttall ,
Hart, ●cd Travio (19.5) dovolopod ● tboory for
aoA laid tramspor t usins tba population balanc,
aomaopt. TtWiS ●d Umtbil (l~8g)Appilod tho
popwlo tiom balamao thaory 8D14 the TRACRM cam-
?u*t ●do to otcdy tha hydrolosy ●nd tromsport
●f radioeolloids ●t ● k. ALaDoo oaoh 41OPOOO1
●tto. Saltolli●t ●L. (1984) torivad ●od tostod
● m-dimaslooal filtmtioa tiol ad qlpiiadit
to tttashst colom pcsf ih b tp obtaimd by im-
joatlq ~~ lAO co9ta9ioati msta-slass Oolloids
i8t0 ● a~ M by 1S0 M Cad yaahd COIUM . tbOy
moasmrod tha ●iDo dictributioa ●f food colloids
●ad sttacptod to nodol tbo ●ffactm of tho
polydloparoad aoiloida n tbc aaptura profiio by
tooumia~ ● diatributlom for tho filtration
factor. Tbh ●ppraaah Old ●ot yioid t ftiaoam-
tal umdorotamd ias of tha Of foct

of colloid ●ica, bat thy did ●bow that m ●unt
eaoidor tln ●ino 6 istributioa in trob ting tho
●xparinn-1 deti.

[n thO fokt OUiDg SUSi~OiO Of col loid
trassport, wo uood tba muitidimansiooal tom of
3b0 pO@atiOU bnlaaco ●qlJSti On to Sn~lySQ

diroctky tho ●ffoct,] of polydisparcod eolloids.
Tba tboory is dovolopod for tbo tr~napor t of
polydioporsod coLloids tbrou@ ● oM4innoicnaL
poroas Sesioll . cOOVOEOiOa from ● Voisbt dia-
tribmtion to tbc correopondins number density
f~tioo sod back m ● oai~ht diztributioa ●fter
8oLMtion of tho popuhtion bakanco ●quatioo 18
traatd . UC ucod tha mOdOl to invostisata tho
of foct of two sisa distAbutioos ●- to cmpcro
th ●ffoct of ● coostaat versus ●iso dopoodant
fiitratiOO typo colloid COptUtO modal.

TUSORY

Raodolph ( 1962) dorivad tbc ~ooaral form of
tbo population balanco ●OdOi in 1962. Tho
population balsmco theory u~s dorivad ●t about
UN CO- tin by 14ulburt ●md Uata (1966). Tho
pOpUh tiOD balamca iS ● 8u9bO;COOtitWity ●qUC-
tiom ubicb bas bOOn ●ppliod successfully to
cryotallksation, ●erosols, ●nd biological
praoaoaaa . Racantly Travis mud Ituttall(1905)
●pplisd tk3iS OOthOd OiOsy tO tbc ptOblO* Of CO~-
Loid transport. h tbio study, WO ●pply tho
dymmic ●icroscopic form of tha population
baiaaaa dol ultb commctiva trancpott in ona
spatial dimnoion ●od psrticlo growth ●loq ●

aolloid SISO 6x1. to tba problcm of rcdiocolloid
trmcpart in ●uelaar WCSM diapoccl.

Tba aolloid population doe~ity function,
P(t,S,L), is dopoadont On time, Sp~CO ●-d tha
aolloid cbcractoristic ●lso wbicb uo ●owJmc to tW
tbo aolloid dhntmr. F(t, s,L) 1. tha eumbsr o!
aolloido of ● particular ●lso L ●t ● point s in
●paoo ●nd tins t por aait volumo of soluttm.
Ubgm P is imto~ratad avar tba colloid sisa mn~o
m bvo tbo total ●umber of uolloids por unit
VOLU* ● t= 8090X8i, col~oid C@XsO O* tny ot,hgr
uaaful oolloidoi propartioa could bo modci~d by
●foply addles tba spproprioto proparty ●xoo. The
popmlstloo bctaaao ●iso iaa Ludoa ● birth/death
term f(?, t,s, L) which o~aim ●ccounts for the
birth ●f 00U COL1OMS ●m 0011 ●s tlm ●dsorption
●d rolaaaa of coiloids by tba rotk mtrin. The
odoatptia ●nd rolauaa fmctiom troata collcidc
●f ●rbi Wary oia~. In tbi. ●tdy uc do not treat
tbo adoorpt!!ao of rad Amuolidoo om tbo collolda
sor ●re vo iwootl~tiu tba Srouth of colloldc.
TO tiOi OOiiOid S Of tbo CAM ●itO but With dif -
forimc ●-onto of radiomuolidoo would roquir~ ●n
●dditional proporty ●xis for ao~cogtratlon ,

p.’



Uador thase●oaunp tions tllo populbtioo balaaoc
18:

.

(1)

m filtmticc *ra is

f - A(L) v P(t, s,L) . (2)

It 1s ●ntina dooircblo to WOrk ui th ● d ioan-
●ionloco faga of the population balar.co.
Carryiog out Uta trsmsf oraat*oa of Eq. {1) usimg
tbo d iXOUSiCOL08S varLabLos dofbad in & aota-
ticc aactim Laadt to:

%+ ’&-&$+ “e -

+ f(o, t,e,p) (3)
Piv

Adsorption of colloida onto tho ●UXrOUXdiSS
9atrix is ●sm9ad to follw * filtrotiom ●odo L
uhcro tho rato of acas ●ccumslatioa ic prepor-
ticaal to tbc eoncontra ties of coiloids is tho
●ollltioo. In our modol the aolloido e-tamtra-
tiCO iU •0~Utim ●u-t be ●xptioc,od in torma Of
th. population dlstrlbutiom faactioo. Tha mss
coccontmtioc c(t,s) of col!oido h the fld.d is

c - ~(L)dL (4)
ubc ro

c(L) = p Kv P(t,8, L) L’ , (5)

●ad K - volum, trlc sbopa factor, n/6 for ●

●phc rav.

‘Tha r?ta of MSS bui Ld up on tbo aatrlx St ●

point in ●pcco for ●och colioid ●lna is

da,
~ - ‘ A(L) v c(L) (6)

Tha totcl rote of MOO ●ccaaulotioa for ●ll col -
kOid ●iSOO ia ●qUat to tho imto~roi of Eq. (6)
owe tbc Oolloid 05 m xa~o .

‘Lm

%
- c p v kv j A(L) P(t, m,L) L’ dL (7)

o

In tha ~omaral cmo A(L) wILI bc sam fmtiaa of
col~oid ●1*0. Itotiovar, if A(L) 10 oisa
ixdopoxdoat *O tbc Cutratba foliauo the acm-
woethacl foru obowimR ● sttaltht Ltma profiia
for the oaacantratloa of Ooltot.do ocpturod 00 tbc
sod Packiat what plotted m OomlLq paper .

To traat cxporlaoatol da~, it i. of tom
xacoooory to amvort batoaom oclSht dletrlbstla.
●ad ●abar diotrlbutl-o. 2a tcrao of tba maabar
damolty ftiaotho th distrlbuti oal~ht faactkm
ia (Mxdolph ●- L4rsoa 1?71) I

w(LJ = pXvL3?(L)/?lT (a)

●ti ●eOSOti (1982). Tba baiLd81p of eoiloida 00
tba poraaa mtY2x 1s doaeribad b~ Eq. 7 ublab am
Soaplad w a papaiotlao ~&aaa ●d solved ●o ●

@orios of ODBa US18C tha 4 ardor Raago-lcuta
●ethod . MOMthOt O i8 ● f98Cti- Of COiMDB
pooitioo, s, S* the.

2a oar ●tdios w mtti botb A Samac ●od ●

iO$-=O?OOL distribution to mod~l the initial
xal~ht dictributia ●f radioaolloids . Ihc lo~-
●OX=S1 distribetiea 8SV0 s bOttOX fit to tbo
naawad food diatrtbutfiom . Tha caau.la tivo and
d ictrlba- f ur=a for * 1~-marnl distributicm
are ro@~octivmLy: (Maddph aad LOtOOn 1971,

P* 32) - -

U(L)- 0.5 + 0.5 ●rff(s) (9)

L
u(L) M ●= [*I (10)

(2U)”2 Ln a“

CAm STUDIE2

Pa8bod Cal am Sianla tioao

SaLte~li, ●t ● t, (i906 isvostiSatod tho
1●l~ratlcaof pol @isporti 2* &I aolloid ● through

● ~bd @O~_ Of ‘hMOitiC ●ad . CoLLoidal
2* -, loaa~ from ● siaalstad uasta s1sss, -S
i8joatad isto ● aolam. Tbrao ●xparimmtc of 28,
SO, ●d 170 dey dwatioa uara rn. At tha ●ad of
cacb tact tln @Oi_ 00S dlmantlod , ●actionod ,
●9d tkm 2*Ldm prOfi10 ●aatysod . m80 butborm
●aalyaad their daw USIU tba flltratioa oaptura
●odal ●ad f ●oad the t the colaaa prof Llom oould
not ha mtt%ad U018S the oo8*a8tioma L aoactant
psrmmotor fil tratlos 9@2i. To tit tba prefll~
0M?V*9 thO? ●aowtad that tbo @OllOid food ●lt -
hlbitod ● dlrntributiom of filtration
aooff himts. 18 tbia usv tb~y bopod to ●p-
pru81mato DISO dopasdaat f il tration ●nd by
djaatlw tba Slltratloa distrlbatia pataaotors
tboy did f lt tho ●bapo prof ilo aurvoo. Tlalr
ndf.i ●lso iaaldd s brir iowtbx?m rlodal tcl
ttoa t tka ●bcorwod ●arly ●dsarptioa of 2+i Am
uhiab ●ocarrod tbroa@out tbo loa th of tha
eolmm. tblo rapid adaouptloa ●f kk * t~

posomm aatrh xae ●t ● vary :ow ●*a80ntrotlom
lCIVOL sad tba aaahaalaa for thl~ ptiwaoaon baa
●ot boaa diroatly iavaatlgatil tkrafora, uc did
● ot ahoooa to taolado tbls aaahaalsm la our
auol. To xctab tha ●sparlma~l da- xo ●kpl y
:;ti:o~ ●;i;:;t;:; .admarbad t~ih amuoatra tlaa



* -Z aol:oid ●ioo Uao ●xporinmeally
00atrolld by POOO* * food Uolatiom mroa@l ●

10 ~ fllwr prior * Sserig tbo COLam . rho
o%porimmh eomditiw aro givo in Tobh 1.

0.8

0.6

0.4

0.2

o~
10

cotLao SIZ2. Un

Pigura 1. blkOid food ●iao diatributioa.

?oroa i ty I 0.38

Bi.poraioo Cmoffkiontl 62.6 tn2fd

Darcy Velocity: 10.9 csld

Ida t Coommtra tioo: 3.8 x 10-10 M

Cxit Coacontratioo: 3.5-6.5 II 10-13 N

P,d (heoatra tioo
C4r?actioo ●t 170 d I 0.262

b
t = 170 cloys

COLUMN LENGTH, cm

Piguro 2. Naaourod sod cclculm tcd UOLid COO-

eont;ation prof ila for 24149. (concentration ,
mokoo/Liter of COLUM. )

TM musorical solution of tho population
balsnco ●lso provldco sax? inmrasting l~forms -
tioo on tha ehaasa in eha fkuid Pbooa colloid
●iao distributloo ●s ● fuoctioo of pooitioo dowo
tbo vortiaal colm. ?is. 3 illuoeraeao lm throa
d ioonoiona tha peal tiom varying aolloid uaight
diotrlbutiow in tha Liquid . Tho sutfaca shows
boeh tho rapid d~croaso in ehcmoa of colloidn
in soLutiou ad tho shift in tbo ooh of tho dis-
trlbuclom to ●all ●iBQs. BOS*WO of tha BIM
dapoodane f ilt~atlti aooffiatoat tigc Largar COI -
ioido ●rc prafaraatiaily roxovod •arl~ ●t t.k tOp

of tho aolxm Laavtng tho ●oallor porticlam to
tramapore dwnxord through tbo porous xod Luu. In
the raoo of ● aoxotcni f 4.1tmtioo factor, A, tht
matura of tha aollold ●iso diserlbutlow hct ?O
sffact 00 tbo solid aoaoomtration profllo sinc~

thsn ●aoh particl~ Fss tha oamo captur~
probobillty idapodane of SIM.

Tbo eaieuLat*d 241AS aaaaomtrati~ profll~
i8 ~1~. 2 foLIOo@ tbc trod of tho ●xparln@ntal
da?a but doam mot *SWQ ●qxally WO1l ●t wary
polmt. A mjor 00two of tbls i. tko umcnrt.alnty
in tbm eruo foro of ebw f$Lerathci fuaatloo A(L).
AX ●ltomtiva ●pproaab ~ ksal~al~ thf.o cxporl-
oant 1. to aomoidot le m~ f.awarsa prcblam for
A(L) . That lc, imataad *J .mtf,mtfng A(L) ●nd
thou aalaulatlq aolioud iw~. port, W* could
●OLVO Eq.. (k) ●d (7) dlwn~t)y Eor A(L). That
lm, uo ao~ld SOIVO tbo ddmioatloa problom



?igurs 3. Liquid pbaoa colloid waight diotribu-
tioo Varsuo pooitiao ●has Col-.

(11)

●ubjact to

do

*
-cpvK’% L)P(t,~,L)L’dL (12)

(13)

P(t, o,L) - s(L), p(o, ~,L) - ~ (14)

ubar~ ao(t ,s ) i. tba oboarwad am. accwmulatioo
●t tlaa ti ●$d Loeatim s ●- a 10 W OOiCU-
latad valla. Tba ●olutt~ cam ?t obtalscd by
non?inosr optlmisatlon tachniquao, ●th ●o tba
●djolntnthd. Tba ●olutiaa w;LL ha tha ●ost
likely fOX9 for k(L). Ua plan in faat to ●olww
tin aqwatioo sot (11) to (14) la tbt oaar fau-.
This ●nalyaia points out a problcs frsqw!ely
●noowatirad--iacoaplota data. Is tblo cacs, ●

sot of wtporioaata, ●aoh aoia~ ● difforaat but
xniform aoliold slaa, would ●now iadopaadomt
datarmfaatlm of h(L).

IITR YUCGA IMMTAIN SATE

Calioldo MY ori~imtt in ● -sti WO~OitOty
fraa ●waral souraaot by tbo oorrooioa of wocto
clasn ●ad oaalataro, by dag?~tatiam ●f * aa-
sLMarad baokfil~m, ●- byaraaiaa from antwrally
soaurria~ alayo. Ihaaa, thcro ia ● 8MmaaaBio
Likalibaad that aolloida will 6xi9t\ hawavar, *
iaportaat aaas~sratha is whatbar tba g901a@aal
●adium 10 aoadmalwo to aoliolt tranoport ●r
wbothaf aolloid ●iSratlaa sd oaptwro wUL ra*rd
thair tramspart. C4101d traacpdrtto~~s aa ●t
Least feer faatorat filtratim, pll ●f tba Botu-
tha, ntar wLooity, ●d dlffmsioa.

At Yucca Mamtais filtration fill ha ●s cf -
foctira barrier ta tha tot! mtrlx. Paro ●im 18
● m ioportamt ●loaa8t 18 fi~trat ion.
PaadaaalLoid@ will Ohio, sly ●ot tiow throush
poros that ●ro srnllar tba8 tba ~doookloids
thaaaolwam. Para etsa d %mtrtbmttma hava boon
aaoarad for aawaral Yaaaa Ibwmtaimtif 00+0-.
Ilorcary poromimo try data, ●eaaured by
Qs!amtaehroma Co., os ● aamplo of Tbpopab 8priM
taff ●W thataaat of tba powao ara hoa than
L p ●nd ●pproxi.ataly SOX ●ra ●aallor thou
0.1 ~. 8raa thoa@ ● -lL ~;m*a of porGs
ara Largar than l.O P thaso 2arga paras will not
traaaport aoiloids baaawaa tbay will ha dry. In
tha Topopah SpriU farmttaa ●t ilTS, tht ax twra-
tiaa %8 Las. tbam 90X ad Larsa pores ●ro tho
last to baeoma 8atmratad. Ia mtbar WTS slw
formelaa, tilico iULls, ●ppxoximtaly S(!2 of tba
pores ●rc ●ailar than O.Od *. Uaaaa eolioid~
mat b os tba ordor of 0.1 w in dfianter or
100a * paoa thrqh tba ms twffo

Yom -tir Walaoitiot, •osxsf.~ mtrix flow,
●rm ●othatad ●t 1.ss -a 2.0 amlpt. mm 10U
wdaoitio. sra ax tha odor of ●olacalar diffu-
●100 rat90 thwo ~raatiy liaitixg tht =iSratioo of
CO11OMO uitbin tba taf f aatrix. Traaspor t of
eolloids tbrotub fractwras la pacoiblo! hawavar.
for tba masaurad fractmrm ●pertaros of 50 to
250 v in Topapah Sprias twff tba uatir tlow rata
would onLy ba ●bout 2 dyr or ●till aot ●uch
graa tor thaa molasalar d if fuaioo traaafar ra tos.
If fractwra fLaw wara ●pimdic, oawroopoad ins to
● fow 18taasc rainfalls par yaar, flow ra~s in
fractxros d@t ba rnch Laasor but for oaly var.
short ei~s.

Colloids ~raatar than O.L pa in diamtar
will iikoly ha ramovad by ~ravitatiamal aattliog
(Apps, ●t ●l. 1983). Tha twampartiq ●bility of
vary ●Mll colloido rny ba diminlckd by diffu-
slaa of radloauclldas out of tbo particloo ●ad
●obsaqumnt adoorpcion of tim nuclldoo cute tha
txff Utrix. Mffwsivi2i08 for ●oar macl Qifj in
:;* Cl:ya have baau aoaaurad ● t 10 to

cm /s. Ckractariat!c dlfiusiaa timaa for
0.1 V= partielso ●ro aonaaquaatly oaly ● fow
days. Nicratiaa of msll colloldo may ho pos -
●ibLa iu a fracturo flow rasima. Work im
eaatisuiq to ~arstad t& 8iSra Clam aacbamhma
of tha warv amLl collolds.

sumAmY

Tbr popukatioa balaaao mathodoiogy which
.pora Mc a ● mabar oaatlauity ●pproach is wall
●uitad for dooartbis~ tba aomplox pkaaana of
@ollold traasport. Im tho praaoat study tha
probioa of polydlopcraad oolLokd Waa@port is ●

p.raas md 1- SC swoaaool ail y ~clad ●d a\roo -
mamt was foomd batwaam modal roaulta ●md data.
~ advaa~~s ●f thio oathodoLoty ● ro &bat it
pmMos a c~baaaiwa ●ad ftiaaaa~l tool for
●aalyolms tba complax aochnaloms ●R eoiloid
9@ra tim. TM •~9aab raqalram soaworolaa back
●ad forth batwoos Rho walght ●-d ●umbar
4is trlbmtia8@\ bawavor, this ●omvorcl~ 1s ●

●traiSht forwafi proacoc. Xa tblo attiy, tho
●oLLold ●isa dlot?lbatdm M ● .l@fl.aaat ●f-
taat 00 tha ●*ratim ●rd aaptwro proatso uba9 ●

●iso dopaadamt !iltrotloa ●aptum ●adai was



●
✎

✎
●

rend. 20 * au of Staa h~oat filtration,
* L9;80R uolloLd s mm rapidly Oaptorod Uh210
* mltor Caos 9sgrato -h fsrtkar Sbtoasll the
~ W%-. DO* a Ooutamt ad ● Moao? siao

49patiamt filtsatloa typo saptmto udsl smro
-U . TM 8&n dopadoot 9eA9L tM8 toqms?ad to
mtab tba MO,* 002w Ptofils dot,. Tba 8x-
Pori-mwl data uao sodalod saccoosfull~ u2tb
od~ - 04joombh Paramtw, ● , tbo S1OPO of
* filtmtiao coofficSaat f~eitm. If k, the
fllttati~ factor, &a ~tont thou tba eollo%d
●lse dimtributioa baa w ●ffact no transport or
Oaptoto ●

A limited ●tmdy of pataootor ●onaitivlty
obooad tkt the wi4th of tho CO~~Oid food dis-
tribution !afluoncod tbe eamtatc on a OQO21OS
pLot of tba solid phamo comcamtrmtien profilo
Ui th aar<oui~ of ~ di. ttibntioa cawotcim~ to

th moodiopacoad ●odal a@ prnducinlt s liaoar
Coaaomtra tioo prof Lla on s somilog plo’t.
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