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A Study on Colloid Deposition onto Solid Surfaces during Migration
through porous Media

— Development of a method for determining a deposition coefficient —

(Research Document)

Hirofumi CHINJU

Abstract

A new method was discussed to define parameters indicating the extent of colloid
deposition onto solid surface, which are important to evaluate the effects of colloid filtration
on radionuclide transport in a radioactive waste repository, The deposition coefficients for
colloid transport in porous media were determined by the observation of colloid deposition
in a parallel-plate channel, The values that were independently derived did not exceed
twice as much as deposition coefficients determined by ordinary method, in which the
colloid transport model was fitted to colloid breakthrough data obtained from column
experiments,

Barrier Performance Research Group, Waste Isolation Research Division, Waste
Management and Fuel Cycle Research Center, Tokai Works
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Fig. 1 Mass transfer between solid, liquid, and colloid phases during solute and colloid migration.
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Fig. 2 Mass transfer between solid, liquid, and colloid phases during colloid migration.
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Table 1 Hypotheses on mass transfer in studies dealing with colloid migration available in the literature.
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Fig. 3 Schematic description of the flow field in a parallel-plate channel (a) and the flow field
on the surface of a single solid particle in a packed-bed column (b).
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Fig. 4 Evaluation procedure of deposition coefficients in colloid transport.
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(49 mm*x29 mmXE X 1 mm) ZHV, ZNHEES 1 mm O T2 LA TRHEE L, [EFE
KIENAE LTcan A, FOBIEH 70—V 2FRLT., au A NIZITRAEED 940 nm DOHOLERTE
RV AFLTT v 7 Aanf REHWT, 100 M %7213 102 M @ NaCl K&K H1Z, 20 mgl O
BRECOBSETRKRE UTHEA Lz, a4 FERITERA > 71280 1.8 m/min (BIE2EETO
PG 16 em/min) OFEE TR/ O—4i» LA SHE, ZORHUNLHHEES K52 Lis,
BlIZL, VRSTaOREEE 2 R U 7RI 528 10 5 £ 7213 50 (50 RAFBhERE ) L o X%
AL UToTe, ZOB, #tan A MR FOERE THSH 468 nm LD EDIED % T
THT 4N L CTHRERKNTSZ 2L D, 508 nm OFNEE THEEEHTHan 1 FeBigR
L7z, B LI2OIF ERIO T T A AREEIC N Lizave A KT, SEFEBMEEcER Li-T U ¥ L
T AT TG A ERY L, BIEREGIY, S— Y a sV a— 2 k0 G 21TV,
MEaaA FEERDZ, EHELG~Oav A ROMET T v 7 A, BEEOMZE CHE Sz,
ftEa v A MRoORMZE(bEZRTET NV (5.1 [FERSBEER) 38 2T v T 007
THZ LIk VRDI, B, ARBRICEIT D LA VB Re 13, TRIROEREIEREL v 2 VT,
Re = 2bVyee/v = 2.7 THY, QRO B ER DOJEUE &\ 9 TR EG M 27 LT b,
F 7z, BUEREFTICOW TORIBRIZZ2 03, MO A O3 KO O COMNOELNERET 572012,
MHEOPRE LR L-, 2, BEHEORZE2 L FERETH D,

4.2 517 LR

Figure 6 |27 7 A BRAEEBNGIX 278 U7z, BFERICIE, SPEOEEN 0.39 mm OF T A —X
RV, WE1em DA T AT A, BT LEZIN30cecm OHEI1E35g, 10cm DLEIT12g %
T LTz, 7235, HT7AL—XFRlBCOFEMRNS, BEEaasOKBNIZEBWT, 3x10TM O
HCI /KR &Kz & D32 2 N EPURICAT - 721412, 60°COIEIRMAN TRz S 7=, anA R
VIR, MAEBRSEIEZLOYE L REEC, R 940 nm DA R4, 101 M 7213 102 M @ NaCl
KEHEHT 20 mg/l DR CHE LTI iR A AWz, T 3.3 RRBRICE T DIl T TR~z
FEICLY, 3.2mm/min (EE(X 0.10 ml/min) EWEL, RHEE7Z7 7 aryalL s Z2—T
SELTZRIS, DHREFHC LY v/ NREZNE Lz, E6I2, WMARRKREZ, 284 RERO
WL LRI CH Y, an A4 ROEENRN10TM £7-21% 102 M ® NaCl AKIERICE D B2 C, 5
an A ROBBEORILZJIE LT,
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Fig. 5 Schematic description of the parallel-plate flow cell.
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Fig. 6 Schematic description of the parallel-plate flow cell.
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5 fERLBLE
5.1 fIEHSBIEE R

Figure 7 [Z8IZ2EEOF] (NaCl 22 102 M, RN 240 min OE) 2R L1z, ZOEET
WTEDH LI, auA RPEBE CAHRNZE L TH T A PRFRISAHE LT D085
ST, ZOBERERNG, ava A ROT T AERERHR~OMNET F v 7 AL FD X IR,
BEAEDORISE 2902 K% &, EFIREORA RS O3S a0 FEIL, BEFICAE L7Zaa A Ro
BEBIGC, M LTImanaA RA%ROan A ROMNEEIET LI Ty 7L n)BIREEE
THE, KR UL E 720, DRXD XS ICRTZ N TED,

n(t) = %’(1 e ) (14)

n(t)  [EFERMEOEAEEY D OffEae A4 N
Jo WO ET T v 7 A
B BB X O ey X T OMRERT T A—H

HIE Uizt a v A REORZ(LZ Fig. 8 BX D9 IIR LTZ, ENENOFERIL, D NaCl
RN 102 M OF4 (Fig. 8) & 101 M 04 (Fig. 9) T, Blgtakii= 2, 720 umx530 um,
138 umx104 ym OFPHTH 7273, T 2 TIX 100 um2 4 Y DffEan A RN & L TORLTH D,
Fiz, WERKROTmy e, QDRUTEY 71 w7 ¢ 7 LTclhifi%a Fig8 B3 L9 IR LT,
IDT 4T 4 U TIEVRDT o & pOEITENZEI, TED NaClEED 102 M D4 T,
Jo=1.6x103 particles/min - 100 zm?, A=1.9x103 1/min T > T, KD NaCl #E) 101 M D
HE T, jo=1.0x1072 particles/min - 100 gm?2, f=6.9x10* 1/min TH 7=,

5.2 717 LNiBRRE R

—77, Fig. 10 BX 111213 H 7 28BROMEREZ R L, BBRAGERIE, Rz Rhc, =aA K
DN T 2MHRE O TH D C/C, 2t & - 7=fhEehii TR Lz, 22 ok R,
iR D NaCl EE 102 M 04 (Fig. 10) & 101 M 04 (Fig. 11) TH 5, Fig. 10 BX O
11121E, DB L@ TREND A A RBATET VORMFERTHRE R Z R Lo, ARBRCITRA
Wik%, TnEnoan A FEEO NaClRE L[FERT, 214 ROEENARWV10TM £7213 102 M
® NaCl KEERICEEEZ, (& =aa A ROMBEOIRGLZRIE L7122, avA ROA BB 815
ENipinotz, 0, )RXOMEEDE kS ZHAL, k DEOHRET 4 vT 4 7 TRDIZ,
2B, AR TIE, 25 ORGERIFRIC T D C/Cy DIFZALIZOW T DFEE et £ Tl T
g A NEROWH OB T v T 4 7 LTz,

5.3 fIAERREDRHG
EBSBIESRERNORDIAMNET T v 7 R jo ik, FEARPHCRAERY VD, BAREY 0 OfF &

auA FOENETHLDT, e T Ll TR EFRER TSI T 2 BALAFR T o> 42 AHER
KEFEE LT, QOB @ I[THST D, SFUEBREARRRY D Of5E 2 A MoK L2



JNC TN8400 2003-020

Kdtz, ZOBIZ, RERICEIT DFHEOBREICEBNT, jpo & i D=L THRNTZD, Jpeo (6T 5
i DEE IR D EWVWOIMIEEIT-7, BEICIE, ORXEADRKUIZLVRODND jp & i (BT
DEEZe RS S BT TH D2, ZOMIEITBRER Tt Y ThoreELbND, &
7o, BT ARBROMBREL VBN ER T LE2 50D 80D, QROBEOEAZERL, &
SAMECIZELWLDOE LT, COEIZanA RFEROMNREZRAT D Z & Tk zRDIZ,

Table 2 12, 77 LB L (BB SBEN OGO L OEEZ/R LT, 2D ORI, (585
BIsEREHAWD Z Lick Y, 77 2B ROMARICa A RBITET LTI A v T 4
D LV EROFIE LTS LT FIET, SAEBET O a2 a4 ROBITER 250007 2B
SERPICBIT S 304 ROMNERENEON, ZNODOMEE, IEROFECLVELNELE D
FEED 2 (FUNRRE L 720l Z b 2R LTS, 2O Enh, RFETEAREEEZAE LTS
EEZLND,

AT CIXREFRE & U TR Z -V, EBISEENE, BMRICE AR 7o & ORI EEHA
EXRELUTITO ZE L ARETH Y, EFHREONM N EMEMEDBURZFRD4E, (EBGIC
DWTOHREGED & LB, (B RBEHET HZ LN TEDHEZEZLND,
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100 zm

Fig. 7 Colloid particles deposited on glass plate. (NaCl concentration: 102 M, time: 240 min)
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Fig. 8 Number of deposited latex particles N (particles/100um?) as a function of time (min).
The drawn line is the best fit of Eq. (14) to the data points. (NaCl concentration: 1x102 M)
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Fig. 9 Number of deposited latex particles N (particles/100um?) as a function of time (min).
The drawn line is the best fit of Eq. (14) to the data points. (NaCl concentration: 1x101 M)
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Fig. 10 Breakthrough curve of the latex particles (solid circles) with fitting results by the
colloid transport model with different values of k, (lines).
(NaCl concentration: 102 M, column length: 30 cm)

0.5 1
0.4
03 kd = 2.0E-3 (1/s)
S kd = 2.5E-3 (1/s)
S 02
kd = 3.0E-3 (1/s)
0'1 LB —.“-
0 | | |
0.0 5.0 10.0 15.0 20.0

IRF[H] (hr)
Fig. 11 Breakthrough curve of the latex particles (solid circles) with fitting results by the

colloid transport model with different values of &, (lines).
(NaCl concentration: 101 M, column length: 10 cm)
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ZHEBARTOan A FOBITEH 2R T 28RO BATONRTA =2 THLHan( FO
MAEREUL, FATEREENS R CTOMEBROBILEI L0 MEEORRZE(LEZREST S Z LT,
A7 LBRIZ L HMERDOFIELITMIL L TIRIETE SRR H D Z &N bhroTo, A% OE
& LTI, BiBEERE O E BEr9Rl, AEEEAEAR A~ M aTREME DR ENFT b D,
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