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gk BEEHICEL T, SRSENEFT LY, 4R
HigaE 7Y, BRHZHE TV (EEBEEEFLV)E
12k -T, BFEDOHEENAZ LIS, L LIRERGIZ
B L T, ST > W T OB OIURE RGN %,
FOFFERATAHANVEIEAETHS. £z, WEOL
BIod 2 INEREOREL LT LEVIERAW AN B E
Wb ERBREEE O TH B 5EEHERIC OV T,
(a) BARRICE>TEELZN, (b)) SKEBOH
me & HITHEMT 29719, (c) SKEOHEME & HIC
BT BV DIHMNHY, WThORBELWVD,
FMERTBII LS TRERLDOPRIFERIBONT
Wi, FOEMBO—D & LT, REAMEHFTIRRER
ISR ITB T 5 0 OEBRAESEL SN TN NS
BEFLNGE, FEMKETE, Ny FEREEET S
ZEWREETHY, HTLEBEERT ZHBESED.
L AN, hTLBKEREERLIZEE, —RIZ end
effect (# T AT TRV EBMICEBHE) PELS
12, A7 LARNTLETF—KREBEEKREFGEZERT D
EWREETH B,

RptRiE, MEOLTEITHT 3 NRERICREE~OE
KEOEE L, [ROEKEBHEICOIZ - TR, EEHN
WWEHA T 52BN ELTNVS,. #2T, end effect
BZERL, 77 L0LETHRIC—BREKREEL2ER

*ERE T REXEPF LTEBEEIER
(7606 HHEMHARXEHAR)

=28 T FEHRFERE IFSEETEH

ek IR LEREHE TN

$ThHkD, ELWPRELLZELEEZ S5 ARIGETEK
EEEERLI.. T, EOOERELZXLHIIRBEIH,
BAREE (FHE) - ZRESE - BEE® 3 > OEER
FOMAELEITEY, AT ANTERBHEICbLLS LT
— R EKEREOEREZER L. WEEHEELT
Az b EERL, E8KE—EDH T LIV MNE
WAL CTHHBENR 2 Ko 2. —5, Henry B4,
FEFERRERIGZ2EET 5 2 &I X VB ROER
REEX, BRI CTRULFHEICE O T TUROFRE%
HE LT, HEREEICHT 52 EKEOHE R M L /2.

2. FEMiSH 5 LARTOREMENEREORET

(1) BREFILOBR

IR TN, 1A T AERICB N T tailing HE (5
B O R HER DS sigmoid B2 FRENIC L 5 8 W)
2T KO BWEEMBERB EBITT 2 ETVELT,
BIRY CIRE L 12 LEAS TN OFE—RE & RS R IE
OEFEMOMBELEZRUNLETIVERHETS. 94b
5, TEEKIZODWVTIEFREIK (stagnant water), FEH
7K (moderately mobile water), # & O'REFAK (rapidly
mobile water) OFR 3D IKRS LB ZWMHTE L
THETHLOBEP» S, DEBS LM T HEET
WEERT 5. EROSBOMERBSZE T VLT
Fig.1 IZR7.
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Stagnant < v |
Water Phase 5 ->

Fig.1 Schematic illustration of mass transport between each

region and water phase.

AFOKMEE (B2 r) T,
3 _0 (g p 3C
‘a—t {0,07‘*‘7')7(1 _ﬁPQr} = 9z (0rDr 0z )

~2 (6,0,C) ~B(C,~Cw)

22T, REK (RAFs), BRAK (Em), 2FK
(R r) #R% ili=s, m, v) EXETHIEITL, C
TS LD BEAKRGROMEBRE [ug/ml], ¢ I RS
IR 5 LBEROMBEBE (ug/g], f:BRE[-],
o TBOEEE [g/cn’], 6 B i OEBEEKE
(-], vi: &% i OXEKRAIOWHE [em/b], D; A5 ¢
T OB OSEURE [cm¥/h], o @ FEhKEERAK S
DE KO EARL [1/h], B BHAE BFEAE DM
OO BERZEFEE [1/8], 2z FEOES [cm], ¢
BRE [hl, o Ry cEMT 5 EBOoSIERIIRT
55% [—] (gs+u+n,=1.0) TH5.

BRAH EOMRF R >EOLOEEVS.

BREH L 2=0;C=C, for £>0 -wreeeeeees (4)
2=L;3Ci/0z=0 for t>0Q--erereee (5)
ﬂ]@%ﬁ: =0 ; Ci=Co for 2<<Qrererreramrrenens ( 6 )
t=0:C;=0 for L=z=0Q--eeerveres (7)

T, Cot AKX ERE, L . WEE [cm] TH 5.
i (1)~(3) »5, KFFETKRETT % 3 AN ZEE
Uiz, TR D 7 ANTOYERS %3 2 55
BAETHS. hooRBN2YE0EREAHE
BWAL, R (4)~(7) OFTML 2 &LIZKB AT LN
TOYEBE RN 5. 1B, AR CERITYROR
fanAh 7 aciE, FTORBE-—ERECAEKEFR LK
JTWBe, H 5 LAROKIBE (Whg) WEET
FPHEEARBULD B, 5B, TEASERIZOVTII,
‘91‘/0:(}51‘ (i=s,m,r)

Table1 Lists of sorption-desorption models.

Model | Sorption-Desorption Equation
Model-1 q=Kd-C
Moel-2 | 29 =Kr (Kd-C—a)
ED; a
vszmQ/Aem ............................................ (11)
vr=TrQ/A0r .............................................. (12)

2T, QiEAEEE [mi/h], A AT AMERE [cm?],
1 I HITLARECHBINS bL—-HEBEERDD BiRSD
~EFENBDE (] (rat7=1.0) THB. HHIR
¥ D;(i=s, m, ¥) IZ2VTIE,

Di=Dugi || FDyeereeeeeneeeeennes ereeeesenee e (13)
EF B, 22T, D I BTN RIOYE D5 EEE
[eml, D WEOSTFHREBEE [cm’/h] TH 2. &R
T D;=3.6X102[ecm/h] & U, BB D728 Dys=
Dyn=Dur=Du, ¢s=1s, ¢n="10m ¢r=n, ZET 5.

DEOBFEETFVISEROENERELLDOTHS
S, BHKBOFEEP IR T X BBE L 2 BAET I,
F L AB K - BWABOGEAESHKICER TS 284
3, 1 RSHRNETAUNELNS.

R (1),(2),(3) 2EEDEIZ>VTEITE,
CLqlBR, T8bLRMERISETNVEEZS
MNEDH DL, KFE T, Tablel 277 Henry BIDF
#, FFEENRERISETVEEZ D, XHBOD Kd 135
EfR% [ml/gl, Kr $RGEEER [1/h] 2%7.

(2) XKoORBRROWLE

kowmBOHE, K (1),(2),(3) KBWT ¢=0
EEFIEE V. % Crank-Nicolson BIOFRZESE
WEVEBEEBEZAOCTHRENICREE, Ko bL—% (&
A A ) OEAFHRMRE HET 5.

BEETTIVIZEEZELDINT A= EENTNSEH,
EBREGE» O—BHICEDB ZENTERZNISITA—F
LREETS. FhoDNFA—5E%E, JIBYERU &
AR TOFEIZLVRET 5.

1) 1g4ET7 VAL RUN OERIRE dhiR i BH

EBWVT,
0=0,+06,+8,= (¢s+¢m+¢,)g ..................... ( 9)
P21 U, Gt @t @r=1.00ereeeemnneeeniniens (10)
REUK & 2WAKOTEIL, KA TEHE SIS,
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0 01 02 03 04 05 Fig.3 Unsaturated sand column system.
Volumetric Water Content (-) (air suction=X cmH-O)
Fig.2 Soil water characteristic curves.
Table 2 Exiperimental conditions for each column.
o= - . eed | Al
U, NFX—874 974 w72k Dy DIEETE folame | Forey | hata %&m i
fea) | “E1 | foam | Teatiz0) -
D5, BNT | 35 .36 [13.7 | 0 |saturation
2) 24 F V% & RUN O ERIBGE AR i< B H RUN-2 57-% ;ﬁ 5 ﬂ?
.= - N RN-3 | 5.8 | .37 12 0.258
Ly, RFIA=F T4 742780 Dy, ¢s Im R4 | 58| .38 | 2% | ® 0.19
(=1.0~¢s—¢r; $»=0) BETL a DEZED 5. RN5 | 59| .37 |23 | 4 0.168
— s N RUN-G | 58 | .312 | 2.34 | 60 0,149
3)3&%%7»%%&UN@%@W@H&L@% w7 T 58 | 39 [ 0461 5 018
U, T A—=FT74974 7280 Du, ¢s, $m, RUN-8 | 9.7 | .312 | 0.60 | 5 0.120
_ _ 10— Lo RN | 9.6 | .37 | 2.37 | 69.0 0.132
$(=1.0=6s=6n)s @ Tm 7/(=1.0=7n) BLV RIN10| 9.9 | .361 | 473 | 63.5 0.138
BOEZTEDS. RUN-11] 10.0 | .369 |27.6 60 0.%06
N S 3 5 - mE AL 5 = RUN-12] 9.7 | .374 | 97.6 110.0 | nonuniform
L EoAFECEEAFRIRICRLEET HMNET S AR N i
WEBERL, 45 LAATOKOFEESRREIES 5. 12 RON-14] 58 | .991 | 236 | 15 0.215
. < e k2 EHEE R T - < RN-I5| 7.9 | .370 | 2.38 | 64 0.126
tb,%&ﬁﬁh%r&tiédﬁ&%tk%f%ﬁb e B R B i
oY, VINHEMEBIMEE RO—ETRTHE RUN-T7| 12.0 | .281 | 2.36 | 82 0.129
- REFIL . RUN-18] 5.8 | .383 | 2.38 | &0 0. 150
Lm’;0%$£%7)é§ﬁ?%d RUN-19] 2.8 | .380 | 2.35 | 100 0.159
(3) PEEIEEOPRERGETVORE RUN-20] 4.1 | .35 | 232 | 5 0.155
~ > Ty ; RON-21| 5.8 | .386 | 236 | 0 0.324
+ﬁ(1L(3)&Tmh1 U B RIS T IV & %8 w6 o o 0
a4, BIEES ERRICEIEN I E, NRERIGYME &
UCHEELRZ 2200 FOEABREHERES LT 5. 1272 k0 Kd, Kr DIz ED 5.
U, ROKEPRBLICEIFRY 5735 X — 51X, RIS CHE _
3. FEEMNESH 5 LoEKEER
UIZNSA—FEZZDEFERANS, X
WHERIEETFMIZONWT S, BELEFTLVIELE (1) EB&¢

TR T4 VTN A—5DEHEL R, HERREY
ERRABRIC L VR<BETH I LRUARTH .
oizoRAMEUVTUTOFETY 32— a3 v 2T
M, BTEEREEEBIRPRO—HERLUIZBRT
YIialb—VYavERR, JOEMESETNVIZLSEHE
BiTbhbzwbDET 3.

1) Model-1 (BEE7 V) %% RUN OFEf a3
FEGBHERICERA L, /ST A—F T4 v T4 YT
X0, KdDEZED .

Model-2 (JEEEET V) %% RUN OFER /8
NN ESBERICERL, ST A—F T4 v T4V

-

2)

REScm DT 7Y NAH T AT, #BEpz2EEAES
F20MR (EEE2.62g/cm’, A& 0.16 mm, 13
E05803.2, KOHEHREFig2 IIRT.) 2TEEE
FE—RZFEL, TEIW Y S L& L. EREBR%E
Fig.3 IR 3. 72# L RUN-1 R 2.6cm O HF 2
AT ARV, BREES R SKSEMEATTEREE
WL 7. BARKEEER A A v ORISR E R I2 &
NaCl %, 273U bEEBRhEREIERFIZ 13 Co(NOs), 27K
BARKIZBBRIEIZLD (B A A4V BEY 710 mg/|,
a3 M EEHN1I0mg/l) RFERALU . BRO pH XM
T.8ICHBL o, BEAKRERLEEE/RE ULBILE
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Fig.d Observed profiles of water content.
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Fig.5 Observed and calculated breakthrough curves of chloride.
“+7” ; observed, solid line ; calculated. ]
calculated curves for RUN-3 and RUN-6 were simulated by one-component flow model.
Table 3 Experimental conditions and estimated parameter values of flow model.
(a) The cases which observed Cl™ breakthrough curves weré simulated (b) The cases which observed C1™ breakthrough curves were simulated
well by one-component flow model. well by two-component flow model.
‘ Al Colunn | Water Feed | Air Col Yate
feed Rate SuctI{on Height | Content Dw Run Rate_ | Suction Heigglt anbgnt Paraseters
[cn/h] [emz0] | [eml -] | [enm] No. | [cw/h]| [emHe0) | [cm L1 §Dulem) | 601 | ali/h]
RUN-2 5 0.320 | 0.70 RUN-9 2.37] .69 9.6 0.132 ] 0.30 | 0.3 0.15
RUN-3 12 5.7~5 9“ 0.258 | 0.60 RUN-10) 4.73| 63.5 9.9 0.138 | 0.30 | 0.25 0.20
RUN-14 15 B 0.216 | 0.40 RUN-11] 27.6 60 10.0 0.206 | 0.15 | 0.35 0. 15
- 0.1% | 0.80
ﬂ_; 2.30~2.40 % 0.188 | Lo0 (c) The cases which observed CI~ breakthrough curves were simulated
RO ] 0 0: % 0: %0 well by three-component flow model.
RUN-15 64 7.9 0.125 | 1L.00 - reed | Ai ol Yate Parameters
RUN-16 71 9.9 0.122 | L00 r iumn | kater T
No. [ Rate _ | Suction | Height | Content | Dw a! B .
ROW-17 82 12.0 0.128 | 1.00 fen/h] | “lcuiz0) | [cn] o @l 8 8| o |8
RUN-1 | 13.7 0 3.5 0.376 | 100 RUN-8 | 0.60 55 9.7 0.120 0.2 |0.2 [0.5 |.001]0.01(0.80
RUN-7 0.45 56 5.8 0.142 | 1.00 RUN-13| 2.39 87 14.7 0.125 }0.2 10.2 {0.2 [0.02(0C.15]0.45
TLEBALIE 100~120 mV TH 572, TEBHRFH—ICHkand kT L . ERRFIER,

EHREALVEIN FEROBAKIKENLD, TAY  Figl3liibusayiag8roQEsaescsicky

V—Filk>THIATELHEGEBRIILENS, B —FM[ (XemH0) i@l 72,

FHEAY 7LV FEREKEE & F URE T/kEKEZR A@EAEIZIE Cl-, OH-, NO;, SO Z otk % &
1~3 HEMHE L, 29 LAKSOMEEREICLIZ. K KI5 FOEFEETD. 22U LOEEE, ChdD

EAKZREOFEBICHOHAS C LICE > TERERE BRETICHT#EXTEERY LAV TEIET 5L,

a

Uz, WBREICIEAH (Whatman No.40) %= B, 2NV TIRCO A, DD (LFERE T CoOHY,

L
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C/Col-)

Effluent Volume (2)

0.8 +t
T
T

o6} o
S
S 0.4t

0.2} RUN-6

0 -L“f ! N

0 1 2 3
Effluent Volume (2)

Fig.6 Observed and calculated breakthrough curves of cobalt.

caluculated curve for RUN-3 was simulated by sorption-desorption model-2.

[“+” ; observed, solid line ; calculated ]

caluculated curve for RUN-6 was simulated by sorption-desorption model-1.

Table 4 Estimated sorption-desorption model and parameter

values.
Parameters
RUN Water Flow Sorption RATI?
No. | Content | Model | Model -1 { Kd_| Kr
-] [n/g] | [i/h]
RUN-8 | 0.120 3comp. 0.795 | 10.0 | 0.15
RUN-131 0.125 " | Model-2 | 0.84 55 | 0.2
RUN-9 | 0.132 2conp. 0. 88 5.4 ] 20
RUN-10| 0.138 ) 0.72 4.6 —
RUN-6 | 0.149 0. 80 4.4 —
RUN-4 | 0.196 Model-1 0. 68 4.2 -
RUN-1 | 0.376 0.9 | 1.0 -
RUN-7 | 0.142 1 conp 0.72 2.8 0.5
RUN-5 | 0.168 ; 0.67 21115
RUN-11| 0.206 Model-2 | 0.82 3.8 | 5.0
RUN-3 | 0.258 0. 82 4.6 | 1.5
RUN-2 | 0.320 0.82 5.5 | 0.5

CoCl* WRETH B EMEEINS. pHT.8, EHFEA4 +
v 25mg/lDBEDILERBOEENDREEEST 5 &,
Co™ #599%, CoOH* #50.9%, CoCl* »50.1% T fih
BERTELIEMbrs, 2, /50 N OEKIZO
WCIRAAEEER U IR T, S FOEE 100 E
KB F535900 bOBEBRIITIFTI00%, DFoEE
1P IZBT 5N FOEBRIN % THoTz. =
D ED»EH, BERBEOINL MIFEAEDSERE 21
B4 v ORBTHEELTOIZEEEINS.

(2) =BWAH*

REafRpH 7 4 LRk, BRI A BB Ea%0
FEBSUCRREZERBAY 7ICL0fHE LIz, H 5 A
HIKIL 75273 >yaL s -2k 045BL, WHEEER
B EDIERA A VBER, BTREEERYICLD
ISV NBEEERRE L. KRR THREBICHT LES
LU THES 1~2.5cm BIZEB 2 WL, EESW
WWROEKEZRIEL.

(3) EBERSLIUBRHEER

& RUN 2B 2 FBRAME (BWEE, MKHEE, 2K
BSIE), # 7 sRFEEEKREL L TEKREFHHEH T

0.4 .

= L J

2 o3l

3

e ]

2

<

Z 02} ..

8 n

s ]
0.1

0 10 20 30 40 50 60
Air Suction (cmH 20)

Fig.7 Relationship between air suction and mean water
content.
these data were taken from RUN-2~6,14,21.
height of sand column = 5.8 cm.
solution feed rate = 2.35 cm/h.

AW T—RED T2 O % Table 2 12, % 7 APEKE
SROERRBRZREFNZ L D>V T Figd ITR.
T\BRA A v OBERIC DV T, ERERE 28ETHR
NEBRFRICE OB L ERE, KENELOIID
WT Fig5 IR, $EASDHBEICBVTRELR
/85 X2~ Fffi% Table3 123 . BFITFHMEITH U &
CHEURMNETVEBIZEED TS, 2/5v MOl
BHRIZOVT S, FARBREGIEHSROREN LD
2T Fig6 12, SEICBOTRELIZ/ST A —F{H
% Table4 127" $. 7272 L, RUN-12 # & * RUN-18
~22 3 H 7 LNEXRESHDH ZPE LILERTH Y,
RUN-14~17 124 7 ARNEKRESIH L IBRA 4 VBB
RO H ZBIE L 1-EBTH 5.

4. # B

(1) S5 |FEFEH S LERIC K B EKERE
a) EKFEIENOERRT I EDHE
BBE (J5.8cm) &@KEE (2.35cm/h) A5I3F

]
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Feed Rate (cm/h)
Fig.8 Relationship between feed rate and mean water
content.
these data were taken from RUN-8~12.
height of sand column = 9.8 cm.
air suction = 55~70 cmH,O.
0.17 - 1100 414
- Q1. %
Z 016 490 :-128
§ o1s 180 ‘g-log
z 014 170 5 18 2
£ £ O
£ {60 £46 £
zgom g 6;
= s @
0.12 450 14

s 10 15 20
Height of Sand Column (cm)
Fig.9 Height of sand column versus minimum water content,
maximum air suction and suction gradient.

@ : minimum water content, O : maximum

air suction, Il : suction gradient.

these data were taken from RUN-13,15~20,22.

solution feed rate = 2.35 cm/h.

MU TERRSEDHBRE L IN—TIZ DN THEBT
5. BRE/F|FEEFEHEKREOBFR (Fig.7) » 5,
ESWEIEAKEL THEEFHEXRENETT S &
Hhhd, 12120, FEEKEK.2H120»HERES]
DM 2 EKEOESOEEPETLTWS.

b) &/KEBRIE~DBKEE D

RUN-12 O@7AGEEE 97. 6 cm/h TiX, Fig.3 iRL T2
EBREERIZBWTCTACL—2E T v TEOROY
T AMITHFEA U287 A E%, KEAEKRIZ ETa &
B LK TERES IEZET(LXE, WHELRY ESR
ESIEAE< (BRAESRIIE) 527205, 75 LTH
iz end effect D3 UEKESHIE LT - idn s iz
o1z (Figd B8, SKEATEOEERZ 0.044).
L4 RUN T, end effect 3T A ERL, bk
THEIZERE-ELEKELSH (BERREORKE
0.024 (RUN-6), 51 0.014) ES Nz, BWBE (F

9.8cm) EZEHESIE (§955~70 cmH.0) 25FEFRU
7 W—7 (RUN-8~11) BLUHEEZBVRADESR
W5|E#=5 276D (RUN-12) iIZ2W T O@EKERE &
FEEKERE DOBFR (Fig8)» 5, EEZ2KIILTH—
BRI RGS D ORAKEEITIZ RSB D, B
BE L EFRSIELIZIZRE Uz H@KEESTENITLE,
EREMSEL 25, METIL, EREFIELE—FEICL,
AR % Y s BB TR €5 2 L IC kD EKER
EDSHTREIZ 72 5.

c) EKFRIE~NDOWBEEDE

22T, BEOES L FOWBE CERAESRIL
DEKE (BRESKER) LOHEEE WS BED > EEE
BAeZ®y s, WMAGEERIFIE2 35 cm/h ITEEL .
WEEREEREEKELEOREFZETLUIZFig9hobhb
O, WEE6~9cm CHIWBEOHINE & bICH
EEKRRZAMICIEA L, 9~15cm Tidd £ 0 EB{bd
3, 15~22cm TRPBEDOHEINE FICREEKELSHE
mLTna., $abEBEE 9~15cm TR O NI RIE
EKHE0.120~0.125 H3Z OBAEE CERAELZRE D
BEWEKERE L -T2,

Fig9 CEWBE L2 OWBE T2 B ESHES|
E (Fig.3 OF 5 ABOES (Xem) 2RESHBIEKA
DESKFHI L E->TRE) BROBRREIE %R
KIZURBEORBNENE S 4720 ORFIFEEL (R
AR . =(WBETHES E(RERS |E)—WEXHE

DRFIE (=0))/BEE) LOBFREHETRLL. &

KZEGRF [ & I%5 | E At IwBEITq L T DRI
FBERLTND., ThsOBRIRESKRIIRITTE
BOESVRIRBETCIIRHATSH 50, mEEZRESK
iz T 5 BERT & L TER T 50BN % Fig.9 1R
BLTNWEHEEZ N5,

d) F&0

BRI E v 5 NENYBE 2 SUERE T8 H 5 40K

U, DERHOEKRICEZEELZFARLEREZTHIC

BteoT, (1) BEVEBEOSKERRET 52 &,

(2) GAFE—SEEREOERFRIKI>VWTTEBETH

L DF -5 #BEO—DDEBRBESERTE 52

&, VI 2HODBEIIYE, AHFOREER» HEE

SN BB EKREBRIEFEERITRT.

—HREEDEKE (KFEEETIL0.15~0.32)—
WKHEEEE U HEBEEZE L, ERESIE
LS HTEKEEZAMT 5.

—EE AR (KRFEBRTIX0.12~0.15)—
WAKEEEEEL CERESIEEZRAICIL, BB
B2zt g TEKEREAMT 5.

—REEEKER (RERTIZ0.12 ITF)—
EREFIEERKCIL, BEEIMESAROBE S
FERECELs €, @KEEZ/ NS LTEKRE

[

6



TAYLERTE No.452,/11-20, pp.1~10, 1992.8

FEH 3 5. 2L, RUN-8D k5 ITBAHERE %
0.60cm/h EFEEITNIL LTS, BohizgkE
(0.120) 13O RUN B L T F I EE L 1
59, dFVEVEAESEOWED. Z0HEA
E LT, EBRPRAREEICEEREKRY KRS (S
K EBEA)OMBELEL, FDOKE 100 cmH0 EE
DEFRF BB E > TR T IO AB NI &
B ond. RAGBEOK I FEHE (Fig.2) L0,
BEAEAIIEKRELTO0.08~0.105F N 5.

FELDENREREFEFOSEEL, AEETHAL
WM LTRO DO TH Y, LEITOEELE
{94 5.

(2) ZRWBNCL B HIEKIBEADE

BB A A VBB ZES TN ETIVIC LSBT
&, (1) 47 ARTOXKOTERRZIBEL, Z0HE
@A)V PONRERICETVEIEOEEZ M LS ¢
3, (2) Z5BS OLEKIBHNOXELFHES 2,
EWVH 2OOBMER->TWS., KEiTIXLE (2) O
BENZ DWW TEREITS.
WBEX5.8cm, BAEER 2.35 cm/h TERKT]
FE#=Z{bXegd_XTORUNIZBWLT, EHEEA A
VEGREBRIEE U T IRAENET AN L BEE LR
(Table3). > L LK EESI LT RUN-2 (&
BIE 5 cmH,0) » 5B AREGKESIE (60 cmH0) T &
5RUNGZETTANTCLILEOBWNETIVCTHEE L.
T4 T4 YL 0BT A—F#E (Dy) OLEH
1§ (0.4~1.0cm) &, ZHEEIILTHRWERBOE
B TOEEE (0.2~0.8cm) & kZE2W». Doz
Es, BRERSITEHIEITE-T, THBBIEDOR
BICE->THH 7 ANOREREPEBRIGICENLT B &
EEnEnzsd, FR1IRSBENETATEETSLD
5 X, WEAOKSICREK, 2iKOHEEIIER
TEBHEELUNIEL, 2FITBVTKIZERZH—ICH
NTVWBEZEEEKT 5.

A 51T, BKRENSFU (492.35cm/h) THBED
BREBZPEITODVTHERTS. WEBE7.9cm T 1
Bomnes v (RUN-15, 2SS |E 56 cmH:0), ¥
BEI.8cm T 1 B5 (RUN-16, ZERIES|E
7lemH,0) B LU 2 BHOFENE TNV (RUN-9, ERK
B1E69cmH0), WEE 12cm TI1X 1 KARNET IV
(RUN-17, =R 3|E 82 cmH0), WEE 14.7cm
T 3 S HNFEF IV (RUN-13, ZZEIRKS | 87 cmH,0)
PEEU., Chb2HBRLTH, ZRBRSIEDOEND
TEASBREBITHEESATVAEIZEZHEO. 1,
BWBENEL 35 IFERNMLRAT 2 EEHRP R &
HENBA, AETIELV. BWEBENHN 15 cm OB E,
FEUBEUBBECER2RIIL2VWEE GEKEE
6.1cm/h) &, 3SEOBNETNV DB E->ELRLES

LT B2,

D Eoksdhr o, BROBS IFRENOKSTRICK
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FEIFGEAK S T AFEERIZ L > T a5V FEONRERG
FHEEBITLERE, REOHICGEHT 2 2 L2506
THAHEEZTNS.

(3) anibrOPREERISETILORTE
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W DBSBIBE C/Co (Co EwPD I/ MEE) 13,
H T LRGSR (FHEKRXDBEX » 7 LAMHEE)
D100 L EOFEHE ZBAKL TS, 0.7~0.85 12 LE
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Wiz-1: (Fig6 28). HficdL ciEtEz2 b7
EWIRFEA A& v oEEhE (Figs) Tk, 250+
BOBEARIE ERSRS tailing MEASE L TRV &
5, 2/ FOBEBIHRIC BB tailing BEIZE, +
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INRE RIGEELBESE L TWB EEX B NS, 351,
ARRLCBNTEEL 2 2 BEONRERIEE T VEZ
DOF F I8 MBI UBETTIVIC L SETE
RERLUIIEE, BREE (C/C) E1.0IER»IC
D&, 2N FOEMGRERICR S 1B &5 EE
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WRLTWAEWY), 20BEEBO— & LT, BEhTa
NV b2 BRI EOEEE LS, HAHAEREOaSV b
OBV EBE>TVRNI EBEZ HNDS, R
TR IORSIZN S, a0 F OFERBEBRRICENT
FEITH IS 2088E (C/C) », B<EBRTSEE
DAV ORIV MIHT BRRICHIET 5 RE
L, #ODfi% RATIO &% ¥ (Tabled4 B83).
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MEIRTCABRIETHNE, ERZEH RIS &
L THRBRFOa/ P 2ELICEHBIEA 2L BT
fEEEZOLNE. UL LAROE—DOBEMNE, 3/50
b OB RICHYE (FEFRE) ~O&KEOEELFT
fizdctThdizn, SEHIRERT SERDHIC
FAL.

BT DFER, RUN-1, 4, 6,10 (&F4E 7L (Model-1)
OEEEIEIMESE L<HEE UL, ZnRESMET T
FEFET T (Model-2) L <EE& L7z (Tabled).
WD RUN © & ERBHE R & STEEBIRIEER <
—BUTHY, B<HHRT 2EERO I/ MURERE
(& Henry BIOKRIGE 7V (B8, JEFH) citd Tz 5.
(4) AL +OSEBRFBICHEBERIITEF

SARBLSMC S ERABRICHE2RIITRTELT,
(1) pH, (2) BE, (3) #FEA4 >, (4) TEO
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Table5 Effect of temperature on the distribution coefficient

of cobalt.

NO. | Temp. |Distribution

Coefficient.
() (/)

L-1 0 13.0

L-2 0 1.6

L-3 0 13.2

M1 22 15.1

W2 22 15.2

M-3 22 16.1

H-1 43 106

H-2 43 48.3

H-3 423 4.5

Solution vol. () :soil weight(g)
=50:10

120
100
80

60 |

Kd(nt/g)

40 t

o |

0 10 20 30 40 50
Temperature (°C)

Fig.10 Effect of temperature on the distribution coefficient of
cobalt.
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7.8 BEHICHELTVS. LizdH-T, FEOD
pPHBLUHGFEAF v REL BT UIEEEZERZ LN
W, —%h, FRIEBRETTCERL WS, BE
Zit (98°C~18°C) »FRul@TH5. £DIroH, B
BRI k->Ta\nw  OSEREFEDEERLT S
RNy FEBIZEORET U/, #5582 % Table5 B L O
Fig.10 I27R3. T DERD S B0 EBLEREDR
BT, 3,790 FOSEREBICH Uk sE R
WEEZLHND, Fiz, EHBIEBRDITKBIERL,
RA—WZ2ERICEELTWS D, BT AITEL L8
BITRETBON D - 2 ATREME .

D bowatn» o, SROFEERICL > TR hIZHERF
BUEAE RUNIZE > TELL TV BHE, EKEDE
LI L BHENSKREVWERER DI IOPRUTH .
(5) a1 bOIEERICEHE (PERFEBOADEXK

BOEE

Table 4 IZR U 72 275V + OO EMFEE Kd & &7KEK 0
E D% EFig 11 iR T, SERE Kd 13 E&KENH
0.17 T CHEKRMWNE L BZBIZONTRELAED,
AR TERI MR HENEKE (0.120) TD Kd
& (10.0ml/g) i, REMBOYH 5 FITK->72. —H,
EARENSR0.17 B2 5 L Kd»EL, i (&K

12
| |
]

9,
CIP
= : ]
3 ﬁL g
o ) -

5 | .J'

0 —

0 0.1 0.2 03 04

Water Content (-)

Fig.11 Effect of water content on the distribution coefficient
of cobalt.
(these data were taken from RUN-1~11,13.)
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EEED HERERITIE NVEER T 5 5 TEMEK D 5 A58
IZEBDEFEHOFMEEIFRIRTH B ENZ S,

AR THE N1 60— Kd RO R EHEE % L iEKS
ORAIERBDHE 2 DI ICEBR T 5. 1K DORKE
B, Fig 122008 k3 IR TFERICHE Y 5 9FH
7% van der Waals I LB TORVICHRIFEREI L
HREEKE, TEBRBICERINDS KD A= AH AL
BEEINIC L - TRIFBEANDZBEKEICHETS 5. &
GRPEBERKICHAT, THRFREL S OFHEN 2R
DBEBEMITEN. S0 &%, HERNFREE IR
WHDREEADBAA Y (TS0 ) OBREBENSE
R oidE, EEKPO SV OFPBEEKHDa
NP ERYBFIBRBEINRLT L, HERFBREL AL
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/
“ Soil particle
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force field

Fig.12 Schematic model of soil water retention.
(after Yamazaki®")
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THE EFFECTS OF WATER CONTENT ON THE SORPTION-DESORPTION

REACTION OF THE UNSATURATED SOIL LAYER
Masato HORIUCHI, Yoriteru INOUE, Naomiki MATSUSHITA and Takuji YOSHIDA

Unsaturated sand column experiments were carried out to evaluate the effects of water
content (6) on the sorption-desorption reaction of cobalt by sand. Uniform water con-
tent in the unsaturated sand column was obtained by passing air into the column. Wa-
ter content was controlled by the solution feed rate, the air suction and the height of
sand column. The distribution coefficient (Kd) of cobalt estimated from chloride and
cobalt breakthrough curves was minimum at about volumetric water content (§)=0.17.
And saturated Kd was about five times larger than minimum Kd (at §=0.17). The re-
lationship between & and Kd was expressed by the concave curve. Therefore, in the
case of evaluating the movement of sorptive materials in the unsaturated soil layer, it is
important to perform unsaturated soil column experiments and estimate the unsatu-

rated Kd values.
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