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Studies on the Behavior of Radionuclides in a Saturated Sandy Layer (II)

——The Breakthrough Curves of Radioactive Inorganic Anions
through the Quartz Sand Column——

Masami FUKUI*! and Kosuke KATSURAYAMA*!

The sorption of some inorganic anions to Toyoura fine sand were examined by using single

column experiments.

Adsorption of Cl- was weak but SO,%~ and PO,*~ were adsorbed extremely. The

breakthrough curve of SO~ for Ca?* saturated sand was similar to that of cation, though SO~ was

leached with deionized water.

change but a chemical reaction on solid phase.

This means that the sorption phenomenon is based on not an ion ex-
The adsorbed ion of PO,*"
leached with 107N CaCl, solution and distilled water.

on a fine sand was not

This irreversible phenomenon stems from that

the ion pairs of PO,%~ as Ca3(PO,), or CaHPO, are formed in solution and these colloidal particles or

precipitates are filtered on fine sand.

Iodine in solution consists of two soluble forms, one is non-

reactive forms to fine sand, and another is tightly sorbed on the quartz sand. Thus, the behavior

of anions is affected by various types of reaction, though it was not based on the ion exchange.

I & B

BEELEKRPCRT 52D+ v ERI DT OEE
BT AR, BERBORKBKED kIO LEHEY
CEETAMRO—BE LThIhTERN, Z0LX)
7eBgRY, BOL CRERFBEKCHEHENEIC X 5 BIEH
FEHTE OB S, B, FHAETLEY S X UREBHEO HFHHS
KRNTHfribhTE T3,

BN LR ENC UCREFREE LR
DATHEMEY, BRLVWENBRHEZ S > TLTHLERETH D
LIIME TEY, Ml 2SS EOREEICB L
EBORREORBELLELEL OB, €K, ok
5 et OX SR LT B GHEREL, 9Cs, *St® oL
DEHEBHEB A A v S by EFshT &

*E K R AR SRR BOHR A BTN . KBRAT SR S ABAR
BT (7 590-04)
Div. of Radiation Control, Res. Reactor Inst.
Kyoto Univ.; Kumatori-cho, Sennan-gun, Osaka.

2%, Thb0EEERE A+ voZEHL, REEMCH—
DEBETHRINT TR i, £ LT B EE)
ik, HHABEWELICIRTWAS, EViCHkE, B
T2 5T — 2 DHERI A BRI, £2T, KHX
T, RERD F 0 EH SR T IR o R v e
FVERGE L, TOMYBREREE LT, FHbis
IUOMERMILENE L DhD, TLT, HBROZY
BT B 4 VHRAKFICRA LIS aI, HHER
BROKE=F—%FALTSH, TORMREIFEKF
DREETRHRFICECED bh - FEHHRE X IE T 5
LT Tlheniced, MEBREYRCVITTE, B
BEOBAHEREK 2 —BIRE RPN X h 2 Bhd b
57,

ez &b, RS TIRBEGHERESRE A 4 v 28
BB IR HBEe2BEL, ToLEoPEP BT
DEEAA VOB MB D, M#ey S AvE
W EEBRA B, BB I X OWERES ML RDI,



194 WHIFIESE, LR

I £ 8 F5 &

1. 2REE

FRCAWEREBO RSN E Fig. 1 10Rd, FEK
BELTiL, 77 ACHERTHIAPDELART S0
¥ X ORBIC R S R IR E 2 BT 5 0D
51pFY =F v BUKEERRE L, ThEXFlic, K
SHEBE TS A LB BB (0.5/4) =5
VUBKHE) REBRE LR, ALTY S ARRS 22cm
DOFEREAE =~ A BTH), THIIZHEEL LT
200 £y ¥ aDAT VY VARF —LBEENE D HTS
hTwb, »7 20N, EFROMITIX 5cm D}
D AT, JKEHE ORI B RE O R
EELT, 2cmD 3 OREE Lz, 77 20 bOWHK
BEXAET D L, INBHEBROMAR 2 THIR
EBnbMbldit, 757 avavy Z—%BE L,
BB LK a by 5 ANDBR DB XTI, ME
Fa—THYIERAVE,

2. RBMEGSIVEORELE.

H 7 AT T AR, EARMROERER L L
TISAVOhABHARY (FEREN0.223mm D
BHEEOKRX ) VG, BRAEDIFEETS
BT TKREL, 60°C THER Lk, EHBREWNT
BE LDV, Z0OM625g ¥R F v T
TRV ISEER LMD, ARScm D 5 412 20
cm OEXCTHAKDEE LTHRE L, BEARKRK
B3, 169mi Thot, RAFCAR2m DN T 21T,
£ X 20cm OFRKBHE L LT100g OBHAED YT
WLEEA, TOWBAHRBRKREL26.2ml Th- 1,

3. L#MPE

ThEE & UCRW &L S, 2P, 14C, *Cl, 13l
THbD, ¥, —MBAOCIBTIGEAEREILT,

Fraction
Collector
I T

Reservoir
iConditioning

solution <
Leaching solution|

+{ Trocer tagged |-@
Water
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Table 1 The physical and chemical characteristics of tracer nuclides.

32P SGCI ) 1311

Tracer nuclides 353
Concentration of tracer (Mm/l) <1071 <1071 1.8x10°¢ <1071
Chemical form H,SO, H,PO, HC1 Nal
1.69 0.709

Max. B-ray energy (MeV) of tracer nuclide 0.167

0.812

Table 2 The solution used to column experiments.

Introduced raw solution

Run Conditioning Leaching Figure
number  solution solution Tracer Carrier Anion coexisted Volume number
1* H,0 H,0 %Cl  1.8%x1075M, HCI — Sk 3
2%  5x107*mMm, CaCl, 5x10-¢m, CaCl, » 5x10-* M, CaCl, — " 3
3* " " 2p C.F. 5x10~*mMm, Cl " 4
4* " H,0 1z " " " 4
5% " 5%x107*m, CaCl, » 3.3x107°m, Na,HPO, " " 4
6* ” H,0 S C.F. " ” 5
7* " 5x10-*mM, CaCl, " " " 5
8* " " 1" 5% 1075 M, Na,SO, " " 5
9* H,0 H,0 11y C.F. — 10z 6
10*  5%x10™*Mm, CaCl, 5x107*wm, CaCl, r " 5%x10-* M, Cl1 5¢(+2.57) 6
11* ” " " " ” 5t . 6
12* 7 " 7 1x107* M, Csl " " 6
13** " " " C.F. " " 6

* column length 20 cm, average flow velocity 2.2x1072 cm/sec.

velocity 2x1073cm/sec. *** ¢: pore volume.

(Co) wxTHHARD, HibLi c LT my b

L, BAmigaRkoic, 22T, BEOMER, TXT
DY LRI LR e W T b3, —EME S
LTI o teht, WEARSEBBEE OV, B
CHIE L,

WBRES ML RDLFIEL, 2EDELHITHSB,

1) BREEETROLBEOBELABCLT, » 5
AHRBWBREILI LYY AR X D AET S,

2) —EBROR®E» T 2AHNCHAZIRS,

3) #TJ APROD 20cm OEEFAFIEKIR THE L
MR, 20 HET B,

4) 24BEMEKEL, RELLL O ELEHE» 1
gEHMLUTHET %5, £LTC, HUBEDICHCEEL
TWAHBSEREY, BRBECRTI LTI, BES
fiwRD 5B,

D EDERCENT, 77 AHORAEHOESED
CXAMEOEBXBIETS bt k& Lic, %

** column length 40 cm, average flow

1o, BRBAFGER 2.2X102cm/sec BERHEL, %5
MIRE X 20+£2°C TH o1, RO pH X, 6~7.5D
AR L,

5. ButReRiEx

TOBEER A R D B 7o dIT A EHERER Ui W H 5 0.5ml
KL, 10m! OFEY vFVv—2CBERIE, Bk
YVFVU~Ya VhY Y E—ZL ) RHEOBREHEE
BEXRE L, » 7 ARMAZE5RE OB EWE
PREIL, OB OWT Y 1072 pCi/mil BESIC % L
foo

MERBE SN P OBSHE, 1 1g 2R) =5
vV UBIRBRECEER L, Nal(T) vy = A fllevvav—v
VATV E~RIDVMUE L, ZOBE, HIREMN1
ZRE CIREMENNRCEB e o T, ¥, REK
1% 0.5ml ZEKL, BERUETIHE LFELRRE
ANT, TORGRELRIE L,



196 fEHIESE, HELER

I RBEREIUVER

Fig. 2 I3 5cm, £X 20cm @il L%
HAREBEARKLTCKEL, 0.67 OFEWEETHA IS,
HOREKC L Y HH IR BEOTRMBETRT, &
DFERZZIUE, PV F Y AKEIBTIZEAERE SR
euied, FOBLAMER IR O 5 BB 0 Zac
IDEHMAEIRTEY, BRECIHEDEIDOENSH
FIXABRTWIR, PYF 7 AKEBLLCEEL TR
T A+ vROBSHERRE I *CL KT Th h, *P, S,
UG, B Je XX, IRA GO TER T X BHaR
WBREINDZ LR LT, LizhiaT, L
Tors 2ERTIZ, BUBEDCVICEKTHILEY
BEYHETIDIE, NR 2cm, £X 20cm FHE L«
WE» 7 2% AWT, ZOBLEBME LDREBL 28R

L7,

1. 3%Cl

Fig. 3 1%, 57 (181 m)) DFERHXWMAI B ED
PR E R LI D TH B,

Run 1 G/R L7 3, WK TKEE L E *Cl
IR & U CHREKCRN LR @K L, Y
KLY HBERLLDTHD, Run 2 TI1E, 5X
107 =LA IL VY AER AW LIEK LUTOEL
W@, ¥Cla bt v—+—¢ LCREECHEIL Vv
U ARSI LR R RA L, BOAEKERT
BRCLVIRBERLLIDTHD, ThHDHEREYRN
¥, Run 2 0 FROMHEKEED 5+ —2 Runl o
THIEHERTETFRECD, IbE)ECEE7= v
DIRITIE LA EE ST, LicdiaT, 5X107 =0
BEOHEMKL LTI bhkciitr v vy a0
hot, TOFRRE LT, BBAEDOETARA 4
VARBAEND L, Run 1 OFRKOEERA + viIEE
(1.8X10°¢ =) TH, &1 A v X B RERKN
EHTE D EEZBRD, ¥, HARKEECR
THRBRBEDO (C/C) #30.5 WHHMT 5 HH A
=L IRV £ D, IRBUEVEEC RS Sh o
LEE LcHED, SIAMEERNTOEEREXY B
LB B ERNOBRIMAY X v FHI R L
PR —F T D,

Pbkoz Enn, ¥Cl A—EEREHEKP ks h
TBAE, MK E RREO®E X THE) LIAFMHO G
YurfR o TRIANDD EE L DR D,

2. 2p

Fig. 4 wWRTHEEMBT I WNT, FEOMARIIE
FEA A VvOBESLRAL G7) ThHbH, ¥7-7 5 22FKR

Liibit, FoBad 5x107t 2 i vy A%
WA @K LT LT,

Run 3 1%, 5x10* =ik r v oy ABKCER
ko PP ZHEMMLCREKS ¢ A IR, MK LR

(C/Co)
€10 500G
>
3 F 88“% o 3,0
;_..; o8 oo ° ce
- 0.8 [ ) ° PO}~
o L :0 ° SO&
= o ° 1"
L 06 ° -
g | ¢’ °
< ° o0
3804 °
< °
8 I 8 o

02 ° So
g - oo
= 9.300..
é °°°°§§&3°"“§““e?eggﬁenih}_,gwjﬂ_q_.

20 22 24
Pore volume T

0.8 10 2 14 6. 18

Fig. 2 The breakthrough curves of anion slugs
of 0.6 pore volume inflow, using Toyoura
sand washed with water.
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Fig. 3 The breakthrough curves of Cl- slugs
of 5 pore volume inflow.
The contents of solution used in these ex-
periments were shown in Table 2.
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Fig. 4 The breakthrough curves of PO,3- slugs
of 5 pore volume inflow.
The contents of solution used in these ex-

periments were shown in Table 2.
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Fig. 5 The breakthrough curves of SO2~ slugs
of 5 pore volume inflow.
The contents of solution used in these ex-
periments were shown in Table 2.



198

LY EREBRB LD LERST OB, T, BERE
mLtcBad, BEEOFHETOI VY Y &1 F v LR
A+ vOBER (2.5x1078) 12, R Li-BIr> Y
ADEMER (1.2X107%) X b /X iowd, REPIC
FWTHRBAHTH T % F TRV bigy,

R, RS+ vOBERISBEELETHRELE
KT, 44 vBBRCIBBA A v oZEE) L EL
LT, THMERIETKofih D 5iEEERE - T

BETARLEXLDLRS,
4_ 1311
Fig. 6 13, I 282 0&KHETRE, BREEILS

HoPBME YRS, Kb Run 9 T, EIEKEEK
LCHIBEAFOE ) BT 0B MAEDYFE L
feh g ARV, ThCERERD P 2 EEKICHER
SRFEEE 100 BIFTHRAZIR, TOBREBIAKCHEE
LRI DTHD, chrdhhid, HEoLd Ly Ak
C/Co 7% 0.5 YT HWHEM r=1 L v A LEL
TWb, LKA+ v ERRSLEIL, C/Co M
0.7~0.75 BE XTI T2t AT 52, FhUE
TS5 PRI BZ ETH 5B,

Run 10 TiE, 5x107* = A ig{bh v oo 2 EH % 11
(387) K LTAE L-BBEEDFEIESY 7 2, AH
W ARD P 2 BRI RFER S 2HA LR,
FhyRIEEOMNER (I y 2BEK) 2.5t
YT OBEEERT, FLT, TORENHGLEETDHS
A1, AU ¥ #»E5UREEY 2.5¢ MAZRICEED
BBHETH B, chickhiE, Run 9 HNTYH
AP LEL Y, Kolh A URER K> T
57, 77 P —RECHHERBMBOREX, Thizly

RBIHIIER,

REILsES

FEhblow, Fio, MEBEK 2.5t KX HhBEEINH >
to, THARES FBEET 5HEOBBMBEDO 77 + —
# S (Run 10, 8.5~107) b, ThXFELLVWBED
75 b~E& (1.5~5.57) CHENRTHEEZERA LR
Vo Lichio T, FERESIMOFEL, REEETE
BARIFL TV WEELBRS,

Run 11 o@@ihiEiE, Run 10 0B X hEBbh
TCREREXHRARKE LTHY, Zoftlix Run 10 & [F
U&hT 7.5¢ ¥ THELLLOTHD, Z0BHED,
YbEHRTSF P —EXL, Run 10 OfERLELVE
Wi otc,

Run 1211, g vk oo AEEN 1X107¢ =1 ¢ 7
BE5BEEMLCREREHA VS DOT, iofkfin
Run 10 L@ LT 9.47 ¥ CHE L-BEHETH
b, chicXhiE, Run 9~Run 11 XTS5 b —
BEMN 0.9~1.0 LFEL LT3,

Run 13 134 5 2 Kk% 40cm, HRATFHTREEEL 2X
1073 cm/sec &3E<L L, I oWEARIIBIT 5 HEER
ERALIELDTHD, ThiRIhE, 75 F—F31
PEROBLAMMAR D b DICHARTEL, 0.5 BEL/k->T
W3,

U EDfERI B, ¥ OBFLEMBRICHR bh b aFE
ATOREEETHHERRETLDB L, DEDLED
THbo

1. bbbk EAILBART, Kofhiest$s P it
EHLRBETH LRI BEET 5,

2. BOBMBOS S P —BEIRWAIEHRKELH
LTh, BEAEHEMLUILNZ £, RuHIC)E
CRE IS P ORGBFET %,

=
Leaching solution Leaching solution
Run 9 (o) : Distilled water Run ”(9):(5¥£2f"ﬂc°c"m o
. sS4, uent of Run was
(C/Co) Run 10 (®) : 5xI0*M CaCl, introduced )
- Run 12 (e) : 5xI0°M CaCl,
10 veee® s T e et e (Carrjer, Cs I’ added)
s o * Run 13(e) : 5xI0°M GaCle
s osf o o ®oq00e ,  (V=2x0'msec, L=40cm)
£ | :sgg;sos‘,ﬂoecs.,nsoi%oooooo 000088322000 &
23,6} ° °
sE™ o . e °
3 | ‘o. . ® o ¢ o o ® o o
%‘5 04} .oo 0. °
e
E ’e Y °® %
0.2} . :E Do
o° %000 ° °°°o
o ey
I 2 3 4 5 6 7 8 9 10 1 2

Pore volume Z

Fig. 6 The breakthrough curves of I~ slugs under various conditions of

leaching.

The contents of solution used to these experiments were shown in Table 2.
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