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In order to study sorption behavior of U series radionuclides (Pb, Ra, Th, Ac, Pa and U) under aerated zone environment
(loam-rain water system) and aquifer environment (sand-groundwater system) for safety assessment of U bearing waste, pH
dependence of distribution coefficients of each element has been obtained. The pH dependence of distribution coefficients of Pb, Ra,
Th, Ac and U was analyzed by model calculation based on agueous speciation of each element and soil surface charge
characteristics, which is composed of a cation exchange capacity and surface hydroxyl groups. From the model calculation, the
sorption behavior of Pb, Ra, Th, Ac and U could be described by a combination of cation exchange reaction and
surface-complexation model.

Keywords Uranium bearing waste, Shallow land disposal, Uranium, U series radionuclides, Aerated zone environment,
Aquifer environment, Distribution coefficient, pH dependence

1 (2,
pH (3]
, U
[4 U Hsi and Langmuir[5]
: pH
Pb, Ra, Ac, Th, Pa, U )
[1 , pH [6-8] Pb, Th
pH
,U Ac [29-12] Ra , Meier Baraniak
pH [13,24] :
(1 :
pH Pa ,Berry [15] Nakayama
, Pb, Ra, Ac, Th, Pa, U [16] ’
pH , Allard  [2] pH
[2] Ac , Lieser [17] pH
pH
Measurement of distribution coefficients of U series radionuclides on soils
under shallow land environment(ll) -pH dependence of distribution
coefficients — by Yoshiaki Sakamoto (sakamoto@sparclt.tokai.jaeri.go.jp),
Tomoaki Ishii, Satoshi Inagawa, Yasuyoshi Gunji, Shinichi Takebe, Hiromichi
Ogawa, Tomozou Sasaki.
1 Japan !
Atomic Energy Research Institute, Department of Fuel Cycle Safety Research, [1
Disposal Safety Laboratory 319-1195 2-4
2 Nuclear Fuel Industries, LTD., Environmental ( ), (G ()]
gr;g Ss_iffty Management Department ~ 319-1196 ‘ 2 Pb, Ra, Ac, Th, Pa, U
3 Nuclear Fuel Industries, LTD., Technica pH
Development Department  590-1196 950
4 Japan Atomic Energy ) ,

Research Institute, Department of Decommissioning and Waste Management,

Division of Disposal Technology  319-1195
2-4
5
Radioactive Waste Management Funding and Research Center, Research
Division of Shallow land Disposal ~ 105-0001 2 8

10

65



September 2001

Table 1 Phisyco-chemical characteristics of soil samples

Specific surface CEC Composition(wt%)
Soils Major clay minerals
area(mzlg) (meg/100g) | SIO, | Na,O K50 Ca0 AlL,O; | Fega | PoO4
Loam 99.5 155 797 | 006 |017 |0.22 11.7 535 | <0.01 | Kaolinite, Halloysite
Sand 6.33 43 86.2 | 030 [024 |097 |569 |234 |<001 |Kaolinite, Smectite
Feyora:sum of Fe(l1) and Fe(l11)
2
23 pH
21 .
(1] , me . ) ,
me ) ,
) 2mm -
,Th, Pb
Table 1 [1] , 1g/100ml, U 5g/50ml, Ra
’ , 0.89/8ml, Ac, Pa  0.3g/30ml ,
,U, Th, Pb
22 , Ra, Ac, Pa ,
2 , [1]
, M
(1] Ac, Th Pa 0.1M NaOH, 1M 0.1M H,S0,, HNO;,
, pH pH 15
NaOH Na" , Ac 230mg/l, Th 14 ,
200mg/l, Pa 100mg/! ,Ac, Th 101
Pa , pH
,U,Ra, Pb , pH , 0.45u m (Advantec DISMIC
1M NaOH ; Millipore Ultra-free)
Na' 10 80mgyll ,
, 10y m,1y m,0.45u m ,U( U)4.2x 10°M, Th(
(1] Th)4.3x 10°M, Ph( )4.9x 10°M, Ra(***Ra)1.2x
pH NaOH 10°M, Ac(*'Ac)7.0x 103M, Pa(*Pa)6.0x 10™M
Table 2 , U, Th Pb
(1] ICP-MS(Perkin Elmer ELAN 6100DRC), Ra, Ac, Pa
Table 2 Chemical composition of solution samples
Organic
Solution pH | Mg® |Ca& | Na" |K' |Feqa | SO, |SOZ |CI° | HCOs
carbon

Artificial rain water 59 <0.1 <01 | <0.1 | <0.2 | <0.1 <05 <0.2 <0.1 0.2

Groundwater 8.0 139 | 311|249 | 155 | 064 | 234 | 603 | 295 110 19
Unit: mg/l(except pH)
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CHESS(CHemical Equilibrium with Species and Surface)[18] 6 | W Loam
[19] - 4 Sand
4 [
24 , .
3
-0.5 0.0 0.5 1.0
0.1M HCI(ml) 0.1M NaOH(ml)
' Fig.1 Titration curve of loam and sand in
0.01M NaClO, solution
S-OH ,
20 r
[20] 0.06 N
S . 004 [
SOH=SO+H (1 < k
% 002 [
SOH+H" = S-OH," @) S 000 i
SO , (@ 5 r
Q - N
oH § 0.02 i
pH . Gom |
6 : 006 — ’
) 2 Ka, Kb 3 4 5 6 7 8 9 10 1
, Ka, Kb Ns pH
Fig.2 Surface char ge of loam and sand
, 0.01M NaClO,
0.1M NaOH 0.1M HCI , Ar [S-O[H'] exp(-Fy o/RT)
Fig.1 : Ka= ®)
pH [S-OH]
[S-OH,"]
, Fig.2 Kb= (6)
pH [S-OH] [H'] exp(-Fy /RT)
, constant capacitance Ns Po
model [20], (1) @) ' .
Ka. Kb Ns(mol/m?) Ns=[S-OH]+ [S-O+ [S-OH,] 7
[HT] P o=F([SOH,"]- [S-O]) 8
S
[H] 4 ¥ sPH  po )
[H'=[H]exp(-w o/RT) 3) (P FN9Kb exp(-Gp o) H" *p o H' +
S
e (Cimal) (P o*FN9IKa exp(Gp =0 ©
F
R (Jmol/K) G=
T (K) CRT
, constant capacitance model , 9) , Fig.2
Po Yo c , Ka, Kb, Ns
, Table 3 Table 3
Po Cuo (4
@ 2 , 15 ,
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Table 3 Parameter s used for surface complexation model
on soils

Soils Loam Sand
logKa(l/mol) -7.96 -9.35
logKb(l/mol) 397 4.46
Ns(mol/m?) 3.54x10° 1.51x10™
C(C/m?) 0.33 0.59
35 ,
, Table 1
36
3.
31 Pb
Pb pH Fig.3 Fig.3(a)
Pb
20m%kg , pH
1 2mikg
Fig.3(b) Pb ,
1m®kg ,
pH 10 40m¥kg
Pb ,
, Pb
pH
Pb ,
[21]
Table 4 Pb ,
Tables 5, 6 =
Pb?* Pb(OH)*
, Table 5
2 ca®
pH Na’
Na’

Na"
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Table 4 Thermodynamic data of elements

Reaction logK
Lead
Pb* + H,0 =  Pb(OH)" + H 77
Pb* + 2H,0 = Pb(OH), + 2HY -171
Po* + COZ = PbCO; 7.0
PO + SO, = PbSO, 275
Radium
Ra + H,0 = Ra(OH)* + HY  -135
Ra" + CO% = RaCO,; 25
Ra®" + SO~ = RaSO, 2.75
Thorium
Th* + H,0 =  Th(OH)* + H -32
Th* + 2H,0 = Th(OH),* + 2H* -7.0
Th* + 3H,0 =  Th(OH)s" + 3HY 117
Th* + 4H,0 =  Th(OH), + 4H"  -159
Th*+ CO5* = ThCO;* 11.03
Th*+ SO, = ThSO 55
Actinium
Ac® + H,0 =  Ac(OH)* + H 6.4
Ac® + 2H,0 = Ac(OH)," + 24" -141
Ac® + 3H,0 = Ac(OH)s + 3H"  -257
Acz++ co322' = AcCO; 7.8
AcCT + C(+)3H20 AcCO30OH) + H* -0.4
Ac*+ SOZ = AcSO, 3.85
Ac¥+ 250, = Ac(SO), 5.40
Protactinium
Pa* + H,0 = PaOH)* + H 0.84
Pa™ + 2H,0 = Pa(OH),* + 2H"  -002
Pa;‘++3H20 =  Pa(OH)s" + 3H"  -150
Pa +°'ffng(?()) PEO(OH),”  + 24" 2218
Pa* +0.250,(g) _ 2 +
 H5HO = PaO + 3H 22.68
.
e +Of§gﬁf()) Pa0,(OH) + 4H" 1818
Uranium
UO* + H,O = UO,OH)" + H 5.2
U0 + 2H,0 = UO,(OH), + 2H' 1221
UO,* + 3H,0 = UO,OH); + 3H" -21.0
UO+ CO# = UOLCO;, 9.67
UO,2 +2C0s7% = UO,(COs5),* 16.94
UO,2+3C0s& = UOy(COq)5" 21.56
U+ SO = UO,S0, 3.15
UOZ +2S0,4 = UOy(S0.)* 4.14

All datawere taken from ref.[19].

Ac data were taken from Am data by chemical anal ogy.

, Table 2

Na"

Table 3

CHESS[18]
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Table 5 Cation exchange equilibrium constant pH S-OPb’
. logKk  logK
Reaction (Loam) (Sand) o
2SNa+Pb™ = (S)Pb + 2Na& 32 14
2SNa+Rat = (S),Ra + 2Na* -07 27 ,
4SNa+Th* = (S),Th + 4Na* 115 97
3SNa+Ac* = (S)sAc + 3Na© 58 78 .
2S-Na+UO% = (5)U0, + 2Na* -03 13 Fig.3(b)
S-:Soil surface cation exchange site ) Po*
Table 1
Tabless, 6 Table 6 ,
Table 4 Pb2+
’ H)Z+
, S-OPb*
Figure.3(a) S-OPb(OH) Pb
, Pb Pb2+
, Pb ’ pH
H) Pb2+
Pb ,Pb Pb(OH)* PbCO, o ’
Pb2+
(1]
Pb ,
Pb 32 Ra
, pH Ra pH Fig.4 Fig.4(a)
NaOH ,Na" 50mg/l Pb Ra ,
pH : 10m*/kg , pH8
Pb 03m¥kg 1 , Fig.4(b)
. Po Ra , 1 3mikg
) pH
Table 6 Surface complexation constant
. logK logK
Reaction (Loam) (Sand)
Lead
S-OH + Pb? = SOPb' + H 2.3 6.3
SOH + Pb* + H,0 = S-OPb(OH) + 2H* -32
Thorium
S-OH + Th* + 2H,0 = SOTh(OH)," + 3H* 0.9 0.0
S-OH + Th* + COz> = SOThCO; + H" 128 12.3
Actinium
SOH +Ac* = SOAc* + H 18
SOH +Ac* + 2H,0 = S OAc(OH), + 3H* 77
S-OH +Ac* + CO* = SOAcCO; + H 2.4 4.0
Uranium
SOH + U0 = S OUO,(OH)" + H 8.0 6.4
SOH + UO,*"+ H,0 = S-OUO,(OH) + 2H* 0.0 2.3
SOH + UO,%" + H* + 3C0O%* = SOHUO,(COy)¥  + 2H" 130 16.2

: Surface complexation constant was not determined because of low contribution

to sorption of each element on sails.
S-OH: Surface hydroxyl group
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Tables4, 5 Ac pH Fig.5 Fig5(a)
pH Ac )
, Na" Table 2 NaOH 0.2m¥/kg
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. , pH4 7 5m3/kg
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