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Impact of organic materials in hull-end piece wastes on solubility and sorption of
radioactive nuclides

(Research Document)

Akira Honda and Mihara Morihiro

Abstract

Hull and end piece wastes are classified as TRU wastes. These wastes are thought to be
adequate to the geological disposal. The hull end-piece wastes generated from Tokai
Reprocessing Plant of JNC contain organic materials such as cotton waste. The organic
materials can decompose in the repository due to the alkaline condition brought by
cementitious material. The soluble organic species can be produced through the alkaline
decomposition of the organic wastes. The soluble organic species potentially complex
radioactive metal ions. The complexation can affect the solubility and sorption of

radioactive nuclides.

In this study, all organic materials contained in hull and end piece wastes were assumed to
be cellulose which was also assumed to decompose to iso-saccharinic acid (ISA). ISA can
significantly affect the solubility and sorption of radioactive nuclides. Under the
assumptions, the effects of organic materials contained in hull and end piece wastes on the

solubility and sorption of radioactive nuclides were estimated in a conservative manner.

If the release of ISA from the repository was taken into account, the maximum concentration
of ISA in the repository was estimated as 1.3 x 106 mol dm-3 which almost corresponded to
be negligible concentration of ISA (~1.0 x 10-6¢ mol dm-3) in terms of impacts on the solubility
and sorption of radioactive nuclides. The maximum doses in performance assessment were
unchanged over the range of 0 to 10-Smol dm-3 in the ISA concentration for 108 years. The
maximum concentration of ISA in the pore water of repository without release was estimated

as 1.5 x 105 mol dm-3 which resulted in the negligible change of the maximum doses.

Materials Research Group, Waste Isolation Research Division, Waste Management and

Fuel Cycle Research Center, Tokai Works, Japan Nuclear Cycle Development Institute
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(1) [3]
Fco = (Ki/kt) (Gr)o (1-ekt t) Q)
Fco: t ki:peeling off
(Gr)o:
Fco Fcb,.max D
Fcp,max (2)
Fco,max = (Ki/kt) (Gr)o 2
(Gr)O
n DP =n
(Gn)o: 3)
(Gr)o = 1/(DP) 3)
DP  ka:peeling off
Fcb.max
Peeling off
Peeling off
[3] (4)
In (Y) = -Kobs Xn t 4)
Y. t: (h), Kobs: (hl)

(2) (4) (5) [3]

Frc = [1-(k1/kt) (Gr)o (1-ekt t)] g-kobsxnt (5)
Van Loon [3] )

Kt

Kt:

xn:peeling off

DPave



JNC TN8400 2004-011

[5,6] 1000 [OHT 0.3mol dm-3( Region |
pH(= 13.5) ) 25 Kobs Xn  5.25 x 10-11h-1 Peeling off
ka ke [OH]:0.3 mol dm-3, 25 3.65 x 102 ht 6.91 x 104 ht
[OH]:0.3 mol dm-3, 25
DPave 1000
Kobs Xn 5.25 x 101t h1
k1 3.65 x 102 ht
Kt 6.91 x 104 ht
*S|
3) ISA
ISA [7] (6)
Ca(ISA)2 = Caz+ + 2ISA- (6)
(6) log Kca,isa 1=0 -6.22+0.03 [8]
pH13.3 Ca(ISA): Ca(OH)2
0.05-0.1 mol dm-3 [8] ISA
Ca(ISA): 0.05-0.1 mol dm-3
ISA (OPC )
Langmuir
¢ (@ el
q = q1K1(ISA)eq/(1+K1(1SA)eq) + qoK2(1SA)eq/(1+K2(1SA)eq) (7)
g:0PC ISA (mol Kg1) qx gz:
(mol Kg1) Ki Ka: (I mol-t)  (ISA)eq:ISA
(mol 1) OPC ISA [9]
ISA [9]
ISA gi(mol Kg1) 0.1+0.01
ISA gz(mol Kg1) 0.17+0.02
ISA K1 (I mol-2) 1730385
ISA Kz (I mol-?) 1244
*Sl
4) ISA
Bradbury et al.[4]  Greenfield et al.[10]
ISA ISA Pu IV
ISA 10-6mol dm-3 Pu(lV)
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1E-10 : : : : :
1E-07 1E-06 1E-05 1E-04 1E-03 1E-02 1E-01
ISA mol dm™)
ISA Pu(1V)
Greeenfild et al.
Bradbury et al. ISA
Tc SEF  Solubility Enhancement Factor
SRF Sorption Reducing Factor SEF
Tc SEF
ISA
(mol dm3) Pu(1V) Am(III) Th(IV) U(VvI) Np(1V) Te(1V)
106 1 1 1 1 1 1
105 20 20 20 1 1 1
104 500 500 2 2 2 1
103 20000 20000 20000 100 100 10
102 1000000 1000000 1000000 5000 5000 500

ISA

10-mol dm-3
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ISA
ISA [3]
TRU ISA
C-14 ISA
ISA
1)
0.1wt%
ISA
(9) /(ISA 180.16) DP
(%)
ISA @ 2
2)
0.08wt%
190L
2000 700kg
0.1wt%
190L 0.7kg 2000
1400 kg
ISA 7780 mol
3)
ISA
190L 20000
JNC
®0.43 x 1.335m 4 1.2x1.2x1.6m
5000 (20000 /4 )
2500kg m3 0.15
18wt% 4
1.53m3 0.230 m3
2.93 x 106 kg 1150 m3

1-129

1000
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4
(kg kg1) 4.79 x 104 (ISA 2.66 x 10-3mol kg1)
(dm3 kg?) 3.94 x 101
OPC
ISA @) (ISA)eq 8)
g = q1K1(ISA)eq + q2K2(1SA)eq (8)
(ISA)eq < 5.0 x 104 mol dm-3
10% (8) ISA OPC
ISA ISA
ISA 2
[1] ISA
TIGER[11] ISA
I- TRU
[1] ISA
ISA 2 ISA
9
Risa=1.955x 103  (ISA)eq C)]
Risa: ISA (molly), (ISA)eq : ISA
[mol dm-3]
C) ISA

© (8 ©)

(8)

ISA
(ISA)eq < 5.0 x 104 mol dm-3
10%
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1.0E-04
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o . - m m
< 1.0E-05 R
E p
< V4
%2] ’
q6 L4
G 1.0E-06
s
1.0E-07
1.E-01 1.E+01 1.E+03 1.E+05 1.E+07 1.E+09
time (y)
-3
ISA
( )
-3 104 ISA 8.0 x 107 mol dm-3
ISA 107
1.5 x 10-5 mol dm-3 104 8.0 x 107
mol dm-3 106 1.3 x 10-6 mol dm-3
107
25 pH13.5 ISA
ISA 1.0 x 106 mol dm-3[4]
ISA
ISA 10-mol dm-3—10-4mol dm-3
ISA ISA
10-4mol dm-3 108 ISA
ISA
ISA
4,
2 4) ISA 1.0 x 106 mol
dm-3[4] ISA 1.3 x 106 mol dm-3

Bradbury [4]
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ISA
ISA
ISA ( )
ISA 105 mol dm-3, 2.5x 10-5> mol dm-3 104 mol dm-3
ISA
Bradbury and
Sarott ISA Solibility Enhancement Factor :
SEF (Sorption Reducing Factor: SRF) [Al]
ISA 105 mol dm-3 Pu(lV) SEF=20 SRF=0.05
SEF=20,SRF=0.05 20
0.05
TRU
[A2] TIGER
[A3] TRU Case0
Case0 [A2] ISA
ISA : 105 mol dm-3, 2.5x10-> mol dm-3 104 mol dm-3
Base
ISA Base
A
ISA 105 mol dm-3
104 106 106
104 ISA 2.5
X 10-5mol/L 3 104
104
ISA 104 mol/L ISA
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