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Tritium Migration in Concrete Walls
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Abstract

Concrete is a materials with a complicated composition and microstructure. Though much knowledge re-
garding the mechanical properties of concrete materials has been obtained empirically, knowledge concern-
ing its physico-chemical properties, such as diffusivity of radionuclides and chemical durability for long-term,
is insufficient for the performance assessment of concrete materials used for fusion plants and waste disposal.
Tritium, a major radionuclide to be managed in fusion plants, has some chemical and physical forms in con-
crete, which makes tritium migration in concrete more complicated. This article reviews tritium migration

in concrete from a physico-chemical point of view.
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Table 1 Chemical composition of Ordinary Portland Cement

(OPC).
Component wt%

Ca0 64.2
Si0O2 22.2
Al2O3 5.2
Fe203 3.1
SOs3 2.1
MgO 1.4
Naz0 0.6
K20 0.2
Hz20 0.6
CO2 0.1

000 0O O I CaOlB Sio,[IM CaOE SiO,[1M CaOd] Al
O;[M CaO Al,030 Fe 03111 CaOE] Fe 0311 CaSO4
goboboooobobooobceso,0n0oomoooon
OOCsSOCSUCALOCA AFOCFODOODODOOOO
gbobobobobooooboobobobobooooo
goooobobboooboooooboboboboboooooo
oo

21 CaOl Sio,.[OH0
- [ CaOlE! SiO,[E HHOGOOCA OHL
@ CaO Sio,MIOH0
- 0 CaOMi! SiO, @ HHOLO Cal OHG
0 CaOE! Al,03[M10CaSO,0MH0
- 0 CaOME! Al,Os0 CaSO4H HHO,

O0000C0O0000D0O0 O CaOld Sio M HonO
CsS;H; 0000 0 M CaOOl SIO,0 OGO 0 0O O
goooQoOoOoOoOoOoOooOooooooooooooo
O00O0D00O0O00D0G S H OO Calcium Silicate Hydrate
gellD 0 00D00O0CS,H; D00 DO Ddooooon
000 TobermoriteDD O OO OOOOOOOOOOOO
g000O0o00DOOo0o0obooOooOOOomcaso,0C000O0O
O0OO0CODOOD00OOcaom AlOzO CasSO4E HO0
AFtODO 000000 DODODOOD CaOW Al,0s0 CaSO40
OHOmOAFMODOOODOOOODOOOOOODOODOO
goooQoOoOoQoOoOoOopoOooooooooooooo
gooo0ooo0oUOooooUoOooDooUoOoDooooc
-SHOOOcCaAoOHGOODOOOoDOOoooooooooo
gooooOoOoOoUoOoUooOoOooOooOoooooooo
goocsHOOOOOODOOOODDOOMOomo
OocaoHG OMomMoooooo
gooOoOoOoOoOoOoOoOoOoOOObOObOObOOOOo



ooooooooooo 0Omoomo

000o0o00oooooooooooooooooog
o0ooooooooooooooooooooogog
0D0D00o00oobD0oooooooooooooooog
Ocapillarypore0 000000000 O0OOOOOOOO
gbooobooobuooobuooobuoooboooo
O0000dgelporel0 00000 O0OOG SHOO
000 1lnmO0000000DOO0O0DOOOOOO0OO0
00000 @™interlayerd 0 HHO O Ca**00 0000
000o0o00oooooooooooooooooog
00 0O0transitionzoneOO OO OOD0DODOOOOOOO
0000oo0o0oooooooooobooooooog
000o0o0o0ooooooooooooooooogog
gbooobooobuooobuooobuoooboooo
0000o0o00ooooooooooboooooooog
o0oooooooooooooooooooooog
Fig.lO0OMOMOoOOooOoOOoOooooooooooo
000o0o00oooooooooooooooooog
o0ooooooooooooooooooooogog
0000oo0o0oooooooooobooooooog
00000000 oooooooo 103nmMm o0
oo0D0oooo 3nmd30pumdO0 0000000 20 um
OO0OmmOI00000D0000D00O0M00O0000
oooooooooooooooo

Om oooooooobooooooobood
0000000000000 oooooooooog
goooOoOoOoOoOoOoOoOoOoOoOoOoOoOoooooooo
gdooooOoOoOoOoOoOoOoOOoOOOOOOOOOOO
000000 ooobooooooDoboonDOododm
goooOoOo-oHOOOOOOODOOOODODODODDOO
gdooooOoOoOoOoOoOoOoOOoOOOODOOODOODOO
OOoOoOoOOOOfreewater DD O OOOOOOOOG S
-HODOODOD OO water of crystallizationdO O 0 O O
oO00ooooOoOoOopobo ceGsHOOO caoHGOOO
goooOoOoOoOoOoOoOoOoOoOoOoOoOoOoooooooo
00000 freewater[D 0 0 0 O O I bond waterO
0000000000 ONumata DO OOOO0OOO
goooCoOoOoOoOoOoOoOoUUDOoOoUUODOOd Ta
ble20000Table20 000000 O00D0OCO0ODOO
gooo@o@oooooooooooooooooo
000000 capillary water11 0 O 11 gel water[T]
0O O 00O water of crystallizationD0O OO0 OdO00O0OOOO
goooOoOoOoOoOoOoOoOoOoOoOoOoOoOoooooooo
gdooooOoOoOoOoOoOoOoOOoOOOOOOOOOOO

roomo

0.05

Cure for 1 day

Cure for 7 days
(W/C =05, 20C)

Pore Volume (mi/g)

43000
57000 |-

1 11 1

o OO0 Qo (=1
gSE8E8S
~ o< ;M N
NEELRL

L
10nm 0.1lum lpm 10pm

Fig. 1 Pore distribution in hardened ordinary portland cement
paste [7].

Table 2 Hydrogen distribution in hardened cement pastes [9].

State Percentage
Capillary water, Free water ~65%
Water of crystallization ~20%
Ca(OH)2 ~12%
OH base in C-S-H ~3%
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Fig. 2 Equilibrium water contents in hardened cement paste as
a function of humidity [10].
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Fig. 3 Intrinsic diffusion coefficient of tritiated water in cement
materials as a function of porosity [11,12].

goooo0oooooooooooooooooogo
0000o0o0oooooooooooo
O0Mmm O0ooogooood
O0000o00oooooooooooooooogd
00o0ooo00oooooooooooooooooon
godoobooooboooooooobooooboooo
00o0ooo0ooooooooooooooooon
0000000000000 0D0000D0OdOONumata
moooooooooooooogoooooo
000o0o00ooooooooooooooooon
0ooooooooooooooooooooooon
00o0oo0oooooooooooooooooooo
00o0ooo00oooooooooooooooooon
godoobooooboooooooobooooboooo
00000000oo0ooooooooDooooo Fig. 3
00 oooooooooooooooon
M"HP0mM" m¥/s0 0000000000000 000
00o0oo00oooooDmomoooooooon
0000000000000 0D0DO0O0O00dao Dela-
grave DM 00000000 O0ODOOOOOOOO
00o0ooo00oooooooooooooooooon
OO NumataOOODODODODOOoOoooooooooon
00o0ooo0ooooooooooooooooon
0000000 0D0OtransitionzoneDO OO OOOOO
Joooooooooooooooood
O0000o00oooooooooooooooog
0ooooooooooooooooooooooon
00o0oo0oooooooooooooooooooo
00o0ooo00oooooooooooooooooon



ooooooooooo 0Omoomo

gmooooobooboboboooomoobooooo
gbobooooooboobobobobooooog
gbobooooooobobobobobooooog
gbobooooooobooboboboboooooog
00000O000O0O0o00DooO00DMFig 400000
gbobooooooobobobobobooooog
gboommmoooboobobobobooooog
gbobooooooboobobobobobooooobog
gbobobooboboobooboboboobobca
OOHGOC sHOOoOHOOODOOOOODOOrRig. 400
gbobooooooobobobobobooobomog
gboboooooobobmboboboooooog
gboboooooobouobobobobooooog
gbobooobobboobobooooboOocaoHBUG S
-HOODODODoHOMOoboobooooooooooboo
goobomoooooobooooooomomoo
gbobooboooooboboboboboooooog
U0000o00b0000 Numata MM 000000
OOo"®m2/s0000000000000000000
gbobooomoobooboboboboooooog
gbobooooooboobuobobobooooog
gbobooooooobobobobobooooog
ooooooogo
gbobobooooooboboobobobooo
gboboobooooobooboboboboooooog
0000000000000 0000omPEomE®
m¥/s00000000000000000000000
gbomoooboobobobooboooomoooo
gbobobooooobouobuobobobooooog
gboboooooooboboboboboooooboog
gbobooooooboobobobobooooog
goobooooooooobomomooooooo
gbobooboooooboboboboboooooog
gbobooooooboobobobobooooog
gbobooooooobobobobobooobooog
obobooboooooooobooboobo
Um booooooobobo
gooooobbooboooooooboobobboobobooboo
gobobooooooboobobobobooooog
gbobooooooboobobobobobooobooog
gboboboooooboobobobobooooog
gbooboooooodgO0ONumataDMOOOoooooo
gbobooooooobobobobobooobooog
gboboooooooboboboboboooooog

100_....,....].--'|‘...,.'.'l....]-'--]v'rr
R L T =

% 80 [ Mortar conditions T
g | ¢ 13mmx40mm
= L WI/C =053 1
2 60 Cure for 30 days 7
g: Leaching conditions ]
- Mortar/Water f
g 40 =10g/ 100ml -
§ Leach temp.(C) Da(m?2/s) ]
s 20 70 114X1010 | ]
2 50 5.66X 1011
s | 25 2.34X10°11

0 N T T [

0 5 10 15 200 25 30 35 40
Leaching time(day)

Fig. 4 Leaching of tritium from tritium doped mortar [1]].
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