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Cementitious materials produce a hyper-alkaline pore water by reaction between cement hydrates and 
permeating groundwater in a radioactive waste repository.  A hyper-alkaline pore water can affect 
behavior of radio-nuclides and other barrier components by changing the chemical conditions in the 
repository. Groundwater can be classified as being either saline type or fresh water type.  Saline 
groundwater contains high concentrations of chloride ions, which possibly elevate the pH of cement 
pore water by reacting with hydrogarnet and producing Friedel’s salt. 

Calcium aluminate hydrates (hydrogarnet and ettringite) and portlandite, which can be found in 
hydrated ordinary Portland cement (OPC), were immersed in a sodium chloride solution, which had 
concentrations similar to those found in seawater. The pH elevation accompanied with the formation of 
Friedel’s salt from the reaction of hydrogarnet and portlandite with chloride ions was observed. This 
process could also be predicted by thermodynamic calculation. The experiments were repeated using 
hardened OPC paste to confirm the pH elevation in a real system and to assess the accuracy of the 
predicted pH elevation by thermodynamic calculation. The pH elevation in the immersion experiment of 
OPC paste in sodium chloride solution was less than that predicted by thermodynamic calculation. This 
deviation can be explained by the residual aluminum, after being partially consumed by AFt and/or 
AFm, not being wholly assigned to hydrogarnet, and a better agreement between the thermodynamic 
calculations and the experimentally measured results can be made assuming a fraction of aluminum is 
incorporated into the C-S-H gel phase. The previous idea of aluminum distribution among OPC 
hydrates was confirmed to be valid in this case by comparing experimental data with predicted values. 
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4-1. OPC TG-DTA

4-2. OPC TG-DTA
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4-3. OPC TG-DTA

4-4.  OPC DSC
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4-5. OPC DSC

4-6. OPC DSC

DDSC 

DSC
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5 EPMA C-S-H Al

1. 
OPC C-S-H Al

2. 
OPC
500 m×500 m Ca Si Al EPMA 2

Ca Si CaO/SiO2 CaO/SiO2 C-S-H
Al C-S-H Al

EPMA JXA-8100

3. 
CaO/SiO2 5-1 Al2O3 5-2

5-1 CaO/SiO2

15 kV 
5.0 × 10-8 A

0.5 m×0.5 m
1000×1000 

A (500 500 m) B (500 500 m) 
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5-2 Al2O3

500 m×500 m
CaO/SiO2

CaO/SiO2 SiO2 Ca(OH)2 AFm
CaO/SiO2  = 0.8 2.0

C-S-H
CaO/SiO2 0.02
5-3 A B CaO/SiO2 1.8

CaO/SiO2  = 0.8 2.0 C-S-H
CaO/SiO2  = 1.8 C-S-H

5-3 CaO/SiO2

A (500 500 m) B (500 500 m) 
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5-3 C-S-H
C-S-H CaO/SiO2 0.8 2.0

C-S-H CaO/SiO2  = 1.8 0.2
1.4 CaO/SiO2 2.0 Al2O3

5-4 CaO/SiO2

Al2O3 5-4 Al2O3 0.2%
5-5 Al2O3

1.6%

5-4 Al2O3 1.4 CaO/SiO2 2.0

5-5 Al2O3
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8-1 OPC TG-DTA
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1024 10-1 d
1021 10-2 c
1018 10-3 m
1015 10-6 μ
1012 10-9 n
109 10-12 p
106 10-15 f
103 10-18 a
102 10-21 z
101 da 10-24 y

SI 

SI 
min 1 min=60s

h 1h =60 min=3600 s
d 1 d=24 h=86 400 s
° 1°=( /180) rad
’ 1’=(1/60)°=( /10800) rad
” 1”=(1/60)’=( /648000) rad

ha 1ha=1hm2=104m2

L l 1L=11=1dm3=103cm3=10-3m3

t 1t=103 kg

SI SI

SI
eV 1eV=1.602 176 53(14)×10-19J
Da 1Da=1.660 538 86(28)×10-27kg
u 1u=1 Da

ua 1ua=1.495 978 706 91(6)×1011m

SI SI SI

SI 
Ci 1 Ci=3.7×1010Bq
R 1 R = 2.58×10-4C/kg

rad 1 rad=1cGy=10-2Gy
rem 1 rem=1 cSv=10-2Sv

1 =1 nT=10-9T
1 =1 fm=10-15m
1  = 200 mg = 2×10-4kg

Torr 1 Torr = (101 325/760) Pa
atm 1 atm = 101 325 Pa

1cal=4.1858J 15 4.1868J
IT 4.184J

μ  1 μ =1μm=10-6m

10 SI

cal

(a)SI

(b)
rad sr

(c) sr
(d)
(e)

(f) activity referred to a radionuclide ”radioactivity”
(g) PV,2002,70,205 CIPM 2 CI-2002

CGS SI

a amount concentration
substance concentration

SI 

Pa s m-1 kg s-1

N m m2 kg s-2

N/m kg s-2

rad/s m m-1 s-1=s-1

rad/s2 m m-1 s-2=s-2

, W/m2 kg s-3

, J/K m2 kg s-2 K-1

J/(kg K) m2 s-2 K-1

J/kg m2 s-2

W/(m K) m kg s-3 K-1

J/m3 m-1 kg s-2

V/m m kg s-3 A-1

C/m3 m-3 sA
C/m2 m-2 sA
C/m2 m-2 sA
F/m m-3 kg-1 s4 A2

H/m m kg s-2 A-2

J/mol m2 kg s-2 mol-1

, J/(mol K) m2 kg s-2 K-1 mol-1
C/kg kg-1 sA
Gy/s m2 s-3

W/sr m4 m-2 kg s-3=m2 kg s-3

W/(m2 sr) m2 m-2 kg s-3=kg s-3

kat/m3 m-3 s-1 mol

SI
SI 

m2

m3

m/s
m/s2

m-1

kg/m3

kg/m2

m3/kg
A/m2

A/m
(a) mol/m3

kg/m3

cd/m2
(b) 1
(b) 1

SI
SI

SI SI

( ) rad 1 m/m
( ) sr(c) 1 m2/m2

Hz s-1

N m kg s-2

, Pa N/m2 m-1 kg s-2

, , J N m m2 kg s-2

W J/s m2 kg s-3

, C s A
, V W/A m2 kg s-3 A-1

F C/V m-2 kg-1 s4 A2

V/A m2 kg s-3 A-2

S A/V m-2 kg-1 s3 A2

Wb Vs m2 kg s-2 A-1

T Wb/m2 kg s-2 A-1

H Wb/A m2 kg s-2 A-2

( ) K
lm cd sr(c) cd
lx lm/m2 m-2 cd
Bq s-1

, , Gy J/kg m2 s-2

, ,
, Sv J/kg m2 s-2

kat s-1 mol

SI
SI 

SI 
bar bar=0.1MPa=100kPa=105Pa

mmHg 1mmHg=133.322Pa
=0.1nm=100pm=10-10m

M=1852m
b b=100fm2=(10-12cm)2=10-28m2

kn kn=(1852/3600)m/s
Np

dB       

SI SI

m
kg
s
A
K

mol
cd

SI
SI 

SI
erg 1 erg=10-7 J
dyn 1 dyn=10-5N
P 1 P=1 dyn s cm-2=0.1Pa s
St 1 St =1cm2 s-1=10-4m2 s-1

sb 1 sb =1cd cm-2=104cd m-2

ph 1 ph=1cd sr cm-2 104lx
Gal 1 Gal =1cm s-2=10-2ms-2

Mx 1 Mx = 1G cm2=10-8Wb
G 1 G =1Mx cm-2 =10-4T
Oe 1 Oe   (103/4 )A m-1

CGS
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