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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

http://www.jaea.go.jp

319-1195 2 4
029-282-6387, Fax 029-282-5920, E-mail:ird-support@jaea.go.jp  

This report is issued irregularly by Japan Atomic Energy Agency 
Inquiries about availability and/or copyright of this report should be addressed to  
Intellectual Resources Section, Intellectual Resources Department,  
Japan Atomic Energy Agency 
2-4 Shirakata Shirane, Tokai-mura, Naka-gun, Ibaraki-ken 319-1195 Japan 
Tel +81-29-282-6387, Fax +81-29-282-5920, E-mail:ird-support@jaea.go.jp 

© Japan Atomic Energy Agency, 2009



i

JAEA-Research 2008-099 

i

�������������������������� �� ����

�������

�

������������������������������������

��� �������� �������� �������� ������� �������� �����

��� �������� ������� �������� ������ ����

�

����� � �� � �� �����

�

�������������������������������������������

��������� �����������������������������������

���������������������������������������������

������

�������������������������������������������

�������������������������������������������

����������������������������������������������

�������������������������������������������

�������������������������������������������

�������������������������������������������

������������������

� ������������������������������������������

����� ���������������������������

�

�

�

�

�

�

�

�

��������������������������������������������
���������������
������������������������ ������������ �����
����������� �������������
�������� ���
�������� ���
�������� ���
�������� ���
�������� ���
������������� ������������ ���
��������� ����
����������



ii

JAEA-Research 2008-099 

ii

Study on Systemizing Technology on Investigation and Analysis of Deep 
Underground Geological Environment, - Japanese Fiscal Year, 2007 - 

(Contract Research) 

Keiji KOJIMA*1, Yuzo OHNISHI*2, Kunio WATANABE*3, Makoto NISHIGAKI*4,
Hiroyuki TOSAKA*5, Jun SHIMADA*6, Kenji AOKI*2, Osamu TOCHIYAMA*7,

Hidekazu YOSHIDA*8, Nobuhisa OGATA and Kazuhisa NISHIO�

Tono Geoscientific Research Unit 

Geological Isolation Research and Development Directorate, Japan Atomic Energy Agency 

Akiyo-cho, Mizunami-shi, Gifu-ken 

�Received December 12, 2008�

In this year, the following studies were carried out with the aim of systemizing the technology on the 
investigation and analysis to understand the deep underground geological environment in relation to the 
radioactive waste disposal.  

(1) The study on the research and development (R&D) subjects which turned to the practical 
investigation and analysis of deep underground geological environment. 

(2) The study on the advanced technical basis for the investigation and analysis of deep underground 
geological environment.  

The results obtained from the studies are as follows:  
Regarding (1), the specific investigations, measurements and numerical and chemical analyses were 

performed particularly for research subjects: � engineering technology and � geological environment. 
Based on the results on (1), � tasks of collaboration research on intermediate area between the research 
fields, including the safety assessment field, were selected. Also redefinition of the NFC (Near Field 
Concept) were discussed. 

Regarding (2), based on the extracted tasks of JAEA (Japan Atomic Energy Agency) research project, 
the study was implemented considering previous R&D results and detailed research at the research field 
was carried out. This study contributed to the R&D development for its practical application. 

Concurrently, information exchange and discussion on the 2nd phase (the Construction Phase) of the 
MIU (Mizunami Underground Research Laboratory) research program were often held. 

Keywords: Deep Underground, Geological Environment, Geological Disposal, Near Field Concept,  

MIU (Mizunami Underground Research Laboratory), Safety Assessment 

This work was performed by the Mining and Materials Processing Institute of Japan under contract with Japan Atomic Energy Agency. 
*1 Geospace Labo, *2 Kyoto University, *3 Saitama University, *4 Okayama University, *5 The University of Tokyo,  

*6 Kumamoto University, *7 Radioactive Waste Disposal Safety Research Center, *8 Nagoya University, 

�Collaborating Engineer 
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