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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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Results of the Pilot Borehole Investigations Conducted from Bottom of Shafts  
at the Mizunami Underground Research Laboratory 
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Tono Geoscience Center, Japan Atomic Energy Agency 
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(Received November 25, 2008) 

The excavation and pumping of water from the shafts of the Mizunami Underground Research 
Laboratory (MIU) were halted in October 2005 due to the discharge water of fluoride and boron 
concentrations that exceeded the Japanese Environmental Standards for discharge into rivers. 
Numerical simulations indicate that the water inflow into the shafts would increase considerably as 
shaft sinking advances. Consequently, JAEA decided to carry out pilot borehole investigations 
from the bottom of the shafts to acquire information needed for making a dicision on the capacity 
of the water treatment facility, planning for the grouting and reconsideration of the facility design. 

Based on the pilot borehole investigations, information on the geological environment to a 
depth of around 500 mbGL is obtained and the results are summarized as follows; 
�The depths where grouting would be needed to mitigate volumes of major inflow water into the 

ventilation shaft are predicted to be around 210 mbGL in the LAFZ (Low-angled fractured zone) 
and in the fracture zone around 400-460 mbGL.  

�The planned capacity of the water treatment facility, based on 2- and 3-dimensional numerical 
simulations of inflow water volumes due to the shaft excavations, is 2,000 to 2,500 m3/day.  

�The numerical simulations indicate that grouting to drop to a 2 Lu in permeability of the LAFZ 
section will result in a significant decrease of inflow water volume. 

�The existing grouting equipment can be used at the predicted hydraulic pressures, at least to a 
depth of 500mbGL, because the expected pressures are below the maximum capacity of the 
equipment. 

�Geological and rock mechanical properties, which are needed for planning the support 
specifications for the shaft walls and for designing tunnel layouts, etc., are obtained.  

�The necessity of pilot borehole investigations in advance of shaft excavations is understood for 
detail planning of the underground facility.  
Know-how and lessons learned during the investigations are also described in this report. 

�

�: Crystalline Environmental Research Group, Geological Isolation Research and Development 
Directorate 

�

�

JAEA-Research  2008-098



iiiiii

Keywords: Mizunami Underground Laboratory (MIU) Project, Pilot Borehole Investigations, Water 
Treatment Facility, Grouting , Facility Design 
�

JAEA-Research  2008-098



This is a blank page.



v
i

�� ��

�

1. ���� ············································································································· 1 

2. �� ··················································································································· 2 

3. �� ··················································································································· 3 
3.1 ����········································································································· 3 
3.2 ���������� ······················································································· 8 

4. ���� ············································································································· 9 
4.1 ����� ····································································································· 9 
4.2 ������� ······························································································15 

4.2.1 ����···································································································15 
4.2.2 ��·········································································································17 
4.2.3 ��·········································································································19 
4.2.4 ��·········································································································19 

4.3 ������ ·································································································33 
4.3.1 ����···································································································33 
4.3.2 ��·········································································································33 
4.3.3 ��·········································································································45 
4.3.4 ��·········································································································45 

4.4 ������ ·································································································46 
4.4.1 ����···································································································46 
4.4.2 ��·········································································································49 
4.4.3 ��·········································································································53 
4.4.4 ��·········································································································56 

4.5 ������� ······························································································61 
4.5.1 ����···································································································61 
4.5.2 ��·········································································································63 
4.5.3 ��·········································································································67 
4.5.4 ��·········································································································68 

5. ���������� ··························································································70 
5.1 ������� ······························································································70 
5.2 ������ ·································································································73 

5.2.1 ������������������� ·····················································73 
5.2.2 ���������������··································································74 
5.2.3 ������������···········································································76 
5.2.4 ���······································································································78 

5.3 ����� ····································································································80 
5.3.1 �������������������� ··················································80 
5.3.2 ����������������������� ·········································80 

JAEA-Research  2008-098



vi
ii

6. ��� ···············································································································82 

�� ······················································································································84 
���� ················································································································85 

�� 1 ��������������······································································87 
�� 2 ��������� ················································································ CD-R 

JAEA-Research  2008-098



vii
iii

CONTENTS 
�

1. Introduction································································································································· 1 

2. Objectives··································································································································· 2 

3. Investigations programme ········································································································ 3 
3.1 Field surveys························································································································· 3 
3.2 Estimation of inflow rate and groundwater chemistry with depth ······································· 8 

4. Results of Field surveys ············································································································· 9 
4.1 Outline of field surveys ······································································································· 9 
4.2 Borehole drilling·················································································································· 15 

4.2.1 Methods ······················································································································· 15 
4.2.2 Results of borehole drilling ·························································································· 17 
4.2.3 Discussion on borehole drilling···················································································· 19 
4.2.4 Lessons learned from drilling work ·············································································· 19 

4.3 Geological investigations···································································································· 33 
4.3.1 Methods ······················································································································· 33 
4.3.2 Results of geological investigations············································································· 33 
4.3.3 Discussion on geological investigations ······································································ 45 
4.3.4 Lessons learned from geological investigations·························································· 45 

4.4 Hydrogeological investigations··························································································· 46
4.4.1 Methods ······················································································································· 46 
4.4.2 Results of hydrogeological investigations···································································· 49 
4.4.3 Discussion on hydrogeological investigations····························································· 53 
4.4.4 Lessons learned from hydrogeochemical investigations············································· 56 

4.5 Hydrochemical investigations····························································································· 61
4.5.1 Methods ······················································································································· 61 
4.5.2 Results of hydrochemical investigations······································································ 63 
4.5.3 Discussion on hydrochemical investigations······························································· 67 
4.5.4 Lessons learned from hydrochemical investigations··················································· 68 

5. Estimation of inflow rate and groundwater chemistry with depth ············································ 70 
5.1 Geological model················································································································ 70 
5.2 Estimation of inflow rate ····································································································· 73 

5.2.1 Theoretical model ········································································································ 73
5.2.2 2D model······················································································································ 74 
5.2.3 3D model······················································································································ 76 
5.2.4 Summary of estimation ································································································ 78 

5.3 Estimation of groundwater chemistry ················································································· 80 
5.3.1 Results based on the previous investigations ····························································· 80 
5.3.2 Estimation based on results of the pilot borehole investigations ································ 80 

JAEA-Research  2008-098



viii
iv 

6. Summary ·································································································································· 82 

Acknowledgment ·························································································································· 84 
References ··································································································································· 85 

Appendix 1: Photographs of core recovered from the pilot boreholes ········································ 87 
Appendix 2: Hydraulic test data ···························································································· CD-R

JAEA-Research  2008-098



JAEA-Research  2008-098

－ 1 －
1

�������

�

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

������������������������ 1 ��������������������

2 ���������������������� 3 �������������������

���������������

�� 15 ��������������������� 2 ����������������

� 17 � 10 ������������ 172.6m��������� 191.0m ���������

����������������������� 550m3/�����������������

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

������������������������������ 17 � 10 � 27 ������

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

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

��������������������������������� 17 � 11 � 17 ���

��������

������������� 18 � 6 ��������������� 720 m3/�������

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

����������������������������� 500m �� 6000 m3/����

1000m ��� 10000 m3/��������������������������������

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

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

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

���������������� 500m������������������������

�������������������������������������

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

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

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

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

����������

������ 18 � 6 ������������������ 11 �������������

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

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

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



JAEA-Research  2008-098

－ 2 －
2

�����

�

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

����������������

�������������

���������������

���������

������������������������������ 500m ���������

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

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

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

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

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

������������������������������



JAEA-Research  2008-098

－ 3 －
3

�����

�

���� �����

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

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

�������������������

� � �������������������� 1 ��

�������

� �������������������

� � �����

� � �����

� � ��������

����������������������������� Table 3.1 ��������

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

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

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

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

����������������������� Table 3.2 ���������������

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

���� 19 � 4 ������������������������� 18 � 10 ������

���������������������� 30m ������������������

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

������������������

� Fig. 3.1 �������Fig. 3.2 ����������������������������

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

��������������������������������������Fig. 3.3-1
�� 3.3-2���������������������������������� 06MI02 �

��06MI03 ������

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

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

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

����������������

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

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

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

��������

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

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

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

���������Fig. 3.4��
� ���������������� 10cm ����������������� m �����

������������� 10cm �����������



JAEA-Research  2008-098

－ 4 －

4

Table 3.1� Required information and planned investigations  

Drilling
monitoring

Core
description BTV Geophysical

logging
Hydraulic

test
GW sampling

/analysis
Pressure

monitoring

Plant design (prediction)
Analytical approach

K XX
H XX

Numerical approach
Fracture data XX XX

K XX
Ss XX

Infiltration
Hydrochemistry XX
Grouting plan

WCF location XX XX XX X 
WCF width X X X 

WCF connectivity X X X XX
Q X XX
P X XX

URL redesign 
Mechanical properties XX XX XX

Weak rock (fracture zone etc.) XX XX XX
XX�Direct information
X�Indirect information

Investigaitons

In
fo

rm
at

io
n 

re
qu

ire
d

Surface hydrological data

K: Hydraulic conductivity
H: Hydraulic head
Ss: Specific storage
Q: Volume of water inflow
P: Inflow pressure

�

Table 3.2� Objectives and specification for each investigations 

Borehole drilling
>Full core recovery to obtain information on geological environment, and
to provide a suitable borehole for downhole investigations
>Identification of faults and water-conducting features (WCF) l

>Borehole length would be about 330-340m to reach over 500mbgl (from
180mbGL in the Main shaft and from 191mbGL in the Ventilation shaft)
>Borehole diameter - PQ (123mm) to permit downsizing in case of borehole
collapse.
>Calliper logging, deviation logging, hydrotesting and groundwater sampling
after drilling each 30m interval.
>Monitoring any loss of drilling fluid volume
>Monitoring of drilling parameters (drilling rate, depth, bit revolution, torque,
electric conductivity and pH of drilling fluid etc.)
*mbgl - metres below ground level

Core logging >Identificaiton of faults, WCFs,  Upper highly fractured domain (UHFD)
and Low-angle fractured zone (LAFZ) etc.

>Logging entire borehole length (exept for 5m from the casing part on top)
>Based on the JAEA core logging mannual

Borehole TV > Obtain fracture depth and orientations. >Survey of entire borehole length (exept for 5m of casing at the top)

Geophysical logging >Obtain geophysical properties of each structural unit
>Logging full borehole length (exept for 5m of casing at top)�Calliper,
electrical, density, neutron, spectral gamma, sonic, temperature and
deviation)

Hydraulic testing >Obtain hydrogeological properties of each structural unit

>Number of tests: 15 test sections (11 sections tested after drilling each 30m
interval and 4 test sections after drilling, for major WCFs)
>Test interval changed if  a major inflow feature intersected during drilling.
>Pulse, constant head or constant rate test  selected based on inflow rate
>Applying JAEA hydrotesting tool

�����������
�����������������

>Obtain hydrochemical  profile

>11 sampling sections in conbination with hydrotesting
>Major and trace elements, elements for environmental standards, isotopes,
organics/microbes/colloids for analysis
>Physico-chemical parameters of returned drilling fluid

Investigation Objectives Specifications and rationale (for each borehole)

* WCF�Water-conducting features 

*



JAEA-Research  2008-098

－ 5 －
5

Fig. 3.1� Location of the shafts 

�

Fig. 3.2� MIU shafts with Pilot Boreholes 

Major fault detected by 
previous investigations  
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Fig. 3.3-1� Investigation program for 06MI02 borehole in the Main shaft 
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Fig. 3.3-2�  Investigation program for 06MI03 borehole in the Ventilation shaft 
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FC Leader Sub leader Construction Borehole
drilling Hydrogeology Hydrochemistry Enginnering

Safety management
Decision making for
construction schedule
and revision of
technical specifications

Mnagement of
entire investigation Support leader

Coordination with
construction

schedule

QC/QA for
borehole drilling

QC/QA for core
description  and
BTV

QC/QA for
geophysical

logging

QC/QA for
hydrotesting

QC/QA for
groundwater
sampling and

analysis

Data evaluation
from the facility
construction point
of view

FC CER FC CER CER CER CER CER CEE

Facility Construction Section (FC), Crystalline Environment Research Gr.(CER) and Crystalline Environment EngineeringGr.(CEE)

JV (Joint Venture)

Geology

Pilot borehole investigation team

Planning and evaluation of the pilot borehole investigaitons, and  feedback to facility design, grouting planning etc.

Information exchange etc.

Daily reporting and discussion of the field investigation results

Information
exchange

Negotiation and
direction

Fig. 3.4� Organization control for the promotion of pilot borehole investigations 

���� �����������

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

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

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

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

�������

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

������������� 500m��������������������������

�������������

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

��������������������������

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

�����������

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

������������������������������������ 500m����

�����������������

Facility Construction Section (FC), Crystalline Environmental Research Gr. (CER) and Crystalline Environmental Engineering Gr. (CEE) 

Planning and evaluation of the pilot borehole investigations, and feedback to facility design, grouting planning etc. 
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�� �����

�

���� ������

� ������������������������������� 180m��������

191m�������� 18 � 6 ����������������� 7 ������������

�� 10 ���11 ���������Table 4.1.1�Fig. 4.1.1-1 �� 4.1.1-2 ���������

������

Table 4.1.1� Outline of Borehole Investigations 

06MI02 Borehole (Main shaft) 06MI03 Borehole (Ventilation shaft)

Location Bottom of shaft : 180mbGL
�X�69,007.38�Y�6,451.41�Z�20.90�

Bottom of shaft : 191mbGL
�X�69,037.62�Y�6,426.41�Z�9.90�

Inclination of borehole

Maximum deviation of boreholes
from the collar 3.44m north, 1.25m  west 0.83 south, 0.51m east

Drilling length 348mabh*�180�528mbGL� 335mabh�191�526mbGL�

Borehole diameter

Coring length 6.09�348mabh�186.9�528mbGL� 6.0�335mabh�197�526mbGL�

Drilling fluid

Fresh water tagged with Amino G. acid
(5mg/L)�0�29.7mabh�180�209.7mbGL and
305.7�328.2mbGL�
Drilling mud tagged with Amino G. acid
(5mg/L)������� above intervals�

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

������������������������

������������������������� Borehole TV and Borehole Televiewer Borehole TV

�������������������

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

��������������� 12 intervals 15 intervals

�������������������� 2 intervals 9 intervals

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

X-Y callipere, Electrical (Spontaneous potential, Resistivity and Micro resistivity), Density,
Neutron, Natural gamma, Spectral gamma, Acoustic, Deviation and PS well logging

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

Drilling diameter�123mm�Core diameter��83.1mm (PQ size)

Vertical

06MI02 ���������������������������������������

������������� 180�210m �� 306�328m �����������������

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

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

500m ����������������������������������������

���������������� 2 �������

� ���06MI03 ����������������������������06MI02 ���

��������������������� 209m ������ 300�/����������

����������������������������� 344m �����������

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

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

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

������ 30m �����������������������������������

����������������������������������������� 1 �

������
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����

����

����

����

����

����

����

���

���

���

���

���

���

��

June

�����

NovemberJuly August September October

Actual progress
JAEA's progress target

Commence  2nd stage drilling �GL-186m��

No.1 hydrotesting�BTV and Cementing

No.2 hydrotesting and Cementing

Drilling -using mud

Rods stuck at GL-270.3m

Recovery of stuck rods�7/28 - 8/3
No.3 hydrotesting and BHTV�8/4 - 6
Cementing�8/7 - �Temporary halt due to elevator trouble �8/8 - 10� -
8/12
Re-cementing �8/13 - 14
Reaming �7-5/8 "��8/15 - 18
Geophysical logging�8/19
Installation 6 "casing (GL-186�269.9m)�8/20 - 22

No.4 hydrotesting, Reaming �5-5/8 "�,BTV�
BHTV, and Cementing

Drilling using fresh water�GL-305.7�328.2m�

Cementing for stabilization of borehole wall
Change to drilling mud due to weak rock mass

Geophysical logging
No.5 and 6 hydrotesting
Reaming and installation of 5"
casing (GL-270.3�391.8m)

Geophysical logging
No.7�12 hydrotesting

Installation of 4" casing for other activities
(GL-390.0�528m)
*other purposes

Sealing of borehole and
removal of drilling

equipment from the shaft

End of all drilling
activity

Completion of all survey work

Installation and setup of
drilling equipment from June 8th

Planned completion
of all work

��������������������������������

Setup of circulation system and
pressure test of casing

Fig. 4.1.1-1� Actual Activities and Progress of the 06MI02 Borehole Investigations (Main Shaft)�

　　　　　　　　　　　　　－ 11 ～ 12 － 
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-491

-541

-441

-391

-341

-291

-241

350

300

250

200

150

100

50

0-191
OctoberJune July August September

1st stage drilling �GL-191�197m�

Actual progress

JAEA's progress target

Setup of circulation system
and pressure test of casing

Commence 2nd stage drilling �GL197m��

No.1 hydrotesting

No.2 hydrotesting

No.3, No.4, & No.5 hydrotesting, BTV and
Geophysical logging

Grouting to to prevent groundwater inflow

No.6 and 7 hydrotesting

Geophysical logging
No.8�a-4 hydrotesting

Completion of all
survey work

Install drilling equipment starting June
27th

End of all activities
Planned completion of drilling

activities

Sealing of borehole and
removal of drilling equipment

from the shaft

Fig. 4.1.1-2�  Actual Activities and Progress of the 06MI02 Borehole Investigations (Main Shaft) 

　　　　　　　　　　　　　－ 13 ～ 14 － 
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���� ��������

������ �����

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

������������������������������ 6m � 8�6 �������

����������������������������������� 30m ������

���������������������

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

�����������������������������������PQ �����

123mm���� 83mm��������������������������������

�������������

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

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

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

��

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

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

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

������

����������

� ��������������������������� 50m �������������

����������� 180�190m ��������������������������

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

����������������������������������720m3/������

�������� 550m3/����������������������������� 2 �

���������� 170m3/��� 120m�/�����������������������

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

�����������������BOP�Blow Out Preventer��Fig. 4.2.1��������

����������������������Fig. 4.2.1��BOP �������������

�������� 500m �����������5MPa ������

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

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

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

����Fig. 4.2.1��
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Fig. 4.2.1� Special drilling equipment for artesian conditions 

������������������������

� ���������������������� 6.5m����� 4.5m����������

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

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

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

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

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

�����������������Fig. 4.2.2����������������������

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

������������������

�

BOP 
By suppressing fluid loss 
through the annulus by 
tightening the preventer (p), 
it is possible to continue 
drilling. When drilling is 
halted, for work such as 
removal of drill rods, closing 
the shut-down valve (V) 
prevents loss of drilling fluid. 

Sealing box 
it is possible to maintain water 
supply pressure, because 
sealing box is water tight.  

Over shot and inner head have 
ring (red color) in order to use 
the supply pressure which is 
higher than the return 
pressure, making it possible to 
set the inner tube to the top of 
drilling bit. 

Over shot 

p

v

Inner head 

Inner tube 
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Fig. 4.2.2� Conceptual layout of facilities for the pilot borehole investigations  

������ ���

� Fig. 4.2.3-1 �� 4.2.3-2 � 06MI02 ��� 06MI03 �������������������

���������Fig. 4.2.4-1 �� 4.2.4-2 ����������������

��������� ��������

��������

� 06MI02 ����������������������� 193m �� 270m��� 327m �

� 401m �������������������������������� CL �����

�������� 4.3 ���������������������������� 210m ���

�������������������� 270m ��������������������

�������������� 30m �������� 305m ���������������

�� 327m ��������������������������������������

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

������������������ 390m ���6 ������ 5 ���� 2 ������

������������Fig. 4.2.3-1���� 270m �� 330m ������� 5 ������

��������������� 500m ���������������� 388m ������

� 4 �����������������������������������������

�������������������

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

Working cage for transport 
of drilling materials. 

The scaffold is fixed immediately 
above the drilling tower to use as 
storage space of drilling work.  

A drilling tower, instead of using a 
rig style, is constructed for the pilot 
borehole investigations to make 
use of the multistage platform. 
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�������������������������������������������
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Fig. 4.2.3-1� Overview of the 06MI02 borehole drilling (Main Shaft)  

Falling objects  
Removal  

29.7
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Fig. 4.2.3-2�  Overview of the 06MI03 borehole drilling (Ventilation Shaft)

　　　　　　　　　　　　　－ 23 ～ 24 － 
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Table 4.2.1� Trouble and countermeasure of pilot borehole investigations 

 Details Assessment

�Difficulty of installing drilling rods, core loss and jamming of rods below approx. 193 mbgl1

(13 mabh) was due to poor rock quality and strong alteration to clay.
�PB was drilled to approx. 200 mbgl (20 mabh), then hydrotesting and BTV investigation of
drilled section were performed.
�BTV: It was impossible to install BTV to a deeper depth than approx. 193 mbgl (13 mabh)�
and good images could not be obtained due to turbidity of borehole water.

�Significant structural boundaries were identified in core in the interval to approx. 192
mbgl. To obtain information on boundary counditions, BTV investigations were attempted
6 times, unsuccessfully.    .
�The 7th BTV survey was successful because flocculant added was able to reduce
turbidity and thus information could be obtained on the structural boundary conditions in
the borehole.

� Because of the lack of important information on the structural conditions, it was
important to persevere, despite the uncommon number of unsuccessful attempts at
perfoming the BTV surveying. Ultimately, success of the surveying was due to good
exchange of ideas and team work on the part of JAEA and the JV staff.

�To avoid discontinuation of the drilling due to  borehole collapse, cementing the borehole to
a depth of approx. 200 mbgl (20 mabh) was planned to stabilize the borehole wall. However,
the need to prevent borehole deviation during re-drilling through the cemented section was
considered critically important.

�To prevent drill rod bending leading to borehole deviation during re-drilling, HQ drill rods
were cemented into the borehole as guide rods. Then, overcoring with PQ rods through
the cement was`successful and borehole deviation out of the intended PB orientation was
prevented.  This technique was  recommended by the JV staff.
� The same method was applied for cementing operations at a deeper depths.

�It was appropriate to focus on avoiding difficulties  due to flexure or bending of drill rods
leading to potential borehole deviation.  Agreement was unanimous between JAEA and the
JV contractor that drill rod flexure and borehole deviation should be completely avoided.

�Even though  drilling was successful to approx. 210 mbgl (30 mabh), repeat flushing was
necessary due to the bad condition of the borehole wall.

�To prevent jamming of test equipment and decreased core recovery due to borehole
collapse leading to schedule delays, borehole protection measures such as using drilling
mud and installing casing were implemented, until the PB  passed through weak rock
mass where problems might occur. Important points considered are as follows:
�Because low permeability was expected in the weak rock mass, there is reduced
chance of groundwater sampling.
�Regarding hydrotesting, analysis based on skin effect was used.
�BTV was a low-priority due to the expected low permeabilty.

�This was a basic method for borehole protection deeper than 210 mbgl (30 mabh)
� Installing casing was the preferred option for basic well protection.  Necessity for
establishment of a casing program to deal with relevant problems was presented.

�While work was suspended and the casing was empty at a depth of approx. 270 mbgl
(approx. 90 mabh), pumping pressure went from 0.1 to 7.6MPa,  resulting in jammed drill
rods .
�Attempts to hoist the rods to a depth of approx. 255 mbgl (75 mabh) were unsuccessful
due to hoist breakdown and therefore, the attempt to free the rods using the hoist alone was
abandoned.

�Using a vibrator to free the rods was also unsuccessful.
�Sinking larger diameter rods (NL140�external diameter 140mm�internal diameter
123mm�in the annulus between the borehole wall and the stuck rods (external diameter
114mm� successfully freed the stuck rods. One week was required for the procedure.

�Even though the following information was obtained:  the viscosity of the drilling mud
used for the drilling went up to 35 (average 30),  the pumping pressure also went up ,
which means the drilling slime increased at a deph of approx. 260 mbgl. This information
needs to be more effectively applied to prevent risks during drilling.
�There was inadequate supervision of procedures. Rods were left inside the borehole
without proper monitoring, a rudimentary management mistake.
�To avoid increasing the amount of drilling slime while drilling, activity focused on the
above mentioned and aggressively purge the drilling water to remove the slime were
performed

�Work was frequently halted  because of  large water inflows (over several hundred
litres/min)  at a depth around 209 mbgl (19 mabh).

�Special drilling equipment for artesian conditions had been installed; however, drillers
were not experienced in its use. An experienced resercher gave instructions on correct
use.
�To reduce the inflow as much as possible and to enhance workability, cementing to
control water inflow was performed.

�There were only a limited number of reserchers experienced with drilling under artesian
conditions, therefore an instruction manual for drilling under such water inflow conditions
should be established.
�Important technical know-how on cementing to control water inflow was obtained (see
text)

�Rock mass was harder than expected and the drill bit was not compatible to conditions
resulting in decreased drilling rate.

�Two weeks were spent testing drill bits with a variety of matrix materials and the most
suitable bit was selected.
�Increased  drilling rate was achieved using a softer matrix material. Increased friction on
the matrix shortened the bit life.

�To minimize the impact on the project schedule, field testing of bits and improvement
of the bits based on the field testing are required. Cooperation with the bit manufacturer is
the most important factor.

Note 1. All depths mean depth below ground level or mbgl, whereas depth given as mabh mean metres along the pilot borehole measured from the borehole collar.

Major problems
Countermeasures taken
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Table 4.3.1 �����������

Table 4.3.1� Planned and actual geological investigations 

Acquired information 06MI02 borehole�Main shaft� 06MI03 borehole�Ventilation shaft�

General geological information

�Major core loss intervals ( > 30cm)
196.9�197.6m�203.9�204.2m�209.4�
209.7�303.1�304.0m�333.7�334.2m�
409.6�410.7m

�Major core loss intervals (> 30cm)
None

Lithological, mineralogical and
geochemical characteristics

Strike & dip of significant
structural features

�Borehole TV
186�192m�238�271m
�Borehole televiewer*
186�268m�270�297m�295�390m�
390�416m�425�454m�464�524m

�Borehole TV
197�344m�321�419m�411�526m

X-Y calliper Borehole diameter 186�268m�270�390m�390�417m 197�526m

Electrical (Spontaneous potential,
Resistivity and Micro resistivity)

186�268m�270�390m�390�419m�
425�454m�464�527m 197�349m(**)�197�526m

Density 186�268m�270�390m�390�417m�
425�454m�464�527m 197�526m

Neutron 186�268m�270�390m�390�417m�
425�355m�464�527m 197�526m

Natural gamma 186�268m�270�390m�390�417m�
425�453m�464�525m 197�526m

Spectral gamma 186�459m�380�523m 197�526m

Acoustic
186�265m�270�384m�390�414m�
425�451m�464�523m 197�523m

Deviation Borehole trace 186�268m�270�390m�390�417m�
425�453m�464�525m

197�526m

PS well logging Petrophysical properties of rock
mass

186�260m�270�385m�390�419m�
424�450m�464�520m

197�521m

**�Before partial cementing

*�Borehole televiewer survets were carried out instead of borehole TV due to turbid
   water derived from clayey rock mass

Borehole TV, borehole televiewer and geophysical logging in the Main shaft were carried
out several times during borehole investigations, because repetition of drilling and
borehole protection such as cementing or installlation of drill rod was necessary due to
clayey rock mass

Planned investigations Actual investigations

Systematic sampling and testing (XRD, XRF, petrophysical tests., etc.,) are carried out
(results of evaluations will be provided later)

Core description

Rock/mineral samples for laboratory
work

Method

Borehole TV

Petrophysical properties of rock
mass
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� 06MI02 ��������������������������������������

������������������������������������BTV�����

�������������������BHTV����������������������

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

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

������

� 06MI03 ��������������������������������������

����

������ ����

� Fig. 4.3.1-1-1 �� 4.3.1-2-1 � 06MI02 ���� 06MI03 ����������BTV ����

��������������Fig.4.3.1-1-2 �� 4.3.1-2-2 ����������������

��������������

surveys 
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������

� 06MI02 �����������������������

� ��������� 270�330m �� 430m ����������������������

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

����������������������

� �������������������� m ���� m ���������������

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

���������������������������������� SiO2 �� 45%��

�����������������������������������

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

��� 259m ������������������������

������

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

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

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

� 270�330m ���� 430m ������������������������������

������

� Table 4.3.2 ���������������������������������

(a)���

� ��������������������������� 1)���������� 193�
270m��327�401m�������������2�����������Fig. 4.3.1-1-1,2��
������������������������������������������ 193
�270m ���������������������������������������

��������������������� BTV �� BHTV ��������������

���������� 80 ������������������������������ 60
���������

� ����� 450m ����������������������������������

��������� mm ������������������1cm ������������

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

����������������������������

�����������

� ������������������Upper Highly Fractured Domain�����UHFD��

����������������Low-Angle Fractured Zone�����LAFZ��2)������

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

��������

����������

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

�� 510m ����������������������������� 490m ������

������������������������� 500m ���������������

�������������������������

��������

� �������������� 3)�����������������06MI02 ����CM �
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�������������������������� CL ����������������

D ���������������������������������

Table 4.3.2� Predicted and actual depths of the structural domains  

Actual depth
 (mbGL)

Predicted depth
 (mbGL)

Actual depth
 (mbGL)

Predicted depth
(mbGL)

Upper highly fractured domain (UHFD) 201�496 191 (T.O.B)�456 191�456

Low-angle fractured zone (LAFZ) 214�245 198�247 202�228

Lower sparsely fractured domain (LSFD) 496� 456� 456�

F146.60 Fault N.A. 180(T.O.B.)�201* - unexpected

IF_SB3_02 Fault N.A. 503�520 - unexpected

IF_SB3_13_2 Fault - unexpected N.A. 456�521

Fault at Main Shaft
(@192.76�270.60mbGL)

192.67�270.60 unexpected - unexpected

Fault at Main Shaft
(@326.80�401.46mbGL)

326.80�401.46 unexpected - unexpected

*�Area of Damage zone

The three domains could
not been distinctly
identif ied  based on the
existing def inition (ie
degree of  f racture
f requency  of  low angle
f ractures ) due to the
strong alteration

06MI03 Borehole (Vent. Shaft)
Structural  Domain

06MI02 Borehole (Main Shaft)

��������� ���������

������

� 06MI03 �����������������06MI02 �����������������

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

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

������

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

� 290�310m ������������������������������������

�����������

������

�������

� ������������������������� 1)������ 300m �������

� m ����������������������������������������

�����������

� 06MI03 ��� BTV ������������������������� UHFD ��

LAFZ ���� Table 4.3.2 �������������������������������

������ LAFZ ������������������ 300�/�������������

�����BTV ��������������������������c�����

����������

� ���������������� 209m ������ 300�/��������������

������� 410�440m ������������������������������

������������������������������������4.4 �����
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� ��������� MIZ-1 ��� DH-2 ����������������������� 4)�

��������������� 209m �������������������������

�������������������������������Photo 4.3.1 �������

����������������������

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

� � ������ 209.3m �������

� ��������������������������

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

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

� ������ 410�440m ������������������������������

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

���������������������� 209m ������������������

�����������������

Photo 4.3.1� Borehole TV images (left) and core photos (right) of 06MI03 borehole 

��������

� ������������ 290�310m �������� CM ������������CH
�������������

mbGL 208�209m  mbGL 209�210m mbGL 213�214m 

Fractures showed by red colored circles are considered as water inflow points 
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Fig. 4.3.1-1-1� Overview of the 06MI02 borehole geological investigations 
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Fig. 4.3.1-1-2�  Overview of the 06MI02 borehole geophysical investigations 
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Fig. 4.3.1-2-1�  Overview of the 06MI03 borehole geological investigations 
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Fig. 4.3.1-2-2�  Overview of the 06MI02 borehole geophysical investigations 
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Fig. 4.4.1� Schematic view of hydraulic testing system 
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�� Table4.4.1 ���������

������������PW��������SW,SWS�
�����������PI,SI�
������������ 30�/������������HW, HWS����������RW, 

RWS�
Table 4.4.1 Abbreviated test name and contents 

Abbreviated  
test name Contents 

INF Packer Inflation 

PSR Static Pressure Recovery (shut-in) 

PW Pulse Withdrawal 

PI Pulse Injection 

SI Slug Injection 

SW Slug Withdrawal 

SWS Pressure Recovery after Slug Withdrawal (shut-in) 

HW Constant Head Withdrawal 

HWS Pressure Recovery after Constant Head Withdrawal (shut-in) 

HWR Pressure Recovery after Constant Head Withdrawal 

DEF Packer Deflation 

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

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

����������� m �������������������������������

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

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

������������������������

��, ��������� 0.1MPa ��������������������������

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

���,����������������������������������������

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

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

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

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

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

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

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

�����������������

� �������������������������������Derivative plot����

����������������������������������������Infinite 
acting radial flow�IARF�������������������������������

�������������������������������������� Table 
4.4.2-1 ��� 4.4.2-2 ����
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Table 4.4.2-1� Test sequence of 06MI02 borehole 

Test No. Test interval depth
�mbGL� Test sequence 

1 186.0�199.6 PSR-PI 

2 199.6�209.6 PSR-SW-SWS-(HW-HWR) 

3 197.5�270.3 INF-PSR-SW-SWS-DEF 

4 270.3�305.7 
INF-PSR-Pumping-PSR2(HWS) 

-SW/SWS-PW1-PW2-DEF 
5 305.7�321.9 INF-PSR-PW1-PW2-DEF 

6 322.8�391.8 INF-PSR-SW-SWS-PW-DEF 

7 391.8�406.1 INF-PSR-PW-cessation 

8 391.8�528.0 INF-PSR-PW1-HW-HWS-PW2-DEF 

9 424.8�443.1 INF-PSR-PW1-SW-SWS-PW2-DEF 

10 424.8�528.0 INF-PSR-PW1-HW-HWS-PW2-DEF 

11 479.3�500.1 INF-PSR-HW-HWS-PW-DEF 

12 501.0�528.0 INF-PSR-PW1_3-HW-HWS-DEF 

Table 4.4.2-2� Test sequence of 06MI03 borehole 

Test No. Test interval depth
�mbGL� Test sequence 

1 197.0�228.0 INF-PSR-RW-RWS-DEF 

2 230.2�268.0 INF-PSR-HW-HWS-DEF 

3 261.2�288.0 INF-PSR-HW-HWS-DEF 

4 288.2�315.0 INF-PSR-HW-HWS-HW-HWS-DEF 

5 315.7�343.9 INF-PSR-HW-HWS-DEF 

6 342.5�377.8 INF-PSR-PW1-HW-HWS-PW2-DEF 

7 377.8�419.0 INF-PSR-PW1-RW-RWS-PW2-DEF 

8 417.3�452.7 INF-PSR-PW1-RW-RWS-DEF 

8-2 404.5�460.9 INF-PSR-PW1-RW-RWS-PW2-DEF 

9 451.6�487.0 INF-PSR-PW1-HW-HWS-PW2-DEF 

10 486.6�526.1 INF-PSR-PW1-HW-HWS-PW2-DEF 

a-1 402.0�414.4 INF-PSR-PW1-RW-RWS-PW2-DEF 

a-2 417.2�429.5 INF-PSR-PW1-HW-HWS-PW2-DEF 

a-3 430.5�442.9 INF-PSR-PW1-RW-RWS-PW2-DEF 

a-4 448.2�460.5 INF-PSR-PW1-HW-HWS-PW2-DEF 

�

� 06MI02��������� 12����������������������������

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

������������������������������� 70�130m�������

�������������������������������������� 500m��

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

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

��������No.7������������������������������No.1�
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No.2�����������������������������������������

������������������������������� BOP ���������

���
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������������������ No.1�No.7�No.8�No.8-2�a-1�a-3 �������

�������������������������������� No.6 ��������

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

�������PW����������No.8����������������������

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

������������ No.8-2���������������No.8����������

��������No.1���������������������������������

����������������������� BOP �����������������

������

�

������ ���

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

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

��������� ��������
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��������������������������������� 390m�����”No.2”
�”No.3”�������� 425m��� 464m����������������������

����������������� 510m�����������������������

����������� 510m����������������������������

��������������������������������������� Hvorslev
���� Cooper ���������� Jacob-Lohman ������������������

������������������������������������ Agarwal���

����������������No.1�No.4����� 186�306m�����������

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

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

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

430m ���������������� 430m ���������������������

��������������������

� ������������������������������� No.1 ����� 186�
200m������������ 160mbgl ������������ No.12 ����� 501�
528m��������������������� 70mbgl�����������

� ���No.1 ����� 186�200m��������������������������

���������������������������������2.2m��������

Fig. 4.4.2 Result of temperature and X-Y calliper logging (06MI02 borehole) 
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Table 4.4.3� Result of hydraulic tests (06MI02 borehole) 

Fig. 4.4.3� Results of hydraulic tests (06MI02 borehole) 
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(a) Before cementing� � � � � � � � � � � � � � (b) After cementing 

Fig. 4.4.4� Results of electro-magnetic flow meter logging (06MI03 borehole) 

Table 4.4.4� Result of hydraulic tests (06MI03 borehole) 

Drilling campaign No.8 is Referential data 

Cementing zone 
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Fig. 4.4.5� Result of the hydraulic tests (06MI03) 

Table 4.4.5 Compressibility of 06MI03 borehole�

Test No. 
Compressibility(m3/Pa) 

Theoretical compressibility(m3/Pa) 
Before testing After testing 

6 8.16×10-10 7.49×10-10 2.71×10-10

7 6.93×10-9 8.49×10-9 3.12×10-10 

8 2.19×10-9 - 3.05×10-10 

8-2 1.27×10-8 7.59×10-9 4.10×10-10 

9 7.29×10-10 7.34×10-10 3.20×10-10 

10 1.10×10-9 1.53×10-9 3.51×10-10 

a-1 1.85×10-9 1.58×10-9 1.76×10-10 

a-2 6.62×10-10 3.05×10-10 1.83×10-10 

a-3 2.57×10-9 2.17×10-9 1.88×10-10 

a-4 6.42×10-10 4.77×10-10 1.96×10-10 
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Fig. 4.4.6-1� Monitoring results around MIU site (MSB-1 borehole) 

� � Fig. 4.4.6-2� Monitoring results around MIU site (05ME-06 borehole) 
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������������������������������ ����������������������� �

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

����������������������������

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

� � Fig. 4.4.6-3� Monitoring results around MIU site (MSB-3 borehole) 

� � Fig. 4.4.6-4� Monitoring results around MIU site (DH-2 borehole) 
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Fig. 4.4.7-1� Overview of the 06MI02 borehole hydrogeological and hydrogeochemical investigations 
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Fig. 4.4.7-�� Overview of the 06MI03 borehole hydrogeological and hydrogeochemical investigations 
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Table 4.5.1 groundwater and dissolved gasses sampling interval in 06MI02 borehole 

Top Bottom Top Bottom
1 6.0 19.6 186.0 199.6
2 19.6 29.6 199.6 209.6
3 17.5 90.3 197.5 270.3
4 90.3 125.7 270.3 305.7
5 125.7 141.9 305.7 321.9
6 142.8 211.8 322.8 391.8
8 211.8 348.0 391.8 528.0
9 244.8 263.1 424.8 443.1

10 244.8 348.0 424.8 528.0
11 299.3 320.1 479.3 500.1 � �
12 321.0 348.0 501.0 528.0 � �

Intervals Depth (mabh) Depth (mbGL) Groundwater sampling
and analysis

Dissolved gas
sampling and

Table 4.5.2 groundwater and dissolved gasses sampling interval in 06MI03 borehole 

Top Bottom Top Bottom
1 6.0 16.8 197.0 207.8 × ×
2 39.2 77.0 230.2 268.0 × ×
3 70.2 97.0 261.2 288.0 × ×
4 97.2 124.0 288.2 315.0 × ×
5 124.7 152.9 315.7 343.9
6 151.5 186.8 342.5 377.8 × ×
7 186.8 228.0 377.8 419.0 × ×

8-2 213.5 269.9 404.5 460.9 × ×
9 260.2 296.0 451.2 487.0 × ×

10 295.6 335.0 486.6 526.1 × ×

Dissolved gas
sampling and

Intervals Depth (mabh) Depth (mbGL) Groundwater sampling
and analysis
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Fig 4.5.3� Variations in groundwater chemistry with depth 

Table 4.5.5 Isotopic composition of groundwater 
d18OSMOW dDSMOW H3

Top Bottom Top Bottom ‰ ‰ T.U.
1 6.0 16.8 197.0 207.8 -8.8 -57.8 0.4±0.2
2 39.2 77.0 230.2 268.0 -8.8 -58.8 0.6±0.2
3 70.2 97.0 261.2 288.0 -9.5 -60.6 N.D.
4 97.2 124.0 288.2 315.0 -9.5 -63.6 N.D.
6 151.5 186.8 342.5 377.8 -9.4 -63.1 N.D.
7 186.8 228.0 377.8 419.0 -9.4 -60.7 0.5±0.2

8-2 213.5 269.9 404.5 460.9 -9.4 -62.2 N.D.
9 260.2 296.0 451.2 487.0 -9.3 -62.6 0.7±0.2

10 295.6 335.0 486.6 526.1 -9.5 -61.5 N.D.

Interval Depth (mabh) Depth (mbGL)
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Fig. 4.5.4 Hydrogen and Oxygen stable isotopes 

Fig. 4.5.5� Oxygen, hydrogen and Tritium isotope plot with depth 
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Table� 4.5.6 Dissolved gas composition 
N2 CH4 H2 O2 CO CO2 He Ar H2S others

Top Bottom Top Bottom % % % % % % % % % %
1 6.0 16.8 197.0 207.8 N.M. N.M. N.M. N.M. N.M. N.M. N.M. N.M. N.M. N.M.
2 39.2 77.0 230.2 268.0 77.5 5.2 <0.01 16.5 <0.0001 0.06 0.1 0.9 <0.00002 -0.3
3 70.2 97.0 261.2 288.0 N.M. N.M. N.M. N.M. N.M. N.M. N.M. N.M. N.M. N.M.
4 97.2 124.0 288.2 315.0 N.M. N.M. N.M. N.M. N.M. N.M. N.M. N.M. N.M. N.M.
6 151.5 186.8 342.5 377.8 N.M. N.M. N.M. N.M. N.M. N.M. N.M. N.M. N.M. N.M.
7 186.8 228.0 377.8 419.0 76.1 21.3 <0.01 1.3 <0.0001 0.07 0.2 0.6 <0.00002 0.4

8-2 213.5 269.9 404.5 460.9 76.3 21.3 <0.01 2.0 <0.0001 0.08 0.2 0.6 <0.00002 -0.5
9 260.2 296.0 451.2 487.0 75.8 21.4 <0.01 2.2 <0.0001 0.06 0.2 0.6 <0.00002 -0.3

10 295.6 335.0 486.6 526.1 77.5 11.5 <0.01 10.8 <0.0001 0.2 0.03 0.7 <0.00002 -0.7

Intervals Depth (mabh) Depth (mbGL)
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�

Fig. 4.5.6 Comparison of result between initial analysis and reanalysis 
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�� Results of initial analysis 
�� Results of reanalysis 
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���� ��������

� �������������������� 180m�������� 191m��������

����������������������������������� 3 �������

������Fig. 5.1.1����������������������� 1 ���������

�������������������������������� 10)�

Fig. 5.1.1� Fault distributions based on the results prior to the pilot borehole investigations 

� �����������������1) ����������������������

F134.40 ������������������2) �����������������

F146.60 ���������������������������������������

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

�������������������������������������� Fig. 5.1.2

IF_SB3_02 

IF_SB3_02_2 

F9.14 
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� ������������������������������������������

�������������Fig. 5.1.2 �������� CL ����������������
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���������Fig. 5.2.1��

Fig. 5.2.1� Estimated Inflow rate from each interval  
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Fig. 5.2.2� Hydrogeological model (2D_Axisymmetric model)

Fig. 5.2.3� Results of analysis in no grouting case (2D_Axisymmetric model) 
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Fig. 5.2.4� Results of sensitivity analysis (2D_ Axisymmetric model) 
�

������ �������������

������������

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

����������������� 9km ���� 14)������������������

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

����������������Fig.5.1.2 ������� 12)�Fig. 5.2.5 ���������

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

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

����������������������������Nested Model������ 11)�

(���������������

� ������������������������������������UHFD�LSFD
�������������������������������������������

����� 3km �����������������������������������

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

LAFZ ������������� 1 ��������������������IF_SB0_01�
IF_SB3_15_2�P500_MIZ1FZ06�P500_06MI02_2 ������� 180����������

���������������Shaft180_SB3_02_2 �����������

� �����������������1������� 15)�����������������

���������������

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

�06MI02_1_top�06MI02_1_bottom�06MI02_2�Pilot500_F14660 �����������

������������������������������������������ 1
������������������������������Pilot500_SB3_02�
Pilot500_SB3_13_2�Shaft180_SB3_02_2������������������������

�����������Fig. 5.2.6 ��������������������������



JAEA-Research  2008-098

－ 77 －61 

��������

� ������������������������� 80.5mm/�������������

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

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

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

����������������� 16)��� 0 ���������������������

������������������������������� 0.2 ������

��������

� �������������������� 1,000�������������������

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

����������������������� EQUIV_FLO17)�������������

������������������������������������� LAFZ ���

���� 200m ��������������������� 500m ������������

��������� 500��������������Lower Sparsely Fractured Domain�Table 
4.3.2 �����������������������Fig. 5.2.7���������LAFZ ��

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

����������������������� 1,000�����������������

������������ 3,600m3/������ 1 ������������ 15)������

���� 10,000 m3/����������������������������������

790 m3/�������� 1,420m3/���������������������������

������������ UHFD ������ 1 ��������������������

P500_06MI02_1�P500_06MI02_2�P500_F146.60 �������������������

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

�����

Fig. 5.2.5� Modeling area (3D model) 
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Fig. 5.2.7 Results of analysis (3D model) 
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Fig.5.2.6  Hydrogeological model around shafts (3D model) 
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Table 5.2.1� Comparison of analysis conditions 
Theoretical equation 2D Axisymmetric model �D model

Upper boundary condition - - �Constant recharge rate
�Seepage

Shaft modeling
�Main shaft
�Ventilation shaft
�calculation:separately�

�Ventilation shaft �Main shaft
�Ventilation shaft

Hydraulic conductivity Isotropy Isotropy Anisotropy

Consideration of high
permeable zone in LAFZ Yes case(a):No

case(b):Yes No

Grouting effect No Yes�No No

Skin Effect No No Yes

�

�
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