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Abstract

This paper is an overview of the PNC's Mizunami Underground Research Laboratory
project in Mizunami city, central Japan. The Mizunami Underground Research
Laboratory now will succeed the Kamaishi Mine as the main facility for the geoscientific
study of the crystalline environment. The site will never be considered as a site for a
repository.

The surface-based investigations, planned to continue for some 5 years commenced in
the autumn 1997. The construction of the facility to the depth of 1000 m is currently
planned to:

• develop comprehensive investigation techniques for geological environment

• acquire data on the deep geological environment and to

• develop a range of engineering techniques for deep underground application

Besides PNC research, the facility will also be used to promote deeper understanding of
earthquakes, to perform experiments under micro-gravity conditions etc.

The geology of the site is as shortly as follows: The sedimentary overburden some 20 -
100 m in thickness is of age 2-20 million years. The basement granite is approximately
70 million years. A reverse fault is crosscutting the site. The identified fault offers
interesting possibilities for important research.

Part of the work during the surface-based investigations, is to drill and test deep
boreholes to a planned depth up to 2000 m. Based on the investigations, predictions will
be made what geological environment will be encountered during the Construction Phase.
Also the effect of construction will be predicted. Methodology for evaluation of
predictions will be established.
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1 Introduction

One of the features of the programme for geological disposal in Japan is the
establishment of research facilities. Such (Citations in italic, [...] is omission of the
citation) facilities deep in the ground will serve as a common research base for
geological disposal (Op.cit /AEC, Japan, 1994/). Detailed government guide-lines have
been issued for the R&D in progress stating e.g. it is important to construct such
research facilities at more than one location [...J focusing on both sedimentary and
crystalline rock types as being representative of geology of Japan (op.cit /AEC, Japan,
1997/). The guide-lines also acknowledges the need for research on the engineered
barriers in an appropriate scale. One major facility for such is the ENTRY facility in
Japan c.f. /S.Masuda, et al. 1998/.

This paper is focused on the plans to construct an underground research laboratory in
the crystalline rock in Japan. As part of the preparations for such a laboratory PNC has
been participating in Underground Research Laboratory projects in Belgium, Canada,
Sweden and Switzerland. Substantial work has been conducted concurrently in Japan,
particularly at the Tono and the Kamaishi mines, to obtain basic understanding on the
geological environment and to test and develop the basic technology to be applied for
the Japanese geological environment.

The overall ambition of The Mizunami Underground Research Laboratory is to develop
the facility into an international center of excellence. The site about 350 km west of
Tokyo, Fig 1, will never be considered as a potential site to host a geological repository.
The surface-based investigations, planned to continue for some 5 years commenced in
the autumn 1997. The construction of the facility to the depth of 1000 m is currently
planned for the purpose mentioned earlier. Besides PNC research, the facility will also
be used to promote deeper understanding of earthquakes, to perform experiments under
micro-gravity conditions etc.

2 Developments in the Japanese Policy for Nuclear Energy and
Geological Disposal

The Japanese policy on nuclear energy is outlined in documents issued by the Japan
Atomic Energy Commission (JAEC). From the very beginning the overall element in
Japan's nuclear energy policy has been to establish a nuclear fuel cycle extending from
securing of uranium resources to disposal of radioactive waste. As to the disposal of
high- level waste, the generic R&D work conducted by PNC and other agencies is as
already decided 1992, clearly separated from any work for the implementation of the
geological disposal.

The Japan Atomic Energy Commission updated 1994 the long-term programme on
nuclear energy /AEC, Japan, 1994/. The general aims of the revised programme are a
long-term programme that:
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• will be met by understanding of the Japanese public,
• will be met by understanding internationally,
• provides concrete guide-lines for those involved in development and utilization of

nuclear energy.

With respect to the back-end measures it is clearly stated that the national government
is responsible for adopting appropriate measures to ultimately ensure that those
responsible meet their responsibilities regarding safety. That includes comprehensive
formulation of disposal methods, confirmation of the safety of the disposal and devising
of legal and other measures that are necessary for long-term guarantee of meeting of
responsibilities regarding disposal.

The tentative target for commissioning of the repository is slated for year 2030 - 2045,
but pending conditions. As to provide the scientific and technological basis for geological
disposal research facilities deep underground will serve for:

• accurate determination of characteristics and features that should be taken into
consideration

• enhancement of the reliability of the models for evaluation of the performance of the
system contribution to Japan's scientific research on the geology of deep strata

The PNC is assigned to publish and submit to the government the second progress
report on the research and development of geological disposal before the year 2000. The
first /PNC, 1992/ was submitted. The Guide-lines published /AEC, Japan, 1997/
provide details on the scope of the report. PNC is assigned to demonstrate more
rigorously and transparently the feasibility of the disposal concept. The 2nd Progress
Report will be internationally reviewed before submitting to the Japanese Government.

3 Involvement in Research on the Geological Environment

PNC has since long recognized the benefit of international cooperation in the field of
research and development on geological disposal. Participation in URLs has been an
integral part of the PNC R&D Programme. The experience gained from the participation
of URLs has been of very high importance for execution of the work in Japan. Table 1
provides an overview of past, current and planned activities relevant to URLs. PNC
participated in the OECD/NEA Stripa Project 1980- 1992 /C.Fairhurst, 1993/.
Important contributions were the development of instruments and procedures to
characterize the geological environment and the increased understanding of groundwater
flow and transport of solutes demonstrated by evaluation of predictive modelling of
experiments. The Stripa Project provided a valuable technological basis for the similar
studies performed in the Kamaishi Mine. At the Kamaishi Mine research on the
geological environment has been focused on detailed characterization of the geological
conditions, the excavation disturbed zone, studies on transport of solutes and influence
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of earthquakes on the geological environment /T.Sato, 1996/. Experience in the Swiss
Grimsel Test Site, Swedish Aspo Hard Rock Laboratory and the Canadian Underground
Research Laboratory has e.g. been referred to in the detailed planning of research such as
transport of solutes and the excavation disturbed zone. All field research activities in the
Kamaishi Mine was however closed down in March 1998 as the agreement set up
between PNC and the Kamaishi Municipality expire. The Mizunami Underground
Research Laboratory now will succeed the Kamaishi M ine as the main facility for the
geoscientific study of the crystalline environment.

With respect to the geoscientific study of the sedimentary rock, PNC has been involved
in the Belgian Underground Research Facility (URF). The ongoing participation in the
international Mt. Terri project /1997/ together with the extensive work in the Tono
Mine /T.Sato, 1996/ will be most valuable for planning of an underground research
laboratory in the sedimentary environment in Japan. The current plan is to construct
such a laboratory in Horonobe, Hokkaido. The sites for the MIU- and the Horonobe-
laboratories will not come into consideration as repository sites.

The MIU project will, to some extent, duplicate similar work conducted previously in
Canada and Sweden. The Table 2 provides some overview of similarities and differences
in this respect. It is evident that PNC can utilize 10-15 years of previous experiences
from Canada, Sweden and elsewhere in the planning.

4 Outline of the Mizunami Underground Research Laboratory
Project

4.1 Permits
The need for an underground research facility to study the geological environment is
firmly established. As explained before, there is a very clear separation between the
general R&D on geological disposal and the work needed for implementation of the.
geological disposal. The general public, in particular those who live near the laboratory
site, anyhow have concern that an underground research laboratory somehow later can
be converted to a geological repository.

4.2 Site
An overall evaluation for siting the URL led to the decision to site the URL in
Mizunami City. The area of the land is 140,000 m2. According to the current plan, all
facilities will be constructed within the boundaries of the PNC land.

4.3 Objectives
The main goals of the MIU are to:

1. Develop comprehensive investigation techniques for geological environment,
i.e. to systematically combine fundamental methodologies developed to demonstrate
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the effectiveness of technology for reliable investigations, predictions and models of
the characteristics of the geological environment.

2. Acquire data on the deep geological environment,
High-quality data will be collected to improve the reliability of models of geology
and groundwater flow, to evaluate engineering materials for underground
construction and operation.

3. Develop a range of engineering techniques for deep underground application,
i.e. to evaluate techniques for design and construction of large-scale facilities
underground and to clarify the potential long-term effects of these techniques on the
geological environment. Studies for managing safety and operating environment in
such underground facilities are also planned for.

Stage goals for the Surface-Based Investigation Phase, the Construction Phase and the
Operating Phase have been set.

4.4 Scope of works
Part of the work during the surface-based investigations, is to drill and test 11 deep
boreholes to a planned depth up to 2000 m. Based on the investigations, predictions will
be made what geological environment will be encountered during the Construction Phase.
Also the effect of construction will be predicted. Methodology for evaluation of
predictions will be established.

4.5 Design
The design of the surface facilities is now in progress. It is planned that the shaft will be
constructed to a depth of 1000 m with a diameter of 6 m. In addition to the shaft, the
extension of the galleries are also considered. The detail design for the galleries will be
decided according to the geological model from surface-based investigation and the
research programme.

4.6 Schedule
Borehole drillings on the site commenced in November 5 1997. It is expected that the
surface investigations will continue for 5 years. The construction is expected to last for
8 years. Experiments are planned for a period of 12 years. The total project duration
thus planned for is some 20 years taking phase overlaps into consideration.

4.7 Miscellaneous
There is an overall ambition that the MIU will be developed into an international center
of excellence. The MlU-facility will in accordance with the Gifu-Mizunami-Toki-PNC
agreement be open for other types of research such as earthquake research and
experiments under micro-gravity conditions.
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5 Surface-based investigations

Some technical details from the planned investigations are presented. Given the size of
the Shomasama site, the general strategy for-boreholes is to investigate "outwards" from
a possible shaft location. Due to the early construction of the surface facilities, the
tentative shaft location will be decided upon very early in the investigations.
Investigations will start by drilling some holes in the vicinity of the possible shaft
location succeeded by boreholes at distances of several tens of meters to hundred meter.

5.1 Geological investigation
Magnetotelluric measurements will be done by about 150 point measurements. The
frequency is in ranges between 1 and 100 kHz. Target depth is down to 1 km. Reflection
seismic surveys will be planned for the following years.

Drilling is done to collect core samples as well as to perform a series of tests and
measurements. No drilling mud is planned to be used. Tagging of drilling water will be
made by uranine. The drilling water is re-circulated. Borehole deviation should be less
than 1 degree per 100 m and 10 degrees in bottom of hole.

Cores are photographed. In connection with drilling, concurrent (manual) mapping is
done. The following is recorded: Staff, altitude, depth, column and lithofacies, color tone,
rock type, hardness, rock core shape, bedrock class, RQD, weathering, degeneration,
fracture (shape, continuity, degeneration, fracture infilling material etc.), and
miscellaneous.

Borehole geophysics is done by different logging tools. Resistivity is measured by Self-
Potential measurements in the 20-300 Hz range. The formation density is measured by
gamma-gamma logging. Other logs are neutron and natural gamma, sonic, temperature,
caliper, radar (60 MHz antenna frequency) and diameter.

Fractures down to 0.1 mm in aperture will be recorded using a borehole TV.
Interpretation is made of e.g. fracture location, strike, dip, aperture, frequency, fracture
minerals etc. The results are displayed in stereographic projections and shown. Sample
statistics is done.

5.2 Hydrogeological investigation
The following hydraulic tests are tentatively planned to be conducted in the boreholes;
• Drilling is discontinued every 100 m down to bottom. Pumping is done by

conventional pumps or by airlift pumping. Pressure is recorded during fall off and
recovery. Hydraulic transmissivity is evaluated by the Theis or Jacob-Lohman
method.

• Flow-meter logging will be conducted for three different flow rate. The flow rate is
kept for about 3 hours to inject. The pressure increase and fall off is measured so
that the transmissivity of the complete hole is evaluated. The variations in the



21

spinner are used to pinpoint the position of conductive features and to evaluate the
transmissivity distribution along the hole.

• Packer tests are conducted in selected (conductive) sections of the borehole.
Depending on hydraulic conductivity, either pulse tests or slug tests will be
conducted. The pulse test is used for low conductive rock in the range 10"8 - 10"12

m/s and the slug test in the range 10"6- 10"9m/s. The pulse tests are conducted by
suddenly increasing the pressure. The fall-off after the pressure pulse is then
measured up to some hour. The slug test is performed by injecting a rod into the
packed-off section. After the "slug" the fall-off in pressure is recorded. Evaluation
of conductivity is made by the Hvorslev method when the log pressure versus time
is a straight line or the Cooper method when not.

5.3 Geochemical investigation
Water in the borehole is sampled by a special PNC probe/sampler. The maximum
sampling volume is 500 ml, maximum pumping capacity 10 -100 ml/min. The probe
measures pH (0-14), pS (Sulphide) (-1000 ~ 0 mV), Eh (-1000 ~ 1000 mV), temperature
(0-50° C and electrical conductivity (0-100 000 S/cm).

5.4 Geomechanical investigation
Several types of tests are conducted to establish the physical properties, like effective
porosity, water content and water content ratio, density (wet, natural, dry), specific
gravity, unit product weight, seismic velocity, compressive strength, thermal
conductivity specific heat capacity and coefficient of thermal expansion, magnetic
susceptibility and specific resistance. Samples are also tested to determine mineralogy
and to determine the primary rock stresses by methods of Acoustic Emission and
Differential Rate Analysis.

5.5 Modelling work
The methods to be used for predictions, models and evaluation are still in the finalizing
process, considering experiences achieved by relevant projects worldwide.

6 Concluding Remarks

Underground Research Laboratories play important roles in the national programmes for
geological disposal in many countries reflecting the concept and progress of geological
disposal. The MIU is an essential facility in Japan to broaden the knowledge-base,
particularly in geoscience. The work at the PNC's Mizunami Underground Research
Laboratory (MIU) will be planned and executed in accordance with the general goals of
the Atomic Energy Commission so the MIU project will
• be met by understanding of the general public,
• be met by international support,
provide concrete scientific and technological results of importance for a safe geological
disposal in Japan.
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Table 1 OVERVIEW OF URL ACTIVITIES IN JAPAN (PNC)
YEAR

Government
policy
Sedimentary
rock

Crystalline
rock

1980 - 1990
Generic Research and
Development

Research in the Tono
Mine
Planning fora URL
in Hokkaido

Participation in the
Belgium HADES
project 1987-1992
Participation in the
OECD-NEA Stripa
Project from 1980 -
1992

1990 • 2000
Generic Research and Development

Research in the Tono Mine

Planning fora URL in Hokkaido

Participation in the Swiss Mt. Terri
Project 1996 and onwards

Participation in the Swedish Aspo
Hard Rock Laboratory from 1991 and
onwards

Participation in the Canadian URL

2000 -(tentative)
Generic Research and Development
Implementation

Research in the Tono Mine

Construction of a generic URL

Construction of a URL (by
implementing organisation) at the site
that may later be the repository site
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Execution of research
in the Kamaishi Mine
from 1988 and
onwards

Project from 1996 and onwards

Participation in the Swiss Grimsel
Test Site from 1989 and onwards

The Kamaishi work will be closed
down 1998

Preparations for the Mizunami
Underground Research Laboratory
from 1995 and onwards

Construction and operation of the
Mizunami Underground Research
Laboratory

Table II COMPARISON BETWEEN URL IN CANADA, JAPAN AND
SWEDEN

Description/
Laboratory

Owner/Operator

Overall Purpose

Host rock

Main goals

Major Scope of
Works (1997)

Underground
Research
Laboratory
CANADA
Atomic Energy of Canada
Limited (AECL)
Research facility to assess
feasibility and safety of deep
geological disposal of
nuclear fuel waste in
plutonic rock.
Precambrian granitic
batholith (2670 Ma)

The current (1998) are to:
1. Contribute to
understanding of the
fundamental mechanisms
affecting the rock mass and
groundwater system

2. Demonstrate some of
the technology necessary

3. Validate assumptions
used in the disposal concept

1. Solute transport studies

2. Vault sealing system
studies

3. Radionuclide migration
studies

4. Excavation response
studies

5. Disposal Vault
characterization and
monitoring methods

Mizunami URL
JAPAN

Power Reactor and Nuclear
Fuel Development Co(PNC)
Generic research to develop
knowledge in deep geological
environment and engineering
techniques.

Granitic rock (70 Ma)
covered by sedimentary rock
(2-20 Ma)

The current (1998) are to:
1. Establish comprehensive
investigation technology for
geological environment

2. Acquire data of deep
geological environment

3. Develop abase of
engineering techniques in
deep underground

1. Development of
programme and plans for the
Surface-Based Investigation
Phase and the provisional
plan for the Construction
Phase

2. Borehole drilling and
testing

Aspo Hard Rock
Laboratory
SWEDEN

Swedish Nuclear Fuel and Waste
Management Co (SKB)
Dress-rehearsal facility to test,
develop and demonstrate technology
and models under realistic conditions
before application at a real repository
site.
Precambrian granitic rock (1400 -
1800 Ma)

The current (1998) are to:
1. Increase the scientific
understanding of the safety and
function of a repository

2. Develop and test technology that
will simplify disposal and decrease
costs while retaining quality and
safety

3. Demonstrate the technology that
will be used for disposal of spent fuel
and other long-lived wastes
1. Development of integrated
database and visualization system

2. Test of models for groundwater
flow and radionuclide migration

3. Demonstration of technology for
and function of important parts of the
repository system



24

Schedule Site investigations 1980- Surface-based investigations Site investigations 1986-1990
1984 1997-2001

Construction Phase 1990-1995
Construction Phase 1984-Construction Phase 2002-
1990 2008 Operation Phase 1995-

Operation Phase 1990- Operation Phase 2009-2017

Design S l i a f t t 0 4 2 0 m d eP t n- S n a f t Shaft to ~ 1000m Depth to Access ramp 3600 m to depth 450
station at 130 level and 300 galleries and layout not m, hoist raise and two ventilation
level. Galleries at 240 level decided yet raises. Several experimental drifts
and 420 level. One excavated
ventilation raise and several
experimental drifts
excavated

Cons t ruc t ion Excavation by drill and Excavation by drill and blast Excavation of ramp by drill and blast
blast 3080 m and mechanical excavation
Some experimental for420 m. Raises excavatedby raise
excavations by mechanical drilling.
methods

C u r r e n t France, Japan, Sweden, Plans are in progress Canada, Finland, France, Germany,
. • • • ,. , USA Japan, Spain, Switzerland, UK

internat ional y *

cooperation
(1998) |__ I I

Fig. 1 Location and a Conceptual View of the Laboratory


