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As part of the research and development program on the geological disposal of high-level radioactive
waste (HLW), the Horonobe Underground Research Center, a division of the Japan Atomic Energy Agency
(JAEA), is implementing the Horonobe Underground Research Laboratory Project (Horonobe URL
Project) with the aim at investigating sedimentary rock formations.

According to the research plan described in the Midterm Plan of JAEA, geological investigations are to
be carried out during the drilling of a shaft down to intermediate depth, while research and development in
the areas of engineering technology and safety assessment are to be promoted by collaboration with other
research organizations. The results of the R&D activities will be systematized as a “knowledge base” that
supports a wide range of arguments related to the safety of geological disposal.

The Horonobe URL Project is planned to extend over a period of 20 years. The investigations will be
conducted in three phases, namely “Phase 1: Surface-based investigations”, “Phase 2: Construction phase”
(investigations during construction of the underground facilities) and “Phase 3: Operation phase” (research
in the underground facilities). This report summarizes the investigation program for the 2007 fiscal year
(2007/2008), the third year of the Phase 2 investigations.

In the 2007 fiscal year, investigations in “geoscientific research”, including “development of techniques
for investigating the geological environment”, “development of techniques for use in the deep underground
environment” and “studies on the long-term stability of the geological environment”, is continuously
carried out. Investigations in “research and development on geological disposal technology”, including
“improving the reliability of disposal technologies” and “enhancement of safety assessment
methodologies™, are also continnously carried out.

Construction of the underground facilities is ongoing at the Ventilation Shaft and the East Shaft.
Pre-boring close to the Ventilation Shaft is also carried out.

Regarding the surface facilities, construction of the Public Information House and preparation for the
exhibits are still continuing and will be completed in May 2007. The Public Information House is
scheduled to open in this summer. A detailed design will be drawn up for the International Communication
House.

Keywords: Horonobe URL Project, High-level Radioactive Waste, Geological Disposal Technology,
Geoscientific Research

This document is an English translation of the JAEA R&D Report “Horonobe Underground Research
Laboratory Project -Investigation Program for the 2007 Fiscal Year” (JAEA-Research 2007-048).
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1. Introduction

As part of the research and development program on geological disposal of high-level radioactive waste
(HLW), the Horonobe Underground Research Center, a division of the Japan Atomic Energy Agency
(JAEA), is implementing the Horonobe Underground Research Laboratory (URL) Project.

The Horonobe URL, in which deep sedimentary rock will be investigated, is one of the underground
research laboratories mentioned in the “Framework for Nuclear Energy Policy” published by the Japan
Atomic Energy Commission (AEC, 2005).

In the “Framework for Nuclear Energy Policy”, the following statement is described:

“Research and development institutions, led by the Japan Atomic Energy Agency, through utilization
of underground research facilities, should rigorously continue to conduct scientific research on
underground geology, basic research and development toward the improvement of reliability of
geological disposal technology and safety assessment methods, and research and development for safety

regulations.”

In the plan for meeting the midterm goal (Midterm Plan) (October 1st 2005 to March 31st 2010) drawn
up by the Japan Atomic Energy Agency on the basis of the goals specified by the Ministry of Education,
Culture, Sports, Science and Technology (MEXT) and the Ministry of Economy, Trade and Industry
(METI) in October 2005 (MEXT and METI, 2005), the R&D activities on processing and disposal
technology for high-level waste are described as follows:

“The Agency will designate two areas, R&D on geological disposal and scientific research on
underground geology. It will carry out R&D in collaboration with other R&D institution, use the
outcomes of that to form a “knowledge base” that supports a variety of arguments related to the view
and evaluation on ensuring the safety of geological disposal and systematize it. The outcomes of R&D
during the midterm goal period will be compiled, through review of expert in Japan and abroad, as a
comprehensive report and knowledge base that ensure a set level of technological quality.”

“In consideration of scientific and engineering factors depending on depth and the requirement set
forth in the Specified Radioactive Waste Final Disposal Act (FY 2000 Law No. 117) (depth of 300 meters
underground or more), research will be conducted when a shaft is excavated to an intermediate depth

(about 500 meters underground in Mizunami City; about 300 meters underground in Horonobe-cho)”.

The Horonobe URL Project is planned to extend over a period of 20 years. The investigations will be
conducted in three phases, namely “Phase 1: Surface-based investigations”, “Phase 2: Construction phase”
(investigations during construction of the underground facilities) and “Phase 3: Operation phase”
(investigations in the underground facilities). This report summarizes the investigation program for the
2007 fiscal year (2007/2008), the third year of the Phase 2 investigations and also the third year of the
Midterm Plan.

In 2007/2008, at the URL Area (mainly Hokushin Area) and its surroundings, investigations from the
previous year are continued. In addition, at the URL Site, construction of the underground facilities using

an excavation tower and Phase 2 investigations from the previous fiscal year are continued.
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2. Qutline of the investigation program for the 2007 fiscal year
The outlines of the investigations being conducted in 2007 fiscal year are described below.

Geoscientific research: As part of the development of techniques for investigating the geological
environment, investigations will be carried out on geological structure, hydrogeology, geochemistry and
rock mechanics during construction of the underground facilities and Pre-boring investigation. The
resulting geoscientific data will be used to confirm the reliability of the models (geological structure,
hydrogeology, geochemistry and rock mechanics) of the geological environment that were constructed
based on data obtained during the Phase 1 surface-based investigations, and to improve and refine these

models. In addition, newly a detailed geological structure model in the vicinity of the tunnel is constructed.

Development of investigation techniques and equipment for use in the limited space conditions of the
underground facilities is continuously conducted. And examination on applicability of the controlled
drilling techniques which were initiated in Phase 1, and specific resistivity monitoring from ground surface,
are also continuously conducted. In addition, development of techniques for investigating the boundary of

saline and fresh water is initiated.

As part of the developing techniques for monitoring the geological environment, observations of
groundwater pressure/geochemistry are ongoing using long-term monitoring systems installed until 2006.
For the remotely operated monitoring system, a long-term observation by the monitoring system equipped
until the 2005 fiscal year is continued, and processing and the analysis of the data obtained are tried. In
addition, how change in the geological environment during construction of the underground facilities is

expressed on the analyzed result.

As part of the development of engineering techniques for use in the deep underground environment,
measurement instrument systems on rock displacement and stress are installed with shaft excavation. The
validity of tunnel design and tunnel lining techniques is confirmed based on these acquired data. In parallel,
based on the results of the model experiments on the fire disaster in the underground facilities, an analysis
method of the behavior of smoke-filled air is developed.

Research and development on geological disposal technology: In the studies on the long-term
stability of the geological environment including investigations of fault activity and analyses of rock
samples, continuous measurements are being carried out using equipments such as GPS (Global
Positioning System) points, instruments for electromagnetic surveys (magnetotelluric met:hod)l and
seismographs installed at ground surface and in the boreholes. In addition, newly GPS measurement points
for the purpose of analyzing the crustal movements are equipped around the URL area.

Research and development on geological disposal technology: As part of the improving the reliability
of disposal technologies, laboratory tests on the workability of materials such as low-alkaline concrete are
being conducted, to provide input for detailed planning of in-situ tests to be performed in the underground
facilities in Phase 2. Information and conditions are organized for confirming the applicability of

! The changes in natural electromagnetic field originating from sunspot activity generate inductive current
reflected the geological structure in the underground. On the magnetotelluric method, new changes in
the electromagnetic field originated by electric current are measured. And these results are used to
estimate sub-surface geological structures.
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engineered barrier system (EBS). Using the data and the knowledge acquired until 2006 fiscal year,
information and conditions are organized for confirming the applicability of EBS design methods and for

evaluation of the long-term integrity.

As part of the enhancement of safety assessment methodologies, accumulation of basic data related to
the mass transport is continued. In addition, based on the results of groundwater flow analyses and mass
transport analyses on a regional scale (15 kmx30 km) and on a site scale (10 km*10 km) (both including
the URL area), geological environmental features and kind/precision of the parameters that affect the
groundwater flow and mass transport are examined.

Classification of the investigations outlined above and brief explanations are provided in Table 1. The
locations of the investigations and the observation points in Horonobe-cho, including the URL site, are

shown in Fig. 1.

Construction of the underground facilities: The ventilation shaft and the east access shaft are still
being excavated. In addition, expansion of land for a surplus soil (muck) dumping yard is conducted. In
addition, the borehole investigation in the vicinity of the ventilation shaft is being conducted to deal with
spring water predicted on tunnel excavation. The main aims of this investigation are to pinpoint places and
to estimate amount and water property of the spring water. The results of this investigation are reflected for
the drainage treatment plan decision, for the detailed execution scheme decision for spring water reduction
at pinpointed place and for the geoscientific research. Surplus soil (muck) is transported to the permanent
dumping yard. The drainage water produced in the underground facilities is released to the Teshio River by
drainage pipes after appropriate treatment at the drainage treatment facility. The adjustment design of the
URL is planned.

Construction of the surface facilities: Construction of the Public Information House including
fabrication of its exhibits is continued, and is completed at the end of May 2007. The Public Information
House will be open in the summer of 2007. An execution design has also been developed for the
International Communication House.

Environmental monitoring: Relevant parameters such as noise, vibration, water properties, flora and
fauna are monitored regularly in the area around the URL site; the properties of the drainage water

produced by constructing the underground facilities are also investigated.

Collaboration with other research organizations: The studies on deep sedimentary rock formations
conducted as part of the Horonobe URL project are relevant to wide range of geoscientific disciplines and
also contribute to various areas of academic research. JAEA therefore intends to proceed with the project

by collaborating widely with experts from domestic and overseas research organizations.
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3. Geoscientific research
3.1 Development of techniques for investigating the geological environment

The main objectives of the Phase 2 investigations are 1) to confirm the result of the Phase 1
investigations, especially the reliability of models of the geological environment (mainly covering several
of kilometers square include URL facilities) and the applicability of investigation techniques and analysis
methods, 2) to understand changes in the conditions of the geological environment and 3) to construct
models of the geological environment covering an area of several meters to several tens of meters square
around the underground facilities, based on data obtained during excavation. The acquisition of
geoscientific data, confirmation of the reliability of the investigation techniques and the analysis methods
developed in Phasel, modeling of the geological environment and development of investigation

techniques/equipment for use in the underground facilities are described below.

3.1.1 Acquisition of geoscientific data
(1) Geological structure

In the Phase 2 investigations, the aim is to confirm the reliability and to revise geological structure
model around the URL facilities. The geological mapping at the shafts is carried out to understand

three-dimensional geological distribution and fracture continuity.

In the 2007 fiscal year, the following investigations are carried out at the shafts wall, on the borehole
investigation in the vicinity of the ventilation shaft (hereinafter called Pre-boring) and at the URL area and
its surroundings: geological mapping, chemical and petrological/mineralogical analyses using rock
samples’. Observations of gas concentrations and gas analyses in shallow boreholes of several meters to

several tens of meters deep drilled during FY 2003-2005 are also carried out.

(2) Hydrogeology

In the Phase 2 investigations, data for confirming the predictions of hydraulic conductivity distribution
and groundwater pressure distribution in the sedimentary rock and for revising are acquired using
boreholes drilled in Phase 1, meteorological observation system and the URL facilities.

In the 2007 fiscal year, data collections will be continued by using the meteorological observation
system (precipitation, temperature, humidity, wind velocity, wind direction and evapotranspiration rate)

and the river flux observation system.

Groundwater level and soil moisture observation will also be continued by using existing boreholes.
Based on data from these observations and the results of water chemistry for river water and precipitation,
groundwater flow in the shallower part of the underground environment can be roughly understood and the
recharge rate from ground surface to deep underground can be estimated. Groundwater pressures are
continuously monitored and any influences due to the construction of the underground facilities are

confirmed.

2 Chemical and Petrological/mineralogical analyses are research on microfossil in the geological
formations and constituent mineral of rock sample by microscopic observation and X-ray diffraction
method, respectively.
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In the underground facilities, information on hydrogeological structures including the properties of
water-conducting features and the inflow rate from the surrounding rock, are acquired in parallel with the
shaft and drift excavation. Also on the Pre-boring investigations, information on hydraulic conductivity
and hydrogeological structures are also acquired. In addition, laboratory experiments using rock samples

obtained in the shafts are also conducted to investigate hydraulic properties.

(3) Groundwater chemistry

In Phase 2, investigations aimed at understanding the influence of the shaft and drift excavation on the

groundwater chemistry are being conducted.

In the 2007 fiscal year, water is being sampled by squeezing drillcores and by collection from the muck
of excavation, from the Pre-boring investigation and from the shaft wall, and chemically analyzed. The
water sampling and analysis from the existing boreholes such as HDB-1 - 11, and from shallow boreholes,

are also conducted. Sampling and chemical analyses of river water and precipitation are also conducted.

(4) Rock mechanics

In the Phase 2 investigations, the distribution of mechanical properties of the sedimentary rock measured
in Phase 1 are confirmed as excavating the shafts and the drifts and the influence of excavation damage on

the mechanical properties of the surrounding rock is investigated.

In the 2007 fiscal year, laboratory tests aimed at confirming the validity of rock mechanical models
developed in the Phase 1 investigations are conducted by using drillcores obtained in the Pre-boring

investigation.

3.1.2 Evaluation of methodologies for investigation/analysis and for modeling of the geological
environment

In the Phase 2 investigations, the validity of models of the geological environment developed in Phase 1
is confirmed and they are improved as needed. Based on data on the geological environment acquired
during construction of the underground facility, the modeling of geological environment around several
meters to several tens meters square is carried out. Then the geological environment estimation of drifts
excavated in Phase 2 is conducted. These models contribute as basic information to plan the in-situ

investigations in Phase 3.

In addition, the consistency of models in different disciplines, such as groundwater flow and
groundwater chemistry, is examined. The applicability of the design approach and the safety assessment
methodology developed so far is examined using models and data relevant to the geological environment

at Horonobe.

In the 2007 fiscal year, the applicability of models of the geological environment developed in Phase 1
is confirmed and they are improved based on data on the geological environment acquired during
construction of the underground facilities and the Pre-boring investigations. This allows methodologies of

investigation, analysis and modeling to be systematized and models of the geological environment
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covering an area of several meters to several tens meters square around the underground facilities to be

newly developed.

The data of the geological environment acquired by the 2006 fiscal year are also registered to the

database.

In addition, as a part of organizing information such as know-how and knowledge based on actual
experience into usage format for research and evaluation on in-situ geological environment, grounds of the
technical descriptions in plans and reports through the Horonobe URL Project are extracted and ordered.

(1) Geological structure modeling

In the Phase 2 investigations, the applicability of models of the geological environment developed in
Phase 1 is confirmed and they are improved based on data on the geological mappings. Also the detailed
models of the geological environment in the vicinity of the shafts are constructed.

In the 2007 fiscal year, the existing geological structure model describing the distribution and geometry
of geological features, including lithofacies, faults, fracture zones and folds, is being evaluated and
improved, based on the information on the distribution of geological formation and fracture and the results
of geophysical, geological and borehole investigations conducted in Phase 1.

(2) Hydrogeological modeling

In the Phase 2 investigations, the hydrogeological model developed in Phase 1 is confirmed and they are
improved based on data obtained newly. In addition, the hydrogeological model covering an area of several

meters to several tens of meters square around the underground facilities is being constructed.

In the 2007 fiscal year, the hydrogeological model covering the URL and in the vicinity is being
improved based on the geological mappings, hydraulic conductivity obtained from Pre-boring
investigation and the results of investigation until the 2006 fiscal year. Using this model, predictions are
made of the inflow from the surrounding rock into the underground facilities and the changes in
groundwater pressure during construction of the underground facilities. In addition, groundwater flow
analyses considering different water densities, including fresh water, saline water and dissolved gas, are

being conducted; the consistency of the models in the different disciplines is also examined.

In order to evaluate the reliability of the hydrogeological model above-described and groundwater flow
analyses, the predicted results are compared with observed data on inflow rate from the surrounding rock
into the underground facilities, measured groundwater pressures in the deep boreholes, groundwater level
in the shallow boreholes, etc.. A hydrogeological model on surrounding of the underground facilities is
also being developed based on data acquired during the construction of the underground facilities.

(3) Geochemical groundwater modeling

In the Phase 2 investigations, through the investigations on construction of the underground facilities,
the reliability of these predictions and the methods developed in Phase 1 are evaluated. Results of the



JAEA-Research 2008-070

predictions and the methods using geochemical groundwater model developed in Phase 1 are confirmed its

validity.

In the 2007 fiscal year, the geochemical model is being improved using the data acquired in

investigations conducted in the underground facilities and in the Pre-boring investigation.

(4) Rock mechanical modeling

In the Phase 2 investigations, the mechanical model developed in Phase 1 will be evaluated and refined.
In addition, a model which is able to reproduce the changes in the properties of the surrounding rock is

being developed.

In the 2007 fiscal year, based on the results of laboratory tests using drillcores obtained in the Pre-boring
investigation, the validity of rock mechanical models developed in the Phase 1 investigations is confirmed
and the rock mechanical models are improved if necessary. In addition, from the results of displacement
measurements at the tunnel wall etc., applicability evaluations on the predictive analysis techniques for

deformation and stress change of the surrounding rock caused by excavation, are conducted.

3.1.3 Development of investigation techniques and equipment

In the Phase 2 investigations, the investigation techniques developed taking the characteristics of the
sedimentary rock and the groundwater in the underground environment at Horonobe into consideration, is
applied for actual investigation during construction of the underground facility. And the validity of these

techniques is confirmed

In the 2006 fiscal year, through the summarization of the Phase 1 investigations, procedure and technical
know-how of surface-based investigation/analysis/evaluation on the sedimentary rock were organized. In
addition, knowledge of the applicability on each investigation technique and technical issues were
organized.

In the 2007 fiscal year, compiling know-how and knowledge database on the Phase 1 investigations is
conducted. As part of the continuing development of surface-based investigation techniques, the
applicability of drilling methods capable of controlling the angle and direction of boreholes (controlled
drilling) is confirmed. The controlled drilling towards the Omagari Fault is ongoing from the 2006 fiscal
year in the Kami-Horonobe area. And also in the area, for confirming the applicability of the groundwater
pressure monitoring system, ca. 100-meter-length borehole is drilled and the monitoring system is installed

in the borehole.

As for the investigation in the underground facility, development of the investigation techniques and
equipment required for data acquisition concerning the geological environment is ongoing. Concerning
hydrogeology, equipment for measuring the hydraulic conductivity in a borehole drilled from the drift wall
into the surrounding rock is confirmed for its applicability. The in-situ equipments capable of monitoring
the pH, redox potential (Eh), etc. of groundwater are also confirmed their applicability. In rock mechanics,
optical displacement meters for stable measurement of the displacement of the sedimentary rock on the
long term during shaft and drift excavation are being developed since the 2006 fiscal year. In addition, on

investigation of groundwater flow, water property and mass transport focused on the boundary of saline

-7-
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water and freshwater, one of the most important issues for the Horonobe URL Project, collaborative study

with other research organization is started.

For the sake of monitoring changes in the geological environment of the URL area during construction
of the underground facilities, changes in specific resistivity distribution related with geochemistry are
examined by electrical prospecting at measurement points allocated along the lines started on the HDB-6
borehole since the 2006 fiscal year.

3.2 Development of techniques for long-term monitoring of the geological environment
3.2.1 Development of monitoring techniques in boreholes

In Phase 2, the stability of long-term monitoring systems for groundwater pressure/geochemistry is
being confirmed and data on changes in the geological environment due to construction of the underground

facilities are being acquired.

In the 2007 fiscal year, observations of groundwater pressure/geochemistry are ongoing using long-term
monitoring systems for the sake of performance confirmation and a technique for monitoring influences
originating from various investigation activities and from construction of the underground facilities are
being developed. Methods for processing and analysis of the monitoring data are ongoingly developed to

provide an accurate understanding of the changes in groundwater pressures.

In order to observe the microscopic rock deformation at subsurface caused by excavation, monitoring
using high-precision tiltmeters and pore pressure meters installed in 2005 and 2006 is ongoing. An analysis
method using these acquired data is developed.

3.2.2 Development of a remotely operated monitoring system

In Phase 2, based on monitoring data during construction of the underground facilities, the analysis
method and the relevance of a remotely operated monitoring system are examined.

In the 2007 fiscal year, long-term monitoring at existing measurement points is continued. Processing
and analysis of the acquired data are tried out. How the change in the geological environment caused by
construction of the underground facility appears to an analytical result is examined.

3.3 Development of engineering techniques for use in the deep underground environment

In Phase 2, for confirmation of the applicability of engineering techniques for construction of the
underground facilities, measurement instrument systems on rock displacement and stress are installed with
shaft excavation. The validity of tunnel design and tunnel lining techniques is confirmed based on these
acquired data. On the basis of these evaluations, optimization of the excavation and countermeasure work

in the deeper depth are conducted.

In the 2007 fiscal year, measuring instruments such as extensometer and concrete stress meter are
installed and these data are acquired. In parallel, based on the results of the model experiments on the fire
disaster in the underground facilities, an analysis method of the behavior of smoke-filled air is developed.
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3.4 Studies on the long-term stability of the geological environment
3.4.1 Studies on long-term changes in the geological environment

In the Phase 2 investigations, by combining the investigation method on the natural phenomena history
(such as fault activity and eustasy) and the investigation/analysis method on the groundwater flow,
predictive methods on changes in the geological environment caused by the future natural phenomena are
developed.

In the 2007 fiscal year, investigations on topography, deformation of geological formations and fault
activity and analyses of microfossils and petrology/mineralogy using rock samples obtained from outcrops
and from underground facility are being conducted. Information on crustal movements and climate
changes in and around Horonobe are collected and classified. The crustal movements and climate changes
from the Neogene to the Quaternary in and around Horonobe are synthetically examined by combining the
results of microfossil analyses, the analyzed result of geological formation and geological information
acquired so far. Based on these information, information on influences of natural phenomena on the

geological environment are classified.

In addition, GPS measurements at existing points are continuing and the extent of the crustal movements
is being analyzed by newly equipping GPS measurement points around the URL area for the purpose of
examination on fault/fold activities distributing in and around the URL area. The data on deep geological
specific resistivity obtained by the electromagnetic measurements are summarized on the relevance of

seismogenic process.

3.4.2 Seismological studies

In the Phase 2 investigations, seismological investigations are continuing and the influence of
seismological activity on the geological environment is studied by combining data on the geological
environment obtained at the surface and in the underground facilities.

In the 2007 fiscal year, observations were made of earthquakes in the Horonobe area and its
surroundings using seismographs installed at ground surface and at the bottom of a 138 m-deep borehole.
Based on these data, hypocenter distribution and geological structure in the deep underground are studied.
In addition, information on past seismic activity in the Horonobe area is being collected and classified.

Then seismogenetic area and periodicity are examined.
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4. Research and development on geological disposal technology
4.1 Improving the reliability of disposal technologies
4.1.1 Verification of the engineered barrier technology

In the Phase 2 investigations, in-situ tests on, for example, the workability of low-alkaline concrete

materials are being carried out.

Regarding materials for tunnel support’ and tunnel sealing systems, laboratory tests on the workability
of materials such as low-alkaline concrete are being conducted in the present fiscal year, to provide input
for detailed planning of in-situ tests (specification, experimental layout, etc.) to be performed in the

underground facilities in Phase 2.

4.1.2 Confirming the applicability of EBS design methods

In the Phase 2 investigations, design methods of engineered barrier system (EBS) and underground
facilities are applied to determine the specifications of in-situ tests using the geological environment data

acquired in Phase 1 and acquired during tunnel excavation in Phase 2.

In the 2007 fiscal year, for applying the design method described above, using the geological
environment data and data based on laboratory tests using drillcores or groundwater acquired in Phases 1
and 2, information and conditions are organized for confirming the applicability of EBS design methods
and for evaluation of the long-term integrity.

4.2 Enhancement of safety assessment methodologies
4.2.1 Enhancement of safety assessment model

Mass transport parameters required for safety assessment include hydraulic conductivity, porosity of
rock and diffusion coefficient, etc. In the Phase 2 investigation, on confirming the applicability of safety
assessment methodologies in actual geological environment, accumulation of basic data related to the mass
transport, such as diffusion coefficient not acquired in Phase 1 is continued and through the understanding

of the mechanism and phenomena, improvements of the reliability and precision of the data are carried out.

In the 2007 fiscal year, data acquisition using drillcores and groundwater taken from existing borehole
and Pre-boring investigation is ongoing. Laboratory tests and analysis on understanding the mechanism are

also ongoing.

4.2.2 Confirming the applicability of safety assessment methodologies

In Phase 2, groundwater flow and mass transport analyses on different scales, such as the regional and
site scale, are being conducted and the knowledge obtained in the processes of modeling and analysis is
being structured and integrated. The applicability of existing safety assessment methodologies is then

examined.

3 Tunnel support is installed to preserve the stability of the surrounding rock and the underground voids of
tunnels. The tunnel support system usually consists of rock bolts, steel arch supports and shotcrete.

-10-
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In the 2007 fiscal year, based on the results of groundwater flow analyses and mass transport analyses
on a regional scale of 15 kmx30 km and on a site scale of 10 kmx10 km (including the URL area) and
based on the acquired characteristics of the geological environment, geological model and hydrogeological
model are revised. In addition, the reliability of a series of method, geological environmental investigation
in the Phase 1 to mass transport evaluation, is confirmed. Then this confirmation is fed back to the

geological environmental investigation for the reflection to the result of safety assessment.

5. Construction of the underground facilities

In the 2007 fiscal year, the ventilation shaft and the east access shaft are still being excavated. In
addition, expansion of land for a surplus soil (muck) dumping yard, the Pre-boring investigation in the

vicinity of the ventilation shaft and adjustment design of the URL facilities are conducted.

Before the excavation of each shaft at the typical—section4, temporary facilities such as excavation
towers, scaffolds and hoisting devices continued from the 2006 fiscal year are constructed, and then each
shaft is again excavated. Also a part of “140m depth drift”, one of the horizontal drift connecting the
ventilation shaft and the east access shaft, is excavated. Tunnel support is installed immediately after
excavation and the stability of the surrounding rock is thus preserved as before. The type of support is
selected taking into account information such as the mechanical properties of the surrounding rock. In
addition, since flammable gas containing methane has been detected in and around the URL area in
Horonobe, shaft excavation is carried out using explosion-proof excavation apparatus and with monitoring

of the gas concentrations by way of safety management.

Surplus soil (muck) produced by tunnel excavation is stored in a temporary dumping yard which is
covered by impermeable asphalt-saturated sheeting and is finally transported to the permanent dumping
yard consisting of a double liner sheet structure based on an impermeable contaminant system pursuant to
the Soil Contamination Countermeasures Law. In order to prevent release of natural toxic substances
contained in muck, the amounts of these substances are measured periodically.

The drainage water produced in the underground facilities is released to the Teshio River by drainage

pipes after appropriate treatment at the drainage water treatment facility.

The Pre-boring investigation in the vicinity of the Ventilation Shaft is being conducted to deal with
spring water predicted to encounter on tunnel excavation. The main aims of this investigation are to
pinpoint places and to estimate amount and water property of the spring water. The results of this
investigation are reflected for the drainage treatment plan decision and the detailed execution scheme

decision for spring water reduction at pinpointed place.

In addition, to reflect the result of the investigations after 2005 fiscal year in the layout of deep
underground facilities, the adjustment design of the URL is conducted.

* Typical-section of the shafts is excavation span using excavation tower and scaffold.

S11-
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6. Construction of the surface facilities

In the 2007 fiscal year, construction of a Public Information House including fabrication of its exhibits
continued from the 2006 fiscal year is continued, and is completed at the end of May 2007. The Public
Information House is scheduled to open in the summer of 2007. The Public Information House is
composed of the first floor in the underground, the first floor on the ground and the view floor, and the
height of the view tower is 50m from surface ground. Moreover, the content of the exhibition will become
the one that an underground space can be experienced.

Execution design of an International Communication House is also underway following the basic design
in the 2006 fiscal year.

7. Environmental monitoring
7.1 Monitoring of noise, vibration, water property, flora and fauna

Monitoring of noise, vibration, water property, flora and fauna is performed regularly in the area around
the URL site.

7.2 Monitoring the construction of the underground facilities

In the 2007 fiscal year, monitoring of water properties in the URL site, the surplus soil (muck) dumping
yard (and its surroundings) and the Teshio River (outlet of the drainage lines) is being carried out.

The items for analysis described in the Water Pollution Control Law and in the letter of agreement with
the Kitarumoi Fishery Cooperative Association are used as the basis for monitoring water properties.
Drainage water produced from construction of the underground facilities, treated water, seepage water
from the surplus soil (muck) dumping yard and shallow groundwater and river water close to the surplus
soil (muck) dumping yard are monitored.

8. Collaboration with other research organizations

The geoscientific studies looking at the deep underground environment in sedimentary rock that are
being conducted as part of the Horonobe URL Project are relevant to wide range of areas in the
geosciences and also contribute to development of academic research. JAEA is therefore proceeding with
the project through collaboration with experts from domestic and overseas research organizations,
including Hokkaido University and others.

8.1 Collaboration with domestic research organizations
8.1.1 Collaboration with universities
+ Hokkaido University:
- Study on transport pathways of dissolved gases and materials in compacted bentonite’

- Study on organic characteristics of groundwater and rock

* Compacted bentonite is formed by compacting and solidifying bentonite clay powder. This is a candidate
for the buffer material that forms part of the engineered barrier system (EBS).

-12-
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+ Saitama University:
- Study on groundwater flow modeling
+ Tsukuba University:
- Geochemical study on rocks, minerals and groundwater
+ Tokyo University:
- Development of technology for evaluating hydrogeological models using stable isotope ratios of
chlorine
+ Nagoya University:
- Development of a remotely operated monitoring system
- Study on microbial characteristics of groundwater and rock
+  Kyoto University:
- Study on groundwater flow considering the influences of fracture zones
+  Musashi Institute of Technology:
- Study on method of radiochemical analyses in microelements
+  Shizuoka University:

- Study on microbial characteristics of groundwater and rock

8.1.2 Collaboration with other research organizations
+ Central Research Institute of Electric Power Industry (CRIEPI)6:
- Study for evaluating environmental characteristics relevant to geology and groundwater
(including development of controlled drilling)
- Radioactive Waste Management Funding and Research Center (RWMC)':
- Study on applicability of high-accuracy geophysical investigation technologies
- Study on applicability of investigation technologies for the geological environment
+  Horonobe Research Institute for the Subsurface Environment (H-RISE)g:
- Study on characteristics of sedimentary rock
+  Geological Survey of Hokkaido’:
- Study on change in terrain and on reconstruction of the paleo-environment
+  Shimizu Corporation:
- Study on advanced modeling technology for the geological environment
+  Sumitomo Mitsui Construction Co., Ltd.
- Development of monitoring techniques using dissolved methane gas sensor

CRIEPI is a research institute specializing in electric power technology. As part of its activities, research
and development on geological disposal of high-level radioactive waste is carried out.

RWMC was established in 1976 as a research institute for radioactive waste management. In November
2000, RWMC was designated as the organization responsible for the administration of the final disposal
funds for high-level radioactive waste.

H-RISE is a research institute under the Northern Advancement Center for Science and Technology
(NOASTEC) established in Horonobe in 2003. Scientific research on utilization of underground space is
planned.

The Geological Survey of Hokkaido was established to conduct research on geology and underground
resources in Hokkaido. Currently, 1) research on development, utilization and management of
underground resources, 2) research on land conservation and preservation of the underground
environment, 3) research on analysis and prevention of geological disasters and 4) improvement of
geological information management are its main activities.

-13-
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8.2 Collaboration with overseas research organizations
. Nagra10 (Switzerland):
- Technological study on planning of investigations in the URL project and review of annual
progress
*  Mont Terri Project11 (Switzerland):
- Test for evaluating the geochemical characteristics of pore water in impermeable sedimentary

rock

In addition to the existing collaborative studies mentioned above, cooperation with Advanced Industrial
Science and Technology (AIST)”, Japan Nuclear Energy Safety Organization (JNES)”, ANDRA™ and

other organizations is also being considered.

The project on evaluation technologies of geological environmental features at littoral region is planned
by the Agency for Natural Resources and Energy (an agency of METI). Collaboration with the

organization implementing this project is also carried out.

In addition, the facilities and study areas used in the Horonobe URL Project are open to domestic and

overseas research organizations in the field of geological disposal.

' The National Cooperative for the Disposal of Radioactive Waste (Nagra) is responsible for geological
disposal research in Switzerland. A key part of its program includes in-situ investigations in domestic
underground rock laboratories (e.g. Grimsel)

The Mont Terri Project is an international URL project for in-situ testing in sedimentary rock relevant to
research and development on geological disposal. Currently, 12 organizations from six countries,
including JAEA, are participating in this project and various types of in-situ tests relevant to geological
disposal have been carried out in the tunnel system in the Jura Mountains of Switzerland.

AIST was reorganized in 2001 from the former Agency of Industrial Science and Technology (AIST)
administered by Ministry of International Trade and Industry (MITI). AIST is the largest research
institute in Japan covering a wide range of disciplines in the industrial technologies and various types of
technology developments are carried out. The current disciplines covered by AIST are mainly classified
into life sciences, telecommunications/electronics, nanotechnology/materials/manufacturing,
environment/energy, geology and standards/measurements.

JNES, an incorporated administrative agency was established in 2003. They are an expert organization
with the mission to ensure safety in the use of nuclear energy in cooperation with the regulatory
authority, the Nuclear and Industrial Safety Agency. Their major programs are described below: 1)
inspection on nuclear power plants and nuclear facilities, etc. 2) analysis and evaluation of safety on
nuclear power plants and nuclear facilities. 3) supporting activities for the nuclear emergency
preparedness and response etc. 4) investigation, tests and research to ensure nuclear safety in the
framework of utilizing energy. 5) collection, compilation and supply of information to ensure the safety
in the framework of utilizing energy.

ANDRA, the organization of radioactive waste management in France, operates the low and medium
level radioactive wastes repository and plays a key role in the R&D on high-level and intermediate-level
(long-lived) radioactive waste disposal. ANDRA is implementing an underground research laboratory
project in sedimentary rock (same rock type as Horonobe).

13
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Table 1 Summary of main investigations conducted in the 2007 fiscal year

Investigations

Content

Place

Development of techniques for
investigate the geological
environment

Geological structure

Geological mapping, Outcrop observations, Chemical and
petrological/mineralogical analyses of core samples
Measurements of methane and carbon dioxide at shallow boreholes

Hokushin area, Kami-Horonobe area, shaft (and drift), shallow
boreholes (Hokushin, Kaishin) etc.

Hydrogeology

Meteorological monitoring (precipitation, temperature, humidity, wind direction &
velocity, evaporation), River flux monitoring, Groundwater level/soil moisture
observation, Monitoring of groundwater pressure, Rock permeability test
(laboratory)

Meteorological observation station (Hokushin, Horonobe, Kami-Toikan,
Toikanbetsu), Hokushin evapotranspiration observation tower, P-3 -
P-5, shaft and drift, URL site, shallow boreholes, HDB-1 - 11

Groundwater chemistry

Chemical analyses of sump water from shaft wall, borehole water, river
water/precipitation and water sampling by squeezing drillcores

Shaft and drift, HDB-1 - 11, shallow boreholes, P-3 - P-5, surplus soil
(muck) yard

Rock mechanics

Laboratory tests using drilicores sampled from Pre-boring investigation

URL site, etc.

Development of investigation
techniques and equipments

Examination of the controlled drilling techniques, Resistivity monitoring from
ground surface, Development and trial manufacture of the investigation tools used
in the boreholes in the URL., Development of techniques for investigating the
boundary of saline and fresh groundwater

URL site, Kami-Horonobe, Hokushin, littoral region of Horonobe

Development of techniques for
long-term monitoring of the
geological environment

Development of monitoring
techniques in the boreholes

Groundwater pressure observations, Installation of data transfer units,
Observation using high-precision tiltmeters, pore pressure meter and dissolved
methane gas sensor

HDB-1 - 11, URL site

Development of a remotely
operated monitoring system

Constant/short-term observations of geological structure/environment,
Maintenance of existing observation system

URL site, HDB-3,4,5,8 area, Receiving point-Z

Development of engineering techniques for use in the deep

underground environment

Installation of rock deformation/stress monitoring system, Validation of analyses
method for the behavior of smoke-filled air in the underground facilities in case of
fire

Shaft and drift, URL site, etc.

Studies on the long-term stability
of the geological environment

Studies on long-term changes
in the geological environment

Outcrop observation, Microfossils and petrological/mineralogical analyses of core
samples, GPS and electromagnetic measurements

Hokushin, Kami-Horonobe, HDB-1,2,5 area, Horonobe Park
observation point, Kami-Toikan observation point

Seismological studies

Observations of earthquakes using seismographs

HDB-2, 5 area, Naka-Toikan observation point, Hokuseien observation
point

Improving the reliability of

Development of low-alkaline concrete, Classification of data for application of EBS

. . ) URL site, etc.
disposal techniques design method
Research and development on Collection of basic data for mass transport, Accuracy improvement of data based
geological disposal technologies | Enhancement of safety on understanding of the phenomenon, Examination of characteristics on the (No field work)
assessment methodologies geological environment and parameter types/accuracies affecting mass transport,
Modeling of mass transport
Excavation of Ventilation/East Shaft and drift, Carrying out of surplus soil (muck)
Construction of the underground facilities to the yard, Operation of drainage treatment facility, Borehole investigation in the | URL site, etc.
vicinity of the Ventilation Shaft, Adjustment design of the underground facility
Construction of the surface facilities Construction/Opening of Public Information House and preparation of the exhibits, URL site, efc.

Execution design of International Communication Facility

Environmental monitoring

Monitoring of noise, vibration, water property, flora and fauna
Monitoring of drainage water from construction of URL facilities

URL site, Teshio River, Shimizu River, etc.
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Borehole Investigations 1
3¢ © HDB-1- HDB-11 3
<1 @ HCD-1-2, 34 (Collaborative Study) ]

| Seismic Observation
B8 HDB-2 Seismic Station
HDB-5 Seismic Station ;
Nakatoikan Seismic Station i
Hokuseien Seismic Station g

Global Positioning System (GPS) Monitoring

» 1 ¢ HDB-1 GPS Station (Permanent)
HE

“3(52| @ HDB-2 GPS Station (Temporal)  §

HDB-5 GPS Station

Horonobe GPS Station ;

Kamitoikan GPS Station :

¥ Magnetotelluric (MT) Monitoring
Hokuseien MT Station

Remote Monitoring System

4 Electromagnetic ACROSS

£ 1 ¥ HLAB Transmitting Station
station A 7 11p.4, 8 Receiving Station

&8 Seismic ACROSS

¥ HDB-3 Transmitting Station

A\ HDB-4, 5, 8 Receiving Station

/| Meteorologic Observation

3 ¥ [ Hokushin Meteorological Station (HDB-4)
Horonobe Meteorological Station

Kamitoikan Meteorological Station

Toikanbetsu Meteorological Station

[ Hokushin Evapotranspiration Observation Tower

River Flux Observation

P-4 Observation Point
P-5 Observation Point

‘ Groundwater Level and Soil Moisture
Observation

i ¢| Groundwater Pressure and Chemistry _
%4 Observation

< HDB-1 - HDB-4
HDB-6 - HDB-11
Groundwater Level and Gas Measurements
-{ # Hokushin Borehole (27 boreholes)
Kaishin Borehole (7 boreholes)
Rindo Hokushin Line Borehole (10 boreholes)

Resistivity Monitoring from Surface
35} s Line of Resistivity Monitoring Survey
Drainage Line

®# Drainage Line
Outlet of Drainage

i ' T s

Base map is part of the 1:50,000 topographic map (Wakasa Toyotomi, |
Kamisarufutsu, Teshio, Onobunai, Pinneshiri) published by the Geographical |
Survey Institute. S
HDB: Horonobe Deep Borehole, HCD: Horonobe Control Drilling, HGW: gﬁ

Horonobe Groundewater Level Observation
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