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Abstract

The Horonobe Underground Research Laboratory Project is planned to extend over 20 years.
Investigations will be conducted in three phases, namely from the surface (Phase 1), during
construction of the underground facility (Phase 2) and in the underground facility itself (Phase 3). The .
2004 fiscal year is the fifth year of the Phase 1 surface-based investigations.

Geophysical, geological, surface hydrogeological and borehole investigations are being
carried out in order to develop techniques for exploring the geological environment. Geoscientific
models are being constructed, revised and verified based on the acquired data. As part of the
development of techniques for monitoring the geological environment, long-term monitoring of
groundwater pressures is ongoing in a borehole equipped in a previous investigation phase. Long-term
monitoring systems are also being installed in the remaining boreholes at the site and measurements
are ongoing. Development of a remotely operated monitoring 'system (ACROSS) is also continuing.
Studies on the long-term stability of the geological environment include monitoring with seismographs,
GPS and electromagnetic surveys. With a view to developing engineering techniques for application in
the deep underground environment, a detail design for the underground facility has been defined.

To provide input. for the detailed planning of the Phase 2 and 3 investigations, laboratory
tests are being carried out on the transportation and emplacement of the engineered barriers and on
tunnel reinforcement materials. With a view to improving their reliability, the appropriateness of safety
assessment methods is being examined using field and laboratory data.

The design of the surface facilities has been defined and construction work has begun.
Environmental monitoring is ongoing, as is collaboration with domestic and overseas research
institutes.

* Horonobe Underground Research Center Coordination Group

' This document is an English translation of Technical Document JNC TN5400 2003-003.
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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 Nuclear Cycle
- Development Institute (JNC), is implementing the Horonobe Underground Research Laboratory
Project (Horonobe URL project).

The Horonobe URL, where it is aimed to study the deep geological environment in sedimentary rock,
is one of the underground research laboratories mentioned in the “Long-term Program on Research,
Development and Utilization of Nuclear Energy (LTP)” published by the Atomic Energy Commission
of Japan (AEC, 1994). The importance of the underground research laboratories is also stressed in the
revised LTP published in 2000 (AEC, 2000). These facilities provide location for research and
development on geological disposal technologies and on establishing reliable methodologies for safety
assessment; they also play an important public relations role as destinations for visitors wishing to
learn about geological disposal.

The role of INC, as defined in the document “Securing Basic Technology for Atomic Energy” (Atomic
Energy Subcommittee of the Energy Resources Research Committee, 2001), states that INC should
promote research and development (i.e. scientific study of the deep geological environment,
improving the reliability on the geological disposal technologies and refinement of safety assessment
methods) through acquisition of actual field data and associated modeling studies. This R&D work is
to be conducted using the planned underground research facilities and laboratory-based test facilities
such as the Geological Disposal Radiochemical Research Facility. The R&D areas mentioned above as
being part of JINC’s responsibility - scientific studies of the deep geological environment, improving
the reliability of geological disposal technologies and refining safety assessment methods - correspond
to the areas “Geoscientific Research” and “Research and Development on Geological Disposal” which
from part of the Horonobe URL project. .

The Horonobe URL project is planned to extend over a period of 20 years. The investigations are to be
conducted in three phases, namely from the surface (Phase 1), during construction of the underground
facility (Phase 2) and in the facility itseif (Phase 3). This report summarizes the investigation program
for the 2004 fiscal year (2004/2005), the fifth year of the Phase 1 investigations.



2. Outline of investigation program in 2004/2005

The investigations in 2004/2005 are focused on the Hokushin area, which was selected as the area for
laboratory construction in July 2002. The main investigation region extends over about 9 km’.
Geophysical, geoIogical, surface hydrogeological, and borehole investigations are being carried out to
acquire the geoscientific data needed to develop techniques  for investigating the geological
environment. Together with previously existing data, the data acquired in this phase are used to
construct and refine models of the geological environment. As part of the program for developing
monitoring techniques for the geological environment, groundwater pressures have been observed
using a long-term monitoring system in a borehole since the last fiscal year; it is now planned to install
such systems in the remaining boreholes at the site. Design studies for the underground facility have
been initiated to provide a basis for developing engineering techniques for the deep underground
environment. The infrastructure for borehole and surface seismographs, GPS® (Global Positioning
System) and electromagnetic surveys® was installed in 2002 and 2003 and work has begun in these
areas.

Laboratory tests on swelling of buffer material using Horonobe groundwater and low alkalinity
concrete materials are being carried out to provide input for planning the R&D work in Phases 2 and 3.
Important geoscientific data and phenomena that should be considered in the safety assessment, and
the required volume and accuracy of these data, are also identified.

Development of the construction site has started. Work on a research and development center and a
core warehouse/workshop building’ are underway and public relations facilities have been designed.
Detailed plans for all the surface facilities are available. Monitoring of environmental parameters
identified from investigations conducted in 2003 is ongoing.

Collaboration with experts from domestic and overseas research institutes continues to form an
important part of the program.

3 GPS, developed in the USA, is a satellite navigation system used for determining one's precise location and providing a
highly accurate time reference almost anywhere on Earth or in Earth orbit. It uses an intermediate circular orbit (ICO)
satellite constellation of at least 24 satellites.

* The primary electromagnetic field, originating in the sunspot activity, generates the secondary electromagnetic field on
reaching the earth. The electromagnetic survey method is used to investigate sub-surface geologic structure.

> Building for storage of drillcores and storage and maintenance of investigation equipments.
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3. Geoscientific research
3.1. Development of techniques to investigate the geological environment
3.1.1. Acquisition of geoscientific data

- In  2004/2005, surface-based geophysical surveys, geological investigations and borehole
investigations are being carried out to acquire data on geological structure, stratigraphy, hydraulic
properties, groundwater chemistry, and rock mechanical properties. Observation of river flow using
water flux meter and sampling and chemical analyses of river water, as well as acquisition of
meteorological data using weather surveying equipment, continue to form part of the surface
hydrogeological investigation program. Applications for permits to carry out geophysical surveys,
geological investigations and borehole investigations in 2005/2006 will be made in due course. Details
are described in the following sections.

(1) Geophysical investigations
In the laboratory construction area and its surroundings, high-density reflection seismic surveys®,
multi-offset VSP (Vertical Seismic Profiling) surveys’ and gravity surveys are being performed to
obtain an understanding of key geological structures such as the Omagari Fault. The location and
geometry of the Omagari Fault and other geological structures are derived by integrating such data
with those from previous surveys.

(2) Geological investigations

In order to clarify parameters such as stratigraphic distribution and occurrence of faults, geographical
feature are analyzed using satellite images, investigation of the rock sample from outcrop and gas
occurrences in  shallow boreholes. Laboratory studies include petrological/mineralogical and
microfossile analyses.

"(3) Surface hydrological investigations
Collection of meteorological data, including precipitation, temperature, humidity, wind velocity and
direction, evapotranspiration rate is, continuing. These relevant equipments were installed in the
laboratory construction area and its periphery by 2003. In order to determine the distribution and flow
of near-surface groundwater, water level meters and a soil moisture meters have been installed in both
existing and newly excavated boreholes. From the results of these observations, and chemistry of river
water and precipitation, movement of water in the shallow underground environment can be
understood. '
To improve the resolution of observation in the laboratory construction area and its vicinity, river flux
meters has been relocated and a meteorological observation system has been installed.

(4) Borehole investigations
Two vertical boreholes with depths of approximately 500 m and one with a depth of 1000 m have been
drilled. These boreholes are used to monitor groundwater pressure and chemistry before, during and

In 2002, reflection seismic surveys were performed with 25-meter intervals between survey points in order to determine
geological features and structures over a wider area. In 2004, surveys with smaller intervals of several meters looked dt the
geological structure of Omagari Fault and its periphery in more detail.

7 Multi-offset VSP survey have a transmitter on the surface and a receiver in a borehole. Geological formations are
investigated by carrying out measurements between borehole and ground surface. “Multi-offset” indicates that the
transmitter is moved over distances of a few dozen meters in order to build up a 3D image of underground structures.
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after the construction of the underground facility. Investigation in the 1000 m deep borehole will be
carried out in FY 2004/2005. The program includes the following:

a) Drillcore investigations

*Geological characterization: core description (lithology, fractures, etc.), petrographical/mineralogical
investigations, chemical analysis, age dating and microfossil analyses.

"Rock mechanical properties: physical property tests (porosity, density, resistivity, seismic wave
velocity, etc.) and mechanical tests (uniaxial and triaxial compressive strength, tensile strength, etc.).
*Hydraulic properties: hydraulic conductivity tests in the laboratory.

-Groundwater chemistry: porewater extraction and chemical analysis.

b) Borehole investigations

*Rock mechanical properties: geophysical logging (resistivity, density, neutron, temperature, sonic,
caliper, etc.), stress measurements.

Groundwater chemistry: groundwater sampling and comprehensive chemical analyses (major
component, isotope, gas, and microbes).

*Hydraulic tests for understanding hydraulic properties and head distribution.

3.1.2. Modeling the geological environment and predicting changes caused by construction
of the underground facility

Geological, hydrogeological, hydrochemical and rock mechanical models have been constructed and
refined, based on data acquired up to 2003. Changes in rock properties, groundwater flow and
groundwater chemistry caused by the construction of the underground facilities are predicted using
these models. All data are stored and managed in a comprehensive database system.

(1) Geological model

The geological model dating from 2001-2003, which described the distribution of sedimentary
formations, faults and folds, will be verified using new data from geophysical surveys, geological
investigations and borehole investigations carried out in 2004/2005.

(2) Hydrogeological model

A hydrogeological model of the laboratory construction area and its periphery was constructed based
on existing models and data from the borehole investigations in 2003/2004. The volume of inflow and
changes in groundwater pressure caused by construction of the underground facility are predicted
using this model. Flow of groundwater with different densities (e.g. fresh and saline water) and with
dissolved gas is also analyzed.

(3) Hydrochemical model

Evolution of groundwater chemistry is interpreted from chemical analyses of groundwater samples
pumped from boreholes and porewater samples, as well as from mineralogical and chemical analysis
of core samples. The existing model is then revised to describe the spatial distribution of chemical
properties.



(4) Rock mechanical model

The rock mechanical model, which describes the distribution of rock strength and stress parameters, is
revised based on data from laboratory tests of core samples and measurements in boreholes; these data
was obtained in 2003/2004. The model is used to evaluate the stability of rock caverns. Changes in
rock mechanical properties caused by the construction of underground facility are predicted using this
model.

3.1.3. Development of investigation techniques and equipment

Drilling techniques which can control the angle and direction of boreholes are being developed. The
applicability of geophysical and analytical techniques in boreholes and at ground surface is also being
examined. The suitability of equipment used to measure pH and Eh and the composition and volume
of dissolved gas is being examined for measurements to be conducted under the pressure and
temperature conditions prevailing in deep boreholes.

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

Groundwater pressure and chemistry are measured continuously before, during and after the
construction of the underground facility to determine the influences of construction and investigation
activities. In 2004/2005, monitoring will continue in a borehole equipped in a previous investigation
phase and relevant equipment is also being installed in the remaining boreholes at the site. Methods
for real-time description and evaluation of results are also being examined.

3.2.2. Development of remotely operated monitoring system

The Accurately Controlled Routinely Operated Signal System (ACROSS), a monitoring system using
seismic and electromagnetic waves, will be used to observe changes in the geological environment
before, during and after the construction of the underground facility. Test observations started in
2004/2005.

3.3. Development of engineering techniques for the deep underground environment

The detailed design of the underground facility will be finalized in 2004/2005. As well as providing
appropriate locations for the geoscientific investigations, the intention that the facility should provide
an opportunity for the public to experience the deep underground environment also has to be taken
into consideration. Safety thus has the highest priority and evaluation of cavern stability and measures
for preventing/managing hazards such as tunnel fire are considered in detail in the design studies.



3.4. Study on the long-term stability of the geological environment
3.4.1. Seismological studies

Seismographs were installed at the ground surface and at the bottom of a 141 m deep borehole in
2002-2003. These make up a moriitoring system for detecting micro-earthquakes in the Horonobe
region. Monitoring is underway and the hypocenter distribution is being analyzed; the results are being
integrated with data from existing seismograph systems set up by other research institutes and
universities.

3.4.2. Diastrophic study

A survey is being carried out to obtain information on topographical changes, deformation processes
and the weathering of geological formations. The tectonic history and climate changes in the
Horonobe area are also being investigated. These data are integrated with existing information to
provide a comprehensive documentation of tectonic evolution and climate changes in the Horonobe
area from the Neogene to Quaternary.

The amount of crustal movement and changes in electromagnetic properties in deep underground are
analyzed by GPS and electromagnetic measurements. These observations are performed continuously.



4. Research and development on geological disposal technology
4.1. Improving the reliability of disposal techniques
4.1.1. Verification of engineered barrier technology

In Phases 2 and 3, investigations on the transportation and emplacement of the engineered barriers,
rock support measures and backfilling of tunnels are foreseen. To make detailed plans for these
investigations (e.g. objectives, test items, test layout, etc.), laboratory tests are being carried out on the
degree of precision required for the transportation and emplacement equipment and on materials such
as low-alkaline concrete.

Laboratory tests on over pack corrosion are also being carried out using Horonobe groundwater.
4.1.2. Confirmation of designing methods of engineered barrier

The long-term behavior of engineered barriers and the surrounding rock will be investigated in the
Phases 2 and 3. In preparation for these investigations, preliminary designs for the engineered barrier
system. are being carried out. Data from swelling tests performed in the laboratory on buffer material
using Horonobe groundwater and from surface-based investigations are used in the design.

4.2. Improving the reliability of safety assessment methods

Scenarios and models for safety assessment, and associated input parameters, are selected and
simulations of groundwater flow and nuclide migration with associated uncertainty analysis® are
carried out. Data from radionuclide migration tests on drillcore samples in the laboratory and from
surface-based investigations are used for these studies. Based on the results, the geoscientific data and
phenomena which are relevant to safety assessment and resultant requirements in terms of quantity
and accuracy of data are identified.

; Uncertainty analysis: ‘
In the safety assessments in geological disposal, uncertainties are inevitable because of the heterogeneity of natural
geological structures and the long-term nature of the assessment (several tens of thousands of years and more). Therefore,
assessments are carried out with consideration of possible data ranges or fluctuations in order to derive an evaluation of
model output uncertainty. This is termed an “‘uncertainty analysis”.
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5. Surface facilities and environmental surveys
5.1. Surface facilities

Development of the construction site continued in 2003. Construction of research and administration
offices, core storage buildings and a workshop is underway, and a public exhibition hall is being
designed.

5.2. Environmental survey

The environmental parameters to be surveyed in the area around the construction site were reviewed in
2003-2004 and monitoring of new parameters (e.g. noise, vibration, water quality) is now ongoing.



6. Cooperation with other research institutés

Interaction with a wide range of experts from both domestic and overseas research establishments is
an essential component of the Horonobe URL project because of the highly interdisciplinary nature of
the research and development activities.

In addition to promoting the wider participation of research organizations in Japan and abroad,
collaborative research will be conducted with the organizations listed below.

Partners of cooperative studies at present are:

-Saitama University for studies of groundwater flow modeling

- Central Research Institute of Electric Power Industry (CRIEPI) for studies of geological and
groundwater characteristics (including development of controlled drilling techniques)

Shizuoka University for analysis and quantitative evaluation of the structure and size of
microbial populations using the gene mapping technology

-Yamaguchi University for measurements of the volume of in-situ methane using a dissolved
methane sensor ‘

-Kyoto University for studies of the Acoustic Emission (AE)’ characteristics of soft sedimentary
rock using drillcores and in-situ measurement techniques

-Nagra'® (Switzerland) for development of hydrogeological borehole investigation techniques

-SNL'' (USA) for development of uncertainty analysis methodologies. '

In addition, research on a range of topics including sedimentary rock characteristics is being
conducted together with the Horonobe Research Institute for the Subsurface Environment'”.

? Acoustic emission monitoring is a non-destructive means geomechanical evaluation which passively measures sound
waves generated naturally by stress within a rock mass.

' Nationale Genossenschaft fiir die Lagerung radioaktiver Abfalle (National Cooperative for the Disposal of Radioactive
Waste). Nagra is responsible for geological disposal research in Switzerland. Part of its program includes in-situ
investigations in domestic underground rock laboratories (e.g. Grimsel).

" Sandia National Laboratories. SNL is under the US Department of Energy and has carried out numerous investigations as
part of the WIPP (Waste Isolation Pilot Plant) and Yucca Mountain Project.

'2 “H.RISE” for short. This is a research institute under the Northern Advancement Center for Science and Technology
(NOASTEC) established in 2003 in Horonobe. Scientific research on utilization of underground space is planned.
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APPENDIX ] Overview of the surface-based investigations (Phase 1)

2000FY (H12) 2001FY (H13) 2002FY (H14) 2003FY (H15) ] 2004FY (H16) 2005FY (H17)
ltems Content Objectives Applicationofresuts | g areaTsalaction o . o
v
Selection of area for URL construction Investigations in/around the selected area
Geoscientific Research
1. Development of investigation techniques for the geological environment
1.1 Acquisition of geoscientific data
(1) Airbome survey Heli-bome survey (magnetics, electromagnetics, natural gamma).|To determine geology and geological structures to a depth of 150 |Geological modeling. Planning and interpretation of o
m. investigations. Arrangement of boreholes. Selection of
construction area.
(2) Surface geophysics Electromagnetics. To investigate geology to 2000 m depth. Geological modeling. Planning and interpretation of regional eiod
To obtain detailed information on geological formations and investigations. Arrangement of boreholes. Selection of
structures in the borehole vicinity in the selected area. construction area. Construction design.
Reflection seismics. To obtain detailed information on geological formations and Geological modeling. Planning and interpretation of
structures to 2000 m depth in the selected area. investigations. Arrangement of boreholes. Construction design. > :
VSP surveys. To investigate in detail geological formations and structures in the|Geological modeling. Planning and interpretation of HDB-1,3,4,5 jiD85
' borehole vicinity in the selected area. investigations. Arrangement of boreholes. Construction design. T
(3) Surface geology Lineament interpretafion and geological mapping. To estimate the distribution of geological structures. Geological modeling. Planning and interpretation of lineament mapping mapping mapping mapping
To confirm stratigraphy. investigations. Arrangement of boreholes. Selection of e pe—y (" o— O
construction area. Construction design.
Laboratory tests (petrology, mineralogy, geochemistry, To characterize rock formations and confirm stratigraphy. Geological, hydrochemical and solute transport models.
geochronology, microfossils). Planning and interpretation of investigations. Arrangement of o >
boreholes. Selection of construction area. Construction design.
(4) Surface hydrogeology  |Meteorological monitoring (precipitation, temperature, humidity, |To estimate recharge rates. Hydrogeological modeling. Planning and interpretation of preparalion (system, location) installation, monitaring
sun exposure, evaporation), river flux, water table (wells, springs). investigations. Amangement of boreholes. i et
(5) Borehole investigations |Geophysical logging, hydraulic tests, groundwater/gas chemical |To acquire physical, hydraulic and hydrochemical properties. Geological, hydrogeological, hydrochemical and rock mechanical HDB-1,2(700mx2)  HDB-3,4.5 (S00mx3)  HDB6,7,8 (500mx3) HDB-9, 10, 11,12 (500mx3,1000m)
analyses, stress measurements. modek. Planning and interpretation of investigations. o— 1 g = [ e - R : >
Arrangement of boreholes. Selection of construction area. (for areaselection)  (infaround the selected area)
Constuction design.
Core mapping, laboratory tests (petrology, mineralogy, To characterize rock formations and confirm stratigraphy. Geological, hydrogeological, hydrochemical, solute transport and
geachemistry, geochranology, microfossils, physical and rock rock mechanical models. Planning and interpretation of
mechanical properties, siress, hydraulic conductivity, porewater investgations. Arangement of boreholes. Selection of AT i i e ol >
chemistry). construction area. Construction design.
1.2 Modeling of the geological environment and prediction of changes caused by construction of the underground facility
(1) Geological model Construction/revision of the model. To understand the spatial distribution of geological features. Hydrogeological, hydrochemical and rock mechanical models-
To provide input for hydrogeologicalfhydrochemical/rock Planning and interpretation of investigations. Arrangement of model construction/revision
mechanical models. boreholes. Selection of construction area. Construction design. ¢ >
To determine the degree of uncertainty with an increasing Development of comprehensive investigation/modeling
amount of data. methcdology.
{2) Hydrogeological model |Construction/revision of the model. Groundwater flow simulation. |To understand groundwater flow, head distribution. Planning and interpretation of investigations. Arrangement of i ol ethids rodel consrucionitevislon, grotndwaler flow simulsiion
Planning of fresh/saline water boundary study. To determine the degree of uncertainty with an increasing boreholes. Selection of construction area. Construction design. (e P T > @ ‘ >
amount of data. Development of comprehensive investigation/modeling I
methcdology.
(3) Hydrochemical model  |Construction/revision of the model. To understand hydrochemical conditions and their evolution. | Validetion of hydrogeological model. Planning and interpretation ] §z
To determine the degree of uncertainty with an increasing of investigations. Arrangement of boreholes. Selection of .mndel construction/revision "
amount of data. constiuction area. Construction design. Development of f
comprehensive investigation/modeling methodology.
(4) Rock mechanical model |Construction/revision of the model. To understand the spatial distribution of rock mechanical Planning and interpretation of investigations. Arrangement of e L T e
conditions. boreholes. Selection of construction area. Construction design. e s %
To determine the degree of uncertainty with an increasing Develpment of comprehensive investigation/modeling
s amount of data. methadology. RS AT Do | | S S IS TR T o (D T %
Prediction of changes Predicting conditions of the geological environment and changes |To understand the conditions of the geological environmentand  [Construction design. Development of comprehensive
related to construction associated with underground facility construction. changes caused by underground facility construction. investgation/modeling methadology.
To predict changes during/after construction.
Database construction Digitizing and management of all data. To store and apply data systematically and efficiently. Aﬁﬁning and interpretation of investigations. Geological, i
‘ hydrogeological, hydrochemical, rock mechanical and solute
transport models. Construction design. Development of = ) i
comprehensive investigation/modeling methodology. |
1.3 Development of investiaatior niques and equipment : N e 0 T e e e O e e [Fe ey O T T T
{Borehole drilling Improvement and development of drilling techniques and To provide optimum conditions for core and borehole Core and borehole investigations and monitoring. selection of tachniques and equipment _ improvement of equipment
equipment for soft sedimentary rock (drilling mud, casing). investigations and monitoring. O e e e 1 >
Borehole investigations | Improvement and development of techniques and equipment for | To acquire refiable data for hydrogeologicalhydrochemical  |Hydregeological and hydrochemical investigations. iR e %,f”._._; SRR R T TR TR |
hydraulic testing and groundwater sampling in the presence of  |investigations. .?almm"”mhmmanaﬁmm. improNent of GQIUWBN i
|oilfgas. | |
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Overview of the surface-based investigations (Phase 1)

Content

 2000FY (H12)

2002FY (H14) |

| 2005FY (H17) |

lthe underground facility
[ backfilling/plugging.

|

ltems | Objectives Application of results " area Ealastion: i ; | iy
i b, AICSRY. ealld ¥ il
| Selection of area for URL cgnstmcﬁon Investigations in/around the selected area
2. Development of techniques for monitoring the geological environment | I
2.1 Development of monitoring techniques in boreholes L T B s i L f o W O L] I e e 0, O e L
Development and improvement of equipment. Installation of To acquire reliable data on initial conditions before construction |Monitering techniques and methodologies. improvementof equipment | o insaliaion, monioring |
equipment and start of monitoring. and changes during/after construction. Hydrogeological and hydrochemical models. Y i ‘ I |
2.2 Development of remotely operated monitoring systems | | b |
Improvement of data transmission/detection system using seismic| To acquire accurate data on initial state of geological conditions |Monitering techniques and methodologies. ) W : ! I el
|and electromagnetic waves (ACROSS). Installation of equipment |and rock properties before construction and changes during/after - DRvemer Gl BYSTRLL R A s neneeed . ckation, monitoring
1and start of monitoring.  {construction. i f
3. Development of basis for engineering techniques in the deep underground environment \ | N i
T 7 7 T : - : ——p - T = i 1 s preparation
\fgzlsl;?ynsng the underground Ezzgéngmo; rllata)(/:ouctl.( ZZ:TE:Z:S zgif!:;;ﬂ%aesrilg;]:;zr;?a % To ensure that construction proceeds safely and efficiently. Constuction design. planing oy, schecde, ngineering maragement n‘ . dealeddesgn | orshaf excavalon
design studies. ‘ |
———— e e e —— ey g ———— —————— PeTSE U Oy e SS— —— —_—— |
Planning of investigations  |Planning of investigations on detection and restoration of To understand possible excavation damage. Construction design. planning |
excavation damage. To verify restoration methods. R T K T : S
4. Study on long-term stability of the geological environment |
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'Environmental research Literature studies and field surveys on natural and human ]To minimize impacts on the natural and human environment due |Constuction site selection, construction design survey monitoring, survey |
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Field Investigation in the 2004 fiscal year (1/6)

( Geophysical investigations '

High-density reflection seismic survey

In order to understand geological structures, such as the Omagari
Fault, reflection seismic and gravity surveys are performed.

Location and geometry of the Omagari Fault and other geological
structures are derived from data from these and previous geophysical
surveys, geological investigations and borehole investigations.

Vibrator (oscillating equipment)
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Example of a reflection seismic survey

Multi-offset VSP
(Vertical Seismic Profiling survey)

VSP (Vertical Seismic Profiling) is performed using
existing boreholes. By moving the position of the vibrator
and establishing two or more oscillation points, detailed
reflected wave data of the borehole surroundings are
acquired.

Measurement vehicle

Vibrator vehicle

/Borehole

Inside receiver

Direct wave and a
reflected wave

Stratum boundary

Example of a VSP survey
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Field Investigation in the 2004 fiscal year (2/6)

Geological investigations

In order to clarify geological features such as distribution of stratigraphy and faults, analysis of
geographical features using satellite images etc., investigation of rock samples from outcrops, and

gas occurrences in shallow boreholes are investigated. The laboratory analyses comprise
petrological/mineralogical and microfossil analyses.

Exsmpls of geolpgical m\./estlgatlons Example of borehole investigations
(Outcrop observation)
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Field Investigation in the 2004 fiscal year (3/6)

Surface hydrological investigations

Measurement of meteorological data such as precipitation, temperature, humidity, wind velocity and direction, and
evapotranspiration rate is continuing. The equipment was installed in the laboratory construction area and the surroundings
by the 2003 fiscal year, measurement of river flux is also continuing. Moreover, in order to observe the distribution of
groundwater level and movement of water in soil, water gauge and soil moisture meters are installed in existing and newly
excavated boreholes. From these observation results and chemistry of river water and precipitation, an understanding of water
movement in the near-surface environment is obtained and the extent to which rainwater permeates underground
(groundwater recharge) is estimated.

Solar
radiation

Wind "-'L‘IUCI’G"

Wind direction

; e
Rainfal 1”/

g
amount

,‘ Snow
§ temperature

2k

| I'._'LH[";!;I\.:EHE”;_;

: o
and humidity

Example of meteorological apparatus Example of river flux observation



Field Investigation in the 2004 fiscal year (4/6)

Borehole investigations

Two vertical boreholes approximately 500 m deep and one borehole with a depth of 1000 m are
drilled.

All these boreholes are used to monitor groundwater pressure and chemistry before, during and
after the construction of the underground facility.

HDB-6 core (FY 2003)
(Depth 554-558 m; Wakkanai Formation)

-------

Example of borehole investigations Groundwater analysis apparatus
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Field Investigation in the 2004 fiscal year (5/6)

Development of investigation
techniques and equipment

Drilling techniques which control the angle and direction of
boreholes are developed. The applicability of geophysical
survey and analysis technology in boreholes or at ground level
is examined. Suitability and specifications of equipment used
to measure pH-Eh and composition and amount of dissolved
gas are examined for measuring under the pressure and
temperature condition of deep locations in boreholes.

Methane sensor

Study on the long-term stability
of the geological environment

Monitoring has started and distribution of hypocenters is being
analyzed together with data from existing seismographs of other
research institutes. A geological survey is carried out to determine
topographical changes, deformation and weathering of geological
formations. Tectonic history and climate changes around the
Horonobe area are also surveyed. These data are integrated with
existing information and tectonic evolution and climate changes
around the Horonobe area from the Neogene to the Quaternary are
documented. The amount of crustal movement and changes in
electromagnetic properties deep underground are analyzed by GPS
and electromagnetic measurements. These observations are
performed continuously.

T Tovotealbe., . Hi=net Toyotami
KEHET. Toyotomly & Kik-not Toyotoni
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Feults 4
Maticling ® s 3
Synaling @ ur ’ y ns pemmn )
j Hi-net Teshio 01 234 G0m

'@ K-NET Teshio Kik-net Teshio e

Base map is part of 1:50,000 topographic map (Wakasakanal, Toyotomi, Kamisarufutsu,
Teshio, Onobunai, Pinneshiri) published by Geographical Survey Institute of Japan.

Location of observation stations
in the Horonobe area
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Field Investigation in the 2004 fiscal year (6/6)

Environmental
surve

Developnent of mvestlgatmn

Groundwater pressure and chemistry are continuously Envi . dth etiorsite.le
measured before, during and after the construction of the RN LR L e e &

underground facility, to determine the influences caused by noise, vibration, water quality, etc.) are continuing.
construction and investigation activities. In 2004/2005,
monitoring is continuing in a previously equipped borehole
and equipment is being installed in the remaining boreholes.
Methods for real-time description and evaluation of results
are also examined.

(Groundwater Sampling, etc.)

Borehole Casing
Pump

Packer

Probe (Groundwater Pressure
Measurement and Sampling)

Groundwater Pressure
Measurement and Sampling Port

il

Example of a long-term monitoring

: Example of a monitoring survey
survey in a borehole



Investigations in the 2004 fiscal year (1/4)

Modeling the geological environment and predicting changes in the geological
environment related to construction of the underground facilities

Based on reference data and data acquired on the geological environment, geological, hydrogeological,
geochemical, and rock mechanical models are constructed and updated. Changes in the geological
environment due to underground facility construction are predicted. The acquired data are registered in a
database and managed systematically.

Nulanan Fault |
Omagari Fault ' - \

HDB-1
W - ‘ E _EI[.] (m)
bl %
_ =Ty = 1 -5 000
(Hydrogeological model) i Example of groundwater flow analysis
i Fracture zone (distribution of hydraulic head and flow velocity)
HDB-1

EL (m)
=0

A I;/t'i‘—; ,‘#\\Q"y/ﬁ -

Oxidation-
reduction
front

(Geochemical model) -5, 000

Example of groundwater flow analysis
with different densities (distribution of salinity)

Example of a geological environmental model



Investigations in the 2004 fiscal year (2/4)

Development of investigation
techniques and equipment

(Development of remotely operated monitoring system)

A monitoring system using seismic and electromagnetic
waves will be used to monitor changes in the geological
environment, such as geological structures and rock
properties, before, during and after the construction of the

underground facility. Test observations started in
2004/2005.

GPS satellite

16

) Y
g
®

v
1
i
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T S

\-

Transmitter £
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Example of a monitoring system

Development of basis for engineering
techniques for deep underground

Detailed design of the underground facility is defined. It is
taken into consideration that the facility should provide the
opportunity for the public to experience the deep underground,
as well as providing space for geoscientific investigations.
Safety of the facility has the highest priority, stability of
caverns with various rock properties and measures for hazard
such as tunnel fire are therefore fully considered in the design.

=2
.‘ .

ey
= w G ;‘L. = i,:“
Access shaft - £2h .
: : —Ventilation shaft

.7 Gl-125m drift

Sketch of underground facilities



Investigations in the 2004 fiscal year (3/4)

Research and development on geological disposal

*Improvement of reliability of disposal techniques

In Phases 2 and 3, investigations on transportation and emplacement of engineered barriers, rock support installation and
backfilling of tunnels are planned. To make detailed plans (e.g. objectives, test items, test layout, etc.) for these investigations,
laboratory tests are conducted on the precision required for the transportation and emplacement equipment and on materials
such as low-alkaline concrete. Laboratory tests on corrosion of the overpack material using Horonobe groundwater are also
carried out. Long-term behavior of the engineered barriers and the surrounding rock is investigated. To make detailed plans for
these investigations, preliminary engineered barrier designs are carried out. Data from swelling tests on buffer material in the
laboratory using Horonobe groundwater and from surface-based investigations are used in the design studies.

*Improvement of reliability of safety assessment methods

Safety assessment scenarios, models and input parameters are selected, and groundwater flow simulations, nuclide migration
simulations, and uncertainty analyses are carried out. Data from migration tests on drillcore samples in the laboratory and from
surface based investigations are used. Based on the results, geoscientific data and phenomena which are relevant to safety
assessment, and issues to be solved to clarify requirements on quantity and accuracy of data, are identified.

Concrete supp ervation
nnel
Buffer
material
: >fObagation
Electric Pag
heat
heater
Corrosion of overpgek ~ % Engineered barrier

opg-term stability

Example of engineered barrier Research on long-term stability of engineered
emplacement study barriers and surrounding host rock
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Investigations in the 2004 fiscal year (4/4)

( Facilities arrangement plan '
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