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The disposal of low-level radioactive waste has recently become the key issue of nuclear
engineering. Thus, to fulfill the demands to structural safety and long-term stability, the standards
on design and construction of disposal site are stricter than those of other uses. The natural and
engineering barriers provide the protection to radioactive disposal. So the ensurements and
influencing factors of structural safety and long-term stability are the key issue of radioactive
disposal. In this research, the geological investigation, design and construction legislation et al. of
existing tunnel were collected to investigate the considerations of long-term stability in design step
of radioactive disposal. Also, the cause of exceptional tunnel structural phenomenon to influence
the long-term stability of tunnel were analyzed, the major influencing factors are external force
caused and environment changed. Finally, the results of this research might be able to set up the
framework of requirements on waste disposal facilities, and assure the quality of further disposal

installations.

Keywords : Disposal of low-level radioactive, tunnel, exceptional phenomena, long-term stability,

affecting factors, structural safety
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AEE THEREE ) THERDERFE IS 2 THuN AR | B2 BIAE
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3.2.1 Hrak 34+

FPE R RS i 55 (IAEA)E £ B 3 414 B ¢ (NRC)* 1991 T 2001 & 57 % 2 47
BEw i e R FRIEAR L E o S TR, TR P AR 321 Mgkt v B

RGP e

qf\

A, B% RS a8 % (JAEA) > 1999 &4 # it £ 5 Bok &k #-(Near Surface Disposal of
Radioactive Waste) ; 2. % > % g (IAEA Safety Standards Series No. WS-R-1) © 5 B # #& =%
Fh g K2 I8P 4T

1. - % (General) -

2. ¥ ¥ (Geology) -

3. 'k=* ¥ F (Hydrogeology) -

4. +zki- 8 (Geochemistry) o

5. ¥ & R (Tectonics and seismicity) -

6. # j (Surface processes) -

7. #% % £ 5 iz (Meteorology and climate) -

8. A s B (Impact of human activities) -

B. Bk + i 4F (IAEA) »t 1994 #=p# ity £ & B % *E » (Siting of Near Surface
Disposal Facilities) ; 2. % > %R (IAEA Safety Series No. 111-G-3.1) » 3 MiExn #73F 2 3
BHEMIER @3

1. - % (General) -

2. ¥ (Geology) -

3. 'k=* = F (Hydrogeology) -

4. »zki- 5 (Geochemistry) o
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A ggsldez ¥ # (Man-induced events) o

Bk R i 38 ﬁia?] (Transportation of waste) -

2 &= 4% (Land use) -

A v & % (Population distribution) -

% 8 %3E (Protection of the environment) -

R R+ 0 %% (IAEA) ** 2001 &% 4 [ Technical considerations in the design of near
surface disposal facilities for radioactive waste ; z_ 3¢ % (IAEA TECDOC-1256) » R|zp? 3K 3+
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g2 % (Standard Format and Content of a license application for a Low-Level Radioactive
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2. % % ¥ p| (Standard Review Plan for the review of a license application for a Low-Level
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% (IAEA)

(1)
)
)
(4)
(5)
(6)
()
(8)
©)
(10)
(11)

(12)

Geological Disposal of Radioactive Waste Safety Requirements (No.
WS-R-4, 2006)

Technical Considerations in the Design of Near Surface Disposal Facilities
for Radioactive Waste (IAEA-TECDOC-1256, 2001)

Characterization of Groundwater Flow for Near Surface Disposal Facilities
(IAEA-TECDOC-1199, 2001)

Safety Assessment for Near Surface Disposal of Radioactive Waste Safety
Guide (No. WS-G-1.1, 1999)

Near Surface Disposal of Radioactive Waste Safety Requirements (No.
WS-R-1, 1999)

Hydrogeological Investigation of Sites for the Geological Disposal of
Radioactive Waste (Technical Reports Series No. 391, 1999)

Principles of Radioactive Waste Management Safety Fundamentals (No.
111-F, 1995)

Siting of Near Surface Disposal Facilities (No. 111-G-3.1, 1994)

Siting of Geological Disposal Facilities (No. 111-G-4.1, 1994)

Site Investigations, Design, Construction, Operation, Shutdown and
Surveillance of Repositories for Low-and Intermediate-Level Radioactive
Wastes in Rock Cavities (Safety Series No. 62, 1984)

Criteria for Underground Disposal of Solid Radioactive Wastes (Safety
Series No. 60, 1983)

Shallow Ground Disposal of Radioactive Wastes (Safety Series No. 53,
1981)

$RP A E A
4§ (NRC)

(1)

)
)
(4)

Standard Review Plan for the review of a license application for a
Low-Level Radioactive Waste Disposal Facility (NUREG-1200, Rev. 3,
1994)

Compilation of Nuclear Safety Criteria Potential Application to DOE
Nonreactor Facilities (DOE-STD-101-92, 1992)

Standard Format and Content of a license application for a Low-Level
Radioactive Waste Disposal Facility (NUREG-1199, Rev. 2, 1991)

Tests for Evaluating Sites for Disposal of Low-Level Radioactive Waste
(NUREG/CR-3038, 1982)

STl
PR
(STUK)

Disposal of Low and intermediate Level Waste from the Operation of Nuclear
Power Plants (GUIDE YVL 8.1, 2003)

BRI R
CE R Lk
A g
(NHMRC)

Code of practice for the near-surface disposal of radioactive waste in
Australia (No. 35, 1992)
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% 3.2-3 BuL e &2 3 p ¢ gk (IAEA, 1984)

1.Geological setting

Subjects Rock types overlying unconsolidated sediments
Contact and cross-cutting relationships
Tectonic setting; folds, faults and fractures
Degree, uniformity and directions of oriented features
Geological history

Techniques Remote sensing
Airborne and ground geophysical survey
Geological field mapping
Geophysical land survey
Bore-hole logging

2.Hydrogeology and hydrology

Subjects Porosity and permeability
Recharge and discharge areas
Groundwater velocity and age
Hydraulic gradient
Water
Migration and sorption characteristics
Chemistry
Geometrical characteristics of aquifers and aquitards
Characteristics of surface water bodies

Techniques Bore-hole logging
In-situ test and measurements
Laboratory studies
Remote sensing

3.Tectonies
Subjects Seismicity
Isostatic and lateral movements
State of stress
Recent fault movements
Techniques Remote sensing

Geological field mapping
Geodetic/microseismic survey
In-situ test and measurements
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4.Rock mechanics properties

Subjects Composition of rocks and fracture-filling materials

Physical and chemical properties also with respect to interactions
between radionuclides and host rock

Techniques Field mapping
Bore-hole logging
In-situ test and measurements
Laboratory studies

5.Geomorphological processes

Subjects Weathering
Erosion
Landslides
Sedimentation
Techniques Remote sensing
Geological field mapping

30324 — LT F N A T4 HE (IAEA, 1984)

Investigation Potential application

techniques Airborne Ground surface Subsurface

Measurement of in-situ
rock density which
improves the
interpretation of regional
gravity data

Indication of shape and distribution of rock masses of
differing density such as salt dispirs®, igneous intrusions
and ore bodies. Aid in identifying and interpreting
geological structures

Gravitational

Detection of regional and local variations in magnetic intensity which aid in mapping

Magnetic bedrock, interpreting geological structures, and identifying ore bodies

Electromagnetic Assessment of mineral potential and detection of faults and fractures

Identification of different strata including structural
configuration. Also identification of depth to the

Seismic Not applicable underlying crystalline basement, and detection of
unlevered rock masses and faults and fractures
Indication of thickness of
sedimentary layers, depth  Indication of lithological

Electrical Not applicable of u-nconsolidated variations, rock pgrosity,
sediments, occurrence of groundwater salinity and
certain shear or fracture occurrence of fractures
Zones

&Structure in which a mobile core, such as salt, bas been injected into the more brittle overlying rock through

a gravitational mechanism.
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% 325 ke E 238 B 23 (IAEA, 1984)

Subjects Techniques
. Bore-hole logging
Porosity Laboratory tests
In-situ test (pumping and injection tests), packer tests
Permeability Laboratory tests

Model calibration

Groundwater velocity

Tracer tests, water dating, hydrodynamic equations

Hydraulic gradient

Observation of piezometric levels

Natural fluctuations of water levels

Well observations
Piezometric observations
Meteorological observations

Chemical composition of ground water

Chemical analyses, bore-hole logging

Residence time, age of groundwater

Chemical analyses
Determination of isotopic composition
Hydrodynamic equations

Dimensions and connections of the different
hydrogeological systems including those of potable
water

Well observations
Hydrogeological mapping
Bore-hole logging, in-situ tests
Chemical analyses

Location of recharge and discharge areas

Remote sensing
Hydrogeological mapping
Tracer tests
Isotopic analysis
Water temperature

Interaction between groundwater and wastes

Laboratory tests

% 3.2-6 ~ o~ ferRiiv B2 24l BRI (IAEA, 1984)

Subjects Parameter Measurement techniques
Mineral and chemical Microscopy/(optical, electronic)
composition X-ray diffraction

Rock samples

Wet or dry chemical analysis, radiometric methods
X-ray fluorescence analysis
Atomic absorption spectrometry

Age

Isotopic analysis

Sorption properties

Experiments with radioactive or other tracers
followed by conventional chemical analysis
In-situ analysis

Chemical composition (includes
gas, organic and trace element
content)

Wet or dry chemical analysis, radiometric methods
X-ray fluorescence analysis

Atomic absorption spectrometry

Optical spectrometry

Groundwater Gas chromatography
samples Acidity-alkalinity (pH) Electrochemical methods both in the laboratory and
Oxidation-reduction potential field
(Eh)
Electrical conductivity
Age Isotopic analysis
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3 3.2-7 MBI AR LS -0 2 28k (NUREG, 1982)

Stratigraphy Porosities and void ratio
Lithology and soils Hydraulic potentials and pressures
Structure Seepage Velocity
Geomorphology Apparent Velocity
Ground water system and boundaries Flow direction
Surface water system and boundaries Dispersion
Recharge and discharge areas Pore water age
Visual description Suction pressures
Soil classification Suction pressures function
Rock classification Water-holding parameters
Material zone boundaries Infiltration capacity
Water zone boundaries Evapotranspiration
Immediate site boundary Precipitation
Extended site boundary Runoff coefficients (runoff)
Color (material color) Air temperature
Grain-size distribution or parameter (grain-size Air pressure
distribution) Wind speeds and directions
Material densities Partition coefficients
Water content Mineralogy and clay mineralogy
Soil water pH and acidity lon exchange capacities
(soil pH and acidity) Oxidation-reduction potential
Electrical conductivity or resistivity Natural gamma and spectra
(electrical resistivity) (material radioactivity)
Penetration parameter Soil solubles
Material variability parameter Soil organics
Hydraulic conductivities Gaseous constituents
Permeability function Ground water chemistry
Transmissivity Surface water chemistry
Storativity Atterberg limits
Anisotropy Specific gravity
Collapse susceptibility Seismic velocity
Shrinking-swelling parameter Heaving susceptibility
Strength (frost heaving)
Consolidation relation Erodibility parameters
Compaction relation (erodibility)
Rebound index Monument and point positions

Burial unit boundaries
Material temperature
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# 3.2-8Stripa 3+ & % = FF 2 E%% p 7 (Fairhurst et al., 1993)

Experiment

Measurements

Purpose

“First” simulated drift
experiment

Rate and Distribution of
groundwater inflow to the array of
six 100-m-long boreholes

Comparison with predictions by
equivalent porous media and
fracture flow models

“Second” simulated
drift experiment

Rate and distribution of
groundwater inflow to the
remaining 50-m-long D boreholes
after construction of the 50-m-long
Validation Drift

Comparison with predictions by
equivalent porous media and
fracture flow models, including
effects of drift excavation

Fracture distribution in
the Validation Drift

Mapping of the fractures in the
roof, floor, and walls of the
Validation Drift

Comparison with stochastic
predictions of fracture patterns by
fracture network models

Validation Drift
experiment

Rate and distribution of
groundwater inflow

Comparison with predictions by
equivalent porous media and
fracture flow models

“First” radar/saline
tracer experiment

Collection of saline tracer in the D
boreholes from injections in the H
zone, before construction of the
Validation Drift

Design of the tracer migration test;
calibration of the equivalent porous
media and fracture flow fracture
flow transport models; evaluation
of effects of drift excavation

“Second” radar/saline
tracer experiment

Collection of saline tracer in the
Drift from injections in the H zone

Design of the tracer migration test;
comparison with predictions by
equivalent porous media and
fracture flow transport models;
evaluation of effects of drift
excavation

Tracer migration
experiment

Collection of dye and
metal-complex tracers in the
Validation Drift and in a borehole
from injections in the H zone the
“good” rock

Comparison with predictions by
equivalent porous media and
fracture flow transport models

Monitoring of
groundwater head

Distribution of groundwater heads
within and around the SCV site
during (i) construction of the
validation Drift; (ii)
implementation of the validation
experiments; and (iii) draining of
the T1 borehole

Comparison with predictions by
equivalent porous media and
fracture flow models
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% 3.2-9 EFM THIT R 2 AT £ (Kwonetal, 2006)

R&D items

e Rock mechanics

— Rock mass classification

— Rock stress and deformation measurement and analysis

— Properties and mechanical effects of rock discontinuity and fracture
zone

— Effects of stress change on the hydraulic properties of rock
discontinuity

— Blasting techniques and blasting effect on adjacent tunnels

— EDZ development and its properties

— Evaluation of tunnel stability and rock support design

— Thermal property of rock (heater test)

— Infleuence of earthquake on underground facility

e Geology
— prediction of rock boundaries
Distribution rock discontinuity and fracture zone
Groundwater network and flow characteristics 1n  rock

discontinuity
Flow test through fracture system
Prediction technique of flow rate into tunnel

e Engineered barrier system

Thermal-hydro-mechanical (THM) behavior of EBS

— (Gas migration in engineered barrier system

Contaminant diffusion and chemical buffering of buffer

Colloid generation and migration at the interface between buffer

and rock

e Fluid migration

— Contaminant migration in rock mass

— Gas migration in shear zone

— Contaminant diffusion in rock matrix

— Colloid migration and retardation in geosphere

e System design

— Demonstration of emplacement technology
Tunnel sealing technology
Verification of deposition hole drilling
Concrete plug design and 1its application
Verification of retrieval operation
Verification of transportation method
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~ Project management
~~ and execution

Stripa mine
operations

Stripa Project
management

TR RR Execution of
. hmeae| research program

FE by principal
investigators

Technical
Subgroup (TSG)

Joint ¢ Engineered barriers Sealing Materials

Task Force
on

Technical * Geology
Committee « Geophysics
(JTC) * Geochemistry

and Techniques

Canada, Finland, « Hydrogeology
Japan, Sweden, » Numerical modelling § Task Force
Switzerland, UK, of groundwater flow on

USA * Rock mechanics Fracture Flow
* Solute transport Modelling

B 3.2-1 Stripa 3+ 3 % = Ff &2 indz 2238 p (Fairhurst et al., 1993)
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# | Conceptual idea with pro et con and code used

1| Aslip is imposed at the primary fault. The static response of the linear elastic rock mass with
inclusions of friction-less target fractures is calculated using the displacement-discontinuity method.
The target fractures populations are generated utilizing site-specific lengths, strikes and dips +: A
huge number of calculations possible with varying magnitudes, distances to target fractures and
target fracture statistics -: Static effects are calculated but not the dynamic effects. Fractures must
be friction-less. Code: POLY3D [10, 11]

2 | A slip is imposed at the primary fault. The dynamic response of the linear elastic rock mass with
inclusions of one target fracture with friction is calculated using a finite difference code FLAC3D for
the target volume. The WAVE finite-difference code is used to simulate the dynamic boundary
conditions for the FLAC3D calculations. WAVE provides a fair description of the processes at the
rupture of the primary fault +: The dynamic effects of a distant earthquake are studied. The target
fracture can have friction and other fracture properties like cohesion and stiffness. -: Static effects
are not calculated. Only one target fracture. Only a few numbers of calculations are practically
possible. Codes: WAVE [12] FLAC3D [13]

3 | A slip is imposed at the primary fault. The combined static and dynamic response of the linear
elastic rock mass with inclusion of one target fracture with friction is computed. +: Static as well as
dynamic response -: Fractures must be aligned with the computational grid. Code: WAVE

4 | The rock mass includes the primary fault and slip on that fault takes place as a result of potential
instability +: Full static and dynamic response. -: Only one target fracture. Only a few computations
are practically possible. Code: FLAC3D

Ground
Repository suriace
Potential A
primary
fault
Ice cover Ground

Dip-slip

Bl 5.1-2 T3 %7k & T T 45 B 1 B il 3-8 2 1 4 H-3](Béackblom et al., 2004)
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Underground Structure Seismic Analysis and Design Procedure

O

I

‘ Step 1: Definition of Seismic Environment I |

Step 2: Evaluation of Ground Response to Shaking

| | Step 3: Assessment of structure behavior due to seismic shaking |

‘l Seismic Harzard Analysis (Sec. 4.1-4.2) J

t Deterministic SHA

Probabilistic SHA

_I Design of Earthquake Criteria (Sec. 4.3) ‘

{:Maxlmum Design Earthquake

Operating Design Earthquake

<! Ground Mation Parameters (Sec. 4.4) ‘

Acceleration, Velocity, Displacement Amplitudes
Target Response Spectra, Motion Time History

Spatial Incoherence of Ground Motion

B 5.1-4 %

{ Ground Failure (Sec. 5.1) ‘

I~ Liquefaction
I— Slope Instability

— Fault Displacement

{ Ground Shaking and Deformation (Sec. 5.2) ‘

— Longitudinal Extension/Compression

— Longitudinal Bending

— Racking/Ovaling

B 47 8

73

<| Seismic Design Loading Criteria (Sec. 6) ‘

t= Loading Criteria for MDE

'~ Loading Criteria for ODE

Underground Structure Response ta
Ground Deformation (Sec. 7)

(— Free-Field Deformation Approach

— Soil-Structure Interaction Approach

_I Special Seismic Design Issues (Sec. 8) |

2+ w47 (Hashash et al., 2001)
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