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National Institute for Resources and Environment (NIRE)
and Japan Nuclear Cycle Development Institute (JNC)

—A study of evaluative method for rock cavern stability (H10) —

Masahiro Seto*, Nobuyuki Maeda**, Hiroya Matsui**, Toshinori Sato®*
Abstract

The excavation of drift to construct the underground large cavern or large-scale structure
influences the mechanical and hydrological properties of rock mass itself, and the change of the
rock mass properties affects the mechanical and hydrological behavior of rock mass around the
drift. :

NIRE and JNC have been in collaboration since 1989 to develop the techniques for evaluating the
rock mass behavior. Inphase 1,from 1989 to 1991, insitu AE measurement and laboratory tests
for resistivity tomography were carried out to understand the microcracking and deformation during
the excavation. In phase 2, from 1992 to 1993, the ccllaborative research focussed on the
development of seismic and resistivity tomographies. In phase 3, from 1994 to 1996, stress corrosion
in rock and AE behavior of rock under compressive stress were fundamentally studied to understand
the microcracking in rock in underground environment. Phase 4 has just started from 1998 to
investigate the evaluation methods of in situ stresses in rock mass. In 1998 the stresses around
the road way were evaluated using AE method, DRA method and over-coring method. Also,
mineral mede analysis was carried out to know the rock property itself.

The main conclusions are as follows:

1) Stresses evaluated by AE and DRA methods

The vertical stresses varied with distance from drifi and reached maximum of 4 to 5 MPa in the
distance of 2 to 2.5 m from the drift. In this measurement any significant difference has not been
found between the stresses evaluated after a few days and nearly 140 days from core drilling.

2) Stresses evaluated by over-coring method

The measurements were carried out at three different distances from the drift, and the results
were almost same at the three places. The magnitude and orientation of maximum principal
stress were about 3.5 MPa and N60W70N, respectively, and those of intermediate principal stress
2.5 MPa and N70W208, respectively. The magnitude of minimum principal stress was about 2.3
MPa and its orientation was about N10EON. The vertical stress was 3.5 MPa which was well
consistent with the results of AE and DRA methods. :

3) Mineral mode analysis

The rock consisted of quarts, feldspar, mica and opaque minerals, and the minerals are fine.
Clay minerals were also included. The particles were almost flesh and conglomerated. The
contents were 87 % of matrix, 6.1 % of quartz, 1.5 % of feldspar, 2.7 % of mica, 0.1 % of opaque and
2.7 % of porosity.

Work performed by National Institute for Resources and Environment (NIRE) and Japan Nuclear
Cycle Development Institute(JNC) under contract

Agreement No. . 104F00586

JNC Liaison : Tono Geoscience Center, Geological Research Execution Group, Group Leader, Seietsu
Takeda

* ! National Institute for Resources and Environment, Safety engineering department, Fracture
mechanics and explosives division.

* % | Japan Nuclear Cycle Development Institute, Tono Geoscience Center, Geological Research
Execution Group.
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%4, 1.1 98SI—-04OF7 Mo OHETRERE
(A7ETML2~3BREDRE)

I o HEFIE N (MPa) sz
{(m) (dd/mm/yy)
AEE DRA
PN4—030 0.3 3.7 3.1 2/9/98
PN4 =060 06 2 2.7 9/9/98
PN4—083 0.83 2.2 3.3 2/9/98
PN4—095 0.95 24 36 9/9/98
PN4—117 1.17 1.4 35 2/9/98
PNA—174 | 1.74 4.8 4.1 2/9/98
PN4—203 2.03 5.1 46 9/9/98
PN4—215 2.15 3.7 45 8/9/98
PN4—233 2.33 5.1 43 10/9/98
PN4—237 2.37 44 4.2 2/9/98
PN4—249 2.49 35 45 10/9/98
PN4—265 2.65 42 43 10/9/98
PN4—276 2.76 39| 4] 8/9/98
PN4—335 3.35 2.7 46 2/9/98
PN4—470 47| 3.2 3 8/9/98
PN4—474 474 3.9 37 13/9/98




=4, 1.2 98SI-05aAF7HMhLDETESR
(#2:B85ME : 2~ 3@ &)

HES 71 (MPa)

FYINES ’(¥m§)" (ddg/itjfwiy)
AEE DRA

PN5-007 0.07 15 34| 17./9./98

PN5-026 0.26 1.1 X 18,9798

PN5-052 0.52 1.8 48] 18998

PN5-078 0.78 1.6 36| 187998

PN5-182 1.82 3.7 44| 189,98




4. 1.3 98SI—05 O7MoDEERER
(2B :73~1018)

A R HEEG I (MPa) HEEE
{m) {dd/mm/yy)
AE% DRA

PN5—012 0.12 2.7 3.2 1/12/98
PNS5—056 0.56 22 3.7 1/12/98
PN5—112 1.12 25 24 1/12/88
PN5—117 | 1.17 3.7 3.6 1/12/98
PNS—177 1.77 4.2 4 1/12/98
PNE—222 222 3.2 b 1/12/98
PN5—234 2.34 4 by 1/12/98
PNS—250 2.5 4.3 4.4 6/11/98
PN5—285 2.85 3.8 b 1/12/98
PN5—310 : 3.1 36 3.7 6/11/98
PN5—330 3.3 34 4.1 6/11/98
PN5—4060 4 28 3.5 6/11/98
PN5S—425 4.25 3 4.2 2/11/98
PN5—450 45 25 3 6/11/98




%4.1. 4 908SI—05aFMOMMERRE
(GRERFTORERME:140H)

T (MPa)

YOINES ;?:r:’\g) (ddg/ﬁrfi?yy)
AE% DRA

PN5— . 021 0.21 1 3.3 8/1/99
PN5—039 0.39 1 3.2 8/1/989
PN5—298 288 2.9 b 8/1/99
PN5—325 3.25 4.1 4.2 8/1/99
PN5—370 3.7 X X 8/1/99
PN5—395 3.95 2.6 3.9 8/1/99
PN5—430 4.3 3.8 3.9 8/1/89
PN5—480 4.9 X b 8/1/99
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Stress Estimation from TONO CORE 4 (PN4-060)
using AE Technique

PN4-060A Cum AE
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Stress Estimation from TONO CORE 4 (PN4-117)
using AE Technique

PN4-117A Cum AE
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Stress Estimation from TONO CORE 4 (PN4-174)
using AE Technique

PN4-174 Cum AE
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Stress Estimation from TONO CORE 4 (PN4-249)
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Stress Estimation from TONO CORE 4 (PN4-335)
using AE Technique

PN4-335A Cum AE
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Stress Estimation from TONO CORE 4 (PN4-470)
using AE Technique

PN4-470 Cum AE
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Vertical Stress (MPa)

Estimated Vertical Stress from AE Method
(TONO CORE-4)

" ] 1 L] ]
1 1 L] ] ]
L] 1 L] ] ]
1] 1 ] ]
L] 1 L] ]
L] 1 L] ]
: @ .8 .. :
. . R P F
. L L] L] )
L] L L] L] )
1 . o . ' )
] L] r
1 L3 o 1 ]
. L] i ]
, . . @ .
T
. ' ' G ' G
® : ® - .
L] L] '
' . @ '
L] " L3 ]
. . ‘ ' (]
bt - — —x n == . - mmwmem o L T R L N A
L} L] 1
. ' ' o
L} Ll ] )
¥ ® - -
L} 1 ] 1
: @ .
b - o m ke - e T T
1 L] 1
1 1] ]
. L]
. @ :
L]
A o T
1
L]
L}
L}
L]
.
i ] i 1 i i i i 1

0 0.5 1 1.5 2 2.9 3 3.9 4 4.5 5

Distance from Roadway (m)

X 4.1.14 - 98S1-04 I P 5B AB ¥EIC X o CTHES W MBS & EE & ORFR
(FRBRFRE 2~3 JER)



Estimated stress from TONO4 core using DRA

PN4-060
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Estimated stress from TONO4 core using DRA
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Estimated stress from TONO4 core using DRA
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Estimated stress from TONO4 core using DRA
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Estimated stress from TONO4 core using DRA

1
]
€08
5
5=
o
c 0.6
o
e
)
- 04
]
N
g
502
=

0

—_ -
o

Strain Difference Rate (%)

PN4-335
.........o.o ootoo,...y 46
L e, . 3..,....9.0.':... ................................................. * ,.; .............................
0 1 2 3 4 5 6 7

Stress (MPa)

PN4-335
.....--.-..-.-.---...-.-.-.................-.......-.._.-.-.............-....... ..... 6 M ecincimmeemaremmn——a
P ‘. B P . .‘....9.....,.......,...’...,.-... ..................................
0 1 2 3 4 5 6

Stress (MPa)

4.1.19 98SI-04 2 77EBRH D 5 D DRA ki L 2 #H 6

(LB ERMELEU T H2E~EHER ; TE : U S A20RITEY

ZE(LE -1 BAfR)
—33—



Estimated stress from TONO4 core using DRA
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Estimated Vertical Stress from DRA

(TONO CORE 4)
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Stress Estimation from TONO CORE 5 (PN5-052)
using AE Technique

PN5-~052A Gum AE
{18, Sep, 98)
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Stress Estimation from TONO CORE 5 (PN5-177)
using AE Technique
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Stress Estimation from TONO CORE 5 (PN5-234)
using AE Technique

Cum AE
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Stress Estimation from TONO CORE 5 (PN5-285)

using AE Technique
Cum AE
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Stress Estimation from TONO CORE 5 (PN5-330)
using AE Technique

PN5-330A2 Cum AE
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Stress Estimation from TONO CORE 5 (PN5-450)
using AE Technique

PN5-450A3 Cum AE
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Vertical Stress (MPa)

Estimated Vertical Stresses from AE Method
(98SI-05 CORE)
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Stress Estimation from TONO CORE 5 (PN5-395)

using AE Technique
Cum AE
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Stress Estimation from TONO CORE 5 (PN5-430)

using AE Technique
Cum AE
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Stress Estimation from TONO CORE 5 (PN5-395)

using DRA Technique
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Stress Estimation from TONO CORE 5 (PN5-450)
using DRA Technigue
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