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—8tudy of an evaluation method for rock cavern stability (H11) —

Masahiro Seto* ,Nobuyuki Maeda**,Hiroya Matsui**
Abstract

Construction of large underground caverns or large-scale structures influences the
mechanical and hydrological properties of a rock mass, and change of the rock mass
properties affects the mechanical stability and hydrological behavior.

NIRE and JNC have been in collaboration since 1989 to develop the techniques and
methods for evaluating rock mass behavior. In 1998, Phase 4, a study of an evaluation
method for rock cavern stability, was started to investigate methods to determine initial
stress state and stress state around the drift to obtain basic information about the
excavation disturbed zone. In 1999, a borehole was drilled vertically from the surface to
200m depth in the Tono Mine. Then, three-dimensional stress measurement was carried
out using both AE method and DRA. Another AE method using specimens of the vertical
direction (uniaxial) was performed, and the hydraulic fracturing technique was also applied
in the borehole. The three-dimensional stress states were also evaluated by the latter two
methods, and they were evaluated to assess the applicability of the methods to estimate in
situ stress states. The main conclusions are as follows:

*Magnitude of the vertical stress in sedimentary rock was almost the same as the
overburden pressure estimated by depth and rock density. It was slightly larger than
overburden pressure in granitic rock .

"Magnitude of the maximum horizontal stress increased linearly with depth. The gradient
of the stress-depth relation in granitic rock was larger than that in sedimentary rock.

*Orientation of the maximum horizontal stress was N-S~N45° W in sedimentary rock and
almost N45° W direction in granitic rock.

-Stress regime was transitional type(o 5> o v= o) in sedimentary rock and varied from
transitional type to reverse faulting type(s &> o> ¢v) in granitic rock.

*AE method and DRA were useful techniques to estimate initial stress state. And
estimation of three-dimensional stress state from oombmatmn of AE method and
hydraulic fracturing technique was also useful.

Work performed by National Institute for Resources and Environment (NIRE) and Japan
Nuclear Cycle Development Institute(JNC) under contract.
Agreement No. | 114F047 _
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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BENTWE, T/, ORI, EHIIIITHEATHEE 60° FELDAEEE L
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4. AEEH I DRAICE B ERFTHIHG HRIE

4.1 B9

RBSEILEROFEGTRERZIBETS & & bz, IREBOE - Fi=FE0ER
PEIZOWTHRFT 37200, HIBEILERN oM B ERE T 7 & I23RE L 7z 99SE-02
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4.2 RERA*

(1) BEaT7LHRA

RRICAWEER 27, 1 7 VEEREE L OMRD b1 211m & THEI S his
PAER—Y 7 FL(99SE-02 FL)POBEBRENE LD TH S, BROFE L Liza 7L,
Hhzmh b DIEENH 40m, 80m, 190m. 20lm, 21lmO#EO a7 TH5S, FNFh
DaATIOWT, 45 6 5@ GRE M (VER) .. N-S Fm. E-W 5., N45° E 5.,
N-S BriEm P> Na5° N 51, E-W B P oD N45° K J5) bRBRA e L, BERA
BPER LI FRERE—4.2.1, fERRAEEZR—4.2.1 IR T, RRFOTE, BRIZE
£ 20mm, £ S 45~55mm ORI TH D,

N45° [E (E-W)

V (Vertical)
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#F—4.2.1 BHIT7»50EFNORKERA EHIRNT

Core Depth (m) Specimen name

40 m Core 41.23 to 41.55 NS-A-1(8S),2,3
N45° E-A-1(8),2,3
EW-A-1(F), 2(S), 3

41.55 to 41.89 N45° N-A-1,2,3
N45° BEW)-A-1,2,3

41.89 to 42.22 V-A-1(S), 2(F), 3, 4, 5, 6(F)
NS-A-4, 5(S)

EW-A-4, 5(S)

N45° B-A-4

42.34 t0 42.66 N45° N-A-4, 5(F)
N45° EEW)-A-4, 5(F)
N45° E-A- 5(S)

80 m Core 79.00 to 79.35 NS-B-1, 2, 3(8)
N45° E-B-1, 2, 3(S)
EW-B-1(F), 2, 3, 4(8)

79.77 to 79.85 V-B-1, 2, 3(F), 4F)

79.85 t0 80.18 N45° N-B-1, 2, 3(F)
N45° E(EW)-B-1, 2, 3(F)

80.18 to 80.48 N45° N-B-4
N45° E(EW)-B-4
NS-B-4

| N45° E-B-4
V-B-5(F), 6(S)

190 m Core 189.90 to 190.20 NS-C-1(F), 2, 3
N45° B-C-1,2
EW-C-1,2

190.55 to 190.20 N45° N-C-1,2
N45° E(EW)-C-1, 2
V-C-1,2

201 m Core 201.75 to 201.95 NS-D-1, 2(F)
V-D-1, 2, 3(F), 4(S)

202.4 to 202.7 EW-D-1(F), 2, 3, 4
N45° E-D-1(F), 2,3
NS-D-3

V-D-5(8)

202.7 to 203 N45° N-D-1,2
N45° E(EW)-D-1,2

211 m Core 21138 t0 211.73 N45° N-E-1,2
N45° E(EW)-E-1, 2
V-B-1(F}, 2, 3, 4(S)

211.79 to 212.15 NS-E-1(F), 2, 3
N45° E-E-1(F), 2, 3
EW-BE-1,2

(GF) FEBFEER I RERRICIREILEIREREIER IR0,
S:HEBRR R L7245, HBARS T 4A0m U TObOT, FHELALLD,




HBRRFOER TR, 7, BAT20m 0= 7HRE 27 (f—4.2.2(a), (b)), £D
HIRE OEATER 1/50mm SINIC2 5 X S ICBX TEIEFRLTo R, 28, a7k
T, aTHREAEL 0 0 90° OHETERICRETE SEFA2HEM L. b,
TERR UTc B R i, BB E STedic, ALK EEEEAMCEAR, EhiE=
— VR AN TRRE TOREREICRE L,

B—4.2.2 mAaa7hbooa7ERER



(2) BEHZE

AE & DRA I X B ETIEAHB O O—EEEARII —EOMERESME (0.H4
MPa/min) T\, FIEOHBABHI VN HEEINLIIHYED IERE) = CHir
LRI R 2~5 EE D R Uic, —EEERBRICRAW AR BRI MTS 8 810 By —
SIATEIEASR T, BAREIX 1,000 KN 0LDTH S, RBAICIZOTHRS,—Y (&
—UR 20 m) ZRFOMEIC 2 BREY ., RBRFOWMOTAREFHA L, BFCH
> T, 2T HF —DIZBWT 0. 3MPa E TEIOTRS 1% DN T—HT3 L 51
HAREZHEEL, BRI L TR T#HIc bR E S it L, SERORAE
BJ—4.2.3(a),(bHI5RT,

(b)RBRA LK

B—4.2.3 FArRBCRE



(3) AEFHRIA RS AERIZ L AR HETER

AE I X AHHMEARE TR, [—ERIBREYZ T LEESEHIESF OB
LI Z I 2 e - BB 2 D ETAE BFEELR] &V ) AE OB A P —REF
AL, —EERESWED AR OBERRI AT TIRERA L TR HEEEET 5,

AE BHANGEBRAIC 2 D AE £ — 2V AT TiT o7z, R L AE B9 —iX
HAE B WS 500kHz DEFE L L3 — (NF B 504M BY) THH, AEERI TV T BE
OUEVWER., Bl A XERELBN L E LT 250nV [TRE LK, AR E13—
THRESNEZ AEESIXT Y 77T 40dB BIES i1, 0% AE BITHEE (NF 3 76614F
BV o)) TRIZABEEESN, FOAEEFEEZHNWC, V7 ¥o by bE
DR TG A—F T ETY, B L ORFRERDC, AE FRIVAT ADHEEZR—
4.2.4 1T/ F,

5y

M~4.2.4 AR BHEIS R A DIE

AR DFEARAPBHEAEEZHET A HFIEL LT, AEBARORBHBITBWTAE
OBBEEHEL, ZOROEHGHELHECNELTILDOTHDS, RERDIGE
FHETIE, W OPOFEMRESNTHWER, BRFARA L TWHEENRHEL
LT, FROFEICHE Tz (F—4.2.5(a)~(c)ZR),

QFEF, EFY L IF¥ Ay b (Cumulative AE Counts) —Hn77 (Stress) BHER

K Z/ERE T 2 (K—4.2.5(a)).
QR BBV ¥y v N OEAETERL U ERICRE) v 740 %
%7 3 k (Normalized AE Counts) — iix /7 (Stress) BRE 2B T 5 (B —4. 2. 5(b) ),
QIEHILEREY v /¥ h Ty MHBRICOWT 40 SFEOEZZHEL, ERdT 5
EE OB ERD, EEELE (Criterion) —I5S1 (Stress) BAFRKZ{ERKT
5(H—4.2.5 (),
@ZFDEEF{LE (Criterion) M 0.15 282 2 R% AE ORUER L L, TORDIG
FEHATRHIIEE UTELERD,
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N45E-190-1B Criterion
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B—4.2.5(c) EHLREY 7 ¥V vy MHROMASELRLE
e oB%k  (190m=7, N45° E Fi)

(4) ODFHETRIFFRE DRAICE DENHEEERE

DRA IZ X BRI BIE T, #uE L —8ERBWROMOTAEFAIL, BELY
A T AFBOOTHREE KD, FOELRIE»SERI TIZERE LW HEZHET
AbDThHD, OFHh « FEFEY AT L0 E K —4. 2.6 1277,

®—4.2.6 BRI R A DIE



DRA V2 & B HATIEHMEILB W T, O TFAE-LTRRIICB W TEHSEZHFANS
VERH D RRIZE o THONI-OTAEEPSEMRE 2 ZENICEARS 2012,
BIRMPABRAL TWAROFEFEIILW-o TRl E2IEE L (0—4.2.7(a) ~(c) &
B, 8. AFRBRICBWUL. BB LB IBEHOGTAELY HWTFFMEL 72,

© U9 HZE (StrainDifference) — 577 (Stress) BIRE % ERLT 5 (M —4.2.7(2))o

@ BUOTAEZERFORKMETCERIELL., EHIDFA%E (Normalized Strain
Difference) —Iix/] (Stress) BAREE/ER TS (M—4.2.7(b)),

@ EHLUTAEZEOBB T 2EHET 5, BB EEE T ARICHV 5 EHE K
. OFAE-RNBEROTO Y FEOSEEICKTF L., R TIE 20 @R
B ERIE L.

@ BTROL-BHEHEOEAEETE L., £0EIE (Criterion) —f&h

(Stress) BRI %EFRD S (B1—4.2.7(c))

® BEIFEHOENE (Criterion) 292 % 2B A2 AZEHAL L, FOBEOWRN

EZE AT IEL LTHRARS, '
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Stress (MPa)

M—4.2.7 (¢) EBLOTHEBBTHOLEEL 5T & LT
(190m = 7. N45° E HIm)



(5) =RTEBHOEEFAOERFE

6 BTG (04,04,0,, t12, 725, txv) DEFELANIE, ZXTEEHOE (0,
=1~3) BLTENGDHME (A,m,n) PEHTE S,

29, AEHERICBVWTXYBLIP ZFAOHOH D FnEEZ TEETLEX
NE®Rb,

A Cx Tyx Tx A
o, mi= |14 Oy Ty m < (1)

ZTATN Typ =TT STxpsTay STyx ELTBET S L, BTOL 512425,

(0:-0x) ~7Tx —Tax A
Ty (0,-0y) -1y mby=0 c e e (2)
T ~7y,  {0,-04) n

FEEEIEIN +m* +n° =1TH 595, o, 7EETLH72HI0IEA. m. n ORE<H
]y 7 AOFTFIRD 0 THRITNIER S v,

0:-0x) ~Tx = —Tx
~Txy (O-i_GY) —Tyz |=0 <0 (3)
=T —Tyz (Gf —Gz)
_titl D'\

(Gz‘ —Ox )(O'f —Oy )(Gi - Gz)_ 2Ty, T Txy — (O-i —0Ox )“'Yz2

_(Gi _GY)TZXZ —(Gi _GZ)TXYZ =0

2 2 2 2
o’ ~(og+o,+0, )07 + (o:,az +0,04 +0xOy —Tyy =Ty =Ty )0',.
2 2 2
— (O'XO'YO'Z —O0xTyz —OyTsx —OzTxy T 2Ty T Txy )= 0

. e e . (4)
Y%, o,N3RADBONE, 2D IKRAD I ONRSEIEN 0,06, BEU 0, L%
%o
FITORDFERT. 4) REFHEO/-DIZ, XOL3IZFT,
6.’ +ac+bo,+c=0 c e - (8)
ol Al
a=—-0y -0y —0,

2 2 2
b=0,0,+0,05+04x0y — Ty, —Ty —Txy

2 2z
C=—0430y0,+0y Ty, +0yTo +0,Tuy” = 2Ty TrcToy

(5) MK RD IS ICEBXERTIELTE L,
X3 +3PX+Q=0 - - - (8)

ol -
t._.g.ﬂm..,

—16—



X=o,.+§\ p=2-2  Q=c-Z+ZL
(6) X, WARD BUTOEHOL & 3 0DEREFFD,

D=0 +4P* <0 cee e (D)
ZL T, ZOEIIRRICLYRDLNE,

X, = 2+/- P cos{o / 3)

Xz = —2+/— P{cos(r — )/ 3} - .- - (8)
X, = 27— Plcos(z + 1 3)}
el A
4N-D
¢ =tan= ——

72720, a<0DEAIZa+180—a & 5,
(8) FiF (6) RDBTH B0, RNl ITXNUICL YV RDB I P TES,

Giin""g . e . (9)
1iX1~3 TH 450, PRBIIIKREWE GEREHZE) »bEI0,,0,,0, LT 5,

D&, ELNOFE (FRAEEA,m,n) 2EDD. A, m, n%1, J, RE&HEAH
PRIE, BT Lk s,
Ii =(Gi _GY)TZX +TxyTyz
Jr':(o-i—O-X)TYZ-l-TZXTXY - - - - (10)
Ki =(Gf —Cx )(O-f"_o-v )_'l'-)(\r2

INEI+ 2+ K2 =1 offrminE, ko2 FRLHEILTOL ) K%

%o
2
A = L
V24T 4K}
4
m. = J:‘ v - (1)
L1+ 24K
K’

H

n,. =
JIZ+J7+K]
(6) @MAREICAHADEEGRDODERTE
OEDOFEFMAICBNT, #HE#Eh, H#Ev ey hid, 3 ks (0,,0,,7,)
YV e- VoA EFELTERICERNOELRS (0, ,0,, ) 2RODLBIELHFTE
%o



j_&b-k)\

2z
o o, +0 o, +
1k _ 9 v-_l-‘/( h Gv) +Thv2 e e e . (12)

G, 2 2
¥z, FOFMP)ERATELONS,

¢ = ltan—l i

. 13
2 o,+0o, (13)

LREFRT L PMEEITEIC2OFEL. 1230, DFAETHY, 1D 1 2ido,, ®
(EWICER) AHtib, ShEBTOIICHELTEL Loy, Loy, DARRE
ETHIENTES,

Thbb, ¢iko, OFELL, h%%%ﬁtLrvﬂﬁm(ﬁﬁ+ﬁﬁ)%EtT
NELT O L1k 5,

' 2t
D 0,>0,0F - 6 =Liant 2%n
2 c,+0,
2T
® O'h <O'v G)%{—j\ -------- ¢:}_tan-1 hv
2 c,+0,
6,=0,7T, >0D%8 - - - - - ¢ =45
o-h =O-V’Th‘v <00)i}%/ﬁ‘} ----- ¢=_45°
0,=0,20,7,, =0DFHE - - - ¢ =TF (EFE)

. (14)



4.3 RERIEE

(1) AEFEICLDHETHER

MEZLLZEEEFOBAZE~4.3.1(a) ~ (e) 27T, (a) & (D)IRTHRIIRBED
EITIZONTDHIDNT, (¢) b (EEFBEEEITIIOVTOHERETH L, 28,
B EZE1LE (Criterion) 250.15 2 A - L X OHIICHOELEITIOHESE L. B
IZREITR Lz BEHREBF P OBEEINICHEZEEMNICEK —4.3.1 1IRT, 1o
POEELLSRITTAOYHICIIREEZ R —4.3.2 BLUE—4.3.2(a) ~(e) 1=, $AEFIH
DEHEB L OCKFEADEE N 2K —4.3.3 BLUM—4.3.3~5 IZ7RT,

SRR ERE LT, FEEOLEAMICBITAAEREERI T NITL DAL, B
HNAIEIHMEIZ 2V TIIEEEFEVWEEZ NG, /2, FAITEE 400D XS 28
EL6AMDBHECRDEIVRELZIL P TR MERONEVESE. FOEEH
HHZOWTRETOELDE*ER L TEMTALENH 5,

ZRTAFHOTHIREICOWT, AR L IEREN TREL o I HIRENFE LR,
HEEHTO200FRICE B &, AEIRAFHEANZIZR CHE N60° W30° N) 2
B BRECHEEFEECTEICHF DRI LEFN VW 25, BB TIER
ANEISSIFEANGO W0° N THI, FRICERTAEATORAEIRIEFNTEL L
EIoND, EREBTOIODFRTIE., UL ZIEHREFEONTE Y, B
EICHfEIL 5~7MPa T, FDHIEIEZHEIANI W20° S Tho7-, BAFEEEIZ 3.5~
4.5Pa ¢, ZOHHIIMRBEFETH -7,

SEHAOITMEIC 2V T, HBEET THIERERTLLHE) LENABREED»S
BEESNLGMELIHY ELBRE LEFE LN, KFEEBAOFLHEIC DOV TIE,
BRAEIREL, BETHEIVELEBRELLL, FAERDERSESEICHENK 1.3
BETH- 2, KFTHOBRKELDFHIZEEPLEEICEES (. BRA N0 Vdh
oy A

SNEAEEKRFEHAD 2 2OEILHOKRNERELE L, FEEOLHREICOVT
WEt L7 20#HER, SR TR I 2D HEOANERIZEVER L L—IZ I3
fliT & 2R, BT ) TIEEAN T, I\ 2B L “KFEERORKEIET >HEES
SHKFEADRADERTT" THDH, HTNHBEHOBARETH o 2, EBEBWTIL,
“KPEHOEKEED >HEILH=KFEAORAELT Thh, EREOLE
BTHo7,
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Cumulative AE Counts

N45E-B~1 {80m core}
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Cumulative AE Counts
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F—4.3.1 BENOAEECLBEHESER
40m3a7
Orientation Stress (MPa) Average (MPa)
vV 0.98 0.92 1.0 0.97
N-S 0.62 0.70 0.70 0.67
N45° E 0.55 0.52 0.55 0.54
E-W 0.55 0.48 X 0.52
N45° N 0.70 0.52 0.61 0.61
N45° E(E-W BF@E) 0.58 0.59 0.52 0.56
80mI7
Orientation Stress (MPa) Average (MPa)
v 2.1 1.9 20
N-S 1.7 1.9 1.8
N45° E 1.2 1.0 1.1
E-W 1.6 1.8 1.7
N45° N 1.6 1.2 14
N45° E(E-W Bfrm) 1.1 1.3 1.2
190mIa7
Orientation Stress (MPa) Average (MPa)
\Y 34 4.0 3.7
N-§ 4.7 47 47
N45° E 3.9 3.9 3.9
E-w 4.4 4.0 42
N45° N 42 4.0 41
N45° E(E-W Brim) 42 42 42
201m3a’r
Orientation Stress (MPa) Average (MPa)
v 3.5 3.7 3.6
N-S 5.8 5.0 b4
N45° E 4.6 48 47
E-W 4.9 50 50
N45° N 5.1 5.1 5.1
N45° E(E-W #fmE) 4.9 5.1 50
211ma7
Orientation Stress (MPa) Average (MPa)
v 5.2 46 49
N-5 6.3 6.0 6.2
N45° E 5.0 50 50
E-W 5.2 5.2 52
N45° N 5.1 5.2 b2
N45° E(E-W BfrE) b8 5.6 5.7

~25—




£—4.3.2 BENOEESEF0HMEL ER

40m3a7:
Stress Magnitude (MPa) Bearing (° ) Plunge (° )
Sigma—1 1.1 82 68
Sigma—2 0.8 207 13
Sigma—-3 0.3 301 18
80m3a7F: ‘
Stress Magnitude (MPa) Bearing (° ) Plunge (° )
Sigma—1 2.6 190 45
Sigma-2 2.3 66 30
Sigma—-3 0.6 315 31
180m3a7:
Stress Magnitude (MPa) Bearing (* ) Plunge (* )
Sigma—1 5.0 161 22
Sigma-2 4.1 254 8
Sigma-3 35 1 66
201m37:
Stress Magnitude (MPa) Bearing (° ) Plunge (° )
Sigma—1 5.8 150 7
Sigma~—2 b.0 245 30
Sigma—3 3.6 47 59
21 Tm=Ia7:
Stress Magnitude (MPa) Bearing ) Plunge (° )
Sigma—1 8.7 160 24
Sigma—-2 5.1 66 10
Sigma—-3 45 45 64

D ERHOFN, EEHEI T ERRIRE,

F£—4.3.3 EENOHERIEL AEGHRO LGS

BEW | B8 |($fEFOEH | XFEANEL AEEARAD | BAERS
(MPa) FEIEMPa) | ES4E (MPa) J5 18
40 Bi kR 0.97 0.7 0.5 NI18® W
80 2.0 2.4 1.1 N43° W
190 | feEE 2.7 5.1 3.8 N33° W
201 3.6 5.7 4.7 N34° W
211 4.9 6.6 4.8 N27° W
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W

6 1=5.0MPa
o »=4.1MPa
5 3=3.5MPa

F4.3.2(c) ZRTAEICHIRE (B : 190m. TR E

o 1=5.8MPa
o ;=5.0MPa
0‘3=4.5MPa

B14.3.2(d) Z=RITCAHIIEHIRE (FE © 201m. THIREZ)
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/

1
¢ =6.7MPa
10 6,=5.1MPa
¢ ;=4.5MPa

: S
B4.3.2(e) ZRILDHICHIRE (BREE | 211m. THEERE
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(2) DRAC & BIHEERER

70 SE LEATEEO O3 A R R 5 DRAMC L B IC DT £ R AT L LA D,
B2/3 b RBF BT, FRRHY A 7 VEO DT HESNS Wz ICHELRE
HAEEET 2L TEhd ol DRAKE o TRIERHE TEEROPIER -
4.3.6(a), D) BEUE—4.3.4 7T, BEPHELFE-EHEIZEVTRETHIZEAL
A MERALEEBEHMAEL L, FOBRORHEZRTCHEL L, HRICKHTR
L7z,

6 HT T OIETEDHE T ELRREER 2D 072720, ZRTHHMILNIREL
KB LI TELEDPoT, T, KFERAD=FHE (N-S,M5° E,E-W) DRHELSHE
ETELRBERL 1900 A TH Y, SHEAMOLIE (V) 2EETEAOE 80,
190m, 20lm DREREETH o7, TO1DH, SREFHEDIEHEIC OV TOARKEET S
CEEL ANEORERIEBETAILICL T, ZOEBROEEEICOWTEML 72
AEEB LU DRAIICE o THRLNMESFHADILIMEZE—4.3.5 7R T RRAICL-T
BONIHBERTMEIR AEFEICL > TELALELIZIZEL WD, DRAILL - THEDS
Rz EOEBEEIISH D EEZ bR b,

£—4.3.5 AEEB L UDRAIZ X BEREISTIE

RERIESE $hiE AMEIC N ERTE IR
(m) (AE : MPa) (DRA : MPa)
40 0.97 —

30 2.0 2.1
190 3.7 3.4
201 3.6 3.9
211 4.9 —
— T HEETET



N45EW-B-2 (80m core)
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F—4.3.4 DRAIZT BHEERR

40m=2A7F
Crientation Stress (MPa) Average (MPa)
\' b4 X X
N-8 X X X
N45° E X X x
E-W X X X
N45° N X X X
N45° E(E-W BRDE) X X X
80mav7
Orientation Stress (MPa) Average (MPa)
A" bd 2.1 2.1
N-S 1.8 X i8
N45° E 1.3 186 145
E-W X X pd
N45° N 1.0 0.9 0.95
N45° E(E-W BfmE) 1.1 14 1.25
190m3a7rF
Orientation Stress (MPa) Average (MPa)
\'; X 34 34
N-S 24 2.9 2.7
N45° E 30 2.6 2.8
E-W 2.7 2.6 2.6
N45° N 22 2.6 2.4
N45° E(E-W BEFE) X % X
201m3a7F7
Orientation Stress (MPa) Average (MPa)
A 3.7 40 3.9
N-S 3.7. 24 3.1
N45° E 3.2 3.5 34
E-W X x X
N45° N 2.3 X 2.3
N45° E(E-W BfE) X X X
211mI37
Orientation Stress (MPa) Average (MPa)
A" b4 X X
N-3 b4 % X
N45° E X X X
E-W X X X
N45° N X X X
N45° E(E-W ) X X x

< (EBF2E B £ E3E B 0 THRIE.

EERMIZV T HAEDNSCRELNRZNEEDND




44 AEFBRB LU DRAEBRD L &

FRSLHNBAPMI O BRD SHHI L 2HRER—Y ¥ Z1LH» 5B M2 EREIon
T AEEBLUDRAICE D ZXRTEWYPIEIWEEER Lo ZOBE, AE BT HE
BB 2 7 A - REWA 2 T EHFTE, SRTHYISHREE KD D 2 L TR,
—7,DRA TREFIICOTHEINE L. # 2/3 ORBF 2BV CREL Rl S8
bNY, ZRTEIHIEHREEZ RO 2 2 LA TE R dh o,

ARFLL-oTHORHARZLU TR .

1) ZRTAHEHREICOWT, HEEHTREBEBHF NGO W0° N Th
D, BRRERT EPHELHITZELVEERLTWROT, BAERHER
KEXTAENATORIERESFNTHEEELLNL, BEEHTCIREALER
7JEX 5~TMPa T, ZDXIEILEER N30° W20° S Th o720 BATIEIEE 3.5
~4.5MPa T, ZOHMIIBASGEF N THo 7,

2) SREIBTCOVTIE, BRI L o TSI H ) EICHEYT 2 5 EE 6 i,

3) KFHADELHEICDWT, RAZRHEREELEYEL TIPS, Bk
ERNERIBRADEZRDEOH 1.3 BRBETH 72, KEEROBRKEEDF I
EEPREICEGL . BRN0 WThot,

4) BEABTRITOV T, EREBTIE 3 2OBIEOANIRICECHFE S L—iE
CIEHFFATE 2V, BT TREFKT, BR3¢ “AFEROBRXERS
A>HERS SKFMAORDEIET" THY, BENHBEOBHESECH -
2o FEMEETIZ, "AFEAOTEKESH >HEDH =AFEAO B ERT"
Thi), EREOIEHEETH -7,

DRAIZE - THRLNAHAEZETICES,

1) SAEAEOEIEIC OV THR LR DRAIC L - THRoNT-EIZAEEICE >
TRONIAEE BIEZFL WD, DRA 0L o TR L NBHENEEELS 2 &
Zzbh3,



5. AE & & UKEEREIC & 308G HEIZE

5.1 BEY
BEGINEROMBIL DIREZIEET 5 & L 312, BHREOFH - SHMEAFEOEH
BT DV TIRETT 5 721, SREKIIBHPI OIS 5 AT T I & (HTHI L7z 99SE-02
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s B3 I 0.08sec/ BTy ¥4
T REERE HERPSAER|  TDS-301 FIEEEE © +40.000X 10°
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ENb, AERHE—EEHR-524 7R,

KIZ. BEM 2 AEREHRRBROFIEE H—5.2.4 25> TFT,
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ST IFITORTVEDT, AV 7Ly v a YOREIZELRONIERHD
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P,=38,—Sy—P+T - - - (1)
mrﬁwkxofittmgﬂéf—U/ﬁﬂ%ﬁubmfﬁ%?été@rﬁ%Pr
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Sh=P; <+ (5)

KIEREEER T X - TH 5 L7 Re-opening pressure (Pr) . shut-in pressure %3, (3)
~ (5Y KRRALT, KFEAAORAKEBNB LTRNELHERD S, KEFIZBNT
Po i 99SE-02 FLOFLAAKE. (FLOA O DERE 49.31m) &5 KERMEMERE 3 TOKHE
WELWEREL.
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(1) Inserting a dummy packer. (3) Hydraulic fracturing.

{(2) Impression test before hydrofrac. (4) Impression test after hydrofrac .
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