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© POTENTIAL-DETERMINING IONS
@ HYDRATED COMPLEX IONS

(© aNIONS

| DISTANCE ——

Fig.1 Schematic of structure of double layer and potential
distribution in double layer in elctrolyte solution.
A: potential determining ion, B: Stern layer of
chemisorbed ions of thickness &, C: Gouy layer
of diffuse ions.
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Fig.2 Variation of tensile strength and zeta potential of
Gosford sandstone in AICl; environment.

20F

Zeta Potential (mV)
(=}
\

40 1 1 1

30| ' ¢

Tensile Strength Change (%)
o ,
(=
T
L

] 1 1
1 2

log(PEO Concentration (ppm))

Fig.3 Variation of tensile strength and zeta potential of
Gosford sandstone in PEO environment.
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Fig.4 Variation of tensile strength and zeta potential of
Gosford sandstone in DTAB environment.
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Fig.5 Vanation of tensile strength and zeta potential of
Western Australian granite in AICl; environment.
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Fig.6 Variation of tensile strength and zeta potential of
Western Australian granite in PEO environment.
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Fig.7 Variation of tensile strength and zeta potential of
Western Australian granite in DTAB environment.
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Fig.10 Variation of axial stress during multi-stage
triaxial test of a dry sandstone.
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Fig.11 Strengths of dry sandstone, water-saturated sandstone
and saturated sandstone with three different kinds of
chemical solutions in multi-stage triaxial tests.
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Table 1 Summary of shore hardness testing results

Table 2 Crack velocities measured by DT test
under constant load.

Environments Shore Hardness | S.D.
DRY 81.71 5.46
WATER 59.75 4.35
DTAB(1 X 10 mol/l) 65.30 4.51

S.D. : $ZH#E{FE7% (Standard Deviation DEE)
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BHRRWIEETE CRES S, MUNEESRE L
CEEHRCEENRECER LTS LECLERL
TW5. AR EEMHY D ERTEREDBRRS
TOAEZHEDETIE, V3 v IRBIZHI-oT

V (m/sec) V (m/sec)
Parallel to rift | Parallel to grain
plane plane
DRY 2.98% 10 4.01x10°
WATER 2.00X10° 5.98X10°
DTAB 2.89x 10" 9.98 X 10
(1 X 10 mol/l)

T vPRIBTOEMERLERR LTS LR
N3, ERRCRBINRI Sy 7 DR TR
BREMBENICEET R, BHERETREFRS Y
Z v I HEOBRRELGEDLL, FhiiL>TRE
TEITRDERICE ST S v 7 &BOUMNENL

(plastic blunting) DR 3. ZOWMMILICL B2
T OHREEDERIZE ST, 75 vrEmicE
UABIRIGHEFIET TR0, 75 vIhi
KE>THHEINZVTHRNF—DpE L AE
REXBETTI2H0EEFEI N5,

Tk, fkEMr EEMLEOERTBBREMET
BERAAZZXLMMIEDL S BV ELISNBT
HAHIW. FRIZOVWTHRETT 2010, REHE
(>a7iEE) L DT HRIC &L 2 EBERBWE O
Do R 21T o 0.

Table 1, ke EBMMY D%2RT DTAB &
WRETOIERERRF OREEE (2 3 PHEE)
HIEERER LTV, KREBRERIE, BRM4T 100
BEORBER ICOVWTHRNEROTEETH B, &
DR S, SBAMADVEDERTBBEIMSTOMDS
MKFELDEWVERRT I NS035, D2F b,
MKRET & EBANEOERT BB TORR
THBL, SEERERERORMICIL>TETT 2
P, REEEIIHITINTZ LD Westwood & DS
BRIALBYTHREHER 2L RO RERL
TW3. o%bh, CBMHPODOPETIE, Mk
IZEEER U C B R B sh3LE I oh 3.

Table 2 i, 6= OHRRFERA Z21ER L, Waza
SPT oD L EREERERGT COH DT HER Y
»o, SREBFEERDERO—FITHB. =
T, I AERRE K % LISMN/m? L —ZiZ L,
HAR R UMK SR & S BN ¥ 0% RT DTAB A
ZHTOHERETRLTWS. £, REBRFEIHRE
CBRBPICBEI TSI LR T, RBRERCBNT
MO TERHBR A 2By P L. SRERE
BEVIZ, UIMNTLA LT ULV TLL VICE
TRABTERRPNER LD, WEIZHWVT DTAB
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BHRYTOSHERFEEDLHPKEN. D&Y, DT
RRCRDoONZHOBDERERER L LEBAY

O DBBRGOADMAKILBELTRENENZS.

HEFEEHE L DT HRICL 2 S HEBHEER
BEIIBERREANOLEERPIMOMREHET 5
r, BRIHMtEESOERICL-T, {BAEDD
T ISR I el L T MR i B A 2 &
NTREHIHELTS. LHPL,DTRBETOSRER
FEEOREHBIIASND LD, —EHERMBHED
L, SREMDBHICEMT 2RI RS LMkE
& b HYEERIC ERBEIRE TS0, 5IE
MBI U TARREESNERHT2EEI 50D,
UihioT, (BEEREZHNLERETOERES
2EZ5L, Ev I NOEBICL>TEHIRET S
LEDHF LV ERIEEFRIDEM L T EHRESE
BEL, BHRE2EDIERELTEHLEELS
hsa.

EBMOEBRRERAAZZLIOWTIZER
KREBTH D, EMMITIEZERNC L 280E~
OMBRLZOEAAAZZILDEESPIC R, £
=, EBUZEOICTZEETOLEERDORMIC
£oT, BIZHIERKEE, =& XIEKERSE, Sa10
Hl, JwETOR—") U UHEY, B BNWTiE
Z DR, WSRO LE2RNS06EMIH 2 E
DErEZIOSNS.

5.# @

RIFETIE, FEEROFMI L 2E5HRE~D
B2 T HEIREE & LB ZHEEAR T OHE
TCOEMRARED SHET L, AE SR, REHEE
HEFER,DT HRERIC & 2 SREREEREHER L0
BTCEDANZZILIONWTERLE. ZOMHE,
) BERCIEMBEOMEGICBNT, EHEERE
R RAOEERICH L TERICELL, B
PP OERTEECBWVTRREEZTRTIL %
BHS DM U=,

2) —h, BEBEWERRR TR S ERERER
b EA BRI LTERREMETRX T, BN
ToOEERFIIBNTHMKEEIC LR L TAR
REBEERTERD SRV LERLE.

3) AE BHHIKE R, REWEHEHSE, DTHRICL2
EERBEAEERD S, (BNEYOOBETD
(L2 EHITMSRE T, MUKEGICHBRUTEAR
ML L ERIFIELICS WD, —BEERHE0
L, STGCHMDIEMICEMT 2RMICRZ LENR
CERDPRELTHENRET S ERBHESPICL
7.

8 HTIAT: EBIY D OBHETOBELIO
I & STERAIEORAD, KRB L
ABLBEETORRLEZ 605,
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THE EFFECT OF CHEMICAL ADDITIVES ON THE STRENGTH OF ROCK

Masahiro SETO, Venkata S. VUTUKURYI, Dilip K. NAG and Kunihisa KATSUYAMA

Chemically induced change of the strength of sandstone and granite has been investigated to establish the
fundamental knowledge for chemically enhanced fracturing, together with acoustic emission measurement during the
experiments. The tensile strength varied with the concentration of chemical additives, became the lowest at the
particular concentration which are consistent with the zero zeta-potential concentrations. AE activity is the most
active in dry specimen, and the least AE activity was found in the saturated specimen with the chemical solution.
The triaxial strengths did not vary significantly with concentration of the chemical solutions.
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