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Hydrofracturing Stress Measurements
—In Sity Stress Measurements at Depths around 90m—

By

H. Tsukahara, R. Ikeda, H. Satake, M. Ghtake, and H. Takahashi

National Research Center for Disaster Prevention Japan

Abstract

We succeeded in an jn sitwy measurement of the crustal siress by using the
hydrafracturing method for the first time in Japan. It also was the first time in Japan
that the crustal stress measurement was made for the purpose of earthguake prediction
studies.

The hydrofracturing method has recently been developed especially in the United
States of America based on a techigue used by the petroleum industry 10 stimulate oil
weils. Since oil fieids are remarkably limied in our country, there has been iitlle neces-
sity for this technique. Conventional methods limite the depth of stress measurement to
anly several meters from the surface or the wall of tunnels. But, the present method, the
hydrofracturing, enables us to measure the crustal stress at any depth a borehole can
reach.

Main part of the field experiment is {o pump water into a selected interval of the
measurément borehole, and to fracture the side wall of the hole by the hydraulic pres-

sure. A pair of “inflatable packers” is used to seal the interval. Alfter the packers are
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recovered, the inclination and azimuth of the hydraulic new fracture is observed with the
“borehole ieleviewer”. The herizontal principal stresses and their directions are cal-
culated from the records of pressure change and the fraciure azimuth.

The measurement was carried out in two boreholes 100m deep at Katsarajima
wnd Miyajima in Okabe Town.Shizuoka Prefecture in Feb.-Mar (1978, In the Katsurajima
well. four measurements were made at depths between §7m and 100m and two sets of
hydrofracturing data were obtained. In the Miyajima  well three measurements were
made at depihs between 80m and 9Um with satisfactory results.

The minimum and maximum horizontal compressive stresses at those experimen-
wl sites are calculated to be 32 to 53 bar and 58 (o 79 bar, respectively. The' stresses
increase in proportion to the depth. All of the calculated horizonta! stresses are great-
er than estimated vertical stresses due (© the overburden weight so that the [east princi-
pal stress is vertical.

The direction of the maximum compression was found o be N4(I°E from the tele-
viewer observation of the new fracture at the 95m-depth. This direction is not in agree-
ment with the regiondl strain field obtained from the geodetic survey. On the other hand.
earthquake mechanism studies suggest & complicated feature of the stresy field in this
dared.

This experiment reveals that the hydrofracturing method s successfully apphied
lo such an usclive and complicated orogenic zone as the Japaneses istands However.fur-
ther investigations are necessary to utihze the results of hydrofracturing measurements

for earthquake prediction.
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Fig. 1 Schematic drawing of fractured well,
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1= (2) BH) . 20LsOWKES Py, (BENKE ;breakdown pressure) &4 5
& (27 R,

Pbo = 3%min~ "Hmaxr T T (3}
THa.
—% W% REEE T SAEELEEEHAORRED oy, & HAEAD
KEEHER Lt aDkEL Py L3454 (R1- (4) B8R,
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Fig. 2 Schematic drawing of hydrofracturing method.
YOE) RBALT, LFE3es v P THEHETS 50-100mBABEN] 6nd&L
T COBORETRAFEEELDLALAEETT 2.
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INFLATABLE PACKER
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Fig. 3 Diagram of pressure recording system.
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(1) KkE#£»7 (Injection Pump)
100l min HREOHUBEOEE, M7 00bar e THEAEELEY F4#EH L
(2> KEFH (Pressure Gauge)
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oo SHANOEAREPOREERENAIGHE T, BHUBEE TORFICHEEL .

(3) @mE# (Flow Rate Meter)

Ry FOEEBHCEEHN L 0>, HEREHAL COEr SHBLELLE. $7,
KOBEABER KW (Reservoir) QKD SHEE L, MEHCL2HMEMEFT w7 L
tr, BUREBYOORBOMMEOREZL10%TH 4.

(4) BHR.H-BIUEASH (Inflatable Packers and Injection Valve
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to lower packer

(1) {2) (3) (4) (5)

& 4 BHRSy -
(IRERBTORRE, (DBEER (BVEACHDO 4bkoiEA (GULHE
LR 2090 n—BEE 3NERE 43A0 5vaTEX
6AV—7 TEH BEFIE GBS H- 10,EAFR
Fig. 4 Inflatable packer.
(1) Before inflation, t2)Inflation, (3) Opening of injection ports {4} Water njection,
{5} Deflation,
1, Check valve 2,Packer element 3,Grooves for releasing 4,Injection ports 5,Shear
pins §,Sleeve 7,Weight BRight-turn releasing thread 8 Inflatable packer
16, Injection valve
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TMA % &, BEE 71 —RNOFE#H (Check Valve)psi, N A T VA S T &4
Fiwkoigdy s (M4- (2) ). AECENCHEDZETRE Sy H—WICEALZZOS,
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(8) WHAT LT (Borehole Televiewer)
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DEFTH b— —
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THToR
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2 PAGNETOMETER

3 CRIENTATION
PULSE
GENERATOR

s o PALSE | "
GENERATAR i CAPERA
¢ [ 5 {2000 puLses/sEc)|

] — SURFACE PANEL

«~—— [5 PICIOELECTRIC |
—_—
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¢ e
“s. b AMPLIFIER
o CEmg ] |
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Hartz.
INTENSITY

N E SuW N
YERT. Y
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Fig. 5§ Borehole televiewer.
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Fig. & Borehole televiewer logs. (before hydrofracturing )
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inflation of packers hydrofracturing
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Fig. Surface pressure &and flow rate versus time

during the packer inflation and hydrofracturing.
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Pbai Breakdown pressure, Pb]! Reopening pressure,
Pg ' Instantaneous shut—in pressure, R: Water
leakage with reopening of pre-existing crack,
L: Water leakage through the contacting
surface hetween the top packer and the

borehoie wall,
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—ERBTAREZSTOEABICEARESOE FREL AR 0 LKEREATHE. EHE
MBEARESHECBTHEAI EEZ NG,

UM, BKIEMBEROBBOBRL, SONEC» OKEREERORTL2NT
D% B,

CIY HERE (M9a BE)

Run No. K—58 ZEHE 57.1—~59.3m

1ABONT OB, HCKSHESLSNETE /. Thid, 2wk — LHEEE OIS SRS
WhtcrhThs PYL Pl P digonime.

Run No. K—77, BE76.1—783m

ENGm o Py Pyl PowAkZUBICHA N, BB G AERO

Run No. K— 84, ZH83.1~853m

VIl E o T ek i R 7B AB 2 L, MBI BT L &AL T E. 1 ~3
BMONE#ED Py 3 —EBTHMMMROZ &, BLUBBKEMECT LD, COKFE
BMTREFENESHOLADTHAS LFahE. P RFOMOETHEAS. Lios
ST CORKEMRD B BABLORNEREEN R L PY PL PzBLAN
AN

Ron Nos. E—9041,K—~942, BE93.1—953m

2EBES IHBDOMEMRCHD»SEAK L, MELPILT 2 & KT SITAICEE.
BB - U LOMOBHAECRAKLELOE Bl s,

Run No. KE—¢5, FE94[—96.3m

MK —-941, K-942 TR0 h - OEBEENECHKTZ0T I nd s LTo0
v A - ABELUTIELL. PPE, Pl Po 75 7m oA Eha, 65, CORBHI
~IMETOMRERCE Py GUBICE B OO TS, THEE, FLOEAEwhan
nrfetedil, MLANHROE B NRORMNSha ez L BhTLA

(i) =B

Run No. M—81, 6K EET796—581.&m

Pl Py, PoAfETat. KEAE-RICE-THEE EhdbbT KEOLBHNSE
20, HNEMHLLDRET SIERECHOLEY, HLhoT 240 THAD
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Run No. M—38 3, ZE82.4—846m

By, Py, PymBlETET A,

Run Noo. M—9 (0, BEF89.2—9 1l.4m

PY P, Py MEIETE T B

(2) HHART LT

KEBRICE - THEUAHBEOLNER RunNK-950RBILDOTHBEF L o
TEGEAMBLIZ EMTE HENEROF LE L THEERN] 11T, FEABOM@EIL
BT, AH 5S4 0WOAMICRAELTOSE T EMAbL L. FECHD SR 40
mTH 5

BEFORE

¥

¥

1.

2y

~= Pre-existing cracks R "}.’.‘
— New Crack “E_\j

B 11 KEHBCL-TELUAFLOENRBELEOHM
Fig. 1§ Newcrack generated by hydrofracturing, and its azimuth.
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LaF-s055T PP Pl PyoBIETEAT - 24T EBRIRT. REnn
F-aD3 5, PR BIUPeHS (4), (B) RAEM-T HIKEEBGH Ohpgy B
K UBREERIES 0 gpmin A BB LEICRT.& 51, BonnEEESCHL THR
Lo Bl 2HRT. CCTEHIN O, LU opp, MEROCEREL RN D, NA
BECREFS (5) LA -TELNAMTHINT RARECLRNCAENEED

Table 1 Hydrofracturing Data

Depth o 1 Flow
Run No. Ppac Pb P5 Pb Rat
(m) per)  (bar)  (bar)  (bar) oo
(bar ar ar ar (Titer/sec)
KATSURAJ IMA
K-77 76.1-78.3 128 a5 iz 38 1-3
K-95 94,1-96.3 110 118 53 80 0.5
MIYAJIMA
M-81 79.6-81.8 108 49 38 41 0.5
M-83 82.4-84.6 108 67 37 42 0.3
M-90 89.2-91.4 94 59 35 36 0.3
Ppac: Initial pressure in packers, Pg: Breakdown pressure,
PS: Instantanecus shut-in pressure, Pg: Reopening pressure.
PS, PL and flow rate are averaged values.
Table 2 Calculated Results
Run No. Depth Cmax Shmin T Fracture
(m) {bar) {bar) (bar} Azimuth
KATSURAJIMA
K-77 76.71-78.3 58 32 37 _—
K-85 94.1-96.3 7% 53 65 SA0°W
MIYAJIMA
M-81 79.6-81.8 73 38 8 —_—
M-83 82.4-84.6 69 37 25 —
M-90 89.2-91.4 69 35 23 —
g = 3P - P] g, . =P
Hma x S b ? Hmin S

T = Pg - Py (hydrofrac tensile strength)

_1 9_
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Tensile
Strength, bar
Stress, bar {hydrofrac)
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1 R S SR N | TS SRS R Looded 0 i
o Katsurajima X Miyajima 1=R%-R}
*x G-Hrm‘n(=P5) ¢ H G-qux(=3@'P|; )

12 BA, BAVKEERES DRI D RUKERIZERE
Fig. 1 2 Variation of the maximum and minimum horizontal principal

stresses with depth, and hydrofrac tensile strengths.
HaD&CRBEEBINTORWVETH 3.

B (43, (5) R oM@ Ohk oy, ., Oy, CEEHEEPLSA (3) Rk
Al WESNZAEOKEH BT 5315848 E (Hydrofrac Tensile Strength,
RAETOMEMICLILL, EMIBERBCIVEOIAIIBRREL RS2 0MED) 218
T, WEBHOEHROCELTDED, BLURBICIARBELEENC—RT A0 I 2T
=32 LTALE &K2EIURI2K ok CLTHENS NfoORERERERSAT
WL ChLRRELURG S, BEOHHEBLDGBENRKECIESbh D © U,
REIN:3TORPILOESOEHO (HERMFE) LUEHRBICEZEED 68
O (ERA0. SkmSeciE ) EAEROC —HERT. $2RLCE MNICREEODI HEHE
G2 5T, M-8 1 RMEDEAE SRTHBEBEINE N E, BLUEETRK-T7
DHEPPEOCEMRENTNE. CnbE, BRIT0ALG LOE SR EEHN
RERO—=RAEZRYT. INs0C&id, SHBLALT - 20R4%ERT LOTHD

BAOKPEMEBNOHEE, KEESASHFTOLNELLEE SBEomnsbH#E
LT, S40°WThH 32
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51 JIEER
(1) EEsgeswH—
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LREBOEER Y7 THE LORA7TRBETEOHS, BEOHKENH2 0] g
EREOD, VIBOEBRTIRIHEBERLU T a0n, Ry 2 HeEmIcFfes 24 (K-84,
K-941, K-942, K-95).corbic, Bhdinsry. Pl oEnssmLicd o
PBO2TORRI, # TRBENCENS . PP, Pl BARBH LOT ot
sk sk a0, $LPL Pl akancHcoND IESS S, Pl Py
ERETLE EALBASARLAATESRE CRAIRICELE-TIOALZEELE
AROERTIE, b &/NIUMEE - TUHHTEEIA VY 7AFRTAONYE LT &
WD - 72,

(3) EAHnE

HEOCERERNOAKEABE LT, b OXEORE PS4 LTHOES L.
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FCHA 7 —x2d T, oty A~ EEBITHHRICE » P A, EHEHICE - T
BTEKEREZESELTHLIC LY, M ETHEMT A0, EB00hTHEASS,

(4) B/ mE
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RHT, —ROBEOBERINE Y —F v, v VFEELTOTTHETELOTAE
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BB ETS S, ZThoDAT, KIEBEER AT 3R ALET NS
THo. LdLahs, ENENNSAERTRAES BEMNS SHLT LS
T, S LICHERSZETEY, SHESELL. Codss e, Lk
v B - DRAVIHRT 7 2F o 248700, MEBOMNEL DEIETI HESOF L E T4
Ny 7T o T REREERT AT A SERR L.
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