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Crustal Stress Measurement and Pore Water Pressure Observation
in Omaezaki Peninsula, Shizuoka Prefecture

By Ryuwji IKEDA and Hiroaki TSUKAHARA
National Research Cester for Disaster Prevention
( Received September 2, 1986 )

In-situ stress measurements and the continuous observation of the pore water pressure in strata
at various depths from 100m to 250m are conducted at two sites, Hamaoka (HM) and Kakegawa (KG),
in the Omaezaki Peninsula in Shizuoka Prefecture. In the past 7 years, regional subsidence and the
seasonal cyclic uplift and subsidence of the peninsula have been observed from a geodetic survey
taken along a route from HM to KG. It is important to investigate the cause for this crustal
movement, which is probably caused by the regional tectonic stress and groundwater behavior. The
purpose of these measurements is to obtain data for considering the relation among the crustal
movement, stress state and variation of the pore water pressure with location, depth and time.

The maximum and the minimum horizontal compressive stresses, Sumax and Sumi , are obtained
successfully using the hydraulic fracturing technique at 3 depths at the HM site. The stresses
increase with depth, and are represented by : Spmax=2.7X102h+1.0, Sumin=1.5X10"2h+1.6 ; where
the stresses are in MPa and h is the depth in meters. The vertical stress Sy is assumed to be equal
to the lithostatic pressure which is calculated from the density. The average direction of Sumax
detected by the use of impression packers is E-W.

We developed the pore water pressure observation system using a quartz resonator pressure
transducer. Two probes for water pressure measurement are installed underground at different
depths (130~250m) at each site. The probe consists of two pressure transducers for obtaining stable
data. The water level at a shallow layer is also observed in the same wells at each site. Some
characteristic features are evident from the data obtained. Short term variations with barometric
change and seismic events are apparent in the record of the pore water pressure. Long term
variations in the data obtained from different sites and depths resemble one another with the
exception of the water level data from the shallow layer at KG. Relationship between the crustal
movement and the pore water pressure variation has not vet been explained quantitatively and is to
be studied in the future.
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Fig.2 Lithology and geophysical logs of the observation wells;
HM : Hamaoka and KG : Kakegawa. White arrows indi-
cate depths of the strainer for the shallow groundwater.
Black arrows indicate the pore water pressure observation
points.
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Fig.3. Schematic drawing of the ar- '85
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draulic fracturing stress measurement.
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Fig.4. Pressure and flow rate records at- 119, 178, and 247
meters. Upper part : Surface water pressure vs. time;
Lower part : Flow rate vs. time. P,° : Initial breakdown
pressure, P, : Reopening pressure, and Ps : Instantaneous
shut-in pressure.
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Table 1. Hydraulic fracturing data and in-situ stresses.

Run No Depth Hydrofrac Data (MPa) Stress (MPa) Frac.

) (m) Pbo Pbr Ps sHmax SHmln Sv AZlmUth
HAMAOKA (HM) D=2.0
HM-119 119 10.8 4.740.1 3.2%0.2 3.7+0.7 3.2£0.2 2.4 N70W
HM-178 178 15.4 4.8+0.1 4.4%0.1 6.6+0.4 4.4%0.1 3.6 N 75°E
HM-247 247 15.0 5.6+0.2 5.1%£0.1 7.2£0.5 5.1+0.1 4.9 —
KAKEGAWA (KG) D=1.8
KG-105 105 6.1 2.6+0.2 2.6+0.2 4.240.8 2.6£0.2 1.9 —
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Fig.6. Pore water pressure sensor probe and the structure of the observation well.
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Table 2. Pore water pressure and groundwater level observation depth.

Obs. Pressure Port Depth (m) Strainer Obs.
Station No.l No. 2 No. 3 Depth (m) Start
HAMAOKA 252.1 160.5 24.0 36~44 1984 .4
KAKEGAWA 200.2 136.9 10.0 20~28 1985.4
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Fig.7. Data from the Hamaoka observation station. From top to bottom : the barometric pressure,
groundwater level (strainer 20m—28m), pore water pressure at the depth of 160m, and the daily rainfall.
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Fig.8. Comparison of the corrected data (dotted line) with the observed data (solid line) of the pore water
pressure at the depth of 160m. Corrected by using a barometric pressure coefficient.
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Fig.9. Groundwater level, pore water pressure, precipitation, and barometric pressure data from the
Hamaoka (HM : solid lines) and Kakegawa (KG : broken lines) sites.
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BRES LWL K—Y > 73 TIEDonT, SEERWERE X MEKEZ I & 500 - BIRERE
ERL T2 (GERT-/E, 1986). Ziuc iud, 1EROKEZ( 30 om i k 280 T HEOME
EAE ¢ B Tl mm Th B, LidioT, MBOEEEEERIC 317 5 BHEAEELZ 5 535
T2NRGDEZHRETH B, , '

W LI 2 O BT, BRELERREAMOEECRON D, ERORBASIRIBEKE & B O
RBE %R L BEKE Th O L, B EEKNTH 5, TSOREWEL, HEERRICR
ENBEIICEL->TE, EFORE 18~37 M ICHET b RELHFEKEHLBE 2 LTwan
DIc, BWEKBLERIC LS 2 BbNd, AL —FE8E, ETREZBICHE il ~ PRI EL
THN, HKNL I LB CHEEL T E0THA . BEOKIEDD, BROMBAEC & DREHE
LT 20 2 BMBICRETT 5 20l 13, MR Tl e ¢ EBOKAIES) & B L s 2 = 4l
BEThHb.

&N BEIOESBET— 5 2 LML, WA, SRELHEL LY LRAMICRITT B 2 L 0BT
N, MRz, EBECEMEIOT— S LEENIEL CHERT 2 00 RS TEHTH 5.

VI % & ¥

KRB FEE ICBIE L CHERER A TABE & 2 » T 2 HBIEEBIC BT, HERIE 2 KEREE
EoTRELE, i, BHREHZHBKERRFE LY, EroREICE W CHBEKE L HT
HALDERBER % EHL T 5,

B I3 KEBEERDATZ 5RFUCE VI 8 TH - 7275, EFADORE 100~250 m 0 3 i & #N 0
BRE105m ) 1 BT CIG B |72, Z0R, &R RAVKFEEFHEES (Simax Sumin) FWTHHRE
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cEdicEmL, ERTENT 5 &, Sumax=2.7X102h+1.0, Sgmin=1.5X102h+1.6 Th-7. =
T, Sumax, Suminid MPa, BEEZ hid m Th 3, SHEKH (Sv) FEREEICHE LW EEEL, Sv=2.0X
10°h TH 5. WEEHE P T, Sumax> Summ>SyDEHRIC & N EMIBROGHIRE TH - 72. Sumax? AL
i3, BB 2 EETTOFEH» LIZITEABE L KD L,

BEOMBKEMEIS TRZRES A7 4 2BR L, WHAOEE 130~250m ) 2 #rF§ oI
TERBRZEBL T3, BIEHERICE, [RESRPHENREIC L 285N T8 HEICR LN, Bk
KEDHRIG IS T HREA D= X% ERT B L TCENLBRT — 7 2B L2205 5, MBSO
BOLTEBE, EROMBKENEEZEE & CiZBMAAEIIR LN L. LarL, ZBAEOEEL
EHT, MMETEBRER L > TCRLZEGHLZRLCE), 4B0T— I 0EWE - TEAWLBITY
VETH S,

B HERRESRR, REERS, #ITHRET, SO BB, ERMERSE S AL
BhzwiiZni, ZZICRLTESNELRT 5.
B, ABRIIEH 58~59 FERIEHMTRI L RAHREARRIC L - 72,
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