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AE and mise-a-la-masse measurcments during a 22-day water circulation test at
Ogachi ADR site, Japan
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ABSTRACT

A 22-day water circulation test,, from a 1,000-m dccp in-
jection well through hydraulically fractured zones ut
about, 720 m and 1,000 m depths tu 4 production well,
was performed at the Ogachi [tot Iry Rock (HDR) site in
the fall ol 1993,

lest hyporenters of

Al the beginning of the circulation
acoustic emlssion {i.e.,
mlcroscismic events) were distributed along the lower
fracture progression direction which was considered as
an maln flow path arid apparent clectrical resistivity
anomaly

measured by mise-a-la-masss  measurements

occurred tear the same direction,  Unfortunately,
water rocovery from the production well was small.
onty 4 % of the Injected water during thoe flow text.
According to All obscrvations, it. may be because lhe
production wetl did not reach to the expected main
flow path.

Introductlion

The Central Research Institute of Electric Power
Industry {CRIFPI) has conducted the Hot bry Rock (HDR}
program at Ogachi, northern Japan, slnce 1883, An
injoetion well was drllled iulo pre-Tertiary granitic
ruck in 1990. The well reached a depth of 1.000m and a
ruck temperature of 228°C.

Two hydraulic fracturings were performed from the in-
jection well. A first (lower) fraclure was created in
1991 by injecting a total of 10,163 m™ of water into a
hottom 10-m openhole interval (Kaieda etf al., 1992a). A
sccond (upper) fracture was created in 1992 hy inject-
ing a total of 5,400 m* of water Into an Interval from
711 to 719 m where the casiug of the well was milled as

a window (Hort ot al., 1994},

A production well was dritlced in 1892 directionally to
intersect both the fractures. The wellhead is located
1o the cast of the injection well in order tu penetrate
the upper fracture and inclined to the norlh at deptlh
to poenctrate the lower fracture (Hori et al.. 1994).
The length of the well was measurced 1.100 m along the
well.

& water circulation lest was performed from the lnjec-

tion well. through ths two fractures, to the
production sell.

Oclober 17 Lo Novembor & In 1993,

Water was injected for the test from
At the beginning of
the flow test, the water injection flow rate was 400
liter/min at a wellhead pressure of around 20 MPa;
later the fiow rate inercased wp to 1200 IHicr/min at
an almost constant wellhcad pressure of 20 Mla.
Unfortunately, the maximum flow rate of recovered
water from the production well was unly 40 liter/min,
but the wualer tempeorasture at the surface finally
increased up to 108°C (Hori et al., 1995).

This paper describes AF and mise-a la-masse measure-
ment results oblained during Lhe water circulation
test and discusses why the water recovery was so small

as described above,

AL obscrvation

At the Ogachi HDR sile, acoustic mission events were
monitored by an 8-station network of' three-componaont
reophones installed in 30- to 50-m deep boreholes and
by & single-component geophone sct at & depth of 480 m
in & 846-m deep observation sell.  Sigunals deteoeted by
thcsc geophones wore band- pass filtered between 10 Hz
(or 30Hz) and 1 kHz and digitized by 2 kiiz sampling.

Figure 1 shows the time history of the wcllhead pres-
sure, the flow rate <)I' the watcr injection, the
frequency of AE cvents per hour. arid the sum of the
squared amplitude of AL events per hour which is
considered to be proportlcnal to cmitted energy s
elastic waves. We divided the time period of AE

menitoring into five segments (1 =V (n Figure 1),

The first period (1) is frum Oct. 17 to Get. 27 before the
flow rate increased 1o 1,200 liter/min. During this
perlod, the injection flow rate was 400 llter/min at
first and gradually increased to 700 liter/min. The
frequency of AlY cvcents was tow with only a few everits
per hour and the squared amplitude of All events was
also small. except three days of 0ct.18, 23 and 23 in
which seismic swarms were obscrved. It may mean lhat
the Injected water rtowed with creating a few new
fractures at first. The second period {1} is from

Dt 27 after the injection flow raie increased lo 1,200
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litar/min to Oct.29. Durlng this period, many Al cvents
were detected of several tens per hour., This may be
caused by loereasing the injecetion flow rate and mean
that some new fracture exienslon occurred. The third
(M} is trom Oct.28 to Nov.? before the flow rate
decreased by a4 pump fallurc. In this period, the
frequency of AR evenls and the squared amplitude of
AK evenls were rclatively large. This may mean Jarge
fracture oxiension occurrved. The forth (¥} is from
Dct.2 to Oet.8 before the pumping stopped. 1In this
period, the frequency of AF gradually decreascd,
probably hecause Lhe injection Flow rale decroased be-
cause of a pump failure. The fifth {V) 1s from Nov.8
after the pumping stopped Lo Nov.11l. Even atter Lhe
pumping stopped. some AL evenls were obscerved.

The largest magniiude of observed AF was -0.5 which
was delermined by osclllalion {Coda) duration time.

AR evanl Jocations were cialeulated by inversion of P-
wave arrival times. Arrival Limes were picked by hand
from digital scismograms. The velocity struciure
under the Ogachi site was cbtained from detonations at
the surface while a high-temperature geophone moved
from the surface 1o the bottom of the injoction well.
The P-wave veloeity from the surface to a deplh of (0D
m was 2.2 Km/sce, Prom 100 m to 300 m, where Lhore was a
conlact of granodiorite, was 4.0 km/soc and below 300 m
was 3.0 km/sne. Station corrections were obtained from
4 1 kg detonator shot at a depih of 998 m in 1he
injection well. The estimated uncertainty of event ta-
cations was less than 10 m around the injection weli.

AE eventl focalions determined for the lower fraclure
were distributed in the direction N20° F and 1,000 m
long (Kaleda ot al,,1992a). The upper fracture was
estimated to progress in the NL10° K direction and was
800 m Jong {Hori et al., 1994). These AE hypocentor
locations are shown in Figure 2.

A tolal ol 1069 AE hypocenters delected during Lhe
circulation test were located (see Figure 2. A map
view of Lhese cvents In the time perlods described in
the previous time history are shown in Figure 4. From
this rigure., we can see that AR events cecurred in a
narrow zene extending to the north from the injectlion
wall in Lhe first period. This direction is along Lhe
tower fracture progression direclion. The production
well, which was drilled in order to intersect the lower
fraciure at depth, does not seem Lo reach to the
fracture, In the second period, AE event locations
were  distributed stitl  along the lower fracture
progression direction with some inflation in the
easl-west direction. Howecver, the production well
In the Lhird, Al
cvents were distribuled south and west from the

does not rcach the distribution.

Injection well and Lhe number of AE events located in
the first fracture reglon decrcased. In the forth, AL
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events were located mostly to the west of Lhe injection
well. Finally in the fifth, after the pumping siopped,
AE evenl locations were dispersed to a rim of the
entire event distribution. PDurlng atl of the period,
ne AR ovent were located in the upper fracture

Brogression sred.

Misc-a-la-masse mcasurcmoent

For the mise-a-la-masse measurements, Lhe steoed casing
in the Injection well was clectrically eharged as a line
source, and 100 surface clectrle-potential -measuring
stalions werce distributed around the Injection well
out to a distance of 400 m. The measurement sysitem js
described in our previous paper {(Kajeda nt al., 1992h).

Apparenl resistivilty change between the values
measwred on 0ct 18 and that on Oct.22 is shown in
Figure 3. In Lhis flgure, negative anomalics mean the
apparent resistivity of 0cl.22 decreasced from that of
Oct. 18,

From this [Flgure, we can sce ilhat an  apparent
resistivity anomaly occurred along the irend similar
to the direction of the AE Jocation distribution at the
beginning of the flow test, bot the trend shifted to
ihe easi. This may mean thal water flow occurrerd
along lhe same directjon, but that the fracture is
inctined.

Yo roskstivity anomaly is occurred in the upper ('rac-

ture progression dircetion.

Discussion

Durtng the water circulation test, Injoction flow rato
inereased  from 400 we 1,200 liter/min. However,
production tlow rate was as small as of 40 Hier/min
{liori el al., 1595}, We proposc some reasans for tlils
low water recovery., The first {s that according 1.0 Aj
hypocenter locations, the production well does not
seem to reach 10 Lhe lower (raclure. The sccomd [s
that the AE event localions distributed in the lower
fracture region first thon dispersed to Lhe opposite
direction from ilhe production well, Lherefore the
injeeted water flowed inlo the lower fracture firsl,
and then flowed nte new Craclures which wore creatoed
by injecting high pressurc water. The third 1s that,
since Tow AE event were located and no apparent o-
lectrical resistivity anomaly oecurred [n Lhe upper
fracture region, litlle water scemed to Fiow into the

upner l'racture.

Considering the reasons mentioned above and operation
costs, we thought that [t was necessary to conduet a
fracluring of the production well to obtain helter
walor recovery.




Conclusions

A 22-day water circulation test was conducted. During
the flow test recovered water volume was l1ow. Al the
beginning of the flow tcst AE event locations wera
distributed in the lower fracture progression region.
This distribution agreed wilh the apparent electri-
cal-resistivity change obtained by misc-a- In-masse
measurements. However. the production well did not
seem tu reach to the main flow path of ihe lower frac-
ture. No Ab: events and nu apparent resistivity change
wcerc observed [n thr upper tracturc zone. Therafore
we will conduet fracturing In the produclion weil to
gel better watcr recovery.
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Figure 1. The history of Injection pressure {1}, flow ratc (2},

frequency of
AE events {3} and sum of squared amplitude of AE events / hour {4)

during a 22-day water circulation test.
into five segments { 1 ~ V )} shown at the bottom of this figure.

The time period was dividcd
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Figure 2 AE hypocenter location map. The top left

frame is a map view of the first (lower) fracturing. the

top right frame I8 a rap view of the second (upper)
fracturing and the bottom left frame is a map view of

the rater circulation test.

Size of cireles at events

location depends on their magnitude (M) as follows.

rr-2>M
e -2<M< -15
o =15« M= -1
or-1<M

Figure 3.

Apparent electrical-resfstivity change (%)

calculated as a ratio of the values obtained on 0Oct.22

to that on Oct.18.
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Figure 4. AE hypocenter location map. (1) AE cvents
dctected in the first period { 1}, {2) AE cvcnts
° a dctccted in the sccond {11), (3)AK events detected In
the third (M), {4) AE events delected in the forth (IV)
e and {5) events detected In the fifth (V). These periods
400 . are described iu text and Figure 1. Size of clrcles at
0 ‘ cvents location depends on their magniiude (M} as
follows.
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