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1NL'ROI)UCTION 

The Central Research Institute of the Electric 
Power Industry (CRIEPI) ha3 heen studying domestic natural 
resources that offer energy production which will provide greater 
diversity and compatibility with current environmental demands. 
Hot Dry Rock (HDR) geothermal energy production was singled 
out as an ideal method to expand the develiipment of Japan's 
wealth of terrestrial heat resources. CRIEPI began studying 
HDR's econoniic use in 1990 to develop the technology essential 
for HDR application in the nearfuture. 

Since 1989, experiments have centered on the 
site a t  ogachi, Akita Prefecture where a research group of 20 
geothermal engineers have been conducting research with a 
1,000ni well. ( Figure 1 ) The following is a report on 
experiments at Ogachi resulting in the creation of two layers of 
fractures. Included are the results iif the well horing and an 
evaluation of the fmcture development. 

THE EXPERIMENT SITE 

Ogachi experiment site is located ahout 2.5 
kilometers northeastof Akinomiya hot Springs area, in the 
southern part iif Akita Prefectureshswn in Figure 2. Investigative 
boring shows geological characteristics of composite features 
including ash, rock, gravel, etc. tu a depth of 77m. The next 
200m plus consist of a variety of pyroclastic ruck, and from 
300m, granodiorite, as shown in Figure 3. The ground condition 
shows a conductive slope and the temperature at the depth of 
1,000 ni is alnwt 228 C. 

Existing data on the rock from underground 
stress measurements of a core sample made in Kanagawa in 
1981, at  the depth of 900111, shows that the maximum principal 
stress along the horizontal plane went from northwest to 
southeast over an area of about 29MPa. The minimum 
principal stress went from northeast to suuthwest over an area of 
ahout 12MPa. 
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MULTIPLE FRAC'IURIN(; IiY HK;H PKESURE 
HYI)RO-FRAC'I'URIN(~ METHOI) 

CRlEPl developed the high pressure 
hydrir-fracturing multiple fracture niethod during early 
experinients in Akinoniiy;i in 1988. With this niethod multiple 
fractures for water sttirage can be created at different depths 
along one \veil. Pixctical appliwtion ti1 the niethiid was tested 
;it the Ogiachi experinient;il site. A bore hole was drilled tir a 

depth of YYOni. A steel casing pipe was then placed at the 
hottoni of the bore hole and ceniented in a process called 

(1) The Ltrwer layer Fracturing 
During the perind of 26 June to 6 July, 1991, 

the lower layer oflractures was induced by applicatinn irf high 
pressure water to the open part of the well a t  the depth of 
Y90-1,000m. Water was first iqiected at a rate of 1 Vmin. tu 
determine the permeability conditicin of the rock. A second 
injection was made a t  100 Vmin. to efYect initial fructuring of 
the rock. Finally, fractures were expanded by an idection of 
600 I/niin. Figure 4 shows the changes in water flow rate 
and well head pressure during the fracturing process. A total nf 
10,142ni3 iif water was injected continuiiusly 24 hours a day for a 

full-hole cementing shown in Figure 2. Further drilling was period of 11 days. 
then carried out to the 1,000m mark, with the lower segnient left 
open. 
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Fig. 2 Concept of Ogachi HDR Experiment 

Observation well Fracturing well (A27) E 
N57-YO-3 4 I  

1 1 1 1 1 1 1  

---- Fault 

0 1 2 k m  

:lastic rock 

Fig. 3 Geological Cross Section 

440 



Hori, Kitano and Kaieda 

(2) The Upper layer Fractur ing 
Following creiition of the lower layer of 

fritctures, a n  hi long window was milled in the well's casing 
pipe between tl ie depths of 711111 and 71Yni. The we l l  beli iw 
the window was then fi l led wi th siind, liirniing a Sand Plug. 

T h e  upper port ion of the well was lefl f i l led wi th water. A 
seciind , pernieithil i ty test of the lower fracture level ivas then 
made. T h e  fractur ing process wiis then repeated a t  the 711111 
t u  71Yni level. Fd l i iw ing  initid fractur ing of t l ie rcick, high 
pressure water wits iqjected ;it the ri ite of 450 /niin. to et'fect 

. l i xc tu re  expansion. Figure 5 shows the wiiter l low ri ite itnd the 
wel l  head pressure. A tcitiil iif 5,440 111.3 iif \viiter wits injected 
continuously 24 hiiurs it diiy fair ii period of 10 days.  

E\'ALUAI'ION OF FRAC-IURES 

(1 Evirluiit i i in Methods 
The progression o f  the fractures was evaluated 

b y  the following methods: 
The water pressure at the w d l  head and the 

aniount of water llow per hour  were meiisured during high 
pressure hydro- frwt tiring. 

AE ohserviition wits ciirried tiut during 
hydro-fracturing. AE monitor ing \vas conducted b y  
three-coniponent seismonwters wi th ii frequency of 5Hz set in 

3om to SOni horeholes at nine points i i round the 
I he mise-a-la-mass methiid was applied 

using the fractur ing well's casing as one of the current 
electrodes. Monit i i r ing wits dune I)y;ipl)roxini;itely 120 pcitential 
electnitles pliiced a t  5Oni to 100111 intervals in a radius of 4OOm 
arrmnd the horehrile. 

site. 
r .  

The AE and the mise-a-la-mass monitor ing 
operations were conducted continuously fo r  days before, during 
and alter f ractur ing operations. 

Iqjected water and returned water were 
subjected to repeated geochemical analyses. Samples of 
iwjected water were taken f rom a strram located next to  the 
experiment site. Samples of returned water were taken f r o m  
the well following completion of f ractur ing operations. Water  
density was checked hiiurly. 

Testing fo r  the permeability of the rock  where 
fracturing \vas applied was accomplished b y  determining the 
;rvei;tge ~ierniei ih i l i ty  ctielllcients of the f ractur ing interval b e f w e  
i rnd after fracturing iiperatiiins. 

(2) Evitluiition Results 

The AE ohservations showed that AEs 
occurred at a rate of 20 to 30 per h o u r  during the first 
f r i c tu r ing  as shown in figure 4. A t i i tal of apprcixiniately 1,700 
AEs were located as shown in Figure 6. 

These results indicate that  the AEs were 
Iiicated south and west of the hirehole j u s t  aner  the sbrt cif 

fracturing. The location then moved gradually to  the n o r t h  
iind finally was fiiund a t  appriixiniately 20 north-niirtheast of 
the Iwirehde. The range of the AEs indicates that the fractures 
expanded in the fo rm of a large ellipse w i th  long axis of about 
1,00Oni, a short axis o f  about 500ni and a thickness o f  200n1. 

During the upper fracturing AEs occurred a t  a 
rate o f  ten per hour, considerably less than w i t h  the lower 
layer, as shown in Figure 5. However, on Ju ly  6 and J u l y  
10, AEs occurred a t  a rate of approximately 200 per hour, w i th  
about 1,000 lorati i ins as shown in Figure 6. 
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A drilling route that  would enable one well to  penetrate the two 
fractures layers was selected. The well head was set a t  a point  
east-smith-east of the experiment site in order to penetrate the 
upper fri icture layer a t  its niost shalli)w point. An inclination 
\VIIS niiide to the nor th  and it was planned to  penetrate the lower 

layer (if fractures at that  point. The drilling o f  the production 
well was conducted according to  the plan shown in P i p r e s  6. 

There \vas no indication o f  water leakage 
during clrilling operations, except f o r  some leakage a t  the rate of 
20 l i terhi in.  which was found a t  the depth of 1,063 ni. Th is  i s  
presumed to  indiciite that  the l i iwer layer of fractures was 
intersected a t  this point. Conf i rmat ion of the intersection 
through the two fracture layers h y  the fracturing a n d  production 
well were completed in 1993. 

Water injection depth 
Rock temperature i t  the abovc dcpth 

permeability of rock Before fracturing 

The A E s  were located only en the east side o f  the horehole, 
indicating that the frictures proigressed in an easterly direction. 

'The estimated size of the upper fracture layer \viis sinii l i ir to 
that  o f  the lower Iiiyer, forming ;in ellipse with ii long axis of 
ahout 800~1, ;I short axis of a lw i i t  4OOni i ind ti thickness o f  20Oni. 

990 - 1,000m 711-719m 
228-c 165% 

3 x 1O-I5rn2 1 ?< 10-16mz 

Meiisurements hy  the mise-a-I;i-niass 
method shmvecl thirt the fri ictures progressed froni  west to north. 
'This finding vas supported h y  the A E  ohservations, even 
thiiugh the measurement i i re i i  \WS sniiill in the f i rst  fructuring 
experiment. In the upper fracture Iiiyer experiment, iilti\v rate 
of resistiince of ahnorniirl i ty wits evident around the well head 
itself. W e  assuniecl thilt the in.jected water flowed toward the 
ahncirniiil iirei. 

T h e  results of the geochemical study indicate 
that  the concentrit ion of CI , which is an  especially tlissolohle 
coniponent was 4.2 ppni in the iqjectecl water. The 
corresponding figure for  the returning w;iter \viis 63.2 pl in i  alter 
the first f iacturing. This I w g e  i n c r e w  could he i i t tr ihuted to 
pcissihle iniirlvertent mixing w i th  preexisting hot water in the 
nsturtil joints. Smiples o f  returned water taken following the 
tipper f ractur ing contained only H.8ppni of CI , which would 
indicate only minor  influence froni  preexisting hot w;iter in the 
natural  joints. 

'I'he vcilunie of \viiter I l o ~  iind the hour ly 
temperature change h t ; i  show a recovering rate of iis low ils 6% 
in the lower f i x t u r e  h y e r  i ind its high tis 25% in the upper 
layer. This cciuld indicate that the lower I;ryer of fractures 
progressed b y  ccinnecting w i th  n;itunil joints. Whi le i n  the 
upper 1r;ictiire Ii iyer the pernie;rhility ciief'licient of the rock \vias 
lower. Pressure (luring fr i ic tur ing \\'iIS high. The fractures 
progressed ti iwa r r l  the d i re r  t ion of mn x i  iiiu ni pr inci  p w l  s t ress. 
CI concentr;ition in the returned w t e r  shmved l i t t le change. 

T h e  Rite of recovering water was high. This could indicwte that 
the upper layer of fractures progressed not only by j i i in ing w i th  
existing natural  joints, hut ;ilso I iy  the creation of new fractures. 

It was concluded that the two liiyeilr o f  fiactures were not 
connected ;ind ciiuld therefore he niade indepenrlently. 

Th is  is cilso supported b y  AE ohservatiiin. 

in fracturing section 

I )RI  LLI N G  'I'H E PR0I)UC'I'ION W E L L  

After fractllring 1 x 10-lJmz 1 X 10-"m2 

1)rilling o f  t l ie p rduc t ic in  well was carried out 
on  tl ie Ixisis of the ;il)cive nientii)netl results. 

Total injected water volume 
Average flow rate 
Average wen head Dresslire 

Two artif icial reservoirs were created a t  
depths of 719111 and 1,000ni b y  inducing fracture layers w i t h  
lengths of 8OOni and 1,OOOni by the multiple f ractur ing method at 

the Ogachi experiment site. According to  the resu lb  of the 
fracture evaluation, these reservoirs might n o t  have 
interconnected, hut might have been created independently. In 
19Y3, a second hore hole which was dr i l led fiir the production 
well, penetrates Imth fracture layers enahling the t low o f  water 
down the iqjection well, through the fractures and up the 
prcicluction well inthe fo rm of steam. 

In 1994, we conducted "well stimulation 
experiments" to i d e c t  high pressure water intii the production 
well, in order ti) inil irove permeabil ity around the production 
well. A 5-months flow test has heen conducted since end of 
June l o r  the purpose of i nves t ip t ing  the rate o f  temperature 
decrease and chemical components that  dissolve f roni  rocks in to  
hot water, thereby conipleting the first stage of study p r i o r  to  
commercialization of this power generation system. F o r  1YY5 
and after, long-term ( 2 year and more 1 circulation experinient.3 
w i l l  he planed hased on  the discussion in the "HIIR power 
generation technology - study committee" spinsored b y  C R I E P I  
wi th participant f rom industry, government and acarleniia. 

We wi l l  also investigate the possibility of establishing 
51 100-kw class pilot plant in Ocachi test site l iy  way o f  it jtiint 
venture wi th electric power company. 

10,160m' 5,4401~1' 
6501/niin 500 Ilmin 

19MPa 22MPa 

Table 1 Itesults of Evaluation 

Fracture dimension estimated by AE 
hypocenter distribution 1,000x500x200m 800x400x200m 

Fracture progression direction 
Water recovery 

N20'E N100'E 
6%(640m') > 25%(1,349m3) 

Max.ternp. of recovered water 
Final CI concentration of recoverd water 

64 .4c  64 *C 

63.2ppm 8.8ppm 
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