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Abstract 

The geotheml reservoir in the Hatchobaru geothennalfield has a tupicalfiactured-trpe dmcture associated with 
fmlt wstems. The components of the fmlt vstem an? clari3ed or estimated mainly on the basis ofgeoscienti3c suweys, but 
some fml& m confirmed by dillings. Howevec while the geothennal structwe a n d  the pmdction and reinjection 
wells is well determined the structure at levels &epr than the pment &ling depth, and a h  in the sumnding area 
where the number of dn'lled wells is mall, is not detailed enough to m'st in choosing &lling taigeh. Therefore, the 
clm3cation of the structure for the dilling offirhat? supplementary wells is considered to be quite important to maintain a 
stable power ouput of 11OMWat both pwerph t s :  the Hatchobam No.1 andNo.2 units 

This paper will discuss the ,fiatures of the geothennal structure estimated accodng to the detailed gravity and 
resistivity mrveys. The probabilities of geotheml development at deepr depths in and ararnd the Hatchobm 
geohennaljeld will be also discussed 

1.0 INTRODUCITON 

Located in central Kyushq Japan, the Hatchobam Geothermal Power Plant is operated by the Kyushu Electric Power 
Company (KEPCO). The Hatchobaru No.1 unit (55MW) started comtnercial opedons in 1977 and some years Mer, in 
1990, the E-Iatchobaru N0.2 unit (55MW) was Commissioned Since then, the Hatchobaru Geothermal Power Plant 
remainsthelargestgmth~powerstationinJapanwithatotalinstalledcapacityof 110W. 

Since it is very important for maintaining the power plants to estimate the features of the geothemal stmctuc, Gravity 
and Resistivity m e y s  have been applied several times in the Hatchobaru gmthexmal field, and have proved to be effective 
not only for mlenhnding the geothermal shcture, but also for the selection of promising drilling targets. However, the 
separate data h m  these surveys were not compiled because of the differences in the m e y  ConditioIlS at Werent times. 
Thexfore, analyses of these surveys were canieed out using data compiled from pmious records. 

2.0 GFLWITYSTRUC~URE 

Accordrng to a gravity survey canid out in a 2Ohz area 
including the HAchobaru geothermal field befox the commencement 
of Hatchobaru N0.2 unit, NW-SE mdmg faults were mnsideml to 
be the most important for gmthennal development in the Hakhobam 
area This considemtion proved to be a good calculation for the 
whole g m t h e d  structure of the Hatchobam area. Especially, sine 
the production mne of the Hatchobaru No. 1 unit is located along the 
NW-SE trending Komatsuike &hdi it was appropriate to estimate 
?he importance of a NW-SE trendmg fault in the eastem part of 
Hatchobaru area. However, Since the start of cmunercial operat~ons 
in the Hatchobam N0.2 unit in June 1990, it has become appamt, 
according to drilling data, that the production mne of the Hakhobaru 
area includes not only NW-SE trending fauits, but also NE-SW 

For that reason, a detailed pvi ty  survey with station intervals of 
a b u t  15Om-25Om was carried out in the Hatchobaru m a  in August 
1992. This analysis uses data h m  this survey in addition to 
previously recorded data h m  a 34km2area 
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Figure I: Geo,!hennalstnrcture esiimatedfim 
gravity survey carried out in 1968 
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2.1 B~UGUER~OMALY MAP 

Four Bouguer anomaly maps were prepared using four 
correction &OB: P =2.20, 2.25, 2.30, 2.40gk-d. Since the 
optimum cormion density7 estimated from gwgraphid features, 
G-H correlation maps, and the core samples mll& h m  wells, 
was p=2.25, the Bouguer anomaly map shown in Figure 2 is 
based on that value. According to a wide area gravity dktrhtion, 
the Whobam geothermal field is situated in a high-gravity 
anomaly zone. lle NW-SE heament in the eastem part of the 
Hatchobaru area is m n s i d d  to be a largescale faut dppmg 
toward the Inomuta low-gtavity anomaly zone, located in the 
northeastern part of the Hatchobm area This detailed gravity 
survey has proved not only that there is a wide area gravity stmtm. 
as mentioned above, but also that the Hatchoh  area is located in 
a low-gravity anomaly zone situated in the middle of a high-@ty 

gravity anomaly zone) around the production area trends E-W and 
then extends to the northern part of the high-gmity anomaly zone 
near Mt. Ryoshi (Mt Ryoshi high-gmvity anomaly zone). 
Corresponding to the E-W trending low-resistivity mne that can be 
recOgNzed h m  the resistivity distribution map, this E-W trending 
lineament is expected to be a promising target 

2.2 RE~IDUALGRAWIYR~APANDSECONDDERIYATIVEMAP 

anomaly zone. This low-gravity anomaly zone (Hatchobaru low- 
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Figuw 2: Graviv cntomah r n q  (,0=2,25gtd) ; 
c.1. =O.Smgal 

A residual gravity map and a second derivalive map were made to exbaa the anomaly zones h m  the shallow to the 
deep paas of the struchrre. Figure 3, a residual gravity map that shows the strudure of the gravity basement and the zone 
above it, is obtained by subtracting the regional map fhm the Bouguer anomaly map. Figure 4 is a second derivative map 
using the Rosenbach system with a sampling grid space of S500m. 

2.2.1 RESIDUALGRA~MAP 

The high-gravity anomaly zone near Mt Goto trends E-W 
and then extends in a NWSE direction to Sujiyu Corresponding 
to an upheaval zone that can be mgrmed fkom the resistivity 
basement map, this NW-SE trending high-gravity anomaly zone is 
consided to be the product of the uphaval of a snail basement 
area The low-gravity anomaly zone in the eastern part of this 
high-@ty anomaly mne extends very clearly in a NW-SE 
direction h m  W o t o  Pass to Komatm spring, and according to 
geological studies, comesponds very well with the Komatsuike hult, 
which dips eastward The gravity hamition zone that extends in a 
NEdirectionfromMakinotoPassto W ~ s p ~ g i s v q m w ,  
indicating remarkable changes in the subwrhce density distritxrtion 
An E-W tmulmg low-gravity anomaly zone can be mgruzed in 
the high-gravity anomaly zone located h m  Mt. Goto to Sujiyu 
Cormpondmg to the E-W trendmg low-gravity anomaly zone that 
canbe mgnizd h m t h e  Bouguer anomaly map and the second 

considered to be indicating the pxtsence of low density layers. 
The E-W kndqlineamentinthe northem part ofMt Ryoshi can 
be mgruzed bath from the Bouguer anomaly map, and also iium 
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derivative map7 this E-W trending low-gravity anomaly zone is- 2 

Figum 3: ResWrnrrp ; c.l =O.hgal 

thismap. 
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222 SECONDDERIVATTVE~MAP 

Ifthe mge  of gravity anomalies extraded h m  a mnd 
derivative map witha sampling grid space of S=5OOmisabout 1-2 
times the size of the grid space, the subsurhx attomalies are 
shown to be at a depth of between 5OOm and looOm The 
negative anomaly zone northeast of Mt Goto clearly trends in a 
NW dimtion from Makinoto pass to Komatsu spring and then 
extends in a western direction from Watarase spring These 
trends agree very well with the results of the residual gravity map. 
TheIefoIe, the existence of a NE-SW kndng  fault is estimated 
around the production zone of the Hatchobaru No.1 unit. ’Ilk 
fault is crased by the NW-SE trending Komatsuike faut in the 
area W e e n  the Hatchobaru power station and Mt Goto. If the 
NW-SE trending fh l t  in the eastern paa of the Hatchobam 
geothermal field is the Original soufce of geothend water, the 
estimated NE-SW trending fault or h c t m  intersechng . it is 

Watarase 
spring, the geyser, and the other manifestatioIls probably indicate 
the area whm these two faults intersect 

0 500 1,oOom considered to be the flow path of the geothermal fluid P 

Figure 4: Scondde~a t iw  map (S=SOOm) Res.khal 
map ; c.L =O.hgal 

2 3  TWGDIMENSIONAL ANALYSIS 

It is dd5cult to distingush the density layers of the Usa formation and of the basement rocks in 2D modeling because 
of the very small M e m a  in density between them Therefotc, if these two layers together an: coflsidered to be the 
gravity basement, the model strum above it consists of four density layers as follows : 
(1) Kuju volcanic p u p  (density ; 2.3 14g/m3 
(2) upper and middle formations of the Hohi volcanic group (densiv ; 2.069g/cm3) 
(3) lower formations of the Hohi volcanic group (density ; 2.392dm3 
(4) lowest formation ifthe Hohi volcanic group (density ; 2.603g/m? 
It is approp&e to estimate that the actual densities of these layers are lower than those actually measured from the core 
samples of the HT4 well. Consequently, the densities used for 2D modeling are as follows ; 
(a) the fust layer 2.25g/cm3 (Kuju volcanic pup )  
@) the second layer 2.00g/cm3 ( W r ,  middle, and lower formations of the Hohi volcanic p u p )  
(c) the third layer 2.50g/m3 (lowest formation of the Hohi volcanic group) 
(d) the graVty basement 2.70g/rrn) (Usa formation and pmtertiary mks as the gravity basement) 
This sedion analysis is condllcted for the two sections, A-A’ (E-W direction) and B-B’W-SW direction), whose locations 
are shown in Figure 2. The 2D section is obtained by making the observed values, which an: calculated on the basis of a 
simplifid subsurhce shudure, fit the Bouguervalues afterfixing the control pointatthe gtavitybasement, confirmed h m  
the existing well. 

23.1 A-A’  ON (E-W DIRECTION) 

The gravitybasement is uplifted h m  Mt Ichimoku in the west to Mt Kmiwa in the east, and even more so in the 
area to the east of Watarase spring, where the top of the gravity base- is about 200m-3OOm higher (F iw 5 ). This 
result agrees with the low-gravity anomaly zone, which can be recogfllzed on the midual gravity map and the second 
derivative map and extends in a NW-SE direction fiom Makinoto Pass. The uplift of the gravity basemeni to the west of 
Watarasespringis smallerthan that to the east ofwatarase spring. Inotherwords, the fmctum dong the Komatsuike sub- 
fault carmot be clearly recognized h m  2D analysis. -OR, these - are not COIlsidered to extend too deep. 

23.2 B-B’ SECTION (” DJRECTION) 

The top of the gravity basement becomes sharply deeper north of Otake (Figure 6). This d t  fits the c o ~  samples 
data OMained h m  the DY6 well, conhung the presence of the Taio formation (corresponding to the Usa formation) at an 
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elevation of -1,450m It is worth noting that there is a smaU subsidence zone south of the Komatsu River This 
subsidence zone comsponds to Halchobaru low-gravity anomaly zone The subsidence zone and the fmctures around it, 
especially the Hatchobaru hult, the Komatsuike hult and the Komatsuike subhult are considered to be the most imprtant 
targets for g e o t h d  development in the Hatchobaru geothermal field The southern part of the Hatchobaru fault is 
therefore expected to be a promising target. 
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Figure 5: 'Tbo-dimensionuIdenvi& unubsis 
for secfion A-A ' 

The resistivity structwc ofthe Hatchobaru geothermal 
field generally exhibits an H paUem (lugh-low-high) like 
in& geothermal fields in the world This patlcm consists of 
thc first layer (resistive overburden: ranging fiom 200 ohm- 
m to 500 ohm-m), the second layer (low resistivity layer: 
ranging from 5 ohm-m to 20 ohm-m) and the thud layer 
(electrical basement: ranging from 50 ohm-m to 200 ohm- 
m). The thickness of the layers obtained from the one 
dimensional analysis ranges from lOOm to 200m for the first 
layer, and fiom 4OOm to 800m for the second layer. In the 
geological structure, the first layer mmsponds to the Kuju 
volcanic group, the second layer to the alted zone in the 
upper and middle formations of the Hohi volcanic group, 
and the third layer to the lower formation of the Hohi 
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Figure 6: Twodinensional densily unu!ysis 
for secfion B-B ' 
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volcanic group us formation If the% is a fault in a Figure 7: Di.rfribulion of ekcfricd disconfirmi& radfied 
geothermal reservoir, the horizontal changes in midvity 
dislibution (elecbical discontinuity) are rematkably c l a .  
Figure 7 shows the distribution of electrical discontinuty nxo& h m  the resistivity maps and the feed zone confirmed 
by drilling. Some locations of this electrical discontinuay fit the locations of mgnmd faults as flow paths for geothermal 
fluid, and are considered to be the best drilling Qrgets for produchon and reinjection wells. These results show that the 

same results axe obtained from onedimemiomd analysis, then the choice of good d n h g  targets is my facilitated lhs  
is one of the mmns why the geotmermal memoir in the Hatchoham area is COIlsidered to have a typical fiachmtype 
sbuctureassociatedwith~t systems, andIvlTarad CSAMTsurvey with station intends ofabout 2OOm was carried out in 
this field In addition to Occam's onedimensional analysis, a two-chmensional analysis was k e d  out to obtain more 
detailed information about the resistivity slruchm, and the probabilities of geothermal development at deeper depth in and 
arourultheHatchobamareawerereexamined 

zone conjmedby drilling 

10w-resiStiVity Zonesindicate altered  zone^ in the h d B  and iiacWes along them made by geothermal fluid flow If the 
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3.1 OCCAM 'S ONE-DIMENSIONAL ANALYSIS 

In order to obtain the. layer resjstivity s t r u c ~ e  for an undemmh ' gofthegeothermalsbuctureintheHatch~ 
area, Occam's onedimensional inversion was carried out at all 'hlT and CSAMT stations. Two Resistivity maps at 
elevation levels of Om and -1ooOm made h m  the results are shown in Figure 8 &Figure 9. 

3.1.1 RESISmMTY MAP AT Om ELEVXTION 

Considering that the depth of the production 
wells is about 1,500m and that the elevation of the 
Hatchobaru geothermal field is about 1,1OOm, 
Figure 8 shows the dishibu!ion of resistivity in the 
production zone and a little above. llus elevation 
layers correspond closely to the lower formations 
of the Hohi volcanic group and the Usa formation 
A high-resistivity zone of more than 40 ohm-m is 
recogruzed in the center of the Hatchobaru area 
These trends agree with the high-gmvity anomaly 
zone that can be mogruzed h r n  the residual 
grdvty map. The Kom;ltslllke huh is located in 
the eastern part, and the Hatchobaru hdt in the 
western part of Ulis high-grmty anomaly zone. 
The main 6rdcture mnes in the Hatchoh area m 
located along tlm hdts. Since tlie resistivity 
around wak- spring is shown to be lower than 
30 ohm-m this low-resistivity zone is c\\pcted to indicate the lmtions of Uie fncturc zones and the geothed water The 
low-resistivity zone. loclted in the wcstern part of the high-resistivity zone in the center of the Hatchoh  area. neMis in a 
NE-SE direction. This low-resistivitv zone corresponds to the Hatchoh hi. 

Figrim 8: Rgsistivi& i r t q  in elevation h l  at Om 

Figwe 9 sliows thie fisthity distribution at - 
1uOOm elevation which correspoiids to the Usa 
fornution and tlie. basement rocks. The resistivity 
around Watar;lse spring is the loivest (lower than JO 
oluti-[ti) in the Hatcliobani ;w. Wlien t l u  is 
cornpad withi the resistivity map at Om elevation. 
the low-resistiiity zone is &iuted to uplift h m  
exit of Witlmsc spring to Watanse spring. since the 
ccritcr of tlie low-resisn\ity zone is locited more to 
the at U r n  shom on the resistivity map at Om 
ele\xtio~i. The result indicates the probability of 
the esistence of a geothermal reservoir at deeper 
depth in Uie eastern part of Watarase spring. The 
lo~v-mistkity of the shallow part is cons idd  to' 
indiute the altered zone and the other 
marufestations. The low-nsistivity of the deep part 
is considered to indicate the on@ source of 
geothermal \\ater. 

_____ 

Figin? 9: ResiFtivily m q  in elevation levelat -1OOOm 

A low-resistivity zone is recogruzed mund Mt. Ryoshi "his results agrees with the results of the gtavity distriion 
Therefore. since the presence of an E-W trending W t  is estimated from these results, the deep northern part of Mt Ryoshi 
is evpected to be apromisingtaget 

.. - 
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3.2 TW@DIMENSIONALANALYSIS 

Figure 10 and Figure 11 show the of a twodimemional analysis for Section CC‘ and Section DD’, the 
location of which were shorn previously in Figure 8. According to our analysis, the prpduction am of the Hatchobaru 
geothermal field is clearly located in the high-mistiviity zone, cmnspondmg to the NW-SE trending upheaval zone 
recogtllzed in the gravity CWibution Since the fiactwe zones are located along horizontal changes (eledcal 
discontinuity) in resistivity *on (Figwe 7), electrical discontinuity can be a good indicator of promising targets. 
Figure 11 is characterizedby a resistivitybasement inthe eastern part ofthe Hatchobaru area dipping to& the east, which 
agrees with the gmviity basement and the low-resistivity zone (lower than loohm-m) recogtllzed in the eastem and western 
parts in depths fiom shallow to deep in the Hatchobaru area Especially, the low-mktivity zone located in the eastern part 
of the W o b a r u  area is larger than in the western part, and extends into the production zone. As a mdt, it is appropriate 
to estimate that the on@ source of g e o t h e d  water in the Hatchobaru a m  is supplied h m  the eastempatt of the 
Hatchobaru area dipping eastwad, rather than fmm deeper depths along the Komatsuike subfiult, located no& and north- 
east of Mt Goto, including the proauction area of Hatchobaru No.1 unit . Fmm the results of the grrlvlty and resistivity 
disbibutio~ the NW-SE trending Komatsuike sub-hult is considered to be a secondary memoir. l’he o n p a l  sources of 
geothermal water fmm deeper depths in the eastern part of the Hatchobaru area flow along a NESW flow path to the 
productionarea 
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Figure 10: Two-dimensional resistivity m@is Figure 11: Twodimensionalresistivi~ ana&sis 
for section CC ’ for section D-D ’ 

As menlioned above, the geothermal structure in the Hatchobaru geothermal field has a typical fiadmd-type 
structure associated with M t  systems. The main NW-SE trending faults a~ the Komatdke fault, Komatsuike sub-faut 
and Hatchobaru faut The Komatsuike fault dips eashad, while the Komatsuike &Mt and Hatchobaru faut dip 
westward ?he present main mervoir in the Hatchotwu geothermal field is along the Komatsuike sub-fault, which is 
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exploited by the mchobaru No.1 unit and put of the N0.2 unit The Hatchobaru hult is of a ChfFerent nature fiom the 
Komatsuike sub-hub (Geothed  water extracted fiom the Hatchobaru fault indicates acidity.), bul the reservoir has been 
confirmed by the drilling of production and investigation wells. The Komatsuike fault hasn't been reached by drilling but 
g e o t h e d  water of high temperature and pressure is codinned by a production well that has been drilled near that bult. 

Figure 12: Location ofthe production, injection wne andthefmh 

As shown in Figure 12, twodimension density and resistivity analysis for section E-E and section F-F' were made, in 
order to discuss the probabilities of geothermal development at deeper depths in and around the Hatchobaru g e o t h e d  field 
Figure 13 and Figure 14 show the results of twodimension density and resistivity analysis for section E-E' and section F-F'. 
The low-resistivity zone that canbe reco@ k m  the twodimension resistivity analysis almost corresponds to the second 
layer of the lowdemty zone and to a part of the thud layer that can be recogruzed from the two-dimensional density 
analysis. These faults are located along horizontal changes (electrical discohuity) in resistivity distribution, and the low- 
resistivity zone extends deep along a part of the faults. As a d t ,  the geothermal structure is considered to be clear 

Considering that the hults have been successll geothermal targets in the Hatchobaru area, the places where electrical 
diwhuity extends around and at deeper depths of the low-resistivity zone are also consided to be promising d d h g  
targets. Therefore, the low-resistivity zones located along the Komatsuike hult in section E-E and located along the 
Hatchobaru hult in section F-F' a& estimated to be promising targets. Spec&ally, these faults can be considered to be quite 
important geothermal features of the Hatchobaru geothemal strum. 

However, around the areas of the Komatsuike sub-Gult that have been developed until now, the qheaval of the high- 
resistivity basement can be mgrmd, and the low-resistivity zone is not as remarkably clear as along other faults. As a 
result, part of the geothermal water flowing along the Komatsuike or the Hatchobaru hult is coflsidered to be flowing to the 
Komatsuike &huh and to be s t o d  there. 

From the features of gravity and resistivity dismlmtions, it is approPriae to estimate that the o n p a l  source of 
geothermal water in the Hatchobaru area is supplied h m  the eastwad dipping eastem part of the Komatslllke sub-hdt and 
the deeper depth of Mt. FQoshi rather than h m  deeper zones along that sub-fidt 

Thmfore, the deeper zone of the Komatsuike hult in the eastern part of the Hatchobaru area, the deeper zone of the 
Hatchobaru fault in the southern part of the Hakhobaru am, and the area around the low-resistiVity zone located near Mt 
Ryoshi in the southestem patt of Hatchobaru hult are eqected to be promking targets for supplementary wells to be 
drilled for maintaining the power plants. 
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Figure 13: Two-dimensional resistiviv andgraviv 
matysis for section F-F ’ 

5.0 CONCLUSIONS 

Since gravity w e y s  have been evaluated to be a suitable geophysical explomtion method to delineate basements 
over a wide area, gravity surveys generally have been cmied out for such purposes. This time, because the results of the 
detaded gravity m e y  and resistivity survey agreed very well with the lmtion of the feed zone confirmed by &gs, it 
was discovered that a detailed gmvity w e y  could also be used to effectively delineate the distriiution of fIactures and the 
detaded shape of a basement. 

It is hoped that promising drilling targets can be precisely determined by mnying out grvity and resistivity surveys, 
and that these results vvlll be veri6ed in other areas. 

We thank Kyushu Electric Power Company Inc. for Snancing ths work and allowing publication of the results and 
SOGOCHISHITSUCHOSA for cooperating with the gravity proceedings. 
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