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PRESENT_STATUS_CF_THE OTAKE AND HATCHOBARU GEOTHERMAL POWER PLANTS( 1)

—ON THE OPERATI NG EXPERI ENCE AND POAER PLANT CONSTRUCTION OF UNIT I

KUNI YOSHI [ SHI I, KEIJI KURCKAWA

Ther. mal Power Departnent, Kyushu Electric Power Co., Fukuoka, Japan
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I'n 1949, the geothermal devel opnment of KEPCO
initiated by surveys in the Oake, Kirishina and 20 15 27 Nuclear
Unzen ar eas. After going through the basi ¢ i k
. . - 17 17

exploration, the Ctake Power Station of rated output - 14 Hyol ro
12.5MN  was constructed in 1967, and the Hatchobaru " AW 11 Geother mal
Power Station of rated output 55MAN the |argest S0 inf;; . Y@y Jﬁldf Cod
capacity of Geothernmal Power Station in Japan, was g | 268 S
conpleted in 1977. Both are operated with high L / ' o B 73_3‘.-;.' Gas
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capacity factors. | AN, -
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The devel opnent of Hatchobaru Unit Il was begun by 0
drilling of exploratory wells in 1981, was nade sure 61 66 71
by steam flow rate equivalent to 38MVby 6 wells. Fig. 1
It i i hat | i i i- .
t is considered that long range operation is possi Total Available Power by Energy Source
ble with the evaluation of the geothermal reservoir.
After environnental influence was evaluated, the Generaiion Maximum Electric
construction of 55MN Power Station was started in 10,000 (Pumped —Storage_System) geeneration
Decenber 1987. 9,000 SR |
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I. Role of geothernmal power station in Kyushu El ec- K \

tric Power Conpany and the necessity of |ower

generating cost of geothermal power station.
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As shown in Fig.1l, power sources of KEPCO are P 2 o4
conposed by nuclear (20% as base and by hydro
(17%,gas thermal (23% and oil fired thermal (34%

as weekly and daily cyclic lord adjustnent.

KEPCO has been pronoting the diversification of 4,000 :

ener gy and nost adequate conposition of power 3000
sources (best mix) in which nuclear power station

roles as base since the oil crisis in 1974.

Fig.2 Example -of Daily MW Demand

The conposition of power sources will be same for Thermal Powr Sintion (6.000MW) Hydro Pow SiAtion (800MW)
the future. Hi gh response and daily start/stop are 10000; a . =1 ! ! * " Lo
Thermal Power Stntion Hydro Power Slation
required as the mddle lord power stations such as B.o00— 800
thernmal and hydro, however geothermal power station i l G
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does not have such a function.  Therefore | owver “ﬁ} ”ﬁ-{.;}',3f|‘r'$= r:i' / 'I;:T"’d \
. ’ . pli | i i \ i
generating cost is nost inportant for geothermnal 008 i N o T ] 1
. . o ) il T Q l]r{-‘: [ "
power station, in addition creation of power demand 2000 ;'- L 200
and active pronotion of multi purpose utilization of ! l‘ ‘1‘){_ 5t
. T 4 ] [] FUNR T 16 1 20 2 24 Time
geot her nal resource around power station are 1
necessary to devel op geothernal power stations.
Fig- 3 Example of Daily MW Demand in Hydro

and Thermal Power Station
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I. Reservoir nodel and the conditions of production
zone and reinjection zone of O ake and

Hat chobaru geothermal fields

Geol ogi cal strata of (take and Hatchobaru fields are

conmposed by Kujyu vol canic rocks (Quaternary), Hohi

volcanic rocks (Quaternary), Usa group (Tertiary)

and basement rocks (Pre-Tertiary) as shown in Fig.
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Table 1 shows the list of production wells and
reinjection wells of Oake and Hatchobaru power
stations, and the list of exploratory wells of

Hat chobaru power station Unit 1.

Exi sting data, and new data (such as geophysi cal
expl oration data, geochemical survey data and well
characteristics and etc ) were reviewed to prepare
"Resune for well drill planning" as shown in Table 2
in April 1987, in which reinjection wells are
strongly recomended to be planned never to effect

to the production wells.

The resunme for well drill planning is very useful to
develop the fault systemreservoir at Oake and

Hat chobaru geot hermal fields.
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1)

Devel oped
conparatively
surrounded by Ctake fault,

fault. The shallow

O ake field

producti on

controlled by the fault,

zone
zone.
deep, but it is located at out of KEPCO s property,
and

was

abandoned because

sealed by Otake fault

therefore the exploration of
the difficulty

of

zones are
shal | ow part (400

Yokoo fault
reservoir

but

from

di stributed
_ 500 m

is not
is formed in fractured
the reinjection

A fault systemreservoir was expected at the

the deep reservoir

permission to enter the private |and.

Repl aci ng production

according to the

drill planning,

depth based on

tenperature anal

succeeded

CQtake power station is continuously generating

was drilled deeper than the planned
the fluid

ysis of

wel |

0-22 was

i ncl usion

rated output 12.5MNVas shown in

success of 0-22 drilling.

2) Hatchobaru field

Production wells and reinjection wells were drilled
around the boundary of Hohi
group surrounded by Komatsui ke fault and Komatsui ke

subfault as shown in Fig.6.

Exploratory wells(HT-12 15) for

were drilled in according

resume for wel

expl oration dat

dat a,

the Komatsui ke

reservoir,

ceeded to prod

reservoir.

Based

I drill

a. Based

subf aul t

and expl oratory wel |

uce steam from the

vol canic rocks and Usa

to the

on the

Fig.7

abovenenti oned resune

cuttings, was
to produce steam which is equival ent
MV from the depth of 1561 m

Hat chobaru Uni t

planning and to
new exploration
NE- SWtrending fault which is perpendicular to
is expected as
HT-12 17 were
NE- SW trending

on the successes of these exploratory wells,

and Hi zenyu

drilled

honogeneous

since

aboverenti oned

Unit Il is under construction.
Jan '41 ~ Mar '87 Apr '87 -~ Total Rate
Well Number | Success el [REE o I well Number | success wal [Rae o Jof Sepes
§ ;ﬁ;ﬁg;vﬁ |(—|||_|T%3|~0~1H1T22||N 23 77 (HT_144~15) 4 100 79
2
: \F,e\z]jsw?n (HR-|~ZS|R-2 5) 18 2 (HTR-2,2HR—26) 2 100 a
P \:;:uaion (0-6}(‘5-20) 10 71 (0_122) 1 100 73
8 -
° mjmm (OR-lEgR-18) 17 94 (OR-129, 20) 2 100 95
Total 87 68 78 9 y 100 80
Table 1. Results of Well Drilling
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Table 2 Resune for
Item

A. The distance between the fault by Geol ogical Survey
and main lost circulation zone of each well

B. The distance between clased controur part of 1 Hz
apparent resistivity map by MI nethod and
main lost circulation zone of each well

C. Depth change of electrical basenent

D. Resistivity rate of low resistivity zone around main
lost circulation zone of each well

E. Volume of low resistivity zone around main

lost circulation zone of each well

E.L.(m)
o r-1000
Production
zone
- 300
Reinjection |7
zone
— —0
fracture
L type of geotherma reservoir ——500

Fig. 5 Reservoir Modd of Oteke Field

Ishii and Kurokawa
Well Drill Planning
Reason
Geothermal reservoir locates in fracture zone by fault
Ditto, apparent resistivity map in 1 Hz shows, resistivity map

above 1,000m in depth.
closed contour part shows change of electrical
resistivity and a possibility of fault.

Fracture zone locate in the |ayer

activity low resistivity

The degree of geothermal
activity

by geot her mal
The depth of bad perneability zone is estimted;

low resistivity zone is correspond to acidic alterlation zone
(bad perneability zone)

. EL.W
_\—/ L 1000
\ Hohi Volcanic Rocks)
<
- \ -500
}_ -0
reinjection zone\ —
L (Usa Group)

Fig. 6 Reservoir Modd of Hatchobaru Field
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Fig.7 Well location and faults in Otake and Hatchobaru



Ishii and Kurokawa
I1l. Pove station operation conditions

1) Otake power station

QG ake power station began commercial operation in
1967, using the separated steam and di scharging the
separated hot water to an adjacent river. However,
to cope with the environnental regul ation which came
into effect in 1972 and restricts the arsenic
concentration in t he separ at ed hot wat er,
reinjection of separated hot water was started in
1973, and then generating output depended on the
capacity of reinjection wells. Fortunately the
power station could be continuously operated without
serious problens.

Generating output i ncreased

tenporarily after drilled replacing production
wells, however the total steamflow rate decreased
gradually to the constant which is the total steam
flow rate before drilling the replacing wells as
shown in Fig.8. The power station is, however,
generating the rated output continuously after

drilled the replacing well 0-22.

Regar di ng mai ntenance conditions, several troubles
such as the level control systemfor water tanks
installed on separators, nelting of brazed section
in connection strips anong generator rotor coil and
short circuit between generator rotor coil, were
occured, however these were not particular troubles
for geothermal power stations. Count er reasures for
corrosion and erosion of electrical equipnents and
cool i ng water system have been effective to operate

power station w thout serious problens.

2) Hatchobaru power station

Hat chobar u power  station was commenced the
commercial operation in 1979 by the rated output
50MN and its rated output was increased from 50MV
to 55MN by considering the successes of production
well drilling, the lower generating cost and the
ability of nain equiprment of power station. The
power station has been operated with very high
capacity factor since the comrencenent as shown in
Fig. 8.

The power station was designed to generate 55MN at
the mninmumwet bulb tenperature in winter and then
to generate 51.5MNat 23 C wet bulb tenmperature in
sunmer by the same steamflow rate. It is now under
the exam nations to decrease the generating cost by
i nprovenent the power station to generate 55MN in
summer (by drilling necessary production wells) and
to use the excess steamto generating 55MNfor steam

ejectors instead of notor driving blowers in winter.

Double flash systemis very effective for power

generating and its advantages are as follow

(1) The ratio of steamwater of water dom nated
reservoir is usually -changed after the comrencenent
of power station. Double flash system can adjust the
ratio of primary and secondary steam by changing the
turbine inlet pressures, and then can nmaintain the

generating output.

Otake Geothermal Power Plant

Hntchobnra (Jeothermal I'ower I'lant
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(2) When production wells decrease the capacity and Fol | owi ng items are required for environmental
stop to produce primary steam at the power plant assessnent to develop geothermal power station;
operating pressure, the wells can still be used to narely air pollution (hydrogen sulfide), wat er
produce steam at |ower wellhead pressure to utilize pollution (water quality to discharge to river),
as secondary steam noi se and vibration pollutions, ground subsidence,

induction of earthquake and influence to the adja-
cent hot springs. Environnental assessnents have to
be reported to local governments and Environnental
Agency, and geothernal power station have to be
operated to keep its environnmental influences bellow

2. Devel oping plan of Hatchobaru Unit II
the regul ated val ues.

(1) Exploratory wells for Hatchobaru Unit Il were

drilled successfully, and the total steam flow from Tabl e. U shows the nonitoring itenms for environnmental

these wells is equivalent to 38MN protection after the commencement of Unit II.

. o Table 3 Results of Véll of Hatchobaru Il
Unit |l was planned to construct as the adjoining o
place of Unit | and was designed as same as Unit |; _ Discharge
. . Name of| ) Dia XDepth |Bore holefRate (T/H) Elqualeut

namely two phase transmission system and double D-illing Time Temperaturi Egaric
Well (unX m ) CO  lsteam| Hot utpuf

flash system Specifications and | ayout are shown Whtar
HT-5 Not

; : ; i ~ 216X3.000

in Fig.9 and Fig.10 respectively. _ | 56/A2- 575 | 216X 284 i hanze

HT-6 |57/4 ~ 57/6 | 216X2,500 286 dittio
(2) Environnental counternmeasures and nonitoring

Environmental regulation in Japan is nobst severe in HT-7 |56"12~57/8| 216X1,850 | 262 38 | 53 47 00

the world, it regulates not only for geothernal
HT-8 |571 ~ 578 | 216Xx1,350 | 242 10 5| 1300

devel opment, but also for every industries.

Well
z
3

HT-11 [ 60/9 ~ 60/12| 216X2,250 244

dischrged

5

= | HT-12|60/3 ~60/5 | 216x1,500 | 278 { 63 } s4| 9000

3

(=}

& | ur-13|6ws ~ 6o1d 216x1,503 | 272 | 52 §153| 9000
HT-14 |61/11~62/3 | 216x1,448 | 271 | 15 g| 3000
HT-15 | 61/11~62/S | 216X1,290 | 261 | 17 | 186 [ 110 00

=
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' ite map
Legend
1 Unit No.2 facilities
C—J Unit No.1 facilities
HT Production well
HTR -.Reinjection well
'.“ 3
T HT-7 Base
HT-12 Base
<.
s
] 1a 20 30
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TableA List of environmental measuring items and sonitoring frequency
Environmental  measuring itens Frequency Measuring poi'rrs““m ]
. . Arsenic s June |
Water quality of river - - e Sept ember . . 1
Chloride ion Ci- 4times/year | Bgce'r]rber 5 points in watershed of Kusu river i
S 1 rc
Hydrogen ion concentration |PH i |
Assessment - - - = ——= 1
b Arsenic concetration in river sediments As once/ year Sept ember
. Y o Injection rate per unit time every month Every injection wells |
discharged | Reinjection wells once/ month BN T R e M e it
fluid féon{ Change of underground water |evel Sept ember bservation wells
roduc — e Setutd et S
Elells Hydrogen sulfide gas concetration hS 5 June . ) ) AT
in air near the grand surface September | 6points power plant site and its vicinities
- - - - once/ mont h Decenber
Hydrogen ion concentration in surface soil 23] Har ch
Flow rate of steal Steam turbine inlet
Survey of Flow rate of hotwater 4times/ year June ]
. , N Decenber
di scharged Arsenic As .
fluid from . o - - —— Flashing tank outlet
ﬂgoduct Chenical composition | Chloride ion cr
ITs of hotwat er AT TR s A AT i
| Hydrogen ion concentration M
" as ratio S ; et
| eparator outle
Noncondensable gas | . E(IJZ P
Chemi cal conposition of gas 1
H,S |
N.
offie-
rs
June 9 points on boundary line
Hoise measument tHicel year Decenber of ‘pawer plant
Survey of Vegitation survey of indicator plant 11 points in paHer plant site
environmen- and one point in Munt Hitomeyama
tal - once/ year September  fr—————————————————— e ——rr—t|
|nd|cat(_)r il Observation of |andscape The hole vieH photograph
Hicro seismcs Cont i nuous Cont i nuous e
measurement | measurement
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