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Existing 3D model : 
VFuture decrease prediction
VFail to create a superheated reservoir

3D recharge model :
VCreate  a superheated reservoir 
based on 2D superheated models 
(both Chinoikezawa models)

Chinoikezawa 
footwall fault Chinoikezawa 

southeast fault

15
300t/h=> 200t/h

+

Production history Prediction without injection

Steam

Steam+Water

Steam decrease after 15 years
(300t/hҜ200t/h)

1. Outline of numerical simulation to determine a recharge location
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Chinoikezawa Footwall fault model

Distance(m)

Elevation(m)

Chinoikezawa footwall model(C.F.M.)

Production block

Recharge block

Est superheated ratio

Temperature distribution

Production block

3D recharge model
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Recharge

Block

3

1.5

2

Refined Chinoikezawa Footwall fault modelChinoikezawa Footwall fault model

Comparison 
of the results

(Liquid mobile in two phase condition)(Liquid immobile in two phase condition)
History matching  Recharge simulation

History matching  Recharge simulation

History matching  Recharge simulation

History matching  Recharge simulation

History matching  Recharge simulation

History matching  Recharge simulation

History matching  Recharge simulation

History matching  Recharge simulation

Parameter Fracture Matrix
(Chinoike)

Matrix
(Refined)

Permeability 1.0
3.0E-14m2

0.0 1.0E-
25m2

1.0E-18m2

Porosity 0.1 0.001 0.001

Matrix 
subdivision

1 1 4

Volumeratio 0.15 0.85 0.85

Fracture 
spacing

30 30
30m

- -

Slr 0.6 0.3

Sgr 0.05 0.05

Major simulation parameter
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Well- 6

Well- 5

Well- 3   Well- 8 Well- 6

Well- 5

Well- 3   Well- 8 Well- 6

Well- 5

Well- 3   Well- 8 Well- 6

Well- 5

Well- 3   Well- 8 

Well- 6

Well- 5

Well- 3   Well- 8 Well- 6

Well- 5

Well- 3   Well- 8 Well- 6

Well- 5

Well- 3   Well- 8 Well- 6

Well- 5

Well- 3   Well- 8 

{ǘŜŀƳ ǎŀǘǳǊŀǘƛƻƴ ŀŦǘŜǊ мс ȅŜŀǊΩǎ ƛƴƧŜŎǘƛƻƴ
(Recharge block 1.5:Elevation-1500m
Comparison of irreducible water(Slr)

Chinoikezawa Footwall fault model(3D)[ Slr = 0.6 ] (Liquid immobile in two phase condition)

Refined Chinoikezawa Footwall fault model( D)[ Slr = 0.3 ](Liquid immobile in two phase condition)

Calculation 
stopped after 8 
ȅŜŀǊΩǎ ƛƴƧŜŎǘƛƻƴ

Injection15t/h Injection30t/h Injection50t/h Injection100t/h
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Interference Red Steam increase, 

Blue Steam decrease,Purple Both

Well- 5

Well- 9

Well- 10

Well- 1

Well- 2

Well- 4

Well- 15

Well- 3

Well- 6

well- 7

Well- 8

Well- 17

Well- 12

Planned recharge well

Well- 14

Well- 18

Well- 13

Well- 16

well- 19

Chinoikezawa

Footwall fault

Chinoikezawa

fault

Chinoikezawa

South- East faultA

B

Chinoikezawa

Hanging wall fauldt

Tracer test(2013) and field injection test results

Tracer test

Field injection tests

Well-12
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Steam reduction risk

Short circuit risk

Large < Effect > Small
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Well trajectory for 
recharge block3

Well trajectory for 
recharge block2

Well trajectory for 
recharge block1.5

Determination of the location 
of the recharge well
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Block1.5(-1400 -1600msl in the 
Chinoikezawa footwall fault model was 
selected as a target.



Actual 14JN-R1 well trajectory and recharge block1.5

Recharge 
block1.5

L/C

Drilling break

2. Drilling and logging results
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Wellhead at 14JN-R1
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Plan Actual

Casing program

Slotted liner

Slotted liner

Liner hanger



Injection PTS and Fall off test
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Well name 14JN-R1

Permeability(k)
2.39 mDarcy

(2.36E-15m2)

Permeability-

thickness(kh)

502.43 mDarcy-m

(4.96E-13 m3)

Skin factor(S) -4.15

WellTESTTM analysis 
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Fall off data

ҨShut-in

Green : Nov.18,2014 66t/h injection (after 12-мκпέ ŘǊƛƭƭƛƴƎύ
Blue : Dec. 5, 2014 90t/h injection (just after 8-мκнέ ŘǊƛƭƭƛƴƎύ
Orange : March 24, 2015 50t/h injection
Purple : March 24, 2015 100t/h injection

Total L/C

Drilling
break

Drilling
break

L/C ratio 
based on the 
PTS analysis



BHTV data at L/C and drilling break while drilling

BHTV logging in 8-мκнέ ƘƻƭŜ

(1930-1940m) (1980-1990m) (2030-2040m)

(2090-2098m)
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Well- 14
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A
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Feed point and/or lost circulation point
Well- 16 feed point
Interference Red increse Blue decrease

Purple both

Well- 8

Well- 11

14JN- R1

Chinoikezawa 
hanging wall fault

Chinoikezawa 
footwall fault

Chinoikezawa fault

Chinoikezawa 
south- east fault

Lost circulation and/or drilling break while drilling( ) and BHTV analysis(strike and dip)

2093.7m, N59.0W, 44.0             

1930.71m, N87.7E, 77.9            

1940.59m, N70.1W, 70.5             

2036.06m, N52.3W, 87.5             
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3. Recharge operation
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Recharge

Check 
Steam/WHP/EC
/pH every day

Check the 
trend

Behavior of the 
production well by 
DCS*1 frequently

Frequent check of 
LCV*2  aperture 
and H/T level  by 

DCS

conditions for 
shut down 
production

Conditions for shut 
down production

a)WHP >=0.7MPa or 
<=0.58MPa
b)Two phase pressure 
More than 0.68MPa or  
lower than 0.59MPa

Individual 
problem of 

well

Shut down 
the well

conditions for 
shut down 
injection

Recharge stop

Conditions for shut down 
injection

Water LCV apertureH 
alarm(75%) activation

H/T level H alarm 
(75%)or L alarm(35%) 
activation

Water BDV*3 Open

Fluid chemistry 
Check CLH2S concentration
Regular Sampling(Well-3, 5, 8 and 11)
Sampling frequency(daily after 

starting rechargedepending on the 
situation)

Frequent 
monitoring

Felt 
earthquake

Discussion

*м5/{ Χ Distributed Control System. Continuous 
monitoring and remote operation of the electric 
valves
*н[/± Χ [ŜǾŜƭ /ƻƴǘǊƻƭ Valve. Control valve for 
water level of buffer tank; Water level control 
valveof buffer tank(for flowrate control, Header 
Tank:H/T) located in water line downstream of the 
separator. 
*о.5± Χ .ƭƻǿ 5ƻǿƴ Valve. A kind of safety valve 
to release header tank water to a pit.

Check the 
trend

Geophysical /Geochemical 
monitoring

PT monitoring at the recharge well 
Check trend and remarkable events

Seismic monitoring

Reduce recharge 
rate or stop 
recharge

Existing OAG monitoring and 
operation flow for injection 

Flowrate
and/or WHT 

decrease

Reduce recharge  
rate or stop 
recharge Recharge stop

Discussion

Check epicenter by 
JMA data and seismic 
intensity by a 
seismometer

Reduce recharge  
rate or stop recharge 
depending on  
epicenter and the 
depth

Hot spring monitoring
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Felt seismic event 

(M4.9), Oct., 2009.
Area2, area to cut 

back the recharge 

rate: Cut back the 

recharge rate 

when felt seismic 

event whose 

intensity is larger 

than 3 inside the 

area of the red 

circle whose radius 

is 500m centering 

on the bottomhole

of the recharge 

well is occurred.

Area1, area to 

stop recharge

Stop recharge 

when felt seismic 

event whose 

intensity is larger 

than 4 is occurred. 

Felt seismic Mag.

0.5 5.0

Seismic monitoring point

ground surface(JMA)

ground surface (AIST)

ground surface(OAG)

wellbore (AIST)

wellbore (GERD)

Monitoring network
on ground surface

Monitoring network
In wellbore

Area1

Area2

0m 1500

Modified 1:50000Miyashita 
topographic map (GSI)

Fukushima Pref.

Survey area

Recharge operation to felt seismic events (Plan)
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4. Acquired  data

17



High temperature region

Legend

Production well

Injection well

Suspended well

Estimated fault(-1000m)

Feed points

Superheated region

Acidification regionOkuaizu geothermal field (Plan View)

Chinoikezawa fault

Chinoikezawa 
Foot wall fault

Chinoikezawa 
Hanging wall fault

Chinoikezawa 
southeast fault

Sarukurazawa faultTakiyagawa fault
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Well- 8

Well- 5

Well- 6
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Injection rate and cumulative injection rate

70t/h

50t/h

Short term Step Rate
Shut In(8/31)

7/22:power outage

6/21: torrential rain 8/17: pump trouble

Pressure falloff analysis
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Change rate(7/31)

PT monitoring data

Pressure falloff analysis

Short term Step rate

Setting depth 2035m Setting depth 1895m

12/16: pump trouble

50t/h

70t/h

90t/h

Shut In(12/26)

70t/h

50t/h

70t/h

100t/h

Injection for 

kill well

2015 2016

2015 2016

7/14:power outage

Max. temp

5/2: 313.27ϴ

Max. temp

10/12: 305.83ϴ
Max. temp

1/30: 300.03ϴ

6/5,8,10,11:PTS logging 7/7-10:Well-5 PTS Sampler logging
8/25-28:Well-5 PTS Sampler logging

1/29:Well-8 PTS logging
2/19:Well-8 PTS logging

1/1-9: BH temp fluctuation

1/1-12: BH press fluctuation

6/26: Gas, 2phase tracer injection

50t/h

PT monitoring in the recharge well

Superheated amount: 5.3ϴ
Superheated amount: 6.9ϴSuperheated amount: 7.7ϴ

It is considered to be greatly 

affected by fluctuations at Well-8 

Power plant 

preventive maintenance 
checkup



Production situationWell 8

Dec 23 24 Superheated amount decreased22.4ϴҦ18.0ϴ

Dec 24 25 Steam decreased19.6t/hҦ16.8t/h
βInjection rate was reduced from 70t/h to 50t/h.
Dec 26Superheated amount decreased to 0.8ϴ
βRecharge operation was stopped.

Dec 28 Jan 14Separate from the power plant because of the cyclic effect

Jan 14Join the power plant
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Production situationWell 5,6
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Geochemical monitoringWell 8

Steam chemistry moves to that of the air after the 
recharge re-started on Nov 27,2015.
Isotope ratio moves to meteoric water.
ҦIt is supposed that the production fluid includes river 

water.

He-Ar-N2 steam chemistry
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Volicanic#1: Volcanic gas in 
North-east Japan(Kiyosu,1985)
Volcanic#2: Volcanic gas 
estimated by the analysis of 
Okuaizugeothermal field.
Volcanic#3: Volcanic gas 
estimated from Well-13 in the 
Okuaizugeothermal field.

Isotope(total)
Black : Sampling 1 (April) Blown:Sampling2(June) Purple:Sampling3(Aug)
Blue:Sampling4(Aug) Aqua: Sampling5 (Nov) Green:Sampling6 (Dec)
OrangeΥ{ŀƳǇƭƛƴƎтόWŀƴΣΩмсύ RedΤ{ŀƳǇƭƛƴƎуόCŜōΣ ΨмсύJan 13,2016

WHP increased(0.95Ҧ1.13MPaG)
Jan 13,2016
WHP stable(1.15MPaG)
WHP Lower stable (0.94MPaG)

Jan 13,2016
WHP decreased(1.14Ҧ0.94MPaG)

Feb 16,2016
Day after steam rate pulsation 

Jan 13,2016
WHP Lower stable (0.94MPaG)

Jan 13,2016
WHP stable(1.15MPaG)
WHP increased(0.95Ҧ1.13MPaG)

Dec 25,2015
Day before steam rate pulsation 

Nishiyamahot spring



ÉPTS+ sampler logging result at Well-5

Logging result 0m 1,189m Logging result 900m 1,189m:magnified image
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ü From the logging results, no significant change was observed for the feed point situation.

ü Reduction of superheated amount was observed(It may be caused by the well injection for cleaning) other than recharge effect .
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Well radius may be narrowed by 
scale scraped while well cleaning

Condition (2015.8.25)

WHP:
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Press
Temp
Spin

Press
Temp
Spin

Press
Temp
Spin

Press
Temp
Spin

Press
Temp
Spin

Press
Temp
Spin

Condition (2015.8.25)

WHP:
Steam:
Water:

PTS Sampler
(2014.)

PTS Sampler
(2015.7.7-10)

PTS Sampler
(2015.8.25-28)

Downhole Sampling Depth PTS Sampler
(2014.)

PTS Sampler
(2015.7.7-10)

PTS Sampler
(2015.8.25-28)

Downhole Sampling Depth



Sampling@1180m

Sampling@1125m

Sampling@1050m

Deeper than FP1185m

FP1170m

FP1088m

FP1026m

Surface sampling

Well 5
TFEA

Ratio
0.587

0.471

0.588

0.483

9.7%

1.3%

16.9%

72.1%

89%

90.3%

100%

0.519

Flowrate

Sampling@1010m

100%

72.1%

Deeper than FP1185m

Production contribution 67%

Surface FP1170m

Production contribution 33%

Sample(Borehole Tracer) analysis at Well-5

FlowrateTFEA

Dilution

[Past logging result of FP(deeper than 1185m)]

1350m, 24%
1540m, 33%
1660m, 19%

0

0.1

0.2
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0.4
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0.6

1,010m 1,050m 1,125m 1,180m

m
g

/k
g

TFEA

Nov '14

Jul '15

Aug '15

Tracer concentration at the sampling depths

üTracer concentration reduced by about 1/20 

in one month.

ü67% of production steam comes from 

deeper reservoir (deeper than 1185m) and 

the rest(33%) comes from shallower 

reservoir (shallower than 1185m) based on 

the tracer analysis.
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Surface



Gas tracer(PDMCH) detected Two phase tracer(TFEA) detected

Tracer test(2015)
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L/C point(Recharge well)
Feed point(production wells)

Peak concentration distribution for PDMCH

Year 2015Year 2013
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AE/Micro seismic array

Nanometrics

F: 20s 108Hz

Velocity

YAE2,3,4

OYO

F: DC

200Hz

Accelerometer

YAE-1&5

265mm

1485mm

1950mm

ṕ Ṗ ṕ Ṗ

IESE(NZ)

Passive F: 15Hz

Velocity

Recharge point

YAE-7

YAE-8

YAE-9

2km

Existing station 5 OMS# OAG

F: 4.5Hz Fs=100Hz

Surface station 5

Borehole station  4

Total 14

OYO ESG
F: 20 1kHz

Accelerometer

Nanometricsdatalogger
Realtimeobservation by Fs=1000Hz
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0 500 m

57
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Back ground Step rate

50t/h 70t/h


