33 025-026 2022

WERTBEET ) v ~OBWEE DERA

¥ AAZs" + Shi Shuokun™ -+ K& £~ ™

Application of Machine Learning to Geothermal Reservoir Modeling

Anna Suzuki®, Shi Shuokun™, and Toshiyuki Hashida™

* B AL KA FAR 2 AFFEAT Institute of Fluid Science, Tohoku University, 2-1-1 Katahira, Aoba-ku, Sendai

980-8577, Japan. E-mail: anna.suzuki@tohoku.ac.jp
#x UL KK FBE T4 HF 78R Fracture and Reliability Research Institute, Tohoku University, 6-6-11-709
Aza-Aoba, Aramaki, Aoba-ku, Sendai 980-8579, Japan. E-mail: hashida@rift.mech.tohoku.ac.jp

F—0— K HEGAR, IFRIERHE, BARREC I L—va r, Bl
Key words : Geothermal development, Reservoir evaluation, Natural state simulation,

Machine learning

1. [FL®HIC

HIEVEETIE, HTOBTIED &N 7= Buk0i K & FIl
LCREZITH 2, IFBENICEIT 28UKkOFE % iR
TLHZENEETHD. IrEEEM <X, ERTHECHE -
RO REZREMIT L, BREEFEOZOOITHEE Y
ab—va CEERT S, BREOYIWIBM T, BFRRIOT
BREORNZERET 5 ARKEY I =2 L— 3 UM Tbh
DN, 1IZUOIC, HECHMEREAIC L DR RICE S
BESET NVEER L, IR EOMECER S 255K
EETFNVEWHET D, 2 LT, BEHEIC L > THELNE
REFRT— X w2 L, BTV EEEL TV, il
ETNOEHIL, BRoNTZT —F D & THRRZRRITEHR
BEET, i, TEOFBUIETRLNTLE S 120,
BETND/RT A —H RN - FEIICHEE TX 2Tk
NRDBND. £ 2 THRIFETIE, BRI TR E FRNC
FETEOMMFEEEZRML, BRRES I 21— gy

DAFIRT A —Z DRI HEEFiLEORFEZ HRY & L7e.

PSSR BRI IS DL D HARIRBE DR - 05540 2 v
T, WTRE OB LR BRI & HEE T DR E T
EEBE LTz,

2. F&%
2.1 FBEF—HDER

LA BAR T ORIE AR L BAD RN & SR D R e
2 2 L—% TOUGH2 % W, #8028 5 — 4 21k
R LTZ. FIEOBGED =, 2 RIT/3 IR ITO N & EE %
BElL7. 2RO REFEREZH 1 X, TOUGH2 ®AJ)N
T A—Z&E 1 RIORT . EIRP ROl E (R /K E)
Hko A, (SOURCE), itk (SINK), b % o7
Wy 2B LU, RRKIREIE I —&, B & R X HrEn
BERE L. IFBEORBERLE, SOURCE B XU SINK
D&M EHEDORE L, ToI3EEE BV, 5000 /%
A= ERE L. BERLERGG X —7 v e L, §t
BUIRENT, EINHRNOELNDIEZ R L LT,
FERAOT—%%y AR LT, FEFIT0.75 & Lz,

Ground surface

SINK placement
A= S —spy area
10gi3 20 grids
T =
c
S 10 grids
&
3
: |
-
e d |
SOURCE 20 grids
X SOURCE placement area ¥ !
e 20 grids »

FBIX VI 2 b— a3 UHE

BIR ANRTA—Z.

Data set 5000 | Top temperature 25°C

Top pressure 0.1MPa

Region 2kmx2kmx2km | Bottom temperature 200°C

Grid number 20x20x20 | Bottom pressure 2MPa
Density 2250kg/m3 | Permeability

Porosity 0.1 Surrounding rock 1018 m?

Heat conductivity 2.5w/m-k Fault 1015 m?

Heat capacity 1000kJ/m3 = °C Reservoir 1013- 1017 m?

(random)

SOURCE flow rate 0.2-0.8kg/s

SOURCE enthalpy 852-1345 MJ/kg
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(a) SOURCE 2D 3D
Precision 0.988 0.998
Position (RF)
Recall 0.990 0.960
Enthalpy R 0.984 0.830
(LightGBM)
Flow rate R 0.717 0.568
(LightGBM)
(b) SINK 2D 3D
Precision 1.000 0.999
Position (KNN)
Recall 1.000 0.996
(c) 2D 3D
Permeability = 0.866 0.760
(LightGBM)
(a) Expected (b) Estimated Log K [m?]
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