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Investigation of Litereture for Modelling Technologies of the Geclogical Environment

Abstract

1. Purpose
In investigation of the geological environment, both tequiniques will be needed that the
data acquisition and 3-dimentional model construction. The object of this report is to grasp the
fundamental status of the modeling technologies, that will be a part of the study on integrating
the invetigation techniques for the geological environment

2. Methods
The literatures for the following item will be investigated on this report.
(1) Information of modeling method for the geological environment
a. Geological structure modeling
The construction technologies of 3-D subsurface model from geophysical data
b. Hydrogeological modeling
The construction technologies of hydrogeological model based on the geological structure
model.
¢. Geochemical modeling of ground water
Modeling technologies of mixing, rock-water reaction, and oxidation-reduction potential for
the ground water that exists in the surface to the deep subsurface
(2) Information of case studies using these modeling technologies to integrate the geological
environment

3. Result
80 hiteratures of the geological structure modeling and its case studies, 87 literatures of the
hydro geologyical modeling and its case studies, and 13 literatures of the geochemical modeling of
the gound water and its case studies were found out and reviewed.

This work was performed by Geothermal Energy Research and Developments Co., Ltd. under the
contract with Tono Geoscience Center, Japan Nuclear Cycle Development Institute.
JNC Liaison: Characterization Technology Development Group.

*: Geothermal Energy Research and Development Co., Ltd.
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T3, 85— &L T, BT EEHOBRERLEZT7 7 P -k oEhhi
FHEE Y FERLEDOEREAHL. Za—F)0Fy hI— 2 OEFETH> TS5, X
AMTHRGENE, HoBRE. BSERE. METREOEHORBT—FE2HWT. B
i TREREHRE TS,

O Za—IWxy pb7—7 LHBEET—F ERVE, BERENSOERTHI[10]
IEEOMEICBITAWER L EEEEBITAILEZANE LT Za—INFy P72
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EH. &, @, “Za—I)Fy NU—ZERANEGHEEOHERE" | Hhe
2o HodE 2EAS, 1997

BHE. @I, & MNE “Ta—S0hRy N7 ERWEEERERER , DER
T o6l ‘EaiES, 1997

N. Shimada, N.Nishikawa and A.Tani, Reservoir Characterizafion using Artificial
Neural Network., In Proceedings of the 59th EAGE Conference, 1997

H.A.Malki, J.L.Baldwin and M. A.Ewari, Estimating Permeability by Use of Neural
Networks in Thinly Bedded Shaly Gas Sands., SPE Computer Applications, April 1996
S.Mohaghegh, R.Arefi, I.Bilgesu, S.Ameri and D.Rose.,Design and Development of an
Artificial Neural Network for Estimation of Formation Permeability., SPE Computer
Applications, December 1995

¥.Habiballah, R.Starizman and M. Barrufet, Use of neural networks for prediction of
vapor/liquid equilibrium K values for light-hydrocarbon mixtures, SPE Reservoir
Engineering, May 1996

D.H. Johnston., Seismic attribute calibration using neural networks, the 63rd Annual
Meeting of the Sociely of Exploration Geophysicists, Expanded Absiracts, 1993
H.Chang, H.Chen and J.Fang., Lithology Determination from Well Logs with Fuzzy
Associative Memory Neural Network, IEEE Transaction on Geoscience and Remote Sensing,
May 1997

J.Logel., Lithologic Prediction from Density Logs using Seismic Atiributes and
Neural Networks, In Proceedings of the 59th EAGE Conference, 1997

E.Winkler and W.Seiberl., Inversion of airborne electromagnetic data using neural
networks, In Proceedings of the 59th EAGE Conference, 1997

WREFELI AL —-Taicdd77o—F GRFHIEMN,1998[1])

AMAMGHBERENE ¥y —THREENEII 2l —a »EF)N [Facies-3D1 ZHn
22 al—2a  ORHERY, AL, LA RTER: OB ST SEH
MR ETHSEE LTS,

Facies-3D) D7 O—F A7 75 L% 3.1-3 KITRY.
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e% tsess of accumulated
- Delta Model %t Carbonate Model .,
| Calculate Water Current |
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induced by river discharge current
{ Calculate Sedimentation |
Calculate sedimentation Deflne sediment type
rate :lf suspended to be deposited
particles
. Calculate
Perform reworking Sedimentation Rate
: Deposit siliciclastics Deposit carbonates
next time step +

Time steps over ?

%#3.1-3K [Facies-3D) ©70—F14 775 A (#03H,1998)

% 3.14 Koo 1 5y 7 Ay TERLUE. T2 BA70—%17 75 LI,
EEA A EL S & BRI A OEEZ S B EEE L2852 3.1-5 KiITRL .
COEETE. HEYATERIFICRRTETNS,

PUFic, ATEOREICHER UissE 0k EE L,

@2 3k

[1] MHE—, WEXE, SEHKE, HLEsl, FEdn, SEERER "ML IaL—v
a EFVCX BHREASE TR |, AumReSs #e3k, £15,11-17,1998

26



Irabu Island |

s I.:-'{"ll fim
loration

L :
*, Cros

315K FERERPEETHICEYTS 2 254F (0.93-0.71Ma) EHSREBREL. HERHER
ZHEEIAT v 7 2,000 T 110 A5 v TetEE T o R

27



3. 2 KEHMEREET)

BIRITAN1996,[INIC L D THERFTEHE TR EFE Uiz 3Ktk 2 ab—a U FED
fF) TRz GEOFLOWS.V2 I3, FEROHM T/KESOMTIZEL T, HERELHTA
MEHES LK 10 TR TFRICESKEIRA LI al—a EAiEEdT2I—RTH S,
BiZ, BREOMER S ETOENRESOREREEAEREL I 2L —2a s UTHBE
N350TH3, MERHE~RBOREMH T A~EROHERTK EHREED) OfREK
HERDES 2 &3, MBS SEOMERETFILMLICBNW TR RO THHEEL LN
5. iz B, A - ¥K - EFEKEHMBABHTIZEEL TH< B2, T KOBHTS
B, REHTKEEEBBTKOBORHE, AR TERIRETTNELTHEL TH—
OABEFINELUTROFZDEMNTHS. % 3.2-1 KiIZ GEOFLOWS-V2 iIZ&3EFTU >
OWER L. BRANCERRS I 2L —F THD, USGS CREHEFRER © MODFLOW
. KEO—L P AN—7 LV ENHERRO TOUGH2 &HEL T, HiRi —IRE O nfnit
Thk—EBOHEEHTK EHFEEZSD) O2TERVFLAZET. GEOFLOWS-V2 I37H
T3 Ialb—a - REEBIALND,

TOUGHZ2 3. 43k, MBS BLETOFHEZREL /KB I 2L —4F T, BHFEL
FREO— L 2 ZN—7 L ERIPIRRT T, RERNS My ML TOMBASHERIZB N
THRESFHAL TS, $iZ. 1y ALUOBRAPOWBICEL THHBTETIIVEERL T
YRZEERL TS HZIE. Cohen and Oldenburg, 1998[2], % 3.2-2 H&E) .

WESH T, WEOBEICESHEE (&) PHEEMN (SP) 2HHT5FENE
BENTHWAS, AFED (1997[3) &5 THEFEEOSPEFY 7 Tid. Hugdhs:
DFEAHD LR - TRIEICEETS S PRERKO AN A L& GHsal, 858, S5,
ThA. BEA. BES) TOENERA. BoNTKEI I L—Y g EEETTARA NS
Oty Hic kB EESHREOEFAMRAIN TS, N5k, HEESEL D HRBAOREER
BN D L TO—D0RMNE S A DTS BFETH Y. RENZENFRESTKET
FINOEEIZBNTHRPRR XN ZREFTH 5. Osato et al.(1998[3DICLBKEBL I 2
L—F I KB HBREEROMTOEAEZHTREEHBLFEE 8.2-3 MITRLE. OB
i PIEREEILEESEERN (BRI ORENIEERENBRORIEEICHIH TOERELE
KB I 2 L—FTOUGH2)ZHAWTEHEL., TORERZEHNE(IZHELEL T, £EBROE
HESEER 83 H5) SHELTWAN, EERICAU TWAEKEEICHES KPR THO&
OEHEL & Bk DTS RRA LROMEOEAELICH LT, SHEERIIFANNZER
EiroTinvad,

ATz, AEOEHICHERALEZSEYWMETL L. b, NS5O, ERoREDF
—J— KNSRI, AXEHAEOHEENSFDEELNAGEICEL T, BhERAELED
DHEHFENS.

O

(1] #&iET, NSEZ, ZAKE4, THEIF, “BEREMTKEZESL L 3 KxkEKkS
2al—a  FHEORRE" , HTFKERE, Vol.38No4,253-267,1996

[2] Cohen,A.J.B., and Oldenburg,C.M., Effects of Faulted Stratigraphy on Saturated Zone
Flow Beneath Yucca Mountain, Nevada, Proceedings of the TOUGH Workshop 98,
LBNI.-41995, CONF-980559, 95-100, 1998,
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[3] Osato,K. Sato,T. and Yokomoto,S., The Modeling Study using TOUGHZ2 and the Micro-
gravity Change in Yanaizu-Nishiyama Geothermal Field, Proceedings of the TOUGH
Workshop 98, LBNL-41995, CONF-980559, 41-46, 1998.
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¥ 3.2-1 GEOFLOWS-V2 =& 2 iRm0 FEA M2 E U 7285 O || R AGEREOF
B (CBIRIZA, 1996)

'HORTHING ) [

]
ey
-0
£
B
i 43
o 30
! pus 23
= — R S
EASTHNG vy
a b
kg X
-1
-2
-3
4
5
-6
-r
-8
170000 172500 175000 -9
X (m)

c.
Figure 3. Log tracer mass fraction (log X} at 5 yrs (¢ = 2x107), or 506yrs {h = 2x167); @) in the middle

Bulifrog Tuff: b) at the water rable; c) along west-east cross-section at latitude 232000 m. The sources
af tracer are shown in Figure 3a by the black circles,

#3228 TOUGH2 ZRWETLy bl CRERNYN) HEASRREICBT sMEORE
& N L—92E0OFHIEE (Cohen and Oldenburg, 1998)
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3. 3 HTAOHIRMEEETIN

HTFAKOHEMEZEET I, BICHEETIVICET SEREMLIEEAERD SN o7,
Zhid. BRTIEHEM LT TINCET 3 EFIALIZE < OISR ORIREM N TS R &
EZz256N5,

KILEA (1993[1)) Tid. AL ~VBEEREEY OMENS N SEaEMICTFERINI 7 &
FEIBL THTFAMMRAL T, BEORHPBEBIND £ TOBRENERKITONT, TOUGH (&
Mo TOUGH2 ORi/N— 3 2) HEEERBEFNEAASHE T, SEMEIVKRIEEFIC
BT BEKEE &2, RENORBEKP OERNRESECUOSE TOKERERERD T
W3, ZOLDIT, HEEREEFNAWLUIE, HTFAKEREDOEMIC XA EERIGETIV &
KB 2 b— g BHAEDETETT SR, KOFNELBIEORELLIESE
RS2 L TARRRBFETH D ESAZN, KE, BETTIVOEREFT T, ZOLI7HHS
AR L ABTFREOEMIL. HEBREOTTIMEEWSELANS, SEOBETHLDT
[t EEZ5NS. .

TOUGH2 D773 —T, ML ERBEET IV 7 E#5eirBET oL —F U THEBIN
CHEMTOUGH2 (White {34 1996[2], 1997[30Z)») i, lrERBAOHEERDO LR EE TR
8RB 12l —F ThD, ZOEF ML, ITEEET Vst 5 L THEHERDF R K oh
o, MEAGEERTCIL, — AN EEREOH{EERR OS2 EHRN T TB708), 203
alb—&ERAWAZET, ERDRE S T AN — DR DT —H IR, LA —yF
BN TEN < ORIET —F 2T DT LM THEIC Y. TN AN —w T 7 DR T
M L&D, Ei, L0 EBOET NI, IFREORIMEEOERV IR+ T
HRBRL0n5, i EETEEE R (acid-sulphate springs) “CEIREEEAK (bicarbonate waters)
DIFED L RSB MF A OIS A TRITD LN TRETHD, T, FEE L EHEET
MEFTBZLIZ I T, SPREH R S DI O PHEE DB RHEDFH EETOHEE DI ERIER
AT ENTES, TR BOWE{ LML T LU EFNZ VT, (Rotokawa HIKIZE3
W) ma— P =S R OB CET SN T, FHREESN IR, pH | FREMEA A RED
WERZEE 3.3-1~3 B RLE, Z0EFIT, FEBEHROIRE, £/, BXT 13 O fani
ESAiETT MMELIEbLOTHD, EILEFE ST KEERIFER T VORIOEFIL,
Kissling et al. (1995[4]) iZ ko TARSNHOTHY, THiL Wairakei §FTBEIZHITS pH LD
TR EFRIE LR L T, ZHIRREY SR iy BB =7 Ve VW sb O THY, TDL
HIRHTRR BT T MR LR A RS A LR TRE TH R EE L LD,

AT, AEOGRICER LB AL L. &b, IN5OHRIR. BROBREROF
—D— RhSRNES, FXEEEOESN SHHERDNSIGEICEL T, FRRELZLD
0)'(“550

@ = Gk

[1] KILEME, FAEGH, mmEk, TER BEFR PLE— E&SEH. AN], "8
LSOV B B S A T A OARLRIEREOET . BARTIIESHE,
Yol. 35, No. 5, 420-437, 1993

[2] White, S.P., Kissling, W.M., : Including chloride and CO, chemistry in large scale reservoir
models. Proe. 18th New Zealand Geothermal Workshop 295-300., 1996.

[3] White, S.P.: Including chemical transport and reaction in numerical reservoir models. In
press Geoth. Res. Coun. Trans., 1997,
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[4 Kissling W.M., Brown, K.L., O’Sullivan, M.J., White, S.P., Bullivant, D.P. : Modelling
Chloride and CO, Chemistry in the Wairakei Geothermal Reservoir, Geothermics, 25 285-
306 (1996), 1996.

553.3-1 [: Rotokawa HE7(—/L NIz 51 HILENTER (White, 1997)
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453.3-3 5: Rotokawa HIBAT—/LRIT 3317 BRI (A A 2 B3R5 T B0 (White, 1997)
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4. FE&B

XEREAEIC L VIR, BELABHRES &, B ERETFIVEFRICET2HE
Wiz NEELDETHI. XBFEOHREL T, T TR LIF3HEARAHED. e
OBEHEFMEZBAER T, HRERIHBTTNEZED LTBENHIERT, —BNREKk
TOMEBRARITOFERETOBOITMAR S, UhLAENRS, BXEREREDOHNE WhiIZ
B, BELIKBAENETNVEBETAINEVSERTIE. TEOFEBENOFEIC
HESBABFEEFHTEDRXLIIRYDDHB. TITHR. XHFEAEICL DEsNFERE
iz, #EREFRALEY AT MEEERT A 00BEETINICDOVNTEDEEDTHRETRY
3,

%2 4.1 HIZ. BENSHERETTIUEREDS AT MEIZET 20L& DOBEET I ER
L7z ZZTiE. 5 R—2Z (Geobase) ICLBBENGT—F OEEFRIENSAY—
L. INSOEUEEEN S TFNERET A0 OXERNY - (ZZ TR, F—F¥R—X%
ST MEREEFIEY—IV] 407 LT, MERSHERINT - —o—5 )%y b
T— 7 R - MRRERT T - 757 FIVEN - SEOYBRERITERENHS. ThbE
RWT. BN SEMNICRABEZHET SRR Ty 72— kK&, £F
NOZERNBIEEED, ThEAR—2 & U TKEERETET)) GUETTI) 28T 5,
KT, KEL I 2 Lb—F Ik BERINEE OB 2ERT 5. TOFERKRELLTTFIE
N2WEAEE WZT, FESEE) 50T EENEENC N LT, YEESTEEER
W, Whd3d MNAF—N—IF 74 Vv IR (FEBWEED | U TERICERAIZNS
L5/ ES HAE, BMTHEOEEFICHSES - SP - BitHEEESEOR) CEEH
ZEtEZETO VI HB0IE. HFOMT TREICRD 5 A HIEMEEER S OEENTH LT,
NS EHTICBI 24 b2 ET VB ERAFEEZTYY—IEH5H, Zhbsdy
—id. BHLUTRR MOy d&EiENns, cn50RA Moty g EKES I 2l
5 EHAEDE T, MTOKERKOBENESEMATIZEeETHY—IVEE (ZZT
3. [KEHEETIALZEY IV E4MTE) 2HVWT. BRI HEBSEOHIR S
RS L KBRS T TN 2 —H—THIE DB Z &ic k> T, REMICFE LinhlEER
BEFOBENTRICRD, ThoDY—) %2l T, ftEREEEERT—F 0B
ARSI HEROBER LTI 4 — RNy 7 LR SBEOEWETIVEREL, Thz il
T VHEOBWIERETHOENMNTRNRC TS Y U UNAEEICARS EFE X b5,
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