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Introduction to
3D Geological Modeling

Chang Won Lee

Mineral Resources Development Research Center
Mineral Resources Division

KIrGAm

Course Contents

what is 3D geological modeling

- definition

- comparison with 2D GIS

- introduction to SKUA-GOCAD

- references -

- geomodeling workflow & interpolation problem
data import & visualization

explicit/implicit surface modeling

sealed structural model(model3d)
voxet(block) modeling & property modeling
review geological models

summary
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1. hard data: geological map, borehole, - different type from heterogeneous sources
structural orientation - different uncertainty and spatial distribution

2. potential field: seismic, gravity, magnetic
3. geological interpretation
4. geochemical/geophysical-properties:

I —————————

Comparison with 2D GIS

= GIS is tool for handling 2D spatial objects
= Geomodeling is tool for 3D geological objects
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Introduction to SKUA-GOCAD

GOCAD : Geological Object Computer Aided Design

SKUA: Subsurface Knowledge Unified Approach

started by prof. Jean-Laurent Mallet in Nancy Univ., France

Mathematical surface (Bezier, NURBS) in CAD/CAM/CAE is not suitable for
representing geological objects

Discrete modeling tools (mesh) for modeling geometry, topology and property of

geological objects
used in oil/gas, mining, geothermal, etc
RING team (old GOCAD consortium) conducts active research in geomodeling

and research plugin is commercialized in Emerson(former Paradigm) company

18 oil/lgas companies and 129 universities join RING team
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Modeling methods: conventional
deterministic spatial interpolation (e.g.
spline surfaces), geostatistical
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(c) Complex structures and interactions
_Florian Wellmann and Guillaume Caumon, Advances in Geophysics, 2018
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- - - -r - (L] =

G Py = SR GUTAD » pol_gam smpai {aeangmip Pranct) -

Fea ‘Id-t vew  kepkeatons Thedoas A Satics e Totk cm':::'nm-'p:iﬂm I-:s:-m'h Lowrpds  Repon

L a

T L T R L Y gt B

-

'_‘:.-\.-.-!--l '\.':n.-\. - _F: . I....' Lot » LT .'_. H'--..:ﬂ-.!'. L] -\:;-‘.-q. -_=|.-..rlr5--lr-!_|:.': :q_*;a_ c':; '\-'n..’.-“ [ . - . [F.2 . e, El r- ; - . i .:._.-..-‘-Lnﬁ &.—:{._:‘:H“l: ;-_-'\-‘e"':ﬂ:

o EdEREL % %"i pic 2 ROPE Bt i -ﬁtil"’ﬂ"ﬂ‘ B3 YA B T B ROl h L. ! &-'-5,-; F}JE ‘ﬂ#: :

T N VIERr = o S L R T SR A A R P ; et L T mow B eREienaie o H:0 R eg B iin wid D3pliy Bttty ¢
" =t 3

. PR "
i Mr‘; - . e I - ¥
} Uil E::,!m P RS mwpesn oA gy e ase Fil'.e'_""\-:ll:-l:' \w-n:;- pmmpiae |-\.-'\|l-.'\-'\_.'|i.l-\. n.H-'lr 1!5'“"-:
o ; o - 1 - et _.-..,._p_,::.
. R

T AN e e e B 0

R L T R
:

s

O +% oym
?DFE_,'-’E:H
£1¢% Gra

o
5

.i""""“- - T FERFPY Pl i+

gt

53

i

e L 3 '
O DD B H L

ey
H

‘*Eﬂiﬁl;'-l

mmmmm
......

._‘
TR e
P g

P R PR

: H s s i ‘ﬁ_ u_‘.\{ e
il B Il BB et

dmsAmimam s namnawk

 Coizira {i-# rEbGel

=k
H
- .
a - T - Tm L.
A T BT T S R )
™ b T oaat

™

won wE oW w
e d

" .
[T ] 4 T T I R 4

- a "ﬁ'. .

-

= ] :

.....

s
i ..t.?

AW

i
K

i

*
™

-

19 ¢

X

"o

- -

A

......

;
-
¥

BIRED

Akl
i

0 e
- ."'_'\-'-‘...:-_'\- ) l.-'h_ b :'; e . .. ; ol L T :'._.':' B P N TR ._. P R Ty a Wes bemLal T T I N = Ry :.' e S cea a.at H P o ';_; P o [ } ﬁ ii :"ﬁ ."’-'
SR : oL : . . e T . . Dol L e e - . . i _ o . . . e
T O e
J'-.‘:Z-ldl.":"'ﬂm}fiﬁ':'ﬁl: : f‘ul_ ” &!5.3':"'-‘1 R R R s P I A e A . o e D TR M e R TATAENIEENE Tt TARAR RIS T oy o T

s
A

N

i
e
s e

seismic, well, horizon/fault interpretation, model boundary

- P s o omant b,
- TR et T

KIsAam




EXxercise #2: data import (borehole)
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Exercise #4: data import (gravity/magnetic)
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Exercise #5: data import (DC)
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Exercise #6: data import (DEM, orthoimage)
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Exercise #7: data import (Digital Outcrop Model)
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surface modeling (overview)

» surface modeling: implicit + explicit(direct/indirect) modeling

volumetric method
stratigraphy (conformable,
unconformable, erosion)
fault displacement

thickness variation constraint

1

implicit modeling
horizon, fault, boundary)
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Surface Modeling (Direct Method)

point set open curve closed curve

A

Lse thé convexhull of 1 curve and direction vector (strip)

skin algorithm

pointset i EX) fault trace and dlp

e

after triangulation by outline curve by connecting multiple curves several closed curves on 1 plane
insert pointset ex) interpretation curves on cross-section (Pants algorithm)

2T s TS R Tl

discrete model: #(Q,N,9,%€)

node, neighborhood, vector function,
constraint

o= o |

cofn) | i

linear constraints
A-pxb, Vee¥
CEE & AL-p~D,
Az @ =b,

ce?d < or
Ai(szc

€ = € UE " with:

- soft constraint: as smooth as possible
- hard constraint

-

Conirof

.

.. - ’ -! -k W e - :'-Q!‘h'-':l: 5 ) :‘:.- l.-_._ _I'_ ':: i * " .' - , - __,.-

nodes

set control node and control points to salt

dome triangulated surface, then applied
DSI

maly o, ke ma



Surface Modeling (Indirect Method)

= create initial mesh without considering input point/curve
= fitting mesh to input curve (constraints) using DSI

W e T - R R R R R R PR

KI'sAam

Type of Constraint

= Control node: can not move

= Control point: surface is fitted to these points

» Straight line constraint: node can move along straight line

= Cylinder constraint. node can move only on the cylinder surface

» Border on surface constraint: the border of surface (client) must be on the other surface
(controller)

» Border extremity on border constraint: border extremity can move only on border

= Thickness/range thickness constraint. surface must be within distance from other one

Border On Surface constraint

{Direction of auzaction
by the fault of the points

belonging to the horizon
border)

FAp

Border Stone On Border
i g conswantt (attraction by
NE the faul border of this
R point)

straight line constraint border on surface constraint
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Exercise #8: topo modeling(direct/indirect)
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Exercise #9: orebody modeling (direct)
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Exercise #10: salt dome modeling

Gﬂm-w;ﬁ{mm - S e | ' T

' LN - . - - . - - = — o . o .. - FI — - arr -

Fa ll v cpicmons Tocdrd. v S e Sock  Cemakwt; mﬁWﬁhuw (LT e Hu-d;- aary by i nrran
T N W I N T A '

: ﬂq_,.a'i.l 1 B ARRAL R e Rty A s mpat s - e aamehrs e SIS At
-
e R i T

T g R A = . a1 o nn R A O30 M, SOV Y AL A
kst T e R T R e K
-

R S - P T S s
(SO R Dvphey Cemely % SN Y
Fapia s :
=l T eARew - oL TR

B : ]

L L LS Sowdat

* [1 pelemic
=1 K. Pop :
r QM ma Capts

w B s
~ 7 et am gt

w Fa ol
v I gt
ol . |
o A E
&0} .
R rrperr growcs o
» O g repons ke
e g B dak
i b wg ¥ g‘f:"hﬁ'.l"ﬂ
- i I g2t
ﬂ"':nﬁ-l_“-l
0L paw
0= csbswtes

L1 5 s

012wt ¥

+ T hariecmy .4

{
B

w

LTI I rdl

SESEERE

LA N T TR TR TR T I T AR T

EHEATRMSEN M O M Ry N

i
ggr-S—t-:amtm;éimﬁ
Y T

......

......

. e T . a ! ; i : E e S : 3

r
-
=
=

......

- . . T I T R I Sk L ':_..“__ et . . T L B T A 4 S N et R | . . e ; : S AT
R e 7 e LY N - £ 4 17 kY 1 DL LE T :
- e - SR AL [ ] - . - A e .I mmmmmir ‘
. -, . ¥

ERo . o _ a . ,: T RS LR

b

W Ptk e e %w-t-q-fyijﬁﬁaﬂfﬂw-ﬂ-:::—ﬁ'v i *-“:eWWm“=r'-ﬁrfcg:mwr_wﬂmﬂw.ﬂwwxmwxw'h:-:-m-c-cc}:-:}-,:-m' __ﬁ_?-‘u‘tﬁ-ﬂ'“‘ o AR L O ﬂW‘ﬁ@;‘ﬂrﬂ"&f§H<:!':!Wmﬁu¢h?mﬂnuwm-«-a-llldh-.- Wﬂ;-k;f&jﬂgmmmuwﬁhguw S m;c{ﬂmmﬂnm&g_“
- i - :,..,i. ¥ - g : !ﬂf" Et:ﬂﬂ'!'j PR I .. s Y T AR RS S N S . . R A - L. 1 . B DTS L i . e
F Vil WorkBoed - Unacttrst Dala P T S L T DT B Ui EmanmET LAt e A T N T T T - T+
. i e L R

= B L P

1AM

Exercise #11: tunnel modeling
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Implicit Modeling

Assign time value to horizon

Implicit surfaces (level sets)

Considers surfaces as equipotentials of a
3D scalar field

* True volumetric representation

= Self-intersection impossible

» No need for data-to-surface or surface

-to-surface projection

* Built-in fault/horizon consistency

= Commercial
- SKUA (Jayr et al, 2008)
- Petrel VBM (Souche et al, 2013)
- Leapfrog (Cowan et al, 2002)
- Geomodeller (Chiles et al, 2004, Calcagno et al, 2008)

Paradlgm SKUA

H"""‘H“lll‘ﬂ\.‘ﬂﬁ" Pty S e AR SIS LA AL e

» Research code
- StructuralLab (Frank et al, 2007, Caumon et al, 2013)
- GRBF (Hillier et al, 2014)
- Structural Factory (Grose et al, 2017, 2018, 2019)
- GemPy (de la Varga et al, 2019)
- JIMLS (Renhaudeau et al, 2019)

LeapFrog3D
Structural Factory KI'GAM




Stratigraphic Column

* An ordered list of geologic events and stratigraphic units with geologic time
as the vertical axis
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— Terminology Is borrowed to seismic stratigraphy
Defined according to upper and lower limit termination geometry

--------------

Conformable

. EPRE A IS "'R

L R N XY, = ' - T R Coa
AL AR & RAREEE R : .- ) .=

ety

.:'"-E'-' . T

)

Unit Stratigraphic Style .

I'H

=

- -\.-\.

W

Onlap or Baselap

-I
"




!
f
:

rh

3

r

t

i

]

j

b4

i

:5

1

n

é
5
-

—HoriZzon::Gr—

-3 horizon interpretations
» Stratigraphic style is conformable N

* Thicknesses far from data are computed pro
portionally
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— C Is an unconformity

— Geometry of intersection of A/B with C is
angular

« Thicknesses far from data are trying to be pr
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Exercise #12: implicit modeling & model3d
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Geological Solid Model |

= Sealed Geological Model (Model3D)
- sealed structural model (Caumon, 2004)
- - volume is defined by Boundary Representation (B-Rep) mesh
- boundaryies: geological interfaces (horizon, fault), model boundary, intrusives

. - -
e I i - - - -—-:I—-I— — L - —— g
GOCAD Model3D (Sealed Geological Model)
] ]
- 3 horizon, 1 fault surface (RING team free 3D synthetic structural model,
built using SKUA structure module)
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Exercise #13: synthetic structural model
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Exercise #14: building voxet region & property modeling
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sSummary

introduction to geomodeling and general geomodeling workflow

data integration (data import & visualization)

implicit/explicit surface modeling & building sealed geological model (model3d)
gridding & property modeling

review geological model examples built for various purposes
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