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The sedimentary architecture of fluvial depositional systems is characterized by heterogeneities— boundary conditions or architectural properties, generating composite datasets consisting of genetic-

manifested over a wide range of scales — that control hydrocarbon distribution and fluid-flow behavior;  unit proportions, dimensions and transition statistics with which to inform and condition fluvial reservoir
thus, subsurface subseismic-scale sedimentological features are often tentatively predicted by means  models.
of geostatistical modeling techniques, often conditioned by hard and soft sedimentological data The potential value of the database in providing constraints to stochastic reservoir models is
obtained from outcrop successions or modern rivers considered to be analogous to the reservoir. We  demonstrated by employing both object-oriented and pixel-oriented techniques to generate
propose an alternative database approach as a way to derive such constraints from several classified  unconditional idealized models of fluvial architecture, associated to given system parameters (e.g.
case studies whose boundary conditions or architectural properties best match with the subsurface river pattern), giving a special focus on the aptness of the hierarchically-nested database output to the
system that needs to be modeled. integration of different modeling techniques into the same reservoir model, with the scope to improve
The relational database characterizes the fluvial architecture of classified case studies from the and/or validate predictions. In addition, simulation realizations depict results as graphical
stratigraphic record and modern rivers at three different scales of observation, corresponding to three  representations of stratigraphic volumes of given synthetic depositional/facies models of fluvial
types of genetic unit (large-scale depositional elements, architectural elements and facies units) that  architecture and these could be employed as training images to constrain multi-point statistics-based
constitute the building blocks of reservoir models. The database case studies can be filtered on their  reservoir models.
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FAKTS DATABASE: overview Nooroach [
pproac Scientific literature DATABASE
with ftluvljal zrchlt?ecture INFORMATION ™ fluvial architecture
DATA SOURCE SUBSETS DEPOSITIONAL ELEMENTS ARCHITECTURAL ELEMENTS FACIES 1 1 » S an ar |Za |On .
Case ID 1“ 1 Subset ID % 1 Depositional element ID % 1 Architectural element ID 1j 1 Facies ID Fleld StUdIeS Inte rrogatlon
Source type & Case ID & Subset ID & Depositional element ID & Architectural element ID
Year Subset width Original code Original code Original code
Authors Subset height Depositional element type Original arch. element type Original facies type The Fluvial Architecture Knowledge Transfer System (FAKTS) is a relational database storing fluvial architecture data populated with
Geographic location Original target scale Thickness Miall's architectural element type Facies type literature- and field-derived case studies from modern rivers and ancient successions. The database scheme characterizes fluvial architecture at
Basin Subset target scale Apparent width Architectural element type Facies type DO three different scales of observation, recording style of internal organization, geometries and spatial relationships of genetic units, classifying
Lithostratigraphic unit Spatial observation type Partial width Arch. element type DQI Thickness datasets according to controlling factors and context-descriptive characteristics. The database can therefore be filtered on both architectural
River Subset suliabilty (V) Unlimited width Thickness Apparent width features and boundary conditions to yield outputs tailored on the system being modeled, in order to generate input to object- and pixel-based
Age from Subset relative distally Width Apparent width Partial width stochastic simulations of reservoir architecture.
Age to Tectonic setting Width determination Partial width Unlimited width
Data types (MV) Subsidence types (MV) Partial dip length Unlimited width Width SCOPE Here we aim to demonstrate the all-round applicability of the FAKTS database to a wide range of structure-imitating modeling
Dataset DQ Subsidence rate Unlimited dip length Width Partial dip length techniques, as FAKTS enables to determine key input parameters including auto- and cross-indicator variograms, dimensional ratios for
Full reference pasin dimate ype Dip length Partial dip length Unlimited dip length neighboring units and transition probabilities/rates, as well as their associated ranges of uncertainty.
Additional literature Catchment climate type Cross-sectional area Unlimited dip length Dip length
Notes Relative temperature change Net-to-gross ratio Dip length Boulder to gravel percentage
[.-] Relative humidity change Paleocurrent variance class Cross-sectional area Sand percentage
Discharge regime class Braiding index Net-to-gross ratio Silt percentage SUBSET M I t [ I
SUBSET STATISTICS Bankfull discharge Sinuosity parameter Mean bankll depth Clay percentage D DEPOSITIONAL ELEMENT ID Scale | uiti-Scaie
Statistic ID Mean sediment load Mean bankfull depth Mean bankfull width Notes caile " . "
Subset ID o Drainage area Mean bankfull width Notes 47 genetIC'unlt neStIng_
. Catchment lithologies (MV) dep_el ID | subset ID | dep_el_type
Original summary code Notes FACIES TRANSITIONS -
Object type Catehment processes (MV) ARCH. EL. TRANSITIONS Transition 1D M * floodplain Each case study is subdivided into a
Number of objects f::;”d"::::: type DEP. EL. TRANSITIONS o | Transition 1D P eacies b :Zj j: Cha:lneljlofnplex series of stratigraphic voll_Jmes —
Max width oot o, |TnsiionD Architectural element ID Transitional facies ID 46 eodpam called subsets — characterized by
Max thickness Drainage pattern Depositional element ID Transitional architectural el. ID Transition direction 414 416 425 46 channel_complex haV|ng the same System attl’lbuteS
e cip length Relative base-level change Transitional depositional el. 1D Transition direction Bounding surface order L* 411406 o 407 428 40 floodpiain EaCh SUbset iS beken down into
x:i::::f:i:”a' area Correlative Systems Tract Transition direction Bounding surface order 20 704 430 46 floodplain Eel(:“m.entatry tth'ljdf::ng thOC||(S,
Min width Relative aggradation rate 45 399 Cg rc])gigénegre g rg c Olg ﬁrl.ir; b |Seca aez
- '\CAaet::wiiia:uartf::erz;ftrate FAKTS DATABASE SCHEMA -~ Scale Il lithosomes in ancient successions —
Transitional object type O ]
Transition direction Catchment denudation rate tables and attributes |: 774 arch_el_ID | dep_el_ID | arch_el_type IN bOth OUtCI’Op and SubSUI“faC.e
S Basin slope range = - 19 - datasets — and as geomorphic
Transition probability - modified from Colombera et al. (2012) ﬁ 763 . o s elements in modern river 'systems.
L — e —~ The tables associated with these
= genetic units contain a combination
. . One of the key aspects of the FAKTS database is the classification of = 740 424 FF of interpreted soft data (e.g. object
Case StUdy CIaSS|flcat|0n each case study example and parts thereof on the basis of traditional @ 756 424 LV type) and measured hard data (e.g.
classification schemes or intrinsic environmental descriptors (e.g. 5 757 425 AC thickness).
dominant transport mechanism, channel/river pattern, relative distality o o1 Every single object is assigned a
of each stratigraphic volume), external controlling factors (e.g. description of climatic and tectonic context, subsidence numeric index that works as its
rates, relative base-level changes), and associated dependent variables (e.g. basin vegetation type arld density, a facies 1D | arch_eLID | facies. type Abovel/left: hypothetical | unique identifier; these indices are
suspended sediment load component). Some of these attributes are only expressed as relative changes (=, -, +) in a - o . - example showing object used to relate the tables (as primary
given variable (e.g. relative humidity) between stratigraphic or geomorphic segments, which are implemented as = — : : and foreign keys) reproducing the
N e - 1912 1 Gom indexing at all scales and gn key P g
subsets. In addition, FAKTS stores all the metadata that refer to whole datasets, describing the original source of the data @ @ illustrating how the nested nested containment of each object
and information including the methods of acquisition employed, the chronostratigraphic stages corresponding to the g m’_—/ 1913 i St © containment of each order | type within the higher scale parent
studied interval, the geographical location, the names of the basin and river or lithostratigraphic unit, and a dataset data L 1914 771 Sp (& of obiects is implemented | object (depositional elements within
quality index (DQI), incorporated as a threefold ranking system of perceived dataset quality and reliability based on 1915 771 sr n in thje tables lfy making subsets, architectural elements
established criteria. Moreover, subsets are classified according to their suitability for a given query (i.e. for obtaining 1916 774 Fi use of the unique indices within depositional elements, facies
dimensional parameters, proportions, transitions or grain-size data) for a specified scale (target scale). ' units within architectural elements).
. . i _ The same numeric indices . . The dimensional parameters of each genetic unit
Genetic-unit transitions srch el ID | trans el I | trans_directon | bound surforder | 45t are ysed for Genetic-unit geometry can be stored as representative thicknesses, flow-
603 604 vertical 4th representing containment perpendicular (i.e. cross-grgdlent) widths,
503 505 o st relationships, are also used downstream lengths, cross-sectional areas, and
— — — — for object neighboring - outcrop . planfodr_m atretar?. Wldtht and Ien?thbs are ct:_lasswfletd
* Vertical transition - upwards dOdVingi’E[rigim 603 606 vertical 5th re.lat.lonShlpS’ represe_nf[ed 2((;cr:T(])r|el?eg o aglglorr(])? el.lennllensﬂsteod OC:?erv?)rl'loenSS Inag
Lateral transition - dextral Wlthl-n- tabl.es Contalnmg = — — o| M— Complete Iengths y d, S Geeh & Und gd 1é93
604 605 lateral 4th transitions in the vertical, I — — partial lenath broposed Dby ‘seenan nderwood (1993)
X Dip transition - upstream vy o — o cross-valley and along- partial lengins Apparent. widths are stored whenever only oblique
o~ - - " v.aIIey _dlrectlons. The I —| mmmmmm unlimited lengths obsgrvatlons with respe_ct to palaeoflow are
hierarchical order of the R - available. Where derived from borehole
r' 605 607 vertical 4th bounding surface across modified after: cor‘rele}thns,’W|dths and lengths are always stored
FF 607 606 505 vertical at which the transition occurs is [ ceehan & Underwood, 1993 as ‘unlimited’. o -
also specified at the facies Futur_e development_wnl _mvolve the_ inclusion of
Abovel/left: hypothetical example illustrating how | and architectural element Above: d%s]crlpgorsl_ Olj. ger;ﬁtlc-unl’lta_sh?pet, 2|[r;1/rél[e)mentfd
transitions between neighboring architectural sgales;the bounding surfape representation of categories of completeness (after Geehan & ©l er:. y mblng dd_esetobljec ?t .8 { Ivec or
elements are stored within the FAKTS database in hierarchy proposed by Miall Underwood 1993) of observed/sampled dimensional parameter. grlagi_ |cstor y a mg a Ie ? ”f utes (Cé)/umgsD)
the form of relationships between numeric indices. (1996) has been adopted. Correlated genetic-unit dimensions are stored as unlimited. :zgplggypce)s cross-sectional, plantorm - andior

FA KTS G E N ETI C U N ITS : c I ass ifi Cati O n s FaCIes unlts In FAKTS, facies units are defined as genetic bodies characterized

by homogeneous lithofacies type down to the decimetre scale,
Code | Legend | Lithofacies type bounded by second- or higher-order (Miall 1996) bounding
surfaces. Lithofacies types are based on textural and structural

DepOSItlona| elements G- Gravel to boulders - undefined structure characters; facies classification follows Miall's (1996) scheme,
Gmm ‘ Matrix-supported massive gravel with mi_nor additions (e.g. textu_re-only C_Iasses — g_ravel to.boulder,
Depositional elements are classified as channel-complex or floodplain G ‘ Matri rted ded | zﬁzg’,ujlrgisis_nxr (ﬁg\s/%secvjv)here information regarding sedimentary
elements. Channel-complexes represent channel-bodies defined on mg atrix supported graded grave P '
the basis of flexible but unambiguous geometrical criteria, and are not Gem ‘ Clast-supported massive gravel
related to any particular genetic significance or spatial or temporal
scale; they range from the infills of individual channels, to compound, Gci ‘Clast-supported inversely-graded gravel

multi-storey valley-fills. This definition facilitates the inclusion of
datasets that are poorly characterized in terms of the geological
meaning of these objects and their bounding surfaces (mainly
subsurface datasets).

Floodplain segmentation into depositional elements is subsequent to @‘ Planar cross-stratified gravel
channel-complex definition, as floodplain deposits are subdivided

. y P = e \ : R # , - W, ;‘ .
according to the lateral arrangement of channel-complexes. 3‘ Sand - undefined structure
Rakaia River channel-belt (New Zealand.) From Google Earth™.

St Trough cross-stratified sand
Sp Planar cross-stratified sand
Architectural elements Following Miall’'s (1985, 1996) concepts, architectural elements are E-‘ Ripple cross-laminated sand
defined as components of a fluvial depositional system with the Sh Horizontally-laminated sand
Code | Legend ‘Architectural element type characteristic facies associations that compose individual elements
. . interpretable in terms of sub-environments. S| Low-angle cross-bedded sand
CH -‘ Aggradational channel fil FAKTS is designed for storing architectural element types classified S S il g
DA -‘ Downstream-accreting macroform according to both Miall's (1996) classification and also to a ]‘ cour-tiit san
classification derived by modifying some of Miall’s classes in order to Sm Massive or faintly laminated sand
LA -‘ Laterally accreting macroform make them more consistent in terms of their geomorphological
: expression, so that working with datasets from modern rivers is Sd Soft-sediment deformed sand
DLA -‘ Downstream- & laterally-accreting macroform| easier. Architectural elements described according to any other

i i 6ot i F- ‘Fines silt, clay) - undefined structure
SG E‘ Sediment gravity-flow body alternative scheme are translated into both classifications following I ( y)

the criteria outlined by Miall (1996) for their definition. Laminated sand, silt and clay

Scour-hollow fill

Laminated to massive silt and clay

AC Abandoned-channel fill
Fm ‘ “ Massive clay and silt

LV Levee

: Fr Fine-grained root bed
‘ Overbank fines

P Paleosol carbonate o , o

SF -‘ Sandy sheetflood-dominated floodplain ' ' - )

z-‘ Coal or carbonaceous mud Above: example sandy facies units from the Lower Jurassic Kayenta

CR -‘Crevasse channel
CS -‘ Crevasse splay
LC -‘ Floodplain Lake

Coal-body Above: example preserved architectural elements (DA and LA barforms) A °
from the Lower Jurassic Kayenta Formation at Sevenmile Canyon (SE Q‘

Undefined elements Utah, USA). AREVA  bhpbiliton ConocoPhillips nexen eudi Aramto @ \’ woodside

. . Formation in the Moab area (SE Utah, USA).
‘ ‘ Undefined facies ( )




-

LITHOTYPE RULES/CONTACT MATRICES

INDICATOR AUTO-VARIOGRAMS

INDICATOR CROSS-VARIOGRAMS /

summary of the database-to-simulation workflow

illustrated in Colombera et al. (accepted)
Here we provide an example application to the
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STEPS REQUIRED:

SIMULATION OF
CHANNEL-BASE
FACIES

Channel-fill (CH) architectural element /

ORGANIZATION

SIMULATION OF
AGGRADATIONAL
CHANNEL-FILL

previously simulated facies distribution

FACIES

STEPS REQUIRED:

case A -constraining on simulated channel-base:

- determination of marginal probabilities of facies-type material

units occurring within channel-fills

INFORMING SEQUENTIAL INDICATOR SIMULATIONS ON BOUNDING-SURFACE ORDER DATA

@ \Channel-fill (CH) architectural element

\ 4°- or higher-order bounding surface

- determination of marginal probabilities of facies-type material
units overlying channel-base

- determination of indicator variograms of facies-type material
units overlying channel-base

ORGANIZATION

Facies-type based material unit
proportions and indicator variograms

- determination of indicator variograms of facies-type material
units occurring within channel-fills

case B - no constraint on simulated channel-base:

- determination of marginal probabilities of facies-type material
units occurring within channel-fills and overlying 2™- or 3"-order
bounding surfaces

- determination of indicator variograms of facies-type material
units occurring within channel-fills and overlying 2™- or 3“-order
bounding surfaces
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SCALE Il -
pixel-based simulation

OBJECTIVES:

to demonstrate the possbile application of FAKTS for derivation of quantitative architectural
information linked to bounding-surface order. Such soft data may find application in facies
modeling workflows. This is done by conditioning a stochastic pixel-based sequential indicator
simulation (SIS) of the internal facies organization of a CH (aggradational channel-fill)
architectural element (scale Il), performed by firstly placing the dominant 14 types of facies
units (scale Ill) at a channel-base interface and subsequently simulating the distribution of
facies units within the channel-body using the previously-simulated facies types for hard-data
conditioning.

Once again, all input parameters refer to an ideal system including all FAKTS data available
(i.e. nofiltering on controls or environmental parameters), and they include:

- channel-base facies-unit type proportions,
- channel-base facies-unit type indicator auto-variograms,

for the channel-base simulations, and:

- channel-body facies-unit type proportions,
- channel-body facies-unit type indicator auto-variograms.

for the channel-body simulations.

SOFTWARE:

SISIM (Deutsch & Journel 1998) is a GSLIB program that incorporates a SIS simulation
algorithm, which builds a categorical image within a 3D grid by simulating individual voxels by
drawing from the local probability distributions of indicator categories, and updating probability
distributions to account for categories that have already been simulated at neighboring voxels.

III* SISIM example simulation of a channel-fill facies organization

INDICATOR VARIOGRAM PARAMETERS
1 Channel-base Channel-fill (case A) Channel-fill (case B)
F—'?\%IDEES RANGE (m) RANGE (m) RANGE (m)
MODEL SILL MODEL v 7 SILL MODEL v 7 SILL
Gmm Exponential 7.9 19.3 0.023429 | Exponential 8.0 19.7 2.5 0.005392 | Exponential 8.0 19.6 2.5 0.008232
Gcm Exponential 21.2 36.7 0.037542 | Exponential 21.8 39.8 1.1 0.011058 | Exponential 21.8 39.8 1.1 0.011486
Gh Spherical 12.1 26.6 0.029659 | Spherical 1.7 25.7 1.1 0.060202 | Spherical 12.4 27.3 1.2 0.007742
Gt Spherical 13.2 80.5 0.023429 | Spherical 13.1 79.9 1.5 0.030934 | Spherical 13.4 81.8 1.5 0.008232
Gp Exponential 88.4 80.0 0.012547 | Exponential 87.5 79.1 2.2 0.022366
St Exponential 271 26.3 0.234447 | Exponential 28.0 271 29 0.228912 | Exponential 30.0 29.1 3.1 0.213242
Sp Exponential 15.6 45.3 0.107155 | Exponential 15.8 45.8 2.7 0.100836 | Exponential 15.9 46.0 2.8 0.096500
Sr Exponential 54.3 57.2 0.006779 | Exponential 53.7 56.6 14 0.018934 | Exponential 53.0 55.8 14 0.030844
Sh Exponential 1421 34.0 0.060327 | Exponential 1371 32.8 2.9 0.087953 | Exponential 138.8 33.3 3.0 0.078395
Sm Exponential 71.4 42.2 0.048843 | Exponential 70.0 41.5 3.7 0.066149 | Exponential 65.8 39.1 3.5 0.110104
Sl Exponential 43.9 22.3 0.072626 | Exponential 43.6 22.2 3.3 0.078600 | Exponential 40.0 204 3.0 0.134889
Sd Spherical 7.3 9.8 0.014379 | Spherical 7.1 9.6 3.3 0.035525 | Spherical 7.0 9.5 3.2 0.044775
Ss Exponential 19.7 27.3 0.126121 | Exponential 21.5 29.8 1.9 0.066650 | Exponential 21.3 29.6 1.9 0.072220
Fl Spherical 24.8 23.2 0.005849 | Spherical 247 23.1 1.7 0.010370 | Spherical 24.6 23.0 1.7 0.013670
Fm/Fsm Spherical 34.2 23.9 0.002114 | Spherical 34.2 23.9 0.8 0.002493 | Spherical 341 23.9 0.8 0.003969
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Refer to pie-charts on the left for color coding

i i i IN-CHANNEL ARCHITECTURAL-ELEMENT PROPORTIONS AND DIMENSIONS
RELATIVE DIMENSIONAL PARAMETERS S CAL E I I - p |Xe I -based S I m u Iatl O n
HO Element Mean Mean Mean Number of
OBJECTIVES: type thickness width length readings
to demonstrate how FAKTS output can be used to condition stochastic pixel-based simulations of fluvial architecture — consisting in simulated in-channel architectural elements (scale DLA cH 24 m 38.6 m 183m | 977/341/145
II) within the previously-simulated channel-complexes (scale |) — by providing input parameters that are commonly lacking or poorly defined when working with direct data only, ' '
especially for the horizontal directions (well-spacing is usually too large for permitting a curve-fitting approach, and results are often very noisy when the approach is practicable). DA 2.8m 46.4 m 85 m 118/37/31
These parameters include:
Database-to-simulation workflow -indicator auto-variograms
INTERNAL ORGANIZATION OF SYNTHETIC CHANNEL-COMPLEXES _indicator cross-variograms HO 19m 115 m 14'm 9/1/3
MARKOV-CHAIN ANALY SIS OF ARCHITECTURAL ELEMENT TRANSITIONS _transition probabilities /rate’s. LA 37m 384m | 134m | 124/71/36
- - - Also, in order to demonstrate how the FAKTS output that quantifies juxtapositional . . o .
SCAL E I+I I - O bj eCt-based S I m u Iatl O n CROSS-STREAM DIRECTION UPSTREAM DIRECTION trends existing for genetic/material units (indicator cross-variograms and transition T-ProGS and PGSim input -rrc;qPS?rSc? dgg:; dirr?gagn ?rlmrge;rsrlmz?asfi ort]h%pfgaechv%zﬂg
_ probabilities/rates) is well suited to simulation techniques that permit reproduction of architectural element proportions. 1999).
OBJECTIVE: CH | DA DLA| HO | LA CH | DA DLA| HO | LA spatial relationships, two alternative sets of simulations have been performed through:
DEPOSITIONAL- AND ARCHITECTURAL-ELEMENT to demonstrate how FAKTS output can be used to CH | 0 10954 5250 0 10.9% Independent CH | O 10.967]0.499 19930209 iy - .
ABSOLUTE AND RELATIVE DIMENSIONAL PARAMETERS condition a stochastic object-based simulation of DA 0466 0 |0.207| 0 |0.328 trials DA |0.604| 0 |0.250|0.020]0.125 (1) a transition-probability-based algorithm (T-ProGS, Carle
fluvial architecture — consisting of simulated channel-complexes DLA |0429|0270| 0 | 0 |0.302 matrix DLA |0617|0.234| 0 |0.021)0.128 & Fogg 1997), ARCHITECTURAL-ELEMENT DATABASE-DERIVED INDICATOR AUTO-VARIOGRAMS
(scale 1), levees and crevasse splays (scale Il) in a floodplain HO |0.36010227 0160} 0 10.253 HO |0.509 0.190 5.207] 9 | 0.199 (2) a plurigaussian simulation algorithm (PGSim, Xu et al. V(A V(A VA
907 __ N =607 91 M N =22 background_bygeneratlng LA |0.482|0.304|0.214 0 0 LA |0.547 | 0.208 | 0.226 | 0.019 0 2006), JJ,ZO.zoo- CH ”‘Xo_zoo_ CH ”’yo_zoo_ CH
807 87 iy . .
N f \ N N Bestt dsirbuton functon - depositional/architectural element proportions, both of sets of modeling codes being free and public-domain. Cﬂ
est-fit distribution function: - | ' _og-norma . . 0.120] LA
607 X/aocaﬁon ognomal - e06) g e (location = 4.156, scale 1.007) - absolute dimensional parameters, CH | DA |DLA| HO | LA CH | DA |[DLA| HO | LA All the input parameters to both simulation approaches refer "'QJ 2000, DA
§50‘ \ %5_r\ -relative dimensional parameterS’ CH 0 03250250 0 |0.425 Transition CH 0O ]0360/0440| 0 ]0.200 to architectural elements belonging to Channel-CompleX (@)
g 40 \ | — = 4] I . . : : : : DA |[0571| 0 0286 0 |0.143 robabilit DA |0875| 0 [0.063|0.063| O depositional elements associated to an ideal system that = 0.039 DLA
= Channel-complex 3 Levee width r_efer_rlng to an ideal system including all FAKTS data available (i.e. no DLA | 0.706 | 0.235| 0 0 10060 P ity DLA | 0900| o 0 0 0100 includes all FAKTS data available (i.e. no filtering on controls 0,00 HO
- thickness 21 \ fllterlng on controls or environmental parameters). HO 1 0 0 0 0 matrix HO 0 1 0 0 0 or environmental parameterS) 01 23 458 7 8 9 101 121314 15 (m) 0 40 80 120 160 200 240 280 320 360 400 440 480 520 560 600} (m) 0 40 80 120 160 200 240 280 320 360 400 440 480 520 560 600} (m)
. 11 \\ 1 SOFTWARE: LA | 1 0 0 0 0 LA |0.857(0.143| 0 0 0 SOFTWARE: ' A VERTICAL DIRECTION A CROSS-GRADIENT DIRECTION A DOWN-GRADIENT DIRECTION
0 t 'Tﬁ:H-F'EFP ann H l = OQ@&@QQQI N QQI $ QQI NS S & & & Here we use FLUVSIM v. 2.900 (DeUtSCh & Tran 2002), a pUinC' . ; T 0 “’20-200- e © o 0o o 0o 06 060 0 0 o OCH ”’0-200- 0000 © © © © © © © © © 0 © QCH JJ’yo.200. e e e 0o o0 06 06 0 0 o .CH
0 5 10 15 20 25 30 35 40 45 50 DAL A O O : . . . . T-ProGS (Carle & Fogg 1997) is a transition- o o o
T(m W (m) domain object-based algorithm purposely developed for simulating I - : - : : L 0
o : ; , : : probability/Markov-chain geostatistical simulation method N
fluvial architecture by generating stochastic channel centerlines and H CH | DA |[DLA| HO | LA CH | DA |DLA| HO | LA that allows the calculation of three-dimensional Markov — o LA ol LA o LA
L ) - - - 0.120.] o 0 © © £ o © o © o o o 0.120 o o 0 © e o
50 B ) ~ ~ fitting channel, levee and crevasse splay objects to them. ] CH| 0 |-003| 0 0 |0.03 CH | 0 |-001/0.040 -0.03| 0 : : L ) W ool o g 8°° DA 0,090 :s DA ooso]  © o © ° DA
N =335 2 o ! DA |0406] o0 [0079] o |-018 Difference DA 10271 0 |-0.19 [0.042] 013 chain models of spatial variability that can be used in o’ o s 808 e 0028 8 0 0 00 000 00 0 W S ecc°cc 0000w
Crevasse splay to H DLA 10277 003 | o o 022 matrix DLA 10283 | 023 | 0 |-0.02|-003 sequential indicator simulations (SIS) that are iteratively O  oome]e 88 : e o000 e ee obLA 0_039_-.:-:“ 0o 060006 ee oA 7 P ..o
N Bestfit istribution function: channel-complex In-channel, levee and crevasse-splay deposit proportions - 0.640 | -0.23 | -0.16 | 0 |-0.25 050 |0.810| 021| 0 |-0.10 adjusted — in terms of matching simulated and modeled D onsfgedce HO  ooonf®® 00 o o 0 00 0 000 o o &9 coos)gdes 8 8 3 S S oo oo oo o HO
= ognomal thickness ratio 1 Ho 2 — T ' HO ' ' transition probabilities — by applying a simulated quenchin a] A Y R S N O Y P P P O 40 50 120 160 200 240 260 920 560 400 440 480 520 560 600 s o
& 0o (ocation = 3.221, scale 0.9743) > derived from 2274 architectural elements out of all suitable FAKTS studies H LA [0.518] 030 |-021| 0 | 0 LA [0.310] -0.06 | -0.23 | -0.02| 0 on p y applying a s gue 9 wEeE h (m) **h (m)
5 S ’ algorithm to generate a geostatistical realization of
E’- 20 — % i [\ ] Best-fit distribution function: .. Categorical Variables_
g Channel-complex g N e ! PGSIm (Xu et al. 2006) is a program for plurigaussian ARCHITECTURAL-ELEMENT DATABASE-DERIVED HORIZONTAL INDICATOR CROSS-VARIOGRAMS
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FLUVSIM (Deutsch & Tran 2002) SIMULATION
T-ProGS SISIM

W =2 km
L=2km
H=50m

VERTICAL EXAGGERATION: X5

‘ Levee

' Crevasse splay

' Channel-complex

Depositional element +
architectural element scales

Object-based simulation of
channel-complex - levee -
crevasse splay distribution

H=10m

W=150m
L =300 m

(Carle & Fogg 1997)
SIMULATION

PGSim
(Xu et al. 2006)
SIMULATION

Architectural element scale

Pixel-based simulations of
In-channel architectural-
element distribution
within channel-complexes

(Deutsch & Journel 1998)

SIMULATION

Fsm/m

Facies unit scale

Pixel-based simulation of
facies type distribution

within CH (channel-fill)
architectural elements

DISCUSSION

- the FAKTS database — not being limited to the storage of dimensional data as is the case for many other analog architectural databases, but instead
permitting a full characterization of sedimentary architecture that encompasses also genetic- and material-unit volumetric proportions and spatial
relationships — allows for the derivation of simulation input parameters that are often arbitrarily chosen rather than obtained: it is possible to
derive relative dimensional parameters, transition probability matrices and indicator auto- and cross-variograms, all of which are the result of
the synthesis of data drawn from multiple-classified case studies;

- the database permits the filtering of data on a multitude of attributes describing internal parameters and external controls of both modern and
ancient fluvial systems, ensuring that the knowledge-base that is most relevant to the subsurface case study that needs to be modeled can be

selectively chosen,;

- the database permits filtering architectural data on other associated architectural features (e.g. containment within larger-scale genetic units,
bounding-surface order data), thereby providing an additional constraint to data selection for generating simulation input parameter;

- the FAKTS-derived parameters refer to a variety of genetic or material units belonging to three spatial scales nested in a hierarchical framework,
thereby permitting the choice of input parameters referring to the scale that best suits the model case and enabling a multi-scale approach.

Some important implications regarding the database approach to fluvial reservoir modeling presented here:
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APPLICATION OF DATABASE-INFORMED MULTI-SCALE SIMULATION OF FLUVIAL
ARCHITECTURE FOR THE QUANTITATIVE ASSESSMENT OF THE INFLUENCE OF FACIES-
SCALE HETEROGENEITIES ON RESERVOIR-QUALITY LITHOSOME CONNECTIVITY

Architectural-element
spatial relationships are
based on Markov-chain-
informed lithotype rules,
constrained by FAKTS-
derived transition statistics.

PGSIM
(Xu et al. 2006)
simulation

Facies-unit proportions and
indicator variograms have
been tailored to characterize
the simulated architectural
element type each facies unit

belongs to.

Realistic facies-unit spatial
relationships are not
reproduced by the SIS

simulation technique.

SISIM (Deutsch & Journel 1998) simulation

Simulation

= FLUVSIM STEP 1. | |
(Deutsch & Tran 2002)  object-based simulation of channel-complex
simulation distribution - floodplain in transparency

- SCENARIO A:
| GRID SIZE: All channel deposits are reservoir quality
- cross-stream WIDTH =450 m
downstream LENGTH =450 m
HEIGHT =20 m

PLANFORM VIEW
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‘g @ cCH
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STEP 2:

pixel-based plurigaussian
simulation of architectural
elements (5 element types)
within channel-complexes

CROSS-SECTIONAL VIEWS
Flow right to left

Flow toward viewer

—

— _ — T —a==

STEP 3.
pixel-based SIS simulation of facies units (14 facies types)
within architectural elements

SCENARIO B:
Fl and Fm units are
non-reservoir quality

S Connectivity

S Step 1 - FLUVSIM —{ outout VIl SCENARIO C:
gg CONDITIONEGl anal SIS FI, Fm, Sr and Gmm UnltS
S output O®rm ®F ®sr ©Gmm are non-reservoir quality

CONDITIONING,

Step 3 - SISIM

output

Mainresults:

1 1
- estimated connectivity function for downstream direction is less than unity only SHEREE, ~ w’““m“ﬂ‘\* 0.99 N\

ifin-channel facies-scale heterogeneities are included in the model; lowest 0.9998

| - ¢ o C: , | ‘ 0.98 \
. . : , 0.9997
- on the contrary, connectivity function for cross-stream direction not greatly \

affected by facies-scale heterogeneity inclusion.

value at450 m-lag for Scenario C

Possible developments:

0.9994
- inclusion of non-reservoir architectural elements (e.g. abandoned channels); 0.9993 oo \
- tailoring models on system parameters and controls; -
- simulating the distribution of channel-belts rather than geometrically-defined

complexes;

- constraining architectural-element and facies-unit spatial relationships to
transition statistics (simulating through T-ProGS, Carle & Fogg 1997).

Estimated connectivity function - downstream direction Estimated connectivity function - cross-stream direction

1(h)

0.9996 0.97 \\
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The Stratigraphy simulated by the object-based FLUVSIM (DGUtSCh & Tran 2002) algorithm for i : vertical direction horizontal direction vertical direction horizontal direction i : o o
the ideal humid/subhumid system is unrealistic, as the input width/thickness aspect ratios are Connectivity metrics 5 o ——— | TTT——— s I Connectivity metrics
not honored: this is evident when comparing the width/thickness ratios of the channelized for six zdlfferent_ S o8 \\\\§\ — 0.8 — S o8 O 0.8 \\\§\\\ for S|x2d|fferent_
objects with the aspect ratios of the channelized indicator in the pixel-based simulation of the 500x100 m"simulations 5 7/ A — 0a 3 of \S— 0.7 : 500x100 m"simulations
same system. This flaw — sensibly affecting the estimated connectivities — seems to be related , o 2 05 N\ 0.5 = 05 N\ ~< 05 B\ _ o _ CONNECT'V'TY FUNCT'ONS . : . . S i0 1 S i02 S io 3 S 04
Ny N ) . high variability in T(h), > 04 SN 0.4 S 04 N 04 A high variability in 1(h), especially for all scenarios in a selection of four simulations == Scenario == Scenario cenario == Scenario
topoor performance of the object-based program when working in two dimensions. especially for the vertical § 02 \\\\\\ 02 E; 02 \\\\\ N 0 \\ ‘Q\ for the vertical direction; horizontal Vertical connectivity function WELL'TO'WELL
The same database-informed humid/subhumid system has then been simulated on a 3D grid, direction (1 ranging fromOto g 0.1 ag(m) S~~~ O lag (m) . ~lagm) \ N SN lagm) - 71 functions must be discarded as 1 1 substantially unchanged by
returning a more rea“snc Stra‘ngraphy’ W|th much h|gher Channel_object aspect rat|0 Th|S t|me 1at50m Iag) 8 ° 0O 5 10 15 20925 30 35 40 45 50 ° 0 100 200g 300 400 500 8 0 5 10 15920 25 30 35 40 45 50 0 0 100 200 . 300 400 500 the models are flawed. 82 \\\\ 82 818 !evee. and/or Cre\./asse Splay CON N ECTIVITY RAN KI N G
we run several simulations of the same model and we include database-conditioned levee and SIMULATION | %7 A\ _ 01 _ 01 :CETIIusr"oo”r?zsgiig:vo(':ropnhﬁesg{ivi t _
crevasse splay objects for the purpose of assessing their influence on reservoir phase ar. 2 £05 <05 05 reached at 3000 m lag fo¥ performed using rank2loc (Deutsch 1998)
connectivity, assuming that their deposits are reservoir quality. o \ o 8:% < scenarios 2 and 4, thanks to
HUM'DISUBHUMID SYSTEM 8:% \ 8:? 0(3)1 | \\ crevasse splay connections.
ASS ESSMENT OF THE SENSITIVITY "0 10 20 30 40 50 60 70 80 90 100 0 500 1000 1500 2000 2500 3000 0 200 400 IaGO(?n) 800 1000 1200 Vertical connectivity function Well-to-well connectivity ranking of the
OF STATIC CON N ECTIVITY TO p 09 \ 81_2'*—\<'\f\ _ _F % oo % ?lﬂ)lllayﬁg?inze;::]li)gls; connectivity based on one simulation and three different well configurations
0.8 I\ - : — 08 (three pairs of wells aligned on the cross-stream direction)
LEVEE AND CREVASSE SPLAY S SIMULATION | 35—\ o . A— - R 2 | lreached at 3000 m lag fo
\ 3 £9¢ (@) =02 NN ANI B O =968 \ O scenario 4, thanks to crevasse 400000
INCLUSION AS RESERVOIR . o n " o4 \ I " 04 \ \ w = " 04 \ T splay + levees connections:
L 05 N A O 0 \ - B Yy g 0.2 \\ B " levees or crevasse splays alone & 350000
0.1 \\_/ \\ T 0.1 \“ A O %! , . \ — M do not guarantee full horizontal S 300000
QUALITY DEPOSITS P 0 10 20 30 40 50 60 70 80 90 100 E 0 500 1000 1500 2000 2500 3000 ] "c:n' 0 200 400 | 60(0) 800 1000 1200 O connectivity. %
lag (m) ) lag (m) . ag(m - T 250000
/ 60 GRID SIZE: 4@'&\ Flé_eU\t,SSCIFI:n& Tran 2002) RS — 1 1 — |s o 1 § Vertical connectivity function £ 200000
As FAKTS channel-complexes represent channel-clusters defined on the basis of cross-stream WIDTH = 3000 m & SimlLJJIationS o \| S o - — < O 0.9 =) e) substantially unchanged by =
geometrical rules, FLUVSIM (Deutsch & Tran 2002) channels — which can stack on downstream LENGTH = 3000 m SIMULATION | 07 \ O _ 91 — O _ o7 0] levee andfor crevasse splay)| g 150000—
each other themselves generating channel-clusters — would more appropriately HEIGHT = 100 m nr. 5 =05 - = 0.5 | N §818 < inclusion as reservoir phase; 100000+——
embody 5" and/or 6" order (sensu Miall, 1996) channel-belts. Since FAKTS allows 04 \ Y 04 — 14 04 — full hhorlzontal CO””?Ct'V]lty
storing information on the order of the lower bounding surface of depositional 0.2 LLl 02 — (@) 02 o reached at 3000 m lag for 50000 +——
elements, itis possible to filter the database in order to obtain parameters relating to the 0.f \ > 0 — L 0 | < scenarios 2 e}nd ‘t thahnks tol .
geometry of 5"-order surface bounded channel-clusters with which to better constrain 0 10 20 30 40 50 60 70 80 90 100 0 200 1000 1500 2000 2500 3000 0 200 400 600 800 1000 1200 crevasse splay to channe - _ _ _ _
: ] ; : lag (m) connections. scenario 1 scenario 2 scenario 3 scenario 4
the object-based simulation. : G lag (m) lag (m)
- 1 1
0.9 1 NS 0.9 SN\~ ~f 1 Vertical and dia I
0.9 gona -TO-
RESERVOIR-QUALITY DEPOSITS 1 SIMULATION 8? N\ 8? \\\\\\ \\\ /// I/ 8573 \ < Connectivity functions increased WELL TO WELL CONNECTIVITY
o nr. 7 =0e N 203 ~N\_ 7 7 2068 ) by levee connections; o Probability that two locations are connected by
04 NS 0: Nt 85\ o\ g 2t 3000 mhe ]| the reservoir quality phase; estimated by the
02 \\\\\\ 0.2 \\ N 8(:)? \ scenarios 2 and 4. thanks to|| cumulative number of connected voxels between
_ T o 0 0 - - —————— 0 200 400 600 800 1000 1200 crevasse splay connections; an arbitrary number of pairs of wells (Deutsch
COMPLEX  SPLAY (in transparency) lag (m) lag (m) horizontal connectivity. e '

CONCLUSIONS

- derive a variety of reservoir-modeling constraints serving different simulation techniques, some of which cannot be derived from standard databases of sedimentary
architecture or are difficult to infer from direct data, especially for the horizontal directions (i.e. relative dimensional parameters, indicator auto- and cross-variograms, transition

probabilities);

- refer reservoir-modeling constraints to different types of genetic- and material-units nested in a hierarchical framework, making them suitable for employment in multi-scale
simulation workflows in which a variety of reservoir and non-reservoir categories can be flexibly defined;

- filter architectural output on the basis of concurrent architectural features and/or system boundary conditions so that (i) simulation input parameters can be tailored to the
subsurface case study that needs to be modeled and (ii) simulation techniques can be used to generate ideal geostatistical models of classified fluvial-architecture styles.

We have also shown how these database capabilities have important implications for performing static connectivity analysis aimed at:
- investigating the impact of the simulation technique on the static connectivity of the simulated system;
- studying the influence that the inclusion of different scales of heterogeneity in the models has on its static connectivity;

- deriving general models of static connectivity and of their variability associated with various types of fluvial depositional systems (e.g. meandering vs. braided systems).

Here we have demonstrated how FAKTS can be used to:
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Genetic-unit transition statistics

] Ho SF
N =42 DLA
Strike Upstream
N=19

BASIC Genetic-unit dimensions
F AKTS derived or syntheses of aspect ratios for any genetic unit or genetic- e SF
0 10 20 30 40 S0 60 unit type to be computed, choosing whether to include or not
) .

FAKTS allows probability density functions of given dimensions to be

' ' : : ' ' ' underestimated (partial and unlimited) and overestimated (apparent)

O U T P U T B e B . dimensions.

N = 200 Width (m)

FAKTS can be interrogated through SQL ] 1001 o I 10 1000 100000
queries in order to generate quantitative CH channel-fills
information on fluvial architecture; this —
g;)frgggsahtégfs, ;naar,‘ysgg anzxrzggggmég width/thickness aspect ratio distribution .
in a variety of forms. E
@ Lateral transition
g statistics involving
g Downstream Jownstream-accreting
i i - = arforms elements
Genet|C'un|t proportlons in the Lower Jurassic
12 Kayenta Fm. in SE Utah
0.1
- Y _ FAKTS can be queried to derive data on occurrences of transitions between genetic units, in
-grg(re\e’lt?ct;ergglck%rgzglzacg%n boe]c * Widih (N = 559) Channel-complexes order to _obtain a quar)tita_tive description_ _of spat_ial_ depositional. trends. To further
characterized in terms of the « Apparent width (N = 137) . charqqterlze genetic qnlfcs internally, transmon_ statls_tlcs can be fllterec_l so that (_)nly
objects belonging to lower-order ] ] transitions observed W|th|n.the type of element mvestlgat(?d and across given bounding-
scales. 4 Partial width (N = 132) width/thickness surface orders are taken into account. Through a special query, 2D- and 3D-dataset
Information on their composition is aspect ratios transitions can be filtered with random selections in order to force the sampling to be one
given by the relative volumetric * Unlimited width (N = 155) dimensional.
proportions of their building
blocks. For example, the internal
composition of channel-
complexes or floodplains in terms I ol unit width
. of architectural elements, and of . - . STRIKE genetic unit width = material unit wi
Channel-complexes Floodplains architectural elements in terms of Materlal'unlt propertles DIRECTION ' ' '
facies units (as shown in the pie- A - Query 1
o SmSdy F_G- rom | [F— charts) can be derived by We define FAKTS material units as contiguous volumes of sediment
estimating volumetric proportions characterized by having the same value of a given categorical or discretized
by object occurrences only, or by continuous variable, or of any combination of two or more of them. For
combining occurrences and example we may wish to define a material unit on the basis of a given A Query 2
dimensions in a variety of ways; lithofacies type, or on the basis of a threshold percentage content in clay and A
variably defined net:gross ratios silt, or on the combination of the two criteria. An individual material unit would
can then be easily computed for then correspond with all the physically adjacent FAKTS genetic units having
each object. the required attribute values. Practically, this means that we can derive Query 3
virtually any type of user defined reservoir and non-reservoir categories and - A A A -
their relative reservoir-modeling constraints. | |
N=1344 CH N =182 LA N =154 FF One important implication is that the geometry of material units defined on l genetic unit width ‘
genetic-unit types are different from the geometry of genetic units of that type,  torial unit width
All systems Braided systems invariably resulting in larger size distributions, which will importantly control
indicator variogram ranges. As material units are not directly stored within the [..]
FAKTS database, they are generated by querying N-times for properly-
FILTERING ON CR cS classified vertically and laterally juxtaposed genetic units, as sketched in the N consecutively juxtaposed genetic units Query N

figure on the left.
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While some FAKTS output can be directly used as input to software for the structure-imitating simulation of fluvial

DATA BAS E -D E RIVE D RES E RVOI R M O D E LI N G C O N ST RAI N TS sedimentary architecture, some key input parameters — like size ratios, transition rates and indicator auto-
variograms or cross-variograms — require additional data processing, as outlined here (and discussed in greater
detailin Colomberaetal., accepted).

STRIKE : CS/CH transition

Absolute and relative dimensions and geometry parameters pimensional parameters of fluvial genetic units are | > I Object-based methods
commonly required by object-based algorithms for routinely require relative
structure-imitating simulations of fluvial architecture. 2% dimensional parameters
The input is typically specified in the form of probability - —] 315 (e.g. channel-fill

05 0.025- distributions functions (e.g. triangular distributions CHICS transition S0 thickness/levee

Channel-fill thickness N =977 c defined by minimum, mode, and maximum values — g . thickness ratio; cf.

hannel-complex W/T Deutsch & Tran 2002) of genetic-unit thickness and Deutsch & Tran 2002) as

0.0201 robability density function )
04 = > P y Yy TUnc width/thickness ratios. The input sinuosity of simulated “02 03 04 05 06 07 08 0 inout: FAKTS allows the
@ all systems 2 log-normal distribution - o CS thickness/CH thi P

2 y - 9 channelized units is often expressed as meander A CKnossTH tickness derivation of size ratios

S 03 ® braided systems 2 0.0157 wavelength and amplitude (cf. Deutsch & Tran 2002), " referring to juxtaposed

U = ] - e which can be related to FAKTS sinuosity parameter. genetic units belonging
= ® braided-semiarid systems S o SiDev £> 789 25,

S 02 S 0.0107 flcale 0'8235 Variance  2786.698 Channel-complex/CS transition to the same scale (case A

3 @ braided-semiarid-ephemeral 2 Skewness 9.580 - > 2% in figure on the left) or to

S systems 0,005 Kurtosis 121.470 1.I0 1.I5 2.IO 2.I5 3.IO 3.I5 |8 different scales (case B),

0.1 ' - as genetic unit sizes,

— g juxtaposition (in form of

0.0 "% 50 100 150 200 300 400 500 a ® e * transitions) and scale-

0 2 4 6 8 10 12 . . 00 02 03 04 05 06 07 08 09 neStlng are a” dlgltlzed_
thickness (m) W/T ratio N=119 SI"UOSIty parameter B CS thickness/Channel-complex thickness
Yor(N) 4  INDICATOR VARIOGRAM MODEL on work by v.(h) 4 g
FOR A GIVEN DIRECTION Ritzi (2000) El o - - N . | S
0.0181 For every direction of FAKTS’ space, descriptive statistics (mean and coefficient of variation) of the size of material units
(thickness, strike-width and dip-length) can be used in conjunction with their proportions to derive the ranges of material-
S +\MATERIAL-UNIT PROPORTIONS unit indicator auto-variograms, whereas their sills can be calculated from material-unit marginal probabilities (i.e.
FACIES UNITS proportions) and the variogram model inferred from the coefficient of variation of the dimensional parameters, as
- INDICATOR VARIOGRAM MODELS formulated by Ritzi(2000). | | o
STRIKE (X) DIRECTION This means that FAKTS permits informing indicator variogram models referring to any type of material unit (so to any
MATERIAL-UNIT DIMENSIONS FOR THE user-defined reservoir and nor-reservoir modeling categories) whenever the scarcity of direct data impedes the typical
GIVEN DIRECTION: Em curve-fitting procedure: for hydrocarbon reservoirs this is routinely the case in the horizontal directions as the majority of
0.0053_ boreholes are vertically oriented and too widely spaced to provide usable horizontal indicator variograms.
MEAN EXTENSION P
COEFFICIENT OF VARIATION 0.0003 . . . . N
- 0 20 40 60 80 R(m) Indicator cross-variograms
The sills of indicator cross-variogram models referring to a pair of material units for a given direction can be
ng THY The example on the left shows vertical computed from unit proportions, as they approach —pp, (Carle & Fogg 1996), whereas cross-variogram ranges
TranSItlon pro babl I Itles and rates %o@"" transition_cgunt statistics filtered so that only are approximated by the lag values at the intersection between the sill of the cross-variogram for the same units
° facies-unit transitions observed within a given and the tangent (q, computed from unit proportions and transition rates) to the same cross-variogram at lag zero
St type of genetic unit (CH architectural element) (Colombera etal., accepted).
23 and across given bounding surface orders (2" -
r and 3) are taken into account. Transition o) Al B \ On the left:
Sp L ¢ ) . | t (h) ‘ R . .
sm probability matrices can thereby be derived W . N h Relationship
S| from such transitions-count matrices. //{i\ i SPATIAL TRANSITION S between the
Sh 2nd I Transition rates between units j and k along o/ PROBABILITY \\\ contlnuqus_-lag
g o direction x (r, ) can be estimated from mean R N~ transition
8 ; sizes and embedded transition frequencies or / Yi(h) frObab”'tty _01;
2 robabilities (Carle 1997; 1999) as: 5 h v i _vari Wo materia
%Ggp 2nd I P ( ) S ﬂ Analytical cross-variogram units and the
g o o = i /L Pu/T corresponding
3 cem _ r C | indicator cross-
G Miex = P /L iR h | variogram. A
Fsm 2nd I N _ . E%%QT\?ERDGRAM . database
Fm Tran3|t|on r_ates. between matgna units alor!g - . Vv derived cross-
Fi a given direction are required to obtain | || < [N TTTTTTTTTTTTTTTTTTTTT e, o variogram mode
k| ; ; ; ; ; ; _ . _ . 5th * database-derived indicator cross-variogram V() is obtained from
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% models for the same material units along that v i
: 0% _ proportions and
Percentage of vertical transitions 7% L oo direction, as explained on the right. Sampled cross-variogram "

- , S ) p g transition rates.|

Upper lithofacies mF- mFl “Fm “Fsm mG- "Gcm mGh " Gmm " Gt mS- mSd mSh mS| mSm =mSp mSr mSs =St
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