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Who is Energistics

« Energistics is a global, non-profit, membership consortium that
facilitates the development and adoption of technical open data
exchange standards in the upstream oil and gas industry.

 Membership consists of IOCs, NOCs, oilfield service companies,
software vendors, system integrators, regulatory agencies,
universities and the global standards community.

« Standards are developed by workgroups (known as Special Interest
Groups, or SIGs) made up of industry experts from member
companies.

In summary, the standards are created by the industry for the industry,
facilitated by Energistics.

5th European Meeting on 3D Geological Modelling



A\
L=EsIRIS

Energ|stlcs Members

>
accenture <CDA>

High performance. Delivered.

innovation
for life

KONGSBERG : N We| ISIte
pe@l ink oxar ‘




What is RESQML ?

ad i
-
- -
- -




y /N

LEhsRIS

e What Is RESQML ?

e RESQML is an XML (for Meta data and semantic knowledge
expression)- and HDF5 (for binary Data)-based information -
exchange standard that facilitates reliable, automated
exchange of data among software packages used in
subsurface workflows.

® The standard RESQML itself is a Meta Data Model and
consists of a set of XML schemas (XSD files) and other
standards-based technology, which developers implement into
software packages. Software that has implemented RESQOML
can read and write the standard format.

® RESQML has been developed by a global consortium of
__ operators, service companies, software vendors, and
rnment agencies under the umbrella of Energi



ESQI\/IL 2.0 Solution Scope

A solution to exchange 3D Geomodels
,;:,»_ENE.RCJST|CS

® On The entire workflow R
- 3D Reservoir Modelling & Simulation

structure modelling &

‘v 'y modelling grid design

{

® Seismic to simulation

e All kinds of grids

® Traceability via metadata
® (Coordinate systems, etc.

NN

2 facies
'Y modelling

g/

® Supported by Geosciences Vendors
® Already commercial well 1

* Paradigm / Roxar / Schlumberger WG 7
/ DGI / IFP En Group
multi-phase flow

® [nternally used simulation )
I rid
e Total / Shell / BP / ExxonMobil/Equinor s (R ovcaing
® Open and free of charge ! analysis .
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petrophysical

' modelling
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PARTICULARITIES OF RESQML INITIATIVE

® Based on an UML 2 MODEL designed by Vendors and Petroleum Cies
® |nherits of more than 25 years of shared industrial Experiences

® (Can be used on the entire geomodelling Workflow (in Petroleum
Industry)

® Traceability is embedded (it contains at citation object which is an ISO
19115 profile and a Activity Model to manage workflows).

® The Meta data Model is more complete than all models manipulated
by any Vendor products

® |t is delivered, documented and maintained by an Open Consortium.

_® Trammg, Open source APIs, demonstrators and software utlllty ools




PARTICULARITIES OF RESQML
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THE FIRP : Feature / Interpretation/ Representation/ Properties

RESGML Knowledge Hierarchy and Data Relationships

Boundaries
Maodel

Krnowdedge Hierarchy Frontiers
Geologic Feature
Feature
Rock: =

Seismic
Wellbores i = (LI --:; Surveys

Structural Contads Wellbore Trajectories
Organizations  geratigraphic atratigraphic _ o
o e Occurrence stratigraphicUnits

Interpretaton Faults

Fluid Boundaries || =~ 1= o s b e b - 1 Geobodies
Horizons FIASSIT [dil 8= = - Eeals

Trigngulated Sets Geomet :

iurfa,_-e Sasted Vol Y  Unstructured Grids

= rorhs 30 Structured
Frameworks oo Gride 2D Grids
Representstion Wellbore L nirEE EATE 3
! ! Maps

Frames

Fermeabil ity , Saturation
DizcreteValues ’ Forosity

ContinvousValues
Froperties Property Kind

Time Series
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(Individuals and
Models)

Interpretation
Meta Information

Topology &
Geometry

Properties
(attached to

topology)



Leosms PARTICULARITIES OF RESQML DATA MODEL

| INDIVIDUALS : ROCK / BOUNDARIES /

SN NON{ WELLS /
[ MODELS : STRUCTURAL / A REFERENCE to be managed

sTRATIGRAPHIC / REsSERvOIR At the Corporate Level

TOPOLOGY & GEOMETRY REFERENCESYSTEM)

REPRESENTATION = [ CRS (COORDINATE

IN MOST OF CASES ,
These two Last Levels are the only one
Managed by existing Applications

1,N

PROPERTIES
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PARTICULARITIES OF RESQML
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UUID : Universal Unique ID on each top Level element
Plenty of xml files associated in the Energistics Packaging

Q

Zip File : - €P¢

Convention (EPC)

)

Wellbore

-
EarthModel .

1 S 1 B Interp?
\\
Repj/ IocallCRS liRep

o B W

Title : mytitle
Identifier : myUuidUrn
Creator : Energistics

Can be formatted ysin

<WITSML/>"| <PRODML/>"

.
Can be
packaged
into
<RESQML/>"



éii@suqls

Ligmr
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(or Export) i% g
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The original Use — Case

Example of How RESQML Works

Ussr A, o pectorict, buidlds o
structuad and - stratizraphic
framework in 2 geolozcal
interpretation  pacieEs
then sawves the honzons {H)
aned faruits {F] inin the
RESOML format, stored in

il an EPC file {named EPC_A)
and s=nds it to LUiser B

RESOML i B

R

= [Come, Tl wnl
ERC_ A oombsire

RESOML horizons (] and fzeits {F)

Softemre sowes dats to their
natres fike formats, Upers
cheooss whenST to wrbefregd
RESOML fies,

Liser B @ modelsr, smports EFC_A
contzinme the BSOML framework
into & geomodsling packans, and
busitdis @ mrad {{5), maTmE mEnor
sdjustments to the horzons and
Taults as needed. User B then creates
a new EPC file {EPC_B) to send to the
Uger B mext v in the woriciow

EPC B
]

= [Catmas_Tpaeiel ows

EPC_E montais = prid iG] and
mrenditied weriors of K and

l:lm. HE Fl.l

EPC_A s fiscrded 2fter it hes
b — il . L=




Example of a Collaborative Realisation
The Resgml Pilot : a Live demo in Anaheim (Annual SEG conference)
With real Data - Kepler Field, Na Kika, Gulf of Mexjco

 YENERGISTICS =

= Data in project:
el Elpe" Closs * Wells (trajectories,

Diana 1 5 t' . Holgtein® Iogs, piCkS)
® ol rL Mad Dog. Atlahtis ° Faults
ommsma
". G samamee | * Horizons
Schott et al., 2007 ® Sevmiopmerts |
- * Polygons
* 3D grid arrays
(static)
* 3D grid arrays
5 e (dynamic time-
stepped)
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Demo Scenario — Partner Data Exchange

- DENERGISTICS =

® The demo simulates a hypothetical workflow:

. The operator sends a geological model to a partner
. Who generates an alternative facies scenario

. With an alternative porosity scenario

. Which leads to an alternative pore volume estimate
. Integrated back into the original model

. Destined for reservoir simulation

. And subsequent visualization of the time-stepped
result

NO OIS WN -

¢  While many of the products involved in this demonstration could support many, if
not all, aspects of the workflow, we wanted to demonstrate the power of the
standard for transferring data across multiple products.




RESQML v2.0.1 live Demonstration

- DENERGISTICS =

EParadigm-

) Fracture porosity
-}H.‘ (OpenFlow)

Facies modeling ' E 33|||||||||||;|1!||;|l
g DYNAMIC GRAPHICS, INC. (Skua) / .

EMERSON.

Grid creation
(RMS)

_ g
riEramazon
UF webservices

R . Property calculation
Results visualization Nl (Petrel)

(CoViz 4D) simulation
(Builder, IMEX and Results)




Alasms Focus on Important Specific Resgml Concepts :
1/ Interpretation of an Individual Feature

INDIVIDUALS : ROCK / BOUNDARIES / A REFERENCE on a
{ FEATURE WELLS / geological or technical
MODELS : STRUCTURAL / .
objectto be managed

STRATIGRAPHIC / RESERVOIR
At the Corporate Level

RESQML SPECIFIC
INTERPRETATIONS Designed to help Geomodelers iterations
(using mainly GeoSciML semantic)

AY
REPRESENTATION = 3 CRS (COORDINATE
TOPOLOGY & GEOMETRY REFERENCESYSTEM)

IN MOST OF CASES ,
These two lastlLevels are the

PROPERTIES only ones
Managed by the Applications

® The Feature IS a geological or a technical Object.

® The Interpretation Level is used to associate semantic information
provided by an interpreter to enrich an individual geological Object by
geological knowledge and keep it all along the life cycle of the object.




A=E19SIRIS RESQML MAIN CONCEPTS : THE SEMANTIC ASSOCIATED TO

BOUNDARY FEATURE INTERPRETATION
« HAVE A LOOK AT THE ENUMERATIONS »

;}’//////////////////////fﬂf//////////////////////
Legend

[ ] Most Important Class
[ ] Abstract Class

A

AbstractFeaturelnterpretation
«XSDcomplexType, XSDtoplLev.
Interpretations::
BoundaryFeaturelnterpretation

[ ] Enumeration
[ | Mormal Class

— Normal Association
— Generalization

e B o P

Q\\\\\\\\\\\\\\\\\\\\\D\\\\\\\\\\\\\\\\\\\\
e ) SRR R i

O

«XSDelement»

+ QOlderPossibleAge: long [0.1]
+ YoungerPossibleAge: long [0..1]

I

string «XSDcomplexType, XSDtop ent»
wenumeration» Interpretations::
0.* Interpretations:: GeobodyBoundarylnterpretation
BoundaryRelation
€XS mplexType» v «XSDelement»
Interpggfations: :FaultThrow i conformable + BoundaryRelation: BoundaryRelation [0 -1]
. unconformable below and above
«XSDelement» «enumeration» unconformable above string
+ row: ThrowKindExt [1.%] Interpretations:: unconformable below - -
ThrowKind string «enumeration»
—— string «enumeration» Features::
normal «enumeration» Interpretations:. FluldConte
thrust Interpretations:: SequenceStratigraphy Surface free water contact
strike and slip HorizonStratigraphicRole flooding gas oil contact
Siisa chronostratigraphic ravinement gaslwater Gopfinct
variie lithostratigraphic maximum flooding o~ 1 contact
biostratigraphic transgressive o

«XSDcomplexType, XSDioplevelElement» «XSDcomplexType, XSDtopLevelElement»
; = : , «XSDcomplexType XSDio ...
Interpretations::Faultinterpretation Interpretations::Horizoninterpretation inte r[;retasfi}oﬁs -

«XSDelement» «XSDelement» FluidBoundarylnterpretation

*+ IsListric: boolean [0..1] + BoundaryRelation: BoundaryRelation [0._%]
; G : = «XSDelement»

b Mammum'l'hm_w_ LengthMeasure [0_1] + HorizonStratigraphicRole: HorizonStratigraphicRole [0._-1] + FliidConlact ERidCenkmt
+ MeanAzimuth: PlaneAngleMeasure [0..1] + SequenceSiratigraphy Surface: SequenceStratigraphySurface [0..1] i
+ MeanDip: PlaneAngleMeasure [0..1] e ———

E—




(SRS RESQMLMAIN CONCEPTS : THE SEMANTIC ATTACHED TO

GEOLOGIC UNIT INTERPRETATION
« HAVE A LOOK AT THE ENUMERATIONS »

AbstractFeaturelte.
«XSDcomplexType XSDtopLevelElement»
Interpretations::GeologicUnitinterpretation

«XSDelement»
+ GeologicUnit3dShape: Shape3dExt [0..1]
+ GeologicUnitComposition: LithologyKindExt [0..1] .
+ GeologicUnitMaterialEmplacement: GeologicUnitMaterialEmplacement [0..1]

I\
«XSDcomplexType, XSDioplLevelElement»
«XSDcomplexType XSDtopLevelElement» Interpretations:: StratigraphicUnitinterpretation «XSDcomplexType, XSDtopLevelElement»
Interpretations::Geobodylinterpretation Interpretations::RockFluidUnitinterpretation
«XSDelement»
+ _[Deposiiesede=BeponommoTefomi «XSDelement»
+ MaxThickness: LengthMeasure [0..1] ~Lhase [0.1]
+ MinThickness: LengthiMeasure [0..1]
+ StratigraphicUnitkind: StratigraphicUnitKind [0..1]
| string
string string «enumeration»
«enumeration» PR Features::
Interpretations::DepositionMode Interpretations:: Phase
proportional between top and bottom StratigraphicUnitKind aguifer
parallel to bottom chronostratigraphic HasEIp
mushroom parallel to top lithostratigraphic oil column
channel parallel to another boundary biostratigraphic seal
delta - = -
dung ; Le uenl:l 71
fan string g o
reef T e [T] Most Important Class 7 =
edge Interpretations:: [ ] Abstract Class
GeologicUnitMaterialEmplacement G [_| Enumeration
- - [ | Normal Class
intrusive
non-intrusive
|




Limsmis  Focus on Important Specific Resgml Concepts :
2/ Collection of Organisation Interpretations :
the Earth Model Interpretation

e RESQML can represent 3 Organisationinterpretation :

® The StructuralOrganisation gather (by age or by apparent depth):
®* A sequence of Horizons and Fault Network
®* A description of each Fault Network ( which fault stops on which)

® The StratigraphicOrganisation gather (by age or by apparent depth) :
®* A sequence of Stratigraphic units

e A description of their geological relationships (which unit « conformable or not » stops
on which unit « conformable or not) and their contacts ( which Horizonlnterpretation
correspond to one of these relationships)

® The RockFluidOrganisation gather ( By apparent Depth mainly)
® A sequence of fluid units

® And These Three Organisations can be linked to one Earth Model
nterpretation to ensure the consistency of the information all alon
the model '
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@Simple diagram showing example Model

feature and Interpretations used to set up
. . . Model Feature
an earth model interpretation and its
structuram/ stratigraphic / RockFluid Fﬂmmrﬂl‘-‘-
organisations Earth Mode!
Interpretation
[0.*] [0.1] [0.*]
StructuralOrganizationinterpretation StratigraphicColumn ‘RockFluidOrganizationinterpretation
\ ..________q__gn;_anizations interpretations
(1.7 .
‘StratigraphicGolumnRankinterpretation
[0.]
Boundary Festure BinarndnmdPamnmremmliﬂn ok Volume Fasture
[1.*] M~ B
’I‘irrherprats interprets
(0] — .
—_— TR StratigraphicUnitinterpretation
Horizonlnterpretation ] ' :

dividualFeaturelnterpretation
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Viost of the time only individual features and their representation are exchangeable
between applications.

® |n particular, the geological Hypotheses used to build 3D Model are lost

°* By keeping in the organisation the memory of the geological rules and the semantic
applyed to the individual interpretations used to build the model, the RESQML format
allows to understand how and why this model was built.

® By gathering the Structural, Stratigraphic and RockFluid Organisation on a specific
EarthModel Interpretation, the RESQML format allows to tranfer a consistent
« assemblage ».

e All the Individual Featurelnterpretation linked in this assemblage and their
Representations should be part of the transfer (physically or by reference)

And UsuaIIy, the 2D/3D Model Representatlon ( Geologlcal or Simulation 3D grid)
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LLDSAIS The Situation Today

® From early 2017 , nearly all vendors in Petroleum Geosciences were adopting
RESQML and realize operations and demonstration Pilots

® Recently, with the EGIS Geotechnique Cie we implemented a link between Resgml
and the BIM and we will demonstrate it during this meeting.

e All Vendors are now focused for adoption on Well Bores / Structural /
Stratigraphic information and 3D Simulation Grid representations exchange.

® This standard looks mature, Documentation and utilities to use it are Open source
and free of charge on the Energistics site : www.energistics.Org/portfolio/resgml-
data-standards/.

® By example, You can find C++, C#, java read/write APIs, 3D user oriented
« Paraview » visualisation, EPC exploration debugging and Validation Tools.

® And.. If you invite me for one day or two, | can explain everything about RESQML
and help you to implement it.. Then, you will be able to discuss with many other
oftware.
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How the Geomodeling

Community can take benefit
of this standard ?




£rmsms  How the Geomodeling Community
can take benefit of this standard ?
First : by testing and adopting it ..

® By having access to the RESQML tools and community : see
www.energistics.Org/portfolio/resgml-data-standards/.

®* By developing (using these tools), Resgml read and write capabilities
and use it even internally to archive 3D Geomodels.

® By accessing IndividualRepresentation and Models embedded in
major Vendor databases.

®* By exchanging Consistent Models between vendors or research
products

® By having the opportunity to participate to « well known » but today
closed Geomodeling workflows.




How the Geomodeling Community
can take benefit of this standard ?
Second : by participating to advanced initiatives

yeet = =]

By participating to Energistics
Initiative to manage the 3D
Geomodeling information on
local or external clouds.

By participating to open
initiative to publish RESQML
iInformation through web
services with the ETP (
Energistics Transfer Protocol) .

For all these objectives Geosiris
Is open for any collaboration
(visit, assistance, training,
iImplementation) as we did with
EGIS geotechnique for a very
concrete BIM objective.

5th European Meeting on 3D Geological Modelling
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® By using RESQML as a way to support a « Digital Twin » to realize
More and more Use cases / Workflows of Geomodeling

® And « liberate » the users from closed workflows or closed database
management and open the way to structured and consistent 3D
Geological Models dissemination.

®* And imagine any type of Intelligent procedure (data mining,
knowledge capture, knowledge extraction, knowledge diffusion) which
could be applied on the semantic information contained in the xml
files and the binary data contained in the hdf5.

® And again .. Don’t be affraid to adopt it,.. it works and we have free
tools to help you playing with.
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Thank you

Jean-Francois Rainaud (Jean-Francois.Rainaud@geosiris.co

Beiting ZHU-Colas ( Beiting.Zhu-Colas




