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9.
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EPIM ERH Core Requirements

Q Phase 1 requirements limited, future phases can more capability

ad Delivered to EPIM as Software as a Service

> High availability, scalable service
> Delivered on existing, secure network in Norway called SOIL

Q Enterprise RDF database

Q Interfaces
> Simple browser-based user interface for report upload, download, query
> HTTP service interface for report upload, download, query

d Semantics based in ISO 15926 standard and delivered to PCA as
Reference Data (provides interoperability)
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0:0 EPIM ERH Core Requirements (2)

a Driven by Norwegian Petroleum Directorate (NPD) Facts
> Validation (single source of truth about Norwegian Continental Shelf)
> Access control based in licenses and partners
> Query through Facts

Q Input reports are XML files based on standard XML Schemas
> Daily Drilling Report
> Daily Production Report
> Monthly Production Report (Government and Partner)
> ... others in the future

Q Outputs

> submitted XML transmited to Authorities via service interfaces and stored for
later download by operators and partners

> Generated PDF of report content driven from RDF database
> Parameterized query over RDF database
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B Scale of ERH Solution

3 300 million triples in the next 4 years

> Potential for many more if data sources added or historical data
imported

Q 40+ concurrent users
> User interfaces and Service interfaces required
> Potential for many more if data sources added

d Phase 1 XML Schemas have 2000-ish elements
> resulting ontologies have 900-ish classes and 900-ish properties

Q Delivered on an SaaS basis with high availability Service
Level Agreement by TopQuadrant, Franz and Logica
> Secondary app server running at all times
> RDF database replication and warm fallover
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0:0 It's Turtles all the way down

Q Core of approach to ERH development
> Everything is RDF/OWL ontology-driven

> Build framework so semantic processing and reporting can be
done by modeling team, not Java development team

> Avoid Oil & Gas/ISO 15926 -specific technical architecture
components

ad How?

> Make all inputs look like ontologies and triples

> Use SPIN/SPARQL for transformation from source to target,
regardless of actual source

> Build data flow pipes : XML->triples->SPIN->graph in RDF
database->SWP->HTML->PDF

© Copyright 2012 TopQuadrant Slide 9



Key technologies for ERH

d Semantic Tables makes spreadsheets and CSV data
appear as triples

Q XML Schema importer automatically builds proxy
ontology of XML Schema
> Imported of XML data then appears as triples based on the

proxy ontology

Q Now that all data is triples, we can use Semantic Web
tools to process it
> NPD Facts harvested daily as CSV download from NPD Web site
> XML reports imported into data flow pipe as submitted

© Copyright 2012 TopQuadrant Slide 10



Key technologies for ERH (2)

a SPIN — SPARQL Inference Notation
> W3C Member Submission
» SPIN/SPARAQL rules for transforms
> SPIN/SPARQL constraints for access control to named graphs

> SPIN Templates, Constraints, Functions and functions enables
modularity and reuse of parameterized SPARQL

> SPINMap graphical mapping capability

3 SPARQL Web Pages

» Comparable to JSP, Flex, PHP for typical Web development
> Template HTML pages with embedded SPARQL
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Show details Map Feedback

Operator Current

name activity wellbore
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0:0 Data transformed to triples using SPIN

a Implementing converters = writing SPARQL or using SPINMap,
not Java development

Q Same approach regardless of source being XML or CSV

pinzrule (incomplete) =
ry

- |# STEP 101 Create DailyDrillingReport, DailyDrillingActivity, TemporalPartOfAWellBore and WellBore
£ Minimum data - createDate, dTim5tart, nameWellBore

CONSTRUCT { =
?dailyDrillingReport a ep-report:DailyDrillingReport . o] spinMapTest.tdl 22 O
TdailyDrillingActivity a ep-activity: DailyDrillingActivity . - i =@ @ .
fdailyDrillingReport ep-activity:reportOn TdailyDrillingActivity . R ‘3 L2 =l 2| @ &lwnx 4
TdailyDrillingReport ep-activity:created At TcreateDate
TdailyDrillingActivity ep-activity:startedAt TdTimStart a:Person b:Addrass
ftermnporalPartOfAWellBore a ep-well: TemporalPartOf AWellBore . I a:city : string [ [l b:country : countries:Country
TwellBore a ep-well:WellBore I a:country : string I b:postalCode : integer
ftemporalPartOfAWellBore ep-coreternporalPartOf TwellBore B a:street : string B bistreetAddress : string
*wellBore ep-core:name nameWellBore . I a:zipCode : string > B brsuburb : string
*dailyDrillingActivity ep-activity:onWellBore ftemporalPartOf AWellBore . B a:deh : string rdfs:label : Literal

) I afirstMame : string
B a:lastMame : string
WHERE {

B a:state : string
?this ddrnameWellbore TnameWellBore | rdfs:label - Literal
?this ddrdTim5tart ?dTim5tart .
2this ddr:dTimStart 7dTimEnd .
?this ddrcreateDate ?createDate
BIND (ep-spin-lib:normalizeString(fnameWellBore) AS TnormalizedWellBoreNa
BIND (ep-spin-lib:buildDailyCrillingReportURI(?normalizedWellBoreMarme, Teore:
BIND (ep-spin-lib:buildDailyDrillingActivityURI( I normalizedWellBoreMarme, 7dT
BIND (ep-spin-lib:buildTemporalPartOfAWelIBorelURI(?normalized WellBoreMar
HemporalPartOfAWellBore) |
BIND (rhspin:wellBoreByMName(?nameWellBore) AS TwellBore]
i

e [# CTEN A0 = €t mem e o Pimib Pirillim D ek e Il

n:address

b:Customer

[> Il b:address : b:Address
(= Il b:birthDate : date

[= Il b:fullName : string
rdfs:label : Literal

Form | Browser | Diagram | Graph | Form Layout | Source Code
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0:0 NPD Facts as OWL

ERH E&P and NPD Classes

ep-well:WellBore
E rdfs:label = well bore

ep-well:Well
B rdfs:label = Well

rdf:fype NPD FaCtS rdf:type
@ npdiWellBore-1014 "’ ;Fd“we”'j—rllj'i
npd:id = 1014 npd: partOfWell R
npd:name = 2/12-1
npd:wellBoreType = EXPLORATION
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@

Mode

X WITSML_drillReport_profiled_schema_2011.05 07sd &

4 |e| xsdicomplexType

(@) name
4 [e] xsd:annotation
[e] xsdidocumentation
4 [e] xsdisequence
4 [e| xsd:element
(&) name
@ type
(& minQccurs
(& maxOccurs
i [e| xsd:annotation
4 [e| xsd:element
(&) name
@ type
(& minOccurs
(&) maxOccurs
i [e] xsd:annotation

© Copyright 2012 TopQuadrant

= g

Content

cs_refWellWellboreRig

A reference to a rig within a wellbore, The wellbore may be defined .

rigReference @I
witsml:refNameString

1
1

wellboreParent
witsml:refMameString
0

1
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9.

## TopBraid [ Resource

Mavigator | T2 Classes 2 = O || [a] SCHE
=
W& Class Form
Cs_drillReportStatusinf -

: Cs:d::llﬁzgznﬂtmﬂnfl::u URE  http://www.witsml.org/schemas/1series#Cs_refWellWellboreRig
@ Cs_drillReportSurveyStation + Annotations
@ Cs_drillReportWellborelnfo skmlkelement =
@ Cs_drillReportWellTestinfo
® Cs fluid rdfs:comment

- . A reference to a rig within a wellbore. The wellbore may be defined
[ ] Cs_geodeticModel .
® CelocalCRS represents a foreign key from one node to another.,

_loca
@ Cs_location rdfslabel = :
@ Cs_projectionx 5 Cs ref well wellbore rig
0 Cs_refWellWellbore = (Class Axioms
() Cs_refWellWellboreRig rdfssubClassOf =
[ ] Cs_stimJobStage '.'lﬂ'd'l.'l:Th-lng
@ CS_StImTI_JhuIEII E|rigReferenceRefexacﬂy1
® Cs_wellAlias £ rigReferenceRef only RefMameString
: g_we::ﬁﬁﬁ £ wellParentRef max 1

-welbatum €3 wellParentRef only RefNameString
© dtype:EnumeratedValue

. £ wellboreParentRef max 1

@ diypeEnumeration © [wellboreParentRef only RefNameStri
. dtypeValueReference wellboreParentRef only mestng
) IndexedObject owlequivalentClass ~
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0:0 XML input data example

TR R T e I E BT i Il wr 1 el 10 e

- =witsml:statusInfo =
zwitsml:dTim=2011-04-08T06:00:00.001Z </witsml:dTim=
zwitsml:md uom="m"=>6414</witsml:md=
zwitsml:tvd uom="m">=1800.09082865924 < /witsml:tvd >
<witsml:presTestType=formation integrity test</witsml:presTestType=
<witsml: distDrill uom="m"=0</witsml: distDrill =

n " :
# - ooyl o Ol —_ I will L) LY LR [ ] ’ il =0 Ry

<witsml:sum24Hr>=Continue circulating and cleaning hole section with 1.30 sg mud in hole. Increase pump
rate in attempt to increase hole cleaning. Lost returns and hole attempting to pack off. Shut in well to
maintain pressure on wellbore and establish circulation through choke. Circulate bottoms up through
choke while maintaining pressure on wellbore. Open well and attempt to re-establish circulation. Hole
attempting to pack off and losing returns. Continue to adjust parameters to maintain circulating and

<witsml: forecast24Hr=Pump out of hole with slow rotation to 9-5/8" casing shoe. Circulate and condtion
mud. Increase MW back to 1.38.</witsml: forecast24Hr=

</witsml:statusInfo=

© Copyright 2012 TopQuadrant Slide 17
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Imported XML data appear as instances of
proxy ontology

) owl:Class ddr:Cs_drillReportStatusinfo
I rdfs:comment = The class of OWL dla.. Ao ﬁ sxmltag = http://www.witsml.or...
I rdfs:label = Class o rdfs:label = Cs drill report stat...

iftype
-" NPD 110411091715:r-0-13

= ddrdTim = 2011-04-08T06:00:00...

. : NPDI_1104011091?15W'G'13‘4 # NPD_110411091715:r-0-13-2
type:value = E dtype:value = 1800.09082865924
ddl%%ef
ddruorRef
@ddr:LU_m

] dtype:order = 0
15| dtype:wvalue = m
E rdfs:label = m

& ddrWwVvCu_m
Fi_ dtype:order = 0

B dtypevalue = m

E rdfs:comment = meter
E rdfs:label = m

© Copyright 2012 TopQuadrant Slide 18
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0:0 Now can transform using SPIN/SPARQL

pincrule (incomplete] =~
}' # STEP 101 Create DailyDrillingReport, DailyDrillingActivity, TemporalPartOfAWellBore and WellBore
# Minimum data - createDate, dTim&tart, nameWellBore
CONSTRUCT {
tdailyDrillingReport a ep-report:DailyDrllingReport
tdailyDrillingActivity a ep-activity: DailyDrillingActiaty .
*dailyDrillingReport ep-activity:reportOn TdailyDrillingActivity .
tdailyDrillingReport ep-activity:createdAt ?createDate
*dailyDrillingActivity ep-activity:startedAt 7dTim5tart .
HemporalPartOfAWellBore a ep-well:TemporalPartOfAWellBore
fwellBore a ep-well:WellBore .
ftemporalPartOfAWellBore ep-corettemporalPartOf fwellBore .
twellBore ep-core:name TnameWellBore
TdailyDrillingActivity ep-activity:onWellBore ftemporalPartOfAWellBore .
i
WHERE {
?this ddrnameWellbore *nameWellBore .
?this ddr.dTim5tart 7dTim5tart
?this ddrdTim5tart 7dTimEnd .
?this ddr.createDate TcreateDate .
BIND (ep-spin-lib:normalizeString(nameWellBore) AS TnormalizedWellBoreMame) .
BIND (ep-spin-lib:buildDailyDrillingReportURI(?normalizedWellBoreMame, TcreateDate) AS TdailyDrillingRepert)
BIND (ep-spin-lib:buildDailyDrillingActivity URI{? normalizedWellBoreMame, 7dTim5tart) AS TdailyDrillingActivity] .
BIND (ep-spin-lib:buildTemporalPartOfAWellBorelURI(?normalizedWellBoreMame, TdTim5Start, ?dTimEnd) AS
MemporalPartOfAWellBore)
BIND (rhspin:wellBoreByMName(?nameWellBore) AS TwellBore) .
i

l FECTEN 1N - Ct mawmme aF Maibh Ml alam s a0 2k
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B R et T R T

# Instances Bl Domain | = Relevant Properties | J

[Subject]

# <https://www.repertinghub.no/ep/data/WellBore/25_8-C-23_B$2011-04-10T12:0...
& <https://www.reportinghub.no/ep/data/WellBore/25_8-C-23_BS2011-04-10T18:0...
L https/fwww.repertinghub.no/ep/data/WellBore/25_8-C-23_B52011-04-10719:0..,
& <https://www.reportinghub.no/ep/data/WellBore/25_8-C-23_BS2011-04-11T01:3...
* - https/fwww.reportinghub.no/ep/data/WellBore/25_8-C-23_B52011-04-11701:3...
& <hitps://www.repertinghub.no/ep/data/WellBore/25_8-C-23_BS$2011-04-11T01:3...
& <https://www.reportinghub.no/ep/data/WellBore/25_8-C-23_B$2011-04-11701:3...

L X https/fwww.reportinghub.no/ep/data/WellBoreDrillBit/25_8-C-25_BSBG >
& <https://www.reportinghub.no/ep/data/WellBoreDrillBit/25_8-C-23_BSB6>
L https/fwww.repertinghub.no/ep/data/WellBoreDrillBit/25_8-C-25_BSBG =
@ <https://www.reportinghub.no/ep/data/WellBoreDril Bit/25_8-C-23_B3B6>
* - https/fwww.repertinghub.no/ep/data/WellBoreDrillBit/25_8-C-25_BSBG=
@ <https://www.reportinghub.no/ep/data/WellBoreDrillBit/25_8-C-23_B3B6>
* - https/fwww.repertinghub.no/ep/data/WellBoreDrillBit/25_8-C-25_BSBG =
@ <https://www.reportinghub.no/ep/data/WellBoreDrillBit/25_8-C-23_B3B6>

© Copyright 2012 TopQuadrant

SPARQL | @ Imports | & Inferences &3

Predicate

ep-corettemporalPartOf
ep-well:finalBottomHeoleMeasuredDepth
ep-wellfinalBottomHoleTrueVerticalDepth
ep-corettemporalPartOf

rdf:type
ep-wellfinalBottomHoleMeasuredDepth
ep-wellfinalBottomHaoleTrueWerticalDepth
rdf:type

ep-eqt:manufacturedBy
ep-eqt:manufacturedBy

rdf:type

rdfitype
Ep-COreiname

ep-eqt:manufacturedBy
rdf:type

0:0 Processed by SPIN engine to make triples

Object

*

\d

*e

& [@

npdi:WellBore-6480

< @E18d3da5:13313e45bb 0 -5Fcd >
< [@618d3dB5:13313e45bb 2 -5Fb3=
npdi:WellBore-6480

ep-well: TemporalPartOfAWel IBore
= ([@618d3d65:13313e45b6 2 -5fcex
< [@618d3dB5:13313e45b6 2 -5Fbd =
< [@618d3dB5:13313e45b6 2 -5efd>
< @E18d3da5:13313e45b6 2 -5ef] >
< [@618d3d65:13313e45bb o -Heff»
= @618d3d65:13313ed5b6 2 -5F01 >
< @618d3da5:13313e45b6 e -5F09>
b

< [@618d3dB5:13313e45b6c-5F07 =
ep-eqt:Dril BitForWellBore
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0:0 ... as triples with report data extending them

NPD Fact Wellbore on a day is

# npdi:wellBore-6480

ep-corethumanRecognizableMame = 25/8-C-23 B 3 ep-welwelBore a tem poral PartOf

rdfs:label = wellbore fwhole life...
ep-core:npdCode = 25/8-C-23 B /// .
ep-core:npdMumber = 5480 rdftype Whole WhOIe-IIfe We”bore

L) ep-wellwellBoreSpudat = 2011-01-24706:00:00.... H
i /

npdid = 6480 ep-wel:TemporalPartOfAWellBore
B npd:name = 25/8-C-23 B B rdfs:label = (temporal part of a...
18 npd:startDate = 2011-03-01
= npdwellBoreCompletionDate = 2011-05-12
B npdiwellBoreDrillPermit = 3294-p
E npd:wellBoreType = DEVELOPMEMNT

part

C /

| ‘ <https:/fwww.reportinghub.no/ep,/data/WellBore/25_8-C-23_B$2011-04-09706:00:00.001Z$2011-04-10T06:00:00.001Z = |

/ i ep-activity:DailyDrillingActivity
ep-activity.gnivelibore '] rdfs:label = daily drilling activ...
4 <https;//www.reportinghub.no/ep/data/DailyDrillingActivity/25_8-C-23_B$2011-04-09T06 #0:00.001Z > rdf:type

L] ep-activity:finishedAt = 2011-04-10706:00:00....

b ep-activity:startedat = 2011-04-09T06:00:00....

pal’t Of We||b0re - ep-report:MormalbailyDrillingReport

rdfs:label = normal daily drillin...

activity f-'e::-Ie;;-.:*

T . ol o o d i oo A S, ep-report:DailvDrillinaRenort |

Daily activity happens on
TemporalPartOfAWellbore

© Copyright 2012 TopQuadrant Slide 21



0:0 Semantic Reporting : SPARQL Web Pages

Q For each report output type, create SWP HTML

> Daily Drilling, Daily Production, Monthly Production Government,
Monthly Production Partner

> Normal CSS for style

QO Embed SPIN/SPARQL directly, as functions or through tables
capability
> Query is over E&P ontology RDF data including NPD Fact data

Q Generate PDF from HTML using off-the-shelf tool
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0:0 Embedded in HTML page

<table>
<tr>
<td class="ddrSummarylLeft">
<rhswp:NameValuePair arg:name="NPD Wellbore Id:"
arg:value="{= rhspin:npdId(?wb) }" />
<rhswp:NameValuePair arg:name="Report Status:"
arg:value="{= ep-spin-lib:selectDailyDrillingReportFlag(?repType) }" />
<rhswp:NameValuePair arg:name="Creation time:"
arg:value="{= ep-spin-lib:normalizeDateTime(?createdAt) }" />
<rhswp:NameValuePair arg:name="Operator:"”
arg:value="{# SELECT 7operatorName WHERE
{7activity ep-activity:drillingOperator 7operator .
7operator ep-core:name YoperatorName }}" />

Summary report Wellbore: 2/4-K-8 B

2eriod: 2011-Sep-26, 00:00 - 2011-Sep-27, 00:00
Seport Mumber:

NPD Wellbore Id: 5609 Depth at Kick Off 173558
Report Status: normal mMD: i

Creation time: 2011-5ep27, 11:05 DERTH atKick OF 78598
Operator: ConocoPhilips Depth mMD: 1750 943
Drilling contractor: ARCHER Depth mTVD: Oa7 092
Rig name: EKOFISK K Dist Drilled m: 45 89
NPD Rig Id: 271488 Penetration Rate m/: 622
Fixed rig: Hole Dia in: 4333

® Copyright 2012 TopQuadrant Elevation RKB-MSL m: 56.633 Dlsurm Branl Clondh Slide 23
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0:0 Query to Table

<ddrswp:Table arg:report="{= 7report }"
arg:template="ddr-tables:LogInformation" />

spin:body <~

= SELECT YrunMo ?depthTopmMD ?depthBottommMD ?tool 7bHCTdegC ?bH5TdegC PserviceCompanyMName
WHERE {
Treport ep-reportreportOn PdailyDrilling Activity .
?dailyDrillingActivity a ep-activity:DailyDrilling Activity .
?dailyDrillingActivity ep-core:hasPart ?logRun .
legRun a ep-activity:WellBoreLogRun .
?legRun ep-activity:onWellBore Pwhb5State .
OPTIOMNAL {
YlegRun ep-activity:logRunNumber Prunio .

F.

OPTIONAL { .
PlogRun ep-activity:loggedWellBorelnterval PwhbPartState . Lﬂg Information
*whPartState ep-core:temporalPartOf PwbPart .
OPTIONAL {
*whPart ep-well:measuredDepthToTheTopOfAPartOfAWellBore Ttop . Run no Depth Top Depth Bottom Tool BHCT BHST
top ep-core:metre YdepthTopmMD .
' mMD mMD degC degC
OPTIONAL {
*whPart ep-well:measuredDepthToTheBottomOfAPartOfAWellBore ?bottom . 1 2427 .67 2399.81 Gamma 107.49
bottom ep-core:metre ?depthBottommMD . .
' 4 2087.21 241213 Acoustic 111.35
k. )
BPTIONAL 1 211117 2093.71 Electrical 107.06

PcircWb ep-coretemporalPartOf fwhbState |
TeircWhb a ep-well:WellBoreWithCirculation .
circWb ep-well:bottomHoleTemperature ?circButtHoleTemp .
circButtHoleTemp ep-core:celsius ThHCTdegC .

i

OPTIOMNAL {
PstaticWb ep-core:temporalPartOf wbState .
Pstaticwb a ep-wellWellBoreWithoutCirculation .
Pstaticwb ep-well:bottomHoleTemperature ?staticButtHoleTemp .
?staticButtHoleTemp ep-core.celsius ?bH5TdegC .

i

OPTIOMNAL {
YlegRun ep-activity:wellBoreLoggingTool HloggingToolState .
?loggingTool5State ep-coretemporalPartOf FloggingTool .
YleggingTool ep-core:description #oaol .

i

OPTIOMNAL {
YlegRun ep-activity:serviceCompany ?serviceCompany .
PserviceCompany ep-core:name ?serviceCompanyMame .

© Copyright 2012 TopQuadrant Slide 24



Why SPIN for ERH?

3 SPIN built on SPARQL
> active W3C group and implementor community
> on RDF, so not limited to OWL (e.g. can SPIN SKOS)

> store transforms, queries, constraints, rules as RDF, but with
human front end editor

Q For data integrity constraints RDF+OWL+SPIN is

powerful

» Can close world and li
Class)

> Can do inference and compute derived properties

> |Is a software engineer’s tool (e.g. can add functions written
using Javascript)

mit constraint scope (e.g. constraint on

© Copyright 2012 TopQuadrant Slide 25



0:0 Semantic Challenges

d ERH project is The Semantic Web meets ISO 15926

> RDF/OWL, ISO 15926, SPARQL query, reasoning all mentioned
in requirements

> 1S0O 15926 upper ontology designed for data exchange with no
domain content, that comes as reference data

> Blending OWL and bits of ISO 15926 that are a modeling
language is difficult

> Existing reference data incomplete for ontology building (e.g.
no reference data connection between what in OWL are
Classes and related Properties)
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Use of 15926

Q For ERH requirements, an approach closer to the structures in
15926-2 data model made more sense, and the vocabulary
required is actually relatively small
> Drilling : Activity
> Production : Activity, Flow (Stream) and Product (Material)
> and properties are about temporal parts of these

a Provenance is handled by modeling the Report itself and linking
all Activity/Flow instance to the Report
> no need for reification of classification, composition

Q 15926 Templates
> Will define template for PCA from the indirect properties
> Used as data definition for services extracting data from ERH
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0:0 Use of Semantic Web and RDF/OWL

Q ISO 15926 complexity -> preference for expressiveness in
modeling capability over decidability
> But keep interest in reasoning in future in mind

> Ontology architecture and partitioning named graphs should mean we can
satisfy reasoning requirements

> If not, then SPIN/SPARQL rules or transform then DL reasoner (or both)
Q SPARQL is the phase 1 query language

Q Under the covers, the triples from a report are maintained using
named graphs
> This is also how access control is managed

Q URI strategy
> https:<reportinghub><type>-<identifier>

> Give URIs to whole-life objects and use blank nodes for cases like temporal
parts
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0:0 Examples of the ERH Approach to ISO 15926

Q Use a data-driven approach to show ERH approach to
ISO 15926 using Daily Drilling Report example

Qa Start with Report and follow links through the data as
graph diagrams

> Next two pages are examples with legend
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0:0 Report — Graph View

ep-report:Report

=] rdfs:label = report Class — Yellow Circle

':Hs.:suj“\i'is.sor

ep-report:DailyDrillingReport

' rdfs:label = daily drilling repor...

MC'AS:‘.OI

ep-report:MarmalDailyDrillingReport
¥ rdfs:label = normal daily drillin...

Relationship property value — Directed Arrow

Individual — Purple Diamond

" <https: / fwww.reportinghub.nojep/data/DailyDrillingReport/2_4-X-4_A52011-01-02T00:00:00.0Z >

Ll ep-report:createdAtr = 2011-01-02TO0:00:00....
ep-report:dailyDrillingReportNumber = 1
rdfs:comment = All measured depths ...
rdfs:comment = Kelly bushing as the...
ridfs:comment = 5ea level as the def...
rdfs:.comment = Some wellDatum infor...

Literal property value — Blue Square

© Copyright 2012 TopQuadrant
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4 Report-On a DailyDrillingActivity

ep-core:PhysicalThing
"5 rdfs:comment = Equivalent to 150 15...
' rdfs:label = physical thing
F
rdfs:subClassOf
ep-activity: Activity
"5 rdfs:label = Activity
F

rdfs:subClassOf

ep-activity:DrillingActivity
"5 rdfs:label = Drilling activity

I
rdfs:subClassOf
ep-report:Report ep-activity:DailyDrillingActivity ep-activity:Drill-sidetrack
riﬁ rdfs:label = report The ”@ rdfs:label = daily drilling activ... ”ﬁ rdfs:label = drill - sidetrack
I . .
Activity
rdfs:subClassOf
ep-report:DailyDrillingReport 4 <https:/ /www.reportinghub.no/ep/data/DailyDrillingActivity/2_4-K-8_B$2011-09-26T00:00:00.001Z>
] rdfs:label = daily drilling repor... (Y] ep-activity:finishedAt = 2011-09-27T00:00:00....

(Y] ep-activity:startedAt = 2011-09-26T00:00:00....

The
Report

& <https:/fwww.reportinghub.no/ep/data/DailyDrillingReport/2_4-K-8 B$2011-09-27T11:08:10.001Z>
'Y ep-reportcreatedAt = 2011-09-27T11:08:10....
U rdfs:comment = All measured depths ...
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0:0 Report - on Wellbore

o ep-core:PhysicalObject
The WhOIe Llfe FIS rdfs:label = physical object
Wellbore I’t
rdfs:subfClassOf
(NPD Fact) ep-well:-TemporalPartOfAWellBore
E rdfs:label = (temporal part of aj...

" npdl.WE Bore-6G609 ep- ” WellB
p=wellzwe are
rarsiiabe
“ e 'WE”.WEIIBD EFI’ESpudAt = 1982-06-06T13:15:00

= wellbore (whale life...

ep-well-wellBoreSpudAt = 1986-06-06T13:15:00.... rdf:type The Temporal
‘B npd:id = 6609

E npd:name = 2/4-K-8 B rarype Pa rt Of the
‘% npd:startDate = 2011-09-23 Wellbore

E npd:wellBoreCompletionDate = 2011-11-23
E npd:wellBoreDrillPermit = 3363-P
E npd:wellBoreType = DEVELOPMENT

ep-activity:DailyDrillingActivity | ’ -:;https:,-'.-'umv.repc:lrtir'|ghub.nc:..-'ep.-'data."WEIIE.nre,-'2_4—K—E_BSEE-11—DB—ZETIIICI:UU:DE-.EIEIlZSEE-]I—GB—Z?TGG:UU:Dt‘]-.EIDlZ}

E rdfs:label = daily drilling activ...

ep-activity.onWellBore

rditype

* <https:/ /www.reportinghub.no/ep/data/DailyDrillingActivity /2_4-K-8_B32011-09-26T00:00:00.001Z >
ep-activity:finishedAt = 2011-09-27T00:00:00....
ep-activity:startedAt = 2011-09-26T00:00:00....

The
Activity
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The Whole Life
Field
(NPD Fact)

0:0 Wellbore — part of Well — part of Field

ep-facField ap-well: TemporalPartOfawell
"5 rdfs:comment = facility that is a f... 5 rdfs:label = (temporal part of a)...
H rdfs:label = field A
. T k rdfs:suljClassO
(e g | yuls
4 npdiField-43506 ep-well-Well
E npd:currentActivityStatus = PRODUCING E rdfs:label = well iwhole life)

‘B npd:id = 43506
‘¥ npd:name = EKOFISK

ep-well:WellBore

IE rdfs:label = wellbore (whole life... ® npdiwell-Z 4-K-8

The Whole Life
Wellbore
(NPD Fact)

© Copyright 2012 TopQuadrant

gp-corg:name = 2/4-K-8
E npd:name = 2/4-K-8

& npdiWellBore-6609
_'E ep-core:name = 2/4-K-8 B

ep-well:wellBorePreSpudAt = 1982-06-06T13:15:00....
ep-well:wellBoreSpudat = 1986-06-06T13:15:00....
‘¥ npd:id = 6609

E npd:name = 2/4-K-8 B

@ npd:startDate = 2011-09-23

E npd:wellBoreCompletionDate = 2011-11-23

E npd:wellBoreDrillPermit = 3363-F

E npd:wellBoreType = DEVELOPMENT

The Whole Life
Well
(NPD Fact)
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0:0 Field owner Is License has Share Owners

- ep-core:PhysicalThing
Ep—fac:ﬁ.eld - "5 rdfs:comment = Equivalent to 1SO 15...
-EE rdfs:comment = facility that is a f... npd-OperatingCompany | E rdfs:label = physical thing
EE rdfs:label = field
npd:Licence The — nL;:dLEhar;
FE rdfs:comment = Production licences ... C FE rdfs-comment = ,ﬁ.c.c:.m anv's sh -
f Ompany : pany's share in...
rar-yee rdfs:sub\ClassOf
& npdi:Licence-20900 @ npdi:Company-2410696 npd:ShareOflicence
npd:endDate = 2028-12-31 _'E npd:companyShortame = CONOCOPHILLIPS SKAND. .. "E rdfs-comment = A class that relates..
¥ npd:id = 20900 ¥ npd:id = 2410696
PE ‘B npd:licensingActivity = 1-A ¥ npd:name = ConocoPhillips Skand...
The Licence E npd:name = 018 E npd:organisationMumber = 918110127
1 npd:startDate = 1965-09-01

& npdiField-43506
-E npd:currentActivityStatus = PRODUCING
‘B npd:id = 43506

¥ npd:name = EKOFISK

4 <https:/ fwww.reportinghub.no/data/npd/ShareOfLicence-24 10696_205900_2009-11-02>
npd:percentageOfShare = 35.11200

%] npd:startDate = 2009-11-02

The Whole Life The Share of
Field the Licence
(NPD Fact)
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Partitioning Activity

Q There are subclasses of OWL class used to partition the
subclasses of Activity, for example
> Activity Success Type
> Drilling Activity Outcome Type

d See next slide for complete list including membership
count

A This kind of thing is an example of where aspects of ISO
15926 are a modeling language in the same way OWL is
a modeling language, and why blending the two is an
interesting problem
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Examples of the Partitions
— aka Class Of Class

" owl:Class (1280)
. ep-activity: ActivitySuccessType (2)
I:: ep-activity: DrillingActivityOutcomeType (9)
. ep-activity:DrillingActivityTypeAccording ToEquipmentType (5)
. ep-activity.GasReadingType (9)
. ep-activity:PorePressureDeterminationType (2)
. ep-activity:PressureTestType (2)
. ep-activity:WellBoreDrillingType (&)
. ep-activity:WellCementJobBottomPlugType (2)
. ep-activity:WellCementJobCasingReciprocationType (2)
. ep-activity:WellCementJobCasingRotationType (2}
. ep-activity:WellCementJobFloatHolding Type (2}
. ep-activity:WellCement)JobPlugBumpingType (2)
. ep-activity:WellCementlobPurposeType (4)
. ep-activity:WellCementJobTopPlugType (2)
. cp-activity:WellCementPumpingFluidReturnType (2)
. ep-activity:WellControllncidentType (4)
. ep-activity:WellKillingType (6]
. ep-activity:WellTestType (2)
. ep-activity:WirelineFormationTestType (2]}
. ep-actpurp:DailyDrillingActivityPurposeType (83)
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,:, Activity Success Type

) owl:Class ep-activity: Activity
~ rdfs:comment = The class of OWL cla... E rdfs:label = Activity
W rdfs:label = Class

ep-activity:Failed Activity rdfs:subflassOf
1%5 rdfs:label = failed activity

rdfs:subxClassOr

ep-activity:Successful Activity

cetf: type

¥4 rdfs:label = successful activity

rdf:type

) ep-activity: ActivitySuccessType
rﬁ rdfs:label = activity success typ...
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000 Drilling Activity Outcome Type

ep-activity: DrillingActivity-equipment_hang
¥ rdfs:label = drilling activity - ...

owl:Class
" rdfs:comment = The class of OWL cla...s
2 rdfs:label = Class
/T
rdfs:subClassOf

ep-activity: DrillingActivityOutcomeType
] rdfs:label = drilling activity ou...

rdfs:sublTs
5 ep-activity:DrillingActivity-kick
riﬁ rdfs:label = drilling activity - ...

.’rlm-.‘ﬁi\
ep-activity: DrillingActivity-mud_loss

¥ rdfs:label = drilling activity - ...

rdf:type

rafs suk
ep-activity:DrillingActivity-stuck_eguipment
' rdfs:label = drilling activity - ...

df tyne
ep-activity:DrillingActivity-equipment_failure
' rdfs:label = drilling activity - ...

ep-activity:DrillingActivity-success

" rdfs:label = Drilling activit
. al - rdfs s bClassOf 3 g y
¥ rdfs:label = drilling activity - ...
rars. subClassOf

ep-activity:Drill inghctivitv—circu'lé’fi'é‘?ﬂfns.s
"4 rdfs:label = drilling activity - ...

ep-activity: DrillingActivity-injury rd{sSLBMge<01
] rdfs:label = drilling activity- ...

ep-activity:DrillingActivity-Gperdtidn “faited
'] rdfs:label = drilling activity - ...

—

- -
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Properties
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Length Example

) owl:DatatypeProperty
U rdfs:comment = The class of data pr...
U rdfs:label = DatatypeProperty

. ep-core:Propertyspace
.= rdfs:label = property space

A
9 owl:FunctionalProperty
| rdfs:comment = The class of functio... rdf:fype
rdfs:sublClassOf " rdfs:label = FunctionalProperty
' ' M
@ ep-core:Length
= rdfs:label = length
ep-core:Scale rdf:type rdfs:domain

B ep-core:inch
=1 rdfs:label = inch

=1 rdfs:label = scale

rdfs:d@main

rdf:type

N ep-cora:metra
5] rdfs:label = metre

rdfs:@omain

B ep-core:inchUs

=] rdfs:label = inch (US survey)

I ep-core:foot

5] rdfs:label = foot

B ep-core:millimetre e )
Tl LTI

=] rdfs:label = millimetre ep-core:footUs

= rdfs:label = foot (US survey)

Note Scale subClassOf
OWL itself
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@

© Copyright 2012 TopQuadrant

e T |

. ep-core:Density

 ep-core:Length

. ep-core:MassPerUnitLength

- ep-core:MassPerUnitMassConcentration
) ep-core:MeasureOfAmountOfMaterial
) ep-core:PlaneAngle

) ep-core:PlasticViscosity

@ ep-core:Pressure

- ep-core:Ratio
 ep-core:Specificvolume

i ep-core:Speed

i ep-core:StrengthOfRockFormation
 ep-core:Temperature

. ep-core:TimeDuration

® ep-core:Volume

i ep-core:VolumeAtlSdegClatm

i ep-core:VolumeAtldegClatm

i ep-core:VolumeAt60degF latm

- ep-core:VolumeMassRatio

i ep-core:VolumePerUnitVolumeConcentration
 ep-core:VolumetricFlowRate

i ep-core:YieldPoint
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®
<

© Copyrig

Members of Property Scale

M ep-core:bar

M ep-core:barrel

I ep-core:celsius

M ep-core.centiPoise

B ep-core:day

M ep-core:decimetre3

M ep-core:degreesOfAngle
I ep-core:dyne_second_metre-2
I ep-core-foot

M ep-core:-foot3

M ep-core-foot3_sack94-1
M ep-core:footUs

M ep-core-fractionByWVolume
M ep-core:gram_cm-=3

M ep-core:hour

B ep-corezinch

M ep-coreinchUSs

M ep-core:kilogramforce_second_metre-2
M ep-core:megaPa

M ep-core:megaPa_second
M ep-core:metre

M ep-corezmetre3

M ep-core:metre3_day-1

I ep-core:metre3_minuwte-1
M ep-core:metre_hour-1

M ep-core:milliPascal_second
M ep-core:millimetre

NT cULc 1 opwuaarant

M ep-corezmillion_barrel

M ep-core:million_foot3

M ep-corexmillion_metra3

M ep-corezmillion_metre3_day-1
I ep-core:minute

M ep-corenewton_second_metre-2
I ep-core:partPerMillionByMass

M ep-core:partPerMillionByVolume
I ep-core:pascal

M ep-core:pascal_second

M ep-core:perCentByvolume

M ep-core:poise

M ep-core:pound_foot-1

B ep-core:poundforce_second_foot-2
M ep-core:poundforce_second_inch-2
M ep-core:psi_second

I ep-core:psig

I ap-coresecond

M ep-coresspecificGravity

M ep-core;undefinedScale

M ep-coreusGallon_sack94-1

B ep-coreweek
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0:0 Direct vs Indirect Properties

Q When a physical object ‘has a property’ without any qualification
at all, then it’s a Direct Property
> <David> rdf:type <mass 39kg>
> Property as class with members is basic to ISO 15926 4-D approach

Q When a physical object has a property that requires qualification,
then it’s an Indirect Property
> <David> hasHeight <length 1.89m>

Q In the following diagram we distinguish between
trueVerticaiDepty and measuredDepth
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Property — Description of Surrounding
Rock at Depth

73
<

ep-well:SpatialPartOfAWellBore

<@-2922b672:137390bb2bc:3208> T rdfs:label = spatial part of 2 we...

1] ep-core:metre = 3147.43

rdfs: SU@CI assOf
ep-well:SurroundingRockFormation

¥ rdfs:label = surrounding rock for...

rd’rﬂne

& <@-2922b672:137390bb2bc:3206>
=] ep-core:description = We will bring eviden...

<@-2922b67a:137390bb2bc:3207 >
D ep-coreimetre = 3245.21

ep-well:PositionWithinwellBarea

(E rdfs:label = position within well...

ep-core:spatialPartQ

4 npdi:WellBore-5069
Diﬁ ep-core:name = 2j4-xX-4 A

I=] ep-well:wellBoreCompletedAt = 2011-01-01 | " <@-2922b67a:137390bb2bc:3985>
[ ep-well:wellBorePreSpudAt = 2011-01-01T02:00:00 2

[ ep-well:wellBoreSpudAt = 2011-01-01T05:00:00.... m
¥ npd:id = 5069

IS npd:name = 2/4-X-4 A

# npd:startDate = 2005-06-23

E npd:wellBoreCompletionDate = 2005-07-14
E npd:wellBoreDrillPermit = 2531-P

Q!"B npd.wellBoreType = DEVELOPMENT
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0:0 Experiences

d The overall approach and architecture worked
> Including isolating semantics into modeling team so Java
developers don’t have to learn 4 ontologies and related
transformations
Q We've built a very flexible, semantically solid asset
management tool
> This experience and knowledge can be applied elsewhere

d EPIM is as much a team member as a customer in
working through some very difficult issues
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0:0 In Conclusion

a EPIM ReportingHub first stages are live
> Final stages delivered over next couple of months

Q Phase 1 has been building infrastructure and core
capability ...

3 ... now getting value from semantics can begin
> Historical data?
> Analytics and data visualizations?
> Automated notification of potential problems based on data
analysis?
> Extractions/integrations in operators systems?
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