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Leveraging the Microsoft UpstreanReference
Architecture to Fully Integrate E&P Decision
Making Procesgsin the Digital Oilfield

The Oil and Gas industry is working to break down the traditional exploration and production (E&P) data
and application silos and moving towards integration of the entire E&P value chain through digital
oilfield solutions. However, a crucial part of thatue chaim decision making has not been automated

and integrated, which means businesses are losin@owapturing and fully leveraging tvalueof

that information.

Thisjoint paperfrom PointCross and Microsakplains how a solution framework froriRtCrossan

be simply and elegantlgeployedwith the Microsoft Upstream Reference Architecture (MUBA)
integrate decisiormaking processes and results to create and retain information relationships, history,
andcontext a complete institutional memorfpr your digital oilfield that can further infom, optimize
and potentially transfornoperations and business.
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Challenge: Decision Processes and Results are not Automated and

Retained in Digital Oilfield Solutions

Exploration angroduction (E&P)the upstream @ andgasindustry,is a knowledg-intensive, decision
centric,andhigh-risk/high-reward business where thesourceowner/operators depend on an
ecosystem of oil field service companigsnt-venture partnersand a myriad of contractors, including
engineeringorocurement andconstruction EPGand manyothers, to explorefor, produce anddevelop
resources.

Inadditionto using thehuge volumes of data that they colldarr operationalmonitoring, analysisand
decision makingoperators and their multcompany teams use thaata to monitor and demonstrate
compliance and satisfy the mangegulatory reporting requirementthat they are subject to.

Operatorscollect massive amounts of data as they conduct seismic surveys, drillifftaktructure
and facilitiesand operatethese facilities for production adil or gas and yet, the data and information
about their activities remains in silaghich aremanaged by specialized applicatichat makemost of
is the dataundiscoverable by people who need it to make decisions.

E&P Decision Process Overview
Most E&P companies hagemmon processes fonaturationof entities usingtoll-gated or phase
gated processe evallate, learn about and understand prospects and move them from initial
exploration through to development and full productiohilea wide range of digital oilfield
technologiesexist along the entire E&P value chain to gather

dataand automate processete review anddecisionmaking Decisions, directions and
processesre hardly ever automatedThepeopleresponsible
for tactical and operational activities tend to consider these
decisionmakingprocesses from a workflow or matuian point

objectives flow downward from

management to assets and

of view, and theyrequire choreographed mgression through projects while data, observation:
well-established procedures. and interpretations from the

Theupstream oil and gas business is also a eiskl asset assets or projects flow upward,
management game where entitissich agrojects, prospects, creating rich metadata that ideall
assets, wells, andeals areassessed in botthe aggregater should becaptured as part of an

individually in a portfolio view. Interpretations and metadata GAYAGAGdZIA2YE €
generated byassessmenprocesses drive strategic decision
making at the asset, regionand corporate leved. Decisions

made in these strategic layers act as set pointshjectivesto
be achieved by therojects,processes and people who execute the big picture
them.

as a historical record that is

incorporated as a component of

Decisions, directiamand objectives flow downward from management to assets and projects, while

data, observations and interpretatiorilom the assets or projectdow upward creating rity metadata

GKFG ARSFfte akKz2dZ R 0SS OF LJXidzZNBR | aahistiridhlrec@df |y daAY
that is incorporated as a component thfe big picture Compliance, peer reviews and HSEalth,
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safety, environmentand security) alsorequire an institutional memory of the metadata and decisitms
enableretrospectivelook backs and other complianckiven activitiessuch as audits

How an Upstream Reference Architecture can Help

Business factors in E&P are driving the neediioupstream information technology(IT)reference
architecture that provides a common, reliable environmétimplementation and integration of the
manytechnolodes that make up the digital oilfield. Ultimatetye reference architecture will help
dramaticallyimprove efficiencyand costeffectiveness for upstream oil and gas analysis, operations and
business.

The right reference architectunsill makeit possible tamplement solutions that integrate decision
makingcapabilities capturethe results. 6 RSOA aA 2y ao0> | YR 0 dzA bdRomes/ G Ay aiA
part ofthe digital oilfield operationghat will continuouslyinform those systems.

Reference Architecture Overview

The reference architecture must form a framework into which vendors anthgie can plug their

specialized offering®ither in the form of standard software solutions and applications or as services.
Sucha frameworkmust address essential needs of the industry today and scale up and across to meet
future needs. Oil and gamperators and producerghe entire range of oil field service companies, and

EPC companies should find that this reference architecture offers a way to rapidly execute their business
with their extended stakeholderpartners and service providers, withoutrapromising their internal
processes and practices.

Requirements for a Reference Architecture

To be practical, useful and easily adopted, the reference architecture must be more than just a
collection of technologies or slots for technologies with a-iptegrated frameworkThe reference
architecturemust become the equivalent @in E&P business operating systrat manages akspects
of digital data acquisition, metadata extraction, data provisioning

for processes and workflows, aggregation into decision dashboa ds

and portfolio viewwhile managngthe presentation of the right To be practical, useful and easil
information to users wherever they may be, at the right time. adopted, the reference

. . architecture must be more than
The framework should create a single, seams$consistent

pathway of singléruth information from the field to the board just a collection of technologies
room, from the back office to the d&sion makerand thento the or slots for technologies with a
external parties. pre-integrated frameworkThe
Specifically theeferencearchitecture must: reference architecturenust

f  Make it very easy for oil companies to engage any oil field become the equivalent of an E&

service compayto exchange data and information through businessbJS NI G A y 3
adaptableandsecure interfaces across eithd a A RS Q& =

— X A1V 2 1 £ £ ¥
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1 Make it easy for joinrventure partners tashare informatiorand collaborateon analysisand
decisions under the covenants of their JV contra€tey should be able to woseamlessly from
within their firewalls or through optional usef secure cloud services

1 Provide a crystal clear relationship of E&P functions expectég servedy functional
componentsand docking points for them in tifeamework

1 Provideaway for ndependent software vendor@SV)and solution providers teffortlesslydock
their functional components or applicatiorns readily available adaptors provided in the reference
architecture.

1 Be capable of provisioning expected data in an expected format at each of the docking points
through adaptors in the framewo@authorized applications and processes

1 Provide documentation and certification proses that allow IS\QFS, EPC anther contractors to
innovate and improve on the performance, capability and safety of functions prowvidedthe
lowest cost of owneship and minimum time to marketvhile protecting their IP

1 Provide opportunitiegor software as a servic&@apand cloud service providers to configure and
deliverdreadyto-operatet data and information environments fdiVsof upstream companies

Benefits

Areferencearchitectural framework for E&P ensures that tygpropriatepeople are provided the
correctinformation at the right timeandin the right manner. Implementing such a framework afdo

lower costs by eliminating the friction of daexchange among authorized partnefgreby

streamlining processes that support better governance antisien making, provideisibility and
automation in reporting and dissemination of information amongeinal and external stakeholders and
regulatoryagencies. Above all, it makes it possible to set up ventures and get to deployment faster and
more @nsistertly.

Microsoft Upstream Reference Architecture
PointCross has chosen to adopt the Microsoft Upstream Reference Architecture (MURA), which is based
on a set of foundational principles that include:

Performanceoriented IT infrastructure.
Enhanced user experience.

Optimized domairspecific infrastructure
Rich application platform
Comprehensive interoperability.

= =4 =4 4 =4

MURA is descriptive (rather than @@iptive), so that it delivers the consistency needed to support
unification and simplification of the upstream IT infrastructure, while still providing the flexibility for
companies to innovate and establish competitive differences.

al! w! Qa 3 SnBe2004, amlleatly 2010 marked the start of the MURA consortium, an

industry-wide group stewarded by MicrosaindNB LINB A Sy (i G A @Sa FTNRY (GKS O2ya
companies, of which PointCross is a founding memb&mbership is open to all organizati® who

work in upstream oil and gas, including operators, service companies, software companies, and
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standards organizations. The consortium has begun forming work groups that will chart the course and
develop plans for furthedevelopment, maturation andefinementof MURA

(For more information, see the Microsoft white pap¥ision for an Upstream Reference Architeciure

MURA also reduces costs for enterprises that have invested in Microsoft foundation technologies and
platforms by leveraging servaideMicrosoft OfficeSharePoint  { Stddgdlidbaration;Microsoft
Biztalk® Servemiddle-tier data buses for provisionirdpata toauthorized applications; cliergtide

Microsoft Outlook® and Microsoft Office including MicrosOffice Business Applications (OBz)data
acquisition and presentation of business data and infororgtbackend Microsoft SQLServer® for
databases and associated services; and optional clesedvicesand mobility capabilities when needed.

Thispaperdiscussefiow the MURAframeworkmakes it possible to reliablptegratedisparate
decisionmaking process both within the downward and upwardiecisiodinformation flow, as wellas
across lateral processes providindormation flow and triggers.

PointCross technology fills some of the MURA space including data services layers, business and
technical ontologies, and business processhestration and deision sypport services. The paper uses
thistechnology implementatioro explainhow the MURA framework can be deployed with simplicity
and elegance to cover many of the businéggision support and hydrocarbomaturation processes.
Similar papers by ber members of the MUR&onsortiumwill cover othertechnology implementation
areas such as the control room and the digitization of the figd wellas someoverlap with the areas
discussed here.

How the Reference Architecture Integrates Decision Making

Based on MURA angsingproven technology, PointCross has developed solstiorer its commercial
ONI YR L9t {xn oOLyiaSildde:i SR 93t {dzAGS0

1 A data services layer that can:

- Be configured to connect to any of the applicats and systems thallect data from field
systemsgil field servicOFSEontractor systems or suburface GG&Ey€ology,geophysics,
andengineering) data stores and applications

- Provideservices fonormalizationof data namesnd harmaizationof units of measure using
semantically enabled transformation and publishing services

- Make it possibléo dynamically repurpose thematically relevant data packages to application
people and authorized thirgarty requests

1 A vendorneutral way to storeanalyze, provision or exchange any technical or business data
dynamically, with semantic relevance, to conduct busirdespitehow the data was acquired
through a data services layer

9 Provisioning of applications to authorized users based on the coafakeir work where the
authorization is granulaendaccess isletermined bythe roles that users occupy in projects, deals,
assets and other entities
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Metadata extraction, contextualizing and-peirposing facilitieshat createsa traceable thread of

data and their metadata to serve business decision and hydrocarbon processes

A selforganizing ontology of the NH | Y A {edhickl and BuSiness informatida serve as

institutional memory andis a vendot/ S dzii NI f NB LINB a Sy (knawkedygan@ ¥ (G KS
decisionsThisdata structureis alsousedfor search ofiuthorizeddata andinformation.

A hydrocarbon maturation process suite with standardized templatesdtia be used out of the

box, andreconfigured rapidlyby customesor partner aganizations to suitheir needs

Essential Solution Components tied to MURA
Figure 1 Bows a higHevel abstraction of the systems and ssystems within the framework that serve
to define its major functions

E&P Stack for Reference Architecture
sfaf B AES

Hydrocarbon Maturation Framework IEPS

Integrated E&P Suite for Oil & Gas

Orchestra Ontology Engine” - Meta Data Server
nnnnn

(Metabase)

Universal Translation of Data Standards

Srd Party Appllcahons

nal (EPCs, Par

Legacy /b,\c\ | — ‘/

Systems a;éQ : /:;./"ff;
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4

Figurel PointCrass solution stack makes it possible to automate decisimaking processes and results and integrate them
into a comprehensive digital oilfield solutio.

This framework is built on top of legacy systems withrae-levelbackbonewith these mairlevels
(from bottom to top):

1

1

1

E&P @ta Services (EPS) ayerthat manages the capture, conversion;parposing and
provisioning of all field and business data neededafoy andall E&P activities.

A Metabase oicentral ontologylayerthat holds all the datanetadata and information and their
relationships. Itnaintains the institutional memory of the E&P company or joint ventlifés
metabases to the business what the data historian is to the field data.

AHydrocarbon Maturation FramewokIMF layer that can include workflows, analytics and
solutions with which E&P technical and business professionals and managers interact.
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This stacks essential becauseacts as the central nervous system of the E&P decisiaking process
and control loops

For examplepn the topHMFlayer,innovative applications can be pluggiedAt the Metabase
(ontology) layerapplications that provide key functiossich asearch, discovenphistorical
retrospective analyticand othersare provided

Figure2 shows the architecturdtamework for this solutionwhich includes akssential functional
components required for providing all the capabilities neede@ibiz&Pcompanyand interactions with
all of its partners, service companies and other contractors.

The architecture is sensitive to tleeucialcomponents that affect figl operations and safety, so the

data bus or channels that carry that critical data are kept separate in each layer, from the field to the
control rooms to business processes. The control room of the producing field is ¢oitiopkerations,

safety and eaktime decision making. These buses are contemplated in Level 1, 2 and 3 (see descriptions
of levelsand busedelow). Here quality of service and uptime is supremely important.

Microsoft Upstream Reference Architecture

ich ive Chents. and Web-based
Real-time catian {OCS} 1
and Caltabaratian- Outiock, =

User Interfiace, Usabiity, and Integrated Portal Services
| [ l

Plays W Production Optamization Facilities Development / Dl Reservoir Engineering

Presentation

Layer

EP- ic Data Exch — Data Services Provisioning Layer Sty
Apgplication Provisioning Layer

Data Ne i Units i Crawler & Autp Synchronizer Level 4 -3 Bridge

Geophysical Drilling, SCADA/
Acg-and Proc § LWD, MWD DCS Historian Room Apps Authentication

Figure2 PointCross implementation of the MURA stvs how control loop levels leverage the architecture and Microsoft
technologies within the architecture.

We havedesignatedhe following descriptions for the differemtatalevels which also correspond to
bus or control loopgevek (next section) thatarry the data:

1 Level 5Business transacti@and general content related to managing the business. This inglude
normal emails, documents, HR, ERP and otheabledatafor critical and sensitivbusiness
transactions It can include botlstructured andunstructureddata.
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1 Level 4 Data and information flow related to E&P workflawdecisionmaking activities related to
the assets, wells, projects, productiand drillingandthe development ofactivities related to
drilling and production. Set pointe which control room activities are executethy be established
at this level.

1 Level 3Controlroom-level decisions and workflows that relate to actual operation of plant or
drilling activities. Information and data flows have impact on operatioaqufipment, safety and
other HSE considerations. Information flows and control data are ctyalg reattime and
considered mission critical

1 Level 2SCADA, DCS, and MWD wiirgging data from physical equipment that is used directly by
the remote or contol room systems or transmitted through telemetry systems into data historians.

1 Level 1 Sensor and control data at the signal leweich as OPC data before it is procesged,
unpacked and rgpacked into data models.

(Details about Levels 1, 2 and 3 ampected to be the topic of future papers by other MURA members.)

Decision Loops Tied to System Control Loops
Figure3 shows avirtual representation of oil or gas @duction operatiors and maintenancelecision
cycleghat cover the field to the boardroorim three cascading control loops.

Cascading Controls and Data Services for Integrated,
Intelligent Informed Decision Making in E&P

Well head data,

Long Term Strategic Decision Loop
PVT L1

Medium Cycle Decisions L4 L5

and Control SePoints

. Strategic, Long|
Level 1, 2, 3 Busg .
Term!nals/PIant term Decisions)
equipmentg

Dashboards,

Desanding, de N SCADA/DCS Control KPIs, and
hydrators, Systems Room
Manifolds
P A [ Short Cycle
t A LJSt }\ y- S X DECiSionS _eI
Drilling- MWD,
logs Data Stores, in | Contextualizer & Business Ontology
Standard Formatg -
Energistics, PPDM, [T - Metadata Extractog
1SO 15926 Data Harmonizer, Time Series Regression,
Normalization statistical indexing
| 123 0
Data Historiarg
ht/ X tL {eadasSyax Data
I ReSampler

Figure3 Eachof the three control loops provides the data source for the next outer loop where the d@ais distilled and
metadata extracted for use in decisiommaking ormaturation processes

9 Shortcycledecision (quick response) control loop usest#ak data from the field (PVT data) and
responds with reatime controls through digital control systems. Remoteness, safety and
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performance require that these are largely automated and monitored by systathgeople acting
in supervisory roles in the control rooms.

1 Medium-cycledecisions and control set point loop applies a higher level of smart feedback controls,

usually by inserting a human being into the control loop so #t@tegicallysignificant, kort-to-
mediumterm decisionssuch as production planning, maintenance and operations schedisimg
be made.

1 Longterm strategic decision loop enables strategic decisionise made with broader
understanding of insights and trendghis loopcontains sensory dataother internal and external
knowledge and decisions that have been made, such as facilitisvedopment, secondary/tertiary
production decisions and portfolio level decisions.

Multiple data buses carry data and control systems. For qudlisgvice(QOShnd saféy reasonsthe
data in these bses (Level 1, 2 ar8) are not connected directly to the higher level 4 and Sd=iThese
buses (Level 4 and Barry business process and strategic office informaltiecause the expectations of
QOsare very different and free flow of data from office data busses can affect this QOS

Each control loop provides the data source for the next outer loop where the data is distilled and
metadata extrated for use in decision making maturation processes. The data is sourted evel 4
and 5from Level 1, 2 and &nd gateway middktier applicationssuch as OpenSpiribn a readonly
basis either directlyfrom the applicatioror from data historians. In return, the outer loop proggithe
inner loop with set points qlin the case of people in the loguocessdecisions

For example, the tactical planning and optimization processes set the production iekieds tell the

inner control room how much to throttle back or open up the production. This tactical planning control
loop is executed in the Level 4 and 5 busedividual organizations decidensther these set points are
allowed to write into the contol room bus pass it through a semaphore to the rgahe bus orpassit
manually.

Data in the planning andperatioral control loops are resampled over weeks and months and passed
to the outer strategic contrbloop through the Level 4 arilbusesthe business processes and portfolio
decisionsupport solutions. This decision loop inclsdeservoir engineers, portfolio managers and
executives who make decisions on letragge set points related to production and facility
improvements to achieve strateggoals

Business processes and Level 3 buses can interoperate with specialized middiediess OpenSpirit
so that they can easily dip into the sghrface data stores and extract data and metadata from GG&E
data andsoonfrom reservoirsimulators

Semantically Enabled EP-DSLayer with Ontology Engine Delivers

O) 1 OOEOOOETTAI -AiT oOouoe A O $AAEOCEIT O
Why is a data services layer that leabuiltin, semantically enabled smart data exchange so important?
Because it is this combination eichnologies thatllowan E&P company to use andparpose all data
sourced from processes and decision making in business. It serves internal applications and other
external applications and service requests.
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TheERDSlayer Figure ) connects and transforms disparatgpes of data sources from Level 1, 2 and
3, which represent drillingproduction, and geophysical dat also connects to Level 4 and 5 data
sources from people and their communications, documents and repepegifications and drawings
and contracts related to construction of major eap facilities presentations and proposals for deals.

TheERDSL sounds like a nerve system because it is a data networking and communication routing
system. How does the HPSL manage all the data frahese types of disparate data types and their
relationships? That is the role tife Metabase layer oontology enginesuch as Orchestrd his
technology serves asrtual institutional memory that relies on the digital equivalentaafeural

network. The ontology engine creates relationships between business contexts which contain
information, people who work othat information, and definitions that give semantic meaning.

The EFDSL together with thentologyengineprovides

1 Contextualization

1 Technicdand semantically enabled search atidcoverythrough data and information

1 Web-services to internal process RPS layeor external applications that need data or information
for their functional needs.

Therefore this solutionthat is aligned wittthe MURA foundation supports these types of data

9 Unstructured Content

- Articles of communications and collaboration including emails, SMS, docuarahtslendar
events (Level 5)

- Narrative content within workflows and decision making processes such agatiqicteam
reports, annotations, contextual emails, journals from geophysical interpreters and geologists,
drilling engineers, reservoir engineers and simulations, facilities program management, business
development and many others (Level 4 and 5)

9 Strucured Metadata

- Metadata extracted from structured data within business or technical data stores including sub
surface (GG&E) data stores

- Metadata and metatags extracted from unstructured content including Level 5 and Level 4
communications and contenFigure4 shows metadata types and their use in E&P applications
as technical and gespatial search.

1 Raw data such as those captured from the field including wirg IBYT data from production
facilitiesandwell data from geophysics operations
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MetaData and its Use in Reference Architecture
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Figure4 Metadata and metatags are extracted and created from structured and unstructured content that is processed
throughout the integrated solution, and tha to help people more easily connect to information in the system.

Leveraging Industry Standards

A numberof applications and systems fro@FSompanies are in place today for capturing and
transmitting this kind of data tanE&PO 2 Y LJI d¢itd €adies and historians. Some of the raw data and
a lot more of the metadata can also be represented within industaypdard XML models.

Thesestandards modeliclude WITSML for drilling and well daPRODML for production dat@PDM
amore general purpose large footprint data model for E&®©15926a general standard for integrated
processesandother special purpose standards.

These standards provide a clustering point for companies and their applicadi@esnmon language by
which to exchange dat&Vhilethe standardslo provide a common language, they do not provide the
translation service tm a data format to the standards between standardsThe reference
architecturemust providethe capabilityfor other applications talynamically translathe data in one
standard to any other standard that the E&Fmpanychoosesin actuality,it isnot necessary that an

E&P company adopt a standaiulit rather theymust be capable of accepting and publishing data in any
variety ofstandards.

The EDSL must have an internahiversaloperational data rmdel (UODM)Figured), a vast but
essential collection of thematicalgrganized semantically enabled seinodelsthat cover all aspects of
'y 2 NBI YusihessiintefesfsQ &
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SDE; E&P Data Services Layer
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Figure5 Theuniversal operational data model (UODM) &crucial part of the technologies on the HPS layer that maksit
possible to use ande-purposeall data sourced from processes and decision makimghe system.

HMF Layer: Wher e People Interact with the System

TheHMFlayer is where people interact with the system, working within workflows and making
decisions. PointCross offers Integrated E&P Soit®il & Gar (IEPS)Higure6, pagd 3), which
provides integrated technology solutions from initial prospect recruitment thradeyelopment,
implementation operationsand monitoring.The technologies described abowethe EFDS layethen
integrate with these solutiondriving the right decisiorelated data and metadatanto these
processes

People work in one of two possibéavironments 1) processes and tethered workflows that ensure
consistency and compliance where data is acquired and matured in a series of stages, each of which are
checked by a peer review or toll gate;2they tend to have an executive viewpoint thattows them

to look at the metadata of a portfolio of entities.

Each of the processes, shown as sWames, manage separate entities such as assets which have fields
that containother processes that manage the wells within them; or the-eggacilities hat need to be
built or seismic data to be acquired.

Executives and decision makers are more interested in the metadata of the entities, aggregated into
portfolio views, with decision options and the ability to track their past (look backs) and consider
alternate decision paths.
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IEPS zIntegrated E&P Suite for Hydrocarbon Maturation

Figure6 Integrated site of E&P applications cahe integrated with components of decision solutions to capture and
process decisionelated data across the entire implementation.

Figure6 alsoshows how applicationseamlessly interact with external parties and their data sources
and how the reference architecture suppogateways to cloud applications and exteltpdosted
software as a servic&@aS) applications that allow thperatorsto work within their firewalls while
they seamlessly interact through messaging and cross workflow triggers.

Conclusions

Qil and gas exploration and production is complaxajital- and riskintensivebusiness that requirea
wide arrayof technology and systermedongthe entire E&Pvalue chairto enable the equally wide array
of evaluation and decisions requiredutBhese technology and systemsmain isolated in silgs
requiringexpensive integration projectsr sufficientinteroperabilityto be useful for decision makers.

The MicrosoftUpstream Reference Architecture is a concept witbat potential to draw both

competing and complementary software technology and eewinto a common way eforking and
exchanging information for the benefit of the E&P indusBgcause MURA provides the reliable, secure
infrastructure for interoperability, operators, software and service companies can focus their efforts on
making the best possible domain solutions.

ThoughMURA isstill young with many aspects yet to be defindtijs paperdemorstrateswhat is
already possiblewhat one solution provider is able to do today

Thedata services layewhichincludes data management drprovisioningallows E&P companies to

configure their standard maturation, or stag@ted, processes whikdsobeing able to analyze their

portfolio of assets, projects and dealhedecisionmaking processesplemented with solutions

aligned with theMURAprovidesl y aAyadAddziA2y It YSY2NEB¢ (2 RAIAGHS
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