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Using Pl to Model and Monitor
World Class Oil and Gas Assets

Ken Startz
Adv Senior Business Analyst, Marathon Oil Corporation

Laura Murakami
Senior Consultant, SAIC
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About Marathon Oil Corporation

Marathon is an integrated international energy company engaged in
exploration and production; oil sands mining; integrated gas; and
refining, marketing and transportation operations. Marathon has
principal operations in the United States, Angola, Canada, Equatorial
Guinea, Indonesia, Libya, Norway, Poland and the United Kingdom.
Marathon is the fourth-largest United States-based integrated oil
company and t hlagest@fineronds fi fth
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MARATHON 1
® From Science to

© Copyright 2010, OSlsoft LLC. All rights reserved.
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Background

A Oil and gas production in nine countries. Refined product sales in 18

Four in upstream (Houston, MEGPL, EGLNG, and Norway)

A Pl systems:
Minnesota, Ohio, and Texas).

I Eight in downstream (refineries in lllinois, Kentucky, Louisiana, Michigan,
A Our first Pl implementation was Robinson, Ill in 1988. Our first P!

states.
.
A supply and distribution PI server was recently implemented in our downstream

headquarters in Findlay, Ohio.

'
system was sold to us by Pat Kennedy.

© Copyright 2010, OSlsoft LLC. All rights reserved.
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Business Challenges

A No easy way to retrieve time-series data for upstream assets
A Requirements to gather data from six different control systems

(including system with no existing interface)
A Embrace standards such as thin client using SharePoint®
A Integrate with Digital Oilfield initiatives such as Viewpoint

A Retrieve data from JV partners

A Advanced computation capability to highlight problem areas and
prioritize workflows

A Provide knowledge management and knowledge transfer to newer

A Integration with modeling applications such as Kappa Diamant,

technical professionals
Kappa Saphir, HYSYS, ECLIPSE.

SharePoint is a registered trademark of Microsoft Corporation in the U.S. and/or other countries.
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Contents
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A Modeling: Equatorial Guinea
A Modeling: Droshky (Gulf of Mexico)
A Monitoring and Alerting
Tools
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Central Historian Architecture Overview

IPO - EG Outside Operated IPO - Norway
MEGPL Alba B2
MEGPL Gas Plant =S ENE
WonderWare Intellution iFix Aker Solutions . Industrial .
DCS SCADA MCS Experion DCS Deltav DCS Evolution Alvheim
Industrial SQL iHistorian PhD Pl Pl Kongsberg/Rapid
OPC Interface Pl Data Publisher OPC Interface Pl PhD interface Pl to PI Pl to PI Pl

P| Central RTWebParts ACE Server HES Reliability Wells/Reservoir
Historian Server
(MOSS 2007) RTWebParts RTWebParts RTWebParts
DataLink DataLink DataLink

PI ProcessBook
Kappa Diamant

Real Time Information — Currency of the New Decade © Copyright 2010, OSIsoft LLC. Al rights reserved.



Equatorial Guinea

A World class asset - Bioko Island i West Africa

A Honeywell Control Systems both offshore and in gas
A Existing Pl users at EGLNG (another company in Punta

plant
Europa complex)

© Copyright 2010, OSlsoft LLC. All rights reserved

Real Time Information — Currency of the New Decade



Noble
GEPetrol
Ownership in Alba LPG Plant:
Marathon 52.17% (65.21% W.I.)
27.83% (34.79% W.I.)

Noble
SONAGAS 20.00% (Repaid Carry)

Marathon: Equatorial Guinea
E o Ownership in Alba Block
| o ubEny E | Marathon  63.25% (65.21% W.I.)
AN - 33.75% (34.79% W.1.)
\ } 3.00% (Carry)

Alba Field is located 18 miles NW of
Bioko Island, Equatorial Guinea in Rio

Del Ray Basin.
Water Depth ~250 ft

© Copyright 2010, OSlsoft LLC. All rights reserved.
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Alba Field

Albai 9
Alba 9 Well
and Marathon Oil Tower 050
Houston, Texas
Marathon Oil Towe} ‘ ”
== T [dEn 29,600 acres
~ 14,923 soccer fields!

Real Time Information — Currency of the New Decade © Copyright 2010, OSlsoft LLC. All rights reserved.



Alba Field Development

Alba PSC Alba Plant AMPCO EG LNG
Long-life
assets with
diverse
product and
revenue
streams
Partners A Marathon A Marathon A Marathon A Marathon Gross
A Noble A Noble A Noble A  SONAGAS Production
Energy Energy Energy A Mitsui  ~ 220,000 boepd
A GEPetrol A SONAGAS A SONAGAS A Marabeni
Products A Condensate A Propane A Methanol A LNG
A Natural Gas A Butane

MARATHON MARATHON I
M @ : -
RpLING T
® From Science to Solutions
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Alba Field Development Timeline

A Jan. 2002 - Marathon acquires Alba assets

A May 2007 - EGLNG facilities first production
A Nov. 2007 - Pl system implemented at EGLNG
A Nov. 2009 - PI system implemented at MEGPL

M Fay/ W+
—We U NN
MARATHON P/ ad | | SN
® From Science to Solutions
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Equatorial Guinea 1 Before Pl

E G DCS Network
Offshore Offshore Offshore Gas Plant
Platform A Platform B-B2 Platform C Control System
Honeywell Honeywell Honeywell Honeywell
Experion Experion Experion Experion
Honeywell PhD

Honeywell PhD

One PC Worldwide
PHD Access
=7is
'/ d | ®
From Science to Solutions

© Copyright 2010, OSlsoft LLC. All rights reserved.
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Equatorial Guinea 1 After PI

E G DCS Network GE Turbine Compressors GE Power Generators
(2 exist for MEGPL) (2 exist for MEGPL)
Offshore Offshore Offshore chsmFt’:lent
Platform A* Platform B* Platform C* e——
Room
\ [ [
Honeywell PhD Honeywell PhD GE Embedded PI GE Embedded PI
fEchoo fEchoo
Pl API P1 API
Node Node

Pl to Pl Interface

Pl to PI Interface

* Uses MEGPL Pl DMZ Network Segment

Honeywell

Experion -DataLink
@ -Process Book

System MEGPL Local PI

Historian

HYSYS
Simulation
Software

US Based Central PI Historian (Plano, TX)
Business Network

-DataLink
-RT Web Parts

Central PI Historian Kappa Diamant /
Saphir Modelling

Package

MARATHON
®

Real Time Information — Currency of the New Decade © Copyright 2010, OSisoft LLC. Al rights reserved.
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Equatorial Guinea - Benefits

A Interface to HYSYS simulation package
A Interface to Kappa modelling packages

A Worldwide viewing of EG data
A Exports to GE and other service companies

A Time stamp matching of offshore and on-shore data

MARATHON
®
ved.

© Copyright 2010, OSlsoft LLC. All rights reser
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Droshky - Background

A 50,000 BPD crude potential i largest from any single Marathon field in U.S.

A The field is 100 percent Marathon (WI). Thesub-s ea wel |l s ti e b
Bullwinkle Platform, Gulf of Mexico. The tie back is through an 18-mile
pipeline.

A The majority of the data will be acquired from Aker Solutions sub-sea
control system.

A Some data wil!|l be extracted from Shel
Evolution.

A First production anticipated mid-2010.

A Downhole calculations by Baker-Hughes DHTP Calibration server on the
platform.

A Re-calibrations performed monthly by Baker-Hughes in Houston office.
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Droshky - Origin of Name

A Droshky chosen because of the connection to the Troika field
A Originally Troika Project involved three companies - Marathon,

BP and Shell

Droshky: low, four-wheeled, open
carriage drawn by one horse

© Copyright 2010, OSlsoft LLC. All rights reserved.

Troika: a Russian carriage
pulled by three horses abreast

Real Time Information — Currency of the New Decade

s

=
h@

="/
From Science to Solutions



s a2 0N £100

Subsea Facillities

Bullwinkle DROSHKY

GCE5
[Approx31350ft WD)

Fl | Shell Bullwinkle Host Platform [

| nsul gt ed
D Design Rate

w/ 10 completions |

DROSHKY /

Flowline Manifolds

Real Time Information — Currency of the New Decade © Copyright 2010, OSisoft LLC. Al rights reserved.
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Bullwinkle

GC199

Noble Lorj

GC243

Nexen A

GC244

Drosh

& GC201
Eagle

Troika
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Methanol

HP Hydraulic
Power

Electrical
Power

MARATHON
®

Asphaltene /
Paraffin
Inhibitor

A18.5-mi |
platform

e

Umbilical

Aextensi on

Chemical /
Scale Inhibitor

cordo

A Allows monitoring and control of the wells

Real Time Information — Currency of the New Decade
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Annulus
Monitoring

LP Hydraulic
Power
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Elevations:
82 ft  (Noble Paul Romano)

2953 1t

3035

Top of Tree @ 3013 ft__RKB

B =

DRAFT

Green Canyon 244 #A4
oCcs-G-11043

Droshky Project

-Zone Stacked Frac Pack Well Completion

Rev

Drawing is not to scale

=<ove cve Flowline Hub

[DOROSHIKY

=8 Jul-2009

All depths reference RKB unless otherwise indicated

o
A" oo [ S=smeron 10k Hori zont d tHboreisomion sicove: 527" op 2.87" 10
Vetco MS-700 Wellhead
G565 -er = chem inj lines [ Nesprens 50505 oncapsulaied SCoSY contol nes
Flathack dimensions: 1 24 mm (Greeny imensions <18
2o 0.a75" OD. 0065 L Incoloy 825 lino 2o 625 . neoloy 825
Line Colars: | c1D1: None D2 Blue (w/ ridge) Line Choioret SCoSUT: Be (wf fdgey = None
Top of 267 Linor @ 3170° MO
— | 4-1/2" Sehnlumberger TRC-1I-10 SCSSV set @ +7500 RKE (£4500° BML)
36" Casing @ 3316° MD cs= With 3.686" HAalliburon = Frofile
267, 202256, X-60. RL-4S Casing @ 4707 MD A
Top of 16" Liner @ 5543 MO — =
207, 166.44, X-BO, RL-45 Casing @ 6165 MD [[5-3/2" 55, 15 1 ppr. 15C195, VAM TOP Production Tubing Above GG
Thbe 1D = 3.8267  Tube Gt 1D = 3. 701"
| Colpling 1D = 3.708" | Goupling ©n = boaz:
167, 964, P-110, Hydril 521 Liner @ 9260° MO
| 10-3/4" xO9-7/8" P o e-Back Casing
Potothene (PP1510-FC psulated TEC line (P/T gauges) 10-3/4", 7320 ppf, @125, Hydril (Goia KB - 8140 RIKE)
Flatpack dimensions: 12 mm x 11 mm (velow) | ° 6250 pot. ©125 Hivdnil 523 (8140 RKB - 12,912 RKB)
VT Incaloy 825 tine
Top of 9-7/8" Liner @ 12.882 MO —————————=|
Top of 11-7/8" Liner @ 12.970° MD —————————=|
13-5/8". 88.2 ppr. ©-125HC, Hydril 523 Casing @ 13,230° MD Baker Productionouest Pressure/Temperature Manare!
P B (Bensor @ a0 TVD)
Zas — A-1/z" Ob, 151 ppf, Hyper 1 13Cr110, VAM TOP Production Tubing Below DoiN

11-7/8", 71.8 ppr. @-125-HC, Hydril SLX Liner @ 17.,610° MD

Packer Fluid: ©12.4 ppg NaBr
Completion Fluid: £14.8 ppg CaBr/ZnBra

Sual o

with Baker 361

Seniumberger o
ok valves ; Bual 3o

Baker ProductionQuest Flowmet,

rt Dual Check Injection Nipple (DCIN) Set @ +xxxx' RIKEB
chemical injection ports

or Sot @ xx.xxx' RIKB (Sensors @ xxxxx' TVD)
del AR Profle (Bottom No-Go)

Venturi throat ID = 1.815" Minimum mandrel ID with venuri removed = 3.562"

K@Y/L2 Sand Perforations

357 teet @ as SEE
I ron 6-1/2" Carrier. 479
Mirase ROX BHLD Chargas

Mi1A/O-Upper Sand
Perforations

282 feet @ 14 SPE
Halliburton 6-1/2" Carrier, 47a

P Sand Perforations

149 feet @ 18 SPE
(Halllburton 6-1/2" Carrier. 47a
age BHLD Charges)

PBTD @ Foat Coll
©-7/8". 62.8 ppr. @-125HC, Hydr
TO @ 21.910' MD

MARATHON
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19,823 - 20,180 LWD
y Lwo
MPP: 19,567 TVD

Deviation @ MPP = a3%

20,442 - 20,824 LWD
MPP: 20,653 LWD
MPP: 20,032 TVD

Deviation @ MPP = aac

21,130 - 21,279 LWD
PP 21,205 LWD
MPP: 21,447 TVD

Deviation @ MPP = aa°

@ 21,727 MD

523 Liner @ 21.876° MD

Halliburton RPT Top No-Go Nipple (3.437" Bore) @ =00 RKE

Baker Size 831-434 Premier 10k P ction Packer with
S13Cros with Aflas Element, Cut-to-lRelease, Set @ =20,200"

Halliburon RPT Top No-Go NIipple (3.313" Bore) @ oo RKI

Schiumberger Endur e
W ith 2ooff xxt X s Schiumberger

Sschic Lrger Ported Space-out Joint @ 4o RIKE

Frac portisolaton seal assembly

e

| chimberaer 5.5/ x 475 Guantm X Packer @ sxxxt KB

57, 15 ppf, Fiyper 2 15Cri10, SLHT ST Blank Pipe

[ Ay
ScrmmESTGeT PV S SR G5 55
I RN At

5,38 PRI SLST H-T Hyper 1 13Cr130 Blank Pipe Gowost - 50

Schlumberger 9-5/8" x 4.75" Quantum x Packer

HT-S-T Blank Pip:

15 ppf. Fiyper 2 15Cr110, SU
5000¢ — 3000¢ MD
Schiumberger MEIV- 5 (05
Shear-ou

¢ Satety SUb (ot

Schlumberger 9-5/8" x 4.75" Quantum L Sump Packer @ xxxx"

bos
Anoy zo

RKE

Ker Module

Sehi umber o dure Sereen (izs5e mesn
E it 2Ot ok % e Sehiumiser er vertoal Bocantric ANERAC T
57 OB, 18 PRl SLSTH-T. Hyper'2 13Cr110 Base Fpo; Scroen Mesn Koy 2o
Schlumberger 9-5/8" x 4.75" Quantum X Packer @ txxxx' RIKS
5. 18 ppf. Hyper 2 18Cr110, SLHT ST Blank Pips
- 3000¢ — 000¢ MO
Schiumberger MEIV-5X (O = 7 3187 1D = 3.7007
Shear-out Safety Sub (o4
18 pPr. SLST-H-T Hyper 11 13Cr110 Blank PIpe (owood - 506000
me = h

© Copyright 2010, OSlsoft LLC. All rights reserved.




The pipe goes through the tersioners and offthe ramp onto the reel.
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The pipe landing on the reel as seen fomthe bridge. The average rate for spoolingis
22m ofpipe per minute .

Real Time Information — Currency of the New Decade © Copyright 2010, OSIsoft LLC. Al rights reserved.



E 2335567.55 ¥ 10124207.07 04/11/09
STA 747486.22 DCC ~10.0 09:41:57
D 1106 .2 Alt 8.6 Hdg 25.5
H20: Angus Usbilical X«3ng VI

.“N

Fowline A shark encounter.

E 2319787.82 ¥ 10127401.37 03/11/09%
STA 932+17.18 DCC -15.5 16:30:00
D 1238 .4 Alt 8.2 Kdg 35.7
N20: A2 Post Installation

Flowline Abeinglaid at the Angus umbilical
crossing. 64 total concrete mattresses were
usaed ©orthe Droshky fowlines and umbilical .
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= PLEM Overview

e 5 O

Back | Forward

GC2443 ST2 - Slat C |

Flowline B

GC2442 ST3 . SlotB %

[

Flowlne A

3 [ GV5-B

PLEM Overview

A.SlotA |

- Flowhne A

PLEM B

Flowline B

PIY - Closed

1020

Flowline A

- Flowline A

1019

PLEM A

_ GC2445 . SlotE_|
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D well GC244-2 ST3 -0} x|
-
=3

. )
Dm0 0 - s Well GC244-2 ST3 B
Weil - — — — e

: Back Forward Home Toggle SCM Status DHPT Status
S—

»

Upstream _
A= A5 2 e Flowline A

Sand Erosion (SE) Values , .

S N - Mot
Descrinfion | Value Units |

Motal Loss G.08 wnils

Metal Loss Prossuro 9.0 Prsi

Motal Loss Tomperaturo V.08 degl

Downhole Gauge Values
Throat 8.08 a@.0e
Inlet a.08 @, 00 Hydraulic Supply Pressure Valucs

Density 9.68 .00 Oescoption Value Units
Annul ax a.00 Q.08 HP Supply 8.0 Psi
Lower Zone .00 a.08 LP Supply 8.0 psi
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Droshky i Without P|

Baker Hughes
Flow-Calculator DHFM

v

Aker Solutions MCS
(sub-sea data)
Remote Monitoring
VIC Client
I I Lafayette and Houston
—
/g || S
From Science to Solutions
© Copyright 2010, OSlsoft LLC. All rights reserved.
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Neptune Gas Plant
Monthly Gas Sales
l T Allocations

Monthly Allocations (IBM
Manually enters into SAP)
MMS Production SAP Entry (IBM) SPL Incorporated

Reporting <+—| Production Accounting Monthly Production Allocations
(Tulsa, OK) (Pearland, TX)

A

[ waterpepth-30001t

: _ ) :
Pl Database (Shell) : Bullwinkle Control =———
Real time Collection |« : System Stipureck :
and Reporting : (Intellution) = |
5 0
Industrial Evolution Facility Tags . Shell Provides Daily e .
Contract 87 . Allocations (MOC Operators b 507 LI | .
. Manually enter into TOW) Sl ol s :
TOW Database Pl Database (MOC) : . :
Production Allocation |——p Real time Collection | . & AET ST > S Halllg e :
. . < - MCS <«——— | SDA Flow-calculator .
and Reporting — and Reporting (subsealgonirols) DHEM :
Calculated Tags : Offshore g
150 B e e e
: Remote Monitoring
Production Analysis Ka_lppa DIEWEN! DRI Vic Client Q
Saphir / Topaze <+——| (high frequency pressure &
P P and rate data) (Lafayette and Houston)

Shell (DOR) Controlled |:| MOC Controlled |:|

MARATHON S
® From Science to Solutions
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Droshky - Benefits

Savings of $5K per user for displays vs. VIC client

Daily input deck for Eclipse models saving vs. hand-typing by
engineers.

Automatic daily entry into production allocation system (TOW)
One source of the truth using PI OLEDB COM connectors into TOW.

Monthly updates for re-calibration of Baker-Hughes downhole data

using Pl Universal File Loader (UFL).Pl1 1 s consi der ed
Dat abaseo.

A Sub-surface modeling with automatic channel created to Kappa
Modeling Suite.

o o To  Io I
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S
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=
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MARATHON (i |
® From Science to
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Engineering Models Used

A ECLIPSE: Sub-surface reservoir modeling for multi-phase flow through

porous media. (Entire Field)

A Kappa Diamant/Saphir: Pressure transient analysis. Used in the early
stages of a well to evaluate properties in the close vicinity to the well. (One
A HYSYS: Topsides modeling. Usually used for offshore platforms. Maximize

well at a time)
fluid recovery to optimize surface production facilities.

© Copyright 2010, OSlsoft LLC. All rights reserved.
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Benefits (Modeling)

Project value estimates were based on 0.1% of worldwide
production, based on greater well equipment reliability, and

well characterization for future wells.

© Copyright 2010, OSlsoft LLC. All rights reserved
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Reservoir Engineer Quote

NA new wel | dri Il 1l ed and ¢ omj
Mexico or Equatorial Guinea can cost up to $125 million.
Proper reservoir characterization includes flow and

pressure build-up data down to the six-second level, in

order to avoid wasting capital on unproductive wells. Pl
wi | | be I nstrument al Il n cap

I
o My,
s rllll|
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S 3
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mmoés Creek Plunger Li

Mi
A Operators are overwhelmed with tasks (operate by

exception)
A Requested by the Technology Services group (R & D
function)
A Result of a six-month study to optimize production

© Copyright 2010, OSlsoft LLC. All rights reserved
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A arge number of gas wells
ASpread out across numerous
counties in Texas
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