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Background

UT Expertise in EOR

Knowledge In

— Professors and Students
— Dissertations and Papers
— Laboratory Procedures

— Laboratory Data

Need for Integrated Approach
Industry needs help in Decision-Making




Why Build an Ontology?

Ontologies provide for sharing common
understanding of the structure of information
among people or software agents.

Ontologies enable reuse of domain knowledge.

Ontologies make explicit domain assumptions
underlying a particular systems implementation.

Ontologies separate the domain knowledge from
the operational knowledge.

Ontologies enable analyzing domain knowledge
once a declarative specification of the terms Is
avallable.

Ontology Development 101: A Guide to Creating Your First Ontology
Natalya F. Noy and Deborah L. McGuinness



UT Focus

Decision Making Processes in Enhanced Oil Recovery (EOR)
For a given reservoir:

1. Which EOR Methods are most promising?

2. What is the potential for each of the promising EOR Methods?

3. What is the best design for each EOR Method to be applied?

e.g. Best Alkaline, Surfactant, Polymer (ASP) Formulation?

Workflows to be Considered

. Screening

. Laboratory
. Geology

. Simulation
. Field Trial

. Production



Approach

Capture Knowledge

Focus on EOR and its Workflows
Build Ontology Pilots

Build Workflow Driven Ontologies
Create Knowledge Base and Query



Our Vision



Knowledge System Architecture — A Vision

N\
Decision

Support
System

Human

Queries

Intelligent
Agents

J

Short Courses

Kno ge
Base

O
t

ﬁ

D S— |

ﬁ
ﬁ

—

University Courses

Knowledge
Organization

] «<— —>| Dissertations

n

Publications 1‘ —> Theses
[ Knowledge ]
Real Time Extraction —> |  Textbooks
Data T
A

v

v

v

> | Journal Articles

Field Data

Lab Data

Simulations

Human Experts




Salinity

Scan
Generic Laboratory
EOR Surfactant ~ Workflow
Laboratory Core
Workflow Flood
J
EOR Surfactant IRSS |
Simulation UTCHEM T :
sl 7 Generic Simulation
Workflow
EOR Surfactant
Field Trial < Generic Field Trial
Workflow Workflow

A Vision for an Ontology-Based EOR Intelligent Decision Support System



Possible Queries for Decision Support System

What EOR Methods should be considered for this reservoir?
How do we calculate the oil recovery vs. time when this EOR Project is implemented?
What is the total porosity/permeability of the reservoir and what is their uncertainty?

If chemical flooding, what chemicals should be considered as candidates for
surfactants, co-surfactants, alkali, polymers, co-solvents for this particular chemical
flooding project?

What is a rough estimate of the net present value (NPV) of this EOR Project?
How much uncertainty is associated with the prediction of performance in the field?

Given that chemicals are available and the NPV is acceptable, what is the chemical
EOR formulation that we should simulate?

How do we calculate the value of doing more lab work before going into production
with this EOR method?

Should we do a pilot test in the field?
How do we decide whether to skip a step in the process to accelerate production?



Pilots

EOR Screening Ontology Pilot

Surfactant Selection Workflow
— Expanded to EOR General Ontology with Chemicals

EOR Simplified Recovery Calculation Ontology
Pilot

Scale-Up Uncertainty in Reservoir
Characterization Pilot

Risk Management Ontology Pilot



EOR Screening Ontology
Pilot



Depth Limitations...

DEPTH, FEET

EOR METHOD © 2000 4000 6000 8000 10,000
i | 1 l 1 ] 1 1 1

DEEP ENOUGH
FOR REQUIRED PRESSURE

HYDROCARBOMN-
MISCIBLE

S "-:-'v.-:-:-:-.-.-:-cn e
e

E:"\.%EEC' alets QHD‘-:Q’QHE EE.E E.:\.-3

e l"' l'h"-' O

e e :-:g

NITROGEN AND DEEP ENOUCGH

FLUE GAS FOR REQUIRED PRESSURE
CO2 FLOODING | E .| DEEP ENOUGH FOR OPTIMUM PRESSURE
SURFACTANT/

POLYMER LIMITED BY TEMPERATURE

POLYMER LIMITED BY TEMPERATURE

HIGH &5
FIRE FLOOD DEEP ENOUGH FOR REQUIRED PRESSURE
STEAM DRIVE NORMAL RANGE (POSSIBLE)




Permeability Guides...
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Preferred Oll Viscosity Ranges...

Oil Viscosity - Centipoise at Reservoir Conditions
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Partial TORIS Data Base

True Yertical | Formation  urrent Formatian Formation
Depth Temperature Fressure Fermeability AP il Wiscosity Field Fesenair
ft ofF psia rnd gravity Cp Marne Marne
Cal. 16 Col 17 Cal. 15 Cal. 19 Cal. 21 Cal. 22
1 g7a0 153 2000 10 41 1.200 GRANITE POINT MIDDLE KEMA
2 6300 160 3360 100 22 250 KURARUK RIWER KUPARUK RIMER
3 9350 180 3300 a3 35 1.19) MCARTHUR RMWER HEMLOCK
4 gaa0 163 3000 B5 36 1.10, MCARTHUR RWER TYOMEK MIDDLE KENAI G Z0ME
3 9650 185 2300 102 33 1.49 MCARTHUR RMWER WWEST FORELAND
B 7100 153 4100 3 35 0.72MIDDLE GROLMND SHOAL TYOMEK-HEMLOCK EF & G
7 9000 200 3950 450 2 0.90 FRUDHOE BAY SADLEROCHIT
g 10800 180 4500 170 39 1.90 SWANZON RIVER HEMLOCK
2 11085 210 3000 13 43 046 CITROMELLE (LMIT) WARIOLS
10 GILBERTOW/N ELITAW
11 5807 158 BO0 29 2.56 POLLARD UPFER TUSCALOOSA
12 10240 258 2600 201 46 44.40 CHALYBEAT SPRINGS ShACKOVER
13 2690 15 a0E 22 35.00 CHAMPAGMNOLLE OLD
14 32 EL DORADO, EAST oLD
15 2100 110 195 32 6.50 EL DORADO, SOUTH MACATOCH
16 2106 12 754 21 B0.00 FALCOM TOKID
17 3400 135 1000 H 5.00 FOUKE PALLEEY - TUSCALOOSA,
15 1150 a5 1500 14 37739 IRkAA, OLD MACATOCH
19 2545 18 800 1200 17 160.00 LICK CREEK WAEAKIN
20 2060 110 a01 1500 34 7.60 LISEON MNACATOCH
21 7400 207 3245 1085 35 3.149 WAGHOLLA ShACKOVER
2 6300 180 2850 45 36 0.85 MAIDWAY SHMACKOVER
23 5665 170 393 A 3.00 MNEW LONDON COTTOM WALLEY
24 2300 115 3a0 1800 19 12.00)  SANDY BEND MNACATOCH
25 a700 170 750 42 1.30 SCHULER COTTOM WALLEY
26 7430 158 400 34 B.20 SCHULER JOMES
v 2600 125 200 1500 20 71.20 SMACKOWER BLOSSOM
28 2400 120 500 1000 20 o6.00  SMACKOWER GRAVES
29 2000 110 875 a000 20 75.00  SMACKOWER MNACATOCH
a0 2100 114 918 92 30 12.00)  STEPHENS BUCKRANGE
3 2650 115 125 30 8.00  STEPHEMS SWART AREA (TOKIO)
32 1220 g9 3500 15 70.00 TROY MACATOCH
33 3550 121 729 23 428 LIRBEANA, LIRBAMNA,
34 3100 131 1686 2772 32 4.14 WWESSO0MN HOGG
35 5050 146 450 430 24 4500 ALISO CANYOMN PORTER
36 2266 122 350 14 3.000.00 ANT HILL OLCESE
37 2300 123 BS5 19 11.67| ANTELOPE HILLS WILLIAMS AREA EAST BLOCK A GLU
ag 22893 123 B55 17 18.17 | ANTELOPE HILLS WILLIAMS AREA WY.B. BUTTOM BE
39 1311 95 B95 16 95.24 ANTELOFE HILLS, NORTH MIOCEME
40 5600 200 1600 350 34 070  ASPHALTO STEWVENS
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LakeEORScreening0622TORISY Protégé 3.4 beta (file:\C:\WProgram%20Files\Protege_3.3_beta\l akeEORScreening0622TORISY.pprj, OWL / RDF Files) £JE| X
i Filz  Eclit Project OWL  Ressoning Code  Tools  Winddow Helg

OEE B E wmd &9 < > 4€protégé
i = Forms rJJess r.& OWLViz r* SWRL Rules ('Hnstance Tree |
® Metadata (Ontology1180025216.owl) r © OWLClasses = Properties r 4 Individuals { = Forms |
For Project: ® LakeEORScreening0622TORISY |For Class: ©® EOR_Method For Individual: ¢ (instance of EOR_Method)
Class Hierarchy | Asserted | Inferred | el [0 [J Annotations
owl:Thing Asserted Instances -~ ¢ ® X & | broparty ‘ Value ‘La...‘
> “rdfiList (53) # Alkaline_Method ifs:com... -
> © temporal:Entity 4 CO2Flooding_Method
> © swrla:Entity 4 FireFlood_Method
> O swrl:Atom # HC-Misc_Method =z
swrl:Builtin (224) + NitrogenandFlueGas_Meathod
swrl:Imp (8) # Polymer_Method
swrlVariable (4) 4 SteamDrive_Method
@ EOR_Method (8/8) @ Surfactant_Polymer_Method

@ Reservoir (26 /26)

| || e

Asserted Types L B
@ EOR_Method

o [ B [»]

t P ink ... - O ) W { 1:41 PM
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LakeEORScreening0622TORISY Protégé 3.4 beta (file:\C:\Program%20Files\Protege_3.3_betall akeEORScreening0622TORISY.pprj, OWL / RDF Files) =] 3

"
File  Edit Project OWL Eeasoning Code Tools  Window Help

DEeE AEBE s ¢ 9 < = %protégé

¥ = Forms rJJess ’/.’; OWLViz r.SWRL Rules ('Hnstance Tree |

® Metadata (Ontology1180025216.owl) | ® OWLClasses . mProperties  #Individuals = Forms |
For Project: ® LakeEORScreening0622TORISY  |For Class: @ |Reservoir (instance of owl:Class) [l Inferred View
Asserted Hierarchy Y e Y3 ea @ [J Annotations
owl:Thing Property | Value Lang |
> “rdfiList o rdfs:comment =
»> © temporal:Entity
> swria:Entity
> swrl:Atom
swrl:Builtin =]
swrl:Imp ol & @ m Properties and Restrictions

swrl:Variable
@ EOR_Meathod
@ Reservoir

= Depth  (single float)
v ®mhas_EOR_Method (someValuesFrom EOR_Method)
€ EOR_Meathod
M = QilViscosity (single float)
= Permeability (single float)
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LakeEORScreening0622TORISY Protégé 3.4 beta

File Ecit Project OWL
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owl:Thing

> O rdf:List (53)
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»

»
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swrl:Atom
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swrl:Imp (8)
swrl:Variable (4)
® EOR_Method (8/8)
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For Class: @ Reservoir
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ﬂLakeEﬂRScreeningﬂﬁZZTﬂRlS\" Protégé 3.4 beta (file:\C:\Program%20Files\Protege_3.3_beta\l ake EORScreening0622TORISY.pprj, OWL / RDF Files)

File  Edit Project WAL

Reasoning Code

Tools

Winclony

Help

OEE B E ey O HMEIMN Q> f@pmrégé
= Forms ’/JJess ’/.’s OWLViz ’/—* SWRL Rules ’/'QInstance Tree |
® Metadata (Ontology1 18002521 6.owl) r - OWLClasses r = Properties { % |Individuals r = Forms
SWRL Rules afFeas
Ena... ‘ Name ‘ Expression
Rule-1 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan(?permeat...
Rule-2 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan(?permeat...
Rule-3 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan(?permeatk...
Rule-4 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan(?permeatk...
Rule-5 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan(?permeatk...
Rule-& = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan(?permeat...
Rule-7 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeak...
Rule-8 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeak...
s
] i < o ©




LakeEQORScreening0622TORISY Protégé 3.4 beta (file:\C:\Program%20Files\Protege_3.3_betall akeEORScreening0622TORISY .pprj, OWL f RDF Files)

File  Edit Project OWL Eessoning Code Tools  Window Help

OEE fBEB wds 9 4 = <€protégé
= Forms ’/JJess ’/.’. OWLViz ’/—* SWRL Rules ’/.QInstance Tree |
® Metadata (Ontology1180025216.owl) r © OWLClasses r = Properties ’/ 4 Individuals r = Forms ‘
SWRL Rules 5B
Ena... ‘ Name ‘ Expression
Rule-1 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan(?permeatk...
Rule-2 B SWRL Rule ?permeability) ~ swrlb:greaterThan(?permeat...
Rule-3 ?permeability) ~ swrlb:greaterThan(?permeak...
Rule-4 (Name ’/Comment‘ ?Eermeabili% s swrlb:greaterThanE?Eermeal:...
Rule-5 Name 7?permeability) ~ swrlb:greaterThan{?permeat...
Rule-6 Rule-1 | Ppermeability) . swrib:greaterThan(?permeat...
Rule-7 ?permeability) ~ swrlb:greaterThan(?permeak...
Rule-8 SWRL Rule ?permeability) ~ swrlb:greaterThan(?permeat...

Reservoir(?x) ~
Depth(?x, ?depth) ~
Permeability(?x, ?permeability) ~
swrlb:greaterThan(?permeability, 20.0) ~
swrlb:lessThan{?depth, 9000.0) ~
QilViscosity(?x, ?viscosity) ~
swrlb:lessThan(?viscosity, 300.0)

—+ has_EOR_Method(?x, Alkaline_Method)

o me 75}?1}_‘3::
B oA = 3 [ 1+




LakeEQRScreening0622TORISY Protégé 3.4 beta (file:\C:\Program%20Files\Protege_3.3_betall akeEORScreening0622TORISY .pprj, OWL f RDF Files)

File  Edit Project OWL Eeasoning Code Tools  Window Help

NeH B0 wma ¢ BEE <> <€protégé
= Forms ’/«/Jess ’/."L OWLViz ’/* SWRL Rules ’/.Hnstance Tree |
@ Metadata (Ontology1180025216.owl) r © OWLClasses r ™ Properties r # Individuals r = Forms ‘
SWRL Rules SR
Ena... ‘ Name ‘ Expression
Rule-1 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan(?permeatk...
Rule-2 B4 SWRL Rule ?permeability) ~ swrlb:greaterThan{?permeat...
Rule-3 ?permeability) ~ swrlb:greaterThan(?permeak...
N C t
|Rule-4 ( ame ’/ emmen ‘ ?permeability) ~ swrlb:greaterThan({?permeatk...
Rule-5 Name ?permeability) . swrlb:greaterThan(?permeak...
Rule-8 |Rule-4 | Ppermeability) A swrib:greaterThan(?permeat...
Rule-7 ?permeability) ~ swrlb:greaterThan({?permeak...
Rule-8 SWRL Rule ?permeability) ~ swrlb:greaterThan(?permeat...

Reservoir(?x) ~
Depth(?x, ?depth) ~
Permeability(?x, ?permeability) ~
swrlb:greaterThan(?permeability, 0.0) ~
swrlb:greaterThan{?depth, 5000.0) ~
QilViscosity(?x, ?viscosity) ~
swrlb:lessThan(?viscosity, 10.0)

—+ has_EOR_Method(?x, HC-Misc_Method)

Oome Fp DBE
B oA = 3 [ 1 +«




LakeEORScreening0622TORISY Protégé 3.4 beta

File Ecit Project OWL
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{file:\C:\Program%20Files\Protege_3.3_beta\l akeEORScreening0622TORISY .pprj, OWL / RDF Files)

= Forms ’/JJess ’/.’. OWLViz ’/—' SWRL Rules [OQInstance Tree |
® Metadata (Ontology1 18002521 6.owl) r © OWLClasses = Properties ’/ 4 Individuals r = Forms
SWRL Rules R
Ena... ‘ Name ‘ Expression
Rule-1 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeak...
Rule-2 Bl SWRL Rule ?permeability) -~ swrlb:greaterThan({?permeatk...
Rule-3 ?permeability) ~ swrlb:greaterThan(?permeak...
Rule-4 (Name [Comment‘ ?permeability) ~ swrlb:greaterThan(?permeak...
Rule-5 Name ?permeability) . swrlb:greaterThan(?permeat...
Rule-6 Rule-8 | Ppermeability) . swrib:greaterThan(?permeat...
Rule-7 ?permeability) ~ swrlb:greaterThan{?permeak...
Rule-8 SWRL Rule 7permeability) ~ swrlb:greaterThan(?permeatk...
Reservoir(?x) ~
Depth(?7x, ?depth) ~
Permeability(?x, ?permeability) ~
swrlb:greaterThan({?permeability, 20.0)
swrlb:lessThan{?depth, 7500.0) ~
OilViscosity(?x, ?viscosity) ~
swrlb:lessThan(?viscosity, 40.0)
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File  Edit Project OWL Reasoning Code Tools  Window Help

= of B B fued ¢ @ <= f—'?@pmtégé
= Forms ’/JJess ’/ - OWLViz ’/—* SWRL Rules ’/ * |nstance Tree |
® Metadata (Ontology1 18002521 6.owl) r OWLClasses r = Properties { % |Individuals r = Forms
SWRL Rules Sy
Ena... ‘ Name ‘ Expression
Rule-1 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan(?permeat...
Rule-2 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan(?permeat...
Rule-3 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan(?permeatk...
|Rule-4 |—> Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan(?permeatk...
Rule-5 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan(?permeatk...
Rule-& = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan(?permeat...
Rule-7 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeak...
Rule-8 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeak...

|/ = SWRL.JessTab r — Rules |/ —* Claszes r —* Propetty A&ssertion Axioms |/ = Individuals r — Axioms r — Inferred Individualzs

|/ —* Inferred Properties Assertion Axioms

SWRL rule and relevant OWL knowledge successfully converted to Jess knowledge.
Number of SWRL rules exported to Jess: 8

Number of OWL classes exported to Jess: 3

Number of OWL individuals exported to Jess: 34

Number of OWL properties assertion axioms exported to Jess: 78

Number of OWL axioms exported to Jess: 0

Look at the "Jess Rules" tab for the Jess rules.

Look at the "Imported Jess Classes" tab for the Jess class definitions.

Look at the "Imported Jess Properties" tab for the Jess property assertions.
Look at the "Imported Jess Individuals” tab for the Jess individual assertions.
Press the "Run Jess" button to run the Jess rule engine.

| OWL+SWRL->..|| RunJess |

| Jess->OWL

‘4 Start '@ 1o
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File  Edit Project ©OWL Reasoning Code Tools  'Windoww  Help

OHEH 4+BE g ¢ B elr <

= Forms {JJess { - OWLViz {—* SWRL Rules { * |Instance Tree |

® Metadata (Ontology1 18002521 6.owl) [ OWLClasses [ = Properties { # |Individuals [ = Forms
SWRL Rules e e
Ena... ‘ Name ‘ Expression
Rule-1 = Reservoir(?x}) ~ Depth(?x, 7depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan{?permeak...
Rule-2 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan(?permeat...
Rule-3 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeatk...
|Rule-4 |—’ Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeak...
Rule-5 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan(?permeat...
Rule-8 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeatk...
Rule-7 = Reservoir(?x) ~ Depth(?x, 7depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeak...
Rule-8 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan(?permeat...

r = SWRLJessTah r —" Rules r = Classes r = Property Azsertion Axioms r = Individuals r = Axioms r = Inferred Individuals r —* Inferred Properties Assertion Axioms

Succesful run of rule engine.

Number of reclassified individuals: 0

Number of inferred property assertion axioms: 97

Look at the "Inferred Individuals” tab to see the inferred individuals.

Look at the "Inferred Property Assertion Axioms" tab to see the inferred property assertion axioms.
Press the "Jess-=0WL" button to translate the asserted facts to OWL knowledge.

OWL+SWRL->..|| RunJess | Jess->OWL
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File  Edit Project OWL Eessoning Code Tools  Window Help

NEeHE B0 med d% BHEE <> *-f-éprotégé
= Forms ’/JJess ’/ . OWLViz ’/—* SWRL Rules ’/ * [nstance Tree |
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EOR Screening Ontology Pllot —
Lessons Learned

Use of SWRL.
Use of Expert System Engine (JESS)

_arge numbers of reservoirs screened at
once

Relatively simple structure in ontology
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Workflow Driven Ontologies
(WDO)
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EOR General Ontology with Chemicals
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@ Steady-State_Injection_Rate L eaie @B Disjoints
@ Surfactant_Adsorption

@ Time

@ volumetric_Sweep_Efficiency

@ volumetrics

@ wWaterflood_Swept_Area
» @ Input_Data -
| ]88 R R| s B8 » ® |ogic view O Properties View

|
A
©

[]




B Recovery0 0Bv1 Protégé 3.4 beta : Program%20Files\Protege_3.4_beta\Recovery0 0Bv1.pprj, O RD : -

File Edit Project Owl Reasoning Code  Tools  Window Code  TGWizTab  Help

NeH +B3 wma 9 Qe <€pratégé

O OWLClasses

IC]

SUBCLASS EXPLORER

For Project: ® Recovery072308v1 [ Inferred Yiew
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@ Depth
@ Initial_Qil_Saturation
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@ Figure_9-36
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@ Pore_Waolume

@ Time

& 8 B

@ @ ; £ @

[ Symmetric

Super Properties

]




[Dil_Rate_versus_TimeJ
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[Pare_volu meJ

is_calculated from
can be

.

[Wate rfl nad_Swept_Area] [M aterial Balance]

is calculated from

can be\‘

[ Cumulative_ WF_0Qil_Produced_per_ Pattern J

is_calculated_from

can be
B
[ Initial ©il Saturation

is_calculated_from . _ _
can be [F{esmual_Oll_Saturatlnn_WFj

Pattern Area
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[ Relative_PermeabiIity_CurvesJ
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Clay Fraction
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Qil_Viscosity Permeability
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Simplified Recovery Calculation
Ontology Pilot —
Lessons Learned

Large Complex Calculation

Essentially one Property
— “Is calculated from”

Errors, insights found when ontology and
CMAP created

Previously available only to students to
read.

Now available to software agents



Scale-Up Uncertainty Ontology



Motivation

. 1

EOR

1 Physical scale




Workflow

Non-Linearly Averaging — Second Porosity

1.Transform the secondary porosity to another variable space that is linearly additive

2.Normal score transform the second porosity data and compute semi-variograms
Construct a licit 3D variogram model with sill standardized to be 1.0.

3.Calculations of representative elementary volume and variance of mean using the 3D
point- scale variogram from Step #2.

4.Computation of up-scaled variogram via linear volume averaging.
5.Use of the up-scaled variogram from Step #4 to perform conditional simulation.

6.Backtransform simulated values to secondary porosity units msssp  Scale up uncertainty



[nonltnearly_averaging]
A

[Tra nsform_the_secondary_porosity_to_another_variable_space_that_is_linea riy_additive]

(Eacktransform simulated values to secondary porosity units ]

iscalcfrom
must be

Transform

f Use_of_the_up-scaled_variogram_to_perform_conditional_simulation J

[ Normal_score_transfrom

iscalefrom

ik hascalcstep

must be

N/

[Three_D_Variogra m_analysIsJ

( conditional_data_sets ] (power_variance_of_meanJ

[ Non-stationary_or_trend_calculations J ( Ca [culate_REV)

- hascalcstep [ : ]
conditional_data_sets I— Filie e —| power_variance_of_mean

iscalcfrom

hascalcstep must be
must be

iscalcfrom

must, be hascalcstep o iscalcfrom

must be must be

secondary_porosity /
power_variogram statistical_measures | | 9rid_spec

\

are iscalcfrom
must be

[power_variance_of_m ean J

hascalcstep
must be

(Pow er_Semi-Variogram_Modelling ] 4— h;s;:::ségp _[ computation_of_up-scaled_variogram_via_linear_volume_averagi ng]

(statistical_measuresj [ secondary_porosity ]




Example of Instances in the Ontology

[ linearly_averaging J

[Three D_Variogram_ anaIySJS

Use the up-scaled variogram with the sampled set of conditioning data to perform conditional mmu!atmnsJ

ey

hascalcstep iscalcfrom
must be must be

[Sam ple_muItipIe_sets_of_conditioning_data_vaIuesJ

are

[Nc:n-statlonary_or_trend_calculations J

hascalcstep

must be Calculate_REV

iscalcfrom [ Sample_multiple_sets_of conditioning_data_values ]
must be

[varia nce_of _mean )

iscalcfrom hascalcstep
must be must be

hascalcstep are iscalcfrom
must be i must be

[ statistical_measures J grid_spec total_posority [variance_of_mean J

[ Semi-Variogram_Modelling

hasca l;:?)tep .__—[ Computation_of_up-scaled_variogram_via_linear_volume_averaging ]
must be
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@ secondary_porosity
@ total_posority

v @ statistical_measures

® power_variance_of _mean
@ power_variogram

@ Transform

@ variance_of_mean

@ variogram

@ Variogram_inference

@ Variogram_Modelling
swirla Entity

temporal Entity

¥ @ uncertainty_model
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@ Calculations_of REY (1)
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CLASS BROWSER INSTANCE BROWSER

For Project: ® scale_up

For Class: @ conditional_simulations

For Individual:

INDIVIDUAL EDIT...

+—-F T

al_simulations

-
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&

fAsserted ’/Im‘erred ‘ S el [

Asserted Instances - & @ X G Property ‘

# F_conditional_simulations = rdfs:comment
hascalcstep # & &
iscalcfrom ¢ o
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o = [»]
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B Mon-stationary or trend calculations
C Calculations of REWY
D Computation of up-scaled variodgram wia lingar volume averading
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F conditional simulations
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[ Rule-1 BSluncertainty_model{?u) & hasindex{?u, index_1) — sqwrl select{ ?u)
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C Calculate REY

O computation of up-scaled variogram wia linear wolume averading
E conditional data sets

F Use of the up-scaled wariogram to perform conditional simulation
nonlinearly averaging 16

A Transform the secondary porosity to another variable space that is lienarly additive ) o )
B Normal score transfrom the wvariable and compute semivarioarams. Calculate semibarioaram of logarithms and construct a licit 20D varioaram model

Save as CSY .. H
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Scale-Up Ontology
Pilot —
Lessons Learned

e Captured Knowledge of Different Scale-Up
Methods

 Use SOWRL to answer queries on steps
iInvolved In particular procedure



EOR Ontology: Risk Based
Decision Making
Pilot



SPE 109628

A Procedure for Assessing the Value of Qilfield Sensors
R. B. Gilbert, L. W. Lake, SPE, C. J. Jablonowski, SPE, J.W. Jennings, SPE, E.J. Nunez, SPE, The University of Texas at

Austin
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Risk Management Ontology Pilot
— Lessons Learned

 General Risk Management Concepts

e Specific Application

e Captured all numbers and meanings from
published SPE paper

 Now available to software agents



Next Steps

e Use Lessons from Pilots to Design the
Ontology — Based EOR Decision Support
System.

* Prepare Software Development Plan
iIncluding Knowledge Capture and
Ontology Development



Knowledge System Architecture — A Vision
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