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Background

UT Expertise in Enhanced OIll Recovery

Knowledge In

— Professors and Students
— Dissertations and Papers
— Laboratory Procedures

— Laboratory Data

Need for Integrated Approach
Industry needs help in Decision-Making




Our 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



Our Approach

Capture Knowledge
Focus on EOR and its Workflows
Build Ontology Pilots

Create Knowledge Base and Query
System



An Ontology Is Often Just the
Beginning

Declare
structure
Ontologies  ———( -
Provide
domain
description

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



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
- 1 1 l 1 1 1 1 1
HYDROCARBON-| E e DEEP ENOUGH
MISCIBLE B FOR REQUIRED PRESSURE
NITROGEN AND Edi@;‘sﬁbmﬂq DEEP ENOUGH
FLUE GAS G FOR REQUIRED PRESSURE

| CO2 FLOODING DEEP ENOUGH FOR OPTIMUM PRESSURE
SURFACTANT/
POLYMER LIMITED BY TEMPERATURE
POLYMER LIMITED BY TEMPERATURE
ALKALINE PREFERRED ZONE CDHSUMPTIDM
FIRE FLOOD DEEP ENOUCH FOR REQUIRED PRESSURE
STEAM DRIVE NORMAL RANGE (POSSIBLE)




Permeability Guides...

PERMEABILITY, millidarcy

10 100 1000 10,000
EOR METHOD RN R L 11 lesul 10 lasnl e FE
HYDROCARBON -
MISCIBLE NOT CRITICAL IF UNIFORM
NITROGEN AND _
FLUE GAS NOT CRITICAL IF UNIFORM
COz FLOODING HIGH ENOUGH FOR GOOD INJECTION RATES
SURFACTANT/ |Baie o e b
POLYMER : PREFERRED ZONE
POLYMER PREFERRED ZONE
ALKALINE PREFERRED ZONE
FIRE FLOOD || PREFERRED ZONE
STEAM DRIVE

oot

51 PREFERRED ZONE




Preferred Oll Viscosity Ranges...

Oil Viscosity - Centipoise at Reservoir Conditions

1000000

EOR Method 0.1 I1 10 1(I)0 10|00 1OCI)OO 100|OOO
Hydrocarbon- | Very Good More
Miscible Good Difficult
Nitrogen and Good More
. Very More
CO, Flooding Good Good Difficult
Polymer Good Fair Difficult Not Feasible
Polymer Good Fair Difficult Not Feasible
' Good Fai very Not Feasibl
Alkaline air Difficult ot Feasible
- May Not Be :
Fire Flood Possible Good Not Feasible
. (Can Be
Steam Drive Waterflooded) Good




Partial TORIS Data Base

True Vertical | Formation  urrent Farmation Farmatian
Depth Temperature Pressure Permeahility AP il viscosity Field Hesenoir
ft aF psia md gravity cp MName MName
Col 16 Col. 17 Col. 18 Col. 13 Cal. 21 Col. 22
1 8780 153 2000 10 41 1.20 GRANITE POINT MIDDLE KEMAI
2 E300 160 3360 100 22 250 KUPARUK RWER KUPARUK RIWVER
3 9350 180 3900 53 35 1.19| MCARTHUR RIWVER HEMLOC K
4 8850 163 3000 B5 36 1.10) MCARTHUR RWER TYONEK MIDDLE KEMAI 5 ZOMNE
5 9650 185 2900 102 33 1.49) MCARTHUR RIVER WEST FORELAND
B 7100 153 4100 3 35 0.72MIDDLE GROUND SHOAL TWONEK-HEMLOCK EF & G
7 9000 200 3950 450 27 090 PRUDHOE BAY SADLEROCHIT
& 10300 180 4500 170 39 1.90 SWANSON RIWVER HEMLOC K
9 11085 210 3000 13 43 0.4 CITROMELLE {UNIT) WVARIDUS
10 GILBERTOWWR EUTAW
11 ==l 159 E00 29 2.56 POLLARD UPPER TUSCALDOSA,
12 10240 256 2600 20 A5 44 .40 CHALYBEAT SPRINGS SMACKOWER
13 2630 115 S06 22 3500 CHAMPAGMNOLLE QLD
14 32 EL DORADD, EAST QLD
15 2100 110 195 32 E.50| EL DORADO, S0OUTH MACATOCH
16 2106 112 754 21 G0.00 FALCON TOKIO
17 3400 135 100a 31 5.00 FOUKE PALLEY - TUSCALOOSA,
15 1150 (ats] 1500 14 37738 IRMAA, OLD MACATOCH
19 2545 118 200 1200 17 160.00 LICK CREEK MEAKIM
20 2060 110 om 1500 34 7.60 LISBOM MACATOCH
21 7500 207 3245 1035 38 3.19 MAGNOLLA, SMACKOWER
22 E300 180 2850 45 35 0.85 MIDWWAY SMACKOWVER
23 5EEI 170 393 31 3.000 MNEW LOMDOM COTTON WALLEY
24 2300 115 350 1800 19 12.000  SAMDY BEMD MACATOCH
25 5700 170 750 42 1.30 SCHULER COTTOM WALLEY
25 7530 195 400 34 5.20 SCHULER JOMES
27 2600 125 200 1500 20 71.200 SMACKOWVER BLOSSOM
28 2400 120 500 1000 20 5600 SMACKOWVER GRAVES
29 2000 110 875 S000 20 7500 SMACKOWVER MACATOCH
20 2100 114 9158 92 20 12.000  STEPHENS BUCKRANGE
31 2650 115 125 =0 g8.00 STEPHENS SMART AREA (TOKID)
32 1220 B9 3500 18 7000 TROY MACATOCH
33 3580 121 729 23 428 LURBAMNA, URBAMNA,
34 3100 131 1686 2772 32 4.14 YWESSON HOGG
35 5050 146 450 430 24 450 ALISO CARNYOM PORTER
6 2286 122 350 14 3,000.00 AMNT HILL DOLCESE
37 2300 123 (93 19 1167 ANTELOPE HILLS WWILLIAMS AREA EAST BLOCK A GU
35 2293 123 G935 17 1817 ANTELOPE HILLS WILLIAMS AREAWY.B. BUTTON BE
9 1311 95 B985 16 95.24 ANTELOPE HILLS, NORTH MIDCEME
A0 SE00 200 1500 350 34 070  ASPHALTO STEVENS
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LakeEORScreening0622TORISY Protégé 3.4 beta (file:\C:\Program%20Files\Protege_3.3_beta\l akeEORScreening0622TORISY.pprj, OWL / RDF Files)
§ Fil=  Edit Project OWL Eeasoning Code Tools

CLASS BROWSER

INSTANCE BROWSER

For Project: ® LakeEORScreening0622TORISY |For Class: @ EOR_Method

Class Hierarchy

- fAsserted rlnferred ‘

owl:Thing
rdf:List (53)
temporal:Entity
swrla:Entity
swrl:Atom
swrl:Builtin (224)
swrl:lmp (8)
swrlVariable (4)

@ EOR_Method (8/8)

@ Reservoir (26 /26)

Yy ¥y vy

INDIVIDUAL EDITOR

For Individual: +

NEE B0 med ¢ O a *féprotégé
¥ = Forms ’/J Jess ’/.’& OWLViz ’/-’ SWRL Rules ['Hnstance Tree |
® Metadata (Ontology1180025216.owl) ’/ © OWLClasses = Properties [ # |ndividuals = Forms ‘

(instance of EOR_Method)

* CO2Flooding_Method

# FireFlood_Method

* HC-Misc_Method

# NitrogenandFlueGas_Method
* Polymer_Method

* SteamDrive_Method

* Surfactant_Polymer_Method

| |- &

Asserted Types & 0
® EOR_Meathod

o 4[] [E J Annotations
Asserted Instances ~ ¢ # X & |broperty | Value La...
+ Alkaline_Method ifs:com... =

EEE [»

-

1:41 PM
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LakeEORScreening0622TORISY Protégé 3.4 beta  ([file:\C:\Program3%20Files\Protege_3.3_beta\l akeEORScreening0622TORISY.pprj, OWL J RDF Files)

i
Fil=  Edit Project OWL Eeasoning Code Tools  Window Help

DEE +EBE mtd 9 RHBD 4>

| = Forms ’/vf Jess ’/.’s OWLViz ’/.SWRL Rules ’/.‘Instance Tree |

® Metadata (Ontology1180025216.owl) r @ OWLClasses r = Properties { # |ndividuals r = Forms ‘
For Project: ® LakeEORScreening0622TORISY For Class: ® Reservoir (instance of owl:Class) [ Inferred View
Asserted Hierarchy w g ¥ « [} [E [J Annotations
owl:Thing Property | Value ‘ Lang‘

> ©rdf:List = rdfs:comment =
> © temporal:Entity
> © swrla:Entity
> O swrl:Atom

swrl:Builtin 2

swrl:Imp Wk @ m Properties and Restrictions

swrl:Variable
® EOR_Method
@ Reservoir

m Depth  (single float)
v mhas_EOR_Method (someValuesFrom EOR_Method)
© EOR_Method
I = OilViscosity (single float)
m Permeability (single float)

T e e [E1Superclasses | @ @ & 2 @ @b Disjoints
owl:Thing

~| Afi e. o, 3 @& < = = (L A iaw @ Prn s =,

1:41 FM



LakeEORScreening0622TORISY Protégé 3.4 beta (file:\C:\Program%20Files\Protege_3.3 betall akeEORScreening0622TORISY.pprj, OWL / RDF Files)

Fil=  Eclt Project OWL  Eessoning  Code  Tools Window  Help

NEE 4BE wd @ Qb <¢|protége
= Forms ’/-/ Jess ’/.’&OWLViz ’/—* SWRL Rules r'0 Instance Tree ‘
® Metadata (Ontology1180025216.owl) . OWLClasses | ®mProperties | #lIndividuals | = Forms |
CLASS BROWSER INSTANCE BROWSER INDIVIDUAL EDITOR t-FT
For Project: ® LakeEORScreening0622TORISY |For Class: @ Reservoir For Individual: ¢ |SMACKOVER | (instance of Reservoir)
Class Hierarchy = fAsserted rlnferred ‘ B &« [ [E J Annotatio
owl:Thing Asserted Instances - ¢ @ X $||[ Property | Value La..
> © rdf:List (53). + IRMA == rdfs:com...
> © temporal:Entity
. + KUPARUK_RIVER
> swrla:Entity
4 LISBON
> O swrl:Atom * MAGNOLIA
swrl:Builtin (224) © MEAKIN Depth # % [has_EOR_Method ¢ oo
swrl:lmp (8) ] | |
. + MIDDLE_KENAI 10240.0
swrlVariable (4) o MIDVWAY OilViscosity & X
© EOR_Method (5/85) ¢ NACATOCH | 44 4|
@ Reservoir (26 /26) . '
+ NACATOCHSMACKOVER Permeability &
® NEW_LONDON | 201.0/
+* PALUXI

¢ SADLEROCHIT
¢ SANDY_BEND

& SMACKOVER

* TOKIO

& TVONEK_HEMLOCK_EFG
¢ TYONEK_MIDDLE_KENAI_G_] N
¢ UPPER_TUSCALOOSA

¢ WEST_FORELAND =

q T I D
| - @

Asserted Types @ 0
@ Reservoir

|v|f}ﬁﬁ i‘_;;;‘i’




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

File  Edit Project OWL Eeasoning Code Tools  Window  Help
NEE +BE md d O < ééprotégé
= Forms ’/J Jess ’/.’sOWLViz ’/—* SWRL Rules I/'O Instance Tree ‘
® Metadata (Ontology1180025216.owl) . OWLClasses . =Properties | #lIndividuals = Forms |
SWRL Rules asFes
Ena... ‘ Name | Expression
Rule-1 =~ Reservoir(?x) ~ Depth(?x, 7depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan{?permeatk...
Rule-2 =~ Reservoir(?x) ~ Depth(?x, 7depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan{?permeatk...
Rule-3 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeak...
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({?permeak...
Rule-8 =~ Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeatk...
Rule-7 =~ Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeatk...
Rule-8 =~ Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeatk...




LakeEORScreening0622TORISY Protégé 3.4 beta (file:\C:\Program%20Files\Protege_3.3_betall akeEORScreening0622TORISY .pprj, OWL f RDF Files)

Fil=  Edit Project OWL Eeasoning Code  Tools  Window  Help

O 4B E md ¢ 4 > <€pmtégé

= Forms ’/J Jess ’/."’.OWLViz ’/—* SWRL Rules I/” Instance Tree ‘

@ Metadata (Ontology1180025216.owl) { © OWLClasses { ™ Properies [ # Individuals { = Forms ‘
Sy

SWRL Rules

Ena... ‘ Name | Expression
Rule-1 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeak...
Rule-2 Ed SWRL Rule W (=] 24 ?permeability) ~ swrlb:greaterThan({?permeak...
Rule-3 ?permeability) ~ swrlb:greaterThan(?permeatk...
Rule-4 fName rComment| ?permeability) ~ swrlb:greaterThan{?permeat...
Rule-5 Name ?permeability) . swrlb:greaterThan({?permeak...
Rule-6 Rule-1 | ?permeability) » swrlb:greaterThan(?permeat...
Rule-7 ?permeability) ~ swrlb:greaterThan{?permeat....
Rule-8 SWRL Rule ?permeability) ~ swrlb:greaterThan(?permeatk...

Reservoir(?x) ~
Depth(?x, ?depth) ~

Permeability(?x, ?permeability) -
swrib:greaterThan({?permeability, 20.0) ~
swrlb:lessThan(?depth, 9000.0) ~
QilViscosity(?x, ?viscosity) A
swrlb:lessThan{?viscosity, 300.0)

- has_EOR_Method(?7x, Alkaline_Method)

Ome FRR BDBE
B - (3 [1 e




LakeEORScreening0622TORISY Protégé 3.4 beta (file:\C:\Program%20Files\Protege 3.3 betall akeEORScreening0622TORISY.pprj, OWL f RDF Files)

Fil=  Edit Project OWL  Eeassoning Code  Tools  Window  Help

ODEE tEBE md 9 < =

= Forms ’/J Jess ’/.’.OWLViz ’/—* SWRL Rules r'O Instance Tree ‘

® Metadata (Ontology1180025216.owl)
SWRL Rules

r © OWLClasses r

™ Properties {

# Individuals r = Forms

AFRReQ

Reservoir(?x) ~

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

- has_EOR_Method(?x, HC-Misc_Method)

B oA = (3

Ome P BEE
[

]

Ena... ‘ Name | Expression
Rule-1 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeak...
Rule-2 B4 SWRL Rule ?permeabilityy ~ swrlb:greaterThan{?permeak...
Rule-3 ?permeability) ~ swrlb:greaterThan{?permeat...
|Ru|e-4 fName fComment| ?permeability) ~ swrlb:greaterThan(?permeak...
Rule-5 Name ?permeability) ~ swrlb:greaterThan{?permeat...
Rule-8 Rule-4 | Ppermeability) A swrlb:greaterThan(?permeat...
Rule-7 ?permeability) ~ swrlb:greaterThan(?permeatk...
Rule-8 SWRL Rule ?permeability) ~ swrlb:greaterThan{?permeat...

7, start




LakeEORScreening0622TORISY Protégé 3.4 beta (file:\C:\Program%20Files\Protege_3.3 betall akeEORScreening0622TORISY.pprj, OWL / RDF Files)

Fil=  Eclt Project OWL  Eessoning  Code  Tools Window  Help

OCEE 4B E tmd ¢ < > <€pmtégé
= Forms ’/-/ Jess ’/.’.OWLViz ’/—* SWRL Rules r*ﬂ Instance Tree ‘
® Metadata (Ontology1180025216.owl) . OWLClasses . =Properties | #lIndividuals = Forms |
SWRL Rules HE e
Ena... ‘ Name | Expression
Rule-1 =~ Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeatk...
Rule-2 Ed SWRL Rule ?permeability) ~ swrlb:greaterThan{?permeatk...
Rule-3 ?permeability) ~ swrlb:greaterThan({?permeak...
Rule-4 |/Name rComment| ?Eermeabilig; M swrlb:greaterThanE?Eermeal:...
Rule-5 Name ?permeability) ~ swrlb:greaterThan({?permeak...
Rule-6 Rule-8 | ?permeability) » swrib:greaterThan(?permeat...
Rule-7 ?permeability) ~ swrlb:greaterThan({?permeak...
Rule-8 SWRL Rule 7permeability) ~ swrlb:greaterThan{?permeatk...

Reservoir(?x) »
Depth(?x, ?depth) ~

Permeability(?x, ?permeability) -
swrlb:greaterThan{?permeability, 20.0) ~
swrib:lessThan(?depth, 7500.0) ~
QilViscosity(?x, ?viscosity) A
swrib:lessThan(?viscosity, 40.0)

-+ has_EOR_Method(?x, Surfactant_Polymer_Method)

ome BR DBE
B o = )y [ ] &=




1 alaFRiRE NETITOR ISV bk

File  Edit Project OWL Eeasoning Code Tools  Window  Help

0= A B E s 4 {'ngmtégé
= Forms ’/J Jess ’/ - OWLViz ’/—* SWRL Rules r * Instance Tree ‘
& Metadata (Ontology1180025216.owl) ’/ OWLClasses ’/ ™ Properties ’/ # Individuals ’/ = Forms ‘
SWRL Rules ® 58S
Ena... ‘ Name | Expression
Rule-1 =~ Reservoir(?x) ~ Depth(?x, 7depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan{?permeatk...
Rule-2 =~ Reservoir(?x) ~ Depth(?x, 7depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan{?permeatk...
Rule-3 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeak...
|Ru|e-4 |—' Reservoir(7x) ~ Depth{(?x, ?depth) ~ Permeability(?x, ?permeability} ~ swrlb:greaterThan{?permeat...
Rule-5 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeak...
Rule-8 =~ Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeatk...
Rule-7 =~ Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeatk...
Rule-8 =~ Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeatk...

= SARLJezsTakh r — Rules r — Classes r — Property Azssertion Axioms r — Individuals r —* Axioms r — Inferred Individualz r — Inferred Properties Assertion Axioms

SWRL rule and relevant OWL knowledge successfully converted to Jess knowledge.
Number of SWWRL 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. Ly
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->..| RunlJess | Jess->OWL

7. start @ b
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File  Edit Project OWL Eeasoning Code Tools  Window  Help

NeH B8 b 4 {':@\pm:égé
= Forms r«’ Jess { - OWLViz r—* SWRL Rules [ * Instance Tree ‘
® Metadata (Ontology1180025216.owl) { OWLClasses { = Properties [ # Individuals { = Forms ‘
SWRL Rules R
Ena... ‘ Name | Expression
Rule-1 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeatk...
Rule-2 “ Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability} ~ swrlb:greaterThan{?permeatk...
Rule-3 =~ Reservoir(?x) ~ Depth(?x, ?depth) » Permeability(?x, ?permeability} . swrlb:greaterThan({?permeatk...
|Ru|e-4 |—> Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeatk...
Rule-5 =~ Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan{?permeak...
Rule-8 =~ Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability} ~ swrlb:greaterThan{?permeatk...
Rule-7 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeatk...
Rule-8 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeak...

= SARLJezsTakh |/ — Rules |/ — Classes |/ — Property Azssertion Axioms |/ — Individuals |/ —* Axioms |/ — Inferred Individualz |/ — 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 propenty assertion axioms.
Press the "Jess-=OWL" button to translate the asserted facts to OWL knowledge.

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




LakeEORScreening0622TORISYMOD: Protége 3.4 beta (file:\C:\Program® 20Files\Protege_3.3_betall akeEORScreening0622TORISYMOD. pprj, OWL f RDF Files)

Fil=  Edit Project OWL Eeasoning Code  Tools  Window  Help

ODEEH ¢ BE mwma ¢ 9 <> f—-’@\pmtégé
= Forms ’/J Jess ’/ o OWLWiz ’/—* SWRL Rules r * Instance Tree ‘
@ Metadata (Ontology1180025216.owl) { OWLClasses { ™ Properies [ # Individuals { = Forms
SWRL Rules ® 5 8 &
Ena... ‘ Name | Expression
Rule-1 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeak...
Rule-2 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeatk...
Rule-3 = Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan(?permeat...
|Ru|e-4 |—* Reservoir(?x) ~ Depth{(?x, ?depth) ~ Permeability{?x, ?permeability} ~ swrlb:greaterThan{?permeat...
Rule-5 =~ Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability} ~ swrlb:greaterThan{?permeatk...
Rule-6 ~ Reservoir(?x) ~ Depth(?x, ?depth) ~ Permeability(?x, ?permeability) ~ swrlb:greaterThan({?permeatk...
Rule-7 =~ Reservoir(?x) ~ Depth(?x, 7depth) ~ Permeability{?x, ?permeability) ~ swrlb:greaterThan{?permeat....
Rule-8 = Reservoir(?x) ~ Depth(?x, 7depth) ~ Permeability{?x, ?permeability) ~ swrlb:greaterThan({?permeatk...

- SWRLJezsTab r —* Rules r —* Classes r —* Property Az=zertion Axioms r — Individuals r —* Axioms r —* Inferred Individuals

r —* Inferred Propetties Aszsertion Axioms

Succesfully transferred inferred facts to OWL model.
Number of individuals reclassified: 0
Number of property assertion axioms inferred: 97

| OWL+SWRL->... |  Run Jess

| Jess->OWL
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® COTTON_VALLEY

* GharbiSP

* GRAVES

* HEMLOCK

* HEMLOCK-2

* |RMA

* KUPARUK_RIVER
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EOR Screening Ontology Pilot —
Summary

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

_arge numbers of reservoirs screened at
once

Relatively simple structure in ontology




Surfactant Selection Workflow
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{OhjectProperty}
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has reservoir type Reservoir

CONTINUE (=

( candidateSurfactant Selected )
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\

is
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if proper molecular structure and low cost '—{ Universe of Eurfadants]
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isa
\/
AlkalineScan | ifacid

measuredby
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—()

IEE
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(ObjectProperty) P

has injected water salinit'f-_p[ Injected water salinity ]
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5 ()

[Cunl:entratiunufﬁurfactant]
[Candldate Surfactant Selection R.I.I|E factorsin
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(DataTypeProperty)
SurfactantCost
factorsi
{ob;m;l.r::lm} —[:-Surfactantﬂnlecularsrmcture]

Soluble up to 2% I
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Workflow Driven Ontologies
(WDO)

Leonardo Salayandia, University of Texas at El Paso



Contains subclasses
that are used to
specify workflow

actions and control
flow.

OWL:Thing |

JAN

WDOConcept

N\

Contains subclasses used
to represent primitive data
concepts of a domain, as
well as classes used to
compose complex data
constructs that are both
consumed by and derived
from workflow actions.

WFSequenceElement

ha :'&é:essur

Contains 2
or more
workflows

containgdData

hasSucc

containsWF

WFSet |<>—]2

or

WF

isingqut

isQutputOf
Y

ESequenczl | Method

Actions (Services, algorithms;
application functionalities)

JAN

SimpleData I |C0mpositeData |

AND| | XOR

| RawData

Alternative outputs
for a method



EOR General Ontology with Chemicals
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1
n afﬂ [nl:Enriched_@as_Drlve_Methods}

.---'--
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n1:C02_Miscible_Methods
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)
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(nl :AicohoIHMIsclble_Methuds]
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[n 1 :ThermaI_EOR_Methodsj [n 1: Non-ThermaI_EOR_Methods]




[nl :Thermal_EGR_MethodsJ

o

[n1:ElectricaI_Heating_MethodsJ nl:are —(nl:Hot_Water_Methods]

(nl:ln—Situ_MethodsJ

[ n1:Steam_flood_Methods J [nl =Steam_Meth°dsJ \
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--—-"—._-—
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{ nl:Reverse_In-Situ_Methods }
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[nl :Emulsion_Methods ]
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nl:Chemical
A

n1:Sodium_Metaborate

n1:Sodium_Hydroxide nliare | NLiAKRl jmenl;

n1:Sodium_Carbonate
ni:Surfactant

{nl:Branchecl_C16-17_Ethoxy_Glyceryl_Squonates} nltre \ \
' nl:are n1:HPAM
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b
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—
m
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nl:are
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A
n2:are
[nZ:ScreeningJ [nZ:Laboratory] (nZ:SimuIationj [nZ:FieId_Trialj [nZ:OperationsJ
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must be must be

v
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CLASS BROWSER
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wio:DerivedData
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@ Reservoir (32)
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@ EOR_Praject (1)
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@ Forecast
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» O TestStatus
@ value_of_Information
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INSTANCE BROWSER
For Class: @ EQOR_Project

r Asserted |/ Inferred |

Asserted Instances ~ ¢ ® X &
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[J Annotati
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Asserted Types
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Surfactant Formulation Workflow and EOR
Ontology with Chemicals Pilot — Summary
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Basis for Decision Support System
Organization of Concepts in Domain
Workflow-based Ontology

Work In progress
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@ Displacement_Efficiency — Froperty | Walue | Lang |
@ Dykstra-Parsons = rdfs:comment
@ EMBE [%
@ Figure_9-36
@ Fractional_Flow_Curves —

-

@ Heterogeneous_Breakthrough_Time_S
@ Heterogeneous_Dimensionless_Time

-

@ Heterogeneous_Qil_Bank_Breakthrough_Time_B

@ Heterogeneous_Peak_Oil_Cut o & L Asserted Conditions

@ Heterogeneous_Sweep_Out_Time MECESS4RY & SUFFICIENT
HECESSARY

@ Derived_Data

) ) is_calculated from some Homogeneous_ Qi Bank_Arrival_Time
@ Homogeneous_Surfactant_Breakthrough_Time © is_calculated_from some Koval Factor

@ Ini-Prod_Pressure_Difference
@ Koval_Factor

@ Material_Ralance

@ Mohility_Buffer_Efficiency

@ Oil_Rate

@ Qil_Rate_versus_Time

@ Homogeneous_Flow Qil_Bank_Fractional_flow
@ Homogeneous_2il_Bank_Arrival_Time

@ Fare_volume

@ Productivity_Indesx

@ Recovery_Efficiency

@ Residual_Cil_Saturation_MP

@ Rock_Density

@ Steady-State_|njection_Rate
@ Surfactant_Adsarption

@ Time

@ volumetric_Sweep_Efficiency

L @ R B e @D Disjoints

@ volumetrics
@ wWaterflood_Swept_Area
» @ Input_Data =

| @ 3 % B & B @ ® Logic View O Propetties View
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]
&
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@ Netadia(Oriology 2004 2573,0W) | ® OWLCiasses

SUBCLASS EXPLORER
For Project: ® RecovernyD72308v1

Asserted Hierarchy

T

% 5 e

@ Rock_Density
@ Steady-State_|njection_Rate
@ Surfactant_Adsorption
@ Time
@ volumetric_Sweep_Efficiency
@ volumetrics
O waterflood_Swept_Area
v @ input_Data
v @ Design_Data
@ Interfacial_tension
@ Mohility Buffer “olume
@ Surfactant_Concentration
@ Surfactant_Slug_ Size
@ sSurfactant_Solution_Density
@ well Radius
v @ Reservoir_Data
@ Clay_Fraction

@ Depth

@ Initial_Cil_Saturation
@ Lithology

@ Jil_Viscosity

0 Pattern_Area

@ Permeability

@ Forosity

@ Relative Permeahility. Curves

s — P T el L. P —

@ Cumulative_%WF_Qil_Produced_per_Pattern

CLASS EDITOR fer Pattern_Area (instance of owl:Class)

For Class: [hitp. /feneney . owil-ontologies . comdOntology 1 20941 2573 owl#Pattern_Area

(¥ [ [E

Froperty

Yalue

=3 rdfs: comment

Wl § @

O e e

[T |Superclasses | @ @ 43 62 @&

@ Reservair_Data
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File Edit Project OWL Ressoning Code Tools  Window Code  TGWizTab  Help
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| @ Metadata(Ontology1209412573.on) | © OWLClasses | ™ Properties | # Individuals | = Forms | TGvizTab | -] Script Cansole |

PROPERTY BROWSER PROPERTY EDITOR for is_calculated_from (instance of owl:ObjectProperty)

For Project: @ Recoveny172308w1 For Property: |http:ffenana owil-ontologies comiOntalogy 1209412573 owl#is_calculated from

rObjec:t rDataWpe rAnnDtatiDn All | Cy ® 3 [F [J Annotations

I Object properties =Y Property | Lang |
= rodfs:comment el

M has_default_wvalue
M iz calculated from

Domain U @& & Range u ¥ e e

-

@ Dimensionless_Surfactant_Retention |
@ Surfactant_Adsorption LI Functional

@ Rock_Density [ InverseF unctional
@ Capillary_Number

@ Residual_Oil_Saturation_MP
@ Displacement_Efficiency L Transitive
@ Figure_9-36
@ Kaoval_Factar

@ volumetric_Sweep_Efficiency
@ Mohility_Buffer_Efficiency

@ EMBE

@ Recovery_Efficiency

@ Productivity_Index Inverse
O Steady-State_|njection_Rate

@ Qil_Rate

@ Heterogeneous_Peak_Oil_Cut

@ Homogeneous_Qil_Bank_Arrival_Time
@ Homogeneous_Flow Qil_Bank_Fracti .|
@ Fore_Wolume

@ Time

[ Symmetric

Super Properties




{Oil_Rate_versus_Timej

Is_calculated_from
can be

AN
[N\

s calculated from is calculated from
can be

[Heterngenenus Dimensionless Time}*__ can be

- ect] Heterogeneous Peak Oil Cut
(Steady State_ln]ectmn_RatE] ( ( ]

A B D
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[P-:rre_valu meJ

is_calculated from
can be

.

[Wate rfl r:aad_Swept_Area] [ Material Ealance]

is calculated from

can be\‘

( Cumulative_ WF_0Oil_Produced_per_Pattern J

is_calculated_from

can be
iy 3
[InitiaI_DiI_Satu ration

is_calculated_from

/can be \ [F{esiduaI_DiI_Saturatl'nn_WFj
Pattern_Area
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is calculated from
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Input_Data

{ Cumulative_WF_Oil_Produced_per_Pattern J [ Residual_Oil_Saturation_WF ]

{ Surfactant_SaIution_DensIty]

Design_Data ———are—-

Interfacial_tension T w
are

\\ _____....---"‘

Clay_Fraction

/ i
Shape_Factor

[Mobility_Buffer_Volume]
Wettability
Well_Radius

[ Surfactant_ConcentrationJ

Skin_Factor

[Surfattant_SIug_SIze] Porosity

Initial_Oil Saturat\‘onJ

N

Permeabmw

Oil_Viscosity

. Preferred Oil Viscosity Ranges...
Depth Limitations...

DEPTH, FEET

[ Relative_Permeability_Cun.fesJ

Lithology

Permeability Guides...

PERMEABILITY, millidarcy

Oil Viscosity - Centipoise at Reservoir Conditions

EQR METHOD
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Simplified Recovery Calculation
Ontology Pilot —
Summary

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

——

EOR

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



[nonlinearly_averaging]
A

[Tra nsform_the_secondary_porosity_to_another_variable_space_that_is_linearly_additive ]
\ A

/ (Backtransform simulated values to secondary porosit
iscalcfrom
/must be

( Use_of_the_up-scaled_variogram_to_perform_co

9 are L.
(Normai_score_transfrom J / \
|5;;?]l§:rg2"| hascalcst
must t:{
[Three_D_Variogram_analysis J /
( conditional_data_sets J [power_
[Non—stationa ry_or_trend_calculations ] [ Calcu Iate_REV]

= hascalcstep .(_
/ (condlnonal_data_sets }—— must be J

iscalcfrom
hascalcstep must be iscalcfrom

must be must be

[power_va ria nce_of_mean]

[secondary_porosity J

l POWEr_ Vs

hascalcstep /

must be

i



Example of Instances in the Ontology

[Iinearly_averaging]

(Three D_Variogram_ analyszs

Use the up-scaled variogram with the sampled set of conditioning data to perform conditional 5|mu!at|ons}

Tt

are

hascalcstep |scalcfrgm
must be
[Ncn-staI:lonary_or_trend_calculatlonsJ must be
[semi-variogram } (Sample_muItipIe_sets_of_conditioning_data_vaIues]

hascalcstep

must be Calculate_REV

iscalcfrom { Sample_multiple_sets_of conditioning_data_values ]
must be

( variance_of_mean )

iscalcfrom hascalcstep
must be must be

hascalcstep are iscalcfrom
must be must be

ﬁ( T : | i (variance of mean]
( Semi-Variogram_Modelling [statlstlcal_measuresJ il —

hascaftcsbtep .__—[ Computation_of _up-scaled_variogram_via_linear_volume_averaging ]
must be
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| ® Metadata(Ontology1214576762.0m) |~ OWLClasses | ™ Properties  # Individuals | = Forms |~ SWRL Rules |
CLASS BROWSER INSTANCE BROWSER

INDIVIDUAL EDIT... *-FT

For Project: ® scale_up For Class: ® conditional_simulations For Individual: [3_simulations
Class Hierarchy A (Asserted | Inferred ‘ e [
awl Thing =
®index (2] | Asserted Instances ¥ eXG Property
index
_ 4 F_conditional_simulations & rdfs:.comment
v @input_data

b

@ grid_spec
© secondary_porosity
O total_posority

v O statistical_measures hascalcstep & +* @
© power_variance_of_mean

@ power_variogram
@ Transform

@ variance_of _mean

iscalcfrom & & &

@ variogram
@ Variogram_inference
® variogram_Modeling

kO swrlaEntity

b O temporal Entity
v @ uncertainty_model
v Olinearly_averaging (1)
O Calculations_of REY (1)
@ Computation_of up-scaled variogram_via_linear_volume_averaging (1)
@ conditional_simulations (1)

@ Mon-stationary_or_trend_calculations (1)

B <arnnle mmnilbinle cate AF ~AemdifinEine data vealme (10
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SWRL Rules afeaesQ
Enabl...| Mame | Expression

[ Rule-1 Buncertainty_model{?u) » hasindex{?u, index_1) — sqwirl:select{ ?u)

O Rule-2 Bluncertainty_model{?u) » hasindexi?u, index_1) A aboxisindividual{?u) — sqwrlselect{?u) A squrlorderBy(?u)

[ Rule-3 BSluncertainty_model{?c) ~ hasindexi?c, index_2) = sgarlselect{?¢)

[ Rule-4 Buncertainty_model{?c) A hasindexi?c, index_Q)[%x aboxisindividual{ ?c) — sgwirlisslect(?c) A sqwrl.orderByi?c)




‘Cﬂ ale p Protégé 4 beta = Do B % 20and%205e g5 \e o\De op ale V ale p.pp (] RD = L]
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| ® Metadata(Ontology1214576762.0m) | OWLClasses | ™ Properties = # Individuals | = Forms = = SWRL Rules |
SWRL Rules a0
Enabl...| Mame | Expression

[ Rule-1 Buncertainty_modeli?u) » hasindexi?u, index_1) — sqwirl:select{?u)

Rule-2 Sluncertainty_model{?ul & hasindex(?u, index_1) A aboxisindividual{ 7u) — sqwirl:select{7u) A  sqwrlorderBy(?u)

[ Rule-3 Buncertainty_madel{?c) » hasindexi?c, index_2) — sqwirl:select{?c)

[ Rule-4 Sluncertainty_model{?c) A hasindex(7c, indexﬁ%] A aboisindividual{7c) — sowrlselect(?c) A sowrlorderBy(7c)
[ el sewRLGueryTab | = Rule-2 |

L

A Three D Wariogram analysis

B MNon-stationary or trend calculations

C Calculations of REW

O Computation of up-scaled wvariogram wia linear volume averaging
E Sample multiple sets of conditioning data values

F conditional simulations

linear averaging

Save as CSW ‘ ‘ Rerun | ‘ Close
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NeE BB wma ¢ Y ar ﬁprarégé
| ® Metadata(Ontology1214576762.0m) | OWLClasses | ™ Properties = # Individuals | = Forms = = SWRL Rules |
SWRL Rules BEsan
Enabl...| Mame | Expression

[ Rule-1 Buncertainty_modeli?u) » hasindexi?u, index_1) — sqwirl:select{?u)

O Rule-2 Bluncertainty_model{?u) & hasindex{?u, index_1) A aboxisindividual{ 7u) — sqwirl:select{7u) A sqwrlorderBy(?u)

[ Rule-3 Buncertainty_madel{?c) » hasindexi?c, index_2) — sqwirl:select{?c)

Rule-4 Sluncertainty_model{?c) & hasindex(?c, index_2) %abox:islndividual(’?oj—» sawrl select(7c) A sgwrl orderBy(?c)
[ TGl sewRLGueryTab | = Rule-d |

e

2 Transform the secondary porosity to another wvariable space that is lienarly additive

B MNormal score transfrom the wvariable and compute semivariograms. Calculate semibariogram of logarithms and construct a licit 3D variogram model
C Calculate REW

O computation of up-scaled wariogram wvia linear volume averaging

E conditional data sets

F Use of the up-scaled varicaram to perform conditional simulation

nonlinearly averaging 16

Save as CSW ‘ ‘ Rerun | ‘ Close




Scale-Up Ontology
Pilot —
Summary

o Captured Knowledge of Different Scale-Up
Methods

e Use SQWRL to answer queries on steps
Involved In particular scale-up procedure



EOR Ontology: Risk Based
Decision Making

Pilot



SPE 109628

A Procedure for Assessing the Value of Ollfield 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



Portfolio Decisions

Estimate the value of implementing sensors in four
different advanced hydrocarbon recovery scenarios.

Mature Onshore

Deepwater

Tight Gas
Unfractured Fractured
M [
Side 1 Frac Erac
NS [ 1]
Top AN T Tl

Radial Linear



Decision Tree

. Initial Prod. Decline Prob. Outcome
Mature Reservoir Rate (bbl/D) | | Rate (%/yr) (MM$/pattern)
e 5 0.0095 1.33
Continue WF C< 155 88282 01-10220
0.129MM$ 5 C( : :
15 0.0495 0.058
No Sensor
0.234 MM$ 156 5 0.25 0.599
CO, Flood | C( 15 0.25 0.405
2
0.234 MM$ < 5.2 2 0.475 -0.0306
C( 15 0.025 -0.095
V0S5=0.384-0.234=0.15 MM$ ] D 01816 1350
25 ' '
Continue WF = 155 06175527941 é(l)gg
0.332 MM$ 5 : :
Sensor C\{ 15 0.0416 0.0765
0.384 MM$ 156 ) 0.3975 0.634
CO, Flood ' C( 15 0.30 0.440
2
5 0.29 -0.0040
0.384 MM$ C< 59 C\(

15 0.0125 -0.061




Framework of Classes

/ar.e \
[Portfolio Decisionsj \ Probability

Alternatives [Conseq eeeeee J




Mature Reservoir Instances

ProductionRate DeclineRate

v

15.6

v

15.0

MatureReservoirWithSensors

hasAlternative

ImplementCO2Inject_a

hasOutcome

|

ProdRatel5.6 DecRatel5 a

hasConsequence

!

MonetaryValue_26

hasProbability

v

Probability_28
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CLASS EDITOR for ContinueWithConventionalMethod (instance of owl:Class)

SUBCLASS EXPLORER I

For Project: # REDM111

Asserted Hierarchy i tf}’ %

ovw|: Thing
v D aternatives
. CortinuetithConvertionaltethod
O Implementco2inject
. ImplementFracturing
@ ImplementSAGD
. Implementyaterflood
. RecoveryWithUnfractured ertical vl
p» O Consequences
» @ Methods
p D Outcomes
. PaortfalioDecions
0 Probakbilty
| 2 =wwrla Ertity
| 3 temiporal Entity

For Class: |htpeesesy owvl-ontologies comOntology 21 3205333 owRCortinuewithConventionaltethod

[ Inferred view

(T 5 & [H

D Annotations

Propetty

“Yalue

| Lang |

[ rofgcomment

-

-

ook & @

I Properties and Restrictions

Outeomes

[ Unit=  (single string)

|| Expectedvalue  rzingle float)

¥ [MhasCutcome  (somevalussFrom Outcomes)

[fraom &kernatives]

[+ 2 %« B R

ﬁ Q: . C | Superclasses ﬁ Q: ‘@ ‘é- . .. Disjoints
'i Atternatives . FecoverywithUnfracturedverticahiell
O ImplemertSacD
. ImplemerntF racturing
. Implementyyaterflood
0 ImplementCo2inject
&I . * i Logic: e - Properties Wiew
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SUBCLASS EXPL R S5 EDITOR for MonetaryWalue (instance of

For Project: @ REDM111 For Class: [http s owvl-ontologies . comiontology! 21 3205333 ovwl#EhonetaryWalue
Asserted Hierarchy Ly t:} i |j * [ [E
ol Thirg Property Yalue
v O aternstives =7 roifs:comment
. ContinuetyithConvertionaihethod
O mplemertCoO2Inect [%

. ImplementFracturing

O mplemertSAGD

. ImplementWister flood

. RecoveryWithUnfracturedyerticahell
v @ Conseguences

. Environmentallmpact
. Monetary'alue ia ia E' m ﬁ .
. QilProductionLoss
. PowerFailure
p D Methods
| 3 . outcomes
. PortfolioDecions
0 Probability
> swwrlaErtity
| 3 temporal: Ertity

M FivevearCaost  (=ingle flost)

B FiveyearCumulstiveProduction  (=single flost)
I FiveearMet  (=inole flost)

I FiveYearRevenue  [(=ingle flost)

ﬁ QJ . Superclasses ﬁ Q: ‘@ ‘l- .

. COnsequences . Environmertalmpact
. PowerFailure
. QilProductionLoss




BCLASS EXPLOBRER CLASS EDITOR for ProdRate15.6_DecRate15 (instance of owl:Class)

r Project: @ RBOMI11 For Class: |http:ibasaesy ovwl-ontalogies comiOntology 21 32053353 owl#ProdRate! 5.6_DecRate1 S
=erted Hierarchy %\} t:} ﬁ @ ﬁ' @ EE
@ Outcomes = Property Value
0 ProdRatel5.6_DecRatels = rdfs:comment
0 ProdRste1 5.6_DecRstes
0 ProdRate1 50_DecRatel0
0 ProdRate1 50_DecRate20 %

. ProdRatet YE00_DecRatel1s
. ProdRated TEO0_DecRate3s
. ProdRate2000_DecRate15
. ProdRate2000_DecRate3s
0 ProdRate2s_DecRatels

O FrodRate?s_DecRates o i » @ @
. ProdRate2602.5_DecRatedd
. ProdRate2602 5_DecRatetn —

¥ [Il] hasConzequence [(zomevaluesFrom Conseguences)

Consequences
. ProdRate2603_DecRatedn 4
@ FrodRate2603 _DecRatesn ¥ [ hasProbabilty  (some'YalussFrom Probakility)
B Probahility

0 ProdRates0_DecRatel 0
0 ProdRate30_DecRate20
0 ProdRates0_DecRatedl
0 ProdRsteds 8 _DecRatel0
0 ProdRated 5_DecRate20
0 ProdRated? DecRatel0
0 ProdRsted? _DecRste20
0 ProdRates 2 _DecRateds
0 ProdRates 2_DecRates
. ProdRateS000_DecRate1S
. ProdRates000_DecRate3s
0 ProdRstes00_DecRate20
0 ProdRates00_DecRatedd
0 ProdRates_DecRatels

0 ProdRstes_DecRates

@ FrodRated 4_DecRate2 L & & [ C |Superclasses L] LT Y
@ ProdRstesd 4 _DecRatedn O Outcames : ProdRate] 50_DecRated 0
ProdRates00_DecRated0
: EFDZ:::EEE_EEC:::EEE 0 ProdRates00_DecRate20
Fid ebd Dec (=]

I Pl D = 1 s o Do &

[ DeclineRate  (=ingle flost)
() ProductionRate  (single flost)
(| Ratelnitz  (=ingle string)
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SUBCLASS EXPLORER Wy CLASS EDITOR for Probability (instance of owl:Class)
For Project: @ REDM111 Far Class: [hitpibesoesy owl-ontologies comiOntalogy1 21 3205333 owl@Probahility
Asserted Hierarchy ﬁ} t:{:: % Eﬁ ﬁ' E EE
0 ProdRatet S0_DecRate20 = Property “alue
) ProdRated 7600 _DecRate1s 3 vt comment
. ProdRatet 7E00_DecRate3s
. ProdRate2000_DecRate1s b\

. ProdRate2000_DecRate3s
0 ProdRate2s_DecRate1s

0 ProdRate2s_DecRates

. ProdRate?602 5_DecRatedl
. ProdRate?602.5 DecRates0
. ProdRate2603_DecRated4n
0 ProdRste2603_DecRates ﬁ ﬁ % m ﬁ’ .
0 ProdRates0_DecRatel0
0 ProdRate30_DecRste20
0 ProdRate30_DecRated0
0 ProdRateds 5_DecRateln
0 ProdRsteds 8_DecRate20
0 ProdRated? DecRatel0
0 ProdRated? DecRate20
0 ProdRstes 2_DecRatels
0 ProdRates 2_DecRates
. ProdRates000_DecRate15
. ProdRateS000_DecRate35
0 ProdRates00_DecRate20
0 ProdRstes00_DecRated0
0 ProdRates_DecRatel5

0 ProdRates_DecRates

0 ProdRstesa.4_DecRate20

¥ [ izProbahkilityat  (sometaluesFrom Outcomes)
Eb Outcomes
I ProbabilityWalue  (single float)
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PROPERTY BROWSER
For Project: @ RBOM111

PROPERTY EDITOR for hasAlternative (instance of owl:0ObjectProperty)
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Risk Management Ontology Pilot
— Summary

* General Risk Management Concepts
o Specific Application

e Captured all numbers and meanings from
published SPE paper

 Now available to software agents



Some Tentative Visions
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A Vision for an Ontology-Based EOR Intelligent Decision Support System
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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?



Next Steps

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

* Prepare Software Development Plan
iIncluding Knowledge Capture and
Ontology Development
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