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What Risk?

* The FEE Tool study addresses exploration risk,
or the estimation of risk that an individual
prospect will succeed or fail, prior to drilling.
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Incomplete and sparse information increase risk
for o1l exploration and development projects.

As smaller companies and tighter exploration
budgets increasingly predominate in the
onshore U.S., storing and accessing expert
knowledge becomes increasingly important.

Expert Systems can fill this role.
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FEE Tool Goals

Project Status

Expert Systems

* The FEE Tool project was designed to test the
ability of an expert system to mimic the logical
processes of human Explorationist’s.

Project Details

Demonstration |1 e Two Plays in New Mexico were selected to
evaluate the ability of the software:

Testing
— Lower Brushy Canyon (Delaware Sands)
Project Results — Siluro-Devonian Carbonates
Application
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Portability

Project Status

Expert Systems || ® A concern 1n generating software that will be
utilized by a wide variety of companies 1s the
portability of software and machine
requirements.

Project Details

Demonstration

* We used Java, a platform independent
programming language, to allow the software to
run on our servers, while being accessible to
anyone with an internet capable computer and

Application browser.

6 of 157

Testing

Project Results
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Expert Systems || ®  The project ran for 72 months. A no-cost
extension added features and Tech-transfer.

Project Details

Develop Fuzzy Expert System

Testing

Project Results

e Technology Transfer

Conclusions
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8 of 157 Final COR Report - NPTO - Tulsa Ok _




Introduction

Project Status

Expert Systems

Project Details

Demonstration

Testing

Project Results

Application

9 of 157

Task 1: Assemble Data

A large database of public domain information
was compiled for both the Brushy Canyon and
Devonian plays:

— Production Data
— Well and pool locations
— Regional geophysical data

* Additional data was generated by the project:
— Geologic maps from well tops and core analyses
— Dagital well logs
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Task 1: Assemble Data

Project Status

Expert Systems

* A Knowledgebase was collected and collated

T from a wide variety of sources for both plays:

— Expert knowledge was gained from interviewing
Demonstration Explorationist ’S

— Literature searches

Testing : .
o — From analysis of trends 1n the data.

Project Results

Application
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Task 2: Develop the Fuzzy
Expert System

11 of 157

All required data and knowledge resides in
network accessible databases for each play.

Crisp models were developed and tested for
each play using rules in the knowledgebase.

A GUI for the fuzzy inference engine was
developed using specific rules for each play.

Both system have been tested and are available
on the web:
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Task 3: Technology Transfer

Project Status

* The project has generated 47 papers and
presentations and more than a dozen technical
Fropor Dl reports and 11 graduate theses and dissertations.
Two training workshops, gave users hands-on

experience with the Expert System software.

Expert Systems

Demonstration

Do * Companies of all sizes are interested in project
results, and to date we have transferred project
results directly to six oil companies, and trained
Application workers from a score of other companies.
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Project Results
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Task 3: Technology Transfer

» Tech transfer will continue after the end of the
project:
— Publication 1n peer reviewed journals

— Completion of graduate degrees and
— Via REACT web pages

13 of 157
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Deliverables

Project Status

Expertsystems || o Apnual and Semi-annual reports to DOE.

 Final compilation of all data and developed
software to DOE:

Demonstration — Final RCpOI’t submitted
 Availability of software in an interactive format

Project Details

— on the web to producers of all sizes:
Proy — Delaware Basin FEE Tool
roject Results
— Devonian Carbonate FEE Tool
Application — Supplementary software
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Deliverables For Extension

Project Status

Expert Systems

» Users desired several changes to the software

T beyond the original specifications:

— Stand-alone versions
Demonstration . Batch mode
— Auvailability of raw project data (WDMS)

Testing

» Additional tech transfer opportunities were also
Project Results utlhzed
Application
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Milestones

Project Status

e August 27 2003

— Release of Brushy Canyon FEE Tool to consortium
for beta testing

Project Details Febmary 2 O O 4

— Release of Devonian FEE Tool to consortium for
beta testing

e March 14 2004

— Release of all software for public use online.

March 14 2005

— Stand-alone software delivered
Application e Web Distribution
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Un-Discussed/Collateral Work

* Generation of dozens of geologic maps and
cross-sections and useful interpretations.

* Generation of regional geophysical attributes.
* Regional log correlations to Bulk Volume Oil.

 Digitization of hundreds of Brushy Canyon
wire-line logs.

* Neural Network time-to-depth conversion using
seismic attributes.
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Un-Discussed/Collateral Work

* Neural Network generated maps of regional
expected production.

* Online neural network software
(PredictOnline).

 Online software to rank non-linear attributes for
suitability of correlation (FuzzyRank).

* An online database of project data/results,
useful alone or as a supplement to the FEE Tool
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Definitions

Project Status

Expert Systems

* Expert System - “An intelligent computer
program that uses knowledge and inference
procedures to solve problems that are difficult

Demonstration enough to require significant human expertise

for their solutions” (Feigenbaum 82).

Project Details

Testing .
* Crisp Inference Procedures — Inference
Project Results procedures that use crisp rather than fuzzy sets.
o — “an object 1s either in a set or not 1n a set”
t s
e (Giarratano 98 )
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Definitions

Project Status

Expert Systems

« Knowledge Base - A collection of facts,
relations, procedures etc., which constitute the
knowledge about a particular domain™ (Hart,

Demonstration 1986): In this context the knowledge base 1s

where the expert rules are stored.

Project Details

Testing

* Answer Base — A collection of data and results
Project Results from the rules in the knowledge base used as
inputs in the inference engine.

Application
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What 1s an Expert System?

Project Status

Expert Systems ||« 'We define an Expert System as an artificial
intelligence tool which stores expert opinions
and methods of analysis.

Project Details

Demonstration | o An expert opinion, or rule, would be something
like “High porosity 1s favorable for high
production”.

Testing

Project Results || » These Rules are stored 1n a knowledgebase or
more simply a database of expert opinions.

Application
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But this 1s a Fuzzy Expert System...

Project Status

Expert Systems

* A fuzzy expert system 1s an expert system that
uses a collection of fuzzy membership functions
and rules, instead of Boolean logic, to reason

Project Details

Demonstration about data.
. * We use fuzzy logic to more accurately model
Testing .
the incomplete and sparse data we are often
Project Results confronted with when making decisions:
— Allows error ranges to be factored in
Application

— Moderates the effect of spurious data

23 of 157
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Storage of Human Knowledge

One of the goals of the expert system and
knowledge base is to preserve expert

knowledge. T

h1s helps to prevent information

from being lost when experts move on to
different projects or leave the field entirely as
well as making their knowledge more portable
and accessible.

Final COR Report - NPTO - Tulsa Ok




Introduction

Crisp vs. Fuzzy Definitions

Project Status

ExpertSystems || o~ A ymportant concept for inference engine
development 1s the difference between crisp
and fuzzy definitions, because much of the data
used 1n prospect evaluation is inherently fuzzy.

Project Details

Demonstration

* A crisp definition 1s defined here as a numerical

Testing value that 1s known precisely, such as “Porosity
=10.215%.”

Project Results

A fuzzy definition on the other hand is defined
more loosely using linguistic variables and/or
fuzzy membership sets, such as “porosity i1s

Application

25 of 157

Final COR Report - NPTO - Tulsa Ok



Example 1: Local Data

Permeability vs. Porosity: Whole Core
from #23
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Permeability vs. Porosity:
Sandstone only
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Permeability vs. Porosity:
Laminated Sandstone only
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Permeability vs. Porosity: Calcite,
Shale, and Limestone
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Example 1: Crisp Rules

Project Status

Expert Systems

IF 1t IS sandstone THEN
K= 0.0051exp(0.3916D)

Project Details

Demonstration

IF it Is laminated sandstone THEN
K= 0.0022exp(0.3884D)

Testing

Project Results

IF it Is calcite, shale, or imestone THEN

Application
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Permeability vs. Porosity: Sorted
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Project Details

Demonstration

Testing

Project Results

Application
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Given @ = 0.1 then @ is in the set of “porosity Is
high” and also belongs to the set of “porosity Is
medium”

IF @ is high with a certainty of CFh(®d)
A\ID)

® is medium with a certainty of CFm(®)
THEN
K= CFh(®) *0.0051exp(0.3916D)
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Example 2: Regional Data

 In exploration, relevant data such as porosity 1s
sometimes approximated or interpolated from

data co]

lected at nearby wells.

* The following is a simple example of how

princip!

es of fuzzy set theory can be used, along

with expert opinions, to compute a value for a
well’s potential based on just two factors:

— Porosity
Organic Carbon

— Total

Final COR Report - NPTO - Tulsa Ok
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Rules — Expert Knowledge

1) If T 1s zero then R 1s zero

2) If @ 1s zero then R 1s zero

3) If T 1s low and ® 1s low or medium, then R is low
4) If T 1s low and @ 1s high then R 1s medium

5) If T 1s medium and ® 1s low then R 1s low

6) If T 1s medium and ® 1s medium or high, then R 1s
medium

7) If T 1s high and @ 1s low or medium then R 1s medium
8) If T 1s high and ® 1s high then R 1s high
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Definitions and Fuzzy Sets

« T=Total Organic Carbon 100
— T: ZERO1f0<T<0.5
— T: LOWif05<T<1.0

\

0 0.5 1.0 1.5

« @ =Porosity (percentage) 100
— ®d: ZERO 1f 0 £ P<5
— O: LOW1if5<P<10

0% 5% 10% 15%



Applying Best Known Values

* As an example, 0.72
will be used as the best
available value for
TOC, and 13% will be
used for the best
available porosity.

* These two inputs will
be used to develop a
value for R, the

prospect potential on a
scale of 1 to 100.
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Membership
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Rules — Expert Knowledge

1) If T 1s zero then R 1s zero
2) If @ 1s zero then R 1s zero

3) If T 1s low and ® 1s low or medium, then R is low
4) If T 1s low and @ 1s high then R 1s medium

5) If T 1s medium and ® 1s low then R 1s low

6) If T 1s medium and ® 1s medium or high, then R 1s
medium

7) If T 1s high and @ 1s low or medium then R 1s medium
8) If T 1s high and ® 1s high then R 1s high
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Applicable Rules

* The next step 1n the process 1s to determine the
strength of each of the fired rules using the set
theory operators min for “and” and max for

(14 29

or .

. Begmnmg with rule 3, T has a low with

mem!

mem!|
mem!|

DET'S.

bers|

bers)

np val

n1p va

ue of 56 ® low with

lue of 0 and ® medium with

h1p value of 40. So, @ 1s low or

medium with a membership value of 40. Rule 3
1s then “fired” with a strength of 40, using min
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Fired Rules

Project Status

BxpertSystems || o pyle 4 fired with a strength of 56 and

project Details || © Tule 6 fired with a strength of 44.

* Rule 4 and 6, however, both result in R being
medium, the two are combined using the max

Testing operator.

* In the final results, R is medium with strength
of 56 and low with strength of 40.

Demonstration

Project Results

Application
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Defuzzification

Project Status

Expert Systems

* To obtain a numerical value for R, on a scale of
1 to 100, the median values of 10 for low, 50
for medium and 90 for high are considered.

Demonstration Then using the strengths computed previously,

R can be calculated as follows:

— R = 0.40%(10)+0.56*(50) = 32

Project Details

Testing

Project Results || o A poor risk, assuming only these two factors
apply:

— Real problems involve hundreds of potential rules.

Application
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Application to Prospecting
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Testing

Project Results

Application
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e The project has developed extensive knowledge
bases by interviewing Expert Delaware and
Devonian Explorationist’s.

* We have also developed Answerbases, for each
play, so that the software models could be
tested and global predictions made.

* The Answerbase is completely customizable by
users and 1s available via the internet as a
separate database.
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Procedure

Project Status

Expert Systems

» Experts defined for us a number of important

- . broad questions and dozens of associated rules.
roject Details

» These Rules were written out in crisp form, and
flags were assigned based on their relative
value to the system:

— Used to calculate the crisp models

Demonstration

Testing

Project Results

Application
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Fuzzification of Brushy Canyon
Rules

The Rules, or stored knowledge are based on a
composite expert opinion. They are often listed
in semi-linguistic terms such as:

— If distance to the nearest producing well 1s less than
one 40 acre spacing (1320 ft) then the 1nitial
prospect quality 1s Very Good.

Or

— If the distance to the nearest producing well 1s less
than two spacings (2640 ft) then the initial prospect
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Fuzzification of Rules

Project Status

ExpertSystems || o These can be formalized by writing logical if -
then statements, but these will fail to capture
the inherent fuzziness of the data:

— If dist < 1320 then Quality = 0.8

— I 1320 < dist < 2640 then Quality = 0.6

Project Details

Demonstration

Testing — [£2640 < dist < 5280 then Quality = 0.4
| — I 5280 < dist < 26400 then Quality = 0.2
SOt — Else Quality =0.05
Avniication  This data 1s shown graphically on the next
slide.
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Fuzzified Rules

Project Status

ExpertSystems |1 o Each set of rules is defined with fuzzy
membership functions instead of by crisp
values.

Project Details

Demonstration  This allows the SYStem to show the Slmllarlty of
points that are 1319 ft and 1321 ft from the

Testing nearest prospect, whereas in the crisp model
those values would be strongly different,
though only 2 ft apart.

Project Results

Application
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Distance Weighted Step Function

1320 2640 5280.... 5 miles
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Rules

Experts defined a number of important broad
questions and dozens of associated rules.

Also, heuristic rules were derived directly
from the analysis of regional and local data.

These Rules were written out in crisp form,
and flags were assigned based on their relative
value to the system.

Fuzzy sets were defined to convert the crisp
values to fuzzy values.
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Delaware Trap Assessment

Rule Categories

Distance to nearest production or o1l show.

Dip difference between prospect and nearest
producing well.

T

nickness of the porous sands at the prospect.

Existence of updip sand pinchouts.

Consistency of formation thickness.

Structure.
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- Delaware Formation Assessment
Rule Categories

Project Status

Expert Systems

» Total organic carbon at prospect location.

Project Details

e Thermal maturity of source rocks.

pemonstration || ¢ Pistance to high quality downdip source rocks.

Testing

Project Results

Application
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Delaware Regional Assessment

Rule Categories

* Predicted production at the location.

* Distance to higher predicted production.

» Consistency of predicted production.

* Location of prospect in the producing basin

» Thickness of the porous sands.

 Structure.

* QGravity.
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Evaluate Seal/Cap.

Closure on structure.

Possibility of flexure fracturing.
Potential for other porosity.
Seismic verification of porosity.
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- Devonian Formation Assessment
Rule Categories

Project Status

Expert Systems

» Total organic carbon of overlying Woodford
Eroject Details Shale at prospect location.

Demonstation || © Primary Source rock thickness.

« Migration Potential.
Testing ) ) i ) )
— Distance to rocks with high generative potential

downdip.

Project Results

Application
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Devonian Regional Assessment
Rule Categories

» Predicted production at the location.
e Other wells producing on structure.

» Location of prospect relative to other
producing wells on structure.

* (Qravity support of structure.

* Regional productive trends.
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S Devonian Structure Assessment
Rule Categories

Project Status

Expert Systems

» Is there Paleo structure at the prospect?

Project Details || ®  Structural relief.

* Fault bounding.

Demonstration

 Seismic verification of structure.
Testing

Project Results

Application
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Fuzzy Reasoning Method

Trap, Formation, Sructural and Regional

dSSC

ssments start with an initial evaluation

scaled between 0 and 1 using the answerbase
or user 1nput.

As the expert system fires rules, a series of

Mo¢
Eac!
Moc¢

lifications to the initial value are applied.

h rule that 1s applied results in a
1fication flag.

Att

ne end of each section of questions the

overall evaluation for that sub-system 1s
calculated by applying the sum of the flags to
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Distance Membership Functions
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1.0

0.5

0.0

Close Middle Far Very Far

O ft

1320 ft 2640 ft 5280 ft...... 5 miles
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Initial Estimate Fuzzy Sets

1.0

0.5

0.0

Poor Middle Good Very Good

0.05

0.2 0.4 0.6 0.8 1.0
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Initial trap estimate computation

Project Details

Demonstration

Testing

Project Results

Application
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Fuzzify d (distance to nearest producing well)
using the membership function.

Use the relevant rules (Trap Step 1) for
inference and get the fuzzy set(s).

Defuzzity the fuzzy set(s) and get the initial
estimate using the following formula:
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Initial Value =

The center value of the initial

estimate fuzzy set for the it rule

u (d) The degree of membership of d
| in the ith fuzzy set
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Modification flags

Project Status

Expert Systems

* The remaining rules of each section generate
flags when fired.

Project Details

* The generated flags are used to enhance or
degrade the 1nitial estimate and get the final
estimate for each section.

Demonstration

Testing

Project Results

Application
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Sample flag Membership function

Project Status

Expert Systems

Project Details slightly degrade  nofchange slightly enhance enhance
1.0

Demonstration

Testing

Project Results

Application
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Scoring of rules

Project Status

peeswens |e- Method of Roots and Powers.
Project Details || ® Fractional Shifting method.

* Sum of Flags Method.
If N<O

Demonstration

Testing

trap estimate= (initial _estimatg™"

Project Results

If N>0

Application

trap estimate = (initial _estimate)' """
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Overall Evaluation of a Prospect

For the Delaware the weighing scheme was:
— 50% trap, 25% formation and 25% regional.

For the Devonian the weighing schemes was:
— 45% Structure, 25% Formation, 15% Trap and 15%
Regional.
Used to combine the final estimate values (trap,
formation, structural and regional ) into one
numerical value.

Finally an associated linguistic output (poor,
good, excellent, etc.) 1s calculated to help the

Final COR Report - NPTO - Tulsa Ok



Delaware FEE Tool Architecture

Project Parameter Summary Tabular Graphical
Management Input Report Output Output
I I I

Tier 1

Communication Interface with Tomcat Server

Communication with FEE Tool Interface
Tier 2

Regional Formation Trap Project Data
Assessment ll Assessment Assessment Management Management
| | | | |
I

JDBC_ODBC Driver and MS DATA Source (ODBC)
Tier 3 |

FEE Tool Database on MS SQL Server



Devonian FEE Tool Architecture

Project Parameter Summary Tabular Graphical
Management Input Report Output Output
I I I

Tier 1

Communication Interface with Tomcat Server

Communication with FEE Tool Interface
Tier 2

| |
Regional § Formation § Structure Trap Project Data
Assess Assess Assess Assess Management Management
| | | |
|

JDBC_ODBC Driver and MS DATA Source (ODBC)
Tier 3 |

FEE Tool Database on MS SQL Server



The FEE Tool 1s a Web-based Application
(Browser/Server)

»
>
»
>

WEB Server Internet Browser



Introduction

REACT Server Configuration

Project Status

Hardware platform ------- Dell PowerEdge 4600 Server
with 2x2.0GHZ--CPU , 2 GB memory and 480GB

Expert Systems

Project Details RAID HD.
Software platform:
Demonstration e WEB Server -------- 1S come with WIN2k
— Supports html.

Testi
S » Application Server-Tomcat 3.3

— supports Java servlets.

DB Server-----MS SQL Server 2000

Application — Stores all data.

72 of 157

Project Results
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User Side Configuration

Project Details

Demonstration

Testing

Project Results

Application
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 Hardware : Pc, Mac, Unix, etc.

» Software:
— OS : Windows, MacOs, Linux, and Unix
— Any browser that supports and has installed
— JVM(Java Virtual Machine)

— SSL (2.0/3.0) enabled.
— Java plug-in
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Development Environment

Java SDK 1.4

Tomcat 3.3

MS SQL Server 2000
DataBase Source (ODBC)
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FEE Tool Security

* SSL(Secure Sockets Layer) is a technology
which allows web browsers and web servers to
communicate over a secured connection.

* Both servers AND browsers support SSL.

* The data being sent 1s encrypted by one side,
transmitted, then decrypted by the other side
before processing:

— State of the industry 128 bit encryption 1s used.
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Reliability

Dependent on:
1 .Hardware : ford Server and network
2.Software : System Software and FEE Tool.

The FEE Tool is very stable at this point in
its evolution. The server 1s brought down for
maintenance, and periodic upgrades to the
FEE Tool software requiring rare brief
interruptions of service.
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Programming Statistics

The maximum expected productivity of a
skilled Java programmer is 1,060 lines per
month:

— About 30% of productivity 1s directly related to
actual coding time.

This estimates includes:
— Requirements analysis

— Time needed to understand the problem

— Time needed for testing
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Programming Statistics

Project Status

Expert Systems

» Software generated by the project represents
about 10 programmer years.

Project Details

* Most software development occurred in the
final three years of the project.
— Full-time staff represents about half the

Demonstration

Testing :
programming effort
Project Results — An average of 4-5 graduate students working half-
time represents the other half.
Application
78 of 157 Final COR Report - NPTO - Tulsa Ok




Introduction

Summary

Project Status

Expert Systems || ® Java Conventions were observed so that the
code is easy to read, understand and maintain.

* All computer science students that worked on
the project, have obtained full-time jobs in
software development after graduation.

Testing * The 127,000 lines of software developed for the
project represents nearly 2000 pages 1f printed.

— Source code can be found online at
http://ford.nmt.edu.

Project Details

Demonstration

Project Results

Application
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File Edit “iew Favorites  Tools

A Fuzzy Expert Exploration Tool - Microsoft Internet Explorer E]E|®
'.*'.

Q- © ¥ 2

Help

:J /;.::'Search ‘EIT'\'E-'Faw:urites Q{\{ *v _;__ ] - _| '9;5 ﬁ ':‘i

Address I@ http: i ffard, nmt,eduf

v!Gu:: Links ** '@'

Y7 - &

Search Web ?]E" MEW Toolbar Update - | =0 Mail = @My yahoo! I Games - 57" Personals - %0 Music - 4% Finance - | SignIn q

-

New Mexico Tech

Selenee Englaeering Heseareh | slversiy

PRRC home

REACT home

)  FEETool
v Delaware Basin
v Devomian
» WDMS
v FuzzyRank —
* Predict Online

L)

Fuzzy Expert Exploration Tool

Incomplete or sparse information on types of data such as geclogic or formation
characteristics mtroduces a high level of sk for cd exploration and development
projects. "Expert” systems developed and used in several disciphnes and mdustries
hawve demonstrated beneficial results. & state-of-the-art exploration "expert” tool,
relying on a computenzed database and computer maps generated by neural networlos,
1z being developed through the use of "fuzzy" logic, a relattvely new mathematical
treatment of imprecise or non-explicit parameters and values. Oil prospectng nsk
can be reduced with the use of a properly developed and validated "Fuzey Expert
Exploration (FEE) Tool"

The Fuzzy Expert Exploration Tool will eventually be generalized so that users in any
part of the world wall be able to add their own knowledge and data and make rapid evaluations
of a large number of potential drlling sites 1 a systematic and consistent manner via the mternet.
A case study of the Lower Brushy Catyon formation of the Delaware basin, Mew Mexico 15 being
uzed to venfy the software and test the potential of the FEE Tool.

Below are links mstructing potential users how to access and utlize the system for the
Delaware Basin spectfic FEE Tool, to related regional data, and to collaterally deweloped
on-line neural networl: software and mput selection code ublizng fizey logic,

Delaware Basin FEE Tool 5
Download the User Manual {about 3 21E)
& password protected account 15 required to use the FEE tool wiale i 15 m beta testing,
E-mail Principal Investigator Eobert Balch, | call (5305) 825-5305 for information, of register on line,

Download the off-line version (about 12.9 ME). (Meed JTava on your computer to run)

Devonian FEE Taol
Download the User Manual {about 3 21E)
& password protected account 1s required to use the FEE tool whale i 15 m beta testing, v

ﬂ Internet




2 FEE TOOL 1.1 - Microsoft Internet Explorer [:“EWX|

File Edit ‘iew Favorites Tools  Help :f
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Address | ] httpsjfford.nmt.du/FEETOOL| viBco ks ? @y~
Y_r T éfvi [Search Web 'IE' MEW Toolbar Update - | (=3 Mail = @My vshoo! 5] Games - S Personals - % Music - G Finance - | SignIn ?l
- i %
Test FEE Tool Login 1.1
LOGIN
%]
Please enter your User Hame and Password.
|sue |
[+ |
OK Cancel
Java applet \Window
@ Applet Feetlogind started & Internet
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My Documents

Project Input data Inference Resulis Help Advanced

Chaicke siart Instruciions

Detailed instructions are being developed This basic set of instructions will give the user
wformation on operating the Delaware basin FEE Tool and mterpreting the results.

If vou have more detaled questions or wish to share comments please contact Principal

Inwvestigator Eobert Balch by phone at (5052) 835-5305 or by | E-madl

Step 1:

Create a project

Each prospect that yvou wish to evaluate will need its own project. To create a new project
gelect Mew from the Project Idenu. Enter an appropriate name to identify the prospect and

clck the | ok | button. ¥our project is now created and defaults to being the active project.

You can manage your prospects using the Project menu to Open, Close, or Delete
prospects. When your session 15 over you can alse Exat the FEE Tool from the Project IMem

ArcExploret2 Ntep 2 :

Locate your Fraspect

hho Lo abiogn AF 1rm1e s ciact neade to o artorad dnba tha datalnes bafoes salarrant Adads

M- U7z Expert Exploration Toal for Delaware Basin Exploration
Java Applet wWindow

1':; start 3 FEE TOOL 1.1 ... £ FEE Tool wi.0 ;_;';’ 0&-Demonstrat, ., '*3 Presentations r=1 Snaglk EI Local Disk (G £ 2 & HOEPM
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My Documents

nstructions are being developed This basic set of instructions will give the user
n on operating the Delaware basin FEE Tool and mterpreting the results.

Exit FEET
If you have more detaled questions or wish to share comments please contact Principal

Inwestigator Eobert Balch bﬂ Eiiii iI liiiil iii—i iiii ii ii iiii"

Step 1:
Input a project name :

Create a project |Dem|:|1 |

Each prospect that you wi o Gance] Lew project

gelect Mew from the Proge rospect and

click the [_ok | button. {avafpplet Window active project.

You can manage your prospects using the Project menu to Open, Close, or Delete
prospects. When your session 15 over you can alse Exat the FEE Tool from the Project IMem

Ntep 2 :

Locate your Fraspect

Hra lrmatiown af trenie e e med smsade te e cetarad dete tha databang bhafrera ralarraet Aata

M- U7z Expert Exploration Toal for Delaware Basin Exploration
Java Applet wWindow

Lac

f’f start } FEE TOOL 1.1 ... & FEE Toolwl.0 &2 na-Demonstrat..., . 4] nkation3 E] Local Disk (G 141 Snaglt




1

My Documents

Project Input data Inference Resulis Help Advanced

Chaicke siart Instruciions

Detailed instructions are being developed This basic set of instructions will give the user
wformation on operating the Delaware basin FEE Tool and mterpreting the results.

If vou have more detaled questions or wish to share comments please contact Principal

Inwvestigator Bobert Balch by phone at (502) 835-5305 or by | E-mail

Step 1 : Message rg]

Create a praject Project Demo1 has been created !

Each prospect that yvou wish to evaluate Foject
gelect Mew from the Project Ienu. Entd Ct and

chck the [0k | button. Tour project 1§ java Applet Window e project.

You can manage your prospects using the Project menu to Open, Close, or Delete
prospects. When your session 15 over you can alse Exat the FEE Tool from the Project IMem

ArcExploret? Ntep 2 :

Locate your Fraspect

hho Lo abiogn AF 1rm1e s ciact neade to o artorad dnba tha datalnes bafoes salarrant Adads

8 Fuzzy Expert Exploration Toal for Delaware Basin Exploration
Java Applet wWindow

Lac

f:i' start xplarer & -Dremonstration-n. .. ﬁ FEE Tool Demonstra. .. ﬂ Local o £:1 Snaglt




My Documents

£ FEE Tool v1.0----user : sue Active project : Demo1

Inference Results Help Advanced

th Trap Info i

Formation info ; ; . i ; i
Detai Regional info being developed This basic set of nstructions will give the user
ifortimmror o eprangg the Delaware basin FEE Tool and mterpreting the results.

chare comments please contact Principal

3 —5305 ot bV -F" Caat=tll |

Please input the location of the well

[Jumm X (00 Y 0.0

Finding Log_Lat Location by Township-Range-Section Scale

vl Latitude -2 5600 |Lungrtuue. 035

I IEE

apy Township |22 1 Morth ® South
Coyrert frorn T-F-5 to Lat-Lon r ot
Range 33 @) East ) \West
{1 Recompletion i
B e Section 14
1al
= New Well
Offset To  [GEQ ' Morth @ South
Offeset To  [330 @ East ) West
Submit Cancel

Cancel

Java dpplet Window

Q Java .ﬁ.pplet Wirdow
Ed

|Java Applet Window

- 8 08-Demonstration-n. .. i %5 FEE Tool Demonstra. .. i E] Local Disk (1) | #% Snaglt

316 PM



r Trap Assessment | Formation Asse t | Regional
Step 1. Distance to nearest well or Qil Show.|7)|
The database indicates that the nearest producing wellioil show is §§3T95.538 | ft. from your prospect.

If you know of a closer well or oil show enter the distance in feet helow.
Distance = 12680 | to producing well - | Reset

Step 2. Dip between Prospect and nearest Producing Well or Qil Show.@

Using the distance ;gagu ; in step one, the depth at the prospect of 5014 0 | ,and the depth at
the nearest producer -5215.4 , dip is estimated as 0 4902 | if you have information on a closer well

please enter the appropriate values and recalculate.
Depth At Prospect = -5014.8 |
Depth At nearestWell = |-5147] |

|

Computed Dip = 0.4902

| on related structure | Re-Calculate DIP | F\

Reset

Step 3. Porosity thickness.| )|

Based on the depth of your well of 5014 3 | ft, we recommend usingthe | 10% Average Porosity
map. The database estimates your net porosity thickness as  |2q 57 )
Paorosity Thickness = |29.57 | |use 10% porosity > | Reset

ArcExploret2

Cancel

Java Applet Window

.

P — e Fen; ; - : = S R W T
i'i' start f "Ei FEE Tool Dem... | ',ill 2 ‘Windows ... = f Inbo - Micra,.,., r Y. 3 InternetE... = f W 2 Windows .., - e Snaglt Q'; E E& e g 1050 AM
|



i

My Documents 5
Location D, K}

= Input Data

( Trap Assessment

Step 1. Distance to nearest well or Qil Show.[[7)|

The database indicates that the nearest producing wellioil show is 23796 538 | . from your prospect.
If you know of a closer well or oil show enter the distance in feet below.

Distance = |2680 [ to producing well - | Reset

Step 2. Dip between Prospect and nearest Producing Well or il Show.@

| in step one, the depth at the prospect of | _ | , and the depth at

_], dip is estimated as [n_4g|:|2"_" ] if you have information on a closer well

Using the distance zgg0

please enter the appropriate values and recalculate.

Depth At Prospect = -6014.8
Depth At nearest Well = -5147

Computed Dip = [2.82401 | [onrelated structure | Re-Calculate DIP

; Reset
Mozills Step 3. Porosity thickness.[[7]|

Based on the depth of your well of 5014 8 | R, we recommend usingthe | 10% Average Porosity
n map. The database estimates your net porosity thickness as If 0&7 |

Porosity Thickness = |29.57 | |use 10% porosity ‘;.| | Reset |

ArcExplorer? Rock

Hext

Reset | | Submit | | Cancel

Java Applet Window

.

o ST o T e i = § ; [ i : ; g . . E
. Sfaﬂ I 'Ei FEE Tool D, .. I s Windows M. . | Inbox - Mic... i 4 Interne... v! 'h 2 Window.,, = |||:| krap3 - Paint [ r=1 anaglk Q,.] x5 - 11:40 &M
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= Input Data

( Trap Assessment

Step 1. Distance to nearest well or Qil Show.[[7)|

The database indicates that the nearest producing wellioil show is 23796 538 | . from your prospect.
If you know of a closer well or oil show enter the distance in feet below.

Distance = |2680 [ to producing well - | Reset

Step 2. Dip between Prospect and nearest Producing Well or il Show.@

| in step one, the depth at the prospect of | _ | , and the depth at

_], dip is estimated as [n_4g|:|2"_" ] if you have information on a closer well

Using the distance zgg0

please enter the appropriate values and recalculate.

Depth At Prospect = -6014.8
Depth At nearest Well = -5147

Computed Dip = [2.82401 | [onrelated structure | Re-Calculate DIP

; Reset
Mozills Step 3. Porosity thickness.[[7]|

Based on the depth of your well of 5014 8 | R, we recommend usingthe | 10% Average Porosity
n map. The database estimates your net porosity thickness as If 0&7 |

Porosity Thickness = |29.57 | |use 10% porosity ‘;.| | Reset |

ArcExplorer? Rock

Hext

Reset | | Submit | | Cancel

Java Applet Window

.
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My Documents

Locakion L.

Mozl

/

ArcExplorer? Rock

= Input Data

( Trap Assessment |
Step 4. Stratigraphic Trap Search. |[3)|

Using the Porosity Thickness from step 3, and searching the area adjacent to and up-dip
of your prospect the following observations can he made:

3 & pinchout or thinout exists

i) Thickness variation up-dip in the area is insignificant

i Thickness increases up-dip

) No datai Don't use in Analysis

Step 5. Structural strike analysis. 7|

Based on your examination of the structure surrounding your prospect, indicate whether or not the

prospect is on structural strike. Click]__here _ [to view a pop-up map or Use your own data.
Prospect is on Structural strike i1 Yos i) Mo i@ Unable to Verify/ don't use in Analysis
Reset

Step 6. Thickness trends analysis @

The database indicates that the area around your prospect has an | average porosity thickness |
of 29,58 ‘with a standard deviation of 3 54 ‘over a small area.
of 29.53 | with a standard deviation of g 34 over a large area.

Previous

Reset | | Submit | | Cancel |

Java Applet Window
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( Trap Assessment |
Step 4. Stratigraphic Trap Search. |[3)|

Using the Porosity Thickness from step 3, and searching the area adjacent to and up-dip
of your prospect the following observations can he made:

3 & pinchout or thinout exists

i) Thickness variation up-dip in the area is insignificant

i Thickness increases up-dip

) No datai Don't use in Analysis

step 5. struct 1 S

Maodified data has heen saved to a secure file,
use the Inference and Summary menu to evaluate your prospect.

-

Based on your exan
prospect is on stru:l
Prospect is on Stru

Java Applet Window
Step 6. Thickness trends analysis =]

Mozl

r The database indicates that the area around your prospect has an | average porosity thickness |
Fi o e e P R iy e e T el

of 3348 | with a standard deviation of 3 54 ‘over a small area.
ST of 2053 ‘with a standard deviation of 2 34 over alarge area.

Previous

Reset | | Submit | | Cancel |

"B irbox-Mic... 7 4 Interne.. | W2 Window... = | i trap3-Paint | r1 Snaglt R 5 1146 AM
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ArcExploret2

Mozillz

= FEE Tool v1.0----user : sue Active project : Demo1

_ wrence Results Help Advanced
Location i Sl

Trap Info
Formation info

L Regional info  are being developed This basic set of instructions will give the user
information on operating the Delaware basin FEE Tool and interpreting the results.

fons

If vou have more detaled questions or wish to share comments please contact Principal

Investigator Eobert Balch by phone at (505) 835-5305 orby | E-mail

Step 1:

Create a praject

Each prospect that vou wish to evaluate will need s own project. To create a new project
select Mew from the Project Idenu. Enter an appropriate name to identify the prospect and

chclo the [ ok | button. Your project 13 now created and defaults to being the active project.

Tou can manage your prospects using the Project menu to Open, Close, or Delete
prospects. When vour session 1s over you can alse Exat the FEE Tool from the Project Idenu.

Step 2 :

Locate yvour Frospect

Fuzzy Expert Exploration Toaol for Delaware Basin Exploration
f Java fpplet Window

SR FEEToolD... | % ‘Windows M., Inbics: - Mic.., 7S 3 Interne... | W2 Window... = | i§ trap3 - Paint 141 Snagl

KB 5 1147aM
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start

Locakion L.

Projec]

» A =

Diocuments

Input Data

| Formation Assessment
Step 1. Quality of Source Rocks. =]

The database indicates that there are source rocks with Total Organic Carbon (TOC) of
|0.7EB | % in the area of your prospect.

Step 2. Thermal Maturity of Source Rock.[[7]]

Research indicates that the Lower Brushy Canyon is self sourced and of mixed oil and gas
prone Kerogen types. The database indicates that source rocks near your prospect are

Oil Windaw ht, gax, and Ro.

{® Database Pl =
O TAL= § @ Modified data has bheen saved to a secure file,

O Tmag = use the Inference and Summary menu to evaluate your prospect.

DR.D: OK t

Java Applet Window
Step 3. Migrauorrroteroar 7]

The dip relationship between high gquality source rocks proximal to your prospect was

evaluated. For this analysis only down dip source rocks were cunsidered The database indicates that yvour prosp...

does not h... an up dip pinch-out or thin-out and is 1 3200 |t updip of rocks with TOC of |1 24
Reset

Reset | | Submit | | Cancel

i BEF Microsoft PawerPaint ... = 4 Internet Explorer - Fren Snaglt

-
£

10:31 AM
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Mozillz

= FEE Tool v1.0----user : sue Active project : Demo1

_ wrence Results Help Advanced
Location i Sl

Trap Info
Formation info

L Regional info  are being developed This basic set of instructions will give the user
information on operating the Delaware basin FEE Tool and interpreting the results.

fons

If vou have more detaled questions or wish to share comments please contact Principal

Investigator Eobert Balch by phone at (505) 835-5305 orby | E-mail

Step 1:

Create a praject

Each prospect that vou wish to evaluate will need s own project. To create a new project
select Mew from the Project Idenu. Enter an appropriate name to identify the prospect and

chclo the [ ok | button. Your project 13 now created and defaults to being the active project.

Tou can manage your prospects using the Project menu to Open, Close, or Delete
prospects. When vour session 1s over you can alse Exat the FEE Tool from the Project Idenu.

Step 2 :

Locate yvour Frospect

Fuzzy Expert Exploration Toaol for Delaware Basin Exploration
f Java fpplet Window
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[y Dacuments
Locakion L.

ent | Regional Assessment |

e ff 1

Proje  Step 1. Initial Productlon =]

A regional anahlysis using computational intelligence to predict production potential
estimates that your prospect should produce 0.0 | BOPM average for the first twehse months.
If you have another way of estimating production potential {analog well, etc) Please enter your own value.

Step 2. Proximity of better production [ 7|

The proximity and guality of nearby production has an affect on the success uf a new
prospect. The database indicates that your pruspem is within '1 2200 I‘t of
predicted production of  1500.0 | BOPM.

Step 3. Uniformity of Production [z

A measure of heterogeneity of the reservoir can be found in the variance the prospect has

with other nearby prospects. Your prospect has been compared with prospects over large

and emall areas.

Over a small area your prospect has a standard deviation of ij 148.66 compared to average std of 67966 |
Ower a large area your prospect has a standard deviation of ﬁ"éﬁtl.z ' compared to average std of 5_8-55.55 :

Step 4. Net Porous Thickness [ 7|

In the Delaware basin, it has been ohserved that thick clean sands on the western margins
of the basin fail to produce, while thinner, lower porosity sands in the center of the basin
can produce well. The database indicates that the depth of your prospectis -5014.8 | it subsea which

classifies itas |Central Basin ¥ | prospect and has a porous thickess of 295? ft.

next

| Reset | | Submit | | Cancel

.
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Projec]

Regional Assessment

Step 5. Gross structure [3)

Prospects are favourably impacted if they are regionally higher on structure. Please examine the
| Structure Map | , or use your own data to evaluate your prospect.

i1 Prospect is on flank of structure

i1 Prospect is off structure down-dip of regional strike
' Prospect is off structure up-dip of regional strike

i®! Unable to determine’ Do not use in analysis

Step 6. Gravity support of structure 3|

Please examine the |

) Supported
' Not supported
i) Unable to determine’ Do not use in analysis

Step 7. Regional Adjustments [ 7|

The portion of the basin affects the success rate of Brushy Camyon wells. The database
indicates that yvour prospect is located:

i’ Northwest or Western Margin

i#! Central Basin | Reset | | Previous

Regional Gravity Map | and determine if the structure is supported by the gravity data.

; start

| Submit | | Cancel

i tﬁ Microsaft PowerPoint ..., = 4 Internet Explorer - frer anaglt

g 10:35 4M
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My Documents

B »

Locakion L.

= Input Data

Projec]

Regional Assessment

Step 5. Gross structure [3)

Prospects are favourably impacted if they are regionally higher on structure. Please examine the
| Structure Map | , or use your own data to evaluate your prospect.

i1 Prospect is on flank of structure

i1 Prospect is off structure down-dip of regional strike
' Prospect is off structure up-dip of regional strike

i®! Unable to determine’ Do not use in analysis

Step 6. GraviF --_--_—__-—* e L

Please examine t% _
_ _ % Modified data has been saved to a secure file,
il Supported use the Inference and Summary menu to evaluate your prospect.

) Not supporte
) Unable to det

SteP % REQIC Java spplet Window

The portion of the basin affects the success rate of Brushy Camyon wells. The database

oK

indicates that yvour prospect is located:

i’ Northwest or Western Margin

i#! Central Basin | Reset | | Previous

Reset | | Submit | | Cancel

i tﬁ Microsaft PowerPoint ..., = 4 Internet Explorer - frer anaglt
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{uick Start Iast porotion| The expert System has evaluated that this prospect has Average
Regional In  potential based on Trap Analysis, A Numerical score of 0.603

Dietaled mstruct
mformation on o

General Ind

If vou have more detailed qu
Inwestigator Eobert Balch b

The expert System has evaluated that this prospect has Very Good
Javatpp  potential based on Formation Analysis, & Numerical score of 0.841
wWas assi

Step 1:

)
a0 N i & = 1
sod “lond hbncbdt b i DR et R

==

Create a praject

The expert System has evaluated that this prospect has Below Average
Each prospect that you wish to evalul Javatpplet'y  potential based on Regional Analysis, & Numerical score of 0.588

select IMew from the Project Memu Enter an appr)  Was assigned for the Regional Analysis.

click the [_ok | button. Your project is now cre

Ok
Y 1 ran manade wonr rraenecte nenag the Pronact
= Yo By
Pr LRI TR -
—
Ste

The expert System has evaluated that this prospect has A'-.-'erage
7. hotential based on General, A Numerical score of 0.659
was assigned for the General.

T Anta
Ok

Fuzzy
Java Af
[

Java Applet window



My Documents

= Bin Shor
ana

Chaick Start Instructions PieChart

. : ; | BarChart
Dietaled metructions are be

information on operating thel

If you have more detaled questions or wish to share comments please contact Principal

Inwestigator Eobert Balch by phone at (502 835-5305 or by | BEomad

Step 1:

Create a praject

Each prospect that vou wish to evaluate will need s own project. To create a new project
select Mew from the Project Idenu. Enter an appropriate name to identify the prospect and

chclo the [ ok | button. Your project 13 now created and defaults to being the active project.

Tou can manage your prospects using the Project menu to Open, Close, or Delete
prospects. When vour session 1s over you can alse Exat the FEE Tool from the Project Idenu.

Step 2 :

Locate yvour Frospect
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A Your prospect has been evaluated by the Expert system to be a [Averace |
hor risk using a combination of factars in three categories: Trap Assessment, Formation
Sna Agsessment, and Reglonal Assessment. This summary will provide means to compare and
contrast yvour well to other prospects that the unadjusted model has predicted in the same
range and to identify potential analog wells using a combination of graphs and tables.

The | Pie Chart | menu allows you to examine haw yaur prospect compares to actual wells
by comparing the Predicted Prospect Quality of your well to that predicted for actual

brushy canyon wells using the basic information available to the systemn. The initial plot
shows the distribution of wells with similar predictions into four categories: Very

Successful wells, Successfunwells, Margina wells, and Ony holes. For comparative
pUrposes you can examine charts of other Predicted Prospect Quality ranges to contrast

the overall distribution o s e s

The| BarChart | me Please select a range: pect and the owverall

distribution of predicted : ctahle using the Bar

Chart menu bar. The fi | #Average ity at known wells

which have either target ted dry, or have full

or mixed production fran OK art shows how your

prospect compares to ntial 40 acre drill sites in
Unused ® = Mozille the Mew Mexico part of §Java Applet window

The | Takle | menu contains avariety of tables summarizing important aspects of the data
': used to make the analysis, linguistic variahles approximating the ranges of responses
tl from the Expert System, and information about wells that are nearest to your prospectin
ARl et both distance and Predicted Prospect Quality to help you identify potential analog wells.
2 Well listings include AP| numbers which can be used to link to additional infarmation
ahout the area of the prospect available in the| Web-based Data Management System. |

If wou wish to examine monthly production data at one of these wells please link to
ONGUARD  |and enter the APl number in the search field.
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Detailed mstructions are be g basic set of mstructions will give the user

information on operating thel o caeitt FEE Tool and interpreting the results.
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Prospect Quality relative to other predictions ~

Step 1:
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Create a praject
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Each prospect that vou wish to 2 ject

select Mew from the Project Idenu. Enter an appropriate name to identify the prospect and
chclo the [ ok | button. Your project 13 now created and defaults to being the active project.

Tou can manage your prospects using the Project menu to Open, Close, or Delete
prospects. When vour session 1s over you can alse Exat the FEE Tool from the Project Idenu.

Step 2 :
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Stratigraphic Trap Yalue

stratigraphic traps do much to enhance a prospect. In order
to test for these traps, the expert system looks up-dip of the
prospect location and seeks a thinmng of the formation
thickness. There are three possible answers: A pinchout or
thinout exsts, thickness vartation up-dip in the area s
instgnficant, and thinout exsts, thickness mereases up-dip.
Cly one possibiity may be selected.
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Detailed mstructions are being developed. Thiz basic set of mstructions will give the user
information on operating the Delaware basin FEE Tool and interpreting the results.

If you have more detaled questions or wish to share comments please contact Principal

Inwestigator Eobert Balch by phone at (502 835-5305 or by | BEomad

Step 1:

Create a praject

Each prospect that vou wish to evaluate will need s own project. To create a new project
select Mew from the Project Idenu. Enter an appropriate name to identify the prospect and

chclo the [ ok | button. Your project 13 now created and defaults to being the active project.

Tou can manage your prospects using the Project menu to Open, Close, or Delete
prospects. When vour session 1s over you can alse Exat the FEE Tool from the Project Idenu.

Step 2 :

Locate yvour Frospect

Lac

r:." start m Local (G BEF Microsoft PowerPairt ., 2 3 Inkternet Explorer - | 1e1 Snagle "{__l Yo 11138M




1

[ Diocuments

Shar Pruject Input data Inference Rﬂsults Help Advanced

Chaick Start Instructions

Latituide Longitude

If you have 1
Inwvestigator |

Step 1:
Create a pr
Each prospe

select Mew f

click the [ d

Mozl

Youcan m

E prospects. W | atitude: [0 Longitude: |0 | add || clear || Submit || TRS |

ArcExplorer? Rock Step 7.

Java Applet Window

Locate yvour Frospect

Fuzzy Expert Exploration Tool for Delaware Basin Exploration

{5va Applet Window
7 k=

~ 4 Inkternet Explorer - Frer Snaglk "._ 1117 AM



1

My Documents

us Project : none
Inference Hesults Help Advanced
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Detaled metructions are be developed. Thiz bazic zet of mstructions wll ve the uger
dofvanital - input multiple points in latitude and longitude

Latituide Longitude
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Investigator | £ TRSto Latitute-Longitute

Step 1:
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A Fuzzy Expert Exploration Tool - Microsoft Internet Explorer

File Edit ‘iew Favorites Tools  Help

@ Back ~ ) |ﬂ @ :] /\' Search ‘E'I?'\'E-' Favorites Q;{ - - _;__ ] - | '@‘;S ﬂ ':‘i
Address | @] httpfford.nmk.eduf viBco ks ? @y~
Y_r T é,_?vi Search Web ?]E" MEW Toolbar Update - | (=3 Mail = @My vshoo! 5] Games - % Personals - % Music - G Finance - | SignIn q

e oy
Fuzzy Expert Exploration Tool
New Mexico Tech
Belence Englaestiig Renrch Halvrsky Incomplete or sparse information on types of data such as geclogic or formation
characteristics introduces a high level of risk for cd exploration and development

PRRC home projects. "Exzpert” systems developed and used i several disciplines and industries

: hawve demonstrated beneficial results. & state-of-the-art exploration "expert” tool,
relying on a computenzed database and computer maps generated by neural networkes,
iz being developed through the use of "luzzy” logic, a relatively new mathematical
treatment of imprecise or non-explictt parameters and values. Oil prospectng sk
can be reduced wath the use of a properly developed and validated "Fuzzy Expert

R e Exploration (FEE) Tool"
The Fuzzy Expert Exploration Tool wall eventually be generalized so that users i any
@)  FEE Tool part of the world wall be able to add ther own knowledge and data and malke rapid evaluations
_E_ of a large number of potential drlling sites 1 a systematic and consistent manner via the mternet.
v Delaware Basin & rase study of the Lower Brushy Canyon formation of the Delaware basm, Mew Mexco 15 being
v Deyonian used to venfy the software and test the potential of the FEE Tool.
EBelow are links mstructing potential users how to access and utilize the system for the
> WEMS, Delaware Basin specific FEE Tool, to related regional data, and to collaterally deweloped
v FuzzyRank ~ | on-line neural networke software and mput selection code uhlizng fuzey logic,
* Praglict.Ondiog Delaware Basin FEE Tool 1
(»)  Projects, Download the User MWManual (about 3 31IB)
®  Rublications. A password protected account 15 required to use the FEE tool while it 15 m beta testing,
E-mail Principal Investigator Eobert Balch, | call {(5305) 825-5305 for information, or register on line.
()  Industry support Download the off-line version (about 12.9 ME). (Meed Java on yvour cotnputer to nun)
) Persennel _
Devontan FEE Tool
(»  Location Download the User Manual (about 3. 8MB)
bk b racemrard reaterted arcannt ie reaired ta ee the BEE tanl while it i in heta tectine b
fé:l htkp: fifard.nmt.edufdeyvonian & Internet

-

% 1141 8M



3 Devonian FEE TOOL 1.0 - Micresoft Internet Explorer

File Edit Yiew Favorites Tools Help J#
@Eacl. @ @ @ f:] p Search *Favurites @a @v ,:__; &IF] - D '@'; ﬁ ,ﬂ

Address ‘@ http: f fFord, nmk, edudevonian) v| Go | Links ** @ -
Y_r A éﬁvl [Search Web *lE' HEW Toolbar Update = | =] Mail - @My Yahioo! Games = 8P Personals ~ %0 Music = @ Finance ~ | SignIn ?l

Devonian FEE Tool Login (version 1.0)

LOGIN

Login E'

Please enter your User Name and Passwaord.

sue |

[~ |

| OK || Cancel |

Java Applet Windaw

@ Applet DevonianLogin started & Internet

R B ¢ 11:418M
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My Documents \
Location 0., an

£ Input Data

Hae)
ias
EU

| Structure

Step1. Paleo Structure @

The database indicates that your prospect shows ljll:u

_ evidence of paleo structure. You may modify

this by using the following drop down menu.

| Mo evidence of paleo structure

Step 2. Structural Relief [[Z)]

Regional data indicates that there is 95.6864 | of structural relief at your prospect. If you have more detailed

information please enter the relief value in feet, below:

Structural Relief = |93.6564 ft.

Step 3. Fault Bounding [[2)]

Using the pull down menu below, indicate whether the structure is hounded by a San Andres penetrating fault,

a non-penetrating fault, or is unbounded:

| Unbounded/Unable to determine

Reset | | Submit | | Cancel

T
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Structure

Step 4. Seismic Verification |[2]|
Please use the radio buttons to indicate whether or not your prospect has structure verified by the

seismic data
i Structure not verified

' Structure verified by seismic

Surfer 8
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crobat
ndard

Reset | | Submit | | Cancel
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Introduction

Introduction

Project Status

Expert Systems

* In any project it 1s important to test the

- . robustness of methodologies and results.
roject Details

« For software projects the functionality of the
software 1s also an important concern.

Demonstration

Testing * These two components are termed Validation
and Verification.

Project Results

Application
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Introduction

Validation and Verification

Project Status

Expert Systems || e \/glIdation is a computer science term (Gupta,
1990) meaning;:

Project Details

Demonstration “Each level of specification and deliverable code
are traceable to a superior specification, that is,

Testing the specification or code fully and exclusively
Implements the requirement of the superior

Project Results SpeCI f| Cati on”

Application

e In layman terms, the software 1s true to its

124 of 157
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Introduction

Validation and Verification

Project Status

peerysens e \ferification is concerned with testing to

Project Details determnle lf:

PemeIREEt 1« the deliverable code correctly implements the
Testing original user requirements’ (Gupta, 1990).

Project Results

* For the FEE Tool, one such test would be to see
how well the system predicts the performance

Application
of new wells.
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Introduction

Project Status

Expert Systems

Project Details

Demonstration

Testing

Project Results

Application

126 of 157

Validation Testing

Each subroutine or sub-process was tested
using synthetic data to make sure that all
outputs and variable ranges were successfully
calculated.

Comparisons of fuzzy model to crisp model
and conceptual model provides a measure of
how well the code fits the “model™.
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Introduction An Early Crisp vs. Fuzzy Plot

Project Status

Expert Systems Regression Plot

s=00530086 R-Sq=821% R-Sqiadj) = 82.1 %

Project Details

Demonstration

Testing

Project Results

Regre=z=ion

&5% Cl

Application

Conclusions
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Introduction

Regional Estimate Divided Out

Project Status

Expert Systems Regression Plot

fuzzy region = 0.381586 + 0.508225 regional ezt

. . S=0109914 R-30=532% R-Sgiadj) =53.2 %
Project Details

Demonstration

Testing

Project Results

Hegres=zio

Application

Conclusions
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Introduction

Final Fuzzy and Crisp Correlation

Project Status

Expert Systems Regression Plot

fuzzy final = 0.02858635 + 0 523625 crizp finale

5=0.03658421 R-5g=91.3% R-5Sq{adj)=91.3%

Project Details

Demonstration

Testing

Project Results

Application

Conclusions
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Introduction

Alpha and Beta Testing

Project Status

Expert Systems

* Alpha testing, or testing before release of
software, was used to verify in-house that the
major functions of the software worked 1n a

Project Details

Demonstration Stable manner.
. » Beta Testing, or testing as a limited release,
Testing i ]
was used to give the software a trial by a small
Project Results set of users.
— Many interface change recommendations and a
Application

few bugs were found 1in this stage.
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roducion || Verification Testing: Is It
Effective?

Project Status

Expert Systems

 How well does it predict Lower Brushy
Canyon prospects?
— How to best validate the expert system.

Project Details

Demonstration e Test 1t using pre-generated answers

* The project databases were frozen at intervals,

to allow new wells that were drilled to reach
Project Results one year of continuous production, and be
candidates for blind testing.

Testing

Application
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Introduction

Project Status

Expert Systems

Is 1t Successtul?

Project Details

Demonstration

Testing

Project Results

Application

133 of 157

We used statistics to help decide a
numerical/linguistic value where the risk 1s
optimally reduced.

Boxplot statistics were one useful technique
generated to help in this.

Results were compared to actual results at real
wells decided by human experts.
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Delaware Comparative Statistics

5 unsuccessful wells —

89 post cutoff wells —

911 pre-cutoff wells —

Entire system resulis —

| | | 065 | |
0.3 0.4 0.5 0.6 0.7 0.8

Boxplots of the fuzzy results




Delaware FEE Tool Quality Estimates for
60,478 Potential Drilling Sites

4900 recommended un-
drilled locations, with
recoverable reserves
estimated as between 171
and 212 million barrels
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Devonian Box plot
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Dry holes
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Devonian Pie Charts
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A Novel use for the FEE Tool

e With a global Quality prediction at each of
60,478 potential prospects, and

* With a well-defined cut-off quality of 0.65 for a
most likely successful well.

It becomes feasible to determine how many
viable Lower Brushy Canyon prospects remain
to be drilled in the New Mexico portion of the
Delaware basin.

— 4481 un-drilled prospects above that quality

Final COR Report - NPTO - Tulsa Ok



Introduction Reserve Estimation Using the
Project Status FEE TOOl

Expert Systems

* The missing variable 1s how much production
can be expected at each of the prospects.

Project Details

* We can use the quality rankings of the existing
wells 1n the basin to determine an average
production for a well that has an Expert
System defined Quality prediction.

Demonstration

Testing

Project Results
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Introduction

Approach

Project Status

Expertsystems [} e Step 1: Collect data on first year average
production for the 1000 wells producing out of
the lower Brushy Canyon formation.

Demonstration || ®  Step 2: Determine the best ratio for converting
first year average production (two approaches

Project Details

Testing based on productive life of well).

« Step 3: Convert first year average production to
total production using the ratio(s) found in step

2.

Project Results

Application
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Approach

Project Status

ppeswsens || Qtep 4: Using the FEE Tool estimates for the
1000 wells, find the mean value of total

production at each FEE Tool estimate of 0.65 to
Demonstration 0.89 (the max). (0.65,0.66,0.67,...0.89).

 Step 5: Find the total number of gridpoints with

Project Details

Testing )
an estimate of 0.65, 0.66, etc. These results are
Project Results shown in the following table.
Application
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Approach

» Step 6:The reserves are computed by the
following formula:

Reserves = XT. G, - TP

— Total production at the i estimate level =T,

— Number of gridpoints at the i estimate level = G,
— Total production at 1000 wells (ste
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Cumulative Prod. vs. Number of
Months

Accum. QiiB = 384137 + 274204 w0 2
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Preliminary Results

Project Status

Expertsystems |1 o {Jging the 100 bbl/month end of productive life,

| | the reserve value computed using this method 1s
SRR 171,613,995 bbls.

Demonstration ¢ USing the 0 bbl/month end of prOdUCtive life,
the reserve value computed 1s 211,851,015
Testing bbls

* The actual remaining recoverable reserves,
estimated using the Expert System, will fall
between these two numbers.

Project Results

Application
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Summary

Project Status

Expert Systems [| e Remaining recoverable reserves for the lower
Brushy Canyon play was undertaken using data
predicted by the “machine’ expert.

Demonstration || o Between 170 and 212 Million Barrels of
recoverable o1l remain in the ground 1n 4481
un-drilled prospects.

Project Details

Testing

project Resulis || o Of the 4481 prospects we expect:

— 1.91 % or 86 dry holes
— 22.02 % or 987 marginal wells

Application
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Summary

Project Status

Expert Systems

* We predict the 987 marginal wells will produce
between 7.2 and 8.9 MBBIs of o1l total.

* The production at the 3408 successful or very
successful wells is therefore predicted at
between 48,248 and 59,560 barrels average per
well.

Project Details

Demonstration

Testing

Project Results

Application
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A web-based Fuzzy Expert Exploration Tool
has been successfully developed using Fuzzy
Logic and Java technology.

Two types of rules are applied in up to four
categories:

— Regional, Trap, Structure and Formation
Assessment.

— Each assessments assigns a numerical score based
on the answers to expert questions.

Results are combined to form an overall risk
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New Technology

Project Status

Expert Systems

* The project created the first fuzzy expert
systems used 1n o1l exploration:

Project Details

— Both systems utilize state of the art software and
Demonstration webware.

* The Expert Systems warehouse hard-learned

Testing . . .
expert knowledge in an easily queried format.

Project Results |1 o Make accessible via the internet a large variety
of useful information and tools for
Explorationist's.

Application
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Future Work

Customizable Fuzzy Expert System
Project funded by Department of Energy

— Tools to allow the development of Fuzzy Expert
Systems by Engineers and Scientists.
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