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What Risk?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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Why and How?Why and How?

• Incomplete and sparse information increase risk 
for oil 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. 

Introduction
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FEE Tool GoalsFEE Tool Goals

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

• Two Plays in New Mexico were selected to 
evaluate the ability of the software:
– Lower Brushy Canyon (Delaware Sands)
– Siluro-Devonian Carbonates

Introduction
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PortabilityPortability

• A concern in generating software that will be 
utilized by a wide variety of companies is the 
portability of software and machine 
requirements. 

• 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 
browser. 
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TasksTasks

• The project ran for 72 months. A no-cost 
extension added features and Tech-transfer.

Year 1      Year 2     Year 3      Year 4     Year 5

Task 1

Task 2

Task 3

Assemble Data

Develop Fuzzy Expert System

Technology Transfer

Year 1      Year 2     Year 3      Year 4     Year 5

Task 1

Task 2

Task 3

Assemble Data

Develop Fuzzy Expert System

Technology Transfer
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Task 1: Assemble DataTask 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
– Digital well logs
– Attribute and predictive maps 

Project Status
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Task 1: Assemble DataTask 1: Assemble Data

• A Knowledgebase was collected and collated 
from a wide variety of sources for both plays: 
– Expert knowledge was gained from interviewing 

Explorationist’s
– Literature searches 
– From analysis of trends in the data.

Project Status
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Task 2: Develop the Fuzzy Task 2: Develop the Fuzzy 
Expert SystemExpert System

• 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:
– HTTP://ford.nmt.edu

Project Status
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Task 3: Technology TransferTask 3: Technology Transfer

• The project has generated 47 papers and 
presentations and more than a dozen technical 
reports and 11 graduate theses and dissertations. 
Two training workshops, gave users hands-on 
experience with the Expert System software.  

• Companies of all sizes are interested in project 
results, and to date we have transferred project 
results directly to six oil companies, and trained 
workers from a score of other companies.

Project Status
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Task 3: Technology TransferTask 3: Technology Transfer

• Tech transfer will continue after the end of the 
project:
– Publication in peer reviewed journals 
– Completion of graduate degrees and 
– Via REACT web pages

Project Status
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DeliverablesDeliverables

• Annual and Semi-annual reports to DOE.
• Final compilation of all data and developed 

software to DOE:
– Final Report submitted

• Availability of software in an interactive format 
on the web to producers of all sizes:
– Delaware Basin FEE Tool
– Devonian Carbonate FEE Tool
– Supplementary software

• PredictOnline and FuzzyRank

Project Status
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Deliverables For ExtensionDeliverables For Extension

• Users desired several changes to the software 
beyond the original specifications:
– Stand-alone versions
– Batch mode
– Availability of raw project data (WDMS)

• Additional tech transfer opportunities were also 
utilized. 
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MilestonesMilestones
• August 27 2003

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

• February 2004
– Release of Devonian FEE Tool to consortium for 

beta testing
• March 14 2004

– Release of all software for public use online.
• March 14 2005

– Stand-alone software delivered 
• Web Distribution
• CD distributable by DOE
• All software in the public domain
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UnUn--Discussed/Collateral WorkDiscussed/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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UnUn--Discussed/Collateral WorkDiscussed/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 
software.

Project Status
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DefinitionsDefinitions

• Expert System - “An intelligent computer 
program that uses knowledge and inference 
procedures to solve problems that are difficult 
enough to require significant human expertise 
for their solutions” (Feigenbaum 82).

• Crisp Inference Procedures – Inference 
procedures that use crisp rather than fuzzy sets.
– “an object is either in a set or not in a set” 

(Giarratano 98 ) 

Expert Systems



21 of 157 4/26/2005

Introduction

Project Details

Conclusions

Project Status

Expert Systems

Final COR Report - NPTO - Tulsa Ok

Testing

Demonstration

Project Results

Application

DefinitionsDefinitions

• Knowledge Base - A collection of facts, 
relations, procedures etc., which constitute the 
knowledge about a particular domain” (Hart, 
1986): In this context the knowledge base is 
where the expert rules are stored.

• Answer Base – A collection of data and results 
from the rules in the knowledge base used as 
inputs in the inference engine.

Expert Systems
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What is an Expert System?What is an Expert System?

• We define an Expert System as an artificial 
intelligence tool which stores expert opinions
and methods of analysis.

• An expert opinion, or rule, would be something 
like “High porosity is favorable for high 
production”.

• These Rules are stored in a knowledgebase or 
more simply a database of expert opinions.

Expert Systems
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But this is a Fuzzy Expert System...But this is a Fuzzy Expert System...

• A fuzzy expert system is an expert system that 
uses a collection of fuzzy membership functions 
and rules, instead of Boolean logic, to reason 
about data. 

• We use fuzzy logic to more accurately model 
the incomplete and sparse data we are often 
confronted with when making decisions:  
– Allows error ranges to be factored in
– Moderates the effect of spurious data

Expert Systems
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Storage of Human KnowledgeStorage of Human Knowledge

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

Expert Systems
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Crisp vs. Fuzzy DefinitionsCrisp vs. Fuzzy Definitions

• An important concept for inference engine 
development is the difference between crisp 
and fuzzy definitions, because much of the data 
used in prospect evaluation is inherently fuzzy. 

• A crisp definition is defined here as a numerical 
value that is known precisely, such as “Porosity 
= 10.215%.”  

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

Expert Systems
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Permeability vs. Porosity: 
Sandstone only

y = 0.0051e0.3916x

R2 = 0.6173
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Permeability vs. Porosity: 
Laminated Sandstone only

y = 0.0022e0.3884x

R2 = 0.2279
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Permeability vs. Porosity: Calcite, 
Shale, and Limestone

y = 0.0092e0.1793x

R2 = 0.0851
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IF it is sandstone THEN

K= 0.0051exp(0.3916Ф)

IF it is laminated sandstone THEN

K= 0.0022exp(0.3884Ф)

IF it is calcite, shale, or limestone THEN

K= 0.0851exp(0.1793Ф)

Example 1: Crisp RulesExample 1: Crisp Rules

Expert Systems



Permeability vs. Porosity: Sorted
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IF Ф is high with a certainty of CFh(Ф)

AND 

Ф is medium with a certainty of CFm(Ф)

THEN

K= CFh(Ф) *0.0051exp(0.3916Ф) 
+ CFm(Ф) *0.0022exp(0.3884Ф)

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

Example 1: Fuzzy RulesExample 1: Fuzzy Rules

Expert Systems
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Example 2: Regional DataExample 2: Regional Data

• In exploration, relevant data such as porosity is 
sometimes approximated or interpolated from 
data collected at nearby wells.

• The following is a simple example of how 
principles 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
– Total Organic Carbon

Expert Systems
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Rules Rules –– Expert KnowledgeExpert Knowledge

1) If T is zero then R is zero
2) If Φ is zero then R is zero
3) If T is low and Φ is low or medium, then R is low
4) If T is low and Φ is high then R is medium
5) If T is medium and Φ is low then R is low
6) If T is medium and Φ is medium or high, then R is 

medium
7) If T is high and Φ is low or medium then R is medium
8) If T is high and Φ is high then R is high

Expert Systems



Definitions and Fuzzy SetsDefinitions and Fuzzy Sets

• T=Total Organic Carbon
– T: ZERO if 0 ≤ T < 0.5
– T: LOW if 0.5 ≤ T < 1.0
– T: MEDIUM if 1.0 ≤ T < 1.5
– T: HIGH if 1.5 ≤ T

• Ф =Porosity (percentage)
– Ф: ZERO if 0 ≤ P< 5
– Ф: LOW if 5 ≤ P< 10
– Ф: MEDIUM if 10 ≤ P< 15
– Ф: HIGH if 15 ≤ P
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Applying Best Known ValuesApplying 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 Membership 

• Memberships of T
– T(Zero)=0
– T(Low)=56
– T(Medium)=44
– T(High)=0

• Memberships for Φ
– Φ(Zero)=0
– Φ(Low)=0
– Φ(Medium)=40
– Φ(High)=60
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Rules Rules –– Expert KnowledgeExpert Knowledge

1) If T is zero then R is zero
2) If Φ is zero then R is zero
3) If T is low and Φ is low or medium, then R is low
4) If T is low and Φ is high then R is medium
5) If T is medium and Φ is low then R is low
6) If T is medium and Φ is medium or high, then R is 

medium
7) If T is high and Φ is low or medium then R is medium
8) If T is high and Φ is high then R is high

Expert Systems
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Applicable Rules Applicable Rules 

• The next step in the process is to determine the 
strength of each of the fired rules using the set 
theory operators min for “and” and max for 
“or”. 

• Beginning with rule 3, T has a low with 
membership value of 56, Φ low with 
membership value of 0 and Φ medium with 
membership value of 40. So, Φ is low or
medium with a membership value of 40. Rule 3 
is then “fired” with a strength of 40, using min
(56,40) to arrive at this value. 

Expert Systems
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Fired RulesFired Rules

• rule 4 fired with a strength of 56 and
• rule 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
operator. 

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

Expert Systems
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DefuzzificationDefuzzification

• 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. 
Then using the strengths computed previously, 
R can be calculated as follows:
– R = 0.40*(10)+0.56*(50) = 32

• A poor risk, assuming only these two factors 
apply:
– Real problems involve hundreds of potential rules.

Expert Systems
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Application to ProspectingApplication to Prospecting

• 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 is available via the internet as a 
separate database.

Expert Systems
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ProcedureProcedure

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

• 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

Expert Systems
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Fuzzification of Brushy Canyon Fuzzification of Brushy Canyon 
RulesRules

• 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 is less than 

one 40 acre spacing (1320 ft) then the initial 
prospect quality is Very Good. 

• Or
– If the distance to the nearest producing well is less 

than two spacings (2640 ft) then the initial prospect 
quality is Good.

Expert Systems
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Fuzzification of RulesFuzzification of Rules

• 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
– If 1320 < dist < 2640 then Quality = 0.6
– If 2640 < dist < 5280 then Quality = 0.4
– If 5280 < dist < 26400 then Quality = 0.2
– Else Quality =0.05

• This data is shown graphically on the next 
slide.

Expert Systems
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Fuzzified RulesFuzzified Rules

• Each set of rules is defined with fuzzy 
membership functions instead of by crisp 
values.

• This allows the system to show the similarity of 
points that are 1319 ft and 1321 ft from the 
nearest prospect, whereas in the crisp model 
those values would be strongly different, 
though only 2 ft apart. 

Expert Systems
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RulesRules
• 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. 

Project Details
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Delaware Trap Assessment Delaware Trap Assessment 
Rule CategoriesRule Categories

• Distance to nearest production or oil show.
• Dip difference between prospect and nearest 

producing well.
• Thickness of the porous sands at the prospect.
• Existence of updip sand pinchouts.
• Consistency of formation thickness. 
• Structure.

Project Details



53 of 157 4/26/2005

Introduction

Project Details

Conclusions

Project Status

Expert Systems

Final COR Report - NPTO - Tulsa Ok

Testing

Demonstration

Project Results

Application

Delaware Formation Assessment Delaware Formation Assessment 
Rule CategoriesRule Categories

• Total organic carbon at prospect location.
• Thermal maturity of source rocks.
• Distance to high quality downdip source rocks.

Project Details
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Delaware Regional Assessment Delaware Regional Assessment 
Rule CategoriesRule 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. 
• Gravity.

Project Details
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Devonian Trap Assessment Devonian Trap Assessment 
Rule CategoriesRule Categories

• Evaluate Seal/Cap.
• Closure on structure.
• Possibility of flexure fracturing.
• Potential for other porosity.
• Seismic verification of porosity.

Project Details
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Devonian Formation Assessment Devonian Formation Assessment 
Rule CategoriesRule Categories

• Total organic carbon of overlying Woodford 
Shale at prospect location.

• Primary Source rock thickness.
• Migration Potential.

– Distance to rocks with high generative potential 
downdip.

Project Details
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Devonian Regional Assessment Devonian Regional Assessment 
Rule CategoriesRule Categories

• Predicted production at the location.
• Other wells producing on structure.
• Location of prospect relative to other 

producing wells on structure.
• Gravity support of structure.
• Regional productive trends.

Project Details
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Devonian Structure Assessment Devonian Structure Assessment 
Rule CategoriesRule Categories

• Is there Paleo structure at the prospect?
• Structural relief.
• Fault bounding.
• Seismic verification of structure.

Project Details
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Fuzzy Reasoning MethodFuzzy Reasoning Method

• Trap, Formation, Structural and Regional
assessments start with an initial evaluation 
scaled between 0 and 1 using the answerbase
or user input.

• As the expert system fires rules, a series of 
modifications to the initial value are applied.

• Each rule that is applied results in a 
modification flag.

• At the end of each section of questions the 
overall evaluation for that sub-system is 
calculated by applying the sum of the flags to 
the initial estimate.
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Distance  Membership FunctionsDistance  Membership Functions
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Initial Estimate Fuzzy SetsInitial Estimate Fuzzy Sets

0.05           0.2             0.4               0.6           0.8          1.0
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Very Poor Poor Middle Good  Very Good
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Initial trap estimate computationInitial trap estimate computation

• 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).

• Defuzzify the fuzzy set(s) and get the initial 
estimate using the following formula: 

Project Details
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in the ith fuzzy set 
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Modification flags Modification flags 

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

• The generated flags are used to enhance or 
degrade the initial estimate and get the final 
estimate for each section. 
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Sample flag Membership functionSample flag Membership function

-3             -2              -1                0                  1              2            3

1.0

0.5

0.0

degrade slightly degrade no change slightly enhance  enhance

Flag
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• Method of Roots and Powers.
• Fractional Shifting method.
• Sum of Flags Method.
If N<0  

If N>0  

Scoring of rulesScoring of rules

)1/(1)_(_ += nestimateinitialestimatetrap

1)_(_ += nestimateinitialestimatetrap
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Overall Evaluation of a ProspectOverall 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.) is calculated to help the 
user evaluate the numerical value.

Project Details



Delaware FEE Tool ArchitectureDelaware FEE Tool Architecture
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Devonian FEE Tool ArchitectureDevonian FEE Tool Architecture
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WEB Server BrowserInternet

The FEE Tool  is a WebThe FEE Tool  is a Web--based Application based Application 
(Browser/Server)(Browser/Server)

(http://ford.nmt.edu)
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REACT Server ConfigurationREACT Server Configuration
Hardware platform -------Dell PowerEdge 4600 Server 

with 2x2.0GHZ--CPU ,  2 GB memory and 480GB 
RAID HD.

Software platform:
• WEB Server --------IIS come with WIN2k

– Supports html.

• Application Server-Tomcat 3.3 
– supports Java servlets.

• DB Server-----MS SQL Server 2000 
– Stores all data.

• FEE Tool ----- html/applet/jsp/servlet codes

Project Details
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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

Project Details

User Side ConfigurationUser Side Configuration
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Development EnvironmentDevelopment Environment

• Java SDK 1.4
• Tomcat 3.3
• MS SQL Server 2000
• DataBase Source (ODBC)

Project Details
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FEE Tool SecurityFEE 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 is encrypted by one side, 

transmitted, then decrypted by the other side 
before processing:
– State of the industry 128 bit encryption is used.
– This protects proprietary information. 

Project Details
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ReliabilityReliability

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 is brought down for 
maintenance, and periodic upgrades to the 
FEE Tool software requiring rare brief 
interruptions of service.  

Project Details
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Programming StatisticsProgramming Statistics

• The maximum expected productivity of a 
skilled Java programmer is 1,060 lines per 
month: 
– About 30% of productivity is directly related to 

actual coding time.

• This estimates includes:
– Requirements analysis 
– Time needed to understand the problem 
– Time needed for testing
– Time required to ensure final product stability 

Project Details
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Programming StatisticsProgramming Statistics

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

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

programming effort 
– An average of 4-5 graduate students working half-

time represents the other half. 

Project Details
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SummarySummary

• 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.

• The 127,000 lines of software developed for the 
project represents nearly 2000 pages if printed.
– Source code can be found online at 

http://ford.nmt.edu. 

Project Details



FEE Tool Demonstration FEE Tool Demonstration 

Delaware Basin Delaware Basin 
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Batch Mode Batch Mode 
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FEE Tool Demonstration FEE Tool Demonstration 

Devonian FEE Tool features Devonian FEE Tool features 
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IntroductionIntroduction

• In any project it is important to test the 
robustness of methodologies and results.

• For software projects the functionality of the 
software is also an important concern.

• These two components are termed Validation
and Verification.

Testing
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Validation and VerificationValidation and Verification

• Validation is a computer science term (Gupta, 
1990) meaning:

“Each level of specification and deliverable code 
are traceable to a superior specification, that is, 
the specification or code fully and exclusively 
implements the requirement of the superior 
specification”

• In layman terms, the software is true to its 
design.

Testing
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Validation and VerificationValidation and Verification

• Verification is concerned with testing to 
determine if:

“the deliverable code correctly implements the 
original user requirements” (Gupta, 1990).

• For the FEE Tool, one such test would be to see 
how well the system predicts the performance 
of new wells.

Testing
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Validation TestingValidation 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”.

Testing
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An Early Crisp vs. Fuzzy PlotAn Early Crisp vs. Fuzzy Plot

Testing
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Regional Estimate Divided OutRegional Estimate Divided Out

Testing
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Final Fuzzy and Crisp CorrelationFinal Fuzzy and Crisp Correlation

Testing
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Alpha and Beta TestingAlpha and Beta Testing

• Alpha testing, or testing before release of 
software, was used to verify in-house that the 
major functions of the software worked in a 
stable manner.

• Beta Testing, or testing as a limited release, 
was used to give the software a trial by a small 
set of users.
– Many interface change recommendations and a 

few bugs were found in this stage.

Testing
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Verification Testing: Is It 
Effective?

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

• Test it using pre-generated answers

• The project databases were frozen at intervals, 
to allow new wells that were drilled to reach 
one year of continuous production, and be 
candidates for blind testing.

Testing



Project Results Project Results 
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Is it Successful?Is it Successful?

• We used statistics to help decide a 
numerical/linguistic value where the risk is 
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. Project Results



0.65

Delaware Comparative StatisticsDelaware Comparative Statistics



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





Recommended Delaware 
FEE Tool Drilling Locations

State of New Mexico



Devonian Box plotDevonian Box plot



Devonian Pie ChartsDevonian Pie Charts



Devonian PredictionsDevonian Predictions



Devonian PredictionsDevonian Predictions



ApplicationApplication
FEE Tool FEE Tool –– Recoverable ReservesRecoverable Reserves
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A Novel use for the FEE ToolA Novel use for the FEE Tool

• 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

Application
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Reserve Estimation Using the Reserve Estimation Using the 
FEE ToolFEE Tool

• The missing variable is how much production 
can be expected at each of the prospects.

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

Application
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ApproachApproach

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

• Step 2: Determine the best ratio for converting 
first year average production (two approaches 
based on productive life of well).

• Step 3: Convert first year average production to 
total production using the ratio(s) found in step 
2. Application
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ApproachApproach

• Step 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 
0.89 (the max). (0.65,0.66,0.67,…0.89).

• Step 5: Find the total number of gridpoints with 
an estimate of 0.65, 0.66, etc. These results are 
shown in the following table.

Application



0.65 27174 33546 689
0.66 41135 50780 687
0.67 29968 36994 626
0.68 33615 41496 563
0.69 38031 46947 404
0.7 44131 54478 351

0.71 38150 47095 333
0.72 29846 36844 287
0.73 31451 38825 224
0.74 33910 41860 220
0.75 37333 46086 177
0.76 30233 37322 159
0.77 36049 44501 202
0.78 43521 53725 142
0.79 38677 47745 134
0.8 40393 49864 131

0.81 38331 47319 124
0.82 41774 51569 105
0.83 43727 53979 91
0.84 42239 52143 77
0.85 36576 45151 71
0.86 49654 61296 46
0.87 43395 53569 27
0.88 54817 67669 19
0.89 53445 65976 8
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ApproachApproach

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

Reserves = ΣTi Gi - TP

– Total production at the ith estimate level  = Ti

– Number of gridpoints at the ith estimate level = Gi

– Total production at 1000 wells (step 3) = TP
Application
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Cumulative Prod. vs. Number of Cumulative Prod. vs. Number of 
Months Months 

Application
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Preliminary ResultsPreliminary Results

• Using the 100 bbl/month end of productive life, 
the reserve value computed using this method is 
171,613,995 bbls. 

• Using the 0 bbl/month end of productive life, 
the reserve value computed is 211,851,015 
bbls.

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

• Remaining recoverable reserves for the lower 
Brushy Canyon play was undertaken using data 
predicted by the “machine” expert.

• Between 170 and 212 Million Barrels of 
recoverable oil remain in the ground in 4481 
un-drilled prospects.

• Of the 4481 prospects we expect:
– 1.91 % or  86 dry holes
– 22.02 % or 987 marginal wells
– 76.07 % or 3408 successful or very successful wells

Application
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SummarySummary

• We predict the 987 marginal wells will produce 
between 7.2 and 8.9 MBBls of oil 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.

Application
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ConclusionsConclusions

• 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 

assessment associated with the prospect. 
Conclusions
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New TechnologyNew Technology

• The project created the first fuzzy expert 
systems used in oil exploration:
– Both systems utilize state of the art software and 

webware.

• The Expert Systems warehouse hard-learned 
expert knowledge in an easily queried format.

• Make accessible via the internet a large variety 
of useful information and tools for 
Explorationist's. 

Conclusions
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Future Work 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.

Conclusions
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