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ABSTRACT 

Evaluation of oil and gas properties for enhanced oil recovery (EOR) involves a high degree of 
risk, especially when the fields are old and well past their prime. The purpose of this project is to 
provide the small-to-medium size oil field operator with the tools necessary to do an EOR 
evaluation of the same quality and sophistication that only large international oil companies have 
been able to afford to date. This approach utilizes readily available, affordable computer 
software and analytical services. This project will provide a detailed example, based on a field 
trial, of how to evaluate a field for EOR operations utilizing data typically available in a field 
which has undergone primary development. 

After reviewing PC-based software from most major vendors, we decided that the most effective 
way to provide a user-friendly, state-of-the-art package to the independent producers who are 
our primary clients is to link the best modules from four different systems: a commercial 
database, a wireline log analysis program, a mapping program, and a 2D and 3D visualization 
program, into a flexible, user-friendly unit. This would result in a product that could be used by 
small oil and gas companies to perform computerized reservoir studies. 

After building a test database, we have decided that Microsoft Access is the best choice for our 
database management platform. Building and filling the project database is a major undertaking 
that will involve a large effort in the months to come. Log data presents special formatting 
problems. We have not yet decided whether to import log data into the project database or to 
archive it in the specialized database attached to our log evaluation program. Currently all 
digitized log data is being read into, corrected, analyzed, and archived in the Crocker Data 
Management Petrolog Program at DPI. 

Munger maps which cover the Pioneer Anticline and the entire area northward to the McKittrick 
Front area of Cymric Field were scanned into the Canvas (Deneba) drafting program and 
digitized into several "layers". Fifty three wells which penetrate the Miocene Monterey 
Formation, the principal interval which we intend to visualize, were identified on the Pioneer 
Anticline. Forty five of these wells have wireline logs. All wells for which we have good logs 
have now been digitized. 

Log data were calibrated to core data for 6 wells, 4 welis in Pioneer Field for which we have 
good rock data, and 2 wells in Cymric Field which we are using as calibration wells. Core data 
were also compared with log data using a variety of statistical techniques in order to obtain 
correct parameters for entry into standard algorithms for calculating matrix density, porosity, 
and water saturation. A preliminary version of the analytical model using "first cut" parameters 
was developed. The output of this model will be the primary input to our reservoir visualization 
program. 

FTIR, XRD, and SEM analyses of samples from both Pioneer and Cymric Fields are underway. 
Spreadsheets and macros have been constructed to store, reduce, and plot the XRD data. These 

techniques are being developed and refined at MTU in order to better quantify mineralogy. 

October 30, 1994 1 



Representatives of MTU and DPI ran a booth on the exhibit floor at the AAPG National Meeting 
in Denver in June, 1994 to publicize and promote the project. The exhibition-hall booth 
included a poster display describing project goals and progress to date and two computer 
demonstrations. The first computer demo featured Crocker Data Processing's Petrolog program, 
the log evaluation program which we are using as our workhorse. The second featured a 
multimedia shell, which is being used to present and archive our maps, logs, and data. All data 
and information associated with the project are stored on hard disk and will be accessible via an 
interactive multimedia shell program. At the end of the project, all data, graphics, tutorials, 
manuals, etc., will be stored on CD ROM for distribution to DOE and to our target audience 
within the petroleum industry. 

We plan to run two different workshops for industry. The first will be on design , construction, 
and operation of a database that will handle most of a small independent oil company's needs. 
The second workshop will concentrate on design and implementation of a reservoir 
characterization and visualization study. We intend to write how-to manuals to use as texts for 
each of the courses. 
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EXECUTIVE SUMMARY 

After reviewing PC-based software from most major vendors, we decided that the most effective 
way to provide a user-friendly, state-of-the-art package to the independent producers who are 
our primary clients is to link the best modules from four different systems: a commercial 
database, a wireline log analysis program, a mapping program, and a 2D and 3D visualization 
program, into a flexible, user-friendly unit. This would result in a product that could be used by 
small oil and gas companies to perform computerized reservoir studies. 

A test database was assembled in Microsoft Access. Access is an extremely flexible database 
program, which can easily be tailored to most purposes, and since it is a Microsoft product, has 
the same logical structure and intuitive "feel" as Windows and Visual Basic. It is widely 
available, well-supported, and inexpensive and therefore represents an excellent choice for the 
small independent producer. We have decided that it is the best choice for our database 
management platform. Building and filling the project database is a major undertaking that will 
involve a large effort in the months to come. 

Log data presents special formatting problems. We have not yet decided whether to import log 
data into the project database or to archive it in the specialized database attached to our log 
evaluation program. Currently all digitized log data is being read into, corrected, analyzed, and 
archived in the Crocker Data Management Petrolog Program at DPI. 

Individual databases were set up in Lotus and Quattro Pro spreadsheets at MTU to archive and 
display XRD, FTIR, and mineralogical data. Macros and templates were developed to display 
data in Lotus graphs and charts. Data from analysis of samples from several wells were used to 
develop and test the programs. Development and use of these databases and macros is 
continuous. 

. 

Every manager and site now has a high-end PC (486-based computer or better) with which to 
access the database and run the visualization applications programs. These computers have been 
networked and linked to a common server at MTU. Data and files are regularly being 
transferred between Houghton, MI, Bakersfield, CA, and La Habra, CAY and have proved to be 
an effective way of transferring reports, data, and figures between sites with a minimum amount 
of time and effort. 

Munger maps which cover the Pioneer Anticline and the entire area northward to the McKittrick 
Front area of Cymric Field were scanned into the Canvas (Deneba) drafting program and 
digitized into several "layers". Fifty three wells which penetrate the Miocene Monterey 
Formation, the principal interval which we intend to visualize, were identified on the Pioneer 
Anticline. Forty five of these wells have wireline logs. All wells for which we have good logs 
have now been digitized. 

Log data was calibrated to core data for one well from Pioneer Field which has modem whole 
core analysis, several wells which have sidewall cores, and one which has a full suite of well 

a cuttings and for two wells in a similar facies of the Monterey Formation from-an area with 
extensive current production (the UNOCAL McKittrick Front 415 and 418 wells from Cymric 
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Field). Data preparation and log calibration were performed on the 2 McKittrick Front wells 
and on 4 wells from Pioneer Field. Core data. were also compared with log data using a variety 
of statistical techniques in order to obtain corrected parameters for entry into standard algorithms 
for calculating matrix density, porosity, and water saturation. A preliminary version of the 
analytical model using "first cut" parameters was developed. The output of these models is the 
primary input to the reservoir visualization program. 

Techniques are being developed for performing quantitative analyses of rock samples using 
FTIR. Sample preparation, accumulation of a suite of mineral standards, and development of 
reliable analytical techniques are critical to this endeavor. Much of the work to date has 
concentrated in these areas. Preliminary FTIR analyses were performed on selected sidewall 
core and cuttings samples from Gary Drilling, KLC 44, Well No. 375x and from the two 
UNOCAL McKittrick Front wells. We have obtained state-of-the-art procedures from 
researchers at Schlumberger who are actively working on this problem. 

XRD and SEM analyses of samples from both Pioneer and Cymric Fields are underway. 
Spreadsheets and macros have been constructed to store, reduce, and plot the XRD data. 
Techniques are being developed for quantifying mineralogy in the fine-grained diatomaceous 
rocks that compose the Monterey reservoir using XaD and SEM techniques. Mineralogy cannot 
be quantified through conventional thin-section point-count analysis because the rocks are too 
fine-grained. Less deeply buried parts of the reservoir contain significant quantities of Opal-A, 
which is amorphous and therefore transparent to Xrays, making mineralogical quantification by 
XRD particularly difficult. Our present approach is to combine XRD analyses with Energy 
Dispersive Spectral (EDS) analyses performed on the SEM to improve analytical accuracy. 
Plane-light petrography, SEM image analysis, and EDS-SEM point-counts will be performed on 
samples from UNOCAL McKittrick Front Well No. 415. XRD analyses will be performed on 
splits of the same samples. 

The geochemical modeling program CHILLER will be used to model fluid-rock interaction. 
This has very practical sisificance because of active steamfloodirig of the Monterey and 
Etchegoin Formation elsewhere in the southern San Joaquin Valley. Geochemical modeling is 
scheduled to begin in late FY 1995. A new Windows interface has been constructed and project 
members have begun to simplify data input and to work on a graphical output interface for rapid 
visual display of results. 

Representatives of MTU and DPI ran a booth on the exhibit floor at the AAPG National Meeting 
in Denver in June, 1994 to publicize and promote the project. The exhibition-hall booth 
included a poster display describing project goals and progress to date and two computer 
demonstrations. The first computer demo featured Crocker Data Processing's Petrolog program, 
the log evaluation program which we are. using as our workhorse. The second featured a 
multimedia shell which is being used to present and archive our maps, logs, and data. 

All data and information associated with the project are stored on hard disk and will be 
accessible via an interactive multimedia shell program. The shell will serve several purposes: 
(1) archive all project reports, tables, maps, photographs, animations, etc., either within the 
multimedia shell itself or as files opened from other applications that can be launched from the 

October 30, 1994 4 



shell (e.g., Lotus 1-2-3, Excel); (2) provide tutorials and manuals to help less knowledgeable 
users access and interpret each type of information; (3) provide user-defined pathways to, and 
sample data files for, some commonly used spreadsheet applications so users can integrate their 
own data within the shell. At the end of the project, all data, graphics, tutorials, manuals, etc., 
will be stored on CD ROM for distribution to DOE and to our target audience within the 
petroleum industry. 

We intend to run two different workshops for industry. The first will be on design, construction, 
and operation of a database that will handle most of a small independent oil company's needs. 
The second workshop will concentrate on design and implementation of a reservoir 
characterization and visualization study. We plan to write how-to manuals to use as texts for 
each of the courses. 

INTRODUCTION 

Evaluation of oil and gas properties for enhanced oil recovery (EOR) involves a high degree of 
risk, especially when the fields are old and well past their prime. The purpose of this project is to 
provide the small-to-medium size oil field operator with the tools necessary to do an EOR 
evaluation of the same quality and sophistication that only large international oil companies have 
been able to afford to date. This approach utilizes readily available, affordable computer 
software and analytical services. This project will provide a detailed example, based on a field 
trial, of how to evaluate a field for EOR operations utilizing data typically available in a field 
which has undergone primary development. 

Modern reservoir analysis involves assembling, visualizing and manipulating standard reservoir 
data, including well logs and measurements on samples. This study will illustrate the steps 
involved in: 1) construction of a computer database which contains data typically available for 
oil and gas fields (e.g., well logs, production data, core measurements etc.), 2) integration of 
these data with predictive models for well log analysis and reservoir alteration, and 3), linking 
these data and models with modern computer software to provide 2D and 3D visualizations of 
the reservoir and its attributes. The technique is being demonstrated through a field trial on a 
reservoir, the Monterey Formation in Pioneer Field in the southern San Joaquin Valley of 
California, a field that has EOR potential. 

Our work consists of two parts: 1) gathering and creating data sets, and 2) synthesis, 
presentation, and interpretation of these data sets. In FY 1994, well logs, other well data, 
drilling data, and production data for the Pioneer Field and adjacent areas on the Pioneer 
Anticline have been obtained and assembled. Rock samples have been collected from cores and 
cuttings in several wells and are being analyzed at MTU for their petrographic, mineralogic, and 
chemical compositions. The preliminary structure and content of our database has been decided 
upon, and data from several Pioneer wells are being input as we construct the database. This 
data will be used to produce 2D and 3D representations of the reservoir geometry, facies and 
subfacies, stratigraphy, original oil in place (OOIP) and present (estimated) OIP as well as 
measured and model parameters, such as porosity, permeability, oil and water saturation, 
VCLAY, VSHALE, etc. Petrographic and petrophysical measurements made on samples from 
Pioneer Field, which include core, cuttings and liquids, are being used to calibrate the log-suite. 

. 
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The data sets will be used to develop algorithms to correlate log response with geologic and 
engineering measurements. Rock alteration due to interactions with hot fluids will be 
quantitatively modeled and used to predict the reservoir response if the rocks were to be 
subjected to thermally enhanced oil recovery (TEOR). 

The study will demonstrate how to use existing, proven technologies to go into an old field, 
assemble relevant existing data into and organized database, calibrate log data using standard 
analytical and measurement techniques, process that data into a detailed computer image of the 
field, and finally map the reservoir zones (stratigraphic horizons) that would be best (or worst) 
suited to EOR operations, including TEOR. 
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DISCUSSION OF TECHNICAL PROGRESS BY TASK 

TASK 1. PROJECT ADMINISTRATION AND MANAGEMENT 

1.1 THE SPATIAL DATABASE MANAGER 

Nigrini, Allan, and Olson met to discuss and design the structure and informational content of 
the project database. A working list appears as Table 1. We are currently checking the POSC 
standards to see whether there is any more information that we should add to the database. 

A. Nigrini and J. Allan constructed a test database in Microsoft Access and were favorably 
impressed by its potential. A database was assembled, input templates (dialog boxes) with 
drop-down menus were constructed, and standardized reports which draw from the database 
were designed. Access is an extremely flexible database program, which can easily be tailored 
to most purposes, and since it is a Microsoft product, has the same logical structure and intuitive 
"feel" as Windo.ws and Visual Basic. It is widely available, well-supported, and inexpensive and 
therefore represents an excellent choice for the small independent producer. Wehave decided 
that it is the best choice for our database management platform. Building and filling the project 
database is a major undertaking that will involve a large effort in the months to come. 

Log data presents special formatting problems. We have not yet decided whether to import log 
data into the project database or to archive it in the specialized database attached to our log 
evaluation program. Currently all digitized log data is being read into, corrected, analyzed, and 
archived in the Crocker Data Management Petrolog Program at DPI. 

Our present view is that the most effective way to provide a user-friendly, state-of-the-art 
package to the independent producers who are our primary clients is: 1) select the best modules 
from three different types of systems - a wireline log analysis program, a mapping program, and 
a 2D and 3D visualization program; 2) build data links between these systems with our database 
manager, if links do not come pre-installed. 

Extensive research was and is still being done on commercial products that are now available or 
will soon become available on the PC. With the availability of the new 486-100 and 586 
processors, many of the major software companies that primarily supplied software for 
workstations are now moving into the PC environment. Zycor, Intergraph, Terrasciences, 
Geographics, and several other big names in the field have made major advances in porting their 
software down to the PC in 1994. Each system has its strengths and weaknesses. Most, 
fortunately, are modular. 

The Crocker Data Processing [Crocker) Petrolog program provides comprehensive log 
evaluation capabilities and is currently being used in-house by DPI for correcting and archiving 
all of the log data for our project. DPI staff are very familiar with the package and it will be the 
primary vehicle for analysis of log data for the project. Since Petrolog is modular, only a core 
package of modules need be purchased by most small independents. Software packages by 
Terrasciences and Geographix are also being evaluated. We point out that Terrasciences' 
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Terrastation software is being used in another DOE contract in which J. Wood, Nigrini, and 
Allan are participants and that DPI is a vendor for Petrolog. 

Petrospec Computer C0.b PCMS mapping package (a derivative of Landmark's flagship Zycor 
mapping system) appears to be the best mapping package available for petroleum geology 
applications. It can handle faults and the detailed mapping necessary for reservoir volumetric 
calculations, while many other programs cannot. During the 3rd quarter of FY 1994, Nigrini 
evaluated TECHBASE by MINEsoft Ltd. and Allan, Nigrini, and D. Olson visited 
TECHBASE'S office in Denver while attending AAPG. Although TECHBASE is a very flexible 
program, it uses somewhat archaic formats and databases, is not mouse-driven, and since it was 
designed for use in the mining industry, may not address all of the needs of the petroleum 
industry. Additional software packages by Terrasciences and Geographix are still being 
considered in this area. 

Several 2D and 3D visualization packages are being evaluated. Intergraph is in the process of 
porting their software down to the PC. Their 2D and more basic 3D applications are currently 
operational on the PC. They expect to have their 3D volume visualization program functioning 
on the PC by year end. Intergraph is attractive because the company has always been a leader in 
the field, provides good customer support, and has a reputation for producing turn-key programs 
which require a minimum of debugging. A 3-D visualization software system from Spyglass, 
Inc. was obtained for evaluation, but proved inadequate in its present form because of its 
inability to handle faults and other geological discontinuities. Because of the low cost of 
Spyglass software, we will continue to monitor and try to influence their direction in software 
improvements. 

Meetings and discussions were held with Reservoir Characterization and Research Consultants 
Inc. (RC)' throughout the latter half of FY 1994 to examine their software capabilities for 
geostatistical analysis of reservoir properties, discuss the potential to port their software from 
workstation to PC-based systems, and review opportunities to incorporate their technology into 
the project. ( RC)' plans to produce a PC-based version of the software and is interested in the 
possibility of using a project such as ours to test and demonstrate their software. We are 
continuing to pursue this opportunity. Although the basic reservoir evaluation software that we 
envision as the product of this DOE project will consist of a database, a log evaluation package, 
a mapping package, and a 2D and 3D visualization package, we will continue to evaluate the 
(RC)' geostatistical analysis package. 

1.1.1 DATABASE INITIALIZATION 

Nigrini, Allan, and Olson met to discuss and design the structure and informational content of 
the project database. A working list aEpears as Table 1. We are currently checking the POSC 
standards to see whether there is any more information that we should add to the database. 

Several data formats are represented in Table 1. For example, well location data require a 
simple database in which each well can be represented by a single record and each location 
parameter by a field. In core data, each depth in a given well is a record, and each analyzed 
parameter a field. Well-log, XRD, and FTIR data are similar in structure to core data, but the 
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data files are much larger. And in production data, each production interval is a record, each 
production variable (e.g., BOPD, BWPD, MCFPD) is a field, but provision must be made to 
input new production data with time without overwriting the old data. Therefore, we must 
include at least three different tables, each with a different format, within our database. 

As mentioned, Nigrini and Allan Constructed a test database in Microsoft Access and were 
favorably impressed by its potential. A database was assembled, input templates (dialog boxes) 
with drop-down menus were constructed, and standardized reports which draw from the database 
were designed. Access is an extremely flexible database program, which can easily be tailored 
to most purposes, and since it is a Microsoft product, has the same logical structure and intuitive 
"feel" as Windows and Visual Basic. It is widely available, well-supported, and inexpensive and 
therefore represents an excellent choice for the small independent producer. We have decided 
that it is the best choice for our database management platform. Building and filling the project 
database is a major undertaking that will involve a large effort in the months to come. 

Individual databases were set up in Lotus and Quattro Pro spreadsheets by R. Kramer and D. 
Popko at MTU to archive and display XRD, FTIR, and mineralogical data. Macros and 
templates were developed to display data in Lotus graphs and charts. Data from analysis of 
samples from the Gary Drilling Co., KLC 44, Well No. 375x in Pioneer Field and the UNOCAL 
McKittrick Front 4 15 and 41 8 wells in Cymric Field were used to develop and test the programs. 
Development and use of these databases and macros is continuous. 

1.1.2 DATABASE MANAGEMENT 

Every manager and site now has a high-end PC (486-based computer or better) with which to 
access the database and run the visualization applications programs. These computers have been 
networked and linked to a common server at MTU. Data and files are being regularly 
transferred between MTU, Bakersfield, CAY and La Habra, CA. During early June this 
capability was utilized by all three sites simultaneously to help prepare a Class 111 proposal to 
DOE, and continues to be an extremely effective way of transferring reports, data, and figures 
between sites with a minimum amount of time and effort. 

1.2 ORGANIZATION AND MANAGEMENT 

1.2.1 PROJECT COORDINATION 

Although project members are located at four sites (Tampa, FL; Houghton, MI; Bakersfield, CA; 
and Los Angeles, CA) project coordination has been very successful. Allan and Nigrini make 
monthly trips to DPI in Bakersfield, quarterly trips to MTU in Houghton, and occasional trips to 
the University of South Florida in Tampa to work on project tasks. Wood travels from USF to 
MTU every 6 weeks and to DPI every quarter on project business. Allan and Nigrini generally 
meet at least every other week to coordinate their work on the project. The computer network 
and server at MTU is a critical link in the communications network. 
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Dr. Wayne Pennington who left Marathon Research after 8+ years and began duties as a 
Professor of Geology at MTU this fall, has joined the project as a Co-Principal Investigator. 

Also, Mr. Mark Gruener has filled a part-time position as a Research Project Coordinator in the 
Geology Department and will assist Wood in coordinating several large research projects, 
including this one. Gruener has 22 years experience as an Army officer, including 4 years as the 
commanding officer for the MTU ROTC. He brings experience in handling federal contracts 
and in managing staff and budgets to the project. 

The following is a chronological description of project meetings and activities for FY 1994: 

. 

In October, 1993, Nigrini and Allan visited MTU in Houghton to meet the project staff at 
MTU and to begin work on the project. 
In November, 1993, Wood visited DPI in Bakersfield once, and Nigrini and Allan visited 
twice. During the first meeting, Wood, F. Berry, Olson, Allan, and Nigrini drew up plans for 
the log digitization and evaluation part of the project and agreed to expand the scope of the 
database and visualization to include all wells that penetrate the Monterey Formation on the 
Pioneer Anticline, not just those in Pioneer Field . During the second visit, Nigrini and Allan 
collected and organized data from DPI's files. 
During late January and early February, 1994, Allan and Nigrini each spent about a week 
each at MTU working on the project. During this time, procedures for linking the off-site 
computers to MTU were finalized, construction of a multimedia presentation shell to display 
project data and results in interactive tutorial format was begun, and many issues regarding 
project plans and staff members' responsibilities were decided. 
On February 16 and 17, 1994, Nigrini and Allan visited DPI in Bakersfield and reviewed the 
extensive log and core data set from Union McKittrick Front Well No. 418 well in Cymric 
Field loaned to us by UNOCAL for use in calibrating our Pioneer Anticline logs. 
On February 22, 1994, project managers met with DOE Program Manager Robert Lemmon in 
Bakersfield for a project overview meeting. Nigrini and Allan stayed on an extra day and met 
with Mark Holtzclaw at Chevron and were introduced to TECHBASE, a database 
management program which we are now considering for the project. 
Allan and Nigrini visited Michigan Technological University (MTU) from April 18 to 23, 
1994, to work on the project. During this time software options were reviewed, D. Schueller 
and Nigrini agreed upon the structure and content of the multimedia presentation shell in 
MacroMind Director, and research priorities for the FTIR and XRD work were discussed. 
On April 25 and 26, 1994, Wood, Berry, Olson and Allan met at the UNOCAL Research 
Center in Brea, CAY to view and sample the UNOCAL McKittrick Front Nos. 415 and 41 8 
cores from Cymric Field. Allan spent 2 additional days there and collected 59 samples for 
SEM, FTIR, and XRD analysis. 
Allan and Nigrini spent tIie first ten days in June, 1994, at MTU working on this project and 
on several others. Nigrhi, Olson, Allan, and D. McDowell completed the figures and text for 
the AAPG exhibit poster display and Schueller completed the multimedia presentation, which 
was an integral part of the AAPG exhibit. 
From June 11 to 15, 1994, Berry, Olson, Allan, Nigrini, and Schueller supervised a booth, 
featuring this DOE project, on the exhibit floor at the American Association of Petroleum 
Geologists (AAPG) National Meeting in Denver. During the meeting they were able to 
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. . 

discuss project strategy and review each other's progress. The meeting also afforded the 
opportunity to visit all of the major vendors of PC-based petroleum geology s o h a r e  who 
were showing products at the convention, and to view demos of their software. 
On July 7 and 8, 1994, Allan and Nigrini spent two days at DPI in Bakersfield to learn the 
basics of the Crocker Petrolog program from Olson. Petrolog is a very powerful yet 
user-friendly log evaluation program used by DPI in all of their work. Its utility lies in the 
way that it allows the user to graphically perform many log correction, evaluation, and 
correlation functions. 
On August 18, 1994, Wood and Nigrini visited DPI in Bakersfield to review progress and 
discuss plans for the workshops. 
On October 11, 12, and 13, Allan and Nigrini visited Berry and Olson at DPI in Bakersfield. 
Nigrini, Allan, and Olson met, discussed, and decided on the types of information to be 
included in the project database. Microsoft Access was chosen as our database management 
program. During the second and third days of the visit, Nigrini and Allan worked on a test 
database in Microsoft Access, using data available at DPI. 
On October 19 to 25 Allan visited USF to work on the project and prepare the final report. 
On October 26 to 30, 1994, Wood, Allan, and Nigrini visited MTU. All members of the 
MTU project team participated in working sessions on the database, the XRD, FTIR, and 
SEM analyses, and the MacroMind Director multimedia, shell. 

1.2.2 BUDGET MANAGEMENT A N D  QUARTERLY REPORTS 

S. Milligan has responsibility for the project budgets and accounting and has completely 
reprogrammed the project budgets and has set up a system for logging, recording and archiving 
all invoices related to this project. All expenses are tracked as they occur and are allocated to the 
proper tasks. She has also developed a convenient way to visualize the project budgets by 
monthly expenditures, cumulative expenditures, and projected expenditures using Lotus 
graphics. This has been a considerable aid to managers trying to track and control their budgets. 

TASK 2. DATA COLLECTION 

2.1 WELL LOGS AND WELL DATA 

Munger maps which cover the Pioneer Anticline and the entire area northward to the McKittrick 
Front area of Cymric Field.were scanned into the Canvas (,Deneba) drafting program and 
digitized into several "layers" by McDowell (Fig. 1). Fifty three wells which penetrate the 
Miocene Monterey Formation, the principal interval which we intend to visualize, were 
identified on the Pioneer Anticline. Forty five of these wells have wireline logs. Table 2 lists 
the wells, the logs available for each well, and the status of digitization for each well. 

2. I. 1 LOG DATABASE MANAGEMENT 

DPI staff constructed a Quattro Pro spreadsheet to collect well location and depth, well-log, and 
sample data during the interim period until the Microsoft Access database management system is 
completed. Data can be exported easily from this Quattro Pro inventory file to any database. 
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Tops of the Miocene were picked in each of the 45 wells on the Pioneer Anticline, their X-Y 
locations at the appropriate depths were calculated for each well, and both were placed in 
another spreadsheet (Table 3). From there they can be exported to any mapping or visualization 
program. Digital log databases are currently being stored in standard interchange formats 
(ASCII or LIS) within the log evaluation applications program - in this case the Crocker 
Petrolog program - for exchange with other programs. 

2.1.2 LOG DIGITIZATION 

Major progress was made on this very large and very critical subtask during FY 1994. DPI has 
several people working on this part of the project. Log correlation, log analysis, and reservoir 
visualization cannot proceed until all of the logs from all of the Monterey wells on Pioneer 
Anticline are digitized and corrected. All of the wireline logs from the 45 logged wells which 
penetrate the Miocene Monterey Formation on the Pioneer Anticline have now been digitized. 
Table 2 lists the current digitization status for each well. 

2.2 CORE AND SAMPLE ACQUISITION 

2.2.lA CORE AND CUTTINGS 

Sidewall core and cuttings samples recovered from one of the 13 wells Pioneer Field wells (Gary 
Drilling, KLC 44, Well No. 375x) were shipped to MTU in December, 1993, for petrographic, 
petrophysical, and geochemical analysis. Xray Diffraction (XRD), Fourier Transform Infrared 
Spectroscopy (FTIR), and Scanning Electron Microscope (SEM) analyses were performed on 
selected samples by Kramer and Popko. Spreadsheets and macros were constructed to store, 
reduce, and plot the data (Figs. 2 and 3). 

In April, 1994, Wood, Berry, Olson and Allan met at the UNOCAL Research Center in Brea, 
CA to view and sample the cores from the UNOCAL McKittrick Front Nos. 415 and 418 wells 
in Cymric Field. These *ells have modern log suites and long conventional cores with extensive 
petrophysical data sets, which will be used to calibrate the logs from Pioneer Anticline. Over 
700 fi. of conventional core is available from the 418 well alone. It has been photographed 
under white and U V  light (Fig. 4); analyzed at 1 fi. intervals for porosity, permeability, grain 
density, and oil and water saturation (Table 5); and subjected to spectral gamma ray analysis 
(Fig. 5). This unique and extensive data set will be instrumental in our analysis of Pioneer 
Anticline. 

Allan spent 2 additional days at UNOCAL describing and collecting 59 samples for petrographic 
and geochemical analysis. The samples represent 13 different lithotypes that affect reservoir 
quality and log character. The samples. were forwarded to MTU where they are currently being 
analyzed by SEM, XRD, and FTIR. They are being used by Kramer and Popko as calibration 
samples to develop and refine SEM, XRD, and FTIR analytical techniques in diatomite 
reservoirs. After the techniques have been sufficiently developed, all of the samples will be 
analyzed and the results of these analyses will be integrated with the petrophysical data collected 
on these cores by UNOCAL. 
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2.2.1B ARCO/UNOCAL CORE 

Project members will approach ARCO and attempt-to acquire additional core and cuttings 
samples from several ARCO wells in the vicinity of Pioneer Field. As wells elsewhere on the 
Pioneer Anticline are inventoried, other operators may also be contacted. 

DPI will approach ARCO andor Western Geophysical to request access to several seismic lines 
shot over the Pioneer Anticline. If access can be arranged, picks on the top of the Miocene and 
on other stratigraphic markers will be used to further improve control on the structure of the 
anticline for the visualiz.ation package. 

Activity on the UNOCAL cores is described under Subtask 2.2.1B. 

2.2.2 FLUIDS 

Several oil samples from Pioneer Field wells were forwarded to MTU for analysis in August, 
1994. FTIR analyses will be performed at MTU, while conventional organic geochemistry 
analyses will be subcontracted out to a vendor. 

TASK 3. DATA ANALYSIS AND MEASUREMENT 

3.1 PETROPHYSICS 

Extensive petrophysical data sets were acquired from UNOCAL for the cores from the 
UNOCAL McKittrick Front No. 415 and 418 wells in Cymric Field. Petrophysical data from 
these two wells will be essential for calibrating the logs from uncored wells which penetrate the 
same stratigraphic intervals on the Pioneer Anticline. 

3.1.1 KPFMEASUREMENTS 

Aside from the acquisition data from the UNOCAL McKittrick Front wells, this subtask has not 
yet begun. 

3.1.2 FTIR SPECTRA 

Popko is developing techniques for performing quantitative analyses of rock samples using FTIR 
as part of his masters thesis research. Sample preparation, accumulation of a suite of mineral 
standards, and development of reliable analytical techniques are critical to this endeavor. Much 
of the work to date has concentrated in these areas (,see Appendix, Memo: D. Popko to J. Wood, 
10/25/94). Popko has also performed preliminary FTIR analyses on selected sidewall core and 
cuttings samples from Gary Drilling, KLC 44, Well No. 375x and from the two UNOCAL 
McKittrick Front wells (Fig. 2). 
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3.2 PETROLOGY. 

XRD and SEM analyses of samples from both Pioneer and Cymric Fields are underway. 
Kramer is developing techniques for quantifying mineralogy in the fine-grained diatomaceous 
rocks that compose the Monterey reservoir using XIQD and SEM techniques. Mineralogy cannot 
be quantified through conventional thin-section point-count analysis because the rocks are too 
fine-grained. Less deeply buried parts of the reservoir contain significant quantities of Opal-A, 
which is amorphous and therefore transparent to Xrays, making mineralogical quantification by 
XRD particularly difficult. Our present approach is to combine XRD analyses with Energy 
Dispersive Spectral (EDS) analyses performed on the SEM to improve analytical accuracy. 
Each sample will be placed on an X-Y stage in the SEM, EDS analyses will be performed at 
points on a grid, and the results will be evaluated by comparison to XRD and conventional thin 
section examination. 

Polished thin sections were prepared on 16 samples from UNOCAL McKittrick Front Well No. 
418 (Table 5).  Plane-light petrography, SEM image analysis, and EDS-SEM point-counts will 
be performed on each of these samples. XRD analyses will be performed on splits of the same 
samples. 

3.2.1 XRD 

Kramer has performed XRD analyses of selected samples of sidewall core and cuttings from the 
Gary Drilling, KLC 44, Well No. 375x and on continuous core samples from the two UNOCAL 
McKittrick Front wells. She has constructed spreadsheets and macros to store, reduce, and plot 
the XRD data. A sample XRD spectral scan, generated by a macro from data in her spreadsheet, 
is attached as Fig. 3. 

3.2.2 SEMIIMAGE ANALYSIS 

This subtask is part of Kramer's Ph.D. thesis. She has begun image analysis work on samples 
from the Gary Drilling, KLC 44, Well No. 375x in Pioneer Field and from the two UNOCAL 
McKittrick Front wells in Cymric Field. SEM photomicrographs were made of selected 
samples. Sixteen polished thin sections were prepared for experimental EDS point-count 
analysis. 

Polished thin sections were prepared on 16 samples from UNOCAL McKittrick Front Well No. 
415 (Table 6). Plane-light petrography, SEM image analysis, and EDS-SEM point-counts will 
be performed on each of these samples. XRD analyses will be performed on splits'of the same 
samples. 

3.2.3 PETROLOGY 

Thin section petrographic examination of the polished sections which will be used in the 
experimental EDS point-count analysis was completed. This data will be used as an independent 
comparison to the XRD and EDS analyses. 
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3.3 LOG CALIBRATION 

In a reservoir study, log data is calibrated to ground truth. The preferred ground truth is whole 
core data over as much continuous interval as can be obtained given economic realities. Other 
valuable data include sidewall core data and well cuttings. For this project, one well from the 
study area has modern whole core analysis, several have sidewall cores, and one has a full suite 
of well cuttings. Core was also obtained for the project from two wells in a similar facies of the 
Monterey Formation from an area with extensive current production (the UNOCAL McKittrick 
Front 415 and 418 wells from Cymric Field). Data preparation and log calibration were 
performed on the 2 McKittrick Front wells and on 4 wells from Pioneer Field. 

Routine core analysis data include measurements of porosity, fluid saturations, permeability, and 
often grain density on a foot-by-foot basis. Special core analysis can include lithology, flow 
tests, relative permeability, and capillary pressure measurements that are extremely useful in 
precise calibration of the log-core relationship. Routine core analysis data are currently 
available on all the cores included in the project, and some special core analysis data are also 
available. 

During the second half of FY 1994, all the cored wells and several of the uncored wells with 
good log suites were included in a preliminary log calibration study. Core data were plotted on a 
large-scale output log along with raw log data (Fig. 6) and were compared with core 
photographs and with the core itself. Core data were also compared with log data using a variety 
of statistical techniques in order to obtain correct parameters for entry into standard algorithms 
for calculating matrix density, porosity, and water saturation. A preliminary version of the 
analytical results using "first cut" parameters is presented in Fig. 7 for the Tenneco 62X-30 well, 
which has whole core. The core data are plotted along with the analysis results on the figure. 

No published analytical models exist for diatomaceous rocks, so DPI is using a model it has 
developed. Calibration of such a model in rocks of this type is time-consuming. DPI expects to 
further refine the input parameters utilizing rock data from analytical work currently in progress 
at MTU. 

3.3.1 DATA PREPARATION 

During the third and fourth quarters of FY 1994, wireline logs for all of .the wells for which we 
had obtained good logs were digitized (Table 2). This includes most of the wells on the 
structure. If other logs are located, they will also be digitized. It is very time-consuming to 
construct a log database for cross sections and analytical work. This work is currently being 
carried out at DPI by Olson and a contract log analyst. Data preparation consists of the 
following steps: 

Data verification, by plotting the digital data and overlaying the plot on the original blueline 
copy of the log, 
Data editing, including inspection of the logs to identify bad data and correcting them if 
possible, nulling unrecoverable bad data, and noting logging problems that will later affect 
the analysis, 
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Depth shifting: multiple logging runs in the same well are usually off depth from one another 
due to differential tool sticking and cable stretch. An experienced log analyst must correlate 
the different logs to one another and adjust them to the same depth, 
Environmental corrections: all logging companies provide algorithms published in chart 
form to correct the readings of their tools for borehole conditions, and these corrections must 
be applied before any analysis is performed, 
TVD correction: many of the wells on Pioneer Anticline are deviated, and it is necessary to 
calculate the deviation and the true vertical depth from the well survey records, 
Normalization: well logs vary in their calibration, and if the same parameters are to be 
applied to all wells it is necessary to adjust them to one another to eliminate calibration 
errors. 

3.3.2 MODEL SELECTION 

A number of analytical models have been presented over the years in the log analysis literature. 
Some are only appropriate for specific reservoir types, others require that special data be 
available. Many are general purpose and are based upon the more common reservoir lithologies 
and log types. Diatomite is an unusual rock type, and there is little published literature on 
analytical models for it. 

There are several important measures of reservoir quality in diatomaceous lithologies besides 
porosity and saturation, Lithology and the presence of fractures are also very important. Many 
diatomaceous rocks have adequate porosity and oil saturation for hydrocarbon production, but 
have too little permeability for production. The measurement and/or prediction of lithology and 
fracturing are therefore important parts of a reservoir evaluation in diatomites. 

The models that have been selected for this project can be applied to all wells with resistivity 
and density-neutron logs, apd are capable of predicting matrix density, clay volume, diatomite 
facies, accessory minerals such as carbonates, porosity, permeability, water saturation, as well as 
providing a qualitative measure of fracturing and fracture potential. The rock analysis data that 
will be available from MTU will provide for better calibration of our standard models and will 
also allow us to apply several enhanced options that require good rock measurements. 

'The output of these models is the primary input to the reservoir visualization program. Olson 
constructed comparative plots of core and log data for the two McKittrick Front wells in Cymric 
Field. These plots were used in conjunction with core descriptions and core photos to guide 
sampling of the core. 

One well in Pioneer Field, Tenneco 62x-'30, was cored. Olson completed the model selection 
and log analysis for this well. Plots showing variation with depth in measured and calculated log 
parameters, along with core-property data, were prepared for each cored interval in the well 
(Fig. 7) and were later presented in our poster display at AAPG. 

TASK 4. MODELING 
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4.1 GEOCHEMICAL, MODELING 

The geochemical modeling program CHILLER will be used to.mode1 fluid-rock interaction. 
This has very practical significance because of active steamflooding of the Monterey and 
Etchegoin Formations elsewhere in the southern San Joaquin Valley. Geochemical modeling is 
scheduled to begin in late FY 1995. B. Watkins has completed a new Windows interface. He 
has begun to simplify data input and to work on a graphical output interface for rapid visual 
display of output. 

4.1.1 GEOCHEMICAL, MASS TRANSFER 

This subtask is not scheduled to begin until the last quarter of FY 95. 

4.1.2 THERMODYNAMIC DATABASE 

This subtask is not scheduled to begin until the last quarter of FY95. 

4.2 BASIN MODELING 

This subtask is not scheduled to begin until the last quarter of FY 95. 

4.2.2 2D AND 3D BASIN MODELS 

This subtask is not scheduled to begin until the last quarter of FY95. 

4.2.1 GEOHISTORY 

This subtask is not scheduled to begin until the last quarter of FY95. 

TASK 5. TECHNOLOGY TRANSFER 

5.1 REPORTS 

At this stage of the project, the main technical reports prepared and distributed have been 
quarterly technical reports to DOE and internal progress reports. 

5.2 WORKSHOPS 

AAPG National Meeting 

On June 11-15, 1994, representatives of MTU and DPI ran a booth on the exhibit floor at.the 
AAPG National Meeting in Denver to publicize and promote the project. During the four-day 
convention, Allan, Nigrini, Schueller, Berry and Olson operated the booth. A sign-up list was 
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prominently displayed to capture the names of people and organizations interested in receiving a 
newsletter from our group andor attending future workshops. 

The exhibition-hall booth included a poster display describing project goals and progress to date 
and two computer demonstrations. The first computer demo featured Crocker Data Processing's 
Petrolog program, the log evaluation program which we are using as our workhorse. The second 
featured a multimedia shell, MacroMind Director, recently implemented by Schueller, which is 
currently being used to present and archive our maps, logs, and data. 

All data and information associated with the project are stored on hard disk and will be 
accessible via an interactive multimedia shell program. The shell will serve several purposes: 
(1 j archive all project reports, tables, maps, photographs, animations, etc., either within the shell 
itself or as files opened from other applications that can be launched from the she11 (e.g., Lotus 
1-2-3, Excel); (2) provide tutorials and manuals to help less knowledgeable users access and 
interpret each type of information; (3) provide user-defined pathways to, and sample data files 
for, some commonly used spreadsheet applications so users can integrate their own data within 
the shell. Figure 8 is a screen print of some of the project material that can be accessed and 
displayed in separate windows from within the MacroMind Director multimedia program. 

At the end of the project, all data, graphics, tutorials, manuals, etc., will be stored on CD ROM 
for distribution to DOE and to our target audience within the petroleum industry. Although the 
original multimedia shell was developed on the MacIntosh, DOSNindows is the most widely 
used platform in the petroleum industry. Therefore, we have decided to switch program 
development to the Windows environment (see Appendix, Memo: D. Schueller to J. Wood, 
10/25/94). Schueller and Watkins are currently working on this project. Windows programming 
will probably be in ToolBook or Visual Basic 3.0. A DOS machine will be purchased in order 
to continue development. 

At AAPG the MacroMedia Director display attracted the attention of independent oil companies 
and consultants who were presenting plays for investor consideration in the "Prospect Gallery" 
on the exhibit floor. Several were very interested in the ability to place map, well-log, seismic, 
and text displays into a multimedia package which could be sent out on CD ROM to potential 
investors for review. This would eliminate the necessity and expense of office visits and 
presentations and would increase the number of potential investors who could be approached 
with a play concept. Thus, as it turned out, one of the more popular aspects of our project was in 
this computer-visualization technical innovation, spearheaded by one of our project members, 
that was not a principal component of our original proposal. 

Industry Workshops 

We plan to run two different workshops for industry. The first will be on design, construction, 
and operation of a database that will handle most of a small independent oil company's needs. 
One of us (Olson) has worked as a database expert and troubleshooter under contract to several 
major oil companies and has observed rather poor understanding of database design and 
operation among many earth scientists. We believe the problem is probably more acute in small 
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independents. Therefore, in mid to late 1995, we intend to present a workshop that will address 
the following topics: 

How to set up a computerized database for geological and field production operations, 
How to import and export different types of data from the database, 
How to utilize computerized information effectively, 
How to search out and correct bad data. 

The second workshop will concentrate on design and implementation of a reservoir 
characterization and visualization study. This workshop will be held at or near the end of the 
DOE contract and will include: 

How to design and carry out a computerized reservoir study, 
How to utilize linked database, log evaluation, mapping, and visualization software packages 
effectively, 
How to use special core analysis and rock and fluid composition data in a reservoir study, 
How to utilize multimedia effectively. 

We plan to write how-to manuals to use as texts for each of the courses. 

c 
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Table 1. Information to be Included in Project Database 

1. Section cornerhand grid coordinate table 

2. Well survey table 
Corner reference codes, projection data, and source 

API # Key 
Original survey if from corner 
X Y  derived from that survey with projection code 
LL from coordinate conversion program 
KB, GL, and other datum information 

3. Mechanical information table 
API # Key 

TD, completion information, surface equipment and its status 
Well survey (directional) data 

4. Production data 
API # Key- 
Field key 
Lease key 
Formation key 

OiVwatedgas injection volumes 
Time unit reported (month, day, year) and conversions from one to another 
Days idle 
Well gauge readings 
Provision for by-lease production to be allocated to wells on production 

Log information tables (digital log data may reside in well analysis program database) 
5. Geological and well information tables 

API # Key 
Field key 
Lease key 
Formation key 

Logs run and intervals 
Log header tables 
Analyses performed, when, and by whom 

Correlations 
API # Key 
Field key 
Lease key 
Formation key 

Tops in MD and'TVD 
Location of tops by well (apply directional offset if required and provide 

for.multiple occurrences of the same top, e.g., due to thrust 
faulting) 

Table 1 
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Table 1. Continued 

6.  Rock and fluid data (by well and zone) 
API # Key 
Field key 
Lease key 
Formation key 

Core description 
Core analyses (p, k, s, p, etc.) 
Special core analyses 
Rock mineralogy and chemistry 
Water chemistry 
Oil and gas geochemistry 
Core photos 

7. History tables 
API # Key 

Major drilling events 
Major workover events 
Scanned images of printed histoges, if desired 

8. Lease cost tables 
API # Key 
Field key 
Lease key 

Drilling costs 
Workover costs 
Lease operating costs 

Utilities 
Direct labor 
Overhead 
Contract services 

Table 1 
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WELL FILE NAME 
58-20 5820 
58-20 RD 1 5820RD1 
6W30 62x30 
67-20 6720 
72-30 72-30 
76-30 76-30 
CCMO 78-20 CCM07820 
KCL 12-27 KCL1227 
KCL 1A-8-32 KCLl A832 
KCL 24-37 KCL2437 
KCL 44 #34 KCL 4434 
KCL 44 #43 KCL 4443 
KCL MI KCLMI 
LL 82X-30 LL82X30 

LLU 38-21 LLU3821 
LLU 41-28 LLU4128 
LLU 48-21 LLU4821 
LLU 56-20 LLU5620 
LLU 57-20 LLU5720 
LLU 87-20 LLU8720 
LLU A 18-21 LLUAI 821 

LL 82X-30 C LL82X-30C 

MUDDY CK A 65-30 
SAN EMEDIO A 27-20 RDI 
SAN EMEDIO A 27-20 RD2 

MUDDY CK A 65-30 
A2720RD1 
A2720RD2 

h, SAN EMlDlO 4 SE4 
SAN EMlDlO A 11-28 SEA1 128 
SAN EMlDlO A 17-20 SEA1720 
SAN EMlDlO A 25-19 A2519 

SAN EMlDlO A 25-28 SEA2528 
SAN EMlDlO A 27-20 A2720 
SAN EMlDlO A 27-21 SEA2721 
SAN EMlDlO A 34-27 SEA3427 

N 

SAN EMlDlO A 25-19 RDI A2519RD1 

SAN EMlDlO A 35-19 RD 1 
SAN EMlDlO A 35-19 RD 2 

A3519RD1 
A3519RD2 

SAN EMlDlO A 37-20 
SAN EMlDlO A 45-1 9 
SAN EMlDlO A 47-20 
SAN EMlDlO A 56-19 
SAN EMlDlO A 61-28 
SAN EMlDlO A 62-28 
SAN EMlDlO A 76-1 9 
SAN EMlDlO A 81-29 
SAN EMlDlO A 84-28 
SAN EMIDIO A 86-1 9 
SANTIAGO A 72-30 
SANTIAGO B 73-29 
SANTIAGO C 55-28 
SANTIAGO C 55-28 
SANTIAGO D 26-27 
UNION SAN EMlDlO C-2 
SANTIAGO A 51X-30 

SEA3720 
SEA451 9 
SEA4720 
SEA561 9 
SEA6128 
SEA6228 
SEA7619 
SEA8129 
A8428 
SEA8619 
SANTIAGO A 7230 
SB7329 
55-28 
55-28 

USEC-2 
SD2627 

DIG 
YES 
YES 
YES 
YES 
NO 
YES 
YES 
YES 
NO 
YES 
NO 
NO 
NO 
NO 
NO 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
NO. 
YES 
YES 
YES 
YES 
YES 
NO 
YES 
YES 
NO 
YES 
YES 
YES 
YES 
NO 
YES 

DIG BY 
GARY 
GARY 

GARY 

? 
SHELLY 
SHELLY 

SHELLY 

SHELLY 
BILL 
GARY 
SHELLY 
GARY 
STEVE 
GARY 

GARY 
GARY 
STEVE 
BILL 
SHELLY 
SHELLY 
SHELLY 
SHELLY 
GARY 
SHELLY 
SHELLY 
GARY 
GARY 
SHELLY 

SHELLY 
SHELLY 
SHELLY 
BILL 
GARY 
SHELLY 
GARY 
GARY 

? 
WL 
WL 
GARY 

CURVES 
SP, AM16, A010, A019 
SP, AM16, A010, A019 
SP,LL8,ILM,81LD,GR,CAL,RHOB,NPHI,DRHO,DT,MUDLOG,WHOLE CORE 
SP, AM16, A010, A019 

GR, CALI, DPHI,NPHI, DRHO, SP, ILD, ILM, SFLU, DT 
SP, AMIO, A010, A019 
SP, DT, SP, SN16, INDUC 

SP, SN LAT 

REDUCED LOG ONLY 

SP, AM16, AOIO, A019 
SP, AM16, A010, A019 
SP, 016,064,018 
SP, 016,064, LAT 
SP, AMIO, AOIO, A019 
SP, SN, LN, LAT 
SP, AMIO, AOIO, A019 
SP,SFL,ILM,ILD,RHOB,NPHI,GR,CAL,DRHO,DT,MSFL,SIDEWALLS 
SP, AM16, A010, A019 
SP, AM16, AOIO, A019 
SP, AM, OA 
SP, SN, LN, LAT 
SP, 2Z18,31Z9,31Z16 
SP, AM16, A010, A019 
SP, AM16, AOIO, A019 
SP, AMIO, AOIO, A019 
SP, AM16, AOIO, A019 
SP, AM16, A010, A019 
SP, AMIO, A010, A019 
SP, AM16, A010, A019 
SP, AM16, AOIO, A019 
SP, AM16, AOIO, A019 
REDUCED LOG ONLY 
SP, AM16, AOIO, A019 
SP, AM16, A010, A019 
SP, 2Z18,31Z9,3Z16 
SP, AM16, A010, A019 
SP, AMI6, AOIO, A019 
SP, AMIO, A010, A019 
SP, AMIO, AOIO,.AO19 
SP, AM16, AOIO, A019 

SP, GR, CALI, ILD, ILM, SFL, DT, GR, RHOB, NPHI, DRHO 
GAS, Cl, C2, C3, C4, C5, DRHO, CALI, GR, NPHI, DPHI 
ILD, ILM, SFLU, SP, LLD, LLS, MSFL, DT, SPHI, ROP, GAS 
AGR, ACAL, DT, GR, CALI, ILD, ILM, SFLU, DCAL, DGR, NPHI, DPHI, DRHO 

SP~FL,ILM,ILD,GR,CALI,RHOB,NPHI,DRHO,DT,WDLOG 

TOP TD 
350 6860 

5250 6780 

350 7530 

90 2000 
350 6830 
360 7920 

200 3880 

360 7900 
510 7204 
540 8500 
450 8370 
350 6870 
480 8170 
550 8020 

350 6670 
5090 7260 

20 3810 
6010 6986 

360 6850 
450 6780 

6300 6960 
350 3310 
350 7260 
660 9080 
720 7260 

5790 6850 
370 6710 
500 6920 

350 6830 
530 8230 
419 7100 
380 6970 
330 8670 
740 7200 
400 8820 

800 5510 
800 5000 
800 5000 
52 6720 

Table 2 



N w 

Pioneer Field: Well Database 

Location 
T R S  Lease Operator Well # 

11 22 19 San Emidio A 
11 22 19 San Emidio'A 
I1 22 19 San Emidio A 
11 22 19 San Emidio A 
11 22 19 San Emidio A 
11 22 19 San Emidio A 
11 22 19 San Emidio A 
11 22 19 San Emidio A 
11 22 19 San Emidio A 
11 22 19 San Emidio A 
I 1  22 19 KCL24 
I 1  22 19 KCL-San Emidio 
11 22 20 San EmidioA 
11 22 20 San EmidioA 
11 22 20 San Emidio A 
11 22 20 San EmidioA 
11 22 20 CCMO 
11 22 20 CCMO 
11 22 21 San Emidio'A 
11 22 27 KCL 
11 22 27 LosLobosD 
I 1  22 27 San Emidio A 
11 22 27 KCL 
11 22 28 San Emidio A 
11 22 28 San Emidio A 
11 22 28 San EmidioA 
11 22 28 San EmidioA 
11 22 28 Santiago C 
I 1  22 29 San Emidio A 
11 22 29 SantiagoB 

11 22 30 LosLobos 
11 22 30 LosLobos 
11 22 30 MuddyCreekA 
11 22 30 MuddyCreek 
11 22 30 SantiagoA 
11 22 32 KCL44 
11 22 32 San Emigdio I -A 
11 22 32 KCL44 
11 22 32 KCL44 
11 22 33 Pioneer 
11 22 33 KCL 
11 22 33 San Emigdio C-2 
11 22 33 San Emigdio 
11 22 34 KCL-San Emigdio 
11 22 34 KCL 

11 22 30 LosLobos* 

ARCO 
ARCO 
ARCO 
ARCO 
ARCO 
ARCO 
ARCO 
ARCO 
ARCO 
ARCO 
Standard 
Western Gulf 
ARCO 
ARCO 
ARCO 
ARCO 
ARCO . 
ARCO 
ARCO 
MACPET 
Tenneco 
ARCO 
Conoco 
ARCO 
ARCO 
ARCO 
McPharlin 
Tenneco 
ARCO 
Tenneco 
Tenneco 
Tenneco 
Tenneco 
Tenneco 
Tenneco 
Tenneco 
Gary Drilling 
Shell 
Standard 
Standard 
Milham Exp. 
Standard 
Union Oil 

Western Gulf 
. Union 

oxy 

25-1 9 
25-ERR 
35-1 9 
35-ERR 
35-ERR 
45-ERR 
56-1 9 
76-1 9 
86-ERR 
86-ERR 
37 
4 
17-20 
27-20 
27-ERR 
37-20 
58-20 
58-ERR 
18-21 
12-27 
26-27 
34-27 
M-1 . 
11-28 
I I -ERR 
61-28 
62-28 
55-28 
81-29 
73-29 
+ERR90 
+ERR-30 
+ERR-30 
65-30 
76-30 
72-30 
375x 
8-32 
34 
43 
2 
55-33 
c-2 
c-3 
2-1 
18-34 

Surface Coord. (m) 
California Grid 
N E Elev. (ft) TD (ft) 

556,890 
556,890 
556,756 
556,756 
556,756 
5 5 6,6 8 0 
556,546 
556,298 
556,298 
556,298 
555,724 
554,808 
556,050 
5 5 5,9 3 5 
555,935 
555,610 
555,114 
555,114 
555,091 
553,926 
551,330 
552,692 
552,632 
554,398 
5 5 4,3 9 8 
554,705 
553,750 
551,883 
554,513 
553,184 
554,312 
554,044 

1,618,685 
1,618,685 
1,619,401 
1,619,401 
1,619,401 
1,620,079 
1,620,719 
1,622,038 
1,622,716 
1,622,716 
1,619,476 
1,619,608 
1,623,375 
1,624,015 
1,624,OI 5 
1,624,675 
1,625,974 
1,625,974 
1,628,801 
1,633,919 
1,634,611 
1,635,669 
1,636,630 
1,628,719 
1,628,719 
1,631,974 
1,631,974 
1,631,292 . 
1,627,971 
1,627,312 
1,620,832 
1,621,454 . 

551,829 1,621,454 
551,179 1,622,170 

546,840 1,627,129 
544,603 1,623,312 
547,255 1,624,661 
547,933 1,625,317 
546,533 1,628,756 

545,597 1,628,485 
547,898 1,628,640 
545,941 1,634,146 
544,654 1,634,107 

980 6,832 
991 6,726 

1,003 6,558 
1,095 6,659 
1,009 6,639 

983 6,636 
954 6,707 
973 6,640 
933 6,520 
952 6,690 

1,056 1,405 
959 6,640 
953 6,820 
913 6,490 
963 6,655 
960 6,600 
927 6,705 
(13) 7,460 
968 7,823 

1,100 4,565 
1,034 7,140 
1,041 7,863 

946 6,810 
938 2,900 
953 8,190 
982 6,880 

1,068 3,623 
956 6,260 

1,011 3,860 
1,059 1,735 
1,063 1,601 

1,143 1,234 
1,163 1,212 

1,216 1,282 
1,352 1,442 
1,258 1,037 
1,212 1,212 
1,226 1,578 
1,304 2,480 
1,265 1,580 
1,169 1,821 
1,300 3,138 
1,393 3,133 

1,032 3,797 

0 

0 

TOP Drift Comment 
Mont (ft) 

(5,852) N68E 165' 
(5,735) 185'E 
(5,555) N72E 68' 
(5,564) S52E 40' 
(5,630) N52W 73' 
(5,653) 
(5,753) 
(5,6671, 
(5,587) S39E 230' 
(5,738) 144's 
(2,765) 

(349) 
(5,681) 
(5,867) S56E 58" 
(5,577) s12w 222' 
(5,692) N44E 64' 
(5,640) 
(5,778) 
(7,473) 
(6,855) 
(3,465) 
(6,106) I 

(6,822) 
(5,864) N52E 78' 
(1,962) N21E 170' 
(7,237) 
(5,898) 
(2,555) 
(5,304) 
(2,849) 

(676) 
(538) 

(91) 
(49) 

RR sand 
Shale 
RR sand 
RR sand 
RR sand 
RR sand 
RR sand 
RR sand 

RR sand 

RR sand 
RR 
RR sand 
RR 
Shale, then sand 
RR sand 
Shale, then sand 

Shale, then sand 

Table 3 



UNION OIL CO. OF CA. 
McKITTRICK FRONT 418 

C O R E  L A B O R A T O R I E S ,  1 1 9 C .  

FIELD : CYMRIC FIELD 
LOCATION : SEC.6-T30S/R22E 

Page 71 of  79 

API WELL NO.: 04-029-89925 
ELEVATION : 

D E A N  S T A R K  A N A L Y S I S  

1682.5 2.1 55.0 20.5 76.1 96.6 2.27 
1683.5 2.4 50.7 20.5 68.9 89.3 2.22 
1684.5 2.4 56.7 20.1 75.8 95.9 2.22 
1685.5 2.5 58.1 23.7 72.5 96.2 2.19 
1686.5 3.8 59.5 26.2 71.2 97.4 2.24 
1687.6 1.8 57.5 18.4 79.8 98.2 2.25 
1688.5 8.4 58.9 29.6 63.3 92.9 2.20 
1689.5 0.86 51.2 7.7 79.3 87.0 2.19 
1690.5 4.8 57.0 24.8 71.2 95.9 2.22 

24 
Table 4 



Table 5. Samples fiom UNOCAL McKittrick Front No. 418 chosen for petrographic, SEM, and 
EDS analysis. 

The first set of samples selected for petrographic analysis were the following: 

Sample ## 

1145.7 
1186.5 
1753.5 
1757.5 
1228.8 
1230.4 
1401.5 
1526.7 
1465.5 
1522.6 
1631.5 
1754.5 
1681.5 
1723.7 
1753.5 
1622 

Descriptionheason 

Opal A-Vertical Fx 
Opal A-No tendency to vertical fk 
Opal CT- non-fracturing 
Opal CT-Fractured 
Opal A-Low clay, High So 
Opal A-High clay, Low So 
Carbonate Hard Streak 
Sample w/ carbonate cement above and below 
Opal NCT transition: Low clay, A rich 
Opal NCT transition: 5050 
Opal NCT transition: High Clay, CT rich 
Siltstones 
Opal CT-low clay 
Opal CT - high clay 
Cherty, downsection 
Opal NCT Transition w/ So=O 

Polished thin sections were prepared fiom the above samples. Two sections were 
requested for each sample: one cut parallel to the bedding and one cut perpendicular to the 
bedding. 

Table 5 

25 
I 
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UNOCAL 1. “McKITTRICK FRONT” 418 
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Data file name 
Date p lo t ted  
Time plo t ted  

GRNGTS 
0 GAP I 150 

KWCLS m 
I D  0.01 

MCKF4 15 .DOT 
10-06-94 
10 :46 134 

DEPTH 
FT 
1:ltO 

10 

4800 

GRNGTS I 
I '  GAP1 150 

KWCLS 
M 

LO MD 0.01 

SFL 
0 . OHMM 10 

0 
OWCLS 

3L 
PCT . 100 
WWICS 

100 ?G 0 

15 

ROBS 

75 

1.40 G/C3 2.40 
. 1 1 1 1 1 0 0 0 0 0 1 1 0 ~ 1 1 1 1 1 1 0 m  NPHS 
0 -75 DEC 0.15 

Y 
PCT . . 15 
PWCLS . 

Figure6 
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Data file name 
Date plotted 
Time plotted 

SWT 
1 0 

SWE 
1 0 .  

0 100 

100 0 

O$CL 

WWZL 

. .  . .~ . . _ _  

PHIT 
0.70 0.20 

PHIE 
0.70 0.20 

PWCL !e 
70 20 

--------- 

OGZX-30 .DRT 
10-06-94 
15:38:33 

1 0 
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1 0 
OWCL 

100 
‘lr 
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MWCL 

y! 
100 0 
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Figure 7 
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Memorandum 

To: Dr. James Wood 
From: D.C. Popko 
Date: October 25 1994 
Subject: FTlR research 

Since the arrival of Ms. Abagail Matteson September 1994, validity of initial FTlR data 

collection has been scrutinized. It seems sample preparation and FTlR spectra of original mineral 

standards were far from adequate. With the aide of Dr. Yumpeng Geng and the utilization of 

equipment from the Institute of Mineral Processing, a suitable procedure for acquiring accurate FTlR 

data has been initiated. 

To eliminate dispersion error in the FTlR spectra, it'is essential to extract a particle size of 2.5 

microns or less from the mineral standard. This was achieved with a quartz specimen by the following 

procedure: 1) Eight grams of quartz along with 50 ml. of 190 isopropanol alcohol is placed in a 

ceramic puck mill and pulverized by agitating the mill for 60 minutes. 2) Quartzlalcohol mixture is 

extracted from the mill and centhfuged for 3 minuteiat 750 rpm (with a S.G. of 2.7, particles still in 

suspension are 2 microns or less and larger particles are concentrated at the bottom of the test-tube). 

3) Alcohol with the remaining suspended particles are drained into a separate test-tube and 

centrifuged at 4400 rpm for 30 minutes, resulting in particle concentration at the base of the tube. 

4) Excess alcohol is drained, and the quartz specimen is placed in oven under vacuum at 80 degrees 

C for 24 hrs; resulting in a dry specimen with a particle size of 2.5 microns or less (SEM photo with 

chemical analysis, Micro-Trac data sheet). 



The next crucial step in quality FTlR data.collection is acquiring the proper sample to KBr 

ratio. This is of the utmost importance; for mineral standard spectra must lie within the linear portion 

of Beers Law, which states: 

n 

i=l 
A=SUM Ei*l*ci 

Where A is the absorbance of a band, Ei is Le absorptivity of component I is the pellet thickness, 

ci is the concentration of component i. Three quartz to KBr ratios were used to examine where the 

linear portion of Beers law extends within FTlR absorbance spectra: 1) 0.5mg quartz to 900mg KBr. 

2) l.Omg quartz to 900mg KBr. 3) 1.5mg quartz to 900mg KBr. Each of the ratios were split into 300mg 

portions and a total of 9 pellets were pressed and evacuated under 10,000 psi. The following spectra 

are a result of averaging the 3 spectra fr,om the 0.5mg, l.Omg, and 1.5mg quartz weight percents. 

Maximum absorbance peaks for all 9 samples occurred at approximately 1080 cm-1, but did not follow 

Beers Law precisely (refer to graphs of three averaged spectrums, Beers Law graph). Each of the 

quartz weight percents had one spectrum highly diversified from the other two(refer to graphs of two 

averaged spectrums, Beers law graph) and after elimination Beers Law held true. 

Probable Errors in the quartz spectrum analysis are in the micro balance used and complete 

mixture of the sample with KBr prior to evacuating and pressing. 



To: J. R Wood 
From: D. Schueller 
Re: 
Date: 10-25-94 

Progress on Multimedia Guide for DOE project 

During the past quarter, effort went entirely into changing the guide from a Director project to a 
Visual Basic (VB) project. VB is much more flexible with regard to multiple open windows and 
accessing database files, so it is the better application for this project. I expect that Director will 
still be used to create and/or modify animations related to the project. Brad Watkins wrote the 
necessary VB code, while I concentrated on reformatting the text and graphics files so that VB 
could use them. Because Brad has much more experience in VB than I do and it is expected that 
he will continue to work on the project, I now see my role maidy in prep&g the text and 
graphics files and in offering suggestions on the overall look and nagivation within the guide. 
w i t h  this in mind, you may want to consider changing my hourly rate. Meanwhile, I have not 
been charging the project for this Director-to-VB transition.) Visual Basic Professional software 
was purchased in order to speed up the programming process, but it has not yet arrived. Because 
we do not know what End of graphics capability the Pro version has, we have not spent time 
working out exactly how the core photos, maps, etc. will be accessed (e.g., as large, scrolling 
pictures, zoom boxes, and so on). Preparing the graphics and arranging the interface are such 
time-consuming acts that we feel it is better to wait until we know exactly what can be done 
before proceeding with this part. ’ 

We had discussed purchasing a CD-R for the project, but this will not be necessary since we now 
have access to one recently purchased by the Transportation Technology Transfer Center located 
on the second floor of Dillman Hall. Phat Tran, TTTC Wormation Systems Manger (~2102, 
phat@mtu.edu), says that there should be no problem recording our project CD with their 
equipment. 

We should be able to produce a prototype CD for the January meeting. 
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