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EXECUTIVE SUMMARY 

The following project meetings ancl activities .were held during 2nd quarter, FY 1995: 

On January 19 and 20, all members of this project and of our Michigan DOE Class 111 
reservoir project met at the University of South Florida (USF) in Tampa for our Annual 
Project Review Meeting. 

In February, two meetings were held in Bakersfield. At the first, Nan, Nigrini, and Olson 
spent two days working on the Spatial Database Manager. At the second, Nigrini and Olson 
worked together for two additional days on the same project. 

From March 5 to 8, project members ran a booth in the Exhibits Hall at the AAPG National 
Meeting in Houston. The booth included a poster display which described project goals and 
progress to date and a computer demonstration. 

From March 30 to April 6, Wood and Man worked together on the project at USF in Tampa. 

It has been decided that a Spatial Database Manager (SDBM) sheWinterface will be developed 
using Microsoft Visual Basic. This decision resulted from our experiences in developing our 
Multi-Media Shell Program (MMJ?) for technology transfer. The evolution of both the M M P  and 
the SDBM for technology transfer purposes has led to the use of Visual Basic as the 
programming tool of choice. As a result of our developments in the MMP it has become clear 
that the MMP shell being developed can with some planning and modification provide an interface 
that can become a Spatial Database Manager. 

The SDBM will be a windows shell that provides access to an underlying database engine 
(Microsoft Access), a well log interpretation program (Crocker Petrolog), mapping and cross 
section software (the GeoGraphix Exploration System Workbench) and a volume visualization 
application (yet to be determined). The SDBM will have the added benefit of online help and 
tutorial information. 

Data tables for geochemical and petrographic data, well logs, well header information, well 
production data, formation tops, and fault trace data have been completed. Several additional 
tables will be developed to store information that is in image rather than digital form, such as mud 
logs, drillers' logs, daily drill reports, engineering reports, etc. The decision was made to save 
digitized analog data (well logs, Xray and FTIR spectral traces, etc.) in their native formats as 
individual files, rather reformatting them and transferring them to the Access database. 

Evaluation of cross-section and mapping software was completed. The GeoGraphix Exploration 
System (GES) Workbench was selected as the best system available to meet our objectives. A 
purchase order was sent. GeoGraphix was selected because it is a seamless platform that 
provides integrated database, digitization, land management, structural contouring, cross-section, 
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deviated and horizontal well correction, reservoir evaluation, and economic estimation 
capabilities. It is filly integrated with the Windows environment and operates on a PC. 

Two cross-sections through the study area have been completed and three more are under 
construction, with more to follow later. The top of the Etchegoin Formation and the top of the 
Miocene have been correlated fiom the logs, and the top Miocene has been mapped. DPI 
acquired county survey records that cover the project area and contain the State Plane 
coordinates for all surveyed section comers. DPI has also contacted a local suweyor to determine 
if other surveyed corners exist for the area. 

We have made contact with Dr. A. B. Carpenter of Chevron Petroleum Technology Co., who has 
extensive experience with Monterey reservoir rocks in the San Joaquin Valley. We approached 
Dr. Carpenter with a request for access to Chevron's technology in quantitative mineralogical 
characterization of reservoir rocks in exchange for collaborative involvement in our research 
effort. He provided several documents detailing Chevron's analytical procedures and quantitative 
data reduction techniques. Chewon has a proprietary code for computing the mineral 
percentages, which they will use to run the calculations for us. 

Spectral data on mineral standards are currently being collected for FTIR research at Michigan 
Technological University 0. Spectral data fiom standards will be input to a mathematical 
program which will generate non-negative least-squares (NNLS) fits. The NNLS fits will be 
applied to FTIR spectral data gathered on core samples fiom the McKittrick Front wells and will 
be used for identification of mineral assemblages 

The first set of specimens for SEM grainmount examination and SEMEDS Image Analysis have 
been selected on the basis of optical petrographic analyses. Four grain mounts, one each from the 
Opal A, Opal Nopal CT transitional, Opal CT, and chert diagenetic facies will be examined for 
morphological character and phase changes. The grainmount work will be done prior to Image 
Analysis, since it will provide valuable information about spatial variations in microporosity and 
will therefore help guide the effort to understand and quantify porosity through Image Analysis. 
Optical petrographic analyses are complete for the 44 thin sections which have been prepared to 
date. Results include petrographic descriptions, 3 5 m m  slides, and 3 5 m m  prints of thin sections 
which are characteristic of each lithologic type. 

Log normalization has been completed and parameter selection for the field study portion of the 
project has begun. A preliminary set of parameters was assembled last quarter from analysis of 
the cored wells. The parameter selection phase of the project will consist of extending these 
parameters to the rest of the project wells and ensuring that the analyses are valid and correct for 
all lithologies present. 

The geochemical modeling program CHILLER is being used to model fluid-rock interaction. 
Investigation of the feasibility of porosity prediction using CHILLER is underway. Initial results 
show that identification and quantification of changes in porosity are possible. The geochemical 
mass transfer task was initiated this quarter. 
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Project members ran a booth in the Exhibits Hall at the AAPG National Meeting in Houston, 
March 5 to 8, 1995. The booth included a poster display which described project goals and 
progress to date and a computer demonstration. Considerable interest was generated both in the 
project and in the multimedia program which we developed to archive and display project results. 
Several independents and petroleum consultants were very interested in the SDBM and M M P  and 
asked to be kept abreast of project developments and to have quarterly reports mailed to them. 

During this period decisions were made on graphics formats and on ways to keep interfaces 
consistent in the Multi-Media Program. Scanned and digitized logs were added to the database, a 
CD containing all of the MMP data and information was pressed, and the program was 
demonstrated in our booth in the Exhibit Hall at AAPG. B. Watkins and D. Schueller are 
working together to add hot links to the text, to find additional graphics formats that will work, 
and to further develop and refine the interface. 

On January 19 and 20, 1995 we held a meeting at USF to review both of our DOE projects. Each 
project member made a presentacion on his or her work. The meeting afforded project members 
an opportunity to learn what everyone else was doing and to discuss project plans and 
accomplishments in an open forum. The meeting was very successfil at accomplishing these 
goals. R. E. L e m o n ,  our DOE Program Manager, attended the meeting. 
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DISCUSSION OF TECHNICAL PROGRESS BY TASK 

TASK 1. PROJECT ADMINISTRATION AND MANAGEMENT 

1.1 THE SPATIAL DATABASE MANAGER 

It has been decided that a Spatial Database Manager (SDBM) shellhinterface will be developed 
using Microsoft Visual Basic. This decision resulted from our experiences in developing our 
Multi-Media Shell Program (MMP) for technology transfer. The concept behind the MMP is to 
utilize a user-friendly shell to provide information to users on how to collect, store, analyze 
interpret, visualize and present data in an integrated reservoir characterization study. The MMP 
provides both "hard wired" displays and presentations and access to application s o h a r e  that 
allows the users to use the data in a "hands ont' manner. These latter capabilities are basically the 
same as those needed in a SDBM. The evolution of both the Mh4P and the SDBM for 
technology transfer purposes has led to the use of Visual Basic as the programming tool of 
choice. Visual Basic is an object-oriented programming language used in the development of the 
Windows environment and will soon be the macro language for all Microsoft Office products. As 
a result of our developments in the MMP it has become clear that the MMP shell being developed 
can with some planning and modification provide an interface that can become a Spatial Database 
Manager. 

The SDBM will be a windows shell that will provide access to an underlying database engine 
(Microsoft Access), a well log interpretation program (Crocker Petrolog), mapping and cross 
section software (the GeoGraphix Exploration System Workbench) and a volume visualization 
application (yet to be determined). The SDBM will have the added benefit of online help and 
tutorial information. 

1.1.1 DATABASE INITIALIZATION 

We have selected Microsoft Access as our database management platform. A spatial database 
manager shellhinterface is being developed in Microsoft Visual Basic. Building and filling the 
project database is an ongoing activity. 

1.1.2 DATABASE MANAGEMENT 

Data tables for geochemical and petrographic data, well logs, well header information, well 
production data, formation tops, and fault trace data have been completed. Figure 1 shows a 
screen print of the Table Relationship Window. 

Several additional tables will be developed to store infomation that is in image rather than digital 
form, such as mud logs, drillers' logs, daily drill reports, engineering reports, etc. These will likely 
be stored in read-only files on CD through the MMP. A master table will provide information on 
the location of all hard-copy records. This should complete the basic table development for the 
database, although additional tables may be added as progress continues. 
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The decision was made to save digitized analog data (well logs, Xray and FTIR spectral traces, 
etc.) in their native formats as individual files, rather reformatting them and transferrins them to 
the Access database. Header information for these files will be stored in the Access database to 
facilitate record keeping and retrieval independently of their applications. 

Evaluation of cross-section and mapping s o h a r e  was completed. The GeoGraphix Exploration 
System (GES) Workbench was selected as the best system available to meet our objectives. A 
purchase order was sent. GeoGraphix was selected because it is a seamless platform that 
provides integrated database, digitization, land management, structural contouring, cross-section, 
deviated and horizontal well correction, reservoir evaluation, and economic estimation 
capabilities. It is fully integrated with the Windows environment and operates on a PC. 
GeoGraphix has made a corporate decision to go with Microsoft products whenever possible. A 
new version currently under development will use Microsoft Access as its database engine. This 
will make it even more compatible with our own SDBM. 

1.2 ORGANIZATION AND MANAGEMENT 

The management tasks have gone smoothly this quarter with all project members meeting at the 
University of South Florida (USF) in Tampa in January for an Annual Project Review Meeting. 
Various subgroups met and worked on specific tasks and subtasks throughout the quarter. 

1.2.1 PROJECT COORDINATION 

The following is a chronological description of project meetings and activities for 2nd quarter FY 
1995: 

On January 19 and 20, all members of this project and of our Michigan DOE Class III 
reservoir project met at USF in Tampa for our Annual Project Review Meeting. 

In February, two meetings were held in Bakersfield. At the first, Allan, Nigrini, and Olson 
spent two days working on the Spatial Database Manager. At the second, Nigrini and Olson 
worked together for two additional days on the same project. 

From March 5 to 8, project members ran a booth in the Exhibits Hall at the AAPG National 
Meeting in Houston. The booth included a poster display which described project goals and 
progress to date and a computer demonstration. 

From March 30 to April 6,  Wood and Man worked together on the project at USF in Tampa. 

1.2.2 BUDGET MANAGEMENT AND QUARTERLY REPORTS 

S. Milligan reprogrammed the project budgets and has set up a system for logging, recording and 
archiving all invoices related to this project. She also developed a convenient way to visualize the 
project budgets by monthly expenditures, cumulative expenditures, and projected expenditures 

5 April 1995 1:lO PM 6 



using Lotus graphics. M. Gwener and A. Hein have now assumed responsibility for daily 
management of the budget and expenditures. 

TASK 2. DATA COLLECTION 

2.1 WELL LOGS AND W L L  DATA 

All of the well logs which will be used in this project are now digitized, corrected, plotted on 
uniform scales, and hung on the same datum. Preliminary correlations have been made and a 
cross section network for structural and stratigraphic cross sections has been laid out through the 
study area. Two cross-sections have been completed and three more are under construction, with 
more to follow later. 

The top of the Etchegoin Formation and the top of the Miocene have been correlated fiom the 
logs, and the top Miocene has been mapped (Fig. 2). Correlations within the Miocene are 
unreliable without the use of the log analysis results. Although tentative correlations have been 
made, they need to be confirmed with hrther work after the petrophysical evaluation is 
completed. 

2.1,l LOG DATABASE MANAGEMENT 

A. Nigrini, J.Allan, and D. Olson held several work sessions on the project database in 
Bakersfield. The overall structure and content of the database was worked out at these meetings, 
including many aspects of the data organization, format, and integration with other project 
elements. The strategy for designing the database and database manager will be a significant 
deliverable of the project. 

It was determined that more well data will be needed for the database, so DPI staffgathered 
additional data from existing files and public sources, and entered them into spreadsheets. When 
the additional data are complete, the spreadsheet information will be loaded into the database. 
Several directional surveys, logs, and histories are missing from project data files. Efforts to 
locate them from various public and commercial sources are continuing. 

DPI acquired county survey records that cover the project area and contain the State Plane 
coordinates €or all surveyed section comers. DPI has also contacted a local surveyor to determine 
if other surveyed comers exist for the area. It appears that the records contain most, ifnot all, of 
the surveyed corners. From the comers currently in our possession, the well locations were 
calculated in State Plane coordinates. It is very important to do this when constructing 
computerized maps, since well locations must be placed in a real-world coordinate system to be 
used successklly in the construction of maps and cross sections. The State Plane system will be 
used for all project maps for the following reasons: 

- Computers need to use an orthogonal mapping system (Lat/Long coordinates are 
unacceptable) 
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The State Plane System is the most commonly used system in California, it is in feet (so 
existing well surveys and standard map scales can be applied), and it can easily be 
converted to other coordinate systems. 

2.1.2 LOG DIGITIZATION 

Digitization of the 45+ wells which will be used to construct maps and 3D visualizations of the 
Miocene reservoirs on Pioneer Anticline is complete. 

2.2 CORE AND SAMPLE ACQUISITION 

2.2.1A CORE AND CUTTINGS 

Our conventional and sidewall core library of samples is now essentially complete. It consists of 
conventional cores and core analysis data from the UNOCAL McKittrick Front Nos. 415 and 418 
wells in Cymric Field and the Tenneco 62x-30 well in Pioneer Field. Sidewall core and cuttings 
samples and core analysis data from the Gary Drilling, KLC 44, Well No. 375x in Pioneer Field 
are also in our possession. Samples from all 4 wells are currently undergoing petrographic, 
petrophysical, and geochemical analysis at MTU and USF. 

2.2.1B ARCO/UNOCALCORE 

Conventional cores and core analysis data fiom the UNOCAL McKittrick Front Nos. 41 5 and 
41 8 wells in Cymric Field have been in our possession for some time. ARC0 has divested its 
interests in the Pioneer area, so core from their wells may no longer be available. However, the 
cores and core data from the two McKittrick Front' wells are so outstanding that acquiring data 
fiom additional wells is probably unnecessary. 

2.2.2 FLUIDS 

Several oil samples from Pioneer Field wells were forwarded to MTU for analysis in late 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 

The Monterey reservoir rock provides an unusually difficult characterization problem because it is 
a unique type of reservoir rock that is very fine grained, has unusually high porosities, very low 
permeabilities, and has a high bitumen content with large quantities of highly reactive opaliie 
silica. It follows that it is important to take advantage of as much industry experience and data as 
possible when dealing with this complex lithology. Therefore, we have made contact with 
Dr. A. B. Carpenter of Chevron Petroleum Technology Co., who has extensive experience with 
Monterey reservoir rocks in the San Joaquin Valley. 
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Dr. Carpenter, who has been responsible for developing Chevron's technology for quantitative 
mineralogical characterization of reservoir rocks, can provide the project with data and 
technology that can be used to develop a good quantitative understanding of Monterey reservoir 
mineralogy and geochemistry. 

We approached Dr. Carpenter with a request for access to Chevron's technology in exchange for 
collaborative involvement in our research effort. He provided several documents detailing 
Chevron's analytical procedures and quantitative data reduction techniques. These documents 
provide us with the tools necessary to proceed with the quantitative characterization of Monterey 
reservoir rocks. 

The approach developed by Chevron involves the use of wholerock chemical analyses and 
detailed chemical analyses of rock constituents in a least squares error minimization algorithm for 
determining mineral weight percent values. Chevron has a proprietary code for computing the 
mineral percentages, which they will use to run the calculations for us. We will proceed with 
concurrent development of our own software. 

Dr. Carpenter also provided us with a computed mineralogical analysis of the Monterey Opal-A 
facies fiom the Cymric Field in the San Joaquin Valley (see Table 1 in Subtask 4.1 1). 

3.1 PETROPHYSICS 

Extensive petrophysical data sets were acquired fiom UNOCAL for the cores fiom the UNOCAL 
McKittrick Front No. 415 and 418 wells in Cymric Field. A conventional core petrophysical data 
set for the Tenneco 62x-30 well in Pioneer Field was acquired independently. Petrophysical data 
from these cores were used to calibrate the logs in these wells. The calibrations will be used to 
analyze existing logs and produce computed logs in uncored wells which penetrate the same 
stratigraphic intervals on the Pioneer Anticline. 

3.1.1 KPF MEASUREMENTS 

Conventional core data were acquired for the UNOCAL McKittrick Front and the Tenneco 
62x-30 wells. Sidewall core data is available for several additional wells. 

3.1.2 FTIR SPECTRA 

Spectral data on mineral standards are currently being collected for FTIR research at Michigan 
Technological University 0. Spectral data fiom standards will be input to a mathematical 
program which will generate non-negative least-squares (NMLS) fits. The NNLS fits will be 
applied to FTIR spectral data gathered on core samples fiom the McKittrick Front wells and will 
be used for identification of mineral assemblages. D. Popko will attend a one-week Inductively 
Coupled Plasma Spectroscopy (ICP) workshop in April. ICP analyses will then be performed on 
samples and standards to cross-check the FTIR results. 
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3.2 PETROLOGY 

3.2.1 XRJ3 

During most of this quarter MTU has been upgrading its Xray difiactometer, so no new samples 
have been analyzed. The upgrade is nearly complete at this time. 

3.2.2 SEMIIMAGE ANALYSIS 

The first set of specimens for SEM grainmount examination and SEMEDS Image Analysis have 
been selected on the basis of optical petrographic analyses. Four grain mounts, one each from the 
Opal 4 Opal Nopal CT transitional, Opal CT, and chert diagenetic facies will be examined for 
morphological character and phase changes. The grainIriount work will be done prior to Image 
Analysis, since it will provide valuable information about spatial variations in microporosity and 
will therefore help guide the effort to understand and quantifj porosity through Image Analysis. 

3.2.3 PETROLOGY 

Optical petrographic analyses are complete for the 44 thin sections which have been prepared to 
date. Results include petrographic descriptions, 35mm slides, and 35mm prints of thin sections 
which are characteristic of each lithologic type. These findings are being compiled to present at 
the AAPG Pacific Section Meeting in May. Additional work will be performed as necessary. 

3.3 LOG CALIBRATION 

Data preparation and log calibration were completed on the 3 wells that have both conventional 
core and modem log suites: the 2 McKittrick Front wells and the Tenneco 62x-30 well from 
Pioneer Field. Additional refinement of the calibrations will be performed as the results of XRD, 
rock chemistry, and FTIR analyses of core materials become available, but for now we have a 
working calibration equal to that used in most reservoir studies. Since log calibration is 
time-consuming and the McKittrick Front 41 8 well contains over 700' of conventional core with 
thousands of petrophysical analyses, the completion of calibration for these 3 wells represents a 
significant step forward in project development. 

3.3.1 DATA PREPARATION 

Log normalization has been completed and parameter selection for the field study portion of the 
project has begun. The term 'normalization' as found in the literature has several meanings in log 
analysis. In this project, 'normalization' is used to describe the phase in a field study where all the 
wells in the study area are compared to one another to identifjr those variations in log response 
that can be attributed to log calibration errors. The logs are corrected, or normalized, by applying 
an appropriate shiR to each curve as calculated from the normalization process. Analysis 
parameters determined from calibration to known data points, such as cores, can then be applied 
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with confidence to the entire project. After normalization, areal variations in reservoir properties 
can, with confidence, be attributed to real-world differences and not to spurious log errors. 

To perform a valid normalization, the log data must be verified, edited, depth shifted, and 
environmentally corrected. These tasks were completed during this quarter. No lithologies with 
known and consistent log responses (such as carbonates or salt) were logged in the project area, 
so all normalizations were performed as relative shifts to a locally defined standard. A local 
standard was established by examining all the wells in the study area and establishing the 
characteristic log response of a majority in key intervals for the wells sampled. 

The standard is not an absolute value, however, since log response is also influenced by geological 
variation and changes in fluid saturations within the reservoir and over time. A mapping approach 
to the normalization problem is usually recommended by DPI, but due to the fact that the wells 
are spread over a large area, have si,pificant differences in structural position, and major changes 
in lithology, subtle problems could be recognized. Therefore, only the most signiscant calibration 
differences were corrected before the petrophysicist proceeded to parameter selection. 

A preliminary set of parameters was assembled last quarter from analysis of the cored wells. The 
parameter selection phase of the project will consist of extending these parameters to the rest of 
the project wells and ensuring that the analyses are valid and correct for all lithologies present. 

3.3.2 MODEL SELECTION 

A number of analytical models have been presented over the years in the log analysis literature. 
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, and are capable of predicting matrix density, clay volume, diatomite facies, 
accessory minerds such as carbonates, porosity, permeability, water saturation, as well as 
providing a qualitative measure of fracturing and fiacture potential. The output of these models is 
the primary input to the reservoir visualization program. 

The log-core petrophysical calibrations for our three best wells are now essentially complete. 
Analysis of the other 45+ wells with log suites but no core is now beginning. When analyses of 
these wells are completed, computed logs of porosity, oil saturation, water saturation, clay 
volume, lithology, etc., will be prepared and plotted on a uniform scale. Parameters to be mapped 
and visualized will then be chosen, the reservoir will be zoned and correlated, and the results of 
this geological evaluation will be input to the GeoGraphix Exploration System Workbench. 
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TASK 4. MODELING 

4.1 GEOCHEMICAL MODELING 

The geochemical modeling program CHILLER is being used to model fluid-rock interaction 
(Fig. 3). This has very practical significance because of active steamflooding of the Monterey and 
Etchegoin Formation elsewhere in the southern San Joaquin Valley. B. Watkins has completed a 
new Windows interface which is presently being tested and debugged. He has begun to simplie 
data input and to work on a graphical output interface for rapid visual display of output. 

Investigation of the feasibility of porosity prediction using CHILLER is underway. Initial results 
show that identification and quantification of changes in porosity are possible. These results show 
that, for an arkosic assemblage undergoing reaction with seawater, the change in porosity is 
negligible. Addition of calcite to the reaction assemblage, and suppression of quartz and albite 
precipitation, can increase the change in porosity by as much a 5%. 

4.1.1 GEOCHEMICAL MASS TRANSFER 

The geochemical mass transfer task was initiated this quarter. Initial contacts with Dr. A. B. 
Carpenter at Chevron Petroleum Technology Co. (see Task 3) have provided us with a good 
quantitative analysis of the Opal-A zone from a Chevron well in Cymric Field (Table 1). We are 
using this data in trial steamflood reaction runs using CHILLER in order to determine the scope 
of the geochemical modeling problem. Next, pressure-temperature histories for typical flow paths 
need to be obtained from field data or from flow simulators. We plan to acquire streamline flow 
simulators from public domain software sources and will attempt to acquire field data from 
Chevron. 

Table 1. Results of Quantitative Mineralogical Analyses from the Opal A Zone of a 
Chevron Well in Cymric Field 

Qu- 
Opal-A 
Calcite 
Dolomite 
Kspar + plag 
Total clay 
Pyrite 
Siderite 
"Bitumen" 

y& 
6 calculated matrix density 2.14 

39 measured matrix density 2.17 
<1 porosity 0.63 
-4 
10 
27 

1 
1 
9 

12 



Comments regarding analyses of the Monterey formation: 

"Bitumen" is the insoluble fraction which remains after normal hydrocarbon extraction 
techniques and must be accounted for as a matrix component at time of core analysis. 
This is critical because its low density significantly affects the calculation of matrix density. 
Frequently the bitumen component has been ignored. 

Clay identification and quantification are important because of the large weight fraction of 
clays present in this rock type. 

Plagioclase composition has not been well-characterized in Monterey rocks. Variations in 
plagioclase composition could be inducing errors in computed compositions. 

The Monterey is one of the most difficult reservoir rocks in the world to characterize 
quantitatively . 

4.1.2 THERMODYNAMIC DATABASE 

The thermodynamic database SOLTHERM contains thermodynamic information on fluid species, 
gases, and minerals. Over 400 species are contained in the database. The data are valid over a 
temperature range of 0°C to 300°C. 

The database containing information on oxygen isotopes, OXYBASE, is complete. Work will 
soon begin on expanding the isotope database to include hydrogen, carbon, and sufir  isotopes, 
and on developing a suitable model for carbon isotope fractionation. 

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 FY 1995. 

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. 
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5.2 WORKSHOPS 

AAPG National Meeting 

Project members ran a booth in the Exhibits Hall at the AAPG National Meeting in Houston, 
March 5 to 8, 1995. The booth included a poster display which described project goals and 
progress to date and a computer demonstration. We ran two adjacent booths, one for this project 
and one for our Michigan DOE Class 11 reservoir project. Our AAPG Exhibit was very 
successful. Wood, Allan, Nigrini, Schueller, and Suchoski operated the booth for this project. 
Other MTU faculty and graduate students affiliated with the Michigan DOE project also attended 
and helped mn the other booth. Considerable interest was generated both in the project and in 
the multimedia program which we developed to archive and display project results. Several 
independents and petroleum consultants were very interested in the SDBM and M M P  and asked 
to be kept abreast of project developments and to have quarterly reports mailed to them. 

Multimedia Presentations on CD-ROM 

During this period, discussions were held and decisions were made on graphics formats and on 
ways to keep interfaces consistent. Scanned and digitized logs were added to the database, a CD 
containing all of the Multi-Media Program data and information was pressed, and the program 
was demonstrated in our booth in the Exhibit Hall at the AAPG National Meeting in Houston. B. 
Watkins and D. Schueller are working together to add hot links to the text, to find additional 
graphics formats that will work, and to further develop and refine the interface. The MMP has 
evolved beyond a technology transfer mechanism, and is becoming an integral part of our Spatial 
Database Manager. Figure 4 summarizes the structure and current content of the M M P .  

Tampa Meeting 

On January 19 and 20, 1995 we held a meeting at the University of South Florida in Tampa to 
review both of our DOE projects. Our Michigan Basin project was discussed on January 19 and 
this project was discussed on January 20. Each project member made a presentation on his or her 
work. The meeting afforded project members an opportunity to learn what everyone else was 
doing and to discuss project plans and accomplishments in an open forum. The meeting was very 
successful at accomplishing these goals. R E. Lemon ,  our DOE Program Manager, attended ' 

the meeting. 
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FIGURE CAPTIONS 

Figure 1. Screen print of the Table Relationship Window in the Microsoft Access database. 
Data tables for geochemical and petrographic data, well logs, well header information, 
well production data, formation tops, fault trace data, etc., are shown. 

Figure 2. Structure contour map on top of the Monterey Formation in the study area. Two 
cross-sections (a strike section and a dip section) have been completed along section 
line shown on figure. Three more cross sections are under construction, with more to 
follow later. 

Figure 3. The geochemical modeling program CHILLER will be used to model reservoir matrix 
changes that occur during thermal EOR production practices. The predicted reservoir 
changes will include mineralogy, porosity and permeability. Quantitative mineralogical 
characterization of the reservoir will provide input data for determining the minerals 
likely to undergo significant dissolution and knowledge of an injection and production 
program will provide the pressure and temperature history conditions necessary to 
model possible chemical reaction histories. Comparison of modeled production fluid 
compositions with observed data fiom actual production histories can be used to adjust 
model parameters through multiple iterative modeling trials until a reasonable history 
match is obtained. These data can then be used to suggest changes in the injected fluid 
compositions that may reduce some of the more h d l  effects such as the production 
of clay coatings that decrease permeability. The example above is of feldspar and 
quartz dissolution at 100°C which shows that significant quantities of chlorite and 
muscovite (an analogue for illite) are likely to be produced in the steamflood EOR 
process. 

Figure 4. Through the Multi-Media Program archive/tutorial shell authored in Visual Basic, the 
user will be able to access a variety of text, graphics, and animations generated by or 
related to the project. The kinds of information available via pull-down menus in the 
archival mode are shown here. 
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Reactant Minerals: Kfeldspar/Quartz = 3/1 
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Visual Display of Reservoir Parameters Affecting EOR 
(multimedia shell using Visual Basic Professional) 

File Project Reaional Geoloav Wells Databases Geochemical Modelinu Help 

Exit Participants Cross Sections b Calibration Well SEM geochemical models Cl, index 
Location 3D Views b Well 1 etc. 
Tasks and timeline (burial) 
Quarterly reports (Maps) (well data) discussion of how generated 

lntro Public Abstract Maps b All Wells XRD burial histories b map 

aerial photo general well data example wells 
map view of structure 
Munger maps petro data (geochemical models) 
DEM b (?) thin sections fluid-rock b 
CA G&O b, (?) other analytical 2ndary porosity b 

(Cross sections) 
horizon 1 (fluid-rock) 
horizon 2 statement of problem 

(horizon info window) 
lithologic description (2ndary porosity) 
core information 
core photos (steam flood) 

(3D views) EOR processes 
topography 
simple structure 
volume model of reservoir 

production history 

steam flood models 

... x-y plots 
other visuals 

reactions 

(volume model window) 
porosity 
permeability 
oil saturation 
water saturation 
clays 
geochemical information 

Users will be able to access the files in two ways: 
1) as archival material 
2) as a tutorial 

Figure 4 


