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Abstract 
The Carpinteria Offshore Field, Santa Barbara, California, has 
produced more than 100 million barrels of oil to date. This 
mature field has continued operations in an economically and 
politically challenging environment that finally resulted in the 
abandonment of the field's California State leases by the lease 
holder. The abandoned leases, together with adjoining federal 
leases are now operated by an independent producer. Los 
Alamos National Laboratory has joined with that independent 
operator, Pacific Operators Offshore, and with the State Lands 
Commission of California and the Minerals Management 
Service, in a unique collaborative effort to redevelop the 
mature field. This project is a part of a larger umbrella 
project, the Advanced Reservoir Management Project (ARM), 
that is designed to demonstrate the worth of advanced 
computational tools and state of the art methods for 
independent oil and gas producers. The Carpimteria Reservoir 
Redevelopment project takes a long-term view of reservoir 
management - as a result, our management plan includes a 
continuing investment in time and technology in order to 
better understand the reservoir. In particular, we have 
completed an extensive reservoir characterization and 
geological modeling effort that has created a seKansistent 
model, satisfying geophysical, geological, and engineering 
data constraints. We have begun the engineering-intensive 
flow simulation phase of the project using the current 
geological description of the reservoir, and are confident that 
our careful efforts in geological modeling will result in a 
reasonable reservoir flow model. 

Dynamic documents exist that are used by participants to stay 
abreast of developments on the project. These WWW pages 
may be viewed at 

http: //ees . lanl. gov/EES5/arm/pooi Other sites 
of interest, that describe the nature of the agencies and 
companies involved in the project are at 
http://ees.lanl.gov/EES5/, 
http://www.mms.gov/omm/pacific/index.html., 
http://www.slc.ca.gov,and 
http://www.pacops.com. 

Introduction 
The Carpinteria Offshore Field (Santa Barbara, California, 
Figure 1) was discovered in 1964, and bas been developed 
over three decades with deviated drilling fiom five platforms. 
The field has produced more than 100 million barrels of oil to 
date. This mature field is analogous to other nearby offshore 
fields, and efforts to redevelop it therefore have great 
implications for those fields. 

.The three mile coastal waters boundary between Federal and 
State leases cuts through the Carpinteria field, so that of the 
five leases on the field, three belong to the State, and two are 
Federal. Over the years, various companies have operated the 
leases, a situation that has resulted in a disjointed production 
strategy for the reservoir as a whole. 

29 productive intervals have been identified and mapped in the 
Carpieria reservoir, and production fiom these intervals has 
been comingled to a large degree on individual leases 
throughout the history of the field. In recent years, increased 
water cuts and sand production fiom unconsolidated stmta, 
accompanied by lower production, reduced the profitibility of 
the field, and contriiuted to a decision by the operator to 
abandon the California State leases. Two of the abandoned 
State leases, together with the adjoining federal lease are now 
operated by an independent producer, pacific Operators 
Offshore, Inc. (POOI). 

In the course of abandonment by the previous operator in 
1996, all wells on the two production platforms in the State 
leases were plugged and abandoned, and the platforms were 
removed. The State leases are thus unreachable by dril%g,-- -*- 

except fiom platforms in Federal leases. Plans for 
redeveloping the reservoir include options for high angle 

http://ees.lanl.gov/EES5
http://www.mms.gov/omm/pacific/index.html
http://www.slc.ca.gov,and
http://www.pacops.com
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extended reach drilling, to recover oil from various parts of the 
reservoir, including the otherwise inaccessible State leases. 

In 1993, when PO01 acquired the leases, the conceptual model 
of the field was confusing. This confusion was the result of 
multiple interpretations of geological and engineering data by 
a variety of operators. No field wide reservoir interpretation 
was available to PO01 that integrated geological, geophysical, 
engineering (well test), and production data. 

PO01 recognized that to understand such a complex 
geological environment, advanced modeling and visualization 
technologies would be required, that would permit the 
building of a coherent model of the reservoir sands, and would 
permit that model to be viewed in three dimensions. This 
model would be viewed and manipulated to reveal its surfaces, 
volumes, and its distribution of rock and fluid properties. 

The long-term reservoir management plans for the Carpinteria 
Field will make use of reservoir simulation as a guide for 
production operations in the field. In order to conduct 
meaningfbl reservoir simulation studies, and thereby meet the 
needs of the operator and the management plan, a credible 
reservoir model was needed. The construction of this model is 
the subject of this paper. 

The Advanced Reservoir Management Project 
These advanced technologies were offered to independent oil 
and gas producers by DOE, as part of the Advanced Reservoir 
Management Project (ARM) at Los Alamos National 
Laboratory @AI%). PO01 recognized this opportunity, and 
joined in a Cooperative Research and Development 
Agreement (CRADA) with LANL. PO01 also sought the 
participation of the royalty owners in the field, the California 
State Lands Commission (CSLC) and the Minerals 
Management Service ( M M S )  of the Department of Interior. 
These agencies joined PO01 and LANL to form the 
Carpinteria Offshore Field Redevelopment Project. 

The Carpinteria project is the first collaboration of its kind, of 
which the authors are aware. It brings together Federal and 
State agencies, an industry partner, and a national laboratory, 
in a combined effort to understand, and thereby guide the 
redevelopment and management of a mature offshore field. 
Additionally, the participants retained the consulting services 
of other organizations, to fill out the technical competency of 
the team - Coombs and Associates, for petrophysical and well 
log analysis, RG. Heck and Associates, for specialized 
geological interpretations, and the University of Houston, for 
reservoir flow simulation. 

redevelopment has for the many other similar offshore fields. 
Los Alamos National Laboratory and the Department of 
Energy are committed to supporting domestic independent oil 
and gas producers as they improve reservoir management 
practices by applying available technology. 
(http://ees.lanl.gov/EES5/am) 

The Vial Enterprise 
The Carpinteria project depends on the "virtual enterprise" 
model to tap the resources of its many participants. Simply 
stated, the virtual enterprise is the combination of efforts of 
individuals and companies that join together to accomplish a 
common goat The individuals and companies that work 
together in the virtual enterprise may be, as in the case of the 
Carpieria project, geographically dispersed, yet interact in a 
common workplace every day. This common workplace is the 
union of computers and networks at each of the remote 
locations where the individuals and companies reside. 

The importance of the virtual enterprise to independent oil and 
gas producers cannot be overstated. It enables any 
independent producer to enlist widely dispersed technical 
resources and expertise, to solve a specific problem, 
inexpensively, and in a wellcoordinated way. It provides the 
independent producer access to technical resources equivalent 
to those in a major oil company. Recent successes with virtual 
enterprise teams have helped other independent operators 
solve complex problems. .(1,2) 

The management of this enterprise is in the case of the 
Carpiiteria project, distriiuted among the various participants. 
But it need not be so. An independent producing company 
may develop and centrally manage avirtual enterprise with 
known and trusted subcontractors and codbnts.  The 
foundation for such an enterprise is the company's association 
with these consultants; networked computers make available 
the common "virtual office" where they can work together 
Figure 2). 

In the case of the Carpinteria project, no one of the 
participants has the expertise and equipment to cany out a 
project of this scale alone - each has unique resources that 
benefit the overall project The project depends on a 
coordination of these widely distriiuted resources. The 
situation is complicated by the fact that management too, is 
dispersed among the organizations. The project management 
has therefore depended on conferencecall meetings, emad, 
electronic file transfers, and the WWW to create this 
coordination of resources, to direct the project, to monitor 
progress, and to receive feedback 

Project Planning and Preparations 
There are four main segments in the reservoir management.. _-  
scheme for the Carpiteria Reservoir - Geological modeling, 
geostatistical modeling, engineering modeling, and project 
integration. The task diagraxn shows various subtasks within 

http://ees.lanl.gov/EES5/am
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fhese main segments (Figure 3). Early in the life of the 
project, a consensus was reached by the various participants' 
management about commitment of resources to the project. 

Data Review and Analysis 
An initial review of available data revealed multiple well log 
traces from slightly more than 200 wells, cross sections and 
geological maps from previous studies of the reservoir, 
comments on the depositional history of the field, engineering 
and production data (Figure 4). 

Geological Modeling 

Coombs and Associates obtained hard copies of all well logs, 
digitized the several thousand traces, and formatted this large 
data set in a series of standard format files. The vectorized 
forms of the well log traces were then transformed into 
reservoir property logs (porosity, permeability, and water 
saturation) for the 200 wells. All of this raw data and 
calculated information, and additional information on 
reservoir description and performance, is part of a distributed 
database that is being compiled by M M S  and CSLC, to be 
archived in commercially available databases for later use. 

well log analysis 

Well Logs Correlation 
Initial well correlations were made from the paper SP and GR 
logs, and paper cross sections were generated to guide 
preliminary rough correlating work The ipitial correlations 
were refined on visually intuitive multiple-well log display 
panels in a computer-aided design (CAD) package. The data 
for these CALI displays were generated with script files in a 
commercially available spreadsheet program. The script 
extracts SP and GR picks from the database where they are 
stored, and writes these data to files for display by the CAD 
package. This method was used to create display panels that 
showed as many as twenty digitized correlation logs at a time. 
More importantly, the display panels were projected on a 
computer monitor, where it was possible to alter the scale, 
position, or color of any trace, which significantly reduced the 
time required to make and to QC the correlations. Iterations 
of selecting marker picks, entering the picks in the database, 
and visually reviewing the results in display panels proved 
invaluable in ensuring the quality of the resulting data set. 

All well directional surveys were used to compute true vertical 
depth logs and true stratigraphic thickness logs were prepared 
by integrating dipmeter and dip from contour maps. These 
corrected logs allow well log tram to be correlated without 
the distorting effects of well deviation or structural dip. 

The x, y, and z locations of all picks in all wells were 
calculated from directional surveys and measured depth logs. 
Well marker picks were then mapped in a commercial 
mapping package over the areal extent of the Carpinteria 
Field, The resuIting 3 1 maps were imported into a 3D 
visualization package, and examined for errors. This QC step 
proved invaluable for understanding the limitations of the 

mapping, and for identifying data errors. It also highlighted 
the need to better define stratigraphic volumes, by mapping 
well marker picks of sand bottoms. Accordingly, the same 
process of correlating and QC (with CAD displays) was 
repeated for bottoms of productive intervals, and the same 
mapping and 3D visualization QC effort was again employed 
to assure that all surfaces honored all available data. 

Database Generation 
As mentioned previously, geological and engineering data are 
stored in three Werent commercial databases. Commercial 
software was chosen for the project to guarantee availability, 
flexibility, and long term support for the database products in 
our reservoir management software suite. The first database 
serves as a repository for digitized well log tram. The second 
is an industry oriented database solution, and serves to house 
production and completion information, as well as fluid 
property tables and other engineering data. The third confains 
markerpicks, and directional survey data. There has been a 
continuing process of database archival and QC of reservoir 
information; errors and omissions are corrected in the database 
and new data are added. In this way, the most recent data are 
always available for the construction of successive reservoir 
model generations. 

Oil-Water Contacts 
The Carpieria field has multiple oil-water contacts. For the 
most part, individual lithologically defined zones appear to be 
hyhulically isolated from others. This complicates the 
calculation of oil in place volumetxics. 

It was iirst.thought that oil water contacts would be identified 
from distn'butions of saturation in a 3D geological model. 
However, it became evident that saturation was not a simple 
function of depthbelow sea level, but that water contacts in 
correlated layers occurred at successively greater depths to the 
east. 

This domeenvariation in saturations indicated that oil 
water contacts might be tilted in the field, and it was decided 
that a careful determination of oil water contacts would be 
needed in all  wells. These contacts in individual wells were 
picked from calcdated water saturation logs. However, these 
calculated logs did not exist for many of the wells in the 
eastern (State leases) portion of the field. Oil water contacts 
there were picked from SP, GR, and resistivity logs. These 
picks were compared with those from calculated logs for 
consistency. 

These new picks confirmed that the oil water contacts are not 
horizontal, but incline approximately five degrees down 
plunge to the east on lease P-0166, and about two degrees to 
the east in the State leases on the field. With this - .- - 
interpretation in mind, the picks were mapped and gritted in 
three dimensions, and the resulting surfaces were 
conservatively extrapolated to their intersection with tops of 
stratigraphic units (Figure 5). 

. __ 
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A carefbl examination of the intersections of these 
extrapolations with structural surfaces and a v i d  review of 
the distribution of wells that are fully oil or water saturated led 
to editing and remapping of the oil-water contact surfaces. 
This remapping ensured that not only are all oil water contact 
picks honored, but also that the intersection of the oil water 
contact surface and top of stratigraphy (correlated surface) 
honors the saturation state of wells in a given zone. 

Structural and Fault Mapping 
It is recognized that faulting in the field plays an important 
role in the static distribution of fluids, and in flow behavior of 
the reservoir. It has been a goal of the project to capture 
important faulting effects not only in the interpretive 
geological model, but in the engineering flow model as well. 
The Hobson thrust fault has been identified in previous work 
and its faulting interpretation was supported by missing 
section and repeated section analysis in well logs. Although 
other significant anomalies in contour maps were identified in 
early work on the project, no further evidence of any other 
faults existed at the time, and so the first several generations 
of the geological model included only the Hobson fault 

Previous geological studies included many interpreted faults 
that explained multiple well to well production anomalies, but 
which had not been detected by well penetrations. These 
production anomalies are currently interpreted to be the result 
of a tilted oil water contact. This interpretation rests on three 
lines of reasoning. First, the careful process of picking oil 
water contacts in all wells has shown such a tilted interface. 
Second, if there were many small faults, it is unlikely that they 
would remain undetected in the over 200 wells have been 
drilled in the field. Third, nearby reservoirs, that are 
tectonically related to the Carpiiteria field, have not been 
shown to exhibit such faulting. 

RG. Heck and Associates has been retained to study other 
significant faults in the field, and has recently described 
several faults consistent with anomalies in structure maps, five 
of which explain large offsets in the oil water contacts that are 
apparently unrelated to the overall tilted trend. Evidence for 
these few faults is found in missing and repeated section 
intervals in true stratigraphic thickness logs from Coombs and 
Associates. The latest geological model, which is the basis for 
the reservoir flow modeling, includes six of these faults. 

Framework Grid Construction and Attribute Distribution 
A 3D gridded structural fmnework has been constructed that 
is the basis for computational modeling of both static and 
dynamic phenomena. The grids for this 3D geological 
framework are required to be orthogonal in the x and y 
directions, and each must be locked to the same x, y points. 
However, all nodes are permitted to vary vertically., and in 
this way, 3D surfaces are created that follow stratigraphic 
boundaries. 

The 3D-grid volume was constxucted of the 29 tops and 
bottoms of pay zone intervals, i.e. the 58 bounding surface 
grids are from the shuctural mapping work of the CSLC and 
MMS. In addition, oil-water contact surfaces for each of the 
zones were incorpomted in the model. Because zone top and 
zone bottom surfaces guide the correlation of properties 
between wells, the process of matching well marker picks to 
these surfaces at the wells is extremely important; this was the 
motivation for repeated QC and remapping. 

Each stratigraphic model unit, between a top and a bottom 
grid, is mathematidy subdivided into grid cell layers that are 
used to project bedding patterns within that zone. The process 
of vertically subdividing units results in a highly refined grid; 
several million cells are required to capture heterogeneity in 
the many layers of the many zones in the reservoir. 

The calculated coordinates (x, y, true vertical depth) for the 
paths of all wells are incorporated into the hmework grid, 
and all intersections of well paths and grid cells are calculated 
internally. Resemoir properties, calculated from wireline log 
traces, are tied directly to the well path at the resolution of the 
well log data. 

These reservoir attriiutes are then dishiiuted throughout the 
volume of the 3D model. We used an inverse distance squared 
weighting for the interpolation of all properties, during this 
first phase of model construction. We recognize the 
weaknesses of this deterministic approach, and plan to remedy 
this problem by applying spatial statistical methods of 
distribution in an improved model. 

Volumetrics Calculations 
Calculation of original oil in place was conducted on the 
model. Only saturation of mobile oil in individual zones was 
included in the calculation. The model volumetric 
calculations were compared with standard 
engineeringlproduction calculations conducted by POOI. 
Together, these volumetric calculations conlriiuted to a recent 
decision to proceed with redevelopment of the field. 

Visual Data QC 
The two geological modeling software packages used on this 
project, and many similar packages that are available 
commercially, permit displays of three dimensional data sets 
to be zoomed, scaled, and dynamically viewed from any 
direction. Such software aIso permits the creation of 2D 
exhibits, that ultimately leads to a reduction in the time and 
ef€ort assOciated with mapping and cross section generation. 
Many helpful displays of the model were created (arbitrary 
vertical cross sections, stratigraphic sections, 3D property 
volumes, etc.) We found this sophisticated display capability 
to be extremely usefbl in reviewing contoured data, 
visualizingintersectionsbetween structural surfaces, 
recognizing thickness changes between multiple surfaces, and 
visualizing the relationship between fault planes, surfaces, and 
deviated well traces. 

* - .- - 
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Grid Upscaling and Reservoir Simulator Initialization 
A meeting was held upon completion of the first completely 
populated model of the field, and geology, engineering, and 
operational concerns for modeling were addressed. A key 
point of discussion was the extent to which this geological 
model might be upscaled for flow simulation studies. On the 
one hand, computing speeds required that the flow model be 
limited in size. On the other hand, preserving the 3D 
heterogeneity of the geological model is certainly important if 
we are to closely mimic flow behavior in the flow model. 

An initial coarsening of the grid that preserved lithologic 
variability was still too large for flow simulation. A second 
grid upscaling resulted in a smaller grid, but resulted in 
averaged units that were deemed lithologically and 
hydraulically Werent A decision was made to first proceed 
with another upscaled grid that merged cells of similar 
porosity, and to later address upscaling issues again as a part 
of planned spatial statistical studies. 

The geological model was exported for flow simulation, 
imported into a commercial reservoir flow simulation 
package, and initialized. This process was supported by an 
integrated geomodelinglreservoir simulation software 
platform, which helped us avoid the complexities of data 
reformatting that often accompany any data export/import 
operations. 

A griddiig module within this integrated environment 
permitted upscaling based on various averaging schemes. 
The current upscaled model was generated by vertically 
averaging together regions of similar porosity. The areal 
resolution of the model was not changed, b d  resulted in a grid 
that has more than one well intersecting some of the grid 
blocks. This was not deemed an insurmountable problem, and 
lumped production will be used for those grid cells with more 
than a single well. 

The history-matching phase of the reservoir simulation studies 
has not yet begun, as it has been decided that a new generation 
of the geological model should first be exported. This new 
generation model will include five faults that are thought to be 
important in governing flow behavior in the reservoir. 

Geostatistical Modeling 
To date, the geological modeling work has depended on 
deterministic interpolation schemes to fill the volume of the 
model's 3D-grid structure. There is a weakness in this 
approach by making the assumption that properties may be 
interpolated from well to well, we have overlooked important 
information about the way in which the data varies from well 
to well. 

An improvement would be to employ some similarity- 
dissimilarity analysis that quantifies correlation lengths 

between wells, and that reproduces in the linal model the 
statistical cbaracter of our sample data 

The most intuitive way to employ this analysis is to examine 
lateral continuity in a single stratigraphic unit. We do this 
naturally when we visually correlate features between well log 
traces. When a feature appears in one log, and not in another, 
we must decide how far to correlate the feature between the 
logs. Although this exercise is subjective, we have effectively 
determined a correlation length for the given attn'bute. 
However, we would probably not expect to use the same 
correlation in any other direction. Instead, we would search 
for another well log in the new direction, and again examine 
the similaritydissiity between those two logs. Extending 
this methodology to a large, spatially distriiuted data set, we 
would like to examine the correlation between each well and 
every other well in the collection. This is an extremely time 
consuming exercise, and one that is difficult to do rigorously. 

A pre- study was made of spatial correlations of 
attributes in the reservoir data. The purpose of the study was 
to determine whether sufficient lateral continuity exists in 
individual units to make geostatistical estimation and 
simulation approaches worthwhile. The "F" zone was chosen 
as the region of interest for this study. 

Empirical variograms of the calculated properties data suggest 
fairly good correlation over distances of at least 500 feet in the 
"F" zone. In this fht analysis, the empirical variograms show 
spikes at small lags that might be eliminated in a more carefhl 
outliers analysis. At a depth of 3000 feet, the distance 
between wells exceeds 500 feet for only about 10% of the 
wells. Thus within the field, at least in the depth range of 
2500 to 4000 feet, there will usually be data within 200 or 300 
feet of any point that we wish to estimate. Given this density 
of data, the empirical variograms suggest that improvements 
in the distriiution of properties between wells can be expected 
if geostatistical methods for estimation and simulation are 
used. 

Conclusions 

Integrated reservoir management approaches have already 
provided a valid option for redeveloping the complex 
Carphteria field, (geomodeling and well planning) and will 
yield more benefits as fluid movement in the reservoir is 
studied. 

k logidenginee ing  reservoir modeling pays off in the 
long term, as it enables the operator to evaluate alternate 
development scenarios, but it requires an upfront investment. 
This investment may be managed as a virtual enterprise, 
making world class expertise available to independent - . . 
operators. 

The use of geological modeling tools requires extensive data 
preparation and QC, as the tools do not observe, define, or 
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correct data errors. However, these tools ultimately offer a 
valuable visual approach to data QC and understanding. 

Closely integrated geological and engineering modeling leads 
to a self-consistent reservoir model that honors all available 
data, including interpretive data, and more closely 
approximates reality, making it useful as a predictive tool. 
Well planning and design in an alternating w a t e r 4  
stratigraphy environment is greatly enhanced by the use of a 
visual geomodeling environment. It is especially helpful in 
avoiding interference between wellbores, and in steering to 
significant accumulations of hydrocarbons. 
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A preliminary scoping study has motivated the application of 
geostatistical methods to describe the distribution of reservoir 
properties in the model. 

Flow simulation modeling depends on such a model, and will 
help guide the long-term management of this mature reservoir. 

Figures 

Figure 1. The Carpinteria Offshore Field is located near Santa 
Barbara, California, and is divided into California State and 
Federal leases by the threemile coastal water limit. 

2. Voskanian, MU, Kendal€, R.P., Whitney, EM, Coombs, S., 
Paul, RG., and Ershaghi L, “A Simulation-Based Reservoir 
Management F’rogram”, SPE Paper #35703, SPE Westem 
Regional Meting, Anchorage, AK, May 22-24,1996. 
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Figure 4. An Initial review of data revealed well logs, cross sections, structural maps, engineering and production data, and some commentary on 
depositional history. 

Figure 5. Oil-water contact surface in the El sand (extrapolated beyond stratigraphy for visual effect), showing fully oil saturated wells (white) wells with 
water oll-contact In the El (grey) and wells that are water saturated in the El  (black). 
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Figure 6. East-West cross section of Carpinteria Field. Hobson thrust is visible on the left 

Figure 7. Stratigraphic slice of the Carpinteria Reservoir computational framework- top of C1 sand. 
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Figure 8, 3D computational framework model, from southwest, showing distribution of attribute "shale fraction". Hobson thrust divides stratigraphy on 
the west. 


