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OBJECTIVES

The objective of this Class 3 project is to demonstrate that detailed reservoir characterization
of slope and basin elastic reservoirs in sandstones of the Delaware Mountain Group in the
Delaware Basin of West Texas and New Mexico is a cost effective way to recover a higher
percentage of the original oil in place through strategic placement of infill wells and
geologically based field development. Project objectives are divided into two main phases. The
original objectives of the reservoir-characterization phase of the project were (1 ) to provide a
detailed understanding of the architecture and heterogeneity of two representative fields of the
Delaware Mountain Group, Geraldine Ford and Ford West, which produce from the Bell Canyon
and Cherry Canyon Formations, respectively, (2) to chose a demonstration area in one of the
fields, and (3) to simulate a C02 flood in the demonstration area.

After the reservoir characterization and simulation of an area at the northern end of the Ford
Geraldine unit were completed, the industry partner decided not to proceed to Phase 2,
installation of a C02 flood in the demonstration area. A new industry partner, Orla Petco, Inc.,

will participate in the remainder of the project, which includes a field demonstration to be “
conducted in the East Ford unit. The East Ford unit is immediately adjacent to the Ford Geraldine
unit and produces from the same Ramsey sandstone channel. The reservoir characterization
phase of the project has been expanded to include East Ford unit. This additional reservoir-
characterization task provides an excellent opportunity to test the transferability of the
geologic model and log-interpretation methods developed during reservoir characterization of
the Ford Geraldine unit to another Delaware sandstone field.

The objectives of the implementation phase of the project remain the same, to (1) apply the
knowledge gained from reservoir characterization and simulation studies to increase recovery
from a demonstration area, (2) demonstrate that economically significant unrecovered oil can
be recovered by a C02 flood of the demonstration area, and (3) test the accuracy of reservoir

characterization and flow simulation as predictive tools in resource preservation of mature
fields. The goal is to develop a geologically designed C02 flood and well-completion program in a

representative Delaware Sandstone field that can serve as a model for other fields in the play.
Through technology transfer, the knowledge gained in this study can be applied to increase
production from more than 100 other Delaware Mountain Group reservoirs.

SUMMARY OF TECHNICAL PROGRESS

Reservoir Characterization

Reservoir characterization of the East Ford unit began this quarter with data collection and data
base construction. Logs from the East Ford unit (45) and two adjacent dry holes were copied at
the Orla Petco office in Midland. Corresponding well-location coordinates were obtained from a
data base acquired earlier in the project. A total of 98 log curves have been digitized in LAS
format and loaded into a Landmark Openworksw data base. A base map showing well locations
was created using Landmark software.

Tops for the reservoir sandstones and adjacent nonreservoir intervals have been picked on all
logs in the East Ford unit. The Ramsey sandstone interval at the East Ford unit is divided into
upper and lower sandstones by a laterally persistent siltstone (SHI ). The upper sandstone is
equivalent to the Ramsey 2 sandstone of the Ford Geraldine unit, and the lower sandstone
correlates to the Ramsey 1 sandstone. The tops, elevation datum, total depth, API number, and
latitude and longitude for each well have been entered into the OpenWorksw data base.
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Preliminary structure and isopach maps and cross sections have been used to locate problems in
the data base and log digitization.

Core-analysis data from 11 East Ford wells (620 analyses) were entered into a spread sheet
and sorted by stratigraphic interval. Core-measured porosity in Ramsey sandstones in the East
Ford unit ranges from 2.9 to 30.6 percent and permeability from 0.01 to 312 md. The average
values of porosity and geometric mean permeability for each stratigraphic interval are as
follows:

Porosity (percent) Permeability (red)

Trap siltstone 14.7 0.60
Ramsey 2 sandstone 21.4 14.8
SHI siltstone 18.0 2.9
Ramsey 1 sandstone 22.5 30.6
Ford siltstone 15.9 0.63

The porosity-permeability transform for the Ramsey sandstone in the East Ford unit developed
from the core-analysis data is as follows:

Log permeability (red) = 0.14 (porosity) -1.83

This equation will be used to calculate permeability from log-derived porosity values. A
porosity of 13 percent corresponds to permeability of 1 md, and porosity of 17.5 percent
corresponds to permeability of 5 md. Net pay will be calculated using both of these porosity
values as cutoffs.

Petrophysical Analysis

The procedure for quantitative petrophysical analysis that was developed for the Ford Geraldine
unit is being followed to characterize the East Ford unit (Asquith and others, 1997; Dutton and
others, 1998). Core and log data will be integrated and petrophysical properties will be
quantified from wireline’ logs; the goal is a set of maps of porosity, permeability, net pay, water
saturation, porous hydrocarbon volume, and other reservoir properties across the unit.
Petrophysical analysis of the Ramsey sandstone at the East Ford unit is complicated by the
incomplete nature of the logging suites. Of the 45 wells in the unit, 26 penetrate the entire
reservoir interval. A review of available log suites from the East Ford unit showed that 30
wells have porosity logs, but 4 of those wells have only cased-hole neutron logs. The cased-hole
neutron logs will not be used for quantitative petrophysical analysis. Only 17 wells have both
porosity and resistivity logs.

The gamma-ray logs in East Ford field were run in the early 1960’s by several different
companies at different sensitivities and thus cannot be directly compared, even though all but
one of the logs was recorded in API units. All the gamma-ray logs were normalized by equations
in the following form: Normalized GR value (API units) = m (old GR value) + b,
where the slope and y-intercept were calculated for each log individually.

Core-log correction factors were calculated for each cored well so that core depths could be
depth-shifted to log depths. A cross plot of interval transit time (ITT) versus core porosity was
constructed in order to determine a log-to-core porosity transform. From this plot, a reduced-
major-axis (RMA) equation was calculated that can be used to determine porosity in wells with
sonic logs. The RMA equation relating porosity and’ ITT is:
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Porosity (percent) = 0.505 (ITT) -24.753

in preparation for calculating water saturations (Sw), formation-water resistivities (Rw)

were estimated across the Ford East unit from a map of formation-water salinities. Data from
the East Ford unit were combined with those from the Ford Geraldine unit (Dutton and others,
1997) to obtain a more regional view. Values of Rw at 75°F ranged from 0.10 to 0.12 ohm-m.

PLANNED ACTIVITIES

A subcontract between The University of Texas at Austin and Orla Petco, Inc. is in progress and
should be completed during the next quarter.

Reservoir characterization of East Ford field will continue next quarter. Isopach maps and
cross sections of the reservoir sandstone bodies and bounding siltstones will be finalized, and a
depositional model for East Ford field will be constructed. Petrophysical characterization will
continue with the following tasks: (1) estimate volume of clay in Ramsey sandstones using the
equations for gamma-ray index and VCI, (2) determine true formation resistivity (Rt) using

the transform developed for the Ford Geraldine unit (Asquith and others, 1997), (3) calculate
Sw using the modified Archie equation developed previously for Delaware sandstones (Asquith

and others, 1997), and (4) construct petrophysical maps for the East Ford unit.
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