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ABSTRACT

The objective of this Class III project is to demonstrate that detailed reservoir
characterization of slope and basin clastic 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 geologically based field development. This
year the project focused on reservoir characterization of the East Ford unit, a representative
Delaware Mountain Group field that produces from the upper Bell Canyon Formation (Ramsey
Sandstone). The field, discovered in 1960, is operated by Orla Petco, Inc., as the East Ford unit;
it contained an estimated 19.8 million barrels (MMbbl) of original oil in place.

Petrophysical characterization of the East Ford unit was accomplished by integrating core
and log data and quantifying petrophysical properties from wireline logs. Most methods of
petrophysical analysis that had been developed during an earlier study of the Ford Geraldine unit
were successfully transferred to the East Ford unit. The approach that was used to interpret water
saturation from resistivity logs, however, had to be modified because in some East Ford wells the
log-calculated water saturation was too high and inconsistent with observations made during the
actual production. Log-porosity to core-porosity transforms and core-porosity to core-
permeability transforms were derived for the East Ford reservoir. The petrophysical data were
used to map porosity, permeability, net pay, water saturation, mobile-oil saturation, and other
reservoir properties.

Subsurface mapping, study of Bell Canyon sandstones in outcrop, and descriptions of
Ramsey sandstone cores from the adjacent Ford Geraldine unit indicate that reservoir sandstones
at the East Ford unit were deposited in a deep-water channel-levee and lobe system. Ramsey
sandstone channels at the East Ford unit, 1,000 to 1,500 ft wide and 15 to 30 ft thick, are flanked
by levee deposits. Lobe facies were deposited at the mouths of channels. The best leases in the
field produce from what are interpreted to be channel facies in the Ramsey 1 and 2 sandstones

near the center of the unit. The thickest part of the Ramsey 2 channel occurs somewhat to the



west of the Ramsey 1 channel, sug;gesting that the Ramsey 2 sandstone was deposited in the»
tgpographic low .to the west of ‘th‘e thick Ramsey 1 sandstone.

To estimate the tertiary recovery potential, we épplied the results of fluid-flow simulations
of a CO, flood in the Ramsey sandstone to the East Ford unit. The area simulated was the north
end of the Ford Geraldine unit, which ié similar to the East Ford uhit, both in terms of reservoir
thickness and in the separation of the Ramsey sandétonc into two parts by the SH1 siltstone.
Independent estimates of potential tertiary recovery from the East Ford unit were made on the
basis of the results of the CO, flood performed in the south part of the Ford Geraldine unit. Both
methods of estimating tertiary recévery in the East Ford unit indicate that a minimum of

0 percent of ROIP, or 1.69 MMbbl, is recoverable through CO, flood, and as much as

Q)

0 percent, or 5 MMbbl, could be recovered.

'EXECUTIVE SUMMARY

Slope and basin clastic reservoirs in sandstones of the Delaware Mountain Group in the
Delaware Basin of West Texas and New Mexico contained more than 1.8 billion barrels (Bbbl)
of oil at discovery. Recovery efficiencies of these reservoirs have averaged only 14 percent since

roduction began in the 1920’s, and, thus, a substantial amount of the original oil in place

o]

emains unproduced. Many of these mature fields are nearing the end of primary production and

o]

B > I

re in danger of abandonment unless effective, economic methods of enhanced oil recovery can

(ow

e implemented. The goal of this project is to demonstrate that reservoir characterization, using |
dutcrop characterization, subsurface field studies, and other techniques, integrated with reservoir
simulation, can optimize enhanced oil recovery (EOR) projects in Delaware Mountain Group
TEServoirs.

The original objectives of thé: reservoir-characterization phase of the project were to

1) provide a detailed explanatioq 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) choose a demonstration area in

2




one of the fields; and (3) simulate a CO, ’ﬂood in the demonstration area. Results indicated that

1 to 3 MMbbl of remaining oil in place in the demonstration area could be produced by CO,
injection (Dutton and others, 1997a, b, 1998b). After compietion of the study of Geraldine Ford
anid Ford West fields, the original industry partner decided not to continue.

A new industry partner, Orla Petco, Inc., is now participating in the project, which will
include a Phase 2 field demonstration in the East Ford unit. The reservoir-characterization phase
of the project has been expanded to include the East Ford unit, which is immediately adjacent to
th‘e Ford Geraldine unit and produces from a branch of the same Ramsey sandstone channel.
Work performed on the project this year focused on two main topics: (1) geologic and
petrophysical characterization of the East Ford unit and (2) applying the results of simulation of
a CO; flood in the Ramsey sandstone to the East Ford unit. Reservoir characterization of the East
Ford unit provided an excellent opportunity to test the transferability of the geologic model and
Ig g—interpretation methods developed during characterization of the Ford Geraldine unit to
another field in the Delaware sandstone play. |

Bell Canyon sandstones exposed in outcrop 25 mi/ west of the East Ford unit are analogs of
slope and basin clastic reservoirs in the Ramsey sandstone, Delaware Basin. The depositional
model developed from characterization of Bell Canyon outcrops and from the earlier study of the
Ford Geraldine unit guided correlations of the Ramsey reservoir in the East Ford unit. Ramsey
sandstones at the East Ford“unit are interpretéd as having been deposited by sandy, high- and

low-density turbidity currents that carried a narrow range of sediment size, mostly very fine sand

[l

0 coarse silt. The sands were deposited in a basin-floor setting by a channel-levee system with

ttached lobes. Channel facies, approximately 1,000 to 1,500 ft wide and 15 to 30 ft deep, are

o

haracterized by blocky log patterns. Levee facies occur as a sediment wedge along the margins

(@)

of the channels that formed by overbanking of low-density turbidity currents. Log response of

svee deposits is serrated. Lobe faéies, deposited by unconfined, high-density turbidity currents,

[a—y

decur in broad sheets at the mouths of channels. Some lobe deposits show an upward-coarsening

lpg pattern, but many have a blocky log response.
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|
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Reservoir characterization thié year also focused on applying the petrophysical techniques

developed during the study of the Geraldine Ford unit to the mapping of reservoir prbperties in

(@)

the East Ford unit. Petrophysical characterization of the East Ford unit was accomplished by
integrating core and log data and quantifying petrophysical properties from wireline logs; the
result was a set of maps of porosity, permeability, net pay, water saturation, porous hydrocarbon
volume, and other reservoir properties across the unit. The approach used to interpret water
saturation from resistivity logs in the Ford Geraldine unit had to be modified because the Jog-
calculated water saturation in some East Ford wells was too high and inconsistent with the actual
production. The maps of average porosity, average permeability, and net pay of the Ramsey
sandstone in the East Ford unit exhibit a strong north-south trend that follows the positions of the
Ramsey 1 and 2 sandstone channels.

Compositional simulation of a CO, flood in a quarter five-spot pattern in the Ramsey
sgndstone indicates that 10 to 30 percent of refnaining‘ oil in place in the East Ford unit, or 1.7 to
5MMDbbl, is recoverable through CO, flood. This estimate agrees well with the estimate that is
based on production results from the south part of the Ford Geraldine unit. Secondary and
tertiary development in the Ford‘ Geraldine unit recovered 17.8 percent of the remaining oii in
place after primary development. A CO, flood in the East Ford unit might therefore be expected
to recover an additional 18 percent of the 16.9 MMbbl of remaining oil in place, or 3 MMbbl.
This may be a conservative figure because the East Ford unit, rather than undergo an ineffective

s¢condary waterflood, went directly from primary production to a CO,.

INTRODUCTION

This report summarizes the results of reservoir characterization conducted during the fourth
year of the DOE Class III project “Application of Advanced Reservoir Characterization,
Simulation, and Production Optimization Strategies to Maximize Recovery in Slope and Basin

(lastic Reservoirs, West Texas (Delaware Basin).” The objective of the project is to demonstrate




that detailed reservoir characterization of clastic reservoirs in basinal sandstones of the Delaware
Mountain Group in the Delaware Basin of West Texas and New Mexico is a cost-effective way
to|recover more original oil in placé by geologically based field development. Current production
from Delaware M({untain Group reservoirs is only 14 percent of an original 1.8 Bbbl of oil in

| place, which provides a clear opportunity for improved recovery.

- The focus of reservoir characterization this year was the East Ford unit, located in Reeves
County, Texas (figs. 1, 2). The main reservoir in the East Ford unit is the Ramsey sandstone ‘in
the upper Bell Canyon Formation (fig. 3). Earlier reservoir-characterization work focused on the
Ford Geraldine unit (Dutton and others, 1996, 19975, b, 1998b), which is immediately adjacent
to| the East Ford unit and produces from a branch of the same Ramsey sandstone channel (fig. 4).
Abundant subsurface data were available from the Geraldihe Ford unit for reservoir
characterization, including cores frdm 83 wells, core analyses from 152 wells, and 3-D seismic
over the entire unit. In contrast, the smaller, subsurface data base from the East Ford‘ unit is more
typical of most Delaware sandstone fields. Reservoir characterization of the East Ford unit has
provided an excellent opportunity to test the transferability of the reservoir model and the

methodology developed during reservoir characterization of the Ford Geraldine unit to another

Ramsey sandstone field.

General Information

The north end of the East Ford unit is located 2.5 mi south of the Texas—New Mexico State
line in Reeves County, Texas, approximately 10 miles north of the town of Orla (fig. 1). The unit,
W\hich was discovered in 1960, is in Railroad Commissibn of Texas District 8. The Railroad
Commission field name is Ford, East (Delaware Sand). The field was unitized and is operated by

Otla Petco, Inc., as the East Ford unit (table 1).
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Figure 1. Location of East Ford and Geraldine Ford fields in Reeves and Culberson Counties,
Texas.
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study area and East Ford field are superimposed onto the paleogeographic map. Modified from
Silver and Todd (1969).
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Figure 4. Detailed location map of the East Ford and Ford Geraldine units and other nearby Bell,
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Table 1. Genéral information about the East Ford unit.

Field Name

East Ford

nit Name
East Ford

Reservoir Name

St

Ramsey sandstone

ate
Texas

County -

F¢

C

P

Te

Reeves

yrmation
Bell Canyon

Railroad Commission District of Texas

8

Field Discovery Date

October 1960

urrent Operator
Orla Petco, Inc.

oject Team Members
Bureau of Economic Geology
The University of Texas at Austin
University Station, Box X
Austin, TX 78713-8924

Orla Petco, Inc.
1 Marienfeld Place, Suite 525
Midland, TX 79701

chnical Contact
Dr. Shirley P. Dutton
Bureau of Economic Geology
The University of Texas at Austin
University Station, Box X
Austin, TX 78713-8924

(512) 471-0329

imary Drive Mechanism . ‘
Solution gas drive with limited water encroachment

Estimated primary recovery factor for Ramsey sandstone

14.6% (Assuming 10% of total production was from Olds sandstone)

No secondary recovery undertaken

ate of first production
October 29, 1960
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Table 1 (cont).
Number of wells drilled in field
45

Well patterns
20-acre spacing at north end, 40-acre spacing in the rest of the field

Number of wells penetrating reservoir
45

Total completions to date in field
45

Total current completions
17

Total current producers
10

Total current injection wells
7

Number of flowing wells
None

Project location
Within Reeves County, Texas, T&P Block 57, T-1, parts of sections 16, 17, 20, 21, 28, and 29

(see fig. 5).
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Project Description

The goal of this study is to démonstrate that reservoir characterization can optimize
enhanced oil recovery (CO, flood) projects in slope and basin clastic reservoirs of the Delaware
Mountain Group. The project objective is to increase production and prevent premature -
abandonment of reservoirs in mature fields in the Delaware Basin of West Texas and New
Mexico.

The project objective is divided into two main phases. Original objectives of the reservoir-

haracterization phase of the project were to (1) provide a detailed explanation of the architecture

O

o

nd heterogeneity of two representative fields of the Delaware Mountain Group, Geraldine Ford

nd Ford West, which produce frdm the Bell Canyon and Cherry Canyon Formations,

o

espectively; (2) choose a demonstration area in one of the fields; and (3) simulate a CO, flood

—

in the demonstration area. Results indicated that 10 to 30 percent (1 to 3 MMbbl) of remaining
(Il in place in the demonstration area could be produced by CO, injection (Dutton and others,
1997a, b, 1998b). After completion of the study of Geraldine Ford and Ford West fields, the
driginal industry partner decided not to continue.

A new industry partner, Orla Petco, Inc., is now participating in the project, and the
reservoir-characterization phase has been expanded to include the East Ford unit. This additional
reservoir characterization provides an excellent opportunity to test the transferability of the

eologic model and log-interpretation methods developed during reservoir characterization of the

[410]

Ford Geraldine unit to another field in the Delaware sandstone play. The East Ford unit

nderwent primary recovery through June 1995. As a result of serious producibility problems—

—

particularly low reservoir energy and inadequate reservoir characterization—primary recovery
efficiency at the East Ford unit was less than 15 percent. Unless methodologies and technologies
to overcome these producibility problems are applied, much of the remaining oil in the East Ford
unit will not be recovered.

Reservoir characterization ojf the East Ford unit built upon the earlier, integrated reservoir-

¢haracterization study of the Ford Geraldine unit (Dutton and others, 1996, 1997a, b, 1998b).
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Both units produce from the most prolific horizon in the Bell Canyon Formation, and the
reservoir-characterization studies of these units provide insights that are applicable to other slope
and basin clastic fields in the Delaware Basin. The technologies used for reservoir
characterization of the East Ford unit included (1) subsurface log, core, and petrophysical study;
(2) high-resolution sequence stratigraphy; (3) mapping of nearby outcrop reservoir analogs; and
(4) analysis of production history.

Estimated recovery from the Phase II demonstration, a CO, flood in the East Ford unit, was
also assessed. This assessment included (1) evaluating the results of the CO, flood conducted in
the south part of the Ford Geraldine unit and (2) applying the results of simulation of a CO,
flood of the north end of Ford Geraldine unit (Dutton and others, 1997a, b, 1998b) to the East
Ford unit.
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