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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency thereof,
nor any of their employees, makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or usefulness of any information,
apparatus or product, or represents that its use would not infringe privately owned rights.
Reference to any specific commercial product, process or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government of any agency thereof.

OBJECTIVES

The Class 2 Project at West Welch was designed to demonstrate the use of
advanced technologies to enhance the economics of improved oil recovery (IOR) projects
in lower quality Shallow Shelf Carbonate (SSC) reservoirs, resulting in recovery of
additional oil that would otherwise be left in the reservoir at project abandonment. Accurate
reservoir description is critical to the effective evaluation and efficient design of IOR
projects in the heterogeneous SSC reservoirs. Therefore, the majority of Budget Period 1
was devoted to reservoir characterization. Technologies being demonstrated include:

1.  Advanced petrophysics
2.  Three-dimensional (3-D) seismic
3.  Cross well bore tomography
4.  Advanced reservoir simulation
5.  Carbon dioxide (CO2) stimulation treatments
6.  Hydraulic fracturing design and monitoring
7.  Mobility control agents

SUMMARY OF TECHNICAL PROGRESS

West Welch Unit is one of four large waterflood units in the Welch Field in the
northwestern portion of Dawson County, Texas. The Welch Field was discovered in the
early 1940's and produces oil under a solution gas drive mechanism from the San Andres
formation at approximately 4800 ft. The field has been under waterflood for 30 years and
a significant portion has been infill drilled on 10 and 20-ac density. A 1982-86 pilot CO2

injection project in the offsetting South Welch Unit yielded positive results. In 1992
installation of a CO2 pipeline near the field allowed the phased development of a miscible
CO2 injection project at the South Welch Unit.

The reservoir quality at the West Welch Unit is poorer than other San Andres
reservoirs due to its relative position to sea level during deposition. Because of the
proximity of a CO2 source and the CO2 operating experience that would be available from
the South Welch Unit, West Welch Unit is an ideal location for demonstrating methods for
enhancing economics of IOR projects in lower quality SSC reservoirs. This Class 2 project



concentrates on the efficient design of a miscible CO2 project based on detailed reservoir
characterization from advanced petrophysics, 3-D seismic interpretations and Cross well
tomography interpretations.

During this quarter the porosity and permeability profile between wells created by
integrating core, log and Cross well seismic data were used to build variograms.  Using
geostatistical methods, these variograms can be used to generate a spatial distribution or
the reservoirs petrophysical properties. Modifications were completed on the CO2

distribution system to accommodate the injection of sour CO2 which was initiated in
February 1999.

CROSS WELL SEISMIC

Work continued on calibration of Cross well compressional and shear wave
tomography data to obtain 2-D reservoir porosity and permeability distribution, between
wells. Neutron logs were used to (1) improve the calibration results where core data were
not available and (2) compare against the results that were core-calibrated. Overall, there
is good agreement between the seismic-generated porosity sections and the neutron logs.
However, the neutron logs were run by several different companies using a variety of
neutron logging sondes. It was not possible to normalize all of the logs so they may not be
fully comparable. The permeability cross-sections were also updated. Examples of the
updated porosity and permeability cross-sections are shown by Figures 1 and 2,
respectively.

The detailed interwell porosity and permeability interpretations were used to derive
variograms for use in geostatistical analysis. Previously, the only source for deriving
variograms of petrophysical properties was outcrop studies. Variograms provide the basis
for distributing petrophysical properties in a 3-D reservoir volume. The initial attempt at
extrapolating porosity into the reservoir using a Kriging method is shown on Figure 3.

3-D SEISMIC INTEGRATION

The DOE project area was expanded October 1997 to include undrilled locations
to the south, which the seismic-guided mapping indicated as productive. A total of seven
wells had been drilled in the expansion area by March 1998. Although the top of the main
pay fell within the error band of the surface seismic, it was encountered 15 ft lower than
anticipate. As a result, of the thinner-than-anticipated oil column, the primary and
secondary ultimate recovery was reduced from the predicted 320 MBO to 180 MBO. No
further drilling in the expansion area is planned, but CO2 injection wells 4802 and 4817
might add tertiary reserves to the area.



NUMERICAL SIMULATION

CO2 injection began in October 1997 and through March 1999 a total of 2.4 BCF of
CO2 had been injected into the project area, which is less than 3% of the HCPV. The
monthly injection history is shown by Table 1. The CO2 pilot continues to under perform
 the seismic-enhanced model predictions. This is partially due to the fact that the model
assumed 17 CO2 injectors, but there have never been more than 10 and currently only six
injectors. During March 1999 the model averaged 8874 MCFPD compared to an actual
injection rate of 3224 MCFPD. CO2 breakthrough has occurred in eight wells producing a
total of 415 MCFPD with a 78% average CO2 content. Initial breakthrough occurred nine
months after injection began compared to the predicted seven months.

Well test data have been re-evaluated and the 4th quarter 1998 increases in oil rate
in Wells 4843 and 4844 reported as response to CO2 injection is now being attributed to
inaccurate well tests. The most recent analysis indicated that the only CO2 response has
been a 3 BOPD increase in Well 4833 in February 1999. The location of this response and
the CO2 breakthrough wells in relation to CO2 injectors is shown on Figure 4. Correcting
the model results for number of injectors and volume of CO2 injected gives a revised oil
response prediction of 23 BOPD for March 99 compared to the actual 3 BOPD.

The injection of sour CO2 began in February 1999.

AREA PREPARATION AND CONSTRUCTION

The minor modification to the CO2 distribution system and the installation of H2S
monitors that were started 4th quarter 1998 to accommodate H2S contaminated (sour) CO2

was completed this quarter.

TECHNOLOGY TRANSFER

There have been no technology transfer activities during the first quarter of 1999.
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Table 1
CO2 Injection History

DOE Demonstration Project
West Welch Unit

Month Avg. MCFD # 0f Injectors Comments
Oct-97 2187 9
Nov-97 3906 9
Dec-97 4599 9
Jan-98 5227 9
Feb-98 6650 10 Added 4803.   Tried to inject into 4838
Mar-98 5854 10
Apr-98 5445 10
May-98 4967 10 Dropped 4812 & 4809, added 4802, 4817
Jun-98 5437 10
Jul-98 5381 10
Aug-98 5801 10
Sep-98 5630 10
Oct-98 4530 10
Nov-98 2242 9
Dec-98 2347 9
Jan-99 2209 9
Feb-99 2570 6
Mar-99 2864 6


