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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.Crosswell 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 20-ac density. A 1982-86 pilot CO2 injection project
in the offsetting South Welch Unit yielded positive results. Recent 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 crosswell tomography
interpretations.

During the quarter work continued on calibrating the interwell seismic derived apparent porosity changes that
result from increased CO2 saturation. Remedial operations to clean up wellbore damage in the CO2 focus area
were conducted on several wells.
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INTERWELL SEISMIC

In the 3rd quarter of 2001, ART continued work on the estimation of apparent porosity using data from the
second monitor survey lines acquired in the south pattern. The methodology involves the extraction of spatial
statistics from the recently computed apparent porosity profiles. These statistics were then used to interpolate
the apparent porosity profiles into the 3-D reservoir volume using kriging methodology ,which honors the data
on each survey line. 

Differences in apparent porosity are a sensitive indicator of the location and movement of CO2 between baseline
and monitor surveys. Three-D images of the difference in apparent porosity were computed between each of
the successive baseline and monitor surveys. The full set of differences between the successive surveys allows
the identification and display in 3-D of the probable location and movement of the injected CO2 in the south
pattern in the time interval between each monitor survey. Computations for the original baseline surveys were
also included in the deliverables for comparison with the two subsequent monitor surveys. 

Once the derivation and extrapolation of the apparent porosity data into the full 3-D reservoir volume was
completed, attention was focused on computing the relative CO2 saturation estimates for the second monitor
surveys on each interwell seismic line acquired in the south pattern. These computations are based on the
recent development of a method for estimating relative (uncalibrated) saturation of CO2 in the reservoir.

Examples of the differences in apparent porosity for the same (N-S) cross-section of the reservoir are shown
in Figures Nos. 1 and 2. Figure 1 shows the difference between the first monitor survey and the baseline survey.
Figure 2 shows the difference between the second monitor survey and the first monitor survey. The cross-
section is oriented in a north-south direction and passes through the observation well No. 4852. The apparent
porosity value is indicated by the darkness of the gray color as calibrated on the color bar scale on the left that
spans a range of apparent porosity change from 0 to 16 percent (marked 16K). The vertical depth interval is
4800 ft at the 0.1 horizontal line and 4900 ft at the 0.2 line. Horizontally the apparent porosity is displayed in
50 ft blocks so the profiles span 750 ft on either side of No. 4852. The significant increase in apparent porosity
on this cross-section between the first and second monitor surveys is clearly shown. These changes are
attributed to replacement of original pore fluid by CO2. 

3-D SEISMIC INTEGRATION

No activities involving 3-D seismic were undertaken during the quarter.

NUMERICAL SIMULATION

There has been no numerical simulation activities this quarter.

FIELD DEMONSTRATION PHASE

A total of 243 MMCF (2.65 MMCFD) of CO2 was injected into the six injector in the CO2 focus area during the
third quarter of 2001. The total volume of CO2 injected through September 2001 is 3.9 BCF in the focus area
and 4.9 BCF in the total project area since initiation of injection in October 1997.The focus area’s hydrocarbon
pore volume (HCPV) was processed this quarter at rate of O.3% per month. A total of 12.9% of the HCPV within
the focus area has been processed through September 2001. One injector was switched from CO2 to water
injection during August 2001. The focus area injection and production performance for the third quarter of 2001
is shown on Table 1.

During the quarter the DOE granted a six-month extension to the project life and application has been made
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for another six-month extension that will extend the life to September 30, 2002. These extensions will allow time
for at least 15% of the focus area’s HCPV to be processed by CO2. Fifteen percent is considered the minimum
processed volume required for a meaningful evaluation of the CO2 potential. The total volume of CO2 injected
will depend on the remaining project funding that is available.

The 4853 horizontal lateral was shut in during the quarter while various options were considered as to the well’s
future. Currently the ESP installed in the well is nonoperative, but the well is still capable of flowing a large
volume of CO2. Among options being considered are plugging the lateral back to a shorter length or using the
lateral as an observation well to determine where CO2 sweep is occurring.

Remedial operations on producers were continued this quarter with 4847 and 4858 being treated to remove skin
damage around the wellbore. The wells were cleaned to TD and the perforations jet washed. Well 4847 was
treated with small volumes of acid, xylene and scale converter. Well 4858 was treated with surfactant. Neither
well exhibited any significant response to the treatments, although 4858 was treated mainly to maintain rather
than enhance production.  In contrast to these small skin damage treatments, well 4818 was treated with 6500
gallons acid and 60 tons of CO2. After clean up the well has shown a 35 bopd increase. Oxy has had success
with this treatment in a couple of other wells in the WWU, but this was the first time it was applied in the
demonstration area. Other wells will be considered for this treatment.

Injector 4808 began to show pressure on the casing annulus and in August the well was switched to water
injection to eliminate high gas pressure in the wellbore so remedial operations can be conducted without having
to mud up.

Prior to this quarter, significant oil response to the CO2 injection had occurred on three wells - 4844, 4847,
4850. On two of these wells - 4844 and 4850 - and four other producers - 4841, 4842, 4843 and 4854 - the
volume of gas had increased to the point that the wells were judged to have experienced CO2 breakthrough.
During this quarter the strong oil response in well 4844 that started in the 4Q98 from a base of 15 bopd to a
peak of 40+ bopd in 3Q99 before starting to decline in 1Q00 has stabilized around 18 bopd. There is currently
evidence of oil response in well 4843 and gas breakthrough in well 4847. The oil response that had been
reported in well 4850 is now being reevaluated in light of 3Q01 performance. Also, the possible oil response in
wells 4829 and 4848 reported last quarter has not materialized. To date all of the established CO2 breakthrough
and oil response have occurred in direct north or south offsets to injectors. A single well test this quarter on well
4815, a diagonal offset to four injectors, showed a significant increase in gas and oil. This well will be monitored
to see if this increase is substantiated by future tests. The current response status of the producers is shown
on Figure 3 .

TECHNOLOGY TRANSFER

There has been no technology transfer activity during this quarter.
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Fig. 2 - Apparent Porosity Difference Between Second and First Monitor Surveys

Fig. 1 - Apparent Porosity Difference Between First Monitor and Baseline Surveys
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Fig. 3 - Response to CO2 Injection As Of Third Quarter 2001
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Table 1

CO1 Focus Area Performance
Third Quarter - 2–1

West Welch Unit DOE Project
Dawson County, Texas

Jul Aug Sep 3rd Qtr
Injection

Average CO2 injection rate (mcfd) 2709 3002 2212 2646
# of Injectors on CO2 6 5.5 5 5.5
Average rate per injector (mcfd) 452 546 442 480
% HCPV injected 0.3% 0.3% 0.2% 0.8%
Cum% HCPV injected 12.4% 12.7% 12.9% 12.9%

Average water injection rate (bwpd) 0 144 341 160

# of Injectors on water 0 0.5 1 0.5

Average rate per injector 0 144 341 160

Water+CO2% HCPV injected 3.0% 0.3% 0.3% 0.9%
Water+CO2 Cum% HCPV injected 14.1% 14.4% 14.7% 14.7%

Production
Base oil production (bopd) 127 126 125 126
Actual oil production (bopd) 176 190 187 184
Incremental oil production (bopd) 49 64 62 58

Gas production (mcfd) 541 896 869 769
Gas production as% injection 20% 30% 39% 30%

Base WOR 13 13 13
WOR 4.2 4.3 5.6 4.7

 

 


