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ABSTRACT

This report describes work performed by Gruy Federal, Inc. as the second of
six tasks under contract no. DE-AC21-79MC08341 with the U.S. Department of
Energy. The stated objective of this study is to build a solid engineering
foundation to serve as the basis for field mini- and pilot tests in both
high and low oil saturation carbonate reservoirs for the purpose of extend-
ing the technology base in carbon dioxide miscible flooding.

The six tasks in this study are as follows:

I. Summary of available CO, field test data

II. Summary of existing reservoir and geological data

III. Selection of target reservoirs

IV. Selection of specific reservoirs for COj injection tests

V. Selection of specific sites for test wells in carbonate reservoirs
VI. Drilling and coring activities.

The report for Task Two summarizes existing reservoir and geological data
on carbonate reservoirs located in west Texas, southeast New Mexico, and
the Rocky Mountain states. It is contained in two volumes, each with sev-
eral parts. The present volume, in four parts, is a summary of reservoir
data for fields in the Permian basin of west Texas and southeast New Mex-
ico. Volume II contains data for fields in sedimentary basins in the Rocky
Mountain states. :

While a serious effort was made to obtain all publicly available data for
the fields considered, sufficiently reliable data on important reservoir
parameters were not always available for every field.

The data in Volume I show 216 carbonate reservoirs in the study area, of
which 129 are of Permian age. In these Permian-age reservoirs, there are
61 giant fields having an aggregate initial oil in place of 45 billion
barrels, 82 percent of the total oil in place in the carbonate reservoirs
in the study area. The bulk of this oil is in San Andres and Grayburg (67
percent), Clear Fork (13 percent), Pennsylvanian (10 percent), and Devonian
(5 percent) reservoirs.

Using a general estimate of enhanced oil recovery potential by COjy flood-
ing of 10 percent of initial oil in place, some 5.5 billion barrels of oil
could be recovered by widespread application of CO9 flooding in the Per-
mian basin. San Andres and Leonard (Clear Fork) reservoirs appear to be
the most promising targets for the process. Pennsylvanian and Devonian
reservoirs, however, also contain substantial initial oil in place, and
should not be overlooked as candidates for COj; flooding.

viii



1. INTRODUCTION AND SUMMARY

This report was prepared to fulfill part of the work required for Task Two
of contract no. DE-AC21-79MC08341 between the U.S. Department of Energy
(DOE) and Gruy Federal, Inc. (Gruy). Work under Task Two was directed
toward identifying target reservoirs for carbon dioxide flooding and
required compilation of geological, petrophysical, and reservoir engineer-
ing data for selected carbonate reservoirs in west Texas, southeast New
Mexico, and the Rocky Mountain states. Reservoir selection was based on
guideline values for key reservoir properties such as permeability (greater
than 5 md) and oil gravity (equal to or greater than 36°API). In applica-
tion, it was found that the guidelines needed to be relaxed to 2 md and
30°API to avoid screening out reservoirs in which field tests of carbon
dioxide flooding (Task One of the contract--Goodrich, 1980) showed good
potential for commercial applicability.

The methodology Gruy employed was:

1. Search of Petroleum Data System (PDS) computerized files for fields
coded as having carbonate lithology and satisfying the other cri-
teria, both original and relaxed;

2. Detailed research in regulatory commission records and publications to
verify and correct PDS data and to obtain supplemental information not
present in PDS files for some fields;

3. Literature search and review of geological and petroleum engineering
technical journals for all available published data;

4. Comparison and verification of data from various sources and selection
of "best" data.

Steps 2 through 4 proved laborious and very time-consuming, but essential
because of inaccuracies or omissions in the (1979 vintage) PDS data base.
By intent, no original geological or engineering studies were conducted by
Gruy.

Because of the volume of material compiled for this study, it proved con-
venient to organize the report into two volumes, each containing several
parts. This report is Volume I of the final Task Two report, and provides
material for reservoirs in the Permian basin located in west Texas and
southeast New Mexico. The Permian basin volume contains four parts:

Part 1: Permian Basin Reservoir Selection Procedure, Geology, and
Reservoir Data Summary;

Part 2: Permian Basin Geological and Reservoir Data (ADAIR - San
Andres through EUNICE MONUMENT - Grayburg/San Andres);



Part 3: Permian Basin Geological and Reservoir Data (FARMER - San
Andres through NOLLEY - Wolfcamp)

Part 4: Permian Basin Geological and Reservoir Data (OCEANIC -
Pennsylvanian through YATES - Yates Lime).

Part 1 of the Permian basin volume presents a discussion of the methodology
and procedure and contains summary tabulations of geological and engineer-
ing data for the selected fields. Parts 2 through 4 are organized alpha-
betically by field name and contain as much detailed information for each
field as was publicly available to Gruy from all of the sources consulted.
This organization of the report is intended to provide for the needs of
both the reader interested only in an overview (Part 1) and the reader
interested in detailed data for specific fields (Parts 2 through 4).
Volume II, published separately, contains data for carbonate reservoirs in
the Williston and other geological basins in the Rocky Mountain states.

Data are presented in Volume I for 216 carbonate reservoirs in west Texas
and southeast New Mexico, summarized as follows:

Initial Cumulative
Number of reservoirs stock tank production
Geologic ~ >100 MMbbl oil in place, through 1979,
zone Total cum. prod. MMbbl MMbbl
Permian
Guadalupe 86 46 37,238 7,822
Leonard 29 15 7,366 1,214
Wolfcamp 14 0 655 286
Subtotal 129 61 45,259 9,322
Pennsylvanian 42 9 5,897 2,426
Mississippian 1 0 286 4
Devonian ° 25 8 3,054 686
Silurian 8 1 289 111
Ordovician 11 3 685 338
TOTALS 216 82 55,470 12,887

The predominance of Permian age reservoirs, especially Guadalupian (San
Andres and Grayburg) is evident. These data show that there are 61 giant
fields, having an aggregate initial oil in place of 45 billion barrels, in
the 129 Permian age reservoirs selected. These reservoirs contain 82 per-
cent of the 55 billion barrels total oil in place in all of the carbonate
reservoirs listed in this report.



2. RESERVOIR SELECTION PROCEDURES

The statement of work for Task II gives the following guidelines:

The following reservoir geology will be determined on carbonate reser-
voirs located in west Texas, southeast New Mexico, and the Rocky Moun-
tain states: stratigraphy, structure, mineralogy, porosity, permea-
bility, gross and net thickness, and any other geological properties
deemed significant regarding CO, injection. Reservoir data will be
collected on hydrocarbon content, composition and distribution; con-
nate water content and composition; pressure and production data from
primary and/or secondary recovery operations; PVT analysis; and well
test data and analysis. Guidelines for selecting reservoirs to be
included are as follows:

average formation permeability - > 5md
average current oil saturation - 2 38%
oil gravity - -------- - > 36°API
oil viscosity - ----- - - - < 10 cp.

In addition, no extremely high-permeability, stratigraphic, thief
zones should exist. However, no consideration should be given to the
proximity of COj sources at this point. The objective here is to
"characterize the resource" for possible future CO5 injection.

The starting point for locating fields that meet the specified criteria was
the Petroleum Data System (PDS) computerized data base maintained by the
University of Oklahoma. The PDS data bank, which contains information on
more than 80,000 oil and gas fields in the United States and Canada, was
searched for fields having carbonate lithology, oil with gravity greater
than 35° API, average permeability greater than 4 md, and no descriptors
indicating fractures.

The preliminary search yielded 244 reservoirs* in the Permian basin and
Rocky Mountain states. This screening missed Wasson, Levelland, Slaughter,
North McElroy, and North Cowden fields in the Permian basin, all currently
undergoing tests by major oil companies for commercial application of the
CO, displacement process. These fields, discussed in detail in the Task
One report, were also added to the list considered in Task Two. Table 1
contains data for those fields summarized from the Task One report.

*The term reservoir, as used in this report, means a naturally occurring
underground rock unit containing oil, gas, or water that constitutes a
state reporting unit. For example, Dollarhide-Devonian is a continuous
rock unit underlying the Dollarhide field in both Texas and New Mexico;
however, in this study, the Dollarhide-Devonian, Texas, and Dollarhide-
Devonian, New Mexico, are considered and reported as separate reservoirs,
since each state separately reports production from its portion of the
reservoir.



An examination of those data and data contained in the PDS file for the
major reservoirs in these fields (Table 2) indicated that the current COy
pilot project fields were missed chiefly because of the criteria used for
oil gravity and average permeability. In the interest of thoroughness,
these criteria were relaxed slightly (to 30°API gravity and 2 md permeabil-
ity) and the PDS data file was searched again. An additional 333 reser-
voirs were found in this search, most of them extremely small; only 60 had
more than 50 wells. A minimum "size" limitation of more than 20 producing
wells was applied to the west Texas and southeast New Mexico list, reducing
the number of reservoirs under consideration. This size limitation is use-
ful in this portion of the study area because the usual well spacing is 40
acres per well or less. In fields that have been under production for many
years, spacings of 20 or even 10 acres per well are not uncommon. The use
of a 20-well limit is not practical in the Rocky Mountain states because
many fields in those states have well spacings of 160 to 320 acres. The
majority of Rocky Mountain states reservoirs listed in this report were
added after the PDS screenings based on a 20-well limit; therefore no size
limitation was applied to the Rocky Mountain states reservoirs.

This volume of the Task Two report describes the 216 reservoirs in 174
fields identified in west Texas and southeast New Mexico. The reservoirs
selected in the Rocky Mountain states are described in Volume II (in prep-
aration). Table 3 lists by basin the number of candidate reservoirs
included in this report.

The candidate reservoir list obtained through PDS screenings was developed
using additional information from state and regional geological and engi-
neering publications and other primary documents on oil and gas fields.
The various data sources listed in Table 4 were searched for additional
data on each reservoir defined in the PDS search. During the compilation
of required data on these reservoirs, several other reservoirs were added
to the list. The majority of these added reservoirs were other carbonate
pay zones in previously identified fields or in fields adjacent to a previ-
ously identified field that produced from the same formation as a listed
field. All reservoirs added to the list in this manner meet the revised
screening criteria.
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TABLE 2

SUMMARY OF INFORMATION CONTAINED IN PDS
ON FIELDS CURRENTLY BEING EXAMINED
FOR CO9 DISPLACEMENT

Avg. per-

Gravity, meability, Porosity,
Field/Pool °API nd Lithology  %/type
Levelland/
San Andres 29.0 3 Lime 11
McElroy, North/ Frac.
Ellenburger 51 --- Dolomite Vuggy
Slaughter/
San Andres 32.0 11 Dolomite 12.2
Wasson/
San Andres 32.0 11 -———- 11.5
North Cowden/
San Andres 33 3 Dolomite 12.0

TABLE 3

NUMBER OF CANDIDATE RESERVOIRS BY BASIN

Number of
Basin Reservoirs
Permian and Anadarko 216
Williston 106
Paradox 17
Big Horn 7
Wind River 5
Sweetgrass Arch 3
Powder River, Great Divide,
Uinta basins and Eastern Utah 4 (1 each)
Total 358



CODE

4a

4b

5a
5b
Sc

5d
Se
Sf
58

6a

6b

6¢c

6d

8a

8b

9a

9b
9c
10
11
12a
12b

12¢

TABLE 4

DATA SOURCE CODE FOR TEXAS AND NEW MEXICO FIELDS

SOURCE OF INFORMATION

NOT DETERMINED
PETROLEUM DATA SYSTEM TEXS OR OILY DATA BASES

TEXAS RAILROAD COMMISSSION ENHANCED OIL RECOVERY PROJECTS
REPORT (1-1978)

TEXAS RAILROAD COMMISSION ANNUAL REPORT (1-1980)

TEXAS WATER DEVELOPMENT BOARD REPORT 157, A SURVEY OF
THE SUBSURFACE SALINE WATER OF TEXAS (1972)

OIL SCOUTS REPORT (1977-78)

OIL & GAS FIELDS IN WEST TEXAS - A SYMPOSIUM (1956 & 1965)
and ABILENE GEOLOGICAL SOCIETY (1952, 1954, 1956, 1960, 1976)
and PANHANDLE GEOLOGICAL SOCIETY, GENERAL INFORMATION

OIL & GAS FIELDS IN WEST TEXAS - A SYMPOSIUM, West Texas
Geological Society Pub. No. 66-52 (1966)

OIL & GAS FIELDS IN WEST TEXAS - A SYMPOSIUM, West Texas
Geological Society Pub. No. 69-57 (1969)

ABILENE GEOLOGICAL SOCIETY, GEOLOGICAL CONTRIBUTIONS 1952,
Monroe G. Cheney Memorial Volume

ABILENE GEOLOGICAL SOCIETY, GEOLOGICAL CONTRIBUTIONS 1954
ABILENE GEOLOGICAL SOCIETY, GEOLOGICAL CONTRIBUTIONS 1956
ABILENE GEOLOGICAL SOCIETY, GEOLOGICAL CONTRIBUTIONS 1960
ABILENE GEOLOGICAL SOCIETY, GEOLOGICAL CONTRIBUTIONS 1976

ROSWELL (NEW MEXICO) GEOLOGICAL SOCIETY, SYMPOSIUM OF OIL
AND GAS FIELDS OF SOUTHEASTERN NEW MEXICO, 1956, 1960, 1967
1977 GENERAL INFORMATION

A SYMPOSIUM OF OIL & GAS FIELDS OF SOUTHEASTERN NEW MEXICO,
1956, Roswell Geological Society

A SYMPOSIUM OF OIL & GAS FIELDS OF SOUTHEASTERN NEW MEXICO.
1960, Roswell Geological Society

A SYMPOSIUM OF OIL & GAS FIELDS OF SOUTHEASTERN NEW MEXICO,
1967, Roswell Geological Society

THE OIL & GAS FIELDS OF SOUTHEASTERN NEW MEXICO, 1977
SUPPLEMENT, Roswell Geological Society

Landes, K.S., 1970, PETROLEUM GEOLOGY OF THE UNITED STATES:
John Wiley & Sons, New York, New York.

LEXICON OF PERMIAN STRATIGRAPHIC NAMES OF WEST TEXAS AND
SOUTHEASTERN NEW MEXICO, 1976, West Texas Geological Society

LEXICON OF PRE-PENNSYLVANIAN STRATIGRAPHIC NAMES OF WEST
TEXAS AND SOUTHEASTERN NEW MEXICO, 1958, West Texas Geological
Society

Society of Petroleum Engineers ENHANCED RECOVERY FIELD
REPORTS (Quarterly)
Society of Petroleum Engineers Jourmal

Journal of Petroleum Technology

0il & Gas Journal

American Petroleum Institute

American Association of Petroleum Geologist, Bulletin

Suciety of Economic Paleontologists and Mineralogist,
Journal of Sedimentary Petrology

Other Geological Publications (Refrenced on Field Data Sheet)



DATA SOURCE CODE FOR TEXAS AND NEW MEXICO FIELDS, cont.

CODE

13a

13b

13c

léa

14b

lé4c

lée

15
16a

16éb

16¢

17

18

SOURCE OF INFORMATION

Gulf Universities Research Consortium, THE STATE OF
TEXAS GOVERNOR's ENERGY ADVISORY COUNCIL, ASSESSMENT OF
ENHANCED RECOVERY TECHNOLOGY AS A MEANS FOR INCREASING
TOTAL CRUDE OIL RECOVERY IN TEXAS, GURC Report 141, 1974

Gulf Universities Research Consortium, APPENDICES 1-5 of
PRELIMINARY FIELD TEST RECOMMENDATIONS AND PROSPECTIVE
CRUDE OIL FIELDS OR RESERVOIRS FOR HIGH PRIORITY FIELD
TESTING, GURC Report 148, 1976

Gulf Universities Reserch Consortium, CANDIDATE RESERVOIRS
FOR ENHANCED OIL RECOVERY, GUIDELINES FOR THEIR SELECTION
AND APPRAISAL OF SIGNIFICANT TESTS TO DATE, GURC Report
153, 1977 .

Energy Research and Development Administrationm, ANALYSIS
AND ASSESSMENT OF ENHANCED OIL RECOVERY BASELINE DATA,

ERDA 76-155/1 & ERDA 76-155/2, October, 1976, prepared

by LaRue, Moore and Schafer, Dallas, Texas, including

as Ehibit 2-3, Task II, p 1-51 and analysis and reproduction
of Lewin & Associates, Inc., The Potential and Economics of
Enhanced 0il Recovery (Data Base), April, 1976

National Petroleum Council, ENHANCED OIL RECOVERY, AN
ANALYSIS OF THE POTENTIAL FOR ENHANCED OIL RECOVERY FROM
KNOWN FIELDS IN THE UNITED STATES--1976-2000, Appendix E,
p.144-146, December, 1976

Office of Technology Assessment, ENHANCED OIL RECOVERY
POTENTIAL IN THE UNITED STATES, Appendix A-OTA Data Base
p. 111-137, and Analysis of Reservoirs in Data Base to
Determine Amount and Distribution of Remaining 0il, p.
139-141, January, 1978

Energy Information Administration, EVALUATION OF TARGET
OIL IN THE 50 MAJOR OILFIELDS OF THE PERMIAN BASIN FOR
ENHANCED OIL RECOVERY, BETC/RI-78/15, October, 1978

PERMIAN BASIN FIELD MAP (1980 Edition), Midland Map Company

TEXAS RAILROAD COMMISSION, MER HEARINGS SUMMARIES, 1965-66<67
Extracted from issues of the OIL REGULATION REPORT

TEXAS RAILROAD COMMISSION, SECONDARY RECOVERY APPLICATION
SUMMARIES, 1976, Extracted from issues of the OIL REGULATION
REPORT

MAXIMUM EFFICIENTY RATE (MER) HEARINGS IN TEXAS, Data

:;gglied by the Energy Information Agency office in Dallas,

GRUY Calculations for Missing Reservoir Properties Data
(Explation of Calculations in Text), 1979-1980

New Mexico 0il & Gas Engineering Committee, ANNUAL REPORT,
VOLUME 1 SOUTHEAST NEW MEXICO, 1979



3. DATA VERIFICATION

Data verification proved to be a tedious process, since data reported on a
given field by different sources did not always agree. In the case of res-
ervoir property data, some of these differences reflect a variation in
reservoir properties within a field; in other cases, the differences are
due to rounding or averaging data from an earlier study in a later report.
In the case of geologic map data, the differences usually arise because
later maps contain more data than earlier ones and reinterpretations have
been made. For some fields, a thorough search of all sources listed in
Table 4 did not yield sufficient data for proper evaluation.

To select the "right" number when multiple choices were available from dif-
ferent data sources, a value system was developed. For the Permian basin
of Texas, Texas Railroad Commission Reports and Maximum Efficiency Rate
Hearing data were taken as the most reliable "average" data. Professional
papers on geology and reservoir engineering were also regarded as highly
reliable. For New Mexico, the Oil and Gas Engineering Committee Reports
for the southeastern portion of the state were used, along with geological
society and professional papers, as the most reliable data. The least
reliable information was that found in the PDS data file and in reports
based on PDS data, which frequently proved to be inaccurate when compared
with data from original source documents. The differences in Table 2 and
Table 3 for the same fields illustrate some of the inaccuracies. PDS data
on production tend to be several years out of date as well; when the PDS
was searched in 1979, the latest available production data were from two to
five years old.

10



4., DATA PRESENTATION

The data presented in this part of Volume I were chosen by the author as
most accurately representing average reservoir conditions. All data deter-
mined for the 216 reservoirs considered in this volume are contained in
individual field reports (including data sheets, maps, and logs) in Parts
2, 3, and 4 of Volume I. Table 4 lists the sources of information and the
data source code used on field data sheets. A full explanation of the use
of this code on the data sheets is contained in each of Parts 2, 3, and 4.
It is recommended that the reader become familiar with the general contents
of Parts 2, 3, and 4 of this report before proceeding with later sections
of Part 1, since this part of Volume I is a summary of those data.

This part of Volume I groups fields according to the divisions of the Perm-
ian basin shown in Fig. 1. Within these groupings, fields are listed
alphabetically and reservoirs are listed youngest to oldest, consistent
with reading the correlation chart of the stratigraphic sections in differ-
ent parts of the basin (Fig. 2) from top to bottom. Parts 2, 3, and 4 list
the fields alphabetically; for multi-pay fields, reservoirs are listed in
order of increasing geologic age (youngest to oldest).

The AAPG stratigraphic age code shown in Table 5, used by PDS and recorded
on each data sheet, determines the listing of reservoirs by age in subse-
quent tables in this part of Volume I. This classification may not always
be accurate; for example, Glorieta-San Angelo reservoirs may have been
classified by PDS as Guadalupe (313) in some parts of the basin and Leonard
(318) in others.

Data in Parts 2, 3, and 4 of this volume were reproduced from the original
sources without significant editorial or graphic changes. This was done
intentionally in order to eliminate the introduction of errors and to re-
duce the cost of preparing the report. The reader should refer to the
primary data source for additional information. Although the numbers in
Part 1 have been carefully checked, arithmetic errors in secondary calcula-
tions doubtless remain. The inclusion of primary source data in Parts 2,
3, and 4 is intended to allow the reader to trace the source of any errors
or misinterpretations that may be discovered.

11
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Era

Cenozoic
1

Mesozoic
2

Paleozoic
3

TABLE 5

AAPG STRATIGRAPHIC CODING PROCEDURE

System

Quaternary O
1

Tertiary 0
2

Cretaceous 0
1

Jurassic 0
2

Triassic 0
3

Permian 0

1

Pennsylvanian 0

Mississippian O
3

Devonian 0
4

Formal & Provincial

Series Code
100

110

1 Holocene 111
2 Pleistocene 112
120

1 Pliocene 121
2 Miocene 122
3 Oligocene 123
4 Eocene 124
5 Paleocene 125
200

210

Upper 211

2 Guif 212

7 Lower 217
8 Comanche 218

9 Coahuila 219
220

1 Upper 221
4 Middle 224
7 Lower 227
230

1 Upper 231
4 Middle 234
1 Lower 237
300

310

1 Upper 311
2 Ochoa 312

3 Guadalupe 313

7 Lower 317
8 Leonard 318

3 Wolfcamp 319
320

1 Upper 321
2 Virgil 322

3 Missouri 323

4 Middle 324
5 DesMoines 325

6 Atoka 326

7 Lower 327
8 Morrow 328
330

Upper 331

2 Chester 332

3 Meramec 333

7 Lower 337
8 Osage 338
9 Kinderhook 339
340

1 Upper 341
2 Chautauguan 342

3 Senecan 343

4 Middle 344
5 Erian 345

7 Lower 347
8 Ulsterian 348

14



Precambrian
4

TABLE 5 (continued)

System

Silurian 0
5

Ordovician 0
6

Cambrian 0
7

Formal & Provincial

15

Series Code
350

Upper 351
2 Cayugan 352
Middle 354
5 Niagaran 355
Lower 357
8 Alexandrian 358
360

Upper 361
2 Cincinnatian 362
Middle 364
5 Champlainian 365
Lower 367
8 Canadian 368
370

Upper 371
2 Croixian 372
Middle 374
5 Albertan 375
Lower 377
8 Waucoban 378
400



5. AGE AND AREA DISTRIBUTION OF RESERVOIRS
SELECTED BY SCREENING

5.1 Permian

Table 6, a summary of selected Permian basin reservoirs by age, area of the
basin, and state, with cumulative production through 1979 and calculated
initial stock tank oil in place, shows that 60 percent of the reservoirs
selected are Permian in age. Guadalupe age reservoirs, totaling 86, make
up 40 percent of all reservoirs selected. Of these, 51 (23 percent of all
reservoirs selected) are San Andres, 18 are Grayburg or combined Grayburg-
San Andres, 4 are Glorieta, 2 are Holt, 1 is Yates Lime and 6 are Deep
(Yates-Queen-Seven Rivers). The distribution of San Andres fields in the
Permian Basin is shown in Fig. 3 and the San Andres fields selected by
screening in Fig. 4. Of the current CO, pilot projects listed in Table
2, four of the eight reservoirs are San Andres and two are Grayburg and
Grayburg-San Andres combined. Using the calculated initial stock tank oil
in place and 1979 cumulative production figures in Table 6, more than 29
billion barrels of oil is unrecovered from the Guadalupe age reservoirs
considered in this study.

Leonard age reservoirs total 29 (13 percent of the total selected). Clear
Fork or equivalent (Yeso/Tubb) is the predominant Leonard age reservoir,
with 21 f{fields selected by screening. Abo fields total four, Glorieta
three, and Holt one. The Glorieta and Holt fields listed as Leonard are in
addition to those previously listed as Guadalupe. The age designation was
determined by AAPG stratigraphic age code assigned in the original PDS data
base query.

Fourteen Wolfcamp age reservoirs were selected.

5.2 Pennsylvanian

Forty-two Pennsylvanian age reservoirs were selected (19 percent of the
total). Many of the Pennsylvanian age fields and several Wolfcamp fields
produce from reef rocks in the Horseshoe Atoll of west Texas. Figures 5
and 6, isopachous and structure maps drawn on top of the Horseshoe reef
complex, show the location of many of the Pennsylvanian fields described in
this report. Figures 7 and 8 show the distribution of the major Pennsyl-
vanian time-stratigraphic units (Strawn, Canyon, and Cisco) in area view
and cross section. Figures 5, 6, 7, and 8 are reproduced from Vest
(1970).

5.3 Mississippian

Only one Mississippian age reservoir, the SCHACKELFORD N.E. field on the
Bend Arch, was selected in the PDS data sort. Insufficient data have been
compiled for this field to determine whether it is suitable for COj
enhanced oil recovery. An Abilene Geological Society paper describes the
reservoir as a limestone with poor continuity and the trapping mechanism as
a stratigraphic trap--bioherm reef. This field was discovered in 1960 and
as of 1978 no secondary recovery efforts had been initiated.

16



28 SEY 134 ¥st [£44 [43 L S 4 SVI0L
91 - ¢t 91 - 91 1 0 1 ujseg wnyeg
662 891 1€ SL 65 91 » € 1 $19yS uaayse]
L9 L9t - €9 €9 - 2 2 0 uyseg pue|piy

0JSIJ-NVINVATASNNId

8.2 4] yie 9L ”n 29 S € 2 S104
¥9 ¥9 - 14 n - € € 0 ujseg oxuepevy
e - e 29 - 29 2 0 2 ujseg wnje

JIGNN) NVINVATASNNId

SS9 22§ eet 982 L2 69 ”n 14 € SIVI0L
St st - ] st - 1 1 0 ujseg opaepeuy
St - 1518 St - st 1 0 1 $13YS 3samy3uoN
81t - 811 ¥s - 14 2 0 4 ujseg wnje|
vee 1243 - GEl §E1 - S S 0 ujseg pue|pin

€81 €81 - L9 L9 - S S 0 wioj3e|4 upseq ‘Jua)

dWY2410M

99€°L  9€9°S 0eL‘1 et (88 L2€ 62 22 L STVI0L
S1§ §1s - [ ZA¢ 124 ¢ - 1 1 0 351140 Jopwimy
S - S € - € 1 0 1 ujseg sueme|ag
114 - 1 X244 861 - 861 4 0 k4 $13YS IsamyjLoN
€6 €6 - 2y 4} - 4 4 0 ujseg wnjey
rie yie - L 173 - 2 2 0 wi0j3e|d uiseg yj.doN
0£9 0t9 - (1148 ott - 4 4 0 #194S uavgse3
1 2] 9 - €1l €1l - 4 e 0 ujseg pue|pin
€25'G  020°% €05t 4] 128 92t [A¢ €1 v wi0jiv|d ujseg ‘3Jul)

QYVYNOIT

8€2°LE 98G°0E 2599 2L ¥99°9 8stt 98 99 02 STVi01
L3 "t - 4 e - 1 1 0 ujseg sueme(aq
2Le - L2 L744 - 92y ot 0 ot $13US Isamyzuaon
98¢ - 98¢ 611 - 611 S 0 S ujseg wnie}
s2v'8  s2v's - 19€°2 19¢°2 - 6 6 0 wojie|d ujseg yjaoN
STt STI‘t - | ¥4 |4 - 8 8 0 $13yS uadjsey
FA%> 2te - 9tl 9tl - € € 0 3J11dn uebeay
Yo'z  #0°2 - (11X oty - (114 ot 0 ujseg pueipin

061°22 9£9°'81 ¥55°¢ 126°¢ 80E°E €19 oY S€ S wioj3e|d ujseq "jua)

3dnTvavno

*101 il HN 101 X3 “WN 101 X3l CW'N uoybay

Auvm._ﬂtu.:o,_.m_ °183 (1) STSWN-004d *WND SHIOAYISIY “ON k)

SVX3L 1S3M ONV 0DIX3W M3N -3°S NI

SYIOAY3SIY HO4 VIVG NOILINAOHd AUVWWNS
9 318Vl

17



81qRL UO UMOYS SJDI3uRJed A|0AIISIL WOUJ PAIR(NDLRD BJR|J UL (|0 NURL ¥903S [P}IIUT = JIOLS] @

€£5'89 WI0L *6S1°ZS X3l

6461 uBnouu3 uoj3onpoug “wmy )

PIH'IL WN  :SJA}0AUDS3Y PIDBLAS 10} 3Iv{d U |}0 Bujujeway

0LV'SS 0E6°SY 0456 788721 LSO°1T oOf8'l CIE2 72 S )

‘ujseg uejuuadg ayy o suojbay | (P U} SA}OAMBSIY ||® 40 S|¥30)

589 £29 29 8€€ ot " 14 L ’ SIO0L
e e - L9 L9 - € € 0 1311dn ueBeay
$6 56 - Ly Ly 0 1 1 0 ujseg pueipin
(4 (3 152 29 | 744 061 ve L € 14 W0jIv|d ujseq "Jud)

NVID1A00¥0

682 682 - m 1444 - 8 8 (] SvioL
€6 €6 - 11 1) - ’ " 0 ujseg pueipiy
961 961 - ¥9 9 - v v 0 woje|g ujseq °Jua)

NVIENIS

¥50°c  EEP‘2 129 989 sS 621 74 0z S Si0L
288 - 255 911 - 9t € 0 € ujseg wnyey
€L €L - €L €L - 1 1 0 wi0j30|4 ujseg Y3doN
29 2€9 - 101 101 - S S 0 uyseg pue(pin

L6L°'T 82t 69 96€ €8¢ €1 91 " 2 wioj3e(d ujseq "jue)

NVINOAXD

982 982 - 12 v - 1 1 0 u

*JIONN) NVIdAISSISSIW

e kA4 - 8 8 - 9 9 0 SWI10L
S 25 - 22 22 - 1 1 0 L0yS ua9ysey
Wi Wi - S S - ’ v 0 upseg pue(pin
(1} 6% - u 4 - 1 1 0 wi0)30]d ujseq °3u3)

ON38-NVINVATASNN3d

9Wo'l 596 18 (X1 S12 61 2 i 1 (3,701
18 - 18 6t - 61 1 0 1 18yS 3somy3aoN
218 218 - S9t S9t - L L 0 413yS usaysey
sot S0t - 8¢ 8¢ - 2 2 0 3441dn uebeay

[:1% 8y - 2t 2t - 2 2 0 e ULSRQ PURIPIY

NMVY1S-NVINVATASNNId

6¥8°C  6¥8°C - 6/8°t 681 - 21 21 0 STVIO0L
91 91 - 9 9 - 1 1 0 Yddy pueg
159°c  199°¢ - 1700 GE: 708 § - L L 0 LS use3sey
281 281 - 2t 121 - v [} 0 upseg pue|piy

NOANVD -NV INVATASNNId

101 X3l NN *10L *X3L NN *101 XL CWN uo|6ay

SUIOAY3S3Y “ON v

SIWH-d101S1 °1S3

ST8WR-00dd WD

(panujjuod) 9 3178VL

18



1 ' ! MOTLEY
r

L-ﬁ ROOSEVELT
]
|

— NS

vy

COCHRADR CROSBY DICKENS

:%L

|ﬁbAWSON

Lasscock !
® STERLING

REEVES

BASE MAP: MIDLAND MAP COMPANY, MIDLAND, TEXAS.

FIGURE 3

DISTRIBUTION OF FIELDS WHICH PRODUCE
FROM THE SAN ANDRES FORMATION

19



MOTLEY
r

DICKENS

CROSBY

° o
(V]

Q)
p o x
> . ‘N ,,,,/ > G ES
fooy © 0 100 ‘ E' b ﬁ
P4

20N

o
»
t 3
«

G
o0

N

N

>

WINKLER

S

S
m
n
O

D

GLAas scock !

STERLING
0
\ s} - %

Q

REEVES
o /

/

’

g

REAGAN

v

PECOS

SAN ANDRES FIELDS SELECTED
BY SCREENING

FIGURE 4

DISTRIBUTION OF SAN ANDRES
FIELDS SELECTED BY SCREENING

20



HOCKLEY

GAINES

PRODUCTIVE AREA ABOVE
OIL - WATER CONTACT
LOWER STRAWN PLATFORM

EDGE ) W\\\

FIGURE 5

ISOPACHOUS MAP OF THE HORSESHOE
REEF COMPLEX OF WEST TEXAS

e RENECKE FIELD
£- VEALMOOR. FLO

-

=
|- —

v 1 1 1
PRODUCTIVE AREA ABOVE RERTLTI - !
OIL - WATER CONTACT " | CROs®Vreeeeeen,] o orckens !
LOWER STRAWN PLATFORM & | 7 |
EDGE — o fom e SN P b k-
*  IMPORTANT WELLS.. L L @ i
! 7 ! ™ H
| TERRY LYNN | GARZA
i Q.5 BROWNFIELD FIELD. |
weLLhaN O | \500- |
, ‘
S Y — SN T y -
Standord of Texos
No.l Brown “2°

|
‘
!
BORDEN g

GAINES ROEOER FLD.

(4,

Stendard of Texas
No.| Po:l

@ v /TS, VON ROEDER FIELD I

— 1"'_"'"""—‘ o<~ A= i
oceame Friech - |- L OK REINECKE FIELO i
I \\ A\

it VEALMQOR' FLO. ur‘ Q0R FLD. C.1.2250
: MARTIN !%4@ i o 1 20
i ! e
FIGURE 6
STRUCTURE MAP DRAWN ON TOP OF THE HORSESHOE

REEF COMPLEX, WEST TEXAS
21




i ! - ! i
' | Y R { DICKENS
| HOCKLEY ' LUBBOCK PP S A A :
' ' . .[ PR B ‘ l
D R T I + ! N
-"'Li ''''''''''''''''' 1'- STt o et et e el e i) —_——————— —-!—— |
t I : + t : + ‘lt . :; 4 0+ 4 4 4 l ]
| N R T B N
i 444 e .[ D A SRR B I
- - * -+ + + + 2 4 4+ 2 4
|' ‘NN‘ : + : + |[: ..+ SARZA L4, _[ KENT I
+ + 4 PTG ST S S S S SR S ] ’
- 1l iower, Srrawn: L 1Tl |
' L4+ *» PP e | '» '
' + 4+ Low ¢ ¢ 4 4 4 4+ ¢ 4 4 r I
' + 4+ L PP T R 41 _i
et 2 4 s beoa 4 PP A o
' Pl R —
- + !
+ -
Legend : ; !
£9¢ : !
- |
b33 WOLFCAMP LS. i
[[IT] crsco is. |
[ ] canvon Ls. 57 i
/A e e — - p—
[ UPPER STRAWN LS. 78 T
LOWER STRAWN LS. |
]
DEEP WELLS USED TO o - 20
CONSTRUCT SECTION C-C' —
FIGURE 7
DISTRIBUTION OF MAJOR MEMBERS
OF THE HORSESHOE REEF COMPLEX
SOUTHWEST NORTHEAST
c cl
-5000'
Sub-Sec

' OLéleMP

LOWER

) SPRER
=% 2 T+ +
s + 4+ + + |OWER 4
T O+ + o+ + + + + -8000°
+ 3 S GRS ATOKA
.fegencl
B woLFcamMp Ls. WOLFCAMP SH. WITH LS. r1000°
DETRITUS _
@) ([0 crsco ts. @ | s00
PENNSYLVANIAN SH. s
[[7] canvon Ls. WITH LS. DETRITUS 5 10
t.. L
[ u. sTRAWN LS |] L. STRAWN LS. MILES

CROSS

FIGURE 8

SECTION THROUGH THE SOUTHWEST CORNER
OF THE HORSESHOE REEF COMPLEX

22




5.4 Devonian

Devonian age reservoirs are third, after Guadalupe and Leonard Permian
reservoirs, in number selected. Twenty-five Devonian age reservoirs (12
percent of the total) were selected for study. Of these, CROSSETT field
has a COj pilot project under way in the Devonian North Cross Unit.

The majority of the Devonian age reservoirs are on the Central Basin Plat-
form region of the Permian basin, as are the Guadalupe and Leonard reser-
voirs.

5.5 Silurian

Eight Silurian age reservoirs were selected, four in the Central Basin
Platform and four in the Midland basin. The Fusselman, generally a lime-
stone in these areas, was the principal formation identified. Most of the
Silurian reservoirs identified are in fields with multiple carbonate pay
zones, which could enhance the economic favorability for a CO9 pilot test
if more than one pay zone in a field were suitable.

Figure 9 shows the distribution of Silurian and Devonian fields selected in
this study.

5.6 Ordovician

All of the 11 Ordovician age reservoirs identified are Ellenburger.
Throughout the Permian Basin the Ellenburger shows fracture and vuggy to
cavernous porosity in pay zones and generally would be deemed unsuitable
for COy enhanced oil recovery. The exception to this general observation
may be that since 10 of the 11 Ellenburger fields identified are in multi-
ple pay fields, with several additional carbonate reservoirs, it might be
economically feasible to use COj; flood in an Ellenburger reservoir if
other carbonate reservoirs in the same field are under CO, flood. The
Ellenburger would not of course constitute the primary justification for
bringing CO, to a field.
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6. GEOLOGICAL AND RESERVOIR DATA SUMMARY

Table 7 summarizes selected data contained in Parts 2, 3, and 4 of this
volume and the calculations of initial stock tank oil in place made by Gruy
Federal using the selected reservoir parameters. Data in Table 7 were
chosen from the multiple sources on each field data sheet as '"conserva-
tively" representing average reservoir conditions. In a few instances the
selected data produced extremely large or small original-oil-in-place num-
bers (i.e., much larger or smaller than the quantity of oil already pro-
duced from that reservoir). If it could not be determined which parameter
was at fault in the equation used to calculate original oil in place*, the
calculated value was flagged with a question mark to indicate that further
information is needed.

6.1 Reservoir Temperature

Important reservoir data not shown in Table 7 are reservoir temperature,
pressure, and fluid content and composition. Reservoir temperature was
seldom reported by any data source. Bottomhole temperatures from log data
were available for a number of reservoirs; however, in many cases bottom-
hole temperature is not the same as reservoir temperature (e.g., if the
well bottomed in a deeper formation). When necessary, Gruy calculated res-
ervoir temperatures from published gradients (Texas Water Quality Board
Report 157 (1972) for Texas fields and USGS-AAPG geothermal gradient maps
for other states), using the equation

Tf=ATXD+T3

where T{ = formation temperature (°F),
AT = geothermal gradient (°F/ft),
D = depth (ft),

and Ts = surface temperature (°F)

In Texas, the geothermal gradients for each county (Fig. 10) are available
and depths of each reservoir were determined; calculations of reservoir
temperatures in these cases can therefore be considered reasonable values.

*To calculate original oil in place, the egquation

7758 (4h¢) (1 - Sy)

N = By

was used, where 4 = acreage, % = net pay, ¢ = porosity, Sy = water satura-
tion, and B, = formation volume factor. Where S, and By data were not
available, S, = 0.20 and Bp = 1.3 were used.
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(Aversge Temperature Incresse, °F per 100 Fest of Depth)
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The importance of reservoir temperature in selecting candidates for COj
miscible displacement is twofold: first, as shown in Fig. 11, the minimum
miscible pressure seems to be related strongly to the reservoir temperature
and to the bubble-point pressure of the crude (Yellig and Metcalf, 1978);
second, temperature is a factor in determining the volume occupied by CO,
at reservoir pressure.

6.2 Reservoir Pressure

Initial reservoir pressures and 1978 pressure data were available for vir-
tually all reservoirs with secondary recovery records (approximately 65
percent of the reservoirs identified). In areas where little or no pres-
sure data were available, the regional pressure gradient was determined
using data from nearby fields when available; otherwise a pressure gradient
of 0.465 psi/ft was assumed.

6.3 Minimum Miscibility Pressure

One of the critical requirements for effective displacement of oil by COs
is sufficiently high pressure. The pressure at which effective displace-
ment occurs is commonly referred to as the miscible pressure, although the
displacement may not be completely miscible in the strictest sense. Three
correlations, none of them completely satisfactory, have been formulated
for predicting miscible pressures: one by the National Petroleum Council
(1976), one by Holms and Josendal (1974), and one by Yellig and Metcalfe
(1978). The NPC correlation is not especially accurate (Fig. 12); that of
Holms and Josendal requires a specialized chemical analysis of the crude
and is limited to pressures above 1,400 psi (Fig. 13). The correlation of
Yellig and Metcalfe (Fig. 14) shows the MMP to be highly dependent on tem-
perature and bubble-point pressure, as was shown in Fig. 11. The composi-
tion of the crude oil is relatively unimportant (Fig. 15A).

6.4 Crude Oil

Important information on reservoir fluid was not always directly assignable
to individual reservoirs. Information on the composition of oils is avail-
able from a crude oil file originally furnished by the Department of Energy
and maintained by the Petroleum Data System. The file contains 4,540 Hemp-
hill distillation analyses from the project area, including results for
more than 45 percent of the reservoirs selected. Information on a signifi-
cant number of the oils from reservoirs in the study area is available in a
published study classifying 310 Permian basin crudes on the basis of compo-
sitional differences (Jones and Smith, 1964). A more recent study has
pointed out that a combination of analytical techniques is best for basin-
wide correlation and classification of oils: mass spectral (carbon isotope
measurements), gas chromatography, optical rotation and infrared spectros-
copy, and crude oil correlation index (Williams, 1974). Since the data
available on the reservoirs selected in the present study are limited to
Hemphill distillations, only the correlation index (which is derived from
distillation analysis) will be considered here. Analyses are available
from the PDS file and other sources for 62 of the 182 reservoirs selected.
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A cluster analysis was performed on the correlation index obtained from the
Hemphill distillations. The results of this analysis are meaningful only
in that it places oils in similar groups based on the correlation index
(CI), which is a measure of the complexity of the fractions distilling over
certain temperature ranges. Low CI numbers are expected for oils contain-
ing higher proportions of the normal paraffin hydrocarbons. Comparing the
results of the cluster analysis on CI alone with the results of a more
detailed analysis of Permian oils by Jones and Smith (1964) revealed that
cluster analysis was inadequate to distinguish among the varieties of oils
they observed. However, there was more than a random correspondence to the
oils grouped by cluster analysis and the types of oils defined by Jones and
Smith. For example, the San Andres D and E type oils of Jones and Smith,
interpreted as near-shelf-edge and far-shelf-edge types, were found to be
clustered together.

However, not enough overlap of samples existed between the Jones and Smith
group and the group selected for this report to allow a more detailed com-
parison. The results of this effort suggest that cluster analysis based on
more complete information would be extremely useful in characterizing crude
oils. For CO, miscible displacement, however, the studies of Yellig and
Metcalfe (1978) indicate that composition may be of relatively minor impor-
tance.

The excellent papers of Williams (1974), Jones and Smith (1964), and Dow
(1974) are recommended for more thorough studies of the crude oil composi-
tions for fields in the Williston and Permian Basins.

6.5 Water

The salinity of connate water in a reservoir being examined for COj; dis-
placement is important as it affects the solubility of COj in the water
(Fig. 16). The solubility of COy is lower in brine than in fresh water.
The addition of any electrolyte to a gas-liquid solution normally decreases
the solubility of the gas. This effect is commonly called "salting out"
(Daniels and Alberty, 1955). The range of this effect was shown more fully
in the report for Task One of this contract (Goodrich, 1980). For typical
conditions for the fields selected, the equilibrium solubility of COj in
the reservoir water is 100 to 175 scf/bbl for fresh water and 50 to 125
scf/bbl for 100,000-ppm brine. ‘

A water analysis file available in the PDS data system contains several
thousand analyses (more that 16,000 in Texas), indexed by field and well
name and containing relatively complete information for each analysis.
Often there are many analyses for each reservoir; for example, a query for
water analyses on 7 of the fields selected by the screening procedure pro-
duced more than 450 analyses. The major drawback to this vast store of
information is that the purpose of the water analysis is not given. Water
analyses can be performed for a number of reasons, and this file would not
necessarily provide analyses of the original water or the water currently
found in the fields selected. Hence, other sources, as discussed below,

were used to develop water composition data for possible target reser-
voirs.
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Regional studies have been conducted on the original connate water salin-
ities of most formations in the Williston and Permian basins (Texas Water
Quality Board Report 157, 1972; McNeal, 1964). The result of these region-
al studies can give a good indication of the salinity of the original con-
nate water of the reservoirs selected.

Two salinity maps for the San Andres formation, which dominates the list of
reservoirs contained in this study, are given in Fig. 17. The range for
the fields included in this study can be from 50,000 ppm to more than
200,000 ppm. In the large fields, i.e., Wasson and Levelland, the salinity
varies significantly in different portions of the fields.

The salinity map for the Leonard series (mainly, the Clear Fork formation)
is given in Fig. 18. The salinity of this formation is highly variable,
ranging from 50,000 to more than 250,000 ppm, and the reservoirs included
in this study could have exhibited original salinities anywhere within this
range.

Figures 19 and 20 are salinity maps of the Permian Wolfcamp series. There
are the usual minor differences in these maps, but they generally show the
same features. The Wolfcamp reservoirs included in this study are charac-
terized by a salinity of about 150,000 ppm.

Figures 21 and 22 are salinity maps of the Strawn series, found in the
eastern Midland basin and eastern shelf-edge Bend Arch areas. The observed
salinity ranges from 50,000 to 200,000 ppm and a value of about 20,000 ppm
is characteristic of the general area of the reservoirs included in this
study. In the northwest portion of the Midland basin and the Central Basin
Platform area, the salinities of the water contained in undifferentiated
Pennsylvanian rocks are shown in Fig. 23. The range of water salinities
for this system is considerable, and the original salinity for the reser-
voirs from this system included in this study could be anywhere in the
range from 50,000 to 250,000 ppm.

Figure 24 shows salinity maps for the Siluro-Devonian or Devonian through-
out the Permian basin. Again, there are differences between the maps, but
the general picture is the same. The salinity varies from very low values
near the outcrops to a maximum of about 150,000 to 200,000 ppm in the deep-
er portions of the basin. The general area of the reservoirs included in
this study is characterized by relatively low salinities, about 50,000 to
100,000 ppm.

Maps of the salinity (total chlorides) of the Ellenburger formation in the
Permian basin, taken from two sources, are shown in Fig. 25. While there
are some differences, salinities generally range from 50,000 ppm to 250,000
ppm in the deeper parts of the basin. The general area containing the res-
ervoirs selected by the screening is characterized by salinities of 50,000
to 150,000 ppm.
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7. EVALUATION OF SELECTED FIELDS

The following is an evaluation of reservoir and geologic data contained in
Table 7 on an area-by-area and field-by-field basis and considers the eval-
uation of previous investigators for each of the named reservoirs.

7.1 Central Basin Platform

7.1.1 PERMIAN-GUADALUPE (313). Forty reservoirs, 6 in New Mexico and 34
in Texas, are shown in Table 7 as being Guadalupe in age. Eleven of these
produce from the Grayburg or combined Grayburg and San Andres, 23 from the
San Andres, 2 from the Holt, 1 from the Yates Lime, and 3 from the Deep.
The Deep includes the Queen, Colby, Yates, and Seven Rivers pay zones; all
are primarily sandstones, although they grade into dolomitic and anhydritic
sands and dolomites in parts of the basin. The Deep, listed by PDS as a
carbonate, was included in the data search and sufficient data were
obtained to warrant its inclusion in this report. Of the fields listed,
ARROWHEAD-Grayburg, COWDEN, NORTH-Grayburg, COWDEN, SOUTH-
Grayburg, FOSTER-Grayburg, McELROY-Grayburg, and MEANS-San Andres
were listed in data sources 13c and 14e (GURC Report 153 and BETC/R1-78/15
Report in Table 4) as suitable for COj; enhanced oil recovery. EUNICE
MONUMENT-Grayburg-San Andres, HOBBS-Grayburg-San Andres, JORDAN-
San Andres, McCAMEY-Grayburg, SEMINOLE-San Andres, and YATES-
Yates Lime were all rated by data source l4e as unsuitable for COj
flooding because of a large gas cap; however, some of the fields rated
suitable for CO; by 14e also have gas caps. These ratings should there-
fore be considered carefully.

7.1.2 PERMIAN-LEONARD (318). Seventeen fields are Leonard in age, 5 in
New Mexico and 12 in Texas. Eight of the reservoirs listed produce from
the Clear Fork; three are designated as Yeso and four as Tubb. The Clear
Fork and Yeso are equivalent time-stratigraphic units, the term Yeso being
used in New Mexico and Clear Fork in Texas. The Tubb is a unit within the
Yeso-Clear Fork. One field produces from the Glorieta-San Angelo and
another from the Holt. GOLDSMITH-Clear Fork and SAND HILLS-Tubb have
been rated by data source l4e as suitable for COj or polymer flooding,
depending on availability, while DRINKARD-Yeso was listed by 1l4e as
unsuitable for COy because of a gas cap.

7.1.3 PERMIAN-WOLFCAMP (319). Five Wolfcamp fields, all in Texas, are
shown in Table 7. SHAFTER LAKE-Wolfcamp is one of several carbonate pays
in this field. It has no gas cap and may have good potential for COjy
flooding. PECOS VALLEY-Wolfcamp and UNIVERSITY BLOCK 3-Wolfcamp should
also be considered.

7.1.4 PENNSYLVANIAN-BSEND (326). One Pennsylvanian field, UNIVERSITY
BLOCK 9, is listed in Table 2. The UNIVERSITY BLOCK 9 field also has pro-
duction from the Wolfcamp and Devonian, both potentially suitable carbonate
reservoirs.

7.1.5 DEVONIAN (340). Sixteen fields produce from Devonian age
formations, 14 in Texas and 2 in New Mexico. CROSSETT-Devonian is
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recommended in data source l4e as a COj candidate. Both the CRAWAR-
North and PECOS VALLEY-Devonian fields have gas caps. DOLLARHIDE-
Devonian in Texas and New Mexico has no gas cap.

7.1.6 SILURIAN (350). Four fields having Silurian age reservoirs are
shown in Table 7. DOLLARHIDE-Fusselman § Montoya has locally cavernous
porosity with caverns 2 to 16 feet in height, but no gas cap. The
cavernous porosity may make the DOLLARHIDE-Fusselman unsuitable for COjy
enhanced oil recovery; however, other reservoirs in this field (Clear Fork,
Devonian, Tubb/Drinkard) may be suitable.

7.1.7 ORDOVICIAN (360). Seven Ordovician age-Ellenburger reservoirs are
shown in Table 7. As indicated on the DOLLARHIDE-Ellenburger, JUSTIS-
Ellenburger, LEA-Ellenburger, and TXL-Ellenburger field reports, the Ellen-
burger is generally fractured and has vuggy to cavernous porosity throug-
hout the Permian basin. TXL-Ellenburger is noted by data source l4e as
unsuitable for CO, flooding because of water drive and fractures; the
other fields would also be unsuitable because of fractures.

7.2 Midland Basin

7.2.1 PERMIAN-GUADALUPE (313). Ten Guadalupe age reservoirs are shown
in Table 7: two Grayburg, seven San Andres, and one Grayburg-San Andres
combined. MIDLAND FARMS-Grayburg and WELCH-San Andres were rated as
unsuitable for COj flooding by data source l4e.

7.2.2 PERMIAN-LEONARD (318). Two Leonard age reservoirs are listed,
KETCHUM MT-Clear Fork and REVILO-Glorieta. Neither field can be excluded
from consideration on the basis of available data. REVILO also has pro-
duction from the Clear Fork.

7.2.3 PERMIAN-WOLFCAMP (319). Five Wolfcamp age reservoirs are listed in
Table 7; two of these, ADAIR and WELLMAN, are described in the literature
as Wolfcamp Reef and the others have a similar lithology. ADAIR also has
fracture porosity.

7.2.4 PENNSYLVANIAN (320). Two Cisco (322), four Canyon (323), two Strawn
(325) and four Bend (326) reservoirs are listed in Table 7. Most of these
reservoirs are in reef limestones.

7.2.5 DEVONIAN (340). AZALEA-Devonian, one of the five Devonian reser-
voirs listed in Table 7, is fractured and has a gas cap. DORA ROBERTS,
also listed by PDS as a carbonate oil reservoir, is a state-designated gas
reservoir at present.

7.2.6 SILURIAN (350). Four Silurian age reservoirs are listed in Table 7.
Three of these, BIG SPRINGS-Fusselman, GOOD S.E.-Fusselman, and TEX-
HAMON-Fusselman, are in multi-pay fields. All three have production from
the Canyon Reef. LUTHER S.E.-Silurian-Devonian had an unsuccessful
saltwater pressure-maintenance program which was discontinued in 1969.

7.2.7 ORDOVICIAN (360). DORA ROBERTS-Ellenburger is the only Ordovician
age reservoir listed for the Midland basin. The DORA ROBERTS, in addition
to producing from the previously mentioned Devonian, produces from the

Fusselman and Strawn.
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7.3 Reagan Uplift In The Midland Basin

7.3.1 PERMIAN-GUADALUPE (313). Three fields are listed as having
Guadalupe age reservoirs. BIG LAKE and HALFF produce from the Grayburg
and FARMER produces from the San Andres. BIG LAKE is listed by data
source l4e as unsuitable for COj because of water drive. Since most
fields in the Permian basin have undergone waterflood and hence have
"secondary" water drive, this may not be a valid reason for exclusion.

7.3.2 PENNSYLVANIAN-STRAWN (323). Two fields, TODD DEEP and WORLD,
WEST produce from the Strawn, which is a limestone reef rock. Both fields
also have pay zones in other carbonate formations.

7.3.3 ORDOVICIAN (360). Three Ellenburger fields are listed in Table 7.
BARNHART and ELKHORN have vuggy and fracture porosity. TODD DEEP,
which also has Strawn production, may also be fractured.

7.4 Eastern Shelf

7.4.1 PERMIAN-GUADALUPE (313). Eight Guadalupe age reservoirs are shown
in Table 7. Three produce from the San Andres, one from the Grayburg-San
Andres, three from the Glorieta; one (HUNTLEY) has insufficient data to
determine whether the "3400" is Grayburg or San Andres. Formation depths
in the area indicate that the "3400" is San Andres. The three Glorieta
fields, HUNTLEY, P.H.D., and ROCKER, may be incorrectly listed as Guadalupe
in age and as carbonate reservoirs; this grouping is based on PDS data giv-
ing the 313 age code. Lithology of the Glorieta varies from sandstone to
dolomitic sands to dolomite, and it has not been determined whether the
Glorieta pay zones in these reservoirs are sandstone or dolomite. However,
each of the three fields has other carbonate reservoirs that may be poten-
tially suitable for CO, flood.

7.4.2 PERMIAN-LEONARD (318). Two Leonard age reservoirs are listed.
IATAN EAST-Clear Fork is listed by data source 14e as suitable for COj
flooding. PAROCHIAL BADE has Clear Fork in addition to the production
from the Cisco, Fusselman, San Andres and Queen sandstone.

7.4.3 PENNSYLVANIAN (320). Four Cisco (322) reservoirs, seven Canyon
(323), seven Strawn (325), and one Bend (326) are listed in Table 7. The
Cisco, Canyon, and Strawn reservoirs are all primarily reef limestone; all
the Canyon reservoirs are reefs. KELLY-SNYDER has a CO, pilot project
currently under way and both COGDELL and SALT CREEK were rated by data
source l4e as suitable for CO3. DIAMOND M was rated as unsuitable by
l4e because of its strong water drive. BOYD field has principal pro-
duction from the Bend Conglomerate but also has pay zones in the Canyon
Reef and Ellenburger carbonate formations.

7.5 North Basin Platform

7.5.1 PERMIAN-GUADALUPE (313) and -LEONARD (318). The North Basin
Platform Permian reservoirs include seven San Andres (Guadalupe), one
Glorieta (Guadalupe-Leonard), and two Clear Fork (Leonard). LEVELLAND,
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SLAUGHTER, and WASSON are currently undergoing CO3 pilot tests in the San
Andres.

7.5.2 DEVONIAN (340). RUSSELL NORTH is the only Devonian field shown
in Table 7. RUSSELL NORTH also has production from the Glorieta and Clear
Fork.

7.6 Tatum Basin

7.6.1 PERMIAN (310). All Tatum Basin fields are in New Mexico. Five
Guadalupe, two Leonard, and two Wolfcamp fields are shown in Table 7. Four
of the five Guadalupe reservoirs are in the San Andres; the other is in the
Queen, which may be a dolomite sandstone. LOVINGTON-San Andres was recom-
mended by data source 13c (GURC Report 153) as suitable for COy and poly-
mer flood; MILNESAND-San Andres was recommended as suitable for polymer
flood. Both LOVINGTON-Paddock and Abo (Leonard) were recommended for COy
and polymer in GURGC report 153. DENTON and TOWNSEND are the two Wolfcamp
fields listed; however, TOWNSEND-Wolfcamp is currently undergoing gas
pressure maintenance.

7.6.2 PENNSYLVANIAN (320). Two fields, ALLISON and VADA, have Penn-
sylvanian age reservoirs. INBE, JCisco (322) in age, has fracture
porosity.

7.6.3 DEVONIAN (340). Three Devonian age reservoirs are shown in Table 7.
CAPROCK, EAST has fracture porosity, but was nevertheless recommended as
being suitable for COy, as was LOVINGTON. LOVINGTON and DENTON have
additional productive carbonate zones.

7.7 Northwest Shelf

7.7.1 PERMIAN (310). Ten Guadalupe reservoirs are listed in Table 7.
Six are San Andres, two are Grayburg-San Andres, oneis Queen-Grayburg, and
one is Yates-Queen-Seven Rivers. BENSON NORTH-Queen-Grayburg, and
E-K-Yates, Queen-Seven Rivers are primarily sandstones although minor
dolomite is present. MALJAMAR-Grayburg-San Andres is undergoing a COjp
pilot test and LOVINGTON WEST-San Andres and PEARL-San Andres were
recommended for COj and polymer flood in GURC report 153. Leonard age
fields include CORBIN-Abo and EMPIRE-Abo. EMPIRE is listed in GURC
report 153 as suitable for CO;, but also listed by data source l4e
(BETC/RI-78/15 report) as not suitable for COy because of water drive and
fractures. KEMITZ is a Wolfcamp field.

7.7.2 PENNSYLVANIAN (320). LUSK-Strawn is the only Pennsylvanian
reservoir listed.

7.8 Delaware Basin

7.8.1 PERMIAN (310). FORT STOCKTON is listed as a carbonate by PDS;
however, production is from the Yates sandstone, Ochoa (311) in age.
PRIEST § BEAVERS produces from the Queen, Guadalupe in age, which may
also be a sandstone. FOWLER produces from the Upper Yeso, Leonard in age,
which is a fractured dolomite. None of the listed Delaware Basin fields is
suitable for COy enhanced oil recovery using stated criteria.
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7.9 Bend Arch

7.9.1 PENNSYLVANIAN (320). The BOX-Palo Pinto Reef is a Pennsylvanian
age reservoir. The Palo Pinto reef has fracture porosity and has undergone

unsuccessful waterflood. These factors may make the BOX field unsuitable
for COy flood.

7.9.2 MISSISSIPPIAN (330). The SCHACKELFORD N.E. field was listed
in the PDS sort; however, insufficient data are available to determine the
suitability of this field for CO,.

7.10 Matador Uplift

7.10.1 PERMIAN-WOLFCAMP (319). The ANTON-IRISH-Clear Fork field,
shown in Table 7, is listed as suitable for both polymer and COj flood in
GURC report 153 (data source 13c).

7.11 Anadarko Basin

7.11.1 PERMIAN (310). The QUINDUNO-Albany field, Wolfcamp age, is the
only Permian age Anadarko basin field listed.

7.11.2 PENNSYLVANIAN (320). The HITCHLAND-4640 and TWIN-Des Moines
fields have gas caps, which may decrease their suitability for COy flood-
ing. TWIN-Morrow has had an unsuccessful gas pressure maintenance pro-
gram.
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8. PRODUCTION AND REMAINING OIL IN PLACE
FOR SELECTED RESERVOIRS

Table 8, in the same order as Table 7, is a listing by reservoir of the
estimated original oil in place, cumulative production through 1979, and
the calculated remaining oil in place in each reservoir. These calculated
values were used to determine the quantity of oil that could be recovered
through continued secondary recovery (waterflood or pressure maintenance)
or enhanced oil recovery projects in the listed reservoirs. In some cases
our calculations produced numbers which are much larger or smaller than the
figure for oil produced to date. We have flagged these numbers with a
question mark; the questionable data that went into the calculation are
similarly flagged in Table 7.

The total initial oil in place in the selected Permian basin reservoirs was
calculated to be more than 55 billion barrels. Estimating the enhanced oil
recovery potential from COg flooding at 10 percent of initial oil in
place (Doscher and Wise, 1976), 5.5 billion barrels of oil could be recov-
ered from the listed reservoirs by widespread application of CO, flooding
in the Permian basin. This estimate is slightly less than half the 12.8
billion barrels produced to date from the listed reservoirs, many of which
have been in production over 30 years. It could be expected that addi-
tional amounts could be recovered from other fields not selected in this
study.

Data developed in Section 5 of this report (Table 6) show that 60 percent
of the reservoirs selected were Permian age, 23 percent were Guadalupe age
San Andres, and 10 percent were Leonard age Clear Fork. Nineteen percent
of selected reservoirs were Pennsylvanian in age; many of these are part of
multiple-pay-zone fields along the Horseshoe Atoll. Twelve percent of the
selected reservoirs were Devonian in age.

Of the selected reservoirs, those of Guadalupe age (principally San Andres
and Grayburg) contain over 37 billion barrels of oil in place (67 percent
of the estimated 55 billion calculated oil in place for all reservoirs).
Over 7 billion barrels (13 percent) is contained in Leonard age reservoirs.
Nearly 6 billion barrels (10 percent) is in Pennsylvanian age reservoirs,
and over 3 billion barrels (5 percent) is in Devonian age reservoirs.
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TABLE 8
CENTRAL BASIN PLATFORM
PERMIAN-GUADALUPE (313)

EST.ORIGINAL CUM. PROD. REMAINING
OIL IN PLACE THRU 1979 OIL IN PLACE
FIELD, STATE (mbb1s) (mbb1s) (mbb1s)
1. ARROWHEAD-Grayburg, NM 238,325.8 27,162.0 211,163.8
2. BLOCK-31-Grayburg, TX 9,143.5 3,499.8 5,643.7
3. C-BAR-San Andres, TX 55,043.2 15,455.8 42,587.4
4. CORAZON-San Andres, TX 30,994.8 3,738.9 27,255.9
5. COWDEN, NORTH-Grbg./San And.,TX 1,863,309.8 314,161.0 1,549,148.8
6. COWDEN, SOUTH-Grbg./San And.,TX 1,886,565.1 121,676.9 1,764,888,2
7. DONNELLY-San Andres, TX 15,846.2 7,512.6 8,333.6
8. DUNE-Grayburg/San Andres, TX 1,251,689.0 141,820.4 1,109,868.6
9. EDWARDS-Grayburg/San Andres, TX 53,401.7 7,495.5 45,906.2
10. EMMA-San Andres, TX 17,601.5 (?) 17,601.5 -
11. EMPEROR-DEEP (Sandstones), TX 164,930.5 22,798.5 142,132.0
12. EMPEROR-HOLT, TX 35,004.5 6,366.7 28,637.8"
13. EUNICE-San Andres, NM - - -
14. EUNICE-MONUMENT, Grbg/S.A.,NM 2,367,980.3 334,553.0 2,033,427.3
15. FOSTER-Grayburg, TX 1,148,140.2 206,782.9 941,357.3
16. FULLERTON-San Andres, TX 124,825.7 8,583.8 116,241.9
17. GOLDSMITH-San Andres, TX 682,704.3 313,548.2 369,156.1
18. GOLDSMITH, EAST-San Andres, TX 92,500.2 7,322.7 85,177.5
19. GOLDSMITH, NORTH-San Andres, TX 561,440.5(?) 11,431.9 550,008.6
20. GOLDSMITH, WEST-San Andres, TX 41,248.6 5,476.5 35,772.1
21. HARPER-San Andres, TX 230,133.5 38,945.2 191,188.3
22. HOBBS-Grayburg/San Andres, NM 925,231.0 242,420.0 682,811.0
23. JOHNSON-Grayburg, TX 145,439.8 21,914.7 123,525.1
24. JORDAN-San Andres, TX 828,543.0 74,007.0 754,536.0
25. KEYSTONE-Holt, TX 953,316.3 39,542.2 913,774.1
26. LAWSON-San Andres, TX 75,355.1 13,275.8 62,079.3
27. LEA-San Andres, TX 41,219.9 4,378.0 36,841.9
28. McCAMEY-Grayburg, TX 1,002,572.3(?) 127,844.9 874,727.4
29. McELROY-Grayburg, TX 2,593,865.0(7) 373,438.2 2,220,426.8
30. McFARLAND, Queen, TX 136,739.4 34,680.5 102,058.9
31. MEANS-San Andres, TX 397,155.1 129,977.7 267,177.4
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TABLE 8

CENTRAL BASIN PLATFORM
PERMIAN-GUADALUPE (313)

(continued)
EST.ORIGINAL CUM. PROD. REMAINING
OIL IN PLACE THRU 1979 OIL IN PLACE
FIELD, STATE (mbb1s) (mbb1s) (mbb1s)
32. PENWELL-San Andres, TX 378,049.9 66,142.9 311,907.0
33. SCARBOROUGH-Yates & Seven
Rivers (Sandstone), TX 127,132.2 15,623.0 111,509.2
34. SEMINOLE-San Andres, TX 1,328,951.0 229,151.6 1,099,799.4
35. SEMINOLE, EAST-San Andres, TX 24,190.1 3,903.8 20,286.3
36. SEMINOLE, WEST-San Andres, TX 167,450.4 27,947.1 139,503.3
37. SHAFTER LAKE-San Andres, TX 235,833.5 33,617.9 202,215.6
38. SKAGGS-Grayburg, NM ‘22,406.4 8,717.0 13,689.4
39. WADDELL-San Andres, TX 422,877.9 89,942.1 332,935.8
40. YATES-Yates Lime, TX 1,513,597.7 768,661.0 744,936.7
TOTALS 22,190,754.9 3,921,119.2 18,269,635,7
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TABLE 8
CENTRAL BASIN PLATFORM
PERMIAN-LEONARD (318)

EST.ORIGINAL CUM. PROD. REMAINING
OIL IN PLACE THRU 1979 OIL IN PLACE
FIELD, STATE (mbbls) (mbbls) (mbb1s)
1. BLINEBRY-Yeso, NM 226,493.3 38,811.0 187,682.3
2. BROWN & THORP-Clear Fork, TX 61,237.5 6,008.0 55,229.5
3. DOLLARHIDE-Clear Fork, TX 87,277.5 29,743.6 57,533.9
4. DOLLARHIDE-Tubb/Drinkard, TX 39,873.7 16,386.0 23,487.7
5. DRINKARD-Yeso-NM 1,197,921.9(?) 76,136.0 1,121,785.9
6. FULLERTON-Clear Fork, TX 825,826.2 199,544.3 626,281.9
7. GOLDSMITH-Clear Fork, TX 893,657.5 55,610.5 838,047.0
8. GOLDSMITH, EAST-Holt, TX 43,061.4 6,161.7 36,899.7
9. GOLDSMITH, WEST-Upper C1.Fk.,TX 68,121.5 6,973.7 61,147.8
10. HARRIS-Glorieta/San Angelo, TX 157,005.2 30,573.8 126,431.4
11. HOBBS-Blinebry, NM 37,104.7 4,807.0 32,297.7
12. MONAHANS-Clear Fork, TX 100,732.0 8,677.8 92,054.2
13. RILEY, NORTH-Clear Fork, TX 759,372.0(?) 18,232.8 741,139.2
14. ROBERTSON, NORTH, TX 100,749.4 30,719.4 70,030.0
15. SAND HILLS-Tubb, TX 345,280.9 78,746.9 266,534.0
16. TUBB-Tubb, NM 41,798.7 5,951.0 35,847.7
17. TXL-Tubb, TX 537,640.9(?) 33,480.4 504,160.5
TOTALS 5,523,154.3 646,563.9 4,876,590.4
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TABLE 8
CENTRAL BASIN PLATFORM

EST.ORIGINAL CUM. PROD. REMAINING
OIL IN PLACE THRU 1979 OIL IN PLACE
FIELD, STATE (mbb1s) (mbbls) (mbb1s)
PERMIAN-WOLFCAMP (319)
1. ANDREWS-Wolfcamp, TX 35,257.9 17,560.0 17,697.9
2. ANDREWS, SOUTH-Wolfcamp, TX 23,679.8 12,089.0 11,590.8
3. PECOS VALLEY-Wolfcamp, TX 35,680.1 2,240.8 33,439.3
4. SHAFTER LAKE-Wolfcamp, TX 36,647.3 11,937.9 24,709.4
5. UNIVERSITY-BLOCK 9-Wolfcamp, TX 51,276.4 23,255.4 28,021.0
TOTALS 182,541.5 67,083.1 115,458.4
PENNSYLVANIAN-BEND (326)
1. UNIVERSITY-BLOCK 9-Penn, TX 49,017.6 10,508.5 38,509.1
TOTALS 49,017.6 10,508.5 38,509.1
DEVONIAN (340)

1. ANDREWS, SOUTH-Devonian, TX 46,113.0 9,920.0 36,193.0
2. BLOCK-11-Devonian, TX 93,931.0 7,319.0 86,612.0
3. BLOCK 31-L. Devonian, TX 529,573.0 162,729.1 366,843.9
4. CRAWAR-Devonian, TX 9,035.8 4,242.3 4,793.5
5. CROSSETT-Devonian, TX 37,652.2 12,183.7 25,468.5
6. CROSSETT, SOUTH-Dev.,TX 99,983.1 13,572.1 86,411.0
7. DOLLARHIDE-Devonian, TX 182,676.7 69,418.5 113,258.2
8. DOLLARHIDE-Devonian, NM 16,681.1 6,608.0 10,073.1
9. DOLLARHIDE, EAST-Dev., TX 11,636.4 5,478.4 6,158.0
10. FULLERTON-8500'-Devonian, TX 378,202.5 42,937.5 335,265.0
11. GOLDSMITH, NORTH-Devonian, TX 37,596.5 6,785.8 30,810.7
12. HARPER-Devonian, TX 90,285.0 6,837.3 83,447.7
13. LEA-Devonian, NM 51,947.6 (?) 6,120.0 45,827.6
14. PECOS VALLEY-Devonian, TX 82,497.4 (?) 4,619.0 77,878.4
15. THREE BAR-Devonian, TX 80,376.3 34,220.0 46,156.3
16. YARBOROUGH & ALLEN-Dev.,TX 48,887.3 2,536.9 46,350.4
TOTALS 1,797,074.9 395,527.6 1,401,547.3
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TABLE 8
CENTRAL BASIN PLATFORM

EST.ORIGINAL CUM. PROD. REMAINING
OIL IN PLACE THRU 1979 OIL IN PLACE
FIELD, STATE (mbb1s) (mbb1s) (mbb1s)
SILURIAN (350)
1. ARMER-Fusselman, TX 8,681.9 3,915.0 4,766.9
2. DOLLARHIDE-Fusselman, TX 115,071.1 35,187.4 79,883.7
3. DOLLARHIDE-Fusselman, TX above above above
4. KEYSTONE-Silurian, TX 72,533.9 25,199.4 47,334.5
TOTALS 196,286.9 64,301.8 131,985.1
ORDOVICIAN (360)
1. DOLLARHIDE-E1lenburger, TX 50,571.4 24,754.0 25,817.4
2. DOLLARHIDE-E1lenburger, NM 13,846.8 3,306.0 10,540.8
3. GOLDSMITH, WEST-Ellenburger, NM 8,056.4 3,657.7 4,398.7
4. JUSTIS-Ellenburger, NM 8,927.7 7,257.0 1,670.7
5. LEA-Ellenburger, NM 30,773.8 19,323.3 11,450.5
6. TXL-Ellenburger, TX 161,115.3 126,197.4 34,917.9
7. YARBOROUGH & ALLEN-Ellenb.,TX 39,430.5(?)  _39,430.5 -
TOTALS 312,721.9 223,925.9 88,796.0
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TABLE 8
MIDLAND BASIN

EST.ORIGINAL CUM. PROD. REMAINING
OIL IN PLACE THRU 1979 OIL IN PLACE
FIELD, STATE (mbb1s) (mbb1s) (mbb1s)
PERMIAN-GUADALUPE (313)
1. ADAIR-San Andres, TX 174,245.5 42,671.0 131,574.5
2. AZALEA-Grayburg, TX 4,124.9 816.5 3,308.4
3. CEDAR LAKE-San Andres, TX 281,324.8 63,233.2 218,091.6
4. GMK-San Andres, TX 46,446.1 9,478.6 36,967.5
5. MABEE-San Andres, TX 59,604.9(7) 59,604.9 -
6. MIDLAND FARMS-Grbg.,S.A.,TX 774,640.2 113,924.2 660,716.0
7. MOORE-Grayburg-San Andres, TX 34,441.2 8,815.8 25,625.4
8. REEVES-San Andres, TX 167,153.9 20,226.4 146,927.5
9. SUNILAND-San Andres, TX 10,115.4 2,296.1 7,819.3
10. WELCH-San Andres, TX 491,796.4 109,507.0 382,289.4
TOTALS 2,043,893.3 430,573.7 1.613.319.6
PERMIAN-LEONARD (318)
1. KETCHUM MT-Clear Fork, TX 16,027.6 2,381.1 13,646.5
2. REVILO-Glorieta, TX 48,163.8 11,220.0 36,943.8
TOTALS 64,191.4 13,601.1 50,590.30
PERMIAN-WOLFCAMP (319)
1. ADAIR-Wolfcamp-Reef, TX 87,915.0 45,566.0 42,349.0
2. BAKKE-Wolfcamp, TX 67,810.4 18,030.8 49,779.6
3. FASKEN-Wolfcamp, TX 5,807.6(?) 5,807.6 -
4. NOLLEY-Wolfcamp, TX 92,237.1 20,942.5 71,294.6
5. WELLMAN-Wolfcamp-Reef, TX 70,324.3 44,709.9 25,614.4
TOTALS 324,094 .4 135,056.8 189,037.6
PENNSYLVANIAN-CISCO (322)
1. REINECKE-Cisco, TX 81,032.4 63,317.5 17,714.9
2. VEALMOOR, EAST-Cisco/Wifcp Reef,TX 87,653.5(?) 19.2 87,634.3
TOTALS 168,685.9 63,336.7 105,349.2
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TABLE 8
MIDLAND BASIN

EST.ORIGINAL CUM. PROD. REMAINING
OIL IN PLACE THRU 1979 OIL IN PLACE
FIELD, STATE (mbb1s) (mbb1s) (mbb1s)

PENNSYLVANIAN-CANYON (323)

1. ROPES-Canyon Reef, TX 68,506.7 22,272.8 46,233.9
2. VEALMOOR-Canyon Reef, TX 33,749.8(?) 33,749.8 -
3. VEALMOOR, EAST-Canyon Reef, TX 56,691.7 49,007.6 7,684.1
4. VON ROEDER-Canyon Reef, TX 23,383.8 15,823.6 7,560.2
TOTALS 182,332.0 120,853.8 61,478.2
PENNSYLVANIAN-STRAWN (325)
1. AZALEA-Strawn, TX 30,554.6 (?) 49.0 30,505.6
2. FLUVANNA-Strawn, TX 17,184.7 (?) 11,940.2 5,244.5
TOTALS 47,739.3 11,989.2 35,750.1
PENNSYLVANIAN-BEND (326)
1. AMACKER-TIPPETT, SOUTH-Bend, TX 22,906.6 6,116.5 16,790.1
2. OCEANIC-Pennsylvanian, TX 51,930.4 20,115.9 31,814.5
3. PARKS-Pennsylvanian, TX 16,818.1 13,071.2 3,746.9
4. PEGASUS-Bend, TX 49,379.7 14,287.9 35,091.8
TOTALS 141,034.8 53,591.5 87,443.3
DEVONIAN (340)
1. AZALEA-Devonian, TX 324,833.4 (?) 381.5 324,451.9
2. BREEDLOVE-Devonian, TX 46,674.4 26,092.0 20,582.4
3. DORA ROBERTS-Devonian, TX 136,750.9 (?) 1,928.8 134,822.1
4. HUTEX-Devonian, TX 58,229.4 33,687.4 24,542.0
5. MAGUTEX-Devonian, TX 65,919.9 38,833.0 27,086.9
TOTALS 632,408.0 100,922.7 531,485.3

99



TABLE 8
MIDLAND BASIN

EST.ORIGINAL CUM. PROD. REMAINING
OIL IN PLACE THRU 1979 OIL IN PLACE
FIELD, STATE (mbb1s) (mbb1s) (mbb1s)

SILURIAN (350)

1. BIG SPRINGS-Fusselman, TX 11,098.2 5,807.5 5,290.7
2. GOOD, S.E.-Fusselman, TX 23,078.6 8,293.2 14,785.4
3. LUTHER, S.E.-Silurian/Devonian, TX 38,080.8 18,346.4 19,734.4
4. TEX-HAMON-Fusselman, TX ' 21,078.0 14,999.9 6,078.1
TOTALS 93,335.6 47,447.0 45,888.6
ORDOVICIAN (360)
1. DORA ROBERTS-Ellenburger, TX 94,946.2 47,349.6 47,596.6
TOTALS 94,946.2 47,349.6 47,596.6
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TABLE 8
REAGAN UPLIFT IN MIDLAND BASIN

EST.ORIGINAL CUM. PROD. REMAINING
OIL IN PLACE THRU 1979 OIL IN PLACE
FIELD, STATE (mbb1s) (mbb1s) (mbbls)
PERMIAN-GUADALUPE (313)
1. BIG LAKE-Grayburg/San Andres,TX 155,828.4 125,388.1 30,440.3
2. FARMER-San Andres, TX 138,322.1(?) 7,789.6 130,532.5
3. HALFF-Grayburg, TX 38,230.0 3,007.6 35,222.4
TOTALS 332,380.5 136,185.3 196,195.2
PENNSYLVANIAN-STRAWN (323)
1. TODD DEEP-Crinoidal Strawn, TX 83,886.6 29,437.3 54,449.3
2. WORLD, WEST-Strawn, TX 21,160.2 8,103.4 13,056.8
TOTALS 105,046.8 37,540.7 67,506.1
ORDOVICIAN (360)
1. BARNHART-Ellenburger, TX 114,396.4(?) 15,856.9 98,539.5
2. ELKHORN-Ellenburger, TX 22,964.1 11,368.1 11,596.0
3. TODD DEEP-Ellenburger, TX 139,360.1(?) 40,258.1 99,102.0
TOTALS 276,720.6 67,483.1 209,237.5
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TABLE 8
EASTERN SHELF
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EST.ORIGINAL CUM. PROD. REMAINING
OIL IN PLACE THRU 1979 OIL IN PLACE
FIELD, STATE (mbb1s) (mbb1s) (mbb1s)
. PERMIAN-GUADALUPE (313)
1. GARZA-San Andres, TX 289,063.1 67,099.2 221,963.9
2. HOWARD-GLASSCOCK-Grbg./S.A., TX 702,500.1 325,221.5 377,278.6
3. HUNTLEY-"3400", TX 6,570.5(?) 6,570.5 -
4. HUNTLEY, EAST-San Andres, TX 14,312.5 4,159.9 10,152.6
5. HUNTLEY, Glorieta, TX 6,340.5(7) 6,340.5 = —----
6. P.H.D. - Glorieta, TX 47,998.6 5,406.9 42,591.7
7. ROCKER-A-San Andres, TX 32,935.1 4,118.3 28,816.8
8. ROCKER-A-Glorieta, TX __15,226.7 __2,153.6 _13,073.1
TOTALS 1,114,947.1 421,070.4 693,876.7
PERMIAN-LEONARD (318)
1. IATAN, EAST-Clear Fork, TX 613,574.3(?) 107,268.7 506,305.6
2. PAROCHIAL-BADE-Clear Fork, TX 16,808.8 2,792.1 14,016.7
’ 630,383.1 110,060.8 520,322.3
PENNSYLVANIAN-CISCO (322)
1. 1.A.B.-Menielle, TX 39,392.2 17,596.8 21,795.4
2. INBE-Cisco, NM 30,933.5 16,040.8 14,892.7
3. JAMESON-Pennsylvanian, TX 168,804.5 39,778.5 129,026.0
4. SUSAN PEAK-Cisco/Canyon, TX 59,356.1 1,762.4 57,593.7
298,486.3 75,178.5 223,307.8



TABLE 8
EASTERN SHELF
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EST.ORIGINAL CUM. PROD. REMAINING
OIL IN PLACE THRU 1979 OIL IN PLACE
FIELD, STATE (mbbls) (mbbls) (mbb1s)
PENNSYLVANIAN-CANYON (323)
1. CLAYTONVILLE-Canyon Reef, TX 57,817.8(?) 57,817.8 -
2. COGDELL AREA-Canyon Reef, TX 233,515.8 232,033.0 1,482.8
3. DIAMOND M-Canyon Lime, TX 480,756.9 216,080.2 264,676.7
4. KELLY-SNYDER-Canyon Reef, TX 2,149,849.6 1,020,651.0 1,129,198.6
5. OCHO JUAN-Canyon Reef, TX 10,280.0 5,015.5 5,264.5
6, ROUNDTOP-Palo Pinto Reef, TX 76,334.9 38,390.3 37,944.6
7. SALT CREEK-Canyon Reef, TX 642,529.4 178,420.5 464,108.9
3,651,084.4 1,748,408.3 1,902,676.1
PENNSYLVANIAN-STRAWN (325)
1. CLAIRMONT-Strawn, TX 33,799.2 13,512.4 20,286.8
2. FORT CHADBOURNE-Odom Lime, TX 152,090.2 52,299.7 99,790.5
3. H-J-Strawn Reef, TX 30,411.4 20,995.6 9,415.8
4, JAMESON-Strawn, TX 332,555.2(?) 35,798.2 296,757.0
5. NEILL, SOUTH-Odom Lime, TX 41,134.1 6,988.1 34,146.0
6. NENA LUCIA-Strawn Reef, TX 208,840.5 30,698.2 178,142.3
7. PAGE-Strawn & Canyon Reef, TX 32,984.6° 4,804.2 28,180.4
831,815.2 165,096.4 666,718.8
PENNSYLVANIAN-BEND (326)
1. BOYD-Bend Conglomerate, TX 52,317.1 21,970.0 30,347.1
52,317.1 21,970.0 30,347.1



TABLE 8
NORTH BASIN PLATFORM

EST.ORIGINAL CUM. PROD. REMAINING
OIL IN PLACE THRU 1979 OIL IN PLACE
FIELD, STATE (mbb1s) (mbb1s) (mbb1s)
PERMIAN-GUADALUPE (313)
1. BRAHANEY-San Andres, TX 200,309.0 30,686.2 169,622.8
2. BUCKSHOT-San Andres, TX 111,983.2 (?) 9,421.0 102,562.2
3. LANDON-San Andres, TX 41,248.7 5,525.3 35,723.4
4. LEVELLAND-San Andres, TX 1,712,587.5 312,239.7 1,400,347.8
5. OWNBY-San Andres, TX 31,715.9 8,612.4 23,103.5
6. RUSSELL-Glorieta, TX 17,612.0 6,290.2 11,321.8
7. SABLE-San Andres, TX 18,093.2 5,644.6 12,448.6
8. SLAUGHTER-San Andres, TX 2,068,219.7 797,157.1 1,271,062.6
9. WASSON-San Andres, TX 4,223,426.8 1,190,937.0 3,032,489.8
TOTALS 8,425,196.0 2,366,513.5 6,058,682.5
7 PERMIAN-LEONARD (318)
1. RUSSEL-Clear Fork, TX 174,852.0 42,272.2 132,579.8
2. WASSON-72-Clear Fork, TX 139,619.2 35,192.2 104,427.0
TOTALS 314,471.2 77,464.4 237,006.8
DEVONIAN (340)
1. RUSSELL, NORTH-Devonian, TX 72,708.7(7) 72,708.7 -

TOTALS 72,708.7 72,708.7 -—-
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TABLE 8
TATUM BASIN

EST.ORIGINAL CUM. PROD. REMAINING
OIL IN PLACE THRU 1979 OIL IN PLACE
FIELD, STATE ' (mbbls) (mbb1s) (mbb1s)
PERMIAN-GUADALUPE (313)
1. CAPROCK-Queen (Sandstone), NM 127,492.6 72,135.0 55,357.6
2. CHAVEROO-San Andres, NM 118,160.3(?) 19,519.0 98,641.3
3. FLYING M-San Andres, NM 25,981.8 6,505.0 19,476.8
4. LOVINGTON-San Andres, NM 80,664.1 12,270.0 68,394.1
5. MILNESAND-San Andres, NM 33,686.4 8,782.0 24,904.4
TOTALS 385,985.2 119,211.0 266,774.2
'PERMIAN-LEONARD (318)
1. LOVINGTON-Paddock, NM 32,082.3 12,692.0 19,390.3
2. LOVINGTON-Abo, NM 61,109.2 29,648.0 31,461.2
TOTALS 93,191.5 42,340.0 50,851.5
PERMIAN-WOLFCAMP (319)
1. DENTON-Wolfcamp, NM 96,848.5 34,852.0 61,996.5
2. TOWNSEND-Wolfcamp, NM 21,473.7 18,786.0 2,687.7
TOTALS 118,322.2 53,638.0 64,684.2
PENNSYLVANIAN (320)
1. ALLISON-Penn-Bough "C", NM 34,284.5 21,291.0 12,993.5
2. VADA-Pennsylvanian, NM 180,149.8 40,942.0 139,207.8
TOTALS 214,434.3 62,233.0 152,201.3
PENNSYLVANIAN-CISCO (322)
1. INBE-Cisco, NM 16,603.8 16,040.0 563.8
TOTALS 16,603.8 16,040.0 563.8
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TABLE 8
TATUM BASIN

EST.ORIGINAL CUM. PROD. REMAINING
OIL IN PLACE THRU 1979 OIL IN PLACE
FIELD, STATE (mbb1s) (mbbls) (mbbls)
DEVONIAN (340)
1. CAPROCK, EAST-Devonian, NM 22,311.0(?) 22,311.0 -
2. DENTON-Devonian, NM 522,483.4(?) 92,722.0 429,761.4
3. LOVINGTON-Devonian, NM 6,772.0 1,227.0 5,545.0
551,566.4 116,260.0 435,306.4
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TABLE 8
NORTHWEST SHELF

EST.ORIGINAL CUM. PROD. REMAINING
OIL IN PLACE THRU 1979 OIL IN PLACE
FIELD, STATE (mbb1s) (mbb1s) (mbbls)
PERMIAN-GUADALUPE (313) |
1. ARTESIA-San Andres/Grbg.,NM 445,142.1§ » 24,572.0 420,570.1
2. BENSON, NORTH-Queen/Grbg., NM 19,006.5 12,360.0 16,646.5
3. CATO-San Andres, NM 81,885.1 14,472;0 67,413.1
4. E-K-Yates/Queen/Seven Rivers, NM 17,276.8 5,636.0 11,640.8
5. LOCO HILLS-Grbg./San Andres, NM 784,721.7 43,103.0 - 741,618.7
6. LOVINGTON, WEST-San Andres, NM 38,193.2 10,759.0 27 ,434.2
7. MALJAMAR-Grayburg/San Andres, NM 597,545.3 121,282.0 476,263.3
8. PEARL-San Andres, NM 1,527.8 62.0 1,465.8
9. SQUARE LAKE-Grbg./San Andres, NM 23,146.0(?) 23,146.0 -
0. VACUUM-San Andres, NM 703,284.4 180,997.0 .. _ 522,287.4
' TOTALS 2,711,728.9 426,389.0 - 2,285,339.9
PERMIAN-LEONARD (318)
1. CORBIN-Abo, NM 36,844.5 13,052.0 23,792.5
2. EMPIRE-Abo, NM 185,351.0(?) 185,351.0 -
TOTALS 222,195.5 198,403.0 23,792.5
PERMIAN-WOLFCAMP (319)
1. KEMITZ-L. Wolfcamp, NM 15,079.2 14,943.0 136.2
TOTALS 15,079.2 14,943.0 136.2
PENNSYLVANIAN-STRAWN (325)
1. LUSK-Strawn, NM 80,810.8 18,916.0 61,894.8
TOTALS 80,810.8 18,916.0 61,894.8
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TABLE 8
DELAWARE BASIN

EST.ORIGINAL CUM. PROD. REMAINING
OIL IN PLACE THRU 1979 OIL IN PLACE
FIELD, STATE (mbb1s) (mbb1s) (mbb1s)
PERMIAN-OCHOA (311) ’
1. FORT STOCKTON-Yates (Sdstn),TX 562,067.1(?) 25,742.1 536,325.0
TOTALS 562,067.1 25,742.1 536,325.0

PERMIAN-GUADALUPE (313)

1. PRIEST & BEAVERS-Queen-
(Sandstone), TX 33,808.7 1,932.9 31,875.8

TOTALS 33,808.7 1,932.9 31,875.8

PERMIAN-LEONARD (318)
1. FOWLER-Upper Yeso, NM 4,833.8 3,355.0 1,478.8
‘ “ TOTALS - 4,833.8 3,355.0 1,478.8
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TABLE 8

169

EST.ORIGINAL CUM. PROD. REMAINING
OIL IN PLACE THRU 1979 OIL IN PLACE
FIELD, STATE (mbb1s) (mbb1s) (mbb1s)
BEND ARCH
PENNSYLVANIAN-CANYON (323)
. BOX-Palo Pinto Reef, Tx 15,606.6 6,174.5 9,432.1
TOTALS 15,606.6 6,174.5 9,432.1
MISSISSIPPIAN (330)
. SHACKELFORD, N.E.-Miss., TX 286,449.2 (?) 3,652.4 282,796.8
TOTALS 286,449.2 3,652.4 282,796.8
MATADOR UPLIFT
PERMIAN-LEONARD (318)
. ANTON-IRISH-Clear Fork, TX 514,964. 1 123,512.0 391,452.1
TOTALS 514,964. 1 123,512.0 391,452. 1
ANADARKO BASIN
PERMIAN-WOLFCAMP (319)
. QUINDUNO-Albany, TX 14,797.4(?) 14,797.4 -
TOTALS 14,797.4 14,797.4  —eee-
PENNSYLVANIAN (320)

. HITCHLAND-4640, Collier, TX 44,047.7 (?) 3,499.5 40,548.2
2. TWIN-Des Moines, TX 7,791.8(?) 7,791.8 -
3. TWIN-Morrow, TX 12,144.4 2,660.8 9,483.6

TOTALS 63,983.9 13,952.1 50,031.8



9. GEOLOGY OF THE PERMIAN BASIN

A discussion of the geologic history of the Permian basin has not been
included in prior sections of this part of Volume I although the regional
framework and stratigraphic column (Figs. 1 and 2) were presented to aid
the reader in the data presentations which followed. A discussion of Perm-
ian basin geology is pertinent to understanding the environmental condi-
tions that existed in the Permian basin through time which caused the
deposition and later diagenesis of the carbonate rock units considered in
this report. The depositional environment of a reservoir and its later
environment are important to an understanding of the origin of both the
reservoir rock unit and the fluids contained within the pore systems of
that rock unit. For these reasons, the following classic articles on the
geology and hydrodynamics of the Permian basin are recommended for further
reading:

"0il and Geology in the Permian Basin of Texas and New Mexico," by
John Galley, published in Habitat of Oil, AAPG Symposium, 1958;

"0il and Gas in Southwestern Region-Geologic Framework," by George R.
Gibson, published in Fluids in Subsurface Environments, AAPG Memoir 4,
1965;

"Hydrodynamics of the Permian Basin," by Robert P. McNeal, published
in Fluids in Subsurface Environments, AAPG Memoir 4, 1965.

A bibliography of publications referenced in the preparation of this volume
is included in Section 11, pp. 112-125.
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10, CONCLUSIONS AND RECOMMENDATIONS

Calculations of potential quantities of oil to be recovered using enhanced
oil recovery techniques were made using the initial oil in place and cumu-
lative production statistics for each reservoir. The data show that the
Permian basin target reservoirs contained an estimated 55 billion barrels
of oil initially in place. Using a general estimate of enhanced oil recov-
ery potential from COj, flooding equal to 10 percent of initial oil in
place, some 5.5 billion barrels of oil could be recovered by widespread
application of GOy flooding in the Permian basin.

Data developed in this volume show that the bulk of the oil in the carbon-
ate reservoirs of the Permian basin is contained in San Andres and Grayburg
(67 percent), Clear Fork (13 percent), Pennsylvanian (10 percent), and
Devonian (5 percent) reservoirs.

From this distribution, it might be argued that the San Andres should be
the principal target reservoir for future work.

The information compiled and reported in our Task One report (Goodrich,
1980) shows that COj pilot flooding projects have been done or are on-
going in the San Andres reservoirs of the Wasson, Levelland, Slaughter, and
North Cowden fields in Texas. In addition, as part of the "early wells"
work under Tasks Three through Six of this contract, Gruy Federal has
recently completed field operations on a DOE-funded pressure-coring project
in a well drilled by the Texas Pacific Oil Company in the Bennett Ranch
unit of the Wasson field. Data from the pilot projects, all conducted by
major operators, will be widely disseminated to the other working interest
owners, both major and independent, of the large waterflood units in which
the projects are being conducted. Data from the Texas Pacific pressure-
coring project will be made public via Government publication shortly; a
draft of the final report has been submitted for DOE review. It thus seems
that a large body of information will soon be available on the COj flood-
ing potential and pilot performance in the San Andres doloinite reservoirs
on the North and Central Basin platforms.

The other target reservoirs are in the Leonard group, principally the Clear
Fork. A COj flooding target volume of at least 700 million barrels is
projected for the 29 reservoirs identified in this geologic grouping. A
lower priority could be given to Pennsylvanian and Devonian reservoirs,
which also contain substantial initial oil in place. We reason that the
present concentration of effort on the San Andres may overshadow COj
flooding possibilities in these other reservoirs. Puplication of data on
CO, flooding potential would tend to encourage earlier application in
these reservoirs by operators who may have little or no vested interest in
San Andres projects.
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