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PREFACE

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:

I. Summary of available COgq field test data

II. Summary of existing reservoir and geological data

III. Selection of target reservoirs

IV. Selection of specific reservoirs for COg injection tests

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

The report for Task Two consists of a summary of 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 several parts. The present volume, in four parts, is a summary
of reservoir data for fields in the Rocky Mountain states. Volume One con-
tains data for Permian basin fields in west Texas and southeast New
Mexico.

In preparing this report we attempted to obtain all publicly available data
for the fields considered; however, sufficiently reliable data on important
reservoir parameters were not available for every field. We welcome com-
ments from readers who can supply missing data or update the data included
in this report.

We gratefully acknowledge permission to reproduce copyrighted material
granted by the following organizations: the American Association of Petrol-
eum Geologists, the Four Corners Geological Society, the Intermountain
Association of Petroleum Geologists, the Montana Bureau of Mines and Geol-
ogy, the Montana Geological Society, the North Dakota Geological Society,
the Rocky Mountain Association of Geologists, the Society of Petroleum En-
gineers, and the the Wyoming Geological Association.
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DATA PRESENTATION

Data Source Code

Each field summary contains data from numerous sources; hence a data source
code (defined in Table 1) is used to identify the source of each item of
information contained on a data sheet. Frequently, information reported by
different sources differs, either because numbers have been rounded off,
because additional data were available in later reports, or because of
errors. On each field data sheet, the sources of data items and the data
reported by each source are shown as follows:

4c, 4d, 1 DISCOVERY YEAR 3-1950, 11-1949, 1949

In this example, data source 4c (from Table 1), Bureau of Mines Bulletin
629, reports the discovery year as March 1950; source 4d, North Dakota Geo-
logical Society 1967 Symposium, reports the discovery year as November
1949; and source 1, Petroleum Data System, reports the discovery year as
1949. When two or more sources agree on an item, the data are shown as
follows:

4c, 4d, 1 DISCOVERY YEAR 1949

Field data were compiled by state; therefore the same reference may be
listed under more than one code when used in several states. Table 1 notes
the states for which each data source was used.

Oil and gas production data are reported for the latest year available in

each state. Oil production is given in thousands of barrels and gas in
millions of cubic feet throughout.

Explanation of Terms and Abbreviations

The abbreviations used in this report follow those used by state oil 2ad
gas reporting agencies. Table 2 provides a list of abbreviations and termns
used in this report.

Williston Basin and Sweetgrass Arch

Figures 1 and 2 show the boundaries of the Williston basin and the Sweet-
grass arch and the location of oil and gas production. Figure 3 is a
composite correlation chart for the Williston basin of North Dakota and
Montana. Figure 4 provides a cross section of the basin and a composite
stratigraphic section indicating principal oil-producing zones. Figure 5
is a generalized stratigraphic section of Montana which shows a section
with production zones in the Sweetgrass arch area.



TABLE 1
DATA SOURCE CODE FOR ROCKY MOUNTAIN STATES FIELDS

Code Source of Information
1 Petroleum Data System, OILY data bases
Wyoming
2a Wyoming Oil and Gas Fields, Greater Green River Basin, Wyoming, Wyoming Geological Association (1979)
2b Wyoming Oil and Gas Fields by Formation, Oil and Gas Fields Symposium Committee (1973)
2c Petroleum and Natural Gas Fields in Wyoming, by Paul Biggs and Ralph H. Espach; U.S. Department
of the Interior, Bureau of Mines, Bulletin 582 (1960)
2d Wyoming Oil and Gas Statistics, Wyoming Oil and Gas Conservation Commission (1979)
Montana
3a Oil Fields in the Williston Basin in Montana, North Dakota, and South Dakota, by J. R. Hamke, L. C.

Marchant, and C. Q. Cupps; U.S. Department of the Interior, Bureau of Mines, Bulletin 629 (1966)

3b Oil and Gas Conservation Division Annual Review for the Year 1979 Relating to Oil and Gas, vol. 23,
Dept. of Natural Resources and Conservation of the State of Montana

3c First International Williston Basin Symposium, North Dakota Geological Society and Saskatchewan
Geological Society (1956)

3d Williston Basin Symposium, 1978, Economic Geology of the Williston Basin, 24th Annual Conference,
Montana Geological Society.

3e Oil and Gas in Montana, by Eugene S. Perry; Montana Bureau of Mines and Geology, Bulletin 15 (1960)

North Dakota and South Dakota

4a (()lfgisc(:)l?l Oil in North Dakota, Production Statistics, First Half 1979, North Dakota Geological Survey

4b Oil Production Report, North Dakota State Industrial Commission, North Dakota Geological Survey (1980)

4c Oil Fields in the Williston Basin in Montana, North Dakota, and South Dakota, by J. R. Hamke, L. C.
Marchant, and C. Q. Cupps; U.S. Department of the Interior, Bureau of Mines, Bulletin 629 (1966)

4d Oil and Gas Fields of North Dakota, A Symposium, 1967 Supplement, North Dakota Geological Society

4e Oil and Gas Fields of North Dakota, A Symposium, North Dakota Geological Society (1962)

4f Williston Basin Sumposium, North Dakota Geological Society and Saskatchewan Geological Society (1956)

4g Williston Basin Symposium, 1978, 24th Annual Conference, Montana Geological Society

Utah

S5a Oil and Gas Fields of Utah, A Symposium, Intermountain Association of Petroleum Geologists (1961)

5b Oil and Gas Fields of the Four Corners Area, Four Corners Geological Society (1978)

Sc Wyoming Oil and Gas Fields, Greater Green River Basin, Symposium, Wyoming Geological Association
Q1979)




TABLE 1 (continued)

Code Source of Information

Colorado

6a Oil and Gas Field Volume, Colorado, Nebraska, The Rocky Mountain Association of Geologists (1961)

6b Oil and Gas Fields of Colorado, The Rocky Mountain Association of Geologists (1954)

6c Geology of the Southwestern San Juan Basin, Second Field Conference, Four Corners Geological Society
(1957)

6d Oil and Gas Fields of the Four Corners Area, Four Corners Geological Society (1978)

6e Wyoming Oil and Gas Fields, Greater Green River Basin, Symposium, Wyoming Geological Association
(1979)

6f 1979 Oil and Gas Statistics, State of Colorado Oil and Gas Conservation Commission, Department of
Natural Resources

New Mexico

7a Annual Report of the New Mexico Oil and Gas Engineering Committee, Vol. II, Northwest New Mexico

(1979)
7b ?fgcr}:)gy of Southwestern San Juan Basin, Second Field Conference, Four Corners Geological Society
General
8 Petroleum Geology of the United States, by K. S. Landes; John Wiley & Sons, New York (1970)
9 American Association of Petroleum Geologists, Bulletin
10 Journal of Petroleum Technology
11 Gruy Federal calculations for missing reservoir properties data
12 Other geological publications (referenced on field data sheet)
13 International Oil and Gas Development Yearbook, International Oil Scouts Association
14 Geologic Atlas of the Rocky Mountain Region, Rocky Mountain Association of ‘Geologists (1972)




TABLE 2
ABBREVIATIONS AND TERMS

Abbre-

viation Meaning

A, ABD Abandoned

API American Petroleum Institute
BBL(S) Barrels

BOD Barrels of oil per day

BHP Bottomhome pressure

BW Brackish water

CHEM Chemicals, chemical treatment
CMT Cement

co Company

COq Carbon dioxide

COND Condensate

CONS Consolidated

CsG Casing

CUM Cumulative

Cw Carbonated water

D Day

DEV Devonian

DISC Discovered, discovery, discontinued
DP Disposal project

EB Early breakthrough

EFF Effective, effectiveness

EG Excessive gas-oil ratio

EP Excessive injection pressure
EST Estimated

F Fluid injection; flank; flow
FG Flue gas

FLD(S) Field(s)

FORM Formation

FRAC Fracture

FwW Fresh water

FT Feet

G Gas

GC Gas cycling

GF Gas field

GI Gas injection

GL Gas lift

GOR Gas-oil ratio

GR Gas repressure

GRAV Gravity

GS Gas storage

HORZ Horizontal

HW Hot water

1 Irregular; inverted spot; injection
ICp Injection currently in progress
ID Identification

1G Inert gas

INHB Inhibitors

INJ Injection

IP Injection well plugging

IPD Injection permanently discontinued
ITD Injection temporarily discontinued

Abbre-

viation Meaning

LD Direct line drive

LGS Liquid petroleum gas storage

LM Line

LPG Liquid petroleum gas

M One thousand

MAX Maximum

MCF Thousand cubic feet

MD Millidarcies; miscible displacement

ME Moderately effective

MF Modified flank

MID Middle

MLD Modified line drive

MM One million

MMCF Million cubic feet

MP Modified peripheral

MSL Modified split line drive

No Nitrogen

N New; none

NE Not effective

NO(S) Number(s)

NRG Nergas

OPR, OPER Operator, operated

ORIG Original

OTH Other

P Peripheral; pump

PA Paraffin

PsA Plug and abandon

PCG Processed casinghead gas

PERM Permeability

PGG Processed gas well gas

PI Peripheral and irregular; injection
pressure increasing

PLG Pipeline gas

PLUGG Plugging

PM Pressure maintenance

POR Porosity

PPD Production permanently discontinued

PPM Parts per million

PRESS Pressure

PRG Plant residue gas

PROD Production, producing, productive

PROJ(S) Project(s)

PS1 Pounds per square inch

PTD Production temporarily discontinued

REC Recovery

RESP Response

RGG Raw gas well gas

SEC Secondary

sD Sand

SI Shut in

SLD Staggered line drive

SQz Squeeze



Abbre-

viation Meaning

SR Secondary recovery
SS Sandstone

SSW Surfactant and salt water
STM Steam

sucC Successful

SURF Surface

SwW Salt water; single well
SWD Salt water disposal
SYS System

TBG Tubing

TEMP Temporary

TH Thermal

TLW Tank liquid waste
TOT Total

TRT Tertiary recovery test
TS Total solids

TABLE 2 (continued)

Abbre-

-viation Meaning

UD Undetermined
ULT Ultimate

UNK Unknown

VE Very effective
VOL(S) Volume(s)

w Wells

w/ With

WF Waterflood

WwI Water injection
WIwW Water injection well
WOR Water-oil ratio
YR(S) Year(s)

% Percentage
°API Degrees API
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DATA
SOURCE
CODE

8,6d

8,6d
8,6d

6d

STATE cececcccncrncnccccannna-
COUNTY~ ccaa -
REGULATORY DISTRICT- -

BASIN
SUB-BASIN- -
FIELD
RESERVOIR-~
GEOLOGIC AGE-- -—
AAPG STRATIGRAPHIC AGE CODE--ee-eecce-

RESERVOIR LITHOLOGY -

Colorado - Cache
Paradox - Ismay
Paradox Basin

Colorado
Montezuma

Paradox

Cache

Ismay zone of the upper Paradox Fm.
Pennsylvanian

325

Porous strata in a group of "stacked"

biohermal carbonate mounds and local zones of leached fossiliferous dolomite,
interbedded shales, dolomites, and limestones with bioclastics.

TRAPPING MECHANISM-ewecccecccccccnceaan

DISCOVERY YEAR: -
PROVED ACREAGE ,——-

REGULAR WELL SPACING (acres/well)eee=--
RESERVOIR DEPTH- -

RESERVOIR THICKNESS-

GROSS---

NET/GROSS RATIO
POROSITY

TYPE-- -

FRACTION
PERMEABILITY

RANGE- -

AVERAGE--

HORIZONTAL

VERTICAL- e
OTHER INFORMATION- -- -- -

PRODUCTION STATISTICS
(oil in mbbls, gas in mmcf)
TOTAL NUMBER OF WELLS-- -
PRODUCTION 1976 o0il (cum)-ccccccccacaa
PRODUCTION 1977 o0il (cum)eccccccccccaa
PRODUCTION 1978 0il (cum)e-cecccccaccaaa
‘PRODUCTION 1979 o0il (cum)ececcccccccccaa
‘PRODUCTION PRESENT
SECONDARY RECOVERY RECORDS?cecccccccac-
WATER ANALYSIS RECORDS?
OTHER DATA ‘
STRUCTURE CONTOUR?-cccecccccncccacs
LOGS? - ———-
STRUCTURE SECTION?ccccccccccccncea
ENGINEERING REPORTS?eccccccceccccax
CORE DESCRIPTIONS7ccccccccccccaaaa

12

Stratigraphic and structural;
stratigraphic.

1964

1040

40

5600, 5428, 5620

57
180
Acre feet of net pay: 38,581

Interparticle porosity - vugs & voids
.1043

1.4 to 27.2 nd
12.3 md

32 (11P, 9SI, 2A, 71, 3DH)
3231 mbblsy 6363.6 rmcf gas

3376.9 oil; 6565.1 gas
230 BOD

waterflood

yes

yes
yes
yes
yes



RESERVOIR DATA

6d

FIELD:
RESERVOIR:
PROD. ACRES:

AVG. THICKNESS (FT.):

FORMATION VOLUME FACTOR INITIAL (FVF/INT):

FORMATION VOLUME FACTOR LATEST (FVF):
WATER SATURATION (S,):

OIL SATURATION (Sgp):

PRIMARY DRIVE MECHANISM:

PRIMARY GAS CAP?:

TEMPERATURE (°F):

SATURATION PRESSURE/BUBBLE POINT PRESSURE (psi)

RESERVOIR PRESSURE INITIAL (psi):
RESERVOIR PRESSURE LATEST (psi):
GAS OIL RATIO INITIAL (GOR/INT) (cf/bbl):

GAS OIL RATIO LATEST (GOR) (cf/bbl):

STOCK TANK OIL GRAVITY (CAPI):

OIL VISCOSITIES (uo
MINIMUM MISCIBILITY
ESTIMATED ORIGINAL OIL IN PLACE FOR

Hop)
L ORE OMP) :

SRPs:

ESTIMATED PRIMARY OIL RECOVERED FOR SRPs:

OTHER INFORMATION:

Cache

Ismay zone

1040

99

« 39

soln, gas; partial water

143

2,165

Z,170

918

45

.35 Cp

Waterflood: began 3/1968 uses 11 producing wells and 7

injection wells

Water analysis:

ds 62,700 ppm

Na 19,900 ppm
Ca 2,660 ppm
Mg 673 ppm
C1 34,900 ppm
HCO 176 ppm
Totgl soli
Resistivity

pH 7.5
sp.grav. 1.045

13
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CACHEFIELD

CACHE FIELD

(Oi)
T.3 N, R. 20 W., NMPM
Montezuma County, Colorado

GEOLOGY
Regional Setting: Colorado portion of Paradox Basin,
Montezuma County, Colorado
Surface Formations: Jurassic, Morrison Formation

Explorstion Method Leading to Discovery: Seismic, sub-
surface and surface geology

Type of Trap: Combination structural-stratigraphic

Producing Formation: Pennsylvanian, Paradox Formation
(Ismay Member)

Gross Thickness and Lithology of Reservoir Rocks: 180 feet,
interbedded shales, dolomites, and limestones with bio-
clastics

Geometry of Reservoir Rock: Bioclastic mound buildups
Other Significant Shows: None

Oldest Stratigraphic Horizon Penetrated: Pennsylvanian,
Paradox Formation (Akah Member)

DISCOVERY WELL

Name: Pan American Petroleum No. 1 G. L. Veach
Locstion: NW NWsec.2, T.34N,,R. 20 W.

Elevation (KB): 4,922 feet

Date of Completion: October 26, 1964

Total Depth: 5,744 feet

Production Casing: 8 5/8" at 1,376 feet; 5% ” at 5,744 feet

Perforations: 5,428 to 5,452 feet; 5,462 to 5,473 feet; 5,522
10 5,542 feet; 5,558 10 5,578 feet

Stimulation: Acid, 10,000 gallons
Initial Potential: 1,434 BOD
Bottom Hole Pressure: 2,170 psia

DRILLING AND COMPLETION PRACTICES

Set 8 $/8” surface casing at 1,368 feet with 490 sacks of
cement. Set 5% " production casing at 5,744 feet. Perforated
Ismay and acidized for completion.

RESERVOIR DATA

Productive Area:
Proved (as determined geologically): 1,040 acres
Unproved: 0acres
Approved Spacing: 40 acres
No. of Producing Wells: 20 original, 11 present
No. of Abandoned Wells: 2
No. of Injection Wells: 7
No. of Dry Holes: 3

Average Net Pay: 57.0 feet
Acre Feet of Net Pay: 38,581 acre feet
Porosity: 10.43 percent

From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREA, 1978,

Four Corners Geological Society, Source 6d.

By: John T. Wold
Amoco Production Co.

Permeability: 12.3 millidarcies, ranges from 1.4 to 27.2 milli-
darcies

Water Saturation: 35 percent

Initial Field Pressure: 2,170 psia

Type of Drive: Solution gas and partial water

Gas Characteristics and Analysis: (In percent) CO. .55,
methane 65.96, ethane 15.94, propane 9.31, normal
butane 3.03, hexane .84; specific gravity .851; Btu 1,436

Oil Characteristics and Analysis: Viscosity .35 centipoise,
bubble point 2,165 psia; 45° API gravity; gas-oil ratio 918

Associated Water Characteristics and Analysis: Na 19,900
ppm; Ca 2,660 ppm; Mg 673 ppm; Cl 34,900 ppm; HCO,
176 ppm; solids 62,700 ppm; resistivity .11 ohm; pH 7.5;
specific gravity 1.045

Contact Datum: Oil-water at -640 feet in upper Ismay, -670
feet in lower Ismay

Estimated Primary Recovery: Not available

Type of Secondary Recovery: Waterflood

Estimated Ultimate Recovery: Not available

Present Daily Average Production: Approximately 230 BOD

Market Outlets: Oil: Four Corners Pipeline; gas: El Paso
Natural Gas Co.

FIELD COMMENTARY

The Cache field is the most productive oil field in the Colo-
rado portion of the Paradox Basin. Oil and gas reservoirs are
Jocated along a northwest trend of carbonate structures in the
Ismay Member (Des Moines age) of the Paradox Formation.
The field is located in Montezuma County, Colorado, one
mile east of the Utah state line and ten miles east of the pro-
lific Aneth complex.

The Cache field was discovered in October, 1964, with the
completion of the Cactus No. 2 discovery well, in the NW %
NW of sec. 2, T. 34 N., R. 20 W, later named the G. L.
Veach No. 1. A total of 23 wells have since been drilled to the
Pennsylvanian age Ismay reservoir. Of these, 20 have pro-
duced oil and three were dry holes. There are no plans for ad-
ditional development drilling since the productive limits of the
field have been defined on all sides by porosity pinchouts.
Spacing is 40 acres per well.

The Ismay producing zone averages 180 feet in thickness
and consists of interbedded shales, anhydrites, dolomites and
limestones. The hydrocarbon source for the field is considered
to be the dark shales and dark carbonaceous units that sub-
divide the Paradox Formation. The reservoirs, at an average
depth of 5,620 feet, are largely stratigraphic in nature and are
confined to porous and permeable zones within a group of
stacked biohermal or biostromal carbonate (algal banks)
mourid buildups and local zones of tan-brown earthy dolo-
mites. The favorable zones of porosity and permeability occur
within the algal buildups which are composed principally of
calcified leaves of the alga Ivanovia, along with foraminifers,
brachiopods and encrusting bryozoan.

{Four Comers Geological Society
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CACHEFIELD

Excellent porosity is due to interparticle porosity between
the leafy debris of the Jvanovia and the formation of vugs and
voids. Where secondary leaching of /vanovia has occurred,
high porosity and permeability exists. Erratic porosities and
permeabilities are found where cementation by -calcite,
dolomite and anhydrite has sealed or greatly reduced fluid
mobility and where interparticle infilling has occurred.

Cyclic deposition which is strongly characteristic of the
Paradox Formation also occurs within the Ismay on a smaller
scale. The Ismay at Cache field is divided into upper and
lower subzones which consist of at least twelve carbonate
lithologic units. These units are indicative of shallow water
conditions on a typical shelf or platform area. The lower sub-
zone was deposited during a normal-marine environment
similar to modern day carbonate deposition. The upper sub-
zone represents an evaporitic cycle associated with anhydrites,
extensive dolomitization, and the noticeable lack of fauna.
Both subzones contribute to oil and gas production.

Shortly after the field dimensions were determined, it was
realized that secondary recovery methods would be necessary

to achieve maximum oil production. A Cache water injection
program commenced in March, 1968, and has continued to
the present. The waterflood utilizes 11 producing wells and
seven injection wells. Cumulative production from the field
through December 31, 1977, has totaled 3,230,610 BO.
Cumulative gas production through the end of 1977 amounts
10 6,363,642 MCFG.

The writer expresses appreciation 10 Amoco Production
Company for permission to publish this paper and fully
acknowledges the previous work on the Cache field by R. S.
Gray.

REFERENCES

Amoco Production Company, unpublished reports.

Gray, R. S., 1967, Cache Field—A Pennsylvanian Algal Reservoir in
Southwestern Colorado: Am. Assoc. Petrol. Geol. Bull., Vol. 1,
No. 10, p. 1959-1978.

From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREA, 1978,

Four Corners Geological Society, Source 6d.

CACHE FIELD

. PRODUCTION
NO. OF WELLS @ YR END ° OIL IN BARRELS
GAS IN MCF
NJECTION
YEAR TYPE PROD. SI/ABN ANNUAL| CUMULATIVE
ou 0 13 133,796 2,827,346
W13 g, 10 13 96,169 898 273
e |2 10 13 115,715 943 061
Go 0 1 100,533 998 806
w75 |00 n 105,262 048 323
Gas 11 123 645 122 451
1976 O 11 93127 3 141 450
[ n 1 138,300 | 6,260,751
977 |08 " 12 89,159 | 3.230,609
Gas 1 12 102 891 6,363 642 -
AnEn conpLEx oS I o ISMAY FLODINE PaRK
° < CACHE FIELD
[]
UTAH | __ coLoraD0
- - S e
ARIZONA I NEW MEXICO
.
[[1]] 1
1400 (
FIELD PERFORMANCE
1200 swPd
[ {14]
7
100 - - 40
SWPD uJECTED
800 -1 3000
RS < 2000
400 - -1 1000
l.. i A1 1 11 v - | 1 A ol A A

1964 65 66 67 63 69 20 N1

171374 15 16 17 18 1

Oil and Gas Fieids of the Four Comners Area)
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Colorado - Flodine Park
Paradox - Ismay
Paradox Basin

DATA
SOURCE
CODE STATE-~-ewecemmecencccccacccmcenceeaean Colorado
a COUNTY===memeecccccoccccccac e nec————— Montezuma
REGULATORY DISTRICT---===c=ecccccccaan
1, 6d BASIN-=---cecccccccccecccccec e c————— Paradox
1 T N E T T——"
6a,bd FIELD--ccemcrmrcmcceeec—ceec e e o e—— Flodine Park
6a,bd RESERVOIR--=m=reemeee—eeeeceece e —oae Ismay zone (Hermosa)
ba GEOLOGIC AGE-=-eccccccrcccecmceccacaaan Mamaton Group of the Des Moines, Penn.
I AAPG STRATIGRAPHIC AGE CODE-=mmm=e-eee 320
6a,6d RESERVOIR LITHOLOGY-===-mcecmcacccaaana Algal-skeletal limestones with vug
porosity and gray-tan dolomites; stacked mound-like carbonate buildups,
generally elongated northeast.
6a, 6d TRAPPING MECHANISM-=cemccccacccmcaanaa Porous reefal carbonates grading to
non-porous normal marine carbonates, evaporitic carbonates and evaporites;
stratigraphic, markedly influenced by structure.
6d, 131 DISCOVERY YEAR--=--eemccmccccccccccaaaa 1959
6a,6d PROVED ACREAGE-=e-ccccccccmcaccmcanna- +500, 1440
6a, 1 REGULAR WELL SPACING (acres/well)-ee-- 80
RESERVOIR DEPTH-e-c-ccccccmmcccccanan- 5860 - 5950 (2 zones)
RESERVOIR THICKNESS
6d NET PAY-=eo-icmccmccmcmccccccccaee 41 ft.
6a,6d GROSS--=meme e 78, 80 ft.
6d NET/GROSS RATIO-e-ececcccccccmcanan 200 ft. log
POROSITY
Ba 14 23 O Intercrystalline and vuggy
6a,1,6d FRACTION-=cmoccccmam e cccccceeeee .108, .108, .11
PERMEABILITY
RANGE-=-cc e e e
3a2125d AVERAGE--caccccmccmc e ccccmcccccea 3.84 md, 3.84 md, 13 md
HORIZONTAL-weececccncccccnccccccnaa
VERTICAL---=mecmemeccccccmcmccaaaa
OTHER INFORMATION-=cccccacccmmcacccaan
1974 cum. oil is 1938 mbbls
PRODUCTION STATISTICS
(oil in mbbls, gas in mmcf)
6d TOTAL NUMBER OF WELLS-=eeeeeccecccacaan 20 (9P, 1A, 10DH)
6d PRODUCTION 1976 0il (cum)ecececaccaaaa 2025
6d PRODUCTION 1977 -0il (cum)eeeecccccccaa 2061
PRODUCTION 1978 0il (Cum)e-cccmeecemen- :
6f PRODUCTION 1979 o0il (cum)--eecccceceee 2126.7 oil; 7820.0 gas
6f PRODUCTION PRESENT 94 BOD, 432 mcfgd
6d SECONDARY RECOVERY RECORDS?-cccecamac- none
WATER ANALYSIS RECORDS?-ccccccccccccaaa
OTHER DATA
12a.6a,6d STRUCTURE CONTOUR?ccececcmcccanaaa yes
6a,6d LOGS?ecmmccccm e nccccccemeem yes
123,62 STRUCTURE SECTION?ccccccmccccacaaa yes
6d ENGINEERING REPORTS?ececccccecaccs yes
CORE DESCRIPTIONS?cccaccccaccaccan

17



RESERVOIR DATA

DATA SOURCE
CODE FIELD: Flodine Park

1 RESERVOIR: Ismay

6a, 6d PROD. ACRES: +500, 1440

6d AVG, THICKNESS (FT.): 41
FORMATION VOLUME FACTOR INITIAL (FVF/INT):
FORMATION VOLUME FACTOR LATEST (FVF):

6d WATER SATURATION (S,): .41
OIL SATURATION (Sp):

6a.1.6d PRIMARY DRIVE MECHANISM: gas solution
PRIMARY GAS CAP?:

11 TEMPERATURE (°F): 146
SATURATION PRESSURE/BUBBLE POINT PRESSURE (psi)

6d RESERVOIR PRESSURE INITIAL (psi): 2212
RESERVOIR PRESSURE LATEST (psi):

6d GAS OIL RATIO INITIAL (GOR/INT) (cf/bbl): _ 820
GAS OIL RATIO LATEST (GOR) (cf/bbl):

_6a,1,8a3,6d STOCK TANK OIL GRAVITY (°API): 43,9, 44, 44, 44.8
OIL VISCOSITIES (ug4/Mop):
MINIMUM MISCIBILITY SSURE (MMP):
. ESTIMATED ORIGINAL OIL:

6d ESTIMATED PRIMARY OIL: (14% to 39%) 2300 to 8500 mbbls
OTHER INFORMATION:

12a Reference: Elias, Gregory K., 1963, "Habitat of Pennsylvanian
Algal Bioherms, Four Corners Area", in Shelf Carbonates of
the Paradox Basin - Symposium: Four Corners Geological Society.

6d Water analysis: "salt water"

18



R.M.A.G. Oil & Gas Field Volume, Colorado-Nebraska—1961

Prepared by: R. N. MERCURIO
HuMBLE O. & REF. CO.
AUGUST, 1961

DISCOVERY DETAILS

Method

Subsurface geology.

Well

Name: Lion Oil Division of Monsanto Chemical Co.
No. 1 Retherford, 1880 FNL and 2310’ FEL sec. 15, T.
35 N, R.20 W.

ggsrgpleted: April 18, 1959. Perforated 5862-5872, 5944-

Treatment : Perfs. 5862-5872 w/500 gallons mud acid,
perfs. 5944-5950 w/300 gallons mud acid.

Initial Potential: Well flowed 400 BOPD through
25/64" choke with a G.O.R. of 820 cu. ft./bbl.

GEOLOGY

Producing Zones

Ismay zone, Marmaton group of the Des Moines,
Pennsylvanian system.

Other Shows

None.

Trap Type

Stratigraphic—Porous reefal carbonates grading to
non-porous normal marine carbonates, evaporitic car-
bonates and evaporites.

Lithology
Buff to brown algal-skeletal limestones with vug por-

osity and gray-tan dolomites w/fine intercrystalline to
vug porosity.

Maximum Reservoir Thickness

8.

Regional Setting

The Flodine Park Pool is located on the northwest-
southeast Ismay reefal trend. Approximately 1 mile
east of the Ismay Field.

Deepest Formation Penetrated

Paradox Akah zone—Total depth 6100'.

DEVELOPMENT DATA

Total Wells
Completed Oil:
Producing Oil:
Abandoned Oil:

Gas:
Dry and Abandoned:

Well Spacing
80 acres.

Logging Practice

Induction-Electric log from surface casing to total
depth. Radioactivity log or Gamma Ray-Sonic and
Micro-log with caliper from top of Pennsylvanian to
total depth.

Completion Practice

200 to 300 feet of 10% “ to 13-3/8" surface casing with
533" production casing set through the producing in-
terval and perforated. Produced flowing through
choked tubing.

VOOowWwwW
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FLODINE PARK FIELD
ISMAY POOL
T. 35 N., R. 20 W.
MONTEZUMA COUNTY, COLO.

RESERVOIR DATA

Type of Drive

Gas solution.

Estimated Gas in Place
Not available.

Estimated Recoverable Oil
Not available.

Oil Zone Thickness
Maximum: 78
Porosity

10.88%.

Permeability
3.84 md.

Area
=+ 500 acres

Gas Characteristics
Not available

Oil Characteristics

Gravity: 43.9° API
Sulphur: 0.07

Initial Solution GOR: 820:1
Base: Paraffin

Associated Water Characteristics
No formation water produced.

Pressure Maintenance or Secondary Recovery
None.

Average: 55

*PRODUCTION

Cumulastive Production through 1960
40,505 bbls. and 94,507 MCFG

Production in 1960
9,947 bbls. and 34,760 MCFG

Market Outlet

Oil: Trucked to Aneth loading station, San Juan
County, Utah.

Gas: El Paso Natural Gas Company pipeline.

(*°NOTE: Taken from discovery well only. Two con-
firmation producing wells completed in 1961).

REFERENCES

Carr, W. E., and White, C. (1958). °*The Ismay Oil
Field.” I.A.P.G. Guidebook To The Geology Of
The Paradox Basin, .... pp. 278-280.

Carter, Kenneth E. (1958). “Stntiinphy of Desert
Creek and Ismay Zones and Relationship to Oil,
Paradox Basin, Utah.” 1.A.P.G. Guidebook To
'll;hse Geology Of The Paradox Basin, .... pp. 138-

Wengerd, Sherman A. (1958). “Pennsylvanian Strati-
graph&' Southwest Shelf, Paradox Basin”. I.A.

.G. Guidebook To The Geology Of The Paradox
Basin, .... pp. 109-135.

From: OIL AND GAS FIELD VOLUME, COLORADO-NEBRASKA, 1961,

The Rocky Mountain Association of Geologist, Source 6a.



RM.A.G. Oil & Gas Field Volume, Colorado-Nebraska—1961

From:

FLODINE PARK POOL
50' CONTOURS - ISMAY PAY

WITH

40' NET PAY CONTOURS SUPERIMPOSED

OIL AND GAS FIELD VOLUME, COLORADO-NEBRASKA, 1961,
The Rocky Mountain Associatfon of Geologist, Source 6a. ROCKY
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FLODINE PARK

FLODINE PARK

(Oil)
T.35N,, ;t 20 W., NMPM
Montezuma County, Colorado

GEOLOGY

Regional Setting: Southeast part of Paradox Basin along
north margin of a broad shallow marine platform

‘Surface Formations: Cretaceous, Dakota Sandstone and
Burro Canyon Formation; Jurassic, Morrison Formation

Exploration Method Leading to Discovery: Surface map-
ping, subsurface geology, and minor geophysics

Type of Trap: Stratigraphic, markedly influenced by struc-
ture

Producing Formation: Ismay Zone of Paradox Formation

Gross Thickness and Lithology of Reservoir Rocks: Approx-
imately 80 feet of lenticular bioclastic carbonates; two
zones or three

Geometry of Reservoir Rock: Stacked mound-like carbonate
buildups, generally elongate northeast

Other Significant Shows: None

Oldest Stratigraphic Horizon Penetrated: Akah Zone of
Paradox Formation

DISCOVERY WELL

Name: Lion Oil, Division of Monsanto Chemical Co. No. 1
Retherford

Location: SW NE (1650° FNL and 2310’ FEL) sec. 15, T. 35
N.,R.20W.

Elevation (KB): §,327 feet

Date of Completion: April 16, 1959

Total Depth: 6,100 feet

Production Casing: 5%2" to 6,018 feet with 250 sacks of
cement

Perforations: 5,862 to 5,872 feet (20 perforations), 5,944 to
5,950 feet (12 perforations)

Stimulation: Treated with mud acid (300 to 500 gallons)

Initial Potential: Flowed 400 BOD on 25/64" choke (gas-oil
ratio 820:1, tubing pressure 125 psi, casing pressure 325
psi)

Bottom Hole Pressure: 2,212 psia

DRILLING AND COMPLETION PRACTICES

Surface casing 7 5/8" to 13 5/8", set from 100 to 300 feet,
production casing, 44" to $%2° to total depth, perforated
from log interpretation, acidize with 3,000 to 7,000 gallons,
15 percent mud acid.

RESERVOIR DATA

Productive Area:
Proved (as determined geologically): 1,440 acres
Unproved: Unknown
Approved Spacing: 80 acres

Oil and Gas Fields of the Four Corners Area)

By: D.F.Mecham
Marathon Oil Company

No. of Producing Wells: 9
No. of Abandoned Wells: 1
No. of Dry Holes: 10

Average Net Pay: 4] feet
Porosity: 11 percent
Permeability: 13 millidarcies
Water Saturation: 41 percent
Initial Field Pressure: 2,212 psia
Type of Drive: Solution gas

Gas Characteristics and Analysis: 44.8° API gravity, low
sulfur, green, paraffin base

Associated Water Characteristics and Analysis: Salt water

Original Gas, Oil, and Water Contact Datums: Oil-water
~650 feet

Estimated Primary Recovery: 2,300,000 to 8,500,000 BO (14
to 39 percent)

Type of Secondary Recovery: None

Estimated Ultimate Recovery: Same as estimated primary
recovery

Present Daily Average Production: 94 BOD, 432 MCFGD,
77 BWD (October 1977)

Market Outlets: Most of field through Texas-New Mexico
pipeline

FIELD COMMENTARY

The Flodine Park field is located in southwest Colorado,
approximately 15 miles north of the common corner of Utah,
Colorado, Arizona, and New Mexico (the Four Corners). The
field is bounded on the west by the Utah-Colorado state line
and occupies parts of three sections in T. 35 N., R. 20 W. in
Montezuma County, Colorado. The field is closely related to
and is an extension of the Ismay field, to the west, in Utah. It
is on the east end of the broad, gently west-dipping Ismay
structural nose and produces from essentially the same inter-
val and under stratigraphic and structural conditions similar
to the Ismay field.

Production is from the Ismay Zone of the Paradox Forma-
tion of middle Pennsylvanian age. The reservoir rock is
primarily lenticular deposits of bioclastic carbonates that
often contain fragmented debris of calcareous algae as a ma-
jor constituent. These buildups have been interpreted as
generally flat-bottomed, convex-upward mounds that prob-
ably interfinger with adjacent facies. The lower Ismay buildup
that occurs in Flodine Park and extends southwesterly into
Utah has been described as roughly 10,000 feet long, up to
3,500 feet wide, and about 40 feet thick by Choquette and
Traut (1963, p. 163). It is also of considerable importance that
these buildups occur in stacked positions but are generally
shifted laterally with respect to the underlying buildups. Two
or three occur in the Flodine Park area.

Although the carbonate buildups vary from irregular to
elongate, the general grain throughout (and markedly so in

From: OIL AND BAS FIELDS OF THE FOUR CORNERS AREA, 1978,
Four Corners Geological Society, Source 6d.
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FLODINE PARK

the elongate type) is generally northeast at nearly right angles
1o the structural trend in the Ismay-Flodine Park area. This
type of occurrence and trend is very prominently displayed in
the Flodine Park area. Stacking of the individual buildups
results in individual wells in various parts of the field en-
countering one, two, or all three buildup zones. The buildup
in both the lower and upper Ismay at Flodine Park crosses
into Utah and is there a part of the Ismay field (Choquette
and Traut, 1963, p. 161-162). Within the area outlined, 20
wells have been drilled; 10 producers and 10 dry holes. One
producer has been subsequently abandoned. Dry holes mark
the northern and eastern limits of the field.

REFERENCES

Choquette, P. W, and Traut, J. D., 1963, Pennsylvanian Carbonaic
Reservoirs, Ismay Field, Utah and Colorado, in Four Corners
Geological Society 4th Field Conference Guidebook, p. 157-184.

Elias, G. K., 1963, Habitat of Pennsylvanian Algal Bioherms, Four
Corners Area, in Four Corners Geological Society 4th Field Con-
ference Guidebook, p. 185-203.

Mercurio, R. N., 1961, Flodine Park Field, in Rocky Mountain
Association of Geologists Oil and Gas Field Volume, Colorado-
Nebraska, p. 128-129.

Stowe, C., 1970, Oil and Gas Production in Utah to 1970, in Uitah
Geological and Mineralogy Survey Bulletin no. 94, p. 108-110.

| .Y, PRODUCTIOR
NO. OF WELLS @ YR. END |e>=OIL IN BARRELS
UV T GAS IN MCF
YEAR | TYPE | PROD. | SI/ABN’| ANKUAL | CUMULATIVE
— 011 1 3 35,887 35,887
1959 [Gas 59,747 55,747
0 1 3 9,047 45,854
1960 —5as 34,760 94,507
1961 011 3 4 50,129 95,963
Gas 54,529 149,036
1962 |01 © 3 182,320 278,283
Gas 259,546 408,582
1963|011 3 6 335,150 613,433
Gas 648,1211 1,056,703
1964} 011 10 6 253,898 867,351
Gas 792,056] 1,838,759
1965|011 10 9 226,368 1,095,799
Gas 956 003l 2,805,752
19661011 10 10 171,092 1,264,891
Gas 783,463 3,589,215
1067911 10 10 140,944] 1,405,835
Gas 732,143] 4,321,358
1968211 1 10 10 116,479] 1,522,314
Gas 633,686/ 4,955,034
1969911 8 12 90,3691 1,612,683
Gas k* 500,000] 5,455,044
1970011 9 1 R3,348! 1,696,031
Gas 402,015/ 5,857,059
19711011 9 11 73,805 1,769,836
Gas 365,833 6,222 802
1972}_011 9 11 57.267] 1,827,103
Gas 295,133 6,518,025
19731011 9 11 56,867] 1,883,970
°[ Gas 244,771l 6,762,796
1974] 011 9 11 50,165 1,934,134
Gas 231,291 6,994,087
1975011 9 11 47,375 1,981,510
Gas 231,251 7,225,338
197¢/_011 9 11 43,287 2,024,797
Gas 182,708 7,408,043 |
1077011 9 11__[* 36,000 2,060,797
Gas % 167,000 7,575,043
0i1
Gas

1) Includes dry holes in field area.

* Est. November-December 1977.

From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREA, 1978,

** Est.-figures not available.

[Four Corners Geologica! Society

Four Corners Geological Society, Source 6d.
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FLODINE PARK POOL
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o~ R20w (FROM CHOQUETTE and TRAUT)
64

LION OIL DIVISION

MONSANTO CHEMICAL CO.
RETHERFORD # |
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1000

’

)

88LS, 0L , N GAS MMCF
(thousends) 800- ’ AES [ GAS

-
-

Oil and Gas Fields of the Four Corners Area)

From: OIL AND GAS FIELDS OF THE FOUR CORMERS AREA, 1978,
Four Corners Geological Society, Source 6d.
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FIG. 4.—Two types of Pennsylvanian cycles of deposition found in the area of study. well within
the basin of deposition. curves of relative sea movement are based on the
origin and size of sediments together with interpreted energy. The algal and pellietal
mud limestones denote a shoal or shallow-water area. while the evaporites denote off-
shore shallow depressions. For convenience. the top of the evaporites is used as a
boundary of the cycle instead of the regressive peak.

The illustrated Kansas cyclothem is a theoretically complete cyclothem, meaning that all
components (members) are present. In nature, however, cyclothems at a given control
point are usually incomplete, being governed by geographic location. Each facies in a
cyclothem changes horizontally as well as vertically.

The of comparing the Paradox basin cycles to the Midcontinent cyclo-
thems is not to establish cyclothemic nomenclature for the Paradox basin (although this
will no doubt eventually be attempted), but rather to compare the two provinces in terms
of depositional similarity. It is the belief of this writer that the numerous cyclical
deposits in the Pennsylvanian System of the Paradox basin resulted from numerous
transgressions and regressions of the sea, just as in the Midcontinent area.

In viewing Figure 3 we note that emphasis is placed upon both lithology and the
interpreted habitat of organic assemblages. Different combinations of these two factors
are related to hypothetical distances from shore (shown along the abcissa of the
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graph). Transgressive and regressive phases of sea movement are postulated according

to the plot of the curve. Plots to the left denote a regressive sea movement: plots to the

right, a transgressive movement. The cycle of deposition is identified (by some workers)

as that interval of strata between major regressive peaks on the phase curve, and this

is what the writer has used to establish cycles of deposition in the Paradox basin. al-

gcolugt;: the parameters are somewhat different from those used for the Midcontinent
othem.

In Figure 4 the curve direction is based primarily on the origin of the sediment:
allochthonous (derived from outside the basin) or autochthonous (derived from within the
basin). The sediments are affected regionally and locally by energy, oxidation-reduction
potential (Eh), alkalinity-acidity potential (pH), and salinity. An apparent feature of
the cycle is the loss of terrigenous content in an upward (time) direction. This tendency
for fewer terrigenous clastics (b t into the basin on a regional scale) with time is

estive of a transgressive sea. On the other hand, a renewal of terrigenous clastic
ux is considered to mark the beginning of a regressive sea.

On Figure 4 the terrigenous clastics and the calcareous sediments are subdivided
by ugain size; winnowed terrigenous clastics (quartz sands and silts) grade into clay
muds, and the calcareous muds grade into the winnowed allochems (coarser calcareous
particles). An influx of terrigenous material is believed to be the result of a regional
control, and grain size is probably a valid eriterion to use in determining transgression
and regression. However, changes in grain size for calcareous sediments may be the
result of strictly local conditions (biochemical and(or) physicochemical) and therefore do
not necessarily reflect overall basin environment in regard to relative sea movement.

Evaporite deposits are placed in the regressive phase because they are found en-
closed within terrigenous clastics. Also, the trapping and subsequent evaporation of sea
water suggests an old relict sea rather than a young transgressing sea.

Facies Identification

Figure 5 shows the area of study used to identify the lithic and interpretive com-
ponents of a single cycle of deposition in the Paradox basin. It also shows an
map of the carbonate-containing portion of cycle 1 of the Ismay zone, which reveals a
northwatmndof“tmclumdtmx&" The individual thicks or “pods” are aligned at
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FIG. S.—Isopach map of rﬁ'cle 1 Ismay zone minus the basal sands and shales. Note that al-
though the overall trend of “thickening (mostly carbonates) is northwest-southeast.
individual ‘“‘pods’’ are aligned northeast-southwest.
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FIG. 8.—Isopach map representing the basal carbonate part of the trans ve phase of

gressi
cycle 1 Ismay zone (just prior to Ivamovia growth). Note the incipient ridges already
formed at this time.. The thin veneer of fusulinid facies (clay muds) is found within
the channeis. Channels probably began to form during initial deposition of the
pelletal mud facies.

buildup of the jvanovia facies, being thicker toward the deeper waters (Fig. 6). Life on
a shoal was profusive and very likely included plant life other than Ivanovia. Some of
the algae may have had a cycle like that of Penicillus, which upon death disintegrates
into a multitude of carbonate crystals; these needle-like crystals form the bulk of the
particles in many Recent calcareous muds. Suspension of such particles in the sea water
of cycle 1 would have imparted turbidity which, if not removed, would have considerably
reduced transmission of the sunlight so needed by many organisms. Assuming these
particles were present, as eviden by numerous mud lenses, then they must have been
deposited quickly on the shoals or were washed away 30 as not to interfere with the life
processes of associated organisms. In the channels, where mostly sponges lived, energy
was low and the waters probably remained turbid. Channel water circulation was
shoalward at the surface and off-shoalward on the bottom, which is comparable to
circulation in modern estuaries. The shoalward currents winnowed away some of the
suspended mud-size particles on the shoal, and countercurrents carried them into the
channels and off-shoal area, dropping the &reticles as current capacity and competency
diminished. Figure 9 illustrates the th ss and facies distribution at the end of
deposition of the ivanovia facies.

Upshoal migration of the ivanovia facies ceased with the maximum transgression
of the sea. Regression resulted in the restriction of the basin, and with the evaporation
and increasing salinity of the confined waters, currents of denser brines began to flow
into submarine depressions. The rapidity of regressive movement is suggested by the
asymmetry of a Paradox basin phase curve (Fig. 4), which is comparable to the asym-
metry found in a Midcontinent phase curve (Fig. 3). :

The lowering of base level rejuvenated erosion on portions of the surrour ‘ing
highlands, and coarse terrigenous clastics again washed into the basin. On the shoals,
sediments of the pelletal mud facies regressed over those of the ivanovia facies. Con.
temporaneous coarse terrifenous clastics, not found on the shoals, onlap the pelletal mud
and ivanovia facies. In off-shore depressions, evaporites were precipitated in the order
of der‘;:’osition established by Usiglio (from Clarke, 1924, p. 220) : calcium sulfate, sodium
chioride, potash salts. Facies distribution at the end of cycle 1 is shown on Figure 10.
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FIG. 9.—Isopach map and distribution of ivanovia facies and contemporaneous facles at end of
transgressive phase of cycle 1 Ismay zone. The Ivanevia plants grew only on carbonate-
mud substrates located on earlier-formed ridges in the shoal environment. The best
interparticle primary porosity. formed by winnowing of the ivanovia facies. is com-
monly found near the channels and at the basinal edge of the bioherm.

SIGNIFICANCE OF BIOHERM-EVAPORITE-TECTONISM RELATIONSHIP

Figure 11 illustrates an area containing cycle 1 evaporites and also shows the
axial trends of enclosing northwest-trending structures. Note that cycle 1 evaporites
occupy a synclinal position. Since evaporites are likely to be deposited in submarine
depressions, the synclinal position may suggest that the submarine depression was tec-
tonically controlied and that it was into such tectonic sags that heavy salt-laden water
flowed during the regressive phase of the depositional cycle. This concept is not out of

y with other evidence for the age of folding. The anticlinal axes to the north,
which parallel those enclosing the cycle 1 evaporites (Fig. 11), are the famous salt flow-
age anticlines of the Paradox basin. Work by Stokes (1956) and Elston (19601 have
dated tectonic movement or the salt anticlines as far back as the Pennsylvanian Period.

If tectonic sags occurred, it stands to reason that tectonic highs also resulted.
‘The area of study has revealed the presence of bioherms on the southern edge of cycle 1
evaporites. Other bioherms are also found in many cycles along the northern edge. The
relationship between bioherm, evaporite, and structure strongly suggests that the north-
west-trending folds are areas where bioherms are likely to be found.

PALEOGEOGRAPHY

The geometr{ and origin of local bioherms containing important reservoirs has
been interpreted. It is equally important to reconstruct the ancient regional setting
{paleogeography) in order to predict the probable geographic distribution of similar
bodies. Interpretations of the paleogeography of a basin often arouse great controversy.
However, virtually every worker wh- has described the Paradox basin has interpreted it
to have been a shallow sea located on the western margin of the craton. Positive areas

the basin are well-known. Nor is there any controversy over the origin of
the mmts; all agree that excessive evaporation of confined marine waters produced
them, major controversy, then, concerns the identity of the carbonate bioherms
and the processes which produced the cyclical deposits.
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FI1G. 10.——=Geographic distribution of facies at the end of the regressive phase of '?cle 1 Ismay
gone. 'he pelletal mud facies regressed over the ivanovia facies on the ridges; quartz
sands and silts were deposited in the channelis and on the basinal edge of the bioherm:
evaporites were precipitated in nearby. shallow topographic depressions.

The nature and amount of carbonate deposits found within the Paradox basin are
evidence that the basin contained warm marine waters. The presence of evaporites im-
plies a warm, arid climate. Work by Opdyke and Runcorn (1960) on ancient polar
migration suggests that the equator was only slightly south of the Paradox basin during
Pennsylvanian time and that the prevailing wind direction was from the north.

Thus, the Paradox basin was a rather quiet, broad, shallow sea lying on the
western shelf of the craton. Within this semi-enclosed basin of warm water were tec-
tonically produced shoals on which were deposited sediments of the pelletal mud facies
and, occasionally, the ivanovia facies. The environment yielding the pelletal mud facies
can be compared with the sheltered waters west of Andros Island in the Bahamas, or with
Florida Bay where calcareous muds and stromatolitic algal mats abound. The environ-
ment yielding the ivanovia facies may possibly be compared with the area between the
Florida Keys and their fringing reefs, where slightly energized shaliow waters surround
carbonate mud banks with erect algae. Ivanovia carpets may also be compared with the
Halimeds meadows which are so common in lagoons throughout the equatorial belt. All
of these analogies are in shallow-water areas on the leeward side of shelf or platform

Occurrence of evaporites when considered together with tectonic framework pro-
- wvides a simple solution to the hydrography of the Paradox basin. On Figure 12, a scaled
comparison is made between the interpreted paleogeography of the Paradox basin and
the geuntday geography of the Gulf of Karabugas, which lies on the eastern side of
the Caspian Sea (Grabau, 1960, p. 353). At Karabugas, the hydrographic threshold con-
sists of a narrow spit-like barrier, and Caspian Sea waters enter the restricted gulf by
means of a strait through the barrier. Excessive evaporation within the tg\xlf is causing
sulfate salts to be precipitated. Should the threshold become a more effective barrier,
salinity would increase and chlorides would be de; ited. However, a rise in sea level
with respect to the spit would freshen the enclo Karabugas waters, and precipitation
of salts would lessen or cease depending on the degree of cifculation obtained.
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Utah - Greater Aneth
(Aneth Unit) :

Paradox - Ismay & Desert Creek
Paradox Basin

DATA
SOURCE
CODE STATE---=-cmmemm e e e ee Utah
“Ba COUNTY====emmemcccmmmcccccmccccme——— San Juan
ba REGULATORY DISTRICT-==-=ccceemceccacan Paradox
1 VNG 1 ) (Y Paradox
SUB=BASIN-===cmm e e e
ba FIELD~-=wmeecccc e cccccccccccccm——— Greater Aneth area - Aneth field
ba RESERVOIR--=eccmcccmcc e cccccccccea—e Ismay and Desert Creek
5a, 1 GEOLOGIC AGE====ecccccmmmcccccccccacaa Pennsylvanian - Des Moines
1 AAPG STRATIGRAPHIC AGE CODE-==e-ce—ea- 325 ,
5a, RESERVOIR LITHOLOGY-=eeececcommecemanan Reef limestone - dolomite
5a,12 TRAPPING MECHANISM-eccccccccccmanmamana Carbonate-reeflike; anticlinal
closure Timited largely by the presence of a permeable reservoir.
5b,1,12,8 DISCOVERY YEAR===cmcccccmmmmmecmcceceee 1956
a, PROVED ACREAGE-=--mcecemmeccccccmcanann 480, 16,720
12,5a,5b° REGULAR WELL SPACING (acres/well)e--me- 80, 80, 40
5a,1 RESERVOIR DEPTH-=~cccecccccccccccceana 5550, 5670
RESERVOIR THICKNESS
5a,5b NET PAY-=cccmc e ccecreeee 19' Ismay & 50', Desert Creek; 49°
5b GROSS==--- T S 120-205 avg., 175 Desert Creek
NET/GROSS RATIO-----cemcccccccacax
POROSITY
56 TYPE-mmmecc e ceccceccccccce——— Vuggy.
5a,5b FRACTION---mcmcmmce e cccccemceee .10, .103
PERMEABILITY .
56 RANGE===ccccmm e ccccccceeeee 6 - 27 md
5a, 12 AVERAGE== e e e e ccceaem 3 md Ismay & 20 md Desert Cr.;10 avg.
HORIZONTAL--c-cmececaccccccccc———e
VERTICAL-cmemmc e ccmcccccccme
OTHER INFORMATION-=-cccccccccccmcmaaae
PRODUCTION STATISTICS
(oil in mbbls, gas in mmcf)
1 TOTAL NUMBER OF WELLS-=ceccececcccecen 199p
1,5b PRODUCTION 1976 0il (CUm)-ececmceeacex 93,106; 93,710
5b PRODUCTION 1977 0il (CUM)-eccmecmeaace 96,937.4 mbbls; 91,044.8 mmcf
PRODUCTION 1978 0il (cum)e---cememcaaee
PRODUCTION 1979 0il (cum)-eececeeccaoe
123 PRODUCTION 1-1-77 t012-1=77 cccoomeee 3,227.3 mbblsy 2,260.3 mmcf
12a SECONDARY RECOVERY RECORDS?eccccccceeo yes
53,5D  WATER ANALYSIS RECORDS?- e e eeoeoooo— yes
OTHER DATA
5a,bb STRUCTURE CONTOUR?-ccemecnccecaeen yes
5a,bb LOGS? e cmccemccccc e cc————— yes
STRUCTURE SECTION?-ccecccemcmanaax
5a,5b ENGINEERING REPORTS?-ccevemcccaeon yes
CORE DESCRIPTIONS?-cccecemcaccaace
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RESERVOIR DATA

DATA SOURCE
CODE

—9a
—5a,%b
1

Source 12a

5a
5b

12b

FIELD:

RESERVOIR:

PROD. ACRES:

AVG. THICKNESS (FT.):

FORMATION VOLUME FACTOR INITIAL (FVF/INT):
FORMATION VOLUME FACTOR LATEST (FVF):
WATER SATURATION (Sy):

OIL SATURATION (Sp):

PRIMARY DRIVE MECHANISM:

PRIMARY GAS CAP?:

TEMPERATURE (©F):

SATURATION PRESSURE

RESERVOIR PRESSURE INITIAL (psi):
RESERVOIR PRESSURE LATEST (psi):

GAS OIL RATIO INITIAL (GOR/INT) (cf/bbl):
GAS OIL RATIO LATEST (GOR) (cf/bbl):
STOCK TANK OIL GRAVITY (CAPI):

OIL VISCOSITIES (ug4/Mob):

MINIMUM MISCIBILITY PRESSURE (MMP):
ESTIMATED ORIGINAL OIL IN PLACE:
ESTIMATED PRIMARY OIL RECOVERED:
ESTIMATED ULTIMATE RECOVERY:

OTHER INFORMATION:

Aneth

Ismay

480, 16,770

40

.23

solution gas

142 (GG=1.2)

2508

2170

1163

661, 982

720 (1979

42, 41, 41-42

1757

58,416.6

135,134.3

Western 0il1 Reporter V-33, No. 10, p.25, October 1976.

Water salinity: 220,000 ppm

Water salinity:

Reference:

125,000 - 175,000 ppm NaCl

Peterson, James A., and Ohlen, Henry R., 1963,

"Pennsylvanian Shelf Carbonates, Paradox Basin", in Shelf
Carbonates of the Paradox Basin-Symposium: Four Corners

Geological Society.
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ROCKY MOUNTAIN

et al,, 1964, p. 58). The Hermosa is a Middle Pennsyl-
vanian carbonate-evaporite rock section that includes
salt and potash beds in the interior of the basin. Paradox
is a sedimentary basin; the downwarping and basin filling
took place in Pennsylvanian and Permian time. Pre-
Pennsylvanian formations present are of Cambrian, Late
Devonian, and Mississippian age. Triassic and Jurassic
rocks overlie the Pennsylvanian-Permian sediments. The
stratigraphic section has a total thickness of about 24,000
feet.

The Paradox basin extends eastward into southwestern
Colorado. It is separated from the San Juan basin to the
southeast by the Four Corners platform (Figure 32.2).
Paradox is bounded on the east and northeast by the
Uncompahgre uplift, and on the west and southwest by
the San Rafael swell and the Monument uplift (Figure
36.2).

The stratigraphy and tectonic development of Paradox
basin have been described by many, including, in more
recent years, Parker and Roberts (1963), Ohlen and
McIntyre (1965), and Baars(1966). Figure 36.7 (left) shows
the column for Paradox basin as exposed on Elk Ridge
(Figure 36.1).

The oil and gas production in the Paradox basin, the
largest in Utah, is confined to two districts; the south-
eastern corner of the state in southeastern San Juan
County, and to the north in northern San Juan and
southern Grand Counties. The southern district is one
of local folds, extensive reef mound development, and
few faults. It also has much the greater part of the oil
produced to date. The northern district has the thickest
sedimentary section, most of the salt, all of the potash,
and prominent salt-cored faulted anticlines. Oil and gas
accumulation in the southern district will be discussed
first. Field locations are given in Figure 36.2.

The discovery field for the Paradox basin, and the Four
Corners area as well, was Mexican Hat (discussed on
p- 432). The Aneth field, Utah’s greatest, was discovered
in 1956 and has subsequently produced over 200 million
barrels of oil and has  billion barrels in reserve. Subse-
quently to the original discovery at Aneth, a considerable
number of satellitic fields with similar geology have been
found, including the Cache in Colorado (see p. 391).
Three close-in fields, the McElmo Creek, Ratherford, and
White Mesa, merged with Aneth to become the Greater
Aneth field (Picard, 1958). The names of the original
fields have been retained as secondary recovery units.
The reservoirs are two zones in the Hermosa Formation,
the Ismay and the prolific Desert Creek (Figure 36.7,
right). These are isolated bodies of porous carbonate
rock, mainly limestone (Peterson, 1966). The carbonate
reservoirs are referred to as algal mounds; they tend to
be elliptical with a northwesterly trend. Black carbona-
ceous dolomite, commonly referred to as shale, which

surrounds and overlies the mounds, is the probable source
rock.

Regionally, the mounds developed on the southwest
flank of the Paradox basin. The northwest trend of many
of the mounds is therefore parallel to the regional strike.
Figure 36.8 shows, by anticlinal axis symbols, the crests
of the Desert Creek reservoir. This reservoir and the
higher, scattered Ismay mounds appear to be the only
sanctuaries for oil and gas in the Hermosa Formation
in this area. The oil fields in Figure 36.8 are stippled.
Wherever permeability permitted, the hydrocarbons
accumulated in the higher parts of the reservoir. In the
case of Greater Aneth, the oil and gas filled not only
a large mound on the north side of the field, and the
north flank of a faulted mound to the south, but also a
considerable part of the intervening syncline. The im-
poundment of the hydrocarbons is due to both structural
and stratigraphic factors. Accumulation in an Aneth type
of trap is illustrated by the structure map and cross
section in Figure 33.8 (Chapter 33).

The northern district of the Paradox basin is also the
deepest part of the basin. It is dominated by the salt
anticlines (Jones, 1959), which occur in a northwest-
trending belt (Figure 36.2) about 100 miles long and 30
miles wide, nearly half of which is in Colorado. The
major anticlines in this zone are elongate, ranging in
length from 30 to 70 miles and in width from 2 to 5
miles (Cater and Elston, 1963). The salt cores them-
selves are “something like 2 miles high and 2 to 4 miles
long” (Joesting and Case, 1960, p. B252). The maximum

Ficure 38.8 Aneth area, southeastern Utah and vicinity, showing
major anticlinal and synclinal axes. Fields producing from Desert
Creek and Ismay cycles are stippled. Courtesy James A. Peterson
(1966, Figure 13, p. 2079) and the American Association of Petroleum
Geologists.

FROM: LANDES, K.S., 1970, PETROLEUM OF GEOLOGY OF THE UNITED STATES,
John Wiley and Sons, New York, New York, page 442 Source 8 31



From: A SYMPOSIUM OF THE OIL A4D GAS FIELDS OF UTAH, Interwountain
Association of Petroleum Geologists, 1961, Source 5a.

ANETH FIELD

In southeastern Utah lies the largest oil field in the State, the Aneth com-
plex. The field is located in San Juan County about twenty-five miles south-
east of Blanding on the southern flank of the Paradox Basin. The Aneth
complex is composed of four fields; Aneth, McElmo Creek, White Mesa and
Ratherford. These fields are currently being formed into four separate Units
to facilitate secondary recovery. The Aneth field (Unit) forms the north side
of the horseshoe shaped complex and is the largest field of the four.

The main producing horizon in the Aneth field is the Desert Creek zone

of the Pennsylvanian Paradox formation. The overlying Ismay zone is a minor
producer at present. The Desert Creek production in the Aneth complex
comes from a reeflike circular mound of porous, fossiliferous carbonates. Th:
carbonate buildup thins rapidly laterally as it grades into an impermeable
shaly limestone section which in turn grades into a carbonate-evaporite facies.
This permeability barrier forms the entrapment for oil. A medium gray to
tan clastic limestone with lessor secondary dolomite is typical of the Desert
Creek producing zone. The limestones are very fossilferous having a pre-
ponderance of benthonic forms. Brachiapods, foraminifera and crinoids are
abundant whereas bryozoans and pelecypods are less common and corals are
rare.
In the Aneth field (Unit) the Desert Creek zone has a maximum thick-
ness of 205 feet. To the northeast, the zone thins abruptly to 120 feet in just
over one mile. The average thickness of the Desert Creek zone within the
unit is about 175 feet. Structurally, the Aneth field (Unit) is on a northwest
trending nose which has about thirty feet of closure in the central part.

The Aneth field was discovered in February 1956 by the Texas Company.
The discovery well was drilled in the NW% NE% of Section 23, Township 40
South, Range 24 East, having an initial flow of 1704 BOPD. The Texas Com-
pany discovery was located on a surface anticlinal trend.

REFERENCES

Carter, Kenneth E., 1958, Stratigraphy of Desert Creek and Ismay Zones And Relationship
o Oil, Paradox Basin, Utah, Intermountain Association of Petroleum Geologists Guidebook,
Ninth Field Conference, Pages 138-145.
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PARADOX BASIN
T40S, R23,2425E

From: A SYMPOSIUM OF THE OIL AND GAS FIELDS OF UTAH, Intermountain
Association of Petroleum Geologists, 1961, Source 5a.

ANETH FIELD
__SAN JUAN COUNTY
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From: A SYMPOSIUM OF THE OIL AND GAS FIELDS OF UTAH, Intermountain
Association of Petroleum Geologists, 1961, Source Sa.

PARADOX BASIN ANETH FIELD
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From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREA, Four Cormers Geological
Society, 1978, Source 5b.

ANETH (ANETH UNIT)

ANETH (ANETH UNIT)
(Oil)

T.40S., Ilt 23-25E., SLPM

San Juan County, Utah

GEOLOGY

Regional Seiling: Southeastern San Juan County, Utah
surface Formations: Jurassic, Morrison Formation
Exploration Method Leading to Discovery: Subsurface geol-
ogy
Type of Trap: Primarily stratigraphic
Producing Formation: Pennsylvanian, Desert Creek and
Jxmay Zones of Paradox Formation

Gross Thickness and Lithology of Reservoir Rocks: 130 to
19¢ reet limestones, both oolitic and algal

Geometry of Reservoir Rock: Bioherm
Other Significant Shows: None
Oldest Stratigraphic Horizon Penetrated: Mississippian

DISCOVERY WELL
Name: Texaco No. 1 Navajo C (currently known as Texaco
No. G-123 Aneth Unit)
Location: NW NE sec. 23, T.40S.,R. 24 E.
Elevation (KB): 4,922 feet
Date of Completion: February 6, 1956
Total Depth: $,923 feet
Production Casing: 7 5/8" at 5,923 feet with 150 sacks of
cement
Perforations: §,828 10 5,874 feet with 4 shots per foot
Stimulation: Washed perforations with 500 gallons mud acid
Initial Potential: Filow 1,704 BOD

Bottom Hole Pressure: Shut-in pressure 2,170 psi at datum of
930 feet

DRILLING AND COMPLETION PRACTICES

8 5/8" surface casing at 550 feet with 200 sacks of cement,
§'42 " casing at total depth or 13 3/8" conductor casing at 100
feet, 8 5/8” surface casing at 1,500 feet, 52 " casing at total
depth; perforate and stimulate with hydrochloric acid.

RESERVOIR DATA

Productive Area:
Proved (as determined geologically): 16,720 acres
Unproved: None
Approved Spacing: 40 acres
No. of Producing Wells: 194
No. of Injecting wells: 101
No. of Abandoned Wells: 19 (including temporarily aban-
doned)
No. of Dry Holes: 3

Average Net Pay: 49 feet
Porosity: 10.3 percent

O1l and Gas Fields of the Four Corners Area)

By: Paul E. Babcock
The Superior Oil Company

Permeability: 6 to 27 millidarcies

Water Saturation: 23.3 percent

Initial Field Pressure: 2,170 psi at datum (~930 feet)
Type of Drive: Fluid expansion and solution gas drive

Gas Characteristics and Analysis: Solution gas, original gas-
oil ratio 661

Oil Characteristics and Analysis: 41° to 42° API gravity, low
sulfur, viscosity .540 cp

Associated Water Characteristics and Analysis: Salt water,
125,000 10 175,000 ppm NaCl concentration

Original Gas, Oil, and Water Contact Datums: Oil-water
contact -960 feet

Estimated Primary Recovery: 58,416,612 BO (15.13 percent)
Type of Secondary Recovery: Water injection program
Estimated Ultimate Recovery: 135,134,265 BO (35 percent)

Present Daily Average Production: 8,677 BOD (November,
1977)

Market Outlets: Oil: Texas-New Mexico Pipeline; gas: El
Paso Natural Gas Co.

FIELD COMMENTARY

The Aneth Unit of the Greater Aneth Field is located five
miles northwest of the Navajo town of Aneth, San Juan
County, Utah. The Aneth Unit extends 9'2 miles from east to
west with the western portion located off the Navajo Reserva-
tion. The Texas Company (later 1o become Texaco, and pres-
ent unit operator) discovered the Greater Aneth Field in 1956
with the drilling of the No. 1 Navajo C. Numerous operators,
through subsequent drilling, discovered several fields that
were later defined as one continuous oil pool, the Greater
Aneth Field.

The typical, Aneth Unit well log (on map), illustrates the
number of subzones and various porous units in the Desert
Creek. The Desert Creek was deposited upon the Chimney
Rock Shale and is overlain and sealed vertically, by the black,
sapropelic, Gothic Shale. The Aneth Unit produces from a
lower, Zone 11, which is predominately composed of algal
plate mounds; and an upper, Zone I, an oolitic-pelletoidal
limestone. In addition to the primary porosity associated with
these limestones, the reservoir quality may be enhanced by
solution formed vuggy porosity and secondary dolomitiza-
tion.

A possible explanation for the algal carbonate mound
placement at Greater Aneth Field is offered by Peterson and
Hite (1969). They suggest the presence of a basal Desert
Creek, longshore current-formed mud bar, which may have
formed a slight high on the basin floor. This positive relief
might have been the critical factor accounting for the pro-
liferation of the phylloid algae, Ivanovia. In addition, a
topographic high prior to the Desert Creek depositional cycle
is considered as a possible cause for the anchoring of the
algae. Environmental conditions including water depth,
salinity, circulation, etc., were exceptionally suitable for the
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From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREAS, Four Corners
Geological Society, 1978, Source Sb.

ANETH (ANETH UNIT)

widespread growth of these algal mounds. These algae actual-
ly increased the carbonate thickness of the Desert Creek
through supplying and trapping of sediments.

The rapid thinning of the Desert Creek limestone away
from the field area is due to the absence of the algal mounds.
Typically, the Desert Creek interval outside of the Greater
Aneth complex is less than 100 feet thick; whereas, in the field
area, the same interval has attained thicknesses of 200 feet.
Combined pay thicknesses of the Zone 1 and 1I Desert Creek
in the Aneth Unit reach 90 feet. Lateral productive limits in
the Aneth Unit result from porosity and permeability pinch-
outs except for the southeastern unit area, where good porous
intervals dip below an oil-water contact at -960 feet. The
relief created by the variation between the thick productive
intervals and the thinner regional Desert Creek was not sus-
tained through later depositional environments. Hence, there

is no surface expression for these Desert Creek productive
fields.

The Aneth Unit is the result of the September, 1961, unit-
jzation of the Greater Anetn Field. Texaco as opera:.:
reported cumulative unit production through 1977, 10 be
96,937,388 BO and 91,044,754 MCF.

REFERENCES

Peterson, V. A., and Hite, R. J., 1969, Pennsylvanian evaporite-
carbonate cycles and their relation to petroleum occurrence, South-
ern Rocky Mountains: Amer. Assoc. of Petroleum Geologists Bull.,
v. 53, p. 884-908.

The Superior Oil Company files.

Texaco Oil Company (Operator—Aneth Unit) files.

PRODUCTION
WO. OF WILLS ¢ YR. DO OIL IK BARRILS
GAS IN NCT
YERL T TYPE [ PRSC.] TRJECT | SI/ABN ;. ANGCAe TORCASIVE
1)
o1t 543,560 543,56C
01956 | cas
B o1 L. 245,650 1,889.160
1957 ! GAS
N oz 10,026,375 11,915,535
1938 | GAS
N oI 9,860,208 21,775,735
1959 [aas
o o1 8,408,600 20,104,335
960 [ Gas
. o11 2.341.200] 37,525,535
| 1961 [ cas.
o 1 .52 58 F) S AGA SA2 43,394,117
1962 45,961,839
oL 5} 12 38,1 |
| 1963 | cas £.622.273 $2.£:4,592
arr 1 142 £2 12 4.6%8.420 $3.202.628
1964 | cas $.328.874 $7.232,35¢
g 1 £ 21 4,175,987 $7.176,53%
| 1965 | cas 4.076 45 62,279,426
lo1r 1127 Y A4 1.79¢. 482 62,973,982
1966 ’_gs 1.412.490 ] H
orp | 127 75 14 1,422,857 64,345,939
| 1967 | cag .05 116 £€5.437.21
jo1L 1133 26 2 ,252.4 7,499,3"
1968 | GAS ;821,346 0.E56.9%
| o128, 64 22 2833,052 9,336,137
1969 | cas 2,073,471 2,932,329
joxr 1 126 25 18 2,737,833 3,038,235
1970 | GAS 1,945,142 4,877,571
| oIL 124 a1 Y. 2639455 28.225.3°8
197} | GAS 1 BaS_ 169 26,222,238
 OIL 2,852,693 $98,C
1972 [ GAs 1,762,537 .385,2
oL | 123 80 24 3,113,85 LML,
1973 | GAS 1.910,63 80,395,
[-2¢% 162 [T 2) 3,914,129 85, .
1974 [GAs 2,592,250 2,
fo1r [ 188 [ 21 4,234,20 9,860, <
1975 [ GAS 140,739 6,128.6
jorr _J 199 (3] 27 ,849,8% 93.710.1
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1977 [cas 260128 91,044,754
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DATA
SOURCE
CODE STATE==mm=mmmm=mmeeemcecemcmcmccamaaon
5a COUNTY=-mmmmmmmemmmmmemmmmmcmcmeoomeen
REGULATORY DISTRICT-==-=cs=mmmemee=nen
53 BASIN=-====m=m-memeecmcmcccmcceecaeeee
SUB-BASIN-====mme-mememmcececcae———-
12,58 ,5bFIELD====cmememceccemm e e een e nae
53 RESERVOIR=-===mmmmm=mememamcmemea——-
5a GEOLOGIC AGE-==--=====mecmmmcoomocaamn
1 AAPG STRATIGRAPHIC AGE CODE--==s==m=u=
5a RESERVOIR LITHOLOGY===-emcmcmcmccoaen-

Utah - Greater Aneth (McElmo
Creek Unit)

Paradox - Ismay & Desert Creek

Paradox Basin

Utah
San Juan

Paradox

Greater Aneth McElmo Creek
Ismay & Desert Creek
Pennsylvanian - Des Moines
325

Ismay: limestone & dolomite;

Desert Creek: limestone, lacerated, fossiliferous (algal) and oolitic.

5a,5b ,12aTRAPPING MECHANISM--=cmeeeemccememesax
variable reservoir characteristics; combination stratigraphic and structural.

5b

5a,5b

5a, 5b
5a, 5b

12

5a,5b,12a

5b

ba,12a

12a

DISCOVERY YEAR-ceccccrcmmcccmccccccana=
PROVED ACREAGE-=cceccccccccccccccnnna=
REGULAR WELL SPACING (acres/well)-=---
RESERVOIR DEPTH-~ec-ccecccccccceccccnen-

RESERVOIR THICKNESS-

PERMEABILITY

PRODUCTION STATISTICS

(oil in mbbls, gas in mmcf)

TOTAL NUMBER OF WELLS---ceececcccccocc-
PRODUCTION 1976 o0il (cum)e-cececccaaa-
PRODUCTION 1977 o0il (cum)--ccccccccaaa
PRODUCTION 1978 0il (cum)---ccecemeen-
PRODUCTION 1979 o0il (cum)-eecccccacaaca
PRODUCTION 1-1-77 to 1-1-78cccacccaaa-

WATER ANALYSIS RECORDS?-ccccecccccnca-
OTHER DATA
STRUCTURE CONTOUR?ccecemmccacccana
LOGS?-cmcccc e
STRUCTURE SECTION?-cccmcccceccccana
ENGINEERING REPORTS?-cecccaccaaaa-

Stratigraphic - algal mound;

1957

8000, 12,640 :

80 with 160 flood; 40 with 80 flood
5500

58; 150 avg.; 15' Ismay, 50' Desert Cr
100-205 ft.

V, IC - Desert Creek

.076 Ismay & .15 Desert Cr.; .09-.13;
.10-.12

6-27 md

10.4 md, 10 md

0., prospect by Phillips, Superior
and Continental

247 (164P, 63WI, 17A, 3DH)
96,489 mbbls o0il; 8453 mmcf gas
100,129.1 mbbls o0il; 8778 mmcf gas

3640.3 mbbls oil; 2725.6 mmcf gas
waterflood, tertiary prospect
yes

yes
yes
yes
yes



RESERVOIR DATA

DATA SOURCE
CODE FIELD: McEimo_Creek
5a RESERVOIR: Ismay
5a, 5b PROD. ACRES: 8000, 12,640
5a AVG. THICKNESS (FT.): 150

FORMATION VOLUME FACTOR INITIAL (FVF/INT):

FORMATION VOLUME FACTOR LATEST (FVF):

5b WATER SATURATION (S,): .22
OIL SATURATION (Sp):
53, 5b PRIMARY DRIVE MECHANISM: solution gas

PRIMARY GAS CAP?:

TEMPERATURE (©F):

SATURATION PRESSURE/BUBBLE POINT PRESSURE (psi)

5b RESERVOIR PRESSURE INITIAL (psi): 2170
RESERVOIR PRESSURE LATEST (psi):

5b, 5a GAS OIL RATIO INITIAL (GOR/INT) (cf/bbl): 661, 696

53 GAS OIL RATIO LATEST (GOR) (cf/bbl): 950 (1978)

53, 5b STOCK TANK OIL GRAVITY (CAPI): 41,6, 41-42

OIL VISCOSITIES (ug4/Mop):

MINIMUM MISCIBILITY PRESSURE (MMP):

5a,5b ESTIMATED ORIGINAL OIL: 120,000 mbb1s; 137,500
5b ESTIMATED PRIMARY OIL: 64,400 mbbls
5a Estimated Secondary 0il: 62,000 mbbls

OTHER INFORMATION:
Source 12a: Western 0il1 Reporter V-33, No. 10, p.25, October 1976.

Source 5b:  Includes both Ismay and Desert Creek.

5a Water salinity: 200,000 ppm

5b Water salinity 125,000 to 175,000 ppm NaCl

5a Waterflood - peripheral pattern - Texaco and Superior major
operators

12b Reference: Peterson, James A., and Ohlen, Henry R., 1963,

"Pennsylvanian Shelf Carbonate, Paradox Basin", in Shelf
Carbonates of the Paradox Basin: Four Corners Geological
Survey.
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From: A SYMPOSIUM OF THE OIL AND GAS FIELDS OF UTAH, Intermountain
Association of Petroleum Geologists, 1961, Source 5a.

THE MC ELMO CREEK UNIT

On the southern margin of the Paradox Salt basin and within the Navajo Indian Reserva-
tion of southeastern Utah lies the largest oil field in the State — Aneth, now known as the
Aneth Complex. In order to facilitate secondary recovery, this field, comprising over 550
wells, is being formed into four separate units: Aneth, Ratherford, White Mesa, and McElmo
Creek.

The Aneth Complex is a distinctive geologic feature. On the surface it is faintly expressed
in the gently dipping (dips are generally less than one degree) Morrison formation as a curved,
elongate anticline, matching the Mississippian structure beneath it. In the subsurface the
Complex is a circular mound or “build-up” in the Desert Creek zone, which lies in the upper
part of the Paradox (evaporite) member of the Hermosa formation. Within the Complex the
Desert Creek zone is a brecciated, fossiliferous (mainly algal), and oolitic limestone. This
bioclastic limestone, the principal reservoir, appears to have been deposited on a submarine
shelf — not a pronounced topographic high. Favorable current action and depth of water
supported a biota predominantly composed of a blue-green algae (Ivanovia) and crinoids.
Foraminifera, brachiopods, pelecypods, sponges, bryozoans and ostracods were present.
Corals were rare. This luxuriant growth was repeatedly ravaged and broken up by storm
waves and thus deposited. The build-up at times may have been above wave base. At any
rate, most of the Complex was sufficiently high to avoid the anhydrite that was intermit-
tently deposited around it. Water saturated with calcium sulfate could not have sustained
the above mentioned biota; thus, the anhydrite beds may be represented in the Complex by
diastems and/or beds of oolitic limestone. At-the top of the Desert Creek zone the limestone
containing abundant oolites and oocasts appears to. be correlative with the anhydrite which
caps this zone off the build-up.

Some geologists regard the build-up as a reef, and it indeed resembles the “Scurry reef”
of West Texas. Bedding is poorly developed; and abrupt facies changes occur throughout the
Complex — both vertically and horizontally.

At the edge of the build-up the Desert Creek zone thins sharply into a section of imper-
meable, shaley limestone interspaced with thin beds of anhydrite and dark gray shale. It is
this permeability pinch-out along the southern edge of the Aneth Complex — the updip edge
— that effects the entrapment. The gross oil column in the Desert Creek zone, measured
from the structurally highest perforation to the oil-water contact (at approximately —960
feet), is 275 feet.

The Ismay zone, which lies above the Desert Creek zone and is separated from it by the
Gothic shale (from 4 to 20 feet thick), is a poor and erratic limestone reservoir. The average
total thickness of the Ismay zone is about 150 feet. The scant production is from the lower
50 feet of the zone where the net pay thickness averages about 15 feet.

The first well drilled in the Mc Elmo Creek was the Superior-Navajo “C-1 (SE-SE Sec-
tion 31-T40S-R25E), completed in January, 1957 for 1215 BOPD. This well represented a
three mile step-out from the closest well in the Aneth area, which, at that time, consisted of
twenty-two producing wells and one dry hole, the Texas-Navajo “F”-1 (Section 19, T40S-
R25E). The Mc Elmo Creek Unit, as delineated by the Mc Elmo Creek Engineering Com-
mittee, includes the old “Cahone Mesa” area. The companies represented are Phillips, Hum-
ble, Continental, Texaco, Aztec and Superior — the unit operator.

The average IP of the wells in the Mc Elmo Creek Unit is about 900 BOPD. Most of the
151 wells in the Unit are capable of producing the field allowable from the Desert Creek zone
alone; thus, most of the production from the Ismay zone has been left “behind the pipe” for
future exploitation. The oil-water contact in the Ismay varies from —709 to —822 feet.

Of the estimated 363 million barrels of oil in place in the Mc Elmo Creek Unit the ulti-
mate recovery will approximate 120 million barrels of “sweet” paraffinic oil, 62 million bar-
rels of which will be attributed to secondary recovery. In the water-flood program now being
initiated, water-injection wells around the margins of the Unit will flush the oil towards the
center where it is structurally high. Water flooding programs are, of course, being initiated
in the other units as well.

The Aneth Complex is served by two 16-inch crude-oil pipeline systems: The Four Corners
Pipeline, which terminates at Los Angeles, and the Texas - New Mexico Pipe Line, which
leads to Jal in southeastern New Mexico. In addition, El Paso Natural Gas Company operates
a gasoline-extraction plant at the field. This plant, with a capacity of about 100,000 MCFPD,
is connected to El Paso’s plant at Chaco, New Mexico by a 6-inch products (liquids) line. A
16-inch line carries the sour gas residue (which contains about three grains of sulfur per
MCF) to El Paso’s San Juan plant at Farmington, New Mexico.
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From: A SYMPOSIUM OF THE OIL AND GAS FIELDS OF UTAH, Intermountain
Association of Petroleum Geologists, 1961, Source 5a.

McELMO CREEK UNIT

HYDROCARBON PRODUCTION
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From: A SYMPOSIUM OF THE OIL AND GAS FIELDS OF UTAH, Interwountain
Association of Petroleum Geologists, 1961, Source Sa.

PARADOX BASIN McELMO CREEK UNIT
T.40,41S., R.24,25E. SAN JUAN COUNTY
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PRODUCTION CHARACTERISTICS

(DATA SUPPLIED BY McELMO CREEK ENGINEERING COMMITTEE AND - CORE LABS INC)
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From: OIL AND GAS FIELDS OF THE FOUR CORNERS A
o ey Sg T, S TIELES RS AREA, . .Four Corners Geological

ANETH (MCELMO CREEK UNIT)

ANETH (MCELMO CREEK UNIT)
(0ih

T. 40-41 S'.. R. 24-25E.,SLPM

San Juan County, Utah

GEOLOGY

Regional Setting: Southeast San Juan County, Utah

Surface Formations: Jurassic, Morrison Formation

Exploration Method Leading to Discovery: Subsurface geol-
ogy

Type of Trap: Primarily stratigraphic

Producing Formation: Pennsylvanian, Desert Creek and
Ismay Zones of Paradox Formation

Gross Thickness and Lithology of Reservoir Rocks: 120 to
205 feet, oolitic, algal, fossil-hash, limestone

Geometry of Reservoir Rock: Bioherm
Other Significant Shows: None
Oldest Stratigraphic Horizon Penetrated: Mississippian

DISCOVERY WELL
Name: Texaco No. 1 Navajo C (currently known as the Tex-
aco No. M-12 McElmo Creek Unit)
Location: SE SE (590° FSL and 585 FEL) sec. 31, T. 40 S.,
R.25E.
Elevation (KB): 4,752 feet
Date of Completion: January 14, 1957
Total Depth: 5,753 feet
Production Casing: 7" at 5,753 feet with 500 sacks of cement
Perforations: 5,640 10 5,691 feet with 6 jets per foot
Stimulation: Acidized with 500 gallons mud acid
Initial Potential: Flow 695 BOD (41.8° API gravity)
Bottom Hole Pressure: 2,166 psi at 5,600 feet

DRILLING AND COMPLETION PRACTICES

8 $/8" surface casing at 550 feet with 200 sacks of cement
(surface casing should be into Chinle to protect from corro-
sive water in the Entrada Sandstone), $¥2" casing to total
depth (5,600= feet); perforate and stimulate Desert Creek
with 28 percent hydrochloric acid.

NOTE: If surface elevation is less than 4,600 feet, a con-
ductor string would be run.

RESERVOIR DATA

Productive Area:
Proved (as determined geologically): 12,640 acres
Unproved: 0acres
Approved Spacing: 40 acres
No. of Producing Wells: 164
No. of Injecting Wells: 63
No. of Abandoned Wells: 17
No. of Dry Holes: 3 (shut-in or temporarily abandoned)

Average Net Pay: 58 feet
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By: Paul E. Babcock
The Superior Oil Company

Porosity: 9to 13 percent

Permeability: 610 27 millidarcies

Water Saturation: 22.1 percent

Initial Field Pressure: 2,170 psi at datum of -930 feet
Type of Drive: Fluid expansion and solution gas drive

Gas Characteristics and Analysis: Solution gas, original ga+-
oil ratio of 661

Oil Characteristics and Analysis: 41°1042° APl gravity, Jow
sulfur, viscosity .540 cp

Associgted Water Characteristics and Analysis: Salt water
125,000 1o 175,000 ppm NaCl concentration

Origina! Gas, Oil, and Water Contact Datums: Oii-water
contact -960 feet

Estimated Primary Recovery: 68,400,000 BO (16.& percent)
Type of Secondary Recovery: Waterflood
Estimated Ultimate Recovery: 137,500,000 BO (34 percent)

Present Daily Average Production: 10,600 BOD (November,
1977); gas-oil ratio 700

Market Outlets: Oil: Four Corners Pipeline and Texas-New
Mexico Pipeline; gas: El Paso Natural Gas Co.

FIELD COMMENTARY

The McElmo Creek Unit of the Greater Aneth Field is
located approximately 18 miles north-northwest of the Four
Corners National Monument in San Juan County, Utah. Tne
McEImo Creek Unit lies entirely upon the Navajo Reser\ation
and is situated on the southwestern edge of the Parados
Basin. The Texaco No. M-12 McElmo Creek Unit well is con-
sidered to be the discovery well for the McElmo Creek portion
of the Greater Aneth Field. This well was drilied les< than a
year after the Greater Aneth Field discovery, which is locared
three and one-half miles to the northwest. Although the No.
M-12 well was originally thought 10 produce from a separate
reservoir, later development demonstrated that the Aneth and
McElmo Creek pools were one continuous oil field.

The McEImo Creek Unit oil is primarily produced from the
Desert Creek reservoir with the remaining oil auributable to
the overlying Ismay Zone. The lower Zone Il of the Desert
Creek is comprised of an algal mound reservoir, broken by
fossil debris and mud lenses. In several areas, this algal car-
bonate is characterized by excellent vuggy development. The
algal mound (primarily, leafy Jvanovia) increased the carbon-
ate thickness of the Desert Creek by supplying and trapping
sediments. This algal zone is overlain by the Zone I reser oir,
a non-vuggy, primarily oolitic limestone. The Desert Crech
carbonate is heterogenous with rapid vertical and Jatera!
changes. Production analyses indicate that the majority of the
producing intervals are in communication to some degrec,
probably due to 8 complex distribution of connecting porous
intervals.

The steepest flanks of the Greater Aneth Field are situated
on the northern and eastern edges of the McEimo Creek Unit

[Four Corners Geologica! Societs



(p. 582). These steeper dips are compatible with the probable
north-northeast wind and south-southeast current directions
existing in the basin at the time of deposition (Peterson and
Ohlen, 1963). In addition, the porous intervals thin and the
overall carbonate thickness decreases rapidly toward the
flanks of the Greater Aneth feature. Actual porous pay values
range from 100+ feet to zero feet at the unit boundaries, with
an average pay value of 58 feet. The lateral extent of the
McElmo Creek Unit oil accumulations is restricted to the
north, east, and south by porosity and permeability pinch-
outs. The porosity is continuous to the west with production
limited by an oil-water contact at -960 feet.

From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREAS, Four Corners
Geological Society, 1978, Source 5b.

ANETH (MCELMO CREEK UNIT)

In September, 1961, the Greater Aneth Field was unitized
and a water injection program initiated. The Superior Oil
Company has been operator of the McEImo Creek Unit since
that time. Current daily production is 10,600 BOD.

REFERENCES

Peterson, J. A., and Ohlen, H. R., 1963, Pennsylvanian shelf car-
bonates, Paradox basin, in Shelf carbonates of the Paradox Basin,
a symposium: Four Corners Geological Society, 4th Annual Field
Conf., p. 65-79.

The Superior Oil Company (McElmo Creek Unit operator) files.
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From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREAS, Four Cormers
Geological Society, 1978, Source Sb.

ANETH (McELMO CREEK UNIT)
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From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREA, Four Corners Geological
Society, 1978, Source 5b.

ANETH (MCELMO CREEK UNIT)
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DATA
SOURCE
CODE
_Sa__

5a, 5b
5a
5b

ba, 12

5b
1.5b

COUNTY- ——— - -

RESERVOIR==eecrcccccncaccnncncccccnaa"
GEOLOGIC AGE-=-=c-=-ccccccccnncncccaax
AAPG STRATIGRAPHIC AGE CODE-===ececec---

RESERVOIR LITHOLOGY==-ecececccccancccnaa

TRAPPING MECHANISM-cccceccccccccccccaax"

Utah - Greater Aneth
(Ratherford Unit)
Paradox - Desert Creek
Paradox Basin

Utah

San Juan

Paradox

Greater Aneth area - Ratherford
Desert Creek

Pennsylvanian - Des Moines

325

Limestone and dolomite

Structural, stratigraphic; carbonate

reef development consisting structurally of a regionally high area which is
folded into small minor structures; anticlinal.

DISCOVERY YEAR--eeeccccccccccccccacean
PROVED ACREAGE-=-ccccccccccccccncacen-"
REGULAR WELL SPACING (acres/well)-e---
RESERVOIR DEPTH--- -

RESERVOIR THICKNESS

FRACTION-==ccccccccccccccacccccaaa
PERMEABILITY

PRODUCTION STATISTICS

(0oil in mbbls, gas in mmcf)

TOTAL NUMBER OF WELLS-ecccecccccccccaa=
PRODUCTION 1976 o0il (cum)-ececccccccaaaa
PRODUCTION 1977 0il (cum)-ecccccccccaaa
PRODUCTION 1978 0il (cum) eccccccmmacax
PRODUCTION 1979 o0il (cum)-cecccccccnaaa
PRODUCTION 1-1-77 to 6177 ccmmecceee
SECONDARY RECOVERY RECORDS?ccccccccaaa
WATER ANALYSIS RECORDS7cccccmcccecccne=
OTHER DATA

0 e S
STRUCTURE SECTION?cccccccccmcannc=
ENGINEERING REPORTS?cccccccccccna-
CORE DESCRIPTIONS?cccccccccacccnax
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1956

%680, 12,900
80

5500, 5546

55, 20
160-195

IC, V
.11, .102

.01 to 800
3.2

Another reservoir is the Ismayv zone.
Ratherford is being considered for CO2
by Phillips Petroleum.

172 (90P, 77A, SDH)
61,067; 61,253 mbbls; 61,331 mmcf gas
61,787 mbbls oil; 61,765 mmcf gas

534.4 mbbls oil; 434.9 mmcf gas
yes
yes

yes
yes

yes



RESERVOIR DATA

DATA SOURCE
CODE

—5abh
—9a,bb
%, 1

Source 12a

5a
12a, 5b

12b

FIELD:

RESERVOIR:

PROD. ACRES:

AVG. THICKNESS (FT.):

FORMATION VOLUME FACTOR INITIAL (FVF/INT):
FORMATION VOLUME FACTOR LATEST (FVF):
WATER SATURATION (Sy):

OIL SATURATION (Sp):

PRIMARY DRIVE MECHANISM:

PRIMARY GAS CAP?:

TEMPERATURE (©F):

SATURATION PRESSURE

RESERVOIR PRESSURE INITIAL (psi):
RESERVOIR PRESSURE LATEST (psi):

GAS OIL RATIO INITIAL (GOR/INT) (cf/bbl):
GAS OIL RATIO LATEST (GOR) (cf/bbl):
STOCK TANK OIL GRAVITY (CAPI):

OIL VISCOSITIES (“oié"ob):

MINIMUM MISCIBILITY PRESSURE (MMP):
ESTIMATED ORIGINAL OIL:

ESTIMATED PRIMARY OIL:

Estimated Ultimate 0il:

OTHER INFORMATION:

Ratherford

Desert Creek

9680, 12,900

55, 56

.25

solution gas

141 (GG=1.2)

2388

2080

1050

697, 500

681, (1979)

41, 41, 40

1745

75,000 mbbls

Western 0i1 Reporter V-33, No. 10, p.25, October 1976.

Water salinity: 235,000 ppm

Phillips has secondary recovery operations, watgrflood;

plan COZ'

Reference:

Peterson, James A., and Ohlen, Henry R., 1963,

"Pennsylvanian Shelf Carbonates, Paradox Basin", in Shelf
Carbonates of the Paradox Basin Symposium, Four Corners

Geological Society.
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From: A SYMPOSIUM OF THE OIL AND GAS FIELDS OF UTAH, Interwountain
Association of Petroleum Geologists, 1961, Source Sa.

GREATER ANETH AREA — RATHERFORD FIELD
San Juan County, Utah
Merle Freeman

The Ratherford Field is located on the southwest flank of the Paradox Basin.
It is 20 miles northwest of the common corner where Arizona, Colorado, New

Mezxico and Utah join. It is on the southern arm of the horseshoe formed by the
Greater Aneth Area.

The accumulation is found primarily in a carbonate reef development of the
Desert Creek zone of the Paradox formation. The upper part of the zone consists
of oolitic limestone beds, the middle portion is made up of fine to coarse crystal-
line limestone with varying amounts of vugular and intercrystalline porosity. The
lower part becomes dolomitic and throughout most of the field contains consider-
able silt. Toward the edges of the field the clean limestone becomes thin or is not
present and the oolite beds are replaced by anhydrite. In the field proper the en-
tire zone is from 160’ to 195’ thick but thins toward the outer edges of the field to
a thickness of about 130 feet. The net pay thickness generally varies with the
zone’s total thickness.

Structurally Ratherford consists of a regionally high area which is folded into
small minor structures. Two anticlines, trending northwest-southeast, are present
on the west side of the field. A third fold trending northeast-southwest is found in
the northeastern portion. The structural relief of this local folding is from 40’ to
50’ but across the regionally high field area the relief amounts to 150 ft. High
structural position is important but the oil accumulation is due to both strati-
graphy and structure. On the south flank Ratherford is bordered by the White
Mesa Area, but to the southwest it is limited stratigraphically by rapid gradation
from limestone to silty dolomite and anhydrite. Production is limited to the west
by a normal fault while the north flank is defined by down-folding which places
the porosity below the oil-water contact. The accumulation continues to the east
into the adjoining McElmo Area.

The source for the oil is believed to be the black carbonaceous shales which
separate the Ismay, Desert Creek, and Akah zones. An additional source may be
the numerous shales in the underlying Paradox salt section.

Extensive geophysical work was done in the area prior to discovery with seis-
mograph exploration being the most commonly accepted method. This work led
to the drilling of the large but essentially barren structures such as Bluff and the
Desert Creek structure, two miles southwest, where the Shell Oil Co. drilled the
first commercial oil well in the Paradox Basin in November, 1954. Seven months
after the finding of Aneth in February, 1956, Shell completed the discovery well
at Ratherford flowing 1440 BOPD.

The field, with Phillips Petroleum Company as Operator, is now being unitized
for purposes of secondary recovery. One injection well has been drilled and water
flooding through this input well has been commenced.
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1961, Intermountain

From: A Symposium of the Oil and Gas Fields of Utah,
Association of Petroleum Geologists; source 5a
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From: A SYMPOSIUM OF THE OIL AND GAS FIELDS OF UTAH, Interwountain
Association of Petroleum Geologists, 1961, Source Sa.

PARADOX  BASIN RATHERFORD FIELD
T40-41S, R23-24E  SAN JUAN COUNTY
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From: A SYMPOSIUM OF THE OIL AND GAS FIELDS OF UTAH, Intermountain
Association of Petroleum Geologists, 1961, Source Sa.

RATHERFORD FIELD
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From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREA, Four Cornmers Geological
Society, 1978, Source 5b.

ANETH (RATHERFORD UNIT)

ANETH (RATHERFORD UNIT)
(Oil)

T.418., llt 23-24E.,SLPM

San Juan County, Utah

GEOLOGY

Regional Setting: Southwest flank of the Paradox Basin
Surface Formations: Jurassic, Morrison Formation
Exploration Method Leading to Discovery: Seismic

Type of Trap: Carbonate reef development consisting struc-
turally of a regionally high area which is folded into small
minor structures

Producing Formation: Pennsylvanian, Desert Creek Member
of the Paradox Formation

Gross Thickness and Lithology of Reservoir Rocks: 160 to
195 feet, oolitic limestone

Geometry of Reservoir Rock: Reef, thinning toward outer
edges of field

Other Significant Shows: Pennsylvanian, Ismay Member,
Paradox Formation

Oldest Stratigraphic Horizon Penetrated: Pennsylvanian,
Akah Member of the Paradox Formation

DISCOVERY WELL

Name: Shell Oil Company No. 1 North Desert Creek

Location: SE SE (660 FSL and 660' FEL) sec. 12, T. 41 S.,
R.23E.

Elevation (KB): 4,713 feet

Date of Completion: September 27, 1956

Total Depth: 5,605 feet

Production Casing: 52" at 5,614 feet with 250 sacks of
cement

Perforations: 5,578 10 5,586 feet and 5,590 to 5,598 feet with
4 shots per foot

Stimulation: Acidized with 500 gallons mud acid followed by
5,000 gallons petrafrac

Initial Potential: 1,440 BOD flowing through 48/64 " choke

Bottom Hole Pressure: Not available

DRILLING AND COMPLETION PRACTICES

Set 13 3/8" surface casing at 180 feet; run 8 5/8” inter-
mediate casing to 1,500 feet; run 5% " through pay zone; per-
forate and acidize, run 2 7/8" tubing and flow through
tubing.

RESERVOIR DATA

Productive Area:
Proved (as determined geologically): 12,900 acres
Unproved: O0acres
Approved Spacing: 80 acres
No. of Producing Wells: 90
No. of Abandoned Wells: 77
No. of Dry Holes: 5
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By: W. M. Freeman
Updated by R. G. Ghazal
Phillips Petroleum Compan)

Average Net Pay: 20 feet
Porosity: 10.2 percent
Permeability: 3.2 millidarcies
Water Saturation: 25 percent
Initial Field Pressure: 2,170 psi
Type of Drive: Solution gas

Gas Characteristics and Analysis: Viscosity .017 centerpoise,
Buu 1,450

QOil Characteristics and Analysis: Initial gas-oil ratio 697 oil
viscosity .53; 40° APl gravity

Associated Water Characteristics and Analysis: Since water-
flood, water analysis not representativc

Original Gas, Oil, and Water Contact Datums: Oil-waie: a:
-94010 -950 feet

Estimated Primary Recovery: Not available

Type of Secondary Recovery: Waterflood, CO. injection
planned

Estimated Ultimate Recovery: 75,000,000 BO (30 percen:)
(waterflood only)

Present Daily Average Production: 3,000 BOD; 2.3
MCFGD

Market Outlets: Oil: Four Corners Pipeline; gas: El Paso
Natural Gas Co. Pipeline

FIELD COMMENTARY

The Ratherford field is located on the southwest flank of
the Paradox Basin. It is 20 miles northwest of the common
corner where Arizona, Colorado, New Mexico and Utah
meet. The accumulation is found primarily in a carbonate reef
development of the Desert Creek Zone of the Paradox Forma-
tion. The upper part of the zone consists of oolitic limestone
beds, the middie portion is made up of fine to coarse crys-
talline limestone with varying amounts of vuggy and inter-
crystalline porosity. The lower part becomes dolomitic and
contains considerable silt. Toward the edges of the field the
oolites become thin or absent and are replaced by anhydrite.
In the field proper the entire zone is from 160 to 195 feet thick
but thins toward the outer edges of the field 10 a thickness of
about 130 feet.

Structurally, Ratherford consists of a regionally high area
which is folded into small minor structures. Two anticlines,
trending northwest, are present on the west side of the field. A
third fold trending northeast is found in the northeastern po:-
tion. The structural relief of this local folding 1s from 40 1o 5
feet, but across the regionally high field area, the relief
amounts to 150 feet. High structural position is important but
the oil accumulation is due to both stratigraphy and structure.
On the south flank, Ratherford is bordered by the White Mesa
area, but to the southwest it is limited stratigraphically by
rapid gradation from limestone to silty doi.'mite and an-
hydrite. Production is limited to the west by a normal fault
while the north flank is defined by down folding which places

{Four Corners Geological Society
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ANETH (RATHERFORD UNIT)

the porosity below the oil-water contact. The accumulation
continues 1o the east into the adjoining McElmo area. The
source for the oil is believed 10 be the black carbonaceous
.hales which separate the Ismay, Desert Creek and Akah
Zones. An additional source may be the numerous shales in
the underlying Paradox salt section.

Exiensive geophysical work was done in the area prior to
discorery with seismograph exploration being the most com-
moniy accepted method. This work led to the drilling of the
large but essentially barren structures such as Bluff im-
mediately west of Aneth field and also Desert Creek, two
miles southwest, where Shell Oil Company drilled the first
commercial oil well in the Paradox Basin in November, 1954.
Seven months after the finding of Aneth in February, 1956,

Shell completed the discovery well at Ratherford flowing
1.440 BOD. The field, with Phillips Petroleum Company as
operator, is unitized for the purpose of secondary recovery.
There are now 61 water injection wells and 90 producers com-
pleted in the Desert Creek at an average depth of 5,500 feet.

REFERENCES

Freeman, W. M., 1961, Greater Aneth Area-Ratherford Field, in Oil
and Gas Fields of Utah, A symposium: Intermountain Association
of Petroleum Geologists (no page numbers, field papers are in
alphabetical order).

Phillips Petroleum Company files.

PRODUCTION
NO, OF WELLS @ YR. END OIL IN BARRELS, GAS.
WF WCF

YEAR TYPE PROD., SI/ABND ANNUAL CUMMULATIVE
- OIL 108 , 118,775 17,225,017
1966 GAS 2,262,125 19,03%

OIL 101 65 2,002,229 49,227,2L5
1967 G, 1,852,656 50, 88L

OIL 103 63 1,725,413 0,952,859
1968 GAS 1,585,939 5, L72

oML 95 7L 1,690,452 6.7, 111
1969 GAS |, 498, 503 53,976

OIL - 69 L, 508,152 54,195,263
1970 GAS |, 423,701 55, L00

OIL 96 70 ) 345,956 H 1
1971 GAS 15 5EL,

OLL_ Sk 72"'—.‘2'2‘1.5.3'03_" S TET, 08
1972 GAS 040,797 7,605

OIL 96 0 195,122 57,9 bY)
1973 GAS 011,732 8,617

OIL 89 77 | 079:3-'6 594062)0‘6
197% _GAS 880,767 59,498

OIL 92 75 1,089,193 %0,151,21
1975 GAS 947,016 60, LLS
1976 % 92 75 1,101,397 61,252,616

,230 61,331

19'.7’{ to OIL 90 n 534,359 01,788,975
JUNE GAS 434,926 1,765
1 (0 -ﬁk-
( Themencs ) v‘o G MMCF
3300
3000 9000
00 9000
@000 q7o00
3300/ {ec00
3000 3000
29500 44000
2000 3000
300 42000
1000 qw00
T S S S I

RATHERFORD UNIT
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DATA

SOURCE

CODE
ba

5a,5b
5a
5a

5a,l

5a,5b

5a

5a,5b

5a,5b

TRAPPING MECHANISM-=eecccccmmrcncmcaan

Utah - Greater Aneth
(White Mesa Unit)
Paradox - Desert Creek
Paradox Basin

Utah

San Juan

Paradox

Greater Aneth area - White Mesa
Paradox Fm., Desert Creek
Pennsylvanian - Des Moines

325

Limestone and dolomite

Entrapment is the result of a

transition from vugular, biogenic, hydroclastic 1imestone and secondary,
oolitic dolomite to dense, argillaceous 1limestone, dolomite & bedded anhydrite;

DISCOVERY YEAR-ccmccmcmcccccccaccaeaae
PROVED ACREAGE---=ceccccmcmccmmacccaea
REGULAR WELL SPACING (acres/well)—-e--
RESERVOIR DEPTH-=-=weeccccammmamccccan=

RESERVOIR THICKNESS

PRODUCTION STATISTICS
(oil in mbbls, gas in mmcf)
TOTAL NUMBER OF WELLS--c-ceccemcmecaee
PRODUCTION 1976 0il (cum)-mecemecceeeao
PRODUCTION 1977 oil (cum)-(theu.10/77)
PRODUCTION 1978 01l (CuUm)-ccemmececaec
PRODUCTION 1979 0il (CUM)-cmemcccccacn
PRODUCTION 1-1-77 t010-1-77 cceeccamaax
SECONDARY RECOVERY RECORDS?ececececcaco
WATER ANALYSIS RECORDSZeeceocecccocceeen
OTHER DATA
STRUCTURE CONTOUR?-cecececmceeceeean
LOGS?-m e mcc e e ccccccc e e
STRUCTURE SECTION?cceccmmecoccnaea
ENGINEERING REPORTS?=cemececccceca
CORE DESCRIPTIONS?-cecccecccmecaan

61

1957

5120

80

5600, 5505

anticline nose.

41, 44
98 - 186

Pinpoint, IG
.085, .09

10

76 (38P, 16WI, 1A, 21DH)
22,1503 22,209 mbbls; 28,600.7 mmcf
22,498.3 mbbls; 29; 288.5 mmcf

289.1 mbb1s; 687.8 mmcf

Isopach
yes
yes
yes
yes



RESERVOIR DATA

DATA SOURCE
CODE
5a
ba
5a,§b

Source 12a

12b -

FIELD:

RESERVOIR:

PROD. ACRES:

AVG. THICKNESS (FT.):

FORMATION VOLUME FACTOR INITIAL (FVF/INT):
FORMATION VOLUME FACTOR LATEST (FVF):
WATER SATURATION (Sw):

OIL SATURATION (So):

PRIMARY DRIVE MECHANISM:

PRIMARY GAS CAP?:

TEMPERATURE (°F):

SATURATION PRESSURE

RESERVOIR PRESSURE INITIAL (psi):
RESERVOIR PRESSURE LATEST (psi):

GAS OIL RATIO INITIAL (GOR/INT) (cf/bbl):
GAS OIL RATIO LATEST (GOR) (cf/bbl):
STOCK TANK OIL GRAVITY (CAPI):

OIL VISCOSITIES (uyg éucb):

MINIMUM MISCIBILITY PRESSURE (MMP) :
ESTIMATED ORIGINAL OIL:

ESTIMATED PRIMARY OIL:

Estimated Ultimate 0il:

OTHER INFORMATION:

White Mesa

“Desert Creek

41, 44

.28

solution gas

140 (GG=1.2)

6259

2160

667:1

~2089 (19/9)

40.9

1736

22,500 mbbls

30,000 mbbls

Western 0il1 Reporter V-33, No. 10, p.25, October 1976.

Reference:

Peterson, James A., and Ohlen, Henry R., 1963,

"pennsylvanian Shelf Carbonate, Paradox Basin", in Shelf
Carbonates of the Paradox Basin Symposium, Four Corners

Geological Society.
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WHITE MESA FIELD
San Juan County, Utah

WILLIAM D. FENEX AND T.N. WEATHERS

Location

The White Mesa field is located on the southwestern edge of the Paradox salt
embayment in Townships 41 and 42 South, Range 24 East, San Juan County,
Utah. The field is twenty miles northwest of the Four Corners and about three
miles south of the San Juan River. Field boundaries are those designated by the
White Mesa Unit operators, who are Continental, Phillips, Humble, Superior,
Aztec and Pure.

Type of Trap

Oil accumulation in the White Mesa field is primarily controlled by lithologic
variations within the Desert Creek zone of Pennsylvanian age. Entrapment is the
result of a transition from vugular, biogenic, hydroclastic limestone and secondary,
oocastic dolomite to dense, argillaceous limestones, dolomites and bedded anhy-
drite. This has been referred to by Picard (1959b) as environmental entrapment.
Thickness of the gross Desert Creek interval varies from 98 feet to 186 feet and
thickening is due to buildup of the porous, fragmental limestone and dolomite.
General disagreement in defining this lithic sequence prevails among workers in
this area, but it is felt that the term biostromal complex proposed by Picard
(1959b) is adequately descriptive.

Structure

The field area is located on the northwest flank of the northeast trending White
Mesa anticline. Generally, contours indicate a gentle dip to the northwest of about
60 feet per mile. However, detailed contouring shows numerous small closures,
which as noted by Picard (1959a) are not entirely due to crustal movement, but
are the result of gross Desert Creek thickening. The striking similarity between
the structural contour map on top of the Desert Creek and the isopachous map
of the gross Desert Creek interval makes this readily apparent.

Development

The discovery well, Davis Oil Company’s Navajo #A-1 (C NE NE 27-41S-
24E), was completed March 17, 1957, for 1350 BOPD. Subsequent development
drilling has now fully defined the limits of the field which includes a total of 5120
productive acres.

Bibliography

Picard, M. Dane, 1959 a, “Isopachous Relations and Probable Warping During Late Pen-
nsylvanian Time in the Aneth Area, San Juan County, Utah” Four Corners Geological
Society, Bulletin No. 1,23pp..........coouu..... , 1959 b, “The White Mesa Field, En-
vironmental Trap, San Juan County, Utah,” Bulletin American Association of Petroleum
Geologists, Volume 43, pp. 2456-2469.

From: A SYMPOSIUM OF THE OIL AND GAS FIELDS OF UTAH, Intermountain
Association of Petroleum Geologists, 1961, Source Sa.
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From: A SYMPOSIUM OF THE OIL AND GAS FIELDS OF UTAH, Intermountain
Association of Petroleum Geologists, 1961, Source Sa.

WHITE MESA FIELD

HYDROCARBON PRODUCTION
BBLS. OIL

(Thousonds) MMCF GAS
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1 LU L ] 1
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From: A SYMPOSIUM OF THE OIL AND GAS FIELDS OF UTAH, Intermountain
Association of Petroleum Geologists, 1961, Source 5a.
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ANETH (WHITE MESA)

ANETH (WHITE MESA)
(0il)

T.41-42S.,R. 24E.,SLPM

San Juan County, Utah

GEOLOGY

Regional Setting: Southern shelf, Paradox Basin

Surface Formations: Cretaceous, Dakota Sandstone and
Jurassic, Morrison Formation

Exploration Method Leading to Discovery: Subsurface geol-
ogy and seismic
Type of Trap: Stratigraphic, algal mound

Producing Formation: Pennsylvanian, Desert Creek Member
of Paradox Formation

Gross Thickness and Lithology of Reservoir Rocks: Max-
imum of 80 feet of algal limestone and 40 feet of oolitic
and foraminiferal limestone

Geometry of Reservoir Rock: Algal mound with oolitic and
foraminiferal cap that thickens around flanks

Other Significant Shows: None

Oldest Stratigraphic Horizon Penetrated: Pennsylvanian,
Akah Member of Paradox Formation

DISCOVERY WELL

Name: Davis Oil Company No. 1 Navajo “A”’
Location: NE NE (660’ FNL and 560’ FEL) sec. 27, T.41S.,
R.24E.

Elevation (KB): 4,688 feet

Date of Completion: February 25, 1957

Total Depth: 5,590 feet

Production Casing: 5% " 10 5,590 feet

Perforations: 5,520 to 5,540 feet; 5,552 to 5,562 feet
Stimulation: Acidized

Initial Potential: Flow 1,680 BOD from a 1" choke
Bottom Hole Pressure: 2,160 psi

DRILLING AND COMPLETION PRACTICES

Surface casing is set through the Navajo Sandstone fresh
water aquifer; this is usually 10% " at about 1,100 feet with
800 sacks of cement. Production casing is run to total depth,
this is usually 42" or $%2" to about 5,600 feet. All porosity
greater than 4'; percent is perforated and acidized.

RESERVOIR DATA

Productive Area:

Proved (as determined geologically): 5,680 acres

Unproved: Oacres

Approved Spacing: 40 and 80 acres

No. of Producing Wells: 75 drilled, 16 converted to injec-
tion wells, 38 producing

No. of Abandoned Wells: 1

No. of Dry Holes: 21

Average Net Pay: 44 feet

Oil and Gas Fields of the Four Corners Area)

By: Dennis Irwin, Consultant

Porosity: 9 percent

Permeability: 10 millidarcies

Water Saturation: 28 percent

Initial Field Pressure: 2,160 psi

Type of Drive: Solution gas, initial gas-oil ratio 667:1

Gas Characteristics and Analysis: Methane 10.8 percent,
ethane 5.4 percent, remainder other fluids

Oil Characteristics and Analysis: 40.9° API gravity, 10°F
pour point

Associated Water Characteristics and Analysis: 150,000 ppm
total dissolved solids

Original Gas, Oil, and Water Contact Datums: Oil-water at
-950 feet

Estimated Primary Recovery: 22,500,000 BO, 25 percent of
oil in place

Type of Secondary Recovery: Water flood (Water injection
was not successful and was stopped several years ago;
without some type of secondary recovery it is doubtful if
the field will produce over several million more barrels.)

Estimated Ultimate Recovery: 30,000,000 BO, 33 percent of
oil in place
Present Daily Average Production: 889 BOD, 2,833 MCFGD

Market Outlets: Texas-New Mexico and Four Corners Pipe-
lines

FIELD COMMENTARY

The White Mesa field constitutes the southeast portion of
the Greater Aneth field complex and has contributed about 8
percent of the Greater Aneth total production. Algal mound
development and a capping oolitic and foraminiferal lime-
stone within the Desert Creek Member of the Paradox For-
mation provides the reservoir host rock. The Desert Creek
consists of two depositional cycles and in the White Mesa-
Aneth area a typical cycle consists of three facies which in
ascending order are: 1) a basal shallow water skeletal lime-
stone (much thicker and generally dolomitized under the
lower cycle), 2) an Jvanovia algal mound, and 3) a capping
leached oolite and foraminiferal limestone. The Ivanovia
algae are best developed in the lower cycle while the cap rock
facies is best developed in the upper cycle. Away from the
field the Ivanovia zone is absent with the corresponding inter-
val represented by a sparsely fossiliferous lime mud facies;
both cycles contain an 8 to 10 foot thick anhydrite bed near
the top. The anhydrite is younger than the Ivanovia and the
increased salinity responsible for the anhydrite undoubtedly
terminated the algal growth. Adjacent to the field, the
anhydrite thickens markedly by metasomatic replacement into
the reservoir host rock.

Both algal zones are highly developed in the McElmo Creek
and Aneth field areas but in the White Mesa field only the
algal zone in the lower cycle is well developed. The capping
oolitic and skeletal limestone facies; however, displays an ex-
ceptional development and an excellent washover develop-

From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREA, Four Cormers Geological

Society, 1978, Source 5b.
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ANETH (WHITE MESA)

ment is shown by its thickening ‘‘doughnut fashion'’ around
the mound. Unfortunately this zone is highly replaced by
anhydrite throughout most of the field.

The three facies subdivisions are shown by number on the
cross sections and three maps are presented to display the
main features of the White Mesa field. The first is a total
Desert Creek thickness map, the second is of the algal zone
and capping facies in the lower cycle, and the third is the cap-
ping facies of the upper cycle. The principal production in the
field comes from the algal mound with lesser amounts ob-
tained from the upper oolitic-foraminiferal capping facies.
Approximately 50 percent of the mound thickness can be con-
sidered effective pay, but the amount in the capping unit is
considerably less.

The White Mesa field lies above the oil-water contact found
in the syncline of the Aneth complex. The oil-water contact
for the Aneth complex has a saucer shape, higher around the
edges of the field because of lower permeabilities resulting
from anhydrite infilling, but is usually found at about a -950
foot structural datum away from the edges of the field.

REFERENCE

Fenex, W. D., and Weathers, T. N., 1961, White Mesa field, in A
Symposium of the Oil and Gas fields of Utah: Intermountain
Association of Petroleum Geologists (no page numbers).

PRODUCT 10N
NO. OF WELLS @ YR. END OIL IN BARRELS
GAS IN MCF
YEARITYPE | PROD. [SI/ABN | ANNUAL | CUMULATIVE
0il 3 50,256 50,256
957! Gas
0il 48 2,249,659 2,299,915
1958 Gas
Qi1 60 4,110,832 6,410,747
1959 Gas 1,607,928 ,607,928
0i1 | 62 3,389,447 9,800,194
1960! Gas 3,863,116 5,471,044
0il | 64 2,748,741 12,548,935
1961 Gas 3,404,116 8,875,160
0il 69 2,044,669 14,593,604
1962! Gas 3,660,592 2,535,752
0il 50 1,453,929 6,047,533
1963 Gas 5,964,275 18,500,027
0il 45 1,009,220/ 17,056,75
1964 | Gas 2,345,062| 20,845,08
0il 45 648,297! 17,705,050
1965| Gas 1,526,254] 20,931,528
0il | 38 464,133] 18,169,183
1966 | Gas 1,067,275 21,998.8
0il 43 469,568| 18,638,751
1967 Gas 969,234| 22,968,037
0jl 34 347,640] 18,986,391
1968 Gas 557,317 23,525,354
0il 37 388,427] 19,378,818
1969 Gas 518,093 24.043.44
0il 40 425,074] 19,799,892
1970| Gas 505,867] 24,549,314
0il 44 430,948 20,230,8
1971 Gas 534,173 25,083,487
0il 42 433,673] 20,664,412
1972 ]| Gas 568,790 25,586,673
0il 43 428,218 21,092,63
1973| Gas 779,197 26,365.8
0il | 49 375,692] 21,468,322
1974 Gas 950,508| 27,116,378
0il 47 380,969] 21.849,291
1975] Gas 927,670 27,844,048
0il 40 359,920] 22,209,21
1976 Gas 756,692 28,600,740
thruy 0il 38 289,092 22,498,303
07770 Gas 87,8021 29,288,5
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Geological Society, 1978, Source 5b.
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DATA

SOURCE

CODE
5a

5a,1,5b
“Ba,l__
_5a,l1,5
"1,5b

1

5a,1,5b

5a,5b,1

LS TY I,
5a,8a,1,5b PROVED ACREAGE

RESERVOIR----ececcccccncccccrccnccannaa
GEOLOGIC AGE-=-c---ccrcccccaccccccaa--
AAPG STRATIGRAPHIC AGE CODE-~e--eeee--

RESERVOIR LITHOLOGY--=ceccecccaax

TRAPPING MECHANISM--ececcccccccnccanax

- - - - - - - - - -

5a,bb REGULAR WELL SPACING (acres/well)-----
53,8a,1 RESERVOIR DEPTH--e--c=cccccecccccaaaa-
RESERVOIR THICKNESS:
5a,5b NET PAY-ewececccccccccercncnananae
5b,5a GROSS-eemmeecmcccccacccancaccaana=
NET/GROSS RATIO---ec-eemcecenccace-
POROSITY
ba,l1 TYPEc-eerccemccccacccacnacccccaana-
5a,1,5b FRACTION---ceccccccccmcccmcacanaaa-=
5b PERMEABILITY
RANGE=-e=ccccccmcncccccccccccnanan
Ba,l AVERAGE-cccccccccnccccccccccccnans
HORIZONTAL-eeccmecocmcccmccacnaann
VERTICAL-emcecomcocmanccccmccncaan
ba OTHER INFORMATION--eccecememceccenean=

PRODUCTION STATISTICS
(0il in mbbls, gas in mmcf)

Utah - Ismay
Ismay
Paradox Basin

Utah
San Juan

Paradox

Ismay (Flodine)

Lower Ismay, Hermosa, Ismay, Ismay
Pennsylvanian

320

Limestone, limestone, bioclastic
carbonate

Plunging anticline and
stratigraphic

1956

2800, 3600, 3600, 4370
80

5660, 5656, 5656

38, 24
80, 7200 ft. (log)

Pinpoint and vugular, V
.13, .07*
%%

10 md, 7 md

Adjacent field in Colorado is the
Flodine Park field

53 (29P, 16WI, 8DH)
9459, 9484 mbbls
9711.6 mbbls; 16,613.5 mmcf gas

123 mbbls 0i1; 220.6 mmcf gas
yes, water injection

yes
yes

yes

Zone two 28.1 md

5b TOTAL NUMBER OF WELLS-cecececcccccccan-
1 PRODUCTION 1976 o0il (cum)e--ecececcaaa-
5b PRODUCTION 1977 0il (cum)-cececceccceaa
PRODUCTION 1978 0il (Cum)cmccecceccecaee
PRODUCTION 1979 o0il (cum)-cemcececcaeae
5b PRODUCTION 1-1-77 to 1-1-78cecmcccana-
5b SECONDARY RECOVERY RECORDS?ceccecccceea=
WATER ANALYSIS RECORDS?-cececcccccmaen
OTHER DATA
5a,5b STRUCTURE CONTOUR?-wrececececccaea-
5a,5b_ LOGS?-cecccmcmcancccnccmnnncaccanan
STRUCTURE SECTION?-cececcccmccncaea
5a,.5b ENGINEERING REPORTS?-ccecccmcacna=
CORE DESCRIPTIONS?c-ccccmcccccaan=
* Zone one .098 ** Zone one 5.2 md
Zone two .077
Zone three .146
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RESERVOIR DATA

DATA SOURCE
CODE FIELD: Ismay
ba,bb RESERVOIR: Lower Ismay
5a,8a.,1.5b PROD. ACRES: 2800,3600,3600,4370
8a,1,5b AVG., THICKNESS (FT.): 38, 38, 24
FORMATION VOLUME FACTOR INITIAL (FVF/INT):
FORMATION VOLUME FACTOR LATEST (FVF):
5b WATER SATURATION (Sy): .41
OIL SATURATION (Sp):
5h,5a.1 PRIMARY DRIVE MECHANISM: - solution gas
PRIMARY GAS CAP?:
11 TEMPERATURE (©F): 142 (G6=1,2)
11 SATURATION PRESSURE 3283
5b RESERVOIR PRESSURE INITIAL (psi): 2205
RESERVOIR PRESSURE LATEST (psi):
5a GAS OIL RATIO INITIAL (GOR/INT) (cf/bbl): 1000
11 GAS OIL RATIO LATEST (GOR) (cf/bbl): 1948 (1979)
5a.1.8a.5b STOCK TANK OIL GRAVITY (CAPI): 41, 44, 44, 46.3

OIL VISCOSITIES (uoiéuob):
11 MINIMUM MISCIBILITY PRESSURE (MMP): 1745

ESTIMATED ORIGINAL OIL:

ESTIMATED PRIMARY OIL: __
5b Estimated Ultimate 0il: 12,000 mbbls; 21,500 mmcf

OTHER INFORMATION:

5b Active waterflood - Texaco

12a Reference: Choquette, P. W., and Traut, J. 0., 1963,
"pennsylvanian Carbonate Reservoirs, Ismay Field,
Utah and Colorado", in Shelf Carbonates of the Paradox
Basin-Symposium: Four Corners Geological Society.
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SOURCE 12 B

THICKNESS OF Az.s-As INTERVAL
UPPER ISMAY 20NE
CONTOUR INTERVAL « 10 FEET

4 Cerbonate build-wp 10 feet
thick or more

B v Mazimum permecbility of
10 md_or more !
0 v ] anes

Chogva ond Trev! - 1963

ISMAY FIELD, UTAH & COLORADO

FI1G. S.——Isopach map of As.s-Aa Interval. Upg_(;r Ismay zone.. Notice the close superposition ot

these ‘‘thicks’” over those shown in Figure 4.
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[ d ! SIEs
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ISMAY FIELD, UTAR & COLORADO

FIG. 6.——Isopach map of the As-Az.s interval, Upper Ismay zone. Bulid-ups in this interval are
comparable In thickness to those in the As-B interval.

<

Reference: Choquette, P. W., and Traut, J. 0., 1963,
®pPennsylvanian Carbonate Reservoirs, Ismay Field,
Utah and Colorado”, in Shelf Carbonates of the Paradox
Basin-Symposium: Four Corners Geological Society.
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SOURCE 12 B
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FIG. 2.—=Lithology and radionctivity log characteristics of the cored portion of the Ismay zone
in a typical well In the rroducllve trend. Zones of optimum porusity and permcablliity.
based on whole core analyses. are shown in the center column. Positions of the horizons
and intervals mentioned In this report are shown in the right portion of the figure.
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71G. 3.——Siruclure of Ismoy ficid. drawn on the 5" ghalc marker. Cross-sections shown iIn
Figures 7 and 8 are located here. Circled wells are those from which cores or core
chips were avallable for study.

Reference: Choguette, P. W., and Traut, J. 0., 1963,
*pennsylvanfan Carbonate Reservoirs, Ismay Field,
Utah and Colorado”, in Shelf Carbonates of the Paradox
Basin-Symposium: Four Corners Geological Society.
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Utah and Colorado”, in Shelf Carbonates of the Paradox
Basin-Symposium: Four Corners Geological Society.
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ISMAY

ISMAY

(0Oi)
T.40S.,R. 25-26 E.,SLPM
San Juan County, Utah

GEOLOGY

Regional Setting: Southeast Paradox Basin (along north
margin of a broad shallow marine platform)

Surface Formations: Jurassic, Morrison Formation;
Cretaceous, Dakota Sandstone and Burro Canyon Forma-
tion

Exploration Method Leading to Discovery: Surface and sub-
surface geology, some seismic

Type of Trap: Stratigraphic, markedly influenced by struc-
ture

Producing Formation: Pennsylvanian, Ismay Zone of Para-
dox Formation

Gross Thickness and Lithology of Reservoir Rocks: Approx-
imately 80 feet, lenticular bioclastic carbonates, variable
over field

Geometry of Reservoir Rock: Stacked, mound-like carbonate
buildups, generally elongate northeast

Other Significant Shows: Unknown

Oldest Stratigraphic Horizon Penetrated: Cambrian, Ignacio
Quartzite

DISCOVERY WELL

Name: Texaco No. J-1 Navajo Tribal

Location: NE NE (660’ FNL and 660' FEL) sec. 20, T.40S.,
R.26E.

Elevation (KB): 4,957 feet

Date of Completion: October 8, 1956 (some records show
September 29, 1956)

Total Depth: 5,832 feet

Production Casing: 52" to 5,817 feet with 500 sacks of
cement

Perforations: 5,585 to 5,625 feet with 4 shots per foot

Stimulation: Wash perforations with 500 gallons mud acid

Initial Potential: 1,410 BOD, 1" choke (flowing)

Bottom Hole Pressure: 2,205 psi

DRILLING AND COMPLETION PRACTICES

Two methods common:

1. 13 3/8" (100 to 300 feet), 8 5/8" (1,200 to 1,500 feet),
§Y2 " to total depth.

2. 85/8"to 13 3/8" (100 to 300 feet), 5%2" (some 4%2") to
total depth, perforate from log interpretation, acidize 500 to
4,000 gallons.

RESERVOIR DATA

Productive Area:
Proved (as determined geologically): 4,370 acres
Unproved: Unknown

From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREA, Four Corners Geological

Society, 1978, Source 5b.

By: D. F. Mecham
Marathon Oil Company

Approved Spacing: 80 acres
No. of Producing Wells: 29 (19 water injection)
No. of Abandoned Wells: 16 (some used for water
injection)
No. of Dry Holes: 8 (some used for water injection)
Average Net Pay: 24 feet

Porosity: Zone one, 9.8 percent; zone two, 7.7 percent; zone
three, 14.6 percent

Permeability: Zone one, 5.2 millidarcies; zone two, 28.1
millidarcies; zone three, 4.9 millidarcies

Water Saturation: 41 percent

Initial Field Pressure: 2,205 psi

Type of Drive: Solution gas

Gas Characteristics and Analysis: Unknown

Oil Characteristics and Analysis: 46.3° API gravity, low
sulfur (.0S percent), brownish-green, paraffin base

Associated Water Characteristics and Analysis: Salt water

Original Gas, Oil, and Water Contact Datums: Oil-water
-640 feet

Estimated Primary Recovery: Unknown
Type of Secondary Recovery: Water flood—active

Estimated Ultimate Recovery: Oil 12,000,000 BO (35 per-
cent); gas 21,500,000 MCFG (51 percent)

Present Daily Average Production: 315 BOD, 537 MCFGD
(October 1977)

Market Outlets: Texaco, operator; shipped through the
Texas-New Mexico pipeline

FIELD COMMENTARY

The Ismay field is located in the northeastern corner of the
Navajo Indian Reservationin T. 40 S., R. 25-26 E., San Juan
County, Utah. It is bounded on the east by the Utah-Colorado
state line. The field was referred to as East Aneth during some
early work in the area and later (because Texaco the unit
operator included two Colorado wells in their Ismay opera-
tion) was referred to as the Ismay-Flodine Park Unit. In this
report a distinction is being made between the Ismay field in
Utah and the Flodine Park field in Colorado, and all the
Colorado wells are considered to be within the Flodine Park
field.

The structure is a broad gently west dipping nose that was
mapped by plane table in the early 1950°s. Subsequently seis-
mic added to the structural picture but the major effort was
through subsurface mapping.

Production is almost exclusively from the Ismay Zone of
the Middle Pennsylvanian Paradox Formation. The discovery
well, Texas Company’s Navajo J-1, was also the first Paradox
Basin test to produce from the Ismay Zone. Production is
found in bio-clastic carbonate buildups that occur stacked one
above another in three intervals of the Ismay Zone. Individual
buildups are often elongate northeast, essentially at right
angles to the structural trend. Production is primarily from

[Four Corners Geological Society



ISMAY

the porous and permeable zones within the individual build-
ups. These porous and permeable zones are related to the
depositional fabric, extent of leaching, and degree of pore-
filling by calcite and anhydrite. Production is confined, for
the most part, to the crest and southwest flank of the struc-
ture. An area of particular interest is in the extreme south-
2astern part of the field, in sections 27 and 34, where the
carbonate buildup is interpreted as a continuation of the
Flodine Park buildup to the northeast in Colorado. Within
the outlined area there have been 53 tests drilled; 8 were dry
holes and 45 were completed as oil wells. Sixteen of the oil
wells have been subsequently abandoned and many of these
have been converted to water injection wells. There are also
several dry holes outside the map area that help define the
field limits.

REFERENCES

Choquette, P. W', and Traut, J. D., 1963, Pennsylvanian Carbonate
Reservoirs, Ismay Field, Utah and Colorado, in Fourth Field Con-
ference Guidebook: Four Corners Geological Society, p. 157-184.

Elias, G. K., 1963, Habitat of Pennsylvanian Algal Bioherms, Four
Corners Area, in Fourth Field Conference Guidebook: Four Cor-
ners Geological Society, p. 185-203.

Mercurio, R. N., 1961, Flodine Park Field, Rocky Mountain Associa-
tion of Geologists Oil and Gas Field Volume, Colorado-Nebraska,
p. 128-129.

Stowe, C., 1970, Oil and Gas Production in Utah to 1970, Utah Geo-
logical and Mineralogy Survey, Bulletin 94, p. 108-110.

, __PRODUCTION
ISMAY FIELD 1) NO. OF WELLS @ YR. END ﬁLv‘, OIL IN BARRILS
GAS IN MCF

YEAR | TYPE | PROD. | ST/ABNZ2)| ANNUAL | CUMU-ATIVE
1956 | _O1l 1 12,894 12,894
89§. . : §3J720 13,720
i 0,604 35,498
1957 as 15,000 23,720
1958 | 011 12 2 223,576 257,0:4
Gas 157,917 185,637
Gas 284,100 379,757
1960 |01 32 3 696,966 | 1,451,071
Gas 665,034 I 1,135,771
1961 0]] 35 a 68:,083 2,13‘ 1
Gas 783,106 | 1,911,877
1962 211 45 [ 1,497,615 3,650,769
2s 2,074,689 | 3,997,566

1963 [ 011 |45 5 970,328 | 4,60:,097 ]
as 1,461,060 | 5,453,626

1964 gn 47 7 793,851 | 5,30:,938 ]
as 1,367,065 ] 6,820,689

1965 gn 46 7 657,175 | 6,050,125 ]
as 591,588 1 §,41° 277
1966 011 36 17 560,426 | 6,649,549
Gas 1,040,684 | 9,452,961
1967 011 34 19 427,015 7,0-¢,564
Gas 976,409 110,422,370
1968 |01 31 22 386,799 | 7,463,365
Gas 959,628 | 11,38¢,998
1969 | 011 31 22 490,693 7,951,056
Gas 795,333] 12,187,331
1970|011 31 22 217,345] 8,171,401
Gas 559,332 1 12,747,653
1971 |00 31 22 71,155] 8,232,556
Gas 637,934 | 15,351,587
1972 |01 32 21 250,096 ] 8,492,652
Gas 595,399 13,97¢,956
1973|011 35 18 375,213 8,867,865
Gas 443,753] 14,420,739
1074|011 34 19 280,059 9,147,929
Gas 1,151,374] 15,572,113
1975|011 32 21 177,858} 9,325,782
Gas 334.182] 15.0906.295
1976 011 30 23 157,018] 9,463,700
Gas 02,073] 16,208,368
19773} Qi1 29 24 123,000] 9,711,613
Gas 220,573] 16,613,488

1) Some of the yearly figures (PI) differ from those published in Utah Geol. § Min. Survey
Bulletin 94, but totals dre approximately the same. These (PI) were used for consistency.

2) Includes DGA and TA within the outlined area.
3) Based on extrapolation for November-December.

Oil and Gas Fields of the Four Corners Area)

From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREAS, Four Corners
Geological Society, 1978, Source 5b.
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ISMAY
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E! Paso Natural Gas Co.'s northwest district exploration crew in front of Project Gasbuggy display, December, 1967. From
lett to right, Jack Shaughnessy, Roy Pritchard, K. C. Bowman, M. E. Spitler, Bill Martin, Dick Ulirich, and C. F. “‘Chief”
Brown. (Photo compliments of El Paso Natural Gas Co.)
Oil and Gas Fields of the Four Corners Area) From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREA, Four Cormers Geological

Society, 1978, Source 5b.
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ISMAY, SOUTH

ISMAY, SOUTH
(0il)

T.40S.,R. 26 E., SLPM

San Juan County, Utah

GEOLOGY

Regional Setting: Paradox Basin

Surface Formations: Jurassic, Morrison Formation;
Cretaceous, Dakota Sandstone and Burro Canyon Forma-
tion

Exploration Method Leading to Discovery: Subsurface geol-
ogy, some seismic

Type of Trap: Stratigraphic with structural influence

Producing Formation: Ismay Zone of Paradox Formation

Gross Thickness and Lithology of Reservoir Rocks: Unknown

Geometry of Reservoir Rock: Unknown

Other Significant Shows: Unknown

Oldest Stratigraphic Horizon Penetrated: Pennsylvanian,
Paradox Formation salt

DISCOVERY WELL

Name: Texaco No. l‘Navajo/U/NCT

Location: NE NE (600 ' FNL and 600 FEL) sec. 32, T. 40S.,
R. 26 E., San Juan County, Utah

Elevation (KB): 4,828 feet
Date of Completion: August 15, 1960
Total Depth: 5,726 feet

Production Casing: 52" at 5,518 feet with 250 sacks of
cement

Perforations: 5,420 to 5,426 feet; 5,435 to 5,446 feet; 5,454
10 5,460 feet with two perforations per foot

Stimulation: Acidize 2,000 gallons
Initial Potential: 14 BOD, 17 BWD (pumping)
Bottom Hole Pressure: Unknown

DRILLING AND COMPLETION PRACTICES

10% "to 13 3/8" at 100 to 200 feet, 8 S/8" to approximately
1,500 feet, 5% " to total depth, perforate from logs, acidize.

RESERVOIR DATA

Productive Area:
Proved (as determined geologically): 480 acres
Unproved: Unknown
Approved Spacing: Unknown
No. of Producing Wells: 1
No. of Abandoned Wells: 2
No. of Dry Holes: 1

Average Net Pay: 16 feet

Porosity: 9% percent

Permeability: 24 millidarcies

Water Saturation: 28 percent

Initial Field Pressure: 2,100 psi

From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREAS, Four Cormers
Geological Society, 1978, Source 5b.
80

By: D. F. Mecham
Marathon Oil Company

Type of Drive: Solution gas
Gas Characteristics and Analysis: Solution gas

Oil Characteristics and Analysis: 40 to 41° API gravity, low .
sulfur, paraffin base

Associated Water Characteristics and Analysis: Salt water
Original Gas, Oil, and Water Contact Datums: Unknown
Estimated Primary Recovery: Unknown

Type of Secondary Recovery: None

Estimated Ultimate Recovery: 200,000 BO, 275,000 MCFG

Present Daily Average Production: 10 BOD, 5 MCFGD, $
BWD (Oct. 1977)

Market Outlets: Texas-New Mexico Pipeline

FIELD COMMENTARY

South Ismay is a small field south of Ismay proper. It is east
of the giant Aneth complex and north of the McElmo Creek
field. It is in the southern part of T. 40 S., R. 26 E. and in-
cludes parts of three sections (see map). Production is from
the Ismay Zone of the Paradox Formation from a porosity
condition that appears to be localized by a slight structural
anomaly. Like a number of fields in this general area, the pro-
duction is basically stratigraphic. The discovery well was
drilled by Texaco in 1960 in the NE NE sec. 32, T. 40S,, R. 26
E., but resulted in only minor production. An offset was
drilled in SW NW sec. 33 that produced for several years.

During that period of time the area was first considered to
be an extension of the Ismay field but as later dry holes
isolated it from the Ismay field proper, it was carried as
undesignated. Early production records are confusing, being
partly assigned to Ismay and partly to an unknown classifica-
tion. It was not until 1966, following the drilling of an exten-
sion to the northwest in NE SW, sec. 29 by Union Oii Co.,
that production records were systematically assigned to the
South Ismay field.

There have been four tests drilled in the outlined area; 1
marginal well (the discovery well), 1 dry hole, and 2 producing
wells. Because of the time frame involved in the development,
the field has been, except for one short period of time, a one-
well field. During the final productive period of the Texaco
well and the placing on production of the Union well, there
was a short time where two wells were producing.

REFERENCES

Choquette, P. W., and Traut, J. D., 1963, Pennsylvanian Carbonate
Reservoirs, Ismay Field, Utah and Colorado, in Fourth Field Con-
ference Guidebook: Four Corners Geological Society, p. 157-184.

Elias, G. K., 1963, Habitat of Pennsylvanian Algal Bioherms, Four
Corners Area, in Fourth Field Conference Guidebook: Four Cor-
ners Geological Society, p. 185-203.

Mercurio, R. N., 1961, Flodine Park Field, Rocky Mountain Associa-
tion of Geologists Oil and Gas Field Volume, Colorado-Nebraska,
p. 128-129.

Stowe, C., 1970, Oil and Gas Production in Utah to 1970, Utah Geo-
logical and Mineralogy Survey, Bulletin 94, p. 108-110.
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SOUTH

R26 E

ISMAY, SOUTH

ISMAY FIELD
20' CONTOUR-LOWER ISMAY

R4

\/*;

A PRODUCTION
NO. OF WELLS @ YR. END églE-OIL IN BARRELS
1* " as IN MCF
VEZR | TYPE | PROD. | SI/ABN | ANRUAL | CUFULATIVE
1.‘\.:6 U‘] 2 1 10,639 10,6)9
79° "Gas 1,306 11,106
1257 |01 1 2 1,310 27,071
‘[ Gas 1,629 gg,ga;
. 011 1 2 7,366 ,95
1998 =35 11,543 32,3;%
9 L0311 1 2 6,9.4 36,
1969 =3 9102 15.380
1979 |_0il 1 2 6,309 35,220
: c3s 8,511 51,791
oot ! 1 3 5,855 39,103
i T 6,612 58,303
1o-a | 0il 1 3 5,619 51,727
STl ces 7,083 65,186
19-3 1011 1 3 5,316 60,053
) Cas 5,689 71,175
TR LA NS 3 5,175 63,161
Gas 1,801 76,066
1975011 1 3 4,592 69,753
Gas 35,042 82,008
1976|011 El 3 4,070 75,825 Lt
gas 4,589 86,597 -
19772011 1 3 3,700 77,523
Sas 2,86 89,457
Est. Prod. prior to 1966: 0il 46,680
Gas 58,821
Est. Gross 0il 124,203
Gas 148,278

Oil and Gas Fields of the Four Corners Area]
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From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREAS, Four Corners
Geological Society, 1978, Source 5b.
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ISMAY OIL FIELD
San Juan County, Utah

The Ismay Oil Field is located along the Utah-Colorado border in the
southeastern portion of the Paradox Basin, 8% miles west of Aneth field.

As shown on the accompanying plat the production is for the most part
confined to the crest of an irregular, westerly plunging anticline expressed on
the Paradox “A-1” horizon. This feature exhibits minor closure primarily in
Section 16 which undoubtedly effects accumulation; but as with the majority
of Utah oil and gas fields the overriding factor in accumulation of hydrocar-
bons is stratigraphic. Although controversy exists as to the role of penecon-
temporaneous structural effect on development of reservoirs in the Paradox
formation, the larger part of better oil production is associated with some
structural relief.

Production at Ismay is from the lowermost Ismay zone from a predomi-
nately clastic carbonate section, containing minor amounts of anhydrite,
ghale, and calcarenite. Porosity, estimated at 13%, is pin-point and vugular:
permeability is confined to the biostromal portions of the section. Tests of
the Desert Creek zone show lack of reservoir development in that part of the
section.

As of this writing there are 41 tests within the outline of the Ismay field;
37 productive wells and four abandoned.

The dark green, paraffinic base, 41° API gravity oil is transported to Jal,
New Mexico via the Texas-New Mexico pipeline.

From: A SYMPOSIUM OF THE OIL AND GAS FIELDS OF UTM, Interwountain
Association of Petroleum Geologists, 1961, Source Sa.
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From: A SYMPOSIUM OF THE OIL AND GAS FIELDS OF UTAH, Intermountain
Association of Petroleum Geologists, 1961, Source 5a.

PARADOX BASIN
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From: A SYMPOSIUM OF THE OIL AND GAS FIELDS OF UTAH, Intermountain
Association of Petroleum Geologists, 1961, Source Sa.

PARADOX BASIN ISMAY FIELD
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RESERVOIR--========
GEOLOGIC AGE-----
AAPG STRATIGRAPHIC AGE CODE----ecc-c---

RESERVOIR LITHOLOGY--

TRAPPING MECHANISM---cecrercccccaccaa

DISCOVERY YEAR--==-
PROVED ACREAGE-----
REGULAR WELL SPACING (acres/well)-----
RESERVOIR DEPTH--emee-cccccccccncccece

RESERVOIR THICKNESS-

POROSITY
TYPE----=c=n= -
FRACTION-====--
PERMEABILITY

OTHER INFORMATION--eccccccccccncancacan

PRODUCTION STATISTICS
(oil in mbbls, gas in mmcf)
TOTAL NUMBER OF WELLS---veccccccccccc==
PRODUCTION 1976 0il (cum)e-cecccecceccca-
PRODUCTION 1977 -0il (cum)-cecececcccaa
PRODUCTION 1978 o0il (cum)eccecemceaccea=
PRODUCTION 1979 o0il (cum)eeccccecmaca--
PRODUCTION 1-1-77 to 1-1-78cccccccaaa-
SECONDARY RECOVERY RECORDS?cecceccecce--
WATER ANALYSIS RECORDS?-
OTHER DATA

STRUCTURE CONTOUR?cccccccccnccace=

ENGINEERING REPORTS?-ecececccceceea=
CORE DESCRIPTIONS?-cccccccccccnca=
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Utah - Lisbon
Madison - Mississippian
Paradox Basin

Utah
San Juan

Paradox

Lisbon

Redwall Limestone, Madison
Mississippian

330

Limestone and dolomite; dolomite

Faulted anticline; fault truncated
anticline

1960

5120, 5760, +3420

Does not apply, unit status; 80
7570, 8500, 8261

225, 394 ft.
328-534; 500 (log)

1G, V
.055, .10

.01 to 1100 md
22, 3 md

Other reservoirs include the
McCracken Sandstone and Paradox
Salt.

19 (11P, 2SI, 1P&A, 5DH); 14P (1961)
39,307 mbbls
40,225 mbbls oil; 310,920.6 mmcf gas

948.4 mbbls oil; 25,165.8 mmcf gas
yes
yes

yes
yes

yes



RESERVOIR DATA

DATA SOURCE
CODE FIELD: Lisbon
5b, 5a RESERVOIR: Redwall Lm.; Madison
5b,ba, 13 PROD. ACRES: 5120, 5760, +3420
5b, 13 AVG. THICKNESS (FT.): 225, 70
FORMATION VOLUME FACTOR INITIAL (FVF/INT):
FORMATION VOLUME FACTOR LATEST (FVF):
5b WATER SATURATION (S,): +39
OIL SATURATION (Sg): so}—aas
5b,5a PRIMARY DRIVE MECHANISM: expanding gas cap & grav.drain.;% watsr
5b.8,5a PRIMARY GAS CAP?: yes
11 TEMPERATURE (©F): 171

SATURATION PRESSURE/BUBBLE POINT PRESSURE (psi)
5b RESERVOIR PRESSURE INITIAL (psi): 2982
RESERVOIR PRESSURE LATEST (psi):
GAS OIL RATIO INITIAL (GOR/INT) (cf/bbl):
GAS OIL RATIO LATEST (GOR) (cf/bbl): _ _
5b,5a, 13  STOCK TANK OIL GRAVITY (CAPI): 54, 52-71, 42
OIL VISCOSITIES (hgq/Mop): .
MINIMUM MISCIBILITY PRESSURE (MMP):
ESTIMATED ORIGINAL OIL

5b ESTIMATED PRIMARY OIL: 25,710.5 mbb1s3250,000mmc
5b Estimated Ultimated 0il: 42,850 mbbls

OTHER INFORMATION:

5b Secondary recovery is controlled gas injection.
5b Water salinity 70,000 to 100,000 ppm.
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ROCKY MOUNTAIN
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Ficuxz 36.9 Salt anticline traps, northern Paradox basin, Utah. Upper: northwest-southeast (close
to strike) hypotbetical section through Salt Wash and Northwest Lisbon Selds. Approximate distance
between two fields is 60 miles (100 km). Courtesy Pan American Petroleum Corporation (1961,
p. 1), subsidiary of Standard Oil Company (Indiana). Lower: southwest-portheast cross section,
Northwest Lisbon Seld, showing four Mississippian oil and condensate gas wells. Gas and condensate
pey zone stippled. Courtesy John M. Parker (1968, Figure §, p. 1375-1379).

To the west of San Rafael swell, in the Castle Valley
and especially on the Wasatch Plateau, hunting for flam-
mable gas has been more successful (Figure 36.2). This
district contains one very large field, Clear Creek, and
several smaller gas fields. Castle Valley-Wasatch Plateau
is an area of extensive outcrops of Tertiary and Creta-
ceous rocks. The column, including underlying lower
Mesozoic and Paleozoic sediments, has a total thickness
of about 19,000 feet. “It is a structurally complex area
of numerous north-trending horsts and grabens that gen-
erally cut older structures” (Gere et al.,, 1964, p. 58).

The Clear Creek gas field (Anon., 1961; Walton, 1955),

FROM: LANDES, K.S., 1970,PETROLEUN GEOLOGY OF THE UNITED STATES,

John Wiley and Sons, New York, New York,

discovered in 1951, had produced over 100 billion cubic
feet by the end of 1962. The reservoirs are sandstones
in the Ferron Member of the Upper Cretaceous Mancos
Shale. These sandstones are low in interpore permea-
bility; both gas storage capacity and movement are
greatly enhanced by the presence of natural fractures.
Accumulation is in the higher parts of the Clear Creek
anticline, a major upfold in the north-central part of the
Wasatch Plateau. This anticline is segmented by horst
and graben faults. Trapping is in the fault slices, espe-
cially the horsts, on the anticlinal crest.

KAPAROWTITS BasIN AND SouTHWESTERN Urtan.

page Mk Source B
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LISBON

LISBON

(0iD)
T.30S.,,R.24E.,SLPM
San Juan County, Utah

GEOLOGY

Regional Setting: Central portion, Paradox Fold and Fault
Province

Surface Formations: Triassic-Jurassic, Wingate Sandstone

Exploration Method Leading to Discovery: Seismic and sub-

* surface geology

Type of Trap: Faulted anticline

Producing Formation: Devonian, McCracken Sandstone
Member of Elbert Formation; Mississippian, Redwall
Limestone

Gross Thickness and Lithology of Reservoir Rocks: Redwall
Limestone, 328 to 534 feet, limestone and dolomite; Mc-
Cracken Sandstone Member, 113 feet, sandstone

Geometry of Reservoir Rock: Redwall Limestone, shallow
marine shelf carbonate; McCracken Sandstone Member,
transgressive shoreline sandstone

Other Significant Shows: None (clastic breaks in Pennsylva-
nian, Paradox Formation salt have yielded some oil)

Oldest Stratigraphic Horizon Penetrated: Pre-Cambrian

DISCOVERY WELL

Name: The Pure Oil Company No. 1 NW Lisbon USA

Location: NE NW (563 ' FNL and 2050 FWL) sec. 10, T. 30
S.,R.24E.

Elevation (KB): 6,589 feet

Date of Completion: January 5, 1960

Total Depth: 8,440 feet

Production Casing: 7" at 8,440 with 2,000 sacks of cement
(two stages)

Perforations: 7,567 to 7,970 feet (Redwall); 8,261 to 8,293
feet, 8,310 10 8,348 feet (McCracken)

Stimulation: HyFlo, acid, sand-oil fracture

Initial Potential: Flow 179 BOD, 4,376 MCFGD (Redwall);
flow 586 BOD (McCracken)

Bottom Hole Pressure: 2,788 psi at 7,773 feet (Redwall);
2,713 psi at 8,271 feet (McCracken)

DRILLING AND COMPLETION PRACTICES

Drill and set 13 3/8" conductor at 30 to 73 feet as warranted
by surface conditions. Drill and set 9 5/8” to 10% " surface
casing at 700 to 1,200 feet. Drill to approximate top of Para-
dox Formation salt and convert fresh water mud to natural
brine or salt base mud. Drill to total depth, set 52" or 7" pro-
duction casing and cement with volume sufficient to cover
complete Paradox salt section. Selectively perforate, stimulate
(15 percent HCI used in Redwall), and if warranted, place on
production.

From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREA, Four Corners Geological
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Society, 1978, Source 5b.

By: Charles R. Clark
Union Oil Company of California

RESERVOIR DATA (Redwall Limestone)

Productive Area:

Proved (as determined geologically): S,120 acres

Unproved: 0acres

Approved Spacing: Does not apply, unit status

No. of Producing Wells: 11 (10 shut-in)

No. of Abandoned Wells: 2 temporarily abandoned. 1|
plugged and abandoned

No. of Dry Holes: 5 (outside the Unit Area, effectively
outline the accumulation)

Average Net Pay: 225 feet

Porosity: 5.5 percent (average, highly variable from 1 10 21
percent)

Permeability: 22 millidarcies (highly variable from 0.01 10
1,100 millidarcies)

Water Saturation: 39 percent

Initial Field Pressure: 2,982 psia at -2,400 feet

Type of Drive: Expanding gas cap and gravity drainage

Gas Characteristics and Analysis: Sour, specific gravity 0.97,
CO:; 21 percent, H,S 1.2 percent, Btu 740

Oil Characteristics and Analysis: Sour, 54° API gravity,
yellow to red

Associated Water Characteristics and Analysis: Salt water
70,000 to 100,000 ppm total dissolved solids

Original Gas, Oil, and Water Contact Datums: Gas-oil
-1,800 feet, oil-water -2,570 feet

Estimated Primary Recovery: 25,710,500 BO (30 percent),
250,000,000 MCFG (70 percent)

Type of Secondary Recovery: Controlled pressure decline
(crestal gas injection)

Estimated Ultimate Recovery: 42,850,000 BO (47 percent),
250,000,000 MCFG (70 percent)

Present Daily Average Production: 2,667 BOD, 55,662
MCFGD, 4,566 BWD (49,170 MCFGD injected back into
reservoir)

Market Outlets: Ute Pipeline (company owned); gas injected
back into Redwall Limestone

RESERVOIR DATA (McCracken Sandstone Member)

Productive Area:
Proved (as determined geologically): 1,050 acres
Unproved: 0acres
Approved Spacing: None established, state spacing in

effect :

No. of Producing Wells: 1
No. of Abandoned Wells: 3 (temporarily abandoned)
No. of Dry Holes: 7 (penetrated McCracken during field
development; McCracken not necessarily primary objec-
tive of all wells)

Average Net Pay: 25 feet

{Four Corners Geological Society



LISBON

Porosity: 8 percent

Permeability: 2.6 millidarcies

Water Saturation: 43 percent

Initial Field Pressure: 2,713 psi at 8,271 feet

Type of Drive: Solution gas

Gas Characteristics and Analysis: Sweet 1,300 Btu

0il Characteristics and Analysis: 43°to 50° API gravity, red,
waxy

Associated . Water Characteristics and Analysis: 70,000 to
100,000 ppm total dissolved solids

Original Gas, Oil, and Water Contact Datums: Oil-water
-2,300 feet

Estimated Primary Recovery: 1,375,800 BO (20 percent)
Type of Secondary Recovery: None

Estimated Ultimate Recovery: 1,375,800 BO (20 percent)
Present Daily Average Production: 26 BO

Market Outlets: Oil, Ute Pipeline (company owned); gas,
used on lease

FIELD COMMENTARY

The Mississippian is generally considered to have been
deposited on a broad, shallow, partially restricted, low
energy, marine shelf dipping gently to the northwest. Follow-
ing deposition, the uppermost part of the Mississippian
section was severely eroded and an undetermined amount of
section lost. A karst topography was developed and in present
day sections, solution cavities and fractures, filled with
overlying Pennsylvanian, Molas Formation are easily iden-
tified. The coniact of the karst surface and the overlying
Pennsylvanian, Molas regolith clearly mark the unconformity
at the top of the Mississippian. A general three-fold division
of the Redwall Limestone is used in the Lisbon field; upper
non-permeable limestone, porous middle dolomite, and lower
non-permeable dolomite. The major productive portion is the
middle dolomite which exhibits intercrystalline vuggy fracture
and pinpoint porosity.

The surface structure in this part of the Paradox Basin is
controlled by five major salt folds which are post-

Navajo people in front of water tank for the Gypsy Oil Co. No. 1 Tocito wildcat, 1824. Amos Guthrie, landman for Gypsy,
Spencer)

in cap on right. (Photo compliments of C. W.

Oil and Gas Fields of the Four Corners Area)

Mississippian in age and are related to salt flowage. Lisbon
field is located on the southwest flank of the Lisbon Valley-
Dolores salt anticline, however, field production is interpreted
to be related to old structure which is related to basement. The
crest of the Mississippian structure is located approximately
four miles west of the crest of the Lisbon Valley salt anticline
thus indicating the disparity of pre- and post-Mississippian
structures. The Mississippian accumulation at Lisbon is con-
trolled by a fault on the northeast side of the structure exhibit-
ing a throw of approximately 1,200 to 1,600 feet. The re-
maining limits of production are controlled by an oil-water
contact. From the highest structural well (C-93, SE' section
3) to the interpreted oil water contact, an oil column of 1,800
feet can be calculated for the structure.

The Mississippian reservoir fluid, by research done to date,
is believed to be unique to the Lisbon field area. The fluid is a
high, 54° API gravity crude which necessitated the early con-
struction of an oil stabilization plant in order to transport the
crude with a minimum of shrinkage. Thus Lisbon at the pres-
ent time seems to fall into the category of one of a kind (like
many of the Rocky Mountain fields). A second Lisbon is
clearly a worthy exploratory goal.

I would like to thank the following persons for their help in
preparing this report: Rox Green, drafting; John Roe, engi-
neering; and Norman Ross, production records.
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LISBON FIELD
San Juan County, Utah

The Lisbon field is on the northwest end of the Lisbon Valley — Dolores
anticlinal trend, one of the major salt folds in the Salt Anticline Province of
the Paradox Basin. Production has been established in the Pennsylvanian
salt, the Mississippian carbonates and basal Devonian clastics. The field is in
Twp. 30 South, Rge. 24 East, San Juan County, Utah, about 27 miles south-
east of Moab.

Pure Oil Company drilled the discovery well, Lisbon A-1, in the NW¥%
Sec. 10, Twp. 30 South, Rge. 24 East. The well was completed in January,
1960, for a flow of 587 BOPD from the McCracken sandstone member of the
Devonian Elbert formation at a depth of 8350 feet. The McCracken has been
subsequently shut in and the well recompleted in the Mississippian for 187
BOPD and 4376 MCFGPD. Pure’s discovery well is located on the southwest
flank of the Lisbon Valley surface anticline.

The Lisbon Valley anticline is a surface structure with an indicated 4000
feet of closure against a prominent normal fault which bounds this feature to
the northeast. The first test of this surface structure was drilled by Union
Oil in 1929. This well, the No. 1 State (NW¥% Sec. 16, Twp. 30 South, Rge.
25 East) was abandoned in the salt at a depth of 6640 feet. Superior Oil has
drilled potash tests in recent years near the crest of the surface structure. The
Pure Oil discovery well is low on the southwest flank, about 3000 feet below
the surface crest. Development drilling in the Lisbon field by Pure Oil, Pubco,
Elliot Production and Standard Oil of California has outlined a pre-salt struc-
tural configuration quite different from the surface structure. The pre-salt
structure contains about 1800 feet of closure against a normal fault with
about 2000 feet of throw. This subsurface closure parallels the surface trend
but is located about four miles to the west. Published information suggests
that as much as 10,000 feet of salt may underlie the crest of the Lisbon Valley
surface structure while only about 3000 feet of salt is present at the Lisbon
field. .

The reservoirs of the Lisbon field include the salt of the Pennsylvanian
Paradox formation, the carbonates of the Mississippian and the basal Mc-
Cracken sandstone of the Devonian Elbert formation. The oil from the salt
section probably comes from fractured shales interlaced with the salt. Vugu-
lar dolomites and, to a lesser extent, limestones with intergranular porosity
are the Mississippian pays.

There is a gas cap in the Lisbon field. Updip from the — 1775 foot structural
contour on the top of the Mississippian, the gas-oil ratio reportedly increases
to as much as 37,500 to 1 while downdip from this structural position the
ratios are generally less than 3000 to 1. The oil-water contact must lie about
—2400 referred to a datum at the top of the Mississippian.

From: A SYMPOSIUM OF THE OIL AND GAS FIELDS OF UTAH, Intermountain
Association of Petroleum Geologists, 1961, Source Sa.
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LISBON FIELD

HYDROCARBON PRODUCTION

BBLS. OIL MMCF GAS
(Thousonds) Cumulative Production
8-31-61 605,142 BO & 1,263,460 MCFG
- .500
200 — ~400
300
-200
100
T T T ¥ v I
1960 1961 1962 1963
-YEAR-
_—BBLS 0“. PER OUARTER Discovered : 1960
—-——-MMCF GAS PER QUARTER By: PURE OIL CO.
DEVELOPMENT DRILLING
NO. PROD. NO. ABD.
WELLS WELLS
25- - 25
201 20
15+ 15
104 -10
S - 5
1 1 L] 1 I k|
1960 1961 1962 1963
~-YEAR-
PROD. WELLS
—-—-<-ABD. WELLS

From: A SYMPOSIUM OF THE OIL AND GAS FIELDS OF UTAH, Intermountain
95 Association of Petroleum Geologists, 1961, Source 5a.




PARADOX BASIN LISBON FIELD
T 29'%,30S - R24,25E SAN JUAN COUNTY
R 24 E R25E
_r 1
T T Srare
292 3 s 33 34 s 3
-] 1-G
na .
@
. s e H-C 3 ]
-|Srore
¢ oC-3 < A
e!-C @a-i
T L4 ] 9 .y o :"2 " 12 4 T
32 b .l-Fed 350
e[z ®2i-15| eB-I oD-2
1] 17 4 18 “ 8.2 13 T
L] .I-E qb
¢1-22-|C <$D-l
19 20 21 22 23 24 19
LISBON FIELD
LOCATION MAP
SCALE:1"=8000'
PRODUCTION CHARACTERISTICS
RESERVOIR
FORMATION NAMC AGE LITH AVE DEPTH |NET PAY  |INIT. PRESS JCURR PRESS] TYPE DRIVE | % POROS. |PERM. WD
Modison Miss Dolomite | 8500 394 Solution| 109%est.| 3md est
Gos 8 Wir
McCracken Dev Sandstone] 8500 97 Woter 9% est,
Poradox soalt Penn. Shale 6100 37 Gos
FLUIDS
FORMATION NAME sraviTy |pourpont [SOLFUR | Gor prus F15 metwane | evnane | WATER 1 2THER
Modison 52-71° 1271-1t0]| 835 to 2% 8 % 22% CO,
API 37,500:1 | 1207 1.1% He
Mc Cracken 4| I°API 484 |
Parodox salt 46 SAPI 12521
ECONOMICS
FORMATION WAME vios  lreonie ERoD -6 u’:{fa&;&o 3¢ M ifap|uLr Res. SEOVESe | Wrils | seaciwe
Modison 14 210,645 BOJ210,64580| 82 14 135¢ 26 million| 5760+ 15 80 acre
426 MMCFG426 MMCFG 8O acres
McCrocken 3(dual) |(Included |w/Miss. production) 25c7Fbghon
Paradox salt | (Included |w/Miss. prpduction)

From: A SYMPOSIUM OF THE OIL AND GAS FIELDS OF UTAH, Intermountain
Association of Petroleum Geologists, 1961, Source Sa.
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Utah - Long Canyon
Paradox - Cane Creek zone
Paradox Basin

DATA
SOURCE
CODE STATE---==-vccmmmm e e e e Utah
5b COUNTY=====-=ccmemmemmc e cccccccmccccae Grand
REGULATORY DISTRICT-=-==c-ccccccncmnna
5b BASIN---cecmccmcm e e eee Paradox
SUB-BASIN--=e-ceccemc e cmc———
5b FIELD-~--cemeemc e e e e cmeee Long Canyon
5b RESERVOIR~==meemecm e e eccmce e Cane Creek zone, Paradox Fm.
5b GEOLOGIC AGE===-ecmcac e e Pennsylvanian
5b AAPG STRATIGRAPHIC AGE CODE--=--meeeee-- 320
5b RESERVOIR LITHOLOGY--sccmcmcmeccccaaan Shale, dolomite and anhydrite
5b TRAPPING MECHANISM-cccccmcecccccccaaax Structural, stratigraphic
5b DISCOVERY YEAR-=eemccccccmmmccmccccaae 1962
PROVED ACREAGE-=c-cmceccccocccccccaaaa
REGULAR WELL SPACING (acres/well)eece--
5b RESERVOIR DEPTH--=e-ccmccmmamcmcccenan 7050
RESERVOIR THICKNESS-
5b NET PAY-=evcecccmcmcmmcmcmccccccaee 25
5b GROSS-==eev o e e ccccc—aee 70
NET/GROSS RATIO--=-ccocccamcmaacan
POROSITY
5 TYPE--eeeecccccanccccc e ——————— Fracture
FRACTION-=cmceccmam e ccccccc e
PERMEABILITY
RANGE-=m-m e e e
AVERAGE---eecmcmc e eee
HORIZONTAL---cccccmecncmcacccacana
VERTICAL-=emmcecmceccccccc e e
OTHER INFORMATION--c-ccccecmcccceccaan
PRODUCTION STATISTICS
(o1l in mbbls, gas in mmcf)
5b TOTAL NUMBER OF WELLS--=eecccccccamaca 1P, 1A, 1DH
5b PRODUCTION 1976 0il (cum)-cececcceeaa= 714 mbbls
5b PRODUCTION 1977 -0il (cum)-cecccccacman 738 mbbls o0il; 817 mmcf gas
PRODUCTION 1978 0il (cum)ee-ceccccecana
PRODUCTION 1979 0il (cum)-cececceeeaea
5b PRODUCTION 1-1-77 t0 1-1=78ccecccuaaae 23.6 mbbls 0113 21.9 mmcf gas
SECONDARY RECOVERY RECORDS?ccccccceee-
WATER ANALYSIS RECORDS?-cecccccmececean
OTHER DATA
STRUCTURE CONTOUR?-cccecccccccacan
5b LOGS?—cmc e ccccccccc e yes
STRUCTURE SECTION?ceccecccccccccmaan
5b ENGINEERING REPORTS?-cecccceccaman= yes
CORE DESCRIPTIONS?ccccccccmancacam
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RESERVOIR DATA

DATA SOURCE
CODE

il

il

5b

ll

FIELD: Long Canyon
RESERVOIR: _Cane Creek
PROD. ACRES:

AVG. THICKNESS (FT.): 25

FORMATION VOLUME FACTOR INITIAL (FVF/INT):

FORMATION VOLUME FACTOR LATEST (FVF):

WATER SATURATION (Sy):

OIL SATURATION (Sg):

PRIMARY DRIVE MECBANISM: solution gas

PRIMARY GAS CAP?:

TEMPERATURE (°F): 161

SATURATION PRESSURE/BUBBLE POINT PRESSURE (psi)

RESERVOIR PRESSURE INITIAL (psi): 5000

RESERVOIR PRESSURE LATEST (psi):

GAS OIL RATIO INITIAL (GOR/INT) (cf/bbl):

GAS OIL RATIO LATEST (GOR) (cf/bbl):

STOCK TANK OIL GRAVITY (CAPI): 40

OIL VISCOSITIES (uo%:%b):
MINIMUM MISCIBILITY PRESSURE (MMP):

ESTIMATED ORIGINAL OIL IN PLACE FOR SRPs:

ESTIMATED PRIMARY OIL RECOVERED FOR SRPs:

OTHER INFORMATION:
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LONG CANYON

LONG CANYON
(Oil)

T.26S., lll 20E.,SLPM

Grand County, Utah

GEOLOGY
Regional Setting: Lisbon-Big Flat trend (hinge), Paradox
Basin
Surface Formations: Triassic, Wingate Sandstone and Jur-
assic, Kayenta Formation

Exploration Method Leading to Discovery: Surface and sub-
surface geology

Type of Trap: Structural-stratigraphic

Producing Formation: Pennsylvanian, Cane Creek Zone,
Paradox Formation, Hermosa Group

Gross Thickness and Lithology of Reservoir Rocks: 70 feet of
thin interbeds (vertically fractured) of shale, dolomite,
and anhydrite

Geometry of Reservoir Rock: Fractured reservoir; no matrix
porosity or permeability

Other Significant Shows: Other zones in Pennsylvanian,
Paradox Formation salt; inert gas in Mississippian

Oldest Stratigraphic Horizon Penetrated: Cambrian, in No. 1
Long Canyon well

DISCOVERY WELL

Name: Southern Natural Gas Co. No. 1 Long Canyon Unit

Location: SE NW sec.9,T.26S.,R.20E.

Elevation (KB): 5,794 feet

Date of Completion: August 30, 1962

Total Depth: 8,134 feet (plugged back to 7,393 feet)

Production Casing: 7 5/8" at 7,505 feet with 760 sacks of
cement

Perforations: 7,050 to 7,075 feet

Stimulation: 1,500 gallons acid

Initial Potential: 660 BOD (flowing 6/64" choke)

Bottom Hole Pressure: Approximately $,000 psi (over-
pressured)

DRILLING AND COMPLETION PRACTICES

Surface Casing: 13 3/8” at 300 feet (into Chinle Formation
shale)

Intermediate Casing: 95/8“ at top of salt

Production Casing: 7" at total depth; cement entirely
across salt section

Drilling: Air or mud to top of salt; natural brine (or salt-gel
mud) to total depth

RESERVOIR DATA

Productive Area:
Proved: Unknown
Unproved: Unknown
Approved Spacing: None

From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREA, Four Corners Geological

Society, 1978, Source 5b
99

By: Kenneth T. Smith
Husky Oil Company

No. of Producing Wells: 1
No. of Abandoned Wells: 1 (December 1965)
No. of Dry Holes: 1

Average Net Pay: 25 feet

Porosity: Unknown

Permeability: Unknown

Water Saturation: Unknown

Initial Field Pressure: Estimated at 5,000 psi (overpressured)
Type of Drive: Solution gas

Gas Characteristics and Analysis: Good methane gas, no
H.S; Btu 1,200 plus

Oil Characteristics and Analysis: 40° API gravity, pour puint
25°F, trace sulfur, specific gravity 0.823

Associated Water Characteristics and Analysis: Unknown

Original Gas, Oil, and Water Contact Datums: Not known

Estimated Primary Recovery: Unknown

Type of Secondary Recovery: Unknown

Estimated Ultimate Recovery: Unknown

Present Daily Average Production: 65 BOD, 60 MCFGD, ¢
BWD

Market Outlets: Oil trucked to Salt Lake City, or to Ute
Pipeline at Lisbon field; gas is flared

FIELD COMMENTARY

The Southern Natural Gas Company No. 1 Long Canyon
well is significant in that it is the only example of a genuinely
successful completion in one of the fractured clastic intervals
within the Paradox Formation salt (Pennsyilvanian). This
single well (through 1977) has produced almost 738,000 bar-
rels of high gravity oil from the ‘‘Cane Creek zone,” which
separates salt no. 21 from salt no. 22. The Cane Creek is the
most persistent of these clastic zones, and usually the thickest,
throughout the Paradox Basin. Elsewhere, the Cane Creek
produced some oil at Bartlett Flat, Grand County, Utah,
before abandonment due to mechanical problems. At Wilson
Canyon, San Juan County, Utah, a Cane Creek completion is
still producing, but the cumulative is not significant.

The Paradox salt interval is overpressured, and fluids have
been recovered from pure halite zones, as well as from the
clastic breaks between salt bodies. While drilling at 6,010 feet
in pure salt, the No. 1 Long Canyon well flowed salt water
(supersaturated brine), requiring 18 1b. mud to kill the flow; a
gradient of 0.94 psi. Several high mud-gas readings were
noted while drilling through the sali, including the Canc
Creek Zone.

In drilling to the top of the Cambrian before completing in
the Cane Creek, a drill-stem test in the Mississippian car-
bonates recovered 5,000 MCFD of inert gas (105 Btu) with a
trace of oil. Oil shows were also noted in the Devonian, but
salt water was recovered on a drill-stem test.

The Long Canyon No. 2 well, about one-half mile southeast
of the discovery, was also drilled to the Mississippian. Shortly

[Four Corers Geological Society



LONG CANYON

after penetrating the top of the Mississippian, the well blew
out (after losing returns), flowing inert gas. Flow rates were
not gauged. Efforts to drill ahead were unsuccessful, and the
well was plugged back to the Cane Creek. Completion at-
tempts in the Cane Creek through casing failed, even though
coring revealed fractures with fluorescence. The well was then
completed in another fractured shale break about 600 feet
above the Cane Creek, between salts no. 18 and no. 19. After
producing 26,700 barrels of oil, the No. 2 well was abandoned
in 1965.

As the Cane Creek zone is nothing more than thinly-bedded
evaporitic cyclothems, it is a difficult reservoir unit to handle.
Because fracturing is required to provide porosity and perme-
ability, logs are of no value. Mud logging is more desirable
than coring, and open-hole drill-stem tests are the only con-
clusive tool for proving reservoir parameters before running
production casing. It is preferable to drill into the Cane Creek
slightly underbalanced. Excessive mud weights, upon initial
penetration, appear to inflict irreparable damage for reasons

not fully understood. Cementing, completing, and completion
fluid chemistry also appear to require a delicate touch. As the
reservoir is overpressured, maintaining considerable back-
pressure while producing also seems to be critical to maintain-
ing commercially productive rates and to insure longevity of
production. Long Canyon field certainly points toward the
unevaluated potential for additional new reserves from the
Cane Creek Zone throughout the Paradox Basin.

REFERENCES

Crawford, A. L. (compiler and editor), 1963, Oil and gas fields of
Utah, re-evaluated: Utah Geological and Mineralogical Survey,
Bulletin 54, 564 p.

Personal files.

Stowe, C. (compiler), 1972, Oil and gas production in Utah to 1970:
Utah Geological and Mineralogical Survey, Bulletin 94, 179 p.

Utah State production records.

— PRODUCTION
NO. OF WELLS @ YR. END OIL IN BARRELS
GAS IN MCF
YEAR | TYPE | PROD. | 51/ABN | ANNUAL ' CUMULATIVE |
011 1 31,1407 31,140
1962 Gas B -
Oil 2 78,727 105,87
1963 [ Cas 85,483 59,483
011 2 10,857 220,724
1964 [ Gas 78,8300 236,313,
01l T 1 00,965 321,689 1
1965  Gas T3,168 389,481
™01l ] I | 1 V4,746 396,435
1966 T Gas B 108,954 498,435
011 '+ 1 T 80,270 457,458
19€7 [ CGas 80,003, 558,438
0ii |1 T 46, ,
1968 I Gas | 43,072 601,510
<29 T T 3,444 542,688
1969 [ Cas 35,405 636,915
(29 1 T | 31,010] 573,878
1970 [ Gas ~—1 28,587 665,502
o1l ' 1 T 15,9707 SB3.648
1971 [ Gas — T 14,707 680,209
01l T T 3.5807 603,228
1972 T Cas 2,510 692,719
I 0il ' 1 T 3,255 616,483
K " Smi 73 [ Gas 12,206, 704,925
enneth T. Smith o1l T 1 3T 628 €54 111
3.1-78 1974 M Tas —34,856, 739.8%
011 1 1 29,100 683,21
1975 [ Gas | 26,801 766, 35¢
0il | 1 1 31,150 714,361
1976 ™ Gas 28,690 795,072
o011 & 1 T 23,588 737,349
P1977 Gas ! ,928. ,0
H °
200 < * Cumuletive weter preduction thry 1977 — 35,398 dbls. L. 800 !
o z |
: ) et g )
= = Q
& ¥ 150 e 600 3
-2 o= N
o® e ”. e
2% J - Vi - e 3
o3 - s
& e ~ PR g s
a g 100 / N S LONG CANYON FIELD -400 & 8
4
22 p ,>\ GRAND COUNTY, UTAH w s
°: L ’, e, b 2 i
2 . ’./ \ | 200 ‘:" H
g l/' \\ \ g 5
£
< 1 A N / 0~ 3°
/I  —— - c—"
[} — — 7T 7T T o
1962 64 66 68 70 T2 T4 76 ke 80

Oil and Gas Fields of the Four Corners Area]

From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREAS, Four Cormers
Geologfcal Society, 1978, Source 5b.
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LONG CANYON

R20E

CALVERT |
47 Big Flat Unit
El. S846°
s::.c57¢ TD 7797, in SALT
- 6 S 4 3 2
§0. NAT. GAS
41 Long Canyon Unit
El. 5794°
TD 8134, in CAMBRIAN T
7 mELLIS 8 Sec©-l229 o " 26
#8-44 Skyline Fed. SO. NAT. GAS
El. 6023" 2 Long Canyon S
TD 8082, in DEV. 4 ¢ |E3. ses7
Scc -1201 Scc-1395Y [TD 7791°, in MISS.
.¢5cc-2215
1] 7 13 15 .
ROBERTS
41 White Cloud
El. 4348°
TD 8044', in MISs

SOUTHERN NATURAL GAS CO. ° e .
NO. | LONG CANYON UNIT e——
Gon:mloy So:uie

oon

_Base, sut 2

CANE CREEK ZONE (Scc)

IPF. 660 BOPD

LONG CANYON FIELD

TOP, SALT ®22

~

) 8

PERFS: T0S0-7S5, w 4 Shets/Fr.
TREATMENT: 1300 Goi. MCA

GRAND COUNTY, UTAH

DATUM: Top of CANE CREEK Zone,
Paraodox Salt

Kenneth T. Smith 3-1-78

From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREA, Fi
Frt M R L our Corners Geological

{Four Corners Geological Society
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DATA
SOURCE
CODE
6d

aluil

o

d

o

d

il

(=]
(=5

(=a)
o

|

F

F

6f

iathi

COUNTY~-~-

SUB-BASIN---=--==em=mmems—cscemmmcos=s
FIELD---
RESERVOIR--=-=mmmmmee-=scemeemnee-cn==
GEOLOGIC AGE-==-=m=e-=--eceeemmemcce==
AAPG STRATIGRAPHIC AGE CODE---========

RESERVOIR LITHOLOGY --

DISCOVERY YEAR--====== -
PROVED ACREAGE-=ec-=-rmec=scccoremacccses
REGULAR WELL SPACING (acres/well)-----
RESERVOIR DEPTH-

RESERVOIR THICKNESS-

PERMEABILITY
RANGE--==cmemmememcescmmmenamcaee
AVERAGE--c=creemenmcemcmanaan= _-———
HORIZONTAL--=--mmc-=ememmenaeecaa=

OTHER INFORMATION--c-ceceeccccccennecs

PRODUCTION STATISTICS

(oil in mbbls, gas in mmcf)

TOTAL NUMBER OF WELLS---e--ceccecccccce-
PRODUCTION 1976 oil (cum)--ccecccceccen=-
PRODUCTION 1977 0il (cum)---ecccececa-=
PRODUCTION 1978 o0il (cum)-ececcccece—e=-
PRODUCTION 1979 o0il (cum)-ceccccceece-
PRODUCTION PRESENT

WATER ANALYSIS RECORDS?- -

OTHER DATA
STRUCTURE CONTOUR?-eecccccccncnnan
LOGS?ecmccccrcccnccncrecrencceseao=
STRUCTURE SECTION?ccccccceneccncaa

CORE DESCRIPTIONS?cccccccemaccacas
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Colorado - Marble Wash

Paradox - Ismay
Paradox Basin

‘Colorado

Montezume

Paradox

Marble Wash

Ismay zone of Paradox
Pennsylvanian

320

200 ft. of interbedded carbonate,

shales, anhydrite

Stratigraphic - thin discontinuous

algal buildup
11-1958
400

80
5760

10-20 ft.
200 ft.

.10

2.0 md

10 (4P, OA, 6DH)
645.8 mbbls; 1,112.9 mmcf gas
687 mbbls; 1205.6 mmcf gas

68 BOD
none

yes
yes

production



RESERVOIR DATA

DATA SOURCE
CODE

6d
6d

6d

6d

FIELD: Marble Wash
RESERVOIR: Ismay

PROD. ACRES: 400

AVG. THICKNESS (FT.): 10-20

FORMATION VOLUME FACTOR INITIAL (FVF/INT):

FORMATION VOLUME FACTOR LATEST (FVF):

WATER SATURATION (§,): ND

OIL SATURATION (So): ,
PRIMARY DRIVE MECHANISM: solution gas
PRIMARY GAS CAP?:

TEMPERATURE (°F): 145
SATURATION PRESSURE/BUBBLE POINT PRESSURE (psi)

RESERVOIR PRESSURE INITIAL (psi): 2250

RESERVOIR PRESSURE LATEST (psi):

GAS OIL RATIO INITIAL (GOR/INT) (cf/bbl):

GAS OIL RATIO LATEST (GOR) (cf/bbl): _2200:1

STOCK TANK OIL GRAVITY (CAPI): 41.5

OIL VISCOSITIES (Mg /Mop):

MINIMUM MISCIBILITY SSURE (MMP):

ESTIMATED ORIGINAL OIL

ESTIMATED PRIMARY OIL 250-300 mbbls

Estimated Primary Recovery Factor: 15 - 20%
OTHER INFORMATION:
Water analysis: totalsolid- 234,685 ppm

NaCl - 237,398 ppm(?)
resistivity at 686 .051 ohm
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MARBLE WASH

MARBLE WASH

(Oil)
T.33%2 N.,R. 20 W., NMPM
Montezuma County, Colorado

GEOLOGY

Regional Setting: Southwestern shelf, Paradox Basin

Surfacf Formations: Cretaceous, Dakota Sandstone and
Jurassic, Morrison Formation

Exploration Method Leading to Discovery: Stratigraphic
drilling

Type of Trap: Algal buildup

Producing Formation: Pennsylvanian,
Paradox Formation

Gross Thickness and Lithology of Reservoir Rocks: 200 feet
of interbedded carbonates, shales and anhydrite

Geometry of Reservoir Rock: Thin, discontinuous algal
buildups

Other Significant Shows: None

Oldest Stratigraphic Horizon Penetrated: Pennsylvanian,
Akah Zone of Paradox Formation

Ismay Zone of

DISCOVERY WELL
Name: The California Company No. 2 Calco-Superior Ute
Tribal (present operator, Merrion and Bayless)

Location: NE NE (660 ' FNL and 660’ FEL) sec. 15, T. 33%
N.,R.20W,

Elevation (KB): 5,098 feet

Date of Completion: November 3, 1958

Total Depth: 6,055 feet

Production Casing: 5'2” at 6,052 feet with 792 sacks of ce-
ment

Perforations: 5,761 to 5,766 feet; 5,770 to 5,781 feet; §5,785
to 5,814 feet; 5,818 to 5,838 feet; 5,846 0 5,852 feet

Stiu':ulmon: Wash with mud acid, various amounts depend-
ing upon operator

Initial Potential: Pump 38 BOD and 24 BWD

Botto Hole Pressure: Drill-stem test shut-in pressure 2,250
psi

From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREA
Four Corners Geological Society, Source 6d. 1978,

Oil and Gas Fieids of the Four Comers Area)

By: Harold H. Brown
Consultant

RESERVOIR DATA

Productive Area:
Proved (as determined geologically): 400 acres
Unproved: Unknown
Approved Spacing: 80 acres
No. of Producing Wells: 4
No. of Abandoned Wells: 0
No. of Dry Holes: 6 (within 80 acre spacing of producing
wells)

Average Net Pay: 10 to 20 feet

Porosity: 10 percent

Permeability: 2.0 millidarcies

Water Saturation: Unknown

Initial Field Pressure: Drill-stem tesc shut-in pressure 2,250
psi

Type of Drive: Solution gas

Gas Characteristics and Analysis: Unknown

Oil Characteristics and Analysis: 41.5° API gravity, initial
solution gas-oil ratio 2,200:1

Associated Water Characteristics and Analysis: Total solids
234,685 ppm, NaCl equivalent 237,398 ppm, resistivity at
68°F .051 ohm

Original Gas, Oil, and Water Contact Datums: Not map-
pable

Estimated Primary Recovery: 250,000 to 300,000 BO from
best wells (estimate), 15 to 20 percent (estimate)

Type of Secondary Recovery: None

Estimated Ultima(_e Recovery: Same as primary recovery

Present Daily Average Production: 68 BOD

Market Outlets: Trucked to Aneth loading station, San Juan
Co., Utah

REFERENCES

Irwin, Dennis C., 1963, Producing carbonate reservoirs in the Four
Corners area, in Shelf carbonates of the Paradox Basin, Fourth
Field Conference: Four Corners Geological Society, p. 144-148.

Mercurio, R. N., 1961, Marble Wash Field, Oil and gas field volume,
Colorado-Nebraska: Rocky Mountain Association of Geologists,
p- 174-175.
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MARBLE WASH
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MARBLE WASH

MARBLE WASH FIELD

MONTEZUMA CO., COLORADO

CONTOURED ON TOP UPPER ISMAY
Ci=25

o7 \ I\ \2¥% :
N
15.C T : / n \ \"
\\ =,
0 9 =-AB "1 :
| ( \\ ;?“\-&\é:‘t“\\eo O—///
_-:a K_\ 18 \6‘30 L u;u.q’
/—\ \ \)OO \ -829
_;;L\\\ reow\ ) ~——

CALCO-SUPERIOR
UTE TRIBAL NO. 2
GGO'NL & GGO'EL

' SEC.18 T33'pN - R2OW
GROSS PERFS 8761'-58S2"
P 38 BO & 24 BWPD

Oil and Gas Fields of the Four Comers Ared] From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREA, 1978,
106 Four Corners Geological Society, Source 6d.



DATA
SOURCE
CODE
5b
_5
—p—
——
5
5b
5b
5b
——
——
5
——
5%
——
5
—5b
b
5b
5b
5b
5b
5b

5b

GEOLOGIC AGE---==cceccccccccaccccccana
AAPG STRATIGRAPHIC AGE CODE--=-ceecwa-

RESERVOIR LITHOLOGY+==ecccccccccccnanaa

Utah - McEImo Mesa
Ismay
Paradox Basin

Utah
San Juan

Paradox Basin
McEImo Mesa
Ismay zone
Pennsylvanian
325

Light to medium gray, fossiliferous

in part, some anhydrite infilling interbedded limestone and dolomite.

TRAPPING MECHANISM-=cececcccccccccccaaa=

DISCOVERY YEAR--=ccccccccccccccccnnca"
PROVED ACREAGE-==cccccccccccccnccacca-
REGULAR WELL SPACING (acres/well)-e---
RESERVOIR DEPTH-=ceccccccccnccacccncana

RESERVOIR THICKNESS:

NET PAY--e-ecmemecmcoccccccmmcanan

FRACTION-====ccocmcncccccnccancanaan

PERMEABILITY

PRODUCTION STATISTICS
(0il in mbbls, gas in mmcf)

TOTAL NUMBER OF WELLS---cccoccceccaa-
PRODUCTION 1976 0il (cum)-ceceecmcceee-
PRODUCTION 1977 -0il (cum)-ce-cecmceen-
PRODUCTION 1978 0il (cum)--eeecceeeee-
PRODUCTION 1979 01l (cum)-ecemccemeeea-
PRODUCTION 1-1-77 to 1-1-78cccccccaca-
SECONDARY RECOVERY RECORDS?-cccceemeen
WATER ANALYSIS RECORDS?eccceccceceema-

OTHER DATA

STRUCTURE CONTOUR?eccceccccnccaaa-
LOGS?ecmeccccccmccm e e e e e
STRUCTURE SECTION?-ccccccccccacaa-
ENGINEERING REPORTS?-ccecccccnanax
CORE DESCRIPTIONS?-ccccccccncccaa-
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Stratigraphic

1964
2240
80

5540

29
150

006 - .13

5P, 7Aban., 1SI, 8DH
2094 mbbls
2118 mbbls; 2519 mmcf

24.3 mbb1s 0il1; 39.2 mmcf gas

yes
yes
yes
yes



RESERVOIR DATA

DATA SOURCE
CODE
5b
5b

5b

5b

|

5b

Il

FIELD: McElmo Mesa
RESERVOIR: Ismay zone
PROD. ACRES: 2240

AVG. THICKNESS (FT.): 29

FORMATION VOLUME FACTOR INITIAL (FVF/INT):

FORMATION VOLUME FACTOR LATEST (FVF):

WATER SATURATION (Sw): .15-1,00; .37 avg.
OIL SATURATION (So):

PRIMARY DRIVE MECHANISM: water drive
PRIMARY GAS CAP?:

TEMPERATURE (°F): 142

SATURATION PRESSURE/BUBBLE POINT PRESSURE (psi)

RESERVOIR PRESSURE INITIAL (psi):

RESERVOIR PRESSURE LATEST (psi):

GAS OIL RATIO INITIAL (GOR/INT) (cf/bbl):

GAS OIL RATIO LATEST (GOR) (cf/bbl):

STOCK TANK OIL GRAVITY (°API):

OIL VISCOSITIES (ugi/Mop)!

MINIMUM MISCIBILITY éRESSURE (MMP) :

ESTIMATED ORIGINAL OIL IN PLACE FOR SRPs:

ESTIMATED PRIMARY OIL RECOVERED FOR SRPs:

OTHER INFORMATION:

108



MCELMO MESA

MCELMO MESA
(Oil)

T.40-41S.,R. 26E., SLPM

San Juan County, Utah

GEOLOGY

Regional Setting: Southwest shelf of Paradox Basin

Surface Formations: Jurassic, Morrison Formation; Cre-

. taceous, Dakota Sandstone

Exploration Method Leading to Discovery: Subsurface

geology

Type of Trap: Stratigraphic

Producing Formation: Pennsylvanian, lower Ismay Zone of
Paradox Formation

Gross Thickness and Lithology of Reservoir Rocks: 150 feet
of interbedded limestone and dolomite, light to medium
gray, fossiliferous in part, vuggy porosity, some anhydrite
in-filling

Geometry of Reservoir: Lenticular

Other Significant Shows: Unknown

Oldest Stratigraphic Horizon Penetrated: Pennsylvanian,
Paradox Formation evaporites

Plugged and Abandoned: Temporarily abandoned in 1972,
plugged and abandoned 1973

DISCOVERY WELL

Name: Zoller and Danneberg Kimbark Exploration No. 1
South Ismay

Location: NE NE (660' FNL and 660 FEL) sec. 5, T. 41 S.,
R.26E.

Elevation (KB): 4,799 feet

Date of Completion: November 16, 1964

Total Depth: 5,553 feet

Production Casing: 52" at 5,553 feet with 100 sacks of
cement

Perforations: 5,540 10 5,545 feet with 4 holes per foot

Stimulation: Acidized

Initial Potential: Flow 270 BOD, 47 BWD

Bottom Hole Pressure: 2,176 psig (drill-stem test)

DRILLING AND COMPLETION PRACTICES

Approximately 150 feet of 13 3/8" surface casing is set.
After drilling out, mud weight is increased as required. The
Glenn Canyon Group is water-bearing in some parts of the
field; water flows have been controlled with moderate mud
weight. Lost circulation can be a problem in the Glenn Can-
yon Group. If it is necessary to control the water flows and/or
lost circulation zones with casing, a string of 8 5/8” is run at
depths of approximately 1,450 feet. If no serious water flows
or lost circulation zones are encountered, the well is com-
pleted with 52" casing. The lower Ismay Zone is perforated
and then stimulated with acid.

Oil and Gas Fields of the Four Comners Area)

By: Edward G. Mickel
Grace Petroleum

RESERVOIR DATA

Productive Area:
Proved: 2,240 acres
Unproved: None
Approved Spacing: 80 acres
No. of Producing Wells: §
No. of Abandoned Wells: 7
No. of Shut-In Wells: 1
No. of Dry Holes: 8

Average Net Pay: 29 feet (includes upper, middle and lower
log porosity)

Porosity: 6 to 13 percent (average 9 percent for productive in-
terval)

Permeability: Not available

Water Saturation: 15 to 100 percent (average 37 percent for
productive interval); productive interval is underlain by
water in many of the wells with a transition interval of 4 to
20 feet

Initial Field Pressure: 2,176 psig (drill-stem test, Zoller and
Danneberg No. 1 South Ismay)

Type of Drive: Water

Gas Characteristics and Analysis: (in molecular percent)
methane 60.5, ethane 19.0, propane 10.7, normal butane
3.5, iso-butane 1.7, argon trace, helium trace, normal pen-
tane .95, iso-pentane .95, hexanes plus .8, nitrogen 1.8,
CO;.1

Qil Characteristics and Analysis: Not available

Associated Water Characteristics and Analysis: Not available
Original Gas, Oil, and Water Contact Datums: Unknown
Estimated Primary Recovery: Unknown

Type of Secondary Recovery: None

Estimated Ultimate Recovery: Unknown

Present Daily Average Production: 15 to 20 BOD, approx-
imately 200 BWD

Market OQutlets: Not available

FIELD COMMENTARY

The McElmo Mesa field is located in the Aneth Area one
mile west of the Utah-Colorado state line and 2 miles south of
Cache field, which also produces from the Ismay Zone. The
discovery well was drilled in 1964 by Zoller and Danneberg;
Kimbark Exploration was the operator. Texaco and Mon-
santo, between 1965 and 1967, drilled 12 wells of which § are
still producing. Each company operated their own leases. The
Ismay Zone is the producing interval. Hydrocarbons are en-
trapped in the lower part of the Ismay in lenticular porosity
zones. Porosity logs of wells drilled in the field indicated
primary porosity, but several wells that were drilled were dry
holes because of secondary anhydrite filling in these porous
zones. A small structural closure has been mapped on the B
zone. The highest well is the Monsanto No. 3 South Ismay,
which is still the best producer in the field. The structural high
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MCELMO MESA

on the Desert Creek Zone is between the Monsanto No. 3 Texaco 7-NAV-Tribal-AC, sec. 4 156
South Ismay well and the Texaco No. 7 well. The following Texaco 9-NAV-Tribal-AC, sec. 4 156
are Ismay gross thicknesses for the field; gross porosities for Texaco 8-NAV-Tribal-AC, sec. 4 149
the Ismay are shown on the accompanying map: Texaco 8x-NAV-Tribal-AC, sec. 4 139
Well Thickness (feet) Texaco 11-NAV-Tribal-AC, sec. 4 161
Kimbark No. 2 Hogan, sec. 31 142 Texaco 12-NAV-Tribal-AC, sec. 4 164
Monsanto A-4 NAV, sec. 31 156 Monsanto 1-NAV-9, sec. 9 171
Pan American NAV-Tribal-AA, sec. 31 150 K!mbark l-Sha{dscal_c-NAV. sec. 9 160
Kimbark No. 2, sec. 32 157 Kimbark 1-Mail Trail Mesa, sec. 8 128
Texaco 3-NAV *‘U’" NCT, sec. 32 159 The field is now fairly well depleted making 3,900 BO,
Texaco S-NAV-Tribal-AC, sec. 33 150 5,877 MCFG, and 40,235 BW per month (Feb. 1978).
Pan American No. 2, NAV-M, sec. 6 160
Monsanto A-1 NAV, sec. § 150
Monsanto 6-South Ismay, sec. S 147
Monsanto 4-South Ismay, sec. § 158 REFERENCES
Zoll;r and Danneberg 1-South Ismay, a8 Geomap, Denver, Colorado.
sec. NAV 5 138 Grace Petroleum Company files.
Monsanto A-3 NAV, sec. State of Utah production records.
Monsanto 2-NAV A, sec. 5 151 Stowe, C. (compiler), 1972, McElmo Mesa Field, San Juan County, in
Monsanto S-South Ismay, sec. § 151 Oil and Gas Production in Utah to 1970: Utah Geological and Min-
Monsanto 3-South Ismay, sec. § 152 eralogical Survey, Bulletin 94, p. 73.
Texaco 6-NAV-Tribal-AC, sec. 4 160
) PRODUCTION
NO. OF WELLS @ YR. END é:‘ OIL IN BARRELS WATER
i GAS IN MCF
YEAR TYPE PROD. | SI/ABN ANNUAL CUMULATIVE ANNUAL cuN,
0il 2 : 33,820 33,820
1964 50,745 20.745 40,079 40,079
0il 1 23,276 57.096
1965 13,066 11 29,616 69,695
0il 10 716.712 773.808
* 2
1966 Gas 820,507 855,218 174,927 | 244,622
0il 13 656,291 1,430,099
7 ’ ,992
196 Gas 699,733 1,554,951 342,370 | 586,99
0il 11 2 (S1) 266,607 1,696,706
R ,0032,6€1
1968 Gas 301,299 1,856,180 416,269 1,00
0il 9 2 (s1) 138,241 1,834,947
9 . + ' ’ ,077
196 Gas 196,379 2,052,559 346,816 §1,350,0
0il 8 1 (SI) 81,790 1,916,737
1970 v ' ,904
3 Gas 119,221 2,251,780 331,827 {1,681.9
0il 5 3 (sI) 48,168 1,964,905
1971 L ! £ 241,523 1,923,427
Gas ( 71,080 2,322,860
0il 5 6 (ABN) 34,813 1,999,718
Pes 2 2 L , R 3
1972 Gas 3 (SI) 46,647 2,369,507 265,906 p,189,33
0il 5 7 _(ABN) 22,130 2,021,848
L L R ) 6
1973 Gas 2 (sI) 25,321 2,394,828 164,333 ,353,66
0il 5 2 (sI) 18,632 2,040,480
1974 Gas 22,918 2. 417,746 229,947 pR,583,613
0il 5 1 (SI) 28,433 2,068,913
L + ’ ,437
1975 Gas 1 (ABN) 28,099 2,445,845 301,824 12,885,43
0il 5 1 (SI) 24,918 2,093,831
] , 1
1976 Gas 34,105 2,479,950 306,194 [3,191,53
0il S 1 (Ss1) 24,319 2,118,150
1977 Gas 39,270 2,519,220 314,061 3,505,592

* Includes: 768 bo, 14,592 bw, for Monsanto Co. Navajo 1-9, undesignated in 1966.
** The Monsanto A-1 and A-3 converted to salt water disposal well.

[Four Corners Geological Society
From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREA, Four Corners Geological
Society, 1978, Source 5b. 110
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Oil and Gas Fields of the Four Corners Area)

From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREAS, F Co
Geological Society, 1978, Source 5b. » Tour Tomers
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DATA
SOURCE
CODE

_S

5b
5b

5b
5b

5b
5b

5b

5b
5b

5b

RESERVOIR~==s=ememcmcccccccccccccaene=
GEOLOGIC AGE-===----cccccnncccnccnnnn=
AAPG STRATIGRAPHIC AGE CODE----====---

RESERVOIR LITHOLOGY-=ce--ecccnnncaacax

TRAPPING MECHANISM----cccccccceccnnan=-

DISCOVERY YEAR--meeemceccccrccccccccaa
PROVED ACREAGE-=-cecemceccccecncccaccccaa
REGULAR WELL SPACING (acres/well)-----
RESERVOIR DEPTH--eec-cmcccccccccccccanae

RESERVOIR THICKNESS

HORIZONTAlL-=-eeecmcemmmcccccccccna=
VERTICAL-~-cecncmmccccccceccnceccaaa

OTHER INFORMATION-=ceeeccccccccccceaa=

PRODUCTION STATISTICS
(oil in mbbls, gas in mmcf)

TOTAL NUMBER OF WELLS-eeeeeemecmmeenn-
PRODUCTION 1976 0il (cum)--emeeemeen=-
PRODUCTION 1977 0il (CUM)--ememmmmmee=
PRODUCTION 1978 0il (cUm)e-meememmmme=en
PRODUCTION 1979 oil (cum)----ceeeeme=-
PRODUCTION 1-1-78 to 1-1-79 cecmcememn-
SECONDARY RECOVERY RECORDS?cceeemeeae-
WATER ANALYSIS RECORDS?-cocceccemmemn-

OTHER DATA

STRUCTURE CONTOUR?-e-ceeeeaammemm-
LOGS?mmmmmmcmmccomcccmceem e ————
STRUCTURE SECTION?eceememmmmemeen-
ENGINEERING REPORTS?-eemmeemmcmae-
CORE DESCRIPTIONS?--ceemcemmemmee-
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Utah - Salt Wash
Leadville Lime - Mississippian
Paradox Basin

Utah

Grand County

North Paradox Basin
Salt Wash

Leadville Limestone
Mississippian

330

Dolomite

Structural dome

1961
920
160

8693

28
100

Ic, v
.078

1P, 7A, 1DH
1182 mbbls oil; 11,616.5 mmcf gas

9.4 mbbls oil; 58.4 mmcf gas

yes
yes

yes



RESERVOIR DATA

DATA SOURCE
CODE

|

5b
5b

5b

5b

11

5b

5b

H

FIELD:

RESERVOIR:

PROD. ACRES:

AVG., THICKNESS (FT.)

FORMATION VOLUME FACTOR INITIAL (FVF/INT):
FORMATION VOLUME FACTOR LATEST (FVF):
Sw):

WATER SATURATION (
OIL SATURATION (Sp):

PRIMARY DRIVE MECHANISM:

PRIMARY GAS CAP?:
TEMPERATURE (°F):

SATURATION PRESSURE/BUBBLE POINT PRESSURE (psi)

RESERVOIR PRESSURE INITIAL (psi):
RESERVOIR PRESSURE LATEST (psi):

GAS OIL RATIO INITIAL (GOR/INT) (cf/bbl):

GAS OIL RATIO LATEST (GOR) (cf/bbl):

STOCK TANK OIL GRAVI
OIL VISCOSITIES (ugy
MINIMUM MISCIBILITY

ESTIMATED ORIGINAL OIL IN PLACE FOR SRPs:
ESTIMATED PRIMARY OIL RECOVERED FOR SRPs:

OTHER INFORMATION:

TY (CAPI):
frends
SSURE (MMP): .
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Salt Wash

Leadville Li mestone

920
10-27

.25

gas cap & encroaching H20

183

4075

50.1_




ROCKY MOUNTAIN

FEET
Northwest Lisbon
+5000 Salt Wash ]
~v - o\
Post-Pennsylvanian
e R -
fsea tever 1]
Pennsyivanian
\m_rA Miss.
W\ Mississippian 3
[ 5%0%,
vonian Dev
Devonian )
Cambrian
Precambrian
\ Precambrian
10,000
- ]
w0 ° o i ¥ < < 4 ool
~Cretaceows
Juressic

Soo :_:..
Tevel Tevel
] o -m)
] ? X . i f , Precasdrisn : »” orien 1 ‘]
-8000 - - RILES 8000

Triassic

Ficunx 369 Salt anticline traps, northern Paradox basin, Utah. Upper: northwest-southeast (close
to strike) hypothetical section through Salt Wash and Northwest Lisbon fields. Approximate distance
between two felds is 80 miles (100 km). Courtesy Pan American Petroleum Corporation (1961,
p- 1), subsidiary of Standard Oil Company (Indiana). Lower: southwest-northeast cross section,
Northwest Lisbon field, showing four Mississippian oil and condensate gas wells. Gas and condensate
pay zone stippled. Courtesy John M. Parker (1968, Figure §, p. 1378-1379).

To the west of San Rafael swell, in the Castle Valley
and especially on the Wasatch Plateau, hunting for flam-
mable gas has been more successful (Figure 36.2). This
district contains one very large field, Clear Creek, and
several smaller gas fields. Castle Valley-Wasatch Plateau
is an area of extensive outcrops of Tertiary and Creta-
ceous rocks. The column, including underlying lower
Mesozoic and Paleozoic sediments, has a total thickness
of about 19,000 feet. “It is a structurally complex area
of numerous north-trending horsts and grabens that gen-
erally cut older structures” (Gere et al., 1964, p. 58).

The Clear Creek gas field (Anon., 1961; Walton, 1955),

discovered in 1951, had produced over 100 billion cubic
feet by the end of 1962. The reservoirs are sandstones
in the Ferron Member of the Upper Cretaceous Mancos
Shale. These sandstones are low in interpore permea-
bility; both gas storage capacity and movement are
greatly enhanced by the presence of natural fractures.
Accumulation is in the higher parts of the Clear Creek
anticline, a major upfold in the north-central part of the
Wasatch Plateau. This anticline is segmented by horst
and graben faults. Trapping is in the fault slices, espe-
cially the horsts, on the anticlinal crest.

KArPAROWITS BASIN AND SOUTHWESTERN UTaH.

FROM: LANDES, K.S., 1970,PETROLEUM GEOLOGY OF THE UNITED STATES,

John Wiley and Sons, New York, New York, page &bk Source 8

114



SALT WASH

SALT WASH

(0il)
T.23S.,R.17E.,SLPM
Grand County, Utah

GEOLOGY

Regional Setting: North Paradox Basin

Surface Formations: Jurassic, Morrison Formation

Exploration-Method Leading to Discovery: Seismic

Type of Trap: Structural

Producing Formation: Mississippian, Leadville Limestone

Gross Thickness and Lithology of Reservoir Rocks: 100 feet,
vertically fractured dolomite with intercrystalline and
vuggy porosity

Geometry of Reservoir Rock: S to 10 foot stringers of por-
osity; maximum net pay 28 feet

Other Significant Shows: None

Oldest Stratigraphic Horizon Penetrated: Cambrian, Lynch
Dolomite

DISCOVERY WELL

Name: Pan American No. 1 Salt Wash

Location: NW SW (660° FWL and 1980 FSL) sec. 15, T. 23
S.,R.17E.

Elevation (KB): 4,292 feet

Date of Completion: May, 1961 (plugged and abandoned
September, 1964)

Total Depth: 9,523 feet

Production Casing: 52" at 8,898 feet with 250 sacks of
cement

Perforations: 8,693 feet to 8,707 feet, with 4 shots per foot
Stimulation: Acidize with 500 gallons
Initial Potential: Flow 115 BOD, 9 BWD

Bottom Hole Pressure: 3,875 psi (bottom-hole shut-in
pressure from drill-stem test)

DRILLING AND COMPLETION PRACTICES

In the discovery well 13 3/8" surface casing was set at 934
feet with 975 sacks of cement, 9 5/8” intermediate casing was
set just above the Paradox Formation salt at 5,075 feet and
5%2 " production casing was set at 8,898 feet with 250 sacks of
cement. The lower Leadville was perforated between 8,734 to
8,750 feet and acidized with 1,500 gallons of hydrochloric
acid. Swabbing of this interval resulted in the recovery of salt
water. The interval between 8,693 to 8,707 feet was perforated
and acidized with 500 gallons of hydrochloric acid for com-
pletion.

RESERVOIR DATA

Productive Area:
Proved (as determined geologically): 920 acres
Unproved: 0acres
Approved Spacing: 160 acres

Oil and Gas Fields of the Four Corners Area)

By: J. A. Norton

Consolidated Oil and Gas Co.

No. of Producing Wells: 1
No. of Abandoned Wells: 7
No. of Dry Holes: 1

Average Net Pay: 1010 27 feet

Porosity: 7.8 percent

Permeability: Unknown

Water Saturation: 25 percent

Initial Field Pressure: 4,075 psi

Type of Drive: Gas cap and encroaching water

Gas Characteristics and Analysis: Changes with production;
specific gravity .968;, methane 43 percent, nitrogen 56 to
80 percent, helium 1.2 percent

Oil Characteristics and Analysis: 50.1° API gravity; specific
gravity 0.779; formation volume factor 1.25; pour point
40°F; color NPA3; viscosity 100°F 32 seconds, 77°F 34
seconds; sulfur .23 percent, nitrogen .002 percent

Associated Water Characteristics and Analysis: Total dis-
solved solids 183,150 ppm; Cl 110,027 ppm, SO. 1,574
ppm, Na 59.630 ppm, Ca 7,520 ppm, K 2,400 ppm

Original Gas, Oil, and Water Contact Datums: Gas-oil
-4,387 feet, oil-water -4,420 feet

Estimated Primary Recovery: 1,250,000 BO
Type of Secondary Recovery: None
Estimated Ultimate Recovery: 1,250,000 BO

Present Daily Average Production: 34 BOD (September,
1978)

Market Outlets: Unknown

FIELD COMMENTARY

The Salt Wash field is located on a structure, and was
discovered using seismic exploration techniques. The field
produces from the Mississippian, Leadville Limestone. There
is no Pennsylvanian algal mound production in the field. The
discovery well, the Pan American (Amoco) No. 1 Salt Wash,
was drilled in April, 1961. This is also the deepest well in the
field and tested the Cambrian at a total depth of 9,523 feet.
There have been a total of 8 wells drilled to the Leadville.

The producing zone of the Leadville is crystalline dolomite
with varying intercrystalline and vuggy porosity and perme-
ability development which occurs approximately 250 feet into
the Leadville below a dense limestone. Vertical fracturing has
been observed in cores throughout the producing formation
and the pay zone thickness varies from 10 to 27 feet.

From its discovery, the field has been plagued by high water
production that is aggravated by the pronounced vertical frac-
turing of the reservoir rock. The disposal of this corrosive
water results in high operating costs. The most menacing
operational problem in the field is casing collapse in the
Paradox Formation salt interval above the Leadville Lime-
stone. Casing collapse has resulted in the abandonment of 4
wells in the Salt Wash field. Presently only one well is produc-
ing, the Consolidated Government Smoot No. 3. The CF&l

From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREAS, Four Cormers
Geological Society, 1978, Source 5b.
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SALT WASH

No. 42-16 well and the CF&] No. 22-16 well have produced REFERENCES
691,771 BO and 5,300 MCFG; the No. 22-16 well produced
almost 45 percent of the field’s reserves before its casing col- fompa".y ﬁ;lcs;‘ iation of Ol § . )
lapsed. In 1978 the field was sold by Consolidated Oil and Gas n::::'ﬁ';r B o::f:' ation of Oil Scouts, International Oil Develop-
to Richard Smoot of Salt Lake City. Petroleum Information production records.
NUMBER OF WELLS SYe, o PRODUCTON S
AT YEARS END V" OIL IN BARRELS
GAS IN MCF
vear TYPE PROD S 1 /ARN ANNUAL CUMULATIVE
0il 1 - 26,213 26,213
1961 Gas 1 - 352,721 352,271
0il 3 - 79,468 105,681
1962 Gas = = 713,461 1,065,732
011 7 - 252,212 360,893
1963 Gas - - 2,507,824 3,573,556
011 5 ) 113,575 %74,468
1964 Cas - - 1,090,816 4,664,272
OT1 % 3 77,379 TSI, 827
1965 | cas - = 611,386 5,275,658
0i}l 3 4 61,671 613,518
1966 [ Gas - - 351,643 5,627,401
0il 3 4 52,664 666,182
1967 [™Gas - - %00, 543 6,027,942
1968 0il 2 k] 58, /44 724,926
Gas | - - 734,516 6,762,460
1969 0il -3 5 72,007 796,933
Gas - - 414,637 7,177,097
1970 0il 3 5 108,543 908,969
Gas - - 720,073 7,678,790
1971 0il 3 5 82,856 961,825
Gas - - 913,815 8,592,605
1972 0il 2 6 44,309 1,036,134
Gas - - 806,691 9,399,296
1973 0il 2 6 43,855 1,079,838
Gas - - §77,296 9,958,532
1974 011 ) 3 3%, 762 Y, 112,600
Cas = = %5, 180 10,503,717
To7s L0l | 2 3 32,987 1,147,587
Gas - - 565,615 11,069,327
1976 0il 1 7 22,228 1,169,815
Cas = - 298,493 11,427,820
1977 0il 1 7 12,266 1,182,081
Gas - - 188,717 11,616,537
1978 011 1 7 9,391 1,191,472 ] Thru Sept.
Gas = - 58,362 11.672.89 1978
oIl GAS
(000 88L ) (MMCF)
250~ - 2500
SALT WASH olL
Discovered 196! —-— - GAS
200 - By PAN AM _ 2000
150 - - 1500
100 - 1000
50 — - 500
o ™11 T T T L . L J R 1 X 4 0
60 6/ 62 63 64 65 66 67 68 €9 70 Jl 7] 73 74 ;5 76 T7 T8 79 80
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New Mexico - Tocito Dome
Paradox - Hermosa
Paradox Basin

DATA
SOURCE
CODE STATE----- - - New Mexico
7c COUNTY-~--emememceccccccnccnancncccancax San Juan
REGULATORY DISTRICT---===-== SR
7c BASIN--- c———— - Paradox
7c SUB-BASIN---eeeeccercemceccacncnaaas —— Four Corners Platform
Ic FIELD----~- ——- Tocito Dome
7c RESERVOIR-~=m==eeeaa= - Hermosa Fm. (zone "D")
GEOLOGIC AGE=----- - - Pennsylvanian
AAPG STRATIGRAPHIC AGE CODE-===-- —————-
7c RESERVOIR LITHOLOGY---- - - Fossilferous, calcareous boundstone,
packstone, and grainstone with interbeds of varicolored claystone and siltstone
and occasional streaks of nodular phosphate.
7c TRAPPING MECHANISM--=--ccmccccecacecan Structural stratigraphic
8,7¢ DISCOVERY YEAR--=cccccccmccacencennaan 1963
7C, 13 PROVED ACREAGE----- ——- 6380, 2600
REGULAR WELL SPACING (acres/well)-----
8, 13 RESERVOIR DEPTH-- 6300, 6940
RESERVOIR THICKNESS-
7c NET PAY---ecccccccccccccccccccnna 17 ft.
7c GROSS-====== - - - 100 to 120 ft.
NET/GROSS RATIO---~ . -
POROSITY
TYPE ------ - - -
7c FRACTION-cccccccccccccccccccccana= .086
PERMEABILITY
RANGE-=-ccccccocrccnccnncccccan -———
7C AVERAGE---- - e - 94 md
HORIZONTAL-=eecrmcrccncccrccccncca=
VERTICAL- R c—cm—-
OTHER INFORMATION--cccecccccea= ——————
PRODUCTION STATISTICS
(oil in mbbls, gas in mmcf)
13,7c  TOTAL NUMBER OF WELLS----=--- cemmccenn 60; 76 (41P, 11A, 13DH, 11SI)
Ic PRODUCTION 1976 o0il (cum)eeccccecae ——— 11,197
Ic PRODUCTION 1977-0il (cum)eccccccccccaaa 11,461
PRODUCTION 1978 011 (C‘m)-------------
7a PRODUCTION 1979 o0il (cum)ececcccaa- ——- 12,012
PRODUCTION 1-1-79 to 1-1-80-ccccccceca-
SECONDARY RECOVERY RECORDS?cccccaw- -———
7c WATER ANALYSIS RECORDS? yes
OTHER DATA
Ic STRUCTURE CONTOUR?-eccccccccmcncan yes
Ic LOGS?-cccacmanaa - ——— yes
Ic STRUCTURE SECTION?ccceccccnmccccaaa yes
Ic ENGINEERING REPORTS?--cecmecceccea= yes
CORE DESCRIPTIONS7eccccccccccccnca=
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RESERVOIR DATA

DATA SOURCE
CODE
7c
7c
7cC
7c
jc
11

/c

FIELD: Tocito Dome
RESERVOIR: Hermosa
PROD. ACRES: 6380

AVG. THICKNESS (FT.): 171
FORMATION VOLUME FACTOR INITIAL (FVF/INT):

FORMATION VOLUME FACTOR LATEST (FVF):

WATER SATURATION (S,): .20 to .30
OIL SATURATION (Sp):

PRIMARY DRIVE MECHANISM: Comb., of water, soln. gas, gravity drain.
PRIMARY GAS CAP?:

TEMPERATURE (°F): 160
SATURATION PRESSURE/BUBBLE POINT PRESSURE (psi)

RESERVOIR PRESSURE INITIAL (psi): 3217
RESERVOIR PRESSURE LATEST (psi):

GAS OIL RATIO INITIAL (GOR/INT) (cf/bbl):

GAS OIL RATIO LATEST (GOR) (cf/bbl):

STOCK TANK OIL GRAVITY (°API): 44 to 47

OIL VISCOSITIES (u,4

beier
MINIMUM MISCIBILITY SSURE (MMP):

ESTIMATED ORIGINAL OIL IN PLACE FOR SRPs:
ESTIMATED PRIMARY OIL RECOVERED FOR SRPs ¢
Estimated Primary Recovery:

OTHER INFORMATION:
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TOCITO DOME PENNSYLVANIAN “D”’

TOCITO DOME

PENNSYLVANIAN “D”’
(Oil)

T.26 N, R. 18 W., NMPM

San Juan County, New Mexico

GEOLOGY

Regional Setting: Southern edge of the Four Corners Plat-
form, just west of the west edge of the San Juan Basin; on
the south-central edge of the Pennsylvanian Paradox
depositional basin

Surface Formations: Upper Cretaceous, Gallup sandstone,
Tocito Sandstone, and Mancos Shale

Exploration Method Leading to Discovery: Surface geology,
lithologic study, electric-log analysis

Type of Trap: Structural and stratigraphic

Producing Formation: Pennsylvanian, Paradox Member of
Hermosa Formation, zone **D’’ of subsurface usage; cor-
relates with Barker Creek Substage of Baars, Parker, and
Chronic (1967) of Des Moinesian age

Gross Thickness and Lithology of Reservoir Rocks: Approx-
imately 100 to 120 feet of fossiliferous, calcareous bound-
stone, packstone, and grainstone with interbeds of
varicolored claystone and siltstone and occasional streaks
of nodular phosphate

Geometry of Reservoir Rock: Limestone bioherms with com-
mon Chaetetes coral and Ivanovia algal plates; porous in-
tervals locally discontinuous

Oldest Stratigraphic Horizon Penetrated: Precambrian,
granite

DISCOVERY WELL

Name: Pan American (Amoco) No. 1 Navajo Tribal *“N*’

Location: SW SW (790’ FSL and 790’ FWL) sec. 17, T. 26
N.,R. 18 W,, NMPM

Elevation (KB): $,851 feet

Date of Completion: April 21, 1963 (as a shut-in gas well)

Total Depth: Initial 6,654 feet; later deepened to 6,694 feet

Production Casing: 5'; " casing at 6,654 feet with 600 sacks
of cement

Perforations: 6,338 to 6,355 feet and 6,392 to 6,410 feet with
4 shots per foot

Stimulation: 6,392 to 6,410 feet with 1,500 gallons of acid;
6,338 t0 6,355 feet with 3,000 gallons of acid

Initial Potential: 5,077 MCFGD

DRILLING AND COMPLETION PRACTICES

Most wells set 13 3/8” surface casing to 90 or 100 feet with
100 to 200 sacks of cement; 9 5/8" intermediate casing set to
1,500 to 1,700 feet with 500 to 700 sacks of cement; 4% "t0 7"
production string to 6,400 to 6,600 feet with 500 to 1,700
sacks of cement; wells treated with 1,000 to 3,000 galions of
acid.

From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREA, Four Corners Geological

121

Society, 1978, Source 7c.

By: Charles W. Spencer
U.S. Geological Survey

RESERVOIR DATA

Productive Area:
Proved (as determined geologically): 6,380 acres
Approved Proration Units: 160 acres (oil); 320 acres (gas)
No. of Producing Wells: 41 (in 1977)
No. of Abandoned Wells: 11
No. of Dry Holes: 13
No. of Shut-in Wells: 11

Average Net Pay: 17 feet (3 percent porosity cut off)

Average Porosity: 8.6 percent

Permeability: Variable, approximate average 94 millidarcies

Water Saturation: 20 to 30 percent

Initial Field Pressure: 3,217 psi

Type of Drive: Combinations of water, solution gas, and
gravity drainage

Oil API Gravity: 44° to 47° API gravity, reservoir volume
factor, 1.766

Gas Characteristics and Analysis: Btu 1,000+; sweet;
Amoco No. 3 Navajo “N*’ SWYSE %, sec. 17, T. 26 N.,
R. 18 W. gas composition in molecular percent: methane
79.9, ethane 7.4, propane 2.3, butanes 0.7, pentanes trace,
hexanes plus 0.2, nitrogen 7.9, oxyen 0.3, argon 0.1,
helium 0.51, carbon dioxide 0.8, calculated gross Btu
1,030 (analyzed by U.S. Bureau of Mines, sample col-
lected December 17, 1964)

Associsted Water Characteristics and Analysis: Total
dissolved solids vary from more than 142,000 mg/] on east
side of field to about 89,000 mg/1 in the northwest part of
the Tocito producing area; selected produced water
analyses in mg/1 are as follows:

Amoco No. 26 Navajo “U’”” SWY%UNEY%SE Y, sec. 22, T.
26 N., R. 18 W. (depth 6,257 to 6,276 feet): Na 35,889; K
535; Ca 15,438; Mg 1,812; SO, 500; C! 88,000; CO, 134;
resistivity 0.074 ohm at 68 °F; pH 6.6; total dissolved solids
142,240

Amoco No. 2 Navajo “P”’ NWWSE Y, sec. 7, T.26 N., R.
18 W. (depth 6,398 to 6,402 feet): Na 26,237; K 169; Ca
6,660; Mg 900; Fe present; SO. 1,148; Cl 54,000; HCO,
317; resistivity 0.1 ohm at 68°F; pH 6.8; total dissolved
solids 89,270

Original Gas, Oil, and Water Contact Datums: Gas-oil con-
tact approximately 511 feet; oil-water contact variable

Estimated Primary Recovery: Author’s estimate, approx-
imately 15,000,000 BO and 28,000,000 MCFG

Type of Secondary Recovery: Reinject produced water;
pilot gas injection project terminated February 1, 1977

Present Daily Average Production: 722 BOD and 2,720
MCFGD (1977 average)

Market Outlets: Gas: El Paso Natural Gas Co.; oil: Four
Corners Pipeline Co. and Giant Refinery

[Four Comers Geological Society



TOCITO DOME PENNSYLVANIAN “D”

SOURCES OF DATA

Amoco Production Company, engineering data.

New Mexico Oil and Gas Engineering Committee, Annual Reports.
Personal files of Curtis J. Little, Consultant.

Petroleum Information Inc. Well History Control System.

Records of the New Mexico Oil Conservation Commission.

FIELD COMMENTARY

The Tocito Dome field is located on the Navajo Indian
Reservation about 20 miles south of Shiprock, New Mexico.

Tocito Dome is a northwest-trending complex anticline .

situated on the southern edge of the Four Corners Platform.
The producing interval comprises generally fossiliferous
limestones in the Pennsylvanian, Paradox Barker Creek Sub-
stage of Baars, Parker, and Chronic (1967). The New Mexico
Oil Conservation Commission has designated the producing
pool as ““Tocito Dome Penn D (Associated).”” The reservoir
carbonates were deposited on the south-central edge of the
Paradox sea, adjacent to the Defiance paleopositive feature
that is situated west and southwest of the field.

The structure is well expressed on the surface. It is inter-
preted that the east flank of the structure is bounded by a
high-angle normal (?) fault. The Sinclair No. 1 Navajo Tribal
149 well, located in the NEANE Y%, sec. 23, T. 26 N., R. 18
W., is approximately 2,000 feet structurally low, on the top of
the Barker Creek, to the nearest oil wells only % mile to the
west. The actual amount of displacement is not known by me,
but the throw is less than 2,000 feet owing to probable east dip
on each side of the fault. There are relatively steep eastward
dips (O’Sullivan and Beikman, 1963) in Upper Cretaceous,
Mesaverde Group rocks cropping out at the location of the
Sinclair No. 1 Navajo Tribal 149 dry hole. It is interpreted
that these steep eastward dips along the Hogback Monocline
represent drape over the fault shown cutting the top of the
Barker Creek on the Tocito structure map. The fault probably
dies out in the relatively plastic shales within the Upper
Cretaceous, Mancos Shale. The Hogback Monocline marks
the west edge of the San Juan Basin. A road log prepared by
O’Sullivan, Beaumont, and Knapp (1957, p. 194) notes that
Tocito Dome has almost 300 feet of surface closure and about
17,000 acres are within the lowest closing contour.

The surface mapping of Tocito Dome began at least in the
early 1920’s and possibly earlier. In 1923, Virgil B. Cole was
assigned the task of mapping all the significant surface struc-
tures in the San Juan Basin by the Gypsy Oil Company (V. B.
Cole, oral commun., 1978). In the summer of 1923, he was
joined by A. 1. Levorsen and they mapped the Tocito Dome
structure. In February 1924, the Gypsy Oil Company, a sub-
sidiary of Gulf Oil, drilled the first wildcat on the structure in
NWYNE%SWY, sec. 17, T. 26 N., R. 18 W. It was drilled to
a depth of 3,022 feet in the Triassic, Chinle Formation. The
well flowed water from the Cretaceous, Dakota Sandstone
and was subsequently sold to the Navajo Tribe as a water
well. The well site is remarkably close to the subsurface crest
as mapped on strata on the top of the Barker Creek Substage.
In April 1926, Continental Oil Company (Conoco) drilied a
wildcat 2,678 feet from the south line and 1,325 feet from the
west line of sec. 8, T. 26 N., R. 18 W. This well was
designated the No. | Navajo Tract A, and was drilled to a
total depth of 1,430 feet. This shallow test well was also
reportedly sold to the Navajos as a water well.

In 1937, Ben F. Baldwin, while employed by Stanolind,
located some old plane table sheets of the Tocito structure

Oil and Gas Fieids of the Four Comners Area)

prepared for Midwest Refining in November 1922, by H. T.
Morley and Harrison Schmitt (B. F. Baldwin, oral commun.,
1978). Baldwin relocated the 1922 mapping monuments in the
field and confirmed the earlier plane table work. In January
1943, Continental Oil Company (Conoco), Stanolind
(Amoco), and Standard Oil of Texas commenced drilling the
No. 1 Navajo Tribal well in NW%SW ' sec. 17, T. 26 N, R.
18 W. This wildcat was drilled to a total depth of 6920 feet
after running a drill-stem test in Mississippian rocks from
6,659 10 6,700 feet. This test recovered helium-bearing gas at
the rate of 458 MCFGD. Acording to data furnished by
B. J. Moore, U.S. Bureau of Mines (written commun., 1978),
the gas contained 6.93 percent helium. The U.S. Bureau of
Mines took over the testing of the well at total depth and 7"
casing was run to 6,648 feet. After acidizing with 2,000
gallons of HCI on April 26, 1943, the well flowed 2,600,000
MCFGD gas containing 7.1 percent helium and a considerable
amount of salt water from open hole 6,648 to 6,701 feet.
Water shut-off was never accomplished and the well was
abandoned on March 24, 1944.

In 1963, the development of the Tocito oil and gas pool was
initiated with the discovery of flammable gas in the Barker
Creek carbonates. The initial hydrocarbon discovery well was
the Pan American (Amoco) No. 1 Navajo ‘“N’’ in SW'
SWVs, sec. 17, T. 26 N, R. 18 W, which was drilled to 6,694
feet in Mississippian limestone. This wildcat was drilled as a
south offset to the Continental No. 1 Navajo helium discov-
ery. Pan American restudied the cuttings from the Pennsyl-
vanian in the Continental test and reanalyzed the logs (W. T.
Smith, oral commun., 1978). This work encouraged them to
redrill the structure. The helium potential was at least a minor
consideration because the No. 1 Navajo ““N’’ was perforated
in the Mississippian from 6,634 to 6,651 feet and after acidiz-
ing the perforations and open-hole from 6,654 to 6,694 feet,
the well yielded a flow of 150 MCFGD of nonflammable gas.
The U.S. Bureau of Mines (1976, p. 281) analyzed a sample of
this gas, which was collected March 21, 1963. It contained
90.0 percent nitrogen and 6.56 percent helium. The rest of the
gas was a mixture of carbon dioxide and flammable gases.
Subsequently, Amoco completed the discovery well in what
was reported as the “‘Pennsylvanian Hermosa'® (Formation)
from gross perforations between 6,338 to 6,410 feet for 5,077
MCFGD of fiammable gas. The well was completed April 21,
1963, and at the date of this writing is producing oil with the

gas.

On May 3, 1964, Texaco completed the No. 1 Navajo
“AL” in SELUNEY, sec. 28, T. 26 N, R. 18 W., flowing 430
BOD and 1,238 MCFGD from the Barker Creek. This second
discovery well was located on a low-relief closure in the
southeast part of the Tocito Dome structure. Subsequent drill-
ing has shown these two discoveries to be within the same oil
and gas pool.

The development of the Tocito Dome field has gone
through two phases. There was an initial flurry of drilling ac-
tivity after Amoco and Texaco drilled their discovery wells
and infill drilling joined the two areas. The drilling activity
decreased in the late 1960’s, probably because both operators
felt they had identified the oil-water contact for their part of
the field. Texaco apparently reanalyzed the production and in
September 1973, drilled their No. 3 Navajo “AR’’ (NE'
NEY, sec. 27, T. 26 N., R. 18 W.) as a % mile east step-out,
about 200 feet downdip from existing production. The well
came in flowing for an initial potential of 800 BOD. This well
initiated the second phase of drilling activity and explains the
large hump in the production chart between 1973 and 1976.

From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREA, Four Corners Geological
Society, 1978, Source 7c.
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Since the Texaco step-out, 0il has been found over 400 feet
downdip from the Amoco No. 11 Navajo *‘U’’ dry hole in the
SEVNEVY, sec. 21, T. 26 N., R. 18 W, (see cross-section
A-A’), which flowed water and gas on a drill-stem test.

An analysis of initial potentials in the field shows a wide
variety of ratios of gas, oil, and water (see cross-section
A-A'’). This variation suggests that atypical reservoir condi-
tions exist in this field and in the Tocito North Penn (gas) field
located in sec. 9 and 10, T. 26 N., R. 18 W. I have had conver-
sations with geologists and engineers familiar with the field
and they have suggested several theories to account for the
atypical reservoir performance. The most popular of these
theories are 1) that small faults separate reservoirs or
2) that gravity drainage is taking place; however, some
workers have indicated the reservoirs may be discontinuous
and isolated. Detailed log analysis of porous zones, study of
reservoir pressures from available drill-stem tests, and
analysis of fluid recoveries suggest to me that the field is pro-
ducing from a series of displacement pressure traps (DPTs)
or, in other words, partial barriers. This type of trap is
discussed in some detail in an excellent paper by Schowalter
(1976). Under DPT conditions, oil and gas are generated
deeper in a basin and move updip by buoyancy until they en-
counter a stratigraphic trap. The hydrocarbons then spread
out along the barrier and accumulate until the displacement
pressure of the updip rock is exceeded. When it is exceeded,
approximately one-half of the hydrocarbon column leaks up-
dip (Showalter, 1976, p. 38) until another trap is encountered
along the migration route.

Descriptions of cores and samples given in proprietary
lithologic logs by American Stratigraphic Company indicate
that most of the shales (or claystones) of Barker Creek age are
organically lean. The shales are commonly described as red,
brown, purple, gray-green, and green in color. These colors
are not typical of the sapropelic dolomites and shales gener-
ally acknowledged as the hydrocarbon source beds deeper in
the Pennsylvanian, Paradox depositional basin. Consequent-
ly, it is interpreted that most of the Barker Creek oil and gas
at Tocito was generated deeper in the basin and moved south
and west updip into the area of the present structure.

The pronounced surface structure seen in rocks of Late
Cretaceous age is the result of Laramide folding. Therefore, it
is likely that some oil and gas adjustment also took place dur-
ing and after the Laramide orogeny. The DPTs at Tocito
would have enhanced trapping capability if a downdip hydro-
dynamic flow of reservoir water existed. According to F. A.
F. Berry (oral commun., 1978) the potentiometric surface in
the Barker Creek reservoir is relatively flat (static) in the im-
mediate Tocito area. The predevelopment static conditions
calculated by Berry may be in part due to the fault barrier east
of the field. Also, the reservoir porosity decreases generally
away from the producing area.

If the DPT concept is valid, there are some significant im-
plications in regard to the ultimate recovery from this field.
If, in fact, there are multiple DPTs, then some selective ex-
perimental infill drilling might be undertaken. Such addi-
tional development could possibly recover additional oil. The
field oil production is prorated on 160-acre units but the
development oil wells are legally located on spacing ranging
from 160-acre spacing to what is effectively 40-acre spacing.

From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREA, Four Corners Geological

Society, 1978, Source 7c.

If economic and engineering studies justify some infill drill-
ing, I would think that prudent drill-stem testing of new wells,
in conjunction with bottomhole pressure surveys in existing
wells, would help operators predict the limits of individual
pressures pods. Such work might demonstrate the need for
off-pattern well locations to improve recovery.

There are some broader exploration implications relative to
the DPT concept. Other Pennsylvanian fields in the Four Cor-
ners area may contain oil and gas downdip from presently
producing fields where the oil-water contact has been thought
to be “‘established.’’ Defining paleotilt-directions in the man-
ner suggested by Spencer (1975) may be helpful to define
which direction would be most favorable for encountering
DPTs. For example, a paleotilt analysis of the thickness of
sediments above strata of Barker Creek age in the Tocito area
show that the oil in the field migrated into the present struc-
ture from the north and east. Therefore, the north-to-east
flank of the structure was the most logical area to explore for
additional production from DPTs in downdip structural posi-
tions.
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PRODUCT 10N
NO. OF WELLS @ YR. END OIL IN BARRELS
GAS IN MCF
1/ L1/ . iy 2/
YEAR| TYPE| PROD.=’|SI/ABi— ANNUAL |  CUMULATIVE=
041 None _
1963 Gas None
01l 8 15,357 5,357
1964 Coe 05,097 205,097
011 14 63,939 984, 296
1965 | Cas 821,577 ] 2,026,674
031 1S 1,103,760 2,086,794
1966 | Cos 1352.135 878,809
011 17 ,004, 656 ,091,450 oBLS.OIL
1967 | Cas 7.058.103] 5,936,912 Thsusends) é¥ umCF.GAS
0il 19 ,004,700 4,096,150 ] * 3300
1968 o0 859,287 ] 7,796, /'\
0il 15 826,435 4,922,585 !
1969 | Cas 1,575,276 9,371,475 20004 / o0
1o70] il 70 652,340 $.574,925 { \
Gas 1,318,181 10,689,65 ! ‘\
0il 17 705, 643 6,280, 36 seLS.OL
197} | Gas 1,293,903 ] 11,963,55 2900/ o s 'I ' 2300
1972 011 20 657,64 2,938,014 Discovered 1963 by Amoco Preductien Co Extensen, ’ \
Cas 1,164,640 13,148,168 @acovered 1964 by Texoco inc H ‘\
04l 30 9,035 7,807,04 20004 7N\ 2,000
1973| Cas 321734 14,469,933 =" N ,’ ]
197 241 1) 851,147 9,655,196 N | \
Gas 2,906,504 2,376,437 1300 | 1 ' |
To75] Oil 51 1105,172] 10,763,368 | \ w00
Gas 3,418,094 | 20,794,53 ! '
1976 | Qil 44 434,004 197,37 )
Gas 1,187,717 21,982,24 1000+ ! 1,000
1977 Qi @ 22 3,316 460,68 |
Gas_| 2,625 22,974,873 !
- / oo
1/ A1l wells shown as 01l wells even though some dominantly !
produce gas. Shut in and abandoned wells only shown for 1977.
2/ Annua) figures do not exactly total to equal cumulative -
due to later adjustments to production. W) 64 6 G 67 @ 6 W TN T T3 W T N TT AP

TOCITO DOME FIELD

A ‘l
NW AMOCO * TEXACO SE
s\ A
 ba N1 N6 nzz U3 U2 o U Y ARS AR5 AR-4 i":-z N
Do below o5 800 95 BOD 360 BOD 240 BOD
e 2w wce muero | R0 P Sewo | 7samcro 83 McrD
g 357 BWD 283800 371 BWD % BwD
~200 1 669 MCFD [ ~200
-300 268 BWD  -300
«400 1 - -400
-800 BA = T T + -500
004 RKE T | - -600
.m./l Total Depth DST- GTS 9 MCFD [ 700
EXPLANATION R Flowed 31 BW i
<600 4 85 BOD irwkal od potential i barrets per ey 4% hours end ded - -800
<800 < 27 MCFD  inntial gas polential i thousands of cubwc feet per day L -900
1000 - 357 BWD  intial water potential in barrels per day HORIZONTAL SCALE 1000
@ Pertorated merval
D Oriistem test mverval (DST), not Off shown — N —
s " rg_Parker, and Chronic (1967 )o ' 2 MLES
Structural cross section A-A* . Tocito Dome field. San Juan Coo New Menvico
Oil and Gas Fields ot the Four Comers Area) From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREA, Four Corners Geological

Society, 1978, Source 7c.
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TOCITO DOME PENNSYLVANIAN “D”

RIBW

TOCITO DOME

PENN D )
30 Proration
i 1

Spacing Area : \
EXPLANATION il . - |
* SCOVERY wWELL & ,
® O wELL V‘.
# oL AND GAS WELL

33
&% Gas weLL
g ABANDONED GAS WJECTION WELL

fwmr-nﬂ:n OISPOSAL WELL

ABANDONED SALT-WATER DISPOSAL WELL
SHUT-N WELL

ORY MOLE
ABANDONED ON. WELL 4
SHALLOW DRY HOLE

4 44600

'°' SHALLOW WATER WELL
0O *we oo

| S—— — i
&m,- soweTHacwN S0t STRUCTURE CONTOURS ON TOP OF BARKER CREEK
uwto 'ntu " ERRED .

(CONTOUR INTERVAL SOFT.

From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREA, Four Corners Geological
Society, 1978, Source 7c.
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TOCITO DOME
NORTH PENN.
(GAS)
Proration
Spacing Area

- FAULT LOCATION

- FROM NEW MEXICO
- _OIL CONSERVATION
’ COMM. HEARING

2 FEB. 2, 1977

- EXHBTB [T

SINCLAIR

anoce

36

[Four Comers Geological Society



TOCITO DOME PENNSYLVANIAN *‘D”

TOCITO DOME
(PENN D)FIELD S}~

Gamma ray Sonic

AKAH
= SUBSTAGE 1

—

00€9

) ; PINKERTON TRAIL FM. ¥

: BARKER CREEK
SUBSTAGE 1/
Perf. 6216-26' 6234-43
IPF 13,200 MCFD March 12, 1965
6300
e

?‘

é‘;- 6408

MOLAS FM.

PENNSYLVANIAN

00¥9

6482
LEADVILLE LS. &

9059

L&
Amoco No. 3 Navajo "U"

660 ft. FSL, 510 ft. FWL

sec. 16, T.26 N, R. 18 W.

San Juan Co., New Mexico

Elev. 5720 ft. KB

Total Depth 6940 ft.

¥ Operator terminology and log top

2/ Baars, Parker, and Chronic (1967)

3/ Wengerd and Strickiand (1954)

4/ Called Redwall Limestone by many authors

MISSISSIPPIAN

Oil and Gas Fieids of the Four Comners Area] From: OIL AND GAS FIELDS OF THE FOUR CORNERS AREA, Four Corners Geological
Society, 1978, Source 7c.
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—5a3.1,5b
5b

5a

5a

Utah - Tohonalda
Paradox - Akah
Paradox Basin

3 T Utah
COUNTY=----=-o--ececceccccnanracanaaaan San Juan
REGULATORY DISTRICT--===wceccccccamana
BASIN====ceccemccccc e caee Paradox
SUB-BASIN-===cccemcmcmmcccccccrcaccna-
L 8ot T ———— Tohonadla
RESERVOIR====ccmcmcmcmenccccccncccnann Paradox Fm., Akah zone
GEOLOGIC AGE-===cecccccaccncccccnccann" Pennsylvanian - Des Moines
AAPG STRATIGRAPHIC AGE CODE----ceeceee- 325
RESERVOIR LITHOLOGY=e=cccrccccanacncana Limestone, dolomite
TRAPPING MECHANISM---cecceccaccacnaaaao Stratigraphic; structural and
stratigraphic specifically anticline nose.
DISCOVERY YEAR-- ———— -- 1957
PROVED ACREAGE---vececcccccamcmmaccana- 2120, 1200
REGULAR WELL SPACING (acres/well)eee-- 80
RESERVOIR DEPTH-w=cececccmmcmcmmcacaas 5800
RESERVOIR THICKNESS-
NET PAY--ccccceceemmc e ccaaaa 25
GROSS====mcmmeeme e e
NET/GROSS RATIO--ceccccccccccaaaan
POROSITY
TYPE--ccmccmcemcccc e ccaa vV, 1G, IG, IG
FRACTION---=ccccccccccncccccncana" .096
PERMEABILITY
RANGE-==-ecmemcec e cccccccccacem 2-20
AVERAGE--ccemm e e
HORIZONTAL--ceemecmccccccccccaaann
VERTICAL---vcececemccccccccmccnana
OTHER INFORMATION-c-cccccccccmccccnann Other Paradox carbonate reservoirs
include the Desert Creek and Ismay
PRODUCTION STATISTICS - FIELD zones
(oil in mbbls, gas in mmcf)
TOTAL NUMBER OF WELLS-=ceececccccecenes 5P, 5A, 4DH (combined Ismay, Desert
PRODUCTION 1976 0il (cum)-eeeccccccceea 1688 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>