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ABSTRACT

The recent success of the Kane Springs
Federal 27-1 well in the abandoned Bartlett Flat field
has stimulated petroleum industry interest in leasing
and drilling land in the Moab area in southern Grand
and adjacent San Juan Counties. The well,
completed using new horizontal drilling techniques,
produces from the "Cane Creek" zone of the
Pennsylvanian Paradox Formation and it is thought
that other lands in the area are equally promising
particularly using horizontal drilling techniques.

Lands that have petroleum potential include
leases that encompass and surround the potash
solution mine of Moab Salt Company located in sec.
23-27 and 35-36, T. 26 S., R. 20 E. There is
concern that oil and gas drilling could cause
contamination of the potash mine and reserves,
and/or alter fluid flow in the potash mine thus
‘affecting potash production.

The Utah Division of State Lands and
Forestry asked the Utah Geological Survey to advise
them on how close to the potash mine should oil and
gas leasing be allowed based upon geological
considerations. = The Utah Geological Survey
concluded that there are insufficient geologic and
engineering data available, particularly on the extent
and continuity of faults (fluid pathways), to make
recommendations with a specific statistical certainty,
but the following three options are offered for
consideration.

1. Do not issue oil/gas leases where active potash
leases exist.

2. Issue restricted oil/gas leases that do not allow
surface or subsurface occupancy (to salt
10) over active potash leases.

3. Issue oil/gas leases with a number of pre-
cautionary stipulations including a buffer
zone around the potash mine workings.

INTRODUCTION

The successful completion of the Kane
Springs Federal 27-1 well in Grand County by
Columbia Gas Development Corporation (figure 1)
sparked strong interest in oil and gas leasing in the
Moab area. This includes lands that had been
withdrawn from oil and gas leasing for potash
development (figure 2). The State Land Board lifted
the order withdrawing oil and gas leasing on state
potash leases in the Moab area in August 1991
(appendix D). Allowing oil and gas leasing on the
lands would help the Board meet their fiduciary
responsibility to maximize profits from state lands for
the school trust fund. A potential impact of oil and
gas exploration and production in this area is
interference with the Moab Salt Company’s potash
solution mine (figures 2 and 3). Provisions for oil
and gas leasing remain to be determined and must
address potential impacts of oil and gas development
on the potash mine and reserves.

This report briefly summarizes available
geological and geohydrological data pertaining to oil
and gas activities in the Moab area. Potential
contamination of the potash and modification of fluid
circulation within the potash mine depend on: 1) the
permeability of rock matrix and fractures in the area,
2) local fluid pressures and gradients, and 3) location
of drill holes and their casing design. Future studies
of structural geology, geohydrology, reservoir
engineering, and geophysics may be needed to
adequately understand this geologically complex area.
Possible options for oil and gas development are
given, but specific recommendations may require
future site-specific studies and guidance from experts.
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solution cavity at the Moab Salt Company mine.
Techniques to obtain needed data may be expensive,
difficult to implement, and lack adequate resolution
to reveal geological details at depth.

The rate of potential fluid flow between an
oil and gas well and the potash mine would be
proportional to rock permeability and to gradients in
fluid pressure. Salt and shale, the dominant rock
types in the Paradox Formation, have extremely low
permeabilities (unfractured). Permeabilities of core
samples taken from drill hole GD-1 at Gibson Dome,
(located 25 miles [40 km] south of the Cane Creek
anticline) range from less than 10* millidarcies for
halite to a maximum of about 10 millidarcies for
shale and carbonate rocks in clastic sequences in the
Paradox Formation (table 1). Most samples from the
Cutler Group and Honaker Trail Formation in the
same core have permeabilities ranging from 10 to
10 millidarcies, but permeabilities can be as high as
~ 102 millidarcies.
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Huntoon (1979) indicated that faults, joints,
and bedding-plane partings may substantially increase
the permeability of rocks in the Cane Creek area.
Bulk permeabilities for fractured rock, estimated
from drill-stem tests in the area, are mostly between
10? and 10? millidarcies (table 1). Permeability for
jointed shale and carbonate rocks from the "Cane
Creek" zone (in the 27-1 well) is calculated at 39
millidarcies (Columbia Gas Development, 1991),
which is about four orders of magnitude greater than
the estimated permeability for unfractured shale in the
area.

Effects of faulting on permeability and fluid
flow can be even greater, as illustrated by the
accidental flooding of the potash mine in 1970. The
salt company planned to drill several water-injection
wells into the underground workings and convert to
solution mining. The first injection well drilled along
the crest of the Cane Creek anticline probably
intersected a fault system above the Paradox
Formation that is connected to an aquifer (Huntoon,

Table 1. Summary of estimated permeabilities.

Location Formation

Well GD-1® Cutler Group

Cane Creck Cutler Group/Honaker

anticline® Trail Fm. - faulted

Well GD-1? Honaker Trail Fm.

Well GD-19 Paradox Fm. - halite
Paradox Fm. - clastics

Kane Springs Paradox Fm. - "Cane

Federal 27-1 Creek” zone

Well®

Well GD-1? Leadville Dol.

Lisbon field® Leadville Dol.

Matrix Permeability (md) Bulk Permeability (md)

mostly 10 to 10! 10?10 30
maximum of 90

—_ ~10*
mostly ~ 10* 102to 1
maximum of 20

<10* 10 3x10* -—

2x10* 10 4x10-2 2x10%t0 7
- 39
4x10310 2 11030

— average 20, (variable)

Note: Permeability listed in millidarcies (md), 1 md = 10% cm/s. Data sources for table: (1) Thackstonand others (1984), (2) Huntoon (1986),

(3) Columbia Gas Development (19¢1), and (4) Clark (1978).
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1986). Continued drilling of the well into the mine
allowed communication between the fault system and
the mine. The resulting massive infiltration of 800
million gallons (3.0 x 10° m®) of water, at a rate of
39,700 gpm (2.5 m?%s), completely filled the
underground workings in a period of two weeks.
Huntoon (1986) later  estimated a minimum
transmissivity of 4 x 10° gal/day/ft (4,969 m?/d) for
an aquifer 1,000 feet (305 m) thick, which
corresponds to an average permeability of ~ 10*
millidarcies for the faulted rocks overlying the
Paradox Formation.

Characteristics of fault and fracture networks
in the area, including fracture orientation, size,
spacing, connectivity, and hydraulic conductivity of
individual faults, have a major control on fluid flow.
Mapping by Huntoon (1985) and Doelling, Yonkee,
and Hand (in prep.) delineates the nature of surface
faults and joints. A set of northwest-striking faults is
spatially limited to the region of the anticline. Some
faults display bleached zones recording significant
permeability and flow of reducing fluids within the
fault system. The depth of these faults is uncertain,
but they probably terminate above the Paradox
Formation (Huntoon, 1985). A dominant set of
subvertical joints strikes to the northwest (figure 7)
and spacing between joints ranges from 1 to 10 feet
(0.3 to 3 m) over most of the Cane Creek anticline.
A secondary set of subvertical joints strikes to the
northeast and spacing between fractures is generally
greater than 10 feet (3 m). Minor joint sets are
locally developed.

Faults at depth can form major conduits for
fluid communication between oil and gas wells and
the potash mine, and fluid flow is highly sensitive to
changes in properties of fault and fracture networks.
The location, orientation, and physical properties of
faults at depth are poorly constrained throughout most
of the Moab area. Huntoon (1985) described a series
of gently dipping, north-northwesterly striking faults
with minor reverse slip within salt and clastic units in
parts of the potash mine. Microearthquakes
correlated with pumpdowns of the mine indicated slip
along minor (<300 feet [100 m] long) steeply
dipping, northwest- and northeast-striking faults at
depths less than 0.6 mile (1 km) (Wong and others,
1987). Most local magnitudes are less than 1.0
(Richter magnitude) and estimated stress drops are
less than 1 bar. The physical properties of fractures
and faults at depth may also change due to changes in
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stress, changes in fluid pressure, and fracture
healing.

Gradients in fluid pressure also control rates
of fluid flow. The seepage velocity (average linear
velocity), V, of fluid is given by V = Kdh/dl ©
where K is hydraulic conductivity, which is
proportional to permeability, dh/dl is the hydraulic
gradient , and O is the rock porosity. The regional
horizontal hydraulic gradient in the Cutler Group and
upper Honaker Trail Formation is about 0.013,
reflecting gentle topographic slopes toward the
Colorado River (Woodward-Clyde, 1982). Gradients
in the Paradox Formation and underlying rocks are
probably variable, reflecting localized overpressuring.
Fluid pressures in these lower rocks may vary from
about hydrostatic to 100 to 200 bars in excess of
hydrostatic pressure (table 2). Blowouts in wells
have also been reported from the Cane Creek and
Shafer Canyon fields, reflecting overpressuring in
clastic zones in the Paradox Formation. Fluids in the
potash mine are at or less than hydrostatic pressure,
but future drilling in the area could penetrate
overpressured zones.

Times required to transport fluids an average
distance of 0.6 mile (1 km), using ranges in
permeability and hydraulic gradient, are given in
table 3. Transport time is highly variable. It can be
short for areas of high hydraulic conductivity and
permeability, such as faulted and overpressured
areas.

The extent and location of salt dissolution in
the potash mine workings is uncertain. Moab Salt
Company estimates that dissolution of salt has
extended about 20 feet (6 m) into the walls of the old
underground workings. Phillips (1975), however,
indicates that dissolution is expected to be uneven.
Preferred orientations of fractures in salt or adjacent
clastics, variations in abundances of halite and
potassium salts, and differential fluid flow could all
favor heterogeneous salt dissolution.

Flowage of salt adjacent to drill holes may
increase stresses leading to failure of well casing.
Rates and directions of salt flowage are difficult to
predict and depend on subtle changes in temperature,
in-situ stress, lithology, and fluid characteristics.









4. A drill hole may encounter a high-pressure zone

in the lower Paradox Formation resulting in
a blowout and potential flow of oil or brines
into lower pressure zones in or around salts
5 or 9. Such a drill hole could be shut-in
for days or weeks.

During Oil and Gas Production

Fracture stimulation, using fluid and sand
injection to improve hydrocarbon recovery,
could result in communication between the
potash and crude oil by fracture propagation.

. Corrosion and resulting failure of cement and
well casings by salt and brines could result
in crude oil contamination of the potash
zones and/or mine.

. Salt flowage may collapse oil well casings and

could result in contamination of the potash
zones and the mine.

Microseismicity in the area may produce
fractures, increasing permeability and
allowing interaction with an oil and gas well
not presently in communication with the
mine. The small-magnitude earthquakes in
the area present a limited hazard of direct
damage to oil well casing and potential
release of hydrocarbons.

OPTIONS FOR ISSUING OIL AND GAS

LEASES IN POTASH AREAS

Several options for leasing and future
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A. Issue restricted oil and gas leases that do
not allow occupancy of the surface or
subsurface.  Issuing oil and gas leases
without allowing occupancy allows an
operator to drill adjacent to the border of the
potash lease and include the restricted lease
in a participating or spaced area. Without
the restricted lease, it is necessary to drill
farther from the potash lease to prevent
drainage of hydrocarbons from beneath it.

B. Issue restricted oil and gas leases that do
not allow occupancy from the surface down
through salt 10. This would prevent drilling
through potash 5 and 9 within the potash
lease area, but would allow directional
drilling for deeper oil zones under it.

3. Issue oil and gas leases and allow drilling on

potash leases with precautionary stipulations
(in addition to the standard Utah Division of
Oil, Gas and Mining regulations - appendix
B) such as:

A. Prohibit drilling within a critical vertical
and horizontal distance (a buffer zone) of the
potash workings.

B. Site drilling locations to avoid possible
interaction with known faults.

C. Restrict fracture stimulation within a
buffer zone.

D. Require casing and cement to withstand
the pressure and corrosive effects of the salt.

E. Drill to salt 10 then pressure test the salt
section above salt 10 before proceeding.

development are presented below. Specific
recommendations are not made due to the limited
amount of geologic and engineering data available.

F. Drill into or through salt 10 and set
casing before proceeding.

1. Do not issue oil and gas leases on active potash G. Require two strings of casing to be set

leases. This option would assure Moab Salt through salt 10.

Company that their operations and future ore

reserves are not at risk due to oil and gas

activity. Specific well locations would be considered
on a case-by-case basis (this is standard procedure for
all locations now) and concerns by Moab Salt
Company could be addressed at that time.

2. Issue restricted oil and gas leases where active
potash leases exist.
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Concluding Remarks

The Utah Geological Survey feels that option 3
provides the best opportunity to maximize return on
state potash lands. Implementing all or part of the
precautionary stipulations in addition to the standard
Utah Division of Oil, Gas and Mining regulations on
a case-by-case basis should allow for adequate
protection of potash development in the area. The
Utah Geological Survey does not feel there are
sufficient data to recommend a specific buffer zone
between oil and gas drilling and the potash mine.
Geological and engineering data and analyses by
specialists may be helpful in deciding on a buffer
zone. Horizontal and vertical buffer zones need to be
considered. Data from Moab Salt Company on the
location, trend, and fluid flow through fractures noted
during underground mining may provide part of the
answer. Seismic, rock mechanic, reservoir
engineering, and geohydrologic data from the oil
industry may also be needed.
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APPENDIX A

EXHIBITS SUBMITTED BY COLUMBIA GAS DEVELOPMENT FOR THE HEARING BEFORE THE
BOARD OF THE UTAH DIVISION OF OIL, GAS, AND MINING

IN THE MATTER OF THE REQUEST OF COLUMBIA GAS DEVELOPMENT CORPORATION
TO FLARE OR VENT GAS FROM THE KANE SPRINGS FEDERAL
NO. 27-1 WELL LOCATED IN SECTION 27, T. 25 S., R. 19 E., SLM,
GRAND COUNTY, UTAH;
REQUEST FOR EXCEPTION TO RULE R615-3-20

CAUSE NO. 196-28, DOCKET NO. 91-022.
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Lion Mesa field: Discovery date: 1980
Discovery well: Megadon Energy Lion Mesa 27-1A Federal
Productive zone: "Cane Creek" zone of the Paradox Formation
Cumulative prod.: 1,596 bbl oil (Dec. 1990), O mcf gas, 8 bbl water
Bottom-hole pressure: 3,500 psig at 7,706 ft (2,348.8 m), .45 psig/ft

Shafer Canyon Field: Discovery date: 1962
Discovery well: Southern Natural Gas USA 1
Productive zone: "Cane Creek" zone of the Paradox Formation
Date abandoned: 1967
Cumulative Prod.: 67,556 bbl of oil, 63,807 mcf gas, 1408 bbl water

Data sources: Columbia Gas Development, Kane Springs Unit, 1991: Quigley, 1978: Smith, 1978a,b,c,d: Stowe, 1972: Utah Division of Oil,
Gas and Mining, records.
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10.

APPENDIX C

UTAH OIL AND GAS CONSERVATION GENERAL RULE R615-3-28
(DESIGNATED POTASH AREAS, UTAH DIVISION OF OIL, GAS, AND MINING)

In any area designated as a potash area, either by the board, the Division of State Lands and Forestry or an
appropriate federal agency, all wells shall be drilled, cased, cemented, and plugged in accordance with the
rules and orders of the board. The following minimum requirements and definitions shall also apply to the
drilling, logging, casing, and plugging operations within the Salt Section to protect against migration of oil,
gas, or water into or within any formation or zone containing potash. As used in this rule, Salt Section shall
mean the Paradox Salt Section of Pennsylvanian Age.

Any drilling media used through the Salt Section shall be such that sodium chloride is not soluble in the media
at normal temperatures.

Gamma ray-neutron, gamma ray-sonic or other appropriate logs shall be run promptly through the Salt Section.
One field copy of the log through the Salt Section shall be submitted to the division within ten days, or upon
the request of the division, whichever is the earlier.

A directional survey shall be run from a point at least 20 feet below the Salt Section to the surface. The survey
shall be filed with the division prior to completion or plugging and abandonment of the well. " In addition to
the requirements of the R615-3-8, any casing set into or through the Salt Section shall be cemented solidly
through the Salt Section above the casing shoe.

In addition to the requirements of the R615-3-8, any casing set into or through the Salt Section shall be
cemented solidly through the Salt Section above the casing shoe.

Any cement used in setting casing or in plugging which comes in contact with the Salt Section shall be of such
chemical composition as to avoid dissolution of the Salt Section and to provide weight, strength, and physical
properties sufficient to protect uphole formations and prevent blowouts or uncontrolled flows.

If a well is dry, cement plugs at least 200 feet in length shall be placed across the top and the base of the Salt
Section, across any oil, gas or water show, and across any potash zone. Plugs shall not be required inside a
properly cemented casing string. The division shall approve the location of the plugs after examining the
appropriate logs, drilling and testing records for the well. No well shall be temporarily abandoned with open
hole in the Salt Section.

The division may inspect the drilling operations at all times, including any mining operations that may affect
any drilling or producing well bores. A potash owner, if contributing by agreement to the logging and
directional survey costs of a well, may inspect the well for compliance with this rule.

Before commencing drilling operations for oil or gas on any land within designated potash area, the operator
shall furnish by registered mail, a copy of the APD, together with the plat or map required under R615-3-4,
to all potash owners and lessees whose interests are within a radius of 2,640 feet of the proposed well.

After proper notice and hearing, the board may modify this rule for a particular well or area by requiring that
greater or lesser precautions be taken to prevent the escape of oil, gas, or water from one stratum into another.
The board may also expand or contract from the designated potash areas.
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APPENDIX D

STATE LAND BOARD RULE R632-20-38 AMENDING OR RESCINDING
LEGISLATIVE WITHDRAWAL OF LANDS FOR POTASH WITHDRAWAL (10/01/91)

AUTHORITY
This rule is adopted pursuant to Section 65A-1-2 to implement Section 65A-6-15 permitting amendment or
rescission of the withdrawal of potash lands from oil and gas leasing.

POLICY

The Board finds that oil and gas potential in the withdrawn area may be significant and that the withdrawal
should be lifted upon terms and stipulations which address the significant conflicts with other mineral and
surface uses and to accommodate multiple use of the land without jeopardy to the trust interests in mineral
development.

REQUIREMENTS AND PROCEDURES

The withdrawal of land from oil and gas leasing imposed by Section 65A-6-13-14, shall be modified or
rescinded and lands made available for oil, gas, and hydrocarbon leasing by the division subject to and upon
the issuance of a written finding of the following conditions:

(a.) The modification or rescission of the withdrawal shall be determined to be in the best interest of the school
and institutional trust beneficiaries and determined after consultation with the Division of Oil, Gas, and Mining
and the Utah Geological Survey, to be susceptible of prudent resource development.

(b.) The lands that are subject to modification or rescission shall be identified by legal description in the
record.

(c.) Notice of the proposed action shall have been given to all lessees of the affected lands and opportunity shall
have been provided for public comment on the proposed action.

(d.) In offering lands for lease, the division shall make  disclosure of possible development conflicts with
other mineral development and multiple uses and may provide, consistent with trust obligations, for terms and
stipulations as may be appropriate to accommodate prudent multiple mineral development of the lands and to
accommodate protection of the wildlife, recreation, and park values.

The lands that become available for leasing as a result of a modification or rescission of the withdrawal shall
not be leased except at the discretion of the division and in a manner consistent with the conditions of the
modification or rescission and in a manner determined to take advantage of the market conditions.
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