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STATEMENT OF ISSUE AND AGENCY ACTION REQUESTED

Prepared by the New Mexico Potash Industry
April 15, 1992

I. statement of Issue

Recent decisions of the Bureau of Land Management ("BLM")
approving the drilling of oil and gas wells in the "Potash Area"
near Carlsbad, New Mexico have increased significantly the safety
hazards faced by underground miners in the Potash Area and have
resulted in the unnecessary waste of over $450 million dollars in
potash. In approving these o0il and gas wells, the BLM has ignored,
entirely, the provisions of an agreement reached by the 0il and Gas
Industry and the Potash Industry on November 23, 1987 - almost five
years ago - setting forth an agreed u.on basis for the orderly and
safe development of each industry's mineral resources despite the
fact that this Industry Agreement, in significant respects, has
been incorporated by BIM intc a revised Secretarial Order signed on
January 8, 1992, but not yet published in the Federal Register.

II. Impact oan Potash Industry

Existing BLM policies and rules on the drilling of o0il and gas
wells in the Potash Area, which are set forth in the 1986 Order of
the Secretary, 51 Fed. Reg. 39425 (October 28, 1986), do not
reflect current knowledge of the hazards of methane gas to
underground miners or the impact on mine operators of a release of
methane gas into underground mine workings under the Federal Mine
Safety and Health Act. Further delay, therefore, in the issuance
of the revised Secretarial Order will adversely impact miner
safety, result in the further wasting of valuable potash deposits,
and expose mine operators to the possibility of having to implement
more stringent - and prohibitively costly ~ safety requirements in

the event methane gas is released into mine workings by oil and gas
wells.

II1. Agency Action Requested

Immediately publish the revised Secretarial Ordef in the

Federal Regjister or adopt its provisions as a matter of policy
until it can be published.

IV. Additional Informatien

For additional information please contact one of the
following:

Charles C. High, Jr. Walter Thayer

P. O. Drawer 2800 P. 0. Box 71

El Paso, Texas 79902 Carlsbad, New Mexico 88221
915-533-4424 505-887-2871

FAX 915-546-5360

05033 (O200/E1352%61



Comments of the New Mexico Potash Industry
on Rules for Oil and Gas Drilling in the Potash Basin
Eddy County and Lea County, New Mexico

EXECUTIVE SUMMARY

Introduction

The New Mexico Potash Industry welcomes this opportunity to comment on the
1991 proposed Order of the Secretary of the Interior regarding drilling for oil and
gas within the Potash Basin of southeastern New Mexico.

These comments present the views of Eddy Potash Corporation, Horizon Potash
Corporation, IMC Fertilizer, Inc., Mississippi Chemical Corporation, New Mexico
Potash Corporation, Noranda Minerals, Inc. and Western Ag-Minerals Company,
which together represent 85 percent of U.S. potash production. Collectively, these
companies produce 100 percent of the potash mined in New Mexico and control
98.9 percent of the potash leases in the Basin. Accordingly, the views expressed in
these comments reflect the position of the entire potash industry.

The potash industry strongly urges the implementation of the proposed Order of the
Secretary of the Interior regarding "Oil, Gas and Potash Leasing and Development
within the Designated Potash Area of Eddy and Lea Counties, New Mexico"
(Federal Register, February 21, 1991). The Secretarial Order is crucial to
establishing an orderly means of resolving conflicts arising from the occurrence of
multiple natural resources within the Potash Area. It is vital to assuring safe
working conditions for the underground mine work force and preventing undue
waste of the potash resource. In the absence of the Order, needless waste of the
potash resource has already occurred. If the Order is not implemented
expeditiously, additional resources will be lost. Much more seriously, the entire
potash industry could be jeopardized by the occurrence of even a single incidence of
methane leakage into mine workings, as this event would force the implementation
of unaffordable, stringent new safety regulations at least, or result in an
underground mine disaster at worst. These regulations would require expenditures
to retrofit mine electrical, mechanical and ventilation systems which would double
the operating cost of mining potash. The encroachment of oil and gas drilling into
the Potash Area could result in an underground explosion or hydrogen sulfide
poisoning causing senseless loss of life.

Potash Industry Overview

Potash is an essential plant nutrient for which there is no substitute. The Potash
Area of southeastern New Mexico contains the only potash deposits in the United
States which can be produced by conventional mining methods. It accounts for
approximately 85 percent of all domestic potash production.

Potash in the Basin is mined underground from bedded potash and salt deposits of
the Salado Formation (Permian). Two ore minerals are produced. Sylvite
(potassium chloride) is the more common mineral and is widely used as a source of
agricultural potash, in drilling and fracturing fluids, and as a feed stock for other



potassium chemicals. Langbeinite (potassium-magnesium sulfate) is a rare ore of
potash which occurs commercially only in the Carlsbad area. It is a premium
product which provides multiple nutrients and can be applied to soils which are
chloride intolerant.

Conventional room and pillar and continuous mining methods are used in the Basin.
A network of openings 1s made in the first stage of mining, leaving large pillars of
ore for support. Toward the end of mining, earlier mined areas are re-entered and
the pillars are removed, which leads to gradual subsidence of the ground over the
ore deposit.

Ventilation of the underground working areas is supplied by large main fans which
either push or pull surface air into the mine, where it is disbursed through the
workings by booster fans. Air quality is obviously of high importance underground.
Consequently, ventilation is strictly regulated by the Mine Safety and Health
Administration.

In order to prevent explosion hazards, the methane concentration in each mine is
carefully monitored. MSHA must be notified in the event air sample results
indicate 0.25 percent or more methane in the mine atmosphere. The ventilation
regulations are written such that if one mine in an area is found to have
unacceptable concentrations of methane, all mines in the area will be regulated
under the assumption that they, too, are potentially gassy. If methane
concentrations were to exceed this amount, underground electrical, mechanical and
ventilation systems would be required to be replaced with explosion proof systems.
The industry simply does not have the resources to absorb such a capital outlay, nor
can it recover the increased operating costs which would result.

Effects of Oil and Gas Activity on Potash Mining

The danger posed by oil and gas activity within the Potash Area is the potential for
escape of methane or other petroleum gases into the mine workings. This could

cause an explosion or, at a minimum, force abandonment of the workings owing to
unsafe conditions.

The Salado Formation in the area of the nearby Hobbs Pool has been found to be
charged with methane because of leakage from oil and gas wells. New Mexico
subsequently established casing requirements designed to prevent recurrence of

leakage. Unfortunately, casing alone cannot assure prevention of gas leakage into
mine workings:

1. It is not known how closely to mine workings an oil or gas well can be drilled
with assurance of safety. The petroleum and potash industry have jointly
agreed to use one-half mile as a standard for deep oil and gas wells and one-
quarter mile for oil wells less than 5,000 feet deep. Much research is needed to
permit defining the “safe" distance more closely, particularly since ground
conditions and the efficiency of casing can be expected to vary widely among
individual wells. To drill more closely at present, would be to place human life
at risk unnecessarily and could be interpreted as violating the intent of federal
mine safety and health laws.



2. Casing programs cannot provide protection in the event of accidents. At least
seventeen blowouts or oil-well fires have occurred in the area around the
Potash Basin. It is a virtual certainty that others will occur from time to time.

3. Examples of oil migration into potash workings have already been documented.
In the most serious of these, oil migrated 700 feet along mud seems from an
improperly plugged well into the Eddy Potash mine. It should be clear that
petroleum gases potentially can migrate much greater distances and in greater
quantity than oil. Had the well been a high pressure gas well, the consequences
could have been disastrous.

4. Practical experience has shown that it is unlikely that a casing and cementing
program can give completely adequate assurance of protection against gas
migration considering the enormity of the potential consequences. The
occurrence of fractures and voids makes it difficult, at best to seal off formation
fluids, particularly in salt or heavily fractured zones.

S.  The occurrence of hydrogen sulfide can be predicted to have a highly corrosive
effect on casing, which can lead to casing failure and leakage of both
flammable and toxic gases long after the well has been abandoned.

Potential Effects on the Potash Industry

The potential effects of oil and gas hazards on the potash industry are significantly
greater than they were when concurrent development of the two industries first
began. In the 1950's, there were few safety requirements addressing flammable
gases which were of economic consequence. Because of several mine disasters
caused by flammable gases, significant changes in mine safety and health laws were
made in 1959, 1969 and 1977. Each time the regulations became more stringent and
the consequences of the presence of gas became_more severe. Today, the
consequences are such that a single release of flammable gas into any one mine
could destroy the industry. :

Under regulations promulgated pursuant to the federal Mine Safety>and Health Act,
non-coal mines will be regulated as gassy upon the finding of a single air sample
containing 0.25 percent methane or some other flammable gas.

The direct consequence of such a finding would be that all mines in the Basin would
be required to install supplemental ventilation; replace or modify equipment with
explosion-preventing types; and replace most if not all electrical systems. In 1982, it
was estimated that the capital cost of compliance with gassy mine regulations would
be greater than $80 million and the operating cost would be doubled.

The economic consequences of oil and gas drilling have already been experienced
through loss of reserves. The assets of the potash mining industry are contained
mainly in its mineable reserves. Each encroachment of oil and gas drilling into the
Potash Area measurably decreases the accessible potash resource. For example,
recent drilling has advanced into the Potash Area along the eastern margin of the
WIPP Site. The cumulative effect of seven wells during the last 2 years has been the
loss of approximately 29 million tons of potash reserves with a gross value of about
$450 million in the three ore zones present.



The financial effect of any single well proposal cannot be predicted with sufficient
certaintv. Owing to changes in market conditions and demand for products, mine
plans change frequently. It is entirely within likelihood that what is a fringe zone
today could be an important ore target in the near future. Using lower height
mining techniques, one mine is now mining ores that were considered waste S years
ago. Historically, the potash industry has mined ores that have ever decreasing
potash grades.

Recommendations

The discussion above summarizes the hazards associated with oil and gas drilling in
the Potash Basin. We, as an industry, firmly believe that the provisions of the 1986
Secretarial Order do not adequately protect our mines and miners from the hazards
associated with oil and gas drilling in the Potash Basin. Several actions are available
which, if taken, will promote the safety and well-being of the potash industry and
lead to greater cooperation among all parties. Among these are:

1. Implement Proposed Secretarial Order. While not perfect in all respects, the
proposed 1991 Secretarial order is the best vehicle available to protect the
interests and orderly development of both industries. It is essential to
protecting the safety of potash mines and miners. It has the advantage of
reflecting the good faith effort of both industries to reach a mutually beneficial
accord regarding drilling and mine development. We strongly urge that the
new Secretarial Order be placed in effect without delay.

2. Well Spacing and Studies of Gas Migration. A spacing requirement (buffer
zone) between oil and gas activities and ore deposits must be developed and
implemented to ensure the safety of miners. The hazards involved are too
great to rely solely on a casing and cementing program. The spacing
requirement should consider the possible migration of gases as well as the
spacing required to avoid damage from mining subsidence. The one-half mile
buffer established by industry agreement is a current "best guess” regarding an
appropriate spacing. Technical studies to better define the buffer requirements
would serve to protect the valid interests of both industries.

3. Responsibility for Actions. There should be a clear recognition of liability for
any damage caused by one industry to the other. For example, if a well is
damaged by mining activity, the mine operator should be liable for any losses.
Similarly, if a well releases hazardous gases which migrate into mine workings,

the oil or gas operator should be liable for additional costs or loss of assets
stemming from that release.

4, Definition of Potash Resource. Current procedures for identifying ore bodies
and barren areas need to be improved to provide more guidance to both
industries. In many instances commercial grade ore exists well beyond the
boundaries of any existing potash leases or Life of Mine Reserves (LMR's).
We believe the identification of these areas should be the shared responsibility
of both industries. The BLM also has a major responsibility under federal law
to conserve mineral resources.

5. Directional Drilling Technology. Increased use of directional and horizontal
drilling should be promoted. The drilling technology available today virtually
eliminates any technical limits on bottom hole displacement. Using this



capability, wells could be drilled from locations sufficiently removed from ore
deposits that the attendant hazards would be reduced greatly. Any increase in
costs, we believe, would be justified by the increased safety to miners. At the

very least, the amount of potash known to exist should justify the additional
cost of directional drilling.

Increased Cooperation Between the New Mexico Oil Conservation Division
and the BLM. We believe that any real effort to address the hazards involved
in oil, gas and potash production will require increased cooperation between
the OCD and BLM. Because of the nature of the hazards involved, it is

essential that whatever safety practices are adopted are applied equally on
federal and state administered lands.

Cooperation Between Industries. It is in the best interests of both the
petrolenm and potash industries to work together to achieve orderly
development of our resources and to protect each of our valid interests. The
potash industry wishes to promote mutual trust and cooperation. We will work
ability to establish mutual trust and good-faith relationships with the petroleum
industry and the affected regulatory agencies.



COMMENTS OF THE NEW MEXICO POTASH INDUSTRY ON THE NEED
FOR REVISIONS IN BLM POLICIES CONCERNING THE DRILLING
OF OIL AND GAS WELLS IN THE POTASH AREA

I. Introduction

The New Mexico Potash Industry welccomes this opportunity to
present its comments and recommendations to the Bureau of Land
Management ("BLM") on the need for revision in BLM policies and
rules governing the drilling of oil and gas wells 1in the Potash
Area.

. Unanimous Position of Potash Industry

The mine operators concurring in these Industry comments and
recommendations are Horizon Potash Corporation, IMC Fertilizer,
Inc., Eddy Potash Corporation, Mississippi Chemical Corporation,
New Mexico Potash Corporation, Noranda Minerals, Inc., and Western-
Ag Minerals Company, all of which have underground potash mining
operations or potash properties in the Potash Basin near Carlsbad,
New Mexl1co. Collectively, these companies produce 100% of all
potash mined in New Mexico and hold 100% of the potassium leases
granted by the State of New Mexico. They also hold 98.9% of all
potassium leases in the Potash Basin, including both Federal and
State. Accordingly, the views expressed in these comments clearly
reflect the unanimous position of the entire Potash Industry.

B. Potash Industry Concerns Over Safety Hazards and Waste
Created by BLM’s Policies

Our concern with BLM’s existing policies on the drilling of
cil and gas wells in the Potash Area, simply stated, 1is that they
have become obsolete both in what they provide and how they are
interpreted and applied by BLM and no longer adequately protect our
mines and miners from the hazards and waste associated with the

increased oil and gas drilling activities in the Potash Area. We



have expressed this concern on numerous occasions over the years to
the BIM and the New Mexico 0Oil Conservation Division ("New Mexico
OCD"), both of which have regulatory authority in the Potash Area.

C. State Study Committee and Negotiation of Joint Industry
Agreement on Concurrent Development of Both Resources

In response to these concerns, the former Director of the New
Mexico 0OCD, Mr. R. L. Stamets, by letter dated March 21, 1986,
requested members from each industry to participate in a Special
Rules Study Committee with the expressed purpose of developing
rules and standards for the drilling of o0il and gas wells 1in the
Potash Area that would permit maximum development of both potash
and oll and gas resources with maximum safety for both industries.
Membership on this committee was open to any operator in either
industry. We accepted this invitation and worked diligently with
participants from the 0il and Gas Industry to arrive at an
agreement that struck the proper balance between the safety of our
miners and the develcpment and production of our respective mineral
resources. Representatives of the New Mexico OCD and the BLM also
attended the negotiating sessions to assist and/or observe the
discussions. After 18 months of negotiations, which included
extensive education of each 1industry on the operations of the
other, an agreement was reached. This agreement, a copy of which
is attached as Eghibit 1 ("Industry Agreement"), required
substantial compromises by each @ndustry and was possible only
because each recognized that concurrent development of multiple
mineral resources places certain limits on each industry and that

these limits can best be determined by the participants themselves.
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For this reason, the Agreement specifically provided that it would
become null and void unless adopted without substantial change by
the New Mexico OCD and the BLM [Exhibit 1, p. 27].

D. New Mexico OCC Hearing and Adoption of Industry Agqreement

Following the signing of <the Industry Agreement by the
appolinted representatives of each industry, the New Mexico OCD
mailed it to every operator on the "All Docket Mailing List" asking
for comments on the agreement at an open hearing before the full
New Mexlico 0il Conservation Commission ("New Mexico OCC"). A copy
of this Notice 1is included with Exhibit 1. At the hearing before
the New Mexico OCC on February 18, 1988, representatives from the

following organizations were present:

0il and Gas Industry Potash Industry
Yates Petroleum Lundberg Industries
Bass Enterprises Western-Ag Minerals
Exxon New Mexico Potash
Gas Company of New Mexico IMC Fertilizer
Chevron Charles C. High, Jr., for
Phillips the Potash Industry
Conoco

Texaco

Amoco

Unocal

Talisman Energy

Mesa Ltd. Partnership
Sun E & P

Louisiana Land

Hondoc 011

Tenneco 0il

A list of those in attendance at the hearing is attached as Exhibit
3.

Based wupon the Industry Agreement and the comments and
evidence offered at the hearing, the New Mexico OCC issued, on
April 21, 1988, Order R-111-P adopting in modified form the
Industry Agreement. A copy of this Order is attached as Exhibit 2.
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While this Order did not resolve all questions or disputes between
the two industriles, 1t nevertheless captured the essence of the
Industry Agreement and resolved many of the difficulties the two

industries had faced in developing both resources in the Potash

Area.
E. Regquest That BLM Adopt Industry Agreement to Replace 1986
Secretarial Oorder and Secretary’s Signing of New Proposed
Order

Thereafter, by letter dated January 11, 1989, a joint request
was made by the two industries for the BLM to adopt the Industry
Agreement in lieu of the Order of the Secretary issued on October

28, 1986, entitled 0il, Gas and Potash Leasing and Development

wWithin the Designated Potash Area of Eddy and lLea Counties, New

Mexico, 51 Fed. Reg. 39425 ("1986 Secretarial Order"). Adoption of
the terms of the Industry Agreement by the BLM, as was true for the
New Mexico OCD, was a condition the two industries agreed was
essential if the Agreement was to serve its intended purpose. On
February 12, 1991, some two years later, the Secretary published a
revised Proposed Order in the Federal Register, 56 Fed. Reg. 5697,
which incorporated many of the concepts agreed to in the Industry
Agreement. This Proposed Order was to replace the 1986 Secretarial
Order. Following a comment period, we understand the Proposed
Order was signed by the Secretary of the Interior on January 8,
1992, but for reasons not entirely known to us, has not been
published 1in the Federal Register. We also unaerstand that the
provisions of the Proposed Order, even though signed by the
Secretary, are not being followed by the BLM as Departmental

policy.
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F. Delay in Publication of Proposed Order Has Resulted in
Additional Safety Hazards and Waste of Potash

This delay in the publication of the Propocsed Order has had an
enormous impact on the Potash Industry. Indeed, since submission
of the Industry Agreement to the BILM in January of 1989, the BLM
nas approved the drilling of o¢il and gas wells from surface
locations prohibited by the Industry Agreement for safety reasons
and, further, from surface locations which, in our judgment, are
prohibited by the existing 1986 Secretarial Order. In the area
just East of the Department of Energy’s Waste Isolation Pilot Plant
("WIPP") alone, at least 13 wells have been approved from surface
locations that are within the boundaries of commercial grade potash
ore deposits, including one well which was within 520 feet of a
core hole showing commercial grade ore. Another well located 1,050
feet from the same core hole showing commercial potash ore was
denied at the local and district level but reversed and approved at
the State Director’s 0Office. In addition, 41 more wells were
approved at surface locations which fall within the "buffer zones"
agreed to in the Industry Agreement as being the spacing necessary
between o011 and gas operations and potash deposits for the
protection of underground miners.

The location of these wells in areas of commercial grade
potash ore presents the risk that the wells will release methane
gas 1nto the potash deposits and that the methane will either
migrate 1into mine workings or be encountered in future mining
cperatiocns. If this occurs, the entire Potash Industry could face
the possibility of having to comply with more stringent - and

prohibitively expensive - safety requirements under the Federal



Mine Safety and Health Act. 1In addition, using the one-half mile
spacing requirements of the Industry Agreement and Order R-111-P,
these wells have wasted 2% million tons of potash ore with a gross
value of $450 million dollars. In human terms, this 1s enough
potash ore to provide direct employment for at least 500 employvees
for 6 years.

G. The Reasons Supporting the Industry Agreement Support the

Immediate Implementation of the Proposed New Secretarial
Oorder

We believe the reasons that lead to the Industry Agreement and
the wide participation by both industries in arriving at the
Agreement, support the 1immediate implementation of the Proposed
Secretarial Order. Further, we are confident that once the BLM
fully understands the nature of our operations and the basis for
our concern over existing BLM policies governing the drilling of
01l and gas wells in the Potash Area, the need for the New
Secretarial Order will become clear.

II. Special Characteristics of the Mining Industry

In evaluating the many issues involved in the drilling of oil
and gas wells in the Potash Area, as well as our concerns, it is

lmportant to understand the nature of underground mining in general

and potash mining 1n particular. We are unique in a number of
ways.

A. Limited Ore Reserves

First of all, we are a geographically limited industry. The

area of potash deposits in Southeastern New Mexico, commonly called
the Potash Basin, 1s the only known deposit of potash in the United
States that can be mined through conventional mining methods.
These deposits were discovered in 1925 after several years of
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exploration by the U.S. Geological Survey and private industry to
find a replacement source for potash when German imports ceased
with the outbreak of World War I. Smaller deposits have been found
in Utah and California but, for a number of reasons, these cannot
be mined using conventional methods. As a result, mines in the
Potash Basin account for 85% of all potash mined in the United
States [Mineral Industry Surveys, U.S. Department of the Interior,
Bureau of Mines (1991), attached as Exhibit 4].

B. Types and Characteristics of Potash Ore

There are two types of potash ore found in the Potash Basin.
The first and primary ore is sylvite, which is or has been mined by
all of the producers in the Basin. The second type of ore is
langbeinite, which is mined by only two operatdrs. This is a rare
ore, and the Potash Basin is the only known commercial reserve of
this commodity in the Western Hemisphere. Both of these ores are
non-toxic, non-explosive, non-flammable, water soluble, and are
used in the production of fertilizer. There is no known substitute
for potash as an essential plant nutrient.

C. Underground Mine Development and Operations

Oour method of operation also makes us unique. The potash
deposits in the Basin are found in the McNutt Member of the Salado
Formation, so we work underground at depths ranging from about 800
to more than 2000 feet. Twelve (12) bedded ore depcsit horizons
have been 1identified in the McNutt Member and are numbered
sequentially upward, with the twelfth ore zone being the one
closest to the surface and the first ore zone being the one deepest
underground [see Figure 5, page 12, George B. Griswold, Geology of
the Carlsbad Mining District (1982), attached as Exhibit 5]. These

7



ore horizons comprise only about 3% to 5% of the McNutt Member [see

Chaturvedi, Lokesh, Occurrence of Gases 1in the Salado Formation

(1984), page 4, attached as Exhibit 61, and range in thickness from
one (1) foot to ten (10) feet [Exhikit 5, page 11, Table 1,
Salado].

1. Access Through Vertical Shafts

To reach these deposits, each of the potash mines has sunk
from two to five shafts vertically into the ground down to whatever
depth was required to reach the deposits at their mine site. These
shafts are divided into vertical compartments with one or two
compartments generally used as part of the mine ventilation system
and the other compartments used for elevator-type devices that
hoist miners, supplies, and ore in and out of the mine.

2. Development of Underground Working Areas

Horizontally off of these shafts are the working areas of the
mine. The sinking of a shaft is extremely expensive, so they are
strategically located so that mine development can proceed in all
directions from the shaft. These working areas began as tunnels
leading away from the shaft into whatever area of deposits the mine
operator determined to mine. Other tunnels are then mined off of
existing tunnels in all directions so that, after first mining, the
only things left are pillars of predetermined size at specified
distances tc support the ceiling or overburden, as it is called.
Because of the length of time mining has been going on in the
Basin, the area of underground workings in the mines is quite large
and may cover many square miles. In fact, it is not unusual to go
into a mine and then travel several miles from the bottom of the
shaft to the area where ore is being removed from the ore body.

8



3. Final Mining and Ground Subsidence

The support pillars left by this first or developmental mining
also contain large amounts of potash ore. Although the amounts
vary depending upon a number of factors, most mines traditionally
plan to recover from 50-70 percent of the ore during the first
phase of mining. The remaining 30-50 percent of the ore 1is not,
however, wasted. When first mining is completed 1in a particular
deposit, the pillars are then mined so that this additional ore can
be recovered. This removal of support for the overburden then
causes a slow subsidence that eventually fills the void created by
the removal of the potash ore. This displacement extends all the
way to the surface at an angle of about 45° from the mined out
area. A study discussing the extent of ground movement caused by
subsidence is attached as Exhibit 7.

4. Mining Equipment and Support Facilities

The actual mining of the ore 1is performed with either
continuous mining machines or by conventional drilling and blasting
technigues. A continuous miner is a specially designed vehicle
with drum-like devices on the front that rotate and cut the ore
with teeth-like bits. A photograph of one type of continuous miner
is 1included as Exhibit 8. As the ore is removed from the ore body
by the continuous miner, it falls onto a conveyor system and is
moved to the rear of the continuous miner where it is dropped into
a "shuttle" or "ram" car for transport to a conveyor belt system
that takes the ore to the bottom of the hoist. A photcgraph of one
type of these vehicles is also included as Exhibit 8. From the
bottom of the shaft, the ore is loaded onto a hoist and hoisted to

the surface for refining.



The eguipment used in underground mining, as shown by Exhibit

8, 1s heavy equipment. Other types of vehicles are also used to
transport people and egquipment. These pieces cof equipment are
elther electrically powered or diesel powered. One mine has an

electrically powered trolley system with a track system throughout
the mine. In most instances, egulpment to be used underground must
be disassembled so that 1t will fit into a shaft for lowering
underground and then reassembled for use once 1t 1is underground.
There are generally one or more maintenance shops located
underground wilith the same type equipment you would find in any
typical maintenance shop. The maintenance shops perform the full
range of maintenance activities, including complete engine and
equipment overhauls.

§. Ventilation of Underground Working Areas

Ventilation to the underground working areas 1is provided by
main fans which either push or pull surface ambient air into the
mine, where it is then disbursed through active mine workings with
booster fans. Directional control of the air, as well as the
volume, 1s carefully controlled so¢ that fresh air from the surface
is routed to places work is being performed and then routed out of
the mines back to a shaft where it exits to the surface. Because
of the obvious 1mportance of oxygen to human life, this aspect of
underground mining, as well as many others, is heavily regulated by
both the federal and state governments.

III. Safety of Miners from An Industry Perspective

These unigue features of our Industry and the increased
hazards inherent 1in underground work require, and we believe
rightfully so, that the safety of our employees take precedence
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over production and development considerations. This 1s a clearly
stated Federal policy and 1is perhaps best 1llustrated by the
following statements of Senators Harrison Williams and Jacob Javits
when the current Federal Mine Safety and Health Act was under
consideration in 1977:

"Our country 1s now turning to address our natural
energy shortage. The President has already sent to us &
comprehensive plan to 1lincrease the development and
exploitation of our energy and mineral reserves. I
believe that an effective mine safety and health program
must be put 1in place first - and must be the firm
foundation upon which we will build our national energy
program. Otherwise, we will continue to pay for our
energy and minerals with the dreadful currency of human
lives and limbs.

"Our national energy needs should not be met at the
expense of our Nation’s miners and their families. With
the possibility of greatly increased mineral extraction
on the near horizon, the time has come for reform of our
inadequate mine safety and health program. Our miners
should have to wait no longer. Our Nation should want to
walit no longer.™

. *x % %

"This bill 1is intended to strike a new balance in
the 1longstanding antagonistic goals of maximizing
production of energy and mineral resources on the one
hand, and, on the other hand, affording the maximum
safety and health protection of the workers who extract
those resources in what all recognize is inherently a
highly hazardous occupation.™®

(Congressional Record - Senate, June 20, 1977, p. 10204, attached
as Exhibit 9].

While we like to think we have always struck this balance in
favor of safety, we are nevertheless aware of and affected by the
many dlsasters that have occurred in underground mines. The record
of these is long and includes the loss of thousands of lives. Of
particular concern to us, as it should be to the BLM, is the fact
that the single most frequent cause of these disasters has been an
unexpected encounter or accumulation of methane or some other
flammable gas.
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A. Characteristics of Methane and Hydrogen Sulfide Gases

Methane, as everyone in the 01l and Gas and Potash Industries
knows, 1s a colorless, cdorless, tasteless and non-polsonous gas
that 1s highly flammable and explosive in concentrations containing
as little as 5% methane and 12.1% oxygen {See Coward, H. F. and

Jones, G. W. Limits of Flammability of Gases and Vapors, U. S.

Bureau of Mines Bulletin No. 303 (195%2), PP. 37-48, attached as
Exhibit 10]. It is lighter than air and when present in an
underground mine will generally accumulate near the roof or in high
places. Once it become thoroughly mixed with mine air it will be
found uniformly distributed acrcss the moving air current and will
not separate or stratify even if the air becomes still. [Forbes,

J. J. and Grove, G. W., Mine Gases and Methods for Detecting Them,

U. S. Bureau of Mines Miners’ Circular 33 (1954), pp. 6-7, attached
as Exhibit 117].

The characteristics of hydrogen sulfide are likewise well
known. It is a colorless, toxic, flammable gas that has an odor of
rotten eggs at low concentrations. Air that contains 4.3 to 45
percent hydrogen sulfide will ignite when subjected to ordinary
flames and will explode. It is also very poisonous and will cause
eye and respiratory tract irritation after exposure of one hour to
concentrations as low as .005 to .01 percent (50 to 100 ppm).
Concentrations above .07 percent (700 ppm) will cause a loss of
consclousness, paralyze the respiratory system and cause death.
Although hydrogen sulfide has a distinctive odor, the sense of
smell cannot be relied upon as a means of detection because after
one or two 1inhalations, the olfactory nerves become paralyzed and
the hydrogen sulfide odor can no longer be detected [Forges, J. J.
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and Grove, G. W., Mine Gases and Methods for Detecting Them, U. S.

Bureau of Mines Miners’ Circular 33 (1954), pp. 11-13, attached as
Exhibit 12].

B. Hazards of Flammable Gas in an Underground Mine

It would be nice if we could say that the many mine disasters
caused by these hazardous gases occurred in some deep, dark coal
mine during an earlier, less sophisticated period of time where
today’s technology, knowledge and safety enforcement were not
present. In fact, there is a tendency among people outside the
mining 1industry to view these disasters in that perspective.
However, that simply is not the case. A review of three selected
examples of contemporary gas related mine disasters will illustrate
this point. All three of the mines involved utilized state-of-the-
art technology and engineering practices and were heavily regulated
by federal and state mine safety agencies prior to the explosions.

The first occurred on August 27, 1963 at the Cane Creek potash
mine 1in Grand County, Utah. A major inrush of flammable gas
occurred from a single working face into a decline drift (tunnel)
during routine mining operations. The gas was carried along the
tunnel by the ventilation system, and about 20 minutes later
reached the main shop area and ignited from one of three ignition
sources. Twenty-five employees were working throughout the mine
and 18 of them died from explosive forces, flames or asphyxiation.
The methane entered the mine during blasting in the strata above
the targeted potash deposits. The source of the methane was
believed to be a clastic oil shale geological formation adjacent to

the salt beds.

13



This incident illustrates the increased hazard of methane when
encountered in an enclosed, underground environment. In addition
to the fatalities and the injuries caused by the explosion, the
contalinment of the explosion within the interior of the mine
created such a force that 1t caused severe damage throughout the
mline and up the shaft to the surface. OCne surface employee was
injured when a wooden shed in the mine yard on the surface was
destroyed by the blast pressure wave coming out of the shaft
opening. The details of this explosion are set forth in an
investigatory report by the U. S. Bureau of Mines, a portion of
which 1s attached as Exhibit 13. A complete copy will be provided
upon request.

The second example is more recent and occurred in domal salt
deposits on June 8, 1979 at the Belle Isle Salt Mine cf Cargil,
Inc. near Franklin, Loulsiana.

At the end of an evening shift, a gas outburst occurred
following a regular production blast in the southeast part of the
mine. Approximately ten minutes later, the methane gas had diluted
to the explosive range and reached an electrical panel ignition
source some distance away from the working face. The concussion
from the resulting explosion caused four fatalities and one other
employvee died from concussion injuries and exposure to carbon
monoxlde. In addition, several of the 17 survivors suffered
serious or permanently disabling injuries. Destruction of mine
facilities and equipment was estimated to be in the millions of
dollars.

This case, too, 1illustrates the tremendous amount of force
generated by an explosion and the hazard it creates in an enclosed

14
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underground mine. The five victims of this explosion were located
at distances of 2,600 feet to 4,600 feet away from the explosion
area. One federal 1inspector calculated that the pressure wave
velocities from the explosion exceeded 300 miles per hour through
the underground workings and temperatures were more than 2000°
Fahrenheit in the explosion fire-cloud. Selected portions of the
final report of the U. S. Department of Labor, Mine Safety and
Health Administration, on this disaster is attached as Exhibit 14.
Coples of photographs attached to the Report illustrate the force
of the explosion.

The third and final example is still more recent and occurred
cn April 15, 1981 at the Dutch Creek No. 1 coal mine in Pitkin
County, Colorado. Late in the afternoon, a sudden rush of methane
occurred during regular mining operations in a working face.
Similar occurrences had been encountered previously and procedures
had been adopted and put 1in place to dilute and remove the gas
concentrations. The work crew in the immediate area was believed
to have been 1implementing these procedures when a defective
explosion proof switch arced as egquipment lights were turned off.
The resulting explosion killed the six members of the crew and nine
additional employees at remote locations throughout the mine. This
mine, like all coal mines, was being operated under Federal Mine
Safety and Health Administration gassy mine regulations requiring
approved, electrically-permissible equipment and special
ventilation systems. Despite this, a minor error in the assembly
of a light switch enclosure, combined with the methane encounter,
caused the disaster. It should also be noted that the methane
involved in this explosion was not the slow emanation of methane
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commonly assoclated with gassy coal mines. Instead, the methane
entered the mine in a sudden outburst caused by relief of stresses
in the strata surrounding the ore body. The investigatory report
of this incident 1s too volumlinous to attach as an exhibit but we
willl be glad to provide a copy to anyone who wants to see 1t.

These examples vividly demonstrate the potential dangers
present whenever flammable gas 1s 1introduced intoc an underground
mine environment. In all three of these examples, no one pelieved
such an event could occur. Local knowledge of mine conditions, the
contemporary technology being used, and the extensive regulation by
both federal and state safety agencies may have reduced the odds
but were not encugh to prevent the unexpected events that occcurred.
In two of these examples, the flammable gas was not contained in
the material being mined and was never supposed to be encountered
during mining operations. However, in the Cane Creek example, the
methane migrated through salt structures from adjacent formations
and at the Belle Isle mine the gas was encountered in a geological
discontinuity intersected by advancing underground workings. In
the third example at the Dutch Creek mine, the mine was accustomed
to controlling the traditional continuous emanation of methane from
the ore body but was unable to safely control methane encountered
from another, unexpected source.

C. Lack of Naturally Occurring Flammable Gas Hazard in the
Potash Basin

in the Potash Basin we are fortunate that we have never had an
acclident 1nvolving methane, hydrogen sulfide, or any other
flammable gas and because of the geclogy of the Basin, we have no

expectation that such an event will ever occur. The natural
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occurrence of flammable gases in the Salado Formation where we mine
has been carefully and extensively studied and in each case the
cecnclusicn was reached that these gases do not constitute a hazard
tc our niners or our underground mining operations.

The first of these studies, Investigation Intc the Occurrence

0f Gas Pressure Above the First and Tenth Ore Zones in the Potash

District, Carlisbad, New Mexlco, was conducted by the U.S. Bureau of

Mines in 1963 and 1s referenced in Exhibit 5. The second, entitled

Geology of the Carlsbad Potash Mining District (with Emphasis on

Brine and Inert Gases Adjacent to or Within the Ore Beds, was

performed for the Potash Industry in 1982 by Dr. George B.
Griswold, a well known geologist familiar with the Potash Basin,

and 1s attached as Exhibit 5. A third study, Occurrence of Gases

in the Salado Formation, was conducted by Dr. Lokesh Chaturvedi of

the New Mexicc Health and Environment Department for the Waste
Isolation Pilot Plant ("WIPP") in 1984 and is attached as Exhibit
6.

These studies identified several reasons why the naturally
occurring gases in the Salado are not a hazard. First, the gases
encountered are primarily nitrogen with only minor amounts of
methane and generally less than two percent oxygen. Even though
the small amounts of methane are well below the hazardous level,
the high nitrogen, low oxygen concentrations in which they occur
are not capable of forming flammable mixtures with air as shown in
Figure 22, Exhibit 10, p. 47.

Second, the minor amounts of gases encountered are
intentilonally released into the mine atmosphere through pressure
relief holes where they are rapidly diluted by the mine ventilation
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system. Pressure relief holes are holes approximately 1 5/8" in
diameter that are drilled into the back (ceiling) of a mine from 10
tc 30 feet deep. These holes are drilled by all of the operators
and are designed to relieve pressures caused by stress changes
assocliated with mine development and thereby reduce the risk of a
roof fall.

Third, and perhaps most importantly, there 1s no geological
source for large concentrations of methane 1in the Salado. As
explained by Dr. Griswold in his study of the Basin [Exhibit 57,
the Salado was formed through a cyclical nature of deposition
starting with a thin layer of clay covered by a thicker but still
thin sheath of anhydrite followed by a much thicker bed of halite.
The first phase of the cycle, the clay seam, represents an original
drying and erosional surface at the top of the underlying halite
due to the fact that clay minerals tend to concentrate at the
surface. Sea water then re-entered the area, causing additional
solution of the underlying halite. Clay buildup continued with the -
settling of fine particles carried in with the sea water. Third,
the evaporation process recommenced, resulting in the formation and
deposition of aragonite and then gypsum, which were later converted
to dolomite of aragonite and then gypsum, which were later
converted to dolomite and anhydrite by diagenetic processes. The
next phase saw the halite start toc crystallize and the sea water
pecame highly concentrated by evaporation. In the final phase,
drying continued and additiocnal halite was formed. The surface was
dry at thils- pocint and blowing winds and occasiocnal rainfalls

deposited more detrital material to the evaporation pan. Clay also
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began to be deposited with the halite. The cycle was then
complete, setting the stage for the next cycle.

The only period during these formation cycles when marine
organic life could have existed was during the second phase when
sea water re-entered the area. These marine waters were more
saline than the open sea and, according to Dr. Griswold, were too
hostile for any form of marine 1life other than algae and
mlcroscopilic organisms. Higher order organisms could not have
existed and no fossil remains have been identified in the Salado.
This algae was identified by Dr. Griswold as being the probable
source of the minor amounts of methane we encounter in the Basin.

This geological development not only rules out the presence of
large concentrations of methane in the Salado, but protects us from
any gases that may be present in the Guadalupian strata below. As
noted by Dr. Griswold, the McNutt member of the Salado, where our
depcsits are located, is underlaid with an impermeable barrier of
halite ranging from 400 to 1500 feet thick and overlaid with a
similar layer of halite ranging from 100 to 500 feet thick [Exhibit
5, p- 19].

IV. Hazards Created By 0il And Gas Activity

A. Possible Release of Flammable Gases

The concern we have about o0il and gas drilling activities in
the Potash Area, of course, 1s that methane, hydrogen sulfide, or
some other hazardous gas will be released into the Salado Formation
and either migrate into our underground workings or be encountered
at some future time and cause an explosion. We know that such
releases have already occurred in the Hobbs area. As a result, the
Salado 1n that area 1is charged with methane and has been since the
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1850's. This came out 1n testimony before the New Mexico 0il

(6]

Conservation Commission 1n 1955 1in Case No. 862 when Mr. S. J.
Stanley, an englneer for the New Mexico OCC, admitted that:

"It has been definitely proven in the oil business
that the salt section 1s charged in the Monument and
Hobbs Pool and charged with gas. The charging of oil and
gas 1rn these pools was probably man-made by casing
leaks." [Transcript of Hearing, p.é)

-~

A copy of the ranscript of this hearing, which includes
Mr. Stanley’s testimony, 1s attached as Exhibit 15.

B. Likelihood of Releases Occurring

We recognize that many, if not all, of the gas releases in the
Hobbs area occurred prior to the requirement that oil and gas wells
in the Potash Area follow special casing requirements. We do not,
however, believe that these casing requirements and current BLM
pcliclies protect our mines and miners from similar occurrences in
the future. There are several reasons for this.

1. Wells in Close Proximity to Mining

First, the polices being followed by the BLM in approving oil.
and gas wells in the Potash Area do not reflect current knowledge
of the safety hazards involved when methane or hydrogen sulfide
gases are introduced 1into an underground mining environment.
During the last 30 years, a considerable amount of information and
knowledge has been gained abcut the effects and risks of these and
other flammable gases on underground miners. We now know they are
extremely hazardous in all mines, not just cocal mines, and can
cause an explosion and death even when stringent safety practices
are in place. The 1986 Secretarial Order seems to recognize this
because 1t prohibits drilling from any location which would
"constitute a hazard" to mining operations. However, no standards
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have been developed for use 1n determining if or when a proposed
0il or gas well will constitute a hazard to potash mining. We do
not even know how far an oil or gas well must be from a potash mine
to avoid the release and migration of hazardous gases into mine
workings or ore deposits. Yet, under current BLM policy, o0il and
gas wells are being approved 1n commercial deposits of potash
without any apparent inquiry into their affect on the safety of
potash miners.

Any policy, like that apparently followed by the BLM in
approving the wells East of WIPP in commercial grade ore without an
independent and automatic inquiry into its effect on safety is, in
our opinion, dangerous and out of step with modern day standards
for human safety. We also believe it is in conflict with the
intent and purpose of Federal Mine Safety and Health Act.

2. 0il and Gas Accidents and Blowouts

Secondly, the well casing program alone, while providing some
protection, 1is 1lnadequate without more to protect us against the
hazards involved. 1In the absence of additional safeguards, such as
a spacing requirement between oil or gas wells and ore deposits, we
must assume that the casing and cementing program will always be
100% effective 1in preventing the release of hazardous gases into
the Salado Formation. We do no believe that is true and do not
believe the BLM, OCD, or any responsible oil or gas operator will
ever represent to us that it 1is true. Accidentsvhappen and when
they do gasses may be released into the surrounding strata, perhaps
unknowingly,. and either migrate into mine workings or be
encountered during mining at some future date. No other conclusion
is possible, we submit, when you review the number or magnitude of
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the accidents that have already occurred 1n and arocund the Potash
Area.

Although information on o©0il or gas mishaps 1is difficult to
obtaln, we are aware of at least 16 instances prior to 1986 where
there was a blowout and/or fire during drilling operations. A list
of these and a map showing their location 1n relation to The Potash
Area 1s attached as Exhikit 16. Since this list was compiled there
have been even more mishaps, including one blowout that resulted in
the death of an o1l field worker. This well was within 100 yards
of homes on the north end of Carlsbad. More detailed information
on two of the earlier mishaps, which were within the Known Potash
Area, 1s attached as Exhibit 17. Information on another blowout
which occurred at only 3,047 feet 1is attached as Exhibit 18.
Information on two deep wells where blowouts occurred 1s included
as Exhibit 19. Miscellaneous additional informaticn on these and
several other accidents on which we c¢ould find no records is
attached as Exhibit 20.

3. EKnown Instances of 0il Seepage and Migration

Third, we are concerned that even in the absence of an
accident, hazardous gases may migrate upward along the ocutside of
the casing and become a hazard to us when encountered. The casing
rules required in the Potash Area offer us no protection against
such a possibility or, for that matter, protection against the
migration of gases accldentally released. Thils 1s particularly
troubling because the availakle evidence clearly shows the
potential for at least some migration in the Potash Area.

The clearest evidence of this possibility, of course, is the
01l seepage that occurred at the Mississippi Chemical and Eddy
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Potash mines. The oil seepage at the MCC mine was discovered near
what 1s known as a "Breccia pipe". This 1s a vertical pipe or
chimnev-type displacement of the geologic formations downward.
These are though to be the result of the dissolution of deep-lying
formations. This oil and other oil séots detected in core tests in
the breccia pipe were studied and analyzed by the U. S. Geological

Survey a part of the WIPP project [Evaluation of Breccia Pipes in

Southeastern New Mexico and their Relation to the Waste Isolation

Pilot Plan (WIPP) Site, U. S. Geological Survey (1982), attached as

Exhibit 21]. This Report reached the following conclusions
regarding the source of the oil:

"Minor amounts of oil-stained core from both WIPP 16 and
WIPP 31, as well as oil seeps in the MCC drifts near Hill
C, were analyzed to see if an answer could be found to
account for the presence of the o0il (Palacas and others,
1982). Gas chromatograph and geochemical analysis
indicate that the three oils are related to the o0il from
wells to the north of the pipes taken from the Yates
Formation. The Yates overlies the Captain reef on the
backside of the reef. It is possible that o0il from this
formation migrated toward the area of the breccia pipes
and either entered the rocks before collapse occurred or
it was forcefully emplaced during collapse, being pushed
stratigraphically upward by hydrostatic pressure as the
water in the underlying void was forced upward by the
infalling rocks. In WIPP 31, the o0il stains were in
rocks of Dewey Lake Red Beds and Rustler and Salado
Formations consisting of siltstone, anhydrite, and
dolomite fragments and a matrix of mud, recrystallized
halite, and glauberite crystals. In WIPP 16, the oil
stains were 1in the Rustler Formation in anhydrite above
the Magenta Dolomite Member and in halite below the
Culebra Dolomite Member. The o0il seeping into the MCC
mine appears to be coming from an early vertical fault
about 43 M (140 ft.) from the edge of the breccia pipe."
[Exhibit 21, p. 65].

Regardless of where it came from it is clear that the oil migrated
into the mine.

The oll seepage at the Eddy Potash (0ld PCA mine) mine did not
involve a breccia pipe. These o0il seeps, however, were traced to
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an improperly plugged well 1n the Getty Field located about 700
feet away. Information on these oil seeps, which were discovered
in 1962, 1s attached as Exhibit 22.

If oil will migrate the distances involved in these incidents,
we shudder to thing what methane or hydrocgen sulfide under high
pressure would have done. We know from the Rutledge studies in
1963 “Exhibit 6, App. D. that the clay seams in the Basin have a
degree of permeability and will allow gases to migrate & distance
of at least seven feet when the pressure 1s 50 psi [Exhibit 6, App.
D, p. 64]. These clay seamns are uniform throughcut the Potash Area
so i1f they become charged with hilgh pressure gas, no one can say,
without additional study, how far they will migrate.

4. Industry Experience With Cementing

Our own experience also makes us question whether any casing
and cementing program, unless supplemented with additional
safeguards, is adequate protection against the hazards from oil and
gas wells. 1In 1980, for example, AMAX (now Horizon Potash) drilled
a bore hole from the surface to the mine workings to be used for
electrical supply cables. 1In attempting to cement the casing, the
cement was lost both above and in the salt section through, we
assume, clay seams and fractures in the salt zone. In instances
like thils, we simply do not belleve there is any reliable way to be
certaln that the voids and annulus of the casing are completely
filled. Information on thls bore hole is attached as Exhibit 23.

More recently, 1IMC Fertilizer, 1Inc. experienced similar
difficulties in a grouting program to stop the migration of water.
A summary of thils experience is attached as Exhibit 24. If water
at relatively low pressure can migrate as easily as occurred at IMC
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Fertilizer, then we seriously question whether cementing programs
can effectively prevent the migration of flammable gases under much
higher pressures.

5. Corrosive Effects of Hvdrogen Sulfide

Finally, we are not convinced that the well <casing
requirements in the Potash Area provide state-of-the-art protection
against the release of gases. While the BLM relies on New Mexico
State requirements for casing in the Potash Area, there is nothing
in those reguirements concerning the ability of the casing to
resist corrosion from hydrogen sulfide or withstand high pressures.
The presence of hydrogen sulfide in the Basin has been known for
years [See Exhibit 15, p. 9, testimony of S. J. Stanley] and was
encountered during the core hole drilling by the U. S. Geological
Survey 1in 1982 while investigating the breccia pipe and oil seeps
at the MCC Mine ([See Exhibit 21, p. 39] and along with high
pressure (1500 psi) resulted in a casing failure at the Washington
Ranch Gas Storage Facility of El Paso Natural Gas Company.

v. Effects of Hazards from 0il and Gas Activities on the
Potash Industry

The effects of these hazards on the Potash Industry are
significant and far greater than they were when concurrent
development was first adopted. In the 1950’s, there were few
safety requirements of economic consequences concerning flammable
gases. Those in effect applied only to a few very gassy coal mines
and were of no concern to the Potash Industry. However, that has
all changed. As a direct result of the many mine disasters caused
by flammable gases, significant changes in mine safety and health

laws were made in 1959, 1969, 1977, and again in 1987. Each time
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the regulations became more stringent and the consequences of a gas
encounter more severe. Today, the ccnsequences are such that a the
release of flammable gas intc any one mine could destroy our
Industry.

Under the Federal Mine Safety and Health Act, non-coal mines,
like us, are placed into one of several different categories to
protect miners against the hazards of methane and other explosive
gases. Encounters with methane gas, however, can, 1in some
circumstances, cause a mine to be moved from one category to
ancther category with more stringent safety requirements. If this
were to occur 1in the Potash Area, 1t would be eccnomically
devastating to the Industry. We would be required to comply with
about 100 additional regulations, all designed to prevent an
explosion.

These additicnal regulations would require us to sink more
shafts for ventilation; replace all underground equipment or modify
it to explosion-proof condition; and replace most if not all of our
electrical systems. In 1982, we estimated this would cost cver $80
million 1f all of the mines were forced to comply with these
regulations.

This change in the consequences of encountering methane gas,
of course, has made us much more defensive on the drilling of oil
and gas wells in the Potash Area. We do not see any change in that
position unless BLM policies on the drilling of o0il and gas wells
1s revised to ensure that our Industry does not bear the risk and
liability of a mishap while the 0il and Gas Industry receives the

benefit of production.
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These activities also affect us in other ways. Our operations
like all others, have assets. These assets are, in large part, our
recoverable ore reserves. It 1s the value of these reserves that
tell us whether it 1s economically possible to sink a shaft or
continue mine operations. If an oll or gas operator wants to drill
a well through these reserves, he 1is asking us to permanently
forfeit some of our assets because once a well is drilled we cannot
safely mine in close proximity to that casing regardless of whether
it 1s producing or was a dry hole. The value of the ore lost will
depend upon a number of factors, including market price, but it is
nevertheless a significant loss to us.

Such activities also impact our mine development. In our
Industry, there 1is simply no way to accurately predict where we
will be mining next month, much less ten years hence. If the
demands for our product change, we may need a different grade or
mix of ore and have to mine in a direction not shown by any
projected mine plan. Copies of the mine development plan filed by
IMCF in 1981 and a map updated to January 1, 1986, showing all
mining through 1985, 1is attached as Exhibit 25 for reference.
Thus, and for this reason, we are forced many times to protest a
well to ensure that it does not interfere with the orderly but
unpredictable development cf our mine.

VI. Factors That Must be Considered to Address Hazards

In addressing the hazards created by o0il and gas drilling in
the Potash Basin, we believe there are a number of factors that
must be considered. Many of these are currently being done or are
in place, but others are the result of new technology and
capabilities that did not exist until relatively recently.
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1. Safety of Miners

We firmly belleve, as stated in these comments, that current
31M policies, including the current provisions of 1986 Secretarial
Order, do not adequately protect our mines and mniners from the
hazards associated with o©ll and gas dril.iing in the Potash Basin.
The New Secretarial Order recognizes thlis and offers greater
protection but also will allow development of both resources.

2. Spacing Between 0il and Gas and Potash Deposits

A spacing regulrement between oil and gas activitles and ore
deposits 1s absolutely essential to ensure the safety of miners.
The hazards 1involved are simply too great to rely solely upon a
casing and cementlng program. Any spacing reguirement must
consider the possible migration of gases as well as the spacing
required to avoid damage from mining subsidence. The one-half mile
"buffer Zone" agreed to 1n the Industry Agreement 'is not based on
any actual measurements, but affords the best measure of safety for
underground miners.

3. Subsidence

Mining subsidence must, of course, be considered. It is well
known that the extraction of ore from support pillars during second
mining causes subsidence or a "sinking" of the ground. The effects
of this are well known and require, for the protection of the well
casing, that second mining not occur within a distance equal to the
depth of the ore plus ten percent to any oil’or gas well. This
protection was incorporated 1into the Industry Agreement. BLM

peolicies should likewise.
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4. Responsibility for Gas Releases

We believe BLM policies should make a clear regulatory
assignment of economic responsibility for any damage caused by one
industry toc the other. For example, if a well is drilled at a
location determined by the BILM to be safe and we damage or destroy
that well by our mining activities, it will be our economic
responsibility to restcore production or incur the liabilitv for
whatever loss is incurred. Similarly, if a well 1is drilled at a
location determined to be safe by the BLM and the well thereafter
releases hazardous gases into the strata which migrate into our
underground workings, the oil or gas operator will be economically
responsible for whatever additional costs or loss of assets we
incur as a result of that release.

S. Identification of Ore Bodies and Barren Areas

Current procedures for identifying ore bodies and barren areas
need to be improved to provide more guidance to both Industries.
In many instances, commercial grade ore exists well beyond the
boundaries of any potash operator’s leases and beyond the measured
reserves shown on BLM’s own Potash Area Map. We Dbelieve the
ldentification of these areas should be the shared responsibility
of both the Industries and the BLM because of its obligation under
Federal law to conserve those mineral resources.

6. Increased Use of State-0Of-The Art Directional Drilling
Technology

Current BIM policies do not make sufficient use of directional
drilling. The technology available today virtually eliminates any
technical 1limits on bottom hole displacement. Using this

capability, wells could be drilled from locations sufficiently
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removed Irom ore deposits that the affects of the hazard would be
greatly reduced. Any 1ncrease 1n costs, we believe, would be
sustified by the increased safety toc miners.

7. Increased Cooperation Between the OCD and BLM

We believe that any real effort to address the hazards
invelved 1in o1l and gas and potash preoduction will require
increased cooperatlon between the 0CD and BLM. Because of the
nature of the hazards 1involved, 1t 1s essential that whatever
safety practices are adopted are applled egually without regard to
whether the drilling 1s on state of federal property.

8. Increased Cooperation between Industries

We would like to see 1increased cooperation between our two
Industries to ensure that all developmental activities 1in the
Potash Area are performed in a manner that does not endanger our
miners. The New Mexico State Study Committee was a good start and
we hope it will lead to a greater mutual understanding of the many
1ssues 1involved.

VII. Conclusion

For the reasons set forth in these comments, we believe that
the New Secretarial Order must be placed in effect without delay.
It 1s the most reasonable solution available at this time to
protect our mines and mlners Zorm the hazards associated with oil
and gas drilling activities while, at the same time, allowing the
concurrent development of both mineral resources. Any other
approach would elevate development and production over safety in

violation of stated National pclicy.
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ATE IF NEW MEXICT
ENESSY, MINERALS ANC NATURAL RESCURCES ZERARTVENT
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*TEMORANDUM
TO: ALL DCCKET MAILING LIST
FRCAL: WILLIAM o. LAY, DIRECTOR ‘&~

SUBJECT: REVISION OF CRDER NO. R-111 (POTASE AREA)
DATE: =~  NOVEMBER 30, 1987

Attached hereto is an agreement which was executed by members of
the Potash-0Oil and Gas Work Committee in an attempt to clarify the
co-existent rights of lessees within the potash area. This
agreemen: culminates an effort begun on May 1, 1986 in which
representatives of the two industries met to gain basic knowledge
of each industry and document the concerns of each industry brought
about by the operations of the other. Membership in this committee
was open to any operator in either industry. At the conclusion of
the educational phase, each industry elected three representatives
and an alternate as a work committee to develop a mutually
agreeable program to permit maximum development of both resources
with maximum safety for both industries. The agreemen: was duly
completed and signed November 23, 1987,

The Oil Conservation Commission contemplates a hearing, probably on
January 21, 1988 to consider on its own motion the amendment of
Order R-111. At this hearing we will entertain comments on:

1) the attached agreement which may be pertinent to
the amendment of Order R-111;
2) the area to be covered by R-111, as amended
(note - we are proposing the area be expanded to the
BLM "known Potash Leasing Area");
the casing-cementing requirements of Order R-111-a;
directional drilling procedures for inclusion in the
order; ,
5) a procedure for expanding/contracting the effected
areu by the pool nomenclature procedure rather than
amendment to Order R-111. This would be responsive
changes in the XPKA by BLM.
Revisions to notice requirements,

o 9
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STATEMERT OF AGREEMENT BETWEEN
THE POTASH INDUSTRY AND OIL AND
GAS INDUSTRY ON CONCURRENT
OPERATIONS IN THE POTASH AREA
IN EDDY AND LEA E NEW MEXTICO

Intro ion
This Statement of Agreement sets forth the joint agreement
of the Potash Industry and 0il and Gas Industry on important
issues concerning the concurrent development of potash and oil
and gas reserves in Eddy and Lea Counties, New Mexico. It

represents the efforts of numerous representatives from each

Industry over many months and is intended to resolve many of
the disputes that have arisen as a result of concurrent oil and
gas drilling activities in the vicinity of underground potash
mining.

The parties recognize that this Agreement will not resolve
all disputes or disagreements that may arise and that

regulatory intervention may still be necessary in some

instances. By entering into this Agreement, however, each
industry recognizes the right of the other to develop its

mineral resources in a safe and economical manner and

acknowledges that concurrent development of multiple mineral

resources places certain 1limits on each industry. Each also

agrees that these 1limits can be better defined through good
faith discussions among industry representatives familiar with
industry technology and practices than repeated and prolonged

litigation or administrative proceedings.



In attempting to accomplish this, each Industry has made
concessions on issues considerdd critical to it in a good faith
effort to obtain concessions from the other. For this reason,
both Industries agree that the terms of this Statement of
Agreement are subject to the following conditions:

1. Upon approval by representatives of each
Industry, the terms of the Agreement will be
submitted to and must be adopted without
substantial change by the New Mexicc 0il
Conservation Commission (*OCC®") in 1lieu of the
current Order R-111A, as amended;

2. The terms of the Agreement will be submitted to
and must be adopted without substantial change by
the U. S. Department of Interior, Bureau of Land
Management ("BLM") in lieu of Section III (E) of
the Secretary of the Interior's Order of October
21, 1986 [51 Fed. Reg. 39425];

3. Each Industry will use its best efforts to secure
approval of the terms of the Agreement from the
OCC and BLM; and

4, In the event the terms in the Agreement are not
adopted without substantial change by both the
OCC and the BLM, this' Statement of Agreement will
become null and void and will not be referred to

by any Industry representative on the Study

Committee in any future proceeding before the 0CC
or BLM.

It is the intention of the parties to this Agreement that:
(1) certain areas of potash deposits, called “life-of-mine-
reserves” or "LMR's," be permanently protected from o0il and gas
drilling activities; and (2) to make available for oil and gas
drilling activities, certain areas within the Potash Area. The
area of potash deposits protected will vbe determined in

accordance with this Agreement but, generally speaking, will

encompass . the yellow, orange and a major portion of the blue
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areas shown on the BLM Potash Resources Map as it existed on

October 1, 1984. Areas 1in the Potash Area that will be
available for oil and gas drilling activities will be those
areas outside the designated LMR's which, generally speaking,

will be the red, green, grey and a minor portion of the blue

areas shown on the BLM Potash Resources Map as it existed on

October 1, 1984, less areas designated as buffer zones by this

Agreement.

I. The Potash Area

A. The Area covered by this Agreement shall be known as

the "Potash Area".

B. The "Potash Area™ 1includes those ¢tracts of 1land in
Southeastern New Mexico, from the surface downward, which are

designated as a “"potash area” by the Secretary of the
Department of Interior in Section V of the Order dated October
21, 1986 and published in the Federal Register on October 28,
1986 (51 Fed. Reg. 39426]. It shall also include

subsequent revisions to such designations.

any

The terms "potash”

and "commercial deposits of potash" shall have the same meaning

as assigned by the U. S. Department of Interior.

C. It is the intent of the parties to this Agreement that

the "Potash Area" designated by the State of New Mexico be

identical to that designated by the U. §S. Department of

Interior. Accordingly, if the “potash area” designated in the

Secretarial Order of October 21, 1986 [51 Fed. Regqg. 39425] is

revised, the OCC, on its own motion after notice and hearing as



provided by applicable laws and requlations, will adopt the

same revision.

II. Designation of Mine Reserves
A. Within ninety (90) days following adoption of this

Agreement by the OCC and BLM and annually thereafter by January
31 if revised, each potash lessee, without regard to whether
the lease covers State or Federal lands, shall file with the
District Manager, BLM, a designation of the potash deposits
considered by the potash lessee to be its life-of-mine reserves
("LMR"). For purposes of this Agreement, “life-of-mine
reserves” means those potash deposits within the Potash Area
or TRE iZ{/\
reasonably believed by the potash lesseeqto contain potash ore
in sufficient thickness and grade to be mineable using current

day mining methods, equipment and technology. Information used

by the potash lessee in identifying its LMR shall be filed with

the BLM but will be considered privileged and confidential-

"trade secrets and commercial

meaning of 43 C.F.R. §2.13(c)(4) (1986) and not subject to
public disclosure.

B. An authorized officer of the BLM shall review the
information submitted by each potash lessee in support of its
LMR designation and verify, upon request, that the data used by
the potash lessee in establishing the boundaries of its LMR is
consistent with data available to the BLM. Any disputes

between the BLM and potash lessee concerning the boundary of a

designated LMR shall be resolved 1in accordance with the

. « « 1information® within the'

-
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Department of Interior‘'s Hearings and Appeals Procedures, 43

C.F.R. Part 4 (19856).

c. A potash lessee may amend its designated LMR by filing
a revised designation with the BLM accompanied by the

infcrmation referred to 1in Section A above. Such amendments

must be filed by January 31 next following the date the
additional data becomes available.

D. An authorized officer of the BLM shall commit the
designated LMR of each potash lessee to a map(s) of suitable
scale and thereafter revise the map(s) as necessary to reflect
the latest amendments to any designated LMRs. These maps shall
be considered privileged and confidential and exempt from
disclosure under 43 C.F.R. Part 2 and will be used only for
the purposes set forth in this Agreement.

III. Drilling in the Potash Area

A. All oil and gas wells drilled in the Potash Area after
approval of Ehis Agreement by the OCC and BLM, including those '
currently pending before the OCC and/or BLM, shall be subject

to the terms of this Agreement.

B. It is the policy of the OCC and BLM to approve or deny

applications for permits to drill (APD's) in the Potash Area in

accordance with the following:

1. LMR and Buffer Zone. No o0il or gas well shall be

allowed from a surface location: (a) within the LMR of
any potash lessee; (b) within one-fourth (l1/4) mile,
or a distance equal to the depth of the ore plus ten
percent (10%), whichever is greater, of the LMR of any
potash lessee; or (c) where the well casing will pass
within one-fourth (1/4) mile, or a distance equal to



the depth of the ore plus ten percent (10%), whichever
is greater, of the LMR of any potash lessee.

Qutside Buffer Zone But Within One-Half (1/2) mile of
LMR. An APD for an oil or gas well at a location more
than one-fourth (1/4) mile, or a distance equal to the
depth of the ore plus ten percent (10%), whichever is
greater, but less than one-half (1/2) mile from the
LMR of any potash 1lassee may be approved only i€:
(a) the bottom hole location does not extend below the
bzse of the Delaware Mountain Group, and (b) the well
is drilled in accordance with the cementing and casing
requirements set forth in Section V.

More Than One-Half Mile But Less Than One Mile From
LMR. An APD for an oil or gas well at a location more
than one-half (1/2) mile but less than one mile from
the LMR of any ©potash 1lessee may Dbe approved
regardless of the depth of the bottom hole 1location
provided: (a) wells :h bottom hole 1locations below
the base of the Delawasa Mountain Group are drilled in
accordance with the cementing and casing requirements
set forth 1in Section V of this Agreement, and
(b) wells to bottom hole locations above the base of
the Delaware Mountain Group may be drilled without
regard to the requirements in Section V of this
Agreement but must be drilled in accordance with then
current Industry safety standards.

More Than One Mile From LMR. An APD for an oil or gas
well at a location more than one mile from the LMR of
any potash lessee may be approved regardless of the
depth of the bottom hole location and without regard
to the requirements of Section V of this Agreement.

Open Mine Workings. No o0il or gas well shall be
allowed from any location where the well casing will
pass within one-fourth (1/4) mile or a distance equal
to the depth of the ore plus ten percent (10%),
whichever is greater, ¢f any open mine workings.

Abandoned Mine Workings. No o0il or gas well shall be
allowed from any location where the well casing will
pass through or within one-fourth (1/4) of a mile or a
distance equal to the depth of the ore plus ten
percent (10%), whichever is greater, of any abandoned
mine workings that are connected to an existing mine
by an opening or barrier of one-hundred (100) feet or
less unless the APD is accompanied by the sealing and

safety plan and certification described in Paragraph C
below.

o
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7. An APD for a directionally drilled oil or gas well to
a bottom hole location underlying the LIMR of any
potash lessee may be approved subject to the
limitations and requirements set forth in Paragraphs 1
- 6 above. Directionally drilled holes shall be
drilled vertically until they have completely
penetrated Marker Bed No. 126 (U.S.G.S.) of the Salado
Formation at which time they may be deviated.

C. An oil and gas operator desiring to drill a well to a
bottom hole location that does not extend below the base of the
Delaware Mountain Group from a surface location where the well
casing will pass through or within one-fourth (1/4) of a mile
or a distance equal to the depth of the ore plus ten percent
(10%), whichever 1is greater, of abandoned mine workings that
are connected to an existing mine by any opening or a barrier
of one-hundred (100) feet or less shall prepare and submit to
all affected potash lessees a plan and program for sealing off
the area to be penetrated from other mine workings. Approval
of any such plan shall be in the sole discretion of the
affected potash lessees. Any approved plan shall be attached
by the o0il and gas operator to the APD for filing with the OCC,
" and/or BLM. The o0il and gas 6perator shall also complete a
certification in the form prescribed by the OCC and/or BLM that
the drilling of such well will not create a safety hazard to
affected potash lessees.

D. It is the belief of both parties that the provisions
of this Agreement eliminate the need for drilling islands and
three-year mining plans and, therefore, both agree that no

drilling islands will be established in the Potash Area and the

filing of three-year mining plans will be eliminated.



IV. Location of Wells and Notice to Potash Lessee

A, The BLM, upon request, will advise o0il and gas lessees
of the surface locations where wells will be allowed to develop
the leases. 0il or gas leases cbvering areas designated a LMR
by a potash lessee will be unitized to the extent possible with
other areas where drilling is allowed.

B. An oil or gas operator desiring to drill an o0il or gas
well in the Potash Area or within one (1) mile of a potash
lease shall prepare and file an APD with the OCC and/or BLM
along with a map or plat showing the location of the proposed
well. One copy of the APD and map or plat shall be served by
registered mail, return receipt requested, on all potash
leaseholders within one (1) mile of the ©proposed well
location. However, if the APD is for an o0il or gas well that
will penetrate abéndoned mine workings, all potash leaseholders

in the Potash Area shall be notified. Proof of such service

shall be attached to the APD and filed with the 0CC and/or

BLM. Within twenty (20) days of service of an APD and required
documents, any potash leaseholder within one (1) mile of the
proposed well location (or any affected potash lessee if the
proposed well will penetrate abandoned mine workings) may file
an objection with the OCC to the proposed well. If the
objections cannot be resolved by agreement of the parties, the
matter shall be referred for hearing before the OCC.

cC. The failure of a potash leaseholder to object to a

well location or its agreement to the drilling locations
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referred to in this Agreement shall not constitute a release of
liability. 0il and gas leaseholders and those persons and/or
entities involved in the development of the lease shall be
responsible as provided by law for any damages caused by them
to any person by the release of gases or 1liquids into the

strata or atmosphere as a result of drilling activities.
V. Drilling and Casing Program
[Same as current R-111-A]
VI. Drilling Pluyid for Salt Section
(Same as current R-111-3]
VII. Pl ing a andonmen f Well
[Same as current R-111-A]}
VIII. Filing of Well Surveys
The OCC may require an o0il and gas- operator to file a
certified directional survey from the surface to a point below
the lowest known potash bearing horizon on all wells drilled in -
the Potash 'Area. All encounters with flammable gases.‘
including st, shall be reported by the operator to the OCC.
IX. ition f R irem n r A
A. All oil and gas drilling activities within the Potash
Area shall be performed using appropriate technology,

equipment, and procedures to reduce the hazards of such

activities to underground mines and miners and be conducted in
accordance with the prudent operator standard.

B. Only the minimum number of wells necessary to develop

an oil or gas lease will be allowed within the Potash Area.



C. In the event the increased o0il and gas drilling
activities allowed by this Agreement result in a safety hazard
or if data devéloped in the course of such increased activities
make it reasonably appear that such activities are or will
become a hazard to underground miners or mining activities, the
BLM and/or OCC will, upon request, initiate proceedings 1in
accordance with NMSA 70-2-23 and/or other applicable laws and
regulations to review such data and take whatever emergency
steps are found necessary to eliminate such hazard. Potash
lessees may, 1in addition, initiate actions for injunctive
relief under NMSA 70-2-29. The taking or failure to take such
action by the OCC or any potash lessee shall not relieve the
0il and gas lessee from liability for any damages caused by its
0oil and gas activities.

AGREED TO AND APPROVED Tﬂxszgi DAY OF %Aﬁé«{ﬁ ,

1987, BY THE FOLLOWING REPRESENTATIVES OF EACH INDUSTRY .

COMPRISING THE POTASH-OIL AREA SPECIAL RULES STUDY COMMITTEE:

For the 1 and Gas Industry: " For ot dustry:

QYR
- “Lu. 2. Xa o

AS T A %/«L
/<Z2r-«,(ll ;QELmé&z\a;EZ:;——
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STATE OF NEW MEXICO
ENERGY, MINERALS AND NATURAL RESOURCES DEPT.
OlL CONSERVATION COMMISSION

IN THE MATTER OF THE HEARING
CALLED BY THE OIL CONSERVATION
COMMISSION OF NEW MEXICO FOR
THE PURPOSE OF CONSIDERING: _

CASE NO. 9316
Order No. R-111-P

APPLICATION OF THE OIL CONSERVATION
DIVISION UPON ITS OWN MOTION TO

REVISE ORDER R-111, AS AMENDED, PERTAINING
TO THE POTASH AREAS OF EDDY AND LEA
COUNTIES, NEW MEXICO.

ORDER OF THE COMMISSION

BY THE COMMISSION:

This cause came on for hearing at 9:00 a.m. on
February 18, 1988, at Santa Fe, New Mexico, before the Oil
Conservation Commission of New Mexico, hereinafter referred to
as the "Commission."

NOW, on this _ 2lst  day of April, 1988, the Commission,
a quorum being present, having considered the testimony
presented and the exhibits received at said hearing, and being
fully advised in the premises,

FINDS THAT:

(1) Due public notice having been given as required by
law, the Commission has jurisdiction of this cause and the
subject matter thereof.

(2) Order R-111-A was entered July 14, 1955, and since
that time no amendments have been entered, except amendments
to Exhibit "A" attached thereto, despite significant advances
in drilling technology and practices.

(3) Operation under Order R-111-A has become virtually
unworkable because of 1) the lack of tolerance on the part of
both oil/gas and potash industries in regarding the activities
of the other industry in areas where leasehold interests are
overlapping and 2) confusion recording the boundaries of the
known Potash Leasing Area (KPLA) established by the U.S.
Bureau of Land Management (BWM) and the R-111-A area as
amended by Orders R-111-B through O.
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(4) The then Director of the QOil Conservation Division
(OCD) by memorandum dated March 21, 1986 convened a study
committee of volunteer representatives from the oil and potash

industries and other interested parties.

(5) The committee met May 29, September 25-26, and
November 13-14 (fieid trip) in 1986 and on March 19, 1987.

(6) By committee agreement a work committee was formed
from the larger committee consisting of three members and one
alternate from each industry and this work committee was .
chaired by the OCD Chief Petroleum Engineer and charged with
the responsibility to develop proposed amendments to Order
R-111-A. it met on April 30, May 1, July 23-24 and
November 23, 1987.

t

(7) Each meeting of the work committee was held in the |
presence of representatives of both BLM and OCD; and at its .
final meeting November 23, 1987 an agreement was reached and
signed by the committee members present, which agreement is ;
attached hereto as Exhibit "B", for the purpose of providing t
background information and acknowledging the concensus reached
by representatives of the Oil and Gas and Potash industries
relating to the multiple use of resources in the potash area. l

(8) Exhibit "B" is regarded by the Commission as a
report of both the work committee and the full study conmittee
since a draft copy of a nearly identical agreement was
furnished to each member of the study committee for comment,
and comments received thereon were addressed at the final
meeting. .

(9) The agreement represents a compromise by both
industries, the potash oaperators relinquishing lower grade §
marginal or uneconomic ore deposits in order to more fully
protect their higher grade ore deposits; and the oil/gas
operators receiving such lands containing sub-economic ore {
deposits as prospective drill-sites. -

~———— (10) The Oil and Gas Act, 70-2-3 F NMSA 1978, declaresL

as waste "drilling or producing operations for oil or gas
within any area containing commercial deposits of potash where
such operations would have the effect unduly to reduce the
total quantity of such commercial deposits of potash which may
reasonably be recovered -- or where such operations would

interfere unduly with the orderly commercial development of
such potash deposits".

(11) The Oil and Gas Act in 70-2-12 B(17) empowers the
Division "to regulate and, where necessary, prohibit drilling
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or producing operations for oil and gas" in areas which would
cause waste as described in 70-2-3 F.

{(12) The report of the work committee presents a
reasonable process for determining where welis for oil and gas
wouid cause waste of potash and the pertinent portions of said
report shouid be contained in the order as a reasonable
process for prohibiting oil and gas drilling in such areas in
the absence of substantial evidence that waste of potash as
described by the statute would not resuit.

(13) Release of methane into potash mine workings would
endanger the lives of miners and would render further mining
activities uneconomic because of the additional, and more
expensive safety requirements which would be imposed by the
Mine Safety and Health Administration (MSHA) of the U.S.
Department of Labor.

(14) Salt and potash deposits are essentially non-porous
and impermeable but are inter-bedded with ciay seams which, in
an undisturbed state are porous but of extremely low
permeability.

(15) Primary mining activity creates minor localized
disturbance but secondary mining causes subsidence of the
overburden the effects of which tend to expand beyond the

mined out area a distance approximately equal to the depth of
the mined area. ’

(16) During the drilling of wells for oil and gas,
measures should be taken to protect the salt-protection casing
from internal pressures greater than the designed burst
resistance plus a safety factor so as to prevent any possible
entry of methane into the salt and potash interval.

(17) A proposed revision of Order R-111-A was presented
at the hearing and comments were received thereon both orally
at the hearing and in writing subsequent to the hearing, the
record being held open for two weeks subsequent to the
hearing, as announced by the Chairman,

(18) Testimony and comments both in support and in
opposition to the proposed revision of the order were received
at the hearing and subsequent thereto, some pointing out that
the number of oil or gas wells which could be drilled under
the terms of the committee report would be reduced but no

comments addressed the possible waste of potash as a result of
additional drilling.
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(19) One member of the work committee from the potash
industry testified the proposed revision of Order R-111-A
failed to prohibit drilling i1n the commercial ore areas and

was therefore contrary to the work committee report and the
Oil and Cas Act.

{20) The Commission cannot abdicate its discretion to -

consider applications to drill as exceptions to its rules and
orders but in the interest of preventing waste of potash
shouid deny any application to drill in commercial potash
areas as recommended in the work committee report, unliess a
clear demonstration is made that commercial potash will not be
wasted unduly as a result of the drilling of the well.

(21) Confusion can be reduced and efficiencies can be
obtained by making the area covered by Order R-111 coterminous
with the KPLA as determined by the BLM, and the area should be
expanded and contracted by the regular pool nomenciature
procedure rather than by separate hearings and further
revisions of Order R-111,

(22) Expansion of the R-111 area to coincide with the
KPLA will bring under the purview of this order areas where
potash is either absent or non-commercial and such areas ~
should be granted less stringent casing, cementing and
plugging requirements, at the discretion of the OCD district
supervisor, . -~

(23) The proposed revision of Order R-111-A will pefmit
the drilling of weils for oil or gas in areas previously not _
available for such drilling and will prevent waste of potash,
and further, will serve to reduce confusion and uncertainty in
the conduct of operations by both the potash and oil/gas
industries, all to the benefit of the state and its citizens.

IT IS THEREFORE ORDERED THAT: —

This order shall be known as The Rules and Regulations !

Governing the Exploration and Development of 0Qil and Gas in L
Certain Areas Herein Defined, Which Are Known To Contain
Potash Reserves.

A. OBJECTIVE

The objective of these Rules and Regulations is to
prevent waste, protect correlative rights, assure maximum &%
conservation of the oil, gas and potash resources of New
Mexico, and permit the economic recovery of oil, gas and
potash minerals in the area hereinafter defined. !
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B. THE_POTASH_AREA

(1) The Potash Area, as described in Exhibit A
attached hereto and made a part hereof, represents the area in
various parts of which potash mining operations are now in
progress, or in which core tests indicate commercial potash
reserves. Such area is coterminous with the Known Potash
Leasing Area (KPLA) as determined by the U.S. Bureau of Land
Management (BWM).

(2) The Potash Area, as described in Exhibit "A"
may be revised by the Division after due notice and hearing at

the regular pool nomenclature hearings, to reflect changes
made by BWM in its KPLA.

C. DRILLING IN THE POTASH AREA

(1) All drifling of oil and gas wells in the Potash
Area shall be subject to these Rultes and Reguliations.

(2) No wells shall be drilled for oil or gas at a
location which, in the opinion of the Division or its duly
authorized representative, would result in undue waste of
potash deposits or constitute a hazard to or interfere unduly
with mining of potash deposits.

No mining operations shall be conducted in the -
Potash Area that would, in the opinion of the Division or its
duly authorized representative, constitute a hazard to oil or
gas production, or that would unreasonably interfere with the
orderly development and production from any oil or gas pool.

{3) Upon discovery of oil or gas in the Potash
Area, the Oil Conservation Division may promuigate pool rules
for the affected area after due notice and hearing in order to
address conditions not fully covered by these rules and the
general rules.

(4) The Division's District Supervisor may waive
the requirements of Sections D and F which are more rigorous
than the general rules upon satisfactory showing that a
location is outside the Life of Mine Reserves (LMR) and
surrounding buffer zone as defined hereinbelow and that no

commercial potash resources will be unduly diminished.
(5) All encounters with flammable gas, including
hydrogen sulfide, during drilling operations shall be reported

immediately to the appropriate OCD District office followed by
a written report of same.
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D. DRILLING AND CASING PROGRAM

(1) For the purpose of the regulations and the
driiling of wells for oil amd gas, shallow and deep zones are
defined as follows:

(a) The shallow zone shall include ail
formations above the base of the Delaware Mountain Group or,

-

above a depth of 5,000 feet, whichever is lesser.

{b) The deep zone shall include all formations®
below the base of the Delaware Mountain Group or, below a
depth of 5,000 feet, whichever is lesser,

{c) For the purpose of identification, the
base of the Delaware Mountain Group is hereby identified as
the geophysical log marker found at a depth of 7485 feet in
the Richardson and Bass No. 1 Rodke well in Section 27,
Townsnip 20 South, Range 31 East, NMPM, Eddy County, New
Mexico.

(2) Surface Césing String:

- (a) A surface casing string of new or used oil«
field casing in good condition shall be set in the "Red Bed"
section of the basal Rustler formation inmmediately above the
salt section, or in the, anhydrite at the top of the salt
section, as determined necessary by the regulatory
representative approving the drilling operations, and the
cement shall be circulated to the surface.

-

-

(b) Cement shall be allowed to stand a minimur
of twelve (12) hours under pressure and a total of twenty-fou
(24) hours before drilling the plug or initiating tests. -

{c}) Casing and water-shut-off tests shall be
made both before and after drilling the plug and below the
casing seat as follows:

(i) !'f rotary tools are used, the mud
shall be displaced with water and a

hydraulic pressure of six hundred (600)
pounds per square inch shall be applied.
If a3 drop of one hundred (100) pounds pet
square inch or more should occur within

thirty (30) minutes, corrective measures
shall be applied. T

(ii) I f cable tools are used, the mud:
shall be bailed from the hole, and if thh
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hole does not remain dry for a period of

one hour, corrective measures shall be
applied.
(d) The above requirements for the surface

casing string shall be applicable to both the shallow and deep
zones,

(3) Salt Protection String:

(a) A salt protection string of new or used
oil field casing in good condition shall be set not less than
one hundred (100) feet nor more than six hundred (600) feet
below the base of the salt section; provided that such string
shall not be set below the top of the highest known oil or gas
zone. With prior approval of the OCD District Supervisor the
wel lbore may be deviated from the vertical after completely
penetrating Marker Bed No. 126 (USGS) but that section of the
casing set in the deviated portion of the wellbore shall be
centralized at each joint.

(b) The salt protection string shall be
cemented, as follows:

(i) For wells drilled to the shallow
zone, the string may be cemented with a
nominal volume of cement for testing
purposes only. If the exploratory test
well is completed as a productive well,
the string shall be re-cemented with
sufficient cement to fill the annular
space back of the pipe from the top of the
first cementing to the surface or to the
bottom of the cellar, or may be cut and
pulled if the production string is
cemented to the surface as provided In
sub-section D (5)({a){(i) below.

(ii) For wells drilled to the deep zone,
the string must be cemented with
sufficient cement to fill the annular
space back of the pipe from the casing
seat to the surface or to the bottom of
the cellar.

_ (c) If the cement fails to reach the surface or the
bottom of the cellar, where required, the top of the cement
shall be located by a temperature, gamma ray or other survey
and additional cementing shall be done until the cement is
brought to the point required.
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(d) The fluid used to mix with the cement
shal!l be saturated with the salts common to the :zones

penetrated and with suitable proportions but not less than 1%
of calcium chloride by weight of cement.

(e) Cement shal!l be allowed to stand a minimum
of twelve (12) hours under pressure and a total of twenty- fouq
(24) hours before drilling the plug or initiating tests.

(f) Casing tests shall be made both before and,
after drilling the plug and below the casing seat, as follows:

(i) 1f rotary tools are used, the mud
shall be displaced with water and a [
hydraulic pressure of one thousand (1000)"
pounds per sqgquare inch shall be applied.

I f a drop of one hundred {(100) pounds per
square inch or more should occur within i
thirty (30) minutes, corrective measures
shall be applied.

(ii) If cable tools are used, the mud
shall be bailed from the hole and if the
hole does not remain dry for a period oft
one hour, corrective measures shail be
applied.

(g) The Division, or its duly authorized
representative, may require the use of centralizers on the
salt protection string when in their judgment the use of suc
centralizers would offer further protection to the salt
section.

(h) Before drilling the plug a drilling spozg
installed below the bottom blowout preventer or the wellhea
casing outlet shall be equipped with a rupture disc or other
automatic pressure-relief device set at 80% of the APl-rate
burst pressure of new casing or 60% of the AP!-rated burst
pressure of used casing. The disc or relief device shoul!d be
connected to the rig choke manifold system so that any flo

can be controlled away from the rig. The disc or relief
device shall remain installed as long as drilling activities
continue in the well until the intermediate or production
casing is run and cemented. L

(i) The above requirements for the salt
protection string shall be applicable to both the shallow a{_
deep zones except for sub-section D (3) (b} (i} and (ii)
above.
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(4) Intcrmediate String:

(a) In driiting wells to the deep zone for oil
or gas, the operator shall -have the option of running an
intermediate string of pipe, unless the Division requires an
intermediate string be run.

(b) Cementing procedures and casing tests for
the intermediate string shall be the same as provided under
sub-sections D (3} (c), (e} and (f) for the salt protection
string.

(5) Production String:

{a) A production string shall be set on top or
through the oil or gas pay zone and shall be cemented as
fol lows:

(i) For wells drilled to the shallow zone
the production string shall be cemented to
the surface if the salt protection string
was cemented only with a nominal volume
for testing purposes, in which case the
salt protection string can be cut and
pulled before the production string is
cemented; provided, that if the salt
protection string was cemented to the
surface, the production string shall be
cemented with a volume adequate to protect
the pay zone and the casing above such
zone.

(ii) For wells drilled to the deep zone,
the production string shall be cemented
with a volume adequate to protect the pay
zone and the casing above such zone;
provided, that if no intermediate string
shall have been run and cemented to the
surface, the production string shall be
cemented to the surface.

(b) Cementing procedures and casing tests for
the production string shall be the same as provided under
sub-section D (3) (c), (e} and (f) for the salt protection
string; however if high pressure oil or gas production is
discovered in an area, the Division may promulgate the
necessary rules to prevent the charging of the salt section.
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E. DRILLING FLUID FOR SALT SECTION

The fluid used while drilling the salt section shall !
consist of water, to which: has been added sufficient salts of !
a character common to the zone penetrated to completely
saturate the mixture. Other admixtures may be added to the
fluid by the operator in overcoming any specific problem. .
This requirement is specifically intended to prevent enlarged
drill holes. ¢

F. PLUCGING AND_ABAMDONMENT OF WELLS

{1 Al] wells heretofore and hereafter drilled E
within the Fotash Area shall be plugged in a manner and in
accordance with the general ruies or field rules established

by the Division that will provide a solid cement plug through |
the salt section and any water-bearing horizon and prevent \
liquids or gases from entering the hole above or below the

salt section. ,

(2) The fluid used to mix the cement shall be
saturated with the salts common to the salt section penetrated
and with suitable proportions but not more than three (3)
percent of calcium chloride by weight of cement being '
considered the desired mixture whenever possible.

G. DESIGCNATION OF DRILLABLE LOCATION FOR WELLS

(a) Within ninety (90) days folilowing
effective date of this Order and annually thereafter by
January 31 if revised, each potash lessee, without regard to
whether the lease covers State or Federal lands, shall file
with the District Manager, BWM, and the State Land Office
(SLO), a designation_of the potash deposits considered by the
potash lessee to be (itsjlife-of-mine reserves ("LMR"). For
purposes of this Agreement, "life-of-mine reserves" means
those potash deposits within the Potash Area reasonably
"believed by the potash lessee to contain potash ore in
sufficient thickness and grade to be mineable using current

day mining methods, equipment and technology. Information
used by the potash lessee in identifying its LMR shall be
filed with the BIM and SLO but will be considered privileged
and confidential "trade secrets and commercial,

.information" within the meaning of 43 C.F.R.§2.I3(c).(u)
(1986), Section 19-1-2.1 NMSA 1978, and not subject to public {
disclosure.

(b) Authorized officers of the BWM and SLO
shall review the information submitted by each potash lessee l
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in support of its LMR designation on their respective lands
and verify upon request, that the data used by the potash
lessee in establishing the boundaries of its MR is consistent
with data available to the BIM and SLO. Any disputes between
the BWM and potash lessee concerning the boundary of a
designated LMR shall be resolved in accordance with the
Department of Interior's Hearings and Appeals Procedures, 43
C.F.R. Part 4 (1986]).

(c}) A potash lessee may amend its designated
IMR by filing a revised designation with the BLM and S5SLO
accompanied by the information referred to in Section A above.
Such amendments must be filed by January 31 next following the
date the additional data becomes available.

{d}Y Authorized officers of the BIM and SLO
shall conmit the designated MR of each potash lessee to a
map(s) of suitable scale and thereafter revise the map(s) as
necessary to reflect the latest amendments to any designated
IMRs. These maps shall be considered privileged and
confidential and exempt from disclosure under 43 C.F.R. Part 2
and §19-1-2.1 NMSA 1978, and will be used only for the
purposes set forth in this Order.

(e) The foregoing procedure can be modified by
policy changes within the BLM and State Land Office.

(2) Before commencing drilling operations for oil
or gas on any lands within the Potash Area, the well operator
shall prepare a map or plat showing the location of the
proposed well, said map or plat to accompany each copy of the
Notice of Intention to Drill, In addition to the number of
copies required by the Division, the well operator shall send
one copy by registered mail to each potash operator holding
potash leases within a radius of one mile of the proposed
well, as reflected by the plats submitted under paragraph |
(2). The well operator shall furnish proof of the fact that
said potash operators were notified by registered mail of his
intent by attaching return receipt to the copies of the Notice
of Intention to Drill and plats furnished the Division.

(3) Drilling applications on federal lands will be
processed for approval by BIM. Applications on state or
patented lands will be processed by the Division and, in the
case of state lands, in collaboration with the SLO. The
Division will first ascertain from the BM or SLO that the
location is not within the MR area. Active mine workings and
mined-out areas shall also be treated as WMR. Any application
to drill in the LMR area, including buffer zones, may be
approved only by mutual agreement of lessor and lessees of
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both potash and nil and gas interests. Applications to drill
outside the MR will be approved as indicated below; provided
there is no protest fr m potash lessee within 20 days of his
receipt of a copy of the notice:

(a) a shallow well shal! be drilled no closer
to the MR than one-fourth (1/8) mile or 110%

of the depth of the ore, whichever i1s greater.

(b} A deep well shall be drilled no cioser than
one-halff (1/2) mile from the MR,

H. INSPECTION QF DRILLING AND MINING OPEPRPAT IONS

A representative of any potash lessee within a

radius of one mile from the well location may be present
during drilling, cementing, casing, and plugging of any oil or
gas wells to observe conformance with these regulations.
Likewise, a representative of the oil and gas lessee may
inspect mine workings on his lease to observe conformance with
these regulations. L

. EILING OF WELL SURVEYS, MINE SURVEYS
AND POTASH DEVELOPMENT PLANS

(1) Directional Surveys: l_

The Division may require an operator to file a
certified directional survey from the surface to a point below{
the lowest known potash-bearing horizon on any well drilled
within the Potash Area.

(2) Mine Surveys: l_

Within 30 days after the adoption of this order
and thereafter on or before January 31st of each year, each t_
potash operator shall furnmish the Division two copies of a
plat of a survey of the location of his leaseholdings and all

of his open mine workings, which plat shall be available for L
public inspection and on a scale acceptable to the Division.

J. APPLICABILITY OF STATEWIDE RULES AND RECULQI!ONS[.

All gencral statewide rules and reqgulations of the
Oil Conservation Division governing the development,
operation, and production of oil and gas in the State of Mew
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Mexico not inconsistent or in conflict herewith, are hereby
adopted and made applicable to the areas described herein.

T 'S FURTHER ORDERED THAT:

(1) Order R-111 and amendments through R-111-0 are
hereby rescinded.

(2) Jurisdiction of this cause is retained for the entry
of such further orders as the Conmmission may deem necessary.

Done at Santa Fe, New Mexico on the day and vyear
hereinabove designated.

STATE OF NEW MEXICO
O1lL CONSERVATION COMMISSION

MATADN
WILLIAM R, HUMPHRIES, Member

ERLING A. BROSTU Member

WILLIAM J. LEMAY, Chairman
and Sedretary
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CONSQLIDATED LAND DESCRIPTION QF THE KHOWN PQOTASH
LEASING AREA, AS OF FEBRUARY 3, 1988
EDDY COUNTY, NEW MEXICO

TOWNSHIP 18 SOUTH, RANGCE 30 EAST, NAPM

Section 10: SE7u SETY

Section 11: S/2 SwWiy

Se¢tion 13: W/2 SW/4 and SE/4 SW/u

Section 14: W/2 NE/4, NW/U and S/2

Section 15: E/2 NE/U4, SE/U4 SW/4 and SE/4

Section 22: N/2, N/2 Sw/u4, SE/U4 SW/U4 and SE/4

Section 23: All

Section 24: N/2 NW/4, SW/4 NW/U and NW/U SW/Uu

Section 26: NE/4, Nf2 NW/U4 and SE/4 NW/4

Section 27: N/2 NE/Y4 and NE/4 Nw/1y

TOWNSHIP 19 SOQUTH, RANGE 29 EAST, NMPM

Section 11: SE74 SE7h

Section 12: SE/4 NE/4 and S/2

Section 13: All

Section 14: NE/u4, SE/4 NW/4% and S/2

Section 15: SE/4 SE/H

Section 22: NE/Y4, Ef2 W/2 and SE/4

Section 23: All

Section 24: Al

Section 25: NW/h4 Nw/Yy

Section 26: N/2 NE/U and NW/4

Section 27: NE/U4 and E/2 NW/4

TOWNSHIP 19 SOUTH, RANGE 30 EAST, NMPM

Section 2: SW74

Section 3: W/2 Sw/u, SE/4 SW/H4, S/2 SE/4 and
NE/u4 SE/ U4

Section 4: Lots 3 and 4, SW/4 NE/4, S/2 NW/u
and S/2

Section S: Lots t, 2, and 3, S/2 NE/u,
S/2 NW/4 and $/2

Section 6: S/2 SE/4 and NE/u4 SE/u4

Sections 7 to 10 inclusive

Section 11: S/2 NE/4, NW/U4 NW/4 and S/2

Section 12: NE/4, S/2 NW/4 and S/2

Section 13: NE/U, W/2, Nf2 SE/U4 and SW/u4 SE/4

Sections 14 to 18 inclusive

Section 19: Lots 1, 2, and 3, NE/4, E/2 NW/4,
NE/Y SW/u, E/2 SE/4 and
NW/4 SE/ Y4

Sections 20 to 23 inclusive
Section 24 NW/4, NW/4 SW/4 and S/2 SW/u
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Section
Section
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25: NY/4 Nw/ 4

26: NE/uU NE/4, W/2 NE/4, W/2, W/2 SE/u
and SE/u4 SE/4

27: All

28: Al

29: E/2, E/2 NW/4 and HNW/4 NW/4

32: €/2 and SE/4 SW/u

33 to 35 inclusive

36: NW/4 Nw/4, S/2 NW/4 and S/2

19 SOUTH, RANCE 31 EAST, NMPM
Section 71 Lots 1, 2, and 3 and E72 NW/4

18: Lots 1, 2, and 3 and SW/4 NE/4,
E/2 NW/4 and NE/U4 SW/u

31: Lot 4

34 SE/u4 SE/4

35: 9/2 SW/U4 and SW/4 SE/4

36: S/2 SE/4

Section

LEA COUNTY, NEYW MEXICO

TOWNSHIP 19 SOUTH, RANGE 32 EAST, NMPM

e o e e e o e e, e e e o e

Section
Section
Section
Section
Section

Lot 4

Lots ' to 4 inclusive and N/2 S/2
Lots 1 to 4 inclusive and N/2 S/2
Lots 1 to 4 inclusive and N/2 S/2

Lots 1 to 4 inclusive, SE/u4 NE/4,
NW/4 SW/4 and NE/4 SE/4

TOWNSHIP 19 SOUTH, RANGE 33 EAST, NMPM

§EEYTBH_57?-___5ETE_NETE'—ETT—§WTH‘Sﬁa SE/u
Section 23: S/2 NW/4, Sw/ua, W/2 SE/W and
SE/u SE/u4
Section 25: SW/u4 NW/4, W/2 SW/4 and SE/U4 SW/u
Section 26: All ‘
Section 27: All
Section 28: S/2 SE/U4 and NE/fu SE/4
Section 30: Lots 2 to 84 inclusive, S/2 NE/U4,
SE/4 NW/4, E/2 SW/4 and SE/4
Section 31: Al l
Section 32: NE/4, S/2 NW/4 and S/2
Sections 33 35 inclusive
Section 36: W/2 NE/U4, SE/4 NE/U4, NW/4 and S/2
TOWNSHIP 19 SOUTH, RANGE 34 EAST, NAIPM
Section 31: Lots 3 and & 7
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EDDY COUNTY, NEW MEXI1CO

TOWNSHIP 20 SOUTH, RANGE 29 EAST, NAMIPM

Section 1. SETE"NETH‘SEE_§77"§ETE‘
Section 13 SW/u4 NW/u, W/2 SW/u4 and SE/u4 SW/u
Section 14: NW/ 4 NE/U, S/2 NE/4, NW/4 and S/2
Section 15: E/2 E/2, SE/U4 SW/U and W/2 SE/4
Section 22: E/2 and E/2 NW/4
Section 23: All
Section 24: SW/4 NE/Y, W/2, W/2 SE/u and

SE/4 SE/4
Section 25: N/2, SW/4, W/2 SE/4 and NE/4 SE/U4
Section 26: All
Section 27: E/2
Section 34: NE/ 4
Section 35: N/2
Section 36: W/2 NE/4 and NW/4

TOWNSHIP 20 SOUTH, RANGE 30 EAST, NMPM
Sections 1 to § |nclu5|ve

Section §5: Lots 1 to 3 inclusive, S/2 N/2
and S/2 -
" Section 6: Lots 5, 6, and 7, S/2 NE/u4, E/2 SW/4
and SE/4
Section 7: Lots 1 and 2, E/2 and £/2 NW/4
Sections 8 to 17 inclusive
Section 18: E/2
Section 19: E/2 and SE/4 SW/4
Sections 20 to 29 inclusive
Section 30: Lots 1 to 3 inclusive, E/2 and
E/2 w/2
Section 31: NE/4 and Ef2 SE/u

Sections 32 to 36 inclusive

TOWNSHIP 20 SOUTH, RANGE 31 EAST, NMPM

Section 1: EEYE‘T‘YS‘TTEETGETCE“S/ 2 N/2
and S/2

Section 2: All

Section 3: Lots 1 and 2, S/2 ME/4 and SE/4

Section 6: Lots 4 to 7 inclusive, SE/4 NW/ 4,
E/2 SW/4, W/2 SE/4 and
SE/U4 SE/4

Section 7: All

Section 8: S/2 N/2 and S/2

Section 9: S/2 Nw/uy, SW/4, wW/2 SE/4 and
SE/4 SE/4

Section 10: E/2 and SWw/u

Sections 11 to 36 inclusive
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LEA COUNTY, NEW MEXICO

TOWNSHIP 20 SOUTH, RANGE 32 EAST; NAIPAS

Sections 1 to 4 inclusive -

Section §: S/2 SE/U4

Section 6: Lots 8 to 7 inclusive, SE/I NW/4,
E/2 SW/4 and SW/4 SE/ 4

Sections 7 to 36 inclusive

e o —— e e —— . P —— o — ——

Sections 1 to 36 inciusive

TOWNSHIP 20 SOUTH, RANGE 34 EAST, NMPM

Section 6 LCots 3 to 7 inclusive, SE/4 NW/4,
E/2 SW/4, W/2 SE/4 and
SE/u4 SE/A4
Section 7: All
Section 8: SW/4, S/2 NW/u, W/2 SE/4 and
i SE/4 SE/f4
Section 16: W/2 NW/u4, SE/4 NW/4, SW/4 and
S/2 SE/4
Sections 17 to 21 inclusive
Section 22: N/2 NW/u4, SW/4 NW/4, SW/u4, W/2 SE/u,
and SE/4 SE/4 '
Section 26: Sw/u, W/2 SE/Y4 and SE/4 SE/4
Sections 27 to 35 inclusive
Section 36: SW/4 NW/4 and W/2 SW/1 )

EDDY COUNTY, NEW MEXICO

TOWNSHIP 21 SOUTH, RANGCE 29 EAST, NMPM L
Sections 1 to 3 inclusive
Section W4: Lots 1 through 16, NE/4 SW/4 and |
SE/Y4 <
Section 5: Lot 1
Section 10: N/2 NE/4, SE/4 NE/U and SE/4 SE/H4
Sections 11 to t4 inclusive
Section 15: E/2 ME/4 and NE/Y4 SE/ 4
Section 23: N/2 NE/4
Section 24: E/f2, N/2 NW/U and SE/4 Nw/uy
Section 25: NE/4 NE/U4 and S/2 SE/Y
Section 35: Lots 2 to & inclusive, S/2 NE/4,
NE/4 SW/4 and N/2 SE/U4
Section 36: Lots 1 to 4 inclusive, MNE/Y4, -

E/2 NW/4 and N/2 S/2
TOWMSHIP 21 SOUTH, RANGE 30 EAST, NMPM L
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TOWNSHIP 21 SOUTH, RANGE 31 EAST, NMPA

Sections 1 to 36 inclusive

LEA COUNTY, NEW MEXICO

TOWNSHIP 21 SOUTH, RANCE 32 EAST, NMPM

Sections 1 to 27 inclusive

Section 28: N/2 and N/2 S/2

Sections 29 to 31 inclusive

Section 32: Nw/ua NE/4, NW/4 and NW/4 Sw/y

Section 34: N/2 NE/4

Section 35: N/2 N/2

Section 36: Ef2, N/2 NW/4, SE/u4 NW/U4 and
NE/4 SW/u

TOWNSHIP 21 SOUTH, RANGE 33 EAST, NMPM

Section 1: Cots 2 to 7 inclusive, Lots 10 to
14 inclusive, N/2 SW/4 and

. SW/4 SwW/4

Sections 2 to 11 inclusive

Section 12: NW/u4 NW/4 and SW/4 SW/u

Section 13: N/2 NW/4, S/2 N/2 and S/2

Sections 14 to 24 inclusive

Section 25: N/2, SW/4 and W/2 SE/4

Sections 26 to 30 inclusive

Section 31: Lots ! to 4 inclusive, NE/4,
E/f2 W/2, Nf2 SE/Y4 and
SW/4 SE/u

Section 32: N/2 and NW/4 SW/u

Section 33: N/2

Section 34: NE/U4, N/2 NW/4 and E/2 SE/U

Section 35: All

Section 36: W/2 NE/Y4, NW/U4 and S/2

TOWNSHIP 21 SOUTH, RANCE 34 EAST, NMPM

Section 17: Wil

Section 18: Al

Section 19: Lots 1 to 4 inclusive, NE/U,
E/2 W/2, N/2 SE/4 and
SW/4 SE/H

Section 20: NW/4 NW/ U

Section 30: Lots 1 and 2 and NE/4 NW/4

Section 31: Lots 3 and 4

EDDY COUNTY, NEW MEXICO

TOWNSHIP 22 SOUTH. RANGE 28 EAST NuPM
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Sections 1 and 2 tnclu>ave

Section 3: SE/U SW/4 and SE/u

Section 9: S/2 NE/4 and S/2

Sections 10 to 16 inclusive

Section 17: S/2 SE/u4

Section 19: SE/4 NE/Y and Ef2 SE/4

Sections 20 to 28 inclusive

Section 29: N/2 N/2, S/2 NE/4 and SE/ 4
Section 30: NE/4 NE/Uu

Section 31: Lots 1 to 4 inclusive, S/2 NE/ 4,

E/2 W/2 and SE/u
Sections 32 to 36 inclusive

Sections 1 to 36 lnCIUSlVE

TOWNSHIP 22 SOUTH, RANGE 31 EAST, NMPM

Sections 1 to 11 inclusive

Section 12 NW/U4 NE/4, NW/U4 and NW/U4 Sw/4
Section 13: S/2 NW/4 and SW/u

Sections 14 to 23 inclusive

Section 24: w/2

Section 25: Nw/ g

Section 26: NE/4 and N/2 NW/4

Sections 27 to 34 inclusive

LEA COUNTY, NEW MEXICO

TOWNSHIP 22 SOUTH, RANGE 32 EAST, NMPM

Section 1: Lot 1

Section 6: Lots 2 to 7 inclusive and SE/U4 NW/4

TOWNSHIP 22 _SOUTH, RANCE 33 EAST, NMPM

Section 1: Lots 1 to & TEETGETVE—-S/Z N/2 and
N/2 S/2

Section 2 All

Section 3: Lot 1, SE/4 NE/4 and SE/4

Section 6: Lot 4

Section 10: NE /4

Sectiaon 11 NW/4 NE/U4 and NW/ 4

——_--—_—_——_———.—_—-’—— ---—_—___.__._._____-

— r— r~— p= (= o=

r—v’-_
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EDDY COUNTY, NEW MEX!CO

TOWNSHIP 23 SOUTH, RANGE 28 EAST, NAIPM

Section 1: Lot 1

TOWNSHIP_23 SOUTH, RANGE 29 EAST, MNAFM
Sections 1 to 5 inclusive
Section 6: Lots 1 to 6 inclusive, S/2 NE/u4,

SE/4 NW/u, E/2 SW/4 and SE/4

Section 7: NE/4 and NE/U4 NwW/y
Section B8: N/2, N/2 SW/4, SE/H4 SW/U4 and SE/U4
Sections 9 to 16 inclusive
Section 17: NE/4 and E/2 SE/U4
Sections 21 to 23 inclusive
Section 24: N/2, SW/4 and N/2 SE/4
Section 25: W/2 NW/4 and NW/uy SW/§
Section 26: All
Section 27: All
Section 28: N/2, N/2 SW/4, SE/4 SW/4 and SE/ U
Section 33: N/2 NE/4 and NE/U4 NW/4
Section 34: NE/u4, E/2 NW/U4, NW/4 NW/uy,
NE/4 SW/4 and SE/4
Section 35: Al
Section 36: W/2 NE/U4, NW/4 and N/2 SW/4

TOWNSHIP 23 SOUTH, RANGE 30 EAST, NMPM
Sections 1 to 18 inclusive

Section 19: Nf2, Nf2 SW/4, SE/4 SW/4 and SE/&

Section 20: All

Section 21: Al

Section 22: N/2, S/2 Sw/a, N/2 S/2 and SE/4 SE/4

Sections 23 to 25 inclusive

Section 26: E/2, SE/4 NW/4 and SW/4

Section 27: N/2 NW/u4, SW/4 Nw/u, SE/u SwW/u,
S/2 SE/4% and NE/4 SE/ 4

Section 28: N/2 and SW/4

Section 29: N/2 and SE/4

Section 30: N/2 NE/u4

Section 32: N/2 NE/4

Section 33: SE/4 NE/4, N/2 NW/u, NE/4 SE/4

and S/2 SE/4
Sections 34 to 36 inclusive

TOWNSHIP 23 SOUTH, RANGE 31 EAST, NAPM
Section 2: Lot 4, SW/4 NW/4 and W/2 SE/4
Sections 3 to 7 inclusive

Section 8: NE/4 NE/4, W/2 NE/4 and W/2
Section 9: N/2 NJ2

Section 10: Nw/4 NW/4 and SFI“ QFIQ :
Sertinn 11 CT19 MCHIn o 1 m e PO
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EXHIBIT "A" con'd

Section 12: SW/u4 NW/4 and SW/u

Section 13: Sw/4 NE/4, W/2 and W/2 SE/Y

Section 14: Al

Section 15: E/2, SE/4 NW/U and SW/4

Section 16: SW/4 and S/2 SE/4

Section 17: NW/4 and S/2

Sections 18 to 23 inclusive

Section 24: W/2 NE/U and W/2

Section 25: W/2 NE/4, NW/U4, N/2 SW/4 and
NW/u4 SE/u

Sections 26 to 34 inclusive

Section 35: N/2 MY/4 and SW/u4 Nw/4

TOWNSHIP 24 SOUTH, RANGE 29 EAST, NMPM

Section 2:  Lots 2 to 4 inclusive

Section 3: Lot 1

TOWNSHIP_24_SOUTH, RANGE_30_EAST, NMPM

Se-tion 1: Lots 1 to 4 inclusive, S/2 N/2,
SW/4 and NW/u4 SE/4 h

Section 2: Al

Section 3: Atl

Section U4: Lots 1 and 2, S/2 NE/u, SE/4 NwW/u, —
SW/u4 SW/4, E/2 SW/u4 and SE/ U4,

Section 9: N/72, N/2 SW/4, SE/4 SW/4 and SE/4

Section 10: All -

Section 11: All

Section 12: W/2 NW/4 and NW/4 Sw/ 4y |

Section 14: W/2 NE/4 and NW/4 L

Section 15: NE/4 and N/2 NW/4

TOWNSHIP 24 SOUTH, RANGE 31 EAST, NMPM

Section 3: Lots 2 to 4 inclusive, SW/4 NE/u, =
S/2 NW/4, SW/4 and W/2 SE/H4

Section 4: Al :

Section 5: Lots 1 to 4 inclusive, S/2 N/2, -
N/2 S/2 and SE/4 SE/u

Section 6: Lots 1 to 6 inclusive, S/2 NE/4, ‘
SE/4 NW/4, NE/Y4 SW/u4 and w
N/2 SE/4

Section 9: E/2 and NW/4 |

Section 10: W/2 NE/4 and W/2 )

Section 35: Lots ' to 4 inclusive, S/2 N/2 and
N/2 S/2 .

Section 36: Lots 1 and 2, SW/4 NW/4 and N/2 SW/4

-
TOWNSHIP 25 SOUTH, RANGCE 31 EAST, NAIM

— ——————— ——— —— ——— —— ——— — ————

Section 2: Lots 1 to 4 inclusive and S/2 N/2 -



STATEMENT OF AGREEMENT BETWEEN
THE POTASH IHNDUSTRY AHD O1lL AND
GAS INDUSTRY ON COHCURRENT ‘
OPERATIONS 1IN THFE POTASH ARFEA
IN_EDDY AND LEA_COUNIIES, NEW MEXICOQ
Intr ion

This Statement of Agreement sets forth the joint agreement
of the Potash Industry and Oil‘and Gas Industry on important
issues concerning the concurrent development of potash and oil
and gas reserves 1in Eddy and Lea Counties, New Mexico. 1t
represents the efforts of numerocus representatives from each
Industry over many months and is intended to resolve many of
the disputes that have arisen as a result of concurrent oil and
gas drilling activities in the vicinity of underground potash
mining.

The parties recognize that this Agreement will not resolve
all disputes or disagreements that may arise and that
regulatory intervention may still be necessary in some
instances. By entering into this Agteemené,, however, each
industry recognizes the right of the other to develop it;
mineral resources in a safe and economical manner and
acknowledges that concurrent development of multiple mineral
resources places certain limits on each industry. Each also
.agrees that these 1limits can be better defined through goad
faith discussions among industry representatives Eamiliar with

industry technology and practices than repeated and prolonged

‘litigation or administrative proceedings.

EXHIBIT "B"
CASE NO. 81316
ORDER NO. R-111-P



In attempting to accomplish this, each Industry has made-
concessions on issues considered critical to it in a good faith
effort to obtain concessions from the other. For this reason, .
both Industries agree that the terms of this Statement of
Agreement are subject to the following conditions:

1. Upon approval by representatives of each
Industry, the terms of the Agreement will be
submitted to and must be adopted without
substantial change by the New Mexico 0il

Conservation Commission ("OCC”") 1in lieu of the
current Order R-111A, as amended;

P

2. The terms of the Acreement will be submitted to
and must be adopted without substantial change by
the U. S. Department of Interior, Bureau of Land
Management ("BLM") in lieu of Section III (E) of
the Secretary of the Interior's Order of October
21, 1986 [51 Fed. Reg. 39425];

3. Each Industry will use its best efforts to secure
approval of the terms of the Agreement from the
OCC and BLM; and

4. In the event the terms in the Agreement are not
adopted without substantial change by both the
OCC and the BLM, this Statement of Agreement will
become null and void and will not be referred to
by any Industry representative on the Study
Committee in any future proceeding before the OCC
or BLM. ‘

It is the intention of the parties to this Agreement thaf: l
(1) certain areas of potash deposits, called "life-of-mine-
reserves” or “"LMR's,"” be permanently protected from oil and gast_
drilling activities; and (2) to make available for oil and gasl_
drilling activities, certain areas within the Potash Area. The
area of potash deposits protected will be determined th
accordance with this Agreement but, generally speaking, will

encompass the yellow, orange and a major portion of the blue™™




areas shown on the BLM Potash Resources Map as it existed on

October 1, 1984. Areas in the Potash Area that will .be
available for oil and gas drilling activities will be those
areas outside the designated LMR's which, generally speaking,
will be the red, green, grey and a minor portion of the blue
areas shown on the BLM Potash Resources Map as it existed on

October 1, 1984, less areas desfgnated as buffer zones by this

Agreement.,
I. The Potash Area
A. The Area covered by this Agreement shall be known as

the “Potash Area”. -

_B. The "Potash Area” 1includes those tracts of land in
Southeastern New Mexico, from the surface downward, which are
designated as a “"potash area” by the Secretary of the
Department of Interior in Section V of the Order dated October
21, 1986 and published in the Federal Register on October 28,
1986 ([51 Fed. Reg, 39426]. It shall also include any
subsequent revisions to such designations. The terms "potash®
and "commercial deposits of potash" shall have the same meaning
as assigned by the U. S. Department of Interior.

C. It is the intent of the parties to this Agreement that
the "Potash Area" designated by the State of New Mexico be
identical to that designated by the U. S. Department of
Interior. Accordingly, if the "potash area” designated in the
Secretarial Order of October 21, 1986 [51 Fed. Reg. 39425] is

revised, the OCC, on its own motion after notice and hearing as



provided by applicable 1laws and regulations, will adopt the

same revision.

I11. Designatign of Mine Reserves

A. Within ninety (90) days following adoption of this
Agreement by the OCC and BLM and annually thereafter by January
31 if revised, each potash lessee, without regard to whether
the lease covers State or Federal lands, shall file with the
District Manager, BLM, a designation of the potash deposits
considered by the potash lessee to be its life-of-mine reserves
("LMR"). For purposes of this Agreement, “life-of-mine
reserves" means those potash deposits within the Potash Area.
reasonably believed by the potash lessee to contain potash ore
in sufficient thickness and grade to be mineable using current
day mining methods, equipment and technology. Information used\
by the potash lessee in identifying its LMR shall be filed with

the BLM but will be considered privileged and confidential -

“trade secrets and commercial . . . 1information® within the

meaning of 43 C.F.R. §2.13(c)(4) (1986) and not subject<'Eo‘
public disclosure. ‘ -
B. An authorized officer of the BLM shall review the,
information submitted by each potash lessee in support of itsL
LMR designation and verify, upon request, that the data used byL
the potash lessee in establishing the boundaries of its LMR is
consistent with data available to the BLM. Any disputesL
between the BLM and potash lessee concerning the boundary of a

(-
designated LMR shall be resolved 1in accordance with the

— r—

r—



Department of Interior's Hearings and Appeals Procedures, 43
C.F.R. Part 4 (1986).

C. A potash lessee may amend its designated LMR by filing
a revised designation with the BLM accompanied by the
information referred to in Section A above. Such amendments
must be filed by January 31. next following the date the .
additional data becomes available.

D. An authorized officer of the BLM shall commit the
designated LMR of each potash lessee to a map(s) of suitable
scale and thereafter revise the map(s) as necessary to reflect
‘the latest amendments to any designated LMRs. These maps shall
be considered privileged and confidential and exempt from
disclosure under 43 C.F.R. Part 2 and will be used only for
the purposes set forth in this Agreement.

I1I. Drilling in the Potash Area

A. All o0il and gas wells drilled in the Potash Area after
.‘approval of this Agreement by the OCC and BLM, including those
currently pending before the OCC and/or BLM, shall be subjéct'

to the terms of this Agreement.
B. It is the policy of the OCC and BLM to approve or deny

applications for permits to drill (APD's) in the Potash Area in

aécordance with the following:

1. LMR__and Buffer Zone. No o0il or gas well shall be
allowed from a surface location: (a) within the LMR of
any potash lessee; (b) within one-fourth (1/4) mile,
or a distance equal to the depth of the ore plus ten
percent (10%), whichever is greater, of the LMR of any
potash lessee; or (c) where the well casing will pass
within one-fourth (1/4) mile, or a distance equal to



the depth of the ore plus ten percent (10%), whichever
is greater, of the LMR of any potash lessee,

Outside_Buffer Zone But Within One-Half (1/2)_ mile of
LMR. An APD for an 0il or gas well at a location more
than one~fourth (1/4) mile, or a distance equal to the
depth of the ore plus ten percent (10%), whichever is
greater, but less than one-half (1/72) mile from the
LMR of any potash lessee may be approved only if:
(a) the bottom hole location does not extend below the
base of the Delaware Mountain Group, and (b) the well
is drilled in accordance with the cementing and casing
requirements set forth in Section V.

More Than One-tialf Mile But Less_Than Cne Mile_ From
LMR. An APD for an oil or gas well at a location more
than one-half (1/2) mile but less than one mile from
the LMR of any potash lessee may be approved
regardless of the depth of the bottom hole 1location
provided: (a) wells with bottom hole locations below
the base of the Delaware Mountain Group are drilled in

accordance with the cementing and casing requirements

set forth 1in Section V of this Agreement, and
(b) wells to bottom hole locations above the base of

the Delaware Mountain Group may be drilled without !

regard to the requirements 1in Section V of this
Agreement but must be drilled in accordance with then

current Industry safety standards. |

More Than One Mile Frfom LMR. An APD for an oil or gas
well at a location more than one mile from the LMR of
any potash lessee may be approved regardless of the
depth of the bottom hole location and without regard
to the requirements of Section V of this Agreement.

Open Mine Workings. No o0il or gas well shall 'be
allowed from any location where the well casing will

|
{

pass within one-fourth (1/4) mile or a distance equal®

to the depth of the ore plus ten percent (10%),
whichever is greater, of any open mine workings.

Abandoned Mine Workings. No oil or gas well shall be
allowed from any location where the well casing wil
pass through or within one-fourth (1/4) of a mile or
distance equal to the depth of the ore plus ten

mine workings that .are connected to an existing min

percent (10%), whichever is greater, of any abandonegL

by an opening or bargrier of one-hundred (100) feet or
less unless the APD; is accompanied by the sealing an
safety plan and certification described in Paragraph
below.



7. An APD.for a directionally drilled o0il or gas well to
a bottom hole 1location wunderlying the LMR of any
potash lessee may be approved subject to the
limitations and requirements set forth in Paragraphs 1
- 6 above, Directionally drilled holes shall be
drilled vertically until they have completely
penetrated Marker Bed No. 126 (U.S.G.S.) of the Salado
Formation at which time they may be deviated.

c. An o0il and gas operator desiring to drill a well to a
bottom hole location that does not extend below the base of the
Delaware Mountain Group from a surface location where the well
casing will pass through or within one-fourth (1/4) of a mile
or a distance equal to the depth of the ore plus ten percent
(10%), whichever 1is greater, of abandoned mine workings that
are connected to an existing mine by any opening or a barrier
of one-hundred (100) feet or less shall prepare and submit to
all affected potash lessees a plan and program for sealing off
the area to be penetrated from other mine workings. Approval
of any such plan shall be in the sole discretion of the
affected potash lessees. Any ‘approved plan shall be attached
by the oil and gas operator to the APD for filing with the OCC,
and/or BLM. The oil and gas operator shall also complete a
certification in the form prescribed by the OCC and/or BLM that

the drilling of such well will not create a safety hazard to

affected potash lessees.

| D. It is the belief of both parties that the provisions
of this Agreement eliminate the need for drilling islands and
three-year mining plans and, therefore,. both agree that no
drilling islands will be established in the Potash Area and the

filing of three-year mining plans will be eliminated.



1V. Location of Wells and MNotice to Potash Lessee

A The BLM, upon request, will advise o0il and gas lessees;
of the surface locations where wells will be allowed to develow
the leases. ©0il or gas leases covering areas designated a LMA
by a potash lessee will be unitized to the extent possible wit1
other areas where drilling is ;ilowed.

B. An o0il or gas operator desiring to drill an oil or ga%
well in the Potash Area or within one (1) mile of a potasb
lease shall prepare and file an APD with the OCC and/or BLl
along with a map or‘plat showing the location of the propose1
well., One copy of the APD and map or plat shall be served by
registered mail, return rceceipt requested, on all potas[

A\

leaseholders within one (1) mile of the proposed wel
location. Howeve;, if the APD is for an oil or gas well thaL
will penetrate abandoned mine workings, all potash leaseholdetl
in the Potash Aiea shall be notified. Proof of such service
shall be attached to the APD and filed with the O0OCC and/cl
BLM. Within twenty (20) days of service of an APD and requir
documents, any potash leaseholder within one (1) mile of the
proposed well location (or any affected potash lessee if t{_
proposed well will penetrate abandoned mine workings) may fi
an objection with the OCC to the proposed well. I1f ttt
objections cannot be résolved by agreement of the parties, tL
matter shall be referred for hearing before the OCC.

C. The failure of a potash leaseholder to object tol_

well location or its agreement to the drilling locatij-

L
L



referred, to in this Agreement shall not constitute a release dé
liability. 0il and gas leaseholders and those persons and/or
entities involved 1in tﬁe development of the 1lease shall be
responsible as provided by law for any damages caused by them
to any person by the release of gases or 1liquids into the

strata or atmosphere as a result of drilling activities.

V. ‘Drilling and Casing Program

[Same as current R-111-A}

VI. Drilling Fluid for Salt Section

[Same as current R-111-A]}
VII. Plugging and Abandonment of Wells
({Same as current R-111-A]}
VIII. Filing of Well Surveys
The OCC may require an o0il and gas operator to file a
certified directional survey from the surface to a point below
the lowest known potash bearing horizon on all wells drilled in
the Potash Area. All encounters with flammable gaées.
including HZS, shall be reported by the operator to the OCC. °
IX. iti af R iremen and Emergen ion
A. All o0il and gas drilling activities within the Potash
Area shall be performed using appropriate technology,
equipment, and procedures to reduce the hazards of such
activities to underground mines and miners and be conducted in
accordance with the prudent operator standard.
B. Only the minimum number of wells necessary to develop

an oil or gas lease will be allowed within the Potash Area.



C. In the event the increased o0il and gas drilling
activities allowed by this Agreement result in a safety hazarcA
or if data developed in the cerse of such increased activities
make 1t reasonably appear that such activities are or wil)
become a hazard to underground miners or mining activities, the
BLM and/or OCC willy wupon request, initiate proceedings in
accordance with‘NMSA 70-2-23 ands/or other applicable 1laws ancd
requlations to review such data and take whatever emergenc;
steps are found necessary to eliminate such hazard. Potash
lessees may, in addition, 1initiate actions for injunctive
relief under NMSA 70-2-29., The taking or failure to take such
action by the OCC or any potash lessee shall not relieve the
0oil and gas lessee from liability for any daimages caused by it;'
oil and gas activities.

AGREED TO AND APPROVED THIS ‘U oay of J(f4Hmizly

1987, BY THE FOLLOWING REPRESENTATIVES OF EACH INDUSTRY

COMPRISING THE POTASH-OIL AREA SPECIAL RULES STUDY COMMITTEE: !

For the Oy and Gas Industry: For otagh\Jndustry: | !
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areas shown on the BLM Potash Resources Map as it existed on
October 1, 1984. Areas in the Potash Area that will be
available €for oil and gas drilling activities will be those
areas outside the designated LMR's which, generally speaking,
will be the red, green, grey and a minor portion of the blue
areas shown on the BLM Potash Resources Map as it existed on
October 1, 1984, less areas designated as buffer zones by this
Agreement.

I. The Potash Area

A. The Area covered by this Agreement shall be known as
the "Potash Area".

B. The “Potash Area” 1includes those tracts of 1land in
Southeastern New Mexico, from the surface downward, which are
designated as a T“potash area” by the BSecretary of the
Department of Interior in Section V of the Order dated October
21, 1986 and published in the Federal Register on October 28,
1986 [51 Fed. Reg, 39426]. It shall also 1include any
subsequent revisions to such designations. The terms “"potash”®
and "commercial deposits of potash” shall have the same meaning
as assigned by the U. S. Department of Interior.

C. It is the intent of the parties to this Agreement that
the "Potash Area"” designated by the State of New Mexico be
identical to that designated by the U. §S. Department of
Interior. Accordingly, if the “potash area"™ designated in the
Secretarial Order of October 21, 1986 (51 Fed. Reg. 39425] is

revised, the OCC, on its own motion after notice and hearing as



provided by applicable laws and regulations, will adopt the
same revision.
II. Designatiogn of Mine Reserves

A. Within ninety (90) days following adoption of this
Agreement by the OCC and BL!Y and annually thereafter by January
31 if revised, each potash lessee, without regard to whether
the lease covers State or Federal lands, shall file with the
District Manager, BLM, a designation of the potash deposits
considered by the potash lessee to be its life-of-mine reserves

("LMR"). For purposes of this Agreement, "life-of-mine

reserves” means those potash deposits within the Potash Area .

reasonably believed by the potash lessee to contain potash ore
in sufficient thickness and grade to be mineable using current
day mining methods, equipment and technology. Information used
by the potash lessee in identifying its LMR shall be filed with
the BLM but will be considered privileged and confidential
"trade secrets and commercial . . . information" within the
meaning of 43 C.F.R. §2.13(c)(4) (1986) and not subject “to

public disclosure.

B. An authorized officer of the BLM shall review the

information submitted by each potash lessee in support of itsg

{
LMR designation and verify, upon request, that the data used by

the potash lessee in establishing the boundaries of its LMR is

)

consistent with data available to the BLM. Any disputes*™-

between the BLM and potash lessee concerning the boundary of 3

(-

designated LMR shall be resolved in accordance with the

r—-
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Department of Interior's Hearings and Appeals Procedures, 43
C.F.R. Part 4 (1986).

C. A potash lessee may amend its designated LMR by filing
a revised designation with the BLM accompanied by the
information referred to in Section A above. Such amendments
must be filed by January 31. next following the date the .
additional data becomes available.

D. An authorized officer of the BLM shall comnit the
designated LMR of each potash lessee to a map(s) of suitable
scale and thereafter revise the map(s) as necessary to reflect
the latest amendments to any designated LMRs. These maps shall
be considered privileged and confidential and exempt from
disclosure under 43 C.F.R. Part 2 and will be used only for
the purposes set forth in this Agreement.

III. Drilling in the Potash Area

A. All oil and gas wells drilled in the Potash Area after

" approval of this Agreement by the OCC and BLM, including those

currently pending before the OCC and/or BLM, shall be subjéct
to the terms of this Agreement.
B. It is the policy of the OCC and BLM to approve or deny

applications for permits to drill (APD's) in the Potash Area in

aécordance with the following:

1. LMR_and Buffer Zone. No o0il or gas well shall be
allowed from a surface location: (a) within the LMR of
any potash lessee; (b) within one-fourth (1/4) mile,
or a distance equal to the depth of the ore plus ten
percent (10%), whichever is greater, of the LMR of any
potash lessee; or (c) where the well casing will pass
within one-fourth (1/4) mile, or a distance equal to



the depth of the ore plus ten percent (10%), whichever:
is greater, of the LMR of any potash lessee.

OQutside Buffer Zone But Within One-Half (1/2)_mile_ oqf
LMR. An APD for an oil or gas well at a location more
than one-fourth (1/4) mile, or a distance equal to the
depth of the ore plus ten percent (10%), whichever is
greater, but less than one-half (1/2) mile from the
LMR of any potash lessee may be approved only if:
(a) the bottom hole location does not extend below the ¢
base of the Delaware Mountain Group, and (b) the well
is drilled in accordance with the cementing and casing
requirements set forth in Section V.

More Than One-Half Mile But Less Than QOne Mile_From
LMR. An APD for an oil or gas well at a location more
than one-half (l1/2) mile but less than one mile from
the LMR of any potash lessee may be approved
regardless of the depth of the bottom hole 1location
provided: (a) wells with bottom hole locations below
the base of the Delaware Mountain Group are drilled in
accordance with the cementing and casing requirements
set forth in Section V of this Agreement, and
(b) wells to bottom hole locations above the base of
the Delaware Mountain Group may be drilled without ¢
regard to the requirements in Section V of this
Agreement but must be drilled in accordance with then
current Industry safety standards. L

More Than One Mile Ffom LMR. An APD for an oil or gas
well at a location more than one mile from the LMR of
any potash lessee may be approved regardless of the
depth of the bottom hole location and without regard
to the requirements of Section V of this Agreement.

Open Mine Workings. No o0il or gas well shall ‘be
allowed from any lacation where the well casing will
pass within one-fourth (1/4) mile or a distance equal™
to the depth of the ore plus ten percent (10%),
whichever is greater, of any open mine workings.

Abandoned Mine Workings. No o0il or gas well shall be
allowed from any location where the well casing wil
pass through or within one-fourth (1/4) of a mile or
distance equal ¢to: the depth of the ore plus ten
percent (10%), whichever is greater, of any abandone
mine workings that .are connected to an existing minaL
by an opening or barrier of one-hundred (100) feet or
less unless the APD is accompanied by the sealing ana

safety plan and certification described in Paragraph
below.

)
o
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7. An APD.for a directionally drilled o0il or gas well to
a bottom hole 1location underlying the LMR of any
potash lessee may be approved subject to the
limitations and requirements set forth in Paragraphs 1

- 6 above, Directionally drilled holes shall be
drilled vertically until they have completely
penetrated Marker Bed No. 126 (U.S.G.S.) of the Salado
Formation at which time they may be deviated.

C. An o0il and gas operator desiring to drill a well to a
bottom hole location that does not extend below the base of the
Delaware Mountain Group from a surface location where the well
casing will pass through or within one-fourth (1/4) of a mile
or a distance equal to the depth of the ore plus ten percent
(10%), whichever 1is greater, of abandoned mine workings that
are connected to an existing mine by any opening or a barrier
of one-hundred (100) feet or 1less shall prepare and submit tb
all affected potash lessees a plan and program for sealing off
the area to be penetrated from other mine workings. Approval
of any such plan shall be in the sole discretion of the
affected potash lessees. Any ‘approved plan shall be attached
by the oil and gas operator to the APD for filing with the OCC,

and/or BLM. The o0il and gas operator shall also complete a
certification in the form prescribed by the OCC and/or BLM that
the drilling of such well will not create a safety hazard to
affected potash lessees.

D. It is the belief of both parties that the provisions
of this Agreement eliminate the need for drilling islands and
three-year mining plans and, therefore, both agree that no
drilling islands will be established in the Potash Area and the

filing of three-year mining plans will be eliminated.
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IV. Location of Wells and HNotice to Potash Lessee

A, The BLM, upon request, will advise oil and gas lesseesl
of the surface locations where wells will be allowed to develo
the leases. Oil or gas leases covering areas designated a LMJ
by a potash lessee will be unitized to the extent possible wit
other areas where drilling is.;llowed.

B. An o0il or gas operator desiring to drill an oil or gaJ
well in the Potash Area or within one (1) mile of a potas
lease shall prepare and file an APD with the OCC and/or BLI
along with a map or plat showing the location of the proposei
well. One copy of the APD and map or plat shall be served by
registered mail, return receipt requested, on all potas]
leaseholders within one (1) mile of the ©proposed wel
location. Howeve;, if the APD 1is for an oil or gas well that
will penetrate abandoned mine workings, all potash leaseholder
in the Potash Area shall be notified. Proof of such servic;
shall be attached to the APD and filed with the OCC and/d

A

BLM. Within twenty (20) days of service of an APD and requirg

documents, any potash leaseholder within one (1) mile of the
proposed well 1location (or any affected potash lessee if t{_
proposed well will penetrate abandoned mine workings) may Ei
an objection with the OCC to the proposed well. 1€ tLE
objections cannot be résolved by agreement of the parties, tL'
matter shall be referred for hearing before the OCC.

cC. The failure of a potash leaseholder to object tolﬂ

well location or its agreement to the drilling locatij-

L



referred. to in this Agreement shall not constitute a release 6é
liability. 0il and gas leaseholders and those persons and/or
entities involved in tﬁe development o0f the lease shall be
responsible as provided by law for any damages caused by them
to any person by the release of gases or 1liquids into the

strata or atmosphere as a result of drilling activities.
V. Drilling and Casing Program
(Same as current R-111-A]
VI. Drilling Fluid for Sal ion
[Same as current R-111-A]
VII. Plugging and Abandonment of Wells
[Same as current R-111-A]
VIII. FEiling of Well Surveysg
The OCC may require an o0il and gas operator to file a
certified directional survey from the surface to a point below
the lowest known potash bearing horizon on all wells drilled in
the Potash Area. All encounters with flammable gases,
including st, shall be reported by the operator to the OCC.T
IX. Additional Safety Requirements and Emergency Action
A. All o0il and gas drilling activities within the Potash
Area  shall be performed using appropriate technology,
equipment, and procedures to reduce the hazards of such
activities to underground mines and miners and be conducted in
accordance with the prudent operator standard.
B. Only the minimum number of wells necessary to develop

an oil or gas lease will be allowed within the Potash Area.



C. In the event the increased o0il and gas drilling
activities allowed by this Agreement result in a safety hazar:
or if data developed in the co;rse of such increased activities
make it reasonably appear that such activities are or wil.
become a hazard to underground miners or mining activities, the
BLM and/or OCC willy upon request, initiate proceedings ir
accordance with‘NMSA 70-2-23 and/or other applicable laws anc
regulations to review such data and take whatever emergencf
steps are found necessary to eliminate such hazard. Potas{
lessees may, 1in addition, 1initiate actions for injunctive
relief under NMSA 70-2-29. The taking or failure to take such
action by the OCC or any potash lessee shall not relieve the
0il and gas lessee from liability for any damages caused by its
0oil and gas activities.

Zsd 7” b,
AGREED TO AND APPROVED THIS ‘U pay of /(42
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fates oCD
Bass BLM
ZXXon SLO
sas Co NM

Chevron

Phillips

Conoco

Texaco

AMOCO

Jnocail

Campbell & Black
Talisman Energy

Mesa Ltd. Ptnr

Sun E&P

Louisiana Land

Hondo 01l

Tennecc 01l

NM OIL CONSERVATION COMMISSION

HEARING

February 18, 1988

Hinkle Law
Charles High

Lundberg
Western Ag

NM Potash

IMC Fertilizer

COMPANTES REPRESENTED AT COMMITTEE MEETINGS

IMC Fertilizer
NM Potash
Mississippi Chem
Western Ag
Lundberg

Noranda Minerals
AMAX

Carlisbad Chamber of Commerce

Heyco Charles High
Yates Petroleum Steelworkers
Talisman oCD
Bass BLM
Texaco Kellahin NMOGA
Exxon
Anadarko Pet.
Amoco

MAILING LIST
Enron
Tenneco

Kaiser-Francis 0il Co.

W. Tom Kellahin

Robert Light, NM State Rep.

James Ott
NMOCD
D. S. Nutter



NAME

2. C. Allen

George R. S. Buehler
Frank Cenden

Jaes L. Cromer
Rancall L. Foote

-oe Gant

Dan Girand
Jimmy D. Hall

Jens Hansen

Charles C. High, Jr.
George Hover

W. Tam Kellahin

Robert E. Kirby
Robert N. Kreul

Robert H. Lane
Robert S. Light

B. L. Midgley

David L. Motlock
78230

James Qlsen
James Otts

R. W. Parrish

POTASH STUDY COMITIIE

Amoco Production Co.
Anadarko Petroleum Corp.
Yoranda Mirerals

Exxon Drilling

Mississippi Chemical Corp.

Chamber of Commerce
Govermment Affairs Comm.

HEYQO

Steslworkers local

Bass Enterprises Prod. Cp.

Attorney, pro se
Enron Oil & Gas

Attomey
N. M. 0il & Gas Attomney

Amax Chemical Corp.
Lundberg Industries, Lt:d
New Mexico Potash

N.M. State Representative
Western AGinerals Co.

Termeco 011 Co.

B.L.M. - M 921
St. Representative

International Minerals &
Chem. Corp.

Mailirg List
RECRESENTING ADDRESS

Bex 3092, Houston Tx. 77253
Bax 2497, Midland, Tx. 75702
Bax 159, Lithia, Fl. 33547
Bax 10488, Midland, Tx. 79702
Bax 101, Carlsbad, N.M. 88220

P. 0. Box 909, Carisbad, N.M. 88220

Bax 1933, Roswell, N.M. 88201
804 Solana, Carlsbad, N.M. 83220

First City Bank Tower, 201 Main St.,
Ft. Worth, Tx. 76102

Drawer 2800, El Paso, Tex. 79999
Box 2267, Midland, Tex. 79702

Box 2265, Samnta Fe, N.M. 87504

Bax 279, Carlsbad, N.M. 88220
Bax 31, Carlsbad, N.M. 88220 L
Bax 610, Hobbs, N.M. 88240 !
Box 1658, Carlsbad, N.M. 88220

Box 511, Carlsbad, N.M. 88220 i

7990 TH 10 West, San Antonio, TX.

Bax 1449, Santa Fe, N.M. 87504

1015 N. Pate, Carlsbad, N.M. 88220 ' -

Bax 71, Carlsbad, N.M. 88220
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Jim Pullig
L. Jon Seeman

walter Thaver

Al Springer
Warren Traweek

J. M. or J. B. Waid

Jae J. Walker
Marvin Watts
Victor T. Lyomn

Les Clerents

Information and Mailine

D. S. Nutter
James T, Wakefield

Jerry Sexton
88240

Bass Enterprises Prod. Co.
Teaco USA

International Minerals &
Chem. Corp.

Yates Petroleum
Western AG-inerals Co.

Talisman Fnergy Corp.

Amax Chemdcal Corp.
N.M. State Senator
N.M.0.C.D.

N.M.0.C.D.

Consultant
Kaiser-Francis 0il Co.

N.M‘O. C-Dl

Bax 2760, Midland, Tx. 79702

Bax 728, Hobbs, N.M, £8240

Bax 71, Carlsbad, N.M. 88220
207 S. Fourth, Artesia, N.M. 88210
Box 511, Carlsbad, N.M. 88220

2807 Buffalo Spdwy, Suite 319,
Houston, Texas 77098

Bax 279, Carlsbad, N.M. 88220
Box 56, Carlsbad, N.M. 88220
Bax 2088, Santa Fe, N.M. 87504

Drawer DD, Artesia, N.M. 88210

105 E. Alicante, Santa Fe, N.M. 87501

Bax 21468, Tulsa, Ok. 71421

P. 0. Box 1980, Hobbs, New Mexico
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Jon Steinnerd
Rex Parrish
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Robert 4. lLane
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Jens Hansen
5. B. Waid
Dan Girand
A. J. Deans
John Purceil
Jan Morenouse
Clark H. ¥cNaughton
George R.S. Buehler
Randy Foote
wWalter I. Thaver
James QCilsen
3ill LeMav

Charies C. High Jr.

NTL-P0TASH STUDY TOMMTITTII MITTING

March 1!9.
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Steel Workers
western Ag-Minerails
Lunéberg Industries

New Mexico Potasn

Yates Petroleum Corp.

cxxon Co.

Bass Enterprises
Talisman Energy
Harvey E. Yates

Harvey E. Yates

iMcC
IMcce

Anadarko Petroleum

Mississippi Chemical

IMcC
SLX
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Potash Industry
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CARREY CARRUTHERS
SCVERNOR

MEMORANDIURM

STATE OF NEW MEXICD

ENERGY, MINERALS AND NATURAL RESOURCES DEPARTMENT
oL CONSEEVAT;IGN DIVISION

LY

SOST OFFICE BOX 2088 |
STATE LAND OFFICE BUILDING'
SANTA FE NEW MEXICO 8750&
(5051 827-5800

TO:

FRCM:
SUBJECT:

DATE:

A meeting of the committee is hereby called for November
23. We will convene at 9:00 a.m. in the conference room in
Charlie High's law firm, Kemp, Smith, Duncan and Hammond,
in M Bank Plaza, corner of |Kansas and Mills Streets,
downtown E1 Paso. e hope ;to finalize the  agreement

attached to Mr. High's letter dated October 15, 1987 to
Jens Hansen. ?

cc: Erling Brosteun, MDD
Jim Clsen, BLM, Santa Fe
Fran Cherry, BL\l, Roswell

VTIL/ag

Charles High, Attorney y
Walt Thayer, IMC.

Robert Lane, N.M. Potash

Randy Foote, (Alternate), Miss. Chem.

Jens Hansen, Bass Enterprises

A. J. Deans, Heyco Inec.

John Waid, Talisman Energy )
Norbert Rempe, (Alternate), Yates

r—

Victor T. Lyon [ g

LA S s >
T ”

e

Potash-0il Work Commﬁttee Meeting

r—

November 12, 1987
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U.S. Department of the Interior ¢ Bureau of Mines

VINERAL INDUSTRY SURVEYS

T S Ary, Director

Washington, DC 20241

For information call: Annual, Preliminary
James P. Searls (202) 501-9407 - ’

POTASH IN 1991

The attached 2 pages, reprinted from the Bureau of Mines Mineral Commodity
Summaries--1992, provide the earliest estimates of 1991 data and activity.

highlights of Potash. Most of the estimates are based on 9 months data and are
compared with final data from previous years.

"+ TFootnote 5 for Potash refers to reserve base definitions published in
‘Mineral Commodity Summaries--1992 and in U.S.G.S. Circular 831, 1980.

Prepared by the Branch of Industrial Minerals and Branch of Data Collection and
Coordination, January 1992.



1.

‘dustry used close to 95% of the U.S. potash sales and thg chemical industry used about 5%. About 75%

POTASH
(Data in thousand metric tons of K,O equivalent, uniess noted)

Domestic Production and Use: In 1991 the production of marketable potash, f.0.b. mine was about
$305 mullion. Potash production was centered in southwestern New Mexico, where five companies oper-
ated six mines by conventional underground mining of bedded deposits; this potash was beneficiated
mostly by flotation, but also by heavy media separation, digsolution-recrystalization, and washing, provid-
ing 85% of the U.S. total. In Utah, one company was able 1o bring underground bedded potash to the
surface by sotution mining. The potash was recovered from the brine by solar evaporation and fiotation.
Another company collected subsurface brines from an interior basin for solar evaporation and flotation. A
third company used solar evaporation to concentrate the brines of the North Arm of the Great Salt Lake. - ‘
in Califorma, one company recovered potash, coproducts Q)orax pentahydrate, and saltcake from subsur-
tace brines from an interior basin using mechanical evaporation. In Michigan, a company continued
experimental work concerning solution mining and recovery by mechanical evaporation. The fertilizer in-

of the potash was produced as potassium chloride (muriate of potash). Potassium sulfate (suifate of pot-
ash) and potassium magnesium sutfate (sulfate of potash-fhagnesia), required by cenain crops and soils,
composed about 20% ot potash production. Potash was transported by train, truck, and barges to ware-
houses, wholesalers, and retailers with some potash being sold from barges used as temporary ware-
houses. Retailers sold potash and potash blended with other fertilizers in dry or liquid form for distribution
over fields in both spring and fail.

. Salient Statistics—United States: 1987 1988 1989 1990 1991¢
Production, marketabie 1,262 1,521 1,595 1,713 1,770
Imports for consumption 4,073 4,217 3,410 4,164 4,200
Exports 470 380 446 470 650
Consumption, apparent 5,088 5,264 24,500 5,453 5,343
Price. dollars per metric ton of K,0O,
average, muriate, f.0.b. mine’ a3 132 137 130 131
Stocks, producer, yearend 155 248 307 303 290 )
Employment: Mine 720 855 890 1,011 1,011
Mill 791 745 930 960 990
Net import reliance* as a percent of {
apparent consumption . 75 71 65 68 67
3. Recycling: None. !
. Import Sources (1987-90): Canada, 90%; Israel, 5%, U.S.S.R., 2%; Federal Republic of Germany, . .
Eastern states, 2%; and other, 1%.
. Taritf: item Number Most favored nation (MFN) Non-MFN t
1/1/92 1/1/92 ' -
Crude salts, sylvinite, etc. 3104.10 Free Free.
Potassium chioride 3104.20 Free Free.
Potassium sulfate 3104.3 Free Free. t
Potassium nitrate 2834.21 Free Free.
Potassium-sodium nitrate mixtures 3105.90001 Free Free.
. Depletion Allowance: 14% (Domestic), 14% (Foreign) l

“Estimated.
'Source: U.S. Bureau of the Census. The Potash & Phosphate Institute {PPI) reported 4,050,000 tons in 1989.

?Baseda on the U.S. Bureau of the Census reports of impons from Canada. An aiternative calculation of apparent consumption using the
PP! report of imports from Canada would be 5,150,000 tons.

3Average prices based on actual sales; excludes soluble and chemical muriates.

“Defined as imponis ~ exports = adjustments for Government and industry stock changes.
5See page 200 for definitions.

$Total reserve base in the Dead Sea is equally divided between Israel and Jordan. L

7A reserve of 22,300.000 was reported by |. D. Sokolov in Basic Tasks of the Potash Industry up to the Year 2000, Zhurnal Vsesoyuznogo
Khimicheskogo Obshchestva im. D. |. Mendeleyeva, v. 32, No. 4, July-Aug. 1987, pp. 383-387.

Prepared by James P. Searls, (202) 501-9407.



7.
8.

10.

11.

POTASH

Government Stockpiie: None,

Events, Trends, and Issues: The world's potash producers stayed in over-capacity but several produc-
ers operated at partial capacity to maintain prices. The Canadian potash industry operated at about 60%
capactty for the year. In the United States the Corn Belt and Lake States received about the same
amount of potash as the 1989 and 1990 spring seasons even though it was a wet spring through May.
Abunaant world supplies of soybeans and corn did not encourage heavy planting. After spring planting
season. the crop conditions in the U.S.S.R., and the anticipation of exports to the U.S.5.R., encouraged
a stronger fall use of potash in anticipation of 1992. The U.S. Department of Agriculture also reduced the

corn Acreage Reduction Program to 5%, which increased the application of potash in the fail. One
Carlsbad, NM, potash mine is currently for sale.

It is estimated that in 1882 domestic mine production will be 1.8 million tons and that the U.S. apparent

consumption will be 5.4 miilion tons.

Mine production Reserves® Reserve base®
1990 1991°

United States 1,713 1,770 85,000 290,000
Brazil 60 30 50,000 600,000
Canada 7,372 7,500 4,400,000 9,700,000
Chile 25 25 10,000 50,000
China 40 60 320,000 320,000
France 1,300 1,250 16,000 35,000
Germany, Federal Republic of

Eastern states 2,700 2,000 300,000 350,000

Western states 2,200 2,300 500,000 600,000
Israel 1,350 1,350 53,000 600,000
italy 60 100 20,000 40,000
Jordan 790 790 54,000 600,000
Spain 6390 670 28,000 45,000
Thailand - — — 100,000
U.S.S.R. 9,500 8,800 3,600,000 73,800,000
United Kingdom 490 500 25,000 30,000

World total (may be rounded) 28,290 27,145 9,460,000 17,200,000

. Worid Mine Production, Reserves, and Reserve Base:

World Resources: Estimated domestic potash resources total about 6 billion tons. Most of this lies at
depths between 6,000 and 10,000 feet in a 1,200-square-mile area of Montana and North Dakota as an
extension of the Williston Basin deposits in Saskatchewan, Canada. The Paradox Basin in Utah contains
approximately 2 billion tons, mostly at depths of more than 4,000 feet. An unknown, but apparently
large, quantity of potash resources lies about 7,000 feet under central Michigan. The U.S. reserve figure
above contains 25 million tons of reserves in central Michigan. Estimated world resources total about
250 biliion tons. The potash deposits in the U.S.S.R. contain large amounts of carnallite; it is not clear if

this can be mined in a free market, competitive economy. Large resources, about 10 billion tons and
mostly carnallite, occur in Thailand.

Substitutes: There are no substitutes for potassium as an essential plant nutrient and essential re-

quirement for animals and humans. Manure and glauconite are low-potassium-content sources that can
be transported short distances to the crop fields.

January 1992



GeJLOGY OF TiHZ CARLSEAD
POTASH MINING DISTRICT

(With Emphasis on Brine and Inert Gases

Adjacent to or Within the Ore Reds)

Submitted To:
Charles C. High, Jr.
Kemp, Smith, Duncan & Hammond, P.A.
E1l Paso, Texas

Prepared By:
George B. Griswold

March 9, 1982
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HISTORY OF DISCOVERY AND DEVELOPMENT

OF CARLSBAD POTASH DISTRICT

The denial of access to German sources of potash fertilizers during

Worid War I was sufficient incentive to cause a nationwide search for a
domestic source in our known bedded salt deposits such as in the Michi=~
gan, Paradox, Williston and Permian Basins. Early investigations by the
U.S. Geological Survey favored the Permian Basin because the mineral
polyhalite had been recognized over wide areas of southeast New lexico
and west Texas from cuttings recovered from holes drilled for oil, Hoors,
1925. The desire to find domestic sources was demonstrated by the enact-
ment of Public Law 424 in 1926 which authorized a 5-year exploration pro-
zram, including core~-drilling, by the U.S. Geological Survey and U.S.
Bureau of Mines. The government drilled a total of 24 widely spaced
holes between 1927 and 1931, 13 in New Mexico, 10 in Texas and ! in Utah.
Simultaneously, private industry joined into the search, with geologists
carefully examining cuttings from holes drilled for oil but penetrating
salt on the way down. Fortunately, most of the drilling still was done
with cable tools during the late 1920s which insured a saturated brine
would build-up in the hole and thus retard dissolving soluble potash

minerals.

Although it was the U.S. Geological Survey who initiated the potash
exploration program, serendipity played its usual role in the discovery.
Drill cuttings from the Snowden-McSweeney Ho. 1 Hcﬁutt wildcat provided
the first evidence of commercial amounts of sylvite. The well was
spudded on July 5, 1925, and rdached its eventual total depth of 4416

feet on March 20, 1926. V.H. McNutt 1s credited with the identification



of several significant intercepts of sylvite bv examination of the cut-
tings. That serendipity played its role rests on these eventual revela-
sions: 1) the hole was drilled for oil of which none was found, 2) the
hole location was almost at the exact “center of gravity” of the numerous
ore bodies now known in the district, 3) potassium mineralization was
osresent in all Il of the now accepted ore horizons, but 4) no potash
mining has been done in the immediate vicinity of the hole because of

the low grade in ccmparison with surrounding areas.

The American Potash Company was formed initially as a subsidiary of

the Snowden-McSweeney 0il Company. A core-drilling program was commenced
which immediately proved up reserves of sufficient size and grade to
justify mine development a short distance west of the initial discovery.
The holdings of the American Potash were transferred and reorganized

into the U.S. Potash Company which in turn was a subsidiary of U.S.
Borax. Mining cémmenced in 1931. The Potash Company of America opened
a second miqe in 1934. The capacities of these mines were steadily
increased and still other companies opened new mines until there are now

six companies working in the district (Fig. 1 and 2).

At present 3000 persons are directly employed by the Carlsbad potash
industry with an annual payroll of $60 million. While the potash
industry is affected by national economic trends and faces stiff foreign

competition, it has been one of the most stable industries in New Mexico.

STRATIGRAPHY
The Carlsbad district is located within a classical marine evaporite

basin. The total thickness of evaporites ranges from 1000 feet in the

-2-
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norchern mines to as much as 3000 feetr in the south. The potasir deposits
are restricted to thin lenses (4 to 8 feet) within this thick sequence of
salt and annydrite beds. The potash mining horizons occur in the upper
portion of the evaporites; thu§ an “insulating” blanket of salt and
anhydrite separates the potashémining.levels from underlying sandstone
and perous carbonate beds thatfcontain 0il and gas. The thickness of
this insulating blanket is nevér less than 400 feet and may be as thick
as 2500 feet. What will now f§llow is a more detailed description of

the character and method of deéosition of these evaporites that will
fully explain the reason that potash mining horizons are completely

isolated from entry of gases from underlying oil-gas reservoirs.

The potash deposits lie wichiﬁ a large Permian aged structural feature
known as the Southern Permian;Basin. The basin 1s of large areal extent,
covering most of southeast Neﬁ Mexico and west Texas. This basin, along
with its ancesﬁral struccures; contains one of the most complete strati-
graphic sections of the Perwian to be found anywhere within the continental
U.S. A generalized stratigraphic cross-section is presented in Figure

3. The entire section is in the order of 16,500 feet thick, two-thirds

of which is of Permian age. The Permian is divisable into four series:

Wolfcampian, Leonardian, Guadalupian, and Ochoan.

Note the postion reefs and carbonate banks on Figure 3. Throughout
Guadalupian time a large reef commenced to grow which separated deep
marine sedimentation on the sbuth from shallow lagoonal deposition to
the north. The back reef environment was ideal for the eventual forma-

tion of o0il reservoirs.
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3y the close of Guadalupian time the Capitan Reef had reached a

thickness of 1000 feet and formed a complete oval shaped barrier that

cut off what is now called the Delaware Basin from the main Permian seas
to the south. This barrier set the stage for formation of the Ochoan
evaporites by a simple ocean drying process. Sediments could no longer
pass through the reef into the basin, and pure beds of anhydrite and salt
formed in a deep water environment. These deep water evaporites are
called the given name of Castilg Formation. Shales and carbonates con-
tinued to form behind the reef, but the environment rapidly became highly
saline and organic life could no longer be sustained either in front of,

over, or behind the reef.

Marine waters invaded again after the close of Castile time. The
conditions continued to be quite arid and halite and anhydrite pre-
cipitation continued, represented by the Salado Formation. The bed
characteristics are such to indicate that this deposition was in shallow
evaporating pans. The Salado evaporites are extensive; they cover most
of the Permian Basin. At certain times, evaporation of marine waters
continued to the extreme end point where all calcium and sodium had pre-
cipitated to form gypsum and halite. The residual bitterns became highly
enriched in potassium and magnesium. These bitterns accumulated in re-

stricted basins to be eventually precipitated as potash mineral deposits.

The Rustler Formation overlies the Salado. These beds contain dolomite,
anhydrite and salt at the base which grade upward into clay and silt de-
posits. This sequence of deposition is interpreted as representing an

initial transgression of marine waters, followed by evaporation. Then a
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final regression of the sea occurred that allowed fluvial sedinments
(clay and silt) to cover and preserve the underlying evaporites. The

fluvial beds are called the Dewey Lake Formation and represent the close

of Permian time in this part of New Mexico.

The Triassic is represented by red bed type deposits of sandstone,
siltstone and conglomerate of the Santa Rosa Formation. These deposits
rest on the Dewey Lake with only a moderate uncoaformity. The straci-
graphic history is nissing f{rom the Triassic to the Late Tertiaryv Cre-
taceous rocks may have been present but if so, they were removed bv
erosion. The oldest beds now overlying the Santa Rosa are the gravel
deposits of the Ogallala Formation. The Ogallala has been stripped in
the eastern portion of the district by erosion associated with the

present Pecos River drainage.

STRUCTURE

While major structures exist to the west (Guadalupe Mountain Uplift),

the structural setting within the potash mining district is monotonously
flat. Figure 4 is a north-south cross-section through the district. The
undulations of the beds is due to the extreme vertical exaggeration

used to compile the cross-section. The most prominent subsurface feature
is the Capitan Reef, which separates the Delaware Basin from the Northern
Shelf. Note that the deep marine evaporites of the Castile thin rapidly
from the basin as they pass over the reef. On the éther hand, the Salado
is of fairly uniform thickness from basin onto the shelf. Therefore,

the effect of the reef on sedimentation was limited to the period of

time from its growth during the Guadalupian until the basin was filled



Figure 4.

Geologic cross-section through the Potash Mining District
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by the earlier Ochoan Castile Formation. The Salado, Rustler and Dewey
Lake Sormation appear to have been deposited in a broad and shallow
tidal basin environment that has been little disturbed since, except for

a gentle tilting to the east.

Two additional structures need to be mentioned. A Tertiary aged basaltic
dike transects the mining distriet. The general trend of the dike is

N. 50° E. The dike has been encquntered in the IMCC Mine in the southwest
and in the Ker-McGee Mine in the northwest. No offset of beds has been
noticed, it is thin (2 to 6 feet), there are no associated fluids, and

it has presented no difficulty t¢ mining. The other type structures are
solution collapsed chimnevs. The origin is thought to be due to ground-
waters within the underlying Capitan Reef having dissolved salt from

the base of the Salado or due to collapse of caverns within the reef
itself. One of these collapsed chimneys has been encountered in the
Miscissippi Mine, but it presented no obstacle to mining, other than des-

troying the ore bed within the actual breccia. _ -~

DETAILED STRATIGRAPHY OF THE OCHOAN EVAPORITES

The Ochoan is divided into four formations; see Table l. Figure 5 is a -
general stratigraphic column of the entire Ochoan along with an expanded
section of the McNutt Member of the Salado Formation. The cyclical

nature of deposition, commencing with mudstone at the base followed by

-l
anhydrite and finally salt, is much in evidence throughout the Salado.
These thythmic cycles, averaging 4 feet thick but may be as thick as 20 -
feet and as thin as less than one foot, are thought to be due to periodic
-10- =



Table

1. Description of Ochoan Rock

TRIASSIC

Dewey Lake
200-300 ft.

]

Red siltstone, sandstone and nudstone,
Thin lamination and small-scale cross
lamination common.

Rustler
200-300 ft.

Mostly anhydrite with some salt., Con-
tains two dolomite lavers, a basal sand-
stone, and several thin lavers of clas-
tics. The two dolomite layers are nor-
mally aquifers in most of the eastern

part of the district, and halite has

been removed from the section and original
anhydrite converted to gypsum.

Upper
500 ft.

Halite with regular but thin beds of
anhydrite and polyhalite. Clay seems
common at the base of the anhydrite-poly-
halite seams. Suberosion by groundwaters
has removed much of this member in the
eastern part of the district.

Salado

i,

McNutt

300-500
ft.

The overall character is identical to
the Upper and Lower Members. The impor-
tant exception is that sylvite and
Langbeinite occur as thin (1 to 10

feet) beds within this unit.

f

Lower
400-1500
ftl

~

Identical in lithology to the Upper Mem-
ber except that halite units are thicker
and purer,

Castile

0-1500
ft.

This formation is present only in the
Delaware Basin, i.e. south of the Capitan
Reef. Near the reef the section is almost
totally anhydrite. South of the reef it
consists of equal portions of salt and
anhydrite in thick beds. The halite is
very pure. The anhydrite is "banded” with
thin alternating layers of anhydrite and
dolomite,

GUADALUPIAN

-11-
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climatic changes. The anhydrite beds are easily recognizable on certain
geopnysical logs and are amazingly consistent laterally throughout most

the mining district.

A uniform stratigrapnic code has been developed by the U.S. Geological
Survev to describe the Salado. (Smith, 1938, and Jones, et al., 1960).
The code designates 43 "marker bed” horizons commencing with 100 act the
top down to 143 which lies just above the Cowden Anhydrite. The Cowden
and two other beds (Vaca Triste and Union) retain formal names to agree
with prior usage in southeast New Mexico. The base of the Salado is
normally picked at the top of the first massive banded anhydrite in the
Castile. Marker beds consist of a thin seam of mudstone at the base
followed by a variable thickness of anhydrite. Frequently the anhvdrite

has been either partially or completely replaced by polvhalite.

Commercial quantities of potash are limited to the McNutt Member of the

Salado. The McNutt being defined as the interval from Marker Bed 126 up

to the Vaca Triste, a mudstone-sandstone bed. Eleven ore horizons normally

are recognized within the McNutt commencing with the First Ore Zone
which occurs between Marker Beds 126 and 125 up to Eleventh located
immedictely above Marker Bed 117. Thus Marker Beds are numbered sequen-

tially downward, and Ore Zones are numbered sequentially upward. Two

other potash rich beds are known that occur above the McNutt, but commercial

amounts of potash mineralization are not known in them.

The eleven ore zones are consistent in their stratigraphic relationship
between marker beds; however, the thickness and mineralogy 1is quite

variable. Mineral suites and ore zone characteristics are given in

Tables 2 and 3.

-13-



Table 2.

Mineral

*Anhydrite
Arcanite
Bischofite
Bloedite

*Carnallite

Erytrosiderite

Glaserite
Glauberite
*Gypsuun
*Halice
Hydrophilite
*Kainite
*Kierserite
*Langbeinite
*Leonite
Loeweite
Mirabilite
*Polyhalite

Schoenite
*Sylvite
Syngenite
Tachyhydrite
Thenordite
Vanthoffite

*Common

Formula

CaSQy
K50,
MgC17'6H20

Na,S0, *MgS0, " 4H,0

KC1°MgCl, 6H,0
2KC1°FeClq°H,0
KqNa(S04)9
Na,50,°Cas0,
CasS04" 2H,0
NaCl
KC1°CaCl,"6H,0
MgS0, "KC1*3H,0
MgS0,*H,0
K,50,° 2HgS0,

K,50,"MgS0,," 4H,0

fNa,50, "MgS0, *15H,0

N32504.10H20

K2804'Mg504'2Ca-

S0, " 2H,0

K,50,,*Mgs0,,* 6H,0

KCl

K250a'CaSOA'H20

CaCIZ'ZMgClZ.}Zﬁzo

Nazsoa
3N32504'MgSOA

14~

Eouivalent Percent

Evaporite minerals of the Carlsbad district.
lanbeinite are ore minerals at the present Ctime.
potassium minerals are ot amenable to existing concentration
methods.

Only svlvite and
The hydrated

(X)

44,88

(XCl)

.00

(KZO)

54.06

(K2504)

100.00
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TABLE 3. Mineralogy and mineability of ore zone

Marker Bed
Ore zone Nearest Base
Eleventh MB 117
Tenth ‘B 120
Ninth MB 121
Eighth Union
Seventh ——
Sixth ———
Fifth MB 123
Fourth —
Third ——
Second MB 125
First MB 126

Mineralogy

Mostly carnallite,

minor sylvite and
leonite

Sylvite
Carnallite, kier-
serite, minor
sylvite

Sylvite

Sylvite
Carnallite,
kierserite, etc.

Sylvite and
langbeinite

Langbeinite and
sylvite

Sylvite

Carnallite,
kierserite, etc.

Sylvite

-15-

Mineabilitv

Not commercial
to date

Second best in
the district

ot commercial
to dace

Moderate
reserves,
important in
future

Moderate
reserves

Not Commercial
to date

Moderate
reserves

Principal
source of
langbeinite

Ranks 3rd in
production of
sylvite

Not Commercial
to date

Was the major
sylvite pro-
ducing zone



Ore zones exhibit considerable effects of diagenetic processes. Jones

(1954) divided potassic mineral occurrences as:

(1) Accessorv minerals

{(2) Stratified deposits in sulfate strata

(3) Bedded deposits in mixed halite-clastic strata

(4) Veins or lens deposits that have replaced or

displaced the strata

The accessory minerals category includes widespread but very low grade
occurrences of soluble potassium minerals in halite beds. The stratified
depcsits in sulfate strata are those original anhydrite marker beds
which have been at least partially replaced by polyhalite., The bedded
deposits are what constitute the true ore zones of the Carlsbad dis-
trict. The spacial relationship between the ore zones and the more
widely distributed polyhalite and accessory mineral occurrences of
potash mineralization is obsarved in Figure 5. The polyhalite and acces-
sory mineral occurrences can be considered as halos. Veins or lens of
pure or mixed assemblages of potassium minerals occur, but in and adjaéént

to ore their contribution to minable reserves is quite small,

While ore zones remain in consistent stratigraphic positions, the original
sedimentary features of the beds is mostly obliterated by authigenesis

and recrystallization processes that followed original deposition.

While these processes caused the formation of commercial deposits in

som. localities, it is also apparent that late moving fluids, unsaturated

in potassium, destroyed what would have constituted ore.

-16-
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SOURCE OF LIQUIDS AND GASES IN THE EVAPORITES
It is well established that liquids (as saturated brine) and gas (mostly
nitrogen with minor amounts of methane) are associated with the Salado

Formation. These fluids occur in three forms.

Negative Crvstals in Halite

A negative crystal is simply a void within a halite crystal. The voids
are most commonly entirely filled with liquid but occassionally include

a gas bubble. The rerm fluid inclusion is also used to describe negative
crvstals. Negative crystals are common to essentially all halite deposits,
i.e., thev are not unique to the Salado. The size of the fluid inclusions
range from microscopic up to a centimeter across. The normal shape is
cubic but rounded shapes are also present. In the Salado the average

size is less than 5 microns for the cubic crystals up to 100 microns

for the rounded ones. Brine within negative crystals account for

0.5% by weight of typical halite. Gases associated with the brine is
almost insignificant, accounting for only about 1% of the brine or

0.005% of halite.

Brine Absorbed in Clay Within Halite

Some of the halite or mixed halite-sylvite beds contain several percent
clay. These clays can normally be expected to contain around 25%
moisture. Some of the ores mined contain as much as 5% clay; therefore,
such high clay ore will contain about 1% salt saturated water. Some gas
may be occluded on the clay, but the amount must be small because none

has becn measured to date.

-17-
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Brine and Gas Associated with Clay Seams at the Base of Marker Beds

This is by far the most common occurrence of liquids and gases in the
Salado. The brines are saturated in potassium, magnesium and sodium,
The prevalent anions are chloride: and sulfate. This chemistry is
indicative of residual bittern fluid associated with the original
formation of the potash deposits. The gas components are nitrogen
along with minor amounts of methane. The source of the gas is from
original atmospheric air that was either in solution with the
original seawater or was trapped under salt-anhydrite crusts formed
on the surface of the evaporation pans. That oxygen is totally
absent is easily explained by the high activity of that gas =-- it would
react with other elements to form stable oxide minerals such as hema-

tite.

GEOLOGIC REASONS THAT BRINE AND GAS WITHIN THE SALADO
ARE ISOLATED FRUM FLUIDS EITHER ABOVE OR BELOW

Halite has the well known behavior of behaving plastically under pres-
sure, Petrofabric analysis along with modern day observation of halite
being deposited in evaporation basins indicate that loosely packed
crystals form within saturated brine pools. Continued burial forces
the brine upward so that closerlpacking is achieved. On continued
burial the halite crystals becoée completely plastié and all brine is
ejected. The only exception be;ng those fluids trapped in negative
crystals at the time of crystallization. Thus halite becomes a true
solid and possesses no porosity (except for brine filled negative crys-

tals) and therefore no permeability. Permeability tests performed on

-18-



salt cores either vield results that are beneath the measurement capa-
bility of the test apparatus or if measureable can be accounted for by

fractures induced iato the sample.

Other evidence of impermeability of halite lies in the fact tha: brine
and gases trapped in the clay seams at the base of the marker beds

have remained in posiczion since deposition. The approximate age of

the Ochoan evaporites is 230 omillicn years. That the brine and gas
remain in posizion is due to the halite immediately under and overlving

the fluid bearing strata.

The McNutt Member is underlain by 400 to as much as 1500 feet of halite
of the Lower tember of the Salado. Thus, the potash mining horizons are
protected not only by halite immediately above and below the mining
horizons but by an extra 400 to 1500 feet of halite provides additional
imnpermeable barrier between the mining levels and any cil-gas horizons
located in Guadalupian strata below. Evidence that these lower halites
are impermeable is proven by the fact the brine and gas, which are
under high pressure, remain in position and have not escaped upward

to be vented to the atmosphere. They have been prevented from doing

so by the overlying Upper Member of the Salado. The thickness of the
Upper Member ranges from 100 to 500 feet over most of the mining dis-

trict, i.e. less than what is below.

PROBABLE SOURCE OF HYDROCARBONS IN THE SALADO
Hydrocarbons, mostly as simple methane, are present in trace amounts in
the Salado Formation. Methane has been detected in both the gases from

the clay seams at the base of the marker beds and in fluid inclusions

-19-



within halite. The richest concentrations are in the clay seam gas
where it reaches as high as 6.37% methane. In all cases, the balance of
the gas mixture is inert, consisting of nitrogen in the mud seams and
carbon dioxide and nitrogen in fluid inclusions. Oxyvgen is not present;
therefore the methane can not be considered as explosive. It must be
remembered that gases released from drill holes diffuse into the mine
atmosphere. The methane contentrthus decreases and never enriches.

To do otherwise is contrary to the laws of gas dynamics.

We have argued that the halite beds that separate the potash mining
zones from underlving oil-gas reservoirs are impermeable. Therefore,
we nust now explain the presence of methane in marine evaporites which
were deposited from highly saline solutions which supposedly would not
support any form of life. The answer lies in the cyclical nature of
deposition of the evaporites. As previously described the cycle com-
mences with a thin layer of clay covered by a thicker but still thin
sheath of anhydrite followed by ? much thicker bed of halite. The lower
portion of the halite is normally purer (freer of clay) than the upper
portion. This depositional cyclg is interpreted as follows: (1) the
clay seamlet represents an original drying and erosional surface at the
top of the underlying halite. Clay minerals tend to concentrate at

the surface. (2) Seawater re-entered the area causing additional
solution of the underlying halite. Clay build up continues by settling
of fine particles carried in by the seawater. (3) Evaporation re-
conzmences with first aragonite (CaC03) and then gypsum (CaSOA‘HZO)
being erosited. The former will eventually be converted to dolomite
(Mg,CaCO3) and the latter to anhydrite (CaSO,) by diagenitic processes.

Some of the thicker marker beds are banded representing several cyclets
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of aragonite and zvosum deposition. These are interpreted as refreshing
of the seawater in some sort of periodic manner, perhaps seasonal. (4)
Halite commences to crvstallize. The original seawater becomes highly
concentrated bv evaporation. All of the calecium has been removed bv the
formation of aragonite and gypsum. (5) Drving continues with the
formation of additional halite. The surface must be quite dry at this
stage ana blowing winds and occasional rainfalls on nearby above tidal
surface deposits tend to add wmore detrital material to the evaporation
pan. Therefore, oore clav begins to be deposited along with the halite.
(%) The evaporation cycle is complete setting the stage for the next

cycle.

A reasonable estimate is that a quarter of a thousand of these cycles
occurred during the deposition of the Salado Formation. The thickest
of these cycles produced the several inch to several feet thickness
of anhydrite which constitute the 45 marker beds now used to map

stratigraphic position within the Salado Formation.

Marine organic life could exist at one period of time during the
depositional cycle. That is during stage (2). Marine waters are assumed
to reenter the area, albeit much more saline than the open sea. Algal
and other microscopic organisms could exist. The modern analogy is

algal "mats” observed in sabkha environments. Higher order organisms
could not be present because no recognizable fossils have been identified
in the Salado. The algae is the probable source of methane. Organic
acids, the primodial form of heavier hydrocarbons, could be produced

from other microorganisms. The assumption that this organic material

existed under aerobic conditions is verified by the fact that the
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gases now present in the Salado are nitrogen rich. Atmospheric oxvgen
was either consumed by the organisms themselves or later reacred with

metallic ions to form stable oxides.

The gases associated with the fluid inclusions is probably similar
except that conditions may have»been anaerobic. Oxygen deficiency is
indicated because trace amounts of HsS are present and organic matter
appears as organic acids rather.chan as methane. Inert gases, nitrogen
and COp, are by far the most common constituents of gases within the
fluid inclusions. The combined percentage of Ny and COy is never less
than 92% and the highest methane analysis of samples tested did not
exceed 0.5%. (Such a mixture is not explosive.) The gas composition of
fluid inclusions in halite is considered to be in agreement with crystal
formation under shallow subaqueous conditions. The high preponderance

of nitrogen and carbon dioxide is explained by the soluability of those

gases in brine. H3S, methane and organic acid in trace amounts is

attributed to the decay of organic matter that was either able to survive-

under highly saline conditions or that was transported in by wave action

or winds. The total amount of gas present in fluid inclusions is minute,
accounting for only few tens parts per million by weight of the halite.
Methane accounts for only 0.5% of these gases; or less than 1 ppm in

halite.

GEOCHEMICAL SAMPLE EVIDENCE THAT SUPPORT THE
CONCLUSIONS THAT BRINE AND GASES CONTAINED IN THE
SALADO ARE INDIGENOUS TO THE FORMATION

We rave collected gas samples from relief holes drilled in the roof at

5 of the 6 active mines in the district., Twelve gas samples were collected

in all. For reliability, seven samples were analyzed in a commercial
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labecratory in Hobbs and five were analvzed bv a State sunported research
laboratory. Not only did these two laboratory produce compatible
results but overall results are in excellent agreement with results
obtained by the U.S. Bureau of Mines which sampled the same mines in

1964. A sumnary of results is shown in Table 4.

Ezphasis needs to be placed on the fact that our 12 samples and the la
sanples taken by the U.S. Bureau of Mines were all taken several feet
up into relief holes. Therefore, the sample results are representative
of the composition of the gas in situ and before being diluted with
oine atmosphere. we took the normal precaution of using hand held
methanometers to monitor the mine atmosphere while samples were being
collected. 1In no case was a measurable amount of methane detected

eventhough we were in the immediate vicinity of blowing holes.

The sample results indicate a consistent relationship. The gases
associated with the base of the marker beds are nitrogen rich. The
only other constitutents are methane along with even lesser amounts

heavier hydrocarbon gases such as ethane.

The gases associated with fluid inclusions were also sampled. This
was done by collecting run of the mine ore from all six of the active
mines. To our knowledge this is the first time this has been done
for Carlsbad potash ore. The only other fluid inclusion geochemical
study that has been done is that by Sandia National Laboratories on core
samples taken from the lower Salado and Castile Formation at the Waste
Isolation Pilot Plant site south of the mining district, Powers, et

al., 1978.
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TABLE 4. GAS SAMPLE ANALYSIS

(Samples Taken from Within Relief Holes)

Ratio
CHa CnHn+2 N?_ Cd A/Cn'r{nf'l
New-Tex Lab
(7 Samples)
Highest 6.37 0.11 93.52 57
Average 1.58 0.04 98.38 35
Lowest 0.0 0.0 100.00 0
N.M. Petroleum Recoverv
Researcn Center
(5> Sampies)
Highest 4,97 0.12 94,91 40
Average 1.59 .04 98.37 43
Lowest 0.07 0.0 99.93 0
C.S. Bureau of Minest
(l4 Samples)
Highest 4,7 * 91.2 *
dverage 1.8 * 96.0 *
Lowest 0.06 * 97.3 *

*Not Reported

tFrom Rutledge, et al., 1964
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The samples we took were analyzed by Dr. David Norman at N.M. Iastitute

of Mining and Technology. The procedure he used is quite experimental

but well suited for the specific task. The samples were first crushed

with a2 clean hammer and 2 to 4 mm grains of ore were hand-picked. About

5 grams of sample were then placed in a cleaned quartz tube. The tube

was then placed on a vacuum line and heated to 125°C. The purpose of

this was to drive off all water of hydration. The temperature was then
raised to 350°C. At this higher temperature the fluid inclusions ruptured,
liberating borh the enclosed brine (converted to water vapor) and gases.

These gases were then passed through a mass spectrograph for analysis.
The results of six ore sample analysis are given in the table below.

Table 5. Gas Sample Analysis of Ores

Ore Zomne Coy Ho CHy Cxlly H9S Other
! . 81.3 13.6 0.1 3.4 0.5 1.6
1 31.9 64.0 0.0 3.4 0.7 0.0
3 73.6 18.8 0.1 6.6 0.0 0.9
4 45.4 44.8 0.0 8.6 0.9 0.3
5 86.4 6.1 0.0 3.4 3.9 0.2
10 73.9 9.1 1.2 15.3 0.5 0.0
Average 65.4 26.3 0.02 6.8 1.1 0.4

The results are comparable with gases associated with clays seams at
the base of marker beds with these exceptions.
l. Inert gases consist of both CO, and Ny in contrast to simply
N7 in clay seams. CO9 is normally dominant. The average
total of inert gases (COp + Np) = 91.7%.
2. Methane is present only in trace amounts. Heavier hydrocarbons,
mostly as organic acids, averages about 6.8%. These hydro-
carbons may represent original organic matter that has only

been partially decomposed.

=25~



3. HsS is present wnich is ‘indicative ©f an anaerobic condition

at the time of formation of the fluid inclusions. ‘
4, The total weight percentage of fluid inclusions amounts to only

10 to 100 ppm of the ore. A ton of ore that was totally

crushed would liberate only about one cubic feer of gas of wnich

>90% would be inert.

The principal difference between the gases associated with fluid inclu-
sions in contrast to those associated with clay seams is substitution
of high molecular weight hydrocarbons and HsS for simple methane and
the partial substitution of CO; for Njp. We tentatively conclude that
conditions were anaerobic at the time of formation of the fluid inclu-
sions. Atmospheric oxvgen was totallv used in partial conversion of
organic matter to CO;. The important similarity is that the bulk of
both gases are inert, consisting of either just N9 or a mixture of Nj

and COy. These gases were probably derived for the earths atmosphere.

In Figure 5 we compare the compasitions of the clay seam and fluid
inclusion gases with natural gaies associated with known oil-gas pro- 1
ducing areas near the potash mines. For this comparison we have used

a threae component diagram becauge the gases can be considered as a

nixture of methane, heavier hydrocarbons and inert gas. The inert
.constitutent can be nitrogen or a mixture of nitrogen plus carbon
dioxide. 1In order to more fully explain a three component diagram
consider a gas that contains equal proportions of éll three gases,
e.g. 1/3 methane, 1/3 heavier hydrocarbons and 1/3 nitrogen. Such a
gas would plot in the exact center of the triangle. On the other hand

a gas that contains 100% methane would plot at the CH, apex.
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Mote that the compositions are distincrly different. The Guadalupian
oil-gas reservoirs contain a mixture of methane and heavier gases such
as ethane. Pennsylvanian gas reservoirs are mostly simple methane. In
contrast, the clay seam and fluid in;lusion gases are mostly inert.
Trace amounts of methane are present in the clay seams. The balance is
Nao. The rfluid inclusion gas is mostly a mixture of CO» and Noo HaS
is present in trace amounts and probably represents the only other gas

pnase. Heavier hydrocarbons are present in minor amounts but not in the

form of light gases such as methane, ethane, etc.

we have also collected sanmples of brine that issue from relief holes
drilled above the potash mining horizons. These waters are completely
saturated in K, Mg and Na salts and sulfates. We believe that these
brines are representative of original bitterns associated with the depo-
sition of the McNutt Member of the Salado. The composition of these
waters is presented in Figure 6. A three component diagram of Hg-K2=804
is used because all Permian waters have a common constituent of halite
(NaCl). There are two principal aquifers near the potash mines, the
Rustler above an the Capitan Reef below. Average composition of these
aquifer waters is also shown on the Mg-Ky~504 plot to illustrate the
distinctive characteristics of the saturated brines associated with clay

seams.

-

In conclusion, the results of geochemical sample analysis indicate
that the gases associated with clay seams at the base of marker beds
near the ore beds and the gases contained within fluid inclusions in
the actual ore beds consist of inert gases with only trace amounts

of methane and HyS. The composition is compatible with original
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atmospheric air being trapped into the evaporites at the time of their
formation. That these gases have remained trapped in position since
their original formation more than 200 million years ago is proof that
the beds over and underlving the potash beds are impermeable. 1In
addition, the brine waters associated with the clay seams is typical

of bittern waters to be expected adjacent to potash deposits.

COMPARISON OF THE CARLSBAD POTASH DISTRICT WITH OTHER
DISTRICTS WHICH MINE EVAPORITE ![INERALS

The Carlsbad Potash Mining District is distinctive from other evaporite
nining districts in several aspects. First, the structural setting is
simple. Beds dip no more than 2 degrees. While small faults have been
observed they are few and linmiteéed to minor slippage due to local salt
flowage. Anticlinal structures are absent. Sudden thickening or thinning
of halite beds between markers beds has not been observed anywhere in

the district. Salt flowage has been detected in the Castile Formation
which underlies the Salado. Where observed these structures reduce to

broad but low aptitude flextures in the Salado.

Second, the potash ore beds are contained in the middle of a thick section
of rock salt. Ore is limited to the McNutt Member of the Salado. The
Lower llember of the Salado provides from 400 to 1,500 feet of imper-
meable salt between the deepest mining levels and the shallowest oil-

gas E;servoirs. No evidence of explosive amounts of methane gas has

been detected in the course of drilling thousands of pressure relief

holes in the Carlsbad District.
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While we do not claim to be expert on other mining districts we can nmake

the following comparisons.

Salt Domes of the Gulf Coast

Salt domes are diapiric structures. The underlving Louanne Salt has
plerced upward through weakly consolidated sandstones and shales, 0il
and gas deposits are common to the flanks of these domes. It is only
to be expected that methane gas can become entrained in the salt during

its upward movement. These gases are methane rich in contrast to the

inert gases associated with the Salado Formaticn.

Trona Deposits in Wvoming

Evaporites of the Green River Formation are lacustrine rather than
marine. Oil shale beds are intercalated with the trona. The eaviron-
ment Juring deposition was one that supported abundant aquatic life

in contrast to marine evaporties.

Potash at Cane Creek, Utah

The potash deposits are contained in marine evaporites similar to those

of Carlsbad. HHowever, there are two important differences. First,

the individual evaporite beds are thinner. Marine black shales are
present at regular intervals throughout the salt formations. These shale
beds contain oil and gas reservoirs. Second, the potash deposits are
highly deformed due to a large salt anticline. Thus the potash deposits
at Cane Creek are somewhat analogous to the salt diapirs on the Gulf
Coast. Methane gas is common and analysis has shown that the in situ
concentration is 51.4% CHg,, 21.2% ethane-pentane, and only 27.4X nitrogen-

carbon dioxide. Such gas is defintely explosive when mixed with normal
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air. The gases in the Salado never contain more to 6.37% hydrocarbon

gases and can never be considered explosive when mixed with normal air.

SELECTZD REFERENCES
We list the following pertinent references on the geology of the Carlsbad
District for those interested in additional details. We have drawn

on these and many others in preparation of this treatise,.
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| FOREWORD

The purpose of *ne Environmental Evaluation Group (EEG) is to conduct an
indenendent technical evaluaticn pf the patential raaiation exposure to people
frcm the proposed Federal r-azaioactive taste Isolation Pilot Plant (WIPP) near
Carighad, in aorder to protect theipunlic health and safety and ensure that
there is minimal envircnmental defradation., The CEG is part of the
Tnvironmental Imorovement Divisionh, a component of the New Mexico Health and
Snvironment Department -- the eagepcy charced with the primary responsibility

for protecting the health of the gitizens of lew Mexico.
The Group is neither a proponent hor an ooponent of WIPP,

Analyses are conducted of available data concerning the proposed site, the
design of the repository, its plahned operation, and its long-term stability.
These analyses include assessment$ of reports issued by the U.S. Department of
Energy (DOE) and its contractors,{other Federal agencies and organizations, as

they relate to the potential health, safety and environmental impacts from
WIPP.

The project is funded entirely by the U.S. Department of Enerqy through
Contract DE-AC03-79AL10752 with the New Mexico Health and Environment

CATY Nlf
Robert H, Neill

Director

Department.
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THTRODUCT ION

“ne impetus Tor this stugy was proviced by a recent series of iacicents at tre
ver~-McGee mine near Carlsbad, 'lew Yexico. On Cecember 13, 1983, a miner
operating a continucus mining machine apparently hit a pocxet of trapped,
oressurized gas. The sudden release of pressure from this cas pocket caused
the gas to0 expand. This resulted in dislodging of rock and debris and loose
fixtures cn the mining machine. According to a preliminary investigation by
MSHA, "The cperator of the continunus miner was apparently killed as a result
of Seinag struck by a lignt fixture which had been tcrn loose from the
continucus miner and hurled back into the victim's face."
34.)

(See Appendix A, p.
Two more incidents, fortunately non-fatal, within a 5 week period in the
same mine have resulted in & concern about the possibiiity of the occurrence of

such blowouts in the WIPP excavations. The blowouts occurred 9 miles north of
tre center of the WIPP site in a ceoloqical strata which is 660 ft abcve the

excavaticns for the wIPP repository.

U. S. Mine Safety and Health Administration (MSHA) and N. M. Inspector of Mines
Cepartment are investigating the Kerr-McGee blowouts. Officials of the
Xerr-HcGee mine are éonducting their own investigaticns with the help of
consultants of the causes of these occurrences and to make the mining
operations safer. This study (EEG-25) uses the reported encounters of gas im
the potash mines as well as the studies related to the WIPP project as valuable

information to reach some tentative conclusions about the possibility of such a

hazard existing at the WIPP excavations. The conclusions of this study do not

relate specifically to the safety conditions at any given mine and make no
judgements about incidents in the mines.

Factual information provided by the officials of the Kerr-McGee mine, N. M.

Inspector of Mines and U. S. Mine Safety and Health Administration (MSHA), is
gratefully acknowledqed.



GEQLOGY OF THE SALADO FORMATIOM

The WIFP site and all the potash mines in the vicinity are situated in the
Nelaware Rasin in Scutheastern Yew Mexico. The Salado Formation is a part of
ahout 10,000 ft of sediments ceposited under marine conditions in this basin
during the Permian period (>225 million years aao). Initially deposition in
the basin was bounded by the Capitan Reef. By late Permian, the basin had
filled and the saline water spilled over to the north and east covering a large

rea now known as the Permian Rasin. Evaporation at the surface of this
snallow sea under arid conditicns resulted in the precipitation of salts,
mainly halite which accumuisted over a period of time. The formation resulting
from this process is called ¢he Salado.

The Salado Formation varies in thickness but &t the WIPP <site and the potash
mines, it is about 2000 ft thick. The Salado consists mainly of Halite (NaCl)
and other salts including polvhalite lk,Ca,Mg (S0,),-2H,07, qlauberite
(Ma,50,-CaS04), sylvite (KC1), Kainite (XC1-MaSO,-3H,0) Carnallite
(KC1+MqC1,+6H,0), Lanaveinite MKyMa, (SO,)3' and kieserite (MgSO,+r,0) as well
as lavers of clastic rocks and anhycdrite. ©Beds locaily rich in potassium
minerals, primarily sylvite, carnallite and langheinite, are mined from the
McNutt Potash Zone located in the middle part of the Salado Formation. Other
than the presence of potassium and magnesium rich minerals, the McNutt zone is
similar in all other aspects to the rest of the Salado.

Using the remarkable continuity of individual beds in the Salado, the Y. S.
Geological Survey (Jones, 1980, 1973) has developad a svstem of identifing the
stratigraphic location within the formation by desiqnating 43 individual seams
of anhydrite and polyhalite as numbered "marker beds." The first continuously
identifiable bed of polyhalite, 120 feet below the top of Salado (at the WIPP
site), is designated MB 101. The lowest marker bed (MB 144) consists of a bed
of anhydrite in the lower part of the formation, 336 feet above the base of
Salado at the WIPP site center. The proposed repository for WIPP is located
between M.B. 138 and M.B. 139 in the lower part of Salado (Fig. 1).
Thousands of feet of drill cores and geophysical logs of toreholes in the
northern Celaware Basin have been closely examined and correlated in connection
with the site selection and characterization for the WIPP project. This study
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has shown that the deposition of the Salado Formation followed a cyclic pattern
(Pewers, et al, 1978). Each cvcle consists of a layer of clay at the base .
followed by anhvdrite or colvhalite and halite. The halite hecomes mare
argillaceous &s one proceeds upward. The cycle is finally capped by claystone
and another cvcle cecmmences. This sequence is repeated several times as cne
studies the formation from the hottom fo the top. The clay layers are thouqnt
to result from dissolution of clayey halite by inflowina sea water and thus
each cycle probably reoresenté a fresh influx of sea water in the evaporating
pan. The beds of annydrite (CaSOu) and thick deposits of halite (NaCl)
reprasent lona periods of evaporation from a proaressively concentrated sea
water under very arid ccnditions. Rock salt constitutes about 85-%0 percent of .
the Salado Formation.

Jones (1973) has provided a detailed study of the lithology of the Salado
formation. According to him, the entire Salado Formation basically consists of
alternating thick seams of rock salt and thinner seams of anhydrite and ‘
polyhalite. In this manner, the McNutt potash zone is very similar to the

upper and the lower Salado. The potassic minerals at best comprise only 3 to §°

percent of the McMutt zone in the most potassium-rich sections of the northern
Delaware Basin.

Fiqure 1 shows the details of the Salado stratigraphy as observed in borehole

ERDA-9 at the center of the WIPP site. Locations of several important marker

beds, the 11 ore zones within the McNutt potash member and the WIPP repository
horizon are shown.



PHYSICAL CHARACTERISTICS OF GAS CCCURRENCE

“xistence of gas pockets is a common feature of the evaporite reposits. In the
notash mines of the Celaware Basin minor “poofs” of aqas outhurst is a common
rhencmenon. Several large blowouts have been reported frem the potash mines,
some of which have resuited in fatalities. Table 1 summarizes :the reported
incidents of cas blowouts in the potash mines near WIPP during the past 10
years, ‘he incidents have heen.reported from (1) XKerr-McGee mine located 9
miles north of WIPP, {2} Duvall-Nash Draw mine located five miles west of WIPP
and (3) £ddy mine of the MNational Potash Co., located 17 miles northwest of
WIPP, Figure 2 shows the locations of these mines and the WIPP site. The

followina is a description of the reported incidents in the three mines.

Ker--McGee Potash Mine - 1083, 24

The coprecximate boundary of the Kerr-McGee Chemical Corporation mine is shown
in Figure 2. The author visited the mine on February 1, 1984,

The first of the three most recent reported incidents in this mine occurred on
December 13, 1983 at 4:27 a.m. The mine level is in ore zone #10 (see Fig. 1)
approximately 1600 ft below the ground level. The incident occurred in Area

169 in the southern part of the mine (Fig. 2). Figure 3 shows the exact
location of the blowout.

A continuous mining machine was being used to cut the 6 ft high and 27 ft wide
room. The mining was heading south when a gas outhurst occurred in the upper
right side of the indented working face. An estimated 8 tons of ore was
dislodged out as a result of the outburst. Fiqure 4 is a photograph of the

9 ft long, 5 ft high and 2.5 ft deep cavity formed as a result of this
outburst. Larage boulders, weighing up to 500 1bs. were ejected up toAGO feet
from the mine face. The operator of the continuous miner was killed and a
shuttle car operator who was standing near his machine behind the continuous
miner was injured by flying rock pieces. The blowout left an open fracture
174" to 1/2" wide, oriented S58°E. This fracture can be seen across the 27
ft wide room along the back (ceiling) and 2 ft down from the back in the

eastern wall of Room 1 (Fiqures 5 and 6). Air samples fram the open fissure

Uy
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from a previous blowout. (See Fig. 2 for location within the mine)
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within the blowout cavity taken by MSHA investigators on Decembher 14, 1983 were
analyzed to contain 8%9% nitrogen, 8% or less oxygen and from 3 to 6% methane.

A report by Cavanaugh and Davidson‘dated January 16, 1984 provides details of
this incident (App. A).

The second blowout in the Kerr-cGee mine occurred in Area 160 about 2 miles
northwest of the first incident, on December 19, 1983. The outburst has left a
vertical fracture trending 125° (N 65° W, S 65° £). The roaom at this location
has been excavated to 12 ft abéve the floor to expose the fracture. About 8 ft

above the floor, the fracture has been laterally displaced about 6 inches along
a horizontal clay seam (Fia. 7).

The third of this series of gas blowouts in the Kerr-McGee mine occurred on
January 23, 1984 at 4:50 p.m. at the same level and about 500 ft southeast of
the December 13 blowout (Fig. 3). The operator of the continuous miner had
started excavating in the face with the continuous cutter. There was a loud
sound and debris started flying from the mining face near the cutter. The 50
ton continuous mining machine was knocked back about 2 feet as a result of the
outburst and the operator was injured by flying debris. The mine personnel
attribute the lack of a serious injury or fatality in this case to the pro-
tective metal grating which had been installed on the mining machine after the
first two incidents (Fig. 8). An estimated 2 tons of rock was dislodged out
of the cavity caused by this blowout. An open vertical fracture trending 1105
(N 70° W, S 70° E) has been left in the face from which the gas escaped (Fig.
9). There are unconfirmed accounts of two more blowouts in the Kerr-McGee mine
during February and March, 1984,

Duvall Nash Draw Mine - 1976

The Duvall-Nash Oraw mine is located about 5 miles west of the WIPP site. The
Sylvite level is only about 900 ft below the ground surface because of removal
of rocks overlying the Salado in Nash Draw. A large roof-fall involving an
estimated 180 tons of rock occurred at the sylvite level of this mine in early
1976. A report by Ellickson dated 4/7/76 provides the details of this incident
(App. B). The investigation concluded that the roof-fall was caused by release
of gases trapped above the roof. While examining the buried mining machine

sometime after the roof-fall, the shift foreman died presumably of suffocation
due to lack of oxygen.

12
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£4dv Mine (National Potash Companv) - 1973, 74

The £Eddy mine is located about 17 miles northwest of the WIPP site (Fig. 2).
Three incidents of roof and floor fall in this mine accompanied by sudden
release of gas were reported in 1973 and 1974 (Table 1). Four reports by the
State Inspector of Mines dated 12/20/73, 2/25/74, 4/18/74 and 11/27/74
described these incidents in detail (App. C). There were floor breaks and roof
falls on 12/16/73, 2/24/74 and '11/27/74 due to release of pressurized gses in

this mine. There were several injuries as a result of the 11/27/74 incident.

Gas Blowouts Prior to 1973

Written records of older incidents of gas blowouts in the Carlsbad area potash
mines are difficult to trace, but several people associated with potash mining
in the area remember such incidents. For example, Sidney R. Kirk (MSHA) :
recalls (verbal communication) an incident of sudden roof-fall, most likely
associated with a gas blowout at the U. S. Borax mine (now known as Mississippi
Chemical). This incident in which one miner was killed occurred around 1960.

The U. S. Bureau of Mines conducted a detailed investigation into the
occurrence of gas in the Carlsbad Potash District mines in 1963-64. The report
of their investigation (Rutledge, et al, 1964) is included as Appendix D of -
this report. A total of 169 vertical holes, 20 to 40 feet deep were drilled

into the roof at six mines. Gas under pressure was found in 67 of these -
boreholes. A total of 91 "blows" were encountered, 87 of which came from the
clay seams. Seventeen holes were examined with a stratascope and the
examination revealed that the gas emitted from the clay seams was contained
in small vugs about 0.1 inch in diameter, connected by hairline cracks. Gas
pressure in clay seams was found only in holes drilled in intersections of
drifts. Gas between intersections was found in only 1 hole where it occurred
in a small pocket in salt. As the pressure of gas in boreholes was released
the roof rose visibly. As a result of this investigation, the authors
recommended that "stress on the immediate roof strata due to gas pressure may B
be relieved by drilling 10 to 20 foot deep vertical holes in each intersection
as soon as practicable after first mining while ventilation is still intact.”
This practice has been adopted by several of the mines in the area.

16



Pecurrance of HBas at WIPP Site

Jeéses have been encountearec curing tne crilliing of explcratory roles for WiPP

at several stratigrephic horizons in the Salado formation. Table 2?2 sumnmarizes
he availahle informaticn and was prepared from cdata provized in Griswold
{1977) and tre Zasic Cata Reports for the boreholes. Ficure 10 snows the
locaticns of these borenholes. It clearly demonstrates that cases occur in the
voper, middle and icwer sections of the Salado Formation.

“ore than 10,000 feet of excavation at the WIPP repository horizon has been

ccmpleted tp date. Althouagh no written record of gas encounters, even minor
"noofs", is available for the WIPP excavations, several project participants
informally ciscussed with the guthor instances of release of minor amounts of
7as acccmpanied by hissing sound during the excavations Tor WIPP., The
occurrence of gas 10 to 15 feet above (in Anhydrite "a" and "b" layers) and 10
feet below the WIPP repository (in Marker Bed 129) has been studied in detail
(U.S. DOE, 1983). The maximum rate of flow of gas was encountered 850 ft south
of the 12 ft exploratory shaft. Hole S850A was drilled vertically upwards
the roof of the East 140 drift and encountered as much as 12,280 cc/minute
rate of gas emanating from Anhydrite "b" layer. A hole (S850C) drilled

from

flow

vertically down at the same location, to a depth of 14.8 feet, intercepted
in the clay layer below Marker Bed 139. The initial flow rate was

qas

approximately 1200 cc/minute. One day after completion of hole 850-C, the
was found to contain approximately 2 liters of brine.

hole

Gas was encountered in 9
boreholes drilled from the roof and floor of WIPP drifts.

these holes ranged from 10 to 120.6 psi.

Pressure buildup in
A typical flow hydroqraph of the WIPP
gas testing borehole shows a periodicity of flow. Each hole has a different

magnitude and periodicity of flow. Although a possible explanation is that the

flow may be influenced by changes in ambient pressure in the mine, it has not
been demonstrated and there might be other explanations for the pulsating
character of gas emanations.

17
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CHEMICAL CTMPOSITION OF S2ALADOD GASES

Tshle 3 shows a summary of the chemical analvses performed cn S:zlado aases From
near the WIPP repository horizen énd from the McMutt Potasn Zonme. The analvses
show that nitrogen is the primary constituent with ccncentraticns recorded from
76.2% to C6.5%, poxveen accounts for 0.2% to as rmuch as 22% snd methane
constitutes from 1.07% to a maximum of 7.8%. Very small emounts of (0, and
C,Hg are also present. [t should be keot in mind that the process of aas
samoling is somewhat tricky and that it is quite likely that the c<amples
showina oxygen content much abcve the averaae values may have heen contaminated
by air. The highest concentration of methane (7.8%) was found in the aas
sample collected from the clay layer below Marker Bed 1329 in the “orehole 280-C
drilled 15 feet into the floor of the East 400 drift, 350 feet south of the 12
foot exploratory shaft at VWIPP,

There has been some confusion about the nature of gas outbhursts in the Carlshad
area potash mines. LUse of the word “"explosion" to characterize the sudden
release of pressure and consequent flying of rocks and debris has been
misunderstood. 1t is therefore appropriate and rertinent here to examine the
“explosibility" of Salado qgases.

Webster's dictionary defines "explosion" as, "the act or an instance of
exploding as a large scale, rapid and spectacular expansion, outbreak, or
upheaval." Similarly, one of the meanings of the word "explode" is, “to bdrst
violently as a result of pressure from within." The violent outbursts caused
by the sudden expansion of gas due to release of pressure from the trapped qas
in the rock strata can thus be best characterized as “explosion."
word also connotes explosibility in a chemical sense. The Salado gases do not

appear to be “"chemically explosive." For this reason the terms "outburst" or
"blowout” have heen used in this report.

Coward and Jones (1952) have discussed the potential for explosion of mixtures
of methane, air and nitrogen. Fiqure 11 shows this relationship graphically,-
It shows that a minimum of £% methane and 12% oxyqen is required for a mixture
to be explosive. Table 3 shows that the Salado gas typically contains about 2%
methane and 7 to 11% oxygen. Such a mixture is not chemically explosive. The

20
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and Jones, 1952). :
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cas samnle obtained from Marker Red 139 at WIPP contains the highest rercentage
of methane (7.8%) but too little oxvaen (1.2%) to make i* explosive in a
cnemical sense. (One sample from the fddy Mine of “ational ®otagh Cemoany was
gnalyzed to contain 12% oxygen and 16% methane {2pp. C), Sut its accurac; is

cuestionable.



THE ORIGIN OF GAS

All salt deposits contain some fluids (brine and gas) and the Salado formation
is no exception. Within halite crystals, aas can often be seen as a bubble
within a fluid inclusion. To estimate the percentage of fluids in the halite
crystals of the Salado Formation, 35 selected core samples from ERDA-9 borehole
were heated to 500°C and weighed before and after the expulsion of gas and
brine. The results showed that more than half the specimens showed only 0.5%
weight-loss. The maximum wight-loss recorded by one sample was 3.5% (Powers,
et al, 1978). Since most of the fluid in the inclusions consists of brine,
total emount of gas trapped within the salt crystals is negligible,

Almost every reported encounter of gas in the potash mines as well as near the
WIPP repository is associated with either clay seams or clay-enriched zone of
salt. The composition of the gas shows that it was most likely derived from
the original atmospheric air at the time of deposition of Salado. The gas is
depleted in oxygen most likely due to the high chemical activity of oxygen
which allows it to react with a variety of elements to form oxides. Methane
must have originated from decomposition of marine organic life during times
when clays were deposited in the Salado sea. The presence of gas near the clay
layers is probably due to the contrast in the mechanical properties of clay and

salt. Gas originally trapped must have migrated along crystal boundaries until
it reached the impermeable clay layer. :

An important observation made in the Kerr-McGee mine is that the violent gas
outbursts have left a near vertical fracture which can be seen in the roof and
to 1-2 foot below the roof alona the walls of the drift. Does a fracture
represent a cavity in which the gas was trapped until released or was it
created due to the sudden release of gas generally disseminated in "vugs and
hairline cracks" as observed by Rutledae et al (1964) through a stratascope?

If gas is contained in a discrete fracture until the pressure is released, it
must be in equilibrium with the lithostatic pressure at that level. This could
have happened by the trapped gas coalescing in a fracture; keeping it open as
the gas became pressurized due to salt creep, until the gas pressure in the

fracture reached the magnitude of lithostatic stress. This would mean that gas

~———poskets in deeper strata would be more pressurized. Alternately, qas could
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mpa o cermeanle Zone a2t tne contact of salt ang clav, w«itrout Seina

nrecsyrizag t0 lithostatic Tevels. <elease of nressure in such a case would be

“rare appears w0 be a preferred direction of orientation of fractures
:ssociated with cas Slcwouts. he fractures arce mostly oriented in a whW-£3S
airacticn. It is possidle that the fractures were created by scme ceological
sctivity in the past and gcas from the surrounding region migrated into them and
‘ater beceme pressuriZed due to salt creep. The stress field which would
induce kMW tensile fractures should have heen perpendicular to that direction,
i.e. “WNE. There is a lampropnhyre dike with an approximately KE trend which is
exposed in the northwestern part of the Kerr-McCee mine. It is Tikely that
these fractures were created wnen the dike intruded into the Salado salt about
27 million years aco. The fractures associated with qas blowouts are, however,
not continuous for more than a few tens of feet--they are not intercepted in
parallel drifts. This indicates that the fractures were either formed "en
echelon” or that they result from the localized explosive activity associated
with sudden release of pressure every time a blowout occurs. A clear answer to
this question will require extensive experimental work in the areas where gas

blowouts have been observed.

25



CONCLUSINNS AND RECOMMENDATIONS

Conclusions

Based upon the facts and discussions presented in this report, the following

conclusions can be drawn concerning the occurrence of gas in the Salado

Farmation.

1.

Gas can be found at almost any level within the Salado Formation, qenerally
near clay seams associated with the marker beds.

The gas consists primarily of nitrogen with some oxygen and methane and
lesser amounts of carbon-dioxide and ethane. The composition of the qas
does not make it “"chemically explosive."

Smaller amounts of gas in isolated pockets at low pressures is very common.
Such pockets may consist of porous zones at the boundary of salt and clay
where gas may be trapped in "vugs connected by hairline cracks." The
pressure in such zones may be less than lithostatic. Encounter of such
zones of small amounts of gas at low pressures (knows as "poofs") is almost
a daily occurrence in the Carlsbad area potash mines.

Occassionally gas has been encountered under high pressure. Sudden
éxpansion of gas due to release of high pressure creates an explosion or
“outburst" which has occasionally resulted in death and/or injury to
miners. At least seven such outbursts have been documented. Outbursts not
involving a fatality or serious injury usually go unreported. No such
incidents were reported to the state and federal authorities between April,
1976 and December 1983. After the fatal accident involving gas release on
Dec. 13, 1983 at Kerr-McGee mine, two more incidents of gas outbursts at the

same mine came to light within a month. Out of these, the one on Dec. 19,

1983 was not reported to the State Mines Inspector. It is thus a safe

assumption that violent outbursts of gas are more common in the potash mines
than generally assumed.
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—




e |

£, Tacn vioient outburst exposes an open vertical fracture. Due to the similar
alicnment of these fractures 3n a WNW direction, it is thoucht that the cas
is +r-apped in fractures which imay have been opened due to a cecloaical
facrtor such as the emplacement of a cike. If this is true, the Qas pressure
within these vertical fractures would have to be in eauilibrium with thne
horizgontal compaonent of the litholostatic stress, or approximately at 1300
psi cressure. Sudden release of such a hiagh pressure would dislodae and

move larae chunks of rock and machinery if cauaht in the outburst.

h. Smail emounts of aqas, often emanating in a cyclic period, have been
encountered in zones a few feet above the ceilinag and helow the floor of
W4]PF excavations. Chemical composition of this agas is similar to the cas

‘ound in potash mines, 600N feet stratigraphically ahove the WIPP repository.

7. Mo encounter of gas, not even small "poofs" have been officially reported
from more than 10,000 feet of excavations for WIPP., However, there are
nearsay accounts of such encounters.

8. There is a low probability of finding pockets of highly pressurized gas at
WIPP since none have heen encountered after 2 miles of drifts have been
excavated. However, the possibility cannot and should not be ignored. If
the hypothesis of gas filled fractures being at a pressure equivalent to the
horizontal component of lithostatic stress is correct, such fractures if -

encountered at WIPP, would result in a larger pressure drop than the ones at
sotash mines level,

Recommendations

The foliowing recommendations are made for future operations at the WIPP site.

1. Collect and publish the information on even minor encounters of gas “poofs"
during the WIPP excavations - their location, description, associated
fractures and any unusual geologic features in the vicinity. A form being
used by Kerr-!McGee mine for this purpose is attached as App. E.

2. Map any fractures and areas of excessive moisture seeps in the excavations.

27
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Continue the practice of drilling advance exploratory holes tefore cutting a
face with the continuous mining machines. These holes should be drilled

slanted uowards to intersect the clay layer ncar the ceiling,

install protective metal arating on the continuous mining machines similar

or better than the ones installed at the Kerr-McGee mine.
Check the mining machines for any loose parts which may get removed and fly
zbout in the event of an explosion. Remove or re-install such rarts to

prevent this possibility.

Establish procedures to not allow any unnecessary personnel near an
operating mining machine.
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cmail 0P
£ang & blow

ack Moved

Less than cne cu., f*%.

3
3

Setween 1 ft.” zna 3 cu. vd.

<

vocre than 2 cu. -2,

Floor
Niddle Mud
Top Mud

Salt

Location

“om No./B.T. HNo.

SIR RELIET RECCEAD

L)

i

Jooy oot

Full Fass
Half Pass
Face
Rib

Smell

JUD

D- tance & Direction from which intersection

O0tr -/Comments

Instructions

1. Mark only one tox under Size, and one under Rock moved

2. Gas seepiny from clay goes under Other/Comments

3. If rock moved, is larger than 1 cubic ft., notify the shi“t foreman who will

notify general foreman
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EEG-12

EEG-13

EEG-15

£EG-16

EEG-17

EEG-18

EEG-19

EEG-20

EEG-21

EEG-22

EEG-23

EEG-24

Fnvironmental Evaluation Group
Reports

(Continued)

Little, Marshall S. Potential Pelease Scenario and Radiological
Conseouence Evaluaticn or Mineral Resources at WIlPP, May 1382,

Spiegler, Peter. Analvsis of the Potential Formation of a Sreccia
Chimnev beneath the w[PP Renositorv, may, 1982.

Rard, Stephen T, Estimated Radiation Toses Resultina if an
Exploratory Rorehole renet-dtes a Pressurized brine zeservoir Assumed
to txist telow the WIPP Repositorv korizon, March 1982,

Radionuclide Release, Transpoort and Corseauence Modelina for WIPP, A

Report of 3 worksnab Held on Septemper 16-17, 1981, February 1982.

Spiegler, Peter. Hvdroloaic Analvses of Two Rrine Encounters in the
Vicinity of the Vaste Isoiaticn Pilot Plant (WIPP) Site, December

1982.

Spiealer, Peter. The Oriain of the Brines from ERNA-6 and WIPP-12
Stable Isotopes of Hvaroaen and (ixvaen, MHarch 1983.

Channell, James K. Review Comments on Environmental Apalvsis Cost
Reduction Proposals (WIPP/DUE-13h) July 1SRZ, November 19RZ,

Baca, Thomas E. An Evaluation of the Mon-radiological Environmental
Problems Relating to the WIPP, February 1983.

Faith, Stuart, et al., The Geochemistry of Two Pressurized Brines From
the Cast1le Formation in the Vicinity of the liaste Ikolat1on PiTot

Plant (WIPP) Site, April 1983.

EEG Review Ccmments on the Geotechnical Reports Provideu by NOE to EEG

Under the Stipulated Aqreement 1nrouah March 1, 1983, Apri1 1983.

Site, May 1983.

Neill, Robert H., et al., Evaluation of the Suitability of the WIPP

Neill, Robert H. and James K. Channell, Potential Problems From
Shipment of Hiah-Curie Content Contact-Handled Transuranic (CH-TRU)

Waste to WIPP, Auqust 1983.
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Mr. President, critics of S. 717 have
claimed that the imposition of civil pen-
alties 18 & punitive measure, that it is an
attempt to punish operators who do not
comply wih the act's requirements. Well,
in my mind this is merely a question o_t
attitude. I prefer to think of the civil
penalty as a means of encouraging coni-
pliance. not as a means of punishing
disobedience.

We have seen. in recent years, a much
greater improvement in the rates of
fatalities and serious injuries in the mun-
wg of coal. than we have seen in noncoal
mning. 1 believe that the civil penalty
system under the Coal Act is a major
factor contnbuting to this improvenent
in- what we are really getting at—the
safety and health of our Nation's miners.

S. 717 provides a streamlined proce-
dure for the collection of these penalties
wnie insuring fairmess to the parties.
The bill providas a procedure which en-
ables the quesuons ansing out of civil
penaities 1o be litigated quickly and with
finality.

Under this procedure. an independent
administrative tribunal assesses the pen-
gities, and review of penaity assessments
1s based on a substantial evidence test.
the prevalent test for court review of ad-
ministrative determinations under our
system.

We know, however. that there is 2
hard core group of operators for whom
civil penalties provide little encourage-
nent to comply with the requirements of
.he law. These operators apparently find
1t easier, and perhaps cheaper, to simply
pay penalties rather than do what they
must to get their mines in shape and
provide true and lasting protection for
their workers.

That was the situation the commitiee’s
{investigators found at Scotia—a pattern
of habitusl violations of the act's re-
quirements which would be cited by the
mnspector and abated by the operator.
But the operator would then permit the
mine to lapse back into violation. expos-
ing miners to these risks all over again.
This was repeated. ) .

At Scotia there were 62 ventilation vio-
lations in the 2 years prior to the explo-
sion. It is lkely that it was just this im-
proper veatilation which was instrumen-
tal In an explosion of accumulated
methane gas.

This bill provides two new enforce-
ment procedures addressed to these situ-
ations. One is a new closure order se-
quence. which is triggered by the finding
that a pattern of violations exists in a
mine which could substantially and sig-
nificantly affect the health and safety of
miners.

This new mechanism permits the Sec-
retary to issue an order closing all or
the affected portion of a mine every time
another such violation is found. until an
inspection of the entire mine indicates
that there are no more violations of the
*vpe which established the pattern.

The other new sanction available in
»uch situations permits the Secretary to
ask a Federal district court to fashion
appropriate relief in cases of chronic and
habitual violations of the act by opera-
tors.

Mr. President. I think these new en-
forcement tools are true responses to the
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inadequacies of enforcement in our
present law which the Scotia tragedy so
clearly demonstrated.

W S. 717 nddresses the inadequate en-
forcement of our mine safety laws in
another way. It transfers responsibility
for the enforcement of this progran: to
the Department of Labor.

™n the committee’s judgment. the te-
sponsibility for insuring workers' health
and safety iogically belongs with the De-
partment whiti. has as its overall duty
the responsibility of safesquarding
workers' rights. Yet the committee rec-
ognizes that maner health and safety
calls for porticular expertise and a spe-
<ial expenditure of effort. It is for that
reason that S. 717 insures that the mun-
ing enforcement agency will maintain its
independence within the Labor Depart-
ment.

Further, in order to insure that the
mine safety and health program will not
be denied the technical mining expertise
of the Bureau of Mines, the safety re-
search and training functions which are
integrally related to this technical ex-
pertise are retained in the Interior De-
partment. Under this arrangement, the
Secretary of Labor will be able to deter-
mine his safety research and training
needs, and arrange to have the appro-
priate research and training done by the
Interior Department. The considerable
skill and experience of the Bureau of
Mines will thus continue to be directed
toward furthering the health and safety
of our Nation's miners.

Mr. President., there will he charges
that this attempt to improve the health
and safety of our Nation's miners will be
costly to the mining industry and that
the cost to the consumer of energy and
mineral products will increase. Possibly
thatis the case.

Mr. President, we must consider the
cost we now pay in human suffering. One
death and sixty-six disabling injuries
every working day is a cost which no
civilized society should permit itself to
pay for extracting minerals.

Our country is now turning to address
our natural energy shortage. The Presi-
dent has siready sent to us a compre-
hensive plan to increase the development
and exploftation of our energy and min-
eral reserves. I believe that an effective
mine safety and health program must
be put in place first—and must be the
firm foundation upon which we will build
our national energy program. Otherwise.
we will continue to pay for our energy
and minerals with the dreadful currency
of human lives and limbs. .

Our national energy needs should not
be met at the expense of our Nation's
miners and their families. With the pos-
sibility of greatly increased mineral
extractiof on the near horizon, the time
has come for reform of our inadequate
mine safety and health program. Our
miners should have to wait no longer.
Our Nation should want to wait no
longer.

Mr. President. this bill has the sup-
port of the President and his adminis-
tration,

The Secretary of the Interior and the
Assistant Secretary of Labor have told
the Labor Subcommittee that President
Carter considers the changes to our
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mine safety and health program made
by S. 717 to be essential, and of a high
priority.

Mr. President. the Commuttee on
Human Resources has felt this urgency
{or a long time.

S. 717 has been carefully drafted and
considered by the committee, and 1 am
glad that it 1S on schedule now for the
Scnate to make its determination.

Mr. President, I am happy to see that
the ranking member of our committee.
the Senator from New York (Mr.
Javirs), who has been one of the lead-
ing architects of all of our safety laws,
is now ready to advance another neces-

sary cause, S. 717, before the Senate now.

Mr. JAVITS. Mr. President, we have
before us today a bill. 8. 717—the Fed-
eral Mine Safety and Health Amend-
ments of 1977. which was unanimously
reported to the Senate last month by
the Human Resources Committee. I am
pleased once again to join the chairman
of the committee. Mr, WrnirLiaMs, in urg-
ing the adoption of a measure to bring
about a marked advance in the safety
and health of our Nation's working men
and women.

This bill is intended to strike a new
balance in the Ilongstanding antag-
onistic goels of maximizing production
of energy and mineral resources on the
one hand, and, on the other hand, af-
fording the maximum safety and heslth
protection for the workers who extract
those resources in what all recognize is
inherently a highly hazardous occupa-
tion.

With. greatly increased emphasis on
coal production to meet our future en-
ergy needs, we must be sure that acceler-
ated production is sccompanied by an
improvement in the rate of fatalities and
disabling injuries among miners. To this
end. the bill makes a number of improve-
ments in the standard setting and en-
forcement provisions of the Federal Coal
Mine Health and Safety Act of 1969.

S. 717 will at last also bring about a
balance in worker protection between
coal miners and other miners who have
been inadequately protected under the
far less comprehensive and stringent
provisions . of thee Federal Metal and
Non-Metallic Mine Safety Act of 1968.
With the enactment of this bill, all
miners, whether coal or noncoal,
whether underground or surface. will be-
afforded equal protection against the
hazards of their common occupation. To
trais end. the bill repeals the Metal Act
and vests all authority in the Secretary
of Labor under one new statute., which
nevertheless leaves intact the appro-
priate differences in standards between
the coal and noncoal operators in the
muning industry.

This bill is a product of extensive over-
sight activities on the part of the Human
Resources Committee thsat have cone
tinued over the past 7 years. The com-
mittee has investigated several of the
terrible disasters that have taken the
lives of miners during this period. The
Human Resources Committee has also
received a series of critical reports from
the General Accounting Office on the
state of the present mine health and
safety program.

After all of this careful examination,
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of the iube IS recuced to 0.45 cm. -'..‘:ne i3
Tot probagsted, except for o shor: distauce
om tde source of gzition, along a sube 0.36

2ose found in :he largest vessel Ior :he sare -
d.x:”:zon of prooagation.

Propagation iz Spherical Vessels.—Tadle 1
=nows toe uUmits lor _oropagation of ‘m
througrout mixtures of methane and ar =
closea spherical vessels of various sizes. T

v 4 e
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Frgure 15.~—Lower Limit of Mechaue lor V:'.riousDI_Direc:ion.s of Propagation of Flame in a Tube 2.25 Cx ia
ia:necer, : ’

Infueace of Turbuleace and Streaming
Movement on Limits of Flammabiiicy.—Whea o
small fan was rotated rupidly enough but not
too rapidly in methane-awr mixtures contained
in o 4=iter giode, the iower limic of methanc was
5.0 percent compared with 5.5 percent observed
for quiescent mixtures in the sarme vessel. If the
turoulence “was too violent, however, even a
3.6-percent mixture did not propagste more
than o short tongue of Same (83, 350).

A streaming movemen?: of the gas mixture
produces simitar effects on the lower limit. At
a speed of 33 20 83 cm. & second (G9 to 128 feet
o m:nute) Same was propagated o o 3.C2-per-
cent mothane-sir mixture but ot ol any speed
in o 5.00-percent mixture (286). ZIlence, under
annropraate conditions of movement af the go3
mixiure, he lower limit of methape 8 3.0 per-

.cent. The sgme Zgure was obtained when

movement of ile mIXIUTe Wwas Droducec OF
expansion cnuscd by its own -combustion ia
experinents on Lie pronpagution of Hmme rom
ciosed to opex end of a large vessel (. 137).

Qeiersnce may De mace 19 odservations of the
efecs of turduience, o somewhas diferens cir-

cumstances, on the lower limit of natural gesin
air (n. 113). ‘ .

I=Suence of Pressure.—No messursble
change in the limits of methane in air could be
discovered, either when the pressure was varied
petween 753 and 794 mm. (225) or, in the iower
Lmit for upward propagation of Same, waen
the Dpressure was varied from ! to 2.8 stmos-
sheres in a vessel of 11.3 liters capacity (211).

An interesting comparison has deen meade of
the efect of change in pressure irom 1 o 3
aumospheres on t2e limits with downward
and horizontal promegation in tubes 2 em.
dinmecer (285, 277). Wita downward prop.
agation, the Lmits charnge steadily from 5.00
cnd 13.00 mercent at 1 atmospilere to 5.40 and
1103 peresnr ot about O aimosphieres. Witk
borizontal propagation. the lower Lmit re-
matnec neariy constant (3.3 nercent) over this
range of pressure; the nigher Lmis rose stesciy
irom 13.31 pereeat at 1 armosphere to 16,17
merecnt ubt about 5.5 awrutosphicess. I Lthese
exporiments. therefore. the lower Lmis wity
Zor:zonial Dropagelion Wes Incnanged, sut
tha: Wil downward Dpropegeion imereased
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it WOITS OF TLAMDIABLITT OF CASKES aND va2Qns

the same ¢iTouITSTANCSs. JUL 2L TOOM t2mBeTh-
cure, the limmizig 5.l Dercent,

Izduencs of Sressurs at Various Tamzera-
mres.—Thie curves of Sgure 17 sow the lmuis
ot ’"'"'“:u;:jr of matiigne.air mINIUTIS ol
20°, 230°, and 300° C. 22 ai prassurss below
:::::ospner:c. The lmirs were observed 1 2
ciosed tude 2 cmm. n dlameter and 3Q ezl
gnov-l /79')

A mizsura of 2.1 Jercent methane iz air was

gzited DY succen co noression %0 SO 1.mosni\e"vs
_:ressure. wiichh proauced a lemperanit of
T33° C., and 2 mixiure of 53 percent e
at 118 atmosnneres and 340° C. &7

Influence of Impunites. —;‘m lower Lmit of
netnane in air, with downward propagation
of Jame, was rnised anout 1.3 pereent by iron
carzonyl (0. 03 ce. 'xoma mnomeo. per .iter).
The higner Lmic was reduced from 13.0 to
:0.5 percen: by the same qun.nni:? of Lon
cersonyl (325).

METEANZ N CXYGEN

h v‘-""'s of methane 1 oxygen, wWith
tpward Propagation of iame m 2 2-incn-
ciameter "'De open =t its lower end, are 3.13

’ ﬂ.:.c 530.5 percent (138).

sble .3 °’1VES other C‘.ECE."!'!II'I&U.O!‘.S of the
ODSQI‘V&C‘. i=iisof methaze in oxyzge:l.

TasLe 15.—Summary of other determinations of
limus of flammaoivy of methane in oxygen

Upward Prepegation of Fiame

, |
nm« ‘ e ?umu.muu -
D\lﬂtms Lanpy | u-mm;ur'.
::i m?Om- ! uf l ”
Horizautal Propegaton of Flame
25 xa!Om...-......?&nuli Py m

Dovwaward Prepagation of Fleme

281 .sol Omn... I a3 | o

PR S| =70 > - M 28

L . iy YR 93

Lot ; e Gis g0

P i “8, . Ld st 38

i ! 4a i 8 238
Propagation of la=e ia Glabe or 3omb

2.1 liters canasity ' fosed i ag! o

38 co. apac:ty 20, 5.0 297

A ce. Aapaaty 3 L i3

Induencs of Pressure. —The [imits of methene
2 ox7gea were 10t a.nnre::a.mv narrowed untii
the pressurs was :'ecuceo. beiow 150 mm. A

Toceraleiy strong igmiting speric wes used

’,‘.‘f\ Tt A armATmeAR = e -'-, T 2 A

25 Wik 3 stronzer shari the Hmiss did mot
-
:

colnaide umoi tie wressurs was recuced
0 mm, SO0V, A eurve as beanm ovtained
jor rosuits iz o bureste (S6).

Tae mizmer it is ingressed DY an izmcreass
of n»ressure avove aimospnere. Cno onser
vazion (330). incidensal 0 otiler worik. is :sas,
at 10 atnosnticces arTISULE, N MUTUr2 CORIA.
ing 71 nercent ...c"x....c ~1owxv Sropagaied
Zame.  In 2 smail homn 733) tha higner ime
rose rantalv [rom 33.4 percent at ! aimosplers
10 S1.7 percent at &0 a:mosp'neres, iZen siowty
to 84 opereent at about 143 atmosnheres;
Lhowever, the xm.\:u.es contnmeu aoous 43
pervent gitrogen, and the limits would be somes
what higher 12 pure oxygen. Combustion wus
far from compicte in sucht mixiures under
moderately hieh pressura,

Infuence of Temperature.—:In a 35=cc. ciosed
buib the limits were 6.2 and 37.1 at 13° C.
azd 3.1 and 57.8 a3 300° C. (207

Izfluence of Temperaturs at IHigh Pres.
sures.—As the tempernture is raised, the ores-
sure "ecu_rea to maite cerza:n mixiures of mern-
ane and oxygen idarmimaDie cecresses. Icr
example. the pressure iimit of a m:ixture con-
taining 81.7 percent metiiane ot o.r.rnosnnc
temperature was 50 aumospneres, but at 332°
C. it was only about 21 a.r.mosune"es (38).
Curves that snow the higner limit at elevated
temperaturcs and pressures are given In s
origizal paper.

METHANE IN OTHER ATMCSPHERES

Atmospheres of Composition Betwesz Air
and Pure Oxygea.—The limits of methane in
mixzures of nitrogen acd oxygen < icher in oXygea
than ordinary air have beer found as foU.ows
(1) In a ciosed giobe 2.5 liters in capacitv the
lower limit rose re«ulzu'iy from 5.8 percent in
air to 6.0 percent in osygea (267); (2) in s
horizontal ginss tube 2.5 em. in diameter, opea
at the firing end, t.ha lower limit {eil from 53
perccnc in air to 5.7 perceat in oxvgen, and the
bigher limit rose linearly from 133 in air 0
502 in oxyeen (189); (3) in & closed tube 1.9
cm. in diemeter the lower limit with downward
propagation of flame rose reguiariy from 6.15

erceat in air to 6.45 perceat in oxygen. T!
Lugper limit rose from !2 percent in air to 38
percent in a 62-percent oxygen mixture aad 32
percent in o 93-nercent oxygea mixsura (323).

Atmospherss of Air and Nitrogez (Air De-
ficceat in Oxygea).—Large-scaie exXperiments
with mixtures ot me'nane ar, and m:‘oonn bave

been madc in & tube 7 Leer. n length and 10 '

inches in digrmeter, wisk upward sropagatio

of Aeme from the open end of the wude; ne
mixuures throughous were at at=ospheric pres-
sure and wers saturated with wal ar vaor.
Thke range of observations scown = Zgzure 20
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48 LOOTS OF FLLUIUABILITY OF GASES AND VAPORS

cennot jorm-en expiosive mixture with air,  ain. and 2iTogen must ‘ol below it. The lins
wostever tne DropOrmons used, wierzas tne 3 is the line of lower limurs of Semmaniiizy of

—irure methane 2ad (I ke line o higher iimurs, 3
Pereem tie oxyges content fnils, 35 ana O appreacs

g‘:;::*‘-—- ------------- moscseseeses 2ach otaer ':.::.‘:‘.‘.':'::ey Teet 2t Z. No mumx

b iptututuiuintiniitdtiiifeeieie it - ne ran  *n ~mpne A——
T - P ) WhICD CORLLINS [ess QXTZeZ 2an Al come

sponcing with Zis axmiosive per se. Hug ail mx-
githougz =0t itseif axDiosive, mav form 2 sertes  iures i the ares BEC are wthin tde lmits af
of exiosive muxtures with atr.  Figure 22 zives  Sammeiniity and are thercfore explosive.
thig infermacion 2t 1 glance. Nex: consider eny mixturs {9 tde might of wha
Sxpiamatien of Figure 23.—rFigure 23 oxpiaing  line OIIF; for sxample, the miwsiire senresenteq
3gure 22. The straign: iize AD (8g. 25) repre- DY ke powt G. Join GA. Then G reprs
sents the cormposition of all mixtures of methane  sents the mixtures formed, in succession, as 4
ana pure air that comtain 2p =0 20 Dercezt  isdiluted with air. 3Because G4 passes through
methene. No nuxture of mewnane and air can the nrea BEC the mixture, as it 1s diluted W
{all above this iine, and ail mixtures of methane, air, Decom:cs explosive and remains so as jong

02 IN ORICINAL ATMOSPHERE. PERCENT
20 19 ‘3 17 16 15 14 13

' i
I I | 1 | -
‘ { {. Hempei pipects, 100 cc. capacity ¥

l { i 2, Tuba, 2.7 c. diam. 2§

SAac ? 2. 3omb, 2.5 litars capacity 5 -
| 4. Sphere. 2 litars capacity 32
I’ ! 3. Tube, 5.0.cm. diam., upward propagation 69
138, ! | | ! !

ENT

»
4

-
[

METHANE, PER(

0 ) 10 R 0 3 30 k) 40
ADDITIONAL NTTROGEN IN ORIGINAL ATMOSPHEERE, PERCENT
Frgrez 21 —Limits of Plammabilizy of Methane iz Mixtures of Air and Nitrogen; Comparison of Rasuizs Obtassd
in Saller Veaseis.
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48 LNITS OF TLAMMABLLITY

Cl' CASES AND Varous

OXYGEN, PERCENT

10
METHANE, PERCENT
Ficuns 23.—Explanation of dgurs 22,

All Atmospheres of Oxygen and Nitrogen.—
Limits of methane-in these atmospheres have
been determined with downward propagation
of S8ame in o 1.7-cm.-diameter tube (343).

Ar=ospherss of Air and Water Vapor.—QOb-
servations :hat show the small differenco in the
limits of methane in dry air anc i2 alr saturated
with water vapor at bo'u.zory temoerntures
are quoted under Efect of Small Changes in
Acmospaeric Composttion (p. 3).

The efect of la.r‘n amounts of water vapor
on :the.limits of methapne in air is snown
igure 22, The dete*:*.xmt.xons were igde in 2
'une 3 foet .n. length and 2 an"es in dm:necer
mm upward propagzation of B2ma at atmos-
Dheric pressure during propagation (57). Tor
each experiment the tube wans heated o the
temperaturs 2ecessary 0 maintsin the raquired
amouz: of waler vapor. Sence, oSt of the

. s mew e gem e, -

.would have beea 2 littls to the righ

observations were made at temperatures above
normal. Had it been possibie to experimesnt
gt normal temperature, the curve nronnblv
of the
c.m)on. dioxice curve over the lower-h.:mr. Tangs

and at the nose, but the two curves would bave
comc.aed over most of the tigher-imit racge

Simiiar experiments have Deez made in'a
c.osed 350-cc. spnerical vessel with a “"n.t"mi

' containing 97 percent metharne, 3 Dercent
'"zme Similer resuits were odtalrec, Wl
sormewhat smaller limits, whick met at about
6.3 vc'cewc gas in a :r._\:'u.re containirg about
30 percent oI water vapor (868).

A:...ospnert: of Air and Carbon Dioxics.—
Tigure 25 shows the iimits of methane in mix.
wures of air and caroon dioxide saturated wath
weter vapor. The tests were made in a. sude
T feet in length and 10 inches in cinmarer; wita

e mem e, -
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6 MINE GASES AND METHODS FOR DETECTING THEM

Colo., and Tintic and Part City, Utah. districts, as well as in numer-
ous other metal-mining regions.® ** Curbou dioxide is a constituent
of blackdamp, and traces of it (0.03 percent) are alwnys present in
normal air.

One-half of 1 percent (0.5 percent) of carbon dioxide in normal
air causes n siight increase in the lung ventilation; a man exposed
to this percentage of carbon dioxide will breathe a little deeper and
a little faster than when in pure air. If the air contains 2 percent
of carbon dioxide, the ling ventilation will be increased about 50
percent: if 3 percent, about 100 percent: if 5 percent. about 300 per-
cent, and the breathing is laborious: and 10 percent cannot be endured
for more than a few minntes.® Carbor dieride ir i o5 these ef-
fects when the oxygen content semains #LOUL ol Ldl AN L 2u0; 7%
is at rest. Moving around or working would naturally increase the
symptoms. and they would be much more dangerous than when a
man is resting.

Solid (dry ice) or liquid carbon dioxide sublimes or vaporizes
at 109.3° F. below zero.®* Liquid carbon dioxide is emploved in a
special permissible cartridge for blasting conl® und dry ice has been
used as a source of inert gus in fighting mine fires.

METHANE .(CH.)

Methane, also known as marsh gus. is one of the chief constituents
of firedamp. It is colorless, odorless, tasteless, nonpoisonous, and
flammable. .\s stated, methane is odorless: but, because it may be
accompanied by other guses that are odorous, the mixture may have
a distinct odor. Its commion occurrence in the old workings of mines,
where the air may be musty from decaying timbers and other impuuri-
ties, has caused many mining men to believe that methane has an odor.
The specific gravity of methane is 0.5545," and its weioht ner cnhie
foot at sea-level pressure and 70° F. is 0.042 pound. Mlethune is found
in almost all coul mines and occasionally in metal and other types of
mines and in tunneling operutions. In coal mines it may issue from
the cleats or cracks of the coul, from “blowers” or “feeders,” or from
overlying or underlying strata and often is released in large amounts
from the coal when irregularities, such as clay veins, “horsebacks,” or
faults, are encountered. In metal mines and in tunnel driving, me-
thane frequently is found when carbonaceous shales are penetrated and
occasionally is present by infiltration mnto metal mines at contacts or
near carbonaceous rocks. Methane may be generated by the nction of
certain bacteria on orgunic matter, such as mine timber, and explosions
have been caused by accumulated methane from this source while
flooded mines were being unwatered. The liberatior of methane from

™ Sayers, R. R., and others, Mine Rescue Standards : Duresu of Mines Tech. Paper 334,
1823. 4+ pp.

% McEiroy, G. E., Rock-Strata Guses in Mipes of the East Tintic Mining District, Utah:
Bureau of Mines Rept. of Investigations 22735, 1921, 3 pp.
T Denny, E. H., Marshall. K. L. and Fietdner, A. 8 Rock-Strata Gases of the Cripple

Creek District and Their Effect on Mining: Bureao of Mioes Rept. of Investigations 2863,
1828, 24 pp.

™ See footnote 23.
® International Critlest Tables, vols. 1 and 3, 192S.

® Tiffany, J. E.. A New Permissible Blasting Device : Bureau of Mines Rept, of Investico-
tions 2020. 1929, 8 pp

M Burreil. G. A.. and Setbert. F M. (revised by G, W. Jones). Sampling and Exawmination
of Mine Gases and Natural Gas: Bureau of Mines Bull. 197, 1926, 103 pp.
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the strata in mines may be a steady flow or a sudden ontburst.  When
present. it is usually found near the niine roof or in high places: but,
after becoming thoroughly mixed with uir, it will be found uniformiy
distributed across any cross section of u moving air current and will
not separate or stratify from still air. Methane may be detected with
a Hame safety lamp (preferably of the permissible type) and by vari-
ous other approved detecting devices. Methane has no specific physi-
nlogical edect upon man. but enough may accumulate in mine work-
ings to dilute the oxygen of the nir and produce atmospheres deficient
in oxygen. Deaths from asphyxiation have resulted from men un-
knowingly entering high concentrations of methane.

The common occurrence of methane and its explosibility when mixed
with air are directly responsible for numerous mine disasters. \ir
thut contuins 5 to 15 percent of the methane ** and 12.1 percent or more
~e ~vill explode 1f irnired.®

Slethare s et the OMUT culse ol ine explosions  Dry coal dust,
except anthracite, suspended in air is explosive. but coal-dust explo-
sions are propaguted more rapidly and more readily when methane is

yresent. even in percentages much below the lower explosive limit.
ll‘ests conducted in the Experimental mine of the Bureau of Mines
show that, under the most favorable conditions as to diffusion of gas,
point of ignition, and placement of coal dust, a uniform gas-air mixture
of 146 cubpic feet, containing approximately 13 cubic feet of methane
(about 9 percent of the mixture), if ignited, is sufficient to initiate a
weneral expiosion.® Although the conditions under which these tests
were conducted are rarely found in commercial coul mines, these ex-
periments clearly indicate the danger of igmting even a small quantity
of methane in the presence of coal dust.

Bureau of Mines engineers believe that 200 cubic feet, or possibly
less, of an explosive methane-air mixture can precipitate a general
explosion under conditions usually found in mines, if the mixture is
ignited in the presence of coal dust. The concentration of methane,
therefore, shou?d be kept as low as possible by proper ventilation. It
has been recormnendedp that the safest practice is to prevent the ac-
Cusmiuiacsun OF explosive mixtures and to keep the methane content of
every air current below 0.5 percent at all times.®

CLASSIFICATION OF COAL MINES IN RESPECT TO METHANE LIBERATION

The Bureau of Mines Pel(ilev_a.thnt all coal mines are potentially
gassy, but for purposes of admunistration in res to prevention of
explo;ions and fires the Federal Mine Safety gode (article V, sec.
10a) contains the following:

If and when a mine, subject to Title II of the Federal Coal Mine Safety Act,
is classified ss a gussy mine under the provisions of Title II of the Act. such

2 Values such as thesc (3 to 13 percent {n the case of methane) are said to represent the
.- nloalve or flammabie limits of a3 combustible gas in air. and percentages between there
litite «. <8id to be within the explosive or fammabdle range of the particular gay 1n ques-
tion. Gus-air mixtures containing the combustible gas in conceantrations beiow or above
the explowive Lmity will not propagnte ap explosion. Temperature. pressure, nnd the
presence of lnert dlluenis, such ax curbua dioxide or nitroged. affect the expionive linitts
of sanyv contbustible gms. ana 3 liwitm« VRIue exists for oxyZen content of the mixrure
below which an explosion is impossible, regardiess of the percentage of combustibie gas

resent,

e Coward. H. ¥.. and Jones, G. Y., Limits of Flamuability of Gases and Vapors : Bureau
of Mines Bull, 503, 1032, 144 pp.

1 Kice. G. 8. Greenwald. H. P.. and Howarth. H. C.. Explarinn Testa of Pirtsburgh Coal
Dunt in the Experhmental Mine : Burenu of Mines Bull. 5t 1933, 44 gn

3 Rice. G. S.. Sufety in Coal Mining : Bureau of Mines Bull. 277, 1823, 141 pp.




10 MINE GASES AND METHODS FOR DETECTING THEM

atmosphere containing a given concentration of carbon monoxide will
produce, other conditions being equal, a higher percentage of blood
saturation than will the same concentration of carbon monoxide in an
atmosphere of normal oxygen cuntent.

SYMPTOMS OF CARBON MONOXIDE POISONING

The symptoms caused by various percentages of carbon monoxide
in the blood * are given in table 3.

TaBLE 3.—Symptoms of carbon monozide poisoning

Blood saturation, percent: i Sympeoms
Otol0._ .. ... ... LTI

10t0 20 _ . ___.._..... Tightuess scroa. 7.~ Read nn=sibly headache.

20t030. ... Headache, throbuiuyg in renp...

0tod40. .- Severe headache, weakness, uiszinesr, dimues
vision, nausea and vomiting, and collapse.

40t050. ... ._.... Same as previous item with more possibility of
coltapse and unconsciousrness, increased pulse and
respiration.

50to60. . _._._._.. Unconsciousness, increased respiration and pulse,
coma with intermittent convulsions.

60to70. .. .. ...- Coma, with intermittent convulsions, depressed
heart action and respiration, possibly deatn.

70to 80, L. .o...C Weak puise and slowed respiration, respiratory

failure, and death.

The symptoms decrease in number with the rate of saturation. If
suddenly exposed to high concentrations, a man may collapse before
he experiences any warning symptoms.” The rate at which a man is
overcome and the sequence 1n which the symptoms appear depend on
several factors—the concentration of gus, the extent to which he is
exerting himself, the state of his health and individual susceptibil®,,
and the temperature, humidity, and air movem~:t tu W1l he 1s
exposed. Exercise and high temperature and humidity, with little
or no air movement, tend to increase respiration and heart rate and
consequently result in more rapid absorption of carbon monoxide.
Under conditions that may be encountered in mining, interest centers
mainly on the symptoms of “acute” carbon monoxide poisoning that
may develop rather suddenly upon exposure to high cuucentrations
of the gas. However, prolonged exposure to low concentrations u.
carbon monoxide that do not produce immediate, serious effects (some-
times referred to as “chronic” exposure or poisoning) may result in a
continual feeling of tiredness. headache, nausea, palpitution of the
heart, and sometimes mental dullness.
In severe cases of carbon monoxide poisoning that result in pro-
longed unconsciousness, with accompanying depletion of the normal
supply of oxygen to the body tissues, permanent damage may be suf-
fered, particularly by the brain, so that the victim, although sur-
viving, may do so with impaired mind. suffering loss of memory and
aralysis or sensory defects.® Such effects are not caused specifically
y the carbon monoxide but rather by the prolonged lack of oxvgen

® Sayers, R. R.. and Yant, \W. P.. The Pyrotannic Acld Methad for the Quautitative
Determination of Carbon Monoxide in Hlood and in Air. Its Use In the Diaznposis and
Inveatieatiou of Cases of Carbon Monoxide Polxoniug: Bucreau of Mines Techi. [apee
373. 1925, 1S pp,

® Henderson, Y., and Hagrard. H. W.. Noxlous Guses and I’rinciples of Kespiration In-
fluencing Thelr Action : Reinbold Publizhing Corp.. New York, 1943, 294 pp.
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SOURCES, CHARACTERISTICS, AND PHYSIOLOGICAL EFFECTS 11

in the tizsues and may result from asphyxia (unconsciousness caused
by lack of oxygen) from any cause.

“The physiological effects of various concentrations of carbon mon-
oxide and the significance of time of exposure * are given in table 4.

Taser +—Physiological effects of carbon monoxide

Counceutration of carbon
:nonoxide, percent by

volutme: Physiological effects
G0 . Allowable for exposure of several hours.
04t00.05. . __.._ Can be inhaled for 1 hour without appreciable effect.
O6to 07 ... ... Just noticeable effects after 1 hour exposure.
A0 to 2o Lo .Lo Unpleasant, but probably not dangerous after !
hour exposure.
A3to 20.... ... Dangerous for exposure of 1 hour.
A OrImeve L Deatn in leas than | hno.r,
TlooZue 7 leeugmized maximum allowable concentration ¢ for

.. 2-..... .posure to air containing carbon monoxide and with
wormal ox = content is 0.01 percent (100 puarts of carbon monoxide
per miilic  parts of air, by volume). Somewhat higher concentra-
tions may e considered allowable for shorter periods of exposure.
For exam' ie. in the ventilation of vehicular tunneis. the maximuni is
venerally et at 0.02 percent, as based upon the exposure of trafhic
officers in ternate 2-hour periods over an >-hour shift.

HYDROGEN SULFIDE (H.S)

Hydrozen sulfide—called stinkdamp from its odor, which resem-
Les that «f rotten eggs—is a colorless gas and is usually a product
of the decomposition of sulfur compounds.®* It may be produced
also by burning explosives containing sulfur and may be liberated in
using black blasting powder or dynamite in blasting sulfide ores.
Hydroren sulfide is also found in large and extremely toxic amounts
e ettt gas and oil from certain fields. and it is frequently
found in gypsum mines. Occasionally, though rarely, it has been
found issuing with methane from gas blowers or feeders in coal
mines,® and in numerous instances it is carried into mine workings
by water, in which it is easily dissolved. Enough has been found in
coal mirc; during normal conditions to cause severe eye irritation.
1 he specific gravity of hydrogen sulfide is 1.1006,4 and its weight
per cubic foot at sea-level pressure and 70° F. is 0.080 pound. Rir
that contains 4.3 to 45 percent of hydrogen sulfide will ignite when
subjected to ordinary flames and will explode.® Hydrogen sulfide is
very poisonous; wherever it exists the possibility of poisoning is

 See footnote 9.

O American Medical Assoclation Archives of Industrial Hygiene and Occupational Medi-
cine. American Conference of Governmental Industrial Hyglenists, Threshold Limit Valuex
for 1933 : Vol. 8. 19533. pp. 296-207. .

< Sayers. R. R.. Mitchell, C. W., and Yant, W. P, Hydrogen Sulfide as an Industrial
Polson : Bureau of Mines Rept. of Investigations 2491. 1923, 6 pp.

9:1Snyen. R. R., and others, Mine Rescue Standards: Bureau of Mines Tech. Paper 334.
1823, 44 py.

« Burrell. G. A.. and Selbert, F. M. (revised by G. W. Jonex). Snmé)ling and Examination
of Mine Gares und Natural Gas: Bureau of Mines Bull. 197, 1026, 108 pp.

‘s Coward. H. F., and Jones, G, V., Limits of Flammability of Gases apd Vapors: Bureau
of Mines Rull. 303, 1932, 144 pp.
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12 MINE GASES AND METHODS FCR DETECTING THEM

present. The physiological effects attending exposure to various con-
centrations of hydrogen sulfide in air ** are given in table 5.

TaBLe 5.—Physiological effects of hydrogen sulfide

Concentration of hydrogen

sulfide, percent by volume: Fffecte

0.005t0 0.010______._. Subacute poisoning—siight svmptoms, such as
mild conjunctivitis (eye irritation) and respira-
tory tract irritation after 1 hour exposure.

i ) sadiiedeaing Tt S

B

02¢t0 03_.________. Subacute poisoning—~—marked conjunctivitis and
respiratory tract irritation after 1 hour exposure.

05t0 O7_..___._..._. Subacute poisoning—dangerous in ¥ to 1 hour.

O7te .10.._____.... Possible acute poisoning—rapid unconsciousness,
cessation of respiration, and death.

.10 to .20 or mnore__. Acute poisc....a rapid unconsciotoness sezc 0
of respiration, an. dead. in 2 7 L guail .

The generally recognized maximum allowable concentration of hy-
drogen sulfide 1n the air of working places is 0.002 percent by volume
(20 parts of hydrogen sulfide per million parts of air) during an 8-hour
exposure.¥’

Hydrogen sulfide acts mainly as an irritant in subacute poisoning
caused by concentrations up to about 0.07 percent; and irritation of
the eyes, ranging from mild to severe depending on the extent and
intensity of exposure. is the most common symptom. In higher con-
centrations acute poisoning occurs, which is far more dangerous than
the subacute effects, as systemic potsoning results, which may have a
ceneral action on the nervous system and cause almost immediate
respiratory paralysis and death. Experiments have shown that dogs
exposed to concentrations of hydrogen sulfide ranging from 0.1 to
0.2 percent collapsed and ceased breathing in about 1 minute. If the
dogs were withdrawn from the contaminated atinosphere at once and
given artificial respiration they were revived and in a matter of
minutes showed no 1ill effects of the experience. This demonstrates -
the need for immedinte rescue, removal to fresh air, and resuscitation
of persons overcome by hydrogen sulfide, although 1t must be empha-
sized that many persons have lost their lives in attempting to rescue
victims of hydrogen sulfide poisoning by entering the contaminated
atmosphere without respiratory protective equipment. If there is any
evidence or saspicion that hydrogen sulfide 1s present, respiratory
protective equipinent should be worn by persons entering the affected
uren. Although hydrogen sulfide has a distinctive odor, the sense of
smell cannot be relied upon as a means of detection because after 1
or 2 inhalations the olfactory nerves become paralyzed and the odor
of hydrogen sulfide can no longer be detected.

In addition to eye irritation, low concentrations of hydrogen sulfide
produce symptoms of subacute poisoning, such as headache, dizzi-
ness, excitement, nausea or other disturbances of the stomach and
intestinal tract, dryness and sensation of pain in the nose, throu:, and
chest. and coughing.** The acute effects of high concentrations ol

“ Yant, W. P.. Hrdrogen Sulfide In Industry; Occurrence, Effects, and Treatment: Am.
Jonr. Pub. Fealth, vol. 20, 1930. pp. 595-608
sT American Medical Associntion Archives of Industrial Hyiiene and Occupational Medi-
cine, Americnn Conference nf Governmental Indnstrial Flygienists. Threshold Limit Values
for 1733 Vol. 8, 1933, pp. 296-297,

Slatty, PO foduxerial Hygene und Toxicology @ Vol. Il lutersctence Publishers, Inc,,
New York, 1049, 750 pp.
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SOURCES. CHARACTERISTICS, AND PHYSIOLOGICAL EFFECTS 13

hvdroren sulfide, as described above. are 1mmediate and decidedly
danoserous.

ETHANE (C.H), PROPANE (C,H,), AND BUTANE (C.H,,)

[ithane, propane. butane. and other heavier (higher molecular
weizht) members of the metnane or paratin-hydrocarbon series are
rolponents of natural «as but are not found normalty in coal mines,
except possibly in truces. The specific gravity of ethane 1s 1.0403,
of propane 1.3625. and of butane 2.0100.*® and the weights per cubic
foot at sea-level pressure and 70° F. are 0.070 pound for ethane, 0.117
pound for propane, and 0.151 pound for butane. These guses are
~ometimes present in small quantities in assoclation with methane in
rases from mine fires and explosions. They tend to increase the ex-
~tsibility, because their lower lmits of flammability are less thau
dar ey T Ll tsaadiy They are not present in amounts large
enough to ve dangerous or even to be detected readily. However,
when over 1 percent of these “higher hvdrocarbons” is found in a
wine, lenkage from a gas or oil well is sugzested.  Air that contains
3.2 to 12.5 percent of ethane is explosive. For propane-air mixtures
the corresponding limits are 2.4 to 9.5 and. for burune-air mixtures,
1.Y to S.4 percent.*®

OXIDES OF NITROGEN (NO. NO., ETC)

Oxides of nitrogen are formed in mines by burning, by afterburning,
and. under certain conditions. by detonation of high explosives. They
are also components of the exhaust of diesel and gasoline engines and
ave tormed by the reaction of atmospheric oxygen and nitrogen in the
air in close proxinity to electric arcs and sparks. Oxides of nitrogen
are produced also by burning or decomposition of nitrates and nitrated
materials. Nitrogen forms several oxides—N.O, NO, NO,, N,0,,
N.0;, and N.O;. 6f these, only nitrous oxide (N,O) is harmless and is
sometimes used as an anesthetic. The others are toxic. The most com-
monly occurring toxic oxides of nitrogen are nitric oxide (NO) and
nitrogen dioxide, which occurs in two forms (NO, and N,O,), depend-
ing on the existing temperature. Nitric oxide does not exist in sig-
nificant amount in the air, as in the presence of moisture and oxygen it
is oxidized to the dioxide. Therefore, when air samples are analyzed
for oxides of nitrogen the results usually are reported in terms of
nitrogen dioxide (NO,), as such designation gives proper evaluation
of the toxic properties of the atmosphere. Nitrogen dioxide is brown-
ish red but is not visible, particularly in dimly lighted places, in low
concentrations, which nevertheless may be quite toxic. Oxides of
nitrogen, in their several forms, are believed to contribute to the
powder-fume odor that follows blasting with high explosives** The
specific gravity of nitrogen dioxide is 1.5894.3? and its weight per cubic
foot at “ia-ievel pressure and 70° F. is 0.119 pound.

» Burrell. G. A.. and Seihert, F. M. (revised by G. W. Jones). Sampling and Examination
of Mine Gnsex and Natural Gas: Bureau of Mines Bull. 197, 1926, 105 pp.

M Coward, H F., and Jones. G. W., Limits of Flamnmability of Gases and Vapors: Bureau
of Mines Bull. 503. 1932, 144 pp.

“Gardaer, F. 1), Howell. S, P.. and Jones, G. W., Gases From Blasting in Metnl-Mine
Drifts : Durean of Mines Bull. 287, 1927, 96 pp.

= Dorrell. G. A.. and Seibert. F. M. (revi<ed by G. W. Jones), Sampling and Examination
of Mine Gases und Natural Gas: Buresu of Minen Bull. 197, 1826, 108 pp.
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INTRODUCTION

This report is based on an inve@tigation made by the writers, who through
the Director of the Bureau of Etées were assigned by the Assistant Secre-
tary--Mineral Resources, Department of the Interior to undertake a full
scale investigation of the explosion. As part of the investigation, sur-
vivors, many employees, and officials were interrogated informally to
secure information on the expldasion, to ascertain events prior to the
explosion, and to learn of praétices which might have set the stage for
the disaster. This hearing wasg conducted as a result of a request to the
Honorable George Dewey Clyde, Governor of Utah, from Assistant Secretary
John M. Kelly, Department of tle Interior (see Appendices A, B, and C).

A gas explosion occurred in thé Cane Creek mine about 4:40 p.m., Tuesday,
August 27, 1963. Twenty-five men were underground at the time; 18 died
from the flame, forces, or aspayxia:ion. Three men erected a barricade
near the face of 2 south and died behind it. The other 7 men erected a
barricade in 3U drift; 2 of thdse men left the barricade and traveled to
the shaft station where they wdre met by a rescue crew and brought to the
surface at 11:55 a.m., August 28, about 19 hours after the explosion
occurred. The other 5 men remdined behind the barricade until a recovery
crew contacted them and they reached the surface without assistance at
6:30 p.m., August 29, about 50 hours after the explosion. A surface em-

. . . . . i . .
ployee received minor injuries|and was hospitalized.
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The names of the victims, survivors, and the injured surface emplovee,
their ages, marital status, occupations, and number of dependents are
listed in Appendices D and E of this report.

Bureau of Mines investigators believe the explosion originated in the
shop area where an explosive mixture of combustible gases was ignited by
electrical arcs or sparks, open flame, or heaced metal surfaces. Forces
of the explosion extended to the shaft station, up the shaift to the sur-
face, and throughout the greater part of 2 south and 3U drifts.

GENERAL INFORMATION

The Cane Creex mine, Potash Division of the Texas Gulf Sulphur Company
is in Grand County about 20 miles southwest of Moab, Utah, by road, and
is reached by paved State Highway 279, The mine is served by the Denver
and Rio Grande Western Railroad, and is being developed on State and
Federal land.

Officials of the Texas Gulf Sulphur Company are:

Claude O. Stephens President and Chief Executive Officer,
New York, New York

Zr. Charles F. Fogarty Senior Vice President, New York,
New York

rrank E. Tippie General Manager, Moab, Utah

J. F. Henderscn General Superintendent and Acting Plant
Superintendent, Moab, Utah

K. J. Kutz Mine Superintendent, Moab, Utah

R. J. Ferranti Assistant Plant Superintendent,
Moab, Utah

Officials for Harrison International, Incorporated dealing with the Cane
Creek project are:

NMathaniel Harrison Chairman, Miami, Florida
Patrick Harrison President, Miami, Florida
Norman Harrison Project Manager, Moab, Utah
George E. Smith Chief Engineer, Moab, Utah

A. W. Trenfield Mine Superintendent, Meoab, Utah

The mine is in the development stage and production of ore has not teen
started. A contract for the sinking of the shaft and driving the develop-
ment grifts in waste to the ore body was given to the Harrison International,
Incorporated, of Miami, Florida, and practically all work being done at the
time of the explosion was by the contractor. Llikewise, most underground
employees were the contractor's. The work schedule was 7 days a week, 3
shifts a day. The average underground employment for Harrison International,
Incorporated was 80 men, divided approximately into 30 men on day shift and



25 men each on swing and gravey@rd shifts., Engineering and maintenance t
of some equipment was provided Texas Gulf Sulphur Company. There were

many occasions for personnel of the Texas Gulf Sulphur Company to enter

the mine, such as for ventilatign checks, temperature readings, gas testing,
and for collecting other pertingnt data. Texas Gulf men worked underground

in the shop regularly onm 2 shifgs daily.

H
The mine is opened by a circulan shaft 22 feet in diameter, inside the
concrete lining. The shaft is 2,789 feet in depth; the station is 2,712
feet below the surface. Four sinking buckets, equipped with crossheads
and rope guides, were used in the shaft sinking operations and are now used
to hoist mock and handle men and materials. Two main development drifts,
designated 2 south and 3U and pgralleling each other, were advanced about
2,080 and 3,170 feet, respectively, from the shaft station. The 2 south
drift was driven downgrade 10 pg¢rcent from the No. 1l crosscut, a short
distance from the shaft. The 3y drift driven downgrade 14 percent is offset
slightly but is a continuation ¢f 1 south drift driven 10 percent downgrade
from the No. 1 crosscut for a distance of about 360 feet, then level for a
distance of 800 feet to the stagt of 3U which was driven downgrade 14 percent.
The face of 3U was within one of two rounds of intersecting the potash bed,
which averages 1l feet in thickfiess and dips 15 percent northeasterly as i
determined by test drilling. !

Strata over the potash bed is v@riable and consists of salt and various
clastics. The floor is salt.

A regular Federal inspection of this mine was made November 28-29, 1961,
when the shaft was at a depth of 840 feet. In addition, four separate
investigations of fatal accidents were made by Bureau of Mines personnel
prior to the explosion.

MINING METHODS, CONDITIONS, AND EQUIPMENT

Mining Methods: Mine projectiohs show that a2 block system of mining will
be followed when the potash bed is reached. Development at the time of
this occurrence consisted of drjiving the two aforementioned drifts, 2 south
and 3U. In addition, a ventilation drift was used for a temporary shop

and drifts for ore bins and conveyor ways were partly developed (see Appendices
G, H, and J). i _

The presently developed drifts, when driven in salt, were 18 feet wide and

6 feet high on the walls and the back was arched so the center was 8 feet .
high. When driven in other than salt, the drifts were blasted 17 feet wide .
allowing for a total of l-foot {sloughing on the two walls. Reportedly, the =
contractor's plens required that in salt formation the face be undercut its
full width to a depth of 1C fegt. However, the shift or crew leaders used



their judgment concerning depths and widths of the undercuts, rather than
follow the stipulated requirements. Undercutting was done only in salt

formations.

The salt back was generally self supporting, but rock bolts were used
sporadically where necessary. Rock bolts and chain link fencing were
installed for support in other than salt back, and steel H-beam arch

sets were installed in shales where the back was poor. Rack bolting was
as follows: Rock bolt holes, 1% inch in diameter, were drilled with
compressed-air stopers. The bolts were 6 feet in length and 3/4 inch in
diameter. Expansion shells were used to anchor the bolts and the bearing
plates were 6 inches square by %-inch thickness. The bolts were tightened
with the stoper. Chain link fence wused was 25 feet long by 6 feet wide.
The sections of chain link fence were held tight against the back by 3
rows of bolts installed widthwise in the drifts, 7 bolts to the row. The
bolts were about 2% feet apart widthwise and 2 feet apart lengthwise.

The chain link fence sections overlapped so that the rows of bolts along
the edges caught both sections. Pull tests were not made to test the
effectiveness of the bolts nor were torque readings made.

The drifts were developed with mobile loading machines.

Explosives: Blasting was done with 40- and 60-percent dynamite, regular
delay detonators, and nonpermissible blasting machines. The detonators
were O to No. 14 delays with 12-foot long copper leg wires, and the shots
wvere blasted from stations in the drifts. All blast holes were bottom
primed, but stemming was not used.

Reportedly, the explosives and detonators were transported from the surface
magazines in their original containers to the shaft collar, lowered in the
sinking buckets to the shaft station, from where they were transported in
Diesel-powered shuttle cars to the storage locations in the various drifts.
At times detonators and explosives were transported together. N

Explosives and detonators were stored underground in separate recesses
along the walls of the drifts, and reportedly underground storage was
limited to a 2-day supply. During the investigation, containers of oil
and rock bolting materials were stored with the detonators. A wooden
detonator box was provided but the 1id was open with detonators stacked
on the 1id. In 3U drift, 2 cases of deteriorated explosives and 3 bags
of AN/FO explosives were in the explosives storage area.

According to the contractor's representatives, blasting was about as
follows:

When undercutting was done, blast holes were drilled in a pattern about
2% feet apart horizontally and vertically in the center of the place and



at lesser distances between the cpncer and the walls. Blast holes in
places that were not undercut werle drilled on about 2-foot and 2%-foot
vertical centers at the walls and vertical center line, respectively.
Horizontally, the blast holes at ithe bottom and top were about 4 feet
apart. Holes were drilled on abdut l-foot centers around the four burn
cut holes that were drilled in the center of the face. Blast holes were
drilled 10-, 8-, and 6-feet deepgdepending on whether the strata were con-
sidered good, fair, or poor, resgeccively. Blast holes were fired on shift
with men underground. ,

The cycle of mining called for uqdercutting (when in salt), drilling, blast~-
ing, and loading. However, therq were times when the blast holes were
charged with explosives while undercutting and drilling were in progress.
After the explosion, officials of Harrison International stated that all
shots not in salt would be fired| from the surface when all men were out

of the mine.

Vencilation and Mine Gases: Ventilation of the mine at the time of the
explosion was temporary, becausejonly one shaft was available and a

dividing partition wall was not yet installed in the single shaft. Intake
air was directed into the mine by means of metal tubing. Two sets of 3 Joy
Axivane, 40-horsepower fans connected in tandem, were located on the surface
near the shaft collar and operated blowing. One set of the fans provided
intake air for the 2 south drift} and the other set of fans provided the
intake air for 3U drift. The intake air was conducted from the fans through
26=-inch diameter spiral steel vept tubing extending from each set of fans
down the shaft and along 1 southjand 2 south drifts, distances of 200 and
325 feet from the shaft statiom in 2 south drift and 1 south drift, respec-
tively. At these locations, 36-inch diameter corrugated galvanized metal
tubing was connected to the 26-1pch tubing and extended into 2 south and

3U drifts.

In an effort to increase the amopnt of air being delivered to inby ends
of the tubing, booster fans of the same size as those on the surface were
installed in the 36-inch metal tubing at 900- to 1,050-foot intervals,
Such installations are conducivel to recirculation of air in the event of
damage to and/or leaks in the tuting. Such damage and/or lealis in the
tubing would occasionally occur fn installation and during movement of
shuttle cars in the same drift. | Two booster fans were installed in the

tubing in 3U drift and one such kan was installed in 2 south drift,

Four 15-horsepower Axivane fans without tubing were installed at electric
power load center locations to provide & cooling effect on the load centers
by forcing air over or by pulling air past them. Obviously, such installa-
tions resulted in recirculationtof the air. .



In addition, a l5-~horsepower Joy Axivane fan without tubing was suspended
near the back at the beginning of the return air flow through the 3 south
shop area to increase air velocity in the shop. To provide a volume of
cool air for this fan, compressed air was fed through a 3/4-inch diameter
hose into the fan intake and an additional supply of compressed air was
released in the shop area through a second 3/4-inch diameter hose., A check
curtain was installed in the shop inby the fan, reportedly to prevent smoke
from blasting from entering the shop. This check curtain would have made
recirculation of air by the fan in the shop inevitable, although shop
employees stated the curtain opened somewnat while the fan was operating.

Air readings recorded on a ventilation map by Texas Gulf Sulphur Company
were: On August 16, 1963, 14,500 cfm returning along 2 south as determined
by smoke cloud velocity tests made about 475 feet inby No. 1 crosscut.

The metal tubing extended into 2 south for 1,350 feet inby this point.

The end of the metal tubing was about 60 feet from the face and flexible
rubberized tubing extended toward the face from that point. On August 19,
1963, 12,500 cfm of air was returning from 3U as determined bv smoke cloud
velocity measurements made in 3U drift about 850 feet outby the present
working face. On August 20, 1963, 15,900 cfm was returning from 3U drift
as determined by smoke cloud velocity tests made in No. 1 south about 550
feet inby No. 1 crosscut. The metal vent line was extended to within

125 feet of the face of 3U; flexible rubberized tubing extended from the
end of the metal tubing to within 50 feet of the face. Two booster fans

were installed in the metal tubing inby the point of the last air measure-
ment.

The temperature readings, recorded in connection with air readings in 3U
drift on August 19 and August 20, 1963, were 104° and 100° Fahrenheit,
respectively. Temperature readings were not recorded in connection with
the air measurement in 2 south on August 19, 1963. Recorded random mine
temperatures in 3U drift on August 27, 1963, ranged from 102 to 105 degrees
Fahrenheit. A temperature reading of 98 degrees Fahrenheit in the shop was
also recorded the same day.

Early during shaft sinking operations, crude oil was encountered, and
sbout 11:00 p.m., on July 31, 1963, four men were burned when combustible
gas was ignited in 3U drift. These occurrences were not reported to the
Bureau of Mines, but were reported to a state mine inspector. The combus~
tible gas emitted from a rock bolt hole and was ignited when one of the
workmen attempted to light a cigarette with the flame from a cigarette
lighter; flame flashed throughout the area and flame continued to burn in
crevices and the muck pile until the next day. The gas emitting from the
hole and muck pile burned until 5:00 a.m., August 1, when the flame was
extinguished. It was extremely hot while the gas burned. Following this
ignition, examinations for combustible gas were increased, and a "o Smoking"
Tule was put into effect underground.



Following the July 31 explosion; additional flame safety lamps were issued,
but questioning of employees reﬁealed that some had not been properly in-
structed in the use of these 1a§ps.

Also, Lests for combustible gas were made by persomnnel of the Texas Gulf
Sulphur Company, using permissiljle electric methane testers and permissible
flame safety lamps. The results$ of tests were included in memoranda on the
subject "Shift Summary" starting on August 5, 1963. Following are examples
of '"Methane Reading' notations 3ncluded in the memoranda:

i
i

August 5, 1963 - Methang in 3U: 0.2%
August 6, 1963 - Sequenge of methane readings in 3U:

Day shift ! 0.1%

Swing shift ! Blast face at 5:30 p.m.
6:00 p.m. ? 4.0%

7:30 p.m. | 2.0%

10:30 p.m. | 0.87

11:00 p.m. 3 Nil

|
During the period August 7 throQgh August 26 gas in amounts ranging from
0.1 to 5.0 percent was found at various locatioms.

During the recovery work and in*estigation, tests made for combustible gases
by a company official and State|and Federal investigators, using permissible
flame safety lamps and permissiﬂle methane detectors, showed combustible gase.
ranging from 0.2 percent along i south at No. 4 crosscut to an explosive mix-
ture at the face. Combustible gas in the amount 0.2 to 1.5 percent was de-
tected along 3U from its entrange to within about 600 feet of the face. Fol-
lowing the explosion, ventilatidn was eventually provided by increasing the
compressed airflow into 3U and groving compressed airflow into 2 south. This
was the only means by which thede areas could be ventilated sufficiently to
dilute and remove the combustible gases from the mine until such time as the
fan ventilating system could be|restored and improved (see Table 1, Compositin
of Mine Air Samples Taken At the Cane Creek Mine After Explosion on August 27
1963, and Table 2, Representati?e Composition of Hydrocarbon Gases Reported ‘as*
Total Hydrocarbons in Table 1).%

Permissible flame safety lamps were carried by the shift leaders (walkers)

of Harrison International, Incogporated after the ignition of July 31, 1963.
Tests for combustible gases werd made by personnel of Texas Gulf Sulphur
Company during and after drillidg blast holes. Prior to the July 31, 1963
ignition, a representative of tHe U. S. Geological Survey had recommended

that drill holes 10 to 14 feet in depth be drilled ahead of the face to re-
lease gas from the strata or give indications that gas might be encountered,
and this recommendation was followed. In addition, a diamond drill test

hole 110 feet long had been drilled recently in the face of 3U drift. This
test hole was 35 f{eet ahead of fhe face of 3U at the time of the explosion.

It was stated that on occasions |gas released during drilling was of sufficien.
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pressure to blow water out of the hole and on one occasion the gas pressure
was strong enough to eject the drill steel--throwing the drilling machine
and driller 20 feet up the drift. At times gas was released from fractures
in the strata during mining operations. Reportedly, a lighted permissible
flame safety lamp was hung in each drift close to the face and was observed
occasionally. Apparently, the casual observing of the hanging lamp was
considered proper gas testing, and the necessary usual type of gas tests
were not made with regularity. Also, a flame safety lamp was suspended in
the shop, and the rflame of this lamp was observed occasionally and consi-
dered a gas test. There were occasions when a flame safety lamp was passed
from one crew to another as the shifts changed in the shop and thus was not
properly cleaned and serviced.

A broken flame safety lamp found in the shop during the investigation was
sent to the Bureau of Mines laboratories in Pittsburgh, Pennsylvania for
examination. Part of the findings were: The wick had been turned down to
a point where a flame could not be initiated or supported. There was no
evidence of charring such as would be expected when the fuel was exhausted
in burning. Fuel was available and seemed to be of normal quality as indi-
cated by the appearance of a l-inch flame when the wick was extended to
pernit lighting with a match. Flame could not be established with the
ignitor. The flame was extinguished when the wick was turned down to the
position as found. The conclusions reached on the, tests were: From the
generally dirty conditions of the lamp and rusty gauzes, the safety lamp
maintenance program was poor or the lamp had been abandoned and left in the
mine. The position of the wick, the lack of normal combustion deposit on
the gauzes, and the amount of gauze rust suggest that this lamp was not in
use or burning just prior to the explosion.

Water and Dust: The mine development areas were dry. Water under pressure

was piped to the working faces, and reportedly, all drilling when not in
salt was done wet.

Transportation: Hoisting of muck and water was accomplished by 4 sinking
buckets that ranged in capacity from 71 to 117 cubic feet. Two double~-drum
hoists were used to hoist the sinking buckets. Each hoist was equipped

with Lilly hoist control systems and overwind safety switches. Two sinking
buckets, operated in counterbalance by each hoist, were equipped with cross-
heads which traveled in rope guides. The 1-1/8-inch diameter hoisting

ropes were attached properly to the sinking buckets. Compressed-air operated
shaft doors and dump doors were provided.

TIransportation of muck and materials between the shaft station and working
faces was accomplished with Diesel driven shuttle cars. Men were also
transported in the shuttle cars. Each car was powered by a Diesel engine
rated at 110 brake horsepower at 2,000 rpm and equipped with a 24-volt



elecrrical battery svstem and starter.

Bureau of Mines Approval Plates 2
signify chat the Diesel equipment
Bureau of Mines for operation in
Bureau of Mines Schedule 24; the
Approval Plate was 17,100 cim.

for safe use in a gassy mine, as
from the electrical components or

i

Following the explosion, four of
and 5, were inspected as to condi
and crankcase engine systems, and
shuttle car No. &4 was inspected f
Diesel shuttle cars were empty of
cars contained sufficient water f{

3

The Diesel shuttle cars bore

414. These Approval Plates, as issued,

had been tested and approved by the

nongassy, noncoal mines, as defined in

ventilation requirement stamped on each

he Diesel shuttle cars were not approved

such cars are capable of igniting gas
heating of the exhaust manifold.

these Diesel shuttle cars, Nos. 1, 2, 3,
tion of intake, exhaust, fuel, electrical
of overall unit condition. Diesel

or damage to the crankcase only. All
muck, Exhaust gas conditioners on all
or normal operation. Only Nos. 3, 4,

and 5 shuttle cars were in the igmediate explosion area.

The No. 1 shuttle car, Serial Noé 341, was found at the junction of 2U
and 3U drilts and appeared to haye been parked here as all controls were

in "off" positioms.. All engine
car appeared to be undamaged.

i

ystems of this car were normal and the

The No. 2 shuttle car, Serial No| 842, was found parked in 3U drift just
over the start of the 14 percent|grade, approximately 60 feet inby the

junction of 2U and "3U drifts,
survivors of the explosion befor
parked at this location.
were normal.

The No. 3 shuttle car, Serial Noj
inby the junction of No. 2 south
rear corner of the car was jamme
down the drift. The directional
the traveling gear and conveyor
The emergency brake lever was inj
in the "off" position by the Di
explosion by rescue team members|.
and various objects around the
against the east rib after the
traveling gear, it seems unlike
the time of the explosion.

containad water although the "m
"rake-up" tank wac missing and
condition that probably existed
system, crankcase, radiator, an
condition.

The catr was not damaged and all engine systems
f

The lengine intake system, exhaust piping, and
exhaust conditioner appeared normal and undamaged.
te-up" tank was dry.

;

is car was used for tranmsportation by
they barricaded themselves and left

843, was found on the downslope, 25 feet
right and No. 2 south left. The right

g against the east rib, blocking movement

gear lever was in '"low reverse' position and

levers were in "zero" or neutral position.

"off" position. The light switch, found
el engineers, was turned off after the
From the position of the front wheels
r, it seemed likely that the car drifted
plosion, and from the position of the
that this car was moving under power at

The exhaust conditioner
The £fill cap of the

e fill cap cover plate hinge was ajar, a

rior to the explosion. The engine fuel

transmission appeared to be in normal



The Mo. 5 shuttle car, Serial No. 880, was located in No. 3 south, !
feet west of the shaft, the front or operator's end facing the shaft.
This shuttle car had been driven to this location and parked at the
beginning of swing shift; overall damage to this shuttle car was exten-
sive; it appeared that most of the damage was caused by the explosion.

a0
o

The No. 4 Diesel shuttle car, Serial No. 844, was found at the north end
of the shop area im No. 3 south. Since this car was in the shop for
general overhauling and was not in operating condition, a general inspec-
tion of its condition was not made.

Electricity and Compressed Air: Three-phase, €0-cycle power was received
at the main substation at 69,000 volts and was reduced to 12,470 volts
for distribution to the secondary substations. A delta-wyve connected
transformer reduced the 12,470-volt power to 4,160 volts for delivery
underground.

The primary underground power was received through the shaft to the No. 1
crosscut load center from where it was dispatched to the 2 south, bin area,
and 3U load centers. Proper overload and ground fault protection were
provided. Secondary power at 480 volts was supplied to the face equipment,
fans, and the shop. Multiple conductors and three conductor type G cables
were used for secondary power distribution. Power for lights in the shop
and shaft area at 110 volts was provided by dry type transformers.

Extensive damage on the cables was not observed except in the shop and

shaft area and in the primary feeder to No. &4 crosscut load center, which
was dislodged from the back and was on the floor for about 350 feet in

2 south. The No. 1 crosscut load center equipment was completely destroyed.

The frame-grounding conductors of the secondary and primary system were
interconnected through the load centers and were carried out to the surface
plant grounding medium. Ground fault relays deenergized the equipment in'
case of ground faults and regular checks were made on the face equipment

to ensure the proper operation of the ground fault relays.-

Power for the shaft pumps on the 1330 level was received from the surface
at 2,300 volts which was also the operating voltage of the pumping equip-
ment on that level; it was reduced on the 1330 level to 440 volts and
transmitted to the 1760 and 2200 level pumping equipment. The 1760 and
2200 level pumping equipment was not in use. Power at 110 volts for the
shaft signal system was also supplied from the surface to junction boxes
on each level to which 4 signal bell knockers were connected.

The electric face equipment in the 3U section was of the permissible type
and consisted of one 15RU Joy mining machine, one CD-43 Joy drill, and one
967-LC Goodman loader. In addition, two National Mine Service 60-ED Diesel
shuttle cars were provided. Fire-resistant trailing cables, (Type G), were
used on the loader, cutter, and drill and were provided with suitable over-
load protection through circuit breakers installed in face distribution
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boxes. Examination of this equitment showed one bolt missing from the
starter compartment and two boltp missing from the main breaker compart-
nent on the cutter; three bolts hissing from the starter compartment of
the drill; and an opening in exckss of .004 inch in the left headlight
between the headlight cover and hens of the loader. The two shuttle cars
were examined; however, there wa? no indication of electrical arcing or
burning. Similar face equipment| was used in 2 south. Examination dis-
closed one bolt broken and an opening in excess of .004 inch in the main
breaker cover of the cutter; thrhe missing bolts, one broken bolt, one
loose bolt and an opening in excess of .004 in the controller cover and
openings in excess of .004 inch between the headlight cover and lens on
both headlights of the drill; anﬁ two bolts broken, two bolts missing
and one bolt loose on the starter compartment of the loader.

i

Permissible type 15-horsepower ﬁans were used to ventilate the load center

installations and shop. Nonpermissible type 25- and 40-horsepowver booster

fans were installed in the vent%tubing. Nonapproved type magnetic starters
and push buttons were used on the nonpermissible type fans. Permissibility
defects were not observed on any| of the permissible type fans.

In the underground shop area a dennissible type loader and two shuttle
cars vere being repaired at the j{time of the explosion. Examination
showed that three bolts were brdken, one bolt was missing, and there

was an opening in excess of .004 inch in the starter compartment of the
loader. The No. &4 shuttle car Was under major repairs. It was observed
that the ground cable for the ellectric welder was equipped with a piece
of reenforcing steel instead of |a standard ground clamp.

The forces of the explosion had sheared the bolts in the metal shield that
protected the 24-volt batteries jof No. 5 shuttle car and it was torn loose.
The batteries were electrically |connected; however, the top battery was

destroyed, ° ‘

An electric hand-held drill, grinder, several shop tools, including a
50-foot section of oxygen and adetylene hose taken out of service, and
parts of the shop panel and batgery charger were scattered throughout
the shop area.

The shop area had been illumina&ed with 8 incandescent light bulbs in

weatherproof sockets and two outjlets had been provided for connecting
power tools and extension cords|

During the inspection of the diitribution system and equipment, it was
noted that the distribution equipment was well installed and that the .
face equipment, except for the few defects mentioned, was gemerally well
maintained. ?
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Compressed=-air for operating stopers, jackleg drills, sump pumps, and

air driven fans was provided by compressors located on the surface.

These included an Ingersoll-Rand 759 cim, an Ingersoll-Rand 1,000 cim,
and a Babcock-Wilcox 2,700 cim. A mobile 600 cfm compressor was used

as standby. The compressed air was talen down the sharft through a 6-inch
pipe line, and 3-inch pipe lines extonded to the face areas in 3U and

2 south.

Oxvoen-Acetviene Crvlinders and Cuttirs Torch: Acetylene and oxygen cvlin-
derc were found in the shop with gages still attached but damaged. The
hoses leading to the cutting torch were torn awayv at the gages and found

at the outby end of the MNo. 4 shuttle car stretched out under debris, The
valves of the cutting torch were found open 2% quarter turns. Th. valve
wheel on the acetylene cylinder had been blown off, but the valve on the
oxyvgen cylinder was intact. Later when tested on the surface, the acetylene
cylinder was empty and the oxygen cylinder contained 1,100 pounds pressure.
A small acetylene cylinder with the valve closed and two oxy-acetvlene

torch ignitors were also found in the area along with other scattered tools.
Short secticns were cut off the ends of the acetylene and oxygen hoses where
they were broiien orff the gages and these with the damaged acetylene and
oxygen gages were sent to the Bureau of Mines laboratories in Pittsburgh

for examination. The broken ends of the hoses made reasonable fits with

the portion of hoses in the ferrules on the gages. The reports on the tests
were summarized thusly: Ncne of the exhibits showed evidence of damage

from internal disruptive forces or from overheating by local persistant
flame,

Samples of residue scraped from the outside of the oxygen and acetylene
cylinders and samples of fine solid material collected in the shop area
were sent to the Pittsburgh, Pennsylvania laboratories for tests. The
sumnary of the tests was as follows: Examinations of thirteen samples

of materials, brushed or scraped from various locations and equipment in
the underground shop area, and two from a flame safety lamp recovered from
the mine, were made by chemical, X-ray diffraction, emission spectrographic,
infrared absorption, and microscopic methods.

1. The samples principally were a mineral mixture of halite, silicon
dioxide (alpha quartz), calcium carbonate, dolomite, and calcium sulphate.
Small amounts of magnetic metallic particles and wood splinters were
present.

2. All samples contained oil; in amounts ranging from approximately 1 to
21 weight percent.

3. The oil, acetone-extracted and filtered from the solid material, was

dark brown-black in color, very viscous, and resembled heavy, oxidized
lubricating oil.

12



samples of deposits from the acetylene cylinders or in two other samples

4. No evidence was obtained that ?dsorbed acetylene was contained in two
tested. i

i
S. Mo evidence was obtained that {oot or low density carbon particles
were present in the acetone-insoluzle residues from any of the samples.

|
Another oxygen cylinder and anotheS acetylene cylinder were found on the
shaft station on the west side of e snaft. The gages were blown off and
the valves on each cylinder were found in the shut-off position. The
hoses leading to the torch were strung out toward the shaft.

These tests indicate that the combuhtible cas involved in this explosion
was not acetylene. !

Illumination and Smoking: The shaft station and shop were illuminated by
110-volt incandescent light bulbs i{g weather proof sockets. Cach under-

ground workman carried a permissible electric cap lamp. DMNobile equipment
was equipped with headlights.

i
|

Prior to July 31, 1963, swoking was ipracticed freely in the mine; the flame
from a cigarette lighter set off thg ignition which occurred on this date.
Following the ignition, the Industrijal Commission of Utah required that

smoking in the mine be prohibited amd that "No Smoking' signs be posted.

Although the ''No Smoking' signs were posted, employees were ncot searched

to see that smoking materials were npt carried into the mine, and it was

quite evident that smoking undergroupd was continued by some persons.

Numerous cigarette butts, empty cigapette packages, a book of matches, and

other empty match books were found dyring the investigation in areas driven ‘
after the July 31 ignition. ~

k t
Mine Rescue: The Texas Gulf Su1phur¥Company maintains a2 mine rescue ) .
station at the mine. Before the explosion, the equipment included 6 \
McCaa self~contained 2-hour breathing apparatus and spare parts, an elec- ‘
trically driven oxygen pump, 6 Chemox self-generating oxygen breathing
apparatus, one permissible mine rescye communication system, a 1,000 foot
1ife line, 6 permissible flame safety lamps, 48 self-rescuers, and 10
first-aid kits. Following the explodion, 10 Universal gas masks and 6
additional permissible flame safety ps were purchased and used in the

rescue and recovery operations. Employees had not been trained as a
rescue team. j

13




Fld

».S. Department of Labor
Mine Safety and Heaith Administration

FINAL REPORT _ | /’

BELLE ISLE MINE CARGILL, INC.
FRANKLIN, 7. .~ -

MARY PARISH, LC{UISI\ANA

/'-*" ‘-

/ /"‘ ,J;une 844 979

-’/ S LN -v\ '

S Th RS
. ; .\ .~ Sar PR el

- *_ - .- “ ” . . 4
L. [ . - - rr - A

&1 Vb N e e ) e Lo oL VoS
A_ ., . AL RS R L. . o P ‘. -
— ~,' O T R NG Soae R
. \ !







FINAL REPORT OF MINE EXPLOSION DISASTER

P BELLE ISLE MINE
%ﬁ:-‘ CARGILL, INC.
- B PRANKLIN, ST. MARY PARISH, LOUISIANA

” : June 8, 1979

By
H. G. Plimpton
Subdistrict Manager

Ralph K. Foster
Mininc Engineer

John S. Risbeck
Supervisory Mining Engilneer

Roy P. Rutherford
Mine Technical Specialist {Electrical)

Richard F. King
Supervisory Mine Specialist

Gary L. Buffingten
Mine Specialist

Warren C. Traweek
Mine Specialist

INTRODUCTION

This is an investigation report of a mine explosion disaster that
occurred June 8, 1979, at the Belle Isle Mine, Carglll Inc.,
near Franklin, St. Mary Parish, Louisiana, MSHA mine I.D. Number
16-00246. The investigation is made pursuant to the provisions
of the Federal Mine Safety and Health Act of 1977, Public Law
91-173, as amended by Public Law 95-164 (30 USC 801 et. seq.).

The investigation was authorized by Thomas J. Shepich,
Administrator, Metal and Nonmetal Mine Safety and Health, Mine
Safety and Health Administration. The purposes of this investiga-
tion were: to determine the location and cause of the explosion,
including conditions and practices at the Belle Isle Mine that
resulted in the explosion: to make recommendations to prevent a
similar occurrence; and, to examine the MSHA's related policies
and practices.
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3rierfly, fcr *he reasons set forth in this report, the *nvestiga—
t2rs believe that the underground explosion was initiated in 8
“lain Entry EZast near Room 1§ where an explosive mixture of
flammable gas was ignited by burning electrical conductecr insula-
tion, or arcing electrical yires, or both.

SUMMARY

On Tridav, Sune 8, 1979, an outburst of flammable gases and salt
cccurred fellewing a face blast in 8 Main Entry East at about
2300 hours, and a gas explc$ion occurred in the mine approximatel
10 minutes later. At the time of the explcosion, 22 persons were
in the mine. Ten persons wére on the upper level and twelve
persons were on the lower lgvel. Seventeen persons were rescued
and five persons died as a result of the explosion.

A few minutes pefore 2300 h¢urs, near the end of the shift, all
emplovees left theilr working places with the exception of two men
wno were ce51cnated to initjate blasts in three working places

charged with explosives. Twe ve of the employees attended a
scheduled meeting and eight|employees were enroute to the No. 1
Shaft to be hoisted to the surface. The blasts were initiated
Irom 7 Main Entry East at R¢om 13 by the two designated employees,
and approximately 10 minute$ later the explosion occurred.
According to the autopsy reports, four of the fatalities occurred
as a result of acute pulmondry hemorrhage secondary to alveolar
rupture due to the air blast in the mine explosion. The fifth
victim apparently died from;a combination of acute pulmonary
hemorrhage and carbon monoxide poisoning (See Appendixes C and D).
The autopsy report on the fifth victim showed a carboxhemoglobin
saturation of 75 percent. Three victims were found within 300
feet of the No. 1 Shaft Station. The fourth and fifth victims
were found about 1,400 feet and 1,800 feet, respectively, from the
No. 1 Shaft Station. All victims were recovered by mine rescue
teams within 41 hours after |the explosion. The rescue effort
involved 73 dedicated mine gescue team members who assembled from
local mines and from around {the Nation and involved a total of 14
team entries into the mine in that period of time.

From a position of hindsight
events which in combination
warning of the potential dig
considered one at a time, on
significance was overlooked
of significant gas problems
in the Belle Isle Mine were
MSHA or Cargill management.

MSHA'S

Charles von Dreusche, Mine
District Manager, South Cen

, there were a number of significant
should have established the fore-
aster. However, when the events were
a mine-by-mine basis, the overall
or lost. The multiple indicators
explained hereinafter in this report
not adequately correlated by either

INITIAL RESPONSE

!anager, notified Wayne D. Kanack,
1 tgral District, Mine Safety and Health
Administration (MSHA), Dallas, Texas, at 0030 hours on June 9,
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EVENTS BEFORE AND AFTER THE EXPLOSION

ng <he day shift of June 7, 1979, the Zace in Room 14
“ of 7X Entrv East was drilled in preparation for blasting.
-he investicaticn MSHA 1nvestigators were informed by

(G o4
[

i1l emplovees that methane had been released from these
s=noles. The face was charced and blasted at the end of
evening shift. A methanometer was not available underground
cse by the evening shift.

ey D)y Lrw W)

O Y =

LR (T oV o B Y

wo miners were assigned to rick up blasting lines in Room 14
at the beginning of the day shift on June 8. Upon arriving

2t Room 14, they heard an audible gas emission anc observed
characteristic cone-snhaped blown-out pockets in the right side
znd upcer left-hand ccrner o the face. The audible emission
was coming Irom the center of the left blown-out pocket and
was cescribed as sounding like air coming out ¢f an inner tube.
The sounc could be heard above the noise created bv a nearby
rentzila+«ion fan., A short time later, John McFarlain, +he
Zndilvicual assigned tc monitor gas emissions, arrived and
cbralined methane readings sufficiently high to warrant with-
crawal of employees. The heading was placed off limits,
smcking and cpen flame restrictions were established, and
ventilation adjustments were made in an attempt to dilute the
methane in the face.

The face of 8 Main Entry East to the east of Room 13 was drilled.
The drilling was toward the orojected intersection of 8 Main

Entry East and Room 14, where the gas was emitting. Approximately
48 feet of salt separated the two advancing faces.

Shortly before the end of the day shift an electrical fire
occurred in an auxiliary fan motor and cable located south

of the shop area in 2 Main Entry South. A mine evacuation

was underway when it was determined that the fire was minor
and brought under control. Employees in the vicinity of the
fire had evacuated to the No. 2 Shaft station. Some employees
assigned to remote sections of the mine failed to receive
notifications and remained in their work areas.

Elray Granger, General Mine Foreman, and A. J. Boutte, Shift
Foreman, assigned to the evening shift, met with day shift :
management at approximately 1530 hours on June 8, 1979. This
meeting concerned normal production activities and it was reported

-by the participants that there was no mention of the methane gas

emissicns, as noted above, in the east area. Despite the presence

of f{lammable gases in this area, mine personnel did not monitor

for concentrations of these gases. Methane detection equipment

was not available in the mine during the evening shift. Normally,

shift personnel did not sample for methane or other flammable gases

during the evening shifts, but relied solely on samoling done during
the day.
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mplovees cf the evening shift were assigned their regular
uties of hauling salt from lewer level production areas to
ne crusher, drilling, undercfitting and charging blastholes
in the faces and floors in theé upper level East area. Some-
c:me after lunch, diesel emis§ion accumulations from the
naulage eguipment caused the Froduction crew to leave the

iower level and begin haulinglsalt Zrom headings on the
I

r (1 (1)

uccer level. The crew hauled{salt from Room 14 south off

7X Entry East where the gas eTission had occurred during the
dav shift. Another crew crilled floors in Room 14 south of

5 Main Entry East and Room ll|north of 8 Main Entry East,

anéd undercut the face in 8 Majin Entry East at Room 13. After
the drilling and undercuttingiwas completed, the three rounds
were charged by the undercutter and crill operators with
assistance from haulage persofnel and Shift Foreman Boutte.

w

Y oer

approximately 2250 hours, ¢leven emplovees assembled at
bottom ¢ the lower level|manlift, off 1 Main Tunnel South,
a schedulec meeting. Twojadditional employees, Adam Sampay
amedee Qlivier (victims), returned to detonate the three
narged rounds Ifrom the blasting board at 7 Main Entry East,
Room 13. Eignt other employeg¢s, including victims Zimmerman,
Collins and Mayon, were on the uoper level preparing to leave
their work areas at the end of the shift.

3

N

e
-
A
2

10

) ot

As A. J. Boutte stepped out of the underground operations office
orn his way to conduct the meeting, he heard one of the scheduled
blasts and assumed it was the|floor round in Room 14 off 6 Main
Entry East. A. J. Boutte vro¢eeded to the manlift area and
conducted the meeting for approximately seven minutes. Just

as he finished the meeting abgut 2308 hours, a larger explosion

was heard followed almost immediately by extreme concussion and .

strong winds, which rapidly rd¢se to destructive levels. The
explosion forces and winds degtroyed or damaged equipment and

fixtures throughout the mine 3nd caused injuries to some of the
11 miners at the meeting. |

At the time of the explosion, A. J. Boutte was kneeling on the
front seat of his production ¢ruck with his back to the steering
wheel talking to the men. Ten employees were seated on benches
in the bed of the production t¢ruck. Alton Oppenheimer was
standing along-side the passenger side of the production truck,
which was a 3/4-ton open cab military-type Jeep. Some of the
men were knocked down by the forces of the explosion.

i
!

)

,‘

It was extremely dusty and viiibility was zero due to the hurricane{
like winds. A. J. Boutte bec3dme separated from the 1l employees.
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35u~+e =ock the escape route south on 1 Main Tunnel
ané through the Zirst set of corrugated culver=s to
Tunnel, which led to <che 'o. I Shaft. At the
A. J. 3Bcutte was tlown approx1mately 20

toward the No. 2 Shaft by an increase
Due to the extreme heat and high wind 1in
say Tunnel, A. J. Boutte cecided to crawl back to th
ed CL]"e*tS and crcss over 2 Main Tunnel Scuth. At
visipility was zero in 2 Main Tunnel South, but
was not blowing as haré as in the Airway Tunnel
extreme heat was no:t present. A. J. 3Boutte was

nted and confused while going up the equicment ramo.
dowr, stumbled, weaved from sicde to side and bumped
yar:ous objects in the travelwayv. A. J. Boutte was
..... :sed and thoucht he was lost until he heard Peggy Blaney
he walked *oward the screaminae sounds and made
ter Boutte and Ferry Thomcson, who were enroute
aft. A. J. Boutte advised them about the extreme
in the Airway Tunnel to the No. 2 Shaft ancd stated
intake air apveared to be coming down the Mo. 1 Shaft
2T this time, rather than the No. 2 Shaft. The three men
scarzac tozard the No. l Shaft. A. J. Boutte found Peggy
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31 anev was d*acgec part wav and eventuallv crawled the rest
of the way to the ¥Wo. 1 Shaft.

Flovd Linton had followed A. J. Boutte to the corrugated culvert
tut then returned to the other ten employees at the manlift.
Linton, who was trained in mine rescue. suggested that all the
miners join hands and try to make their way through the escape
route to the No. 2 Shaft (Sze Appendix 0). Hurricane-like wind
made the travelway extremely dusty and visibility was zero. The
miners had trouble breathing and the dust caused them to choke

and cough. The temperature increased considerably. The ll miners
moved slowly south through 1 Main Tunnel South to the corrugated
culverts and proceeded north in the Airway Tunnel toward the

No. 2 shaft. The miners were subjected to intense heat but there
was no evidence of fire in the Airway Tunnel. The air movement

at the No. 2 Shaft appeared to have reversed from intake to
exhaust because the main fan which was located underground was
destroyed by the explosion. The miners again had trouble breathing.
All of the miners were carrying self-rescuers but no one used them.

Floyd Linton climbed on top of a salt stopping by the fan located
in the Airway Tunnel and advised the others that the air was
better at that location. The other miners climbed up and joined
him. A cloud of smoke came toward them and they decided to move
toward the No. 2 Shaft. The 11 miners arrived at the No. 2 Shaft
at approximately midnight. Several of the men sat on boxes of
explosives which were stacked on pallets approximately 50 feet
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Z-2m =he No. 2 Shaft. TChere were|an estimated 350 fifty-pound

zoxes oI exolosives at tihlis lccat%on. One of the miners began
~izzing the No. 2 Shaft station cate with a short viece of
in an attempt %o let cthe pec?le on the surface know that
were alive. 'Th2 mine nhones|and the cords used to signal
wean the mine level and =zhs sukface were blown out. Audio
visual communicaticns eventua?ly were made with the surface
shouting and use ©I cap lamps.,
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ly after the outburst, shot-firers Samray and Olivier
abandoned their vehicla| near the blasting board at

ncry East Recom 13, and moved on £foot toward the shaft.

as found approxirmately 3,300 feet from the vehicle in

try West at Secticn L. livier had traveled about

t and was found in ! Maip Entry South, adjacent to
(See Appendix ?). !
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the remaining eicght emplo@ees on the upper level were

to the No. 1 Shait to be hoisted *o the surface at the
<he shift. Herman Zimmerman (victim) was riding in a .
~~«<vpe vehicle in 1 Main Entryl South when the explosion

es xnocked the vehicle out off control. The vehicle came

rest with the rear half hancing over the edge of the P-39
vevor decline and Zimmerman f£4gll about 30 feet to the floor i
the decline on the east side qf the conveyor. Jason Mavon,

tne driver, remained behind the wheel during the explosion but
as he got out of the vehicle he 4150 fell onto the conveyor -
and received back injuries. i
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Perry Thompson and Peter Boutte Were riding on a small tractor-
like "boss buggy" some distance hehind Zimmerman and Mayon, and
although one of them was blown off the vehicle, neither man
received a significant injury. hese two men made voice contact
with Jason Mayon and the three mgn walked the short distance to -
the No. 1 Shaft Station. Eldridge Roman, the tunnel conveyor

operator, who was working alone in the 1 Main Tunnel South area,

also arrived at the No. 1 Shaft glightly injured. .

The telephone by No. 1 Shaft Station was broken, so Mayon and
Roman went to the tunnel to use the telephone, but it was also
out of order. Parts from this phone were used to repair the
phone at the No. 1 Shaft Stationy A. J. Boutte then phoned Elray
Granger who was on the surface ampd related the location of the
six employees at the No. 1 Shaft;Station. *

Prior to the explosion, three employees were sitting in a vehicle
adjacent to the No. 1 Shaft Statjon while waiting for the end of
the shift. This vehicle was bloyn from the shaft area into 2
Main Entry South. Donald Mayon &nd Richard Collins died from the
explosion forces and Peggy Blaneg was injured seriously.
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3

al “YMine Foreman Elray Granger had been underground
ghou= the shiit but had returned to the surface around
nours via =ne No. 1 Shaft. Cranger croceeded to the
oifice which was adiacent to the No. 1 Shaf+t collar.
10 minutes later, Grancger heard the underground

sion and rarn outside the mine office. He stated that
ound cf %he =xvlosicn first started faintly and then
1
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ouder and louder until 1t reached a neak and helé for

1 minutes. Grancer stated that the sound was like five
t trains and was coming out of both the No. 1 and No.

s along with cdust, smoke and debris. Granger ran back
ne mine cffice and choned Charles von Dreusche, Mine

at ncme to report the explosion. Granger then went
1 Shaft collar with Terry Hebert, Topside Foreman,
found the mancace a few feet above the collar and

2l oI Z2bris and loose power cables around the collar
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é decilced to clean up the area and to send

own to +the mine level with a communications radio

“While they were doing this, the mine phone at the

( neacframe rang. Granger answered and talked to A. J. Bout:e

. wNo was at the ugcer level shaft station with five other

. ceoble. Boutte reported that Zimmerman, Donald Mayon and
Collins were dead and that he thought the rest of the employees
also were dead. A. J. Boutte called again asking the surface
to hurry because he could see "the bad air coming". About
cive minutes later, or approximately 2340 hours, the No. 1
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f - Shaft collar was cleared. The cage was lowered, and the upper
. level survivors -- A. J. Boutte, Eldridge Roman, Peter Boutte,
t Perry Thompson, Jason Mayon and Peggy Blaney -- were hoisted
3 to the surface. The empty cage was then returned to the mine
f 1 level with a radio on board in case other survivors reached

the Shaft Station.

At the time of the explosion, the No. 2 Shaft conveyance also

was at the collar. The explosion forces lifted the cage to

the topo of the headframe where the safety dogs engaged because

of the slack rope. The cage was lodged in the ubper part of

the headframe. Clyde McKay, No. 2 Shaft Hoistman, heard pounding
Signals and other noises from the bottom of the No. 2 Shaft at
2boroximately 0045 hours, June 9, 1979. Efforts were then con-
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%u- Ccentrated on clearing the No. 2 Shaft conveyance to effect the
5o, Tescue of the miners at the lower level Shaft Station.

st ,
§$§a The cage was lowered, but it became "hung up" at 500 feet and
§ alio at 700 feet below the shaft collar on steel plumb lines
f?& ‘ lg.t from the shaft-sinking operations which were entangled

1 wWith all four c

quide roves (See Aopendix NN). The cage was
pped several times until the obstruction was

% ¢ raised and dro
- and then the cage was lowered to the 11 men -- Al Thompson

Cleared,
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Plumb line and signal wire pulled up from No. 2 Shaft sump. Rone around

the cage in the headframe and around the cage auide rope delaved recovery

of survivors.

.
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viewing east or inby side of thé Gradall scaler along south rib at 8 Main

Entry East at Room 11. Paint d&es not show heat deterioration.
i

Viewing the west or outby side of the Gradall. Paint shows heat deterioratio

and a heavy salt encrustation firom a high, kot wind moving east is evident.




Heat damage in cac of the Terex loader at 7X Entry Fast and Poom 10 lower level

‘inyl seat covering burnec off, leaving edge - scorched foan.
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Rear recapped tires showing chars and salt on Terex loader at 7X Entry fast

and Room 10 lower level.



Viewing west from 2 Main Entrﬁ South just west of No. 1 shaft station.

Overturned cart at the right Mas one in which two victims and one survivor

were riding. .
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Viewing north to south from the P-39 belt line decline in 1 lain Entry South

survivor and victim were riding%in the Jeep shown averhanaing the decline cJ .
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xhezc ‘cund in

!

0. 2 sha®t sump.

Remnants of free-standing fan originally in No. 2 Main Entry South,

of 7 Main Entry fast,

2 Main Entry South.

blown north to between 4 and 5 lain Entry fast

south
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Transformer blown west from 1X crosscut east of 2 Main Entry South into

middle of 2 Main Entry South.

Viewing north at damaged maintenance office and parts room in 2 Main Entry

South, north of 1X crosscut.



| ) . .
Truck at 2 Main Tunnel West ofg] Main Tunnel South in which the 11 men

were sitting and ore standing for the safety meeting.

Pictures at the same location gs above. Manlift escapeway in background

with wood debris from cabinets.
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Top of manlift at 2 Main Entry East Just west of 1 Main Entry South. Entire

frame moved to the west 2 feet.

Terex truck in 1 Main Entry South moved north by the explosion into the

reclaim bin located just north of 2 Main Entry East.



Pictures show the decay of the|explosion forces as they moved north in | Mjun

—

fomosn A

Tunnel South. Conveyor system|in 1 Main Tunnel South. Upper picture showt

complete destruction of the condeyor just north of the primary crusher between

5X crosscut and 5 Main Entry tast. The middle picture shows partially dAmI_~

conveyor north of 5 Main East and the Tgwer picture shows the

conveyor just south of 3 Main Hntry East.
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Turned over red shoo truck. Picture taken viewing the truck from the

south. Truck was located in 7 Main East Entry just west of Room 13.

Turned over core drill in the southeast corner of Room 2 cutout just south

of 9 Main Entry East.



Negative terminal on overturned maintenance shop truck in 7 Main Entry East

and west of Room 13. The terminal exhibited that lead had melted.

L D s )

Pinched positive conductor on éverturned truck. Bare copper wire exposed.




A

/iewing to the southwest 2t the face drill located at the soutneast corner

0¢ 7%

m

ntry tast énd Room 13. Drill was blown 50 feet to the southeast.

Viewing southeast at the bottom side of the face drill above.



Explosives loading Jumbo facing

fast along the east rib at Roo@

Portable blastina board impale
Board was located between Rooms
blast and distributed power to

Room 11X.

south. Located just north of 8 Main Entry

12.

d on south side of engine of loading Jumbo.
11 and 12 in 8 Main Entry East before the

the 8 Main East face shot and bench shot at

—
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Viewing floor drill at northeast corner of 7 Main Entry East and Room 14.
Soom bent away from normal vertical position. Hydraulic unit on left side

badly damagec and pushed to the east. Electric cable on right side pulled

apart.

Close-up view of parted cable.
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Main Entry East in Room 1
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Fast end of the No. 2 portable ?oad center w



Joy fan circuit-treaker at € Main Entry East and Room 2. The overload

heaters jumpered cut and breaker in "on" position.

Metal enclosed safety switch and circuit-breaker on west end of portable
Joad center No. 2 at Room 13, 7 Main Entry East. The breaker was part of
the shooting board circuit and the ground wire showed heating while other

wires do not. Wooden handle intact with no burning.



Damaged 4160 V cable biown northgfrom roof in 7 Main Entry East into

i

intersection of Room 12.

Spliced 4160 V cable in 7 Main Entry East just west of Room 10. Unshieided

cable at the left shows more hedt deterioration than shielded cable to the

right.
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Entangled electric cables blown from the roof at 7 Main Entry East

Room 13.

Burned wires at base of turned over face drill at 7X Entry and Room 13.
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Damaged distribution box at northeast corner of 7 Main Entry East and Poom
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Junction box at North rib line of 8 Main Entry East near Room 11, Ty S.E.

cable from roof had badly burned insulation.

Joy coupler destroyed by fall of ground on lower level at 7% East and

Room 8.
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B=rogic
OILCCONS=]VA
Santa Fe,
April

THa

ION COPMISSION
New Mexico

s 1655

i

IL TUE MATTIR OF: . g

Application of the Commissien upon its ewn
motion for an order (a) creating the North

Case No. 862

pertaining to the proposed pool in accords-
ance with provisions of Ordpr =Zelll, which
pertains to the drilling and completion of
cil or zas wells within the| dssignated

)

)
and (b) prescribing rules nkd regulations ;A

|
"potash - oil"™ area. ;

iy e S. (Johnny) Walker
"Te ‘r:illiém. Ce ""ﬂcey :

e MACZT: The next cage or. the docket is Case 862e
!
Se Je ;,r AL LY,

callod as o witness, having been first duly sworn, testified as
follows: i

2125207 | SXAINATION

iy “2. RITTS:

<« 1ll ycu state your namé ani position, pleas=7?

for the Cil cConsecrvatior Corziissior.

< -ire Stauley, sirce the last meeting of this case when it

~as {irst heardi, you have beer appointei to a Comumittse %o study

ADA DFARNLEY & ASSOCIATES
| srenoTYPE REPORTERS
ALBUQUEROQUE. NEW MEXICO

| TewzrronE 3.-6691




A Yes, sir, we nave had two mestings in Carlsbad to study thig
rarticular problem.

Q XKr. Stanlsy, in conneetion with your study, you prepared an
exhibit which you wish to ecomment upon at this time, and introducei

A Yes, sir, I have prepared one exh:bit and alsoc have cbtained
two exhibits from the Uritei States Geological Survey, which I
intend to introduce into the record.,

§¢ This plat on the wall is your ixhibit 1?

A TYes.

« That was prepared by you?

A Yes, sir, under oy direction.

§ wlll you proceed with zxhibit 1 and explair what thav shiowsi

A Case 862 deals particualarly wit!. Orde. #=lll. The objective
of urder .=1ll1l, 7=ncraily referrel to as the FPotash Order, 18 as
follows: "The otjactive of t.ese rules ani regulations is tc prevd
waste, protect correlative rignts, assure reximur. conservatior of
0il and zas resources cf liew :exico and permit the sirmulcar.acus

econonic recovery of potasi: minerals in the area hereinafter dafin

»

-

The potash - o1l areas are Jdivided into two parts. Area i
includes the various parts in whic. potash mining operations are {:
prograss, and Area T includes tie various parts of whic: potash
eining operations are in progress or in which corin- teste inii-
cate potenctiul porasi: ruse:ves.

Tlzrelore, .xnioit Lo. 1, wmarsea in red ccloration includas
tn6 cntire area defined ir Order =11l of potential potas: reccvery
determined by actual exploration or eore test Jate. The scale of

the map snowing the potasn arsa i8 one incii equal to two :iles, aiuf

ad.’

ADA DEARNLEY & ASSOCIATES
STENOTYPE REPORTERS
ALBUQUERQUE. NEW MEXICO
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therefors it can rsadily be IQ.P that the area sc defined is very
large in extent, and for the sakn of understanding the area itself
I would like to point out on Exhibit Ne. 1 various landmarks.

Here is Artesia, New Mexico, hers is Carlsbad, New Mexico and here
is Hobba, New Mexico.

Q That shows both area A qnd B?

A Yes, sir, it incorporatés both areas,

In Order R-lll ir the p&oblcm‘beforo the Commission, the
rules specifies the casing proéram of wells drilled to a shallow
depth of less than 5,000 feot,éand deeper wells drilled to depths
of greater than 5,000 feet, i

The surface pipe in shalloé holes will be landed ir the red bed| -

saection, and cemaented to the lérface. The salt string will be set

between 100 and 200 feet below%the base of the salt and cemented
to the surface. The oil atriné shall be cemented with sufficient
cement to protect the oil pay éone. Now, in lieu of offsetting a

salt string, an operator ean pﬁll such string whenever it is landed|
for water shut-off and then th; oil string shall be cemented to

-]
surfacee.

I, at this particular time, would like to read into the record |L
the problem before isp‘pertainimg to two wells of Simms and Reese

0il Conmpany, which have been cpmpleted within the designated potash
area as defined by Order R-11llp The Simms and Reese 0il Company's l_
Mc Clay No. 1, located 1980 from the south ard 660 from the east
of Sectiori 33, Township 12 South, Iange 30 East, perforations are (-

2,644, that is the top of the perforation. The seven inch casinj
is set at 763 feet, four and a half inch casing at 2,093 feet

ADA QEARNLEY & ASSOCIATES
STENOTYPE REFPORTERS —
ALPUQUERQUE. NEW MEXICO L
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tion 48 250 feet. The top of the salt is 550 feet, the base of the
salt is 1,494 feet and the top of the Queen is 2,810 feet.

The Simms and Reese 0il Company's McClay No. 2, 1980 from the
north and 650 from the east of Seetion 33, Township 18 South, Range
30 East, perforations, 3;036 to 61 feet. That is 3,035 to 3,061
feet. Eight and five inch sasing set at 590 feet with 80 sacks.
Five and & half inch casing set at 3,004 feet with 30 sacks. The tiop
of the salt in this well is at 560 feet, the base of the salt is at
1,495 feet, and the top of the Yates at 2,026, and the top of the
Queen to the produecing fromation is 2,84L feet.

¢ T would like to interrupt for a moment hers. You are aware
the original applicant in tlLis case, Simms and Reese Oil Company,
stated in their application and testified at the last hearing, that
they did not bslieve that in the area concerned, the area of thoir
wells, there was potash salt in commercial quantities. Do you havd
any information asto that? Did your study go that far?

A I don't know whether there is potash of commercial quantities
in that area or not.

& I see.

A In fact, {n readins the Simms and Rease Cil Compary, the

oo

‘cClay No. 2 file, I might add this is & Federal well., That on tid
Federal fore of sundry notices and reports on wells, the operator,
Simms and XZeess 01l Dorpany makes the lollowing statemaent.

"de will drill vo approxiuately 3,000 feet and sev :igiit and
five inch surface casing and cement back to surface. Five ani a

half inch casing will be set and cemented through the red sand and

sand fraced. we will couply witi. New dexico 0il Conservation

ADA DEARNLEY & ASSOCIATES
STENOTYPE REPORTERS
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Commission?s Order R-lll on ary modification thersto.®
Q¢ That was filed well b{forv their applieation fer exceptian

to Re=lll, wasntt it? .
A Yes, sir. The point tnit Simms and Reess 0il Company have

argued is that potash is not p#escnt in this area. It is evidertly

unseonomieal to produce oil rr$m this area in stripper productioi
{
with the eost of cementing, ui#hout‘cxcaption of Order R-11l1l, The

date of the Order R-111 is .m* 10, 1951, and since that time 1€

l

t
wells have been drilled in r.hef potash area. Of the 18 wells that L
have been drilled, 16 wells have complied with the order and the
two wells of Sirms and Leese 411 Company seek an excuption to this l
rule ir this area where ths wals are drilled.
To better acquaint ouraelées with the problem of the potash L
copany and the oil companio:j two mectin:s were held ir Carlsbad
prior to this hearing. Certa%n topics were discussed and probably
should be mentioned and introéucad into the recori. Area 4 as dEf#Lf
by this order, is a continuou§ly ehanging picture. I have uhat;ia
parked Exhibits No. 2 and 3, ;howing the irregular pattern of potash.
ocourrences. % ’ ]
¢ Were those prepared bﬂ you, «I's Stanley? -

A No, sir, trese were pﬁeparei by the Unitel States Gzologica]
Survey, &and they lhow’§>scalé on the exhibit. ilowever, th F
considered a trade secrat an#,tnerezore,it is not actually Jefi‘eik'
ir any one particular area r§nerred to a8 aczual description ree
ferred toc as townsl.ip, rance; #

Q Are you satisfied with the accuracy of these? %'

A No, sir, I know nothipg about the exhibits. All I wait to

S,

snow is the irregular occurrene» ol potash in this particular arnd}
A/DEARNLEY & ASSOCIATES
STINOTYPE REPORTERS L
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what I would like %0 show with these two exhibits:is the irregular
ogcurrence of the potash area as determined by cors drill., The
closer spacimg of core well holes could even connect the areas shown
in Exhibits 2 ind 3, and probably actual mining eperations ecould
change the entire picture.

Today the potash industry is able to minouggsibcdiea of the

thickness of 18 inches, as we understand, it is possible to mine syl-

vite, an ore of potash, or qylv‘nito with a 14 percent content, or

4 -117/'
gﬁgianit:'uith eight percent. In some instances the percantage of

ore can be lower. In other words, with ever changing and improvin
techniques in mining, as is true in tie oil business, and especially

refining continually changes the commercial extent of the boundarids

of the proven potash reserves,

It has been stated by the potash companies that porosity exista

in the salt section that is mined. It has been definitely proven

in the oil business that the salt section is charged in the Monument

and Hobbs Pool and charged with gas. The charging of oil and gas~i

these pools was probably man made by casing leaks.

The point I am trying to make is that I feel that porogity and

permeabllity exists in the salt section throughout Lea County, thag

the extent of charging the zone, and that is the salt zone, from
one well would depend on the amount of gas present, and, of course

.
the pressure of that particular gas. Fortunately the wells of

Siaras and 3ieese 0il Company, if typical of the area, have low gas-
oil ratios and also have very lo. bottom nhole pressures. The potai;

areas defired is unexplored for all practical purposes, for oil

accumulation and, therefore, who can say that high pressure wells

e -d b
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One interesting point that was mentioned at these meetings was

a methed of mining ors. This gype of mining refers to the removal
of pillars, after the sonventignsl mining is eompleted, these pillaﬂ‘-
« supperts are in an order eof 100 foet in diamster. One pillar !

i
after another is removed until ths eartnh above it subsides. This

subsidencs ia evident at the s
belisved that horigental sli
dence, this weuld have the ¢ nncyufp shear off the casing of .
oil welli regardlass of tshe nuggnr of strings eof casing run in
nedarn ecompletion practices. &hn well would n"ffmk? p}ug;cd

face of the ground. It is also

L

e_ogeurs during the period of subsil-

properly sinecs it could never be reentsrsd. This subsiderce would
dffect beth the deep and shallow wells. I ean see where possible

charging of the mine workings would result. L

It has been stated that tlie recoverable potash, based on potash

mines at the present going prilce, is :154,000.00 per acre. 90 per-d

cent of the douestic potash; @r'I might say that the domestic potas
in excess ef 90 perccﬁb is minel in this area Jdelined by Order ==11
In econclusion, I wish to gtate that I have no recommengations T[
in the casse, that the Comuissjo:: will have to recommend. [
J Mr. Stanley, let mec ask you this. TYou stated thiat you had
no lknowledge as to whether inithe area in question there was potas'l

salt in commercial quantities or not, is that correct? L_

A That is right.

(& Assuxing that there is potasrh salt in cormiercial quanciniasl

in that area, would you eare ko :iuixe any comment on the casin~
progran sst eut in R«lll, and the casing program of the Simms=laes
Company, as it would protect any such salt? Do you hav: any corm

on that? T

ADA PEARNLEY & ASSOCIATES
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A Could I slaborate on my answer?

¢ Certainly.

A I have studisd all the wealls in the Hebbs Pool {rom a eorro-
sior. standpoint, have inspected every well in that partieular pool|
and have also inspected &ll the wells or virtually all the wells
in tlie north half, or half the wells in the Monument Pool. The
casing program as defined in Order f=111 is not exactly the sasing
prograc that I would recommend in the potash area, providesd that
there was no horirontal slippage. Hewsver, I do not recommend m*:

the casing program be altered us defined in R=1lll. My theories

on casing program in this partiecular area and from the axperience
that I have had in observing the eorrosioen problems in Hobbs and
tiae ionuent Pool is as follows: If I intended to write ar order
to protect any potasii area or any mine workings, I would write
an craer wiersby the surlface pipe would have to be sét at 100 feet
or 200 feet below the salt string in this manner.

MR, MACZY: 3Below the salt string?

A Yas. Not set any surface pipe below the salt Ibctigp, not
set any surface pipe &t all, but get it == Agsums tiwut this (s the
salt sectior, set it a hundred feet below and cement that particul?r
pipe to surface, then the oil string should be eemented in such a
fasiiior. that the cement vehindi the pipe shall come to a point below
the oil sectionr, or below the salt saction, excuse me. Therafore,
at any time we observe this in tne Hotbs and Monument Pool, the
potas: cozpar.ies, the oil companies or any individual could go to

that particular well in questicnail observe betwesn the annulus at

the surface pips arl ol “nrinz wuetner & leakage oecurred at any

ADA DEARNLEY & ASSOCIATES
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particular time during the life |of the well.
At ths present time, by cemgnting through the salt sectior, nn$
we have found this in Hobbs and |in Monument, there is no method at

the surface ¢f determining whot*ar you have a leak or net. The
enly method that could detormin; whether you had a leak or not in
any particular well, whereby th; oil string is cemented through
the salt segtion, it'fB run you% tuﬁing with & packer in such a
fashion that you could observe ;r reeord the pressures between the
tubing and the oil string. ;

However, I am not making an& recommsndations that the casing
program be altered in Crder R«-l;ll.

QW Do you feel that the cafing progran set forth ir R-1lll, you
feel that if that were followed it does afford protection to the
potash salt section?

A I think it affords protiction by merely running an oil striig
through the salt section.

¥4 You feel that the cementing helps appreciably?

A I think it possibly could help, but there would be no known
method of ever taesting the well, due to the fact that let’Of the

corrosion is due to hydrozern sulphide, as we have observed ir the

Hobbs Pool, that the corrosion|is internal, that it is not external

adjagant to the salt section. |That pipe pulled in the Hobbs Pool
arnd ir the onuwient Pool, adjaegent to the salt section showed that
it would be in condition A, togt _is consilered ir new condition

externally, but that ti.e holed were formed from the inside by

pipe a fraction of an inch in /diameter in some cases wouli protect

ADA DFARNLEY & ASSOCIATES
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that particular salt or potash section, and ii would aggravate the
problen Af you had considerabls bottox hole pressure, or gas

pressure. I feel tiat cexent would not be _able to hold, say, a

theusand pounds pressure as we have in the Hobbs Pool, or the

| Monyment Pool,
MR, KITTS: That is all,

MR, MACEY: Any questions of the witness? . Rhodes?

CROSS 3XAMINATION
By ¥R. BHDD:S:

3 These discussions ywith the potash operators, was any mention
made of the possibility of bringing water in on the potash by drilll~
ing in the area?

A You mean from thre surface or froxz the botton?

~ Below the line water table.

A They do seek protection by setting the swurface pipe to pre-
vert any water to go ahead and flow downward into their mine worke

ings. That is the invent of setting surface pips.

U Also, you mentioned the potash operators coming through and
pulling pillars and letting the back come in and subaidg?’

A Yes,sir.

Q Do you suppose that the potash operators would be willing tg
conduct & selective program on pullinz these pillars in areas wherq
there are producing wells?

A «ell, I don't know anything about the potash people. I feel

certainly sure that if I owmed the potash mines I wouldn't go ahead

and pull the pillars out, especially in tne area where a deep well

is present. Wwhat we usually nave, by the drilling of several well

ln (] » e 4 ' 'y w a Jo Y] e ar
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of ths Pennaylvanian section, tblt if a well were drilled to the
Pennsylvanian section in any onL particular area wheredy mine worke
ings werec in operation, I feel reasonably sure that no ene would

dars pull thess pillars out.

§ That ia exactly my point. i wondered if that was any cone
sideration. f

A I think the discrepancy in the ord:r, the most dangerous
thing about the entire deal is to go ahead and drill a deep well
to the Pennsylvanian ard then Bave subsidence and latcral-horisonclh
movexsrt. It does not mention the concsrn about the isep wells
thenselves., I believe by shearing the casing off in tne deep wella
i{s w:at probably will cause all the trouble.

W I was jJjust wondering 4f that was too much of a consideration

il accommodation couldn't de mpdie by w.iech that danzer could be
alleviated?

A I thirk that would be t%e concern of the potasn company and
tne concern of tre oil opcraco? in that particular case.
M, RHODES:' That is all.
i MACLY: Anyone clse?
Iy e LAtr — 7007 M Z & Co

’-

% You have a value for t@e potasty in this arca. Do you have a
value for the oil? ;

A Yes, we nal a value of%potash a2s sratei by the potas:
cosparies of a recovery of pa%t experiaence of ,154,00J.,00 per acru.

I seriously doubt tnat the sh+llow wells in this arsa wit! the

par acre, or roughly approxiustely $4,000.00 psr acre.

STENOTYPE RYPORYIRS
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exception of the Giti} Pool, &ould recover more than 1,500 barrels |~
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extraction is about 30 or 35 percent, it would be roughly §50,000.
A Yes, sir.

MR. MACEY: Mr. Rhodes?
By MR. RHODES:
R Do you believe that possidbly pulling the pillars in one area
would result in horisontal movement ,in some quite distant area?
N A It could possibly affect it. It would have the effect of
thc oarthquakl. I undorltlnd you san drivo over this particular

area whereby thena nining tcchniquos were followed and see the
aubsidcnce on tho lurtlce af the ground.
¢ I uonder 1f that is not directly over the particular area

where the pillars were pulled?

A Yes, sir. I don't know the extent of the lateral movenent.
MR, WZAVZR: ] ean answer that. Ge C. ~eaver, representing
Duval Sulphur and Potash. we have norizontal glg::is thé?e as well
as vertical. Just where it would s-ow up, we car't tell. Asaumé
we are mining at 1,000 feet, I would thoroughly expect to get horia
contal displacexent a thousand feet from any area welgéggggg You
car figure on about a L5 degree btreax there. wie:: we talk about
mining ah area, when we go in and mine an area, ir tne first wining
in the room and pillar syster we extract about, well, from 50 to 75
percent of the potas:: preasent, ve get subsidence. It is rnot ecnougll
to ninder our wining operatiors, liowever, if there are any oil and
gas wells withir a hunired feet of any one of those pillars, in in
any one of those pillars 100 feet in diameter, I certainly wouldn't

want to be very close to it. It wouldn't take much subsidence tc

Q It is eur knowledge that the pillars remaining after the firpt

2
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shsar a casing. 3uppose the eJﬁin; was shsared and gas and oil ia
sscaped in the workings, how in the world would you ever replug
that well? TYou have a loss of 0il and gas whiech will never be
recovered, and you will never necover the potash.

MR, MACEY: Does anyone have any further questions? Mr. :

Yates? | [

By MR. YATES! o
¢ Rarvey Tates. I would 11kc to ask the witness, Nr. Stanley, |

if, under the circunstances :h#re is any long wall mining, is ther

any kind of pilpe progran thatliou eould coreeivc of th.t could stand

b - — $om— - e —

that .hoaring, lo-ca.lled? ‘

- e 3

A NoLI cuz't eonceive of r.he oil indult.ry invont.ing anythingjt':

— et e~ ——— -

o row is the oil induatry and potash industry compatible in

i L

this area, for instance?
A I dontt know.

« I have a little field o&s trere in the so=called area of thd

r

potash company. If you will rLcall, ens potash company sa%d they
wanted no wells whatsoever irilled in this area. I would like to

know how I ar going to protect my leases?

A If I understand, andi I believe Mr, Jack Frost with the UnitJ{_
States Geological Survey is ir{ the auiierce. If I undetstard it L:

eorrectly frox lir. Frost in carversations that there are particulan

areas here owned by the goverrmens, wiereby they do rot issue any
oil leases for shallow ri; hta, That effective date was probably
two or three ysars ago, I don‘t know the exact dats. They do not [

issue any oil rights for shallow depths. It is enly those that can

—
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| 1

| ril)l who had the oil rights prior to that particular date., I wish
. Frest would elaborate on that subject.

MR. FROST: Jaek Prost, United States Geoclogical Survey. I
believe you misunderstood some of our little discussion.
A I am sorry.

HR. FROST: There is a provision in those new leases in the
potash area that my offics can pot approve the drilling of a shalloy
well without glearing it trnrough washingtor in advance.

Ai I sess May I ask you a question? TYou can drill anywherse in
the defined potash area, an oil well if you do own the 0il and gas

lsases on Federal acreage?

MR, PROST: I think you have something mixea up there. Therp
i{s no proviaion that I know czr;;1;an't approve the drilling of a
well with a valid oil and gas lease, but there¢ wouli be areas ir
there where we would have to consult with the potash companies ana
reach an agreenent betweern the operator and the potash company befors
I could approve the drilling. Does that clear it up?

A Yes. 3
¥R, GACCY: Does that pertain solely to shallow wells or both?
¥ 3. FRO3T: Xo snallow, those from: 5,000 feet up. If, on
the new leases I would have to clear through washington.

MR, MACZY: r. Yates?

M. YAT.L3: I would like to asw, uniuer the circumstances,
how is & man going to get approval froc: the potash conpanies Lo

drill & wall. !He says that he can't issue a permit to drill a welly

witriout approval & the potash gowpany if they Jdon't wart any welle

dr:lled In thelr B0-=CAlI¥d X Or Ore ooy, 'TOW ¥ & M RO0Iry tO EoY—
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the approval. ,:
A I am sure they have to .ﬁprovo the drilling of the oil well

if you confermn to Qrder Relll.

MRe. YATES: That suits *. |

MR. FROST: This may b-l.fp slsar that up. That oil and gas
sxploratory tsst well sheould ,n_JE_;b!‘gr_;_l_.],g_g_ _t,_ljxrog;}'g__gp{ open potash
mines or within 1,320 feet thereef, unless agreed to in writing by

the potash lesses involved. That is on your R-lll, Page 7, Section
3, Exploration of Areas, and this was Area A, a portien of Sub-

paragraph A there.
MR, MACZY: Anyons have any further questiens of Mr. Stanley

Mr. Stanley, I think we have p?uibly gotten off the bearn here a
little bit., I dont't think we I&u\re done any harm. It appears to
me {rom what you have saii, t.h;t. you are more concerned with the
deep drilling than you are wit}a the shallow. Az I right?

A That is correct, if ydu take irto consideration the subsie-

dence and the pressure of the Pennsylvanian Formation.

e IACZYt That is all I have, »
Ru=DBIRSCT SXAMINATION

By i« RITISS
< ire Stanley, leaving ﬂ%u cusstlor of subsidence for the
norent , YOou comme:.ted on the ¢asing program of Kelll., would you
carc to mare any comnment o the casing progran of the iizess=3imums
01l Conparny?
A No, sir, I do not wish to make any comment.

MR. KITTS: That is all.
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Relll, but they are here to sesk an sxcsption.
Q How would you compares the protection afforded by their casing
and that afforded by R~11l1l?
A That wouid be ar argumsrt %o know whetl.ar that core of cememnt
actually protests ths salt section on that part of the pips,.
g That would be the point?
A Yes. .
MRo MACZY: Ir, Lane?
Bi-CROJ3 ALNCTIMATION
BY Qe kAEL
¢ Things have been sald here, how can a potash coupany agree
to a well, wher an operator has already becer put into intent that
ne would coamply with the regulations and he hasn't? How can we
ever agree to it tefore the well is drilled? +We are not getting
very =uch assurance thsr:. ijie stated thav lie was going to comply
wit: the re;ulations,
A You want me to answer that question? I den': know.
M2, 4ACZYS Anyone elme? If not the witness may be’ excusasd
(Witness excused.)
Lie ATIY: Does anyonre have anything further ir tnis cas:?

I¢ aov we will take tie casc under advisement,
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STATE CF NEW MEXICO )
H 8s.
COUNTY OF BERNALILLO )

I, __ADA DIZARNLZY , Court Reporter, do herety
certify that the foregoing and attéched transcript of procsedings
before the New Mexico Oil Conservation Commission at Santc Te,
New Mexico, is a true and cerrect frecord to the test of my
knowledge, skill and ability,

IN WITNESS WHEREQOF I have affiixed my hand and notarizl

veal this 28th day of _ April , 1953,

My Commission Expires:

June 19, 1955
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