EL PASO, TEXAS*

JOSEPH P, HAMMOND
LEIGHTON GREEN, JR.
RAYMOND H. MARSHALL
ROBERT B, ZABOROSKI 1
W. ROYAL FURGESON, JR.

CHARLES C. HIGH, JR.

Kemp, Smith, Duncan & Hammond, P.C.

ATTORNEYS AT LAW

2000 STATE NATIONAL PLAZA, EL PASO, TEXAS 79901-1441 | DRAWER 2800, 79999-2800 | 915 533-4424 | FAX 915 546-5360

MICHAEL D. McQUEEN MITZI G. TURNER CYNTHIA S. ANDERSONT GARY SANDERS ALBUQUERQUE, ALAN HALL

JOHN J. SCANLON, JR. CHRISTOPHER J. POWERSt MARK N. OSBORN THOMAS G. WICKER, JR. NEW MEXICOt ALISON 0. MAHR
TAFFY D. BAGLEY ALLAN GOLDFARB GREGORY G. JOHNSON JOHN R. JONES JAMES T, REIST

DAVID S, JEANS RAYMOND E. WHITE MARCELLENE J. MALOUF CLARA B. BURNS JOHN P. EASTHAM

DARRELL R. WINDHAM SUSAN F. AUSTIN KAY C. JENKINSt JOHN A. KAZEN ROBERT A. JOHNSON MIDLAND, TEXAS*
ROGER D. AKSAMIT PAUL M. BRACKEN"* JAMES W. BREWER t MATTHEW R. HENRY THOMAS SMIDT, litt

MICHAEL F. AINSA ALEJANDRO ACOSTA, JR.™* KATHRYN A, ANDERSON1T GENE WOLF DONALD B. MONNHEIMER J. RANDY TURNERT
YVONNE K. PUIG PATRICK R. GORDON SUSAN K. PINET MARCIA D. CANTU BRUCE €. CASTLE® JOHN A. DAVIS, JR.
CHARLES A. BECKHAM, JR. MARK R. FLORA® PAUL A. BRADEN ROBERT L. BLUMENFELD JAMES L. RASMUSSEN FRANK N. CREMER*"*"
MARGARET A. CHRISTIAN DONNA CHRISTOPHERSON ANGELA D, MORROWt NYRIA ROQUE-JACKSON  STEPHEN R. NELSON JAMES R. FULLERT t1
KENNETH R. CARR ELIZABETH J. VANN KEVIN E. SHANNON A. DREW HOFFMAN* LARRY A. WALRAVEN"*"*
MARK E. MENDEL KATHLEEN CAMPBELL WALKER ERNESTO RODRIGUEZ CHARLOTTE LAMONT tt PATRICK S. GERALD
NANCY C. SANTANA JOHN R. BOOMER LAUREN K.S. MURDOCH CLINTON W. MARRS HUNTER W. BURKHALTER

OF COUNSEL: WILLIAM J. DERRICK
HECTOR DELGADO

* MEMBERS TEXAS BAR
1 MEMBERS NEW MEXICO BAR
© MEMBEAS FLORIDA AND MICHIGAN BARS

OF counskt: CHARLES L. SAUNDERS, JR.TT11

** MEMBERS ARIZONA BAR *** MEMBERS CALIFORNIA BAR **** MEMBERS NEW MEXICO AND COLORADO BARS
t1 MEMBERS DISTRICT OF COLUMBIA BAR 11t MEMBERS NEW MEXICO AND OKLAHOMA BARS t1t1 MEMBERS DISTRICT OF COLUMBIA AND COLORADO BARS

March 15, 1993

Mr. Robert G. Stovall
General Counsel

0il Conservation Commission
State Land Office Building

P. O. Box
Santa Fe,

Re:

Dear Bob:

2088
New Mexico 87504

Application of Yates Petroleum Corporation, Cases Nos.
10446, 10447, 10448 and 10449

Enclosed is a copy of New Mexico Potash’s Exhibit 42A in the
above-captioned case. This was offered and received into evidence
but I do not recall submitting a copy. The enclosed is submitted
for that purpose.

Best

CCH/ja
enclosure

regards.

Sincerely

07781-00100/E223365./1
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December 30, 1992

Mr. William J. LeMay
Chairman

0il Conservation Commission
310 0ld Santa Fe Trail
Santa Fe, New Mexico 87501

Re: In the Matter of 2Application of Yates Petroleunm
Corporation for Authorization to Drill, Eddy Count New
Mexico, Consolidated Cases Nos. 10446, 10447, 10448 and
10449

Dear Mr. Lemay:

inclosed is a copy of New Mexico Potash’s exhibit No. 42a.
This exhibit was offered and received into evidence with the
understanding that I would provide a copy for the file.

A copy is also being sent to Mr. Ernest Carroll, counsel for
Yates Petroleum.

Sincerely,

KEMP, SMI

CCH/ja
enclosure
cc: Tom Kellahin

Q7781 00100/ E202662/1
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STATEMENT OF ISSUE AND AGENCY ACTION REQUESTED

Prepared by the New Mexico Potash Industry
April 15, 1992

I. Btatement of lIssue

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 oil 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 uon 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 BLM into a revised Secretarial Order signed on
January 38, 1992, but not yet published in the Federal Register.

II. Impact oan Potash Industry

Existing BLM policies and rules on the drilling of oil and gas
wells in the Potash Area, which are set forth in the 1986 Order of
the Secretary, 51 Fed. Redq. 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.

‘iEI. Agency Action Requested

Immediately publish the revised Secretarial Order in the
Federal Register or adopt its provisions as a matter of policy
until it can be published.
IV. Ahdditional 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 00200/E135296/1



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 fecleral
mine safety and health laws.



2. Casing programs cannot provide protection in the event of accidents. At least
seventeen blowouts or oil-well tires 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 forration
fluids, particularly in salt or heavily fractured zones.

5. 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', 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 promuigated 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
certainty. Owing to changes in market conditions and demand for products, mine
plans change frequently. It is entirely within likelihood that what is a frings 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 § 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 g'om 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 baodies
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
petroleum 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 petrcleum
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 welcomes 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 o0il and gas wells in the Potash

Area.

A. 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 Mexico. 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, is that they
have become obsolete both in what they provide and how they are
interpreted and applied by BIM and no longer adequately protect our
mines and miners from the hazards and waste associated with the

increased o0il and gas drilling activities in the Potash Area. We



have expressed this concern on numerous occasions over the years to
the BLM and the New Mexico 0il Conservation Division ("New Mexico
oCcD"), 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 OCD, 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 01l and gas wells in the
Potash Area that would permit maximum development of both potash
and oil 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 development 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 industry 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. 2].

D. New Mexico OCC Hearing and Adoption of Industry Aqreement

Following the signing of the Industry Agreement by the
appointed representatives of each industry, the New Mexico 0OCD
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 Mexico 0Oil Conservation Commission ("New Mexico OCC"). A copy
of this Notice is 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

Hondo 0il

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.

3



While this Order did not resolve all questions or disputes between
the two industries, it 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. Request That BLM Adopt Industry Agreement to Replace 1986
Secretarial Order and Secretarvy’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 lLeasing and Development

Within 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 in the Federal Register. We also understand that the
provisions of the Proposed Order, even though signed by the
Secretary, are not being followed by the BLM as Departmental

policy.



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

This delay in the publication of the Proposed Order has had an
enormous impact on the Potash Industry. Indeed, since submission
of the Industry Agreement to the BLM in January of 1989, the BLM
has approved the drilling of o0il 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 Office. 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 o01il 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 into the potash deposits and that the methane will either
migrate into mine workings or be encountered in future mining
operations. If this occurs, the entire Potash Industry could face
the possibiiity of having to comply with more stringent - and

prohibitively expensive - safety requirements under the Federal



Mine Safety and Health Act. In addition, using the one-half mile
spacing requirements of the Industry Agreement and Order R-111-P,
these wells have wasted 29 million tons of potash ore with a gross
value of $450 million dollars. In human terms, this 1is enough
potash ore to provide direct employment for at least 500 employees
for 6 years.

G. The Reasons Supporting the Industry Agreement Support the

Immediate Implementation of the Proposed New Secretarial
Order

We believe the reasons that lead to the Industry Agreement and
the wide participation by both industries in arriving at the
Agreement, support the immediate 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
0il 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
important to understand the nature of underground mining in general
and potash mining in particular. We are unigque in a number of
ways.

A. Limited Ore Reserves

First of all, we are a geographically limitéd industry. The
area of potash deposits in Southeastern New Mexico, commonly called
the Potash Basin, is 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 beern 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 operatérs. This is a rare
ore, and the Potash Basin 1is 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

Our 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 deposit horizons
have been identified 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 desepest
underground [see Figure 5, page 12, George B. Griswold, Geology of
the Carlsbad Mining District (1982), attached as Exhibit 5)]. These
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ore horizons comprise only about 3% to 5% of the McNutt Member [see

Chaturvedi, Lokesh, Occurrence of Gases_in the Salado Formation

(1984), page 4, attached as Exhibit 6], and range in thickness from
one (1) foot to ten (10) feet [Exhibit S5, 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 to 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. 1In 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.
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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 is not,
however, wasted. When first mining i1s completed in 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 is 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 included 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 conQeyor belt system
that takes the ore to the bottom of the hoist. A photograph 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 equipment used in underground mining, as shown by Exhibit

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

electrically powered trolley system with a track system throughout
the mine. In most instances, equlipment to be used underground must
be disassembled so that it will fit into a shaft for lowering
underground and then reassembled for use once it 1s underground.
There are generally one or more maintenance shops located
underground with 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.

S. Ventilation of Underground Working Areas

Ventilation to the underground working areas is 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, is 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 importance 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.

I1X. Safety of Miners from An Industrvy Perspective

These unique features of our Industry and the increased
hazards inherent in 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 is a clearly
stated Federal policy and 1is perhaps best 1illustrated 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 is now turning to address our hatural
energy shortage. The President has already sent to us a
comprehensive plan to 1increase the development and
exploitation of our energy and mineral 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 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
wait no longer."

} * % %

"This bill is intended to strike a new balance in
the longstanding 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 disasters 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 BILM, 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 0il and Gas and Potash Industries
knows, 1s a colorless, odorless, tasteless and non-poisonous gas
that is 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 Flammabilitv of Gases and Vapors, U. S.

Bureau of Mines Bulletin No. 503 (1952), PP. 37-48, attached as
Exhibit 10]. It is 1lighter 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 across 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 11].

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
consciousness, 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 inhalations, 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. 11i-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 industry to view these disasters 1in 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 in 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.
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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
containment of the explosion within the interior of the mine
created such a force that it caused severe damage throughout the
mine and up the shaft to the surface. One 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 regquest.

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

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
employee died from concussion injuries and exposure to carbon
monoxide. In addition, several of the 17 survivors suffered
serious or permanently disabling injuries. Déstruction 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
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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 inspector 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.
Copies of photographs attached to the Report illustrate the force
of the explosion.

The third and final example is still more recent and occurred
on 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 in place to dilute and remove the gas
concentrations. The work crew in the immediate area was believed
to have been implementing these procedures when a defective
explosion proof switch arced as equipment 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

15



commonly associated with gassy coal mines. Instead, the methane
entered the mine in a sudden outburst cause@ by relief of stresses
in the strata surrounding the ore body. The investigatory report
of this incident is too voluminous to attach as an exhibit but we
will be glad to provide a copy to anyocne who wants to see it.

These examples vividly demonstrate the potential dangers
present whenever flammable gas 1s introduced into an underground
mine environment. In all three of these examples, no one believed
such an event could occur. Local knowledge of mine conditionrs, the
contemporary technology being used, and the extensive regulation by
both federal and state safety agencies may have reduced the odds
but were not enough to prevent the unexpected events that occurred.
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
accident 1involving methane, hydrogen sulfide, or any other
flammable gas and because of the geology 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 1in each case the
conclusion was reached that these gases do not constitute a hazard
to our miners or our underground mining operations.

The first of these studies, Investigation Into the Occurrence

0of CGas Pressure Above the First and Tenth Ore Zones in the Potash

District, Carlsbad, New Mexico, was conducted by the U.S. Bureau of

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

Geoloay of the Carlsbad Potash Mining District (with Fmphasis 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 is attached as Exhibit 5. A third study, Occurrence of Gases
in the Salado Formation, was conducted by Dr. Lokesh Chaturvedi of
the New Mexico 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
intentionally 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
ard are designed to relieve pressures caused by stress changes
associated with mine development and thereby reduce the risk of a
rcof fall.

Third, and perhaps most importantly, there is no geological
source for 1large concentrations of methane in 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 to crystallize and the sea water
became highly concentrated by evaporation. In £he final rhase,
drying continued and additional halite was formed. The surface was
dry at this- point and blowing winds and occasional 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
microscopic organisms. Higher order organisms could not have
existed and no fossil remains have been identified in the Salado.
This algae was identified by Dr. Griswocld 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
deposits 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 0Oil 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, is 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 in that area is charged with methane and has been since the
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1950's. This came out 1in testimony before the New Mexico 0il
Conservation Commission 1in 1955 in Case No. 862 when Mr. S. J.
Stanley, an engineer 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 1n these pools was probably man-made by casing
leaks." ([Transcript of Hearing, p.#6]
A copy of the transcript of this hearing, which 1includes

Mr. Stanley’s testimony, 1is 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
policles 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 into an underground mining environment.
During the last 30 years, a considerable amount of information and
knowledge has been gained about the effects and risks of these and
other flammable gases on underground miners. We now know they are
extremely hazardous 1in all mines, not just coal 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 it 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 in 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 cil 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, oil and
gas wells are being approved in commercial deposits of potash
without any apparent ingquiry into their affect on the safety of
potash miners.

Any policy, 1like that apparently followed by the BLM in
approving the wells East of WIPP in commercial grade ore without an
independent and automatic ingquiry 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, is inadequate without more to protect us against the
hazards involved. 1In the absence of additional safeguards, such as
a spacing requirement between o0il or gas wells and ore deposits, we
must assume that the casing and cementing program will always be
100% effective in 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 is true. Accidenté happen 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 in and around the Potash
Area.

Although information on o0il or gas mishaps is difficult to
obtain, 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 in relation to the Potash
Area 1is attached as Exhibit 16. Since this list was compiled there
have been even more mishaps, including one blowout that resulted in
the death of an oil 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, 1is attached as Exhibit 17. 1Information on another blowout
which occurred at only 3,047 feet 1is attached as Exhibit 18.
Information on two deep wells where blowouts occurred is included
as Exhibit 19. Miscellaneous additional information on these and
several other accidents on which we could 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 outside 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 accidentally released. This 1s particularly
troubling because the available evidence clearly shows the
potential for at least some migration in the Potash Area.

The clearest evidence of this possibility, of course, is the
0oil seepage that occurred at the Mississippi Chemical and Eddy

22



Potash mines. The oil seepage at the MCC mine was discovered near
what 1s known as a "Breccia pipe". This is a vertical pipe or
chimney-type displacement of the geologic formations downward.
These are though to be the result of the dissolution of deep-lying
formations. This ocil and other oil spots 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 oil (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 oil 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 in the Rustler Formation in anhydrite above
the Magenta Dolomite Member and in halite below the
Culebra Dolomite Member. The oil 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 o0il migrated
into the mine.

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

If oil will migrate the distances involved in these incidents,
we shudder to thing what methane or hydrogen sulfide under high
pressure would have done. We know from the Rutledge studies 1in
1963 [Exhibit 6, App. D] that the clay seams in the Basin have a
degree of permeability and will allow gases to migrate a distance
of at least seven feet when the pressure is 50 psi [Exhibit 6, App.
D, p. 64). These clay seams are uniform throughout the Potash Area
so if they become charged with high 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. In 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. In 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 this, we simply do not believe there is any reliable way to be
certain that the voids and annulus of the casing are completely
filled. Information on this bore hole is attached as Exhibit 23.

More recently, IMC Fertilizer, 1Inc. experienced similar
difficulties in a grouting program to stop the migration of water.
A summary of this experience is attached as Exhibit 24. 1If 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.

S. Corrosive Effects of Hvydrogen 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 reguirements 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 in 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 0Oil 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 conseguences of a gas
encounter more severe. Today, the consequences 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
another category with more stringent safety requirements. If this
were to occur 1in the Potash Area, it would be economically
devastating to the Industry. We would be required to comply with
about 100 additional regulations, all designed to prevent an
explosion.

These additional 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 over $80
million if 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‘oil and gas wells
is revised to ensure that our Industry does not bear thé 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, 1n large part, our
recoverable ore reserves. It 1s the value of these reserves that
tell us whether it is economically possible to sink a shaft or
continue mine operations. If an oil or gas operator wants to drill
a well through these reserves, he 1s 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 i1s 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 alsoc impact our mine development. In our
Industry, there is 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 brderly but
unpredictable development of our nine.

VI. Factors That Must be Considered to Address Hazards

In addressing the hazards created by oil 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 believe, as stated in these comments, that current
BILM policies, including the current provisions of 1986 Secretarial
Order, do not adeguately protect our mines and miners from the
hazards associated with o0il and gas drilling in the Potash Basin.
The New Secretarial Order recognizes thils and offers greater
protection but alsc will allow development of both resources.

2. Spacing Between 0il and Gas and Potash Deposits

A spacing regquirement between o0il and gas activities and ore
deposits 1s absolutely essential to ensure the safety of miners.
The hazards involved are simply too great to rely solely upon a
casing and cementing program. Any spacing requirement 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 in the Industry Agreement 1s 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 into the Industry Agreement. BLM

policies should likewise.
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4. Responsibility for Gas Releases

We Dbelieve BLM policies should make a clear regulatory
assignment of economic responsibility for any damage caused by one
industry to the other. For example, if a well is drilled at a
location determined by the BIM to be safe and we damage or destroy
that well by our mining activities, it will be our economic
responsibility to restore production or incur the 1liability for
whatever loss is incurred. Similarly, if a well is 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 o0il or gas operator will be economically
responsible for whatever additional costs or loss of assets we
incur as a result of that release.

5. 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 believe the
identification 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-Of-The Art Directional Drilling
Technoloqy ’

Current BLM 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 from ore deposits that the affects of the hazard would be
greatly reduced. Any increase 1n costs, we belileve, would be
justified by the increased safety to miners.

7. Increased Cooperation Between the OCD and BLM

We belleve that any real effort to address the hsazards
involved in o0il and gas and potash production will require
lncreased cooperation between the OCD and BLM. Because of the
nature of the hazards involved, 1t 1is essential that whatever
safety practices are adopted are applied equally without regard to
whether the drilling is on state of federal property.

8. Increased Cooperation between Industries

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

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 miners form the hazards associated with oil
and gas drilling activities while, at the same time, allowing the
ccncurrent development of both mineral resources. Any other
approach would elevate development and production over safety in

violation of stated National policy.
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STATE JOF NEW MEXICD
=NERGY, MINERALS AND NATURAL RESCURCES DZFARTVENT
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SCVERNCA

*TEMORANDUM
TO: ' ALL DCCXET MAILING LIST

-
FRCM: WILLIAM J. LE=MAY, DIRECTOR ‘&

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

Attached hereto is an agreement which was executed by members of
the Potash-0il and Gas Work Committee in an attempt to clarify the
co-existent rights of lessees within the potash area. This
agreement 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-111-4;
directional drilling procedures for inelusion in the
order;
5) a procedure for expanding/contracting the effected
area by the pool nomenclature procedure rather than
amendment to Order R-111. This would be responsive to
changes in the XPJA by BLM.
§) Revisions to notice requirements,
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STATEMENT OF AGREEMENT BETWEEN
THE POTASH INDUSTRY AND OIL AND
GAS INDUSTRY ON CONCURRENT
OPERATIONS IN THE POTASH AREA
IN EDDY AND LEA E NEW MEXT
Intr ion
This Statement of Agreement sets forth the joint agreement
of the Potash Industry and 0Oil 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
repiesents the efforts of numerous representatives from each
Industry over many months and is intended to resclve 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 Agreepent 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 limits 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 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") 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 OCC
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 oil and gas
drilling activities; and (2) to make available for o0il and gas
drilling activities, certain areas within the Potash Area. The
area of potash deposits protected will be 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
Cctcher 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" includes those tracts of 1land in
Southeaséern 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 laws and regulations, will adopt the

same revision.

II. Desiqnation 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 ThE (2L
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
infdrmation 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 LILMR shall be resolved in accordance with the

Len -



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.

III. rilling i P h

A. All o0il and gas wells drilled in the Potash Area after .
approval of fhis 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. ILMR 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 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 1less 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
bzase 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 LILMR of any potash 1lessee may be approved
regardless of the depth o©of the bottom hole 1location
provided: (a) wells zh bottom hole locations below
the base of the Delaw:é:a 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.

. 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 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 1is 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.



7. An APD for a directionally drilled oil or gas well to
a bottom hole 1location underlying the LMR of any
poctash lessee may Dbe 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 is 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 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 f£iling with the ocCC,
" and/or BILM. The o0il and gas bperator 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. Locatjon 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 cévering 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 oil 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 oil 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 O0OCC 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 1location (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.

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

well location or 1its agreement to the drilling locations



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. ri i Flui ion
[Same as current R-111-A]
VII. Pl in nm W
[Same as current R-111-A]
VIII. Filing of Well Surveys
The OCC may require an oil 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. 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 0il or gas lease will be allowed within the Potash Area.



c. In the event the 1increased o0il and gas drilling
activities allowed by this Agreement result in a safety hazard
or if data developed 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 in
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

0il and gas activities.
AGREED TO AND APPROVED THIS }g ﬂ DAY OF M_,
1987, BY THE FOLLOWING REPRESENTATIVES OF EACH INDUSTRY ..

COMPRISING THE POTASH-OIL AREA SPECIAL RULES STUDY COMMITTEE:

1 and Gas Industry: %@dustw /
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STATE OF NEW MEXICO
ENERGY, MINERALS AND NATURAL RESOURCES DEPT.
Ol L 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 OtL CONSERVATION
DIVISION UPON 1TS 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 _ 21st  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 (BLM) 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 Oil Conservation Division
(OCD) by memorandum dated March 21, 1986 convened a study
committee of volunteer representatives from the oil! and potast
industries and other interested parties.

(5) The committee met May 29, September 25-26, and
November 13-14 (field 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. 't met on April 30, May 1, July 23-24 and
November 23, 1987.

(7) Each meeting of the work committee was held in the
presence of representatives of both BWM 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
background information and acknowledging the concensus reached
by representatives of the Oil and Gas and Potash industries
refating to the multiple use of resources in the potash area.

(8) Exhibit "B" is regarded by the Commission as a
report of both the work committee and the full study committev
since a draft copy of a neariy 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 operators 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. -

TT————>> (10) The Oil and Gas Act, 70-2-3 F NMSA 1978, declares
as waste "drilling or producing operations for oil or gas -2
within any area containing commercial deposits of potash where
such operations wouid have the effect unduly to reduce the
total quantity of such commercial deposits of potash which ma __
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 wells for oil and gas
wouid cause waste of potash and the pertinent portions of said
report should 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 wouid not result.

(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 wouid 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 clay 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 'n the commercial ore areas and
was therefore contrary to the work committee report and the
Qil and Gas 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
shoulid deny any application to dril!l in commercial potash
areas as recommended in the work committee report, uniess a
clear demonstration is made that commercial potash will not b-
wasted unduly as a result of the dritling of the well,

(21) Confusion can be reduced and efficiencies can be
nbtained by making the area covered by Order R-111 coterminou
with the KPLA as determined by the BWM, and the area should b.
expanded and contracted by the regular pool nomencliature
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 permit
the drilling of wells 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 i
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 shal!l be known as The Rules and Regulations
Governing the Exploration and Development of Oil and Gas in
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 _POTASII_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 (BLM).

(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 BLM in its KPLA,

C. DRILLING IN THE POTASH AREA

(1) All drilling of oil and gas wells in the Potash
Area shall be subject to these Rules and Regulations.

{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 shail 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 promulgate 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 (MR} 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 sulifide, during drilling operations shall be reported

immediately to the appropriate OCD District office fol lowed by
a written report of same.
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D. DRILLING AND CASING PROCRAM

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

(a) The shallow zone shall include all
formations above the base of the Deilaware Mountain Croup or,
above a depth of 5,000 feet, whichever is lesser.

(b) The deep zone shail include all formations
below the base of the Delaware Mountain GCroup 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 Casing String:

(a) A surface casing string of new or used oi
field casing in good condition shall be set in the "Red Bed"
section of the basal Rustler formation immediately above the
salt section, or in the anhydrite at the top of the salt
section, as determined necessary by the regufatory
representative approving the drilling operations, and the
céement 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) If 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 a drop of one hundred (100) pounds per-
square inch or more should occur within
thirty (30) minutes, corrective measure
shall be applied.

(ii) lf cable tools are used, the mud
shall be bailed from the hole, and if tt
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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) Sailt 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 (USGCS) 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 weils 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.

N (c) 1If 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, ganma 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
shall 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 shall be allowed to stand a minimum
of twelve (12) hours under pressure and a total of twenty-fou
(24) hours before drilling the plug or initiating tests.

(f) Casing tests shall be made both before anc
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 square inch shall be applied.

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

(ii) | f cable tools are used, the mud
shalil be bailed from the hofe and if the
hole does not remain dry for a period ol
one hour, corrective measures shall 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 spoc
installed below the bottom blowout preventer or the wellhead
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 APl-rated burst—
pressure of used casing. The disc or reiief device should 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.

(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) Intermediate String:

(a) In drilling wells to the deep zone for oil
or gas, the operator shall shave the option of running an
intermediate string of pipe, uniess 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
follows:

(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 canm 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 promuligate 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 complietely
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 hoiles. .

F. PLUCGING AND_ABAMDONMENT OF WELLS

(1) All wells heretofore and hereafter drilled
within the Potash Area shall be plugged in a manner and in )
accordance with the generai 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 beiow the
salt section. .

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

- G. DESICNATION OF DRILLABLE LOCATION FOR WELLS

(a) Within ninety (90) days following
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, shail file
with the District Manager, BW, and the State Land Office -
(SLO), a designation_gof the potash deposits considered by the
potash lessee to be fits)life-of-mine reserves ("WMR"). For
purposes of this Agreement, "life-of-mine reserves" means
those potash deposits within the Potash Area reasonably
‘"bel{ieved by the potash lessee to contain potash ore in
sufficient thickness and grade to be mineable using current

a

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 conmercial,

.information" within the wmeaning of 43 C.F.R.§2.l3(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
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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 LMR is consistent
with data available to the BIM and SLO. Any disputes between
the BLM and potash lessee concerning the boundary of a
designated LMR shall be resolved in accordance with the
Department of lInterior'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 BWM and SLO
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) Authorized officers of the BW 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

WMRs. 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 oniy for the

purposes set forth in this Order.

(e) The foregoing procedure can be modified by
policy changes within the BILM 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 l|eases 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 BLM. 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 BIM or SLO that the
location is not within the LMR 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 oil and gas interests. Applications to drill
outside the IMR 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 shall be drilled no closer
to the MR than one-fourth (1/4) mile or 110%

of the depth of the ore, whichever is greater.

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

H. INSPECTION OF DRILLING AND MINING OPEPAT 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.

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

(1) Directional Surveys:

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:

Within 30 days after the adoption of this order
and thereafter on or before January 31st of each year, each

potash operator shall furnish 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

public inspection and on a3 scale acceptable to the Division.

J. APPLICABILITY OF STATEWIDE RULES AND REGULATIONS

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

IT IS FURTHER ORDERED THAI:

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

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

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

STATE OF NEW MEXI!CO
O1L CONSERVATION COMAMISSION

WL L

WILLIAM R, HUMPHRIES, Member

i Ao —3

ERLING A. BROSTU Member

WILLIAM J. LEMAY, Chairman
and Sedretary
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CONSOL IDATED LAND DESCRIPTION OF THE KHNOWN POTASH
LEASING AREA, AS OF FEBRUARY 3, 1988

EDDY COUNTY, NEW MEXICO

TOWNSHIP 18 SOUTH, RANGE 30 EAST, NAMPM

Section 10: SE7u SET7L

Section 11: S/2 SW/u

Sthion 13: W/2 SW/4 and SE/4 SW/u

Section 14: W/2 NE/J4, NW/4 and S/2

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

Section 22: N/2, N/2 SW/a4, SE/4 SW/U4 and SE/ U4

Section 23: All

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

Section 26: NE/U4, N/2 NW/8 and SE/Uu NW/4

Section 27: N/2 NE/4 and NE/4 NW/u

TOWNSHIP 19 SOUTH, RANGE 29 EAST, NMPM

Section 11: SE/u " SETu

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

Section 13: All

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

Section 15: SE/4 SE/U

Section 22: NE/4, E/2 W/2 and SE/4

Section 23: All

Section 24§: All

Section 25: NW/4 NW/4

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

Section 27: NE/4 and Ef2 NW/4

TOWNSHIP 19 SOUTH, RANGE 30 EAST, NMPM

Section 2: SW/ 4

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

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

Section 5: Lots 1, 2, and -3, S/2 NE/4,
S/2 NW/4 and S/2

Section 6: S/2 SE/4 and NE/Y4 SE/4

Sections 7 to 10 inciusive

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

Section 12: NE/U4, S/2 NW/U4 and S/2

Section 13: NE/4, W/2, N/2 SE/4 and SW/4 SE/y

Sections 14 to 18 inclusive

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

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

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

Section 27: All

Section 28: All

Section 29: E/2, Ef2 NW/U4 and NW/U4 Nw/4

Section 32: E/2 and SE/4 SW/u

Section 33 to 35 inclusive

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

TOWNSHIP 19 SOUTH, RANGE 31 EAST, NMPM

Section 7: ESTE'TT'?T"SEB'?'SBE'ETZ NW/ 4

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

Section 31: Lot 4

Section 34: SE/4 SE/4

Section 35: S/2 SW/4 and SW/4 SE/u4

Section 36: S/2 SE/u

LEA COUNTY, NEW MEXICO

TOWNSHIP 19 SOUTH, RANGE 32 EAST, NMPM

Section 31: Lot 4 .
Section 33: Lots ' to 84 inclusive and N/2 S/2
Section 34: Lots 1 to 4 inclusive and N/2 S/2
Section 35: Lots 1 to 4 inclusive and N/2 S/2
Section 36: Lots ' to 4 inclusive, SE/U4 NE/4,

NW/4 SW/4 and NE/4 SE/U

TOWNSHIP 19 SOUTH, RANGE 33 EAST, NMPM

Section 22: SE7T4 NEJ/4, E72 SWTE—gﬁa SE/u
Section 23: S/2 NW/4, SW/4, W/2 SE/H% and
SE/u SE/u4
Section 25: SW/4 NW/4, W/2 SW/4 and SE/u4 SwW/u
Section 26: Al ‘
Section 27: Al
Section 28: S/2 SE/Y4 and NE/u4 SE/H4
Section 30: Lots 2 to 4 inclusive, S/2 NE/u,
SE/4 NwW/u4, E/2 SW/u4 and SE/U4
Section 31: Al
Section 32: NE/U4, S/2 NW/4 and S/2
Sections 33 to 35 inclusive
Section 36: W/2 NE/4, SE/u4 NE/4, NW/4 and S/2
- TOWNSHIIP 19 SOUTH, RANGE 34 EAST, NAI'M

Section 31:

Lots 3 and 4
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EDDY COUNTY, NEW MEXICO

TOWNSHIP 20 SOUTH, RANGE 29 EAST, HNMPM

Section 1: SEJG NETG and Ef2 SEJG
Section 13: SW/4 NW/4, W/2 SW/U and SE/u Sw/u
Section 14: NW/4 NE/U4, S/2 NE/U4, NW/U and S/2
Section 15: E/2 E/2, SE/4 SW/4 and W/2 SE/4
Section 22: E/2 and E/2 NW/U4
Section 23: All
Section 24: SW/4 NE/4, W/2, W/2 SE/4 and

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

TOWNSHIP 20 SOUTH, RANGE 30 EAST, NMPM
Sections 1 to 4 inclusive

Section 5: Lots 1 to 3 inclusive, S/2 N/2
and S/2 -
- Section 6: Lots S, 6, and 7, S/2 NE/4, E/2 SW/4
and SE/4
Section 7: Lots 1 and 2, E/2 and E/2 Nw/u
Sections B to 17 inclusive
Section 18: E/2
Section 19: E/2 and SE/4 SW/u
Sections 20 to 29 inclusive
Section 30: Ltots 1 to 3 inclusive, E/2 and
Ef2 W/2
Section 31: NE/4 and Ef/2 SE/U4

Sections 32 to 36 inclusive

TOWNSHIP 20 SOUTH, RANGE 31 EAST, NMPM

Section 1: Lots 1 to 3 inclusive, S/2 N/2
and S/2

Section 2: All

Section 3: Lots ' and 2, S/2 ME/4 and SE/u4

Section 6: Lots 4 to 7 inclusive, SE/4 NW/u,

E/2 SW/4, W/2 SE/4 and

SE/4 SE/4

Section 7: All

Section B8: S/2 N/2 and S/2

Section 9: S/2 NW/u4, SW/4, W/2 SE/4 and
SE/4 SE/4

Section 10: E/2 and SW/4y

Sections 11 to 36 inclusive
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LEA COUNTY, NEW MEXICO

TOWNSHIP 20 SOUTH, RANGE 32 EAST, NAIPM

Sections 1 to 4 inclusive

Section 5: S/2 SE/4

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

Sections 7 to 36 inclusive

TOWNSHIP 20 SOUTH, RANGE 33 EAST, NMPM

Sections 1 to 36 inclusive

TOWNSHIP 20 SOUTH, RANGE 34 EAST, NMPM

Section 6: Lots 3 to 7 inctusive, SE/u4 Nw/u4,
E/2 SW/4, W/2 SE/4 and
SE/4 SE/4
Section 7: All
Section 8: SW/4, S/2 NW/u, W/2 SE/4 and
SE/4 SE/4
Section 16: W/2 NwW/u, SE/4 NW/4, SW/4 and
S/2 SE/4
Sections 17 to 21 inclusive _
Section 22: N/2 NW/4, SW/4 NW/4, SW/u, W/2 SE/4,
and SE/4 SE/4
Section 26: SW/4, W/2 SE/Y4 and SE/u4 SE/4
Sections 27 to 35 inclusive
Section 36: SW/U4 NW/4 and W/2 SW/u

EDDY COUNTY, NEW MEXICO

TOWNSHIP 21 SOUTH, RANGE 29 EAST, NMPM

Sections 1 to 3 inclusive

Section 4: Lots 1 through 16, NE/4 SW/4 and
SE/Y

Section 5: Lot 1 :

Section 10: N/2 NE/4, SE/4 NE/Y4 and SE/4 SE/U4

Sections 11 to 14 inclusive

Section 15: E/2 ME/4 and NE/4 SE/4

Section 23: N/2 NE/&

Section 24: E/2, N/2 NW/4 and SE/4 Nw/y

Section 25: NE/4 NE/U and S/2 SE/4

Section 35: Lots 2 to 4 inclusive, S/2 NE/4,
NE/4 SW/4 and N/2 SE/4

Section 36: Lots | to 4 inclusive, NE/U,

E/2 NW/4 and N/2 S/2

—— - — ————————— ————— — - —— - -
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TOWNSHIP 21 SOQUTH, RANGE 31 EAST, NMPAM

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/u4 NE/4, NW/8 and NW/4 SwW/y

Section 34: N/2 NE/U

Section 35: N/2 N/2

Section 36: E/2, N/2 NW/4, SE/4 NW/4 and
NE/4 SW/4

TOWNSHIP 21 SOUTH, RANGE 33 EAST, NMPM

Section 1: Lots 2 to 7 incliusive, Lots 10 to
14 inclusive, N/2 SW/4 and
SW/u4 SW/y

Sections 2 to 11 inclusive

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

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/u4

Sections 26 to 30 inclusive

Section 31: Lots 1 to U4 inclusive, NE/U4,
E/2 W/2, N/2 SE/4 and
SW/u SE/u

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

Section 33: N/2

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

Section 35: Al

Section 36: W/2 NE/4, NW/4 and S/2

TOWNSHIP 21 SOUTH, RANGCE 34 EAST, NMPM

Section 17: W72

Section 18: Al

Section 19: Lots 1 to 4 inclusive, NE/U4,
E/2 W/2, N/2 SE/4 and
Sw/u4 SE/4

Section 20: NW/u4 NW/4

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

Section 31: Lots 3 and 4

EDDY COUNMTY, NEW MEXICO

= ™= ~ = -~ 7S -5
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TOWNSHIP 22 SOUTH, RANGE 29 EAST, NMPM

Sections 1 and 2 inclusive

Section 3: SE/4 SW/4 and SE/H4

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

Sections 10 to 16 inclusive

Section 17: S/2 SE/4

Section 19: SE/4 NE/Y4 and E/2 SE/4

Sections 20 to 28 inclusive

Section 29: N/2 N/2, S/2 NE/4 and SE/u4
Section 30: NE/u4 NE/4

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

E/2 W/2 and SE/U4
Sections 32 to 36 inclusive

TOWNSHIP 22 SOUTH, RANGE 30 EAST, NMPM

Sections 1 to 36 inclusive

TOWNSHIP 22 SOUTH, RANGE 31 EAST, NMPM

Sections 1 to 11 inclusive

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

Sections 14 to 23 inclusive

Section 24: W/2

Section 25: NW/ 4

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/4 NW/4

TOWNSELP 22 SOUTH RANGE 33 EAST, NMPM

Section 1: Lots 1 to & inclusive, S/2 N/2 and
N/2 S/2

Section 2: All

Section 13: Lot 1, SE/u4 NE/4 and SE/4

Section 6: Lot 4

Section 10: NE/ Y4

Section 11: NW/4 NE/4 and NW/4

TOWNSHIP 22 SOUTH, RANGE_3u_EAST, NMPM
Section 6: Lots 4 to 6 inclusive
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EDDY COUNTY, NEW MEXICO
TOWNSHIP_23_SOUTH, RANGE 28 _EAST, NMPM
Section 1: Lot 1
TOWNSHIP_23 _SOUTH, RANGE 29 EAST, MAFM
Sections ' to 5 itnciusive
Section 6 Lots 1 to 6 inclusive, S/2 NE/u,

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

Section 7: NE/U4 and NE/U4 Nw/y
Section 8: N/2, N/2 SW/4, SE/4 SW/4 and SE/Uu
Sections 9 to 16 inciusive

Section 17: NE/4 and E/2 SE/U4

Sections 21 to 23 inclusive

Section 24: N/2, SW/4 and N/2 SE/u

Section 25: W/2 NW/4 and NW/4 SW/y4

Section 26: All

Section 27: All

Section 28: N/72, N/2 SW/4, SE/u4 SW/u4 and SE/ 4

Section 33: N/2 NE/4 and NE/U4 Nw/u

Section 34: NE/4, E/2 NW/u4, NW/U4 NwW/4,
NE/4 SW/4 and SE/u

Section 35: All

- Section 36: W/2 NE/4, NW/4 and N/2 SW/4

TOWNSHIP 23 SOUTH, RANGE 30 EAST, NMPM

Sections 1 to 18 inclusive

Section 19: N/2, N/2 SW/4, SE/4 SW/4 and SE/4

Section 20: All

Section 21: All

Section 22: N/2, S/2 SW/4, N/2 S/2 and SE/4 SE/4

Sections 23 to 25 inclusive

Section 26: E/2, SE/4 NW/U4 and SW/u

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

Section 28: N/2 and SW/4

Section 29: N/2 and SE/4

Section 30: N/2 NE/ &4

Section 32: N/2 NE/u4

Section 33: SE/U4 NE/U, N/2 NW/4, NE/4 SE/4
and S/2 SE/u

Sections 34 to 36 inclusive

TOWNSHIP 23 SOUTH, RANGE 31 EAST, NAIPA

Section 2: Lot 4, SW/4 NW/4 and W72 SE/u
Sections 3 to 7 inclusive

Section 8: NE/4 NE/4&4, W/2 NE/U4 and W/2
Section 9: N/2 N/2

Section 10: NW/U4 NW/4 and SE/4 SF/u
Section 11: S/2 NE/4, S/2 SW/8 and St/
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Section 12: SW/u4 NW/4 and SW/u

Section 13: SwW/y NE/U4, W/2 and W/2 SE/4

Section 14: All

Section 15 E/2, SE/4 NW/U4 and SW/4

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

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/4, N/2 SW/4 and
NW/4y SE/U

Sections 26 to 34 inclusive

Section 35: N/2 MY/4 and SW/U4 NW/4Y

TOWNSHIP 24 SOQUTH, RANGCE 29 EAST, NMPM

Section 2: Cots 2 to & inclusive

Section 3: Lot 1

TOWNSHIP 24 SOUTH, RANGE 30 EAST. NMPM

Section 1: Lots ' to 4 inclusive, S/2 N/2,
SW/4 and NW/4 SE/4

Section 2: All

Section 3: All

Section 4: Lots ' and 2, S/2 NE/U4, SE/4 NW/u,
SW/4 SW/4, E/2 SW/4 and SE/u

Section 9: N/72, N/2 SW/4, SE/4 SW/4 and SE/ U4

Section 10: All

Section 11: Al

Section 12: W/2 NW/4 and NW/u Sw/4

Section 14: W/2 NE/4& and NW/y4

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/4, -
S/2 NW/u4, SW/4 and W/2 SE/ U

Section 4: All

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

Section 6: Lots ' to 6 inclusive, S/2 NE/4,
SE/4 NW/4, NE/Y4 SW/u and
Nf2 SE/ 4

Section 9: E/2 and NW/4

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

Section 35: Lots 1 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 SwW/!

TOWNSHIP 25 SOUTH, RANGE 31 EAST, NMIAM

Section 1: Lots 3 and 4§ and S/2 NW/u
Section 2: Lots 1 to 4 inclusive and S/2 N/2 -




STATEMENT OF ACREEMENT BETWEEN
THE POTASH INDUSTRY AND OIL AND
GAS INDUSTRY ON CONCURRENT
OPERATIONS IN THE POTASH ARFA

1IN EDDY AND LEA COUNTIES, NEW MEXICOQ

Introduction

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 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 Agteemenf,_ 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 limits on each industry. Each also
'agrees that these 1limits can be better defined through goad
faith discussions among industry representatives familiar with
industry technology and practices than repeated and prolonged

litigation or administrative proceedings.

EXHIBIT "B"
CASE NO. 9316
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 1Industries 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”") in lieu of the «
current Order R-111A, as amended:;

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 II1I (E) of
the Secretary of the Interior's Order of October .
21, 1986 [51 Fed. Regq. 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. ‘ L%
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 oil and gasL_
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 be determined inL:

accordance with this Agreement but, generally speaking, will

encompass the yellow, orange and a major portion of the blueL




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 1land 1in
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. Regq, 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.
I1. 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 1lands, 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 currentL

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 its
LMR.designation and verify, upon request, that the data used b:
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

designated LMR shall be resolved 1in accordance with the

~

-
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Department of Interior's Hea:ings 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 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

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 (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 gf
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-ialf Mile But Less_Than One_ Mile_Fraom
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 in Section V of this Agreement, and
(b) wells to bottom hole 1locations 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. l

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. L

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 (1l0%), whichever is greater, of any abandone
mine workings that are connected to an existing minj_
by an opening or barrier of one-hundred (100) feet ot
less unless the APD is accompanied by the sealing an
safety plan and certification described in Paragraph 3_
below.




7. An APD.for a directionally drilled oil or gas well to
a bottom hole location 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 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 socle 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.

. 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 Hotice to Potash Lessee

A. The BLM, upon request, will advise oil and gas lessees-
of the surface locations where wells will be allowed to develo .
the leases. Oil or gas leases covering areas designated a LMK
by a potash lessee will be unitized to the extent possible witt
other areas where drilling 1is ;llowed.

B. An o0il or gas operator desiring to drill an oil 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 BLL.
along with a map or'plat showing the location of the proposet
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. !iowever', if the APD is for an o0il or gas well that
will penetrate abandoned mine workings, all potash leaseholder
in the Potash Area shall be notified. Proof of such setvics;
shall be attached to the APD and filed with the 0OCC andsc.
BLM. Within twenty (20) days of service of an APD and require
documents, any potash leaseholder within one (1) mile of tt’i_e
proposed well location (or any affected potash lessee if tt
proposed well will penetrate abandoned mine workings) may €£i?
an objection with the OCC to the proposed well. 1€ tlrs
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 1leaseholder to object to'

well location or 1its agreement to the drilling locatict

—



referred. to iﬁ this Agreement shall not constitute a release of
liability. 0il and gas leaseholders and those persons and/or
entities involved 1in 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 liquids into the
strata or atmosphere as a result of drilling activities.

V. 'Drilling and Casing Program
[Same as current R-111-A]
VI. Drilling Flui Sal ion
(Same as current R-111-A])
VII. Plugging and Abandonmen Hell
[Same as current R-111-A]
VIII. Filin Hel Lv
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 hozizon on all wells drilled in
the Potash Area. All encounters with flammable gaSes.
including HZS, shall be reported by the operator to the OCC. °
IX. iti 1 _Sa R iremen and Emergen Action
A. All oil and gas drilling activities within the Potash
Area  shall be per formed 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 Areas.



cC. 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 course 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 wupon request, initiate proceedings i:
accordance with‘NMSA 70-2-23 ands/or other applicable laws anc
regulations to review such data and take whatever emergency
steps are found necessary to eliminate such hazard. Potasy
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
oil and gas lessee from liability for any damages caused by its
oil and gas activities.

Ll sttt
AGREED TO AND APPROVED THIS "YU pay ofF J{f4Lmizt

1987, BY THE FOLLOWING REPRESENTATIVES OF EACH INDUSTRY

COMPRISING THE POTASH-OIL AREA SPECIAL RULES STUDY COMMITTEE:

For tl;iz‘j:icas Industry: For otagh \Industry: “
Y -
V1o
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oCD
BLM
SLO

fates

Bass

ZxxXon

Gas Co NM
Chevron
Phillips

Conoco

Texaco

Amoco

Unocal

Camppell & Black
Talisman Energy
Mesa Ltd. Ptnr
Sun E&P
Louisiana Land
Hondo 01l
Tenneco 0il

NM OIL CONSERVATION COMMISSION

HEARING

February 18, 1988

Hinkle Law
Charles High

Lundberg
Western Ag

NM Potash

IMC Fertilizer

COMPANTES REPRESENTED AT COMMITTEE MEETINGS

Heyco Charles High IMC Fertilizer
Yates Petroleum Steelworkers NM Potash
Talisman oCD Mississippi Chem
Bass BLM Western Ag
Texaco Kellahin NMOGA Lundberg
Exxon Noranda Minerals
Anadarko Pet. AMAX
Amoco

MAILING LIST
Enron Carlsbad Chamber of Commerce
Tenneco W. Tom Kellahin

Kaiser-Francis 0il Co.

Robert Light, NM State Rep.

James Ott
NMOCD
D. S. Nutter



NAME

J. C. Allen

George R. S. Buehler
Frank Ccndon

James L. Cromer
Randall L. Foote

Joe Gant

Dan Girand
Jirmy 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 Olsen
James Otts

R. W. Parrish

POTASH STUDY COMMITIEE

Mailing List

REFRESENTING

Amoco Production Co.
Anadarko Petroleum Corp.
Noranda Minerais

Exxon Drilling
Mississippi Chemical Corp.

Chamber of Commerce
Govermment Affajirs Comm.

HEXYCO
Steelworkers local

Bass Enterprises Prod. Co.

Artorney, pro se

Enron 011 & Gas

Attomey
N. M. 0il & Gas Attomey

Amax Chemrical Corp.
Lundberg Industries, Ltd.
New Mexico Potash

N.M. State Representative
Western AG-Minerals Co.

Temeco 011 Co.

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

Intemational Minerals &
Chem. Corp.

ADDRESS

Box 3092, Houston Tx. 77253
Bax 2497, Midland, Tx. 79702
Box 159, Lithia, F1. 33547
Box 10488, Midland, Tx. 79702
Box 101, Carlsbad, N.M. 88220

P. O. Box 909, Carlsbad, N.M. 88220

Bax 1933, Roswell, N.M. 88201
804 Solana, Carlsbad, N.M. 838220

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

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

Box 2265, Santa Fe, N.M. 87504

Bax 279, Carlsbad, N.M. 88220
Bax 31, Carlsbad, N.M. 88220
Box 610, Hobbs, N.M. 88240
Box 1658, Carlsbad, N.M. 88220
Bax 511, Carlsbad, N.M. 88220

7990 ™ 10 West, San Antomio, Tx.

Baox 1449, Santa Fe, N.M. 87504

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

Bax 71, Carlsbad, N.M. 88220

——-=




Jim Pullig Bass Enterprises Prod. Co. Box 2760, Midland, Tx. 79702

L. John Seeman Texaco UsA Bax 728, Hobbs, N.M. 88240
walter Thaver International Minerals &

- Chem. Corp. Bax 71, Carlsbad, N.M. 88220
Al Springer Yates Petroletm 207 S. Fourth, Artesia, N.M. 88210
Warren Traweek Western AG-Minerals Co. Bax 511, Carlsbad, N.M. 88220
J. M. or J. B. Waid Talisman Energy Corp. 2807 Buffalo Spdwv, Suite 319,

Houston, Texas 77098

Jae J. Walker Amax Chemical Corp. Bax 279, Carlsbad, N.M. 88220
Marvin Watts N.M. State Senator Bax 56, Carlsbad, N.M. 88220
Victor T. Lyon N.M.0.C.D. Box 2088, Santa Fe, N.M. 87504
Les Clerents N.M.0.C.D. Drawer ID, Artesia, N.M. 88210

Infornmation and Mailing

D. S. Mutter Consultant 105 E. Alicante, Santa Fe, N.M. 87501
James T. Wakefield Kaiser-Francis 0il Co. Bax 21468, Tulsa, Ok. 71421
Jerry Sexton N.M.0.C.D. P. O. Box 1980, Hobbs, New Mexico

88240
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STATE OF NEW MEXICO
ENERGY, MINERALS AND NATURAL RESQURCES DEPARTMENT
OIL CONSERVATION DIVISION
GARREY CARRUTHERS POST OFFCE 80X 2088
SOVERNOR STATE LAND OFFICE BUILDIM.
SANTA FE. NEW MEXICD 8735~
13051 827-5800

MEMORANDUM

TO: Charles High, Attorney

Walt Thayer, IMC.

Robert Lane, N.ll. Potash

Randy Foote, (Alternate), Miss. Chem.

Jens Hansen, Bass Enterprises

A. J. Deans, Heyco Inc.

John Waid, Talisman Energy

Norbert Rempe, (Alternate), Yates
FROM: Victor T. Lyon e - <2

~ -
PR > /7,.[1‘.-.- >

SUBJECT: Potash-0il Work Committee Meeting
DATE: November 12, 1987

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 Xansas and Mills Streets,

downtown El1 Paso. Vle hope to finalize the  agreement

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

Jens Hansen.

ce: Erling Brosteun, M/D ;
Jim Clsen, BLM, Santa Fe .
Fran Cherry, BLl!, Roswell

VTIL/ag

g
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U.S. Department of the Interior ¢ Bureau of Mines

MINERAL INDUSTRY SURVEYS

TS Ary, Director . 'Washington, DC 20241

For information call:

Annual, Preliminary
James P. Searls (202) 501-9407 ' o

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.

Footnote 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.



POTASH

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

1. Domestic Production and Use: In 1991 the production of marketable potash, f.0.b. mine was about
$305 muliion. 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, dissolution-recrystalization, and washing, provid-
ing 85% of the U.S. total. In Utah, one company was able to bring underground bedded potash to the
surface by solution mining. The potash was recovered from the brine by solar evaporation and flotation.
Another company collected subsurtace 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 California, one company recovered potash, coproducts borax pentahydrate, and saltcake from subsur-
tace brines from an interior basin using mechanical evaporation. In Michigan, a company continued
expernmental work concerning solution mining and recovery by mechanical evaporation. The fertilizer in-
dustry used ciose to 95% of the U.S. potash sailes and the chemical industry used about 5%. About 75%
of the potash was produced as potassium chloride (muriate of potash). Potassium sulfate (sulfate of pot-
ash) and potassium magnesium sulfate (sulfate of potash-magnesia), required by centain crops and soils,
composed about 20% of 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 tields in both spring and fail.

2. Salient Statistics—United States: 1987 1988 1989 1990 1991°*
Production, marketable 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,0,

average, muriate, f.0.b. mine® 93 132 137 130 131
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.

4. Import Sources (1987-90): Canada, 90%; Israel, 5%; U.S.S.R., 2%; Federal Republic of Germany,
Eastern states, 2%; and other, 1%.

5. Tariff: item Number Most favored nation (MFN) Non-MFN
1/1/92 1/1/92
Crude salts, sylvinite, etc. 3104.10 Free Free.
Potassium chloride 3104.20 Free Free.
Potassium sulfate. 3104.3 Free Free.
Potassium nitrate 2834.21 Free Free.
Potassium-sodium nitrate mixtures 3105.90001 Free Free.

6. Depletion Allowance: 14% (Domestic), 14% (Foreign)

*Estimated.
'Source: U.S. Bureau of the Census. The Potash & Phosphate institute (PPI) reported 4.050,000 tons in 1989.

2Based on the U.S. Bureau of the Census reports of impons from Canada. An alternative calculation of apparent consumption using the
PPt report of imports from Canada would be 5,150,000 tons.

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

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

*Total reserve base in the Dead Sea is equally divided between israel and Jordan.

A reserve of 22,300,000 was reported by I. D. Sokolov in Basic Tasks of the Potash industry up to the Year 2000, Zhurnal Vsesoyuznogo
Khimicheskogo Obshchestva im. D. I. Mendeleyeva, v. 32, No. 4, July-Aug. 1987, pp. 383-387.

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



— 7. Government Stockpile:
8.

10.

11.

' POTASH
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%
capacity 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.
Abundant 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.S.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 fall. One
Carisbad, NM, potash mine is currently for sale.

It is estimated that in 1992 domestic mine production will be 1.8 million tons and that the U.S. apparent
consumption will be 5.4 million tons.

. World Mine Production, Reserves, and Reserve Base:

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 690 670 28,000 45,000
Thailand - —_ — 100,000
U.S.8.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

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 biilion 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 patassium 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
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HISTORY OF DISCOVERY AND DEVELOPMENT

OF CARLSBAD POTASH DISTRICT

The denial of access to German sources of potash fertilizers during

World 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 Mexico
and west Texas from cuttings recovered from holes drilled for oil, Hoots,
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-
gram, 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 1 in Utah.
Sinultaneously, 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 No. 1 HéNutt wildcat provided
the first evidence of commercial amounts of sylvite, The well was
spudded on July 5, 1925, and reached its eventual total depth of 4416

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



~e

of several significanﬁ intercepts of sylvite bv examination of the cut-
tings. That serendipity played its role rests on these eventual revela-
tions: 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
present in all 11 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 comparison 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 commenced 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 t!lexico.

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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northern mines to as much as 3000 feet in the south. The potasih deposits
are restricted to thin lenses (4 to 8 feet) within this thick sequence of
salt and anhydrite beds. The potash mining horizons occur in the upper
portion of the evaporites; thus an “insulating” blanket of salt and
anhydrite separates the potash mining levels from underlying sandstone
and pcrous carbonate beds that contain oil and gas. The thickness of
thic insulating blanket is never less than 400 feet and may be as thick
as 2500 feet. What will now follow is a more detailed description of
the character and method of deposition 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 within a large Permian aged structural feature
known as the Southern Permian Basin. The basin is of large areal extent,
covering most of southeast New Mexico and west Texas. This basin, along

with its ancestral structures, contains one of the most complete strati-

graphic sections of the Permian 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 south 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 Castile 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



final regression of the sea occurred that allowed fluvial sediments
(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 unconformity. The strati-
graphic history is missing from the Triassic to the Late Tertiary 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 che~;ther 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
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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 Formation 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 district. The general trend of the dike is

N. 50° E. The dike has been encountered 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 to mining. The other type structures are
solution collapsed chimneys. 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
Miseissippi Mine, but iﬁ 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 1., 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
anhydrite and finally salt, is much in evidence throughout the Salado.
These rhythmic 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
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Table 1.

Description of Ochoan Rock

TRIASSIC

Dewey Lake
200-300 ft.

Sy

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

Rustler
200-500 ft.

Mostly anhydrite with some salt. Con-
tains two dolomite layers, 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.

& o

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 (1l to 10

feet) beds within this unit.

o fto

Lower
400-1500

~

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

, 'Castile
- ft.

0-1500

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
geophysical logs and are amazingly consistent laterally throughout most

the mining district.

A uniform stratigraphic 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 atr 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 anhydrite

has been either partially or completely replaced by polyhalite.

Commercial quantities of potash are limited to the McNutt Member of the
Salaao. The McNutt being defined as the interval from Marker Bed 126 up

to the Vaca Triste, a mudstone-sandstone bed. Eleven ore horizons normallj
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 is quite
variable. Mineral suites and ore zone characteristics are given in

Tables 2 and 3.
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Table 2.

Evaporite minerals of the Carlsbad district.
lanbeinite are ore minerals at the present time.

Only sylvite and
The hydrated

potassium minerals are not amenable to existing concentration

methods.

Mineral

*Anhydrite
Arcanite
Bischofite
Bloedite

*Carnallite
Erytrosiderite
Glaserite
Glauberite

*Gypsu

*Halite
Hydrophilite

*Kainite

*Kierserite

*Langbeinite

*Leonite

Loeweite
Mirabilite
*Polyhalite

Schoenite
*Sylvite
Syngenite
Tachyhydrite
Thenordite
Vanthoffite

*Common

Formula

Cas0,
K280,

MgCL," 6H,0
NaZSOA’MgSOA'AHZO
KCL *MgCl, 61,0
ZKCI'FeCl3‘H20
KqNa(S04)2
Na,50,°CaS0,
C3504'2H20
NaCl
KCI'CaClZ'GHZO
MgSO,, *KC1* 3H,0
MgS0,, * Hy0

- K,50, " 2MgS0,

K,50,°MgS0,°4H,0

fNa,S0, *MgS0, *15H,0
Na,;50,°10H,0

K,80,°MgS50,°2Ca~
§0,°2H,0

~ K,S0,°MgS0,°6H,0

KC1
CaCl,y*2MgCl,* 12H,0
Na,SO,

~14-

Equivalent Percent

(K)  (XC1)  (Ka0) (K9S04)
44.88  —- 54.06 100.00
14.07 26.83 16.95  --
23.75 45.28 28.61 -~
35.29 - 42.51 78.63
13.32 25.39 16.04  --
15.71 29.94 18.92 -
18.84 — 22.70 41.99
21.33 - 25.69  47.52
12,97  — 15.62  28.90
19.42 — 23.39  43.27
52.44 100.00 63.17  -=
23.81 - 28.68 53.06



TABLE 3, Mineralogy and mineability of ore zone

Marker Bed

- Iy rem———

| et

r..——-.

v ———

Ore zone Nearest Base Mineralogyv Mineability
Eleventh MB 117 Mostly carnallite, Not commercial
minor sylvite and to date
leonite
Tenth !B 120 Sylvite Second best in
the district
Ninth MB 121 Carnallite, kier- iot commercial
serite, minor to date
sylvite
Eighth Union Sylvite Moderate
reserves,
important in
future
Seventh ——— Sylvite Moderate
reserves
Sixth ——— Carnallite, Not Commercial
kierserite, etc. to date
Fifth MB 123 Sylvite and Moderate
langbeinite reserves
Fourth — Langbeinite and Principal
sylvite source of
langbeinite
Third —— Sylvite Ranks 3rd in
production of
sylvite
Second MB 125 Carnallite, Not Commercial
kierserite, etc. to date
First MB 126 Sylvite Was the major

-15-
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Ore zones exhibit considerable effects of diagenetic processes. Jones

(1954) divided potassic mineral occurrences as:

(1) Accessory 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 observéd in Figure 5. The polyhalite and acces~

sory mineral occurrences can be considered as halos. Veins or lens of

pure or mixed assemblages of pntassium minerals occur, but in and adjacenii

to ore their contribution to minable reserves is quite small.

While ore zones remain in consistent stratigraphic positions, the original

éedimentaty 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 mo;ing 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 Crystals 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 term fluid inclusion is also used to describe negative
crystals. Negative crystals are common to essentially all halite deposits,
i.e., they 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 typiéal 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 Clav 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 andlsulfate. 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 TSOLATED FROM 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 closer packing is achieved. On continued
burial the halite crystals become completely plastic and all brine is
éjected. The only exception being 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 yield results that are beneath the measurement capa-
bilitvy of the test apparatus or if measureable can be accounted for by

fractures induced into the sample.

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

have remained in position since deposition. The approximate age of

the Ochoan evaporites is 230 million years. That the brine and gas
remain in posirion is due to the halite immediately under and overlying

the fluid bearing strata.

The McNutt Member is underlain by 400 to as much as 1500 feet of halite
of the Lower lMember 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
impermeable barrier between the mining levels and any oil-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. Oxygen 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 content thus 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 underlying 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 a much thicker bed of halite. The lower
portion of the halite is normally purer (freer of clay) than the upper
portion. This depositional cycle 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-
condences with first aragonite (CaCO3) and then gypsum (CaSOa‘HZO)
beingVerosited. The former will eventually be converted to dolomite
(Mg,CaC03) and the latter to anhydrite (CasO,) by diagenitic processes.

Some of the thicker marker beds are banded representing several cyclets

~20~-



of aragonite and gypsum deposition. These are interpreted as refreshing
of the seawater in some sort of periodic manner, perhaps seasonal. (&)
Halite commences to crystallize. The original seawater becomes highly
concentrated by evaporation. All of the calcium has been removed by the
formation of aragonite and gypsum. (5) Drying continues with the
formation of additional halite. The surface must be quite dry at this
stage and blowing winds and occasional rainfalls on nearby above tidal
surface deposits tend to add more detrital material to the evaporation
pan. Therefore, more clay begins to be deposited along with the halite.
(6) 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 whicg con#titute the 45 marker beds now used to map

stratigraphic position within the Salado Formatiom.

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 Qabkha 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. 0Organic
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 reacted 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 H3S are present and organic matter
appears as organic acids rather than as nmethane. Inert gases, nitrogen
and CO,, are by far the most common constituents of gases within the
fluid inclusions. The combined percentage of N7 and COy is never less
than 90% and the highest methane analysis of samples tested did not
exceed 0.5%Z. (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. Hj3S, 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 preseant 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 ] ppm in

halite.

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

We have 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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labcratory in Hobbs and five were analyzed by a State supported 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 summary of results is shown in Table 4.

Emphasis needs to be placed on the fact that our 12 samples and the 14
saunples 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
mine atmosphere. We took the normal precaution of using hand held
methanometers to monitor the mine atmosphere while samples were being
collected. In 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 assoclated 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
Isola;ion 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)

New-Tex Lab
(7 Samples)

Highest
Average
Lowest

N.M. Petroleum Recoverv
Research Center
(5 Samples)

Highest
Average
Lowest

U.S. Bureau of Minest
(14 Samples)

Highest
Average
Lowest

~ *Not Reported

tFrom Rutledge, et al., 1964

o~ &
L]
Q 0~

-24=

Ratio
CnHn+2 N» Cd,/CnHn+2
0.11 93.52 57
0.04 98.38 35
0.0 100.00 0
0.12 94.91 40
V.04 98.37 43
0.0 99.93 0
* 91.2 *
* 96.0 *
* 97.3 *



The samples we took were analyzed by Dr. David Norman at N.M. Institute
of Mining and Technology. Thé procedure he used is quite experimental
but well suited for the specific task., The samples were first crushed
with a clean hammer and 2 to 4 mm grains of ore were hand-picked. About
S 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 both 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 Zone Co, Ny CH, Cxlly HsoS Other
l .8l1.3 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 COy and N; in contrast to simply
N2 in clay seams. COj is nbrmally dominant. The average
total of inert gases (CO; + Nj) = 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 partiaily decomposed.
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3. H»S is present which is indicative of 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 which

>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 H7S for simple methane and
the partial substitution of COy for Nj. We tentatively conclude that
conditions were anaerobic at the time of formation of the fluid incluy-
sions. Atnospheric oxygen was totally 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 Ny or a mixture of Nj

and COj. These gases were proﬁably derived for the earths atmosphere.

In Figure 5 we compare the compositions of the clay seam and fluid
inclusion gases with natural gaées associated with kﬁown oil-gas pro-
ducing areas near the potash mines. For this comparison we have used
a three component diagram because 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 all 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 distinctly 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 inglusion gases are mostly inert.
Trace amounts of methane are present in the clay seams. The balance is
No. The fluid inclusion gas is mostly a mixture of COp and Nj;. H»S

is present in trace amounts and probably represents the only other gas
phase. Heavier hydrocarbons are present in minor amounts but not in the

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

We have also coliected samples 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 tcNutt Member of the Salado. The composition of these
waters is presented in Figure 6. A three component diagram of Mg-K;-SO4
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-K,~SO; 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 underlying the potash beds are impermeable. In
addition, the brine waters associated with the clay seams is typical

of bittern waters to be expected adjacent to potash deposits.

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

The Carlsbad Potash Mining District is distinctive from other evaporite
mining 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 limited 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 !ember of the Salado provides from 400 to 1,500 feet of imper-

meable salt between the deepest mining levels and the shallowest oil-

gas reservoirs. 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 make

the following comparisons.

Salt Domes of the Gulf Coast

Salt domes are diapiric structures. The underlying Louanne Salt has
pierced 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 Formation.

Trona Deposits in Wvoming

Evaporites of the Green River Formation are lacustrine rather than
marine. 0il shale beds are intercalated with the trona. The environ-
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. However, there are two important differences. First,

the individual evaporite beds are thinner. Marine black shales are
present at regu}ar 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% CH,, 21.2% ethane-pentane, and only 27.4% nitrogen-

carbor 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.

SELECTED 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 the Environmental Evaluation Group (EEG) is to conduct an
independent technical evaluation of the potential radiation exposure to people
from the prooosed Federal raaioactive “aste !solation Pilot Plant (WIPP) near
Carlsbad, in order to protect the puhlic health and satety and ensure that
there is minimal environmental deagradation. The tEG is part of the
Environmental Improvement Division, a component of the MNew Mexico Health and
Environment Department -- the agency charced with the primary responsibility
for protecting the health of the citizens of hew Mexico.

The Group is neither a proponent nor~ an coponent of WIPP,

Analyses are conducted of available data concerning the prooosed site, the
design of the repository, its planned operation, and its lona-term stability.
These analyses include assessments of reports issued by the U.S. Department of
Energy {(00E) 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-AC04-79AL10752 with the New Mexico Health and Environment

Department. '

%dell Nl

Robert H. Neill

Director

—
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INTRODUCT ION

The impetus Tor this study was provided by a recent series of incicents at the
Verr-McGee mine Bear Carlsbad, 'ew Mexico. On Cecember 13, 1983, a miner
operating a continuous mining machine apparently hit a pocket of trapped,
pressurized gas. The sudden release of pressure from this gas pocket caused
the gas to expand. This resuited in dislodging of rock and debris and loose
fixtures on the mining machine. According to a preliminary investigation by
MSHA, "The operator of the continunus miner was apparently killed as a result
of beina struck by a light fixture which had been torn loose from the
continuous miner.and hurled hack into the victim's face." (See Appendix A, p.
34.) Two more incidents, fortunately non-fatal, within a 5 week period in the
same mine have resu]tad in & concern about the possibility of the occurrence of
such blowouts in the WIPP excavations. The blowouts occurred 9 miles north of

the center of the WIPP site in a geological strata which is 660 ft abcve the
excavations for the WIPP repository.

U. S. Mine Safety and Health Administration (MSHA) and N. M. Inspector of Mines
Department are investigating the Kerr-McGee blowouts. Officials of the
Kerr-McGee mine are conducting their own investigations 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 acknowledged.



GEOLOGY OF THE SALADO FORMAT IOM

The HIPP site and all the potash mines in the vicinity are situated in the
Nelaware Rasin in Scutheastern Mew Mexico. The Salado Formation is a part of
about 10,000 ft of sediments deposited 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 tasin had
filled and the saline water spilled over to the north and east covering a larae
area now known as the Permian RBasin. Evaporation at the surface of this
shallow sea under arid conditicns resulted in the precipitation of salts,
mainly halite which eccumuisted over a period of time. The formation resulting
from this process is called the Salado.

Jhe Salado Formatiocn varies in thickness but at the WIPP site and the potash
mines, it is about 2000 ft thick. The Salado consists mainly of Halite (NaCl)
and other salts including polyvhalite [kyCasita (S0.),-2H,0', qlauberite
(Ma;S0,+CaS0,), sylvite (KC1), Xainite (XC1.MaSO,-3H,0) Carnallite
(KC1.MqCl1,-6H,0), Lanabeinite [KpMap, (SO,)3' and kieserite (MgSO,-r,0) as well
as lavers of clastic rocks and annhycrite. 8eds 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 1. S.
Geological Survey (Jones, 1980, 1973) has developad a svstem of identifing the
stratigraphic location within the formation by desianating 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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— —



- - 800
2800 1 RUSTLER
| B 101 (P)
2400 1900
S
2200 - i 1200
== ————————— L Vaca Triste M.B.
20c01 A b — 1400
=
O s —'0 ;‘1“
- N —3 e ™
A g ,'7; 2 (I=1i = Qre zones) ~
~ = — =z 1600 D
¥ 1800 - =53 N
ly o — g
~J a —
< L E— =
g MB.126 (P) %
B D
s{ 1600 - 1800 g
N S
< ~
s :
;QJ : 2000 D
< 14004 A N a
t; ~
=
vy MB.138 (A) 3
2= = WIPP REPOSITORY ©
- 2200
1200 - M.B. 139 (A)
D
1000 : - 2400
S MB 144 (A)
Cowden Anhydrite
soo{ O - 2600
| 2800
600 -
CASTILE
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has shown that the deposition of the Salado Formation followed a cyclic patterr
(Powers, et al, 1978). Each cycle consists of a layer of clay at the base .
followed by anhvdrite or colvnalite and halite. 7The halite hecomes more
argillaceous &as one proceeds upward. The cycle is finallyv capped hy claystone
and another cycle ccmmences. This seaquence is repeated several times as one
studies the formation from the hottom fo the top. The clay layers are thought
to result from dissolution of clayey halite by inflowing sea water and thus
each cycle probably reoresent§ a fresh influx of sea water in the evaporating
pan. The beds of anhydrite (CaSO.) and thick deposits of halite (NaCl)
represent lona periods of evaporation from a proaressively concentrated sea
water under very arid conditions. Rock salt constitutes about 85-90 percent of .
the Salado Formation.

Jones (1973) has provided a detailed study of the lithology of the Salaco
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 5 °
percent of the McNutt zone in the most potassium-rich sections of the northern
Delaware Basin. .

Figure 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 deposits. In the
potash mines of tnhe Delaware Basin minor "poofs" of aqas outhurst is a common
phenomenon. Several large blowouts have been reported from the potash mines,
some of which have resulted in fatalities. Table 1 summarizes the reported
incidents of gas blowouts in the potash mines near WIPP during the past 10
years. The incidents have heen‘reported fram (1) Kerr-McGee mine located 9
miles north of WIPP, (2) Duvall-Nash Draw mine located five miles west of WIPP
and (3) Eddy mine of the National Potash Co., located 17 miles northwest of
WIPP. Fiqure 2 shows the locations of these mines and the WIPP site. The

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

Kerr-McGee Potash Mine - 1083, 84

The approximate boundary of the Kerr-McGee Chemical Corporation mine is shown
in Fiqure 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). Fiqure 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
dislddged 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. Large boulders, weighing up to 500 1bs. were ejected up to.60 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 SS8°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 from the open fissure

!



*|1leJ JOO|J JO e3aJe 3yl JO JIJU3D

dyy Jeau {|dy 0S|e 21yl 3y g 03 9 ‘3004 U
uotld3s y °seb JO 3seadJ J31je umop 1§ Qb
0} Of |19 33 0E2 X 1) Qg2 °xoudde wolloq jo
eage ue ‘ps/p2/2 ug “cadueyjlaw %9[ pue udbLAxo
Y21 pauteluod Jdpady Joo|y e woyy didues duy
*€£/91/21 Uo yedxy Joopj p yitm soseb podded)

jo asealay (o tddy) ‘gr/oz/el ¥ ‘vi/s2/e
‘pe/8L/p poIep S3J0d0J SaULy JO JO)I9dSu| dIeIs

*satunful

WL 1-350| UIAdS pue Aunfutl SnOLJdS dquy “*Ise|y
-J1e uappns buodils yitm ey gooy °*() *ddy)
ve/e2/11 parep 130dod Sauty Jo J031d3dsu] djels

‘uuLIPI0y NS 03 anp AjtLejey aupg *jood

9Y] dAvye saseb paddes) Ay pasned *|etJojew

jo suol pgt ‘(,6%,2€%,8p) Lles jooy *(y *ddy)
92/L/p palep 1Joddy (YHISH SO JOSINIANY) ¥SIW

*(y *ddy) vy/91/1 paiep 3J0ddJ vy g pue
2 °*sbity cArreqey aug 5221 butpuasy asm
SJBJy |EIIJIIN CPOWIO SEM AWN(OA UL ) QY
noge Ajtaed y  pabposip seM 3J0 JO Suol G
POIeWLIS | CPIIINII0 NUMO G DJDYM DIRY BY)
uoJy Aeme 13 g2 punoj sem dutydew bututw dy|

¢ bty o621 butpuany
3Jnjoiedy (PDLIJIA P yllM PAIeLIOSSe Sem JN0Mo (Y

*satunlut

Jouty  cAjt(eley oN ‘g pue 2 °sbiy L0101

DUt PUAI] dInldesy uddo (ed1JJIA Jeday *padnpodd
SPM SLJQAP JO SUL) 2 INOQy *3ISe|Y ayl jJ0 I|NSaJ
e se 1) 2 Inuye 3dey paAow aulydew bututw 3y|

ot 3diadsag Jatad

21LS ddIM 9yl Jedy SUULY yseIog Ay Ul

U0} 3335 yIJON

013335 Jel|td yIJoy

(¢ovoz
3J0 Yl91) (3A3| ILALAS

*1 wooy
‘69 eady ‘auoz aJo yigl

*09[ eausy u} wood bBulpual
S-N e c_n.w=o~ 840 Y101

*(s-N) g wooy
‘69 eaJy *3u0z 3Jo yigl

uot3ed0

$SJ3JUN0dU] SeYy pazLJnssald Joley pajsoday

*0) yseiod |, N
auty App3

*0) yseiod |, IN
autl App3

MRJ(} uysey
Lreang

93924-J43Y

3390-143)Y

3992~ J3Y

Uty

pL6l “v2 434
03
€L61 ‘91 *29q

vL61 L2 *AON

(£)9L61 udaey

€861 ‘€1 °23g

€861 ‘61 °23@

¥861 ‘€2 ‘uer

ajeg

‘1 8tge)



*pajuawndop uaaq aey
sInomo(q seb auaym sautw ysejod pue 33LS ddIM 9Y3 40 uol3eso] -2 3unbiy

NOILYD0T LAVHS 3NIN X [ G T e —
MU ol 8 9 b 2 0
YiJoN
J.m__,._,ﬁv\_ ININOT
.@.. O,
.......... ..............r.
8 lllll...hb.‘ 000
ddiMm \ (MVYQ HSYN) .@...
\\\ 4 wana
(Ltejap 404 g -6tJ 9ag)
p8-€2-1 PUD £8-¢1-2I do
jo sinomo|g | 5 aveasIyvI
' | CO8D
nmm_N— ‘ ooo ‘ooto.
ANIW 339N -YY I i
40 AYVANNOB ‘X0¥ddV
-.l-o.-o‘- 8
sameee ('00 HSV.10d “TVNOILYN )
ININ AQQ3

2" 56801 o1

- fi.ltll | P, Al ey b ey [ . q . i P rl..\~ r!l& 1 . ] 1 |



v

/I
I

Frocture trending 164°
(N16°W, SI6°E) )
5
€ 2 o
’ g § DN
o —
o ’////////,/// \\\\\\\\\\\\\ o« North
Fracture trending 122° / \
(N58°W,SS8°E)
.
-
Location of Blowout \ -
12/13/83 \/ \
o] 100 200 feet )
e a— — .
Fracture trending 110°
(N70°W,S70°E) \ )
~~J[

Location of Blowout ™~
1/23/84

Ficure 3. Detailed layout of Area 169 at the Kerr-l'cfee mine where the
gas blowouts of 12.13.1983 and 1-23:1984 occurred. The -
orientation of fractures is shown. The fracture at A resulted

from a previous blowout. (See Fig. 2 for location within the mine)



- . 122° in Room 1 Area 169, Kerr-McGee mineg (See Fig, 3 ¢op



- a
Y LR
..._s'.-ﬂ--\_
Coig el

SR py o ey s
ey .

- e emepmpe e
. .

Figure 5. Close up of the fractures at the location of 12-13-1983
gas blowout in area 169 of the Kerr-McGee mine (See Fig. 3
for location).
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within the blowout cavity taken by MSHA investigators on December 14, 1983 were
analyzed to contain 89% 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-MicGee 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° E). The room at this location
has been excavated to 12 ft abdve 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
outhurst 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 110°
(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 Draw 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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tddv Mine (National Potash Comoanv) - 1973, 74

The Eddy mine is located about 17 miles northwest of the WIPP site (Fia. 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 8lowouts 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
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



Cccurrence of Gas at WIPP Site

“ases have been encountered curing the crilling of exploratory roles for WIPP
it several stratiagraphic horizons in the Salado formation. Table 2 summarizes
*ne availahle information and was prepa;ed from data provided in Griswold
'1977) and the Basic Lata Reports for the boreholes. Fiqure 10 shows the
Tocations of these toreholes. It clearly demonstrates that gases occur in the

uoper, middle and Jower sections of the Salado Formation.

“ore than 10,000 feet of excavation at the WIPP repository horizon has bSeen
cempleted to date. Although no written record of gas encounters, even minor
“noofs", is available for the WIPP excavations, several project participants
informally discussed with the author instances of release of minor amounts of
gas accompanied by hissing sound during the excavations for 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 139) 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 from
the roof of the East 140 drift and encountered as much as 12,280 cc/minute flow
rate of gas emanating fram Anhydrite “b" layer. A hole (S850C) driltled
vertically down at the same location, to a depth of 14.8 feet, intercepted gas
in the clay layer below Marker Bed 139. The initial flow rate was .
approximately 1200 cc/minute. One day after completion of hole 850-C, the hole
was found to contain approximately 2 liters of brine. Gas was encountered in 9
boreholes drilled from the roof and floor of WIPP drifts. Pressure buildup in
these holes ranged from 10 to 120.6 psi. A typical flow hydrograph of the WIPP
gas testing borehole shows a periodicity of flow. Each hole has a different
magnftude 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

heen demonstrated and there might be other explanations for the pulsating
character of gas emanations.

17
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CHEMICAL CTMPOSITION OF SALADO GASES

Tahle 3 shows a summary of the chemical analvses gerformed cn S:lado gases frar

-<

near the WIPP repository harizcn and from the McNutt Potasn Zone., The analvses

show that nitragen 3s the primary constituent with ccncentraticns recorded frem
76.2% to ©6.5%, oxvcen sccounts for 0.2% to as mucn as 22*% and methane
constitutes from 1.07% to a maximum of 7.8%. Very small amounts of C0, and
C,Hg are also present. It should be keot in mind that the process of aas
sampling is somewhat tricky and that it is quite likely that the samples
showina oxygen content much abcve the averaae values may have been 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 horehole 850-C
drilled 15 feet into the floor of the East 400 drift, 350 feet south of the 12
foot exploratory shaft at WIPP,

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

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 burst
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 gas
in the rock strata can thus be best characterized as "explosion." However, the
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 gfaphical\y.
It shows that a minimum of 5% methane and 12% oxygen 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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Figure 11. Relationship between the composition and the explosibility

of mixtures of methane, oxygen and nitrogen (From Coward
and Jones, 1952).
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aas sample obtained from Marker Red 139 at WIPP contains the highest percentage
of methane (7.8%) but too-little oxyaen (1.3%) to make it explosive in a |
cnemical sense. One sample from the £ddy Mine of “ational Potash Ccmpoany was
analyvzed to contain 12% oxygen and 16% methane (App. (), but its accuracy is
questionable.



THE ORIGIN OF GAS

A1l salt deposits contain some fluids (brine and gas) and the Salado formation
is no exception. Within halite crystals, gas can often he seen as a bubble
within a fluid inclusion. To estimate the percentage of fluids in the halite
crystals of the Salado Formation, 35 seléected 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 bhrine,
total amount 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 reéched the magnitude of lithostatic stress. This would mean that qas
~———pockets in deeper strata would be more pressurized. Alternately, qas could

24
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~emain trapped in cermeabhle zone at the contact of salt sna clay, without Seinag

0 to lithastatic levels. Release of pressure in such a case would SYe
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nt and would nct necessarily be higher at greater cepth,

Trere appears to be a prefarred direction of orientation of fractures
sssociated with cas Slcowouts. Tne fractures are mostly oriented in a WhW-£3%
direction. It is possible that the fractures were created by some geological
activity in the past and gas from the surrounding reaion migrated into them and
tater beceme pressurized due to salt creep. The stress field which would
induce WNW tensile fractures should have heen perpendicular to that direction,
i.e. "NE. There is a lamprophyre dike with an approximately KE trend which is
exposed in the northwestern part of the Kerr-McCee mine. It is likely that
these fractures were created when the dike intruded into the Salado salt about
37 million years ago. The fractures associated with gas hlowouts 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.
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CONCLUSINNS AND RECCMMENDATIONS

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

Formation.

1'

Gas can be found at almost any level within the Salado Formation, déneral]y
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 gas
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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5. Eacn violent outburst exposes an open vertical fracture. Due to the similar
alicnment of these fractures in a WNW direction, it is thouaht that the cas
is trapped in fractures which inav have been opened due to a geclogical
factor such as the emplacement of a dike. I[f this is true, the gas pressure
within these vertical fractures would have to be in eaquilibrium with the
horizontal comnonent of the litholostatic stress, or approximately at 1500
psi pressure. Sudden release of such a high pressure would disiodage and
move larae chunks of rock and machinery if cauaht in the outburst.

6. Small emounts of qas, often emanating in a cyclic period, have heen
encountered in zones a few feet above the ceilinag éend below the floor of
WIPP excavations. Chemical composition of this gas is similar to the cas
found in potash mines, 600 feet stratigraphically above the WIPP repository.

7. No encounter of gas, not even small "poofs" have been officially reported
from more than 10,000 feet of excavations for WIPP, However, there are
hearsay accounts of such encounters.

8. There is a low probability of finding pockets of highly pressurized gas at
WIPP since none have bheen 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 following 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 eny fractures and areas of excessive moisture seeps in the excavations.
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Continue the practice of driiling advance exploratory holes tefore cutting a
face with the continuous mining machines. These holes should be drilled

slanted upwards to intersect the clay layer near the ceilinag.

Install protective metal qrating on the continuous mining machines similar

or better than the ones installed at the Kerr-'tcGee mine.
Check the mining machines for any loose parts which may get removed and fly
sbout in the event of an explosion. Remove or re-install such zarts to

prevent this possibility.

Establish procedures to not allow any unnecessary personnel near an
operating mining machine.
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T=ic repert su—=rizes the investig2tion ¢f == octurrezcos of s s-essuc=
- - - - K 4 mead ; . .
e=cve tne cre zSoes 8T six cizes Lo the sotask districs, Carlzted, New Mexiczs.
Thfividiunt r270TUS D2ve tesn sutziited Jor eoxck mine investi—cad,
Thfivideal ra27or - er i = ad
Tour of tIe zines wers zining sylvite {rom the Ti5-st ore zzne, cna wvas =izizz
. ! - - .
sylvite -z tZe tezin cre zgone (locaied z2coul 200 {es=t above the fi-e= gow
szne~), end cne vas =ining sylvite Troo the [i-st ore zcoe and langteninlita
fr-zz the fcuril ore Iosnie., Tosts a2t tals lost Zine vers confined < she Floo=
cre zIm=. C*vc: rengesd Irez wbout 833 feet o 1588 fser. Fous =ises vera
Yeing werx=d by e rooz-ard-piliar systez, und WC oinesg Ly - reirsstisz sunel
syste=. .
Tecy ere2s wers selscted for thelr chysical charnsteristizs,-end the Tresakilisy
. : - - - - =
of Cinding $2s pressure. Aress invesiigated ronged froo nevly rmized secticas
icns thet hed Seen cpen up tou 25 yzars. Pillars hed nos be=a ext-acied
.
ns

ezs; howvever, at thres =inss the test aresss vere ediace
re pillass hud been extrzcied. At one mine pillers showed
ght, exd threes old roof {2lls vere obser\cd.

evidzazce of ve

pressurs vere in operativa. Methods varled from drillizg UO-feot verticla

holes in every intersecticn to drilling occasional inclin—d holes wvhich re-
leas-n eny pressure vithin e few fest of the beck. At sever=) =ines, holes
for ruck bolts, in e=d bdetwesn intersectisns, relieved any Pressurs within

6 feet of the back. .

At 811 the mines {avestigsted, progwess of drilling holes io relieve gas

»

EQUIT=T

- | im &% . 4 , n - .
Beles were drd .’ed iz the back vith roof telting zachines, using sectlcrali
zuger steel end tungstien cardide-iipped fishtail bits. Thrpe-inch Cinvmore=
nholes for Lhe stratasccope were doilled with specia) one-pass bits, c= szl
fnules wvere enlurged with a lostlly decigned resma-,

HCCK siruti vos otserved wilh b SLrRtnsCsTC ON 128N o= the Suyrpemes m:d W4 o
E CZ 32 surevau O Mines
fcel Centrcl Recesrth Croup.  The strutzcuupe uonsisted of a seciicnulizeod
PITisccre eguigped with 2 light o tne hewld of the dastrumens for 11imdime=<an
——auzinuticn.
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Tawl Lnt. w02 RoLc; nRowevers, oS thae cptics 4o tnds insirument 242 nzt srovids
srozressive mumiliczeticz o the l=nzge as afficicnal sectiizs ol luls wore
fued, 2 vary szull izmozoc wos odtalzed st 15 1o 2D feet. The sisntascste was
amui=ped with 2 camersu. o
Cas se=tles wvers odtalnsd will un usgirstss Suldb e tuzing anmd esilactiad in
vecoe= SStiles. A TRCisSr and Tressuss Sogs 2ssexmtly WBS useld Lo ===suss s2s
sra2ssure. A 2iunl goge, czpuble of detecsting =csvezent of 0.CCL f=ch, was uses
13 deter=ize r20f =Cvez=nt When I2s pressuse WBS relessed.  Velscity of I2s
egsapizg fro= drill holies was zousured vith a velcz=eter cspatls of resding
<z 2,000 [la221 per zInute.
FRCCSC3E AND CATA .

AT the six =ines investizated, a totel of 155 .versizal hsles wers dr-illed .
crc= 20 ¢35 %0 fest into the roof; 115 of the 189 boles were drilled in inter-
sac=icns. Gas-usder pressure vas found = 67 (58 percent) cf the iztersecti:
d=¢3led. A tot2l cf Ol ™dlcuws" wers enciuntver=d; 15 vers iz imtersecticzs

{ conteinizg g2s at 2 elavaticzs ebove the beck; end L vere {n intsersectizns

[ cotoinizs 325 at 3 elavaticns cbove the back. reriv-elznt holes vers (a

' iz=wa2rsecticas cextalining g=2s ot 1 elsvatican. Ces pressucse wvas releaced (o
ooly 1 of the L2 bBoles cdrilled between intersecticns. This "tlow” was
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ciezsed es light and the z=s coT frem & ose2le
luyer.® In order to deier=ine if one hol 2lieved wll)l the gus rroessuse in
en {atersection, 12 edditional holes vers d-illed in 10 intercoctiicos.

cf chese additicnul hcles reles=sed gus pressuce. .

Tirty-th-=e holss wvere examined vith the strotasccope in order to determine —

S e . .- esw
the characieristics of the roof and the locaticn of sns-veuring sto=ta. AL
crne zine the roof strota vas exaxiped without instsuzents in 7o .s=2ises driv
‘o0 a2 baight of about 1l fe=t ubove the vack. Leocztizas of =ud end polybeolice
see=s in the roof, as detzr=ized by observaticn of dr-ill cutiings, agreed
closely with locations deter—ined by the other =ethods. Iz ell =inss except
ons, the 20 feet of str=ta cbove the tack contained two or three =d seams —
end o pelynelite sea=. The polynalite see= ves not obsersved L
Most =ui see=s we-e D2d4s up of iztericded salt and =ud, and the polynalis
see= wvas cc=tosed of interdedsZ sal: ond polyhelie i2 =ud tends vers -
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Eightv-seven of the 61 "bHlows' encountarad came from the mud sezms, or mud dands
at the contacts of the polvhaiite tand and salt. Seventeen holes,

I TR EESALTeETIT Ol Tihe 7 TTIT¥s T, wvers ex2= TEZ wiIn tac sTT2Iisisre. e
evemination o8 tie Lolws rovewnlad LIZUT o lne Z=s ecisted fozz wZe oud s2uz=s
cr =uf tandz wnish coalilined ezel)’ vugrss, "ztcut O.) dnmch in dizzater, coanocs
Ly neisiime crueds.= Tais rfatterm was Jounmd in avery exazineZ nolez nal
3 p
“ilay . T=-2s hcles produczed light "Tlowe” Iroo osalt zexcers, end strzizsscrn:
px_=imasizn =f ecme ¢f these thres holoz reveolsd thnt gis exmiztiad Irot oo osmal
viegg, 0.1 inmsm incizeter, lnoco Icne ¢l whoz ccgeared To D2 csazose sall
c-y":als.z ‘me hzole prodused u lignt "plow” from small sin bcles (- e
oolyn=lite Sa==.

A saries of 4 holes were érilled in ) imtarczotica to detormine the lotarad
axz2nt cf viZSs wnd felirlince crzoks., The first hole relizved g2s prescure
os 4ho contees betveen polyhulicse and zelt.  Zxo=inuticn of tZis hole showved
+mmz the z23 was s2lemsed o= O.l-inch dizzeter viggs ccocnnectaa Ty hulrline
c-ooks. To2 secsnd hole érilled 18 i{nches Sroz the coriginal hele did mot
reiecse g25; however, vugss and hiirline erzciks vers visitle at the sa=
elavatizcn a2s in the originul nole. The third hele wes doilled neec the $illio:
lize, 15 fe=t § fnches from the origimul hole. C2s wes not raloaced but
viszss end zrushs wvers visitle. e fourth Bole wus dr-illad 35 Jeet fozz ihe
criginz) ncle, and 8 fzet cutzide of zke imtersecsicn; 20 S22 fressuse ves
2se=ted, end 730 vusss axnd crucks were visitle in this nole.

In order to deter=ine vhether gos was prasext in aresus other than inzarsectior
e seri=s cof 5 holes on 20-foct centers were d-illzd 4nts the rool tetween

2 intarsecticns thut hod produced "plows”. HNonge of the 5 holes relcased .zms.
Sizce the possibilitly existied that heles d-illed in intersse=ctiions could hove
relisved 2ny gos pressuse in the erew vetwees intersecticn & scries of

~ U
-

holcs were drilled in rcezs end bYreaskidroughs tefeore drilling the intersectior
gonc of the kmcles in the ruoms arnd breexthrouzshs relleved gis pressuse; howveve
6 noles in 6§ of thes intersections preduced “blows™.

Ges pressure in one kole in the centes of an imtersectiosn wos scaléi in, by
means of the pecker end &1, end pressure bulll ud to 30 -si. A seezni hole
drilled 20 feet {rcx= the original kheole, en2 6 foet cutsids of she ¢

cd intescectlian
4 - - - » > . - - - °
did not r=duce the pressurs in the origimzl nole. Ansther hole drilled 4n

the intersecticn, T feet Iroz the original nole, selioved the Sooszuse 4a
the origizai hole. ) ‘ '
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TS= the dota sollected during thlis investigz2ticin, 2o ciplanaticz cen e
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n the ipterssectlicns, duc to the velume of go=s lest winils romovin aril)
tcel end setiing the pacuer.
Fiustesn vecuu=-vottle somples vers taken by uspiruting gZus out ef plugsad
r-les wpich were still 'blc'ins at the :de of sarpliug.J Thaiz<ean of the

Lo-tyses _nA icated that the gas vus not exgc E Ssive. Sesple W-1588 conszin
9.2L zars effective cosbustivle muterisl® ond wowld oezome exzlosive,
over & it ed songe, voen =ixed with air.? The §3s represented vy Tals

sa=ple d*d not crzzate a hazerd due to the shert durztion of the “olow” and
<he repid diluticn in the ventilating curTent.

Velczeter rezdings could not be used to colculate initis) aressuses due 0

the aizh velccities of the sscuping zts, the presezce or :E: 2rill sicel in

thc holes, und the time neccssary o “ulovw’ out the= cutiings.  “3lews :la;J .

g upproaching =edius hid velocities in excess of 5,000 [=c= Tor minute. -

l. 3See uzpanciio . -

2. Sce coppandix L,

3. Sce esgendix 5.

5. Iffective combustitle vgualz gessent zuthane slus 1.25 tiz=zs zerzans -
hydrsgen pius 0.4 tizes TTent cartun mconoxide.

3. M. C. Zedezukis, R. W. ftehl, wnd H. A Watsca, Dotermining the Svmlo-cn .
el Mine 2 =Scgheres, Surszu of Mines Infor=ution Cimswlnr 7301, 1959, 12—
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AIR RELIEF RECORD

Size

smail pop Crew

v
=
—h
cr

€ang & blow

ack *ved Cate
Less than cne cu. ft. C_ 1 Time
Setween 1 f‘.3 and 4 cu. yd. || Area
“ore than 4 cu. vd. (1

Floor 1 Full Pass 1

Middle Mud 1 Half Pass ]

Top Mud ] Face 1

Salt ] Rib ]

Smel1 ]

Lgpation

T om No./B}T. No.

D- tance & Direction from which intersection

0t~ -/Comments

Instructions

1. Mark only one tox under Size, and one undér Rock moved
2. Gas seepiny from clay goes under Other/Comments

3. If rock moved, is larger than 1 cubic ft., notify the shift foreman who will
notify generzl 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

Environmental Evaluation Group
Reports

(Continued)

Little, Marshall S, Potential Pelease Scenario and Radioloaical
Conseguence Evaluaticn of Mineral Resources at WIPP, May 1982,

Spiegler, Peter. Analvsis of the Potential Formation of a Sreccia
Chimney heneath the WI[PP Repository, may, 1982.

Bard, Stephen T. Estimated Radiation Doses Resultina if an
Exploratory BRorehole Penetr-ates a Pressurized brine Reservoir Assumed

to txist Zelow the WIPP Repositorvy horizon, march 1982,

Radionuclide Release, Transpoort and Corseauence Modelina for WIPP. A

Report of 3 =orksnop Held on September 1€-17, 1981, February 1982.

Spieqler, Peter. Hvdroloqic Analvses of Two Rrine Encounters in the
Vicinity of the Waste Isolaticn Pilot Plant (WIPP) Site, December

1982.

Spieqler, Peter. The Oriain of the Rrines from ERDA-6 and WIPP-12
Stable Isotopes of Evdroaen and Dxvaen, ifarch 1283.

Channell, James K. Review Comments on Environmental Analysis Cost
Reduction Proposals (WIPP/O0ObE-136) July 19RZ, Novemper I9RZ.

Baca, Thomas E. An Evaluation of the Mon-radioloqical Environmental
Problems Relatinag to the WIPP, February 1983.

Faith, Stuart, et al., The Geochemistry of Two Pressurized Rrines From

the Castv]e Format1on in the Vicinity of the laste T‘blat1on P1Tbt

Plant (WIPP) S1te, Apral 1983.

EEG Review Ccmments on the Geotechnical Reports Provideu by DOE to EEG

Under the Stipulated Aqreement Ihrouah March 1, 1983, Apri] 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
Sh1nment of Hiah-Curie Content Contact- Handled iransuranic (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 13 a 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 of
attitude. I prefer to think of the civil
penalty as a means of encouraging com-
pliance. not as a means of punishing
disobedience.

We have seen. in recent years, a much
greater improvement in the rates of
fatalities and senous tnjuries in the mun-
wg of coal, than we have seen in noncoal
minng. I believe that the civil penaity
'system under the Coal Act is a major
{actor contnbuting to this improvement
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
while insuring fairmess to the parties.
The bill provides a procedure which en-
ables the quesuons arsing out of civil
penaities to be litigated quickly and with
finality.

Under this procedure, an independent
administrative tribunal assesses the pen-
alties, and review of penailty assessments
1s based on a substantial evidence test,
the prevalent test for court review of ad-
rainistrative determinations under our
system. )

We know, however. that there is a
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
it easter, 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 committee's
investigators found at Scotia—a pattern
of habitual violations of the act's re-
quirements which would be cited by the
inspector 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 s likely that it was just this im-
proper ventilation 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 Lq 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
ouch 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

CONGRESSIONAL RECORD — SENATE

inadequacies of enforcement in our
present law which the Scotia tragedy so
clearly demonstrated.

W S. 717 addresses 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 re-
spons.bility for insuring worke)s' health
and saiety iogicaily belongs with the De-
partment whici. has as its overall duty
the responsibility of saferuarding
workers' rights. Yet the committee rec-
ognizes that muner health and safety
calls for particular expertise and a spe-
cial expenditure of effort. It is for that
reason that S. 717 insures that the min-
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-
parument. 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 expenience 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
that'is 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 already sent 0 us a compre-
hensive plan to increase the development
and explottation 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 minerais 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
extractiofl on the near horizon, the time
has come for reform of our inadequate
mine safety and hesalth program. Our
miners should have to wait no longer.
Qur 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 lLabor 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 Committee on
Human Resources has felt this urgency
[or a long time.

S. 717 has been carefully drafted and
cunsidered by the committee, and I am
slad that it is 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 (MTr.
Javrrs), 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. WrLriaMS, in urg-
ing the adoption of & measure to bring
about a marked advance in the safety
and health of our Nation's working men
and women.

This bill s intended to strike a Dew
balance in the longstanding antag-
onistic goals of maximizing production
of energy and mineral resources on the
one hand, and, on the other hand. af-
fording the maximum safety and health
protection for the workers who extract
those resources in what all recognize is
inherently & 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 asccompanied by an
improvement {n the rate of fatalities and
disabling injuries among miners. To this
end. the bill makes & number of improve-
ments in the standard setting and en-
forcement provisions of the Federal Coal
Mine Health and Safety Act of 1869.

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 19686.
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
mining industry.

This bill is a product of extensive over-
sight activities on the part of the Human
Resources Committee that have con-
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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Then 2 sparic was passed zear the lower
cniices of Tethane-air mixtures standing over
vaer in o vessei 6 feec hign and 12 1nches
wuare :n scction, the following observations
Toro made (63):

id vercent methane.—a vortes ring of fame
i7aveied upward about 12 inches, brolke, and
dicd out as & tongue of Same about 12 inches
hwrijer. :

.3 percent metagne.—In one experiment the
Zaz of Zome Tesoived itseif into a Szme thas
‘mveied steadily to the top of the vessei; in
siher experiments the fame became extin-
suisned curing 8 vioient uprush on one side.

i85 vercent methane.—A steady dame witi a
convex {ront passed hrougnout the mixture.

Taese experiments have been rcpeated with
8 Zass cyiinder 7 feec in height and 10 inches in
diameter. The limitc observed was 5.32 percent
zcthane. Steady conditions iwere obtained
ggl)‘a easiiy in the 10-inch tube thaa in the box

).

Independent oobservers conducted experi-
aents i a vessel similar to that first described,
wiich led them  to conciude that the lower
imis for inflammation upward was about 4.9
acrcent methane (45). Comparison of the two
scts of experiments shows, however, that they
~urs conaucted differently. In each set the
s was ignited cicetrically at the lower cnd
of the vessel; in the first set the flame traveled
toward the closed end with 4 reicase behind
the flame, but in the second set the flame
traveled from the ciosed end toward a paper
disphragm that ‘‘upon ignition broke and
save o vent for the burned gases.” The
authors have repeated both sets of experiments

and confirmed both resuits; the figures obtained.

were 5.28 percent for propagation upward
away from thie oven end and 3.01 perecent for
upward propagation in the same vessel toward
the open end. owever, there was o great
didcrence detween the appearance of the iimic
‘ames = the :wo tests. In the Srst they
appeared. aster :raveiing cbout 12 inches, to
J¢ spreacing Irom side to sidc of the vessei
with g sirongiy convex {ront and to truvei ai
sniform speed; in the second :he Same was
spparently not contintous {rom sidc to sidc
o coasisted of innumetibic vertical streoais
*{ 8ame, traveiing much faster and evidentiy
. 3 turduient mixiure. It was difcult o be
«8 B3t e laiter Same could iravei izded-
acely anc 2ot De extinguisned. In ke former
apeniments the fame raveled into quicseent
33s; i e lacter he fame iraveied into gas
that had comsiderable =otion on account of
upward expansion of the neated gas.

Eence, the conciusion is zhag, = o wide
space, the loweriimic of methane 11 airsaturated
with water vapor 2t iaboratory tamperstuse is
5.3 percen: metiane, dut that, i the Seme is
wraveiing upward from the ciosed 0 e open
end of o vessel in gas which is therefors in mo-
tion, it may travel at lease § fcet when the pro-
nortion of methane is not less than 5 percent.
i"ur:hermore, in certain circumstances ‘‘the
fames of mixtures containing 5.3 to 5.6 percent
of methane ars very seasitive to extincuion DY
shoci”” (63). i .

The higher limit of methane in air saturated
with water vapor has been determined in o
ziass tube 7 feev in length a2nd 10 izches in
diameter to be 13.87 percent methane (65).
This figure may de taiken as correciing an eariier
and higner estunate (&4) based on oDservatiocs
in short, wide vesseis and iong, aarTow vesseis.

In a similar vessei with a paper release at the
top equivalent to an open end, the higner iimit
was 15.2 percent under the conditions of move-
ment imparzed to the gases (15).

Downward Propagation of Flame.—In 8 large
box neariy 6 feet long and 12 inches square i
section the limits with downward propegation
of flame in 2 quicscent mixture were 3.75 and
13.6 percent methane; when the box was closed
at the top and open at the bottom, so that
motion was imparted to the mixture by the
expansion on burning, the lower limit with
downward propagation was 3.45 percent (45).

Horizontal Propagation of Flame.—in :he
same box the lower limic with horizontal propa-
gation was 3.53 pereceat methane. Tre position
of the open end, whether behind or ahead of the
flame, was not stated (49).

In o horizontal glass cylinder 7 feaet in leczta
and 10 inches in diameter the limits with propa-
zation throughout the length of ke tube from
open to closed end were 5.42 to 14.03 percent
mcthane., The mixtures were orly partiy
saturased witih water vapor; if combpietaly
saturated. the higher lmit would be reduced
somewhat, prodadly t0 2 viiue 30T exceeding

i3.87 pereent methane—chat with upwara
propagation ia the same vessel {68).

Observations in Smail Vesseis.—Numerous
ovservations have been made of ke lmits of
Swethane in small vessels. On the whoie, che
resuits are fairiy cousistens. as siown by tadles

11 0 14 when allowance is macde for variation
n oxperuncutai coaditions. Qutsianding «is-
crepant Sgures are not quoted licre, decause
they have been explained as due to ‘auity
oxperimens or Jaulty incerpretasion. Ior ex-
ample. in at least one research it is certain shat
the mixuvres of ethane a2od sir were not ho-
mogencous; i another (27§) the ooscrvasion
of u small pressurs change on spariing was
crroneously ioicrpreted as aa indication of
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3ammability; in
i1 2 sertes of Aammabie muxzures of methane
and air 'were exzupoiated 0 7ero sheec. e
cor-anonm..g comosition being taien as tie
Umig of ""..mma.m.:.. y=—ap errur, Deocause 2
“limig” mixture bos o dame speed that is far
'-cm zero. Maay of oider fgures are
misted Secause Llu.y are but rougi upprox-
OD.S comntu'ca “"N! ....O!‘t.‘ recent ""SUL.S.
with whick, however, the Oy are nOC ul varuuee.
A recent scrivs of experiments in naTow
mbes nas. however, "ven some alomaious
rcsuu.s, not ycs cxplmncn In a 2-cm.«ilitnoter
tube 60 cm..long, the limizs were normally 5.20
and 13.72 percent; but, afzer tle tabe had been
cieaned with caromic ucid, washed, dried, .md
svacuated %0 2.001 mm., e limits observed
were 4.70 and 12.36 nereens.  An extended
sertes of experiments was then maude with a
“aagural gas*’ containing 94 percent of metiiane
a...d. Oo Derceat of “v'u-'ous hydrocarvorns.”
Tubes 2.5, 2.0, la. and 1.0 em. in diameter
were used, and both Lmits were ce er::'.mcd for
"owa.m c=d downmward propagauon of “a.mc
Yo ‘‘clean-s rube’’ Emits were always I.ower than
the cor: responding ‘“‘normal-tube” limits, the
difference peing indepeaucns of tude diameter

.
e

Y shiwnd (232\ pl’g Sama sneeds_

ior both limits (downward rropagation) asd
ior tie higher U=y (upward aronngn.zon) o
i3 difienic .o e'mmn 8 ‘' effecy’” tlat s
i..acpenue [ *uDe c:.a.me'e'- (254).

Toward P.—cpagat:on in Smmall Vessels.—Tabie
11 snows the limMts with upward Sropagauon
of 8ame in mixIuses of mecharpe and wrin tie
smader vesseis. I3 is evident oo the .imi
found in wide vessels open deaind the lln.me—
5.3 and 13.57 for guses saturated with wase
vopor—are 10t appreciaply parsower i open

ubes § e ::1 diameter. I closed "..ses.
huwever, the higher limic is greater than iz
open :ubes of equal digmeter. This is ex
piained oy the ovscrvation that increase of
pressure roises t:he ‘higner limit; enougn pres-
sure to n.ﬂ'ccs she limis is uevemned i ciosed
tubes in the earlier stages of propagation, whiie
the flarne is still qssisted by the intial impuise
{rom the source of ignition. T..x.s explanatoe
is confirmmed by 2 comparison of ¢Wo expen-
ents in tubes of the same cna.mete'- ez
out of very different lengzihs. The shor'er tuse
gave o greater higher-imis Igure than nhn
on,e" tupe, Decause Cite Dressure must rue
{oster and to & graater quentity in the shortr
sude.

Ta3Ls 11.—Limits of lammabiiity of methane in air, with upward propagation of flams in tuby
Dimensions of tube, cz. | l Limits, percent |
o~ ! Coatent of ! Refecesce
: i Firing end l i | agueous vapor | No.
Diameter Length i | Lower ; Righer . i
] ) ] :

0.2 | 98 | Closeducencencannnn . 5.00 ! 18,00 | Dr¥sememeennrmeee! 12
7.5 150 ieeeendOuccancaaanaa: 3.35 14. 85 | Half-saturated....| Ll |
62 33 Beesncconscnaaal 5. 43 | 135 | Sacurated........! 3
60 200 | OSUSOSR, 540 : 148 | Small. 2777 u
33 150 | Open. . aecccnceca.s! 328! 14 3 Dry.----..--..--., H]
3.0 30 | Closed.ncncaucaceacioccnnncsanss 8 O e
30 130 | OpeRuccaceccccanas 5. 40 l 1 25 Hd!-usunud-..-. L]
30 180 ;--..-do.--.----...--n 3. 24 14.02 ! DIVececeonacanaa, 9
50 180 teeee@Ouiimccaaal] 833 | 13. 30 | Sacurated........; ]
47 100 {.eeeB0uucmannn. ceen 8.3 ! 143 | Smallacccneaaaaaad &
40 100 ; Closed.conacecnnaasl as | 141 lecececccanccoacaas) T
27 leccecccnc.-s OPOO. . coneaa o .. 828 feoeaanae cecesncccacss) i3
23 temeeolBiccaccanaanaa, $03 leceecanseon.i Saturated........ ]
235 130 ! Closed.oucaa..... -e 5.80 1 13. 20 ; Ealf-saturaced. ... ]
225 128 i 6] .71, 3. 48 :......---.-. Nearly dry.-.-.--! b

ch‘zontzl Pronagation in Small Vessels.—

Tabie 12 shows zlie [irits with hor xzonu.l arop-
agation in the smaller vesseis. The limits lor
c:.osea r.u:es are na..—-owea appreciabiy by re-
ducing she diameter of the tube to 2.5 ¢! In
open subes ile """:s meet when the dizmeter
of the tubDe is reduced to 0.43 cm. [Ilame is
Zot propagated, excedt Ior o shor: distance
rom the source of igzition, along a tube 0.36
c. in diamerter.

Downward Procaga::on in Small Vessels-
Table 13 :n.ows e limits with downtward pron
egation of Same in ke smaller vesseis. T
limits throughous are somewhas DArTower thu
hose ,.ou..d in e largest vessel lor the sams -
d.x:--cuon of propeguacion.

ocaga on in Spherical Vessels.— :.a.ole "
shows tie iimits for propegauon of Jar
throughout mixtures of methane and ar =2
ciosed sphericel vessels of various sizes, i .
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s [2.—Limiés of flammadniity of methane in air with Aomizontal provagesion of Hame in tudes

Jimenmons of tube, em. | Limits, percens i )
! -~ : Content of | Reference
] 1 | <iring ead _ , ] . aqUeOUS Vaper No.
Dismerer | Lengh | l Lower | EHigher l . |
] !

: ! i
-3 150 ' Closed.cno---- ————d 5. 40 | 12 95 | Half-sacurazed. ... 236
&0 200 {.....do..ooooollllll i 54 | 143 ! Smalloooooo.Lll0 ! Tas
10 - 11 I FPORE- [« P 363 | 13 95 | Half-sacurated...., 358
10 39 |12227eeZTIIIIII0NT | 5391 14 28 {oCoameanalll]] 7
4.0 | 100 }ecaceBOonncccncacaod! 38 i 139 |eceeccecccacacaann ; 2'0
27 leceeeecece-.i Open......... ce—n— 3. 04 lecacacannans Ty ecenrncacanadl 285
23 130 jeeeeeOumacacanaaaad 3.85 1 13.3 | Sstursted........ Fod,
23 130 | Closed........ cmeaai 6. 20 ] 12 90 | Ealf-sacurated....; 356
228 125 | Opentcacucacas ccoael 6. 04 leeccncacenes » Nesriy dry. cee-.. 20
20 40 | Closed........ DO 3,39 T - A N S ; T
. 30 300 ! Open...ucacacacann. T8 1.8 anmud-..----- Erd ]
.3l 300 iiaee G0 3! (> N - 1. F £y
.72 300 |eeeeuCOuancncncacnna: &4 106 eve.. c-..--.---.-. End ]
.3 300 Jeenn. 30ncacacececans! &4 ! 108 jecuueBOunccceccann, s
.43 300 I...--ao...-.-.-.----. 19. 95 . eeeae neravesaaal 278
.38 300 ,.-..-30--.-.-.-.---.; Nil | RPN {. S v 278

L ‘

1Laus cxpads et s conpontion.

Tastz 13.~Limits of fammability of methans in air, with downward propagation of flame in tudes

limsnsions of tube, cm. . Limits, percent
R Content of Referonco
‘ Flring end | - aqueous vapor No.
Jismetar | Length Iower | Higher
| i !
H ] 1

80 37 | Closedeeesnnennnns £9 f 129 | Ssturated.......| 322
.3 150 leceeel0umenncnncnens, 598} 13. 38 | Half-ssturaced. ... 356
a2 33 i ccscsccecacss 63 I.....-......' Sstumated........ 95
il 120 fovececccnccecaanas 6! ] 30 ! Partly dryeacccaeat 225

60 200 | Closedeecececacncen 6.0 13+ | Smallececenceacas; 2
30 50 [ceeeelOuececaccanaes 5 SO 1338 leceececaccaaen coee e
30 130 ..-.-cn.. ....... —ene 812 13 28 | Half-saturated. ... 356

- 30 128 dun-.---...--.... 5. 85 teeneaacans )23 5 SR, 7
4.0 100 03¢0 .ccccccacanne 61 - 3 S T 2:0
27 levecaccoaces; QPO cecccccccons 5. 84 l............ | 2 PP o2
23 | 180 le.... Ocacacccaceane 6.1 cecacac-c...; Sagurated........ a7t
23 130 Clom....-........l 6. 30 0 12 §0 Htlf-suur:ud..--] 386
22 125 Omn.......-......, G 41 fecencnoaccan  Nearly GfF e caaaa: 110
22 fecececesae.o| Cicsed... 36 13.6 341
LY | 40 jeeeenCOunene - 6.1 ! 12 35
L9 | 40 I ...300onc. 615(. 120 323
) 1 3 D Opon.-.-.-.-..--.q 6. 23 jeemececana.. 223
ececccmcnecnna) 703 cecnevocacanioncan 205

313 leeececrcnconioscne

limics become somewhat zarrower as the size
vl container is decreased and generaily corre-
spond more neariy with the hmdzs {or dow'm ard
propagstion in tudes tiwan with thiose for cithier
torzontal or upward 1ropo.gu.t.on.
AIi Dx:ec:ons of Flame.~Tigure la s.xows
3s lower limics of =cthane in a ube 2.235 cm.
m dismesar and 12§ c. in length, open at the
:muz end and inciined a.z v'::.r:ous acgies, As
:ae aireceion of Jamo is chaaged {rom verzicaily
uwn.m to verticaily cownward, the increasa i
the lower limit is proportionai to the cho.r.gc of
anrla over tha ranze 90° :0 about 30° aad o

.hc change in sine of the acgie {zom 30° 0

-~90° {110).

Taoes 14.—Limity of Aammabdility of methane in

air, in spherical vesseis
] . .
Caonercy ! Polne of t Limits. sercent: Contenta( | Ref-
of vesses,, ‘gmiton ; " saucous  erenre
bl i Lower ; Elgher,  YWF |, Ne&
20 | Contral. P87 leceeeensd Saunreced.o) m
2 e ilecnioeres 88 |TTIVI D¥evmenaon 823
0% = i I oo 5
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Figure 18.—Lower Limit of Methaune for Varioustircc:ions of Propagation of Flame in & Tube 2.25 Cx ia
: irecer. . : .

Infiueace of Turbulence and Streaming
Movement on Limits of Flammabilizy.—When o
small fan was rotated rapidly cnough but not
too rapidly in mechane-awr mixtures contained
in o 4-iter giode, the lower limit of methane wus
5.0 percent compared with 5.5 percent observed
for quiescent mixtures in the same vessel. If the
turbulence -was too violent, however, even @
5.6-percent mixture did not propagate more
than o shors tongue of Same (33, 330).

A streaming movemen: of the gas misture
produces similar effects on the lower limit. At
a speed of 33 10 83 cm. & second (09 to 128 leet
g minute) S8ame was propagated ia o 5.C2-per-
cent methane-eir mixture but not &t any speed
in a 5.00-percent mixture (286). Iience, under
approprinte conditions of movemens of the zos
mixture, the lower Limic of methane is 5.0 per-

.cent. The same ZSgure wus obtaired when

movement of tle mixiure was produced by
expansion caused by iis own -comhustion in
experinents on the propagution of Uatne Zom
ciosed 0 open end.or a largs vessei (p. 137).
Refersnce may be made 0 ovservations of th

~~

efecy of turduicnce, in.somewhas diferens cir-

cumstances, on tha lower limit of natural gasin .
air (p. 113). ' .
Infuence of Pressure.—No measursbls
change in the limits of mechane in air could be .
discovereq, either whea the pressure was varied
between 753 and 794 mm. (225) or, in the lower
Yimit for upward propagation of Same, when
the Dressure was varied from 1 %0 2.9 atmos.
dheres in a vessel of 11.3 liters capacity (211).
AR interesting comparison has been made of
the efect of chu.::.ge in pressure {rom 1 %0 3§
atmospheres on the ilimits with downward
and horizontal pronagation in tubes 2 em. ‘a
diameter (285, 277). With downward prop-
agation, the Lmits chenge steadily from 5.00
and 13.00 percent at 1 atmospherc to 6.40 and
-+.05 percons ot about § atmospiicres. Witk
borizontsl propagation, the lower Lmit re-
uinec zeariy constant (3.5 Dercent) over this
rangs of pressure; the 2igher Umi: rose steadily
irom 13.31 percent at 1 a:mosnhere to 16.12
nereent ub aboubt 5.5 atmosphicres.  In these
experiments, therefore. the lower lmis with
2orizonial propagation wes unchanged, Hut
that with downward propagation imcreased
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. 7dily witd incTeasing pressurs. Tha nigher
. &is W:d Domzontal propagation increased
=re mpidly than that with cowaward prope
‘muen. (Tor an interprecation see, p. 4).

“ae iimucs ooserved under very hign pressures
L, 17, 224) aro shown in figure 16.” One series
!« aigner limits (§1) is omitted, because it
aures with 200 low a figurs (10.65 percent) for
\iumospnere pressurs. The rapid increase in
e igner iimuc is remarkabls. The diferences
3 &8 three series of resuits are to De ascribed
o diferences in experimental method and in-
‘epretation.  Experiments aimost of Decessity
iad t0 De conducted in smail vesseis, dut the
xwmits doubdtless are a fair indication of the
wssibilities of explosion in izrger vesseis holding
i ixeures of compressed gnses. _

Tigure 17 snows limits at less than atmospieric
sTeSSWe and at various temperatures, in a tube
= o diameter and 30 cm. in length, with
wwaward propagation of flame (283). The
azve for 20° C. shows much wider limits at
ww pressures and extends to muck lower pres-
sTes than those observed in an oider series of
wsts (47). The more recent resuits were

" med with a stronger igniting spark; sparics

. wiil ignite & fammable mixture at normal
sressures may be much too weak to ignite it
1 low pressures,

ees i .

S - demacge .
..

.,

i
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GASES AND VAPORS &£l

Zxperiments in & wider tube. 5 ¢ ia diarte-
ter and 30 cm. in length, compare tde iimits for
diferent dircctions of propegation of Zame at
oresswres less than atmospueric (277). The
curves for thesa limits are piotted in Sgurs i3.
Daca were not obtained for upward propagation
at the lower limit because, in the rather soort
vessel used, the issue was coniused by the large
‘“caps’’ of lame above the igniting spari. A
complota curve for horizontal propagation in a
tube 4.5 cm. in diameter and 120 cm. ia length
has, however, been obtained (125). It shows
o small abnormality on the higher-limit side
at 150 to 200 mm. pressure, wiere “‘green flames”
were odoserved. A complete curve for propa-
gation in a burctto has also been obtained (56).
Other cwves for propagntion iz narrow tubes
siiow abnormaiities on either the lower- or
nigher-iimit sicde at reduced pressures (59).

Influence of Temperature.—3everai older oo-
servations have been criticized uafavorably on
the grounds that the mixture underwent parsial
combustion in the heated experimental vessel
before it was tested and its composition was
thereby altered enough to affect the results.
The less exceptionable results are compared i
fizure 19, which shows lower and higher limizs
up to tomperatures at which spontaneous
infammaltion of the mixture was almost instan-
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propagation of flame was downward; the other
conditions arc izdicated on the txwm'c togethier
with the reference numbers. s wul 20 noten.
ths range of Jammabiiity s wileged cou-
sideradiy at poth lizits by increase of tempern-
wre, buy ordmarv va.m.t.ons of .u.mosanex c
lemperature u:we aa insiguificans efices.

"'z«'ure 17 shows the scmperature cact at
sressures less chan aormal.

mc differences bcf.'\'ccn the resuits of the
«s=arai scts of tests in ! igure 19, alti uous.'u sm.ul

ywer Limits 2id not very large lor i ugher

“_ 4, are real and Dust be due o the use of
difercnt apparatus. Cor iigher limiis the
iength of tibe used seens o be thie determining

¢ Formuias ta t2e wnnflgence of *eraperatnre on the .irits Anve
!aamf::n lar the range 0° ta 9% C.  They are: Lower imut,

Ao ne=0.00428; 313000 LiluL, 8’ A’ ey
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i
. 300y
e} 1. Hemowi proeste, 100 cc. capasty (47) — |
; | 2. Closed tube. 2 o= dism., 5 ¢ long (235 : : el !
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METHANE, PERCENT
Fieuvre 19.~Liiits of Flammabiiity of Methane in Air (Downward Propagatiou), Showiug [uflucace of
Temperature.
wneous. Ia cach series the dircetion of  fuetor, as shown by series 2 and 4 (fig. 19) with

tubes 0( 'u-auv chc same cuameccr. nenco
ail the resuits are relative to the apparatus used
and do not sitow the influcnce of temperasure
on limits defined as a property of the gas
mixtwee alone. The results may, however, be
talken as an indication of the efect of terapera-
ture on the true limits.

An ancondrmea ovservation is thaz. al though
the lunits in moist memunc-mr mixsires are

.\\'xdvucu by increase in temperature. the iower

linut as woll as the hwhc‘ limit is much raised
by increase of tcmperatice when the mixtures
are dricd with puosphorus pentoxice (297).

Low ‘renpe.—a-"-es.—.&r. the tempersture of
dguid air e jower limit of mevhana with
downward propagation of lame in o tube 2.5
cm. i3 diameter and 40 c3. = iength, open at
the iring ccd, is 7.3 = 0.3 percen: (110). I
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N

the same circurostancas, Jug A% TOOM fampern-
Ture, the lizizis 5.1 percent.

Izduvence of Pregsure at Various Tempera-
ires,—T.ie Curves of Sgure 17 siow thic linmiis
of 3ammapiiity of methane-air =ixiures of
20°, 220°, and 3500° C. a2¢ ai pressures Helow
azrospoeric. L ae limirs were oDserved :n &
sipsed tube 2 cm. in diameter and 30 em. @
eagth (285).

A mixctura of 2.1 Jcreent methane ‘o air was
igmted oy sudden compression to S0 atmosdheres
oressure, wilch Droauced & iemperatire of
T05° C., and 2 muxsture of 53 percent mctliiane
at 118 atmosnneres and 540° C. (§7).

Iafluence of Impurites.—Tlce lower Limit of
meathane in air, with downward propagation
of dame, was rnised anout 1.3 percent by iron
carbonyl (0.03 cc. liquid vaporized per iiter).

hie higher lLmic was raduced from 13.0 to
10.5 percent by the same quantity of iLon
cardonyi (325).

METESNZ N CXYG=Y
The limits of methrne in oxygen, with

upward propagation of {ame in a 2-inch-
ciameter tube open at its lower ead, are 3.153

" and 80.5 percent (88).

Table 15 gives other determinatiors of the

qbservec limmits of methiane in oxygen.

Ta3LE 15.~Summary of other determinations of
limits of flammadiliy of methane in ozygen

Upward Propegation of Flaxe
W ]
Dimensions of Limits, percen .
tube. cm. ! u Raferonce
; Pirtag end | . | Na.
Diamatar | Lenprk | * Lower | Higher|
28 l 1% 5 Opea. ! L4 | ‘ m
’ ' i i i
Horizontel Propegatisn of Flame
23 190 | OP#Raeeeeeneeni a8 | 03] 1
Dewnward Propagation of Flame
] 4 ]
23 1% | Open.. | ;
=0-22 Clased ; s { “ o ﬂ
L9 uo, W : 23
e i0 Gis | : 1
“? i 40, }oLe s a8
{.....u.......-...........i ] | a8

Propagation of Nlame ia Globe or 3omb

i !

2.8 itars ADACtYmennr..) Closed i ae! o 0
25 ce. canacity . 20, S0 297
30 ce. apacty X ) ; Hoi 83

Izfuence of Pressure.~The limits of methane
in oxygen were not anpreciabiy narrowed until
the pressure was rsduced beiow 130 mm. .\
moderateiy strong igniting spari wes used

EN.
W mm. S0, A curve
lor resuits i3 a buretse (36).

The 2igher limis is increased 5y an incrense
of pressure above atmosnneric. Ono onser-
vation {280}, incidentai 0 otiier work. is ilat
at 10 atmospileces pressure, & mivsure contaw.
ing 71 nercent methane siowiv sropagated
Jame. In a smail bomi (38} the aigher iz
rose rapidly from 38.% nercent at | atmosphers
to 1.7 percent as 60 atmospheres, then stowiy

TFizk a stronger sparis the limits dicd zot .
coinczde u=xiil the pressurs was recuced 0.
nos been obDtaized -

to 84 perecnat at about 145 atmosnherss; .

howcver, the mixtures contained agout 4.
pereent nitrogen, and the limits would be some.
what higher ta pure oxygen. Combpustion was

far from complete in sucht mixtures under -

modcerately high pressure.
Infiuence of Temperature.~1n a 35-cc. closed

buib the limits were 6.2 and 57.1 at 15° C.
ard 3.1 and 37.8 ac 300° C. (297,
Iafivence of Temperature ar High Pres.

sures.—:\s the temperature is raised, the pres-
sure required tQ maike certain mixtures of meth-
ane and oxygen dJammabie cdecreases. Ior
example, the pressure limit of & mixture con-
tainine 81.7 percent mechane at atmospheric
temperature was 60 atmospneres, but at 332°
C. 1t was only about 2! atmospneres (33).
Curves that show the higner limit at slevated
temperaturcs and pressures are givea 1 the
original paper. '

METHANE IV OTHER ATMOSPUERES

Atmospheres of Composition Betwesa Air
and Pure Oxygen.—The limits of methane in
mixsures of nitrogen and oxygen richer in oxygea
than ordinary air have been found as follows:
(1) In a ciosed globe 2.5 liters in capacity ths
lower limic rose regularly from 5.8 percent in
air to 6.0 percent in oxygen (267); (2) in s
horizontal ginss tube 2.3 em. in diameter, opea
at the firing end, tha lower limit {eil from 5.3

ercens in alr to 5.7 perceat in oxvgez, and the
igher limit rose linearly from 13.3 in air o
59.2 in oxygen (189); (3) in a closed tube 1.9
cm. in diameter the lower limit with downsvard
propagation of flame rose reguiariy from 6.15
erceat in air to 6.43 percent in oxygen. The
higher limit rose from 12 percent in air to 38
percent in a 62-percent oxygen mixture and 32
percent in & 93-percent oxygen mixiure (323).

Atmospheres of Air and Niwogea (Air De-
ficiear in Oxygea).—Large-scale experimezts
with mixtures of mezhane, air, and nitrogen have
been made in a tube 7 feet in length aad 10
inches in diameter, with upward sropagation
of flame from the open enc of the tube; the
mixtures throughout were at at=ospheric pres-
sure and were saturated with wazer vajor.
The rangs of observacions spowz iz Zgure 20
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01 IN ORIGINAL ATMOSPHERE. PERCENT
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Fraene 20.—Limits of Flammability of Methane iu Mixsures of Air sud Nitrogen (Experimicucs in Large Vesscis).

sovers all compositions from air to mixturos
i witich the amouant of oxygon is too smail jor
Zame propagaiion, rcf-ardlws of the amount of
Tetlkane present. The abscissas represeat tho
"umosnhcrc" in cach mixture of air and
.z..‘ovcn, for example, 25 percent ‘‘additional
tvogen’’ means that the “a'mos')hcre“ uscd
.or tZe observations was composed of 73 percent
'zr and 23 percent nitrogen.  Along the top oi
iie diagram the corresponding perceatages of
oxvzen in the atmosphere may be read. It is
naens st no mixzure of mcr.lw.z‘.c s d.v.mmaole
- “nary temperaturcs and pmsures wiien
- 10spoere contains less than i2.5 percent
0X7:.- ahd the 'ema.maer is QitTogen (68).

"lia results of obsarvasions a8 in sma.llcr
appasatus ase shown ia Sgura 21. Iz 3 <=
ide, with upw..rd propagation of ﬁ..:zu in a
irv mixture, the limiss zeasiy coincide with
tose piotted in Sgure 20. The ihree curves

that show narrower limits rcpresent experi-
greats in various types of apparatus with
downwurd propagution of flame. One curve
siiows greater values over part of siie higher-
limit ranee; the vaiues were obtained in o
ciosedl vessel in which the pressurc ros¢ cone
siderabiy during the inflammation, and increase
ox pressure is known to increase markedly the
higner limit of methane. The limits of rhcsc
wxtures with downward propagution of flame
in a ciosed tube 2.2 ¢m. ia diamcter (34/) and
in o closed giass buib 6.5 cm. in dinmeer (209)
ha.vo 2iso been clcncr'n ned.

Yor some purposes the resuits are more useful
whea exnressed (52) as in 1.;‘...:' 2. Tor ex-
ample, it cannot be ceduced from Sgure 20
witiiout calcuiations, that ke mixture
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45 LOOTS OF FLAMCJLABIIITY OF GASES AND VAPORS

cenrot Sorm-en svpiosive mixIuTe withh gir,

whpatever the Dropor:ons used, Wilersss tie
—uxture
Derermz
Methane. e ccccancccnccenncnaccsccs '3
(8] 52 + ] - DU IR 2
NiTOgehanncecmecccaccmcccccoaenanans Pp

aithough not itseif expiosive, mav 'or.:'. 2 ;ev-zes
of C.’fﬂlOSch MIXIUTCS \\'Itll. air. 'lg’.!l‘t‘ "IVC‘S
thig '.:'.:or::'.:'.::on ac a glanes,
_xplana. tien of Figure 23.—= zigure 23 cxplains
re 22, The stmxe_.r. iine A0 (fig. 23) repre-
sents the composition of all mixzures of methane
and pure air that contain up to 20 percent
methane., No mixture of metnane and air can
fall ebove this line, and all mixtures of mecthane,

and aitcogen must fall below it. The ling
”L’.s the iine of [ower iimits of Aemmaniiity of
xmethene anc CE the line of higher iimurs. A3
the oxygexn content fails, 35 and CZ approaca

egcjnp:.'ner until t2ey mees ot Z. No =iz
wiich contzins iess oxygen ihan ikat corre

sponding with £ is sxplosive per se. bus ail iy-
".z.res in he ares BEC are within che iimics of
gammabiiity :ma. are thercfore c\'nlosxvc.
Next consider any mixturs {9 tle right of ke
line CLF; for example, the mixtire renresented
oy the point G. Join GA. Taen G2 "enr-
sents the mixTures formed, in succession, as 4
is diiuted with a.u' Because G4 passes .h.rougn
the nrea BEC the mixture, os it is diluted wita
air, Decomes expiosive and remains so as long

02 IN ORIGINAL ATMOSPHERE. PERCENT

20 19 .8

17

16 13 14 13

..

l

l. Hempel pipetta. 100 cc. capacity 54
2, Tuba, 2.7 ¢cm. dizm. 225
3. Bomb, 2.6 liters capacity 54
l 4. Sphere, 2 liters capacity 32
3. Tube, 5.0.cm. dli.un.. upw!lrd propagation 69
]
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+
‘ I l ' Mixtures waich Can not 2@ | !
! ' ' srgduced ‘ram methane ang air | ]

ol | |
i f —
z | ! o ?
g12 _ :
z ‘ Capacie of ‘ormung Hammaote mixtures wient air |
= ! ! (contain to much mathans to exoiode cer se) i
w10 . . ; . .
© | i s
8 { Notcapaoeof . i I
formuing flammabdie i :
P ! mixtures with airi |
4 \\
2 i
1] 2 4 S 8 10 2 1% 16 18 20

7oras 22.—Relation Zetween Quaatitalive Ccmpoa\i}.ion
vl

METMANE, PERCENT

and Flammability of Mixtures of Meothane, A\ir, snd

trogen.

1s igjcomposicion is tepresented by any point
oa .

It will now be clear that the position of FE
is exsetly defined by drawing a tangent from
s to0 the curvo BEC and extending the tangens
to meet the axis of abscissas in 7, because the
iine joining any point above and to the right
o FE 10 4 muust pass through BEC, wiiile the
lin joining any Hoint beiow and to the left of
¥ o A must sail to pass through the explosive
wron BEC. FE is therefore the houndary of
:hose mivtures capable of forming cxpiosive
auxmres with aln )

Tigurs 22 shows ciearly that any mixture of
methano and nitrogen that contaias more than
abous 143 percent methane caa form cxplosive
mixwures with air. If oxygen is present a

arrespondingly smaller amount of methane

daices.

Mixzures of mechaze, zitrogen, azd oxygea
that are represented by acy point in ihe ares
DCEF of Sgura 23 can form expiosive mixsures
wden Zixed with 2ir in suitable proportions.
I ic is of intaress to now what these propor-

tions are—and if there is o wide range of pos-
sible cxpiosive mixtures the danger is so much
the greater—then they can be found from the
{ollowing considerations:

Suppose the mixture of meoethane, nitrogen,
and oxvgen is represented by the point G ia
the area DCLEF, then the straight line G4 repre-
sests all possibie muxtures of the original mix-
ture and air.  As the original =ixture is diluted
step by seep with air, the composition of the
now mixsure is represented by poiuts farther
and farther along G4. The air mixture drse
beconies expiosive ner s¢ at the poiat H. where
G crosses £C.  The higher limis of the original
aisiure is defined by :ais poinc; the lower umis
of the original mixture is_defned by the powas
J, at wihica the Gd cuts £B.

The ratio AH : HG is the ratio of orizinal
alixture to ‘air in the upner-iimic musture,
axd the ratio 4J : JG is the ratio for the lower-
Unsit mixture. Hence the iimits of 2amma-
biiity of the original mixsure are givea \ia per-
centazes) by 100 AJ/AG (ower imit) and 100
SH/AG (aigher limic) (62).
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43 LIMITS OF SLAMMABLL

oY OF CASES AND vAPOLs

v
[=]

OXYGEN, PERCENT

10 B 20

METHANE, PERCENT
TFicuns 23.—Explanation of Sgure 22.

All Atnospheres of Oxygen and Nitrogen.—
Limits of methane-in these atmospheres have
been determined with downsward propagation
of fame in a2 1.7-cm.-diameter tube (345).

At=ospheres of Air and Water Vapor.—0Ob-
servations that show the small differenco in the
limits of methane in dry 2ir and in air saturated
with water vapor at laboratory temnerntures
are quoted under Effect of Smell Changes in
Actmospaeric Composition (p. 3).

The effect of large arounts of water vapor
on che.limits of methane in air is shown m
fgure 24. The determirations were made in a
tube 3 feet in length and 2 inches in diamueter,
with upward pronmagation of Some at atmos-
Dheric pressure during propagation (57). Tor
each experiment the tube was heated to the
temperaturas necessary 0 maictain the roquired
armount Of waler vapor. ISence, =08t of the

observations were made at temperatures above
normal. Had it been possible to experiment
gt normal temperature, the curve prooably
.would have beea a little to the righ: of the
carbon dioxide curve over the lower-limi¢ 7

and at the nose, but the two curves would have
coincided over most of the higher-imit range.

Similar experiments have deen made in g
closed 350-cc. spherical vessei with a *‘naturni
gus' containing 97 percent methane, 3 percent
echane. Similor results were obtaiced, with
somewhat smaller limits, which et at about
6.3 percent gas in a mixture contairirg about
30 percenst of water vapor {368).

At=ospherss of Air and Carson Dioxice.—
Figure 25 shows the limits of methane in mix-
tures of air and carpon dioxide saturated with
waier vapor. tests were ade i a sude
7 feet in [ength and 10 inches in ciameter, with
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Colo., and Tintic and Part City, Utah, districts, as well as in numer-
ous other metal-mining regions.® * * Carboun dioxide ts a conatituent
of bluckdamp, and traces of it (0.03 percent) are always present in
normal air.

One-half of 1 percent (0.5 percent) of carbon dioxide m normal
air causes a slight increase in the lung ventilation: a man exposed
to this percentage of carbon dinxide will breathe a little deeper and
a little faster than when in pure air. If the air contains 2 percent
of carbon dioxide, the lung ventilation will be increased about 50
percent: if 3 percent, ubout 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 minutes.® Carbor dieride ir wir o these ef-
fects when the oxygen contenl sretiaine abott sc.ndl and Lie o, 2 o
is at rest. Moving around or working would naturally imcrease the
symptoms, and they would be much more dangerous than when =
man is resting.

Solid (dry ice) or liquid carbon dioxide sublimes or vaporizes
at 109.3° F. below zero.* Tiguid carbon dioxide is emploved in a
special permissible cartridae for blasting conal® and dry 1ce has been
used as a source of inert gus in fighting mine fires.

MINE GASES AND METHODS FOR DETECTING THEM

METHANE (CH.,)

Methane, also known as miarsh gas, 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 gases that are odorous, the mixture may have
a distinct odor. Its common occurrence in the old workines of mines,
where the air may be musty fromn decaying timbers and other impuri-
ties, has caused many mining men to believe that methane has un odor.
The specific gravity of methane is 0.5543,2 and 1its weirht. nar cnhie
foot at sea-level pressure und 70° F. 1s 0.042 pound. JMlethuue s found
in almost all conl mines and oceasionally in metal and other types of
mines and in tunneling operutions. In conl mines it may issue from
the cleats or crucks of the coal, 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
fauits, are encountered. In mietal mines and in tunnel driving, me-
thane frequently is found when carbonuceous shales are penetrated and
occasionally is present by infiltration into metal mines at contacts or
near carbonaceous rocks. Methane may be generated by the action of
certain bacteria on organic matter, such as mine timber, and explosions
have been caused by accumuluted methane from this source while
flooded mines were being unwatered. The liberation of methane from

19’;385;":. R. R., and others, Mine Rescue Standards : Gureau of Mines Tech. Paper 334,
. 44 pp.

® McElroy, G. E., Rock-Strata Guses in Mines of the East Tintic Mining Diatrict, Dtah :
Bureau of Mines Rept. of Investigarions 2275, 1921, 3 pp.

T Denny, E. H., Marshall, K. L., and Fieldner, A. C., Rock-Strata Gases of the Cripple

Creek District and Thelr Effect op Mining : Bureao of Mioes Rept. of Investigations 2S635,
1928, 24 pp.

 See tootnote 23.

™ International Critical Tnbles vols. 1 and 3, 192S.

* Tiffany, J. £.. A New ['ermissible Blarting Device : Bureau of Mines Rept. of Investicn-
Hons 2020. 1428, & pp.

L Burrell, G A.. and Retbert, F 3. (reviszed by G . Jonez), Sampling and Exzawmination
of Mipe Gasmes and Natural Gas: Bureau of Mipes Bull. 197, 1826, 10> pp.



SOURCES, CHARACTERISTICS, AND PHYSIOLOGICAL EFFECTS 7

the strata in mines may be a stendy flow or a sudden outburst. 1When
present, it is usually found near the mine roof or in high (Places; but,
after becoming thoroughly mixed with air, it will be found uniformly
distributed across any cross section of 1 moving air current and wifl
not separate or stratify from still air. Methane may be detected with
a flame sufety lamp (preferably of the permissible type) and by vari-
ous other approved detecting devices. Methane has no specific physi-
ological effect upon man, but enough may accumulate in mine work-
ings to dilute the oxygen of the air 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 respousible for numerous mine disasters. \ir
thut contuins 5 to 15 percent of the methane ** and 12.1 percent or more
ne vill explode 1f ignited.®

Ilethare -5 nt the ODIY vutise usd mine 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.

‘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 cubic feet, containing approximately 13 cubic feet of methane
(about 9 percent of the mixture), if ignited, is sufficient to initiate a
veneral explosion.* Although the conditions under which these tests
were conducted are rarely found in commercial coul mines, these ex-
periments clearly indicate the danger of igniting even a small quantity
of methane in the presence of coal dust.

Bureau of Mines engineers believe that 200 cubic feet, or possibly
les.i of an explosive methane-air mixture can precipitate a general
explosion under conditions usually found in mines, if the mixture is
iﬁnited in the presence of coal dust. The concentration of methane,
therefore, should be kept as low as gossxble by proper ventilation. It
has been recommended that the safest pructice is to prevent the ac-
Cumuiniivia 5 exg:ouve mixtures and to keep the methane content of
every air current below 0.5 percent at all times.®

mmnorconmmmmmmxﬁmxmn

The Buresu of Mines believes that all coal mines are potentially
gassy, but for purposes of administration in res to prevention of
explosions a.mf fires the Federal Mine Safety e (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 as a gassy mine under the provisions of Title II of the Act. such

% Values such as theso (5 to 15 percent In the case of methane) are said to represent the
.* nlostve or flammable limits of a combustible gas in air, and percentages between theve
litnie . - <sid to be within the expiosive or Sammabdle range of the particular gav in ques-
tion. Gas-ir mixtures containing the combustible gas in concentrations below or abnve
the explosive Lmits will not propscute an explosion. Temperature, pressure, and the
preveuce of lners diluenis, such a» carbon dioxile or nitrogen. affect the explosive limits
of amy conmtbustible gms, ana 2 limithe vAlue exists for oxssen content of the mixture
below which an sxplosion is impossible, regardiess of the percentage of combustible gas

resent.
ra Coward, H. F., and Jones, G. W, Limits of Flammabllity of Gases and Vapors : Bureau
of Mines Bull. 503, 1032, 144 p%
3 Rice. G. 8. Greenwald. H. P.. and Howarth, H. C.. Explasion Tests of Pittsburgh Coal
Duxt in the Experimental Mine : Bureau of Minex Rull. 36, 1933, 44=sp.
B Rlce, G. S., Sufety in Coal Mining : Bureau of Mines Bull. 277, 1928, 141 pp.
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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 sume concentriution of carbon monoxide in an
atmosphere of normal oxygen content.

. SYMPTOMS OF CARBON MONOXIDE POISONING

The symptoms caused by various percentages of carbon monoxide
in the blood 3* are given in table 3.

TasLE 3.—Symptoms of carbon monozide poisoning

Blood saturation, percent: ) Symptoms
— 0to 10 ... ..__.__. e .
. 10t020. .. ... .._. Tightuess ccrs [~ “ead nossibly beadache.
20t030. ..o Headache, throbuiug in remp... .
30to40. oo, Severe headache, weakness, uiczines, diruca.
vision, nausea and vomiting, and coliapse.
' 404050, . aoecann Same as previous item with more passibility of
~ collapse and unconsciousness, increased puise and
respiration.
50t060. . cocee.- Unconsciousness, increased respiration and pulse,
coma with intermittent convulsions.
- 60to 70 e Coma, with intermittent convulsions, depressed
heart action and respiration, possibly death.
70t080. oo -... Wesk pulse and slowed respiration, respiratory

failure, and death.

The symptoms decrease in number ith 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 in 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®y,
and the temperature, humidity, and air movemezt Lo liiu 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 mouoxide.
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 ui
carbon monoxide that do not ?roduce 1mmediate, serious effects (some-
times referred to as “chronic” exposure or poisoning) may result in a
continual feeling of tiredness. headache, nausen, palpitation 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 oxygen

®Sayers, R. R., and Yant. W. P., The Pvyrotannic Acid Methnad for the Quantitative
Determination of Carbon Monoxide in Hitood and in Alr. Its Use in the Diaznosis and

Investigation of Cases of Carbon Monoxide Poisoning: Bureau of Mines Tech. l'aper
373. 1925, 1S pp.

™ Henderson, Y., and Hupgard. H. W.. Noxious Gases and I’rinciples of Rerpiration In-
fluencing Their Action : Reinbold Publizhing Corp., New York, 1943, 294 pp.

., Wl
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SOURCES, CHARACTERISTICS, AND PHYSIOLOGICAL EFFECTS 11

in the tissues and may result from asphyxia (unconsciousness caused
by lack of oxygen) from any cause.

“‘The physiological etiects of variots concentrations of carbon mon-
oxide and the significance of time of exposure * are given in table 4.

TavsLe +—Physiological effects of rarbon monozide

Concentration of carbou
mounoxide, percent by

volume: Physiological efects
0.01._.._............. Allowable for exposure of several hours.
0410005 ... Can be inhaled for 1 hour without appreciable effect.
06to 07._...._.... Just noticeabie effects after 1 hour exposure.
JA0to 120 ... _.... Unpleasant, but probably not dangerous after 1|
hour exposure.
A5t 20...o..... Dangerous for exposure of 1 hour.
dOormoece ... Death in iess than | kaur,
Tl e Y lweognized maximum allowable concentration ¢ for
s ©..u .posure to alr containing carbon monoxide and with

normal ox =u content is 0.01 percent (100 parts of carbon monoxide
per millie  parts of air, by volume). Somewhat higher concentra-
tions may e considered allowable for shorter periods of exposure.
For exam: le, in the ventilation of vehicular tunnels, the mazimum is
wenerally et at 0.02 percent, as based upon the exposure of traffic
otficers in - -ternate 2-hour periods over an >-hour shift.

HYDROGEN SULFIDE (H.S)

Hydroven sulfide—called stinkdamp from its odor, which resem-
hles that of 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 dynumite in blasting sulfide ores.
Hydrogen sulfide is also found in large and extremely toxic amounts
e sue 1etuThl 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 workin
by water, in which it is easily dissolved. Enough has been found in
coal mirc: during normal conditions to cause severe eye irritation.
1ne specific gravity of hydrogen sulfide is 1.1906,“ and its weight
per cubic foot at sen-level pressure and 70° F. is 0.089 pound. Air
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 29.
¢ American Medical Association Archives of Industrial Hypriene and Occupational Med!-
cine, American Conference of Governmental Industrial Hyglenists, Threshold Limit Valuer
for 1033 : Vol. 8. 19033, pp. 296-207.
@ gayers. R. R.. Mitchell, C. W., and Yant, W. P.,, Hydrogen Sulfide as an ladustrial
Polson : Bureau of Minea Rept. of Investigations 2491, 1923, 6 pp.
9: Sn::n. R. R., and others. Mine Rescue Standarde: Bureau of Mines Tech. Paper 334.
1922, Py,
« Burrell. Q. A.. and Selbert, F. ). (revised by G. W. Jones), Satg:linz and Examipation
of Mine Gases and Natural Gas : Burean of Mines Buil, 197, 1926, 108 pp.
4 Coward, H. F, and Jones, G. W,, Limits of Flamsmabllity of Gases and Vapors : Bureau
of Mines Bull. 303, 1932, 144 pp.

298360°—54——2




12 MINE GASES AND METHODS FOR DETECTING THEM

present. The physiological effects attending exposure to various con-
centrations of hydrogen sulfide in air ** are given in table 5.

-
T TR s e ey L

TasLE 5.—Physiological efects of hydrogen sulfide

Concentration of hydrogen

sulfide, percent by volume: Effects

0.005t00.010_._.._._. Subacute poisoning—slight svinptoms, such as
mild conjunctivitis (eye irritation) and respira-

tory tract irritation after 1 hour exposure.
02¢to 03.__...._.__ Subacute poisoning—marked conjunctivitis and
respiratorv tract irritation after 1 hour exposure.
05to0 07 ... ...__. Subacute poisoning——dangerous in ¥ to 1 hour.
. . O07to 10 _.. Possible acute poisoning—rapid unconsciousness,
. ’ . = cessation of respiration, and death.
I % .10 to .20 or more... Acute poisc.l.a rapid unconsciorsuess. ees 07

of respiration, au. deaii.in 2 © L guuic .
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 poisoning results, which may have a
eneral 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
5 : . 4 dogs were withdrawn from the contaminated atmosphere at once and
Rmeas e S S given artificial respiration they were revived and in & matter of

: ' minutes showed no ill effects of the experience. This demonstrates -
the need for immedinte rescue, removal to fresh air, end resuscitation
of persons overcome by hydrogen sulfide, although it 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 thereisany
evidence or saspicion that hydrogen sulfide 1s present, respiratory
protective equipment should be worn by persons entering the affected
area. Although hydrogen sulfide has a distinctive odor, the sense of
smell cannot be re{;ed 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 storach and
intestinal tract, dryuess and sensation of pain in the nose, throu:, and
chest. and coughing.®* The acute effects of high concentrations ol

“ Yant. W. P Hrdrogen Sulfide io Industry; Occurrence, Effects, and Treatment: Am.
Jour. Pub. Fenith, vol. 20. 1930, pp. 5958-608,

T American Medical Associntion Archives of Industrial Hyiiene and Occupational Med!-
cine. Americnn Conference of Gavernmental Industrial flygienists. Threshold [.imit Vaines
for 10531 Vol 8, 1053, pp, 206-207.

UM Patty, FoOAL Induxtrial Hygicne and Toxicology @ Vol. 1T Juterscience Publisherx, Inc.
New York, 1049, 750 pp.
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30URCES. CHARACTFRISTICS, AND PHYSIOLOGICAL EFFECTS 13

hvdrogen sulfide, as deseribed above. ure immediate and decidedly
Jdingerous.

ETHANE (C.H), PROPANE (C.;H,), AND BUTANE (CH,,)

kithane, propane. butane. and other heavier (higher molecular
weight) members of the methane or paratlin-hydrocarbon series are
camponents of natural gas but are not found normally in coal mines,
except possibly in traces. The specific gravity of ethane is 1.0403,
of propane 1.5625, and of butane 2.0100,** and the weights per cubic
foot at sea-level pressure and 70° F. are 0.079 pound for ethane, 0.117
pound for propane, and 0.151 pound for butane. These gases are
~ometimes present in small quantities in association with methane in
eases from mine fires and explosions. They tend to increase the ex-
~wwibility, because their lower lmits of flainmability are less than
dlar or Lt tiswauiy they are not present in amounts large
enough to ve dangerous or even to be detected readily. However,
when over 1 percent of these “hicher hydrocarbons” is found in a
mine, leakage from a gas or oil well is suzzested. 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 butane-air mixtures,
1.9 to 8.4 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
are formed by the reaction of atimospheric oxygen and nitrogen in the
air in close proximity 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,O,,
N.0,, and N,O,. Of 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 (NOQ) and
nitrogen dioxide, which occurs in two forms (NO, and N,0,), 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. Nitmlgm 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.% ang its weight per cubic
foot at <cu-ievel pressure and 70° F. is 0.119 pound.

" Burrell. G. A.. and Seihert. F. M. (revised by G. V. Jones). Sampling and Examination
of Mine Gnsex and Natural Gas : Bureau of Mines Bull. 197. 1926. 105 pp.

® Coward, Ii. F., and Jones, G. W., Limits of Flammabiiity of Gases and Vapora: Bureau
of Mines Bull. 503. 1952, 144 pp.

S Gardner, F. D.. Howell. 5. P.. and Jones, G. W., Gases From Blastiag in Metnl-Mine
Drifts : Litreau of Mines Bull. 287, 1927, 96 pp.

= Darrell, G. A.. and Selbert. F. M. (revized by G. W. Jones), Sampling and Examination
of Mine Gases und Natural Gas: Bureau of Mines Bull. 197, 1926, 108 pp.
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INTRODUCTION

This report is based on an investigation made by the writers, who through
the Director of the Bureau of Mines 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 explosion, to ascertain events prior to the
explosion, and to learn of practices which might have set the stage for
the disaster. This hearing was conducted as a result of a request to the
Honorable George Dewey Clyde, Governor of Utah, from Assistant Secretary
John M. Kelly, Department of the Interior (see Appendices A, B, and C).

A gas explosion occurred in the 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 asphyxiation. 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 these men left the barricade and traveled to
the shaft station where they were 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 remained behind the barricade until a recovery
crew contacted them and they reached the surface without assistance at
6:30 p.m., August 29, about S50 hours after the explosion. A surface em-
ployee received minor injuries and was hospitalized.



The names of the victims, survivors, and the injured surface employvee,
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 heated metal surfaces. Forces
of the explosion extended to the shaft station, up the shaft to the sur-
face, and throughout the greater part of 2 south and 3U drifts.

GENERAL INFORMATION

The Cane Creek 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

Dr. Charles F. Fogarty Senior Vice President, New York,
New York

Frank E. Tippie General Manager, Moab, Utah

J. F. Henderson 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:

Nathaniel Harrisom 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, Moab, 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 drifts in waste to the ore body was given to the Harrison International,
Incorporatad, of Miami, Florida, and practically all work being done at the
time of the explosion was by the contractor. Likewise, 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 graveyard shifts. Engineering and maintenance

of some equipment was provided by Texas Gulf Sulphur Company. There were
many occasions for personnel of the Texas Gulf Sulphur Company to enter

the mine, such as for ventilation checks, temperature readings, gas testing,
and for collecting other pertinent data. Texas Gulf men worked underground
in the shop regularly on 2 shifts daily.

The mine is opened by a circular 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 paralleling each other, were advanced about
2,080 and 3,170 feet, respectively, from the shaft station. The 2 south .
drift was driven downgrade 10 percent from the No. 1 crosscut, a short
distance from the shaft. The 3U drift driven dovngrade 14 percent is offset
slightly but is a continuation of 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 start of 3U which was driven downgrade 14 percent,
The face of 3U was within one or two rounds of intersecting the potash bed,
which averages 1l feet in thickness and dips 15 percent northeasterly as
determined by test drilling.

Strata over the potash bed is variable 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 EQULPMENT

Mining Methods: Mine projections show that a block system of mining will
be followed when the potash bed is reached. Development at the time of
this occurrence consisted of driving 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). “

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 plans required that in salt formation the face be undercut its
full width to a depth of 1C feet. 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. Rock 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 used 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, amnd the shots
were 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. '

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. 1In 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 center and the walls., Blast holes in
places that were not undercut were drilled on about 2-foot and 2%-foot
vertical centers at the walls and vertical center line, respectively.
Horizontally, the blast holes at the bottom and top were about 4 feet
apart. Holes were drilled on about l-foot centers around the four burm

cut holes that were drilled in the center of the face. Blast holes were
drilled 10-, 8-, and 6=feet deep depending on whether the strata were con-
sidered good, fair, or poor, respectively, Blast holes were fired on shift
with men underground.

The cycle of mining called for undercutting (when in salt), drilling, blast-
ing, and loading. However, there 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 a2ll men were out

of the mine.

Ventilation and Mine Gases: Ventilation of the mine at the time of the
explosion was temporary, because only 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 vent tubing extending from each set of fans
down the shaft and along 1 south and 2 south drifts, distances of 200 and
325 feet from the shaft station 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-inch tubing and extended into 2 south and

3U drifts. '

In an effort to increase the amount 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 conducive to recirculation of air in the event of
damage to and/or leaks in the tubing. Such damage and/or leaks in the
tubing would occasionally occur in 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 fan was installed in 2 south drift.

Four l5-horsepower Axivane fans without tubing were installed at electric
power load center locations to provide a cooling effect on the load centers
by forcing air over or by pulling air past them. Obviously, such installa-
tions resulted in recirculation of the air.
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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 somewhat 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 by 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
about 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 flams was
extinguished. It was extremely hot while the gas burned. Following this
ignition, examinations for combustible gas were increased, and a "No Smoking"
rule was put into effect underground.



Following the July 31 explosion, additional flame safety lamps were issued,
but questioning of employees revealed that some had not been properly in-
structed in the use of these lamps.

Also, tests for combustible gas were made by personnel of the Texas Gulf
Sulphur Company, using permissible 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 included in the memoranda:

August 5, 1963 - Methane in 3U: 0.27%
August 6, 1963 - Sequence of methane readings in 3U:

Day shift 0.17%

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. 0.8%

11:00 p.m. Nil

During the period August 7 through August 26 gas in amounts ranging from
0.1 to 5.0 percent was found at variocus locatioms.

During the recovery work and investigation, tests made for combustible gases
by a company official and State and Federal investigators, using permissible
flame safety lamps and permissible methane detectors, showed combustible gases

ranging from 0.2 percent along 2 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 entrance to within about 600 feet of the face. Fol-
lowing the explosion, ventilation was eventually provided by increasing the

L

compressed airflow into 3U and proving compressed airflow into 2 south. This

was the only means by which these 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, Compositie-

of Mine Air Samples Taken At the Cane Creek Mine After Explosion on August 27

1963, and Table 2, Representative Composition of Hydrocarbon Gases Reported 'as -

Total Kydrocarbons in Table 1l).

Permissible flame safety lamps were carried by the shift leaders (walkers)
of Harrison International, Incorporated after the ignition of July 31, 1963.
Tests for combustible gases were made by personnel of Texas Gulf Sulphur
Company during and after drilling blast holes. Prior to the July 31, 1963
ignition, a representative of the U. S. Geological Survey had recormended
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 feet ahead of the face of 3U at the time of the explosion.

A

It was stated that on occasions gas released during drilling was of sufficient -



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 flame 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 dowm 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
permit 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.

Transportation of muck and materials between the shaft statiom 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



electrical battery svstem and starter. The Diesel shuttle cars bore ]
Bureau of Mines Approval Plates 2414. These Approval Plates, as issued,
signify that the Diesei equipment had been tested and approved by the
Bureau of Mines for operation in nongassy, noncoal mines, as defined in
Bureau of Mines Schedule 24; the ventilation requirement stamped on each
Approval Plate was 17,100 cfm. The Diesel shuttle cars were not approved
for safe use in a gassy mine, as such cars are capable of igniting gas
from the electrical components or heating of the exhaust manifold.

Following the explosion, four of these Diesel shuttle cars, Nos. 1, 2, 3,

and 5, were inspected as to condition of intake, exhaust, fuel, electrical t
and crankcase engine systems, and of overall unit condition. Diesel
shuttle car No. 4 was inspected for damage to the crankcase only. All
Diesel shuttle cars were empty of muck. Exhaust gas conditioners on all
cars contained sufficient water for normal operation. Only Nos. 3, 4,
and 5 shuttle cars were in the immediate explosion area.

The No. 1 shuttle car, Serial No. 841, was found at the junction of 2U !
and 3U drifts and appeared to have been parked here as all controls were
in "off" positions.. All engine systems of this car were normal and the
car appeared to be undamaged. ]

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. This car was used for transportation by
survivors of the explosion before they barricaded themselves and left
parked at this location. The car was not damaged and all engine systems
were normal.

The No. 3 shuttle car, Serial No. 843, was found on the dowmslope, 25 feet

inby the junction of No. 2 south right and No. 2 south left. The right . “
rear corner of the car was jammed against the east rib, blocking movement

down the drift. The directional gear lever was in "low reverse" position and
the traveling gear and conveyor levers were in "zero" or neutral position.

The emergency brake lever was in "off" position. The light switch, found

in the "off" position by the Diesel engineers, was turned off after the
explosion by rescue team members. From the position of the front wheels

and various objects around the car, it seemed likely that the car drifted -
against the east rib after the explosion, and from the position of the
traveling gear, it seems unlikely that this car was moving under power at

the time of the explosion. The engine intake system, exhaust piping, and -
exhaust conditioner appeared normal and undamaged. The exhaust conditioner
contained water although the "make-up" tank was dry. The fill cap of the
"Hake=-up' tank wac missing and the fill cap cover plate hinge was ajar, a -
condition that probably existed prior to the explosion. The engine fuel
system, crankcase, radiator, and transmission appeared to be in normal
condition,



The No. 5 shuttle car, Serial No. 880, was located in No. 3 south, 120
feet west of the shaft, the front or operator's end facing the shafe.
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.

The No. &4 Diesel shuttle car, Serial No. 844, was found at the north end
of the shop area in 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, 60-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-wye 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. & crosscut load center, which
was dislodged from the back and was on the floor for about 350 feet in

2 south. The No. 1l 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 distributiomn
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boxes. Examination of this equipment showed one bolt missing from the
starter compartment and two bolts missing from the main breaker compart-
ment on the cutter; three bolts missing from the starter compartment of
the drill; and an opening in excess of .004 inch in the left headlight
between the headlight cover and lens of the loader. The two shuttle cars
were examined; however, there was no indication of electrical arcing or
burning. Similar face equipment was used in 2 south. Examination dis-
closed one bolt brokenm and an opening in excess of .004 inch in the wmain
breaker cover of the cutter; three 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; and two bolts broken, two bolts missing
and one bolt loose on the starter compartment of the loader.

Permissible type l5-horsepower fans were used to ventilate the load center

installations and shop. Nonpermissible type 25- and 40-horsepower 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 permissible type loader and two shuttle -
cars were being repaired at the time of the explosion. Examination

showed that three bolts were broken, 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 electric 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 of No. 5 shuttle car and it was torn loose.
The batteries were electrically comnected; however, the top battery was - -
destroyed. ~ '

An electric hand-held drill, grinder, several shop tools, including a

50-foot section of oxygen and acetylene hose taken out of service, and
parts of the shop panel and battery charger were scattered throughout

the shop area.

The shop area had been illuminated with 8 incandescent light bulbs in
‘weatherproof sockets and two outlets had been provided for connecting .
power tools and extension cords. -

During the inspection of the distribution 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 750 cfm, an Ingersoll-Rand 1,000 cfm,
and a Babcock-Wilcox 2,700 cim. A mobile 600 cfm compressor was used

as standby. The compressed air was talken down the shaft through a 6-inch
pipe line, and 3-inch pipe lines extoended to the face areas in 3U and

2 south.

Oxveen-Acetvliene Crlinders and Cutting Torch: Acetylene and oxygen cylin-
ders were found in the shop with gages still attached but damaged. The
hoses leading to the cutting torch were torn away at the gages and found

at the outby end of the No. 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
oxygen 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-acetylene

torch ignitors were also found in the area along with other acattered tools.
Short sections were cut off the ends of the acetylene and oxvgen hoses where
they were broken off 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: None 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
summary 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 o0il; 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



4, No evidence was obtained that adsorbed acetylene was contained in two
samples of deposits from the acetylene cylinders or in two other samples
tested.

5. MNo evidence was obtained that soot or low demsity carbon particles
were present in the acetone-insoluble_residues from any of the samples.

Another oxvgen cylinder and another acetylene cylinder were found on the
shaft station on the west side of the shaft, 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 combustible gas involved ia this explosion
was not acetylene.

Illumination and Smoking: The shaft station and shop were illuminated by
110-volt incandescent light bulbs in weather proof sockets. Each under-

ground woriman carried a permissible electric cap lamp. MNobile equipment
was equipped with headlights.

Prior to July 31, 1963, smoking was practiced freely in the mine; the flame
from a cigarette lighter set off the ignition which occurred on this date.
Following the ignition, the Industrial Commission of Utah required that
smoking in the mine be prohibited and that "No Smoking" signs be posted.
Although the "No Smoking" signs were posted, employees were not searched

to see that smoking materials were not carried into the mine, and it was
quite evident that smoking underground was continued by some persons.
Numerous cigarette butts, empty cigarette packages, a book of matches, and

other empty match books were found during the 1nvestigation in areas driven
after the July 31 ignition.

Mine Rescue: The Texas Gulf Sulphur Company maintains a 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 rescue communication system, a 1,000 foot
life line, 6 permissible flame safety lamps, 48 self-rescuers, and 10
first-aid kits. Following the explosion, 10 Universal gas masks and 6
additional permissible flame safety lamps were purchased and used fn the

rescue and recovery operations. Employees had not been trained as a
rescue team.

13
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INTRODUCTION

This is an investigation report of a mine explosion disaster that
occurred June 8, 1979, at the Belle Isle Mine, Cargill, 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
21~173, 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
ngety and Health Administration. The purposes of this investiga-
Flon were: to determine the location and cause of the explosion,
including conditions and practices at the Belle Isle Mine that
rgsglted in the explosion: to make recommendations toc prevent a
similar occurrence; and, to examine the MSHA's related policies
and practices.
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3riefly, for “he reasons set forth in this report, the investiga-
tcrs believe that the underground explosion was initiated in 8
Main Entry East near Room 10 where an explosive mixture of
flammable gas was ignited by burning electrical conducter insula-
tion, or arcing electrical wires, or both.

SUMMARY

On rriday, JScne 8, 1979, an outburst of f£lammable gases and salt
cccurred follewing a face blast in 8 Main Entry East at about ,
2300 hours, and a gas explecsion occurred in the mine approximatel
10 minutes later. At the time of the explosion, 22 persons were
in the mine. Ten persons were on the upper level and twelve
persons were on the lower level. Seventeen persons were rescued
and five persons died as a result of the explosion.

A. few minutes before 2300 hours, near the end of the shift, all
emplovees left their working places with the exception of two men
who were designated to initiate blasts in three working places
charged with explosives. Twelve 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
from 7 Main Entry East at Room 13 by the two designated employees,
and approximately 10 minutes later the explosion occurred.

According to the autopsy reports, four of the fatalities occurred

ds a result of acute pulmonary 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 rescue 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, there were a number of significant
events which in combination should have established the fore-
warning of the potential disaster. However, when the events were
considered one at a time, on a mine-by-mine basis, the overall
significance was overlooked or lost. The multiple indicators
of significant gas problems explained hereinafter in this report

in the Belle Isle Mine were not adequately correlated by either
MSHA or Cargill management.

MSHA'S INITIAL RESPONSE

Charles von Dreusche, Mine Manager, notified Wayne D. Kanack,
District Manager, South Central District, Mine Safety and Health

Administration (MSHA), Dallas, Texas, at 0030 hours on June 9, 197
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EVENTS BEFORE AND AFTER THE EXPLOSION

during the day shift of June 7, 1979, the face in Room 14

south of 7X Entry East was drilled in preparation for blasting.
Suring the investigation MSHA investigators were informed by
Cargill employees that methane had been released from these
slasthnoles. The face was charged and blasted at the end of

the evening shift. A methanometer was not available underground
Ior use by the evening shift.

™vo miners were assigned to pick up blasting lines in Room 14
at the beginning of the day shift on June 8. Upon arriving

at Room l4, they heard an audible gas emission and observed
characteristic cone-shaped blown-out pockets in the right side
znd upper left-hand ccrner of the face. The audible emission
was coming from the center of the left blown-out pocket and
was described as sounding like air coming out of an inner tube.
The sound could be heard above the noise created by a nearby
ventilation fan. A short time later, John McFarlain, the
individual assigned to monitor gas emissions, arrived and
obtained methane readings sufficiently high to warrant with-
cdrawal of employees. The heading was placed off limits,
smoking and open 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
emissions, as noted above, in the east area. Despite the presence
of flammable 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

d;ring the evening shifts, but relied solely on samoling done during
the day.
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Emvlovees of the evening shift were assigned their regular
duties of hauling salt from lower level production areas to
the crusher, drilling, undercutting and charging blastholes
in the faces and floors in the upper level East area. Some-
time after lunch, diesel emission accumulations from the
haulage equipment caused the production crew to leave the
lower level and begin hauling salt from headings on the

upger level. The crew hauled salt from Room 14 south off

7X Entry East where the gas emission had occurred during the
day shift. Another crew drilled floors in Room 14 south of

6 Main Entry East and Room 1l north of 8 Main Entry East,

and undercut the face in 8 Main Entry East at Room 13. After
the drilling and undercutting was completed, the three rounds
were charged by the undercutter and 2drill operators with
assistance from haulage personnel and Shift Foreman Boutte.

At approximately 2250 hours, eleven emplovees assembled at

the bottom of the lower level manlift, off 1 Main Tunnel South,
for a scheduled meeting. Two additional employees, Adam Sampay
anéd Amedee Olivier (victims), returned to detonate the three
charged rounds from the blasting board at 7 Main Entry East,
Room 13. Eight other employees, including victims Zimmerman,
Collins and Mayon, were on the uoper level preparing to leave
their work areas at the end of the shift.

As A. J. Boutte steopped out of the underground operations office
on 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 pbroceeded to the manlift area and
conducted the meeting for approximately seven minutes. Just

as he finished the meeting about 2308 hours, a larger explosion
was heard followed almost immediately by extreme concussion and ..
strong winds, which rapidly rose to destructive levels. The
explosion forces and winds destroyed or damaged equipment and

fixtures throughout the mine and caused injuries to some of the
1l miners at the meeting.

At the time of the explosion, A. J. Boutte was kneeling on the
front seat of his production truck with his back to the steering
wheel talking to the men. Ten employees were seated on benches
in the bed of the production truck. 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.

It was extremely dusty and visibility was zero due to the hurricane’

like winds. A. J. Boutte became separated from the 1l employees.
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>. 3ou+tte tock the escape route south on 1 Main Tunnel
=h anc¢ through the irst set of corrugated culver%s to
iAlrway Tunnel, which led to the Yo. I Shafc. At the
vayvy Tunnel, A. J. Bcutte was tlown aprroximately 230

¢own the tunnel toward the No. 2 Shaft by an increase
N ind velocity. Due to the extreme heat and hich wind in
<ae Airway Tunnel, A. J. Boutte cdecided to crawl back to the
corrugated culverts and cress over 2 Main Tunnel South. At
chils time visibility was zero in 2 Main Tunnel South, but
+he wind was not blowing as hard as in the Airway Tunnel
and the extreme heat was not presen%. A. J. Boutte was
cisoriented and confused while going uo the equicment ramo.
He f2l1ll down, stumbled, weaved from sice to side and bumped
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the intake air appeared to be coming down the No. 1 Shaft
£ this time, rather than the No. 2 Shaft. The three men
tarted toward the No. 1 Shaft. A. J. Boutte found Peggy
Zlaneyv, who kept screaming that she was burning and on fire.
Blaney was dragged part way and eventually crawled the rest

of the way to the No, 1 Shaft.

into wvarious objects in the travelwavy. A. J. Boutte was
ccnriused and thought he was lost until he heard Peggv Blaney
screaming. As he walked “oward the screaminc sounds and made
ccntact with Peter Boutte and rerry Thomcoson, who were enroute
2 the No. 2 Shaft. A, J. Boutte advised them about the extreme
wind and heat in the Airway Tunnel to the No. 2 Shaft anéd stated
thac
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Flovd Linton had followed A. J. Boutte to the corrugated culvert
tut then returned to the other ten employees at the manlift.
Linten, 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 (Seze 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 1l 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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Srom +he No. 2 Shaft. There were an estimated 350 fifty-pound

roxes of explosives at this location. One of the miners began
nizting the No. 2 Shaft station gate with a short piece of

Dive in an attempt to let the peoole on the surface know that
thev were alive. Th2 mire vhones and the cords used to signal
seztween :the mine level and <the surface were blown out. Audio
and wvisual communicaticns eventually were made with the surface
oy shouting and use of cap lamps.

Immadiately after the outburst, shot-firers Samray and Olivier
(vict:ims) abandoned their vehicle near the blasting board at

7 Main tncry East Rcom 13, and roved on foot toward the shaft.
Samcav was found approximately 3,300 feet from the vehicle in

2 Main Entry West at Section 1. Olivier had traveled about
2,600 feect and was found in 1 Main Entry South, adjacent to
Secticn 4 (See Appendix 2}.

l

Tive of the remaining elcnt employees on the upper level were
2nroute to the No. 1 Shait to be hoisted to the surface at the
2nd of the shift. Herman Zimmerman (victim) was riding in a
jeep-type vehicle in 1 Main Entry South when the explosion
forces knocked the vehicle out of control. The vehicle came
to rest with the rear half hanging over the edge of the P-39
ccnvevor decline and Zimmerman fell about 30 feet to the floor
of the decline on the east side of the conveyor. Jason Mavon,
the driver, remained behind the wheel during the explosion but
as he got out of the vehicle he also fell onto the conveyor
and received back injuries.

Perry Thompson and Peter Boutte were riding on a small tractor-
like "boss buggy" some distance behind Zimmerman and Mayon, and
although one of them was blown off the vehicle, neither man
received a significant injury. These two men made voice contact
with Jason Mayon and the three men 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 slightly 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 Station. A. J. Boutte then phoned Elray
Granger who was on the surface and 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 Station while waiting for the end of
the shift. This vehicle was blown from the shaft area into 2
Main Entry South. Donald Mayon and Richard Collins died from the
explosion forces and Peggy Blaney was injured seriously.
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General “ine Foreman Elray Granger had been underground
( shroughout the shift but had returned to the surface around
— 2350 hours via <he No. 1l Shaft. Granger croceeded to the
n:ine office which was adjacent to the No. 1 Shaft collar.
ibout 10 minutes later, Granger heard the underground
— axninsion and ran outside the mine office. He stated that
-he sound of the =xrlosion first started faintly and then
srew louder and louder until it reached a neak and held for

{ several minutes. Grancer stated that the sound was like £five
- freight trains and was coming out of both the No. 1 and No. 2
Zhaits along with cust, smoke and debris. Granger ran back
P into =he mine cffice and »honed Charles von Dreusche, Mine

— Manager, at home to report the exvlosion. Granger then went
5 “he No. 1 Shaft collar with Terry Hebert, Topside Foreman,
wnere +they found the mancace a few feet above the collar and

 f a cgreat ceal of <debris and loose power cables around the collar
area.
§ Crancer and Hebert decided to clean uo the area and to send
—_— "‘"b

-ne cage down to the mine level with a communications radio
abcard. While they were doing this, the mine phone at the
‘ neadframe rang. Granger answered and talked to A. J. Boutte
; who was at the upver level shaft station with five other
. reoble. 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 hurrv because he could see "the bad air coming". About
five minutes later, or approximately 2340 hours, the No. 1
Shaft collar was cleared. The cage was lowered, and the upper
level survivors -- A. J. Boutte, Eldridge Roman, Peter Boutte,
Perry Thompson, Jason Mayon and Peggy Blaney -- were hoisted
to the surface.. The empty cage was then returned to the mine

level with a radio on board in case other survivors reached
the Shaft Station.
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At the time of the explosion, the No. 2 Shaft conveyance also

Was at the collar. The exvlosion forces lifted the cage to

the too of the headframe where the safety dogs engaged because

of the slack rope. The cage was lodged in the uvper 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
approximately 0045 hours, June 9, 1979. Efforts were then con-
Centrated on clearing the No. 2 Shaft conveyance to effect the
Yescue of the miners at the lower level Shaft Station.

- The cage was lowered, but it became "hung up" at 500 feet and

. also at 700 feet below the shaft collar on steel plumb lines

{gft from the shaft-sinking operations which were entangled

¥ith all four guide roves (See Aopendix NN). The cage was

Faised and dropped several times until the obstruction was

Cleared, and then the cage was lowered to the 1l men -- Al Thompson
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Alton Oppenheimer, rloyd Linton, Charles Verdun, Joseph W.
Eoutte, Girault Frilot, Joseph Puttler, Brian McFarlain,
®rentis Shaw, Esau Mitchell and Lenneth Hill -- who were
at tie lower level Shart Station.

These minsrs reacned the suriace at acrroximately 0245 hours
on June 5, 1979. All 17 survivcrs were transported by
helicopter to “he Franklin Toundation Hospital in Franklin,
Louisiana. At the time, five miners were still underground,
one had been d2termined to be a £fatality and the location of
Iwe cther niners was xnown and ic was believed that they were
fatalities. The location and condition of the remaining two
niners were not known,
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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 ouide rope delayed recovery

. of survivors.
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Viewing east or inby side of the Gradall scaler along south rib at 8 Main

Entry East at Room 11. Paint does not show heat deterioration.

Viewing the west or outby side of the Gradall. Paint shows heat deterioratio

and a heavy salt encrustation from a high, hot wind moving east is evident.
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Heat damage in cab of the Terex loader at 7X Entry East and Room 10 lower level

Vinyl seat covering burned off, leaving edce - scorched foam.

Rear r-ecapped tires showing chars and salt on Terex loader at 7X Entry East

and Room 10 lower levetl.



Viewing west from 2 Main Entry South just west of No. 1 shaft station.

Overturned cart at the right was 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 Main Entry South

survivor and victim were riding in the Jeep shown overhanding the decline ct
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Main fan in airway tunnel south of !o. 2 shaft. Portion of the meteal

fan bulkheac Tound in Nho. 2 shaft sump.

Remnants of free-standing fan originally in YNo. 2 Main Entry South, south
of 7 Main Entry East, blown north to between 4 and 5§ lain Entry fast in

2 Main Entry South.



West Koom 4.

Main Entry

1975 blowout in 7

1

Viewing south from 7X Entrv East at outburst salt piled in Room 13.



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 of 1 Main Tunnel South in which the 11 men

were sitting and ore standing for the safety meeting.

Pictures at the same location as 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.
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Pictures show the decay of the explosion forces as they moved north in ] M11n

Tunnel South. Conveyor system in 1 Main Tunnel South. Upper picture show{

complete destruction of the conveyor just north of the primary crusher between

5X crosscut and 5 Main Entry East. The middie picture shows partially dam[_.

conveyor north of 5 Main East and the lower picture shows the

conveyor just south of 3 Main Entry East. L—
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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.

Pinched positive conductor on overturned truck. Bare copper wire exposed.l
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Viewing to the southwest at the face drill located at the soutneast ccrner

of 7X Entry East and 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 south. Located just north of 8§ Main Entry

East along the east rib at Room 12.

Portable blastina board impaled on south side of engine of loading Jumbo.
Board was located between Rooms 11 and 12 in 8 Main Entry East before the
blast and distributed power to the 8 Main East face shot and bench shot at

Room 11X.
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Viewing floor drill at northeast corner of 7 Main Entry East and Room 14.
Boom bent away from normal vertical position. Hydraulic unit on left side
badly damaged and pushed to the east. Electric cable on right side pulled

apart.

Close-up view of parted cable.



Viewing northwest at No. 2 portable load center located just south of 7

Main Entry East in Room 13.

East end of the No. 2 portable load center with cables coming from nips.



Joy fan circuit-breaker at & Main Entry East and Room 8. The overload

heaters jumpered cut and breaker in "on" position.

Metal enclosed safety switch and circuit-breaker on west end of portable
load center MNo. 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 blown north from roof in 7 Main Entry East into

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 heat 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.



Damaged distribution box at northeast

corner of 7 Main Entry East and 2oom
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Junction box at horth 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

Room 8.

on lower level at 7X East and
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B=FORL THa
OILCCONS=ZRVATION COMMISSION
Santa Fs, New Maxico
April 20, 1655

IN TUE MATTZIR OF: A g
own

Application of the Commission upon its
motion for an order (a) creating the North
Benson=gueen 0il Pooli in Zddy County, New
Mexico, descridbed as followss |
Py hip 18 South O East
& ction s W etion 34

)
) Case No. 862
and (b) presecribing rules and regulations ;
pertaining to the proposed pool in accord- ) -
ance with provisions of Order He~lll, which )
pertains to the drilling and completion of i
0il or zas wells within the designated
"potash - 0il"™ arsa. ;

i7e e Se (Johnny) Walker
"ro william £, iacey

BT~ L

THANSILIPT OF HSARLNG
e MAZZT: The next case or the docket is Case 862

O Jeo ST A S L LY

callcd as o witress, nhaving been first duly sworn, testified as
follows:

212207 SXACTHATION

Corzissior.
< -‘re Stauley, sirce the last meeting of this case when it

~as Tirst heari, you have beer appointed to a Committee to study

fortimr Uit =t Te™
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A Yes, lif, we nave had two mestings in Carlsbad to study thig
rarticular problem.
¢ XKr. Stanley, in connection with your study, you prepared an
exhibit which you wish to comment upon at this time, and introducej
A Yes, sir, I have prepared one exh:bit and also have obtained
two exhibits from the Uritel States Geological Survey, which I
intend to introduce into the record.,

QG This plat on the wall is your :ixhibic 17

A Yes.

« That was prepared by you?

A Yes, 8ir, uuder my direction.

q will you proceed wit: xxhibit 1l and explair what thav shiowsi

A Case 862 jeals particularly with Orde. #=lll. The objective

of urder =lll, s=neraily referrel to as the Fotash Order, is as

waste, protect correlative rignts, acsure teximur conservation of
oil and zas resources cf liew exico and permit the sirmultar.2cus

economic recovery of potasl. minerals in the area hereinafter dafip

-

The potash - oil areas are divided into two parts. Area i
includes the various parts in whic: pota&sh minineg operations are {:
progress, and Area I includes tiic various parts of wahich: potaah
miniry operations are in progress or in which corin- teste indi-
cate potsnciul potasi: rase:ves.

Tuzrefore, . xntinit Lo. 1, naraea in red ccloration includass
the cntire area defined in Order ..=1lll of potexntial pocas:i reccvery

determined by actual exploration or ecore test late. The scale of

the map snowing the potasn arsa is one incii equal to two mniles, aund

follows: "The ot jective of t..ese rules and regulations is t¢ prevdnc

ade
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therefers it can resadily be seen that the area so defined is very
large in extent, and for the sake of understanding the area itself
I would like te point out on Exhibit No. 1 various landmarks.

Here is Artesia, New Mexico, here is Carlsbad, New Mexico and here
is Hobba, New Mexico.

Q That shows both area A and B?

A Yes, sir, it incorporates both areas.

In Order R-ll]l irn the problcm'boforo the Comission, the
rules specifies the casing program of wells drilled to a shallow
depth of less than 5,000 feet, and deeper wells drilled to depths
of greater than 5,000 feet.

The surface pipe in shallow holes will be landed ir the red bed
section, and cemented to the surface. The salt atring will be set
betweer 100 and 200 feet below the base of the salt ani cemented
to the surface. The oil strinz shall be cemented with sufficient
cement to protect the oil pai sone. Now, in lieu of offsetting a '
salt string, an operator ecan pull such atring whenever it is landgd -
for water shut-off and then the oil string shall be cemented to | .

-
surface.

I, at this particular time, would like to read into the recori &-
the problen before‘%%‘pertaining to two wells of Simms and Reese

———

0il Company, which have been completed within the designated potash
area as defined by Order R-lll. The Simms and Reese 0il Compary's

.

Mc Clay No. 1, located 1980 from the south ard 660 from the east

b

of Section 33, Tovwnship 12 South, iange 30 East, perforations are IT
2,544, that is the top of the perforation. The seven inch casin1f
is set at 763 feet, four and a half inch casing at 2,093 feet r:

o » ps -
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IR

tion {s 250 fees. The top of the salt is 550 feet, the base of t.haﬂ
salt is 1,49k feet and the top of the Queen is 2,810 feet.

The Simms and Reess Oil Company's McClay No. 2, 1980 from the
north and 680 from the east ef Section 33, Township 18 South, RxngJ
30 East, psrforations, 3;036 to 61 fest. That is 3,036 to 3,061
fest. Eight and five inch sasing set at 590 feet with 80 sacks.

of the salt in this well is at 560 feet, the base of the salt is ad
1,495 feet, and the top of the Yates at 2,026, and the top of the
Queen to the producing fromation is 2,844 feet.

¢ I would like to interrupt for & moment here. You are aware
the original applicant in tlis case, Simms and Reese 01l Company,
stated in their application and testified at the last hearing, that
they did not believe that in the area concerned, the area of their
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 conmercial quancitijs
in that ares or not,

b
¢ 1 see.

A In fact, in readin; the Simms and Rease Cil Zompany, the
iicClay No. 2 file, I might add this is a Federal well. That on thJ
Federal fork of sundry notices and reports or wells, the operator,
Simms and Zewse Oil Jompany makes the following statemaont.

"de will drill vo apﬁroximutely 3,000 feet and ser igit an$
five inch surface casing ani cement back to surface. ¥ive ani a

half inch casing will be set and cemented through the red sand and

sani fracted. We will comply witi. kew dexico 0il Conservation

S

Five and a half inech casing set at 3,064 feet with 20 sacks. The tiop

ADA DEARNLEY & ASSOCIATES
STINOTYPE REFORTERS

ALBUQUERQUE, NEW MEXICO
TELEPHONE 3-6801




Commigsionts Order R-lll on ary modification thersto."

J That was filed well before their appliecation fer exception
to R=l1l, wasn®t 1t?

A Yes, sir. The point that Simms and Rsese 0Ll Company have
argued is that potash is not pres;nt in this area. It is evidertly
unseonomiecal to produce oil from this area in stripper productioi
with the eost of cementing, witheut exception of Order R~1ll. The
date of the Order R=-1l1l1 is July 10, 1951, and since that time 1E
wells bave been drilled in the potash area. Of the 18 wells that
have been drilled, 16 wells have complied with the order and the -
two wells of 3imms and hesse Uil Coxpany seek an excoptrion to tiis
rule ir. thisg area where the wells are drilied.

To better acquaint ourselves with the problem of the potash

copany and the oil companies, two mectin:s were hald in Carlsbad I
prior to this headring. Certain topics were discussed and probablyi‘
should be mentioned and introducsd into the record. Area A as defi :
by this order, is a continuously changing picture. I have uhatiis(t
sarked Exhibits No. 2 and 3, showing the irregular pattern of potaw»
OCSUrTelncos. _ ’

& Were those prepared by you, «re Stanley? r

A No, sir, tiese were prepared by the Unitel States Gzologica
sﬁrvcy, and they -hou,§>lcale on the exhibit. ilowever, that is
considered a trade secrat ang, tnereiore, it is net actually uefiueiT*
ir any one particular area referred te as sctu2l descriptior re-
ferred %0 as townasl.lp, rance. T

Q Are you satisfied with the ascuracy of thsae?

A No, sir, I know nothing about the exhibits. All I walt to -

| -
show is the irregular occurrenec oi potash in this particular arc:}
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what I would 1like %o show with these two exhibits:is the irregular
ogcurrsnce of the potash arsa as determined by core drill., The
closer spacimg of core well holes could even connect the areas shown
in Exhibits 2 ;nd 3, and probably'aetunl mining eperations could
change the entire picture.

Today the potash industry is able to minouggsibodies of the
thickness of 18 inches, as we undcrs?and. it is possible to mine syl-
vite, an ore of potash, or qylvinito with a 1l percent content, or

, .117/—
gigﬁan&tS'uith eight percent. In some instances the percentage of

ore can be lower. In other words, with ever changing and improvin
teciniques in mining, as is true in tie oil business, and especially
refining econtinually changes the commercial extent of the boundarigs
of the proven potash reserves.

It has been stated by the potash companies that porosity exists

in the salt section that is mined. It has been definitely proven

-t

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-in
these pools was probably man made by casing leaks. |

The point I am trying to make is that I feel that porogity and

permeability exists in the salt section throughout Lea County, thai

the extent of charging the gzone, and that is the salt zone, from
one well would depend or the amount of gas present, and, q{ courseJ

—
the pressure of that particular gas. Fortunately the wells of .

\ N
Sigraos and ieese Oil Company, if typical of the area, have low gas-|.

oil ratios and also have very low bottom hole pressures. The potas:.
areas defired is unexplored for all practical purposes, for oil

cccumulation and, therefore, who can say that high pressure wells

& wed ey~ ~ -
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one interesting peint that was mentioned at thess meetings was
a methed of mining ors. This type of mining refers to the removall
of pillars, after the econvantionsl mining is eompleted, these pillax.
« supperts are in an order ef 100 foot in diameter. Oue pillar
after anothar is removed until ths sarth above it subsides. This |~
subsidencs ia evident at the surface of the ground. It is also
belisved that horisental slippaze ogeurs during the period of subsi-
dence, this wevld have the tendency %o shear off the casing of

oil welli regardlass of the numbar of strings of casing run in
medern completion practices. Ths well would never be¢ plugged

properly sinece it could never be reentered. This subsiderce would
éffect beth the deep and shallow wells. I ean see where possible

charging of the mine workings would result. -

It has bdeen stated that the recoverable potash, based on potasi]
mines at the present going price, is :154,000.00 per acre. 90 per
cent of the dowmestic petash; @r I mizht say that the domestic po_t:a#

-—

in excess of 90 percent) is minel in this area defined by Order #<ll™

In conclusion, I wish to state that I have no recoomengations |~
in the case, that the Comnissio: will have to recommeni. ;
§ Mr. Stanley, let mc asik you this. You stated that you had r
no lowledge as to whether i the area in question there was potas!_
salt in commercial quantities or not, is that correct?
A That is right.

G Assucing that there is potash salt in co:msiercial quancities

—

in that area, would you eare to .iike any comment on the casinr
progran sst eut in Relll, and the casing program of the Simns-ees
Cozpany, as it would protect any such salt? Do you hav: any corm

on that? ADA DEARNLEY & ASSOCIATES

STENOTYPE REPORTERS
ALBUQUERQUE. NEW MEXICO
TELEPHONE 3-6891




A Could I slaborate on my answer?
¢ Certainly.
A I have studisd all the wells in the Hebbs Pool frow a sorros
sior standpoint, have inspected every well in that partiecular peol
and have also inspected all the wells or virtualliy all the wells
in tlie nerth half, or half the walls in the Menument Pool. The
casing prograz as defined in Order f=1ll is not exactly the easing
progras that I would recommend in the potash area, provided that
thers was nc horirontal slippage. Hewsver, 1 do not recommend thit
the casing program be altered as defined in F=1lll, My theories
on casing program in this particular arei and from the sxperience
that I have had in observing the eorrosien problems in Hobbs and
tae iwonument Pool is as follows: If I intended to write an order
to protect any potasii area or any aine workings, I would write
an craer whersby the surface pipe would have to be sét at 100 feet
or 200 feet below the salt string in thig manner.

MR, MACZY: Below the salt string?

A Yes. Not set any surface pips bdelow the salt section, not
sat any surface pipe &t all, but gset it == Agsume thiut this is the
salt section, set it a hunired feet below and cement that partieuldr
pips to surface, then the oil string should be eemented in such a
fasiion that the cement vehind the pipe shall come to a point beloﬁ
the oil sectior., or below the salt saction, excuse me. Therafore,

at any time we observe this in the hHobbs and Monument Pool, the

potasn companies, the oil companies or any individual could go to
that particular well in questionail observe betwesn the anrulus at

the surface pipe arid ol “nriuzy wuether a leakage oecurred at any
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particular time during the life of the well.

At ths present time, by cementing through the salt sectior, and
we have found this in Hobbs and in Monument, there is no method at
the surface e¢f determining whether you have a leak or not. The
only method that could determine whether you had a leak or not in
any particular well, whereby the oil string is cemented through
the salt section, it'fa run yeur tuhing with a packer in such a
fashion that you eould observe or reeord the pressures betwsen the
tubing and the oil string.

Howsver, I am not making any recommendations that the casing
program be altered in Order Relll.

G Do you feel that the casing progranx 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 vrotection by merely running an oil striig
through the salt section,

Q4 You feel that the cementing helps appreciably?

A I think it possibly could help, but there would be no known
method of ever testing the well, due to the fact that let’Of the
corrosion is8 due to hydrozer. sulphida, as we have observed in the

Hobbs Pool, that the corrosion is internal, that it is not external

adjapant to the salt section. That pipe pulled in the lobbs Pool |-

and ir the Monwaient Pool, adjaecent to the salt section showed that =

it would be in condition A, tagt _ls consilered ir new conditlon

externally, but that ti.e holes were formed from the inside by

hydrogen sulphide. I do_not feel that a rim of cement around this

pipe a fraction of an inch in diameter in soms cases woull protect |
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that particular salt or potash sestien, and avate the

problem if you had considerable bottox hole preasure, or gas

pressure, I feel tliat 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? :r. Rhodes?

CROSS ZXAMINATION
By MR. RHOD:S3

3 These discussions ywyith the potash operators, was any mention
made of the possibility of bringingz water in on the potash by drill=-
ing in the area?

A You mean from the surface or from the bottonm?

~ Below the line water tabls.

A They do seek protection by setting the surface pipe to pree
vent any water to go ahead ard flow downward into their mine worke
inzs. That is the intent of setting surface pips.

QU Also, you mentioned the potash operators coming through and
pulling pillars and letting the back come in and aubaidg?’

A Yes,sir.

Q Do you suppose that the potash operators would be willing td
conduct & selective program on pullinz these pillars in areas wherd
there are producing wellas?

A well, I don't inow anything about the potash paople., I feel
certainly sure that if I owmed the potash mines I wouldn®: go ahead

and pull the pillars out, sspecially in the area where a deep well

is present. What we usually nave, by the drilling of several wells
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of ths Pennsylvanian section, that 1if & well were drilled to the
Pennsylvanian section 4in any one particular area whereby aine worke
ings werc in operation, I feel reasonably surs that no ens would
dare pull these pillars out.
¢ That is exactly my point. i wondered if that was any cone
sideration.
A I think the discrepancy in the ord:r, the most dangerous
thing about the entire deal 1s to go ahead and drill a desp well -
to the Pannsylvanian and thsn have subsidence and lateral-horisontal’
moveasnt. It does not mention the concern about the isep wells
thexsslves., 1 believe by shearing the sasing of” ir tne deep wells :
is w:at probably will cause all the troubls,
Q I was just woniering; 4if that was too much of a consideration
il accomzodation couldin't be maie by w.ich that dangzer could be
alleviated? ”
A I thirk that would be the concern of the potasnh company and
the concern of tlhe oil opsrator in that particular case.
MR, RHODZ3: That is all. | -
*lie MACLY: Anyone clse?

Iy e LANS: — /0.7 AT, ZC, Co

L

You have a value for the potash in this arca. Jo you have a|~

value for the oil?

A Yes, we hal a value of potash a2s statei by the potas:

conparics of a recovery of past experienc: of ,154,000,00 per acre.)

I seriocusly doubt that the shallow wells in this area wit® the

AN

excaption of the Giﬁ*} Pool, would recover more than 1,500 barrels |-
per acre, or roughly approxiuately ¢4,000.00 psr acre,
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Q It is our knowledge that the pillars remaining after the fir
extraction is about 30 or 35 perceant, it weuld be roughly {50,000.

A Yes, sir,
MR, HMACEY: Mr. Rhodes?
By MR. RHODES:
Q Do you belisve that possidly pulling the pillars in one area
uo;id result in horisontal movement ,in some quite distant area?
- A It could possibly affect it. It would have the effect of
the carthquakl. I undorltlnd you ean drivc over this particular

- - i b c—— -

area whereby thelo nining tochniquol were followed and see the
aubsidonce on tho anrtace of 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 movement,

MR, WZIAVZR: 1 ean answer that. G. C. neaver, :epresenting

Duval Sulphur andi Potash. Wwe have norizontal t:::::s chéée as well
as vertical. Just where it would s-ow up, we can't tell, Assuze
we are mining at 1,000 feet, I would thoroughly expect to get hori-

4,90-—!—1" ,'
~oncal displacecent a thousand feet from any area we rociked. You

retded,
car figure on about a L5 degree breax there. wha:: we :il:rabouc
mining aﬁ area, when we go in and mine an area, ir tne first mining
in the room and pillar syster we extract about, well, frowm 50 to 75
percent of the potas:: present, we get subsidence. It is rot enougl
to ninder our nining operatiorns, lhowever, if there are any oil and
gas wells withir a hunired feet of any one of those pillars, in in
any one of thoss pillars 100 feest in diameter, I certainly wouldn't

want to be very close to it, It wouldn't take much subsidence tc
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shsar a casing., 3uppose the casing was sheared and gas and oil is
sscaped in the workings, bow in ths werld would you ever replug
that well? TYou have a loss of oil and gas vwhieh will never be
recovered, and you will never recover the potash.

MR, MACSY: Doss anyone have any further questions? Mr.
Yates?

By MR. JAI2S: . |
q ﬂnrv.y tntos. I uould likc to ask thc uitno:s, Mr, Stanloyﬁ .

if, undsr the circunstaneo. thcro is lny 1ong unll nining, is thereq

c ——— e

any kind of pipe program that you eould ceneeivc ot thnt could stand’

e - — e e et e e e camen et el meme s W e o el —

that ‘shearing, lo-cl.llod?

A No,__I can't. eoncoive of r.m 011 indust.ry 1mrcnt.1n¢ anything|t":

would l;and the shock of .any | latornl movement. -
« fow is the oil industry and potash industry compatible in
this area, for instance?
A I don't know. ol
« I have a little field out there in the so=called area of chJ~r
potash company. If you will recall, ens potash company aa}d they |-~
wantei no wells whatsoever irilled in this area. I would like to
know how I ar going to protect my leases?

A If I understand, ani I believe Mr, Jack Frost with the Unite

States Geological Survey is ir the auillerce. If I undetstard it
eorrectly frox )r. Frost in corversations that there are particulaﬂ-*
areas here ownei by the government, wiereby they do rot issue any

0il leases for shallow rights, That offective date was prodbably r
two or three yesars age, I dontt know the exact date. They deo not (_

issue any oil rights for shallow depths. It is enly those that car

ADA DEARNLEY & ASSOCIATES [
STENOTYPE REZPORTERS
ALBUGQUERQUE. NEW MEXICO
TELEIPHONE 3-0691

o



|

| ril] who had the oil rights prior to that particular date. I wish
t}. Frest would elaborate on that subjecte.

MR. FROST: Jack Prost, United States Geological Survey. I
believe you misunderstood some of our little discussion.

A I am sorry.

MR, FROST: There is a provision in those new leases in the
potash arsa that my office can not approve the drilling of a .hallor
well without elearing it tnrough Washingtor in advance.

Ai I sess May I ask you & question? TYou can drill anywhere in
the defined potash area, an oil well if you do own the o0il and gas
lesases on Fsderal acreage?

MR, FROST: I think you have sonmething mixed up there. Therf
is no provision that I know o;r;gm;an't approve the drilling of a
wall with a valid oil and gas lease, but there¢ wouli be areas ir
there whers we would have to consult with the potash companies arna
reach an agreement betweer the operator and the potash company bofors
I could apprbvc the drilling. Does that clear it up?

A Yes. ,

YRe HACLY: Does that pertain solely to shallow wells or both?

sRe FRO3T: No snallow, those frox 5,000 feet up. If, on
the new loases I would have to clear through washington.

| MR, HASZY: Hr. Yates?

M. YAT.S: I wouli like to asx, urier the circumscances,

how is & man going to get &approval from the potash companies to

drill a well. e says that he can't issue a permit to drill a well

witriout approval o the potash goupany if they don't wart any welle

dr.lle P . T —

6 -
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the appgroval. - |
A I am sure they have to approve the drilling of the 0il well

if you confern to Order Re-lll.

MR. YATES: That suits me.

MR, FROST: This may help ¢lsar that up. That oil and gas
exploratory test well should mot be drilled _t)jxrot_n;_l!__gpy_ open potash _7

mines or within 1,320 feet thereef, unless agreed to in writing by |

the potash lessee involved. That is on your Relll, Page 7, Section -
3, Ixploratien of Areas, and this was Area A, & portien of Sub- :
paragraph A there.

MRes MACCY: Anyone have any further questiens of Mr. Stanley?-
Mr. Stanley, I think we have possibly gotten off the beam here a

|

little bit. I don®t think we have done any harm. It appears to
me from what you have saii, that you are more concerned with the
deep drilling than you are with the snallow. Az I right?
A That is correct, if you take irto consideration the subsi-| -
dence and the pressure of the Pennsylvanian Formatian. .
'{ie IACZY: That is all I have, »
R2=DIRICT BXAMINATION ' -
By 2 RKITTSS ’
N dlre Scanloy}, leaving the cuestior of subsidence for the
nonent , you comme: ted on the casing program 91‘ R=11ll., would you -
carc to mare any connment o the casing progran: of the ilzese=Simms
0il Company?
A No, sir, 1 do not wish to make any comment.
it KITTS: That is all.

K wWell, I EIZNT SAYy UHEU thSY LXVE nov sompliwd with Oordsr— |-
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Relll, but they are here to seek an exception.
Q How would you compare the protection afforded by their casing
and that afforded by Rel11?
A That wouid be an argumert to know whstlar that core of cememt
actually protests the salt section on that part of the pipa.
Q¢ That would be the point?

A Yese. ,
MRe MACZY: r. lLane?
Dy X3 kANEL

G Things have been said here, how can a potash coupany agree
to a well, wher an operator has already becern put into intent that
w6 would comply with the regulations and he hasn't? How can ve
ever agrues to it before the well is drilled? +¥e are not getting
very =uch assurance therwv. iie stated that Lie wes going to comply
wit the repulations.

A You want me to answar that gquestion? I don's Lnow.'

M2, “ACZY: Anyone else? If not the witness may be’ excusad {
(vitness uxcused.)
fie AAZIY: Does anyone have anything further ir Lhis cas:?

I¢ :aov we will take tine case under advisemoent.

ADA DEARNLEY & ASSOCIATES
STENOTYPE REFORYENS
ALBUQUERQUE. NEW MEXICO

Tergrrone 3-669 14




STAYE OF NEW MEXICO ) .
: ss.

COUNTY OF BERNALILLO )

I, __ADA DZARNLZIY , Court Reporter, do herety

certify that the foregoing and attached transcript of proceedings
before the New Mexico Oil Conservation Commission at Santc Te,
New Mexico, is a true and cerrect record to the test of my

knowledge, skill and ability,
IN WITNESS WHEREOF I have affixed my hend and notarizl

real this 28th day of ~ April , 1953,

/
Fublie,

Not: rir Court Re

My Commission Expires:

June 19, 1955

L.
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1 -3-64
2-23-66

9-27-66
4-22-72

12-21-72
3 -1-73
9-14-73
7-30-74

12 -4-74
2-21-75
8-25-77
1-26-78
9-22-78
4 -2-79

5-12-80
9-15-81

THELDEM T
[r1.. 3

*3
*3

*3
*1-3

*3
*3
*2
*2
*3
*2
*2
*3
*3
*2

*2
*4

Tucipem~y CoDES ¥ |

*2
*3
*q

BLOW OUTS

oPEaATY .
Robert G. Hanagan

Texaco Inc.

Stoltz & Co. r
Michael P & Corinne}.

Grace

Yates Petr. Corp.

Adobe 0il1 Co.
Hanagan Petr.Corp.
Hanson 0il Corp.
Skelly 0i1 Company
Yates Petr.Corp.
Yates Petr.Corp.
Delta Drlg.Co.
Robert N. Enfield

Amoco Production Co.

Yates Petr.Corp.
J.C.williamson

Werkevee ~d

Blow out - drilliag rid
Blolﬂ'-&‘l - elc-'.u;ns -t

Blowroul - cabla deol

ldeg NAWNE
Teepee State #1

St.of New Mexico "DF"

Com #1, unit J
Hudson Federal #1-C

'Panagra #1-B

Nickson BM #2-A
Smith Fed.#2-P
Catclaw Draw Ut,#9-E
Clyde Guy Com #1-1
Todd"25"Fed. #1-F

Marco Polo"EA"State #1

Williamson BC #4-K

S.Culebra Bluff Ut.#1-G
N.Lake McMillan Ut.#1-J

Greenwood Pre Gray-
burg Unit #12-F

Nine Mile OB St. #1-F

EP-USA #1-1

{(no fire)

(fire)

"

Locariond
Sec.32-215-24E

Sec.32-2158-23E
Sec. 4-21S-29E
Sec.11-235-26E

Sec.30-18S5-26E
Sec.171-235-24E
Sec.35-215-25E
Sec.34-175-26E
Sec.25-235-31E
Sec.32-165-30E
Sec. 7-20S-29E€
Sec.23-235-28E
Sec.12-195-26E

Sec.35-18S-31E
Sec.32-145-28E
Sec.26-265-29E

3 -%a .
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L
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__c/o 011 Reperts & Gas Services, Box 763, Hobbe, Ro M. |
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Fire extinguished October 1, 1966. Clesned dedris and
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operations October 11, 1966.
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SUNDRY NOTICES AND REPORTS ON WELLS ™ ‘

te drill ot to deepen of Diug bacE G c €1@erent reserver.

100 set wae thie lu- lee_prapneain te
Use “APPLICATION FOR PERMIT—"' lor sued o

i e was =
Wi LX werL L uress

T UNFT 4080 uEFY NaMe

Paua o7 SrsRATUE

Stolts £ Company

-

& Fsan OB LBASE Baua

Hudson Pedaral

inssses e UrEsaTOM 0 sl xo
c/o 0il Reports & Gaa Services, Box 763, Hobbs, New Mexice 1
Lo AThes e :-‘n..:;o:-n iscation cienriy sud 1B serurdancy with suy GIAW repuiremseta s T T | 10.7ieis one rooL, 08 wiimcar i
" --u.a«. {iildcat b
838.4° FNL & 1650' PUL of Section & s, LT wa o i
Sec. 4, T21S, R29E ‘
VIV I 12 Eimvaniows 1Sk whethev 97 17, S M ] 13, COCTT o8 Fanien] 15 $TaTS
: 3428.7 GR zady N.X.
Check A Box To Indi Natwee of Notice, Repon, or Other Data

HOTIrS AF IATENTION TO:

PULL UR SLTRE CamIve ' H
ViLTIPLE COMPIEYS | l

'
|..l
|

(68T WaATeR SULTSNY .
PRATELES THEAY )
Nt 0R aCHZ0

Asanpowe
arrus Wi 1 CHANER PLARS

Ve

== F g

1 Nuta: Repert ressits of multiple ssmpistion s Wall
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sLTStING Capine
SRANSUNN BT

po dales. date of mnli' nl
sad 1rve vertical Geptha (87 Al murbers 5od Lones perti-

1ot he MIRK r-‘-a AU 14 41 UM KTED WPEBATHNA (Clonriy staie all jwrtinent dotalin and NHve
promecs wul. It wel @ dincienely driled, gy and
acni Ue Wy werk.) ¥

Ran 8 $/8" 24¢ ncw J-33 easing to 4032' with Halliburton DV comenting tool @
Cemanted with 425 sacks class "C" 4% gel and 150 sacks cless “C" first

.

1982°,
stage and 400 sacks class "C" neat second stage. Cament failed to cireculate. _ _
Job complete 10:00 A.M. 9/1/66. Ran temperature survey, found top cement 491°. =—=
Cemented sround top of casing with 100 sscks regulsr neat thru 3/4” line pipe. e
Job complets 10:00 P.M. 3/1/66. VYOC 24 hours and pressure tested casing with %g
100046 for 30 minutes, test 0.K. Cementing operstions witnessed by USCS repre- g 8
sentative. .
o3
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*See instructions on Reverse Side
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Sec. 4, T215, R25E

T Ve sacseunas Bans
1~ Faue 0@ eresavee v U 7430 00 L2ASS Saws
Stoles & Company thadeon Yederat
$ T aaeasti OF SrsAsTes T et e,
c/o 01l Reports & Css Services, Box 783, ll»u. New Nuuﬂ 1
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TEST WATER SERFTOP

£Ranes PLeve (Other)
wnaery

SS30NTAST RTvORY OF °
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FRLCTLAS VRSAT NULYIPLE CONMLEYS TRATTE NS TRAAVELNY ; ATRMRE Codine |
SHEUT 08 ACDES SHOOVIae $8 scMISe
surals WL

ataNWE B EET"

Spudded 3100 P.X. 8/19/66.

Plug down 8:1l5 \.M. 8/22/66.
with 6007 for 30 minwtes, test O.X.
et -pprtwle 111-A.

Plug down 8100 P.M. 8/23/66.
tested with 5002 lor 30 ainutes, test O.K.
Jim Xnauf with USCS.

RECEIVED

gEp @ 19F3

(Al

(Nove : In-n'-lud-lnnh-mu'dl
Compistios or ovempie
U ot »

B ferm )
it -unul FONPRSAS S8 CONPLETED SLPERITIE ccmnr a1 sl Portinsut WIII. 288 TIve Pﬂllﬂt dates. ilﬁIlul nn.lln Sate of mnm aay
—re. diousushally dniind,
-C - shas work.) ¢
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HOC 24 hours and pressure tasted
Dredlad to 1634° woing -brine mwmd as- speci- -
Camented 11 3/4" 428 new J+55 casing at 1624° (Base Salt
1513) with 925 sacks class “C” 41 gel and 150 sacks class “C" 21 calciue chloride.
Cireulatead out 300 sacks.

¥OC 24 hours and pressuts
Cementing operations witness by
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GIOLOGICAL SURVEY
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DEEPEN, OR PLUG BACK
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Form

i) UNITED STATES SPBMIT 1v ﬂmuuﬂn e nmien
e DEPARTMENT OF THE INTERIOR ‘Smri i o ™ o it s o S o
GEOLOGICAL SURVEY | wmeorzanz.
SUNDRY NOTICES AND REPORTS ON WELLS e s | A Rt
dhmu.u-l-v- 1l ar M drepre o MuE BOtE o & AiRerent Fesarvelr. H
AP'IJ“TIO' FOR PEKMIT— (or ama® Sropastu ) |
oW e T
e o RECEIVER ==

WEL e PELL vrass

1L Bemb oF oreiaves

‘23 Azarican 0f1 Corporatica"”

FEB 24 1975

atn 68 A0S Namt

Ir::d n28" rcooal

T usesias 7 srisame

1512 rfdls=d Savings Bldg. litdl=ed, IX 79701 r_;_c‘
IS A7 SRl i Kiperi lsmities GestiF 844 & arveraades SUL day i“w 1a "F"Gm—

1900 R & 1930° FaL

T "hia Be.

leaz.28, o0

I Fasurr < T 1. Bgvanens (Show wember 0. OF. ua, e}

111 cowsTT ea Fasiam) 13 @

T [t 05 2 L.
s Chock A Besx To indicass Notwes of Nence, Repert, ar Other Deta
BOTICS 40 (NTRSTION VO : ; osasevewy ABSUST A :
— — — —
TEOT Witea anwveey (| PrLL 96 sateR Camima | watis smEVOrY ! wramise WL
PRACTUAS TRMaY St UELTIFS counme ! i PRACTIAS TORLTUENT l__' ALTEAING Caming —
aeuT 88 MBS ! l ssangmue SRSIPING 48 JLTWIIDS | “sameRsmERTe -t
seram Wk i DS PraNe 1Other) -
H 1INOTS : Ropert reonite of muittple su@miecion oa Wol
$0thery Commistise of Recommstion BPpart 4a4 Lot for® ¢
17 pam ains UPLEVED # & (Cloatip s5aL0 811 Asrtriont Srtala afd 2Hve date of -u‘lu lny
reoes warn U1 e @ niles. gwe —-mmmw—-ﬂuﬂ-n'wmu‘

ot 1 e verk) *
‘elleTl 2O Sebe74

IT1110! 24" bolo to 249' with cadble tools. Lozt
3 to decpen.  Pluczed as follous:
> frza 1=,
:241d B2 13 way of drilliz; operaticma.

0nr'nn

Tca éa this well.

tit 2a hole, 4e23-74, Ata l2ac!

tsed cadle toold back asd {illed Lola ulth
verhal approval recetived to ozt curfase coriter, A il
Ia t=> event this balo c.culd euve
L3s besn coved eut & LD' plug vill be fcstslled in top of bole.

g

233
P L QA
&9 1603 were

RECIIVED
FC3221573

GEOLOTC L SUFYEY
nAer;su., NEW MEAICO

3
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RN —~ ¢ eV

N LG Copy .
i) UNITED STATES R RLENTE  BRII vo sene
DEPARTMENT OF THE iNTER‘OR verse side) G. LEASE DCIIGNATION ARD SEalal M
GEOLOGICAL SURVEY s OrIan
6. IF INDIAN, ALLOTTEL OR TZiiv -
SUNDRY NOTICES AND REPORTS ON WELLS

vy not nee tbix form for proposals to drill or to deepen or plug back to a difterent reservoir.
Use “APPLICATION FOR PERMIT—" for such proposals.)

i R E B E l Vft 7. UNIT AGRUEMENT NAo

o1 ™ Gas S

WELL YELL OTALN
2. anr. OF OTLRATOR . §. FaRM OR LEAST NAME
Q
“w225 fzzrican 041 Cerperazion™ FEB24 1375 |zoza maswpocoo2
3. ADLELSS OF OPERATOR ] 9. WELL NO.
‘ "y 29 - 1 o
112 i2land Savingps Bldg. Nidlond, TX 79701 = L ™ 1
4. T howatins oF wiLL sitenort location ciesrly 800 In accordance with any Stale requifeients 10, FIELD A\D,IOOL, ur vuLacn
See also space 17 below.) AINEN, oFFics P 2t
At surface [‘-11_‘ s

11. 8EC., T.. R, M., OR DLK. AXD
SURYEY OR ABL4

1285 I & 1920 RiL

Can 2 - A L
Sl S g @ Per. Taig - <. e
14, reaMIT Mo, ] 16. ELEVATIONS (Show whether DY, AT, Gk, etc.) 12, COONTY OB PaARISL( 13, STalC
’ ! 34 R
i 337 .7 C2 poll ot s T, ]
™ Check Appropniate Box To Indicate Nature of Notice, Repon, or Other Data
NOTICE OF INTENTION T0: SUBSEQUENT REPORT OF:
TEST WATER SHUT-OPP .‘ PULL OR ALTER CASING WATER SHUT-OFP REPAIRING WTL:. -
FRACTURE TREAT i MULTIPLE COMPLETE FRACTURR TEBATMENT ‘ l ALTERING CASISG
S1L0OT OR ACIDIZS ABANDON® SROOTING OR ACIDISING I amaNvoNMENTS D |
REPAIR WELL CHANGE PLANS (Other) o
o (NoTE: Report results of muitiple compietion oo Well
{Other) Compietion or Recompietion Report and Log form.)

17. LEXCLIDE PROPOSED OR CUMPLETLED OPERATIONS {Clearly atate all nertlnent details, and ﬂve pertinent dates, including estimated date of startioc auy
proposed work. ;l. well is directionally drilled, give and d and true vertical depths tor all markers and z0Des peru-
nent o this Work.

&a1(=74 to S5<6-74

Lrilicd 24" holo to 249' with cable tools. Lozt bit ia holey 42375, Mool it
elioris to decpen. Plugzed as follows: Moved cable tool back and £13%cd Lnts =7 .

cuttincs frem 1-Y. V*rbal approval received to onit gurface marker, As moulcs
weuld ba in way of drilling opeoraticns. In the event this holo shoeld covs = .
ois hoo beoon moved out a 10° plug will be inssazlled in top of kele., Uo ooz vl
=u=a o= thls vell.

o 2 7N\ ""_“‘—:
T .
N s v cama 3 -
oty
- ~c 0
.L'L-‘-' S 1 o
Py roopc1 o
U.S. GEOLl v - -

18, I hereby cer /fy' that the x and correct
"‘-wnlnp-- o~ g e
SIGXNE " g TITLL LY Shchlbitinind DATE - " -

'-vch Tt ackmde mawne

1+ This space (or l’qlual‘or §uu otiice use)
P : K

\FDRATED TY BN TITLE DATE —
7"+ "CONDITIONS OF APFROVAL, IF ANT:

v 7 .:__(' :l_‘ . -a H . . . ,
NP o et See Instructions on Reverse Side R
/' i, ~ s ’ .
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Ferm 3-331 UNI O STATES SUBMIT IN TRIPLI. &* Form aeproved. o,
Hiay 1963 DEPARTMENT OF THE INTERIOR (o hialroctiens o0 re | e aramaon a0 Sobiat #e
GEOLOGICAL SURVEY X 0554986 .

SUNDRY NOTICES AND REPORTS ON WELLS 6. IF INDIAN, ALLOTTEE OR TIAL ~ivo

Do this form for proponals to drill or to deepen or plug back to a different reservoir.
' not use Use “APPLICATION FOR PERMIT—" for such proposals.)

A
1 7. UNIT AUREEMENT NaMS
org GAS

{:;: oF orn\:::: == 'n]lu OR LEASKE NAME
Texas Amsrican 011 Cerporstisa RE ‘M "25" Federal

3. ADDRESS OF OPERATOR 9. weLL NO.

1012 Midlend Savings Bldg. Midland, TX 79701 FEB 21 W73,

[

I 1ocsToN oF wELL (Report location ciearly and in accordance with any State requirements.® 10, FIELL AND POOL, UR WILLOAT
See aiso spuce 17 deiow, )} . : -
At surtace a. c. c. Wildeat 7. e L
ANTERA, 11. #EC., T, X, M., OR BLK. ™)
SURYEY OR ARBA
1980° FmL & 1980° WL
PN -
$ec.25, T-23-8, ©-7! -
V4. FERMIT No. 15. ELEVATIONS (Show whetber DF, ET, OR, etc.) 12 COONTY o PamiaH| 13 8Taib
3487.7 @& Bddy N.Mex.
1. Check Appropriate Box To Indicate Nature of Notice, Report, or Other Data
NOTICE OP INTANTION TO: SUBSBQUSNT REPORT OF :
TEST WATER SRUT-OFP PCLL OR ALTER CASING WATER BROT-OPP REPAIRING WELL -
FRACTURE TREAT MULTIPLE COMPLETE FRACTURE TREATMENT ALTERING CASING
SHOOT OR ACIDIZE ABANDON® SHOOTING OR ACIDIZING ABANDONMENT®
REPAIR WELL CHANGE PLANS (Other)
(Other) (NoTE: Report results of multipie completion on Weil
i Compietion or Recompietion Report and Log form.)

17. DESCRIRE PROPOSER OR COMPLETED OPERATIONS (Clearly state ail pertinent details. and 2ive pertinent dates, inciuding estimated date of -urun; a
°'°°°""" © m.""’"‘- k.§‘° well is directionaily drilied. give subsurizce losstiots and measured and true vertical depths for all markers and zones per-
nen 18 WOr,

4-16-74 to 5-6-74

Drilled 24" hole te 249' with cable teels. Llest bit im hele, 4-29-74. Abandened
~fforts to deepen. Plugged as follewe: Meved cable tool back aad filled bole with
=-ttings from 1.Y. Verbel aspproval ressived te smit surface marksr, As wmarker . -
would be in way of drilling eperatiomns. Ia ths evemt this bele sbould esve in rfr -
rig has been moved cut & 10' plug will be installed {n tep of hole. No logs v---
run on this well. -

RECEIVED
FeEg20 1975

YRVEY
.S. GEOLOG\CAL S )
U TESIA, NEW MEXICO
1 noens enrit IBAt The fogegoing e and correct -
\"“-‘P'/ ii"%’é’;@ rree _ EDginser DATE 271.?_-’3
“Thin space fof Federst of Btate ofice use) e -
APPROYED RY _ TITLE DATE
CONDITIONS OF AFPROVAL, IF ANY:

*See Instructions on Reverse Side ’.i"v
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Ferm $-331 U: .ED STATES SUBMIT TN TRII  ATEe o aTored. Mo 42-R142
(May 1963) DEPARTMENT OF THE INTEZRIOR :?,'.'Z';dg'm'""'" R YT BD!:IO:A:IO! iND lS‘llAle‘O ‘
GEOLOGICAL SURVEY NM 0544986

6. IF INDIAN, ALLOTTLE OR Tz 'n7 -

SUNDRY NOTICES AND REPORTS ON WELLS

] t this form for nraposais to drill or tn deepen or plur dback to & different reservolr.
Do mot ose Use “APPLICATION FOR PERMIT—"" for such proposais)

1. 7. CNIT AGREEMENT NaME
(8
weLL weeL orars REZCEIVED
2 NAME OF OFE2ATOR & FARM OR LEASE NaME
Texas American Oil Corporation ~ WAy Q1074 Todd "'25" Federal
L. ADOARSS OF OPLRATOR ey L 9. wELL NO.
1012 Midland Savings Bldg., Midland, Texas 79701 1
4. LOCATION OF wTLL |(Report location cieariy and in accordance with any Stats requidehemat L. 10. PIELD aXD POOL, OR WILDC4T
ST s opare 17 below.) ARTESIA, OFFICE R
11. amc., T, &.. M., OB BLK. AND
1980' FNL & 1980' FWL SURYET O3 aams
Sec. 25, T-23-S. R-31-F
14. PERMIT NO. 15, ELEVATIONS (Show whether dr. 8T, G2, ete.) 12. COONTY OR PARIBE| 13. sTatE
" Check Appropriate Box To Indicate Nature of Notice, Report, or Other Data
ROTICE 0F INTERTION TO: SURSBQUENT REFORT OF:

TEET WATEZA SHUT-OFY PCLL OR ALTER CASING WATER SEUTOFP REPAIRING WEXLL

FRACTTRE TREAT MULTIPLE COMPILETE PFRACTURE TREATMENT ALTERING CABING

SHOOT OB ACTDIZS ARANDON® SROOTING OR ACIDIZING ABANDONMENT®

REPAR WELL CHARGE PLANS (Other)

(Other) ' (NoTE : Report results of multiple completion on Well

Completion or Recompietion Report and Log form.)

17. DESCRIBL rZOTOSED OR COMPLETED OPERATIONS {Clearly state all pertineut detalls. and give pertineat dates, including estimated date of starting aov

proposed work [f well is directionally drilled., give ace locations and measured and true vertical depths for all markers and zoaes peru-
aent to this work.) ¢

4-16-74 to 5-6-74

Spud date 4-16-74., Drilled 24" hole to 249' with cable tools. Lost
bit in hole 4-29-74., Fished to 5-6-74 and not able to recover. Propose
to plug and abandon this hole as follows: |

4" dia. x 4' above surface standard marker. - eo -t
0 - 10' Cement plug. ’ C \\l
10' - 249' Heavy mud & drill cuttings, Y
RE e
£ W
\r\ LA ‘P}\_S_- “: 5
eI Y
\\} 5 ?r-_,\?\v "

Tree _Engineer pate __o-6H-74

tThis space sef Federal or State o ' — =
g,\/ ) e AR e Tt
APPROVED BY 7 e Dy e DATE Mt

S9NDITIONS OF Dpdoni IF ANT:

*See Instructions on Reverse Side
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Form $-311 UN! D STATES SUBMIT IN TRIPL® Do Form approved. o
(May 3369 DEPARTMEN ! OF THE INTERIOR o marerctons o | e o avo Saaist wo.
GEOLOGICAL SURVEY NM0544986
6. IF INDIAN, ALLOTTEE OR TRIBE MaAX
SUNDRY NOTICES AND REPORTS OEJ%’%‘I;E
(Do not use this form for propossis to drill or te deem or plu M.s
Use “APPLICATION FOR PERMIT~"
1. T. UNIT s0RSRMBNT KaMA
i o p— : _ _APR301974 )
2. RaMB OF OPERATOR / 8. FARM OR LEASE NAMD
Texas American QOil Corporation aAarr Todd "'25'" Federal
3. ADDAEES OF OPERATOR ARTESIA, OFFICE 9. waLL NO.
in ildin idland, Texas 79701 1 .
4. LOCATION OF wELL (Report location cleariy and in accordapce with asy State requirements.® JO) FIBLD 4ND POOL, OB WILDCAT
See siso space 17 bdelow.) V" 7. - \
At surtace o
11, 88C. T. &, K., OR BLK. aND
1980' FNL & 1980' FWL SORVAT O arms
SQC. 25v T- 23-Sv R- 3“
14. PEBMIT KO, 15, BLEVATIONS (Show whather b7, ST, OX, etz.) 12. COUNTY OB PadiaR| 13. 8TaTH '
3486. 7GR Eddy New Mexic
18 Check Appropriate Box To Indicate Nature of Notice, Report, or Other Data
NOTICB OF INTBRTION TO: SDBSBQUENT RBPORT OF:
TEST WATER ONUTOFF | PULL OR ALTER CASINe E WATER SEUT-OF?P BEPAIRING WALL
FRACTORS TREAT . MULTIPLE COMPLETS FRACTCRE TREATMENT ALTBRING CASING |
SHOOT OR ACIDIZS __ ABANDON® SNOOTING OR_ACIDIZING ABANDONMENT®
SEPALIR WELL CHANGS PLAMNS (Other) pu Date
Nors: Report results of multipie completion on Well
{Other) ] ompietion or Recompletion Repert snd Log form.)

17. DESCRISE PROIMOSED OR COMPLETED OPERATIONS (Clearly state ali pertinent details. and Jive pertinent dates, lnciuding estimated date of startiox n:

pnr::d 'h-.m'h ll well is directiomally drilled. give subsurfase leeations and measured and true vertical depths for uj markers apd svoes perti-
el work.

- -
-

Spud date April 16, 1974. Daily drilling reports to follow. ' T -

U "PR2915>,
S. GL/ {_On,CAL ~

AR, -
P, A MW iy
7 I_B-m for s true and corr

sIGA=D . e _Engineer _ parz_April 2¢, 15
"t ¥his gpace tor E| val or State eece use) ﬁ—

_/“ o) )
.rrtqvag pro i i TITLE DATE -

€aruurioNs OF APPROVAL, IF, ANY:

\ /(A ) l—.\\""“‘ . *See Instructions on Revene Side

‘,,R!N‘E“
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Form 3-331 - U TED STATES SUBMIT IN TR’  TATE® Form spproved. = =
‘ } Budget Bure Noo12
e e DEPARTMENT OF THE INTERIOR ot ™™™ ™ o imw oramsarior svo w1
- 7 "GEOLOGICAL SURVEY NM 0544980 »
. 6. IF INDIAN, ALLOTTEZ OR TRIN.
' SUNDRY NOTICES AND REPORTS ON WELLS
: (5o sox s e 1972 L7 BURERNCR S0 BERBATT S S BRI EY WD
T 7. ONIT AGAREMENT NaM8
) " eu orams - APR 1 61974
_ 2 RaMB OF OrgRaTOR _ LA 8. FARM OR LEASE NAME
Texas American Oil Corporation v’ o Todd '"25" Federal
- 3. ADDRRSS OF OPEZRATOR . U-u‘;‘r"cz 9. wWEBLL XNO.
1012 Midland Savings Building, MidlandART%8a's 79701 1
- - 4. LOCATION Or witL (Report location cieariy snd 10 accordance with any Btate reguirements.® 10. 7IELD AXD POOL, OB WILDCAT
See aiso space 17 below.) ,'-('7‘ 4 ot m / Je
. At surface AT R te o
1980' FNL & 19B0'FWL 11. 88C.. T.. &, X, O8 ALK. 4¥D
SOAVET OL JAEL
- Sec. 25, T-23-s.
- 13 " psEutr No. 15. BLEVATIONS (Show whether O7. 5T, GR, sta.) 12, COUNTY OR Pagizd| 1J. S1.7-
B 3486.7 GR Eddy New e
. 18. Check Appropnate Box To Indicate Nature of Notice, Report, or Other Data
NOTICB OF INTENTION 10 : SUBSBQUENT REBPORT OF:
TEST WATER sEOTOFP | PULL OR ALTER CASING : WATES BROTOTP _ asraminG wELL |
- FRACTORE TREAT MOLTIPLS COMPLETE | FRACTURE TREATMENT ALTEMING CamiNG |
S$HOOT OR ACIDIZ r ABANDON® ] SHOOTING OR ACIDIZING ABANDONMENT® __
-~ BEPAIR WELL L CHANGE PLANS x (Other) i
(Other) - Notz : Report results of muitipie complation oa Wel

omplietion or Recompietion Report uudi.ng torm.)

17. DESCRISE I'ROFOSED OR COMPLETED OPERATIONS (Clearly state all pertinent detalls. and give pertinent dates. inciudioe estinsted date of stagting -
Dmpo:du;ork. hgr' well is directiooally drilled, give ace o9 and measured and true vertical depths (or all markers and zoones j» -
- nent wor .

Due to the shortage of rotary rigs and casing, we propose to drill the
upper part of the hole with cable tools.

Engineer pars _ADr. 10. 1°

(Tbls space fop/Federal or State office use)

APPROVED RY TITLE DATE® .. .
- CONDITIONS OF APPROVAL, IF ANI:

_ Cn \“ \ ,/ . \ | ®See Instructions on Reverse Side
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(May 1930)

N

er instruc
reverse alde,

~ N MO cc cB
Uiv. [ED STATES
DEPARTMENT OF THE INTERIOR

GEOLOGICAL SURVEY

TL®
on

Fnrm approved.
Budget

%7«""

uresu No. 42-R14235.

L -0/5 -2/)/27

0. LEASE DESIUNATION AND

SLBIAL NO.

NM 0544986 MN848544-4~

APPLICATION FOR PERMIT TO DRILL, DEEPEN, OR PLUG BACK

I rreor wonx DEEPEN [ PLUG BACK [J

MOLTIPLS
IONB

DRILL 8

GAS
WELL

* TYPE OF WELL
SINGLE

OTHER ZONS

6. 17 INDIAN, ALLOTTEE Ok TEISE NaME

7. URIT AGBETMENT NaXME

TR
. «+ P RATOR

Texas American Qil Corporation

B. FARM OR LEASE NAME

L1 pEESS OF OFERATOR

QLZJ_/ﬁd.La.nd_Sa.xings_Bldg._s_Mi
4. LocaTioN or weLlL (Report location cleariy and in actordance with any State wug (]
At suriace

1980" FNL & 1980' FWL

At proposed prod. zone

MAR 1 51974

Todd "25" Feae r-.!

9. wWELL No.

1

1 IELD ANp POOL,, 0 WILLCAT
%ov-’ P l ‘\')".‘4 -

Wil decat £, 61 e.ur

- ® o,

4

11. #EC., T.. R., M., OB BLK.
. AND BURYEY Of AREA

Sec 25,T-23-S,R-31-E

14. DISTANCE IN MILES AND DIRECTION FR0OM NEZANREST TOWN OR POST OFFICE®
35 miles northwest, Jal, New Mexico

o.c.C.

12. COUNTY OR PaRISE

Eddy

13. sTaTE

-t -

e

-

N. Mexic™

10. DISTANCE F20M PROPUSID® 16 0. oF acazs R R O] U1 No. OF ACAES a881GNED
LOCATION TO NEARLST TO THMIS WELL
PROPEETT OR LFASE LINE, PT. '

(Also to nearest drig. uoit line, if any) 1980 600 40

18, DISTANCE FRUM PROPUSED LOCATION® 18. raoposSED DEPTH 20. ROTART OR CABLE TOOLS
TO NEAREST WFELL, DRILLING. COMPLETED,

08 APPLIID FOR, ON THIS LEASE. fT. - 15,500 Rotary

21. ELEVATIONS (Show whbether DF, RT, GR. etc.)

| 22. APPROZ. DATE WORK WiILl. ATART®

3486.7 GR ) " | Before 5-1-74
3. PROPOSED CASING AND CEMENTING PROGRAM :
SIZE OY ROLE SIZE OF CABING WEIGHT PZR FOOT . SETTING DEPTH QUANTITY OF CEMENT
26" 20" 944 600 1600 sx Circulated e
17-1/2" 13-3/8" |61#, 68 #, 724 4_400! 3400 sx Ciyculated .
12-1/4" 9-5/8" -43,5#, 47# 12,700 2400 sx Est top 4000’
8-5/8" 7-5°'8" liner 39# 15,500

'4

RECEIVED

.300 sx

JANZ 01974

U-S: C0toniear supvir

ARIESIA; ew

MEXICO

IN AROVE SPACT DESCRIBE PROPOSED PROGRAM : If proposal !s to deepen or plug back. give data on present productive sone and propossd new productive

zope. If proposal is to drill or
preventer program. if any.

pen directionally, give pertinent data on subsurface locations and measured and true vertical deptba.

Give dlowunt

24, /
siexeED _M e __ngineer

pare _January 28, 197
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19
. v U.nﬂl"‘
L . REQ
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\ WhL Ve e \1\?' ¢ e-clﬂo a ‘1"‘)
S Lo o RO ﬂ‘,' et 1&- . prasnans Y 09
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e AT .\_(r\g See Instructions On Reverse Side o™ PSR
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NE/ANEXICO OIL CONSERVATION COMMISSIC

. Fosm C-1~7
WELL LOCATION AND ACREAGE DEDICATION PLAT Saparacdes
All distonces must e from he euter beundaries of the Section
DR Leaes P
‘AS AMERICAN OIL CORP. TODD #25% FEDERAL : 1
— Sectinn Trwnship Range Counity -
. F 25 23 SOUTH 31 EAST EDDY
T T et atimm o Well: . -
- l980 leet timm the mgr“ tine ond 1980 {oet trom the mt line
© pemi Clew Froduring Fatmaion Pool L{,.../,;L‘-——-.X Susvmse/ 2770104804 eLa.wa.rewl-‘im" B
486.7 Delaware, Atoka, Morrdw Wildeat 2=~ Morrow (320)

ilutlhine the acreage dedicated to the subject well by colored pencil or hachure marks on Atq}?@t belv (.640)

'h were than ane (ease 1a dedicated to the well, nutline each and identify the ownerstup thereof (Luth as 1

e ml quuf rasuity}

X LN
l M 0405444 - Ax

~.

f

.

P i F 7

NANNN AN \\\v

] ,

*e - T ._.__—:. pemhid  AduhedbdalS SRSl ce B

rorned

1980

(3, YT
t'l

2 & o & 28 o0 .% 4 449 32442 24 8.8 2 3 3 323380 08 000 %8 %0308

e

Engineer
L u -

__Texas American Qil Cn

-
“raee than one legas of diffrrent ownership 18 dedicated to the well, have the interests of all nwners bren
. iwed by o ammunitization, unitizatinn, force.paoling. ete?
. ea X N Il anwwer is *‘ves!’ tvpe of consnlidatian
s **nnt Lkt the awnera and tract deacriptians which have actually been consolidiated ) <r 51ou e .
. ‘4o eavars | Will be communitized.
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OIL AND GAS PROD! 1 4 A~

TEXAS AMERICAN OIL CORPORATION

January 28, 1974 300 WEST WALL. SUTTZ 1012 NIDLAND. TEXAS 78701 2i° -~ -1~

Todd "'25" Federal, Well No. 1
1980' FNL & 1980' FWL
Section 26, T-23-S, R-31-E
Eddy County, New Mexico -

Gentlemen:
As per instructions for submitting an application to drill on shore or off
shore, gas or oil, or geothermal steam wells, on public domain and

acquired lands, Texas American Oil Corporation answers these questions -
as follows: '

1) Exhisting Roads: Exhibit "A'' shows the exhisting roads in =
blue lines.

2) Planned Access Roads: Exhibit ""A' shows in red lines the =
proposed road.

3) Loaction of Well: Shown above and also on Exhibit "A'".

4) Lateral Roads to Location: None.

5) Location of Tank Battery and Flow Lines: If the above well -
is productive, Tank Battery and Flow Lines will be located on Caliche Pad’ -
at Well., :

6) Location and Types of Water Supply: Water to be hauled . -

7) Methods for Handling Waste Disposal: A reserve pit located -
as per Exhibit ""B" will be used for handling all wastes. - -~

REL'L"J .

8) Location of Camps: None. JA iy,

R ) I‘ -
. . . Us Cro
9) Location of Air Strip: None. /"'/L'J'-"P'?M"L .
' R A P
10) Location of Rig, Mud Tanks, Reserve Pits, Burn Pits, Pipe v
Racks, etc.: See Exhibit "C'" attached.
11) Plans for Restoration of the Surface: After drilling the well, =
Texas American will level all pits ~nd location as near to original ground
level as possible. This location is in an arid region on which there is very -

little surface grass.



Page Two

12) Detailed Mud Program:

0
600

4400

12,700

600' - Bentonite and lime.
4400' - Brine treated w/Benex to control solids. LCM for

loss of fluid. (Max. wt. 10#/gal.)

12,700' - Fresh water/w/Benex to control solids. Flosal

for improved samples. LCM for loss of fluid.
Start w/8.4#/gal., increase to 9. 2#/gal. @ 800¢".
Max wt. 10.5#/gal.)

15,500' - Fresh water w/Benex - Bentonite for vis., Barite

for wt., cellex for filter loss, coustic Q-Broxin

to control flow properties. (Start w/12.5#/gal. and
increase as needed. Max wt. 15.3#/gal.)

13) Blow Out Preventer: See attached Exhibit '"C" for detail.

[of o4

Attachments

Yours very truly,

/

N. Emanuel

RECEIVED

AN2 01974
U-S. 6otogica) sypy
ARTESIA, igry M&%ﬂ
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DRILLING LOCATION
1
2
4 I 4
I
i
il 5 7
f
6
—
— L .

00 ~J Oy U WY

- Regerve Pit

- Waste Water Pit

- Burn Pit

- Mud Tanks

- Mud Pump

- Drilling Rig

- Pipe Racks

- Water Storage Tanks

RECEIVED
JAN3 01974
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DOUBLE SERIES 900 BLOW OUT PREVENTER d
()
=

NOTE: =
Below 4400' the equipment shown will be
replaced with the following:

3-11" Shaffer Type XHP 10, 000§ W. P,

' 1-11" Hydril Type GK - 10,000, 10, 000# W
1-4-1/2" FHX 4-1/2" FH inside BOP
Complete 10, 000# WP choke Manifold

Pipe Rams

Blind Rams 3

—

o AT
g

1 - 4" Series 900 Valves

2 - 2" Series 900 Valves

3 - 2'"Mud Pressure Gauge
4 - 2" Series 900 Choke

EXHIBIT
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1.
2.

3.

4.

SUFPLEMENTAL DMILLING DALA

WILL TANSOM

J.C.
WELL #1 EP-USA

SURFACE FORMATION: Quaternary Alluyvium

ESTIMATED TOPS OF GEOLOGIC MARKERS:

Rustler Anhydrite 350"
Lamar 311q°
Ramsey Sand 3165°
0lds Sand 3220
Top Cherry Canyon 4150

ANTICIPATED POSSIBLE WATER AND HYDROCARBOM BEARING ZOHES:

Fresh Hater above 350 feet
Delaware (0il) 3165-3175 feet
Cherry Canyon (0il) 4000-4200 feet

PROPOSED CASING AND CEMENTING PROGRAM:

Casing program is shown on Form 9-331 C.

Hole for surface casing will be dril) to below fresh water zones.
Surface casing will then be run to bottom and cemented to the
surface to protect fresh water zones.

Surface casing is large enough to run B-5/8: and 7* cave in and/or
water shut-off casing strings if necessary to do so. [f either or
both of these casing strings are run they will be mudded in and
will be pulled

10-3/4" surface casing will be cemented to the surface with
class "C" cement,

7" protection casing will be cemented with 150 sacks of Class "C"
cement at 3300'

4-1/2" in production casing will be cemented at tatal depth or
shallowing if significant shows are encountered in its Middle
Delaware formation

PRESSURE CONTROL EQUIPMENT:

Pressure control equipment will consist of a control valve
and oil saver,

CIRCULATING NEDIUM:

This will be a cable tool hole. dater will be the dr1lling fluid.

- ey

vsn-d3
RIS



10.

. AUXILIARY EQUIPMENT:

Not applicable.

. TESTING, LOGGING AND CORING PROGRAM:

tio coring is planned.

Formation tests will be made as warranted by bailing hole down
and medsuring fluid entry rate.

It is planned that a Gamma Ray - Sonic log will be run.

. ABHORMAL PRESSURES., TEMPERATURES OR HYDROGEN SULFIDE GAS:

None anticipated.

ANTICIPATED STARTIMG DATE:

[t is planned that operating will commence on June 20, 198}.

T
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J. C. WILLIAMSON, EP-USA #1-1, 26-26-29

Telephone conversation with Mr. Williamson
9/15/81 @ 2:24 p.m.
70 3047°

10 374 @ 350 circ
8 5/8 @ 850, (Murdock said 1250 of 8 5/8) mud to shut off water

Sl @ 3000°

Can not close in “Boots and Coots” has head to strip in tubing.
BHP approximately 18004, Surface press approximately 1600#, venting 2!; MMCF Gas

Saturday blowed out (9-12-81)

Changed out well head, will move on pulling unit and start running tubing.

9/16/81) J. C. Williamson called
Have new head on and 1 joint tubing in hole with 3 vent lines.
Will strip tubing this a.m. and kill well and run 5%" and cement back to

intermediate.

9/23/81
SL* casing cemented, well dead, TOC @ 2400'.

. # - ——.
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Ran 45 joints of 4M" 13.54# N-80 (1433°), 320 joints of 4k* 11.6# N-80
{10190°) of casing (Total 11623'). Diff-Float Shoe at 11623', Diff-Fill
Collar at 11587°. 10 centralizers., Cemented as follows: 250 gallons mud
flush, followed. w/365 sacks of Halli-Lite + 1/% CFR=2 + 5#/8x KCL, tatled
in w/250 sacks of Class H + 1/2% CFR-2 + S#/8x KCL. PD 2:10 PM 8-11-77.
Pressure tested to 2500#. OK. VWOC and ran Temperature Survey and found
top of cement at BbOU'. WLPBTD 11600°. )

TD 11640 - WIH w/Tubing Conveyed Gun, Baker Loc-Set Packer on 2-3/8" tub-
ing, set packer at 11442°'. Perforated 11455-11468' «w/40 .32" shots as
follows: 11455-11460' (20 holes), 14463-11468* (20 holes). No shows.
Treated perforations w/1000 gallons of 7%" MS acid w/ball sealers. Well
cleaned up and flowed an estimated 250 MCFPD w/spray of water.

WIH w/Bridge Plug an packer at 11422°, Pulled tubing out of hole. RIH w/
Tubing Conveyed Gun, Guiberson Uni VI packer, set packer at 11342' and
perforated 11387-11391' w/16.32% holes. Swabbed back water.

Set Blanking Plug w/wireline in packer at 11327'. Backed off tubing On-Qff
Tool at 11326' & POOH. RIH w/Tubing Conveyed Gun on Guiberson Unit VI packe:
& 2~3/8" tubing, set packer at 11226°' and perforated the Upper Morrow at
11264-271' w/28.32" shots. GTS in 1 min. - 11004 3/4“ choke. = 15,750 MCFPD
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pudded a 17'5" hole at 4:00 PM 6-28-77. TD _S$90'~- Ran 15 jts of 13-3/8* 3 —_
cag 614 K~-55 ST&C (595.54°) set at 590'. Cmtd w/280 sx of Class C 4% CaCl 3
+ 1/44 flocele/sx tailed in w/200 sx Class C 4% CaCl. Slurry we. 14.8, 1.32 q
cu ft/sx. Compressive Strength at 70 deg 1023 psi in 12 hours. PD 5:05 PM 4
6-29-77. Cement circulated 35 sx to surface. WOC 12 hours, cut off csg.
NU, reduced hole to 12k” drilled plug and tested to 600#, OK. Resumed drlg.
ID_3055° - Ran 12 jts of B-5/8" 32# J-55 (483') & 59 jts of B-5/8" 24# J-55
(2442°) (Total 2925') of csg. set at 2925'. l-Guide shoe, insert float at
2885°, centralizers at 2885°', 1760 & basket at 1750°'. Cemented w/1100 sx
Howco Lite + 1/4# flocele 2% CaCl tailed in w/200 sx of Class C 2% CaCl. -
PD 7:04 AM 7-3-77. Caement did not circulate. WOC and ran Temperature :
Survey at 1:30 PM 7-3-77. Found top of cement at 1850. Ran 1™ to 1287°, [
spotted 150 sacks of Class C 4% CaCl. PD 5:30 PM 7-4-77. WOC 4 hrs, dumped
1/2 yd pea. Ran 1* to 1287, spotted 50 sacks of Class C 4% CaCl. PD 4:00 s -
AM 7-5-77. WOC 4 hours dumped 1/4 yd of pea gravel. Ran 1" to 1038°,
spotted 225 sacks of Class C 4% CaCl. PD 2:10 PM 7-5-77. WOC 6 hrs dumped
k yd pea gravel. Ran 1" to 1088°, spotted 50 sacks of Class C 4% CacCl.

PD 11:50 PM 7-5-77. VOC 2 hours. Ran 1° to 1038', spottad 100 sacks of
Class C 4% CaCl. PD 1:30 PM 7-6.77. WOC 4 hrs, dumped ) yd pea gravel.
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Hydraulically Coerat..d #.C.:
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) Stool , . R
_ Check valve valve 4 Inch Line )
2 'Inch Kill l =
Line ” — .
3500 [:——1 e

Casinghead or Bradenhead

il _FOLICYING CONSTITUTE MINIMUM BLOWOUT PREVENTER REoUIREMUNTE

1.
2.
3.
4.,
5.
6.
7.
8.
9.

lo.

o)

RE

All preventers to be hydraulically operated with secondary manual cou:
_installed prior to drilling out from under casing.

Choke outlet to be a3 minimum of 4" diameter.

Kill line to ke of all steel construction of 2" minimum diameter.

All connections from operating manifolds to preventers to be all steel
hole or tube a minimum of one inch in diameter.

The available closing pressure shall be at lcast 15% in excess of that
required with sufficient volume to operate the B.0O.P.'s.

All connections to and from preventer to have a pressure rating equivalent

to that of the B.O.P.'s.

Inside blowout preventer to be available on rig floor.

Opecrating controls located a safe distance from the rig floor.

Hole must be kept filled on trips below intermediate casing. Opcrator
not responsible for blowouts resulting from not keeping hole full.

D. P. float must be installed and used below zonc of first gas intrusion.
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13 3/8" at 765' w/800 sx ORI I patuse | rimearume | Datyms

9 5/8" ac 4600° w/1750 ex 1] R )
S 1/2" ac 11,800' w/2700 sk

PN SO
PS8/ Loco §11ls -

!
!
11,758°

" "SUSPENDED OPERATIONS

Liwie_Landis 2 oeevpev _ 3638° GL o 13,300° RT _ .
* AN

F.R. 6=5~78
(Morrow)

2-23-79 TD 765'; Reaming

3-2-79 Drlg 3235° anhy

3-9-79 Drlg 4680'

1-16-79 Drlg 8400°

3-23-79 Drig 10,758° 1=

4=2-79 ™ 11,800°; Prep Run Csg
DST (Atoks) 11,035-140', open | hr 30 mina, CTS
in 20 sins @ 450 MCYPD thru 3/8" chk, rec 100°
Gas & Cond cut wer + 1068° WB + 785' GCOY, ISTP
failed, FP 591-8404, ) hr FSIP 22144, HP 5647~
56478, BHT 159 deg
TD 11,800'; SI
Wall blew out, did sot burn
0 11,800'; Installing 80P
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OO, ALLOTTCE O TRIBE NAME

7. UNIT AGREEMENT NAME

P O ren B omer

B. FARM OR LEASE NAME

JMHT‘W Greenwood Pre-Grayburg Unit Federal

2. NAME OF OPERATOR

Pk
S )
a - O,

___Amaco Proguction Company /e

8. WELL NO.
12

. B’n:t | 30. FIELD OR WILOCAT NAME

3. ADORESS OF OPERATOR

P. 0. Box 68, Hobbs, MM 88240 )
4. LOCATION OF WELL (REPORT LOCATION CLEARLY. Seae space 17

.___Shugart Silurian-Devonian
31, SEC. T. R. W . OR BLK. AND SURVEY OR

AREA . . .
beiow, ) .___35:‘..37}!._. — - :

AT SURFACE: 1650' FNL & 1980° FWL, 12. COUNTY OR PARISHI 13, STATE )

AT 10P PROD. INTERVAL:Sec 35 (Unit F, SE/4 Nw/8) Eddy | NM

AT TOTAL DEPTH: e AmNo, T T T =

16. CHECK APPROPRIATE BOX TO INDICATE NATURE OF NOTICE.

REPORT, OR OTHER DATA

3653.9 RDB
REQUEST FOR APPROVAL TO: SUBSEQUENT REPONT OF:
TEST waTer swut.ofF (3 Ivq] .
FRACTURE TREAT 8 0 RECENED
SHOOT OR ACIOIZE . g s
REPAIR WELL e wn ae rens
PULL OR ALTER CASING LI O e WW -
MULTIPLE COMPLETE g a .
CHANGE 20NES B §. GEULUGICAL SuRVEY
r——— : : ARTESIA, NEW MEXICO

15. ELEVATIONS (SHOW OF. KD, AND WO)

17. DESCRIBE PROPOSED OR COMPLETED OPERATIONS (Clesrly State alt pertinent details, nd give pertineat dates.
mneltng

SNMBtEd 13t Of Startng Eny PIOPOLEd work, {f wetl 13 duectionally dntied, gwve LuDIUITAcE BCALONS ang
MeAIUISS SN0 tILE verCs! depths 107 il Markars and I0Nes PErLINENt 16 this work.)*

On 4-5-79 2 - 4" relief lines were installed.

On 4-6-79 a new BOP was installed
and gas was diverted to pit through relief lines.

Pressure con
equipment moved ir 4-7-79. DOrill pipe was snubbed in to a T0 o

Mudded up hole and stopped gas flow at 4:00 p.m. 4-16-79.
Moved in Landis Rig #2 4-19-79.

trol snubbing
f 11,008,

LT3C) casing at 11,800.
1200 SX Class H cement.
survey. Plugged down 1:

Moved in service unit 4-

Perforated intervals 11,492'-508' and 11,566°'-581" using 4 JSPF.
packer at 10,900' and set tailpipe at 10,972'.

flow test well.

Currently shut-in for BHP survey,

Set 5-1/2"(4,091* 20¢ & 7,709' 174 N-80
Cemented with 1500 SX Trinity Lite cement and

Approximate top of cement at 1,160' by temperature

30 a.m. 4-24-79, Released rig 4-25-79,

30-79. Spotted 200 gal 10% Acetic Acid 11,386'-11,600'.
Set

*30°bg1o 31d POCMUBATD }
"0 "pold CoON ,

Drop bar on shear disc and

4730 s WO V°ped

b

w

-

[72] »

m n

Subsurlace Satety Vaive: Manu. and Type - — e e SO @ .o oo __.FL z >

18, { hereby cestily that (he foregoing 15 true and carrect . : . m
SIGHED A-{_ e Admin. S“_‘?gfv‘sor DATE 5-7-79
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into well and well blew-out through BOP.
in drtll pipe and killed well.

Layed down drill pipe to run casmq and well started flowing, Shut-in and started pumning

i TAREM*T

Shut down all operations.

Replaced BOP, snubbed

Run 5 1/2* casing to TD of 11,800 x _cement.

’Ornl pad and pasture northeast of uell covered

with- spray of ‘condensate.
on drill pad and cleaned up pasture that was af

Replaced caliche

fected.
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SfBg eI Ix ()

AR
PUNITAGREEMENT NAME T
crpon h to & giftorent .
rendtvan: (R4 Porn Bad]i-C an::::‘ "::;“1 0. A0 8. FARHOR l(ASE M \“l"
- i RN T iJTd Greenwood 1 .rax!;m
1. od - gas e e
weit LT wen Bl other 9. \ﬁl L NO.
2. NAME OF OPERATOR / o. .t La':m‘ e —
- ,’-\moco PT‘OdUCthﬂ Comoani ARTESIA, OF 10. FIELD OR WILDOCAT NAME
"3. ADDRCSS OF OPERATOR —_Shugart_%ilurian-Devonian
P.0. Dr raver TAM "At, Leve] ] and TX 79336 11. SEC,, T., R, M., OR OLK. AND 3UkvEY OR
4. LOCATION OF WELL (REPORT LOCATION CLEARLY. See space 17 ggEAIS-31
betow.} ol i e 1AaAL FLH e Ar N e————— e
AT surFace:1650" FHL & 1980° FUL, Sec cL 12. COUNTY OR PARISH| 13. STATE
AT TOP PROD. INTERVAL:(Unit F, SE/4, NW/4) Eddy | N
AT TOTAL DEPTH: 4. AP NO. : —
16. CHECK APPROPRIATE BOX TO INDICATE NATURE OF NOTICE,
REPORT, OR OTHER DATA 15. ggesv:?'r ON 6SHOW OF, KDB, aMD WM

REQUEST FOR APPROVAL TO: SUBSEQUENT REPORT OF:

TEST WATER SHUT-OFF [} O e

FRACTURE TREAT O O S -

SHOOT OR ACIDIZE O O - Cmee

REPAIR WELL D D {NOTE: Report resuits of multipie completion 0, zune

PRYUORA ALTER CASING ] 0 change on Forma,-az‘mz SREIN

MULTIPLE COMPLETE | 0 u ~ il

CHANGE ZONES = % /‘0 Soliz, .

I . RER S g' )

\e‘ﬁ:?’q‘;{()')()be to chaere production string from 7" to 5 1/2" """"‘ MR Y
“Subsequent_report of blow out, g

17. DESCRIBE PROPOSED OR COMPLETED OPERATIONS (Clearly state ail pertinent details, and give pertinent dates,
including estimated date of starting any proposed work. if well is directionally drilled, give subsurface tocations and
measured and true vertical depths for all markers and zones pertinent to this work.)*

Drilled to TD of 11,185' and ran DST #1 11,035'-11,140' Atoka. DST results
attached. Drilled to TD of 11,617' and ran DST #2 11,515'-11,580" Morrow.
DST results attached. Drilled to TD-of 11,800'. Circulated and logged.
Circulated to run casing. Pulled out of hole to lay down drill pipe and
drill collars. Mud began flowing to pit. Attempted to circulate off gas
bubble and pump into well with mud and brine water. Pressure increased to
3200# and BOP beqgan to leak. Shut down and cleared location. HMNotified
NMOCD and USGS at 6:00 AM(NM) 4/3/79 of blowout. Red Adair onlocation at
2:00 P, After surveying well, opened BOP. Cleared location of loose
equipment. Shut-down operations at 5:00 PM A1l entry roads quarded by
armed quards. Two Amoco supervisors at location during. night. Commenced

operations at 7:00 AM 4/4/79. Built access road to well from the south. (Over)

Subsurface Safety Vaive: Manu. and Type : ' Set @ Ft.
18. | hereby certify $hat the foregqing is true and correct
A (:‘,5 Admin. Supervisor April 6, 1979
) TITLE . e DATE EE XA
SIGNED _O_Lﬁ, ~ -
U ’ {This space tor Federal or State office use)
. : APR 121979
APROVED (618, Sgd.) ALRCRT R. STAIL TIAEIWMNEER —_—
{ ONDITIONS OF APPROVAL, IF ANY: ]
{+4-USGS A

1-RHA

1-llouston

1-Susp ’ *Ses Instructions on Reverss Side
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DELT& DRILLING COMPANY

REC EIVE ~.Box 2012 TEeLEPHONE 214 305-1611
TyLER, TEXAS 75710
JAN 26 1978
a.c.c. January 24, 1978

ARKEBIA, Qrriax

New Mexico Oil Conservation Commission
Drawer =D
Artesia, New Mexico 88210

RE: Report of Blowout
South Culebra Bluff No. 1 Well
Eddy County, YNew Mexico

Centlemen:

This letter will confirm the prior notification given to Mr. Bill Gressett
(Artesia office) and Mr. Dan Nutter (Santa Fe office) on January 4, 1978,
concerning the blowout and subsequent fire at the Delta Drilling Company

South Culebra Bluff No. 1 Well located 1980' FNL and 1650' FEL of Section 23,
T23S, 'R28BE, NMPM, Eddy County, New Mexico.

The South Culebra Bluff No. 1 Well was spudded by Amoco Production Company

on November 6, 1977, pursuant to a Drilling Contract between Amoco Production
Company, as Operator, and Brahaney Drilling Company, Inc., whose address is
P. 0. Box 1694, Midland, Texas, 79701, as Drilling Contractor.

On November 17, 1977, at 12:00 noon, Delta Drilling Company assumed operation

of the well at a depth of approximately 4400' below the surface. Rig No. 7

of Brahaney Drilling Company, Inc. continued the drilling of such well until
January 3, 1978, on which date such well, at a depth of 11,769' below the surfac ,
encountered a gas kick, blew out and subsequently caught fire.

Operations for the drilling of a relief well and efforts to gain control of
the well at the surface were commenced immediately. Control equipment has
been installed on the wellhead and at present gas is being flared through

two lines. Arrangements have been made to sell such gas to El Paso Natural®
Gas Company pursuant to an emergency gas sales contract, and it is anticipated
that deliveries of such gas will be commenced on or about January 25, 1978.

Additional information concerning such well is being furnished to the New
Mexico Conservation Commission pursuant to your forms C-103 and C-104.

Very truly yours,

cc: New Mexico 0il Conservation éﬁﬁifl/ﬁ
Commission Carl Hasketc

P. 0. Box 2088 Mgr. Corporate Engineering
Land Office Building and Research
Santa Fe, New Mexico 87501



ATTACHMENT

DR1LLING AT 11,769 FEET, A HIGH PRESSURE GAS ZONE WAS
ENCOUNTERED. BOP AND HYDRIL WERE CLOSED AND KICK WAS BEING
CIRCULATED OUT WHEN THE AUTOMATIC CHOKE FAILED FOR REASONS
UNKNOWN AT THIS TIME, ALLOWING THE FULL PRESSURE TO ENTER
SEPARATOR,

THE SEPARATOR WAS UNABLE TO HANDLE THE FULL PRESSURE
AND SUBSEQUENTLY FAILED, WHICH IN TURN DISABLED THE CHOKE AND
KILL MANIFOLD, AT THIS TIME THE WELL WAS STILL UNLOADING WATER
AND GAS., THE RIG CREW STATED THAT THEY WERE UNABLE TO REACH
ANY OF THE FOUR VALVES GOING TO THE MANIFOLD FRoM THE BOP
TO SHUT THE WELL IN, THE CREW THEN LEFT THE LOCATION FOR A'
PLACE OF SAFETY. THE WELL CONTINUED TO BLOW GAS AND CONDENSATE

UNTIL APPROXIMATELY 5:10 A.M. THE FOLLOWING MORNING, AT WHICH
TIME IT IGNITED ITSELF,

T e s o e



Sun Puts Damaged Platform
Back on Line Following Blowout

Sun Exploration and Production Co. resumed produc:
tion of natural gas iast week from West Cameron Block
648 platform in the Gulf of Mexico. The platform was
damaged by a blowout and subsequent fire last Decem-
ber.

The piatform’s output has reached 36 MMcfd from six
wells that have been reworked since the blowout. The 13-
well platform. which had a gross producing capacity of
95 MMcfd. was producing oniv 64 MMecfd prior to the
blowout due to redur.ed sales to pipelines. Well A-1, which
vlew out, had been producing 8-12 MMcfd. There are no
plans currently to redrill the well, which was capped.
plugged and abandoned. T

On completion of repairs the gross producing capacity
of the platform from the 12 undamaged wells is expected

to be 75 MMcfd. with production averaging 55 MMecfd,
operator Sun says. Diamond Shamrock Offshore Part-
ners Limited Partnership, which has a 38.333% interest
in the platform, says capacity will be 85 MMcfd. Repairs
on damaged portions of the platform’s deck section are
expected to be finished by year-end.

_Well A-1 blew out last Dec. 4 during workover apera-
tions. The fire that ignited four days later destroyed the
workover rig and drilling quarters, It was extinguished

.31. The blowout was capped on Jan. 22.

Sun, with a 61.667% interest, has a temporary agree-
ment to sell 16 MMcfd to Texas Eastern Pipeline Co.,
which was buying production from the platform prior to
the blowout. Diamond Shamrock is selling 20 MMcid to
B.ethlehem Steel Corp. and to Panhandle Eastern Pipe
Line Corp., also a previous purchaser of gas from the
platform.

Sun won't release information on the cost of repairing
the platform and said it has no estimate as to how much
8as was lost as a result of the blowout and resulting fire.
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{ 44.000 takeotis and landings an-

for the airport was assured
- wnen Congress approved the 1985
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- rite Sands Rocket Test
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‘h now goes to President Reagan

sroval, includes $2.2 million that
1l receive in return for the 1,667
university-controlled land at the
on <ite.
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recreation area is concerned,’’ White said.

Sen. Pete Domenici, R-N.M., and Rep. Joe
Skeen, R-N.M., issued a joint statement Fri-
day announcing the plans for the airport
would proceed following passage of the Sup-
plemental Appropriations Bill.

Skeen said both the Ruidoso community
and New Mexico State would benefit from
the land transfer that clears the way for the
airport's construction.

“*New Mexico State will have the funds

~ needed to continue its important range and

L. SANDS MISSILE path carried it east, instead of ling Company were critically in-
. (AP) — One of two straight up asprogrammed. e ;
designed to conduct **The first one had to be Jured when an ol rig near the

‘sics experiments in
won with the space
Challenger was sched-

~ launched today, offi-

White Sands Missile
w.d.
1ally, the two rockets

~e launched Saturday

aborted due to tech-
Lulems.
ils at WSMR said the

“k Brant rocket lifted

isfully at 4 p.m. Sat-

Montoya of

even leave

its $:30 p.m.

brought down three seconds
before its payload would've
been deployed,” said Don

mation office.
The second Black Brant,
with a Nike booster, did not

The rocket’'s flight was
scrubbed just minutes before

Montoya said, because of
some problems with pressure

Oil Rig

Sunday.

the WSMR mfor-

the launch pad. aue.

scheduled launch,

Blast Leaves Four
In Crmcal Condition

BLOOMFIELD (AP) — Four
workers of the Arapahoe Dril-

community of Turley exploded

Three Farmington men were
taken from the San Juan Re-
- gional Medical Center in Farm-
ington to the University of New
Mexico Hospital in Albuquer-

Hospital officials said John
Murphy, 57, was listed in critical
condition with burns over 90 per-
cent of his body. Steve Lavacek,
24, is also in critical condition

Fred Heckman chairman of the Sierra
Blanca Airport Commission. .

Heckman said a bipartisan campaign that.
included Skeen, Domenici, Gov. Toney
Anaya and even the Texas congressional
glelegatxon had made the new airport pOSSl-

e. .

Domenici said months of negotiations
were required at the local, state and federal
levels to assure a fair agreement between
NMSU and Sierra Blanca Airport Comrms
sion,

, was listed i in guarded condi-
txon with burns covenng 64 per-
cent of his body. - R

A fourth man was taken by
emergency air transport to- a
Maricopa County burn center isi
Phoenix, Ariz. Dennis J. Marti:
nez, 23, was reported in critical
condxtxon A Maricopa County
Medical Center spokeswoman
said Martinez suffers from sec-
ond- and third-degree burns on
35 percent of his body.

Company officials say they
are not sure what caused the &

p.m. explosion east of Bloom-
field.

. v-
s

! with burns covering 80 percent Arapahoe spokesman John
‘wever, the mussile's  loss. of his body. Ahlm said the oil well was being
The third man, Ernest Jeter. allowed to bum - ....";
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EYALUATION OF BRECCIA PIPES IN SOUTHEASTERN NEW MEXICO AND THEIR
RELATION TO THE WASTE ISOLATION PILOT PLANT (WIPP) SITE,
with a section on DRILL-STEM TESTS, WIPP 31, by J. W. Mercer

By
R. P. Snyder and L. M. Gard, Jr.
INTRODUCTION

The Waste Isolation Pilot Plant (WIPP) site is located about 40 km (25
mi) east of Carlsbad, N. Mex. (fia. 1). The site geography has been described
in detail by Powers and others (1978) and U.S. Department of Enerqy (1980,
1981). Site selection was based principally on the existence of a thick
section of Permian evaporites, mainly halite. The purpose of establishing
this site is to demonstrate whether or not an evaporite environment is
acceptable for the disposal of trans-uranic waste generated by the Nation's
defense programs.

The primary concern regarding safe disposal of nuclear waste is to
isolate the waste from the biosphere until it is no longer a danger to
mankind. One of the most probable methods of accidental release of radiation
from nuclear waste isolated in a geologic medium is leaching and transport of
the waste by moving ground water. It is therefore of primary importance to
identify any potential channelways that might allow water to enter a
repository site located in bedded salt of the Salado Formation of southeastern
New Mexico. The presence of the thick Permian (225 m.y.) rocks attests to the
fact that major dissolution of the halite by unsaturated ground water has not
occurred at the WIPP site.

Focus of Current Study

This report describes several dissolution features in the Delaware Basin
and elsewhere that have been referred to as breccia pipes. Breccia pipes
(also called breccia chimneys) as they occur in evaporites are vertical
cylindrical pipes or chimneys that may or may not involve more than one
geologic formation. The chimneys are filled with downward-displaced
brecciated rock. In this context, the rock is brecciated by having collapsed
into a void at depth that was probably created by ground-water solution and
removal of deep-lying evaporite or carbonate rocks in an underlying aquifer
system (Anderson and Kirkland, 1980; Bachman, 1980). Such features have been
described in evaporite deposits in many areas of the world.

The current study was done for the U.S. Department of Energy (DOE) in
response to a suggestion that because breccia pipes are thought to be the
result of deep dissolution, they may represent channelways for future ingress
of ground water, and that they should be considered in risk assessment
programs for the evaluation of proposed waste repositories in bedded evaporite
rocks. To this end, features referred to as breccia pipes in southeastern New
Mexico have been assessed in relation to the integrity of the WIPP site.
Reports by Anderson (1978), Bachman {1980), and Vine (1960) described
dissolution and karst features in the Pecos region of southeastern New Mexico



and discussed the origin and history of breccia pipes. The present report is
intended to supplement these studies and provide detail that was not available
to them at the time their reports were written.

Using the data from exploratory work, answers may be found to the
following questions concerning breccia pipes:

1. Do breccia pipes penetrate through the evaporite section?
2. What is the physical description of a pipe?

3. How are they formed?

4. How deep do they go?

5. When are they formed, and are they forming at present?

6. Are they permeable?

7. Where are they formed, can they form at the WIPP site?

8. Do they represent a threat to the WIPP site?

Acknowl edgments

We thank James Walls, vice-president and general manager of Mississippi
Chemical Corp., Eddy County, N. Mex., for his generous assistance and
cooperation and for allowing us access to the mine. Discussions with C. L.
Jones (USGS, retired) and Dennis W. Powers of Sandia National Laboratories
(SNL) helped to clarify initial ideas into explainable processes.

STRATIGRAPHIC SETTING OF THE WIPP SITE

The WIPP site is at the northern end of the Delaware Basin of New Mexico
and Texas, a sedimentary basin of Permian age which is surrounded by the
Capitan Reef. The geology of the area has been described in detail by Jones
(1973), Powers and others (1978), and Bachman (1980) and is only summarized
here.

The stratigraphic sequence and time divisions of the rocks of
southeastern New Mexico pertinent to this discussion are shown in table 1.

Permian Rocks

Permian rocks in the Delaware Basin are all of marine origin and they are
divided into four provincial series, which are in ascending order:
Wolfcampian, Leonardian, Guadalupian, and Ochoan. Only rocks of the
Guadalupian and Ochoan Series are pertinent to this report.

Capitan Limestone and Backreef Equivalents,
Tansi11 and Yates Formations

The Capitan Limestone and its backreef equivalents, the Tansill and Yates
Formations, comprise the Guadalupian Series rocks. The Capitan is the reef
limestone that surrounds the Delaware Basin. The limestone is generally
porous and permeable (Bachman, 1980). Submarine canyons cut through the reef
and were later filled with fine-~grained carbonate-cemented sand (Hiss,

1975). These deposits are much less permeable than the reef limestone and
they tend to retard the migration of ground water (Hiss, 1975).



The backreef correlatives of the Capitan, the Tansill and Yates
Formations, are present in the areas of Hills A, B, and C, and the Wills-
Weaver pipe, but are not present at the WIPP site. These formations consist

mainly of bedded 1imestone and interbedded sandstones over the reef in the
report area.

Castile Formation

The Castile Formation consists of several thick halite and anhydrite
members (Anderson, 1972). 1In the basin, the Castile conformably overlies the
8ell Canyon Formation and is, in turn, overlain by the Salado Formation. The
Castile is about 412 m (1350 ft) thick at the WIPP site.

Salado Formation

The Salado Formation consists of halite units interstratified with
thinner beds of anhydrite, polyhalite, beds of glauberite, and potash
minerals. fThe halite beds contain varying amounts of silt and clay and are ————
con¢1derab1y "dirtier" than the halite beds of the Cast11eﬁ Many of the  e— 0
anhydrite and polyhalite beds are persistent throughout the basin. These have
been numbered (Jones and others, 1960) and are used as marker beds for
correlation purposes. The basal unit of the Salado, where it overlies the
Capitan Limestone, is the Fletcher Anhydrite of Lang (1942). Locally, the
thickness of the Salado varies as the result of dissolution at the top of the
formation. At the WIPP site the Salado is 603 m (1976 ft) thick.

Rustler Formation

Where no dissolution has occurred at the top of the Salado it is overlain
conformably by the Permian Rustler Formation which is also part of the Ochoan
evaporite sequence. The Rustler is divided into five members which are, in

ascending order, the lower unnamed member, Culebra Dolomite, Tamarisk, Magenta
Dolomite, and Forty-niner Members.

The lower unnamed member is composed primarily of siltstone. The
Tamarisk and Forty-niner Members are similar to each other and where
unaffected by dissolution, are composed of anhydrite and minor siltstone
beds. Halite is present in all three members except where it has been removed
by dissolution. This dissolution is progressing from west to east across the
WIPP area. These three members vary in thickness depending on the amount of
halite removed by dissolution. Where dissolution has occurred, a reddish-

brown silty residue remains. This dissolution has created most of the karst
features described by Bachman (1980).

The Culebra Dolomite and Magenta Dolomite Members are distinctive marker
beds in the Rustler Formation. The Culebra, about 8 m (27 ft) thick, is a
yellowish-gray, thin-bedded, finely crystalline dolomite. Many layers contain
distinctive vugs about 2-10 mm (0.08-0.39 in.) in diameter which sometimes
contain selenite crystals. The Culebra is the most significant aquifer in the
basin area. The Magenta is composed of alternating thinly laminated reddish-
brown dolomite and gray anhydrite layers. The laminae display distinctive
undulatory bedding. The Magenta is about 7.6 m (25 ft) thick in the area and
is also an aquifer, although to a lesser extent than the Culebra.




Ogallala Formation

The Ogallala Formation in southeastern New Mexico consists mainly of
windblown sand on which the well-known “Caliche caprock" of the High Plains
has formed. The Ogallala is not present at the WIPP site and was either never
deposited or more likely has been removed by erosion. The closest outcrop of
Ogallala is at "The Divide" 11 km (7 mi) east of the WIPP site.

Gatuna Formation

The Gatuna Formation of middle Pleistocene age or older (Bachman, 1980,

p. 38) unconformably overlies the Permian and Triassic rocks in the area
except where absent owing to erosion or nondeposition.

The Gatuna, mainly of fluvial origin, consists of unconsolidated beds
ranging from silt to gravel. Much of the Gatuna is locally derived,
especially from reworking of Triassic conglomerates and caliche of the
Ogallala caprock.

Mescalero Caliche

The Mescalero caliche (an informal name) caps many of the older rocks of
the area. According to Bachman (1980, p. 42) it appears to have accumulated
as the C horizon of an ancient soil after deposition of the Gatuna
Formation. Bachman reports that dates derived by the uranium series

disequilibrium technique show that the Mescalero formed between 510,000 and
410,000 years ago.

PREVIOUS WORK ON BRECCIA PIPES IN SOUTHEASTERN NEW MEXICO

Numerous surficial features in and near the Delaware Basin have been
described as being related to dissolution of the evaporites of the Ochoan
Series. Vine (1960) described four domelike features as possible pipe
structures. Later work done under the direction of personnel of the SNL and
the USGS during studies for the WIPP site showed that two and probably three
of the four domal structures are indeed breccia pipes.

Additional surficial features have been mentioned as possible pipe
structures. Reports by Reddy (1961), VYine (1963), and Anderson (1978) mention
several domal structures in the basin. Vine (1963, p. B840-B41) cites 11 of
these to the west of the WIPP site. Many of these domal structures were found
by Bachman (1980) to be no more than caliche-capped hills carved prior to
Mescalero time. The hill in the SE 1/4 sec. 24, T. 23 S., R. 29 €. was mapped
in detail by Bachman (1980, fig. 20) and described as an example of ancient
solution and fill structure. Another structure cited by Vine (1963) in secs.
33-34, T. 22 S., R. 29 E. was mapped by Bachman (1980, fig. 18) and drilled
(WIPP 32) as part of the studies for the WIPP site (Snyder and Mclntyre,
1980). No indication of dissolution in the Salado below the Vaca Triste
Sandstone Member (Adams, 1944) was found. The structure is related to shallow
dissolution in the Rustler and Salado Formations and not to deep
dissolution. A nearby drill hole, WIPP 29 (Snyder and McIntyre, 1979),
drilled to gain information for hydrologic studies in Nash Draw also showed no
dissolution below the Yaca Triste.
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per kilometer (100 feet per mile) and because this is the present regional
dip, there is no allowance for post-Cretaceous uplift.

GEOPHYSICAL STUDIES

Numerous geophysical studies have been carried out on and around the WIPP
site specifically to gain subsurface information concerning the site. Some of
these surveys were designed to search for possible breccia pipes. Among these
were magnetic and gravity surveys by Ferruccio Gera (1974) of Oak Ridge
National Laboratory (ORNL) in conjunction with R. Hopkins of the Tennessee
Valley Authority (TVA), and gravity and electrical resistivity surveys by
Mining Geophysical Surveys (West and Wieduwilt, 1976) interpreted by Elliot
Geophysical Company (Elliot, 1976a,b; 1977).

The resistivity surveys interpreted by El1iot (1976a,b) were run over
eight suspected or known pipes. Table 2 l1ists the names or areas involved and
the locations. Resistivity profiles across selected sites are shown in
figs. 2, 3, 4. and 5. Complete profiles and technical data for all eight
locations are given by Elliot (1976a). The resistivity data across Hi1l A
shows a definite anomaly. The central part of the breccia pipe has a low
resistivity that is bounded by high resistivity peaks as the survey line
crosses the circular ring fault. Interpretations of the resistivity profiles
along with additional data discussed later in this report have led us to the
conclusion that the following are breccia pipes: (1) Wills-Weaver, (2) Hill

C, (3) Hi11 A, and (4) Hi1l B. The remaining four sites are not interpreted
as pipes.

Gravity surveys by Mining Geophysical Surveys (West and Wieduwilt, 1976)
were run across the Wills-Weaver site, and Hills A, B, C, and D. The data
were interpreted by Elliot Geophysical Company (Elliot, 1976b). Reasoning

behind the belief that gravity surveys across breccia pipes would show®
anomalous readings is as follows:

If the brecciated material in the pipe was not well consolidated, the a
additional porosity as compared to the porosity of the surrounding rocks would
cause the instruments to record a gravity low across the pipe, and if the

material is denser than or better cemented than the surrounding rock, a
gravity high would be recorded.

Figures 6, 7, and 8 show the gravity and topographic profiles across the
Wills-Weaver area, and Hi1l C and Hi11 A, respectively. Figures 6 and 8 show
a definite gravity low at the Wills-Weaver and Hi1l A sites, but there is no
such Tow at the Hi1l C site (fig. 7). Elliot (1976b, v. 1, p. 22) states that
gravity data do not give a consistent gravity response across known breccia

pipes; and that gravity surveys are not a definitive method for locating these
breccia pipes.

Seismic~reflection data (Hern and others, 1978) were obtained across the

Wills-Weaver and Hills A-B locations. Generally uninterpretable reflections
came from the center of these features.
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Figure 8.--Gravity profile Hills A and B, Eddy County, N. iex. {from EViiot, 1976b).
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Drill hole WIPP 31, Hill A

Orill hole WIPP 31 was sited inside the ring fault zone mapped by Vine
(1960) and Bachman (1980)}. The hole was drilled in two stages. The first
247 m (810 ft) were drilled during September and October 1978, and the hole
was later (July-August 1980) deepened to 604 m (1981 ft). Only a few feet of
core were taken in the upper 247 m (810 ft) of the hole. One core, from 229
to 230 m (750-756 ft), was anhydrite of the Rustler Formation, the first
indication of this formation and somewhere between 8 and 94 m (25-310 ft)

below its normal stratigraphic position. Table 3 describes in general the
1ithology of cuttings and core from WIPP 31.

It should be pointed out that although a specific rock, identifiable as
the Rustler Formation, was first found at a specific depth, it does not imply
that the stratigraphy is normal from that depth downward (fig. 11). In fact,
rocks of the Dewey Lake Red Beds were found as deep as S03 m (1650 ft), which
is about 366 m (1200 ft) below the base of the unit in the surrounding area.
Fragments of the Magenta (fig. 12) and Culebra Dolomite Members (fig. 13) of

the Rustler Formation were found 274-366 m (900-1200 ft) below their normal
positions.

One part of the Salado Formation halite (about 12 m or 40 ft; true
thickness) was the only thick recognizable part of that formation cored, but
many of the anhydrite fragments and much of the reddish-brown clay probably
are Salado rocks. The anhydrite, starting at a depth of 580 m (1903 ft) and
continuing to a total depth of 604 m (1981 ft) is tentatively assigned to the
Fletcher Anhydrite, or the base of the Salado Formation. It is the only known
anhydrite in this area that is thick enough to account for the amount cored.
The 50° dip noted on the laminations would give the cored interval of 24 m
(78 ft) a true thickness about 15 m (50 ft). It is estimated that about 3-9 m
(10-30 ft) of the Fletcher remains below total depth of WIPP 31.

Because the Tansill and Yates do not contain water-soluble evaporites,
they are probably not the cause of the collapse of the overlying rocks. Below
these formations is the Capitan Limestone, a somewhat soluble rock known to
contain large caverns (Carisbad Caverns). The most reasonable explanation for
collapse of the rocks cored in WIPP 31 is that a large cavern formed in the
Capitan, and the overlying rocks, as young as the Triassic Dockum Group,
collapsed into the void. The Fletcher Anhydrite probably acted as a
supporting beam over the collapse for some time, but as the cavity in the
Capitan grew wider, the width exceeded the ability of the Fletcher to serve as
a support, and collapse occurred. Another possible method to consider is that
the cavity was filled with water to the base of the Fletcher, and declining
water levels removed the bouyant support on the Fletcher. This would cause an
apparent increase in weight of +50 percent of the Fletcher that would increase
the stress and exceed the rock strength. The Fletcher is considered as the
support beam rather than one of the units in the Tansill or Yates because of

its lack of bedding and its intergrown crystalline structure. The Tansill and
Yates are thin bedded granular rocks.

Most of the halite of the Salado Formation, and all of the halite in the
Rustler Formation are missing in the core from WIPP 31. There is no Castile
Formation present over the Capitan. In an oil and gas exploration hole
(Cities Service 0i1 and Gas, Big Eddy unit 17) about 0.8 km {1/2 mi) southwest
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Table 3.--Lithologic description of cuttings and core

for WIPP 31-.Continuea

Jescription

~ Cut 4

Siltstone, muastone, and minor sandstone, moderate-reddish-

srown (1CR £/6) ana dark-reacish-brown (10R 3/4);
areemish-aray (SGY 6/1) reauction spots; s1ltstone
contains beadina planes aipoing from 32° to 40°-ccecce-

N0 COf@wamvan meeommcanana D L L LD L ~—-
Cuttinas

Siltstone and muastone, same as unit at 589-695 ftececoa-
Anhygrite, white (N9)ecececmceceecveccacaacnaea. ccccaman=a
Core 5

inhyarite, orayish-green (5G 5/2) and dusky yellowishe
areen (lqgl 3/2), aypsiferous; mottled; very finely
¢crystalline; !aminated: 1rreaular arqgillaceous laminae
at 753.8 ft; ci1p of lamnae ranges from 32° to 40°-ccea
Siltstone, darx-readisn-brown (10R 3/4) and grayisn-red
{10R 4/2); gypsiferous anhydrite bands at 757.0 and
757.4 fr); siltstone faintly beddedeeccemcacecaccacancan
NO COffemcnccacaacccnana rereucerem e e

Core 6

Mudstone breccia; arayish-red (10R 4/2) through dark-
readisn-brown (10R 3/3) and medium-dark-aqray (N4),
fragments less than 3 cm; slightly calcarecus matrix—--

Sandstone, dark-reddish-brown (10R 3/4) and grayish-red
(10R-4/2), very fine grained, hard, friable, minor
calcite cement, MnO, stain on bedding surfaces,
aqypsum filled fracture-cecceaccaceee. ceececemacascnvmana

Cuttings

Siltstone, mudstone, sandstone and gypsum, reddish-brown
(10R 3/4), grayish-red (10R 4/2) and dark-reddish-brown
(10R 3/4) siltstone, mudstone same with some medium
dark gray (N4), sandstone same color as siltstone,
qypsum, white (N9); minor chert pebbles and selenite---

Core 7

Breccia of mudstone and siltstone, moderate-reddish-
brown (10R 4/6), dark-reddish-brown (10R 3/4),
grayish-red (10R 4/2), greenish-qray (5GY 6/1);
sligntly calcareous; mud matrix; portions colored
dark-yellowish-oranoe (10YR 6/6)-ce-eccccamaccanacanan.

NO COfPacececcaca cemanecccew R R L omm-— ———
HO returnSe-cececaccacea tmececcmceanmmeccceenen cemmae c—a-
Core

Mudstone-siltstone breccla, moderate-readish-brown
(10R 4/6) to dark-reddish-brown (10R 3/4); mudstone
fraqments up to 20 cm; siltstone contains greenish-
gray (SGY 6/1) reauction spots, lower 4 ft
is one block, siltstone in rest of unit, fragments
as much as cm, mosSt less than 4 CMeccacacacaanaa

23

Tnicxness

agepth intervai

(feet) {“eet)
695.5- 703.4 7.9
703.4- 705.0 1.6
705.0- 750.0 45.0
750.0- 751.0 1.0
751.0- 756.6 5.5
756.6- 758.9 2.3
758.5- 759.7 .8
759.7- 767.5 7.8
767.5- 771.0 3.5
771.0- 800.0 29.0
800.0- 809.8 3.8
809.8- 810.0 .2
810.0- 819.0 9.0
819.0-1022 203.0



Table 3.--Lithologic description of cuttings and core for NIPP 3l..lontinuea

Tescriotion

Thickness

Jepth 1ntervai
(feet) feer)

Halite, light-gray (N7), medium-gray (N5), pale-readish-

brown (10R 5/4) mogerate-reddish-oranqe (10R 6/6),
finely to coarsely crystalline; light-gray portions
appear to be recrystallized; sale-reddish-brown
portions are argillaceous, and moderate-readish-
orange portions are polyhalitic; dips measured

along polyhalitic streaks range from 50° to 60°--------

Siltstone ana annhyvarite breccia; siltstone, moderate-
reddish-brown (iCR 4/6) ana dark-reddish-drown
(10R 3/4), many fragments contain greenish-gray

{5GY 6/1) alteration spots; anquiar anhydrite fragments

range from olive gray to very lignt gray (SY 4/1 to
NS); fragments of pitted dolomite at 1549.5-1551.2,
1559, 1578, 1586.7, 1614 to 1624 ft; laminated
light-brownish-gray (572 6/1) dolomite fragment at
1627.2 ft; oil stains at 1529 ana 1648 ft; glauberite
crystals at 1628.9-1629.3 ft; halite filled fractures

and vugs in lower 30 ft

Anhydrite, medium-gray (N5), speckled with dusky-
yellowish-brown (10YR 2/2) specks, very finely
crystalline; scattered halite crystals throughout
unit --

Anhydrite and siltstone breccia, matrix of mud; anqular
anhydrite fragments medium-dark-gray (N4) ranging
to 50 cm; siltstone, moderate-reddish-brown (10R 4/6)
to dark-reddish-brown (10R 3/48); dark-reddish-brown

{10R 4/3) mud matrix about 30 percent Of uUNiteeccwacecae

Mud, anhydrite, and siltstone breccia; medium-light-
gray (N6) to light-bluish-gray (58 7/1) mud is about
60 percent of unit, anhydrite and siltstone fragments
as in unit above; pitted dolomite fragments at
1703 ft; scattered glauberite crystals and halite
filled fractures

Mud and anhydrite breccia; mud matrix grayish-red
(SR 4/2) and some medium-gray (NS); anhydrite as in
unit at 1658.2-1702.6 ft

Anhydrite and mud breccia; anhydrite as in unit at
1658.2-1702.6 ft; mud matrix, light bluish-gray
(58 7/1) - -

Anhydrite, medium-gray (N5) to medium-darx-gray (N8),
very finely crystalline; rock is brecciated and
fractures are filled with medium-bl&ish-qray (S8 5/1)
clay; some intervals contain subrounded laminated and
subrounded dense anhydrite fragments as large as 4 cm
in a Mud Matrixecececccacacaas
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1457.6-1518.7 51.1

1518.7-1651.6 132.9

1651.6-1658.2 6.6

1658.2-1702.6 4.4

1702.6-1762.8 60.2

1762.8-1782.8 20.0

1782.8-1802.6 19.8

1802.6-1903.0 100.4



Figure 11.--Core from WIPP 21 showing tlock of younger Dewey Lake Red Beds
underlying older fragments of Rustler Formation. The small light-qray

spots in lower nart of core are reduction spots. Arrows point down-
hole.

Figure 12.--Fragments of siltstone and anhydrite with a fragment of the

Magenta Dolomite below 1527-footage mark in WIPP 31. Arrows point
downhole.

Figure 13.--Breccia from WIPP 31 containing anhydrite and siltstone

fragments. A fragment of the Culebra Dolomite has the depth number
1448 written on it. Arrows point downhole.

27



minor readjustments of the breccia mass (fig. 14). Unlike Hi1l A, only a very
small area of Dewey Lake Red Beds is exposed in the gully that drains the
western part of the hill. The rock exposed in the center of the hill is
dbrecciated Triassic Dockum Group fluvial sandstones and siltstones.

Samples for palynomorph analyses were collected from the brecciated
Dockum Group rocks and were studied by Robert M. Kosanke of the USGS. Kosanke
reported (oral commun., 1981) on the findings as follows: The samples yielded
few palynomorphs and they were poorly preserved. Palynomorphs are usually not
found in red or oxidized rocks and the presence of calcareous matter does not
normally help with the preservation. The samples did, however, yield a few
poorly preserved palynomorphs. Kosanke states (written commun., 1981) "The
most abundant of these would be the remains of the alga Botryococcus c¢cf. B.
braunii. Botryococcus is known to occur from early Paleozoic time to the
present day where it 1s a member of the freshwater plankton, is widely
distributed throughout the lakes of the United States, but is rarely
abundant. Botryococcus is abundant and the primary constituent of boghead or
algal coals known to occur in Alaska, Australia, France, Scotland, South
Africa, and mainland United States. It is not so much an indicator of age as
it is an indicator of freshwater environment. A single pollen grain, probably
related to the Compositae was found together with two tricolpate poilen
grains, and several winged pollen grains assignable to Pinus. In addition,
several spores referable to the fungi were observed. This 1s not an
assemblage--there is not enough evidence to evaluate with any degree of
confidence. 1f what was found is valid and not modern contamination, the
presence of the Compositae would suggest Oligocene or younger."

The rocks, as mentioned above, have been dated by field mapping as
Triassic; thus indicating the 1ikelihood of contamination of the samples

preciuding the use of palynomorphs, in this case, to date the exposed rocks in
the central surficial part of Hill C.

The breccia pipe at Hill C provided an unparalleled opportunity to study ;

a pipe in three dimensions. Prior to our investigation, this was the only
breccia pipe that was known to contain brecciated rock at depth. During
mining operations in 1975, in the 7th ore zone (see Jones and others, 1960,
for stratigraphic location of ore zones) in the MCC potash mine one of the
mine entries encountered the edge of this pipe. Not only were the rocks
adjacent to the pipe exposed 366 m (1200 ft) below the surface, but also some
of the breccia in the pipe itself could be studied.

The objectives of investigating Hill C were to explore and define the
horizontal dimensions of the breccia pipe at mine level, and study the effects
of the collapse on the adjacent rock in the MCC potash mine. Additionally, it
was planned to match the underground pipe boundary with its surface expression
and to identify the stratigraphic origin of the displaced rock fragments in
the pipe at mine level. Additional objectives were to determine the

permeability and porosity of the pipe and, if possible, the origins and ages
of mineral phases associated with dissolution.

It was planned to drill horizontal core holes across the breccia pipe
from the mine level to examine the breccia, determine the pipe dimensions, and
collect samples that might be useful for age determination. Before these
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holes were to be drilled, it was thought advisable for safety reasons to drill
a vertical hole from the surface to ascertain whether the breccia contained
fluids or gases that might endanger the mine if intercepted by horizontal
holes. BSorehole WIPP 16 was designed for this purpose and was located on Hill
C (NW1/4 SW1/4 sec. 5, T. 21 S., R. 30 E.). The hole was cored from 37.5 m
(123 ft) to a total depth of 396 m (1300 ft), about 27 m (88 ft) below the
mining horizon. A summary of the stratigraphy for rocks recovered from WIPP
16 is given in table 4, and an abbreviated lithologic log is given in table 5.

Exploratory drill holes for potash are located in the immediate vicinity
of the breccia pipe (fig. 14), and two of these are combined with borehole

WIPP 16 to construct a cross section across the pipe and into the surrounding
rock (fig. 15).

WIPP 16 penetrated brecciated rock of the Triassic Dockum Group, and the
Permian Dewey Lake Red Beds and part of the Rustler Formation. Although the
Rustler has been downdropped and shattered, the beds, uniike the overlying
rocks, were in recognizable stratigraphic order. The contact of the Rustler
and the overlying Dewey Lake has been downdropped about 189 m (620 ft) (fig.
15), as has the Culebra Dolomite Member of the Rustler. Halite below the
Culebra was cored in WIPP 16, andpthis differs markedly from drill hole WIPP
31 at Hi11l A where no halite and ho recognizable stratigraphic sequence of
rock was found to represent the Rustler.

The explanation for the nearly intact Rustler, minus halite in the Forty-
niner and Tamarisk Members, in WIPP 16 is a problem. At Hill A (WIPP 31), the
sequence of deposition, collapse of material in pipe, erosion, deposition of
caliche, and dissolution of halites in the Rustler and upper Salado seems
reasonable. To preserve Rustler halite in the pipe at WIPP 16, and arrange a
plausible sequence of events for the formation of the pipe at Hill C, calls
for stages of dissolution of the Rustler and upper Salado halites that suggest
an unreasonable timing for the dissolution of these halites. It is probable

that the formation of the pipes at Hills A and C occurred at widely spaced
times. '

The dipping beds shown abutting the pipe in figure 15 are explained by
the following evidence. The surface dips of the undifferentiated Triassic
rocks are mappable at the surface. The inward dipping rocks of MB 121 are
mapped in the potash mine drift (fig. 23). Dips of beds between these two
horizons and betow MB 121 are hypothetical, but a reversal between the surface
and MB 121 is true, and somewhere above the base of the dissolution of halite
in the Salado (MB 109) is a reasonable place to put it.

0i1 smears were found on core from WIPP 16, just as they were in WIPP
31. In WIPP 16 the rocks containing these smears were anhydrite, halite, and
dolomite of the Rustler Formation. (Analysis of this oil was reported by
Palacas and others, 1982.)

Hydrologic testing of WIPP 16 was not done because of the instability of

the hole walls. A neutron 10g run by USGS personnel, Albuquerque, N. Mex.,
did not indicate the presence of water. Morco Geological Services

continuously logged drilling fluids to detect CO,, hydrocarbons, nitrogen, and
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Table §&.--Abridoed lithologic loa of borehole WIPP 16

{Color designation from Rock-Color Chart {Goddard and others, 1948). (uttings
40-120 ft, core 123-1300 ft; aeoths from driller, not matched to aeopnysical
109s; to convert muitioly footage oy 0.0348; gepths are from grouna levei]

“hickness
aeotn intervai
Description (feet) (feet)
No cuttinas loqgeu-----------------------—--4 ------------ J - <0 30.0
Sanastone, siltstone, ang clay; sandstone is grayish
red (10R 4/2), very fine to fine grained and ranges
from 10 to 60 percent of sample; siltstone is
mogerate reaaish brown (10R 4/6) ang liant olive
gray {5Y 6/1) with traces of greenish-aray (5GY 6/1)
reduction spots, 40 percent of sample; clay is megium
light gray (ﬁﬁf. 0-30 percent of samole; some (10
percent) moderate-readisn-brown (10R 4/6) to dark-
reddish-hrown (10R 3/4) muastone in iower (25 ft)e----- 40.0- 120.0 50.0
No returnse--- 120.0- 123.0 3.0

Siltstone breccia, moaerate-readish-brown (10R 4/6}

and dark-reggisn-brown (10R 3/4); scattered biebs and

patches of greenisn-gray (SGY 6/1) alteration zones;

core consists of unbroxen blocks as large as 0.3 m

(1 ft) as well as angular and rounded fragments of

recemented siltstone; alteration spots do not cross

fragment boundaries; dips, where bedding apparent,

are as steep as 71°, but there is no reqular pattern;

some mud matrix between siltstone in places; core loss

from 125.4-126.4, 130.0-132.1, 135.7-136.7, 151.0-153.3,

153.6-154.0, 163.7-164.0, 169.2-170.2, 172.1-176.0,

180.6-181.0, 185.3-186.0, and 189.0-191.0 ftewcccocccas 123.0- 191.7 68.7
Sandstone, grayish-red (10R 4/2), moderate- and dark-

reddish-brown (10R 4/6-10R 3/4), fine grained;

fractures rehealed with calcite and selenite; dips

of crossbedding range from 50°-80°, no core from

5§9.7 to 59.7 m (195.8-196.0 ft) 191.7- 201.4 9.7
Siltstone and mudstone breccia, moderate-reddish-brown

(10R 4/6) siltstone; dark-reddish-brown (10R 3/4)

mudstone; fragments are subangular to subrounded and

range in size from 0.5 to 4 cm (1/2-1 1/2 in.)emccacaaa 201.4- 203.0 1.6
Sandstone, siltstone, and breccia consisting of

sandstone, siltstone, and mudstone, moderate-reddish-

brown (10R 4/6), and dark-reddish-brown (10R 3/4);

some greenish-gray (5GY 6/1) zones and spots; dips of

crossbedding in sandstone range from 50° to 75°;

fractures in sandstone and siltstone rehealed with

calcite and selenite; much of breccia has a matrix of

mud; no core recovery at 220.6-221.0, 224.0-226.0,

244 .9-247.0, 247.8-251.0, 260.4-261.0, and

265.6-265.8 ftoeewa-. .- -—- --- 203.0- 265.8 62.8
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Table S5--.--Abridaoed 1ithologic loq of drill hole W-16--Continueq

lescriotion

Siltstone ana muastone breccia, dark-reddisn-prown
(10R 3/4) ane moderate-reddisn-brown (10R 4/6), much
of unit consists of fairly undaisturped rock, exceot
for 1ts steep dip. Scatterea subrounded
fragments of moderate-reddish-brown (10R 4/6)
sandstone and greentsh-gray (5GY 6/1) muastane
ang clay fillinos petween fraoments; dips of
20°-65° on pecding planes: scattereg fractures
rehealea with aypsum and selenite; core loss at
659.0-661.0, 685.9-686.0, 7031.6-706.0, 706.6-709.5,
719.4.720.7, TI0.9-731.0, 723.7-7235.3, 747,0.747.%,
755.0-755.8, 762.7-767.9, 773.6-776.0, 777.1-781.0,
783.6-726.0, T90.2-791.3, 791.8-796.0, 797.7-798.2,
205.4.805.6, 810.2-810.6, 322.6-833.8, 850.8-851.0,
353.4-857.9, 938,9.939.0, %45.5-945.0, 950.8-961.2,
§77.3-978,0, 1070.6-iC71.0, 1078.5-1079.0,
1084.7-:086.0, 1123.5-1123.2, 1138.0-1139.5, ana
1144,0-1145.3 ftecenna-- B e commnen ccmmcmmene
Anhygrite, medium-gray (15} and olive-aqray (5Y 4/1)
Taminated in part with brownish-aray (SYR 4/1) and
moderate-brown (5YR 474}, partly brecciated,
fractures fillea with clay; dolomitic band 3 cm
{1 in. thick) at 355.7 m (1167.0 ft); laminae dip from
20° to 36°; o1l bleeding from brecciated 2one at
352,3-353.0 m (1156.0-1158.2 ft)eauan
Mudstone, moderate-reddish-hrown (lqg 4/6), containing
siltstone fragments and reduction $potSe-eeccecsccccacan

NG COr@evcemccecccmcamccaccann PO, S S,
Anhydrite, olive-gray {5Y 4/1) and medium-bluish-gray

(5B 5/1), argillaceous filling in hairline fractures---
No coreees--- -
Anhydrite, brownisn-gray (5YR 4/1), light-bluish-gray

(S8 7/1), light-areenish-gray {5GY 6/1) and grayish-

yellow (SB 8/4), very finely crystalline, dips 38°-40°;

fractures filled with clayeeeecveacaas ameecocomonann _——-
Anhydrite, dolomitic, greenish-gray (SY 6/1) and lignht-

brownish-aray (5YR 6/1)ec==cnccacac eccecmeccmcccceccae.
No core--ccececccccaceaac T e T -

Anhydrite, dolomitic, same as unit at 1186.3-1186.6 ft,
brecciated and recemented; laminae dip 36%e-ccccaccaaoa
Dolomite, greenish-gray (5GY 6/1), light-olive-aray
(SY 6/1), and light-brownish-gray (5YR 6/1) wavy
olive-black (SY 2/1) laminae, gypsum along some
laminae; brecciated and renedled in part--ce-cecsccce-a=
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Thickness
Ieoth rntervy
‘feet) ‘fpet)
657.3-1145.3 48.80

1145.3-1168.9 23.6
1168.9-1172.0 3.1
1172.0-1175.0 3.0
1175.0-1177.7 2.7
1177.7-1178.0 .3
1178.0-1186.3 8.3
1186.3-1186.6 .3
1186.6-1186.9 .3
1186.9-1192.6 5.7
1192.6-1198.6 6.0



Table S--.--Abridaed )ithologic log of drill hole W-16--Continued

Description

Thickress

septh “rrervai
‘feet) ‘ast)

Anhydarite, same as unit at 1287.3-1293.5 ft, halite banas
parallel to anhydrite laminae diping 40°-45%cccccccaas

Mudstone, annydritic, darkereadish-brown (10Y 3/4),
qypsiferous and halitiCe-e~-caae - .- .

Total deoth - cacccomnn

1294.0-1297.7 3.7

1297.7-1300.0 2.3
1300.0
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hydrogen sulfide. Between depths of 362 and 367 m (1188 and 1204 ft),
hydrogen sul fide was detected; the readings indicated as much as 6 parts per
million between 365 and 366 m (1198 and 1200 ft). No other gases were
detected in the drill hole.

In WIPP 16, all of the breccia above the Rustler Formation is composed of
Triassic Dockum Group and Permian Dewey Lake Red Beds. Some idea of the
minimum thickness of these units at the time of collapse of the material into
the pipe can be estimated. The present thickness of these two units in the
pipe is about 350 m (1150 ft). These units without collapse are about 145 m
(475 ft) thick in nearby drill holes. Using an approximate bulking factor of
1.25, averaged from those of Houser (1970) for alluvium and zeolitized bedded
tuff at the Nevada Test Site, the expected thickness of the brecciated rock in
the pipe would be about 181 m (595 ft). This is about half (181 versus 350 m;
595 versus 1150 ft) of what is present. Apparently there was another +145 m
(2475 ft) of Dockum Group rock overlying the present Dockum Group. Following
this line of reasoning, the collapse may have occurred at a time when a more
complete sequence was present. The core from WIPP 16 contained no voids, but
rather a great deal of fine sediments, mostly clay and silt-size material.
This filling would have been obtained from disintegrated fragments of collapse
material, and this would lower the bulking factor to something less than 1.25
and thereby require an even thicker section of rock than the extra 145 m
(475 ft) at the time of collapse.

This estimation technique cannot be used in WIPP 31 because the loss of
halite in the Salado and Rustler Formations adds too many variables to the
calculations. Unfortunately, there is no way of estimating the erosional rate
of the Dockum Group rock, but it must have taken hundreds of thousands of
years to remove most of the rock. The Dockum Group is about 220 m (720 ft)
thick 26 km (16 mi) to the east of Hill C, and thicknesses of over 457 m (1500
ft) are found farther east.

During this stage of the collapse, a depression probably formed at the
surface allowing surrounding Triassic surface material to be washed into the
depression. This material, especially the smaller fragments of sandstone and

siltstone, was carried downward to form the matrix of the brecciated material
now found in the pipe.

Underground Exploration

In doing development work to open another area of the 7th ore zone in the
MCC potash property for mining, entries were driven to the northwest from the
main haulage entry (fig. 14). In the MCC mine, the 7th ore zone dips gently
northeast. As the new entries were advanced northwestward and approached the
breccia pipe, the ore zone began to dip down at a steeper angle than the
mining machine could follow, so the machine mined progressively higher and
higher beds (figs. 16 and 17) until the edge of the pipe was reached (fig.
18). Mining exposed about 19 m (63 ft) of stratigraphic section above the 7th
ore zone in a horizontal distance of 44 m (145 ft) (fig. 8). Mining was
advanced about 5.5 m (18 ft) into the breccia pipe and a horizontal
exploratory hole was drilled 10.7 m (35 ft) into the pipe and still
encountered breccia. The hard polyhalite marker beds above the 7th ore zone
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Figure 18.--Left rib 16-L drift. Pick leaning on breccia pipe material.

Boundary of inplace halite and breccia of pipe is line
that starts at base of 0il stain in lower left corner,
passes just above hammer handle and reaches top of photo
near center. The line is a clay-filled (not gouge) fault
zone. The fragments of anhydrite, polyhal1te and halite

to the right of the fault show as various shades of gray.
P=polyhalite, A=anhydrite.
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Figure 19.--Left side of exposed breccia pipe at end of 16-L drift showing

numerous anhydrite blocks and matrix of clay and halite and
anhydrite fragments. A=anhydrite.

Figure 20.--Enlargement of upper right portion of figure 19. Light streaks
along left side of anhydrite block are secondary halite seam
cutting through greenish clay. Above greenish clay in upper
left is reddish-brown clay. Laminations apparent on upper

right side of anhydrite. Dark streak on right is shadow.
A=anhydrite, H=halite.
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holes were cored in alphabetical order (A, B, C); the core was 2.5 cm (1 in.)
in diameter. Hole A penetrated the pipe boundary. Figure 26 shows about

1.8 m (6 ft) of core at the "bottom" of drill hole A. The discing of the core
was caused by torque and direct pressure on the bit face and the discs varied
from about 3 mm to 10 cm (1/8 to 4 in.) in length. Argillaceous halite and
anhydrite layers made up the longest lengths.

In the next to the bottom row of core in figure 26, just in from the left
side is the clay seam contact 24.7 m (80.9 ft) between the normal stratigraphy
and the breccia pipe. In the bottom row of core, the shades of gray are
fragments of halite and anhydrite in a brown clay matrix. The black disc in
the second row left is an oil-stained halite. Figure 27 is a geologic cross
section of the hole.

Hole B (fig. 25) was cored to a length of 18.3 m (60.1 ft). The core in
the first four rows in figure 28 was shattered during drilling, less pressure
was applied to the bit during coring of the rock in the last two rows. O0il
stained the lower 0.4 m (1.4 ft). The oil caused a lack of circulation of the
air cooling the bit and hindered removal of the cuttings below 17 m (56 ft)
and the bottom 1.2 m (4.1 ft) of core was lost. The pipe boundary was not
reached. 0il1 from this hole was described in Palacas and others, 1982.

Figure 29 is a geologic cross section of the hole.

Hole C (fig. 25) was drilled slightly up from horizontal to a length of
19.6 m (64.15 ft). No recognizable lithologic units were penetrated. Clay
was penetrated in the last 0.6 m (2 ft) of the hole and the bit and pipe were
jammed in place. A total of 14.6 m (48 ft) of drill pipe was recovered,
leaving 7.3 m (24 ft) in the hole. It is not certain whether or not this clay
represents the pipe boundary; the SNL drillers believe that the rock being
cored just before the pipe became stuck was drilling 1ike halite and not like
the breccia material in drill hole A. The pipe boundary was predicted several
tens of feet beyond the end of drilling. Figure 30 is the geologic cross
section of hole C.

The question of whether or not the walls of the breccia pipe are vertical
or the pipe is a cylindrical-shaped body cannot be fully answered with the
available data. Superimposing the surface trace of the pipe with the one area
underground shows that the underground boundary of the pipe is about 30 m (100
ft) further to the southeast than the corresponding part of the pipe at the
surface. This could indicate that either the pipe does increase in diameter
with depth or if it is a cylinder, then the cylinder is not in a vertical
orientation.

"In studies done by Piper and Stead (1965, p. 34), it was found that most
collapse structures over underground nuclear tests are roughly cylindrical.
In additional studies on the same subject, Houser (1970) used a cylindrical
shape in his interpretations, although he states (p. 51) that while evidence

points to the cylindrical shape in some cases, other cases indicate an
inverted cone (opening downward).

Landes and Piper (1972) in studies of brine cavity subsidence in
Michigan, state that surface features outside the collapse area do not extend
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outward farther than the underground solution cavity. This implies that the

possible shape of the collapse structure is an inverted cone or a nearly
vertical cylinder.

Eck and Redfield (1963) in their study on the Sanford Dam near Borger,
Tex., report numerous filled chimneys having irregular vertical sides
(p. 56). The upper portions of these chimneys have funnel shapes.

The general shapes of the breccia pipes at Hills A and C are believed to
be near-vertical cylinders, possibly widening slightly with depth,

OTHER SUSPECTED PIPES IN DELAWARE BASIN

Wills-Weaver Pipe

In the earlier discussion of geophysical studies carried out in the basin
for the WIPP site, the Wills-Weaver area was mentioned. A hole was drilled in
sec. 12, T. 20 S., R. 29 E. and penetrated 250.2 m (821 ft) of brecciated
rock. Interpretation of geophysical surveys, namely electrical resistivity
(Elliot, 1976a) and gravity surveys (Elliot, 1976b), were run across the area
and both gave anomalous readings across the suspected pipe. No other work has
been done at this site. It is believed to be a breccia pipe. The hill over

the pipe has not been breached by erosion and no near-surface structure can be
seen.

Hill1 8

Hi11 B lies immediately south of Hill A (fig. 9) and rises 28 m (93 ft)
above the surrounding terrain. It is round in plan, dome shaped and caliche
capped. The hill is only slightly eroded on the west and south sides where

some brecciated Triassic rocks (Bachman, 1980) are exposed, but no ring fault
has been seen.

Electrical resistivity (Elliot, 1976a) and gravity (Elliot, 1976b)
surveys give anomalous readings across the hill much 1ike at Hill A. No

drilling was done on Hi1l B, but the data of Bachman and Elliot strongly
suggest that this hill marks the location of a breccia pipe.

WIPP 13 Area

An electrical resistivity survey (Elliot, 1977) across an area about 2.4
km (1 1/2 mi) north-northwest of the center of the WIPP site indicated a
possible breccia pipe area. The resistivity signature across this area
appeared much like those signatures across Hills A and C. In 1978,
interpretation of a gravity survey across the area indicated a gravity low
centered on the WIPP 13 site (L. J. Barrows, SNL, oral commun., 1981). There
is no topographic expression, of either a hill or a depression; but because of
the closeness of this area to the actual repository location, further
exploration was needed. Drill hole WIPP 13 is located near the center of the
resistivity anomaly. Core and cuttings, along with downhole geophysical logs
indicate that no buried structural anomalies exist at the WIPP 13 location
(Gonzales and Jones, 1979) to account for the resistivity anomaly. The
probable cause for the anomaly is an increase of sandy, more porous material
in the Dewey Lake Red Beds containing more water than is found in the
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In a report by Brobst and Epstein (1963, p. 331), pipes “tens to hundreds
of feet in diameter" and 61 m (200 ft) deep were mapped in the Fanny Peak
quadrangle of Wyoming and South Dakota. The authors attribute the pipe
formation to the solution of anhydrite and gypsum in the Minnelusa
Formation. Fragments of overlying Permian rocks are incorporated in the
breccia in the pipes. The formation of these pipes started after the Black
Hi1ls uplift (Late Cretaceous-Early Triassic), and the dissolution is
continuing to the present.

In the Wyoming~South Dakota area, the anhydrite-gypsum layers of the
Minnelusa and overlying Opeche and Spearfish Formations are the rocks involved
in the dissolution. Halite also was and is being dissolved from the
formations as indicated by analysis of well water in the area. Brobst and
Epstein (1963, p. 336) attribute the near-vertical orientation of the pipes to
their formation at intersections of joints. They also postulated that most of
the pipes have their roots in the Minnelusa, although some may be rooted in
the underlying Pahasapa. The breccia in the pipes has been well-cemented by
CaC04, and the pipes stand out on cliff faces and as small hills above the
surrounding terrain.

Michigan

Michigan also contains breccia pipes. Landes and others (1945) describe
the occurrence and possibie formative history of these pipes in the Mackinac
Straits area. They attribute formation of the pipes to cavity forming in the
evaporite-rich Pointe aux Chenes Formation (usage of the Michigan Geological
Survey) of Silurian age. In the subsurface the formation is called the
Salina. No brecciated rocks have been found in the underlying Niagara
Formation, and Landes and others put the base of the pipes in the Pointe aux
Chenes.

Several previous explanations for the forming of the breccias are given

in the Landes report. He and the other authors favor a solution to-cavity to-

collapse of overlying rocks theory. Whether or not the collapse was
catastrophic and occurred as a single event is unknown. Landes believes that
some of the process involved catastrophic collapse, because brecciated rocks
of much younger age are found in the breccia mass. Downward displacements of
from 183 to 457 m (600 to 1500 ft) are recognized in a quarry at Calcite,
Mich. (Landes and others, 1945, p. 129). Landes and others (p. 134) described
these breccias as a conglomeration of rock fragments of every degree in size
with interstices between the larger fragments filled with smaller fragments
which range downward from a few inches to dust size.

‘Where calcium carbonate was available in the water moving through the
brecciated rocks, they are firmly cemented by calcite. Other pipes have
little cement if their matrix contains shale which filled the interstices
between the limestone blocks and impeded the flow of ground water.

The age of the brecciation has been estimated by Landes and others (1945,
p. 136-137). The youngest rock found in the breccia masses is the Detroit
River Formation of Devonian age. These rocks must have solidified prior to
collapse or they would not form discrete blocks in the breccia. At a quarry
in Calcite, Mich., the flat-bedded Dundee Limestone (Devonian) can be seen
overlying the brecciated Detroit River Formation. Collapse and brecciation
must have been completed before the Dundee was deposited. Collapse could have
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Figure 31.--Formation of anomalous Mississippian thicks and coincident
structural highs in younger strata. (A) Post-Mississippian erosion; (B)
Later stage during post-Mississippian peneplanation following removal of
Prairie Evaporite salt section by solution; (C) Subsequent deposition of
uni form thicknesses of Jurassic and Cretaceous beds on smooth

Mississippian surface; (D) Final stage following solution of remaining
Prairie Evaporite salt (modified from Gorrell and Alderman, 1962).
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dissolution of anhydrite and possible minor amounts of halite from the R8t
facies of the Bundsandstein (possibly as much as 100 m or 328 ft of evaporite
rocks). Bernard believes that the Zechstein at the locations of these pipes
contains little halite; the edge of the Zechstein is in this area, and
therefore could not be the root zone for the pipes. He does acknowledge the
existence of Zechstein rooted sinks 25 km (16 mi) to the north of Kassel in
the "Cloudburst" area of Tendelburg. Bernhard (1973) dates the formation of
the pipes near Kassel as late Tertiary to early Quaternary on the basis of the
sink~-fill material containing Keuper rocks (Upper Triassic).

CONCLUSIONS

Method(s) of Formation of Breccia Pipes and Age of Formation of
~ Known Pipes in Basin Near the WIPP Site

The understanding of the method(s) of formation of breccia pipes in the
Delaware Basin is critical to the placement of a repository for radioactive
waste at the WIPP site. The principal question is: Can a pipe develop under
the repository and cause a breach in the system that will allow access of
fluids to the waste canisters? A secondary question is: Could a nearby
developing pipe adversely affect the repository? Investigations at and near
the WIPP site have helped to define what a breccia pipe is and how a pipe
develops, but not what governs its location--see below. Another question
is: Can dissolution of beds affect the integrity of the repository?

Examples of pipes in Michigan show that at some stage in the development
of those pipes there was catastrophic collapse. In the Mackinac Straits
region of Michigan, breccia fragments have been identified 183-229 m (600-750
ft) below their normal stratigraphic horizon (Landes and others, 1945, p.
129). Limestone beds above the cavities where halite had been dissolved could
have formed support beams which held until increasing widths of the cavities
caused failure of the beams, at which time the material above the existing

cavities could collapse rapidly, causing a jumbling of material in the
collapse chimney.

Rock in core from WIPP 16 and WIPP 31, drilled into known or expected
breccia pipes north of the WIPP site in southeastern New Mexico, also shows a
great deal of intermingling of various strata. Dolomite fragments have been
found 335 m (1100 ft) below their normal stratigraphic position in WIPP 31.

Siltstone fragments in WIPP 16 are found 183 m (600 ft) below their expected
level. )

Depending upon the type of rock above the solution cavities, the downward
movement of the overlying rocks can be catastrophic as in the above cases, or
slowly as in many salt mines (actually as salt flowage). If the movement is
slow or in the catastrophic cases if the drop is not far, the falling rocks
will fracture but not be mixed and jumbled with surrounding lithologies.

The only known breccia pipes in the Delaware Basin in the. vicinity of the
WIPP site are located 19-32 km (12-20 mi) northwest of the center of the
site. Two pipes, and probably a third, have surface expressions which are
nearly circular, rounded and breached hills 15-30 m (50-100 ft) in
elevation. These are Hills A, B, and C of Bachman (1980) (domes A, B, and C
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polyhalite beds of the Salado Formation to drop with it. Rocks of the

overlying Rustler Formation, Dewey Lake Red Beds, and Dockum Group may have
also dropped.

The cavity would be filled with unsaturated water and as the mass of rock
dropped nearly instantaneously into the cavity, the water would be forced
out. The easiest path would be upward into the void and fractured rocks
created by the collapse. Much of the halite would be dissolved by this water
and eventually the now saturated water would move downward and out through the
existing paths in the reef.

It is doubtful if collapse to the surface occurred all at one time. The
mixture of rock units, with some rocks dropping as much as 335 m (1100 ft) to
be mixed with rocks from a lesser vertical drop, implies that there were
several stages of collapse as the pipe stopped its way to the surface.

Boulders of Dockum Group conglomerate now present on the surface
overlying the pipe are believed to come from a higher stratigraphic position
(Bachman, 1980, p. 67). The presence of these younger rocks implies that the
Dockum Group was thicker at the time of formation of the pipe than it is now.

After the collapse to the surface, the resulting depression served as a
catchment basin, and as the collecting water percolated downward, it also
dissolved halite, potash, and other soluble rocks. Nearly all of the Salado
hatite and all of the Rustler halite was removed by this process aiding
additional collapse in the pipe. This process also transported clay, silt,
and sand downward and these particles became the matrix of the brecciated rock
in the pipe.

Complete removal of soluble rocks has not occurred in the pipe filling at
Hi1l A. Evidence of this is found in the anhydrite and qypsum fragments and
beds still present, and in the large block of Salado halite cored between
depths of 444 and 464 m (1458 and 1522 ft). Additional evidence of the
incomplete removal of solubles is found in fragments of the Dewey Lake Red
Beds. Stringers of selenite (gypsum) are found cutting these fragments but
not the breccia matrix. Selenite stringers are found in the Dewey Lake Red
Beds where the unit has not been brecciated. These deposits are thought to be
caused by downward percolating of calcium sul fate-enriched water filling
bedding-plane partings and fractures caused by gentle subsidence of the rock
as units below are slowly being dissolved. This process is occurring or has
occurred in much of the Dewey Lake Red Beds on the western half of the WIPP
site (Jones, 1978) to the south of Hill A.

Over some period of time, surface erosion removed the Dockum Group rocks
and any depression over the sink was filled in by debris-carrying surface
water. About 600,000 years ago the Gatuna Formation was deposited across a
gently rolling terrain filling in lows in the topography. Above the Gatuna,
the Mescalero caliche was deposited on a nearly flat surface (410,000-510,000
years ago, Bachman, 1980). The caliche was deposited over the pipe at Hill
A. The present dip of the caliche beds away from the center of Hill A
indicates removal of halite from around the pipe. Holes drilled nearby show
that the Rustler halite and the upper part of the Salado halite have been
removed. This removal is referred to as the dissolution front (see p. 18), a

63



nave been the rapid downward movement in this pipe, but more than 183 m (600
ft) of rock of various lithologies was let down slowly, only tilting about 35°
at its final resting depth. Here the two pipes differ in the condition of the
rock, Hi1l A containing brecciated and jumbled rock down to the Fletcher
Anhydrite Member, Hill C containing these only to the top of the Rustler
Formation.

The dissolution front, moving from west to east, had penetrated into the
Salado Formation at Hill A, but only into the Rustler Formation at Hill C at
the time of collapse of the pipe, presuming that the two pipes formed at
nearly the same time.

The caliche overlying Hi1l1 C has been downdropped toward the center of
the pipe in several places indicating that minor collapse occurred after the
main collapse. This minor collapse can be dated as less than 410,000 years
igo.

#inor amounts of oil-stained core from both WIPP 16 and WIPP 31, as well
as o0il 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 oil (Palacas and others,
1382). Gas chromatograph and geochemical analysis indicate that the three
0oils are related to the 0il from wells to the north of the pipes taken from
the Yates Formation. The Yates overlies the Capitan reef on the backside of
the reef. It is possible that oil 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 oil
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 in the Rustler Formation in anhydrite above the Magenta Dolomite
Member and in halite below the Culebra Dolomite Member. The oil seeping into ..
the MCC mine appears to be coming from a nearly vertical fault about 43 m (140
ft) from the edge of the breccia pipe.

Possible Effect on WIPP Site

Numerous domes and sinks dot the landscape in the Delaware Basin. Some
of these features can be shown to be remnants of near-surface dissolution or
surface erosion; others are from dissolution and cavity formation in the
Capitan Limestone. Known locations where deep dissolution occurs and forms
structures called breccia pipes are limited to areas over the buried Capitan
reef, no closer than 16 km (10 mi) to the WIPP site. The four known
occurrences are Hills A, B, C, and the Wills-Weaver site.

Collapse of these structures, at least to the surface, occurred sometime
before 400,000-500,000 years ago.

Locales on and around the WIPP site that were investigated for evidence
of pipe formation, with none being found, include the sites of drill holes

AIPP 13, WIPP 32, WIPP 33, and WIPP 34. Numerous surface features were mapped
and found to be near-surface erosion and dissolution features.
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DRILL-STEM TESTS, WIPP 31
By J. W. Mercer
INTRODUCTION

During drilling and coring of WIPP 31 reentry, formation tests were
conducted over selected intervals of the borehole to determine the possible
presence of fluids (1iquids or gases) and, if present, to obtain estimates of
quantity, quality, and source. The formation tests were conducted using
standard drill-stem test procedures as described in Dolan and others (1957),
3redehoeft (1965), Hackbarth (1978), and in “Suppiement #1 to the field
operations plan for WIPP 31 Re~iEntry” as discussed in a letter from W. D.
Weart. SNL, to D. Schueler, DOE, dated July 25, 1980.

The drill-stem test is a temporary well completion whereby the zane of
interest in the borehole is isolated by the expansion of a rubber packing
element or packer attached to the drill string. These packers isolate the
test interval, relieving the mud column pressure and allowing the zone to
produce formation fiuid (if present) to the drill pipe. In addition to these
packers, the drill-stem-testing tool consists of valves, pressure-recorders,
and related equipment. During each individual drill-stem test, normal
procedures call for multiple opening (flow~in) and closing (shut-in) of the
tester valve with subsequent recording of the pressure changes. As discussed
in Bredehoeft (1965), interpretation and analyses of drill-stem tests can
yield information about the undisturbed formation pressure, a coefficient of
permeability for the stratigraphic interval tested, and in some cases a sample
of formation fluid.

ANALYSIS

During coring of WIPP 31, seven individual formation tests were attempted
over various stratigraphic intervals in the borehole. Of these seven tests,
only five were successfully completed, the first two failing because of
mal function of the testing tool. The procedure prior to each drill-stem test
included running geophysical logs (gamma, density, and neutron) for 1ithologic
control as well as a caliper to select packer seats. As drilling proceeded,
the core was monitored for any fracturing or lithologic changes that might
indicate a zone of fluid entry.

Field data obtained during testing are included in table 6 and various
packer configurations for the tests are shown on figure 33. These tests (DST-
3 and ~4) indicate that the zone tested from 246 to 324 m (808 to 1064 ft,
DST-3) and 246 to 376 m (808 to 1235 ft, DST-4) contained some fluid, however,
production rates were so low that the only fluid recovered was diluted
drilling mud. Calculated permeabilities were 0.57 and 0.90 millidarcies (mD),
respectively. DST-5 from 371 to 426 m (1,216 to 1,396 ft) indicated very low
permeability with a calculated value of 0.11 mD. The tests for DST-6 (456-514
m or 1,495-1,687 ft) and DST-7 (451-604 m or 1,480-1,981 ft) indicated the
formation was extremely tight and did not yield enough fluid to make
calculations for permeability.
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To Y, DLl Blaciman Date June 12, 1975
nesident Gounsc.
Subjest  Cil Secns in Szit Section
P.CLAL Hine Aren
From .. 0. Qorbin
File

7o areas in the F.C.0. Mine nave 21l seezs in the szlt section.

zres is i:n Secrtions 5, &, and 9, T. 20 S., R. 30 L. as shown

1. Trootoy of the salt in this area 1s apnroxNimately 250

Turnood o selt is ahout 1550 The Main Sculh liaulag

punTerod on ¢il seen i othe tunnel headinz vhich is a

tout oI7 Gil Zilowea slewly cut ¢ a ¢rill hoie in

ot Tne Tlow was killed Ty tamping a wooden plug into

e. s§ shcwiioen Figurs 1, the tunnel was rerouted &t ¢
ercbie expensc only T enccunter aunother seep of smaller volume.
locations are still Zcoezing cil 2t a4 very slow rate A core test,
FCA 107, shown in fection 5 on rizure 1, hau seven zones of ¢il stained
core over an intervzl of 304' in tne salt sscotion. Taese seeps zre
thought to be ccuing “vom an abanaoned cil test "Continentzl Chase”
wiiicil wes cTilieu 1n tne late 1vlC's 1n the NE-1/4 Sec. 8, T. 20 S.

second area of cil seeps 1s in the east end of our liest Orebody
cure 2). The top of the salt in this area is appreximately 360°
the pbottom of the salt is about 1041'. Here in Koom 5, Break-
ough 13, as described by L. C. Jourdan, chief mine engineer '"The
n was interesting in that it cccurred in a fine vertical fracture
within the ore horizcn and extends for an unknown distance into the
salt above and below the ore zone." This seep is approximately 60C'
below the surface and 1000' from the nearest abandoned oil well in the
Gettv Pool. In the XNational Potash dine, about 900' south of our oil
seer in Room 5, Dreszkthrough 13, another oil seep was encounteread.
This seep is about 700' £rom an abanconed oil well in the Getty Pool.
PCA Core Test 74, in this same area, showed two zones of oil stains in
the salt section at 349' and 565'4". Core Test 74 is located between
two abandoned o0il wells, one about 1000' due north, the other 100G' due
south.
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NATIONAL POTASHE COMPANY
P. 0. BOX 731
CARLSBAD, NEW MEXICO

August 1, 1975

' Hr. Roy L. 3lackman
Resident Counsel

Fotash Company ol Anerica
P. C. Box 31

Carisbad, ivew Mexico 838220

g =

Dear !r. Dlackman:

This pertzins to an incident in the spring of 1955 in which ve en-
countered evidence cf oil seepage in operations at our Eddy lMine. The
location where this occurrec was approximately 1,000 feet frem the west
line ancé 100 <feet Irom the north line of the NW-1/4, Sec. 23, T. 20 S.,
R. 289 E. Altogetner there were some three c¢r four oil stains present,
and two separate entries in the panel were affected.

1
-

The material involved 2t the site was horizontally bedded znd con-
sisted of 5 feet of svlvinite overlaid by 1 to 1-1/2 feet of clav. No
particularly unusuzl physical conditions were present otner than the fact
that it was a salt come area in which the seeps were encountered.

Mining operations in the area were discontinued immediately in order
that the seep conditions could be investigated. This, of course, neces-
sitated transfer of operations, including removal of all equipment by the
production crews involved, to another area of the mine,

-

Since the nearest well was the Getty No. 1, which was zpproximately
700 feet from the location of the seeps, it was suspected as their source.
The U. S. G. S. investigated and determined that this well had not been
properly and adequately sealed. So the owner was required to reseal it
in an approved manner. It is my understanding that this led further to a
check of several other wells in the Getty pool in which the findings of
such inadequacy were essentially the same and in which similar corrective
action was also taken.

RRE TR R

I1f, for any reason, additional information in regard to this matter .
is needed, I am sure it can readily be obtained from the Y. S. G. S. office
in Roswell, New ldeXico, as personnel from there were involved in the in-

cidant.

Very truly vours,

/‘
/4 /
/////f/‘/'/ /I_/

rlénd Fsster

Industrial Relations iianager
QOF:ca
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AMAX TUECTRICAL HOLE - DRILLITIG PROGRESS CCNT!D,

JAgtE 3

HRS. & /
ACCUM,
- COMMENTS 1, /ACCUM FT,  HRS,
1=14=531 Orilling-Build Up Bit ‘‘ater@125! 10/ 2081 9/198%
1-16=81 Drilling-Water 2130' ‘iole Caving 9/214! gk/207
1] 6mB Drilling-water 2 130! 11/2251 9/216
11751 Drilling-iole Caving Bad ‘ater ©125! £/320! 10/z:
1 -18=381 Drilling-iiole Caving ‘ater 31257 £/i35 9/21%
1-10-81 Drilling-iicle c*anding better Yater?2 135! £/30 10/7°3:5
1-20-81 Drilling-Reset Socket Yater 7135¢ £/ 245 9/2%4
1-21=31 Drilling-ater % 120! £/ 350 9/2u3
T=22=81 Jrilling=-Jlater 135! Zuilt up bit 5/355¢ 10/2:3
1=23=31 Drilling-Water 2135' (HIT SALT STRINGERS) 10/ 3651 9/282
1= lmRl Drilling~+ater @ 130'(Ti SALT) 10/375¢ 10/232
12581 Drilling~iater 5 130! 9/ 384! 8/2¢0
1-26=31 Drilling-ater 3 130! 11/395¢ 10/210
1w27=51 Drilling-+ater 2 130' Some Hole Cave 5/400! 9/219
1-28-31 Drilling-Yater = 130! 4/ 404! 10/319
String up 10" Tools & Get Ready to Run Csg, '
- 1=29-21 Run 4C4' of new 13-3/8" Casing & Cement with
400-sxs, (Denton Cement Co,) Did not circulate - 10/329
TOTAL DEPTY TO SET SURFACE = 404 FEE
TOTAL RIG ilOURS = 329
(AROVE UORK BILLFD ON OUR Invioits) =
1=30-81
1-31=31 vait on Cement to Dry-Curface 13-3/8" Casing - -
2-1-581
Z=2=31 Drill out Shoe = Check for Water-lione-Drilling  21/425! 10/10
O Drilling=ory 40/ 465! o4/19}%
S=d=31 Drilling - liard 15/450! 9/28%
281 Drilling 40/5201 10/38%



AMAY ULECTRICAL NOLE - DRILLTMG PROGRESS CONT!D,

2631 Drilling 40/ 5601 10/48}
2=7=31 orilling 40/ 6001 10/58%
2-3-81 Drilling 40/640! 10/ 68!
2=10=31 Irilling 36/6761 10/78t
2-11=51 Drilling - Cut 124 2ed(Sample) 16/692t 8/ 36"
n=12=31 Drilling-iet reacdy to run 8=5/8" L/ 6961 9/95%
- DID lot
2=13=31 Run/Cement(Circulate) 8-5/8" Csgs to 696 - 10/1C57
Tenton Cmt, Co, 350=0xz, Add 8=Yd3 Cement

Q== & 0 mack-side -
2=15=3 ait on Cenent -
2=16=21 2rill out Choe=Urill into Mine(TD 704t) 8/704t 10/115"

"™OTAL DEPTH TO SET S=5/38" = 696!
TD into Hine = 704! (bese 12,-bed approx., 696!)
TOTAL RIG IOURS = 115" lirs.

(Drill Ground Catle ilole per Alan laldridge - approximately 30! SY above hole)

2-17=C1 tove % Rig=Jp - 10/10
2-13-31 Drilling 20/20¢ 9%/151
2-19-21 Drilling 20/.Ct 10/29%
2=20-31 Drilling 20/ €01 10/39%
2=21=31 Drilling 20/30¢ 9' /.3
2=22-51 Oriiling 15/951 10/59
2-23-5 Drilling 10/105¢ 8/67
2-24=31 Drilling-ator C 138t 33/138¢ 10/77
2-25231 Drilling - To=145! 7/145' TD 10/27
C=20m31 Ric-Dowm - 10/97

7D on Cround Cable ilole = 145!
water T 1331

Total Rig llours = 97=ilrs,



DEPTH TN FEET

AMAY ZLTCTRICAL HOLE - DRILLIMNG SAMPLITZ COUTD,

DESCRIPTION (As Peported by DRILLIR)

e

Jq

t

29513301

3301-360"

260127200
3e5

335704

Anhydrite % Chale
Gyn & Red Chale

CGyo « ded Chale With lalt Ciringers
CALL TOP Or 3SaLT

Zalt

LO0LY Set 12=3/8" Currface Casing

JASY ARSI

Calt - Dasze 174 Zed aporox, 606t

4961 Cet 8=5/3" Casing

696-704"

Salt=Drill into lVine approx, 704!

NOTZ: Use this same log for 145! Ground Cable Hole



P?. 0. B8ox 1037
401 N. tst St.

NAmT

12=18=20

12-12=-20

12-24-80
12-29-30
12-30-30
12-31=80
1-1-81
1-2-81
1=3=81
1md=31

1=5=81

1=6=81

1-7-81

l=B=n1

1-9-31
1-10-81
1-11-31
1=12-81

11271

PIPE THREADING & TESTING

MARNEL PiIPE & SUPPLY coO.

NEW — USED OIL FIELD PIPE & EQUIPMENT
SHALLOW POOL CASING PULLING & WELL PLUGGING

Artesia, New Mexico 88210
(505) 746- 6558

AMAY TTEITRICAL HCLE - DRILLIMG FROGRESS

Hrse -
SOMMENTS Teet/‘ccum Fost 25::?;
Moving & rigginc-up -— NI
Rigzinz-ip -— 8/1:
Zoud Hole & Drilling 201 /200 10/22;
Srilling 201/40" 9/3"
Irilling - Chut down for Christmas 101/50! 5/ 3¢
Srilling 251 /75" 10/46°
Drilling-Lost Water & Mud in Crack 201 /951 10/5¢
Drilling 20t /1150 95/65§j
Drilling 151 /130" 8Y/74
‘Drilling-HIT WATER 130-145'(Fresh) 15 /145! 10/84 -
Drilling-Fresh Water 30! in hole 201 /1651 9/93 —
Drilling-Fresh Water 50! in hole 151/180¢ 10/10.
Drilling-Fresh Water 60' in hole -
Put on drilling-jars 151/195¢ 10/11-
Drilling-Fresh Water 70! in hole 201/215¢ 9/122"
Drilling-Fresh Water 90' in hole B
Drilling Slowed due to water 10/225¢ 9/13+
Zrilling-Tresh Water 100! in hole
Pailed hole for 1-hr. &
could not lover water level, 10/2351 10/14;“
Drilling-Tresh Water 105' in hole 15/250° 9/15;
Orilling-Fresh Water 120' in hole 10/ 260! 10/16;‘
Orilling-Fresh Water 120' in hole 10/270! 10/175—
Drilling-Fresn Yater 130! in hole 9/2791- 10/18¢
Drilling-rFresh Water 130! in hole 16/ 295! 9;/189%‘



(2 sl Jeti)

T

Santa T
Lnd Ofee_ ARLE T

laesaiia 1 26573

(SULMIT IN TRIPLICATE)

: UNITED STATES
: DEPARTMENT OF THE INTERIOR  U™*—
-»—-......‘_i___.1 ‘ -GEQLOGICAL SURVEY

—

xi

*
.

SUNDRY NOTICES AND REPORTS ON' WELLS

_HOTIZC CF INTOTION TO ORILL PN ‘, SULSEQUENT NIPORT OF WATIR SHUT-OFF .. e e e
KROYILE CF INTTNTION TO CHANGS PLAMS..ccv e —— ---—:!i SULSEQUEXT REFORT OF SIOOTING OR JLIBIZING e |
KOTIZE OF 1MTINTION TO TEST WATER sum‘o:'r..._._____._.éé SUBSSQUENT RLFORT OF ALTERING CASING
NOTIZE OF INTERTION TO RE-ORIL OR REPAIR vl [ .. || SUBSEQUERT REPORT OF RE-DRILLING OR REPAIR
KOTICC OF INTENTION TO SHOOT OR ACIDILE l i SUDSEQUENT REPORT OF ARANDONMENT.
HOTICE GF IKNTENRTION TO PULL CR ALTTR CLSH:’:._._..._....___E; SUFFLEKENTARY WELL KISTORY
KOTICE OF INTENTION TO ABANDON #ELL, ___;'g '
........................ -...---...-...---.-....--......-----.._- ..,.-.]n....--...--.--..--..._.......-.. cememcccesclocnend

(HOICATE ADIVE BY CHECK HARK HATUNET OF ROFORT, HOTICL, OR OTHER DATA)

Pecember 3 19 80

L, YK ' .,
- Well No. ..LE_L._ is located .. 2106 ¢t from_ ig‘}’}inc and 1178_& from {%ﬁ lire of sec. _ 3

SWx, Section 13 T 19S R 29E NMPM
(A Boc. 503 Soc. Xel) Twpd {Banye) (Lxidina)
Eddv County New Mexico

(Fiekd) (Cousty or bubdirisica) - (Stals or avitory)

The clevation of the derrick floor above sea level is 3310 £
DETAIL_,S OF WCRK

© (Stule names of and espectad depths Lo cbjective sandes shonw rlras, welghts, snd Jengths of propoved caal Indicatn jobe man
Ing paitits, aind all otivac Linpor Lasst proposed werk) e mudding o t-

AMAX Chemical Corporation plans to drill bore hole at this location to
be used for an electrical power supply to our underground mine working:
in the western lease area. We will drill a 16-inch diameter hole into
the top of the salt and cement 12-inch I.D. casing.

We will drill a 10-3/4" hole from. the top of the salt to the mine
workings in the 3rd ore zone; 8-inch casing will be cemented from the
mine level to surface. Cement to be circulated on both strings of
casing.

Drilling is to be done by cable-tool methods.

{ undarstand thet this plan of work must recalve apncoval in wriling Ly the Caslogical Zurvey belere sparations may be commaenced

Cbmpuw__AMAx Chemical Corporation  APEROVER.
Address D+ 0. Box 279 - U. S. Grologicsl Surveg
' Carlsbad, New Mexico 88220 By
UK |
A i sumnch N Title trormuatsumes et r e
R. E. Kirhy i 3 LA Dty

_ ; ol . .
General Mine Superintendent tre o 3.782



SAMPLZS AS REFCRT™D 2Y TBILLER

MARNEL PIPE & SuPPLY CO.

P. 0. Box 1037

401 N. 157 St.

J=PTH TN FTET

NEW — USED OIL FIELD PIPE & EQUIPMENT
SHALLOW POOL CASING PULLING & WELL PLUGGING
PIPE THREADING & TESTING

Artesia, New Mexico 88?10
(505) 746- ©558

- _ Mobil: 365-2516

AMAX ZLICTRICAL HOLE - DRILLING SAMPLZIS

DESCRIPTION (As Rercrted by

. .
-
rillere

0=10¢
10-20?
20-35"
35=401
£0=50"
50-60"
60-651
65=751
75-80"1
20-95¢
95-105"
105-115!
1T15=-165¢
165=170!
170-1851
185-200"
2001 -215"
2151-225!
225122501
2501-275!

275'=295¢

fop soil

Caliche

Gravel=Caliche

Red Sand (hard)

Gravel & Chale

2rown Shale

Red Shale

Red Sand

Gray Anhydrite

Ped Bed

Red Zed (3roksn) Lost “ater & Yud-Cracks
Gray Aﬁhydrite (Hard)

Gray Anhydrite (:QTZ: 120-45' WATER ZAMND)
Gyp

Broken Anhydrite

Red-Blue Shzle

droken Anhydrite

Zand

Gray %« Red Shale

Red Thale with some sand

Red Jand

— — (1
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NO. 5 SHAFT PREGROUTING PROGRAM

The IMC pregrouting program at No. 5 Shaft consisted of trving
to grout a 32-foot diameter curtain from the standing water table to
the top of the salt which is at a depth of 295 feet. The purpose of
which was to stop any inflow of water during the sinking of No. 5
Shaft.

In the first stage of the grouting program 276,420 pounds of
grout was pumped from the surface to a depth of 100 feet, but tests
showed that the water inflow would not be stopped.

Grouting was continued and this extended phase of the grout
program used 1,727,985 pounds of grout.

At the completion of the pregrouting program, a totai of
2,986,705 pounds of fly ash/cement grout and 99,100 pounds of
chemical grout were used. The holes of the grout curtain were
grouted to a final pressure of 150 psi. The curtain was then pump
tested and found to have a low water inflow rate.

However, during the excavation of No. 5 Shaft, at a depth of 72

feet, the grout curtain failed. There was a 600 gpm inflow of water
which caused the shaft to flood.

JP:d

8-6-86



NO. 5 SHAFT PREGROUTING

The pregrouting of No. 5 Shaft was conducted from the surface with a Drill Tech D-40K -

drill, on Acker diamond core drill, cement grout plant, chemical grout plant and

batch plant. : -

The first stage of the program was to drill and grout a series of 24 holes to a depth of
100 feet. The diameter of the grout ring was 32 feet. The spacing between hole centers
was cpproximately 4.2 feet.

The upper 20 feet of ground was cased with 6 inch pipe which was grooved for victaulic

type couplings. Six holes, called primary holes or 'P' holes were drilled first. The spacing
between holes was opproximately 16.75 feet. These 'P* holes were drilled and grouted in
stages. The method Used in the first six holes was to drill with air and note when water

was encountered. The holes were then drilled with water to determine any loss circulation
zones. When the holes encountered bad ground, the drilling was stopped and the hole
grouted with a cement and fly ash mix grout. This ﬁaﬂem was continued to 100 feet or ‘
until the clay seam was encountered. Water i in the drill holes was blown out before groutmg
was started. Also a water injection test was made just before grout injection. The water

injection test was made by timing the rate the grout pump could inject water into the ground
at a controlled presure. Usually 7.5 gallons of water was injected. Water was ejected

from the holes by placing a two inch plastic pipe, connected to the drill compressor, into
the hole and forcing the water out.

The grc;uting of the first six holes wos done as bad ground was encountered and circulation
was lost. It was anticipated that cavities could be encountered, so the first six holes were
evaluating the ground from the surface to the clay ot 100 feet. There were no cavities
found. The second set of holes to be drilled were called 'S* holes. There were six of them
located hé:lfwuy between the 'P* holes. These holes would leave a spacing between holes
of approximately 8.4 feet. The 'S' holes were drilled and grouted in 20 foot stages from
the water table at 30 feet to the clay ot 105 feet. The method of grouting these holes was



No. 5 Shoft Pregrouting (cont'd Page 2)

to drill all six holes to the desired depth, blow out the water in the holes for 1/2 hour
per hole, water test and grout each hole. No connection was observed between holes.
Grout pressures were kept at or below 1 psi per foot of hole. The grout mix was altered

to increase grout pressure. The mix started with 25 lbs. cement plus 25 Ibs. fly ash in 50
gallons of water. After several batches of this mix, the cement and fly ash were increased
to 50 Ibs. each, then 75 Ibs. each, then 100 lbs. each, then 125 Ibs. each and finally in-
creased to 150 lbs. each. After oll holes were grouted, they were redrilled to the grouted
depth plus 20 feet and grouted ogain.

At the completion of the 'P* holes and 'S* holes, the 'T*, tertiary, hole; were drilled and
grouted. There were 12 'T' holes located halfway between the 'P' and 'S' holes. The final
hole spacing was approximately 4.2 feet between hole centers. The 'T® holes were grouted

in the same fashion as the 'S’ holes.

The total grout injected in each series of holes is as follows:

P-1 10,800 Ibs S-1 42,600 lbs
P-2 6,400 Ibs ©S-2 11,100 Ibs
P-3 14,200 Ibs S-3 5,200 Ibs
P-4 11,400 Ibs S-4 10,550 lbs
P-5 8,000 Ibs S-5 58,700 Ibs
P-6 ° 15,200 Ibs . S 21,170 Ibs
T-1 18,150 Ibs T-7 2,850 Ibs
T-2 8,800 Ibs T-8 3,050 Ibs
T-3 2,800 Ibs T-9 5,000 Ibs
T-4 3,000 lbs T-10 2,900 Ibs
T-5 5,5001bs . T-11 4,300 Ibs
T-6 3,150 Ibs T-12 1,650 Ibs

Total grout injected in first stage of grouting was 'P' holes - 66,000, 'S holes - 149,320,
'T* holes - 61,150 for a total of 276,420 Ibs grout.

At the completion of grouting the 'T' holes, an effort was made to core 4 holes to the salt .
These holes were not completed because the ground conditions were very poor and there was
excessive water present. The core recovery from the limited coring completed was very low

but o few pieces of core were recovered which had large holes without cement and small



‘No. 5 Shoft-Pregrouting (cont'd Page 3) s
holes which thg,cement could not fill because of particle size. P

Cementation West conducted a pump test in an effort to determine the water make a
shaft could expect. Although the test was inconclusive, since no substantial drawdown

could be obtained, Steve Phillips calculated the shaft water make at 1,250 gpm.

Since the pump test indicated excessive water was present and more grouting would be re-
quired, the decision was made to begin a chemical grout progrom in the upper 100 foot zone. ~
Geoseal was purchased from Phillips Petroleum for a price of 35¢ per pound. A new series of
24 holes was described by Steve Phillips. These holes were to be located 3 feet inside the
orevious holes. The first 6 holes were called 'P' 100 holes.

The chemical grout program was designed to fill the very small voids in the ground which

could not be reached by cement. An anticipated problem was the presence of brine water., *
The chemical grout would not set up in the presence of brine, therefore, the area had to be  *
flushed with fresh water to dilute the brine. The fresh water was piped into the ground at -
approximately 50 gallons per minute. The holes would not fi llup which indicated the ground
was still very open. The geoseal was mixed and pumped into the ground. The mixing por-
portions were 50 Ibs. geoseal in 35 gallons of water. One quart of sodium silicate soluhon
(10% strength) wos added to the mix water. The grout was pumped at a maximum pressure
equal to 1 psi per foot of overburden. The early chemical grout holes had no pressure build-
up and several injections were required before back pressure could be obtained. Samples of
the grout were taken on every batch. The gel time was recorded. Excess foam was suppressed
by spraying the surface with WD-40 solvent. The chemical grout was pumped into the holes
in groups of 10 batches. There were occasions when 10 batches would not build up pressure

so up to 10 more batches were injected. There also were occasions when the hole would not

L
accept 10 batches without exceeding the maximum pressure . Therefore, less grout was

injected. This process was continued from 30 feet to 105 feet in the 24 holes . From 20 feet |
to 30 feet, no chemical grout was used since it was above the standing water table. The

chemical grout injected into the holes connected to nearby holes in some instances.



No. 5 Shaft Pregrouting (cont'd Page 4)

The totgl chemical grout injected in the zone from 30 feet to 105 feet was 99,100 Ibs or

1,982 bags. The grout injected into the holes in the following amounts.

Hole No.

P-101
P-102
P-103
P-104
P-105
P-106
S-10
S-102
S-103
S-104
S-105
S-106
T-101
T-102
T-103
T-104
T-105
T-106
T-107
T-108
T-109
T-110
T-11
T-112

Ibs. of Geoseal

3,400
4,250
4,250
4,350
3,450
4,600
4,650
4,750
4,100
4,650
4,300
3,750
2,550

TOTAL 99,100

Avg. PerHole

Sub-Total Ibs. of Geoseal Avg. Per Foot

Series Per foot Per Hole 1 Hole
24,600 4,050 54.0

2,269 .Ft3 378 Ft3 5.0 Ft3

—— I

26,200 4,366. 58.2

2,447 F3 407.8 5.4 F3

4,539 Ft3 378 Ft3 5.0 Ft3
48,400 4,050.0 54.0
99,100 '4,155.6 55.4

Assuming grout maintains 80% of its original volume, the quantities pumped into the

holes can be translated to final grout volume injected less any grout destroyed by the brine

water. A 50 Ib. bag of geoseal will occupy approximately 35 gallons of space or approx-

imately 4.67 3. The total volume injected was 9,255 #3 of chemical grout .,

A pump was conducted after the chemical grout program. The pump test indicated that o

flow of 36 gallons per minute could be expected from 30 feet to 105 feet.



No. 5 Shaft-Pregrouting (cont'd Page 5) i

Two holes were cored to the salt contact which oppears to be at 292 feet. These holes -
called C-1 and C-2 were cored with the Acker core rig. Hole No. C-1 had a é inch core
loss just above the salt. Hole No. C-2 had a 1 foot 6 inch loss just cbove the salt. Hole
No. C-1 lost circulation at about 250 feet. Hole No. C-2 lost circulation ot 131 feet.
These two holes were grouted. C-1 took 75,900 Ilbs. of grout and C-2 took 105,300 tbs. *
of grout.

The lower zone, from 105 to 295 feet was next grouted through the original holes on the

32 foot diameter circle. The holes were' grouted with a cement grout. The holes were -
grouted at the following depths: 135 feet, 170 feet, 223 feet, 260 feet and 295 feet. Holes
No. P-1, P-2, P-3, P-4, P-5 and P-6 were drilled to 135 feet. As the holes were grouted -
to 100 psi, they often connected with other holes. At 170 feet they also connected ot - -
100 psi. Again ot 223 feet they connected. At 260 feet stage, each hole wos drilled and
grouted separately. Hole No. P-6 encountered a void at 256 feet to 258 feet and lost
circulation. However, the hole was grouted with 13,400 Ibs. of grout. The remaining holes™
had no difficulties at this elevation. The stage from 260 to 295 was grouted with brine water -
and type | or type Il cement grout. The secondary set of six holes were grouted to 260 feet -
with type V cement and fly ash to a grout pressure of 130 psi. The final set of 12 tertiary
holes were surface cased with 5 inch casing and grouted to 250 feet with type V cement and
fly ash to a grout pressure of 130 psi. '

The final injection stoge was made with a NaCl saturated brine and a type | or type Ii

cement was used. No fly ash was used. The final grout pressure was 150 psi. The grout -
injection in the extended phase took a total of 1,727,985 Ibs. of grout. The grout takes per -
hole were as follows. } -



No. 5 Shaft Pregrouting (cont'd Page 6)

Hole No.

P-1
P-2
P-3
p-4
P-5
P-6
5-1
5-2
5-3
S-4
s-5
5-6
T-1
T-2
T-3
T-4
T-5
1-6
T-7
T-8
T-9

T-10

-1
T-12

Totals

Takes at
135
18,900
1,800
7,800
45,000
0
19,400
5,500
12,250
1,250
8,200
19,500
9,675
0
0
0
27,250
17,100
5,200
3,800
3,700
0
5,250
2,300
4,200

218,075

GROUT TAKES EXTENDED PHASE

Tokes at Takes at  Takes at  Takes at Total for
170 223 260 298 Hole
11,600 23,850 20,000 20,200 94,550

0 0 19,500 20,500 41,800
24,000 14,300 14,200 40,25(? 110,550
0 0 9,400 5,900 60,300
2,000 0 29,500 33,150 64,650
21,200 900 13,400 28,000 82,900
46,500 6,100 14,700 40,250 113,050
44,850 , 3,100 28,500 28,000 116,700
27,900 17,300 — -- 20,850 20,400 87,700
5,450 31,950 33,400 39,100 118,100
45,600 5,200 4,250 30,600 105,150
19,510 3,800 900 24,800 58,685
0 7,400 13,800 29,700 50,900
800 27,350 17,800 19,200 65,150

0 1,700 0 5,500 7,200
4,700 9,000 2,500 17,300 60,750
0 4,000 0 53,500 74,600

0 1,900 4,000 8,100 19,200
7,800 4,200 0 29,400 45,200
2,650 10,400 4,800 43,200 64,750
1,600 25,750 13,000 456,300 86,650
1,800 3,700 17,000 7,200 34,950
© 2,700 21,450 9,100 32,100 67,650
19,800 17,850 11,800 43,200 96,850

290,460 251,200 302,400 &65,850 1,727,985



No. 5 Shaft Pregrouting (cont'd Page 7)

Total Ibs. Sub-Total Average Average
Hole No. Grout Series Per Hole Per Hole/Per Foot
P-1 94,550
P2 41,800
P-3 110,550
P-4 60,300
P-5 64,650
P-6 82,900 454,750 75,792 382.8
5-1 113,050
5-2 116,700
5-3 87,700
S—4 118,100
S-5 — 105,150
S-6 58,685 599,385 99,897 504.5
T-1 50,900
T-2 65,150
T-3 7,200
T-4 60,750 )
T-5 74,500
T-6 19,200
1-7 45,200
T-8 64,750
T-9 86,650
1-10 34,950
-1 67,650
T-12 96,850 673,850. . _ 56,154 283.6

1,727,985 1,727,985 77,281 390.3



No. 5 Shaft-Pregrouting (cont'd Page-8)

The .extended grout program was completed to the salt at 295 feet. A pump test hole was
drilled to 150 feet. There were several difficulties with the pump tests, including difficulties
with the probe and pump cables. However, the tests were completed in stages to the salt
contact at 295 feet. The first pump test indicated low water inflow rates. A second pump
test in a new test well also indicated low water inflow rates. Since the pump did not appear
to be effective in the early stages of the first pump tests, the tests were conducted by using
an airlift method. A 3 inch pipe and 2 - 1 inch pipes were lowered into the hole. One of
the 1 inch pipes was connected to the compressor and air was forced into the three inch pipe.
In this fashion all water was forced out by the escaping air flow. The second 1 inch pipe was
used to place a probe into and measure the level of the water. The first pump test included
measurement of the recharge rate. This recharge rate was used to calculate the permeability
of the ground. A groph of the recharge rate of the zone from the top of salt to 235 feet is

included. Areas above this zone were grouted prior to the pump test.

Work outside the grout curtain included grouting the ground under the raker leg and hoist
foundations. These areas were grouted to a deptl; of 47 feet. Four holes were required for
the raker leg foundations and 29 holes were required for the hoist foundations. Grout takes
in these areas were: 81,700 lbs. in the roker leg foundations and 229,700 lhs‘. in the hoist
foundations. Both areas encountered voids at 27 to 28 feet » which were filled with a cement
and fly ash grout.

Additional grouting was required to fill various test holes including pump test holes and the
IMC holes. Holes which were inside the grout curtain were injected with a‘ total of 243,900
Ibs. of cement fly ash grout. The IMC holes which were outside the grout curtain took
427,000 Ibs. of grout. To fill one IMC hole located approximately 100 feet from the shaft
required perforation since the casing could not be pulled and the hole would not accept water
at 200 psi ot the collar. The hole was 305 feet deep and cased with 4 inch casing. The hole
was perforated from 300 feet to 260 feet on a 1 foot spacing and injected with cement. It
was later perforated from 155 to 115 on o 10 foot spacing but would not accept water at

200 psi so it was only filled with cement and not grouted.



Ne. 5 Shaft Pregrouting (cont'd Page 9)

The total grout used in the pregrouting program was 2,985,705 lbs of cement/fly ash grout
plus 99,100 Ibs. of chemical grout.

The cost of the pregrout program was —of which, -was the cost of drilling
and grouting equipment and labor. The cost of materials consumed was Qi The cost
of miscellaneous equipment and materials including fast line, brine, brine tank, pipes and
fittings, well perforation and miscellaneous labor wasdjJJl The pregrout program was

started on August 5, 1982, and completed on December 2% 1982. A total of 138 days was
consumed. Approximately 10,500 feet of hole was drilled.

The total material injected is equal to 32,800 bags of grout. The approximate cost per bag

in place is{JIIW/32, 800 bogs or P bog. OF this cost, equipment and labor

represented QJ®, materials represented @R, miscellaneous supplies and equipment
represented QB per bag.



No. 5 Shaft Pregrouting (cont'd Page 13)

PREGROUT PROGRAM

Amount of Cement

at 298.

p-1 20,200 S-1 40,250 T-1 29,700

P-2 26,500 S-2 28,000 T-2 19,200

P-3 40,250 S-3 20,400 T-3 5,500

P-4 5,900 S-4 39,100 T-4 17,300

P-5 33,150 S-5 30,600 T-5 53,500

p-6 28,000 S-6 24,800 -6 8,100
T-7 29,400
T7-8 43,200
T-9 45,300
T-10 7,200
-1 32,100
T-12 43,200

Test Hole No. 2 at 185 4,600

Test Hole No. 2 at 298 6,700

Test Hole No. 1 at . 298 6,300

IMC 10 at 155 : 3,300

Center Hole : at 298 7,500

Test Hole No. 1 at 170 2,850

Test Hole No. 1 at

235 - 6,900
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Waste of Potash Immediately East of WIPP

Approximately 29 million tons of potash ore have been wasted in an area
immediately east of the WIPP lands in T-22-§, R-31-E, NMPM, Eddy County, New
Mexico. Following is a map of the area and an overlay delineating the waste. The
scale of the map is 1 inch equals 4,000 feet. It shows clearly the extent to which oil
drilling in the area has affected known potash reserves.

The extent of ore around each core hole was determined using the polygon
method (the red lines on the overlay). This method has been used extensively in the
basin and provides a good estimate of the area of influence of each core hole. The
potash grade assigned to each core hole was taken from information gathered for
the Department of Energy concerning the WIPP site. Ore was present on the 2nd,
4th and 10th orezones in differing quantities. The value of the ore was determined
using actual operating extraction and recovery rates.

Due to the hazard presented, both the "Industry Agreement" and the OCD's
R-111-P use one half mile as the distance an oil well over 5,000 feet deep should
stay away from commercial potash reserves. The green circles on the overlay have a
one half mile radius. The blue line on the overlay is drawn one half mile away from
the edge of the ore bodies. No wells should have been drilled any closer to the ore
bodies than this line.

The yellow portion of the overlay is the area containing potash that has been
wasted by oil well drilling. It can be easily seen that over two square miles of potash
reserves have been wasted. The value of these ores is approximately $450,000,000.



