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STATEMENT OF ISSUE AND AGENCY ACTION REQUESTED 

Prepared by the New Mexico Potash Industry 
A p r i l 15, 1992 

I . Statement of Issue 

Recent decisions of the Bureau of Land Management ("BLM") 
approving the d r i l l i n g of o i l and gas wells i n the "Potash Area" 
near Carlsbad, New Mexico have increased s i g n i f i c a n t l y the safety 
hazards faced by underground miners i n the Potash Area and have 
resulted i n the unnecessary waste of over $450 m i l l i o n dollars i n 
potash. I n approving these o i l and gas wells, the BLM has ignored, 
en t i r e l y , the provisions of an agreement reached by the O i l and Gas 
Industry and the Potash Industry on November 23, 1987 - almost f i v e 
years ago - setting f o r t h an agreed û -on basis f o r the orderly and 
safe development of each industry's mineral resources despite the 
fact that t h i s Industry Agreement, i n s i g n i f i c a n t respects, has 
been incorporated by BLM into a revised Secretarial Order signed on 
January 3, 1992, but not yet published i n the Federal Register. 

I I . Impact on Potash Industry 

Existing BLM policies and rules on the d r i l l i n g of o i l and gas 
wells i n the Potash Area, which are set f o r t h i n the 1986 Order of 
the Secretary, 51 Fed. Reg. 39425 (October 28, 1986), do not 
re f l e c t 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, i n the issuance 
of the revised Secretarial Order w i l l adversely impact miner 
safety, r e s u l t i n the further wasting of valuable potash deposits, 
and expose mine operators to the p o s s i b i l i t y of having to implement 
more stringent - and p r o h i b i t i v e l y costly - safety requirements i n 
the event methane gas i s released into mine workings by o i l and gas 
wells. 

H I . Agency Action Requested 

Immediately publish the revised Secretarial Order i n the 
Federal Register or adopt i t s provisions as a matter of policy 
u n t i l i t can be published. 

IV. Additional Information 

For additional information please contact one of the 
following: 

Charles C. High, Jr. 
P. O. Drawer 2800 
El Paso, Texas 79902 
915-533-4424 
FAX 915-546-5360 

Walter Thayer 
P. 0. Box 71 
Carlsbad, New Mexico 88221 
505-887-2871 

OS033 0020WE135296/1 



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 is 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 rninimum, force abandonment of the workings owing to 
unsafe conditions. 

The Salado Formation in the area of the nearby Hobbs Pool has been found to be 
charged with methane because of leakage from oil and gas wells. New Mexico 
subsequently established casing requirements designed to prevent recurrence of 
leakage. Unfortunately, casing alone cannot assure prevention of gas leakage into 
mine workings: 

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



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

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

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

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's, there were few safety requirements addressing flammable 
gases which were of economic consequence. Because of several mine disasters 
caused by flammable gases, significant changes in mine safety and health laws were 
made in 1959,1969 and 1977. Each time the regulations became more stringent and 
the consequences of the presence of gas became.more severe. Today, the 
consequences are such that a single release of flammable gas into any one mine 
could destroy the industry. 

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

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

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



The financial effect of any single well proposal cannot be predicted with sufficient 
certainty. Owing to changes in market conditions and demand for products, mine 
plans change frequently. It is entirely within likelihood that what is a fringe zone 
today could be an important ore target in the near future. Using lower height 
mining techniques, one mine is now mining ores that were considered waste 5 years 
ago. Historically, the potash industry has mined ores that have ever decreasing 
potash grades. 

Recommendations 

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

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

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

3. Responsibility for Actions. There should be a clear recognition of liability for 
any damage caused by one industry to the other. For example, if a well is 
damaged by mining activity, the mine operator should be liable for any losses. 
Similarly, if a well releases hazardous gases which migrate into mine workings, 
the oil or gas operator should be liable for additional costs or loss of assets 
stemming from that release. 

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

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



capability, wells could be drilled from locations sufficiently removed from ore 
deposits that the attendant hazards would be reduced greatly. Any increase in 
costs, we believe, would be justified by the increased safety to miners. At the 
very least, the amount of potash known to exist should justify the additional 
cost of directional drilling. 

6. 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. 

7. 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 petroleum 
industry and the affected regulatory agencies. 



COMMENTS OF THE NEW MEXICO POTASH INDUSTRY ON THE NEED 
FOR REVISIONS IN BLM POLICIES CONCERNING THE DRILLING 

OF OIL AND GAS WELLS IN THE POTASH AREA 

I . Introduction 

The New Mexico Potash Industry welcomes t h i s opportunity to 

present i t s comments and recommendations t o the Bureau of Land 

Management ("BLM") on the need f o r r e v i s i o n i n BLM p o l i c i e s and 

rules governing the d r i l l i n g of o i l and gas wells i n the Potash 

Area. 

A. Unanimous Position of Potash Industry 

The mine operators concurring i n these Industry comments and 

recommendations are Horizon Potash Corporation, IMC F e r t i l i z e r , 

Inc., Eddy Potash Corporation, M i s s i s s i p p i Chemical Corporation, 

New Mexico Potash Corporation, Noranda Minerals, Inc., and Western-

Ag Minerals Company, a l l of which have underground potash mining 

operations or potash pro p e r t i e s i n the Potash Basin near Carlsbad, 

New Mexico. C o l l e c t i v e l y , these companies produce 100% of a l l 

potash mined i n New Mexico and hold 100% of the potassium leases 

granted by the State of New Mexico. They also hold 98.9% of a l l 

potassium leases i n the Potash Basin, i n c l u d i n g both Federal and 

State. Accordingly, the views expressed i n these comments c l e a r l y 

r e f l e c t the unanimous p o s i t i o n of the e n t i r e Potash Industry. 

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

Our concern w i t h BLM's e x i s t i n g p o l i c i e s on the d r i l l i n g of 

o i l and gas w e l l s i n the Potash Area, simply stated, i s t h a t they 

have become obsolete both i n what they provide and how they are 

i n t e r p r e t e d and applied by BLM and no longer adequately p r o t e c t our 

mines and miners from the hazards and waste associated wi t h the 

increased o i l and gas d r i l l i n g a c t i v i t i e s i n the Potash Area. We 



have expressed t h i s concern on numerous occasions over the years t o 

the BLM and the New Mexico O i l Conservation D i v i s i o n ("New Mexico 

OCD"), both of which have r e g u l a t o r y a u t h o r i t y i n the Potash Area. 

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

In response t o these concerns, the former D i r e c t o r of the New 

Mexico OCD, Mr. R. L. Stamets, by l e t t e r dated March 21, 1986, 

requested members from each i n d u s t r y t o p a r t i c i p a t e i n a Special 

Rules Study Committee w i t h the expressed purpose of developing 

rules and standards f o r the d r i l l i n g of o i l and gas we l l s i n the 

Potash Area t h a t would permit maximum development of both potash 

and o i l and gas resources w i t h maximum s a f e t y f o r both i n d u s t r i e s . 

Membership on t h i s committee was open t o any operator i n e i t h e r 

i n d u s t r y . We accepted t h i s i n v i t a t i o n and worked d i l i g e n t l y w i t h 

p a r t i c i p a n t s from the O i l and Gas I n d u s t r y t o a r r i v e at an 

agreement t h a t 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 n e g o t i a t i n g sessions t o a s s i s t and/or observe the 

discussions. A f t e r 18 months of n e g o t i a t i o n s , which included 

extensive education of each i n d u s t r y on the operations of the 

other, an agreement was reached. This agreement, a copy of which 

i s attached as E x h i b i t 1 ("Industry Agreement"), required 

s u b s t a n t i a l compromises by each i n d u s t r y and was possible only 

because each recognized t h a t concurrent development of m u l t i p l e 

mineral resources places c e r t a i n l i m i t s on each i n d u s t r y and t h a t 

these l i m i t s can best be determined by the p a r t i c i p a n t s themselves. 
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For t h i s reason, the Agreement s p e c i f i c a l l y provided t h a t i t would 

become n u l l and void unless adopted without s u b s t a n t i a l change by 

the New Mexico OCD and the BLM [ E x h i b i t 1, p. 2 ] . 

D. New Mexico OCC Hearing and Adoption of Industry Agreement 

Following the signing of the Industry Agreement by the 

appointed representatives of each industry, the New Mexico OCD 

mailed i t t o every operator on the " A l l Docket Mailing L i s t " asking 

fo r comments on the agreement at an open hearing before the f u l l 

New Mexico O i l Conservation Commission ("New Mexico OCC"). A copy 

of t h i s Notice i s included w i t h E x h i b i t 1. At the hearing before 

the New Mexico OCC on February 18, 1988, representatives from the 

fo l l o w i n g organizations were present: 

O i l and Gas Industry Potash Industry 

Yates Petroleum Lundberg I n d u s t r i e s 
Bass Enterprises Western-Ag Minerals 
Exxon New Mexico Potash 
Gas Company of New Mexico IMC F e r t i l i z e r 
Chevron Charles C. High, J r . , f o r 
P h i l l i p s the Potash Industry 
Conoco 
Texaco 
Amoco 
Unocal 
Talisman Energy 
Mesa Ltd. Partnership 
Sun E & P 
Louisiana Land 
Hondo O i l 
Tenneco O i l 

A l i s t of those i n attendance at the hearing i s attached as E x h i b i t 

3 . 

Based upon the Industry Agreement and the comments and 

evidence o f f e r e d at the hearing, the New Mexico OCC issued, on 

A p r i l 21, 1988, Order R - l l l - P adopting i n modified form the 

Industry Agreement. A copy of t h i s Order i s attached as E x h i b i t 2. 
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While t h i s Order d i d not resolve a l l questions or disputes between 

the two i n d u s t r i e s , i t nevertheless captured the essence of the 

Industry Agreement and resolved many of the d i f f i c u l t i e s the two 

i n d u s t r i e s had faced i n developing both resources i n the Potash 

Area . 

E. Request That BLM Adopt Industry Agreement to Replace 1986 
S e c r e t a r i a l Order and Secretary's Signing of New Proposed 
Order 

Thereafter, by l e t t e r dated January 11, 1989, a j o i n t request 

was made by the two i n d u s t r i e s f o r the BLM t o adopt the Industry 

Agreement i n l i e u of the Order of the Secretary issued on October 

28, 1986, e n t i t l e d O i l , Gas and Potash Leasing and Development 

Within the Designated Potash Area of Eddy and Lea Counties, New 

Mexico, 51 Fed. Reg. 39425 ("1986 S e c r e t a r i a l Order"). Adoption of 

the terms of the I n d u s t r y Agreement by the BLM, as was t r u e f o r the 

New Mexico OCD, was a c o n d i t i o n the two i n d u s t r i e s agreed was 

e s s e n t i a l i f the Agreement was t o serve i t s intended purpose. On 

February 12, 1991, some two years l a t e r , the Secretary published a 

revised Proposed Order i n the Federal Register, 56 Fed. Reg. 5697, 

which incorporated many of the concepts agreed t o i n the I n d u s t r y 

Agreement. This Proposed Order was t o replace the 1986 S e c r e t a r i a l 

Order. Following a comment period, we understand the Proposed 

Order was signed by the Secretary of the I n t e r i o r on January 8, 

1992, but f o r reasons not e n t i r e l y known t o us, has not been 

published i n the Federal Register. We also understand t h a t the 

provisions of the Proposed Order, even though signed by the 

Secretary, are not being followed by the BLM as Departmental 

p o l i c y . 

4 



i F. Delay in Publication of Proposed Order Has Resulted in 

Additional Safety Hazards and Waste of Potash 

! This delay i n the p u b l i c a t i o n of the Proposed Order has had an 

enormous impact on the Potash Industry. Indeed, since submission 

•i of the Industry Agreement t o the BLM i n January of 1989, the BLM 

I has approved the d r i l l i n g of o i l and gas wells from surface 

locations p r o h i b i t e d by the Industry Agreement f o r safety reasons 

and, f u r t h e r , from surface l o c a t i o n s which, i n our judgment, are 

pro h i b i t e d by the e x i s t i n g 1986 S e c r e t a r i a l Order. In the area 

j u s t East of the Department of Energy's Waste I s o l a t i o n P i l o t Plant 

("WIPP") alone, at lea s t 13 wells have been approved from surface 

locations t h a t are w i t h i n the boundaries of commercial grade potash 

ore deposits, i n c l u d i n g one w e l l which was w i t h i n 520 feet of a 

core hole showing commercial grade ore. Another w e l l located 1,050 

feet from the same core hole showing commercial potash ore was 

denied at the l o c a l and d i s t r i c t l e v e l but reversed and approved at 

~ the State Director's O f f i c e . I n a d d i t i o n , 41 more wells were 

approved at surface l o c a t i o n s which f a l l w i t h i n the "bu f f e r zones" 

agreed to i n the Industry Agreement as being the spacing necessary 

_ between o i l and gas operations and potash deposits f o r the 

prot e c t i o n of underground miners. 

~ The l o c a t i o n of these wells i n areas of commercial grade 

potash ore presents the r i s k t h a t the wells w i l l release methane 

gas i n t o the potash deposits and t h a t the methane w i l l e i t h e r 

_ migrate i n t o mine workings or be encountered i n fu t u r e mining 

operations. I f t h i s occurs, the e n t i r e Potash Industry could face 

— the p o s s i b i l i t y of having t o comply w i t h more s t r i n g e n t - and 

p r o h i b i t i v e l y expensive - safety requirements under the Federal 
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Mine Safety and Health Act. I n a d d i t i o n , using the one-half mile 

spacing requirements of the Indust r y Agreement and Order R - l l l - P , 

these wells have wasted 29 m i l l i o n tons of potash ore w i t h a gross 

value of $450 m i l l i o n d o l l a r s . I n human terms, t h i s i s enough 

potash ore t o provide d i r e c t employment f o r at l e a s t 500 employees 

f o r 6 years. 

G. The Reasons Supporting the Industry Agreement Support the 
Immediate Implementation of the Proposed New S e c r e t a r i a l 
Order 

We b e l i e v e the reasons t h a t lead t o the Indust r y Agreement and 

the wide p a r t i c i p a t i o n by both i n d u s t r i e s i n a r r i v i n g at the 

Agreement, support the immediate implementation of the Proposed 

S e c r e t a r i a l Order. Further, we are confident t h a t once the BLM 

f u l l y understands the nature of our operations and the basis f o r 

our concern over e x i s t i n g BLM p o l i c i e s governing the d r i l l i n g of 

o i l and gas w e l l s i n the Potash Area, the need f o r the New 

S e c r e t a r i a l Order w i l l become cl e a r . 

I I . Special C h a r a c t e r i s t i c s of the Mining Industry 

I n e v a l u a t i n g the many issues involved i n the d r i l l i n g of o i l 

and gas w e l l s i n the Potash Area, as w e l l as our concerns, i t i s 

important t o understand the nature of underground mining i n general 

and potash mining i n p a r t i c u l a r . We are unique i n a number of 

ways. 

A. Limited Ore Reserves 

F i r s t of a l l , we are a geographically l i m i t e d i n d u s t r y . The 

area of potash deposits i n Southeastern New Mexico, commonly c a l l e d 

the Potash Basin, i s the only known deposit of potash i n the United 

States t h a t can be mined through conventional mining methods. 

These deposits were discovered i n 1925 a f t e r several years of 
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exploration by the U.S. Geological Survey and p r i v a t e industry t o 

f i n d a replacement source f o r potash when German imports ceased 

with the outbreak of World War I . Smaller deposits have been found 

i n Utah and C a l i f o r n i a but, f o r a number of reasons, these cannot 

be mined using conventional methods. As a r e s u l t , mines i n the 

Potash Basin account f o r 85% of a l l potash mined i n the United 

States [Mineral Industry Surveys, U.S. Department of the I n t e r i o r , 

Bureau of Mines (1991), attached as E x h i b i t 4 ] . 

B. Types and Characteristics of Potash Ore 

There are two types of potash ore found i n the Potash Basin. 

The f i r s t and primary ore i s s y l v i t e , which i s or has been mined by 

a l l of the producers i n the Basin. The second type of ore i s 

la n g b e i n i t e , which i s mined by only two operators. This i s a rare 

ore, and the Potash Basin i s the only known commercial reserve of 

t h i s commodity i n the Western Hemisphere. Both of these ores are 

non-toxic, non-explosive, non-flammable, water soluble, and are 

used i n the production of f e r t i l i z e r . There i s no known s u b s t i t u t e 

f o r potash as an e s s e n t i a l p l a n t n u t r i e n t . 

C. Underground Mine Development and Operations 

Our method of operation also makes us unique. The potash 

deposits i n the Basin are found i n the McNutt Member of the Salado 

Formation, so we work underground at depths ranging from about 800 

to more than 2000 f e e t . Twelve (12) bedded ore deposit horizons 

have been i d e n t i f i e d i n the McNutt Member and are numbered 

sequ e n t i a l l y upward, w i t h the t w e l f t h ore zone being the one 

closest t o the surface and the f i r s t ore zone being the one deepest 

underground [see Figure 5, page 12, George B. Griswold, Geology of 

the Carlsbad Mining D i s t r i c t (1982), attached as E x h i b i t 5 ] . These 
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ore horizons comprise only about 3% t o 5% of the McNutt Member [see 

Chaturvedi, Lokesh, Occurrence of Gases i n the Salado Formation 

(1984), page 4, attached as E x h i b i t 61, and range i n thickness from 

one (1) f o o t t o ten (10) f e e t [ E x h i b i t 5, page 11, Table 1, 

Salado]. 

1. Access Through V e r t i c a l Shafts 

To reach these deposits, each of the potash mines has sunk 

from two t o f i v e shafts v e r t i c a l l y i n t o the ground down t o whatever 

depth was required t o reach the deposits a t t h e i r mine s i t e . These 

shafts are d i v i d e d i n t o v e r t i c a l compartments w i t h one or two 

compartments gen e r a l l y used as p a r t of the mine v e n t i l a t i o n system 

and the other compartments used f o r e l e v a t o r - t y p e devices t h a t 

h o i s t miners, supplies, and ore i n and out of the mine. 

2. Development of Underground Working Areas 

H o r i z o n t a l l y o f f of these s h a f t s are the working areas of the 

mine. The s i n k i n g of a s h a f t i s extremely expensive, so they are 

s t r a t e g i c a l l y located so t h a t mine development can proceed i n a l l . 

d i r e c t i o n s from the s h a f t . These working areas began as tunnels 

leading away from the s h a f t i n t o whatever area of deposits the mine 

operator determined t o mine. Other tunnels are then mined o f f of 

e x i s t i n g tunnels i n a l l d i r e c t i o n s so t h a t , a f t e r f i r s t , mining, the 

only things l e f t are p i l l a r s of predetermined size at s p e c i f i e d 

distances t o support the c e i l i n g or overburden, as i t i s c a l l e d . 

Because of the length of time mining has been going on i n the 

Basin, the area of underground workings i n the mines i s q u i t e large 

and may cover many square miles. I n f a c t , i t i s not unusual t o go 

i n t o a mine and then t r a v e l several miles from the bottom of the 

shaft t o the area where ore i s being removed from the ore body. 
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3. F i n a l Mining and Ground Subsidence 

The support p i l l a r s l e f t by t h i s f i r s t or developmental mining 

also contain large amounts of potash ore. Although the amounts 

vary depending upon a number of f a c t o r s , most mines t r a d i t i o n a l l y 

plan to recover from 50-70 percent of the ore during the f i r s t 

phase of mining. The remaining 30-50 percent of the ore i s not, 

however, wasted. When f i r s t mining i s completed i n a p a r t i c u l a r 

deposit, the p i l l a r s are then mined so t h a t t h i s a d d i t i o n a l ore can 

be recovered. This removal of support f o r the overburden then 

causes a slow subsidence t h a t eventually f i l l s the void created by 

the removal of the potash ore. This displacement extends a l l the 

way t o the surface at an angle of about 45° from the mined out 

area. A study discussing the extent of ground movement caused by 

subsidence i s attached as E x h i b i t 7. 

4. Mining Equipment and Support F a c i l i t i e s 

The actual mining of the ore i s performed w i t h e i t h e r 

continuous mining machines or by conventional d r i l l i n g and b l a s t i n g 

techniques. A continuous miner i s a s p e c i a l l y designed v e h i c l e 

w i t h drum-like devices on the f r o n t t h a t r o t a t e and cut the ore 

with t e e t h - l i k e b i t s . A photograph of one type of continuous miner 

i s included as E x h i b i t 8. As the ore i s removed from the ore body 

by the continuous miner, i t f a l l s onto a conveyor system and i s 

moved to the rear of the continuous miner where i t i s dropped i n t o 

a " s h u t t l e " or "ram" car f o r t r a n s p o r t t o a conveyor b e l t system 

t h a t takes the ore t o the bottom of the h o i s t . A photograph of one 

type of these vehicles i s also included as E x h i b i t 8. From the 

bottom of the shaft, the ore i s loaded onto a h o i s t and hoisted t o 

the surface f o r r e f i n i n g . 
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The equipment used i n underground mining, as shown by E x h i b i t 

8, i s heavy equipment. Other types of v e h i c l e s are also used t o 

tra n s p o r t people and equipment. These pieces of equipment are 

e i t h e r e l e c t r i c a l l y powered or d i e s e l powered. One mine has an 

e l e c t r i c a l l y powered t r o l l e y system w i t h a t r a c k system throughout 

the mine. I n most instances, equipment t o be used underground must 

be disassembled so t h a t i t w i l l f i t i n t o a s h a f t f o r lowering 

underground and then reassembled f o r use once i t i s underground. 

There are generally one or more maintenance shops located 

underground w i t h the same type equipment you would f i n d i n any 

t y p i c a l maintenance shop. The maintenance shops perform the f u l l 

range of maintenance a c t i v i t i e s , i n c l u d i n g complete engine and 

equipment overhauls. 

5. ventilation of Underground Workinq Areas 

V e n t i l a t i o n t o the underground working areas i s provided by 

main fans which e i t h e r push or p u l l surface ambient a i r i n t o the 

mine, where i t i s then disbursed through a c t i v e mine workings w i t h 

booster fans. D i r e c t i o n a l c o n t r o l of the a i r , as w e l l as the 

volume, i s c a r e f u l l y c o n t r o l l e d so t h a t f r e s h a i r from the surface 

i s routed t o places work i s being performed and then routed out of 

the mines back t o a shaft where i t e x i t s t o the surface. Because 

of the obvious importance of oxygen t o human l i f e , t h i s aspect of 

underground mining, as w e l l as many others, i s h e a v i l y regulated by 

both the fed e r a l and s t a t e governments. 

I l l . Safety of Miners from An Ind u s t r y Perspective 

These unique features of our Ind u s t r y and the increased 

hazards inherent i n underground work r e q u i r e , and we believe 

r i g h t f u l l y so, t h a t the safety of our employees take precedence 
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over production and development considerations. This i s a c l e a r l y 

stated Federal p o l i c y and i s perhaps best i l l u s t r a t e d by the 

fo l l o w i n g statements of Senators Harrison Williams and Jacob J a v i t s 

when the current Federal Mine Safety and Health Act was under 

consideration i n 1977: 

"Our country i s now t u r n i n g t o address our nat u r a l 
energy shortage. The President has already sent t o us a 
comprehensive plan to increase the development and 
e x p l o i t a t i o n of our energy and mineral reserves. I 
believe t h a t an e f f e c t i v e mine safety and health program 
must be put i n place f i r s t - and must be the f i r m 
foundation upon which we w i l l b u i l d our n a t i o n a l energy 
program. Otherwise, we w i l l continue t o pay f o r our 
energy and minerals w i t h the dreadful currency of human 
l i v e s and limbs. 

"Our n a t i o n a l energy needs should not be met at the 
expense of our Nation's miners and t h e i r f a m i l i e s . With 
the p o s s i b i l i t y of g r e a t l y increased mineral e x t r a c t i o n 
on the near horizon, the time has come f o r reform of our 
inadequate mine safety and health program. Our miners 
should have t o wait no longer. Our Nation should want t o 
wait no longer." 

* * * 

"This b i l l i s intended t o s t r i k e a new balance i n 
the longstanding antagonistic goals of maximizing 
production of energy and mineral resources on the one 
hand, and, on the other hand, a f f o r d i n g the maximum 
safety and health p r o t e c t i o n of the workers who e x t r a c t 
those resources i n what a l l recognize i s i n h e r e n t l y a 
hig h l y hazardous occupation." 

[Congressional Record - Senate, June 20, 1977, p. 10204, attached 
as E x h i b i t 9 ] . 

While we l i k e to t h i n k we have always struck t h i s balance i n 

favor of safety, we are nevertheless aware of and a f f e c t e d by the 

many disasters t h a t have occurred i n underground mines. The record 

of these i s long and includes the loss of thousands of l i v e s . Of 

p a r t i c u l a r concern t o us, as i t should be t o the BLM, i s the f a c t 

t h a t the si n g l e most frequent cause of these d i s a s t e r s has been an 

unexpected encounter or accumulation of methane or some other 

flammable gas. 
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A. C h a r a c t e r i s t i c s of Methane and Hydrogen S u l f i d e Gases 

Methane, as everyone i n t h e O i l and Gas and Potash I n d u s t r i e s 

knows, i s a c o l o r l e s s , o d o r l e s s , t a s t e l e s s and non-poisonous gas 

t h a t i s h i g h l y flammable and e x p l o s i v e i n c o n c e n t r a t i o n s c o n t a i n i n g 

as l i t t l e as 5% methane and 12.1% oxygen [See Coward, H. F. and 

Jones, G. w. L i m i t s o f F l a m m a b i l i t y o f Gases and Vapors. U. S. 

Bureau of Mines B u l l e t i n No. 503 (1952), PP. 37-48, a t t a c h e d as 

E x h i b i t 1 0 ] . I t i s l i g h t e r t h a n a i r and when p r e s e n t i n an 

underground mine w i l l g e n e r a l l y accumulate near t h e r o o f or i n h i g h 

p l a c e s . Once i t become t h o r o u g h l y mixed w i t h mine a i r i t w i l l be 

found u n i f o r m l y d i s t r i b u t e d across t h e moving a i r c u r r e n t and w i l l 

not s e p a r a t e o r s t r a t i f y even i f t h e a i r becomes s t i l l . [Forbes, 

J. j . and Grove, G. W., Mine Gases and Methods f o r D e t e c t i n g Them, 

U. S. Bureau o f Mines M i n e r s ' C i r c u l a r 33 (1954), pp. 6-7, a t t a c h e d 

as E x h i b i t 11 ] . 

The c h a r a c t e r i s t i c s o f hydrogen s u l f i d e a r e l i k e w i s e w e l l 

known. I t i s a c o l o r l e s s , t o x i c , flammable gas t h a t has an odor o f 

r o t t e n eggs a t low c o n c e n t r a t i o n s . A i r t h a t c o n t a i n s 4.3 t o 45 

pe r c e n t hydrogen s u l f i d e w i l l i g n i t e when s u b j e c t e d t o o r d i n a r y 

flames and w i l l explode. I t i s a l s o v e r y poisonous and w i l l cause 

eye and r e s p i r a t o r y t r a c t i r r i t a t i o n a f t e r exposure o f one hour t o 

c o n c e n t r a t i o n s as low as .005 t o .01 p e r c e n t (50 t o 100 ppm). 

C o n c e n t r a t i o n s above .07 p e r c e n t (700 ppm) w i l l cause a l o s s o f 

consciousness, p a r a l y z e t h e r e s p i r a t o r y system and cause death. 

Although hydrogen s u l f i d e has a d i s t i n c t i v e odor, t h e sense of 

sme l l cannot be r e l i e d upon as a means o f d e t e c t i o n because a f t e r 

one or two i n h a l a t i o n s , t h e o l f a c t o r y nerves become p a r a l y z e d and 

the hydrogen s u l f i d e odor can no l o n g e r be d e t e c t e d [Forges, J. J. 
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and Grove, G. W., Mine Gases and Methods f o r Detecting Them, U. S. 

Bureau of Mines Miners' C i r c u l a r 33 (1954), pp. 11-13, attached as 

Exhibit 12]. 

B. Hazards of Flammable Gas in an Underground Mine 

I t would be nice i f we could say t h a t the many mine disasters 

caused by these hazardous gases occurred i n some deep, dark coal 

mine during an e a r l i e r , less s o p h i s t i c a t e d period of time where 

today's technology, knowledge and safety enforcement were not 

present. In f a c t , there i s a tendency among people outside the 

mining industry t o view these d i s a s t e r s i n t h a t perspective. 

However, t h a t simply i s not the case. A review of three selected 

examples of contemporary gas r e l a t e d mine d i s a s t e r s w i l l i l l u s t r a t e 

t h i s p o i n t . A l l three of the mines involved u t i l i z e d s t a t e - o f - t h e -

a r t technology and engineering p r a c t i c e s and were heavily regulated 

by federal and s t a t e mine safety agencies p r i o r t o the explosions. 

The f i r s t occurred on August 27, 1963 at the Cane Creek potash 

mine i n Grand County, Utah. A major inrush of flammable gas 

occurred from a s i n g l e working face i n t o a decline d r i f t (tunnel) 

during routine mining operations. The gas was c a r r i e d along the 

tunnel by the v e n t i l a t i o n system, and about 20 minutes l a t e r 

reached the main shop area and i g n i t e d from one of three i g n i t i o n 

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 b l a s t i n g i n the s t r a t a above 

the targeted potash deposits. The source of the methane was 

believed to be a c l a s t i c o i l shale geological formation adjacent to 

the s a l t beds. 
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This i n c i d e n t i l l u s t r a t e s the increased hazard of methane when 

encountered i n an enclosed, underground environment. I n a d d i t i o n 

to the f a t a l i t i e s and the i n j u r i e s caused by the explosion, the 

containment of the explosion w i t h i n the i n t e r i o r of the mine 

created such a force t h a t i t caused severe damage throughout the 

mine and up the shaft t o the surface. One surface employee was 

i n j u r e d when a wooden shed i n the mine yard on the surface was 

destroyed by the b l a s t pressure wave coming out of the s h a f t 

opening. The d e t a i l s of t h i s explosion are set f o r t h i n an 

i n v e s t i g a t o r y r e p o r t by the U. S. Bureau of Mines, a p o r t i o n of 

which i s attached as E x h i b i t 13. A complete copy w i l l be provided 

upon request. 

The second example i s more recent and occurred i n domal s a l t 

deposits on June 8, 1979 at the Belle I s l e S a l t Mine cf C a r g i l , 

Inc. near F r a n k l i n , Louisiana. 

At the end of an evening s h i f t , a gas outburst occurred 

f o l l o w i n g a r e g u l a r production b l a s t i n the southeast p a r t of the 

mine. Approximately ten minutes l a t e r , the methane gas had d i l u t e d 

t o the explosive range and reached an e l e c t r i c a l panel i g n i t i o n 

source some distance away from the working face. The concussion 

from the r e s u l t i n g explosion caused four f a t a l i t i e s and one other 

employee died from concussion i n j u r i e s and exposure t o carbon 

monoxide. I n a d d i t i o n , several of the 17 s u r v i v o r s s u f f e r e d 

serious or permanently d i s a b l i n g i n j u r i e s . Destruction of mine 

f a c i l i t i e s and equipment was estimated t o be i n the m i l l i o n s of 

d o l l a r s . 

This case, too, i l l u s t r a t e s the tremendous amount of force 

generated by an explosion and the hazard i t creates i n an enclosed 
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underground mine. The f i v e v i c t i m s of t h i s explosion were located 

at distances of 2,600 fee t t o 4,600 fee t away from the explosion 

area. One federal inspector calculated t h a t the pressure wave 

v e l o c i t i e s from the explosion exceeded 300 miles per hour through 

the underground workings and temperatures were more than 2000" 

Fahrenheit i n the explosion f i r e - c l o u d . Selected portions of the 

f i n a l report of the U. S. Department of Labor, Mine Safety and 

Health Administration, on t h i s disaster i s attached as E x h i b i t 14. 

Copies of photographs attached t o the Report i l l u s t r a t e the force 

of the explosion. 

The t h i r d and f i n a l example i s s t i l l more recent and occurred 

cn A p r i l 15, 1981 at the Dutch Creek No. 1 coal mine i n P i t k i n 

County, Colorado. Late i n the afternoon, a sudden rush of methane 

occurred during regular mining operations i n a working face. 

Similar occurrences had been encountered previously and procedures 

had been adopted and put i n place t o d i l u t e and remove the gas 

concentrations. The work crew i n the immediate area was believed 

to have been implementing these procedures when a d e f e c t i v e 

explosion proof switch arced as equipment l i g h t s were turned o f f . 

The r e s u l t i n g explosion k i l l e d the s i x members of the crew and nine 

a d d i t i o n a l employees at remote locations throughout the mine. This 

mine, l i k e a l l coal mines, was being operated under Federal Mine 

Safety and Health Administration gassy mine reg u l a t i o n s r e q u i r i n g 

approved, e l e c t r i c a l l y - p e r m i s s i b l e equipment and special 

v e n t i l a t i o n systems. Despite t h i s , a minor e r r o r i n the assembly 

of a l i g h t switch enclosure, combined w i t h the methane encounter, 

caused the d i s a s t e r . I t should also be noted t h a t the methane 

involved i n t h i s explosion was not the slow emanation of methane 
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commonly associated w i t h gassy coal mines. Instead, the methane 

entered the mine i n a sudden outburst caused by r e l i e f of stresses 

i n the s t r a t a surrounding the ore body. The i n v e s t i g a t o r y r e p o r t 

of t h i s i n c i d e n t i s too voluminous t o a t t a c h as an e x h i b i t but we 

w i l l be glad t o provide a copy t o anyone who wants t o see i t . 

These examples v i v i d l y demonstrate the p o t e n t i a l dangers 

present whenever flammable gas i s introduced i n t o an underground 

mine environment. I n a l l three of these examples, no one believed 

such an event could occur. Local knowledge of mine c o n d i t i o n s , the 

contemporary technology being used, and the extensive r e g u l a t i o n by 

both federal and s t a t e safety agencies may have reduced the odds 

but were not enough t o prevent the unexpected events t h a t occurred. 

In two of these examples, the flammable gas was not contained i n 

the m a t e r i a l being mined and was never supposed t o be encountered 

during mining operations. However, i n the Cane Creek example, the 

methane migrated through s a l t s t r u c t u r e s from adjacent formations 

and at the Belle I s l e mine the gas was encountered i n a g e o l o g i c a l 

d i s c o n t i n u i t y i n t e r s e c t e d by advancing underground workings. I n 

the t h i r d example at the Dutch Creek mine, the mine was accustomed 

to c o n t r o l l i n g the t r a d i t i o n a l continuous emanation of methane from 

the ore body but was unable t o s a f e l y c o n t r o l methane encountered 

from another, unexpected source. 

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

In the Potash Basin we are f o r t u n a t e t h a t we have never had an 

accident i n v o l v i n g methane, hydrogen s u l f i d e , or any other 

flammable gas and because of the geology of the Basin, we have no 

expectation t h a t such an event w i l l ever occur. The n a t u r a l 
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occurrence of flammable gases i n the Salado Formation where we mine 

has been c a r e f u l l y and extensively studied and i n each case the 

conclusion was reached t h a t these gases do not c o n s t i t u t e a hazard 

to our miners or our underground mining operations. 

The f i r s t of these studies, I n v e s t i g a t i o n I n t o the Occurrence 

of Gas Pressure Above the F i r s t and Tenth Ore Zones i n the Potash 

D i s t r i c t , Carlsbad, New Mexico, was conducted by the U.S. Bureau of 

Mines i n 1963 and i s referenced i n E x h i b i t 5. The second, e n t i t l e d 

Geology of the Carlsbad Potash Mining D i s t r i c t (with Emphasis on 

Brine and I n e r t Gases Adjacent t o or Within the Ore Beds, was 

performed f o r the Potash Industry i n 1982 by Dr. George B. 

Griswold, a w e l l known geologist f a m i l i a r w i t h the Potash Basin, 

and i s attached as E x h i b i t 5. A t h i r d study, Occurrence of Gases 

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

the New Mexico Health and Environment Department f o r the Waste 

I s o l a t i o n P i l o t Plant ("WIPP") i n 1984 and i s attached as E x h i b i t 

6. 

These studies i d e n t i f i e d several reasons why the n a t u r a l l y 

occurring gases i n the Salado are not a hazard. F i r s t , the gases 

encountered are p r i m a r i l y nitrogen w i t h only minor amounts of 

methane and generally less than two percent oxygen. Even though 

the small amounts of methane are w e l l below the hazardous l e v e l , 

the high nitrogen, low oxygen concentrations i n which they occur 

are not capable of forming flammable mixtures w i t h a i r as shown i n 

Figure 22, E x h i b i t 10, p. 47. 

Second, the minor amounts of gases encountered are 

i n t e n t i o n a l l y released i n t o the mine atmosphere through pressure 

r e l i e f holes where they are r a p i d l y d i l u t e d by the mine v e n t i l a t i o n 
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system. Pressure r e l i e f holes are holes approximately 1 5/8" i n 

diameter t h a t are d r i l l e d i n t o the back ( c e i l i n g ) of a mine from 10 

t c 30 fe e t deep. These holes are d r i l l e d by a l l of the operators 

and are designed t o r e l i e v e pressures caused by stress changes 

associated w i t h mine development and thereby reduce the r i s k of a 

roof f a l l . 

T h i r d , and perhaps most i m p o r t a n t l y , there i s no geological 

source f o r large concentrations of methane i n the Salado. As 

explained by Dr. Griswold i n h i s study of the Basin [ E x h i b i t 5 ] , 

the Salado was formed through a c y c l i c a l nature of dep o s i t i o n 

s t a r t i n g w i t h a t h i n l a yer of clay covered by a thicke:r but s t i l l 

t h i n sheath of anhydrite followed by a much t h i c k e r bed of h a l i t e . 

The f i r s t phase of the cycle, the clay seam, represents an o r i g i n a l 

d r y ing and e r o s i o n a l surface at the top of the underlying h a l i t e 

due to the f a c t t h a t clay minerals tend t o concentrate at the 

surface. Sea water then re-entered the area, causing a d d i t i o n a l 

s o l u t i o n of the underlying h a l i t e . Clay buildup continued w i t h the 

s e t t l i n g of f i n e p a r t i c l e s c a r r i e d i n w i t h the sea water. T h i r d , 

the evaporation process recommenced, r e s u l t i n g i n the formation and 

depos i t i o n of aragonite and then gypsum, which were l a t e r converted 

to dolomite of aragonite and then gypsum, which were l a t e r 

converted t o dolomite and anhydrite by diagenetic processes. The 

next phase saw the h a l i t e s t a r t t o c r y s t a l l i z e and the sea water 

became h i g h l y concentrated by evaporation. I n the f i n a l phase, 

drying continued and a d d i t i o n a l h a l i t e was formed. The surface was 

dry at t h i s - p o i n t and blowing winds and occasional r a i n f a l l s 

deposited more d e t r i t a l m a t e r i a l t o the evaporation pan.. Clay also 
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began to be deposited w i t h the h a l i t e . The cycle was then 

complete, s e t t i n g the stage f o r the next cycle. 

The only period during these formation cycles when marine 

organic l i f e 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 t o Dr. Griswold, were too 

h o s t i l e f o r any form of marine l i f e other than algae and 

microscopic organisms. Higher order organisms could not have 

existed and no f o s s i l remains have been i d e n t i f i e d i n the Salado. 

This algae was i d e n t i f i e d by Dr. Griswold as being the probable 

source of the minor amounts of methane we encounter i n the Basin. 

This geological development not only r u l e s out the presence of 

large concentrations of methane i n the Salado, but pr o t e c t s us from 

any gases t h a t may be present i n the Guadalupian s t r a t a below. As 

noted by Dr. Griswold, the McNutt member of the Salado, where our 

deposits are located, i s underlaid w i t h an impermeable b a r r i e r of 

h a l i t e ranging from 400 t o 1500 feet t h i c k and o v e r l a i d w i t h a 

s i m i l a r layer of h a l i t e ranging from 100 t o 500 fee t t h i c k [ E x h i b i t 

5, p- 19]. 

IV. Hazards Created By O i l And Gas Activity 

A. Possible Release of Flammable Gases 

The concern we have about o i l and gas d r i l l i n g a c t i v i t i e s i n 

the Potash Area, of course, i s t h a t methane, hydrogen s u l f i d e , or 

some other hazardous gas w i l l be released i n t o the Salado Formation 

and e i t h e r migrate i n t o our underground workings or be encountered 

at some futu r e time and cause an explosion. We know t h a t such 

releases have already occurred i n the Hobbs area. As a r e s u l t , the 

Salado i n t h a t area i s charged with methane and has been since the 
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1950's. This cane out i n testimony before the New Mexico O i l 

Conservation Commission i n 1955 i n Case No. 862 when Mr. S. J. 

Stanley, an engineer f o r the New Mexico OCC, admitted t h a t : 

" I t has been d e f i n i t e l y proven i n the o i l business 
t h a t tne s a l t s e ction i s charged i n the Monument and 
Hobbs Pool and charged w i t h gas. The charging of o i l and 
gas i n these pools was probably man-made by casing 
leaks." [ T r a n s c r i p t of Hearing, p.6] 

A copy of the t r a n s c r i p t of t h i s hearing, which includes 

Mr. Stanley's testimony, i s attached as E x h i b i t 15. 

B. Likelihood of Releases Occurring 

We recognize t h a t many, i f not a l l , of the gas releases i n the 

Hobbs area occurred p r i o r t o the requirement t h a t o i l and gas we l l s 

i n the Potash Area f o l l o w s p e c i a l casing requirements. We do not, 

however, believe t h a t these casing requirements and current BLM 

p o l i c i e s p r o t e c t our mines and miners from s i m i l a r occurrences i n 

the f u t u r e . There are several reasons f o r t h i s . 

1. Wells in Close Proximity to Mining 

F i r s t , the polic e s being followed by the BLM i n approving o i l 

and gas wells i n the Potash Area do not r e f l e c t c u r r e n t knowledge 

of the safety hazards involved when methane or hydrogen s u l f i d e 

gases are introduced i n t o an underground mining environment. 

During the l a s t 30 years, a considerable amount of inform a t i o n and 

knowledge has been gained about the e f f e c t s and r i s k s of these and 

other flammable gases on underground miners. We now know they are 

extremely hazardous i n a l l mines, not j u s t coal miners, and can 

cause an explosion and death even when s t r i n g e n t safety p r a c t i c e s 

are i n place. The 1986 S e c r e t a r i a l Order seems t o recognize t h i s 

because i t p r o h i b i t s d r i l l i n g from any l o c a t i o n which would 

" c o n s t i t u t e a hazard" t o mining operations. However, no standards 
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have been developed f o r use i n determining i f or when a proposed 

o i i or gas w e l l w i l l c o n s t i t u t e a hazard t o potash mining. We do 

not even know how f a r an o i l or gas w e l l must be from a potash mine 

to avoid the release and migration of hazardous gases i n t o mine 

workings or ore deposits. Yet, under current BLM p o l i c y , o i l and 

gas wells are being approved i n commercial deposits of potash 

without any apparent i n q u i r y i n t o t h e i r a f f e c t on the safety of 

potash miners. 

Any policy, l i k e that apparently followed by the BLM in 

approving the wells East of WIPP in commercial grade ore without an 

independent and automatic inquiry into i t s effect on safety i s , in 

our opinion, dangerous and out of step with modern day standards 

for human safety. We also believe i t i s in c o n f l i c t with the 

intent and purpose of Federal Mine Safety and Health Act. 

2. O i l and Gas Accidents and Blowouts 

Secondly, the w e l l casing program alone, while providing some 

pr o t e c t i o n , i s inadequate without more t o pr o t e c t us against the 

hazards involved. I n the absence of a d d i t i o n a l safeguards, such as 

a spacing requirement between o i l or gas wells and ore deposits, we 

must assume t h a t the casing and cementing program w i l l always be 

100% e f f e c t i v e i n preventing the release of hazardous gases i n t o 

the Salado Formation. We do no believe t h a t i s tr u e and do not 

believe the BLM, OCD, or any responsible o i l or gas operator w i l l 

ever represent t o us t h a t i t i s t r u e . Accidents happen and when 

they do gasses may be released i n t o the surrounding s t r a t a , perhaps 

unknowingly,, and e i t h e r migrate i n t o mine workings or be 

encountered during mining at some fu t u r e date. No other conclusion 

i s possible, we submit, when you review the number or magnitude of 
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the accidents t h a t have already occurred i n and around "he Potash 

Area. 

Although information on o i l or gas mishaps i s d i f f i c u l t t o 

obtain, we are aware of at l e a s t 16 instances p r i o r t o 1986 where 

there was a blowout and/or f i r e during d r i l l i n g operations. A l i s t 

of these and a map showing t h e i r l o c a t i o n i n r e l a t i o n t o the Potash 

Area i s attached as E x h i b i t 16. Since t h i s l i s t was compiled there 

have been even more mishaps, i n c l u d i n g one blowout t h a t r e s u l t e d i n 

the death of an o i l f i e l d worker. This w e l l was w i t h i n 100 yards 

of homes on the north end of Carlsbad. More d e t a i l e d i n f o r m a t i o n 

on two of the e a r l i e r mishaps, which were w i t h i n the Known Potash 

Area, i s attached as E x h i b i t 17. I n f o r m a t i o n on another blowout 

which occurred at only 3,047 fee t i s attached as E x h i b i t 18. 

Information on two deep wells where blowouts occurred i s included 

as E x h i b i t 19. Miscellaneous a d d i t i o n a l i n f o r m a t i o n on these and 

several other accidents on which we could f i n d no records i s 

attached as E x h i b i t 20. 

3. Known Instances of o i l Seepage and Migration 

T h i r d , we are concerned t h a t even i n the absence of an 

accident, hazardous gases may migrate upward along the outside of 

the casing and become a hazard t o us when encountered. The casing 

ru l e s required i n the Potash Area o f f e r us no p r o t e c t i o n against 

such a p o s s i b i l i t y or, f o r t h a t matter, p r o t e c t i o n against the 

migration of gases a c c i d e n t a l l y released. This i s p a r t i c u l a r l y 

t r o u b l i n g because the a v a i l a b l e evidence c l e a r l y shows the 

p o t e n t i a l f o r at least some migration i n the Potash Area. 

The c l e a r e s t evidence of t h i s p o s s i b i l i t y , of course, i s the 

o i l seepage t h a t occurred at the M i s s i s s i p p i Chemical and Eddy 
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Potash mines. The o i l seepage at the MCC mine was discovered near 

what i s known as a "Breccia pipe". This i s a v e r t i c a l pipe or 

chimney-type displacement of the geologic formations downward. 

These are though t o be the r e s u l t of the d i s s o l u t i o n of deep-lying 

formations. This o i l and other o i l spots detected i n core t e s t s i n 

the breccia pipe were studied and analyzed by the U. S. Geological 

Survey a part of the WIPP p r o j e c t [Evaluation of Breccia Pipes i n 

Southeastern New Mexico and t h e i r Relation t o the Waste I s o l a t i o n 

P i l o t Plan (WIPP) S i t e , U. S. Geological Survey (1982), attached as 

Exh i b i t 21]. This Report reached the f o l l o w i n g conclusions 

regarding the source of the o i l : 

"Minor amounts of o i l - s t a i n e d core from both WIPP 16 and 
WIPP 31, as w e l l as o i l seeps i n the MCC d r i f t s near H i l l 
C, were analyzed t o see i f an answer could be found t o 
account f o r the presence of the o i l (Palacas and others, 
1982). Gas chromatograph and geochemical analysis 
i n d i c a t e t h a t the three o i l s are r e l a t e d t o the o i l from 
wells t o the north of the pipes taken from the Yates 
Formation. The Yates o v e r l i e s the Captain reef on the 
backside of the reef. I t i s possible t h a t o i l from t h i s 
formation migrated toward the area of the breccia pipes 
and e i t h e r entered the rocks before collapse occurred or 
i t was f o r c e f u l l y emplaced during collapse, being pushed 
s t r a t i g r a p h i c a l l y upward by h y d r o s t a t i c pressure as the 
water i n the underlying void was forced upward by the 
i n f a l l i n g rocks. I n WIPP 31, the o i l s t a i n s were i n 
rocks of Dewey Lake Red Beds and Rustler and Salado 
Formations c o n s i s t i n g of s i l t s t o n e , anhydrite, and 
dolomite fragments and a matrix of mud, r e c r y s t a l l i z e d 
h a l i t e , and g l a u b e r i t e c r y s t a l s . I n WIPP 16, the o i l 
stains were i n the Rustler Formation i n anhydrite above 
the Magenta Dolomite Member and i n h a l i t e below the 
Culebra Dolomite Member. The o i l seeping i n t o the MCC 
mine appears t o be coming from an ea r l y v e r t i c a l f a u l t 
about 43 M (140 f t . ) from the edge of the breccia pipe." 
[ E x h i b i t 21, p. 65]. 

Regardless of where i t came from i t i s clear t h a t the o i l migrated 

i n t o the mine. 

The o i l seepage at the Eddy Potash (old PCA mine) mine d i d not 

involve a breccia pipe. These o i l seeps, however, were traced t o 
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an improperly plugged w e l l i n the Getty F i e l d located about 700 

feet away. Information on these o i l seeps, which were discovered 

i n 1962, i s attached as E x h i b i t 22. 

I f o i l w i l l migrate the distances involved i n these i n c i d e n t s , 

we shudder t o t h i n g what methane or hydrogen s u l f i d e under high 

pressure would have done. We know from the Rutledge studies i n 

1963 [ E x h i b i t 6, App. D t h a t the clay seams i n the Basin have a 

degree of pe r m e a b i l i t y and w i l l allow gases t o migrate a distance 

of at lea s t seven fe e t when the pressure i s 50 p s i [ E x h i b i t 6, App. 

D, p. 64]. These clay seams are uniform throughout the Potash Area 

so i f they become charged w i t h high pressure gas, no one can say, 

without a d d i t i o n a l study, how f a r they w i l l migrate. 

4. Industry Experience With Cementing 

Our own experience also makes us question whether any casing 

and cementing program, unless supplemented w i t h a d d i t i o n a l 

safeguards, i s adequate p r o t e c t i o n against the hazards from o i l and 

gas w e l l s . I n 1980, f o r example, AMAX (now Horizon Potash) d r i l l e d 

a bore hole from the surface t o the mine workings t o be used f o r 

e l e c t r i c a l supply cables. I n attempting t o cement the casing, the 

cement was l o s t both above and i n the s a l t s e c t i o n through, we 

assume, clay seams and f r a c t u r e s i n the s a l t zone. I n instances 

l i k e t h i s , we simply do not believe there i s any r e l i a b l e way t o be 

c e r t a i n t h a t the voids and annulus of the casing are completely 

f i l l e d . I nformation on t h i s bore hole i s attached as E x h i b i t 23. 

More r e c e n t l y , IMC F e r t i l i z e r , Inc. experienced s i m i l a r 

d i f f i c u l t i e s i n a grouting program t o stop the m i g r a t i o n of water. 

A summary of t h i s experience i s attached as E x h i b i t 24. I f water 

at r e l a t i v e l y low pressure can migrate as e a s i l y as occurred at IMC 
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F e r t i l i z e r , then we s e r i o u s l y question whether cementing programs 

can e f f e c t i v e l y prevent the migration of flammable gases under much 

higher pressures. 

5. Corrosive E f f e c t s of Hydrogen S u l f i d e 

F i n a l l y , we are not convinced t h a t the w e l l casing 

requirements i n the Potash Area provide s t a t e - o f - t h e - a r t p r o t e c t i o n 

against the release of gases. While the BLM r e l i e s on New Mexico 

State requirements f o r casing i n the Potash Area, there i s nothing 

i n those requirements concerning the a b i l i t y of the casing to 

r e s i s t corrosion from hydrogen s u l f i d e or withstand high pressures. 

The presence of hydrogen s u l f i d e i n the Basin has been known f o r 

years [See E x h i b i t 15, p. 9, testimony of S. J. Stanley] and was 

encountered during the core hole d r i l l i n g by the U. S. Geological 

Survey i n 1982 while i n v e s t i g a t i n g the breccia pipe and o i l seeps 

at the MCC Mine [See E x h i b i t 21, p. 39] and along w i t h high 

pressure (1500 psi) r e s u l t e d i n a casing f a i l u r e at the Washington 

Ranch Gas Storage F a c i l i t y of El Paso Natural Gas Company. 

V. Effects of Hazards from O i l and Gas A c t i v i t i e s on the 
Potash Industry 

The e f f e c t s of these hazards on the Potash Industry are 

s i g n i f i c a n t and f a r greater than they were when concurrent 

development was f i r s t adopted. I n the 1950's, there were few 

safety requirements of economic consequences concerning flammable 

gases. Those i n e f f e c t applied only t o a few very gassy coal mines 

and were of no concern t o the Potash Industry. However, t h a t has 

a l l changed. As a d i r e c t r e s u l t of the many mine dis a s t e r s caused 

by flammable gases, s i g n i f i c a n t changes i n mine safety and health 

laws were made i n 1959, 1969, 1977, and again i n 1987. Each time 



the r e g u l a t i o n s became more s t r i n g e n t and the consequences of a gas 

encounter more severe. Today, the consequences are such t h a t a the 

release of flammable gas i n t o any one mine could destroy our 

Industry. 

Under the Federal Mine Safety and Health Act, non-coal mines, 

l i k e us, are placed i n t o one of several d i f f e r e n t categories t o 

p r o t e c t miners against the hazards of methane and other explosive 

gases. Encounters w i t h methane gas, however, can, i n some 

circumstances, cause a mine to be moved from one category t o 

another category w i t h more s t r i n g e n t s a fety requirements. I f t h i s 

were t o occur i n the Potash Area, i t would be economically 

devastating t o the I n d u s t r y . We would be required t o comply w i t h 

about 100 a d d i t i o n a l r e g u l a t i o n s , a l l designed t o prevent an 

explosion. 

These a d d i t i o n a l r e g u l a t i o n s would r e q u i r e us t o sink more 

shafts f o r v e n t i l a t i o n ; replace a l l underground equipment or modify 

i t t o explosion-proof c o n d i t i o n ; and replace most i f not a l l of our 

e l e c t r i c a l systems. I n 1982, we estimated t h i s would cost over $80 

m i l l i o n i f a l l of the mines were forced t o comply w i t h these 

r e g u l a t ions. 

This change i n the consequences of encountering methane gas, 

of course, has made us much more defensive on the d r i l l i n g of o i l 

and gas w e l l s i n the Potash Area. We do not see any change i n t h a t 

p o s i t i o n unless BLM p o l i c i e s on the d r i l l i n g of o i l and gas w e l l s 

i s revised t o ensure t h a t our Industry does not bear the r i s k and 

l i a b i l i t y of a mishap while the O i l and Gas Industry receives the 

b e n e f i t of production. 
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These a c t i v i t i e s also a f f e c t us i n other ways. Our operations 

l i k e a l l others, have assets. These assets are, i n large p a r t , our 

recoverable ore reserves. I t i s the value of these reserves t h a t 

t e l l us whether i t i s economically possible t o sink a shaft or 

continue mine operations. I f an o i l or gas operator wants t o d r i l l 

a well through these reserves, he i s asking us t o permanently 

f o r f e i t some of our assets because once a w e l l i s d r i l l e d we cannot 

safely mine i n close p r o x i m i t y t o t h a t casing regardless of whether 

i t i s producing or was a dry hole. The value of the ore l o s t w i l l 

depend upon a number of f a c t o r s , i n c l u d i n g market p r i c e , but i t i s 

nevertheless a s i g n i f i c a n t loss t o us. 

Such a c t i v i t i e s also impact our mine development. I n our 

Industry, there i s simply no way t o accurately p r e d i c t where we 

w i l l be mining next month, much less ten years hence. I f the 

demands f o r our product change, we may need a d i f f e r e n t grade or 

mix of ore and have t o mine i n a d i r e c t i o n not shown by any 

projected mine plan. Copies of the mine development plan f i l e d by 

IMCF i n 1981 and a map updated t o January 1, 1986, showing a l l 

mining through 1985, i s attached as E x h i b i t 25 f o r reference. 

Thus, and f o r t h i s reason, we are forced many times t o p r o t e s t a 

well to ensure t h a t i t does not i n t e r f e r e w i t h the o r d e r l y but 

unpredictable development of our mine. 

VI. Factors That Must be Considered t o Address Hazards 

In addressing the hazards created by o i l and gas d r i l l i n g i n 

the Potash Basin, we believe there are a number of f a c t o r s t h a t 

must be considered. Many of these are c u r r e n t l y being done or are 

i n place, but others are the r e s u l t of new technology and 

c a p a b i l i t i e s t h a t did not e x i s t u n t i l r e l a t i v e l y r e c e n t l y . 
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1. Safety of Miners 

We f i r m l y believe, as stated i n these comments, t h a t c u r r e n t 

3LM p o l i c i e s , i n c l u d i n g the current p r o v i s i o n s of 1986 S e c r e t a r i a l 

Order, do not adequately p r o t e c t our mines and miners from the 

hazards associated w i t h o i l and gas d r i l l i n g i n the Potash Basin. 

The New S e c r e t a r i a l Order recognizes t h i s and o f f e r s greater 

p r o t e c t i o n but also w i l l allow development of both resources. 

2. Spacing Between Oil and Gas and Potash Deposits 

A spacing requirement between o i l and gas a c t i v i t i e s and ore 

deposits i s absolutely e s s e n t i a l t o ensure the s a f e t y of miners. 

The hazards involved are simply too great t o r e l y s o l e l y upon a 

casing and cementing program. Any spacing requirement must 

consider the possible m i g r a t i o n of gases as w e l l as the spacing 

required t o avoid damage from mining subsidence. The one-half mile 

" b u f f e r Zone" agreed t o i n the Industry Agreement i s not based on 

any actual measurements, but a f f o r d s the best measure of s a f e t y f o r 

underground miners. 

3. Subsidence 

Mining subsidence must, of course, be considered. I t i s w e l l 

known t h a t the e x t r a c t i o n of ore from support p i l l a r s during second 

mining causes subsidence or a " s i n k i n g " of the ground. The e f f e c t s 

of t h i s are w e l l known and r e q u i r e , f o r the p r o t e c t i o n of the w e l l 

casing, t h a t second mining not occur w i t h i n a distance equal t o the 

depth of the ore plus ten percent t o any o i l or gas w e l l . This 

p r o t e c t i o n was incorporated i n t o the I n d u s t r y Agreement. BLM 

p o l i c i e s should l i k e w i s e . 
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4. R e s p o n s i b i l i t y f o r Gas Releases 

We believe BLM p o l i c i e s should make a cle a r regulatory 

assignment of economic r e s p o n s i b i l i t y f o r any damage caused by one 

industry to the other. For example, i f a w e l l i s d r i l l e d at a 

loc a t i o n determined by the BLM t c be safe and we damage or destroy 

that well by our mining a c t i v i t i e s , i t w i l l be our economic 

r e s p o n s i b i l i t y t o restore production or incur the l i a b i l i t y f o r 

whatever loss i s incurred. S i m i l a r l y , i f a w e l l i s d r i l l e d at a 

loc a t i o n determined t o be safe by the BLM and the w e l l t h e r e a f t e r 

releases hazardous gases i n t o the s t r a t a which migrate i n t o our 

underground workings, the o i l or gas operator w i l l be economically 

responsible f o r whatever a d d i t i o n a l costs or loss of assets we 

incur as a r e s u l t of t h a t release. 

5. Identification of Ore Bodies and Barren Areas 

Current procedures f o r i d e n t i f y i n g ore bodies and barren areas 

need to be improved t o provide more guidance t o both I n d u s t r i e s . 

In many instances, commercial grade ore e x i s t s w e l l 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 

i d e n t i f i c a t i o n of these areas should be the shared r e s p o n s i b i l i t y 

of both the I n d u s t r i e s and the BLM because of i t s o b l i g a t i o n under 

Federal law t o conserve those mineral resources. 

6. Increased Use of State-Of-The A rt D i r e c t i o n a l D r i l l i n g 
Technology 

Current BLM p o l i c i e s do not make s u f f i c i e n t use of d i r e c t i o n a l 

d r i l l i n g . The technology a v a i l a b l e today v i r t u a l l y eliminates any 

technical l i m i t s on bottom hole displacement. Using t h i s 

c a p a b i l i t y , wells could be d r i l l e d from l o c a t i o n s s u f f i c i e n t l y 
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removed from ore deposits t h a t the a f f e c t s of the hazard would tae 

g r e a t l y reduced. Any increase i n costs, we b e l i e v e , would be 

j u s t i f i e d by the increased safety t o miners. 

7. Increased Cooperation Between the OCD and BLM 

We believe t h a t any r e a l e f f o r t t o address the hazards 

involved i n o i l and gas and potash production w i l l require 

increased cooperation between the OCD and BLM. Because of the 

nature of the hazards involved, i t i s e s s e n t i a l t h a t whatever 

safety p r a c t i c e s are adopted are applied equally without regard t o 

whether the d r i l l i n g i s on s t a t e of f e d e r a l property. 

8. Increased Cooperation between Industries 

We would l i k e to see increased cooperation between our two 

Industries to ensure that a l l developmental a c t i v i t i e s in the 

Potash Area are performed in a manner that does not endanger our 

miners. The New Mexico State Study Committee was a good s t a r t and 

we hope i t w i l l lead to a greater mutual understanding of the many 

issues involved. 

V I I . Conclusion 

For the reasons set f o r t h i n these comments, we believe t h a t 

the New S e c r e t a r i a l Order must be placed i n e f f e c t w i thout delay. 

I t i s the most reasonable s o l u t i o n a v a i l a b l e at t h i s time t o 

protec t our mines and miners form the hazards associated w i t h o i l 

and gas d r i l l i n g a c t i v i t i e s w h i l e , at the same time, a l l o w i n g the 

concurrent development of both mineral resources. Any other 

approach would elevate development and production over safety i n 

v i o l a t i o n of stated National p o l i c y . 
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FRGM: WILLIAM J. LEMAY, DIRECTOR " 

SUBJECT: REVISION OF ORDER NO. R - l l l (POTASH AREA) 

DATE: NOVEMBER 30, 1987 

Attached hereto is an agreement which was executed by members of 
the Potash-Oil 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 agreement 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 - l l l . At this hearing we will entertain comments on: 

1) the attached agreement which may be pertinent to 
the amendment of Order R - l l l ; 

2) the area to be covered by R - l l l x as amended 
(note - we are proposing the area be expanded to the 
BLM "known Potash Leasing Area"); 

3) the casing-cementing requirements of Order R-lll-A; 
4) directional drilling procedures for inclusion in the 

order; 
5) a procedure for expanding/contracting the effected 

area by the pool nomenclature procedure rather than 
amendment to Order R - l l l . This would be responsive to 
changes in the KP̂ A by BLM. 

6) Revisions to notice requirements. 
dr/ 



STATEMENT OF AGREEMENT BETWEEN 
THE POTASH INDUSTRY AND OIL AND 

GAS INDUSTRY ON CONCURRENT 
OPERATIONS IN THE POTASH AREA 

IN EDDY AND LEA COUNTIES. NEW MEXICO 

Introduction 

This Statement of Agreement sets f o r t h the j o i n t agreement 

of the Potash Industry and Oi l and Gas Industry on important 

issues concerning the concurrent development of potash and o i l 

and gas reserves i n Eddy and Lea Counties, New Mexico. I t 

represents the e f f o r t s of numerous representatives from each 

Industry over many months and i s intended to resolve many of 

the disputes that have arisen as a result of concurrent o i l and 

gas d r i l l i n g a c t i v i t i e s in the v i c i n i t y of underground potash 

mining. 

The parties recognize that t h i s Agreement w i l l not resolve 

a l l disputes or disagreements that may arise and that 

regulatory intervention may s t i l l be necessary i n some 

instances. By entering into t h i s Agreement, however, each 

industry recognizes the r i g h t of the other to develop i t s 

mineral resources i n a safe and economical manner and 

acknowledges that concurrent development of multiple mineral 

resources places certain l i m i t s on each industry. Each also 

agrees that these l i m i t s can be better defined through good 

f a i t h discussions among industry representatives familiar with 

industry technology and practices than repeated and prolonged 

l i t i g a t i o n or administrative proceedings. 



In attempting to accomplish t h i s , each Industry has made 

concessions on issues considered c r i t i c a l to i t i n a good f a i t h 

e f f o r t to obtain concessions from the other. For t h i s reason, 

both Industries agree that the terms of t h i s Statement of 

Agreement are subject to the following conditions: 

1. Upon approval by representatives of each 
Industry, the terms of the Agreement w i l l be 
submitted to and must be adopted without 
substantial change by the New Mexico O i l 
Conservation Commission ("OCC") i n l i e u of the 
current Order R-111A, as amended; 

2. The terms of the Agreement w i l l 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 I I I (E) of 
the Secretary of the Interior's Order of October 
21, 1986 [51 Fed. EfiS.. 39425]; 

3. Each Industry w i l l use i t s 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 w i l l 
become null and void and w i l l not be referred to 
by any Industry representative on the Study 
Committee in any future proceeding before the OCC 
or BLM. 

I t i s the i n t e n t i o n of the parties to t h i s Agreement t h a t : 

(1) c e r t a i n areas of potash deposits, called " l i f e - o f - m i n e -

reserves" or "LMR's," be permanently protected from o i l and gas 

d r i l l i n g a c t i v i t i e s ; and (2) to make available for o i l and gas 

d r i l l i n g a c t i v i t i e s , c ertain areas w i t h i n the Potash Area. The 

area of potash deposits protected w i l l be determined i n 

accordance with t h i s Agreement but, generally speaking, w i l l 

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

October 1, 1984. Areas i n the Potash Area that w i l l be 

available for o i l and gas d r i l l i n g a c t i v i t i e s w i l l be those 

areas outside the designated LMR's which, generally speaking, 

w i l l be the red, green, grey and a minor portion of the blue 

areas shown on the BLM Potash Resources Map as i t existed on 

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

Agreement. 

I . The Potash Area 

A. The Area covered by t h i s Agreement shall be known as 

the "Potash Area". 

B. The "Potash Area" includes those tracts of land in 

Southeastern New Mexico, from the surface downward, which are 

designated as a "potash area" by the Secretary of the 

Department of I n t e r i o r i n Section V of the Order dated October 

21, 1986 and published i n the Federal Register on October 28, 

1986 [51 Rea. 39426]. I t s h a l l also include any 

subsequent revisions to such designations. The terms "potash" 

and "commercial deposits of potash" sh a l l have the same meaning 

as assigned by the U. S. Department of I n t e r i o r . 

C. I t i s the intent of the parties to t h i s Agreement that 

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

ident i c a l to that designated by the U. S. Department of 

I n t e r i o r . Accordingly, i f the "potash area" designated i n the 

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

revised, the OCC, on i t s own motion after notice and hearing as 
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provided by applicable laws and regulations, w i l l adopt the 

same revision. 

I I . 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 i f revised, each potash lessee, without regard to whether 

the lease covers State or Federal lands, shall f i l e with the 

District Manager, BLM, a designation of the potash deposits 

considered by the potash lessee to be i t s life-of-mine reserves 

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

reserves" means those potash deposits within the Potash Area 
on- -rut. i^W-\. 

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 i t s LMR shall be filed with 

the BLM but w i l l 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 i t s 

LMR designation and verify, upon reguest, that the data used by 

the potash lessee in establishing the boundaries of i t s LMR i s 

consistent with data available to the BLM. Any disputes 

between the BLM and potash lessee concerning the boundary of a 

designated LMR shall be resolved in accordance with the 
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Department of In t e r i o r ' s Hearings and Appeals Procedures, 43 

C.F.R. Part 4 ( 1986) . 

C. A potash lessee may amend i t s designated LMR by f i l i n g 

a revised designation with the BLM accompanied by the 

information referred to in Section A above. Such amendments 

must be f i l e d by January 31 next following the date the 

additional data becomes available. 

D. An authorized o f f i c e r 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 r e f l e c t 

the la t e s t amendments to any designated LMRs. These maps shall 

be considered privileged and confi d e n t i a l and exempt from 

disclosure under 43 C.F.R. Part 2 and w i l l be used only for 

the purposes set f o r t h i n t h i s Agreement. 

I I I . Drilling in the Potash Area 

A. A l l o i l and gas wells d r i l l e d i n the Potash Area after 

approval of t h i s Agreement by the OCC and BLM, including those 

currently pending before the OCC and/or BLM, shall be subject 

to the terms of t h i s Agreement. 

B. I t i s the policy of the OCC and BLM to approve or deny 

applications for permits to d r i l l (APD's) i n the Potash Area i n 

accordance with the following: 

1. LMR and Buffer Zone. No o i l or gas well shall be 
allowed from a surface location: (a) w i t h i n the LMR of 
any potash lessee; (b) w i t h i n 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 w i l l pass 
within one-fourth (1/4) mile, or a distance equal to 
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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 o i l 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 i f : 
(a) the bottom hole location does not extend below the 
base of the Delaware Mountain Group, and (b) the well 
is drilled in accordance with the cementing and casing 
requirements set forth in Section V. 

More Than One-Half Mile But Less Than One Mile From 
LMR. An APD for an o i l 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 location 
provided: (a) wells ~h bottom hole locations below 
the base of the Delaware Mountain Group are drilled in 
accordance with the cementing and casing requirements 
set forth in Section V of this Agreement, and 
(b) wells to bottom hole locations above the base of 
the Delaware Mountain Group may be drilled without 
regard to the requirements in Section V of this 
Agreement but must be d r i l l e d in accordance with then 
current Industry safety standards. 

More Than One Mile From LMR. An APD for an o i l 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 o i l or gas well shall be 
allowed from any location where the well casing w i l l 
pass within one-fourth (1/4) mile or a distance equal 
to the depth of the ore plus ten percent (10%), 
whichever i s greater, of any open mine workings. 

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



7. An APD for a d i r e c t i o n a l l y d r i l l e d o i l or gas well to 
a bottom hole location underlying the LMR of any 
potash lessee may be approved subject to the 
li m i t a t i o n s and requirements set f o r t h i n Paragraphs 1 

6 above. Directionally d r i l l e d holes shall be 
d r i l l e d v e r t i c a l l y u n t i l 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 o i l and gas operator desiring to d r i l l 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 w i l l 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 less shall prepare and submit to 

a l l affected potash lessees a plan and program for sealing o f f 

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 o i l and gas operator to the APD for f i l i n g with the OCC, 

and/or BLM. The o i l and gas operator shall also complete a 

certification in the form prescribed by the OCC and/or BLM that 

the drilling of such well w i l l not create a safety hazard to 

affected potash lessees. 

D. I t i s the b e l i e f of both parties that the provisions 

of t h i s Agreement eliminate the need for d r i l l i n g islands and 

three-year mining plans and, therefore, both agree that no 

d r i l l i n g islands w i l l be established i n the Potash Area and the 

f i l i n g of three-year mining plans w i l l be eliminated. 
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IV. Location of Wells and Notice to Potash Lessee 

A. The BLM, upon request, w i l l advise o i l and gas lessees 

of the surface locations where wells w i l l be allowed to develop 

the leases. O i l or gas leases covering areas designated a LMR 

by a potash lessee w i l l be unitized to the extent possible with 

other areas where d r i l l i n g is allowed. 

B. An o i l or gas operator desiring to d r i l l an o i l or gas 

well i n the Potash Area or w i t h i n one (1) mile of a potash 

lease s h a l l prepare and f i l e an APD with the OCC and/or BLM 

along with a map or plat showing the location of the proposed 

we l l . One copy of the APD and map or p l a t s h a l l be served by 

registered mail, return receipt requested, on a l l potash 

leaseholders w i t h i n one (1) mile of the proposed w e l l 

location. However, i f the APD i s f o r an o i l or gas well that 

w i l l penetrate abandoned mine workings, a l l potash leaseholders 

i n the Potash Area s h a l l be n o t i f i e d . Proof of such service 

sh a l l be attached to the APD and f i l e d w i t h the OCC and/or 

BLM. w i t h i n twenty (20) days of service of an APD and required 

documents, any potash leaseholder w i t h i n one (1) mile of the 

proposed w e l l location (or any affected potash lessee i f the 

proposed w e l l w i l l penetrate abandoned mine workings) may f i l e 

an objection with the OCC to the proposed w e l l . I f the 

objections cannot be resolved by agreement of the parties, the 

matter s h a l l be referred for hearing before the OCC. 

C. The f a i l u r e of a potash leaseholder to object to a 

well location or i t s agreement to the d r i l l i n g locations 
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referred to in this Agreement shall not constitute a release of 

l i a b i l i t y . Oil 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 liquids into the 

strata or atmosphere as a result of dri l l i n g activities. 

V. Drilling and Casino Program 

[Same as current R-lll-A] 

VI. Drilling Fluid for Salt Section 

[Same as current R-lll-A] 

VII. Plugging and Abandonment of Wells 

[Same as current R-lll-A] 

V I I I . Filing of Well Surveys 

The OCC may require an o i l and gas operator to f i l e a 

certified directional survey from the surface to a point below 

the lowest known potash bearing horizon on a l l wells drilled in 

the Potash Area. A l l encounters with flammable gases, 

including H2S, shall be reported by the operator to the OCC. 

IX. Additional Safety Requirements and Emergency Action 

A. A l l o i l 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 o i l or gas lease w i l l be allowed within the Potash Area. 
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C. In the event the increased o i l and gas d r i l l i n g 

a c t i v i t i e s allowed by t h i s Agreement re s u l t i n a safety hazard 

or i f data developed i n the course of such increased a c t i v i t i e s 

make i t reasonably appear that such a c t i v i t i e s are or w i l l 

become a hazard to underground miners or mining a c t i v i t i e s , the 

BLM and/or OCC w i l l , upon request, i n i t i a t e proceedings i n 

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, i n addition, i n i t i a t e actions f or injunctive 

r e l i e f under NMSA 70-2-29. The taking or f a i l u r e to take such 

action by the OCC or any potash lessee s h a l l not relieve the 

o i l and gas lessee from l i a b i l i t y f or any damages caused by i t s 

o i l and gas a c t i v i t i e s . . 

19 87, BY THE FOLLOWING REPRESENTATIVES OF EACH INDUSTRY 

COMPRISING THE POTASH-OIL AREA SPECIAL RULES STUDY COMMITTEE: 

AGREED TO AND APPROVED 

For dustry: 

2^ 

1727L-7 
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STATE OF NEW MEXICO 
ENERGY, MINERALS AND NATURAL RESOURCES DEPT. 

OIL CONSERVATION COMMISSION 

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

CASE NO. 93 16 
Order No. R-111-P 

APPLICATION OF THE OIL CONSERVATION 
DIVISION UPON ITS OWN MOTION TO 
REVISE ORDER R-111. AS AMENDED, PERTAINING 
TO THE POTASH AREAS OF EDDY AND LEA 
COUNTIES, NEW MEXICO. 

ORDER_OF_THE_CQ̂ J_SSJ_ON 

BY THE COMMISSION: 

This cause came on for hearing at 9:00 a.m. on 
February 1 8, 1 988, at Santa Fe, New Mexico, before the O i l 
Conservation Commission of New Mexico, h e r e i n a f t e r r e f e r r e d to 
as the "Commission." 

NOW, on t h i s 21st day of A p r i l , 1988, the Commission, 
a quorum being present, having considered the testimony 
presented and the e x h i b i t s received at said hearing, and being 
f u l l y advised in the premises, 

FINDS THAT: 

(1) Due p u b l i c n o t i c e having been given as required by 
law, the Commission has j u r i s d i c t i o n of t h i s 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 E x h i b i t "A" attached t h e r e t o , despite s i g n i f i c a n t advances 
in d r i l l i n g technology and p r a c t i c e s . 

(3) Operation under Order R-111-A has become v i r t u a l l y 
unworkable because of 1) the lack of tolerance on the part of 
both o i l / g a s and potash i n d u s t r i e s in regarding the a c t i v i t i e s 
of the other industry in areas where leasehold i n t e r e s t s 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 0. 
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{H) The then D i r e c t o r of the O i l Conservation D i v i s i o n . 
(OCD) by memorandum dated March 2 1, 1 986 convened a study 
committee of volunteer r e p r e s e n t a t i v e s from the o i l and potash 
i n d u s t r i e s and other i n t e r e s t e d p a r t i e s . 

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

(6) By committee agreement a work committee was formed 
from the larger committee c o n s i s t i n g of three members and one 
a l t e r n a t e from each i n d u s t r y and t h i s work committee was 1 

chaired by the OCD Chief Petroleum Engineer and charged w i t h 
the r e s p o n s i b i l i t y to develop proposed amendments to Order 
R-111-A. I t met on A p r i l 30, May 1, J u l y 23-24 and ; 

November 23, 1987. 

(7) Each meeting of the work committee was held in the 
presence of representatives of both BLM and OCD; and at i t s 
final meeting November 23, 1987 an agreement was reached and 
signed by the committee members present, which agreement is j 
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 I 
relating to the multiple use of resources in the potash area. [ 

(8) Exhibit "B" is regarded by the Commission as a i 
report of both the work committee and the f u l l study committeel 
since a draft copy of a nearly identical agreement was 
furnished to each member of the study committee for comment 
and comments received thereon were addressed at the final 
meet i ng. L 

L 
L 

(9) The agreement represents a compromise by both 
industries, the potash operators relinquishing lower grade 
marginal or uneconomic ore deposits in order to more f u l l y 
protect their higher grade ore deposits; and the oil/gas 
operators receiving such lands containing sub-economic ore 
deposits as prospective d r i l l - s i t e s . 

- ^ ( 1 0 ) The Oil and Gas Act, 70-2-3 F NMSA 1978, d e c l a r e s l 
as waste " d r i l l i n g or producing operations for o i l or gas -̂
within any area containing commercial deposits of potash where 
such operations would have the effect unduly to reduce the J 
total quantity of such commercial deposits of potash which may. 
reasonably be recovered -- or where such operations would 
interfere unduly with the orderly commercial development of t 
such potash deposits". { 

(11) The Oil and Gas Act in 70-2-12 B(17) empowers the 
Division "to regulate and, where necessary, prohibit d r i l l i n g ! 

L 
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or producing operations for oi I and gas" in areas which would 
cause waste as described in 70-2-3 F. 

(12) The report of tt\e work committee presents a 
reasonable process, for determining where welIs for o i I and gas 
would cause waste of potash and the p e r t i n e n t portions of said 
report should be contained in the order as a reasonable 
process for p r o h i b i t i n g o i l and gas d r i l l i n g in such areas in 
the absence of su b s t a n t i a l evidence that waste of potash as 
described by the s t a t u t e would not r e s u l t . 

(13) Release of methane in t o potash mine workings would 
endanger the liv e s of miners and would render f u r t h e r mining 
a c t i v i t i e s uneconomic because of the a d d i t i o n a l , and more 
expensive safety requirements which would be imposed by the 
Mine Safety and Health A d m i n i s t r a t i o n (MSHA) of the U.S. 
Department of Labor. 

(14) Salt and potash deposits are e s s e n t i a l l y non-porous 
and impermeable but are inter-bedded w i t h clay seams which, in 
an undisturbed state are porous but of extremely low 
permeabiIi t y . 

(15) Primary mining a c t i v i t y creates minor l o c a l i z e d 
disturbance but secondary mining causes subsidence of the 
overburden the e f f e c t s of which tend to expand beyond the 
mined out area a distance approximately equal to the depth of 
the mined area. 

(16) During the d r i l l i n g of w e l l s for o i l and gas, 
measures should be taken to p r o t e c t the s a l t - p r o t e c t i o n casing 
from i n t e r n a l pressures greater than the designed burst 
resistance plus a safety f a c t o r so as to prevent any possible 
entry of methane in t o the s a l t and potash i n t e r v a l . 

(17) A proposed r e v i s i o n of Order R-111-A was presented 
at the hearing and comments were received thereon both o r a l l y 
at the hearing and in w r i t i n g 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 i n support and in 
opposition to the proposed r e v i s i o n of the order were received 
at the hearing and subsequent t h e r e t o , some p o i n t i n g out that 
the number of o i l or gas we l l s which could be d r i l l e d under 
the terms of the committee report would be reduced but no 
comments addressed the possible waste of potash as a r e s u l t of 
add i t i onaI dr i I I i ng. 
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(19) One member of the work committee from the potash 
industry t e s t i f i e d the proposed r e v i s i o n of Order R-111-A 
f a i l e d to p r o h i b i t d r i l l i n g in the commercial ore areas and 
was therefore contrary to the work committee report and the 
O i I and Cas Ac t . 

(20) The Commission cannot abdicate i t s d i s c r e t i o n to -
consider a p p l i c a t i o n s to d r i l l as exceptions to i t s rules and 
orders but in the i n t e r e s t of p r e v e n t i n g waste of potash 
should deny any appl i c a t i o n to d r i I I in commercial potash 
areas as recommended in the work committee r e p o r t , unless a 
clear demonstration is made that commercial potash w i l l not be 
wasted unduly as a r e s u l t of the d r i l l i n g of the we I I . 

(21) Confusion can be reduced and e f f i c i e n c i e s can be 
obtained by making the aren covered by Order R-111 coterminous 
w i t h the KPLA as determined by the BLM, and the area should be-
expanded and contracted by the regular pool nomenclature 
procedure rather than by separate hearings and f u r t h e r 
r e v i s i o n s of Order R-111. 

(22) Expansion of the R-111 area to coincide w i t h the 
KPLA w i l l b r i n g under the purview of t h i s order areas where 
potash is e i t h e r absent or non-commercial and such areas 
should be granted less s t r i n g e n t casing, cementing and 
plugging requirements, alt the d i s c r e t i o n of the OCD d i s t r i c t 
s upervisor. ~-

(23) The proposed r e v i s i o n of Order R-111-A w i l l permit 
the d r i l l i n g of w e l l s for o i l or gas i n areas p r e v i o u s l y not ^ 
a v a i l a b l e for such d r i l l i n g and w i l l prevent waste of potash, 
and f u r t h e r , w i l l serve to reduce confusion and u n c e r t a i n t y i 
the conduct of operations by both the potash and o i l / g a s j 
i n d u s t r i e s , a l l to the b e n e f i t of the s t a t e and i t s c i t i z e n s . 

IT IS THEREFORE ORDERED THAT: L. 

This order s h a l l be known as The Rules and Regulations ! 
Governing the E x p l o r a t i o n and Development of O i l zmd Gas in L. 
C e r t a i n Areas Herein Defined, Which Are Known To Contain 
Potash Reserves. I 

A. OBJECTIVE 

The o b j e c t i v e of these Rules and Regulations is to j 
prevent waste, p r o t e c t c o r r e l a t i v e r i g h t s , assure maximum 
conservation of the oi I , gas and potash resources of New 
Mexico, and permit the economic recovery of o i l , gas and j 
potash minerals in the area h e r e i n a f t e r d e f i n e d . L-

L 
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B• THE_nOTASH_AREA 

(1) The Potash Area, as described in Ex h i b i t 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 i n d i c a t e commercial potash 
reserves. Such area is coterminous w i t h the Known Potash 
Leasing Area (KPLA) as determined by the U.S. Bureau of Land 
Management (BLM). 

(2) The Potash Area, as described in Ex h i b i t "A" 
may be revised by the D i v i s i o n a f t e r due notice and hearing at 
the regular pool nomenclature hearings, to r e f l e c t changes 
made by BLM in i t s KPLA. 

C. DRILLING IN THE POTASH AREA 

(1) A l l d r i l l i n g of o i l and gas wells in the Potash 
Area shall be subject to these Rules and Regulations. 

(2) No wells s h a l l be d r i l l e d for o i l or gas at a 
loc a t i o n which, in the opinion of the D i v i s i o n or i t s duly 
authorized representative, would r e s u l t in undue waste of 
potash deposits or c o n s t i t u t e a hazard to or i n t e r f e r e unduly 
w i t h mining of potash deposits. 

No mining operations s h a l l be conducted in the 
Potash Area that would, in the opini o n of the D i v i s i o n or i t s 
duly authorized r e p r e s e n t a t i v e , c o n s t i t u t e a hazard to o i l or 
gas production, or that would unreasonably i n t e r f e r e w i t h the 
or d e r l y development and production from any o i l or gas pool. 

(3) Upon discovery of o i l or gas in the Potash 
Area, the O i l Conservation D i v i s i o n may promulgate pool rules 
for the a f f e c t e d area a f t e r due no t i c e and hearing in order to 
address conditions not f u l l y covered by these rules and the 
general r u l e s . 

(4) The D i v i s i o n ' s D i s t r i c t Supervisor may waive 
the requirements of Sections D and F which are more rigorous 
than the general rules upon s a t i s f a c t o r y showing that a 
lo c a t i o n is outside the L i f e of Mine Reserves (LMR) and 
surrounding b u f f e r zone as defined hereinbelow and that no 
commercial potash resources w i l l be unduly diminished. 

(5) A l l encounters w i t h flammable gas, i n c l u d i n g 
hydrogen s u l f i d e , during d r i l l i n g operations s h a l l be reported 
immediately to the appropriate OCD D i s t r i c t o f f i c e followed by 
a w r i t t e n report of same. 
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(1) For the purpose of the r e g u l a t i o n s and the 
d r i l l i n g of we l l s for o i l and gas, shallow and deep zones are 
de f i ned as f o i l o w s : 

(a) The shallow zone s h a l l include a l l 
formations above the base of the Delaware Mountain Group or, 
above a depth of 5,000 f e e t , whichever is lesser. 

(b) The deep zone s h a l l include a l l formations' 
below the base of the Delaware Mountain Group or, below a 
depth of 5,000 f e e t , whichever is lesser. 

(c) For the purpose of i d e n t i f i c a t i o n , the 
base of the Delaware Mountain Group is hereby i d e n t i f i e d as 
the geophysical log marker found at a depth of 7't05 feet in 
the Richardson and Bass No. 1 Rodke w e l l in Section 27, 
Township 20 South, Range 31 East, NMPM, Eddy County, New 
Mex ico. 

(2 ) Surface Casing S t r i n g : 

(a) A surface casing s t r i n g of new or used o i l ­
f i e l d casing in good c o n d i t i o n s h a l l be set in the "Red Bed" 
sec t i o n of the basal Rustler formation immediately above the 
s a l t s e c t i o n , or in the, a n h y d r i t e at the top of the s a l t 
s e c t i o n , as determined necessary by the r e g u l a t o r y 
r e p r e s e n t a t i v e approving the d r i l l i n g o p e rations, and the 
cement s h a l l be c i r c u l a t e d to the surface. 

(b) Cement shal I be a I lowed to stand a minimur 
of twelve (12) hours under pressure and a t o t a l of twenty-fou 
(24) hours before d r i l l i n g the plug or i n i t i a t i n g t e s t s . 

(c) Casing and w a t e r - s h u t - o f f te s t s s h a l l be 
made both before and a f t e r d r i l l i n g the plug and below the ̂  
casing seat as f o l l o w s : 

( i ) I f r o t a r y t o o l s are used, the mud 
s h a l l be dis p l a c e d w i t h water and a 
h y d r a u l i c pressure of s i x hundred (600) 
pounds per square inch s h a l l be a p p l i e d . 
I f a drop of one hundred (100) pounds pef-
square inch or more should occur w i t h i n 
t h i r t y (30) minutes, c o r r e c t i v e measures 
sha I I be app I i ed . L_ 

( i i j I f cable t o o l s are used, the mud 
s h a l l be b a i l e d from the hole, and i f th 
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(d) 
cas i ng s t r i ng shaI I 
zones. 

(3 ) SaI t 

(a) A s a l t p r o t e c t i o n s t r i n g of new or used 
o i l f i e l d casing in good c o n d i t i o n s h a l l be set not less than 
one hundred (100) feet nor more than s ix hundred (600) feet 
below the base of the s a l t s e c t i o n ; provided that such s t r i n g 
s h a l l not be set below the top of the highest known o i i or gas 
zone. With p r i o r approval of the OCD D i s t r i c t Supervisor the 
wellbore may be deviated from the v e r t i c a l a f t e r completely 
penetrating Marker Bed No. 126 (USGS) but that section of the 
casing set in the deviated p o r t i o n of the wellbore shall be 
c e n t r a l i z e d at each j o i n t . 

(b) The s a l t p r o t e c t i o n s t r i n g shall be 
cemented, as fo l l o w s : 

( i ) For wells d r i l l e d to the shallow 
zone, the s t r i n g may be cemented w i t h a 
nominal volume of cement for t e s t i n g 
purposes only. I f the exploratory test 
well is completed as a productive w e l l , 
the s t r i n g s h a l l be re-cemented w i t h 
s u f f i c i e n t cement to f i l l the annular 
space back of the pipe from the top of the 
f i r s t cementing to the surface or to the 
bottom of the c e l l a r , or may be cut and 
pu l l e d i f the production s t r i n g is 
cemented to tho surface! ns provided in 
sub-section D ( 5 ) ( a ) ( i ) below. 

( i i ) For wells d r i l l e d to the deep zone, 
the s t r i n g must be cemented w i t h 
s u f f i c i e n t cement to f i l l the annular 
space back of the pipe from the casing 
seat to the surface or to the bottom of 
the c e l l a r . 

(c) I f the cement f a i l s to reach the surface or the 
bottom of the c e l l a r , where required, the top of the cement 
shall be located by a temperature, gamma ray or other survey 
and a d d i t i o n a l cementing s h a l l be done u n t i l the cement is 
brought to the point required. 

hole does not remain dry for a period of 
one hour, c o r r e c t i v e measures shall be 
appI i ed. 

The above requirements for the surface 
be appl icable to both the shallow and deep 

Protection S t r i n g : 
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(d) The f l u i d used to mix w i t h the cement 
sh a l l be saturated w i t h the s a l t s common to the zones 
penetrated and w i t h s u i t a b l e p r o p o r t i o n s but not less than 1% 
of calcium c h l o r i d e by weight of cement. 

(e) Cement s h a l l be allowed to stand a minimum 
of twelve (12) hours under pressure and a t o t a l of twenty-fourj 
(24) hours before d r i l l i n g the plug or i n i t i a t i n g t e s t s . ^ 

( f ) Casing t e s t s s h a l l be made both before andi 
a f t e r d r i l l i n g the plug and below the casing seat, as f o l l o w s ^ 

( i ) I f r o t a r y t o o l s are used, the mud . 
sh a l l be displaced w i t h water and a ' 
hy d r a u l i c pressure of one thousand (1000)' 
pounds per square inch s h a l l be ap p l i e d . 
I f a drop of one hundred (100) pounds per| 
square inch or more should occur w i t h i n i 
t h i r t y (30) minutes, c o r r e c t i v e measures 
sha M be appI i ed . r 

( i i ) I f cable t o o l s are used, the mud 
sh a l l be b a i l e d from the hole and i f the. 
hole does not remain dry for a period of 
one hour, c o r r e c t i v e measures s h a l l be 
appIi ed. 

(g) The D i v i s i o n , or i t s duly authorized l 
r e p r e s e n t a t i v e , may re q u i r e the use of c e n t r a l i z e r s on the 
s a l t p r o t e c t i o n s t r i n g when in t h e i r judgment the use of sue! 
c e n t r a l i z e r s would o f f e r f u r t h e r p r o t e c t i o n to the s a l t 
sec t i on. 

(h) Before d r i l l i n g the plug a d r i l l i n g spoot 
i n s t a l l e d below the bottom blowout preventer or the wellhead" 
casing o u t l e t s h a l l be equipped w i t h a rupture disc or other 
automatic p r e s s u r e - r e l i e f device set at 80% of the API-rateJ 
burst pressure of new casing or 60% of the API-rated bursts-
pressure of used casing. The disc or r e l i e f device should be 
connected to the r i g choke ma n i f o l d system so that any f I ovt 
can be c o n t r o l l e d away from the r i g . The disc or r e l i e f 
device s h a l l remain i n s t a l l e d as long as d r i l l i n g a c t i v i t i e s 
continue in the wel l u n t i l the intermediate or p r o d u c t i o n i 
casing is run and cemented. I 

( i ) The above requirements for the s a l t 
p r o t e c t i o n s t r i n g s h a l l be a p p l i c a b l e to both the shallow ai 
deep zones except for sub-section D (3) (b) ( i ) and ( i i ) 
above. 

L 
L 



-9 -
Case No . 93 16 
O r d e r No . R - l l l - P 

( 4 ) j_nJL c r_med J_£^e_S J_£j_n2 : 

(a) In d r i l l i n g w e l l s to the deep zone for o i l 
or gas, the operator shall -have the option of running an 
intermediate s t r i n g of pipe, unless the D i v i s i o n requires an 
intermediate s t r i n g be run. 

(b) Cementing procedures and casing tests for 
the intermediate s t r i n g shal I be the same as provided under 
sub-sections D (3) ( c ) , (e) and ( f ) for the s a l t p r o t e c t i o n 
s t r i ng. 

(5) Pl2£!y£!l212_§llli22: 

(a) A production s t r i n g shall be set on top or 
through the oi I or gas pay zone and shal I be cemented as 
foil o w s : 

( i ) For we l l s d r i l l e d to the shallow zone 
the production s t r i n g s h a l l be cemented to 
the surface i f the s a l t p r o t e c t i o n s t r i n g 
was cemented only w i t h a nominal volume 
for t e s t i n g purposes, in which case the 
s a l t p r o t e c t i o n s t r i n g can be cut and 
p u l l e d before the production s t r i n g is 
cemented; provided, that i f the s a l t 
p r o t e c t i o n s t r i n g was cemented to the 
surface, the production s t r i n g s h a l l be 
cemented w i t h a volume adequate to protec t 
the pay zone and the casing above such 
zone. 

( i i ) For wells d r i l l e d to the deep zone, 
the production s t r i n g s h a l l be cemented 
w i t h a volume adequate to protect the pay 
zone and the casing above such zone; 
provided, that i f no intermediate s t r i n g 
s h a l l have been run and cemented to the 
surface, the production s t r i n g s h a l l be 
cemented to the surface. 

(b) Cementing procedures and casing tests for 
the production s t r i n g s h a l l be the same as provided under 
sub-section D (3) ( c ) , (e] and ( f ) for the s a l t p r o t e c t i o n 
s t r i n g ; however i f high pressure o i l or gas production is 
discovered in an area, the D i v i s i o n may promulgate the 
necessary rules to prevent the charging of the s a l t s e c t i o n . 
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E • 25ilrhiN5_f LLUD_FOR_SALT_SECTJ_ON 

The f l u i d used while d r i l l i n g the s a l t section s h a l l 
c o nsist of water, to which has been added s u f f i c i e n t s a l t s of 
a character common to the zone penetrated to completely 
saturate the m i x t u r e . Other admixtures may be added to the 
f l u i d by the operator in overcoming any s p e c i f i c problem. 
This requirement is s p e c i f i c a l l y intended to prevent enlarged 
d r i l l holes. 

(1) A l l weIls h e r e t o f o r e and h e r e a f t e r d r i l l e d 
w i t h i n the Potash Area s h a l l be plugged in a manner and in 
accordance w i t h the general rules or f i e l d rules e s t a b l i s h e d 
by the D i v i s i o n that wi I I provide a sol id cement plug through 
the s a l t s e ction and any water-bearing horizon and prevent 
I iquids or gases from e n t e r i n g the hole above or below the 
s a l t sec t i on. 

(2) The f l u i d used to mix the cement shal I be 
saturated w i t h the s a l t s common to the s a l t s e c t i o n penetrated 
and w i t h s u i t a b l e p r o p o r t i o n s but not more than three (3) 
percent of calcium c h l o r i d e by weight of cement being 
considered the desired mixture whenever p o s s i b l e . 

(a) W i t h i n n i n e t y (90) days f o l l o w i n g 
e f f e c t i v e date of t h i s Order and annually t h e r e a f t e r by 
January 31 i f r e v i s e d , each potash lessee, without regard to 
whether the lease covers State or Federal lands, s h a l l f i l e 
w i t h the D i s t r i c t Manager, BLM, and the State Land O f f i c e 
(SLO), a d e s i g n a t i o n o f t h e potash deposits considered by the 
potash lessee to be f i ts~] I i fe-of-mine reserves ("LMR"). For 
purposes of t h i s Agreement, " l i f e - o f - m i n e reserves" means 
those potash deposits w i t h i n the Potash Area reasonably 
b e l i e v e d by the potash lessee to c o n t a i n potash ore in 
s u f f i c i e n t thickness and grade to be mineable using c u r r e n t 
day mining methods, equipment and technology. I n f o r m a t i o n 
used by the potash lessee in i d e n t i f y i n g i t s LMR s h a l l be 
f i l e d w i t h the BLM and SLO but w i l l be considered p r i v i l e g e d 
and c o n f i d e n t i a l "trade secrets and commercial. 
. i n forma t i o n " w i t h i n t he mean ing of '13 C.F.R.§2.13(c)(4) 
(1986), Section 19-1-2.1 NMSA 1978, and not subject to p u b l i c 
d i s c i osure. 

(b) Authorized o f f i c e r s of the BLM and SLO 
s h a l l review the i n f o r m a t i o n submitted by each potash lessee 
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in support of i t s LMR designation on t h e i r respective lands 
and v e r i f y upon request, that the data used by the potash 
lessee in e s t a b l i s h i n g the boundaries of i t s LMR is consistent 
w i t h data a v a i l a b l e to the BLM 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 I n t e r i o r ' s Hearings and Appeals Procedures, 43 
C.F.R. Part 4 (1986). 

(c) A potash lessee may amend its designated 
LMR by f i l i n g a revised designation with the BLM and SLO 
accompanied by the information referred to in Section A above. 
Such amendments must be file d by January 31 next following the 
date the additional data becomes available. 

(d) Authorized o f f i c e r s nf tho BLM and SLO 
shall conini t the designated LMR of each potash lessee to a 
map(s) of suitable scale and thereafter revise the map(s) as 
necessary to re f l e c t 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 §19-1-2.1 NMSA 1 978 , and w i l l be used only for the 
purposes set forth in this Order. 

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

(2) Before commencing d r i l l i n g operations for o i l 
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 D r i l l . In addition to the number of 
copies required by the Division, the well operator shall send 
one copy by registered mail to each potash operator holding 
potash leases within a radius of one mile of the proposed 
well, as reflected by the plats submitted under paragraph I 
( 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 D r i l l and plats furnished the Division. 

(3) D r i l l i n g applications on federal lands w i l l be 
processed for approval by BLM. Applications on state or 
patented lands w i l l be processed by the Division and, in the 
case of state lands, in collaboration with the SLO. The 
Division w i l l f i r s t ascertain from the BLM or SLO that the 
location is not within the LMR area. Active mine workings and 
mined-out areas shall also be treated as LMR. Any application 
to d r i l l 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 o i l and gas i n t e r e s t s . App I i ca t i oris to d r i l l 
o utside the LMR w i l l be approved as in d i c a t e d below; provided 
there is no pro t e s t fr-^m potash lessee w i t h i n 20 days of his 
rec e i p t of a copy of the n o t i c e : 

(a) a shallow we I I s h a l l be d r i l l e d no closer 
to the LMR than one-fourth (1/4) mile or 110% 
of tiie depth of Ihr ore, whichever is g r e a t e r . 

(b) A deep wel I shal I be d r i I led no closer than 
one-half (1/2) m i l e from the LMR. 

H• INSPECTION OF DRILLING AND MINING OPERATIONS 

A re p r e s e n t a t i v e of any potash lessee w i t h i n a 
radius of one mi le from the wel I l o c a t i o n may be present 
dur i n g d r i l l i n g , cementing, casing, and plugging of any o i l or 
gas w e l l s to observe conformance w i t h these r e g u l a t i o n s . 
Likewise, a r e p r e s e n t a t i v e of the o i l and gas lessee may 
inspect mine workings on his lease to observe conformance w i t h 
these r e g u l a t i o n s . 

AND POTASH DEVELOPMENT PLANS 

( 1 ) D i r e c t i o n a l Surveys: 

The D i v i s i o n may r e q u i r e an operator to f i l e a 
c e r t i f i e d d i r e c t i o n a l survey from the surface to a poi n t below 
the lowest known potash-bearing horizon on any wel l d r i l l e d 
w i t h i n the Potash Area. 

(2) Mine Surveys: 

W i t h i n 30 days a f t e r the adoption of t h i s order 
and t h e r e a f t e r on or before January 31st of each year, each 
potash operator s h a l l f u r n i s h the D i v i s i o n two copies of a 
p l a t of a survey of the l o c a t i o n of his I ea seho I cl i ngs and a l l 
of his open mine workings, which p l a t s h a l l be a v a i l a b l e for 
pu b l i c inspection and on a scale acceptable to the D i v i s i o n . 

J. APPLICABILITY OF STATEWIDE RULES AND REGULATIONS 

A l l g e n e r a l s t a l o w i d o r u l e s and roqn I n t i oris of the 
O i l Conservation D i v i s i o n governing the development, 
o p e r a t i o n , and production of o i l and gas in the State of Nev. 
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Mexico not inconsistent or in c o n f l i c t herewith, are hereby 
adopted and made applicable to the areas described herein. 

il_i§_f y5IL!§?_959§B§9_It!AI: 

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

(2) J u r i s d i c t i o n of t h i s cause is retained for the entry 
of such fu r t h e r orders as the Conmission may deem necessary. 

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

STATE OF NEW MEXICO 
OIL CONSERVATION COMMISSION 

WILLIAM R. HUMPHRIES, Member 

ERLINC A. BROSTUEJO Member 

WILLIAM J. LEMAY, Chairman 
and Sedretary 



EXHIBIT "A" 
CASE 3̂ 16 

ORDER R-111-P 

CONSOLIDATED LAND DESCRIPTION OF THE KNOWN POTASH 
LEASING AREA, AS OF FEBRUARY 3, 198 8 

EDDY COUNTY, NEW MEXICO 

TOWNSHIP 18 
Sect i on 
Sec t i on 
Sec t i on 
Sec t i on 
Sec t i on 
Section 
Sec t i on 
Sec t i on 
Sec t i on 
Sec t i on 

1 0 
1 1 
1 3 
1 4 
1 5 
22 
23 
24 
26 
27 

SE/4 SE/4 
S/2 SW/4 
W/2 
W/ 2 
E/2 
N/2 
Al I 
N / 2 
NE/4 

3 0 EAST, NMPM 

SW/4 
NE/4 
NE/4 
, N/2 

NW / 4 , 
Ui 2 

and SE/4 SW/4 
NW/4 and S/2 
SE/4 SW/4 and SE/4 
SW/4, SE/4 SW/4 and SE/ 4 

SW / 4 
NW/4 

NW/4 and 
and SE/4 

NW/4 
NW/ 4 

SW/ 4 

N/2 NE/4 and NE/4 NW/4 

TOWNSHIP 19 SOUTH, RANGE 2 9 EAST, NMPM 
Sec t i on 1 1 : SE/4 SE / 4 
Sect i on 1 2 : SE/4 NE/4 and S/2 
Sec t i on 13 : Al 1 
Sec t ion 1 4 : NE/4 , SE/4 NW/4 and S/2 
Sec t i on 1 5 : SE/4 SE/4 
Sec t i on 22 : NE/4 , E/2 W/2 and SE/4 
Sec t i on 23 : Al 1 
Sec t i on 2 4 : Al 1 
Section 25 : NW/4 NW / 4 
Sec t i on 26 : N/2 NE/4 and NW/4 
Sec t i on 27 : NE/4 and E/2 NW/4 

TOWNSm P_ 
Sec t i on 
Sec t i on 

Sec t i on 

Sec t i on 

Section 
Sec t i ons 
Sec t i on 
Sect i on 
Sec t i on 
Sec t i ons 
Sect i on 

Sec t i ons 
Sec t i on 

j_9_SOUTH, _RANGE 
2 : SW74 
3: W/2 SW/4, 

NE/4 
4: Lots 

30 EAST, NMPM 

6 
7 

1 1 
1 2 
1 3 
1 4 

19 : 

20 
2 4 : 

SE/4 
SE/4 

3 nnd 4, SW/4 
and S/2 

Lots 1 , 2 , and 3, S/2 
S/2 NW/4 and S/2 

S/2 SE/4 and NE/4 SE/4 
to 10 i n c l u s i v e 

S/2 NE/4, NW/4 
NE/4, S/2 NW/4 
NE/4, W/2. N/2 

to 18 i n c l u s i v e 
Lots 1 , 2, and 

NE/4 SW/4, 
NW/4 SE/4 

to 2 3 i ncI us i ve 
NW/4, NW/4 SW/4 

SW/4, S/2 SE/4 and 

NE/4, S/2 NW/4 

NE/4 

NW/4 and 
and S/2 
SE/4 and 

3 , NE/4, 
E/2 SE/4 

S/2 

SW/4 SE/4 

E/2 NW/4, 
and 

and S/2 SW/4 
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Section 25 : NW/4 NW / 4 
Section 26 : NE/4 NE/4, W/2 NE/4, W/2, W/2 

and SE/4 SE/4 
Sect ion 27 : Al I 
Sect ion 28 : Al I 
Sect ion 29 : E/2 , E/2 NW/4 and NW/4 NW/4 
Sect ion 32 : E/2 and SE/4 SW/4 
Sect i on 33 to 35 i n c l u s i v e 
Section 36 NW / 4 NW/4, S/2 NW/4 and S/2 

TOWNSHIP 19 SOUTH, RANGE 3 1 EAST, NMPM 
Sect ion Lo t s 1, 2, and 3 and E/2 NW/4 
Section 1 8 Lots 1,2, and 3 and SW/4 NE/4 

E/2 NW/4 and NE/4 SW/4 
Sect ion 3 1 : Lot 4 
Section 34 : SE/4 SE/4 
Sect ion 35 S/2 SW/4 and SW/4 SE/4 
Section 36 : S/2 SE/4 

LEA COUNTY, NEW MEXICO 

TOWNSHIP 1 9 SOUTH, RANGE 32 EAST, NMPM 
Section 31 : Lot 4 
Sec t i on 3 3 : Lots 1 to 4 inc l u s i v e and N/2 S/2 
Section 34 : Lots 1 to 4 i n c l u s i v e and N/2 S/2 
Sect ion 35 : Lots 1 to 4 i n c l u s i v e and N/2 S/2 
Sect i on 36 : Lots 1 to 4 in c l u s i v e . SE/4 NE/4. 

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

TOWNSH1P 1 9 SOUTH, RANGE 3 3 EAST, NMPM 
Section 22 : 5E/4 NE/4 , E72 SW/4 and SE/4 
Sec t i on 23 : S/2 NW/4, SW/4, W/2 SE/4 and 

SE/4 SE/4 
Section 25 : SW/4 NW/4 , W/2 SW/4 and SE/4 SW/4 
Sec t i on 26 : Al 1 
Section 27 : Al 1 
Sect ion 28 : S/2 SE/4 and NE/4 SE/4 
Section 30 : Lots 2 to 4 i n c l u s i v e , S/2 NE/4. 

SE/4 NW/4, E/2 SW/4 and SE/4 
Sect ion 31 : Al 1 
Sect i on 32 : NE/4. S/2 NW/4 and S/2 
Sec t ions 33 to 3 5 i nc1 us i ve 
Section 36 : W/2 NE/4, SE/4 NE/4, NW/4 and S/2 

TOWNSHIP 19 SOUTH. RANGE 3 4 EAST. NMI'M 
Section 31 : Lots 3 and 4 
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EDDY COUNTY, NEW MEXICO 

TOWNSHIP 2 0 
Sec t" i on 1 
Sec t i on 1 3 
Sec t i on 1 4 
Sec t i on 1 5 
Sec t i on 22 
Sec t i on 23 
Sec t i on 24 

Sect i on 25 
Sect i on 26 
Sec t i on 27 
Sect i on 34 
Sect i on 35 
Sect i on 36 

SE/4 NE/4" 
SW/4 NW/4 
NW/4 NE/4 
E/2 E/2 
E/2 and 
Al I 
SW/4 

and E/2 SE/4 
W/2 SW/4 and SE/4 SW/4 
S/2 NE/4, NW/4 and S/2 

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

and W/2 SE/4 

NE/4 
SE/4 
SW/4 

W/2 
SE/4 
W/2 

W/2 SE/4 and 

N/2 
Al I 
E/2 
NE/4 
N/2 
W/2 NE/4 and NW/4 

TOWNSmP_2£_SOUTHi_RANCE_30_EAST, NMPM 
Sections 1 to 4 inclusive 

SE/4 and NE/4 SE/4 

Section 5 

Section 6 

Section 7 
Sections 8 
Sec t i on 18: 
Sec t i on 19: 
Sections 20 
Section 30: 

Sect i on 31: 
Sections 32 

Lo ts 1 to 3 i ncI us i ve 
and S/2 

Lots 5 , 6, and 7 
and SE/4 

, S/2 N/2 

S/2 NE/4, E/2 SW/4 

and E/2 NW/4 Lots 1 and 2, E/2 
to 17 i ncI us i ve 

E/2 
E/2 and SE/4 SW/4 

to 29 inclusive 
Lots 1 to 3 inclusive, E/2 and 

E/2 W/2 
NE/4 and E/2 SE/4 

to 3 6 inclusive 

TOWNSHj_F̂ 2 0_SOUTH^_RA 
Section 1? Lots 1 to 3 i nr I I K i vo 

Sec t i on 
Sec t i on 
Sec t i on 

Sec t i on 
Sec t i on 
Sec t i on 

"Lots 

Al I 
Lots 
Lots 

Sec tion 10: 
Sec t i ons 11 to 

Al I 
S/2 
S/2 

E/2 
36 

1 to 3 i n c l u s i v e . S/2 N/2 
and S/2 

1 and 2, S/2 NE/4 and SE/4 
4 to 7 inclusive, SE/4 NW/4 
E/2 SW/4, W/2 SE/4 and 
SE/4 SE/4 

N/2 and S/2 
NW/4, SW/4, 
SE/4 SE/4 

and SW/4 
inclusive 

W/2 SE/4 and 
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LEA COUNTY, NEW MEXI CO 

TOWNS II1 P 20 SOUTH, RANGE 3 2 EAST, NMPM 
Sect ions 1 to 4 i n c l u s i v e 
Sect ion 5 : S/2 SE/4 
Section 6 : Lots 4 to 7 i n c l u s i v e , SE/4 

E/2 SW/4 and SW/4 SE/4 
Sections 7 to 36 i nc1 us i ve 

TOWNSHIP 20 SOUTH, RANCE 3 3 EAST, NMPM 
Sections 1 to 36 i n c l u s i v e 

TOWNSHIP 2 0 SOUTH^_RANGE 3_4_EASTJL_NMPM 
Cots 3 to~7 i n c l u s i v e , SE/4 NW/4, 

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

Al I 
SW/4. S/2 NW/4, W/2 SE/4 and 

SE/4 SE/4 
W/2 NW/4. SE/4 NW/4, SW/4 and 

S/2 SE/4 

Sect on 6 : 

Sect on 7 : 
Sect on 8 : 

Sect on 1 6 : 

Sec t i ons 1 7 
Sect i on 22 : 

Sect i on 26 : 
Sec t i ons 27 
Sec t i on 3 6 : 

N/2 NW/4, SW/4 NW/4, SW/4, W/2 SE/4, 
and SE/4 SE/4 

SW/4, W/2 SE/4 and SE/4 SE/4 
3 5 i ncI us i ve 
SW/4 NW/4 and W/2 SW/4 

EDDY COUNTY, NEW MEXICO 

TOWNSHJ_P_2J_ 
Sec t i ons 1 
Section 4: 

Sec t i on 5: 
Section 10: 
Sections 11 
Section 15 
Section 2 3 
Section 2 4 
Section 2 5 
Section 3 5 

Sec t i on 3 6: 

EAST, NMPM 

to 

to 3 i n c l u s i v e 
Lots 1 through 

SE/4 
1 
NE/4, SE/4 

i tic I us i ve 
NE/4 and NE/4 
NE/4 
N/2 NW/4 and SE/4 
NE/4 and S/2 SE/4 
2 to 4 i n c l u s i v e , 
NE/4 SW/4 and N/2 
1 to 4 i n c l u s i v e , 
E/2 NW/4 and N/2 

Lot 
N / 2 
1 4 
E/2 
N/ 2 
E / 2 , 
NE/4 
Lots 

Lots 

16, NE/4 SW/4 and 

NE/4 and SE/4 SE/4 

SE/4 

NW/ 4 

S/2 NE/4 
SE/4 
NE / 4 . 
S/2 

TOWNSHIP 21 SOUTH. RANGE 3 0 EAST. NMPM 
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TOVVNSHJ_P_ 
S e c t i o n s 

2I_SOUTH, 
'l to 36 

_RANCE_3 1_ 
ncI us i ve 

EAST, NMPM 

LEA COUNTY, NEW MEXICO 

TOWNSHIP 2 1 SOUTH, RANGE 3 2 EAST, NMPM 
Sec t i ons 1 to 2 7 i n c l u s i v e 
Sec t i on 28 : N/2 and N/2 S/2 
Sect ions 29 to 31 i n c l u s i v e 
Sect i on 32 : NW/4 NE/4, NW/4 and NW/ 4 SW/4 
Sect i on 34 : N/2 NE/4 
Sec t i on 35 : N/2 N/2 
Sect i on 3 6 : E/2, N/2 NW/4, SE/4 NW/4 3nd 

TOWNSHJ_P_2_2_ 
Sec t i on 1 : 

Sections 2 
Sec t i on 12: 
Sec t i on 13: 
Sections 14 
Section 25: 
Sect i ons 26 
Sec tion 31: 

Sect 
Sec t 
Sect 
Sect 
Sect 

ion 32 
i on 33 
ion 34 
ion 3 5 
i on 36 

NE/4 SW/4 

Lots 2 to 7 inclusive. Lots 10 t 
14 inclusive, N/2 SW/4 and 
SW/4 SW/4 

to 11 inclusive 
NW/4 NW/4 and SW/4 SW/4 
N/2 NW/4, S/2 N/2 and S/2 

to 24 inclusive 
N/2. SW/4 and W/2 SE/4 

to 30 inclusive 
Lots 1 to 4 inclusive, NE/4, 

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

N/2 and NW/4 SW/4 
N/2 
NE/4, N/2 NW/4 and E/2 SE/4 
Al I 
W/2 NE/4, NW/4 and S/2 

TOWNSHIP 21 SOUTH, RANGE 3 4 EAST, NMPM 
Sec t i on 17 
Sec t i on 18 
Sec t i on 19 

Sec t i on 20 
Sec t i on 30 
Sec t i on 31 

W/ 2 
Al I 
Lots 

NW / 4 
Lo t s 
Lots 

1 to 4 i n c l u s i v e , NE/4 
E/2 W/2, N/2 SE/4 and 
SW/4 SE/4 
NW/ 4 
1 and 2 and NE/4 NW/4 
3 and 4 

EDDY COUNTY, NEW MEXICO 

TOWNSHIP 2 2 SOUTH. RANGE 2 8 EAST NMPM 
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TOWNSmP 2 2 SOUTH. RANGE 2 9 EAST, NMPM 
Sec t 
Sec t 
Sec t 
Sect 
Sec t 
Sect 
Sec t 
Sect 
Sec t 
Sec t 

Sect 

ons 1 and 2 i n c l u s i v e 
on 3 : SE/4 SW/4 and SE/4 
on 9: S/2 NE/4 and S/2 
ons 10 to 16 i n c l u s i v e 
on 17: S/2 SE/4 
on 19: SE/4 NE/4 and E/2 
ons 20 to 28 i ncI us i ve 
on 29: N/2 N/2, SI 2 NE/4 
on 30: NE/4 NE/4 
on 31: Lots 1 to 1 i n c l u s i v e 

E/2 W/2 and SE/4 
ons 32 to 36 i n c l u s i v e 

SE/4 

and SE/4 

S/2 NE/4 

IOWNSHj_P_2 2_SOUTH^_RANGE 
Sections 1 to 36 i n c l u s i v e ~ 

TOWNSHIP 2 2 SOUTH, RANGE 31 EAST. NMPM 
Sec t ons I to 11 i n c I us i ve 
Sec t on 1 2 : NW/4 NE/4. NW/4 and 
Sec t on 1 3 : S/2 NW/4 and SW/4 
Sec t ons 1 4 to 2 3 i n c l u s i v e 
Sec t on 24 : W/ 2 
Sec t on 25 : NW / 4 
Sect ' on 26 : NE/4 and N/2 NW/4 
Sec t ons 27 to 34 i nc1 us i ve 

NW/4 SW/4 

LEA COUNTY, NEW MEXICO 

™b!§LiILLIl_§2L,iyi_BANGE_32_EAST , NMPM 
Sec t i on 1 : ~Lo t* 1 ' 

Section 6: Lots 2 to 7 i n c l u s i v e and SE/4 NW/4 

TOWNSH_l_P_ 2 2 _SOUTI I , RANGE 3 3 EAST, NMPM Sec t i on 1 Lots 1 to 4 i n c l u s i v e . S/2 N/2 and 
N/2 S/2 

Sect i on 2 Al 1 
Section 3 Lot 1, SE/4 NE/4 and SE/4 
Sec t i on 6 Lot 4 
Sect ion 1 0 NE/4 
Sect ion 1 1 NW/4 NE/4 and NW/4 

TOWNSm P_2 2_SO^ 
Section 6:~ Lots 4 to 6 i n c l u s i v e ~ 
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EDDY COUNTY. NEW MEXICO 

TOWNSH I P_2_3_§OUTH^_RANCE_2£_EAST_L_NMPM 
Section 1 : Lo t 1 

JOWNSmP_23 
Sections 1 
Section 6: 

EAST, NMPM 

Sect 
Sec t 
Sect 
Sect 
Sect 
Sect 
Sec t 
Sec t 
Sect 
Sect 
Sect 
Sect 

on 7 : 
on 8 : 
ons 9 
on 17: 
ons 2 1 
on 2 4 
on 25 
on 2 6 
on 27 
on 28 
on 33 
on 34 

Sec t i on 
Sec t i on 

35 
36 

_S9yi[j^_RANCE_2 9 
to 5 i n c l u s i v e 

Lots 1 to 6 i n c l u s i v e , S/2 NE/4, 
SE/4 NW/4, E/2 SW/4 and SE/4 

NE/4 and NE/4 NW/4 
N/2. N/2 SW/4, SE/4 SW/4 and SE/4 

to 16 i n c l u s i v e 
NE/4 and E/2 SE/4 

to 2 3 i n c l u s i v e 
N/2. SW/4 and N/2 SE/4 
W/2 NW/4 and NW/4 SW/4 
Al I 
Al I 
N/2 , 
N/2 
NE/4 

Al I 
W/2 

N/2 SW/4, SE/4 SW/4 and SE/4 
NE/4 and NE/4 NW/4 
. E/2 NW/4, NW/4 NW/4, 
NE/4 SW/4 and SE/4 

NE/4. NW/4 and N/2 SW/4 

TOWNSmP_23 
Sections 1 
Section 19: 
Section 20: 
Sect i on 21: 
Sec t i on 2 2: 
Sec t i ons 23 
Sec t i on 2 6: 
Sect i on 27: 

to 

Sec t i on 
Sec t i on 
Sec t i on 
Sec t i on 
Sec t i on 

28 
29 
30 
32 
33 

Sect i ons 34 to 

_SOUTH^_RANCE_3 0_EAST 
to 18 i n c l u s i v e 

N/2, N/2 SW/4, 
Al I 
Al I 
N/2, S/2 SW/4, 
25 i n c l u s i v e 
E/2 , SE/4 NW/4 
N/2 NW/4, SW/4 

S/2 SE/4 
and SW/4 
and SE/4 
NE/4 
NE/4 
NE/4, N/2 NW/4 
and S/2 SE/4 

3 6 i n c l u s i v e 

NMPM 

SE/4 SW/4 and SE/4 

N/2 S/2 and SE/4 SE/ 

and SW/4 
NW/4, SE/4 SW/4. 
and NE/4 SE/4 

N/2 
N/2 
N/ 2 
N/ 2 
SE/4 NE/4 SE/4 

IQ^stiiLLll-^QyiLii-^^i-3! §A§T\ NMPM 
Section 2: Lot 4, SW/4 NW/4 and W?2 SE/4 
Sections 3 to 7 i n c l u s i v e 
Section 8: NE/4 NE/4, W/2 NE/4 and W/2 
Section 9: N/2 N/2 
Section 10: NW/4 NW/4 nnd SE/4 SF / 4 
< ; p r t i n n 1 1 • c i 1 KIC i .. <- • - - . . 
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Sect on 1 2 SW/4 NW/4 and SW/4 
Sect on 1 3 SW/4 NE/4 , W/2 and W/2 SF/4 
Sect on 1 4 Al 1 
Sect on 1 5 E/2 , SE/4 NW/4 and SW / 4 
Sect on 1 6 SW/4 and S/2 SE/4 
Sec t on 1 7 NW/4 and S/2 
Sect ons 1 8 to 2.3 i nc 1 us i ve 
Sec t on 24 W/2 NE/4 and W/2 
Sec t on 25 W/2 NE/4, NW/4, N/ 2 SW/4 and 

NW / 4 SE/4 
Sec t ions 20 to 3 4 i n c l u s i ve 
Sec t i on 35 N/2 NW/4 and SW/4 NW / 4 

Section 2: Lots 2 to 4 inclusive 
Sec t i on 3: Lo t 1 

TOWNSHIP 2 4 SOUTH, RANGE 3 0 EAST. NMPM 
Sect i on 1 : Lots 1 to 4 inclus ive. S/2 N/2, 

SW/4 and NW/4 SE/4 
Sect i on 2 : Al I 
Sect i on 3 • Al 1 
Sec t i on 4 Lots 1 and 2. S/2 NE/4. SE/4 NW/4. 

SW/4 SW/4. E/2 SW/4 and SE/4. 
Sect i on 9 N/2 . N/2 SW/4, SE/4 SW/4 and SE/4 
Sec t i on 10 Al 1 
Sec t i on 1 1 Al 1 
Sect i on 1 2 W/2 NW/4 and NW/4 SW/4 
Sect i on 1 4 W/2 NE/4 and NW/4 
Sec t i on 1 5 NE/4 and N/2 NW/4 

TOWNSHIP 2 4 SOUTH, 
Sec t i on 3 : Lots 

Sect i on 4 : Al 1 
Sect i on 5 : Lots 

Sec t i on 6 : Lo t s 

Sec t i on 9 : E/2 
Sec t i on 1 0 : W/ 2 
Sec t i on 35 : Lo t s 

Sect i on 36 : Lots 

^y5I_ll_§AST^_NMPM 
2 to 4 inclusive, SW/4 
S/2 NW/4, SW/4 and W/2 

NE/4 
SE/4 

N/2 , 1 to 4 i ncI us i ve, S/2 
N/2 S/2 and SE/4 SE/4 
1 to 6 i ncI us i ve , S/2 NE/4, 
SE/4 NW/4, NE/4 SW/4 and 
N/2 SE/4 
and NW/4 
NE/4 and W/2 
1 to 4 inclusive, S/2 N/2 and 
N/2 S/2 
1 and 2, SW/4 NW/4 and N/2 SW/4 

TOWNSH J_P_2 5 _SOUTH^_RANCE_3 1 _EAST̂ _NMPM 
Section 1: ~Lots 3 and 4 and S/2 NW/4 
Section 2: Lots 1 to 4 inclusive and S/2 N/2 



STATEMENT OF AGREEMENT BETWEEN 
TILE POTASH INDUSTRY AND OIL ANU 

GAS INDUSTRY ON CONCURRENT 
OPERATIONS IN THE l̂ OTASM AREA 

1_N EUJJY_AH_U_UEA_C0U NTl ES. NEW MEX1 CO 

Introduction 

This Statement of; Agreement sets forth the joint agreement 

of the Potash Industry and O i l and Gas Industry on important 

issues concerning the concurrent development of potash and o i l 

and gas reserves in Eddy and Lea Counties, New Hexico. I t 

represents the efforts of numerous representatives from each 

Industry over many months and i s intended to resolve many of 

the disputes that have arisen as a result of concurrent o i l and 

gas d r i l l i n g a c t i v i t i e s in the v i c i n i t y of underground potash 

mining. 

The parties recognize that this Agreement w i l l not resolve 

a l l disputes or disagreements that may arise and that 

regulatory intervention may s t i l l be necessary in some 

instances. By entering into this Agreement, . however, each 

industry recognizes the right of the other to develop i t s 

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 limits can be better defined through good 

fai t h discussions among industry representatives familiar with 

industry technology and practices than repeated and prolonged 

l i t i g a t i o n or administrative proceedings. 

EXHIBIT "D" 
CASE NO. 9316 
ORDER NO. R- l l l - P 



In attempting to accomplish t h i s , each Industry has made • 

concessions on issues considered c r i t i c a l to i t i n a good f a i t h 

e f f o r t to o b t a i n concessions from the other. For t h i s reason, f 

both I n d u s t r i e s agree that the terms of t h i s Statement of 

Agreement are subject to the f o l l o w i n g c o n d i t i o n s : 

1. Upon approval by representatives of each 
Industry, the terms of tlie Agreement w i l l be 
submitted to and must be adopted without 
s u b s t a n t i a l change by the New Mexico O i l 
Conservation Commission ("OCC") i n l i e u of tlie 
c u rrent Order R-111A, as amended; 

2. The terms of the Agreement w i l l be submitted to 
and must be adopted without s u b s t a n t i a l change by 
the U. S. Department of I n t e r i o r , Bureau of Land 
Management ("BLM") i n l i e u of Section I I I (E) of 
the Secretary of the I n t e r i o r ' s Order of October 
21, 1986 [51 F£d_. Reg. 39425]; 

3. Each Industry w i l l use i t s best e f f o r t s 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 w i l l 
become null and void and w i l l not be referred to 
by any Industry representative on the Study 
Committee in any future proceeding before the OCC 
or BLM. 

I t i s the i n t e n t i o n of the p a r t i e s to t h i s Agreement t h a t : 

(1) c e r t a i n areas of potash deposits, c a l l e d " l i f e - o f - m i n e -

reserves" or "LMR's," be permanently protected from o i l and gas 

d r i l l i n g a c t i v i t i e s ; and (2) to make a v a i l a b l e f o r o i l and gas 

d r i l l i n g a c t i v i t i e s , c e r t a i n areas w i t h i n the Potash Area. The 

area of potash deposits protected w i l l be determined i n 

accordance w i t h t h i s Agreement but, g e n e r a l l y speaking, w i l l 

encompass the yellow, orange and a major p o r t i o n of tlie blue 
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areas shown on the BLM Potasli Resources Map as i t existed on 

October 1, 1984. Areas i n the Potasli Area that w i l l be 

available for o i l and gas d r i l l i n g a c t i v i t i e s w i l l be those 

areas outside the designated LMR's which, generally speaking, 

w i l l be the red, green, grey and a minor p o r t i o n of the blue 

areas shown on the BLM Potash Resources Map as i t existed on 

October 1, 1984, less areas designated as buff e r zones by t h i s 

Agreement. 

I . The Potash Area 

A. The Area covered by t h i s Agreement s h a l l be known as 

the "Potash Area". 

B. The "Potash Area" includes those tracts of land in 

Southeastern New Mexico, from the surface downward, which are 

designated as a "potash area" by the Secretary of the 

Department of Interior in Section V of the Order dated October 

21, 1986 and published in the Federa 1 Register on October 28, 

1986 [51 Fed. Reg. 39426], I t s h a l l also include any 

subsequent revisions to such designations. The terms "potash" 

and "commercial deposits of potash" s h a l l have the same meaning 

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

C. I t i s 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, i f the "potash area" designated in the 

Secretarial Order of October 21, 1986 [51 Fed. Reg. 39425] i s 

revised, the OCC, on i t s own motion after notice and hearing as 
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provided by applicable laws and r e g u l a t i o n s , w i l l adopt the 

same r e v i s i o n . 

I I . Designation o£ Mine Reserves 

A. Within ninety (90) days following adoption of this 

Agreement by the OCC and BLM and annually thereafter by January 

31 i f revised, each potash lessee, without regard to whether 

the lease covers State or Federal lands, s h a l l f i l e with the 

D i s t r i c t Manager, BLM, a designation of the potash deposits 

considered by the potash lessee to be i t s 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 s u f f i c i e n t thickness and grade to be mineable using current 

day mining methods, equipment and technology. Information used 

by the potash lessee in identifying i t s LMR s h a l l be f i l e d with 

the BLM but w i l l 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 o f f i c e r of the BLM s h a l l review the: 

information submitted by each potash lessee in support of i t s 
i 

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

the potash lessee in establishing the boundaries of i t s LMR is, 
i 

consistent w i t h data a v a i l a b l e to the BLM. Any disputes* 

between the BLM and potash lessee concerning the boundary of a' 

designated LMR s h a l l be resolved i n accordance w i t h the 



Department of I n t e r i o r ' s Hearings and Appeals Procedures, 43 

C.F.R. Part 4 (1986) . 

C. A potash lessee may amend i t s designated LMR by f i l i n g 

a revised designation w i t h the BLM accompanied by the 

information referred to i n Section A above. Such amendments 

must be f i l e d by January 31- next f o l l o w i n g the date the 

ad d i t i o n a l data becomes av a i l a b l e . 

D. An authorized o f f i c e r of the BLM s h a l l commit the 

designated LMR of each potash lessee to a map(s) of su i t a b l e 

scale and thereafte r revise the map(s) as necessary to r e f l e c t 

the l a t e s t amendments to any designated LMRs. These maps s h a l l 

be considered p r i v i l e g e d and c o n f i d e n t i a l and exempt from 

disclosure under 43 C.F.R. Part 2 and w i l l be used only f o r 

the purposes set f o r t h i n t h i s Agreement. 

I l l . D r i l l i n g in the Potash Area 

A. A l l o i l and gas wells d r i l l e d in the Potash Area after 

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

currently pending before the OCC and/or BLM, sh a l l be subject 

to the terms of this Agreement. 

B. I t i s the policy of the OCC and BLM to approve or deny 

applications for permits to d r i l l (APD's) in the Potash Area in 

accordance with the following: 

1. LMR and Buffer Zone. No o i l or gas well s h a l l be 
allowed from a surface l o c a t i o n : (a) w i t h i n the LMR of 
any potash lessee; (b) w i t h i n one-fourth (1/4) mi l e , 
or a distance equal to the depth of the ore plus ten 
percent (10%), whichever i s greater, of the LMR of any 
potash lessee; or (c) where the w e l l casing w i l l pass 
w i t h i n one-fourth (1/4) mile, or a distance equal to 
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the depth of the ore plus ten percent (10°«), whichever ] 
i s greater, of the LMR of any potash lessee. 

Outside Buffer Zone _B,ut withi n One-Ma If (.1 /2)__mi.1 e Qf 
LMR. An APD for an o i l 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 (101s), whichever is 
greater, but less than one-half (1/2) mile from the 
LMR of any potash lessee may be approved only i f : 
(a) the bottom hole location does not extend below tlie 
base of the Delaware Mountain Group, and (b) the well 
i s d r i l l e d in accordance with the cementing and casing 
requirements set forth in Section V. 

More Than One-Half Mile But Less Than One M i 1 e_F r Qtn 
LMR. An APD for an o i l 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 location 
provided: (a) wells with bottom hole locations below 
the base of the Delaware Mountain Group are d r i l l e d 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 d r i l l e d without 
regard to the requirements in Section V of this 
Agreement but must be d r i l l e d in accordance with then 
current Industry safety standards. 

More Than One Mile Frjom LMR. An APD for an o i l or gasi 
well at a location njore 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 o i l or gas well s h a l l be, 
allowed from any location where the well casing w i l l ! 
pass within one-fourth (1/4) mile or a distance equal 
to the depth of the ore plus ten percent (10%), 
whichever i s greater, of any open mine workings. ^ 

Abandoned Mine Workings. No o i l or gas well s h a l l be 
allowed from any location where the well casing wil]| 
pass through or within one-fourth (1/4) of a mile or aL 
distance equal to the depth of the ore plus ten 
percent (10%), whichever i s greater, of any abandoned 
mine workings that ;are connected to an existing min%, 
by an opening or barrier of one-hundred (100) feet or 
less unless the APD, is accompanied by the sealing and 
safety plan and c e r t i f i c a t i o n described in Paragraph q_ 
below. 
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7. An APD.for a d i r e c t i o n a l l y d r i l l e d o i l or gas w e l l to 
a bottom hole l o c a t i o n underlying the LMR of any 
potash lessee may be approved subject to the 
l i m i t a t i o n s and requirements set f o r t h in Paragraphs 1 

6 above. D i r e c t i o n a l l y d r i l l e d holes s h a l l be 
d r i l l e d v e r t i c a l l y u n t i l 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 o i l and gas operator d e s i r i n g to d r i l l a w e l l to a 

bottom hole l o c a t i o n that does not extend below the base of the 

Delaware Mountain Group from a surface l o c a t i o n where the w e l l 

casing w i l l pass through or w i t h i n 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 e x i s t i n g mine by any opening or a b a r r i e r 

of one-hundred (100) feet or less s h a l l prepare and submit to 

a l l affected potash lessees a plan and program f o r sealing o f f 

the area to be penetrated from other mine workings. Approval 

of any such plan s h a l l be i n the sole d i s c r e t i o n of the 

affected potash lessees. Any'approved plan s h a l l be attached 

by the o i l and gas operator to the APD f o r f i l i n g w i t h the OCC, 

and/or BLM. The o i l and gas operator s h a l l also complete a 

c e r t i f i c a t i o n i n the form prescribed by the OCC and/or BLM t h a t 

the d r i l l i n g of such w e l l w i l l not create a safety hazard to 

affected potash lessees. 

D. I t i s the b e l i e f of both p a r t i e s that the provisions 

of t h i s Agreement elimi n a t e the need f o r d r i l l i n g islands and 

three-year mining plans and, t h e r e f o r e , both agree that no 

d r i l l i n g islands w i l l be established i n the Potash Area and the 

f i l i n g of three-year mining plans w i l l be eliminated. 
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IV. Location of Wells and Notice to Potash Lessee 

A. The BLM, upon request, w i l l advise o i l and gas lessees 
v. 

of the surface locations where wells w i l l be allowed to develo 

the leases. O i l or gas leases covering areas designated a LMI 

by a potash lessee w i l l be u n i t i z e d to the extent possible w i t ! 

I 

1 
other areas where d r i l l i n g i s allowed. 

B. An o i l or gas operator d e s i r i n g to d r i l l an o i l or ga| 

w e l l i n the Potash Area or w i t h i n one (1) mile of a potash 

lease s h a l l prepare and f i l e an APD w i t h the OCC and/or BLr. 

along w i t h a map or p l a t showing tlie l o c a t i o n of the propose| 

w e l l . One copy of the APD and map or p l a t s h a l l be served by r e g i s t e r e d m a i l , r e t u r n r e c e i p t requested, on a l l potas t 
leaseholders w i t h i n one (1) mile of the proposed well' 

l o c a t i o n . However, i f the APD i s f o r an o i l or gas w e l l t h a t 

w i l l penetrate abandoned mine workings, a l l potash leaseholder^ 

i n the Potash Area s h a l l be n o t i f i e d . Proof of such s e r v i c e 

s h a l l be attached to the APD and f i l e d w i t h the OCC and/oL 

BLM. Within twenty (20) days of s e r v i c e of an APD and r e q u i r ^ 

documents/ any potash leaseholder w i t h i n one (1) mile of the 

proposed w e l l l o c a t i o n (or any a f f e c t e d potash lessee i f t£ 

proposed w e l l w i l l penetrate abandoned mine workings) may f i ) 

an o b j e c t i o n w i t h the OCC to the proposed w e l l . I f trre 

o b j ections cannot be resolved by agreement of the p a r t i e s , t ^ 

matter s h a l l be r e f e r r e d f o r hearing before the OCC. 

L 
C. The f a i l u r e of a potash leaseholder to o b j e c t to 

w e l l l o c a t i o n or i t s agreement to the d r i l l i n g l o c a t i 
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referred* to in this Agreement s h a l l not constitute a release of 

l i a b i l i t y . Oil 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 liquids into the 

strata or atmosphere as a result of d r i l l i n g a c t i v i t i e s . 

V. D r i l l i n g and Casinq Program 

[Same as current R-lll-A] 

VI. D r i l l i n g Fluid for Salt Section 

[Same as current R- l l l - A ] 

V I I . Plugging and Abandonment of Hells 

[Same as current R- l l l - A ] 

V I I I . F i l i n g of Well Surveys 

The OCC may require an o i l and gas operator to f i l e a 

ce r t i f i e d directional survey from the surface to a point below 

the lowest known potash bearing horizon on a l l wells d r i l l e d in 

the Potash Area. A l l encounters with flammable gases, 

including H2S, sh a l l be reported by the operator to the OCC. 

IX. Additional Safety Requirements and Emergency Action 

A. A l l o i l and gas d r i l l i n g a c t i v i t i e s within the Potash 

Area- s h a l l be performed using appropriate technology, 

equipment, and procedures to reduce the hazards of such 

a c t i v i t i e s 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 o i l or gas lease w i l l be allowed within the Potash Area. 
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C. In the event tlie increased o i l and gas d r i l l i n g 

a c t i v i t i e s allowed by t h i s Agreement r e s u l t i n a safety hazarc 

or i f data developed i n the course of such increased a c t i v i t i e s 

make i t reasonably appear th a t such a c t i v i t i e s are or w i l ) 

become a hazard to underground miners or mining a c t i v i t i e s , the 

BLM and/or OCC w i l l * upon request, i n i t i a t e proceedings i n 

accordance with^NMSA 70-2-23 and/or other applicable laws anc 

regulations to review such data and take whatever emergency 

steps are found necessary to e l i m i n a t e such hazard. Potash 

lessees may, i n a d d i t i o n , i n i t i a t e actions f o r i n j u n c t i v e 

r e l i e f under NMSA 70-2-29. The taki n g or f a i l u r e to take such 

action by the OCC or any potash lessee s h a l l not r e l i e v e the 

o i l and gas lessee from l i a b i l i t y f o r any damages caused by i t s 

o i l and gas a c t i v i t i e s . ^ ^ 4 

AGREED TO AND APPROVED THIS <t^"TA DAY OF /{jVA-#4Mr2'C<i DAY OF / / { C j - ^ i M ^ < ^ , 

19 87, BY THE FOLLOWING REPRESENTATIVES OF EACH INDUSTRY^ 

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

For the OJSI and Gas Industry: For 

1727L-7 

L 
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areas shown on the BLM Potasli Resources Map as i t existed on 

October 1, 1984. Areas i n the Potash Area that w i l l be 

available for o i l and gas d r i l l i n g a c t i v i t i e s w i l l be those 

areas outside the designated LMR's which, generally speaking, 

w i l l be the red, green, grey and a minor p o r t i o n of the blue 

areas shown on the BLM Potash Resources Map as i t existed on 

October 1, 1984, less areas designated as buff e r zones by t h i s 

Ag reement. 

I . The Potash Area 

A. The Area covered by t h i s Agreement s h a l l be known as 

the "Potash Area". 

B. The "Potash Area" includes those tracts of land in 

Southeastern New Mexico, from the surface downward, which are 

designated as a "potash area" by the Secretary of the 

Department of Interior in Section V of the Order dated October 

21, 1986 and published in the Federa 1 Register on October 28, 

1986 [51 Fed. Reg. 39426). I t s h a l l also include any 

subsequent revisions to such designations. The terms "potash" 

and "commercial deposits of potash" s h a l l have the same meaning 

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

C. I t i s 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, i f the "potash area" designated in the 

Secretarial Order of October 21, 1986 [51 Fed. Reg. 39425 1 i s 

revised, the OCC, on i t s own motion after notice and hearing as 
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provided by applicable laws and r e g u l a t i o n s , w i l l adopt the 

same r e v i s i o n . 

I I . 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 i f revised, each potash lessee, without regard to whether 

the lease covers State or Federal lands, s h a l l f i l e with the 

D i s t r i c t Manager, BLM, a designation of the potash deposits 

considered by the potash lessee to be i t s 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 tlie potash lessee to contain potash ore 

in s u f f i c i e n t thickness and grade to be mineable using current 

day mining methods, equipment and technology. Information used 

by the potash lessee in identifying i t s LMR s h a l l be f i l e d with 

the BLM but w i l l 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 o f f i c e r of the BLM s h a l l review the 

i n f o r m a t i o n submitted by each potash lessee i n support of i t s 

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

the potash lessee i n e s t a b l i s h i n g the boundaries of i t s LMR iSj 

consistent w i t h data a v a i l a b l e to the BLM. Any disputes 1 

between the BLM and potash lessee concerning the boundary of a! 
i 

designated LMR s h a l l be resolved i n accordance w i t h the 



Department of I n t e r i o r ' s Hearings and Appeals Procedures, 43 

C.F.R. Part 4 ( 1986) . 

C. A potash lessee may amend i t s designated LMR by f i l i n g 

a revised designation w i t h the BLM accompanied by the 

information referred to i n Section A above. Such amendments 

must be f i l e d by January 31- next f o l l o w i n g the date the 

a d d i t i o n a l data becomes av a i l a b l e . 

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 s h a l l 

be considered privileged and confidential and exempt from 

disclosure under 43 C.F.R. Part 2 and w i l l be used only for 

the purposes set forth in this Agreement. 

I l l . D r i l l i n g in the Potash Area 

A. A l l o i l and gas wells d r i l l e d in the Potash Area after 

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

currently pending before the OCC and/or BLM, s h a l l be subject 

to the terms of this Agreement. 

B. I t i s the policy of the OCC and BLM to approve or deny 

applications for permits to d r i l l (APD's) in the Potash Area in 

accordance with the following: 

1. LMR and Buffer Zone. No o i l 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 i s greater, of the LMR of any 
potash lessee; or (c) where the well casing w i l l pass 
within one-fourth (1/4) mile, or a distance equal to 
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the depth of the ore plus ten percent (10%), whichever j 
i s greater, of the LMR of any potash lessee. 

Outside Bu ffer Zone _B.U t Withi n One-Ha If (.1 / 2 )_m i .1 e Q f 
LMR. An APD for an o i l or gas well at a location more 
than one-fourth (1/4) mile, or a distance equal to tlie 
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 i f : 
(a) the bottom hole location does not extend below the 
base of the Delaware Mountain Group, and (b) the well 
is d r i l l e d in accordance with the cementing and casing 
requirements set forth in Section V. 

More Than One-Half Mile But Less Than One Mi 1 e_Fro_m 
LMR. An APD for an o i l 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 location 
provided: (a) wells with bottom hole locations below 
the base of the Delaware Mountain Group are d r i l l e d 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 d r i l l e d without*-
regard to the requirements in Section V of this 
Agreement but must be d r i l l e d in accordance with then 
current Industry safety standards. 

More Than One Mile From LMR. An APD for an o i l or gasi 
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. j 

Open Mine Workings. No o i l or gas well s h a l l be. 
allowed from any location where the well casing w i l l i 
pass within one-fourth (1/4) mile or a distance equal 
to the depth of the ore plus ten percent (10%). 
whichever i s greater, of any open mine workings. ft 

Abandoned Mine Workings. No o i l or gas well s h a l l be 
allowed from any location where the well casing willf 
pass through or within one-fourth (1/4) of a mile or aL 
distance equal to the depth of the ore plus ten 
percent (10%), whichever i s greater, of any abandoned 
mine workings that are connected to an existing min4L 
by an opening or barrier of one-hundred (100) feet or 
less unless the APD i s accompanied by the sealing and 
safety plan and c e r t i f i c a t i o n described in Paragraph t| 
below. 

- 6 -

L 
L 
L 



7. An APD.for a d i r e c t i o n a l l y d r i l l e d o i l or gas w e l l to 
a bottom hole l o c a t i o n underlying the LMR of any 
potash lessee may be approved subject to the 
l i m i t a t i o n s and requirements set f o r t h in Pamnraphs 1 

6 above. D i r e c t i o n a l l y d r i l l e d holes s h a l l be 
d r i l l e d v e r t i c a l l y u n t i l 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 o i l and gas operator d e s i r i n g to d r i l l a w e l l to a 

bottom hole loc a t i o n that does not extend below the base of the 

Delaware Mountain Group from a surface l o c a t i o n where tlie w e l l 

casing w i l l pass through or w i t h i n one-fourth (1/4) of a mile 

or a distance equal to tlie depth of the ore plus ten percent 

(10%), whichever i s greater, of abandoned mine workings that 

are connected to an e x i s t i n g mine by any opening or a b a r r i e r 

of one-hundred (100) feet or less s h a l l prepare and submit to 

a l l affected potash lessees a plan and program f o r sealing o f f 

the area to be penetrated from other mine workings. Approval 

of any such plan s h a l l be i n the sole d i s c r e t i o n of the 

affected potash lessees. Any'approved plan s h a l l be attached 

by the o i l and gas operator to the APD f o r f i l i n g w i t h the OCC, 

and/or BLM. The o i l and gas operator s h a l l also complete a 

c e r t i f i c a t i o n i n the form prescribed by the OCC and/or BLM t h a t 

the d r i l l i n g of such w e l l w i l l not create a safety hazard to 

affected potash lessees. 

D. I t i s the b e l i e f of both p a r t i e s t h a t the provisions 

of t h i s Agreement elimi n a t e the need fo r d r i l l i n g islands and 

three-year mining plans and, t h e r e f o r e , both agree tha t no 

d r i l l i n g islands w i l l be established i n the Potash Area and the 

f i l i n g of three-year mining plans w i l l be eliminated. 
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IV. Location of Wells and Notice to Potash Les.s_e_e_ 

A. The BLM, upon request, w i l l advise o i l and gas lesseesj 

of the surface lo c a t i o n s where w e l l s w i l l be allowed to develo 

the leases. O i l or gas leases covering areas designated a LMJ 

by a potash lessee w i l l be u n i t i z e d to the extent possible w i t r j 

other areas where d r i l l i n g i s allowed. 

B. An o i l or gas operator d e s i r i n g to d r i l l an o i l or gagj 

w e l l i n the Potash Area or w i t h i n one (1) mile of a potash 

lease s h a l l prepare and f i l e an APD w i t h the OCC and/or BLft 

along w i t h a map or p l a t showing the l o c a t i o n of the propose^ 

w e l l . One copy of tlie APD and map or p l a t s h a l l be served by 

r e g i s t e r e d m a i l , r e t u r n r e c e i p t requested, on a l l potasj^ 

leaseholders w i t h i n one (1) mile of the proposed wel, 
r 

location. However, i f the APD i s for an o i l or gas well tha 

w i l l penetrate abandoned mine workings, a l l potash leaseholder^ 

i n the Potash Area s h a l l be n o t i f i e d . Proof of such s e r v i c e 

s h a l l be attached to the APD and f i l e d w i t h the OCC and/ol 

BLM. W i t h i n twenty (20) days of service of an APD and r e q u i r ^ 

documents, any potash leaseholder w i t h i n one (1) mile of the 

proposed w e l l l o c a t i o n (or any a f f e c t e d potash lessee i f t ^ 

proposed w e l l w i l l penetrate abandoned mine workings) may f i ) 

an o b j e c t i o n w i t h the OCC to the proposed w e l l . I f trre 

o b j ections cannot be resolved by agreement of tlie p a r t i e s , t ^ 

matter s h a l l be r e f e r r e d f o r hearing before the OCC. 

L C. The f a i l u r e of a potash leaseholder to o b j e c t to 

w e l l l o c a t i o n or i t s agreement to the d r i l l i n g l o c a t i 

- 8 -
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referred^ to in this Agreement s h a l l not constitute a release of 

l i a b i l i t y . Oil 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 liquids into the 

strata or atmosphere as a result of d r i l l i n g a c t i v i t i e s . 

V. D r i l l i n a and Casinq Program 

[Same as current R-lll-A] 

VI. D r i l l i n g Fluid for Salt Section 

[Same as current R-lll-A] 

V I I . Plugging and Abandonment of Wells 

[Same as current R-lll-A] 

V I I I . F i l i n g of Well Surveys 

The OCC may require an o i l and gas operator to f i l e a 

ce r t i f i e d directional survey from the surface to a point below 

the lowest known potash bearing horizon on a l l wells d r i l l e d in 

the Potash Area. A l l encounters with flammable gases, 

including H2S, shall be reported by the operator to the OCC. 

IX. Additional Safety Reguirements and Emergency Action 

A. A l l o i l and gas d r i l l i n g a c t i v i t i e s within the Potash 

Area- s h a l l be performed using appropriate technology, 

equipment, and procedures to reduce the hazards of such 

a c t i v i t i e s to underground mines and miners and be conducted in 

accordance with the prudent operator standard. 

5. Only the minimum number of wells necessary to develop 

an o i l or gas lease w i l l be allowed within the Potash Area. 

- 9 -



C. In the event the increased oil and gas drilling 

activities allowed by this Agreement result in a safety Kazan 

or if data developed in the course of such increased activities 

make it reasonably appear that such activities are or wii: 

become a hazard to underground miners or mining activities, the 

BLM and/or OCC willi upon request, initiate proceedings ii* 

accordance with^ NMSA 70-2-23 and/or other applicable laws anc 

regulations to review such data and take whatever emergency 

steps are found necessary to eliminate such hazard. Potash 

lessees may, in 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 

oil and gas lessee from liability for any damages caused by its 

oil and gas activities. ^ \ 

AGREED TO AND APPROVED THIS DAY OF /^T^-A+f/^ . 

1987, BY THE FOLLOWING REPRESENTATIVES OF EACH INDUSTRY" 

COMPRISING THE POTASH-OIL AREA SPECIAL RULES STUDY COMMITTEE: 

For the Otsl and Gas Industry: For ota/h Undustry: 

I •' y 7 -v .v_ . . L 

1 7 2 7 L - 7 
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NM OIL CONSERVATION COMMISSION 
HEARING 

February 18, 1988 

Yates 
Bass 
Zxxon 
Gas Co NM 
Chevron 
Phillips 
Conoco 
Texaco 
Amoco 
Unocal 
Campbell & Black 
Talisman Energy 
Mesa Ltd. Ptnr 
Sun E&P 
Louisiana Land 
Hondo Oil 
Tenneco Oii 

OCD 
BLM 
SLO 

Hinkle Law 
Charles High 

Lundberg 
Western Ag 
NM Potash 
IMC Fertilizer 

COMPANIES REPRESENTED AT COMMITTEE MEETINGS 

Heyco 
Yates Petroleum 
Talisman 
Bass 
Texaco 
Exxon 
Anadarko Pet. 
Amoco 

Charles High 
Steelworkers 
OCD 
BLM 
Kellahin NMOGA 

IMC Fertilizer 
NM Potash 
Mississippi Chem 
Western Ag 
Lundberg 
Noranda Minerals 
AMAX 

MAILING LIST 

Enron Carlsbad Chamber of Commerce 
Tenneco W. Tom Kellahin 
Kaiser-Francis Oil Co. Robert Light, NM State Rep. 

James Ott 
NMOCD 
D. S. Nutter 



POTASH STUDY 02-tfITTEE 

Ma-H-ir̂  List 

XAME 

J. C. Allen 

George R. S. Sifhler 

Frank Condon 

Janes L. Crcrjer 

Randall L. Foote 

Joe Ganc 

Dan Girand 

Jinny D. Hall 

Jens Hansen 

Charles C. High, Jr. 

George Hover 

W. Tan 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 

PJ£FRESFJNTING 

Amoco Production Co. 

Anadarko Petroleum Corp. 

Noranda Mir.erals 

Exxon Drilling 

Mississippi Chemical Corp. 

Chamber of Conmerce 
Governmpnt Affairs Conm. 

HEyco 

Steelirorkers Local 

Bass Enterprises Prod. Cs. 

Attorney, pro se 

Enron Oil & Gas 

Attorney 

N. M. Oil & Gas Attorney 

Amax Chemical Corp. 

Lundberg Industries, Ltd. 

New Mexico Potash 

NJI. State Representative 

Western AG^linerals Co. 

Tenneco Oil Co. 

B.L.M. - m 921 

St. Representative 

International Minerals S| 
Chem. Corp. 

ADDRESS 

Box 3092, Houston Tx. 77253 

Box 2497, Midland, Tx. 79702 

Box 159, Lithia, Fl. 33547 

Box 10488, Midland, Tx. 79702 

Box 101, Carlsbad, N.M. 88220 

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

Box 1933, Roswell, N.M. 88201 

804 Solana, Carlsbad, N.M. 88220 

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, NJL 87504 

Box 279, Carlsbad, N.M. 88220 

Box 31, Carlsbad, N.M, 88220 

Box 610, Hobbs, N.M. 88240 

Box 1658, Carlsbad, N.M. 88220 

Box 511, Carlsbad, N.M. 88220 

7990 TH 10 West, San Antonio, Tx. 

Box 1449, Santa Fe, N.M. 87504 

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

Box 71, Carlsbad, N.M. 88220 
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Jim Pullig 

L. John Seeman 

Walter Thayer 

Al Springer 

Warren Traweek 

J. M. cr J. 3. Waid 

Jae J. Walker 

Marvin Watts 

Victor T. Lyon 

Les Clenents 

Bass Enterprises Prod. Co. 

Texaco USA 

International Minerals & 
Chen. Corp. 

Yates Petroleum 

Western AG-Minerals Co. 

Talisman Energy Corp. 

Amax Chemical Corp. 

N.M. State Senator 

N.M.O.C.D. 

N.M.O.C.D. 

Box 2760, Midland, Tx. 79702 

Box 728, Hobbs, N.M. 88240 

Box 71, Carlsbad, N.M. 88220 

207 S. Fourth, Artesia, N.M. 88210 

Box 511, Carlsbad, N.M. 88220 

2807 Buffalo Spdwy, Suite 319, 
Houston, Texas 77098 

Box 279, Carlsbad, N.M. 88220 

Box 56, Carlsbad, N.M. 88220 

Box 2088, Santa Fe, N.M. 87504 

Drawer DD, Artesia, N.M. 88210 

Information and Mai 1 ing 

D. S. Nutter Consultant 

James T. Wakefield Kaiser-Francis Oil Co. 

Jerry Sexton 
88240 

N.M.O.C.D. 

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

Box 21468, Tulsa, 0k. 71421 

P. 0. Box 1980, Hobbs, New Mexico 
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STATE OF NEW MEXICO 

ENERGY, MINERALS AND NATURAL RESOURCES DEPARTMENT 

OIL CONSERVATION DIVISION 

3ASREY CAPRUTHERS 
GOVERNOR 

°OST OFFICE BOX 2088 j 
STATE LAND OFFICE BUILDING' 
SANTA FE NEW MEXICO 8750* 

(5051827-5800 

M E ?! 0 P. A N D U M 

TO: Charles High, Attorney 
Walt Thayer, IMC. 
Robert Lane, 
Randy Foote, 
Jens Hansen, 
A. J. Deans, 

N.M. Potash 
( A l t e r n a t e ) , Miss. Chem. 
Bass Enterprises 
Heyco Irjc. 

John Waid, Talisman Energy 
Norbert Rempe, ( A l t e r n a t e ) , Yates 

FROM: 

SUBJECT: 

DATE: 

V i c t o r T. Lyon ; v ^ l " . . > 

Potash-Oil Work Commijttee Meeting 

November 12, 1987 

A meeting of the committee 
23. We w i l l convene at 9:00 
Charlie High's law f i r m , Kemp,! 
i n M Bank Plaza, corner of i 
downtown El Paso. We hope j 
attached to Mr. High's l e t t e r 
Jens Hansen. 

i s hereby c a l l e d f o r November 
a.jin. i n the conference room i n 

Smith, Duncan and Hammond, 
Kansas and Mi l l s . S t r e e t s , 
to f i n a l i z e the agreement 
dated October 15 , 1987 to 

cc: E r l i n g Brosteun, MMD 
Jim Olsen, BLM, Santa Fe 
Fran Cherry, BLM, Roswell 

YTL/ag 
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U.S. Department of the Interior • Bureau of Mines 

MINERAL INDUSTRY SURVEYS 
T S Ary, Director Washington, DC 20241 

For information c a l l : Annual, Preliminary 
James P. Searls (202) 501-9407 

POTASH IN 1991 

The attached 2 pages, reprinted from the Bureau of Mines Mineral Commodity 
Summaries--1992, provide the e a r l i e s t estimates of 1991 data and a c t i v i t y , 
highlights of Potash. Most of the estimates are based on 9 months data and are 
compared with f i n a l data from previous years. •-. 

Footnote 5 for Potash refers to reserve base def i n i t i o n s published i n 
Mineral Commodity Summaries--1992 and i n U.S.G.S. Circular 831, 1980. 

Prepared by the Branch of I n d u s t r i a l Minerals and Branch of Data Collection and 
Coordination, January 1992. 



POTASH 

(Data in thousand metric tons of K 2 0 Equivalent, unless noted) 

Domestic Production and Use: In 1991 the production Of marketable potash, f.o.b. mine was about 
S305 million. Potash production was centered in southwestern New Mexico, where five companies oper­
ated six mines dy conventional underground mining of bet^ded deposits; this potash was beneficiated 
mostly by flotation, but also by heavy media separation, di^solution-recrystalization, and washing, provid­
ing 85% of the U.S. total. In Utah, one company was ablelto bring underground bedded potash to the 
surface by solution mining. The potash was recovered fronji the brine by solar evaporation and flotation. 
Another company collected subsurface brines from an interior basin for solar evaporation and flotation. A 
third company used solar evaporation to concentrate the brines of the North Arm of the Great Salt Lake. 
In California, one company recovered potash, coproducts ijiorax pentahydrate, and saltcake from subsur­
face brines from an interior basin using mechanical evaporation. In Michigan, a company continued 
experimental work concerning solution mining and recovery by mechanical evaporation. The fertilizer in­
dustry used close to 95% of the U.S. potash sales and tha| chemical industry used about 5%. About 75% 
of the potash was produced as potassium chloride (muriat^ of potash). Potassium sulfate (sulfate of pot­
ash) and potassium magnesium sulfate (sulfate of potash-ijnagnesia), required by certain 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 otrier fertilizers in dry or liquid form for distribution 
over fields in both spring and fall. 

2. Salient Statist ics—United States: 198J 1988 1989 1990 1991* 
Production, marketable 1,262 1,521 1,595 1,713 1,770 
Imports for consumption 4,073 4,217 13,410 4.164 4,200 
Exports 470 380 446 470 650 
Consumption, apparent 5,081 5,264 24,500 5,453 5,343 
Price, dollars per metric ton of K 2 0 , 

average, muriate, f.o.b. mine 3 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 4 as a percent of 

apparent consumption 75 71 65 68 67 

3. 

4. 

Recycling: None. 

Import Sources (1987-90): Canada, 90%; Israel, 
Eastern states, 2%; and other, 1%. 

5%; U.S.S.R., 2%; Federal Republic of Germany, 

5. Tariff: Item 

etc. Crude salts, sylvinite, 
Potassium chloride 
Potassium sulfate 
Potassium nitrate 
Potassium-sodium nitrate mixtures 

Number 

3104.10 
3104.20 
3104.3 
2834.21 
3105.90001 

Most favored nation (MFN) Non-MFN 
1/1/92 1/1/92 
Free Free. 
Free Free. 
Free Free. 
Free Free. 
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 imports from Canada. An alternative calculation of apparent consumption using the 
PPI report of imports from Canada would be 5.150.000 tons. 
3Average 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 definitions. 
6Total reserve base in the Dead Sea is equally divided between Israel and Jordan. 
7 A reserve of 22,300.000 was reported by I. D. Sokolov in Basic Tasks of t ie 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. Searls, (202) 501-9407. 



POTASH 
7. Government Stockpile: None. 

8. 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 tor 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 
Carlsbad, 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 wiil be 5.4 million tons. 

9. World Mine Production, Reserves, and Reserve Base: 

Mine product ion Reserves 5 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 6600,000 
Italy 60 100 20,000 40,000 
Jordan 790 790 54,000 6600,000 
Spain 690 670 28,000 45,000 
Thailand — — — 100,000 
U.S.S.R. 9,500 8,800 3,600,000 73,800,000 
United Kingdom 490 500 25,000 30.000 

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

10. 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 billion 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. 

11. Substitutes: There are no substitutes for potassium as an essential plant nutrient and essential re­
quirement for animals and humans. Manure and glauconite are low-potassium-content sources that can 
be transported short distances to the crop fields. 

January 1992 



GEOLOGY OF THE CARLSBAD 

POTASH MINING DISTRICT 
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HISTORY OF DISCOVERY AND DEVELOPMENT 

OF CARLSBAD POTASH DISTRICT 

The denial of access co German sources of pocash f e r t i l i z e r s during 

World War I was s u f f i c i e n t incentive to cause a nationwide search for a 

domestic source i n our known bedded s a l t deposits such as i n the Michi­

gan, Paradox, W i l l i s t o n 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 cuctings recovered from holes d r i l l e d for o i l , Hoots, 

1925. The desire to find domestic sources was demonstrated by the enact­

ment of Public Law 424 i n 1926 which authorized a 5-year exploration pro­

gram, including c o r e - d r i l l i n g , by the U.S. Geological Survey and U.S. 

Bureau of Mines. The government d r i l l e d a t o t a l of 24 widely spaced 

holes between 1927 and 1931, 13 i n New Mexico, 10 i n Texas and 1 i n Utah. 

Simultaneously, private industry joined into the search, with geologists 

carefully examining cuttings from holes d r i l l e d for o i l but penetrating 

salt on the way down. Fortunately, most of the d r i l l i n g s t i l l was done 

with cable tools during the late 1920s which insured a saturated brine 

would build-up i n the hole and thus retard dissolving soluble potash 

minerals. 

Although i t was the U.S. Geological Survey who i n i t i a t e d the potash 

exploration program, serendipity played i t s usual role i n the discovery. 

D r i l l cuttings from the Snowden-McSweeney No. 1 McNutt wildcat provided 

the f i r s t evidence of commercial amounts of s y l v i t e . The well was 

spudded on July 5, 1925, and reached i t s eventual t o t a l depth of 4416 

feet on March 20, 1926. V.H. McNutt i s credited with the i d e n t i f i c a t i o n 



of several significant intercepts of syl v i t e by examination of the cut­

tings. That serendipity played i t s role rests on these eventual revela­

tions: 1) the hole was d r i l l e d for o i l of which none was found, 2) tne 

hole location was almost at the exact "center of gravity" of the numerous 

ore bodies now known in the d i s t r i c t , 3) potassium mineralization was 

present in a l l 11 of the now accepted ore horizons, but 4) no potash 

raining has been done i n the immediate v i c i n i t y of the hole because of 

the low grade i n comparison with surrounding areas. 

The American Potash Company was formed i n i t i a l l y as a subsidiary of 

the Snowden-McSweeney Oil Company. A c o r e - d r i l l i n g program was commenced 

which immediately proved up reserves of su f f i c i e n t size and grade to 

j u s t i f y mine development a short distance west of the i n i t i a l discovery. 

The holdings of the American Potash were transferred and reorganized 

into the U.S. Potash Company which i n turn was a subsidiary of U.S. 

Borax. Mining commenced i n 1931. The Potash Company of America opened 

a second mine i n 1934. The capacities of these mines were steadily 

increased and s t i l l other companies opened new mines u n t i l there are now 

six companies working i n the d i s t r i c t (Fig. 1 and 2). 

At present 3000 persons are d i r e c t l y employed by the Carlsbad potash 

industry with an annual payroll of $60 m i l l i o n . While the potash 

industry is affected by national economic trends and faces s t i f f foreign 

competition, i t has been one of the most stable industries i n New Mexico. 

STRATIGRAPHY 

The Carlsbad d i s t r i c t is located within a classical marine evaporite 

basin. The t o t a l thickness of evaporites ranges from 1000 feet in the 

-2-



! i 

R 2 8 E R 2 9 E R 3 0 E R 3 I E R32.E 

l_ 

1- DUYAL (WILLS-WEAVER)* 
2 - A M A X 

3- P C A 
4 - MISSISSIPPI (NORTH)"* 
5- NATIONAL ( L E A ) * 
6- NATIONAL ( E D D Y ) * 

7 -
8-
9-

10-
I I -

D U V A L (SAUNDERS)"* " 
KERR McGEE 
MISSISSIPPI 
INTERNATIONAL MINERALS 
D U V A L N A S H DRAW 
* C L O S E D 

F I G U R E I 

L O C A T I O N M A P 

- 3 -



1 I 1 1 T 
9 CH x cnos S N O I lonaoud 

< 
Lit 
>-

c 
a; 

c 

Ul 

E 
3 

in 
cn 
ro 
-w 
o 
a 

0) 

3 

rj 
c 

c 
o 

-H 

u 
3 

TJ • 
O — 
1-1 *T 
C O 

w 
x: CN 
cn x 
ra 

JJ TJ 
o c 
a ro 

CN 

u 
3 



northern mines to as much as 3000 feet i n the south. The pocasii deposits 

are r e s t r i c t e d to t h i n lenses (4 to 8 feet) within t h i s thick sequence of 

salt and anhydrite beds. The potash mining horizons occur in the upper 

portion of the evaporites; thu$ an "insulating" blanket of salt and 

anhydrite separates the potash mining levels from underlying sandstone 

and porous carbonate beds that contain o i l and gas. The thickness of 

this insulating blanket i s never less than 400 feet and may be as thick 

as 2500 feet. What w i l l now follow is a more detailed description of 

the character and method of deposition of these evaporites that w i l l 

f u l l y explain the reason that potash mining horizons are completely 

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

The potash deposits l i e within a large Permian aged str u c t u r a l feature 

known as the Southern Permian Basin. The basin i s of large areal extent, 

covering most of southeast New Mexico and west Texas. This basin, along 

with i t s ancestral structures, contains one of the most complete s t r a t i ­

graphic sections of the Permian to be found anywhere within the continent 

U.S. A generalized stratigraphic cross-section i s presented i n Figure 

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

of which i s of Permian age. The Permian i s 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

t i o n of o i l reservoirs. 



gure 3. Generalized geologic cross section from south to north 
through the v i c i n i t y of the Gnome s i t e and the potash 
mines, Eddy and Lea Counties, New Mexico. 
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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 i n 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 l i f e could no longer be sustained either i n 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 h a l i t e and anhydrite pre­

c i p i t a t i o n continued, represented by the Salado Formation. The bed 

characteristics are such to indicate that t h i s deposition was i n 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 a l l calcium and sodium had pre­

ci p i t a t e d to form gypsum and h a l i t e . The residual bitterns became highly 

enriched i n potassium and magnesium. These bitterns accumulated i n re­

s t r i c t e d 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 s i l t de­

posits. This sequence of deposition i s interpreted as representing an 

i n i t i a l transgression of marine waters, followed by evaporation. Then a 



f i n a l regression of the sea occurred that allowed f l u v i a l sediments 

(clay and s i l t ) to cover and preserve the underlying evaporites. The 

f l u v i a l 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 s t r a t i ­

graphic history is missing from the Triassic to the Late Tertiary Cre­

taceous rocks may have been present but i f 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 d i s t r i c t by erosion associated with the 

present Pecos River drainage. 

STRUCTURE 

While major structures exist to the west (Guadalupe Mountain U p l i f t ) , 

the structural setting within the potash mining d i s t r i c t is monotonously 

f l a t . Figure 4 is a north-south cross-section through the d i s t r i c t . The 

undulations of the beds is due to the extreme v e r t i c a l exaggeration 

used to compile the cross-section. The most prominent subsurface feature 

is the Capitan Reef, which separates the Delaware Basin from the Northern 

Shelf. Note that the deep marine evaporites of the Castile thin rapidly 

from the basin as they pass over the reef. On the other hand, the Salado 

is of f a i r l y uniform thickness from basin onto the shelf. Therefore, 

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

time from i t s growth during the Guadalupian u n t i l the basin was f i l l e d 



Figure 4. Geologic cross-section through the Potash Mining D i s t r i c t 
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by the e a r l i e r Ochoan Castile Formation. The Salado, Rustler and Dewey 

Lake Formation appear to have been deposited i n a broad and shallow 

t i d a l basin environment that has been l i t t l e disturbed since, except for 

a gentle t i l t i n g to the east. 

Two additional structures need to be mentioned. A Tertiary aged basaltic 

dike transects the mining d i s t r i c t . The general trend of the dike i s 

N. 50° E. The dike has been encountered i n the IMCC Mine in the southwest 

and i n the Ker-McGee Mine i n the northwest. No offset of beds has been 

noticed, i t is th i n (2 to 6 f e e t ) , there are no associated f l u i d s , and 

i t has presented no d i f f i c u l t y to mining. The other type structures are 

solution collapsed chimneys. The o r i g i n i s thought to be due to ground­

waters within the underlying Capstan Reef having dissolved salt from 

the base of the Salado or due to collapse of caverns within the reef 

i t s e l f . One of these collapsed chimneys has been encountered i n the 

Mississippi Mine, but i t presented no obstacle to mining, other than des­

troying the ore bed within the actual breccia. 

DETAILED STRATIGRAPHY OF THE OCHOAN EVAPORITES 

The Ochoan i s divided i n t o four formations; see Table 1. Figure 5 i s a 

general stratigraphic column of the entire Ochoan along with an expanded 

section of the McNutt Member of the Salado Formation. The cycl i c a l 

nature of deposition, commencing with muds tone at the base followed by 

anhydrite and f i n a l l y s a l t , i s much i n evidence throughout the Salado. 

These rhythmic cycles, averaging 4 feet thick but may be as thick as 20 

feet and as t h i n 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 Red silt s t o n e , sandstone and mudstone. 
200-300 f t . Thin lamination and small-scale cross 

lamination common. 

Rustler 
200-500 f t . 

Mostly anhydrite with some salt. Con­
tains two dolomite layers, a basal sand­
stone, and several thin layers of clas­
t i c s . The two dolomite layers are nor­
mally aquifers i n most of the eastern 
part of the d i s t r i c t , and halite has 
been removed from the section and or i g i n a l 
anhydrite converted to gypsum. 

Halite with regular but thin beds of 
Upper anhydrite and polyhalite. Clay seems 
500 f t . common at the base of the anhydrite-poly-

h a l i t e seams. Suberosion by groundwaters 
has removed much of this member in the 
eastern part of the d i s t r i c t . 

Salado The overall character is identical to 
McNutt the Upper and Lower Members. The impor-
300-500 tant exception i s that sylv i t e and 
f t . Langbeinite occur as thi n (1 to 10 

feet) beds within this unit. 

Lower Identical i n lithology to the Upper Mem-
400-1500 ber except that h a l i t e units are thicker 
f t . and purer. 

This formation i s present only i n the 
Delaware Basin, i.e. south of the Capitan 
Reef. Near the reef the section i s almost 

Castile 0-1500 t o t a l l y anhydrite. South of the reef i t 
f t . consists of equal portions of salt and 

anhydrite i n thick beds. The halite i s 
very pure. The anhydrite is "banded" with 
thin alternating layers of anhydrite and 
dolomite. 

GUADALUPIAN 
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climatic changes. The anhydrite beds are easily recognizable on certain 

geopnysical logs and are amazingly consistent l a t e r a l l y throughout most 

the mining d i s t r i c t . 

A uniform stratigraphic code has been developed by the U.S. Geological 

Survev to describe the Salado. (Smith, 1938, and Jones, et a l . , 1960). 

The code designates 43 "marker bed" horizons commencing with 100 ac the 

top down to 143 which lies just above the Cowden Anhydrite. The Cowden 

and two other oeds (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 f i r s t 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 

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

to the Vaca Triste, a muds tone-sands tone bed. Eleven ore horizons normally 

are recognized within the McNutt commencing with the First Ore Zone 

which occurs between Marker Beds 126 and 125 up to Eleventh located 

immediately above Marker Bed 117. Thus Marker Beds are numbered sequen­

t i a l l y 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 d i s t r i c t . Only sy l v i t e and 
lanbeinite are ore minerals at the present time. The hydrated 
potassium minerals are hot amenable to existing concentration 
methods. 

Mineral 

•Anhydrite 

Arcanite 

Bischof i t e 

Bloedite 

*Carnallite 

Erytrosiderite 

Glaserite 

Glauberite 

*Gypsuin 

"Halite 

Hydrophilite 

*Kainite 

*Kierserite 

*Langbeinite 

*Leonite 

Loeweite 

M i r a b i l i t e 

*Polyhalite 

Schoenite 

*Sylvite 

Syngenite 

Tachyhydrite 

Thenordite 

Vanthoffite 

Formula 

CaSÔ  

K2S04 

MgCl0"6H20 

Na0S04*MgS04'4H20 

KCl'MgCl2

#6H20 

2KCl,FeCl,MU0 
J i. 

K 3Na(S04) 2 

Na-,S0, 'CaSO, 

CaS04"2H20 

NaCl 

KCl*CaCl2'6H20 

MgSO,'KC1*3H00 

MgS04*H20 

K2S04*2MgS0A 

K2S04'MgS04'4H20 

6Na,S04'MgS04*15H20 

Na2S04'10H20 

K2S04*MgS04*2Ca-

S04'2H20 

K2S04*MgS04'6H20 

KC1 

K2S04*CaS04'H20 

03012'2MgCl2'I2H20 

Na2S04 

3Na2S04'MgS04 

Eauivalent Percent 

(K) (KC1) (K 20) (K 2S0 4) 

44.88 

14.07 26.83 

23.75 45.28 

35.29 

13.32 25.39 

15.71 29.94 

18.84 — 

21.33 — 

12.97 

19.42 — 

23.81 

54.06 100.00 

16.95 

28.61 

42.51 78.63 

16.04 

18.92 

22.70 

25.69 

52.44 100.00 63.17 

41.99 

47.52 

15.62 28.90 

23.39 43.27 

28.68 53.06 

*Common 
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TABLE 3. Mineralogy and n i n e a b i l i t y of ore zone 

Ore zone 

Eleventh 

Marker Bed 
Nearest Base 

MB 117 

Mineralogy 

Mostly c a r n a l l i t e , 
minor s y l v i t e and 
l e o n i t e 

M i n e a b i l i t y 

Not commercial 
to date 

Tenth :IB 120 S y l v i t e Second best i n 
the d i s t r i c t 

Ninth 

l i g h t h 

MB 121 

Union 

C a r n a l l i t e , k i e r -
s e r i t e , minor 
s y l v i t e 

S y l v i t e 

Not commercial 
to date 

Moderate 
reserves, 
important i n 
fut u r e 

Seventh S y l v i t e Moderate 
reserves 

Sixth 

F i f t h 

Fourth 

C a r n a l l i t e , 
k i e r s e r i t e , etc. 

MB 123 Sylvite and 
langbeinite 

Langbeinite and 
sy l v i t e 

Not Commercial 
to date 

Moderate 
reserves 

Principal 
source of 
langbeinite 

Third S y l v i t e Ranks 3rd in 
production of 
sy l v i t e 

Second MB 125 C a r n a l l i t e , 
k i e r s e r i t e , etc. 

Not Commercial 
to date 

F i r s t MB 126 S y l v i t e Was the major 
s y l v i t e pro­
ducing zone 
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Ore zones exhibit considerable effects of diagenetic processes. Jones 

(1954) divided potassic mineral occurrences as: 

(1) Accessory minerals 

(2) S t r a t i f i e d deposits i n sulfate strata 

(3) Bedded deposits i n mixed h a l i t e - c l a s t i c 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 i n h a l i t e beds. The s t r a t i f i e d 

deocsits i n sulfate strata are those o r i g i n a l anhydrite marker beds 

which have been at least p a r t i a l l y replaced by polyhalite. The bedded 

deposits are what constitute the true ore zones of the Carlsbad dis­

t r i c t . The spacial relationship between the ore zones and the more 

widely distributed polyhalite and accessory mineral occurrences of 

potash mineralization is observed i n Figure 5. The polyhalite and acces­

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

pure or mixed assemblages of potassium minerals occur, but i n and adjacent 

to ore t h e i r contribution to minable reserves i s quite small. 

While ore zones remain i n consistent stratigraphic positions, the o r i g i n a l 

sedimentary features of the beds i s mostly obliterated by authigenesis 

and r e c r y s t a l l i z a t i o n processes that followed o r i g i n a l deposition. 

While these processes caused the formation of commercial deposits i n 

some l o c a l i t i e s , i t is also apparent that late moving f l u i d s , unsaturated 

i n potassium, destroyed what would have constituted ore. 
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SOURCE OF LIQUIDS AND GASES IN THE EVAPORITES 

I t 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 a l l 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 typical halite. Gases associated with the brine is 

almost insignificant, accounting for only about 1% of the brine or 

0.005% of halite. 

Brine Absorbed in Clay Within Halite 

Some of the halite or mixed h a l i t e - s y l v i t e 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 w i l l contain about 1% salt saturated water. Some gas 

may be occluded on the clay, but the amount must be small because none 

has been measured to date. 



Srine and Gas Associated with Clay Seams at the Base of Marker Beds 

This i s by far the most common occurrence of l i q u i d s and gases i n the 

Salado. The brines are saturated i n potassium, magnesium and sodium. 

The prevalent anions are chloride and sulfate. This chemistry is 

indicative of residual b i t t e r n f l u i d associated with the origi n a l 

formation of the potash deposits. The gas components are nitrogen 

along with minor amounts of methane. The source of the gas is from 

o r i g i n a l atmospheric a i r that was either i n solution with the 

o r i g i n a l seawater or was trapped under salt-anhydrite crusts formed 

on the surface of the evaooration pans. That oxygen i s t o t a l l y 

absent is easily explained by the high a c t i v i t y of that gas — i t would 

react with other elements to form stable oxide minerals such as hema-

t i t e . 

GEOLOGIC REASONS TllAT BRINE AND GAS WITHIN THE SALADO 
ARE ISOLATED FROM FLUIDS EITHER ABOVE OR BELOW 

Halite has the well known behavior of behaving p l a s t i c a l l y under pres­

sure. Petrofabric analysis along with modern day observation of h a l i t e 

being deposited i n evaporation basins indicate that loosely packed 

crystals form within saturated brine pools. Continued b u r i a l forces 

the brine upward so that closer packing i s achieved. On continued 

burial the h a l i t e crystals become completely p l a s t i c and a l l brine is 

ejected. The only exception being those f l u i d s trapped i n negative 

crystals at the time of c r y s t a l l i z a t i o n . Thus h a l i t e becomes a true 

solid and possesses no porosity (except for brine f i l l e d negative crys­

t a l s ) and therefore no permeability. Permeability tests performed on 
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sale cores either yield results that are beneath the measurement capa­

b i l i t y of the test apparatus or i f measureable can be accounted for by 

fractures induced into the sample. 

Other evidence of impermeability of halit e lies in the fact that brine 

and gases trapped i n the clay seams at the base of the marker beds 

have remained i n position since deposition. The approximate age of 

the Ochoan evaporites is 230 m i l l i o n years. That the brine and gas 

remain i n position is due to the halite immediately under and overlying 

the f l u i d bearing strata. 

The McNutt Member is underlain bv 400 to as much as 1500 feet of halite 

of the Lower Member 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 ha l i t e provides additional 

impermeable barrier between the mining levels and any oil-gas horizons 

located i n 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 i n 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

t r i c t , i.e. less than what is below. 

PROBABLE SOURCE OF HYDROCARBONS IN THE SALADO 

Hydrocarbons, mostly as simple methane, are present i n trace amounts i n 

the Salado Formation. Methane has been detected i n both the gases from 

the clay seams at the base of the marker beds and i n f l u i d inclusions 
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within h a l i t e . The richest concentrations are i n the clay seam gas 

where i t reaches as high as 6.27% methane. In a l l cases, the balance of 

the gas mixture is i n e r t , consisting of nitrogen i n the mud seams and 

carbon dioxide and nitrogen i n f l u i d inclusions. Oxygen is not present; 

therefore the methane can not be considered as explosive. I t must be 

remembered that gases released from d r i l l 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 ha l i t e beds that separate the potash mining 

zones from underlying oil-gas reservoirs are impermeable. Therefore, 

we must now explain the presence of methane i n marine evaporites which 

were deposited from highly saline solutions which supposedly would not 

support any form of l i f e . The answer l i e s i n the c y c l i c a l nature of 

deposition of the evaporites. As previously described the cycle com­

mences with a t h i n layer of clay covered by a thicker but s t i l l t h i n 

sheath of anhydrite followed by a much thicker bed of h a l i t e . The lower 

portion of the h a l i t e i s normally purer ( f r e e r of clay) than the upper 

portion. This depositional cycle is interpreted as follows: (1) the 

clay seamlet represents an o r i g i n a l drying and erosional surface at the 

top of the underlying h a l i t e . Clay minerals tend to concentrate at 

the surface. (2) Seawater re-entered the area causing additional 

solution of the underlying h a l i t e . Clay build up continues by s e t t l i n g 

of fine particles carried i n by the seawater. (3) Evaporation re­

commences with f i r s t aragonite (CaCO-j) and then gypsum (CaSO^'r^O) 

being deposited. The former w i l l eventually be converted to dolomite 

(Mg,CaC03) and the l a t t e r to anhydrite (CaS04) by diagenitic processes. 

Some of the thicker marker beds are banded representing several eyelets 
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of araeonite and eypsun deposition. These are interpreted as refreshing 

of the seawater i n some sort of periodic manner, perhaps seasonal. (4) 

Halite commences to c r y s t a l l i z e . The origin a l seawater becomes highly 

concentrated by evaporation. A l l of the calcium has been removed bv the 

formation of aragonite and gypsum. (5) Drying continues with the 

formation of additional h a l i t e . The surface must be quite dry at this 

stage ana blowing winds and occasional r a i n f a l l s on nearby above t i d a l 

surface deposits tend to add more d e t r i t a l material to the evaporation 

pan. Therefore, more clav begins to be deposited along with the ha l i t e . 

(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 which constitute the 45 marker beds now used to map 

stratigraphic position within the Salado Formation. 

Marine organic l i f e 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 i n sabkha environments. Higher order organisms 

could not be present because no recognizable fossils have been id e n t i f i e d 

in the Salado. The algae is the probable source of methane. Organic 

acids, the primodial form of heavier hydrocarbons, could be produced 

from other microorganisms. The assumption that this organic material 

existed under aerobic conditions is v e r i f i e d by the fact that the 
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gases now present in the Salado are nitrogen r i c h . Atmospheric oxygen 

was either consumed by the organisms themselves or la t e r reacted with 

metallic ions to form stable oxides. 

The gases associated with the f l u i d inclusions i s probably similar 

except that conditions may have been anaerobic. Oxygen deficiency is 

indicated because trace amounts of H2S are present and organic matter 

appears as organic acids rather than as methane. Inert gases, nitrogen 

and CO2, are by far the most common constituents of gases within the 

f l u i d inclusions. The combined percentage of N2 and CO2 is never less 

than 90S and the highest methane analysis of samples tested did not 

exceed 0.5%. (Such a mixture is not explosive.) The gas composition of 

f l u i d inclusions i n h a l i t e i s considered to be i n agreement with crystal 

formation under shallow subaqueous conditions. The high preponderance 

of nitrogen and carbon dioxide i s explained by the s o l u a b i l i t y of those 

gases i n brine. H2S, methane and organic acid i n trace amounts is 

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

under highly saline conditions or that was transported i n by wave action 

or winds. The t o t a l amount of gas present i n f l u i d inclusions is minute, 

accounting for only few tens parts per m i l l i o n by weight of the h a l i t e . 

Methane accounts for only 0.5% of these gases; or less than 1 ppm i n 

h a l i t e . 

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 r e l i e f holes d r i l l e d i n the roof at 

5 of the 6 active mines i n the; d i s t r i c t . Twelve gas samples were collect 

i n a l l . For r e l i a b i l i t y , seven samples were analyzed i n a commercial 



laboratory 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 

196«. A summary of results is shown in Table 4. 

Emphasis needs to be placed on the fact that our 12 samples and the 14 

samples taken by the U.S. Bureau of Mines were a l l taken several feet 

up into r e l i e f holes. Therefore, the sample results are representative 

of the composition of the gas in s i t u and before being diluted with 

mine atmosphere. We cook 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 v i c i n i t y of blowing holes. 

The sample results indicate a consistent relationship. The gases 

associated with the base of the marker beds are nitrogen ri c h . The 

only other constitutents are methane along with even lesser amounts 

heavier hydrocarbon gases such as ethane. 

The gases associated with f l u i d inclusions were also sampled. This 

was done by collecting run of the mine ore from a l l six of the active 

mines. To our knowledge this is the f i r s t time this has been done 

for Carlsbad potash ore. The only other f l u i d inclusion geochemical 

study that has been done is that by Sandia National Laboratories on core 

samples taken from the lower Salado and Castile Formation at the Waste 

Isolation Pilot Plant s i t e south of the mining d i s t r i c t , , Powers, et 

a l . , 1978. 
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TABLE 4. GAS SAMPLE ANALYSIS 

(Samples Taken from Within Relief Holes) 

CH/ CnHn+2 
Ratio 

CH4/CnHn-r2 

New-Tex Lab 
(7 Samples) 

Highest 
Average 
Lowes t 

6.37 
1.58 
0.0 

0.11 
0.04 
0.0 

93.52 
98.38 
100.00 

57 
35 
0 

N.M. Petroleum Recovery 
Researcn Center 
(5 Samples; 

Highest 4, .97 0.12 94. 91 40 
Average 1, .59 0.04 98. 37 43 
Lowes t 0, .07 0.0 99. 93 0 

U.S. Bureau of Minest 
( 14 Samples) 

Highest 
Average 
Lowest 

4.7 
1.8 
0.06 

* 
* 
* 

91.2 
96.0 
97.3 

* 
* 

*Not Reported 

tFrom Rutledge, et a l . , 1964 
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The samples we took, were analyzed by Dr. David Norman at N.M. I n s t i t u t e 

of Mining and Technology. The procedure he used i s quite experimental 

but well suited for the specific task. The samples were f i r s t crushed 

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

5 grams of sample were then placed i n 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 a l l water of hydration. The temperature was then 

raised to 350°C. At this higher temperature the f l u i d 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 i n the table below. 

Table 5. Gas Sample Analysis of Ores 

Ore Zone CO 2 N2 CH4 CxHy H2S Other 

1 81.3 13.6 0.1 3.4 0.5 1.6 
1 31.9 64.0 0.0 3.4 0.7 0.0 
3 73.6 18.8 0.1 6.6 0.0 0.9 
4 45.4 44.8 0.0 8.6 0.9 0.3 
5 86.4 6.1 0.0 3.4 3.9 0.2 
10 73.9 9.1 1.2 15.3 0.5 0.0 

Ave rage 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. 

1. Inert gases consist of both CO2 and N2 i n contrast to simply 

N 2 i n clay seams. CO2 is normally dominant. The average 

t o t a l of inert gases (C0 2 + N2) = 91.7%. 

2. Methane is present only in trace amounts. Heavier hydrocarbons, 

mostly as organic acids, averages about 6.8%. These hydro­

carbons may represent original organic matter that has only 

been partially decomposed. 
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3. HTS is present which is indicative of an anaerobic condition 

at the time of formation of the f l u i d inclusions. 

4. The t o t a l weight percentage of f l u i d inclusions amounts to only 

10 to 100 ppm of the ore. A ton of ore that was t o t a l l y 

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

>907. would be i n e r t . 

The principal difference between the gases associated with f l u i d i n c l u ­

sions i n contrast to those associated with clay seams i s substitution 

of high molecular weight hydrocarbons and for simple methane and 

the p a r t i a l substitution of CO? for N2. We t e n t a t i v e l y conclude that 

conditions were anaerobic at the time of formation of the f l u i d i n c l u ­

sions. Atmospheric oxygen was t o t a l l y used i n p a r t i a l conversion of 

organic matter to C02. The important s i m i l a r i t y i s that the bulk of 

both gases are i n e r t , consisting of either j u s t N2 or a mixture of N 2 

and C02. These gases were probably derived for the earths atmosphere. 

In Figure 5 we compare the compositions of the clay seam and f l u i d 

inclusion gases with natural gas-es associated with known 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 

mixture of methane, heavier hydrocarbons and i n e r t gas. The inert 

constitutent can be nitrogen or a mixture of nitrogen plus carbon 

dioxide. In order to more f u l l y explain a three component diagram 

consider a gas that contains eqoal proportions of a l l three gases, 

e.g. 1/3 methane, 1/3 heavier hydrocarbons and 1/3 nitrogen. Such a 

gas would plot i n the exact center of the t r i a n g l e . On the other hand 

a gas that contains 100% methane would plot at the CH4 apex. 
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Note chat the compositions are d i s t i n c t l y d i f f e r e n t . The GuadaiuDian 

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 f l u i d inclusion gases are mostly i n e r t . 

Trace amounts of methane are present in the clay seams. The balance is 

N'T. The f l u i d inclusion gas is mostly a mixture of COi and Ni. HiS 

is present in trace amounts and probably represents the only other gas 

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

font of li g h t gases such as methane, ethane, etc. 

We have also collected samples of brine that issue from r e l i e f holes 

d r i l l e d above the potash mining horizons. These waters are completely 

saturated i n K, Mg and Na salts and sulfates. We believe that these 

brines are representative of ori g i n a l bitterns associated with the depo­

s i t i o n of the McNutt Member of the Salado. The composition of these 

waters i s presented i n Figure 6. A three component diagram of Mg-K2~S04 

is used because a l l Permian waters have a common constituent of halit e 

(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-^-SC^ plot to i l l u s t r a t e the 

disti n c t i v e 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 f l u i d inclusions in 

the actual ore beds consist of i n e r t gases with only trace amounts 

of methane and H2S. The composition i s compatible with original 
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atmospheric a i r being trapped into the evaporites at the time of their 

formation. That these gases have remained trapped i n position since 

their o r i g i n a l formation more than 200 m i l l i o n 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 b i t t e r n waters to be expected adjacent to potash deposits. 

COMPARISON OF THE CARLSBAD POTASH DISTRICT WITH OTHER 
DISTRICTS WHICH MINE EVAPORITE MINERALS 

The Carlsbad Potash Mining D i s t r i c t i s d i s t i n c t i v e from other evaporite 

mining d i s t r i c t s i n several aspects. F i r s t , the structural setting is 

simple. Beds dip no more than 2 degrees. While small fa u l t s have been 

observed they are few and limited to minor slippage due to local s a l t 

flowage. A n t i c l i n a l structures are absent. Sudden thickening or thinning 

of h a l i t e beds between markers beds has not been observed anywhere i n 

the d i s t r i c t . Salt flowage has been detected i n the Castile Formation 

which underlies the Salado. Where observed these structures reduce to 

broad but low aptitude flextures i n the Salado. 

Second, the potash ore beds are contained i n the middle of a thick section 

of rock s a l t . Ore i s limited Co the McNutt Member of the Salado. The 

Lower Member of the Salado provides from 400 to 1,500 feet of imper­

meable salt between the deepest mining levels and the shallowest o i l -

gas reservoirs. No evidence of explosive amounts of methane gas has 

been detected i n the course of d r i l l i n g thousands of pressure r e l i e f 

holes i n the Carlsbad D i s t r i c t , 
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While we do not claim to be expert on other mining d i s t r i c t s 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. Oil 

and gas deposits are common to the flanks of these domes. I t is only 

to be expected that methane gas can become entrained in the salt during 

i t s upward movement. These gases are methane rich in contrast to the 

inert gases associated with the Salado Formation. 

Trona Deposits in Wyoming 

Evaporites of the Green River Formation are lacustrine rather than 

marine. Oil shale beds are intercalated with the trona. The environ­

ment during deposition was one that supported abundant aquatic l i f e 

i n contrast to marine evaporties. 

Potash at Cane Creek, Utah 

The potash deposits are contained i n marine evaporites similar to those 

of Carlsbad. However, there are two important differences. F i r s t , 

the individual evaporite beds are thinner. Marine black shales are 

present at regular intervals throughout the salt formations. These shale 

beds contain o i l and gas reservoirs. Second, the potash deposits are 

highly deformed due to a large salt a n t i c l i n e . 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 s i t u 

concentration is 51.4% CH4, 21.2% ethane-pentane, and only 27.4% nitrogen 

carbon dioxide. Such gas is defintely explosive when mixed with normal 
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a i r . The gases i n the Salado never contain more to 6.37% hydrocarbon 

gases and can never be considered explosive when nixed with nornal a i r . 

SELECTED REFERENCES 

We l i s t the following pertinent references on the geology of the Carlsbad 

D i s t r i c t for those interested i n additional d e t a i l s . We have drawn 

on these and many others i n preparation of this t r e a t i s e . 
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NTROPtlCT TON 

"ne impetus f o r t h i s stuay was provided hy a recent ser ies of inc idents at the 

Kerr-McGee n ine near Carlsbad, 'lew Mexico. On Cecenber 13 , 1983 , a n iner 

ooerat i . ia a continuous mining machine apparent ly h i t a poc<et of t rapped, 

oressur ized gas. ihe sudden release of pressure from t h i s aas pocket caused 

the gas to expand. This resu l ted in d i s l odg ing of rock and debr is and loose 

f i x t u r e s cn the mining machine. According to a p r e l i m i n a r y i n v e s t i g a t i o n by 

MSHA, "The operator of the continuous miner was apparent ly k i l l e d as a r e s u l t 

of beinq struck by a l i g h t f i x t u r e which had been t o rn loose from the 

continuous miner and hurled hack in to the v i c t i m ' s f a c e . " (See Appendix A, p. 

34.) Two more i n c i d e n t s , f o r t u n a t e l y n o n - f a t a l , w i t h i n a 5 week per iod in the 

sane mine have resu l ted in a concern about the p o s s i b i l i t y of the occurrence of 

such blowouts in the WIPP excavat ions. The blowouts occurred 9 mi les nor th of 

the center of the WIPP s i t e in a qeo loq ica l s t r a t a which i s 660 f t above the 

excavations f o r the WIPP r e p o s i t o r y . 

U. S. Mine Safety and Health Admin is t ra t i on (MSHA) and N. M. Inspector of Mines 

Department are i n v e s t i g a t i n g the Kerr-McGee b lowouts . O f f i c i a l s of the 

Kerr-McGee mine are conducting t h e i r own i n v e s t i g a t i o n s w i th the help of 

consul tants of the causes of these occurrences and to make the mining 

operat ions s a f e r . This study (EEG-25) uses the repor ted encounters of gas in 

the potash mines as wel l as the studies re la ted to the WIPP p ro jec t as va luab le 

in fo rmat ion to reach some t e n t a t i v e conclus ions ahout the p o s s i b i l i t y of such a 

hazard e x i s t i n g at the WIPP excavat ions . The conc lus ions of t h i s study do not 

r e l a t e s p e c i f i c a l l y to the safety cond i t ions at any given mine and make no 

judgements about i nc iden ts in the mines. 

Factual i n fo rmat ion provided by the o f f i c i a l s of the Kerr-McGee mine, N. M. 

Inspector of Mines and U. S. Mine Safety and Heal th Admin i s t r a t i on (MSHA), i s 

g r a t e f u l l y acknowledged. 
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GEOLOGY OF THE SALADO FORMATION 

The '..'IPP site and all the potash nines in the vicinity are situated in the 

Delaware Basin in Southeastern New Mexico. The Salado Formation is a part of 

about 10,000 f t of sediments deposited under marine conditions in this basin 

during the Permian period (>22S million years aao). I n i t i a l l y deposition in 

the basin was hounded by the Capitan Reef. Ey late Permian, the basin had 

fill e d and the saline water spilled over to the north and east covering a larqe 

area now known as the Permian Basin. Evaporation at the surface of this 

shallow sea under arid conditions resulted in the precipitation of salts, 

mainly halite which accumulated over a period of time. The formation resulting 

from this process is called t he Salado. 

The Salano Formation varies in thickness but at the WIPP site and the potash 

mines, i t is about 2000 f t thick. The Salado consists mainly of Halite (NaCl) 

and other salts includinq polyhalite fk2Ca2Mq (S0U)w-2H20
1, qlauberite 

(Na2S0u.CaS0O, sylvite (KC1), Kainite (KC1 •MqS0u.3H20) Carnallite 

(KC1-MqCl 2-6H20), Lanqheinite l"K2Mq2 (S0„)31 and kieserite (MqS0̂ .h'20) as well 

as layers of clastic rocks and anhydrite. Beds locally rich in potassium 

minerals, primarily sylvite, carnallite and lanqheinite, are mined from the 

McNutt Potash Zone located in the middle part of the Salado Formation. Other 

than the presence of potassium and maqnasium rich minerals, the McNutt zone is 

similar in all other aspects to the rest of the Salado. 

Usinq the remarkable continuity of individual beds in the Salado, the I). S. 

Geological Survey (Jones, 1960, 1973) has developed a system of identifinq the 

stratigraphic location within the formation by riesignatinq 43 individual seams 

of anhydrite and polyhalite as numbered "marker beds." The firs*: continuously 

identifiable bed of polyhalite, 120 feet below the top of Salado (at the WIPP 

site), is designated KB 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 d r i l l cores and geophysical loqs of boreholes in the 

northern Delaware Basin have been closely examined and correlated in connection 

with the site selection and characterization for the WIPP project. This study 
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has shown that the deposition of the Salado Formation followed a cyclic pattern 

(Powers, et al, 1978). Each cycle consists of a layer of clay at the base 

followed hy anhydrite or colyhalite and halite. The halite becomes more 

argillaceous as one proceeds uDward. The cycle is finally capped by claystone 

and another cycle commences. This seauence is repeated several times as one 

studies the formation from the bottom to the top. The clay layers are thought 

to result from dissolution of clayey halite by inflowinq sea water and thus 

each cycle probably represents a fresh influx of sea water in the evaporatinq 

pan. The beds of anhydrite (CaSOu) and thick deposits of halite (NaCl) 

represent lono periods of evaporation from a proqressiveiy 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 Salado 

formation. According to him, the entire Salado Formation basically consists of 

alternatinq 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. 

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

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

beds, the 11 ore zones within the McNutt potash member and the WIPP repository 

horizon are shown. 
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PHYSICAL CHARACTERISTICS OF GAS OCCURRENCE 

Existence of qas pockets is a common feature of the evaoorite reposits. In the 

potash mines of the Delaware Basin minor "poofs" of qas outburst is a common 

phenomenon. Several large blowouts have been reported from the potash mines, 

some of which have resulted in f a t a l i t i e s . Table 1 summarizes the -eported 

incidents of cas blowouts in the potash mines near WIPP durinq the oast 10 

years. The incidents have heen reported from (1) Kerr-McGee mine located 9 

miles north of WIPP, (2) Duvall-N'ash 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 

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

Kerr-McGee Potash Mine - 1983, 84 

The aoprcximate boundary of the Kerr-McGee Chemical Corporation mine is shown 

in Figure 2. The author visited the mine on February 1, 1984. 

The first of the three most recent reported incidents in this mine occurred on 

December 13, 1983 at 4:27 a.m. The mine level is in ore zone #10 (see Fiq. 1) 

approximately 1600 ft below the ground level. The incident occurred in Area 

169 in the southern part of the mine (Fiq. 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 headinq south when a qas outburst occurred in the upper 

right side of the indented workinq face. An estimated 8 tons of ore was 

dislodged out as a result of the outburst. Figure 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, weiqhinq up to 500 lbs. 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 

1/4" to 1/2" wide, oriented S58°E. This fracture can be seen across the 27 

ft wide room along the back (ceiling) and 2 ft down from the back in the 

eastern wall of Room 1 (Fiqures 5 and 6). Air samples from the open fissure 
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rv I 
Fraciure trending 164° 

(N I6 °W,S !6 °E ) 

Fracture trendinq 122° 

(N58 0 W,S58°E) 

Location of Blowout 
12/13/83 

• m i l 
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(N70°W,S70°E) 
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Figure 3. Detailed layout of Area 169 at the Kerr-f'ĉ ee 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 
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Figure 4. The location oMZ-H- lSfB blowout showing the cavity 
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Figure 5. Close up of the fractures at the location of 12.13-1083 
gas blowout in area 169 of the Kerr-McGee mine (See Fig 
for location). K Iy' 
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Figure 6. Fracture aligned 122° (N58°W, S88°E) in the back (ceiling) 
of the 12-13-1983 gas blowout m the Kerr-McGee mine 
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wi th in the blowout cavity taken by MSHA invest iga tors on December 14, 1983 were 

analyzed to contain 89% ni t roqen, 8% or less oxygen and from 3 to 6* methane. 

A report by Cavanauqh and Davidson dated January 16, 1984 provides deta i ls of 

th is incident (App. A) , 

The second blowout in the Kerr-McGee mine occurred in Area 160 about 2 miles 

northwest of the f i r s t inc ident , on December 19, 1983. The outburst has l e f t a 

ver t i ca l f rac tu re trending 125° (N 65° W, S 65° E ) . The room at th is locat ion 

has been excavated to 12 f t above the f l o o r to expose the f rac tu re . About 8 f t 

above the f l o o r , the f racture has been l a t e r a l l y displaced about 6 inches along 

a horizontal clay seam (F ig . 7 ) . 

The th i rd of th is 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 f t southeast of 

the December 13 blowout (F ig . 3 ) . The operator of the continuous miner had 

started excavating in the face with the continuous c u t t e r . There was a loud 

sound and debris started f l y i ng from the mining face near the c u t t e r . The 50 

ton continuous mining machine was knocked back about 2 feet as a resul t of the 

outburst and the operator was in jured by f l y i n g deb r i s . The mine personnel 

a t t r i bu te the lack of a serious i n ju ry or f a t a l i t y in t h i s case to the pro­

tec t i ve metal grat ing which had been i n s t a l l e d on the mining machine a f te r the 

f i r s t two inc idents (F ig . 8 ) . An estimated 2 tons of rock was dislodged out 

of the cav i ty caused by th i s blowout. An open ve r t i ca l f rac ture trending 110° 

(N 70° W, S 70° E) has been l e f t in the face from which the gas escaped (F ig . 

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 s i t e . The 

Sylv i te level is only about 900 f t below the ground surface because of removal 

of rocks over ly ing the Salado in Nash Draw. A larqe r o o f - f a l l involv ing an 

estimated 180 tons of rock occurred at the sy l v i t e level of th i s mine in early 

1976. A report by El l ickson dated 4/7/76 provides the de ta i l s of th is incident 

(App. B). The invest igat ion concluded that the r o o f - f a l l was caused by release 

of gases trapped above the roof . While examining the buried mining machine 

sometime a f te r the r o o f - f a l l , the s h i f t foreman died presumably of suf focat ion 

due to lack of oxygen. 
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Figure 7. Vertical fracture, trending 125° (N65°W - S65°E) laterally 
displaced along a clay seam at the location of 12-19-1983 
gas blowout in area 160 of the Kerr-McGee mine (See Fiq 2 
for location). 
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f r - a potential gas blowout. Mini). " 9 
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Near vertical open fracture 
of 1-23*1934 gas blowout in 
mine (See Fig, 3 for locatii 

trending 11C° at the location 
Room 5, Area 169 of Kerr-McGee 
n). 
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Eddv Mine (National Potash Company) - 1973, 74 

The Eddy mine is located about 17 miles northwest of the WIPP site (Fig. 2). 

Three incidents of roof and floor f a l l 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 qses in 

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

Gas Blowouts Prior to 1973 

Written records of older incidents of gas blowouts in the Carlsbad area potash 

mines are di f f i c u l t 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 (Rutledqe, 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. 
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Cccjr-ence of Gas at WI?D Site 

"ases have been encounterec cur-ina trie cri I I ina of exploratory "oles for .-;IPP 

at several strati Graphic horizons in the Salano formation, "able 2 summarizes 

the available information and was prepared from data provided in Griswold 

(1977) and the Basic 2ata Reports for the boreholes. Ficure 10 snows the 

locations of these boreholes. It clearly demonstrates that cases occur in the 

upper, middle ana lower sections of the Salado Formation. 

.'•'ore than 10,000 feet of excavation at the WIPP repository horizon has been 

ccmoleted to date. Althouqh no written record of qas encounters, even minor 

"poofs", is available for the WIPP excavations, several project participants 

informally discussed with the author instances of release of minor amounts of 

gas acccmoanied 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 f t south 

of the 12 f t exploratory shaft. Hole S850A was drilled vertically upwards from 

the roof of the East 140 d r i f t and encountered as much as 12,230 cc/minute flow 

rate of gas emanating frcm Anhydrite "b" layer. A hole (S850C) drilled 

vertically down at the same location, to a depth of 14.8 feet, intercepted gas 

in the clay layer below Marker Bed 139. The i n i t i a l flow rate was 

approximately 1200 cc/minute. One day after completion of hole 850-C, the hole 

was found to contain approximately 2 l i t e r s of brine. Gas was encountered in 9 

boreholes drilled from the roof and floor of WIPP d r i f t s . 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 

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

flow may be influenced by chanqes in ambient pressure in the mine, i t has not 

been demonstrated and there miqht be other explanations for the pulsating 

character of gas emanations. 
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CHEMICAL COMPOSITION OF SALADO GASES 

Table 3 shows a surmary of the chemical analyses performed cn Salado oases from 

near the WIPP repository horizon and from the McNutt Dotasn Zone. The analyses 

show that nitrogen is the primary constituent with concentrations recorded from 

76.Si to 96.5"-, oxycen accounts for 0.2% to as mucn as 22% and nethane 

constitutes from 1.07% to a maximum of 7.8%. Very small amounts of CO? and 

C2He are also present. It should be keot in mind that the process of aas 

samolinq is somewhat tricky and that i t is Quite likely that the samples 

showina oxygen content much above the averaoe values may have been contaminated 

by air. The highest concentration of methane (7.8%) was found in the gas 

sample collected from the clay layer below Marker Eed 139 in the borehole 850-C 

drilled 15 feet into the floor of the East 400 d r i f t , 350 feet south of the 12 

foot exploratory shaft at WIPP. 

There has been some confusion about the nature of qas outbursts in the Carlsbad 

area potash mines. Use 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 pertinent here to examine the 

"explosibi1ity" 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" i s , "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 explosibi1ity in a chemical sense. The Salado gases do not 

appear to be "chemically explosive." For this reason the terms "outburst" or 

"blowout" have been used in this report. 

Coward and Jones (1952) have discussed the potential for explosion of mixtures 

of methane, air and nitrogen. Figure 11 shows this relationship graphically. 

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 qas typically contains about 2% 

methane and 7 to 11% oxygen. Such a mixture is not chemically explosive. The 
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aas sample obta:ned from Marker ced 129 at WIPP contains the nicest rercentaae 

of methane (7.S%) but too l i t t l e oxyaen (1.-°;) to nake i t explosive in a 

cnermcal sense. One sample from the Eddy "ine of National °otash Company was 

analyzed to contain 12% oxygen and 16% methane (."pp. C), but its accuracy is 

cuesti onable. 
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THE ORIGIN OF GAS 

All salt deposits contain some fluids (brine and qas) and the Salado formation 

is no exception. Within halite crystals, qas 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 selected core samples from ERPA-9 borehole 

were heated to 500°C and weighed before and after the expulsion of qas and 

brine. The results showed that more than half the specimens showed only 0.5% 

weight-loss. The maximum wight-loss recorded by one sample was 3.5*, (Powers, 

et al, 1978). Since most of the fluid in the inclusions consists of brine, 

total amount of qas 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 he seen in the roof and 

to 1-2 foot below the roof along 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 "vuqs and 

hairline cracks" as observed by Rutledqe et al (1964) throuqh 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, keepinq it open as 

the gas became pressurized due to salt creep, until the gas pressure in the 

fracture reached the magnitude of lithostatic stress. This would mean that gas 

• pockets in deeper strata would be more pressurized. Alternately, gas could 
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r^'nain t 'acoea ~r. oer.-eable zone at t "e contact of sa l t anc c l a y , . . i t ^ cu t ~ema 

pressurizea to l i t h o s t a t i c l e v e l s . Release of oressure in such a case would be 

•ess v i o l en t anG would ".ct necessar i l y oe niciner at c rea te r r e o t h . 

"here appears to he a p re fe r red d i r e c t i o n of o r i e n t a t i o n of f r a c t u r e s 

associated w i th cas b lowouts . The f rac tu res are most ly o r ien ted in a .-.'NU'-ESE 

d i r e c t i o n . I t is poss ib le tha t the f r ac tu res were created by some ceo loc ica l 

a c t i v i t y in the past and qas from the surroundina reaion miqrated i n to them and 

l a t e r became pressur ized due to sa l t creep. The s t ress f i e l d which would 

induce WN'W t e n s i l e f r ac tu res should have been perpend icu lar to tha t d i r e c t i o n , 

i . e . NNE. There is a lanprcphyre dike w i th an approximately NE t rend which i s 

exoosed in the northwestern part of the Kerr-McGee mine. I t is l i k e l y tha t 

these f rac tu res were created wnen the d ike in t ruded i n to the Salado sa l t about 

27 m i l l i o n years aao. The f rac tu res associated w i t h qas blowouts a re , however, 

not continuous fo r more than a few tens of f e e t - - t h e y are not i n te rcep ted in 

p a r a l l e l d r i f t s . This i nd i ca tes that the f r ac tu res were e i t h e r formed "en 

echelon" or that they resu l t from the l o c a l i z e d exp los ive a c t i v i t y associated 

wi th sudden release of pressure every t ime a blowout occurs . A c l ea r answer t o 

t h i s quest ion w i l l requ i re extensive experimental work in the areas where gas 

blowouts have been observed. 
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CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

Based upon the facts and discussions presented in this report, the following 

conclusions can be drawn concerning the occurrence of gas in the Salado 

Formati on. 

1. Gas can be found at almost any level within the Salado Formation, generally 

near clay seams associated with the marker beds. 

2. The gas consists primarily of nitrogen with some oxygen and methane and 

lesser amounts of carbon-dioxide and ethane. The composition of the qas 

does not make i t "chemically explosive." 

3. 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. 

4. Occassionally gas has been encountered under high pressure. Sudden 

expansion 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 

aiicnment of these fractures in a WNW direction, i t is thoucht that the cas 

is trapped in fractures which may have been opened due to a ceclooical 

factor such as the emplacement of a dike. If this is true, the gas pressure 

within these vertical fractures would have to be in eauilibrium with the 

horizontal component of the 1itholostatic stress, or approximately at 1500 

psi pressure. Sudden release of such a hioh pressure would dislodae and 

move larae chunks of rock and machinery i f cauaht in the outburst. 

6. Small amounts of qas, often emanatinq in a cyclic period, have been 

encountered in zones a few feet above the ceilinq and below the floor of 

WIPP excavations. Chemical composition of this qas is similar to the oas 

'ound in potash mines, 600 feet stratiqraphically above the WIPP repository. 

7. No encounter of gas, not even small "poofs" have been o f f i c i a l l y 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 findinq pockets of highly pressurized qas at 

WIPP since none have been encountered after 2 miles of dr i f t s have been 

excavated. However, the possibility cannot and should not be ignored. I f 

the hypothesis of qas f i l l e d fractures being at a pressure equivalent to the 

horizontal component of lithostatic stress is correct, such fractures i f 

encountered at WIPP, would result in a larger pressure drop than the ones at 

potash 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 qas "poofs" 

during the WIPP excavations - their location, description, associated 

fractures and any unusual geologic features in the vi c i n i t y . A form being 

used by Kerr-McGee mine for this purpose is attached as App. E. 

2. Map any fractures and areas of excessive moisture seeps in the excavations. 
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Continue the practice of drilling advance exploratory noles before cutting 

face with the continuous mining machines. These holes should be drilled 

slanted upwards to intersect the clay layer near the ceilinq. 

Install protective metal arating on the continuous mining machines similar 

or better than the ones installed at the Kerr-McGee mine. 

Check the mining machines for any loose parts which may get removed and fly 

about in the event of an explosion. Remove or re-install such parts to 

prevent this possibility. 

Establish procedures to not allow any unnecessary personnel near an 

operating mining machine. 
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A j w i _. TTn_» .* _*~._. _ i'•_) - —— > - .~ _ ? _ _ •_w11 —d _ - i *̂  ~". 

December 3, 1963 V-° —h 5, 

retort su_____ri_.es ths invest igat ion cf the o c : _ r r ; - : ; cf gas pressure 
: -.r._ c r : _cr.es at s ix __ir.es in the potash d i s t r i c t , Cariscad," N'ew Hexico. 

hir.es v c n nir.ir.g sy lv i t e frcr_ -.he f i r s t ore ccr.e, one vas n ix ing 
• toe tenth ere tone (located about 200 f e - . above the f<-st c—e 
cr.e vas zir.ir.g sy lv i t e fret: the f i r s t ore tone ar.d i_r.5_enir.xte 

Crz~ "-."*._ fourth ere tcr.e. Tests at -his l a s t __lr.e vere confined to the f i r s t 
zcr._. Ccver ranged :\-== u-beut £33 feet to 16^3 Tour =___es were" 

being vcrr.ed by a r - c s - _ r _ i - p i i l _ r system, _.r_i tve _-ir.es by 2. retreatiuig p__r.ei 

•its fro: 
. - \ „ - _ 

sv 

Test _.-e_3 v e n selected for their physical c h a r a c t e r i s t i c s , • _u_d the c r c b a h i l i t y 
cf finding gas pressure. Areas ir.vesti52.ted ranged f r c = nevly rzir.ed sections 
to sections that had been open up tu 26 years . P i l l a r s hed not been extracted 
in any of the test _.re_.s; however, at three =ir.=s the tes t areas were adjacent ' 
to sections where p i l l a r s hud been exrracted. At one cine p i l l a r s showed 
evidence of weight, three old roof f u l l s were observed. 

At a l l the nines invest igated, progress of d r i l l i n g holes to re l ieve gas 
pressure were in operation. Methods varied f roa d r i l l i n g UO-fcot v e r t i c l e 
holes in every intersect ion to d r i l l i n g occas ional i n c l i n e d holes which r e ­
leased any pressure within a few feet of the back. At several - i r .es , holes 
for rock bolts , in and between in tersec t ions , r e l i e v e d any pressure within 
6 feet of the back. 

Holes were d r i l l e d in the b?ick with roof b e l t i n g =achines, usins sect ional! -ed 
a-C-r steel and tungsten carbide-tipped f i s h t a i l b i t s . Three-inch di__zete-
holes for .he stroboscope were d r i l l e d with s p e c i a l one-pp.ss b i t s , c r s___.ll 
hcles were enlarged with a l o c a l l y designed rea__er. 

"ccx struct. •--r observed with ti strata scope on loan fret: the Bureau of = -
r-o: Ccr.trci Research Croup. The strut-scope consisted of a sccticnnliicd~ 
peri_._cp_ equipped with a light in tne he_-d of the instrument for illur.ir.at4 

C _.. J-.-.-s, C. C. 5ow_.es, __-.u A. ~.. D 
C —" . . — ____ . _Y _ - J —>__), _• — - _ -» _ • - • , . —'-.-_• 

i _ - r o v , ^-nerul t tec Coi-__nor S<_: 
h D i s t r i c t , 195U. 
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Gas si-.—les --ere obtained v«th an aspi ra tor bulb and tubir.g and col leotod i n 
vucuum bo t t l es . A packer rind pressure sage assembly vas usee to measure gas 
pressure. A d i a l gage, capubie of de tec t ing movement of 0.CC1 inch, vas use< 
to determine roof movement v'r.en gas pressure vas released. Veloc i ty of gas 
estating from d r i l l boles vas measured v i t h a veicmater eatable of reading 
to 9,CCO feet per minute. 

. ..»v. — wrUV rwliJ i+r\ ±j\ 

At the six mines investigated, a total cf 1=9 .vertical holes vere d r i l l e d 
from 20 to ̂  feet into the roof; 11$ of the. 1=9 holes vere dri l l e d im Inter­
sections. Gas-under pressure vas found in 6"7 (53 percent) cf the intersect! 
drilled. A total cf ?1 "blcvs" vere encountered; 15 vere im intersections 
containing gas at 2 elevations above the back; and h vers ir. intersections 
cor.tair.img gas at 3 elevatior.3 above the back. Fcrty-eigr.t holes vere im 
intersections containing gas at 1 elevation. Cas pressure vas released in 
only l of the holes dri l l e d betveen intersections. This "blov" vas 
ciacscd as light and the gas appeared to have been released from a salt 
layer."* In order to determine i f one hole relieved **11 the gas trcssure In 
tn intersection, 12 additional holes vere d r i l l e d in 10 intersections. Mcne 
cf these additional holes released gus pressure. 

Thirty-three- holes ver* cxa.tir.ed vlth the strahasucpe ir. order to determine " 
the characteristics of the roof and the location of gas-bearing strata.. At • 
one mine the roof strata vas examined vithout instruments in tvo raises driv 
to a height of about 11 feet above the back. Locutions of mud and polycnlite" 
seams in the roof, as determined by observation of d r i l l cuttings, agreed 
closely vith locations determined by the other methods. In a l l mines exoetst 
one, the 20 feet of strata above the back contained tvo or three mud sears" 
and a polyhalite seas. The polyhalite seam vas not observed in mine """2. 
Host mud seams vere made up of interceded s a l t and mud, and the polyhalite 
seam vas composed of interceded salt and polyhalite. Thin. —* bands vere • 
generally present at the Lop and bottom contacts cf the polyhalite layer ur.d 
salt mcmoers. The mud and polyhalite seams vere found to be continuous ever 
each urea Investigated, und vere procatiy c .ntinuous over considerably !»rge_-
treas. At one mine, openings up u, tvo inches ir. thickness vere found in the 
fi r s t and second mud seams. This area h>_d beer, opened approximately 20 yea: 
prior to this investigation, and gas pressure vas* not found in these mud s e s ^ 

A "tiov" i s classed as light vr.er. the release of pressure from a hole ca.̂ -
be detected. A mediumf'blcv',viil cle sr. the settled dust from the rotary 
head of the d r i l l i n g machine. A heuvy rblcv"vili clean the settled duct 
from the floor of un intersection. * 

2. c-. arTV.~»ix 2 ( l i s t cf r.ud zesjr.s) 63 



Eighcv-seven o f Che 91 "blows" enccuntarsd ca~e froir, the r.uc seams, or -ud bands 

a t ' che contac ts of che ?o lyha i i : e_b_nd snd s a l t . 5 £ Y . l n r e e n . " • o l a s ' _ 

„„ =__ i ;-_ a-_ l c r , - f ;.CJ1-C r : v e n l : t t i t t the r i s emitted from, t i e mud seams 

bv ha i r l i ne cruc^c.- This ra t terr . ' .z : f cu rd im every examined hole that 
-".lev". Tsrer hcies crocuted l i g h t '"CICWF" from sa l t memoers, ard stratascc-

~J~ -~.z of these three hales revealsd that gas smittad frcm a smaJ 

vu Q i < - c l i _ m e t e r , ir. a tone ci" vhmt utteared ts te coarse sa l t 
crysta_s.- ir.e r.c_e -̂ -̂ .u-̂ a * — ^ used a l i g h t "oisV frcm small p i - hcies i s a 

~*» r —- y ^ <*A * n i * ~ ~ ~> — z -"Zit.zz. tc determine the l a t e r a l • sc"1 c** hcies vere t r i l l e d im 1 
Q~ v*û ""s arts h a i r l i n e cracks. The f i r s t hole relieved gas oressure 

ct't'hc contact between pclyr.ulitc and s a l t . Examination cf thi s heie shsved 
thmt the gas --as released frcm 0.1-inch diameter vuggs cenr.scted by h a i r l i n e 
cracks. 7-3 secend hole d r i l l e d 13 incr.ee frcm the c r i g i n a l hcie did nut 
release gas; however, vuggs ar.d h a i r l i n e cracks vere v i s i b l e at the samu 
eievaticn as i n the c r i g i n a l hcie. The t h i r d hcie vas d r i l l e d near t h - p i l l o u 
1 - -«» 1 £ feet 6 inches frcm the o r i g i r - u l hcie. Cas was net released but 
vuggs and cracks vere v i s i b l e . Tho fourth hole vas d r i l l e d 35 feet frcm the 
c r i g i n a l hole, and 8 feet outside cf tho intersection; no gas pressure vas 
detected, and no vuggs and cracks vere v i s i b l e i n t h i s hole. 

In order to determine vhether gas vas present i n areas other than in t e r s e c t i o r 
a series cf 5 holes on 20-foct centers vere d r i l l e d into the roof between 
2 intersections that had vrudiszisd. " b l o w s N o n e of the 5 holes released.. gnn. 
Since the p o s s i b i l i t y existed that holes d r i l l e d i n intersections could have 
relieved any gns pressure i n the area between intersections, a scries of 
holes vere d r i l l e d i n rccmo and breakthroughs before d r i l l i n g the intersection 
None of the holes i n the rooms and breakthroughs relieved gas pressure; hoveve 
6 holes i n 6 of the intersections prcduccd ""blows". 

Gas pressure i n one hole i n the center of an intersection vms scaled i n , by 
neans of the packer and gage, and pressure b u i l t up to 50 p s i . A second hole 
d r i l l e d 20 feet frcm the o r i g i n a l hole, and 6 feet outside cf the intersectior. 
did not reduce the pressure i n the o r i g i n a l hole. Another hole d r i l l e d i n 
the intersection, 7 feet from the o r i g i n a l hole, relieved the pressure i n 
the o r i g i n a l hole. 

From the data collected during th i s investigation, no c;rpianaLion can be 
cCL'crei. as to why only certain intersccticr.e contained gus. Mud seams must 
have a certain degree of pert.i-a:. i l i c y to permit gas to collect i n intersection 

i. See app-eruti;; JL. 
2- Gee appendix 1, photograph r.'c. 02 
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mm 
l l t y -u:: U- •ery lev, cr s i g n i f i c a n t l y reduced ry 

r.ir.r uc :.iie.-rrcc cc relieve res pressure frcm intersections 

T.-.e could cc he^rd '* verging" vhen gus pressure vas released thrrugr; 
J—- i i ~ ~ * ̂  s . Uoo - vied u d i a l rare indicated that the back moved 
u—.-ard vr.er. rue pressure vr.s .released.

1 Hoof covers.-.t ranged between CCOI 
ard 0.C20 inches vhen "blcvc" "-are er.cuur.tered frcm 2 f e e l to 17 feet above 
the back. The maximum r.cvc.ier.t of 0.030 iner.es vas observed vr.en 3 "slows 
ut elevations above the buck of - 5 feet 9 ir.ckes, 9 f e e t , ar.d 10 feet o inc he 
v«re relieved v i t h u sir.de d r i l l hole. The upward nover.ent cf the rc-of 
too/. cl_ee rapidly, ar.d the t a t a l r i s e apparently depended on the volume of 
gas relieved and hei5.1t above the back of the gas-bearing s t r a t a . 

Oirec. readings cf gas pressure vere d i f f i c u l t to obtain due to the short 
duration of the ""blows" and the time required to remove d r i l l steel fr;.m ri 
hcie; however, three pressure readings were cctair.ed i n 3 separate holers.~ 
These measurements were liu-:en where gas vas emitted from the mud band at the 
top cf a polyhalite layer, and from the sensed mud seam. A l l 3 "blows" were 
classed as l i g h t ; however, a pressure of 60 psi vas recorded at one hole. 
Pressure b u i l t up rap i d l y a f t e r the packer vas i n s t a l l e d , reached a maximum 
within 20 minutes, then dropped o f f very slowly, probably due to leakage 
'around the packer and/or leakage i n t o the lover mud scams. I t i s believed 
that tbe pressures measured were only a f r a c t i o n c f r!.e o r i g i n a l pressures 
in the intersections, due to the volume of gas l o s t while removing the d r i l l 
steel and s e t t i n g the packer. 

Fourteen vacuum-bottle samples were taken by aspirating'gus out cf plugred 
holes which vere s t i l l "bloving" a t the time of s a m p l i n g . T h i r t e e n of the 
analyses indicated that the gas was not explosive. Sample V-l>53 contained ~ 
9.21* percent e f f e c t i v e combustible c r i t e r i a ! ^ and vould become explosive, 
over a l i m i t e d range, vhen mixed v i t h air.'' The gas represented by t h i s 
sample did not create a hazard due to the short duration of the ""olow" and ~~ 
the rapid d i l a t i o n i n the v e n t i l a t i n g current. 

Veiometer readings could not be used to calculate i n i t i a l pressures due to 
the high velocities of the escaping gas, the presence of the d r i l l s t e e l i n 
the holes, and the time necessary to '"uiov" out the cuttings. "3Icws ' cl.-.ss 
as approaching medium had v e l o c i t i e s i n excess c f 9,COO feet per minute. ~" 

2. Sec appendix ^. 
3- See appendix $. 
1. Effective combustible equals percent muthnr.e plus 1.25 times percent — 

hydrogen pius O.u times percent carron monoxide. 
M. C. Zabetakis, R. V. Stahl, and K. A Vat son, Determining the Explccfb 
cf Mine Atmospheres, Bureau of Minos Information Circular 7901, 1959, 11 
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2. Gas :.-*s:ur: ir. -— sssas cr bands vas confined ts intersections. Oas 
; ; V.-o C r. intersections '.-as found i n only 1 hole vnere i t occurred ir. a sstall 
poc.-.et in tne s a l t . 

Mud and toiy'aallte seams vere continuous ever each area investigated. 

U. ','r.ere gas occurred i n nud seams or bards i n intersections, i t emitted 
frcm smell vuggs C l Irenes i n diam-eter connected by h a i r l i n e cracks. The 
vuggs and cracks vere cr-served to be d i s t r i b u t e d through cut the area cf 
the intersections, and one hole vas s u f f i c i e n t to relieve a l l pressure to 

dsoth d r i l l e d . 

= . A l l "blows'! encountered vere classed as l i g h t or medium, and vere of 
snort duration. The volume of gas released uppcars to be consistent v i t h 
thet volume vhich could be expected to be confined i n tho vuggs and cracks 
in the arcs of an intersection. Large pockets cf gas vere not found during 
this investigation. 

o. Analyses of vacuum-bottle samples shoved that gas emitting from roof 
strata, v i t h one exception, was nonexplcsive. Cne soorpie indicated that 
gp.s emitting from the t h i r d mud seam at 1 mine would become explosive, 
ever a very l i m i t e d range, as the gas vas d i l u t e d v i t h a i r ; however, the 
gas represented by this sample did not create a hazard due to the short 
duration of the "blew" and the rapid d i l u t i o n i n the v e n t i l a t i n g current.. 

7. Direct readings of gas pressure indicated that i n i t i a l pressure i n mud 
seams can be greater than 60 p s i . 

8. In the intersections that vere measured, the back rose from 0.001 to 
0.03C inches -hen gas pressure was released. 

9. "3icvs" classed as approaching medium had v e l o c i t i e s i n excess of 9,000 
feet per minute. 

10. Cas pressure i n the roof strata has a d e f i n i t e e f f e c t cn the roof, as 
evidenced by measurements of gas pressure und the rise cf the back as preesi 

11. During this investigation, the r e l i e f of gas pressure thruugh small 
diateter d r i l l holes did not present ar. explosion hazard. 

12. r^termiaation cf i n i t i a l formation pressures, and the pressures 
necessary to cause f s i i u r e of the roof vere beyond the scope of this 
i t v s s t i g a t i c n : however, t h i s ir.f rmaticn could be of considerable value T 
•ate Tit-ties involved. 
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- 2> — • 

Rise cf Back 
In Inches 

neignt Acove 
Tie 3acr. cf 
Gas Bearing S 

Licht .cci* 3' 0" 
.0C2 6' 6" 

V j ~ i J • .007 9' 6" 

—2 Light 2' 0" 
T < — -
— e—-

.OCT Tota l Movement 5' 0" 

i l l* Hec_i — .004 8' 9" 
T < ~ — — .001 5' 6" 

117 L i snt 3' 0" 
Light 6' 3" 
Lignt .009 Tota l Movement 9' 0 

113 U s = i 5' 9-

• — 
9' 0" 

Medium .030 T o t a l Hoveesent 10' 6" 

202 Limit .015 14' 6W 

203 • Light .003 IT' 6" 

310 Light 
.006 Tota l Movement 

3' 2" 
T < 
L i * rj*-» — 

.006 Tota l Movement . 9* 2" 

312 Medium; • .013 io • L l ­

31h Medius .010 10' l l " 

315 . a^&~* .0C2 9' 8" 

313 Medium .020 10' 11" 

1*01 L—gn — .002 61 

9" 

i*c6 Medium .018 8' 0" 

Uo? Light 10' 6" 
Light .005 Tota l Movement 17' 6-
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:-eodlx 3 (Cor.o.. ) 

4lo 

^23 

423 

512 

513 

515 

516 

517 

T , < - j - . " 

L—c»' * — 

T * — » 
i — 

L^c.. ••» 

Light 
Light 

T <( 

Light 

T < - i . -

r * —u*. 

Ld * » 

rfediu= 

Hediu= 

Mediu= 

-013 Tcoal Hove: 

.CC5 

• .CC2 

.003 

.CC2 

.003 

. CC2 

.001 

.001 

.005 

• .004 
.002 

.005 Total Movement 

.002 Total Movement 

.003 

.oo5 

.oc6 

.007 

.003 

.002 

o' o 
17' 0" 

7' 

6' 

14' 

0" 

0" 

0" 

7' 6" 

7' 6" 

17' 0" 

17' 0" 

17' 0" 

7' 0" 

5' V 
9" 6" 

5' 9" 
15' 6" 

14' 0" 
17' 0" 

16'1 6" 

16' 6" 

17' 6-
15' 0" 

17' 6" 

17' 6" 
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* * . — I , 

Ecle Strength cf Height Above Maximum Pressure Cc=s=t 
3iov B—-X of Cas 

Bearing s t r a t a 

- io Light 7'6" 30 ps i Reached 10 

a l t e r 
vas 

U 25 Light 9«6" 50 psi • Reached 20 

ciin. a f t e r 
oacker vas 

l-2S Light 9<6" 60 psi Reached 5 = 
af t e r p&cke. 
vas se' 
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srr.a i I pop 

Bang a blow 

jck Moved 

Less than ene cu. f t . 
3 

Between 1 f t . " ana 4 cu. yd. 

''ore than 4 cu. .-d. 

irew 

Shift_ 

:ate_ 

Ti me 

Area 

Floor 

Middle Mud 

Top Mud 

Salt 

Full Pass 

Half Pass 

Face 

Rib 

Smell 

I 1 

Location 

•om No./B.T. No. 

D tance & Direction from which intersection 

Otr. •'Comments 

Instructions 

1. Mark only one box under Size, and one under Rock moved 

2. Gas seeping from clay goes under Other/Comments 

3. I f rock moved, is larger than 1 cubic f t . , notify the shift foreman who will 
notify general foreman 
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Environmental Evaluation GTOUD 
Reports 

(Continued) 

EEG-12 L i t t l e , Marshal l S. P o t e n t i a l Release Scenario and Rad io log i ca l 
Consequence Eva lua t i on QT Minera l Resources at WIPP, May 1982. 

EEG-13 S p i e g l e r , Pe te r . Ana lys i s of the P o t e n t i a l Formation of a Sreccia 
Chirnnev beneath the wIPP Repos i t o r y , May, 1982. 

EEG-15 Bard , Stephen T. Est imated Rad ia t ion Coses Resu l t i ng i f an 
E x p l o r a t o r y Borehole Penetrates a Pressur izeo B n n e Reservoir Assumed 
to E x i s t Below tne WIPP Repos i tory Ho r i zon , March 1982. 

EEG-16 Rad ionuc l ide Release, Transpor t and Consequence Modeling f o r WIPP. A 
Report of a Woricsnop Held on September 16-17, 1981, renruary 1982. 

EEG-17 S p i e q l e r , Pe te r . Hydro log ic Analyses of Two Rr ine Encounters in the 
V i c i n i t y o f the Waste I s o l a t i o n P i l o t P lant (WiPP) S i t e , Decemoer 
1932. 

EEG-18 S p i e a l e r , Pe te r . The O r i g i n of the Br ines from ERDA-6 and WIPP-12 
Stab le Isotopes of Hvnronen and Oxvoen, March 1983. 

EEG-19 Channe l l , James K. Review Comments on Environmental Ana lys is Cost 
Reduct ion Proposals (HIPP/D0fc-i3fi) Ju ly 1982, Novemper 1982. 

EEG-20 Baca, Thomas E. An E v a l u a t i o n of the N o n - r a d i o l o g i c a l Envi ronmental 
Problems Re la t i ng t o the WIPP, February 1983. 

EEG-21 F a i t h , S t u a r t , et al . , The Geochemistry o f Two Pressur ized Br ines From 
the C a s t i l e Format ion i n the V i c i n i t y of the Waste I s o l a t i o n P i l o t 
P lant (WIPP) S i t e , A p r i l 1983. ~ 

EEG-22 EEG Review Comments on the Geotechnical Reports Prov ider by POE to EEG 
Under the S t i p u l a t e d Agreement Through March 1 , 1983, A p r i l 1983. 

EEG-23 N e i l l , Robert H., et a l . , Evaluat ion of the S u i t a b i l i t y of the WIPP 
S i t e , May 1983. 

EEG-24 N e i l l , Robert H. and James K. C h a n n e l l , P o t e n t i a l Problems From 
Shipment of H igh -Cu r i e Content Contact-Handled Transuramc (CH-TRU) 
Waste to WIPP, August 1983. 
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F. L. Pierson 
Senior C-ecic£ist 

U.S. Potash Cc-par.y 
Carlsbad, Nev: Mexico 
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:z\r. a s...- ar.u rr~3ve i t . 
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i lea . - to r i t e ir. z.-.e o.-.try 
a a - : v t - : : . \ ; a lay i r . 

. s - - ~ —• . . . . c 

f • _ - - I :.-.e f . . . : ; . . . i i t a . f o 

•.zz tD cauuc 

. aa. pressure 
:au-;s tr.e 

...a y i l . a r s 

."..c acaar.a cf r . i r . i . - . - i r . cur operat : c.-.s i s i r . '::.t continuous .-ir.er secciar.::. A'ao 
-/ jars r..;s -A ca.--.er.cea us? of ccr.tir.ua JS --ir.er?., and i r . t r . l a cp- . rz t i : r . 5. a i f f c r e r . t ty 

:.- . 1 ; '—.• 1 l .-ii: . ' - iar. .- . t.-.t ::.uc.-.i:.i. Z..c ser.crsl - . . - . i r ; ; ; : : e ? r - : i t r . 
-L--"-~5 i:.c- r.:...ure3 f«e*. ler.r ar.d ' l : " ; - - f iva f ee t • i l ; . ; : r r . i r . - . 

. . .a . r . i r . i : ; . : .-•:<! i - l . r . - . rffdacrd ar> cue:, siae tr.at f r . l r . " y - f i ; v ic r.i.-.ry-o ; 
a i t r s c t i r . r :c:.-.£ c.-.:;ir.cd. 'Ir.z ....is. zzzr.Zz v c l i aus jc ia t ; i y a i i e r rr-.i.-.i.--. : - v r i s r . 

i l i i . j e pa raer.t...£t; af <.r.ara;aic.-., auiaiatnae i s r ; - i : ; v i ; . ; r a p i d . 

- • r T—- r . rv. ir i - - ; a., a a. r:3vcr.^:.: underground i s e r <. i-.aaec 
- j ;c o , , :z7.z:.z\e j twelve- f ; > . i , '..v.ile r r . i r_a,.'ar subsidtr.se 0:1 tr.e 'surface i ; a-p:-sriT..-.tcly 
ci e -r . : ar.a sr.n-r.a-f . ' . ' i t . I . . i a v c u l i r . ' i -zi .r zz ind ica te t.-.nt v<sry l i t t l e ara?.,:i.-.-, i . ' ' ' i • 

rata sieve t.'.c rair.sC-aut tr.e over. :tas ire r.cre cr less z. 

I 
1 
L 
L 
L 
L 
L 

.cz.ir.Z af ar.e particular station cr. tr.e surmise ar.d ur.2erfrour.Cl lr. . .• 
r. Szzr.i z.-.zz r = r z---zr.Lv.zZe'.? zr . l rzy zzyz Z ' -ZZLCL-ZC v i s extreme. 
-ir.oi-ou; zrez war cr.'.Tir.a::y 12.75 i'oc:. ?or ine : " i r - : i r . i r : ; - y.yj : 
r.?-.±rcr.z'.y l i t t i c -:-.rr»:::; t-_t Scf-ccr: i r . i r i y ir.a ci, 

• i i i - =u:ricvi 3.25 ^ei•t. w.-.ile t.-.a p:ir.t ;;cvo or. tr.e s-r 

fee:, •.l.cr.ze cr. ir.e r;-trricc rcic-irc-J 2.20 :*o 
r.zz cc.v.o i...';. • a' six 

.'.ricr or:cr h_r.i;-i: ;.r.i f : r r y i s ~ s , 
i t s : , w.-i.e h.-.t paint or. tr.? 

surT-cc r.aa" r.&vfc! cevr. tr.ree sr.c or.e-r.alf 'c-et. Duo to t:-.e i a i ror.iliticr.s of tr.e aael: ur.cler-
Zz-z- Z t t tr.iL t i i i a , obscr-.'atic:s vere iir.cor.tlr.ueci. On v.-.; surface, r.o.-cver. tr.e pair.', 
ecr.iir.'-cc dcvr.varc!. -tas-arir.; r i z feet t a t - l crap a,ftcr tvo r.ur.Sred days. I t was at appraxiza 
t r . i t ;.air.t tr.a.t tr.e i.-.arp rate :uiiiCe::c; c.-.ar^edaiiru;;t:y. At the e.-d of or.e tr.ousi.-.d aaya 
tr.e i-urfacc statior. r.ad subsiced a t o t a l cf 7.50 fast, ir. ir.erssse of 1.50 feet in tr.e' -ast c i 
hur.i.-cJ ds;/«. 

In crapiiir- tr.e r.ovaser.t of tr.ia station, i t -..-as fcur.i tr.at t n * line vas not cor.tlr.uouiiy 
dsvnvari i u t inaicatci tr.at cuir.ider.ee. actn ur.darrround and on tr.e surface, case in waves or 
i.-.trrval;, and lr. rs.-e cases tr.e rrovr.i actually rose I'rszz tr.e previous sontr.'s rt-adlns. ?roc 
cur cloacat cirervr-tian ir. a air.rls inatanae, i t apjearej -..-.at surface r.vasicsr.ct at-care 
soaauraale apyrsxir.ateiy t r . i r t y - f i v e days after auasicer.ae was noted .ur.derorour.d. 

Ir. the f i r s t study of subsidence r.ovt--tnt, a grid was set over tr.e area to be rained v i t n 
stations cn rive-r.ur.drcd foot spaair.s, totn east-west and r.crtr.-aautn. ? ese stations were 
ariar.-ulatccJ l n cac.n r.rr.tr. ar.d H recara cf '.:-.»ir aiave-er.t -.-as noted. 7rc:; tr.is date an appro::, 
.-ate I i ~ i t i r ^ angle cf =1 dasr.sa - 3C decree a r.aa teen calculated, tne U n i t i n g ar.^le, of ecu 
teir.r -iasurad f r a - a line craw;, v e r t i c a l l y u;> frca tne ec,c of advance and a acac.-.d line draw: 
upward f r o - tne ed~e of advance to tr.e cutcra.ast paint w.-.crs sui;sidor.ee vas observed on tr.e 
surface. ?nis li_-J.:i.-.o an^ie i s i.-portar.t ir. deterrainir.s wr.ere surface structures w i l l be 
affected by subsidence. Tr.e re i r e -ir.y factors wr.ic.n contribute to tr.e degree of tne angle. 
Tr.ose principally responsible are: 

(1) Tne ovarlyinj strata tnrcu.-n vnicn subsidence ta'.:cs place, tr.is anjle beins relative 
:cr ttror.r rae.-is ar.d ra-iativcly iarre far weaker m.-ttrs, tr.e tota: e, cf 

coarse, being tr.e sua of tr.e various i i r . i t i r ^ angles up t-.rcurn tne d i f f crentstrata. 

<2! - • : - r - * -'—- Z — ft areas wr.ere f i n a l 
r . . — 1 m* ~* ~ 

'Ji opera-t naa been cbsirved that tr.e li r . i t i n a ; ar.-ia 
ticr.s are bardered ty f i r s t r-ir.ir.- operations. Ctrict-y rpcaiiins, tr.is i s net a true l i a t i t l n s 
ar.-la leauuse extrtictlcn outside tr.e area effects an increase of tr.e ar.-Ie. However, f r c s tr.e 
practical point cf vi?w, i t is cuite necessary to taie tr.is inf.uer.ee under consideration. We 
nave ciaervea l n r.cre cases a i i _ l t i n c ar.;le as large as 51 ta IC decrees. I t say be wner. tr.e 
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I c r l H. M i l l e r , Rssise.-.t ::i:.:rer ?=15?5 
Vr.-

Francis L. Pierscr., £er.i:r laolo g i s t 

Tr.e 'J.-.ited States Potasr. Ca.-par.y --as the a r i - i r . s l discoverer ar.d f i r s t ?rcd-r.cr or ur.de. 
: i -i.-.cd por;:.-i cr: ir. :;ert.-. Arsarica ar.a cor-.cr.ceO active rraa-aalar. i f pstasr. ir. 1931. 

tr.e ce-par.y nergas - i t . - . United Ctates Sara-x i : Cheraical Corporation and ia r.cv a ^ 
.-. of t.-.aa ccrparaaaar.. 1 

T.-.a -i.-.c ia located t..a.v.\--two rallaa aaat ci" the c i t y ci* Carl s i ad ar.d tr.e refinery i s 
located siuit'xvr. rriles aautr. a:" tr.e rr.i.-.c. T.-.e ralr.e was n-aaed wr.ere tr.e ere -.:aa faur.d ar.d z:\f~ 
zci'Lr.cz-r p.aaaa v..ere e.-.c-rc was s u f f i c i e n t water Tar a dissolving ar.d r*-crysca_lisaticr. pls^ . 

~cr twenty-tr.ree or tr.? last twenty-<:ix years, tr.e potasr. ore vas rair.ea wit.-, tr.e rooa am 
p i l l a r r.at.-.e:. t : :i:.r a-prar.i-st.'ly si.~.:y ptraer.a cxtrseticr. ar.d Icavl:.^ f o r t y percent ir. 
p i l l a r : , v i l l a . - ; a.-'. .;i r.crslly :'i.":y-ei rr.a feet by f i f t y - e l gr.t feet atuar^. T.-.ree yci : 
a-;, i t was duclaed tr.at rersjvai of as lar,;-- ar. extraction as possible frcra sr.eao p i l l a r s s.-.oul 
te acauaaneec. r-

Tr.e f i r a t viaia-Ie cviciaree of suasidr.nae or. tr.e surrace i s by a.-.ali nairiir.c cracks v.-.iL. 
r r . r i l l " c'evclr.-- i.-.ta aaer.i.-.-a r.aasurir.r •.:-, to aarroxiaaately one ir.er. wide ar.d a:;c :.unared feet 

:.a -..e ;:.cc retreats ;ar.a-'rrraur.a, a.-.cse tar.sior. cr:.s.ir; disappear. ;.acut eeur.dsrr.rf" 
af ir.c f i n a l reirvc area w.-.ic; r.ave aacr. u.v..-.-;r.:e a f or ar.y ian^tn af ilaae, these cric.;s appear 
accaaa l a r r c r . ..'iir. car.tl.-.ual atrair. and cr-oaler.al cfiVcts.scr.e of tne cracks caveiap i n t . ..a 
a;le epc.-.ir.-s r.a*surin- six lr.c.-.e^ to tvo fa-et wide ana with an ur-i.-.svn deptn. '..'itn continued 
-reals.-., t.-.a walla cf tr.e cracks f a i l into tne totters, tnus wide.-.i.-.g und f i l l i n g ; tne opening 

In t.'.e pr-. j.-r.t ;:.-. ;e after two years, cost of tr.e openings apaaar as slur.? holes a.easuri.-£ 
scr.:c six to ei:\-.t feet acre;;, ter. to t r . i r t ~ fect I'cn.c. ar.d f i v e to f i f t e e n feet cecp. Tr.e 
rcilarac * tru>.: are '-r.rsurjn vr.ich these f o r e s i.re t r a r . — «. - + z . ^zz i ;. j 
ut;.cuats i n tn^ area. Tr.e- t u f f coicrsite section at appr exists t el y four hundred feet below tr.<L 
surface i s a -.rater none of car.siierable r.a:;nisuae ever quite an extensive area. T.\s fact tr.at 
act ft *-n= salt and patasr. ta-e hignly soluble staites i t imperative that tr.e section between t r . i i 
huff dolcraite and tr.e u.-.d'jrgrcur.b salt ar.d pctasr. beds telov raust r.ot be ruptured. Tr.e potaJ 
bed, vr.ich varies fr=.t f i v e to f i f t e e n feet i . : .leignt and l i e s raorc sr less r.oriaa;..»1, Is L 
approxiauitc-iy or.o thousand feet below tne surface ar.d Is r. a mall;.- cveriair. by a salt section 
f i v e hundred acet thiaU. The shale and clay strata belcw the water a ar.e «ni above t.:e salt 
sectlcn farea tr.e ir.pervlcus layer wnlch protects tne salt section frcra the water above. 

T..e effects cf subsidence over the surface area ar-? nuch l a r ~ e r than the actual f i n a l c i : : 
L 

i . . . . 

srea undcrrr3u.-.i. Ir. those places wncre f i n a l rai.-.ir.r: .-.as been carrioc ta tne l i r a i t s of tne J 
bady, suialaar.ce e f f e c t ; have been observed scats sever, hundred fees acyar.d tr.e l i r a i t s on the(_ 
surfuae. In those places wncre f i n a l atir.ir- stop?ed in a f i r s t sained area, subsidence r.as beer, 
r.atci for distar.aes as great as ono t.-.cusa_-.d tvo t.Mr.iTci f t e t beyond tns iiaaits cf f i n a l r i r ' -
P r lncipally f o r t n i s reason,a large aor.e about tne hoiatins sr.aftc has beer, prar.ibited to f l n i 

a c t i v i t i e s u n t i l a l l other saining i s ccrapleted. 

In present operations, there arc tvo types of =ir.ing l n use. The f i r s t i s i-rnown as car.* 
venticnai rulr.ir.a. w.-.ich u t i l i a e 3 ur.dercutters, d r i l l s ar.d blasting, ai'tar •.•.••.ich tne ere i s ctai 
frcra tne face witr. loaders ar.d snuttle cars. The ether atetnod i s with continuous atinlng nacffir 
usir.g extensible and rsiir.ii.-.c naulage belts. Ir. both cf these operations, f i n a l raining Is belr 
c a r r i e i on. ? e ecr.venticnal f i n a l rair.ing systez i s used generally i n hign ore l n wnich I t j 
would be unecor.euaicai to use a continuous raining aacnine. I 

Ir. cases where a raud ceara or zone of wialcr.ess occurs i n a p i l l a r , i t w i l l , of course, cru 
and f a i l at this paint, ?:-cQuentiy vr.en the raud sears i s Just above tne baclc or Just under trj 
f l o o r , tr.e p i l l a r w i i l punch through inte the wealc zone. Additional effects caused by tr.e rai_ 
seaat Just above or Just oclow an entry arc frequent sags and f a l l s of rcof a.aaa and .-.saving c: 
snc f l o o r . 

ivcr. i n the event that raaf slabs becin to f a i l over hauiage ways, an atterapt i s cade t i -
ccntrol their subsidence u n t i l tne hauiajr way l a abandoned. I : , c o n t r o l l i n g res.' slabs, cribb: 
c t u i i s ani raaf baits are often used. These aeaaures usually suffice to ;:«cp tr.e haulage w a ^ 
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Mr. President, critic* of S. 717 have 

claimed that the imposition of civil pen­
al ties u a punitive measure, that it is an 
attempt to punish operators who do not 
comply win the act's requirements. WeU. 
sn my mind this la 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 ln the rates of 
fatalities and senoua injuries ln the min­
ing of coal, than we have seen in noncoal 
mining. I believe that the civil penalty 
system under the Coal Act is a major 
.'actor contributing to this improvement 
m- 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 
mile insuring fairness to the parties. 
The bill provides a procedure which en­
ables the questions arising out of civil 
penalties to be litigated quickly and with 
finality. 

Under this procedure, an independent 
administrative tribunal assesses the pen­
alties, and review of penalty assessments 
is based on a substantial evidence test, 
the prevalent test for court review of ad­
ministrative determinations under our 
system. 

We know, however, that there is a 
hard core group of operators for whom 
civil penalties provide little encourage-
nent to comply with the requirements of 
Jie law. These operators apparently find 
it easier, and perhaps cheaper, to simply 
pay penalties rather than do what they 
must to get their mines in shape and 
provide true and lasting protection for 
their workers. 

That was the situation the 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 ln the 2 years prior to the explo­
sion. It is likely that it was just this im­
proper ventilation which was instrumen­
tal ln an explosion of accumulated 
methane gas. 

This bill provides two new enforce­
ment procedures addressed to these situ­
ations. One is a new closure order se­
quence, which is triggered by the finding 
that a pattern of violations exists in a 
mine which could substantially and sig­
nificantly affect the health and safety of 
miners. 

This new mechanism permits the Sec­
retary to issue an order closing all or 
the affected portion of a mine every time 
another such violation is found, until an 
inspection of the entire mine indicates 
that there are no more violations of the 
•vpe which established the pattern. 

The other new sanction available in 
^uch situations permits the Secretary to 
ask a Federal district court to fashion 
appropriate relief ln 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 

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

717 addresses the inadequate en­
forcement of our mine safety laws ln 
another way. It transfers responsibility 
for the enforcement of this program to 
tne Department of Labor. 

In the committee's judgment, the re­
sponsibility for insuring workers' health 
and safety logically belongs witn the De­
partment which has as n.s overall duty 
the responsibility of safeguarding 
workers' rights. Yet the committee rec­
ognizes that miner health ajid 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 ln the Interior De­
partment. Under this arrangement, the 
Secretary of Labor will be able to deter­
mine his safety research and training 
needs, and arrange to have the appro­
priate research and training done by the 
Interior Department. The considerable 
skill and experience of the Bureau of 
Mines will thus continue to be directed 
toward furthering the health and safety 
of our Nation's miners. 

Mr. President, there will be 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 to us a compre­
hensive plan to Increase the development 
and exploitation of our energy and min­
eral reserves. I believe that an effective 
mine safety and health program must 
be put In place first—and must be the 
firm foundation upon which we will build 
our national energy program. Otherwise, 
we will continue to pay for our energy 
and minerals with the dreadful currency 
of human Uvea 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 
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. 

Mr. President, this bill has the sup­
port of the President and his adminis­
tration. 

The Secretary of the Interior and the 
Assistant Secretary of Labor have told 
the Labor Subcommittee that President 
Carter considers the changes to our 

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 
for a long time. 

S. 717 has been carefully drafted and 
considered by the committee, and I am 
glad that it is on schedule now for the 
Senate to make its determination. 

Mr. President. I am happy to see that 
the ranking member of our committee, 
the Senator from New York (Mr. 
JAVITS). 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. JAvTTS. 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. WILLIAMS, in urg­
ing the adoption of a measure to bring 
about a marked advance in the safety 
and health of our Nation's working men 
and women. 

This bill Is intended to strike a new 
balance ln the longstanding antag­
onistic goals of nuudmlzing 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 a highly hazardous occupa­
tion. 

With, greatly increased emphasis on 
coal production to meet our future en­
ergy needs, we must be sure that acceler­
ated production is accompanied by an 
improvement ln the rate of fatalities and 
disabling injuries among miners. To this 
end. the bill makes a number of improve­
ments in the standard setting and en­
forcement provisions of the Federal Coal 
Mine Health and Safety Act of 1969. 

S. 717 will at last also bring about a 
balance ln 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 1966. 
With the enactment ot this bill. aU 
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 m the 
mining industry. 

This' bill is a product of extensive over­
sight activities on the part of the Human 
Resources Committee that have con-
tmued 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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iainmahiUtr; in a third (252) the finma speeds 
m a series oi Eammouie mixtures oi methane 
and air •vere extrapolated to zero spcen. tne 
corresponding composition being taken as tne 
limit oi uamnrabihty-—-in error, oecause a 
•'Limit" mixture bas a dome soecd that is far 
from zero. Uanv oi the older figures are 
omitted because they are but rougu approxi­
mations compared with more recent •.-•.•suits, 
-.vith w:uch. however, they are not at varumec. 

i recent series oi experiments in narrow 
tubes has. however, given some anomalous 
results, not yet explained. In a 2-cr».-diameter 
tube 60 cm..long, the limits were normally 5.40 
and 13.72 percent; but. after the tube hatt been 
cleaned with enromic acid, washed, dined, and 
evacuated to 0.001 mm., the limits observed 
were 4.70 and 12.36 percent. An extended 
series of experiments wns then made with a 
"natural gas" containing 94 percent oi methane 
and Co percent oi "various hydrocaroocs." 
Tabes 2.5, 2.0,̂  1.5, and 1.0 cm". In diameter 
were used, and both Limits were determined for 
unwaru and downward propagation oi dame. 
The "ciean-tube" Limits were always lower than 
the corresponding "normai-tube:' Limits, the 
difference oeing mdepenuent of tube diameter 

for both limits 'downward propagation) and 
for the nigner Limit (upward propagation:. 1": 
is diffficuii to axpiain a -'woli effect" that is 
indenencient of tube diameter (2SA). 

Upward Propagation ut Small Vessels.—Tabi: 
11 snows tne limits with upward propagatioa 
of flame '— mixtures oi metnane and air ui tae 
smaher vessels. I : is evident that tne limits 
found in wide vpssois open benind the flame— 
3.1] and 13.37 for gases saturated with water 
vapor—are not appreciably narrower zz open 
tubes 5 cm. :n diameter. In dosed tubes, 
however, the higher Limit is greater than in 
open tubes of equal diameter. This is es-
pialucd by the ooscrvauoa that increase oi 
pressure raises the higher limit; enough pres­
sure to affect the limit is developed in closed 
tubes in the earlier stages of propagation, wauc 
the flame ia still assisted by 'ihe'initial impulse 
from the source of ignition. This expianauoc 
is confirmed by a comparison of two experi­
ments in tubes of the same diameter (5 cm.; 
but oi very different lengths. The shorter tune 
gave a greater higher-limit figure '""H the 
longer tube, because the pressure must nse 
faster and to a greater quantity in the shoru: 
tube. 

TA3LS 11.—Limits of jiammabiiity of methane in air, with uvward propagation of flame in tuba 

Dimensions of tube, ca. 
Firins end 

Diameter Length 
I 

limits, percent 

10. 2 
7. 5 
6. 2 
6. 0 
3. 3 
5. 0 
5.0 
5. 0 
3.0 
4. 7 
4. 0 
1 7 
2. 3 
2. 3 
123 

96 ; 
130 : 

33 ; 
200 i 
130 ! 
30 I 

130 
ISO i 
ISO ' 
100 i 
100 ; 

130 ;. 
130 ; 
123 1 

Cosed... 
do 

Ooen 
Closed 
§*n 

coed 
Open. 

do 
do 
do 

Cosed. 
Ooen.. 

do 
Cosed 
Open 

Higher 

Content ot 
aqueous vapor 

Refers net 
No. 

3. 00 . 
3. 33 ; 
3. 43 I 
3. 40 ; 
3. 28 ' 

3. -10 
5. 24 
3. 33 
3. 3 
5. 3 
3. 23 
5. 5 
3. 50 
3. •ia 

13. 00 
14. S3 
13. 3 
14 3 
14. 3 
15. 11 
14, 23 
14 02 
13. 30 
14. 3 
14 1 

13. 20 

I Dry ; m 
EaU-*aturated ! iff 

1 Saturated........: .V 
Small I . . a 
Dry I JJ 

I - - - - - - - . . . . . . . . . . . rrr 
j Ealf-ianirated ; iii 
! Dry ; -j 
] Saturated ; a 
I Small. . . . . . . . . . . £15 
l ( V.i 
• Dry , 
i Saturated ; fr; 
: Haif-aaturated j iU 
: Nearly dry :;j 

Horizontal Propagation in Small Vessels.— 
Tabie 12 shows the limits with horizontal oroo-
agauon in the smaller vessels. The limits for 
closed tubes are narrowed appreciably bv re­
ducing the diameter of the tube to 2.5 cm." In 
open tubes the limits meet when the diameter 
of the tube is reduced to 0.45 cm. Flame Is 
not propagated, except for a short distance 
irom the source of ignition, along a tube 0.36 
cm. in diameter. 

Downward Propagation in Small Vessels.— 
Table 13 shows the Limits with downward nroo-
agation of fame in tne smaller vessels." TL; 
limits throughout are somewhat narrower tin 
those found in the largest vessel for the sacs 
direction of propagation. 
_ Propagation In "Spherical Vessels.—Table l? 

shows ^ the limits for propagation of iixt 
throughout mixtures of" methane and air 
ciosea spherical vessels of various sues. 71* 
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•0.8 

Fiorax 15.—Lower Limit of Methaue for Various Directions of Propagation of Rama ia a Tube 2.25 Ca. ia 
Diameter. 

Influence of Turbulence and Screaming 
Movement on Limits of Flammabiiity.—When a 
small fan was rota Led. rapidly enougii but not 
coo rapidly in methane-air mixtures contained 
in a 4-Liter giobc, the louver limit of methane was 
5.0 percent compared with 5.5 percent observed 
for quiescent mixtures in the same vessel. If the 
turbulence 'was too violent, however, even a 
5.5-percent mixture did not propagate more 
than a short tongue of name (83, SoO). 

A streaming movement of the gas mixture 
produces similar effects on the lower limit. At 
a speed of 35 to 55 cm. a second (G9 to 12S feet 
a minute) lame was propagated in a 5.02-per­
cent methane-air mixture but not at any speed 
in a 5.00-percent mixture (2SS)-. Hence, under 
appropriate conditions of movement oi the gas-
nuxture. the lower limit oi methane is 5.0 per­
cent. The same figure was obtained when 
movement of the mixture was produced by 
expansion caused by its own - combustion in 
experiments oa the propagation oi Ikimu irom 
closed to open end.oi a large vessei (p. 

Reference mav be made to observations oi the 
effect of turbuience, m somewhat different cir­

cumstances, on the lower limit of natural gas in 
air (p. 115). 

InSuence of Pressure.—No measurable 
change m the limits of methane in air could be 
discovered, either when the pressure was varied 
between 753 and 794 mm. (225) or, in the lower 
limit for upward propagation of name, when 
the pressure was varied irom 1 to 2.9 atmos­
pheres in a vessel of 11.3 liters capacity (211). 

An interesting comparison has been made oi 
the effect oi change 'in pressure from 1 to 5 
atmospheres on tne limits with downward 
and horizontal propagation in tubes 2 cm. in 
diameter (2S5, 277). With downward prop­
agation, the Limits change steadily irom* •3.C0 
and 13.00 percent at 1 atmosphere to G.-iO and 

tospiieres. Vv'iui 
owcr limit rc-

5 percent at aoout G 
Dronagauon. tl horizontal 

mamen neariv constant (5.5 nercent) over this 
range of pressure; the higher Limit rose steadiij 
from 13.31 percent at 1 atmosphere to 1G.112 

O.j atiuosiJUcrja. percent nt about 
experiments, thereiore. tne ;ower limit w.m 
horizontal propagation was unchanged, but 
that with downward nrooagation increased 
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the same circumstances, but at room tampera-
ture, the Limit ts 6.1 percent. 

Influence ct Pressure at Various Terr.pera-
rarea.—The curves of figure IT snow the Limits 
of Sa_n_aiiity of methane-air mixtures at 
20°, 220°, and" 500° C. at ail pressures be tow 
atmosohenc. The Limits were observer. ::i a 
closed tube 2 cm. in chameter aud 50 em. in 
length (255). 

A mixture of 2.1 pcrrrrit methane in air was 
ignited by sudden compression to 50 atmospheres 
pressure, which proauced a tempera cure of 
7Q53 C, and a mixture of 53 percent methane 
at IIS atmospheres and 540° C. (ST). 

Influence ot I—purities.—The lower Limit of 
methane in air, with downward propagation 
of Same, was raised about 1.3 percent by iron 
caroonyl (0.03 cc. liquid vaporized per liter). 
The higher hmit was r?duced from 13.0 to 
10.5 percent by the same quantity of iron 
caroonyi (325). 

METHANE 2J CXYGTN 

The Limits of methane in oxygen, with 
upward propagation of Same in a 2-lnch-
ciameter tube open at its lower end, are 5.15 
ar.ct 50.5 percent '(!SS). 

Table 15 gives other determinations of the 
observed Limits oi methane in oxygen. 

TABLE 15.—Summary of other determinations of 
limits of jiammabiiity of methane in oxygen 

Upward Prspcgaaaa of Flos* 

rjlxBeasiens of 
:UM. _ . 

> 1 

j L—tts.ptretau 
R r _ > _ t _ , aaferene* 

D_ wur ; Lanflti - Lower i Klfxwi 
Sa. 

«i UO Opu ! ! tn 

Horizontal Propcgalea of FUima 

i i i -1 Open... l i T t i s j j a a j n 

Downward Prwpaqatoa of F l c _ « 

13 1 
10-11 

l— 
1.5 i. 

130 i OMR.-. _ ! 13 i , 
• Cased ; n 

, 14 I : 

• r. j « 

m 
_• 
JS 

£SS 
—ca U L i t IT7I" 

oa 1 u | 
hs 
sm t 1 

—ca U L i t IT7I" 
oa 1 u | 

hs 
sm 

Propaaasoa ef f t s a * ia Globe or 3os_ 

13 liurs euaettr—~~ 
Zl ee. =io4c-.r7-..__. 

Cosed i i o ! „ 
-0—. . . . . . . 27. 0 i 

iST 
ar 
a 

iST 
ar 
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lr.iiuer.ee of Pressure.—The Limit3 of methane 
in oxygen were not appreciably narrowed until 
the pressure was reduced below 150 r*— A 
moderately strong igniting spark was used 

'?5\ '-th a stronger snarl: the Limits did not 
coincide unth the pressure was renucen :: 
12 mm. (SO). A curve has bean obtaiaca 
for rcsuits m a burette (SS). 

The burner Limit is increased by an increase 
of pressure above atmospheric. Ono onscr-
\*at:on (350). incidental to other work, is tnat. 
at LQ atmospheres pressure, a mixture contain­
ing 71 ncrcent mctuanc slowly nrooacatcd 
fliiirte. In a small bomb (5*5; :he h:iher\i_: 
roso mnihly from 35.4 percent ac 1 afmosnhers 
co 31.7 percent at 50 atmospneres, then siowiy 
to 54 percent at about 145 atmospheres; 
however, the mixtures contained about 4.5 
perrons nitrogen, and the limits would be some­
what higher In pure oxygpn. Combustion was 
far from comDietc in such mixtures under 
moderately high pressure. 

Influence of Temperature.—In a 35-cc. closed 
buib the limits were 6.2 and 57.1 at 15° C. 
and 3.1 and 57.S at 300" C. (2D?). 

lnf.uer.ee of Temperature at High Pres­
sures.—.-Is the temperature is raised, the pres­
sure required co maica certain mixtures of metn-
ane and oxygen Sammabie decreases. Jer 
example, the pressure limit of a mixture con­
taining 31.7 percent methane at atmosphere 
temperature was 50 atmospheres, but at 332" 
C. it was only about 21* atmospheres (53). 
Curves that show the higher limit at elevated 
temperatures and pressures are given in the 
original paper. 

METHANE W OTHER ATMCSPHEHES 

Atmospheres ai Composition Between Air 
and Pure Oxygen.—The limits of methane in 
mixtures of nitrogen and oxygen richer in oxygen 
than ordinary air have been found as follows: 
(1) In a ciosea giobe 2.5 liters in capacity the 
lower limit rose regularly from 5.8 percent Ln 
air to 6.0 percent in oxygen (267); (2) in & 
horizontal glass tube 2.5 cm. in diameter, open 
at the firing end, the lower limit ieil irom'5.3 
percent in air to 5.7 percent in oxygen, and the 
higher limit rose linearly from 13.3 in air to 
59.2 in oxygen (139); (3) in a closed tube 1.9 
cm. in diameter the lower limit with downward 
propagation of flame rose reguiariy from 6.15 
percent in air to 6.45 percent in oxygen. The 
higher limit rose from 12 percent in air to 33 
percent in a 62-percent oxygen, mixture and 52 
percent in a 95-pcreent oxygen mixture (323). 

Atmospheres of Air and Nitrogen (Air De­
ficient in Oxygen).—Large-scale experiments 
with mixtures of methane, air, and nitrogen have 
been made in a cube 7 feet in length and 10 
inches in diameter, with upward propagation 
oi Same trom the open end oi the tube; the 
mixtures throughout were at atmospheric pres­
sure and were saturated with water vapor. 
Tha range of observations shown in figure" 20 
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cannot :or_ _2_ explosive mixture witn air, 
wuatever tne propomons usee, whereas tie 
mixture 

Mecaaae — 3 
Oxygen.. 
NLsafM- ~J 

although -ot itself explosive, mav form a series 
of explosive mixtures with air. Figure 22 gives 
•-tij __*cr__ii*on» —•» _ _̂_vCS« 

Explanation cf Figure 23.—Figure 23 explains 
figure 22. Tie straight liue AD (fig. 23) repre­
sents the composition of all mixtures of methane 
ana pure air that contain up to 20 percent 
methane. Xo mixture of methane and air eon 
fail above this line, and ail mixtures of methane, 

air. ann nitrosen mus 
3 I L is the una of lower limits of fiammaouitv oi 
methane and C E the Line oi higher limits. _ 
the oxygen content fails. 3 E ana C E apprcacz 
each other until they meet at E . No m_r_s 
which contains less oxyren than that ccrrs-
aponcing with, j : Ls explosive per se. but ail nur­
tures m the area B E C are within the Limits of 
dommabiiicy and are therefore explosive. 

Next consider any mixture to the nsht of the 
line C E F ; for exomnle. the mixture rebresentea 
by the point G. Join GA. Then GA repre­
sents the mixtures formed, in succession, as 5 
is diluted with air. 3ecause GA passes througa 
the area B E C the mixture, as it is diluted with 
air, becomes explosive and remains so as ion; 

Oa IN ORIGINAL ATMOSPHERE. PERCENT 
20 19 13 IT 16 15 14 T3 

0 5 10 15 20 _ 30 35 40 
ADDITIONAL NITROGEN IN ORIGINAL ATMOSPHERE. PERCENT 

PiGTrar 2L—Liaits of P'ammiibflity of Methaae in Mixtures of .Ur aad Niaogea; Co—sanaoa of Hesuits Obtacsd 
_ 3_slier Vessels. 
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METHANE. PERCENT 

FiGunx 23.—Zxpianation of ngure 22. 

All Atmospheres of Oxygen and Nitrogen.— 
Limits of methane- in these atmospheres have 
been determined with downward propagation 
of Same in a 1.7-cm.-cLiametcr tube (343). 

Atmospheres o: Air and Water Vapor.—Ob­
servations that show the small difference in the 
limit3 of methane in drv air and in air saturated 
with water vapor at laboratory temperatures 
are quoted under Effect of Small Changes in 
Atmospheric Composition (p. 3). 

The'esect of large amounts of water vapor 
on the- limits of methane in air is shown m 
igure 24. The determinations were made in a 
tube 3 feet in length and 2 inches in diameter, 
with upward propagation of Same at atmos­
pheric pressure during propagation (57). Tor 
each experiment the tube was heated to the 
temperature necessary to maintain the required 
amount of water vapor. Hence, most of the 

observations were made at temperatures above 
normai. Had it been possible" to experiment 
at normal temperature, the curve probably 

•would have been a little to the righ't oi the 
carbon dioxide curve over the lower-limit range 
and at the nose, but the two curves would have 
coincided over most of the higher-limit range. 
^ Similar experiments have been made in" a 

closed 350-cc. spherical vessei with a "natural 
gas" containing 97 percent methane. 3 percent 
ethane. Similar results were obtained, with 
somewhat smaller limits, which met at about 
5.3 percent gas in a mixture containing about 
30 percent oi water vapor (568). 

Atmospheres of Air and Carbon Dioxide.— 
Figure 25 shows the Limits of methane in mix­
tures of air and carbon dioxide saturated with 
water vapor. The test3 were made in a tube 
7 feet in Length and 10 inches m diameter,•'•vith 
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Colo., nnd Tintic nnd Part City, Utah, districts, ns well as in numer­
ous other metal-mining regions.a 5 0 : r Carbon dioxide is a constituent 
of blackdamp, and traces of i t (0.03 percent) are always present in 
normal air. 

One-half of 1 percent (0.5 percent) of carbon dioxide in normal 
air causes n. siight increase in the htng ventilation; a man exposed 
to this percentage of carbon dioxide wil l breathe a little deeper and 
a little faster than when in pure air. I f tlie air contains 2 percent 
of carbon dioxide, the lung ventilation will be increased about 50 
percent: i f 3 percent, about 100 percent; i f 5 percent, about 300 per­
cent, and the breathing is laborious: and 10 percent cannot be endured 
for more than a few minutes.2* Carbon die-ride ir. ;n>- these ef­
fects when the oxygen contenl .remains ubuiu . ..ai and u.^. JUO;.---. 
is at rest. Moving around or working would naturally increase the 
symptoms, and they would be much more dangerous than when a 
man is resting. 

Solid (dry ice) or liquid carbon dioxide sublimes or vaporizes 
at 109.3° F. below zero.1" Liquid carbon dioxide is employed in a 
special permissible cartridge for blasting coal.30 and dry ice has been 
used as u source of inert gas in fighting mine tires. 

METHANE. (CH.) 

Methane, also known as marsh gas. is one of the chief constituents 
of firedamp. I t is colorless, odorless, tasteless, nonpoisonous, and 
flammable. As stated, methane is odorless: but, because it may be 
accompanied by other gases that are odorous, tlie mixture may have 
a distinct odor. Its common occurrence in the old workings of mines, 
where the air may be musty from decaying timbers and other impuri­
ties, has caused many mining men to believe that methane has an odor. 
Tlie specific gravity of methane is 0.5545," and its weight. n»p mhlf 
foot at sea-level pressure and 70° F. is 0.042 pound. Methane is found 
in almost all coal mines and occasionally in metal and other types of 
mines and in tunneling operations. I n coal mines i t may issue from 
the cleats or cracks 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 
faults, are encountered. I n metal mines and in tunnel driving, me­
thane frequently is found when carbonaceous shales are penetrated and 
occasionally is present by infiltration nito metal mines at contacts or 
near carbonaceous rocks. Methane may be generated by the nction of 
certain bacteria on organic matter, such as mine timber, and explosions 
have been caused by accumulated methane from this source while 
flooded mines were being unwatered. Tlie liberation of methane from 

"Sabers. B. R-, and others. Mine Rescue Standard*: Bureau ot Mines Tech. Paper 334. 
1923. 44 pp. 

•* McElrOT. G. E., Rock-Strata Gases In Mines of the Ea i t Tlntlc Mln ln r District , Btah : 
Bureau of Mines Rent, of Investigations 2273. 1021. 3 pp. 

n Dennr. E. H . Marshall. K. I and Kteldner, A. C.. Roek-Strnta Gases of the Cripple 
Creek District snd Their Effect on Min ing : Bureau of Mines Rept. of investigation* ^'360, 
1828. 24 pp. 

** See footnote 25. 
• International Critics! Tnblev vols. 1 and 3. 192S. 
•"TlfTanv, J. E.. A New PermUstble Blastine Dence: Bureau of Mines Rept. of Inve«tlpi-

Uons 2020. 1H20. 8 pp 
" Burrell. G. A., snrt Selbert. F M. (revised hv G. W. Jones I . S.impllnt; and Examination 

of Mine Gases and .Natural Cias : Bureau of Mines Bul l . 107, 19^b. 10s pu. 
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the strata in mines may lie a steady flow or a sudden outburst. "When 
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 a moving air current and wil l 
not separate or stratify from still air. Methane may be detected with 
a name safety 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 oxvgeu. Deaths from asphyxiation have resulted from men un­
knowingly entering high concentrations of methane. 

The common occurrence of methane and its explosibility when mixed 
with air are directly responsible for numerous mine disasters. A i r 
that contains 5 to 15 percent of the methane " and 12.1 percent or more 

-' i l l explode i f ignited. 1 1 

."letha:-!* •= n--: tlifa oniy cause oi mine explosions. Dry coal dust, 
except anthracite, suspended in air is explosive, but coal-dust explo­
sions are propagated more rapidly and more readily when methane is 
present, even in percentages much below the lower explosive limit. 
Tests conducted m 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), i f ignited, is sufficient to initiate a 
general explosion.34 Although the conditions under which these tests 
were conducted are rarely found in commercial coal 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 
less, of an explosive methane-air mixture can precipitate a general 
explosion under conditions usually found in mines, i f the mixture is 
ignited in the presence of coal dust. The concentration of methane, 
therefore, should be kept as low as possible by proper ventilation. I t 
has been recommended that the safest practice is to prevent the ac-
i.u.^iuiu.c.^z. of explosive mixtures and to keep the methane content of 
every air current below 0.5 percent at all times." 

CLASSIFICATION OF COAL MINES IN RESPECT TO METHANE LIBERATION 

The Bureau of Mines believes that all coal mines are potentially 
gassy, but for purposes of administration in respect to prevention of 
explosions and fires the Federal Mine Safety Code (article V, sec. 
10a) contains the following: 

If and when a mine, subject to Title I I of the Federal Coal Aline Safety Act, 
la classified as a gassy mine under the provisions of Title l l of the Act. such 

a Value* such at tbeso (9 to 13 percent In the case of methane) ara aaid to represent the 
. - ninalve or flammable l imits of a combustible r s . to air. aad percentages between theee 
U i n i ' . _ . ^slrt to be wlthhJ tbe explosive or flammable range of the particular cas ln nues-
Mon. Guj-ulr mixtures containing the combustible ras In concentrations below or above 
tbe explosive limit? w i l l not prop*cute ao explosion. Temperature, pressure, nnrt the 
|ire*eiice of Inert dllueula. such as rnrtxin dioxide or nitrogen, affect tbe explosive limits 
of any combustible n s , ana a l i uu t rw vain* exists for oxyxto content of tbe mixture 
below which aa explosion Is Impossible, regardless of the percentage of combustible gas 

^ 'o 'coward H . and Jones, O. W., Limits of FlumaiabUlty of Gases and Vapors : Bureau 
of Mines Bull . 503. 10S2. 144 pp. 

«' Kice G S. Greenwald. H . P.. ami H o « n r t h . H. C. Explosion Tests of Pittsburgh Coal 
Dust lu the Ei i^r l iuenta l Mine: Bureau of Mine. Bull ."li'.) ]!>33. 44 np. 

» Rice G. S.. Sufety In Coal Mining : Bureau of Mmes Bul l . 277. 1823. 141 pp. 
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atmosphere containing a given concentration of carbon monoxide will 
produce, other conditions being equal, a higher percentage of blood 
saturation than wil l the same concentration 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 " are given in table 3. 

TABLE 3.—Symptoms of carbon monoxide poisoning 

Blood saturation, percent: Stmpimu 
0 to 10._ 
10 to 20 Tightness srro.v. .' U «-<H rv^siblv headache. 
20 to 30 Headache, throboiu^ :p. 'Piu H . . . 
30 to 40 Severe headache, weakness, uizi i i ie - ^, divwca 

vision, nausea and vomitine, and collapse. 
40 to 50 Same as previous item with more possibility of 

collapse and unconsciousness, increased pulse and 
respiration. 

50 to 60 Unconsciousness, increased respiration and pulse, 
coma with intermittent convulsions. 

60 to 70 Coma, with intermittent convulsions, depressed 
heart action and respiration, possibly death. 

70 to 80 Weak pulse and slowed respiration, respiratory 
failure, and death. 

The symptoms decrease in number with the rate of saturation. I f 
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 gas, the extent to which he is 
exerting himself, the state of his health and individual susceptibil :S, 
and the temperature, humidity, and air movement to •.. hl.'n lie is 
exposed. Exercise and high temperature and humidity, with little 
or no air movement, tend to increase respiration and heart rate and 
consequently result in more rapid absorption of carbon monoxide. 
Under conditions that may be encountered in mining, interest centers 
mainly on the symptoms of "acute" carbon monoxide poisoning that 
may develop rather suddenly upon exposure to high COUCH nations 
of the gas. However, prolonged exposure to low concentrations 
carbon monoxide that do not produce immediate, serious effects (some­
times referred to as "chronic" exposure or poisoning) may result in a 
continual feeling of tiredness, headache, nausea, palpitation of the 
heart, and sometimes mental dullness. 

I n 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 

" Savers, R R , a n d \an t . W. P.. The Pyrotnnnic Acid Method for the Quantitative 
Determination of Carbon Monoxide in Klnoil nnd iu Air. Its Ui*e In the Dl.nnoM-f :iud 
Investieattou of Cases of Carbon Monoxide Poisoning: Bureau of Mines Troll . Taper 
373. 1925. IS pp. 

" Henderson, X., and n.-ipcard. H . W.. Noxious Case* nnd Prlm-ipl^s of Kfspirntlon In* 
fluenclng Their Action : Keiuuold Publishing Corp.. New York, 1343. -V* pp. 
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<w the tissues and may result from asphyxia (unconsciousness caused 
\>v l.tek of oxygen) from any cause. 

The physiological effects of various concentrations of carbon mon­
oxide and the significance of time of exposure*0 are given in table 4. 

TAULK 4.—Physiological effect* of carbon monoxide 

Concent ra t ion of carbon 
:: .ouo\ide, percent by 
\ online: PKtticloqical tgectt 

0.01 Allowable for exposure of several hours. 
.04 to 0.05 Can be inhaled for 1 hour without appreciable effect. 
.06 to .07.. Just noticeable effects after 1 hour exposure. 
.10 to .12 _ Unpleasant, but probably not dangerous after 1 

hour exposure. 
.15 to .20 Daneerous for exposure of 1 hour. 
.4 or rc'..L' Deatn in !<»«* than I h" ir. 

Tl . . •' ...cognized maximum allowable concentration41 for 
. .posure to air containing carbon monoxide and with 

normal ox eu content is 0.01 percent (L00 parts of carbon monoxide 
per in111 i< parts of air, by volume). Somewhat higher concentra­
tions may >e considered allowable for shorter periods of exposure. 
For exam; ie. in the ventilation of vehicular tunneis. the maximum is 
irenerally et at 0.02 percent, as based upon the exposure of traffic 
• >rhcers in ternate 2-hour periods over an 5-hour shift. 

HYDROGEN SULFIDE (H-.S) 

Hydrogen sulfide—called stinkdamp from its odor, which resem-
1'les that of rotten eggs—is a colorless gas and is usually a product 
of the decomposition of sulfur compounds." I t may be produced 
also by burning explosives containing sulfur and mav be liberated in 
using black blasting powder or dynamite in blasting sulfide ores. 
Hydrogen sulfide is also found in large and extremely toxic amounts 
in the i...:urr.l gas and oil from certain fields, and i t is frequently 
found in gypsum mines. Occasionally, though rarely, it has been 
found issuing with methane from gas blowers or feeders in coal 
mines,43 and Tn numerous instances it is carried into mine workings 
by water, in which it is pnsily dissolved. Enough has been found in 
coal ^ [v .z during normal conditions to cause severe eye irritation. 
Ine specific gravity of hydrogen sulfide is 1.1906,** and its weight 
per cubic foot at sea-level pressure and 70° F. is 0.080 pound. A i r 
that contains 4.3 to 45 percent of hydrogen sulfide wi l l ignite when 
subjected to ordinary flames and wil l explode." Hydrogen sulfide is 
very poisonous; wherever i t exists the possibility of poisoning is 

" See footnote .'.9. 
u Amerlran Medical Association Archives of Industrial Hyplene and Occupational Medi­

cine. American Conference of Governmental Industrial Hyglenlsts, Threshold Limi t Value" 
for in.13 : Vol. 8. 1953. pp. 288-297. 

° Savers. R. R.. Mitchell. C. W., and Yant, W. P., Hydroe-en Sulfide as an Industrial 
Pi.lson : Bureau of Mines Rept. of Investigations 2491. 1023. 6 pp. 

" Savers. R. R., and others. Mine Rescue Standards: Bureau of Mines Tech. Pnper 334. 
1923. 44 pp. 

•* Burrell. O. A., and Selbert. F. M. (revised by G. W. Jnne*>. Sampling and Examination 
of Mine Gases and Natural Gas : Bureau of Mines Bul l . 197. 1026. 108 pp. 

4* Coward. H. F. ( and Jones. G. W., Limits of Flaoumabllity of Gases and Vapors : Bureau 
of Mines Bull. 503. 1952. 144 pp. 

298580' —54 2 
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present. The physiological effects attending exposure to various con­
centrations of hydrogen sulfide in air '° are given in table 5. 

TABLE 5.—Physiological effects of hydrogen sulfide 

Concentration of hydrogen 
sulfide, percent by volume: Effcf 

0.005 to 0.010 Subacute poisoning—slight symptoms, such as 
mild conjunctivitis (eye irritation) and respira­
tory tract irritation after 1 hour exposure. 

.02 to .03 Subacute poisoning—marked conjunctivitis aud 
respiratory tract irritation after 1 hour exposure. 

.05 to .07 Subacute poisoning—dangerous in Yi to 1 hour. 

.07 to .10 Possible acute poisoning—rapid unconsciousness, 
cessation of respiration, and death. 

.10 to .20 or more Acute poise... , rapid urjcous?'oi.aiiw>-
of respiration, ai..: m - ' • um.u:.- . 

The generally recognized maximum allowable concentration of hy­
drogen sulfide in 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.*1 

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. I n higher con­
centrations acute poisoning occurs, which is far more dangerous than 
the subacute effects, as systemic poisoning results, which may have a 
general action on the nervous system jind 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. I f the 
dogs were withdrawn from the contaminated atmosphere at once and 
given artificial respiration they were revived and in a matter of 
minutes showed no i l l effects of the experience. This demonstrates 
the need for immediate rescue, removal to fresh air, and resuscitation 
of persons overcome by hydrogen sulfide, although i t 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. I f there is any 
evidence or suspicion that hydrogen sulfide is 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 relied upon as a means of detection because after 1 
or 2 inhalations the olfactory nerves become paralyzed and the odor 
of hydrogen sulfide can no longer be detected. 

I n addition to eye irritation, low concentrations of hydrogen sulfide 
produce symptoms of subacute poisoning, suuh as headache, dizzi­
ness, excitement, nausea or other disturbances of the siorr">ch and 
intestinal tract, dryness and sensation of pain in the nose, throat, nnd 
chest, and coughing.*8 The acute effects of high concentrations o l 

" Y a n t . W. P.. Hydrogen Sulfide In Industry: Occurrence, Effects, and Treatment: Am. 
Jour. Pub. Health, vol. 20. 1030. pp. 59S-608. 

" American Medical Association Archives of Industrial Hyt-iene and Occupational Medi­
cine. Amerlcnn Conference nf Governmental Industrial Hycienlsts. Threshold Limi t Values 
for mr,3 : Vol. S. 10,-i.T. pp. 2!ii;-2D7. 

" T a t t y . V A.. Industrial Hygiene und Toxicology : Vol. I I Ititersctencc Publisher*. Inc_ 
New York. 1049, TOO pp. 
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hvdroiren sui fide, as described above, are 
,1a imerous. 

imediate and decidedly 

ETHANE (CJU PROPANE (Q.H,). AND BUTANE (C,H10) 

Kthane, propane, butane, and other heavier (higher molecular 
weight) members of the metnane or pararhn-hydrocarbon series are 
components of natural gas but are not found normally in coal mines, 
except possibly in traces. The specific gravity of ethane is 1.0493, 
of propane 1.5625, and of butane 2.0100.48 and the weights per cubic 
foot at sea-level pressure and 70° F. are 0.07!) pound for ethane, 0.117 
pound for propane, and 0.151 pound for butane. These gases are 
-ometimes pi-esent in small quantities in association with methane in 
gn^s from mine fires and explosions. Thev tend to increase the ex-
•-'o-ibility, because their lower li 'Mitj of flamniability are less than 
*!..;' . !.-..; usuuiiv they are not present in amounts large 
enough to oe dangerous or even to be detected readily. However, 
when over 1 percent of these "higher hydrocarbons" is found in a 
mine, leakage from a cas or oil well is suggested. Air that contains 
3.2 to 12.5 percent of ethane is explosive. For propane-air mixtures 
rhe corresponding limits are 2.4 to 0.5 and. for butane-air mixtures. 
l.'J to S.4 percent."0 

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 atmospheric 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 , 0 M 

N ; 0 3 , and N : 0 5 . Of these, only nitrous oxide ( N 2 0 ) is harmless and is 
sometimes used as an anesthetic. The others are toxic. The most com­
monly occurring toxic oxides of nitrogen are nitric oxide (NO) and 
nitrogen dioxide, which occurs in two forms (NO. and N 2 0 4 ) , 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 i t 
is oxidized to the dioxide. Therefore, when air samples are analyzed 
for oxides of nitrogen the results usually are reported in terms of 
nitrogen dioxide (NO,) , as such designation gives proper evaluation 
of the toxic properties of the atmosphere. Nitrogen dioxide is brown­
ish red but is not visible, particularly in dimly lighted places, in low 
concentrations, which nevertheless may be quite toxic. Oxides of 
nitrogen, in tbeir 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." and its weight per cubic 
foot nt ^a-level pressure and 70° F. is 0.119 pound. 

" Burreil . G. A., and Seihert. F. M. (revised by G. W. Jones). Sonjplinjr and Examination 
of M'ne Gnse* nnd Natural Gas : Bureau of Mines Bull . 10". 192f>. 10(» pp. 

M POM ard. H F.. and Jones. G. W.. Limits of Flainninbility of Gates and Vapors : Bureau 
of Mines Bull. 303. 1052. H 4 pp. 

"Gardner. F. I ) . Howell, s. P . nnd Jones. G. W.. Gases From Blasting ln Metnl-Mlne 
Prif ts : Bureau of Mines nu l l . 2S7. 1027. 0B pp. 

: - r . n r r e l l . G. A., nnd Seloert. F. M. ( revi<ed by G. W. Jones!. Sampllnjr and Examination 
of Mine Gases uud Natural Gas : Bureau of Mines Bul l . 107, 1026. l f lg 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 f u l l 
scale investigation of the explpsion. As part of the investigation, sur­
vivors, many employees, and off i c i a l s were interrogated informally to 
secure information on the explojsion, to ascertain events prior to the 
explosion, and to learn of practices which might have set the stage for 
the disaster. This hearing wasj conducted as a result of a request to the 
Honorable George Dewey Clyde, Governor of Utah, from Assistant Secretary 
John M. Kelly, Department of tbje 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 mien 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 di|ed behind i t . The other 7 men erected a 
barricade in 3U dri f t ; 2 of thejse 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 48, 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 50jhours after the explosion. A surface em­
ployee received minor injuries[and was hospitalized. 



The names of the victims, survivors, and the injured surface employee, 
their ages, marital status, occupations, and number of dependents are 
list e d i n Appendices D and E of this report. 

Bureau of Mines investigators believe the explosion originated i n the 
shop area where an explosive mixture of combustible gases was ignited by 
el e c t r i c a l 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 d r i f t s . 

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. 

Of f i c i a l s of the Texas Gulf Sulphur Company are: 

Claude 0. Stephens 

Dr. Charles F. Fogarty 

Frank E. Tippie 
J. F. Henderson 

K. J. Kutz 
R. J. Ferranti 

O f f i c i a l s for Harrison I n t e m a t i 
Creek project are: 

President and Chief Executive Officer, 
New York, New York 

Senior Vice President, New York, 
New York 

General Manager, Moab, Utah 
General Superintendent and Acting Plant 

Superintendent, Moab, Utah 
Mine Superintendent, Moab, Utah 
Assistant Plant Superintendent, 

Moab, Utah 

a l , Incorporated dealing with the Cane 

Nathaniel Harrison Chairman, Miami, Florida 
Patrick Harrison President, Miami, Florida 
Norman Harrison Project Manager, Moab, Utah 
George E. Smith Chief Engineer, Moab, Utah 
A. W. Trenfield Mine Superintendent, Moab, Utah 

The mine i s i n the development stage and production of ore has not been 
started. A contract for the sinking of the shaft and driving the develop­
ment d r i f t s i n waste to the ore body was given to the Harrison International, 
Incorporated, of Miami, Florida, and p r a c t i c a l l y a l l 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 
shift s a day. The average underground employment for Harrison International, 
Incorporated was 80 men, divided approximately into 30 men on day s h i f t and 
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25 men each on swing and graveyajrd shifts. Engineering and maintenance ' 
of some equipment was provided bjy Texas Gulf Sulphur Company. There were 
many occasions for personnel of jthe 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. 

j 
The mine is opened by a circulafl 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 muck 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 Mo. 1 crosscut, a short 
distance from the shaft. The 311 drift driven downgrade 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 vhich was driven downgrade 14 percent. 
The face of 3U was within one or two rounds of intersecting the potash bed, 
which averages 11 feet in thickness and dips 15 percent northeasterly as 
determined by test drilling. j 

Strata over the potash bed is variable and consists of salt and various t 

clastics. The floor is salt. 

A regular Federal inspection ofjthis mine was made November 28-29, 1961, 
when the shaft was at a depth of 840 feet. In addition, four separate 
investigations of fatal accidents were made by Bureau of Mines personnel 
prior to the explosion. 

MINING METHODS, CONDITIONS, AND EQUIPMENT 

Mining Methods: Mine 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 tvo aforementioned drifts, 2 south 
and 3U. In addition, a ventilation drift was used for a temporary shop 
and drifts for ore bins and conjveyor ways vere 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 tbje back was arched so the center was 8 feet 
high. When driven in other tha^i salt, the drifts were blasted 17 feet wide 
allowing for a total of 1-foot Isloughing on the two walls. Reportedly, the • 
contractor's plans required thajt in salt formation the face be undercut its 
full width to a depth of IC feejt. However, the shift or crew leaders used 
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their judgment concerning depths and widths of the undercuts, rather than 
follow the stipulated requirements. Undercutting was done only i n salt 
formations. 

The salt back was generally self supporting, but rock bolts were used 
sporadically where necessary. Rock bolts and chain l i n k fencing were 
installed for support i n 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 i n diameter, were d r i l l e d with 
compressed-air stopers. The bolts were 6 feet i n length and 3/4 inch in 
diameter. Expansion shells were used to anchor the bolts and the bearing 
plates were 6 inches square by i-inch thickness. The bolts were tightened 
with the stoper. Chain li n k fence used was 25 feet long by 6 feet wide. 
The sections of chain l i n k fence were held t i g h t against the back by 3 
rows of bolts i n s t a l l e d widthwise i n the d r i f t s , 7 bolts to the row. The 
bolts were about 2k feet apart widthwise and 2 feet apart lengthwise. 
The chain li n k fence sections overlapped so that the rows of bolts along 
the edges caught both sections. P u l l tests were not made to test the 
effectiveness of the bolts nor were torque readings made. 

The d r i f t s 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 0 to No. 14 delays with 12-foot long copper leg wires, and the shots 
were blasted from stations i n the d r i f t s . A l l blast holes were bottom 
primed, but stemming was not used. 

Reportedly, the explosives and detonators were transported from the surface 
magazines i n t h e i r o r i g i n a l containers to the shaft c o l l a r , lowered i n the 
sinking buckets to the shaft station, from where they were transported i n 
Diesel-powered shuttle cars to the storage locations i n the various d r i f t s . 
At times detonators and explosives were transported together. 

Explosives and detonators were stored underground i n separate recesses 
along the walls of the d r i f t s , and reportedly underground storage was 
limited to a 2-day supply. During the investigation, containers of o i l 
and rock bolting materials were stored with the detonators. A wooden 
detonator box was provided but the l i d was open with detonators stacked 
on the l i d . In 3U d r i f t , 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 d r i l l e d i n a pattern about 
2\ feet apart horizontally and v e r t i c a l l y i n the center of the place and 
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at lesser distances between the qenter 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 1-foot centers around the four burn 
cut holes that were drilled in the center of the face. Blast holes were 
drilled 10-, 8-, and 6-feet 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 vith explosives while undercutting and drilling vere in progress. 
After the explosion, officials of Harrison International stated that a l l 
shots not in salt would be fired[from the surface when a l l men were out 
of the mine. 

Ventilation and Mine Gases: Ventilation of the mine at the time of the 
explosion was temporary, becausejonly one shaft was available and a 
dividing partition wall was not yet installed in the single shaft. Intake 
air was directed into the mine by means of metal tubing. Two sets of 3 Joy 
Axlvane, 40-horsepower fans connected in tandem, were located on the surface 
near the shaft collar and operated bloving. One set of the fans provided 
intake air for the 2 south drift I and the other set of fans provided the 
intake air for 3U drift. The intake air vas conducted from the fans through 
26-inch diameter spiral steel vent tubing extending from each set of fans 
down the shaft and along 1 southland 2 south drifts, distances of 200 and 
325 feet from the shaft station £n 2 south drift and 1 south drift, respec­
tively. At these locations, 36-j.nch diameter corrugated galvanized metal 
tubing was connected to the 26-ifich tubing and extended into 2 south and 
3U drifts. 

amount In an effort to increase the 
of the tubing, booster fans of 
installed in the 36-inch metal 
Such installations are conducive 
damage to and/or leaks in the 
tubing would occasionally occur 
shuttle cars in the same drift, 
tubing in 3U drift and one such 

of air being delivered to inby ends 
the same size as those on the surface were 
tubing at 900- to 1,050-foot intervals, 

to recirculation of air in the event of 
tubing. Such damage and/or leaks in the 

Ln installation and during movement of 
Two booster fans were installed in the 
fan was installed in 2 south drift. 

Four 15-horsepower Axivane fans 
power load center locations to 
by forcing air over or by pulling 
tions resulted in recirculation 

without tubing were installed at electric 
provide a cooling effect on the load centers 

air past them. Obviously, such installa-
of the air. 
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In addition, a 15-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 bum 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. I t 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. 
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Following the July 31 explosion^ additional flame safety lamps were issued, 
but questioning of employees repealed that some had not been properly in­
structed in the use of these lar^ps. 

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 result^ 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: 

j 0.17. 
! Blast face at 5:30 p.m. 

4.07. 
i 2.0% 
! 0.87. 

Day shift 
Swing shift 
6:00 p.m. 
7:30 p.m. 
10:30 p.m. 
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 

During the recovery work and inye 
by a company of f i c i a l and State 
flame safety lamps and permissiljl 
ranging from 0.2 percent along 
ture at the face. Combustible g 
tected along 3U from its entrance 
lowing the explosion, ventilation 
compressed airflow into 3U and 
was the only means by which thes 
dilute and remove the combustib 
fan ventilating system could be 
of Mine Air Samples Taken At th 
1963, and Table 2, Representative 
Total Hydrocarbons in Table 1). 

and this recommendation was foi 
hole 110 feet long had been dri 

various locations. 

stigation, tests made for combustible gases 
and Federal investigators, using permissible 
e methane detectors, showed combustible gase 
south at No. 4 crosscut to an explosive mix-
as in the amount 0.2 to 1.5 percent was de-
to within about 600 feet of the face. Foi- k 
was eventually provided by increasing the 

droving compressed airflow into 2 south. This 
e areas could be ventilated sufficiently to K 

e gases from the mine until such time as the 
restored and improved (see Table 1, Compo-siti<~> 
Cane Creek Mine After Explosion on August 27 
Composition of Hydrocarbon Gases Reported 'aa L 

Permissible flame safety lamps ̂ ere carried by the shift leaders (walkers) 
of Harrison International, Incoiporated after the ignition of July 31, 1963. 
Tests for combustible gases wer< made by personnel of Texas Gulf Sulphur 
Company during and after d r i l l i r g blast holes. Prior to the July 31, 1963 
ignition, a representative of the U. S. Geological Survey had recommended 
that d r i l l 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, 

owed. In addition, a diamond d r i l l test 
led recently in the face of 3U drif t . This 

I t was stated that on occasions 
test hole was 35 feet ahead of the face of 3U at the time of the explosion. 

gas released during dri l l i n g was of sufficien. 
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pressure to blow water out of the hole and on one occasion the gas pressure 
was strong enough to eject the d r i l l steel—throwing the d r i l l i n g machine 
and d r i l l e r 20 feet up the d r i f t . At times gas was released from fractures 
i n the strata during mining operations. Reportedly, a lighted permissible 
flame safety lamp was hung i n each d r i f t close to che 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 i n 
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 s h i f t s changed i n the shop and thus was not 
properly cleaned and serviced. 

A broken flame safety lamp found i n the shop during the investigation was 
sent to the Bureau of Mines laboratories i n Pittsburgh, Pennsylvania for 
examination. Part of the findings were: The wick had been turned down to 
a point where a flame could not be i n i t i a t e d 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 i n d i ­
cated by the appearance of a 1-inch flame when the wick was extended to 
permit l i g h t i n g with a match. Flame could not be established with the 
ign i t o r . 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 d i r t y conditions of the lamp and rusty gauzes, the safety lamp 
maintenance program was poor or the lamp had been abandoned and l e f t i n the 
mine. The position of the wick, the lack of normal combustion deposit on 
the gauzes, and the amount of gauze rust suggest that t h i s lamp was not i n 
use or burning just p r i o r to the explosion. 

Water and Dust: The mine development areas were dry. Water under pressure 
was piped to the working faces, and reportedly, a l l d r i l l i n g when not i n 
salt was done wet. 

Transportation: Hoisting of muck and water was accomplished by 4 sinking 
buckets that ranged i n capacity from 71 to 117 cubic feet. Two double-drum 
hoists were used to hoist the sinking buckets. Each hoist was equipped 
with L i l l y hoist control systems and overwind safety switches. Two sinking 
buckets, operated i n counterbalance by each h o i s t , were equipped with cross-
heads which traveled i n 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 station and working 
faces was accomplished with Diesel driven shuttle cars. Men were also 
transported i n 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 
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tatrt electrical battery system and s 
Bureau of Mines Approval Plates 
signify chat the Diesel equipment 
Bureau of Mines for operation in 
Bureau of Mines Schedule 24; the 
Approval Plate was 17,100 cfm. 
for safe use in a gassy mine, as 
from the electrical components or 

er. The Diesel shuttle cars bore 
2j4l4. These Approval Plates, as issued, 

had been tested and approved by the 
nongassy, noncoal mines, as defined in 
ventilation requirement stamped on each 
e Diesel shuttle cars were not approved 

such cars are capable of igniting gas 
heating of the exhaust manifold. 

Ih 

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 
and crankcase engine systems, ana of overall unit condition. Diesel 
shuttle car No. 4 was inspected for damage to the crankcase only. A l l 
Diesel shuttle cars were empty oi muck. Exhaust gas conditioners on a l l 
cars contained sufficient water for normal operation. Only Nos. 3, 4, 
and 5 shuttle cars were in the irimediate explosion area. 

The No. 1 shuttle car, Serial No, 
and 3U drifts and appeared to hai 
in "off" positions. A l l engine 
car appeared to be undamaged. 

341, was found at the junction of 2U 
been parked here as a l l controls were 

ystems of this car were normal and the 

The No. 2 shuttle car, Serial No 
over the start of the 14 percent 

842, was found parked in 3U drift just 
grade, approximately 60 feet inby the 

junction of 2U and'3U drifts. Tnis car was used for transportation by 
survivors of the explosion befons they barricaded themselves and left 
parked at this location. The ca: was not damaged and a l l engine systems 
were normal. 

The No. 3 shuttle car, Serial No). 843, was found on the downslope, 25 feet 
inby the junction of No. 2 south)right and No. 2 south l e f t . The right 
rear corner of the car was jammed against the east rib, blocking movement 
down the d r i f t . The directionall 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, i t seemed likely that the car drifted 
against the east rib after the explosion, and from the position of the 
traveling gear, i t seems unlikeliy that this car was moving under power at 
the time of the explosion. The fcngine intake system, exhaust piping, and 
exhaust conditioner appeared nortaal and undamaged. The exhaust conditioner 
contained water although the "make-up" tank was dry. The f i l l cap of the 
"make-up" tank was missing and the f i l l cap cover plate hinge was ajar, a 
condition that probably existed prior to the explosion. The engine fuel 
system, crankcase, radiator, andj transmission appeared to be in normal 
condition. 
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The No. 5 shuttle car, Serial No. 380, was located i n No. 3 south, 120 
feet west of the shaft, the front or operator's end facing the shaft. 
This shuttle car had been driven to t h i s location and parked at the 
beginning of swing s h i f t ; overall damage to this shuttle car was exten­
sive; i t 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 i n No. 3 south. Since this car was i n the shop for 
general overhauling and was not in operating condition, a general inspec­
tion of i t s condition was not made. 

El e c t r i c i t y and Compressed Air: Three-phase, 60-cycIe power was received 
at the main substation at 69,000 volts and was reduced to 12,470 volts 
for d i s t r i b u t i o n 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 i t was dispatched to the 2 south, bin area, 
and 3U load centers. Proper overload and ground f a u l t 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 d i s t r i b u t i o n . Power for lig h t s in the shop 
and shaft area at 110 volts was provided by dry type transformers. 

Extensive damage on the cables was not observed except i n the shop and 
shaft area and i n the primary feeder to No. 4 crosscut load center, which 
was dislodged from the back and was on the f l o o r for about 350 feet i n 
2 south. The No. 1 crosscut load center equipment was completely destroyed. 

The frame-grounding conductors of the secondary and primary system were 
interconnected through the load centers and were carried out to the surface 
plant grounding medium. Ground f a u l t 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 f a u l t 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 l e v e l ; i t 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 i n 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 b e l l knockers were connected. 

The e l e c t r i c face equipment i n the 3U section was of the permissible type 
and consisted of one 15RU Joy mining machine, one CD-43 Joy d r i l l , and one 
967-LC Goodman loader. In addition, two National Mine Service 60-ED Diesel 
shuttle cars were provided. Fire-resistant t r a i l i n g , cables, (Type G), were 
used on the loader, cutter, and d r i l l and were provided with suitable over­
load protection through c i r c u i t breakers i n s t a l l e d i n face d i s t r i b u t i o n 
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exce 

was 

boxes. Examination of this e 
starter compartment and two bol 
nent on the cutter; three bolts 
Che d r i l l ; and an opening i n 
between the headlight cover and 
were examined; however, there 
burning. Similar face equipment 
closed one bolt broken and an 
breaker cover of the cutter; th 
loose bolt and an opening in 
openings i n excess of .004 inch 
both headlights of the d r i l l ; 
and one bolt loose on the start 

quibment showed one bolt missing from the 
missing from the main breaker compart -

cissing from the s t a r t e r compartment of 
ss of .004 inch i n the l e f t headlight 
lens of the loader. The two shuttle cars 

no indication of e l e c t r i c a l arcing or 
was used i n 2 south. Examination dis-

i n excess of .004 inch i n the main 
missing b o l t s , one broken b o l t , one 

ss of .004 i n the co n t r o l l e r cover and 
between the headlight cover and lens on 

two bolts broken, two bolts missing 
compartment of the loader. 

opening 
ree 

exce 

and 

err 

fans Permissible type 15-horsepower 
in s t a l l a t i o n s and shop. Nonpermji 
fans were i n s t a l l e d i n the vent 
and push buttons were used on thje 
defects were not observed on any 

In the underground shop area a 
cars were being repaired at the 
showed that three bolts were broken 
was an opening i n excess of .004 
loader. The No. 4 shuttle car 
that the ground cable for the e 
of reenforcing steel instead of 

The forces of the explosion had 
protected the 24-volt batteries 
The batteries were e l e c t r i c a l l y 
destroyed. 

were used to v e n t i l a t e the load center 
ssible type 25- and 40-horsepower booster 

tubing. Nonapproved type magnetic starter; 
nonpermissible type fans. Permissibility 

of the permissible type fans. 

permissible type loader and two shuttle 
time of the explosion. Examination 

, one b o l t was missing, and there 
inch i n the s t a r t e r compartment of the 
s under major repairs. I t was observed 

ljectric welder was equipped with a piece 
a standard ground clamp. 

sheared the bolts i n the metal shield that 
of No. 5 shuttle car and i t was torn loose 
connected; however, the top battery was 

An e l e c t r i c hand-held d r i l l , 
50-foot section of oxygen and 
parts of the shop panel and 
the shop area. 

grinder, several shop to o l s , including a 
acetylene hose taken out of service, and 

battery charger were scattered throughout 

The shop area had been illuminated with 8 incandescent l i g h t bulbs i n 
weatherproof sockets and two outlets had been provided for connecting 
power tools and extension cordsj 

During the inspection of the d i s t r i b u t i o n system and equipment, i t was 
noted that the d i s t r i b u t i o n equipment was well i n s t a l l e d and that the 
face equipment, except for the few defects mentioned, was generally well 
maintained. I 
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Compressed-air for operating stopers, jackleg d r i l l s , sump pumps, and 
air driven fans was provided by compressors located on the surface. 
These included an Ingersoll-Rand 750 cfn, an Ingersoll-Rand 1,000 cfm, 
and a Babcock-Wilcox 2,700 cfm. A mobile 600 cfm compressor was used 
as standby. The compressed a i r was taken down the shaft through a 6-inch 
pipe l i n e , and 3-inch pipe lines extended to the face areas i n 3U and 
2 south. 

Oxvg.en-Acetvlene Cylinders and Cutting Torch: Acetylene and oxygen c y l i n ­
ders were found i n the shop with gages s t i l l attached but damaged. The 
hoses leading to the cutting torch were torn away at the gages and found 
at the outby end of the Mo. 4 shuttle car stretched out under deb-is. The 
valves of the cutting torch were found open 2\ quarter turns. Th. valve 
wheel on the acetylene cylinder had been blown o f f , but the valve on the 
oxygen cylinder was i n t a c t . 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 i n the area along with other scattered tools. 
Short sections were cut o f f the ends of the acetylene and oxygen hoses where 
they were broken o f f the gages and these with the damaged acetylene and 
oxygen gages were sent to the Bureau of Mines laboratories i n Pittsburgh 
for examination. The broken ends of the hoses made reasonable f i t s with 
the portion of hoses i n 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 i n 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 i n 
the underground shop area, and two from a flame safety lamp recovered from 
the mine, were made by chemical, X-ray d i f f r a c t i o n , emission spectrographs, 
infrared absorption, and microscopic methods. 

1. The samples p r i n c i p a l l y were a mineral mixture of h a l i t e , s i l i c o n 
dioxide (alpha quartz), calcium carbonate, dolomite, and calcium sulphate. 
Small amounts of magnetic metallic particles and wood splinters were 
present. 

2. A l l samples contained o i l ; i n amounts ranging from approximately 1 to 
21 weight percent. 

3. The o i l , acetone-extracted and f i l t e r e d from the solid material, was 
dark brown-black i n color, very viscous, and resembled heavy, oxidized 
lubricating o i l . 
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4. No evidence was obtained that idsorbed acetylene was contained in two 
samples of deposits from the acetylene cylinders or in two other samples 
tested. ! 

5. No evidence was obtained that 
were present in the acetone-insolur^l 

Another oxygen cylinder and anothej 
shaft station on the west side of 
the valves on each cylinder were ft 
hoses leading to the torch were st: 

^oot or low density carbon particles 
e residues from any of the samples. 

acetylene cylinder were found on the 
ie shaft. The gages were blown off and 
tnd in the shut-off position. The 
mg out toward the shaft. 

These tests indicate that the combustible gas involved in this explosion 
was not acetylene. 

Illumination and Smoking: The shaft 
110-volt incandescent light bulbs ±4 
ground workman carried a permissibly 
was equipped with headlights. 

station and shop were illuminated by 
weather proof sockets. Each under-
electric cap lamp. Mobile equipment 

Prior to July 31, 1963, smoking was practiced freely in the mine; the flame 
from a cigarette lighter set off tht 
Following the ignition, the Industry 
smoking in the mine be prohibited ai 
Although the "No Smoking" signs wer« 
to see that smoking materials were 
quite evident that smoking undergroi 
Numerous cigarette butts, empty cigal 
other empty match books were found d| 
after the July 31 ignition. 

ignition which occurred on this date. 
1 Commission of Utah required that 
that "No Smoking" signs be posted, 
posted, employees were not searched 
>t carried into the mine, and i t was 
d was continued by some persons, 
ette packages, a book of matches, and 
ing the investigation in areas driven 

Mine Rescue; The Texas Gulf Sulphur I Company maintains a mine rescue 
station at the mine. Before the explosion, the equipment included 6 
McCaa self-contained 2-hour breathinj; apparatus and spare parts, an elec­
trically driven oxygen pump, 6 Chemoj: self-generating oxygen breathing 
apparatus, one permissible mine resete 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 in the 
rescue and recovery operations. Employees had not been trained as a 
rescue team. : 
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INTRODUCTION 

This i s an investigation report of a mine explosion disaster that 
occurred June 8, 1979, at the Belle I s l e Mine, C a r g i l l , Inc., 
near Franklin, St. Mary Parish, Louisiana, MSHA mine I.D. Number 
16-00246. The investigation i s made pursuant to the provisions 
of the Federal Mine Safety and Health Act of 1977, Public Law 
91-173, as amended by Public Law 95-164 (30 USC 801 et. seq.). 

The investigation was authorized by Thomas J . Shepich, 
Administrator, Metal and Nonmetal Mine Safety and Health, Mine 
Safety and Health Administration. The purposes of this investiga 
tion were: to determine the location and cause of the explosion, 
including conditions and practices at the Belle I s l e Mine that 
resulted in the explosion; to make recommendations to prevent a 
similar occurrence; and, to examine the MSHA's related p o l i c i e s 
and practices. 
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3 r i e f l y , f o r the reasons set f o r t h i n t h i s r e p o r t , the i n v e s t i g a ­
t o r s believe t h a t the underground explosion was i n i t i a t e d i n 8 
Main Entry East near Room l l 
flammable gas was i g n i t e d b< 
t i o n , or arcing e l e c t r i c a l 

where an explosive mixture of 
burning e l e c t r i c a l conductor i n s u l a -

r i r e s , or both. 

SUMMARY 

On Friday, June 8, 1979, an!outburst of flammable gases and s a l t 
occurred f o l l o w i n g a face bj.ast i n 8 Main Entry East a t about 
2300 hours, and a gas explosion occurred i n the mine approximatel 
10 minutes l a t e r . At the time of the ex p l o s i o n , 22 persons were 
in the mine. Ten persons w4re on the upper l e v e l and twelve 
persons were on the lower I ^ v e l . Seventeen persons were rescued 
and f i v e persons died as a Result of the explosion. 

A. few minutes before 2300 hcburs, near the end of the s h i f t , a l l 
employees l e f t t h e i r workinq places w i t h the exception of two men 
who were designated t o i n i t : . a t e b l a s t s i n three working places 
charged w i t h explosives. Twelve of the employees attended a 
scheduled meeting and e i g h t employees were enroute t o the No. 1 
Shaft t o be hoisted t o the surface. The b l a s t s were i n i t i a t e d 
from 7 Main Entry East at Room 13 by the two designated employees, 
and approximately 10 minutes l a t e r the explosion occurred. 
According to the autopsy r e p o r t s , f o u r of the f a t a l i t i e s occurred 
as a r e s u l t of acute pulmonary hemorrhage secondary t o a l v e o l a r 
rupture due to the a i r blasl; i n the mine explosion. The f i f t h 
v i c t i m apparently died from a combination of acute pulmonary 
hemorrhage and carbon monoxi.de poisoning (See Appendixes C and D) . 
The autopsy r e p o r t on the f j . f t h v i c t i m showed a carboxhemoglobin 
s a t u r a t i o n of 75 percent. Three v i c t i m s were found w i t h i n 300 

io n . The f o u r t h and f i f t h v i c t i m s , 
and 1,800 f e e t , r e s p e c t i v e l y , from the 

fe e t of the No. 1 Shaft Stat, 
were found about 1,400 f e e t 
No. 1 Shaft S t a t i o n . A l l v4ctims were recovered by mine rescue 
teams w i t h i n 41 hours a f t e r 
i nvolved 73 dedicated mine itescue team members who assembled from 
l o c a l mines and from around 

the e x plosion. The rescue e f f o r t 

the Nation and inv o l v e d a t o t a l o f 14 
team e n t r i e s i n t o the mine 4 n t h a t p e r i o d of time. 

From a p o s i t i o n of hindsight., t h e r e were a number of s i g n i f i c a n t 
events which i n combination should have e s t a b l i s h e d the f o r e ­
warning o f the p o t e n t i a l d i s a s t e r . However, when the events were 
considered one at a time, or a mine-by-mine b a s i s , the o v e r a l l 
s i g n i f i c a n c e was overlooked or l o s t . The m u l t i p l e i n d i c a t o r s 
of s i g n i f i c a n t gas problems explained h e r e i n a f t e r i n t h i s r e p o r t 
i n the B e l l e I s l e Mine were not adequately c o r r e l a t e d by e i t h e r 
MSHA or C a r g i l l management 

MSHA'Sj INITIAL RESPONSE 

Charles von Dreusche, Mine Manager, n o t i f i e d Wayne D. Kanack, 
D i s t r i c t Manager, South Centjral D i s t r i c t , Mine Safety and Health 
A d m i n i s t r a t i o n (MSHA), Dallajs, Texas, a t 0030 hours on June 9, 197 
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EVENTS 3EFORE AUD AFTER THE EXPLOSION 

Durir.c the day s h i f t of June 7, 1979 , the face i n Room 14 
south'of 7X Entry East was d r i l l e d i n preparation f o r b l a s t i n g , 
l u r i n g -he i n v e s t i g a t i o n MSHA i n v e s t i g a t o r s were informed by 
l a r g i l i employees that methane had been released from these 
blastholes. The face was charged and blasted at the end of 
the evening s h i f t . A methanometer was not a v a i l a b l e underground 
for use by the evening s h i f t . 

Two miners were assigned to pick up b l a s t i n g l i n e s i n Room 14 
at the beginning of the day s h i f t on June 8. Upon a r r i v i n g 
dt Room 14, they heard an audible gas emission and observed 
c h a r a c t e r i s t i c cone-shaped blown-out pockets i n the r i g h t side 
ar.d upper lef t - h a n d corner of the face. The audible emission 
was coming from the center of the l e f t blown-out pocket and 
•..'as described as sounding l i k e a i r coming out of an inner tube. 
The sound could be heard above the noise created by a nearby 
v e n t i l a t i o n fan. A short t i n e l a t e r , John McFarlain, the 
i n d i v i d u a l assigned to monitor gas emissions, a r r i v e d and 
obtained methane readings s u f f i c i e n t l y high to warrant w i t h ­
drawal of employees. The heading was placed o f f l i m i t s , 
smoking and open flame r e s t r i c t i o n s were e s t a b l i s h e d , and 
v e n t i l a t i o n adjustments were made i n an attempt to d i l u t e the 
methane i n the face. 

The face of 8 Main Entry East to the east of Room 13 was d r i l l e d . 
The d r i l l i n g was toward the projected intersection of 8 Main 
Entry East and Room 14, where the gas was emitting. Approximately 
48 feet of s a l t separated the two advancing faces. 

Shortly before the end of the day s h i f t an e l e c t r i c a l f i r e 
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 i t was determined that the f i r e was minor 
and brought under control. Employees in the v i c i n i t y of the 
fi r e had evacuated to the No. 2 Shaft station. Some employees 
assigned to remote sections of the mine f a i l e d to receive 
notifications and remained in their work areas. 

Elray Granger, General Mine Foreman, and A. J. Boutte, S h i f t 
Foreman, assigned to the evening s h i f t , met w i t h day s h i f t 
management a t approximately 1530 hours on June 8, 1979. This 
meeting concerned normal production a c t i v i t i e s and i t was reported 
by the p a r t i c i p a n t s t h a t there was no mention of the methane gas 
emissions, as noted above, i n the east area. Despite the presence 
of flammable gases i n t h i s area, mine personnel d i d not monitor 
for concentrations of these gases. Methane de t e c t i o n equipment 
was not a v a i l a b l e i n the mine during the evening s h i f t . Normally, 
s h i f t personnel did not sample f o r methane or other flammable gases 
during the evening s h i f t s , but r e l i e d s o l e l y on samoling done d u r i n 
the day. 
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Employees of the evening s h i f t were assigned t h e i r r e g u l a r 
duties of hauling s a l t from l^wer l e v e l p roduction areas t o 
the crusher, d r i l l i n g , u n d e r c u t t i n g and charging b l a s t h o l e s 
i n the faces and f l o o r s i n the upper l e v e l East area. Some­
time a f t e r lunch, d i e s e l emission accumulations from the 
haulage equipment caused the production crew to leave the 
lower l e v e l and begin hauling s a l t from headings on the 
locer l e v e l . The crew hauled s a l t from Room 14 south o f f 
7X Entry East where the gas efcission had occurred during the 
day s h i f t . Another crew dril!.ed floors in Room 14 south of 
5 Main Entry East and Room 11 north of 8 Main Entry East, 
and undercut the face in 8 Ma:i.n Entry East at Room 13. After 
the d r i l l i n g and undercutting was completed, the three rounds 
were charged by the undercuttfc 
assistance from haulage personnel and S h i f t Foreman Boutte 

At approximately 2250 hours, $ 
the bottom of the lower l e v e l 
f o r a scheduled meeting. Two 
ar.d Amedee O l i v i e r ( v i c t i m s ) , 
charged rounds from the b l a s t 
Room 13. Eight other employees 
C o l l i n s and Mayon, were on t h f 
t h e i r work areas a t the end o 

As A. J . Boutte stepped out o 
on his way to conduct the mee 
blasts and assumed i t was the 
Entry East. A. J . Boutte o 
conducted the meeting for 
as he finished the meeting 
was heard followed almost 
strong winds, which rapidly 
explosion forces and winds de 
fixtures throughout the mine 
11 miners at the meeting. 

r and d r i l l operators with 

leven employees assembled at 
manlift, off 1 Main Tunnel South, 
additional employees, Adam Sampay 
returned to detonate the three 
ng board at 7 Main Entry East, 
, including victims Zimmerman, 
uoper l e v e l preparing to leave 
the s h i f t . 

the underground operations o f f i c e 
ing, he heard one of the scheduled 
floor round i n Room 14 off 6 Main 

roieeded to the manlift area and 
approximately seven minutes. Just 
about 2308 hours, a larger explosion 

immediately by extreme concussion and •• 
rd>se to destructive l e v e l s . The 

troyed or damaged equipment and 
ind caused i n j u r i e s to some of the 

At the time of the explosion, 
front seat of his production 
wheel talking to the men. Ten 
in the bed of the production 
standing along-side the pas 
which was a 3/4-ton open cab 
men were knocked down by the 

I t was extremely dusty and v i 
l i k e winds. A. J. Boutte bee, 

A. J . Boutte was kneeling on the 
truck with his back to the steering 

employees were seated on benches 
truck. Alton Oppenheimer was 

r side of the production truck, 
l i t a r y - t y p e Jeep. Some of the 

forces of the explosion. 

senge 
n i 

i b i l i t y was zero due to the hurricane-? 
dme separated from the 11 employees. ! 
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A. J. Boutte took the escape route south on 1 Main Tunnel 
South and through the f i r s t set of corrugated c u l v e r t s to 
ths Airwav Tunnel, •.vhich led to the No. 2 Shaft. At the 
Airwav Tunnel, A. J. Boutte was blown approximately 20 
feet down the tunnel toward the No. 2 Shaft by an increase 
in wind v e l o c i t v . Due to the extreme heat and high wind i n 
tne Airwav Tunnel, A. J. Boutte decided to crawl back to the 
corrucated c u l v e r t s and cress over 2 Main Tunnel South. At 
tr.is time v i s i b i l i t y was :ero i n 2 Main Tunnel South, but 
tr.e wind was not blowing as hard as i n the Airway Tunnel 
ar.d the extreme heat was not present. A. J. 3outte was 
diso r i e n t e d ana confused while going up the equipment ramD. 
He f a l l down, stumbled, weaved from side to side and bumped 
in t o various objects i n the travelway. A. J. Boutte was 
confused and thought he was l o s t u n t i l he heard Peggy Blaney 
screaming. As he walked toward the screaming sounds and made 
contact w i t h Peter Boutte and Ferry Thompson, who were enroute 
to tr.e Nc. 2 Shaft. A. J. Boutte advised them about the extreme 
•..•:ri and heat i n the Airway Tunnel to the No. 2 Shaft and stated 
that the intake a i r appeared to be coming down the No. 1 Shaft 
at t n i s time, rather than the No. 2 Shaft. The three men 
s t a r t e d toward the No. 1 Shaft. A. J. Boutte found Peggy 
Blaney, who kept screaming t h a t she was burning and on f i r e . 
3ianey was dragged part way and eventually crawled the r e s t 
of the way to the No. 1 Shaft. 

Floyd Linton had followed A. J . Boutte to the corrugated culvert 
but then returned to the other ten enroloyees at the manlift. 
Linton, who was trained in mine rescue, suggested that a l l the 
miners join hands and try to make their way through the escape 
route to the No. 2 Shaft (See Appendix 0 ) . Hurricane-like wind 
made the travelway extremely dusty and v i s i b i l i t y was zero. The 
miners had trouble breathing and the dust caused them to choke 
and cough. The temperature increased considerably. The 11 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 f i r e in the Airway Tunnel. The a i r 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 s a l t stopping by the fan located 
i n the Airway Tunnel and advised the others t h a t the a i r was 
better at t h a t l o c a t i o n . The other miners climbed up and j o i n e d 
him. A cloud of smoke came toward them and they decided to move 
toward the No. 2 Shaft. The 11 miners a r r i v e d at the No. 2 Shaft 
at approximately midnight. Several of the men sat on boxes of 
explosives which were stacked on p a l l e t s approximately 50 f e e t 



frcm the No. 2 Shaft. There were 
coxes of explosives at t h i s l c c a t 
h i t t i n g the No. 2 Shaft s t a t i o n c 
pice m an attempt to l e t the seo 
thev vere a l i v e . The mine ohones 

an estimated 350 f i f t y - p o u n d 

on. One of the miners began 
te w i t h a s h o r t piece of 
le on the surface know t h a t 
and the cords used to s i g n a l 

::face were blown out. Audio between tne mine l e v e l anc tne su 
and v i s u a l communications eventuap.lv were made w i t h the surface 
by shouting and use of cap lamas. 

I.--.eciateiy a f t e r the o u t b u r s t , s 
(victims) abandoned t h e i r v e h i c l e 
7 Mam r.ntry East Room 13, and m 
Sampay was found approximately 3, 
2 Main Entry West at Section 1. 
2,500 f e e t and was found i n i Ma 
Section 4 (See Appendix ? ) . 

l o t - f i r e r s Sampay and O l i v i e r 
near the b l a s t i n g board at 

ô /ed on f o o t toward the s h a f t . 
300 f e e t from the v e h i c l e i n 
O l i v i e r had t r a v e l e d about 

i b Entry South, adjacent to 

Five of the remaining e i g h t emplojyees on the upper l e v e l were 
enroute to the No. 1 Shaft to be p o i s t e d t o the surface at the 
end of the s h i f t . Herman Zinmernjan ( v i c t i m ) was r i d i n g i n a 
:ee?-type v e h i c l e i n 1 Main Entry! South when the explosion 
forces knocked the ve h i c l e out ofl c o n t r o l . The v e h i c l e came 
tc r e s t w i t h the rear h a l f hanging over the edge of the P-39 
conveyor decline and Zimmerman f e j l l about 30 f e e t t o the f l o o r 
of the decline on the east side cjf the conveyor. Jason Mayon, 
the d r i v e r , remained behind the Wheel d u r i n g the explosion but 
as he got out of the v e h i c l e he a|lso f e l l onto the conveyor 
and received back i n j u r i e s . j 

I 
Perry Thompson and Peter Boutte Were r i d i n g on a small t r a c t o r ­
l i k e "boss buggy" some distance behind Zimmerman and Mayon, and 
although one of them was blown o f f the v e h i c l e , n e i t h e r man 
received a s i g n i f i c a n t i n j u r y . These two men made voice contact 
w i t h Jason Mayon and the three mem walked the s h o r t distance t o 
the No. 1 Shaft S t a t i o n . E l d r i d c e Roman, the tu n n e l conveyor 
operator, who was working alone i n the 1 Main Tunnel South area, 
also a r r i v e d a t the No. 1 Shaft s l i g h t l y i n j u r e d . 

The telephone by No. 1 Shaft Sta 
Roman went t o the tunnel t o use 
out of order. Parts from t h i s 
phone at the No. 1 Shaft S t a t i o n 
Granger who was on the surface 
s i x employees at the No. 1 Shaft 

P r i o r to the explosion, three emb 
adjacent t o the No. 1 Shaft Stat.L 
the s h i f t . This v e h i c l e was bloyn 
Main Entry South. Donald Mayon 
explosion forces and Peggy Blaney 

:ion was broken, so Mayon and 
:he telephone, but i t was also 

phone were used t o r e p a i r the 
A. J. Boutte then phoned Elray 

a i d r e l a t e d the l o c a t i o n of the 
S t a t i o n . 

loyees were s i t t i n g i n a v e h i c l e 
on w h i l e w a i t i n g f o r the end of 

from the s h a f t area i n t o 2 
ind Richard C o l l i n s died from the 
was i n j u r e d s e r i o u s l y . 
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General Mine Foreman Elray Granger had been underground 
throughout the s h i f t but had returned to the surface around 
2 200 hours via the No. 1 Shaft. Granger proceeded to the 
mine o f f i c e which was adjacent to the No. 1 Shaft c o l l a r . 
About 10 minutes l a t e r , Granger heard the underground 
explosion and ran outside the mine o f f i c e . He stated that 
the sound of the explosion f i r s t s t a r t e d f a i n t l y and then 
grew louder and louder u n t i l i t reached a oeak and held f o r 
several minutes. Granger stated t h a t the sound was l i k e f i v e 
f r e i g h t t r a i n s and was coming out of both the No. 1 and No. 2 
Shafts along w i t h dust, smoke and debris. Granger ran back 
i n t o the mine o f f i c e and phoned Charles von Dreusche, Mine 
Manager, at home to report the explosion. Granger then went 
to the No. 1 Shaft c o l l a r w i t h Terry Hebert, Topside Foreman, 
w.-ere they found the nancage a few f e e t above the c o l l a r and 
a great deal of debris and loose power cables around the c o l l a r 
area. 

Granger and Hebert decided to clean UP the area and to send 
tr.e caae down to the mine level with a communications radio 
aooard. While they were doing t h i s , the mine phone at the 
headframe rang. Granger answered and talked to A. J . Boutte 
who was at the upper level shaft station with five other 
people. Boutte reported that Zimmerman, Donald Mayon and 
Collins were dead and that he thought the rest of the employees 
also were dead. A. J. Boutte called again asking the surface 
to hurry because he could see "the bad a i r 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. 

A t the time of the explosion, the No. 2 Shaft conveyance also 
was at the c o l l a r . The explosion forces l i f t e d the cage to 
the top of the headframe where the safety dogs engaged because 
of the slack rope. The cage was lodged in the upper 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 
rescue of the miners at the lower level Shaft Station. 

The cage was lowered, but i t became "hung up" at 500 feet and 
also at 700 feet below the shaft c o l l a r on s t e e l plumb lines 

from the shaft-sinking operations which were entangled 
vith a l l four guide rooes (See Appendix NN). The cage was 
raised and dropped several times u n t i l the obstruction was 
,cleared, and then the caae was lowered to the 11 men — Al Thompson 



Alton Oppenheimer, Floyd LintonL Charles Verdun, Joseph W. 
Boutte, G i r a u l t F r i l o t , Joseph p u t t i e r , Brian HcFarlain, 
Prentis Shaw, Esau M i t c h e l l and Lenneth H i l l — who were 
at the lower l e v e l Shaft S t a t i o n . 

These miners reached the surface at approximately 0245 hours 
on June 3, 1979. A i l 17 sur v i v o r s were t r a n s p o r t e d by 
h e l i c o p t e r to the F r a n k l i n Foundation H o s p i t a l i n F r a n k l i n , 
Louisiana. At the time, f i v e miners were s t i l l underground, 
one had been determined to be al f a t a l i t y and the l o c a t i o n of 
two ether miners was known and i t was b e l i e v e d t h a t they were 
f a t a l i t i e s . The l o c a t i o n and c o n d i t i o n of the remaining two 
miners were not known. ! 

i 

i 

i 
i 

i 
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Plumb line and signal wire pulled up from No. 2 Shaft sump. Rooe around 

the cage in the headframe and around the cage guide rone delaved recovery 

of survivors. 

APPENDIX NN 



Viewing east or inby side of t t y Gradall scaler along south r i b at 8 Main 

Entry East at Room 11. Paint do|es not show heat de te r io ra t ion . 

Viewing the west or outby side (of the Gradal l . p a i n t shows heat deter iorat ion 

and a heavy sa l t encrustation from a high, hot wind noving east is evident. 



Heat damage in can of the Terex loader at 7X Entry East and Room 10 lower 1 

Vinyl seat covering burnec off, leaving edge - scorched foam. 

Rear recapped tires showing chars and salt on Terex loader at 7X Entry East 

and Room 10 lower level. 



Viewing west from 2 fain Entryj South just west of No. 1 shaft station. 

Overturned cart at the right wjas one in which two victims and one survivor 

were riding. 



' th of r:0. 2 shaf t . Portion of the natal 

ran Duikheac found m No. 2 shaft sumo. 

Remnants of free-standing fan o r i g i n a l i n , 0 . 2 K a i n E n t r y ^ ^ 

of 7 Main Entry East, blown north to between 4 and 5 fa in Entry c£ 

2 Main Entry South. 
:ast in 





Transformer blown west from IX crosscut east of 2 Main Entry South in 

middle of 2 Main Entry South. 

Viewing north at damaged maintenance office and parts room in 2 Main Ent 

South, north of IX crosscut. 



Pictures at the same location a 

with wood debris from cabinets. 

s above. Manlift escapeway in background 



Terex truck in 1 Main Entry South moved north by the explosion into the 

reclaim bin located just north of 2 Main Entry East. 



Pictures show the decay of the 

Tunnel South. Conveyor system 

f 

explosion forces as they moved no rth in 1 Nlim 

in 1 Main Tunnel South. Upper p ic tu re showj 

complete destruct ion of the conveyor j u s t north of the primary crusher between 

5X crosscut and 5 Main Entry Ealst. The middle p 1 C t u r e shows p a r t i a l l y damj^ 

conveyor n o r t h o f 5 Main Ea^t and the l o w e r p i c t u r e shows t he 

conveyor j us t south of 3 Main E|ntry East. L 
L 



Turned over red shop 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 term-jnal exhibited that lead had melted. 

Pinched positive conductor on fcverturned truck. Bare copper wire exposed. 



Viewing southeast at the bottom side of the face d r i l l above. 



[xplosives loading Jumbo facing south. Located just north of 3 Main Entry 

last alona the east rib at Rooii 12. 

Portable blasting board impalejd on south side of engine of loading Jumbo, 

Board was located between Rooms 11 and 12 in 8 f-'ain Entry East before the 

blast and distributed power to the 8 Main East face shot and bench shot at 

Room 11X. 



Viewing f loor d r i l l at northeast corner of 7 Main Entry East and Room U . 

Boom bent away from normal ver t ica l pos i t ion . Hydraulic uni t on l e f t side 

badly damaged and pushed to the east. E lect r ic cable on r ight 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-creaker at 8 Main Entry East and Roon 9. The overload 

heaters jumpered cut and breaker in "on" position. 

Metal enclosed safety switch and circuit-breaker on west end of portable 

load center V,o. 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 (intry East just west of Room 10. Unshielded 

cable at the left shows more hea)t deterioration than shielded cable to the 

right. 



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 





Joy coupler destroyed by fall of ground on lower level at 7X East and 

Room 8. 
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0XLCCON32RVA' 
Santa Fe, 

April 

THA 
ION COMMISSION 
New Mexico 
, 1955 

IK THE KATTZH OF! \ 
i 

application of the Comraiaaibn upon i t a own 
notion for an order (a) creating the North 
Benson-Queen Oi l Pool in zA&y County, New 
Mexico, daacribed aa followst , 

Township 18 South, flangel 30 East 
E/2 Section 33 ? */2 Section 34 

and (b) prescribing rules akd regulations 
pertaining to the proposed bool in accords 
ance with provisions of Order K.-111, which 
pertains to tne d r i l l i n g ana completion of 
o i l or gaa wells within the| designated 
"potaah - o i l" area. I 

. . . . . . . - - i - . . . . . . . 

Caae No. 662 

... S. (Johnny) »'&lkejr 
ir. ' l i i l l iaa £• "lacey 

T.'iAas^IPT £ £ ri£A?.Ii;G 
1 

:'J1. MACCY: The next case or. the docket i s Case 862* 
I 

3. J . i| I A L L Y . 
i 

c^l lc i as a witness, having beeVi f i r s t duly sworn, tes t i f ied as 
follows: 

DEi^CT :iIA.-XS,ATI0K 

y rC. KITTS: 

- i i l l yea atate your nar:$ and position, please? 

S. J . litar.lev. llr.^ineerj for the C i l Conservation Conr.isaior: 

ir . Stanley, sii.ee the }.ast meeting of this case when i t 

*as f i r s t heard, you have beer 

funliMr this 

appointed to a Comaittee to study 
L 

ADA D E A R N L E Y & A S S O C I A T E S 
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A Yea, s i r , we nave had two meetings in Carlsbad to study tail 

particular problem* 

Q Kr. Stanley, in connection with your study, you prepared an 

exhibit which you wiah to comment upon at this time, and introduce' 

A Ies, s i r , I have prepared one exhibit and also have obtain*, 

two exhibits from the United States Geological Survey, which I 

intend to introduce into the record.( 

Q Thia plat on the wall is your Exhibit 1? 

A Ies. 

vi That was prepared by you? 

A Yes, air, uider ny direction. 

^ will you proceed with exhibit. 1 and explain what that shows J 

A Case 862 deals particularly vith Orde, .-i-111. The objective 

of urier .>111, r . ^ crally referred to as the Potash Ordtr, is as 

follows: "The objective of ti.ese rules and regulations is to prevent 

waste, protect correlative rights, assure tuaxicur; conservatior. of 

oi l ani £as resources cf New Mexico and permit the sinultar.eous 

economic recovery of potash minerals in ths area hereinafter defin'oi, 

The potash - oil areas are divided into two parts. Area A 

includes the various parts in whic potash mining operations are i ; 

progress, and Area F includes the various parts of which potaah 

mining operations are in progress or in which corir - teste indi­

cate potential potash reserves. 

Therefore, exhibit ;.o. 1, aarkea iv. red coloration includes 

the entire arta defined ir. Orlur ..-111 ol* potential pOuasr. recc/en 

determined by actual exploration or core test date. The scale of 

the map showing the potasn area is one inch equal to two niles, aa: 

A D A D E A R N L E Y & A S S O C I A T E S 
S T C N O T Y P C R C P O H T C a s 

A L B U Q U E R O U E . NEW MEXICO 
TCLCPHONC 3-6691 



therefor* i t can readily be S**Q that the area ao defined ia very 

Large in extent, and for the sap* ef understanding th* area itself 
1 

I would like to point out on Exjhibit No* 1 various landmarks. 

Here ia artesia, New Mexico, here is Carlsbad, New Mexico and here 

ia Hobbs, New Mexico* 

Q That shews both area A and B? 

A Tea, * i r , i t incorporates both areas. 

In Order R - l l l in the problem before the Commission, the 

rules specifies the casing program of wella 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 in the red bed 

section, and cemented to the surface. The salt string will be set 

itween 100 and 200 feet below the base of the salt and cemented 

to the surface. The o i l string shall be cemented with sufficient 

cement to protect the o i l pay stone. Now, in lieu of offsetting a 

salt string, an operator ean pull such string whenever i t is landed 

for water shut-off and then tho o i l string shall be cemented to 

surface. 
I, at this particular time, would like to read into the record 

US 

the problem before -«p"pertaining to two wells of Slams and Reese |̂  

Oil Company, which have been completed within the designated potash 

The Simms and Reese Oil Company's [_ 

KcCLay No. 1, located 1980 froci the south and 660 from the east 

of Section 33, Township 18 Soulh, Range 30 East, perforations are 

2,844, that is the top of tie perforation. The seven inch casin; 

half inch casing at 2,093 feet 
is set at 763 feet, four and a 

L 
L 
L 
L 
I 

ce Mined wilL 100 sacks.—Th*-U>p Of l l l l annyariCi, by our Ifll6rma-
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tion i t 2$0 fast. The top of the salt lo 550 feet, the base of tlie 

salt is 1,494 feet and the top of the Queen is 2,810 feet. 

The Slants and Reese Oil Company's McCLay No. 2, 1980 from the 

north and 660 from the eaat of Section 33, Township 18 South, Range 

30 Eaat, perforations, 3,036 to 61 feet. That is 3,036 to 3,061 

feet. Eight and fire inch easing set at 590 feet with 80 sacks. 

Five and a half inch casing aet at 3,064 feet with 30 sacks. The tlop 

of the salt in this well is at 560 feet, the base of the salt is at 

1,495 feet, and the top of the Tates at 2,626, and the top of the 

siueen to the producing fromation is 2,844feet. 

Q I would like to interrupt for a moment here. Tou are aware 

the original applicant in this case, Simms and Reese Oil Company, 

etated ln their applicatior. and testified at the last hearing, that 

they did not believe that in the area concerned, the area of tnoir 

veils, there was potaah salt in commercial quantities. Do you have 

any information as to that? Did yoar study go that far? 

A I don*t know whether there i s potash of commercial quantities 

in that area or not. 

y I see. 

A In fact, in reading the Simms aiid Reasu Oil Company, the 

r.cClay No. 2 f i l e , I might add this is a Federal well. That on tht 

rederal form of sundry notices and reports or. wells, the operator, 

Sians and ^eese Oil Company makes the following statement. 

"We will d r i l l to approximately 3,000 feet ai.i aer- •-.•igiit *£>.•:. 

five inch surface casing and ceaent back to Burface. Five ani a 

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

sand fracTed. We will comply with New Mexico Oil Conservation 

A D A D E A R N L E Y ftt A S S O C I A T E S 
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Cosa*iaaion*a Order R - l l l on any) •edification thereto," 

Q That was f i led wall before their application for exception 

to &-111. wasn't i t? 

A Tea, s i r . Tha point thit Sinas and Raeaa Oil Company hare 
i 

argued ia that potaah ia not pjfeaent in thia area. It la evidently 

uneecuoaleal to produce o i l fi4» this area in stripper production 

with tha cost of cementing, without exception of Order R - l l l . The 
i 

date of the Order R - l l l ia Juljr 10, 1951, and alnce that time 1£ 

wella bare baan drilled in tha potaah area. Of t he 18 wella that 

have bean drilled, 16 wella have complied with the order and the 

two wella of Simms and Reese C|il Company seek an exception to this 

rule i r thia area where the wtlla are drilled. 

To better acquaint ourselves with the problem of the potash 

two meetings were held in Carlsbad 

prior to this hearing. Certain topics ware discussed and probably 

should be mentioned and introduced into the record. Area A as def 

by thia order, is a continuously changing picture. I have what is 

company and the o i l companies. 

I 
I 
i 

•arkea Exhibi ta No* 2 and 3, showing tha irregular pattern of potaav. 

occurrencea. 

W Were those prepared by* you, t-ir. Stanley? 

A No, air, these were prepared by the United States Gsologica 

Survey, and they show a scalq on the exhibit. However, that is 

coneieered a trade secret anc, therefore, i t is not actually aefi 

in any one particular area mferred to as actual description re­

ferred to aa township, range i 

Q Are you satisfied with the accuracy of these? 

A No, air, I know nothing about the exhibits. All I wai.t to 

1 
«ei^ 

\ 

snow is the irregular occurrence of potash in this particular arecrt 
ADA DEARNLEY a ASSOCIATES ' ASSOCIATES 
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What I would like to ahow with these two exhib i t a is the irregular 

occurrence ef the potaah area as determined by core d r i l l . The 

closer epaciag of core well holes could even connect the areas ahov̂ n 

in Exhibite 2 and 3, and probably actual mining operations could 

change the entire picture. 
c re* 

Today the potash industry is able to mine.-â e. bodies of the 

thickness of 16 inches, as we understand, i t is possible to mine s ^ l -
l 

vite, an ore of potash, or aylvanite with a li*. pereent content, or 

'ajtagaftite with eight percent. In aome instances the percentage of 

ore can be lower. In other words, with ever changing and improving 

techniques in dining, as is true in the oil business, and especial] 

refining continually changes the commercial extent of the boundaries 

of the proven potash reserves. 

It has been stated by the potash companies that porosity existt 

in the salt section that is mined. It has been definitely proven in the oil business that the salt section is charged in the Monumeiit 

and Hobbs Pool and charged with gas. The charging of oil and gas 

these pools waa probably man made by casing leaks. 

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

permeability exists in the salt section throughout Lea County, that, 

the extent of charging the tone, and that is the salt zone, from 

one well would depend on the amount of gas present, and, of course, 

the pressure of that particular gas. Fortunately the wells of 

Sim:as and -teese Oil Company, i f typical of the area, have low gas-

oil ratios and also have very low botton hole pressures. The pota;;:. 

areas defined is unexplored for a l l practical purposes, for o i l 

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

wilh considerable gas velur.ee will not be obtained ae shallow doptite-r 
ADA DEARNLEY & ASSOCIATES 
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«* •upperta arc in an ordtir of 

after anothar ia removed until 

Ona intereating point that wa* mentioned at theae meetings was 

a method ef mining or*. This tjTP* d f mining refers to the removal 

of pillara, after the eonvantioaal lining ia completed, these pill a r . 

100 foot ln diameter. One pillar 

th* earth above i t subsides. This 

subsidence ia evident at the sitrface of the ground. It is also 

aoliaved that horizontal alippuge ooeurs during the period of aubsij-

denee. thia would have the tenlency to ahear off the casing of 

o i l well4 regardleaa of th* nuohar of atrlnga ef casing run in 

m*dem completion practice*• 

properly since i t could never 

rhe well would never be plugged 

De reentered. This subsidence would 

Iffeet both the deep and shallow wells. I can see where possible 

charging of the mine workings would result. 

It has been stated that tie recoverable potaah, based on potash 

mines at the present going price, i s ;154,000.00 per acre. 90 per­

cent of the domestic potash^)(cr I might say that the domestic potaa 

in exeeaa cf 90 percent} i s mined in this area defined by Order k-1 

In conclusion, I wiah to itate that I hare no recommendation* 

in the caae, that tlie Coaaieahoi: will have to reconsneud. 

si Mr. Stanley, let nc aak you this. You stated that you had 

the area in question there was potas' 

or not, is that correct? 

no knowledge aa to whether ir: 

salt in commercial quantities 

A That is right. 

C, Assuming that there is 

I 
L 
L 

t 
t 

in that area, would you eare to laake any comment on the easing 

program act out in R - l l l , and 

Company, a* i t would protect 

potash salt in coc&iercial quantities| 

the casing program of the 3iama-£ee*i 

any such salt? Do you havo any cocaac 

on that? 
ADA b E A R N L E Y & A S S O C I A T E S 
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A Could I elaborate on my anawar? 

Q Certainly. 

A I har* gtudiad a l l tho m i l s in tho Hobbs Fool from, a aorro4 

aion standpoint, have inspected every well in that particular pool! 

and have also inspected a l l the wella or virtually a l l the wells 

in t l * north half, or half the wella in tho Momaent Pool. The 

casing prograa aa defined in Order R - l l l i s not exactly the easing 

program that I would recommend in the potash area, provided that 

there was no horizontal slippage. However, I do not recommend ttadt 

the easing program be altered aa defined in a—111. My theories 

on casing program in this particular area and from the experience 

that I have had in observing the corrosion problems in Hobbs and 

tae Honuuent Pool is aa follows: If I intended to write an order 

to protect any potaah area or any mine workings, I would write 

ar. craer whereby the surface pipe would have to be set at 100 feet 

or 200 feet below the salt string in this manner. 

MR. MACZY: Below the salt string? 

A Tea. Not set any surface pipe below the salt section, not 

set any surface pipe at a l l , but set i t — Assume that this is the 

salt section, set i t a hundred feet below and cement that particular 

pipe to surface, then the oil string should be eemented ln auch a 

fashion that the cenant behind the pips shall come to a point belov 

the oil section, or below the salt section, excuse me. Therefore, 

at any time we observe this ln the Hobbs and Monument Pool, the 

potasn cocpai.ies, the oil companies or any Individual could go to 

that particular well in question aid observe between the annulus at 

the surface pipe ar 1 oi -triiis wnether a leakage occurred at any 

A D A D E A R N L E Y St A S S O C I A T E S 
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particular time during the life of the well. 

At tho present time, by cementing through the salt section, anc, 

we have found this in Hobbs and in Monument, there i s no method at 

the surface ef determining whether you have a leak or not. The 

only method that could determino whether you had a leak or not in 

any particular well, whereby tho o i l string i s cemented through 

the salt aeetion, i t run youf tubing with a packer in such a 

fashion that you could observe pr record the pressures between the 

tubing and the o i l string. 

However, I am not making anjr recommendations that the casing 

program be altered in Order R - l l l . 

ing program set forth ir; R - l l l , you 

i t does afford protection to the 

Q Do you feel that thy cas 

feel that i f that were followed 

potash salt section? 

A I think i t affords protection by merely running an oil strii 

through the salt section. 
j 

y You feel that the cementing helps appreciably? 

A I think i t possibly cou^d help, but there would be no known 

method of ever testing the well, due to the fact that most of the 

corrosion is due to hydrogen sulphide, as we have observed ir. the 

is internal, that i t is not external. 
Hobbs Pool, that the corroalon 

adjacent to the aalt section. 

L 

I 

i 
L 
L 

That pipe pulled in the Hobbs Pool 

and in the Monument Pool, adjajcent to the salt section showed that 

it would be in condition A, th 

externally, but that the holes 

at la CQnaljexed in new condition 

pipe a fraction of an inch in 

were forcied fror. the inside by 

hydrogen sulphide. I do not feel that a rim of cement around this 

diameter in some cases would protect 

L 
L 
1 
t 
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that part ic alar aalt or potaah section, and i t would, yrc»»avata ths 

problemif you had ooaaiderable hottoe hole pressure. or aaa 

pressure. I feel that cement would not be able to hold, aay. a 

thousand pounds preaaure aa we hare in the Hobbs Pool, or the 

Monument Pool. 

MR. MTTS: That ia a l l . 

MR. MACS!: Any queations of t the witness? Mr. Rhodes? 

CROSS alAMIXATION 

3y K£. RHODES: 

Q These discussions with the potaah operators, waa any mention 

made of the possibility of bringing water in on the potash by drill 

ing in ths area? 

A Tou Bean from the surface or from the bottora? 

s, Below the line water table. 

A They do seek protection by setting the surface pipe to pre­

vent any water to go ahead ar.d flow downward into their mine work­

ings. That ia the intent of setting aurface pipe. 

Q Also, you mentioned the potaah operators coming through and 
v 

pulling pillars and letting the back cone in and subside? 

A Yes,sir. 

y Do you suppose that the potaah operators would be willing tc 

conduct a selective program on pulling these pillars in areas where 

there are producing wells? 

A «ell, I don*t know anything about the potash people. I feel 

certainly sure that i f I ovned the potash mines I wouldn't go ahead 

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

is present. What w* ueually have, by the drilling of several w«ll« 
ln the area, especially 6y bid ̂ lcMrdscn, sild knowing the pressure 
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of tho Pennsylvanian section, that if a woll were drilled to the 

PonneyIranian section in any on» particular area whereby mine work-

ings were in operation, I fool reasonably aure that ao one would 
l 

dare pull these p i l l a r s out. ! 

Q That i s exactly sr/ point. I wondered i f that waa any con­

sideration. 
A I think the discrepancy 

thing about the entire deal ia 

in tha ord r , the swat danger©ua 

to go ahead and d r i l l a deep well 

Q I was Just wondering i f 

to the Pennaylranian and then itave subsidence and lateral-horisonta£L 

movement. I t does not mention the concern about the deep wells 

theaeelvea. I believe by shearing the casing off in tne deep wells 

i s w:at probably w i l l cause al}. the trouble. 

that was too such of a coneideration),-

i f accommodation couldn't be m|uie by w -ich that danger could be 

alleviated? j 

A I think that would be the concern of the potash company and 

the concern of tie o i l operatojr in that particular case. 

MS. RH0033: That la al i i . 

'-'Ji. tuACLY: Anyone else 

ly LA:;»: — J , * + . tf. ^ 

L 

' x You have a value for the potaah in this area. Do you have a 

value for tho o i l? 

A Yes, we. had a value of potash as stated by the potasa 

co.-par.ics of a recovery of pa|t experience of ,15Z,,OC"J.CX5 per acre. 

I seriously doubt tnat the shallow wells in this area wiU the 

exception of the C*i?fey Pool, Would recover sore than 1,500 barrels 

per acre, or roughly approximately $4.000.00 per acre 

L 
L 
L 
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Q It is our knowledge that ths pillars regaining after the f i r it 

extraction ia about 30 or 35 percent, i t would be roughly £50,000.00? 

A Tea, a i r . 

KfU MACS!I Mr. Rhodes? 

By MR. RHODSSt 

Q Do you believe that possibly pulling the pillars in one area 

would result in horisontal movement ,in some quite distant area? 

A It could poaaibly affect i t . It would have the effect of 

the earthquake. I understand you can drive over this particular 

area whereby these mining techniques were followed and see the 

subsidence on the surface of the ground. 

Q I wonder i f that is not directly over the particular area 

where the pillars were pulled? 

A Yes, s i r . I don't know the extent of the lateral moven.ent. 

MR. WiAViR: I can answer that. G. C. weaver, representing 

Duval Sulphur and Potash. We have horizontal threats there as well 

as vertical. Just where i t would show up, we can't t e l l . Assuae 

we are mining at 1,000 feet, I would thoroughly expect to get hori­

zontal displacement a thousand feet from any area we rocked.' You 

can figure on about a 45 degree break there. ..hau we talk about 

mining an area, when we go in and mine an area, in the first raining 

in the room and pillar system we extract about, well, fror. 50 to 75 

percent of the potash present, v.e get subsidence. It is not enou^i. 

to ninder our raining operations, however, i f there are any oil and 

gas wells within a hundred feet of any one of those pillars, in in 

any ons of those pillars 100 feet in diameter, I certainly wouldn't 

want to be very eloae to i t . It wouldn't take much subsidence tc 
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that well? You novo a lose of 

•hoax a casing. Suppose the c*Jaing was •beared and gas and o i l ia 

•scaped in the workings, how in the world would you erer replug 

o i l and gas which will never be 

recovered, and you will never recover the potash. 

MR* MACEY: Does anyone have any further questions? Mr. 

Tates? 

By M£* YATSS: 

Q Harvey Yates. I would like to ask the witness, Mr. Stanley^ 
j 

i f , under the circumstances th^re ia any long wall mining, ia then 

any kind of pipe program that could conceive of thet could staid 

that shearing, so—called? 

A No, I can't conceive ofithe o i l industry inventing anything 

would stand the shock of any 1 iteral movement• 

y How is the o i l industry and potash industry compatible ln 

this area, for instance? I 

A I don't know. 

v I have a l i t t l e field o^t there ln the ao—called area of the 

potash company. If you will recall, one potash company said they 

wanted no wella whatsoever drilled ln this area. I would like to 
know how I ar> going to protect 

A If I understand, and I 

States Geological Survey is irj 

oil leases for shallow rights* 

my leases? 

believe f r . Jack Frost with the Unit 

the audience. I f I undetstand i t 

correctly from Mr. Frost in conversations that there are particular 

areas her* owned by the government, wnereby they do not issue any 

That offective date was probably 

two or three year* ago, I don<t know the exact date. They de not 

issue any oil rights for shallow depths. It is only those that can 

L 
L 
L 
I 
L 
L 
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u 
iri11 who had the oil rights prior to that particular date. I wiah 

Ur, Frost would elaborate on that subject. 

MR. FROSTI Jack Frost, United Statea Geological Surrey. I 

believe you misunderstood some of our l i t t l e discussion. 

• I am sorry. 

MR. FROST: There ia a provision iri thoae new lessee in the 

potash area that my office can not approve the drilling of a shalloir 

well without oLearing i t tnrough Washington in advance. 

Ai I tee. May I ask you a question? Tou can d r i l l anywhere in 

the defined potash area, an oil well l f you do own the oil and gaa 

leases on Federal acreage? 

MR. FROST: I think you have seeething mixed up there. Ther^ 

is no provision that I know of/\we can't approve the drilling of a 

well with a valid o i l and gas lease, but there wouli be areas ir: 

there where we would have to consult with the potash companies ax.a 

reach an agreement between the operator and the potash company befogs 

I could approve the drilling. Does that clear i t up? 

A Tea. ? 

MR. MAC-Y: Does that pertain solely to shallow wells or bot I? 

KR. FROST: No shallow, those from 5,000 feet up. I f , on 

the new leases I would have to claar through Washington. 

MR. MAC2Y: Hr, YatesV 

MR. TAT..S: I wouli like to ask, unior the circumstances, 

how i s a man goin^ to get approval froci tho potash companies to 

d r i l l a well . He says that he can't issue a permit to d r i l l a well 

witr-out approval of the potash company i f they don't wai t any wellx 

dri l led ln their lo-called A or ore body, how l i a mar going, tu get 
A D A D E A R N L E Y & A S S O C I A T E S 
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the approval* 

A I as aura they have to approve tho drilling of tha oil well 

if you eonfera to Order R - l l l . ( 

MR* YATES: That auita as. 
} 

I 

MR* FROST: Thia say help elear that up* That oil and gas 

exploratory teat well should net be drilled through any open potash 

lints or within 1,320 foot thereof, unless agre e d t o_in writing by 

tha jotash leasee inrolved. Tist is on your R- l l l , Page 7, Section 

3, Szploration of areas, and t i l s was area A, a portion of Sua-
j 

paragraph A there* 

MR* MACUT: Anyone havejany further queationa of Mr* Stanley? 

Mr. Stanley, I think we have possibly gotten off the beam here a 

l i t t l e bit . I dor.»t think we jiave done any harm. I t appears to 

me from what you have aaid, thjtt you are more concerned with the 

deep drilling than you are wit̂ i the ahallow. Ac I right? 

A That is correct| i f yoju take into consideration the subsi­

dence and the preaaure of the (pennsylvanian Formation. 
Mil* KAC2TI That is a l l I have* » 

fti-jjIitZCT &XAKINATION 

By £!• KITTSI 

ii lir* Stanley, leaving tlie ouestior. of subsidence for the 

oonent, you commented on the casing program of R - l l l . Would you 

care to make any co.Tne:,.t ou the casing program of the iisese-Sirums 

Oil Company? 

A No, s i r , I do not wiah to make any coaaent. 

MR. KITTS: That i s alii* 

"5—-all, 1 rclgnt Sty thit 

I 
I 
L 
L 
L 
L 
L 
L 

taay have riot ecupllad with orddr 
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* 

* 

* 

R - l l l , but they ar* her* to a**k an wceoptien. 

Q How would you eonpar* th* protection afford*d by thoir eaaln 

and that afforded by R- l l l ? 

A That would b* an argument to know whetijar that core of earner 

actually protaata tha aalt section on that part of the pipe* 

Q That would be the point? 

A Tea* 

KO* l-̂ ACiX: Mr. Lan*7 

By frAKtt. 

Q Things have been said here, how can a potaah coupany agree 

to a well, wh*r. an operator has already beer, put into intent that 

ite would comply with the regulations and he haan ,t? How can we 

ever agree to i t before the well ia drilled? We are not getting 

very such assurance then*.* He stated that he was going to comply 

witt; the regulations. 

A Tou want me to answer that quest lor:? I don't know. 

MR. MAC ITT J Anyone else? I f not the witness aay be excused 

('Witness excused.) 

S 

t 

MM. Does anyona havv anything further ir. this cas-*? 

If :iot we will take the case under advisement. 
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? . 0. aaa 10M 
Santa f a , kav Magic* 

Oaatt 

Application ta aaraav a»4. i 

Oatnlla ara aa falloini 

. . « . » - - . ~ „ „ , J A.M. , „ „ „ . , . u > « . , u „ . , „ , 

>• Tap p . r appaw^Miy U M J . u ^ ( ^ 

! 
] 

Yoara »arf traly, 

j OIL REPORTS ANO CAS SMVIOS 

im/aa 
*«•»«» A C*aj>.o r 

0. las 17u 
NMlana, Teaa* 

Oil Caaaarratlaa Caa 
txBraaa* oo 

**taau. SM» urate. 

•la*tan 

£W ^tfunh. ail g. 

* * » M C X I C O 



SUNDRY NOTICES AND REPORTS ON WELLS 

T. UNIT A M M M S n M M 

Stoltt 4. Ceapjny Hadaan Fadaral 

c/e Oil RcpoTti A Ctl Sarvlces. Box 763, Kakbt, Na* Mexico 
. » r - t l I. i M'Bjnrt t«C*t»M C l M n / I t l l t I R t f H M * • » t l 7 n » B t a U f a ^ i r M I * « U ' 
•cat-* i : a*l**> I 

633.4* FNL 4 1630* FWL ef Section 4 

IV. r i f t * rooL . o * * I I L * C B ? 

Ulldcat 
I K . . I - 1_ M B U . 

•WS*BI M A U * 

S*C. 4 , T21S, R29E 

3414.7 CR 
I 13. COCWTf * * »*aba«| I * . M a l t 

j Cddr | K . H . 

Check ArxMprvor* Boi Te U«WCJI« Nejiw* ef Notice, Repeat, er O tUr Dote 

KOTtra rt* l O T S X n e * TO . 

t a a r t k l l T a t a r 

H M W T M t e n m 

n LI. aa i i m c n n i | 

MX LTIPtS CO*J»i-«Tl "*••.•»*>»* 
I N I M I I r u n 

* i n i a a n « * * I 

r a a c n u n u r a w * 1 

s a u u n M aa a r a j t n a a l _ 

( O t a * * ) 

• •VAia iaa a m 

a i T u i n caa iaa 

a*A*a*»bJB*T* 

• M i r r a : mvawrt raawiu af aa«lDt*« aaaiaiataaa aa Wal l 
i ••aaajiaa.aaa ar Rac—plM*** * I r w n aaa laaa I u r n i i 

"ID iH"»a*T«' % a l C**a>rtr af al* all ia*rtin»*if *>lalla, ttn 

R«n 8 5/3" 24f nnr J-S3 caalne to 405J' with Halliburton DV coaootlnt tool 9 
1982*. Counted with 425 sack* d i n "C" 41 cal and 150 aack* elaaa "C" f l r « c 
at i ta and 400 lack* d m "C" naat aacond ataaa. Caaant (allad to elrculat*. 
Job eoajplat* 10:00 A.M. 9/1/46. Ran tanparatura aarvay, found top cancnt 491*. 
Caaontad around top of caalag with 100 lack* ragular naat thru 3/4" Una pip*. 
Job cosplcta 10:00 P.M. 9/1/66. HOC 24 hour* and praaaara taitad cai lnt with 
10000 for 30 alnutaa, t i l t O.K. Caaanttni oparatloaa wltaaaaad by 0SCS raprc-
i t n u c l v e . 

R E C E I V E D 

S r * . - n » r j 



m 
! nil F iii 

t m 

838.4* TKL t 1650' FWl of 

Spudded 3:00 P.M. 8/19/66. Caaentad 16" 35* • 
aack* cUat "C" 41 gal and 130 »*ck» clatt "C' 
out 200 aaeUa. Plug down 8:15 A.M. 8/22/66. 
with 600; for 30 mimitat, tait O.K. Drilled i 
11** s*f-Orle lll-A. Caaented 11 3/4" 42* new 
1513) with 925 aack* d i n "C" 41 gal and ISO 
Circulated out SOC aack*. Plug down BiOO P.M 
teattd with SOOf LOT 30 aUnute*. taat O.K.. C 
J I B Xnauf with USCi. 

R E C E I V E D 

Sac. 4, T21S, M9E 

rw H-40 caiing C 546' with 400 
21 caltiua chloride. Circulated 

I IOC 24 hour* and presture tatted 
1424' aaiag -brio* aad a*- apeci-

•55 caalns *t 1624' (Baa* Salt 
lack* elaa* "C 21 calciua chloride. 
8/23/66. WOC 24 hour* and pretaure 

ting operation* wltne** by 

! 

T R U 



SR. "T 
G E O L O G I C A L S U R V E Y 

APPLICATION FOR PERMIT TO DRILL, DEEPEN, OR PLUG BACK 

»• t * * » « M M f l T k W ABB I t t U I , M 

LC-070296 
I i » i * a i > a . l U A f T i i M n i i i ' i i a i " 

1 * . T i r a « r ••>e» 

DRILL X 

• I I I J L WBI.L 

DEEPEN • PLUG BACK • 

Stolt* It Cop any 
i • » » • • « • o r « n u i u t 

c/o Oil Report* fc C M Sorrt.ee*, Box 7631 Kebbo, Kew Mexico 
t « n n . n 4.1 • • U L i ft rotor i lo ra i tea f i n r i f a n * • • w n i t i i r i *r iva aay I Lata raajalraaaaaii • 
A 8 3 8 . L ' FWL 11 1650 PW. of Section 4 

1. B B R aMaaaia i rT aaaia 

a. » A B H ea i l e a * * * a a 

Hudson p«d«r4l 
t »B* , t • « 

1 
10 TIBIA •*» pawl, a* •tlnCtT 

I fUdCatt 
i l . aacTY7Y. aj^ o*"atiT ~ ~ " 

5«0. *W 213. 29£ 

»• • H n » •ajifpttakir* 

k . > 1 »'B I • U b f . FT 
> ana ajai) l l a * . i f *•») . 

T»ia U i M r r 

«w> •a^aiaar D r . BT. CK. aac.] 

•aw Hexico 
12. r i * - * T t a * r a i t 1 i i 8T4T1 

la.K. 

838.4 
I t . • * ) . «a> 4 C I M IB LaUaa 

301 
IT <m. n*> A r a t a aenaaaaa 

T» Tt t ra a » L i 

40 
I t fajaptbaiaj Mf*Tf t 

11,600 
3*>- au r« i f « • caaaa t a a u 

Rotary 

3428.7 Cd 
i 22. a r t - a m »aTa a t u W I L X a r a a r * 

Upon Appro**! 

LJir 1/2 ~ 
13 3 A _ . i . .-113A . 
10 8 5/8 
7 7 / 8 ' 5 1/2 

r H O I - O S K D CASING AMD C K M C f f T I N O r t O R I U M 

i l ~ T 85*""" i S00« Sit _ 
38#_ 
33/ 

15.5# 

gtaTTtTT •*» n « B * T 

Clrct&ated 
-i—iSOO?*.. 

(000 
1 U.600 

Circulated H f c C C l 
"ClrenlaUd 

200 

•Eetiaated depth; actual depth to depend upon top of Bait aacUctv. 
••SaUaated depth; actual depth ta ba 100' below baa* of aalt. 

Tha abova location to ba drilled aa 4 Strata! teat ln accordance with 
all the protlaiona of Rule 111-4. 

JUN 6 I96S 

°- C. C 

. . 1 . 1 r ~ m m I H T , . . « . m r t . r . W I I , . I I . A u v . n r M i u i r * . . . r o , . , M u r . i „ u . . „ , t 

• IB * * aaa** i w » * a w * j ar a t a i a ataac* aar i 

A<ant_ 3/23/64 

'«aiT*fta ••** *rr*»a«k. tw 

* S M laaWMClitiii O M l U t M t &ci« 



N. 

UNITED STATES 
DEPARTMENT OF THE INTERfjDR 

G E O L O G I C A L SUWVEY 

st Burr i* TmrucAT-* l . . . . . . > . . t - K U -

SUNDRY NOTICES AND REPORTS ON WELLS 
m or Mac I I I U I «M ft t rea t 

• LIT u i u a . * U l r i c a M I 

R E C E I V t H ' f a r * •M iSMBBT •»« • * 

i At__.ric._a Oil Corporation * FEB 24 1375 
t . a a a - e_ i,*«aa • _ _ ( 

! I - i - "23" r_-_r„. 

-012 f . i iUsd Savin;. Bid;. r . l i l _ _ . TC '9731 p py C . ! I 

' T-"-~: . i t a_r*_r»a»a <*e__ *>e_u 

3i37.7 C l 
12. t « u > t t M r • * ** •> ' i i . a_ * i a 

___£ _ _ : _ _ -
Gi«ci( A a p n t f i t l t 8_ * T« I M I C C W * ft «rvr« Nor te* , M t W , Other' Data 

r i t m i i raiAT 

• n o t a * K N t t i 

• t r a i t > i u 

ar LU aa, e i r a a raa iva I • i n t a a ) B * « r r 

*L*Baia*a C_ai»* 

*a_»ae)«_«-T* 

(Of f tar i 
• >»fT 
CnmM 

• • n r r a a i C l r e i 
> lax aw e_ara_r» a__ eaoee *w/r u 

i -U-74 to 5-6-74 

- T i l l . . ! 2 V bole to 219' v i ta cable tools. Loir bit la hole, 4.29-7.;. .___.:;::.:_ 
c__:_.o t o - c c p c a . ? l u^ ; c_ as l o l l o v a : 

£.-_; 1-
la vay of dri l l ing epcrati 

Verbal a;pr=val rcee Lvci to osit cusisse Cirucr, Az L - _ : a r 
L_vcd caale tool back s_l f i l l c . -jit'j 

I a t_; event thla halo c_culJ c-vc la 
Las bcaa w e d out a 10' pluc w i l l bf t u t s l l e d la top of bole, l a lc^'3 v c r j 

rua ca Chi* well . 

RZCZiVZD 
2 015T5 

U.S.GE0L0r.,:Mt.U~p( 
ARTESlJs NEW MEXItO 

_ i- in.ar 2-17-73 

• i fpaofen sr _ _ _ _ _ _ 
COM-momi or ATTSOTAA. Of AST: 

*SdM U a a a ^ t t t i t f M I U v _ f M Stt ia. 



Form *—_ J1 
i Mny 1063) 

N. :.. 

UNITED STATES S U B _ I T IN TRIPLICATE* 
— _ , - T l i r i M T T - I - 1 i/-M-> tOtn.r instructions os re-

DEPARTMENT OF THE INTERIOR »««uae, 
GEOLOGICAL SURVEY 

F?r*n tpproTcd. 
buagtt bureau No. 4_ 

LXA£_ OC-IGJIATION ANO _ i . r . I * _ 

SUNDRY NOTICES AND REPORTS ON WELLS 
noi utt tub. (..rm for propo.«.ils to drill or to drepeo or pluE Back to a dlHereot reservoir. 

Uie "APPLICATION FOR PERMIT—" for sues proposals.) 

6. IT INDIAN. ALLOTTtE OR ZZ.--

O I L I;AS 
Tvr L L 

R £ C Z I V IT C I N I T _wau:ui:.\T .v.*. 

2. S A U L OF OT-HATOR 

/—riczn Oil Corporation^ FEB 2-11275 
6. r AS >l OA L E A S E S A i l L 

l i < i ~ t t r> 

ADDRESS or ortCATOs 

17'12 V.lilzT.1 Savinfjs 31rJr »•-• -n — . - i —•— > 7970! G. a 
ft- W_L,L NO. 

1 
I... ATii.N «>r WK.IL i ttrport location clean? tod to accordance wua _oy State requirements« r)r_ ,r_*B~ 
>,,.,. nis.. s|._cr 17 below.) Ah * * — — * •*•**• 
At _ur_ac« 

r.:i _ is io' FI;L 

10.,riCLO ASD.-rooL, UR W I : . O C . I T 

11. SSC. T.. tU _ . . Ot SLK. AND 
SUtVEI O l A I X A 

1 = ~ 

I 16. ELEVATIONS <Show whttocr or. »T. es. «_.) 

I 3-.G7.7 G2. 

M . TEIIMIT NO. 
I 

12 . COOKTT o t r A t l k U l 13 . S t i . " 

T" 1 . ' . . 

Check Appropriate Box To Indicate Nature of Notice, Report, or Other Data 

N O T I C E n r INTENTION T O : 

r i s T WATER S H L T - O r r I 

I'l lACTL'KE Tlir.AT j 

SHOOT OR A C I D U B 

t t r A l t W E L L 

( O i h o r ) 

r l ' L L O t A L T E R CASINO 

nuLTirLt covin.rrs 

ABANDON* 

CHANCC rLANS 

sossEOOENT t i r o r r o r : 

WATER tHOT-orr 

rtACTUXE TEEATKENT 

SBOOTINO Ot «CLSUIKG 

tcrAiftiNC W E : . : , 

ALTERING CASING 
AtANDONMCNT* 

(Other) 
I NOTE : Report result* of multiple corspleuOD oo WeU 
Completion or Recompletion Report tod Loc (orm.) 

IT. D..».-i-.ioi: rmunsiKo nn ci.MrLETtD orERATioNS (Clearlv state all pertinent details, snd jive pertinent dttes. Including estlmstrd date of startinc J I . . 
proposed worn, lf well is diracuonsiir drilled, (ive stinsuriac* locations and measured and true vertical depths tor til markers sou xooe. pvru-
ncnl u> mis work.) * 

4-H.-74 to 5-6-74 

- r i l l c i 24" hole to 249' with cable tools. Lost bit ia hole, 4-23-7->. .V,-.:..:.v.-.-' 
c_Io_:s to deepen. Plucsed as follows: Eoved cabio tool bzcU asd Hilled hcls 
c__ti_-_ frca 1-Y. Verbal approval received to onlt surface narkcr, A_ r:.!::r 
vculd ba ia way of drilling opcraticaa. In t'.-.c eveae thi3 hole c;:cul_ c_v_ . 
ri'j has Lcaa cv_ved out a 10' plus will be installed ia top of hole. Uo Ic^z • 
ruu ca tals veil . 

u.s.:.:::-c 

rue aad correct 

T I T L E . -T.-ir.r.zz: 
DATE . 

iTlilt space (or r«ler_i or Stat* oiuce use) 

T I T L E . DATE 

*See Inttructioni on Revene Side 



J t L M. O, C C fcOPT 
Form 
i M a y 1963) 

UNI D STATES 
DEPARTMENT OF THE INTERIOR iXZw 

GEOLOGICAL SURVEY 

S U B M I T I N T R I P L U £ • 
( O t h e r I n s t r u c t i o n s oo re-

SUNDRY NOTICES AND REPORTS ON WELLS 
I On not uee t o l l ( o r m l o r nroposs ls to d r i l l or to deepen o r p l u r b J | UJ I U I | l l \ ' Lor "en fcw u i i l l v — — w . r- — 

Uee " A P P L I C A T I O N FOR P E R M I T — " (or such PKpoaala.) 

HAS 
vr DLL 

OTHEI 

S A K E o r O P C I A T O I 

Aaarlcan OilCerporati^e 
3 ADDRess o r ortnATOR i » t » t S A 1 t A T t i * ' W , L L " ° ' 

1012 Midland 8avlnga lldg. HidUad. g 7)9701 FtB 2 1 1 
i i".w'tTiMN n r » E L L ( i t e p o r t l o c a t i o n c l ea r ly and l n accordance w l t b any S ta te r equ i rements .* 

n U . i s p u e 17 be lnw.) 
A t sur lace 

:k to a d i f f e r e n t r e se rvo i r . 

R E C E I V E D 

Q. C . C. 

1980' HQ. 4 1980' m . 

I 4 r e n M I T NO IS. E L E V A T I O N S (Show whether or . 

3487.7 tm 
at . OR. e t c ) 

'. 0 - » A < - / 

" 0 F o r m approved . 
Budeet B u r e a u No. 42-R14.24 

5. LEABE DESIOSATION AMD SEB1AL NO 

IM 0544986 
6. i r INDIAN. A1XOTTXB Ot TBIF.K v 

7. UNIT 1 U I I C M I K T NAME 

ASM Oa LEASE NAME 

Todd "25" Federal 

10, r i E L U AND. POOL, U l WILDCAT 

Wlld€*t ; . 
A a r f e r a l A e O F F a t B k l l . a c c . T . a., u . . oa B L K . 
BeavAseawa B U B V S T oa A B B A 

fee.25, T-23-S, r ' 
12. c o o N T T oa r A a i a u l 13. S T . U I . 

Iddy l.rlex. 

Cheek Appropriate Box To Indicate N »»ure of Notice, Report, or Other Data 
K O T I C B o r i N T a r i n o R T O : 

T T S T W A T E « S H L T - o r r 

FR\CTIRE TREAT 

SMiHIT OR ACIDIZC 

ni:PAIR WELL 

m t h e r ) 

r r i x oa A L T E R C A S I N O 

M t ' L T I P U COMPLETE 

ABANDON* 

CHANOE PLAHB 

SOP 

w i i » S H C T - o r r 

r a a c T u u T R E A T M E N T 

S B O O T I N O O B Ac to rz iNe 

BEPAIRINO WILL 

ALTEBINO CASINO 

ABANDONMENT* 
( O t h e r ) 

( N O T E : Repor t reau l t s o( m n l t l p l e c o m p l e t i o n on W e l l 
C o m p l e t i o n o r Recomple t ion Repor t a n d L o g ( o r m . ) 

w v M H I : r n n r t . x u r . U R c i x i r L E T E D O P E R A T I O N S ( C l e o r l v atate a l l pe r t tneu l 
proposed work . I f well is direcuonaltv dr i l led, ( I T * subsurface loca t ion• 
nent to thia w ork . ) * 

de ta i l s , and - I r e p e r t i n e n t dates. I n c l u d l n r es t imated da t e » ( " t a n n i c .1 
a n d measured a n d t r u e v e r t i c a l dep ths ( o r a l l m a r k e r s and sonea p r r -

4-16-74 to 5-6-74 

Drilled 24" hale to 2491 with cable toeka. Leet bit U bale, 4-29-74. Abaadon.d 
-fforte te dttfts. nvstwe *• foUevoi I M-ved cable tool task aad filled hole vith 
—tting* froti 1-T. ferbal aafceval reecLvee' to ealt Mrfaee earfcar. Aa Barker 

Ia tha erect thla bale abould cava ln p'r 
rig haa baaa ao-ed cot a 10* plat wil l »fc 1 net i l l ad la tea ef bole, ao lega 
ran ea thia wall. 

RECEIVED 

FEB 2 ° 1 9 7 5 

•i < GEOLOGICAL SUWf 

. T l . N k |mre ( o r Federa l o r S t a t e off ice uee) 

A P P R O V E D BY T I T L E j D A T E 

C O N D I T I O N S O F A P P R O V A L , I F A N T : 

*See Irittructioraj on Reverse Side 



N. M. U . C L.. ^ U H V . 

F.rmt-Ul Ul . E D STATES STJBMTT TRIl 1TB-
, 4 U J DEPARTMENT OF THE INTERIOR " ~ 

GEOLOGICAL SURVEY 

Forss approved. 
Budref Bureau No. 4 2 - R H I i 

F.rmt-Ul Ul . E D STATES STJBMTT TRIl 1TB-
, 4 U J DEPARTMENT OF THE INTERIOR " ~ 

GEOLOGICAL SURVEY 

5. L E A S E DESIONATIO.I AND K I U L so 

NM 0544986 

SUNDRY NOTICES AND REPORTS ON WELLS 
i Do oo( ooe tnis lorm (or prnnoMli to drill or tn deepen or plu» back to s different reservoir. 

U*e "APPLICATION FOR PERMIT—" (or sucb pnpouu.1 

fl. ir INDIAN. A1X0TTCI OK TZ-"'. 

1 -'iu. • wVu. S O T - « . R E C E I V E D 
7. CNtT ACACXMENT NAME 

2. S A M S or OrEAATOB 

Texas American Oil Corporation " Q Mil* 
8. raaM oa L E A S E NAME 

Todd "25" F e d e r a l 
X. i s e u u or c r i u r o i I * " * ' 1 3 / f l -

1012 Midland Sav inss B i d e . , Midland. T e x a s 79701 
9. WBLX NO. 

1 
4. LOCATION or v. C L L i Report location ciearlj and In accordance with aor State p~i"'*fi*'»**•-* C 

i T . B ^ a « 1 W 1 7 b " ° W * * T E S I A . O F F I C E 

1980' F N L , St 1980' F W L 

10. r U U AUD TOOL, Ol WILDCAT 4. LOCATION or v. C L L i Report location ciearlj and In accordance with aor State p~i"'*fi*'»**•-* C 

i T . B ^ a « 1 W 1 7 b " ° W * * T E S I A . O F F I C E 

1980' F N L , St 1980' F W L 
11. a s c . T . . i _ ai , os s u . AKO 

aoavai oa AJJIA 

S e c . 25, T - 2 3 - S . R - 3 1 -

14. r n u r r no. j U . EIXVATIONI (Snow whether sr. sr. cs. etc) 

I 3486. 7 GR 
12. COO NTT ot rasisB 

E d d v 

13. STiTt 

r\ » f 

Check Appropr ia te Box To Indicate Nature of No t i ce , Report, or Other Data 

semes nr una* no* TO : 

TTST WATTS • HCT-OIT 

rSACTCSX TBXAT 

BBOOT OS ACmCES 

EXPAIB S I U 

(Other) 

PCLL OB AX.TIB CASINO 

iicLTtPU coMri.rrx 

ABANDON* 

CBANOB PLANS 

•DMBOOawT B B T O I T or: 

WSTBB asiDTsorp 

rBACTDU TUATMBNT 

aaooTiae oa I C D U I M 

(Other) 

BBTaraiao W B L L 

ALTEBLNO CASINO 

ASAJIDONMENT* 

( N O T C : Report reaolts ot multiple completion on Well 
Completion or Recompletion Report and Lor. (orm. I 

IT. O E S C S I S E rsorosto ot COMPLETED OPERATIONS (Clearly state all pertinent details, and -ive pertinent dates, lndadlnr estlmsted date ot startler 101 
proponed work, tl wvU is direcuoaallT drilled, five fxiaaurlaea kxmiions sad measured and true vertical depths (or all markers snd sooe* peru 
•cat to taia work.) * 

4-16-74 to 5-6-74 

Spud date 4-16-74. Dri l led 24" hole t6 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 . 
0 - 1 0 * Cement plug. 
10' - 249' Heavy mud It dr i l l cuttings. 

*Sec Instruction* on Reverie Side 



Ttrm t-111 
(May 1963) 

M. ©, C. 

D STATES 
c. con 

UNf D STATES SUBMIT W TRIPI. 
DEPARTMEN, OF THE INTERIOR 

GEOLOGICAL SURVEY 

SUNDRY NOTICES AND REPORTS Oh | WELLS 
(Do not DM this form for proposal! to drill or tn deepen or plufejadj tdS dBUHntVi••TioBvl 

Ute "APPLICATION FOR PERMIT—" for each prop. tutT) 

OIL 
• 111 

2. Paaa or OPBBATOE 

Texas American Oil Corporat ion 4 PR 3 0 1974 

Form approved. 
Budget Borean No. 42-R1424 

0. LXASS DSSIOXATION AND asaiAL NO 

NU0544986 
8. ir INDIAN. ALXOTTSB oa Tina ««m 

7. URR AoaaauBNT > im 

8. raau oa LXABE HAMS 

Todd "25*' Federal 
AOoaaaa or orttATOt 

1012 Midland Savings Building, Midland. 
LOCATION or H I L L i Report location clearly and ln accordance with aay 8 
See also apace IT below.) 
At surface 

E S I A , O F F I C E 
exas 79701 

9. wan. no. 

1 
requirements.* 10, ru in A.10 POOL, oa ' 

1980' F N L & 1980' F W L 
11. I K . T. . t . . «... OK B L K . AND 

BOBTBT OB ABBA 

Sec. 25. T - 2 3 - S . R-31-
14. PSBUIT D O . l i . BLBVATIONS (Snow whether BP. an as, etc.) 12. COOKTT OB PABIBB 

3486. 7GR Eddy 
13. BTATB 

New Mexic 

18. Check Appropriate Box To Indicate Nature of Notice, Report, or Other Data 

BOBaBQCBMT BBPOBT O P : Nonca or ivrarmoic TO: 

TBBT wsTtt sanT-orr 
r t A C T O t S TBBAT 

BBOOT OB ACID LIB 

tBPAlB W E U . 

(Other) 

P C L L OB ALTBB CABUVS 

HCLTIPLB COMPLETE 

ABANDON* 

CPIANOB PLANS 

wane BBUT-OPP 

PBACTCBB TBBATMBI«T 
SaOOTIHO OB ACtDItlNO 

(Other, Spud DaTe 

BBPAIBIHO W I L L 

ALTSBIM0 CASINO 

ABANDONUSNT* 

(Non: Report results ot multiple completion on Well 
Completion or Recompletion Report snd Log form.) 

17. OKSCBIBB PROPOSED os COMPLETED OPEBATIOMS I Clearly state all pertinent 
prop and work. If well is dirvctionalir drilled, give scUMoriaoe laestloi 
•eat to thia work.) * 

d stalls, and give pertinent dates. Including estimated date of starting ao; 
aad measured aad true vertical depths for all markers aad tones perti-

Spud date Apr i l 16, 1974. Daily dri l l ing Reports to follow. 



F . r w V-JJ1 
i i i ) 1 » » 3 ) U TED STATES 

R; W. © . C . C . COPV _ 
SUBMIT TN T R ' TATE* 

DEPARTMENT OF THE INTERIOR ie°~a l ii
,; , tn ,c t ,L 0 0 ~ 

GEOLOGICAL SURVEY 

SUNDRY NOTICES AND REPORTS ON WELLS ^ 
deepen or plughack-to a-vdltrrelt V ^ * & ' " - ' 
[IT—" lor «uoh fibpfcutl » »— * 

(Do ool OM this (orm for Dropout It to drill or to 
Ut* "APPLICATION FOR PERMIT 

o a 
• i u 

r - i CAS 
1 I wttl 

2. NAJSS or OPEBATOB 

Texas American Oil Corporation ^ 

APR 1 ft 197* 

a. t s D U t t or O K U T O I ^ 

1012 Midland Savings Building, Midland^ f ,T&asO , r'79701 

Torm approved. 
Bml«rt B<ir»to s- r: 

S. LCA3S DIBMIXATIO.I 1^0 

NVI 054498a 
8. i r INDIAN, A L L C T T I I 01 THlm 

7. OMIT taaaaaiBMT n m l 

8. ra>M oa L E A S I m t t 

Todd "25" Federal 
8. W I L L NO. 

1 
*.. LOCATION or H I L L i Heport location clearly aod in accordance with any State requirement!.' 

See tlso tpace 17 below.) 
At turface 

1980' F N L & 1980'FWL 

10. ttlLD AJ<D P O O L , Ot WILDCAT 

J V-'-*- e \ ' -

11. aac, T . . t , «. , oa « u A*O 
aotriT oa AatA 

Sec. 25, T-23-S . ' 

1 « r i l ' M I NO. IS. tLKTAnoKl (Snow whether Dr. rr. as. eta.) 

3486. 7 GR 
12. COONTT oa PAtisal I J . s i . 

Eddv iNewM' 

Qicck Appropriate Box To Indicate Nature of Notice, Report, or Other Data 

nonce nr INTSNTION TO : 

TSBT W A T S B i K C T - o r r 

r S A C T C t t TSXAT 

1BOOT OS ACIDIXS 

t t r . i t W I L L 

(Other) 

r C L L OS A L T E t CASI.tO 

AtCLTTPU COM PI.ETZ 

ABANDON* 

CHANGS PLANS 

sosaaacairT aarotT or: 

WATSB anOT-orr 

raACTDaa TBBATMBNT 

aaooTiao oa ACIDUIHO 

BBPAIBIHO WELL 

ALTttINC CASINO 

ABANDONMENT* 

(Other) 
(NCTC: Report results of multiple completion on Well 
Completion or Recompletion Report turt Loc. (orm.) 

17. Dtscsist rsorosto os COMPLETED OPCRATIONS I Clearly state all pertinent details, and jive pertinent dates. Includloc est I ins ted dttr •<( ttsrtine 
proposed » o r t If well is diraeuonsllr drilled, BITS susaorfaee locations and measured and true vertical depttu (or all markers and tones |» 
naat ts thit work.) * 

Due to the shortage of rotary rigs and casing, we propose to dri l l the 
upper part of the hole with cable tools. 



T r̂m.-iwic N - M* o. c. c 
, M"T ,*U > Uu. TED STATES 

DEPARTMENT OF THE INTERN 
GEOLOGICAL SURVEY 

• rW\W m ^W*™ 
'• Other Instrur on 

reveres aid*, 

)R c 

' Form approved. ^ 
Budfet bureau No. 42-R142S. 

E>. L E A 8 I OESIUNATION ANO StBIAL NO. 

N M 0544986 NMO1 0D11 1 

APPLICATION FOR PERMIT TO DRILL, DEEPEN , OR PLUG BACK 6. IP INDIAN. ALLOTTEE OU TMISC NAME 

la. TTPEorwoak 

DRILL E DEEPEN • 
TTTT nr WILL 

... - T o*a r ^ i aiHoi 
, , ' ! K I L L I i i OTHER EONS 

PLUG BACK • 

• E 

7. UNIT AGREEMENT R I S C 

6. PARM OB LEASE NAME 

Todd "25" Feae r - I 
8. WELL NO. 

1 
1(L PIELD AMD POOL.,OB WILDCAT 

W i l d c a t -/,i»i.'.4.M » c -
1 1 . BBC. T., B.. U . . OB BLK. 

ANO SUBVET OB ABEA 

Sec 2 5 . T - 2 3 - S . R - 3 1 - E 

t 1 R ATOR 

Texas American Oil Corporation ^ 

7. UNIT AGREEMENT R I S C 

6. PARM OB LEASE NAME 

Todd "25" Feae r - I 
8. WELL NO. 

1 
1(L PIELD AMD POOL.,OB WILDCAT 

W i l d c a t -/,i»i.'.4.M » c -
1 1 . BBC. T., B.. U . . OB BLK. 

ANO SUBVET OB ABEA 

Sec 2 5 . T - 2 3 - S . R - 3 1 - E 

w.'ss or OPERATOR 

1 0 1 2 M i d l a n d . S a v i n t r q R i d e r . r M i d l a n d . frX 79701. . v / tr n 

7. UNIT AGREEMENT R I S C 

6. PARM OB LEASE NAME 

Todd "25" Feae r - I 
8. WELL NO. 

1 
1(L PIELD AMD POOL.,OB WILDCAT 

W i l d c a t -/,i»i.'.4.M » c -
1 1 . BBC. T., B.. U . . OB BLK. 

ANO SUBVET OB ABEA 

Sec 2 5 . T - 2 3 - S . R - 3 1 - E 

«. LOCATION or W I L L (Report location clearly and ln accordance WILD any SUI 
At surface 

1980' F N L & 1980' F W L 
At proposed prod, rooe 

r e ^ i u f f t n f j t b 1 V a-

NAAR 1 51974 

7. UNIT AGREEMENT R I S C 

6. PARM OB LEASE NAME 

Todd "25" Feae r - I 
8. WELL NO. 

1 
1(L PIELD AMD POOL.,OB WILDCAT 

W i l d c a t -/,i»i.'.4.M » c -
1 1 . BBC. T., B.. U . . OB BLK. 

ANO SUBVET OB ABEA 

Sec 2 5 . T - 2 3 - S . R - 3 1 - E 
14. DISTANCE IN MILES IND DIRECTION rBOK NEAREST TOWN OR POST O r r i C f * 

35 m i l e s nor thwest , Ja l , New Mexico O.C.i 
12. COCNTT OB PABIBB 13. STATE 

Eddy N . Mexic-
1ft. DISTANCE rsovt PEOPUSEO* 

LOCATION TO M I I I J T 
rsorcRTi OR LP.ASE LINE, r r 1 QRO' 
(Also to nearest driR. uolt lloe. If soyl A / u u 

18. NO. ( r ACREB atrTUakfc' ° 

600 

17 . NO. OP ACRES ABSIONED 
TO THIS WELL 

40 
1 * . DISTANCE FIOM PROPOSED LOCATIO** 

TO NEAREST WELL. DIMLLIM*. COMPLETED. 
OB APPUED POR. ON THIS LEASE. IT . _ 

IS. n o r IBED DEPTB 

15,500 

20. BOTABI OB CABLE TOOLS 

Rotary 
t l . ELEVATIONS (Show wb«LB«r DF. RT. GR. etc;) 

3486. 7 GR 
2 2 . APPBOX. OATE WORE WILL START* 

Before 5-1-74 
1 3 PROPOSED CASING AND ( EHENTING PROGRAM 

SIXE Or ROLE | SIZE OP CASINO WEIGHT P E I rOOT BETTING DEPTH Ql'AXTtTT OP CEMENT 

26" 1 20" 94# 600 1600 sx Ci rcu la ted 
1 7 - 1 / 2 " M - T / R " 61# 6fi H 17k 4, 4 0 0 ' • * 4 0 n isv r i v r - i i l a t - P r l 

12-1 /4" 9 - 5 / 8 " 
8 -5 /8" 7-5 *8" l i 

43. 5#. 47# 
tier 39# 

12,700 
15,500 

2400 sx Est top 4000' 
.300 sx 

RECEIVED 
JAJVC 01374 

IN ABOVE SPACE DESCBISE PROPOSED PEOOIAM : If proposal Is to deepen or pint back, Eire dsta on present productive sooe snd proposed new productive 
tnoe. If propossl Is to drill orjjyepen dlreetlonallT. five pertinent data on pubsurface locations and meaaured and true vertical deptba. (Jive blnnunt 
preventer procram. If anj. 

sT?" . Ar-\3' *Sa<* l n . t r . , C i , D C:J . « o r i r r uroo 

L 
L 



N E / ^ e x i C O O I L C O N S E R V A T I O N C O M M I S S I t > - \ > 

WELL LOCATION AND ACREAGE DEDtCATION PLAT 
F b t m r - • - • 
S . a . . . . . . . 
r l i f n i v 

t a i t a t t M i r o m t»i# m i i f b < i a i d . t r t » » •* ' t h * S e c t i o n 

AS AMERICAN OIL COW. TODD "25" FXDC1AL 1 

F I 25 
T -̂*mmvrilp 

23 SOUTH 31 CAST 
\ Co only 

| EDDY 

1980 NORTH 1980 t«v*»t i r o r r t h e VEST 

M o r r o w (320) -u.86.7 
F f ( » . i > j f - * f i q f - i f m i l l t o n 

Delaware. Atoka. Morrdw Wildcat 
• t u i l i n e the ac reage d e d i c a t e d tu the a u b j e c t w e l l by c o l o r e d p e n c i l or h a c h u r e m a r k s on A e ^ b e l o J 6 4 0 > 

i l m n nn» i r , n r i « d e d i c a t e d to i h r w e l l , n i t l i n r e a c h and i d e n t i f y the o m i r r s n i p t he re . i f f 'u.it l i us 

st an.) r , i n l l i l 

t h m nn ' ' .if d i f f e r e n t o w n e r s h i p i» d e i i i i a t e d tn the w e l l , h a v e t h e i n t e r e s t s of a l l o w n e r s l-.-e-

• •«•• h> ' x m m n n i t i / n i inn . u n i t i z a t i o n , fo ree i i ' i . i l i n g . etc ' 

l ' i X No If » n n « » r in " v e s ! " l >pe o f c o n s o l i d a t i o n _ _ _ _ _ _ _ _ _ _ 

n . " 1 s t tne n . i i ' i i i im i t r a c t o V a r r t t i l i n r t i whi< h have a c t u - l l v been c o n s o l i d a t e d ' ! t , . . 

r , . , h i Wil l be coirimunitized. 
' i ' - .ss .a, , , - , | t n th ' - " - I I u n t i l a l l i n t e r c u t s have been i - i n a n l i d u t r d (bv i o m m u n t t t t f • >n 

, i • . r ^ i - - 1 i i n r t • I r, n o n - s t a n d a r d u n i t . e I i m i n t t t i n g « u r h i n t e r e s t s . h.H«i Keen ii|i|>f •• v »•! In < 

t r r r J I t » / / r * i r 
X 

X 

s 
\ 

MM 040 5444-A> 

x x \ \ \ 

o 
CD 
ffl 

_ T , _ Emanuel 

Engineer 

_Texas American Oil C 

.January 28, 1974 

January 20, 197-



OIL AMD CAS PROW 

TEXAS AMERICAN OIL CORPORATION 

January 28. 1974 300 VtST WALL. SCITe 10ti UtoLASD. TEXAS 79701 91' 

Todd "25" F e d e r a l . Well No. 1 
1980' F N L & 1980' F W L 
Section 26, T - 2 3 - S , R - 3 1 - E 
Eddy County, New Mexico 

Gentlemen: 

As per instructions for submitting ajn application to d r i l l on shore or off 
shore, gas or oil , or geothermal steam wel l s , on public domain and 
acquired lands, Texas American Oi|i Corporation answers these questions 
as follows: 

1) Exhisting Roads: Exhibit "4" shows the exhisting roads in 
blue l ines. I 

2) Planned Access Roads: Exhibit "A" shows in red lines the 
proposed road. 

3) Loaction of W-ell: Shown ab«J>ve and also on Exhibit "A". 

4) L a t e r a l Roads to Location: None. 

5) Location of Tank Battery and Flow L i n e s : If the above well 
is productive. Tank Battery and F l a w L ines wi l l be located on Caliche Pad 
at Well . 

6) Location and Types of Watey Supply: Water to be hauled . 

7) Methods for Handling Waste Disposal: A reserve pit located 
as per Exhibit " B " wi l l be used for handling a l l wastes. 

8) Location of Camps: None. 

9) Location of A i r Strip: Nonej 

10) Location of R i g , Mud Tanks[ Reserve P i t s , Burn P i t s , Pipe 
Racks , etc. : See Exhibit " C " attached. 

11) Plans for Restoration of the 
Texas American wi l l level a l l pits r 
level as possible. This location is : 
little surface grass . 

Surface: After dril l ing the wel l , 
nd location as near to original ground 
n an arid region on which there is vor 



rs 

Page Two 

12) Detailed Mud P r o g r a m : 

0 - 600' - Bentonite and l i m e . 
600 - 4400' - Br ine treated w/Benex to cont ro l sol ids. L C M f o r 

loss of f l u i d . (Max. w t . 10#/gal. ) 
4400 - 12,700' - F re sh w a t e r / w / B e n e x to cont ro l solids. F losa l 

f o r improved samples. L C M f o r loss of f l u i d . 
Start w / 8 . 4# /ga l . , increase to 9. 2#/gal . @ 800"'. 
Max wt . 10. 5rr/gal. ) 

12, 700 - 15, 500' - F r e sh water w/Benex - Bentonite f o r v i s . , Bar i te 
f o r wt . , cellex f o r f i l t e r loss , coustic Q - B r o x i n 
to cont ro l f l o w proper t i e s . (Start w / 1 2 . 5#/gal . and 
increase as needed. Max wt . 15. 3#/gal . ) 

13) Blow Out Preventer : See attached Exh ib i t "C" f o r de ta i l . 

Yours v e r y t r u l y . 

cc 

Attachments 

RECEIVED 
01974 





D R I L L I N G L O C A T I O N 

1 - Reserve Pit 
2 - Waste Water Pit 
3 - Burn Pit 
4 - Mud Tanks 
5 - Mud Pump 
6 - D r i l l i n g Rig 
7 - Pipe Racks 
8 - Water Storage Tank 

RECEIVED 

JAN3 01974 

*•"••'.'. ..-..MEXICO 
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304 r _ 

B93.2 GR |_2£!*_r£ 2988' 

Open hole ^. 
_ \ T U B I N G C A i l K C . A N D _ C E M £ K T I > : C R f C C R O 

" B ? L | , i : C ! C i l ^ » T _ S I N 6 H Z £ I 

3047' 

_ 2865' 
_ • • C E > ^ _ T - " I 

O f H T H $ t T 

. . . . . . s ^ » * i i l " * - * " • > I ' 1 * ' - • • - • < - L . l - l * J 

>ad WciuD_.R--i. Ei-5_J J^ iQ i 

» r 1 i r k . . T « l n • « o l : : . r r i | | C > 

01 O'IIIL 11on Seirelary 

02-16-83 

U Y . . . . 

1 I T L £ 

T M . ( . i n 

I I l i t * I . 

• . 1 ) . I I . I , I . . . 

. . . l£/£4" . . _ 

OIL c.rjr.'si nvAiUN DIVISION 

FEB 1 81983 
Q n y i n a l S< . i»* :J By 

l . . p S f % . . » . . D : : It 

. L » f i U d i n C L . K . 1 l l i f i f * * H h r t . i c I ' t l . 

. . • • I t . • i l k — M l • i . • - I t t l i l l l r l j t r rt»» 

• • • l l i n t U l K O . M I I . l i f t R U L ( i t i . 

A l l « t I I . U f - " n f r . i . » » I * I t l l a d ttwl < « . f . ; . V * l * . , ( w > 

l l l l ^ 1 I ' K l l ' . . . I C M I 1 1 . I I I . i n d \ 1 l U . i . t A ( < 

• • « 1 | * t * * l * l » » l - « « . . 1 l i « . » ( * l l t l . l . l l i * i • < i . l « •-•« 

C - 1 U 4 I * l l l c d K.t • • • I . | - . "> l I A i.. 

I/) KJ 

71 C> 



— m i l l l M C T . 
— • I »r-l*A 

_s«c. T ? * * t _ » j n . 
1650 FSL, 640 m . af 5«< 

2. NA1 
X 

1 AOC 
P;_ 

4. LOC 
MM 
AT ! 
AT 
AT 1 

14- CHE 
REP 

REOUES 
TEST HI 
'RACTUI 
SHOOT i 
REPAIR 
PU l l 01 
M U l l l P l 
CHANGE 
ABANDO 
(Ointr>_ 

Sui 
17. DES 

If lCH 

10. 
10. 
f« 
tn 
10. 

Subsurf 

IS. I n> 

16 • ! S t / H a l a i a 

10 3/4-16I-IOO ax 
8 5/8-129l-«ud*«d 
5 1/2-2968-275 tx 
: 3/8-2865 

I - J-Jl i* 
7-15-t.l . » 10-4-8I w t o 

« I U CLAM M l W r » » OT. 0 4 COM 

4 1991 

3047 fDU.H) | . , , 
IP (Delaware) OH 2968-1047 F T l j o MCFCPfi. Pat baaed on 24 hr 
ceac thru 16/64 CI.K. '~0R I 4 J 6 , 0 C ' I ; gcv iGnti (NR); (fond* 
CP Pkr; TP 

L a nais "1 

•OR 

WO) 

1-16-82 

7- 27-81 
8 - 3-81 
8 - l l - a l 
8 -18-81 
8 - 2 4 - 8 1 
8- 31-81 

9 - 15-81 

9 -21-81 
9- 24-ai 
10- 5-81 

F. K. o-i'-d! 
PO -fiOfi RT rDe^iuare) 
AftENU Fi Li.il jjf)NE: -i i ••• f j ^ r : . 

U l l d c i i ( O i c r r i lUr.voni 
D r l g l i ' f i 

D 170n; H K i 
rD 1700; f x * 
TM 17 ' l f l ; SO urnjj 
TD 17111; f s K 
Ortg 207 Li army i 
Peed f i s h 
TD 1047; WO Kqilp 
DST (Delaware i l n c j 2i8b-91. had <;TS, 
ouc of hole - l i n k i n l i ne 
TO 1047; WO oa i e r l a l s 
Tn 3 0 4 / ; uOCH j 
T n T : l ' r » n j a p 

! I - i - i i .. i 

M l . 
• And 

b l t i . con l 
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tt 3 
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:>UI'*'LtHtHIAl UHlLLlhC UAlfc 

j.c. mm arson 
WELL * \ EP-USA 

1. SURFACE FORMAT 1 Ofl: quaternary Alluvium 

2. ESTIMATED TOPS OF GEOLOGIC MARKERS: 

Rustler Anhydrite 350' 
Lamar 3110" 
Ramsey Sand 3165' 
Olds Sand 3220' 
Top Cherry Canyon 4150' 

3. - ANTICIPATED POSSIBLE HATER ANO HYDROCARBON BEARING ZONES: 

Fresh Hater above 350 feet 
Delaware (Oil) 3165-3175 feet 
Cherry Canyon (Oil) 4000-4200 feet 

4. PROPOSED CASING ANO CEMENTING PROGRAM: 

Casing program is shown on Form 9-331 C. 

Hole for surface casing will be d r i l l 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 8-5/8: and 7" cave in and/or 
water shut-off casing strings if necessary to do so. If 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 total depth or 
shallowing if significant shows are encountered in its Middle 
Delaware formation 

5. PRESSURE CONTROL EQUIPMENT: 

Pressure control equipment will consist of a control valve 
and oil saver. 

6. CIRCULATING MEDIUM: 

This will be a cable tool hole. Water will be the drillinu fluid. V , 

Ty • 
i n c • 
tn S 



7. AUXILIARY EQUIPMENT: 

Not applicable. 

8. TESTING, LOGGING AMD CODING PROGRAM: 

No coring is planned. \ 

Formation tests will be hade as warranted by bailing hole down 
and measuring fluid entry rate. 

It is planned that a Gamca Ray - Sonic log will be run. 

9. ABNORMAL PRESSURES. TEHPIRATURES OR HYDROGEN SULFIDE GAS: 

None anticipated. 
i 

10. ANTICIPATED STARTING OATrj: 
It is planned that operating will commence on June 20. 19fll. 



J. C. WILLIAMSON. EP-USA « l - i . 26-26-29 

Telephone conversation wi th Mr. Williamson 

9/15/81 P 2:24 p.m. 

TZ) 3047' 

10 3/4 3 350 c i r c 

8 5/8 $ 850, (MurdocK said 1250 of 8 5/8) mud to shut off water 

5ij 9 3000' 

Can not close in "Boots and Coots" has head to strip in tubing. 
BHP approximately 18001, Surface press approximately 16001, venting 2'j 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 k i l l well and run 5V and cement back to 

intermediate. 

9/23/81 

5V casing cemented, well dead, TOC @ 2400'. 



I MEXICO OIL. CONSERVATION cc 

'.-.uLriPOINl ANO ONE POINT BACK PRESSURE T£ Pt'c E Y'C" E D 

' 5-11-78 

JUN 2 0 1S73-

O. c. c.— 
L'ites Petroleum Corporation ̂ E l Paso na t u r a l Gas Camoanv| A"»TC«IA. orrici 

North Burton F l a t a 

5-9-78 

A t o k a 

1 1 , 6 4 0 ' KB 10 ,976 

i_l m o t i o n 

' 3285 ' KB 

Tmm or L M M N*jm» 

••iilliamson wBC n 

, , . . . | j <! : A l n t f i o w i i o o i : i * > t l No . 

! - i ^ 2 " i 11.61 1 3.985 i 11,623' I " '" 10792 -. 10800' KB I 4 

2-3/8" ! 4.71 I 1.995 I 10790' 

Pvr to ra l iona t i U n i l 

! r ' — 10744 T ' 10747 ' KB I K 

s*«. 

7 

T—p. 

20S 39Ei 
— c ^ . o# i j . o . M H l t l B l O P e e l * * S«i A l CouAir 

S m q l e 10,738" KB Eddv 
i fMvJCIH*] T*W p*aaar» » u T . m , . ' F i M*>an Annwei Tamo. *F j l « t « 

T' -b ina 162 • 10800 ! 62 I 13.2 Mew Mexico 

j » c o , 1 % M j S Pf0»O* l WaiM Hun 1 ~ T51 

10786 10736 '0 .706 0.60 0 . 37 i M i l ! 4" fP lanae 
- L O W O U T A C*S1NG D A T A 

g O n l i c a i Proaa, j O i l f . j Tm. P..... P,.... T » « p . 

. 1 i::: 
S i t a I p.a.t.a,, j 1 T ft « . ! . * . •r • r 

- si i : . 3261 69 i 124 h o u r j 
'• 1 4 .026 x 1 . 250 I 549 20 I 68 3095 73 ]1 hour 

. i- , 550 i 41 68 2954 is ! l hour | 
i 3 i 550 69 | 68 2858 78 11 hour 

• 551 95 ! 68 2792 81 1 hour 
IS. 1 1 i ' 1 I 

B A T E Q - FLOW C A L C U L A T I O N S 

C O C I I I C I M I 

111 H a u f l 

F l o * T » . * j . C r a v i t r Sw*** nm» «i r i * -

0. MeM N O . 

C O C I I I C I M I 

111 H a u f l —^h-f>» r«cwt 
F l . 

r«cM« 
r» r « c i o r . F » » 

nm» «i r i * -

0. MeM 

1 7 .469 106.04 562 .2 .9924 1 272 1.050 10S0 
2 7 .469 151.96 563 .2 . .9924 1 272 11.050 1 504 

3 7 .469 197.13 563 .2 .9924 1 272 11.0S0 1952 
7 . 469 2 3 1 . 5 1 564 .2 .9924 1 272 1.050 2292 

S I 1 1 I i 
H O 

C » * L i q w * H f a r m i B i i H v i i e 48 .84 
H O 

k . P . t . G r « « M v o l L M w t d H M N C 5 6 . ; 
1 .835 528 1 - 4541 .907 S a x t l i c G * * * i t r t i » w i C M .618 X X X X X X X X i 

2 .837 528 1 . 4 5 4 | . 9 0 7 Spoc i t l c C — t \ r r i a w H t o T I M . X X X X X .706 

3 .337 528 1 .4541 .907 C l i t i c * . Pf • * . « • • a 673 „ , , . 665 „ , , . 

4 .838 528 1 .454 .907 C f l l l c w l T a » i » a i 1 w r a 363 4 52 

S 1 
f . 4406 •>.' 19-1 13 n 2 

p„* 

,17703 

'16332 

115453 

114861 

1710 

3081 

3960 

4552 

4.2647 

L -c! - v j 
2647 

9775 

9775 . ~ i - . i».<m I A.,...isi„„. 4 5 degrees | „ 1.0000 

NOTE: 

St a t i c pressures bv Bennett Wireline; flowing pressures bv Q'.,'T. 

Vlell was not completely cleaned up when put on lineand Gmix 

C o n r t u t m b y : C h M W B r : 

B i l l T r e m b l e v , J r . ! Edd ie M. Mahfood .. 

1 ' ' I 1 - 1 

T , , i , r a , i . i t « l l «!..*«. ! - » « * * - l 7 . » l « « | - | « . « i « » ( | . h u w - l « ) 

D a c k P r e s s u r e 3 2 5 0 0 

C « a . * « Praaawwa ( I h U V - L a | C h o i * S u a 

, , V r 1 / 4 " 

CLKTI: ic.i rc or COMI'LIANCL; 

1 «•• !«» M»< i " 1 " • " • i w l « l » " l h * 0 1 1 C w « t » « i l m 
r - „ . m p . m K — I ' I I . 4 » I I I > • «>! i " ' - " - " " - " « ' • •» 
• !>•.< !•<•• l ' " l » » " ' • «<«•• « « • « ' • • ' £ • • " J « » • ' • 

OIL CONSERVATION COMMlSCICN 

APPROVCO M A Y 2 2 wa . 1= 

T 1 T 1 r a.PERI'ISOR. DISTRICT I I 

• m i . (•<« i« i» >>• • i i * " ' » « » p i i « » « « " • « • 

H •••>• I " • •< ' • " • " " " - l l " • » « - ' » " • " > • 1 • " -
« « l l . m u l i " » t n - u " » i ' J > i • i.>•»'•»>• •• ' «••> . 

l«k«n • « <!•' » • « " ' • 
A , | , „ , ! „ 1 11,1m ! . » . • ~ . , . l h« IHU ' I «n . i -< "« l» <••• • " » " 

• U l fM> » « ~ •—» ••• - " . • l i l - J »«. l l«. 

' / i l | M « W < / 

C h c i s t i n c T o m l i n u o n - r . t i o l . S o c t - v . 

OIL CONSERVATION COMMlSCICN 

APPROVCO M A Y 2 2 wa . 1= 

T 1 T 1 r a.PERI'ISOR. DISTRICT I I 

• m i . (•<« i« i» >>• • i i * " ' » « » p i i « » « « " • « • 

H •••>• I " • •< ' • " • " " " - l l " • » « - ' » " • " > • 1 • " -
« « l l . m u l i " » t n - u " » i ' J > i • i.>•»'•»>• •• ' «••> . 

l«k«n • « <!•' » • « " ' • 
A , | , „ , ! „ 1 11,1m ! . » . • ~ . , . l h« IHU ' I «n . i -< "« l» <••• • " » " 

• U l fM> » « ~ •—» ••• - " . • l i l - J »«. l l«. 
5 - 1 0 - 7 B 

OIL CONSERVATION COMMlSCICN 

APPROVCO M A Y 2 2 wa . 1= 

T 1 T 1 r a.PERI'ISOR. DISTRICT I I 

• m i . (•<« i« i» >>• • i i * " ' » « » p i i « » « « " • « • 

H •••>• I " • •< ' • " • " " " - l l " • » « - ' » " • " > • 1 • " -
« « l l . m u l i " » t n - u " » i ' J > i • i.>•»'•»>• •• ' «••> . 

l«k«n • « <!•' » • « " ' • 
A , | , „ , ! „ 1 11,1m ! . » . • ~ . , . l h« IHU ' I «n . i -< "« l» <••• • " » " 

• U l fM> » « ~ •—» ••• - " . • l i l - J »«. l l«. 

/(J-I«I 



WELL 

k. TYIT or 
>r« - J 
iw I.L J 

2. HIUC or c 

Y a t i 
3. A U O U S S O' 

207 
i . LOCATION C 

A t t u r t l e * 

I t (op pre 

' t i x i t l d 

Sec 7, 720S. R29E 
"i98~0' FSL, 1980' FWL t j f Sec 

i l a i NE/Carlsbad 

13 3/S" at 590' w/480 sx 
8 5/8" ac 2925* w/450 sx 
4 1/2" ac 11 ,623 ' w/615 sx j 

iPoo-28-77 
W c ' L L C L A S S : I N I T D F I N S U S E L t ' 

-10-31-77 

»i )«MA I i l IN | 

SUSPENDED OPERATIONS 
; TO 11 ,640 ' (MRRW) PRO 

WILDCAT 

_OCK A M ' Sl | 

. 1. b l t t & »-L I 

6 - 2 
: 0 . TOTAL D t r T 

116 
24. r i O D t C I M I t l T i 

26. T i l t CLE 

C A S l s r . i 

i : 

1,1 

i l . PtRrORA 

33 • 
OATC r u s t 

IC 
D A T E or xc 

1 
FLOW. TD»I> 

" H i i 

. ' . M I Moranco (frmntv 327Q' CL, 

7-0-77 
7- 19-77 
8- 3-77 
S-8-77 
8- 16-77 
9- 1-77 
10- 31-77 

l i - 5 - 7 7 

l i u y i 

ja. n ,7on' RT 

i 

F.R. 2-21-77 i 
(Morrow) 
TD 3055*; Rng 8 5/8" Csg 
D r l g 7695' •! • 
D r l g 11 ,132 ' ! 

D r l g 11 ,600 ' j 
T" 1 1 , 6 4 0 ' ; WOCU 
1 - 1 1 , 6 4 0 ' ; WoflJ 
TD 11,640'; Suspended Operations 
LOGS RUN: DILLI CNDL, CNL, FDC 
BUT 172 deg j 
COMPLETION ISSUED 11-1-8 NM 

IC 30-015-70073-77 

;IOM or OAA Maid, vied lor fuel, vented, tte.) 

CABLE TOOLS 

AS M S t C T l . 
L'tVCT MADL 

Mo 
WELL COlit 

No 

UNT Pt'l : j 

•ACEtn SET 

1 1 2 2 6 

;ZE. Era 
T I 1 I A L L ' . C O 

i-

{Producing 

LC 
1 A 3 - O I L » A T I O 

A»ITT-Art ICO 

V e r i t y 
TEST WITXISSCO « I 

H . A . A p p l e 
ATTACHMENTS 

rLcrcdy certlfr toxt tit* (orecolae and attached Information l t complete and correct aa determined from all (.Tillable recorda 

SIGNED 
G e o l . S e c t y DATE 

1 0 - 1 9 - 7 7 

*(S«e Instructions and Spaces for Additional Data on Reverse Side) 



o t M H r M f V T C r T r f r r w m - i o r r ta»»—« 
O t O l O O I C A I . S U W V C T 

SUNDRY NOTICES AND REPORTS OH&gLG&i* " 
•» - - ••- irrV'̂ vr..'." ;sii r«&^.zjr JEî r"""" Tfo l l 

— ^ 

H i l «l> TUB 

Yates Petroleum Corpora t io 77^ 
<>\)K 

I . * • • « ( • • «•> « r « t * T o t 

207 South 4th Street - A r t e s i a , tlM 88210 
l — L T V T Y T H . * " • » » n i i l . r « M * t ~ i * c a m a n * * r i - and i * • i T » n M k « r « i i fe a a * 3 t a t * r r w i r r a n l i * 

S r r al — •«>«<•> 11 > 
A l I N i l M t 

1980' FSL & 1980' 

P E C E I V E P 
i l . r u l i n M . 

FWL of Sect ion 7-20S-2912 

0CT,g7 1977 
3270* GR 

MM O U b S 

Sr l ¥ H U M W t I t M 

Wil l iamson "BC* 

(Morrow) 

Sec. 7-20S-29E 
U n i t K HMPM 

. COHXTt M F 4 « i a t l 

Eddy 
13. ST1TC 

NM 

a. c. c 
n*m.u 
•HOOT •*> AC mam 

• • r a w « U 4 . 

deck Appropriate Box To Indrcotc Notvrt. of Notice. Report, or Ott.tr Doia 
•n««»««K«n n m t «*: •ma *# imaim t 

r v u M u m etarxa 
M C l t l P U CV)t*ffcaTn 

w i n s n r M n 

F U l l I U t l B A T M M * 

I I M D M M a r t M B I M I X 

<otw*> Set Production casing 

t l T U l M C « M M 

IT M » a lac r W H t t w na ' 

i H o t * : B »••»•«. t t w l u * f a t tUUr** 
C M r M k M W Kx-asaaOtti— K*|—ft tmm L u f 

ix 

I 

f 

Ran 45 j o i n t s of 4 V 13.S# N-B0 (1433 ' ) . 320 j o l n t a o f 4»j" 11.6# N-80 
(10190') o f casing (To ta l 11623 ' ) . D i f f - F l o a t Shoe a t 11623' , D i f f - F i l l 
C o l l a r a t 11587' . 10 c e n t r a l i z e r s . Cemented as f o l l o w s : 250 ga l lons mud 
f l u s h , fo l lowed w/365 sacks o f H a l l i - L i t e + 1/% CFR-2 + 5#/sx KCL, t a i l e d 
i n w/250 sacks o f Claes H + 1/2*,; CKR-2 + 5#/sx KCL. PD 2:10 PM 8-11-77. 
Pressure tested t o 250041. OK. WOC and ran Temperature Survey and found 
top o f cement a t 8600 ' . WLPBTD 11600'. 
TD 11640 - WIH w/Tubing Conveyed Gun, Baker Loc-Set Packer on 2-3/8" tub­
i n g , set packer a t 11442' . Perforated 11455-11468' w/40 .32" shots as 
f o l l o w s : 11455-11400' (20 h o l e s ) , 14463-11408' (20 h o l e s ) . No shows. 
Treated p e r f o r a t i o n s w/1000 gal lons o f 7*j" MS ac id w / b a l l sea lers , w e l l 
cleaned up and flowed an estimated 250 MCFPD w/spray o f water . 
Will w/Bridge Plug i n packer a t 11422' . Pul led tub ing out of ho l e . RIH w/ 
Tubing Conveyed Gun, Guiterson Uni V I packer, set packer a t 11342' and 
per fora ted 11387-11391' w / lb .32" ho les . Swabbed back water . 
Set Blanking Plug w / w i r e l i n e i n packer a t 11327' . Backed o f f tubing On-Off 
Tool a t 11326' & POOH. K i l l w/Tubing Conveyed Gun on Culberson Uni t V I packei 
& 2-3/8" t ub ing , sut packer a t 11226' and pe r fo ra t ed the Upper Morrow at 
11264-271' w/28.32" shots . GTS i n 1 min . - 11000 3/4" choke. = 15,750 MCFPD 

19. I • t r e a t M t i j rsar 
l l T r f r i . - k - " ' 1 Tin.. Geol . Secty 10-18-77 

ATTiNft nic/rpirr FMT.IWFF» nrrr 2 s 1977 

*S<« UikiKtioM M R*««fM Sid* 
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uMMir HOXtCtS ANO KtfOK 

£ M Hfum y 
yates Petroleum Corporation 

U.S. CEfllOfiir.AI SURVEY 
ARTESIA, HEW MEXICO 

1 . I M I U J • # • M t U T M 

_?Q7 «;ff l>th 4th Street - A r t e s i a . ttti 80210 , r p 
4 U i r t T i M " » * • i L , h n m r l i M a t w r t ( W a r i v l M t« t c r v r t w . « H k i a n U ^ f » « U | a « a r ^ V s " 

1980* FSL & 1980' FWL of Section 7 -20Sjr j^ 9 1977 

l i . n l M i r P*. 

3270? GR 0 , 1 

T U T v a n s • • P T < * t 

r a * r t « u t i a i T 

C r a t a oa U i i i u m 

Williamson "BC" 

4 

Wildcat (Morrow) 
1 1 . T.. B „ a t , M Bt , * . « M 

• V f t v t f M 

Sec. 7-20S-29E 
NMPM Dnit K 

IS. ew«i et t.utu 11. nm 

NM Eddy 

Oi«ek Appro«mot« Bon To Indicate ^totm ol Notic*, Rtport, w O l m Data 
MUMS*** MM«t 4 

t a « » t 1 M M M M I M b Al,IB*1»% C U t M 

t N a t * : * * a « r t r M v l f i « f • > « m w « i w * i f U M aa "T«U 
C i ^ p u o a w « r I m a M H U st+yocj. Lac t t - rn . t 

Spudded a 174" hole a t 4:00 PM 6-28|-77. TD 590'- Han 15 j t s Of 13-3/8" 
csg 61* K-55 ST&C (595.54') set a t >90'. Cmtd w/280 sx o f Class C 4% c a c l 
+ l/4# f l o c e l e / s x t a i l e d i n w/200 o: Class C 4% CaCl. S l u r r y wt. 14.8, 1.32 
cu f t / s x . Compressive Strength a t 0 deg 1023 p s i i n 12 hours. PD 5:05 PM 
6-29-77. Cement c i r c u l a t e d 35 sx t< surface. WOC 12 hours, c u t o f f csg. 
NU, reduced hole t o 12H" d r i l l e d plvg and tested t o 600#, OK. Resumed d r l g . 
TP 3055' - Ran 12 j t s o f 8-5/8" 32* J-55 (483') & 59 j t s o f 8-5/8" 24# J-55 
(2442') ( T o t a l 2925") of csg. set at 2925". 1-Guide shoe, i n s e r t f l o a t a t 
2885', c e n t r a l i z e r s a t 2885', 1760 ci basket a t 1750'. Cemented w/1100 sx 
Howco L i t e + l/4# f l o c e l e 2% CaCl t a i l e d i n w/200 sx o f Class C 2% CaCl. 
PD 7:04 AM 7-3-77. Cement d i d not c i r c u l a t e . WOC and ran Temperature 
Survey at 1:30 PM 7-3-77. Found topi of cement a t 1850. Ran 1" t o 1287", 
spotted 150 sacks of Clasa C 4% ca C i l PD 5:30 PM 7-4-77. WOC 4 hrs, dumped 
1/2 yd pea. Ran 1" to 1287', spotted SO sacks of Class C 4% CaCl. PD 4:00 
AM 7-5-77. WOC 4 hours dumped 1/4 yd 
spotted 225 sacks of Class C 4% CaClj 
k yd pea g r a v e l . Ran 1" t o 1088', sf 
PD 11:50 PM 7-5-77. HOC 2 hours. Ka 
Class C 4% CaCl. PD 1:30 PM 7-6.77. 

t w i t f r ( J « t A M ( M * t a * * t * 4 a c U tt\»m «•>*. <a«iacs, 

^ k - W V l . . . - . -

of pea grave l . Ran 1" to 1038', 
PD 2:10 PM 7-5-77. WOC 6 hrs dumped 

jtted 50 sacks of C l a s s C 4% C a C l . 
1" to 1038*, spotted 100 sacks of 

VJCC 4 hrs , dumped % yd pea grave l . 
(Cont'd on-a-txaehed patre) 

P i t S u c t Y . 7-15-77 

Apraovro 
connmoMt 

w r r i n u Y **At» 

i ayk tno tku ii 
DISTRICT ENGINEER JUL 1 8 B/7 

L 
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ANNULAR UOP 

Vili: KOI.I.G'.-'IN'O CONSTITUTE MINIMUM BLOWOUT PKEVENT'JP. RL'OUIP.!;;••;jj:.T5: 

1. A l l preventers t o be hy d r 3 u l i c a l l y operated with secondary manual coiu,..;., 
i n s t a l l e d p r i o r to d r i l l i n g out from under casing. 

2. Choke o u t l e t to be a minimum of 4" diameter. 
3. K i l l l i n e to be of a l l ste e l construction of 2" minimum diameter. 
4. A l l connections from operating manifolds to preventers to be a l l steel 

hole or tube a minimum of one inch i n diameter. 
5. The available closing pressure s h a l l be at least 15U in excess of that 

• required with s u f f i c i e n t volume to operate the D.O.P.'s. 
6. A l l connections to and from preventer to have a pressure r a t i n g equivalent 

to that of the D.O.P.'s. 
7. Inside blowout preventer to be available on r i g f l o o r . 
0. Operating controls located a safe distance from the r i g f l o o r . 
9. Hole must be kept f i l l e d on t r i p s below intermediate casing. Operator 

not responsible for blowouts r e s u l t i n g from not keeping hole f u l l . 
10. D. P. f l o a t must be i n s t a l l e d and used below /.one of f i r s t gas i n t r u s i o n . 

• o <.. - <7 } o i 

• • 7SSC 



•il. 

2. 

3. 

am* 
/_} 13 3/8" «t 765" v/800 ax 
W 9 5/8" «c 4600' w/1750 n 

6-4-7 KM 
~«t> 2-21-79 6-18^7T~ 

n1t Federal 

5 1/2" »t 11,800" v/2700 • * 

SUSPENDED OPERATIONS 
800' (MRRW) MU 11.758' 

nlan 
. URVEY on 

... Landls it ^u.v I 3638' GL n 13.300' RT 
ANO WO) 

TCS 
fRA 
SHQ 

MUl 
CHA 
ASA. 
(Off 

JRi 
OP 

.C)( 

:kei 

2- 23-79 
3- 2-79 
3-9-79 
3-16-79 
3- 23-79 
4- 2-79 

4-5-79 

4-6-79 

F.H. 6-5-78 
(Morrow) 
TD 765'; Reading 
Drlg 3255' aohy 
Drlg 4680' 
Drlg 8400' 
Drlg 10,758' la 
TD 11,800'; Prep Run jCag 
DST (Atoka) 11 ,035-14)0', open 1 hr 30 alna, GTS 
ln 20 alna 9 4 50 KCFTp thru 3/8" chk, rte 100' 
Gaa & Cons cut vtr +11068' WB * 785' CCD?, 1ST? 
failed, FP 591-8*l#, b hr FSIP 22141, HP 5647-
56471, BHT 159 dag I 
TD 11.800'; SI I 
Well blew out, did naf burn 
TD 11,800'; Installing BOP 

6-4-7 NM 

nt etHmt. 
l ion* and 

Installed 
tibtng 

ture 

•11,600' 

nd 

n. 

Ctai*. Sgd.) AUO.T t . ITAIX 
A r > * * O v t O 
C O M M I X * * * o r * ^ - * O V A i _ i f ANT: 

TING Dl t ^ P * : W Y 1 n 1979 
-a _ -
1 "1 

— - IT If 



6 1 - « 7 * . . Q 1 

a s -..ooa'ii Q I 

o : a ' " 

• +~iH~C tar MMW •*»«-< 

4 U M -VMIJ -

1. Ml 

2. NAME OF OPERATOR 

Amoco Production Company 
3. ADDRESS O f OPERATOR 

P, 0. Box 63, Hobbs, HM._88240 

" C. c 

LOCATION O f WEIL (REPORT LOCATION CLEARLY. S M I M C I 17 
below. I 
AT SURFACE: 1650",FNL * 1980" FWL, 
AT IOP PROD mTERV»i:Sec 35 (Uni t F, SE/4 NW/4) 
Af TOTAL DEPTH: 

16 CHECK APPROPRIATE BOX TO INDICATE NATURE OF NOTICE. 
REPORT, OR OTHER OATA 

REQUEST FOR APPROVAL. TO. 
TEST WATER SHUT-OFF 
FRACTURE TREAT 
SHOOT OR ACIDIZE 
REPAIR WEU 
PULL OR ALTER CASING 
MULTIPLE COMPLETE 
CHANGE ZONES 
ABANDON" 
lOUWTl 

SUBSEQUENT REPORT OF: 

FlHOWM. ALLOTTEE OR TRIBE NAME 

7. UNIT AGREEMENT NAME 

t . FARM OR LEASE NAME 

Greenwood Pre-Grayburq Unit Federal 
». WEIL NO. 

12 
10. FIELD OR WILOCAT NAME 

Shugart^ Si lur ian-Devonian 
1 1 . SEC. I . R . M . OR BLK. ANO SURVEY OR 

AREA 

3S-18 r31 _ 
I Z . COUNTY OR PARISHl 11 . STATE 

Eddy I NM 
U . API NO. 

I S . ELEVATIONS (SHOW DF.~KOB. ANO WD) 

3653.9 ROB 

• 
• • 
• 
• • 
• • 
• • 
• • 
• • 

RECEIVED 

'^mstsws 
btummoL swvet 

fiKTESlA. rtEW HEXiCQ 

17. DESCRIBE PROPOSED OR COMPLETED OPERATIONS (Clearly stale ell pertinent details, and give pertinent dates, 
mciudine; estimated data o l starhnf any proposed work. II well is diracttonaiiY dri l led, ( iva suosurlsce locations and 
measured and true vertical oeottie. lor all markers and tortas partinant to 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 control snubbing 
equipment moved ir ; 4-7-79. Drill pipe was snubbed in to a TD of 11,005'. 
Hudded up hole and stopped gas flow at 4100 p.m. 4-16-79. 

Moved in Landis Rig tZ 4-19-79. Set 5-1/2"(4,091' 20f 4 7,709' 17# N-80 
LTSC)casing at 11,800. Cemented with 1500 SX Trinity Lite cement and 
1200 SX Class H cement. Approximate top of cement at 1,160' by temperature 
survey. Plugged down 1:30 a.m. 4-24-79. Released rig 4-25-79. 
Moved in service unit 4-30-79. Spotted 200 gal 10S Acetic Acid 11.386'-11,600'. 
Perforated intervals U,492'-508' and 11 ,566'-58r using 4 JSPF. Set 
packer at 10,900' and set tailpipe at 10,972'. Orop bar on shear disc and 
flow test well. Currently shut-in for 8HP survey. 

SubsuiUca Salety v , u e Mami. snd Typa Sei <§> . Fl. 

18. I hereby certify tnat the lorecoinf is true and correct 

licweo .^~£\CL-^—C 
IT IN , •«•«• »•» r«a«rrl e. Slate ol**e w*«J 

™ » ^ *• ™.«y:71NS DISTRICT ENGJHfFt , B ,979 
CONDi l lONS Of *»»»»1»OVAt. i t *MT 

• tMtnMUaaak axaa Hex 



fiw or 
i r r rv .oztmoco Production Concinv 
<i.!-u:;J 
i r 

1 IrJ. GULt\ti MILL T L U I T 

IW'f IM' lUi.O 1 M J J <..;.•; I ' I I t UL OII.CK* 
TA.-li 1 TV \:::\X X t:CLL C TTT i n r "LST r.FY 

VJ"MITY_ Greenwood PreGravburo Unit Fprfi»r»l u « i i l n « 1? 
LOCiii;::; > / .c iu :v ( I . J , . I . I L . . / . . J . . , T - SLC. I l.V. K ( . L . 

NW/4 35 la-s . 
rs_TLIP'-? r ^ - r : r : . T L.-.:.;TS.P.K 16 miles S n u t t ^ r n t i n ™ u m . 

CO; . , i V 

- fddy_ 

uVUl A.'.i) ••>L«* 
pr o c n . - ; : - U : 1 5 pm 4/2/79 
.-.'AS i:::i'Ji7.u 
vOTicc r.ivc;:? 

I.J 
X 

;.oi KE-
QJIRCO 

1UIL 1...I) liOJR 
OrLPISCOVf?T_ 11:15 om 4/2/79 
I r T f t S , 
TOl'SWI W.A. Gressett 

.HOM V.E. S ta le / 
LUI l 
K ; 6 imrR 5;QQ aa 4/3/7,9 

l l ' IO I (1ST Gas and condensate 
Jiu i;.i> HUiUS XCACH 
^ KiTrrreî .??? 
IK "fCS, iir.SCk.5t r'ULLi"** 

<LS 
X 

Qtirfimr 
OLLOSS m COVEP.ED Jt£A_ 

JtSCnibi. CAUSE GF l-VOLUM AJiO Rt.S-DiAL ACTIO.-. TAKc.J^ 

Layed down d r i l l pipe to run casinq and we l l s t a r t e i f l ow ing . Shut - in and s ta r ted pumoinq 

H « i ™ T r l \ < f : 0 " 1 , ^ ^ " f ° ? - „ . S h u t l own fa l l operat ions. Replaced BOP, snubbed 
in d r i l l pipe and k i l l e d w e l l . Run 5 1/2" easing t l TD o f 11,800 x cement. 

;jESCi!ir,t .wi£it i f n c a o A M I cLtA.:'ji ' ACTIO:; T A U . , * - ' 

n n 1 « H ? t d „ , ! ! d , P H S M r e T t h M S t 0 f c o v e r e d ^ " i s P ' - y o f "condensate. Replaced ca l i che on d r i l l pad and cleaned up pasture tha t was a f fec ta 

Mscr-ir; 10:; 
V A5rA 

i Anvil i:G GKA7̂ i5• 

siiui.fcV 
:c i - :n i . to:s • 

Ofl'iiR* 

t.'LT "i.v.;;L7f IlA:;iTv |CLAT 

j ls-.i i iLL a u i ^ i i i .u iUOi . i i V t . ^ ^ i i . u vU; : f l kA 1 i i i , i I . L L > r i l 1 u i ; , L f t " , j • 

Clear, 55°F | ' 

OUY Sw..' 
X 

n» :u i : . \ c t ! : f l»v I I - U IML i ;ao.w.\no;; AUSVL I S Tr.ut / i a c u ' - r u m 10 11;:. u s ) or KT 
a;0'.:, ;.:;a c u u r j 

I-ir/.-ni i L ~ * L > Q $ h « 4 ) T l T i r A d m i L s t r a t 

' M ' t C I I Y \ v " A l l AUI AliiJI.IC.lM. SICLIS I H i l c t s M K Y 
I s t r a t l v e Analyst OATf A p r i l 26. 1979 

0+2-NMOC0.A 
1-Houston 
1-RWA 
1-ORW 
1-LF thru VES 

fi 



other 

NAME OF OPERATOR 

_Amoco .Product]" on Company 
ADDRESS OK OPERATOR 

P.O. Drawer "A", Levelland, TX 

—•. U. c.— 
*HTcaiA. arricK 

79336 
LOCATION OF WELL (REPORT LOCATION CLEARLY. See space 17 

AT SURFACE: 16 50' F!JL & 1980' FWL, Sec 35 
AT TOP PROD. INTERVAL:(Uni t F , S E / 4 , N W / 4 ) 
AT TOTAL DEPTH: 

i6 . CHECK APPROPRIATE BOX TO INDICATE NATURE OF NOTIC 
REPORT, OR OTHER DATA 

:E. 

REQUEST FOR APPROVAL TO: 

TEST WATER SHUT OFF • 
FRACTURE TREAT • 
SHOOT OR ACIDIZE • 
REPAIR WELL • 
£HK1X)C!«<ALTER CASING • 
MULTIPLE COMPLETE • 
CHANGE ZONES • 
/*- BANDQN • • 

,,„.,, pronose to chanqe 

SUBSEQUENT REPORT OF: 

• 
• 
• 
• 
• 
• 
• 

production s t r i ng from 

FARM OR LEASE N.\MF_ 

Greenwood i ri '.ir-aV!HI> 

10. 

n . 

FIELD OR WILDCAT NAME 

.Shugart. S'i.l ur i an-Devoni an 
SEC, T „ R., M.. OR OLK. AND SUhvtY OR 
AREA 
35-18-31 

12. COUNTY OR PARISH! 
Eddy | 

13. STATE 

14. API NO. 

15. ELEVATIONS (SHOW DF 

3653.9 ROB 
KDB, *vN0 WD) 

(NOTE: Report r e m i t s of mu l t ip le como ie t ion o. 
cnange on Form a»J3Q.) 7 .". •• 

i p. 7 : . 

"Zufisequent_rep o r t of blow out. 
7" to 5 1/2" ' ^ ' r i , 

I . . 

I , . 

17. DESCRIBE PROPOSED OR COMPLETED OPERATIONS (Clearly state all pertinent details, and give pertinent dates, 
including estimated date of starting any proposed work. If well is directionally drilled, give subsurface locations 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 loqqed. 
Circulated to run casing. Pulled out of hole to lay down d r i l l pipe and 
d r i l l collars. Mud began flowing to pit. Attempted to circulate off cas 
bubble and pump into well with mud and brine water. Pressure increased to 
3200# and BOP began to leak. Shut down and cleared location. Notified 
NMOCD and USGS at 6:00 AM(MM) 4/3/79 of blowout. Red Adair on location at 
2:00 PM. After surveying well, opened BOP. Cleared location of loose 
equipment. Shut-down operations at 5:00 PM All entry roads guarded by 
armed guards. 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 Valve: Manu. and Type . Set Ft. 

ertify^hat the foregoing i 18. I hereby certify^fiat the foresting is true and correct 

SIGNED / \ iA 1 A - -̂Cr-f-*- TITLE Admin. Supervisor D A T E Apr i l 6, 1979 

M.Pt.ovrnfO'.̂  Spl) ALBERT R. STA1X T A C T I N G 
roNOiTioNS or APPROVAL. IF ANY: 
u i-4 -USGS, A 

1-RWA 
1-ilouston 
1-Susp 

fTh is i p a c * io r Federal o r State oM.ce u s * ) 

ENGJJWEER. 
APR 1 2 1979 

•See ln« t ruc t l ona on R e v e r t * S ide 
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D E L T A D R I L L I N G C O M P A N Y 
^ ^ 1 ^ - 3 o x 2012 T E L E P H O N E 3 M 393-1011 

JAN 2 6 1978 

•. C. C. 
AOTEBIA. amor 

T Y I . E i i , T E X A S 75710 

January 24, 1978 

Sew Mexico O i l Conservation Commission 
Drawer JD 
Artesia, New Mexico 88210 

RE: Report of Blowout 
South Culebra Bluff Kcj. 1 Well 
Eddy County, ."iew Mexiqo 

Gentlemen: 

This l e t t e r w i l l confirm the prior nojcification given to Mr. B i l l Gressett 
(Artesia o f f i c e ) and Mr. Dan Nutter (Santa Fe o f f i c e ) on January 4, 1978, 
concerning the blowout and subsequent f i r e at the Delta D r i l l i n g Company 
South Culebra Bluff No. 1 Well locatejd 1980' FNL and 1650' FEL of Section 23, 
T23S, R28E, NMPM, Eddy County, New Mebcico. 

The South Culebra Bluff No. 1 Well was spudded by Amoco Production Company 
on November 6, 1977, pursuant to a D r i l l i n g Contract between Amoco Production 
Company, as Operator, and Brahaney D r i l l i n g Company, Inc., whose address i s 
P. 0. Box 1694, Midland, Texas, 79701L as D r i l l i n g Contractor. 

On November 17, 1977, at L2:00 noon, Delta D r i l l i n g Company assumed operation 
of the well at a depth of approximately 44001 below the surface. Rig No. 7 
of Brahaney D r i l l i n g Company, Inc. continued the d r i l l i n g of such well u n t i l 
January 3, 1978, on which date such w a l l , at a depth of 11,769' below the surface, 
encountered a gas kick, blew out and Subsequently caught f i r e . 

Operations for the d r i l l i n g of a r e l i c 
the well at the surface were commencec 
been i n s t a l l e d on the wellhead and at 
two l i n e s . Arrangements have been 
Gas Company pursuant to an emergency 
that deliveries of such gas w i l l be c 

f w e l l and e f f o r t s to gain control of 
immediately. Control equipment has 

present gas i s being f l a r e d through 
to s e l l such gas to El Paso Natural 

s sales contract, and i t i s anticipated 
ojmmenced on or about January 25, 1978. 

made 

Additional information concerning such) we l l is being furnished to the New 
Mexico Conservation Commission pursuanjt to your forms C-103 and C-104. 

Very t r u l y yours, 

New Mexico O i l Conservation 
Commission 
?. 0. Box 2088 
Land Office Building 
Santa Fe, New Mexico 87501 

/ Carl S. Haskect 
Mgr. Corporate Engineering 
and Research 



ATTACHMENT 

DRILLING AT 11,769 FEET, A HIGH PRESSURE GAS ZONE WAS 

ENCOUNTERED. EOP AND H Y D R I L WERE C L O S E D AND K I C K WAS B E I N G 

C I R C U L A T E D OUT WHEN T H E A U T O M A T I C CHOKE F A I L E D 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. 



Sun Puts Damaged Platform 
Back on Line Following Blowout 

Sun Exploration and Production Co. resumed produc­
tion of natural gas last week from West Cameron Block 
648 piatform in the Gulf of Mexico. The platform was 
damaged by a blowout and subsequent fire last Decem­
ber, j 

The platform s output has reached 36 MMcfd from six 
wells that have been reworked since tlie blowout. The 13-
well platform, which had a grjoss producing capacity of 
95 MMcfd. was producing only 64 MMcfd prior to the 
blowout due to reduced sales tit pipelines. Well A-1. which 
oiew out. had been producing p-12 MMcfd. There are no 
plans currently to rcdrill the well, which was capped, 
plugged and abandoned. 

On completion of repairs th« gross producing capacity 
of the platform from the 12 undamaged wells is expected 
to be 75 MMcfd. with produciion averaging 55 MMcfd. 
operator Sun says. Diamond Shamrock Offshore Part­
ners Limm-d Partnership, whiih has a 3S.333% intoresi 
m the platform, says capacity * i l i be 85 MMcfd. Repairs 
on damaged portions of the plfatforms deck section are 
expected to be finished by year|end. 

Well A-1 blew out last Dec 
tions. The fire that ignited foui, 
workover rig and drilling quar\ 
Dec.31. The blowout was capp< 

Sun. with a 61.667% interest 
ment to sell 16 MMcfd to Te* 
which was buying production I 
the blowout Diamond Shamrov 
Bethlehem Steel Corp. and to 
Line Corp., also a previous pt 
platform. 

Sun won't release information! on the cost of repairing 
the platform and said it has no estimate as to how much 
gas was lost as a result of the blowout and resulting fire. 

- 4 

during workover opora-
days later destroyed the 
ers. I t was extinguished 
1 on Jan. 22. 
has a temporary agrce-

»s Eastern Pipeline Co.. 
Dm the piatform prior to 
k is selling 20 MMcfd to 
Panhandle Eastern Pipe 
rchaser of gas from the 

N A T U K A I . OAS WKEK • MAY 12. 1086 5 



—CURRENT-ARGUS, Carlsbad, N.M., Monday, August 5,1983 S"t*j 

and ootained from New Mexico 
1 .versity is expected to handle an 

i 44.000 takeoifs and landings an-

for the airport was assured 
1 wnen Congress approved the 1985 
T.tal Appropriations Bill. The mea-
•h now goes to President Reagan 
proval, includes $2.2 million that 

' i i i receive in return for the 1,667 
university-controlled land at the 
3n«'te. 

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 

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 
delegation had made the new airport possi­
ble. -> 

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 Commis­
sion. : 

lite Sands Rocket Test 
ited For Launch Today 
cJ SANDS MISSILE 

I (AP) — One of two 
lesigned to conduct 
sics experiments in 

i~on with the space 
Challenger was sched-
- launched today, offi-
White Sands Missile 

Tally, the two rockets 
Ke launched Saturday 
aborted due to tech-

*-wlems. 
iLa at WSMR said the 
"K Brant rocket lifted 
afully at 4 p.m. Sat-

«-owever, the missile's 

path carried it east, instead of 
straight up as programmed. 

"The first one had to be 
brought down three seconds 
before its payload would've 
been deployed," said Don 
Montoya of the WSMR infor­
mation office. 

The second Black Brant, 
with a Nike booster, did not 
even leave the launch pad. 
The rocket's flight was 
scrubbed just minutes before 
its 5:30 p.m. scheduled launch, 
Montoya said, because of 
some problems with pressure 
loss. 

Oil Rig Blast Leaves Four 
In Critical Condition 

BLOOMFIELD (AP) - Four 
workers of the Arapahoe Dril­
ling Company were critically in­
jured when an oil rig near the 
community of Turley exploded 
Sunday. 

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
que. 

Hospital officials said John 
Murpny, 57, was listed in critical 
condition with burns over 90 per­
cent of his body. Steve Lavacek, 
24, is also in critical condition 
with burns covering 80 percent 
of his body. 

The third man, Ernest Jeter, 

50, was listed in guarded condi­
tion with burns covering 64 perr 

cent of his body. • 
A fourth man was taken by 

emergency air transport to a 
Maricopa County burn center in 
Phoenix, Ariz. Dennis J. Marti-: 
nez, 25, was reported in critical 
condition. A Maricopa County. 
Medical Center spokeswoman 
said Martinez suffers from sec-; 
ond- and third-degree burns on-
55 percent of his body. 

Company officials say they 
are not sure what caused the & 
p.m. explosion east of Bloom­
field. 

Arapahoe spokesman John 
Ahlm said the oil well was being 
allowed to burn. 

. - »; 

ents Choose Dude Ranch Work 
T̂â e of 800 students work at Colorado 
inches each summer. 
CaUow tatd students have been work-

s*5J!i™nfvy:* , o r l o n « as he can r*. 

dreds of aspens and ponderosa pines and 
the north fork of the South Platte River, 
which is just 100 feet from the main 

on her day off, she said the experience 
has been worthwhile. W * . 

••TV.~ 
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EVALUATION 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 Isolat ion P i lo t Plant (WIPP) s i te is located about 40 km (25 
mi) east of Carlsbad, N. Mex. ( f i g . 1 ) . The s i t e geography has been described 
in detail by Powers and others (1978) and U.S. Department of Energy (1980, 
1981). Site selection was based pr inc ipa l ly on the existence of a thick 
section of Permian evaporites, mainly h a l i t e . The purpose of establishing 
th is s i te 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 
iso late the waste from the biosphere unt i l i t is no longer a danger to 
mankind. One of the most probable methods of accidental release of radiat ion 
from nuclear waste isolated in a geologic medium is leaching and transport of 
the waste by moving ground water. I t is therefore of primary importance to 
ident i f y any potential channel ways that might allow water to enter a 
repository s i te located in bedded sa l t of the Salado Formation of southeastern 
New Mexico. The presence of the thick Permian (225 m.y.) rocks attests to the 
fact that major dissolut ion of the ha l i t e by unsaturated ground water has not 
occurred at the WIPP s i t e . 

Focus of Current Study 

This report describes several d issolut ion features in the Delaware Basin 
and elsewhere that have been referred to as breccia pipes. Breccia pipes 
(also cal led breccia chimneys) as they occur in evaporites are vert ical 
cy l indr ica l pipes or chimneys that may or may not involve more than one 
geologic formation. The chimneys are f i l l e d with downward-displaced 
brecciated rock. In th is 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 Kirk land, 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 
resul t of deep d isso lut ion, they may represent channelways for future ingress 
of ground water, and that they should be considered in r isk assessment 
programs for the evaluation of proposed waste reposi tor ies in bedded evaporite 
rocks. To th i s end, features referred to as breccia pipes in southeastern New 
Mexico have been assessed in re la t ion to the i n teg r i t y of the WIPP s i t e . 
Reports by Anderson (1978), Bachman (1980), and Vine (1960) described 
dissolut ion and karst features in the Pecos region of southeastern New Mexico 
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and discussed the o r ig in and h is tory of b 
intended to supplement these studies and r 

to them at the time the i r reports were wri 

rece 
pro 

Using the data from exploratory work, 
following questions concerning breccia pip 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

ia pipes, 
vide deta i l 

ten. 

The present report is 
that was not avai lable 

answers may be found to the 
0s: 

Do breccia pipes penetrate through the evaporite section? 
What is the physical descript ion^of a pipe? 
How are they formed? 
How deep do they go? j 
When are they formed, and are th^y forming at present? 
Are they permeable? j 
Where are they formed, can they 
Do they represent a threat to thfc 
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Permian Rojcks 

are Permian rocks in the Delaware Basin 
divided in to four provincial ser ies , which 
Wolfcampian, Leonardian, Guadalupian, and 
Guadalupian and Ochoan Series are pert inent 

a l l of marine o r i g in and they are 
are in ascending order: 

Ochoan. Only rocks of the 
to t h i s repor t . 

Capitan Limestone and 
Tansil l and Yates 

The Capitan Limestone and i t s backree 
Formations, comprise the Guadalupian Serie; 
limestone that surrounds the Delaware Basi 
porous and permeable (Bachman, 1980). Subita 
and were l a te r f i l l e d with f ine-grained carb 
1975). These deposits are much less perme^bl 
they tend to retard the migration of groun 

visions of the rocks of 
scussion are shown i n tab le 1. 

Bac creef Equivalents, 
Formations 

equivalents, the Tansill and Yates 
rocks. The Capitan is the reef 
The limestone is generally 

rine canyons cut through the reef 
onate-cemented sand (Hiss, 
e than the reef limestone and 

water (Hiss, 1975). 

3 



The backreef correlat ives of the Capitan, the Tansi l l and Yates 
Formations, are present in the areas of H i l l s A, B, and C, and the Wi l l s -
Weaver pipe, but are not present at the WIPP s i t e . These formations consist 
mainly of bedded limestone and interbedded sandstones over the reef in the 
report area. 

Cast i le Formation 

The Cast i le Formation consists of several thick ha l i t e and anhydrite 
members (Anderson, 1972). In the basin, the Cast i le conformably overl ies the 
Bell Canyon Formation and i s , in tu rn , overlain by the Salado Formation. The 
Casti le is about 412 m (1350 f t ) thick at the WIPP s i t e . 

Salado Formation 

The Salado Formation consists of ha l i t e units i n t e r s t r a t i f i e d with 
thinner beds of anhydrite, po lyha l i te , beds of g lauber i te, and potash 
minerals, / the ha l i t e beds contain varying amounts of s i l t and clay and are — 
considerably " d i r t i e r " than the ha l i te beds of the Casti le.) Many of the 
anhydrite and polyhal i te beds are persistent throughout the basin. These have 
been numbered (Jones and others, 1960) and are used as marker beds for 
correlat ion purposes. The basal uni t of the Salado, where i t overl ies the 
Capitan Limestone, is the Fletcher Anhydrite of Lang (1942). Local ly, the 
thickness of the Salado varies as the resul t of d issolut ion at the top of the 
formation. At the WIPP s i t e the Salado is 603 m (1976 f t ) t h i ck . 

Rustler Formation 

Where no dissolut ion has occurred at the top of the Salado i t is over lain 
conformably by the Permian Rustler Formation which i s also part of the Ochoan 
evaporite sequence. The Rustler is divided in to f i ve 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 pr imar i ly of s i l t s tone . The 
Tamarisk and Forty-niner Members are s imi lar to each other and where 
unaffected by d issolut ion, are composed of anhydrite and minor s i l ts tone 
beds. Hal i te i s present in a l l three members except where i t has been removed 
by d issolut ion. This dissolut ion is progressing from west to east across the 
WIPP area. These three members vary in thickness depending on the amount of 
ha l i te removed by d issolut ion. Where dissolut ion has occurred, a reddish-
brown s i l t y residue remains. This d issolut ion has created most of the karst 
features described by Bachman (1980). 

The Culebra Dolomite and Magenta Dolomite Members are d i s t i nc t i ve marker 
beds in the Rustler Formation. The Culebra, about 8 m (27 f t ) th ick , is a 
yellowish-gray, thin-bedded, f ine ly c r ys ta l l i ne dolomite. Many layers contain 
d is t inc t i ve vugs about 2-10 mm (0.08-0.39 i n . ) in diameter which sometimes 
contain selenite crysta ls . The Culebra is the most s ign i f i can t aquifer in the 
basin area. The Magenta is composed of a l ternat ing t h i n l y laminated reddish-
brown dolomite and gray anhydrite layers. The laminae display d i s t i nc t i ve 
undulatory bedding. The Magenta is about 7.6 m (25 f t ) th ick in the area and 
is also an aquifer, although to a lesser extent than the Culebra. 
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Ogallal* Formation 

The Ogallala Formation in south 
windblown sand on which the well-know^! 
has formed. The Ogallala is not pres 
deposited or more l i k e l y has been 
Oaallala is at "The Divide" 11 km (7 

eastern New Mexico consists mainly o f 
"Caliche caorock" of the High Plains 

ifnt at the WIPP s i t e and was ei ther never 
removed by erosion. The closest outcrop of 

I i i ) east of the WIPP s i t e . 

Gatuna 

The Gatuna Formation of middle P 
p. 38) unconformably overl ies the Pertii 
except where absent owing to erosion 

The Gatuna, mainly of f l uv ia l or 
ranging from s i l t to gravel . Much of 
esoecially from reworking of Tr iassic 
Ogallala caprock. 

Mescalero Caliche 

The Mescalero cal iche (an inform^ 
the area. According to Bachman (1980 
as the C horizon of an ancient soi l a 
Formation. Bachman reports that datefc 
d isequi l ibr ium technique show that th 
410,000 years ago. 

PREVIOUS WORK ON BRECCIA P 

Numerous s u r f i c i a l features in ahd 
described as being related to dissolu 
Series. Vine (1960) described four 
st ructures. Later work done under thfe 
the USGS during studies for the WIPP 
of the four domal structures are indefed 

structures. Reports by Reddy (1961), 
several domal structures in the basin 
these to the west of the WIPP s i t e , 
by Bachman (1980) to be no more than 
Mescal ero t ime. The h i l l in the SE 1 
in detai l by Bachman (1980, f i g . 20) 
solut ion and f i l l s t ructure. Another 
33-34, T. 22 S., R. 29 E. was mapped 
(WIPP 32) as part of the studies for 
1980). No ind icat ion of d isso lut ion 
Sandstone Member (Adams, 1944) was fo 
d issolut ion in the Rustler and Salado 
d isso lu t ion . A nearby d r i l l hole, WI 
d r i l l e d to gain information for hydro 
dissolut ion below the Vaca T r i s te . 

Formation 

eistocene age or older (Bachman, 1980, 
an and Tr iass ic rocks in the area 

r nondeposition. 

g in , consists of unconsolidated beds 
the Gatuna is l o c a l l y derived, 
conglomerates and cal iche of the 

1 name) caps many of the older rocks of 
p. 42) i t appears to have accumulated 

te r deposit ion of the Gatuna 
derived by the uranium series 
Mescalero formed between 510,000 and 

PES IN SOUTHEASTERN NEW HEXICO 

dpmel 

near the Delaware Basin have been 
ion of the evaporites of the Ochoan 

ike features as possible pipe 
direction of personnel of the SNL and 

ite showed that two and probably three 
breccia pipes. 

Additional surficial features hâ e been mentioned as possible pipe 
Vine (1963), and Anderson (1978) mention 
Vine (1963, p. B40-B41) cites 11 of 

1any of these domal structures were found 
:aliche-capped hills carved prior to 
4̂ sec. 24, T. 23 S., R. 29 E. was mapped 
ind described as an example of ancient 
structure cited by Vine (1963) in sees. 
>y Bachman (1980, fig. 18) and drilled 
the WIPP site (Snyder and Mclntyre, 
n the Salado below the Vaca Triste 
nd. The structure is related to shallow 
Formations and not to deep 
P 29 (Snyder and Mclntyre, 1979), 
ogic studies in Nash Draw also showed no 



per kilometer (100 feet per mile) and because th i s is the present regional 
d ip , there is no allowance for post-Cretaceous u p l i f t . 

GEOPHYSICAL STUDIES 

Numerous geophysical studies have been carr ied out on and around the WIPP 
s i te spec i f i ca l l y to gain subsurface information concerning the s i t e . 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 e lec t r ica l r e s i s t i v i t y surveys by 
Mining Geophysical Surveys (West and Wieduwilt, 1976) interpreted by E l l i o t 
Geophysical Company ( E l l i o t , 1976a,b; 1977). 

The r e s i s t i v i t y surveys interpreted by E l l i o t (1976a,b) were run over 
eight suspected or known pipes. Table 2 l i s t s the names or areas involved and 
the locat ions. Resis t iv i ty p ro f i les across selected s i tes are shown in 
f i gs . 2, 3, 4. and 5. Complete prof i les and technical data for a l l eight 
locations are given by E l l i o t (1976a). The r e s i s t i v i t y data across H i l l A 
shows a de f in i te anomaly. The central part of the breccia pipe has a low 
r e s i s t i v i t y that is bounded by high r e s i s t i v i t y peaks as the survey l i n e 
crosses the c i rcu la r r ing fau l t . Interpretat ions of the r e s i s t i v i t y p ro f i les 
along with addit ional data discussed l a te r i n th is report have led us to the 
conclusion that the fol lowing are breccia pipes: (1) Wills-Weaver, (2) H i l l 
C, (3) H i l l A, and (4) H i l l B. The remaining four s i tes are not interpreted 
as pipes. 

Gravity surveys by Mining Geophysical Surveys (West and Wieduwilt, 1976) 
were run across the Wills-Weaver s i t e , and H i l l s A, B, C, and D. The data 
were interpreted by E l l i o t Geophysical Company ( E l l i o t , 1976b). Reasoning 
behind the b e l i e f that gravi ty surveys across breccia pipes would show-'' 
anomalous readings is as fol lows: 

I f the brecciated material 1n the pipe was not well consolidated, the 
additional porosity as compared to the porosity of the surrounding rocks would 
cause the instruments to record a gravi ty low across the pipe, and i f the 
material i s denser than or bet ter cemented than the surrounding rock, a 
gravity high would be recorded. 

Figures 6, 7, and 8 show the gravi ty and topographic pro f i les across the 
Wills-Weaver area, and H i l l C and H i l l A, respect ively. Figures 6 and 8 show 
a de f in i te gravi ty low at the Wills-Weaver and H i l l A s i t es , but there is no 
such low at the H i l l C s i t e ( f i g . 7 ) . E l l i o t (1976b, v. 1 , p. 22) states that 
gravity data do not give a consistent gravi ty response across known breccia 
pipes; and that gravi ty surveys are not a d e f i n i t i v e method for locat ing these 
breccia pipes. 

Seismic-ref lect ion data (Hern and others, 1978) were obtained across the 
Wills-Weaver and H i l l s A-B locat ions. Generally uninterpretable re f lec t ions 
came from the center of these features. 
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D r i l l hole WIPP 3 1 , H i l l A 

D r i l l hole WIPP 31 was si ted inside the r ing f au l t zone mapped by Vine 
(1950) and Bachman (1980). The hole was d r i l l e d in two stages. The f i r s t 
247 m (810 f t ) were a r i l l ed during September and October 1978, and the hole 
was la ter (July-August 1980) deepened to 604 m (1981 f t ) . Only a few feet of 
core were taken in the upper 247 m (810 f t ) of the hole. One core, from 229 
to 230 m (750-756 f t ) , was anhydrite of the Rustler Formation, the f i r s t 
indicat ion of th is formation and somewhere between 8 and 94 m (25-310 f t ) 
below i t s normal strat igraphic posi t ion. Table 3 describes in general the 
l i tho logy of cutt ings and core from WIPP 31 . 

I t should be pointed out that although a speci f ic rock, ident i f iab le as 
the Rustler Formation, was f i r s t found at a speci f ic depth, i t does not imply 
that the stratigraphy is normal from that depth downward ( f i g . 11). In fac t , 
rocks of the Dewey Lake Red Beds were found as deep as 503 m (1650 f t ) , which 
is about 366 m (1200 f t ) below the base of the uni t in the surrounding area. 
Fragments of the Magenta ( f i g . 12) and Culebra Dolomite Members ( f i g . 13) of 
the Rustler Formation were found 274-366 m (900-1200 f t ) below the i r normal 
posi t ions. 

One part of the Salado Formation ha l i t e (about 12 m or 40 f t ; 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, s tar t ing at a depth of 580 m (1903 f t ) and 
continuing to a tota l depth of 604 m (1981 f t ) i s tenta t ive ly assigned to the 
Fletcher Anhydrite, or the base of the Salado Formation. I t i s the only known 
anhydrite in th is 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 f t ) a true thickness about 15 m (50 f t ) . I t is estimated that about 3-9 m 
(10-30 f t ) of the Fletcher remains below to ta l depth o f WIPP 31 . 

Because the Tansi l l 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 (Carlsbad Caverns). The most reasonable explanation for 
collapse of the rocks cored in WIPP 31 i s 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 t ime, but as the cavity in the 
Capitan grew wider, the width exceeded the a b i l i t y of the Fletcher to serve as 
a support, and collapse occurred. Another possible method to consider is that 
the cavity was f i l l e d 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 Tansi l l or Yates because of 
i t s lack of bedding and i t s intergrown c r ys ta l l i ne s t ructure. The Tansi l l and 
Yates are th in bedded granular rocks. 

Most of the ha l i te of the Salado Formation, and a l l of the ha l i te in the 
Rustler Formation are missing in the core from WIPP 31 . There is no Cast i le 
Formation present over the Capitan. In an o i l and gas exploration hole 
(Cit ies Service Oil and Gas, Big Eddy un i t 17) about 0.8 km (1/2 mi) southwest 
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Table 3.—lithologic description of cuttings and core for WIPP 3I--Continued 

seotn '. ntervai 
:escriction (feet) ('eet) 

Siltstone, .-'jostone, and minor sandstone, moderate-reddish-

rjrown 1 \ZR_ i/6) ana aark-reaci sh-drown (10R_ 3/1); 
areenisn-aray (:GY 6/1] reduction sDots; siltstone 

contains bedding olanes diooinq from 32° to 40° 695.5- 703.4 7,9 

•.o core — 703,4- 705.0 '..6 

Cuttinas 

Siltstone and nuestone, same as unit at 589-695 ft 705.0- 750.0 45.0 

Anhydrite, »nite (_N91 750.0- 751.0 1.0 

Core 5 

Annydrite, irayi sh-areen (5_G 5/2) and dusky yellowish-

green (1CGY 3/21, aypsiferous ; mottled; very finely 

crystalline; laminated; irreaular argillaceous laminae 

at 753.3 f t ; 2-D of laminae ranges from 32° to 40° 751.0- 756.6 5.5 

Siltstone. darit-readisn-Drown (10J? 3/4) and grayish-red 

(lOj? 4/2); gypsiferous anhydrite bands at 757.0 and 

757. 4 f t ) ; siltstone faintly bedded 756.6- 758.9 2.3 

No core 758.9- 759.7 .8 

Core 6 

Mudstone Breccia; arayish-red {10R 4/2) through dark-

reddish-brown (10R 3/4) and medium-dark-oray (_N4), 

fraqments less than 3 cm; slightly calcareous m a t r i x — 759.7- 767.5 7.8 

Sandstone, dark-reddish-brown (10R 3/4) and grayish-red 

(10R 4/2), very fine grained, hard, friable, minor 

calcite cement, HnOj stain on beddinq surfaces, 

qypsum filled fracture 767.5- 771.0 3.5 

Cuttings 

Siltstone, mudstone, sandstone and qypsum, reddish-brown 

(10R 3/4), qrayish-red (10R 4/2) and dark-reddish-brown 

(10£ 3/4) siltstone, mudstone same with some medium 

dark gray (£4), sandstone same color as siltstone, 

qypsum, white (_N9); minor chert pebbles and selenite— 771.0- 800.0 29.0 

Core 7 

Breccia of mudstone and siltstone, moderate-reddish-

brown (10R4/6), dark-reddish-brown (10R 3/4), 

grayish-red (10R 4/2), qreenish-qray (5GY 6/1) ; 

sliqhtly calcareous; mud matrix; portions colored 

dark-yel lowi sh-oranoe (10_YR 6/6) - 800.0- 809.8 9.8 

No core 809.8- 810.0 .2 

No returns 810.0- 819.0 9.0 

Core 

MudStone-siltstone Breccia, noflerate-reddish-brown 

(10R 4/6) to dark-reddish-hrown (10R 3/4); mudstone 

fraqments uo to 20 cn; siltstone contains qreenish-

gray (5JSV 6/1) reduction soots, lower 4 ft 

is one block, siltstone in rest of unit, fraqments 

as much as cm, most less than 4 cm 819.0-1022 203.0 
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Table 3 . — l i t h o l o g i c d e s c r i p t i o n <f c u t t i n g s and core f o r HIPP 31—Continued 

Thickness 

Description 
aeoth interval 
(feet) !feet i 

-reddish 

5(° 

qreer i sh 

gray 

1!49. 

Halite, light-gray (_N7), medium-qray (_N5] 

brown (10R 5/4) mooerate-reodisn-orangi 

finely to coarsely crystalline; light 

appear to be recrystal1ized; pale 

portions are argillaceous, and moderate 

orange portions are polyhalitic; dips 

along polyhalitic streaks range from 

Siltstone ano annydrite breccia; siltstonje 

reddish-brown (ICR 4/6) and dark-reddish 

(10R_ 3/4), many fraqments contain 

(5G_f 6/1) alteration soots; anqular 

range from olive gray to very light 

_N5); fragments of pitted dolomite at 

1559. 1578, 1586.7, 1614 to 1624 f t ; 

1ight-brownish-gray 6/1) dolomite 

1627.2 f t ; o i l stains at 1629 ano 1648 

crystals at 1628.9-1629.3 f t ; halite 

and vugs in lower 30 f t 

Anhydrite, medium-gray (_N5), speckled witjh 

yellowish-brown (lOYR̂  2/2) specks, ver> 

cry s t a l l i n e ; scattered halite crystals 

unit 

Anhydrite and siltstone breccia, matrix 

anhydrite fragments medium-dark-gray 

to 50 cm; siltstone, moderate-reddish 

to dark-reddish-brown (10R 3/4); dark 

(10R 4/3) mud matrix about 30 percent 

Mud, anhydrite, and siltstone breccia; 

gray (N6) to llqht-bluish-gray (5B 7/1] 

60 percent of unit, anhydrite and 

as in unit above; pitted dolomite 

1703 f t ; scattered glauberite crystals 

f i l l e d fractures —-

Mud and anhydrite breccia; mud matrix 

(5R 4/2) and some medium-gray (_N5); 

unit at 1658.2-1702.6 f t 

Anhydrite and mud breccia; anhydrite as 

1658.2-1702.6 f t ; mud matrix, li g h t 

(SB 7/1) -

Anhydrite, medium-gray (_N5) to medium-dar)k 

very finely c r y s t a l l i n e ; rock is 

fractures are f i l l e d with medium-bluishj. 

clay; some intervals contain subrounde 

subrounoed dense anhydrite fraqments a 

in a mud matrix 

pale-reddisn-

(10R 6/6), 

gjray portions 

-brown 

reddish-

njeasured 

to 60' 

moderate-

brown 

gray 

anhjydnte fragments 

(5Y 4 /1 to 

5-1551.2. 

laminated 

fragment at 

f t ; g l a u b e r i t e 

f i l l led f r a c t u r e s 

dusky-

f i n e l y 

throughout 

<*f mud; anqular 

rang ing 

tjrown (10R 4 /6 ) 

rjeddi sh-brown 

u n i t — -

um-1ight-

mud is about 

fragments 

at 

and h a l i t e 

( M ) 

df 

nxidl 

s i l t s t o n e 

f ragrtjents 

g ray i sh - red 

anhlydr i te as i n 

bldi sh 

unit at 

gray 

gray (N4), 

breccilated and 

gray (58 5/1) 

laminated and 

larqe as 4 cm 

1457.6-1518.7 51.1 

1518.7-1651.6 132.9 

1651.6-1658.2 6.6 

1658.2-1702.6 44.4 

1702.6-1762.8 60.2 

1762.8-1782.8 20.0 

1782.8-1802.6 19.8 

1802.6-1903.0 100.4 
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Figure 11.--Core from WIPP 31 showing block o f younger Dewey Lake Red Beds 
under ly ing o lder fragments of Rust ler Formation. The small l i g h t - g r a y 
spots in lower pa r t o f core are reduct ion spots . Arrows po in t down-
hole. 

Figure 12.--Fragments o f s i l t s t o n e and anhydr i te w i t h a fragment o f the 
Magenta Dolomite below 1527-footage mark in WIPP 3 1 . Arrows po in t 
downhole. 

Figure 13 . - -Brecc ia from WIPP 31 con ta in ing anhydr i te and s i l t s t o n e 
fragments. A fragment o f the Culebra Dolomite has the depth number 
1448 w r i t t e n on i t . Arrows po in t downhole. 
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minor readjustments of the breccia ma 
small area of Dewey Lake Red Beds is 
western part of the hill. The rock 
brecciated Triassic Dockum Group HUM 

ss (fig. 14). Unlike Hill A, only a very 
exposed in the gully that drains the 
ixposed in the center of the hill is 
ial sandstones and siltstones. 

Samples for palynomorph analyses were collected from the brecciated 
Dockum Group rocks and were studied b)y Robert M. Kosanke of the USGS. Kosanke 

findings as follows: The samples yielded 
few palynomorphs and they were poorly preserved. Palynomorphs are usually not 
found in red or oxidized rocks and tr}e presence of calcareous matter does not 

The samples did, however, yield a few 
poorly preserved palynomorphs. Kosatike states (written commun., 1981) "The 
most abundant of these would be the remains of the alga Botryococcus cf. B_. 
braunii. Botryococcus is known to oc cur from early Paleozoic time to the 
present day where it is a member of 1he freshwater plankton, is widely 
distributed throughout the lakes of 1,he 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 pollen 
grains, and several winged pollen grains assignable to Pinus. In addition, 
several spores referable to the fungi were observed. This is not an 
assemblage—there is not enough evidence to evaluate with any degree of 
confidence. If 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 likelihood of contamination of the samples 
precluding the use of palynomorphs, ijn this case, to date the exposed rocks in 
the central surficial part of Hill Cj 

The breccia pipe at Hill C provijded an unparalleled opportunity to study 
a pipe in three dimensions. Prior to our investigation, this was the only 
breccia pipe that was known to contai i brecciated rock at depth. During 
mining operations in 1975, in the 7th ore zone (see Jones and others, 1960, 
for stratigraphic location of ore zon»s) in the MCC potash mine one of the 
mine entries encountered the edge of 

The objectives of investigating 
horizontal dimensions of the breccia 
of the collapse on the adjacent rock 
was planned to match the underground 
and to identify the stratigraphic ori 

his pipe. Not only were the rocks 
adjacent to the pipe exposed 366 m (l£00 ft) below the surface, but also some 
of the breccia in the pipe itself cou d be s tud ied. 

M i l C were to explore and define the 
ipe at mine l e v e l , and study the ef fects 
n the MCC potash mine. Add i t i ona l l y , i t 
ipe boundary wi th i t s surface expression 
in of the displaced rock fragments in 

the pipe at mine l e v e l . Addit ional ot j ec t i ves were to determine the 
permeability and porosity of the pipe 
of mineral phases associated wi th d isso lu t ion 

I t was planned to d r i l l horizontal 
from the mine level to examine the b 
co l lec t samples that might be useful 

and, i f possible, the or ig ins and ages 

core holes across the breccia pipe 
r t fcc ia, determine the pipe dimensions, and 

or age determination. Before these 
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holes were to be d r i l l ed , i t was thought advisable for safety reasons to d r i l l 
a vertical hole from the surface to ascertain whether the breccia contained 
fluids or gases that might endanger the mine i f intercepted by horizontal 
holes. 3orehole WIPP 16 was designed for this purpose and was located on Hi l l 
C (NW1/4 SW1/4 sec. 5, T. 21 S., R. 30 E.). The hole was cored from 37.5 m 
(123 f t ) to a total depth of 396 m (1300 f t ) , about 27 m (88 f t ) below the 
mining horizon. A summary of the stratigraphy for rocks recovered from WIPP 
16 is given in table 4, and an abbreviated l i thologic log is given in table 5. 

Exploratory d r i l l holes for potash are located in the immediate vicini ty 
of the breccia pipe ( f i g . 14), and two of these are combined with borehole 
WIPP 16 to construct a cross section across the pipe and into the surrounding 
rock ( f i g . 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 downdroDped and shattered, the beds, unlike 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 f t ) ( f i g . 
15), as has the Culebra Dolomite Member of the Rustler. Halite below the 
Culebra was cored in WIPP 16, and>this d i f fers markedly from d r i l l hole WIPP 
31 at Hil l A where no halite and nb 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 Hi l l 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 Hi l l C, calls 
for stages of dissolution of the Rustler and upper Salado halites that suggest 
an unreasonable timing for the dissolution of these halites. I t is probable 
that the formation of the pipes at Hi l ls 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 d r i f t ( f i g . 23). Dips of beds between these two 
horizons and below MB 121 are hypothetical, but a reversal between the surface 
and MB 121 is true, and somewhere above the base of the dissolution of hali te 
in the Salado (MB 109) is a reasonable place to put i t . 

Oil 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, hal i te , and 
dolomite of the Rustler Formation. (Analysis of this o i l was reported by 
Palacas and others, 1982.) 

Hydrologic testing of WIPP 16 was not done because of the instabi l i ty of 
the hole walls. A neutron log run by USGS personnel, Albuquerque, N. Mex., 
did not indicate the presence of water. Morco Geological Services 
continuously logged d r i l l i n g fluids to detect C02, hydrocarbons, nitrogen, and 
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Table 5 .— Abridged l l t i o l o o i c loa of borehole WIPP 16 

[Co lo r des igna t ion from Rock-Color Cfiart 
40-120 f t , core 123-1300 f t 
l o q s ; to conver t m u l t i p l y footaoe 

(Goddard and o t h e r s , 1948). Cut t ings 
deotj is from d r i l l e r , not matched to oeopnysical 

by 0.0348; depths are from ground l e v e i ] 

"h ickness 

Description 
aeDtn 
(feet) 

lntervai 
(feet) 

iaht olive 

gray (5GT 6/1) 

clay is medium 

Nd cuttings logged 

Sandstone, siltstone, ano clay; sanastofe is grayish 

red (10R_ 4/2), very fine to fine qramed and ranges 

from 10 to 60 percent of samole; silt|tone is 

moderate reddisn brown i 10R_ 4/6) and 

gray (5^ 6/1) with traces of greemshf< 

reduction soots, 40 percent of sample 

light gray (_N6), 0-30 percent of samole; some (10 

percent) noderate-readisn-orown (10R̂  1/6) to dark-

reddish-brown ( 10R_ 3/4) mudstone in i iwer (25 f t ) 

No returns * 

Siltstone breccia, moderate-reddi sh-broi in (10R 4/6) 

and dark-reddisn-brown (ICR 3/4); scattered blebs and 

patches of greenisn-gray (SGY 6/1) al ;eration zones; 

core consists of unbronen blocks as liirge as 0.3 m 

(1 f t ) as well as angular and rounded fragments of 

recemented siltstone; alteration spot; do not cross 

fragment boundaries; dips, where oedd ng apparent, 

are as steep as 71°, but there is no regular pattern; 

some mud matrix between siltstone in llaces; core loss 

from 125.4-126.4, 130.0-132.1. 135.7-

153.6-154.0, 163.7-164.0, 169.2-170.2 

180.6-181.0, 185.3-186.0. and 189.0-1*1.0 f t 

Sandstone, grayish-red (10R 4/2), modente- and dark-

reddish-brown (10R 4/6-10R 3/4), fine grained; 

fractures rehealed with calcite and sidenite; dips 

of crossbedding range from 50*-80*, nn core from 

59.7 to 59.7 m (195.8-196.0 f t ) 

Siltstone and mudstone breccia, moderati i-reddi sh-brown 

(10£4/6) siltstone; dark-reddish-bro\m (ICJR 3/4) 

mudstone; fragments are subangular to 

range in size from 0.5 to 4 cm (1/2-1 

Sandstone, siltstone, and breccia consisting of 

sandstone, siltstone, and mudstone, miderate-reddish-

brown (10R 4/6), and dark-reddish-broiin (10_R 3/4); 

some greenish-gray (5GY fi/1) zones and spots; dips of 

crossbedding in sandstone range from 

fractures in sandstone and siltstone 

calcite and selenite; mucn of breccia 

mud; no core recovery at 220.6-221.0, 

244.9-247.0, 247.8-251.0, 260.4-261.0 

265.6-265.8 f t 

136.7, 151.0-153.3, 

172.1-176.0, 

subrounded and 

1/2 in.) 

!i0° to 75"; 

ehealed with 

has a matrix of 

224.0-226.0, 

and 

40 40.C 

40.0- 120.0 

120.0- 123.0 
SO.O 

3.0 

123.0- 191.7 68.7 

191.7- 201.4 

201.4- 203.0 

9.7 

1.6 

203.0- 265.8 62.8 
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Table 5—.—Abridged lithologic log of d r i l l hole W,-16--Continued 

Sickness 
:eotn ^ "te*"va i 

Tescnotion , feet! 'eet! 

Siltstone ana mudstone oreccia, dark-reaaisn-orown 

(10R 3/4) ana moderate-refldisn-brown (10R 4/6), much 

of unit consists of f a i r l y undisturbed rock, except 

for i t s steeo die. Scatterea subrounaed 

fraoments of mooerate-redaish-brown (10R 4/6) 

sandstone and areenish-gray (5GY 6/1) mudstone 

and clay f i l l i n n s oetween 'raoments; diDS of 

20°-6S° on Deadinq Dlanes: scatterea fractures 

renealea witn aypsum and selemte; core loss at 

659.0-661.0, 585.9-686.0, 703.6-706.0, 7C6.6-709.5, 

719.4-720.7 , "0.9-731.C, 724.7-735.3, 747 .0-747 .5, 

755.0-755.5, '52.7-767.9, 774.6-776.0, 777.1-781.0, 

733 .6- 726.0, 790.3- 791 .:, 731 .3-796.0, ''97 . 7- 798.2, 

505.4-805.6, 810.2-810.5, 832.6-833.8, 850.8-851.0, 

353.4-357 .0, 938 .9-939.C, 945.5-946.0, 960.8-961.0, 

977.3-978.0, 1070.6-1071.0, 1073.5-1079.0, 

1084.7-;386.0, 1:23.6-1124.2, 1138.0-1139.5, and 

1144.0-1145.3 f t - 657.3-1145.3 48.80 

Anhydrite, neaium-qray (_M5) and olive-qray (5Y 4/1) 

laminated in cart with brownish-gray (5YR 4/1) and 

moderate-brown (5_YR 4/4), partly brecciated, 

fractures f i l l e d with clay, dolomitic band 3 cm 

(1 i n . thick) at 355.7 m (1167.0 f t ) ; laminae dip from 

20* to 36°; o i l bleeding from brecciated zone at 

352.3-353.0 m (1156.0-1158.2 f t ) 1145.3-1168.9 23.6 

Mudstone, moderate-reddish-brown (10R 4/6), containing 

siltstone fragments and reduction spots 1168.9-1172.0 3.1 

No core 1172.0-1175.0 3.0 

Anhydrite, olive-gray (5_Y 4/1) and medium-bluish-gray 

(58_5/l), argillaceous f i l l i n g in hairline f r a c t u r e s — 1175.0-1177.7 2.7 

No core 1177.7-1178.0 .3 

Anhydrite, brownisn-gray (5_YR 4/1), lignt-oluish-gray 

(5J5 7/1), 1 ight-greenish-qray (5GY 6/1) and grayish-

yellow (5B 8/4), very finely crystalline, dips 38°-40°; 

fractures f i l l e d with clay 1178.0-1186.3 8.3 

Anhydrite, dolomitic, greemsh-gray (5Y 6/1) and l i g h t -

brownish-oray (5YR_ 6 / 1 ) — 1186.3-1186.6 .3 

No core - 1186.6-1186.9 .3 

Anhydrite, dolomitic, same as unit at 1186.3-1186.6 f t , 

brecciated and recemented; laminae dip 36° 1186.9-1192.6 5.7 

Dolomite, greenish-gray (5GY 6/1), 1iqht-olive-qray 

(5_Y 6/1), and 1 i ght-browmsh-qray (5_YR 6/1) wavy 

olive-black (SJY 2/1) laminae, qypsum alonq some 

laminae; brecciated and repealed in part 1:92.6-1198.6 6.0 
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Table 5—.—Abr idged H t h o l b g i c log o f d r i l l ho le W-I6--Cont inued 

T hicKness 

Descnotion 
cepth 
'feet) 

~:erva i 
feet) 

Anhydrite, same as unit at 1287.3-1293 

parallel to annydnte laminae dipinq 

Mudstone. annydritic, dark-reddish-browjn 

qypsiferous and h a l i t i c 
Total depth 

5 f t , halite oands 

40°-45o 1294.0-1297.7 

(10Y 3/4), 

1297.7-1300.0 

1300.0 

I 

J 
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hydrogen sulfide. Between depths of 362 and 367 m (1188 and 1204 f t ) , 
hydrogen sulfide was detected; the readings indicated as much as 6 parts per 
million between 365 and 366 m (1198 and 1200 f t ) . No other gases were 
detected in the dr i l l 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 f t ) . These units without collapse are about 145 m 
(475 f t ) thick in nearby d r i l l 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 f t ) . This is about half (181 versus 350 m; 
595 versus 1150 f t ) of what is present. Apparently there was another ±145 m 
(±475 f t ) of Dockum Group rock overlying the present Dockum GrouD. 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 f i l l i n g 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 f t ) 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 i t must have taken hundreds of thousands of 
years to remove most of the rock. The Dockum Group is about 220 m (720 f t ) 
thick 26 km (16 mi) to the east of Hill C, and thicknesses of over 457 m (1500 
f t ) 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 ( f i g . 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 ( f i g . 
18). Mining exposed about 19 m (63 f t ) of stratigraphic section above the 7th 
ore zone in a horizontal distance of 44 m (145 f t ) ( f i g . 8). Mining was 
advanced about 5.5 m (18 f t ) into the breccia pipe and a horizontal 
exploratory hole was drilled 10.7 m (35 f t ) into the pipe and s t i l l 
encountered breccia. The hard polyhalite marker beds above the 7th ore zone 
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Figure 18 . - -Le f t r i b 16-L d r i f t . 
Boundary of inplacu 
that s tar ts at basil 
passes j us t above 
near center. The 
zone. The fragmen 
to the r i ght o f th£ 
P=po1yhalite, A=an 

Pick leaning on breccia pipe mater ia l , 
ha l i t e and breccia of pipe i s l i ne 
o f o i l stain in lower l e f t corner, 

lammer handle and reaches top of photo 
ine is a c l a y - f i l l e d (not gouge) f a u l t 
s o f anhydr i te , po l yha l i t e , and ha l i t e 

f au l t show as various shades of gray, 
.ydri te . 
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Figure 19.- -Lef t side of exDosed breccia p i D e at end of lf i i ^ ** u • 
numerous anhydrite blocks and matrix of l u l j , h

f \ . l h o v n n * 
anhydrite fragments. A=anhydrUe 7 3 l U e a n d 

Figure 20. 
" " E n a l o T a

m ? p L ° f - , U P p e : n ' g h t P ° r t i o n of flgure 19. Light streaks 

SS ; B? - i s ? 
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holes were cored in alphabetical ordelr 
in diameter. Hole A penetrated the 
1.8 m (6 f t ) of core at the "bottom" 
was caused by torque and d i rec t pres 
from about 3 mm to 10 cm (1/8 to 4 i 
anhydrite layers made up the longest 

pnpe 

pressure 
n 

(A, B, C); the core was 2.5 cm (1 i n . ) 
boundary. Figure 26 shows about 

of d r i l l hole A. The discing of the core 
on the b i t face and the discs varied 

in length. Argil laceous ha l i t e and 
1engths. 

In the next to the bottom row of 
side is the clay seam contact 24.7 m 
and the breccia pipe. In the bottom 
fragments of ha l i t e and anhydrite in 
the second row l e f t is an o i l -s ta inec 
section of the hoi e. 

core in f igure 26, j us t in from the l e f t 
(80.9 f t ) between the normal strat igraphy 
row of core, the shades of gray are 
a brown clay matr ix . The black disc in 

h a l i t e . Figure 27 is a geologic cross 

The 

Hole B (fig. 25) was cored to a 
the f i r s t four rows in figure 28 was 
was applied to the bit during coring 
stained the lower 0.4 m (1.4 ft) 
air cooling the bit and hindered 
and the bottom 1.2 m (4.1 ft) of com 
reached. Oil from this hole was 
Figure 29 is a geologic cross section 

length of 18.3 m (60.1 f t ) . The core in 
shattered during drilling, less pressure 
of the rock in the last two rows. Oil 

oil caused a lack of circulation of the 
removal of the cuttings below 17 m (56 ft) 

was lost. The pipe boundary was not 
described in Palacas and others, 1982. 

of the hoi e. 

Hole C (fi g . 25) was drilled sl 
19.6 m (64.15 f t ) . No recognizable 
was penetrated in the last 0.6 m (2 
jammed in place. A total of 14.6 m 
leaving 7.3 m (24 ft) in the hole, 
represents the pipe boundary; the SN1. 
cored just before the pipe became stick 
the breccia material in d r i l l hole A 
tens of feet beyond the end of d r i l l 
section of hoie C. 

ghtly up from horizontal to a length of 
ithologic units were penetrated. Clay 
t) of the hole and the bit and pipe were 
48 ft) of drill pipe was recovered, 
t is not certain whether or not this clay 
drillers believe that the rock being 
was drilling like halite and not like 
The pipe boundary was predicted several 

ng. Figure 30 is the geologic cross 

The question of whether or not 
or the pipe is a cylindrical-shaped 
available data. Superimposing the 
underground shows that the underground 
ft) further to the southeast than 
surface. This could indicate that e 
with depth or if it is a cylinder, 
orientation. 

In studies done by Piper and 
collapse structures over underground 
In additional studies on the same 
shape in his interpretations, 
points to the cylindrical shape in 
inverted cone (opening downward). 

Landes and Piper (1972) in studn 
Michigan, state that surface featurefe 

:he walls of the breccia pipe are vertical 
liody cannot be fully answered with the 
sjirface trace of the pipe with the one area 

boundary of the pipe is about 30 m (100 
corresponding part of the pipe at the 
ther the pipe does increase in diameter 

the cylinder is not in a vertical t len 

Stead (1965, p. 34) , i t was found that most 
nuclear tests are roughly c y l i n d r i c a l , 

subject, Houser (1970) used a cy l indr i ca l 
although he states (p. 51) that while evidence 

spme cases, other cases indicate an 

es of br ine cavi ty subsidence in 
outside the collapse area do not extend 
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outward farther than the underground solut ion cav i ty . This imDlies that the 
possible shape of the collapse structure i s an inverted cone or a nearly 
ver t ica l cy l inder. 

Eck and Redfield (1963) in the i r study on the Sanford Dam near Borger, 
Tex., report numerous f i l l e d chimneys having i r regu lar ver t ica l sides 
(p. 56). The upper portions of these chimneys have funnel shapes. 

The general shapes of the breccia pipes at H i l l s A and C are believed to 
be near-vert ical cy l inders, possibly widening s l i gh t l y with depth. 

OTHER SUSPECTED PIPES IM DELAWARE BASIN 

Wills-Weaver Pipe 

In the ear l ie r discussion of geophysical studies carr ied out in the basin 
for the WIPP s i t e , the Wills-Weaver area was mentioned. A hole was d r i l l e d in 
sec. 12, T. 20 S., R. 29 E. and penetrated 250.2 m (821 f t ) of brecciated 
rock. Interpretat ion of geophysical surveys, namely e lec t r i ca l r e s i s t i v i t y 
( E l l i o t , i976a) and gravity surveys ( E l l i o t , 1976b), were run across the area 
and both gave anomalous readings across the suspected pipe. No other work has 
been done at th is s i t e . I t i s believed to be a breccia pipe. The h i l l over 
the pipe has not been breached by erosion and no near-surface structure can be 
seen. 

H i l l B 

Hill 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 like at Hill A. No 
drilling was done on Hill B, but the data of Bachman and Elliot strongly 
suggest that this hill marks the location of a breccia pipe. 

WIPP 13 Area 

An e lect r ica l r e s i s t i v i t y survey ( E l l i o t , 1977) across an area about 2.4 
km (1 1/2 mi) north-northwest of the center o f the WIPP s i t e indicated a 
possible breccia pipe area. The r e s i s t i v i t y signature across th is area 
appeared much l i k e those signatures across H i l l s A and C. In 1978, 
in terpretat ion of a gravity survey across the area indicated a gravity low 
centered on the WIPP 13 s i t e (L. J . Barrows, SNL, oral commun., 1981). There 
is no topographic expression, of either a h i l l or a depression; but because of 
the closeness of th is area to the actual repository loca t ion , further 
exploration was needed. D r i l l hole WIPP 13 i s located near the center of the 
r e s i s t i v i t y anomaly. Core and cut t ings , along with downhole geophysical logs 
indicate that no buried structural anomalies exist at the WIPP 13 locat ion 
(Gonzales and Jones, 1979) to account for the r e s i s t i v i t y 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 f : ) deep were mapped in the Fanny Peak 
quadrangle of Wyoming and South Dakota. The authors a t t r i bu te the pipe 
formation to the solut ion of anhydri ;e and gypsum in the Minnelusa 
Formation. Fragments of overlying P?rmian rocks are incorporated in the 
breccia in the pipes. The formation of these pipes started a f te r the Black 
H i l l s u p l i f t (Late Cretaceous-Early " r i a s s i c ) , and the dissolut ion is 
continuing to the present. 

1 
In the Wyoming-South Dakota arefe, the anhydrite-gypsum layers of the 

Minnelusa and overlying Opeche and Spearfish Formations are the rocks involved 
in the d isso lu t ion . Hal i te also was 
formations as indicated by analysis fcf well 
Epstein (1963, p. 336) a t t r i bu te the 
the i r formation at intersect ions of 
the pipes have the i r roots in the Mi 
the underlying Pahasapa. The brecci 
CaC03, and the pipes stand out on cl 
surrounding t e r r a i n . 

and i s being dissolved from the 
water i n the area. Brobst and 

near-vert ical or ienta t ion of the pipes to 
o i n t s . They also postulated that most of 

inelusa, although some may be rooted in 
l in the pipes has been wel1-cemented by 
f f faces and as small h i l l s above the 

M 

Michigan also contains breccia 
the occurrence and possible formativ 
S t ra i t s area. They a t t r i bu te format 
evapor i te-r ich Pointe aux Chenes Format 
Survey) of S i lu r ian age. In the sub 
Salina. No brecciated rocks have b 
Formation, and Landes and others put 
Chenes. 

ipes. Landes and others (1945) describe 
h is tory of these pipes in the Mackinac 

on of the pipes to cavi ty forming in the 
ion (usage of the Michigan Geological 

surface the formation i s cal led the 
found in the underlying Niagara 

the base of the pipes in the Pointe aux 
e»n 

fbr Several previous explanations 
in the Landes report . He and the oth 
collapse of overly ing rocks theory, 
catastrophic and occurred as a singl 
some of the process involved catastrbph 
of much younger age are found in the 
from 183 to 457 m (600 to 1500 f t ) 
Mich. (Landes and others, 1945, p. 
these breccias as a conglomeration o(f 
wi th i n te rs t i ces between the larger 
which range downward from a few inchles 

Where calcium carbonate was ava 
brecciated rocks, they are f i rmly cepient 
l i t t l e cement i f t he i r matrix contai 
between the limestone blocks and impleded 

The age of the brecciat ion has 
p. 136-137). The youngest rock founjd 
River Formation of Devonian age. Th 
collapse or they would not form di 
in Ca lc i te , Mich. , the f lat-bedded 
overly ing the brecciated Det ro i t Riv 
must have been completed before the 

iscr 

chiaan 

the forming of the breccias are given 
er authors favor a solut ion to -cav i ty t o -
Whether or not the collapse was 
» event i s unknown. Landes believes that 

ic col lapse, because brecciated rocks 
breccia mass. Downward displacements of 

recognized in a quarry at Ca lc i te , 
) . Landes and others (p. 134) described 
rock fragments of every degree in size 

fragments f i l l e d wi th smaller fragments 
to dust s ize. 

a re 
1>9 

lab le in the water moving through the 
ed by c a l c i t e . Other pipes have 

s shale which f i l l e d the in te rs t i ces 
the flow of ground water. 

een estimated by Landes and others (1945, 
in the breccia masses is the Det ro i t 

ese rocks must have s o l i d i f i e d p r io r to 
ete blocks in the breccia. At a quarry 

ee Limestone (Devonian) can be seen 
»r Formation. Collapse and brecciat ion 
Dundee was deposited. Collapse could have 

D jnd 
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Figure 31 .—Formation of anomalous Mississippian th icks and coincident 
structural highs in younger s t ra ta . (A) Post-Mississippi an erosion; (8) 
Later stage during post-Mississippi an peneplanation fol lowing removal of 
Pra i r ie Evaporite sa l t section by so lu t ion ; (C) Subsequent deposition of 
uniform thicknesses of Jurassic and Cretaceous beds on smooth 
Mississippian surface; (0) Final stage fol lowing solut ion of remaining 
Pra i r ie Evaporite sa l t (modified from Gorrell and Alderman, 1962). 
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dissolut ion of a 
faci es of the Bu 
rocks). Bernard 
contains 1 i t t l e 
therefore coul d 
exi stence of Zee 
the "Cloudburst" 
the pipes near K 
s i n k - f i l l materi 

nhydrite and possible 
ndsandstein (possibly 
bel i eves that the Zee 

hal i t e ; the edge of tjh 
not be the root zone 
hstein rooted sinks 25 

area of Tendelburg. 
assel as l a te Tertiariy 
al containing Keuper 

minor amounts of ha l i t e from the Rot 
as much as 100 m or 328 f t of evaporite 
hstein at the locat ions of these pipes 
e Zechstein is in th i s area, and 

for the pipes. He does acknowledge the 
km (15 mi) to the north of Kassel in 

Bernhard (1973) dates the formation of 
to early Quaternary on the basis of the 

rocks (Upper T r i a s s i c ) . 

CONCLUSIONS 

Method(s) of Formation of Breccia Pipes and Age of Formation of 
Known Pipes in Ba >in Near the WIPP Si te" 

The understanding of the method( 
Delaware Basin is c r i t i c a l to the p lat 
waste at the WIPP s i t e . The principajl 
the repository and cause a breach in 
f lu ids to the waste canisters? A sedo 
developing pipe adversely a f fec t the 
the WIPP s i t e have helped to define 
develops, but not what governs i t s 1 
i s : Can d isso lut ion of beds a f fec t 

Examples of pipes in Michigan 
of those pipes there was catastrophic 
region of Michigan, breccia fragment 
f t ) below the i r normal s t ra t ig raph ic 
129). Limestone beds above the cavitH 
have formed support beams which held 
caused f a i l u r e of the beams, at whic 
cav i t ies could collapse rap id l y , cau$i 
collapse chimney. 

s) of formation of breccia pipes in the 
ement of a repository fo r radioact ive 
question i s : Can a pipe develop under 

the system that w i l l allow access of 
ndary question i s : Could a nearby 

repository? Invest igat ions at and near 
v*hat a breccia pipe i s and how a pipe 
ocation—see below. Another question 
tjhe i n t e g r i t y of the repository? 

shjow that a t some stage in the development 
col lapse. In the Mackinac S t ra i t s 
have been i d e n t i f i e d 183-229 m (600-750 

horizon (Landes and others, 1945, p. 
es where h a l i t e had been dissolved could 

un t i l increasing widths o f the cav i t ies 
t ime the material above the ex is t ing 
ng a jumbling of material in the 

WljPP 

i oils 

Rock i n core from WIPP 16 and 
breccia pipes north of the WIPP s i t e 
great deal of intermingl ing of vari 
found 335 m (1100 f t ) below t h e i r normal 
Si l ts tone fragments in WIPP 16 are fcjund 
1 evel . 

3 1 , d r i l l e d in to known or expected 
in southeastern New Mexico, also shows a 

s t ra ta . Dolomite fragments have been 
s t ra t ig raph ic pos i t ion in WIPP 3 1 . 
183 m (600 f t ) below the i r expected 

Depending upon the type of rock 
movement o f the over ly ing rocks can b 
slowly as in many sa l t mines (actual 
slow or in the catastrophic cases i f 
w i l l f racture but not be mixed and j 

The only known breccia pipes in 
WIPP s i t e are located 19-32 km (12-201 
s i t e . Two pipes, and probably a th i 
nearly c i r cu l a r , rounded and breachec 
elevat ion. These are H i l l s A, B, an 

above the solut ion cav i t i e s , the downward 
e catastrophic as in the above cases, or 

l|y as sa l t f lowage). I f the movement is 
the drop i s not f a r , the f a l l i n g rocks 

linbled with surrounding l i t h o l o g i e s . 

the Delaware Basin in the v i c i n i t y o f the 
mi) northwest of the center of the 

have surface expressions which are 
h i l l s 15-30 m (50-100 f t ) in 
C of Bachman (1980) (domes A, B, and C 

rd 
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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. 57). 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 
halite 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 
Hill A. Evidence of this is found in the anhydrite and gypsum 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 sui 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 Mescal ero 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 (seep. 18), a 
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nave been the rapid downward movement in th i s pipe, but more than 133 m (600 
f t ) of rock of various l i t ho log ies wafc l e t down slowly, only t i l t i n g about 35° 
at i t s f inal rest ing deotn. Here the two pipes d i f f e r in the condit ion of the 
rock, H i l l A containing brecciated and jumDled rock down to the Fletcher 
Anhydrite Member, H i l l C containing tfiese only to the top of the Rustler 
Formation. 

The d issolut ion f ron t , moving frpm west to east, had penetrated in to the 
Salado Formation at H i l l A, but only jn to the Rustler Formation at H i l l C at 
the time of collapse of the pipe, presuming that the two pipes formed at 
nearly the same time. 

'he cal iche overlying H i l l C has 
the pipe in several places ind icat ing 
main collapse, 
aqo. 

been downdropped toward the center of 
that minor col lapse occurred a f te r the 

This minor collapse can be dated as less than 410,000 years 

Minor amounts of o i l - s ta ined core from both WIPP 16 and WIPP 31, as well 
as o i l seeps in the MCC d r i f t s near H|l l C, were analyzed to see i f an answer 
could be found to account for the presence of the o i l (Palacas and others, 
1982). Gas chromatograph and geochem|cal analysis ind icate that the three 
o i l s are related to the o i l from well6 to the north of the pipes taken from 
the Yates Formation. The Yates over l ies the Capitan reef on the backside of 
the reef. I t i s possible that o i l from th is formation migrated toward the 
area of the breccia pipes and e i ther 
occurred or i t was fo rce fu l l y emplace 
s t r a t i graphical ly upward by hydrostat 

jntered the rocks before collapse 
during col lapse, being pushed 

ic pressure as the water in the 
underlying void was forced upward by the i n f a l l i n g rocks. In WIPP 3 1 , the o i l 
stains were in rocks of Dewey Lake Rei Beds, and Rustler and Salado Formations 
consist ing of s i l t s t one , anhydri te, aid dolomite fragments and a matrix of 
mud, rec rys ta l l i zed h a l i t e , and glauber i te c rys ta l s . In WIPP 16, the o i l 

n anhydrite above the Magenta Dolomite 
Member and in h a l i t e below the Culebrk Dolomite Member. The o i l seeping in to 
the MCC mine appears to be coming froj i a nearly ve r t i ca l f au l t about 43 m (140 
f t ) from the edge of the breccia pipe' 

Possible Efffect on WIPP Site 

Numerous domes and sinks dot the 
of these features can be shown to be 
surface erosion; others are from dissolut ion 
Capitan Limestone. Known locat ions wfiere 
structures cal led breccia pipes are 1 
reef, no closer than 16 km (10 mi) to 
occurrences are H i l l s A, B, C, and thfe 

Collapse of these s t ructures, at 
before 400,000-500,000 years ago. 

landscape in the Delaware Basin. Some 
•emnants of near-surface d isso lut ion or 

and cavi ty formation in the 
deep d isso lu t ion occurs and forms 

mi ted to areas over the buried Capitan 
the WIPP s i t e . The four known 
Wills-Weaver s i t e . 

least to the surface, occurred sometime 

Locales on and around the WIPP s i t e that were invest igated for evidence 
of pipe formation, with none being fotind, include the s i tes o f d r i l l holes 
WIPP 13, WIPP 32, WIPP 33, and WIPP 3#. Numerous surface features were mapped 
and found to be near-surface erosion ind d isso lu t ion features. 
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DRILL-STEM TESTS, WIPP 31 

By J . W. Mercer 

INTRODUCTION 

During d r i l l i ng and coring of WIPP 31 reentry, formation tests were 
conducted over selected intervals of the borehole to determine the possible 
presence of f luids (liquids or gases) and, i f present, to obtain estimates of 
quantity, quality, and source. The formation tests were conducted using 
standard drill-stem test procedures as described in Do!an and others (1957), 
3redehoeft (1965), Hackbarth (19781, and in "Supplement *1 to the f ie ld 
ooerations plan for WIPP 31 Re-Entry" as discussed in a le t ter from W. D. 
Weart. SNL, to D. Schueler, DOE, dated July 25, 1980. 

The drill-stem test is a temporary well completion whereby the zone of 
interest in the borehole is isolated by the expansion of a rubber packing 
element or packer attached to the d r i l l str ing. These packers isolate the 
test interval, relieving the mud column pressure and allowing the zone to 
produce formation f lu id ( i f present) to the d r i l l 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 f l u i d . 

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 f irst two failing because of 
malfunction of the testing tool. The procedure prior to each drill-stem test 
included running geophysical logs (gamma, density, and neutron) for lithologic 
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 f t , 
DST-3) and 246 to 376 m (808 to 1235 f t , DST-4) contained some f l u i d , however, 
production rates were so low that the only f l u i d recovered was diluted 
d r i l l i n g mud. Calculated permeabilities were 0.57 and 0.90 millidarcies (mD), 
respectively. DST-5 from 371 to 426 m (1,216 to 1,396 f t ) 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 f t ) and DST-7 (451-604 m or 1,480-1,981 f t ) indicated the 
formation was extremely t ight and did not yield enough f l u i d to make 
calculations for permeability. 
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.oroir. 

Date June 12, 19 75 

Subject G i l Seeps ir. Sa i l Sectio; 
P.C. A. Mine 

File 

n o .. 1* r> n 

T. c -r32.s ir. tr.e ? '.. Mine r.r.vc c i l seers in tr.e £3.;t section. 

The f i r s t area is i:, Scut ions 5, S. and 9, T. 20 S. , ~. 30 E. as shown 
cr. rigvre 1. ~-: tor of the salt in this area is approximately -?0' 
r.r..'. the .ott::.. cf tr. 3 sait is c'neut 1390' . The Main South haulage 
Turr.ol c-r.zcur.vcrcd ir, o i l see" ir. tr.e tunnel heading •..'.".•ich is at a 
;.i-rtr. cf :.::cut _2~'. Oil fiov.e.f. slcv.iy cut cf a d r i l l hcie in the 
tur.r.c-l fr.co. Tr.e f l c was kil l e d by tar.'.ri::^ a wooden plug ir.tc tr,e 
d r i l l hcie. 's she.':; cn ricv.ro 1, the tunnel was rerouted at consid­
erable exijer.se only \ r encounter another seep cf sr.aiier voiur.s. ileth 
locations are s t i l l cccping o i l ct a very slow rate. A core test, 
rCA 107, snci.T. in feotion 5 cn Figure 1, had seven tones of o i l stained 
core over ar. interval cf 304.' in tne salt section. These seeps arc 
tr.ought tc hi.1 cer.inr -:ro~ an abandoned c i l tost "Continental Chase'' 
.-.i.iui c r i l i e u in tne late lyjC's in tne NE-1/4 Sec. S, T. 20 S... 
?.. 50 E. 

The second area of c i i seeps is i n the east end of our l.est Orebody 
fFigure 2;. The top cf the salt in this area is approximately 360' 
and tlie bottom of the salt is about 1041'. Here in Koon 5, Break­
through 13, as described by E. C. Jourdan, chief mine engineer "The 
seep was interesting in that i t occurred in a fine vertical fracture 
within the ore horizon and extends for an unknown distance into the 
sait above and below the ore zone." This seep is approximately 600' 
below the surface and 1000' from tlie nearest abandoned o i l well in the 
Getty Fooi. In the National Potash Mine, about 900' south of our o i l 
seep in Room 5, Breakthrough 13, another o i l seep was encountered. 
This seep is about 700' from an abandoned o i l well in the Getty Pool. 
PCA Core Test 74, in this sarr.e area, showed two zones cf o i i stains in 
the salt section at 549' and 565'4". Core Test 74 is located between 
two abandoned o i l wells, one about 1000' due north, the other 1000' due 
south. 

V- C 
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attachments 



e r r c 

CRUDE C:L S A L T CORE 

646 HALITE S POLY EiLEES 

G49' SAME 

£5'",' SAME 

663' HALITE & CLAY 

S 91' SAVE /'••' 

//•/ 
<:••/ 

"O S5D' S A r / E 

C L SEEP IN TL'!«\'EL BACK 

I N ANHYDRITE B E D C B E O ' A " ) 

C:L S E E ? IN1 TL.'.TV'EL FAC 

IN H A L I T E 6 C L A Y { 7 ; A£iO\ 

SEC 9 

SEC 16 

FIG I 
T 20 S R 30 E 

EDDY CO., N Wi. 

/ 

-r-OVED EY 
SHCV/ING CONTINENTAL CHASE C I L TE.5T AND 

THE AREAS WHERE C ~ U C E OIL HAS S E E N 

POTASH COMPANY OF AMFR. 
CARLSBAD, NEW MEXICO 

SHCV/ING CONTINENTAL CHASE C I L TE.5T AND 

THE AREAS WHERE C ~ U C E OIL HAS S E E N 

POTASH COMPANY OF AMFR. 
CARLSBAD, NEW MEXICO 

SHCV/ING CONTINENTAL CHASE C I L TE.5T AND 

THE AREAS WHERE C ~ U C E OIL HAS S E E N 

DRAWN BY L r c DRAWING 

C H E C K E D BY 

MMMI 'MMI IMI* 

SCALE- l " : 1 COO' j DATE- S'ARCM 64 
M M «MHi* > 1- • • H U H . , m i l l 

D I R E C T E D E Y J S C 
MMMI 'MMI IMI* 



/ 3c:Eci icarEr . \ / 1=552. 

SHOWING PCA FAR WES"RO~E20DV B LOCATION 

OF O:L SEEPS IN T H E SALT SECTION 



I! 
t 
1 

i 

1 

POTASH COMPANY jOT AMERICA 

-rc.".? o: '•'air. South Entries Shcŵ nc Oil Seer Near Abandoned Oil Well 

Januarv I t . 1PS2 

Tension crack in anhydrite filled with 
salt showing c i l seep in Main South. 

Anhydrite bed - Main South showing of 
seep. ' 

Oil seer in rib of Main South Entry. Face of Main South. Red is polyh:f * 
and salt. Oil covers most of face. 



NATIONAL POTASH COMPANY 
P. 0. BOX 731 

CARLSBAD, NEW MEXICO 
August I , 197" 

Mr. Roy li. Biack-ar. 
Resident Counsel 
Potash Company cf America 
?. C. Box 51 
Carlsbad, New Mexico oG22'J 

Dear Mr. Dlack_ar.: 

This pertains to an incident in the spring of 1965 in which we en­
countered evidence cf o i l seepage in operations at our Eddy Mine. Tne 
location wr.ere this occurred was approximately 1,000 feet from the west 
line and 100 feet fro- the north line of the NW-l/4, Sec. 23, T. 20 S., 
R. 29 E. Altogether there were some three cr four o i l stains -resent, 
and two separate entries in the panel were affected. 

The - a t e r i a l involved at the site was horizontally bedded and con­
sisted of 5 feet of sylvinite overlaid by 1 to 1-1/2 feet of clay. N0 

particularly unusual physical conditions were present other than the fact 
that i t 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 a l l equipment by the 
production crews involved, to another area of the mine. 

Since tlie nearest well was the Getty No. 1, which was approximately 
700 feet from the location of the seeps, i t 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 i t 
in an approved manner. I t is r.y understanding that this led further to a 
check of several other wells in the Getty pool i n which the findings of 
such inadequacy were essentially the same ar.d in which similar corrective 
action was also taken. 

I f , for any reason, additional information in regard to this matter 
is needed, I an sure i t can readily be obtained from the U. S. G. S. office 
in Roswell, New Mexico, as personnel from there were involved in the i n ­
cident. 

Very t r u l y yours, 

Industrial Relations Manager 

0F:ca 
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AMAX ELECTRICAL HOLE - DRILLING PROGRESS CONT'D. 

1-14-31 

1-15—SI 

:-1 O-O I 

1-17-31 

'-I0-31 

--13-81 

1-20-31 

1-21-31 

1-23-31 

1-25-31 

1-26-31 

1-27-31 

1-28-31 

1-29-81 

Driliing-Build Up Bit '.;ater?135' 

Drilling-Water '5i30' Hole Caving 

Drilling-water ^ 130' 

Drilling-Hole Caving Sad Water GI35' 

Drilling—Hole Caving '..'ater Si35' 

Drilling-Hole otanding better Waters 135' 

Drilling-Reset Socket Vater ̂ 135' 

Oriliing-'Jater 130' 

Dri l l ing- . ia te r GI351 Dui l t up b i t 

Drill ing-Water 5135' (KIT SALT STRINGERS) 

Dri l l ing-^ 'a ter 130' (EI SALT) 

Drilling-'.-i'ater 3 130' 

Drilling-'.-.'ater I 130' 

Drilling-'.-.'ater 0 130' Some Hole Cave 

Drilling-l/ater 130' 
String up 10" Tools & Get Ready to Run Csg. 

Run 4C4' of neu 13-3/8" Casing & Cement with 
400-sxs.(Denton Cement Co.) Did not circulate 

./ ACCUM 

10/305' 

9/3U' 

11/325' 

5/330' 

C / - 3 / O I 

5/345' 

5/ 3 50 * 

5/355' 

"0/365' 

10/375' 

9/384' 

11/395" 

5/400' 

4/404' 

HRS. & I 
ACCUM, 
HRS. 

9/198-i-

3^-/207 

9/21 6 

10/2:6 

9/2'5 

io/r ;5 

9/2^4 

9/2U3 

10/2:3 

9/2,52 

10/212 

8/SCO 

10/z»0 

9/319 

10/319 

10/329 

TOTAL DEPTH TO SET SURFACE - 404 FEET 

TOTAL RIG HOURS = 329 

1-30-S1 
1- 31-31 
2- 1-81 

2-2-31 

2-3-31 

.,—4—o1 

2-5-S1 

(ABOVE -;0RK BILLED ON OUR I!IV?ft)118) 

'..'ait on Cement to Dry-Surface 13—3/3" Casing 

D r i l l out Shoe -

Dril l inr;-Dry 

D r i l l i n g - Hard 

Dr i l l in - r 

-heck fo r l/ater-Kone-Drilling 21/425' 

40/465' 

15/4SO' 

40/520' 

10/10 

9^/l9 l> 

9/28l : 

10/38.V 



',;•'„',HLHCTRICAL HPLI) - DRILLING PROGRESS CONT'D. 

2-6-31 D r i l l i n g 40/560' 10/43.1.-

2-7-31 D r i l l i n g 40/600' 10/58^ 

2-9-31 40/640' 10/68.1 

2-10-31 D r i l l i n g 36/676' 10/78^ 

2-11-31 D r i l l i n g - Cut 124 Bed(iample) 16/692« s/86:. 

2-12-31 Dr i l l inc -Get rcacy to r im 3-5/8" 4/696' 9/95' 
:„DID Hot ! 

2—13—31 P.un/Genent(Circulate) 8f5/8" Csg. to 696» - 10/105:? 
Denton Cmt. Co. 35i>-Gxs. Add 8-Yd3 Cement 

2-14- 31 to heck-side _ 
2-15-31 '.'ait on Cement -

2-16-31 D r i l l out Dhoe-Drill in to Minc(TD 704') 8/704' 10/115' 

TOTAL DEPTH TO GET S-5/3" = 696« 

TD in to Mine = 704' (base 124-bed approx. 696') 

TOTAL RIG IXURGj = 115-.- Hrs. 

( D r i l l Ground Cable Hole per Alan la lqr idge - approximately 30' CVJ above hole) 

10/10 
20/20 ' 9V!9. l7 
20/4C 10/29* 
20/60« 10/39* 
20/30 ' 9V49 
15/95' 10/59 
10/105' 8/67 
33/138' 10/77 
7/145' TD 10/37 

10/97 

TD on Ground Cable Hole = 145' 

'..'atcr 2 133' 

Total Rig; Hours = 97-ilrs. 

2-17-31 Move C: Rig-'Jp 
2—13—31 D r i l l i n g 
2-19-31 D r i l l i n r 
2-20-31 ——**e, 
2-21-31 D r i l l i n g 
2-22-51 D r i l l i n g 
2-23-S1 D r i l l i n g 
2-24-31 Dril l ing- ' ."atcr C 138« 
2-25-31 D r i l l i n g - TL=145» 
2-26-G1 Rig-Do'.m 



AMAX ELECTRICAL HOLE - DRILLING SAMPLES CONT'D. 

DEPTH IN FEET DESCRIPTION (A3 Reported by DRILLER) 

2951-330' Anhydrite i Shale 

330'-360' Gyn u Red Shale 

?60'-?32' Gyp 1- Red Shale Vith Salt Stringers 

385' CALL TOP 0? SALT 

;25:-404' Salt 

404' Set 13—3/£" Surface Casing 

404-6?6' Salt - Dace "21 Sen api>ro:c. 6°6' 

696' Set 8-5/S" Casing 

696-704' S a l t - D r i l l in to t ine approx. 704.' 

NOTE; Use th i s same log fo r 145' Ground Cable Hole 



? 0. 3cx 1037 
401 Ni 1st St. 

M A R N E L P I P E & S U P P L Y c o 
NEW - USED OIL FIELlf PIPE & EQUIPMENT 

SHALLOW POOL CASING PULLING & WELL PLUGGING 
PIPE THREADING & TESTING 

Artesia, New Mexico 88210 
(505) 746- 6558 

:H:C;L HOLI - DRILLING PROGRESS 

12-18-20 

12-19-20 

12-22-20 

12-Z4-30 

12-29-30 

12-30-30 

12-31-30 

1-1-81 

1-2-81 

1-3-81 

1-4-31 

1-5-81 

1-6-81 

1-7-81 

1-8-31 

1-0-31 

1--S-31 

1-11-31 

1-12-31 

1 -1 --".1 

. ' •^MyTT**— P 

Noving & riggir.g-up 

= iggir.g-up 

:d Hole ng 

D r i l l i n g 

D r i l l i n g - Shut downJfor Christmas 

D r i l l i n g 

D r i l l i n g - L o s t Water Hud i n Crack 

D r i l l i n g 

D r i l l i n g 

Dr i l l i ng -HIT WATER 120-145'(Fresh) 

Dr i l l ing-Fresh Water 30' i n hole 

Dr i l l ing-Fresh Water; 50' i n hole 

Dr i l l ing-Fresh Water] 60' i n hole 
Put on dr i l{Ling- jars 

Dr i l l ing-Fresh Water) 70' i n hole 

Dr i l l ing-Fresh Water) 90' i n hole 
D r i l l i n g Slowed due to water 

Dri l l ing-Fresh Water) 100' i n hole 
Hailed hole) for 1-hr. & 
could not lower water l e v e l . 

Dr i l l ing-Fresh Water! 10?' i n hole 

Dri l l ing-Fresh Water 120' i n hole 

Dri l l ing-Fresh Water? 120' i n hole 

Dri l l ing-Fresn Water* 130' i n hole 

Dr i l l i n r -F re sh Water! 130' in hole 

Feet/Accum Feet 

20'/20» 

2 0 ' / 4 C 

10»/50» 

25'/75' 

2 0 ' / 9 5 ' 

2 0 ' / l 1 5 ' 

15'/130» 

15 ' / 145 ' 

20 ' / l 65» 

15'/180« 

15 ' / 195 ' 

201/215* 

10/225' 

10/235' 

15/250' 

10/260' 

10/270' 

9 /279 ' 

16/ 

Hrs. , 
Accum-
Hours 

4/4 

8/12 

10/22 

9/31 

5/36 

10/46 

10/56 

9 * / 6 5 * 

8 2

l / 7 4 , 

10 /84 , 
i 

9 / 9 3 ! 

10/10 

10/11: ' 

9/122 

9/13I 

10/141 

9/15) 

10/16C 

10/1ll 

10/184" 



(I t(j. i-Ci) 

(SUUM1T IN TRIPLICATE) 

UNITED STATES 
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY" 

Santa Fe 

tH*. H 26573 

Vmlt 

SUNDRY NOTICES AND REPORTS ON WELLS 

KOTIIC cr iwTTjrno* TO DRIU 

KOTICT cr INTENTION TO cjy-vre PLA^S 

NOTICE 0. r !!.'7L.V7I0N TO TEST WATER SlilTT-OrF 

NOTICE OF IKTrVTlOV TO KE-OlilLL OR REPAI* \IZUL 

SUI'-SEQUEKT rxro«T or WATER m irr-orr 
•f 
|, SU3SECXJENT REPORT o r SJCOTIKG. o n ACIBIIING. 

;i suasroocwT RETORT OF ALTERING CASING 

KOTICC or ifiiwno.v TO SHOOT on ACIDIIE. 

K0T1CE Cr IKm.TtOH 70 FULL OS ALTGi CASIf.r;.. 

UOT1CX Or ISTEKTIOH TO ACAJiOOlI WEU 

,j SOUiEOUEKT KETorTT OF NE-OmLUKG OR REPAIR 

SUHSEOUTKT nEfoirr OF ABANDONMENT.. 

tUrrCXMEKTARY VELL HISTORIC, 
I! 

(IMOICATT A&CTS-C UT CHCCK I t A A K HATDflC OT R17C7T, HOnCC, 0 « OTHER OATA) 

December 3 !9_L° 

Well No. 1 ft\ Is located . .2191f t . from_ | f j'llne and 2 I 7 2 _ f L from 

SW%, S e c t i o n 13 
(X >>'o4 

• Is i J 

•T_19S R 29E 

Eddy County 

of * or sec 
13 

NMPM 
( Id (Claim) 

New Mexico 
( l icU) (Coustf er bubiiiruioa) 

The. elevation of the derrick floor above sea level is 3310 f t . 

DETAILS OF WORK 

(SUU oc Ttn i tor r ) 

CStkta • • * l » n U • i t a d x l J . p t h l l a o b j x > l » » u t x l . i » \ o v r • l i m . w . l r h t » » « ~ J I . n r H l n o f prop n 11 d c u l n p i I r x i l o C * r n u d d l n f f Jotx, c m u t -

AMAX Chemical Corporation plans to d r i l l bore hole at this location to 
be used for an e l e c t r i c a l power supply to our underground mine workings 
i n the western lease area. We w i l l d r i l l a 16-inch diameter hole int o 
the top of the s a l t and cement 12-inch I.D. casing. 

We w i l l d r i l l a 10-3/4" hole from the top of the s a l t to the mine 
workings i n the 3rd ore zone; 8-inch casing w i l l be cemented from the 
mine level to surface, 
casing. 

Cement to be c i r c i i l a t e d on both strings of 

D r i l l i n g i s to be done by cable-tool methods. 

I u i U m U w l »K»« t>U» p l a n c l v e r b B U I r v o s i w i n n K m U l a a n i l i n e V r C « »lo<<«»J S u r v , r «|i«»»tJo*»« m a f I M r r r m r » n i M » J _ 

Company ' AMAX Chemical Corporation 

Addr et i 
P. 0 . Box 279 

Carlsbad, New Mexico 58220 

R. E. Kirby \\ 
General Mine Superintendent 

T̂  

Title •y:-'-Z)z^M.Hi'.ii,:z.:^:t:.-t ^ t - t / i - i C r - l i -

tP» t t J.JJ1 



P. 0.Box 1037 
401 N. 1st St. 

SAMPLE:) AS REPORTED BY DRILLER 

M A R N E L P I P E & S U P P L Y c o 
NEW - USED OIL FIEIJD PIPE & EQUIPMENT 

SHALLOW POOL CASING POLLING & WELL PLUGGING 
PIPE THREADING & TESTING 

Artesia. New Mexico 88210 
(505) 746- 6553 

Mobil: 365-2516 

AMAX ELECTRICAL [{OLE - DRILLING CAMPLES 

DESCRIPTION(As Reported bv D r i l l e r ) 

0-10» Top s o i l 

10-20' P - l I ' n ' p p 

2C-35' Gravol-Caliche ; 

"5-A0' Red Sand (hard)) 

i0-50» Gravel & Shale ' 

50-60' Broun Shale 

60-65' Red Shale 

65-75' Red Sand 

75-30' Gray Anhydrite; 

30-95' Red Bed 

95-105' Red Bed (3roke$i) Lost '/.'ai 

105-115' Gray Anhydrite!(Hard) 

H5-165 1 Gray Anhydrite) (:;0TE: 1. 

165-170' Gyp 

170-185' Broken Anhydrite 

185-200' Red-Blue Shale 

200'-215' Broken Anhydrite 

215'-225' Sand ! 

225'-250' Gray .-c Red Shalle 

250'-275' Red Shale wi th sone sand 

275'-295' Red Sand 

L 

t 
L 
L 
L 
L 
L 
L 
L 
L 
L 



NO. 5 SHAFT PREGROUTING PROGRAM 

The IMC pregrouting program at No. 5 Shaft consisted of trying 
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 f i r s t 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 t o t a i of 
2.986.705 pounds of f l y ash/cement grout and 99,100 pounds of 
chemical grout were used. The holes of the grout curtain were 
grouted to a f i n a l 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 f a i l e d . There was a 600 gpm inflow of water 
which caused the shaft to flood. 

JP:d 

8-6-86 



N O . 5 SHAFT P R E G R O U T I N G 

The pregrouting of N o . 5 Shaft was conducted from the surface with a Drill Tech D-40K 

dri l l , an Acker diamond core dr i l l , 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 approximately 4 .2 feet. 

The upper 20 feet of ground was cased wi^h 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 approximately 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 jjround, the drilling was stopped and the hole 

grouted with a cement and fly ash mix grout. This pattern was continued to 100 feet or 

until the clay seam was encountered. Water in the drill holes was blown out before grouting 

was started. Also a water injection test was made {ust before grout injection. The water 

the grout pump could inject water into the ground 

Ions of water was injected. Water was ejected 

from the holes by placing a two inch plastic p ipe , connected to the drill compressor, into 

the hole and forcing the water out. 

injection test was made by timing the rate 

at a controlled pressure. Usually 7 .5 gal 

The grouting of the first six holes was don£ 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 c lay at 100 feet. There were no cavities 

found. The second set of holes to be drilled were cal led ' S ' holes. There were six of them 

located halfway between the 'P ' holes. These holes would leave a spacing between holes 

of approximately 8.4 feet. The ' S ' holes jwere dril led and grouted in 20 foot stages from 

the water table at 30 feet to the clay at 102 feet . The method of grouting these holes was 
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to dr i l l a i l six holes to the desired dep th , blow out the water in the holes for 1/2 hour 

per hole, water test and grout each h o l e . N o connection was observed between holes. 

Grout pressures were kept at or below 1 psi per foot of ho l e . The grout mix was al tered 

to increase grout pressure. The mix started w i t h 25 lbs. cement plus 25 lbs. f ly ash in 50 

gallons of water. After several batches of this m i x , the cement and f ly ash were increased 

to 50 lbs. each, then 75 lbs. each , then 100 lbs. each , then 125 lbs. each and f ina l l y i n ­

creased to 150 lbs. each. A f te r a l l holes were grouted, they were redri l led to the grouted 

depth plus 20 feet and grouted a g a i n . 

At the completion of the 'P* holes and 'S ' holes, the ' T ' , te r t ia ry , holes were d r i l l ed and 

grouted. There were 12 'T ' holes located hal fway between the 'P' and 'S' holes. The f ina l 

hole spacing was approximately 4 . 2 feet between hole centers. The 'T* holes were grouted 

in the same fashion as the 'S' ho les . 

injected in each series of hi ales is as foi lows: 

P-l 10,800 lbs S-1 42,600 lbs 
P-2 6,400 lbs S-2 11,100 lbs 
P-3 14,200 lbs S-3 5,200 lbs 
P-4 11,400 lbs S-4 10,550 lbs 
P-5 8,000 lbs S-5 58,700 lbs 
P-6 15,200 lbs S-o 21,170 lbs 
T- l 18,150 lbs T-7 2,850 lbs 
T-2 8,600 lbs T-8 3,050 lbs 
T-3 2,800 lbs T-9 5,000 lbs 
T-4 3,000 lbs T-10 2,900 lbs 
T-5 5,500 lbs T - l l 4,300 lbs 
T-6 3,150 lbs T-12 1,650 lbs 

Total grout injected in first stage o f grout ing was 'P* holes - 66 ,000 , 'S ' holes - 149 ,320, 

T holes - 61,150 for a total o f 276 ,420 lbs g rou t . 

At the completion of grouting the 'T* holes, an ef for t was made to core 4 holes to the s a l t . 

These holes were not completed because the ground conditions were very poor and there was 

excessive water present. The core recovery from the l imi ted coring completed was very low 

but a few pieces of core were recovered wh ich had large holes without cement and small 
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holes which tb^asment could not fill because of particle size. 

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 waier was present and more grouting would be re­

quired, the decision was made to begin a chemical grout program in the upper 100 foot zone. 

Geoseol was purchased from Phillips Petroleum for a price of 35c) per pound. A new series of 

24 holes was described by Steve Phillips, these holes were to be located 3 feet inside the 

previous holes. The first 6 holes were called 'P' 100 holes. 

The chemical grout program was designed t0 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 

approximately 50 gallons per minute. The Uoles would not fl Hup which indicated the ground 

was still very open. The geoseai was mixe< 

portions were 50 lbs. geoseai in 35 gallons 

(10% strength) was added to the mix water 

equal to 1 psi per foot of overburden. The 

The fresh water was piped into the ground at 

and pumped into the ground. The mixing por-

of water. One quart of sodium silicate solution 

The grout was pumped at a maximum pressure 

early chemical grout holes had no pressure build­

up and several infections were required before back pressure could be obtained. Samples of 

the grout were taken on every batch. The ;)el time was recorded. Excess foam was suppressed 

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. Trjere also were occasions when the hole would not 

accept 10 batches without exceeding the maximum pressure. Therefore, less grout was 

injected. This process was continued from $0 feet to 105 feet in the 24 holes. From 20 feet 

to 30 feet, no chemical grout was used sinc£ it was above the standing water table. The 

chemical grout injected into the holes connected to nearby holes in some instances. 
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The total chemical grout injected in the zone from 30 feet to 1C5 feet was 99,100 lbs or 

1,982 bags. The grout injected into the holes in the following amounts. 

A v g . Per Hole 

Hole No. lbs. of Geoseai Sub-Total lbs. of Geoseai A v g . Per Foot 
Series Per foot Per Hole 1 Hole 

P-101 3,400 
P-102 4,250 
P-103 4,250 
P-104 4,350 
P-105 3,450 
P-106 4,600 
S-101 4,650 
S-102 4,750 
S-103 4,100 
S-104 4,650 
S-105 4,300 
S-106 3,750 
T-101 2,550 
T-102 3,400 
T-103 3,600 
T-104 4,600 
T-105 3,150 
T-106 5,100 
T-107 3,700 
T-108 4,850 
T-109 4,800 
T-l 10 4,750 
T-l 11 4,200 
T-l 12 3,900 

TOTAL 99,100 

24,600 4,050 54.0 
2 , 2 6 9 . F t 3 378 F t 3 5.0 F t 3 

26,200 4 ,366 .7 58.2 
2,447 F t 3 407.8 5 .4 F t 3 

4,539 F t 3 378 F t 3 5 .0 F t 3 

48,600 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 lb. bog of geoseai wi l l occupy approximately 35 gallons of space or approx­

imately 4.67 f t 3 . The total volume injected was 9,255 f t 3 of chemical grout. 

A pump was conducted after the chemical grout program. The pump test indicated that a 

flow of 36 gallons per minute could be expected from 30 feet to 105 feet. 
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Two holes were cored to the salt contact which appears to be at 292 feet. These holes 

called C- l and C-2 were cored with the Acker core rig. Hole No. C - l had a 6 inch core 

loss just above the salt. Hole No. C-2 hpd a 1 foot 6 inch loss just above the salt. Hole 

No. C- l lost circulation at about 250 feet. Hole No. C-2 lost circulation at 131 feet. 

These two holes were grouted. C - l took 75,900 lbs. of grout and C-2 took 105,300 lbs. 

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-l , P-2, P-3, P-4, P-5 and P-6 wdre drilled to 135 feet. As the holes were grouted 

to 100 psi, they often connected with oth r̂ holes. At 170 feet they also connected at - -

100 psi. Again at 223 feet they connected. At 260 feet stage, each hole was drilled and 

grouted separately. Hole No. P-6 encountered a void at 256 feet to 258 feet and lost 

circulation. However, the hole was grouped with 13,400 lbs. of grout. The remaining holes 

had no difficulties at this elevation. The frtage from 260lo 295 was grouted with brine watei 

and type I or type II cement grout. The se condary 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 260 feet with type V cement and 

fly ash to a grout pressure of 130 psi. 

The final injection stage was made with a NaCl saturated brine and a type I 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 tohjl of 1,727,985 lbs. of grout. The grout takes per 

hole were as follows. 
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GROUT TAKES EXTENDED PHASE 

Hole No. 
Takes at 

135 
Takes at 

170 
Takes at 

223 
Takes at 

260 
Takes at 

298 
Total for 

Hole 

P-l 18,900 11,600 23,850 20,000 20,200 94,550 

P-2 1,800 0 0 19,500 20,500 41,800 

P-3 7,800 24,000 14,300 14,200 40,250 110,550 

P-4 45,000 0 0 9,400 5,900 60,300 

P-5 0 2,000 0 29,500 33,150 64,650 

P-6 19,400 21,200 900 13,400 28,000 82,900 

S-l 5,500 46,500 6,100 14,700 40,250 113,050 

S-2 12,250 44,850 , 3,100 28,500 28,000 116,700 

S-3 1,250 27,900 17,300 _ ---20,850 20,400 87,700 

S-4 8,200 5,450 31,950 33,400 39,100 118,100 

S-5 19,500 45,600 5,200 4,250 30,600 105,150 

S-6 9,675 19,510 3,800 900 24,800 58,685 

T- l 0 0 7,400 13,800 29,700 50,900 

T-2 0 800 27,350 17,800 19,200 65,150 

T-3 0 0 1,700 0 5,500 7,200 

T-4 27,250 4,700 9,000 2,500 17,300 60,750 

T-5 17,100 0 4,000 0 53,500 74,600 

T-6 5,200 0 1,900 4,000 8,100 19,200 

T-7 3,800 7,800 4,200 0 29,400 45,200 

T-8 3,700 2,650 10,400 4,800 43,200 64,750 

T-9 0 1,600 25,750 13,000 46,300 86,650 

T-10 5,250 1,800 3,700 17,000 7,200 34,950 

T-H 2,300 2,700 21,450 9,100 32,100 67,650 

T-12 4,200 19,800 17,850 11,800 43,200 96,850 

Totals 218,075 290,460 251,200 302,400 665,850 1,727,985 
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Total lbs 
Hole No. Grout 

P-l 94,550 

P-2 41,800 

P-3 110,550 

P-4 60,300 

P-5 64,650 

P-6 82,900 

S- l 113,050 

S-2 116,700 

S-3 87,700 

S-4 118,100 

S-5 ~ 105,150 

S-6 58,685 

T- l 50,900 

T-2 65,150 

T-3 7,200 

T-4 60,750 

T-5 74,600 

T-6 19,200 

T-7 45,200 

T-8 64,750 

T-9 86,650 

T-10 34,950 

T-11 67,650 

T-12 96.850 

1,727,985 

Sub-Tptal 
Series 

454,7150 

599,385 

-673,85)0. 

1,727,985 

Average 
Per Hole 

75,792 

99,897 

56,154 

77,281 

Average 
Per Hole/Per Foot 

382.8 

504.5 

283.6 

390.3 
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The.extended grout program was completed to the sait 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 ai l 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 graph 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 depth 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 raker leg foundations and 229,700 lbs. 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 

lbs. of cement fly ash grout. The IMC holes which were outside the grout curtain took 

427,000 lbs. 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 at 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 a 10 foot spacing but would not accept water at 

200 psi so it was only filled with cement and not grouted. 
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The total grout used in the pregrouting program was 2 ,986,705 lbs of cement/fly ash grout 

plus 99,100 lbs. of chemical grout. 

i 

The cost of the pregrout program was flflfefef which , M T w a s the cost of drilling 

and grouting equipment and labor. The cost of materials consumed was J ^ B L The cost 

of miscellaneous equipment and materials including fast l ine , brine, brine tank, pipes and 

fittings, well perforation and miscellaneous) labor w a s ^ ^ The pregrout program was 

started on August 5 , 1982, and completed <̂n December S T * 1982. A total of 138 days was 

consumed. Approximately 10,500 feet of hole was dr i l led. 

The total material injected is equal to 3 2 , 8 | M bags of grout. The approximate cost per bag 

In place t s j — ^ 3 2 , 8 0 0 bags o r ^ — O f this cost, equipment and labor 

r e p r e s e n t e d ^ ^ , materials r e p r e s e n t e d 4 ^ » , miscellaneous supplies and equipment 

r e p r e s e n t e d p e r bag. 
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PREGROUT PROGRAM 

Amount of Cement 

at 298. 

P-l 20,200 S-l 40,250 T- l 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 
PH5 28,000 S-6 24,800 T-6 8,100 

T-7 29,400 
T-8 43,200 
T-9 46,300 
T-10 7,200 
T - l l 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-S, R-3 l-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-lll-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. 
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