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M E M O R A N D U M 

TO: 

FROM: 

SUBJECT: ORDER R - l l l - A , POTASH-OIL AREA 
SPECIAL RULES STUDY COMMITTEE 

The s p e c i a l r u l e s f o r d r i l l i n g w e l l s i n the Potash-Oil 
Area of Eddy and Lea Counties were adopted some t h i r t y 
years ago. I n recent years, potash companies have become 
more concerned about the p o t e n t i a l f o r leakage o f gas 
from deep high pressure w e l l s i n t o the potash i n t e r v a l s 
or i n t o the mines d i r e c t l y . 

I n order t o assure t h a t the t e c h n i c a l requirements of the 
r e g u l a t i o n s meet modern standards, t o attempt t o address 
the concerns of the potash i n d u s t r y , and t o attempt t o 
set g u i d e l i n e s f o r D i v i s i o n approval or d e n i a l of 
prot e s t e d a p p l i c a t i o n s , a p o t a s h - o i l i n d u s t r y study 
committee w i l l soon be formed. 

Any company or person d e s i r i n g t o p a r t i c i p a t e in. t h i s 
committee should n o t i f y me of t h e i r - i n t e r e s t on or 
before A p r i l 30, 1986. Please submit the name, address, 
and phone number of the appropriate contact person. 

I OIL CGK?~i 

March 2 1 , 1986 
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G O V E R N O R 

MEMORANDUM 

TO: 

FROM: 

POTASH-OIL AREA SPECIAL RULES STUDY COMMITTEE 

R. L. STAMETS, DIRECTOR ~yf? £ -f^~ 

During the time a l l o t t e d by Memorandum 2-86, p a r t i e s l i s t e d on 
the attached l i s t have expressed a desire t o serve on our 
committee. Vic Lyon, New Mexico O i l Conservation D i v i s i o n , 
Chief Engineer, w i l l chair the committee. 

There may have been some conjecture t h a t decisions would be 
made by a vote count. This may be t r u e of procedural 
questions, although most such decisions w i l l be made by the 
chairman. I assure you t h a t decisions on matters of substance 
w i l l be made by a consensus. 

Development i n the area i n question takes place under 
provisions of the O i l and Gas Act which preclude o i l and gas 
development i f such operations would i n t e r f e r e unduly w i t h the 
or d e r l y commercial development of potash deposits or unduly 
reduce the t o t a l q u a n t i t y of such deposits recovered. This 
has o f t e n r e s u l t e d i n a clash of i n t e r e s t s as o i l and gas 
operators seek t o develop t h e i r p r o p e r t i e s and as potash 
companies seek to p r o t e c t t h e i r investments, t h e i r reserves, 
and the well-being of miners. Each side has presented strong 
arguments. 

The law does not preclude o i l and gas development i n t h i s area 
and we must t h e r e f o r e assume t h a t the i n t e n t i o n was t o allow 
w e l l s t o be d r i l l e d when warranted. The D i v i s i o n on the other 
hand has no i n t e n t i o n of al l o w i n g d r i l l i n g which would 
threaten the l i v e s of miners or cause undue waste of 
commercial potash reserves. Our o b j e c t i v e i n forming t h i s 
committee i s t o determine where, when and how both i n d u s t r i e s 
may proceed w i t h development of both resources i n an e f f i c i e n t 
manner without endangerment or undue inconvenience to the 
other. I am convinced t h i s can be done, but i t may take some 
time. We hope t h i s committee can complete i t s work i n about a 
year. 

•tier l'?"/!!-/) «tf««^«e<. 
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I perceive a strong need f o r a serious and sincere 
cross-exchange of inf o r m a t i o n and mutual education of how each 
of the two i n d u s t r i e s operates and under what c o n d i t i o n s . At 
lea s t one v i s i t t o a mine i s considered h i g h l y d e s i r a b l e . 
Probably at l e a s t one v i s i t t o a d r i l l i n g r i g ( i f one can be 
found), and/or t o producing w e l l s may be h e l p f u l . Suggestions 
are requested f o r other f i e l d t r i p s , l e c t u r e s , t r a i n i n g aids 
or other means which can be u t i l i z e d t o c r o s s - p o l l i n a t e the 
committee members t o prepare each of us t o understand both 
sides of the apparent c o n f l i c t of m u l t i p l e use of lands and 
m u l t i p l e development of resources. I would hope any member of 
the committee who i s u n w i l l i n g t o t r y t o understand the 
p o s i t i o n of the other side would excuse himself from the 
committee. The mutual education w i l l c o n s t i t u t e Phase I of 
the committee program. 

I would suggest t h a t Phase I I involve a d e t a i l e d i n v e s t i g a t i o n 
of e x i s t i n g mining operations and proposed f u t u r e operations 
as w e l l as e x i s t i n g o i l and gas operations, estimated l i f e , 
c o n s t r u c t i o n and safety features of o i l and gas w e l l s . 

Phase I I I should then be the e f f o r t t o revise Rule R - l l l so as 
to meet the u l t i m a t e o b j e c t i v e - the embodiment i n t o r u l e s of 
the means of developing both resources without endangerment of 
l i v e s or resources and without undue i n t e r f e r e n c e , one w i t h 
the other. 

I commend you f o r v o l u n t e e r i n g your time and look forward t o 
working w i t h you i n t h i s e f f o r t . I am confident each of us 
w i l l b e n e f i t personally from the e f f o r t and w i l l serve h i s 
respective i n d u s t r y w e l l by assuring safe, continued 
development of our n a t u r a l resources. We have a l l accepted a 
major challenge and I am confident we can meet t h a t challenge. 

Our i n i t i a l meeting w i l l be held i n the OCD Conference Room, 
2nd f l o o r of the State Land O f f i c e B u i l d i n g , Old Santa Fe 
T r a i l , Santa Fe, at 9:00 a.m. May 29. A copy of Order No. 
R - l l l - A i s attached f o r your info r m a t i o n and review. Please 
read t h i s r u l e before the meeting. 

May 2, 1986 
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POTASH STUDY COMMITTEE 

NAME REPRESENTING ADDRESS 

^ J . C. Allen 

"George R. S. Buehler 

Frank Condon 

James L. Cromer 

Randall L. Foote 

<Joe. Gant, Sr. 

—Batty-GiWeft-

-̂Dan Girand 

Jinuny D. Hall 

<Jeris Hansen 

Charles C. High, Jr. 

"W. Tom Kellahin 

^•Robert E. Kir by 

Robert N. Kreul 

./Robert H. La*e 

Robert S. Light 

-~B. L. Midgley 

^David L. Motlock 

'-James Olsen 

W. Parrish 

-Steve R-ewt-end 

/L. John Seeman 

-Walter Thaver 

Amoco Production Co. 

Anadarko Petroleum Corp. 

Noranda Minerals 

Exxon D r i l l i n g 

Mississippi Chemical Corp. 

Ci . -
Citizen - pro se 

nmjUCrrp. 

HEYCO 

Steelworkers Local 

Bass Enterprises Prod. Co. 

Attorney, pro se 

""Attorney, pro-se 

Amax Chemical Corp. 

Lundberg Industries, Ltd. 

New Mexico Potash 

N.M. State Representative 

Western AG-Minerals Co. 

Tenneco O i l Co. 

B.L.M. - NM 921 

ST. dep re ie,^~',-r : • --
International Minerals & 
Chem. Corp. 

Bass Enterprises Prod. Co. 

Texaco USA 

International Minerals & 
Chem. Corp. 

Box 3092, Houston Tx. 77253 

Box 2497, Midland, Tx. 79702 

Box 159, L i t h i a , F l . 33547 

Box 10488, Midland, Tx. 79702 

Box 101, Carlsbad, N.M. 88220 

«C&-QrchaEd' Lane, Carlsbad, N.M. 88220 

£eje-̂ ?T--Mi*raTTd7''TxV- 79702 

Box 1933, Roswell, N.M. 88201 

804 Solana, Carlsbad, N.M. 88220 

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

300 Catron, S«WM« T> J M M. ftisir|_ 

Cv-*. ^ '? ,. -~- V- '• - i ""• 
Fox 2265, Santa Fe, N.M. 87504 

Box 279, Carlsbad, N.M. 88220 

Box 31, Carlsbad, N.M. 88220 

Box 610, desd»g£d, N.M. 382$ 

Box 1658, Carlsbad, N.M. 88220 

Box 511, Carlsbad, N.M. 88220 t^t-Ktr-,-

7990 IH 10 West, San Antonio, Tx. 78230 

Box 1449, Santa Fe, N.M. 87504 

Box 71, Carlsbad, N.M. 88220 -V.r-

Q 

Box 276#, Midland, Tx. 79702 

Box 728, Hobbs, N.M. 88240 

Box 71, Carlsbad, N.M. 88220 



^ k l Springer 

y Warren I ra^eek 

J. M. or J. B. Waid 

Jae J. Walker 

'•^Marvin Watts 

Victor T. Lyon 

Information and Mailing 

D. S. Nutter 

James T. Wakefield 

Yates Petroleum 

Western AG-Minerals Co. 

Talisman Energy Corp. 

Amax Chemical Corp. 

N.M. State rijfpVujjuil^ll'Ja 

N.M.O.C.D. 

Consultant 

Kaiser-Francis Oil Co. 

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 

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

Box 21468, Tulsa, Ok. 71421 



POTASH - OIL STUDY COMMITTEE 

Agenda f o r May 29, 198 6 Meeting 

1. Greeting and i n t r o d u c t o r y remarks by D i r e c t o r 

2. I n t r o d u c t i o n of members 

3. Purpose of Rule R - l l l 

4. Area covered by Rule R - l l l 

5. Secretary's Potash enclave 

6. Perceived areas of c o n f l i c t between o i l and gas 
ex p l o r a t i o n and production versus potash mining. 

7. Discussion of ways t o get on same wave-length 

a. f i e l d t r i p s t o l e a r n of each side's operations and 

con d i t i o n s 

b. seminars or guest l e c t u r e r s t o advise of 

(1) mine safety 

(2) mining techniques 
(3) process, t i m i n g and a r e a l extent of subsidence 

f o l l o w i n g mining operation 

(4) o i l / g a s w e l l d r i l l i n g techniques 

(5) o i l / g a s w e l l hazards and safeguards 

(6) o i l / g a s w e l l producing l i f e 

(7) other 

8. Other items t o be discussed 

9. Set date f o r next meeting or a c t i v i t y 

( C V, 
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MEMORANDUM 

TO: POTASH-OIL STUDY COMMITTEE 

FROM: VICTOR T. LYON, CHAIRMAN 

Let's t r y i t one more time! Our back-up date of 
August 21 didn't q u i t e f i t e i t h e r . Our meeting f o r 
mutual education i s rescheduled f o r September 25-26 i n 
Santa Fe. Let's a l l t r y to make t h i s one f l y ! I f you 
have a problem w i t h i t , please l e t me know. 

Meeting at same time, same place, only the date has 
changed. 
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G O V E R N O R 

TO: POTASH-OIL STUDY COMMITTEE 

RE: MEETING DATE CHANGE 

I have been advised that the selected date f o r our meeting 
coincides w i t h the Indian Market, an annual event i n 
Santa Fe. I was aware of that fact and thought i t might 
enhance the meeting w i t h an e x t r a - c u r r i c u l a r a c t i v i t y . 
I was not aware, however, that every room i n Santa Fe has 
been booked for months on that date. 

I t seems necessary, t h e r e f o r e , to reschedule our meeting to 
August 21-22, same time, same place. Unless there i s a 
serious c o n f l i c t , we hope to see you i n Santa Fe August 21. 

Yours very t r u l y , 

VICTOR T. LYON, 
Chai rman 
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POTASH-OIL STUDY COMMITTEE 
(address l i s t attached) 

A meeting f o r our mutual education seminar, by consensus of 
the r epresentatives of the two i n d u s t r i e s , i s hereby c a l l e d 
f o r 9:00 a.m. August 14 i n the Land O f f i c e B u i l d i n g i n 
Santa Fe. An o u t l i n e f o r each i n d u s t r y i s attached. I f 
necessary we w i l l continue the session on August 15. 

I t i s hoped that a l l members w i l l be able to attend. I f a 
serious c o n f l i c t i s caused by t h i s schedule, please l e t me 
know and we wi11 t r y to make other arrangements. 

The t e n t a t i v e schedule i s to have the potash p r e s e n t a t i o n 
f i r s t , f ollowed by the o i l and gas program. We w i l l then 
t r y to set a schedule f o r f i e l d t r i p to mine(s) and 
d r i l l i n g w e l l ( s ) . 

This i s a departure from the schedule we discussed at our 
i n i t i a l meeting, p r i m a r i l y because of concern that seminars 
and f i e l d t r i p s would take v i r t u a l l y a f u l l week, which 
many of us can i l l - a f f o r d , w i t h the press of business being 
what i t i s . August i s a busy time i n Santa Fe and you are 
urged to make reservations r i g h t away. 

We are looking forward to our meeting and w i l l be happy to 
help anybody i n any way we can to make i t an enjoyable and 
educational experience. 

Yours very t r u l y , 

VICTOR T. LYON, 
Chairman 

VTL/dr 
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POTASH STUDY COMMITTEE 

MaiHrig L i s t 

NAME 

J. C. Allen 

George R. S. Buehler 

Frank Condon 

James L. Cromer 

Randall L. Foote 

Joe Gant 

Dan Girand 

Jimoy D. Hall 

Jens Hansen 

Charles C. High, Jr. 

George Hover 

W. Tom 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 

REPRESENTING 

Amoco Production Co. 

Anadarko Petroleum Corp. 

Noranda Minerals 

Exxon DriUing 

Mississippi Chemical Corp. 

Chamber of Conmerce 
Government Affairs Comn. 

HEYCO 

Steelvrorkers Local 

Bass Enterprises Prod. Co. 

Attorney, pro se 

Enron Oil & Gas 

Attorney 

N. M. Oil & Gas Attorney 

Amax Chemical Corp. 

Lundberg Industries, Ltd. 

New Mexico Potash 

N.M. State Representative 

Western AG-Minerals Co. 

Tenneco Oil Co. 

B.L.M. - NM 921 

St. Representative 

International Minerals & 
Chem. Corp. 

ADDRESS 

Box 3092, Houston Tx. 77253 

Box 2497, Midland, Tx. 79702 

Box 159, Uthia, 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, N.M. 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 m 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 Puling 

L. John Seeman 

Walter Thayer 

Al Springer 

Warren Traweek 

J. M. or J. B. Waid 

Jae J. Walker 

Marvin Watts 

Victor T. Lyon 

Les Clements 

Information and Mailing 

D. S. Nutter 

James T. Wakefield 

Jerry Sexton 
88240 

Bass Enterprises Prod. Co. 

Texaco USA 

International Minerals & 
Chem. 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. 

Consultant 

Kaiser-Francis Oil Co. 

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 

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

Box 21468, Tulsa, Ok. 71421 

P. 0. Box 1980, Hobbs, New Mexico 



OUTLINE OF PRESENTATION 

DRILLING AN OIL AND GAS WELL IN THE POTASH-OIL 
AREA OF NEW MEXICO 

I . PLANNING THE WELL 

A. The subsurface target 

1. Southeast New Mexico geological section for 
o i l and gas 

2. Lithology of the Salt Section containing the 
potash beds 

B. Choosing the surface location 

1. Potash presence and mining a c t i v i t y 
i n the area 

2. Straight or di r e c t i o n a l hole considerations 

C. Permits, Notices, Regulations, R - l l l - A 
Requirements, Contingency Plans 

I I . DRILLING THE WELL 

A. Moving in the r i g and making ready to d r i l l 

B. D r i l l i n g the Surface Hole 

1. Well control procedures for surface hole 
2. D r i l l i n g operations and d r i l l i n g f l u i d 

considerations 
3. Selection of casing point 
4. Running and cementing the casing s t r i n g ; 

t e s t i n g casing upon d r i l l i n g out 
5. Safety considerations and procedures 

C. D r i l l i n g the Salt Section* 

D. D r i l l i n g the Intermediate Hole Section* 

E. D r i l l i n g to Total Planned Depth* 

F. Logging; securing the well and moving out the r i g 

*UNDER ITEMS I I . C, D, E, a discussion of the same steps as 
outlined i n I I . B 1.-5. w i l l be conducted with respect to 
each section of the hole. 
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I I I . WELL COMPLETION 

A. Moving i n the completion r i g ; well control 
procedures 

B. Perforating and testing 
C. Stimulation: acidizing and/or f r a c t u r i n g 
D. Testing the well for production 

IV. PRODUCING THE WELL 

A. Daily well production monitoring (volumes, 
pressures, etc.) 

B. Workover or restimulation operations 
C. Tubular i n t e g r i t y over time 
D. Disposal of produced water 

V. PLUGGING AND ABANDONMENT 

A. Salvaging the tubulars (tubing and casing) 
B. Cementing procedures and tests 
C. Effectiveness of plugging operation i n 

protecting potash zone 

1. Cement plug across potash zone with no 
casing i n hole 

2. Cement plug i n casing where casing across 
potash zone cannot be pulled 

VI. ADEQUACY OF RULE R - l l l - A 

A. Procedural considerations 
B. Technical considerations 

/ D Vl 



OUTLINE OF POTASH INDUSTRY'S POSITION 
ON ISSUES~RAISED BY MULTIPLE USE~0"F THE POTASH ENCLAVE 

A • Introduction 

1. Origin of Potash, deposition characteristics 
2. How potash is found, mined and processed 
3. Principal products and uses 

B• Safety of Miners 

1. Characteristics of hydrogen sul f i d e and methane gas 
2. Hazards of hydrogen sulfide and methane gas i n 

underground mines 
3. History of nat u r a l l y occurring hydrogen sulfide 

and methane gas i n the Potash Basin 

a. Minute amounts 
b. High nitrogen concentrations 

4. Mine v e n t i l a t i o n systems and the current lack of 
hydrogen sul f i d e and methane hazards 

C. Hazards Created by Oi l and Gas A c t i v i t i e s 

1. Introduction of hydrogen sul f i d e and methane gas 
into layered deposits 

a. Geology of Potash Basin 
b. Gas migration 

Oil and gas accidents 

a. History of o i l and gas accidents 
b. History of o i l and gas accidents in the 

Potash Basin 

3. Washington Ranch gas migration incident 
4. IMC's experience with grouting at No. 5 shaft 

D. Effect of Hazards from Oil and Gas A c t i v i t i e s on 
Potash Industry ~~ 

1. Mine Safety and Health standards, attitudes and 
regulati ons 

2. Mine plans and actual practice 
3. Permanency of impact 
4. Destruction of mine assets 
5. Risk and l i a b i l i t y to Potash Industry with 

benefit to Oil and Gas Industry 



Factors that Must be Considered to Address Hazards 

1. Increased use of state of the art d i r e c t i o n a l 
d r i l l i n g technology 

2. I d e n t i f i c a t i o n of ore bodies and barren areas 
3. Subsidence 
4. Studies on the migration of hydrogen sul f i d e and 

methane gas to determine spacing between 
mining and o i l and gas a c t i v i t i e s 

5. Increased cooperation between the OCC and BLM 
6. I d e n t i f i c a t i o n , control and r e s p o n s i b i l i t y for 

the release of hydrogen sulfide and 
methane gas 

7. Increased cooperation between the Industries 
to ensure that a l l development a c t i v i t i e s 
are performed i n a manner that miners are 
not endangered. 

8. Adequacy of e x i s t i n g regulations to ensure the 
safety of miners 

Summary 



STATE OF NEW MEXICO 

ENERGY AND MINERALS DEPARTMENT 
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GOVERNOR STATE U N O OFFICE BUILDING 
SANTA FE. NEW MEXICO 87501 

(505) 327-5800 

TC: MEMBERS OF POTASH-OIL STUDY COMMITTEE 

FROM: VICTOR T. LYON, CHAIRMAN 

SUBJECT: FIELD TRIP TO POTASH MINES 

We have scheduled a f i e l d t r i p to observe potash operations, 
both on the surface and underground. The event i s to take 
place November 13 and 14 beginning at 6:45 a.m. i n Carlsbad. 
An i t i n e r a r y of the t r i p i s attached. Also attached is a 
copy of the minutes of our September 25-26 meeting. 

We hope you can j o i n us on what promises to be a very 
e x c i t i n g and educational experience! 

For those coming from out-of-town, you may wish to stay 
Wednesday night i n Carlsbad. I t would be very h e l p f u l i f we 
could a l l stay at the same place and the others meet at that 
place to t r a v e l to the mine together. 

Mr. Gant e a r l i e r o f f e r e d to make reservations for the group 
and I have asked that he do that f o r us. Also the mining 
group would l i k e a "hard" head-count of the to u r i n g group by 
Monday, November 10 so they can make the necessary 
arrangements. Please c a l l me before 3:30 p.m. Monday and 
give me your name or names and I w i l l t e l l you where we w i l l 
be staying. 

We hope to v i s i t a d r i l l i n g r i g Thursday afternoon and v i s i t 
the Tech school at Roswell Friday afternoon so we are looking 
at two f u l l days i f a l l f i t s together. 

See you Thursdaj' morning i n Carlsbad. 



TOUR 1 

A«y Mondoy ond Tuesday or Thursday and Friday 

DAY 1 

7:30 a.m Travel te JMC 
8:40 a .m* ^ P * & Talk 
9 : ! 0 a . m " Safety & Outf i t t ing 
9:30 a . m " W e l to Shaft 

-HTf36a.m' M.ne Tour 
' Z . . . H ^ a . m . ' /roveJ to Off ice 

» * f - W « p . m . ^ r f a c e T o u r 
2:30 p . m . W e ' to Town e r + > j , ; , , , 

Carlsbad o<- <*\ « 

DAY 2 

7 :15a .m. T , 
8:00 a.m T r a v e ' ' ° Lundberg 

] 7 . 3 n " Mine Tour J I . J U a.m , -r . 
] 2 . 15 p m

 l r a v e l to Town 
C a r , s b a d or fe^Akr^ 



r.'INUTES OF SEPTEMBER 25, 1986 
POTASH-OIL STUDY COMMITTEE 

The Committee met at 9:00 a.m. September 25 i n the OCD Santa 
Fe o f f i c e conference room. The Chairman began the meeting 
by reviewing the objectives of t h i s phase; i . e . , to educate 
each other i n our respective areas of operations so that we 
have a reasonable degree of knowledge and understanding of 
both i n d u s t r i e s . I t was emphasized that i t is not expected 
to decide any issues at t h i s meeting and that argumentative 
questions would be discouraged. 

The meeting was turned over to Walt Thayer who made some 
intro d u c t o r y remarks and then turned the stage to Charles 
High who passed out a bound c o l l e c t i o n of a r t i c l e s and 
information on potash mining. A f i l m was shown on potash 
and mining and then a fu r t h e r presentation g i v i n g a rather 
complete d e s c r i p t i o n of potash deposition, evaluation, 
mining and processing was delivered by Mr. High. 

Questions were f i e l d e d during the presentation and f o l l o w i n g 
the formal presentation a question-answer session followed 
u n t i l the lunch break. A l l questions were di r e c t e d for 
c l a r i f i c a t i o n and information to improve understanding of 
the potash s i t u a t i o n . A l l questions were answered candidly 
and as completely as time r e s t r a i n t s would allow. 

Following lunch John Waid made intr o d u c t o r y remarks and 
turned the f l o o r over to Norbert Rempe who described the 
exploratory techniques for f i n d i n g o i l and gas prospects, 
the general geology of the area, the bases on which a 
d r i l l i n g prospect is chosen and the means of detecting 
presence of o i l and gas while d r i l l i n g a prospect. 

A.J. Deans described step-by-step the procedure of d r i l l i n g 
a w e l l , beginning w i t h s i t e preparation, the well plan, 
moving i n the r i g and set-up of equipment. The d r i l l i n g 
process, s e t t i n g and cementing of casing, the t e s t i n g to 
assure mechanical i n t e g r i t y of each s t r i n g of casing and 
means of p r o t e c t i n g fresh water, s a l t and potash zones, as 
well as sh u t t i n g o f f water flows and otherwise preventing 
flow of any f l u i d s i n t o the well bore were described. The 
use of mud, i t s c h a r a c t e r i s t i c s and purposes and the use of 
blow-out preventers, how they work and how they operate were 
cove red. 

George Euehler gave a thorough d e s c r i p t i o n of the well 
evaluation process from data gathered during d r i l l i n g , the 

/ & v5 



running of logs, d r i l l - s t e m tests and other information. 
The opening of the prospective formation by p e r f o r a t i n g or 
open hole techniques and the s t i m u l a t i o n of the formation 
were discussed. 

The meeting recessed at 5:10 and re-convened at 9:00 a.m. on 
the 26th. 

Buehler continued his presentation by describing the t e s t i n g 
and placing on production, the surface equipment used for a 
producing property, measurement, on-site treatment and 
d i s p o s i t i o n of produced f l u i d s . George also discussed 
common problems and remedial measures i n producing and 
s e l l i n g the hydrocarbons and properly disposing of water and 
other wastes, a l l of which r e s u l t i n a p r o f i t , h opefully. 

Questions were answered as f u l l y as possible. 

The Chairman commended the group f or the presentations, the 
o b j e c t i v i t y of the questions, the candor i n answering 
questions and the o v e r - a l l cooperative a t t i t u d e of both 
groups. 

A short discussion for scheduling a f i e l d t r i p r e s u l t e d i n 
the potash group volunteering to design an appropriate tour 
and to provide the Chairman the d e t a i l s f o r approval by the 
commi 11 ee. 

The meeting adjourned at 11:30 a.m. 

Respectfully submitted, 

VICTOR T. LYON, 
Chai rman 
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STATE OF NEW MEXICO 

ENERGY AND MINERALS DEPARTMENT 
OIL CONSERVATION DIVISION 

GARREY CARRUTHERS POST OFFICE BOX 908FJ 
STATE LAND OFFICE BJLOIMG 

SANTA FE, NEW MEXICO B75D1 
1505) 827-5S0Q 

FROM: 

TO: POTASH-OIL STUDY COMMITTEE 

VICTOR T. LYON /A/$S~) 

Now t h a t we have a new D i r e c t o r of the OCD and have been given 
the green l i g h t t o resume our committee a c t i v i t y , i t seems 
appropriate t o pic k up where we l e f t o f f . 

We s t a r t e d v/ith a short session t o organize and chart our 
course. We then had a long (2 days) session of " s k u l l 
p r a c t i c e " where each i n d u s t r y attempted t o educate the other 
as to what, how, why, when and where we do what i s necessary 
to conduct our respective businesses. F i n a l l y we spent two 
days i n the Carlsbad Area t o u r i n g two potash mines; a potash 
r e f i n e r y ( i f t h a t i s the proper term) where ore i s processed 
f o r conversion t o commercial products; a d r i l l i n g r i g and the 
Petroleum Technology school a t Roswell. 

The representatives of the two i n d u s t r i e s have i n d i c a t e d we 
have educated ourselves and come to know each other t o the 
extent t h a t we may now proceed t o discuss d e f i c i e n c i e s of 
Order R - l l l - A and t o amend the order t o make i t a b e t t e r t o o l 
to f u l l y p r o t e c t potash resources, mines and personnel and 
also explore f o r and develop o i l and gas resources. 

I am ther e f o r e c a l l i n g a meeting of our committee f o r March 
19-20, i n the OCD Conference Room i n Santa Fe beginning at 
9:00 a.m. March 19. I ask t h a t each of you again study Order 
R - l l l - A and note wherein t h a t order i s , or may be, d e f i c i e n t 
i n p r o t e c t i n g potash resources, e i t h e r through f a i l u r e t o 
consider l e g i t i m a t e concerns, or where i t i s obsolescent i n 
view of technology developed since the o r i g i n a l order was 
w r i t t e n . We w i l l consider those points and then s t r i v e to 
address them by changes i n the order. 

I f the dates present serious problems to you, l e t me know and 
I w i l l look f o r a l t e r n a t i v e dates. 

February 19, 1987 

dr/ 
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MINUTES 
OIL-POTASH STUDY COMMITTEE MEETING 

March 19, 198 7 

The Committee convened at the OCD o f f i c e i n Santa Fe at 9:00 
a.m. March 19, 1987. Attendance l i s t i s attached. B i l l 
LeMay, the new D i r e c t o r of OCD, was introduced and made b r i e f 
remarks supporting the c o n t i n u a t i o n and o b j e c t i v e s of the 
Commi t tee. 

Charles High, speaking f o r the potash i n d u s t r y recommended we 
set a timetable to develop the conclusions and recommended 
r e v i s i o n to Order No. R - l l l - A at an e a r l y date. There was no 
dissent to that p o s i t i o n . 

Upon the Chairman's request f o r suggestions of d e f i c i e n c i e s 
or areas of possible improvement of the e x i s t i n g order, Mr. 
High was recognized and presented a l i s t aided by viewgraph 
p r o j e c t i o n s . I n summary these were: 

1. Provisions f o r s a f e t y of miners 
2. S e l e c t i o n of s u i t a b l e d r i l l i n g l o c a t i o n s 

(outside of commercial potash d e p o s i t s ) . 
3. Oil/gas operator r e s p o n s i b i l i t y f o r gas 

release i n t o mines. 
4. I d e n t i f i c a t i o n of ore-bearing versus barren areas. 
5. B e t t e r w e l l casing programs. 
6. Usage of d i r e c t i o n a l d r i l l i n g . 
7. Uniform r u l e s / r e g u l a t i o n s f o r st a t e and fed e r a l 

lands, etc. 
8. Reporting and enforcement p o l i c y regarding mishaps 

i n connection w i t h o i l / g a s d r i l l i n g and production 
i n potash area. 

9. Improved review procedure p r i o r to f i l i n g 
a p p l i c a t i o n to d r i l l i n potash area. 

The o i l / g a s representatives spoke of the adequacy of casing 
requirements i n the present r u l e s , and a perceived paranoid 
a t t i t u d e by the miners about gas from w e l l s . There was 
act i v e discussion of the respective concerns which a p t l y 
demonstrated the need f o r intense examination of f a c t o r s 
leading to disagreement between the two i n d u s t r i e s . 

I t was agreed the two i n d u s t r y chairmen would advise the 
committee chairman by March 27 the names of three i n d i v i d u a l s 
from each i n d u s t r y to serve on the work committee. The work 



committee w i l l meet on a day d u r i n g the week of A p r i l . 6-10, 
i f at a l l p o s s i b l e , at a l o c a t i o n to be selected other than 
Santa Fe. 

I t was requested that the members of the work committee be 
able to devote a s i g n i f i c a n t amount of time i n the next 60 
days so as to b r i n g a report to the o v e r a l l committee as soon 
as p o s s i b l e . Following acceptance by the study committee, a 
hearing can be scheduled before the OCC, h o p e f u l l y before end 
of summer. 

The Chairman was requested to moderate the work committee 
meetings and i t was also suggested the BLM and Minerals & 
Mining D i v i s i o n be o f f e r e d r e p r e s e n t a t i o n . These requests 
w i l l be honored. 

The Chairman thanked the members f o r t h e i r attendance and 
p a r t i c i p a t i o n . Congratulations were extended to Walt Thayer 
upon being n o t i f i e d d u r i n g the meeting of h i s becoming 
grandfather to a 6 l b . 15 oz. boy. 

The meeting adjourned at 11:00 a.m. 

Respect f u i l y submi t ted, 

VICTOR T. LYON, 
Chai rman 

VTL/dr 

/ <3 
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STATE OF NEW MEXICO 

ENERGY AND MINERALS DEPARTMENT 
OIL CONSERVATION DIVISION 

GARREY CARRUTHERS 
GOVERNOR 

MEMORANDUM 

POST OFFICE BOX 30B8 
STATE LAND OFFICE BUILDING 

SANTA FE. NEW MEXICO 87501 
(505) 827-5BDO 

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 INC. 

JOHN VVAID, TALISMAN ENERGY 
NORBERT REMPE, ( A l t e r n a t e ) , YATES 

FROM: 

SUBJECT: 

DATE: 

VICTOR T. LYON J / ] / 

POTASH-OIL WORK COMMITTEE MEETING 

APRIL 20, 198 7 

You have been selected by your i n d u s t r y peers to serve on the work 
committee which has been asked to t a i l o r Order R - l l l - A e t ^ seq. to 
today's needs and technology. I t has been requested to have the 
meetings on n e u t r a l ground other than Santa Fe, which i s 
convenient only to state and federal employees located there. 
Consequently, we have selected El Paso to be the s i t e of our f i r s t 
meeting and 9:00 a.m; A p r i l 30-May 1 as the time and date. The 
l o c a t i o n i s Charlie High's o f f i c e i n MBank Plaza, Corner of Kansas 
and M i l l s S t r e e t s , downtown El Paso. Nearby hotels are Westin 
(1-800-228-3000) and Sheraton (915-533-8241). 

Potash representatives have suggested a wide range of a d d i t i o n a l 
aspects to be considered f o r i n c l u s i o n i n the amended, or 
superceding order, i n c l u d i n g i d e n t i c a l , or more compatible, 
pro v i s i o n s w i t h the federal r u l e s now under r e v i s i o n . I do not 
intend to dismiss any suggestion out-of-hand that does not 
c o n f l i c t w i t h the a u t h o r i t y or l i m i t a t i o n s thereof, of the Energy 
and Minerals Department. 

I am i n v i t i n g , and hope to have rep r e s e n t a t i o n 
Land Management and State Mining and Minerals 
meetings. We have reduced t h i s committee to 
need the input of each member. Please t r y to 

from U.S. Bureau of 
Di v i si (in , a t our 

working size and we 
be present. 

cc: E r l i n g Brostuen, MMD 
Jim Olson, BLM 
Les Clements, OCD 



STATE OF NEW MEXICO 

ENERGY AND MINERALS DEPARTMENT 
OIL CONSERVATION DIVISION 

GARREY CARRUTHERS 
GOVERNOR 

COST nrrirp r?nx - nm 
STAIF [AND (11 riCC ruiLUING 

SANTA FE, NEWMEXICO B7501 
(505) B27-580O 

MEMORANDUM 

TO: V/. J. LEMAY, DIRECTOR 

FROM: V. T. LYON, CHIEF PETROLEUM ENGINEER 

SUBJECT: FIRST MEETING OF OIL-POTASH WORK COMMITTEE 

The meeting was held i n Charley High's o f f i c e i n El Paso at 
9:00 a.m. A p r i l 3 0 and May 1. In a d d i t i o n to the i n d u s t r y 
r e p r e s e n t a t i v e s , E r l i n g Brostuen, Fran Cherry and I , as 
Chairman, attended. The potash representatives presented a 
f a i r l y d e t a i l e d r e - d r a f t of Rule R - l l l - A , as a basis f o r 
discussion. I t r e a l l y was a f a i r l y reasonable proposal viewed 
i n comparison to the secretary's order of 1986 . Some items 
were excessively p r o t e c t i v e of potash i n my view. 

A f t e r p r e l i m i n a r y discussion on the potash proposal the o i l 
i n d u s t r y reps asked to be permitted to study i t overnight and 
present comments Friday morning. 

In reconvening at 8:00 a.m. Friday morning the o i l reps st a t e d 
they agreed that the secretary's enclave and R - l l l should be 
coextensive to avoid confusion. They also agreed that we 
should s t r i v e to have consistent p o l i c i e s f o r admin i s t e r i n g the 
potash area under st a t e and federal agencies. They are 
s a t i s f i e d w i t h R - l l l i n i t s present form ( w i t h the area changed 
to coincide w i t h the potash enclave) and do not wish to make 
other changes. 

I requested they present the potash plan to the f u l l o i l and 
gas delegation and make acceptable m o d i f i c a t i o n s or an 
a l t e r n a t i v e proposal at our next meeting. They agreed to do 
t h i s and estimated they would be prepared f or the second 
meeting approximately June 1. The meeting adjourned before 
lunch Friday. 

May 4, 198 7 

dr/ 



STATE OF NEW MEXICO 

ENERGY AND MINERALS DEPARTMENT 
on CONSERVATION Division 

GARREY CARRUTHERS 
GOVEFNOR 

MEMORArlDUM 

TO: CHARLES IT I Oil, ATTORNEY 
WALT THAYER, IMC. 
ROBERT LANE, N.M. POTASH 
RANDY FOOTE, ( A l t e r n a t e ) , MISS. CHEM. 
JENS HANSEN, BASS ENTERPRISES 
A. J . DEANS , IIEYCO INC. 
JOHN WAID, TALISMAN ENERGY 
NORBERT REMPE, ( A l t e r n a t e ) , YATES 

A meeting of the committee i s hereby c a l l e d for July 23 and 24. 
We w i l l convene at 9:00 a.m. i n the conference room i n Charlie 
High's law f i r m , Kemp, Smith, Duncan & Hammond, i n MBank Plaza, 
Corner of Kansas and M i l l s S t r e e t , downtown El Paso. The o i l 
group has developed a proposal f o r considerat ion by the 
committee which we w i l l review w i t h any other ideas that may be 
set f o r t h . 

Your presence i s needed. Please attend i f at a l l possible. 

cc: E r l i n g Brostuen, MMD 
Jim Olsen, BLM, Santa Fe 
Fran Cherry, BLM, Roswell 
Les Clements, OCD, A r t e s i a 

FROM: VICTOR T. LYON 

SUBJECT: POTASH-OIL WORK COMMITTEE MEETING 

DATE: JULY 13, 1987 

dr / 

/ - J ' / 



STA1E Or NFW MFXICO 

ENERGY ANn MINERALS DEPARTMENT 
• IL CONSERVAI ION DIVISION 

GARREY CARRUTHERS POST OFFICE BOX ;?08P 
STATE LAND OFFICE BUILDING 

SANTA FE. NEWMEXICO 97501 
!505) 827-5800 

GOVERNOR 

MEMORANDUM 

TO: WILLIAM J. LeMAY, DIRECTOR 

FROM: VICTOR T. LYON, CHIEF PETROLEUM ENGINEER 

SUBJECT: POTASH - OIL & GAS WORK COMMITTEE 

The committee convened i n Charlie High's law f i r m conference 
room i n El Paso at 9:00 a.m. July 23, 1987. The attendance l i s t 
i s attached. The chairman reviewed the previous meeting where 
the potash proposal was discussed and then asked the o i l and gas 
group to present t h e i r proposal. 

Preliminary to the proposal, Larry Brooks presented a summary of 
his research on the question of m i g r a t i o n i n the greater s a l t 
s e c t ion. Larry had reviewed studies i n connection w i t h the WIPP 
s i t e conducted by various agencies. The conclusion was that 
during the orogeny c r e a t i n g the various traps i n the Permian 
basin some f r a c t u r i n g was induced i n the s a l t p e r m i t t i n g some 
s l i g h t m i g r a t i o n of o i l i n t o the massive s a l t section where i t 
l i e s p r i m a r i l y i n a dead s t a t e . As to p e r m e a b i l i t y of the 
undisturbed s a l t and the mud seams there i s v i r t u a l l y none. 
Where mining occurs, stresses induced by removal of s a l t and 
potash may create p e r m e a b i l i t y p e r m i t t i n g flow of trapped gas. 
These gases are p r i m a r i l y n i t r o g e n and other i n e r t gases. 

The degree of m i g r a t i o n from some t h e o r e t i c a l leak i n an o i l or 
gas w e l l i s s t i l l i n considerable dispute by the two sides. 
Primary concern seems to ar i s e from high pressure gas r u p t u r i n g 
the s a l t s t r i n g of casing, inducing f r a c t u r e s i n the s a l t and 
p e r m i t t i n g entry i n t o the mine. 

The o i l and gas proposal i s attached. I t contemplates v e r t i c a l 
or d i r e c t i o n a l d r i l l i n g at distances from mining or mined out 
areas which the o i l and gas representatives consider to be safe, 
which i s 200 f e e t . 

I t was agreed the potash enclave map should be revised to expand 
or contract the commercial area based on a d d i t i o n a l data and 
that Order R - l l l should be adjusted to be coextensive t h e r e w i t h . 



The potash people revealed that there are many areas i n the 
commercial potash area i n d i c a t e d on the potash enclave map that 
are not considered to be commercially mineable and that d r i l l i n g 
of w e l l s i n such areas would not be protested. 

The group agreed to accept that w e l l s can be d i r e c t i o n a l l y 
d r i l l e d to formations below the Delaware to displace the 
bottom-hole l o c a t i o n 3/4 mile from the surface l o c a t i o n s . The 
potash people stated that most of the blue areas on the potash 
map can be reached by such d i r e c t i o n a l w e l l s d r i l l e d from non
commercial ore s i t e s . 

While the potash people w i l l not agree to i d e n t i f y the 
" d r i l l a b l e blue" areas i n a p u b l i c record they may be w i l l i n g to 
divulge t h i s to BLM and OCD on a c o n f i d e n t i a l basis. Such 
r e v e l a t i o n w i l l probably preclude the establishment of d r i l l i n g 
islands and w i l l permit v e r t i c a l d r i l l i n g f o r most o i l and gas 
prospects. 

The o i l and gas representatives stated the formation of u n i t s to 
protec t c o r r e l a t i v e r i g h t s of lessees under u n d r i l l a b l e 
locations would be required. The BLM representative and I 
agreed our agencies would cooperate by approving such u n i t s but 
pointed out we d i d not have a u t h o r i t y to s t a t u t o r i l y u n i t i z e 
such u n i t s . 

Charlie High sta t e d he would prepare a new d r a f t i n c o r p o r a t i n g 
the areas of agreement and would mail i t to the members during 
the week of August 10. We would attempt to meet again the week 
of August 17, again i n El Paso. The respective groups w i l l 
f u r n i s h copies to those members of the larger committee and seek 
t h e i r approval and/or comments p r i o r to the meeting. 

I t looks l i k e we may have a breakthrough which can resolve 
nearly a l l questions of d r i l l i n g i f a l l the p a r t i e s wi11 stay 
h i t ched. 

The meeting was recessed Thursday afternoon at about 3:30 for 
the o i l and gas group to adjust t h e i r proposal and reconvened at 
8:30 Friday morning. The agreement was struck about 10:00 a.m. 
and the meeting was thereupon adjourned. 

l-K z. 
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STATE OF NEW MEXICO 

ENERGY, MINERALS AND NATURAL RESOURCES DEPARTMENT 

OIL CONSERVATION DIVISION 

GARREY CARRUTHERS 
GOVERNOR 

POST OFFICE BOX 2Q88 
STATE LAND OFFICE BUILDING 

SANTA FE, NEW MEXICO 87504 
(505) 827-5800 

M E H O R A N D U M 

TO: 

FROM: 

SUBJECT: 

DATE: 

Charles High, Attorney 
Walt Thayer, IMC. 
Robert Lane, N.M. Potash 
Randy Foote, ( A l t e r n a t e ) , Miss. Chem. 
Jens Hansen, Bass Enterprises 
A. J. Deans, Heyco Inc. 
John Waid, Talisman Energy 
Norbert Rempe, ( A l t e r n a t e ) , Yates 

Victor T. Lyon V,^, ^ ^ > 

Potash-Oil Work Committee Meeting 

November 12, 198 7 

A meeting of the committee i s hereby c a l l e d f o r November 
23. We w i l l convene at 9:00 a.m. i n the conference room i n 
Charlie High's law f i r m , Kemp, Smith, Duncan and Hammond, 
i n M Bank Plaza, corner of Kansas and M i l l s S t reets, 
downtown El Paso. We hope to f i n a l i z e the agreement 
attached to Mr. High's l e t t e r dated October 15, 1987 to 
Jens Hansen. 

cc: E r l i n g Brosteun, MMD 
Jim Olsen, BLM, Santa Fe 
Fran Cherry, BLM, Roswell 

VTL/ag 

I L V\ 



STATE OF NEW MEXICO 

ENERGY, MINERALS AND NATURAL RESOURCES DEPARTMENT 
OIL CONSERVATION DIVISION 

GARREY CARRUTHERS 
GOVERNOR 

POST OFFICE BOX 2088 
STATE LAND OFF CE BUILDING 

SANTA FE. NEW MEXICO 97504 
(505) 827-5800 

MEMORANDUM 

TO: ALL DOCKET MAILING LIST 

FROM: WILLIAM J. LEMAY, DIRECTOR 

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

DATE: NOVEMBER 3 0, 1987 

Attached hereto i s an agreement which was executed by members of 
the Potash-Oil and Gas Work Committee i n an attempt to c l a r i f y the 
co-existent r i g h t s of lessees w i t h i n the potash area. This 
agreement culminates an e f f o r t begun on May 1 , 1986 i n which 
representatives of the two i n d u s t r i e s met to gain basic knowledge 
of each i n d u s t r y and document the concerns of each i n d u s t r y brought 
about by the operations of the other. Membership i n t h i s committee 
was open to any operator i n e i t h e r i n d u s t r y . At the conclusion of 
the educational phase, each i n d u s t r y e l ected three representatives 
and an a l t e r n a t e as a work committee to develop a mutually 
agreeable program to permit maximum development of both resources 
w i t h maximum safety f o r both i n d u s t r i e s . The agreement was duly 
completed and signed November 23, 1987. 

The O i l Conservation Commission contemplates a hearing, probably on 
January 21 , 1988 to consider on i t s own motion the amendment of 
Order R - l l l . At t h i s hearing we w i l l e n t e r t a i n comments on: 

1) 

2) 

3) 
4) 

5) 

6) 

the attached agreement which may be p e r t i n e n t to 
the amendment of Order R - l l l ; 

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

the casing-cementing requirements of Order R - l l l - A ; 
d i r e c t i o n a l d r i l l i n g procedures f o r i n c l u s i o n i n the 

order; 
a procedure f o r expanding/contracting the e f f e c t e d 

area by the pool nomenclature procedure rather than 
amendment to Order R - l l l . This would be responsive 
changes i n the KPLA by BLM. 

Revisions to n o t i c e requirements. 

to 

dr/ 



PHILLIPS PETROLEUM COMPANY 
ODESSA, TEXAS 79762 
4001 PEN BROOK 

EXPLORATION AND PRODUCTION GROUP M a r c h 1 , 1 9 8 8 
Permian Basin Region 

Case 9316: Comments Concerning 
Proposed Order No. R-lll-P 

State of New Mexico 
Energy, Minerals and Resources Department 
Oil Conservation Division 
P. 0. Box 2088 
Santa Fe, New Mexico 87504 

Attn: William J. LeMay, Chairman 
Commissioner's Hearings 

Gentlemen: 

Phillips Petroleum Company commends the Oil Conservation Division for holding 
the meetings, discussions, and hearings to adopt good workable rules 
governing the development of both potash and oil and gas resources in the 
potash area of New Mexico. The proposed Order No. R-lll-P is a very good 
step in the elimination of problems between the two industries that has 
existed for many years. Phillips had a representative attend the hearing, 
held February 18, 1988, and had a statement to present based on all the 
material that had been obtained prior to the hearing date. However, after 
seeing the proposed Order No. R-lll-P, which was not distributed prior to the 
hearing, and listening to the testimony presented, our representative elected 
to return the proposed R-lll-P to Phillips Management for further review. We 
now submit these written comments and suggestions for your consideration. 

The proposed Order No. R-lll-P is very well drafted and meets the overall 
objective of the Division in obtaining a set of workable rules in the potash 
area. Our f i r s t area of concern is in Section 111(4) having to do with 
exceptions to Section IV(3). There was quite a bit of discussion concerning 
this paragraph at the hearing, held February 18, 1988, and Phillips 
recommends Section 111(4) be retained to allow alternate casing programs that 
could offer better protection in the salt section. If proper proof is 
presented requesting an exception to this section, i t could eliminate some 
unnecessary expense to the oil and gas industry. I t also provides the 
Division with authoritative control in this matter. 

Section IV(3)(e) - Cementing requirements should be changed to allow 
alternative cementing programs. With the cements and additives being offered 
today, twelve hours is plenty of time to allow cement to stand under 
pressure, before drilling the plug or initiating tests. 

Section VII - Location For Wells 

RtCUVcD 

OIL 
CQHSEWMiGN DIVISION 

Paragraph (1) - This paragraph requires each potash lessee to designate 
the potash deposits on his lease which would be considered "life-of-mine" 
(LMR) reserves as described in the agreement of the Potash-Oil and Gas 



Case 9316: Comments Concerning 
Proposed Order Ko. R-lll-P 
February 29, 1988 
Page 2 

Work Committee dated November 23, 1987. Phillips Petroleum Company 
requests this paragraph be changed. As was brought out in the hearing on 
February 18, 1988, the agreement is binding to no one, not even the people 
who signed i t . The agreement, as signed November 23, 1987, is not 
representative of Phillips Petroleum Company's position in this matter. 
Phillips believes since the agreement is not binding and the Division 
cannot adopt the agreement as written, all references to the agreement 
should be removed from the proposed Order No. R-lll-P. The appropriate 
definitions concerning "1ife-of-mine" reserves should be written directly 
in Order No. R-lll-P when adopted. There could be too many unanswered 
questions raised by only referring to the "agreement" in the final Order. 
Since the agreement is not binding, i t could possibly not demand 
compliance. 

Section VII, paragraph (4) - The provisions of this paragraph was also a main 
topic of discussion at the hearing, held February 18, 1988, and Phillips 
recommends this paragraph be adopted, after the appropriate definition is 
provided for in Section VII, Paragraph (1) as discussed above. This would 
allow for orderly development for oil and gas after notice and hearing, or by 
mutual agreement between the potash and oil and gas industries. The last 
sentence in this paragraph should be changed to reflect the removal of 
references to the "agreement." Again, the agreement is not binding so any 
reference to the agreement should not be in the final adopted Order No. R-
111-P. 

Again, Phillips Petroleum Company commends the Oil Conservation Division in 
their efforts to formulate Order No. R-lll-P and we respectfully request our 
comments and suggested revisions be adopted. If Phillips can be of any 
further assistance in the matter, please contact me at the letterhead address 
or telephone (915) 367-1324. 

LLF/LMS/sdb 
REG/PR08/case9316 

cc: William R. Humphries 
Erling A. Brostuen 
Victor T. Lyon 

Sincerely, 

L. L. Frafrtz, Manager 
Permian Basin Region 



BEFORE THE 

NEW MEXICO OIL CONSERVATION COMMISSION 

DEPARTMENT OF ENERGY AND MINERALS 

IN RE: APPLICATION OF THE 
NEW HEXICO OIL CONSERVATION 
DIVISION TO REVISE, AMEND, Case No. 9 316 
AND RECODIFY ORDER NO. R - l l l , 
AS AMENDED 

COMMENTS OF TEXACO, INC. 

At the request of the Commission, Texaco, Inc. submits these 

comments on the proposed amendments t o Rule R - l l l i n c o n j u n c t i o n 

wi t h the hearing held on the matter on February IB, 1988. 

TEXACO'S POSITION 

At t h e February 18, 19R8 Commission hearing, Texaco had i t s 

f i r s t o p p o r t u n i t y t o review proposed Order R - l l l - P . While we 

b e l i e v e t h a t t he p r e s e n t procedures under Order R - l l l - A (as 

amended) are s u f f i c i e n t t o prevent waste of hvdrocarbon reserves 

and guard a g a i n s t t h e undue waste of potash, Texaco generallv 

s u p p o r t s proposed Order R - l l l - P . However, Texaco s t r o n g l y 

opposes the a d o p t i o n , i n whole or i n p a r t , of the November 23, 

1987 agreement among the members of the P o t a s h - O i l and Oas WorV 

Committee. The reasons f o r our o p p o s i t i o n t o t h e committee 

agreement are stated below. 

3y our o p p o s i t i o n t o t h e committee agreement, Texaco does 

not advocate a wholesale abandonment of the e f f o r t between t h e 

two i n d u s t r i e s . To the c o n t r a r y , Texaco commends the e f f o r t s of 

the D i v i s i o n and the committee members. However, Texaco urges 
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t h a t t h e matter be f u r t h e r c o n s i d e r e d by the two i n d u s t r i e s 

according t o concrete p r o c e d u r a l and o r g a n i z a t i o n a l g u i d e l i n e s 

established by the Commission. ~" 

PROPOSED ORDER R - l l l - P 

While gen e r a l l y supportive of Proposed Order R - l l l - P , Texaco 

o f f e r s the f o l l o w i n g comments on these sections o f the order: 

111(4) The wording "and t h a t no potash resources w i l l be 

^ endangered" i s new, vague and not d e f i n e d . This language 

should be changed or deleted. 

#E-(l)(a) and (b) The d e f i n i t i o n s of shall o w and deep 

zones should be r e d e f i n e d . Shallow zone: A l l f o r m a t i o n 

above the base of the Delaware Mountain group. Deep zone: 

A l l f o r m a t i o n s below the base of t h e Delaware Mountain 

group. 

v n (].) E x h i b i t "B" i n t h i s referenced section should be 

deleted. ; The E x h i b i t " B" /, map of the LMR i s proposed t o be 

J-\ c o n f i d e n t i a l . Affected o i l and gas lessees should have the 

o p p o r t u n i t y t o view p o r t i o n s of t h i s map a f f e c t i n g t h e i r 

lease along w i t h the data and c r i t e r i a used t o d e l i n e a t e the 

proposed LMP.. 

THE NOVEMBER 23, 1987 AGREEMENT 

Texaco b e l i e v e s t h a t t he substance of t h e p o t a s h - o i l 

i n d u s t r i e s work committee agreement and the procedures leading up 

t o i t s e x e c u t i o n are i n a p p r o p r i a t e . Indeed, the terms of the 

agreement are v i o l a t i v e of the New Mexico O i l and Gas Act, t h e 

f e d e r a l r e g u l a t i o n s and a d m i n i s t r a t i v e orders of the Bureau of 

Land Management, and the f e d e r a l and s t a t e s t a t u t e s ( i n c l u d i n n 



t h e C o n s t i t u t i o n of New Mexico) governing the a d m i n i s t r a t i o n of 

New Mexico's State Trust Lands. In view of the p o t e n t i a l e f f e c t 

on the owners of diverse o i l and qas property r i g h t s , a l l of whom 

are attempted t o be t r e a t e d as a c l a s s , t h e procedures f o r 

d e s i g n a t i n g " l i f e of mine reserves" areas (LMR's) where d r i l l i n g 

would be p r o h i b i t e d mav v i o l a t e ^ the F i f t h and Fourteenth, 

Amendments t o the United States C o n s t i t u t i o n . 

The adoption of the work committee agreement as part of 

proposed Order R-lll-P would also be legally deficient for the 

reason that the agreement is replete with inconsistencies that 

are directly opposed to manv of the main provisions of the order. 

As much of the testimony of the proponent witnesses irrefutably 

established , the adoption of the committee agreement is 

unnecessary for the accomplishment of the purposes of Order 

F-lll-P. Indeed, the provisions of the order and the committee 

agreement are so at odds that both would be rendered meaningless 

and wouuld be incapable of being administered. Oh • 

On an it e m by ite m b a s i s , Texaco o f f e r s t he f o l l o w i n g 

c r i t i c i s m s of the November 23, 1987 committee aoreement: 

n-TTRODCCTION 

The " I n t e n t i o n " of the agreement contravenes The New Mexico 

O i l and Gas Act as i t s g e n e r a l e f f e c t i s t o accord primacy t o 

potash reserves i n LMR areas at the expense of o i l and qas 

r e s e r v e s . To the c o n t r a r y , t h e O i l and Gas Act d i r e c t s t h e 

Commission and D i v i s i o n t o p r o h i b i t any pr a c t i c e s which reduce or 

ten d t o reduce t h e t o t a l n u a n t i t y of o i l or gas u l t i m a t e l y 

recovered from any pool while at the same time auardinct a g a i n s t 

o p e r a t i o n s which "unduly" reduce t h e t o t a l q u a n t i t y of 
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r e c o v e r a b l e potash. (Se_e, 70-2-3[.A] and [ F ] , N.M.S.A. [ 1978].) 

Nowhere i n the O i l and Gas Act i s t h e r e any a u t h o r i t y which 

allows the development of potash reserves t o the e x c l u s i o n of 

hvdrocarbon reserves. The perpetual p r o h i b i t i o n against d r i l l i n g 

i n t h e LMR area would do j u s t t h a t . We would al«o make the 

f o l l o w i n g p o i n t s : 

Creation of LMR's removes more lands from d r i l l i n q ^ t h a n 

C r e a t i o n of " d r i l l i n g areas" o u t s i d e of T,MR ' s but 

w i t h i n potash area i s an i l l u s o r y c o n s i d e r a t i o n : fewer 

l a n l s w i l l a c t u a l l y be a v a i l a b l e f o r p e r m i t t i n q f o r 

d r i l l i n g . 

We b e l i e v e potash mininti areas w i t h i n t h e LMR are 

adequately protected by the procedures under R - l l l - A . 

The potash i n d u s t r y gains no a d d i t i o n a l s a f e t y f a c t o r 

under the l e t t e r agreement: d r i l l i n g d i s t a n c e from 

mining a c t i v i t i e s _ i s i r r e l e y a n t , in_Jberms i of subsidence 

and l o s t potash reserves. Notably, when a potash area 

i s primary-mined, no subsidence occurs. Primary mininq 

also allows the recovery of a p p r o x i m a t e l y 75% of the 

potash r e s o u r c e . T h e r e f o r e , t h e l o s s of potash 

resources i s minimal" as compared t o the t o t a l loss of 

o i l anr! gas reserves under an absolute d r i l l i n g ban i n 

the LMR areas. 

This s e c t i o n conforms R - l l l - A area t o RLM d e f i n i t i o n of 

"Potash Area". This section i s appropriate. 

9 

J. . THE POTASH AREA 
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I I . DESIGNATION OF MINE RESERVES 

A. The LMR d e s i g n a t i o n process i s c o n f i d e n t i a l . What would i n 

e f f e c t be the condemnation of o i l and gas p r o p e r t y i n t e r e s t s 

should be s u b j e c t t o a d v e r s a r i a l s c r u t i n y ( n o t n e c e s s a r i l y 

p u b l i c d i s c l o s u r e ) by anyone w i t h an a f f e c t e d property i n t e r e s t . 

O t herwise, the u n i l a t e r a l designation of LMR areas would l i k e l y 

be a r b i t r a r y and unsupported by s u b s t a n t i a l evidence, both of 

which ara unlawful. 

Data on which LMR areas would be based i s o f t e n u n r e l i a b l e : 

We would note t h a t i n OCC Case 9143, a potash o p e r a t o r , i n 

a t t e m p t i n g t o d e f i n e i t s mineable reserves f a i l e d t o honor a 

c r i t i c a l core-log which s i g n i f i c a n t l y a l t e r e d the boundary of the 

barren area. Anyone w i t h an a f f e c t e d property i n t e r e s t must have 

the o p p o r t u n i t y t o p a r t i c i p a t e i n the c r e a t i o n of an LMR area i f 

they are created at a l l . 

A l l o i l and oas p r o p e r t y i n t e r e s t owners are not s i m i l a r l y 

s i t u a t e d . Their i n t e r e s t s are diverse. They cannot be t r e a t e d 

as a c l a s s . Otherwise, due process and equal p r o t e c t i o n problems 

a r i s e . 

I n d e s i g n a t i n g L MR's, there i s no requirement t h a t a potash 

lessee a c t u a l l y own the potash reserves or have a r i g h t t o mine 

the reserves subject- t o t h e LMR area. This i s a h i g h l y 

o b j e c t i o n a b l e p r o v i s i o n . 

f i n a l l y , n e i t h e r the O i l Conservation. D i v i s i o n nor the State 

Land Commissioner can l a w f u l l y d e l e g a t e t h e i r r e s p e c t i v e 

a u t h o r i t y t o a process whereby LMR areas are determined s o l e l y by 

the potash o p e r a t o r s and t h e ELM. Py so d o i n g , those p u b l i c 

o f f i c e r s would cede t h e i r s t a t u t o r y r e s p o n s i b i l i t i e s t o ensure 
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t h a t hydrocarbon reserves are not wasted and t h a t s t a t e t r u s t 

lands are a d m i n i s t e r e d f o r t he o p t i m a l b e n e f i t of t h e s t a t e ' s 

b e n e f i c i a r y i n s t i t u t i o n s . Thus, the very essence of the LMR 

d e s i g n a t i o n process i s u n l a w f u l as these p u b l i c o f f i c e r s are 

concerned. 

T I I . DRILLING IN THE PQTASF AREA 

B. As e x p l a i n e d above, n e i t h e r t h e OCC, State Land O f f i c e or 

PLM can delegate t h e i r a u t h o r i t v f o r approving APD's t o a process 

t h a t contravenes t he O i l and Gas A c t , t he Arizona-New Mexico 

Enabling Act or the I n t e r i o r S e c r e t a r i a l Order f o r d r i l l i n g i n 

potash areas. (See, Section 70-2-3 N.M.S.A. [1978], Enabling Act 

§10, I n t e r i o r S e c r e t a r i a l Order of October 28, 1986.) 

1. Buffer Zone 

The c r e a t i o n of t h e b u f f e r zone i s dependent upon the 

process f o r e s t a b l i s h i n g LMR areas and thus has the sane 

problems. 

Also, i n view of the geologic c h a r a c t e r i s t i c s of the potash 

area and pres e n t l y a v a i l a b l e and p r a c t i c a b l e technologv, problems 

w i t h respect t o subsidence, gas m i a r a t i o n , mine s a f e t y and undue 

waste of potash are avoidable. T h e r e f o r e , the o f f s e t d i s t a n c e s 

are unnecessary and do not achieve t h e p u r p o r t e d goals of the 

aa reement. 

6 . Abandoned Mine Workings 

The abandonment and sealing plan i s unnecessary. An o i l and 

gas operator cannot accept r e s p o n s i b i l i t y f o r sealina a mine. As 

w e l l , i t i s j u s t as i n a p p r o p r i a t e t o make d r i l l i n g operations 

near abandoned mines subject t o the u n i l a t e r a l veto of a potash 

Iessee. 

- f. -



The safetv c e r t i f i c a t i o n accomplishes no purpose and i s onlv 

provocative. 

D. We d i s a g r e e t h a t t h e need f o r d r i l l i n g i s l a n d s i s 

e l i m i n a t e d . This aareement cannot l a w f u l l y a b o l i s h d r i l l i n a 

areas created by an I n t e r i o r S e c r e t a r i a l Order. 

IV. LOCATION OF WELLS AND NOTICE TO POTASH LESSEES 

A. Requirement f o r u n i t i z a t i o n i s vaque, i m p r a c t i c a b l e , 

accomnlishes no apparent purpose and i s l i k e l y i m p e r m i s s i b l e 

under State Land O f f i c e and BLM O i l and Gas Regulations. 

C. This s u b s e c t i o n (as does S e c t i o n IX C of the aareement) 

attempts t o t r a n s f e r l i a b i l i t v bv t h e aareement and i s 

impermissible at law. Moreover, th e language p u r p o r t s t o make 

the owner of a lease i n t e r e s t l i a b i l e along with those "persons 

and/or e n t i t i e s i n v o l e d i n t h e development" whether t h e 

leaseholder i s a c t u a l l y involved i n d r i l l i n g operations or not. 

While the order proposed by the O i l Conservation D i v i s i o n i s 

a commendable step i n the r i q b t d i r e c t i o n , i t should not be 

adopted w i t h any r e f e r e n c e t o t h e November 23, 1987 Agreement. 

The aareement while w e l l - i n t e n t i o n e d , i s l e g a l l y d e f i c i e n t and i<=. 

i r r e c o n c i l a b l e w i t h proposed Order R - l l l - P . 

Because of t h a t importance of t h i s m a t t e r , we b e l i e v e t h a t 

f u r t h e r d e l i b e r a t i o n s among the D i v i s i o n , the o i l i n d u s t r y and 

potash i n d u s t r y are i n order b e f o r e a f i n a l amendment t o Order 

R - l l l - A i s proposed. 

SUMMARY 
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Christopher D, Thompson 

at torney 

March 2, 

FEDERAL EXPRESS AIRBILL NO. 6900313825 

Oil Conservation Division 
State of New Mexico 
State Land Office Building 
Santa Fe, NM 87304 

Gentlemen: 

Re: Docket No. 6-88 
Case 9316; 
Revision of Order No. R-lll 
(Potash Area) 

Mesa Operating Limited Partnership attended the February 18, 1988, 
Commission hearing in the above-numbered Case. In response to Director 
LeMay's invitation of that date, we respectfully request that the following 
Comment be received into the record of said proceedings. 

Mesa Operating Limited Partnership is a Delaware limited partnership formed 
in August, 1985, as a successor to Mesa Petroleum Co., a Delaware 
corporation. In 1974, Mesa Petroleum Co. commenced operations on an 
approximately 5,000 acre prospect situated almost entirely within the 
Potash Area as established by Order R - l l l . In the following years, the 
Mesa Petroleum Co. -- Nash Unit Nos. 1, 2 and 3 wells were completed in the 
Potash Area as commercial producers of natural gas. Cumulative production 
from Atoka completions is now 5,307 mmcf, and from Morrow completions 6,630 
mmcf. 

In 1979, operations began on the Mesa -- Nash No. 7, to be directionally 
drilled from a surface location in Section 18, T-23-S, R-30-E, to a bottom 
hole location in Section 7, T-23-S, R-30-E. The well was drilled 
vertically to 7,000', then kicked out at approximately 18° to a total depth 
of some 14,000'. The well was plagued by mechanical difficulties from 
inception. I n i t i a l production was shut in after 6 months and never 
re-established. I t is estimated that the directional well exceeded the 
cost of an equivalent vertical well by $1.9 million. The ensuing 
mechanical problems were the significant factor in the failure of 
production, resulting in the loss of 2,753 mmcf of reserves. 

The minimum requirement for economical development of the remaining Nash 
unit reserves is a program of three development wells: a replacement for 
the Nash No. 7, and one well each in Section 1, T-23-S, R-29-E and Section 
6, T-23-S, R-30-E. Estimated recoverable reserves in Sections 1 and 6 are 
2,984 mmcf each, based on average wells. 

MAR S 1388 

OIL CONSERVATION DIVISION 

tf 

M E S A L I M I T E D P A R T N E R S H I P 

O N E M E S A S Q U A R E / P O S T O F F I C E B O X 2 0 0 9 / B Q 6 3 7 B - 1 D O O / A M A R I L L O , T E X A S 7 S 1 S E 3 - a O O S 



Oil Conservation Division -2- March 2, 1988 

The development program would produce 
on an average price of $2.00/mmcf: 

State of New Mexico 
Production & severance taxes 
Royalties, state leases 

Royalties, federal leases 
Working interest, combined 

jected revenues as follow, based 

1,175,000 
204,000 

1,379,000 

1,976,000 
15,261,000 

Total $18,412,000. 

During the f i r s t week of December, 1987, Mesa received the Division's 
memorandum containing the Potash — Oil and Gas Work Committee Agreement 
dated November 23, 1987 (hereafter, "the Agreement"), and advising of the 
pendency of this proceeding. In reviewing the Agreement, i t became 
apparent that its implementation could foreclose any further opportunity to 
develop Nash Unit reserves. 

The Agreement proposes, of course, that certain areas designated by the 
potash lessee as 1ife-of-mine-reserves (hereafter, "LMR") would be 
"permanently protected" from oil and gas operations. An additional buffer 
of one-quarter mile beyond the LMR would be "permanently protected" from 
all operations, while a further one-quarter mile extension would be 
"permanently protected" from operations to depths in excess of 5,000'. 

In the event the potash lessee in Mesa's prospective sections filed a LMR 
designation approximating the contour of measured potash reserves according 
to the October 1, 1984, Potash Resources Map of the BLM, all of Mesa's 
projected locations would f a l l within "permanently protected" areas. As 
noted above, Mesa's experience with directional wells in this prospect has 
been distinctly unpleasant. 

Under the procedure proposed by the Agreement, Mesa would receive no notice 
that the LMR designation had been filed. Further, Mesa would have no 
opportunity to appear and be heard by the jurisdictional agency (the BLM), 
since no hearing is authorized. Even following the f i l i n g of the 
designation and its final administrative approval, Mesa would not be 
advised of the result, since the designation is to be treated as a trade 
secret. 

In sum, Mesa faces the permanent condemnation of 8,721 mmcf of proven and 
probable reserves by ex parte application of the potash lessee, without 
notice or an opportunity to be heard. Under the Agreement, BLM approval of 
an LMR would also be binding on the Division. 

While we commend the efforts of the Division and of the Work Committee to 
forge a suitable compromise, Mesa cannot support what could, in the case of 
the Nash unit, amount to a complete abrogation of the Commission's 
authority to prevent waste of petroleum resources. Mesa stands in 
opposition to any proposal that the Agreement as such be endorsed or 
adopted by the Division. 
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I t was with palpable relief, then, that we received proposed Order R-lll-P 
and Chief Engineer Lyon's testimony of February 18, 1988. Time and again 
during direct and cross-examination, Mr. Lyon affirmed that the Commission 
will not delegate its discretion to decide permit applications according to 
their merits and on the basis of an evidentiary hearing. In contrast to 
the Agreement, the proposed order preserves the discretion of the Division 
to balance the interests of both potash and petroleum lessees, as developed 
in an adversarial proceeding, and to fashion an order consistent with the 
public interest. Mesa, then, finds the proposed order worthy of its f u l l 
support. 

I t nevertheless appears that certain portions of the proposed order would 
benefit from clarification, consistent with the policy objectives urged by 
Mr. Lyon. For example, paragraph VII (1) of the proposed order states in 
regard to LMR lands that drilling applications "will not be approved, 
except as provided in (3) hereinbelow." The ensuing paragraph (3) is 
addressed to notice of hearing rather than approval of drilling 
applications. The approval provision is contained in part (4). 
Accordingly, part VII (1) should be revised so as to refer to part (4), 
rather than part (3). 

In two instances, the proposed order purports to incorporate by reference 
certain parts of the Agreement. In paragraph VII (1), the definition and 
designation procedure for LMR's is adopted by reference. In paragraph VII 
(4) of the proposed order, that portion of the Agreement is adopted which 
provides guidelines for approval of applications to d r i l l at locations 
outside the LMR and its buffer. 

On cross-examination by Mr. High, Mr. Lyon testified that i t was not 
intended that the entire Agreement be adopted. Obviously, then, only those 
portions of the Agreement which are germane to the incorporating provision 
of the proposed order should be included. With reference to LMR's, the 
appropriate provisions of the Agreement are those included as sub-sections 
"A" through "D" under the heading " I I . Designation of Mine Reserves." 

With reference to permit applications outside the LMR and its associated 
buffer, the relevant portions of the Agreement are set forth as sub-section 
"B" under the heading " I I I . Drilling in the Potash Area". Paragraph B(l) 
deals with locations inside the LMR and its buffers, and is thus not 
relevant to the proposed order. Paragraphs B(2) through B(4) cover the 
subject matter referred to in the proposed order, and are therefore to be 
included. 

Paragraphs B(5) and B(6) should not be included, because they contradict 
the announced policy of the proposed order. Paragraph_B(5) is an absoTute 
prohibition of_operat.ions wi_th_ a_ce^ Trie 
policy ~6f~Tf\e proposed order is to consider al 1 applications on a 
permit-by-permit basis, and an absolute prohibition is utterly inconsistent 
with that policy. 

Paragraph B(6) prohibits operations near an abandoned mine unless approved 
pursuant to sub-section C. That sub-section vests final approval authority 
in "the sole discretion of the affected potash lessees." In light of the 
avowed policy of the Division to refuse to delegate its jurisdiction, this 
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provision has no place in the proposed order. Only paragraphs B(2) through 
B(4) of Article I I I of the Agreement, then, are to be incorporated. A 
clarification of paragraph B(2), however, is in order. 

Paragraph Bj2j of Article I I I of the Agreement refers to permit 
applications for locations outside the LMR and its buffer, but within 
one-half mile of the LMR. I t again contains an absoluiie-nTr^ibition pf 
certain operations, in this case those extending; teto^S^OOg^ For the J J ' " i ) ' '/ 
reasons noted above, this prohibition is contrary to^ ̂ le^p^Ticy of the <*r*ifr.v 
Division. Furthermore, the distinction between shallow and deep operations 
was promulgated by the Division in relation to casing requirements, and was 
never intended to be an independent basis for denial of an application. 
The depth restriction contained in paragraph B(2) should therefore be J ̂  

vO ' deleted ' " ' " ^ u 

\ • " Finally, the third sentence of paragraph VII (4) of the proposed order now 
reads as follows: "The Division will first ascertain from the BLM that the Q 'A,/-
location is not within the LMR area." This implies that the applications ' J ' 
not to be further c on s ijtej:jiLif. . . t ^ i s wit hi n the „LMR̂ .rea. A 
more appropriate wording would be that ~t"h~e Division fi r s t ascertain 
"whether the location is within the LMR area." This retains the meaning of 
the cited provision, but ayoids the misleading implication. nv^ mi* leading -

- — ______ n 1 , f 4. 

The text of the proposed order as presented in this proceeding is attached , 
hereto for reference, reflecting each of the revisions suggested above. 
Insertions and deletions by this author are indicated in the conventional 
manner. The appropriate exhibits are also attached. 

The Commission is charged by statute with the responsibility of providing 
for the economical conservation and development of not only the State's 
potash resources, but its petroleum resources as well. Mesa does not 
believe that the Commission's dual objectives will be well-served by 
abrogating its decisional authority to the potash lessee or the BLM. Those 
ends will be most likely met through a process which allows both of the 
industries to fully express their respective views, and which allows the 
Commission to exercise its considerable discretion in favor of the public, 
as well as private, interests. Accordingly, Mesa urges the adoption of 
D roj^.sj^ . 

Respectfully submitted, 

MESA OPERATING LIMITED PARTNERSHIP 

Attachments 
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March 2, 1988 
PRODUCTION DEPARTMENT 
SOUTHWESTERN DIVISION 

NMOCD Case No. 9316 
Proposed Order R-lll-P 
Amendments to Potash Area 
Drilling Rules 

William J. LeMay, Chairman 
New Mexico Oil Conservation Commission 
State Land Office Building, Room 206 
310 Old Santa Fe Trail 
Santa Fe, New Mexico 87504 

Dear Mr. LeMay: 

Exxon supports the positive changes contained in proposed New Mexico Oil 
Conservation Division Order R-lll-P. This proposal provides an opportunity for 
coexistent petroleum and potash reserve development, while minimizing Order 
R-lll-A provisions which now unnecessarily restrict and burden both industries. 
From our perspective, eliminating the generally fruitless arbitration process and 
allowing more routine permitting of wells outside buffer zones are major 
improvements. We commend Mr. Lyon for this proposal and his very active attempt 
to address the sometimes divergent areas of concern expressed by representatives 
of each industry. Our comments on the specific issues surrounding adoption of 
Order R-lll-P follow. 

Opportunity to Drill Within LMR and Buffer Zones 

We strongly agree that the NMOCC should not delegate its authority under N.M. 
Stat. Ann. § 70-2-12(B)(17) (1987 Repl.) 

to regulate and, where necessary, prohibit drilling or producing 
operations for oil or gas within any area containing commercial 
deposits of potash where the operations would have the effect 
unduly to reduce the total quantity of the commercial deposits of 
potash which may reasonably be recovered in commercial quantities 
or where the operations would interfere unduly with the orderly 
commercial development of the potash deposits. 

Under this statute, to prohibit drilling requires evidence that drilling would (1) 
unduly reduce potash recovery, or (2) unduly interfere with orderly potash 
development. Exxon presented evidence at the captioned hearing that a blanket 
prohibition of drilling in Life of Mine Reserve (LMR) and buffer zone areas would 
significantly and adversely affect development of oil and gas reserves, however, 
no evidence was presented iQ_thje„_.Ĉ mmissipn support Abe. pr.Qpos.itiojGi...that a 
blanket prohibition of drilling in LMR and buffer zone areas furthers the above 
statutory aims. If adopted in R-lll, a blanket prohibition against dri11ing 
w-^Tn'~tfieHtHR anc| buffer zone areas may well be an improper (and illegal) 
delegation to the potash lessees of the authority granted to the Commission by the 
legislature to make the determinations required by statute. 

RECEIVED 

Mm s ms 
OIL CONSERVAl'tUN DMHIQH 

A n VISION OF EXXON CORPORATION 
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Knowledge of LMR Boundaries 

Although the location of LMR areas and buffer zones surrounding those areas would 
have a significant effect on an operator's decision on lease acquisition and 
development, no adequate mechanism exists in the proposed rule for an operator to 
gain knowledge of the location of LMR boundaries. Exxon suggests that a mechanism 
for a confidential disclosure to affected parties be incorporated into R-lll-P. 

Exclusion of "Statement of Agreement" from R-lll-P 

We recommend that applicable portions of the November 23, 1987 "Statement of 
Agreement" be incorporated into R-lll-P, rather than attaching the "Statement" as 
an exhibit to R-lll-P. Such an attachment could cause problems in the future, 
because i t seems logical for a court to assume that something attached as an 
exhibit to an order is incorporated in the order. 

For example, a provision such as the imposition of liability contained in the 
"Statement" paragraphs IV(C) and IX(C) is not needed or appropriate in NMOCD 
regulations, and was wisely omitted from R-lll-P. Exxon fully supports this 
deletion. However, including the "Statement" as an exhibit may falsely indicate 
that the same provision had been incorporated by reference. In fact certain 
items, such as the new 20-day objection period, are addressed only in the 
"Statement of Agreement", and thus i t seems implicit that the "Statement of 
Agreement" is to be part of the revised order. Since only portions of "Statement" 
parts I I , III(B)(1-6) and IV(B) are used in R-lll-P, exclusion of the entire 
"Statement" from the Order would not add significantly to the length of R-lll-P. 

Requirement for Pressure Relief Device on Casing 

Part IV(3)(H) of proposed Order R-lll-P as written could potentially take control 
of the well away from the drilling contractor/operator during difficult well 
control situations and could prevent operations to bring the well under control. 
Once the line from the relief valve is open, the well is in an uncontrolled state. 
The rule states that a relief valve should be set to 80% of the burst rating of 
new casing and 60% for used casing but does not specify the basis for the rating. 
Also, the last sentence of the rule states that the intermediate and production 
casing strings are cemented to surface which does not conform with Item IV (4) and 
IV (5) in the proposed order. 

We suggest that Item IV (3) (h) be changed as follows: "Before drilling the plug a 
drilling spool installed below the bottom blowout preventer or the wellhead casing 
outlet shall be equipped with a rupture disc or other automatic pressure-relief 
device set at 80% of the API rated burst pressure of new casing or 60% of the API 
rated burst pressure of used casing. The disc or relief device should be 
connected to the rig choke manifold system so that any flow can be controlled away 
from the rig. The disc or relief device shall remain installed as long as 
drilling activities continue in the well until the intermediate or production 
casing is run and cemented". 
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Thank you for the opportunity to provide these comments. If you or your staff 
wish to discuss any of the above points, please call Bill Duncan at (915) 
686-4105. 

Richard D. boddard 
Regulatory Affairs Supervisor 

RDG:ddm 

c: Erling A. Brostuen 
William R. Humphries 
Victor T. Lyon 



ARCO Oil and Gas Company 
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Post Office Box 1610 
Midland, Texas 79702 
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March 2 , 1988 
, OIL CONSERVAIION WVJSWW 

Mr. William J. LeMay, Director 
Oil Conservation Division 
Energy, Minerals and Natural Resources Department 
State of New Mexico 
P. 0. Box 2088 
State Land Office Building 
Santa Fe, NM 87504 

Re: Revision of Order No. R-lll 
Oil Potash Agreement 

Dear Mr. LeMay: 

In accordance with your decision to accept written comments 
regarding the proposed Rule R-lll-P, we are re-submitting our 
comments of February 12, 1988. 

In addition, we are concerned about attaching the Statement of 
Agreement as Exhibit B. The differences in content could be the 
basis for possible future conflict. 

Sincerely, 

E. S. Bush 

Inventory Control/Regulatory Analyst 

ESB/ddp 

Attachment 
xc: Victor T. Lyon 

Oil Conservation Division 
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ARCO Oil and Gas Company 
Central District 
Post Office Box 1610 
Midland, Texas 79702 
Telephone 915 688 5200 

February 12, 1988 

Mr. William J. LeMay, Director 
Oil Conservation Division 
Energy, Minerals and Natural Resources Department 
State of New Mexico 
P. 0. Box 2088 
State Land Office Building 
Santa Fe, NM 87504 

Re: Revision of Order No. R-lll 
Oil Potash Agreement 

Dear Mr. LeMay: 

We have reviewed the agreement submitted on behalf of the Potash and 
Oil and Gas Industries. At this time we would like to endorse the 
general idea of the plan. However, we have several concerns which 
we would like to bring to your attention. 

Section I I - Designation of Mine Reserves 
Paragraph A. Life-of-Mine Reserves 
In the course of designating the Life-of-mine reserves, the Oil and 
Gas Industry should be notified i f these reserves are to extend 
beyond what is now considered to be the known potash leasing areas. 
If there are areas of conflict, negotiation should be undertaken to 
resolve the reservation of disputed areas. 

Paragraph C. Revision to LMR's 
The Potash Industry should be charged with notifying offset oil and 
gas lessees of revisions to their original LMR's. If there is 
conflict between the revisions and existing leases, resolution 
should be negotiated so as to minimize adverse development to both 
industries. 

Section I I I - Drilling in the Potash Area 
Paragraph B-1. LMR and Buffer zone. 
We suggest that the buffer zone areas be clarified. Possibly there 
could be more than one classification depending on the proximity to 
active mining areas, abandoned areas and possible future mining 
areas. We suggest that time frames for possible development and 
economics might be considered. 

yr 
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Paragraph B-2. Outside Buffer Zone but Within 1/2 Mile. 
We would like justification for the depth limitations in this area. 
A prudent oil and gas operator, who wishes to develop their leases, 
should not object to circulating cement and using other state of the 
art methods to ensure that gas migration from deeper zones through 
the well bore does not occur. I t is unlikely that gas would migrate 
naturally through the rock. Directional drilling to the deeper 
zones of interest, approximately 7500+, would in many cases not be 
cost effective. I t is also not a "simple" task. 

Paragraph B-6. Abandoned Mine Workings 
The Potash Industry should be responsible for a safety plan and the 
sealing off of abandoned mine areas. This is their area of 
expertise. The Oil and Gas Industry should be charged with working 
with the Potash Industry. I f a mine operator would ordinarily be 
required to seal off an abandoned area they should be responsible 
for the normal expenses incurred. 

Section IV. Location of Wells and Notice to Potash Lessee 
Paragraph C. 
Failure of a potash leaseholder to object to a location should 
release the oil and gas operator from at least some liability. The 
Potash Industry should be charged with being responsible for their 
action or inaction. 

The Potash Industry should monitor the level of gases in their mines 
so that i f there is an intrusion of foreign gases or liquids the 
change can be accurately determined. Monitoring history would 
probably also be useful in determining the source of the intrusion. 
The Oil and Gas Industry should not automatically be held 
responsible. The offset oil and gas operators should be charged 
with working with the Potash Industry to determine the source of any 
foreign intrusion and resolution of the problem. 

Section VIII. Filing of Well Surveys 
The last statement should be expanded. THe words "all encounters" need to be 
clarified. Does the word " a l l " literally mean a l l . We suggest that threshold 
levels be set. Hydrocarbon and hydrogen sulfide sensors can be installed 
during drilling operations and on surface facilities. 

Section IX. Additional Safety Requirements and Emergency Action 
Paragraph C. 
Failure of the Potash Industry or the Oil Conservation Commission to 
take action when they are notified, by an operator, should relieve 
the Oil and Gas Industry of at least some of the liability for 
damages caused by oil and gas activities. The Oil and Gas Industry, 
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because of the nature of the potash activities, depends on the 
Potash Industry for their input and information. Their input is 
necessary to help ensure that oil and gas activities do not 
adversely affect potash activities. 

We appreciate the opportunity to comment on this agreement. ARCO offers 
continuing support and cooperation in achieving a mutually satisfactory 
agreement. 

Sincerely, 

E. S. Bush 

Inventory Control/Regulatory Representative 

ESB/ddp 

Enclosures 
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Mr. W i l l i a m J. LeMay 
Chairman 
State of New Mexico 
O i l Conservation Commission 
P. 0. Box 2088 
Estate Land O f f i c e B u i l d i n g 
Santa Fe, New Mexico 87504 

Re: Potash-Oil I n d u s t r y 
Docket No. 6-88 
Case 9316 

Dear Mr. LeMay: 

RECEIVED 

MAR A "!? • 3 
Agreement ^ C0N3,RvAYicm o m m 

This l e t t e r i s submitted on behalf of the Carlsbad Potash 
I n d u s t r y ("Potash I n d u s t r y " ) i n f u r t h e r o p p o s i t i o n t o the 
adoption of Proposed Order R - l l l - P i n the above-captioned matter. 
We would appreciate you i n c l u d i n g t h i s l e t t e r as p a r t of the 
record i n the case. 

Our o p p o s i t i o n t o Proposed Order R - l l l - A as c u r r e n t l y 
d r a f t e d i s t w o - f o l d . F i r s t , the s t r u c t u r e o f the Proposed 
Order, which consists of the Order and" two e x h i b i t s , one of 
whiqh_..is .the Potash-Oi 1 Industry, .Agxeeinentj, creates unavoidable 
i n c o n s i s t e n c i e s a n d , f o r t h i s reason, w i l l create, more questions 
than i t ~ w i l l a n s w e r . For example, the t e x t of the Order defines 
the "Potash Area" as being the same as the U. S. Bureau of 
Land and Management's ("BLM") "Known Potash Leasing Area'1'. 
E x h i b i t B t o the Order, however, defines the Potash Area by 
reference t o the "potash area" designated by the Secretary 
of the Department of I n t e r i o r i n Section V of the Order dated 
October 28 , 1986 and published a t 51 Fed. Reg. 39426 . I t i s 
unclear t o us which of these d e f i n i t i o n s would be c o n t r o l l i n g 
since they are both p a r t of the t o t a l "Order". 
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This same confusion e x i s t s i n several other instances, 
i n c l u d i n g the f o l l o w i n g : 

1. The p r o v i s i o n s of A r t i c l e V I I , e n t i t l e d "Location 
f o r Wells" i s based upon but nevertheless d i f f e r e n t 
from the language used i n A r t i c l e I I of E x h i b i t B; 
and 

2. The n o t i c e requirements i n A r t i c l e V I I , §2 of the 
Order are d i f f e r e n t from those set f o r t h i n A r t i c l e IV, 
§B of E x h i b i t B. 

I n a d d i t i o n t o these i n c o n s i s t e n c i e s , i t i s not c l e a r 
from the Proposed Order what e f f e c t other p r o v i s i o n s i n E x h i b i t B 
would have i f the Proposed Order i s adopted i n i t s c u r r e n t 
form. For example, the f o l l o w i n g p r o v i s i o n s i n E x h i b i t B are 
not even r e f e r r e d t o i n the t e x t of the Proposed Order but, 
we assume, would be given e f f e c t , since they are p a r t of E x h i b i t 
B: 

1. A r t i c l e I , §B, d e f i n i t i o n of "potash"; xri-^ " V 

2. Article II, §C, amendment of LMR's; (UW'* 

3. A r t i c l e I I I , §B, LMR's and b u f f e r zones; i r i > ' -''̂  

4. Article II, §C, drilling in the vacinity of abandoned 
mine workings that are connected to an existing mine; (Ui> 

5. Article IV, §C, failure of a potash lessee to object 
to a well location; .-y--,..^ -->x^-eL&<fi 

6. Article IX, §A, requiring the use of appropriate 
technology and observance of the prudent operator 
standard to reduce the hazards of drilling activities; 
and ^-TWI* '-rm? J^^l 

7. Article IX, §C, concerning the ̂ control and response 
to safety hazards. ^[^t 

The foregoing confusion, we b e l i e v e , i s unavoidable i f 
the Order f i n a l l y issued by the OCC i n t h i s case i s based upon 
a r e w r i t i n g of e x i s t i n g Order R - l l l - A , as amended. Perhaps 
some of t h i s could be avoided by the i n c l u s i o n of a statement 
saying t h a t the e n t i r e contents of E x h i b i t B are incorporated 
by reference i n t o the Order and t h a t one or the other i s 
c o n t r o l l i n g i n the event of a c o n f l i c t . The p r e f e r r e d s o l u t i o n , 
however, i n our o p i n i o n , would be the adoption of an order 
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t h a t f o l l o w s very c l o s e l y the contents of E x h i b i t B instead 
of Order R - l l l - A . Notwithstanding the l i m i t e d o p p o s i t i o n a t 
the hearing, i t i s cl e a r beyond question t h a t the p a r t i e s t o 
E x h i b i t B represent almost 100% of the a f f e c t e d potash lessees 
and a large percentage of the a f f e c t e d o i l and gas lessees. 
To give e f f e c t t o t h a t Agreement, t h e r e f o r e , would be co n s i s t e n t 
w i t h the expectations of both I n d u s t r i e s . 

Our second basis f o r o b j e c t i n g t o the Proposed Order i s 
i t s f a i l u r e t o observe c r i t i c a l and fundamental concepts 
und e r l y i n g E x h i b i t B. The key t o the Agreement between the 

I two I n d u s t r i e s , as you know, i s the assurance t o the Potash 
„Industry t h a t no w e l l s w i l l be d r i l l e d i n i t s LMR's. Without 

(f t h i s no agreement would have been p o s s i b l e . I n exchange, the 
- - !' r \y* Potash I n d u s t r y was, and i s , w i l l i n g t o w i t h h o l d o b j e c t i o n s 
( f } $ t o o i l and gas a c t i v i t i e s i n areas of lower grade potash ore 

\? provided' c e r t a i n s a f e t y standards are observed. This concept 
r must be encompassed i n any order issued by the OCC not only 

%t r'jk" t o conserve valuable potash reserves, but t o avoid the c r e a t i o n 
J of a hazardous c o n d i t i o n t o underground miners. 

We do not be l i e v e t h a t A r t i c l e IIJLt §,4,, of the Proposed 
Order i s co n s i s t e n t w i t h these concepts because i t would allow 
the waiver of the R-lll-A^ casing requirements i n areas i n close 
p r o x i m i t y t o the LMR's. Accordingly, we s t r o n g l y recommend 
t h a t t h i s Section be deleted or r e d r a f t e d t o make cl e a r t h a t 
the casing requirements as set f o r t h i n E x h i b i t B w i l l be 
observed. 

We are l i k e w i s e opposed t o the language used i n A r t i c l e V I I , 
§4_ since i t seems t o 'say t h a t w e l l s w i l l be allowed I n the 
LMR's. This i s a c r i t i c a l issue t o us f o r the reasons s t a t e d 
above. To c o r r e c t t h i s , and t o give e f f e c t t o the Agreement 
between the I n d u s t r i e s , we urge t h a t _ a l l of Section 4 be deleted 
except f o r the f i r s t two sentence's" and the f o l l o w i n g s u b s t i t u t e d : 

" A p p l i c a t i o n s f o r permits t o d r i l l w i l l be approved 
or denied i n accordance w i t h the p r o v i s i o n of 

( E x h i b i t B." i 

While these r e v i s i o n s would remove our major o b j e c t i o n s 
t o the Proposed Order, we s t i l l b e l i e v e the best s o l u t i o n i s 
to d r a f t a revised proposed order based upon E x h i b i t B and 
pu b l i s h i t f o r f u r t h e r comment by i n t e r e s t e d p a r t i e s . 
A l t e r n a t i v e l y , we urge t h a t A r t i c l e s _ IJEX*~~-&ibr. and A r t i c l e V I , 
§4 be rev i s e d â ~̂ ~STiy y ergrTeS s6~"*that the fundamental concepts 
undefTyirTg E x h i b i t B are preserved. 
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We appreciate the o p p o r t u n i t y t o submit these comments 
and want t o thank you and your s t a f f f o r the time and e f f o r t 
spent over the l a s t 18 months i n a r r i v i n g a t a workable 
agreement. 

Sin c e r e l y , 

CCH:sg 



STATE OF NEW MEXICO 
OIL CONSERVATION COMMISSION 

IN THE MATTER OF THE HEARING 
CALLED BY THE OIL CONSERVATION 
DIVISION FOR THE PURPOSE OF 
CONSIDERING COMMISSION ORDER NO. R - l l l 

CASE NO. 9316 

ADDITIONAL COMMENTS FOR THE RECORD 

Comes Now W i l l i a m R. Humphries, Commissioner of Public Lands 

f o r the State of New Mexico (Commissioner) , by and through the 

undersigned counsel, pursuant t o the d i r e c t i o n of the Commission 

submits the f o l l o w i n g a d d i t i o n a l comments f o r the record: 

1. As p r e v i o u s l y entered i n t o the record, the Agreement 

executed by the Potash-Oil and Gas Study Committee, gives 

the Bureau of Land Management (BLM) the a u t h o r i t y t o 

designate l i f e of mine reserves (LMR's) w i t h o u t regard t o 

whether the lease covers s t a t e or f e d e r a l land. The 

inference o f such a u t h o r i t y on the p a r t o f the BLM, t o t a l l y 

i n f r i n g e s on the j u r i s d i c t i o n of the Commissioner o f Public 

Land. Moreover, because of language i n the agreement, 

attempts t o secure reserve data, b u f f e r zones and l e g a l 

l o c a t i o n s may be thwarted i f such i n f o r m a t i o n i s e x c l u s i v e l y 

w i t h i n the c o n t r o l of the BLM. The State Land O f f i c e would 

need t h i s i n f o r m a t i o n i n order t o ensure t h a t s t a t e lands 

are t r e a t e d e q u i t a b l y w i t h f e d e r a l lands. 

2. I n co n j u n c t i o n w i t h the p o i n t s r a i s e d i n No. 1 above, 

the r e q u i s i t e approval by the BLM f o r a l l w e l l l o c a t i o n s 



f u r t h e r i n f r i n g e s on the l e g a l a u t h o r i t y of the Commission

er. Thus, f e d e r a l land may be favored over s t a t e land as 

w e l l l o c a t i o n s are approved. 

3. As st a t e d i n the Commissioner's o r i g i n a l Entry of 

Appearance, the BLM w i l l determine the u n i t i z a t i o n o f o i l 

and gas leases i n areas designated as a LMR, even though the 

State Land O f f i c e must f i r s t consent t o the u n i t i z a t i o n o f 

any s t a t e lease. This s i t u a t i o n creates the p o s s i b i l i t y c f 

forced u n i t i z a t i o n s as a method of preventing lease ex

p i r a t i o n s and e l i m i n a t i o n of development o b l i g a t i o n s . This 

forced u n i t i z a t i o n would t i e up s t a t e acreage and because of 

the f e d e r a l p r a c t i c e of desig n a t i n g p a r t i c i p a t i n g and 

n o n p a r t i c i p a t i n g areas i t could also conceivably deprive the 

State of r o y a l t y and tax revenues. This e n t i r e focus i s 

i n c o n s i s t e n t w i t h the primary purpose o f u n i t s being formed 

on the c r i t e r i a of common g e o l o g i c a l c h a r a c t e r i s t i c s . 

4. As a means of a l l o w i n g maximum and t i m e l y development o f 

s t a t e lands w i t h i n the potash area i t i s recommended t h a t 

the concept of d r i l l i n g i s l a n d s be adopted. A d r i l l i n g 

i s l a n d would be a p a r c e l which would be dedicated 

t o o i l and gas d r i l l i n g operations. The i s l a n d would 

c o n s i s t of 40 acres i n e i t h e r one or two p a r c e l s . A s i n g l e 

p a r c e l should be c e n t r a l l y located so t h a t a l l p a r t s of the 

se c t i o n are accessible from a c e n t r a l l o c a t i o n . 



A l t e r n a 

t i v e s would be two 20-acre i s l a n d s located one each per 320 

acre t r a c t . This 20-acre proposal would allow f o r g r e a t e r 

f l e x i b i l i t y . T o t a l acreage withdrawn from potash mining 

would be 40 acres/640 acres, or a 6% withdrawal. I f an 

i s l a n d t e s t e d d ry, e x p l o r a t i o n r i g h t s would r e v e r t back t o 

the potash i n t e r e s t . 

5. D i r e c t i o n a l surveys should be are re q u i r e d i n the potash 

zone t o l o c a t e w e l l bores a c c u r a t e l y . This p r a c t i c e would 

promote s a f e t y of pro p e r t y and l i v e s . I t would also allow 

maximum e x t r a c t i o n of potash. P a r a l l e l i n g t h i s o p e r a t i o n , 

mining i n t e r e s t s should be r e q u i r e d t o provide accurate maps 

of t h e i r subsurface operations. 

6. Under the present R - l l l , casing programs are s p e c i f i e d . 

These programs should be reviewed and redesigned i f they are 

inadequate. The load bearing capacity o f a d r i l l i n g i s l a n d 

would probably provide adequate p r o t e c t i o n f o r the cemented 

w e l l bore from t o r s i o n , shear and mining accidents. 

7. I n a l l cases, mine sa f e t y should be an important 

c o n s i d e r a t i o n and there i s a strong l i k e l i h o o d t h a t new 

r u l e s would be r e q u i r e d . However, w i t h c a r e f u l a t t e n t i o n , 

i t i s our b e l i e f t h a t both i n d u s t r i e s can c o e x i s t and 

operate p r o f i t a b l y i n the same area. 



8. I n l i g h t o f the percentage of s t a t e lands, i n the potash 

area, approximately 16 percent, i t i s questioned why the 

Land O f f i c e was not asked t o p a r t i c i p a t e on the Potash 

Committee. 

BILL R. GARCIA 
ATTORNEY FOR WILLIAM R. HUMPHRIES 
COMMISSIONER OF PUBLIC LANDS 
FOR THE STATE OF NEW MEXICO 
P. 0. BOX 1148 
SANTA FE, NEW MEXICO 8 7504-1148 



T H E L O U I S I A N A L A X D A N D E X P L O R A T I O N C O M P A N Y 

S U I T E 1 2 0 0 - 2 9 5 0 N O R T H L O O P W E S T 

March 8, 1988 
(713) 9 5 7 - 6 4 0 0 

The State of New Mexico 
Energy, Minerals and Natural Resources Department 
Oi l Conservation Division 
P. 0. Box 2088 
Santa Fe, New Mexico 

ATTN: Mr. William J. Lemay, Director 

,/> RE: Case 9316 - Hearing - February 18, 1988 
\^ Proposed OCD Order No. R - l l l - P 

Potash Area, Eddy & Lea County, New Mexico 

Dear S i r : 

Representatives of The Louisiana Land and Exploration Company 
("LL&E") attended the February 18, 1988 hearing on the captioned 
matter. LL&E offers the following comments, pursuant to the OCD's 
i n v i t a t i o n at the hearing for additional public comments: 

1. 

We preface our comments by advising the LL&E has more than 
general o i l and gas industry concern over the r e s t r i c t i o n or 
withdrawal of public lands from o i l and gas d r i l l i n g and development 
operations. LL&E or Inexco Oil Company ("Inexco"), i t s wholly-owned 
subsidiary acquired i n 1986, already holds o i l and gas leases i n three 
prospect areas involving acreage wi t h i n the Known Potash Leasing Area 
("KPLA"), i n addition to interests i n productive o i l and gas leases i n 
Bilbrey Field l y i n g both w i t h i n and outside the KPLA. We have other 
current o i l and gas leads i n various stages of prospect evaluation and 
have been considering geophysical evaluation of the general potash 
leasing area on an ongoing basis. Our plans w i l l obviously be 
d i r e c t l y impacted by proposed Order No. R - l l l - P . 

2. 

LL&E opposes general p r i n c i p l e s of the Potash-Oil and Gas Study 
Committee's Agreement dated November 23, 1987 to the ef f e c t that (a) 
i t . imposes a compromise all-or-nothing l i n e between areas where o i l 
and gas d r i l l i n g i s permitted and not permitted, (b) i t imposes 
i n f l e x i b l e and excessive buffer zones i n which such d r i l l i n g i s not 
permitted, (c) i t provides no procedure to consider each d r i l l i n g 
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proposal on a case-by case basis, regardless of the merits or lack of 
substantial interference with present or po t e n t i a l potash operations, 
and (d) i t precludes such d r i l l i n g on a large amount of acreage 
designated as commerical by the potash industry which i s not currently 
under lease for potash nor i s reasonably expected to be offered for 
lease i n the near future. We are not impressed by the potash 
industry's assertion that approximately 25% of the present 
"commercial" potash area w i l l soon be removed from KPLA status; no 
information as to location w i t h i n the larger potash area i s available 
and apparently l i t t l e consideration has been given to the overlap 
eff e c t of large buffer areas to rule out d r i l l i n g for o i l and gas i n 
enclave non-commercial areas, whether before or aft e r such reduction 
i s given e f f e c t . 

We support the OCD's procedure i n proposed Order No. R - l l l - P 
( V I I , (1) and (4)) that applications for o i l and gas d r i l l i n g 
locations on State of New Mexico acreage outside the "life-of-mine 
reserves" ("LMR") area would be approved by the OCD, and that 
applications for such locations w i t h i n the LMR area would be 
considered on an ad hoc basis, by notice and hearing or by mutual 
agreement between lessor and lessees of both potash and o i l and gas 
int e r e s t s . We agree with Mr. Victor Lyon's testimony that the OCD 
cannot compromise or delegate any mandates of state law i n considering 
d r i l l i n g applications, and that the November 23, 1987 agreement i s not 
le g a l l y binding on any parti e s . We therefore strongly object to 
references i n the proposal order to the November 23, 1987 agreement 
and i t s incorporation by reference as Exhibit "B" of the proposed 
order. Removal of such references would, of course, require that any 
concepts such as LMR and buffer zones ( i f any) borrowed from said 
November 23, 1987 agreement be defined i n the proposed order. 

We fe e l that i t i s necessary to go beyond the foregoing 
objection, which was made at the hearing, to be sure that the November 
23, 1987 agreement i s not i n fact used as an " u n o f f i c i a l " guideline by 
the OCD despite omission from the text of the proposal order. In our 
view, the proposed order ( I I I , ( 2 ) ) , following the current order, very 
succinctly states the governing general p r i n c i p l e that neither potash 
nor o i l and gas operations w i l l be allowed to "unreasonably i n t e r f e r e " 
with development of the other resource. The e n t i r e proposed order 
should be consistent with t h i s balancing-of-interests p r i n c i p l e , 
imposing the burden of proof upon the opponent of any proposed 
d r i l l i n g operations, to show cause why the proposed operations should 
not be permitted, and the OCD should approve the permit application 
i f , i n i t s opinion on a case-by-case basis, such burden of proof has 
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not been met. We concur i n the comment made by one party at the 
hearing that the reference i n the proposed order ( I I I , (4)) "that no 
potash resources w i l l be endangered" appears not to be supported nor 
defined by law, and i n our view d i r e c t l y c o n f l i c t s with the aforesaid 
general p r i n c i p l e encouraging multiple use. 

We do concede that certain c o n f i d e n t i a l l y provisions would be 
appropriate to protect against public disclosure of certain potash 
(and o i l and gas) information that might be submitted i n OCD hearings 
in which d r i l l i n g applications are challenged by potash i n t e r e s t s . 

3. 

Mr. Ernie Szabo pointed out at the hearing that there appeared to 
be no provision i n the proposed order addressing possible future 
changes i n the LMR boundary, either expanding or contracting the LMR 
area. Another party at the hearing commented that there appears to be 
no mechanism i n the proposed order for eventual removal of acreage 
from the LMR area which has been demonstrated to be non-commercial, 
e.g., by depletion due to production of potash or by additional coring 
or other data. We suggest that the OCD consider the f e a s i b i l i t y of 
covering these related matters i n the proposed order. 

4 . 

I f the concept of a buffer zone around the LMR area i s employed, 
i t should be defined i n the proposed order i t s e l f and should be 
greatly narrowed i n terms of distance. Our application of a buffer 
zone as set out i n the November 23, 1987 agreement ( d i f f e r i n g as to 
depth) to the map of the potash area provided at the hearing leads us 
to conclude, as noted above, that i t would i n practice overlap so as 
even t o t a l l y to exclude from o i l and gas d r i l l i n g many or most enclave 
areas of non-commercial potash deposits. Also, i t s breadth would 
render impossible or impractical the d r i l l i n g of d i r e c t i o n a l wells to 
reach o i l and gas objectives. I t i s LL&E's position that there i s no 
s c i e n t i f i c j u s t i f i c a t i o n for a buffer zone employing of f s e t d r i l l i n g 
distances i n the range of a mile or half mile (depending on objective 
depth of the proposed o i l and gas w e l l ) , nor for a buffer zone 
employing such drastic differences i n o f f s e t distance based on such 
objective depth. We recommend that the OCD c a r e f u l l y review evidence 
submitted on these points at the recent hearing and on previous 
occasions, and evidence otherwise available. 
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5. 

At the hearing Exxon, and perhaps other p a r t i c i p a n t s , raised the 
issue of whether the current system i s reasonable i n that i t makes no 
r e s t r i c t i o n on leasing State of New Mexico acreage for o i l and gas, 
but on the other hand does not specify d r i l l i n g r e s t r i c t i o n s on the 
acreage, i n whole or part, at the time i t i s offered for lease. While 
LL&E does not support broad withdrawal of acreage from o i l and gas 
leasing, as so often i s the case with Federal lands i n various parts 
of the nation, there should be a systematic procedure to advise 
p o t e n t i a l bidders whether part or a l l of t r a c t s offered for lease 
cannot be d r i l l e d from a surface location either thereon or within a 
certain distance therefrom. The current system appears to contemplate 
an all-or-nothing gamble as to d r i l l i n g r i g h t s at a point i n time 
a f t e r , rather than before, s i g n i f i c a n t c a p i t a l and evaluation 
investment i n o i l and gas leases has been made. 

LL&E appreciates the opportunity to comment upon proposed Order 
No. R - l l l - P and t r u s t that these comments w i l l be favorably acted 
upon. We apologize for the delay i n submitting these comments. At 
the February 18, 1988 hearing we were not given a precise deadline for 
additional comments, but only a general reference to two weeks with no 
indication that the timing was c r i t i c a l . In any event, we want you to 
have our input whether or not i t becomes part of the o f f i c i a l record 
of the case. 

We also want to concur i n the expression of recognition and 
support for the d i l i g e n t e f f o r t made by the OCD and by the Potash-Oil 
and Gas Study Committee on t h i s matter. In our view, the recent 
i n t e r - i n d u s t r y communication and education has been extremely 
important and should continue regardless of the nature of any changes 
made by the OCD to the proposed order as a re s u l t of the February 18, 
1988 public hearing and related public comments. 

I f we can be of any further assistance to the OCD i n t h i s matter, 
please c a l l upon us. 

* * * 

Sincerely, 

Paul F. Nielsen 
Staff Landman 

PFN:11 



BEFORE THE 

NEW MEXICO OIL CONSERVATION COMMISSION 

DEPARTMENT OF ENERGY AND MINERALS \>J 

IN RE: APPLICATION OF THE U 
NEW MEXICO OIL CONSERVATION 
DIVISION TO REVISE, AMEND, Case No. 9316 
AND RECODIFY ORDER NO. R - l l l , 
AS AMENDED 

COMMENTS OF TEXACO, INC. 

At the request of the Commission, Texaco, Inc. submits these 

comments on the orcoosed amendments t o Rule R - l l l i n c o n j u n c t i o n 

w i t h the hearing held on the matter on February 18, 1988. 

TEXACO'S POSITION 

At t h e February 18, 19R8 Commission hearing, Texaco had i t s 

f i r s t o p p o r t u n i t y t o review proposed Order R - l l l - P . While we 

b e l i e v e t h a t t h e p r e s e n t procedures under Order R - l l l - A (as 

amended) are s u f f i c i e n t t o prevent waste of hydrocarbon reserves 

and guard a g a i n s t t h e undue waste of pota s h , Texaco generally 

s u p p o r t s proposed Order R - l l l - P . However, Texaco s t r o n g l y 

opposes the a d o p t i o n , i n whole or i n p a r t , of the November 23, 

.1987 agreement among the members of the P o t a s h - O i l and Oas WnrV 

Committee. The reasons f o r our o p p o s i t i o n t o t h e committee 

agreement are stated below. 

By our o p p o s i t i o n t o t h e committee agreement, Texaco does 

not advocate a wholesale abandonment of the e f f o r t between the 

two i n d u s t r i e s . To the c o n t r a r y , Texaco commends the e f f o r t s of 

the D i v i s i o n and the committee members. However, Texaco urges 

- 1 -



t h a t t h e matter be f u r t h e r c o n s i d e r e d by t h e two i n d u s t r i e s 

according t o concrete p r o c e d u r a l and o r g a n i z a t i o n a l q u i d e l i n e s 

established by the Commission. 

PROPOSED ORDER R - l l l - P 

While gen e r a l l y suoportive of Proposed Order R - l l l - P , Texaco 

o f f e r s the f o l l o w i n g comments on these sections of the order: 

111(4) The wording "and t h a t no potash resources w i l l be 

endangered" i s new, vague and not d e f i n e d . This language 

should be changed or deleted. 

V I ( l ) ( a ) and (b) The d e f i n i t i o n s of sha l l o w and deep 

zones should be r e d e f i n e d . Shallow zone: A l l f o r m a t i o n 

above the base of t h e Delaware Mountain group. Deep zone: 

A l l f o r m a t i o n s below the base of t h e Delaware Mountain 

group. 

v i i ( l ) E x h i b i t "B" i n t h i s referenced section should be 

deleted. The E x h i b i t "B", map of the LMR i s prooosed t o be 

c o n f i d e n t i a l . Affected o i l and gas lessees should have the 

o p p o r t u n i t y t o view p o r t i o n s of t h i s map a f f e c t i n g t h e i r 

lease along w i t h the data and c r i t e r i a used t o del i n e a t e the 

proposed LMR. 

THE NOVEMBER 23, 1987 AGREEMENT 

Texaco b e l i e v e s t h a t t h e substance of t h e p o t a s h - o i l 

i n d u s t r i e s work committee agreement and the procedures leading up 

t o i t s e x e c u t i o n are i n a p p r o p r i a t e . Indeed, t h e terms of the 

agreement are v i o l a t i v e of t h e New Mexico O i l and Gas Act, t he 

f e d e r a l r e g u l a t i o n s and a d m i n i s t r a t i v e orders of the Bureau of 

Land Management, and the f e d e r a l and s t a t e s t a t u t e s ( i n c l u d i n a 



t h e C o n s t i t u t i o n of New Mexico) governing the a d m i n i s t r a t i o n of 

New Mexico's State Trust Lands. In view of the p o t e n t i a l e f f e c t 

on the owners of diverse o i l and qas property r i g h t s , a l l of whom 

are attempted t o be t r e a t e d as a c l a s s , t h e procedures f o r 

d e s i g n a t i n g " l i f e of mine reserves" areas (LMR's) where d r i l l i n g 

would be p r o h i b i t e d mav v i o l a t e t he F i f t h and F o u r t e e n t h 

Amendments t o the United States C o n s t i t u t i o n . 

The a d o p t i o n of t h e work committee agreement as p a r t of 

proposed Order R - l l l - P would a l s o be l e g a l l y d e f i c i e n t f o r the 

reason t h a t the agreement i s r e p l e t e w i t h i n c o n s i s t e n c i e s t h a t 

are d i r e c t l y opposed t o manv of the main provisions of the order. 

As much of the testimony of the proponent witnesses i r r e f u t a b l y 

e s t a b l i s h e d , t h e a d o p t i o n of the committee agreement i s 

unnecessary f o r the accomplishment of the purposes of Order 

P - l l l - P . Indeed, t h e p r o v i s i o n s of the order and the committee 

agreement are so at odds t h a t both would be rendered meaningless 

and wouuld be incapable of being administered. 

On an i t e m by i t e m b a s i s , Texaco o f f e r s the f o l l o w i n g 

c r i t i c i s m s of the November 23, 1987 committee aareement: 

INTRODUCTION 

The " I n t e n t i o n " of the agreement contravenes The New Mexico 

O i l and Gas Act as i t s g e n e r a l e f f e c t i s t o accord primacy t o 

potash reserves i n LMR areas at t h e expense of o i l and qas 

r e s e r v e s . To the c o n t r a r y , t h e O i l and Gas Act d i r e c t s t h e 

Commission and D i v i s i o n t o p r o h i b i t any p r a c t i c e s which reduce or 

tend t o reduce t h e t o t a l q u a n t i t y o f o i l or gas u l t i m a t e l y 

recovered from any oool while at the same time guardina a g a i n s t 

o p e r a t i o n s which "unduly" reduce t h e t o t a l q u a n t i t y of 
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r e c o v e r a b l e potash. (See, 7 0 - 2 - 3 [ A ] and [ F ] , N.M.S.A. [1978].) 

Nowhere i n the O i l and Gas Act i s t h e r e any a u t h o r i t y which 

allows the development of potash reserves t o the e x c l u s i o n of 

hydrocarbon reserves. The perpetual p r o h i b i t i o n against d r i l l i n g 

i n t h e LMR area would do j u s t t h a t . We would al<=o make t h e 

f o l l o w i n g p o i n t s : 

Creation of LMR's removes more lands from d r i l l i n g than 

presently a v a i l a b l e . 

C r e a t i o n of " d r i l l i n g areas" o u t s i d e of LMR's but 

w i t h i n potash area i s an i l l u s o r y c o n s i d e r a t i o n : fewer 

lands w i l l a c t u a l l y be a v a i l a b l e f o r p e r m i t t i n g f o r 

d r i l l i n g . 

We b e l i e v e potash mining areas w i t h i n t h e LMR are 

adequately protected by the procedures under R - l l l - A . 

The potash i n d u s t r y gains no a d d i t i o n a l s a f e t y f a c t o r 

under the l e t t e r agreement: d r i l l i n g d i s t a n c e from 

mining a c t i v i t i e s i s i r r e l e v a n t i n terms of subsidence 

and l o s t potash reserves. Notably, when a potash area 

i s primary-mined, no subsidence occurs. Primary mining 

also allows the recovery of a p p r o x i m a t e l y 75% of t h f 

potash r e s o u r c e . T h e r e f o r e , t he l o s s of potash 

resources i s minimal as compared t o the t o t a l loss of 

o i l and gas reserves under an absolute d r i l l i n g ban i n 

the LMR areas. 

I . THE POTASH AREA 

- This section conforms R - l l l - A area t o PLM d e f i n i t i o n of 

"Potash Area". This section i s appropriate. 
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I I . DESIGNATION OF MINE RFSERVES 

A. The LMR d e s i g n a t i o n process i s c o n f i d e n t i a l . What would i n 

e f f e c t be t h e condemnation of o i l and gas p r o p e r t y i n t e r e s t s 

should be s u b j e c t t o a d v e r s a r i a l s c r u t i n y ( n o t n e c e s s a r i l y 

p u b l i c d i s c l o s u r e ) by anyone w i t h an a f f e c t e d property i n t e r e s t . 

O t herwise, the u n i l a t e r a l designation of LMR areas would l i k e l y 

be a r b i t r a r y and unsupported by s u b s t a n t i a l evidence, both of 

which are unlawful. 

Data on which LMR areas would be based i s o f t e n u n r e l i a b l e : 

We would note t h a t i n OCC Case 9143, a potash o p e r a t o r , i n 

a t t e m p t i n g t o d e f i n e i t s mineable reserves f a i l e d t o honor a 

c r i t i c a l core-log which s i g n i f i c a n t l y a l t e r e d the boundary of the 

barren area. Anyone V7ith an a f f e c t e d property i n t e r e s t must have 

the o p p o r t u n i t y t o p a r t i c i p a t e i n the c r e a t i o n of an LMR area i f 

they are created at a l l . 

A l l o i l and cas p r o p e r t y i n t e r e s t owners are not s i m i l a r l y 

s i t u a t e d . Their i n t e r e s t s are diverse. They cannot be t r e a t e d 

as a c l a s s . Otherwise, due process and equal p r o t e c t i o n problems 

a r i s e . 

I n d e s i g n a t i n g LMR's, there i s no requirement t h a t a potash 

lessee a c t u a l l y own the potash reserves or have a r i g h t t o mine 

the re s e r v e s subject- t o t h e LMR area. This i s a h i g h l y 

o b j e c t i o n a b l e p r o v i s i o n . 

f i n a l l y , n e i t h e r the O i l Conservation D i v i s i o n nor the State 

Land Commissioner can l a w f u l l y d e l e g a t e t h e i r r e s p e c t i v e 

a u t h o r i t y t o a process whereby LMR areas are determined s o l e l y bv 

the potash o p e r a t o r s and t h e ELM. By so d o i n g , those p u b l i c 

o f f i c e r s would cede t h e i r s t a t u t o r y r e s p o n s i b i l i t i e s t o ensure 
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t h a t hydrocarbon reserves are not wasted and t h a t s t a t e t r u s t 

lands are a d m i n i s t e r e d f o r the o p t i m a l b e n e f i t of t h e s t a t e ' s 

b e n e f i c i a r y i n s t i t u t i o n s . Thus, t h e ver y essence of the LMR 

d e s i g n a t i o n process i s u n l a w f u l as these p u b l i c o f f i c e r s are 

concerned. 

I I I . DRILLING IN THE PQTASf' AREA 

B. As e x p l a i n e d above, n e i t h e r the OCC, State Land O f f i c e or 

»?LM can delegate t h e i r a u t h o r i t y f o r approving APD's t o a process 

t h a t contravenes the O i l and Gas A c t , t h e Arizona-New Mexico 

Fnabling Act or the I n t e r i o r S e c r e t a r i a l Order f o r d r i l l i n g i n 

potash areas. (See, Section 70-2-3 N.M.S.A. [1978], Enabling Act 

§10, I n t e r i o r S e c r e t a r i a l Order of October 28, 1986.) 

1. Buffer Zone 

The c r e a t i o n of t h e b u f f e r zone i s dependent upon the 

process f o r e s t a b l i s h i n g L?'R areas and thus has the sar.e 

problems. 

Also, i n view of the geologic c h a r a c t e r i s t i c s of the potash 

area and pres e n t l y a v a i l a b l e and p r a c t i c a b l e technology, problems 

VJi.th respect t o subsidence, gas m i g r a t i o n , mine sa f e t y and undue 

waste of potcish are avoi d a b l e . T h e r e f o r e , the o f f s e t d i s t a n c e s 

are unnecessary and do not achieve t h e p u r p o r t e d goals of the 

agreement. 

° • Abandoned Mine Workings 

The abandonment and sealing plan i s unnecessary. An o i l and 

gas operator cannot accept r e s p o n s i b i l i t y f o r sealing a mine. As 

w e l l , i t i s j u s t as i n a p p r o p r i a t e t o make d r i l l i n g operations 

near abandoned mines subject t o the u n i l a t e r a l veto of a potash 

1essee. 



The safetv c e r t i f i c a t i o n accomplishes no purpose and i s onlv 

provocative. 

D. We d i s a g r e e t h a t t h e need f o r d r i l l i n g i s l a n d s i s 

e l i m i n a t e d . This aareement cannot l a w f u l l y a b o l i s h d r i l l i n g 

areas created by an I n t e r i o r S e c r e t a r i a l Order. 

IV. LOCATION OF WELLS AND NOTICE TO POTASH LESSEES 

A. Requirement" f o r u n i t i z a t i o n i s vaque, i m p r a c t i c a b l e , 

accomplishes no apparent purpose and i s l i k e l y i m p e r m i s s i b l e 

under State Land O f f i c e and ELM O i l and Gas Regulations. 

0. This s u b s e c t i o n (as does S e c t i o n IX C of the aareement) 

attempt s t o t r a n s f e r l i a b i l i t y bv the aareement and i s 

impermissible at law. Moreover, the language p u r p o r t s t o make 

the owner of e. lease i n t e r e s t l i a b i l e along with those "persons 

and/or e n t i t i e s i n v o l e d i n the development" whether t h e 

leaseholder i s a c t u a l l y involved i n d r i l l i n g operations or not. 

SUMMARY 

While the order proposed by the O i l Conservation D i v i s i o n i s 

a commendable step i n t h e r i q ^ t d i r e c t i o n , i t should not be 

adopted w i t h any r e f e r e n c e t o t h e November 23, 1987 Agreement. 

The aareement while w e l l - i n t e n t i o n e d , i s l e g a l l y d e f i c i e n t and i s 

i r r e c o n c i l a b l e w i t h proposed Order R - l l l - P . 

Because of t h a t importance of t h i s m a t t e r , we b e l i e v e t h a t 

f u r t h e r d e l i b e r a t i o n s among th e D i v i s i o n , the o i l i n d u s t r y and 

potash i n d u s t r y are i n order b e f o r e a f i n a l amendment t o Order 

R - l l l - A i s proposed. 
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R e s p e c t f u l l y submitted: 

CAMPBELL & BLACK 

Bv 6-6tkttt*tl 
,T. Scott H a l l 
P.O. Box 2208 
Santa Fe, New Mexico 8750A-2208 
(505) 938-4421 

Attorneys f o r Texaco, Inc. 
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K E M P , S M I T H , D U N C A N & H A M M O N D 

A P R O F E S S I O N A L C O R P O R A T I O N 

ATTORNEYS AT LAW 

T A D R. S M I T H 

J A C K D U N C A N 

J O S E P H P. H A M M O N D 

J A M E S F. G A R N E R 

L E I G H T O N G R E E N , J R . 

R A Y M O N D H M A R S H A L L 

R O B E R T B. Z A B O R O S K I " 

W R O Y A L F U R G E S O N , J R . 

C H R I S A. P A U L 

C H A R L E S C- H I G H , J R . 

D A V I D H W I G G S . J R . 

J I M C U R T I S 

D A N E G E O R G E ! 

L A R R Y C. W O O D 

E. J . N K B E C K 

M I C H A E L D. M C Q U E E N 

J O H N J . S C A N L O N , J R . 

T A F F Y D. B A G L E Y 

L U I S C H A V E Z 

O A V i D S . J E A N S 

D A R R E L L R. W I N D H A M 

R O G E R D. A K S A M I T 

C H A R L E S A. B E C K H A M , J R . 

M A R G A R E T A. C H R I S T I A N 

L I N D A K. K I R BY 

M A R K D P I E R C E 

D A N C . D A R G E N E 

J O H N W. M c C H R l S T I A N , J R . 

M A R K E. M E N D E L 

E N R I Q U E M O R E N O 

S T A N C Y S T R I B L I N G 

T, T A 8 ER C H A M B E R L A I N , J R . 

N A N C Y C . S A N T A N A 

J E F F R Y H . R A Y 

M I T Z I T U R N E R 

P H I L I P R. M A R T I N E Z 

C H R I S T O P H E R J . P O W E R S 

J . S C O T T C U M M I N S 

A L L A N G O L D F A R B 

S U S A N F A U S T I N 

J O E L F R Y 

J A N E S. S N O W 

R U B E N R O B L E S 

K E N C O F F M A N 

P A U L E- S Z U R E K 

D O N N A C H R I S T O P H E R S O N 

M A R K N. O S B O R N 

E L I Z A B E T H J . V A N N 

T E R R Y D. B A S S H A M 

D A V I D R. N O R M A N 

B E N H. L A N G F O R D 

D A V I D M. H U G H E S 

J O H N R. B O O M E R 

A L W A T K I N S 

L A W R E N C E M. J O R D A N 

J O N A T H A N D. E D E L F E L T 

A L B U Q U E R Q U E t 

J O H N P E A S T H A M 

T H O M A S S M I D T II 

R O B E R T A . J O H N S O N 

D O N A L D B. M O N N H E I M E R 

C H A R L E S L. S A U N D E R S , J R . 

A L L A N J . H I S E Y 

D A V I D L. S P O E D E " 

J A M E S L. R A S M U S S E N 

B R U C E E. C A S T L E 

S T E P H E N R- N E L S O N 

K A T H L E E N A Y R E S 

M A R Y C A T H E R I N E M C C U L L O C H 

C O L I N L. A D A M S 

M I D L A N D ' 

S T E V E N C . J A M E S 

S A N T A F E t 

J O E L. M c C L A U G H E R T Y " 

E L P A S O , T E X A S 7 9 S 0 1 - I 4 4 I 
2 0 0 0 MBANK PLAZA 
P. O . D R A W E R 2 S O O , 7 9 9 9 9 - 3 6 0 0 

( O I 5 ) 5 3 3 - 4 4 2 4 

F A C S I M I L E : ( 9 1 5 ) 5 4 6 - 5 3 6 0 

( 9 1 5 ) 5 4 6 - 5 2 9 4 

E A S Y L I N K : 6 2 9 3 7 2 9 3 

T E L E X : 5 1 0 6 0 1 9 9 9 K E M P U O 

A L B U Q U E R Q U E , NEW M E X I C O £ 1 7 1 0 3 - 2 2 4 0 
2 0 0 L O M A S B O U L E V A R D . N.W., S U I T E 7 0 0 

R O . B O X 1 2 7 8 , 8 7 1 0 3 - 1 2 7 5 

( 5 0 5 ) 2 4 7 - 2 3 1 5 

F A C S I M I L E ! ( 5 0 5 ) 8 4 3 - 6 0 9 9 

M I D L A N D , T E X A S 7 S 7 0 I - 3 3 S 3 
1 0 0 4 N O R T H B I G S P R I N G , S U I T E 5 0 7 

( 9 1 5 ) 6 B 7 - O O I I 

F A C S I M I L E : ( 9 1 5 ) S S 7 - I 7 3 5 

OF COUNSEL: W I L L I A M D U N C A N 

• M E M B E R S T E X A S B A R 

t M E M B E R S N E W M E X I C O B A R 

" M E M B E R S T E X A S A N D N E W M E X I C O B A R S 
March 29 , 1988 

S A N T A F E , NEW M E X I C O S 7 S O I -
1 2 3 E A S T M A R C Y . S U I T E 2 0 S 

P. O . B O X S 6 S O , S 7 5 0 4 - S S 8 0 

( 5 0 5 ) 9 8 2 - 1 9 1 3 

F A C S I M I L E : ( 5 0 5 ) 9 S S - 7 5 6 3 

Mr. Vic Lyon 
State of New Mexico 
O i l Conservation D i v i s i o n 
P. 0. Box 2088 
State Land O f f i c e B u i l d i n g 
Santa Fe, New Mexico 875 04 

Dear Vic: 

Enclosed i s some suggested language f o r your c o n s i d e r a t i o n 
and use i n connection w i t h the Potash-Oil Study Committee 
Agreement case. Feel f r e e t o use i t as you wish. I d i d t h i s 
j u s t t o give you my thoughts and ideas so i t i s not a statement 
from the Potash I n d u s t r y . I n f a c t , no one from the I n d u s t r y 
has seen or approved i t . I hope i t w i l l be h e l p f u l t o you. 

Best wishes. 

Si n c e r e l y , 

CCH:sg 
Enclosures 



THE STATE OF NEW MEXICO 
ENERGY, MINERALS AND NATURAL RESOURCES DEPARTMENT 

OIL CONSERVATION COMMISSION 

CASE NO. 9316 

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

AGREEMENT REACHED BY THE 
POTASH-OIL AND GAS STUDY 
COMMITTEE ON NOVEMBER 23, 1987 
TO REVISE, AMEND AND RECODIFY 
ORDER R - l l l , AS AMENDED 

ORDER OF THE COMMISSION 

This cause came on f o r hearing at 9:00 a.m. on February 

18, 1987, i n 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 t o as the 

"Commission". 

NOW, on t h i s day of March, 1987, the commission, a 

quorum being present, having considered the Statement of 

Agreement Between the Potash I n d u s t r y and O i l and Gas I n d u s t r y 

on Concurrent Operations i n the Potash Area i n Eddy and Lea 

Counties, New Mexico, a copy of which i s attached hereto as 

E x h i b i t A, as w e l l as the testimony presented and e x h i b i t s 

received at the hearing and being f u l l y advised i n the premises, 

FINDS THAT; 

1. P u b l i c n o t i c e has been given as r e q u i r e d by law and 

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 t h e r e o f . 

2. (Recite the h i s t o r y of meetings between the two 

I n d u s t r i e s and the o p p o r t u n i t i e s f o r everyone t o p a r t i c i p a t e as 



explained by Vic Lyon at the hearing and other factual 

f i n d i n g s ) . 

3. The Agreement under consideration 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 res u l t 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 i n the v i c i n i t y of underground potash mining. 

4. The Industry representatives involved i n the discus

sions leading up to the Agreement are knowledgeable of the 

safety issues involved when methane gas enters an underground 

mining operation. They are also knowledgeable of the 

technology and methods available to each to deal with these 

hazards while allowing maximum concurrent development of 

potash, o i l and gas. 

5. The concurrent development of natural resources, 

p a r t i c u l a r l y when there i s a safety r i s k involved, requires 

that there be l i m i t s on each Industry. 

6. The protection of the c i t i z e n s of the State of New 

Mexico, whether performing work i n an underground potash mine 

or on an o i l or gas r i g , i s paramount to the uncontrolled 

development of natural resources. 

7. The agreement of Industry representatives on how our 

State's natural resources can be concurrently developed i n a 

safe and orderly manner provides strong and useful guidance to 

the Commission. 
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8. The Agreement reached by the two Industries r e f l e c t s 

compromises on issues known to be c r i t i c a l to each i n the 

express hope of reducing the time spent by the State i n 

resolving these issues while our natural resources go 

undeveloped. 

9. The protection of c o r r e l a t i v e r i g h t s , the promotion of 

conservation, and the prevention of waste require that c e r t a i n 

areas of potash deposits, called "life-of-mine reserves", be 

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 that other 

areas specified i n the Agreement be made available for o i l and 

gas a c t i v i t i e s . 

10. The technological and other developments that have 

occurred since the adoption of Order R - l l l require that i t be 

revised to r e f l e c t modern day standards and concerns. 

11. The terms set f o r t h i n the Agreement, except as 

modified below, w i l l permit the development of o i l and gas and 

thus prevent waste of hydrocarbon resources without undue waste 

of potash as directed by the O i l and Gas Act, 70-2-12(17) 

NMSA. The adoption of these terms, as modified, w i l l therefore 

prevent the waste of either potash or o i l and gas. 

IT IS THEREFORE ORDERED THAT: 

This Order s h a l l be known as The Rules and Regulations 

Governing the Exploration and Development of O i l and Gas i n the 

Potash Area i n Eddy and Lea Counties, New Mexico. 
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OBJECTIVE 

The objectives of these Rules and Regulations are to 

prevent waste, protect c o r r e l a t i v e r i g h t s , assure maximum 

conservation of the o i l , gas and potash resources of New 

Mexico, and permit the economic recovery of o i l , gas and potash 

minerals i n the area hereinafter defined while protecting the 

cit i z e n s of the State of New Mexico from unreasonable and 

unnecessary safety hazards. 

I I . 

POTASH AREA 

A. The area covered by these Rules and Regulations s h a l l 

be known as the "Potash Area". 

B. The "Potash Area" includes those t r a c t s of land i n 

Eddy and Lea Counties, New Mexico, from the surface downward, 

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

I n t e r i o r i n Section V of the Order dated October 28, 1986 [51 

Fed.Reg. 39426]. 

C. The "potash area" covered by these Rules and 

Regulations may be revised from time to time by the Commission 

aft e r due notice and hearing at the regular pool nomenclature 

hearings to r e f l e c t any subsequent changes by the Secretary of 

the I n t e r i o r . 

I I I . 

DESIGNATION OF MINE RESERVES 

A. Within ninety (90) days of the e f f e c t i v e date of t h i s 

Order and annually thereafter by January 31 i f revised, each 



potash lessee i n the Potash Area, without regard to whether the 

lease covers State or Federal land, s h a l l f i l e w i t h the 

D i s t r i c t Manager, Bureau of Land Management ("BLM") and the 

Director, New Mexico O i l Conservation Division (J'OCD") â  

designation of the potash ^ e p r ^ i t s _ c r ^ i ^ e r e d by the^potash 

lessee to be i t s life-of-mine reserves ("LMR"). For purposes 

of t h i s Order, "life-of-mine reserves" means those potash 

deposits w i t h i n the Potash Area reasonably believed by the 

potash lessee to contain potash ore i n s u f f i c i e n t thickness and 

grade to be minable using current day mining methods, equip

ment, and technology. Information used by the potash lessee i n 

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 OCD 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...information" and not subject to public 

disclosure. 

B. An authorized o f f i c e r of the BLM, i n cooperation with 

the OCD, or an o f f i c i a l of the OCD i n the absence of a work-

sharing agreement with the BLM, s h a l l review the information 

submitted by each potash lessee i n support of i t s LMR designa

t i o n and v e r i f y , upon request, that the data used by the potash 

IS 

lessee i n establishing the boundaries of i t s LMR SJI consistent 

w i t h data available to the BLM and/or OCD. Any disputes 

concerning the boundary of a designated LMR s h a l l be f i r s t 

heard and resolved i n accordance w i t h the Department of 

I n t e r i o r ' s Hearings and Appeals Procedure, 43 C.R.F. Part 4 



(1986). The Commission s h a l l review any decision concerning 

State land f o r consistency with t h i s Order and may adopt or 

amend any such decision as necessary to carry out the in t e n t of 

t h i s Order. 

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

a revised designation with the BLM and OCD accompanied by the 

information referred to i n 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 and/or OCD sha l l 

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 l a t e s t amendments to any designated LMR's. These 

map(s) 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 and w i l l be used only f o r the purpostis 

of t h i s Order. 

IV. 

DRILLING IN THE POTASH AREA 

A. A l l d r i l l i n g of o i l and gas wells i n the Potash Area 

sh a l l be subject to these Rules and Regulations. 

B. No wells w i l l be d r i l l e d for o i l or gas at a location 

which, i n the opinion of the Commission, or i t s duly authorized 

representative, would re s u l t i n 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 with potash 

deposits. 
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C. No mining operations w i l l be conducted in the Potash 

Area that would, in the opinion of the Commission or i t s duly 

authorized representative, constitute a hazard to o i l or gas 

production, or that would unreasonably interfere with the 

development and production from any o i l or gas pool 

D. Applications for permits to d r i l l on federal lands 

w i l l be processed for approval by the BLM. APD's on State or 

patented lands w i l l be processed by the OCD and in the case of 

State lands, in collaboration with the Commissioner of Public 

Lands. The Division w i l l f i r s t ascertain from the BLM whether 

the proposed d r i l l i n g location i s within or outside of any 

designated LMR. Approval or denial of APD's w i l l be determined 

in accordance with the following policies: 

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

2. 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 i s 
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 
i s d r i l l e d in accordance with the cementing and casing 
requirements of this Order. 

3. 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 

- 7 -



the LMR of any potash lessee may be approved regard
less of the depth of the bottom hole location 
provided: (a) wells with bottom hole locations below 
the base of the Delaware Mountain Group are dri l l e d in 
accordance with the cementing and casing requirements 
of this Order, and (b) wells to bottom hole locations 
above the base of the Delaware Mountain Group may be 
dr i l l e d without regard to the cementing and casing 
requirements of this Order but must be dri l l e d in 
accordance with then current Industry safety standards. 

4. 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 cementing and casing requirements of this Order. 

5. 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. 

6. 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 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 mine 
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 certification described in Paragraph E 
below. 

7. An APD for a directionally 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 limita
tions and requirements set forth in Paragraphs 1 - 6 
above. Directionally dr i l l e d holes shall be dri l l e d 
v e r t i c a l l y until they have completely penetrated 
Marker Bed No. 126 (U.S.G.S.) of the Salado Formation 
at which time they may be deviated. 

E. 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 
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or a distance equal to the depth of the ore plus ten percent 

(10%), whichever i s greater, of abandoned mine workings that 

are connected to an ex i s t i n g mine by any opening or a ba 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 fo 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 for 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 that 

the d r i l l i n g of such well w i l l not create a safety hazard to 

affected potash lessees. 

V. 

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 un i t i z e d to the extent possible with 

other areas where d r i l l i n g i s 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 wit h the OCC and/or BLM 

along w i t h a map or p l a t showing the location of the proposed 

w e l l . One copy of the APD and map or p l a t s h a l l be served by 
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registered mail, return receipt requested, on a l l potash 

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

location. However, i f the APD i s f o r an o i l or gas w e l l 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 

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

BLM. Within 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 we l l location (or any affected potash lessee i f the 

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

an objection w i t h the OCC to the proposed w e l l . I f the 

objections cannot be resolved by agreement of the p a r t i e s , the 

matter s h a l l be referred f o r 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 

referred to i n t h i s Agreement s h a l l not c o n s t i t u t e a release of 

l i a b i l i t y , j O i l and gas leaseholders and those persons and/or 

e n t i t i e s involved i n the development of the lease s h a l l be 

responsible as provided by law f o r any damages caused by them 

to any person by the release of gases or l i q u i d s i n t o the 

s t r a t a or atmosphere as a r e s u l t of d r i l l i n g a c t i v i t i e s . 

VI. 

DRILLING AND CASING PROGRAM 

[Same as current R - l l l - A ] 
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V I I . 

DRILLING FLUID FOR SALT SECTION 

[Same as current R-lll-A] 

V I I I . 

PLUGGING AND ABANDONMENT OF WELLS 

[Same as current R-lll-A] 

IX. 

FILING OF WELL SURVEYS 

The OCC may require an o i l and gas 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 point below 

the lowest known potash bearing horizon on a l l wells d r i l l e d i n 

the Potash Area. A l l encounters with flammable gases, 

including H2S, sh a l l be reported by the operator to the OCC. 

X. 

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 w i t h i n 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 i n 

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 w i t h i n the Potash Area. 

C. I n 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 Order r e 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 
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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 may, upon request, i n i t i a t e proceedings i n 

accordance w i t h 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 o r in j u n c t i v e 

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 o r any damages caused by i t s 

o i l and gas a c t i v i t i e s . 

XI. 

APPLICABILITY OF STATEWIDE RULES AND REGULATIONS 

A l l general statewide rules and regulations of the O i l 

Conservation Commission governing the development, operation, 

and production of o i l and gas i n the State of New Mexico not 

inconsistent or i n c o n f l i c t herewith are hereby adopted and 

made applicable to the areas described herein. 

DONE AT SANTA FE, NEW MEXICO on the day and year herein

above designated. 

STATE OF NEW MEXICO 

2199L-2 
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COMMENTS OF THE CARLSBAD POTASH INDUSTRY TO 
THE NEW MEXICO OIL CONSERVATION DIVISION 
POTASH-OIL STUDY COMMITTEE ON THE NEED 

FOR REVISIONS IN THE RULES AND REGULATIONS 
FOR DRILLING OIL AND GAS WELLS IN THE POTASH BASIN 

I . I n t r o d u c t i o n 

The Carlsbad Potash I n d u s t r y ("Industry") welcomes t h i s 

o p p o r t u n i t y t o present i t s comments and recommendations t o the 

New Mexico O i l Conservation D i v i s i o n Potash-Oil Study Committee 

("Study Committee") on the need f o r r e v i s i o n s i n the cu r r e n t 

r u l e s and r e g u l a t i o n 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 Basin. 

The mine operators concurring i n these I n d u s t r y comments 

and recommendations are AMAX Chemical Corporation, 

I n t e r n a t i o n a l Minerals and Chemical Corporation, Lundberg 

I n d u s t r i e s , L t d . , 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 p r o 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 h o l d 100% of the 

potassium leases granted by the State of New Mexico. They also 

h o l d 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 I n d u s t r y . 



Our concern w i t h the e x i s t i n g r u l e s and r e g u l a t i o n s , simply 

st a t e d , i s t h a t they have become obsolete and no longer 

adequately p r o t e c t our mines and miners from the hazards 

associated w i 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 

t h a t has occurred over the years. We have expressed t h i s 

concern on numerous occasions t o the New Mexico O i l 

Conservation D i v i s i o n ("OCD") and the Bureau of Land 

Management, U.S. Department of the I n t e r i o r ("BLM") and 

appreciate the i n i t i a t i v e of the OCD, and i n p a r t i c u l a r i t s 

d i r e c t o r , Mr. R. L. Stamets, f o r e s t a b l i s h i n g t h i s Committee t o 

study the many issues i n v o l v e d and redetermine, under today's 

standards, where, when and how both o i l and gas and potash 

development i n the Basin can proceed i n a safe and e f f i c i e n t 

manner. We are c o n f i d e n t t h a t once everyone f u l l y understands 

the nature of our operations and the basis f o r our concern over 

the e x i s t i n g r u l e s and r e g u l a t i o n s , the need f o r r e v i s i o n s w i l l 

become c l e a r . We are also hopeful t h a t through t h i s process, 

we w i l l be able t o achieve a mutual understanding of the many 

issues i n v o l v e d and reach an agreement on r e v i s i o n s t h a t w i l l 

be acceptable t o everyone invo l v e d . 

11. Special C h a r a c t e r i s t i c s of the Mining I n d u s t r y 

I n e v a l u a t i n g the many issues i n v o l v e d , as w e l l as our 

concerns, i t i s important t h a t everyone 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. 
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A. L i m i t e d Ore Reserves 

F i r s t of a l l , we are a g e o g r a p h i c a l l y 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 e x p l o r a t i o n by the U.S. Geological 

Survey and p r i v a t e i n d u s t r y t o f i n d a replacement source f o r 

potash when German imports ceased w i t h 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 87% o f a l l potash mined i n the United States 

[Mineral I n d u s t r y Surveys, U.S. Department of the I n t e r i o r , 

Bureau of Mines (1984), attached as E x h i b i t 1] . 

B. Types and C h a r a c t e r i s t i c s 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 l a n g b e i n i t e , which i s mined by only two 

operators. This i s a rar e 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 p r o d u c t i o n 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 . 

- 3 -



C. Underground Mine Development and Operations 

Our method of o p e r a t i o n 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 t o 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 s e q u 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 c l o s e s t t o the surface and the f i r s t ore zone: 

being the 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 2 ] . These 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 3 ] , 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 2, 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 s h a f t s v e r t i c a l l y i n t o the ground down t o 

whatever depth was r e q u i r e d 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 g e n 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. 
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2. Development of Underground Working Areas 

H o r i z o n t a l l y o f f of these shafts 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 l o c a t e d 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 t h i n g s 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 

l e n g t h 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 o f the 

s h a f t t o the area where ore i s being removed from the ore body. 

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 c o n t a i n l a r g e 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 p l a n t o recover from 50-70 percent of the ore 

d u r i n g 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 
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support f o r the overburden then causes a slow subsidence t h a t 

e v e n t u a l l y f i l l s the v o i d 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 

dis c u s s i n g the extent o f ground movement caused by subsidence 

i s attached as E x h i b i t 4. 

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

The a c t u a l 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 w i t h 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 5. 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 t o 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 

v e h i c l e s i s also i n c l u d e d as E x h i b i t 5. From the bottom of the 

s h a f t , the ore i s loaded onto a h o i s t and h o i s t e d t o the 

surface f o r r e f i n i n g . 

The equipment used i n underground mining, as shown by 

E x h i b i t 5, i s heavy equipment. Other types of v e h i c l e s are 

also used t o t r a 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 

to be used underground must be disassembled so t h a t i t w i l l f i t 

i n t o the s h a f t f o r lowering underground and then reassembled 

f o r use once i t i s underground. A l l of the mines also maintain 

support f a c i l i t i e s underground. There are g e n e r a l l y 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. 

These 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. V e n t i l a t i o n of Underground Working 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 where work i s being 

performed and then routed out of the mines back t o a sh a f t 

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 which we w i l l t a l k about l a t e r , 

are h e a v i l y regulated by both the f e d e r a l and s t a t e governments. 

I I I . Safety of Miners from An I n d u s t r y Perspective 

These unique fe a t u r e s of our I n d u s t r y and the increased 

hazards inherent i n underground work r e q u i r e , and we believe: 
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r i g h t f u l l y so, t h a t the s a f e t y of our employees take precedence 

over p r o d u c t i o n and development cons i d e r a t i o n s . This i s a 

c l e a r l y s t a t e d 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 f o l l o w i n g statements o f Senators Harrison Williams and 

Jacob J a v i t s when the c u r r e n t Federal Mine Safety and Health 

Act was under c o n s i d e r a t i o n i n 1977: 

"Our country i s now t u r n i n g t o address our 
n a t u r a l energy shortage. The President has already 
sent t o us a comprehensive p l a n t o increase the 
development and e x p l o i t a t i o n of our energy and mineral 
reserves. I b e l i e v e t h a t an e f f e c t i v e mine s a f e t y and 
h e a l t h 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 
to pay f o r our energy and minerals w i t h the d r e a d f u l 
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 a t 
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 s a f e t y and 
h e a l t h program. Our miners should have t o w a i t no 
longer. Our Nation should want t o w a i t 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 a n t a g o n i s t i c goals of maximizing 
p r o d u c t i o n 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 
saf e t y and h e a l t h p r o t e c t i o n f o r 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 h i g h l y hazardous occupation. " 

[Congressional Record - Senate, June 20, 1977, p. 10204,, 

attached as E x h i b i t 6] . 

While we l i k e t o t h i n k we have always s t r u c k t h i s balance 

i n favor of saf e t y , we are nevertheless aware of and a f f e c t e d 

by the many d i s a s t e r s t h a t have occurred i n underground mines. 

- 8 -



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 

Study Committee, i s the f a c t t h a t the s i 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. 

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 on the Study Committee knows, i s a 

c o l o r l e s s , odorless, 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 explosive i n concentrations 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 of I n f l a m m a b i l i t y of Gases and Vapors, U.S. 

Bureau of Mines B u l l e t i n No. 503 (1952), pp. 37-48, attached as 

E x h i b i t 7 ] . I t i s l i g h t e r than a i r and when present i n an 

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

high places. Once i t becomes thoroughly 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 the moving a i r 

c u r r e n t and w i l l not separate or s t r a t i f y even i f the a i r 

becomes s t i l l . [Forbes, J.J. 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. 6-7, attached as E x h i b i t 8 ] . 

The c h a r a c t e r i s t i c s of hydrogen s u l f i d e are 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 of r o t t e n eggs at low concentrations. A i r t h a t contains 

4.3 t o 45 percent hydrogen s u l f i d e w i l l i g n i t e when subjected 

to o r d i n a r y flames and w i l l explode. I t i s also very poisonous 
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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 of one hour t o concentrations as low as .005 t o .01 

percent (50 t o 100 ppm). Concentrations above .07 percent (700 

ppm) w i l l cause a loss of consciousness, paralyze the 

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, the sense of smell cannot be r e l i e d 

upon as a means of 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 , the o l f a c t o r y nerves become paralyzed and the 

hydrogen s u l f i d e odor can no longer be detected [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 of Mines Miners' C i r c u l a r 33 (1954), pp. 11-13, 

attached as E x h i b i t 9] . 

B. Hazards of Flammable Gas i n an Underground Mine 

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

d i s a s t e r s caused by these hazardous gases occurred i n some 

deep, dark coal mine d u r i n g an e a r l i e r , less s o p h i s t i c a t e d 

p e r i o d of time where today's technology, knowledge and sa f e t y 

enforcement were not present. I n f a c t , t here i s a tendency 

among people outside the mining i n d u s t r y t o view these 

d i s a s t e r s i n t h a t p e r spective. 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 i n v o l v e d u t i l i z e 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 h e a v i l y r e g u l a t e d by f e d e r a l and 

s t a t e mine s a f e t y agencies p r i o r t o the explosions. 
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The f i r s t occurred on August 27, 1963 a t the Cane Creek 

potash mine i n Grand County, Utah. A major i n r u s h of flammable 

gas occurred from a s i n g l e working face i n t o a d e c l i n e d r i f t 

( t u n n e l ) d u r i n g r o u t i n e mining operations. The gas was c a r r i e d 

along the t u n n e l 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 di e d from explosive forces, 

flames or asphyxiation. The methane entered the mine d u r i n g 

b l a s t i n g i n the s t r a t a above the t a r g e t e d potash deposits. The 

source of the methane was b e l i e v e d t o be a c l a s t i c o i l shale 

g e o l o g i c a l f o r m a t i o n adjacent t o the s a l t beds. 

This i n c i d e n t i l l u s t r a t e s the increased hazard o f methane 

when encountered i n an enclosed, underground environment. I n 

a d d i t i o n t o 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 f o r c e t h a t i t caused severe damage; 

throughout the mine and up the s h a f t 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 10. A 

complete copy w i l l be provided upon request. 
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The second example i s more recent and occurred i n domal 

s a l t deposits on June 8, 1979 a t the B e l l e I s l e S a l t Mine of 

C a r g i l 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 o u t b u r s t occurred 

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

the mine. Approximately t e n 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 f o u r f a t a l i t i e s 

and one other employee di e d 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 . 

D e s t r u c t i o n 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 f o r c e 

generated by an explosion and the hazard i t creates i n an 

enclosed underground mine. The f i v e v i c t i m s of t h i s explosion 

were lo c a t e d at distances of 2600 f e e t t o 4600 f e e t away from 

the explosion area. One f e d e r a l i n s p e c t o r c a l c u l a t e d 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 p o r t i o n s of the f i n a l r e p o r t o f the U.S. Department, 

of Labor, Mine Safety and Health A d m i n i s t r a t i o n , on t h i s 
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d i s a s t e r i s attached as E x h i b i t 11. Copies of photographs 

attached t o the Report i l l u s t r a t e the f o r c e 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 on 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 d u r i n g r e g u l a r mining operations i n a. 

working face. S i m i l a r occurrences had been encountered 

p r e v i o u s l y 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 b e l i e v e d t o have been implementing theses 

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 l o c a t i o n s throughout the mine. This mine, 

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

mine r e g 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 s p e c i a l 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 i n v o l v e d i n t h i s 

explosion was not the slow emanation of methane 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 . 
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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 b e l i e v e d 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 f e d e r a l and s t a t e s a f e t y 

agencies may have reduced the odds but were not enough t o 

prevent the unexpected events t h a t occurred. I n 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 d u r i n g 

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 a t the B e l l e 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 a t the Dutch Creek 

mine, the mine was accustomed t o 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 N a t u r a l l y Occurring Flammable Gas Hazard 

i n the Potash Basin 

I n 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 expe c t a t i o n t h a t such an event w i l l ever occur. The n a t u r a l 

occurrence of flammable gases i n the Salado Formation where we 
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mine has been c a r e f u l l y and e x t e n s i v e l y s t u d i e d 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 t o 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 included as an e x h i b i t 

t o E x h i b i t 2. The second, e n t i t l e d Geology of the Carlsbad 

Potash Mining D i s t r i c t ( w i t h Emphasis on Brine and I n e r t Gases 

Adjacent t o or W i t h i n the Ore Beds), was performed f o r the 

I n d u s t r y i n 1982 by Dr. George B. Griswold, a w e l l known 

g e o l o g i s t 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 2. A t h i r d study, Occurrence of Gases i n 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 3 . 

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 

o c c u r r i n g 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 n i t r o g e n w i t h only minor 

amounts of methane and g e n e r a l l y 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 h i g h n i t r o g e n , low oxygen concentrations 

- 15 -



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 7, 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 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 o 30 f e 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 s t r e s s changes associated w i t h mine 

development and thereby reduce the r i s k of a roo f 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 g e o l o g i c a l 

source f o r lar g e 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 

2 ] , and as many of you know, the Salado was formed through a 

c y c l i c a l nature of d e p 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 y e r of 

c l a y covered by a t h i c k e r but s t i l l t h i n sheath of anhydrite 

f o l l o w e d by a much t h i c k e r bed o f h a l i t e . The f i r s t phase of 

the c y c l e , the c l a y seam, represents an o r i g i n a l d r y i n g and 

e r o s i o n a l surface at the top of the u n d e r l y i n g h a l i t e due t o 

the f a c t t h a t c l a y minerals tend t o concentrate at the 

surface. Sea water then re-entered the area, causing addi

t i o n a l s o l u t i o n of the u n d e r l y i n g 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 with. 
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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 d e p o s i t i o n of aragonite and then 

gypsum, which were l a t e r converted t o dolomite and anh y d r i t e by 

diag e n e t i c processes. The next phase saw the h a l i t e s t a r t to 

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, d r y i n g continued and addi

t i o n a l h a l i t e was formed. The surface was dry at t h i s point, 

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 began t c 

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 c y c l e . 

The only p e r i o d d u r i n g these f o r m a t i o n cycles when marine 

organic l i f e could have e x i s t e d was d u r i n g the second phase 

when sea water re-entered the area. These marine waters were 

more s a l i n e 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 e x i s t e d 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 g e o l o g i c a l development not only r u l e s out the presence 

of large concentrations of methane i n the Salado, but p r 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 
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Salado, where our deposits are located, i s u n d e r l a i d w i t h an 

impermeable b a r r i e r o f h a l i t e ranging from 400 t o 1500 f e e t 

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 l a y e r of h a l i t e ranging from 

100 t o 500 f e e t t h i c k [ E x h i b i t 2, p. 19] . 

IV. Hazards Created by O i l and Gas A c t i v i t y 

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 Basin, 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 f u t u 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 w i t h 

methane and has been since the 1950s. This came out i n 

testimony before the O i l Conservation Commission i n 1955 i n 

Case No. 862 when Mr. S.J. Stanley, an engineer f o r the 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 the s a l t s e c t i o n 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 12. 

B. L i k e l i h o o d 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 adoption of R - l l l - A . We 

do not, however, b e l i e v e t h a t the c u r r e n t p r o v i s i o n s o f R - l l l - A 

- 18 -



are adequate t o 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 why we 

be l i e v e t h i s . 

1. Wells i n Close P r o x i m i t y t o Mining 

F i r s t , R - l l l - A , a copy of which i s attached as E x h i b i t 13, 

was issued i n 1955 wi t h o u t the b e n e f i t of c u r r e n t knowledge on 

the hazards i n v o l v e d when methane or hydrogen s u l f i d e gases are 

introduced i n t o an underground mining environment. Since t h a t 

time, a considerable amount of i n f o r m 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 mines, and can 

cause an explosion and death even when s t r i n g e n t s a f e t y 

p r a c t i c e s are i n place. R - l l l - A seems t o recognize t h i s 

p o t e n t i a l because i t p r o h i b i t s any a c t i v i t y by e i t h e r i n d u s t r y 

t h a t "would . . . c o n s t i t u t e a hazard" t o the other [ E x h i b i t 

13, p. 2, A r t . I I I ] . However, i n the 31 years since i t was 

adopted, no standards have been developed f o r use i n 

determining i f or when a proposed o i l 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 t o avoid the: 

release and m i g r a t i o n of hazardous gases i n t o mine workings or 

ore deposits. I n f a c t , under R - l l l - A , as i t c u r r e n t l y e x i s t s , 

a proposed o i l or gas w e l l w i l l g e n e r a l l y be approved w i t h o u t 

i n v e s t i g a t i o n or i n q u i r y by the OCD or o i l or gas operator as 
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t o i t s impact on the s a f e t y of miners unless a t i m e l y p r o t e s t 

i s f i l e d by a mine operator. 

Any procedure, such as t h i s , which would allow an o i l or 

gas w e l l t o be d r i l l e d i n close p r o x i m i t y t o an underground 

mine where people are working or through ore deposits where 

they may be working i n the f u t u r e w i t h o u t an independent and 

automatic i n q u i r y i n t o i t s e f f e c t on s a f e t y i s , i n our o p i n i o n , 

dangerous and out of step w i t h modern day standards f o r human 

saf e t y . We also b e l i e v e i t i s i n c o n f l i c t w i t h the i n t e n t and 

purpose of State mine s a f e t y and h e a l t h laws t h a t the Energy 

and Minerals Department i s also charged w i t h e n f o r c i n g [See, 

e.g. , NMSA §§69-27-1 and 69-27-6, attached as E x h i b i t 14] . 

2. O i l and Gas Accidents and Blowouts 

Secondly, the w e l l casing program r e q u i r e d by R - l l l - A , 

w h i l e p r o v i d i n g some p r o t e c t i o n , i s inadequate w i t h o u t more t o 

p r o t e c t us against the hazards inv o l v e d . 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 w e l l s 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 

p r e v e n t i n g the release of hazardous gases i n t o the Salado. We 

do not b e l i e v e t h a t i s t r u e and do not b e l i e v e the 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 gases 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 f u t u r e date. No other conclusion i s p o s s i b l e , 
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we submit, when you review the number and magnitude of the 

accidents t h a t have already occurred i n and around the Potash 

Basin. 

Although i n f o r m a t i o n on o i l or gas mishaps i s d i f f i c u l t to 

o b t a i n , we are aware of at l e a s t 16 instances where there has 

been a blowout and/or. f i r e d u r i n g 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 Basin i s attached as E x h i b i t 15. More d e t a i l e d informa

t i o n on two of these mishaps, which were w i t h i n the Known 

Potash Area, i s attached as E x h i b i t 16. I n f o r m a t i o n on another 

blowout which occurred at only 3,047 f e e t i s attached as 

E x h i b i t 17. I n f o r m a t i o n on two deep w e l l s where blowouts 

occurred i s included as E x h i b i t 18. 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 19. 

3. Known Instances of O i l Seepage and M i g r a t i o n 

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. 

R - l l l - A o f f e r s 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 m i g r a t i o n 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 l e a s t 

some m i g r a t i o n i n the Basin. 

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 
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Lundberg I n d u s t r y mines. The o i l seepage a t 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 thought 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 br e c c i a pipe were studied 

and analyzed by the U.S. Geological Survey as p a r t of the WIPP 

p r o j e c t [ E v a l u a t i o n of Breccia Pipes i n Southeastern New Mexico 

and t h e i r R e l a t i o n t o the Waste I s o l a t i o n P i l o t P lant (WIPP) 

S i t e , U.S. Geological Survey (1982), attached as E x h i b i t 2 0 ] . 

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 o f the o i l 
(Palacas and others, 1982). Gas chromatograph and 
geochemical a n a l y s i s 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 w e l l s t o the n o r t h of the 
pipes taken from the Yates Formation. The Yates 
o v e r l i e s the Captain r e e f on the backside of the 
reef . I t i s possi b l e t h a t o i l from t h i s f o r mation 
migrated toward the area of the br e c c i a 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 d u r i n g c o l l a p s e , 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 u n d e r l y i n g v o i d was 
forc e d upward by the i n f a i 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 
Rust l e r and Salado Formations c o n s i s t i n g of s i l t s t o n e , 
a n h y d r i t e , and dolomite fragments and a ma t r i x 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 s t a i n s were i n the Rustler Formation 
i n a nhydrite 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 
e a 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 b r e c c i a pipe. " [ E x h i b i t 20, p. 65]. 
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Regardless of where i t came from, i t i s c l e a r t h a t the o i l 

migrated i n t o the mine. 

The o i l seepage at the Lundberg I n d u s t r i e s ( o l d PCA mine) 

mine d i d not i n v o l v e a b r e c c i a pipe. These o i l seeps, however, 

were tr a c e d t o an improperly plugged w e l l i n the Getty F i e l d 

l o c ated about 700 f e e t away. I n f o r m a t i o n on these o i l seeps, 

which were discovered i n 1962, i s attached as E x h i b i t 21. 

I f o i l w i l l migrate the distances i n v o l v e d i n these 

i n c i d e n t s , we shudder t o t h i n k what methane or hydrogen s u l f i d e 

under h i g h pressure would have done. We know from the Rutledge 

studies i n 1963 [ E x h i b i t 3, App. D] t h a t the cl a y seams i n the 

Basin have a degree of p e r m e a b i l i t y and w i l l allow gases t o 

migrate a distance of at l e a s t seven f e e t when the pressure i s 

50 p s i [ E x h i b i t 3, App. D, p. 64]. These c l a y seams are 

uniform throughout the Basin so i f they become charged w i t h 

high pressure gas, no one can say, w i t h o u t a d d i t i o n a l study, 

how f a r they w i l l migrate. 

4. I n d u s t r y Experience With Cementing 

Our own experience also makes us question whether any 

casing and cementing program, unless supplemented w i t h addi

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

we are d e a l i n g w i t h . I n 1980, f o r example, AMAX 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, c l a y seams and f r a c t u r e s i n the s a l t zone. I n 
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instances l i k e t h i s , we simply do not b e l i e v e 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 n f o r m a t i o n on t h i s bore hole i s 

attached as E x h i b i t 22. 

More r e c e n t l y , I n t e r n a t i o n a l Minerals and Chemical 

Corporation experienced s i m i l a r d i f f i c u l t i e s i n a g r o u t i n g 

program t o stop the m i g r a t i o n o f water. A summary of t h i s 

experience i s attached as E x h i b i t 23. 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 IMCC, 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 m i g r a t i o n 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 b e l i e v e the w e l l casing program, which has gone 

unchanged f o r over 30 years, needs t o be reviewed i n l i g h t of 

new developments t o ensure t h a t i t o f f e r s 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. C u r r e n t l y , R - l l l - A 

only r e q u i r e s new or used casing " i n good c o n d i t i o n " [ E x h i b i t 

13, pp. 3-5] w i t h o u t s p e c i f i c a t i o n s concerning the a b i l i t y of 

the casing t o r e s i s t c o r r o s i o n from hydrogen s u l f i d e or 

withstand h i g h 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 12, p. 9,, 

testimony of S.J. Stanley] and was encountered d u r i n g the core 

hole d r i l l i n g by the U.S. Geological Survey i n 1982 w h i l e 

i n v e s t i g a t i n g the b r e c c i a pipe and o i l seeps at the MCC Mine 

[See E x h i b i t 19, p. 39] and along w i t h h i g h pressure (1500 p s i ) 

- 24 -



r e s u l t e d i n a casing f a i l u r e a t the Washington Ranch Gas 

Storage F a c i l i t y of E l Paso Natural Gas Company. The e f f e c t s 

of hydrogen s u l f i d e on casing i s w e l l known and needs t o be 

addressed because of i t s i n t e r n a l e f f e c t on w e l l casing. 

V. E f f e c t s of Hazards from 
O i l and Gas A c t i v i t i e s 

on the Potash I n d u s t r y 

The e f f e c t s of these hazards on the Potash I n d u s t r y are 

s i g n i f i c a n t and f a r greater than they were when R - l l l - A was 

f i r s t adopted. I n 1955, there were few s a f e t y requirements of 

economic consequences concerning flammable gases. Those i n 

e f f e c t a p p l i e d only t o a few very gassy coal mines and were of 

no concern t o the Potash I n d u s t r y . 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 d i s 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 s a f e t y and 

h e a l t h laws were made i n 1959, 1969 and again i n 1977. 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 s i n g l e release of flammable gas i n t o any one mine 

could destroy our I n d u s t r y . 

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

mines, l i k e us, are considered non-gassy unless one of f o u r 

events occur. One of these i s the f i n d i n g of a s i n g l e a i r 

sample c o n t a i n i n g .25 percent methane or some other flammable 

gas. I f such an event were t o occur, we would be c l a s s i f i e d as 
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gassy and r e q u i r e d t o comply w i t h about 100 a d d i t i o n a l regula

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 

s h a f t s 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 i o n s . 

This change i n consequences, o f 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 

Basin. We do not see any change i n t h a t p o s i t i o n unless 

R - l l l - A i s r e v i s e d t o ensure t h a t our I n d u s t r y does not bear 

the r i s k and l i a b i l i t y of a mishap wh i l e the O i l and Gas 

In d u s t r y receives the b e n e f i t of p r o d u c t i o n . 

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 

lar g e 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 p o s s i b l e 

to sink a s h a f t or continue mine operations. I f an o i l or gas 

operator wants t o d r i l l a w e l l 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 s a f e l y mine i n close p r o x i m i t y 

to 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 
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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. Under 

R - l l l - A , we are r e q u i r e d t o submit a mine development p l a n each. 

year p r o j e c t i n g where we w i l l be mining d u r i n g the next 3-5 

years. These are supposedly used by the OCD i n determining-

whether t o allow or d i s a l l o w a proposed w e l l . However, i n our 

I n d u s t r y , there i s simply no way t o a c c u r a t e l y p r e d i c t where we 

w i l l be mining next month, much less three 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 the 

annual mine pl a n . Copies of the mine development plan f i l e d by 

IMCC 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 24 f o r reference. 

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

a w e l l t o 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 u n p r e d i c t a b l e development of our mine. 

V I . Factors t h a t 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 b e l i e v e 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 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 d i d not e x i s t when R - l l l - A was adopted. 

- 27 -



1. Safety of Miners 

We f i r m l y b e l i e v e , as s t a t e d i n these comments, t h a t the 

c u r r e n t p r o v i s i o n s of R - l l l - A 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. Each s e c t i o n of R - l l l - A should 

be reviewed t o ensure t h a t i t does not encourage or allow 

development by e i t h e r i n d u s t r y at the expense of s a f e t y . 

C u r r e n t l y , there i s no n o t i c e requirement i n R - l l l - A f o r anyone 

who may be a f f e c t e d by a proposed o i l or gas w e l l except a 

miner operator. We b e l i e v e t h i s should be broadened t o include 

our miner r e p r e s e n t a t i v e s so t h a t they, too, w i l l be i n a 

p o s i t i o n t o evaluate any p o t e n t i a l hazards from f u t u r e d r i l l i n g 

a c t i v i t i e s . 

2. Studies of Gas M i g r a t i o n 
t o Determine Spacing 

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

deposits must be developed and adopted t o ensure the s a f e t y of 

miners. The hazards i n v o l v e d 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 p o s s i b l e m i g r a t i o n of gases as 

w e l l as the spacing r e q u i r e d t o avoid damage from mining 

subsidence. 

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 

d u r i n g second mining causes subsidence or a " s i n k i n g " of the 
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ground. The e f f e c t s of t h i s are w e l l known by the OCD and, 

because o f po s s i b l e damage t o w e l l casing, preclude the 

d r i l l i n g of any w e l l a t a surface l o c a t i o n t h a t w i l l f a l l 

w i t h i n a 45° angle thrown upward from where mining occurs or 

w i l l occur. 

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

Once a determination i s made on what spacing requirement i s 

necessary t o p r o t e c t each i n d u s t r y from the other, we b e l i e v e 

there should be a c l e a r r e g u l a t o r y 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 i n d u s t r y t o the 

other. For example, i f a w e l l i s d r i l l e d a t a l o c a t i o n 

determined by the OCD t o be safe and we damage or destroy t h a t 

w e l l 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 r e s t o r e p r o d u c t i o n or i n c u r the l i a b i l i t y f o r 

whatever loss i s i n c u r r e d . 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 a t 

a l o c a t i o n determined t o be safe by the OCD and 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 economi

c a l l y responsible f o r whatever a d d i t i o n a l costs or loss of 

assets we i n c u r as a r e s u l t of t h a t release. 

5. I d e n t i f i c a t i o n 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 t o be improved t o provide more guidance t o both 

I n d u s t r i e s . I n many instances, commercial grade ore extends 

w e l l beyond the boundaries of the R - l l l - A area and t h i s i s not 
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known t o an o i l and gas operator u n t i l a p r o t e s t i s f i l e d . We 

b e l i e v e 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 OCD because of 

i t s o b l i g a t i o n under New Mexico law t o conserve those mineral 

resources. 

6. Increased Use of S t a t e - o f - t h e - A r t 
D i r e c t i o n a l D r i l l i n g Technology 

Increased use of d i r e c t i o n a l d r i l l i n g should be r e q u i r e d . 

The technology a v a i l a b l e today v i r t u a l l y e l i m i n a t e s any 

t e c h n i c a l 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 , w e l l s 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 

removed from ore deposits t h a t the e f f e c t s of the hazard would 

be 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 s a f e t y t o miners. 

7. Increased Cooperation Between 

the OCD and BLM 

We b e l i e v e t h a t any r e a l e f f o r t t o address the hazards 

i n v o l v e d i n o i l and gas and potash p r o d u c t i o n w i l l r e q u i r e 

increased cooperation between the OCD and BLM. Because of the 

nature of the hazards i n v o l v e d , i t i s e s s e n t i a l t h a t whatever 

s a f e t y p r a c t i c e s are adopted are a p p l i e d e q u a l l y w i t h o u t regard 

t o whether the d r i l l i n g i s on s t a t e or f e d e r a l p r o p erty. 

8. Increased Cooperation Between 

I n d u s t r i e s 

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

I n d u s t r i e s t o ensure t h a t a l l developmental a c t i v i t i e s i n the 

Basin are performed i n a manner t h a t does not endanger our 
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miners. This Study Committee i s a good s t a r t , and we hope i t 

w i l l lead t o a greater mutual understanding of the many issues 

i n v o l v e d . 

V I I . CONCLUSION 

For the reasons set f o r t h i n these comments, we b e l i e v e 

t h a t R - l l l - A i s obsolete and must be revis e d . I t i s c l e a r l y 

inadequate under today's s a f e t y standards t o 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 a c t i v i t i e s . These d e f i c i e n c i e s can be addressed i n a 

number of ways, and we have suggested some a l t e r n a t i v e s i n 

these comments. There are undoubtedly many others t h a t w i l l be 

i d e n t i f i e d d u r i n g the work of t h i s Committee. I n the f i n a l 

a n a l y s i s , however, we b e l i e v e t h a t any new r e g u l a t i o n 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 Basin must 

s t r i k e the balance between pr o d u c t i o n and sa f e t y i n favor of 

safe t y and not r e q u i r e one i n d u s t r y t o assume the r i s k created 

by the other. 

R e s p e c t f u l l y submitted, 

CHARLES C. HIGH, JR. 
Attorney f o r Carlsbad Potash 
I n d u s t r y 

1096L-5 
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APPENDIX K 
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I 
U. S. DEPARTMENT OF THE INTERIOR 
•UREAU OF MINES 
W A S H I N G T O N , O . C . 2 0 2 4 1 

William P. Clark, Secretary Robert C. Horton, Director 

For information call James P. Searls 
Telephone: 634-1190 

Annual, Preliminary 

POTASH IN 1983 

The attached 2 pages reprinted from the Bureau of Mines Mineral Commodity 

Summaries—1984, provide the earliest estimates of 1983 data and activity highlights 

on Potash. Most of the estimates are based on 9 months data and are compared 

with prior years final data. 

Prepared by the Division of Industrial Minerals, December 30, 1983. 



POTASH 

8. Events, Trends, and Issues: Demand for potash in the United States increased about I I in 
1983 compared with that of 1982 but was s t i l l nearly 17* below that of 1981. Production in 
1983 decreased about 271 compared with the 1982 level. The payment-in-kind program, low farm 
earnings, and high interest rates reduced demand for fertiliser. One domestic potash plant 
closed until potash prices rise significantly, while a near-surface brine operation closed 
temporarily because rain flooded its gathering trenches. Most other plants either shut down 
for long summer vacations and maintenance or operated on reduced work schedules. 

Exports decreased about 33Z while imports increased about 92 compared with those of 1982. 
Exports fell, primarily due to the strong U.S. dollar and the reduced levels of Brazilian, 
Indian, and Japanese imports. Significant quantities of Canadian potash were loaded at 
Thunder Bay, Ontario, for lake freightage to Burns Harbor, Ind.; Toledo, Ohio; and 
Baltimore, Md. Imaginative efforts by Canadian potash producers in reducing transpor
tation costs to U.S. markets have increased their market share. The size of the market 
remaining for the domestic producers relative to their capacities has become a problem. 

The U.S. Department of Labor, Mine Safety and Health Administration released its preproposal 
draft concerning "Metal-Nonaetal Standards, Section 21-Gassy Mines," which presented a five-
level gassy mine categorization system. Category placement is by (1) the history and geology 
of the province and the mine; (2) the nature of the ore body and the host rock; and (3) the 
character of methane gas emission (if any). Under the old two-level standards, two 
Carlsbad, New Mexico, mines were under threat of being declared "gassy" and forced to 
convert to "permissible" technology and operations. The capital cost of this conversion 
could have put the mines out of business. Under the new standards, the potash mines 
probably would be rated at the lowest levels of gas presence, which would require small 
additional costs to the companies. 

It is estimated that in 1984 domestic mine production of potash will be 1.7 million tons and 
U.S. apparent consumption will be 5.9 million tons. From a 1981 base, demand for potash is 
expected to increase at an average annual rate of 2.2Z through 1990. 

World Mine Production and Reserves: Production Reserve Base 
1982 1983 e/ 

United States 1,784 1,300 300,000 
Canada (sales) 5,196 5,500 45,000,000 
France 1,823 1,750 60,000 
Germany, Federal Republic of 2,500 2,500 600,000 
Israel/Jordan 1,010 1,300 3/300,000 
Italy 160 160 12,000 
Spain 690 690 75,000 
United Kingdom 240 280 75,000 
Other Market Economy Countries 22 20 200,000 
China 25 25 200,000 
German Democratic Republic 3,500 3,500 1,000,000 
U.S.S.R. 9,000 9.000 3,800,000 
World Total (may be rounded) 25,950 26,000 51,600,000 

1 0- World Resources: Estimated domestic potash resources total about 6 billion tons. Most of 
this lies between 6,000 and 10,000 feet deep, in a 1,200-square-mile area of Montana/North 
Dakota as an extension of the Williston Basin deposits in Saskatchewan. The Paradox Basin 
in Utah contains approximately 2 billion tons, mostly at depths of more than 4,000 feet. 
About two-thirds of the world's resources are located in Saskatchewan. Most of the North 
American resources are recoverable only by solution mining techniques because they are 
found at depths greater than 3,500 feet. Estimated world resources total about 250 billion 
tons.—The potash deposits in the frrSrSrR.- -are the-btrtte of the-Centtally Planned Economy 
countries' resources. Very large resources, about 10 billion tons and mostly carnallite, 
occur in Thailand. Significant resources occur in the German Democratic Republic and the 
Federal Republic of Germany. 

11. Substitutes; There are no substitutes for potash as an essential plant nutrient. 

January 1984 



POTASH 
(Data in thousand metric tons K̂ O equivalent) 

1. Domestic Production and Use; The value of U.S. production of marketable potash, f.o.b. mine, 
in 1983 was about $190 million. Potash production was centered in southeastern New Hexico, 
where six companies, operating six mines by conventional mining of bedded deposits, produced 
87Z of the U.S. total. One mine closed on January 24,1983, for an extended period of time 
due to low potash prices and to reduce inventories while several others closed for several 
months to reduce inventories. All other mines were operated at reduced levels. One mine in 
Utah recovered potash by solution mining underground and pumping i t to the surface for solar 
evaporation and flotation. Two plants in Utah and one ln California recovered potash from 
salt lakes or subsurface brines. Coproducts were boron compounds and salt cake from brines 
in California and salt, salt cake, and magnesium chloride brine from the Great Salt Lake in 
Utah. About 95Z of the U.S. output was used directly in the fertilizer industry and about 
52 was used in the chemical industry. Most potash was produced as potassium chloride 
(muriate of potash). Potassium sulfate and potassium magnesium sulfate, produced for 
special crops, comprised about one-sixth of the potash production. Potash was distributed 
by train, truck, and barge to warehouses, wholesalers, and retailers. Retailers sold both 
potash and potash blended with other fertilizers in dry or liquid forms for distribution 
over the fields in both spring and f a l l . 

2. Salient Statistics—United States: 
Production: Marketable 
Imports for consumption 
Exports 
Apparent consumption 
Price (average annual): Muriate, 

dollars per metric ton of K 0, 
f.o.b. mine Vt 2 

Stocks, producer, yearend 
Employment: Mine 

Mill 
Net Import reliance 21 as a percent 

of apparent consumption 

3. Recycling: None. 

4. Import Sources (1979-82): Canada 93Z, Israel 5Z, Other 2Z. 

5. Tariff: Item Number Most Favored Nation (MFN) Non-MFN 
1/1/84 1/1/87 l/l/84~ 

Potassium chloride 480.50 Free Free Free ~ 
Potassium sulfate 480.55 Free Free Free 
Potassic fertilizers and 
fertilizer materials 480.75 Free Free Free 

°- Depletion Allowance: 14Z (Domestic), 14Z (Foreign). 

7- Government Stockpile: None. 

1979 1980 1981 1982 1983 
2,225 2,239 2,156 1,784 1,300 
5,165 4,972 4,796 3,858 4,200 
635 840 491 519 350 

6,918 6,349 6.213 5,123 5,170 

95 130 137 109 110 
251 273 520 520 500 

1,800 1,800 1,830 1,620 1,100 
1,450 1,450 1,400 1,140 930 

66 65 65 65 75 

e/ Estimated. 
~. ^' r* 8 e P r l c e» based on actual sales, excluding soluble and chemical muriates. 
T/ B * s imports - exports + adjustments for Government and industry stock changes. 

Reserves in the Dead Sea. 

Prepared by J. p. Searls, telephone number (202) 634-1 190. 
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HISTORY OF DISCOVERY AND DEVELOPMENT 

OF CARLSBAD POTASH DISTRICT 

The denial of access to German sources of potash 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 salt 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 cuttings recovered from holes d r i l l e d for o i l , Hoots 

1925. The desire to fi n d 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 

care f u l l y 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 frora 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 s i g n i f i c a n t intercepts of s y l 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 f o r o i l of which none was found, 2) the 

hole location was almost at the exact "center of gravity" of the numerous 

ore bodies now known i n the d i s t r i c t , 3) potassium mineralization was 

present i n 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 O i l Company. A c o r e - d r i l l i n g program was commenced 

which immediately proved up reserves of s u 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 

i n t o 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 i s 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 i s located w i t h i n a classical marine evaporite 

basin. The t o t a l thickness of evaporites ranges from 1000 feet i n the 
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northern mines to as much as 3000 feet i n the south. The potash deposits 

are r e s t r i c t e d to t h i n lenses (4 to 8 feet) wi t h i n t h i s thick sequence of 

salt and anhydrite beds. The potash mining horizons occur i n the upper 

portion of the evaporites; thus 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 

t h i s 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 s t r 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 wi t h i n the continental 

U.S. A generalized stratigraphic cross-section i s presented i n Figure 

3. The entire section i s i n the order of 16,500 feet t h i c k , 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. 
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By the close of Guadalupian time the Capitan Reef had reached a 

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

cut o f f what i s now called the Delaware Basin from the main Permian seas 

to the south. This barrier set the stage for formation of the Ochoan 
i 

evaporites by a simple ocean drying process. Sediments could no longer 

s pass through the reef into the basin, and pure beds of anhydrite and sal t 

formed i n a deep water environment. These deep water evaporites are 
i 

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 a r i d and h a l i t e and anhydrite pre-

1 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-
l 
L. c i p i t a t e d to form gypsum and h a l i t e . The residual bitterns became highly 

f 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, 

j anhydrite and sal t 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 

{ i n i t i a l transgression of marine waters, followed by evaporation. Then a 

-7-



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 i n this part of New Mexico. 

The Triassic i s represented by red bed type deposits of sandstone, 

s i l t s t o n e 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 i s missing from the Triassic to the Late Tertiary Cre

taceous rocks may have been present but i f so, they were removed by 

erosion. The oldest beds now overlying the Santa Rosa are the gravel 

deposits of the Ogallala Formation. The Ogallala has been stripped i n 

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 s t r u c t u r a l setting w i t h i n the potash mining d i s t r i c t i s monotonously 

f l a t . Figure 4 i s a north-south cross-section through the d i s t r i c t . The 

undulations of the beds i s due to the extreme v e r t i c a l exaggeration 

used to compile the cross-section. The most prominent subsurface feature 

i s the Capitan Reef, which separates the Delaware Basin from the Northern 

Shelf. Note that the deep marine evaporites of the Castile t h i n rapidly 

from the basin as they pass over the reef. On the other hand, the Salado 

i s of f a i r l y uniform thickness from basin onto the shelf. Therefore., 

the effect of the reef on sedimentation was l i m i t e d 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 

-8-
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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 i n the southwest 

and i n the Ker-McGee Mine In the northwest. No offset of beds has been 

noticed, i t i s t h 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 withi n the underlying Capitan Reef having dissolved sal t from 

the base of the Salado or due to collapse of caverns withi n 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 c y c l i c a l 

nature of deposition, commencing with mudstone 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 s i l t s t o n e , sandstone and mudstone. 
200-300 f t . Thin lamination and small-scale cross 

lamination common. 

Rustler Mostly anhydrite with some s a l t . Con-
200-500 f t . tains two dolomite layers, a basal sand

stone, and several t h i n layers of elas
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 h a l i t e has 
been removed from the section and o r i g i n a l 
anhydrite converted to gypsum. 

Halite with regular but t h i n beds of 
Upper anhydrite and p o l y h a l i t e . 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 t h i s member i n the 
eastern part of the d i s t r i c t . 

Salado The overall character i s ide n t i c a l to 
McNutt the Upper and Lower Members. The impor-
300-500 tant exception i s that s y l v i t e and 
f t . Langbeinite occur as t h i n (1 to 10 

feet) beds w i t h i n t h i s u n i t . 

Lower Identical i n l i t h o l o g y 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 h a l i t e Is 
very pure. The anhydrite i s "banded" with 
t h i n a lternating layers of anhydrite and 
dolomite. 

GUADALUPIAN 
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climatic changes. The anhydrite beds are easily recognizable on certain 

geophysical 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 at the 

top down to 143 which l i e s j u s t above the Cowden Anhydrite. The Cowden 

and two other beds (Vaca Triste and Union) re t a i n formal names to agree 

with p r i o r usage i n southeast New Mexico. The base of the Salado i s 

normally picked at the top of the f i r s t massive banded anhydrite i n the 

Castile. Marker beds consist of a t h i n seam of mudstone at the base 

followed by a variable thickness of anhydrite. Frequently the anhydrite 

has been either p a r t i a l l y or completely replaced by polyhalite. 

Commercial quantities of potash are li m i t e d to the McNutt Member of the 

Salado. The McNutt being defined as the i n t e r v a l from Marker Bed 126 up 

to the Vaca T r i s t e , a mudstone-sandstone bed. Eleven ore horizons normally 

are recognized with i n the McNutt commencing with the F i r s t 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 r i c h beds are known that occur above the McNutt, but commercial 

amounts of potash mineralization are not known i n them. 

The eleven ore zones are consistent i n t h e i r stratigraphic relationship 

between marker beds; however, the thickness and mineralogy is quite 

variable. Mineral suites and ore zone characteristics are given i n 

Tables 2 and 3. 



Table 2. Evaporite minerals of the Carlsbad d i s t r i c t . Only s y l v i t e and 
lanbeinite are ore minerals at the present time. The hydrated 
potassium minerals are not amenable to existing concentration 
methods. 

Mineral Formula Equivalent Percent 

(K) (KCI) (K 20) (K 2SO 4; 

*Anhydrite CaS04 — — — — 

Arcanite K 2S0 4 44.88 — 54.06 100.00 

Bischofite MgCl2'6H20 — — — — 

Bloedite Na2S04

,MgS04*4H20 — — — — 

*Carnallite KCl*MgCl2

,6H20 14.07 26.83 16.95 — 

Erytr o s i d e r i t e 2KCl*FeCl3*H20 23.75 45.28 28.61 — 

Glaserite K3Na(S04)2 35.29 — 42.51 78.63 

Glauberite Na2S04'CaS04 
— — — — 

*Gypsum CaS04'2H20 

*Halite NaCl 

Hydrophilite KCl*CaCl2*6H20 13.32 25.39 16.04 — 

*Kainite MgS04*KCl"3H20 15.71 29.94 18.92 — 

*Kierserite MgS04'H20 

*Langbeinite K2S04'2MgS04 
18.84 — 22.70 41.99 

*Leonite K2S04'MgS04*4H20 21.33 — 25.69 47.52 

Loeweite 6Na2S04*MgS04

,15H20 

M i r a b i l i t e Na2S04*10H2O 

*Polyhalite K2S04*MgS04'2Ca- 12.97 — 15.62 28.90 

S04*2H20 

Schoenite K2SO4'MgSO4*6H20 19.42 — 23.39 43.27 

*Sylvite KCI 52.44 100.00 63.17 — 

Syngenite K 2S0 4

,CaS0 4

,H 20 23.81 — 28.68 53.06 

Tachyhydrite CaCl2*2MgCl2*12H20 

Thenordite Na2S04 

Vanthoffite 3Na2S04'MgS04 
— — — — 

*Common 
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TABLE 3. Mineralogy and mineability 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 
leonite 

Mineability 

Not commercial 
to date 

Tenth MB 120 Sylvite Second best i n 
the d i s t r i c t 

Ninth 

Eighth 

MB 121 

Union 

Carnallite, kier-
s e r i t e , minor 
s y l v i t e 

Sylvite 

Not commercial 
to date 

Moderate 
reserves, 
important i n 
future 

Seventh Sylvite Moderate 
reserves 

Sixth 

F i f t h MB 123 

Carnallite, 
k i e r s e r i t e , etc. 

Sylvite and 
langbeinite 

Not Commercial 
to date 

Moderate 
reserves 

Fourth Langbeinite and 
s y l v i t e 

Principal 
source of 
langbeinite 

Third Sylvite Ranks 3rd i n 
production of 
s y l v i t e 

Second 

Fi r s t 

MB 125 

MB 126 

Carna l l i t e , 
k i e r s e r i t e , etc. 

Sylvite 

Not Commercial 
to date 

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 s t r a t a 

(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 In h a l i t e beds. The s t r a t i f i e d 

deposits 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 d i s 

t r i c t . The spacial relationship between the ore zones and the more 

widely d i s t r i b u t e d polyhalite and accessory mineral occurrences of 

potash mineralization i s 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 i s also apparent that l a t e 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 i s well established that l i q u i d s (as saturated brine) and gas (mostly 

nitrogen with minor amounts of methane) are 'associated with the Salado 

Formation. These f l u i d s occur i n three forms. 

Negative Crystals i n Halite 

A negative crystal i s simply a void w i t h i n a h a l i t e c r y s t a l . The voids 

are most commonly e n t i r e l y f i l l e d with l i q u i d but occassionally include 

a gas bubble. The term f l u i d inclusion i s also used to describe negative 

crystals. Negative crystals are common to essentially a l l h a l i t e deposits, 

i . e . , they are not unique to the Salado. The size of the f l u i d inclusions 

range from microscopic up to a centimeter across. The normal shape i s 

cubic but rounded shapes are also present. In the Salado the average 

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

for the rounded ones. Brine w i t h i n negative crystals account for 

0.5% by weight of t y p i c a l h a l i t e . Gases associated with the brine i s 

almost i n s i g n i f i c a n t , accounting f o r only about 1% of the brine or 

0.005% of h a l i t e . 

Brine Absorbed i n Clay Within Halite 

Some of the h a l i t e 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. 
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Brine and Gas Associated with Clay Seams at the Base of Marker Beds 

This i s by far the most common occurrence of liqu 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 sulfat e . This chemistry i s 

indicative of residual b i t t e r n f l u i d associated with the o r i g i 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 evaporation pans. That oxygen i s t o t a l l y 

absent i s 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 THAT 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 with i n saturated brine pools. Continued b u r i a l forces 

the brine upward so that closer packing i s achieved. On continued 

b u r i a l the h a l i t e crystals become completely p l a s t i c and a l l brine i s 

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 

s o l i d 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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s a l t cores either y i e l d 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 h a l i t e l i e s i n 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 i s 230 m i l l i o n years. That the brine and gas 

remain i n position i s due to the h a l i t e immediately under and overlying 

the f l u i d bearing strata. 

The McNutt Member i s underlain by 400 to as much as 1500 feet of h a l i t e 

of the Lower Member of the Salado. Thus, the potash mining horizons are 

protected not only by h a l i t e immediately above and below the mining 

horizons but by an extra 400 to 1500 feet of h a 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 i s 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 di s 

t r i c t , i .e. less than what i s 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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w i t h i n h a l i t e . The richest concentrations are i n the clay seam gas 

where i t reaches as high as 6.37% methane. In a l l cases, the balance of 

the gas mixture i s 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 i s 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 i s contrary to the laws of gas dynamics. 

We have argued that the h a 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 i s 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 buil d 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^) and then gypsum (CaSO^'l^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 aragonite and gypsum 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 o r i g i n a l seawater becomes highly 

concentrated by evaporation. A l l of the calcium has been removed by 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 and 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 clay begins to be deposited along with the h a l i t e . 

(6) The evaporation cycle i s complete s e t t i n g the stage for the next 

cycle. 

A reasonable estimate i s 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 w i t h i n the Salado Formation. 

Marine organic l i f e could exist at one period of time during the 

depositional cycle. That i s during stage ( 2 ) . Marine waters are assumed 

to reenter the area, a l b e i t much more saline than the open sea. Algal 

and other microscopic organisms could e x i s t . The modern analogy i s 

algal "mats" observed i n sabkha environments. Higher order organisms 

could not be present because no recognizable f o s s i l s have been i d e n t i f i e d 

i n the Salado. The algae i s the probable source of methane. Organic 

acids, the primodial form of heavier hydrocarbons, could be produced 

from other microorganisms. The assumption that t h i s organic material 

existed under aerobic conditions i s v e r i f i e d by the fact that the 
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gases now present i n the Salado are nitrogen r i c h . Atmospheric oxygen 

was either consumed by the organisms themselves or l a 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 i s 

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 N 2 and C02 i s never less 

than 99% and the highest methane analysis of samples tested did not 

exceed 0.5%. (Such a mixture i s 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 i s 

attri b u t e d 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 i s 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 f o r 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 co l l e c t 

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 i n Hobbs and f i v e were analyzed by a State supported research 

laboratory. Not only did these two laboratory produce compatible 

results but overall results are i n excellent agreement with results 

obtained by the U.S. Bureau of Mines which sampled the same mines i n 

1964. A summary of results i s shown i n 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 in t o 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 took the normal precaution of using hand held 

methanometers to monitor the mine atmosphere while samples were being 

collected. In no case was a measurable amount of methane detected 

eventhough we were i n 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 r i 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 colle c t i n g run of the mine ore from a l l six of the active 

mines. To our knowledge t h i s i s the f i r s t time t h i s has been done 

for Carlsbad potash ore. The only other f l u i d inclusion geochemical 

study that has been done i s that by Sandia National Laboratories on core 

samples taken from the lower Salado and Castile Formation at the Waste 

Iso l a t i o n P i l o t 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) 

Ratio 
CH4 CnHn+2 N 2 CH4/CnHn+2 

New-Tex Lab 
(7 Samples) 

Highest 6.37 0.11 93.52 57 
Average 1.58 0.04 98.38 35 
Lowest 0.0 0.0 100.00 0 

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

Highest 4.97 0.12 94 .91 40 
Average 1.59 0.04 98 .37 43 
Lowest 0.07 0.0 99 .93 0 

U.S. Bureau of Minesf 
(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 f o r the specific task. The samples were f i r s t crushed 

with a clean hammer and 2 to 4 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 l i n e and heated to 125°C. The purpose of 

t h i s was to drive o f f a l l water of hydration. The temperature was then 

raised to 350°C. At t h i s higher temperature the f l u i d inclusions ruptured, 

l i b e r a t i n g 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 Cxlly 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 

Average 65.4 26.3 0.02 6.8 1.1 0.4 

The results are comparable with gases associated with clays seams at 

the base of marker beds with these exceptions. 

1. I n e r t gases consist of both C02 and N 2 i n contrast to simply 

N 2 i n clay seams. C02 i s normally dominant. The average 

t o t a l of i n e r t gases (C0 2 + N 2) = 91.7%. 

2. Methane i s present only i n trace amounts. Heavier hydrocarbons, 

mostly as organic acids, averages about 6.8%. These hydro

carbons may represent o r i g i n a l organic matter that has only 

been p a r t i a l l y decomposed. 
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3. H2S i s present which i s 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 libe r a t e only about one cubic feet of gas of which 

>90% would be i n e r t . 

The p r i n c i p a l difference between the gases associated with f l u i d i n c l u 

sions In contrast to those associated with clay seams i s substitution 

of high molecular weight hydrocarbons and H2S f o r simple methane and 

the p a r t i a l substitution of C02 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 N2 

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 gases associated with known oil-gas pro

ducing areas near the potash mines. For t h i s 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 i n e r t 

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 equal 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. 



Note that the compositions are d i s t i n c t l y d i f f e r e n t . The Guadalupian 

oil-gas reservoirs contain a mixture of methane and heavier gases such 

as ethane. Pennsylvanian gas reservoirs are mostly simple methane. In 

contrast, the clay seam and f l u i d inclusion gases are mostly i n e r t . 

Trace amounts of methane are present i n the clay seams. The balance i s 

N2. The f l u i d inclusion gas i s mostly a mixture of C02 and N2. H2S 

is present i n trace amounts and probably represents the only other gas 

phase. Heavier hydrocarbons are present i n minor amounts but not i n the 

forri of l i 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 o r i g i n a l b i t t e r n s 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 

i s used because a l l Permian waters have a common constituent of h a l i t e 

(NaCl). There are two pr i n c i p a l aquifers near the potash mines, the 

Rustler above an the Capitan Reef below. Average composition of these 

aquifer waters i s also shown on the Mg-K2-S04 plot to i l l u s t r a t e the 

d i s t i 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 w i t h i n f l u i d inclusions i n 

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 o r i g i n a l 
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atmospheric a i r being trapped into the evaporites at the time of th e i r 

formation. That these gases have remained trapped i n position since 

t h e i r o r i g i n a l formation more than 200 m i l l i o n years ago i s proof that 

the beds over and underlying the potash beds are impermeable. I n 

addition, the brine waters associated with the clay seams i s typ i c a l 

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 s t r u c t u r a l setting i s 

simple. Beds dip no more than 2 degrees. While small f a u l t s have been 

observed they are few and li m i t e d to minor slippage due to loc a l salt 

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 lim i t e d to 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 rec-ervoirs. 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 d i a p i r i c 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 i n the salt during 

i t s upward movement. These gases are methane r i c h i n contrast to the 

i n e r t gases associated with the Salado Formation. 

Trona Deposits i n Wyoming 

Evaporites of the Green River Formation are lacustrine rather than 

marine. O i l 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 s a l t formations. These shale 

beds contain o i l and gas reservoirs. Second, the potash deposits are 

highly deformed due to a large s a l t 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 i s common and analysis has shown that the i n s i t u 

concentration i s 51.4% CH4, 21.2% ethane-pentane, and only 27.4% nitrogen-

carbon dioxide. Such gas i s d e f i n t e l y 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 mixed with normal a i r . 
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FOREWORD 

The purpose of the Environmental Evaluation Group (EEG) is to conduct an 

independent technical evaluation of the potential radiation exposure to people 

from the proposed Federal radioactive Waste Isolation Pilot Plant (WIPP) near 

Carlsbad, in order to protect the public health and safety and ensure that 

there is- minimal environmental degradation. The EEG is part of the 

Environmental Improvement Division, a component of the New Mexico Health and 

Environment Department -- the agency charged with the primary responsibility 

for protecting the health of the citizens of New Mexico. 

The Group is neither a proponent nor an opponent of WIPP. 

Analyses are conducted of available data concerning the proposed site, the 

design of the repository, i t s planned operation, and i t s long-term s t a b i l i t y . 

These analyses include assessments of reports issued by the U.S. Department of 

Enerqy (DOE) and i t s contractors, other Federal agencies and organizations, as 

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

The project is funded entirely by the U.S. Department of Energy through 

Contract DE-AC04-79AL10752 with the New Mexico Health and Environment 

WIPP. 

Department. 

Robert H. Neill 

Di rector 
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1 1 

INTRODUCTION 

The impetus f o r t h i s study was provided by a recent se r ies of i n c i d e n t s at the 

Kerr-McGee mine near Car lsbad, New Mexico. On December 13, 1983, a miner 

opera t ing a cont inuous mining machine apparen t l y h i t a pocket of t r a p p e d , 

p ressur ized gas . The sudden re lease of pressure from t h i s gas pocket caused 

the gas to expand. Th is resu l ted in d i s l o d g i n g of rock and debr i s and loose 

f i x t u r e s on the mining machine. According t o 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 opera to r of the cont inuous miner was apparen t l y k i l l e d as a r e s u l t 

of being s t ruck by a l i g h t f i x t u r e which had been t o r n loose from the 

cont inuous miner .and hur led back i n t o 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 

same mine have r e s u l t e d 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 excava t ions . The blowouts occurred 9 m i l es nor th of 

the center of the WIPP s i t e in a geo log ica l s t r a t a which i s 660 f t above the 

excavat ions f o r the WIPP r e p o s i t o r y . 

U. S. Mine Safety and Heal th A d m i n i s t r a t i o n (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 lowou ts . O f f i c i a l s of the 

Kerr-McGee mine are conduct ing t h e i r own i n v e s t i g a t i o n s w i t h the help of 

consu l tan ts of the causes of these occurrences and t o make the min ing 

opera t 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 s tud ies r e l a t ed to the WIPP p r o j e c t as v a l u a b l e 

i n f o rma t i on to reach some t e n t a t i v e conc lus ions about 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 excava t i ons . 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 safe ty c o n d i t i o n s at any g iven mine and make no 

judgements about i n c i d e n t s in the mines. 

Factual i n f o r m a t i o n 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 A d m i n i s t r a t i o n (MSHA), is 

g r a t e f u l l y acknowledged. 
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GEOLOGY OF THE SALADO FORMATION 

The VJIPP site and all the potash mines in the vi c i n i t y 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 (> 225 million years ago). I n i t i a l l y deposition in 

the basin was bounded by the Capitan Reef. By late Permian, the basin had 

f i l l e d and the saline water spilled over to the north and east covering a large 

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 the Salado. 

The Salado 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 including polyhalite fk2Ca2Mg (SO^)k'2H201, glauberite 

(Na2S0lt.CaS0it), sylvite (KCI), Kainite (KCI •MgS04«3H20) Carnallite 

(KCI-MqCl 2-6H 20), Langbeinite fK2Mq2 (S04) 31 and kieserite (MqS0l4-H20) as well 

as layers of clastic rocks and anhydrite. Beds locally rich in potassium 

minerals, primarily sylvite, carnallite and lanqbeinite, are mined from the 

McNutt Potash Zone located in the middle part of the Salado Formation. Other 

than the presence of potassium and magnesium rich minerals, the McNutt zone is 

similar in all other aspects to the rest of the Salado. 

Using the remarkable continuity of individual beds in the Salado, the U. S. 

Geological Survey (Jones, 1960, 1973) has developed a system of identifing the 

stratigraphic location within the formation by designating 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 

si t e ) , is designated MB 101. The lowest marker bed (MB 144) consists of a bed 

of anhydrite in the lower part of the formation, 336 feet above the base of 

Salado at the WIPP site center. The proposed repository for WIPP is located 

between M.B. 138 and M.B. 139 in the lower part of Salado (Fig. 1). 

Thousands of feet of d r i l l cores and geophysical logs 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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Figure 1. Details of the stratigraphy of the Salado Formation showing the 
locations of the marker beds, ore zones and the WIPP repository. 
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has shown that the deposition of the Salado Formation followed a cyclic pattern 

(Powers, et a l , 1978). Each cycle consists of a layer of clay at the base 

followed by anhydrite or polyhalite and halite. The halite becomes more 

argillaceous as one proceeds upward. The cycle is f i n a l l y capped by claystone 

and another cycle commences. This sequence 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 inflowing sea water and thus 

each cycle probably represents a fresh influx of sea water in the evaporating 

pan. The beds of anhydrite (CaSÔ ) and thick deposits of halite (NaCl) 

represent long periods of evaporation from a progressively 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 

alternating thick seams of rock salt and thinner seams of anhydrite and 

polyhalite. In this manner, the McNutt potash zone is very similar to the 

upper and the lower Salado. The potassic minerals at best comprise only 3 to 5 

percent of the McNutt zone in the most potassium-rich sections of the northern 

Delaware Basin. 

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

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

beds, the 11 ore zones within the McNutt potash member and the WIPP repository 

horizon are shown. 
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PHYSICAL CHARACTERISTICS OF GAS OCCURRENCE 

Existence of qas pockets is a common feature of the evaporite deposits. 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 fatalities. Table 1 summarizes the reported 

incidents of qas blowouts in the potash mines near WIPP durinq the past 10 

years. The incidents have been reported from (1) Kerr-McGee mine located 9 

miles north of WIPP, (2) Duvall-Nash Draw mine located five miles west of WIPP 

and (3) Eddy mine of the National Potash Co., located 17 miles northwest of 

WIPP. Fiqure 2 shows the locations of these mines and the WIPP site. The 

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

Kerr-McGee Potash Mine - 1983, 84 

The approximate boundary of the Kerr-McGee Chemical Corporation mine is shown 

in Figure 2. The author visited the mine on February 1, 1984. 

The fi r s t of the three most recent reported incidents in this mine occurred on 

December 13, 1983 at 4:27 a.m. The mine level is in ore zone #10 (see Fig. 1) 

approximately 1600 f t below the ground level. The incident occurred in Area 

169 in the southern part of the mine (Fig. 2). Fiqure 3 shows the exact 

location of the blowout. 

A continuous mining machine was being used to cut the 6 f t high and 27 f t wide 

room. The mining was heading 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. Fiqure 4 is a photograph of the 

9 f t long, 5 f t high and 2.5 f t deep cavity formed as a result of this 

outburst. Large boulders, weighing 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 f t down from the back in the 

eastern wall of Room 1 (Figures 5 and 6). Air samples from the open fissure 
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I 

Fracture trending 164° 
( N I 6 ° W , S I 6 ° E ) 

Fracture trending 122 

(N58°W,S58°E) 

Location of Blowout 
12/13/83 

North 

100 200 feet 

Fracture trending 110° 
(N70°W,S70°E) 

Location of Blowout 
1/23/84 

Figure 3. Detailed layout of Area 169 at the Kerr-f'c^ee nine 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 of 12.13-1983 blowout showing the cavity 
!?oo * 5 , t t X ?' 5r t ) f o r m e d a n d t h e vertical fracture trending 
122 m Room 1, Area 169, Kerr-McGee mine (See Fig 3 for 
location). 
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within the blowout cavity taken by MSHA investigators on December 14, 1983 were 

analyzed to contain 89% nitroqen, 8% or less oxygen and from 3 to 6% methane. 

A report by Cavanaugh and Davidson dated January 16, 1984 provides details of 

this incident (App. A). 

The second blowout in the Kerr-McGee mine occurred in Area 160 about 2 miles 

northwest of the fi r s t incident, on December 19, 1983. The outburst has left a 

vertical fracture trending 125° (N 65° W, S 65° £). The room at this location 

has been excavated to 12 f t above the floor to expose the fracture. About 8 f t 

above the floor, the fracture has been laterally displaced about 6 inches along 

a horizontal clay seam (Fiq. 7). 

The third of this series of gas blowouts in the Kerr-McGee mine occurred on 

January 23, 1984 at 4:50 p.m. at the same level and about 500 f t southeast of 

the December 13 blowout (Fig. 3). The operator of the continuous miner had 

started excavating in the face with the continuous cutter. There was a loud 

sound and debris started flying from the mining face near the cutter. The 50 

ton continuous mining machine was knocked back about 2 feet as a result of the 

outburst and the operator was injured by flying debris. The mine personnel 

attribute the lack of a serious injury or fatality in this case to the pro

tective metal grating which had been installed on the mining machine after the 

fir s t two incidents (Fig. 8). An estimated 2 tons of rock was dislodged out 

of the cavity caused by this blowout. An open vertical fracture trending 110° 

(N 70° W, S 70° E) has been left in the face from which the gas escaped (Fig. 

9). There are unconfirmed accounts of two more blowouts in the Kerr-McGee mine 

during February and March, 1984. 

Duval! Nash Draw Mine - 1976 

The Duval 1-Nash Draw mine is located about 5 miles west of the WIPP site. The 

Sylvite level is only about 900 f t below the ground surface because of removal 

of rocks overlying the Salado in Nash Draw. A large roof-fall involving an 

estimated 180 tons of rock occurred at the sylvite level of this mine in early 

1976. A report by Ellickson dated 4/7/76 provides the details of this incident 

(App. B). The investigation concluded that the roof-fall was caused by release 

of gases trapped above the roof. While examining the buried mining machine 

sometime after the roof-fall, the shift foreman died presumably of suffocation 

due to lack of oxygen. 
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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 Fig. 2 
for location). 
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Figure 8. 

. ^rhlne with a Pr0,^V%suUin9 

fr:%otePntfai Sas blo«out. W 



Figure 9. Near vertical open fracture trending 11C° at the location 
of 1-23*1984 gas blowout in Room 5, Area 169 of Kerr-McGee 
mine (See Fig. 3 for location). 
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Eddy 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 gses in 

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

Gas Blowouts Prior to 1973 

Written records of older incidents of gas blowouts in the Carlsbad area potash 

mines are 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 a l , 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 

dr i f t s . Gas between intersections was found in only 1 hole where i t 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 f i r s t mining while ventilation is s t i l l intact." 

This practice has been adopted by several of the mines in the area. 
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Occurrence of Gas at WIPP Site 

Gases have been encountered during the drilling of exploratory holes for WIPP 

at several stratigraphic horizons in the Salado formation. Table 2 summarizes 

the available information and was prepared from data provided in Griswold 

( 1977) and.the Basic Data Reports for the boreholes. Figure 10 shows the 

locations of these boreholes. It clearly demonstrates that gases occur in the 

upper, middle and lower sections of the Salado Formation. 

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

completed to date. Although no written record of gas 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 accompanied by hissing sound during the excavations for WIPP. The 

occurrence of gas 10 to 15 feet above (in Anhydrite "a" and "b" layers) and 10 

feet below the WIPP repository (in Marker Bed 139) has been studied in detail 

(U.S. DOE, 1983). The maximum rate of flow of gas was encountered 850 f t south 

of the 12 f t exploratory shaft. Hole S850A was drilled vertically upwards from 

the roof of the East 140 dr i f t and encountered as much as 12,280 cc/minute flow 

rate of gas emanating from 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 liters of brine. Gas was encountered in 9 

boreholes drilled from the roof and floor of WIPP dr 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 changes in ambient pressure in the mine, i t has not 

been demonstrated and there might be other explanations for the pulsating 

character of gas emanations. 
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CHEMICAL COMPOSITION OF SALADO OASES 

Table 3 shows a summary of the chemical analyses performed on Salado qases from 

near the WIPP repository horizon and from the McNutt Potash Zone. The analyses 

show that nitrogen is the primary constituent with concentrations recorded from 

76.3% to 96.5%, oxyqen accounts for 0.2" to as much as 22" and methane 

constitutes from 1.07% to a maximum of 7.8%. Very small amounts of C02 and 

C2H6 are also present. It should be kept in mind that the process of qas 

sampling is somewhat tricky and that i t is quite likely that the samples 

showinq oxygen content much above the average values may have been contaminated 

by air. The highest concentration of methane (7.8%) was found in the qas 

sample collected from the clay layer below Marker Bed 139 in the borehole 850-C 

drilled 15 feet into the floor of the East 400 d r i f t , 850 feet south of the 12 

foot exploratory shaft at WIPP. 

There has been some confusion about the nature of gas 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. I t is therefore appropriate and pertinent here to examine the 

"explosibi1ity" of Salado qases. 

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 qas 

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 gas typically contains about 2% 

methane and 7 to 11% oxygen. Such a mixture is not chemically explosive. The 
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qas sample obtained from Marker Red 139 at WIPP contains the highest percentaae 

of methane (7.8%) but too l i t t l e oxyqen (1.4%) to make i t explosive in a 

chemical sense. One sample from the Eddy f-'ine of National Potash Con pany was 

analyzed to contain 12% oxyqen and 16% methane (App. C), but its accuracy is 

quest ion able. 
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HE ORIGIN OF GAS 

All salt deposits contain some fluids (brine and qas) and the Salado f c r a t i o n 

is no exception. Within halite crystals, qas can often he seen as a bubble 

within a flui d 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 a l , 1978). Since most of the f l u i d in the inclusions consists of brine, 

total amount of gas trapped within the salt crystals is negligible. 

Almost every reported encounter of gas in the potash mines as well as near the 

WIPP repository is associated with either clay seams or clay-enriched zone of 

salt. The composition of the gas shows that i t was most lik e l y derived from 

the original atmospheric air at the time of deposition of Salado. The cas is 

depleted in oxyqen most likely due to the high chemical activity of oxyqen 

which allows i t to react with a variety of elements to form oxides. Methane 

must have originated from decomposition of marine organic l i f e during times 

when clays were deposited in the Salado sea. The presence of qas 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 

i t reached the impermeable clay layer. 

An important observation made in the Kerr-McGee mine is that the violent gas 

outbursts have l e f t a near vertical fracture which can be seen in the roof and 

to 1-2 foot below the roof along the walls of the d r i f t . Does a fracture 

represent a cavity in which the gas was trapped until released or was i t 

created due to the sudden release of gas generally disseminated in "vuqs and 

hairline cracks" as observed by Rutledqe et al (1964) through a stratascope? 

If gas is contained in a discrete fracture until the pressure is released, i t 

must be in equilibrium with the lithostatic pressure at that level. This could 

have happened by the trapped gas coalescing in a fracture, keepinq i t open as 

the gas became pressurized due to salt creep, until the gas pressure in the 

fracture reached the magnitude of lithost a t i c stress. This would mean that qas 

-fj-s^ets in deeper strata would be more pressurized. Alternately, qas could 
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re-lain trapped in permeable zone at the contact of s a l t and c l a y , w i thou t beinq 

pressur ized to l i t h o s t a t i c l e v e l s . Release of pressure in such a case would be 

less v i o l e n t and would not necessa r i l y be higher at g rea te r dep th . 

There 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 t h qas b lowou ts . The f r a c t u r e s are most ly o r i en ted in a W'.'W-ESE 

d i r e c t i o n . I t i s poss ib le t ha t the f r a c t u r e s were created by some geo log ica l 

a c t i v i t y in the past and qas from the surrounding reg ion miqrated i n t o them and 

l a t e r became p ressur i zed due to s a l t c reep. The s t ress f i e l d which would 

induce WN'W t e n s i l e f r a c t u r e s should have been pe rpend icu la r to t ha t d i r e c t i o n , 

i . e . NNE. There i s a lamprophyre d ike w i th an approx imate ly NE t rend which i s 

exposed in the nor thwestern par t of the Kerr-McGee mine. I t i s l i k e l y t h a t 

these f r a c t u r e s were created when the d ike i n t ruded i n t o the Salado s a l t about 

37 m i l l i o n years aqo. The f r a c t u r e s assoc ia ted w i t h qas blowouts a r e , however, 

not cont inuous f o r more than a few tens of f e e t - - t h e y are not i n t e r c e p t e d in 

p a r a l l e l d r i f t s . Th is i n d i c a t e s tha t the f r a c t u r e s were e i t h e r formed "en 

echelon" or t ha t they r e s u l t from the l o c a l i z e d exp los i ve a c t i v i t y assoc ia ted 

w i th sudden re lease of pressure every t ime a blowout o c c u r s . A c l e a r answer t o 

t h i s quest ion w i l l r equ i re ex tens ive exper imental work in the areas where gas 

blowouts have been observed. 
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CONCLUSIONS AND RECOMMENDATIONS 

Cone 1usions 

Based upon the facts and discussions presented in this report, the following 

conclusions can be drawn concerning the occurrence of gas in the Salado 

Formation. 

1. Gas can be found at almost any level within the Salado Formation, generally 

near clay seams associated with the marker beds. 

2. The gas consists primarily of nitrogen with some oxyqen 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 l i t h o s t a t i c . 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 f a t a l i t y 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 qas release on 

Dec. 13, 1983 at Kerr-McGee mine, two more incidents of gas outbursts at the 

same mine came to liqht within a month. Out of these, the one on Dec. 19, 

1983 was not reported to the State Mines Inspector. I t 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. Each violent outburst exposes an open vertical fracture. Due to the similar 

alianment of these fractures in a WNW direction, i t is thouaht that the oas 

is trapped in fractures which may have been opened due to a qeoloaical 

factor such as the emplacement of a dike. If this is true, the qas pressure 

within these vertical fractures would have to be in equilibrium with the 

horizontal component of the 1 ithol ostatic stress, or approximately at IF.00 

psi pressure. Sudden release of such a hiqh pressure would dislodqe and 

move larqe 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 cas 

found in potash mines, 600 feet stratigraphically 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 d r i f t s have been 

excavated. However, the possibility cannot and should not be ignored. I f 

the hypothesis of gas 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 larqer pressure drop than the ones at 

potash mines level . 

Recommendati ons 

The following recommendations are made for future operations at the WIPP site. 

1. Collect and publish the information on even minor encounters of qas "poo's" 

during the WIPP excavations - their location, description, associated 

fractures and any unusual geologic features in the v i 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 d r i l l i n g advance exploratory holes before cutting a 

face with the continuous mining machines. These holes should be drilled 

slanted upwards to intersect the clay layer near the ceilinq. 

Install protective metal grating on the continuous mininq 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 f l y 

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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A3CV — Tri— .* _r.aT AND 'i r j . _r. CPLE Z.0ii^5 UI THS 
POTASH DISTRICT, CAP.LS3AD, ;rEt7 MEXICO 

December 3, I963 through" M.arch p, 1551+ 

IJITRCDUCTICS 

This report summarizes she i n v e s t i g a t i o n c f the occurrence of cms oressure 
above the ere tones at s i x sines i n the potash d i s t r i c t , Carlsbad, Nev Hexico. 
I n d i v i d u a l r e ports have been submitted f a r each mine i n v e s t i g a t e d . 

Four cf the nines were reining s y l v i t e from the f i r s t ore zone, cne vns reining 
s y l v i t e f r o n the t e n t h ore zone ( l o c a t e d about 2CQ f e e t above the f i r s t on; 
tone"), and cne vas mining s y l v i t e f r o n the f i r s t ore zone ar.d lar.gbenin^ te 
f r e n the f o u r t h ere zone. Tests a t t h i s l a s t mine v e r - confined t o the f i r s t 
ere zone. Cover ranged from about 8S3 f e s t t o 1696 f e e t . Four nines v e r ; 
being worked by a r o o n - a n d - p i l l a r system, and t v e mines by a r e t r e a t i n g p^r.el 
system. 

Test areas vere s e l e c t e d f o r t h e i r p h y s i c a l c h a r a c t e r i s t i c s , • and the orcbabil-'^v 
of f i n d i n g gas pressure. Areas i n v e s t i g a t e d ranged f r o a nevly mined sections 
to sections t h a t had been open up t o 26 years. P i l l a r s had not been e x t r a c t e d 
i n any of the t e s t areas; hcvever, a t three mines the t e s t areas vere adjacent ' 
to reetiens vhere p i l l a r s had been e x t r a c t e d . A t one mine p i l l a r s shoved 
evidence of v e i g h t , and three o l d r o o f f a l l s vere observed. 

At a l l the nines i n v e s t i g a t e d , programs o f d r i l l i n g holes t o r e l i e v e gas 
pressure vere i n o p e r a t i o n . Methods v a r i e d from d r i l l i n g Uo-fcot v e r t i c i e 
holes i n ever}- i n t e r s e c t i o n t o d r i l l i n g o c c a s i o n a l i n c l i n e d holes v h i c h r e 
leased any pressure v i t h i n a fev f e e t o f the back. At several mines, holes 
f o r rock b o l t s , i n and betveen i n t e r s e c t i o n s , r e l i e v e d any pressure v i t h i n 
6 f e e t of the back. 

EQUIrvENT 

Hcies vere d r i l l e d i n the brick v i t h r o o f b e l t i n g machines, u s ing s e c t i c n a l i z e d 
auger s t e e l and tungs ten c a r b i d e - t i p p e d f i s h t a i l b i t s . Three- inch d iamete -
hcles f o r the s t r s tnsccpe vere d r i l l e d v i t h s p e c i a l one-pass b i t s , or smal l 
holes were enlarged w i t h a l o c a l l y designed reamer. 

Pock s t r a t a vns observed v i t h a s t ra tascopc on l o a n f r o m the Bureau o f Mines 
Hue:" Cont ro l Research Croup. The s t ra tasuope c o n s i s t e d o f a s e c t i c n a l i z e d 
periscope- equipped v i t h a l i g h t i n tne head o f the i n s t rumen t f o - ' n . - i n , - ^ . 

L. J-r.es, C. C 3c ana n. D i s o r o v , Genera l i zed 
:d P a d i c a c t i v i r C a r l : Potasn 195^ 
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;ur sect: :r.s c: ce 
ir.e nolc; r.;'«over, as tne c p t i c s 

r.e na. sect. .as a 
1 image vus obtained a t 15 t o 20 .3 ~ ->. c •-as 

Gas samoaes - -e ob ta ined v i t h an a s t i r a i o r b u l b and 
vucuum ooctaes. A tac.^er rmc ores: asseco.y vas usee t : i S ' u r e 

o r e s : 

zz determine rool 
A d i a l gage, capubie of d e t e c t i n g movement o f 0.CO1 i n c h , 

ivement vhen-gas pressure ."as re leased . V e l o c i t y o f ga£ 
e scat ing irom d r i l l , holes vas measured v i t h a ve lcmeter capable o f r ead ing 
to 9,000 f e e t per minu te . 

'HOC' AND DATA 

the s i x mines i n v e s t i g a t e d , a t o t a l o f l 6 9 .verPical holes ver 
om 20 t o ̂ 0 f e e t i n t o the ro o f ; 11$ of the. 169 holes vere d r i l 

e d 

r? 1 1 

t i e n s . Gas ••under pressure vas found i n 6'7 (5o pe rcen t ) c f t h ; 
, ed. A t o t a l of 91 "ol c v s " vere encountered; 1$ vere i n i n t 
containing gas at 2 ele v a t i o n s above the back; and k vere i n i r 
containing gas a t 3 el e v a t i o n s above the back. F c r t y - e i g n t hois 
i n t e r s e c t i o n s c o n t a i n i n g gas a t 1 e l e v a t i o n . Gas pressure ---as r 
only 1 of the h2 holes d r i l l e d betveen i n t e r s e c t i o n s . This " b i o 
classed as l i g h t and the gas appeared t o have been released from 
layer."" I n order t o determine i f one hole r e l i e v e d * 1 1 ths gas 
an i n t e r s e c t i o n , 12 a d d i t i o n a l holes vere d r i l l e d i n 10 i n t e r c e c 
cf these a d d i t i o n a l holes released gas pressure. 

.nter . — •< ir te**-
•etiens 

.:; ~ c ̂  —'_ . —_> 

3 vere 

v" vas 

< ^ 

' s s u_ 
;ns. None 

ven 
f mud and poivnal" 1 te 

^ - J ^ . ^ J . — _ ~. 

T h i r t y - t h r e e holes v e r ; examined v i t h the stratascope i n order t o de-ermrr 
the c h a r a c t e r i s t i c s o f the r o o f and the l o c a t i o n of gas-bearing s t r a t a . At 
cne mine ths roof s t r a t a vas examined v i t h o u t instruments i n tvo r a i s e s d r i 
to a height of about 11 f e e t above the back. Locations o f m 
seams i n the r o o f , as determined by o b s e r v a t i o n o f d r i l l 
c l o s e l y v i t h l o c a t i o n s determined by the o t h e r methods. I n a l l mines except 
one, the 20 f e e t o f s t r a t a above the back contained tvo c r three mud sears 
and a p o l y h a l i t e seam. The p o l y h a l i t e seas vas not observed i n mine "F"^. 
Most mud seams vere made up of interbc-ded s a l t and mud, and the p o l y h a l i t e 
seam vas composed of interceded s a l t and p o l y h a l i t e - Thin mud bands vere 
generally present a t the Lop and bottom c o n t a c t s of the p o l y h a l i t e l a y e r and 
s a l t memoers. The mud and p o l y h a l i t e seams vere found t o be continuous ever 
each area i n v e s t i g a t e d , and vere probably c .ntinuous over considerably l a r g e r 
areas. At cne mine, openings up to tvo inches i n thickness vere found i n the 
f i r s t and second mud seams. This area had been opened approximately 20 years 
p r i o r to t h i s i n v e s t i g a t i o n , and gas pressure vas not found i n these mud seams. 

1- A "biov" i s classed as l i g h t vr.en the rele a s e of pressure irom a hole can 
be detected. A medium rblcv' 1viii clean the s e t t l e d dust from the r o t a r y 
head cf the d r i l l i n g machine. A h e u v y r b l c v M v d l l clean the s e t t l e d dust 
from the f l o o r of an i n t e r s e c t i o n . 
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Eightv-seven o f the 91 "blows" encountered came f rom the mud seams, or mud b rinds 
at the con tac t s of the p o l y h a l i t e band and s a l t . Seventeen Jholes, 

;ar.u: 
oy r _ ^ i . _ i : 
" b l e v " . r 

o — IT. r 

a i e d t s a ; the 
s m a l l V U g ,^ 5 , £ 

. t t e m •-•as four 

t n e s t r a 

co.ntair.c 
~ T h i s o a t t e r r . '-"as f o u n d i n e v e r y examinee n o i e 

c crime 

re h o l e s - r e d u c e d l i g h t " o l c v p " f r o m , s a l t raarabers, and s t r a t a s c c o e 
• r j o g ^ <-> «t 

vugg, 0.1 inch i n di-rncter, i n a tone o: 
cry s t a l s . ^ Cne hole produced a l i g h t 

'.onesored to be coarse s a l t 
biov" f r o n srrrail t i n hcies i n a 

ĉ " 1 holes vere d r i l l e d i n 1 Int e r s e c t i o n to determine the l i t e r a l 
s and h a i r l i n e cracks. 'The f i r s t hole relieved gas pressure 

nation cf t h i s hole shoved 
h a i r l i n e 

extent cf vi 
at the contact betveen p o l y h a l i t e and s a l t 

cracks. The second hole d r i l l e d i 6 inches from the o r i g i r 
release gas; hc-ever, vuggs and h a i r l i n e cracks vere v i s i b l e at th 

Cas vas not 
elevation as i n the o r i g i n a l hole. The t h i r d hole vaa d r i l l e d naa • -f i : - — 

l i n e , l o f e e t 6 f r o m t h e o r i g i n 

vu — t o s and cracks vere v i s i b l e . Tne f o u r t h hole vas d r i l l e d 35 
8 feet outside c f the int e r s e c t i o n ; 

a sed but 
eet from the 
c- s s ur e v-2-s 

1, 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 
a series cf 5 holes on 20-foot centers vere d r i l l e d i n t o the roof betveen 
2 intersections that had produced "blovs". None of the 5 holes released gran. 
Glace the p o s s i b i l i t y existed t h a t hcies d r i l l e d i n intersections could have 
relieved any gas pressure i n the area betveen intersections, a scries of 
holes vers d r i l l e d i n rooms and breakthroughs before d r i l l i n g the i n t e r s e c t i o n : 
None of the holes i n the rooms and breakthroughs relieved gas pressure; hcvever, 

i n 6 of the intersections produced "blovs". o nole 

C-as pressure i n one hole i n the center of an int e r s e c t i o n vas sealed i n , by 
means of the packer and gage, and pressure b u i l t up to 50 o s i . A second hole 
d r i l l e d 20 feet from the o r i g i n a l hole, and 6 fcet"outside"cf the i n t e r s e c t i o n 
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 thu pro-ssure in 
the o r i g i n a l hole. 

From the data collected during t h i s i n v e s t i g a t i o n , no explanation can be 
offered as to vhy only cor'-air. intorsco lions contained g-s. Mud searis must 

.' o r, i~ o. — •»• o 1 

r t a i n degree of pert.oai i l i t y to pv as to .cut i n intersections 

o.ee app-e.mix 1 . 
Gee a p p e n d i x 1 , p h o t o g r a p h Nc. D2 
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c me n t s ' " ' i t n L 

upvard vr.er. gus pressure vns .releasee:. ~ Reef movement ranged b e l v » e 
and 0.020 inches vhen '"clave" vere encountered f r e n 2 f e e t to 1? fee 
the back. The rrcixiriur r.cvcrier.t o f 0.070 

b a c '̂  mav 
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D i r e c t readings o f gas press-are vere d i f f i c u l t t o o b t a i n due t o the sho r t 
d u r a t i o n of the " b l c v s " and the tirr.e r e q u i r e d t o remove d r i l l s t e e l f r . - n a 
hole; hovever, three pressure readi.e; vere :otained i n 3 seoarate i _ o s 
These measurements vere taken vhere gas vas e m i t t e d f r o m ths 
top c f a p o l y h a l i t e l a y e r , and f rom the second mud seam 
classed as l i g h t ; hovever, :ressure o f SO a 

i " 1 "3 
/ i — _j 

S l V B . S 

Pressure b u i l t up r a p i d l y a f t e r the packer '-"as i n s t a l l e d , 
vi_nm a\j minutes, -nen c.rcorx?z. cif very slevly, orobaoly du 
around the packer and/or ieuka. 
taat the D~~c*r.r~.\''.r~f*c\ ^^v-i^..— C>A 

-I ~. . 0 » 

;ures measured vers 
scams. i t 

t i o n cf K!.e o r i g i n a l e: 
in the intersections, due to the volume of gas l o s t v h i l e removing the 
steel and setting the oackcr. 

Fourteen vacuum-oottle srimplco vere taken by as p i r a t i n g gas out cf plugged 
r ;ies which vere s t i l l ""bloving" at the time of sampling. 3 Thirteen of the 
analyses indicated that the gas vas not explosive. Sample '--i>35 contained 
9-2- percent e f f e c t i v e combustible material^ and vould beoome erroicsive, 
over a li m i t e d range, vhen mixed v i t h a i r . ^ Tne gas represented by t h i s 
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. 

Velcmeter 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 steel i n 
the holes, and the time necessary to "blow" out the cuttings. "oiovs ' cListed 
as approaching medium had v e l o c i t i e s i n excess cf 9,000 feet per minute. 

Sec appendix h. 
See appendix $. 
T- <-1_ „ ~ .•.. ̂  _ „_-... 

;C ro e ~ - f t , , 

hydrogen plus O.u times percent cars on moncxid: 
M. C Zabetakis, R. V. Otahl, and H- A Vatson 

v- • 

1 - 2 5 t i m e ' s s c r : 

Mine Atmospheres, Bureau c f Mines I n f e r . i o n O i r alar 7~Ci 1 1 —"' 
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SlliM-AR1-* 

I . Gas 'unner pressure vas 1 
bards aa the tap and "so 

^^J^—O^^I .̂ ^_ -j _, ,^ seams, aod 

ol 

2. Gas pressure seams c r cards vas cor Ln te r sec t i s r i s . Gas 
oe tveea i n t e r s e c t i o n s vas found i n o n l y 1 hole veers COC .1 1 

rocxe •. .n tne s: 

7. 

>iy s v e r ; continuous over each area I n v e s t i g a t e d . 

h. 'r.tere gas occurred i n mud seams or hands i n i n t e r s e c t i o n s , i t eml 
f r o n sraall vuggs 0.1 inches i n diameter connected oy h a i r l i n e cracks. 
vuggs and cracks vere observed t o be d i s t r i b u t e d through cut the 
the i n t e r s e c t i o n s , and cne hole vas s u f f i c i e n t t o r e l i e v e al_ 
the depth d r i l l e d . 

5» A l l "biovs" encountered vere classed as l i g h t or medium, 
short d u r a t i o n . The volume o f 

_ _ „ 0 - . . _ » ~ 3 
u . ̂  ̂  o U_ _ 

LS released acToea,~- tr> > o ce consistent --mi 
hat vol1.."re v h i c h could be ext>ected t o be con f i n e d i n the vu^g: 

i n the area' of an i n t e r s e c t i o n . Large pocket: .s were not : c u r i a 

=ras e m i t t i n g 6. Analyses o f vacuus:-bottle sarrrples shoved thai 
s t r a t a , v i t h one exception, vas nonexpicsive. Cne 
gas e m i t t i n g from the t h i r d mud seam at I mine v o u l d become explosive, 
ever a very l i m i t e d range, as the gas './as d i l u t e d v i t h a i r ; hovever, the 
gas represented by t h i s sample d i d not create a hazard due to the short 
d u r a t i o n o f the " b l c v " and the r a o i d d i l u t i o n i n the v e n t i l a t i n g cur-rent 

7. D i r e c t readings of gas pressure i n d i c a t e d t h ^ t i n i t i a l 
seams can be gre a t e r than 60 p s i . 

8. I n the i n t e r s e c t i o n s t h a t v e r ; measured, the back rose 
O.O3C inches vhen gas pressure vas released. 

;ressur 

A . cm \j. -o 

9- "Slcvs" classed as approaching medium had v e l o c i t i e s i n excess of C,COG 
l e e t t>er minute, 

10. Gas pressure i n the r o o f s t r a t a has a d e f i n i t e e f f e c t cn t h 
.enc 

vas r e l i e v e d . 
evidenced by measurements of gas pressure and the r i s e c f tho back 

11. During t h i s i n v e s t i g a t i o n , the r e l i e f o: 
d 

:ssure t h r 
?ter d r i l l holes d i d OOL present ar. e x p l o s i o n hazard , 

de t e rmina t ion c f i n i t i a l f o r m a t i o n press-ares, and the ere: 
isary to cause f s i i u r e of the r o o f vere beyc: u.ie sc 

I n v e s t i g a t i o n ; hovever, t h i s i n f rma t ion ccu ld be o f consider"''" to 
n a r t i e s i n v o l v e d . 
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Average l o c a t i o n arid th ickness o f mud seams and p o l y h a l i t e sea:: 

D i a l gage readings 

Pressure measurements 

Cas analyses r e s u l t s 

f 

'4 

1 

68 



CJ 

X 

CS 

5 

.X' 
cj 

CJ 
> 
o 

< 
H 

co 

o 

a 

d 
o 
co 

—» 

u. 
o 
o 
a 
« j 
c 

. * 
o 

to 

Ci 

U 

E 
c 

a 
n 
CJ 
c 

J C CJ 

3 
J C 

O CJ 

5 

"3 cn 
o 

a 
CJ 

a 
CJ 
u 

a 
a 
4) 

^ CO 
M 
—i 5 

o 

'JN 

CJ u-\ cu 

O : O 
VO 

CN 

VO r O 
UN 

CN 

O O VD O 

ru ^ CM O —i 

CN CN 

co UN 

VO IfN 

O VO vo vo o o 

>-( -a- ^4 >-i ON co 

UN UN f— 04 VO 

O VO VO VD VD CN 

o o o o b b 

f H CM UN CN C"~ OJ 

CVI O CV! CVI 

p 

a a -• E 
C J . < 
: a 

o 
c co 
—-1 c E 
s a -3 

C 
o 

C3 o 
CJ 

o ca 
d O 

,o a CJ 
, 0 *-< CJ 
CJ 

_) JLZ U , 
_ i C 

U l 
o u, 

o o 
—> +J 
CJ 
u «; r-» 
U l QJ 0 

U i 
o >> cu O >H 

CM * J 
c O 

c CJ 
-r-< L. 

_> -H +J 

> > 
V 

c 
2 

* J 
53 

o O 
U l o O 

f-i 
ta 
=3 o o 
> o 

> 
O e CJ d 
a CJ 

a 
V Cj 

i
t
 

"3 2 
a a 
•3 j-> 

u d 
.-< O JS a P. •U d 

CJ 
ej CJ •j> 

c-i Ui SJ 
o o ~J 

•M 
CJ —( o u 

c *̂ SJ V >> "3 i d r-t 

•»-< o 
> > »—• 
o o 

, .. ^ ^ 
cu m 

'—- —' v—• 

69 



Dia l Cage Readings 

Hei;sit Above 
Rise c f Bacif. Tae 3ach of 

Hole S t r e n g t h c f "3 iov" Io. Inches Cas Bear ing 

103 L i g h t 

Hedl -an 
.0C2 
.007 

3' 0" 
6' 6" 
9' 6" 

113 L i g h t 2 ' 0" 

L i g h t .007 T o t a l Movement y o" 

Wediurs .0C4 3. 9-' 

n6 U g h - .001 5' 6" 

U T 
L i g o t 
LlgTit . CC9 T o t a l Movement 

3' 0" 
6< 3" 
9 ' 6" 

118 U g r l 5' 9" 
9' o" 

10' 6" 
L i g h t 
Medium .030 T o t a l Movement 

5' 9" 
9' o" 

10' 6" 

202 . 015 lh' 6" 

203 . U g h t .003 17 • 6'" 

310 L i g h t 
L i g h t .006 T o t a l Movement 

3 ' 2" 
9" 2" 

312 Mediu.3 • .013 i . 0 ' U " 

3lh Medium: .010 10' l l " 

315 L i g h t .C02 9' 8" 

313 Medium .C20 10 ' LL" 

Uoi U g h t .002 6' 9" 

Uc6 y—•> J .013 8 ' 0" 

Uo? U g h t 
U g h t .005 T o t a l Hovc-rsr.t 

10' 6" 
17 ' 6" 

r 
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ulgr . t ..02.3 T o t a l Movement 
6' 

- I 

6" 
0" 

T
 J ;rht .0-05 7* 0" 

T •( - ' - « . . CCS 6' 0" 

T J — ^ 4-- .003 i l ' 0" 

L i g h t . CC2 7 ' 6" 

Uio L i g h t .C03 • 7 ' 0 

. - J Cr- .002 17 ' u 

U2i U g h t .001 I T 0" 

U g h t .001 17' u 

L i g n t .005 7 ' 0" 

1-25 T « —"-.-<-

U g h t 
• .C04 

.002 
5' 
9 ' 

6" 
6" 

U g h t 
U g h t . CC5 T o t a l Movement 

5' 
15' 

0 " 

O 

512 U g n t 
U g h t .CC2 T o t a l Movement 

l k ' 
17* 

0" 
0" 

513 U g h t .C03 16'' 6" 

51* U g h t .006 16- 6" 

515 Medium 
Hediu= 

.co6 

.007 
17' 
15* 

6-
0" 

516 Medium • .ocS 17 ' 6" 

517 U g h t .002 17' 6" 

r 
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pressure Readiritrs 

k2 

1.29 

Strength ol 
Slav 

Light 

T i r h r 

Llght 

Ahov» 
Back of Ca3 
3earir.g Strata 

7'6" 

9'6" 

9'6" 

feyj-.-.i 
r r e s s u r : Corrrr^rits 

30 p s i 

50 p s i ' 

60 p s i 

Reached 10 
rzir i . a f t e r 
packer vas s< 

Reached 20 

packer vas se 

Reached 5 rsir 
a-k- ^-er pacaer 
vas s e t . 
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. U tt •'. u L SECOND 

_S i .7 e 

small pop 

E a n g a blow 

Rock Moved 

Less than one cu. f t . 

3 

Between 1 f t . and 4 cu. yd, 

More than 4 cu. vd. 

Crew 

S h i f t 

Area 

F loor 

Middle Mud 

Top Mud 

Sa l t 

Fu l l Pass 

Ha l f Pass 

Face 

Rib 

S;nol 1 

LTZJ 

Locat i on 

om No./B.T. No. 

D :ance & Direction from which intersection^ 

Ot:. •'Comments 

Instructions 

1. Mark only one box under Size, and one under Rock moved 

2. Gas seepinj from clay goes under Other/Comments 

3. I f rock moved, is larger than 1 cubic f t . , notify the s h i r t for era;-. „••;. .-.-ill 
notify general foreman 
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Environmental Evaluation Group 
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 loa i ca l 
Conseouence Eva lua t i on of Minera l Resources at WIPP, "ay 1982. 

EEG-13 S p i e g l e r , Pe te r . Ana lys i s of the Po ten t i a l Formation of a Breccia 
Chimney beneath the WIPP Repos i to ry , May, 19821 

EE G-15 Bard, Stephen T. Est imated Rad ia t ion Doses Resu l t i ng i f an 
Exp lo ra to r y Borehole Penetrates a Pressur ized Br ine Reservoi r Assured 
to E x i s t Below the WIPP Reposi tory Hor izon , March 1982. 

EEG-16 Rad ionuc l ide Release, Transpor t and Consequence Modeling f o r 'WIPP. A 
Report of a Workshop Held on September 16-17, 1981, February 1982,. " 

EEG-17 S p i e q l e r , Pe te r . Hydro log ic Analyses of Two Pr 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 Plant (WIPP) S i t e , December " 

iwr. 
EEG-18 S p i e g 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 Hydrogen and Oxygen, March 1983. 

EEG-19 Channe l ! , James K. Review Comments on Environmental Ana lvs i s Cost 
Reduction Proposals (WIPP/OOE-136) Ju ly 1982, November 19821 

EEG-20 Baca, Thomas E. An Eva lua t i on of the Non - rad io l og i ca l Environmental 
Problems Re la t ing to 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 Formation i n the V i c i n i t y of the Waste I s o l a t i o n Pi lo t : 
P lant (WIPP) S i t e , A p r i l 1983. : — 

EEG-22 EEG Review Comments on the Geotechnical Reports Provide., by DOE to EEG 
Under the S t i p u l a t e d Agreement Through March 1 , 1983, A p r i l F983. 

EEG-23 N e i l l , Robert H . , et a l . , Eva lua t i on 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. Channe l ! , P o t e n t i a l Problems From 
Shipment of H igh-Cur ie Content Contact-Hand 1ed Transuran ic (CH^TRU) 
Waste to WIPP, August 1983. 
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E x h i b i t B 

T - . r-rrr.'TTN OTi*. - ^ / - - ^ i * c - \ j r » ^ " r ) ^ > 7 / f ' T N r T T 
.J , * . i , „ . . * y U A ^ . W J i V * . . i J i * W v . i . / ' . J \ _ i ' * . * . . . ! 

2. F. M i l l e r 
Resident Manager 

F. L. Piarson 
Senior- Geologist 

U.S. Potash Company 
Carlsbad j Nev: Mexico 
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£ari K. Miller, Reddens ::ar.£t-<*r 
A.-.i 

Frar.cis L. Pierscr., Senior C eelogist 

55:j?9 

Tr.e United States Potash Cc.-pzr.y vas tho ori g i n a l discoverer ar.d f i r s t producer of under
ground .-iir.ee: potash era ir. North ;.merica sr.c eo.rjr.cr.csi active production ef potas.-. i n 1931. Ir. 
Julv IJyJ., tr.e company xergsd v i t n United States Scrax is Chemical Corporation and i s r.ov a 
Division of tr.at corporation. 

Ths mir.s i s located twenty-two miles cast ef tr.e eity of Carlsbad ar.d tr.e refinery is 
located sixtr-on r i l e s routr. of the mine. Tr.e nine wa; placed wr.erc tr.e ere •„•;: feund and the 
refinery placed --here there was s u f f i c i e n t vatcr for & dissolving ar.d're-cry s t a l l laat ten plant. 

?or twenty-tr.ree of t.-.e last twenty-six years, the potash ore was mined with the room ana 
p i l l a r method, t::-:i.-.g approximately sixty percent extraction sr.o leaving f o r t y percent i n 
p i l l a r s . miliars arc- r t n c r a i l y f i f r y - e i g r . t rec-5 by f i f t y - e i g h t feet square. Tnree years 
a-o, i t was decided that removal vf aa large- an extraction as possible from these p i l l a r s s.-.ould 
be commenced. 

Tr.e f i r s t v i s i b l e cvicor.ee of subsidence on the surface i s by ar.ali h a i r l i n e cracks which 
rapi-J" develop lata ope-nir-ic r.oasurir.g up to approximately one inc. wide and o:.c hundred fcet 
long, Aa "he face retreats ur.c.:?rgrour.d, t.-.ese tension craolao disappear. About -.: ;• boundaries 
of tne f i n a l r.i.-.'.c area v.-.ich have been va-.v.-or.eea for ary length af t i x e , these cr.ih;: appear ; .d 
became larger, '..'ith continual strain and eroslor.al effects, seme of tr.e cra'cles develop i n t . ...su
able openings c.cssurir.g six In che a to tvo feet wide ana with an u.-Jcr.ovn deptn. '..'it.n continued 
?rc.:.on, t.-.a walls cf she cracks f a l l into the bottoa, thus widening and f i l l i n g ; tne openings. 

In the prej-.-nt st;-.:;o after tvo years, some of the openings appear as slur-.? holes .r.easuri.-.g 
sc.::c six to ei t fcet across, ten to t h i r t y feet i'er.g, and f i v e to f i f t e e n fee: coop. Tne 
geologic structure tr.roug.n which these forces are trfir.n-.'f M r « • ~ r y p i r.-l r f b -dd:d .. -'. 
uu;.cs;;s ir. tne area. The- buff dolomite section at approxir.ateiy four hundred feet below t.-.e 
surface i s a water .-.one of cansiderablo magnitude ever quite an extensive area. Tno fact that 
both tha salt and potash are higniy soluble shakes i t imperative that the section between t n i s 
buff dolomite and the under;:round salt and potash beds below must not be ruptured. T.-.e potash 
IJSO, which varies f r e t f i v e to f i f t e e n fcet ir. height and l i e s .tore or less horiaa...il, i s 
approximately ono thousand fsc-t below the surface and l s normally overlain by a salt section scaie 
f i v e hundred fcet thick. The shale and clay strata belcw the water zone and above the salt 
section forr. tne irr.pervious layer wnlch protects tne salt section frcr. the water above. 

The effects cf subsidence over the surface area arc- nuch larger than the actual f i n a l mined 
area underground. In those places wnere f i n a l mining r.as been carried to tne l i m i t s of tne ore-
body, subsidence effects have been observed seme sever, hundred feet beyond the l i m i t s on t.-.e 
surface. In those places where f i n a l mining stopped i n a f i r s t mined area, sutsider.ee nas been 
noted f o r distances as great as ono thousand two hundred fcet beyond tne l i m i t s cf f i n a l mining. 
Principally f o r t n i s reason,a large sone about tne hoisting shafts has been prohibited to f i n a l 
air.ir.g a c t i v i t i e s u n t i l a i l other f i n i n g l s completed. 

In present operations, there are tvo types of r.ir.ing l n use. The f i r s t is known as con
ventional f i n i n g wr.icM u t i l i z e s ur.dercutters, d r i l l s and blasting, a f t e r vnich tr.e ere is r.oved 
from tne face with loaders and s.-.uttle cars. The ether method i s with continuous dining nachlr.es 
using extensible and .mainline haulage belts. In both ef those operations, f i n a l mining i s being 
carried on. T e conventional f i n a l nixing system i s used generally i n high ore in wnich I t 
would be uneconomical to use a continuous joining jaachine. 

In cases where a mud seam or zone of wsakr.ess occurs in a p i l l a r , i t w i l l , of course, crush 
and f a i l at this point. Frequently vr.en the mud seam i s Just above tne baclc or Just under the 
f l o o r , t.-.c p i l l a r w i l l punch through into the weak zone. Additional effects caused by the mud 
seam Just above or Just below an entry are frequent sags and f a l l s of roof slabs and neaving cf 
the f l o o r . 

live .-.'in the event that roof slabs begin to f a l l over haulage ways, an attempt i s made to 
control t h e i r subsidence u n t i l tr.e haulage way I s tbar.4s.ned. I : , c o n t r o l l i n g reef slabs, cribbing 
s t u l l s and roof belts are often used. These aeasures usually suffice to >:eep the haulage ways 



Cv<i.-. but occasionally i t ir. necessary to blsr-t down a sl~b ar.d remove i t . 

I t is t-.cvg-.t t.'.at roof a.abting f l o o r heaving are caused by tr.e v e r t i c a l pressure 
ar.d certain result!.-.;; forces. The vo- t i c o l pres.ure t.vro-uvn- a p-rchlrg actios, causes the 
tendency for t.-.e fl o o r to rise Jr.'the e.-.rry ar.d the bach to sag. The or.-.er r.sultir.g forces 

t.-.rvg.-.t to be t.-.e move ner; of clay ir. '„..«.•• clay tc-ar-u frca -dove ar.d be lev t-.c p i l l a r s 
cut ir.ro the floor ar.J bael: i n the entire.. I t is also thought tr.at -end pres.--.re" exerted 
on f l o o r anirowf slabs frees tr.e expanding p i l l a r ; : ru-ipa to cause tr.e i n i t i o , separation 
ci the sl a i s . 

T.-.e second type of mining i n cur operations i s in tht continuous miner sections. Abo 
five veers ago wo commenced the us-? of continuous miners, and in this operation, a dafferent typ 
p i l i r . r '..eo : -u : e o r y due t o thi.- l i m i I a tier..-, of the .-.-.ser.lne. T..e general a-nir- j pattern - f i t -
tnis method l.^ve- p i l l a r s one hundred feel Ion? and t h i r t y - f i v e feet wide aftwr f i r s t • •' i r . ~ . 
In f i n a l r . l r . l : , ; , t :,_•*<? pillar.-, tre reduced to such site t.-.at fr;m r.lr.- y - f i ve to nlnty-e'. j..e 
percent extraction ia being cbteined. Tr.e stands v e i l immediately after rr.lr.ir-. with 
ouch a large percentage of extraction, subsidence l s r e l a t i v e l y rapid. 

,,. graphically p l o t t i n g -v.br.idc-nee, ihe major amount of movement underground is etci'tated 
to Vc «,',r-cxi!r.ately twelve f.«-.t, while the aut'.or subsidence cn the surf ace i s ar.pi-cx i-.r.tely 
eight ar.d es.o-r.aif feet. This would appear to indicate t.-.at very l i t t l e breaking i r '. ' i • .5 la 
in tne strata above tne ainsd-out area ano t..at the overlying beds are more or less s. . . ..g 
uniformly. 

In p l o t t i n g the movement of cne parti c u l a r station cn the surface and underground lr. . .-
f i n a l a.ir.od area, i t was found tr.at for approximately t.-.lrty days subsidence was ext read* .•«,..•!< 
Tne t o t a l height cf the mined-out area was o r i g i n a l l y 12.75 feet. For tr.e f i r s t t h i r t y uays af: 
f i n a l mining, r.r- was apparently l i t t l e nevc.-.er.t; t u t between t h i r t y and sixty days, th. 
ur.der--veu/-.d wc;.v:.'..-.,;s at tnis point had su'scio-d 3.25 feet, while tne point aocvo on the surface 
had ueviped C,7i> f r e t . At the end of one .-.undred cays, tr.e bad: .had cc.no down a t o t a l of six 
feet, -..'.-.lie sucsi clc-r.ce cn the surface measured 2.20 feet, .'.fter one hundred and ferry days, 
the station undt-r.-m::r^ ? «r:*;il ; f __,nv;. a;.d w;.«-,.«!f l e s t , w.-.ile tr.e- point on tr.e 
surface had moved ccw.n three ar.d one-half feet. Duo to the bad conditions of tr.e back under
ground at this time, observations were dir.ccntlnued. On the surface, however, the point 
continued downward, measuring six feet t o t a l crop after two hundred cays. I t was at approximate 
this point that tr.e or.arp rate cf subsidence cr.angedabruptiy. At the end of one tnousand says, 
the surface station had subsided a t o t a l cf 7.50 feet, an increase of 1.50' feet in the' -act ci^r, 
hundred days. 

In graphing tr.e movement of t h i s station, i t was found that the l i n e -..'as not continuously 
downwrrd but indicated that subsidence, bets, underground and on the' surface, came in waves or 
intervals, and lr. sore cases tne ground actually rose from tr.e previous month's reading. From 
our closest observation ir. a single instance, i t appeared tr.at surface subsidence became 
measurable approximately t h i r t y - f i v e days after subsidence was noted .underground. 

In the f i r s t study of subsidence r.ovemtnt, a grid was set over tne area to be mined v i t n 
stations cn f ive-nur.dred foot spacing, both east-vest ar.d north-south. T ese stations vere 
triangulated ln each month and K reccra of t h e i r movement was noted. Froa this date an approxi
mate l i m i t i n g angle cf 51 degrees - 3C degrees has been calculated, the l i m i t i n g angle, of cour: 
being measured from a line crawn v e r t i c a l l y up froa the edge of advance and a second lin e draw:: 
upward from the edge of advance tc the outermost point where subsidon.ee was observed on tne 
surface. This l i m i t i n g angle i s iaportar.t In determining where surface structures w i l l be 
affected by subsidence. There are many factors which contribute to the degree of the angle. 
Those pr i n c i p a l l y responsible are: 

•: 
(1) Tne overlying strata through which subsidence takes place, this angle being r e l a t i v e l y 

small f o r strong roc.es and r e l a t i v e l y large for weaker members, the t o t a l H a l t i n g angle, cf 
course, being the sua of the various H a l t i n g angles up thrcugn the d i f f c r e n t s t r a t a . 

(2) I t has been observed that the l i m i t i n g angie i s greater i n areas wr.ere f i n a l mining opera
tions are bordered t y f i r s t mining operations, S t r i c t . y rpcal:ing, tnis i s not a true l i m i t i n g 
angle because extraction outside the area effects ar. increase of the angle. However, froa the 
practical point of view, i t i s cyeite necessary to take this inf.uer.ee under consideration. We 
have observed l n «;cme cases a li o . i t I n g angle as large as Si to 30 degrees. I t may be when tr.e 



C---J cf advance of tr.e ret:,--r.tir.r fact ur.de rgro.u.d up to a point cf ataxietua. tension s t r a in , 
as p-Cttco i i or> tr.e f i c - e wuta. 

I t i s cxp.cted tr 
ground ao; e.tent, ai 
i i - b l o . 

: v i t h continued study, more detailed i r . f c : 
ipplleoi to salt-beddc-c deposits ir , the Carl 

'.atlor. or. the charr.cterlet: 
ibad d i s t r i c t , v l l i beec;ic 
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Mr. President, critics of S. 717 have 
claimed that the imposition of civil pen
alties is a punitive measure, that it is an 
attempt to punish operators who do not 
comply wth the act's requirements. Well, 
in my mind this is merely a question of 
attitude. I prefer to think of the civil 
penalty as a means of encouraging com
pliance, not as a means of punishing 
disobedience. 

We have seen, in recent years, a much 
greater improvement in the rates of 
fatalities and serious injuries in 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 
factor contributing to this improvement 
in- what we are really getting at—the 
safety and health of our Nation's miners. 

S. 717 provides a streamlined proce
dure for the collection of these penalties 
while insuring 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 
ihe law. These operators apparently And 
i t 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 in the 2 years prior to the explo
sion. I t is likely that i t was just this im
proper ventilation which was instrumen
tal in an explosion of accumulated 
methane gas. 

This bill provides two new enforce
ment procedures addressed to these situ
ations. One is a new closure order se
quence, which is triggered by the finding 
that a pattern of violations exists 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 
•ype which established the pattern. 

The other new sanction available in 
ouch situations permits the Secretary to 
ask a Federal district court to fashion 
appropriate relief in cases of chronic and 
habitual violations of the act by opera
tors. 

Mr. President, I think these new en
forcement tools are true responses to the 

inadequacies of enforcement in our 
present law which the Scotia tragedy so 
clearly demonstrated. 
<>,S. 717 addresses the inadequate en
forcement of our mine safety laws in 
another way. I t transfers responsibility 
for the enforcement of this program to 
the Department of Labor. 

In the committee's judgment, the re
sponsibility for insuring workers' health 
and safety logically belongs with the De
partment which has as its overall duty 
the responsibility of safeguarding 
workers' rights. Yet the committee rec
ognizes that miner health and safety 
calls for particular expertise and a spe
cial expenditure of effort. I t is for that 
reason that S. 717 insures that the min
ing enforcement agency will maintain its 
independence within the Labor Depart
ment. 

Further, in order to insure that the 
mine safety and health program will not 
be denied the technical mining expertise 
of the Bureau of Mines, the safety re
search and training functions which are 
integrally related to this technical ex
pertise are retained in the Interior De
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 wil l 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 ls 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 i n place first—and must be the 
firm foundation upon which we will build 
our national energy program. Otherwise, 
we will continue to pay for our energy 
and minerals with the dreadful currency 
of human lives and limbs. 

Our national energy needs should not 
be met at tbe 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 
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mine safety and health program made 
by S. 717 to be essential, and of a high 
priority. 

Mr. President, the Committee on 
Human Resources has felt this urgency 
for a long time. 

S. 717 has been carefully drafted and 
considered by the committee, and I am 
tslad that it is on schedule now for the 
Senate to make its determination. 

Mr. President. I am happy to see tliat 
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, 
Ls now ready to advance another neces
sary cause, S. 717, before the Senate now. 

Mr. JAVITS. Mr. President, we have 
before us today a bill, S. 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 ls intended to strike a new 
balance in the longstanding antag
onistic goals of maximizing production 
of energy and mineral resources on the 
one hand, and, on the other hand, af
fording the maximum safety and health 
protection for the workers who extract 
those resources in what all recognize is 
inherently 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 in the rate of fatalities and 
disabling injuries among miners. To this 
end, the bill makes a number of improve
ments in the standard setting and en
forcement provisions of the Federal Coal 
Mine Health and Safety Act of 1.969. 

S. 717 will at last also bring about a 
balance in worker protection between 
coal miners and other miners who have 
been inadequately protected under the 
far less comprehensive and stringent 
provisions of thee Federal Metal and 
Non-Metallic Mine Safety Act of 1966. 
With the enactment of this bill, all 
miners, whether coal or noncoal, 
whether underground or surface, will be 
afforded equal protection against the 
hazards of their common occupation. To 
trais end, the bill repeals the Metal Act 
and vests all authority in the Secretary 
of Labor under one new statute, which 
nevertheless leaves intact the appro
priate differences in standards between 
the coal and noncoal operators in the 
mining industry. 

ThiS bill is a product of extensive over
sight activities on the part of the Human 
Resources Committee that have con
tinued over the past 7 years. The com
mittee has investigated several of the 
terrible disasters that have taken the 
lives of miners during this period. The 
Human Resources Committee has also 
received a series of critical reports from 
the General Accounting Office on the 
state of the present mine health and 
safety program. 

After all of this careful examination. 
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, LEVITTS OF T27DTVTDTJAL 

METHANE 

| METHANE IN AH 
i 

I When a spark was passed near the lower 
} confines of methane-air mixtures standing- over 
; witcr in a vessel 6 feet high and 12 inches 
I Kiitire in section, the following observations 
! trcro made (68): 

SJ percent methane.—A vortex ring of flame 
traveled upward about 12 inches, broke, and 
died out as a tongue of flame about 12 inches 
bidier. 

5.3 percent methane.—In one experiment the 
i ring oi flame resolved itself into a flame that 
I (raveled steadily to the top of the vessel; in 
| other experiments the flame became extin-
• guished during a violent up rush on one 3ide. 
| 5.6 percent methane.—A steady flame with a 
j convex front passed throughout the mixture, 
j These experiments have been repeated with 

a aoss cylinder 7 feet in height and 10 inches in 
| diameter. The limit observed was 5.32 percent 
. methane. Steady conditions were obtained 
j more easily in the 10-inch tube than in the box 
' (58). 

Independent observers conducted experi-
i merits in a vessel similar to that first described, 
j which led them. to conclude tliat tho lower 

- j iimit for inflammation upward was about 4.9 
percent methane (45). Comparison of the two 

\ sets of experiments shows, however, that they 
j wore conducted differently. In each set the 
i rjns Was ignited electrically at the lower end 

of the vessel; in the first set the flame traveled 
j toward the closed end with a release behind 
] the flame, but in the second set the flame 

traveled from the closed end toward a paper 
diaphragm that "upon ignition broke and 
gave a vent for the burned gases." The 
authors have repeated both sets of experiments 
and confirmed both results; the figures obtained, 
•.vote 5.23 percent for propagation upward 
away from the open end and 5.01 percent for 
upward propagation in the same vessel toward 

S the open end. However, there was a great 
J difference between die appearance of the limit 
i (lames in the two tests. In tho first they 
! appeared, after traveling about 12 inches, to 
| bo spreading from side to side of the vessel 
| with a strongly convex front and to travel at 
j uniform speed; in the second the flame was 
] apparently nor. continuous from side to side 
i but consisted of innumerable vortical streaks 

y ~>i flame, traveling much faster and evidently 
; a turbulent mixture. I t was difficult to be 

| .-are chat the latter Same could travel indefi
nitely and not be extinguished. In the former 

J experiments the Same traveled into quiescent 
I gas; in the latter the flame traveled into gas 
| that had considerable motion on account of 
[ upward expansion of the heated gas. 
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Hence, the conclusion is that, ia a wide 
space, the lower limit of methane in air saturated 
with water vapor at laboratory temperature is 
5.3 percent methane, but that, if the Same is 
traveling upward from the closed to the open 
end of a vessel in gas which is therefore in mo
tion, it may travel at least 6 fcet when the pro
portion of methane is not less than 5 percent. 
Furthermore, in certain circumstances "the 
flames of mixtures containing 5.3 to 5.6 percent 
of methane are very sensitive to extinction by 
shock" (63). 

The higher limit of methane in air saturated 
with water vapor has been determined in a 
glass tube 7 feet in length and 10 inches in 
diameter to be 13.S7 percent methane (68). 
This figure may be taken as correcting an earlier 
and higher estimate (64) based on observations 
in short, wide vessels and long, narrow vessels. 

In a similar vessei with, a paper release at the 
top equivalent to an open end, the higher limit 
was 15.2 percent under the conditions of move
ment imparted to the gases (45). 

Downward Propagation of Flame.—In a large 
box nearly 6 feet long and 12 inches square in 
section the limits with downward propagation 
of flame in a quiescent mixture were 5.75 amd 
13.6 percent methane; when the box was closed 
at the top and open at the bottom, so that 
motion was imparted to the mixture by the 
expansion on burning, the lower limit with 
downward propagation was 5.45 percent (4-5). 

Horizontal Propagation of Flame.—In the 
same box the lower limit with horizontal propa
gation was 5.55 percent methane. The position 
of the open end, whether behind or ahead of the 
flame, was not stated (43). 

In a horizontal glass cylinder 7 feet in length 
and 10 inches in diameter the limits with propa
gation throughout the length of the tube from, 
open to closed end were 5.42 to 14.03 percent 
methane. The mixtures were only partly 
saturated with, water vapor; if completely 
saturated, the higher limit would be reduced 
sonii'what, probably to a value not exceeding 
K5.S7 percent methane—that with upward 
propagation in the same vessel (68). 

Observations in Small Vessels.—Numerous 
observations have been made of the limits of 
mo thane in small vessels. On the whole, the 
results are fairly consistent, as shown by tables 
11 to 14 when allowance is made tor variation 
iu experimental conditions. Outstanding dis
crepant figures are not quoted here, because 
they have been explained as due to faulty 
experiment or faulty interpretation. For ex
ample, in at least one research it is certain that 
the mixtures of methane and ah" were not ho
mogeneous; in another (27S) the observation 
of a small pressure change on sparking was 
erroneously interpreted as an indication of 
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fiammabilicy; in a third (555) the flame speeds 
in a series of flammable mixtures of methane 
and air were extrapolated to zero speed, the 
corresponding composition being taken as the 
limit of flammabiiity—an error, because a 
"limit" mixture has a flame speed that is far 
from zero. Many of the older figures are 
omitted because they are but rough approxi
mations compared with more recent results, 
with wiuch, however, they are not at variance. 

A recent series of experiments in narrow 
tubes has, however, given some anomalous 
results, not yet explained. In a 2-cm.-dhunetcr 
tube 60 cm..long, the limits were normally 5.40 
and 13.72 percent; but, after the tube had been 
cleaned with chromic acid, washed, dried, and 
evacuated to 0.001 nun., the limits observed 
were 4.70 and 12.36 percent. An extended 
series of experiments was then made with a 
"natural gas" containing 94 percent of methane 
and 0.5 percent of "various hydrocarbons." 
Tubes 2.5, 2.0, 1.5, and 1.0 cm. in diameter 
were used, and both limits were determined for 
uoward and downward propagation of flame. 
Tue "clean-tube" limits were always lower than 
the corresponding "normal-tube" limits, the 
difference being independent of tube diameter 

for both limits (downward propagation) and 
for the higher limit (upward "propagation;. It 
is difficult to explain a "wall effect" that is 
independent of tube diameter (264) • 

Upward Propagation in Small Vessels.—Tibia 
11 shows the limits with upward propagation 
of flame in mixtures of methane and ah- m the 
smaller vessels. It is evident that; the Lhnia 
found in wide vessels open behind the flame— 
5.3 and 13.S7 for gases saturated with water 
vapor—are not appreciably narrower in open 
tubes 5 cm. in diameter. In closed tubes, 
however, the higher limit is greater than in 
open tubes of equal diameter. This is ex
plained by the observation that increase of 
pressure raises the higher limit; enough pres
sure to a/Fcct the limit is developed in closed 
tubes in the earlier stages of propagation, while 
the flame is still assisted by the initial impulse 

.from the source of ignition. This explanation 
is confirmed by a comparison of two expen-
ments in tubes of the same diameter (5 cm.) 
but of very different lengths. The shorter tube 
gave a greater higher-limit figure than che 
longer tube, because the pressure must rise 
faster and to a greater quantity in the shortjr 
tube. 

TABLE 11.—Limits of fiammability of methane in air, with upward -propagation of flame in tubes 

Dimensions of tube, cm. 

Diameter | Length 

10. 2 
7. 5 
6. 2 
6. 0 
5. 3 
5. 0 
5. 0 
5. 0 
5. 0 
4. 7 
4. 0 
2. 7 
2. 5 
2. 5 
2. 25 

Firing end 

96 ; 
150 '• 
33 i 

200 ! 
150 i 
50 ! 

150 
ISO 
ISO i. 
100 ! 
100 i 

• - - - - I 
150 ' 
150 ' 
123 i 

Closed 
do 

Open 
Closed 
Open . . . . 
Closed 
Open 

do 
do 
do 

Closed 
Ooen 
. . ." . .do. . . . . . . 
Closed 
Open 

Limits, percent 

i*ower 

5. 00 
5. 35 
5. 45 
5. 40 
5. 26 

5. 40 
5. 24 
5. 33 
5. 3 
5. 5 
5. 23 
5. 5 
5. SO 
5. 43 

Higher 

Content of 
aqueous vapor 

15. 00 
14. So 
13. 5 
14. S 
14. 3 
15. 11 
14. 25 
14. 02 
13. 30 
14. 3 
14. 1 

13. 20 ; 

Dry. . ! 
Half-saturated i 
Saturated ' j 
Small I 
Dry j 

Half-saturated i 
Dry ; 
Saturated . . . j 
Small ; 
D r y " " " " " " " ! 
Saturated j 
Hal:-saturated j 
Nearly dry 

Reference 
No. 

lil 
XI 
tt 
23 
a 

ff," 
iii 
i'J 
35 

Hi 

fff 
iii 
lit 

Horizontal Propagation in Small Vessels.— 
Table 12 shows the limits with horizontal prop
agation in the smaller vessels. The limits for 
closed tubes are narrowed appreciably by re
ducing the diamecer of the tube to 2.j"cm" In 
open cubes the limits meet when che diameter 
of the tube is reduced to 0.45 cm. Flame is 
not propagaced, except for a short distance 
from che source of ignition, along a tube 0.36 
cm. in diameter. 

Downward Propagation in Small Vesseit-
Table 13 shows the limits with downward prop
agation of flame in the smaller vessels. ' Thu 
limits throughout are somewhat narrower iima 
those found in che largest vessel for the sanis 
direction of propagation. 

Propagation in Spherical Vessels.—Table II 
shows the limics for propagation of flam* 
throughout mixtures of methane and air l;i 
dosed spherical vessels of various sizes. Tic 
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; TABLS 12.—Limits oj fiammability of methane in air with horizontal -propagation of flame in tubes 

Dimensions of tube, cm. Limits, percent 

Diameter Length 
firing end 

Lower Higher 

7.5 150 Closed 5. 40 13.95 
8.0 200 do 3. 4 14 3 
5.0 150 do 5. Go 13. 95 
5.0 30 do 5. 39 14. 23 
4.0 100 do 3. 6 11 9 
17 O p e n . . . . . . . . . . . . . . 5. 34 
15 150 5. Su 

13. 3 15 150 Closed 6. 20 . 1Z90 
125 125 O p e n . . . . . . . . . . . . 6. 04 1 
10 40 5. 39 . 13. 31 ! 
.90 300 7. S 11. 6 
.31 300 do S. 3 10. 9 
.72 300 do 8. 4 10. S 
.56 300 do 8. 4 10. 6 
.45 300 do . ' 9. 95 
.36 300 do Nil. 

Content of j Reference 
aqueous vapor j No. 

Half-saturated 
Small 
Half-saturated 

" D r y . " " " " ! " ™ 1 

Saturated 
Half-saturated 
Neariy dry 

Saturated 
do 
do 
do 
do 
do 

356 
• S3 
356 
277 
210 
2SS 
271 
356 
UO 
277 
275 
27S 
276 
278 
276 
278 

1 uoitt eoiaddt »t tbia composition. 

TAJSLS 13.—Limits of fiammability of methane in air, with downward propagation of flame in tubes 

Dimensions of tube, cm. Limits, percent 

Firing end Content of Reference 
j 

Firing end 
Lower j Higher 

aqueous vapor No. 
Diameter ! Length 

1 

Lower j Higher 
aqueous vapor 

8.0 
7.5 
5.2 
3. 1 
3.0 
5.0 
5.0 
5.0 
4.0 
1 7 
15 
1 5 
125 
12 
L 9 
L9 
.315 
. 315 

200 
50 

130 
125 
100 

37 t Closed... 
150 i do . . . 
33 ! Open 

120 
Closed... 

do . . . 
do . . . 

Open 
Closed 
Ooen 

do . . . 
Closed... 

125 I Open 
j Closed 

40 j do . . . 
40 j do . . . 

1 Open 
! do . . . 

130 
150 

9 
95 
3 
I 
0 
SO 
12 
So 
1 
54 
1 
30 
41 
6 
1 
15 
25 
03 

12. 9 
13. 35 

Saturated . . | 
Half-saturated j 
Saturated ! 
Partly dry 
Small 

12. SO 

13. 3 
12. S 
IZ 0 

Dry 
Saturated 
Half-saturated 
Nearly dry 

Saturated. 
. . . . . . do . . . . 
Dry 

do . . . . 

"I 

324 
356 

95 
325 

33 
277 
356 

70 
210 
225 
271 
366 
110 
3il 

35 
323 
225 
225 

limits become somewhat narrower as the size 
ut container is decreased and generally corre
spond more neariy with the limits for downward 
propagation in tubes tiian with those for cither 
iiorizoatal or upward propagation. 

All Directions of Flame.—Figure 15 shows 
.ito lower limits of methane in a tube 2.23 cm. 
ia diameter and 125 cm. in length, open at the 
firing end and̂  inclined at various angles. As 
the direction of flame is changed from vertically 
upward to vertically downward, the increase in 
this lower limit is proportional to the change of 
angie over the range 90° to about 50° and to 

the change in sine of the angle from 50° to 
-90° {HQ). 

TABLE 14.—Limits of' -fiammability of methane in 
air, in spherical vessels 

Capncit7i 
at vc.vMi,. 

ec. j 
?o(nt of 
Ifnutoa 

j Limits, peraati c c n t t a t o t 

wiucous j erenr» 
.Vo. 

5. JM ! Central 
2.000 : . . . . . ( io 

:oo Abov» 
tt i Sldo 
15 • do 

.V77 1 SAUtrawd... tm 
i.O I M.s ; Dry 1 it,ss 
s.s ; w.o '• ; ;s 
8.0 13. i 1 Dry i !07 
S. 9 111 j Saturated...! OT 
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5.4 r 

1 
1 

i 
1 

| 
i i ! ! ! 

Flame travels vertically downward 

1 1 ! ! 1 J/"\ 
6.2 r 

5 I 

5 

5.6?-

5.*L 

1 X s ! ! ! 1 
Ftame travels horizontally 

I I I ! 

'• 
^ i I 

l 
1 
! 

| 

'/ i 
y- Flame travels vertically upward 

I I I j 
SINE QF ANGLE OF INCLINATION OF TUBE 

Fionas 15.—-Lower Limit of Methane for Various Directions of Propagation of F.ame ia a Tube 2.25 Cm. ia 
Diameter. 

Influence of Turbulence and Streaming 
Movement on Limits of Fiammability.—When a 
small fan was rotated rapidly enough, but not 
too rapidly in methane-air mixtures contained 
in a 4-liter globe, the lower limit of methane was 
5.0 percent compared with 5.6 percent observed 
for quiescent mixtures in the same vessel. If the 
turbulence was too violent, however, even a 
5.6-porcent mixture did not propagate more 
than a short tongue of flame (S3, 350). 

A streaming movement of tho gas mixture 
produces similar effects on the lower limit. At 
a speed of 35 to 65 cm. a second (G9 to 12S feet 
a minute) flame was propagated in a 5.C2-per-
cent methane-air mixture but not at any speed 
in a 5.00-percent mixture (226}. Hence, under 
appropriate conditions of movement of the gas-
mixture, the lower limit of 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 on the propagation ol' Uamo from 
closed to open end.of a largo vessel (p. 137). 

Reference may be made to observations of the 
effect of turbulence, in.somewhat different cir

cumstances, on the lower limit of natural gas in 
air (p. 115). 

Influence of Pressure.—No measurable 
change in 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 flame, when 
the pressure was varied from 1 to 2.9 atmos
pheres in a vessel of 11.3 liters capacity (211). 

An interesting comparison has been made oi 
the effect of change in pressure from 1 to 5 
atmospheres on the limits with downward 
and horizontal propagation in tubes 2 cm. in 
diameter (235, 277). With downward prop
agation, the limits change steadily from* 5.CO 
and 13.00 percent at 1 atmosphere'to 6.40 and 
14.05 percent at about 6 atmospheres. With 
horizontal propagation, the lower limit re
mained nearly constant (5.6 percent) over this 
range of pressure; the higher limit rose steadily 
from 13.31 percent at 1 atmosphere to 16.12 
percent at about 6.5 atmospheres. In tliusu 
experiments, therefore, the lower limit with 
horizontal propagation was unchanged, but 
that with downward propagation increased 
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; leadilv with increasing pressure. The higher 
• utic with horizontal propagation increased 
: are rapidly than that with downward prop-
i nation. (Eor an interpretation see, p. 4). 
! The limits observed under very highpressures 
I i/i, 17, 324) are shown in figure 16. One series 
; .i( higher limit3 (51) is omitted, because it 
j Harts with, too low a figure (10.65 percent) for 
I I atmosphere pressure. The rapid increase in 
| the higher limit is remarkable. The differences 
j a the three series of results are to be ascribed 
t to differences in experimental method and in-
[ reraretation. Experiments almost of necessity 
I had to be conducted in small vessels, but the 
I results doubtless are a fair indication of the 
I possibilities of explosion in larger vessels holding 
I fixtures of compressed gn-scs. 
I Figure 17 shows limits at less than atmospheric 
| pressure and at various temperatures, in a tube 
' 2 cau in diameter and 50 cm. in length, with 

downward propagation of flame (235). The 
earn for 20° C. shows much wider limits at 
low pressures and extends to much lower pres
sures than those observed in an older series of 
;csts (47). The more recent results were 

ined with a stronger igniting spark; sparks 
. will ignite a flammable mixture at normal 

pressures may be much too weak to ignite it 
i ; low pressures. 

Experiments in a wider tube, 5 cm. in diame
ter and 50 cm. in length, compare the limits for 
different directions of propagation of flame ac 
pressures less than atmospheric (277). The 
curves for theso limits arc plotted in figure 13. 
Data were not obtained for upward propagation 
at tho lower limit because, in the rather short 
vessel used, the issue was confused by the large 
"caps" of flame above the igniting spark. A 
complete- curvo for horizontal propagation in a 
tube 4.5 cm. in diameter and 120 cm. in length 
has, however, been obtained (125). It shows 
a small abnormality on the higher-limit side 
at 150 to 200 mm. pressure, where "green flames" 
were observed. A complete curve for propa
gation in a burette has also been obtained (36). 
Other curves for propagation in narrow tubes 
show abnormalities on either the lower- or 
higher-limit side at reduced pressures (99). 

"influence of Temperature.—Several older ob
servations have been criticized unfavorably on 
tho grounds that the mixture underwent partial 
combustion in the heated experimental vessel 
before it was tested and its composition was 
thereby altered enough to affect the results. 
The less exceptionable results are compared in 
figure 19, which shows lower and higher limits 
up to temperatures at which spontaneous 
inflammation of the mixture was almost instan-

j 
i 
i 
1 

i 

i I \ 
Experiment jUferenoa 

* Downward propagation; cylinder 37x4" em. 324 
— Downward propagation: cylinder 14 

0 Side or central ignition; sphere, T.Sem.diam. 17 

j 

i 

j 
t 

; i 
! | i 

1 
! 
| 

> 

\ 

\ 

X • 

t 

METHANE, PERCENT 
Fiornus 16.—UTect of Pressures Above Normai on Limits of Motaane ia Air, 
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METHANE. PERCENT 
Flora* 17.—Limits of Fiammability of Methane in Air (Downward Propagation), Showing Influence of Pressure 

(Below Normal) and Temperature. 

METHANE, PERCENT 
FlOTSS 18,—Limits of Fiammability of Methane in Air, Showing Influence of Pressure and of Direction qf 

Propagation of Flame. 
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10 LS 30 
METHANE. PERCENT 

FIGURE 19.—Limits of Fiammability of Methane in Air (Downward Propagation), Showing Influence of 
Temperature. 

taneous. In each series the direction of 
propagation of flame was downward; the other 
conditions arc indicated ou the figure, together 
with the reference numbers. As will bo noted, 
tho range of fiammability is widened con
siderably at both limits by increase of tempcni-
;ure, but ordinary variations of atmospheric 
temperature have an insignificant effect.0 

Figure 17 shows the temperature effect at 
pressures less than normal. 

The differences between tho results' of the 
-^""ral sets of tests in figure 19, although small 

•>wcr limits and not very large for higher 
I I . a, are real and must be due to the use of 
different^ apparatus. For higher limits tho 
length of Uibo used seems to bo ihe doLunuimnj: 

1 Formulas to cxnrws :Se influcrteo af temperature on tho limits hr.vo 
Seen i i w f»j.f) mr sho ranee 0* :<i !()* C. TScy irc: iowor limit, 

0.0042t; atsner Uait, n'm .•I'Vj-O.OWCi. 

factor, as shown by series 2 and 4 (fig. 19). with 
tubes of nearly the same diameter. Hence 
all iho results arc relative to the apparatus used 
and do not show tho influence of temperature 
on limits defined as a property of the gas 
mixture alone. The results may, however, be 
taken as an indication of the effect of tempera
ture on the true limits. 

An unconfirmed observation is that, although 
the limits in moist methane-air mixtures are 

. widened by increase in temperature, the lower 
limit as well as the higher limit is much raised 
by increase of temperature when the mixtures 
are. dried with phosphorus pontoxide (297), 

Low Temperatures.—At the temperature of 
liquid air ihe lower limit of me.Uiano with 
downward propagation of flame in a tube 2.5 
cm. in diameter and 40 cm. in length, open at 
the firing ond, is 7.3 ± 0.3 percent (110). I n 
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the same circumstances, but at room tempera
ture, the Limit is 6.1 percent. 

Influence of Pressure at Various Tempera
tures.—The curves of figure 17 show the limil.3 
of fiammability of methane-air mixtures at 
20°, 250°, and" 500° C. at ail pressures below 
atmospheric. The limits were observed in a 
closed tube 2 cm. in diameter and 50 cm. in 
length (225). 

A mixture of 2.1 percent methane in air was 
ignited by sudden compression to SO atmospheres 
pressure, which produced a tcmperattu-c of 
705° C, and a mixture of 55 percent methane 
at US atmospheres and 540° C. (57). 

Influence of Impurities.—The lower limit of 
methane in air, with downward propagation 
of flame, was raised about i.3 percent by iron 
carbonyl (0.03 cc. liquid vaporized per liter). 
The higher limit was reduced from 13.0 to 
10.5 percent by the same quantity of iron 
carbonyl (S25)." 

METHANE IN OXYGEN 

The limits of methane in oxygen, with 
upward propagation of flame in a 2-inch-
diameter tub'e open at its lower end, are 5.15 
and 50.5 percent (1SS). 

Table 15 gives other determinations of the 
observed limits of methane in oxygen. 

TABLE 15.—Summary of other dtterminaticm.s of 
limits of fiammability of methane in oxygen 

Upward Propagation of Flame 

Dimensions at 
tube. em. 

Diameter | Lenata 

r i r i a i end 
j Limits, percent) 

| i 1 
• Lower l Hlfher [ 

Reference 
Sa. 

ISO I Open. 3.4 ; 

Horizontal Propagation of Flame 

13 130 | Open 3.7; 3.3 39. 2 tr: 

Downward Propagation of Flame 

2.3 
2.0-12 

1.9 
US j 
LT 

t 

130 I Open.-... 
; C'OSCd.. 

. . . . .1 do... 
j ao... 

— — i do 
! do.... 

5.3 j 
M 

3.4 ! 
a.4i; 
10 I 37.1 

1 34 

m 
•J3 

313 
3i3 

•na 

Propagation af Home .in Glob* ox Bomb 

2.3 U U n capacity 
33 cc. capac;£7 
30 cc. » p a c i : y _ . . _ 

.! Closed 

.: do. 

.;.....clo., 

9.0 t 
57.0! 
3 iS ! 

tST 

S3 

Influence of Pressure.—The Iimit3 of methane 
in oxygen were not appreciably narrowed until 
the pressure was reduced below 150 mm. A 
moderately strong igniting spark was used 

(65). With a stronger spark the Limit3 did not 
coincide until the pressure was reduced co 
10 mm. (SO). A curve has been obtained 
for results in a burette^ (86). 

The higher limit is increased by an increase 
of pressure above, atmospheric. Ono obser
vation (220), incidental to other work, is that, 
ar. 10 atmospheres pressure, a mixture contain
ing 71 percent methane slowly propagated 
fhimc. In a small bomb (58) tho higher limit 
rose rapidly from 5S.4 percent at L atmosphere 
to SI.7 percent at SO atmospheres, then slowty 
to S4 percent at about 145 atmospheres; 
however, the mixtures contained about 4.5 
pervent nitrogen, and the limits would be some
what higher in pure oxygen. Combustion was 
far from complete in "such mixtures under 
moderately high pressure. 

Influence of Temperature.—In a 35-cc. closed 
bulb the limits were 6.2 and 57.1 at 15° C. 
and 5.1 and 57.S at 300° C. (297). 

Influence of Temperature at High Pres
sures.—As the temperature is raised, the pres
sure required to make certain mixtures of metli-
ane and oxygen flammable decreases. For 
example, the "pressure limit of a mixture con
taining S1.7 percent methane at atmospheric 
temperature was 60 atmospheres, but at 332" 
C. it was only about 21 atmospheres (58). 
Curves that show the higher limit at elevated 
temperatures and pressures are given in tha 
original paper. 

METHANE IN OTHER ATMOSPHERES 
Atmospheres of Composition Between Air 

and Pure Oxygen.—The limits of me thane in 
mixtures of nitrogen and oxygen richer in oxygen 
than ordinary air have been found SLS follows: 
(1) In a closed globe 2.5 liters in capacity the 
lower limit rose regularly from 5.8 percent in 
air to 6.0 percent in oxygen (267); (2) in a 
horizontal glass tube 2.5 cm. in diameter, open 
at the filing end, the lower limit fell from 5.3 
percent in air to 5.7 percent in oxygen, and the 
higher limit rose linearly from 13.3 in air co 
59.2 in oxygen (189); (3*) in a closed, tube 1.9 
cm. in diameter the lower limit with downward 
propagation of flame rose regularly from 6.15 
percent in air to 6.45 percent in oxygen. The 
higher limit rose from 12 percent in" air to 38 
percent in a 62-percent oxygen mixture and 52 
percent in a 95-pcrcent 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 tube 7 feet in length and 10 
inches in diameter, with upward propagation 
of fiame from the open end of the tube; the 
mixtures throughout were at atmospheric pres
sure and were saturated with water vapor. 
The range of observations shown in figure 20 



covers all compositions from air to mixtures 
ia which the amount of oxygon is too small for 
Same propagation, regardless of tho amount of 
methane present. The abscissas represent tho 
'atmosphere" in each mixture of air and 

- nitrogen; for example, 25 percent "additional 
nitrogen" means that the "atmosphere" used 
tor the observations was composed of 75 percent 
air and 25 percent nitrogen. Along the top of 

. the diagram tho corresponding percentages of 
oxygen in the atmosphere may be read. * It is 
.vident that no mixture of methane is hammabie 
af~ ,;nary temperatures and pressures when 
tL losphere contains less than 12.S percent 
oxyju-. and the remainder is nitrogen (6S). 

The results of observations made in smaller 
apparatus are shown in figure 21. I n a 5-cm. 
-*ube, with upward propagation of fiamo in a 
dry mixture, the limits neariy coincide with 
Uiose plotted in figure 20. The three curves 

that show narrower limits represent experi
ments in various types of apparatus with 
downward propagation of flame. One curve 
shows greater values over part of the higher-
limit runge; the values were obtained I n a 
closed vessel in wluch the pressure rose con
siderably during the inflammation, and increase 
of pressure is kuown to increase markedly the 
higher limit of methane. The limits of these 
mixtures with downward propagation of flame 
in a closed tube 2.2 cm. in diameter (341) and 
in a closed glass bulb G.5 cm. in diameter (209) 
havo also boon determined. 

i'or some purposes the results are more useful 
when expressed (S3) as in figure 22. For ex
ample, it cannot be deduced from figure 20 
without calculations, that the mixture 

Pirceru 
Methane 12 
Oxygen...., ' 2 
Nitrogen . So 
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cannot form an explosive mixture with, air, 
whatever the proportions used, whereas the 
mixture 

Pmtnt 
Methane 9 
Oxygen 12 
Nitrogen.. 79 

although not itself explosive, may form a series 
of explosive mixtures with air. Figure 22 gives 
this information at a glance. 

Explanation of Figure 23.—Figure 23 explains 
figure 22. The straight line AD (fig. 23) repre
sents the composition of all mixtures of methane 
and pure air that contain up to 20 percent 
methane. Xo mixture of methane and air can 
fall above this line, and all mixtures of methane, 

air. and nitrogen must fall below it. The line 
BE is the line of lower limits oi fiammability oi 
methane and CE the line of higher limits. As 
the oxygen content falls, BE and CE approach 
each other until they meet at E. No mixture 
which contains less" oxygen than that corre
sponding with i?is explosive per se, but ail mix
tures in the area BEC are within the limits of 
fiammability and are therefore explosive. 

Next consider any mixture to the right of tha 
line CEF; for example, the mixture reDresented 
by the point G. Join GA. Then GA repre
sents the mixtures formed, in succession, as G 
is diluted with air. Because GA passes through 
the area BEC the mixture, as it is diluted with 
air, becomes explosive and remains so as long 

Oa IN ORIGINAL ATMOSPHERE. PERCENT 
20 19 13 17 16 15 U 13 
I ' 1 1 1 I 1 1 '" ' i ' ' ' 1 i 1 ' 1 1 I ' ' • •. i 

0 5 iO 15 20 23 30 33 40 
ADDITIONAL NITROGEN IN ORIGINAL ATMOSPHERE, PERCENT 

FIGTTSS 21.—limits of Fiammability of Methane in Mixtures of Air and Nitrogen; Comoarisoa of Results Obtaicri 
in Smaller Vessels. 
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Fionas 22.—Relation 3etween Quantitative Composition and Fiammability ot Mixtures of Methane, Air, and 
Nitrogen. 

as its composition, is represented by any point 
oa HJ. 

It will now be clear that the position of FE 
is exactly defined by drawing a tangent from 
A to the curve BEC and extending tho tangent 
to meet the axis of abscissas in I , because the 
line joining any point above and to the right 
of FE to A must pass through BEC, while tho 
lino'joining any point below and to the loft of 
FEio A must fail to pass through the explosive 
region BEC. FE is therefore the boundary of 
those mixtures capable of forming explosive 
mixtures with ahr. 

Figure 22 shows clearly that any mixture of 
methane and nitrogen that contains more than 
about 14.3 percent methane con form explosive 
mixtures with air. If oxygen is present a 
jrrcspondingiy smaller amount of methane 
afTices. 
Mixtures of methane, nitrogen, and oxygen 

that ore represented by any p~oint in the "area 
DCEF of figure 23 can form explosive mixtures 
when mixed with air in suitable proportions. 
I i it is of interest to know what these propor

tions are—and if there is a wide range of pos
sible explosive mixtures the danger is so much 
the greater—then they con be found from the 
following considerations: 

Suppose tho mixture of methane, nitrosren, 
and oxygen is represented by the point 5 in 
the area DCEF, then the straight line GA repre
sents all possible mixtures of the original mix
ture and air. As the original mixture'is diluted 
step by step with air, the composition of the 
new mixture is represented by points farther 
and farther along GA. The air mixture first 
becomes explosive per se at the point fi", where 
GA crosses EC. The higher limit of the original 
mixture is defined by this point; the lower limit 
of the original mixture is defined by the point 
J, at which the GA cuts EB. 

Tho ratio AH : HG is the ratio of original 
mixtxtro to 'air in the upper-limit mixture, 
and the ratio AJ : JG is the ratio for the lower-
limit mixture. Hence the limits of fiamma
bility of tho original mixture are given (in per-
centaaes) by 100 AJ/AG (lower limit) and 100 
AH(AG (higher limit) (62). 
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Ficuna 23.—Explanation of figure 22. 

All Atmospheres of Oxygen and Nitrogen.— 
Limits of methane-in these atmospheres have 
been determined with downward propagation 
of flame in a 1.7-cm.-diameter tube (34J). 

Atmospheres of Air and Water Vapor.—Ob
servations that show the small differenco in the 
limits of methane in dry air and in air saturated 
with water vapor at laboratory temperatures 
are quoted under Effect of Small Changes in 
Atmospheric Composition (p. 3). 

The effect of large amounts of water vapor 
on the- limits of methane in air is shown* in 
figure 24. The determinations were made in a 
tube 3 feet in length and 2 inches in diameter, 
with upward propagation of flame at atmos
pheric pressure during propagation (87). For 
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 
normal. Had it been possible to experiment 
at normal temperature, the curve probably 

• would have been a little to the right of the 
carbon dioxide curve over the lower-limit range 
ami 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 vessel with a "natural 
gas" containing 97 percent methane, 3 oercent 
ethane. Similar results were obtained, with 
somewhat smaller limits, which met at about 
6.3 percent gas in a mixture containing about 
30 percent of water vapor (368). 

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 tests were made in a tube 
7 feet in length and 10 inches in diameter, with 
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6 M I N E C A S K S A N D M E T H O D S FOP. D F T E C T 

( olo., and T in t i e and Part C i ty . I ' t ah , distrirt.-.. ;•.» weli as sn mimer 
ous other metiil-ininiutr regions. ''' - , ; Carbon dioxide i a .-OHM huent 
of blackdamp, and traces of i t (COS percent) are always pre-ent in 
normal air. 

One-half of 1 pen cil! (0.5 pe-rent) of carbon dioxide in non;.a! 
air causes a sl ight increase in the lung vent i la t ion: a num exposed 
to tins percentage of carbon dioxide w i l l breathe a l i t t le deeper and 
a l i t t l e faster than when in pure. air. I f the air contains percent 
of carbon dioxide, the lung ventilation wi l l be increased about ."io 
percent: i f -J percent, about H»0 percent; i f f> percent, about :'>' M I per 
cent, and the breathing is laborious: and 10 percent cannot be endured 
for more than a few minute<.'->H ( 'arbor d i " 1 •• - tie -.- d' 
fects when the oxygen content lei i ial , .* abom i t ano i . . . • 
is at rest. Moving around or working would natural! v im-rea-e i he 
symptoms, and they would be much more dangerous than when a 
man is resting. 

Solid (dry ice) or l iquid carbon dioxide sublimes or vaporize-
at liXUJ 0 F. below zero.'"' L i q u i d carbon dioxide ;-s etsqdoved in a 
special permissible cartridge f o r hlastinir coal.'" and , | rv a-e ha.- I>een 
used as a source of inert gas in f igh t ing mine hres. 

METHANE (CHJ 

< marsli gas. is one of tie 
less, odorless, tasteless, 

flammable. As stated, methane is odorless: but, 
accompanied by other gases that are odorous, rhe 
a distinct odor. I ts common occurrence in the old 
where the air mav be mustv f r o m dccaving timber: 

Methane, also known as marsh gas. is one of the chief const it ia 
of firedamp. I t is colorless, odorless, tasteless, nc ipoi-turnus. ; 

because it mav 
mixture mav h 
work ours of m i 
and. i ii her i:;.pi 

ties, has caused many mining men to believe that methane ha.-, an m 
The specific gravi ty of methane is (>.r»r»45.sl and its weight ci 
foot at seadevel pressure and 70° F. is 0.042 poiuul. Methane is uu 
in almost all coal mines and occasionally in metal and other type:-
mines and in tunneling operation:-. In coal mines it mav issue f i 
the cleats or cracks of the coal, f rom "blowers" or "feeders," or f r 
overlying or underlying strata and often is released in huge anion 
f r o m the coal when irregularities, such as clay veins, "hor-ebaoks.' 
faults, are encountered. I n metal mines and in tunnel d r i v i n g . : 
thane frequently is found when carbonaceous shales are penetrated ; 

occasionally is present by inf i l t ra t ion into metal mines at contacts 
near carbonaceous rocks. Methane mav be generated by the actio, 
certain bacteria on organic matter, such as mine timber, and expiosi 
have been caused by accumulated methane f rom this sonic,• w.; 

flooded mines were being unwatered. The liberation . .r m , thane t's 

tve 
us, 

.ud 
ot 

o i n 
t on 
Uts 

uul 
- I l l 

of 

2 3 Savers, R. R., and o thers . M i n e Rescue s t a n d a r d s : r . u r c a i i cf Men. ' . 
1923, 44 p[>. 

•» MeElroy. G. E„ Rock.Strata OHM'S in MIIIM »f tlie East Tlntir Mm! 
Bureau of Mines Kept, nf Investigations ^i.". U.fil. :; \>r[t 

" D e n n y . E. I L . M a r s h a l l . K . I . . . a m i F ie ldner . A C . R.n-k s t r u m Ua 
C r c - k D i s t r i c t and T h e i r Ef fec t on M i n i t i s : . Bureau „f M i n e * i», . ,„ .>r l r . 

24 pp. 
M See f o o t n o t e 25. 
" I n t e r n a t i o n a l C r i t i c a l Tables, vols. 1 and : i . t•>••>. 
*' T i f f a n y . J. F... A New l V r r o U s i r u > I ' . l a - t n D e v i c e : B t i r c u t of Miis,.» 

t ions 2r2t ) . F>2;< ,s ]11-
" B u r r e l l . G A . and Sellvert. F M . . r«-» i . - . ' . l Ly O W. . I M I U S I S a - p l l n . 

of M i n e Gases, and N a t u r a l Oas : l i u r e a u of Mines 1; :U I'd . , : :c:o m - i a 

p ' . - i r l . - r F t a h : 



s n r i - K ' K S . C K A l ! A O T F K l s TICS, A .M) PJ 1 ' S I C I . I I L I C A L F KCT 

t i \ i ' - trata in mines may l>e a .-ready flow < a sodden out • u>t. Vhen 
pie-enr. it is usually found near the mine ool or in higa place- but. 
after becoming thoroughly mixed with ai it v. i l l be fot ud unit' rmly 
distributed across any cross section of a . .oving air cmia-nt air w i l l 
not separate or s t r a t i fy f r o m s t i l l air. Ah hane may be letectei wi th 
a llame safety lamp (preferably of the pe; missihle type .ind b\ cari
ous other approved detecting devices. Me Imue has no : peciftc i hysi-
ological efleet upon man, but enough line accumulate i i none ork-
ings to di lute the oxygen of tbe air and pi dure atmospl »-re< dec dent 
in oxygen. Deaths f r o m asphyxiation h. ve resulted f -om mc un
knowingly entering h igh concentrations o' methane. 

The common occurrence of methane and rs explosibilit when ;, lxed 
with air are directly responsible for numerous mine d s.i-ters. A i r 
that contains 5 to 15 percent of the methan- 1 2 and 12.1 pe ' ent oi no re 

1 dl explode i f ignited.' 1 3 

. " . l e t l i a r • » n-" the oniy ca '.oe ot mine < xplosicus. L : . coal lust, 
except anthracite, suspended in air is exp. osi ve. nut coai dust t - plo
sions are propagated more rapidly and mo e readily whm meth.. ie is 
present, even in percentages much below the lower exp'o-ive init . 
bests conducted in the Experimental m i n - of the Burt a i of Mines 
show that, under the most favorable condh ons as to di t i r-iun ot gas, 
point of igni t ion , and placement of coal dus; a uni form ga air un: t ure 
of l ib' cubic feet, containing approximate! lo cubic fee of met mine 
(about 1) percent of the mix tu re ) , i f ignite 1, is sitthcieiit ;a i m t i .te a 
general explosion. A A l though the conditi u- uudei whi i . these ests 
were conducted are rarely found in comm- rcial coal mii e-, the?, ex
periments clearly indicate the danger of igi t ing even a si cdl qua t i t y 
of methane in the presence of coal dust. 

Bureau of Mines engineers believe that -'00 cubic feet or pos-ibly 
less, of an explosive methane-air mixture an precipita %• a ge. eral 
explosion under conditions usually found i mines, i f th • mixtn e is 
ignited in the presence of coal dust. The oneent rat ion of metl i ne, 
therefore, should be kept as low as possible by proper vei t httioi It. 
has been recommended that the safest pra rice r- to pre - n! t in ac-
u . . . iu ' iau«u explosive mixtures and to ke-p the metltat - c.mtei of 
every air current below 0.5 percent at a l l t im- s.'"' 

CLASSIFICATION OF COAL MINES IN RESPECT TO METHANE I LBERATION 

The Bureau of Mines believes that al l < >al mines are potentially 
gassy, but f o r purposes of administration i respect to p • ..-!.; u of 
explosions and fires the Federal Mine Sah-ty Code (ar - le V, ec. 
iOa) contains the f o l l o w i n g : 

I f aud w h e n a mine , subjec t to T i t l e I I o f the I- -deral c o a l M i i r Safety Vet, 
Ls c lass i f ied as a gassy m i n e under the p rov is ion of Tit le- I I of t e Ac t , ach 

1 3 Value? such as these- 15 to 15 percent in the case of . -thane I are said represei. the 
•d,,sive or flammable limits of a combustible pas tn a- . and percentasre.- between 

i . a in , ... aid to be within the explosive or flammable ra , s r of tke particti ar ga. In ,ues-
tion. Ga.^air mixtures containing the combustible >tas a concentrations ndov r r Srve 
the explosive iunifs wi l i not propagate an explosion. Temi-erature. pre.-are, am: the 
presence of inert dilueiu.s such a* .-arra.n dioxide or no otren. afiVct the • \ph.sive i ats 
r f anv combustible pas, ana a l i m i n e , vain- exists foi oxygen content a' the mi are 
betow which an explosion is tnipo.-sihle regardless of t: e percentage of i unbtistibl. cas 
present. 

1 1 Coward. H. F.. and Jones, G. W.. Limits of Flaminalc tv of Gases and \ aia.rs Be « in 
of Mines Bull . 50:;. 1052. 144 i>i». 

o Kioe, G S. Gr-Hnnsald. H. 1'.. ami i b c o l r t h . H. C. F losini i . s l , of 1 i ' - s l« . - : l i ..„! 
Dust In the Fxperinient a 1 Mine : Burea ii < a' M in.-.- Cull :io i •>:;::. 1 » |.|> 

» Rice, G. 8.. Safety in Coal Mining : Ktireau of Mines B. 1 '2TT. l t i - > , 141 \ . 
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10 MINE OASES AND METHODS TOR DETECTING T H E M 

atmosphere containing a given concentration of carbon monoxide w i l l 
produce, other conditions being equal, a higher percentage of blond 
saturation than w i l l the same concent ration of carbon monoxide in an 
atmosphere of normal oxygen content. 

SYMPTOMS OF CARBON MONOXIDE POISONING 

The symptoms caused by various percentages of carbon monoxide 
in the blood 3 5 are given in table b\ 

TABLE '•'>.—Symptoms of carbon monoritle poixoninq 

Blood saturation, percent: Symptamt 
0 to 10, - - . - - N.a,-
10 to 20. . - . . . Tight ue.-.- no^ jb lv headache. 
20 to 30 - . Headache, throbOii i s ::, , f M l l i 

30 to 40 Severe headache, weakness, nu,:':-s- •-. du»... „ 
vision, nausea and vomitini; , and collapse. 

40 to 50 . . Same as previous item with more, possibility of 
collapse and unconsciousness, increased pulse am 4 

respiration. 
50 to 00 Unconsciousness, increased respiration ami puN-

coma with intermittent coiivui-inic. 
60 to 70 Coma, wi th intermittent convulsion.*. de|>r<>s>e<; 

heart action and respiration, pnssibiy death. 
70 to 80 - . Weak pube and slowed respiration, re.-pirator.-

failure, and death. 

The symptoms decrease in number wi th 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 mar. is 
overcome and the sequence in which the symptoms appear depend on 
several factors—the concentration of gas, the extent to which he i -
exerting himself, the state of his health and indiv idual .-useepi ib ; V - - . 
and the temperature, humidi ty , and air movement t., . . ! . . . ' : be is 
exposed. Exercise and high temperature and humidi ty , wi th l i t t le 
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 renters 
mainly on the symptoms of ''acute*' carbon monoxide poisoning that 
may develop rather suddenly upon exposure to high < on •• .(:• i T inns 
of the gas. However, prolonged exposure to low concentration.- ... 
carbon monoxide that do not produce immediate, serious effects t some
times referred to as "chronic" exposure or poisoning) may i i .-iilt in a 
continual feeling of tiredness, headache, nausea, palpi ta t ion of the 
heart, and sometimes mental dullness. 

I n severe cases of carbon monoxide poisoning that re-id; in p--<>-
longed unconsciousness, wi th accompanying depletion of the normal 
supply of oxygen to the body tissues, permanent damage may he suf
fered, part icular ly by the brain, so that the v ic t im, al though sur 
v iv ing , may do so w i t h impaired mind, suffering lo.-s of memory and 
paralysis or sensory defects. 3 9 Such effects are not caused specificallv 
by the carbon monoxide but rather by the prolonged lack of oxvgen 

» Sayers. K. R„ an-! Yant. W p.. The I ' l r i i t . i i . i i io Arid Metli...! n>r , ( ,. n : T: •;ra u v 
Determination of Carton Monoxide in Wood ami in Air . I t* V— .:, t' •• i ' r - w - . . •..: 
Investigation of Ca>es of Carbon Mrnoxidr I'oisonin:: : I'.urcau >- \ m , s i - l . I ' . r . - f 
37:;. vxio. is ee. 

* Henderson, v. . and I la - ra rd . IL W . Noxious Oases and I ' r i i i . ••• I . . . i . c -n la 
fluenring Their Action : Keinhol,! Publish inr Corf.. _\.-w York. 1 a I : ; . .a ; , 



SOURCES, CHARACTERISTICS, AXD PHYSIOLOGICAL EFFECTS 1 1 

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

' The physiological effects of various concentrations of carbon mon
oxide and the significance of time of exposure40 are given in table 4. 

TABLE 4.—Physiological effects of carbon monoxide 
Concentration of carbon 

monoxide, percent by 
volume: PhiMofiaU efectt 

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 Dangerous for exposure of 1 hour. 
.4 or more Death in less thfin 1 hoar. 

TI„ gCii. - ' \ .ccogmzed maximum allowable concentration41 for 
.a o-I.v-n: -.posure to air containing carbon monoxide and with 
normal ox :eu content is 0.01 percent (100 parts of carbon monoxide 
per millk parts of air, by volume). Somewhat higher concentra
tions may De considered allowable for shorter periods of exposure. 
For exanij le, in the ventilation of vehicular tunnels, the maximum is 
generally et at 0.02 percent, as based upon the exposure of traffic 
officers in iternate 2-hour periods over an 8-hour shift. 

HYDROGEN SULFIDE (H.S) 

Hydrogen sulfide—called stinkdamp from its odor, which resem
bles that"of rotten eggs—is a colorless gas and is usually a product 
of the decomposition of sulfur compounds.42 I t may fee produced 
also by burning explosives containing sulfur and may "be liberated in 
using black blasting powder or dynamite in blasting sulfide ores. 
Hydrogen sulfide is also found in large and extremely toxic amounts 
ni tue i-ctuml gas and oil from certain fields, and it is frequently 
found in gypsum mines. Occasionally, though rarely, it has been 
found issuing with methane from gas blowers or feeders in coal 
mines,4* and m numerous instances i t is carried into mine workings 
by water, in which i t is easily dissolved. Enough has been found 111 
coal "r,.:r,<;3 during normal conditions to cause severe eye irritation. 
Ine specific gravity of hydrogen sulfide is 1.1906,44 and its weight 
per cubic foot at sea-level pressure and 70° F. is 0.089 pound. Air 
that contains 4.3 to 45 percent of hydrogen sulfide will ignite when 
subjected to ordinary flames and will explode.** Hydrogen sulfide is 
very poisonous; wherever i t exists the possibility of poisoning is 

" See footnote 39. 
u American Medical Association Archives of Industrial Hygiene and Occupational Medi

cine, American Conference of Governmental Industrial Hygienists, Threshold Limit Values 
for 1033 : Vol. 8. 19*3, pp. 286-297. 

a Sayers. S. R.. Mitchell, C. W., and Yant, W. P., Hydrogen Sulfide as an Industrial 
Poison : Bureau of Mines Kept, of Investigations 2491,1923, 6 pp. 

a Sayers, R. R., and others, Mine Rescue Standards: Bureau of Mines Tech. Paper 334. 
1923, 44 pit. 

** Burreli. O. A., and Selbert, F. M. (revised by O. W. Jones). Sampling and Examination 
of Mine Cases and Natural Gas: Bureau of Mines Bull. 197.1926. 108 pp. 

* Coward. H. F., and Jones, G. W., Limits of Fiammability of Gases and Vapors : Bureau 
of Mines Bull. 503. 1952. 144 pp. 
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present. The physiological effects attending exposure to various con
centrations of hydrogen sulfide in air are given in table ',. 

TABLK -Physiological effect* of hydrogen .su/p'/J,-. 

Concen t ra t ion of hydro j ren 
sulf ide, percent bv vo lunu 

O.OOo'to 0.010' 

.02 to .03 

.05 to 

.07 to 

Subacute poisonin";—slight s> i n p t o m s . such as 
m i l d con junc t iv i t i s , (eye i r r i t a t i o n ! a n d respira
t o r y t r ac t i r r i t a t i o n a f t e r 1 hour exposure. 

Subacute po i son ing—marked c o n j u n c t i v i t i s aad 
resp i ra tory t r ac t i r r i t a t i o n a f t e r 1 hour exposure. 

0 7 . . Subacute poisoning—dangerous in C, ; (> 1 hour. 
Possible acute po i son ing—rap id unconsciousness, 

cessation of resp i ra t ion , and dea th . 
Acute p' . i . - ' j . r a p i d uucuns'-i.v ..- — 

of r esp i ra t ion , ua i -IM<..'.. n. • ' u ;nu. 

10 

10 to .20 or more 

The generally recognized maximum allowable concentration of hy
drogen sulfide in the air of working places is 0.00-2 percent by volume 
(-20 parts of hydrogen sulfide per million parts of air) during an ts-hour 
exposure.47 

Hydrogen sulfide acts mainly as an irritant in subacute poisoning 
caused by concentrations up to about 0.07 percent; ami irritation of 
the eyes, ranging from mild to severe depending on the extent and 
intensity of exposure, is the most common symptom. In higher con
centrations acute poisoning occurs, which is far more dangerous than 
the subacute effects, as systemic poisoning results, which may have a 
general action on the nervous system and cause almost immediate 
respiratory paralysis and death. Experiments have shown that dog-
exposed to concentrations of hydrogen sulfide ranging from O.i to 
0.2 percent collapsed and ceased breathing in about 1 minute. 11* 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 it must be empha
sized that many persons have lost their lives in attempting to rescue 
victims of hydrogen sulfide poisoning by entering the contaminated 
atmosphere without respiratory protective equipment. I f there is any 
evidence or suspicion that hydrogen sulfide is present, respirator)' 
protective equipment should be worn by persons entering the allected 
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, such as headache, dizzi
ness, excitement, nausea or other disturbances of the sn.:>och t i n ( \ 
intestinal tract, dryness and sensation of pain in the nose, throat. and 
chest, and coughing.48 The acute effects of high concentrations 01 

J* Vant, W. P., Hvdroiren Sulfide In Indnstrr ; Occurrence. Effects, atul Tr . a tiuen r - Am. 
.lour Pnh. Health, vol. iO, ItCo. pp. SfiS-tJOR. 

4 7 American Medical Association Aroliivy.s of Industrial Hygiene urn! Occupational Medi
cine American Conference of Oocernnieuta 1 Industrial Ilvsjienisfs Threshold l.iaiir \ a l ' ; - . 
for pa.,:: : Vol. s, U).V:. pp. H!»l-207. 

" P a t M , p. A.. IndusOdal HVstiene und To\i.olou'\ : Vol. l l Ia terr..-ien. , V; i ol: - lo- r- I I I ' . . 
New York r.M'.i, 730 pp. 
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hydrogen sulfide, as described above, are immediate and decidedl 
dangerous. 

ETHANE (C 2rU PROPANE (QH-), AND BUTANE (C-H10) 

Ethane, propane, butane, and other heavier (higher molecul. 
weight) members of the methane or paraffin-hydrocarbon series ai 
components of natural gas but are not found normally in coal mine 
except possibly in traces. The specific gravity of ethane is 1.049' 
of propane 1.5625, and of butane 2.0100,4* and the weights per cub' 
foot at sea-level pressure and 70° F. are 0.079 pound for ethane, 0.11 
pound for propane, and 0.151 pound for butane. These gases a 
sometimes present in small quantities in association with methane i 
gases f rom mine fires and explosions. They tend to increase the e 
"inability, because their lower limits of fiammability are less tha 
tha- or i . . . 0 ' - ' - " : , : ~ i usually they are not present in amounts lar& 

enough to oe dangerous or even to be detected readily. Howeve 
when over 1 percent of these "higher hydrocarbons" is found in 
mine, leakage from a gas or oil well is suggested. Air that contai 
'6.2 to 12.5 percent of ethane is explosive. For propane-air mixtur 
the corresponding limits are 2.4 to 9.5 and, for butane-air mixture 
1.9 to 8.4 percent.50 

OXIDES OF NITROGEN (NO. N0 2 , ETC.) 

Oxides of nitrogen are formed in mines by burning, by afterburnin 
and, under certain conditions, by detonation of high explosives. The 
are also components of the exhaust of diesel and gasoline engines an 
are formed by the reaction of atmospheric oxygen and nitrogen in th 
air in close proximity to electric arcs and sparks. Oxides of nitrogei 
are produced also by burning or decomposition of nitrates and nitrat" 
materials. Nitrogen forms several oxides—N20, NO, N0 2 , N 2 0 4 

N 2 0 3 , and N 2O s. Of these, only nitrous oxide (N 2 0) is harmless and i 
sometimes used as an anesthetic. The others are toxic. The most com 
monly occurring toxic oxides of nitrogen are nitric oxide (NO) an 
nitrogen dioxide^ which occurs in two forms (N0 2 and N 2 O t ) , depend 
ing on the existing temperature. Nitric oxide does not exist in sig 
nincant amount in the air, as in the presence of moisture and oxygen I 
is oxidized to the dioxide. Therefore, when air samples are analyze 
for oxides of nitrogen the results usually are reported in terms o 
nitrogen dioxide (N0 2 ) , as such designation gives proper evaluatioi 
of the toxic properties of the atmosphere. Nitrogen dioxide is brown 
ish red but is not visible, particularly in dimly lighted places, in lov 
concentrations, which nevertheless may be quite toxic. Oxides o 
nitrogen, in their several forms, are believed to contribute to th 
powder-fume odor that follows blasting with high explosives.51 Th 
specific gravity of nitrogen dioxide is 1.5894,*1 and its weight per cubi 
foot at cea-Ievel pressure and 70° F. is 0.119 pound. 

Burrell, G. A., and Seihert, F. M. (revised by O. W. Jones), Sampling and Examinatlo 
of M'ne Gases and Natural Gas : Bureau of Mines Bull. 107. 1926, ICS pp. 

"Coward, H. F., and Jones, G. W., Limits of Flaninmbility of Gases and Vapors: Burea 
of Mines Bull. 503. 1952, 144 pp. 

" Gardner, E. I).. Howell. S. P., nnd Jones. G. W., Gases From Blasting In Metal-Min 
Drif ts : Bureau of Mines Bull. 2S7, 1!>2~, 96 pp. 

"Burrell , G. A., and Setbert. F. M. (revised by G. W. Jones), Sampling-and Examinatlo 
of Mine Gases and Natural Gas: Bureau of Mines Bull. 197, 1926, log 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 explosion. As part of the investigation, sur
vivors, many employees, and o f f i c i a l s were interrogated informally to 
secure information on the explosion, to ascertain events prior to the 
explosion, and to learn of practices which might have set the stage for 
the disaster. This hearing was conducted as a result of a request to the 
Honorable George Dewey Clyde, Governor of Utah, from Assistant Secretary 
John M. Kelly, Department of the Interior (see Appendices A, B, and C). 

A gas explosion occurred in the Cane Creek mine about 4:40 p.m., Tuesday, 
August 27, 1963. Twenty-five men were underground at the time; 18 died 
from the flame, forces, or asphyxiation. Three men erected a barricade 
near the face of 2 south and died behind i t . The other 7 men erected a 
barricade in 3U d r i f t ; 2 of these men l e f t the barricade and traveled to 
the shaft station where they were met by a rescue crew and brought to the 
surface at 11:55 a.m., August 28, about 19 hours after the explosion 
occurred. The other 5 men remained behind the barricade u n t i l a recovery 
crew contacted them and they reached the surface without assistance at 
6:30 p.m., August 29, about 50 hours after the explosion. A surface em
ployee received minor injuries and was hospitalized. 



The names of the victims, survivors, and the injured surface employee, 
t h e i r ages, mar i t a l status, occupations, and number of dependents are 
l i s t e d i n Appendices D and E of t h i s report. 

Bureau of Mines investigators believe the explosion originated i n the 
shop area where an explosive mixture of combustible gases was ignited by 
e l 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 s t a t i o n , 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 i n Grand County about 20 miles southwest of Moab, Utah, by road, and 
is reached by paved State Highway 279. The mine i s served by the Denver 
and Rio Grande Western Railroad, and i s being developed on State and 
Federal land. 

O f 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 

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 

O f f i c i a l s for Harrison I n t e r n a t i o n a l , Incorporated dealing with the Cane 
Creek project are: 

Nathaniel Harrison 
Patrick Harrison 
Norman Harrison 
George E. Smith 
A. W. Trenfield 

Chairman, Miami, Florida 
President, Miami, Florida 
Project Manager, Moab, Utah 
Chief Engineer, Moab, Utah 
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 d r i v i n g the develop
ment d r i f t s i n waste to the ore body was given to the Harrison I n t e r n a t i o n a l , 
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 
s h i f t s a day. The average underground employment for Harrison I n t e r n a t i o n a l , 
Incorporated was 80 men, divided approximately in t o 30 men on day s h i f t and 
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25 men each on swing and graveyard s h i f t s . Engineering and maintenance 
of some equipment was provided by Texas Gulf Sulphur Company. There were 
many occasions for personnel of the Texas Gulf Sulphur Company to enter 
the mine, such as for v e n t i l a t i o n checks, temperature readings, gas t e s t i n g , 
and for c o l l e c t i n g other pertinent data. Texas Gulf men worked underground 
i n the shop regularly on 2 s h i f t s d a i l y . 

The mine i s opened by a c i r c u l a r shaft 22 feet i n diameter, inside the 
concrete l i n i n g . The shaft i s 2,789 feet i n depth; the station i s 2,712 
feet below the surface. Four sinking buckets, equipped with crossheads 
and rope guides, were used i n the shaft sinking operations and are now u3ed 
to hoist muck and handle men and materials. Two main development d r i f t s , 
designated 2 south and 3U and p a r a l l e l i n g each other, were advanced about 
2,080 and 3,170 fe e t , respectively, from the shaft s t a t i o n . The 2 south 
d r i f t was driven downgrade 10 percent from the No. 1 crosscut, a short 
distance from the shaft. The 3U d r i f t driven downgrade 14 percent i s o f f s e t 
s l i g h t l y but i s a continuation of 1 south d r i f t driven 10 percent downgrade 
from the No. 1 crosscut for a distance of about 360 fe e t , then l e v e l for a 
distance of 800 feet to the s t a r t of 3U which was driven downgrade 14 percent. 
The face of 3U was w i t h i n one or two rounds of intersecting the potash bed, 
which averages 11 feet i n thickness and dips 15 percent northeasterly as 
determined by test d r i l l i n g . 

Strata over the potash bed i s variable and consists of s a l t and various 
e l a s t i c s . The f l o o r i s s a l t . 

A regular Federal inspection of t h i s mine was made November 28-29, 1961, 
when the shaft was at a depth of 840 f e e t . I n addition, four separate 
investigations of f a t a l accidents were made by Bureau of Mines personnel 
p r i o r to the explosion. 

MINING METHODS, CONDITIONS, AND EQUIPMENT 

Mining Methods: Mine projections show that a block system of mining w i l l 
be followed when the potash bed i s reached. Development at the time of 
t h i s occurrence consisted of d r i v i n g the two aforementioned d r i f t s , 2 south 
and 3U. I n addition, a v e n t i l a t i o n d r i f t was used fo r a temporary shop 
and d r i f t s for ore bins and conveyor ways were p a r t l y developed (see Appendices 
G, H, and J ) . 

The presently developed d r i f t s , when driven i n s a l t , were 18 feet wide and 
6 feet high on the walls and the back was arched so the center was 8 feet 
high. When driven i n other than s a l t , the d r i f t s were blasted 17 feet wide 
allowing f o r a t o t a l of 1-foot sloughing on the two walls. Reportedly, the 
contractor's plans required that i n s a l t formation the face be undercut i t s 
f u l l width to a depth of IC fee t . However, the s h i f t or crew leaders used 
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t h e i r judgment concerning depths and widths of the undercuts, rather than 
follow the stipulated requirements. Undercutting was done only i n s a l t 
formations. 

The sal t back was generally s e l f supporting, but rock bolts were used 
sporadically where necessary. Rock bolts and chain l i n k fencing were 
i n s t a l l e d for support i n other than s a l t back, and steel H-beam arch 
sets were i n s t a l l e d i n shales where the back was poor. Rock b o l t i n g was 
as follows: Rock bo l t 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 i n 
diameter. Expansion shells were used to anchor the bolts and the bearing 
plates were 6 inches square by %-inch thickness. The bolts were tightened 
with the stoper. Chain l i 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 l i 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 s t a t i o n , 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 
lim i t e d to a 2-day supply. During the inv e s t i g a t i o n , containers of o i l 
and rock b o l t i n g 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 . I n 3U d r i f t , 2 cases of deteriorated explosives and 3 bags 
of AN/FO explosives were i n the explosives storage area. 

According to the contractor's representatives, b l a s t i n g 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 h o r i z o n t a l l y 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 center and the walls. Blast holes in 
places that were not undercut were drilled on about 2-foot and 2^-foot 
vertical centers at the walls and vertical center line, respectively. 
Horizontally, the blast holes at the bottom and top were about 4 feet 
apart. Holes were drilled on about 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 time's when the blast holes were 
charged with explosives while undercutting and drilling were 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, because only one shaft was available and a 
dividing partition wall was not yet installed in the single shaft. Intake 
air was directed into the mine by means of metal tubing. Two sets of 3 Joy 
Axivane, 40-horsepower fans connected in tandem, were located on the surface 
near the shaft collar and operated blowing. One set of the fans provided 
intake air for the 2 south drift, and the other set of fans provided the 
intake air for 3U drift. The intake air was conducted from the fans through 
26-inch diameter spiral steel vent tubing extending from each set of fans 
down the shaft and along 1 south and 2 south drifts, distances of 200 and 
325 feet from the shaft station in 2 south drift and 1 south drift, respec
tively. At these locations, 36-inch diameter corrugated galvanized metal 
tubing was connected to the 26-inch tubing and extended into 2 south and 
3U drifts. 

In an effort to increase the amount of air being delivered to inby ends 
of the tubing, booster fans of the same size as those on the surface were 
installed in the 36-inch metal tubing at 900- to 1,050-foot intervals. 
Such installations are conducive to recirculation of air in the event of 
damage to and/or leaks in the tubing. Such damage and/or leaks in the 
tubing would occasionally occur in installation and during movement of 
shuttle cars in the same drift. Two booster fans were installed in the 
tubing in 3U drift and one such fan was installed in 2 south drift. 

Four 15-horsepower Axivane fans without tubing were installed at electric 
power load center locations to provide a cooling effect on the load centers 
by forcing air over or by pulling air past them. Obviously, such installa
tions resulted in recirculation of the air. 
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I n addition, a 15-horsepower Joy Axivane fan without tubing was suspended 
near the back at the beginning of the r e t u r n a i r flow through the 3 south 
shop area to increase a i r v e l o c i t y i n the shop. To provide a volume of 
cool a i r f o r t h i s fan, compressed a i r was fed through a 3/4-inch diameter 
hose i n t o the fan intake and an additional supply of compressed a i r was 
released I n the shop area through a second 3/4-inch diameter hose. A check 
curtain was i n s t a l l e d i n the shop inby the fan, reportedly to prevent smoke 
from blasting from entering the shop. This check curtain would have made 
re c i r c u l a t i o n of a i r by the fan i n the shop i n e v i t a b l e , although shop 
employees stated the curtain opened somewhat while the fan was operating. 

Ai r readings recorded on a v e n t i l a t i o n map by Texas Gulf Sulphur Company 
were: On August 16, 1963, 14,500 cfm returning along 2 south as determined 
by smoke cloud v e l o c i t y tests made about 475 feet inby No. 1 crosscut. 
The metal tubing extended i n t o 2 south f o r 1,350 feet inby t h i s point. 
The end of the metal tubing was about 60 feet from the face and f l e x i b l e 
rubberized tubing extended toward the face from that point. On August 19, 
1963, 12,500 cfm of a i r was returning from 3U as determined by smoke cloud 
v e l o c i t y measurements made i n 3U d r i f t about 850 feet outby the present 
working face. On August 20, 1963, 15,900 cfm was returning from 3U d r i f t 
as determined by smoke cloud v e l o c i t y tests made i n No. 1 south about 550 
feet inby No. 1 crosscut. The metal vent l i n e was extended to w i t h i n 
125 feet of the face of 3U; f l e x i b l e rubberized tubing extended from the 
end of the metal tubing to w i t h i n 50 feet of the face. Two booster fans 
were i n s t a l l e d i n the metal tubing inby the point of the l a s t a i r measure
ment . 

The temperature readings, recorded i n connection w i t h a i r readings i n 3U 
d r i f t on August 19 and August 20, 1963, were 104° and 100° Fahrenheit, 
respectively. Temperature readings were not recorded i n connection with 
the a i r measurement i n 2 south on August 19, 1963. Recorded random mine 
temperatures i n 3U d r i f t on August 27, 1963, ranged from 102 to 105 degrees 
Fahrenheit. A temperature reading of 98 degrees Fahrenheit i n the shop was 
also recorded the same day. 

Early during shaft sinking operations, crude o i l was encountered, and 
about 11:00 p.m., on July 31, 1963, four men were burned when combustible 
gas was i g n i t e d i n 3TJ d r i f t . These occurrences were not reported to the 
Bureau of Mines, but were reported to a state mine inspector. The combus
t i b l e gas emitted from a rock b o l t hole and was i g n i t e d when one of the 
workmen attempted to l i g h t a cigarette w i t h the flame from a cigarette 
l i g h t e r ; flame flashed throughout the area and flame continued to burn i n 
crevices and the muck p i l e u n t i l the next day. The gas emitting from the 
hole and muck p i l e burned u n t i l 5:00 a.m., August 1, when the flame was 
extinguished. I t was extremely hot while the gas burned. Following t h i s 
i g n i t i o n , examinations for combustible gas were increased, and a "No Smoking" 
ru l e was put i n t o e f f e c t underground. 
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Following the July 31 explosion, additional flame safety lamps were issued, 
but questioning of employees revealed that some had not been properly i n 
structed i n the use of these lamps. 

Also, tests for combustible gas were made by personnel of the Texas Gulf 
Sulphur Company, using permissible e l e c t r i c methane testers and permissible 
flame safety lamps. The results of tests were included i n memoranda on the 
subject "S h i f t Summary" s t a r t i n g on August 5, 1963. Following are examples 
of "Methane Reading" notations included i n the memoranda: 

August 5, 1963 - Methane i n 3U: 0.2% 
August 6, 1963 - Sequence of methane readings i n 3U: 

Day s h i f t 0.1% 
Swing s h i f t Blast face at 5:30 p.m. 
6:00 p.m. 4.0% 
7:30 p.m. 2.0% 
10:30 p.m. 0.8% 
11:00 p.m. N i l 

During the period August 7 through August 26 gas i n amounts ranging from 
0.1 to 5.0 percent was found at various locations. 

During the recovery work and investigation, tests made for combustible gases 
by a company o f f i c i a l and State and Federal investigators, using permissible 
flame safety lamps and permissible methane detectors, showed combustible gases 
ranging from 0.2 percent along 2 south at No. 4 crosscut to an explosive mix
ture at the face. Combustible gas i n the amount 0.2 to 1.5 percent was de
tected along 3U from i t s entrance to w i t h i n about 600 feet of the face. Fol
lowing the explosion, v e n t i l a t i o n was eventually provided by increasing the 
compressed a i r f l o w i n t o 3U and proving compressed a i r f l o w i n t o 2 south. This 
was the only means by which these areas could be ventilated s u f f i c i e n t l y to 
d i l u t e and remove the combustible gases from the mine u n t i l such time as the 
fan v e n t i l a t i n g system could be restored and improved (see Table 1, Composition 
of Mine A i r Samples Taken At the Cane Creek Mine After Explosion on August 27, 
1963, and Table 2, Representative Composition of Hydrocarbon Gases Reported 'as 
Total Hydrocarbons i n Table 1). 

Permissible flame safety lamps were carried by the s h i f t leaders (walkers) 
of Harrison I n t e r n a t i o n a l , Incorporated a f t e r the i g n i t i o n of July 31, 1963. 
Tests for combustible gases were made by personnel of Texas Gulf Sulphur 
Company during and a f t e r d r i l l i n g blast holes. Prior to the July 31, 1963 
i g n i t i o n , a representative of the U. S. Geological Survey had recommended 
that d r i l l holes 10 to 14 feet i n depth be d r i l l e d ahead of the face to re
lease gas from the strata or give indications that gas might be encountered, 
and t h i s recommendation was followed. I n addition, a diamond d r i l l test 
hole 110 feet long had been d r i l l e d recently i n the face of 3U d r i f t . This 
test hole was 35 feet ahead of the face of 3U at the time of the explosion. 
I t was stated that on occasions gas released during d r i l l i n g was of s u f f i c i e n t 
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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 the face and was observed 
occasionally. Apparently, the casual observing of the hanging lamp was 
considered proper gas tes t i n g , and the necessary usual type of gas tests 
were not made with r e g u l a r i t y . Also, a flame safety lamp was suspended i n 
the shop, and the flame of t h i s lamp was observed occasionally and consi
dered a gas te s t . 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 
i n burning. Fuel was available and seemed to be of normal qualit y 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 
i g n 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 j u s t p r i o r to the explosion. 

Hater 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 
sal t 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 hois t i n g 
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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e l e c t r i c a l battery system and s t a r t e r . The Diesel shuttle cars bore 
Bureau of Mines Approval Plates 2414. These Approval Plates, as issued, 
s i g n i f y that the Diesel equipment had been tested and approved by the 
Bureau of Mines for operation i n nongassy, noncoal mines, as defined i n 
Bureau of Mines Schedule 24; the v e n t i l a t i o n requirement stamped on each 
Approval Plate was 17,100 cfm. The Diesel shuttle cars were not approved 
for safe use i n a gassy mine, as such cars are capable of i g n i t i n g gas 
from the e l e c t r i c a l components or heating of the exhaust manifold. 

Following the explosion, four of these Diesel shuttle cars, Nos. 1, 2, 3, 
and 5, were inspected as to condition of intake, exhaust, f u e l , e l e c t r i c a l 
and crankcase engine systems, and of overall u n i t condition. Diesel 
shuttle car No. 4 was inspected for damage to the crankcase only. A l l 
Diesel shuttle cars were empty of muck. Exhaust gas conditioners on a l l 
cars contained s u f f i c i e n t water for normal operation. Only Nos. 3, 4, 
and 5 shuttle cars were i n the immediate explosion area. 

The No. 1 shuttle car, Serial No. 341, was found at the junction of 2U 
and 3U d r i f t s and appeared to have been parked here as a l l controls were 
i n " o f f " positions.. A l l engine systems of t h i s car were normal and the 
car appeared to be undamaged. 

The No. 2 shuttle car, Serial No. 842, was found parked i n 3U d r i f t just 
over the s t a r t of the 14 percent grade, approximately 60 feet inby the 
junction of 2U and"3U d r i f t s . This car was used for transportation by 
survivors of the explosion before they barricaded themselves and l e f t 
parked at t h i s location. The car 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 r i g h t and No. 2 south l e f t . The r i g h t 
rear corner of the car was jammed against the east r i b , blocking movement 
down the d r i f t . The d i r e c t i o n a l gear lever was i n "low reverse" posit i o n and 
the tra v e l i n g gear and conveyor levers were i n "zero" or neutral p o s i t i o n . 
The emergency brake lever was i n " o f f " p o s i t i o n . The l i g h t switch, found 
i n the " o f f " p o s i t i o n by the Diesel engineers, was turned o f f a f t e r the 
explosion by rescue team members. From the p o s i t i o n of the front wheels 
and various objects around the car, i t seemed l i k e l y that the car d r i f t e d 
against the east r i b a f t e r the explosion, and from the position of the 
tr a v e l i n g gear, i t seems u n l i k e l y that t h i s car was moving under power at 
the time of the explosion. The engine intake system, exhaust piping, and 
exhaust conditioner appeared normal and undamaged. The exhaust conditioner 
contained water although the "make-up" tank was dry. The 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 p r i o r to the explosion. The engine f u e l 
system, crankcase, radiator, and transmission appeared to be i n normal 
condition. 

9 



The No. 5 shuttle car, Serial No. 880, 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 t h i s 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 t h i s car was i n the shop for 
general overhauling and was not i n operating condition, a general inspec
t i o n of i t s condition was not made. 

E l e c t r i c i t y and Compressed A i r : Three-phase, 60-cycle power was received 
at the main substation at 69,000 vo l t s and was reduced to 12,470 vo l t s 
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 v o l t s was supplied to the face equipment, 
fans, and the shop. Mult i p l e conductors and three conductor type G cables 
were used f o r secondary power d i s t r i b u t i o n . Power for l i g h t s i n the shop 
and shaft area at 110 v o l t s 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 i n 
case of ground f a u l t s 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 v o l t s 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 l e v e l to 440 v o l t s 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 le v e l 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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boxes. Examination of t h i s equipment showed one bolt missing from the 
starter compartment and two bolts missing from the main breaker compart
ment on the c u t t e r ; three bolts missing from the s t a r t e r compartment of 
the d r i l l ; and an opening i n excess of .004 inch i n the l e f t headlight 
between the headlight cover and lens of the loader. The two shuttle cars 
were examined; however, there was no in d i c a t i o n of e l e c t r i c a l arcing or 
burning. Similar face equipment was used i n 2 south. Examination d i s 
closed one bolt broken and an opening i n excess of .004 inch i n the main 
breaker cover of the cu t t e r ; three missing b o l t s , one broken b o l t , one 
loose bolt and an opening i n excess of .004 i n the c o n t r o l l e r cover and 
openings i n excess of .004 inch between the headlight cover and lens on 
both headlights of the d r i l l ; and two bolts broken, two bolts missing 
and one bolt loose on the starter compartment of the loader. 

Permissible type 15-horsepower fans were used to v e n t i l a t e the load center 
i n s t a l l a t i o n s and shop. Nonpermissible type 25- and 40-horsepower booster 
fans were i n s t a l l e d i n the vent tubing. Nonapproved type magnetic starters 
and push buttons were used on the nonpermissible type fans. P e r m i s s i b i l i t y 
defects were not observed on any of the permissible type fans. 

In the underground shop area a permissible type loader and two shuttle 
cars were being repaired at the time of the explosion. Examination 
showed that three bolts were broken, one b o l t was missing, and there 
was an opening i n excess of .004 inch i n the s t a r t e r compartment of the 
loader. The No. 4 shuttle car was under major repairs. I t was observed 
that the ground cable for the e l e c t r i c welder was equipped with a piece 
of reenforcing steel instead of a standard ground clamp. 

The forces of the explosion had sheared the bolts i n the metal shield that 
protected the 24-volt batteries of No. 5 shutt l e car and i t was torn loose. 
The batteries were e l e c t r i c a l l y connected; however, the top battery was 
destroyed. 

An e l e c t r i c hand-held d r i l l , grinder, several shop to o l s , including a 
50-foot section of oxygen and acetylene hose taken out of service, and 
parts of the shop panel and battery charger were scattered throughout 
the shop area. 

The shop area had been illuminated with 8 incandescent l i g h t bulbs i n 
weatherproof sockets and two outlets had been provided for connecting 
power tools and extension cords. 

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 w e l l 
maintained. 
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Compressed-air for operating stopers, jackleg d r i l l s , sump pumps, and 
a i r driven fans was provided by compressors located on the surface. 
These included an Ingersoll-Rand 750 cfm, an Ingersoll-Rand 1,000 cfm, 
and a Babcock-Wilcox 2,700 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. 

Oxygen-Acetylene 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 debris. The 
valves of the cutting torch were found open 2\ quarter turns. The 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 i g n i t o r s 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 i n t e r n a l disruptive forces or from overheating by loc a l persistant 
flame. 

Samples of residue scraped from.the outside of the oxygen and acetylene 
cylinders and samples of fin e s o l i d material collected i n the shop area 
were sent to the Pittsburgh, Pennsylvania laboratories for te s t s . The 
summary7 of the tests was as follows: Examinations of t h i r t e e n 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 me t a l l i c p a r t i c l e s 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 
l u b r i c a t i n g o i l . 
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4. No evidence was obtained that adsorbed acetylene was contained i n two 
samples of deposits from the acetylene cylinders or i n two other samples 
tested. 

5. No evidence was obtained that soot or low density carbon particles 
were present i n the acetone-insoluble residues from any of the samples. 

Another oxygen cylinder and another acetylene cylinder were found on the 
shaft station on the west side of the shaft. The gages were blown off and 
the valves on each cylinder were found i n the shut-off position. The 
hoses leading to the torch were strung out toward the shaft. 

These tests indicate that the combustible gas involved i n this explosion 
was not acetylene. 

Illumination and Smoking: The shaft station and shop were illuminated by 
110-volt incandescent li g h t bulbs i n weather proof sockets. Each under
ground workman carried a permissible electric cap lamp. Mobile equipment 
was equipped with headlights. 

Prior to July 31, 1963, smoking was practiced freely i n the mine; the flame 
from a cigarette lighter set off the ignition which occurred on this date. 
Following the ignition, the Industrial Commission of Utah required that 
smoking i n the mine be prohibited and that "No Smoking" signs be posted. 
Although the "No Smoking" signs were posted, employees were not searched 
to see that smoking materials were not carried into the mine, and i t was 
quite evident that smoking underground was continued by some persons. 
Numerous cigarette butts, empty cigarette packages, a book of matches, and 
other empty match books were found during the investigation i n areas driven 
after the July 31 ign i t i o n . 

Mine Rescue: The Texas Gulf Sulphur Company maintains a mine rescue 
station at the mine. Before the explosion, the equipment included 6 
McCaa self-contained 2-hour breathing apparatus and spare parts, an elec
t r i c a l l y driven oxygen pump, 6 Chemox self-generating oxygen breathing 
apparatus, one permissible mine rescue communication system, a 1,000 foot 
l i f e l i n e , 6 permissible flame safety lamps, 48 self-rescuers, and 10 
f i r s t - a i d k i t s . Following the explosion, 10 Universal gas masks and 6 
additional permissible flame safety lamps were purchased and used i n the 
rescue and recovery operations. Employees had not been trained as a 
rescue team. 
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INTRODUCTION 

This i s an i n v e s t i g a t i o n r e p o r t of a mine explosion d i s a s t e r t h a t 
occurred June 8, 1979, a t the B e l l e I s l e Mine, C a r g i l l , I n c . , 
near F r a n k l i n , St. Mary Parish, Louisiana, MSHA mine I.D. Number 
16-00246. The i n v e s t i g a t i o n i s made pursuant t o the p r o v i s i o n s 
of the Federal Mine Safety and Health Act of 1977, Public Law 
91-173, as amended by Public Law 95-164 (30 USC 801 e t . 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 t h i s 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 i n 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. 



B 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 b e l i e v e 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 10 where an explosive mixture of 
flammable gas was i g n i t e d by burning e l e c t r i c a l conductor i n s u l a 
t i o n , or a r c i n g e l e c t r i c a l w i r e s , or both. 

SUMMARY 

On Friday, June 8, 1979, an ou t b u r s t of flammable gases and s a l t 
occurred f o l l o w i n g a face b l a s t i n 8 Main Entry East a t about 
2300 hours, and a gas explosion occurred i n the mine approximately 
10 minutes l a t e r . At the time of the e x p l o s i o n , 22 persons were 
i n the mine. Ten persons were on the upper l e v e l and twelve 
persons were on the lower l e v e l . Seventeen persons were rescued 
and f i v e persons died as a r e s u l t of the explosion. 

A.few minutes before 2300 hours, near the end of the s h i f t , a l l 
employees l e f t t h e i r working places w i t h the exception of two men 
who were designated t o i n i t i 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 h o i s t e d 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 a t Room 13 by the two designated employees, 
and approximately 10 minutes l a t e r the explosion occurred. 
According t o 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 
r u p t u r e due t o the a i r b l a s t i n the mine explosion. The f i f t h i 
v i c t i m apparently died from a combination of acute pulmonary ( 

hemorrhage and carbon monoxide poisoning (See Appendixes C and D). 
The autopsy r e p o r t on the f i 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 
f e e t of the No. 1 Shaft S t a t i o n . The f o u r t h and f i f t h v i c t i m s 
were found about 1,400 f e e t and 1,800 f e e t , r e s p e c t i v e l y , from the 
No. 1 Shaft S t a t i o n . A l l v i c t i m s were recovered by mine rescue 
teams w i t h i n 41 hours a f t e r the explosion. The rescue e f f o r t 
i n v o l v e d 7 3 dedicated mine rescue team members who assembled from 
l o c a l mines and from around the Nation and inv o l v e d a t o t a l of 14 
team e n t r i e s i n t o the mine i n t h a t p e r i o d of time. 

From a p o s i t i o n of h i n d s i g h t , there 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 a t a time, on 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'S 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 Central 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), D a l l a s , Texas, at 0030 hours on June 9, 197 
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EVENTS BEFORE AND AFTER THE EXPLOSION 

During 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 p r e p a r a t i o n f o r b l a s t i n g . 
During the 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 
C a r g i l l employees t h a t methane had been released from these 
b l a s t h o l e s . The face was charged and b l a s t e d a t the end of 
the evening s h i f t . A methanometer was not a v a i l a b l e underground 
f o r use by the evening s h i f t . 

Two miners were assigned t o 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 
at 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 
and upper l e f 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 
was 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 sho r t time 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 t o 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 p r o j e c t e d i n t e r s e c t i o n of 8 Main 
Entry East and Room 14, where the gas was e m i t t i n g . Approximately 
48 f e e t of s a l t separated the two advancing faces. 

Sh o r t l y 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 i n an a u x i l i a r y fan motor and cable located south 
of the shop area i n 2 Main Entry South. A mine evacuation 
was underway when i t was determined t h a t the f i r e was minor 
and brought under c o n t r o l . Employees i n the v i c i n i t y of the 
f i r e had evacuated t o the No. 2 Shaft s t a t i o n . Some employees 
assigned t o remote sections of the mine f a i l e d t o receive 
n o t i f i c a t i o n s and remained i n t h e i r work areas. 

Elray Granger, General Mine Foreman, and A. J. Boutte, S h i f t 
Foreman, assigned t o 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 
f o r concentrations of these gases. Methane d e 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 d i d 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 sampling done duri n g 
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 
d u t i e s of h a u l i n g s a l t from lower l e v e l p r o d u c t i o n 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 h a u l i n g s a l t from headings on the 
upper 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 emission had; occurred d u r i n g the 
day s h i f t . Another crew d r i l l e d f l o o r s i n Room 14 south of 
6 Main Entry East and Room 11 n o r t h of 8 Main Entry East, 
and undercut the face i n 8 Main Entry East a t Room 13. A f t e r 
the d r i l l i n g and u n d e r c u t t i n g was completed, the three rounds 
were charged by the undercutter and d r i l l operators w i t h 
assistance from haulage personnel and S h i f t Foreman Boutte. 

At approximately 2250 hours, eleven employees assembled a t 
the bottom of the lower l e v e l m a n l i f t , o f f 1 Main Tunnel South, 
f o r a scheduled meeting. Two a d d i t i o n a l employees, Adam Sampay 
and Am.edee O l i v i e r ( v i c t i m s ) , returned t o detonate the three 
charged rounds from the b l a s t i n g board a t 7 Main Entry East, 
Room 13. Eight other employees, i n c l u d i n g v i c t i m s Zimmerman, 
C o l l i n s and Mayon, were on the upper l e v e l p r e p a r i n g t o leave 
t h e i r work areas a t the end of the s h i f t . 

As A. J. Boutte stepped out of the underground operations o f f i c e 
on h i s way to conduct the meeting, he heard one of the scheduled 
b l a s t s and assumed i t was the f l o o r round i n Room 14 o f f 6 Main 
Entry East. A. J. Boutte proceeded t o the m a n l i f t area and 
conducted the meeting f o r approximately seven minutes. Just 
as he f i n i s h e d the meeting about 2308 hours, a l a r g e r explosion 
was heard followed almost immediately by extreme concussion and 
strong winds, which r a p i d l y rose t o d e s t r u c t i v e l e v e l s . The 
explosion forces and winds destroyed or damaged equipment and 
f i x t u r e s throughout the mine and caused i n j u r i e s t o some of the 
11 miners a t the meeting. 

At the time of the exp l o s i o n , A. J. Boutte was kn e e l i n g on the 
f r o n t seat of h i s production t r u c k w i t h h i s back t o the s t e e r i n g 
wheel t a l k i n g t o the men. Ten employees were seated on benches 
i n the bed of the production t r u c k . A l t o n Oppenheimer was 
standing along-side the passenger side of the production t r u c k , 
which was a 3/4—ton open cab m i l i t a r y — t y p e Jeep. Some of the 
men were knocked down by the forces of the explosion. 

I t was extremely dusty and v i s i b i l i t y was zero due t o the h u r r i c a n e 
l i k e winds. A. J. Boutte became 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 t o 
the Airway Tunnel, which l ed to the No. 2 Shaft. At the 
Airway Tunnel, A. J. Boutte was blown approximately 30 
f e e t down the tunnel toward the No. 2 Shaft by an increase 
i n wind v e l o c i t y . Due t o the extreme heat and high wind i n 
the Airway Tunnel, A. J. Boutte decided to crawl back to the 
corrugated c u l v e r t s and cross over 2 Main Tunnel South. At 
t h i s time v i s i b i l i t y was zero i n 2 Main Tunnel South, but 
the wind was not blowing as hard as i n the Airway Tunnel 
and the extreme heat was not present. A. J. Boutte was 
d i s o r i e n t e d and confused w h i l e going up the equipment ramp. 
He f e l l down, stumbled, weaved from side to side and bumped 
i n t o various o b j e c t s 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 Perry Thompson, who were enroute 
t c the No. 2 Shaft. A. J. Boutte advised them about the extreme 
wind and heat i n the Airway Tunnel to the No. 2 Shaft and s t a t e d 
t h a t the i n t a k e a i r appeared to be coming down the No. 1 Shaft 
at t h i s time, r a t h e r 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 . 
Blaney was dragged p a r t way and e v e n t u a l l y crawled the r e s t 
of the way to the No. 1 Shaft. 

Floyd L i n t o n had followed A. J. Boutte t o the corrugated c u l v e r t 
but then returned to the other ten employees at the m a n l i f t . 
L i n t o n , who was t r a i n e d i n mine rescue, suggested t h a t a l l the 
miners j o i n hands and t r y t o make t h e i r way through the escape 
route t o the No. 2 Shaft (See Appendix 0 ) . H u r r i c a n e - l i k e wind 
made the travelway extremely dusty and v i s i b i l i t y was zero. The 
miners had t r o u b l e b r e a t h i n g and the dust caused them to choke 
and cough. The temperature increased considerably. The 11 miners 
moved slowly south through 1 Main Tunnel South t o the corrugated 
c u l v e r t s and proceeded n o r t h i n the Airway Tunnel toward the 
No. 2 Shaft. The miners were subjected t o intense heat but there 
was no evidence of f i r e i n the Airway Tunnel. The a i r movement 
at the No. 2 Shaft appeared t o have reversed from in t a k e t o 
exhaust because the main fan which was lo c a t e d underground was 
destroyed by the explosion. The miners again had t r o u b l e b r e a t h i n 
A l l of the miners were c a r r y i n g s e l f - r e s c u e r s but no one used them 

Floyd L i n t o n climbed on top of a s a l t stopping by the fan loc a t e d 
i n the Airway Tunnel and advised the others t h a t the a i r was 
b e t t e r a t 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 t o move 
toward the No. 2 Shaft. The 11 miners a r r i v e d a t 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 



from the No. 2 Shaft. There were an estimated 350 f i f t y - p o u n d 
boxes of explosives at t h i s l o c a t i o n . One of the miners began 
h i t t i n g the No. 2 Shaft s t a t i o n gate w i t h a sho r t piece of 
pipe i n an attempt t o l e t the peoDle on the surface know t h a t 
they were a l i v e . The mine ohones and the cords used to s i g n a l 
between the mine l e v e l and the surface were blown out. Audio 
and v i s u a l communications e v e n t u a l l y were made w i t h the surface 
by shouting and use of cap lamps. 

Immediately a f t e r the o u t b u r s t , s h o t - f i r e r s Sampay and O l i v i e r 
( v i c t i m s ) abandoned t h e i r v e h i c l e near the b l a s t i n g board a t 
7 Main Entry East Room 13, and moved on f o o t toward the s h a f t . 
Sampay was found approximately 3,300 f e e t from the v e h i c l e i n 
2 Main Entry West a t Section 1. O l i v i e r had t r a v e l e d about 
2,600 f e e t and was found i n 1 Main Entry South, adjacent to 
Section 4 (See Appendix P). 

Five of the remaining e i g h t employees on the upper l e v e l were 
enroute t o the No. 1 Shaft to be h o i s t e d t o the surface a t the 
end of the s h i f t . Herman Zimmerman ( v i c t i m ) was r i d i n g i n a 
jeep-type v e h i c l e i n 1 Main Entry South when the explosion 
forces knocked the v e h i c l e out of c o n t r o l . The v e h i c l e came 
to r e s t w i t h the rear h a l f hanging over the edge of the P-39 
conveyor d e c l i n e and Zimmerman f e l l about 30 f e e t t o the f l o o r 
of the d e c l i n e on the east side of 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 also f e l l onto the conveyor 
and received back i n j u r i e s . 

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 men walked the s h o r t distance t o 
the No. 1 Shaft S t a t i o n . Eldridge 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 S t a t i o n was broken, so Mayon and 
Roman went t o the tunnel t o use the telephone, but i t was also 
out of order. Parts from t h i s phone were used t o r e p a i r the 
phone a t the No. 1 Shaft S t a t i o n . A. J. Boutte then phoned Elra y 
Granger who was on the surface and r e l a t e d the l o c a t i o n of the 
s i x employees at the No. 1 Shaft S t a t i o n . 

P r i o r t o the explosion, three employees were s i t t i n g i n a v e h i c l e 
adjacent t o the No. 1 Shaft S t a t i o n w h i l e w a i t i n g f o r the end o f 
the s h i f t . This v e h i c l e was blown from the s h a f t area i n t o 2 
Main Entry South. Donald Mayon and Richard C o l l i n s died from the 
explosion forces and Peggy Blaney 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 t o the surface around 
2300 hours v i a the No..l Shaft. Granger proceeded t o 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 s t a t e d t h a t 
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 peak and held f o r 
several minutes. Granger s t a t e d 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 d e b r i s . Granger ran back 
i n t o the mine o f f i c e and phoned Charles von Dreusche, Mine 
Manager, a t home to r e p o r t the explosion. Granger then went 
to the No. 1 Shaft c o l l a r w i t h Terry Hebert, Topside Foreman, 
where they found the mancage 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 t o clean UD the area and t o send 
the cage down to the mine l e v e l w i t h a communications radio 
aboard. While they were doing t h i s , the mine phone a t the 
headframe rang. Granger answered and t a l k e d t o A. J. Boutte 
who was at the upper l e v e l s h a f t s t a t i o n w i t h f i v e other 
people. Boutte reported t h a t Zimmerman, Donald Mayon and 
C o l l i n s were dead and t h a t he thought the r e s t of the employees 
also were dead. A. J. Boutte c a l l e d again asking the surface 
to hurry because he could see "the bad a i r coming". About 
f i v e minutes l a t e r , or approximately 2340 hours, the No. 1 
Shaft c o l l a r was cleared. The cage was lowered, and the upper 
l e v e l s u r v i v o r s — A. J. Boutte, Eldridge Roman, Peter Boutte, 
Perry Thompson, Jason Mayon and Peggy Blaney — were h o i s t e d 
to the surface. The empty cage was then returned t o the mine 
l e v e l w i t h a r a d i o on board i n case other s u r v i v o r s reached 
the Shaft S t a t i o n . 

At 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 t o 
the top of the headframe where the s a f e t y dogs engaged because 
of the slack rope. The cage was lodged i n the upper p a r t of 
the headframe. Clyde McKay, No. 2 Shaft Hoistman, heard pounding 
signals and other noises from the bottom of the No. 2 Shaft a t 
approximately 0045 hours, June 9, 1979. E f f o r t s were then con
centrated on c l e a r i n g the No. 2 Shaft conveyance t o e f f e c t the 
rescue of the miners a t the lower l e v e l Shaft S t a t i o n . 

The cage was lowered, but i t became "hung up" a t 500 f e e t and 
. at 700 f e e t below the s h a f t c o l l a r on s t e e l plumb l i n e s 

l e f t from the s h a f t - s i n k i n g operations which were entangled 
v i t h a l l four guide ropes (See Appendix NN). The cage was 
raised and dropped several times u n t i l the o b s t r u c t i o n was 
cleared, and then the cage was lowered t o the 11 men — A l Thompson 



A l t o n Oppenheimer, Floyd L i n t o n , Charles Verdun, Joseph W. 
Boutte, G i r a u l t F r i l o t , Joseph B u t t l e r , Brian McFarlain, 
P r e n t i s 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 9, 1979. A l l 17 s u r 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 t o 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 t o be a f a t a l i t y and the l o c a t i o n of 
two other 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. 

42 



View of rope damaged when cage was blown to the top of No. 2 shaft headfrar 

Plumb line and signal wire pulled up from No. ?. Shaft sump. Rope around 

the cage in the headframe and around the cage guide rone delayed recovery 

of survivors. 

APPENDIX NN 



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

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

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

and a heavy salt encrustation from a high, hot "/ind moving east is evident. 



Heat damage in cab of the Terex loader at 7X Entry East and Room 10 lower level. 

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

Rear recapped tires showing chars and salt on Terex loader at 7X Entry East 

and Room 10 lower 1evel. 



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

Overturned cart at the right was one in which two victims and one survivor 

were riding. 

Viewing north to south from the P-39 belt line decline in 1 fain Entry South 

survivor and victim were riding in the Jeep shown overhanging the decline cut 



Main fan in airway tunnel south of No. 2 shaft. Portion of the metal 

fan bulkhead found in No. 2 shaft sump. 

Remnants of free-standing fan originally in No. 2 Main Entry South, south 

of 7 Main Entry East, blown north to between 4 and 5 Main Entry East in 

2 Main Entry South. 



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



Transformer blown west from IX crosscut east of 2 Main Entry South into 

middle of 2 Main Entry South. 

Viewing north at damaged maintenance office and parts room in 2 Main Entry 

South, north of IX crosscut. 



Pictures at the same location as above. Manlift escapeway in background 

with wood debris from cabinets. 



Terex truck in 1 Main Entry South moved north by the explosion into the 

reclaim bin located just north of 2 Main Entry East. 



Pictures show the decay of the explosion forces as they moved north in 1 Main 

Tunnel South. Conveyor system in 1 Main Tunnel South. Upper picture shows 

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

5X crosscut and 5 Main Entry East. The middle picture shows partially damaged 

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

conveyor just south of 3 Main Entry East. 



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 d r i l l in the southeast corner of Room 2 cutout just south 

of 9 Main Entry East. 



Negative terminal on overturned maintenance shop truck in 7 Main Entry East 

and west of Room 13. The terminal exhibited that lead had melted. 

Pinched positive conductor on overturned truck. Bare copper wire exposed. 



Viewing to the southwest at the face d r i l l located at the southeast corner 

of 7X Entry East and Room 13. Drill was blown 50 feet to the southeast. 

Viewing southeast at the bottom side of the face d r i l l above 



Explosives loading Jumbo facing south. Located just north of 8 Main Entry 

East along the east rib at Room 12. 

Portable blastinq board impaled on south side of engine of loading Jumbo. 

Board was located between Rooms 11 and 12 in 8 Main Entry East before the 

blast and distributed power to the 8 Main East face shot and bench shot at 

Room 11X. 



f 
V 

Viewing floor d r i l l at northeast corner of 7 Main Entry East and Room 14. 

Boom bent away from normal vertical position. Hydraulic unit on left side 

badly damaged and pushed to the east. Electric cable on right side pulled 

apart. 

Close-up view of parted cable. 



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

Main Entry East in Room 13. 

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



Joy fan circuit-breaker at 8 Main Entry East and Room 9. The overload 

heaters jumpered out and breaker in "on" position. 

Metal enclosed safety switch and circuit-breaker on west end of portable 

load center No. 2 at Room 13, 7 Main Entry East. The breaker was part of 

the shooting board circuit and the ground wire showed heating while other 

wires do not. Wooden handle intact with no burning. 



Damaged 4160 V cable blown north from roof in 7 Main Entry East into 

intersection of Room 12. 

Spliced 4160 V cable in 7 Main Entry East just west of Room 10. Unshielded 

cable at the le f t shows more heat 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 d r i l l at 7X Entry and Room 13. 



Damaged distribution box at northeast corner of 7 Main Entry East and Room 



Junction box at North rib line of 8 Main Entry East near Room 11. Ty S.E. 

cable from roof had badly burned insulation. 

Joy coupler destroyed by fal l of ground on lower level at 7X East and 

Room 8. 
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BiFOftt: THi 
OILCCONSERVATION COMMISSION 

Santa Fe, New Mexico 
April 20, 1955 

IK Tll£ MATTSR OF: 1 

Application of the Commission upon i t s own | 
motion for an order (a) creating the North ) 
Benson-Queen Oi l Pool in iddy County, Mew j 
Mexico, described as follows; , j 

Township 18 South. Ranee 30 East ) 
fe/S l e c t i o n h \ W?2 l ec t ion % > Case No. 662 

and (b) prescribing rules and regulations 1 
pertaining to the proposed pool in accord*- ) 
ance with provisions of Order R - l l l , which ) 
pertains to the d r i l l i n g and completion of ) 
o i l or gas wells within the designated ) 
"potash - o i l" area* ) 

... £ . (Johnny) Walker 
V;illia& B. ;^acey 

TKAHSSIiIPT Of* H£AHIi-iO 

r*AC^Y: The next case or the docket i s Case 862* 

3« J» 5 I A » L L ! , 

Cciilea as a witness, having been f i r s t duly sworn, tes t i f i ed as 
follows: 

'Jlf.ZZI OA:'IKATI0K 

ly ;-!_-. KITTS: 

V»ill yoa state your n&r-:e and position, please? 

,t S. J . Stanley. Sr-sineer for the C i l Conservation Cocsnisaion. 

4 ir . Stanley, s l i ce che last meeting of this case when i t 

was f i r s t heard, you have beer appointed to a Coniaittee to study 

-fnrt.usr this matter? 
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A Yas, s i r . we nave had two meetings in Carlsbad to study thi« 

particular problem* 

Q Kr. Stanley, in connection with your study, you prepared an 

exhibit which you wish to comment upon at this time, and introduce' 

A Yes, s i r , I have prepared one exh bit and also have obtained 

two exhibits froa the United States Geological Survey, which I 

intend to introduce into the record*( 

Q This plat on the wall i s your exhibit 1? 

A Yes. 

wi That was prepared by you? 

A Yes, s i r , uiider ay direction. 

y Will you proceed with exhibit 1 and explain what that, showsi 

A Case 862 deals particularly vith Orde. ri-111. The objective 

of Order i V l l l , £«rvo r a l l y referred to as the Potash Order, is as 

follows: "The objective of the si: rules and regulations i s tc prev-nc 

wast©, protect correlative rights, assure t̂ aximun; conaervatior of 

o i l and gas resources cf f.:ew Mexico and permit the sinultar.eous 

economic recovery of potash minerals i n the area hereinafter d a f i r o i . " 

The potash - o i l anaas are divided into two parts. Area A 

includes the various parts ir, whic, potash mining operations are i i 

progress, and Area T includes tht- various parts of which potash 

oininc operations are in progress or in which cor ir,-- teste i n d i 

cate potential potash reserves. 

Therefore, iixhiuit ho. 1, aarkea ir. red coloration includes 

the entire arya defined in Order ..-111 of potential poe asn rece very 

determined by actual exploration or core test date. The scale of 

the map showing the potash area i s one inch equal to two wiles, a.u 
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therefore i t ear raadily be aeen that the area to defined ia very 

large in extent, and for the fake of understanding the area itself 

I would like to point out on Exhibit No. 1 various landmarks. 

Here i s Artesia. New Mexieo, here ia Carlsbad, New Mexico and here 

is Hobbs, New Mexico. 

Q That shows both area A and B? 

A Yes, s i r , i t incorporates both areas. 

In Order E - l l l in the problem before the Commission, the 

rules specifies the casing program of wells drilled to a shallow 

depth of less than 5,000 feet, and deeper wells drilled to depths 

of greater than 5,000 feet. 

The surface pipe in shallow holes will be landed in the red bed 

section, and cemented to the surface. The salt string will be set 

between 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 zone. Now, in lieu of offsetting a 

salt string, an operator can pull such string whenever i t is landed 

for water shut-off and then the o i l string shall be cemented to 

surface. 9 

I , at this particular time, would like to read into the record 

the problem before 4*p'pertaining to two wells of Slams and Reese 

Oil Company, which have been completed within the designated potash 

area as defined by Order R - l l l . The Simms and Reese Oil Company*s 

Mc Clay No. 1, located 19$0 froEi the south and 660 from the east 

of Section 33, Tovmship 18 South, Range 30 East, perforations are 

2,844, that i s the top of the perforation. The seven inch casin, 

is set at 763 feet, four and a half inch casing at 2,093 feet 

> 

ceriianLsd with 100 sacks. The top of thi aflhydPlti, by 6Ur in forma-
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tion i t 250 f e s t . The top of the sa l t ift 550 foot, the base of the 

sa l t i s 1,494 foot and the top of tha Queen i s 2,610 feet . 

Ths Sians and Reese Oi l Company's McClay Ko. 2, I960 from the 

north and 660 from the east ef Section 33, Township 16 South, Rangt 

30 East , perforations, 3,036 to 61 f a s t . That i s 3.036 %o 3,061 

feet . Eight and f ive inch oasing set at 590 feet with 60 sacks. 

Five and a half inch casing set at 3,064 feet with 30 sacks. The t 

of the sa l t in th i s well I s at 560 feet , the base of the sa l t i s at 

1,495 feet , and tha top of the lates at 2,626, and the top of the 

î ueen to the producing fromation ia 2,644feet. 

Q I would l ike to interrupt for a moment here. You are aware 

the original applicant in this case, Siracas and Reese Oi l Company, 

stated in their application and tes t i f i ed at the las t hearing, that 

they did not believe that in the area concerned, the area of thoir 

v e i l s , there was potash sa l t in coiamereial quantities. Do you have 

any information as to that? Did year study go that far? 

A I don't knov? whether there i s potash of commercial quantiti< 

ln that area or not. 

m I see. 

A In fact , in reading the Sinrcs arid Ressw Oil Company, the 

llcClay No. 2 f i l e , I night add this i s a Federal wel l . That on th« 

Federal forE of sundry notices and reports or. wells, the operator, 

Si inns and 3e«se Oil Conpany makes the following stataraont. 

"Ve w i l l d r i l l to approximately 3,000 feet and set eight anc 

five inch surface casing and ceaent back to surface. Five and a 

half inch casing w i l l be set and cemented through the red sand and 

sand fracted. We w i l l comply with New Mexico Oi l Conservation 

op 

s 
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Coi»it«ton»« Order E-111 cm any swdif ication thereto," 

Q That wax filed well before their application for exception 

to KP-1U, wasn't i t ? 

A Tea, s i r . The point that Simms and Reese Oil Company have 

argued i s that potash i s not present in this area. It l s evidently 

uneconomical to produce o i l from this area in stripper production 

with tha eost of cementing, without («xception of Order R - l l l . The 

date of the Order R - l l l i s July 10, 1951, and since that time 16 

wells hays been drl11*4 in ths potash area. Of t he 18 wells that 

have been drilled, 16 wells have compiled with the order and the 

two wells of SicBBS and Rsese Oil Company seek an exception to this 

rule in this area where the wells are drilled. 

To better acquaint ourselves with the problem of the potash 

company and the o i l companies, two meetings were hald in Carlsbad 

prior to this hearing. Certain topics were discussed and probably 

should be mentioned and introduced into the record. Area A as defi 

by this order, i s a continuously changing picture. I have what is 

»&rked Exhibits No. 2 and 3# showing tha irregular pattern of potas 

occurrences. 

<« Were those prepared by you, t%r. Stanley? 

A No, s i r , these were prepared by the United Staten Geological 
lio 

Survey, and they show a scale on the exhibit. However, that is 

considered a trade secret and, therefore, i t is not actually aefi.-.&d 

in any one particular area referred to as actual description re

ferred to as township, range. 

Q Are you satisfied with the accuracy of these? 
A No, air, I know nothing about the exhibits. All I wait to 

ned 

h 

show is the irregular occurrence of potash in this particular area 
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What I would like t© ahow with thate two exhibit* ia the irregular 

occurrence of the potash area ae determined by core d r i l l . The 

closer spacing of core well holes could eren connect the areas shovin 

in Exhibits 2 and 3, and probably actual mining operations could 

change the entire picture. 

Today the potash industry is able to mlne.-â e- bodies of the 

thickness of IS inches, as we understand, i t is possible to mine sjfl-
4 

vite,an ore of potash, or sylvanite with a 14 percent content, or 

aa^&nite with sight percent. In some 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 especially 

refining continually changes the commercial extent of the boundaries 

of the proven potash reserves. 

It has been stated by the potash companies that porosity existi 

in the salt section that is mined. It has been definitely proven 
in the oil business that the salt section i s charged in the Monument 

and Hobbs Pool and charged with gas. The charging of o i l and gas in 

these pools was 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 xone, 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 

Sirmas and Reese Oil Company, i f typical of the area, have low gas-

oil ratios and also have very low bottom hole pressures. The pota^ 

areas defined i s unexplored for a l l practical purposes, for o i l 

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

with considerable gas volumes will not be obtained at ehallow dept *6-i 
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One intereating point that was mentioned at these nestings was 

a method of mining ©re. This type of mining refers to the reraoval 

of pillars, after the aonrantional mining ia completed, these pi11a 

sr supports are in an order of 100 foot in diameter. One pillar 

after another i s removed until tha earth above i t subsides* This 

subsidence i s evident at the surface of ths ground. It i s also 

sailsred that horizontal slippage occurs during the period of subsi 

donee, this would have ths tendency to shear off the easing of 

o i l wall! regardless of the number of strings ef casing run in 

modern completion practices. The well would never be plugged 

properly since i t could never be reentered. This subsidence would 

dffect both the deep and shallow wells. I can see where possible 

charging of the mine workings would result. 

It has been stated tliat the recoverable potash, based on potash 

mines at the present going price, i s ;15A-,000.00 per acre. 90 per

cent of the domestic potash^(or I mi^ht say tliat the domestic potae 

in excess ef 90 percent} i s mined in this area defined by Order n-ll 

In conclusion, I wish to state that I hare no recommendations 

in the case, that the Cem&issioi: will have to recommend. 

W Mr. Stanley, let Eio ask you this. You stated that you had 

no knowledge as to whether iu the area in question there v/as potas! 

salt in commercial quantities or not, is that correct? 

A That is right. 

Q Assuming that there is potash salt In cocsaereiai quantities 

in that area, would you care to ;.iake any comment on the casing 

program set out in R - l l l , and the easing program of the Simms-P.eese 

Company, as i t would protect any such salt? Do you havo any cominen 

rs 

h i 

1. 

t 

on that? 
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A Could I elaborate on ny answer? 

Q Certainly. 

A I hare studied a l l tha wall* ln tho Hobbs Pool from, a eorro-

sior standpoint, have inspected ovary well In that particular pool, 

and have also inspected a l l ths wtlls or virtually a l l the wells 

in tlie north half, or half ths walls in tho Monument Pool. The 

casing program as defined in Order R - l l l i s not exactly ths easing 

program that I would rsoommsnd in th* potash area, provided that 

thare was no horizontal slippage. However, I do not recommend thi 

the emming program be altered as defined in R - l l l . 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 Monument Pool is as follows: I f I intended to write an order 

to protect any potash area or any mine workings, I would write 

an order whereby the surface pipe would have to be set at 100 feet 

or 200 feet below the salt string in this manner. 

MR. MAC3Y: Below the salt string? 

A Yes. Hot set any surface pip* below the salt section, not 

set any surface pipe at a l l , but set i t — Assume tluit this is the 

salt section, set i t a hundred feet below and cement that particuls 

pipe to surface, then the oil string should be cemented ln such a 

fashion that the cement behind the pipe shall come to a point belov 

the o i l section, or below the salt section, excuse me. Therefore, 

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

potash companies, the oil companies or any individual could go to 

that particular well in question and observe between the annulus at 

the surface pipe ar? 1 oi r,riu3 whether a leakage occurred at any 

t 

T 
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particular tine during tha l i f e of the well. 

At tha preaent time, by cementing through the salt section, anc 

we hare found this in Hobbs and in Monument, there i s no method at 

th* surface of determining whether you have a leak or not. The 

only method that could determine whether you had a leak or not in 

any particular well, whereby the o i l string la cemented through 

the salt section, i t Vo run your tubing with a packer in such a 

faahion that you could observe or reeord the pressures between the 

tubing and th* o i l string. 

However, I am not making any recommendations that the casing 

program be altered in Order R—111, 

Q Do you feel that tht casing program set forth in R - l l l , you 

feel that i f that were followed i t does afford protection to the 

potash aalt section? 

A I think i t affords protection by merely running an oil stri; 

through the salt section. 

Q You feel that the cementing helps appreciably? 

A I think i t possibly could help, but there would be no known 
9 

method of ever testing tho well, due to the fact that most of the 

corrosion ia due to hydrogen sulphide, as we have observed in the 

Hobbs Pool, that the corrosion is internal, that i t is not externa 

adjacent to the salt section. That pipe pulled in the Hobbs Pool 

and in the Monument Pool, adjacent to the salt section showed that 

it would be in condition A, tnaJLJiJwJypUl(U^ i r - nev,. condition 

externally, but that the holes were formed from the inside by 

hydrogen sulphide. I do not feel that a rim of cement around this 
pipe a fraction of an inch in diameter in some cases would protect 
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that particular salt or potash ss ction, and i t woû d a^ravats ths 

problem I f you had oonaiderabls bottom hole pressure, or fas 

pressure. I feel that cement would not be able to holdf aav. a 

thousand pounds pressure as we have in the Hobbs Pool, or the 

Monument Pool. 

KR. KITT5: That i s a l l . 

MR. MAC ST i Any questions of the witness? Mr# Rhodes? 

CROSS aXAMINATIOf. 

3Y KR,. RHODES: 

Q These discussions with the potash operators, waa any mantior 

made of the possibility of bringing water in on the potash by d r i l l 

ing in the area? 

A You mean froa the surface or from the bottom? 

Q Below the line water table. 

A They do seek protection by setting the surface pipt- to pre

vent any water to go ahead aid flow downward into their mine work

ings. That i s the intent of setting surface pipe. 

Q Alao, you mentioned the potash operators coming through and 

pulling pillars and letting the back come in and subside? 

A Yes,sir. 

Q Do you suppose that the potash operators would be willing tc 

conduct a selective program on pulling these pillars in areas whers 

there are producing wells? 

A Well, I don't know anything about the potash people. I feel 

certainly sure that i f I ovtied the potash mines I wouldn't go ahead 

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

is present. What we usually have, by the drilling of several wells 

in the area, especially by bid u'lchardBOn, and kfldv.ing the pressure 
ADA DEARNLEY & ASSOCIATES 

STENOTYPE REPORTERS 

ALBUQUERQUE, NEW MEXICO 
TELEPHONE 3-6691 
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of tho P*nnaylvanian ooetion, that i f a wall were drilled to tha 

Pennsylvanian taction in any ont particular area whereby nine work

ings wero in operation, I feel reasonably euro that no one would 

dare pull these pi l lars out. 

Q That la exactly ny point. I wondered i f that was any con

sideration. 

A I think the discrepancy in the ord r , the most dangerous 

thing about the entire deal i s to go ahead and d r i l l a deep well 

to th* Pennsylvanian and then have subsidence and lateral-horisonts 

movement. It does not mention the concern about the deep wells 

thesiselves. I believe by shearing the casing off in trie deep wells 

is what probably wi l l cause a l l the trouble. 

Q I was Just wondering i f that was too much of a consideration 

i f accommodation couldn't be made by w dch that danger could be 

alleviated? 

A I think that would be the concern of the potash company and 

the concex'n of tre oil operstor in that particular case. 

MR. RH0D33: That is all. 

MACLYi Anyone else? 

Ly LAh.::; —J,H- tf. 

^ You have a value for the potash; in this arta. Do you have a 

value for the oil? 

A Yes, we had a value of potash as stated by the potasn 

companies of a recovery of past experience of ,1?/T,0C»0.00 per Jtcry. 

I seriously doubt that the shallow wells in this area wit! the 

exception of the Gst̂ ty Pool, would recover more than 1,500 barrels 

per acre, or roughly approximately 44,000.00 per acre. 

1 
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Q It i s our knowledge that the pillars remaining after the f i r 

extraction ia about 30 or 35 percent, i t would be roughly $50,000.0 

A Tea, a i r . 

MR* MACS!I Mr. Rhodes? 

BY MR. RHODES: 

ii Do you believe that poasibly pulling the pillars in one area 

would result in horisontal movement ,in some quite distant area? 

A It could poasibly affect i t . I t 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 i s 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 movement. 

MR. WiAViH: I can answer that. Q. C. weaver, representing 

Duval Sulphur and Potash. *e have horizontal threats there as wall 

as vertical. Just where i t would show up, we can't t e l l . Assume 

we are mining at 1,000 feet, I would thoroughly expect to get hori-

zontal displacement a thousand feet fron. any area we rocked. You 

car figure on about a 45 degree break there, v.hau we talk about 

mining an area, when we go in and mine an area, in the first mining 

in the room and pillar syster. we extract about, well, fro^ 50 to 75 

percent of the potash present, v,-e get subsidence. It is not enough 

to hinder our mining 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 close to i t . It wouldn't take much subsidence tc 

Jt 

)? 
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•hoar a caalng* Suppose tha caalng wa* sheared and gas and oil ls 

escaped in the workings, how in the world would you erer replug 

that well? Tou have a loss of oil and gas which will never be 

recovered, and you will never recover the potash, 

MR, MACEY: Does anyone have any further questions? Mr, 

Yates? 

By Mil, TAT £S: 

Q Harvey Yates, I would like to ask the witness, Mr, Stanley, 

i f , under the circumstances there i s any long wall mining, is ther« 

any kind of pipe program that you could conceive of that could staid 

that shearing, so-called? 

* No, I can't coj^ceiye of the o i l industry inventing anything that 

would stand the shock of any lateral movement• 

5* How is the o i l industry and potash industry compatible in 

this area, for instance? 

A I don't know. 

si I have a little field out there in the so-called area of the 

potash company. If you wiil recall, one potash company said they 

wanted no wells whatsoever drilled in this area. I wcul,d like to 

know how I ar. going to protect ray leasee? 

A If I understand, and I believe Kr, Jack Frost with the Unit«d 

States Geological Survey is in the audience. If I undetstar.d it 

correctly from Mr. Frost in conversations that there are particular 

areas here owned by the government, whereby they do not issue any 

oil leases for shallow rights. That effective date was probably 

two or three years ago, I don't know the exact date. They do not 

issue any oil rights for shallow depths. It is only those that can 

A D A D E A R N L E Y & A S S O C I A T E S 
STENOTYPE REPORTERS 

A L B U Q U E R Q U E . NEW MEXICO 
T E L E P H O N E 3 - 6 6 9 1 
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• 
d r i l l who had tha o i l right* prior to that particular date. I wish 

Mr, Frest would elaborate on that subject. 

MK. FROST: Jack Frost, United States Geological Survey. I 

believe you misunderstood some of our l i t t l e discussion. 

A I am sorry. 

MR. FROST: There i s a provision in those new leases ln the 

potash area that sty off ice can not approve the d r i l l i n g of a ah a l io 

well without clearing i t through Washington in advance. 

Ai I tee. Nay I ask you a question? Tou can d r i l l anywhere in 

the defined potash area, an o i l well i f you do own the o i l and gas 

leases on Federal acreage? 

MR. FROST: I think you have SOPething mixed up there. Ther 

i s no provision that I know of/\we can't approve the d r i l l i n g of a 

well with a valid o i l and gas lease, but therts wouli be areas in 

there where we would have to consult with the potash companies an^ 

reach an agreement between the operator and the potash company befo 

I could approve the d r i l l i n g . Does that clear i t up? 

A Tes• , 

MR. MAChY: Does that pertain solely to shallow wells or bot 

KR. Fil03T: No shallow, those fron: 5,000 feet up. I f , on 

the new leases I would have to clear through Washington. 

MR. MACSY: ;4r. Tates? 

MR. YAT.,3: I wouli l ike to ask, union the cireunetances, 

how i s a man going to get approval from the potash companies to 

d r i l l a wel l . He says that he can't issue a pert:it to d r i l l a well 

wit nout approval of the potash company i f they don't want any wells 

1 

ris 

i ? 

dri l led in their id-cal led A or ore bc-dy, how is a mar- go inr- to—get 
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th* Approval* 

A I am aura they havs to approv* th* dril l ing of the o i l well 

l f you conform to Order R - l l l . 

MR. TATES: That suits SJ*. 

MR* FROSTi This may help clear that up. That o i l and gas 

exploratory test well should act be drilled through any open potash 

mineB or within 1J320 feet thereof, ucleas agreed to in writing by 

t;.e rx>tash lessee inyolV]i»d. That ia on your R - l l l , Page 7, Section 

3, Exploration of areas, and this was Area A, a portion of Sub

paragraph A there. 

MR. MACEY: Anyone have any further questions of Mr. Stanley 

Mr. Stanley, I think we have possibly gotten off the beam here a 

l i t t l e bit . I don*t think we have done any harm. I t appears to 

me from what you have said, that you are more concerned with the 

deep drill ing than you are with the shallow. An; I right? 

A That is correct| i f you take into consideration the subsi

dence and the pressure of the Pennsylvanian Formation. 

MR. IIAC^YJ That is a l l I have. * 

R^-DUUCT &XAKINATI0N 

By ;«:;. KITTSJ 

U ilr. Stanley, leaving th* cuestior. of subsidence for the 

ooaent, you commented on the casing program of R - l l l . Would you 

care to make any comment on the casing progran; of the Reese-Sirums 

Oil Company? 

A Ko, s i r , I do not wish to make any comment. 

KR. KITTS: That i s a l l . 

? 

A well, i might say that they have not complied with ordar 
ADA D E A R N L E Y & A S S O C I A T E S 

S T E N O T Y P E R E P O R T E R S 

A L B U Q U E R Q U E , N E W M E X I C O 
T E L E P H O N E 3 - 6 6 9 1 



16 

R»l l l , but they are here to seek an exception. 

Q How would you compare the protection afforded by their eaair 

and that afforded by R - l l l T 

A That would be an argument to know whether that core of cemen 

actually protects the aalt section on that part of the pipe. 

Q That would be the point? 

A Tes* 

KACSTl Mr. Lane? 

By LAf.i; 

Q Things have been said here, how can a potash coupany agree 

to a well, when an operator has already been put into intent that 

he would comply with the regulations and he hasn't? How can we 

ever agree to i t before the well is drilled? We are not getting 

very audi assurance them* He stated that he was going to comply 

witn the regulations. 

A You want ae to answer that question? I don't, know. 

MR. MAĈ Yt Anyone else? I f not the witness aay be^excused 

('« itness excusyd.) 

MR. RAC.dY; Joes anyone haw-? anything further in this case-? 

If :*ot we wil l take the case under advisement. 

S 

t 
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STATE CF NEW MEXICO ) 
ss. 

COUNTY OF BERNALILLO ) 

ADA DEARNLEY , Court Reporter, do hereby 

certify that the foregoing and attached transcript of proceedings 

before the New Mexico Oil Conservation Commission at Santa Fe, 

New Mexico, is a true and correct record to the best of my 

knowledge, s k i l l and abil i t y . 

IN WITNESS WHEREOF I have affixed my hand and notarial 

eeal this 2 8 t h day of A p r i l • f 195^ 

Notr ry Public, Court Reporter /* 

My Commission Expires: 

June 19, 1935 
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B E F O R E T H E O I L C O N S E R V A T I O N COMMISSION 
O F T H E S T A T E O F NFTW M E X I C O 

IN T H E M A T T E R O F T H E H E A R I N G 
C A L L E D B Y T H E O I L C O N S E R V A T I O N 
COMMISSION O F T H E S T A T E O F NEW 
M E X I C O F O R T H E P U R P O S E O F 
CONSIDERING: 

C A S E NO. 278 
Order No. R - l l l - A 

T H E A P P L I C A T I O N O F T H E O I L 
C O N S E R V A T I O N COMMISSION UPON 
ITS OWN MOTION F O R A N O R D E R 
R E V I S I N G O R D E R R - l l l ISSUED IN 
C A S E 278, P E R T A I N I N G T O T H E 
P O T A S H - O I L A R E A S O F E D D Y AND 
L E A C O U N T I E S , NEW M E X I C O . 

O R D E R O F T H E COMMISSION 

B Y T H E COMMISSION: 

This cause came on for hearing at 9 o'clock a . m . on July 14, 1955, 
August 17, 1955 and September 15, 1955, at Santa F e , New Mexico, before the Oil 
Conservation Commission, hereinafter referred to as the "Commission". 

NOW, on this 13th., day of October, 1955, the Commiss ion, a 
quorum being present, having considered the records and testimony adduced, and 
being fully advised in the premises; 

FINDS: 

(1) That due notice of the time and place of hearing and the purpose 
thereof having been given as required by law, the Commiss ion has jurisdict ion of this 
case and the subject matter thereof. 

(2) That the delineation of an area including and containing potential 
oil and gas reserves , within which are commerc ia l potash deposits, and the promulga
tion of rules and regulations for the orderly;development of oil and gas resources in 
such area known to be productive of potash is within the authority of the Commiss ion 
for the protection of correlative rights, the promotion of conservation, and the preven
tion of waste. 

IT IS T H E R E F O R E O R D E R E D : 

That this order shall be known as The Rules and Regulations Govern
ing the Exploration of O i l and Gas in Certain A r e a s Herein Defined, which are Known 
to contain Potash R e s e r v e s . 
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I . 

O B J E C T I V E 

The objective of these Rules and Regulations is to prevent waste, 
protect correlative rights, assure maximum conservation of the o i l , gas and potash 
resources of New Mexico, and permit the economic recovery of oi l , gas and potash 
minerals in the area hereinafter defined. 

I I . 

T H E P O T A S H - O I L A R E A 

(1) The Potash-p i l A r e a , as outlined in Exhibit A attached hereto 
and made a part hereof, represents the area in various part of which potash mining 
operations are now in progress , or in which core tests indicate commerc ia l potash 
reserves . 

(2) The Potash-Oi l A r e a , as outlined herein, may be revised by 
the Commiss ion after due notice and hearing. 

I I I . -
D R I L L I N G IN T H E P O T A S H A R E A 

(1) A l l dri l l ing of oil and gas wells in the Potash A r e a shal l be 
subject to these Rules and Regulations. 

(2) No wells wi l l be dr i l led for oil or gas at a location which, in the 
opinion of the Commission or its duly authorized representative, would result in undue 
waste of potash deposits or constitute a hazard to or interfere unduly with potash 
deposits. 

No mining operations w i l l be conducted in the Potash A r e a that would, 
in the opinion of the Commiss ion or its duly authorized representative, constitute a 
hazard to oil or gas production, or that would unreasonably interfere with the orderly 
development and production from any oil or gas pool. 

(3) Upon discovery of oi l or gas in the Potash A r e a , the Oi l Conser 
vation Commission shall promulgate pool rules for the affected area'.after due notice and 
hearing. 

I V . 

D R I L L I N G AND CASING P R O G R A M 

(1) F o r the purpose of the regulations and the dri l l ing of oil and gas 
exploratory test wel ls , shallow and deep zones are defined, as follows: 
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(a) The shallow zone ahall include a l l formations above the base of 
the Delaware sand or above a depth of 5,000 feet, whichever is the l e s s e r . 

(b) The deep zone shall include a l l formations below the base of the 
Delaware sand or fcelow a depth of 5,000 feet, whichever is the l e s s e r . 

(2) Surface Casing String: 

(a) A surface casing string of new or used oil field casing in good 
condition shall be set in the "Red Bed" section of the basal Rust ler formation immed
iately above the salt section, or in the anhydrite at the top of the salt section, a s 
determined necessary by the regulatory representative approving the dri l l ing operations, 
and shall be cemented with not less than one hundred and fifty percent (150) percent of 
calculated-volume necessary to circulate cement to the ground surface 

(b) Cement shall be allowed to stand a minimum of twelve (12) hours 
under pressure and a total of twenty-four (24) hours before dri l l ing the plug or initiat
ing tests. 

(c) Casing and water-shut-off tests shal l be made both before and 
after dril l ing the plug and below the casing seat as follows: 

(i) If rotary tools are used, the mud shal l 
be displaced with water and a hydraulic 
pressure of six? hundred (600) pounds per 
square inch shal l be applied. If a drop of 
one hundred (100) pounds per square inch 
or more should occur within thirty (30) 
minutes, correct ive measures shall be 
applied. 

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

(d) The above requirements for the surface casing string shall be 
applicable to both the shallow and deep zones. 

(3) Salt Protection String: 

(a) A salt protection string of new or used oil field casing in good 
condition shall be set not less than one hundred (100) feet nor more than six hundred 

'•00) feet below the base of the salt section; provided that such string shall not be set 
oelow the top of the highest known oil or gas zone. 
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(b) The salt protection string shall be cemented, as follows: 

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

(ii) For wells drilled to the d(gep zone, the string 
must be cemented with sufficient cement to fi l l 
the annular space back of the pipe from the casing 
seat to the surface or to the bottom of the cellar; 
however, where the base of the Delaware Mountain 
Group is definable the casing rules in {IV) (3b) (i) 
shall apply even if the depth of the bottom of the 
Delaware Mountain Group is greater than 5,000 feet. 
For the purpose of identification, the base of the 
Delaware Mountain Group is hereby identified as the 
equivalent of the base of such formation as found at 
a depth of 7485 feet in the Richardson and Bass No. 1 
Rodke well in Section 27, Township 20 South, Range 
31 East , NMPM, Lea County, New Mexico, immediately 
overlying the Bone Springs formation. 

(c) If the cement fails to reach the surface or the bottom of the 
cellar, where required, the top of the cement shall be located by a temperature or 
gamma ray survey and additional cementing shall be done until the cement is brought 
to the point required. 

(d) The fluid used to mix with the cement shall be saturated with 
the salts common to the zones penetrated and with suitable proportions but not less 
than 1% of calcium chloride by weight of cement. 

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

(f) Casing tests shall be made both before and after drilling the 
plug and below the casing seat, as follows: 
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(i) If rotary tools are used, the mud shall 
be displaced with water and a hydraulic pressure 
of one thousand (10,00) pounds per square inch 
shall be applied. If a drop of one hundred (100) 
pounds per square inch or more should occur 
within thirty (30) minutes, corrective measures 
shall be applied. 

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

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

(h) The above requirements for the salt protection string shall be 
applicable to both the shallow and deep zones.except for sub-section IV (3), (b), (i) 
and (ii) above. 

(4) Intermediate String; 

(a) In the drilling of oil and gas exploratory test wells to the deep 
zone, the operator shall have the option of running an intermediate string of pipe, 
unless the Commission requires an intermediate string. 

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

(5) Production String; 

(a) A production str ing shall be set on top or through the o i l or 
gas pay zone and shall be cemented as fol lows: 

(i) For wells d r i l l ed to the shallow zone the 
production str ing shall be cemented to the 
surface i f the salt protection str ing was 
cemented only with a nominal volume fo r test
ing purposes, i n which case the salt protection 
str ing can be cut and pulled before the prod
uction s tr ing is cemented; provided, that if> the 
salt protection str ing was cemented to the surface , 
the production str ing shall be cemented with a 
volume adequate to protect the pay zone and the 
casing above such zone. 
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(ii) F o r wells dri l led to the deep zone, the 
i i > i ! ° l j production string shal l be cemented with a 

' • ^ * volume adequate to protect the pay zone and 
" , n l ^ the casing above such zone; provided, that if 

: 1 ' ' ; no intermediate string shall have been run and 
1 - ; cemented to the surface, the production string 

' ' shall be cemented to the surface . 

(b) Cementing procedures and casing tests for the production 
string shall be the same as provided under sub-section IV (3), (c) , (e) and (f) for 
the 6alt protection string; however if high pressure oil or gas production is discovered 
in any area , the Commiss ion shall promulgate the necessary rules to prevent the 
charging of the salt section. 

. • .• -> - • • v. - •• ~ r : \ . ... ,. . . , . 
' D R I L L I N G F L U I D F O R S A L T S E C T I O N 

• ' 'The fluid u s £ d while dri l l ing the salt section shal l consist of water, to 
which has1 been added sufficient salts of a character common to the zone penetrated 
to completely saturate the mixture. Other admixtures may be added to the fluid by 
the operator in overcoming any specific problem. Thi s requirement is. specif ical ly 
intented to prevent enlarged d r i l l holes. 

>• • vi. , 

PLUGGING AND ABANDONMENT OF WELLS 

(1) A l l wel ls heretofore and hereafter dri l led within the Potash A r e a 
shall be plugged in a manner and in accordance with field rules established by the 
Commission that wi l l provide a solid cement plug through the salt section and any 
water bearing horizon and prevent liquids or gases from entering the hole above or 
below the salt section. 

(Z) The fluid used to mix the cement shall be saturated with the salts 
common to the salt section penetrated and with suitable proportions but not more than 
three (3) percent of ca lc ium chloride by weight of cement being considered the desired 
mixture whenever possible. _J / n 

^ V I I . \ 

\ ^ L O C A T I O N FOR' W E L L S 

Before commencing dril l ing operations for oil or gas on any lands within 
:he Potash A r e a , the well operator shall prepare a map or plat showing the location 
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of the proposed wel l , 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 Commiss ion , 
the wel l operator shall send one copy by registered mai l to a l l potash operators 
holding potash leases within a radius of one mile of the proposed wel l , as refjbected 
by the plats submitted under paragraph I X (2). 

The well operator shall furnish proof of the fact that said potash oper
ators were notifiedJby registered mai l 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 Commiss ion. 

The Commiss ion , or its authorized representative, may approve such 
Notice of Intention to D r i l l if no objection to the location of the proposed wel l is made 
by a potash operator within "ten days after receipt. If the location of the proposed well 
is objected to by the potash operator, the matter shal l be re ferred to the Secre tary-
Director of the Commission for arbitration. If a sat isfactory settlement cannot be 
reached, the Secretary-Director of the Commiss ion shal l refer the matter to a hear
ing before the Commission after due notice and a decision either approving or denying 
the operator's plans to d r i l l shal l be entered by the Commiss ion . 

V I I I . 

I N S P E C T I O N O F D R I L L I N G AND MINING O P E R A T I O N S 

A representative of the potash operator may be present during dri l l ing, 
cementing, casing, and plugging of a l l oil or gas wells within a radius of one mile 
of the wel l location to observe conformance with these regulations. L ikewi se , a 
representative of the oil and gas lessee may inspect mine workings on his lease to 
observe conformance with these regulations. 

I X . 

F I L I N G O F W E L L S U R V E Y S , M I N E S U R V E Y S 
AND P O T A S H D E V E L O P M E N T P L ^ N S 

(1) Directional Surveys: 

The Commiss ion may require an operator to file a certif ied d irect 
ional survey from the surface to a point below the lowest known potash bearing horizon 
on al l wells dril led within the Potash A r e a . These surveys may be required where, 
in the Commission's judgment, the exact location of the well-bore must be determined 
in order to aid mining operations. 

(2) Mine Surveys: 

Within 30 days after the adoption of this order, and thereafter on or 
before January 31st of each year , each potash operator shall furnish two copies of a 



- 8 -
Orde r No. R - l l l - A 

plat of a survey of the loca t ion of his leaseholdings and a l l of his open m i n e w o r k i n g s , 
wh ich plat shal l be avai lable f o r publ ic inspec t ion . 

(3) Potash Development P l a n : < 

W i t h i n 30 days a f t e r adopt ion of th is o r d e r and t h e r e a f t e r on or 
before January 31st of each yea r , each potash opera to r sha l l f u r n i s h two copies of 
a p r o j e c t i o n of development plans i n the f o r m of a p l a t , w h i c h plat sha l l be f o r the 
conf iden t i a l use of the C o m m i s s i o n and f o r inspec t ion by any a f fec ted o i l o r gas oper 
a to r . The p r o j e c t i o n sha l l cover not less than 3 no r m o r e than a 5 yea r development 
p r o g r a m . 

X . 

A P P L I C A B I L I T Y OF S T A T E W I D E RULES A N D R E G U L A T I O N S 

A l l general statewide ru les and regula t ions of the O i l Conserva t ion C o m 
m i s s i o n governing the development , opera t ion , and p r o d u c t i o n of o i l and gas i n the 
State of New Mexico not inconsis tent o r i n c o n f l i c t herejktf th , a re hereby adopted and 
made applicable to the areas desc r ibed h e r e i n . 

E X H I B I T " A " 

P O T A S H - O I L AREA 

TOWNSHIP 18 S O U T H , RANGE 30 EAST 
Sect ion 13 SW/4 
Sect ion 14 : S / 2 , N W / 4 , W/2 N E / 4 
Section 15, S E / 4 
Sect ion 22 E / 2 , E /2 W / 2 
Section 23 : A l l 
Section 24 • NW/4 
Sect ion 26 N / 2 
Sect ion 27 N/2 N E / 4 

TOWNSHIP 19 S O U T H , R A N G E 29 EAST 
Sect ion 11 SE/4 
Sect ion 12 S / 2 , S/2 N E / 4 
Section 13 N / 2 , N / 2 S/2, S/2 SW/4 
Sect ion 14, E / 2 , E / 2 W / 2 
Sect ion 23 ' N/2 N E / 4 

TOWNSHIP 19 S O U T H , R A N G E 30 EAST 
Sect ion 3: S/2 
Sect ion 4: S/2, N W / 4 , SW/4 N E / 4 
Sect ion 5: E / 2 , E / 2 W / 2 , SW/4 SW/4 



Order No. R - l l l - A 

EXHIBIT "A"(Continued) 

TOWNSHIP 
Section 7: S / 2 , S/2' N / 2 , N/2 N E / 4 
Section 8: A l l 
Sect ion 9". A l l 
Section 10 : A l l 
Section 11 : S W / 4 , W/2 S E / 4 
Section 14: W / 2 , W/2 SE/4 
Section 15: A l l 
Section 16: A l l 
Section 17: A l l 
Section 18: E / 2 , NW/4 
Section 19: N E / 4 
Section 20 : N / 2 , S E / 4 S E / 4 
Section 21 : A l l 
Section 22 : A l l 
Section 23 : W/2 
Section 26: W / 2 , S E / 4 
Section 27: A l l 
Section 28 : A l l 
Section 29: E / 2 
Sect ion 32 : S E / 4 , N E / 4 N E / 4 
Section 33 : A l l 
Section 34: A l l 
Sect ion 35 : A l l 
Sect ion 36 : S W / 4 , S/2 N W / 4 , S/2 SE/4 

TOWNSHIP 19 S O U T H , R A N G E 31 EAST 
Sect ion 36 • SE/4 

TOWNSHIP 19 S O U T H , R A N G E 32 EAST 
Section 31 W/2 SW/4 
Sect ion 33 S E / 4 , E / 2 S W / 4 
Section 34 • S/2 
Section 35 S/2 
Sect ion 36 • S W / 4 , S E / 4 S E / 4 

TOWNSHIP 19 S O U T H , RANGE 33 EAST 
Sect ion 22 SE/4 SE/4 
Sect ion 23 SW/4 
Sect ion 25 SW/4 
Section 26 A l l 
Sect ion 27. E / 2 
Section 31 S/2 
Sect ion 32 SW/4 
Sect ion 34 N E / 4 N E / 4 
Section 35 A l l 
Sect ion 36 S / 2 , NW/4 W/2 N E / 4 



EXHIBIT " A " (continued) 

TOWNSHIP 19 SOUTH, RANGE 34 EAST 
Section 31: SW/4 SW/4 

TOWNSHIP 20 SOUTH, RANGE 29 EAST 
Section 13: SW/4 SW/4 
Section 14: SE /4 S E / 4 
Section 22: S E / 4 , S/2 N E / 4 
Section 23: S /2 , N E / 4 
Section 241 W / 2 , W/2 S E / 4 
Section 25: N / 2 , N / 2 S/2 
Sect ion 26: A l l 
Section 27: E / 2 
Section 34: N E / 4 , - N / 2 SE/4 
Section 35: N W / 4 

TOWNSHIP 20 S O U T H , RANGE 30 EAST 
Section 1: A l l 
Section 2: A l l 
Section 3: A l l 
Section 4: A l l 
Sect ion 5: S/2 , N E / 4 
Sect ion 6: S/2, S/2 N E / 4 
Section ?: N W / 4 , E / 2 
Section 8: A l l 
Section 9: A l l 
Sect ion 10 A l l 
Sect ion 11 A l l . 
Section 12 A l l 
Sect ion .13 A l l 
Section 14 A l l 
Sect ion 15 A l l 
Sect ion 16 A l l 
Sect ion 17 : A l l 
Sect ion 18 r E / 2 
Sect ion 19 : E / 2 
Sect ion 20 . A l l 
Section 21 : A l l 
Sect ion 22 : A l l 
Section 23 : A l l 
Sect ion 24 : A l l 
Section 25 : A l l 
Section 26 : A l l 
Section 27 : A l l 
Section 28 : A l l 
Section 29 : A l l 
Sect ion 30 : A l l 
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E X H I B I T " A " (continued) 

TOWNSHIP 20 S O U T H , RANGE 30 EAST (continued) 
Sect ion 31 : E / 2 
Sect ion 32 A l l 
Sect ion 33 : A l l 
Sect ion 34 : A l l 
Sect ion 35 : A l l 
Sect ion 36 : A l l 

TOWNSHIP 20 S O U T H , R A N G E 31 EAST 
Sect ion 1: E / 2 , E / 2 W / 2 
Sect ion 6: S W / 4 . S/2 N W / 4 , W/2 S 
Sect ion 7: W / 2 , S E / 4 , W/2 N E / 4 
Sect ion 8: S/2, S/2 N / 2 
Sect ion 9: S W / 4 , S/2 NW/4 
Sect ion 11 S E / 4 , E / 2 SW/4 
Sect ion 12 : A l l 
Sect ion 13 : A l l 
Sect ion 14 E / 2 , S W / 4 , E /2 N W / 4 
Sect ion 16 W/2 
Sect ion 1 7 A l l 
Sect ion 18 A l l 
Sect ion 19 A l l 
Sect ion 20 A l l 
Sect ion 21 N W / 4 , S/2 
Section 22 S/2, S/2 N E / 4 
Sect ion 23 A l l 
Section 24 A l l 
Sect ion 25 A l l 
Sect ion 26: A l l 
Sect ion 27: A l l 
Sect ion 28 A l l 
Sect ion 29: A l l 
Sect ion 30: A l l 
Sect ion 3 1 : A l l 
Sect ion 32: A l l 
Sect ion 33: A l l 
Sect ion 34' A l l 
Sect ion 35: A l l 
Sect ion 36: A l l 

TOWNSHIP 20 S O U T H , RANGE 32 EAST 
Sect ion 1: A l l 
Sect ion 2: A l l 
Sect ion 3: A l l 
Sect ion 4 : E / 2 , S W / 4 , E / 2 N W / 4 
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EXHIBIT "A" (continued) 

TOWNSHIP 20 SOUTH, RANGE 32 E A S T , (Continued) 
Section 5 S/2 S E / 4 
Section 6' W / 2 , SW/4 S E / 4 
Section 7 A l l 
Section 8 A l l 
Section 9' A l l 
Section 10 A H 
Section 11 A l l 
Section 12 A l l 
Section 13 A l l 
Section 14 A l l 
Section 15 A l l 
Section 16 A l l 
Section 1 7 : A l l 
Section 18 A l l 
Section 19 A l l 
Section 20 A l l 
Section 21 A l l 
Section 22 A l l 
Section 23 A l l 
Section 24 A l l 
Section 25 : A l l 
Section 26 : A l l 
Section 27 A l l 
Section 28 A l l 
Section 29: A l l 
Section 30 A l l , 
Section 31 A l l 
Section 32 A l l 
Section 33 A l l 
Section 34 A l l 
Section 35 A l l 
Section 36 A l l 

TOWNSHIP 20 S O U T H , R A N G E 33 E A S T 
Section 1 A l l 
Section 2 E / 2 , E / 2 W/2 
Section 5 W/2 
Section 6 A l l 
Section 7 A l l 
Section 8 W / 2 , SW/4 N E / 4 , S E / 4 
Section 9 S/2 S / 2 , NW/4 SW/4 
Section 10 S/2 
Section 11 E / 2 . E / 2 NW/4 , SW/4 
Section 12 A l l 
Section 13 A l l 
Section 14 A l l 



E X H I B I T "A" (continued) 

TOWNSHIP 
Section 1 5 
Section 16 
Section 17 
Section 18 
Section 19 
Section 20 
Section 21 
Section 22 
Section 23 
Section 24 
Section 29̂  
Section 30 
Section 31 

20 S O U T H , R A N G E gjf E A S T (continued) 
A l l 
A U 
A l l 
A l l 
A l l 
A l l 
W/2 S W / 4 , NW/4, N/2 N E / 4 
N/2 N/2 
N/2 N / 2 , S E / 4 NEi/4 
N / 2 , N/2 S E / 4 , S E / 4 S E / 4 
W/2 , N E / 4 , N/2 S E / 4 , SW/4 S E / 4 
A l l 
N / 2 , W/2 S W / 4 

TOWNSHIP 20 S O U T H . R A N G E 34 E A S T 
Section 6: W / 2 , W/2 S E / 4 
Section 7: A l l 
Section 8: SW/4 
Section 16 S W / 4 , S W / 4 NW/4, S W / 4 S E / 4 
Section 17 A l l 
Section 18 A l l 
Section 19 A l l 
Section 20 A l l 
Section 21 A l l 
Section 22 SW/4 
Section 27 W/2 
Section 28 A l l 
Section 29 N / 2 , S E / 4 , N E / 4 SW/4 
Section 30 N E / 4 NW/4 , N/2 N E / 4 , S E / 4 N E / 4 
Section 32 N/2 N E / 4 . S E / 4 N E / 4 
Section 33 N/2 , S E / 4 , N/2 S W / 4 , S E / 4 SW/4 
Section 34 W/2 

TOWNSHIP 21 S O U T H , R A N G E 29 E A S T 
Section 1 
Section 2 
Section 3 
Section 4 
Section 11 
Section 12 
Section 13 
Section 14 
Section 15 
Section 23 

1-16, incls 
1-9, inc l . 
1-8 inc l . , Lots 
E / 2 SW/4 

S E / 4 , N E / 4 SW/4 

10 and 11 

A l l 
Lots 
Lots 
Lots 
E / 2 , 
A l l 
A l l 
E / 2 , E / 2 W / 2 , SW/4 NW/4 , NW/4 SW/4 
S E / 4 N E / 4 , N E / 4 S E / 4 
N/2 N E / 4 
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E X H I B I T "A" (continued) 

TOWNSHIP gi S O U T H , R A N G E 29 E A S T (continued) 
Section 24: N E / 4 , N E / 4 S E / 4 , N/2 NW/4 , S E / 4 NW/4 
Section 35: S/2 N E / 4 , S E / 4 , E / 2 S W / 4 
Section 36: S/2 SW/4', S E / 4 , S/2 N E / 4 , N E / 4 N E / 4 

TOWNSHIP 21 S O U T H , R A N G E 30 E A S T 
Section 1: A l l 
Section 2: A l l 
Section 3: A l l 
Section 4: A l l 
Section 5: A l l 
Section 6: A l l 
Section 7: A l l 
Section 8: A l l 
Section 9: N / 2 , S W / 4 
Section 10: N / 2 , S E / 4 , N/2 S W / 4 , S E / 4 SW/4 
Section 11: A l l 
Section 12: A l l 
Section 13: A l l 
Section 14: A l l 
Section 15: N E / 4 , N E / 4 N W / 4 , N/2 S E / 4 , S E / 4 S E / 4 
Section 16: NW/4 NW/4 
Section 17: A l l 
Section 18: A l l 
Section 19: A l l 
Section 20: NW/4, N/2 N E / 4 
Section 22: E / 2 E / 2 
Section 23: A l l 
Section 24: A l l 
Section 25: N /2 , S E / 4 , N/2 S W / 4 , S E / 4 SW/4 
Section 26: N / 2 , N/2 S/2 
Section 27: N E / 4 , N/2 S E / 4 , S E / 4 S E / 4 
Section 20: NW/4 , N/2 SW/4 
Section 30: E / 2 , E / 2 W/2 
Section 31: A l l 
Section 32: S / 2 , NW/4 , NW/4 N E / 4 , S/2 N E / 4 
Section 36: E / 2 

TOWNSHIP 21 S O U T H , R A N G E 31 E A S T 
Section 1: A l l 
Section 2: A l l 
Section 3: A l l 
Section 4: A l l 
Section 5: A l l 
Section 6: A l l 
Section 7: A l l 
Section 8: A l l 



E X H I B I T "A" (continued) 

TOWNSHIP 21 
Section 9: 
Section 10 
Section 12 
Section 13 
Section 15 
Section 16 
Section 18 

Section 21 
Section 22 
Section 27 
Section 28 
Section 30 
Section 31 
Section 33 
Section 34 

S O U T H , R A N G E 31 E A S T (continued) 
A l l 
W/2 
N / 2 , S E / 4 . N /2 S W / 4 , S E / 4 SW/4 
N/2 N E / 4 
W / 2 -
E / 2 , NW/4 . E / 2 SW/4 
NW/4, W/2 N E / 4 , N E / 4 N E / 4 , W/2 SW/4 
N E / 4 SW/4 
E / 2 , N E / 4 NW/4 
W/2 
W/2 , SW/4 N E / 4 , W/2 S E / 4 
E / 2 
S W / 4 , W/2 N W / 4 , S E / 4 NW/4 
W/2 
N E / 4 N E / 4 
NW/4, NW/4 N E / 4 

TOWNSHIP 21 S O U T H , R A N G E 32 E A S T 
Section 6: Lots 1-7 inc l s . , Lots 10-15, inc ls . 
Section 7: W/2 
Section 22: E / 2 
Section 23: A l l 
Section 24: A l l 

SW/4 

TOWNSHIP 21 S O U T H . R A N G E 33 E A S T 
Section 3: 
Section 17 
Section 18 
Section 19 
Section 20 
Section 21 
Section 22 
Section 23 
Section 24 
Section 25 
Section 26 
Section 27 
Section 28 
Section 29 
Section 30 
Section 33 
Section 34 

Lots 1 , 2 , 3 
S/2 S /2 
S E / 4 S E / 4 
A l l 
A l l 
W/2 , S E / 4 , S /2 N E / 4 
S / 2 , S /2 N/2 
S / 2 , S/2 N / 2 , N E / 4 N E / 4 
A l l 
NW/4 , N/2 N E / 4 , S W / 4 N E / 4 , N/2 SW/4 
W/2 , N E / 4 , N/2 S E / 4 , SW/4 S E / 4 
A l l 
A l l 
N /2 , S E / 4 , N E / 4 SW/4 
N/2 N E / 4 , S E / 4 N E / 4 
N/2 N/2 
N/2 N/2 
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EXHIBIT "A" (continued) 

TOWNSHIP 21 SOUTH, RANGE 34 EAST 
Section 19: W/2 

TOWNSHIP 22 SOUTH, RANGE j2$ EAST 
Section 1: A l l 
Section 2: E / 2 , E / 2 NW/4 , SW/4 
Section 3: S /2 S E / 4 , N E / 4 S E / 4 
Section 10 E / 2 , E / 2 W / 2 , SW/4 SW/4 
Section 11 A l l 
Section 12 A l l 
Section 13 A l l 
Section 14 A l l 
Section 15 A l l 
Section 16 S E / 4 , S E / 4 N E / 4 , S E / 4 SW/4 
Section 20 E / 2 E / 2 
Section 21 A l l 
Section 22 A l l 
Section 23 A l l 
Section 24 A l l 
Section 25 A l l 
Section 26 A l l 
Section 27 A l l 
Section 28 N E / 4 , N/2 N W / 4 , S E / 4 NW/4 , S E / 4 
Section 33 N E / 4 N E / 4 
Section 34 N W / 4 , W/2 E / 2 , N/2 S W / 4 , S E / 4 SW/4 
Section 35. E / 2 , S W / 4 , S E / 4 NW/4 
Section 36. A l l 

TOWNSHIP 22 SOUTH, RANGE 30 EAST 
Section 1: E / 2 
Section 5: N / 2 , N/2 S / 2 , SW/4 SW/4 
Section 6: A l l 
Section 7: W / 2 , W/2 E / 2 , S E / 4 S E / 4 
Section 8: S /2 SW/4 
Section 12 N E / 4 N E / 4 
Section 13 NW/4 , N/2 S W / 4 , SW/4 SW/4 
Section 14 S E / 4 , S /2 N E / 4 , E / 2 S W / 4 , SW/4 SW/4 
Section 17 NW/4 
Section 18 A l l 
Section 19 A l l 
Section 20 A l l 
Section 21 S / 2 , SW/4 NW/4 
Section 22 S / 2 , S /2 N / 2 , N E / 4 N E / 4 
Section 23 W / 2 , W/2 N E / 4 , N E / 4 N E / 4 
Section 26 W/2 W/2 
Section 27 A l l 
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EXHIBIT "A" (continued) 

TOWNSHIP 22 SOUTH, RANGE 30 EAST I 
Section 2a r All 
Section 29 ! All 
Section 30 : All 
Section 31" All 
Section 32 : A l l 
Section 33 All 
Section 3h All 
Section 35- W/2 

TOWNSHIP 22 SOUTH, RANGE 31 EAST 
Section 6: * W/2,-W/2 NE/U, NV/U SEA 
Section 7: N/2 NW/U 

TOWNSHIP 23 SOUTH, RANGE 29 EAST 
Section 1: A ll 
Section 2: E / 2 , NW/h, NEA SWA 
Section 1 1 : NEA NE/U 
Section 12: N/2 N/2 

TOWNSHIP 23 SOUTH, RANGE 30 EAST 
Section 2: NETU 
Section 3: A l l 
Section hi A l l 
Section 5: A l l 
Section 6: A l l 
Section 7: NEA, N/2 NWA, SE/Ii NWA 
Section 8: N/2 N/2 , S/2 NE/U 
Section 9: N/2, NEA SWA, N/2 SB A 
Section 10: N/2 , SWA 

DONE at Santa Fe, New Mexico on the day and year hereinabove designated. 

STATE OF NEW MEXICO 
OIL CONSERVATION COMMISSION 

JOHN F. SIMMS, Chairman 

E. S. WALKER, Member 

W. B. MACEY, Member & Secretary 

S E A L 

3h 
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69-26-3 MINES 69-27-2 

production of individual mines shall be held confidential and not published by the inspector 
unless agreed to by the operator. 

History: Laws 1933, ch. 153, § 192; 1941 Comp., Am. Jur. 2d and CJ.S. references. — 54 Am. Jur. 
§ 67-1902; Laws 1951, ch. 231, § 1; 1953 Comp., 2d Mines and Minerals § 194. 
§ 63-19-2; Laws 1963, ch. 229, § 4; 1973, ch. 218, § 48. 58 CJ.S. Mines and Minerals § 237. 

69-26-3. [Information at request of inspector.] 
The mine operator shall at any time, upon the mine inspector's written request, furnish 

any reasonable information or data desired by the mine inspector. 

History: Laws 1933, ch. 153, § 193; 1941 Comp., 2d Mines and Minerals § 174. 
§ 67-1903; 1953 Comp., § 63-19-3. 58 CJ.S. Mines and Minerals § 237. 

Am. Jur. 2d and CJ.S. references. — 54 Am. Jur. 

ARTICLE 27 
General Duties of Operators and Employees in Other 

Than Coal Mines 
Sec. Sec. 
69-27-1. Safety measures required of operators. 69-27-5. 
69-27-2. Presence of official with complete authority 

required. 69-27-6. 
69-27-3. Abandonment of mine; operator to close or 69-27-7. 

fence surface openings and post 
trespass and danger notices. 

69-27-4. Gas or other serious condition; operator to 
report promptly to mine inspector. 

Operator's report of compensable mine 
accidents; contents. 

Safety devices and orders; employees' duty. 
Misdemeanors, punishment; intoxicants, 

damage to equipment, violation of 
danger signs and unauthorized travel 
prohibited. 

69-27-1. [Safety measures required of operators.] 
Every mine employer shall furnish such employment and such place of employment as 

shall be reasonably safe for the employees therein, and shall furnish and use safety devices 
and safeguards, adopt and use methods and processes reasonably adequate to render such 
employment and place of employment safe and shall do every other thing reasonably 
necessary to protect the life, health, safety and welfare of such employees. 

History: Laws 1933, ch. 153, § 194; 1941 Comp., 
§ 67-2001; 1953 Comp., § 63-20-1. 

Cross-reference. — For provision that certain 
indemnity agreements void, see 56-7-2 NMSA 1978. 

Safety statute not applicable to delinquency re
garding safety practices. — Where workman has been 
killed or injured, delinquency of employer with re
spect to specific safety practices required by statute 
(as opposed to safety devices) does not subject em
ployer to imposition of penalty award under safety 
statute (52-1-10 NMSA 1978) because safety statute 

does not so provide. Montoya v. Kennecott Copper 
Corp., 61 N.M. 268, 299 P.2d 84 (1956). 

Requirement of safe place to work is not "safety 
device" within meaning of 52-1-10 NMSA 1978. Mon
toya v. Kennecott Copper Corp., 61 N.M. 268, 299 P.2d 
84 (1956). 

Am. Jur. 2d, A.L.R. and CJ.S. references. — 54 Am. 
Jur. 2d Mines and Minerals §§ 184 to 209. 

Dangerous places discovered in examination of 
mine, master's duty as to marking, 15 A.L.R. 1480. 

58 CJ.S. Mines and Minerals § 229. 

69-27-2. [Presence of official with complete authority required.] 
The mine operator shall at all times during the operation of the mine have a person on 

the ground with authority over all branches and phases of the operation of the mine during 
the time he is on duty. Provided, however, that nothing herein contained shall prevent the 
owner or operator from personally having such charge of the mine, provided he can qualify 
under all other provisions of this act. 

History: Laws 1933, ch. 153, § 195; 1941 Comp., 
§ 67-2002; 1953 Comp., § 63-20-2. 

Meaning of "this act". — The term "this act" refers 
to Laws 1933, ch. 153, the provisions of which are 

presently compiled as 69-4-1 to 69-4-10, 69-5-2, 
69-5-7, 69-5-9 to 69-5-18, 69-6-1, 69-6-2, 69-11-1 to 
69-11-3, 69-12-1 to 69-12-7, 69-13-1 to 69-13-3, 69-14-1 
to 69-14-17, 69-15-1 to 69-15-15, 69-16-1 to 69-16-7, 
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69-27-3 GENERAL DUTIES OF OPERATORS AND EMPLOYEES 69-27-6 

69-17-1 to 69-17-10, 69-18-1 to 69-18-14, 69-19-1 to 
69-19-19,69-20-1 to 69-20-21,69-21-1 to 69-21-6,69-22-1 
to 69-22-6, 69-23-1 to 69-23-19, 69-24-1 to 69-24-14, 
69-26-1 to 69-26-3,69-27-1 to 69-27-7,69-28-1 to 69-28-9, 
69-28-11 to 69-28-14, 69-29-1 to 69-29-7, 69-30-1 to 
69-30-9, 69-31-1 to 69-31-13, 69-31-16, 69-32-1 to 

69-32-3, 69-32-5 to 69-32-21, 69-33-1 to 69-33-8, 69-34-1 
to 69-34-12 and 69-35-1 to 69-35-20 NMSA 1978. 

Am. Jur. 2d and CJ.S. references. — 54 Am. Jur. 
2d Mines and Minerals §§ 189, 190. 

58 C.J.S. Mines and Minerals § 236. 

69-27-3. [Abandonment of mine; operator to close or fence surface 
openings and post trespass and danger notices.] 

Upon abandonment of a mine the owner or operator must effectively close or fence off 
all surface openings down which persons could fall, or through which persons could enter. 
Upon or near all such safeguards trespass warnings and appropriate danger notices shall 
be posted. 

History: Laws 1933, ch. 153, § 196; 1941 Comp., 
§ 67-2003; 1953 Comp., § 63-20-3. 

A.L.R and CJ.S. references. — Liability of 
landowner for injury or death of adult falling down 
unhoused mine shaft or the like, 46 A.L.R.2d 1069. 

Duty and liability as to plugging oil or gas well 
abandoned or taken out of production, 50 A.L.R.3d 
240. 

58 C.J.S. Mines and Minerals § 231. 

69-27-4. [Gas or other serious condition; operator to report promptly to 
mine inspector.] 

The operator shall report promptly to the mine inspector by telegraph or telephone the 
occurrence in and about the mines of serious outbursts of gas or other serious conditions 
threatening to cause the loss of lives. 

History: Laws 1933, ch. 153, § 197; 1941 Comp., 
§ 67-2004; 1953 Comp., § 63-20-4. 

State mine inspector. — The N.M. Const., art. XVII, 
§ 1, provides for the position of state mine inspector, 
whose duties shall be prescribed by law. See also 69-5-1 
to 69-5-21 NMSA 1978. The state mine inspector is 

chief of the bureau of mine inspection within the min
ing and minerals division of the energy and minerals 
department. See 69-1-5 and 69-1-6 NMSA 1978. 

Am. Jur. 2d and CJ.S. references. — 54 Am. Jur. 
2d Mines and Minerals § 194. 

58 CJ.S. Mines and Minerals § 237. 

69-27-5. [Operator's report of compensable mine accidents; contents.] 
A report in writing shall be made to the mine inspector of each compensable mine 

accident. Such reports shall give the name, age and occupation of the injured person, the 
date of accident, name and location of mine, the cause of accident, actual work being 
performed when injured, nature or result of injury, probable length of disability; this report 
shall be made within one month of the date of injury. 

History: Laws 1933, ch. 153, § 198; 1941 Comp., 
§ 67-2005; 1953 Comp., § 63-20-5. 

Am. Jur. 2d and CJ.S. references. — 54 Am. Jur. 

2d Mines and Minerals §§ 177, 194. 
58 CJ.S. Mines and Minerals §§ 229, 237. 

69-27-6. [Safety devices and orders; employees' duty.] 
No mine employee or other person shall remove, displace, damage, destroy, carry off or 

fail to use any safety device, safeguard notice or warning provided for use in any mine 
employment or place of mine employment, or interfere in any way with the use thereof by 
any other person, or interfere with the use of any method or process adopted for the 
protection of any mine employee, in such employment or place of employment, or fail or 
neglect to follow and obey safety orders promulgated by the mine operator or the mine 
inspector, and to do every other thing reasonably necessary to protect the life, health, safety 
and welfare of employees, including himself. 

History: Laws 1933, ch. 153, § 199; 1941 Comp., 2d Mines and Minerals § 199. 
§ 67-2006; 1953 Comp., § 63-20-6. 58 CJ.S. Mines and Minerals §§ 229, 236 

Am. Jur. 2d and CJ.S. references. — 54 Am. Jur. 





DA r e 

1 -3-64 

2-23-66 

9-27-66 

4-22-72 

12-21-72 

3 -1-73 

9-14-73 

7- 30-74 

12 -4-74 

2-21-75 

8- 25-77 

1-26-78 

9- 22-78 

4 -2-79 

9-12-80 

9-15-81 

*3 Robert G. Hanagan 

*3 Texaco Inc. 

*3 Stoltz & Co. r 

*l-3 Michael P & Corinnel 
Grace 

BLOW OUTS 

*3 

*3 

*2 

*2 

*3 

*2 
* 2 

*3 

*3 

*2 

*2 

*4 

Yates Petr. Corp. 

Adobe Oil Co. 

Hanagan Petr.Corp. 

Hanson Oil Corp. 

Skelly Oil Company 

Yates Petr.Corp. 

Yates Petr.Corp. 

Delta Drlg.Co. 

Robert N. Enfield 

Amoco Production Co. 

Yates Petr.Corp. 

J.C.Williamson 

Teepee State #1 

St.of New Mexico "DF" 
Com #1, unit J 

Hudson Federal #1-C 

Panagra #1-B 

Nickson BM #2-A 

Smith Fed.#2-P 

Catclaw Draw Ut.#9-E 

Clyde Guy Com #1-1 

Todd"25"Fed. fl-F 

Marco Polo"EA"State #1 

Williamson BC #4-K 

S.Culebra B lu f f Ut.f f l -G 

N.Lake McMillan U t . f l - J 

Greenwood Pre Gray
burg Unit #12-F 

Nine Mile OB St. #1-F 

EP-USA #1-1 

Locker i o r i 

Sec.32-21S-24E 

Sec.32-21S-23E 

Sec 4-21S-29E 

Secl l -23S-26E 

Sec.30 

Sec.11-

Sec.35-

Sec.34-

Sec.25-

Sec. 32-

Sec. 7-

Sec.23^ 

Sec.12 

•18S-26E 

•23S-24E 

•21S-25E 

•17S-26E 

•23S-31E 

•16S-30E 

•20S-29E 

•23S-28E 

-19S-26E 

Sec.35-18S-31E 

Sec.32-14S-28E 

Sec.26-26S-29E 

~k i 5&I«>I*J ou. \ • d r L U ; « , o I r i f , { " i r e ) 

* i f& lo iAJ ' -ocd - o U L U i < - \ ^ t - l ( f i r e . ) 

I 

f 

r r i g 
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^ d « <B 

as I 

fa l l 

£ E » S • 

o. c " a-2 
8 S a " ! 

IM 

3 

! 544 
§ l s " | 
_ » (TO ? 

2 s i f ! 
c, tn 5. - £. 
5* £ 2 * 

• B S ^ | « 

• e ri& 

YWDfrV" ""NOTICfe 'AMD ;REr<5RTS ON WELLS 

OIL p a c*a I—] 

WELL L A WELL L J 

7. LIMIT U U I U I N T nam 

NAHB OF OPltATOt 

Stoltx A Company 
1 or OPEBATOK 

8. I-AkK OB LBAIB Nil K l 

Hudson Federal 

i !>?E!?^$ A Cat Services, Box 763, Bobbs, W. M. 
ith anj State requirements.* LOCATION or WELI. (Report location elearlj and ID aerordai 

See also ><paCP 17 below.) 
At surface 

10. F1BLD AND POOL, OB WILDCAT 

838.4' FNL A 1610' PJL of Saction 4 

Ite . A, T21S, R29E 
15. • L I G A T I O N S (Show whether Dr, ar, a * f 12. COUNTY os PABias! 13. STATE 

Eddy H.H. 
Check Appropriate Box To Indicate Nature of Notice, Report, or Otitoi Data 

NOTICE nr INTENTION TO : 

TEST WATEE BHUT-Orr 

r s A C T U S e T B B A T 

BHOOT OH ACIDIZE 

CCI.L OK ALTER CABIXQ 

MULTIPLE rOM PF.BTE 

ABANDON* 

CHANGE PLANS 

(Othei 

1 7. t>Ksf KIDK i-noroHio on rojipi.ETEn OPERATION s i Ch 

BCBBBqClVT BBPOaT Ol* : 

WATBB flHDT-Orr 

rSACTUBE TEE ATM INT 

SBOOTINO OE AC ID I I I HO 

EBFAIMWe WBLL 

ALTXEfflO CASING 

ABANDONMENT* 

(Other) _ Control Blow Chit 
NOTE ; Report revolts of multiple completion on ' 
'ompletlon or ttecompletlutt Report and Log fi>nn.> 

, _ jtf nil pertinent details, and give pertinent Sates. Including estimated date of starting any 
P r °ru> LhW° r t ) • ** r " c t " > 0 * l l y < t r "" d - if'"1 wktMrf«ee locations and measured and true vertical dept on for all marker* and KJQM p*rtl-

Fire extinguished October 1, 1966. Cleaned debris end 
cleaned location, McVay Drilling Company resinned drilling 
operations October 11, 1966, 

i.. L_ J \ ' iZ £j 

r * " 

A » J ^ 

EC 3 
C n 
O. > 
» D 
O Cl 
3 O 

* ] "d 
rc W 
O. O 
ID T) 
H • 
0) 
I—1 

G Z . t . 
3 PI I 

Id. [ hereby certlljr that tbe toEfcgolnr la true and correct 

SIGNED 5>S /&J--rT~.St^~ 

*S«c Instructions on R«v«n« Sid* 

DAT. 10/20/66 
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tarsal* <*f 
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,ttlV »*« 
1 «•«• 

813 
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c\- Oil ~ « £ o i t S * C " * ' 
, f e « » ' Box i « ' l W H ' 

M ™ "• 2 ^" 5̂ " " — 

1 ;1f«S. 
«3 

= 5 s J 

1«=I 

ft . C S 

UMDRY NOTICES AND REPORTS ON WELLS 

= = ? f ? < 
g - f " -a)73« p 

1LLDTT11 O* TBIBB N1HI 

N1HI OF OPEEATOB 

3. 1 D D I I I I Or OPERATOR 

c/o Oil tapaHs 4 0a« (crvleec, •«•* 7*1, Hobbs. N » Maslea 
A.!LOCATION or WELL (Report location clearly and In accordance with any State requirements.* 

See also apac* 17 oelow.) 
At surface 

•M.A' »HL A UJO* rVL «f Saction A 

16. ELEVATIONS (Show wbetfaer •, r r , ca, e t c ) 

T. L ' K I I l O l I I U I N T NA1I1 

8. r t l M OB LBABB NAME 

Hua1»oa r«4«?«l 

10. FIBLD AND POOL, OB WILDCAT 

WlUcct 

f«c. A, T J U , am 
12. COD NTT OB PARISH] 13. STATE 

faUy N. M. 

Checlt Appropriate Box To Indicate Nature of Notice, Report, or Other Data 

I Or INTBHTTOH TO : 

TEST WATSB s a u t - o r r 

r s A CTL'BE T H A T 

SHOOT OB ACIDIZE 

BEPA1E WELL 

Mp>rt >low oitt 

PCLL O l ALTER C.tSIXO. 

MULTIPLE COU PI.STE 

BDBSBQOBItT 1BTORT 0 » ! 

WATBE sBOT-orr 

rBACTl'BE TREATMENT 

SBOOTlNO OB ACIDIZING 

{Otbei 

REPAIRING WELL 

ALTERIVG CASING 

ABANDONMENT* 

(NOTE: Report ri-snlts or multiple completion oa Well 
( .mtpletlon or Kecomplettun Report and Log form.) 

csi RIBE rnni-osED OB COMPLETED opEBATross (Olenrly stare nil Dcrtlnent delsllH. anil ?lvf pertinent dates. Including- esllmat>ii datt- of HariliiK Hnf 
prupuvt-d work. If well is dlrectioaally driltad, s:v« suikeurfaM kMallons and measured and true rtrtUriil deptbs for all markers and (ones peitl-
nent to Lhil work. I * 

• •OO A.M. «/25/M TO 11,100. WcU him eat sad e*»»ht tM t I N . 
Toa l i m Orllltai Coy car's r l | ccoplctcly 4cctra/«ti, tm M B 
MTiMsly *«Ttt«*). Rati A4cir M locctlon la chert* ° ' •parctlms 
ta •«•<{ bUsa aaa brlna wcU social ecntrcl. 

4 • . 

R E C E I V E D 

IS. I hereby certify t3*t tbt toiegrfhg la true snd correct 

S1GNSD . 

o n 
3 O 

a o 
fD 

(T Z M 

*E«nt 

(Tbls space fur FedersJ or State office OM) 

APPROVED BT 
CONDITIONS OF APPROVAL, IF ANY: 

*S*e Instructions on Reverse Side 



September J7, 1966 

Oil Coni.nr.tlon Coooli.loa 
P. 0. lax 2048 
Sente re, N t w H»xieo 

Centleacai 

of Section 4, TowncMp « S o u ? h ' £n". »
 m 4 U 5 0 ' 

D*Ull« *c« *, followct 

• WCU n c f l w t a l b u r n U | ^ 600 # u p . c d . y 

»• To, w . p p r . * ^ . ^ U > Q 6 J , l a ^ s t y j n r o 

Toure vary truly, 

OIL REPORTS AND CAS SERVICES 

••'/•/ < , "A* 
W^L.' i . l t t . ' ' 

DH/b. / 
eci S t o l u l C « . p . „ y „ V _ -

P- 0. Sox 17U ** 
MioUnd, ^ / V 

Oil Con««tv»tlon C O M I M I O O S f D - a 

A r t e s U , nn, Mexico 

P. O . BOX 7 6 3 H Q S B 3 i M E X | C Q 



SUNDRY NOTICES AND REPORTS ON WELLS 
«. IF tHOUK, ALLOTTEE OE T l I B t I 

7. UNIT AGREEMENT NAME 

UTHER 

• u t or o p H i t o i 7 . T A B U O B L E A S E K A M I 

Hudion Federal 
ABDRMB OF OPERATGB 

c/o Oil Reports & Gss Services. Box 763, Kobbs, New Mexici 
» ot- n r.i.t. ( f irport location c W r l y and in accordance wltb aay btate requirements.* 
r-inw 17 below ) 

833.4* FNL & 1650' FWL of Section 4 

IO. riBLO AKD COOL, O l WILDCAT 

i n i d e « t 
| B C , T„ I . , M., OE E L K . AXD 

BOEVBT OB l l l l 

Sec. 4 , T21S,- R29E 

E L E V A T I O N S (Show whether or, RT. OR, etc.) 

3428.7 CR 
12. COCNTT OK PA BIBB 13. STATE 

Eddy N.H. 

• WATEB SHLT-Or 

.>T OR i c i r>u i 

.LH WELL 

Check Approp/ iote Box To Indicote Noture of Notice, Report, or Other Doto 

INTENTION TO: aLSSEQEENT 8EPOHT O F : 

W A T E I a a u T - o r r 3* R S F A I E I M S W E L L 

rsACTL'sc T B B A r m w r Ai,risfj.'<j CAI 

SHOOTING Oit ACIDIZINQ lUNDUNUEKT' 

I I. 4JH ALTER CASING 

I LrjPl .B CClf rf .ETE 

ELI. | _ 

SIKO j 

(Other) . 

. J 

direction Ally drilled, giv* aubsurface locaii"i 
nnd -lvt> pertinent dates. Including estimated dat* of utart ic? any 
metigured and true rerrlcul depths far nil murker* uod looea ptrCI-

Fan 8 5/S" 24* now J-55 casing to 4052' v i t h Halliburton DV cementing tool C? 
1982'. Cemented with 425 sacks class "C" 47. gel and 150 sacks class "C" f i r s t 
stage and 400 sacks class "C" neat second stage. Cement failed to circulate. 
Job complete 10i00 A.M. 9/1/66. Ran temperature survey, found top cement 491'. 
Cemented around top of casing with 100 sacks regular neat thru 3/4" line pipe. 
Job complete 10:00 P.M. 9/1/66. HOC 24 hours and pressure tested casing v i t h 
I000J for 30 minutes, test O.K. Cementing operations witnessed by VSGS repre
sentative. 

R E C E I V E D 

IS . I hereby c r t l f y i h a t t j i e f o r ego ing ls t rue and correct 

SI . N E D , ^ ^ ^ f ^ ^ ^ ^ - - — • T I T L E . 

*2& 

Agent_ 9/16/66 

*Sce Initructions on Reven* Side 

' M i a 
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s 1 r -> 5 

.. 3 —« 

lall 

« Jpz > 

5 ™ » 
^ » i-3 
2. a C ' 

•: ^^ e 

~ » « < 
S3" c c - 5. 

3 s i ' l 

1 
B = 
2 c Z - -• 

~ <r r- x 

SUNDRY NOTICES AND REPORTS ON WELLS 
or pi OK back to a 

for iucb proposals.) 

.*/.?. ^ ^ A A S ^ ^ ^ ^ ^ l ^ l ^ h , ^bbSi New Hexico 
-N o r n t L L (Repor t locat ion d e a r l y and l u accordance Wi th a n j S U U requirements * 
c space 17 below ) 

surface 

838.4' FNL 4 1650" FWL of Section 4 

15, BUCYATIONB (Show whether Dr. rr . < 

3428.7 GR 

* . H M V D I A K , A L L Q T T E B n T B I B B M A K E 

TT. Vtttt AQEBBUBNT N l M l 

B. rAIM OB LEASE HA WE 

Hudson Federal 

10. riBLD ANO POOL, OE WILDCAT 

Wildcat 

Sec. 4, T21S, R29E 
13. CODHTI OB FABIS&I 13. STATE 

Eddy N.M*. 
Check Appropriate Box To Indicate Nature of Notice, Report, or Other Data 

NOTICE o r INTENTION TO: 

rR. 

ST WATEE EHL'T-Orr 

K I TBEAT 

I HOOT OE ACIDIZB 

ItPAlB WBLL 

O t h e r ) 

PULL OE ALTER CASINO 

MULTIPLE COMPLETE 

ABANDON* 

CHANGE PLANS 

SUBSEQUENT EEPOBT O r : 

WATEt EHDT-Orr 

rSA CTL" BE TBE ATM ENT 

SKOOTIKO OR ACUHttNC 

( O t h e r ) 

KHAIE1HS WBLL 

ALTERfNO CA*I 

ABAMOONMCHT' 

NC 

D t s r s i o E r a o p o s i n oa C O M P L E T E D O P E R A T I O N S (C lea r ly state a l l p# r t ln*n t detai ls , and irlve per t inen t dates. I n c l n d l n f es t imated date o f s t a r t i n i t a o r 
proposed work. I f well ia dJrectioaaJlj dri l led, give subsurface localluna and measured and t rue r e r t l c a l depths f o r a l l markers and lonea per t i 
nent to this work . ) • 

Spudded 3:00 P.M. 8/19/66. Cemented 16" 55fl new H-40 casing <? 566* with 400 
sacks class MC" 4% gel and 150 sacks class "C" IX calcium chloride. Circulated 
out 2J0 sacks. Plug down 8:15 X.H. 3/22/66. t/OC 24 hours end pressure tested 
with 600; for 30 minutes, test O.K. DrtkUA to 1624* oeiag-trio*ettd as epeci-
f l ^ d by-Klile 111-A. Cemented 11 3/4" 424* new J-55 casing at 1624' (Base Salt 
1515) with 925 sack* class "CM 4X gel and 150 sacks class "C" IX calcium chloride. 
Circulated out 500 sacks. Plug down 8:00 P.M. 8/25/66. HOC 24 hours and pressure 
tested with S00? tor 30 minutes, test O.K. Cementing operations witness by 
Jin Knauf with USGS. 

R E C E I V E D 

I B . 1 hereby c e r t i f y t h a t the f ore j o In f ls t r ue and correct 

1 i n . xj iere f o r f e d e r a l or State otflre use) 

TITLE Agen t __ DAT. 9 / 1 / 6 6 



G E O L O G I C A L S U R V E Y 

A PPL ICATION FOR PERMIT TO DRILL, DEEPEN, OR PLUG BACK 

b. TTPE o r W t L L 

2. NAME 

DRILL X 

^ • 

DEEPEN • PLUG BACK • 

SINULB r j f i MULTIPLE I 1 
! u S t L*3 JUNE I J 

Stolta & Company 
Bias OF OPSFLATUR 

c/o Oi l Reports & Gas Services, Box 763s Hobbe, New Maxico 
rTociriiiN'W" WELL-("Report locution. ole»rly arid lo accordance wltn. any State requirements.* ! 

838. V P»L & 1650 FWL of Sectioa A 
At propnaeil prr..i. znue 

,t>N »ROM NEAREST TIWN OR POST O W C E * 

15 rdles KE Carlsbad, Uew Mexico 

0. LEASE DESIGNATION AND SEBIAL NO. 

LC-070266 
a. ir r\puN, ALIXJTTES oa TBIBB N A M E " 

7. CHIT AGBEEMENT NAME 

6. r A S M OB L E A S E N A M E 

Hudson Federal 

10. F i t I.D AND POOL, OB WILDCAT 

Wildcat 

See. A, 213, 29E 
12. <'Oi:STT OR 

Eddy 
13 a T » T * 

U.K. 

<uri-8t drlK unit "n*". miyi 

. V H I . i ' .Hl. l I M . . i MMf l.CTLil, 
rMH, OV THIS LEASE. FT. 

i Show -whether DF, RT, GR. etc.) 

S38.A 
18 N O . o r ACHES IS LEASE 

301 

11,600 

40 

3428.7 Oil 

BoTAKT 08 CABLE TOOLS 

Rotary 
2 2 ~ A T ' P R O X . DATE WOBK w l 

Upon Approval 
PROPOSED CASING i N D CEMENTING I'ROORAM 

SETTINU DKPTH ! 

17 1/2 -
13 3 A 
10 
7 7/3 

16 
11 3/4 

8 5/8 
5 1/2 

55* _ 
„38# _. 

32# 
15.5# 

_500» 
QCANTITT n r CEMENT 

Circulated 
1500» Circulated R E r j E / v r r i 
4000 j Circulated u 

11,600 ' 200 
JUN 6 legs 

•Estimated depth; actual depth to depend upon top of salt section. 
e*3st:Unated depth; actual depth to be 100' below base of sal t . **S»i*t 'oF' 
The above location to be d r i l l ed as a Strawn test i n accordance with 
a l l the provisions or Rule 111-A. y ' O 

61CAL SU(N«-

V.IE sr M >-. utstamr. vnov>>sti> PIWIUM . tr prfipnsul li to n>er>ei 
If pr,i[»...il i. 1,, .Irlll IT deepen directloii.-iJI j-. give pertinent dl 

m.-1 pri'criim if ...1 <•• 

~ ' 1 ^ I S I 1 T * * * - ^ o n ' , r ' ' ! M ' t t Productive wne and proposed new productlre 
dffMiin subBurfiice tucatl..ns a qcL.awaaiired sad irne vertical dep tha. Give bloartiut 

/ ' 1/ / •' 
Agent 

1 Tin* siidii1 for lecti-ral or State uflki? use) 

a 3 
c a Q. > 
u a * 
0 n 
3 o -

" j u * 
ra a 
a o 
ro TJ 
1 • 
0) 
v - tr* 

H 
O 

c z r 
a M 1 , 

APfStiVAL DATS _ 

'See Instructions O n Reverse Side 



C. Cuplf 
f;,T,™i, UNITED STATES si BUIT IN TRIPLICATE-

DEPARTMENT OF THE INTERIOR " ~ 
GEOLOGICAL SURVEY 

Form approved. 
Budget Bureeu No. -C l - I t l - i ' . : i . 

f;,T,™i, UNITED STATES si BUIT IN TRIPLICATE-
DEPARTMENT OF THE INTERIOR " ~ 

GEOLOGICAL SURVEY 

5. LEASE DESIGNATION AND fiVRIAL SO 

SUNDRY NOTICES AND REPORTS ON WELLS 
(Do not use thin f u n o for proposal* to d r i l l nr to deepen or back to a different re ter ro l r . 

Use " A P P L I C A T I O N FOB PK1CM1T—" for t i i c i propo*als.) 

fl. IF 1 NDI AS, ALLOTTEE OB TBIBE N A M I 

... n «. « R E C E 1 v e d 
WE'.L I I WELL L_J OTHER 

7. UNIT AGREEMENT NAAlB 

%. H1UE Of OP H A TOE 

\m3 Aasrlcan Oil Corporation^" FEB 24 1975 
8. rARM OE LEASE NAME 

Tcdd "as" Fc-:.-r^i 
3. ADDBEBS or OPERATOR 

1012 dd l sn J Soviacs BU3. Midland, TX 79701 n c . 
9. WELL NO. 

1 
4, i.oi*Tiur< or m u ilteport location clenrlr ind In necordine* wltb nnj StnU " ^ j f a j ^ I j ^ Q f f l C Z lJ)^,riELD ANDfPOOL, OB WILDCAT 4, i.oi*Tiur< or m u ilteport location clenrlr ind In necordine* wltb nnj StnU " ^ j f a j ^ I j ^ Q f f l C Z 

BOEVET OB AREA 

Eas.25, T-2.--5, 
IS. aLXVATiONK (Show whether nr. BT. CB, e tc) 

3-V57.7 G2. 
12. COUKTI OB PARISH j 13. STATE 

Check Appropr ia te Box To Indicate Nature of Not ice, Report, or Other Data 

NOTICE Or INTENTION TO I 

TEST WATER aHDT-orr 

— 
Pl.'T.I, OR ALTER CASINO 

MULTIPLE COMPLETE 

ABANDON" 
—| 

WATEB S H U T - o r r 

FRACTURE TBE AT I I CUT 

S8OOTIN0 OB nCIDIEINO 

j REPAIRING WELL 

! ALTERING CASINO | 

[ O l l w r t 
l N O T E : Report res 
Completion or Rt-co 

ite of multiple completion on Well 
m pie tion Hejiort sad t,nc lorm.) 

EoaaequENT BBPOBT or : 

i - U - 7 4 to 5-6-74 

H r l U c ! 24" hole to 249' w i th cable too l s . Lost b i t i n hole, 4-29-74. Ab2..Js3;;j 
oi ' iDris to decpsa. Plur;oJ as fo l lows : iUnei cablo too l back aad f i l l e d - j l 
c ' ^ ; t i j ; o f r c u 1-TT. Verbal approval received to oct t eurfa-e car ter , Ac t:ii'!:2r 
v i a l d ba ta vay of d r l l l l t - . ^ oporaclcr.3. I n Cue cver.C th i s hole c-ould CC;VJ i n 
c'-a fcao been c^ved out a 10' plus w i l l ba iaa tc l l cd l n top of hole. Eo IOL3 vere 
rua cn th i s u e l l . 

FI.I)4 01975 

U.s. GEOLOGICAL susvtt 
' ARTESIA, NEW N'.LrUU) 

19. I hereby ctiteff that tbe fqiegalng Je^fue and correct 

—nffurr^r 
2-17-7 

(Tali apace for FedeTaî or fjtate office, U M ) 

- APPROVED "B? i 

^ rQOND[flON3 OF APPBOVAI,, U ANT i 

*S«c Instructioni on Reverse Side 



'—V 

?,rm U N I T E D STATES SUBMIT IN TRIPLICATE* 
(May IUM) _ , , , - r ^ r- -r l l r- I M T r n l <-> r> (Other instructions on re-

DEPARTMENT OF THE INTERIOR '«»»««) 
GEOLOGICAL SURVEY 

Form approved. 
Budget Bureau No. 4 2 - H V J I . 

?,rm U N I T E D STATES SUBMIT IN TRIPLICATE* 
(May IUM) _ , , , - r ^ r- -r l l r- I M T r n l <-> r> (Other instructions on re-

DEPARTMENT OF THE INTERIOR '«»»««) 
GEOLOGICAL SURVEY 

0. LEASE DESIGNATION A NO SERIAL St.. 

A.* . , - v .- .. 

SUNDRY NOTICES AND REPORTS ON WELLS 
i Ho not use this form for proposals to dri l l or to deepen or plue back to a different reservoir. 

Use "APPLICATION FOR PERMIT—" for such proposals.) 

6. IF I N D I A N , ALLOTTEE OR T l U i ' . i : •• • 

1 o, n U 4 . p R E C E I V E t 
W,;<.L 1 1 W E L L L_J OTHER 

7 . L 'NIT AGREEMENT N A 

OR T l U i ' . i : •• • 

2 . N A M E OF OPERATOR 

r .̂.izz tezricsa Oil Corporation^' FEB 24 1375 
8. F A R M OR LEASE N A M E 

3. ADDRESS OF OPERATOR 

1012 V.UIZTA Saving Bids. Midland, TX 79701 n Qj*m 

9. W t L L NO. 

1 
•l i.Oi'ATinN OF WKI.I, (Kfport location clearly aad in accordance with any State requireniiyjls-* nrrtf*"*' 

SIM* also space 17 below.) A U * ~ - I A » U r r 
At surface 

l i ) . , F I E L D A N D r l ' O O L . OR W I L D C A T •l i.Oi'ATinN OF WKI.I, (Kfport location clearly aad in accordance with any State requireniiyjls-* nrrtf*"*' 
SIM* also space 17 below.) A U * ~ - I A » U r r 
At surface 

1 1 . S S C . T. , B. , M . , OB B L K . A.ViJ 
SURVEY OR AEEA 

34 . PERMIT NO. IB. ELEVATIONS (Show whether DF, RT, GR, etc) 

S437.7 G2. 
1 2 . COD N T T OB P A R I S H 

1" 

1 3 . STATE 

Check Appropriate Box To Indicate Nature of Notice, Report, or Other Data 

NOTICE OF I N T E N T I O N TO ; 

T i . s r WATER SHUT-OFF 

FRACTURE TREAT 

SHOOT OR ACIDIZB 

REPAIR "WELL 

(Othor) 

P U L L OR ALTER CASINO 

M U L T I P L E COMPLETE 

ABANDON* 

CHANCE PLANS 

SUBSEQUENT REPORT O F : 

WATER SHUT-OFF 

FRACTURE T R E A T M E N T 

SHOOTING OR ACIDIZING 

REPAIRING W E I . I , 

ALTERING CASING 

A B A N D O N M E N T * 

(Other ) 
( N O T E : Report results of multiple completion on Well 
Completion or Recompletion Report and LOR form.) 

17. bE.s'T.iBE i-itorosED (IR 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 zone* perti
nent to this work.) • 

4-H-74 to 5-6-74 

Lri l l c i 24" hole to 249' with cable tools. Lost bit in hole, 4-23-74. .V. 
efforts to deepen. Plumed as follows: Kbved cable tool back and filled tela : 
cuttings frca 1-Y. Verbal approval received to ontt eurface carter. As v.z.l-.z? 
vculd ba In way of dril l las operations. Ia the event this fcolo. chculd cava 
sri-rj haa bean tnaved cat a 10* plug will ba installed ia top of hole, llo lc_a v.-. 
rua ca talc ucl l . 

IS. I hereby cerLj^y that the foregolng^^l^^i^r'ue and correct 

, , _ r r. r-' i r> 

l ]. S- GLULU : . - •-

"ARTESIA, I;LV; 

TITLE . 

i This space for Federal or 3tate office use) 

DATE 

TITLE . 
'•. CONDITIONS OT APPROVAL,, IF ANY: 

c - \ ; y ^ 

*See Instructions on Reverse Side 

DATE 



J L M. a C. C. COPT a 
Form 9-331 
(May 1963) 

UNI D STATES SUBMIT IN TRIFLI. e* 
DEPARTMENT OF THE INTERIOR ££%*T™ t l 0 D a 0 D re" 

GEOLOGICAL SURVEY 

SUNDRY NOTICES AND REPORTS ON WELLS 
{ Do not use this fo rm for proposals to d r i l l or to deepen or plug back to a different reservoir. 

Use "APPLICATION FOR PERMIT—" for such proposals.) 

O I L | l <; 
W E L L I I V 

AS 
W E L L B 

N A M E OF OPERATOR 

Ttxas Anarlcan d l Corporation 
R E C E I V E 

Form approved. 
Budget Bureau No. 42-R1424 

0 . L E A S E D E S I G N A T I O N A N D S E R I A L NO. 

MM 0544986 
6. I F I N D I A N , A L L O T T E E OR T t t l B E N V 

7 . U N I T A G R E E M E N T N A M E 

O ^ A B M OR L E A S E N A M E 

Todd "25" Federal 
3 . A D D R E S S O F O P E R A T O R . I J V l C 

1012 Midland Savings Bldg. Hldlud, W 79701 FEB 21 W« 
9 . W E L L N O . 

1 
l LOCATION OF WELL (Report location clearly and In accordance wi th any State requirements.* 

See also space 17 below.) 
At surface Q # Q % ( J . 

AHTCBIA. orric^ 
1980* PBL & 19801 FWL 

10y F I E L D AND. POOL, OR W I L D C A T 

Wildcat 7 . 

1 4 . I ' E i n i l T NO. 15. ELEVATIONS (Show whether DF, RT, GR, etc.) 

3487.7 cm 

SEC., T . , R., M „ OR B L K . A M , 
SURVEY OR AREA 

See.25, T-23-S, r ' 
l.'i. STAJ h 

R.Mex. 
1 2 . C O U N T Y OR P A R I S H 

Eddy 

Check Appropriate Box To Indicate Nature of Notice, Report, or Other Data 

N O T I C E OF I N T E N T I O N TO : 

T E S T W A T E R S H U T - O F F 

F R A C T U R E T R E A T 

S H O O T OR A C I D I Z E 

RKPAIR W E L L 

I Other) 

P U L L OR A L T E R C A S I N O 

M U L T I P L E C O M P L E T E 

A B A N D O N * 

C H A N G E P L A N S 

S U B S E Q U E N T REPORT OF : 

W A T E R S H O T - O F F 

F R A C T U R E T R E A T M E N T 

S H O O T I N G OR A C I D I Z I N G 

(Other) 

R E P A I R I N G W E L L 

A L T E R I N G C A S I N G 

A B A N D O N M E N T * 

( N O T E : Report results of multiple completion on Well 
Completion or Recompletion Report and Log form.) 

17. DKSCRIBK pitorosEii OR COMPLETED OPERATIONS (Clearly state all pertinent details, and give pertinent dates, Including estimated date of startim; 
proposed work. I f well is directionally drilled, give subsurface locations and measured and true vertical depths for al l markers and zones pe 
nent to this work.) * 

4-16.74 to 5-6-74 

Drilled 24" hole to 249' with cable tools, toot bit i s hole, 4-29-74. Abandoned 
"ffortc to deepen. Plugged as follows» Moved eoblo tool back and filled nolo with 
c -ttlnga from 1-Y. Verbal approval roealvad to oalt surface Marker, Aa starker 
would be in way of drillliig operationa. Ia too ovaat thia hole should cave ln ?ct-
rig haa beea aoved out a 10* plug will bo installed in top of hole. Ho logs -
run oa thia wall. 

RECEIVED 
FEB 2 01975 

, S . GEOLOGICAL SURVP 
ARTESIA, m WEX»C0 

T I T L E Engineer 

I Ms Kpace for Federal or State office use) 

DATE 
2-17. 

APPROVED BY 
CONDITIONS OF APPROVAL, IF ANY: 

TITLE DATE 

*See Instructions on Reverse Side 



N. M. O. C. C. COPY, 

TiTr^fUi Ul /ED STATES SUBMIT m TRU »TB* 

DEPARTMENT OF THE INTERIOR ^ J F ™ * " 0 0 ~ 
GEOLOGICAL SURVEY 

Form approved. 
Budget Bureau No. 42-RU21 

TiTr^fUi Ul /ED STATES SUBMIT m TRU »TB* 

DEPARTMENT OF THE INTERIOR ^ J F ™ * " 0 0 ~ 
GEOLOGICAL SURVEY 

5. LEASE DESIGNATION AND SERIAL NO 

NM 0544986 

SUNDRY NOTICES AND REPORTS ON WELLS 
(Do not o»e this form for proposals to drill or to deepen or plug back to a different reservoir. 

Use "APPLICATION FOR PERMIT—" for such proposal*.) 

6. IF INDIAN, ALLOTTEE OR TH:"C • 

w'itx • S£* 0 OTH„ R E C E I V E D 
7. UNIT AGISTMENT NAME 

S. K A M I Or OPERATOR 

Texas American Oi l Corpora t ion" niinv Q 1Q7vl 
8. FABM OR LEASE NAME 

Todd "25" Federal 
S. ADDBK8B Or OPERATOR W i l l i " l ! j / 4 

1012 Midland Savings Bldg . , Midland, Texas 79701 
9. WELL NO. 

1 
4. LOCATION or WELL (Report location clearly and tn accordance with any State requljtiierifc? C . 

i T . Q r f . « a W " b * I ° W ' -ARTESIA, OFFICE 

1980' F N L & 1980' FWL 

10. FIELD AND POOL, OE WILDCAT 4. LOCATION or WELL (Report location clearly and tn accordance with any State requljtiierifc? C . 

i T . Q r f . « a W " b * I ° W ' -ARTESIA, OFFICE 

1980' F N L & 1980' FWL 
U u BEC., T „ R., 11., OS BLK. AND 

•OBV1T OB ABBA 

Sec. 25, T-23-S, R-31-

14. PERMIT NO. 15. ELEVATIONS (Show whether or. IT, GB, etc.) 

3486. 7 GR 
12. COO NTT OB PARISH 

Eddy 

13. STATE 

N . f . • -
Ifl. d e c k Appropriate Box To Indicate Nature of Notice, Report, or Other Data 

KOT1C1 OF INTENTION TO : 

TEST WATEB SHCT-OrT 

FBACTCBE TBXAT 

a BOOT OB ACIDIZB 

BXFAIB WELL 

(Other) 

PCLL OB ALTER CASINO 

MCLTtPLE COMPLETE 

ABANDON* 

CHANGE PLANS 

aOBSBQDBNT BBPOBT O F : 

WATER SHOT-OFF 

FBACTCBE TREATMENT 

SHOOTINS OB ACIDIZING 

REPAIRING W I L L 

ALTERING CASINO 

ABANDONMENT* 

(Other) 
(NOTE : Report results of multiple completion on Well 
Completion or Recompletion Report and Log form.) 

17. DESCRIBE i-rtorosED OR COMPLETED OPERATION'S (Clenrly state all pertinent details, and give pertinent dates, Including estimated date of starting any 
pro posed work. If well ia directionally drilled, give subsurface locations and measured and true vertical depths for all markers and zones peril 
nent to this work.) * 

4-16-74 to 5-6-74 

Spud date 4 -16-74 . D r i l l e d 24" hole to 249' w i t h cable too l s . Los t 
b i t in hole 4 -29-74 . F i shed to 5-6-74 and not able to r ecove r . Propose 
to plug and abandon this hole as f o l l o w s : 

4" d i a . x 4' above sur face s tandard m a r k e r 
0 - 10* Cement p lug . 
10' - 249' Heavy m u d & d r i l l cu t t ings . 

cl 

l ! . 1 hertfcfrcertlfy thatvth' 

SIGNED 

g Is true and correc| 

fy&t^&W! TITLE Engineer 

CONDITIONS OF 
TLB . 

t i l : l l C ! C j r. 

DATE 5-6-74 

DATE 
[•AY 

*See Instruction* on Reverse Side 



Farm *-J31 
(Ma; 1963) 

M. © . G, C. COPy 
D STATES UNf D STATES SUBMIT IN TRIPL 

DEPARTMENI OF THE INTERIOR veSdir™" 0" 
GEOLOGICAL SURVEY 

re-

SUNDRY NOTICES AND REPORTS ON WELLS 
(Do not Die this form for proposals to drill or to deepen or pluRa<E'<C oC^r|ntVes£oatJ 

Use "APPLICATION FOR PERMIT—" for such proposal s7) 

OIL I 1 GAS 
W E L L I I WELI 

2. MAKE Or OPERA TOE 

Texas American Oi l Corporation 7 
APR 3p 1974 

• . n, c 

Form approved. 
Budget Bureau No. 42-K1424. 

0. LEASE DESIGNATION AND SERIAL NO. 

NM0544986 
6. i r INDIAN, ALLOTTEE OR TRIBE NAME 

7. UNIT AOBEEMBNT NAMB 

8. FABM OB LEASE NAME 

Todd "25" Federa l 
ADDRESS Or OPERATOR 

1012 Midland Savings Building, 
ARTESIA, OFFICE 

Midland, Texas 79701 

9. WBLL NO. 

1 
LOCATION or WELL (Report location clearly and ln accordance with any State requirements.* 
See also space 17 below.) 
At surface 

0. FIELD AND POOL, OR WILDCAT 

~ , f • •' ' ' 

1980' F N L & 1980' F W L 
11. B B C , T., R., U . , OB BLK. AND 

SOBVST OB ABBA 

Sec. 25, T - 2 3 - S , R-31-
14. PERMIT NO. 16. ELEVATIONS (Show whether or. RT, OB. etc) 

3486. 7GR 

12. COUNTY OB PARISH 

Eddy 
13. STATE 

New M e x i c 

is. Check Appropriate Box To Indicate Nature of Notice, Report, or Other Data 
NOTICB OF INTENTION TO : 

TEST WATEB SHOT-OrT 

rBACTDBE TREAT 

SHOOT OS ACIDIZC 

REPAIB W E L L 

(Other) 

PULL OB ALTER CASINO 

MULTIPLE COUPLETS 

ABANDON* 

CHANGE PLANS 

SUBSEQUENT REPORT OF I 

WATBB SHOT-OFF 

FRACTURE TREATMENT 

SHOOTING OS ACIDIZING 

(Other) Spud DaTe 

REPAIRING WBLL 

ALTERING CASINO 

ABANDONMENT* 

(NOTE : Report results of multiple completion on Well 
Completion or Recompletion Report and Log form.) 

17. DESCRIBE PROPOSED OR COMPLETED OPERATIONS (Clearly state all pertinent details, and give pertinent dates, including estimated date of Btarting any 
proposed work. If well is directionally drilled, give subsurface locations and measured and true vertical depths for all markers and zones perti
nent to this work.) * 

Spud date A p r i l 16, 1974. Daily dril l ing reports to follow. 



Form 5-331 
( M u / 1983) 

Tb TA. 
TED STATES 

©4 C. c. copy 
SUBMIT TO TR; 

DEPARTML.MT O F T H E INTERIOR v ^ e . r . d e ) s t r u c t l t 

G E O L O G I C A L SURVEY 

7ATE* 
on re-

SUNDRY NOTICES AND REPORTS ON WELLS ^ _ 
(Do not use this fo rm for proposals to d r i l l or to deepen or plug back-to snd l tF re l t 

Use "APPLICATION FOR PERMIT—" for such fsj>p*SBlslM * 

OIL 
WELL • GAS 

WELL X 

2. HAMS or OPERA TOE 
APR 1 6 1974 

Texas A m e r i c a n O i l Corpo ra t i on 
8, ADDRESS or OPERATOR o. c. c 

1012 M i d l a n d Savings B u i l d i n g , M i d l a n d ^ R T ^ a s D F 5 7 l 9 7 0 1 

Form approred. 
Budget Bureau N" >'J 

0. LEASE DESIGNATION AM) »M 

N M 0544986 
6. i r I N D I A N , ALLOTTEE OR rr.ii.f. 

7. UNIT AOBXBHENT NAMB 

8. FABM OB LEASE NAME 

Todd "25" Fede ra l 
9. WBLL NO. 

1 
LOCATION or W E L L (Report location clearly and ln accordance wi th any State requirements.* 
See also space 17 below.) 
At surface 

1980' F N L & 1980 'FWL 

10. EIELD AND POOL, OR WILDCAT 

1 1 . S I C , T., R., M. , OR BLK. K O 
SUBVET OR AREA 

Sec. 25, T-23-S. r 

1 * r 5 FO; I T NO. 15. ELEVATIONS (Show whether or, BT, GB, etc) 

3486. 7 GR 
12. COUNTY OB PARISH 

Eddy 
13. 3 1 . . I • 

New M« 

18. Check Appropriate Box To Indicate Nature of Notice, Report, or Other Data 
NOTtCB OF INTINT10N T O : 

TEST WATEB SHOT-OFT 

FBACTCBI TREAT 

SHOOT OB ACIDIZB 

REPAIR WBLL 

(Other) 

PULL OB ALTER CASINO 

MULTIPLE COMPLETE 

ABANDON* 

CHANGS PLANS 

SUBSEQUENT REPORT OF : 

WATIB SHUT-OFF 

FBACTCRS TREATMENT 

SHOOTING OB ACIDIZING 

RBPALRINO W I L L 

ALTERING CASING 

ABANDONMENT* 

(Other) 
( N O T I : Report results of multiple completion ou Well 
Completion or Recompletion Report auri Log form.) 

17. DESCBIBE PROPOSED OR COMPLETED OPERATIONS (Clearly state all pertinent details, and j i v e pertinent dates. Including estimated date of starting 
proposed work. I f well ia directionally drilled, give subsurface locations and measured and true vertical depths for all markers and zones i -
nent to this work.) * 

Due to the shortage of r o t a r y r igs and casing, we propose to d r i l l the 
upper pa r t of the hole w i t h cable too l s . 

rect 

T I T L E Engin eer 

(This space fgj rFedent l or State office use) 

APPROVED BT 
CONDITIONS 0F(APPROVAL^ IF ANY: 

TITLE 

DATE Aor. 10. 

DATE 

*See Instructions on Reverse Side 



F o r m f - M l C 
(May 1863) r s N. M. o. c. c. CJ 

Uu.fED STATES 
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY 

( 
I T I N TRI^brJCATE 

ler lnstrur on 
reverse s ldt , 

7 Form approved. 
Budget bureau No. 42-R1425. 

0. LEABE DESIGNATION AND SERIAL NO. 

N M 0544986 NM0 4 05444~ 

APPLICATION FOR PERMIT TO DRILL, DEEPEN, OR PLUG BACK 
l a. TTTE or WORK 

TYIT, OF WELL 

r -] 
• r i 

DRILL H DEEPEN • 
GAS 
WELL 

SINGLE 
ZONE 

PLUG BACK • 

•
MULTIPLE r—| 
ZONE CLI 

Texas A m e r i c a n O i l Corpora t ion 
I > K « . I S OF OI'EKATOR 

4. LOCAT 
A 

L 0 L 2 ^ A I a _ n c L ^ a j d i l g ^ B l d g . , M i d l a n d . TX 797JU 
jCATio.N or W E L L (Report location clearly and ln accordance with any State rauf*£mfmg| 
t surface 

1980' F N L & 1980' F W L 

MAR 1 51974 At proposed prod, zoue 

14. DISTANCE IN MILES AND DIRECTION FROM NEAREST TOWN OB POST OFFICE* 

35 m i l e s nor thwest , Ja l , New Mexico a. c. c. 
IS. NO. OF ACRES t i t M*tnV 

600 

-fc> 

6. IF INDIAN, ALLOTTEE OK TRIBE NAME 

7. UNIT AGREEMENT NAME 

S. FARM OR LEA3E NAME 

Todd "25" Fecie 
9. WELL NO. 

1 
10. FIELD AND POOL,.OR WILDCAT 

« ? / , f J V * , 4V>'-<* • - / 

Wildcat - * ~ f . 
1 1 . SEC, T., R., M . , OB BLK. 

AND SURVEY OB AREA 

Sec 25, T-23-S , R - 3 1 - E 
12. COUNTT OR PARISH 

Eddy 

13. STATE 

N , M e x i c 
10. DISTANCE FROM PROPOSED* 

LOCATION TO NEAREST 
PROPERTY OR LEASE LINE, FT. 1 0 ( 3 0 1 
(Also to nearest drlg. unit line, i f any) x ' ° 

187 DISTANCE FROM PROPOSED LOCATION* 
TO NEAREST WELL, DRILLING, COMPLETED, 
OR APPUED FOR, ON THIS LEASE, FT. 

NO. OF ACRES ASSIGNED 
TO THIS WELL 

40 
19. PROPOSED DEPTH 

15,500 

20. ROTARY OR CABLE TOOLS 

Rotary 
21. ELEVATIONS (Show whether DF, RT, GR, etc.) 

3486. 7 GR 
22 . APPROX. DATE WORK WILL START* 

Befo re 5-1-74 
PROPOSED CASING AND CEMENTING PROGRAM 

SIZE OP HOLE SIZE OF CASING WEIGHT PER TOOT SETTING DEPTH QUANTITY OF CEMENT 

26" 20" 94# 600 1600 sx C i rcu la t ed 
1 7 - 1 / 2 " 13-3/R" 6l#, 6R #, 7?J 4, 400' 3400 sv ("i-rriilaf-prl 
12 -1 /4" 9 - 5 / 8 " 43. 5#, 47# 12,700 2400 sx Est top 4000' 
8-5/8" 7-5 ' 8 " l i n e r 39# 15,500 . 3 0 0 sx 

RECEIVED 
b vi/te 01974 

U^^AL SURVEY 

I N ABOVE SPACE DESCRIBE PROPOSED PROGRAM : I f proposal Is to deepen or plug back, give data on present productive zone and proposed new productlv 
nine. I f proposal Is to d r i l l or^deepen directionally, give pertinent data on subsurface locations and measured and true vertical depths. Give blowout 
preventer program, l f anj 

I ti>- R|Mce (or^*TileTat«< State office use) 

.«i i HV;. n> \\ I i_ j 
iuXVti^N&.or^rPRoV.u. , IF AN 1 

I 3 OAtCP 

CP 

A ' p - \ - " w ' *See Instructions O n Reverse Side 

DATE _ 



N E i ^ 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 O N 

WELL LOCATION AND ACREAGE DEDICATION PLAT 

A U d i s t a n c e * aiuat b* (rota rh» outer bound&rtaa of Ihm Sact ion 

fbrm C - I ' 
Supert*A* 
E l i e . - t l v -

AS AMERICAN OIL CORP. TODD -25" FEDERAL 
S«yc t i o n To\*vnshlp Ranq« Count y 

F 25 23 SOUTH 31 EAST EDDY 

1980 
' - m e n r l We l l : 

f e e l f i " m the NORTH l ine end 

e - i : 1 ev . 

1486.7 
} ro<iu<"1nq F ^irrnit Ion 

Delaware,. A t o k a . M o r r d w 

tWO ,«,, i r o B , , h . WEST 
P«5' L £ - * 4 < <Cr*^-wt/ T-rroAA+o'- IJeiaware. ,(4f2) 

Wi ldca t N o r r o w (320) 

Out l ine the acreage dedicated to the sub jec t w e l l by colored penc i l or hachure marks on 

!• :• r<- than one lease is dedicated to the w e l l , out l ine each and i d e n t i f y the ownership thereof (Lol l , u«. i . * 

i | di! ' I roy H IH I 

' ni.-rc i h a TI one l<"ise of different ownership is. dedicated to the weli, have the interests of all owners I < -e-i , 

I.tpl h\ •. ommun it i i al ion. un i t i ?at ion, f ore e pool i ng c tc7 

\ ' s j£ No If answer is " y e s ! ' type of conso l ida t ion 

•" . " n o " l i s t the owners and tract desc r ip t ions w h i ' h have ac tua l ly been consol ida ted (I 'se n . . 

•>.-, rssar\ l W i l l be communi t i zed . 

•.;'! t •• i s s i j t ncd in the >ve|| un t i l a l l interests have been consol ida ted (bv commun 11 >/F> ' • in , 

•'•nt. - T V is»> or un t i l n non-standard un i t . e l i m i na t i n g such in teres ts , has been a p p m ed | l v i 

\ 

N M 040 5444 -A> 
O 
co 
cn 

\ \ \ \ \ \ \ \ \ \ \ 

-T7 
«* 

I 

. . / ""IN, T . Emanue l 

: Engineer 
" L 1/ • 

Texas A m e r i c a n O i l O 

January 28, 1974 

; •r^!»?oj9?4'.;' •' 

! 
* t C w : f t - * T - ' * * 

January 20, 1974 



OIL AXD GAS PRODI < I H 

TEXAS MIERICiiN OIL CORPORATION 

January 28, 1974 300 WEST WALL. SUITE 1012 MIDLAND. TEXAS 79701 Ol'. 

Todd "25" F e d e r a l , W e l l No. 1 
1980' F N L & 1980' F W L 
Section 26, T-23-S , R - 3 1 - E 
Eddy County, New Mex ico 

Gent lemen: 

As per i n s t ruc t ions f o r submi t t ing an app l i ca t ion to d r i l l on shore o r o f f 
shore , gas o r o i l , o r geo the rma l s team w e l l s , on public domain and 
acquired lands, Texas A m e r i c a n O i l C o r p o r a t i o n answers these questions 
as f o l l o w s : 

1) E x h i s t i n g Roads: E x h i b i t " A " shows the exhis t ing roads i n 
blue l i n e s . 

2) Planned Access Roads: E x h i b i t " A " shows i n red l ines the 
proposed road. 

3) Loac t i on of W e l l : Shown above and also on E x h i b i t " A " . 

4) L a t e r a l Roads to Loca t i on : None. 

5) Loca t i on of Tank B a t t e r y and F l o w L i n e s : I f the above w e l l 
is p roduc t ive , Tank B a t t e r y and F l o w Lines w i l l be located on Caliche Pad 
at W e l l . 

6) Loca t i on and Types of Water Supply: Wate r to be hauled . 

7) Methods f o r Handl ing Waste Disposa l : A r e se rve p i t located 
as per E x h i b i t " B " w i l l be used f o r handling a l l wastes . 

8) L o c a t i o n of Camps: None. J 1 " / i 
' "' ' -' ' ' / 

9) L o c a t i o n of A i r S t r ip : None. ;.c'~'"1/ r ^ ' n <, 

' "' '•* •/ c 
10) Loca t i on of R i g , Mud Tanks , Reserve P i t s , B u r n P i t s , Pipe 

Racks , etc. : See E x h i b i t " C " at tached. 

11) Plans f o r Res to ra t ion of the Surface: A f t e r d r i l l i n g the w e l l , 
Texas A m e r i c a n w i l l l e v e l a l l pi ts r nd loca t ion as near to o r i g i n a l ground 
l e v e l as poss ible . This loca t ion is i n an a r i d r eg ion on which there is very 
l i t t l e sur face g rass . 



Page Two 

12) Deta i led Mud P r o g r a m : 

0 
600 

600' 
4400* 

4400 - 12,700 ' 

Bentonite and l i m e . 
B r i n e t reated w / B e n e x to c o n t r o l so l ids . L C M f o r 
loss of f l u i d . (Max. w t . 10#/gal . ) 
F r e s h w a t e r / w / B e n e x to c o n t r o l so l ids . F l o s a l 
f o r improved samples . L C M f o r loss of f l u i d . 
Start w / 8 . 4 # / g a l . , increase to 9. 2# /ga l . @ 8000'. 
Max w t . 10. 5# /ga l . ) 

12, 700 - 15, 500' - F r e s h wa te r w / B e n e x - Bentonite f o r v i s . , B a r i t e 
f o r w t . , ce l lex f o r f i l t e r l o s s , coustic Q - B r o x i n 
to con t ro l f l o w p r o p e r t i e s . (Star t w / 1 2 . 5# /ga l . and 
increase as needed. Max w t . 15. 3# /ga l . ) 

13) B low Out P reven te r : See attached E x h i b i t " C " f o r de t a i l . 

Yours v e r y t r u l y , 

l^JJJr Emanue l 

c c 

Attachments 

RECEIVED 
01974 





D R I L L I N G L O C A T I O N 

1 - Reserve P i t 
2 - Waste Water P i t 
3 - B u r n P i t 
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 

O I I U U T " H " 



4*. u> ro — 

W N M 

CO 

ft 

f t fD 

CD 

of* 
rT G 

f t JU 
C 

TO 
rt 

o o 
O O 

s < 
PJ BJ < < 
f t f t 
CO CO 

H 

a: 
0 

o 
o 

3 
r—1 

tt 
rt-
(0 H- tt 

ffi 
o 
o 
o 

o cr o 

rt 

o 

to 

00 H 
1 f t 

s B3 £ 
rt 

• * 3 
^° • s-
r j O u Ji 

- rf< • S I—< 

" ^ ffi 9, 
4 . M 3 
Hr l U H " 

^ H- ^ 3 
M- O o TO 

3 - - " 
to o 0 

W £ <! 

td 
t t 

O 

tt* 

o 
o cr 
ft 

f t 

3 
f l 
3 
r r 
CO 
cr 
o 
$ 
3 

f t 

2 
O 
H 
M 

o 
a 
w 
tt 
CO 
M 
J» 
»—i 

tt 
CO 

o 
o 

tt 
tr o 
o 
G 
H 

tt 
< 
tt 

H 
tt 
to 



17 



r i mi turn. 

i-L C O I J . L I i V A l I O H D I V I S I U * 
r. o n o i 1 'Ihll 

S A N T A I C. NLW I.1I.XICO b / 'j 0 1 

ULCHM.iT K M AIM Or.Mll £ 
AND 

AUIMOi i iZA i ion i o i r iA i is i 'O i i i O I L A H U N A T U K A I . GAS 

f 11 . c i I 
• j j U t a l o - ) - ; . 

FEB 1 7 1983 

O. C 0. 
ARTESIA. OFHC£ 

J . C. J l i l 1 i - i ' i ^on. 

P. 0 . Box 16 , M i d l a n d ; Te>ds / y . 0 2 
i u i . l . ; t - ' . ' " '» 

f l c . . - , . . . w . . , n . . . 

I ] °" 
Cl..- - I J O - C-... • 

Jf L h . n . r . I < - . . ' - » ' T S " r n » 
• rid . J . I . . . « (.1 | « . r . . - ) . . » c r r t 

[irn/mr1 ins of " ! i "-1• i i v-r 

LP-USA «jf 1 . LBcushy Draw_Delduane. 1 s ' ° " ' " r " F e d e r a l J. : 13297. 

I 1650 

26 

660 F t * . F i o m T h » Eas t 

26-S 29-E Eddy 

1 ,158 

J > s d Weiuht .BaLk B i i essJ . . J s a Q s 

L i K M : I C . l i . Or l-DV.I 1.1/.SCE 

r r . l l f y ! ! . . r . a n d i r . . . ! * . ! , , o . o f 11.r HJ) C l o . r r . a l i o 

B l o : ! .e l . r . 1 ( I I r - . w l r ^ f . . . J | . c ) i r 

(S. 

ProitijLtionJitfLretary - (JuU/ 

02-16-83 

0-686 
i . .g I ( J . U . t - 1 1 . ) 

Pack.ec 
OIL CGNSLRVAI ION DIVISION 

FEB 1 81983 
AHI'IUIVI:D . 

Original Signed By 
[IV Uili-,» A ri-:^n^nls 

Siipernii-.r Oit!-.'! II 

T h i . f o r m ! • l o L . f i l e d I n c w - | l i « n r i . * H h r. U I- C M 0 4 . 

j j n i - l a « i r ^ . d • l l c . i . l e l o r a r . - » . l > d . l l l o d o . d . - - , . - , 
v l l . t r f< n-. I . " L O r . lpr l l y a I aOu 1 . 11 o n of I h . d a . L -
t r a m 1.1 . n or . 1>.« w e l l I r . a t ( u . * 1 . . . . . « l l h 1 U L ( 1 1 1 . 

A l l r... i l ' m a M I t . l a F - .m rr.nat 1-a l l l l a d o u t r. o r - i . L I - i y fo r a l . 
. L l * oo r . a « a n d . c . o . - . , U i . d w a l l . . 

l l l l o u l i n l y , ' i . i i l o n . 1. I I . H I . V ) l o , , 1 . . of 
o l c. l l . r 

W cr. 
\ I 

pi cr. 
cn 

c: i 
rr to 

I ID 
M rrj 

. . . . I c | . . o n C - 1 0 4 " . o a t I t f i l e d f o r t a . ! . | I i n ( r o l l ! 
r d v . r l l . . 
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S U I ' r ' t L M t H l A l . U R I L L I H U U M ft 

J.C. WILLIAMSON 
WELL n EP-USA 

SURFACE FORMATION: Quaternary Alluvium 

ESTIMATED TOPS OF GEOLOGIC MARKERS 

Rustler Anhydrite 
Lamar 
Ramsey Sand 
Olds Sand 
Top Cherry Canyon 

350' 
3110' 
3165' 
3220' 
4150' 

ANTICIPATED POSSIBLE WATER AND HYDROCARBON BEARING ZONES: 

Fresh Water 
Delaware (Oil) 
Cherry Canyon (Oil) 

above 350 feet 
3165-3175 feet 
4000-4200 feet 

PROPOSED CASING AMD 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 i f 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 i f significant shows are encountered in its Middle 
Delaware formation 

PRESSURE CONTROL EQUIPMENT: 

Pressure control equipment will consist of a control valve 
and oil saver. 

CIRCULATING MEDIUM: 

This will be a cable tool hole. Water will be the drilling fluid. 



4«i 

7. AUXILIARY EQUIPMENT: 

Not applicable. 

8. TESTING, LOGGING AND CORING PROGRAM: 

No coring is planned. 

Formation tests will be made as warranted by bailing hole down 
and measuring fluid entry rate. 

I t is planned that a Gamma Ray - Sonic log will be run. 

9. ABNORMAL PRESSURES, TEMPERATURES OR HYWOGEN JP_J 1DE GAS: 

None anticipated. 

10. ANTICIPATED STARTING DATE: 

It is planned that operating will commence on June 20, 1981. 

PI <-i 

i n 

> i -



J. C. WILLIAMSON, EP-USA #1-1, 26-26-29 

Telephone conversation with Mr. Williamson 

9/15/81 9 2:24 p.m. 

TD 3047' 

10 3/4 (? 350 circ 

8 5/8 9 850, (Murdock said 1250 of 8 5/8) mud to shut off water 

5J, 9 3000' 

Can not close in "Boots and Coots" has head to strip in tubing. 

BHP approximately 1800)?, Surface press approximately 1600#, venting 2!j MMCF 

Saturday blowed out (9-12-81) 

Changed out well head, w i l l 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'. 
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1 M E X I C O O I L . C O N S E R V A T I O N C 1 

MULTIPOINT ANO ONE POINT BACK PRESSURE Tt* 
Farm C-132 

o^HfLfe c E I V E D 

JUN 2 Q 1973 
0 ..-iual [J] Annu Q Special 

Test Cnte 

5 - 1 1 - 7 8 
— a . c. c.— 

•VHTESIA, o r r i c c 

£74 North Burton F l a t 6̂' 
, -r\-.~-r. C-Jle T o l u i Dep th 

5-9-78 

0 , ^ , 0 , , 

/ates Petroleum Corporation E1 Paso n a t u r a l Gas Company 

A t o k a 

1 1 , 6 4 0 ' KB 
R u g I!n=k T O 

10 ,976 
E l e v a t i o n 

3285" KB 
Farm or I-oaa. Nam. 

W i l l i a m s o n "BC" Fe 

4 - 1 / 2 " 1 1 - 6 * 3 .985 
Sat At 

1 1 . 6 2 3 ' 
Perlorittorta: 

r,.m 10792 T . 1 0 8 0 0 ' KB 
Tbg. Zlr.v 

2 - 3 / 8 " 4 . 7 « 1.995 
Set At 

10790 ' 
Perioral.on*,: 

r.om 10744 T , 1 0 7 4 7 . K B 

Uni t 

K 

S»c-

7 

T w p . 

20S 
R.|o. 

29E 
a Well - S ing l e - Drndenhnad - G . G . 

S i n g l e 

r C . O . M u l t i p l e p a c k e r S t I A l 

1 0 , 7 3 8 ' KB Eddy 

T u b i n g 
T e m p . *F 

162 • 10800 
M « " n A n n u a l T e m p . *F 

62 
B t » o . P i B * a . — Fjj 

1 3 . 2 
S l o t . 

New M e x i c o 

10786 10786 
Gg 

0 .706 0 .60 0 . 3 7 

% HjS Pro<r*c 

N i l 
M * l * r Hun 

4 " 
F L O W D A T A T U B I N G D A T A CASING D A T A D u r a t i o n 

o t 

F l o w 
N O . 

P r o v . r O r i f i c e 

L l " s i . . 

sn. 

Pres s . 

p . e . l . q . 

D1H. T e m p . 

• F 

P r e . . . 

p . o . l . q . 

T e m p . 

•r 
P r e * . , 

p . . . i . g . 

T e m p . 

• F 

D u r a t i o n 

o t 

F l o w 

SI 3261 69 24 h o u r SI 

4 .026 x 1.250 549 20 68 3095 73 1 h o u r 
2. 550 41 68 2954 75 1 hour 
3 550 69 68 2858 78 1 h o u r 
a 551 95 68 2792 81 1 h o u r 
5 . 

R A T E O F F L O W C A L C U L A T I O N S 

C o e f f i c i e n t 

{24 H a u l ) 

F l o w To.-np. G r a v i t y 

F f l 

Compreas . 

Fac tor , Fpv 

R a t . o f n o w 

Q, Moid 

7 .469 106 .04 5 6 2 . 2 • 9924 1.272 1.050 1050 
7.469 1 5 1 . 9 6 .9924 
7 .469 1 9 7 . 1 3 5 6 3 . 2 .9924 

1.272 1.05Q 1 5 0 4 

1.272 1.050 1952 
7. 469 2 3 1 . 5 1 5 6 4 . 2 .9924 1.272 1-050 2292 

.835 

. 8 3 7 

• 837 
.838 

4406 

528 
528 
528 

528 
15413 

1.454 
1.454 
1.454 
1.454 

il£L7_ 
• 907 
..907. 
.907 

G » L i q u i d Hydrocci toon H o l l o , 

A . P . I . G r a v i t y o t L i q u i d Hydroca rbon* 

S p e c i f i c G f a v i l y Separator Caa 

S p e c i f i c G r a v i t y F l o w i n g F l u i d 

C r i t i c a l P ressure 

C r i t i c a l Tempera tu re 

4 8 . 8 4 
5 6 . 2 

.618 

673 
36 3 

- M c t / b b l . 

D«g. 

.706 
665 
4 5 2 

P»2 

17703 
16332 
15453 
14861 

1710 
3081 
3960 
4552 

PC

J - >w' 

4 .2647 = 4 .2647 

[ Pc

2-Pw2] 
9775 

9775 _Mewe 15.025 Anni- ni sin...ft 45 deg rees 1.0000 

S t a t i c p r e s s u r e s b y B e n n e t t W i r e l i n e : f l o w i n g p r e s s u r e s by DWT. 
NOTE: Well was not completely cleaned up when put on lineand Gmix 
r e f l e c t s 3 b b l s w a t e r i n 1 s t 24 h o u r s p r o d u c t i o n . 

Approved t*y C o m m L i i i l o n : j Con t luc i ed B y ; 

I B i l l T r e m b l e y , J r . 

C d l c j l a t ^ d B y : 

E d d i e M. M a h f o o d 

Checked By ; 

13000-
T . . l l - g M . I X c J I p ' l o l . t u c * pr .y 

Back P r e s s u r e 
r u o l n g F ' t . i . u r . ( C h u t - l u ) 

32 5 0 # 

. ' I . C L l i T I I I C A I X OT COMPLIANCE 

| h f i e t y c e i t l f y that llio m i r e • no' t e ( i l l a t i o n , of tho O i l Con .e r . a t lon 

Co i - . n i i .Hn i n .va M r r . cc-n,,-U.d r i l h >." l I h f l tho ln( i rnct l t>n t t ; - " 

above I * tiua . m i to Hi* beat o/ wy knowijojf .c miJ belief . 

Ja. 

C h r i s t i n e T o m l i n . ' i o n - C l o o l . S o c t v . 

5-10-7S 
in..,'.) 

Co.lng Fra.aur. ( t h u t - l a J 

I'V.ir 

C h o k . S i s . 

OIL CONSERVATION COMMISSION 

. ^ • • ^ MAY 2 2 1978 «=• 

U Y _ 

CO — 

TITLE «"PKHV.SOE. Q'srnicT a 

T h U lo .m ta l o bo I I I * * In co r . io l t . nc . « " ' • <">'• 

] [ < M . 1 . • . r . i u » . t I o . . l l o . v . l - l « for • i .»»ly •'• ' • ' • 1 • ' 

w a l l , thia (...,„ ..nut 1,-. a t c o . , | . . , i l . J Ly 

A H , . , „ I 11 ,1 . . m . r t l .o f i l l * - ' « "< « < . i : - f l " l « ' » I ' " 

. l , l o O,, 110" i . v M - l 

„ . . „ . ,.< l.r l i . „ » | . . . i l . i , . l " H i " > » l > « ' • ' ' < • • " • » » -

v l . - i l . . 

I - - Dl 

cn ID 



W£LL 
i t ~ Y Vi 

b. T V i ' K o r 
> t " J 

I.I.I. 1 
2. s l u e OF C 

Yat< 
3 . ADDRESS O] 

207 
4 . L O C A T I O N C 

At surface 

At top pr< 

At In t i l l d 

198 (V_FSL, 1980' FWL of Sec 
11 mi NE/CarIsbad 

^ 13 3/8" at 590' w/480 sx 
8 5/8" at 2925' w/450 sx 
4 1/2" at 11,623' w/615 sx 

SUSPENDED OPERATIONS 

U_-ldLNiL 
J_fP.6-28-77 »w 10jrJii=27__ 

WELL CLASS: INIT D F I N S U S t L t ' 

H U M * I ION DA IUM 

11,640' (MRRW) 

K 1 K M A I U IN 

r: 
J.. 

W I L D C A T 

JOCK A M ' SL l . v , 

D A T E SPIJI 

6-2 

2 6 . • r i l ' E E L E 

3 1 . P E R r O R A ' 

33.» 

DATS F I R S T 

IC 
D A T E OF TC 

1 

COMR Moranco 

2 0 . TOTAL DEPT 

116 
2 4 . P B O D L ' C I M T E H V i 

7-5-77 
7- 19-77 
8- 3-77 
8-3-77 
8- 16-77 
9- 1-77 
10- 31-77 

11-5-77 

TLOW. T 0 B I > 

l l U U I 

HPusatv 3 2 7 0 ' GL. -™_i i» i f la !_£ i 

F.R. 2-21-77 
(Morrow) 
TD 3055'; Rng 8 5/8" Csg 
Drlg 7695' 
Drlg 11,132' 
Drlg 11,600' 
TD 11,640'; WOCU 
TD 11,640'; WOCU 
TD 11,640'; Suspended Operations 
LOGS RUN: DILL, CNDL, CNL, FDC 
BHT 172 deg 
COMPLETION ISSUED 11-1-8 NM 

IC 30-015-70073-77 

• * H i IM. i l ! . . 

C A B L E TOOLS 

-AS D I R E C T I O N A L 
UBVEY. M A D E 

Mo 

W E L L COHED 

No 

A M O U N T P U L L E D 

• A C K E R SET I 

T l 2 2 6 

2ZE. ETC. 

. T E R T A l , L'BED 

(Producing or 

LC 

i A S - O I L R A T I O 

A V I T Y - A P I ( C O R R . ) 

i rioN or OAS i.&olii, uted ]or fuel, vented, etc) 

V e n t e d 

T E S T W I T N E S S E D B l 

H . A . A p p l e 
A T T A C H M E N T S 

rtieTcby cert i fy tb*t tbe fo rego ln j and attached information i l complete and correct as determined f rom all available records 

SIGNED V. 
G e o l . S e c t y DATE 

1 0 - 1 9 - 7 7 

*(See Injtroctionj and Spaces for Addi t ional Data on Reverse Side) 



.*S2 rss. DEFANTMf'ITTJF THE ItVTTRtOlT «*»•>•»• 
GEOLOGICAL SOHVtY ^ y ^ t g O 

(I>0 »Ot 

SUNDRY NOTICES AND REPORTS O N ^ f t G * 
iv t h i * f iTHi f u r |iri.t>i.-;iln (n tl r i l l nr to i l i i - i i r r i or l»luc buck t l ^ n W l e r e o t • 

U M " A F r L l C A T I O N F O I l i ' f c ' K W J T - " tor much Prwi*w»J».) 

0 ^ 
2. N A M E o r O ' E I A T O K 

Y a t e s P e t r o l e u m C o r p o r a t i o n 
3, AbllKM.SH OV OI'CaATOB 

207 South 4th S t r e e t - A r t e s i a , t!M 88210 

....... NM_pil.65 
•7 w I M » I A * , A i u r r r a a M i t i i l H A M S 

AUMMUIMT K A M I 

FARM OR I BASE N A M E 

W i l l i a m s o n "BC" 

1 . Wtr A Tt OS OF I. I-l.I 

jit tuttace 

l l ocu t ion o l f n r l y nnd In u I t h « n j State rcqulrcmcDta.* 

1980' F S L & 1980' FVJL of S e c t i o n 7 - 2 0 S - 2 9 E 

R E C E I V E D 
14. PERMIT SO. 

OCT .2 7 1977-

16. ( L E V A n O N * (Show whether Dr. RT, ex. etc.) 

3 2 7 0 ' GK 

Wt4agd-t (Mor row) 
11 . . E C . T., . . . M., OFI DI.K. AND 

Stl lVKT OK AlAtA 

Sec . 7 -20S-29E 
U n i t K NMPM 

12. C O U V T I 0 1 F A H i ^ f T 3 . a T » r r 

Eddy HM 

Q Q Q KOTIC* 

Check A p p r o p r i a t e Box To Indicate Nature of N o t i c e , Report , or O the r D a t a 

•usMQUENT i tEi 'o i t r o r : 

ACTIiRC TEEAX 

IOOT Oil AC1TMZE 

VAlR WELL 

• UVTCNTro.f TO : 

f V L L OB ALTER C.\3J.-i< 

MULTIPLE COMPLETE 

ABANDON * 

CHANCE PLANS 

WA T i l SHUT-OFF 

FltACTURE U K ATM ENT 

SHOOTING OD ACIDIZING 

•ttPAJRISQ WELL 

ALTERING CASINC 

A DANDON M LNT* 

(oth«) Set Production casing_ 

Ran 45 j o i n t s of 4*5" 13.5# N-80 (1433 1), 320 j o i n t s of 4 V 11.6# N-80 
(10190') of casing ( T o t a 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 gallons mud 
f l u s h , followed w/365 sacks of H a l l i - L i t e + \/°,'° CFR-2 + 5#/sx KCL, t a i l e d 
i n w/250 sacks of Class H + 1/2% CFR-2 + 5tt/sx KCL. PD 2:10 PM 8-11-77. 
Pressure tested t o 250O#. OK. WOC and ran Temperature Survey and found 
top of 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 : 11455-11460' (20 h o l e s ) , 14463-11468' (20 h o l e s ) . No shows. 
Treated p e r f o r a t i o n s w/1000 gallons of l h " MS acid w / b a l l sealers. Well 
cleaned up and flowed an estimated 250 MCFPD w/spray of water. 
WIH w/Bridge Plug i n packer a t 11422'. Pulled tubing out of hole. RIH w/ 
Tubing Conveyed Gun, Guiberson Uni V I packer, set packer a t 11342' and 
perforated 11387-11391' w/16.32" holes. Swabbed back water. 
Set Blanking Plug w/wireline 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 Guiberson Unit VI packei 
& 2-3/8" tubing, set packer at 11226' and perf o r a t e d the Upper Morrow at 
11264-271' w/28.32" shots. GTS i n 1 min. - 1100# 3/4" choke. = 15,750 MCFPD 

18. I hereby cert! tti^t tbe f o r e f o t u s U t rue m i l cor rec t 

G e o l . S e c t y 1 0 - 1 8 - 7 7 

* S e t I m l ruc t ion ! on Reverse Side 



I 

"lUJNoitY hiOTYCtS A N O HEPQWTS 
• r (Max back ta • d l l t c r vn t pv twr rv t r . 

m ' — 
U S GEOLOW SURVEY 

X. M I M I Or OPMATOE ^ / 

Y a t e s P e t r o l e u m C o r p o r a t i o n 
ARTESIA, NEW MEXICO 

3. ADDRESS Or OPERATOR 

207 South 4th S t r e e t - A r t e s i a . M 8B210 . • r n 
4. LOCATION UP WKI.I. (ltf|»ort location clearly and la nccurdaiict- "1th aay SUt^rt^irfWerBS M V 

it','lrt.S™'17 "* ^ • 
1980' FSL & 1980' FVJL o f Sect ion 7-20Sjr^9|g 1977 

14. PERMIT yo . 15. E L E V A T I O N * (Show whether Dr. r r . CE. t i c ) Q ( 

3 2 7 0 ' GR ARTEB"*- a r r l C * 

T. US IT MtMBMCST M 

8- FAl J l OR LEASE NAME 

Wil l i amson "BC" 
"5. WE1X NO. 

4 
10. F I E L D A S D POOL, o i ~ W T L D C A T 

f / I / - h-~ /•r-- Y 
Wildua-t (Morrqw)_ 

1 1 . ace., T.. R., I I . , OS BLK. AND 
SURVEr OR AREA 

Sec . 7-20S-?9E 
NMPM U n i t K 

12. COUNTY O I PARISH) 13. STATE 

Eddy NM 

KOTICI OF INTENTION TO : 

TERT TP ATE R SHUT-OFF 

FRACTURE TREAT 

SHOOT OR ACIDIZE 

REPAIR WELL 

( O t h e r ) 

Check Appropriate Box To Indicate Nature of Notice, Report, or Other Data 

SUBSEQUENT HEPOST OF: 

WATER SHOT-OFF X BGFAIRINO WELL 

FRACTURE TREAT"ENT j ALTERING CASINO 

SHOOT INC OR ACIDIZING 

PULL OS ALTER CASINO 

UULTJFLE COUPLETS 

ABANDON* 

CHANGS PLANE ( O t h e r ) , 

. OKSt Kiar. I 'noinaED OR C O M P L E T E D O P K R A T I O N S (Clear ly s la te a l l r w r t i n e i i t detai ls , and s l v * p e r t l n 
proposed worn:. It* f i t H i * directionftUy dri l led, g iv* •ubiurfRcc loc*t . t i i \^ nnd me a au red and t i 
nent to this work . ) * 

Spudded a 17V hole at 4:00 PM 6-28-77. TD 590'- Ran 15 j t s of 13-3/8" 
csg 61# K-55 ST&C (595.54') set a t 590'. Cmtd w/280 sx of Class C 4% CaCl 
4- l/4# f l o c e l e / s x t a i l e d i n w/200 sx Class C 4% CaCl. S l u r r y wt. 14.8, 1.32 
cu f t / s x . Compressive Strength a t 70 deg 1023 p s i i n 12 hours. PD 5:05 PH 
6-29-77. Cement c i r c u l a t e d 35 sx t o surface. WOC 12 hours, cut o f f csg. 
NU, reduced hole t o 12V d r i l l e d plug and tested t o 600#, OK. Resumed d r l g . 
TD 3055' - Ran 12 j t s of 8-5/8" 32# J-55 (483') 4 59 j t s of 8-5/8" 24# J-55 
(2442') ( T o t a l 2925') o f csg. set a t 2975'. 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 & 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 a t 1:30 PM 7-3-77. Found top of cement a t 1850. Ran 1" t o 1287', 
spotted 150 sacks of Class C 4% CaCl. PD 5:30 PM 7-4-77. WOC 4 hrs, dumped 
1/2 yd pea. Ran 1" to 1287', spotted 50 sacks of Class C 4% CaCl. PD 4:00 
AM 7-5-77. WOC 4 hours dumped 1/4 yd of pea g r a v e l . Ran 1" t o 1038', 
spotted 225 sacks o f Class C 4% CaCl. PD 2:10 PM 7-5-77. WOC 6 hrs dumped 
h yd pea g r a v e l . Ran 1" t o 1088', spotted 50 sacks o f Class C 4% CaCl. 
PD 11:50 PM 7-5-77. WOC 2 hours. Ran 1" t o 1038', spotted 100 sacks of 
Class C 4% CaCl. PD 1:30 PM 7-6.77. WOC 4 hrs, dumped \ yd pea g r a v e l . 

—(eetyM-d-en-afrtached pa<fef-
18. 1 berebj 

SIGNED Or t£*t xhe torecotnc U /rue 

jnn.n Geo l . Secty 7-15-77 

(Tbls space for Federsl lersl or State offl« use) * 
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ANNULAR BOP 

( H y d r i l 1 ) 

< 

T 

PIPE liAME 

-1 900 

Ten 
KAjnb, 

you 
S t e e l 

Check Valve Valve c 

2 I n c h K i l l 
L i n e 

Casinghead or Bradenhead 

I t t 
IP S h a f f e r 10" Se: 

H y d r a u l i c a l l y Operated !J.O.!'. 

-rp-

4 Inch L i n e 
la I'I i lo.-d 

5̂ -
'.. :;o.-;e 
Ma r. i f o l d 

u3 

'iiiC FOMC.'ING CONSTITUTE MINIMUM BLOWOUT PREVENTER REQUIRE MENTS 

1. A l l p r e v e n t e r s t o be h y d r a u l i c a l l y operated w i t h secondary manual rc;:,: . : 
i n s t a l l e d p r i o r t o d r i l l i n g o u t from under c a s i n g . 

2. Choke o u t l e t t o be a minimum o f 4" dia m e t e r . 
3. K i l l , l i n e t o be o f a l l s t e e l c o n s t r u c t i o n o f 2" minimum diameter. 
4. A l l connections from o p e r a t i n g m a n i f o l d s t o p r e v e n t e r s t o be a l l s t e e l 

h o l e or tube a minimum o f one i n c h i n d i a m e t e r . 
5. The a v a i l a b l e c l o s i n g pressure s h a l l be a t l e a s t 15% i n excess of t h a t 

r e g u i r e d w i t h s u f f i c i e n t volume t o operate the D.O.P.'s. 
6. A l l connections t o and from p r e v e n t e r t o have a pre s s u r e r a t i n g e q u i v a l e n t 

t o t h a t o f the B.O.P.'s. 
7. I n s i d e blowout p r e v e n t e r t o be a v a i l a b l e on r i g f l o o r . 
0. Operating c o n t r o l s l o c a t e d a safe d i s t a n c e 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 i n t e r m e d i a t e c a s i n g . Operator 

not r e s p o n s i b l e f o r blowouts r e s u l t i n g from not keeping h o l e 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 zone o f f i r s t gas i n t r u s i o n . 
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18. I 

5IGNE 

HIII« 

' t i 13 3/8" at 765' w/800 sx 
W 9 5/8" at 4600' w/1750 sx 

5 1/2" at 11,800' w/2700 sf 

SUSPENDED OPERATIONS 

; ~ '•: - . 6-4-7 NM 
~s-n 2-21-79 <MP 6-18-79 

WELLCt-ASS; INIT D F I N S U S E L L V 

fOUMAUON NHtMA HON D . t u « 

E 

ID 11,800 (MRRW) n« 11 ,758' 

Landis #2 

2- 23-79 
3- 2-79 
3-9-79 
3-16-79 
3- 23-79 
4- 2-79 

4-5-79 

4-6-79 

anittiv 3638' GL pp 13,300' RT 

F.R. 6-5-78 
(Morrow) 
TD 765'; Reaming 
Drlg 3255' anhy 
Drlg 46BO' 
Drlg 8400' 
Drlg 10,758' lm 
TD 11 ,800'; Prep Run Csg 
DST (Atoka) 11,035-140*, open 1 hr 30 mins, GTS 
in 20 mins g 450 MCFPD thru 3/8" chk, rec 100' 
Gas & Cond cut wtr + 1068' WB + 785' GCDF, ISIP 
failed, FP 591-8410, 3 hr FSIP 2214#, HP 5647-
56470, BHT 159 deg 
TD 11,800'; SI 
Well blew out, did not burn 
TD 11,800'; Installing BOP 

6-4r-7 NM 

( T h i * i p * c * to, f M l t r * ! o , S t a t * oK ic * „ • * ) 

man 
URVEY OR 
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Instruction* »n R»v«r»« Sfda 
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» W m fAr propoooH to dftn of to <l*«a«n or plus %*ck ta • airforoht 
r iwiVi i ptr. UoorWm »-3JI-C far w*h propoMli-l 

1 . oi l n 

well L J 

- - " -* of p lug"b»<' * , : " — - * 

other * ma 
2. NAME OF OPERATOR 

Amocp_Prpdyction Company 
3. ADDRESS OF OPERATOR 

PM)._ Box 68,_Hobtps, NM_88240 
4. LOCATION OF WELL (REPORT LOCATION CLEARLY. See space 17 

below.) 

AT SURFACE: 1650' FNL & 1980' FWL, 
AT TOP PROD, INTERVAL:Sec 35 (Uni t F, SE/4 NW/4) 
AT TOTAL DEPTH: 

16. CHECK APPROPRIATE BOX TO INDICATE NATURE OF NOTICE. 
REPORT. OR OTHER DATA 

REQUEST FOR APPROVAL TO: 
TEST WATER SHUT-OFF 
FRACTURE TREAT 
SHOOT OR ACIDIZE 
REPAIR WELL 
PULL OR ALTER CASING 
MULTIPLE COMPLETE 
CHANGE ZONES 
ABANDON• 
(other) 

SUBSEQUENT REPORT OF: 

INDIAN. AU.OTTCE OR TRIBE NAME 

7. UNIT AGREEMENT NAME 

8. FARM OR LEASE NAME 
Greenwood Pre-Grayburg Unit Federal 

9. WELL N O . 1 ~~ 
12 

10. FIELD OR WILDCAT NAME 
Shugart Si lur ian-Devonian 

1 1 . SEC, T „ R., M., OR BLK. AND SURVEY OR 
AREA 

35-18-31 
12. COUNTY OR PARISHl 13. STATE 

Eddy I NM 
14. API NO. 

15. ELEVATIONS (SHOW DF, KDB. AND WD) 

3653.9 RDB 

• El 
• D 
• B 
• • 
• • 
• • 
• • 
• • 

RECEIVED 
<NOT^r»1^1sraomp'','on 

U.S. litULUulOAL SUittEV: 
AgTESIA.MEW MEXICO 

17. DESCRIBE PROPOSED OR COMPLETED OPERATIONS (Clearly state all pertinent details, and give pertinent dates, 
including estimated date o l starting any proposed work. If well is directionally dril led, give subsurface locations and 
measured and true vertical depths for all markers and zones pertinent 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 in 4-7-79. Drill pipe was snubbed in to a TD of 11,005'. 
Mudded up hole and stopped gas flow at 4!00 p.m. 4-16-79. 

Moved in Landis Rig #2 4-19-79. Set 5-1/2"(4,091' 20# & 7,709' 170 N-80 
LTSX)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 10% Acetic Acid 11 ,386'-ll ,600'. 
Perforated intervals 11,492'-50S' and 11,566'-58T using 4 JSPF. Set 
packer at 10,900' and set tailpipe at 10,972'. Drop bar on shear disc and 
flow test well. Currently shut-in for BHP survey. 

Subsurface Safety Valve: Manu. and Type r Set @ Ft, 

18. I hereby certify that the foregoing is true and correct 

SIGNCO l A a ^ C e r / ^ - TITLE Supervisor 
5-7-79 

t"Thi* ip#ee tor Federal or State oHtce u l t ) 

™ D „ v u * * " a T K . g M l T ^ N S DISTRICT ENGJHEt* 
CONDI HONS O f APPROVAL. I f ANY. 

** .1 

*Sa» I n t t rue . Ions on R a v e i t * S i d * 



:A:-;S. ui 
[Aril ITY_ Greenwood PreGrayburq Unit; Fprfpral Itell Nn i? 
LOCA'T ic:.; Or . <".clL I IY (cuAkiu-./WA;:- SLC. 

35_ ITR A'.-jiPj? w r*QT.-,r.; n;jr,R!P'K':M SE/4 NW/4 
aiSi'i.:;Ci AX! ct«.£Ci !«<:• r i v . i.L^<.-
TST TD::: n rpo:-.i:;r:,7 IAXVAP.K 16 miles Southeast nf in™ m i i ^ 

it.v. i;c.t. 
31 TE . 

M I L A;;i) i.JUr* 
3F OCCI:';:;::F. 11:15 pm 4/2/79 

;\S IX^u iA lE 
S'OTICE CIVO!? 

YES hi) 
X 

nn o 
LU10 1OST Gas and condensate 
310 A: 

JESCRICC CAUSE OF PMOLEH A!i0 REMEDIAL ACTIO!! TAKE.'I** 
Layed down d r i l l pipe to run casing and well started flowing, Shut-1n and started pumping 
into well and well blew-out through BOP, Shut down all operations. Replaced BOP, snubbed 
in d r i l l pipe and killed well. Run 5 1/2" casing to TO of 11,800 x cement. 

jY 

•!H0M 

LOT RE
QUIRED 

V.E. Staley 

UAIt A.;() HOUR 
OF MSCO'.TaY 11:15 pm 4/2/79 
IF YES, 
TO '.Il'.CVt w.A. Gressett 
OATE 
MPJffl'R . S;Q0 am iV3/7,9 
QUANTITY 
OF LOSS 

iLu'uiS RL 
A t;5itr.rcL-r!5F? 
IK YES, ULSCKISE FULLY** 

YES i;o 
X 

QUANTITY 

VOLUME RE-
COVEPCO tifA 

.IESCSIKL A;;£A AFFECi'ti) AND CLEAI.-JP ACTIO:; TANE;;" 

Ori l l pad and pasture northeast of well covered with-spray of'condensate. Replaced caliche 
on d r i l l pad and cleaned up pasture that was affected. 

(AKMli.'G 

SA;,UY 

GRAZING 
X 

;»Y 
i.o X 

CLAY 

UiiLvV; 

IKGCKY 

OTTTTR* 

l-.1T 

lESCRii'Tio:; 
,if_ ARrA 
S'tliflA'CE 
zopu tci;s__ i ^ 
ii.Si,i;j!)L*i'.L.',:.v,L U':,onio;,s fKi'.'Aiu.Nu iHrrEivTiliit., «* i ; i .c i i*Xl«TI, LICTF"" 

Clear, 55°F 

rTi;;:i:;i cTnfftY iru IML Ktftaafja; AUOVC is TJJOE AAD Cuwitrt io HIE ULSI or ;:T 
:N0:.'LLI'f,L AKD CLL1LF 

;ir.:;ni T1TITAdministrative Analyst PA1T April 26. 1979 
•Sl'iClf Y 
0+2-NMOCD,A ' 

1-Houston 
1-RWA 
1-ORW 
1-LF thru VES 

"A1TAC1I AUiHIItXAl. SICLIS I f I.LCI.SSAUY 



NAMi OF OPERATOR / U T C 7 C 
i . j . • r- / A R T S B I A , O F F I C E 

Ar=.Oi:o i r e d u c t i o n Conoany ^ 
ADl •'<[ SS Oi" OPERATOR 

P.O. brewer " A " , Love] 1 and . TX 70 
i OCATION OF W t L L (REPORT LOCATION CLEARLY. See space 17 

i r suPfAOi :1650 ' F!iL & 1980 ' FWL, Sec 35 
\T TOP PROD. INTERVAL; (Un 1* t F, S E / 4 , NW/4) 
\T T O i A L DEPTH: 

'.HECK APPROPRIATE BOX TO INDICATE NATURE OF NOTICE, 

iEPORT. OH OTHER DATA 

0 EST FOR APPROVAL TO: 

s" WATER SHUT OFF L l 

Ai ORE f PEAT L i 

' . . T OR ACIDIZE [ j 

0 - R WEL: L J 

hh Vsy, AL i ER CASING F ] 

i i " I E COMPLETE f ] 

-'•• ,E ZO':i s f J 

n 

SUBSEQUENT REPORT OF: 

• 
• 
• 
• 
n 
n 
n 
• 

8. FARM OR I [ A T I-i 
T ' D n w i / u O i r 

10. FIELD OR WILDCAT NAME 

. _ Shugart to ]urian- Deyonbo 
1 1 . S E C , T., R „ M., OR PL K. A N D c U u v , , OH 

AREA 
35-18-31 

12. COUNTY OR PARISh! 13. STATE 

Eddy | fH.; 
14. API NO. 

15. ELEVATIONS (SHOW DF KDB A O ' D W i i l 

3653.9 ROB 

{NOTE: Report results of multiple completion c, 
change on Form Sy-33Q.) 7 *- << 

fr". 
;• • --> to chaiioo p r o d u c t i o h s t r i n g f rom 7" t o 5 1/2" 

Su! ':•:•['iC:nt ropor t .of. ' Iow_ou_t\ " . / y . 
: SCRIbE PROPOSED OR COMPLETED OPERATIONS (Clear ly s ta te a l l pe r t i nen t de ta i l s , and give per t inen t da tes , 
i; : iud ing e s i m i tfed date of s ta r t i ng any p rooosed work . If wel l is d i rec t iona l l y d r i l l ed , give subsur face locat ions am i 
i . ;asuf«u «»iid t rue ver t i ca l d e p t h s fo r all ma rke rs and zones pe r t i nen t to th is w o r k . ) * 

r i l l e d to TD of 11,185' and ran DST r l 11,035'-11,140' Atoka. DST results 
itacticd. Drilled to TD of 11,617' and ran DST #2 11,515'-11,580' Morrow. 
•T results attached. Drilled to TD•of 11,800'. Circulated and logged. 
ircul-i tod to run casing. Pulled out of hole to lay down d r i l l pipe and 

• i l 1 >oilars. Mud began flowing to pit. Attempted to circulate off g(is 
' ibblt; a-id pump into well with mud and brine water. Pressure increased to 
'-. 00- dtid BOP began to leak. Shut down and cleared location, notified 
'.'•OCT! cr.il USGS at 6:00 AM(NM) 4/3/79 of blowout. Red Adai r on location at 
2 00 PM. After surveying well, opened BOP. Cleared location of loose 
•:• uipsont. Shut-down operations at 5:00 PM All entry roads guarded by 
tf o?ci g..o:i"ds. Two Amoco supervisors at location during night. Commenced 
o ?reL!.o; at 7:00 AM 4/4/79. Built access road to well from the south. (Over) 

i,0 ::e Safety Valve: M a n u . and Type 

he- ' b y cert i fy ,£nat the f o r e s t i n g is t rue and co t rec t 

TITLE A cl rni nJ__S u p e r v i s o r DATE 

Set @ 

A p r i l 6 1 9 7 9 

Ft, 

(This space lor Federal or Stale of f ice use) 

i AH-OKT R. STAM ..ACTING DISTRICT ENGINEER APR 1 2 1979 
) f A P P R O V A L , IF A N Y 

•Se« I n s t r u c t i o n * on R*!ver*e SIda 
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D E C E I V E D 
D E L T A D R I L L I N G G O M P A N Y 

-Box CO 12 T E L E P H O N E 214 595-1011 

JAN 2 6 1978 
T Y L E R , T E X A S 75710 

• . c . c . January 24, 1978 

New Mexico O i l Conservation Commission 
Drawer DD 
Artesia, New Mexico 88210 

RE: Report of Blowout 
South Culebra Bluff Mo. 1 Well 
Eddy County, New Mexico 

Gentlemen: 

This l e t t e r w i l l confirm the pr i o r n o t i f i c a t i o n 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 located 1980' FNL and 1650' FEL of Section 23, 
T23S, R28E, NMPM, Eddy County, New Mexico. 

The South Culebra Blu f f 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, 79701, as D r i l l i n g Contractor. 

On November 17, 1977, at 12:00 noon, Delta D r i l l i n g Company assumed operation 
of the well at a depth of approximately 4400' 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 we l l u n t i l 
January 3, 1978, on which date such w e 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 e f w e l l and e f f o r t s to gain control of 
the well at the surface were commenced immediately. Control equipment has 
been i n s t a l l e d on the wellhead and at present gas i s being f l a r e d through 
two l i n e s . Arrangements have been made to s e l l such gas to El Paso Natural 
Gas Company pursuant to an emergency gas sales contract, and i t i s anticipated 
that deliveries of such gas w i l l be commenced on or about January 25, 1978. 

Additional information concerning such we l l i s being furnished to the New 
Mexico Conservation Commission pursuant to your forms C-103 and C-104. 

Very t r u l y yours, 

cc: New Mexico O i l Conservation 
Commission 
P. 0. Box 2088 
Land Office Building 
Santa Fe, New Mexico 87501 

Mgr. Corporate Engineering 
and Research 



ATTACHMENT 

DRILLING AT 11,769 FEET, A HIGH PRESSURE GAS ZONE WAS 

ENCOUNTERED, BOP AND H Y D R I L WERE C L O S E D A N D 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 T H I S T I M E , A L L O W I N G T H E F U L L P R E S S U R E TO ENTER 

S E P A R A T O R , 

T H E S E P A R A T O R WAS U N A B L E TO H A N D L E T H E F U L L P RESSURE 

AND S U B S E Q U E N T L Y F A I L E D , W H I C H I N TURN D I S A B L E D T H E 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 platform in the Gulf of Mexico. The platform was 
damaged by a blowout and subsequent fire last Decem
ber. 

The platform's output has reached 36 MMcfd from six 
wells that have been reworked since the blowout. The 13-
welJ platform, which had a gross producing capacity of 
95 MMcfd, was producing only 64 MMcfd prior to the 
blowout due to redu'.ed sales to pipelines. Well A - l , which 
blew out, had been producing 8-12 MMcfd. There are no 
plans currently to redrill the well, which was capped, 
plugged and abandoned. 

On completion of repairs the gross producing capacity 
of the platform from the 12 undmnaged wells is expected 
to be 75 MMcfd. with production averaging 55 MMcfd, 
operator Sun says. Diamond Shamrock Offshore Part
ners LimiU>d Partnership, which has a 3S.333% interest 
in the platform, says capacity will be 85 MMcfd. Repairs 
on damaged portions of the platform's deck section are 
expected to be finished by year-end. 

Well A- l blew out last Dec. 4 during workover opera
tions. The fire that ignited four days later destroyed the 
workover rig and drilling quarters. I t was extinguished 
Dec..31. The blowout was capped on Jan. 22. 

Sun, with a 61.667% interest, has a temporary agree
ment to sell 16 MMcfd to Texas Eastern Pipeline Co., 
which was buying production from the platform prior to 
the blowout. Diamond Shamrock is selling 20 MMcfd to 
Bethlehem Steel Corp. and to Panhandle Eastern Pipe 
Line Corp., also a previous purchaser of gas from the 
platform. 

Sun won't release information on the cost of repairing 
the platform and said it has no estimate as to how much 
gas was lost as a result of the blowout and resulting fire. 
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land obtained from New Mexico 
versity is expected to handle an 
1 44,000 takeoffs and landings an-

1 for the airport was assured 
when Congress approved the 1985 
ntal Appropriations Bill. The mea-
ch now goes to President Reagan 
^proval, includes $2.2 million that 
ill receive in return for the 1,667 
university-controlled land at the 
ton^'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. ? 

bite Sands Rocket Test 
ited For Launch Today 
E SANDS MISSILE 

(AP) — One of two 
designed to conduct 

lysics experiments in 
lion with the space 
challenger was sched-
;e launched today, offi-
White Sands Missile 

aid. 
ally, the two rockets 
be launched Saturday 
2 aborted due to tech-
iblems. 
ib at WSMR said the 
ck Brant rocket lifted 
^ssfully 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 Farrnington 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 
Murphy, 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 per
cent of his body. 

A fourth man was takea 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. : >l 

Company officials say they 
are not sure what caused the 61 
p.m. explosion east of Bloom
field. 

Arapahoe spokesman John 
Ahlm said the oil well was being 
allowed to burn. • .-.Z-t-

7 ents Choose Dude Ranch Work 
ra«e of 8O01 student* work at Colorado 
anches each summer. 
CaUow said students have been work-

r*mber. AlthouKh it vanea at different 
incnej, h* said most sfn/ton». — 

dreds of aspens and ponderosa pines and 
the north fork of the South Platte River, 
which is just 100 feet from the main 
lodge. . . -3 

About 30 horses and four wild burros 

v -
on her day off, she said the experience 
has been worthwhile. - • W*, . ,•« -J* %£] 

"The most fun we have fa going t i 
Safeway," she said. "But it shows I can 
be independent, start „„.„,.»vi 
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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, J r . 

INTRODUCTION 

The Waste Iso la t ion P i l o t Plant (WIPP) s i t e i s 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 deta i l by Powers and others (1978) and U.S. Department of Energy (1980, 
1981). S i te select ion was based p r i nc ipa l l y on the existence of a th ick 
section of Permian evapori tes, mainly h a l i t e . The purpose of establ ishing 
th i s s i t e i s to demonstrate whether or not an evaporite environment is 
acceptable fo r the disposal of t rans-uranic waste generated by the Nation's 
defense programs. 

The primary concern regarding safe disposal of nuclear waste is to 
i so la te the waste from the biosphere un t i l i t i s no longer a danger to 
mankind. One of the most probable methods of accidental release of rad ia t ion 
from nuclear waste iso la ted in a geologic medium i s leaching and transport of 
the waste by moving ground water. I t i s therefore of primary importance to 
i den t i f y any potent ia l channel ways that might allow water to enter a 
repository s i t e located in bedded sa l t of the Salado Formation of southeastern 
New Mexico. The presence of the th ick Permian (225 m.y.) rocks at tests to the 
fact that major d isso lut ion of the h a 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 isso lu t ion features in the Delaware Basin 
and elsewhere that have been referred to as breccia pipes. Breccia pipes 
(also ca l led breccia chimneys) as they occur in evaporites are ver t i ca l 
cy l i nd r i ca l pipes or chimneys that may or may not involve more than one 
geologic formation. The chimneys are f i l l e d wi th downward-displaced 
brecciated rock. In t h i s context , the rock is brecciated by having collapsed 
in to a void at depth that was probably created by ground-water solut ion and 
removal of deep-lying evaporite or carbonate rocks in an underlying aquifer 
system (Anderson and K i rk land, 1980; Bachman, 1980). Such features have been 
described in evaporite deposits in many areas of the wor ld. 

The current study was done for the U.S. Department of Energy (DOE) i n 
response to a suggestion that because breccia pipes are thought to be the 
resu l t of deep d isso lu t ion , they may represent channel ways for future ingress 
of ground water, and that they should be considered in r i sk assessment 
programs for the evaluation of proposed waste reposi tor ies in bedded evaporite 
rocks. To t h 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 t e g r i t y of the WIPP s i t e . 
Reports by Anderson (1978), Bachman (1980), and Vine (1960) described 
d isso lu t ion and karst features in the Pecos region of southeastern New Mexico 
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and discussed the origin and history of breccia pipes. The present report is 
intended to supplement these studies and provide detail that was not available 
to them at the time their reports were written. 

Using the data from exploratory work, answers may be found to the 
following questions concerning breccia pipes: 

1. Do breccia pipes penetrate through the evaporite section? 
2. What is the physical description of a pipe? 
3. How are they formed? 
4. How deep do they go? 
5. When are they formed, and are they forming at present? 
6. Are they permeable? 
7. Where are they formed, can they form at the WIPP site? 
8. Do they represent a threat to the WIPP site? 

Acknow!edgments 

We thank James Walls, vice-president and general manager of Mississippi 
Chemical Corp., Eddy County, N. Mex., for his generous assistance and 
cooperation and for allowing us access to the mine. Discussions with C. L. 
Jones (USGS, retired) and Dennis W. Powers of Sandia National Laboratories 
(SNL) helped to clarify i n i t i a l ideas into explainable processes. 

STRATIGRAPHIC SETTING OF THE WIPP SITE 

The WIPP site is at the northern end of the Delaware Basin of New Mexico 
and Texas, a sedimentary basin of Permian age which is surrounded by the 
Capitan Reef. The geology of the area has been described in detail by Jones 
(1973), Powers and others (1978), and Bachman (1980) and is only summarized 
here. 

The stratigraphic sequence and time divisions of the rocks of 
southeastern New Mexico pertinent to this discussion are shown in table 1. 

Permian Rocks 

Permian rocks in the Delaware Basin are all of marine origin and they are 
divided into four provincial series, which are in ascending order: 
Wolfcampian, Leonardian, Guadalupian, and Ochoan. Only rocks of the 
Guadalupian and Ochoan Series are pertinent to this report. 

Capitan Limestone and Backreef Equivalents, 
Tansill and Yates Formations 

The Capitan Limestone and its backreef equivalents, the Tansill and Yates 
Formations, comprise the Guadalupian Series rocks. The Capitan is the reef 
limestone that surrounds the Delaware Basin. The limestone is generally 
porous and permeable (Bachman, 1980). Submarine canyons cut through the reef 
and were later f i l l e d with fine-grained carbonate-cemented sand (Hiss, 
1975). These deposits are much less permeable than the reef limestone and 
they tend to retard the migration of ground water (Hiss, 1975). 
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Table 1.—Major stratigraphic and time divisions, southeastern New Mexico 

(Time divisions from Berggren, 1972, and Bachman, 1980.) 

ERA SYSTEM SERIES1 FORMATION AGE ESTIMATE 

Cenozoic 

Quaternary Holocene Windblown sand 

Pleistocene Mescalero caliche 
Gatuna Formation 

PIiocene 

Te rt i a ry Miocene 
Ogallala Formation 

01igocene 
Eocene 
Paleocene 

Absent southeastern 
New Mexico 

Cretaceous Upper (Late) 
Lower (Early) 

Absent SE N. Mex. 
Detritus preserved 

Mesozoic Jurassic Absent SE N. Mex. 

Triassic Upper (Late) 
Lower 

Dockum Group 
Absent SE N. Mex. 

Ochoan 
Dewey Lake Red Beds 
Rustler Formation 
Salado Formation 
Cast i le Formation 

Paleozoic Permian 

Guadalupian Capitan 2 ( T a n s i l l 

ca. 500,000 years 
ca. 600,000+ years 

-5 mi 11 ion years 

26 mil 1 ion years 

65 million years 

136 mi 11ion years 

190-195 m i l l i on years-

225 m i l l i on years 

280 m i l l i on years 
n2 i 

Lime- > Format ion stone < Yates 

Fonnation 

1 Terms in parentheses are Epochs. 

2Rocks older than the Capitan Limestone are not described in this report. 
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The backreef cor re la t 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 W i 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 th ick h a l i t e and anhydri te 
members (Anderson, 1972). In the basin, the Cast i le conformably over l ies the 
Bell Canyon Formation and i s , i n t u r n , over la in by the Salado Formation. The 
Cast i le is about 412 m (1350 f t ) th ick at the WIPP s i t e . 

Salado Formation 

The Salado Formation consists of h a l i t e un i ts i n t e r s t r a t i f i e d wi th 
thinner beds of anhydri te, po l yha l i t e , beds of g lauber i te , and potash 
minerals. u<The h a 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 t e beds of the Cas t i l e ^ Many of the 
anhydrite and po lyha l i te beds are pers is tent throughout the basin. These have 
been numbered (Jones and others, 1960) and are used as marker beds for 
cor re la t ion purposes. The basal un i t of the Salado, where i t over l ies the 
Capitan Limestone, i s the Fletcher Anhydrite of Lang (1942). Local ly , the 
thickness of the Salado varies as the resu l t o f d isso lu t ion at the top of the 
formation. At the WIPP s i t e the Salado i s 603 m (1976 f t ) t h i c k . 

Rustler Formation 

Where no d isso lu t ion has occurred at the top of the Salado i t i s over la in 
conformably by the Permian Rustler Formation which i s also part of the Ochoan 
evaporite sequence. The Rustler i s divided in to f i v e 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 t one . The 
Tamarisk and Forty-niner Members are s im i la r to each other and where 
unaffected by d isso lu t ion , are composed of anhydrite and minor s i l t s tone 
beds. Ha l i te i s present in a l l three members except where i t has been removed 
by d isso lu t ion . This d isso lut 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 t e removed by d isso lu t ion . Where d isso lut ion has occurred, a reddish-
brown s i l t y residue remains. This d isso lu t 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 n c t i v e marker 
beds in the Rustler Formation. The Culebra, about 8 m (27 f t ) t h i ck , i s a 
yel lowish-gray, thin-bedded, f i ne ly c r y s t a l l i n e dolomite. Many layers contain 
d i s t i n c t i v e vugs about 2-10 mm (0.08-0.39 i n . ) in diameter which sometimes 
contain se leni te c rys ta l s . The Culebra is the most s i gn i f i can t aquifer in the 
basin area. The Magenta is composed of a l te rna t ing t h i n l y laminated reddish-
brown dolomite and gray anhydrite layers. The laminae display d i s t i n c t i v e 
undulatory bedding. The Magenta is about 7.6 m (25 f t ) th ick in the area and 
is also an aqui fer , although to a lesser extent than the Culebra. 
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The average Rustler in the v i c i n i t y of the WIPP ,si te i s about 82 m 
(270 f t ) and ranges from 11 to 146 m (35-480 f t ) in thickness, depending upon 
the amount of d isso lu t ion that has occurred. 

Dewey Lake Red Beds 

The Dewey Lake Red Beds, conformably over ly ing the Rustler Formation, 
consist of s o f t , th in even beds of poorly indurated reddish-brown to reddish-
orange s i l t s t o n e and f ine-grained sandstone which display numerous greenish-
gray reduction spots 1-10 mm (0.04-0.39 i n . ) i n diameter. Small-scale cross 
laminations and r i pp le marks are common. Lenses of cross-laminated f i n e 
grained sandstone become more common near the top of the formation ind ica t ing 
that a change from marine to f l u v i a l deposit ion was occurr ing near the end of 
Ochoan t ime. Evaporite deposits are not present in the Dewey Lake but 
secondary se len i te f i l l s concordant and discordant f rac tu res . Selenite also 
f i l l s part ings along bedding planes. These openings were probably caused by 
sagging of the Dewey Lake over areas where d isso lu t ion had removed h a l i t e from 
the underlying Rustler Formation. The formation was eroded in pre-Tr iassic 
time and varies i n thickness from zero to the west to 172 m (560 f t ) to the 
east of the WIPP s i t e . 

Tr iass ic Rocks 

Rocks of Tr iass ic age l i e unconformably on and overlap the Dewey Lake Red 
Beds. Bachman (1980, p. 26) referred the Tr iassic rocks in t h i s area to the 
Dockum Group and that usage w i l l be followed in t h i s repor t . 

These rocks consist mainly of wel l - indurated f l u v i a l sandstone, 
conglomeratic sandstone, and s i l t s t o n e , most of which ihave been removed by 
erosion i n southeastern New Mexico, and are i r r e g u l a r l y d i s t r i bu ted and 
preserved in the WIPP area. Although to the east i n Liea County the Dockum 
Group i s as much as 460 m (1500 f t ) t h i c k , i t pinches put along a roughly 
north-south l i n e that passes through the center of the WIPP s i t e . These rocks 
are important to t h i s report as they are found in breccia pipes elsewhere in 
the area. 

Jurassic and Cretaceous Rocks 

The area i s believed to have been above sea 1eveljthroughout Jurassic 
time and no rocks of that age are present. In Cretacepus time the area was 
covered by a shallow sea, but rocks of Cretaceous age &re only found in 
col lapse debris in areas of d isso lu t ion southwest of Carlsbad, N. Mex.--none 
being preserved in the WIPP area. 

Cenozoic rocks 

Cenozoic rocks in the WIPP area include the Ogallala Formation of Miocene 
and Pliocene age, and the Pleistocene Gatuna Formationiand Mescalero 
ca l iche. Sheets and dunes of Holocene windblown sand $re scattered across the 
area. 
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Ogallala Formation 

The Ogallala Formation in southeastern New Mexico consists mainly of 
windblown sand on which the well-known "Caliche caprock" of the High Plains 
has formed. The Ogallala is not present at the WIPP site and was either never 
deposited or more likely has been removed by erosion. The closest outcrop of 
Ogallala is at "The Divide" 11 km (7 mi) east of the WIPP site. 

Gatuna Formation 

The Gatuna Formation of middle Pleistocene age or older (Bachman, 1980, 
p. 38) unconformably overlies the Permian and Triassic rocks in the area 
except where absent owing to erosion or nondeposition. 

The Gatuna, mainly of fluvial origin, consists of unconsolidated beds 
ranging from s i l t to gravel. Much of the Gatuna is locally derived, 
especially from reworking of Triassic conglomerates and caliche of the 
Ogallala caprock. 

Mescalero Caliche 

The Mescalero caliche (an informal name) caps many of the older rocks of 
the area. According to Bachman (1980, p. 42) i t appears to have accumulated 
as the C horizon of an ancient soil after deposition of the Gatuna 
Formation. Bachman reports that dates derived by the uranium series 
disequilibrium technique show that the Mescalero formed between 510,000 and 
410,000 years ago. 

PREVIOUS WORK ON BRECCIA PIPES IN SOUTHEASTERN NEW MEXICO 

Numerous surficial features in and near the Delaware Basin have been 
described as being related to dissolution of the evaporites of the Ochoan 
Series. Vine (1960) described four domelike features as possible pipe 
structures. Later work done under the direction of personnel of the SNL and 
the USGS during studies for the WIPP site showed that two and probably three 
of the four domal structures are indeed breccia pipes. 

Additional surficial features have been mentioned as possible pipe 
structures. Reports by Reddy (1961), Vine (1963), and Anderson (1978) mention 
several domal structures in the basin. Vine (1963, p. B40-B41) cites 11 of 
these to the west of the WIPP site. Many of these domal structures were found 
by Bachman (1980) to be no more than caliche-capped h i l l s carved prior to 
Mescalero time. The h i l l in the SE 1/4 sec. 24, T. 23 S., R. 29 E. was mapped 
in detail by Bachman (1980, f i g . 20) and described as an example of ancient 
solution and f i l l structure. Another structure cited by Vine (1963) in sees. 
33-34, T. 22 S., R. 29 E. was mapped by Bachman (1980, f i g . 18) and drilled 
(WIPP 32) as part of the studies for the WIPP site (Snyder and Mclntyre, 
1980). No indication of dissolution in the Salado below the Vaca Triste 
Sandstone Member (Adams, 1944) was found. The structure is related to shallow 
dissolution in the Rustler and Salado Formations and not to deep 
dissolution. A nearby d r i l l hole, WIPP 29 (Snyder and Mclntyre, 1979), 
drilled to gain information for hydrologic studies in Nash Draw also showed no 
dissolution below the Vaca Triste. 
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A h i l l in the NW 1/4 sec. 1 1 , T. 21 S., R. 29 £ . about 1.6 km (1 mi) west 
of the Mississippi Chemical Corp. (MCC) main shaft was mapped by Bachman 
(1980) and found to have beds of the Dewey Lake Red Beds dipping as much as 
19°. According to Bachman, " the Dewey Lake Red Bedjs which are gently folded 
but not brecc ia ted, " are covered wi th ca l iche. "The folds are presumed to be 
the resu l t o f d isso lu t ion and hydration of evaporites in the underlying 
Rustler Formation." 

Another example of domal s t ructure cal led Tower H i l l , located in sees. 1 , 
2, 11 , 12, T. 21 S. , R. 29 E., has been p a r t i a l l y penetrated by mining out 
horizontal rooms for use in s tor ing b las t ing powder) used in the MCC mine. C. 
L. Jones (oral commun., 1980) has stated that the bedding i s nearly hor izontal 
and undisturbed around the walls of these rooms. 

Reddy (1961) studied several domelike, quas i -c i rcu la r features southeast 
of Malaga at Queen Lake. The features are generally surrounded by hogback 
ridges dipping outward from the central port ions o f i t h e domes. These hogbacks 
are nearly always the Culebra Dolomite Member of thle Rustler Formation. The 
central port ions of these domes consist of brecciated Salado and lower Rustler 
Formation rocks. Reddy (1961) a t t r i bu ted the doming to upward movement of the 
Salado or Cas t i le h a l i t e s , the movement being caused by d i f f e r e n t i a l loading 
of the overburden during l a t e Pliocene or early Pleistocene t ime. Addit ional 
stress applied during the l a t e Cenozoic u p l i f t s of the Guadalupe and Delaware 
Mountains could have aided in accelerat ing the upward movement of the h a l i t e 
and causing the Rustler Formation to be intruded by the lower formations 
(Reddy, 1961, p. 71) . 

Bachman (1980, p. 74, f i g . 15) in te rp re ts the formational h is tory of 
these domes somewhat d i f f e r e n t l y . He defines the features as "karst domes." 
Much of the area near Malaga Bend (Queen Lake loca l * ) i s underlain by chaotic 
breccia*t)f the Rustler Formation. The domes have a icentra l insoluble residue 
of Salado p a r t i a l l y over la in by a brecciated cover of Rust ler. The less 
soluble dolomites are draped around the sides of the) domes. According to 
Bachman, the formation of these domes is related to .d issolut ion of the soluble 
port ions of the un i ts and tectonism or sa l t flowage i s not a fac to r . 

Lang (1947) explained Cretaceous debris found l y i ng on the Cast i le near 
the Black River val ley about 40 km (25 mi) southwest of Carlsbad as the resu l t 
of col lapse in to a so lut ion channel formed in the Salado Formation. This 
debris was washed in to the channel and preserved. Subsequent erosion of the 
surrounding Permian (Ochoan) beds eventually l e f t tHe debris scattered on the 
surface on the Cast i le Formation. There are no remnants of Ochoan rocks other 
than the Cast i le i n the immediate area which implied) to Lang that simple 
erosion of the intervening Ochoan beds was not the atiswer. 

Bachman (1980) bel ieves that the Cretaceous rocks were deposited on 
t i l t e d and beveled rocks of the lower Rust ler , Saladp and Cast i le Formations, 
and the foss i l debris i s the remnant of that heavily: eroded Cretaceous 
sect ion. The debris may be the material from a shallow col lapse sink which 
formed during Cenozoic time (Bachman, 1980, p. 84 ) . i Anderson (1981) questions 
t h i s i n te rp re ta t i on c i t i n g other Cretaceous deposits! nearby that rest i n 
younger-than-Casti le depressions at s t ra t ig raph ic horizons equal to the lower 
Salado. He also states tha t a " t runcat ion surface s u f f i c i e n t to allow pre-
Cretaceous d isso lu t ion to reach in to the Cast i le " would dip about 19 meters 

8 



per ki lometer (100 feet per mile) and because t h i s i s the present regional 
d ip , there i s no allowance for post-Cretaceous u p l i f t . 

GEOPHYSICAL STUDIES 

Numerous geophysical studies have been car r ied out on and around the WIPP 
s i t e 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 gravi ty surveys by Ferruccio Gera (1974) o f Oak Ridge 
National Laboratory (ORNL) in conjunction wi th R. Hopkins o f the Tennessee 
Valley Author i ty (TVA), and grav i ty and e lec t r i ca l r e s i s t i v i t y surveys by 
Mining Geophysical Surveys (West and Wieduwil t , 1976) in terpreted 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 in terpreted 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 loca t ions . Res is t i v i t y p ro f i l es across selected s i tes are shown in 
f i g s . 2, 3, 4 . and 5. Complete p ro f i l es and technical data for a l l eight 
locat ions 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 d e f i n i t e anomaly. The central part of the breccia pipe has a low 
r e s i s t i v i t y that i s 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 r cu la r r ing f a u l t . In terpreta t ions of the r e s i s t i v i t y p ro f i l e s 
along wi th addit ional data discussed l a t e r i n t h i s report have led us to the 
conclusion that the fo l 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 in terpreted 
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 in terpreted 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 grav i ty surveys across breccia pipes would show-* 
anomalous readings i s as fo l lows: 

I f the brecciated material in the pipe was not well consol idated, the 
addit ional porosi ty as compared to the porosity of the surrounding rocks would 
cause the instruments to record a grav i ty low across the pipe, and i f the 
material i s denser than or be t te r cemented than the surrounding rock, a 
grav i ty high would be recorded. 

Figures 6, 7, and 8 show the grav i ty and topographic p ro f i l es across the 
Wills-Weaver area, and H i l l C and H i l l A, respect ive ly . Figures 6 and 8 show 
a de f i n i t e gravi ty low at the Wills-Weaver and H i l l A s i t e s , but there i s 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 
gravi ty data do not give a consistent grav i ty response across known breccia 
pipes; and that grav i 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. 

9 



Table 2.—Designation, location, and remarkp, eight locations 

covered by electrical resistivity] surveys 

Breccia pipe 
designation 
or locale Location 

identi fication Sec., T. S., R. E. Remarks 

Wills Weaver 12, 20, 29 Small h i l l , center of h i l l 400 f t 
northwest of GW-1 d r i l l hole that 
penetrated 821 f t (250 m) of breccia 
from the surface. 

Hill C 5, 21, 30 H i l l , d r i l l hole W-16 penetrated 1300 
f t (396 m) of breccia and downdropped 
Rustler Formation, MCC mine d r i f t 
intersected'.breccia pipe directly 
under h i l l . 

Hill A 35, 20, 30 Breached h i l l , d r i l l hole W-31 
penetrated 1,981 f t (604 m) of 
brecciated nock and downdropped Santa 
Rosa Sandstoine, Dewey Lake Red Beds, 
Rustler and Salado Formations and 
Fletcher Anhjydrite(?). 

Hill B 1-2, 21, 29 Hill adjacent to Hill A, breached on 
southwest side exposing brecciated 
rock. 

Hill D 5, 21, 30 Hill southeast of Hill C, no rock 
exposed under caliche cap, no 
indication of dipping beds in 
underground workings that pass close 
to where pipe would be. 

Unnamed h i l l 11, 21, 29 Hill about 1 mi west of MCC main shaft, 
mapped by Bachman (1980) and found to 
have no breccia exposed, did have 
folded bedding. 

Sec. 9 sink 9, 22, 31 Surface sink in southeast corner of 
sec. 9, northern part of WIPP site, 
d r i l l hole W--14 located here to 
obtain data to explain gravity 
anomaly. Normal stratigraphic 
section as deep as 1000 f t . 

Sec. 14 sinkhole 14, 23, 30 Sink hole southwest of WIPP site, line 
run over wrong part of section, 
missed sinkhoje, data inconclusive. 
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CORE HOLES AND UNDERGROUND MAPPING AT HILLS A AND C 

Hill A 

Hi l l A l i e s in the SW 1/4 sec. 35, T. 20 S.. .R. 30 E., about 30 km 
(18.5 mi) east-northeast of Carlsbad ( f i g . 1) and i s the locat ion of d r i l l 
hole WIPP 31 . I t has been described in deta i l byiVine (1960, p. 1905) and by 
Bachman (1980, p. 62) . The h i l l has a low-c i rcu la r shape with r e l i e f of about 
15 m (50 f t ) and is about 370 m (1200 f t ) in diamfeter. I t i s crossed by a 
spur of the Atchison, Topeka, and Santa Fe Railro&d. The central part of the 
h i l l has been eroded as a shallow basin that drains to the west. The outer 
slopes of the h i l l are formed by Permian Dewey Lake Red Beds over la in by 
Tr iass ic rocks and capped by Mescalero cal iche which dips quaquaversally about 
15° ( f i g s . 9 and 10). 

Within the basin and wi th in a r ing f au l t abo^t 245 m (800 f t ) i n diameter 
l i e brecciated angular rock fragments of the Triaj fs ic Dockum Group that both 
Vine and Bachman agree appear to have come from r^ck s t ra t i g raph ica l l y higher 
than tha t presently exposed outside the r ing f a u l t . 

To explain the beds at the surface dipping a^ay from the breccia pipe as 
shown on p la te 1 ( in pocket) and f igure 10, a d isc iss ion of the d isso lu t ion 
f ront is needed. The name d isso lu t ion f ront can qe applied to two d i f f e ren t 
s t ra t ig raph ic horizons, the Rustler Formation andJthe top of the Salado 
Formation. Work at the WIPP s i t e and the surrounding area has shown that 
h a l i t e from both of these formations i s being removed by near-surface 
d i sso lu t i on . This d isso lut ion i s progressing from west to east across the 
Delaware Basin ( f i g . 9 ) . I t appears that the d isso lu t ion f ron t i s roughly 
wedge shaped, trending north-south, with the leadi 
This leading edge s ta r ts in the Forty-niner Member 
wedge th ickens, progresses downward and westward i 
bearing members of the Rustler and in to the upper 

ng edge toward the east, 
of Rustler and, as the 

nto the lower two ha l i t e -
a r t of the Salado ba 

Formation. The overal l appearance of t h i s wedge ojf d isso lu t ion i s a " s t a i r 
step" arrangement dropping s t ra t i g raph i ca l l y down from east to west. The 
leading edge in the Rustler at the WIPP s i t e i s inj the southeast quarter of 
the s i t e and the leading edge in the Salado is in the western side of the 
s i t e . 

This d isso lu t ion pattern is also present over the Capitan Limestone in 
the v i c i n i t y of H i l l A. The geophysical logs o f t i e two o i l and gas 
exploratory holes (Big Eddy 17 and 78) show no provable h a l i t e in the Rustler 
and d e f i n i t e removal o f h a l i t e from the top of theiSalado. 

F ie ld mapping has shown the Mescalero cal iche draping the outward-dipping 
surface of H i l l A did not form on the present-dipping surface, thus, the area 
around and across the pipe must have been f a i r l y l^vel during deposit ion of 
the ca l i che . Only a f t e r the formation of t h i s ca l iche d id the removal of 
h a l i t e from the area surrounding the pipe cause th$ area to subside, which did 
not a f f ec t the r e l a t i v e l y impermeable rock in the pipe. This lowering of the 
surrounding area has resulted in the outward dipping of the surface at H i l l 
A. Bachman (1980, p. 42) states that the Mescalero) began to form about 
510,000 years ago and that the upper crust formed about 410,000 years ago. 
This would date the movement of the d isso lu t ion f ron t through the area as less 
than about 400,000 years ago. 
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Dri l l hole WIPP 31, Hil l A 

D r i l l hole WIPP 31 was s i ted ins ide the r ing f a u l t zone mapped by Vine 
(1960) and Bachman (1980). The hole was d r i l l e d i n two stages. The f i r s t 
247 m (810 f t ) were d r i l l e d during September and October 1978, and the hole 
was l a t e r (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 
ind ica t ion of t h i s formation and somewhere between 8 and 94 m (25-310 f t ) 
below i t s normal s t ra t igraphic pos i t ion . Table 3 describes in general the 
l i t ho logy of cut t ings and core from WIPP 3 1 . 

I t should be pointed out that although a spec i f ic rock, i d e n t i f i a b l e as 
the Rustler Formation, was f i r s t found at a spec i f ic depth, i t does not imply 
that the strat igraphy is normal from that depth downward ( f i g . 11). In f ac 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 un i 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 
pos i t ions. 

One part of the Salado Formation h a l i t e (about 12 m or 40 f t ; t rue 
thickness) was the only th ick recognizable part of tha t formation cored, but 
many of the anhydrite fragments and much of the reddish-brown clay probably 
are Salado rocks. The anhydr i te, s ta r t i ng at a depth o f 580 m (1903 f t ) and 
continuing to a to ta l depth of 604 m (1981 f t ) i s ten ta t i ve ly assigned to the 
Fletcher Anhydrite, or the base of the Salado Formation. I t i s the only known 
anhydrite in t h i s area that i s th ick enough to account for the amount cored. 
The 50° dip noted on the laminations would give the cored in terva l o f 24 m 
(78 f t ) a t rue thickness about 15 m (50 f t ) . I t i s estimated that about 3-9 m 
(10-30 f t ) of the Fletcher remains below to ta l depth of WIPP 31 . 

Because the Tansi l l and Yates do not contain water-soluble evapori tes, 
they are probably not the cause of the col lapse of the over ly ing 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 over ly ing rocks, as young as the Tr iassic Dockum Group, 
collapsed in to the void. The Fletcher Anhydrite probably acted as a 
supporting beam over the col lapse for some t ime, but as the cavi ty i n the 
Capitan grew wider, the width exceeded the a b i l i t y of the Fletcher to serve as 
a support, and col lapse occurred. Another possible method to consider is tha t 
the cavi ty was f i l l e d with water to the base of the Fletcher, and decl in ing 
water leve ls 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 s t rength. The Fletcher i s considered as the 
support beam rather than one of the uni ts i n the Tansi l l or Yates because of 
i t s lack of bedding and i t s intergrown c r y s t a l l i n e s t ruc tu re . The Tansi l l and 
Yates are th in bedded granular rocks. 

Most of the h a l i t e of the Salado Formation, and a l l of the ha l i t e 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 explorat ion hole 
(Ci t 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 . — t i t h o l o g i c d e s c r i p t i o n o f c u t t i n g s f o r WIPP 31 

[Co lo r des igna t ion from Rock-Color Chart (Goddard anil o t h e r s , 1948). Depths not 
c o r r e l a t e d w i t h geophysical l o g s . To conver t f e e t t o meters m u l t i p l y fee t by 
0.3048; depths are from ground l e v e l ] 

Thi ckness 
depth interval 

Description (feet) (feet) 

Cuttings 

No returns- - 0 - 37 37.0 

Mud and siltstone, dark-reddish-brown (10_R 3/4) through 

dark-yellow-brown (10YR 3/4), some greenish-gray 

(5GY 3/4) siltstone; trace biotite and limestone; 

calcareous; as much as 10 percent sandstone in part ; 37 - 65 28.0 

No returns - 65 - 190 125.0 

Mud, siltstone, and sandstone, as in 37- to 65-ft 

interval 190 - 230 40.0 

No returns- - - - — 230 - 459 229.0 

Core 1 

Rubble of siltstone, sandstone, and mudstone, moderate-

reddish-brown (10R 4/6), dark-reddish-brown (1OR 3/4) 

and grayish-red (10_R 4/2), numerous greenish-gray 

(5GY 6/1) reduction spots 1/2-2 mm in diameter; rubble 

fragments as large as 15 cm .— 459 - 465.3 6.3 

No core— — 465.3- 467.0 1.7 

Cuttings 

Mudstone, siltstone, and sandstone same as unit at 

37-65 f t ; occasional fragments of chert, selenite, 

and micaceous siltstone and sandstone 467 - 519 52.0 

Core 2 

Mudstone, siltstone, and sandstone, dark-reddish-brown 

(10R 3/4) to grayish-red (10j? 4/2) and moderate 

reddish-brown (10_R 4/6); siltstone contains selenite 

veins and greenish-gray (5GY 6/1) alteration spots and 

biotite and pyrite; fragments as large as 22 cm 519 -526.3 7.3 

No core — 526.3- 529 2.7 

Cuttings 

Siltstone, sandstone, and mudstone, moderate reddish-

brown (10R 4/6), grayish-red [10_R 4/2) and light-gray 

(N7-N6); calcitic, b i o t i t i c , minor selenite- 529 - 579 50.0 

Core 3 

Mudstone, siltstone, and sandstone, moderate-reddish-

brown (10R 4/6), dark-reddish-brown (10R 3/4), and 

grayish-red (10R 4/2); greenish-gray (5GY 6/1) 

reduction spots in siltstone, selenite veins cut 

siltstone and mud matrix; scattered chert pebbles; 

possible carbonaceous plant material at 584 f t 579 - 589 10.0 

Cuttings 

S i l t s t o n e , mudstone, and gumbo c l a y , modera te - redd ish -

brown (10R 4 / 6 ) , dark - redd ish-b rown (10R 3/4) and 

l i g h t - g r a y ( N 7 ) ; minor cher t pebbles 589 - 695 106.0 
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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 of c u t t i n g s and core f o r WIPP 31--Cont inued 

Thickness 
depth i n t e r v a l 

Desc r i p t i on ( f e e t ) ( f e e t ) 

Cut 4 

Siltstone, mudstone, and minor sandstone, moderate-reddish-

brown (10R 4/6) and dark-reddish-brown (10R 3/4); 

qreenish-qray (5GY 6/1) reduction spots; siltstone 

contains bedding planes dipping from 32° to 40° 695.5- 703.4 7.9 

No core - - 703.4- 705.0 1.6 

Cutti ngs 

Siltstone and mudstone, same as unit at 589-695 f t - - 705.0- 750.0 45.0 

Anhydrite, white (_N9) 750.0- 751.0 1.0 

Core 5 

A n h y d r i t e , g ray ish-green (5_G 5/2) and dusky y e l l o w i s h -

green (10GY 3 / 2 ) , g y p s i f e r o u s ; m o t t l e d ; very f i n e l y 

c r y s t a l l i n e ; l am ina ted ; i r r e g u l a r a r g i l l a c e o u s laminae 

at 753.8 f t ; d ip of laminae ranges from 32° to 40° 751.0- 756.6 5.6 

S i l t s t o n e , da rk - redd i sh-brown (10_R 3/4) and g ray i sh - red 

(10R_ 4 / 2 ) ; gyps i fe rous anhydr i t e bands a t 757.0 and 

757.4 f t ) ; s i l t s t o n e f a i n t l y bedded-- 756.6- 758.9 2.3 

No core - - 758.9- 759.7 .8 
Core 6 

Mudstone b r e c c i a ; g ray i sh - red (10_R 4/2) through dark -

reddi sh-brown (10_R 3/4) and medium-dark-gray ( N 4 ) , 

fragments less than 3 cm; s l i g h t l y calcareous ma t r i x 759.7- 767.5 7.8 

Sandstone, dark- redd ish-brown (10_R 3/4) and g ray i sh - red 

(10_R_4/2), very f i n e g r a i n e d , ha rd , f r i a b l e , minor 

c a l c i t e cement, Mn02 s t a i n on bedding s u r f a c e s , 

qypsum f i l l e d f r a c t u r e 767.5- 771.0 3.5 

Cu t t i ngs 

Siltstone, mudstone, sandstone and gypsum, reddish-brown 

(10R 3/4), qrayish-red (10_R 4/2) and dark-reddish-brown 

(10_R 3/4) siltstone, mudstone same with some medium 

dark gray (_N4), 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 s i l t s t o n e , modera te - redd ish-

brown (10R 4 / 6 ) , dark - redd ish-brown (10R 3 / 4 ) , 

g ray i sh - red (10_R 4 / 2 ) , g reen ish-gray (5GY 6/1) ; 

s l i g h t l y ca l ca reous ; mud m a t r i x ; po r t i ons co lo red 

da rk -ye l l ow ish -o range (10_YR_6/6) 800.0- 809.8 9.8 

No core 809 .8 - 810.0 .2 

No re tu rns 810.0- 819.0 9.0 

Core 

Mudstone-siltstone breccia, moderate-reddish-brown 

(10_R 4/6) to dark-reddish-brown (10R 3/4); mudstone 

fragments up to 20 cm; siltstone contains greenish-

gray (5GY 6/1) reduction spots, lower 4 f t 

is one block, siltstone in rest of unit, fragments 

as much as cm, most less than 4 cm 819.0-1022 203.0 
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Table 3.--Lithologic description of cuttings and core for WIPP 31--Continued 

Thi ckness 
depth i n t e r v a l 

Desc r i p t i on ( f e e t ) ( f e e t ) 

A n h y d r i t e , o l i v e - g r a y (5Y 4 / 1 ) , f i n e l y c r y s t a l l i n e , 

i n t e r l a y e r e d w i t h moderate- reddish-brown (10R 4/6) 

s i l t s t o n e c o n t a i n i n g a l t e r a t i o n spots 1022.0-1032.4 10.4 

S i l t s t o n e , moderate-reddish-brown (10_R 4/6) and da rk -

reddi sh-brown (10_R 3 / 4 ) , numerous reduc t ion spots and 

veins o f s e l e n i t e ; u n i t most ly sha t te red fragments o f 

s i n g l e b lock o f rock - 1032.4-1051.7 19.3 

A n h y d r i t e , 1 i g h t - o l i v e - q r a y (5Y 6/1) t o da rk - ye l 1ow i sh -

brown (10YR 4 / 2 ) , laminated i n upper 2 f t ; very 

f i n e l y c r y s t a l l i n e and medium-gray (_N5) i n lower 

0.8 f t 1051.7-1054.4 2.7 

S i l t s t o n e , da rk - redd i sh-brown (10_R 3/4) and moderate-

reddish-brown (10_R 4 / 6 ) ; numerous g reen ish -g ray 

(5GY 6/1) r educ t i on s p o t s ; many lenq ths of core are 

from i n d i v i d u a l b l o c k s ; gray (_N6) c lay f i l l i n g 

f r a c t u r e s near base o f u n i t , some sandstone laye rs 1054.4-1147.4 93.0 

A n h y d r i t e , medium- t o medium-dark-gray (_N5-4); f i n e l y 

c r y s t a l l i n e , l a rge fragments of anhyd r i t e 1147.4-1149.8 2.4 

S i l t s t o n e same as u n i t at 1054.4-1147.4 f t , a n h y d r i t e 

fragment at 1167.9-1168.2 f t ; some mudstone 

i n t e r v a l s ; most o f u n i t appears to be l a rge 

broken block w i t h d ips of bedding as much as 55° 1149.8-1210.8 61.0 

A n h y d r i t e , medium- t o medium-dark-gray (_N5-4), f i n e l y 

c r y s t a l l i n e , many l a rge b locks i n te rspe rsed w i t h small 

(<10 cm) b locks o f anhyd r i t e and s i l t s t o n e ; 1 . 5 - f t -

t h i c k g rave l l aye r a t 1224 .6 -1226 .1 , gravel i s 

rounded s i l t s t o n e ; do lomi te fragments a t 1249, 1250, 

1254, 1263, 1267.5, 1276, 1280-1285 f t ; da rk -g ray (N3) 

s i l t s t o n e a t 1251-1253.3 f t o v e r l y i n g reddish-brown 

(10YR 4/6) d i s s o l u t i o n res idue 1210.8-1292.0 81.2 

S i l t s t o n e b r e c c i a , moderate- to dark - redd ish-b rown 

(10_R 4/6-10J? 3 / 4 ) ; minor fragments of anhyd r i t e as la rge 

as 45 cm (1 .5 f t ) ; minor mudstone and sandstone f ragments ; 

rounding o f edges o f fragments common 1291.0-1436.6 145.6 

A n h y d r i t e , med ium- l i gh t -g ray (_N6) to medium-dark-gray 

(_N4), very f i n e l y c r y s t a l l i n e ; b recc ia ted zone f i l l e d 

with clay from 438.3-438.4 m (1437.9 to 1438.4 f t ) 1*36.6-1442.5 5.9 

Mudstone, s i l t s t o n e , sandstone, and anhyd r i t e b r e c c i a ; 

moderate- reddish-brown (10_R 4 / 6 ) , dark - redd ish-b rown 

(10_R 3/4) s i l t s t o n e , mudstone, and sandstone, medium-

gray (_N5) a n h y d r i t e ; fragments o f l i g h t - g r a y (N7) t o 

l i g h t - o l i v e - g r a y (5_Y 6 /1 ) do lomi te sca t t e red through 

c o r e ; h a l i t e f i l l e d vug 4X7 cm at 1447.9 f t ) 

medium-b lu ish-gray (5B 5/1) c lay at base 1442.5-1457.6 15.1 
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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 o f c u t t i n g s and core f o r WIPP 31--Cont inued 

H a l i t e , l i g h t - g r a y (_N7), medium-gray (_N5), p a l e - r e d d i s h -

brown (10R 5/4) moderate-reddish-orange ( 1 0 R 6 / 6 ) , 

f i n e l y t o coarse ly c r y s t a l l i n e ; l i g h t - g r a y p o r t i o n s 

appear to be r e c r y s t a l 1 i z e d ; pa le- redd ish-brown 

po r t i ons are a r g i l l a c e o u s , and modera te - redd ish-

orange po r t i ons are p o l y h a l i t i c ; d ips measured 

a long p o l y h a l i t i c s t reaks range from 50° t o 60° 1457.6-1518.7 61.1 

S i l t s t o n e and anhyd r i t e b r e c c i a ; s i l t s t o n e , moderate-

reddish-brown (10_R 4 /6 ) and dark- redd ish-brown 

(10_R 3 / 4 ) , many fragments con ta in g reen ish-gray 

(5GY 6/1) a l t e r a t i o n s p o t s ; angular anhyd r i t e fragments 

range from o l i v e gray t o very l i g h t gray (5_Y 4 /1 to 

_N5) ; fragments o f p i t t e d do lomi te a t 1549.5-1551.2, 

1559, 1578, 1586.7, 1614 to 1624 f t ; laminated 

1 igh t -b rown ish -g ray (5YR 6/1) do lomi te fragment a t 

1627.2 f t ; o i l s t a i n s at 1629 and 1648 f t ; g l a u b e r i t e 

c r y s t a l s at 1628.9-1629.3 f t ; h a l i t e f i l l e d f r a c t u r e s 

and vugs in lower 30 f t - — 1518.7-1651.6 132.9 

A n h y d r i t e , medium-gray (_N5), speckled w i t h dusky-

ye l low ish -b rown (10YR 2/2) specks, very f i n e l y 

c r y s t a l l i n e ; sca t te red h a l i t e c r y s t a l s throughout 

unit 1651.6-1658.2 6.6 

Anhydrite and siltstone breccia, matrix of mud; angular 

anhydrite fragments medium-dark-gray. (_N4) ranging 

to 50 cm; siltstone, moderate-reddish-brown (10R 4/6) 

to dark-reddish-brown (10_R 3/4); dark-reddi sh-brown 

(10_R 4/3) mud matrix about 30 percent of unit 1658.2-1702.6 44.4 

Mud, anhydrite, and siltstone breccia; medium-light-

gray (_N6) to light-bluish-gray (5B 7/1) mud is about 

60 percent of unit, anhydrite and siltstone fragments 

as in unit above; pitted dolomite fragments at 

1703 f t ; scattered glauberite crystals and halite 

f i l l e d fractures — - 1702.6-1762.8 60.2 

Mud and anhydrite breccia; mud matrix grayish-red 

(5_R 4/2) and some medium-gray (_N5); anhydrite as in 

unit at 1658.2-1702.6 f t 1762.8-1782.8 20.0 

Anhydr i te and mud b r e c c i a ; anhyd r i t e as i n u n i t a t 

1658.2-1702.6 f t ; mud m a t r i x , l i g h t b l u i s h - g r a y 

Thickness 

Description 
depth 
(feet) 

interval 
(feet) 

(5B 7/D 1782.8-1802.6 19.8 
Anhydrite, medium-gray (_N5) to medium-dark-gray (N4), 

very finely crystalline; rock is brecciated and 

fractures are f i l l e d with medium-bluish-gray (5B 5/1) 

clay; some intervals contain subrounded laminated and 

subrounded dense anhydrite fragments as large as 4 cm 

in a mud matrix 1802.6-1903.0 100.4 
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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 o f c u t t i n g s and cpre f o r WIPP 31--Cont inued 

Thi ckness 
depth i n t e r v a l 

Desc r i p t i on ( f e e t ) ( f e e t ) 

A n h y d r i t e , medium-gray (_N5) and l i g h t - o l i v e - g r a y 

(5Y 6/1) laminated in pa r t w i t h brownish-gray 

(5YR 4 /1 ) and g ray i sh -b lack (N2) a n h y d r i t e , u n i t 

d ips about 50° and appears to be one l a rge block 1903.0-1981.0 78.0 

Total depth 1981.0 
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Figure 11.--Core from WIPP 31 showing block of younger Dewey Lake Red Beds 
underlying older fragments of Rustler Formation. The small l i gh t -g ray 
spots in lower part of core are reduction spots. Arrows point down-
hole. 

Figure 12.--Fragments of s i l t s tone and anhydrite with a fragment o f the 
Magenta Dolomite below 1627-footage mark in WIPP 31. Arrows point 
downhole. 

Figure 13.--Breccia from WIPP 31 containing anhydrite and s i l t s tone 
fragments. A fragment of the Culebra Dolomite has the depth number 
1448 wr i t ten on i t . Arrows point downhole. 
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of d r i l l hole WIPP 31 , there i s a to ta l thickness of at least 358 m (1175 f t ) 
of h a l i t e in the Salado. In a second hole (Perry R. Bass, Big Eddy un i t 78) 
about 0.8 km (1/2 mi) northeast of WIPP 3 1 , t h e r e i s over 305 m (1000 f t ) of 
h a l i t e preserved in the Salado Formation. The mi$sing h a l i t e (>305 m or 
>1000 f t ) o f the Salado in WIPP 31 must have beenIdissol ved a f te r col lapse of 
the material i n the pipe. 

At some t ime, minor amounts of o i l migrated t|rom the Yates Formation 
upward in to the Salado. Trace! o f o i l found i n thje brecciated rock i n WIPP 31 
have been i d e n t i f i e d (Palacas and others, 1982) asi being s imi la r to o i l from 
d r i l l holes nearby that are producing from the Yatfes Formation. The o i l 
stains were found in breccia (497 m or 1629 f t ) consist ing of s i l t s t o n e , 
anhydr i te, and dolomite fragments and a matrix of tiud, rec rys ta l l ized h a l i t e 
and g lauber i te crys ta ls (rocks of the Dewey Lake, Rust ler , and Salado 
Formations). 

Results of hydrologic tests in WIPP 31 run by USGS personnel are reported 
i n a fo l lowing sect ion. Continuous monitoring of the d r i l l i n g f l u i d performed 
by Morco Geological Services to determine the presence and amounts of 
n i t rogen, carbon d iox ide, hydrogen s u l f i d e , and hydrocarbons demonstrated that 
none of these gases was present in detectable amounts. 

B r i e f l y , the order of the formation of the breccia pipe at H i l l A i s 
in terpreted as fo l lows: 

1 . Deposition of rocks as young as Tr iass ic t)ockum Group. 
2. Cavity formation i n the Capitan Limestone by c i r c u l a t i n g 

ground water. ] 
3. Collapse of the Yates and Tans i l l Formations in to cav i t y . 
4. Support by the Fletcher Anhydrite kept fu r ther upward col lapse 

from occurr ing for some t ime. 
5. Eventual col lapse of the Fletcher and downdropping of Salado 

and younger un i t s . This stage probably consisted of some massive 
and some fragmental downdropping. 

6. Continual d isso lu t ion of Salado and Rustlei" ha l i tes in the pipe, 
possibly from downward moving water. Mud pnd small rock fragments 
in the pipe cont inual ly being carr ied or dropped downward during 
t h i s stage. 

7. Formation of Mescalero cal iche across nearly horizontal surface. 
8. Dissolut ion f ron t removes a l l Rustler h a l i t e and some upper h a l i t e 

from the Salado from around the pipe causirig near-surface beds to 
dip away from pipe. 

Hill C 

H i l l C i s another dome-shaped surface feature 3 jkm (2.5 mi) southeast of 
H i l l A. I t r ises about 30 m (100 f t ) above the surrounding t e r r a i n , i s 
roughly c i r cu la r in p lan, and is about 350 m (1150 f t | across. I t has been 
breached on the west side in a manner s im i la r to H i l l ; A but to a lesser 
extent. The surface, where not eroded, i s formed by draped Mescalero cal iche 
which p a r t i a l l y engulfs the Gatuna Formation and brecciated rock of Tr iass ic 
age. The Mescalero cal iche is o f f se t s l i g h t l y in several places and is 
displaced downward toward the center of the h i l l , apparently in response to 
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minor readjustments of the breccia mass ( f i g . 14). Unlike Hill A, only a very 
small area of Dewey Lake Red Beds is exposed in the gully that drains the 
western part of the h i l l . The rock exposed in the center of the h i l l is 
brecciated Triassic Dockum Group fluvial sandstones and siltstones. 

Samples for palynomorph analyses were collected from the brecciated 
Dockum Group rocks and were studied by Robert M. Kosanke of the USGS. Kosanke 
reported (oral commun., 1981) on the findings as follows: The samples yielded 
few palynomorphs and they were poorly preserved. Palynomorphs are usually not 
found in red or oxidized rocks and the presence of calcareous matter does not 
normally help with the preservation. The samples did, however, yield a few 
poorly preserved palynomorphs. Kosanke states (written commun., 1981) "The 
most abundant of these would be the remains of the alga Botryococcus cf. B_. 
braunii. Botryococcus is known to occur from early Paleozoic time to the 
present day where i t is a member of the freshwater plankton, is widely 
distributed throughout the lakes of the United States, but is rarely 
abundant. Botryococcus is abundant and the primary constituent of boghead or 
algal coals known to occur in Alaska, Australia, France, Scotland, South 
Africa, and mainland United States. I t is not so much an indicator of age as 
i t is an indicator of freshwater environment. A single pollen grain, probably 
related to the Compositae was found together with two tricol pate 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. I f 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 f ie ld mapping as 
Triassic; thus indicating the likelihood of contamination of the samples 
precluding the use of palynomorphs, in this case, to date the exposed rocks in 
the central surficial part of Hill C. 

The breccia pipe at Hill C provided an unparalleled opportunity to study 
a pipe in three dimensions. Prior to our investigation, this was the only 
breccia pipe that was known to contain brecciated rock at depth. During 
mining operations in 1975, in the 7th ore zone (see Jones and others, 1960, 
for stratigraphic location of ore zones) in the MCC potash mine one of the 
mine entries encountered the edge of this pipe. Not only were the rocks 
adjacent to the pipe exposed 366 m (1200 f t ) below the surface, but also some 
of the breccia in the pipe i t se l f could be studied. 

The objectives of investigating Hill C were to explore and define the 
horizontal dimensions of the breccia pipe at mine level, and study the effects 
of the collapse on the adjacent rock in the MCC potash mine. Additionally, i t 
was planned to match the underground pipe boundary with i ts surface expression 
and to identify the stratigraphic origin of the displaced rock fragments in 
the pipe at mine level. Additional objectives were to determine the 
permeability and porosity of the pipe and, i f possible, the origins and ages 
of mineral phases associated with dissolution. 

I t was planned to d r i l l horizontal core holes across the breccia pipe 
from the mine level to examine the breccia, determine the pipe dimensions, and 
collect samples that might be useful for age determination. Before these 
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holes were to be drilled, 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. Borehole WIPP 16 was designed for this purpose and was located on Hill 
C (NWl/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 lithologic log is given in table 5. 

Exploratory d r i l l holes for potash are located in the immediate vicinity 
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 downdropped 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 ft) ( f i g . 
15), as has the Culebra Dolomite Member of the Rustler. Halite below the 
Culebra was cored in WIPP 16, ancUthis differs markedly from d r i l l hole WIPP 
31 at Hill A where no halite and no recognizable stratigraphic sequence of 
rock was found to represent the Rustler. 

The explanation for the nearly intact Rustler, minus halite in the Forty-
niner and Tamarisk Members, in WIPP 16 is a problem. At Hill A (WIPP 31), the 
sequence of deposition, collapse of material in pipe, erosion, deposition of 
caliche, and dissolution of halites in the Rustler and upper Salado seems 
reasonable. To preserve Rustler halite in the pipe at WIPP 16, and arrange a 
plausible sequence of events for the formation of the pipe at Hill C, calls 
for stages of dissolution of the Rustler and upper Salado halites that suggest 
an unreasonable timing for the dissolution of these halites. I t is probable 
that the formation of the pipes at Hills A and C occurred at widely spaced 
times. 

The dipping beds shown abutting the pipe in figure 15 are explained by 
the following evidence. The surface dips of the undifferentiated Triassic 
rocks are mappable at the surface. The inward dipping rocks of MB 121 are 
mapped in the potash mine 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 halite 
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, halite, and 
dolomite of the Rustler Formation. (Analysis of this oil was reported by 
Palacas and others, 1982.) 

Hydrologic testing of WIPP 16 was not done because of the instability of 
the hole walls. A neutron log run by USGS personnel, Albuquerque, N. Mex., 
did not indicate the presence of water. Morco Geological Services 
continuously logged drilling fluids to detect C02, hydrocarbons, nitrogen, and 
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Table 4 .—Strat igraphic column of borehole WIPP 16 

Thickness 

Stratigraphic unit Meters Feet 

Chaotic breccia of Triassic rocks and 0-349 0-1145+ 

Dewey Lake Red Beds 

Rustler Formation 349-396 1145-1300+ 

Forty-niner Member, anhydrite, sandstone 

and siltstone. 396-361 1145-1186 

Magenta Dolomite Member - 361-365 1186-1199 

Tamarisk Member, anhydrite, sandstone 

and siltstone — 365-382 1199-1252 

Culebra Dolomite Member 382-389 1252-1276 

Lower unnamed member, halite, anhydrite, 

siltstone 389-396 1276-1300 

Total depth - 396 1300 
1 1 r • • 
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Table 5.—Abridged l i t h o l o g i c log of borehole WIPP 16 

[Co lo r des igna t ion from Rock-Color Chart (Goddard and o t h e r s , 1948) . Cut t ings 
40-120 f t , core 123-1300 f t ; depths from d r i l l e r , not matched to geophysical 
l o g s ; t o conver t m u l t i p l y footage by 0.0348; depths are from ground l e v e l ] 

Thickness 
depth i nterva1 

Desc r i p t i on ( f e e t ) ( f e e t ) 

No c u t t i n g s logged - 0 - 40 40.0 

Sandstone, s i l t s t o n e , and c l a y ; sandstone i s g r a y i s h 

red (10R 4 / 2 ) , very f i n e t o f i n e gra ined and ranges 

from 10 to 60 percent o f sample; s i l t s t o n e i s 

moderate redd ish brown (10_R 4 /6 ) and l i g h t o l i v e 

gray (5_Y 6/1) w i t h t races o f g reen ish -g ray (5GY 6/1) 

reduc t ion s p o t s , 40 percent of sample; c l ay i s medium 

l i g h t gray (_N6), 0-30 percent of sample; some (10 

percen t ) moderate-reddish-brown (10R 4 /6 ) t o da rk -

reddi sh-brown (10R 3/4) mudstone i n lower (25 f t ) 40 .0 - 120.0 80.0 

No re tu rns - 120.0- 123.0 3.0 

S i l t s t o n e b r e c c i a , moderate-reddish-brown (10_R4/6) 

and dark- redd ish-brown (10_R 3 / 4 ) ; sca t te red blebs and 

patches of g reen ish-g ray (5GY 6/1) a l t e r a t i o n zones; 

core cons i s t s o f unbroken blocks as l a rge as 0.3 m 

(1 f t ) as we l l as angular and rounded fragments o f 

recemented s i l t s t o n e ; a l t e r a t i o n spots do not cross 

fragment boundar ies ; d i p s , where bedding apparen t , 

are as steep as 71° , but the re i s no regu la r p a t t e r n ; 

some mud mat r i x between s i l t s t o n e i n p l a c e s ; core loss 

from 125.4-126.4, 130.0-132.1, 135.7-136.7, 151.0-153.3, 

153.6-154.0, 163.7-164.0, 169.2-170.2, 172.1-176.0, 

180.6-181.0, 185.3-186.0, and 189.0-191.0 f t 123.0- 191 .7 68.7 

Sandstone, g ray i sh - red (10_R 4 / 2 ) , moderate- and da rk -

reddish-brown (10R 4/6-10_R 3 / 4 ) , f i n e g r a i n e d ; 

f r a c t u r e s rehealed w i t h c a l c i t e and s e l e n i t e ; d ips 

of crossbedding range from 50° -80° , no core from 

59.7 to 59.7 m (195.8-196.0 f t ) - - — 191.7- 201.4 9.7 

S i l t s t o n e and mudstone b r e c c i a , moderate-reddish-brown 

(10R 4/6) s i l t s t o n e ; dark - redd ish-brown (10R 3/4) 

mudstone; fragments are subangular to subrounded and 

range in s ize from 0.5 t o 4 cm ( 1 / 2 - 1 1/2 i n . ) 201.4- 203.0 1.6 

Sandstone, s i l t s t o n e , and brecc ia c o n s i s t i n g o f 

sandstone, s i l t s t o n e , and mudstone, modera te - redd ish -

brown (10R 4 / 6 ) , and dark- redd ish-brown (10_R 3 / 4 ) ; 

some green ish-g ray (5GY 6/1) zones and s p o t s ; d ips of 

crossbedding in sandstone range from 50° t o 7 5 ° ; 

f r a c t u r e s in sandstone and s i l t s t o n e rehealed w i t h 

c a l c i t e and s e l e n i t e ; much o f b recc ia has a ma t r i x o f 

mud; no core recovery at 220 .6 -221 .0 , 224 .0 -226 .0 , 

244 .9 -247 .0 , 247 .8 -251 .0 , 260 .4 -261 .0 , and 

265.6-265.8 f t - 203.0- 265.8 62.8 
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Table 5—.—Abr idged l i t h o l o g i c l og o f d r i l l i h o l e W-16--Continued 

Thi ckness 

Description 
depth 
(feet) 

i nterval 
(feet) 

Mudstone, dark-reddish-brown (10R 3/4); breccia of 

mudstone and sandstone and siltstone; some greenish-

gray (5GY 6/1) mud f i l l i n g between fragments; most 

fragments range from 3 to 5 cm (1-2 in.) 265.8- 272.5 6.7 

Sandstone, moderate-reddish-brown (10R 6 / 4 ) , very f i n e 

g r a i n e d , f r a c t u r e s f i l l e d w i t h mud; few sca t te red 

g reen ish-g ray (5GY 6 /1 ) reduc t ion spots 272.5- 280.0 7.5 

Mudstone, dark-reddish-brown (10_R 3/4) brecciated and 

interspersed with subrounded sandstone and siltstone 

fragments ranging from 2 to 10 cm (1-4 in . ) ; minor 

greenish-gray (5GY 6/1) alteration spots and zones 

throughout unit; minor core loss at 295.9-296.0 and 

305.9-306.0 f t - - 280.0- 329.8 49.8 

Sandstone, s i l t s t o n e , and mudstone b recc ia same as u n i t 

at 61 .9 -81 .0 m (203.0-265.8 f t ) ; c a l c i t e and mudstone 

f i l l e d f r a c t u r e s throughout u n i t ; f ragments range from 

2 t o 17 cm (1 -7 i n . ) , ma t r i x o f mud; no core from 458.8-. 

4 5 9 . 0 , 4 8 9 . 0 - 4 9 1 . 0 , 4 9 4 . 5 - 4 9 6 . 0 , 498 .8 -501 .0 , and 

504.8- 506.0 f t - — 329.8-563.0 233.2 

Mudstone breccia, dark-reddish-brown (10_R 3/4), scattered 

subrounded to angular fragments of siltstone and 

sandstone ranging from 1 to 10 cm (1/2-4 i n . ) ; 

scattered greenish-gray (5GY_6/1) reduction spots; no 

core from 17.7 to 177.1 m (580.8 to 581.0 f t ) 563.0- 594.6 31.6 

Sandstone, siltstone, and mudstone breccia same as unit 

at 329.8-563.0 f t ; calcite healed fractures in sandstone 

fragments; mud matrix around fragments that range in 

size from 0.5 to 17 cm (1/2-7 i n . ) , dips of 

crossbedded sandstone about 55° where measured; core 

loss at 610.3-610.8, 619.7-621.0, 624.0-626.0, 

628.9- 631.0, 634.0-636.0, 637.6-641.0, 641.7-646.0, 

648.4-651.0, and 654.4-656.0 f t - - 594.6- 657.3 62.7 
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Table 5—.—Abr idged l i t h o l o g i c l og o f d r i l l hole W-16--Continued 

Thi ckness 
depth interval 

Description (feet) (feet) 

Siltstone and mudstone breccia, dark-reddish-brown 

(10R 3/4) and moderate-reddish-brown (10R 4/6), much 

of unit consists of f a i r l y undisturbed rock, except 

for i t s steep dip. Scattered subrounded 

fragments of moderate-reddish-brown (10R_4/6) 

sandstone and greenish-gray (5GY 6/1) mudstone 

and clay f i l l i n g s between fragments; dips of 

30°-65o on bedding planes; scattered fractures 

rehealed with gypsum and selenite; core loss at 

659.0-661.0, 685.9-686.0, 703.6-706.0, 706.6-709.5, 

719.4-720.7, 730.9-731.0, 734.7-735.3, 747.0-747.5, 

755.0-755.5, 762.7-767.9, 774.6-776.0, 777.1-781.0, 

783.6-786.0, 790.3-791.0, 791.8-796.0, 797.7-798.2, 

805.4-805.6, 810.2-810.6, 833.6-833.8, 850.8-851.0, 

853.4-857.0, 938.9-939.0, 945.6-946.0, 960.8-961.0, 

977.8-978.0, 1070.6-1071.0, 1078.5-1079.0, 

1084.7-1086.0, 1123.6-1124.2, 1138.0-1139.5, and 

1144.0-1145.3 f t 657.3-1145.3 48.80 

A n h y d r i t e , medium-gray (_N5) and o l i v e - g r a y (5Y 4/1) 

laminated in par t w i t h brownish-gray (5YR 4/1) and 

moderate-brown (5YR 4 / 4 ) , p a r t l y b r e c c i a t e d , 

f r a c t u r e s f i l l e d w i t h c l a y ; d o l o m i t i c band 3 cm 

(1 i n . t h i c k ) at 355.7 m (1167.0 f t ) ; laminae d ip from 

20° t o 36° ; o i l b leed ing from b recc ia ted zone a t 

352.3-353.0 m ( 1156.0-1158.2 f t ) - - 1145.3-1168.9 23.6 

Mudstone, moderate-reddish-brown (10_R_4/6), containing 

siltstone fragments and reduction spots 1168.9-1172.0 3.1 

No core -- 1172.0-1175.0 3.0 

A n h y d r i t e , o l i v e - g r a y (5_Y 4/1) and medium-b lu ish-gray 

(5_B 5 / 1 ) , a r g i l l a c e o u s f i l l i n g in h a i r l i n e f r a c t u r e s — 1175.0-1177.7 2.7 

No core 1177 .7-1178.0 .3 

A n h y d r i t e , brownish-gray (5_YR 4 / 1 ) , l i g h t - b l u i s h - g r a y 

(5J3 7 / 1 ) , 1 i g h t - g r e e n i s h - g r a y (5GY 6/1) and g r a y i s h -

y e l l o w (5B 8 / 4 ) , very f i n e l y c r y s t a l l i n e , d ips 3 8 ° - 4 0 ° ; 

f r a c t u r e s f i l l e d w i t h c lay - 1178.0-1186.3 8.3 

A n h y d r i t e , d o l o m i t i c , g reen ish-gray (5_Y 6/1) and l i g h t -

brownish-qray (5_YR 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-qray (5GY 6/1), light-olive-gray 

(5_Y 6/1), and light-brownish-gray (5_YR 6/1) wavy 

olive-black (5_Y 2/1) laminae, gypsum along some 

laminae; brecciated and rehealed in part 1192.6-1198.6 6.0 
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Table 5—.—Abr idged l i t h o l o g i c log o f d r i l l nolle W-16--Continued 

Thickness 
depth interval 

Description (feet) (feet) 

Anhydrite, same as unit at 1145.3-1168.9 f t , brecciated 

in part and containing subanqular to subrounded dolomite 

dolomite fragments, breccia very well cemented; laminae 

in unbroken parts dip 50° 1198.6-1220.4 21.8 

Anhydrite, 1 ight-ol i ve-gray (5_Y 6/1) mottled with 

brownish-gray (5YR 4/1), very finely crystalline, 2-cm-

long dolomite fragment at 1224.3 f t ; minor fractures 

f i l l e d with mud 1220.4-1227.0 6.6 

Anhydrite and brecciated anhydrite and dolomitic 

anhydrite; medium-gray (5_B 5/1) and dark-greenish-gray 

(5GY 4/1), dolomitic parts laminated with light-olive-

gray (5_Y_6/1); fragments are subangular to subrounded 

mud f i l l i n g between fragments; some fractures mud 

fil l e d 1227.0-1237.0 10.0 

Mudstone, medium-b lu ish-gray (5_B 5/1) grad ing t o 

moderate- and da rk - redd i sh-brown (10_R 4 /6 -10£ 3 / 4 ) , 

p l i a b l e , con ta ins fragments of s i l t s t o n e and gypsum 

less than 2 mm; lower f oo t most ly anhydr i te /gypsum 1237.0-1243.4 6.4 

A n h y d r i t e , med ium- l i gh t -g ray (N6 ) , f a i n t l y laminated and 

mot t l ed da rk -ye l l ow ish -b rown (10_YR 4 / 2 ) ; few b i tuminous 

laminae w i t h o i l b leed ing from them '. 1243.4-1249.4 6 .0 

Do lomi te , l i g h t - o l i v e - q r a y (5_Y 6/l-5_Y 5 / 2 ) , very 

f i n e l y c r y s t a l l i n e - 1249.4-1250.1 .7 

A n h y d r i t e , same as u n i t a t 1243.4-1249.4 ; h a l i t e c r y s t a l s 

f i l l i n g vugs a long bedding - 12^0.1-1251.5 1.4 

Do lomi te , med ium- l i gh t -g ray (N6) t o l i g h t - b l u i s h - g r a y 

(5_B 7 / 1 ) ; very f i n e l y c r y s t a l l i n e ; a n h y d r i t i c in p a r t , 

lower pa r t grades to g r a y i s h - y e l l o w (5Y 8 /1) and 

(5_Y 7 / 2 ) ; numerous vugs ; h a l i t e f i l l e d f r a c t u r e s i n 

lower par t o f u n i t - 1231.5-1276.1 24.6 

Mudstone and c l a y , b rownish-gray (5YR 4 / 1 ) , medium-gray 

(_N5), and moderate-reddish-brown (10_R 4 / 6 ) ; con tac ts w i t h 

upper and lower u n i t s d i p 32° and 3 5 ° , r e s p e c t i v e l y 1276.1-1278.4 2.3 

H a l i t e , moderate-reddish-brown (10_R 4 / 6 ) , f i n e l y t o 

medium c r y s t a l l i n e , very a r g i l l a c e o u s ; numerous 

a n h y d r i t e s t r i n g e r s scatered t h r o u g h o u t ; o i l b leed ing 

from h a l i t e a t 1281.5-1282.0 f t 1278.4-1286.9 8.5 

C lay , g r a y i s h - r e d (10_R 4 /2 ) and o l i v e - g r a y (5_Y 4 / 1 ) ; 

rounded a n h y d r i t e fragments i n lower p a r t 1285.9-1287.3 .4 

A n h y d r i t e , very l i g h t gray (_N8) t o l i g h t qray ( N 7 ) , very 

f i n e l y c r y s t a l l i n e ; numerous h a l i t e f i l l e d f r a c t u r e s ; 

f a i n t laminae d ip 40°-45° 1282.3-1293.5 6.2 

H a l i t e , moderate- redd ish-orange (10R 6 / 6 ) , f i n e l y 

c r y s t a l l i n e ; anhyd r i t e s t r i n g e r s sca t t e red 

throughout - 1293.5-1294.0 .5 
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Table 5—.—Abr idged l i t h o l o g i c log o f d r i l l ho le W-16—Continued 

Thickness 
depth i n t e r v a l 

Desc r i p t i on ( f e e t ) ( f e e t ) 

A n h y d r i t e , same as u n i t at 1287.3-1293.5 f t , h a l i t e bands 

p a r a l l e l t o anhyd r i t e laminae d i p i ng 40°-45° 1294.0-1297.7 3.7 

Mudstone, a n h y d r i t i c , dark - redd ish-brown (10_Y 3 / 4 ) , 

gyps i fe rous and h a l i t i c 1297.7-1300.0 2.3 

Total depth - 1300.0 
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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 d r 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 ft ) 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 ft ) of what is present. Apparently there was another ±145 m 
(±475 ft ) of Dockum Group rock overlying the present Dockum Group. Following 
this line of reasoning, the collapse may have occurred at a time when a more 
complete sequence was present. The core from WIPP 16 contained no voids, but 
rather a great deal of fine sediments, mostly clay and silt-size material. 
This 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 
ft) are found farther east. 

During this stage of the collapse, a depression probably formed at the 
surface allowing surrounding Triassic surface material to be washed into the 
depression. This material, especially the smaller fragments of sandstone and 
siltstone, was carried downward to form the matrix of the brecciated material 
now found in the pipe. 

Underground Exploration 

In doing development work 4;o open another area of the 7th ore zone in the 
MCC potash property for mining, entries were driven to the northwest from the 
main haulage entry (fig. 14). In the MCC mine, the 7th ore zone dips gently 
northeast. As the new entries were advanced northwestward and approached the 
breccia pipe, the ore zone began to dip down at a steeper angle than the 
mining machine could follow, so the machine mined progressively higher and 
higher beds (figs. 16 and 17) until the edge of the pipe was reached (fig. 
18). Mining exposed about 19 m (63 ft) of stratigraphic section above the 7th 
ore zone in a horizontal distance of 44 m (145 ft ) ( f i g . 8). Mining was 
advanced about 5.5 m (18 ft) into the breccia pipe and a horizontal 
exploratory hole was drilled 10.7 m (35 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 16.- -Le f t r i b o f 16-L d r i f t , breccia pipe to n g h t o f photo Back o f 
d n f shows at top of p ic tu re . The l i g h t b a n d s d ? ^ ng bou? 
I i ° } h B n g h t a r e t h e anhydrites of l MB 122 The dark band 

I 0* - m

l 0 n r f t n ' f L " V I 5 3 f i l a c e o u s h l f i t ^ c a p 'by 
L : f

( 1 ' f t " , t h l c k s e a m - Dark l e f t edge of p icture i s 
an o f f se t room 23 m (75 f t from pipe *dge Arcuate s t r i a H n n , 
on a l l pictures are caused by mining equipment S t r i a t l o n s 

Fi gure 1 7. 
* l f „ E i I 6 " L ^ n f t 3 5 i n f i g u r e 1 6 ' * a s e of MB 120 is 
s l i gh t y below the center o f photo, top a f MB 120 is near 
upper l e f t corner. Dark port ion o f p icture to r i q ? ?s o i l 
s ta in . Pipe about 5 m (16 f t ) to r i gh t 9 
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Figure 18 . - -Le f t r i b 16-L d r i f t . Pick leaning on breccia pipe mate r ia l . 
Boundary of inplace ha l i t e and breccia of pipe i s l i ne 
that s tar ts at base of o i l s ta in in lower l e f t corner, 
passes j us t above hammer handle and reaches top of photo 
near center. The l i ne i s a c l a y - f i l l e d (not gouge) f a u l t 
zone. The fragments o f anhydr i te , po l yha l i t e , and ha l i t e 
to the r i gh t o f the f a u l t show as various shades of gray. 
P=polyhal i te, A=anhydrite. 
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(Nos. 120, 121, and 122) and the blocks of anhydrite and po lyha l i te ( f i g s . 19 
and 20) in the breccia caused so much d i f f i c u l t y for the mining machinery tha t 
mining in that d i rec t ion was discontinued. 

Developmental mining was continued by d r iv ing the entry to the northeast 
for 183 m (600 f t ) and then proceeding northwest agaiin in order to bypass the 
breccia pipe. Here again the ore zone was found to dip more abruptly and 
steeply than the machine could fo l low. In t h i s case the beds also dipped down 
toward the p ipe, but the pipe now lay to the southwesit of the newly mined 
entry. The ore zone disappeared beneath the f loo r for a distance of about 76 
m (250 f t ) and the d r i f t exposed about 3 m (10 f t ) ofl the s t ra t ig raph ic 
section above the ore zone ( f i g . 21) . To the northwest along the new entry , 
the ore zone r ises to i t s normal a l t i t u d e again and t i e regional dip 
resumes. This perturbat ion of the regional dip i s al 
contours i n f i gu re 22. I t i s assumed that the dip of 
d r i f t , which i s very abrupt, i s in response to col lapse of material into the 
pipe which l i e s to the southwest of that entry. No f i u l t i n g i s seen in t h i s 
entry or in a small diameter core hole that SNL d r i l l 
the pipe fo r 19.5 m (64 f t ) . 

so shown by the st ructure 
the beds i n the bypass 

sd hor izonta l ly towards 

Permission was granted by the MCC for USGS personnel to do underground 
mapping and for SNL personnel to perform several experiments in the v i c i n i t y 
of the pipe in order to determine the shape and dimensions of the pipe. Two 
underground radar studies were done by personnel o f Ŝ IL and by Dr. Robert R. 
Unterberger of Texas A&M (Unterberger, 1981). The purpose of these f i e l d 
studies was to attempt to ou t l i ne a por t ion o f the breccia pipe wall by 
recording return signals from the radar. The radar experiments were not 
successful in del ineat ing the breccia-pipe boundary. jGeologic mapping of the 
mine entr ies in the v i c i n i t y of the breccia pipe was |one in February 1980 by 
preparing p ro f i l es of the r ibs (wal ls) to show as muc| s t ra t ig raph ic and 
st ructura l detai l as possible ( f i g . 23) . The mapping j was supplemented in 
several places by augering upward through the back (rr>of) to probe for cer ta in 
marker beds. The auger and crew were furnished by th$ MCC. 

Mapping showed tha t not only had the s t ra ta of the Salado Formation on 
the south side of the pipe been bent downward by the qollapse but also the 
beds are displaced downward toward the pipe about 5 mi(17 f t ) by a nearly 
ver t i ca l peripheral f a u l t 43 m (140 f t ) from the p i p e i ( f i g . 24) . This 
f a u l t i n g and the downbowing of the beds suggest tha t tjhe underlying chamber 
in to which the rocks collapsed may have been larger ir i diameter than the 
present diameter of the pipe at the surface. 

Oil seeps were encountered in the mine ( f i g . 23) inear the breccia pipe in 
d r i f t s 15-L and 16-L. Most o f th^s oil^was seeping frk)m_thjs fault__43_m_ 
(140 f t ) from the pipe ahoHnoving aTongTbedding pianesj,_especTally where 
po lyha l i te and anhydri te beds ijite_rsectetf~the f ju i r tTTlAnalysis of t h i s o i l and 
that from the horizontal d r i l l holes" i s reported by Paflacas and others (1982). 

Horizontal Coring Underground 

Using a portable d r i l l i n g assembly designed and b u i l t by SNL personnel, 
three horizontal core holes were bored from mine level ; toward the breccia pipe 
( f i g . 25) . The plan was to in te rsec t the pipe at the three l o c a l i t i e s . The 
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igure 19. - -Le f t side o f exposed breccia pipe at end of 16-L d r i f t showing 
numerous anhydrite blocks and matr ix of clay and ha l i te and 
anhydrite fragments. A=anhydrite. 

Figure 20.—Enlargement of upper r i gh t port ion o f f igure 19. Light streaks 
along l e f t side of anhydrite block are secondary ha l i t e seam 
cu t t ing through greenish clay. Above greenish clay in upper 
l e f t is reddish-brown clay. Laminations apparent on upper 
r i gh t side o f anhydri te. Dark streak on r i gh t is shadow 
A=anhydrite, H=hali te. 
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Structure Contours 
D r a w sn l o p o t 7 t h a t t r e n t " t o r m i d d l * o t 

S a l a d o Fo r m o t i o n . H a c h u r a s thorn t t r u c t u r a l l y 

d « p r s j s t t d a n a i . D a t u m i t m t a n i a a l * v i J 

Or/"/l/io/e IOO zoo 
Contour interval l0ft(3m) 

6 0 0 F E E T 

M E T E R S 

Faul t £ d 9 a o f 

OotHad wfi«ft appro*imat*<v (ocaf«< OreCCiO Dipt 

of su r face 

Figure 22.--Structure of sa l t beds (top of 7th ore zone) in v i c i n i t y of 
H i l l C breccia pipe. 
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holes were cored in alphabetical order (A, B, C); the core was 2.5 cm (1 in.) 
in diameter. Hole A penetrated the pipe boundary. Figure 26 shows about 
1.8 m (6 f t ) of core at the "bottom" of d r i l l hole A. The discing of the core 
was caused by torque and direct pressure on the bit face and the discs varied 
from about 3 mm to 10 cm (1/8 to 4 in.) in length. Argillaceous halite and 
anhydrite layers made up the longest lengths. 

In the next to the bottom row of core in figure 26, just in from the l e f t 
side is the clay seam contact 24.7 m (80.9 f t ) between the normal stratigraphy 
and the breccia pipe. In the bottom row of core, the shades of gray are 
fragments of halite and anhydrite in a brown clay matrix. The black disc in 
the second row l e f t is an oil-stained halite. Figure 27 is a geologic cross 
secti on of the hoi e. 

Hole B (fig . 25) was cored to a length of 18.3 m (60.1 f t ) . The core in 
the f i r s t four rows in figure 28 was shattered during drill i n g , less pressure 
was applied to the bit during coring of the rock in the last two rows. Oil 
stained the lower 0.4 m (1.4 f t ) . The oil caused a lack of circulation of the 
air cooling the bit and hindered removal of the cuttings below 17 m (56 f t ) 
and the bottom 1.2 m (4.1 f t ) of core was lost. The pipe boundary was not 
reached. Oil from this hole was described in Palacas and others, 1982. 
Figure 29 is a geologic cross section of the hole. 

Hole C ( f i g . 25) was drilled slightly up from horizontal to a length of 
19.6 m (64.15 f t ) . No recognizable lithologic units were penetrated. Clay 
was penetrated in the last 0.6 m (2 f t ) of the hole and the bit and pipe were 
jammed in place. A total of 14.6 m (48 f t ) of d r i l l pipe was recovered, 
leaving 7.3 m (24 ft) in the hole. I t is not certain whether or not this clay 
represents the pipe boundary; the SNL drillers believe that the rock being 
cored just before the pipe became stuck was drilling like halite and not like 
the breccia material in d r i l l hole A. The pipe boundary was predicted several 
tens of feet beyond the end of drilling. Figure 30 is the geologic cross 
section of hoi e C. 

The question of whether or not the walls of the breccia pipe are vertical 
or the pipe is a cylindrical-shaped body cannot be fully answered with the 
available data. Superimposing the surface trace of the pipe with the one area 
underground shows that the underground boundary of the pipe is about 30 m (100 
ft) further to the southeast than the corresponding part of the pipe at the 
surface. This could indicate that either the pipe does increase in diameter 
with depth or i f i t is a cylinder, then the cylinder is not in a vertical 
ori entation. 

In studies done by Piper and Stead (1965, p. 34), i t was found that most 
collapse structures over underground nuclear tests are roughly cylindrical. 
In additional studies on the same subject, Houser (1970) used a cylindrical 
shape in his interpretations, although he states (p. 51) that while evidence 
points to the cylindrical shape in some cases, other cases indicate an 
inverted cone (opening downward). 

Landes and Piper (1972) in studies of brine cavity subsidence in 
Michigan, state that surface features outside the collapse area do not extend 
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Figure 26.—Bottom core from d r i l l hole A, MCC mine horizontal hole. Nearly 
a l l of the bottom two rows of core are breccia pipe material 
(core measures 1 i n . in diameter). 
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Figure 28.--Bottom hole core from d r i l l hole B, MCC mine horizontal hole. 
The upper four rows are nearly pure Hialite crushed during 
cor ing , the lower two rows are o i l - sa tu ra ted argi l laceous 
ha l i te (core measures 1 i n . in diameter). 
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outward far ther than the underground solut ion cav i t y . This implies that the 
possible shape of the col lapse s t ructure i s an inverted cone or a nearly 
ver t i ca l cy l inder . 

Eck and Redfield (1963) i n t h e i r study on the Sanford Dam near Borger, 
Tex., report numerous f i l l e d chimneys having i r regu la r ver t i ca l sides 
(p. 56). The upper port ions of these chimneys have funnel shapes. 

The general shapes of the breccia pipes at H i l l s A and C are bel ieved to 
be near-ver t ica l cy l inders , possibly widening s l i g h t l y wi th depth. 

OTHER SUSPECTED PIPES IN DELAWARE BASIN 

Wills-Weaver Pipe 

In the ea r l i e 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 i n 
sec. 12, T. 20 S., R. 29 E. and penetrated 250.2 m (821 f t ) of brecciated 
rock. In te rpre ta t 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 , 1976a) and gravi ty 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 i s 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 st ructure can be 
seen. 

Hil l B 

Hill B lies immediately south of Hill A (fi g . 9) and rises 28 m (93 f t ) 
above the surrounding terrain. I t is round in plan, dome shaped and caliche 
capped. The h i l l 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 h i l l much like at Hill A. No 
drilling was done on Hill B, but the data of Bachman and Elliot strongly 
suggest that this h i l l marks the location of a breccia pipe. 

WIPP 13 Area 

An electrical resistivity survey (Elliot, 1977) across an area about 2.4 
km (1 1/2 mi) north-northwest of the center of the WIPP site indicated a 
possible breccia pipe area. The resistivity signature across this area 
appeared much like those signatures across Hills A and C. In 1978, 
interpretation of a gravity survey across the area indicated a gravity low 
centered on the WIPP 13 site (L. J. Barrows, SNL, oral commun., 1981). There 
is no topographic expression, of either a h i l l or a depression; but because of 
the closeness of this area to the actual repository location, further 
exploration was needed. Drill hole WIPP 13 is located near the center of the 
resistivity anomaly. Core and cuttings, along with downhole geophysical logs 
indicate that no buried structural anomalies exist at the WIPP 13 location 
(Gonzales and Jones, 1979) to account for the resistivity anomaly. The 
probable cause for the anomaly is an increase of sandy, more porous material 
in the Dewey Lake Red Beds containing more water than is found in the 
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surrounding area. WIPP 13 was l a t e r deepened fromn'ts o r ig ina l depth of 311.2 
m (1021 f t ) to about 1279.0 m (3868 f t ) to study trie s t ructure in the Cast i le 
Formation. 

WIPP 32 and WIPP 33 

About 17.6 km (11 mi) west-southwest of the center of the WIPP s i t e i s a 
small topographic high which was described by Vine |(1963) as an elongated 
domal s t ruc tu re . Rocks of the Rustler Formation arte exposed at the surface. 
D r i l l hole WIPP 32 was located on th i s s t ruc ture . (Most of the soluble rocks 
of the Rust ler , as well as the ha l i t es in the upper? 34.7 m (114 f t ) of the 
Salado Formation, have been removed by ground waterj. Below the Vaca T r i s t e 
Sandstone Member in the Salado, a normal undissolved section was penetrated 
(Snyder and Mclntyre, 1980). Bachman (1980) states; that the brecciated 
Rustler and Salado rock in d r i l l hole WIPP 32 is th;e resu l t of blanket 
d isso lu t ion in the area, and the fact that the featjure i s not re lated to deep 
d isso lu t ion below the Salado precludes i t from beinjg a breccia pipe. The 
feature i s ca l led a karst mound by Bachman (1980, p. 78 ) , and i s pr imar i ly an 
erosional feature. 

A small closed depression about 4.8 km (3 mi) (northwest of the center of 
the WIPP s i t e was found to contain an unusually thijck amount of f i l l material 
(G. 0. Bachman, oral commun., 1980). The sink mighjt be the surface expression 
of a breccia pipe. WIPP 33 was d r i l l e d and cored ib the depression to a depth 
of 256.0 m (840 f t ) . Below the th ick f i l l (13.4 m ior 44 f t ) , including 
a r t i f i c i a l f i l l for d r i l l pad, a normal s t r a t i graphjic section was found 
(Snyder and Mclntyre, 1981). Dissolut ion residues Hn the Rustler Formation 
and the upper 0.3 m (1 f t ) o f the underlying Saladoj Formation were expected as 
the d r i l l hole i s located j u s t east of Nash Draw anjd in the area where t h i s 
d isso lu t ion has been found in other d r i l l holes (Babhman, 1980). No breccia 
associated wi th pipe structures was found i n WIPP 313. 

PIPELIKE FEATURES IN OTHER AREAS 

Pipel ike structures have been studied and mapped i n a number of places i n 
the world. A l l of these structures are in areas that have evaporites in the 
subsurface. 

South Dakota and Wyoming, 

In South Dakota and Wyoming, studies of the Mihnelusa Formation by Bowles 
and Braddock (1963) show tha t the Minnelusa (Permia^i-Pennsyl vanian), composed 
of limestones and gypsum has undergone d isso lu t ion 0nd b recc ia t ion . The 
over ly ing rocks, as much as 305 m (1000 f t ) t h i c k , jiave been af fected and 
blocks of the Minnelusa Formation have dropped as m îch as 45.7 m (150 f t ) . 
The un i t underlying the Minnelusa i s a sandstone th^ t has undergone only minor 
boxwork weathering. Blocks of the over ly ing Opechej(Permian) and Spearfish 
(Permian-Triassic) s i l t s tones are found incorporated i n the brecc ia. 

Solut ion that formed these pipes star ted in Ter t ia ry t ime, proceeding 
downdip from surface exposures. Some pipes startedjdevelopment i n Holocene 
time and are 73 m (240 f t ) deep and 18 m (60 f t ) in jd iameter . Analysis of 
water samples from springs and wel ls indicates tha t i d i sso lu t i on i s cont inuing 
at the present t ime. 
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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 t ) 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 anhydrite and gypsum in the Minnelusa 
Formation. Fragments of over ly ing Permian rocks are incorporated in the 
breccia in the pipes. The formation of these pipes star ted a f te r the Black 
H i l l s u p l i f t (Late Cretaceous-Early T r i a s s i c ) , and the d issolut ion is 
continuing to the present. 

In the Wyoming-South Dakota area, the anhydrite-gypsum layers of the 
Minnelusa and over ly ing Opeche and Spearfish Formations are the rocks involved 
in the d isso lu t ion . Ha l i te also was and i s being dissolved from the 
formations as indicated by analysis of well water in the area. Brobst and 
Epstein (1963, p. 336) a t t r i b u t e the near-ver t ica l o r ien ta t ion of the pipes to 
t he i r formation at in tersect ions of j o i n t s . They also postulated that most of 
the pipes have t he i r roots in the Minnelusa, although some may be rooted in 
the underlying Pahasapa. The breccia in the pipes has been well-cemented by 
CaC03, and the pipes stand out on c l i f f faces and as small h i l l s above the 
surrounding t e r r a i n . 

Michigan 

Michigan also contains breccia pipes. Landes and others (1945) describe 
the occurrence and possible formative history of these pipes in the Mackinac 
Straits area. They attribute formation of the pipes to cavity forming in the 
evaporite-rich Pointe aux Chenes Formation (usage of the Michigan Geological 
Survey) of Silurian age. In the subsurface the formation is called the 
Salina. No brecciated rocks have been found in the underlying Niagara 
Formation, and Landes and others put the base of the pipes in the Pointe aux 
Chenes. 

Several previous explanations for the forming of the breccias are given 
in the Landes report. He and the other authors favor a solution to-cavity to-
collapse of overlying rocks theory. Whether or not the collapse was 
catastrophic and occurred as a single event is unknown. Landes believes that 
some of the process involved catastrophic collapse, because brecciated rocks 
of much younger age are found in the breccia mass. Downward displacements of 
from 183 to 457 m (600 to 1500 f t ) are recognized in a quarry at Calcite, 
Mich. (Landes and others, 1945, p. 129). Landes and others (p. 134) described 
these breccias as a conglomeration of rock fragments of every degree in size 
with interstices between the larger fragments f i l l e d with smaller fragments 
which range downward from a few inches to dust size. 

Where calcium carbonate was available in the water moving through the 
brecciated rocks, they are firmly cemented by calcite. Other pipes have 
l i t t l e cement i f their matrix contains shale which f i l l e d the interstices 
between the limestone blocks and impeded the flow of ground water. 

The age of the brecciation has been estimated by Landes and others (1945, 
p. 136-137). The youngest rock found in the breccia masses is the Detroit 
River Formation of Devonian age. These rocks must have solidified prior to 
collapse or they would not form discrete blocks in the breccia. At a quarry 
in Calcite, Mich., the flat-bedded Dundee Limestone (Devonian) can be seen 
overlying the brecciated Detroit River Formation. Collapse and brecciation 
must have been completed before the Dundee was deposited. Collapse could have 
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Figure 31 i s a diagram by Gorrel l and Alderman (li>62, p. 307) that can, 
with mod i f i ca t ion , explain the anomalous s t ruc ture of the breccia pipe at H i l l 
C in New Mexico ( f i g . 32) , where beds in the subsurfac^ dip toward the pipe 
and those at the surface dip away from the pipe. In comparing these two 
f igures , the cal iche in f igure 32 could be subs t i tu ted ! fo r the Jurassic in 
f igure 31 to explain the outward dipping of the s u r f i c i a l rocks at H i l l s A and 
C. 

Dissolut ion in the Venn area may be the resu l t o f ( the porous Winnipegosis 
reef act ing as a channelway fo r freshwater to reach t h i over ly ing sa l t and 
cause local d isso lu t ion (Bishop, 1954, p i . 1 and f i g . 4 ; Gorrel l and Alderman, 
1962, p. 311). 

Germany 

Numerous col lapse structures in the Zechstein area; of Germany have been 
described by Prinz (1973), Bernhard (1973), and Grimm ajnd Lepper (1973), among 
others. The surface expressions of these structures arte nearly always 
depressions. The collapsed rock at the surface, the Bujndsandstein of Tr iassic 
age, over l ies the h a l i t e of the Zechstein (Upper Permiajn). Grimm and Lepper 
(1973) c i t e examples of b r e c c i a - f i l l e d pipes in the Solfling Arch in the 
Bundsandstein 750-950 m (2460-3117 f t ) above the Zechstjein s a l t s / The 
diameter of these sinks ranges from 20 to 250 m (66-820) f t ) . There is no 
soluble material in the Bundsandstein, and the inferencie given by Grimm and 
Lepper i s that the pipes go downward to the Zechstein. ' 

Bernard (1973) describes an area 25 km (16 mi) northwest of Kassel, FRG 
having col lapse sinks now f i l l e d wi th rocks of Keuper ahd Muschelkalk 
(Tr iass ic) age. These sinks are in rocks of the Lower Muschelkalk (Middle 
Tr iass ic ) which over l i e the Bundsandstein. He a t t r i bu tes the col lapse to the 
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Figure 31.—Formation of anomalous Mississippian th icks and coincident 
s t ructura l highs in younger s t ra ta . (A) Post-Mississippian erosion; (B) 
Later stage during post-Mississippian peneplanation fo l lowing removal of 
P ra i r i e Evaporite sa l t section by so lu t i on ; (C) Subsequent deposit ion o f 
uniform thicknesses of Jurassic and Cretaceous beds on smooth 
Mississippian surface; (D) Final stage fo l lowing so lut ion of remaining 
P ra i r i e Evaporite sa l t (modified from Gorrel l and Alderman, 1962). 
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Figure 32.--Formation of breccia pipes in southeastern;New Mexico illustrating 
how surficial beds dip outward and deeper beds dip inward toward pipe 
boundary. (A) Precollapse; (B) After cavity formed in Capitan Limestone, 
collapse of overlying beds dragged surrounding bedjs downward toward p-ipe; 
(C) Collapse complete, surface sink i n f i l l e d by erjosion of Dockum Group, 
caliche formed over surface; (D) Halite removed friom Rustler Formation 
and upper Salado Formation by dissolution causing surficial rocks to dip 
outward. 
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disso lu t ion of anhydrite and possible minor amounts of ha l i t e from the Rttt 
facies of the Bundsandstein (possibly as much as 100 m or 328 f t of evaporite 
rocks). Bernard believes that the Zechstein at the locat ions of these pipes 
contains l i t t l e h a l i t e ; the edge of the Zechstein is in t h i s area, and 
therefore could not be the root zone for the pipes. He does acknowledge the 
existence of Zechstein rooted sinks 25 km (16 mi) to the north of Kassel i n 
the "Cloudburst" area of Tendelburg. Bernhard (1973) dates the formation of 
the pipes near Kassel as l a t e Ter t ia ry to early Quaternary on the basis of the 
s i n k - f i l l material containing Keuper 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 Tn Basin Near the WIPP SiTe 

The understanding of the method(s) of formation of breccia pipes in the 
Delaware Basin i s c r i t i c a l to the placement of a repository fo r radioact ive 
waste at the WIPP s i t e . The pr inc ipal question i s : Can a pipe develop under 
the repository and cause a breach in the system that w i l l al low access of 
f l u i ds to the waste canisters? A secondary question i s : Could a nearby 
developing pipe adversely a f f ec t the repository? Invest igat ions at and near 
the WIPP s i t e have helped to define what a breccia pipe i s and how a pipe 
develops, but not what governs i t s locat ion—see below. Another question 
i s : Can d isso lu t ion of beds a f fec t the i n t e g r i t y of the repository? 

Examples of pipes in Michigan show that at some stage i n the development 
of those pipes there was catastrophic col lapse. In the Mackinac S t ra i t s 
region of Michigan, breccia fragments have been i d e n t i f i e d 183-229 m (600-750 
f t ) below t h e i r normal s t ra t ig raph ic horizon (Landes and others, 1945, p. 
129). Limestone beds above the cav i t i es where h a l i t e had been dissolved could 
have formed support beams which held un t i l increasing widths of the cav i t i es 
caused f a i l u r e of the beams, at which time the material above the ex is t ing 
cav i t ies could collapse rap id l y , causing a jumbling of material in the 
collapse chimney. 

Rock in core from WIPP 16 and WIPP 3 1 , d r i l l e d in to known or expected 
breccia pipes north of the WIPP s i t e i n southeastern New Mexico, also shows a 
great deal of in termingl ing of various s t ra ta . Dolomite fragments have been 
found 335 m (1100 f t ) below t h e i r normal s t ra t ig raph ic pos i t ion in WIPP 3 1 . 
S i l ts tone fragments in WIPP 16 are found 183 m (600 f t ) below the i r expected 
l e v e l . 

Depending upon the type of rock above the solut ion cav i t i e s , the downward 
movement of the over ly ing rocks can be catastrophic as i n the above cases, or 
slowly as in many sa l t mines (actua l ly as sa l t f lowage). I f the movement is 
slow or in the catastrophic cases i f the drop i s not f a r , the f a l l i n g rocks 
w i l l f rac ture but not be mixed and jumbled wi th surrounding l i t h o l o g i e s . 

The only known breccia pipes in the Delaware Basin in the v i c i n i t y o f the 
WIPP s i t e are located 19-32 km (12-20 mi) northwest of the center of the 
s i t e . Two pipes, and probably a t h i r d , have surface expressions which are 
nearly c i r c u l a r , rounded and breached h i l l s 15-30 m (50-100 f t ) in 
e levat ion. These are H i l l s A, B, and C of Bachman (1980) (domes A, B, and C 
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of Vine, 1960). Rel ie f of a four th pipe, the Wills-Weaver, i s not as h igh, 5 
m (15 f t ) , and i s not breached to allow parts of the?inner near-surface rock 
to be seen. A l l of these locales are over the buried Capitan reef . 

Numerous other small h i l l s and sinks in the Delaware Basin have been 
invest igated to see i f they are surface expressions pf breccia pipes. 
Geophysical work, e lec t r i ca l r e s i s t i v i t y and grav i ty)surveys, as well as 
surface geologic mapping, suggest that a l l but the ajsove four mentioned 
locat ions are caused by other types of so lut ion of eyapori tes. Bachman (1980) 
describes the features as karst domes (Malaga Bend area, southeast of 
Carlsbad), karst mounds (WIPP 29, WIPP 32 dr i l1 -ho ie ja reas) and solut ion and 
f i l l structures ( h i l l about 4.8 km or 3 mi) east of Southern end of Laguna 
Grande de la Sal. Al l of these features are formed i y near-surface 
d isso lu t ion of evaporites and do not have a deep-rooted base below the upper 
part of the Salado Formation. 

The method of formation of the breccia pipe at Wi l l A can be p a r t i a l l y 
reconstructed from the core o f d r i l l hole WIPP 31 anji the cross sections 
constructed through the pipe using subsurface data f^om o i l and gas 
exploratory holes ( f i g . 10). I n i t i a l l y , a cavern mu>j)t be formed in some un i t 
at depth. The only rock s t i l l below the bottom of wjpp 31 (604 m or 1,981 f t ) 
that contains a great deal o f soluble rock i s the Capitan Limestone. Ground 
water moving through the Capitan could cause extremejy large caverns to 
form. Bretz (1949) a t t r i bu tes the formation of Carlfbad Caverns and numerous 
nearby caves to phreatic condi t ions. Jagnow (1979) Relieves that the caves 
were formed under vadose condi t ions and only e x f o l i a t i o n and speleothem 
development modified them to t h e i r present shapes. $oth authors agree that 
the major port ions of the caves formed during and af^er u p l i f t and 
northeastward t i l t i n g of the Delaware Basin during l j i t e Pliocene t ime. 

The ground-water h is to ry during the l a t e Pliocene t i l t i n g i s unknown. In 
the area of H i l l s A and C, ground water must have mofed through the f ractured 
Capitan, d isso lv ing the l imestone along f rac tu re set$ s im i la r to so lu t ion 
phenomena along the u p l i f t e d port ions of the reef onjthe western edge of the 
basin. This d isso lu t ion could have caused the formation of caverns in the 
Capitan Limestone in to which over ly ing rocks could col lapse. 

Above the Capitan Limestone at H i l l A are the Y$tes and Tansi l l 
Formations, consist ing of interbedded sandstones, s i l t s t o n e s , and dolomites. 
The soluble carbonates i n these formations are not t r j ick enough to account fo r 
the cavi ty size necessary to cause the massive co l l arise of the rocks above 
them. Core from the bottom part o f WIPP 31 consisted of anhydr i te , broken and 
rehealed, not jumbled, and dipping about 50°. This rock i s ten ta t i ve ly 

nown anhydri te bed th ick 
( t rue thickness) o f 

assigned to the Fletcher Anhydri te. I t i s the only Hr 
enough to account for the approximately 15 m (50 f t ) 
anhydri te in the d r i l l hole. Using the projected der^th at which the Fletcher 
should have been encountered ( f i g . 10) , a drop of ab<jut 76 m (250 f t ) 
occurred. During the early formation of the H i l l A p ipe, the col lapse may 
have been a slow process wi th the Tans i l l and Yates popping in to the cavi ty 
forming in the Capitan Limestone u n t i l the th ick beam of the Fletcher was 
reached. This un i t could act as a support beam holding up the over ly ing rocks 
un t i l the cav i ty below reached s u f f i c i e n t hor izontal (spread tha t the beam 
f a i l e d . At t h i s t ime, the Fletcher could have dropped the complete 76 m (250 
f t ) at one t ime, al lowing some of the over ly ing h a l i t e and th in anhydrite and 
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po lyha l i te beds of the Salado Formation to drop with i t . Rocks of the 
over ly ing Rustler Formation, Dewey Lake Red Beds, and Dockum Group may have 
also dropped. 

The cavi ty would be f i l l e d wi th unsaturated water and as the mass of rock 
dropped nearly instantaneously in to the cav i t y , the water would be forced 
out. The easiest path would be upward in to the void and fractured rocks 
created by the col lapse. Much of the h a l i t e would be dissolved by t h i s water 
and eventually the now saturated water would move downward and out through the 
ex is t ing paths in the reef . 

I t is doubtful i f col lapse to the surface occurred a l l at one t ime. The 
mixture of rock un i t s , wi th some rocks dropping as much as 335 m (1100 f t ) to 
be mixed wi th rocks from a lesser ve r t i ca l drop, implies that there were 
several stages of col lapse as the pipe stopped i t s way to the surface. 

Boulders of Dockum Group conglomerate now present on the surface 
over ly ing the pipe are bel ieved to come from a higher s t ra t ig raph ic pos i t ion 
(Bachman, 1980, p. 67) . The presence of these younger rocks implies that the 
Dockum Group was th icker at the time of formation of the pipe than i t i s now. 

Af ter the collapse to the surface, the resu l t ing depression served as a 
catchment bas in , and as the co l l ec t i ng water percolated downward, i t also 
dissolved h a l i t e , potash, and other soluble rocks. Nearly a l l of the Salado 
h a l i t e and a l l of the Rustler h a l i t e was removed by t h i s process aiding 
addit ional col lapse in the pipe. This process also transported c lay, s i l t , 
and sand downward and these par t i c les became the matrix of the brecciated rock 
in the pipe. 

Complete removal of soluble rocks has not occurred in the pipe f i l l i n g at 
H i l l A. Evidence of t h i s i s found i n the anhydrite and gypsum fragments and 
beds s t i l l present, and in the large block of Salado h a l i t e cored between 
depths of 444 and 464 m (1458 and 1522 f t ) . Addit ional evidence of the 
incomplete removal of solubles i s found i n fragments of the Dewey Lake Red 
Beds. Str ingers of se len i te (gypsum) are found cu t t i ng these fragments but 
not the breccia matr ix . Seleni te s t r ingers are found in the Dewey Lake Red 
Beds where the un i t has not been brecciated. These deposits are thought to be 
caused by downward percolat ing of calcium sul fate-enr iched water f i l l i n g 
bedding-plane part ings and f ractures caused by gentle subsidence of the rock 
as uni ts below are slowly being dissolved. This process is occurring or has 
occurred i n much of the Dewey Lake Red Beds on the western ha l f of the WIPP 
s i t e (Jones, 1978) to the south of H i l l A. 

Over some period of t ime, surface erosion removed the Dockum Group rocks 
and any depression over the sink was f i l l e d in by debr is-carry ing surface 
water. About 600,000 years ago the Gatuna Formation was deposited across a 
gently r o l l i n g t e r ra in f i l l i n g in lows in the topography. Above the Gatuna, 
the Mescalero cal iche was deposited on a nearly f l a t surface (410,000-510,000 
years ago, Bachman, 1980). The cal iche was deposited over the pipe at H i l l 
A. The present dip of the cal iche beds away from the center of H i l l A 
indicates removal of h a l i t e from around the pipe. Holes d r i l l e d nearby show 
that the Rustler h a l i t e and the upper part of the Salado h a l i t e have been 
removed. This removal i s referred to as the d isso lu t ion f ront (see p. i s ) , a 
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wedge-shaped subsurface solution process, proceeding from west to east across 
the area. The presence of the Mescalero caliche atjHill A indicates that the 
dissolution front passed through the area less thanj500,000 years ago. This 
process of dissolution around the margins of the pipe accounts for the 
outward-dipping beds. 

Hydrologic tests (see section on Drill-Stem Te$ts, WIPP 31, this report) 
show that the pipe material is not capable of transmitting ground water. The 
clay matrix surrounding the rock fragments acts as an impermeable barrier, and 
so there is probably no additional dissolution of e^aporitic rocks in the 
pipe; at least in the upper 549 m (1800 ft) above trie massive anhydrite found 
at the bottom of drill hole WIPP 31. 

that penetrates a few feet 
ft) underground (MCC 

The breccia pipe at Hill C exhibits much the saprte history of formation as 
the one at Hill A. In addition to a drill hole intoi the pipe from the 
surface, there is the added feature of a mine drift 
of the pipe on the southeast side about 366 m (1200 
drifts 15-L and 16-L and a drift that bypasses the pjipe on the northeast 
side). Both of these areas underground show that thje strata of the 
surrounding rocks dip in toward the pipe. These dip directions are just the 
opposite of the ones at the surface of both pipes where the dips are 
outward. The reversal of dip is attributed to the fullowing: during initial 
collapse of the material in the pipe, the surroundinj beds were dragged 
downward toward the pipe; subsequent dissolution of upper strata, namely the 
Rustler halites above the Culebra Dolomite Member, a; the dissolution front 
moved from west to east across the area, lowered the upper few hundred feet o 
the surface surrounding the pipe, causing the near-sjirface beds to dip away 
from the pipe. 

e WIPP 16 at Hill C, 
Dockum Group make up the 

To a depth of about 350 m (1148 ft) in drill ho' 
breccia fragments of the Dewey Lake Red Beds and the 
material in the pipe. The first anhydrite of the Rustler was cored at 350 m 
(1148 ft) , and from this depth to total depth (396 ml 1300 ft) a nearly normal 
section of Rustler was cored. The beds were dippinglabout 35°, indicating 
some tilting of the beds after coming to rest. Thes$ Rustler rocks are 
fractured but not jumbled 1ithologically like the overlying Dewey Lake Red 
Beds and Dockum Group rocks. Both marker dolomite be,ds are present in the 
core. Below the lower dolomite (Culebra), the drill jhole penetrated halite 
beds normally found in the Rustler. Halite beds between the dolomites and 
above the upper one (Magenta) are missing and only an] insoluble residue is 
left. This indicates that the dissolution front had not reached the halites 
below the Culebra at the time of the collapse at Hill C. This differs from 
Hill A where no halites were found that could be identified as Rustler. 

The total depth of WIPP 16 (396 m, 1300 ft) is apout 24 m (80 ft) below 
the drift in the mine. Rocks of Rustler were cored ih the bottom part of WIPP 
16, but in the wall of the pipe in the mine are rock si of probable Salado. 
These rocks include large blocks of anhydrite that copld have come from MB 103 
or 109, normally about 98-122 m (320-400 ft) above thfeir present level. 

Below the bottom of drill hole WIPP 16, the estimated depth to the 
Fletcher Anhydrite is 223 m (700 ft) at Hill C. The presence of a moderately 
disturbed upper Rustler Formation in WIPP 16 seems to'imply that there may not 
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have been the rapid downward movement in t h i s pipe, but more than 183 m (600 
f t ) of rock of various 1 i tho log ies was l e t down s lowly, only t i l t i n g about 35° 
at i t s f ina l rest ing depth. 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 jumbled rock down to the Fletcher 
Anhydrite Member, H i l l C containing these only to the top of the Rustler 
Formati on. 

The d isso lut ion f ron t , moving from west to east, had penetrated into the 
Salado Formation at H i l l A, but only in 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 t ime. 

The cal iche overlying H i l l C has been downdropped toward the center of 
the pipe in several places ind ica t ing that minor col lapse occurred a f te r the 
main col lapse. This minor collapse can be dated as less than 410,000 years 
ago. 

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 i 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 geochemical analysis ind icate that the three 
o i l s are re lated to the o i l from wel ls 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 i s formation migrated toward the 
area of the breccia pipes and ei ther entered the rocks before col lapse 
occurred or i t was fo rce fu l l y emplaced during col lapse, being pushed 
s t ra t i g raph ica l l y upward by hydrostat 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 Red Beds, and Rustler and Salado Formations 
consist ing of s i l t s t o n e , anhydri te, and dolomite fragments and a matrix of 
mud, recrys ta l l ized h a l i t e , and glauber i te c r ys ta l s . In WIPP 16, the o i l 
stains were in the Rustler Formation in anhydrite above the Magenta Dolomite 
Member and in h a l i t e below the Culebra Dolomite Member. The o i l seeping in to 
the MCC mine appears to be coming from a nearly ver t i ca l f au l t about 43 m (140 
f t ) from the edge of the breccia pipe. 

Possible Effect on WIPP Site 

Numerous domes and sinks dot the landscape in the Delaware Basin. Some 
of these features can be shown to be remnants of near-surface d isso lu t ion or 
surface erosion; others are from d isso lut ion and cavi ty formation in the 
Capitan Limestone. Known locat ions where deep d isso lu t ion occurs and forms 
structures ca l led breccia pipes are l im i ted to areas over the buried Capitan 
reef, no closer than 16 km (10 mi) to the WIPP s i t e . The four known 
occurrences are H i l l s A, B, C, and the Wills-Weaver s i t e . 

Collapse of these s t ruc tures, at least to the surface, occurred sometime 
before 400,000-500,000 years ago. 

Locales on and around the WIPP s i t e that were invest igated for evidence 
of pipe formation, with none being found, include the s i tes of d r i l l holes 
WIPP 13, WIPP 32, WIPP 33, and WIPP 34. Numerous surface features were mapped 
and found to be near-surface erosion and d isso lu t ion features. 
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No examples of breccia pipes that could lead toibreaching of a repository 
at the WIPP site have been found to date and are not likely because the 
Capitan Limestone is not present beneath the site. 
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DRILL-STEM TESTS, WIPP 31 

By J . W. Mercer 

INTRODUCTION 

During dr i l l ing and coring of WIPP 31 reentry, formation tests were 
conducted over selected intervals of the borehole to determine the possible 
presence of fluids (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 Dolan and others (1957), 
Bredehoeft (1965), Hackbarth (1978), and in "Supplement #1 to the f ield 
operations plan for WIPP 31 Re-Entry" as discussed in a letter from W. D. 
Weart. SNL, to D. Schueler, DOE, dated July 25, 1980. 

The drill-stem test is a temporary well completion whereby the 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 string. These packers isolate the 
test interval, relieving the mud column pressure and allowing the zone to 
produce formation f luid ( i f present) to the d r i l l pipe. In addition to these 
packers, the dril 1-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 lu id . 

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 i r s t two fail ing 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 dr i l l ing proceeded, 
the core was monitored for any fracturing or lithologic changes that might 
indicate a zone of f luid 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 lu id , however, 
production rates were so low that the only f lu id recovered was diluted 
dr i l l ing 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 tight and did not yield enough f lu id to make 
calculations for permeability. 
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C.-JILS3AD, I:E\V ME: 

To n Date June 12, 1975 

Subject Oil Seeps in Salt Section 
P.C.A. Mine Area 

r rom n Corbir. 

File 

Tv:o areas in the P.C.A. Mine have o i l seeps i n the salt section. 

The f i r s t area is in Sections S, 8, and 9, T. 20 S., R. 30 E. as shown 
on Figure 1. The top cf the salt in this area is approximately 490' 
and the bettor:, cf the salt is about 1590'. The Main South Haulage 
Tunnel encountered an o i l seep in the tunnel heading which is at a 
depth of about $27' . Oil flowed slow!}' out cf a d r i l l hole in the 
tunnel face. The fio;.' was k i l l e d by tamping a wooden plug into the 
d r i l l hole. As shewn on Figure 1, the tunnel was rerouted at consid
erable expense only to encounter another seep of smaller volume. Both 
locations are s t i l l seeping o i l at a very slow rate. A core test, 
PCA 107, shown in Section 5 on Figure 1, had seven zones of o i l stained 
core over an interval of 504' in the salt section. These seeps are 
thought to be coming from an abandoned o i l test "Continental Chase'1 

v.hicii was c n l i e u in tne late ly20 's in the NH-1/4 Sec. 8, T. 20 S., 
R. 50 E. 

The second area of o i l seeps is i n the east end of our V.'est Orebody 
(Figure 2). The top of the salt in this area is approximately 560' 
and the bottom of the salt is about 1041'. Here in Room 5, Break
through 15, 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 
salt above and below the ore zone." This seep is approximately 600' 
below the surface and 1000' from the nearest abandoned o i l well in the 
Getty Pool. In the National Potash Mine, about 900' south of our o i l 
seep in Room 5, Breakthrough 15, another o i l seep was encountered. 
This seep is about 700' from an abandoned o i l well i n the Getty Pool. 
PCA Core Test 74, in this same area, showed two zones of o i l stains i n 
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 
s outh. 
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POTAS! i COMPANT OP AMERICA 

Photograph? of Main Sou 
ith Entries Showing Oil Seen Near Abandoned Oil Well 

January 18, 1962 

Tension crack i n anhydrite f i l l e d with 
salt showing o i l seep i n Main South. 

Anlr/drite bed - Main South showing o i l 
seep. 

Oil seep in r i b of Main South Entry 
Face of Main South. Red is polyhalite 
and sal t . Oil covers most of face. 



NATIONAL POTASH COMPANY 
P. 0. BOX 731 

CARLSBAD, NEW MEXICO 

August 1, 1973 

Mr. Roy II . Blackman 
Resident Counsel 
Potash Company of America 
P. 0. Box 51 
Carlsbad, New Mexico S3220 

Dear Mr. Blackman: 

This pertains to an incident i n the spring of 1965 i n which we en
countered evidence of o i l seepage in operations at our Eddy Mine. The 
location where this occurred was approximately 1,000 feet from the west 
line and 100 feet from the north line of the NW-1/4, Sec. 25, T. 20 S., 
R. 29 E. Altogether there were some three or four o i l stains present, 
and two separate entries in the panel were affected. 

The material 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. No 
particul a r l y unusual physical conditions were present other than the fact 
that i t \vas 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 the 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 my 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 and i n which similar corrective 
action was also taken. 

I f , for any reason, additional information i n regard to this matter 
is needed, I am sure i t can readily be obtained from the U. S. G. S. office 
i n Roswell, New Hexico, as personnel from there were involved i n the i n 
cident. 

Very t r u l y yours, 

Sri and Foster 
Industrial Relations Manager 

0F:ca 
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UNITED STATES 
DEPARTMENT o r THE.INTERIOR 

GEOLOGICAL SURVEY 

L * » d O f & e a . Santa Fe 

l »»»o l l o . _ „ 

U « i t 

M26573 

SUNDRY NOTICES AND REPORTS ON WELLS 

NOTICE OF INTOmON TO DRILl , 

KOT!C£ OF I K T L N T I O N TO CHANGE PLANS 

NOTICE Or INTTKTION TO TEST WATTS SHUT-OrT 

NOTICE OF INTENTION TO KE-OKILL OR REPAID tYELL_._ 

NOTICE OF INTENTION TO SHOOT OR ACIDIZE 

NOTICE OF INTENTION TO PULL OR ALTER CASING 

NOTICE Or INTENTION TO ABANDON WELI _ 

X SU£'-SEQUENT RETORT OF WATER SHUT-OFF 

SUBSEQUENT REPORT OF SHOOTING Oft ACJD1ZING-

SUBSEQUENT REPORT OF ALTERING CASING 

SUBSEQUENT RETORT OF RE-DR1LUNG OR REPAIR™ 

j SUOSEQUO.T REPORT OF ABANDONMENT 

SUPPLEMENTARY WELL HISTORY 

(1MOICATC AJOCA'C BY CHECK M A R K K A T U f l t CV R O O K T . HOT1CC. 0 « OTHER DATA) 

December 3 19. 80 

- Well No. . 1 £ L L _ _ is located . . l l M f t from_ | f and f t from line of 

SW%, Sec t ion 13 T 19S R 29E 
sec 

13 

( X S*c. m a Sec Ko.) 

(i'i 'cidj 
Eddy_ C o u n t y 

NMPM 
"^MerldTio) 

New Mexico 
(Sua» or T t r t l t o r j ) (Comity or tub division) 

The elevation of the derrick floor above sea level Is __3 31_0_ f t . 

DETAILS OF WORK 
CSlkta ri«rr»«» o? u.ni i e i p w r t e d d * p t h » l o o b > * c t I w M>>^* | »V>ov< f ! t o i . w » I c > r t t , ^ a r v d I«n{-> l i t o f p r o p o u d c u i n c * ] locUcvto > n u ( U l n ^ Loh*-, c^rrvcnt^ 

i n £ f * o l n t « , e l l o t i ** r lirvp-or U n t f-rorx>**<3 v o r k ) 

AMAX Chemical Corporation plans to d r i l l bore hole at t h i s l o c a t i o n to 
be used f o r 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 i n t 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 l e v e l to surface. Cement to be c i r c t i l a t e d on both stri n g s of 
casing. 

D r i l l i n g i s to be done by cable-tool methods. 

I u l w U m U t v d l H » t t W . p U n c f w o r k m l u » r»o«i»-» i p p i m i j I D v r U l t v f h r LK« C a « I o f < » ] £ u j - « « r b v l e r a c l w t l i » u rrw«y H« e « n n » n « i 

Company AMAX Chemical C o r p o r a t i o n ' , . A p p i ? n v n V ; • 

P . O . Box 279 Acldr ess 

Carlsbad, New Mexico 88220 

R. E. Kir by {\ 
General Mine Superintendent 

U. S. Geological Survey 

By 

Title •ZtZlXXXHlllDiCixus.-i 

fcr» t t J . J S I 



SAMPLES AS REPORTED BY DRILLER 

M A R N E L P I P E 8C S U P P L Y CO. 
NEW - USED OIL FIELD PIPE & EQUIPMENT 

SHALLOW POOL CASING PULLING & WELL PLUGGING 
PIPE THREADING & TESTING 

P. 0. Box 1037 A r t e s i a - New Mexico 88210 
(505) 746- 6553 401 N. 1st St. Mobil: 365-2516 

AMAX ELECTRICAL HOLE - DRILLING SAMPLES 

DEPTH IN FEET DESCRIPTION (As Reported by D r i l l e r ^ 

0-10» Top s o i l 

10-20' Caliche 

20-35» Gravel-Caliche 

35-40' Red Sand (hard) 

40-50' Gravel & Shale 

50-60' Brown Shale 

60-65' Red Shale 

65-75' Red Sand 

75-80' Gray Anhydrite 

80-95' Red Bed 

95-105' Red Bed (3roken) Lost '.vat 

105-115' Gray Anhydrite (Hard) 

115-165' Gray Anhydrite (NOTE: 13 

165-170' 

170-185' Broken Anhydrite 

185-200' Red-Blue Shale 

200'-215' Broken Anhydrite 

215'-225' Sand 

225'-250' Gray « Red Shale 

250'-275' Red Shale wi th some sand 

275'-295' Red Sand 



AMAX ELECTRICAL HOLE - DRILLING SAMPLES CONT'D. 

DEPTH IN FEET DESCRIPTION (As Reported by DRILLER) 

2951-330' Anhydrite & Shale 

330'-360» Gyp & Red Shale 

360'-382' Gyp & Red Shale With Salt Stringers 

385' CALL TOP OE SALT 

385'-404' Salt 

404.' Set 13-3/8" Surface Casing 

404-696' Salt - Base 124 Bed approx. 696' 

696' Set 8-5/3" Casing 

696-704' S a l t - D r i l l i n to Mine approx. 704' 

NOTE; Use t h i s same log f o r 145' Ground Gable Hole 



M A R N E L P I P E & S U P P L Y C O . 
NEW - USED OIL FIELD PIPE & EQUIPMENT 

SHALLOW POOL CASING PULLING & WELL PLUGGING 
PIPE THREADING & TESTING 

P. 0. Box 1037 Artesia, New Mexico 88210 
401 N. 1st St. (505) 746-6558 

AMAX ELECTRICAL HOLE - DRILLING PROGRESS 

Hrs. & 
Accum. 

DATE COMMENTS Feet/Accum Feet Hours 

12-18-20 Moving & rigging-up — ,4/4-

12-19-20 Rigging-Up — 8/12 

12-22-30 Spud Hole & Dri l l i n g 20'/20' 10/22 

12-23-80 Drill i n g 20'/40' 9/31 

12-24-80 Drill i n g - Shut down for Christmas 10'/50' 5/36 

12-29-30 D r i l l i n g 25'/75f 10/46 

12-30-30 Drilling-Lost Water & Mud i n Crack 20'/95' 10/56 

12-31-80 Dr i l l i n g 20'/l15' 9^/65^ 

1-1-81 Dri l l i n g 15'/130' 8-̂ /74 

1-2-81 Drilling-HIT WATER 130-1451(Fresh) 15'/145' 10/84 

1-3-81 Drilling-Fresh Water 30' i n hole 20'/l65' 9/93 

1-4-31 Drilling-Fresh Water 50' i n hole 15'/180' 10/103 

1-5-81 Drilling-Fresh Water 60' i n hole 

Put on dril l i n g - j a r s 15f/'95' 10/113 

1-6-81 Drilling-Fresh Water 70' i n hole 20'/215' 9/122 

1-7-81 Drilling-Fresh Water 90' i n hole 
Dr i l l i n g Slowed due to water 10/225' 9/131 

1-8-81 Drilling-Fresh Water 100' in hole 
Bailed hole for 1-hr. & 

could not lower water level. 10/235' 10/141 

1-9-31 Drilling-Fresh Water 105' in hole 15/250' 9/150 

1_1Q_81 Drilling-Fresh Water 120' in hole 10/260' 10/160 

1 - 1 1 - 8 1 Drilling-Fresh Water 120' in hole 10/270' 10/170 

1-12-31 Drilling-Fresh Water 130' in hole 9/279'' 10/180 

1-13-81 Drilling-Fresh Water 130' in hole 16/ 295' 9^18971; 
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AMAX ELECTRICAL HOLE - DRILLING PROGRESS CONT'D. 

HRS. & / 

DATE COMMENTS FT./ACCUM FT. 
ACCUM. 
HRS. 

1-14-81 Drilling-Build Up Bit Water@135' 10/305' 9/198, 

1-15-31 Drilling-Water @130' Hole Caving 9/314' Bh/201 

1-16-31 Drilling-Water Q 130' 11/325' 9/216 

1-17-31 Drilling-Hole Caving Bad Water ©135' 5/330' 10/2,-6 

1-18-31 Drilling-Hole Caving Water @135' 5/335' 9/2*5 

1-19-31 Drilling-Hole standing better Water® 135' 5/340' 10/24-5 

1-20-31 Drilling-Reset Socket Water §135' 5/345' 9/2̂ 4 

1-21-31 Drilling-Water @ 130' 5/350' 9/2̂ 3 

1-22-81 Drilling-Water ©135' Built up b i t 5/355' 10/213 

1-23-81 Drilling-Water ©135' (HIT SALT STRINGERS) 10/365' 9/252 

1-24-31 Drilling-Water <3 130'(IN SALT) 10/375' 10/2^2 

1-25-81 Drilling-Water 3 130' 9/384' 8/3C0 

1-26-81 Drilling-Water 3 130' 11/395' 10/itO 

1-27-81 Drilling-Water Q 130' Some Hole Cave 5/400« 9/319 

1-28-81 Drilling-Water e 130' 
String up 10" Tools & Get Ready to Run Csg. 

4/404' 10/319 

1-29-81 Run 404' of new 13-3/8" Casing & Cement with 
400-sxs.(Denton Cement Co.) Did not circulate 

TOTAL DEPTH TO SET SURFACE = 404 FEET 

TOTAL RIG HOURS = 329 

(ABOVE WORK BILLED ON OUR INV#0118) 

10/329 

1-30-31 
1-31-31 Wait on Cement to Dry-Surface 13-3/3" Casing 
2-1-81 

2-2-81 D r i l l out Shoe - Check f o r Water-None-Drilling 21/425' 10/10 

2-3-81 Dr i l l i ng -Dry 40/465' 9A/19V 

2-4-81 D r i l l i n g - Hard 15/480' 9/23 ;\ 

2-5-31 D r i l l i n g 40/520' 10/38* 
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AMAX ELECTRICAL HOLE - DRILLING PROGRESS CONT'D. 

2-6-81 D r i l l i n g 40/56O' 10/48.\ 

2-7-81 D r i l l i n g 40/600' 10/58-* 

2-9-81 D r i l l i n g 40/640' 10/68.1 

2-10-31 D r i l l i n g 36/676' 10/78* 

2-11-81 D r i l l i n g - Cut 124 Bed(Sample) 16/692' 8/86' 

2-12-31 Dr i l l i ng -Ge t ready to run 8-5/8" 4/696' 9/95* 
-DID Not 

2-13-31 Run/Cement(Circulate) 8-5/8" Csg, , to 696» - 10/105* 
Denton Cmt. Co. 350-Sxs. Add 8-Yd3 Cement 

10/105* 

2-14-- 31 to back-side — 

2-15-31 Wait on Cement -

2-16-81 D r i l l out Shoe-Dril l in to Mine(TD 704') 8/704' 10/115' 

TOTAL DEPTH TO SET 8-5/3" = 696' 

TD in to Mine = 704' (base 124-bed approx. 696') 

TOTAL RIG HOURS = 115* Hrs. 

( D r i l l Ground Cable Hole per Alan Baldridge - approximately 30' SU above hole) 

2-17-31 Move u Rig-Up _ 10/IO 
2-18-81 D r i l l i n g 20/20' 9-*/l9* 
2-19-31 D r i l l i n g 20/4C 10/29.", 
2-20-31 D r i l l i n g 20/60' 10/39* 
2-21-81 D r i l l i n g 20/30 ' 9T,/49 
2-22-31 D r i l l i n g 15/951 10/^9 
2-23-S1 D r i l l i n g 10/105' 8/67 
2-24-31 D r i l l i n g - - a t c r 1 138' 33/138' 10/77 
2-25-31 D r i l l i n g - TD=145f 7/145' TD 10/87 
2-26-81 Rig-Dotm _ 10/97 

TD on Ground Cable Hole = 1 4 5 ' 

Water G 133' 

Total Rig Hours = 97-Hrs. 
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NO. 5 SHAFT PREGROUTING PROGRAM 

The IMC pregrouting program at No. 5 Shaft consisted of t r y i n g 
to grout a 32-foot diameter curtain from the standing water table to 
the top of the s a l t which i s 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 t h i s 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 l 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 ps i . 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 

dr i 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 with 6 inch pipe which was grooved for victaulic 

type couplings. Six holes, cal led 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 ground, 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 just before grout in ject ion. The water 

injection test was made by timing the rate the grout pump could inject water into the ground 

at a controlled pressure. Usually 7 . 5 gallons 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. 

The grouting of the first six holes was done as bad ground was encountered and circulation 

was lost. It was anticipated that cavities could be encountered, so the first six holes were 

evaluating the ground from the surface to the c lay at 100 feet. There were no cavities 

found. The second set of holes to be drilled were ca l 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 were dri l led and grouted in 20 foot stages from 

the water table at 30 feet to the clay at 105 feet . The method of grouting these holes was 



N o . 5 Shaft Pregrouting (cont'd Page 2) 

to drill all six holes to the desired depth, blow out the water in the holes for 1/2 hour 

per hole, water test and grout each ho le . No connection was observed between holes. 

Grout pressures were kept at or below 1 psi per foot of hole . The grout mix was altered 

to increase grout pressure. The mix started with 25 lbs. cement plus 25 lbs. fly ash in 50 

gallons of water. After several batches of this mix, the cement and fly ash were increased 

to 50 lbs. each, then 75 lbs. e a c h , then 100 lbs. e a c h , then 125 lbs. each and finally i n 

creased to 150 lbs. e a c h . After a l l holes were grouted, they were redrilled to the grouted 

depth plus 20 feet and grouted aga in . 

At the completion of the 'P' holes and 'S* holes, the ' T ' , tertiary, holes were drilled and 

grouted. There were 12 *T' holes located halfway between the 'P' and ' S ' holes. The final 

hole spacing was approximately 4 . 2 feet between hole centers. The 'T' holes were grouted 

in the same fashion as the ' S ' holes. 

The total grout injected in each series of holes is as follows: 

P-1 10,800 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-6 21,170 lbs 
T-l 18,150 lbs T-7 2,850 lbs 
T-2 8,800 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 fjrst stage of grouting was *P* holes - 66 ,000, ' S ' holes - 149,320, 

•T* holes - 61,150 for a total of 276,420 lbs grout. 

At the completion of grouting the 'T* holes, an effort 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 limited coring completed was very low 

but a few pieces of core were recovered which had large holes without cement and small 



N o . 5 Shaft Pregrouting (cont'd Page 3) 

holes which the cement could not f i l l because of particle s i z e . 

Cementation West conducted a pump test in an effort to determine the water make a 

shaft could expect. Although the test was inconclusive, since no substantial drawdown 

could be obtained, Steve Phillips calculated the shaft water make at 1,250 gpm. 

Since the pump test indicated excessive water was present and more grouting would be re 

quired, the decision was made to begin a chemical grout program in the upper 100 foot zone. 

Geoseal was purchased from Phillips Petroleum for a price of 35<J per pound. A new series of 

24 holes was described by Steve Phil l ips. These holes were to be located 3 feet inside the 

previous holes. The first 6 holes were cal led 'P ' 100 holes. 

The chemical grout program was designed to f i l l the very small voids in the ground which 

could not be reached by cement. An anticipated problem was the presence of brine water. 

The chemical grout would not set up in the presence of brine, therefore, the area had to be 

flushed with fresh water to dilute the brine. The fresh water was piped into the ground at 

approximately 50 gallons per minute. The holes would not fi l l up which indicated the ground 

was still very open. The geoseal was mixed and pumped into the ground. The mixing por-

portions were 50 lbs. geoseal in 35 gallons of water . One quart of sodium sil icate solution 

(10% strength) was added to the mix water. The grout was pumped at a maximum pressure 

equal to 1 psi per foot of overburden. The early chemical grout holes had no pressure bui ld

up and several injections were required before back pressure could be obtained. Samples of 

the grout were taken on every batch . The gel time was recorded. Excess foam was suppressed 

by spraying the surface with WD-40 solvent. The chemical grout was pumped into the holes 

in groups of 10 batches . There were occasions when 10 batches would not build up pressure 

so up to 10 more batches were in jected. There 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 30 feet to 105 feet in the 24 holes. From 20 feet 

to 30 feet, no chemical grout was used since it was above the standing water table . The 

chemical grout injected into the holes connected to nearby holes in some instances. 
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The total chemical grout injected in the zone from 30 feet to 105 feet was 99,100 lbs or 

1,982 bags. The grout injected into the holes in the following amounts. 

Avg. Per Hole 
Hole No. lbs. of Geoseal Sub-Total lbs. of Geoseal Avg. 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-l 01 2,550 
T-102 3,400 
T-103 3,600 
T-l 04 4,600 
T-l 05 3,150 
T-106 5,100 
T-l 07 3,700 
T-108 4,850 
T-l 09 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 
2,269.Ft 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 Ib. bag of geoseal will 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 wh ich appears to be at 292 f e e t . These holes 

cal led C-1 and C-2 were cored w i t h the Acker core r i g . Hole N o . C-1 had a 6 inch core 

loss just above the sa l t . Hole N o . C - 2 had a 1 foot 6 inch loss {ust above the s a l t . Hole 

N o . C-1 lost c i rcu lat ion at about 250 f ee t . Hole N o . C -2 lost c i rcu la t ion at 131 f e e t . 

These two holes were g rou ted . C - 1 took 75 ,900 lbs . o f grout and C-2 took 105,300 lbs. 

of grout . 

The lower zone, from 105 to 295 feet was next grouted through the or ig ina l holes on the 

32 foot diameter c i r c l e . The holes were grouted w i t h a cement g rou t . The holes were 

grouted at the fo l lowing depths: 135 fee t , 170 f e e t , 223 f e e t , 260 feet and 295 f e e t . Holes 

N o . P - l , P-2, P-3, P-4, P-5 and P-6 were d r i l l ed to 135 f e e t . As the holes were grouted 

to 100 ps i , they often connected w i t h other ho les . A t 170 feet they also connected at - -

100 p s i . Again at 223 feet they connec ted . A t 260 feet s tage, each hole was d r i l l ed and 

grouted separately. Hole N o . P-6 encountered a v o i d at 256 feet to 258 feet and lost 

c i rcu la t ion . However, the hole was grouted w i t h 13,400 lbs . of g rou t . The remaining holes 

had no di f f icul t ies at this e l e v a t i o n . The stage from 260To 295 was grouted w i t h brine water 

and type I or type II cement g r o u t . The secondary set o f six holes were grouted to 260 feet 

w i th type V cement and f l y ash to a grout pressure o f 130 p s i . The f i na l set o f 12 ter t ia ry 

holes were surface cased wi th 5 inch casing and grouted to 260 feet w i t h type V cement and 

f l y ash to a grout pressure of 130 p s i . 

The f inal in ject ion stage was made w i t h a N a C I saturated br ine and a type I or type I I 

cement was used. No f l y ash was used. The f ina l grout pressure was 150 p s i . The grout 

in ject ion in the extended phase took a to ta l of 1 ,727,985 l bs . o f g rou t . The grout takes per 

hole were as fo l lows. 
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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-1 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 45f600 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 

1-7 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- l l 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-1 94,550 

P-2 41,800 

P-3 110,550 

P-4 60,300 

P-5 64,650 

P-6 82,900 

S-1 113,050 

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- l l 67,650 

T-12 96,850 

Sub-Total Average Average 
Series Per Hole Per Hole/Per Foot 

454,750 75,792 382.8 

599,385 99,897 504.5 

.673,850. 56,154 283.6 

1,727,985 1,727,985 77,281 390.3 
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The . extended grout program was completed to the salt at 295 feet. A pump test hole was 

drilled to 150 feet. There were several difficulties with the pump tests, including difficulties 

with the probe and pump cables. However, the tests were completed in stages to the salt 

contact at 295 feet. The first pump test indicated low water inflow rates. A second pump 

test in a new test well also indicated low water inflow rates. Since the pump did not appear 

to be effective in the early stages of the first pump tests, the tests were conducted by using 

an airlift method. A 3 inch pipe and 2 - 1 inch pipes were lowered into the hole . One of 

the 1 inch pipes was connected to the compressor and air was forced into the three inch pipe. 

In this fashion a l l water was forced out by the escaping air f low. 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 fi l led with a cement 

and fly ash grout. 

Additional grouting was required to fi l l 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 col lar . 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. 

The cost of the pregrout program was JHUHRP^of wh ich , 4 H B H t w a s the cost of drilling 

and grouting equipment and labor. The cost of materials consumed was 9 H H ^ 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 ^ m i f e The pregrout program was 

started on August 5 , 1982, and completed on December t 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 32,800 bags of grout. The approximate cost per bag 

in place i s ^ m j | ^ / 3 2 , 8 0 0 bags o r ^ / / / / f f t > a g . O f this cost, equipment and labor 

represented^m^P, materials represented 4 H H t , miscellaneous supplies and equipment 

r e p r e s e n t e d ^ d ^ per bag. 
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PREGROUT PROGRAM 

Amount of Cement 

at 298. 

P-l 20,200 
P-2 26,500 
P-3 40,250 
P-4 5,900 
P-5 33,150 
P-6 28,000 

S-1 40,250 
S-2 28,000 
S-3 20,400 
S-4 39,100 
S-5 30,600 
S-o 24,800 

T- l 29,700 
T-2 19,200 
T-3 5,500 
T-4 17,300 
T-5 53,500 
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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