
200 Westlake Park Blvd. 
2 n d Floor - Room 243 
Houston, Texas 77079 

December 17, 2001 

United States Department of the Interior 
Bureau of Land Management 
2909 W. 2nd Street 
Roswell, New Mexico 88201 

Attn: Mr. Edwin Roberson 
Field Manager 

State of New Mexico 
Mr. Ray Powell 
Commissioner of Public Lands 
P.O. Box 1148 
Santa Fe, New Mexico 87501 

Attn: Mr. Jami Bailey, Director (3) 
Oil and Gas Division 

State of New Mexico 
Department of Energy and Minerals 
1220 S. St. Francis Dr. 
Santa Fe, New Mexico 87505 

Attn: Ms. Lori Wrotenbery (3) 
Division Director 

Ladies and Gentlemen: 

In compliance with Section 11 of the Unit Agreement, Empire Abo Unit, Eddy County, New Mexico, 
ARCO Permian Inc., as Unit Operator, on behalf of itself and other participating working interest owners, 
hereby submits for your approval a Plan of Operation to cover the period beginning January 1, 2000, and 
extending through the remainder of calendar year 2002. 

Yours very truly, 

Gary B. Small wood 
Engineer 

GBS 
Attachments 



EMPIRE ABO UNIT 
2001 & 2002 Plan of Operation 

SUBMITTED November 1, 2001 

1. Summary of the Plan of Operation for 2001 & 2002 

ARCO Permian Inc. proposes to continue operation of the Empire Abo Unit, Eddy County, 

New Mexico, substantially the same as in previous years. With the approval of working 

interest owners, gas reinjection ended in November of 1995. Al l available produced gas is 

delivered to the gasoline plants for processing and sale. Oil has been and will be produced 

from the most efficient wells in order to maximize recovery from the unit. 

2. Project Area - Description and History 

The Empire Abo Unit is located in portions of Sections 34, 35, 36, Township 17 South, Range 

27 East; Sections 1, 2, 3, 4, 8, 9, 10, 11, 12, 15, 16, 17, Township 18 South, Range 27 East-

Sections 25, 26, 27, 28, 31, 32, 33, 34, 35, 36, Township 17 South, Range 28 East; Sections 4, 5, 

6, Township 18 South, Range 28 East; Sections 29, 30, Township 17 South, Range 29 East, 

Eddy County, New Mexico. 

The Unit, as originally proposed, would have covered 11,399.15 acres. Certain tracts within the 

Unit Area did not qualify for participation as of October 1, 1973, the effective date of the Unit. 

These tracts are: 2, 6, 28,41,42,46, 55, 56,69, 79, 84, and 91. Total area of these tracts is 644.74 acres. 

The remaining 10,694.41 acres comprised the Project Area for pressure maintenance until September 

1,1975. On this date Tracts 41, 79, and 84 joined the Unit. The addition of these three tracts, which 

cover 120.03 acres, increased the total area of the Unit to 10,814.44 acres. Tracts 2, 6, 42, and 46 

comprise the CITGO Empire Abo Unit (Riverwolf Unit), which received NMOCD approval in June 

1974. The Unit Area is now disposed as follows: 

Acres 

ARCO Empire Abo Unit 10,814.44 

Riverwolf Unit 241.05 

Non-Participating Tracts 283.66 

Total Area 11,339.15 

ARCO Permian Inc. operates a partial pressure maintenance project at the Empire Abo Unit. 

This project has involved injection of plant residue gas from Abo production back into the 

Abo formation and production of the most efficient wells. 
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3. Current Performance 

In June 2001, the Unitized Project Area averaged 1,193 BOPD with a 85 percent water cut 

and a gas-oil ratio of 11,000 cubic feet of gas per barrel of oil. Gas injection was suspended 

in November of 1995 (see attached Production History Plot). 

Cumulative oil production from the Project Area through June 2001 was 218.5 MMBO. This 

is about 59 percent of the 371 MMBO originally in place. Cumulative net gas production 

from the Project Area through June 2001 was 361.9 BCF. This is about 77 percent of the 468 

BCF originally in place. As of June 2001, the Unit has 189 active producing wells. 

4. Basic Concepts Governing Future Unit Operations 

• Field production history and reservoir numeric model studies have demonstrated that 

oil recovery is governed by gravity drainage and secondary gas cap expansion. We will 

be able to maximize the beneficial effects of these recovery mechanisms by observation 

of well performance and producing from the most efficient wells, those with the lowest 

GOR's. Natural gas liquid production from individual wells will also be considered 

when determining the most efficient wells in the future. 

5. Discussion of Past, Current, and Future Operations 

a) Gas Injection 

Beginning in July 1974, and continuing until March of 1995 all available plant residue 

gas has been injected into the Abo gas cap. On November 1, 1995 all residue gas 

reinjection was stopped at the Empire Abo Unit. 

b) Workovers 

An intensive workover program in previous years has been successful in maximizing 

low GOR production. The majority of the workovers consisted of recomputing wells 

lower in the reef. As a result of this program, almost all possible lower recompletions 

have been performed. On the eastern portion of the field where water influx is 

occurring, workovers consisting of recomputing wells higher in the reef have been 

successful. We wil l continue to seek out wells with recompletion potential for both oil 

and gas. We are also evaluating the use of horizontal wells in the field and expect to 

fracture wells in the less permeable parts of the field. Inactive wells are being returned 

to production. 
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c) Continuing Field Study 

In order to maximize future reserves, we wil l continue to maintain an intensive field 

surveillance program. We will also continue to evaluate alternate and enhanced 

recovery techniques. Including the use of compression in the field to lower wellhead 

pressures and the ultimate abandonment pressure of the field. 

d) Injection of Non-Abo Gas 

All non-Abo Gas has been returned and no new non-Abo Gas is being reinjected. 

e) Withdrawals of Non-Abo Gas 

All non-Abo Gas has been withdrawn. 

f ) Voidage Limit Removal 

The voidage limit was replaced with a gas production limit of 65 MMCFPD in 1984. 

This will allow more efficient operation of the Unit. Also, the wet gas compressors 

were removed and the practice of injecting unprocessed gas was discontinued. 

6. Modifications to Plan 

It is understood that to meet changing conditions, this plan of operation may be modified 

from time to time, with the approval of the Supervisor of the U.S.G.S., the Commissioner of 

Public Lands of the State of New Mexico, and the Department of Energy and Minerals, Oil 

Conservation Division, State of New Mexico. 

ARCO Permian Inc., as Unit Operator, will act prudently to preserve the rights of the 

mineral owners, and to effectively and efficiently recover the Unit Area Reserves. This 

Company wil l meet all economical offset obligations, act to prevent waste, conserve natural 

resources, and protect correlative rights. 

7. Effective Date and Duration of Plan 

This Plan of Operation shall be effective January 1, 2001 and extend through the calendar 

year 2002 unless otherwise amended. 
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If this Plan of Operation meets with your approval, please sign on the next page and return 

copy for our files. 

Very truly yours, 

ARCO Permian Inc. 

OPERATOR 

Gary B^pmallwood 
Engineer 

GBS 
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APPROVED BY: DATE: 
District Manager 
United States Department of the Interior 
Bureau of Land Management - Roswell District 

APPROVED BY: DATE: 
Commissioner of Public Lands 

APPROVED BY: 

Oil Conservation Division 
State of New Mexico 





EMPIRE ABO UNIT 
1998 PRODUCTION HISTORY 

Month BO BW Gross Produced 
MCFG 

Injected 
MCFG 

Net MCFG 

January 43,595 163,462 1,296,636 0 1,296,636 

February 43,257 158,192 1,112,745 0 1,112,745 

March 48,842 184,660 1,184,454 0 1,184,454 

April 46,300 236,922 1,025,091 0 1,025,091 

May 44,610 102,178 1,054,079 0 1,054,079 

June 40,855 189,722 915,698 0 915,698 

July 41,030 215,403 870,962 0 870,962 

August 43,645 231,236 721,859 0 721,859 

September 43,313 222,011 757,616 0 757,616 

October 45,295 205,263 748,724 0 748,724 

November 43,390 189,679 657,183 0 657,183 

December 43,316 195,270 693,680 0 693,680 

Totals 527,448 2,293,998 11,038,727 0 11,038,727 

Eauhis98.xls 



EMPIRE ABO UNIT 
1999 PRODUCTION HISTORY 

Month BO BW Gross Produced 
MCFG 

Injected 
MCFG 

Net MCFG 

January 43,207 221,860 638,296 0 638,296 

February 39,836 181,410 583,644 0 583,644 

March 41,803 176,905 592,682 0 592,682 

April 41,959 225,858 548,658 0 548,658 

May 42,142 182,011 551,933 0 551,933 

June 39,569 173,835 521,608 0 521,608 

July 39,638 218,280 529,115 0 529,115 

August 39,421 225,875 510,338 0 510,338 

September 37,423 211,018 464,289 0 464,289 

October 39,701 245,103 449,760 0 449,760 

November 38,479 220,851 443,385 0 443,385 

December 38,788 328,680 436,828 0 436,828 

Totals 481,966 2,611,686 6,270,536 0 6,270,536 

Eauhis99.xls 



EMPIRE ABO UNIT 
2000 PRODUCTION HISTORY 

Month BO BW Gross Produced Injected Net MCFG 

MCFG MCFG 

January 43,827 329,861 442,709 0 442,709 

February 38,941 292,814 415,004 0 415,004 

March 43,310 286,010 497,795 0 497,795 

April 39,364 179,839 478,771 0 478,771 

May 40,329 178,163 508,656 0 508,656 

June 38,760 195,020 488,109 0 488,109 

July 39,001 204,062 506,330 0 506,330 

August 38,585 203,179 474,779 0 474,779 

September 36,700 197,117 468,009 0 468,009 

October 38,194 223,113 473,194 0 473,194 

November 35,916 234,934 430,308 0 430,308 

December 38,990 215,401 435,432 0 435,432 

Totals 471,917 2,739,513 5,619,096 0 5,619,096 

Eauhis00.xls 



EMPIRE ABO UNIT 
2001 PRODUCTION HISTORY 

Month BO BW Gross Produced Injected Net MCFG 

MCFG MCFG 

January 38,683 214,137 412,877 0 412,877 

February 34,594 176,671 378,798 0 378,798 

March 38,446 196,710 413,578 0 413,578 

April 38,204 195,547 399,586 0 399,586 

May 37,608 206,107 418,333 0 418,333 

June 35,799 195,020 397,425 0 397,425 

July 

August 

September 

October 

November 

December 

Totals 223,334 1,184,192 2,420,597 0 2,420,597 

Eauhis01.xls 



COMMISSIONER'S OFFICE 
Phone (505) 827-5760 
Fax (505) 827-5766 

COMMERCIAL RESOURCES 
Phone (505) 827-5724 
Fax (505) 827-6157 

ADMINISTRATION 
Phone (505) 827-5700 
Fax (505) 827-5853 

MINERAL RESOURCES 
Phone (505) 827-5744 
Fax (505) 827-4739 

GENERAL COUNSEL 
Phone (505) 827-5713 
Fax (505) 827-4262 

New Mexico State Land Office 
Commissioner of Public Lands 

Ray Powell, M.S., D.V.M. 

ROYALTY MANAGEMENT 
Phone (505) 827-5772 
Fax (505) 827-4739 

PUBLIC AFFAIRS 
Phone (505) 827-1245 
Fax (505) 827-5766 

SURFACE RESOURCES 
Phone (505) 827-5793 
Fax (505) 827-5711 

January 3, 2002 

BP 
200 Westlake Park Blvd 
Permian BU 
2 n d Floor - WL-4 
Houston, Texas 77079 

Attn: Mr. Gary Smallwood 

Re: 2001-2002 Plan of Development 
Empire Abo Unit 
Eddy County, New Mexico 

Dear Mr. Smallwood: 

The Commissioner of Public Lands has, of this date, approved the above-captioned Plan of Development. Our 
approval is subject to like approval by all other appropriate agencies. 

The possibility of drainage by wells outside of the unit area and the need for further development of the unit 
may exist. You may be contacted at a later date regarding these possibilities. 

If you have any questions or if we may be of further help, please contact Pete Martinez at (505) 827-5791. 

Very truly yours, 

RAY POWELL, M.S., D.V.M. 
COMMISSIONER OF PUBLIC LANDS 

JAMI BAILEY, Director 
Oil, Gas and Minerals Division 
(505) 827-5744 

RP/JB/cpm 
xc: Reader File OCD BLM 

110 Old Santa Fe Trail. P. O. Box 114E Santa Fe. New Mexico 87504-1148 
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COMMERCIAL RESOURCES 
<S05)-827-5724 

5 m 
PUBLIC ArTAIRS 
(S05)-827-S765 

SURFACE RESOURCES 
(505)-827-5793 

MinERAL RESOURCES 
(505)-827-5744 

ROYALTY 
(505)-827-5772 

State of Mew Mexico 
Commissioner of Public Lands 

Ray Powell, M.S., D.V.M. 
3 1 0 Old Santa Fe T ra i l , P. O. Box 1148 

Santa Fe, new Mexico 8 7 5 0 4 - 1 1 4 8 

Phone (505) -827-5760, Fax (505) -827-5766 

ADMINISTRATIVE MQMT. 
(S05)-827-S700 

LEGAL 
(503)-827-5713 

PLAnniMQ 
(505)-827-5752 

August 1, 1997 

Arco Permian 
P.O. Box 1610 
Midland, Texas 79702 

Attn: Mr. Gary B. Smallwood 

Re: 1997 Plan of Development 
Empire Abo Unit 
Eddy County, New Mexico 

Dear Mr. Smallwood: 

The Commissioner of Public Lands has, of this date, approved the above-captioned Plan of 
Development. Our approval is subject to like approval by all other appropriate agencies. 

The possibility of drainage by wells outside of the unit area and the need for further 
development of the unit may exist. You may be contacted at a later date regarding these 
possibilities. 

If you have any questions or if we may be of further help, please contact Pete Martinez at (505) 
827-5791. 

Very truly yours, 

RAY POWELL, M.S., D.V.M. 
COMMISSIONER OF PUBLIC LANDS 

BY: j 
JAMI BAILEY, Director 
Oil, Gas and Minerals Division 
(505) 827-5744 

RP/JB/cpm 
cc: Reader File OCD 



ARCO Permian 
600 N Manenf&ia 
Micland TX 7370 
Pest Office Sox 13:0 
Micianci TX 79702 
Telephone 9! 5 688 52C0 

July 24, 1997 AU8-7 

United States Department of the Interior 
Bureau of Land Management 
1717 W. 2nd Street 
Roswell, New Mexico 88201 

Attn: Mr. Mike Menge 
Asst. District Manager 

State of New Mexico 
Mr. Ray Powell 
Commissioner of Public Lands 
P.O. Box 1148 
Santa Fe, New Mexico 87501 

Attn: Mr. Floyd O. Prando, Director (3) 
Oil and Gas Division 

State of New Mexico 
Department of Energy and Minerals 
P.O. Box 2088 
Santa Fe, New Mexico 87501 

Attn: Mr. William J. LeMay (3) 
Division Director 

Gentlemen: 

In compliance with Section 11 of the Unit Agreement, Empire Abo Unit, Eddy County, New Mexico, 
ARCO Permian Inc., as Unit Operator, on behalf of itself and other participating working interest owners, 
hereby submits for your approval a Plan of Operation to cover the period beginning January 1, 1997, and 
extending through the remainder of calendar year 1997. 

Yours very truly, 

Gary B. Smallwood 
Engineer 

GBS 
Attachments 



EMPIRE ABO UNIT 
1997 Plan of Operation 

SUBMITTED March 14,1997 

1. Summary of the Plan of Operation for 1997 

ARCO Permian Inc. proposes to continue operation of the Empire Abo Unit, Eddy County, 

New Mexico, substantially the same as in late 1996. With the approval of working interest 

owners, gas reinjection ended in November of 1995. All residue gas was then sold or 

returned to Gas Company of New Mexico or used as fuel in 1996. By May 31, 1996 all 

stored gas was returned to GCNM and the associated contracts for storage expired. Oil has 

been and will be produced from the most efficient wells in order to maximize recovery from 

the unit. 

2. Project Area - Description and History 

The Empire Abo Unit is located in portions of Sections 34, 35, 36, Township 17 South, Range 

27 East; Sections 1, 2, 3, 4, 8, 9, 10, 11, 12, 15, 16, 17, Township 18 South, Range 27 East; 

Sections 25, 26, 27, 28, 31, 32, 33, 34, 35, 36, Township 17 South, Range 28 East; Sections 4, 5, 

6, Township 18 South, Range 28 East; Sections 29, 30, Township 17 South, Range 29 East, 

Eddy County, New Mexico. 

The Unit, as originally proposed, would have covered 11,399.15 acres. Certain tracts within the 

Unit Area did not qualify for participation as of October 1, 1973, the effective date of the Unit. 

These tracts are: 2,6,28,41,42,46,55,56, 69, 79, 84, and 91. Total area of these tracts is 644.74 acres. 

The remaining 10,694.41 acres comprised the Project Area for pressure maintenance until September 

1,1975. On this date Tracts 41, 79, and 84 joined the Unit. The addition of these three tracts, which 

cover 120.03 acres, increased the total area of the Unit to 10,814.44 acres. Tracts 2, 6, 42, and 46 

comprise the CITGO Empire Abo Unit (Riverwolf Unit), which received NMOCD approval in June 

1974. The Unit Area is now disposed as follows: 

Acres 

ARCO Empire Abo Unit 

Riverwolf Unit 

10,814.44 

241.05 

Non-Participating Tracts 

Total Area 

283.66 

11,339.15 

ARCO Permian Inc. operates a partial pressure maintenance project at the Empire Abo Unit. 

This project has involved injection of plant residue gas from Abo production back into the 

Abo formation and production of the most efficient wells. 
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3. Current Performance 

In December 1996, the Unitized Project Area averaged 1,518 BOPD with a 76 percent water 

cut and a gas-oil ratio of 39,000 cubic feet of gas per barrel of oil. Gas injection was 

suspended in November of 1995 (see attached Production History Plot). 

Cumulative oil production from the Project Area through December 1996 was 216.2 MMBO. 

This is about 58 percent of the 371 MMBO originally in place. Cumulative net gas 

production from the Project Area through December 1995 was 317.6 BCF. This is about 68 

percent of the 468 BCF originally in place. As of December 1996, the Unit has 222 active 

producing wells. 

4. Basic Concepts Governing Future Unit Operations 

• Field production history and reservoir numeric model studies have demonstrated that 

oil recovery is governed by gravity drainage and secondary gas cap expansion. We will 

be able to maximize the beneficial effects of these recovery mechanisms by observation 

of well performance and producing from the most efficient wells, those with the lowest 

GOR's. Natural gas liquid production from individual wells will also be considered 

when determining the most efficient wells in the future. 

5. Discussion of Past, Current, and Future Operations 

a) Gas Injection 

Beginning in July 1974, and continuing until March of 1995 all available plant residue 

gas has been injected into the Abo gas cap. On November 1, 1995 all residue gas 

reinjection was stopped at the Empire Abo Unit. 

b) Workovers 

An intensive workover program m previous years has been successful in maximizing 

low GOR production. The majority of the workovers consisted of recompleting wells 

lower in the reef. As a result of this program, almost all possible lower recompletions 

have been performed. On the eastern portion of the field where water influx is 

occurring, workovers consisting of recompleting wells higher in the reef have been 

successful. We will continue to seek out wells with recompletion potential for both oil 

and gas. We are also evaluating the use of horizontal wells in the field and expect to 

fracture wells in the less permeable parts of the field. Inactive wells are being returned 

to production. 
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c) Continuing Field Study 

In order to maximize future reserves, we will continue to maintain an intensive field 

surveillance program. We will also continue to evaluate alternate and enhanced 

recovery techniques. Including the use of compression in the field to lower wellhead 

pressures and the ultimate abandonment pressure of the field. 

d) Injection of Non-Abo Gas 

All non-Abo Gas has been returned and no new non-Abo Gas is being reinjected. 

e) Withdrawals of Non-Abo Gas 

All non-Abo Gas has been withdrawn. 

f ) Voidage Limit Removal 

The voidage Limit was replaced with a gas production limit of 65 MMCFPD in 1984. 

This will allow more efficient operation of the Unit. Also, the wet gas compressors 

were removed and the practice of injecting unprocessed gas was discontinued. 

6. Modifications to Plan 

It is understood that to meet changing conditions, this plan of operation may be modified 

from time to time, with the approval of the Supervisor of the U.S.G.S., the Commissioner of 

Public Lands of the State of New Mexico, and the Department of Energy and Minerals, Oil 

Conservation Division, State of New Mexico. 

ARCO Permian Inc., as Unit Operator, will act prudently to preserve the rights of the 

mineral owners, and to effectively and efficiently recover the Unit Area Reserves. This 

Company will meet all economical offset obligations, act to prevent waste, conserve natural 

resources, and protect correlative rights. 

7. Effective Date and Duration of Plan 

This Plan of Operation shall be effective January 1, 1997 and extend through the calendar 

year unless otherwise amended. 
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If this Plan of Operation meets with your approval, please sign on the next page and return one 

copy for our files. 

Very truly yours, 

ARCO Permian Inc. 

OPERATOR 

Gary B. Smallwood 
Engineer 

GBS 
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APPROVED BY: DATE: 
District Manager 
United States Department of the Interior 
Bureau of Land Management - Roswell District 

APPROVED BY 

APPROVED B 

DATE: 

division yirector 
Department of Energy and Minerals 
Oil Qqflservation Division 
State of New Mexico 





EMPIRE ABO UNIT 
1996 PRODUCTION HISTORY 

Month M l I M Cross Produced Injected Net MCFG 

MCFCt MCFG 

January 51,453 187,911 1,949,908 0 1,949,908 

February 47,005 151,480 1,824,755 0 1,824,755 

March 48,547 166,901 1.819,656 0 1,819,656 

April 47,290 152,907 1.776,853 0 1,776,853 

May 46,340 146,876 1,661,487 0 1,661,487 

June 48,852 158,302 1,652,295 0 1,652,295 

July 47,752 165,271 1,792,407 0 1,792,407 

August 46,641 157,624 1,760,284 0 1,760,284 

September 43,435 193,648 1,760,379 0 1,760,379 

October 44,660 111,961 1,679,076 0 1,679,076 

November 47,480 147,238 1,729,136 0 1,729,136 

December 47,068 152,205 1,828,429 0 1,828,429 

Totals 566,523 1,892,324 21,234,665 0 21,234,665 

EAUHIS96.xls 7/24/97 9:11 AM 



PLAN OF OPERATIONS FOR 1997 
EMPIRE ABO UNIT 
EDDY COUNTY, NEW MEXICO 

B A L L O T 

If you approve of this Plan of Operation for the calendar year of 1997, please advise 
ARCO Permian, Inc.. Correspondence should be directed to: 

ARCO Permian, Inc. 
Attention: Gary B. Smallwood -- MIO 633-23 
P.O. Box 1610 
Midland, Texas 79702 

APPROVED BY: DATE: 

DISAPPROVED BY: DATE: 

REPRESENTING: 



RAY POWELL, M.S., D.V.M. 
COMMISSIONER 

ĵ tate of fietv ̂ txko 

(Eommtssumer of public ̂ Garths (505) 827-5760 
FAX (505) 827-5766 310 OLD SANTA FE TRAIL P.O. BOX 1148 

SANTA FE, NEW MEXICO 87504-1148 

June 14, 1996 

Arco Permian 
Post Office Box 1610 
Midland, Texas 79702 

Attn: Mr. Gary B. Smallwood 

Re: 1996 Plan of Development 
Empire Abo Unit 
Eddy County, New Mexico 

Dear Mr. Smallwood: 

The Commissioner of Public Lands has this date approved the above-captioned Plan of 
Development. Our approval is subject to like approval by all other appropriate agencies. 

The possibility of drainage by wells outside of the Unit Area and the need for further 
development of the unit may exist. You may be contacted at a later date regarding these 
possibilities. 

If you have any questions, or if we may be of further help, please contact Pete Martinez at (505) 
827-5791. 

Very truly yours, 

RAY POWELL, M.S., D.V.M. 
COMMISSIONER OF PUBLIC LANDS 

LARRY KEHOE, Director 
Oil, Gas and Minerals Division 
(505) 827-5744 

RP/LK/cpm 

cc: Reader File OCD BLM 

RESOURCE M A N A G E M E N T ! COMMERCIAL (5051-827-5724, MINERALS (505) -827-5744 , SURFACE (505) -827-5793 , ROYALTY (505) -827-5772. 
ADMINISTRATIVE MANAGEMENT (505) -827-5700 , COMMUNICATION fit PUBLIC AFFAIRS (505) -827-5764, and OENERAL COUNSEL (505) -827-5713 
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June 6, 1996 

United States Department of the Interior 
Bureau of Land Management 
1717 W. 2nd Street 
Roswell, New Mexico 88201 

State of New Mexico 
Department of Energy and Minerals 
P. O. Box 2088 
Santa Fe, New Mexico 87501 

Attn: Mr. Mike Menge 
Asst. District Manager 

Attn: Mr. William J. LeMay (3) 
Division Director 

State of New Mexico 
Mr. Ray Powell 
Comrnissioner of Public Lands 
P. O. Box 1148 
Santa Fe, New Mexico 87501 

Attn: Mr. Floyd O. Prando, Director (3) 
Oil and Gas Division 

Working Interest Owners 
Empire Abo Unit 
Eddy County, New Mexico 

Gentlemen: 

In compliance with Section 11 of the Unit Agreement, Empire Abo Unit, Eddy County, 
New Mexico, ARCO Permian Inc., as Unit Operator, on behalf of itself and other 
participating working interest owners, hereby submits for your approval a Plan of 
Operation to cover the period beginning January 1, 1996, and extending through the 
remainder of calendar year 1996. 

Yours very truly, 

Gary B. Smallwood 
Engineer 

Attachments 



EMPIRE ABO UNIT 
1996 Plan of Operation 

SUBMITTED May 24,1996 

1. Summary of the Plan of Operation for 1996 

ARCO Permian Inc. proposes to continue operation of the Empire Abo Unit, Eddy County, 

New Mexico, substantially the same as in late 1995. Residue gas sales were started in the 

Empire Abo Unit in March of 1995 at the rate of 5 MMCFPD. Sales rates were increased to 

13 MMCFPD in July. With the approval of working interest owners gas reinjection ended in 

November of 1995. Al l residue gas was then sold or returned to Gas Company of New 

Mexico or used as fuel. A table is attached indicating Gas Company of New Mexico's 

balance. Oil has been and will be produced from the most efficient wells in order to 

maximize recovery from the unit. 

2. Project Area - Description and History 

The Empire Abo Unit is located in portions of Sections 34,35,36, Township 17 South, Range 

27 East; Sections 1, 2, 3, 4, 8, 9, 10, 11, 12, 15, 16, 17, Township 18 South, Range 27 East; 

Sections 25,26, 27,28, 31, 32, 33, 34, 35, 36, Township 17 South, Range 28 East; Sections 4, 5, 

6, Township 18 South, Range 28 East; Sections 29, 30, Township 17 South, Range 29 East, 

Eddy County, New Mexico. 

The Unit, as originally proposed, would have covered 11,399.15 acres. Certain tracts within the 

Unit Area did not qualify for participation as of October 1, 1973, the effective date of the Unit. 

These tracts are: 2,6,28,41,42,46,55,56,69, 79, 84, and 91. Total area of these tracts is 644.74 acres. 

The remaining 10,694.41 acres comprised the Project Area for pressure maintenance until September 

1,1975. On this date Tracts 41, 79, and 84 joined the Unit. The addition of these three tracts, which 

cover 120.03 acres, increased the total area of the Unit to 10,814.44 acres. Tracts 2, 6, 42, and 46 

comprise the CITGO Empire Abo Unit (Riverwolf Unit), which received NMOCD approval in June 

1974. The Unit Area is now disposed as follows: 

Acres 

ARCO Empire Abo Unit 

Riverwolf Unit 

Non-Participating Tracts 

Total Area 

10,814.44 

11,339.15 

241.05 

283.66 

ARCO Permian Inc. operates a partial pressure maintenance project at the Empire Abo Unit. 

This project has involved injection of plant residue gas from Abo production back into the 

Abo formation and production of the most efficient wells. 
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3. Current Performance 

In December 1995, the Unitized Project Area averaged 1,717 BOPD with a 78 percent water 

cut and a gas-oil ratio of 37,000 cubic feet of gas per barrel of oil. Gas injection was 

suspended in November (see attached Production History Plot). 

Cumulative oil production from the Project Area through December 1995 was 215.7 MMBO. 

This is about 58 percent of the 371 MMBO originally in place. Cumulative net gas 

production from the Project Area through December 1995 was 296 BCF. This is about 63 

percent of the 468 BCF originally in place. As of December 1995, the Unit has 191 active 

producing wells. 

4. Basic Concepts Governing Future Unit Operations 

• Field production history and reservoir numeric model studies have demonstrated that 

oil recovery is governed by gravity drainage and secondary gas cap expansion. We will 

be able to maximize the beneficial effects of these recovery mechanisms by observation 

of well performance and producing from the most efficient wells, those with the lowest 

GOR's. Natural gas liquid production from individual wells will also be considered 

when determining the most efficient wells in the future. 

5. Discussion of Past, Current, and Future Operations 

a) Gas Injection 

Fifteen gas injection wells along the north edge of the field and 15 new injection wells 

on the south edge handle all of the Empire Abo Unit injected gas. Table I lists these 

wells. Beginning in July 1974, and continuing until March of 1995 all available plant 

residue gas has been injected into the Abo gas cap. On November 1, 1995 all residue 

gas reinjection was stopped at the Empire Abo Unit. 

b) Workovers 

An intensive workover program in previous years has been successful in maximizing 

low GOR production. The majority of the workovers consisted of recompleting wells 

lower in the reef. As a result of this program, almost all possible lower recompletions 

have been performed. On the eastern portion of the field where water influx is 

occurring, workovers consisting of recompleting wells higher in the reef have been 

successful. We wil l continue to seek out wells with recompletion potential. We are 

also evaluating the use of horizontal wells in the field and expect to fracture wells in 

the less permeable parts of the field. Inactive wells are being returned to production. 
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c) Continuing Field Study 

In order to maximize future reserves, we will continue to maintain an intensive field 

surveillance program. We will also continue to evaluate alternate and enhanced 

recovery techniques. 

d) Injection of Non-Abo Gas 

Gas from non-Abo sources was delivered from the Gas Company of New Mexico 

(formerly Southern Union Gas Company) to the Empire Abo Unit. This began on June 

18,1976. The amount of gas stored in the Empire Abo Unit under the 1976 agreement 

through February 1989 is 3,753 MMMBTU or 3,854 MMCF. A table is attached 

indicating Gas Company of New Mexico's withdrawals and returns for 1995. 

e) Withdrawals of Non-Abo Gas 

With the start of blowdown at Empire Abo Gas Company has been withdrawing and 

not returning stored gas. Gas Company is expected to have all stored gas removed by 

mid 1996. 

f ) Voidage Limit Removal 

The voidage limit was replaced with a gas production limit of 65 MMCFPD in 1984. 

This will allow more efficient operation of the Unit. Also, the wet gas compressors 

were removed and the practice of injecting unprocessed gas was discontinued. 

6. Modifications to Plan 

It is understood that to meet changing conditions, this plan of operation may be modified 

from time to time, with the approval of the Supervisor of the U.S.G.S., the Commissioner of 

Public Lands of the State of New Mexico, and the Department of Energy and Minerals, Oil 

Conservation Division, State of New Mexico. 

ARCO Permian Inc., as Unit Operator, will act prudently to preserve the rights of the 

mineral owners, and to effectively and efficiently recover the Unit Area Reserves. This 

Company wil l meet all economical offset obligations, act to prevent waste, conserve natural 

resources, and protect correlative rights. 

7. Effective Date and Duration of Plan 

This Plan of Operation shall be effective January 1, 1996 and extend through the calendar 

year unless otherwise amended. 
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If this Plan of Operation meets with your approval, please sign on the next page and return 

copy for our files. 

Very truly yours, 

ARCO Permian Inc. 

OPERATOR 

Gary B. Smallwood 
Engineer 

GBS 
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APPROVED BY: DATE: 
District Manager 
United States Department of the Interior 
Bureau of Land Management - Roswell District 

APPROVED BY: DATE: 

State of New Mexico 



TABLE I 

EMPIRE ABO UNIT 
Gas Injection Wells 

Previous Operator/ Unit Well 

Lease and Well Designation Location & £ Twp RjQg 

Hondo/State "A" No. 24 C-39 NW/4 SE/4 26 17 28 

Hondo/State "A" No. 16 D-37 SW/4 SW/4 26 17 28 

Amoco/State "BV" No. 1 F-25 SW/4 NW/4 32 17 28 
Hondo/State "A" No. 35 F-27 SW/4 NE/4 32 17 28 

ARCO/M. Yates B (ARC) No. 8 F-31 SW/4 NE/4 33 17 28 

Amoco/State "BM" No. 1 G-22 NE/4 SW/4 31 17 28 

Hondo/State "A" No. 9 G-24 NE/4 SE/4 31 17 28 

Gulf/NCT "C" No. 1 H-19 SW/4 SE/4 36 17 27 

Amoco/State "BE" No. 1 H-21 SW/4 SW/4 31 17 28 

Amoco/Malco "H" Fed. No. 9 1-10 NE/4 NW/4 3 18 27 

Amoco/State "F" No. 8 1-18 NE/4 NW/4 1 18 27 

Amoco/Malco "H" Fed. No. 2 J-12 SE/4 NE/4 3 18 27 

Amoco/Windfohr Fed. No. 4 K-7 NW/4 SE/4 4 18 27 

Exxon/CBDU "A" No. 8 M-6 SE/4 NW/4 9 18 27 
Cities Service/Hudson A #1 J-10 SE/4 NW/4 3 18 27 

Exxon/CBDU No. 13 R-5 1980' FNL & 660' FWL 16 18 27 

Exxon/CBDU "A" No. 7 P-5 330" FSL & 990' FWL 9 18 27 

N/A M-901 1300' FNL & 1220' FWL 10 18 27 

N/A L - l l l 2485' FEL & 20' FSL 3 18 27 

N/A L-131 100* FSL & 100'FWL 2 18 27 

N/A L-141 1360* FWL & 1050' FSL 2 18 27 

N/A K-182 2370' FWL & 1533* FSL 1 18 27 

N/A J-202 2490' FNL & 1299* FEL 1 18 27 

N/A J-223 2630'FNL & 1930'FWL 6 18 28 

N/A 1-23 470* FNL & 2170' FEL 6 18 28 

N/A H-261 150' FSL & 1400' FWL 32 17 28 

N/A 1-283 175' FNL & 300' FEL 5 18 28 

N/A H-302 1250" FSL & 1925'FWL 33 17 28 

N/A G-321 1520' FSL & 250' FEL 33 17 28 

N/A F-343 2300* FNL & 1675' FWL 34 17 28 

O/A Engineering. KEG TBL1GIW.XLS 2/9/95 9:34 AM 



E M P I R E A B O U N I T 

1995 P R O D U C T I O N H I S T O R Y 

Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Totals 

m 

51,983 

49,843 

54,880 

48,326 

51,515 

50,682 

50,127 

51,316 

52,114 

54,192 

54,070 

53,239 

622,287 

BW 

172,066 

178,370 

196,370 

179,032 

185,264 

208,217 

163,752 

194,834 

153,344 

180,599 

181,024 

189,875 

2,182,747 

Gross Produced 
MCFG 

1,704,733 

1,625,963 

1,865,234 

1,528,504 

1,462,495 

1,637,197 

1,814,553 

1,910,376 

1,816,052 

1,797,483 

1,916,674 

1,979,550 

21,058,814 

Injected 
MCFG 

1,244,573 

1,218,460 

1-209,493 

946,447 

1,037,932 

1,207,964 

1,062,190 

988,493 

895,123 

1,009,056 

0 

0 

10,819,731 

Net MCFG 

460,160 

407,503 

655,741 

582,057 

424,563 

429,233 

752,363 

921,883 

920,929 

788,427 

1,916,674 

1,979,550 

10,239,083 

EAUHIS95.xls 5/23/96 4:18 PM 
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Empire Abo Unit 
Gas Company of New Mexico 
Stored Gas Balance Statement 

Month/Yr MMBTU Rem. MMBTU 
Withdrawn Due 
by GCNM GCNM 

Jul-95 0 3,704,822 
Aug-95 78,899 3,625,923 
Sep-95 102/112 3,523,511 
Oct-95 527,951 2,995,560 
Nov-95 512,060 2483,500 
Dec-95 496,760 1,986,740 



ARCO Permian 
600 N Marienfeld 
Midland TX 79701 
Post Office Box 1610 
Midland TX 79702 
Telephone 915 688 5200 

February 9,1995 

United States Department of the Interior 
Bureau of Land Management 
P.O. Drawer 1397 
Roswell, New Mexico 88201 

Attn: Mr. Tony L. Ferguson 
Asst. District Manager 

State of New Mexico 
Mr. Jim Baca 
Commissioner of Public Lands 
P.O.Box 1148 
Santa Fe, New Mexico 87501 

Attn: Mr. Floyd O. Prando, Director (3) 
Oil and Gas Division 

State of New Mexico 
Department of Energy and Minerals 

Division Director 

Working Interest Owners 
Empire Abo Unit 
Eddy County, New Mexico 

Gentlemen: 

In compliance with Section 11 of the Unit Agreement, Empire Abo Unit, Eddy County, New Mexico, 
ARCO Oil and Gas Company, as Unit Operator, on behalf of itself and other participating working 
interest owners, hereby submits for your approval a Plan of Operation to cover the period beginning 
January 1,1995, and extending through the remainder of calendar year 1995. 

P.O. Box 2088 
Santa Fe, New Mexico 87501 

Attn: Mr. William J. LeMay (3) 

Yours very truly, 

Gary B."Small wood 
Engineer 

GBS:keg 
Attachments 

A unit of Atlantic Richtiein Company 



EMPIRE ABO UNIT 
1995 Plan of Operation 

SUBMITTED December 22,1994 

1. Summary of the Plan of Operation for 1995 

ARCO Oil and Gas Company proposes to continue operation of the Empire Abo Unit, Eddy 

County, New Mexico, substantially the same as in recent years. We wil l continue to reinject 

residue gas from the GPM extraction plant and the Amoco extraction plant. During the 

third quarter of 1994, we reinjected 80% of all produced gas. Reinjection volumes will be 

less as we will start partial gas sales. We expect to reinject 70% of the produced gas during 

the first and second quarters of 1995 and 60% during the third and fourth quarters. Our 

estimate of the subsequent gas sales is 6.5 MMCFPD in the first half of 1995 and 13 

MMCFPD in the second half of 1995. Oil will be produced from the most efficient wells in 

order to maximize recovery. Gas Company of New Mexico will be allowed to make 

emergency withdrawals of extraneous gas during the winter. The withdrawal wil l be 

replaced by Gas Company of New Mexico in the summer. A table is attached indicating 

Gas Company of New Mexico's takes and withdrawals and balance. 

2. Project Area - Description and History 

The Empire Abo Unit is located in portions of Sections 34, 35, 36, Township 17 South, Range 

27 East; Sections 1, 2, 3, 4, 8, 9, 10, 11, 12, 15, 16, 17, Township 18 South, Range 27 East; 

Sections 25,26, 27,28,31, 32,33, 34, 35, 36, Township 17 South, Range 28 East; Sections 4, 5, 

6, Township 18 South, Range 28 East; Sections 29, 30, Township 17 South, Range 29 East, 

Eddy County, New Mexico. 

The Unit, as originally proposed, would have covered 11,399.15 acres. Certain tracts within the 

Unit Area did not qualify for participation as of October 1, 1973, the effective date of the Unit. 

These tracts are: 2,6,28,41,42,46,55,56,69, 79,84, and 91. Total area of these tracts is 644.74 acres. 

The remaining 10,694.41 acres comprised the Project Area for pressure maintenance until September 

1,1975. On this date Tracts 41,79, and 84 joined the Unit. The addition of these three tracts, which 

cover 120.03 acres, increased the total area of the Unit to 10,814.44 acres. Tracts 2, 6, 42, and 46 

comprise the CITGO Empire Abo Unit (Riverwolf Unit), which received NMOCD approval in June 

1974. The Unit Area is now disposed as follows: 

Acres 

ARCO Empire Abo Unit 

Riverwolf Unit 

10,814.44 

241.05 

Non-Participating Tracts 

Total Area 11,339.15 

283.66 
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ARCO Oil and Gas Company operates a pressure maintenance project at the Empire Abo 

Unit. This project involves injection of plant residue gas from Abo production back into the 

Abo formation. 

3. Current Performance 

In October 1994, the Unitized Project Area averaged 2,017 BOPD with a 78 percent water cut 

and a gas-oil ratio of 29,628 cubic feet of gas per barrel of oil. Gas injection averaged 46,124 

MCFPD (see attached Production History Plot). 

Cumulative oil production from the Project Area through October 1994 was 214.7 MMBO. 

This is about 57.9 percent of the 371 MMBO originally in place. Cumulative net gas 

production from the Project Area through October 1994 was 322.9 BCF. This is about 68.9 

percent of the 468 BCF originally in place. As of October 1994, the Unit has 191 active 

producing wells. 

4. Basic Concepts Governing Future Unit Operations 

• Field production history and reservoir numeric model studies have demonstrated that 

oil recovery is governed by gravity drainage and secondary gas cap expansion. We will 

be able to maximize the beneficial effects of these recovery mechanisms by observation 

of well performance and producing from the most efficient wells, those with the lowest 

GOR's. Natural gas liquid production from individual wells wi l l also be considered 

when determining the most efficient wells in the future. 

• Gas injection wil l help maintain reservoir pressure and control expansion of the 

secondary gas cap. 

5. Discussion of Past, Current, and Future Operations 

a) Gas Injection 

Fifteen gas injection wells along the north edge of the field and 15 new injection wells 

on the south edge handle all of the Empire Abo Unit injected gas. Table I lists these 

wells. Beginning in July 1974, and continuing through the latest month for which data 

is available (October 1994), all available plant residue gas has been injected into the Abo 

gas cap. The Unit receives plant residue gas at about 700 psi and compresses it to 2000 

psi for injection. Superhydration facilities at the extraction plants reduce hydrogen 

sulfide content to minimize possible corrosion. A rigorous corrosion treatment 

program is maintained. As soon as the New Mexico Environmental Department of Air 

Pollution Control Bureau grants a permit, the gas injection machines at the Empire Abo 

Unit gas injection plant will be replaced with clean burn rental machines. The rental 

machines will reduce operating costs and reduce emissions below Title V requirements. 
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We believe the injection facilities meet the requirements of the United States Geological 

Survey and the State of New Mexico. 

b) Workovers 

An intensive workover program in previous years has been successful in maximizing 

low GOR production. The majority of the workovers consisted of recompleting wells 

lower in the reef. As a result of this program, almost all possible lower recompletions 

have been performed. On the eastern portion of the field where water influx is 

occurring, workovers consisting of recompleting wells higher in the reef have been 

successful. We wil l continue to seek out wells with recompletion potential. We are 

also evaluating the use of horizontal wells in the field and expect to fracture wells in 

the less permeable parts of the field. 

c) Continuing Field Study 

In order to maximize future reserves, we will continue to maintain an intensive field 

surveillance program. We wil l also continue to evaluate alternate and enhanced 

recovery techniques. 

d) Injection of Non-Abo Gas 

Gas from non-Abo sources was delivered from the Gas Company of New Mexico 

(formerly Southern Union Gas Company) to the Empire Abo Unit. This began on June 

18,1976. The amount of gas stored in the Empire Abo Unit under the 1976 agreement 

through February 1989 is 3,753 MMMBTU or 3,854 MMCF. A table is attached 

indicating Gas Company of New Mexico's withdrawals and returns for 1994. 

e) Withdrawals of Non-Abo Gas 

Gas Company of New Mexico will be permitted to withdraw up to 300 MMCF of the 

extraneous stored gas for emergency use during the winter period, November 1 -

March 31. The withdrawn gas will be replaced by Gas Company of New Mexico 

during the next summer season, April 1 - October 31. 

f ) Voidage Limit Removal 

The voidage limit was replaced with a gas production limit of 65 MMCFPD in 1984. 

This wil l allow more efficient operation of the Unit. Also, the wet gas compressors 

were removed and the practice of injecting unprocessed gas was discontinued. 

6. Modifications to Plan 

It is understood that to meet changing conditions, this plan of operation may be modified 

from time to time, with the approval of the Supervisor of the U.S.G.S., the Commissioner of 

Public Lands of the State of New Mexico, and the Department of Energy and Minerals, Oil 

Conservation Division, State of New Mexico. 
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ARCO Oil and Gas Company, as Unit Operator, wil l act prudently to preserve the rights of 

the mineral owners, and to effectively and efficiently recover the Unit Area Reserves. This 

Company will meet all economical offset obligations, act to prevent waste, conserve natural 

resources, and protect correlative rights. 

7. Effective Date and Duration of Plan 

This Plan of Operation shall be effective January 1, 1995 and extend through the calendar 

year unless otherwise amended. 

If this Plan of Operation meets with your approval, please sign on the next page and return one 

copy for our files. 

Very truly yours, 

ARCO Oil and Gas Company 

OPERATOR 

Gary a. Smallwood 
Engineer 

GBSrkeg 
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APPROVED BY: DATE: 
District Manager 
United States Department of the Interior 
Bureau of Land Management - Roswell District 

APPROVED BY: DATE: 
Commissioner of Public Lands 
itafeTof New Me> 

APPROVED B DATE 
^-—- jJivisioKf^irector 

Deparanent of Energy and Minerals 
Oil Conservation Division 
State of New Mexico 



TABLE I 

EMPIRE ABO UNIT 
Gas Injection Wells 

Previous Operator/ Unit Well 
Lease and Well Designation Location Sec lam Bug 

Hondo/State "A" No. 24 C-39 NW/4 SE/4 26 17 28 

Hondo/State "A" No. 16 D-37 SW/4 SW/4 26 17 28 

Amoco/State "BV" No. 1 F-25 SW/4 NW/4 32 17 28 

Hondo/State "A" No. 35 F-27 SW/4 NE/4 32 17 28 

ARCO/M. Yates B (ARC) No. 8 F-31 SW/4 NE/4 33 17 28 

Amoco/State "BM" No. 1 G-22 NE/4 SW/4 31 17 28 

Hondo/State "A" No. 9 G-24 NE/4 SE/4 31 17 28 

Gulf/NCT "C" No. 1 H-19 SW/4 SE/4 36 17 27 

Amoco/State "BE" No. 1 H-21 SW/4 SW/4 31 17 28 

Amoco/Malco "H" Fed. No. 9 1-10 NE/4 NW/4 3 18 27 

Amoco/State "F" No. 8 1-18 NE/4 NW/4 1 18 27 

Amoco/Malco "H" Fed. No. 2 J-12 SE/4 NE/4 3 18 27 

Amoco/Windfohr Fed. No. 4 K-7 NW/4 SE/4 4 18 27 

Exxon/CBDU "A" No. 8 M-6 SE/4 NW/4 9 18 27 

Cities Service/Hudson A #1 J-10 SE/4 NW/4 3 18 27 

Exxon/CBDU No. 13 R-5 1980' FNL & 660' FWL 16 18 27 

Exxon/CBDU "A" No. 7 P-5 330' FSL & 990' FWL 9 18 27 

N/A M-901 1300'FNL & 1220'FWL 10 18 27 

N/A L - l l l 2485' FEL & 20' FSL 3 18 27 

N/A L-131 100* FSL & 100' FWL 2 18 27 

N/A L-141 1360' FWL & 1050' FSL 2 18 27 

N/A K-182 2370' FWL & 1533' FSL 1 18 27 

N/A J-202 2490' FNL & 1299' FEL 1 18 27 

N/A J-223 2630' FNL & 1930' FWL 6 18 28 

N/A 1-23 470' FNL & 2170' FEL 6 18 28 

N/A H-261 150' FSL & 1400' FWL 32 17 28 

N/A 1-283 175' FNL & 300' FEL 5 18 28 

N/A H-302 1250' FSL & 1925'FWL 33 17 28 

N/A G-321 1520' FSL & 250' FEL 33 17 28 

N/A F-343 2300'FNL & 1675'FWL 34 17 28 

O/A Engineering, KEG TBL1GIW.XLS 2/9/95 9:34 AM 



EMPIRE ABO UNIT 
1994 PRODUCTION HISTORY 

Month Bil B_w_ 

January 65,349 309,307 

February 60,550 194,919 

March 69,105 235,531 

April 63,701 228,977 

May 66,239 204,673 

June 55,717 208,217 

July 59,514 221,701 

August 57,733 196,383 

September 58,432 178,202 

October 56,771 187,481 

Totals 613,111 2,165,391 

Gross Produced Injected Net MCFG 
MCFCr MCFG 

1.901.811 1,451,708 450,103 

1,627,611 1,258,194 369,417 

1,866,874 1,392,834 474,040 

1.811.812 1,286,698 525,114 

1,972,704 1,513,338 459,366 

1,632,976 1,285,369 347,607 

1,826,731 1,425,223 401,508 

1,826,468 1,443,007 383,461 

1,842,187 1,485,362 356,825 

1,856,249 1,479,881 376,368 

18,165,423 14,021,614 4,143,809 

O/A Engineering, KEG EAUHIS94.XLS 2/9/95 9:34 AM 
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ARCO Oil and Gas Company >"r 
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April 28, 1994 

United States Department of the Interior 
Bureau of Land Management 
P.O. Drawer 1397 
Roswell, New Mexico 88201 

Attn: Mr. Tony L. Ferguson 
Asst. District Manager 

State of New Mexico 
Mr. Jim Baca 
Commissioner of Public Lands 
P.O.Box 1148 
Santa Fe, New Mexico 87501 

Attn: Mr. Floyd O. Prando, Director (3) 
Oil and Gas Division 

P.O. Box 2088 
Santa Fe, New Mexico 87501 

Attn: Mr. William J. LeMay (3) 
Division Director 

Working Interest Owners 
Empire Abo Unit 
Eddy County, New Mexico 

Gentlemen: 

In compliance with Section 11 of the Unit Agreement, Empire Abo Unit, Eddy County, New Mexico, 
ARCO Oil and Gas Company, as Unit Operator, on behalf of itself and other participating working 
interest owners, hereby submits for your approval a Plan of Operation to cover the period begirining 
January 1,1994, and extending through the remainder of calendar year 1994. 

Yours very truly, 

State of New Mexico 
Department of Energy and Minerals 

Gary B. S 
Engineer 

GBS:keg 
Attachments 



EMPIRE ABO UNIT 
1994 Plan of Operation 

SUBMITTED APRIL 4,1994 

1. Summary of the Plan of Operation for 1994 

ARCO Oil and Gas Company proposes to continue operation of the Empire Abo Unit, Eddy 

County, New Mexico, substantially the same as in recent years. We will continue to reinject 

residue gas from the Phillips extraction plant and the Amoco extraction plant. Oil will be 

produced from the most efficient wells in order to maximize recovery. We may elect to sell 

up to 5 MMCFPD of residue gas. This would require an allowable change and NMOCD 

approval. Gas Company of New Mexico will be allowed to make emergency withdrawals 

of extraneous gas during the winter. The withdrawal will be replaced by Gas Company of 

New Mexico in the summer. 

2. Project Area - Description and History 

The Empire Abo Unit is located in portions of Sections 34, 35, 36, Township 17 South, Range 

27 East; Sections 1, 2, 3, 4, 8, 9, 10, 11, 12, 15, 16, 17, Township 18 South, Range 27 East; 

Sections 25, 26,27, 28, 31, 32, 33, 34,35, 36, Township 17 South, Range 28 East; Sections 4, 5, 

6, Township 18 South, Range 28 East; Sections 29, 30, Township 17 South, Range 29 East, 

Eddy County, New Mexico. 

The Unit, as originally proposed, would have covered 11,399.15 acres. Certain tracts within 

the Unit Area did not qualify for participation as of October 1,1973, the effective date of the 

Unit. These tracts are: 2, 6, 28, 41, 42, 46, 55, 56, 69, 79, 84, and 91. Total area of these tracts 

is 644.74 acres. The remaining 10,694.41 acres comprised the Project Area for pressure 

maintenance until September 1,1975. On this date Tracts 41,79, and 84 joined the Unit. The 

addition of these three tracts, which cover 120.03 acres, increased the total area of the Unit to 

10,814.44 acres. Tracts 2, 6, 42, and 46 comprise the CITGO Empire Abo Unit, which 

received NMOCD approval in June 1974. The Unit Area is now disposed as follows: 

Acres 

ARCO Empire Abo Unit 

CITGO Empire Abo Unit 

Non-Participating Tracts 

Total Area 

10,814.44 

11,339.15 

241.05 

283.66 

ARCO Oil and Gas Company operates a pressure maintenance project at the Empire Abo 

Unit. This project involves injection of plant residue gas from Abo production back into the 

Abo formation. 
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3. Current Performance 

In December 1993, the Unitized Project Area averaged 2,224 BOPD with a 77 percent water 

cut and a gas-oil ratio of 28,999 cubic feet of gas per barrel of oil. Gas injection averaged 

48,619 MCFPD (see attached Production History Plot). 

Cumulative oil production from the Project Area through December 1993 was 214.1 MMBO. 

This is about 57.7 percent of the 371 MMBO originally in place. Cumulative net gas 

production from the Project Area through December 1993 was 304.7 BCF. This is about 65.1 

percent of the 468 BCF originally in place. As of December 1993, the Unit has 199 active 

producing wells. 

4. Basic Concepts Governing Future Unit Operations 

• Field production history and reservoir numeric model studies have demonstrated that 

oil recovery is governed by gravity drainage and secondary gas cap expansion. We will 

be able to maximize the beneficial effects of these recovery mechanisms by observation 

of well performance and producing from the most efficient wells, those with the lowest 

GOR's. Natural gas liquid production from individual wells will also be considered 

when determining the most efficient wells in the future. 

• Gas injection will help maintain reservoir pressure and control expansion of the 

secondary gas cap. 

5. Discussion of Past, Current, and Future Operations 

a) Gas Injection 

Fifteen gas injection wells along the north edge of the field and 16 new injection wells 

on the south edge handle all of the Empire Abo Unit injected gas. Table I lists these 

wells. Beginning in July 1974, and continuing through the latest month for which data 

is available (December 1993), all available plant residue gas has been injected into the 

Abo gas cap. The Unit receives plant residue gas at about 700 psi and compresses it to 

2000 psi for injection. Superhydration facilities at the extraction plants reduce hydrogen 

sulfide content to minimize possible corrosion. A rigorous corrosion treatment 

program is maintained. Permits for the Gas Injection Facilities have been granted by the 

State of New Mexico Environmental Improvements Agency. We believe the injection 

facilities meet the requirements of the United States Geological Survey and the State of 

New Mexico. 

b) Workovers 

An intensive workover program in previous years has been successful in maximizing 

low GOR production. The majority of the workovers consisted of recompleting wells 

lower in the reef. As a result of this program, almost all possible lower recompletions 
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have been performed. On the eastern portion of the field where water influx is 

occurring, workovers consisting of recompleting wells higher in the reef have been 

successful. We will continue to seek out wells with recompletion potential. 

c) Continuing Field Study 

In order to maximize future reserves, we will continue to maintain an intensive field 

surveillance program. We will also continue to evaluate alternate and enhanced 

recovery techniques. 

d) Injection of Non-Abo Gas 

Gas from non-Abo sources was delivered from the Gas Company of New Mexico 

(formerly Southern Union Gas Company) to the Empire Abo Unit. This began on June 

18,1976. The amount of gas stored in the Empire Abo Unit under the 1976 agreement 

through February 1989 is 3,753 MMMBTU or 3,854 MMCF. From November 1992 

through March 1993, 400.5 MMBTU were withdrawn and 114.6 MMBTU were injected 

by Gas Company of New Mexico. From April 1993 through September 1993, 343.9 

MMBTU were injected by Gas Company of New Mexico. Gas Company of New 

Mexico is underdelivered to the unit by 3.8 MMBTU as of September 30,1993. 

e) Withdrawals of Non-Abo Gas 

Gas Company of New Mexico will be permitted to withdraw up to 300 MMCF of the 

extraneous stored gas for emergency use during the winter period, November 1 -

March 31. The withdrawn gas will be replaced by Gas Company of New Mexico 

during the next summer season, April 1 - October 31. 

f ) Voidage Limit Removal 

The voidage limit was replaced with a gas production limit of 65 MMCFPD in 1984. 

This will allow more efficient operation of the Unit. Also, the wet gas compressors 

were removed and the practice of injecting unprocessed gas was discontinued. 

6. Modifications to Plan 

It is understood that to meet changing conditions, this plan of operation may be modified 

from time to time, with the approval of the Supervisor of the U.S.G.S., the Commissioner of 

Public Lands of the State of New Mexico, and the Department of Energy and Minerals, Oil 

Conservation Division, State of New Mexico. 

ARCO Oil and Gas Company, as Unit Operator, will act prudently to preserve the rights of 

the mineral owners, and to effectively and efficiently recover the Unit Area Reserves. This 

Company will meet all economical offset obligations, act to prevent waste, conserve natural 

resources, and protect correlative rights. 
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7. Effective Date and Duration of Plan 

This Plan of Operation shall be effective January 1, 1994 and extend through the calendar 

year unless otherwise amended. 

If this Plan of Operation meets with your approval, please sign on the next page and return one 

copy for our files. 

Very truly yours, 

ARCO Oil and Gas Company 

OPERATOR 

Gary B. Smallwood 
Engineer 

GBS:keg 
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APPROVED BY: DATE: 
District Manager 
United States Department of the Interior 
Bureau of Land Management - Roswell District 

APPROVED BY: DATE: 
Commissioner of Public Lands 

jf New Me> 

APPROVED BY: DATE: 
j£s&iv\si<jft\ Director 

Department of Energy and Minerals 
Oil Conservation Division 
State of New Mexico 



TABLE I 

EMPIRE ABO UNIT 
Gas injection Wells 

Previous Operator/ Unit Well 
Lease and Well Designation Location £££ Twp Rng 

Hondo/State "A" No. 24 C-39 NW/4 SE/4 26 17 28 
Hondo/State "A" No. 16 D-37 SW/4 SW/4 26 17 28 
Amoco/State "BV" No. 1 F-25 SW/4 NW/4 32 17 28 
Hondo/State "A" No. 35 F-27 SW/4 NE/4 32 17 28 

ARCO/M. Yates B (ARC) No. 8 F-31 SW/4 NE/4 33 17 28 
Amoco/State "BM" No. 1 G-22 NE/4 SW/4 31 17 28 
Hondo/State "A" No. 9 G-24 NE/4 SE/4 31 17 28 
Gulf/NCT "C" No. 1 H-19 SW/4 SE/4 36 17 27 

Amoco/State "BE" No. 1 H-21 SW/4 SW/4 31 17 28 
Amoco/Malco "H" Fed. No. 9 1-10 NE/4 NW/4 3 18 27 

Amoco/State "F" No. 8 1-18 NE/4 NW/4 1 18 27 
Amoco/Malco "H" Fed. No. 2 J-12 SE/4 NE/4 3 18 27 
Amoco/Windfohr Fed. No. 4 K-7 NW/4 SE/4 4 18 27 

Exxon/CBDU "A" No. 8 M-6 SE/4 NW/4 9 18 27 
Cities Service/Hudson A #1 J-10 SE/4 NW/4 3 18 27 

Exxon/CBDU No. 13 *R-5 1980' FNL & 660' FWL 16 18 27 
Exxon/CBDU "A" No. 7 P-5 330' FSL & 990' FWL 9 18 27 

N/A M-901 1300' FNL & 1220'FWL 10 18 27 
N/A L - l l l 2485' FEL & 20' FSL 3 18 27 
N/A L-131 100' FSL & 100' FWL 2 18 27 
N/A L-141 1360' FWL & 1050' FSL 2 18 27 
N/A *L-153 90' FSL & 1456' FEL 2 18 27 
N/A K-182 2370'FWL & 1533' FSL 1 18 27 
N/A J-202 2490' FNL & 1299' FEL 1 18 27 
N/A J-223 2630' FNL & 1930'FWL 6 18 28 
N/A 1-23 470' FNL & 2170'FEL 6 18 28 
N/A H-261 150' FSL & 1400' FWL 32 17 28 
N/A 1-283 175' FNL & 300' FEL 5 18 28 
N/A H-302 1250' FSL & 1925' FWL 33 17 28 
N/A *G-321 1520' FSL & 250' FEL 33 17 28 
N/A F-343 2300' FNL & 1675' FWL 34 17 28 

* shut in — waiting on NMOCD approval 

O/A Engineering, KEG TBL1GIW.XLS 4/4/94 8:43 AM 



EMPIRE ABO UNIT 
1993 PRODUCTION HISTORY 

Month m im 

January 75,281 303,082 

February 70,357 277,326 

March 75,272 231,207 

April 73,888 224,540 

May 73,350 206,375 

June 65,327 189,090 

July 67,776 215,466 

August 72,333 223,920 

September 70,376 234,590 

October 73,648 246,708 

November 68,628 230,922 

December 68,934 229,816 

Totals 855,170 2,813,042 

Gross Produced In jected Net MCFG 
MCFG MCFG 

1,680,189 1,283,897 396,292 

1,552,707 1,152,285 400,422 

1,792,611 1,470,071 322,540 

1,768,989 1,448,584 320,405 

1,824,974 1,510,052 314,922 

1,582,894 1,359,497 223,397 

1,637,052 1,346,511 290,541 

1,850,611 1,414,033 436,578 

1,752,889 1,360,074 392,815 

1,842,641 1,367,942 474,699 

1,832,640 1,303,357 529,283 

1,999,018 1,507,217 491,801 

21,117,215 16,523,520 4,593,695 

O/A Engineering, KEG EAUHIS93.XLS 4/4/94 8:43 AM 
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, • OFFICE OiF THE 

Commissioner of ;jfunite "JGanirs 

gtzde of £feni piextro ^ 2 

JIM BACA 
COMMISSIONER 

P.O. BOX 1148 
SANTAFE, NEW MEXICO 87504-1148 

SLO REF NO. OG-1297 

A p r i l 26, 1993 

ARCO O i l & Gas Company 
P.O. Box 1610 
Midland, Texas 79702 

A t t n : Mr. Gary B. Smallwood 

Re: 1993 Plan of Development 
Empire ABO Unit 
Eddy County, New Mexico 

Gentlemen: 

The Commissioner of Public Lands has this date approved the 
above captioned Plan of Development. Our approval i s subject 
to l i k e approval by a l l other appropriate agencies. 

The p o s s i b i l i t y of drainage by w e l l s outside of the Unit Area 
and the need f o r f u r t h e r development of the u n i t may e x i s t . 
You w i l l be contacted a t a l a t e r date regarding these 
p o s s i b i l i t i e s . 

I f you have any questions, or i f we may be of f u r t h e r help, 
please contact Pete Martinez at (505) 827-5791. 

Very t r u l y yours, 

JIM BACA 
COMMISSIONER OF,PUBLIC LANDS 

FLOYD O. PRANDO, Director 
O i l and Gas D i v i s i o n 

JB/FOP/pm 
cc: OCD 

BLM 

(505) 827-5744 



ARCO Oil and Gas Company 0 
Western District 
600 N. Marienfeld 
Midland. Texas 79701 
Post Office Box 1610 
Midland, Texas 79702 
Telephone 91 5 688 5200 

April 15,1993 
1 8 55 

United States Department of the Interior 
Bureau of Land Management 
P. O. Drawer 1397 
Roswell, New Mexico 88201 

Attn: Mr. Francis R Cherry, Jr. 
District Manager 

State of New Mexico 
Mr. Jim Baca 
Commissioner of Public Lands 
P.O. Box 1148 
Santa Fe, New Mexico 87501 

Attn: Mr. Floyd O. Prando, Director (3) 
Oil and Gas Division 

State of New Mexico 
Department of Energy and Minerals 
P.O. Box 2088 
SantaFe, New Mexico 87501 

Attn: Mr. William J. LeMay (3) 
Division Director 

Working Interest Owners 
Empire Abo Unit 
Eddy County, New Mexico 

Gentlemen: 

In compliance with Section 11 of the Unit Agreement, Empire Abo Unit, Eddy County, New 
Mexico, ARCO Oil and Gas Company, as Unit Operator, on behalf of itself and other 
participating working interest owners, hereby submits for your approval a Plan of Operation to 
cover the period beginning January 1, 1993 and extending through the remainder of calendar 
year 1993. 

Yours very truly, 

Gary B. Smallwood 
Senior Engineer 

GBS:eeg 
Attachments 
ARCO Oi! an:* Gas Corrpany s a Division of Aiianl.c Richf.eic CoT.pary 



EMPIRE ABO UNIT 
1993 Plan of Operation 

SUBMITTED MARCH 29,1993 

1. Summary of the Plan of Operation for 1993 

ARCO Oil and Gas Company proposes to continue operation of the Empire Abo Unit, Eddy 

County, New Mexico, substantially the same as in recent years. We will continue to reinject 

all available residue gas from the Phillips extraction plant and the Amoco extraction plant. 

Oil will be produced from the most efficient wells in order to maximize recovery. Gas 

Company of New Mexico will be allowed to make emergency withdrawals of extraneous 

gas during the winter. The withdrawal will be replaced by Gas Company of New Mexico in 

the summer. 

2. Project Area - Description and History 

The Empire Abo Unit is located in portions of Sections 34,35,36, Township 17 South, Range 

27 East; Sections 1, 2, 3, 4, 8, 9,10, 11,12, 15, 16, 17, Township 18 South, Range 27 East-

Sections 25,26,27,28,31,32,33,34,35,36, Township 17 South, Range 28 East; Sections 4,5, 

6, Township 18 South, Range 28 East; Sections 29, 30, Township 17 South, Range 29 East, 

Eddy County, New Mexico. 

The Unit, as originally proposed, would have covered 11,399.15 acres. Certain tracts within 

the Unit Area did not qualify for participation as of October 1,1973, the effective date of the 

Unit. These tracts are: 2,6,28,41,42,46,55,56,69, 79,84, and 91. Total area of these tracts 

is 644.74 acres. The remaining 10,694.41 acres comprised the Project Area for pressure 

maintenance until September 1,1975. On this date Tracts 41,79, and 84 joined the Unit The 

addition of these three tracts, which cover 120.03 acres, increased the total area of the Unit to 

10,814.44 acres. Tracts 2, 6, 42, and 46 comprise the CITGO Empire Abo Unit, which 

received NMOCD approval in June 1974. The Unit Area is now disposed as follows: 

ARCO Oil and Gas Company operates a pressure maintenance project at the Empire Abo 

Unit. This project involves injection of plant residue gas from Abo production back into the 

Abo formation. 

ARCO Empire Abo Unit 

CITGO Empire Abo Unit 

Non-Participating Tracts 

Total Area 

Acres 

10,814.44 

241.05 

283.66 

11,339.15 



1993 EAU Plan of Operation 
Page 2 

3. Current Performance 

In December 1992, the Unitized Project Area averaged 2,539 BOPD with a 80.2 percent water 

cut and a gas-oil ratio of 21,222 cubic feet of gas per barrel of oil. Gas injection averaged 

37,871 MCFPD (see attached Production History Plot). 

Cumulative oil production from the Project Area through December 1992 was 213.3 MMBO. 

This is about 575 percent of the 371 MMBO originally in place. Cumulative net gas 

production from the Project Area through December 1992 was 300.2 BCF. This is about 64.2 

percent of the 468 BCF originally in place. As of December 1992, the Unit has 204 active 

producing wells. 

4. Basic Concepts Governing Future Unit Operations 

• Field production history and reservoir numeric model studies have demonstrated that 

oil recovery is governed by gravity drainage and secondary gas cap expansion. We will 

be able to maximize the beneficial effects of these recovery mechanisms by observation 

of well performance and producing from the most efficient wells, those with the lowest 

GOR's. Natural gas liquid production from individual wells will also be considered 

when detennining the most efficient wells in the future. 

• Gas injection will help maintain reservoir pressure and control expansion of the 

secondary gas cap. 

5. Discussion of Past. Current, and Future Operations 

a) Gas Injection 

Fifteen gas injection wells along the north edge of the field handle all of the Empire 

Abo Unit injected gas. Table I lists these wells. Beginning in July 1974, and continuing 

through the latest month for which data is available (December 1992), all available 

plant residue gas has been injected into the Abo gas cap. The Unit receives plant 

residue gas at about 700 psi and compresses it to 2000 psi for injection. Superhydration 

facilities at the extraction plants reduce hydrogen sulfide content to minimize possible 

corrosion. A rigorous corrosion treatment program is maintained. Permits for the Gas 

Injection Facilities have been granted by the State of New Mexico Environmental 

Improvements Agency. We believe the injection facilities meet the requirements of the 

United States Geological Survey and the State of New Mexico. 

b) Workovers 

An intensive workover program in previous years has been successful in maximizing 

low GOR production. The majority of the workovers consisted of recompleting wells 

lower in the reef. As a result of this program, almost all possible lower recompletions 

have been performed. On the eastern portion of the field where water influx is 
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occurring, workovers consisting of recompleting wells higher in the reef have been 

successful. We will continue to seek out wells with recompletion potential 

c) Continuing Field Study 

In order to maximize future reserves, we will continue to maintain an intensive field 

surveillance program. We will also continue to evaluate alternate and enhanced 

recovery techniques. 

d) Injection of Non-Abo Gas 

Gas from non-Abo sources was delivered from the Gas Company of New Mexico 

(formerly Southern Union Gas Company) to the Empire Abo Unit. This began on 

June 18, 1976. The amount of gas stored in the Empire Abo Unit under the 1976 

agreement through February 1989 is 3,753 MMMBTU or 3,854 MMCF. From 

February 1989 through October 1992,516.4 MMCF were injected and 544.2 MMCF were 

withdrawn by Gas of New Mexico. Gas Company of New Mexico is underdelivered to 

the unit by 92.2 MMCF as of October 199Z 

e) Withdrawals of Non-Abo Gas 

Gas Company of New Mexico will be permitted to withdraw up to 300 MMCF of the 

extraneous stored gas for emergency use during the winter period, November 1 -

March 31. The withdrawn gas will be replaced by Gas Company of New Mexico 

during the next summer season, April 1 - October 31. 

f ) Voidage Limit Removal 

The voidage limit was replaced with a gas production limit of 65 MMCFPD in 1984. 

This will allow more efficient operation of the Unit. Also, the wet gas compressors 

were removed and the practice of injecting unprocessed gas was discontinued. 

6. Modifications to Plan 

It is understood that to meet changing conditions, this plan of operation may be modified 

from time to time, with the approval of the Supervisor of the U.S.G.S., the Commissioner of 

Public Lands of the State of New Mexico, and the Department of Energy and Minerals, Oil 

Conservation Division, State of New Mexico. 

ARCO Oil and Gas Company, as Unit Operator, will act prudently to preserve the rights of 

the mineral owners, and to effectively and efficiently recover the Unit Area Reserves. This 

Company will meet all economical offset obligations, act to prevent waste, conserve natural 

resources, and protect correlative rights. 

7. Effective Date and Duration of Plan 

This Plan of Operation shall be effective January 1,1993 and extend through the calendar 

year unless otherwise amended. 
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If this Plan of Operation meets with your approval, please sign on the next page and return 

copy for our files. 

Very truly yours, 

ARCO Oil and Gas Company 

OPERATOR 

Gary B. Sntyallwood 
Senior Engineer 

GBS:eeg 
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APPROVED BY: DATE: 
District Manager 
United States Department of the Interior 
Bureau of Land Management - Roswell District 

APPROVED BY: 

APPROVED BY: 

DATE:. 

•t^c^f' Divisiorr^irector 
\ r Depararient of Energy and Minerals 

Oil Conservation Division 
State of New Mexico 

DATE: 



TABLE I 

EMPIRE ABO UNIT 
Gas Injection Wells 

Previous Operator/ Unit Well 
Lease and Well Designation Location (Sec.-Twp-Rng) 

Hondo/State "A" No. 24 C-39 NW/4 SE/4 26 17 28 

Hondo/State "A" No. 16 D-37 SW/4 SW/4 26 17 28 

Amoco/State "BV" No. 1 F-25 SW/4 NW/4 32 17 28 

Hondo/State "A" No. 35 F-27 SW/4 NE/4 32 17 28 

ARCO/M. Yates B (ARC) No. 8 F-31 SW/4 NE/4 33 17 28 

Amoco/State "BM" No. 1 G-22 NE/4 SW/4 31 17 28 

Hondo/State "A" No. 9 G-24 NE/4 SE/4 31 17 28 

Gulf/NCT "C" No. 1 H-19 SW/4 SE/4 36 17 27 

Amoco/State "BE" No. 1 H-21 SW/4 SW/4 31 17 28 

Amoco/Malco "H" Fed. No. 9 1-10 NE/4 NW/4 3 18 27 

Amoco/State "F* No. 8 1-18 NE/4 NW/4 1 18 27 

Amoco/Malco "H" Fed. No. 2 J-12 SE/4 NE/4 3 18 27 

Amoco/Windfohr Fed. No. 4 K-7 NW/4 SE/4 4 18 27 

Exxon/CBDU "A" No. 8 M-6 SE/4 NW/4 9 18 27 

Cities Service/Hudson A #1 J-10 SE/4 NW/4 3 18 27 

GBS:eeg 
03/22/93 



EMPIRE ABO UNIT 
1992 PRODUCTION HISTORY 

Month BO BW 

January 83,513 179,201 

February 82,952 185,313 

March 88,487 210,509 

April 77,374 171,954 

May 88,367 243,199 

June 80,691 181,309 

July 82,097 235,555 

August 80,549 239,558 

September 81,436 264,389 

October 87,873 301,685 

November 81,995 296,437 

December 78,719 319317 

Totals 994,053 2,828,426 

Gross MCFG Injected Net MCFG 

MCFG 

1,987,396 1,353,823 633373 

1,842,521 1,208,948 633373 

1,891,687 1,366,124 525363 

1,770,893 1,311,250 459,643 

1,843,599 1,471,291 372308 

1,743,172 1,400,604 342368 

1,775,895 1,523,815 252,080 

1,692,600 1,362,864 329,736 

1,636360 1,384,778 251382 

1,815,550 1,532,794 282,756 

1,676,762 1,222,825 453,937 

1,670397 1,173,986 496,611 

21,347,032 16,313,102 5,033,930 

GBS:eeg 
03/22/93 
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0 Oil and Gas Company ^ 

, j ! n 9 06 

April 1, 1992 

United States Department of the Interior 
Bureau of Land Management 
P. O. Drawer 1397 
Roswell, New Mexico 88201 

Attn: Mr. Francis R. Cherry, Jr. 
District Manager 

State of New Mexico 
Mr. Bill Humphries 
Commissioner of Public Lands 
P. O. Box 1148 
Santa Fe, New Mexico 87501 

Attn: Mr. Floyd O. Prando, Director (3) 
Oil and Gas Division 

State of New Mexico 
Department of Energy and Minerals 
P. O. Box 2088 
Santa Fe, New Mexico 87501 

Attn: Mr. William J. LeMay (3) 
Division Director 

Gentlemen: 

In compliance with Section 11 of the Unit Agreement, Empire Abo Unit, Eddy County, 
New Mexico, ARCO Oil and Gas Company, as Unit Operator, on behalf of itself and other 
participating working interest owners, hereby submits for your approval the 1992 Plan of 
Operation. 

Yours very truly, 

Gary D. Smallwood 
Senior Engineer 

GBS.eeg 

Attachments 



EMPIRE ABO UNIT 
1992 Plan of Operation 

SUBMITTED MARCH 16,1992 

1. Summary of the Plan of Operation for 1992 

ARCO Oil and Gas Company proposes to continue operation of the Empire Abo Unit, 

Eddy'County, New Mexico, substantially the same as in recent years. We will continue 

to reinject all available residue gas from the Phillips extraction plant and the Amoco 

extraction plant. Oil will be produced from the most efficient wells in order to maximize 

recovery. Gas Company of New Mexico will be allowed to make emergency withdrawals 

of extraneous gas during the winter. The withdrawal will be replaced by Gas Company 

of New Mexico in the summer. 

2. Project Area - Description and History 

The Empire Abo Unit is located in portions of Sections 34, 35, 36, Township 17 South, 

Range 27 East; Sections 1, 2, 3, 4, 8, 9, 10, 11, 12, 15, 16, 17, Township 18 South, Range 

27 East; Sections 25, 26, 27, 28, 31, 32, 33, 34, 35, 36, Township 17 South, Range 28 East; 

Sections 4, 5, 6, Township 18 South, Range 28 East; Sections 29, 30, Township 17 South, 

Range 29 East, Eddy County, New Mexico. 

The Unit, as originally proposed, would have covered 11,399.15 acres. Certain tracts 

within the Unit Area did not qualify for participation as of October 1, 1973, the effective 

date of the Unit. These tracts are: 2, 6,28,41,42,46, 55,56, 69, 79, 84, and 91. Total area 

of these tracts is 644.74 acres. The remaining 10,694.41 acres comprised the Project Area 

for pressure maintenance until September 1, 1975. On this date Tracts 41, 79, and 84 

joined the Unit. The addition of these three tracts, which cover 120.03 acres, increased 

the total area of the Unit to 10,814.44 acres. Tracts 2, 6, 42, and 46 comprise the CITGO 

Empire Abo Unit, which received NMOCD approval in June, 1974. The Unit Area is now 

disposed as follows: 

Acres 

ARCO Empire Abo Unit 10,814.44 

CITGO Empire Abo Unit 241.05 

Non-Participating Tracts 283.66 

Total Area 11,339.15 
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ARCO Oil and Gas Company operates a pressure maintenance project at the Empire Abo 

Unit. This project involves injection of plant residue gas from Abo production back into 

the Abo formation. 

3. Current Performance 

In December, 1991, the Unitized Project Area averaged 2,839 BOPD with a 67.2 percent 

water cut and a gas-oil ratio of 23,085 cubic feet of gas per barrel of oil. Gas injection 

averaged 38,874 MCFPD (see attached Production History Plot). 

Cumulative oil production from the Project Area through December, 1991 was 212.3 

MMBO. This is about 57.2 percent of the 371 MMBO originally in place. Cumulative net 

gas production from the Project Area through December, 1991 was 278.9 BCF. This is 

about 59.5 percent of the 468 BCF originally in place. As of December, 1991, the Unit has 

205 active producing wells. 

4. Basic Concepts Governing Future Unit Operations 

• Field production history and reservoir numeric model studies have demonstrated 

that oil recovery is governed by gravity drainage and secondary gas cap expansion. 

We will be able to maximize the beneficial effects of these recovery mechanisms by 

observation of well performance and producing from the most efficient wells, those 

with the lowest GOR's. Natural gas liquid production from individual wells will 

also be considered when determining the most efficient wells in the future. 

• Gas injection will help maintain reservoir pressure and control expansion of the 

secondary gas cap. 

5. Discussion of Past, Current, and Future Operations 

a) Gas Injection 

Fifteen gas injection wells along the north edge of the field handle all of the Empire 

Abo Unit injected gas. Table I lists these wells. Beginning in July, 1974, and 

continuing through the latest month for which data is available (December, 1991), 

all available plant residue gas has been injected into the Abo gas cap. The Unit 

receives plant residue gas at about 700 psi and compresses it to 2000 psi for injection. 

Superhydration facilities at the extraction plants reduce hydrogen sulfide content to 
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Plan of Operation 

minimize possible corrosion. A rigorous corrosion treatment program is maintained. 

Permits for the Gas Injection Facilities have been granted by the State of New Mexico 

Environmental Improvements Agency. We believe the injection facilities meet the 

requirements of the United States Geological Survey and the State of New Mexico. 

b) Workovers 

An intensive workover program in previous years has been successful in iTLaxirnizirtg 

low GOR production. The majority of the workovers consisted of recompleting wells 

lower in the reef. As a result of this program, almost all possible lower 

recompletions have been performed. On the eastern portion of the field where water 

influx is occurring, workovers consisting of recompleting wells higher in the reef 

have been successful. We will continue to seek out wells with recompletion 

potential. 

c) Continuing Field Study 

In order to maximize future reserves, we will continue to maintain an intensive field 

surveillance program. We will also continue to evaluate alternate and enhanced 

recovery techniques. 

d) Injection of Non-Abo Gas 

Gas from non-Abo sources was delivered from the Gas Company of New Mexico 

(formerly Southern Union Gas Company) to the Empire Abo Unit. This began on 

June 18,1976. Cumulative outside gas injected through December, 1991 was 4,134.6 

MMCF. Cumulative gas delivered back to the supplier through December, 1991 was 

655.84 MMCF and the net cumulative non-Abo gas bank was 3,478.8 MMCF. 

e) Withdrawals of Non-Abo Gas 

Gas Company of New Mexico will be permitted to withdraw up to 300 MMCF of the 

extraneous stored gas for emergency use during the winter period, November 1 -

March 31. The withdrawn gas will be replaced by Gas Company of New Mexico 

during the next summer season, April 1 - October 31. 

f ) Voidage Limit Removal 

The voidage limit was replaced with a gas production limit of 65 MMCFPD in 1984. 

This will allow more efficient operation of the Unit. Also, the wet gas compressors 

were removed and the practice of injecting unprocessed gas was discontinued. 
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6. Modifications to Plan 

It is understood that to meet changing conditions, this plan of operation may be modified 

from time to time, with the approval of the Supervisor of the U.S.G.S., the Cornmissioner 

of Public Lands of the State of New Mexico, and the Department of Energy and Minerals, 

Oil Conservation Division, State of New Mexico. 

ARCO Oil and Gas Company, as Unit Operator, will act prudently to preserve the rights 

of the mineral owners, and to effectively and efficiently recover the Unit Area Reserves. 

This Company will meet all economical offset obligations, act to prevent waste, conserve 

natural resources, and protect correlative rights. 

7. Effective Date and Duration of Plan 

This Plan of Operation shall be effective January 1,1992 and extend through the calendar 

year unless otherwise amended. 

If this Plan of Operation meets with your approval, please sign on the next page and return one 

copy for our files. 

Very truly yours, 

ARCO Oil and Gas Company 

OPERATOR 

Senior Engineer 

GBS:eeg 
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EMPIRE ABO UNIT 
1991 PRODUCTION HISTORY 

Month BO BW 

January 98,069 147^29 

February 82,568 142370 

March 89,711 154,612 

April 84,199 137,602 

May 88,020 161312 

June 82,502 160,888 

July 87,164 179,438 

August 84,542 158327 

September 82,193 170,264 

October 84,001 166,155 

November 86,378 161,014 

December 88,016 180,184 

Totals 1,037,363 1,920,195 

Gross MCFG Injected Net MCFG 

MCFG 

2,087,037 1,454,832 6323)5 

1,870328 1,345,656 524,672 

2,041,814 1,582,867 458,947 

1,852,277 1,433,618 418,659 

2,002,446 1,592,401 410,045 

1,852,893 1,458,857 394336 

1,922,965 1,448,796 474,169 

1,915,049 1373,037 542,012 

1,755,723 1351,109 404,614 

1,820,764 1,195,197 625367 

1,750,693 1,312,540 438,153 

2,031,840 1,205,102 826,738 

22,903,829 16,754,012 6,149,817 

GBS:eeg 
03/16/92 



TABLE I 

EMPIRE ABO UNIT 
Gas Injection Wells 

Previous Operator/ Unit Well 
Lease and Well Designation Location (Sec.-Twp-Rng) 

Hondo/State "A" No. 24 C-39 NW/4 SE/4 26 17 28 

Hondo/State "A" No. 16 D-37 SW/4 SW/4 26 17 28 

Amoco/State "BV" No. 1 F-25 SW/4 NW/4 32 17 28 

Hondo/State "A" No. 35 F-27 SW/4 NE/4 32 17 28 

ARCO/M. Yates B (ARC) No. 8 F-31 SW/4 NE/4 33 17 28 

Amoco/State "BM" No. 1 G-22 NE/4 SW/4 31 17 28 

Hondo/State "A" No. 9 G-24 NE/4 SE/4 31 17 28 

Gulf/NCT "C" No. 1 H-19 SW/4 SE/4 36 17 27 

Amoco/State "BE" No. 1 H-21 SW/4 SW/4 31 17 28 

Amoco/Malco "H" Fed. No. 9 1-10 NE/4 NW/4 3 18 27 

Amoco/State "F No. 8 1-18 NE/4 NW/4 1 18 27 

Amoco/Malco "H" Fed. No. 2 J-12 SE/4 NE/4 3 18 27 

Amoco/Windfohr Fed. No. 4 K-7 NW/4 SE/4 4 18 27 

Exxon/CBDU "A" No. 8 M-6 SE/4 NW/4 9 18 27 

Cities Service/Hudson A #1 J-10 SE/4 NW/4 3 18 27 

GBSreeg 
03/16/92 
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ARCO Oil and Gas Company 
Central District 

Post O f f ^ e Box 1610 

Midland Texas 79702 

Te'ephcne 913 688 5200 

March 15, 1991 

United States Department of the Interior 
Bureau of Land Management 
P. O. Drawer 1397 
Roswell, New Mexico 88201 

Attn: Mr. Francis R. Cherry, Jr. 
District Manager 

State of New Mexico 
Mr. Bill Humphries 
Commissioner of Public Lands 
P. O. Box 1148 
Santa Fe, New Mexico 87501 

Attn: Mr. Floyd O. Prando, Director (3) 
Oil and Gas Division 

State of New Mexico 
Department of Energy and Minerals 
P. O. Box 2088 
Santa Fe, New Mexico 87501 

Attn: Mr. William J. LeMay (3) 
Division Director 

Gentlemen: 

In compliance with Section 11 of the Unit Agreement, Empire Abo Unit, Eddy 
County, New Mexico, ARCO Oil and Gas Company, as Unit Operator, on behalf of 
itself and other participating working interest owners, hereby submits for your 
approval the 1991 Plan of Operation. 

Yours very truly, 

A* &lr^<M*9 
Garylc. Smallwood 
Senior Engineer 

GBS:eeg 

DIVISION 

2 ] 9 17 

Attachments 



EMPIRE ABO UNIT 
1991 Plan of Operation 

SUBMITTED FEBRUARY 15, 1991 

1. Summary of the Plan of Operation for 1991 

ARCO Oil and Gas Company proposes to continue operation of the Empire Abo 

Unit, Eddy County, New Mexico, substantially the same as in recent years. We 

will continue to reinject all available residue gas from the Phillips extraction plant 

and the Amoco extraction plant. Oil will be produced from the most efficient wells 

in order to maximize recovery. Gas Company of New Mexico will be allowed to 

make emergency withdrawals of extraneous gas during the winter. The withdrawal 

will be replaced by Gas Company of New Mexico in the summer. 

2. Project Area - Description and History 

The Empire Abo Unit is located in portions of Sections 34, 35, 36, Township 17 

South, Range 27 East; Sections 1, 2, 3, 4, 8, 9, 10, 11, 12, 15, 16, 17, Township 18 

South, Range 27 East; Sections 25, 26, 27, 28, 31, 32, 33, 34, 35, 36, Township 17 

South, Range 28 East; Sections 4, 5, 6, Township 18 South, Range 28 East; Sections 

29, 30, Township 17 South, Range 29 East, Eddy County, New Mexico. 

The Unit, as originally proposed, would have covered 11,399.15 acres. Certain 

tracts within the Unit Area did not qualify for participation as of October 1, 1973, 

the effective date of the Unit. These tracts are: 2, 6, 28, 41, 42, 46, 55, 56, 69, 79, 

84, and 91. Total area of these tracts is 644.74 acres. The remaining 10,694.41 

acres comprised the Project Area for pressure maintenance until September 1, 1975. 

On this date Tracts 41, 79, and 84 joined the Unit. The addition of these three 

tracts, which cover 120.03 acres, increased the total area of the Unit to 10,814.44 

acres. Tracts 2, 6, 42, and 46 comprise the CITGO Empire Abo Unit, which 

received NMOCD approval in June, 1974. The Unit Area is now disposed as 

follows: 

Acres 

ARCO Empire Abo Unit 

CITGO Empire Abo Unit 

Non-Participating Tracts 

Total Area 

10314.44 

11,339.15 

241.05 

283.66 

ARCO Oil and Gas Company operates a pressure maintenance project at the 

Empire Abo Unit. This project involves injection of plant residue gas from Abo 

production back into the Abo formation. 
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3. Current Performance 

In December, 1990, the Unitized Project Area averaged 3,189 BOPD with a 59.7 

percent water cut and a gas-oil ratio of 19,695 cubic feet of gas per barrel of oil. 

Gas injection averaged 47,025 MCFPD (see attached Production History Plot). 

Cumulative oil production from the Project Area through December, 1990 was 211.3 

MMBO. This is about 56.9 percent of the 371 MMBO originally in place. 

Cumulative net gas production from the Project Area through December, 1990 was 

272.8 BCF. This is about 58.3 percent of the 468 BCF originally in place. As of 

December, 1990, the Unit has 210 active producing wells. 

4. Basic Concepts Governing Future Unit Operations 

• Field production history and reservoir numeric model studies have 

demonstrated that oil recovery is governed by gravity drainage and secondary 

gas cap expansion. We will be able to maximize the beneficial effects of these 

recovery mechanisms by observation of well performance and producing from 

the most efficient wells, those with the lowest GOR's. Natural gas liquid 

production from individual wells will also be considered when determining the 

most efficient wells in the future. 

• Gas injection will help maintain reservoir pressure and control expansion of the 

secondary gas cap. 

5. Discussion of Past, Current, and Future Operations 

a) Gas Injection 

Fifteen gas injection wells along the north edge of the field handle all of the 

Empire Abo Unit injected gas. Table I lists these wells. Beginning in July, 

1974, and continuing through the latest month for which data is available 

(December, 1990), all available plant residue gas has been injected into the Abo 

gas cap. The Unit receives plant residue gas at about 700 psi and compresses 

it to 2000 psi for injection. Superhydration facilities at the extraction plants 

reduce hydrogen sulfide content to mmimize possible corrosion. A rigorous 

corrosion treatment program is maintained. Permits for the Gas Injection 

Facilities have been granted by the State of New Mexico Environmental 

Improvements Agency. We believe the injection facilities meet the 

requirements of the United States Geological Survey and the State of New 

Mexico. 
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Plan of Operation 

b) Workovers 

An intensive workover program in previous years has been successful in 

maximizing low GOR production. The majority of the workovers consisted of 

recompleting wells lower in the reef. As a result of this program, almost all 

possible lower recompletions have been performed. On the eastern portion of 

the field where water influx is occurring, workovers consisting of recompleting 

wells higher in the reef have been successful. We will continue to seek out 

wells with recompletion potential. In 1990, we converted the Empire Abo Unit 

No. J-10 to gas injection and have plans to convert the No. J-13 to gas injection 

in 1991. These conversions will increase recovery by balancing the Unit's gas 

injection and providing pressure support to low pressure areas of the Unit. 

c) Continuing Field Study 

In order to maximize future reserves, we will continue to maintain an intensive 

field surveillance program. We will also continue to evaluate alternate and 

enhanced recovery techniques. 

d) Injection of Non-Abo Gas 

Gas from non-Abo sources was delivered from the Gas Company of New 

Mexico (formerly Southern Union Gas Company) to the Empire Abo Unit. 

This began on June 18, 1976. Cumulative outside gas injected through 

December, 1990 was 4,106.33 MMCF. Cumulative gas delivered back to the 

supplier through December, 1990 was 462.2 MMCF and the net cumulative 

non-Abo gas bank was 3,644.1 MMCF. 

e) Withdrawals of Non-Abo Gas 

Gas Company of New Mexico will be permitted to withdraw up to 300 MMCF 

of the extraneous stored gas for emergency use during the winter period, 

November 1 - March 31. The withdrawn gas will be replaced by Gas 

Company of New Mexico during the next summer season, April 1 -

October 31. 

f ) Voidage Limit Removal 

The voidage limit was replaced with a gas production limit of 65 MMCFPD in 

1984. This will allow more efficient operation of the Unit. Also, the wet gas 

compressors were removed and the practice of injecting unprocessed gas was 

discontinued. 
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6. Modifications to Plan 

It is understood that to meet changing conditions, this plan of operation may be 

modified from time to time, with the approval of the Supervisor of the U.S.G.S., 

the Commissioner of Public Lands of the State of New Mexico, and the Department 

of Energy and Minerals, Oil Conservation Division, State of New Mexico. 

ARCO Oil and Gas Company, as Unit Operator, will act prudently to preserve the 

rights of the mineral owners, and to effectively and efficiently recover the Unit 

Area Reserves. This Company will meet all economical offset obligations, act to 

prevent waste, conserve natural resources, and protect correlative rights. 

7. Effective Date and Duration of Plan 

This Plan of Operation shall be effective January 1, 1991 and extend through the 

calendar year unless otherwise amended. 

If this Plan of Operation meets with your approval, please sign on the next page and 

return one copy for our files. 

Very truly yours, 

ARCO Oil and Gas Company 

OPERATOR 

Gary a. Smallwood 
Senior Engineer 

GBS:eeg 
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APPROVED BY: 
District Manager 
United States Department of the Interior 
Bureau of Land Management - Roswell District 

APPROVED BY: 

APPROVED BY: 

DATE: 

DATE: 
Commissioner of Public Lands 

vof Newx-Mexico 

DATE: 3-2J--V 

?artment of Energy and Minerals 
5il Conservation Division 

State of New Mexico 



TABLE I 

EMPIRE ABO UNIT 
Gas Injection Wells 

Previous Operator/ Unit Well 
Lease and Well Designation Location (Sec-Twp-Rng) 

Hondo/State "A" No. 24 C-39 NW/4 SE/4 26 17 28 

Hondo/State "A" No. 16 D-37 SW/4 SW/4 26 17 28 

Amoco/State "BV" No. 1 F-25 SW/4 NW/4 32 17 28 

Hondo/State "A" No. 35 F-27 SW/4 NE/4 32 17 28 

ARCO/M. Yates B (ARC) No. 8 F-31 SW/4 NE/4 33 17 28 

Amoco/State "BM" No. 1 G-22 NE/4 SW/4 31 17 28 

Hondo/State "A" No. 9 G-24 NE/4 SE/4 31 17 28 

Gulf/NCT "C" No. 1 H-19 SW/4 SE/4 36 17 27 

Amoco/State "BE" No. 1 H-21 SW/4 SW/4 31 17 28 

Amoco/Malco "H" Fed. No. 9 1-10 NE/4 NW/4 3 18 27 

Amoco/State "F' No. 8 1-18 NE/4 NW/4 1 18 27 

Amoco/Malco "H" Fed. No. 2 J-12 SE/4 NE/4 3 18 27 

Amoco/Windfohr Fed. No. 4 K-7 NW/4 SE/4 4 18 27 

Exxon/CBDU "A" No. 8 M-6 SE/4 NW/4 9 18 27 

Cities Service/Hudson A #1 J-10 SE/4 N W / 4 3 18 27 

GBS:eeg 
02/15/91 



EMPIRE ABO UNIT 
1990 PRODUCTION HISTORY 

Month BO BW Gross MCFG Injected MCFG Net MCFG 

January 113,005 124,600 2,050366 1,494,951 555,415 

February 99,257 105,788 1,777339 1319,546 458,293 

March 91335 58,042 1,409,616 1,037,207 372,409 

April 73333 111,064 762,048 612,893 149,155 

May 103,666 145,908 1,529393 1,126,608 402,985 

June 96,748 169,020 1,635365 1,237,824 398,041 

July 101,232 141,065 1,780353 1,450,277 330,576 

August 98,909 128,507 1,790,259 1,583,638 206,621 

September 98,605 144,979 1389,751 1,459,299 430,452 

October 105340 155,718 2,077,223 1361,299 515378 

November 99,933 142311 1,995,251 1,466,080 529,171 

December 98.865 146,573 1,947.152 1,457,780 489,372 

Totals 1,181,128 1,573,575 20,645316 15,807,402 4,838368 

GBS:eeg 
02/13/91 
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ARCO Oil and Gas Company yr 
Centra: Distr ic 

Post Off ce Bc< 1 61 0 

Midland. Texas 79702 

Telephone 91 E 688 5200 

OIL CONSERv N DIVISION 
7 ED 

'91 Or 3i; m 8 46 

October 25, 1991 

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

Attn: Mr. William LeMay, Director 

Re: Empire Abo Pressure Maintenance Project 

On Monday, October 28, 1991, the Empire Abo Unit, operated by ARCO 
Oil and Gas Company, w i l l experience a one-day operational upset, 
which w i l l result in the Unit's being unable to reinject a volume 
of produced gas, estimated to be approximately 8000 MMBTU's during 
a period of roughly eight hours. Although this upset i s foreseen, 
i t cannot be postponed. Gas Company of New Mexico, cooperating 
with ARCO in efforts to prevent a waste of natural gas, has agreed 
to accept that volume of gas, which would otherwise be flared and 
lost, into i t s pipeline. Gas Company further agrees to reinject 
into the Empire Abo Unit a volume of gas equal to the volume of gas 
received during this upset period. 

Since this singular occurrence i s outside the time period included 
in "winter season" as set forth in Oil Conservation Division Order 
#R-4549-G, dated November 7, 1990, ARCO has sought prior approval 
from the NMOCD before committing to the above stated course of 
action. By telephone conversation of Friday, October 25, 1991, I 
received verbal approval for the proposed action from Mr. David 
Catanach of the Santa Fe office of the NMOCD. 

ARCO thanks both the NMOCD and Gas Company of New Mexico for 
working with us to prevent waste of o i l and natural gas. 

Sincerely yours, _ 

C. M. Te11inghuisen 
Sr. Gas Engineer 

CMT/dh 
(102591.cmt) 

cc: Gas Company of New Mexico 
P. 0. Box 26400 
Albuquerque, NM 87125 
Attn: A. L. McMurray 



EMPIRE ABO UNIT 

1987 Plan of Operation 

SUBMITTED March 10, 1987 

1. Summary of Proposed Plan of Operation for 1987 

ARCO Oil and Gas Company proposes to continue operation of the 

Empire Abo Unit, Eddy County, New Mexico, substantially the same 

as in recent years. We will continue to reinject all available 

residue gas from the Phillips extraction plant and the Amoco 

extraction plant. Oil will be produced from the most efficient 

wells in order to maximize recovery. 

2. Project Area - Description and History 

The Empire Abo Unit is located in portions of Sections 34, 35, 

36, Township 17 South, Range 27 East; Sections 1, 2, 3, 4, 8, 

9, 10, 11, 12, 15, 16, 17, Township 18 South, Range 27 East; 

Sections 25, 26, 27, 28, 31 , 32, 33, 34, 35, 36, Township 17 

South, Range 28 East; Sections 4, 5, 6, Township 18 South, Range 

28 East; Sections 29, 30, Township 17 South, Range 29 East, 

Eddy County, New Mexico. 

The Unit, as originally proposed, would have covered 11,339.15 

acres. Certain tracts within the Unit Area did not qualify 

for participation as of October 1, 1973, the effective date 

of the Unit. These tracts are: 2, 6, 28, 41 , 42, 46, 55, 56, 

69, 79, 84, and 91. Total area of these tracts is 644.74 acres. 

The remaining 10,694.41 acres comprised the Project Area for 

pressure maintenance until September 1, 1975. On this date 
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Tracts 41, 79, and 84 joined the Unit. The addition of these 

three tracts, which cover 120.03 acres, increased the total 

area of the Unit to 10,814.44 acres. Tracts 2, 6, 42, and 46 

comprise the CITGO Empire Abo Unit, which received NMOCD approval 

in June, 1974. The Unit Area is now disposed as follows: 

Acres 

ARCO Empire Abo Unit 

CITGO Empire Abo Unit 

Non-Participating Tracts 

Total Area 

10,814.44 

241.05 

283.66 

11,339.15 

ARCO Oil and Gas operates a pressure maintenance project at 

the Empire Abo Unit. this project involves injection of plant 

residue gas from Abo production back into the Abo formation. 

3. Current Performance 

In December, 1986, the Unitized Project Area averaged 4,825 BOPD 

with a 59 percent water cut and a gas-oil ratio of 14,239 cubic 

feet of gas per barrel of o i l . Gas injection averaged 41,725 

MCFPD (see attached Production History Plot). 

Cumulative oil production from the Project Area through December, 

1986 was 206.0 MMBO. This is about 55.5 percent of the 371 

MMBO originally in place. Remaining oil reserves are estimated 
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to be 5.4 MMBO for an ultimate recovery of nearly 57 percent 

00IP. Cumulative net gas production from the Project Area through 

December, 1986 was 234 BCF. This is about 50 percent of the 

468 BCF originally in place. Remaining gas reserves are estimated 

to be 172 BCF for an ultimate recovery of nearly 87 percent 

OGIP. As of December, 1986, the Unit has 202 active producing 

wells. 

4. Basic Concepts Governing Future Unit Operations 

a) Field production history and reservoir numeric model studies 

have demonstrated that oil recovery is governed by gravity 

drainage and secondary gas cap expansion. We will be able 

to maximize the beneficial effects of these recovery 

mechanisms by observation of well performance and producing 

from the most efficient wells, those with the lowest GOR's. 

b) Gas injection will help maintain reservoir pressure and 

control expansion of the secondary gas cap. 

5. Discussion of Past, Current, and Future Operations 

a) Gas Injection 

Fifteen gas injection wells along the north edge of the 

field handle all of the Empire Abo Unit injected gas. 

Table I lists these wells, beginning in July, 1974, and 

continuing through the latest month for which data is 

available (December, 1986), all available plant residue 
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gas has been injected into the Abo gas cap. The Unit 

receives plant residue gas at about 700 psi and compresses 

i t to 2000 psi for injection. Superhydration facilities 

at the extraction plants reduce hydrogen sulfide content 

to minimize possible corrosion. A rigorous corrosion 

treatment program is maintained. Permits for the Gas 

Injection Facilities have been granted by the State of 

New Mexico, Environmental Improvements Agency. We believe 

the injection facilities meet the requirements of the United 

States Geological Survey and the State of New Mexico. 

Workovers 

An intensive workover program in previous years has been 

successful in maximizing low GOR production. The majority 

of the workovers consisted of recompleting wells lower 

in the reef. As a result of this program, almost all 

possible lower recompletions have been performed. On the 

western portion of the field where water influx is occurring, 

workovers consisting of recompleting wells higher in the 

reef have been successful. We will continue to seek out 

wells with recompletion potential. 

Horizontal Drainhole Drilling 

In 1981 four existing wells were recompleted as drainholes. 

These wells are: K-15, 1980' FS&EL, Sec. 2, 18S, 27E; 

J-27, 1650' FNL, 2310' FEL, Sec. 5, 18S, 28E; K-182, 1533' 

FSL, 2370' FWL, Sec. 1, 18S, 27E; and G-312, 1550' FSL, 

25111 FEL, Sec. 33, 17S, 28E. No other drainholes have 

been drilled since 1981. 
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d) Continuing Field Study 

In order to maximize future reserves, we will continue to 

maintain an intensive field surveillance program. We will 

also continue to evaluate alternate and enhanced recovery 

techniques. 

e) Injection of Non-Abo Gas 

Gas from non-Abo sources was delivered from the Gas Company 

of New Mexico (formerly Southern Union Gas Company) to the 

Empire Abo Unit. This began on June 18, 1976. Cumulative 

outside gas injected through December, 1986 was 4,062 MMCF. 

Outside gas has not been injected since July, 1983. 

Cumulative gas delivered back to the supplier through 

December, 1986 was 411 MMCF and the net cumulative non-Abo 

gas bank was 3,650 MMCF. 

f) Voidage Limit Removal 

The voidage limit was replaced with a gas production limit 

of 65 MMCFPD in 1984. This will allow more efficient 

operation of the Unit. Also, the wet gas compressors were 

removed and the practice of injecting unprocessed gas was 

discontinued. 

6. Modifications 

It is understood that to meet changing conditions, this plan 

of operation may be modified from time to time, with the approval 

of the Supervisor of the U.S.G.S., the Commissioner of Public 

Lands of the State of New Mexico, and the Department of Energy 

and Minerals, Oil Conservation Division, State of New Mexico. 
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ARCO Oil and Gas Company, as Unit Operator, will act prudently 

to preserve all rights of the mineral owners, and to effectively 

and efficiently recover the Unit Area reserves. This Company 

will meet all economical offset obligations, act to prevent 

waste, conserve natural resources, and protect correlative rights. 

7. Effective Date and Duration of Plan 

This Plan of Operation shall be effective January 1, 1987, and 

extend through the calendar year unless otherwise amended. 

If this Plan of Operation meets with your approval, please sign on 

the next page and return one copy for our files. 

Very truly yours, 

ARCO OIL AND GAS COMPANY 

OPERATOR 

Jack T. Lowder 
Senior Engineer 

JTL:tis 
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APPROVED BY: DATE 
District Manager 
United States Department of the Interior 
Bureau of Land Management - Roswell District 

APPROVED BY: 

APPROVED BY: 

DATE 
Commissioner of Public Lands 
State of New Mexico 

Division Di rector c~\ 
Dept. of Energy ancMMinerals 
Oil Conservation Division 
State of New Mexico 

DATE 





TABLE I 

• 
EMPIRE ABO UNIT 

GAS INJECTION WELLS 

Previous Operator/ 
Lease and Well 

Unit Well 
Designation 

Hondo/State "A" No. 24 C-39 

Samedan/State "Walker" No. 1 D-35 

Hondo/State "A" No. 16 D-37 

Amoco/State "BV" No. 1 F-25 

Hondo/State "A" No. 35 F-27 

ARCO/M. Yates B(ARC) No. 8 F-31 

Amoco/State "BM" No. 1 G-22 

Hondo/State "A" No. 9 G-24 

Gulf-NCT "C" No. 1 H-19 

Amoco/State "BE" No. 1 H-21 

Amoco/Malco "H" Fed. No. 9 1-10 

Amoco/State "F" No. 8 1-18 

Amoco/Malco "H" Federal No. 2 J-12 

Amoco/Windfohr Federal No. 4 K-7 

Exxon/CBDU "A" No. 8 M-6 

Location (Sec.-T.-R.) 

NW/4 SE/4 26 17 28 

SW/4 SE/4 27 17 28 

SW/4 SW/4 26 17 28 

SW/4 NW/4 32 17 28 

SW/4 NE/4 32 17 28 

SW/4 NE/4 33 17 28 

NE/4 SW/4 31 17 28 

NE/4 SE/4 31 17 28 

SW/4 SE/4 36 17 27 

SW/4 SW/4 31 17 18 

NE/4 NW/4 3 18 27 

NE/4 NW/4 1 18 27 

SE/4 NE/4 3 18 27 

NW/4 SE/4 4 18 27 

NE/4 NW/4 9 18 27 



EMPIRE ABO UNIT 

1986 Production History 

Month BO BW 

January 169,756 190,754 

February 152,414 196,952 

March 163,470 232,339 

Apri 1 157,096 233,986 

May 158,978 204,454 

June 151 ,997 180,785 

July 151,737 174,193 

August 151,471 206,644 

September 148,955 198,436 

November 145,295 228,842 

December 149,577 212,455 

Total 1,862,529 2,484,461 

Gross Injected Net 

MCFG MCFG MCFG 

2,018,243 1,247,475 770,768 

1 ,870,624 1,131,241 739,383 

2,035,629 1,257,326 778,303 

1,988,752 1,256,411 732,341 

1,957,124 1,368,399 588,725 

1 ,893,751 1,171,042 722,709 

2,008,252 1,212,311 795,941 

1,902,732 1,127,969 774,763 

1 ,805,272 1 ,045,659 759,613 

1,986,705 1 ,086,648 900,057 

2,129,837 1,293,481 836,356 

23,560,531 14,324,382 9,236,149 



EMPIRE ABO UNIT 

1987 Plan of Operation 

SUBMITTED March 10, 1987 

1. Summary of Proposed Plan of Operation for 1987 

ARCO Oil and Gas Company proposes to continue operation of the 

Empire Abo Unit, Eddy County, New Mexico, substantially the same 

as in recent years. We will continue to reinject all available 

residue gas from the Phillips extraction plant and the Amoco 

extraction plant. Oil will be produced from the most efficient 

wells in order to maximize recovery. 

2. Project Area - Description and History 

The Empire Abo Unit is located in portions of Sections 34, 35, 

36, Township 17 South, Range 27 East; Sections 1, 2, 3, 4, 8, 

9, 10, 11, 12, 15, 16, 17, Township 18 South, Range 27 East; 

Sections 25, 26, 27, 28, 31 , 32, 33, 34, 35, 36, Township 17 

South, Range 28 East; Sections 4, 5, 6, Township 18 South, Range 

28 East; Sections 29, 30, Township 17 South, Range 29 East, 

Eddy County, New Mexico. 

The Unit, as originally proposed, would have covered 11,339.15 

acres. Certain tracts within the Unit Area did not qualify 

for participation as of October 1, 1973, the effective date 

of the Unit. These tracts are: 2, 6, 28, 41, 42, 46, 55, 56, 

69, 79, 84, and 91. Total area of these tracts is 644.74 acres. 

The remaining 10,694.41 acres comprised the Project Area for 

pressure maintenance until September 1, 1975. On this date 
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Tracts 41, 79, and 84 joined the Unit. The addition of these 

three tracts, which cover 120.03 acres, increased the total 

area of the Unit to 10,814.44 acres. Tracts 2, 6, 42, and 46 

comprise the CITGO Empire Abo Unit, which received NMOCD approval 

in June, 1974. The Unit Area is now disposed as follows: 

Acres 

ARCO Empire Abo Unit 10,814.44 

CITGO Empire Abo Unit 241.05 

Non-Participating Tracts 283.66 

Total Area 11,339.15 

ARCO Oil and Gas operates a pressure maintenance project at 

the Empire Abo Unit. This project involves injection of plant 

residue gas from Abo production back into the Abo formation. 

Current Performance 

In December, 1986, the Unitized Project Area averaged 4,825 BOPD 

with a 59 percent water cut and a gas-oil ratio of 14,239 cubic 

feet of gas per barrel of o i l . Gas injection averaged 41,725 

MCFPD (see attached Production History Plot). 

Cumulative oil production from the Project Area through December, 

1986 was 206.0 MMBO. This is about 55.5 percent of the 371 

MMBO originally in place. Remaining oil reserves are estimated 
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to be 5.4 MMBO for an ultimate recovery of nearly 57 percent 

00IP. Cumulative net gas production from the Project Area through 

December, 1986 was 234 BCF. This is about 50 percent of the 

468 BCF originally in place. Remaining gas reserves are estimated 

to be 172 BCF for an ultimate recovery of nearly 87 percent 

OGIP. As of December, 1986, the Unit has 202 active producing 

wells. 

4. Basic Concepts Governing Future Unit Operations 

a) Field production history and reservoir numeric model studies 

have demonstrated that oil recovery is governed by gravity 

drainage and secondary gas cap expansion. We will be able 

to maximize the beneficial effects of these recovery 

mechanisms by observation of well performance and producing 

from the most efficient wells, those with the lowest GOR's. 

b) Gas injection will help maintain reservoir pressure and 

control expansion of the secondary gas cap. 

5. Discussion of Past, Current, and Future Operations 

a) Gas Injection 

Fifteen gas injection wells along the north edge of the 

field handle all of the Empire Abo Unit injected gas. 

Table I lists these wells, beginning in July, 1974, and 

continuing through the latest month for which data is 

available (December, 1986), all available plant residue 
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gas has been injected into the Abo gas cap. The Unit 

receives plant residue gas at about 700 psi and compresses 

i t to 2000 psi for injection. Superhydration facilities 

at the extraction plants reduce hydrogen sulfide content 

to minimize possible corrosion. A rigorous corrosion 

treatment program is maintained. Permits for the Gas 

Injection Facilities have been granted by the State of 

New Mexico, Environmental Improvements Agency. We believe 

the injection facilities meet the requirements of the United 

States Geological Survey and the State of New Mexico. 

Workovers 

An intensive workover program in previous years has been 

successful in maximizing low GOR production. The majority 

of the workovers consisted of recompleting wells lower 

in the reef. As a result of this program, almost all 

possible lower recompletions have been performed. On the 

western portion of the field where water influx is occurring, 

workovers consisting of recompleting wells higher in the 

reef have been successful. We will continue to seek out 

wells with recompletion potential. 

Horizontal Drainhole Drilling 

In 1981 four existing wells were recompleted as drainholes. 

These wells are: K-15, 1980' FS&EL, Sec. 2, 18S, 27E; 

J-27, 1650' FNL, 2310' FEL, Sec. 5, 18S, 28E; K-182, 1533' 

FSL, 2370' FWL, Sec. 1, 18S, 27E; and G-312, 1550' FSL, 

2511' FEL, Sec. 33, 17S, 28E. No other drainholes have 

been drilled since 1981. 
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d) Continuing Field Study 

In order to maximize future reserves, we will continue to 

maintain an intensive field surveillance program. We will 

also continue to evaluate alternate and enhanced recovery 

techniques. 

e) Injection of Non-Abo Gas 

Gas from non-Abo sources was delivered from the Gas Company 

of New Mexico (formerly Southern Union Gas Company) to the 

Empire Abo Unit. This began on June 18, 1976. Cumulative 

outside gas injected through December, 1986 was 4,062 MMCF. 

Outside gas has not been injected since July, 1983. 

Cumulative gas delivered back to the supplier through 

December, 1986 was 411 MMCF and the net cumulative non-Abo 

gas bank was 3,650 MMCF. 

f) Voidage Limit Removal 

The voidage limit was replaced with a gas production limit 

of 65 MMCFPD in 1984. This will allow more efficient 

operation of the Unit. Also, the wet gas compressors were 

removed and the practice of injecting unprocessed gas was 

discontinued. 

Modifications 

It is understood that to meet changing conditions, this plan 

of operation may be modified from time to time, with the approval 

of the Supervisor of the U.S.G.S., the Commissioner of Public 

Lands of the State of New Mexico, and the Department of Energy 

and Minerals, Oil Conservation Division, State of New Mexico. 
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ARCO Oil and Gas Company, as Unit Operator, will act prudently 

to preserve all rights of the mineral owners, and to effectively 

and efficiently recover the Unit Area reserves. This Company 

will meet all economical offset obligations, act to prevent 

waste, conserve natural resources, and protect correlative rights. 

7. Effective Date and Duration of Plan 

This Plan of Operation shall be effective January 1, 1987, and 

extend through the calendar year unless otherwise amended. 

If this Plan of Operation meets with your approval, please sign on 

the next page and return one copy for our files. 

Very truly yours, 

ARCO OIL AND GAS COMPANY 

OPERATOR 

Jack T. Lowder 
Senior Engineer 

JTL:tis 
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APPROVED BY: DATE 
District Manager 
United States Department of the Interior 
Bureau of Land Management - Roswell District 

APPROVED BY: 

APPROVED 

Commissioner 
State of New 

of Pub!ic 
Mexico 

Lands 

Division Directc 
Dept. of Energy 
Oil Conservation Division 
State of New Mexico 

DATE 

ATE 





TABLE I 

EMPIRE ABO UNIT 
GAS INJECTION WELLS 

Previous Operator/ Unit Well 
Lease and Well Designation Location (Sec.-T. -R.) 

Hondo/State "A" No. 24 C-39 NW/4 SE/4 26 17 28 

Samedan/State "Walker" No. 1 D-35 SW/4 SE/4 27 17 28 

Hondo/State "A" No. 16 D-37 SW/4 SW/4 26 
* 

17 28 

Amoco/State "BV" No. 1 F-25 SW/4 NW/4 32 17 28 

Hondo/State "A" No. 35 F-27 SW/4 NE/4 32 17 28 

ARCO/M. Yates B(ARC) No. 8 F-31 SW/4 NE/4 33 17 28 

Amoco/State "BM" No. 1 G-22 NE/4 SW/4 31 17 28 

Hondo/State "A" No. 9 G-24 NE/4 SE/4 31 17 28 

Gulf-NCT "C" No. 1 H-19 SW/4 SE/4 36 17 27 

Amoco/State "BE" No. 1 H-21 SW/4 SW/4 31 17 18 

Amoco/Malco "H" Fed. No. 9 1-10 NE/4 NW/4 3 18 27 

Amoco/State "F" No. 8 1-18 NE/4 NW/4 1 18 27 

Amoco/Malco "H" Federal No. 2 J-12 SE/4 NE/4 3 18 27 

Amoco/Windfohr Federal No. 4 K-7 NW/4 SE/4 4 18 27 

Exxon/CBDU "A" No. 8 M-6 NE/4 NW/4 9 18 27 



EMPIRE ABO UNIT 
1986 Production History 

Month BO BW 

January 169,756 190,754 

February 152,414 196,952 

March 163,470 232,339 

Apr i l 157,096 233,986 

May 158,978 204,454 

June 151,997 180,785 

July 151,737 174,193 

August 151,471 206,644 

September 148,955 198,436 

November 145,295 228,842 

December 149,577 212,455 

Total 1 ,862,529 2,484,461 

Gross Injected Net 

MCFG MCFG MCFG 

2,018,243 1 ,247,475 770,768 
1,870,624 1,131,241 739,383 

2,035,629 1,257,326 778,303 

1 ,988,752 1 ,256,411 732,341 
1,957,124 1,368,399 588,725 

1 ,893,751 1,171,042 722,709 

2,008,252 1,212,311 795,941 

1,902,732 1,127,969 774,763 

1,805,272 1,045,659 759,613 

1,986,705 1,086,648 900,057 

2,129,837 1,293,481 836,356 

23,560,531 14,324,382 9,236,149 



State of New Mexico 
505-827-2748 

TELEPHONE 

n i 

A L E X J . A R M I J O 

COMMISSIONER 

Comnusstoner of RJJic Lands 
December 27, 1974 P . O. BOX 1 14S 

SANTA F E , NEW MEXICO 

Atlantic Wchfield Company 
P. O, Box 1610 
Midland, Texas 79701 

Res Plan of Operation for 1975 
Empire Abo Unit 
Eddy County, New Ifexico 

ATTENTION: Mr. P. E. Fletcher 

Gent leroen: 

The Commissioner of Public lands has this date approved your 
Plan of Operation for the year 1975, for the Empire Abo Unit, Eddy 
County, New Mexico. This approval is subject to like approval by the 
United States Geological Survey aad the Oil Conservation Commission. 

One approved copy of the plan is enclosed herewith. 

Please remit a Three ($3.00) Dollar filing fee. 

Very truly yours, 

BAY D. GRAHAM, Director 
Oil and Gas Department 

AJA/RDG/s 
ends. 
cc: USGS-Roswell, New Mexico 

OCC- Santa Fe, Hew Mexico -



United States Department of the Interior 

GEOLOGICAL SURVEY 
Drawer 1357 

Roswell, New Mexico 88201 

January 16, 1975 

Atlantic Richfield Company 
Attention: Mr. P. E. Fletcher 
P. 0. Box 1610 
Midland, Texas 79701 

Gentlemen: 

Four approved copies of your 1975 plan of operation for the Empire 

Abo unit area, Eddy County, New Mexico, are enclosed. Such plan, 

proposing continued production operations utilizing maximum reser

voir energy, continued injection operations returning a l l available 

residue gas to the reservoir gas cap and the completion of a l l 

production and tasting facilities was approved on this date subject 

to like approval by the appropriate official of the State of New 

cc: 
Artesia (w/cy plan) / 
NMOCC, Santa Fe (l t r . only)*/ 
Com. Pub. Lands, Santa Fe (ltr. only) 

JAGillham:lh 

Mexico. 

Sincerely yours, 

CARL C. TRAYWICK 
Acting Area Oil and Gas Supervisor 



1 I 

United States Department of the Inte^f 

Roswell, New Mexico 88201 ' v—— 
" L CU,vSERVA\ 

RVEY 

August Iffii^b 

Atlantic Richfield Company -
Attention: Mr. William L . Embry / ' / ^ 
P.O. Box 1610 
Midland, Texas 79701 

Gentlemen: 

Your letter of August 15, 1975, transmitted one original and two copies 
of fifteen executed joinders, three copies of revised Exhibit C and E , and 
three copies of a revised page, showing Tract 78, to Exhibit B for the 
Empire Abo unit agreement No. 14-08-0001-13801, Eddy County, New 
Mexico. You advise that such joinders have been approved by more than 
65 percent of the committed working interest owners. Such joinders are 
hereby approved on this date subject to like approval by the appropriate 
State officials. Accordingly, pursuant to Sections 14 and 32 of the unit 
agreement. Tracts 41, 79 and 84 are considered effectively committed to 
the Empire Abo unit and operating agreement effective ae of September 1, 
1975, the first day of the month following the filing with this office. 

The revised page to Exhibit B, revised Exhibits C and E , all effective 
ae of September 1, 1975, are hereby accepted for record purposes and 
copies thereof along with copies of the above joinders are being distri
buted to the appropriate Federal offices. 

Sincerely yours, 

N. O. FREDERICK 
Area Oil and Gas Supervisor 

cc: 
BLM, Santa Fe (w/atchs) 
Com. Pub. Lands, Santa Fe (ltr only) 
NMOCC,Santa Fe (ltr only) 
Artesia (w/atchs) 
Accounts 

JAGillham:ds 



United States Department of the Interior 
GEOLOGICAL SURVEY 

Drawer 1857 
Roswell, New Mexico 88201 

October 20, 1975 

Atlantic Richfield Company 
Attention: M r . G. V . Ricks 
P.O. Box 1610 
Midland, Texas 79701 

Gentlemen: 

Your revised plan of operation covering the period November 1, 1975, 
through December 31, 1975, for the Empire Abo unit area, Eddy County, 
New Mexico, has been approved on this date subject to l ike approval by 
the appropriate officials of the State of New Mexico. Such plan proposes 
the conversion of f ive additional wells to gas injection, and the use of 
injection gas f r o m a non-Abo source. The plan indicates that such 
improved pressure maintenance program w i l l result in greater ultimate 
o i l recovery f r o m the Abo formation. 

Four approved copies of the plan are enclosed herewith. 

Sincerely yours, 

CARL C. TRAYWICK 
Acting Area Oi l and Gas Supervisor 

ce: 
tXNMOCC, Santa Fe ( l t r only) 

Com. Pub. Lands, Santa Fe ( l t r only) 
Artesia (w/cy plan) 



Stale of New Mexico 

PHIL R. LUCERO 
COMMISSIONED Cofiunfssioner of RJJic Lands 

October 30, lt75 

° 3 n^C^PBOXIM8 
SANTA FE, NEW MEXICO 87501 

Atlastie &ieh£iald Company 
P. 0* Bex UIO 
Midland, Texas 79701 

met E*vle*4 FUo of Operation for 
gov«uber 1 tkmgli December 31, 1*75 
Empire Ab© Unit 
I4# County, law Mexico 

Attmnms nr. o. v. sicx* 
Gentieawsn; 

Tne CoamiMicmer of Public Lands has tMa 4ata approved your 
Revised Plan of Operation eoverieg the period froa Hoveober 1 through 
December 31, It75. foi* propose to convert five additional wails to §as 
injection veils, also the use of Injection gas from a moa-Abo source. 

The USGS gave their approval October 20, 1973. 

Enclosed ia one approved copy for your files. Please vmutt a 
fare* (33.00) dollar fiilag fee. 

Very truly yours. 

PHIL 1. LUC£SQ 

laf D. GRAHsM, Director 
Oil aad Gat Division 

FRL/BDG/a 
en* I . 
ce: u$GS>Ee«well, Sew Mexico 



State of N e w A W o •IMifsWB 

PHIL R. LUCERO 
COMMISSIONER Conrnosstoner cf RJcJic Lands 

January 5. 1976 

P. O. BOX 1148 
SANTA FE, NEW MEXICO 87501 

Atlantic aieaxiaid Company 
f. 0. lett 1610 
Midlands fast* 79701 

ft»2 flan ©f Operation for 1976 
imapire Abo Unit 
Iday County, law Mexico 

AtTIVCTflH: Mr* 6« V. Ricks 

Gantleaea: 

th« CowaLseloaer af Public Lands has this data approve* your 
Plan af Operation covering tea period beginning Je*Mary 1, i f 74t and 
extending through tne remainder af calender year 1974. faia approval 
ia subject to lika approval ay t l* United State* Geological Survey ana 
the law Ifexico €41 Conservation Commission. 

Encloaad ia one approved copy for your files. 

Meat* renit a Three (#3.00) Dollar filing fee. 

Very truly yours, 

M l R. UKERO 
CCMilSSZOBR OT PUBLIC LAJC5S 

sirs 
KAY D. GRAHAM, Director 
Oil aael Gaa Division 

rai/toG/s 
'̂(Î3fek5 *J*) * 

cc: ufeGS-Roswell, Mew Hexieo 
©CC* Santa fa, Maw Hexieo 



P, 0. Drawer 1857 
Roswell, Hew Mexico 88201 

March 3, 1976 

Atlantic Richfield Company 
Attention: Mr. f>. V. Ricks 
P. 0. Sox 1610 C-,v-'̂ w--'"\.„ f-c 
Midland, Texas 79701 ^ v 

Gentlemen: 

Four approved copies of your 1976 plan of development for the Empire 
Abo unit area, Eddy County, New Mexico, proposing continuation of the 
gas injection pressure maintenance program, are enclosed. Such plan 
was approved on this date subject to like approval by the appropriate 
officials of the State of New Mexico. 

I t is requested that you provide this office with a copy of gas 
injection and production data covering unit operations, io graphical 
form at your earliest convenience and include an updated copy of such 
graph with all subsequent plans of operation. 

Sincerely yours, 

iwKiU, SGDJ 
C Tfl/OiV/iCK 

CARL C. TRAYWICK 
Acting Area 011 and Gas Supervisor 

Artesia j^J0- : " 
NM0CC, Santa Fe ( l t r . only)-*^ 
Com. Pub. Lands, Santa Fe ( l t r . only) 

JAGillham-.dlk 



Conservation Division 
Western Beak Building 

505 Marouetta, HW, Room 815 
Albuquerque, *n? Hsatico 87102 

December 30, 1976 

Atlantic Richfield Company 
Attention: Mr. 6. V. Ricks 
P. 0. Bos 1610 
Midland, Texas 79701 

Gentlemen: 

Four approved copiaa of your 1977 plan of development for tbe 

Empire Abo unit area, Eddy County, Sett Mexico, proposing continuation 

of the gaa injection pressure maintenance program era enclosed. 

Sueh plan was approved oa this date subject to Ilka approval by the 

appropriate officials of tba State of Haw Mexico. 

Sincerely yours, 
Qrig. Signed - JAMES W. SU't'Hwilu'a.U 

JAMES H. SUTHERLAND 
Area Oil and Gas Supervisor 

Enclosures 

NMOCC, SantaFe ( l t r . only) This Copy for 
Com. Pub„ Lands, Santa Fe ( l t r . only) 



United States Department of the Int 
GEOLOGICAL SURVEY 

Conservation Division 
P.O. Box 26124 

Albuquerque, New Mexico 87125 

•JUS 197S W I 
2tj 

Su nit* > <-

WAR 1 5 1978 

Atlantic Richfield Company 
Attention: Mr. G. V. Ricks 
P.O. Box 1610 
Midland, Texas 79701 

Gentlemen: ^ ? u ' 

Four approved copies of your 1978 plan of development for 

the Empire Abo unit area, Eddy County, New Mexico, proposing 

continuation of the gas injection pressure maintenance pro

gram are enclosed. Such plan was approved on this date 

subject to like approval by the appropriate officials of 

the State of New Mexico. 

Sincerely yours, 

(ORIG. SGD.) GENE F. B.*ML 

Gene F. Daniel 
Acting Area 011 and Gas Supervisor 

Enclosure 

cc: NMOCC. Santa FP (ltr. nnlvV^ 
Com. Pub. Lands, Santa Fe (ltr. only) 
Artesia (w/cy plan) 



m« 1! 

° ] L C ° ^ E R V A T / O N COM, 

January l 7 > l 9 ? g 

Atlantic Richfield company 
Post Office Box 16U 
Midland, Texas 7970k 

Attention. G. V. Ricks 

Re: Case No. 49. 
Empire Abo Th, 
1978 Plan of v 

Gentlemen: ^ n 

We hereby approve the 1978 plan of Operation fo 
Empire Abo Unit, Eddy County, New Mexico, subject to 
approval by the United States Geological Survey and th 
Consaissloner of Public Lands. 

Two approved copies of the Plan of Operation are 
returned herewith. 

Very truly yours, 

JOE O. RAMEY 
Secretary-Director 

JDR/LT/fd 
enc. 

cc: U.S.G.S. - Roswell 
Commissioner of Public Lands 



United States Department of the Interior 
GEOLOGICAL SURVEY 

P. 0. Box 26124 
Albuquerque. New Mexico 87125 

FEB 0 5 1979 

Atlantic Richfield Company 
Attention: Mr. 6. V. Ricks 
P. 0. Box 1610 
Midland, Texas 79702 l / L d 

Gentlemen: 

Your 1979 plan of development for the Empire Abo unit area, Eddy 
County, Hew Mexico, proposes continuation of the gas injection 
pressure maintenance project, completion of your Phase ¥ infill 
drilling program, and commencement of a 50-wel1 Phase VI infill 
drilling program. Such plan was approved on this date, subject 
to like approval by the appropriate officials of the State of 
New Mexico, and four approved copies are enclosed. 

In order to update our records, please furnish this office two 
copies of a current map of the unit area showing the 15 injection 
wells and all producing wells. 

Sincerely yours, 

(0R!G. SGD.) JAMES W. SUTHERLAND 

JAMES W. SUTHERLAND 
Oil and Gas Supervisor, SRMA 

Enclosures 4 

cc: / 
NMOCD. Santa Fe (letter only)/ 
Comm. Pub. Lands, Santa Fe (letter only) 



State of N e w Mexico 

imfcstoner ot lublic J 
February 1, 1979 A L E X J . A R M I J O P . O . BOX 1 148 

SANTA F E , NEW MEXICO COMMISSIONER 

A t l a n t i c Richfield Company 
P. 0. Box 1610 
Midland, Texas 79702 

Re: Empire Abo Unit 
Eddy County, New Mexico 
1979 PLAN OF OPERATIONS 

ATTENTION: Mr. G. V. Ricks 

Gentlemen: / " 

The Commissioner of Public Lands has t h i s date approved your 
1979 Plan of Operations for the Empire Abo Unit, Eddy County, New 
Mexico. Our approval i s subject to l i k e approval by the United 
States Geological Survey and the New Mexico O i l Conservation Division. 

Enclosed i s one approved copy for your f i l e s . 

Please remit a Three ($3.00) Dollar f i l i n g fee. 

Very t r u l y yours, 

ALEX J. ARMIJO 
COMMISSIONER OF PUBLIC LANDS 

BY: 
RAY D. GRAHAM, Director 
O i l and Gas Division 

AJA/RDG/s 
e n d s . 

cc: OCD-Santa Fe, New Mexico*^ 
USGS-Roswell, New Mexico 
USGS-Albuquerque, New Mexico 

"'W'|'! *1 'Tl "| J 



Stale of NewA/ iex ico 

JIM BACA 
COMMISSIONER 

Commissioner of RiUic Lands • 
January 20, 1984 

P.O. BOX 1148 
SANTA FE, NEW MEXICO 87504-1148 

ARCO O i l and Gas Company 
P. 0. Box 1610 
Midland, Texas 79702 

Re: 1984 Plan of Operation 
Empire Abo Unit 
Eddy County, New Mexico 

ATTENTION: Mr. Timothy J. Detmering 

Gentlemen: 

The Commissioner of Public Lands has th i s date approved your 1984 
Plan of Operation for the Empire Abo Unit, Eddy County, New Mexico. Such 
plan proposes to continue the operation of the Empire Abo Unit, substan
t i a l l y the same as i n recent years. Our approval i s subject to l i k e 
approval by the Bureau of Land Management and the New Mexico O i l Conserva
t i o n Division. 

Enclosed i s an approved copy for your f i l e s . 

Very t r u l y yours, 

JIM BACA 
COMMISSIONER OF PUBLIC LANDS 

BY: 
RAY D. GRAHAM, Director 
O i l and Gas Division 
AC 505/827-5744 

JB/RDG/pm 
ends. 
cc: OCD-Santa Fe, New Mexico 

BLM-Albuquerque, New Mexico 
BLM-Roswell, New Mexico 



State of N e w yVlcxico 

M i l l ' 

A L E X J . ARMIJO 
COMMISSIONER 

Commissioner cf R i l i c Lands 
January 6, 1981 

A t l a n t i c R i c h f i e l d Company 
A t t e n t i o n : Mr. G. V. Ricks 
P. 0. Box 1610 
Midland, Texas 79702 

P. O. BOX 1148 
SANTA FE, NEW MEXICO 87501 

Re: Empire Abo U n i t 
Eddy County, New Mexico 
1981 PLAN OF OPERATION 

Gentlemen: 

The Commissioner of Public Lands has t h i s date approved your 
.1981 Plan of Operation f o r the Empire Abo U n i t , Eddy County, New 
Mexico. Such plan proposes the f o l l o w i n g operations: 

1. Continue operations of the Un i t i n 1981 s u b s t a n t i a l l y 
the same as i n recent years. Continue t o r e i n j e c t a l l 
a v a i l a b l e residue gas along w i t h gas a v a i l a b l e from 
other sources. 

2. O i l w i l l be produced from the lowest g a s / o i l r a t i o w e l l s 
a v a i l a b l e to maximize o i l recovery e f f i c i e n c y . 

3. I n f i l l d r i l l i n g w i l l c o n s i s t of at l e a s t two and p o s s i b l y 
f i v e h o r i z o n t a l d r a i n h o l e w e l l s , pending contined evalua
t i o n s of the dra i n h o l e programs. 

Our approval i s subject to l i k e approval by the United States 
Geological Survey and the New Mexico O i l Conservation D i v i s i o n . 

Enclosed i s one "Approved copy f o r your f i l e s . 

Please r e m i t a Three ($3.00) D o l l a r f i l i n g fee. 

Very t r u l y yours, 

ALEX J. ARMIJO 

COMMISSIONER OF PUBLIC LANDS 

BY: 

FLOYD O. PRANDO,Assistant 
/ D i r e c t o r - O i l & Gas D i v i s i o n 

AJA/FOP/s 
e n d s . 
cc: OCD, USGS-Roswell, USGS Albuquerque 



United States Department of the Interior 

GEOLOGICAL SURVEY 
j 

Drawer 1857 / '' 
Roswell, New Mexico 88201 

January 18, 1974 

Atlantic Richfield Company 
Attention: Hr. P. E. Fletcher 
P.O. Box 1610 
Midland, Texas 79701 

Gentlemen: 

Your 1974 plan of operation for the Empire Abo unit area, Eddy County, 
New Mexico, has been approved on this date subject to like approval by 
the appropriate officials of the State of New Ifexico. Such plan proposes 
finalization of the enlargement aad centralization of production and 
testing facilities, the initiation of residue gas injection into eight 
wells located in the Abo gas cap aad continued production operation in 
a manner employing maximum utilization of reservoir energy. 

Four approved copies of the plan are enclosed. 

Sincerely yours, 

CA10. C. TRAYWICK 
Acting Area Oil and Gas Supervisor 

cc : 
^MOCC, Santa Fe fl.tr o n l y ) ' 

Com. Pub. Lands, Santa Fe ( l t r o n l y ) 
A r t e s i a (w/cy p l an ) 

JAGillhanuds 
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PLEASE FURNISH SERVICE(S) INDICATED BY CHECKED BLOCK(S) 
(Additional charges required for these services) 

• 
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to addressee 
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Received the numbered article described below 
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CERTIFIED NO. 
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RECEIPT FOR CERTIFIED MAIL—200 
S E N T T ° PENNZOIL 
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OR DATE ; 

S T B E E T A N DBox 1828 ij 

CITY. STATE. AND ZIP CODE 

Midland, Texas 79701 
11 you want a return receipt, check which 
I \10t shows I 1 3$t shows to whom, 
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If you want 
delivery only 
to addressee, 
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to addressee, 
check here 
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LLANO I N C . 
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Box 2215 
CITY, STATE, AND ZIP CODE 

H o b b s , New M e x i c o 88240 
If you want a return receipt, check which 

I0t shows 1 \35t shows to whom, 
I to whom 1 when, and address 

and when where delivered 
delivered 

FEES A D D I T I O N A L TO 20i FEE 

/ / you want 
delivery only 
to addressee, 
check here 

CU 50* fee 

No. 635873 

POD Form 3800 NO I N S U R A N C E C O V E R A G E P R O V I D E D — ( S e e o t h e r 
July 1963 N O T F O R I N T E R N A T I O N A L M A I L v 

RECEIPT FOR CERTIFIED MAIL—200 

side) 

SENT TO POSTMARK 

MORRIS ANTWEIL OR DATE 

STREET AND NO. 

Box 2010 
CITY. STATE. AND ZIP CODE 

H o b b s , New M e x i c o 88240 
If you want a return receipt, check which 
] ~~I lOt shows 1 | 3St shows to whom, 
j 1 to whom 1 1 when, and address 

and when where delivered 
delivered 

If you want 
delivery only 
to addressee, 
check here 

CZI SOt tee FEES ADDITIONAL TO 20i FEE 

If you want 
delivery only 
to addressee, 
check here 

CZI SOt tee 
POD Form 3800 NO I N S U R A N C E C O V E R A G E P R O V I D E D — 
July 1963 NOT F O R I N T E R N A T I O N A L M A I L 
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State cf N e w Mex ico 505-827-2>48 

PHIL R. LUCERO 
COMMISSIONER Commtestoner of RJbllc Lands 

August 20, 1975 

P. O. BOX 1148 
SANTA FE, NEW MEXICO 87501 

Atlantic Richfield Corapany 
P. 0. Box 1610 
Midland, 7 « M 79701 

Sa: Saplre Abo tele 
Eddy County, Mew Mexico 
Proposed Projected 8aUr)K»eat 
aad Increased Allowable 

ATTEKTIOS: Mr. Wm. L. Babry 

Gentlemen: 

Tha fo—•<•sioaar of Public Lands baa thia data approved the 
enlargement of tba Sapix* Abo Halt by tba confitlfwant of Tract Boa. 
41* 79 aad 84 which, togather, cover tba following lands: 

Tract 41 See. 4, Tup. 18 8., Baa 28 E. SE/4aV/4 
Tract 79 Sac.27, Tup. 17 S., Rge 28 E. SE/48W/4 
Tract 84 Sac. 5, Tup. 18 S., Ig« 28 K. 81/4W/4 

All joinders from a l l vox-kins; intarast ownara aad Lssseee of 
record uad«r tba above aeatioaed traota «a wall aa Joinders from 
Cltlaa 8erviee aad Teaaeeo noail tttag their iataraata hava been re* 
calvad and approvad aa wall aa revised Exhibits "B*, "C" and "B". 

This approval is aubjact to like approval by tba united Stataa 
Geological Survey aad tba Haw Mexico Oil Conservation Cosatlsslon. 

Please advise vheo tba BSCS approvaa ao aa to establish tha 
offactive data, which should ba tba first day of tha month following 
tha filing with tha Coearaissioaar aad tba Suparvlaor. 

All x-equiratsants of Section 32 have been cosiplied with. 

Very truly yours, 

P81X. &. LUCERO 

COMMISSIOSER or roue LANDS 

Oil and Gas Division 
PlL/RDG/s 
ce: USGS-Hoswell, Haw Mexico 

OCC- Saata Pa, Hew Maxioo 



AUant ic^ ich f ie ldCompany North Amer ican Producing Division 
Permian District 

Post Of f ice Box 1610 

Mid land. Texas 79701 

Telephone 915 682 8631 

S. L. Smith 

Dir-trict Manager 

August 15, 1975 

Area O i l & Gas Supervisor 
United States Geological Survey, P. 0. Drawer 1857 
Roswell, New Mexico 88201 

Commissioner of Public Lands 
State of New Mexico 
Atten t i o n : Mr. Ray D. Graham 
D i s t r i c t O i l & Gas Department, P. 0. Box 1148 
Santa Fe, New Mexico 87501 

New Mexico O i l Conservation Commission 
Box 2088 
Santa Fe, New Mexico 87501 

Subject: Empire Abo Unit 
Eddy County, New Mexico 
Proposed Projected Enlargement 
and Increased Allowable 

The un i t working interest owners were balloted June 4, 1975 
pursuant to Section 32 (Subsequent Joinder) of the Unit 
Agreement f o r t h e i r approval of inclusion of tra c t s 41, 
78 and 84 (on o r i g i n a l basis) and also f o r t h e i r approval 
to allow Cities Service and Tenneco to commit t h e i r interests 
i n t r a c t s previously indemnified. We have now secured more 
than the 65% approval required under the Unit Agreement. 

Our hearing before the NMOCC was held on June 10, 1975 to 
bring i n tra c t s 41, 79 and 34 and to increase unit allowable 
by v i r t u e thereof. On July 1. 1975 the Commission entered 
i t s Order R-4549-C approving the application f o r expansion 
of the pressure maintenance project f o r the Empire Abo pool 
also increasing the allowable e f f e c t i v e as of the date of 
r a t i f i c a t i o n of the Unit Agreement by the parties committing 
additional acreage. 

We have now secured Joinders from a l l working i n t e r e s t owners 
and lessees of record under tr a c t s 41, 79 and 84 as w e l l as 
.Joinders from Cities Service and Tenneco committing t h e i r 
interests i n u n i t t r a c t s previously indemnified. There are 
no overriding royalty owners under tr a c t s 79 and 84 and the 
overriding royalty owners under t r a c t 41 were previously signed 
up as of the ef f e c t i v e date of the unit and t h e i r respective 
Joinders were furnished to the Supervisor and Commissioner. 



Page Two 

We furnish the Supervisor herewith the followi n g : 

1. Original and two copies of Joinders executed by Cities 
Service, Tenneco O i l Company and the remainder of the 
working in t e r e s t owners under t r a c t 79 as shown on the 
enclosed revised Exhibit "B". 

2. Three copies of revised Exhibit "B" and "c" to the Unit 
Agreement and revised Exhibit "E" to the Unit Operating 
Agreement. 

We fur n i s h the Commissioner herewith o r i g i n a l and one copy 
of a l l Joinders referred to above and two copies of the 
revised Exhibits. 

We fur n i s h the Commission herewith one xerox copy of a l l 
Joinders and revised Exhibits referred to above. 

We respectfully request the Supervisor and Commissioner 
approve the Joinders and revised Exhibits as soon as possible 
so that the Joinders w i l l be e f f e c t i v e September 1, 1975 
and that the Commission make i t s Order e f f e c t i v e September 1, 
1975. I f any additional information i s desired, please so 
advise. 

Very t r u l y yours, 

MM. L. EMBRY 
lAND DEPARTMENT 

WLE:bk 

Enclosures 



REVISED 
EXHIBIT "E" 

To Un i t Operating Agreement 
EMPIRE ABO UNIT 

Eddy County, New Mexico 

U n i t P a r t i c i p a t i o n , Percent 

Working I n t e r e s t Owner Phase I I 

Abo Petroleum Corporation 1.05860 
C. H. Albaugh None 
Ernest Bryan Alexander Trust None 
Amoco Production Company 34.06690 
American P e t r o f i n a Company of Texas .40319 
Estate of B. Aston (C T r u s t ) .20309 
Estate o f Charles Aston .06769 
Estate of L i n c o l n Aston .06769 
Rogers Aston .06769 
A t l a n t i c R i c h f i e l d Company 34.14066 
George W. Baker None 
Dedric D. Baxter None 
Robert E. B o l i n g .01268 
John E. Bourdeau None 
Bascom W. Broaddus None 
John S. Brown .03085 
Thomas C. Brown .02572 
T. J. Brown .02572 
Cactus D r i l l i n g Corporation None 
Castle and W i g z e l l None 
C & K Petroleum, I n c . .41350 
C i t i e s Service O i l Company .75307 
Tracy C l a r k .00836 
C o n t i n e n t a l O i l Company .61007 
Ben A. Copass, J r . .00610 
R. G. Cox/D. L. Benscoter None 
Bruce Crampton None 
Walter E. Crockett None 
James I . DeLoache .00096 
R. E. Davis None 
Joe D. Denton None 
Depco, Inc. 3.78795 
Dixon and Yates O i l Company .09514 
Carmen Edwards .05041 
Edward Egbert, M. D. None 
Exxon Corporation 4.61547 
Estate o f W. D, Flynn .08155 
K. L. Fouch .00359 
General American O i l Company o f Texas .44228 
J u d i t h A. G i l c h r i s t .00605 
Walter Granberry .03398 
Gulf O i l Company - U.S. 1.91678 
Hanagan and Hanagan None 
Hanover Planning Company None 
Ruth Hatch .20160 

(Revised 6-1-75) 
( E f f e c t i v e 9-1-75) 

" W I H 



REVISED 
EXHIBIT *'E" 

Page 2 

Working I n t e r e s t Owners 

A. H. Hedden 
C. F. Henderson 
Margaret Holcomb 
Husky O i l Company o f Delaware 
Tom L. Ingram 
James K. Jeanblanc 
Lindsey R. Jeanblanc 
Harold Kersey 
F. M. Late 
Lee D r i l l i n g Company 
Carolyn Kay L i s l e 
Marathon O i l Company 
Delton Marcum 
Bessie H. Marcum Estate 
Gordon Marcum 
L. S. Melzer 
Lo B. Meaders 
Thelma Methvin 
J. 0. M i l l e r 
J. Hiram Moore 
Hugh Munn 
Myco I n d u s t r i e s , Inc. 
Eugene L. Nearburg 
A r t h u r L. Owen 
Par t n e r s h i p P r o p e r t i e s 
Penroc O i l Corporation 
Louis F. Polk 
James F. P r i t c h e t t 
L. J. Reischman 
M. V. Roberts 
W. V. Roberts 
W. V. Roberts A/W FNB 
B i l l J. Rogers 
Joe G. Roper 

R u t t e r and Wilbanks Corpor a t i o n 
John C. Ryan 
Samedan O i l C o r p o r a t i o n 
Estate of N e l l e G. Scheurich 
Maria J. Schmid 
Seven O i l L t d . 
V i l a s P. Sheldon 
J e t t a L. Shewmake 
James B. Shewmake, Minor 
S i g n a l O i l and Gas Company 
Walter S o l t 
Southland Royalty 
Sun O i l Company 
Tenneco O i l Company 
Texas American O i l Company 
Dorothy T o p l i f f 

Mary Ann Treadwell 

U n i t P a r t i c i p a t i o n , Percent 
Phase I I 

.02059 
None 

.02265 
3.78794 
.03446 

None 
None 

.09061 
None 

.00296 
.01077 

.95631 

.03021 

.03021 

.03021 
None 
None 

.02265 

.04307 

.88076 

.02059 
1.05859 
.02492 
.01030 
.02574 

None 
.01544 

None 
.03398 

None 
None 
None 
None 

.01030 

.10768 
None 

.28857 

.15119 

.00605 

.06169 

.68315 
None 
None 
None 

.00948 

.96768 
2.58208 
.74653 
.12339 
.01812 

.01077 

(Revised 6-1-75) 
( E f f e c t i v e 9-1-75) 



REVISED 
EXHIBIT "E" 

Page 3 

Working Interest Owners 

Estate of Fred Turner, Jr. 
B. F. Walker Estate 
Joe A. Warren 
Estate of Beth N. Wilbanks 
Ann Burnett Windfohr 
Ann V. B. Windfohr Trust 
Harvey E. Yates 
John A. Yates 
Martin Yates I I I 
S. P. Yates 
Yates Brothers 
Yates D r i l l i n g Company 
Yates Petroleum Corporation 
Robert H. Ziegler, Sr. 

Total 

Unit P a r t i c i p a t i o n , Percent 
Phase I I 

None 
.10987 
.00345 
.10768 
.26559 
.35413 
.06880 
.00360 
.09704 
.37082 
.17294 

1.05859 
1.18198 
.08853 

100.00000 

(Revised 6-1-75) 
(Effective 9-1-75) 



SPECIAL JOINDER 

TO UNIT OPERATING AGREEMENT AND UNIT AGREEMENT 

EMPIRE ABO UNIT 

(Tract No. 79} 

EDDY COUNTY, NEW MEXICO 

The undersigned, as an owner of both working i n t e r e s t s and 
r o y a l t y i n t e r e s t s acknowledges receipt of a counterpart of an 
instrument t i t l e d "Unit Agreement, Empire Abo Unit, Eddy County, 
New Mexico", dated as of the f i r s t day of October, 1972, pro
v i d i n g for the conduct of u n i t operations i n the Abo formation 
of the Empire Abo F i e l d , located in Eddy County, New Mexico, and 
also acknowledges receipt of a counterpart of an instrument 
t i t l e d "Unit Operating Agreement, Empire Abo Unit, Eddy County, 
New Mexico", dated as of the f i r s t day of October, 1972. 

The undersigned i s the owner of a working i n t e r e s t , r o y a l t y 
i n t e r e s t or i n t e r e s t as "Lessee of Record" i n Tract No. 79 as 
described i n Exhibits "A" and "B" of the Unit Agreement and Unit 
Operating Agreement, which t r a c t has not been included in the 
Unit for f a i l u r e of execution by s u f f i c i e n t working i n t e r e s t 
owners to q u a l i f y the t r a c t and i t i s now desired to commit said 
t r a c t to the Unit Agreement. 

The Unit Agreement and ths Unit Operating Agreement provide 
th a t any person may become a party to the agreements by signing 
the o r i g i n a l , counterpart, or other instrument which evidences 
an i n t e n t i o n to be bound by the terms of such agreements. 

NOW, THEREFORE, each undersigned party agrees to become a 
party to and be bound by. the provisions of the Unit Agreement 
and the Unit Operating Agreement (where such party i s the owner 
of a working i n t e r e s t ) as to the i n t e r e s t of the undersigned of 
whatsoever nature, whether as a r o y a l t y i n t e r e s t , a working 
i n t e r e s t or an i n t e r e s t as "Lessee of Record" i n Tract No. 79 

jas described i n Exhibits "A" and "B" of the Unit Agreement. 
The undersigned agrees that the p a r t i e s to the Unit Agreement 
and the Unit Operating Agreement are those that signed the 
o r i g i n a l s , any counterparts of said instruments or any i n s t r u 
ment which evidences an i n t e n t i o n to be so bound. 

I t i s understood that commitment of the above t r a c t w i l l 
be on the same basis of p a r t i c i p a t i o n as provided in the o r i g i n a l 
Unit Agreement subject to approval (by b a l l o t ) of working interest-
owners of not less than 65% of the Unit P a r t i c i p a t i o n now in e f f e c t 
and approval by the Commissioner of Public Lands of the State of 
New Mexico and the Supervisor, United States Geological Survey, 
and s h a l l become e f f e c t i v e as of the f i r s t day of the month 
f o l l o w i n g the f i l i n g with the Land Commissioner and the Super
vis o r of duly executed counterparts of a l l documents necessary 
to e s t a b l i s h e f f e c t i v e commitment, as provided i n Section 32 
of the Unit Agreement. 

EXECUTED as of the 8th day of August , 1975. 

Name In t e r e s t ^ Address 

nnnt..i.n.pj3.L3.I Oil. Company -12. 50000. P. 0. Box 959. MiiUdnd^oxas 79701 

by: Q'' (2^7.7TT5~~ :v. 
E. A. Austin j / ^ / 
At torney-in-Fac t 



Name In te res t Address 

STATE OF Texas } 

COUNTY OF Harris ) 

The foregoing instrument was acknowledged before me t h i s 
8 t h d a y O f August , 1 9 7 5 , b y E. A. A u s t i n / 

, , :

A t - tPrrrey- , in-Fact , o f CONTINENTAL OIL COMPANY t t a 
..'..̂ ejjawgre',, -, corporation, on behalf of said corporation. 

• I '-.My•comm i ss i on expires: 
•. J ,' : DORIS MAR LETT 

'-,'-Notary Public in-onclto Harris County, Texas 
\ f%'-JGpm»'isaon Expires June 1, 197/, H a r r i s County, Texas 

Notary Public i n and f o r 

STATE OF ) 

COUNTY OF ) 

The foregoing instrument was acknowledged before me t h i s 
day of , 1975, by 

My commission expires: ' 
Notary Public i n and for 

STATE OF ) 

COUNTY OF ) 

The foregoing instrument was acknowledged before me t h i s 
day of , 1975, by 

My commission expires: 
Notary Public Tn and for 

-2-



S PEC I AT, _ J Oi. ND E R 

TO UNIT OPERATING AGREEMENT AMU UNIT AGREEMENT 

EMPIRE ABO UNIT 

( T r a c t No. 79) 

EDDY COUNTY, NEW MEXICO 

The undersigned, as an owner of both working i n t e r e s t s and 
r o y a l t y i n t e r e s t s acknowledges r e c e i p t of a c o u n t e r p a r t of an 
instrument t i t l e d " U n i t Agreement, Empire Abo U n i t , Eddy County, 
New Mexico", dated as of the f i r s t day of October, 1972, pro
v i d i n g f o r the conduct of u n i t o p e r a t i o n s i n the Abo f o r m a t i o n 
o f the Empire Abo F i e l d , l o c a t e d i n Eddy County, New Mexico, and 
also acknowledges r e c e i p t of a co u n t e r p a r t of an ins t r u m e n t 
. t i t l e d " U n i t Operating Agreement, Empire Abo U n i t , Eddy County, 
New Mexico", dated as of the f i r s t day of October, 1972. 

The undersigned i s the owner of a working i n t e r e s t , r o y a l t y 
i n t e r e s t or i n t e r e s t as "Lessee of Record" i n T r a c t No. 79 as 
described i n E x h i b i t s "A" and "B" of the U n i t Agreement and Unit 
Operating Agreement, which t r a c t has not been included i n the 
U n i t f o r f a i l u r e of execution by s u f f i c i e n t working i n t e r e s t 
owners to q u a l i f y the t r a c t and i t i s now desir e d to commit said 
t r a c t to .the Uni t Agreement. 

The U n i t Agreement and the U n i t Operating Agreement provide 
t h a t any person may become a p a r t y to the agreements by s i g n i n g 
the o r i g i n a l , c o u n t e r p a r t , or other instrument which evidences 
an i n t e n t i o n to be bound by the terras of such agreements, 

NOW, THEREFORE, each undersigned p a r t y agrees t o become a 
p a r t y to and be bound by the p r o v i s i o n s of the U n i t Agreement 
and the U n i t Operating Agreement (where such p a r t y i s the owner 
of a working i n t e r e s t " ) as to the i n t e r e s t o f the undersigned o f 
whatsoever n a t u r e , whether as a r o y a l t y i n t e r e s t , a working 
i n t e r e s t or an i n t e r e s t as "Lessee of Record" i n Tr a c t No. 79 
as described i n E x h i b i t s "A" and "B" of the Un i t 7\greement. 
The undersigned agrees t h a t the p a r t i e s to the U n i t Agreement 
and the U n i t Operating Agreement are those t h a t signed the 
o r i g i n a l s , any c o u n t e r p a r t s of said instruments or any i n s t r u 
ment which evidences an i n t e n t i o n to be so bound. 

I t i s understood t h a t commitment of the above t r a c t w i l l 
be on the same basis of p a r t i c i p a t i o n as provided i n the o r i g i n a l 
U n i t Agreement s u b j e c t to approval (by b a l l o t ) of working i n t e r e s t 
owners of not l e s s than 65% of the Unit P a r t i c i p a t i o n now i n e f f e c t 
and approval by the Commissioner of Pub l i c Lands of the State of 
Nev/ Mexico and the Supervisor, United States Geological Survey, 
and s h a l l become e f f e c t i v e as of the f i r s t day of the month 
f o l l o w i n g the f i l i n g w i t h the Land Commissioner and the Super
v i s o r of duly executed c o u n t e r p a r t s of a l l documents necessary 
to e s t a b l i s h e f f e c t i v e commitment, as provided i n Section 32 
of the U n i t Agreement. 

EXECUTED as of the 

Name I n t e r e s t (%) 

, 1975. 

Address 

MarilTTiyi^imid 
0.26042 

y 

111 Oxford, T y l e r , Tcxas 757_01 



Name Inte r e s t Address 

STATE OF 

COUNTY OF ) 

The foregoing instrument was acknowledged before me t h i s 
day of • ,. 1975, by . , 

, of 
corporation, on behalf of said corporation. 

My commission expires: 
Notary Public i n and for 

STATE OF /k. 

COUNTY 0 ) 

^he foregoing instrument was acknowledged be|o 
"*z day^of 1975, by 

e t h i s 

My commission expires: 
Notary Public i n and for 

STATE OF 

COUNTY OF ) 

The foregoing instrument was acknowledged before me t h i s 
day of , 1975, by 

My commission expires: 
Notary Public Tn and for 

-2-



SPECIAL JO 111 DIOR 

TO UNIT OPERATING AGREEMENT AND UNIT AGREEMENT 

EMPIRE ABO UNIT 

( T r a c t No. 79) 

EDDY COUNTY, NEW MEXICO 

The undersigned, as an owner of both working i n t e r e s t s and 
r o y a l t y i n t e r e s t s acknowledges r e c e i p t of a c o u n t e r p a r t of an 
inst r u m e n t t i t l e d " U n i t Agreement, Empire Abo U n i t , Eddy County, 
New Mexico", dated as of the f i r s t day of October, 1972, p r o 
v i d i n g f o r the conduct of u n i t o p e r a t i o n s i n the Abo f o r m a t i o n 
o f the Emoire Abo F i e l d , l o c a t e d i n Eddy County, New Mexico, and 
also acknowledges r e c e i p t of a c o u n t e r p a r t of an ins t r u m e n t 
t i t l e d " U n i t Operating Agreement, Empire Abo U n i t , Eddy County, 
New Mexico", dated as of the f i r s t day o f October, 1972. 

The undersigned i s the owner of a working i n t e r e s t , r o y a l t y 
i n t e r e s t or i n t e r e s t as "Lessee of Record" i n T r a c t No. 79 as 
descr i b e d i n E x h i b i t s "A" and "B" of the U n i t Agreement and Un i t 
Operating Agreement, which t r a c t has not been included i n the 
U n i t f o r f a i l u r e of execution by s u f f i c i e n t working i n t e r e s t 
owners to q u a l i f y the t r a c t and i t i s now des i r e d to commit said 
t r a c t t o the U n i t Agreement. 

The U n i t Agreement and the U n i t Operating Agreement provide 
t h a t any person may become a p a r t y to the agreements by s i g n i n g 
the o r i g i n a l , c o u n t e r p a r t , or other i n s t r u m e n t which evidences 
an i n t e n t i o n to be bound by the terms of such agreements. 

.- NOV?, THEREFORE, each undersigned p a r t y agrees to become a 
p a r t y t o and be bound by the p r o v i s i o n s of the U n i t Agreement 
and the U n i t Operating Agreement (where such p a r t y i s the owner 
of a working i n t e r e s t ) as to the i n t e r e s t of the undersigned of 
whatsoever n a t u r e , whether as a r o y a l t y i n t e r e s t , a working 
i n t e r e s t or an i n t e r e s t as "Lessee of Record" i n T r a c t No. 79 
as described i n E x h i b i t s "A" and "B" of the U n i t Agreement. 
The undersigned agrees t h a t the p a r t i e s to the U n i t Agreement 
and the U n i t Operating Agreement are those t h a t signed the 
o r i g i n a l s , any c o u n t e r p a r t s of said instruments or any i n s t r u 
ment which evidences an i n t e n t i o n to be so bound. 

I t i s understood t h a t commitment of the above t r a c t w i l l 
be on the same basis of p a r t i c i p a t i o n as provided i n the o r i g i n a l 
U n i t Agreement s u b j e c t to approval (by b a l l o t ) o f working i n t e r e s t 
owners of not l e s s than 65% of the U n i t P a r t i c i p a t i o n now i n e f f e c t 
and approval by the Commissioner of Pub l i c Lands of the State of 
New Mexico and the Supervisor, United States G e o l o g i c a l Survey, 
and s h a l l become e f f e c t i v e as of the f i r s t day of the month 
f o l l o w i n g the f i l i n g w i t h the Land Commissioner and the Super
v i s o r of duly executed c o u n t e r p a r t s of a l l documents necessary 
to e s t a b l i s h a f f e c t i v e commitment, as provided i n Section 32 
of the U n i t Agreement. 



Name Inte r e s t Address 

STATE OF ) 

COUNTY OF ) 

The foregoing instrument was acknowledged before me t h i s 
day of 1975, by , 

, of , a 
, corporation, on behalf of saTd corporation. 

My commission expires: 
Notary Public i n and for 

STATE OF / y ) 

COUNTY OF / S i ^ s e ^ ^ ) 

The foregoing 0instrument was acknowledged^before me t h i s 
Y _ gay. Of 1975, by 

My .'commission expires: 
/.[• . Notary Public in and for^^^kyT^^. 

STATE OF ) 

COUNTY OF ) 

The foregoing instrument was acknowledged before me t h i s 
day of , 1975, by 

My commission expires: 
Notary Public Tn and -for 



SPECIAL JOINDER 

TO UNIT OPERATING AGREEMENT AND UNIT AGREEMENT 

EMPIRE ABO UNIT 

(Tracts Nos. 9, 73A, 73B, 73C, 79 and 84) 

EDDY COUNTY, NEW MEXICO 

The undersigned Tenneco O i l Company, as an owner of both 
working interests and royalty interests acknowledges receipt of 
a counterpart of an instrument t i t l e d "Unit Agreement, Empire 
Abo Unit, Eddy County, New Mexico", dated as of the f i r s t day 
of October, 1972, providing for the conduct of u n i t operations 
i n the Abo formmation of the Empire Abo Fi e l d , located i n Eddy 
County, New Mexico, and also acknowledges receipt of a counter
part of an instrument t i t l e d "Unit Operating Agreement, Empire 
Abo Unit, Eddy County, New Mexico", dated as of the f i r s t day 
of October, 1972. 

The Unit Agreement, by Exhibit "A" shows on a map the 
boundary lines of the Unit Area and the Tracts therein, and by 
Exhibit "B" describes each Tract in the Unit Area. The under
signed Tenneco Oil Company represents that i t is the owner of 
either a working interest or a royalty i n t e r e s t , as defined i n 
said Unit Agreement, i n Tracts Nos. 9, 55, 73A, 73B, 73C, 79 
and 84, as described in Exhibit "B" of the said Unit Agreement, 
and i s a Lessee of Record i n Tracts Nos. 56, 73A, 73B, 73C, 79 
and 84. 

By Special Joinder dated August 30, 1973, Tenneco Oil Company 
committed i t s interest as "Lessee of Record" in Tracts numbered 
56, 73A, 73B, 73C and 79 as described i n Exhibits "A" and "B" of 
the Unit Agreement but excepted and withheld from i t s joinder a l l 
royalty i n t e r e s t and working i n t e r e s t i n any portion of the Unit 
Area. 

I t i s now desired by Tenneco Oil Company to commit a l l i t s 
royalty and working i n t e r e s t ( i n addition to i t s i n t e r e s t as 
"Lessee of Record") i n Tracts Nos. 9, 73A, 73C, 79, as well as 
i t s working i n t e r e s t and int e r e s t as "Lessee of Record" i n 
Tract No. 84. 

The Unit Agreement and the Unit Operating Agreement provide 
that any person may become a party to the agreements by signing 
the o r i g i n a l , counterpart, or other instrument which evidences 
an i n t e n t i o n to be bound by the terms of such agreements. 

NOW, THEREFORE, the undersigned Tenneco O i l Company agrees 
to become a party to and be bound by the provisions of the Unit 
Agreement and the Unit Operating Agreement only as to Tracts 
Nos. 9, 73A, 73B, 73C, 79 and also i t s working interest and 
inte r e s t as "Lessee of Record" i n Tract No. 84 as described i n 
Exhibits "A" and "B" of the Unit Agreement, excepting and 
withholding from i t s joinder hereby a l l i n t e r e s t of whatso
ever nature in Tract No. 55. The undersigned agrees that the 
parties to the Unit Agreement and the Unit Operating Agree
ment are those that sign the o r i g i n a l s , any counterparts of 
said instruments or any instrument which evidences an inten
t i o n to be so bound. 



I t i s understood that commitment of the above tra c t s w i l l be 
on the same basis of p a r t i c i p a t i o n as provided in the o r i g i n a l 
Unit Agreement subject to approval (by b a l l o t ) of working in t e r e s t 
owners of not less than 65% of the Unit Pa r t i c i p a t i o n now in ef f e c t 
and approval by the Commissioner of Public Lands of the State of 
New Mexico and the Supervisor, United States Geological Survey, 
and shall become e f f e c t i v e as of the f i r s t day of the month 
following the f i l i n g with the Land Commissioner and the Super
visor of duly executed counterparts of a l l documents necessary 
to establish e f f e c t i v e commitment, as provided i n Section 32 
of the Unit Agreement. 

EXECUTED as of the day of -1, 1975. 

TENNECO OIL COMPANY 

By 
Attorney i n Fact 

STATE OF COLORADO ) 

COUNTY OF DENVER ) 

., __JThe foregoing instrument was acknowledged befor 

.::/^ • day of Q:^< ̂  „, , 1975, by 
••' . • ^ . - ^ r f ^ k ^ L t Attorney i n Fact of T 

e me t h i s 

_ _ _ _ _ TENNECO OIL 
COMPANY/ a Delaware corporation, on behalf of said corporation. 

My commission expires: 

. My Commission expires July 7, 1975 
Notary Public in and for 
Denver County, Colorado 

-2-



SPECIAL JOINDER 

TO UNIT OPERATING AGREEMENT AND UNIT AGREEMENT 

EMPIRE ABO UNIT 

(Tracts 3, 5, 30, 35, 39, 41 and 73C) 

EDDY COUNTY, NEW MEXICO 

The undersigned Cities Service O i l Company, as an owner of 
both working interests and royalty interests acknowledges 
receipt of a counterpart of an instrument t i t l e d "Unit Agreement, 
Empire Abo Unit, Eddy County, New Mexico", dated as of the 
f i r s t day of October, 1972, providing for the conduct of u n i t 
operations in the Abo formation of the Empire Abo Fie l d , located 
in Eddy County, New Mexico, and also acknowledges receipt of 
a counterpart of an instrument t i t l e d "Unit Operating Agreement, 
Empire Abo Unit, Eddy County, New Mexico", dated as of the f i r s t 
day of October, 1972. 

The Unit Agreement, by Exhibit "A", shows on a map the 
boundary lines of the Unit Area and the Tracts therein, and by 
Exhibit "B" describes each Tract in the Unit Area. The undersigned 
Ci t i e s Service O i l Company represents that i t is the owner of 
either a working interest or a royalty i n t e r e s t , as defined in 
said Unit Agreement, in Tracts Nos. 2, 3, 5, 6, 30, 35, 39, 41, 
42, 46 and 73C, as described in Exhibit "B" of the said Unit 
Agreement, and is a Lessee of Record i n Tracts Nos. 2, 6, 41, 
42 and 46. 

The Unit Agreement and the Unit Operating Agreement provide 
that any person may become a party to the agreements by signing 
the o r i g i n a l , counterpart, or other instrument which evidences 
an in t e n t i o n to be bound by the terms of such agreements. 

NOW, THEREFORE, the undersigned C i t i e s Service Oil Company 
agrees to become a party to and be bound by the provisions of 
the Unit Agreement and the Unit Operating Agreement only as to 
the interest of the undersigned i n Tracts numbered 3, 5, 30, 
35, 39, 41 and 73C as described in Exhibits "A" and "B" of the 
Unit Agreement, s p e c i f i c a l l y excepting and withholding from 
i t s joinder hereby a l l interest of the undersigned in Tracts 
numbered 2, 6, 42 and 46. The undersigned agrees that the 
parties to the Unit Agreement and the Unit Operating Agreement 
are those that sign the o r i g i n a l s , any counterparts of said 
instruments or any instrument which evidences an intention to 
be so bound. 

I t i s understood that commitment of the above tr a c t s w i l l be 
on the same basis of p a r t i c i p a t i o n as provided in the o r i g i n a l 
Unit Agreement subject to approval (by b a l l o t ) of working i n t e r e s t 
owners of not less than 65% of Unit P a r t i c i p a t i o n now in e f f e c t 
and approval by the Commissioner of Public Lands of the State of 
New Mexico and the Supervisor, United States Geological Survey, 
and shall become e f f e c t i v e as of the f i r s t day of the month 
following the f i l i n g with the Land Commissioner and the Super
visor of duly executed counterparts of a l l documents necessary 



to establish e f f e c t i v e commitment, as provided i n Section 32 
of the Unit Agreement. 

. J ;,r EXECUTED as of the / / ^ day of / ^ ^ g / / , 1975. 

. ATTEST? CITIES SERVICE OIL COMPANY 

J By iVtl^fc 
A s s i s t a n t Secretary Vice Pres ident 

0. L KASTNER 

STATE OF OKLAHOMA ) 

COUNTY OF TULSA } 

The fo rego ino^ ins t rumen t was acknowledged be fo re me t h i s 
/ / • ¥ ! day o f / X v , ^ , , , / : , 1975, by 0. L KASTNER 

Vice President _ </ , o f C I T I E S SERVICE OIL COMPANY, 
a Delaware c o r p o r a t i o n , on beha l f of sa id c o r p o r a t i o n . 

/ • ^ ' ' o M ^ ' ^ ^ s s i o n expires: / S l ^ j J ^ J ^ ' T ^ AOAUJZZL 
5' , .-'v' ' • - - 2 5 1976 Notary Pjablic in and for y\ 

• i •; , 

• O ' • 

Tulsa County, Oklahoma 
EvelynM. Schultz 

', '-'V c*-"^" 

- 2 -



SPECIAL JOINDER 

TO UNIT OPERATING AGREEMENT AND UNIT AGREEMENT 

EMPIRE ABO UNIT 

(Tract No. 79) 

EDDY COUNTY, NEW MEXICO 

Trie undersigned, as an owner of both working i n t e r e s t s and 
r o y a l t y i n t e r e s t s acknowledges receipt of a counterpart of an 
instrument t i t l e d "Unit Agreement, Empire Abo Unit, Eddy County, 
New Mexico", dated as of the f i r s t day of October, 1972, pro
v i d i n g for the conduct of u n i t operations i n the Abo formation 
of the Empire Abo F i e l d , located i n Eddy County, New Mexico, and 
also acknowledges receipt of a counterpart of an instrument 
t i t l e d "Unit Operating Agreement, Empire Abo Unit, Eddy County, 
New Mexico", dated as of the f i r s t day of October, 1972. 

The undersigned i s the owner of a working i n t e r e s t , r o y a l t y 
i n t e r e s t or i n t e r e s t as "Lessee of Record" i n Tract No. 79 as 
described i n Exhibits "A" and "B" of the Unit Agreement and Unit 
Operating Agreement, which t r a c t has not been included i n the 
Unit for f a i l u r e of execution by s u f f i c i e n t working i n t e r e s t 
owners to q u a l i f y the t r a c t and i t i s now desired to commit said 
t r a c t to the Unit Agreement. 

The Unit Agreement and the Unit Operating Agreement provide 
that any person may become a party to the agreements by signing 
the o r i g i n a l , counterpart, or other instrument which evidences 
an i n t e n t i o n to be bound by the terms of such agreements. 

NOW, THEREFORE, each undersigned party agrees to become a 
party to and be bound by the provisions of the Unit Agreement 
and the Unit Operating Agreement (where such party i s the owner 
of a working i n t e r e s t ) as to the i n t e r e s t of the undersigned of 
whatsoever nature, whether as a r o y a l t y i n t e r e s t , a working 
i n t e r e s t or an i n t e r e s t as "Lessee of Record" i n Tract No. 79 
as described i n Exhibits "A" and "B" of the Unit Agreement. 
The undersigned agrees that the p a r t i e s to the Unit Agreement 
and the Unit Operating Agreement are those that signed the 
o r i g i n a l s , any counterparts of said instruments or any i n s t r u 
ment which evidences an i n t e n t i o n to be so bound. 

I t i s understood that commitment of the above t r a c t w i l l 
be on the same basis of p a r t i c i p a t i o n as provided in the o r i g i n a l 
Unit Agreement subject to approval (by b a l l o t ) of working i n t e r e s t 
owners of not less than 65% of the Unit P a r t i c i p a t i o n now i n e f f e c t 
and approval by the Commissioner of Public Lands of the State of 
New Mexico and the Supervisor, United States Geological Survey, 
and s h a l l become e f f e c t i v e as of the f i r s t day of the month 
fol l o w i n g the f i l i n g with the Land Commissioner and the Super
visor of duly executed counterparts of a l l documents necessary 
to e s t a b l i s h e f f e c t i v e commitment, as provided i n Section 32 
of the Unit Agreement. 

EXECUTED as of the 5jth_ day o f August. 1975. 

Name I n t e r e s t (%) Address 

Estate of ,BASj3JLfi-JL.^.Itorcum X..30208, P, O. Box 5094. Midland. Texas 79701 

by: 



Name Interest Address 

utor of Bessie H. Marcum Estate 

Gordon Marcum, Co-Executor of Bessie H. Marcum Estate 

Dorothy M/ T o p l i f t , Gfo-=EXecutor of Bessie H. Marcum Estate 

STATE OF TEXAS 

COUNTY OF MIDLAND ) 

The foregoing instrument was acknowledged before me t h i s 
5 th day of August , 1975, by jjelton P. Mar rum ' 

Co-Executor -of- Bessie H. Marcum- Esta-tia- ~-— 

My commission expires 

/ y>~<- 7 : 7 

ML 
l ie in and roi Notary Publ 

Midland County, Texas 

S T A T E OF TEXAS 

COUNTY OF MIDLAND ) 

The foregoing instrument was acknowledged before me t h i s 
5th day of AugnsJt ' 1 9 7 5 ' bY Gordon Marcum 

Cp-Executor-of Bessie H. Marcum EState. 

My commission expires: 
Notary Public in and for 

Midland County, Texas 

S T A T E OF TEXAS 

COUNTY OF 

The foregoing instrument was acknowledged before me t h i s 
d aY o f M & j ^ f c . — ' 1 9 7 5 ' b v Dorothy M. T o p l i f f f 

My commission exp i r e s : 
KAREN SERVERS, Notary Public 
In and lor Tarrant Coimiy. Texas 

Lomrnresiun Expires June 1, 

- Marcum Es'tate. 

N o t a r y ^ S T T ? m and f o ^ ^ ^ ^ — 
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SPECIAL JOINDER 

TO UNIT OPERATING AGREEMENT AND UNIT AGREEMENT 

EMPIRE ABO UNIT 

(Tract No. 79) 

EDDY COUNTY, NEW MEXICO 

The undersigned, as an owner of both working i n t e r e s t s and 
ro y a l t y i n t e r e s t s acknowledges receipt of a counterpart of an 
instrument t i t l e d "Unit Agreement, Empire Abo Unit,, Eddy County, 
New Mexico", dated as of the f i r s t day of October, 1972, pro
v i d i n g for the conduct of u n i t operations i n the Abo formation 
of the Empire Abo F i e l d , located i n Eddy County, New Mexico, and 
also acknowledges receipt of a counterpart of an instrument 
t i t l e d "Unit Operating Agreement, Empire Abo Unit, Eddy County, 
New Mexico", dated as of the f i r s t day of October, 1972. 

The undersigned i s the owner of a working i n t e r e s t , r o y a l t y 
i n t e r e s t or i n t e r e s t as "Lessee of Record" i n Tract No. 79 as 
described i n Exhibits "A" and "B" of the Unit Agreement and Unit 
Operating Agreement, which t r a c t has not been included i n the 
Unit for f a i l u r e of execution by s u f f i c i e n t working i n t e r e s t 
owners to q u a l i f y the t r a c t and i t i s now desired to commit said 
t r a c t to the Unit Agreement. 

The Unit Agreement and ths Unit Operating Agreement provide 
that any person may become a party to the agreements by signing 
the o r i g i n a l , counterpart, or other instrument which evidences 
an i n t e n t i o n to be bound by the terms of such agreements. 

NOW, THEREFORE, each undersigned party agrees to become a 
party to and be bound by the provisions of the Unit Agreement 
and the Unit Operating Agreement (where such party i s the owner 
of a working i n t e r e s t ) as to the i n t e r e s t of the undersigned of 
whatsoever nature, whether as a r o y a l t y i n t e r e s t , a working 
i n t e r e s t or an i n t e r e s t as "Lessee of Record" i n Tract No. 79 
as described i n Exhibits "A" and "B" of the Unit Agreement. 
The undersigned agrees that the pa r t i e s to the Unit Agreement 
and the Unit Operating Agreement are those that signed the 
o r i g i n a l s , any counterparts of said instruments or any i n s t r u 
ment which evidences an i n t e n t i o n to be so bound. 

I t i s understood that commitment of the above t r a c t w i l l 
be on the same basis of p a r t i c i p a t i o n as provided i n the o r i g i n a l 
Unit Agreement subject to approval (by b a l l o t ) of working i n t e r e s t 
owners of not less than 65% of: the Unit P a r t i c i p a t i o n now i n e f f e c t 
and approval by the Commissioner of Public Lands of the State of 
New Mexico and the Supervisor, United States Geological Survey, 
and s h a l l become e f f e c t i v e as of the f i r s t day of the month 
follow i n g the f i l i n g with the Land Commissioner and the Super
vis o r of duly executed counterparts of a l l documents necessary 
to establish e f f e c t i v e commitment, as provided i n Section 32 
of the Unit Agreement. _ 

EXECUTED as of the / / ^ day p f F 1975. 

Name Interest (%) Address 

C K- K Petroleum, Tne. 18.75000 
G07 Midland N a t i o n a l Bank B i d e 
M i d l a n d , Tx. 79701 

by: • / ' 

Executive Vice President 

ATTEST: 



Name Inter est Address 

'"STATE OF J~&XA± ) 

COUNTY OF 0^x^,3 ) 

The foregoing instrument was acknowledged before me t h i s 
/ / r £ day of , 1975, by ur. E> *?c? J £/ , 

/>; A^CI/^ /£»«- corporation, on behalf of said corporation. 

My commission expires: 
Notary 'Publ ic i n and f o r 

1 1 Midland County, Texas 

STATE OF ) 

COUNTY OF ) 

The foregoing instrument was acknowledged before me t h i s 
day of , 1975, by 

My commission expires: 
Notary Public i n and for 

STATE OF ) 

COUNTY OF ) 

The foregoing instrument was acknowledged before me t h i s 
day of , 1975, by __ 

My commission expires: 
Notary Public in"and"for 

-2-



SPECIAL JOINDER 

TO UNIT OPERATING AGREEMENT AND UNIT AGREEMENT 

EMPIRE A30 UNIT 

(Tract No. 79) 

EDDY COUNTY, NEW MEXICO 

The undersigned, as an owner of both working i n t e r e s t s and 
r o y a l t y i n t e r e s t s acknowledges receipt of a counterpart of an 
instrument t i t l e d "Unit Agreement, Empire Abo Unit, Eddy County, 
New Mexico", dated as of the f i r s t day of October, 1972, pro
v i d i n g for the conduct of u n i t operations i n the Abo formation 
of the Empire Abo F i e l d , located in Eddy County, New Mexico, and 
also acknowledges rec e i p t of a counterpart of an instrument 
t i t l e d "Unit Operating Agreement, Empire Abo Unit, Eddy County, 
New Mexico", dated as of the f i r s t day of October, 1972. 

The undersigned i s the owner of a working i n t e r e s t , r o y a l t y 
i n t e r e s t or i n t e r e s t as "Lessee of Record" i n Tract No. 79 as 
described i n Exhibits "A" and "B" of the Unit Agreement and Unit 
Operating Agreement, which t r a c t has not been included i n the 
Unit for. f a i l u r e of execution by s u f f i c i e n t working i n t e r e s t 
owners to q u a l i f y the t r a c t and i t i s now desired to commit said 
t r a c t to the Unit Agreement. 

The Unit Agreement and the Unit Operating Agreement provide 
th a t any person may become a party to the agreements by signing 
the o r i g i n a l , counterpart, or other instrument which evidences 
an i n t e n t i o n to be bound by the terms of such agreements. 

NOW, THEREFORE, each undersigned party agrees to become a 
party to and be bound by the provisions of the Unit Agreement 
and the Unit Operating Agreement (where such party i s the owner 
of a working i n t e r e s t ) as to the i n t e r e s t of the undersigned of 
whatsoever nature, whether as a r o y a l t y i n t e r e s t , a working 
i n t e r e s t or an i n t e r e s t as "Lessee of Record" i n Tract No. 79 
as described i n Ex h i b i t s "A" and "B" of the Unit Agreement. 
The undersigned agrees that the p a r t i e s to the Unit Agreement 
and the Unit Operating Agreement are those that signed the 
o r i g i n a l s , any counterparts of said instruments or any i n s t r u 
ment which evidences an i n t e n t i o n to be so bound. 

I t i s understood that commitment of the above t r a c t w i l l 
be on the same basis of p a r t i c i p a t i o n as provided i n the o r i g i n a l 
Unit Agreement subject to approval (by b a l l o t ) of working i n t e r e s t 
owners of not less than 65% of the Unit P a r t i c i p a t i o n now in effec 
and approval by the Commissioner of Public Lands of the State of 
New Mexico and the Supervisor, United States Geological Survey, 
and s h a l l become e f f e c t i v e as of the f i r s t day of the month 
fo l l o w i n g the f i l i n g with the Land Commissioner and the Super
visor of duly executed counterparts of a l l documents necessary 
to e s t a b l i s h e f f e c t i v e commitment, as provided i n Section 32 
of the Unit Agreement. 

< / - >' 

EXECUTED as of the V day of ' ~ " ' , 1975. 

Name 

C a r o l y n Kay L i s l e 
(A marr ied woman d e a l i n g i n her 
so le and separate p r o p e r t y ) 

I n t e r e s t (%) Addross 

3039-Ptnehley Lane 
JL.L23Q0 J[U\lauMiu_C^y^_£LKlll hoina_7 3 bgp 



Name Inte r e s t Address 

STATE OF ) 

COUNTY OF ) 

The foregoing instrument was acknowledged before me t h i s 
day of , 1975, by , 

, of , a 
. corporation, on behalf of said corporation, 

My commission expires: 
Notary Public i n and fo r 

STATE OF OKLAHOMA ) 

COUNTY OF OKLAHOMA ) 

~ The foregoing instrument was acknowledged before me this 
day of A^,,..si- * 1975, by \}*uL; K*, L.-s/<. 

My commission expires: v-UA^-a jJ^fx^=^.\~ '\° \ 
Notary Public i n and f o r : . c>v;^ 

2̂ -X"1-~v7 Oklahoma County, Oklahoma 

STATE OF ) 

COUNTY OF ) 

The foregoing instrument was acknowledged before me this 
day of , 1975, by 

My commission expires: 
Notary Public i n and for 

-2-



TO UNIT OPERATING AGREEMENT ANN UN I ̂ l-^Si ̂ I ^ I l 1 Mlil1' 

EMPIRE ADO UNIT 

( T r a c t No. 79) 

EDDY COUNTY, NEW MEXICO 

The undersigned, as 
r o y a l t y i n t e r e s t s acknowl 
in s t r u m e n t t i t l e d " U nit A 
New Mexico", dated as of 
v i d i n g f o r the conduct of 
of the Empire Abo F i e l d , 
also acknowledges r e c e i p t 
. t i t l e d " U n i t Operating Ag 
New Mexico", dated as of 

an owner of both 
edges r e c e i p t of 
greement, Empire 
the f i r s t day of 
u n i t o p e r a t i o n s 

l o c a t e d i n Eddy 
of a counter par 

rcement, Empire 
the f i r s t day o f 

and i n t e r e s t s 
c o u n t e r p a r t of an 

Un i t , Eddy County, 
a 
Abo 
October 
i n the 

County, 
t of an 
Abo U n i t , 
October, 

, 1972, pro-
Abo f o r m a t i o n 
Nev; Mexico, and 
instrument 

Eddy 
1972. 

County, 

The undersigned i s the owner of a working i n t e r e s t , r o y a l t y 
i n t e r e s t or i n t e r e s t as "Lessee of Record" i n Tra c t No. 79 as 
described i n E x h i b i t s "A" and "B" of the Unit Agreement and Un i t 
Operating Agreement, which t r a c t has not been included i n the 
Un i t f o r f a i l u r e of execution by s u f f i c i e n t working i n t e r e s t 
owners to q u a l i f y tha t r a c t and i t i s now de s i r e d to commit said 
t r a c t to the Un i t Agreement. 

The U n i t Agreement and the U n i t Operating Agreement provide 
t h a t any person may become a p a r t y to the agreements by s i g n i n g 
the o r i g i n a l , c o u n t e r p a r t , or other instrument which evidences 

to be K on by e n r - h 
U ' - j i. V— v_ H I A 1 \_ * 

NOW, THEREFORE, each undersigned p a r t y agrees to become a 
p a r t y to and be bound by the p r o v i s i o n s of the Un i t Agreement 
and the U n i t Operating Agreement (where such p a r t y i s the owner 
of a working i n t e r e s t " ) as to the i n t e r e s t of the undersigned of 
whatsoever n a t u r e , whether as a r o y a l t y i n t e r e s t , a working 
i n t e r e s t or an i n t e r e s t as "Lessee o f Record" i n Tract No. 79 
as described i n E x h i b i t s "A" and "B" of the Un i t Agreement. 
The undersigned agrees t h a t the p a r t i e s to the Un i t Agreement 
and the U n i t Operating Agreement are those t h a t signed the 
o r i g i n a l s , any c o u n t e r p a r t s of said instruments or any i n s t r u 
ment which evidences an i n t e n t i o n to be so bound. 

I t i s understood t h a t commitment of the above t r a c t w i l l 
be on the same basis of p a r t i c i p a t i o n as provided i n the o r i g i n a l 
U n i t Agreement s u b j e c t to approval (by b a l l o t ) o f working i n t e r e s t 
owners of not le s s than 65% of the Unit P a r t i c i p a t i o n now i n e f f e c 
and approval.by the Commissioner of Pub l i c Lands of the State of 
New Mexico and the Supervisor, United States Geological Survey, 
and s h a l l become e f f e c t i v e as of the f i r s t day of the month 
f o l l o w i n g tho f i l i n g w i t h the Land Commissioner and the Super
v i s o r of du l y executed c o u n t e r p a r t s of a l l documents necessary 
to e s t a b l i s h e f f e c t i v e commitment, as provided i n Section 32 
of the U n i t Agreement. 

EXECUTED as of the 

Name 

day of 

I n t e r e s t (%) 

197! 

Address 

jS_am<2lLaiuO i l . '»Corno r a t i o n _ 19, 9642 9_ 

President 

Attest': 

, Cut*' 



Name Int e r e s t Address 

STATE OF 0\c\fcVv<SN-v^ ) 

COUNTY OF ^oJ^V-^CV-- ) 

The foregoing instrument was acknowledged before me this 
^Vrs). daY of ,^\^A.^S - 1975. by 

' ^-CLAJTM! 

corpora t ion , on behalf of said corpora t ion . 

v//^>lyV.ebmm i ss ion expires : 
Notafry Public in and—for 
Carter County, Oklahoma 

STATE OF 

COUNTY OF ) 

The foregoing instrument was acknowledged before me t h i s 
day of , 1975, by 

My commission expires: 
Notary Public m and for 

STATE OF 

COUNTY OF ) 

The foregoing instrument was acknowledged before me t h i s 
day of , 1975, by 

My commission expires: 
Notary Public i n and for 
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SPECIAL JOINDER 

TO UNIT OPERATING AGREEMENT AMD UNIT AGREEMENT 

EMPIRE ABO UNIT 

(Tract No. 79) 

EDDY COUNTY, NEW MEXICO 

Trie undersigned, as an owner of both working i n t e r e s t s and 
r o y a l t y i n t e r e s t s acknowledges receipt of a counterpart of an 
instrument t i t l e d "Unit Agreement, Empire Abo Unit, Eddy County, 
New Mexico", dated as of the f i r s t day of October, 1972, pro
v i d i n g for the conduct of u n i t operations i n the Abo formation 
of the Empire Abo F i e l d , located in Eddy County, Nev/ Mexico, and 
also acknowledges rec e i p t of a counterpart of an instrument 
t i t l e d "Unit Operating Agreement, Empire Abo Unit, Eddy County, 
New Mexico", dated as of the f i r s t day of October, 1972. 

The undersigned i s the owner of a working i n t e r e s t , r o y a l t y 
i n t e r e s t or i n t e r e s t as "Lessee of Record" i n Tract No. 79 as 
described i n Exhibits "A" and "B" of the Unit Agreement and Unit 
Operating Agreement, which t r a c t has not been included i n the 
Unit for f a i l u r e of execution by s u f f i c i e n t working i n t e r e s t 
owners to q u a l i f y the t r a c t and i t i s now desired to commit said 
t r a c t to the Unit Agreement. 

The Unit Agreement and the Unit Operating Agreement provide 
t h a t any person may become a party to the agreements by signing 
the o r i g i n a l , counterpart, or other instrument which evidences 
an i n t e n t i o n to be bound by the terms of such agreements. 

NOW, THEREFORE, each undersigned party agrees to become a 
party to and be bound by the provisions of the Unit Agreement 
and the Unit Operating Agreement (where such party i s the owner 
of a working i n t e r e s t ) as to the i n t e r e s t of the undersigned of 
whatsoever nature, v/hether as a r o y a l t y i n t e r e s t , a working 
i n t e r e s t or an i n t e r e s t as "Lessee of Record" i n Tract No. 79 
as described i n Ex h i b i t s "A" and "B" of the Unit Agreement. 
The undersigned agrees that the p a r t i e s to the Unit Agreement 
and the Unit Operating Agreement are those that signed the 
o r i g i n a l s , any counterparts of said instruments or any i n s t r u 
ment which evidences an i n t e n t i o n to be so bound. 

I t i s understood that commitment of the above t r a c t w i l l 
be on the same basis of p a r t i c i p a t i o n as provided i n the o r i g i n a l 
Unit Agreement subject to approval (by b a l l o t ) of working i n t e r e s t 
owners of not less than 65% of the Unit P a r t i c i p a t i o n now i n e f f e c t 
and approval by the Commissioner of Public Lands of the State of 
New Mexico and the Supervisor, United States Geological Survey, 
and s h a l l become e f f e c t i v e as of the f i r s t day of the month 
f o l l o w i n g the f i l i n g with the Land Commissioner and the Super
vi s o r of duly executed counterparts of a l l documents necessary 
to e s t a b l i s h e f f e c t i v e commitment, as provided i n Section 32 
of the Unit Agreement. 

. EXECUTED as of the 8th day of August , 1975. 

Name I n t e r e s t (%) Address 

P. 0. Box 3092 
Houston, Texas 77001 



Name Interest Address 

STATE OF ) 

COUNTY OF ' ̂  v- N <. - > ) 

SL 
The foregoing instrument was acknowledged before me t h i s 

day JOHN W. PHENICIE 

corporation, on behalf of said corporation. 

"My/ commission expires: 
.. v. 
\ / 

— • .-" DOROTHY E. MIDDLETO'N 
Npt?ry pnhlin in and for Harric County, Texas 
..My Commission Fxpirec ,f. - / ,/ 

Notary Public in and f o r 
H a r r i s County, Texas 

STATE OF 

COUNTY OF ) 

The foregoing instrument was acknowledged before me t h i s 
day of , 1975, by 

My commission expires: 
Notary Public i n and for 

STATE OF 

COUNTY OF ) 

The foregoing instrument was acknowledged before me t h i s 
day of , 1975, by 

My commission expires: 
Notary Public i n and for 
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SPECIAL JOINDER 

TO UNIT OPERATING AGREEMENT AND UNIT AGREEMENT 

EMPIRE ABO UNIT 

(Tract No. 79) 

EDDY COUNTY, NEW MEXICO 

Trie undersigned, as an owner of both working i n t e r e s t s and 
r o y a l t y i n t e r e s t s acknowledges receipt of a counterpart of an 
instrument t i t l e d "Unit Agreement, Empire Abo Unit, Eddy County, 
New Mexico", dated as of the f i r s t day of October, 1972, pro
v i d i n g for the conduct of u n i t operations i n the Abo formation 
of the Empire Abo F i e l d , located i n Eddy County, New Mexico, and 
also acknowledges receipt of a counterpart of an instrument 
t i t l e d "Unit Operating Agreement, Empire Abo Unit, Eddy County, 
New Mexico", dated as of the f i r s t day of October, 1972. 

The undersigned i s the owner of a working i n t e r e s t , r o y a l t y 
i n t e r e s t or i n t e r e s t as "Lessee of Record" i n Tract No. 79 as 
described i n Exhibits "A" and "B" of the Unit Agreement and Unit 
Operating Agreement, which t r a c t has not been included i n the 
Unit for f a i l u r e of execution by s u f f i c i e n t working i n t e r e s t 
owners to q u a l i f y the t r a c t and i t i s now desired to commit said 
t r a c t to the Unit Agreement. 

The Unit Agreement and the Unit Operating Agreement provide 
th a t any person may become a party to the agreements by signing 
the o r i g i n a l , counterpart, or other instrument which evidences 
an i n t e n t i o n to be bound by the terms of such agreements. 

NOW, THEREFORE, each undersigned party agrees to become a 
party to and be bound by the provisions of the Unit Agreement 
and the Unit Operating Agreement (v/here such party i s the owner 
of a working i n t e r e s t ) as to the i n t e r e s t of the undersigned of 
whatsoever nature, whether as a r o y a l t y i n t e r e s t , a working 
i n t e r e s t or an i n t e r e s t as "Lessee of Record" i n Tract No. 79 
as described i n Ex h i b i t s "A" and "B" of the Unit Agreement. 
The undersigned agrees th a t the p a r t i e s to the Unit Agreement 
and the Unit Operating Agreement are those that signed the 
o r i g i n a l s , any counterparts of said instruments or any i n s t r u 
ment which evidences an i n t e n t i o n to be so bound. 

I t i s understood that commitment of the above t r a c t w i l l 
be on the same basis of p a r t i c i p a t i o n as provided i n the o r i g i n a l 
Unit Agreement subject to approval (by b a l l o t ) of working i n t e r e s t 
owners of not less than 65% of the Unit P a r t i c i p a t i o n now i n e f f e c t 
and approval by the Commissioner of Public Lands of the State of 
New Mexico and the Supervisor, United States Geological Survey, 
and s h a l l become e f f e c t i v e as of the f i r s t day of the month 
f o l l o w i n g the f i l i n g with the Land Commissioner and the Super
vis o r of duly executed counterparts of a l l documents necessary 
to e s t a b l i s h e f f e c t i v e commitment, as provided i n Section 32 
of the Unit Agreement. 

EXECUTED as of 1975. 

Name I n t e r e s t (%) Address 

1.04167 P. O. Box 3106. Midland. Texas 797C1 

JC. L. Fouch 

Delphia 7 Fouch, wife of K. L. Fouch 



Name Int e r e s t Address 

STATE OF 

COUNTY OF ) 

The foregoing instrument was acknowledged before me t h i s 
day of , 1975, by , 

, of 
corpora t ion , on behalf of said co rpo ra t ion . 

My commission expires : 
Notary Public i n and f o r 

STATE OF , K .J 

COUNTY OF 

^? The foregoing instrument was acknowledged before me this 
J f r r O day of _^£L^p • 1975, by ^AryOA 

' My ^commission expires: 
tJota^y Pubdic i n and fo r 

Childress County, Texas 

STATE OF / c ^ 

COUNTY OF 

The foregoing _instr ument was acknowledged be"fore.me t h i 
Tffls day of .* 1975, by _ J U ^ £ ^ ^ ^ ^ A 

My commission expires: 
Notary^/Pub^c i n and fo 

Childress County, Texas 

- 2 -



SPECIAL JOINDER 

TO UNIT OPERATING AGREEMENT AMD UNIT AGREEMENT 

EMPIRE ABO UNIT 

(Tract No. 79) 

EDDY COUNTY, NEW MEXICO 

The undersigned, as an owner of both working i n t e r e s t s and 
r o y a l t y i n t e r e s t s acknowledges receipt of a counterpart of an 
instrument t i t l e d "Unit Agreement, Empire Abo Unit, Eddy County, 
New Mexico", dated as of the f i r s t day of October, 1972, pro
vid i n g for the conduct of u n i t operations in the Abo formation 
of the Empire Abo F i e l d , located i n Eddy County, New Mexico, and 
also acknowledges receipt of a counterpart of an instrument 
t i t l e d "Unit Operating Agreement, Empire Abo Unit, Eddy County, 
New Mexico", dated as of the f i r s t day of October, 1972. 

The undersigned i s the owner of a working i n t e r e s t , r o y a l t y 
i n t e r e s t or i n t e r e s t as "Lessee of Record" i n Tract No. 79 as 
described i n Exhibits "A" and "B" of the Unit Agreement and.Unit 
Operating Agreement, which t r a c t has not been included in the 
Unit for f a i l u r e of execution by s u f f i c i e n t working i n t e r e s t 
owners to q u a l i f y the t r a c t and i t i s now desired to commit said 
t r a c t to the Unit Agreement. 

The Unit Agreement and the Unit Operating-'Agreement provide 
that any person may become a party to the agreements by signing 
the o r i g i n a l , counterpart, or other instrument which evidences 
an i n t e n t i o n to be bound by the terms of such agreements. 

NOW, THEREFORE, each undersigned party agrees to become a 
party to and be bound by the provisions of the Unit Agreement 
and the Unit Operating Agreement (where such party i s the owner 
of a working i n t e r e s t ) as to the i n t e r e s t of the undersigned of 
whatsoever nature, whether as a r o y a l t y i n t e r e s t , a working 
i n t e r e s t or an i n t e r e s t as "Lessee of Record" i n Tract No. 79 
as described in E x h i b i t s "A" and "B" of the Unit Agreement. 
The undersigned agrees that the parties to the Unit Agreement 
and the Unit Operating Agreement are those that signed the 
o r i g i n a l s , any counterparts of said instruments or any i n s t r u 
ment which evidences an i n t e n t i o n to be so bound. 

I t i s understood that commitment of the above t r a c t w i l l 
be on the same basis of p a r t i c i p a t i o n as provided i n the o r i g i n a l 
Unit Agreement subject to approval (by b a l l o t ) of working i n t e r e s t 
owners of not less than 65% of the Unit P a r t i c i p a t i o n now in e f f e c t 
and approval by the Commissioner of Public Lands of the State of 
New Mexico and the Supervisor, United States Geological Survey, 
and s h a l l become e f f e c t i v e as of the f i r s t day of the month 
fo l l o w i n g the f i l i n g with the Land Commissioner and the Super- -
visor of duly executed counterparts of a l l documents necessary 
to e s t a b l i s h e f f e c t i v e commitment, as provided i n Section 32 
of the Unit Agreement. 

• Name 

EXECUTED as of the / c< day of 

In t e r e s t (%) 

1975. 

1504 Bodford D r i v e 

Ma^y Ann Treadwel l 
(A mar r i ed woman d e a l i n g i n her 
so le and separate p r o p e r t y ) 



Name Int e r e s t Address 

STATE OF ) 

COUNTY OF ) 

The foregoing instrument was acknowledged before me t h i s 
day of , 1975, by , 

, of , a 
. corporation, on behalf of said corporation. 

My commission expires: 
Notary Public in and fo r 

STATE 0 F ( 3 ^ ^ ^ ^ - ^ ^ ) 

COUNTY OF (V^L^^_J^_^^^ ) 

' wV^The foregoing^Lnstrument was acknowledged before me this 
-/p day of q U ^ c ^ i , 1975, by L/9?^>f /t^,^J 

"o ^ 
; -My • Gommission expires: / V &~-t^€.^L^. 
toidtrnJ^W^^^^ Notary Public i n and f o r / / 
1? WWB»-»" ""^ Mineral County, Colorado w 

STATE OF ) 

COUNTY OF ) 

The f o r e g o i n g i n s t rumen t was acknowledged b e f o r e me t h i s 
day o f , 1975, by 

My commission expires: 
Notary Public m and for 



SPECIAL JOINDER 

TO UNIT OPERATING AGREEMENT AND UNIT AGREEMENT 

EMPIRE ABO UNIT 

(Tract No. 79) 

EDDY COUNTY, NEW MEXICO 

Trie undersigned, as an owner of both working i n t e r e s t s and 
r o y a l t y i n t e r e s t s acknowledges receipt of a counterpart of an 
instrument t i t l e d "Unit Agreement, Empire Abo Unit, Eddy County, 
New Mexico", dated as of the f i r s t day of October, 1972, pro
v i d i n g for the conduct of u n i t operations i n the Abo formation 
of the Empire Abo F i e l d , located in Eddy County, New Mexico, and 
also acknowledges receipt of a counterpart of an instrument 
t i t l e d "Unit Operating Agreement, Empire Abo Unit, Eddy County, 
New Mexico", dated as of the f i r s t day of October, 1972. 

The undersigned i s the owner of a working i n t e r e s t , r o y a l t y 
i n t e r e s t or i n t e r e s t as "Lessee of Record" i n Tract No. 79 as 
described in Exhibits "A" and "B" of the Unit Agreement and Unit 
Operating Agreement, which t r a c t has not been included in the 
Unit for f a i l u r e of execution by s u f f i c i e n t working i n t e r e s t 
owners to q u a l i f y the t r a c t and i t i s now desired to commit said 
t r a c t to the Unit Agreement. 

The Unit Agreement and the Unit Operating Agreement provide 
th a t any person may become a party to the agreements by signing 
the o r i g i n a l , counterpart, or other instrument which evidences 
an i n t e n t i o n to be bound by the terms of such agreements. 

NOW, THEREFORE, each undersigned party agrees to become a 
party to and be bound by the provisions of the Unit Agreement 
and the Unit Operating Agreement {where such party i s the owner 
of a working i n t e r e s t ) as to the i n t e r e s t of the undersigned of 
whatsoever nature, whether as a ro y a l t y i n t e r e s t , a working 
i n t e r e s t or an i n t e r e s t as "Lessee of Record" i n Tract No. 79 
as described i n E x h i b i t s "A" and "B" of the Unit Agreement. 
The undersigned agrees that the p a r t i e s to the Unit Agreement 
and the Unit Operating Agreement are those that signed the 
o r i g i n a l s , any counterparts of said instruments or any i n s t r u 
ment which evidences an i n t e n t i o n to be so bound. 

I t i s understood that commitment of the above t r a c t w i l l 
be on the same basis of p a r t i c i p a t i o n as provided i n the o r i g i n a l 
Unit Agreement subject to approval (by b a l l o t ) of working i n t e r e s t 
owners of not less than 65% of the Unit P a r t i c i p a t i o n now in e f f e c t 
and approval by the Commissioner of Public Lands of the State of 
New Mexico and the Supervisor, United States Geological Survey, 
and s h a l l become e f f e c t i v e as of the f i r s t day of the month 
fo l l o w i n g the f i l i n g with the Land Commissioner and the Super
vis o r of duly executed counterparts of a l l documents necessary 
to e s t a b l i s h e f f e c t i v e commitment, as provided i n Section 32 
of the Unit Agreement. 

EXECUTED as of the 9th day of August , 1975. 

Name I n t e r e s t (%) Address 

0.26042 Route 1, Thorndale, Texas 76577 



STATE OF ) 

COUNTY OF 

The foregoing instrument was acknowledged before me t h i s 
day of , 1975, by 

My commission expires: 
Notary Pu b l i c ~ i n and for 

STATE OF TEXAS ) 

COUNTY OF TARRANT ) 

The foregoing instrument was acknowledged before me this 
-4^4 d a Y °f <O^^J- 1"5, by CL^gJzL 

My commission expires: (^Ift/iy, 
.CAROLYN REDDING, Notary pN_i?ary PublTc^in alld -for 

Jnandfor Tarrant County, Texas Tarranty County, Texas 
IS? ClMumisslon Expires June 1, 1977 .̂ 



SPEC IA IJ JOINDER 

TO UNIT OPERATING AGREEMENT AMD UNIT AGREEMENT 

EMPIRE ABO UNIT 

( T r a c t No. 79) 

EDDY COUNTY, NEW MEXICO 

The undersigned, as an owner of both working i n t e r e s t s and 
r o y a l t y i n t e r e s t s acknowledges r e c e i p t of a c o u n t e r p a r t of an 
ins t r u m e n t t i t l e d " U n i t Agreement, Empire Abo U n i t , Eddy County, 
New Mexico", dated as of the f i r s t day of October, 1972, pro
v i d i n g f o r the conduct of u n i t o p e r a t i o n s i n the Abo f o r m a t i o n 
o f the Empire Abo F i e l d , l o c a t e d i n Eddy County, New Mexico, and 
also acknowledges r e c e i p t of a c o u n t e r p a r t of an ins t r u m e n t 
t i t l e d " U n i t Operating Agreement, Empire Abo U n i t , Eddy County, 
New Mexico", dated as of the f i r s t day o f October, 1972. 

The undersigned i s the owner of a working i n t e r e s t , r o y a l t y 
i n t e r e s t or i n t e r e s t as "Lessee of Record" i n T r a c t No. 79 as 
des c r i b e d i n E x h i b i t s "A" and "B" of the U n i t Agreement and Un i t 
Operating Agreement, which t r a c t has not been included i n the 
U n i t f o r f a i l u r e of execu t i o n by s u f f i c i e n t working i n t e r e s t 
owners to q u a l i f y the t r a c t and i t i s now des i r e d to commit said 
t r a c t t o the U n i t Agreement. 

The U n i t Agreement and the U n i t Operating Agreement provide 
t h a t any person may become a p a r t y to the agreements by s i g n i n g 
the o r i g i n a l , c o u n t e r p a r t , or other instrument which evidences 
an i n t e n t i o n to be bound by the terms of such agreements. 

NOW, THEREFORE, each undersigned p a r t y agrees to become a 
p a r t y to and be bound by the p r o v i s i o n s of the U n i t Agreement 
and the U n i t Operating Agreement (where such p a r t y i s the owner 
of a working i n t e r e s t ) as to the i n t e r e s t of the undersigned of 
whatsoever n a t u r e , whether as a r o y a l t y i n t e r e s t , a working 
i n t e r e s t or an i n t e r e s t as "Lessee of Record" i n T r a c t No. 79 
as described i n E x h i b i t s "A" and "B" of the. U n i t Agreement. 
The undersigned agrees t h a t the p a r t i e s to the U n i t Agreement 
and the U n i t Operating Agreement are those t h a t signed the 
o r i g i n a l s , any c o u n t e r p a r t s of said instruments or any i n s t r u 
ment which evidences an i n t e n t i o n to be so bound. 

I t i s understood t h a t commitment of the above t r a c t w i l l 
be on the same basis of p a r t i c i p a t i o n as provided i n the o r i g i n a l 
U n i t Agreement s u b j e c t to approval (by b a l l o t ) of working i n t e r e s t 
owners of not l e s s than 65% of the Un i t P a r t i c i p a t i o n now i n e f f e c t 
and approval by the Commissioner of Pu b l i c Lands of the State of 
New Mexico and the Supervisor, United States G e o l o g i c a l Survey, 
and s h a l l become e f f e c t i v e as of the f i r s t day of the month 
f o l l o w i n g the f i l i n g w i t h tho Land Commissioner and the Super
v i s o r of duly executed c o u n t e r p a r t s of a l l documents necessary 
to e s t a b l i s h e f f e c t i v e commitment, as provided i n Section 32 
of the U n i t Agreement. 

EXECUTED as of the 197!; 

es t (%) Address 

P. 0. Box 5094, Midland,.,.Tc_xas 79701 

Gordon Marcum 

Marjorie S. Marcum,'wife of 
Gordon Marcum 



Name Inte r e s t Address 

STATE OF ) 

COUNTY OF ) 

The foregoing instrument was acknowledged before me t h i s 
day of , 1975, by , 

, of , a 
corporation, on behalf of said corporation. 

My commission expires: 
Notary Public i n and fo r 

STATE OF 

COUNTY OF -( ' ' • > 

The foregoing instrument was acknowledged before me t h i s 
day of 

My commission expires: 

f . * 7-7 ' 

, 1975, by Ut-^t'c* /• '. ',< / >' • . <--<̂ 
Nota ry P u b l i c m and f o r 
Midland County, Texas 

STATE OF ~f~<U^ ) 
' . ' / ' • 

COUNTY OF r 1 ~<- -<' •< ) 

,T n e foregoing instrument was acknowledged before me t h i s 
- -5 '

: , v day of , 1975, by ,*/'... i.. '> 

My commission expires: 
si ^ , <*,</ 

Notary P u b l i c i n and f o r 
Midland County, Texas 

- 2 -



SPECIAL JOINHER 

TO UNIT OPERATING AGREEMENT AMD UNIT AGREEMENT 

EMPIRE ABO UNIT 

( T r a c t No. 79) 

EDDY COUNTY, NEW MEXICO 

The undersigned, as an owner of both working i n t e r e s t s and 
r o y a l t y i n t e r e s t s acknowledges r e c e i p t of a c o u n t e r p a r t of an 
i n s t r u m e n t t i t l e d " U nit Agreement, Empire Abo U n i t , Eddy County, 
New Mexico", dated as of the f i r s t day of October, 1972, pro
v i d i n g f o r the conduct of u n i t o p e r a t i o n s i n the Abo f o r m a t i o n 
o f the Empire Abo F i e l d , l o c a t e d i n Eddy County, New Mexico, and 
also acknowledges r e c e i p t of a c o u n t e r p a r t of an instrument 
t i t l e d " U n i t Operating Agreement, Empire Abo U n i t , Eddy County, 
New Mexico", dated as of the f i r s t day o f October, 1972. 

The undersigned i s the owner of a working i n t e r e s t , r o y a l t y 
i n t e r e s t or i n t e r e s t as "Lessee of Record" i n T r a c t No. 79 as 
described i n E x h i b i t s "A" and "B" of the U n i t Agreement and U n i t 
Operating Agreement, which t r a c t has not been included i n the 
U n i t f o r f a i l u r e of execution by s u f f i c i e n t working i n t e r e s t 
owners to q u a l i f y the t r a c t and i t i s now d e s i r e d to commit said 
t r a c t to the U n i t Agreement. 

The U n i t Agreement and the U n i t Operating Agreement provide 
t h a t any person may become a p a r t y to the agreements by s i g n i n g 
the o r i g i n a l , c o u n t e r p a r t , or other instrument which evidences 
an i n t e n t i o n to be bound by the terms of such agreements. 

NOW, THEREFORE, each undersigned p a r t y agrees t o become a 
p a r t y to and be bound by the p r o v i s i o n s of the U n i t Agreement 
and the U n i t Operating Agreement (where such p a r t y i s the owner 
of a v/orking i n t e r e s t ) as to the i n t e r e s t o f the undersigned of 
whatsoever n a t u r e , whether as a r o y a l t y i n t e r e s t , a working 
i n t e r e s t or an i n t e r e s t as "Lessee of Record" i n T r a c t No. 79 
as described i n E x h i b i t s "A" and "B" of the U n i t Agreement. 
The undersigned agrees t h a t the p a r t i e s to the U n i t Agreement 
and the U n i t Operating Agreement are those t h a t signed the 
o r i g i n a l s , any c o u n t e r p a r t s of said instruments or any i n s t r u 
ment which evidences an i n t e n t i o n to be so bound. 

I t i s understood t h a t commitment of the above t r a c t w i l l 
be on the same basis of p a r t i c i p a t i o n as provided i n the o r i g i n a l 
U n i t Agreement s u b j e c t to approval (by b a l l o t ) o f working i n t e r e s t 
owners of not l e s s than 65% of the U n i t P a r t i c i p a t i o n now i n e f f e c t 
and approval by the Commissioner of P u b l i c Lands of the State of 
New Mexico and the Supervisor, United States G e o l o g i c a l Survey, 
and s h a l l become e f f e c t i v e as of the f i r s t day of the month 
f o l l o w i n g the f i l i n g w i t h tho Land Commissioner and the Super
v i s o r of d u l y executed c o u n t e r p a r t s of a l l documents necessary 
to e s t a b l i s h e f f e c t i v e commitment, as provided i n Section 32 
o f the U n i t Agreement. 



Name Inte r e s t Address 

STATE OF ) 

COUNTY OF ) 

The foregoing instrument was acknowledged before me t h i s 
day of , 1975, by , 

, of , a 
, corporation, on behalf of said corporation. 

My commission expires: 
Notary Public i n and for 

STATE OF 

COUNTY OF 

•Art. -O 

The foregoing instrument was acknowledged before me t h i s 
A 1- day of 
^--.t lit 

commission expires: 

, 1975, by 

Notary Public m and fo r 
Midland County, Texas 

STATE OF V ^ -

COUNTY OF ri^JJ-?—/' ) 

V- / f . v 

The foregoing instrument was acknowledged before me t h i s 
day of , 1975, by 

My' commission expires: 

/ -77. ' i f 
4d,. X, 

Notary Public i n and f o r 
Midland C ounty, Texas 

- 2 -



October 12, 1973 

Oi l Conservation Commission 
State of New Mexico 
P. 0. Box 2088 
Santa Fe, New Mexico 87501 

A t t e n t i o n : Mr. A . L . Po r t e r , J r . 
S e c r e t a r y - D i r e c t o r 

Re: Empire Abo U n i t 
Eddy County, New Mexico 

Gentlemen: 

We furnish you herewith the following items pertaining 
to the captioned Unit: 

1. Counterpart copy of Unit Agreement 
with A t l a n t i c Richfield Company's 
Joinder attached thereto. 

2. C e r t i f i e d copy of A f f i d a v i t pertaining 
to execution by Working Interest Owners. 

3. C e r t i f i e d copy of C e r t i f i c a t e of Effectivenes 

4. Copy of Exhibit "E" to the Unit Operating 
Agreement revised October 1, 1973, showing 
the Working Interest Owners and t h e i r 
p a r t i c i p a t i o n percentages as of the e f f e c t i v e 
date of the Unit. 

I f you desire further information, please advise. 

Very t r u l y y o u r s , 

William L. Embry 
Land Department 

WLE:jrb 

Enclosures 

cc: Mr. C. H. McClure 
Mr. J. R. Rhotenberry 
Mr. H. N. Burton 
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CERTIFICATE OF EFFECTIVENESS 
EMPIRE ABO UNIT 

EDDY COUNTY, NEW MEXICO 

WHEREAS, that certain Unit Agreement and Unit Operating Agreement, 
Empire Abo Unit Area, Eddy County, New Mexico, dated October 1, 1972, 
has been executed or r a t i f i e d by Working Interest Owners and Royalty 
Owners i n accordance with the terms and provisions of said Unit 
Agreement and a counterpart o r i g i n a l of said Unit Agreement has been 
f i l e d i n the o f f i c e of the County Clerk of Eddy County, New Mexico, 
and now appears of record i n Book/f^, Page of the Miscellaneous 
Records of said o f f i c e ; and 

WHEREAS, the Unit Agreement was approved by the O i l Conservation 
Commission of the State of New Mexico on June 15, 1973, by the Commissioner 
of Public Lands of the State of New Mexico on September 14, 1973, and by 
the Area O i l and Gas Supervisor of the United States Geological Survey on 
September 20, 1973, and the Unit Agreement provides i n Section 23 thereof, 
that the agreement s h a l l become ef f e c t i v e on the f i r s t day of the calendar 
month next following the approval by the Supervisor, the Land Commissioner 
and the Commission; and 

WHEREAS, under the terms of Section 23 of the Unit Agreement, Unit 
Operator i s instructed, w i t h i n 30 days a f t e r the e f f e c t i v e date of the 
agreement, to f i l e f o r record a c e r t i f i c a t e to the ef f e c t that the 
agreement became e f f e c t i v e according to i t s terms and s t a t i n g f u r t h e r 
the e f f e c t i v e date; 

NOW THEREFORE, KNOW ALL MEN BY THESE PRESENTS: That A t l a n t i c 
R i c h f i e l d Company, the Unit Operator of the Empire Abo Unit, does hereby 
c e r t i f y and declare that i n accordance w i t h Section 23 of said Unit 
Agreement, said Unit became ef f e c t i v e as of October 1, 1973. 

IN WITNESS WHEREOF, A t l a n t i c Richfield Company, has executed t h i s 
c e r t i f i c a t e on t h i s / C day of October, 1973. 

ATIANTIC RICHFIELD COMPANY 

STATE OF TEXAS \ 

COUNTY OF MIDLAND { 

By 
Attorney-in-Fact 

itM.. 

The foregoing instrument was acknowledged before me this / { 
day of C~£ 1 (• 6- c t , 1973 by S. L . Smith, Attorney-in-Fact 
of ATIANTIC RICHFIELD COMPANY, a Pennsylvania corporation, on behalf of 
said corporation. 

My commission expires: 
) 

A ^--^i. I, hi 7"> 

/ ) 

Notary Public in and for 
Midland County, Texas 

CLARK'S CERTIFICATE 

Cer*1 

os a tru a or:d 

file in this oivLcsv 

STATE OP NEW MEXICO, County of Eddy, ss. Ihcrsby certify that 

.this instrument was filed for record oa the J.[Lz\\ly nt CVc-^*. 

2922. at o'clock S^M^imd duly recorded m Book 1?J... 

I ̂ B J D f the Eecords of J ^ f e ± * f = ^ * r > r « - ^ ^ 

copy or tns or;g:r:a! cn 

Clerk of siddy QSjfoty, N. Mex. 

MAHAFFEy^JBdiuity Clerk 

Deputy 



AFFIDAVIT CONCERNING 
THE EMPIRE ABO UNIT 

EDDY COUNTY, NEW MEXICO 

Before me, the undersigned authority, on t h i s / ' £ X h day of 
October, 1973, personally appeared William L. Embry, and f i r s t being 
by me duly sworn, upon his oath did depose and state; 

That A f f i a n t i s employed by A t l a n t i c R i c h f i e l d Company as a landman 
i n i t s o f f i c e s at Midland, Texas, and personally handled the sign up of 
the working i n t e r e s t executing or r a t i f y i n g that certain Unit Agreement 
and Unit Operating Agreement f o r the development and operation of the 
Empire Abo Unit Area, Eddy County, New Mexico dated October 1, 1972, 
and i s personally cognizant of the matters of fact herein stated; 

That said Unit Agreement covers the following described land 
situated i n Eddy County, New Mexico, to w i t : 

Township 17 South, Range 27 East, NMPM 
Section 34: S/2 SE/4 
Section 35: S/2 S/2 
Section 36: S/2 

Township 17 South, Range 28 East, NMPM 
Section 25: S/2, S/2 N/2 
Section 26: S/2, SE/4 NW/4, S/2 NE/4 
Section 27: S/2 
Section 28: SE/4 SE/4 
Section 31: S/2, S/2 N/2 
Section 32: S/2, NE/4 NW/4, S/2 NW/4, NE/4 
Section 33: A l l 
Section 34: A l l 
Section 35: N/2, N/2 S/2 
Section 36: SW/4 NW/4, N/2 NW/4 

Township 17 South, Range 29 East, NMPM 

Section 29: S/2 NW/4, N/2 SW/4 
Section 30: S/2 N/2, SW/4, N/2 SE/4 

Township 18 South, Range 27 East, NMPM 

Section 1: A l l 
Section 2: A l l 
Section 3: A l l 
Section 4: S/2 NE/4, SE/4, NE/4 SW/4, 
Section 8: SE/4 NE/4, E/2 SE/4 
Section 9: A l l 
Section 10: W/2, NE/4 
Section 11: NW/4, N/2 NE/4,SW/4 NE/4 
Section 12: N/2 NW/4 

Township 18 South, Range 27 East, NMPM 

Section 15: N/2 NW/4, SW/4 NW/4 
Section 16: N/2, SW/4, N/2 SE/4, SW/4 SE/4 
Section 17: NE/4 NE/4, S/2 NE/4, N/2 SE/4, NE/4 SW/4, SE/4 NW/4 

Township 18 South, Range 28 East, NMPM 

Section 4: N/2 N/2, SW/4 NW/4 
Section 5: N/2 

Section 6: N/2, SW/4, N/2 SE/4, SW/4 SE/4 

Containing 11,339.15 acres more or less; 



That said Unit Agreement was duly approved by the O i l Conservation 
Commission of the State of New Mexico, the Commissioner of Public Lands 
of the State of New Mexico and by the Area O i l and Gas Supervisor of the 
United States Geological Survey and became e f f e c t i v e as of October 1, 1973, 
at 7:00 a.m., that a duplicate o r i g i n a l copy of said Unit Agreement i s 
f i l e d f o r record i n the o f f i c e of the County Clerk of Eddy County, New 
Mexico, and now appears of record i n Book of the Miscellaneous 
Records of said o f f i c e ; that the following named persons and corporate parties 
owning working i n t e r e s t have joined and become bound by said Unit Agreement, 
to w i t : 

That the o r i g i n a l executed copies of the Joinders by the Working Interest 
Owners above named or shown i n the Exhibit attached hereto have not been f i l e d 
f o r record i n Eddy County, New Mexico, and i n l i e u of f i l i n g such instruments, 
t h i s a f f i d a v i t i s executed and i s being f i l e d of record i n the o f f i c e of 
County Clerk of Eddy County, New Mexico to give notice to a l l interested 
parties that such Working Interest Owners have become bound by the terms of 
said Unit Agreement and Unit Operating Agreement, and the o r i g i n a l copies of 
said Joinders may be examined by any interested person, or copies thereof 
obtained, by requesting same from A t l a n t i c Richfield Company at i t s o f f i c e s 
i n Midland, Texas. 

Further that o r i g i n a l Joinders executed by Royalty Owners to said Unit 
Agreement may also be examined by any interested person upon request of 
A t l a n t i c Richfield Company at i t s o f f i c e s i n Midland, Texas. 

Further A f f i a n t s a i t h not. 

SUBSCRIBED AND SWORN TO before me by the said William L. Embry 
t h i s / / ' day of October, 1973, to c e r t i f y which witness my hand and 
seal of o f f i c e . 

(As shown on Exhibit A - attached hereto) 

Company 

My commission expires: 
Notary Public i n and f o r 
Midland County, Texas 

STATE OF TEXAS 

COUNTY OF MIDLAND 

The foregoing instrument was acknowledged before me this /C~ 
day of October, 1973, by William L. Embry. 

My commission expires: 
n 



EXHIBIT "A" 

Abo Petroleum Corpo ra t i on 
Ernest Bryan Alexander T r u s t 
Amoco Produc t ion Company 
Rogers As ton 
Rogers As ton and The F i r s t N a t i o n a l Bank i n D a l l a s , 

Co-Trustees o f the "c" T r u s t s U/W o f Ber t A s t o n , Dec'd 
Rogers As ton , Trus tee f o r Charles A s t o n , U/W o f Esther As ton 
Rogers As ton , Trus tee f o r L i n c o l n As ton U/W o f Esther As ton 
A t l a n t i c R i c h f i e l d Company 
Robert E. B o l i n g and Mary L . B o l i n g 
John S. Brown 
Thomas C. Brown and Rosalynde A . Brown 
T . J . Brown and Joan S. Brown 
C & K Petroleum, I n c . 
Tracy C l a r k and Mary Jane C la rk 
C o n t i n e n t a l O i l Company 
Ben A . Copass, J r . 
James I . DeLoache and Mrs . James I . DeLoache 
DEPCO, I n c . 
Dixon & Yates O i l Company 
Carmen Edwards and Herber t C. Edwards, Sr . 
Exxon C o r p o r a t i o n 
F a i r O i l Company 
C o n t i n e n t a l I l l i n o i s N a t i o n a l Bank & T r u s t Company o f Chicago, 

Executor and Trus tee U/W o f W i l l i a m D. F lynn 
K. L . Fouch 
F r a n k l i n , As ton & F a i r , I n c . 
General American O i l Company o f Texas 
J u d i t h A . G i l c h r i s t and John T . G i l c h r i s t 
W a l t e r Granberry 
Gul f O i l C o r p o r a t i o n 
Ruth Hatch 
A . H. Hedden 
Margaret Holcomb 
Hondo O i l & Gas Company 
Husky O i l Company o f Delaware 
Tom L . Ingram and Joan L . Ingram 
Harold Kersey 
Lee D r i l l i n g Company 
Caro lyn Kay L i s l e 
Marathon O i l Company 
D e l t o n Marcum and LaVonne Marcum 
D e l t o n Marcum, Gordon Marcum and Dorothy M. T o p l i f f , Co-Executors 

and Co-Execu t r ix f o r the Esta te o f E l i z a b e t h H. Marcum 
Gordon Marcum and M a r j o r i e S. Marcum 
Thelma Methvin 
J . 0 . M i l l e r 
J . Hiram Moore and Be t t y Jane Moore, Trustees under Indenture 

o f T r u s t dated Ju ly 1 , 1971 between J . Hiram Moore and w i f e , 
B e t t y Jane Moore, as T r u s t o r s , and J . Hiram Moore, Be t t y Jane 
Moore and Michae l H a r r i s o n Moore, Trustees 

Hugh Munn and Mrs . Hugh Munn 
Myco I n d u s t r i e s , I n c . 
Eugene E. Nearburg 
A r t h u r L . Owen and Barbara B. Owen 
Pa r tne r sh ip P rope r t i e s Company 
Louis F . Polk and Paul ine Polk 
L . J . Reischman 
Joe G. Roper 
R u t t e r & Wilbanks Corpo ra t i on 
Samedan O i l C o r p o r a t i o n 
The Carlsbad N a t i o n a l Bank, Trus tee f o r the Es ta te o f 

N e l l e G. Scheur ich 
Maria Jo Schmid 
Seven O i l L t d . 
V i l a s P. Sheldon 



EXHIBIT "A" 

Walter Solt and Bernice Solt 
Sun O i l Company (Delaware) 
Tenneco O i l Company (as Lessee of Record only) 
Texas American O i l Company 
Dorothy T o p l i f f 
Mary Ann Treadwell 
Buddy F. Walker, In d i v i d u a l l y and as Executor of the Estate of 
B. F. Walker, Deceased 

Marjorie A. Walker, Widow and one of the two beneficiaries U/W 
of B. F. Walker, Deceased 

Joe A. Warren 
Anne Burnett Tandy Formerly Anne Burnett Windfohr 
R. H. Weaver, Independent Executor of the Estate of Beth 
Naomi Wilbanks, Deceased 

The F i r s t National Bank of Fort Worth, Trustee f o r Ann Va l l i a n t 
Burnett Windfohr Trust 

The F i r s t National Bank of Fort Worth, Co-executor of the W i l l 
of R. H. Windfohr (as Lessee of Record only) 

Harvey E. Yates 
John A. Yates 
Martin Yates, I I I 
S. P. Yates 
Yates Brothers 
Yates D r i l l i n g Company 
Yates Petroleum Corporation 
Robert H. Ziegler, Sr. 

JS a true and correct copy of tho original on 

CLERK'S CERTIFICATE 

:erftfisd this J J o f / $ t * / r . 1 9 J ? 5 £ ' 

STATE OF NEW MEXICO, Coun 

|]l]g instrument was £ilad for re 

•2-



E 
REVISED 

EXHIBIT 
To Unit Operating Agreement 

KM PI RE A150 UNIT 
Eddy County, New Mexico 

October 1, 1973 

Working I n t e r e s t Owner 
Unit P a r t i c i p a t i o n , Percent 
Phase I Phase i f 

Abo Peti'oleum Corporation 
C. H. Albaugh 
Ernest Bryan Alexander Trust 
Amoco Production Company 
Estate of B. Aston (C T r u s t ) 
Estate of Charles Aston 
Estate of L i n c o l n Aston 
Rogers Aston 

A t l a n t i c R i c h f i e l d Company 
George W. Baker 
Dedric D. Baxter 
Robert E. B o l i n g 
John E. Bourdeau 
Bascom W. Broaddus 
John S, Brown 
Thomas C. Brown 
T. J. Brown 
Cactus D r i l l i n g Corporation 
Castle and Wi g x e l l 
C & K Petroleum, Inc. 
C i t i e s Service O i l Company 
Tracy C l a r k 

C o n t i n e n t a l O i l Company 
Ben A. Copass, J r. 
R. G. Cox/D. L. Benscoter 
Bruce Cvampton 
Walter E. Crockett 
James I . DeLoache 
R. E. Davis 
Joe D, Denton 
Dopco, Inc. 
Dixon and Yates O i l Company 
Carmen Edwards 
Edward Egbert, M. D. 
Exxon Corporation 
F a i r O i l Company 
Estate of W. D. Flynn 
K. L. Fouch 
F r a n k l i n , Aston, h F a i r , Inc. 
General American O i l Company of Texas 
J u d i t h A. G i l c h r i s t 
Walter Cranberry 
Gulf O i l Company - U.S. 
Hanagan and Hanagan 
Hanover Planning Company 
Ruth Hatch 

.98399 
None 
None 

32.97286 
.17723 
.05907 
.05907 
.05907 

35.13712 

None 
None 
.03614 

None 
None 
.03614 
.02852 
.02852 

None 

None 
.38292 

None 
.01355 

1.06318 
.00579 

None 
None 
None 
.00113 

None 
None 

3.89638 
.22929 
.04374 

None 
4.12006 
.34982 
.21315 

None 
2.09888 
.54512 
.00571 
.06459 

1.95689 
None 
None 
.17490 

1.06829 
None 
None 

33.27167 
.20479 
.06828 
.06826 
.06826 

34.43666 
None 
None 
.02446 

None 
None 
.03565 
.02823 
.02823 

None 
None 
.37931 

None 
.01603 
.64249 
.00616 

None 
None 
None 
.00111 

None 
None 
3.82219 
.09589 
.05084 

None 

4.65685 
.40662 
.08222 

None 
2.43971 
.44520 
.00565 
.03423 

1.93396 
None 
None 
.20330 



REVISED 

EXHIBIT " l i " 

Page 2 

October 1, 1973 

W o r k i n g I n t e r e s t Owners 
U n i t P a r t i c i p a t i o n , P e r c e n t 
Phase I Phase I I 

A. H . Hedden 
/ - i n r r . , . . ! -
Vy . X ' , H C i l U C i B W l l 

Margaret Holcomb 
Husky O i l Company of Delaware 
Tom I , . Ingram 
James K. Jeanblanc 
Lindsey R. Jeanblanc 
Harold Kersey 
Fo M. Late 
Lee D r i l l i n g Company 
Carolyn Kay L i s l e 
Marathon O i l Company 
Delton Marcum 
El i z a b e t h H. Marcum 
Gordon Marcum 
L. S. Melzer 
L. B. Meaders 
Thelma Mothvin 
J. 0, M i l l e r 
J. Hiram Moore 
Hugh Munn 

Myco I n d u s t r i e s , I nc. 
Eugene L. Nearburg 
A r t h u r L. Owen 
Pa r t ne r sh i p Pro pe r t ies 
Penroc O i l Corporation 
Louis F. Polk 
James F. P r i t c h e t t 
L. Jo Reischman 
M. V. Roberts 
W. V. Roberts 
W. V. Roberts A/W FNB 
B i l l J. Rogers 
Joe G. Roper 
Rutter and Wilbanks Corporation 
John C. Ryan 
Samedan O i l Corporation 
Estate of Nelle G. Scheurich 
Maria Jo Schmid 
Seven O i l L t d . 
V i l a s P. Sheldon 
J e t t a L. Shewmake 
James B. Shewmake, Minor 
Signal O i l and Gas Company 
Walter S o l t 
Sun O i l Company 
Tenneco O i l Company 
Texas American O i l Company 
Dorothy T o p l i f f 
Mary Ann Treadwell 

.02090 

No ne 
.04306 

3.89639 
.03269 

None 
None 
.17223 

None 
.00464 

None 
1.20255 
.02852 
.02852 
.02852 

None 
None 
.04306 
.04264 
.60757 
.02090 
.98398 
.02364 
.01045 
.02612 

None 
.01567 

None 
.06458 

None 
None 
None 
None 
.01045 
.12354 

None 
.33871 
.13118 
.00571 
.07229 
.53815 

None 
None 
None 
.00000 

2.24940 
None 
.14457 
.01711 

None 

.02082 
None 
.02282 

3.82218 
.03482 

None 
None 
.09128 

None 
.00297 

None 
1.28927 
.02823 
.02823 
.02823 

None 
None 
.02282 
.04342 
.88807 
.02082 

1.06829 
.02518 
.01041 
.02602 

None 
.01561 

None 
.03423 

None 
None 
None 
None 
.01041 

.10846 
None 
.22193 

.15249 

.00565 

.07129 

.68860 

None 
None 
None 
.00953 

2.60775 
None 
.14258 
.01695 

None 



Working I n t e r e s t Owners 

REVISED 

EXHIBIT "E" 

Pago 3 

October 1, 1973 

U n i t P a r t i c i p a t i o n , Percent 
Phase I Phase I I 

Estate of Fred Turner, J r . 
B. F. Will ker Estate 
Joe A. Warren 
Estate of Beth N. Wilbanks 
Ann Burnett Windfohr 
Ann V. B. Windfohr Trust 
Harvey E. Yates 
John A. Yates 
Martin Yates I I I 
S. P. Yates 
Yates Bro thers 
Yates D r i l l i n g Company 
Yates Petroleum C o r p o r a t i o n 
Robert H. Ziegler, Sr. 

Nohe 
.16936 
.00327 
.12353 
.34238 
.45651 
.07393 
.00953 
..13787 
.37269 
.15337 
.98398 

1.38889 
.11412 

None 
.11096 
.00348 
.10846 
.26741 
.35654 
.06939 
.00364 
.09760 
.37417 
.17443 

1.06829 
1.19260 
.08913 

T o t a l 100.00000 100.00000 
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O V / S N M . L O P S 2 
J E F F R E Y R, 3 H A N N E N 
J O H N B E N N E T T P O U H B 

A p r i l 13, 1973 

Hr. Ray Graham 
Director, O i l & Gas Department 
Office of the Commissioner of 

Public Lands 
P. 0. Box 1148 
Santa Pe, New Mexico 87501 

Re: Proposed Empire Abo Unit Agreement, 
Eddy County, Hew Mexico 

Dear Kr. Graham: 

Signal O i l and Gas Company i s the owner, operator and l e s 
see of record of State of Hew Mexico o i l and pas lease E~ 
7179-1 which covers tha Sw/4 HW/'i of Section 5 and the SW/4 
SW/4 and Lot 7 of Section 6, Township 10 South, Range 28 
East, Eddy County, New Mexico, upon which lands i t has 
d r i l l e d and i s presently producing; two wells completed i n 
the Empire Abo Pool. The lands covered by Signal's state 
lease l i e w i t h i n the Empire Abo Unit as proponed by the 
A t l a n t i c R i c h f i e l d Company (Arco). Signal supports the 
concept of u n i t i z a t i o n but Is strenuously opposed to the 
t r a c t p a r t i c i p a t i o n formula i n the u n i t agreement as pre
sently proposed. 

Signal O i l and Gas Company has made a study, u t i l i s i n g 
the reserve information developed by Arco and Amoco, of 
the e f f e c t of the proposed t r a c t p a r t i c i p a t i o n formula 
upon i t s future operations and upon the reserves that 
w i l l be recovered from a l l state o i l and gas leases w i t h i n 
the proposed u n i t area, which study shows that the state 
lands, including the Signal leases, w i l l s u f f e r a substan
t i a l l y adverse e f f e c t as the r e s u l t of u n i t operations under 
the t r a c t p a r t i c i p a t i o n formula as presently proposed by 
Arco. Using e i t h e r the Arco or Amoco reserve estimates, 
the net loss of royalty to the state i s estimated to be 



Mr. Ray Graham 
A p r i l 13, 1973 
Page 2 

i n excess of $1,000,000. The net loss to Signal, which 
holds a f u l l working i n t e r e s t i n i t s lease, also i s 
estimated to be i n excess of $1,000,000. 

Signal O i l and Gas Company intends to oppose approval of 
the u n i t agreement i n i t s present form at the hearing be
fore the New Mexico O i l Conservation Commission which i s 
scheduled f o r A p r i l 25, 1973- Regardless of the action 
taken by the NM0CC, Signal r e s p e c t f u l l y suggests that the 
Commissioner of Public Lands should make an independent 
review of the e f f e c t of the t r a c t p a r t i c i p a t i o n formula 
contained i n the unit agreement as presently proposed and 
should refuse t o approve the u n i t agreement u n t i l such 
time as the formula i s amended to af f o r d adequate protec
t i o n to the state and to a l l state leases w i t h i n the un i t 
area. 

Very t r u l y yours, 

MONTGOMERY, FEDERICI, ANDREWS, 
HANNAHS & MORRIS „ J 

RSM:sbw 

Attorneys fĉ af5 Signal O i l and 
Gas Company 

cc : Mr. Clarence Hinkel 
Mr. Jason Kellahin 
Mr. John J. LaBouff 
Nev; Mexico O i l Conservation Commission 



"New Mexico O i l Conservation Commission 
Attention Mr. A. L. Porter, J r . , Secretary-Director 
Phone (505) 827-2432 
State Land Office Building 
Santa Fe, New Mexico 87501 

<*As a Working interest owner on State owned lands 
i n the Empire Abo F i e l d , I object to the formation 
of the Unit under the present p a r t i c i p a t i o n factors. 
My interest and the State's Royalty would be 
reduced approximately 1/2 under the proposed 
factors." \ 

Edward Egbert 

1 ,--g(>Ls~".-d <-y { 



IPMFEKA SANA W ^ ^ f f l T ^ 
2-124254E114 04/24/73 1973RPR Zk RH 7 - W * 
ICS IPtlBNGZ CSP 
3142918000 TDBN DALLAS TX 04-24 0846A EST 

PMS THE NEW MEXICO OIL CONSERVATION COMMISSION 
STATE LAND OFFICE BLDG 

SANTA FE NM 87501 
ATTN A L PORTER JR HANOVER PLANNING COMPANY INC,AS A WORKING 

INTEREST OWNER OF STATE OF NEW MEXICO LANDS IN THE EMPIRE ABO 
FIELD OBJECTS TO THE PROPOSED FORMATION OF THE UNIT UNDER PRESENT 

PARTICIPATION FACTORS. IN OUR OPINION HANOVERS INTEREST AND 
THE STATE OF NEW MEXICO ROYALTY INTEREST WOULD BE REDUCED BY 

50 PERCENT BY APPLYING PROPOSED PARAMETERS 
HANOVER PLANNING IjjfC JWJ^WgST PRESIDENT 

084 7 EST 

IPMFEKA SANA' 



53 
IPMFEKA SANA . 

1-045103A113 04/23/73 
ICS IPMAYKB ABQ 

02 1 02 ROSWELL NM 43 02-23 1242P MST 
PMS NEW MEX OIL CONSERVATION COMMISSION (PLUS COPY) 

ATT A A L PORTER JR SECT DIRECTOR STATE LAND OFFICE 
FONE 827-2432 
SANTA FE NMEX 87501 
AS WORKING INTEREST OWNERS UNDER STATE OWNED LAND IN THE EMPIRE 

ABO FIELD WE OBJECT TO THE FORMATION OF THE UNIT UNDER THE 
PRESENT PROPOSED PARTICIPATION FACTORS OUR INTEREST AND THE STATES 
ROYALTY WOULD BE REDUCED APPROXIMATELY ONE HALF UNDER THE 

PROPOSED FACTORS 
HANAGAN AND HANAGAN 

1750 EST 
/ 



K J U U i 
western union Telegram 

BNE370<1636)<2-2t6253El09)PD 04/19/73 1636 
ICS IPMSNGZ CSP 
9156831861 TDBN MIDLAND TX 51 04-19 0436P EST 

FON 505827^432 
NEW MEXICO OIL CONSERVATION COMM, FONE 
STATE LAND OFFICE BLDG 
SANTA FE NM 87501 
ATTN MR A L PORTER JR SECRETARY DIRECTOR AS A WORKING INTEREST 
OWNER ON STATE OWNED LAND IN THE EMPIRE ABO FIELD, I OBJECT 
TO THE FORMATION OF THE UNIT UNDER THE PRESENT PARTICIPATION 
FACTORS, MY INTEREST AND THE STATES ROYALTY WOULD BE REDUCED 
APPROXIMATELY ONE HALF UNDER THE PROPOSED FACTORS 

PENRO£OIL CORP 



r western union 
Telegram 

BNA369U635X2-216198E109)PD 04/19/73 1635 
ICS IPMBNGZ CSP 
9156831861 TDBN MIDLAND TX 51 04-19 0435P EST 
FON 5058272432 
NEW MEXICO OIL CONSERVATION COMM, FONE 
STATE LAND OFFICE BLDG BOX 2088 
SANTA FE NM 87501 
ATTN MR A L PORTER JR SECRETARY DIRECTOR AS A WORKING INTEREST 
OWNER ON STATE OWNED LAND IN THE EMPIRE ABO FIELD, I OBJECT 
TO THE FORMATION OF THE UNIT UNDER THE PRESENT PARTICIPATION 
FACTORS. MY INTEREST AND THE STATES ROYALTY WOULD BE REDUCED 
APPROXIMATELY ONE HALF UNDER THE PROPOSED FACTORS 
MONROE ROBERTS 

SF-1201 (R5-69) 



western union 
Telegram 

BNA371U637H2-216288E109)PD 04/19/73 1636 
ICS IPMBNGZ CSP 
9156831861 TDBN MIDLAND TX 51 04-19 0436P EST 

FON 5058272432 
NEV MEXICO OIL CONSERVATION COMM, FONE 
STATE LAND OFFICE BLDG 
BOX 2 OSS SANTA FE NM 8750 

ATTN MR A L PORTER JR~SECRETARY DIRECTOR AS A WORKING INTEREST 
OWNER ON STATE OWNED LAND IN THE EMPIRE ABO FIELD, I OBJECT 
TO THE FORMATION OF THE UNIT UNDER THE PRESENT PARTICIPATION 
FACTORS. MY INTEREST AND THE STATES ROYALTY WOULD BE REDUCED 
APPROXIMATELY ONE HALF UNDER THE PROPOSED FACTORS 

CASTLE AND WIGZELL 

SF-1201 (R5-68) 

->•, HI i 



Telegram 

BNA179U036)<2-242308E110)PD 04/20/73 1036 
ICS IPMBNGZ CSP 
9156942277 TDBN MIDLAND TX 45 04-20 1036A EST 

FON 5058272432 
NEW MEXICO OIL CONSERVATION " f t « « « T n i i > 
PO BOX 2088 SANTA FE NM 875d 
ATTN A L PORTER OR SECRETARY DIRECTOR STATELAND OFFICE BLD6 
AS A WORKING INTEREST OWNER ON STATE OWNED L A N F 7 N ~ T H E EMPIRE 
ABO FIELD I OBJECT TO THE FORMATION OF THE UNIT UNDER THE PRESENT 
PARTICIPATION. FACTORŜ  MY INTEREST AND THE STATES ROYALTY WOULD 
BE REDUCED BY APPROXIMATELY 50-0/0 UNDER THE PROPOSED FACTORS 
RESPECTFULLY YOURS 

W V ROBERTS PRODUCER 

SC-1901 ZRS-691 



IPMFEKA SANA 
1-004575A1 11003 04/21/73 
ICS IPMDDTE DAL 
05013 NL COLORADO CITY TEX 100 04-2 1130A CST 

PMS NEW MEXICO OIL CONSERVATION COMMISSION, ATTN A L WHORTER JR SECTY 
FONE 505 827 2432 STATE LAND OFFICE BLDG 

SANTA FE NM 
AS A WORKING INTEREST OWNER ON STATE OWNED LAND IN THE EMPIRE AVO 

FIELD, I OBJECT TO THE FORMATION OF THE UNIT UNDER THE PRESENT 
PARTICIPATION FACTORS, MY INTERET AND THE STATES ROYALTY WOULD BE 
REDUCED APPROXIMATELY 1/2 UNDER THE PROPOSED FACTORS 
B W BROADDUS 

1007 EST 

TPMFFKA MA 



APR 2 3 1973 

l f l , , 0 « - CONSERVATION COMM 

IPMFEKA SANA 
1-045406A110 04/20/73 
ICS IPMAYKA ABQ 

01075 HOBBS NMEX 42 04-20 200P MST 
PMS NEW MEXICO OIL CONSERVATION COMMISSION DLR 
ATTN MR A L PORTER SECURITARY-DIRECTOR 

STATE LAND OFFICE BLDG 
SANTA FE NMEX 87501 
AS A WORKING INTEREST OWNER ON STATE OWNED LAND IN THE 
EMPIRE ABO FIELD I OBJECT TO THE FORMATION OF THE 
UNIT UNDER THE PRESENT PARTICIPATION FACTORS 
MY INTEREST AND THE STATES ROYALTY WOULD BE REDUCED 
APPROXIMATELY 1/2 UNDER THE PROPOSED FACTORS 

J F PRITCHETT 

2053 EST 



OIL CONSERVATION COMM 
Santa F» W3ani2o'pNI2:4l 

IPMFEKA SANA 
2-255429E110 04/20/73 
ICS IPMRNCZ CSP 
2134667337 TORN LOS ANGELES CA 51 04-20 0238P EST 

PMS NEW MEXICO OIL CONSERVATION COMMISSION, DLR 
STATE LAND OFFICE BLDG 

SANTA FE NM 87501 
ATTN MR A L PORTER JR SECRETARY DIRECTOR 

AS A WORKING INTEREST OWNER ON STATE OWNED LAND IN THE EMPIRE 
ABO FIELD, I OBJECT TO THE FORMATION OF THE UNIT UNDER THE PRESENT 
PARTICIPATION FACTORS. MY INTEREST AND THE STATES ROYALTY WOULD 
BE REDUCED APPROXIMATELY ONE HALF UNDER THE PROPOSED FACTORS• 

CLARENCE H ALBAUGH MD 

1440 EST 

IPMFEKA SANA 



S33fU2©3><2-247©22Ell©)PD 04/20/73 1203 
ICS IPMBNGZ CSP 
tl5€f31S<l TDBN MIDLAND TX 04-20 1203P EST »738PR 20 RHIM 43 
PMS MEM MEXICO OIL CONSERVATION COMM. BACKDATE 04-1* ©435P EST 
WILL CALL WESTERN UNION 
SANTE FE NM 17501 
ATTN MR A L POSTER <** SECRETARY DIRECTOR AS A WORKING INTEREST 
OWNER ON STATE OWNED LAN© IN THE EMPIRE ABO FIELD* I OBJECT 
TO THE FORMATION OF THE UNIT UNDER THE PRESENT PARTICIPATION 
FACTORS• MY INTEREST AND THE STATES ROYALTY WOULD BE REDUCED 
APPROXIMATELY ONE HALF UNDER THE PROPOSES FACTORS 
JOHN C RYAN 

APR 2 3 1973 

OIL CONSERVATION COMM 
Santa Fa 

OIL CONSERVATION COMM. 
Santa Fe 

WU MGR SANA 



APR 2 3 1973 

OIL CONSERVATION COMM 
H73UPR22 RH 7: 5S X 

Santa Fe 

IPMFDOX 
IPMFEKA SANA 
2-053539E111 04/21/73 
ICS IPMMTZZ CSP 
2023625469 NL TDMT WASHINGTON DC 100 04-21 1101P EST 

PMS NEW MEXICO OIL CONSERVATION COMMISSION ATTN MR A L PORTER 
JR SECRETARY DIRECTOR , DLVY MUST BE MONDAY MORNING.. .MORNING 

DLY ONLY, DLR 
STATE LAND OFFICE BUILDING 
SANTA FE NM 87501 
AS WORKING INTEREST OWNERS ON STATE OWNED LANDS IN THE EMPIRE 

ABO FIELD WE OBJECT TO THE FORMATION OF THE UNIT UNDER THE PRESENT 
PARTICIPATION FACOTRS OUR INTEREST AND THE STATES* ROYALTY WOULD 
BE REDUCED, APPROXIMATELY /I /2 UNDER THE PROPOSED FACTORS 

L R JEAN BLANC AND JAMES K JBNBLANC 

2304 EST 

IPMFEKA SANA 



IPMFEKA SANA : 
1-016142 A 1 I t OA/23/73 
TLXIJOC BK &TRODAL 

83* iTJAL TEX APR 23 
PMS IMEW MEXICO OIL CONSERVATION COMMISSION 

AnE r̂roN MR A L PORTER JR SECRETARY-DIRECTOR 
STATE" LAND OFFICE BUILDING 

SANTA FE NEW MEXICO 

AS A WORKING INTEREST OWNER ON STATE OWNED LANDS IN THE 
EMPIRE ABO FIELD, I OBJECT TO THE FORMATION OF THE UNIT UNDER 

THE PRESENT PARTICIPATION FACTOR. MY INTEREST AND THE 
STATE'S ROYALTY WOULD BE REDUCED APPROXIMATELY 1/2 UNDER 
THE PROPOSED PARTICIPATION UNIT OF THE EMPIRE ABO F I E L D . , 

BRUCE CRAMPTON 

1216 EST 

roMCxry r\ OA MA 



IS73BPR23 flN tfl: 11 
IPMFEKA SANA 

1-01 541 6A113 04 /23 /73 
TLX OC BK&TR DAL 

82 DAL TEX APR 23 
PMS NEW MEXICO OIL CONSERVATION COMMISSION 

ATTENTION MR A L PORTER JR SECRETARY-DIRECTOR 
STATE LAND OFFICE BUILDING 

SANTA FE NEW MEXICO 

AS A WORKING INTEREST OWNER ON STATE OWNED LANDS IN THE 
EMPIRE ABO F I E L D , I OBJECT TO THE FORMATION OF THE UNIT UNDER 
THE PRESENT PARTICIPATION FACTOR. MY INTEREST AND THE 
STATE'S ROYALTY WOULD BE REDUCED APPROXIMATELY 1/2 UNDER 
THE PROPOSED PARTICIPATION UNIT OF THE EMPIRE ABO F I E L D . 

JOE D. DEJigjL 

1206 EST 

T P W F P x j CUM*. 



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 

STATE OF NEW MEXICO 
P. 0. BOX 2088 - SANTA FE 

87501 

7 
=5 

1 

GOVERNOR 

BRUCE KING 
CHAIRMAN 

LAND COMMISSIONER 
ALEX J. ARMIJO 

MEMBER 

STATE GEOLOGIST 

A. L. PORTER, JR. 
SECRETARY - DIRECTOR 

DALLAS, TEXAS 

As a working i n t e r e s t owner on s t a t e owned land 

i n the Empire Abo F i e l d , we o b j e c t t o the formation 

of the u n i t under the present p a r t i c i p a t i o n f a c t o r . 

Our i n t e r e s t i n the s t a t e r o y a l t i e s would be reduced 

approximately 1/2 under the proposed f a c t o r . 

F. M, LATE OIL COMPANY 
'26*26 F i d e l i t y Union 
Dallas, Texas 7501 

Copy of telegram w i l l f o l l o w . 

C • 



U I U 
western union 

Telegram 
BNC084U047X2-083698E113>PD 04/23/73 1047 
ICS IPMBNGZ CSP 
2147417531 TDBN DALLAS TX 48 04-23 1047A EST 

FON 5058272432 
NEW MEXICO OIL CONSERVATION COMMISSION, A L PORTER 
STATE LAND OFFICE BLDG BOX 2088 
SANTA FE NB 87501 
AS A WORKING INTEREST OWNER ON STATE OWNED LANDS IN THE EMPIRE 
ABO FIELD, WE OBJECT TO THE FORMATION OF THE UNIT UNDER THE 
PRESENT PARTICIPATION FACTORS. OUR INTEREST IN THE STATES ROYALITY 
WOULD BE REDUCED APPROXIMATELY 1/2 UNDER THE PROPOSED FACTORS• 

F M LATE, LATE OIL COMPANY 2626 FIDELITY UNION TOWER DALLAS 
75201 

SP-1201 (R5-69) 



western union Telearam 
BNC322(1718><2-098863E113)PD 04/23/73 1542 

ICS IPMBNGZ CSP 

2146518133 TDBN DALLAS TX 61 04-23 0342P EST 

FON 5058272432 

THE NEW MEXICO OIL CONSERVATION COMMISSION 

STATE LAND OFFICE BLDG 

SANTA FE NM 87501 

ATTN A L PORTER JR HANOVER PLANNING COMPANY INC AS A WORKING 

INTEREST OWNER OF STATE OF NEW MEXICO LANDS IN THE EMPIRE ABO 

FIELD OBJECTS TO THE PROPOSED FORMATION OF THE UNIT UNDER PRESENT 

PARTICIPATION FACTORS. IN OUR OPINION HANOVERS INTEREST AND 

THE STATE OF NEW MEXICO ROYALTY INTEREST WOULD BE REDUCED BY 

50 PERCENT BY APPLYING PROPOSED PARAMETERS. 

HANOVER PLANNING INC W F WEST PRESIDENT 

SF-1201 (R5-69) 



i if 

western union 

; Ico°#f£CONSERVATION COMMISSSION 

Cut 7 ? ^ 
B«388U618> C2-260922E! 10>PD 04/20/73 1617 
ICS IPMBNSZ CSP 
9156828337 TDBN MIDLAND TX 43 04-20 0417P EST 

FON 5058272432 6g^t/'ozJ- ; 

NEW MEX 
ATTN A L PORTER JR STATE LAND OFFICE BLDS 
SANTA FE NM 87501 ^ 
AS A WORKING INTEREST OWNER ON STATE OWNED LAND IN THE EMPIRE 
ABO FIELD I OBJECT TO THE FORMATION OF THE UNIT/UNDER THE PRESENT 
PARTICIPATION FACTORS MY INTEREST AND THE STATESlSjYALTY WOULD 
BE REDUCED APPROXIMATELY ONE HALF UNDER THE PROPOSED FACTORS 

WALTER CROCKETT 

SF-1201 (R5-69) 



Telegram 

BND141(1228)(2*088311E113)PD 04/23/73 1228 
ICS IPMBNGZ CSP 
9156948801 TDBN MIDLAND TX 43 04-23 1228P EST 

FON 5058272432 
NEV MEXICO OIL CONSERVATION COMMISSION 
STATE LAND OFFICE BLDG PO BOX 2088 
SANTA FE NM 87501 
AS A WORKING INTEREST OWNER ON STATE OWNED LAND IN THE EMPIRE 
ABO FIELD, I OBJECT TO THE FORMATION OF THE UNIT UNDER THE PRESENT 
PARTICIPATION FACTOR MY INTEREST AND THE STATE ROYALTY WOULD 
BE REDUCED APPROXIMATELY ONE HALF UNDER THE PROPOSED FACTOR 

BILL J ROGERS 

western union 

SF-1201 (R5-69) 



"""-"I 

BNE079 U047) <2-083666EH3)PD 04/23/73 1046 
ICS IPMBNGZ CSP 
2147417531 TDBN DALLAS TX 48 04-23 1046A EST 

FON 5058272432 
NEW MEXICO OIL CONSERVATION COMMISSION, A L PORTER 
STATE LAND OFFICE BLDG 

CM, 4m 

SANTA FE NM 87501 
AS A WORKING INTEREST OWNER ON STATE OWNED LANDS IN THE EMPIRE 
ABO FIELD, WE OBJECT TO THE FORMATION OF THE UNIT UNDER THE 
PRESENT PARTICIPATION FACTORS. OUR INTEREST IN THE STATES ROYALITY 
WOULD BE)?EDUCED APPROXIMATELY 1/2 UNDER THE PROPOSED FACTORS. 
CACTUS DRILLING CORPORATION 2626 FIDELITY UNION TOWER DALLAS 

75201 

SF-1201 (R5-69) 



Memo 
D A R L E N E G R I E G O 

A D M I N I S T R A T I V E O F F I C E 
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D E D R I O B. B A X T E R 

Petroleum Geologist 

171 (9151 MU 3 - 3 4 8 B ~ \ , C p^l f f-\ 

L A N D , T E X A S 7 9 7 0 1 ^ jr" > ' ' 

P. O . B O X 4 

M I D L A N 

A p r i l 2£, 1973 li^. ''V; 
OIL CONSfcRVAUON COsv. 

Santa Fe 

New Mexico O i l Conservation Commission 
State Land Office Building 
Santa Fe, New Mexico 87?01 

Attention: Mr. A. L. Porter, Jr. 

Re: Proposed Empire Abo Unit 
Eddy County, New Mexico 

Dear Mr. Porter: 

In addition to being a working interest owner under production 
from the Empire Abo F i e l d I am also a Petroleum Geologist with 
extensive experience i n SE New Mexico and West Texas and am pro
fessio n a l l y q u a l i f i e d to assess the merits of the proposal by 
Arco to u n i t i z e t h i s production. 

The terms of t h i s proposed u n i t are patently unfair and designed 
to upgrade poor and non-existant production to the benefit of a 
few large corporations and to deprive other smaller owners of 
t h e i r r i g h t f u l production obtained through individual investments 
of t h e i r own private funds and individual r i s k . 

I t i s most urgently requested that you exert a l l possible e f f o r t 
to r e j e c t the terms of the p a r t i c i p a t i o n factors proposed to be 
incorporated i n t h i s u n i t . These proposed p a r t i c i p a t i o n factors 
would not only deprive the in d i v i d u a l non-participating owner of 
a r i g h t f u l share of his production but would simultaneously deprive 
the State of New Mexico of i t s corresponding p a r t i c i p a t i o n i n the 
production. 

Again, please c a r e f u l l y consider t h i s proposal. I t s obvious i n 
equities and economically disastrous alternatives are apparent. 

Sincerely yours, 

Dedric B. Baxter 
DBB:gk 



i 

\ t»x 1088 
Mdland, Texas 79701 
t S r i l 27, 1973 

Oil Conservation Commission 
State of New Mexico 
Att'nj Pat Porter and Examiner 
Santa Fe, New Mexico 87510 

Dear Sir: 

Due to the lack of time, I was unable to make an 
appearance or hear a l l the testimony on the two cases 
before the OCC #4952 & 4953 on A p r i l 25, 1973. 

My stand i n these cases was not made known to you 
so I take this fortrpf presentation to b r e i f l y state my 
case as i t applies to tract #3 and tract #5 shown on 
Atlantic-Richfield maps and exhibits. 

I appose the formula used i n this Unit i n both Phase 
I and Phase I I because they are unfair to tracts #3 and #5. 
During Phase I 50% of the participation was determined 
by the revenue derived from o i l and gas income. As you 
know the higher wells i n the f i e l d are penalized by the 
State of New Mexico for high Gas- Oil ratios. This applies 
to Tracts #3 & #5. Because oi this and because gas production 
and reserves were ignored i n a l l the other parameters i n 
the participation formulas my Phase I participation was 
also penalized. In Phase I I my participation was even 
more drastically unfair because the parameters ignored 
entirely the reserves of gas and the value of gas to the 
entire Unit project. 

I f i t takes 24 years to deplete the o i l from t h i s 
giant resevoir, then you s t i l l have remaining a large 
gas f i e l d of which many of the favored tracts contributed 
very l i t t l e of the gas. The value of gas could easily be 
i n excess of $1.00 a thousand at that time and the " i n e f f i c i e n t 
well",as pointed out by Mr. Christinson, could easily have 
contributed a large additional value to the owners. 

The Atlantic-Richfiled reserve figures used for Tracts 
#3 &5 were considerably lower than the ones I used. This 
of course i s a personal opinion but i t affects my judgement 
about not joining the Unit. 



Page No.2 

Mr. Charles F. Henderson of Midland, Texas, who owns 
an equal interest to aine, agrees with my stand on this 
Unit Agreement and unless some adjustments are made, we 
w i l l not sign the Unit Agreement as proposed and further 
we would lik e to request that no injection well be allowed 
closer than 2640' from our two tracts. 

Thank you for your consideration. 

L. S. Melzer 

CC: Charles F. Henderson 
Box 1791 
Midland, Texas 
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#tt 1088 
M<flLand, Texas 79701 

. j i j i l 27, 1973 

O i l Conservation Commission 
State of New Mexico 
Att'n; Pat Porter and Examiner 
Santa Fe, New Mexico 87510 

Dear Sir: 

Due to the lack of time, I was unable to make an 
appearance or hear a l l the testimony on the two cases 
before the OCC #4952 & 4953 on April 25, 1973. 

My stand i n these cases was not made known to you 
so I take this fonrpf presentation to b r e i f l y state my 
case as i t applies to tract #3 and tract #5 shown on 
Atlantic-RichfieId maps and exhibits. 

I appose the formula used i n this Unit i n both Phase 
I and Phase I I because they are unfair to tracts #3 and #5. 
During Phase I 50% of the participation was determined 
by the revenue derived from o i l and gas income. As you 
know the higher wells i n the f i e l d are penalized by the 
State of New Mexico for high Gas- Oil ratios. This applies 
to Tracts #3 & #5. Because OL this and because gas production 
and reserves were ignored i n a l l the other parameters i n 
the participation formulas my Phase I participation was 
also penalized. In Phase I I my participation was even 
more drastically unfair because the parameters ignored 
entirely the reserves of gas and the value of gas to the 
entire Unit project. 

I f i t takes 24 years to deplete the o i l from this 
giant resevoir, then you s t i l l have remaining a large 
gas f i e l d of which many of the favored tracts contributed 
very l i t t l e of the gas. The value of gas could easily be 
in excess of $1.00 a thousand at that time and the "i n e f f i c i e n t 
well",as pointed out by Mr. Christinson, could easily have 
contributed a large additional value to the owners. 

The Atlantic-Richfiled reserve figures used for Tracts 
#3 &5 were considerably lower than the ones I used. This 
of course is a personal opinion but i t affects my judgement 
about not joining the Unit. 
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Mr. Charles F. Henderson of Midland, Texas, who owns 
an equal interest to nine, agrees with my stand on this 
Unit Agreement and unless some adjustments are made, we 
will not sign the Unit Agreement as proposed and further 
we would like to request that no injection well be allowed 
closer than 2640* from our two tracts. 

Thank you for your consideration. 

L. S. Melzer 

CC: Charles F. Henderson 
Box 1791 
Midland, Texas 



F R A N K L I N , A S T O N & F A I R , I N C . 
O I L P R O D U C E R S 

R . R . A S T O N 
P R C B I D C N T 

L A D O R A L U C A S 

VICC PRCBIDCNT 

P . D . B O X 1 0 9 0 

I O I N . M I S S O U R I A V E . 

R O S W E L L . N E W M E X I C O B B 2 0 1 

T C L C P H O N C : 

ANCA COOC S O S 6 3 2 - 2 0 4 0 

Atlant i cR i chf ieldCompany 
North American Producing Division 
Permian District 
P. 0. Box 1610 
Midland, Texas 79701 

Attention: Mr. J. R. Rhotenberry 

Gentlemen: 

Franklin, Aston & Fair, Inc. is a working interest owner under the Empire 
Abo Unit. Our firm has r a t i f i e d the Unit Agreement and Unit Operating 
Agreement under Formula k~J. We recently attended'the OCC Hearing on 
April 25 under Case No. 4952 whereby ARCO requested OCC approval of the 
formation of this Unit. 

Franklin, Aston 6- Fair, Inc. s t i l l feels that the formation of this Unit 
for the Empire Abo is important and in the interest of good o i l f i e l d 
practice. The testimony at this Hearing did create certain questions 
that need to be resolved prior to any well-informed final commitment to 
the Unit. 

This letter is to inform you that Franklin, Aston & Fair, Inc. is with
drawing its r a t i f i c a t i o n of the Unit under Formula k l , subject only to 
the working out of an agreeable Supplementary Agreement as required on 
Page 15 of your Casinghead Gas Contract, dated November 17, 1959, by 
and between Franklin, Aston & Fair, Inc. et al as Sellers and Pan 
American Petroleum Corporation and Hondo Oil & Gas Company as Buyers. 
On Page 15 of EA-8-26-59, your Purchase Contract reads: 

"Residue gas for such purposes shall be made available 
at the Plant fence and existing Plant discharge pressure. 
Agreement between the parties hereto on the compression 
charges and other conditions of delivery of such gas 
shall be subject to a supplementary agreement hereto 
prior to the time of such need, and in the absence of such 
supplementary agreement, Buyer shall not be obligated to 
deliver to Seller residue gas for the purpose of pressure 
maintenance and repressuring operations." 

T D M P . B T C P H C N B 

C X C C U T I V C V I C C P R C B I D C N T 

T R C A B U R C M 

May 1, 1973 

3 1973 MAY 

OIL CONSERVATION COMM 
Santa Fe 

R I C H A R D L . R A Y 

V I C C P R C B I D C N T 

M A R Y A N N M O R R I S O N 

BCCRCTARV 

Equity would dictate that a Supplemental Agreement concerning the residue 
gas should be determined at the same time that any effort to get Unit 



Atlant i cR i chf ie1dCompany -2- May 1, 1973 

approval is sought. This is p a r t i c u l a r l y true when the company owning 
the gas plant is also one of the largest working interest owners in the 
Empire Abo Field. 

The purpose of this l e t t e r is not to attack the e f f o r t s to get the Unit 
approved at the e a r l i e s t possible date. The purpose of this l e t t e r is 
to get the Supplemental Agreement called for in the Sales Contract 
covering the Empire Abo gas as required by said Contract. 

Franklin, Aston & Fair, Inc., therefore, withdraws con d i t i o n a l l y i t s 
r a t i f i c a t i o n of the Unit as per Formula k~l u n t i l the Supplemental 
Agreement required under the Sales Contract is prepared and agreed 
upon. This should not be a stumbling block and should not delay approval 
of the Unit i f the Supplementary Agreement required is expeditiously 
prepared and submitted to the parties of interest. I t is further f e l t 
that a l l compressor f a c i l i t i e s and the gas i n j e c t i o n system should be 
owned by the working interest owners of the Unit and the actual costs of 
operating such compressors and inj e c t i o n system should be the d i r e c t 
expenses of the working interest owners on a pro rata basis. 

Sincerely yours, 

FRANKLIN, ASTON & FAIR, INC. 

By; ^ . 
R. R. Aston 

RRA:mm 

cc: New Mexico Oil Conservation Commission 
P. 0. Box 2088 
Santa Fe, New Mexico 87501 

United States Geological Survey 
P. 0. Drawer 1857 
Roswell, New Mexico 88201 

F i r s t National Bank in Dallas 
P. 0. Box 6031 
Dal las, Texas 75222 

Amoco Production Company 
P. 0. Box 1410 
Fort Worth, Texas 76101 





Oli - C O N S E R V A T I O N C O M M I S S I O N 
STATS OF NEW MEXICO 
S». 0. 30X 2088 - SANTA FE 

87581 

June 15, 1973 

GOVERNOR 
BRUCE KING 

CHAIRMAN 

LAND COMMISSIONER 
ALEX J. ARMIJO 

MEMBER 

STATE GEOLOGIST 
A. L. PORTER, JR. 

SECRETARY - DIRECTOR 

Ret 

Mr. Clarence Hinkle 
Hinkle, Bondurant, Cox & Eaton 
Attorneys at Law 
Post Office Box 10 
Roswell, New Mexico 88201 

Case No. 4952 

Order Mo. R-4548 

Applicant: 

Atlantic Richfield Company 

Dear S i r : 

Enclosed herewith are two copies of the above-referenced 
Commission order recently entered i n the subject case. 

Very t r u l y yours. 

A. L. PORTER, Jr. 
Secretary-Director J>*' 

A L P / i r 

Copy o f o r d e r a l s o sent t o : 

Hobbs OCC f i _ 
A r t e s i a OCC 
Az tec OCC 

/ Other U n i t D i v i s i o n - Land O f f i c e 

Mr. A. J . Losee, Mr. Jason Kellahin, Mr. Richard Morris, 
Mr. Bruce A. Landis ^ 



State of NewA/iext< Leo 

BLO REF NO OG-733 
W.R. HUMPHRIES 

COMMISSIONER mlsstoner cr lublic P.O. BOX 1148 
SANTA FE, NEW MEXICO 87504-1148 

March 24, 1788 

ARCO Oi I and Gas Company 
ATTN: Mr. Jack T. Lawder 
P. 0. Box 1610 
M i d l a n d , Texas 79702 

Gent Iemen : 

The Commissioner o+ Pub I ic Lands has t h i s date approved your 
1988 P l a n af Development f a r t h s above c a p t i o n e d u n i t area. 

Our a p p r o v a l i s s u b j e c t t o I i k e a p p r o v a l by a l l o t h e r 
a ppropra i a t e agencies. 

Enclosed is an approved copy f o r your f i l e s . 

I f we may be of f u r t h e r h e l p p l e a s e do n o t h e s i t a t e t a c a l I 
on us . 

Re = 19BB Plan' of Development 
E m p i re Ab D U n i t 
Eddy County, New Mexico 

Very t r u l y y a u r s , 

U. R. HUMPHRIES 
COMMISSIONER OF PUBLIC LANDS 

FLOYD 0. PRAND0> D i r e c t o r 
O i l and Gas D i v i s i o n 
(505) 827-5744 

U)RH/F0P/pm 
e n c I s . 
cc: OCD 

BLM 



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

March 8, 1988 

United States Department of the Interior 
Bureau of Land Management 
P. 0. Drawer 1397 
Roswell, NM 88201 

Attn: Mr. Francis R. Cherry, Jr. 
District Manager 

State of New Mexico 
Mr. Jim Baca 
Commissioner of Public Lands 
P. 0. Box 1148 
Santa Fe, NM 87501 

Attn: Mr. Floyd 0. Prando, Director (3) 
Oil and Gas Division 

State of New Mexico 
Department of Energy and Minerals 
P. 0. Box 2088 
Santa Fe, NM 87501 

Attn: Mr. William J. LeMay (3) 
Division Director 

Working Interest Owners 
Empire Abo Unit 
Eddy County, New Mexico 

Gentlemen: 

In compliance with Section 11 of the Unit Agreement, Empire Abo Unit, 
Eddy County, New Mexico, ARCO Oil and Gas Company, as Unit Operator, 
on behalf of itself and other participating working interest owners, 
hereby submits for your approval a Plan of Operation to cover the 
period beginning January 1, 1988, and extending through the remainder 
of calendar year 1988. 

Yours very truly, 

Jack T. Lowder 
Senior Engineer 

JTL:jee 

Attachments 

A R C O O i l a n d Gas C o m p a n y is a D i v i s i o n o f A t l a n t i c R i c h f i e l d C o m p a n y 



EMPIRE ABO UNIT 

1988 Plan of Operation 

SUBMITTED March 8, 1988 

1. Summary of Proposed Plan of Operation for 1988 

ARCO Oil and Gas Company proposes to continue operation of the Empire Abo 

Unit, Eddy County, New Mexico, substantially the same as in recent years. 

We will continue to reinject all available residue gas from the Phillips 

extraction plant and the Amoco extraction plant. Oil will be produced 

from the most efficient wells in order to maximize recovery. 

2. Project Area - Description and History 

The Empire Abo Unit is located in portions of Sections 34, 35, 36, Township 

17 South, Range 27 East; Sections 1, 2, 3, 4, 8, 9, 10, 11, 12, 15, 16, 

17, Township 18 South, Range 27 East; Sections 25, 26, 27, 28, 31, 32, 

33, 34, 35, 36, Township 17 South, Range 28 East; Sections 4, 5, 6, Township 

18 South, Range 28 East; Sections 29, 30, Township 17 South, Range 29 

East, Eddy County, New Mexico. 

The Unit, as originally proposed, would have covered 11,399.15 acres. 

Certain tracts within the Unit Area did not qualify for participation as 

of October 1, 1973, the effective date of the Unit. These tracts are: 

2, 6, 28, 41, 42, 46, 55, 56, 69, 79, 84, and 91. Total area of these 

tracts is 644.74 acres. The remaining 10,694.41 acres comprised the Project 

Area for pressure maintenance until September 1, 1975. On this date Tracts 

41, 79, and 84 joined the Unit. The addition of these three tracts, which 

cover 120.03 acres, increased the total area of the Unit to 10,814.44 acres. 

Tracts 2, 6, 42, and 46 comprise the CITGO Empire Abo Unit, which received 

NMOCD approval in June, 1974. The Unit Area is now disposed as follows: 

Acres 
ARCO Empire Abo Unit 

CITGO Empire Abo Unit 

Non-Participating Tracts 

Total Area 

10,814.44 

11,339.15 

241.05 

283.66 
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ARCO Oil and Gas Company operates a pressure maintenance project at the 

Empire Abo Unit. This project involves injection of plant residue gas 

from Abo production back into the Abo formation. 

3. Current Performance 

In December, 1987, the Unitized Project Area averaged 3,811 BOPD with a 

59 percent water cut and a gas-oil ratio of 15,530 cubic feet of gas per 

barrel of o i l . Gas injection averaged 41,095 MCFPD (see attached Production 

History Plot). 

Cumulative oil production from the Project Area through December, 1987 

was 207.4 MMBO. This is about 55.9 percent of the 371 MMBO originally 

in place. Cumulative net gas production from the Project Area through 

December, 1987 was 241 BCF. This is about 51 percent of the 468 BCF 

originally in place. As of December, 1987, the Unit has 196 active producing 

wells. 

4. Basic Concepts Governing Future Unit Operations 

a) Field production history and reservoir numeric model studies have 

demonstrated that oil recovery is governed by gravity drainage and 

secondary gas cap expansion. We will be able to maximize the beneficial 

effects of these recovery mechanisms by observation of well performance 

and producing from the most efficient wells, those with the lowest 

GOR's. Natural gas liquid production from individual wells will also 

be considered when determining the most efficient wells in the future. 

b) Gas injection will help maintain reservoir pressure and control expansion 

of the secondary gas cap. 

5. Discussion of Past, Current, and Future Operations 

a) Gas Injection 

Fourteen gas injection wells along the north edge of the field handle 

all of the Empire Abo Unit injected gas. Table I lists these wells. 

Beginning in July, 1974, and continuing through the latest month for 

which data is available (December, 1987), all available plant residue 

gas has been injected into the Abo gas cap. The Unit receives plant 

residue gas at about 700 psi and compresses i t to 2000 psi for injection. 
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Superhydration facilities at the extraction plants reduce hydrogen 

sulfide content to minimize possible corrosion. A rigorous corrosion 

treatment program is maintained. Permits for the Gas Injection 

Facilities have been granted by the State of New Mexico, Environmental 

Improvements Agency. We believe the injection facilities meet the 

requirements of the United States Geological Survey and the State of 

New Mexico. 

b) Workovers 

An intensive workover program in previous years has been successful 

in maximizing low GOR production. The majority of the workovers 

consisted of recompleting wells lower in the reef. As a result of 

this program, almost all possible lower recompletions have been 

performed. On the eastern portion of the field where water influx 

is occurring, workovers consisting of recompleting wells higher in 

the reef have been successful. We will continue to seek out wells 

with recompletion potential. 

c) Continuing Field Study 

In order to maximize future reserves, we will continue to maintain 

an intensive field surveillance program. We will also continue to 

evaluate alternate and enhanced recovery techniques. 
d) Injection of Non-Abo Gas 

Gas from non-Abo sources was delivered from the Gas Company of New 

Mexico (formerly Southern Union Gas Company) to the Empire Abo Unit. 

This began on June 18, 1976. Cumulative outside gas injected through 

December, 1987 was 4,061.8 MMCF. Outside gas has not been injected 

since July, 1983. Cumulative gas delivered back to the supplier through 

December, 1986 was 411.3 MMCF and the net cumulative non-Abo gas bank 

was 3,650.5 MMCF. 

e) Voidage Limit Removal 

The voidage limit was replaced with a gas production limit of 65 MMCFPD 

in 1984. This will allow more efficient operation of the Unit. Also, 

the wet gas compressors were removed and the practice of injecting 

unprocessed gas was discontinued. 
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6. Modifications to Plan 

I t is understood that to meet changing conditions, this plan of operation 

may be modified from time to time, with the approval of the Supervisor 

of the U.S.G.S., the Commissioner of Public Lands of the State of New Mexico, 

and the Department of Energy and Minerals, Oil Conservation Division, State 

of New Mexico. 

ARCO Oil and Gas Company, as Unit Operator, will act prudently to preserve 

the rights of the mineral owners, and to effectively and efficiently recover 

the Unit Area Reserves. This Company will meet all economical offset 

obligations, act to prevent waste, conserve natural resources, and protect 

correlative rights. 

7. Effective Date and Duration of Plan 

This Plan of Operation shall be effective January 1, 1988 and extend through 

the calendar year unless otherwise amended. 

If this Plan of Operation meets with your approval, please sign on the next 

page and return one copy for our files. 

Very truly yours, 

ARCO OIL AND GAS COMPANY 

OPERATOR 

Jack T. Lowder 
Senior Engineer 

JTL:jee 
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APPROVED BY: DATE: 
District Manager 
United States Department of the Interior 
Bureau of Land Management - Roswell District 

APPROVED BY: DATE: 
Commissioner of Public Lands 

APPROVED BY: 

Department of Energy and Minerals 
Oil Conservation Division 
State of New Mexico 
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TABLE I 

EMPIRE ABO UNIT 
Gas Injection Wells 

Previous Operator/ 
Lease and Well 

Unit Well 
Designation Location (Sec. -T-R) 

Hondo/State "A" No. 24 C-39 NW/4 SE/4 26 17 28 

Hondo/State "A" No. 16 D-37 SW/4 SW/4 26 17 28 

Amoco/State "BV" No. 1 F-25 SW/4 NW/4 32 17 28 

Hondo/State "A" No. 35 F-27 SW/4 NE/4 32 17 28 

ARCO/M. Yates B(ARC) No. 8 F-31 SW/4 NE/4 33 17 28 

Amoco/State "BM" No. 1 G-22 NE/4 SW/4 31 17 28 

Hondo/State "A" No. 9 G-24 NE/4 SE/4 31 17 28 

Gulf/NCT "C " No. 1 H-19 SW/4 SE/4 36 17 27 

Amoco/State "BE" No. 1 H-21 SW/4 SW/4 31 17 18 

Amoco/Malco "H" Fed. No. 9 1-10 NE/4 NW/4 3 18 27 

Amoco/State "F" No. 8 1-18 NE/4 NW/4 1 18 27 

Amoco/Malco "H" Fed. No. 2 J-12 SE/4 NE/4 3 18 27 

Amoco/Windfohr Fed. No. 4 K-7 NW/4 SE/4 4 18 27 

Exxon/CBDU 1 "A" No. 8 M-6 NE/4 NW/4 9 18 27 



Month BO 

January 136,565 

February 121,540 

March 131,733 

Apri 1 123,011 

May 125,557 

June 108,574 

July 110,235 

August 107,681 

September 113,828 

October 123,741 

November 119,004 

December 118,151 

Total 1,439,620 

EMPIRE ABO UNIT 

1987 Production History 

BW 
Gross 
MCFG 

230,661 2,126,796 

226,863 1,822,464 

282,024 1,947,459 

208,369 1,953,825 

210,787 2,029,383 

164,995 1,779,323 

171,715 1,651,924 

152,648 1,703,028 

126,522 1,813,608 

180,316 1,939,216 

202,030 1,890,606 

167,410 1,834,897 

2,324,340 22,492,529 

Injected 
MCFG 

Net 
MCFG 

1,385,888 740,908 

1,158,952 663,512 

1,240,907 706,552 

1,192,317 761,508 

1,283,654 745,729 

1,227,791 551,532 

1,151,611 500,313 

1,265,956 437,072 

1,269,622 543,986 

1,353,492 585,724 

1,357,068 533,538 

1,273,960 560,937 

15,161,218 7,331,311 



State of N e w A A e x i c o 

SLO REF. NO. OG-390 

W.R. HUMPHRIES 
COMMISSIONER P.O. BOX 1148 

SANTA FE, NEW MEXICO 87504-1148 

September 2, 1987 

Area Oi I & Gas Company 
A t t e n t i o n : Jack T. Lowder 
P. 0. Box 1610 
M i d l a n d , Texas 797D2 

Re = Empire Abo U n i t 
1987 Plan of Development 

Gent Iemen : 

The Commissioner of Pub I i c Lands has t h i s date approved the 
above c a p t i o n e d P l a n of Development. Our a p p r o v a l is s u b j e c t t o 
I ike a p p r o v a l by a I I a p p r o p r i a t e agencies. 

I f we may be af f u r t h e r h e l p , p l e a s e do not h e s i t a t e t o c a l I 
an us . 

Very t r u l y y o u r s . 

U. R. HUMPHRIES 
COMMISSIONER OF PUBLIC LANDS 

FLOYD 0. PRANDO, D i r e c t o r 
O i l & Gas D i v i s i o n 
(505) 827-5744 

WRH/FOP/ams 
encIa s u r e 
cc'-Bureau of Land Management 

Oi l C o n s e r v a t i o n D i v i s i o n 





A R C O Oil and Gas Company 
Permian District 
Post Off ice Box 1610 
Mid land, Texas 79702 
Telephone 915 684 0100 

March 26, 1987 

Mr. William J. LeMay 
New Mexico Oil Conservation Division 
P. 0. Box 2088 
Santa Fe, New Mexico 87501 

Dear Mr. LeMay: 

Empire Abo Unit 
Order No. R-4549-F 
Clarification of Gas Bank Allowance 

ARCO Oil and Gas Company, the operator of the Empire Abo Pressure 
Maintenance Project, requested a clarification of Rule 5, 
Paragraph 2 of NMOCD Order No. R-4549-F regarding the gas bank 
allowance. Based on a telephone conversation with Mr. Harold 
Garcia on March 25, 1987, I was informed that ARCO has obtained 
administrative approval to include cumulative gas underproduction 
as well as gas overproduction in the Empire Abo Unit gas 
bank allowance. 

NMOCD Order No. R-4549-F established a maximum daily project 
allowable for the Empire Abo Pressure Maintenance Project on 
April 20, 1984. The allowable is based on the amount of oil 
which will result in monthly average associated gas production 
of no more than 65 MMCF per day. Rule 5, Paragraph 2 of Order 
No. R-4549-F states "The allowable assigned shall result in 
production of casinghead gas averaging not more than 65 MMCF 
per day for the month, provided however, that on a cumulative 
basis, the unit operator may carry gas overproduction of 
325 MMCF." 

The monthly gas underproduction and overproduction for the Empire 
Abo Unit since the effective date of NMOCD Order No. R-4549-F 
is attached. Please notify me at (915) 688-5557 i f there are 
any modifications in this decision. 

Yours very truly, 

Jack T. Lowder 
Senior Engineer 

JTL:sc 
Attachments 

cc: Mr. Harold Garcia cc: Mr. L. A. Clements 
NMOCD NMOCD 
P. 0. Box 2088 P. 0. Drawer DD 
Santa Fe, New Mexico 87501 Artesia, New Mexico 88210 

M l a - i i i c R i c h l i p K l C a n i p a n v 



EMPIRE ABO UNIT 
GAS BANK BALANCE 

MONTHLY CUMULATIVE 
GAS ALLOWABLE UNDER/COVER) UNDER/COVER) GAS BANK 

PRODUCED « 65 MMCF D ALLOWABLE AL LOWABLE BALANCE 
MONTH CMCF ) CMCF ) CMCF ) CMCF ) CMCF ) 

4/84 17983 18 1950000 151682 — 32 5000 
5 1 893 1 1 3 20 15000 12 1882 12 1882 446882 
6 1744697 1950000 205303 327 185 652 185 
7 1752642 20 15000 262358 589543 9 14543 
8 1712006 20 1 5000 302994 892537 12 17537 
9 16866 17 1950000 263383 1 155920 1480920 
1 0 1909558 20 15000 1054 42 126 1362 1586362 
1 1 1850728 1950000 992 72 1360634 1 685634 
1 2 1973394 20 15000 4 1606 14 022 40 172 7240 
1/85 19 15830 20 15000 99 170 1501410 18264 10 
2 1 73 7635 1820000 82365 1583775 1 9087 7 5 
3 1907564 20 15000 10 7436 1691211 2016211 
4 1878389 1950000 7 16 11 1762822 2087822 
5 1989462 20 15000 25538 1788360 2 113360 
6 1981217 1950000 -31217 1757 143 2082 1 43 
7 2050 138 20 15000 -35 138 1722005 2047005 
8 1949042 20 15000 65958 1787963 2112963 
9 187648 1 1950000 7 3 5 1 9 186 1482 2 186482 
1 0 20 12658 20 15000 23 42 1863824 2 18882 4 
1 1 1826204 1950000 123 796 1987620 23 12620 
12 2068 1 20 20 15000 -53 120 1934500 2259500 
1/86 20 18243 20 15000 -324 3 193 1257 2256257 
2 1870624 1 820000 -5062 4 1880633 2205633 
3 2035629 20 15000 -20629 1860004 2 185004 
4 1988752 1950000 -38752 182 1252 2 146252 
5 1 957 1 2 4 20 15000 57876 1879 128 2204 128 
6 189375 1 1950000 56249 1935377 2260377 
7 2008252 20 15000 6 7 4 8 1942 125 2267 1 25 
8 1902 732 20 15000 112268 2054393 2379393 
9 1805272 1950000 144728 2 199121 2524 12 1 
1 0 19636 10 20 15000 5 1390 22505 11 25755 11 
1 1 1986705 1950000 -36705 22 13806 2538806 
1 2 2129837 20 15000 - 1 1 4837 2098969 2423969 
1/87 2 126796 20 15000 - 1 1 1796 1987173 2312173 
2 1822464 1820000 -2464 1984709 2309709 



STATU CF r.EV; MEX" * 
ENERGY AND MINERALS DEi-/i#TI-;n"T 

OIL CONSERVATION DIVISION 

IN THE MATTER OF THE HEARING 
CALLED BY THE OIL CONSERVATION 
DIVISI9K FOR THE PURPOSE CF 
CONSIDERING: 

CASE NO. 8060 
Order No. R-4549-F 

APPLICATION OF ARCO OIL & GAS 
COMPANY FOR AMENDMENT OF ORDER 
NO. R-4549, AS AMENDED, EDDY 
COUNTY, NEW MEXICO. 

ORDER OF THE DIVISION 

BY THE DIVISION: 

This cause came on f o r h e a r i n g a t 8:00 a.m. on February 1, 
1984 , a t Santa Fe, New Mexico, be f o r e Examiner Richard L. 
Stamets. 

NOW, on t h i s 20th day o f A p r i l , 1984, the D i v i s i o n 
D i r e c t o r having considered the testimony, the r e c o r d , and the 
recommendations o f the Examiner, and being f u l l y advised i n the 
premises, 

FINDS: 

(1) That due p u b l i c n o t i c e having been given as r e q u i r e d 
by law, the D i v i s i o n has j u r i s d i c t i o n of t h i s cause and the 
s u b j e c t matter t h e r e o f . 

(2) That the a p p l i c a n t , Arco O i l & Gas Company, i s the 
o p e r a t o r o f the Empire-Abo Pressure Maintenance P r o j e c t , 
Empire-Abo Pool, Eddy County, New Mexico, which p r o j e c t was 
a u t h o r i z e d by D i v i s i o n Order No. R-4549 and i s governed by 
o p e r a t i n g r u l e s c o n t a i n e d i n the Speci a l Rules and Regulations 
f o r the Empire-Abo Pressure Maintenance P r o j e c t i n c l u d e d i n 
sa i d Order as amended by Orders Nos. R-4549-A through R-4549-E. 

(3) That s a i d s p e c i a l r u l e s and r e g u l a t i o n s p r o v i d e f o r 
w e l l a l l o w a b l e s based upon r e s e r v o i r voidage. 

(4) That the a p p l i c a n t seeks the r e c i s i o n o f such r u l e s 
f o r s e t t i n g a l l o w a b l e s and the establishment o f a maximum d a i l y 
p r o j e c t a l l o w a b l e o f 65 MMCFD. 

f5) That the evidence presented i n t h i s case e s t a b l i s h e d 
t h a t t h i s proposed method o f s e t t i n g allowables w i l l r e s u l t i n 
the g r e a t e r r e c o v e r y o f l i q u i d hydrocarbons from such p r o j e c t . 
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(6) That the proposed amendment o f s a i d s p e c i a l r u l e s 
w i l l net r e s u l t i n v i o l a t i o n o f c o r r e l a t i v e r i g h t s . 

(7) That the a p p l i c a t i o n f o r amendment o f said s p e c i a l 
r u l e s should be approved. 

IT IS THEREFORE ORDERED: 

(1) That Rules 3, 4, 4 ( A ) , 5, 6, 7, 8, 9, 10, 11, 12, and 
13 o f the Special Rules and Reg u l a t i o n s f o r the Empire-Abe 
Pressure Maintenance P r o j e c t c o n t a i n e d i n D i v i s i o n Order No. 
R-4549, as amended, are hereby r e s c i n d e d . 

(2) That said s p e c i a l r u l e s are hereby amended by the 
ad o p t i o n c f new Rules 3, 4, 5, and 6 which read i n t h e i r 
e n t i r e t y as f o l l o w s : 

"RULE 3: That the maximum d a i l y p r o j e c t 
a l l o w a b l e s h a l l be an amount o f o i l which w i l l r e s u l t 
i n monthly average a s s o c i a t e d gas p r o d u c t i o n of no 
more than 6 5 MMCF per day. 

For t he purpose of these r u l e s , " A v a i l a b l e Residue 
Gas" s h a l l be d e f i n e d as being a l l gas produced from 
the u n i t i z e d f o r m a t i o n l e s s p l a n t shrinkage, p l a n t 
f u e l , and lease f u e l r e q u i r e d f o r o p e r a t i o n of the 
lease . 

"RULE 4: That a l l a v a i l a b l e u n i t residue gas 
s h a l l be r e i n j e c t e d . No raw gas nor p l a n t residue gas 
a t t r i b u t a b l e t o the p r o j e c t s h a l l be s o l d or otherwise 
disposed of by any ot h e r means. That i n a d d i t i o n t o 
the i n j e c t i o n o f a v a i l a b l e r e s i d u e gas, the p r o j e c t 
o p e r a t o r may i n j e c t up t o and i n c l u d i n g 35 m i l l i o n 
c u b i c f e e t of extraneous gas per day i n t o the Abo 
f o r m a t i o n u n d e r l y i n g the p r o j e c t area; f u r t h e r , t h a t 
w i t h d r a w a l s of sa i d extraneous gas may be made, but 
pending r e s e r v o i r blow-down, d u r i n g not more than 30 
davs i n any one 180-day p e r i o d ; p r o v i d e d however, t h a t 
pending blow-down, the d a i l y r a t e o f withd r a w a l s h a l l 
not exceed the average d a i l y r a t e o f i n j e c t i o n o f such 
extraneous gas d u r i n g the pre c e d i n g 180-day p e r i o d ; 
p r o v i d e d f u r t h e r , t h a t t he p r o j e c t o p e r a t o r s h a l l 
e s t a b l i s h and m a i n t a i n an "Extraneous Gas Bank 
Statement" which s h a l l be f i l e d w i t h the D i v i s i o n each 
month c o n c u r r e n t l y w i t h t he p r o j e c t operator's 
"Empire-Abo Pressure Maintenance P r o j e c t Monthly 
Report", and which s h a l l show thereon each month the 
volume of extraneous gas i n j e c t e d , the cumulative 
volume of such gas i n j e c t e d , t h e volume of gas 
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d e l i v e r e d back t o the s u p p l i e r o f extraneous gas, the 
cum u l a t i v e volume o f gas d e l i v e r e d back t o the 
s u p p l i e r , and the net cumulative extraneous gas bank. 

"RULE 5. Allowables s h a l l be assigned t o u n i t 
v/ells i n accordance w i t h nominations submitted by the 
u n i t o p e r a t o r d u r i n g the months of March, J u l y , and 
November o f each year. That such nominations s h a l l 
accompany the Pressure Maintenance P r o j e c t Operator's 
Report f i l e d f o r t h a t month. 

The allowables assigned s h a l l r e s u l t i n 
p r o d u c t i o n of casinghead gas averaging not more than 
65 MMCF per day f o r the month, p r o v i d e d however, t h a t 
on a cumulative b a s i s , the u n i t o p e r a t o r may c a r r y gas 
ov e r p r o d u c t i o n of 325 MMCF. 

That no producing w e l l i n the p r o j e c t area which 
d i r e c t l y or d i a g o n a l l y o f f s e t s a w e l l n o t committed t o 
the u n i t , and producing from the same common source o f 
supply, s h a l l r e c e i v e an a l l o w a b l e or produce i n 
excess o f two times the top u n i t a l l o w a b l e f o r the 
p o o l . 

"RULE 6. Each month the p r o j e c t o p e r a t o r s h a l l 
submit t o the D i v i s i o n a Fressure Maintenance P r o j e c t 
Operator's Report on a form p r e s c r i b e d by the 
D i v i s i o n . The r e p o r t s h a l l show a l l p r o j e c t w e l l s , 
p r o d u c t i o n of o i l , gas, and water; volumes of water, 
r e s i d u e gas, and extraneous gas i n j e c t e d ; t o t a l 
p r o d u c t i o n of o i l , gas, and water, and such other data 
as the D i v i s i o n may r e q u i r e " 

(3) That Pule 14A, 14B, 14C, and 14D o f sa i d S p e c i a l 
Rules are hereby redesignated Rule 7A, 7B, 7C and 7D, 
r e s p e c t i v e l y . 

(4) That Rule 15 of said S p e c i a l Rules i s hereby 
r e d e s i g n a t e d Rule 8 and i s amended t o read i n i t s e n t i r e t y as 
f o l l o w s : 

"RULE 8. Expansion or c o n t r a c t i o n o f the p r o j e c t 
area may be approved by the D i r e c t o r o f the D i v i s i o n 
a d m i n i s t r a t i v e l y when good cause i s shown t h e r e f o r . " 

(5) That j u r i s d i c t i o n of t h i s cause i s r e t a i n e d f o r the 
e n t r y o f such f u r t h e r orders as the D i v i s i o n may deem 
necessary. 
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DONE a t Santa Fe, New Mexico, on the day and year 
hereinabove designated. 

STATE OF NEW MEXICO 
/OBL CONSERVATION DIVISION 

/ JOE D. RAMEY, 
j / Director 

SEAL >S 



ARCO Oil and Gas Company 
Permian District 
Post Office Box 1610 
Midland. Texas 79702 
Telephone 915 684 0100 

March 26, 1987 

Mr. L. A. Clements 
Oil Conservation Division of the New Mexico 
Department of Energy and Minerals 
P. 0. Drawer DD 
Artesia, New Mexico 88210 

Dear Mr. Clements: 

ARCO - Empire Abo Unit 
Pressure Maintenance Report - February, 1987 

ARCO Oil and Gas Company, A Division of Atlantic Richfield 
Company, as operator of the Empire Abo Unit Pressure Maintenance 
Project, Eddy County, New Mexico, submits with this letter the 
gas bank statements for February, 1987. The allowable for January 
through April, 1987 has been set at 4760 BOPD. 

Sincerely, 

Jack T. Lowder 
Senior Engineer 

JTL:tis 
Attachments 

xc: Mr. William J. LeMay 
Oil Conservation Division of the New Mexico 
Department of Energy and Minerals 
P. 0. Box 2088 
Santa Fe, New Mexico 87501 

A R C O O i l and Gas C o m p a n y ts a Q w - s i o n of A v. a n t-cR tch f iel dC o m p a ny 
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EMPIRE ABO UNIT PRESSURE MAINTENANCE PROJECT 
NON-ABO GAS BANK STATEMENT 

MONTHLY REPORT FEBRUARY 1987 

CUMULATIVE GAS CUMULATIVE NET CUMULATIVE 
GAS GAS DELIVERED TO GAS DELIVERED NON-ABO 
INJECTED INJECTED TO SUPPLIER TO SUPPLIER GAS BANK 

MONTH CMCF) CMCF) CMCF) CMCF) CMCF) 

JANUARY -0- 4,061,826 -0- 411,342 3,650,484 

FEBRUARY -0- 4,061,826 -0- 411,342 3,650,484 
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M R C O Oil and Gas Company 
Permian District 
Post Office Box 1610 
Midland, Texas 79702 
Telephone 915 684 0100 

March 20, 1987 

Mr. L. Clements 
Oil Conservation Division of the New Mexico 
Department of Energy and Minerals 
P. 0. Drawer DD 
Artesia, New Mexico 88210 

Dear Mr. Clements: 

ARCO - Empire Abo Unit 
Pressure Maintenance Report - January, 1987 

ARCO Oil and Gas Company, A Division of Atlantic Richfield 
Company, as operator of the Empire Abo Unit Pressure Maintenance 
Project, Eddy County, New Mexico, submits with this letter the 
gas bank statements for January, 1987. The allowable for January 
through April, 1987 has been set 4760 BOPD. 

Sincerely, 

Jack T. Lowder 
Senior Engineer 

JTL:tis 
Attachments 

xc: Mr. William J. LeMay 
Oil Conservation Division of the New Mexico 
Department of Energy and Minerals 
P. 0. Box 2088 
Santa Fe, New Mexico 87501 

OIL CONSERVATION DIVISION 
SANTA FE 

A R C O O i l a n d Gas C o m p a n y is a D i v i s i o n of A t l a n t i c R i c h f i e l d C o m p a n y 
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EMPIRE ABO UNIT PRESSURE MAINTENANCE PROJECT 
NON-ABO GAS BANK STATEMENT 

MONTHLY REPORT JANUARY 1987 

MONTH 

JANUARY 

GAS 
INJECTED 
(MCF ) 

-0-

CUMULATIVE 
GAS 
INJECTEO 
CMCF) 

4,061,826 

GAS 
DELIVERED TO 
TO SUPPLIER 
CMCF ) 

-0-

CUMULATIVE 
GAS DELIVERED 
TO SUPPLIER 
CMCF) 

4 11,342 

NET CUMULATIVE 
NON-ABO 
GAS BANK 
CMCF ) 

3,650,484 



• 1> <t> • 

* * * * « * * « « * * * * « « * * * * * * * 41 4t 

• • • • • • • • • • • • • • • • • • • • • 
o o ( M O - v O M M t O O O O © s© to IV go rv CO o 
o o ^ H « 0 ! / » N O o o to o rg oo 1 1 •o o 
rv rv s t v t m KI so r i ps. fs. rv un st »»> 

1 1 
r H rv 

•> 
u 
t 

O s 
s t 
t O 

S t 

1 
OS 

o •> QC 

U J aa o 
-5 I u-
O 0 s <r cc s t oc r v 

CU tn UJ SO 
s t a, O S 

t u 1 o r H 

o oc 
z t •> 
<T •> • 
ar I t > z 
tu 1 as s t 

p - O s ct 
sr. s t cu 
PH tn ac 
t t s t o ae 
JC 1 u o 

ce tu 
U J o 
O f — ml 1-

os tu cc 
to s t 1-4 a 
to tn U» a. 
U J s t X tu 
0 £ 1 o ac 
0 . oc k-t 

cc > 
o »• rJ 
CO so u X 
<t s t •"I t— 

uo p - z 
tu s t z o 
ac 1 <t ac 
M ac - J 
a. p -

ac to ct 
tu oc 

tu 
a 
QC 

a 
• 

• 
• 

a 
• 

ac © 
• r H 

Z ru 
<aff oo •— 

co oo r— 
mr 1 tu 

O to 
t-4 c to 
p-l t - l tu 

QC 
U - tu ta 
to a JC 
r H o • 
a 3 cc 

OC u • 
« tu sr 3 

C J 3 

• 
<x i s • 
oc « ac 

• a P-l ac 
o SO •• 
• • tu Z 

ar o i— 
• * C t u-

z eu cr <x 

• • • • • • 
Qs- - 4 O r-4 ru eo 
"st r H tn tn s 0 S t 
tn un eo to PO rv 
K I s t rvi rv ru 

r-4 

• • 

• * • • 
o o © rvi o © 
o rg o tn OO PO 
r-t r-t r-t 

mm • • . # , 
s t O s O CO rv tn 
I V s O os tn os 
t O 0 0 t n © rv j 

rvi cvj o j —t 

* « * * * 
• • 

o tn 
s t r> 
tn s t 
r-t O s 

T - l 

• • 
© rv 

r-t 

C O 
r - l 

• 
o OS 

tn 
r H 

rv 

4k i a 3 * 
* «« r> UJ o a + • • • • • • • 
* r > i e r p - _ | j a . * ru r u © o o tn o tn st 
* r - t t U t j s ^ j Q 4 ( O O r l s O r H O J m 

rv « «- at ui o t t o * 
CO * * 
•v, * * * * * * * * * * * * * * * * * * i t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
o * t/> o o * • • * • • • • • • 
«-i * LU a -» M "v * Os st ru st m so eo rv rn 
V . * O 3 p - M 0 s C a + r - t C O O 0 OS I rO I 43 r-4 
r o rm « H O W O + W > I I O r i S f r-4 sQ 

O U , * s - t U Z > 0 O t U t O > » l r-4 
Os * QC — t o CK * 
s f * * « * * « * * « - « * * * * * * * « « * « * * * * « * * * * « * « * * * « « « * * * * * « « « * 
<n * «3C o * • • • • • • « • • 

os st * a S * O st ru st m sO oo fv m 
•-• I « • « U Q Z - S * r H 30 CO O I P*l | sO r l 
• • Q C * 0>, UJ M OJ > * O r - l s t r - l s© 
so * « r Z © r— (J"S * r - l 
r o •» * S K CC QC * 
<• tu * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
os i -fc | • a * 
O OS -fc t u Q Q tO N , * 

st * < » s i U H z a * 
tn * eo c n - a « > -« 
st * s - u j t o > a e t o - f c 

I * QC r - SC * 
QC * * * * * * * * * * * * * * * * * * 

4* m mm m d 41 • • • • • • • • 
*• * Q J n m N * r n s O s O O O r - t r v r n 

ca a * «•» M M — z r e - f c t n o o r > o i 
I a. * rv Q <E oc cc > * rvj m tM 

os a -k «- > > o « «i * 
st a « <x u. t» a: -k 
tn * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . « 
vt « * « 

I O -fc UJ • • tu -fc 
ae s o * a C 3 3 - J * 

r v * « N 3 Z « I * 
s t * ue»o u w r c « 

* UJ Os * 
* > r-l « 

to * «•» <r *. ~s</> -it 
r-4 « s0 | Z to r-t * 

* mr Z r - l UJ tO * 

rv * o X as a. * 
CO -fc <~4 • 3 0 . -fc 
O * p- Z . -fc 

~m~m i n t ^ -• • 4x 
* tu "} oc a -it 

•» * -a ui e w \ « 
• i * Z t - C U C C v W * 

o c * M sx 3 to o * 
a. * 3 co * 
* * * * * * * * * * 
I * * 
• * OC CQ * 

z * a s * 
<r * tu ta u. * 
-J * O O -fc 

* <x * 
oc * ac — * 
o * tu a « 
U . * > f v tO X , * 

* C t 00 < t U - * 
tu * o to a * 
_ | * «-r Z r-4 C * 
CD * tn o «»• * 
<X * — t-4 Ck * 
3 * p» • QC a . * 
O * U Z p - 3 * 
_J * 3 < t 3 f l * 

- i * a "7 * 
<t * o cs * 

* K 
O * 0- <— r-4 Tj * 
UJ * o » * 
u- * * 
t o * * * * * * * * * 
UJ * * 
3 * tn * 
o> * oc v» * 
tu * o u. * 
06 * 15 O * 

* * 
_ l * * 
<t * * 
I — * tO t i - * 
a * <x o * 
p- + — ts ac * 

* oc * 
* x * 
* et l ce j + 
* 1— s t t— 33 * 
* « rg 3 CD * 
* rm c t * 
* s t I — * 
* s r V— tO * 

* 
* 
* 
+ 
* 
* 
« 
« 
* 
* 
* to to to 
* 
* * * * 
* 00 O OS 
* ru ru OJ 
* 
* rv rv rv 
41 r t r l r l 
* 
* sO O © 
* ru m tn 
* 
* X UJ t u 
* 
* 
* 
* 
* o to sO 

C5 QC * *m 5 * s t s f s* 
I — Q. * r - t * 

* co aa m 

* to UJ — I Jt 
u» « UJ r - r-t CO 
M * u~ et O CO 
Z « -J 
3 * UJ OC 

* l«- >• O * <x 
CQ * a ac 
<X « 

<x * mm - j <t 
UJ * ro tu 
ae p- * * r 3 tO 
r- l tU * * * * « * « * 
cu tu 
ac x * QC 

tu to * 
* r~ 

• • * r » 

<x * OJ U 
tu * rm JJ 

ce * to 
ct * 

* z 
u- * 
u * 
tu * • -5 * -J a O * tu z 
QC * rm 

6- * r-t 

* mr t— • 
* o o 
* p - z 

* * + * * * * * « * * * * * * * * * * * * * * * « * « * * * « * * * * * * * 
• • • • • • • • • rv rv t o r - l s O OS o © so 

rv r-t s t S O s t ro tn rv 
s Q r-4 rv ro O ru © 
SO r-t tn r-4 T - l O J 

s O tn 
to 
• • • • • • • • • 

s t to ro CO rO sO o r H s O 

o rv o t-4 r>4 O J sr 
to rv 

• m • • • • • • • 
r-t r-4 © ro 4-4 o tn tn 
ru t O r - l O J tn s O 

r-4 r H to 

• • • • « • • • • 
r-1 rv I O ro > © © rv or 

s O co T-4 to r - l r H ru 
* * « * « 

•* 
* * * * * * * * * * * * * * * * * * * * * * « * * * * * * * * * 

•o O © co s t O CO r - t o s o s r o o s t r v © ro s t o s t o o © © m m st © © rv ro 
rt O o r-t t o OS rv O s O J © CO OS s C © r O s t Q s s t © tn o m t o OS s O o 
n o © ec ru r - l rv s t r> t o r - l s O r-4 ro r> r v j O S © rg tn m sr © s Q er
M r-4 O J r-t r-t s O r-4 ro to s t r - l © O s © r H rH ro CO r H ru rO s t 

m O sO r H r H 
t o 

-n to O •oc QC © OS s t r - l OC oc • s t o O J rv O St o r-t ac QC r - l O s QC r - l rv QC o rv O r H O J s O rv o © t o rv 
"VI CO eo o S t co r - l r s o O J rv •-o r - l s t r-t o O © m a ro O O r-4 rv i s t r H s O t o s O 

t— to H - r— r-t r-t r - l y~ »~ t o ru t— r H p - r H s t 

u a U i u u T-4 —4 u u 
U J U J U l U J U J tu tu tu 

• * • -i -5 • • • • -> « 41 * • • • • • -5 -5 • • ~i • • ~» • • • • • • • • • t • 
>o O J t o z Z o O O 4-4 z z rv t o r - l t o s t rv s O t n z Z r v j o z r - l ro z o m o o CO rs. t O r H © o © 

r - l I V I - l M fc-l i-t r-t t o rv o> © © PH M 1-4 O J r-t s O sr so s O to sO 
4-1 r - l O J ro O J ro r - l • -4 sr —t s t 

ec OC to to ae ac to to 
• • • tu U J • « • • t t «t • • It • • • • • tu tu • • t t • • CE • • • • • • • • • • • 

> to O I— r- O J r- l r - l OS to ts s t - t s t O J m O J a O i— r~ ro CO rv 0 0 ta © rv eo so rv r H OJ ru ro i n r-t 

0 0 s t <x t t O J rv ru s t co s t r-4 rv ro «»4 ct t t r-4 © r H r H r H m r H s*% 

3 3 3 r-t 

m ro ro ro ro s O *o -o S 0 SO sO m ro m t o S O s O S O s O s© tn so sO t > O ro ro ro NO 
V rs. rv rv rv rv CO oo CO rv rv rv rv rv rv co 0 0 0 0 0 0 so CO to rv rv rv eo rv rv rv rv 

V rv rv co t n s O s O 0 0 oa O s r - l fv tn so ro SO rv i v 00 CO rv os Os rvj rv tn 0 0 t o O s 

to M r-t t o to t o U . t-4 H u. CU to to to to to to to U . to cu o_ t-4 to Cu to to to to cu to to t O t o 

* * * * * * * * * * * * * * * * * * * * * * * * 4t « * * * * * * * « * * 
Os OS O S CO CO no 9 0 CO 0 0 0 0 so 0 3 0 0 eo O S r> 6s Os CO CO 0 0 CO 00 00 co CO oo oo oo 0 0 OO CO CO CO eo 
rsi ru ru O J rvi O J rv ru ru ru O J O J O J rvj O J ru O J O J O J O J rvi r v j O J O J O J ru ru ru O J O J O J ru ru ru ru O J 

rv fv rv rv rv rv rv rv fv rv rv rv f v rv rv rv rv rv rv rv rv rv rv rv rv rv rv rv rv rv rv rv rv rv o- rv 
r H r-4 r-4 r-t r H r H r H »~t r H r-t r H r H r H r H r H i-H r H r H r-t r-4 r H r-t r-4 r H r H r-t r H r H r H r H T-4 r - l r H r H r H 

o © O O s rv ( V SO s Q o s O t o t o t O t o O © © O O s rv rv rv rv rv S O sO SO s O tn to t n t o r v j O J r s j ro 
m ro O J O J ru O J O J ru O J ru ru O J I M m ro tn ru rvi rvj rvj O J ru O J rvj ru ru rvj ru OJ ru ru m ro r o ro 

ta X U J V £ "5 1-4 - J i C - J r-t - J s*C -> r-t rJ sc. -> - J sc ac z © a. cu ac z o cu ac z 'O CU o 0 3 <X o 

rv CO er s t t o s 0 rv oo o O r - l r s i P I s t t n s O rv O © ro s t to s O 

r H 

s O rv 0 0 OS © r H ru ro s t SO rv CO o 
S t s t s t ro ro ro ro ro s t s t s t s t s t s * s t s t s t to ro ro • O ro PO ro ro m sr s t s t s t rvi O J O J ' ro 
oa eo eo o o u U < J o o o o o o u o u o u O a ea a © a O a o a © a O U J U J I U U J 



<1> # i> 

O O o o o to o o o 
•o OJ ro co to 

o 0*t rO s£t O OJ t o t o t o O O O 
- O O H 

• O O O 
sO *0 s t 

* * * * * * * 

* * * * * * * 

* * * * * * * * * * * * * * * * * * * « * * * « * * * * * « * * * * « * * * 
* • • • • • • • • • • • • • • • 

ro ro o OJ rv OJ UO r - l st oo 00 rs. sO sQ o St 
rs. rsi 0 | | I sO fs. 1 1 1 00 st OJ o sO 
st ro to st s t m rvi 

* « * * * * * * * * « * « * * * * * * * * * * * * * * * * * * + * * * * * * « 
• • • • • • • • • • • • • • • • 

rO ro O OJ OJ rv tn r-t sr 00 30 rs. sQ SO o St 
rs N ' O 1 1 1 so rs. 1 1 i co St ry o sO 
St" ro tn st «t ro OJ 

* « * * * * * * * * * * * « * * * « « * * * « * * * * * * * * * * * * * * * * 

* * * * * * 
O s t 
s t St 
tn rO 

* * * 
• • 

O st 
st sr 
tn m 

o 
tn 
st 

* * 
o 
tn 
sr 

* * * * * * * * 
• • • • • • 

oj in oj so rv sr 
M rt M sQ Os rv j 
rs.rs.ro r i rvno 

r - l 

* * * * * * * * 

• • • • • • 
o j tn rvi « rv s t 
ro r-l oo so rs o j 
rs. rs. ro r-t rsi so 

* * * * * * * * * * * * * * * * * * * « * « « * * « « * * * * * * * * * * * * * * * * * « * * * * * * * * « * * * 
• • • • • • • • • 

o © ao Q © O © sQ OS © m CO t n cjs Os sO ru © © o o © o o o © o rv tv © © © s0 rv 
© tn © © o © © •O © s t oo 1 s t OJ © Os OJ © © © © © o © © © © © © © © © © © 

tn rv sr rv fs. rv rv rv rn rv tn r- l 
1 

OJ rrt ro rv rv rv rv rv rv rv rv rv rv rv rv rv rv f v rv rv rv 

* * * 

* * « « * « « * « « « « « * * * * * * « * * * « * * « * * * * * * * « * * « * * * « * * * * « * * « * * « * * « * « « * 
• • • 

tO ^ t r-t Os to 
s r r - l 
rv o j 

rv 
s0 
OJ 
st 

0s to 
o j O 

o o 

sO 
to 
CO 

rv to os 
so rv o 
f V r r t OJ 

ro rv 

* « « * * « * « * « « * « * « * * « * « * * * * « « * « * * * * * * * « * * * * * * * * * « * * * « « « * « * « * * * « 

• ••••••• • • • • •••••••«• 
in M s » O O O O r j o © o DO s t o j rv rvi s t u n s t r o t n s t o e r - i r o 
ro s t t o Os ro ro O t n « T O s O r V s O r < l u O s Q r v C O r v 
rv m >0 OJCO sO r v r i s O s O i n s O L n c O r H r v r v t o r o 
r v o j r j o o j r s - c ^ s o r v i n c > r - i » - « r - i s r 

r-i t o - ^ r v ! r o < r i r v o o * - i s t 
•rt 

• • • • • • • • « • • • * • • * • • • • • 
r v r v i r v o o o s t o o © o st mrvi rv ro r v o j to o j s o r o N >o i r 
OJ H I O rv j Os N H - O t O H M OS Ov Q O f V t O s t 

ro ro u n r v o j r v r O s O O s 
«-* 

• • • • • • • • • • • • • • • • • » • • • 
« 9 r v m o © © t n s o o o © o n o o © r - i © t n r v r v i s o r v c o r o 
O «-t rv so st r-i m m r v m « * j 
s t r o r - t s t s t s t O J s t 
• • • • • • • • • • • • • • • • • • • • • 

© t n « o © o © t n s t o o © rv so o st H r v o s t o s O s t r v r o u o r o 
n ro ru rH ru © m H » M st w « i 

rrt 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
r v r v r v r H o o o r v o o o r v o o s o o s t o o o o r o o r o o o o o o o o st O O Os s t O O r O O O O O a O O O O O O O O O s O © O r O O O u s , 
c c - t s o r v o o o s t os OJ o ro o co so o so m © © o cc st N N n a Q r o © o o o r v o Q o o o t n o m m o ro o to ro 
r - t t n s O c o o © s r s t tn so tn rH to rv co tn ro ro m rv o —i M H O r s , o © r o r H © o m o j r j o t n o o r v o n rv o ro so rv n 
© r o c r m r v L n m to r t to rn oo rv rH sr st oo r\i o> - t H s j H s s o r v r v s t s t o s o o c s o o s m rvi r u n w iv M H 
rH r o O i CO rs. r o f V r l l O I O r l O H . t r O I O N f « s t t > > < H | 0 00 0> OJ 

r r t N N < r l l f l r t N r | r g « ( M M « s O O J 

s t - H t » r v r > i o s o r > . - s O s t r H i » i © r H t n o o t n r v l ^ 
O J s t r S s t r V t n r O r H s t © t n r H O s r H S t r n rH O J r H r H O j r H O r v O Q r O C Q O O O r H © M r H C > < I O O s 
OJ st rH sO rH st fO sO rrt rrt h < l r - N H O r - s t l O r 1 s t ( O l O I O > r t s t ' O H 5 H r j « N r t IO N H rrt 

rH rrt rrt O CJ rrt r-i U rrt rrt . H r H r H r H r - l r - l r H r H r l r H rrt rrt 
UJ UJ UJ 

r o o c \ J O © © r - t r v © e > s t r o t n O r H C * v t s t r v 
O rtf\l>Ol/lrttOrl«\)^f><00 l O N M H i f l H H t-H rvi s t tO | A r l N ' O 
M H N N K I r t ^ M K l r l J ; ( \ | r t M H W M r r t SO r l s t 

to to to 
r v r 0 s a a 0 s 0 s Q © 0 0 © . » t r v r y 0 s o j r V s t © r M © s - ! O o j s t so s r r n r v e o r v m r v ro r v r n r o ^ o rv o n t o n s o n s o t o r r t r H SO rvj r H r H H » 0 > O f r O r t s ) r t t O > e i f l i f l i / l » » s ) r t i n i a i r i i O H I f t i r i l f i f t l ' 0 0 > I O sO sQ sO | V s 0 © r H 0 J s 0 s 0 O r H s 0 s Q © r H s 0 s 0 s t s 0 r l s Q s 0 t 0 L n s 0 s 0 s 0 q o r s « r s . » i v c o o o o o ( » o e i « e o o o « 5 c o c o rv r v o - r v oocooQooooeOcocooooocooeoocoaoeowcoMceooM N O H r i r i i o N e o i < i t O N ' 0 « > o « « H i f l s 5 ' t 3 a o r t i » ) > o ^ \ r i r i i o os o o o r v c o © r v s o r v r v > < 3 r v r s r r s r o o o o o « t r s s t r v r v O s r v s O s o r s . rrt rrt rrt) rrt rrt rrt to<X)<ot« to to tocutoeues to tOLOG^ « « « * « * * « « * * « * « « * * * * « * * « * * * * « « * * * * * * « * * * * * « * * « * * « * « * « * * * * * * * « aocococoooc joc«oocOcoeocOcoooco;Oooaooooo« r u o j r v r u r u r v r u r u < v j r \ i r v r v r ^ N ^ ^ ^ . ^ ^ ^ ^ r s ^ ^ ^ N ^ ^ v ^ ^ ^ ^ ^ v ^ ^ ^ N ^ ^ • ^ N ^ ^ N ^ N ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ r s ^ ^ ^ ^ r s ^ r s r s ^ ^ ^ ^ ^ s ^ . rrtrrtrrtrrtrrtrrtrrtrrtrrtrrtrrtrrt r - ) s ^ v t s r s h s t s r s t s # s t s * i n t n t n t n i n t n t n t n i ^ i n r o i n r o r n i n K i r o r o r n r n r n r n r n r o r o r o r o r o ^ r n c o < r o o o c o « < x < r < X s x a n o a n rrt H N PO r» M to n rv «o sr r i r v i r o t o rrt rv r H r v i r o s t t o s o n r v m H w ro s t n ru ro st r H r u i O s t s t t j o i n s O s O s Q s o r v r v r v r s . r v » r O N s r o r o r o r o i o r o r o r o r o r o r o r o i o i o r ^ w u J t u u j i j j u j u j i j j u J U j u j u J U J U J t u i u t u t u u 



• • 
o o rv 

* • • • 
o o CV o r u r u r u N C O o sr rt rv t o o O O ao x ) rs, f O LO KO OJ os r g s t © OJ o O 

ro t o rrt rt O J s t rt fSJ I O OJ O J s r OJ OJ rt rt rt rt OJ 

* 4 4 4 * * * * 4 4 4 4 4 4 4 * * * * * * * * * * * « * * * * * * * * * * * * * 
• • • • • • 

OJ o t o OJ rO OO IO OJ s r «—l rv o o -O sr uo o CO o OJ sO OJ 
1 CO rt rt rO 1 sr uo sr UO rv OJ rt OJ to o ro ro S3 t o 1 

SO sO uo 
1 

rt rt OJ ro st rt to 

ro o ov ao o 
O O N O rt 
rt ST vO rt S5 

o o r u f o v o r v j ov oo 
rt uo to sr sr sr ro | 
rt rt rvj O oj Oj ro 

* * * * * * * 4 4 4 4 4 4 4 4 * * 4 * * * * * * * * * * * * 4 4 * 4 4 4 4 4 4 4 4 4 4 4 4 

• 
ru 

• 
o 

• 
t o 

• 
OJ 

ro • 
eo 

ro OJ sr rt r>. os e> sO t o t o o co o oj so rg ro O Ov SO OV 
l 00 rt rt ro I sr wo s t WO r*. ru rt IM sO OS ro ro I •*> to o O N « H l 

ro v© UO rt rt ru ro st ro rt IO rt s t v0 rt vO 

o o rg ro so tv e> oo 
rt to to sr st sr ro I 
rt oj r>> ru ru ro 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 * 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 * * « « « « « « * 4 4 4 4 * 

ro 
I 

* * * * * * * 4 4 4 4 4 4 4 4 4 4 4 4 * 4 * * * * * * * * * * * * * * * * * * * * * * * * * 
• • • • • • • • • • • • • • • • • • • 

rt ru ro CK ro rs. ro o © I s * o © o O sr 0 o 0 o 
© sr rt O s t o OS O o o o o o o o o 0 o o OJ ru sr wo ro sr rt rs, so rs. rs. rs. rv sO rs. rv tv rs. 

* * * * * * * * 
• • • • 
O Os CO O 
0 fs. OS 0 

rs. rt so rs. 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
* • • 

Os rt ao 
00 sr CO 
sr •o Os 

0 o 
rt 

• • • 
O CO to 

iO IA 
£> os 

* * * * « 
• • • • 

O wo t o Os 
rO ?o Os 

rs. rs. 

ru 

• • • • 
o St sr O 

rt s t 

• • • • 
o rv O OJ 

OS t o Os 
•o to sr 

* * * 
0 

o 

* * * * * * * 

o 

o 

o o 

• • • • • • 
o ru to o o o 

rt WO 
r-t 

* * * * * * * * * * * * * * * 
• • • • • • • • • • • • • a 

s r o s o v o r v o o o o o o o p v o 
rtOJOrOstOO O O O rs. 
rs. LO O rt rt to O O O O 
r v r t r o r v j r t s t s r rv ro oo 

rt rvj rt 
i n r o r o r v r v c N s t r o o r v r o c o r v r t 
O S O r t S f r O rt r u r t 

rvi rt 

- t r t O C O r t > O s O r s . o a e O w O s O s O 
O sO --0 O O- OJ fs. CO sO rt to o o 
l o r v i r t t o s t r u r o r o s t»Ost rt 

t o r u r t r v J O r v l r t O O r t r t r t s O O 
ro fs. ru oj OJ 

to o t o sO sO t o SO wo t o WO t o OJ OJ rvi 
00 00 oo 00 00 00 00 oo CO eo 00 eo CO eo 

sO oo sO Ps 00 SO rs. SO so sO PS rt rt fs. 

© -o ro 
IS. r-4 
r j os 
ru 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

N O O ~ t rt IV rvt I O O s s t r O © r O © r O r « . f s . tO 0> P*. O s0 O rt 00 r v r l rt© 
CO sr > t r v i r O r t sO oo a ro ro © f O f s . S T r O r t O to CO vO rt sO sr © 
© O "1 M A CT N O H \ rt WO 00 sO rtOsOst rvj wo oo o j r t ru v« 
s t r o O r t O O r o r o r o rt OJ Os -O Os O OJ O St rO © © 00 CO rO 
PI fO s n t O r t SO |\J p< r l r l SO JJ s t 00 tA O 0> rt 

ro rt 
O r o © rs. rv rvj -O w n O s t s t O s o o o s s O t n co CO © to Ch rt <M rvi O O rt© 
sO rrt y->rtO>t » aor> H ro N O fl rosrO*s0 OJ st rv ro sO O Os 
IO OJ r i f l M rt sO rt r l o rtrt rtOOrvrorvsOrv) 

i r t rt 

rt rrt o O O O © O N H O O O O O O O s Q O O r t to OJ O s>" O rt tv © 

ro sr so ro rv co co 
rt OJ 

O s o © m - O r t O i O s o o o - o o j o o e w o o o rv *0 ro © o O sr ro co ro rt© 
rvj r i t o ru ro rt ro rt) oj r o r t r i n r o o o 

* * * * * * * * * * * * * * * * * * * * * * * * * * 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 * * * 

jo ro wo ^ o ^ M O H o o o ^ i ^ O r t l A N O ^ ' O O O J ^ ' O s • o o s t O ( ^ ' O l l ^ l r ^ o r g ^ o • J l A 
rrt st © s o o r v j o s o o j c o s t -o OJ rs. c o r u r v o s o r o o o e o t o r t © N O O N A J N O O O nj no 
ro sO s » s O O O s - O O r t s O r o O O s O S «C N v ) r l < t O O N IA N O rtfvOsrtsOrtiArtsO wO rt 
roto rs. e o n r o r t r t s o o co rusOs t s t s5s rcos ro j to n r u p o w o r t o s o t o n so ox 

•st oo rs. rrt ru os ro n to r t < r% r t rtrtosrs.rs.rooo 
rt S t rt t O r t r t r O r t r t O 

CiCrjtoi>£r»cKrMruwowortrurvivttor^ 
Q s * c r o r j o « « M A N O > O r t r > v t r j M N r j « * w o t O r i ( i o r u o o o H i > u > r J r O K s » H ' f l i / i rvos 
t ^ r u r O r - r o u - r t r u r t s O s t o j o j tooc s ts t eon o j s t r u r o s o r v r t o r v j r t r t r o r v i oj to 
O CJ CJ rt rt «Ort r r t r r t r r t r r t r r t r r t r r t r r i r r t r r t r r t 

tu tu tu 
- o . . - s , . - J . . . . . . . • • • • • • • • • « • • • • • • • • • • • • « • • • 
a ; o © a E © z o © r t O 0 r t o O ' O s r s r o r v r H r o s t r t r t r u r v v o r u s # r ^ 
rt m rt 00 C rt OJ r g ^ v t r l l A s t N N r t f l r t t O 

rrt rrt CM rrt rrt 
to t o , WO 
<t • > < i i d t • • • i 
t a r O O t O i O t S r t r v S t r v r H r o t O O O O l v -

fs. rs. v t OJ rtCO r o r v i t O f O r s i r O r u r O s t r t S t r t s Q OJ sO rrt rrt rrt rrt s t St sO 
ro 

r o r o ro S 3 s O s Q % O s O s O < > v O r v - O s O s O s O O J 5 i n s O s O s 3 r t s ^ 

rs. rv rs, o o c o e o r * o o c o o o e o e o e o w e o x > c o i » 
wo so rs. ^ o « ^ r > ^ > c w ^ o o < l ^ » ^ ^ ^ ^ ^ ^ « l ^ ^ ^ ^ ^ > O s t w « M ^ « o « o r l ( > ^ « o ^ A O 

to Or to eu to Cu to t o t o to t o WO to to t o to t o to M t o trt u» u . t u to u . tu cu tO WW. a. 0 . £U LU Or to u> 0L tv. t o Cv tw Cv eu to to Cv t u u . t u u> uu t o eu Cu to U0 to 

* * * * * * * « * * 4 4 4 4 4 * * * 4 4 4 4 4 * « * * * * * * * * * * * * 4 4 4 4 4 4 4 4 * * * * 4 4 4 4 4 4 4 4 4 * * 
00 CO CO CO oo CO 00 ao 0 0 00 CO « eo rv rv rv rv CO SO 00 CO 00 00 CO CO 00 eo 00 00 00 00 00 CO oo CO CO 00 eo 00 CO 00 00 CO 0 0 CO CO CO 0 0 00 90 oo 00 CO 00 0 0 oo 00 r v rv 
OJ OJ ru r g ru OJ ru OJ r g r g <M rg ru oj ru ru ru ru ru ru rv r g rv r g OJ OJ rv ru rvi rv r v rv rv r g o j rv r g rg ru r g pg r g r g r v rv rv rv r g PV PV rv rv rv pg OJ rv PV OJ rvi O J 

rv r v r v r v r v f v r v rv rv rv rv i v f v rv rv rv rv rv rv rv rv 

L
l r v pv r v rv rv rv f v rv rv r v r v rv rv r v rv rv rv pv rv rv r v r v rv rv rv rv r*> rv pv rv r v r v r v rv rv rv r v rv 

t o t o t o WO t o t o t n t o t o t o i n t o wo tn so SQ so so rt rrt rt rrt Owl r v r g o j P 0 SO ro ro ro ro ro ro ro ro ro ro ro ro ro s t s t s t s t sr s t s t s t s t s t s t s t s t s t < t uo t o s r sO 
ro ro r o ro ro ro ro ro r o ro ro r o ro ro ro ro ro ro ro r o ro ro ro ro ro ro ro ro ro ro ro ro ro ro ro ro ro ro ro ro ro ro ro ro r o ro ro ro ro to ro ro ro ro r o ro ro ro ro ro 

tu tu t u t u UJ UJ t u uu wv t u tu t s t s I J ^ O M r i *"> rt rJ *t -> rt • J _J St£ -> r» ~> "3 - J ~) rt M rt rt rt r l r t _J - J r l * X * U " 5 "> - 5 T i rt rt —) **£ 0 - r 

rt OJ ro s t t o SQ rt OJ ro rt r - l r - t rt o j ro s t t o rt rv ro s t rt OJ ro S t rt rv ro rt rv ro rt 

rv ( V r v rv rv rv r v eo 00 CO 00 CK Os © f v CO Os O rt r u ro s t t o so rv oo o O © © rt rt r-l rt r t rt r g rv r g rv rv ro P0 ro r o ro s t S t s t s t t o UO t n wo sO sO rv 00 ru r v 
ro ro ro ro ro ro ro ro ro ro ro r o ro S t rt rt r t OJ ru OJ rv OJ OJ OJ OJ r v OJ r j ro ro ro ro ro ro r o ro ro ro ro ro ro ro ro ro rO ro ro ro ro ro r o ro m ro ro r o ro ro r t r r t 

WW. u_ L U t u u. u» U . t u iu WU WW. u . t v u. ts to to to t s t s to t s t s ta ta ta ta ta ta to ta ta ta ta t a ta ta t a ta ta t s ta t a ta t a t c ta ta to t a t o ta t s t a ta ta t s to X X 

t i 1 



<1» ft r~s. 

t O O M n O N l M N O M M O r V i n C O O O O O O i A O 

rtrvj«H<rtcvj H H ry r t H N *-I 
O rt CO 
H M rt 

CM o 
t 

tn un ro so 
i n rvj 

vo rvj ao v O r t i n m c n m o t n 
r-l r-t r-4 rH tn rH 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
» • • • • • • • • • • • • • • • • • • • • • • • • • • • 

o r v t o u n r v r o r o r o o s C * r v © a s s t r v o o r v i o j u n o j ' o o ' « - ) sr o © moo O O 
N N « 0 « i » N ^ i r i i n N r V I O N O W I | I m I O CO rt Pw rt Pw O 
rtwifliOH rtrtrvirvirOrtrtrtojrvi rvjwt ro ro r-i *-t rvi 

* * * * * * * * * * * * * * * * * * 
• • • • • • • • • • • • • • • 

(M OJ t n r v l v t r t p w v O r t O v r t 
PO © 0> sO sf s t © Pv) CC LA vQ I fn no rvj 
rvj ov sO eg st st n r j w M rg ro 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

©rvrOuorv.MK>i»oc*>e>rvoos - t o o 
Ni\i<0*«Nip.MiflrgpJONOir. I y j n I I mi O » " 
r-i PA un pn rt rtrtPWAJMrtrtrtrvirg (M vf tn tn 

* * 
tn co 
Pw rt 

* * * * * * 
• • 

vQ 0> 
Pw Ot 
rvi 

* * * * * * * * * * * * * * * * * * * * * * * 

* * * * * * * * * * * * * * * * * * 
• • • • 

PO s t s t OO AJ ( \ l UA r v i v t r t P w v O r t C > r t 
K i O » o sPwtO rvi co in vo I to oo rsi 
rg 0> so rg st st n rvj m m OJ ro 

* * * * * * * * * * * * * * * * 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
• • • • • * 

o o o o o © 
o o o o o p 
rv pw rv rw pw Pw 

* * * * * * 
• • • • 

PO O o o 
sO o o o 

Pw pw f x . 

* * * * * * * * * 
o 
o 
Pw 

o o 
o © 
pw rv 

* * * * * * * * * * * * * 
© © 
o © 
Pw pw 

* * * * * * * * * * * * * * * * * 
* • 

rn un 
O CO 
O rt 
© OJ 

« * « « * * « * * « * * * * * * * * * * * 
• 

rt 
OJ 
CO 

* * * * * * * * * * * * * * * * * * * * * * 
OJ 
un 
wt 
to 

PJ 
OJ 
co 

rv 
Ov 

« 
ro 
•0 
rt. 

* 
ro 
vO 
OS 

ro rt 
© ro 

SO 
s t 

* * * * * * * * * * * * * * * 

st 
OJ 
O-
rv j 

NO 
UO 
i n 
m 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
• • • • • • • • • • • • • • • • • m • 

i j o © r o r t r t © s t v O u n © s t o s © r v j © r o o u n v o o o r o o e> sO ro r v ro Pw eo st o oo rv to rv st uo m r-1 uo © LA S t rv 
p w O x r \ i p v r v j © r t N C K f g c < ) i n r t v o o rv tn rv ro •o rt uo oo rt 00 ro ro un st ro oo rv pw © S f sO © sO Pv OJ 

© i o r t c o s o r v i r n o x o x r n v o « o r v r w < ? st ro o so s t I A OS un sO CO ro OJ s t Pw OS ro s t Os m o o rv Os i n Os 

rtCttpvrge>fVG*iJ^xOsfryrgst00Cv S t Pv vO JTJ co ro >o OS S t s t ro rO CO PO ro Pw rt sQ ro ox so rt sO st rt 

co r-i ro rvi s t s e o o r v r v i r t r r t u o r o r v i rt OJ S t rt CP OJ ro rt i O rt K I rt rn st tn rv rv rv oo rt r r t 

v O P v r v o O O u O P ^ s O r o r o r t O U O O v r t v O © P w s O O © u n o © sC rv • 
r v 

• 
OS 

• 
00 

• 
ro 

rt r r t © uo © rt O st oo tn tn © o •o r v 
O v v O t O u O r t v O r t p O C O O O O J J - i P w O J oj rvi tn oj rt rv 00 ro s t ro un © OS © sO © s t s o rt 00 ro PO f w s t rv 
v O r o s r r v j r t r o r o r v i r t r v i s r r t m m OJ OJ ro rv ro rt so ro rv st m rt rt rv st rt rv 

rt rt 

O O O O O O O O O O D S r t 0 © 0 © P w O O © r o © 
rt OJ 

ro rv oo 
st rv © 

OJ 

m o 
*o 

© tO O r-t rA © © © © O O O O u n O O 

* • • • • • • • • • • • • tt • 
OS © ro rtrtoounmrvoorv Qs rt OJ s t ro © rt rt © © s t o rt OJ rv OJ rv © Os •43 UO 00 sO rtrtsO U*\ s0 OS UO © O rv s t 

rv r i r H r - l « 0 rt OJ rt (M rrt rt rt rt SO rt (SJ rH rH rt r-l rt 

* * * « « * * * « « « * « « * * * * * * * * * * * * * * * * * * * * * + * * * * * * * * * * * * * * * * * * * * * * * * 
• 

© 

* 
* © oo eo ro O s O O O l A O O O O sO © pv rv © O © rt © O O O Pw O s t © ro fv ro o © 0> O © ro cooooojoojuooooroosaorvoro st Pv 

© * Pw pv fv o o o r o p v o u n o © CO sO s t O un O rv o o o © Pw 00 rt i n ro sQ m o © © © © s t rvro©cOrtrteos0vooQsoroLO ro IA sO 

tn * ro st fv snrvipveoosrvorvi rv s© O o Pw un st un tn st o to ro rv fv ro sO ro © rvi rvi un oj rt osstoosooosjtstrofvrostoooe ro rt sO 
oo * O s C r N s f N P J s f N O i O H © eo rvi sO O OJ O rvi rv Pw rt rv tn 00 un st os oo rv oo © « 3 s t O s r o r v s t L O r v J O t O © r t sO sO o 
s t * OJ rv OJ s t rt Psi OS © O rt rt rt st st rt s t rvi ro rv O rH rH rH SO to r o r t r t t n r o r o u n f \ i r v r v rt OJ rt 
ro * r-l rH rH rH rH rt m s t s t st un rt rt 

S f OS rt ac Pw rv vt rv sOroPwo>o>stsOoj rv © sQ 00 00 ro LA 0Q rt ro rv rv CC i n © uo s t Pw un uo QC rt Pw pw sO Pw ces tr tOroOsoeos trvoo inr tro © 0Q © s t 
O o o a sO oo un rv stunoOrtPwstOrt Pw tn fv ro S3 oj rv rt S t ro OJ o j rrt rt Pv rt OJ a rv oo ro st Pw oosoxrvioeopsiosttrvunrtpwrt Os 00 

ro P - Pw i— un o so rv rvrtooosrvs truo ro uo sO rt rt © OJ rO p - © rv o CK rt rtrorusOstu^o>rtiorvct«oopv sf> 

rt SJ rt a rt rt rt rrt rt rt rt rt rt rt CJ t\i rH rH rt (•Jr 1"*̂  
UJ UJ UJ UJ 

• "3 • -» • • • • • • • • • • • • • • • • » • • • • • • • "5 • • • • • • • • • 
© x o o O O O H I O O H O s f H r t SO rv O o O rvi sr r-t uo st rvi rv O OJ OS o •o O rv rt X rH Q rH rH O I O O O O O O O O O « O O H ro tn © ro 

rt rt J3 so ao s t O CP so Pw eo ro sO rt rt 

uo uo 
• <x • • • • • • • • • 

• 
• • • 

• • • • 
• • • • • • • • • • * • • • • 

s * ( J r l y? © Pw Os - t o rt rt 00 o sO rv o pw rt ro co ro s t © rv oj so so rt r v CO oo O sO r o SO rt 

ro sO s t rt rv rv rt rt rt s t rt rt ro rt rv ru 

uo 
< * • • • • 
UJ un pv rv tn 

so un 

uo 
< ( • • * • 
us m rn in rv 

st tn rv rv 
rt 

• • • 
OJ fv ro 
s t rt ro 

• • • • 
00 CO pw rv 
ro st ro 

rv pv un so O 
ro rv rv 

sO 

sO 
•CO 

ro HO r O s 0 s O 4 3 s O s 0 s 0 s O i ^ s O s 0 ^ s 0 u n s 0 s 0 s 0 t n s 0 s 0 t ^ r O s O r O s Q s O • 4 3 s O s Q s O O O s O s O s O O i n u n s O s O s O - O s O 
CO r v 0 O 0 0 0 0 0 0 0 0 e 0 00 00 « 00 0 0 t O 0 0 0 0 0 0 C O 0 0 90 0 0 « e 0 c O C O - » 00 00 00 00 Pw C O C O O O O O r v C O O O O O O O O O q O O O O O C O C O O O 

AJ os ^ ^ M ^ s ) » ^ ^ o > o ^ o o ^ ^ ^ O ' O J J ^ ^ » ^ ' 0 • o * ^ H ^ ^ o o » ^ o s o i O rtpwsorvox r v o o r v c o r v o o f v o o s t r v u n r w p w f w r v r v e o 
rt rt r r t 

uowuorttouwu.u_Luu-u-uuuuu.cULwcuc^ 

* * * * * * * * * « « * * * * * * * * « * * * * * * * * « * * * * * * * * * * * * * * * * * * « * + * « * * « * * * « 
rv fw f v CO 0 0 00 CO 00 00 0 0 0 0 eo 00 00 00 CO 00 00 00 CO oc 00 CO oo 00 00 CQ CO 00 00 00 CO SO CO CO CO rv Pw pw fw Pw rv f w f w Pw CO 00 00 00 oo ao 0 0 CO 00 00 00 0 0 00 CO oo 
rv rv rv OJ rv rv PV rv rv PV rv rg rv rg AJ OJ rv rvi r g r g rv rv pg rv PV Pvl rv rv rv rv rv OJ rv rv OJ ru OJ pg rv rv PV rg rv rv rv rv rv rv rv pg rv pg PV rv rv rv PV rv OJ o i 

rv rv rv Pw Pw Pw Pv Pw Pw Pv p v f w Pw Pw Pv PV Pv ( V Pw pv r* Pw Pw rv Pw r v rv r v rv Pv rv rv rv f v Pv Pv CO 00 CO 0 0 00 CO 00 CO 00 oo CO oc CO eo co CO 00 CO oo 00 00 oo 00 CO 

rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt 

sO sO sQ rt rt rt rt rv rv PV rv p g rv r g pg ro ro ro ro ro m ro ro ro ro ro ro •o ro ro ro s t S f s t S t s t ro ro ro rv rv rt rt rt rt sO SO sO sO sO un un un t n un UO UO uo UO UO 

ro ro ro ro ro ro ro ro ro P0 ro ro ro ro ro ro ro ro ro ro m ro ro ro ro ro ro ro ro ro ro ro ro ro ro ro 

at O Cu £ X O Cs ac ae ae O o a a. CU ac at ac ac X ac X as X X o O o cu 0 - Cu sc ac X X o U ec < t Q «x Q U CQ « a U CO CQ «X a a o a 03 CQ eo CO a er 

rt rt rv rt rt rv rO s t uo rt OJ tn r r t rvi rt OJ rt rt rt rt rt rt rv ro rt 

co Os © rt rv ro s t uo sO sO Pw Pw pv CO 00 Os Ox o O Os Os o o o o rt rt rt rv rv r g ro ro S f s t t o © rt rg ro sO Pw CO Os © rt rv ro ro S f un un sO •o Pv Pw Pw Pv •oo CO 
rt rt 0 J OJ rv OJ OJ OJ OJ rv rv OJ pg rv rvi r g rv rvi rvi rv i rv ro ro tn ro ro ro ro ro ro ro ro ro ro ro ro rt rt rt rt rt rt rt rt rv rv rv OJ rv rv rv Pvl PM rv OJ r g rv rv n j rv 
X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X rt rt rt rt w rt rt rt rt rt t - i rt rt r-t r-t fcrt rt rt rt I-I rt rt t-t rt 



• fl> fl* •* 

« • • • 
© pg o ao 
rvi rt st 

* * * * * * * 
• • • « 

IO rt O O 
ru rs. st o 

« * * * * 

• • t 

o ro o 
rt rt ro 

* * * * * 
• • • 

PO vO O 
rt OJ vO 
ro rvj rvj 

st o to 0> 
OJ rt rt 

rt o ro rt rs. OJ vo rw o rt 
rt St rt 

•O 10 S3 rv, 
rO OJ rt 

* * * * * * * * * * * * * * * * * * * * * * 
carweorwOrtoos t rv i i o 
r w r s , s O r t r t c o r o i o ' 0 0 
CO St ro rO rt St ro 

o r o r o o o r v - s t t o 
v O O j w t t O r t r t r t r O 
VO S3 S3 St tO CO 

* At Ai * At At At At * * * * * * * * At 

• • • • 

• 
• a 

ro rt O O ro vO o 
OJ fw. St o rt rvi vO 
rt rt rO rvi OJ 

* * * * * * * * * * * * * * * * * * * * * * 

• 
P-

tO rt rw ro vo rt s f rt v t o rvi co tn rvi o s r o j 
rvi rvj rt OJ tO vO OJ rt s t t o t n rvj OJ -o 

* * * * * At * * * * * * At * * * * * At At 

• 

• * 
• • • • • • • • • • • • • • « 

Pw pw OV S3 ro o ro S3 ro oo t o O Sf Pw s t rvi O Ov 
rt O 1 St Ov 00 o vO t o CO OJ t o rvj ro O ro Pw 
rt Pw rt rt © Pvl t o sr fw un ro OJ 

s t rt 

* * At * * * * * * * * * * * * * * * At * * 

« o p w e o f s . o r t c o s f o j r o 
f w r V v O r t r t O O r O U O v O v O 
co sf ro ro rt sr ro 

o m r o o o r v v t t n 
v O r v i s t t o r t r t r t r O 
to vo vO st tn oo 

fw Ov 
O I 
fw 
st 

^ O i O O r n v O l O O O t n O s t r w S f P V i O O v 
sfovoovovotnoopvjtnrvirooro rs. 
rH rH O OJ UO s f P w t n i O Ol 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
• • • • • • • • • • • • • 

Ov t n t n o o o o o O O O O o 
O s t r t O O O O O O O O P w o 
so fwrw.fw.fwpw f w n . r w r t rv 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
• • • • 

St O © © 
00 © O © 
rv. pw pw rv 

* * * * « * « « « « * * « « « « * « « « * * * * * * « * * * * * * « * * * * « * * « « * * * * « * * * * * * * « * « « * 

00 
Pw 
Os 

St 
vO 
rv 
© 

© 
tn 
O 

tn 
rv o 

—• 
Pw 
rv 
sr 
S3 

rv 
vO 
s t 
OJ 

* * * * « * * * « * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
• • • • • • • • • • 

Pw rt CO Pw ro © r v v o s t r v . u n o v O r t r w . r w r t Ov S t v© t n pw o rv OS o s t ro 
O Sf CO Pw O rv ro rtvOrtPwpwOrtCOCOSS © vO s t ov v0 © ro 00 CO 00 «3 
rv CO Ov S3 s t o © L O O S t r t r t f O v O C O S T r t ro rt © © oo ro O © rt rt rt 
S3 vO ro wn o O O f w r w . o v r o r o r o o j r w v o rt CO rt fw © un 00 ro Pw 

rt ro rv rt s t r v o j r o o j r o -ouoro s f ro fW UO VO rt © 
rt rt rv 

• • • • • • • • rt Pw vn un ro s t o c o r v o r v r t r o o v o r v r v ro s t o rvi rt o "o oo QO rv st 
s t CO un t n s t o o TO tOr t t n r t eo»Oo j coPw rt © un ro s t ro O ro CO 
rt ro rt ro m rv "O «-i «-i sf rtOJ S3 Pw uo rv to s t O s f 

rt m 
• • • • • • • • 

Pw rt Pw vO rt © rt © © © O O r t O O O © o rt o o o o oj o> Pw rt rt 
rt rt © 

rt 

X X X 

* • • • • • • *o w0 t n St © © O i n O rt s t rt t o rt r v m r v t o to. co st ro ov vo ro rv pw r v 
O j rt t n rt rt s t rtrt rH rH rt s t o j ro r v rt rt o j 

* * « * * * * * « « « * « * * * * * « « * « * * « * * * « * * * * * * * * * * * « * * * 

* * * * * * * * * * * * * * * * • •••••••••••••a 
O r o C O t n v O s t s O s O S t s O P w v O r t © 
^ r t s © i > u > s # « t r v s 3 t n r v i u n s t ' n o j 
s t t o s O s t i O r t u o i n u o c o r t i n u o r O r t 
s t r v o o s o r v r v r t o o r o uo o co in 
r v ) f w r t © r t r t rt rtrtrt 

rtrtorvo>rvvorwrooorvsorvrtsO 
r o t n u n o o i n O r t C K t n r o r t o o t o r t u o 
roror t sOrvjvOrts t os uo sr rv 

oooostroinooorvoooooso 

rt O 
ro uo 

s t tO 00 vO 
rt 

* * * * * * * * * * * * * * * * 

O t n p w t n u n © v O s t 
r j u o f w r v r t s t w o u o o j 

O s t t O O O s Q O O t O r t » 0 » » O O N O O s u * K i r » O O t O i O O H l r i v t i O N O f t l N O O r O 0 0 O ~ s 3 O O * O O t n r v l s O © u n o > r t r v c o c O s t 
© s t f w © o > c o © O s O r o m o rw co o o to o j o o t o r t o o f o o r w s o o r w o o t o r o s t O s t s O u n o r o rts#stuno*oosfoofv,stPVsOO>rortstrt 
L O s t c o O r t r V O O O r o in sO un rv o tn rt 0 0 0 3 C O i J O s O r t © f w r o © O O t n r w s O © r o N » r V © 0 0 © r o « 0 0 j r v * U 0 O N 0 0 u n r t r t s f O 0 0 r t r o t o 
• O r t r o v O r t r t r o r t i n r o © oo •-« © rv so so r o r t r v u n o s i A s e r v r u ^ u o r u o s o r g r o s t r v s t r o t o rtO-ovoos*ojrooooo«3oorvirtrviPwov m 
rt rt rt 00 PV rt rt rt s t s t OJ rO s t vO s t ro ro OJ ro s t Os Ox O vO rt rH rH u n * t * t n f V r t r O r t r t r t rt 

OJ UO OJ st rH At rH 

c o i O f v > o t n o o e > r n r v . » o e C s O f O © r t r t © r o c o p w r v 
ovr tr t sOPt i r t » s t r v o c * s * v O P * u n s t r v ) v o e » > r t L n r v o 
rt rv u n o o s f r t o s f f l o v t n t n t n pw rw rt uo st wo so osropwuouosfro vQ rtsocoojooosstortossorvo s t o c o rv 

t j Trt Trt rH rt rt rt rtrtrtrt rtrt rtrtrtrtrt rt Cl rt rtrt rtrt rH rH 
tU UJ 

s f ! O r O f » . s * © © 0 © O Z © O r t O O © O O r t f V r t 
rt vQ fO rt rt rg Ov M rtrvrorort 

in in 
O j 
rt 

Os vO 
to 

rt 
rt 

rt 
rv 

s t 
rt 

ro ro 
to 

rg 
s t 
rt 

Pw 
rg 
rt 

'JJ Vt 
© 
rt 

to 
rt 

o 
Os 

ro © 
s t 

ro 
ro 

© rt 
s t 

Os rO 
-O 

ro 
ro 

rg 
ro 

ro 
rv 

o 
rt 

sO 
ro 

rv 
to 

ro oo 
rv 

Ov 
UO 

NO 
to 

s t 
ro 

rv 
rt 

UO sO 
rv 

o 
ro 

s t rt sO ts S3 
un 

© 
to 

-o 
rv 

Ol 
rt 

o 
rg 

rt o 
ru 

rt rt 
uo 

Pw 
rt 

S3 
sO 

fw oo rv rt rt 
tn ro rv ro 

rt rt 

m 
o 

fO 
OJ 

rv 
ro 

sO 
co 

-o 
CO 

o 
Pw 

sO 
CO 

so 
so 

Ov 
Pw 

ro 
Pw 

S3 
fw. 

sO 
Pw 

sO 
Pw 

Pw 
Pw 

vO 
00 

S3 
CO 

S3 
Pw 

rt 
CQ 

v© 
00 

00 
Pw 

rt 
00 

S3 
CO 

sO 
00 

S3 
CO 

sO 
00 

S3 
CO 

vO 
ao 

sO 
CO 

S3 
eo 

S3 
ro 

sO 
SO 

o 
rv 

sO 
00 

sO 
oo 

S3 
co 

sO 
CO 

•o 
CO 

S3 
CO 

sO 
co 

S3 
CO 

St 
00 

S3 

eo 
ro 
rv 

S3 
00 

vO 
•00 

iM 
00 

sO 
00 

-O 
CO 

sO 
00 

sO 
00 

S3 
00 

sO 
00 

sO 
« 

vO sO sQ S3 S3 
00 00 00 00 00 

vO 
oo 

sO 
"O 

vO 
CO 

00 fw © 
rt 

fw 00 rt 
rt 

to © 
rt 

© 
rt 

Os o 
rt 

Pw 00 O CO oo rt rt rv sO CO o 00 00 rv S3 vO rv rt 
rt 

rv fw rv CO Pw co rv fw tn Pw tn 00 CO Pw sO fw Pw rv rv Pw rv pw 00 00 f v 00 CO rv rv 

Ct, a. to a. 0_ tO to to to to rt tr) U- tu to to u_ to to u» a. tu tv u. tu a tv tv CU to tu tv tu tv tu tv a. eu to a. rt to uu tv to tv tv CU a. uu a. flu tu cu tv tv tu tu CU 0. 

* * 
00 00 
rv rv 

* 
00 
rg 

* 
80 
rv 

* 
ao 
rv 

* 
co 
rv 

* 
fw 
pg 

* 
rw. 
rg 

* 
Pw 

rv 

* 
fw 
pg 

« 
Pw 
rg 

* 
Pw 
rv 

* 
Pw 
OJ 

* 
Pw 
OJ 

* 
Pv 
OJ 

* 
Pw 
OJ 

* 
Pw 
rv 

* 
Pw 
rv 

* 
Pw 
rg 

* 
fv 
rg 

* 
Pw 
rv 

* 
rv 
rv 

« 
00 
rv 

« 
oo 
PV 

* 
CO 
rv 

* 
CO 
OJ 

* 
00 
rv 

* 
05 
rv 

* 
00 
rv 

* 
CO 
rv 

* 
CO 
OJ 

* 
00 
OJ 

* 
eo 
rv 

* 
00 
rv 

* * 
00 oo 
rv OJ 

* 
00 
rv 

* 
oo 
pg 

* 
00 

rv 

« 
oo 
rg 

* * 
Pv Pw 
pg rv 

* 
Pw 
rv 

* 
rv 
rv 

* 
Pv 
rv 

* 
Pw 

rv 

« 
rv 
rv 

* 
Pw 

ru 

* 
Pw 
pg 

« 
rv 
rv 

* 
rv 
ru 

« 
f v 
pg 

* * * * * 
pw fw fw fv fw 
pg pg pg rv oj 

* 
Pw 
OJ 

« 
rv 
rv 

* 
Pw 
rv 

00 
rt 

«3 
rt 

eo 
rt 

00 
rt 

eo 
rt 

00 
rt 

oo 
rt 

00 
rt 

00 
rt 

00 
rt 

00 
rt 

00 
rt 

00 
rt 

OC 
rt 

00 
rt 

CO 
rt 

00 
rt 

CO 
rt 

CO 
rt 

co 
rt 

eo 
rt 

eo 
rt 

00 
rt 

eo 
rt 

00 
rt 

CO 
rt 

CO 
rt 

eo 
rt 

CO 
rt 

CO 
rt 

CC 
rt 

CO 
rt 

eo 
rt 

oo 
rt 

CO 
rt 

CO 
rt 

CO 
rt 

oo 
rt 

eo 
rt 

00 
rt 

00 
rt 

00 
rt 

00 
rt 

00 
rt 

00 
rt 

eo 
rt 

CO 
rt 

00 
rt 

00 
rt 

oo 
rt 

oo 
rt 

oo 
rt 

00 CO CO 00 00 
*J**^ 0**% 

CO CO 
rt 

co 
rt 

to tO s t Sf St Sf Sf ro ro ro ro rv rg rv rt rt rt rt rt rt rt rt sO S3 S3 sO sQ sO sO vO vO •-o sO vO S3 -a O to tn tn St s t ro ro ro ro rv pg rv rv OJ rg rv rv rg rt rt rrt rt rt 

<x a a © u X tu tu to X tu ww CS tu tu ts a X X X X tu tu tu tu tu tv tv ts t9 13 ts tfl ts X X tv UJ X -5 rt «J X rt _ j v£ *: 3N£ "J rt rt _J )mt J * V 

PV sO rt rv rt rt rv ro rt rv ro rt OJ rt r.i ro s t t o rt rt rt r g ro rt rt O l SO 
00 00 O Ov o © 03 Os O rt rv ro s t UO r v CO Os Os © O © © rt rt rt rt rv OJ OJ ro ro ro ro ro ro s t S t S3 Pw 00 ps co o © rt rv ro ro s t St s f sr t o SO sO f v 00 CC- 00 CO 
rv OJ rg r v rv ro rt rt rt rt rt rt rt rt rt rt rv OJ ru rv rv rv rv O j OJ rsi o< ru O) OJ OJ ru OJ OJ OJ rv rv r v rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt 

rt rt rt rt rt rt -3 "3 **» -3 "*> ~> -3 -3 "3 "3 -> "3 *» - J ~> -3 -3 -3 - J -3 "3 "3 -3 "3 "3 "3 "3 -3 -3 ~3 "3 - 3 "3 -a ia!: X JKC .•ve VJC ><£ jMf X X X X X X X X X X X X X 

-~S rtv '-s, s. 



• ft fl ^ 

rw o rv PO pn 00 00 s f PO sO 
SO PO ro rt rvi rt rvi f v 

* * * * * * * * * 4 

• 

• 
• • • • 

• 
• • • 

un r- SO un oo pn PO rvi WO 

ro sO r> o »-» uo SO rt o 
00 ox t n ST pn s f rt rvi PO t n 

* * * * * * * * * 4 

• • • • • • • • t • 
m t n sO i n OO PO PO fvi t n 

m o o O ov rt vn SO rt o 00 t > vn s f pn s t rt fv i PO t n 

* * * * * 4 * * * * 4 4 

0> rO 
PO 

s O p w r o s r o g r t S 3 r v n j s > r v l 
IOPOPO rvj rtrvi'Ortio 

OS © Os 

sr rt 
O so sf rvi m 
rt rt S3 »o ro 

rvt oo 
m «-i 

o j tn tn 
rvi rt sf 

rt rt tn fs. sf 
rt tn ro 

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 * 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 * 

CO PO 
rt s t 
rt tn 

4 4 4 4 4 4 4 
• • 

00 PO 
rt sf 
rt tn 

rvifs-ouostpoossoosootn 
r u r t s f s t O r t i n r i s f s o r v i 
rttnrvjrtrssfroinrvirosf 

4 4 4 4 4 4 4 * 4 4 4 4 
• * • • • • • • * • • 

r v j r v o t n s f r o o s s o o s e o t o 
n j r t > t s f O r t t o n s f s o r s i 
rttnijvjrtrvjsfpoinrvi msf 

© Os vO 
sO OS © 
rt fs. sQ 

Sf 
sO 
ro 

rs rvi »-i rvi sf 
ov © oo 0> © 
rt fvj tn m OJ 

ps. r i rs. rs. oo 
sf sf rs, so rs. 

00 s t Sf 

st fs rvj © rs, 
PO fs. S t 00 CO 

ro rt m 

4 4 4 * 4 4 * * 4 4 * 4 * 4 
• • • • • • • • • 

oosso sf rvi rvj »-• rvi st rs- r i 
sO O O S3 O © 00 Os O 

r-i rs. SD ro rt rvi to ro OJ 

4 4 4 4 4 4 * * * * * 4 4 
• • • • • • • • • 

fs. fS. 00 s t f s OJ O 0-
s f s f iv S3 ps. ro rw sf oo oo 

oo st sf ro rt m 

4 4 4 4 4 4 4 * * * * * * * * * * * * * * 4 4 * * * 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 * * 

4 4 4 4 4 4 4 4 * * 4 * * 4 4 4 4 4 4 4 4 4 4 * * * * * * * * * « * * « * * * * * * * * * * * * 4 4 4 4 4 * * * * * 
• • • • • • • • • 

• 
• • • • • • • • 

S3 0 « O O O i f > 0 sO sO © © © 0 0 © © © 
© 0 © © O O fs- © © 0 © 0 © © © © 0 0 
rs. fs . r-tfsifs.rs.tn Ps fs, fs. Pv fx. fs. is. rs. (S. rs. 

4 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 4 4 4 4 * * * « 4 « * « * 4 * * 

Os 
fs. 
Os 

SO 
0s 

* 
SO 

* * * * * * « * * 4 « « 
« • • • • • • • a • 

sO O fs. s t PO OJ s f rt rt Os 
sO ro rt fs. 00 rt Pw ro Sf ro 
Sf t o fs- rvj r - l O f s t o ro rs-
r-4 t o sO m t> sO rt rt i n rt 
r-i ro rt *0 rt rvj rvj rvi rt OJ 

* * * * * * * * * * * * * * * * * 

- O O OS PO 
ro 00 O rvj 
m 00 co tn 

o ro to © 
sr 

ro 00 tn rt sO ro 
ro © O O st ro 
Sf to fv rt rO to 

<c o o 0 0 0 

roos rtsOOs©fs.tost©moo 
©00 s f s t s O t n s o t n r t s o r o o t n 
>o un rs jsorxj-s3st roosrooo»ors . 
toco s t u n o o © © s O s t © a o t n s t 
rtrt rt sf rt sr rvj rsi rvi »-i 

s t 

rt© C r > r O O O s t s O r O f s . o s O s r v ) O s 

tnro © r s i s f o o c o o s o o o s r o s o 
rtPO r l i d |\J r l C O r t i n r v i r o m 

© © © O r t o r v t a o r v j r o r t r o t n 
rsi 

« * * * * * 4 4 4 4 4 4 4 4 * * 4 4 4 4 4 4 4 4 4 * * 

© rs. 00 OJ so s t Os © ro rt fx . O S3 rvj so 0 rs. os 0 
OJ rs. CO © 0> sO rt rt s t s f O s t sO rt 00 ro st ro fx. 
Os ro ro O fx. r l rt f»- t n «—1 Os s t © rt ro © © to ta 
OS OJ to Ps, rt s t O rO sO rvj rvi st tn rv sf rv rv rv st rt OJ SO rsj tvl r - l rt rt s t m rt ro ro r i o j 

rt CO r l ro so S3 st 00 rs. ro Os tn st rv sf rv uo so 0 
sO s t fx. lO fx, © Ov ro rt 00 rO fv, t o po <r 0 t n 00 O 
rt s t i n ro rt rvj tn tn ro 0 so ro 

rt 

LO r l n t o <~* 

OJ OJ rt rt O sf in sf co rt s t O O O O ro © © 0 

• • • 
rv un to 
sf rv sf 

X X X X 

tn ro o 
r-i rv rv 

st in to to 
r-i rv rv 

© 30 S3 
o j 

rO © LO 03 OJ 
ro m 

oo uo st ro to 
r\i ro n rvi 

co © 
rv 

ro 00 tn ov ov 00 
r i m m sf ox ro 

IO r-i 

sf 0 
rvi r i rs. 

rv 

sO © UO ro O 

rt tn ro 
* * * « * * * « « 4 * * * * * * « « « * * « « * * « * * * * « « * * * « * * « * « * * * * * * « « « « * 4 4 4 4 4 4 * 4 

O f O N » N M M f > i r i M N O s f O O O O O « A | M s f O M H O ' H H ^ O s t O " 1 0 < i r j J 3 
O © r s - - t O s t r o f S s r t r o r v O 0 0 O N O M 9 > n > f O r i s * r v o > © © » o © r o o o o o s r v j 
O s o p o s f r t t n s o o s s t r t r o t n n j cosfooooorooouooovo s o u o o j o j o s o r o o i n r o r v 
O r t O s c o © r o o > r t f v u n o v t n cr>rooapwxOsOrve>rtiri O ^ N H ^ S ^ « H - I Q 
rt rv o j o j r t r t r n r v i t n r t r i tnvo r o r t x t t n i s ^ ^ r t r v r t i n r s . f x > u s r t r v 

ro o j s t rt 

s t s O v O O O s O P O O s O r t r o Qs sO 
s O P O O s s O O O O s t O s O r t O rt 0O 
O O s O P S s O O O O r t s t l O s O r t i n fs. 
O O O s s t o O O r O s O O s t n r o r v © P O 
S 3 P O r v f r t O j f - i r v l r t rt OJ rt 

rt rv 

O O s O C O r t t O s t s O r s . 
o 0 m N O « st IM -o 
so © un rt m © ps to >o 
sotn ins t rvJOstroos 
rt rt PO r\i rorvojsO 

fx, 

© px. rv st 
st IV. sO OX 
st to st ro 

uo 00 Ps. uo 
00 ro so ro 
Os rt rs, vn 

r-t r-i r-i 

CO Ps. uo S3 
eo rv © rv 
rt CO © xf 

fs rg 
tn rt 

fx. 

ro rv Ox 
rv co rv 
to co rv 

rj rs, 0 oj 
ro © st so 
s f O O n 
rt rt Oj rt 

r O O O O r t O O O O v O s t O O r v O O O s O r v O 

© t > s f v o o c o r n s t i n r s . i n o j r s - r > s O r > 
0 0 r t r t r O O J C C r s , P s . O s r n r t s t r t s t r t r O 

t O s O U O O s © r v ) r s l | s , O u O r O 
rtrOrtflOsOPvrOOsrOsOrvi 

i jxinrvv>soorvPs.©rv co 

ae 00 PO 

© O Os 

U rt 
t u 

v o t n © n t n r v s t s t c o 
a o r t > J 3 w t © r o s e o s r t 
ro rs. o o- rt os 0 cc - t 

s t s t 0 o 
s f 

Pv! © 0s © 

rv 
O O s t O s t r t O O O O O O O rt s f © © © 

OJ 
3 0 r t « ! 0 > f O a O O N 
ro r - i 

O O O P s r o o r s - o o 
rtrt r v 

sf tn 
ro 

2 rv © 
rt 

to 

© O O © s f O © O a 0 
s t 

s t ro S3 Os 
s t N IO s f 

O st o 00 
s t CO Os Sf 

rO un rv rv 
UO rt UO Os 

rt O 
© 
rv 

O O O 
Os vO 

st o so rv 
Os m 
rv 

tn sf rv sf o 
s t OJ sO 

O S i C v l f O u O O s O r O r t 

oj rv st *t rv rvi 
> r v r o r v r t c ^ r o p o c o o o t n r t o o o 0 s 9 s t s t 
r s i O u n r v r t s f u n s f o o o j rv «-i 0 t n r t 

rt rvi 

ro rt fs. Qs rt rt ro CO © 
00 rv ro st ro st ro 

S3 
00 

sO © sO 
CO 03 CO 

S3 OS 
90 px. 

S3 
00 

S3 
CO 

sO 
CO 

sO 
00 

S3 
OO 

sO 
00 

rt 
00 

ro 
rv 

10 
N 

ro 
rv 

ro 
fv 

S3 
CO 

S3 
CO 

O 
CO 

S3 
OS 

S3 
00 

sO 
00 

sO 
SO 

sO 
00 

sO 
00 

-O 
CO 

sO 
CO 

,0 
«0 

S3 
CO 

sO 
SO 

rt 
CO 

S3 
fO 

sO 
CO 

S3 
CO 

0 
00 

S3 
00 

rt 
00 

s t 
00 

LO 
00 

-O 
CO 

S3 
00 

sO 
CO 

sO 
CO 

ro 
CO 

rv 
CO 

sO 
CO 

S3 
00 

S3 
CO 

sO 
O0 

sO 
CO 

CO 
Pw 

00 

rv 
S3 
00 

S3 
CO 

S3 
00 

sO 
00 

S3 
CO 

rt 
OO 

rs, 00 rt fx, 
rt 

PS Px. S3 oo rv CO Pw Pw Pw S3 tn S3 fw rv rv O Pw rv 00 00 fw sO 00 00 CQ (V Pv O 
rt 

Pw 00 00 uo CO sO S f rv Pw PV 00 fw uo Pw Pv Pv 00 fw pw PV rt 
rt 

S3 Pw 00 00 CO S3 

tv u. to tt. tv to tw Uu. LW tv tu. tv to to to IT) to tv Lu to uu. LU. Cu u_ CL. tu. tu. tx. QL IV to LV u, u_ to t v to to u. LW Cv LV LV to to Q_ LV rt Cv U . tv tO to tv tv tv LV tv to 

4 
rs. 
rv 

* * * * * 
fs. rs. fx, pv. rs. 
rv rv rv rv rv 

* 
rv 
rv 

« 
CO 
rv 

« 
00 
Pvl 

* 
00 
PV 

4 
00 
rv 

4 
00 
rv 

4 
00 
pg 

4 
fv 
PV 

4 
fw 
pg 

4 
fv 
rv 

4 
fw 
rv 

4 
fw 
rv 

4 
Pv 
pg 

4 
fw 
pg 

4 
fv 
rvj 

4 
rv 
rv 

4 
rv 
rvi 

* 
Pw 
rv 

* 
fv 
rv 

* 
Pw 
OJ 

* 
fv 
rv 

* 
rv 
pg 

* 
Pw 

rv 

* 
fv 
rg 

* 
Pv 
rv 

* 
Pw 
rg 

* 
Pv 

rv 

* 
Pv 
r g 

* 
rv 
rv 

* 
f v 
OJ 

4 
Pv 
rv 

4 
Pv 
pg 

4 
Pw 
PV 

4 
Pw 
pg 

4 
Pw 
rv 

4 
rv 
rv 

* 
rv 
rv 

* 
Pw 

rv 

* 
Pw 
rv 

* 
Pw 

rv 

4 
rv 
rv 

4 
00 
rv 

4 
Pw 
rv 

* 
Pw 
rv 

4 
fw 
rg 

4 
rv 
rv 

* 
Pw 
rv 

« 
fw 
rv 

* 
Pw 
rv 

* 
Pw 
rg 

* 
Pw 
rv 

* 
Pv 
(V 

* 
rv 
rg 

* 
fw 
OJ 

CO 
rt 

00 SO CO 
r-4 —4 r-i 

00 00 00 
rt 

CO 
rt 

00 
rt 

00 
rt 

00 
rt 

00 
rt 

00 
rt 

00 
rt 

00 
rt 

CO 
rt 

00 
rt 

CO 
rt 

CO 
rt 

CO 
rt 

00 
rt 

00 
rt 

00 
rt 

00 00 
rt 

to 
rt 

CO 
rt 

00 
rt 

CO 
rt 

CO 
rt 

eo 
rt 

00 
rt 

OQ 
r l 

CO 
rt 

CO 
rt 

00 
rt 

eo 
rt 

CO 
rt 

00 
rt 

oo 
rt 

00 
rt 

eo 
rt 

00 
rt 

00 
rt 

00 
rt 

ao 
rt 

00 
rt 

00 
rt 

CO 
rt 

oo 
rt 

CO 
rt 

00 
rt 

00 
rt 

CO 
rt 

00 
rt 

00 
rt 

00 
rt 

CO 
rt 

00 
rt 

00 
rt 

rt rt rt rt rt rt rt sO sO SO -O sO vp Sf S t s t s t ro ro ro PO ro ro ro ro OJ 0 J rv. OJ rv rv OJ OJ rvi rv rg rg OJ rv rv rv OJ rt rt rt rt rt sO Os fjv OS © 
rt 

© 
rt 

© 
rt 

© 
rt 

O 
rt 

© 
rt 

© 
rt 

© 
rt 

rt 
rt 

X - ) "3 "3 «, rt r l - J X *3 "*> rt ac ac 0 Cu ac 3E O © Cv. 0 , 0 . a. 3E ac JC ac ar. ar. 0 O 0 O O © O Cv. at ac ac O Cv ae O CD <X O O U O 03 CC <% <t Q 

rt oj ro st rt rv ro n rv ro sf rt rv ro n rv ro sf uo S3 
00 
rt 

Os Os Os OS Os 
<f**4 T**^ ("m-! V*11^ 

0 
rv 

rt 
rv 

rt 
rv 

PV 

rv 
ro 
rv 

ro 
rv 

s f 
rv 

m S3 ( V 00 Os O rt rt OJ rv rv rv ro ro ro K> ro S f s t S f sr to i n m un un tn tn sO rv rv 00 Os 0 
rv 

rv 
OJ 

S3 pv 00 OS © 
Ox 

0 

X X X X X X X X X X X X X —j _ J _ J _ J _ J _ J -1 r l - J r l _ J —1 _ J _ J - J _ J r J _ J ~1 - j - J - J r l - I _ j _ J -1 r l r l - j - J - J • J _ l ac ac ac ac c ac 

r t ro 

c ac ac ac ac .ac 



m f* n 

a a • • • • • • 
o. TH rv to o -«t m oo 

PVJ rt rrt 

* * * * * * * * * * * 
• • • • • • • • 

ro rt v3«-4soovo*r 
rt rtrt sO s t fVJ rt 

• • • • * 
OJ WO rv o rt vO rt CO O O wO 

rw rt WO rv v f ru rt rt rt 

ru 
* * * * * * * * * * * * * * * * * * * * * * * * * 
• • • • • • • • • 

• 
• 

ro PV CK O s t r v ru vO ro rv o 
rt M WO rv ru vO rt O o s t 

rt rt S3 eo rt rt ro r g 

* * * * * * * * * * * * * * * * * * 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

• • 
a • • • • • • • • • • • • • • • a 

0> 0> co rO ro Os O WO ro OJ Os O s t rv OJ so ro rv O 
ro rt so rt S3 0> © s t rt ru wo rv rvi sO rt Os Os s t 
rt rt rt sO s t OJ rt ro rt rt sO eo rt rt ro OJ 

* * * * * * * * * * * * * * * * * * * 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
• • • • • • • • • • • a • 

o wo WO o rt ru O O S3 St ro O rt Os rvj »> 0> ooosruOworvrtsOuoo O 
o o SS o ro 00 O o WO - t Os O rt OS rt OO sO v o r u o o o o s c o o o o v o o o 
rv rt st rv ru rt tv OJ rt ro rvi rv rrt mrt st frt rrt fV rt rt OJ rv 

* * * * * * * * * * * * * * * * * * * * * * * * * * * 

* * * * * * * * * * * * * * * * * * * * * * * * * * * « * * * * * * * * * 
• • • • • • • • • • • • a • a a a » a 

ro rt rv co PO o rv s t rv s t s t r o rv r o O S3 vO Os 

ov rvi r v rt Os 00 o r o rt s t © OJ r v S3 ru S3 © r v SO 

ro ro LO pv ro ru so o PO Os rt rt O S3 to r j ro Ov CO 
f v o j xQ ru st ov st rv sO to S> SO rv © ao OC S t 
rt OJ rvj rt rO ro >t rt OJ SO rv rO s t 

• • • • • • • • • • a a a a a a • a a 
wo Os sO oo so rv vo S3 s t ro S3 S3 rt PO 00 rO sO WO OS 
CO S3 o TH Trt tn Trt c> 00 00 00 rt CO ro rv OS S3 rt O 
rt ru ro wo uo rv rt rt rv s t 00 t o O l wO rt 

* * * * * * * * * * * * * * * * * * * 

a a m m w *. • • a a a a a a a a a a a 

rv ro r> 00 ro ro o ro © rt CO © r o O WO O © UO sO 
t o s t s t OJ rvi 00 rv 

a a 
rt ro 

a a a 
CO to UO 

rv 
St WO WO rt 

* * « * « * « * * « * * « * « « « * « « * « 

sr rt rv LO o io 
rt 0 j 0J s t rt 

wo ro 
ro rt 

* * * * * * * * * * * * * 

a a 
to St 
rt OJ 

OJ 
* « * * * * * * * * * * * * * * * * * * * 

© © f V s t r O O v O r t O UO ro ro S3 so PV WO © LO ro St St 00 WO WO rv rv rv St o o r v O s f i O s O r t orvpvrtooOroLOPOst 
a 

St 

©tovoststooorvo rv rt St rv rv OJ wo O rt ro so os rv so os sO SO sQ s t o o rv to st st rv eo © s o s o r o t o o o o p v r o r v . rt 
O O O O O s s O O O J O O 00 PO S3 rv rv rv o> rt rt SO ro OJ ro ro wo 00 ru © s t oxostrvstwocr-st s t s O s O O S s t O t O r O w O s O S3 
Oswororostrvoorvro rt rt Os rt SO OS s t ro CO s t S3 O S3 s t r> S3 rtrt iO St St rvooLoeortworvtort rv 
rtOJrtCslrtrtrOst rt rt rt sO OJ rt OJ rt rt rt rt rrt 

rv st oo rv vo oo © 00 S3 LO rt IO rv s t WO fv OJ rv O rv ro sO ro s t wo s t S3 S3 e> co CO O o o o PO rv rv st ro O io rt ro ro rt a 
Ps 

wororvsoosOsstrvso st 00 rv rv rt rt 00 sO rv r> rv © rv Ov OJ o ro rt st S3 St 00 sQ s f rt sO wo ro st rv ro ro st rv ro rt 
rt O 00 00 OJ rt PO rt rt PO WO wo to ro S3 o ro rt rt rt rrt rt S3 S3 

rrt Trt rt rrt rt rt rrt rt rrt 

rt rt O rt WO rt s t ro wo rrt sr ro © rO O J s t rt rt •o rrt ro O so o •a rrt O ru o CO CO rt rv sr ro O to ro ro o rv wo rt st rv oo 
a 

© 
rv. sf st rv ro oj rg rv rt rt OS WO PO rt ro 

rt 

00 © © sO st st to 00 rg S t sO o Ov co OJ rv © S3 ro rt rv rv Os s t to to WO CO O 00 rt CO 00 rt rt rv lO S3 S3 OJ 00 Pv OJ 00 LO v© 
• 

sO 
st st ro rt rt ro rv rv rv rt rv s t Trt CM ni Cs) OJ rt rrt ro © 00 s t rt rt rt Os S3 rt rt st rv rv st rt rt s t ro 

rrt rt rt rt rv 
sO S3 CK sO sO S3 vO S3 sO PO r0 S3 ro S3 S3 S3 vQ S3 sO ro ro ro O wo so ro ro ro ro S3 S3 ro PO PO PO ro ro >o ro O ro ro ro ro ro ro S3 
oo co rv oo eo oo oo 00 oo Pv rv eo rv CO CO 00 oo 00 CO rv Pv rv oo CO rv rv rv rv rv oe co rv pv fv Pv fv pv rv Pv oo rv rv rv rv rv rv Pv 

rv rv ec oo pv rv rv pv Pv LO WO S3 S3 oo co oo rv sO Pv to rv rv 00 so sO wo WO to rv CO 00 rv tO LO to LO LO f v to ro so to to LO WO fV © 

LV LU <o LV OL CU U. CU IO U0 to to to to eu 0. u, cv cu 0. p- rt to WO to LU LU to lO to to to to Q_ Cv to wO to to tO rt <o trt to WO to to to wo tO tO rt rt tO 

* * « * * * * * * * * * * * * * * * * * * * * * « * * * + * * * * * * * * * * « * * * * + * * * * * * * * * * * 
(V tv rv Pv Pv rv pv pv rv Pv f v Ps PV Pv Pv pv rv Pv rv Pv rv rv pv pv rv Pv rv Pv Pv Pv fv Pv pv Pv rv rv rv Ps Pv f v rv Pv fv rv Ps Pv Pv Pv PV fv fs. rv rv rv rv rv 
rvi rg rv rv rv rg OJ rg rv rg rg rv pg pg rv rv rv rv rv rv rv rv rv rv rv rv rv rv rv rv rv rv OJ rv rv rv rg rv rv rv rv rv rg rg rv rg rv rv rg rg rv rv rv rv rv rv 
CO oo co co CO 00 03 00 eo eo CO 00 00 00 oo oo CO oo ec co 00 00 oo co CO CO CO oo co CO CO oo 00 00 OO CO eo co CO 00 oo 00 00 00 oo 00 oo co oo 00 00 oo oo oo eo oo 
rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rt rrt rt rt rt rt rt rt rt rrt rt rt rrt rt rrt rt rt rt rt rt rrt rt rt rt rt rt rt ^•sj ^"tt 9"^ 

rt rrt rt rt rt rt rt rt rt oo OS OV Os Os OS O © © O O o rt rt rt CO Os O Os OS © CO OS f> Os Os i> © S3 S3 S3 S3 LO fv rv SO S3 sO S3 Pv Pv sO S3 S3 sO vO sO 
rt rt rt rt rt rt rt rt rt rt rrt rt rt rt rt rt rt rt rt rt rt rt rt rt rt '"̂  •"̂  *̂*̂  
O a U U ae CO a CQ <r X LU UU ta to X X UJ WU WU to X tu UJ U. rt _ l ~ J rt _! CU ac 35 o o Cv ac Ct U eo ex a to X UJ wv to X -a -1 5* -TJ rt SC O 

rv ro rt rrt r j PO rrt rt rt rt rt 

ro ro Sf s t to WO vt LO S3 s t WO S3 Pv o 00 © O- O © rt rv •O ro s t s t WO sQ rv CO Os s t WO sO rv © 30 Os to sO Pv ec os ro Sf to S3 rv co rv ro to so rv oo so rs» 
rrt rt rt rt rt rt rrt rt rt Pv CO Os rrt rt rt rt rt rt rv 

ac r. X. SC J£ 3E m JC 3C 3T a* at ae ae JC as ac at 3S ac ar 2 as Z a O o o o a cu Cu CU cu Cv 0- CU 9 es or 9 9 QC QC 0£ QC ae etc to to to tO to L0 I— rt 

-•""> >~s, rt\ 



• fl> fl * 

Jt 
tv. 
o 
03 

3C 
a. 
3 
50 

ac 
u. 
u 
sr. 

• • * 
LO • rt sO 

%o o 
VA sO Ps. mm 
sO o < • 
PO PO ru mm 
rt AJ rt u 

AJ mm AJ 
Os 

4-
*W pw mm 
sA tA tA ac ac ac mm 
( 1 1 Ss, Ss.ss, Os 

t t « « U> U- UU mm 

cu a 
• « • ac ac ac 3 Sw to 

- J -Jl Cfl CQ • 
o o O • • • 3» • 
u u o 00 O P0 • tO r i 

00 00 rt OC o 
- J - J _J 00 00 Pw u 
tr cc <c tA UA t o • 

rt rt 00 00 O rv C
l 

o O O PO PA rt rt C
l 

rt rt . rt rt rt 0J Os *» 
mm mm •o t o rt 

© a o O O O ca ea . a II © • <C rt 
0 . cu "s, tv tv u. LV Sw £3 Q "s. IJJ a, 

• 
— 3 at 

o 3 uu LV LV IV O U t ) 3 CQ Sw s> eo tS o mm -r ar tu 
ca CTJ u o o o x ac ac 03 > CO CO > et CQ mm O JE 

ac ac ac ac ac ac ac t o > > to Q Os rt UJ X 

• OC to t o ac rt • w# — u u 
• • « • • • • • • PO Ctf OC O © rt t t 

kA O sO sO O sO LO OJ Pw OS • • 3> sO • • 3 rt 
o •st O o o PO sO Os Pw Pw • • sO Pw r i -J rt rt 
s t s t sO Ps Pw PO O PO sO IO rt © o Off s t a O * t 
si Ps. CO s t s t Pw s t rt 0> rt rt co rt u o a 

S3 s t s t tO SO 3 Os P0 OS- fO o rt UJ 
rt rt CO Pw 1 o sO :> -w — LU 

II 03 II fw ce 03 <t © to 
ac ss. • tu wr — tu 

lt o II LV as sO It u3 rt r 
3E rt ai u tl II H D PO to II UJ II rt rt rt >» 

o rt o It II • • Q rt Pw ae to oe UJ ac rt 
w u rt • o a - J "a UJ rt CO «x ae II - 1 rt rt rt rt 
v- rt s t UU UJ at ae rt <X sO QC <t UJ .> CQ Z J U 

© o Ps. rt rt rt rt u ac Os rt QC ts mi <r t u tu <r 
3 a r> UO O U t u QC Pw rt II e t rt 3 JC sr se a. 
a QC a tA UU UJ to to -3 o rt X <x a «I a X X o «t 
o CU a rt -3 ~> <x <r ar LV o t u 3 rt o _ i o O rt o 
Q£ OS! ae ae LS tS rt tl t v ts 3T a -J <t 4T rt 
0 . QC Cv rt rt o • <t 3* rt <t rt rt U O 

t u It • • to CQ "3 • Q rt UJ rt rt 3 tu 
r l rt tO QC to t o II ac ac «t « t ar. ml rt er t— ac <t et Q rt 
M <t cc O <t s t Q 3 rs ts mm rt O UJ rt O rt 
CJ ta ts ts to tu U sJ <x > t u 3C ru O UJ tu ce ac 

rt UJ • QC 3* tc Pw tu tU Cv rt 
t - rt rt rt rt to o rt to > -> t u < t a et o O- © LO t0 ml 
rt rt rt rt rt UJ t u rt LU rt a* rt LU ca UJ rt tu 1 1 II II 

as as as ae se u "> 3T U rt rt <t LU rt rt rt 1 rt rt rv x a» 
=3 3 ra a cc ar 3 QC <X 3 ts LO o t o <t to 

3 rt 3 _ l QC « t u > LU LU UJ mm ww wr 
O O o O o o O O 3 tu • Q 3 3 ec 3 
CO so CO ca oa to to aa '.o ac rt ac rt car rt o» et 
« <E «t <x <x cc «X 3 s t 3 O t u UJ tu t u 

LU t f l t u U 3 u > or 3* ee rt QC 
UJ tu t u tu LU o UJ o U 
DC CC cc at OC rt J QC rt J - J . 1 r l mi - J - J UJ _J 
rt rt rt rt rt t o <x rt t o <t <X <t <c et er et "3 <X 

o. GU Cw Cu eu p - p - 0 . rt rt rt rt rt rt rt rt O p— 

ac sc JC ac C 3 D ac 3 o O O o o O O Ct o 
UJ t u UJ tu tU O rt tu O t— rt rt rt rt rt v . a. rt 

c ft r 



• f* f l 

4 * + * •ft .ft -ft •ft 
-1 «•* * 

A J « n o * • • 
r S O UJ 3 "ss * LA t o 

o x 3 ae • eo * sO SO 
o r 3 > * PO PO 

•—> os ae u- ar to + 
> LU C t LU Q£ * 

a. — * 
• * •ft •ft. -ft -ft * •* * •ft 

LU O « 
to M ea * • • 
et 11 00 J O S * v t •vt 

o *»-% p- » • <C > SQ * tA t o 
M OV oe + r- > * 
o mr > — o to to * 

> (V r - tu ae « 
s r ec -ft 

oe -ft * * -ft * •ft •« -ft •ft 
M r s * © 
O ru a * • 
> mm *V + CD o 
ar mm 3 « CO * • 1 
LU 00 — Z J » -K o 

1 
t-» ' in mm cc ea to * I 
o LU > UJ QS • * 

I 

UJ 06 -II 
*"5 •ft •ft * * * •ft * * -ft 

o H> mm * 
ac rv UJ mm rrt a -* • a 
eu 90 se V * V * •st s t 

o 0m X • ess * tA t o 
UJ * - l as rv *» 3 > * 
u •> o as cj to * 

ss * » UJ Q£ * 
<t • ea v r -ft 
X 2 ! UJ •ft * * * * * -ft * UJ t t 00 t t mm * 
t— ~5 et r-4 - t a -ft SO 

a: oa « r SQ « f s . 
M 

•*•*» 
II • © 

t t ec tr) ae 3 r » U . -ft • 
sc O as •a* a, es to a -• rrt 

LW o eu tu — ac * 
UJ M * 
ee rm ft- •ft •ft •ft • * -ft * * * •ft 
3 CC <c ac m * 
tO a - J O 1 o * OS 

</> Cv 3 cc et SO -ft 
UJ LU u 0m* u. ce ss. « © 

oe oe - J t o • • O LU * • 
a. « Oil a . j 13 O * 

2 - u oe a at * 
o _ l u -* 
CO X UJ •ft * * * -* * * * •ft 

<c t— —J Q_ ae * 
ar 00 UJ mm o * LU o cc N. - t r t * CO 

ec ar 3 0m. l-l oo K- -ft s t 
1-4 o s t t 9 — U -ft NO 

a. - J s r 1 <t -ft • 
*: - J 1 r-l ac * o 
!JU t t r-l mr u. * 

* * * * -ft * * * •ft 

•« ac * 
M mm o * 

C L t o t r t * OJ 
r - tp <t ft- * LA 
35 rO * * , V , U -ft sO 
UJ s r rm vQ t t * • 
at tfl • * Q£ -ft © 
X —. tu * 

o * * •ft + -ft •ft * * * 
<t © * a 
h» mm II ae _j 3 o a. * • rrt 
r - OJ o UJ J 3 O O «ft r-l CM 
«t s r cs a- tu _i OC CQ * OJ 

3 -J Cu I— * 
er to -ft 

* * * + <« -ft -ft * * 
- J • -ft 
_ J O -ft OJ 

r*» LU ae •« r-l 
r-l 3 « po 
% r * 

i— • •* to 
e j o * 
ft- X -ft 

* •K * * •ft •« * 
LB 

ae to 
M mi 

u- t t 

ea r -
LU LU to o 
u oe tu r -

o ce - J 
<E UJ SQ 

Lv t t t t 
to eo 3 
_l se 3 
- J <t - J 
UJ 0£ _J 
3 p - t t 

-ft -ft -ft * 
•ft 
« 
-ft 
•ft 
•ft 
•ft 
-ft 
•ft 
* « « * * * * * « * « « * « « * * « « « * * « « ^ l * * J J , « 4 l ^ 4 ( 4 l 4 { ^ 
•ft 
•K a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a * 
•ft ^ > 0 \ O r t N ^ o O P i l > > O i » N I O N O O O i f l N » N » \ 0 0 « ® N s * s * 
•ft SO O sO Os O I O O P ^ r t s 0 © L 0 r U » 0 © O t 0 O P v ) « 3 I I P O P O O O P O L O r H . s O l O 
-ft Ol tO OJ N f S v t ^ t M I O ' O r l N S r s iO Sf H r - i r v L O r V . t O . r v r v 
•ft 
-ft 
-ft 

•ft 
•ft 
•ft r O P s - r s . r O P O r O P O P O P O P V f s . r s . r v 
•ft • • • • ( • • • • . • • • • • • * « » * a a a « a a < « a « a 

* t o ro -O -X) CO CO CO t 0 N s 5 ^ » N ^ > 0 « X , r t H a « N 0 C 00 0 0 O s 0 > < l * 'O CO 
* i so i i i i i i sr so eo os r> i % i »nmrr«* r r^rt n TT \ t 
* rrt ru ro ru OJ .* 
* 

- f t * ft - f t - f t - f t - a * . « - « « - k - « - f t - f t 4 - f t - f t - f t 4 . f t « « ^ « 4 « « « * « « « « ^ 

-ft a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a * 

•ft coruoovvoto^osOsiNOtsc^v^ 
•ft L O © O O S r - i 0 © r O P V « - ! L O r v ! N t © © 0 L J u O s Q P O s t r O O Q s t ' - O f u - t - t 
•ft Oj r t , rvi N N s t r l PO P v P v p v rO r i N i O N - J f N N N 
•ft 
•ft 
-ft 
• f t « - f t - f t * - K < « - * - * - k f t - M - f t . f t « « . f t . f t , « 4 

•ft v > o o » - r o o o » « - t r v © r o © o © o r o i o N M N N N H O O 
•* i r O O H i r t O O O O M O s s O © r o O © l A O l A L A N O O C O r - l v O r v i O O 
•ft i n O O c O ^ r i O O ^ I T . O r l v l H ' O O O r j l f l ' O - t O O ^ O - H i r N O B O O 
•ft 9 9 » » w » » * m » » a a » m n i , 0 » » m » » m m * » m i , » 0 
•ft N H N H H O f \ J N M l P i O O v P H O w r j H ' C - C i r t O O r i - t o r , ) > ^ N i f l 
* © r - t r i r o r u ' - o r v 
•* tO . H 
• f t - K - f t - f t - f t - f t - l t - f t - f t - f t * -ft 
•ft 
•ft s O O © O O S t O © © 0 > P O • s t r v © r o © 0 © © r 0 l 0 M I N M N H O O 
•ft t o O © r - i t o o . O O O C O O s s o o r o o o i o o t o t o < 0 0 < D O i 0 i \ O 0 
•ft i o O O c O A j r t O © O s v O O r t s O r - i r o © o r u L O r o s r © O v O > r t t O s O C - 0 0 0 
•ft a a a a a a a a a a a a a a a a a a a a a a a a a a a a a a * 

•ft r j r t r u r - i r t © o j r u » O i o O © s p r t O r u r u r t 
* O r l r l l O l V C O N 
• f t « - ( ( - f t . « « « « * « f t « « « « « « « « « « « « J j t « « « « « « « 4 ( « « « 
•ft 
•ft 
•ft O 0 0 0 0 0 0 0 0 0 0 © 0 © 0 0 0 0 0 0 0 © 0 © 0 0 0 0 © 0 0 
•ft O 0 © 0 0 0 0 0 0 © 0 © 0 0 0 © 0 0 0 0 0 © 0 0 0 © 0 0 © 0 0 
* 0 0 0 0 0 0 0 0 0 0 0 © © © © © 0 © 0 0 © 0 0 © 0 © © 0 0 0 0 
•ft • • • • • m m , , , m , m , 
* H H H H r t - M H H H H H H - | H H H H H - H - s ' H H H r l H H r t p l H - I H 
•ft 
« « « « « « 4 i « « - f t - « - « « < « - | ( 4 « « « « 4 r « « < f t « - « . « « « « « « 4 i * - « 
•ft 
•ft 
•ft 
•ft 
-ft O © 0 0 © © 0 0 0 0 © 0 © 0 0 © 0 0 © © 0 0 © © 0 0 © 0 © 0 © 
•ft a a a a a a . a a a a a a a a a a a a a a a a a a a a a . . . 
+ © © o © o © o © o © © © © © o © © © o © © e © o © © © o o © o 
* 
* * + * 4 < + + * * * 4 t 4 t 4 t # m ^ 
•ft 
•ft a . a a a . . . . . . . . . . . 

* c > - j o o r u r t r j A j r u s * r u t o r v © O r t r u r y « 
•ft C O s t O j r v r v l - v t s t - s t a - l r v SO r l s t -<> r - l r - l r t r l f S J Pv 
•# 
• f t - « - | ( « . f t - « J K f t f t 4 « « # 4 . « « « « « « « « « « « « « 4 « « 4 

•ft 
•* rrt 

-ft to-oiv-<rtAsaco^rupostiosofvrot^ 
•ft • v t - v t - s r i o r O i o r O i ^ s t s t - s f s t s t s t - r o r O P O s t s t s t 
•ft 
•ft C O C Q r O U O u a v J U U U U U U Q O Q Q O O O L U t U U J U J U J U J U J t U i U i U 
•ft 
•ft 
•ft -ft -ft -ft 
-ft 
•ft 
-ft 
•ft 
* to 
•ft se to 
•ft u - UJ 
•ft ac _j 
•ft UJ so 
•ft U. CC 
•ft to to 3 
* _J X o 
* J C J 
* UJ « J 
•» 3 P - e t 
-ft 
•ft — 
•ft •» 



/ r t . 

4t + 4 t * * 4 t 4 t « 4 i 4 % 4 l 4 t * 4 t * 4 t + 

s t O ) 0 > O i o r O Q O t o e f c C * N O r u © s O © s t r s J e ^ 
100 « o < * « I s*o»©e>>r>jo -o j©o»or t 
N O W N ^ H OJ rt rO 04 N N N S N N S N S N N N N N N ^ « M N > * l f t ' O v * H N < J N S N N < 1 r t N N ^ N H » O N N N \ N s t N Pv 

rt St st st T-t 

r o c o r v r v e e p v i o r v p w r w 

pwrvsAworvMaortPOooto 
l r to W T V | p j n i o - t | l f » l i » l l i 11 i l l i u o s O r t r v i o © s t x j e > i i i i i t i i j st i r v j i | i » i | i ru i 

r O r t s t r t r U r t P O O J rt rt f\( IO s t PO s t rt 

4t* + 4 t * * * 4 t * 4 * 4 t * * + 

rtuopostrvo©pouo©«rtcouos*r^ 
s t O rt s t LO rt OJ s t P O © K ^ O r t s t r S J O - ^ s t r O s t s t s t S t s t W O ^ f O f S J > O l O S - ) r \ J 
P v s O S N N N N S N V N N N N N N S ^ N 

rt s t 

i O ~ O C K » O r t ( > s t O s r u © p O P O W P O © N 
O r t P O O f O O O O O s t s t s t s J t © P 0 s * © s t O 9 0 P 0 i s 0 s t 
pvsOPvpvrvpvrvrtrvpvstpv ps.rvo-fvpvps.stpv rv 

st st r-t 

O O ro ro © © © O s t O O O s O s © © © r O O © O O Q r o O O © © © P v © UO ro O IO © rO O © O s t to Q O * O (VPOM3 
© O PO ro © © 0 © » O s t ( S . p v © © © r O O O O O l O ( O O O O O O P v © rt s t © © O Os O © © rsi CO O O -X O f v r O - J O 

s t © o u o f o p o © w o © © r v . o © r t © r s ) r t © © © o r o © ! o o u - < r v o r o o i o o o o o 
r o o © » N r t © s t O © O s t f s j o o o j r u C P « s t o j o 3 r t f v r ^ 
ro r U l O t O r t r t s t r u r u r t O s r t f s i r t l O r t O O •* ru 

M ' D l O r l H N O M IO rO sO P O * st 
« « « « « « « « « « « « « « « « « « « « « « « « « « « « « « « « 
O O ro ro O O O O s t O O O t S r O O O i O O O O O O P O O © O O Q P v Q LO PO © to © ro O O © - t l f l O O « O f v r o s O 
© O rO PO O 0 © 0 0 0 © s t r v f v o O O P O © 0 0 © i O ro O O O O O r v O rt s t © O © Os o © © OJ 00 © O + O f v r o - O 
s t O © v s p o r o © i o O © f v o © r t O r u r t © © o o r o o u o o u o r v © r o o u > o 

p o o o o o i v r t O s t o o o s t r v w o j r u o ^ 
ro r u i o i o r t r t s t o j r u r t o s . r-t CM r-t in T-t do s t * oj 

O J s O i O r t r t O j r o r u to ro sO r o * s t 
« * * « « « « « « * * « « * « * « * * « « * * « * « « * * * * * * « * * « « « « * « « * * * * « * * « * « * * * « * * * 

o o o © o o © © © o © Q O O © o o © © © o o © © a © © © © © o © o o o o o Q Q O o © © o © a a © o o o o © © o © o © © o 
O 0 0 0 © © © 0 0 0 © 0 0 0 © 0 © 0 0 0 © 0 0 © 0 0 0 0 0 0 0 0 0 0 © 0 0 0 © 0 0 © 0 0 © 0 © 0 0 0 © 0 © © 0 0 0 © 0 0 
0 0 0 0 © 0 © O O O O Q O O O O O O © 0 © 0 0 © © 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 © © © 0 0 © 0 0 © 0 0 © 0 0 © 0 0 0 0 0 

* « « * « « « * * * * * * * * « * * * * « « * « * * * « « * * « * * « « « « « « « * * « * « * * * * * « « « « * * * « « 

© © O 0 0 0 0 0 0 0 0 0 0 0 0 0 © 0 0 0 0 0 0 0 0 0 0 © 0 0 © © © © © © 0 0 0 0 0 0 © © 0 0 0 0 0 0 0 0 0 0 0 0 0 © © © 

0 0 0 0 © 0 © © © 0 © © 0 0 0 0 © © 0 0 © © © © 0 0 0 0 © © 0 0 © 0 © © © © © 0 © © © 0 0 © © © 0 0 0 0 © 0 © 0 © © 0 0 

O s © O o j r o P O © O J © r t © r o r u i o o j r v o o o j r t O - O r t O j o j n 
PO s t rO s t l"U rt Pv s t rt 

T-tC3r-lT-tC<lOT-tr-tr-t s O © o j r o O r U P v p u c O O r t 
ru stPvtostrostsQ 

0 © O o j r t r t 0 4 © r u © r v & 
s t ro s t s t ro 

• f t * * * * * * - * * * * * * * * * * * * * 

r-< rt rt K) rt OJ IO rtfU f O s t C s l r t O J l O OJ rO r-l rt rt 
! O s O W M « C > t v c w Q > O r t r v i t O 

poroiororoioi^poPOs^s^rxirururuojr^ 
t U t U t U t U W U J L U t U W I J J U J t ^ 



• C?> I t 1 

• • • • • • • f t * - * * * * * * * * * * * * - * * * * * * * * 

O t / s s O s f r O O s t C ^ t O L n O O r O s r O O O e O L ^ 

\ N N N N N N « is.rvrvrv.rv.fv rt 
rt rt 

toro ioro»oro iy irv i>ror^ 
OO Pv rs. CO SO «5 oo St rt 00 OC 00 SO M » » 0 0 8 0 < O c f l ( > f f l * O O N » i O N i a c Q » f l O ! \ l OJ • » X H « o O « » * 6 0 N s + 3 0 N ^ H N N M - * M N < ) s t l O t - < > 0 

i i i f t T i — r n i i t > i r r r r t r n i i i i i i i t i i i rt r~r T T » T I I T I T I m r r r r r r - r r 
rt rt 

• f t * * * * * * * * * * * * * * * * * * * * 

Osrororooscooj>*w* ,rorvrtrMO^ 
Ost>*>tO , Osfuostr \ jrr trorvOroro 
rvrvrvrvrvrvrvto rvfvi>»rvrvrs.rvN rt 

O O O r O O O O u O v O O O u O r t O O O O - O r t rt©OOOOOJeOsr O O N O N g . ^ o * O O - f l N N ^ « M J ^ < » 0 0 N N N * * ( > O ^ I « - O H O 
0 0 0 \ » O H ^ M » O O O m O r 1 M O l r t r v o O r t u o r v s r o O O N > O ^ * W O > 0 O O ^ « W N r t N v 0 » N « v 0 ' 0 s » > ) l f l s * > 4 ' N l i 0 O 
o r v u ^ r t o e o r v e o ^ o © 
ojsroooorvjrofvjrortrorttoro 

© rt sQ rt LO rt rtrtrtsrrO*OrttJ*lrt IO rt S3 rO rt H M -O r l rtH rt rt rt rt 
St WO rt rt t/\ rt rtrgrv 

* « « « « . « « « - « . * J j « « * « - « « « ^ 

0 0 © r O O O © U O > 0 0 © U - > r t O C O C > O r t rt©©0O©r\l00sf O O N O r J s * « O > 0 O O < > N N i « l 0 ^ » » s * ' » N N N s t » O * l f l < r 4 O 
O O O s f O r l i r i N i » 0 0 > ) I O O i O S 3 0 l O r v o O r t u o r v s r c O O N » 0 > « l O O * O O l / l ' O i r i N H N < ) C S N - 0 < > 0 ^ * i n - * * N o O O 
© r y u ^ r t © c o r v o o r g o © O v i H O © u o r v o r t 

r g > t » o o r s r o r v i ! » o r t r O r t 
© rt s0 rt U0 rt r l H r t ^ "1 < | H Ift r l l/*, rt S i PO rt rtfOsOrtrtrt rt rt rt rt 

LO rt rt WO rt rt OJ N. 
4 « « . « . « . « * - « . « « - | - - * . « « - « 4 * < * 

O O O a O O O O O O O O O O O a O O O O O O O O O O O O O O O O O O O O O O O O C O O O O O O O O O O O Q O O O O O O O 
0 0 0 0 0 0 0 0 0 0 © 0 © 0 © 0 0 0 © 0 0 0 © © © O O O O C ) 0 © 0 0 0 0 © 0 0 0 © 0 0 0 © © © 0 © 0 © 0 © 0 0 0 © 0 0 0 
O O O O O O © O © 0 0 0 0 0 © 0 0 0 0 © 0 0 © 0 0 0 © 0 0 0 0 © © 0 0 0 0 0 0 0 © 0 © 0 0 0 0 0 © 0 © 0 0 © 0 © 0 © 0 0 

© © © 0 0 © © 0 © © © © © © 0 0 © 0 © © 0 0 © © 0 0 © 0 0 © 0 0 0 0 0 © 0 0 0 0 © 0 0 © © 0 © © 0 © © © © © 0 0 © 0 0 0 

© 0 0 © O O d O O O O O O O O O O O O © © 0 0 0 © 0 © 0 0 © 0 0 © © 0 © © 0 0 0 0 0 0 © 0 0 0 0 0 0 0 0 0 0 0 0 0 0 © © 

«*«•««««.*«<««•««.*«.«•*•*•«« 
rsrtrtOjojrtrssOsfrosoeoiysrvjN 
sr sr OJ LO rt oj sr OQ sr rsi oj sr OJ roo jo rvisssr rv uo sf r v r w r t r s i r t r t r t s t r t r t r t o j H H s> rj 
r-i r-t rrt r-t r-i rt rt 

* • * « « « « « « « « « « « « * - « * « * « « - * • « • * « 
rt rt rtsj* rt rt PO -sTf rt rt 

O r t i ^ i v - o o r o u o ^ O O O ^ O r t r s j r O N 
rtrtrtrtrtOjrsirsirO r r t r - l r r t r r t r r t r r t r r t r s i r \ i r \ l rt rt rt OJ rtrtrtrtrtrtrt Qs rt rt rt f v 
rrt.rrtrrtrrtrrtrHrrtrrtrrX'^^^ 

"S. —s. rts S ~ \ y—^ /—>, 



• H I I 1 

* * * * * •ft •ft * * •* 
• • • « • • • • • • 

o ru rv SA rv r-t vO LO © 00 
f \ J 3 0 r v j O s O O O O O ( 0 0 0 
rrt rv t-* r-t r g pv 

At * * * •ft •ft At •ft * * 

ro fO ro rv ro Pv ro ro rv ro 
• « • • • • • • • • 

kA UA oo rn ro rg vr «-* o> to 
I I I AJ 1 1 1 OJ | 

T-4 

* * * •* « * ft * * "ft 

t f t WA rg o 00 r - l rv © Pv 
tn so tn rv o rv r-t t o Pv rt 
r-i r v r- l r-l Pv 

At * At At -« •ft •ft * * 

p- f v rrt 00 © ro LO ro •st -OT

-•o O t n LA o 00 Pv ro Ps r H 

-a v0 o to rO to vO vO 
• « • • • • • • « • 

CO LA eo *-t LO OJ t o r-t o pg 

•ft •ft * * * At •ft At « « 
Pv rs, r-t BO o ro t o ro s t v t 
>o s0 ro to o 00 Pv ro rv r-t 
-o sQ 0> s f o uo ro t o vQ sO 
• • • • • • • • • • 

UO 00 r-4 LO r g t o r - l © rv 

* •ft At At •ft •« •ft •ft •ft At 

o © o o © © © © © © 
o o o o © © © o © o 
Q o o o o o © © © © 

r - i r-i rrt r-i rt r-4 r H r l r-t r-t 

At At At At At •ft * At At 

© © o o © O © O O O 
• • • • 

• 
• • • • • 

O o © O © o © o © © 

* * * + * •ft + •ft •ft At 

sO rg oo Ps rg oo to vo ov 
ro s t r l H v t O 

r-i 

•ft * * * At •ft * •ft * 

LA sO pv eo r g ro to vo pv rv 

CC ae ae trt </> to LO LO ft-

© 
ov 
Pv 
vO 
Ov 

to 

so 
vO 
s t 
vO 

rg 
ro 
O 
0> 

• 
AJ 
AJ 
S f 
IO 

M 

00 
mJ 

ao 

* 
+ 
+ 
•» 
-ft 
-ft 
•ft 
•* 
•ft 
•ft 
At 
At 
At 
At 
-ft 
* 
At 
At 
•ft 
* 
+ 
•ft 
* 
•ft 
« 
•ft 
* 
At 
* 
At 
* 
+ 
•ft 
•ft 
•ft 
•ft 
-ft 
•ft 
•ft 
At 
At 
At 
At 
At 
At 
•ft 
•ft 
-ft 
•ft 
•ft 
* 
•ft 
-ft 
•ft 
•ft 
•ft 
•ft 
•ft 
•ft 
•ft 
•ft 
•ft 
•ft 
•ft 
* 
"ft 
At 
At 
At 
-ft 
•ft 
•ft 
•ft 
•ft 
•ft 
•ft 
•ft 

•ft 
•ft 
-ft 
* 
•ft 
"ft 
•ft 
-ft 
* 
•ft 
•ft 
•ft 
•ft 
•ft 
« 
-ft 
•ft 
•ft 
•ft 
•ft 
•ft 
•ft 
•ft 
•ft 
•ft 
* 
•ft 
•ft 
« 
« 
•ft 
•ft 
-ft 
•ft 
* 
•ft 
•ft 
•ft 
•ft 
At 
At 
At 
At 
At 
At 
At 

At 
-ft 
-ft 

•ft -ft -ft -ft -ft -ft 
• m l • f t * - * * - * * * - * * * * * - * - * * * * ' * 

• ml O * 
a. o u — -ft 
c e o co ea •* 

— CJ il « f r a * f t l W O O O ^ a ^ - J ' O O ^ O O O ^ O O O O t v r l ~ 0 O N I ' i i ^ l / l O O O » 0 O O O O O O 
o 3 o «• o •* O o> r-i -o r-i r g r o r o r g r o co to ov r-t <o o o -o ^ - t r v r o t o 
0s • O X » •* r-t r-t 

mr a t m l — r s -ft 
UJ ml OJ OJ At 
Of. <X mr mr At 
At At At At At At 

V , Z « < f t « « « - « - « « « « « - f t « - f t - f t « « « « - « « « * « « « 
—• O - f t C ^ O v t P U v O r o N O - v t C ^ e O i o r v p v N 

— O C C — m4 At v 0 r O 0 0 - v t © v 0 r O r U r t - t r H r v l 0 0 C O C O U » L O N 

e o M O o v r - * • • • « • • • • • • * • * • • • » • • • • • • • • • • • • • • • • » • • • • • • • 
C ^ t - » s » w « r O * © C O f O r t r O O v - ^ 
— <I u u N a •* r v i r t c o r g r g r v j v o a o o o r - t r-t sr 

a: « ce «- ae •*. OJ vr s> s t n ro 
> > U. -ft 

* -ft "ft - * - * + • * * • * * « • « • « * • * • * . « • • * • « • * * • * * 
- J -ft -ft 

OCX J © At 

« 0 « W N-.« • • • . • > • « . • • • • • > • • • • • • • • • • . . . • • • , . • • . • . , 
« t l . t 3 * » * 0 0 0 0 > t > » 0 0 0 * * O N N N N N - 4 ' O O O N N s r v t > f v t ' 0 « O N N N O N N N s * 
0v a s > * © 0 0 0 0 0 0 0 0 0 © 0 0 0 © 0 0 © © 0 © © 0 0 © 0 0 0 0 0 © © 0 © 0 0 0 0 
' r U c ; « s . ^ / 1 ^ ( ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ • s ^ ^ ^ • v , ^ ^ ^ ^ ^ ^ , 

ae ft- o co ae * 
> U> >-i At 

««-*•««•«•«•*«•«««•««-«•«-««««««« 
C r s f r v j s f r o s O o o f v r o i O r O o r g r u r u i O H 
r-i 00 co O I to 1 O —i tv oj -0 I | I -ON I I I 00strgO-ONt-stLArOr-»00s0>oj | COHH 
© ri -t riso-stious, vt sr ro oj toro^rrvrvfOr-iojso t*-> o m 
r-i rA 

• k - f t - f t - k - f t - k - f t - f t f t - f t - f t - f t - f t - f t - f t - f t - f t - f t - f t - f t - f t - f t - f t ^ 

r o o s o r o o . r H - r i r v r v r u r O r t r v r v r v P o r ^ 

o o r o r v j c x j e o r v a o - v t s O L O - ^ L O r - i r t r - i r ^ 
I r-t ST I r - « | > t u o O n v O I | I >6s» 1 | | | | | | j | us rvj | rv LA rv | r> sr CQ 

r - i r-4 i A - t PO r r t - i t -St s t (VI vT K ) W - t 

« * « - « . « * - * « • « * * « * • « * « * « * * - « « 
r V . r H 0 s r v ) r g c > © r g v 0 0 0 C A i A © o o r v » s 0 © O © i o N 
OJ f v PO O "—• •—' r u t o S3 Os rv i t ^ r o p g O s O s t - s t O s O P W P v O s P O L O n -O o j 
© t A » r o r o r v j L A r o r o r O r V r o r~t | 
r-l rrt 

• f t < f t - f t < k - f t - « « « - k « - k * - « « < « - « - M * - « - « - f t « 
00 Ov O sO sO n S C s t M H t O s t N ' - O H O r v t O U O r O P v r v J r - l l O L O r O O V O r t t O s O f V i r O C O 
so oo so oo n rv o j o j L o r v i o o o — i o o s r o s t i A a o j i o r - i o r u r v - ^ r u L A r u s f r - i i A r v 
r o r o r g r g © u o o - - t P v O s i H - 4 - r v j ' 0 0 s H r ^ 
- 0 0 0 0 - 0 0 0 0 0 0 0 - ^ A J O r - l © 0 0 0 © C O O O r v r O r - l s O © r \ | s O s t O O r - l © 0 0 0 
O r-t r r t rv j r-t v t OJ PO r- l 
r - l 

« « « « « « « « • « « * « « * « « « « « « « « « « « « « 
N N l f t n O 0> O C O L A C O - t O O s O O O J i » - - t r » r v r u s f t A - « t r O i O s t 0 0 r - - ! 0 a s r t O i O C > 
N r l v t O s t n r o r v f O s f L A O r o O O V r o r o O L O O O O Q O r v s O r l t A v O r v o o r v r i r o s - - | C > 
* H N W O - f i O ( V I O N M - C W H I / V N « O O O 4 N H f l < ) ^ ^ i / V 0 0 H S N l r t K l N O N N 
O H O ^ O H O H ( V | f V I O \ ' C H i / V O O O O O r j O O r w N » > O N I / V O > O H r t > r N O N O 
sO SO r i l O < 0 ( M r l H N i » 
tO r l 

• * « • « • « - « • « • * • * • « « * * « • * * - « - * « • « • * « • « At At At At 4)t At At At At At 
o o c o o o c o c o c o o o e o e o » e o o o e o c c o o c o o o o 0 i » » 
• ^ ^ " 4 - s t s t s t - S t - S t - S P v t - S t - S f - s t - s t s t s ^ 
r o r o r O r o r o r O r o r o r o r o r O r o r A r o r o r o r O M 

© O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 

-*«««•« «««*«*•«•««*•«**•*« 
r v j r g r v r v o j r g r u r v r u r v j r v i o j o j r ^ 
t O t O U ^ I O l O L O l O L O I O i O U ^ I O i O L O t O t O l O L O t O U ^ 
S O S O S O S O S O S O S O S O S O S O M O - O S O ^ O S O S Q S O V O V O ^ 

© © 0 0 © 0 0 0 0 0 © © © 0 © © © © © 0 © © © 0 © 0 © 0 © 0 © 0 © 0 0 © © © 
« « « • * « « « • « « « * + « • * « « « • « • * « * « « 

OS OS r-l sQ rrt OJ r o PO OJ PO 

•*•*+•*•*•«**•«*.#•*•*•« + *•**-*-«< 
OJ PO rrt 

o to © © © O OJ ro sO o ru LO 
eo LO CK r- l 

•ft * + •ft -ft -ft -ft -ft •ft -ft •« •ft 

rg ro sf pg s t fO rH Pvl LO SB PV/ 
rv rv fv 00 00 0> OJ ro ro ro ro s t 
ro ro ro ro ro ro ro ro ro ro ro ro 
LU uw uu LU UJ LU UU LU LV u. u. LV 

S3 © T-t sQ ro St pv ro io 

* • « • « + * • « • * • « * • • - « • « 

ro r-l ro -st o j ro - t n ro ST 
p v o n v t s o s o o o o s 

- - t r o p o r o K ^ - o r o r o r o r o r o r o r o r o r o i o r o r o r o r o r o r o r o 

U . U . U . U . U . 

•ft -ft -ft -ft At At 
m 

LO 
- J 
m l tO 
UJ as 
3 a 

LU r l 
> • J U 
V . CO <X 
rl tX ml 
U 3 3 
*r o o 
tX. ml ml 
t x . J t t 
O f f U 

o 

c (t c c 



f t f t 1 

r u o r v i r u r u r s j ^ O O ^ N 

rrt rt pg Sf rt rO PVt OJ ST CVJ Pvt-H r-t r-t rH f\J rt 0J rt rt OJ r l N H rtf\l rt r t rvi rt 

• f t - * * * * - * - * * * * * * * 

r g f » » 8 0 u o v O r t » t v < " O s O P s O O < X ? f v 
i n r n w > t « o o t o r t P O v o s f r t r o u o 
rtvt>tio>tKirvirvivOrtfviArtro 
rvj 00 rt rt PO O s f M f v l r t 00 v t s f IO rt WO 

•vt t o tr, rvj OJ 
• « - # « 4 * - l ( . « . « « - « « « 
o o o o o - v t - v f - ^ v t r v . r v . r v » r v r v . r w 
O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O Q O O O O O O O O O O O O O O O O O O O O O O 

f v , p v . f v f v , r V f V f V f V f V f W 

* * * * * * * * * * * * * * * * * * * * « « « « « « « - * « « * « - * - * - * « « 

f ooo*o rv i - v t r tKc^c^vo iocpooo rv 
PO 1 s r u O S t t O f V f V J r t r v l O v r O NO | ^ t / I O O N - O r t r H f l i n v f - t ^ f O I N r M « 0 0 3 0 i M ^ r O ^ ( M M O S O ( 0 I -JO rt I I t o I o « H N r l N o> 

rt rt rvi ro - t rt to rtvtsQrtsOrtrtrvirtvrvirviro H ro io to n rtrtr-gojrOrtrtrtrvjrg r v j s t ro ro rt. n rg 
rrt 

* * * * * * * , * * * * * + * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * + 4t4.* + * 

r o r o c o f w r o e O r t r t r t f v o i > r v r v f v N r v r ^ r O r - t ^ < » v O e O r t r t v O r t v O - s t v t v t r t O > r t r t O O O O » 

C © f X 3 r V f V » - t » r O - - < t - * - v t r t r H r v r t r t 

" 1 I I I I I 1 I t I I CM 1 I I I I t I I I s t t S5 ro S3 Pv r v | | | | | | | f T T 1 — I 1 I 1 f T f X T « T PO -r t t » ~ I TO I | 
rt fV r-l 

* * * * * * * * * * * * * * * * * 

rtOrtOr\JLOrtrOvtfV^rti>r\JOrvstlOvOOOOO^ 
s f i O - J 3 i o i o a O » O N N C r n ro - 0 i O O O > 0 0 l v . M - C ) i O 0 0 r - i N O > 0 r v l O N O N E O r J l O v t - O r l r i C r S O l O v t r t rO v O v O r t O O v O r O O 

rt rt M ro in rt rO S5 rt vO rrt rrt Cf rH rrt rtrOuorOrt rrt rrt f \ ) f \ l >0 rrt rtrMOvl OJ Sf OJ OJ 

* * * * * * * * * * * * * * * * 
ro eo 
e> o 
ro O O 

O 00 
rt ro 
IO CVJ 

r t oo oo oo ro 
r v rt IO rt vO 
t o O v t ro rv, 

rt t o fvi i o 
00 UO N. Ov 
O o j OJ ro 

00 o 
ro -vt 
rt CO 

* * 
rt O 
rt rt 
0> CO 

vO IO 

* * -ft * * 

O o j s f 
( v r f l r l 
vO S t 00 

so ro 
oo oo 
t o - t 

* * 
fv. O 
rt rt 
rt fv. 

* * - k - f c * « * - * - k . « . « « . * * 

• A » u o - ~ t r t s t v o r o c o r v j r o r N - r v j - v t r g 
rtOsiOlOSO-tOrO-OtO-vtvttOOfvrtOOl^Ofv. 
t > > r t l 0 0 j t o r v j - v t C v O s r o - - t r t O v v # . - ^ v ^ 

rt O v t rt OV 
rt rvi 

O O O v O O r t r t O O O r v f v ••© rv n 
r i rvi 

00 rt O f v 
rvi I H 

•vt v t 
•O lO 

vQ rt O CO 
rvi 

so rvj rv io o <f t> 
rvi rvi 

0 » 3 v f v f > O M O v f > > O O O N , 0 - O n rvi -»t oo 
ro 

rg v t 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * m * * * * * * 4 t * * * * * * * * * * * * * * * * , * 

O f v 
O 00 

o o o 

o 00 
-vt rvi 
O Ov 

-vt rt fv rg uo 
•vt OJ rO rt vO 
ro rv to e> f v 

v t IO n r o 
O ro oo ro 
rt f v f v rt 

rvi ro 
rvi o 
rv vn 

rv rv 
ro rv 
00 vO 

to o> rv 
• t IO H 
r l O * 

O vO 
o to 
v t OJ 

O rrt 
00 vO 
WO 00 

co rv 
rt vO 
rvi 

Vf O 
OJ vO 

rv to 
vo rv 
•o o 

o ro n 
O OJ f v 
ro rrt CO 

r l O 
rg o 
-o rg 

•vt -45 
rt fV 
rO Ov 

t o O s t Ov O rvj 
0> OJ CO UO rt vO 
ov ro •« oo pv rv 

O ro o wo 
O ( v t o t o 
v© sf f v ro 

vo O O 
pg o o 
o to to 

ro O Ov vO 
ro O s5 n 
co o sr to 

ro fv ro 
WO 00 rt 
QV tO vO 

rv co 
CO rO 
oo ro 

Sf O Sf ro ro 
ro 00 

O n oo O ro 
ro to rt ro 

* * * * * * * * * * 

ro o O rt 

* * * * 

r g r g 
Qv r g 
rt 

+ * 

O S3 
rrt rrt 

* * 

Ov O OJ 
rt UO tO 

* * * 

O Sf 
s f 
ro 
* * 

ro o 
00 wo 

O 0O 

* * * * * * 

CO ro rrt rrt 
rt CO 

* * 

oo rv rvi 
r » ro OJ 

o rv 
s f 

QV t o 
S3 00 

vo sf PVI rs sf oo 
pg fvi rt rt t o ro 

rvj s t O Pv 
rg rt s f OJ 

O O O 
s f 

vO r v 00 ro 
Sf rt 

vo ov sr 
ov rv 

sf ro 
rO rrt 

* * * * * * * * * * * * * * * * A l * * * * * * * * * * * * 

OOWcOCOOOOOCOOOOO-OOOOOOOOOOOO-COOOCO 
• - t - v t s f s f - ^ - s r - v t s f - v t - v t s t s f s f - v t s f v t ^ s ^ 
i O P o r o r o » O r o r o r o r O P O « O p o r o r o P O r o r o r o r o v O P O r ^ 

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 

- f t * * * - * * * * * * . * * * * 

r v i o j o j r g r v j r g p v i r v o i P v j r v i P v i n j r s o j r g r ^ 
t o t o t o t o i o i o t o i o t o i o t o t o t o i o t o t o t o t o i o t o t o t o t o 

s O S S s O O ^ O - O - O v O v O - O s J v O v O O v O O - ^ O -O 

O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O O 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ^ * * * A t * * * * * * * * * * * * 

r g o r v i r g r v j r s v o o O s f f v i y > o o o c o i o r v r o i o r o r v i c ^ 
rt rt OJ SP rt PO OJ OJ vt OJ OJrt rt rt rt r\J rtOJrtrtfM rtrtOJrt rtOJ rtrl rrt f\l TH 

* * * * * * * * 
O rrt 
f v 
ro 

* * * * * * * * * * * * * * * * * * * * * * 

rtrgrosfrtpvirovtpgro rtrvirort 

* * * * * * * * * * * * * i e * ^ 4 c * * * * * * * * * 

rrt r-t rvj rt n r v i r o s f w o n rvj ro r i rg n rg 
* * * 

n r-1 rt rt ro sf uo rtrgrosfrtrvjrovtpgro rtrvirort n r i rg r i rtrvirosfto r i rvj ro r i rg r i rg r-i 
c o t O v O f V C K O > O O r t r t r t r t i % i O l o j r g o g r o r o r o i O s f S f i o i ^ 
r o r g r v p v j r g o j p o r o p o r o p o r o f o p o r o f o p o r o r o p ^ 

rtti-oootflejatfltaotstfl 

-~\ ~v - v .-"v. 



• f!> 0 t 

* * * * * * * * * * * * * * * * * 

LTiiOfngo»orvco>OHLOko 
l f l r g r-t rt rH rH H » H 1*1 r l (VI r l s t rt rt ro (Vg rt rt n r l H s> H « INI r l ( M M H N i / V < A N H s r i A i r N I V s ) c O i O 

r l 

o r v r H f r t o « w o o o o r i r n o - o r i j 
© r * . © r o o * i j * f w f * » s r o c r . o s © a o f V N 
I O O r * O r s l r l r l V A r g r g r H r O W 0 r t 

r l rs) WO r l r l r l r l r l r l VO fs, rt (\l y> 
rt 

PO 

o o o o o o o s • > f ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ • 4 • o a o ' 0 • o > f l ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ - ' • 4 ' 0 0 o o o ^ ^ • - t ^ ^ ^ ^ o < f • * o ^ ^ ^ ^ ^ ^ 
o o o o o o o o o o o o o o o o o o o o o o o o o o c s o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 

f V f s . r v f s » | N , f v | V . r v f s » 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * M * * * * * * * * * * * * * * * r t 

r O s f s r e o f \ i r v j i o r u s f r t f > - < > r t C ^ 
r O O O s s O s f S t O r g O O v O S Q I "O M N N s f O r N O S N O r . - i >'« rO - O • O t M - t i r r i i - I H I O r l O | s t t > « 0 « O l / M C ( M l A M O O ' ' l fs, *0 S3 
r s iosso rvi sf s t rt rvi ro ro: rvi ro n H i o i v r v s O ' t i ' i M r i s t ro vo S3 so sr io co n fs, r i r i © o j wo sf r> 10 to r g c c o s 

r l Sf r l 

« « « • « • « « . * « « - « • * * • « < * • « - « « « 

( • O r O s t ^ W O f O r H r - t C ^ r t 

«3corvsOfvcofX5sr»#H<sjruN 

I I r I I I I I I I I I t I I r l I I I I I I I I I I I I I I I I t I I I O I I I I I I rH I rt | | rt | 1 | 

- f t * * * * * * * * * * * * * * - * * * * 
rtrgrgto©QPOsoc>rnCKs^ 
s r r t© rs . t o i / > r t f \ j ! » i /% i c | r g ^ r J O f v r g o v r u i o s o o o e o f v r t I ^ ^ m ^ ^ i n N n o f J s t a j i o rs, ro so 
Aiosfv rvi st st r i OJ ro ro rvi ro r-t f O N r j a o s t M M H v t •>-> in >o ̂  >t io oo r- rtr-t © CM uo st rs, sr ro OJ co cr-

rt s f r l 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 4 i A i * * * * * * ^ * * * * 4 , * * 
i / i r t r s . s t g o r v j o o o v o o o > o v © r V r t o j r o s t w o s o s r i o s t r v j r t r s , ^ 
v r i O i n i A i r i M l s t r l r l N W rtfV.fvsOMsts0'Orv.»rtsri/Vsrrt 
U ^ s f f s - c O O s f O O r t r t O r M O ^ O s O r t P O f O f v 

eossrtsfsoste^wov^-xjoiouoorsr^ 
rH rH rH rrt rt rg rl rt r l s t r t f N j r v r t r t r t r V r t t r i fs. !\i *> rH 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * r . A , * * * * * * * * 4 t * * * * * * * * * * * * * * * * * * 
s r c > e x 3 r u i o r s . s f v o u o r t v O s f s f f s > r s r t c o N i o © ( s j t o s f r s , v n a 3 © r t 
rt^st'Ooorvjfs.osfsO© s o r s . r v j O s f o O f v . o r g r O r t S 3 r t N r v 
r u s T f ^ e ^ f O s t o s p o o o r v j o o s i o c ^ 
> 0 - X s O i v s r s . r 4 s O r O C > s O r t O s O s f r t 
^ r i K ^ r t r t s t i o r v i r v i r g o o rt rt rtKorvirtstrgrvirorgro - C i f t ^ ^ i c N K i i A H O ru N n o n n r-i n H H «-I ro 

»-< n rg *-t 
• • - i i * * * * * * * * * * * * * * * - * * * * * * 

coeoooooooweowwoopooopoeooooopocooooow 
- t S f s # s T s r s r s t S f S t % r s # s * S t s + s # s r S t s t s f S t 
r o r o r o r o r o r o r o r o r O r O r O r o r o r O r o r o r o r ^ 

0 © © © © 0 © © © © © © © © 0 0 0 0 0 0 © 0 © 0 © 0 © C T © 0 0 © 0 0 0 0 0 0 0 0 © © 0 0 © © © © o © O c 5 © 0 © 0 © © 

rgrgrgrurs(\irsrgr»Jfvjr\jr^ 
kOwouowowoiouououoioiniowouoij^uoijo 
O S 3 s O s O S 3 s O s O s O s O > O s O > O s O s O s O s O s Q O s O s O O 

0 0 0 0 0 0 © 0 0 0 © 0 0 0 0 0 0 © © 0 © 0 © © © O O O O O O o O O O O O O O O O © 0 0 © 0 0 0 © 0 0 0 0 0 0 0 0 0 0 0 

uouoiosOsorgwjsOrtiouoioiri©^ 
iO rvi rt r l rtrt rt rt IO rt OJ rt ST rt r* IO CU rt rt r l r t r l s f rt rO r u rt rv) OJ rtryLOsQrvjrtSfuOiOrvirvi^CO 

rt 

« * « « « « « • * - « « • « • * « « • * • * « 
rt rt rt r g ro n <\j ro rt rg r i rvi »o H r g i o rH rg «-H rvi i o * t t o rt r » H rg r l r i n r v i r o s r 

O ^ O r t 0 4 r o - s r L O S 5 s 5 r w ( s . r v f v e o o o c o t x 5 ^ 
rtrg(\irvirg(VrgrvirSf\irvit^ rHrHrrtrHrrtrHrrtrHrHrrtrHrHrHrHrHrrt^rtrrt 

rtrtMHMMrtHMMMWMMWMMrt 

<r r c 



m It H % 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

rv M*> ro oo eo 
CO rt f \ i rt 

« « « < * « 
oo c j rv oo rt 
rt pv rv o sO 
"cH tr**! i""4 f"^ 

>*rooo*MsOpvpo-«*rurtsON 
rtfVJOJ rO rO ro r o OJ rt rvi fO rt fO v * r t r t r t r t O r O r O r O r t r v j r t S t r t t O PO O J r t rt OJ OJ rt UO OJ -4> O J r t r t r t 

rvi 

v O v O O N O C K r v ) r V t o r v v O r t r v r v » j j > f ^ 

vOrvisr^rviPvroc>»covj-N 
r v J r v i r t W O r t l O r t r V J v ^ P O r t r t r t r v J r t r t v t 

r-i r-i PO rt 0> 

• • f t * * * * . * * - * . * . * * . * * * * * * * * . * 

O O O s t Sf 
0 0 0 0 0 
N f v pv r v r v 

O v » > r O O O N N N N N N N N N v 1 ^ 0 ^ < ! v * v r O v r v t O O O O O C O < ) - C v 5 > f - * O S N S N O O O O O O O O O O O O 
o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o e o o o o o o o o o o o o o o o 
p v ^ ^ ^ ^ f V ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ N ^ ^ ^ ^ ^ ^ ^ ^ r v ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

p v v o i o e o p o p o r v i i o o o r o o j r v o u o v t r o c ^ 
O v o c » v r t v O O r t O r t s t r \ l r t s f » t O r t t f > r t s r O r \ i O » - t 
L O S t P O s f r t r v l P O ^ r t U O r t L O f V J r t O J s r r O U ^ CO St ST ro rt iO rt rtrtOSffVlrtrOrt rtvOOOrtrtPO rvi 

rt 

C ^ r O C * r t r t r O r t C r > r s r O O r t e O r t r o r o r t s f O O N 

«—J e© rt sr s f 
vr r I I 1 

C O s T r O C O C O e O r v O r v i O O O r t r t r t r v O O r t r t s t O O O 

1 — r i i — i 1—1 T 1 i— rvr-r — 1 r T T ~i 1 1 1 1 i 1 1 1 1 1 i~r~r m •» 1 w T n " T T T r r i r * 1 I T - - . 

i o u o r v r v i r V r t v D C > v O r t O O s r t N 
v O r t O v r g u o t v - r t O r M u o P O r t v * v t o o u o O ^ 
u o v t r o > t r t r v j r o u o r t u o r t i o r v i r t r v i v t » ^ 00 sr sr ro rtuo r-i r-i s o s P r v j H r o r t rtvooo rvi sr r-t 

rt 

* * * * * * * * * * * * * * * * * * * * 
v t C O r O r v l O r t s > r O O v O O O r t r t r t v O O e > r O 
r u e o o o v o o o O v t t v - r o f v f V v n p o v o > * 
C O O J v O O U O U O ^ U O > t v » < > < r o O r t v O - < r v O O O « 

uo r j vo ov rv 

rv <> PO rvj sf 
rt rv 00 rt f v 
rv r« rt o rv 

r v t o f v i o o r t v o r v j 

* + 

sf ro uo 
rt WO 

o o t v r o » u o < o f v r v C * r v v * r o s P o j O r t 

« - « * « « - * « « - « « « « « 4 « j j t 4 « 

rtrt^rOO>rtvOC^OrvsfsTOuoOOOfVOOrvjvOsfOvOW 
r O v j f r o o o O v j - s f > < } u o v O u o r t v o P O ' > i o r v j r v o o o o ^ 
U O P O P v v O U > r v i v O O J v O v * K ) r > r r , t » - O r v 

O UO OV O rt 
r-i ro r-t rvi OJ 

rt UO 
OJ rt 

rt UO 00 
OJ rt rt 

« - t t * * - * « « « - « - k 

St IO 00 
rt 

O O O 

sr rt sr 
sf 

* * * 

s f O 
OJ rvi 

e o i o s t O v r s u o N r t s r o r o o r v ! r s s r w o r v J s * 
C V j r S r * r s ' O r v i O J r t r t r - t s f *0 rt ro r O r t f V l r t f V j r V i r t f O r O s r rt OJ ro OJ PO s f 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

c c c o c o e o o o c o e o e o e o e o o o o o t x j e o e o e o c o c o M 
s f s f s f s r s f s f s f s t v ^ s f s f s f s t s f s f s f s f s f s f s r s f s f s f v t s ^ 
r o p o p o f o p o p o p o p o f o r o r o r o p o p o r o p o i o r o r o p o p o r o r o r o 

0 0 0 0 0 

* * * * * 

rvj o j o j OJ rvi 
10 uo uo uo 10 
O O O O O 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

r v i r s r v j r v j r v j f M r v j o j r ^ 
U O I O I O U O M O U O I O W ^ U O U ^ U O U O U O U O U O S O U O U O U ^ 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

r V P O r o e o o O v t r o O C > » r o s 5 f V r o s f o j r t O N 
r o r t r j « - ( rtrjrvj r o r o r o r o rvj H M « H n s f r t r t r t r t o r o r o r o r t r v j r t s r r t i o ro rv ir- i rt OJ rvj rt uo f \ j sf r v j r t r t n 

rvi 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

rvi ro rt rt rt r - i o j r o rtojtovt rg K I o j m o »-i r-i rtforvirort rtrviro rt 
C r « O v O r t r t r s | r O P O C > O r t r u r v j O j r V < r o r O P ^ 
rt rt OJ Ol OJ rv) OJ rv) H H H H H H H H H r l r l H r l O r l r l r l H H H H r v i r v l rtrtrtrtrtrtrtrtrtrtrtrtrt 0 s rt rt rt rt 

+ 
•k 
* 
* 
•* 
•k 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* 
* 
* 
* 
* 
-k 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
•k 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
•+ 
•k 
•k 
* 
* 
-k 
* 
* 

—v 



• ft It s~\ s~\ ^ 

O 
Ck 

ca 

o 
in 
Ch

oc 
a 

oc 

o 

oc 

tO 
ce 
t f l 

o 
r l 

to 
1 J E 

M UJ 
UJ O rt 
rt CJ 
U > IU 
oc - j as • 

rt 15 — 
> <t — 
z Q O CO 

ce as o 
rt O UJ 

U 
3 
o 
o 
0£ 

eu 

SE UO (M 
<t ra — 
x r 
i ~ ae 

<o o 
to - J 

UJ UJ eh 

Q UO 
u j rt 
3 
Q r . 
-J o 
»J "•"• 
«t rt 

oc 
uo > 

> oc 
rt > 
rt - V 
u — 
«E CC 
Cu o 

cc 
O rt 

_ l 
UJ 
3 

> rt 
rt 0£ 
rt 3» 
CJ 
ce 
a, 
cc 
u 

UJ 

O 
3S 

NJ 

u. > 

o 
UJ 
«J — 
CC Pv 
c t — 
3 
a as 
r l X 
CC rt 

-0 
30 
o 

tv) 
© 1*1 

PO 
•» PO 

M • 
t/) rt 
SU 

II 
• 

OJ 
- J " 
Ch 

o 
ee 
rt 

> • to 
t u N , 
> t o 
CC ml 
3 m 
to CO 

OJ o 
" O O O 
rt MO O 
"•O • • 

• © rt 
CM 
II II II 

r i 
SO 
CO 

u_ 
u 
ac 
"V, 
to 
r l 
CC 
eo 

SO 

to 

ea 

UJ 
ae 
r> 
to 
to 
tu 
oe 
a. 

ae SJ 
rt ce 
O u. 

to 
• UJ 

to O OS 
UJ ao 
OS rt r 

to as 
•> N» a 
as u. rt 
o u o 
rt C CC 
U u» 
CC •> 
tu O UJ 

oe uu uj 
UJ JC ac 
to n ra 
u j J 
as o o 

> > 
to 
3 se ae 
o o o 
rt rt rt 
> I r rt 
tu ct ce 
oe a: ac 
o. oc as 

a o 
ae u. u-
o 

r » U l 
O rt « 
UJ o to 
t o 
<c * • r 
CO o to 
— oa co 

to * 
as * 
© * 
rt * 
U * 
ce * 
u. + 

* 
a * 
rt •* 
3 •* 
ml * 
U» •*> 

rt 3 
« r i 
ee o 

a O 
i I M 

VO rt 
CC <x 
tfl a c 

as 
se o 
o u> 
rt 
rt as 

O « 
to 3 

*> •> 
tO 3 
as oa 

to 
UJ 
rt 
S3 
3 
rt 

UJ 
a 
a 
ac 

o 
rt 
as 
UJ 
ac 
3 
se 

se 
o 
ea 
tu 
tn 
CC 

oa 

> 
o 
*-v 
3 • 
ffi OJ 
rt 
Ul rt 

* M 
rt Q 
ae a. 
uu o 

X rt 
u to 
CC 
O » 
OS • 
u ce 
se • 
U J 3 

as ae 
UJ 
rt _ J 
CC r i 
3 UJ 

3 
«J I 
ec as 
as tu 
3 a. 
rt 
ct o. 
ae o 

u j •> 
3 O 
» CS 

• I 

to * 
rt * 
se * 
<t * 
rt * 
to Hi 
se * 
o * 

* 
a « 
U J * 
X * 
t o * 
rt •* 
mi * 
oa •* 
cc * 
rt * 
tO + 
UJ * 

o 
CQ > 
to 
oc 

UJ 
ta 
ce 
o 

> 
to 
tu 
ce 

> *%, 
to ea 
as » 

to 
X QS 
ee 
t u r 
rt tO 
CC rt 
3 tO 

<t 
> CO 
CQ 

o 
tu 
Q ce 

a 
O a 

se > ar 
o o o 
eo UJ ca CO 

ce u o cu *> 
*x <z UJ a mm r s 

u cu © cc a ee 
a t o rt mm + 
or O • rt 

* >> ru <X •x © 
© > > p - ee X © u_ © 

X to tu OJ OS © u cu 
tu o ro OJ • ac © 

rt ee cc PO O mm © 33 

tu cu • rt • 
se rt to u . o X o • 

UJ O rt II O 

•* SB • X t o o 
r . O > to mm © O Ps. 

U? CQ r tO to et • • Ps. 

CQ rt 3 tu UJ © rt © 
to ca ee u s i  rt 

X "V, X rt X II 
u. X rt UJ t f l l l r » II 

— o tu CC o 
to ac ae se II tu t f l tu tu 
as mm IH OS r i to r i 

mi r l 03 rt 3 03 

1 ml ce tu se CC o <X 

se a. UJ rt r l o 3 w to 3 

a. ts 3 o CO O rt o O S ' S . rt ce © II rt r i 
mr M OS 3 U l r l oe a ml 

ta tu r o to CC UJ ce 
• Cu 3 r i a ce 

1 OS r i CO - 1 u r l 

o UJ > CC mm •et •cc 
03 © 3 z ê ae 
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W. R. Humphries 
COMMISSIONER 

Advisory Board 

George Clark 
Chairman 

Kristin Conniff 
Vice Chairman 

Melvin Cordova 

Joe Kelly 

Robert PortUlos 

Nancy Lynch Vigil 

Rex Wilson 

State of9{ezi> 9rie7(ico 
Commissioner of Tub" tic Lands 

A p r i l 30, 1990 

ARCO O i l 
P.O. Box 
Mi d l a n d , 

and Gas Company 
1610 
Texas 79702 

ATTN: Mr. J.T. Lowder MIO 733 

RE: Empire Abo U n i t 
1990 Plan of Development 

Gentlemen: 

The Commissioner of P u b l i c Lands has t h i s date approved t h e 1990 
Plan of Development f o r t h e Empire Abo U n i t . Our approval i s 
s u b j e c t t o l i k e approval by a l l o t h e r a p p r o p r i a t e agencies. 

The p o s s i b i l i t y of drainage by w e l l s o u t s i d e of t h e U n i t Area and 
the need f o r f u r t h e r development of t h e U n i t may e x i s t . You w i l l 
be contacted a t a l a t e r date r e g a r d i n g these p o s s i b i l i t i e s . 

Enclosed i s an approved copy of t h e 1990 Plan of Development f o r 
your f i l e s . I f we may be of f u r t h e r h e l p , please do not h e s i t a t e 
t o c o n t a c t t h i s o f f i c e a t (505) 827-5746. 

Very t r u l y yours, 

W.R. HUMPHRIES, 
COMMISSIONER OF PUBLIC LANDS 

BY; ' 
FLOYD 0. PRAND0, D i r e c t o r 
O i l and Gas D i v i s i o n 
(505) 827-5746 

cc; OCD - Santa Fe, New Mexico 
BLM 
Un i t Correspondence F i l e 
U n i t P.O.D. F i l e 

WRH/F0P/SMH 

'P.O.'Bo^lUS Santa Je, W 87504-1148 (505) 827-5760 



ARCO Oil and Gas Company 
"enirai District 
Post Office Box 1610 
Midland. Texas 79702 
Telephone 915 688 5200 

September 4, 1990 

United States Department of the Interior 
Bureau of Land Management 
P. O. Drawer 1397 
Roswell, New Mexico 88201 

Attn: Mr. Francis R. Cherry, Jr. 
District Manager 

State of New Mexico 
Mr. Bill Humphries 
Commissioner of Public Lands 
P. O. Box 1148 
Santa Fe, New Mexico 87501 

Attn: Mr. Floyd O. Prando, Director (3) 
Oil and Gas Division 

State of New Mexico 
Department of Energy and Minerals 
P. O. Box 2088 
Santa Fe, New Mexico 87501 

Attn: Mr. William J. LeMay (3) 
Division Director 

Gentlemen: 

In compliance with Section 11 of the Unit Agreement, Empire Abo Unit, 
Eddy County, New Mexico, ARCO Oil and Gas Company, as Unit 
Operator, on behalf of itself and other participating working interest owners, 
hereby submits for your approval an amended 1990 Plan of Operation. The 
amended plan wil l cover the remainder of 1990. 

The primary reason for amending the Plan of Operation is described in 
paragraph 5(e). Withdrawals of extraneous stored gas are currently allowed 
by NMOCD Order No. R-4549-F. We wil l seek to amend the order as 
stated in paragraph 5(e) to make it more flexible during times of emergency 
needs by the Gas Company of New Mexico. 

Yours very truly, 
• I 

, w fl i-̂ uwv̂  
Gary B. Smallwood 
Senior Engineer 

GBS:eeg 

Attachments 

i . i i T c m v - i 3 . i i v i s i o n ot A l l a n t i c R i c n l i e i d C o r n o a n v ?3-.- 600- D 



EMPIRE ABO UNIT 

1990 Plan of Operation 

SUBMTTTED SEPTEMBER 4, 1990 

1. Summary of the Amended Plan of Operation for 1990 
ARCO Oil and Gas Company proposes to continue operation of the Empire Abo 

Unit, Eddy County, New Mexico, substantially the same as in recent years. We 

will continue to reinject all available residue gas from the Phillips extraction plant 

and the Amoco extraction plant. Oil will be produced from the most efficient wells 

in order to maximize recovery. Gas Company of New Mexico will be allowed to 

make emergency withdrawals of extraneous gas during the winter. The withdrawal 

will be replaced by Gas Company of New Mexico in the summer. 

Project Area - Description and History 

The Empire Abo Unit is located in portions of Sections 34, 35, 36, Township 17 

South, Range 27 East; Sections 1, 2, 3, 4, 8, 9, 10, 11, 12, 15, 16, 17, Township 18 

South, Range 27 East; Sections 25, 26, 27, 28, 31, 32, 33, 34, 35, 36, Township 17 

South, Range 28 East; Sections 4,, 5, 6, Township 18 South, Range 28 East; Sections 

29, 30, Township 17 South, Range 29 East, Eddy County, New Mexico. 

The Unit, as originally proposed, would have covered 11,399.15 acres. Certain 

tracts within the Unit Area did not qualify for participation as of October 1, 1973, 

the effective date of the Unit. These tracts are: 2, 6, 28, 41, 42, 46, 55, 56, 69, 79, 

84, and 91. Total area of these tracts is 644.74 acres. The remaining 10,694.41 

acres comprised the Project Area for pressure maintenance until September 1, 1975. 

On this date Tracts 41, 79, and 84 joined the Unit. The addition of these three 

tracts, which cover 120.03 acres, increased the total area of the Unit to 10,814.44 

acres. Tracts 2, 6, 42, and 46 comprise the CITGO Empire Abo Unit, which 

received NMOCD approval in June, 1974. The Unit Area is now disposed as 

follows: 

Acres 

ARCO Empire Abo Unit 

CITGO Empire Abo Unit 

Non-Participating Tracts 

Total Area 11,339.15 

10,814.44 

283.66 

241.05 

ARCO Oil and Gas Company operates a pressure maintenance project at the 

Empire Abo Unit. This project involves injection of plant residue gas from Abo 

production back into the Abo formation. 
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3. Current Performance 
In June, 1990, the Unitized Project Area averaged 3,225 BOPD with a 64 percent 

water cut and a gas-oil ratio of 16,907 cubic feet of gas per barrel of oil. Gas 

injection averaged 41,261 MCFPD (see attached Production History Plot). 

Cumulative oil production from the Project Area through June, 1990 was 210.8 

MMBO. This is about 56.8 percent of the 371 MMBO originally in place. 

Cumulative net gas production from the Project Area through June, 1990 was 

277 MCF. This is about 59 percent of the 468 BCF originally in place. As of June, 

1990, the Unit has 205 active producing wells. 

4. Basic Concepts Governing Future Unit Operations 

• Field production history and reservoir numeric model studies have 

demonstrated that oil recovery is governed by gravity drainage and secondary 

gas cap expansion. We will be able to maximize the beneficial effects of these 

recovery mechanisms by observation of well performance and producing from 

the most efficient wells, those with the lowest GOR's. Natural gas liquid 

production from individual wells will also be considered when determining the 

most efficient wells in the future. 

• Gas injection will help maintain reservoir pressure and control expansion of the 

secondary gas cap. 

5. Discussion of Past, Current, and Future Operations 

a) Gas Injection 

Fifteen gas injection wells along the north edge of the field handle all of the 

Empire Abo Unit injected gas. Table I lists these wells. Beginning in July, 

1974, and continuing through the latest month for which data is available 

(June, 1990), all available plant residue gas has been injected into the Abo gas 

cap. The Unit receives plant residue gas at about 700 psi and compresses it to 

2000 psi for injection. Superhydration facilities at the extraction plants reduce 

hydrogen sulfide content to minimize possible corrosion. A rigorous corrosion 

treatment program is maintained. Permits for the Gas Injection Facilities have 

been granted by the State of New Mexico Environmental Improvements 

Agency. We believe the injection facilities meet the requirements of the United 

States Geological Survey and the State of New Mexico. 
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b) Workovers 

An intensive workover program in previous years has been successful in 

maximizing low GOR production. The majority of the workovers consisted of 

recompleting wells lower in the reef. As a result of this program, almost all 

possible lower recompletions have been performed. On the eastern portion of 

the field where water influx is occurring, workovers consisting of recompleting 

wells higher in the reef have been successful. We wi l l continue to seek out 

wells with recompletion potential. In 1990, we converted the Empire Abo Unit 

No. J-10 and plan to convert the No. J-13 to gas injection. These conversions 

wil l increase recovery by balancing the Unit's gas injection and providing 

pressure support to low pressure areas of the Unit. 

c) Continuing Field Study 

In order to maximize future reserves, we wil l continue to maintain an intensive 

field surveillance program. We will also continue to evaluate alternate and 

enhanced recovery techniques. 

d) Injection of Non-Abo Gas 

Gas from non-Abo sources was delivered from the Gas Company of New 

Mexico (formerly Southern Union Gas Company) to the Empire Abo Unit. 

This began on June 18, 1976. Cumulative outside gas injected through July, 

1990 was 4,106.33 MMCF. Cumulative gas delivered back to the supplier 

through July, 1990 was 451.1 MMCF and the net cumulative non-Abo gas bank 

was 3,655.3 MMCF. 

e) Withdrawals of Non-Abo Gas 

Gas Company of New Mexico wil l be permitted to withdraw up to 300 MMCF 

of the extraneous stored gas for emergency use during the winter period, 

November 1 - March 31. The withdrawn gas wi l l be replaced by Gas 

Company of New Mexico during the next summer season, April 1 -

October 31. 

f ) Voidage Limit Removal 

The voidage limit was replaced with a gas production limit of 65 MMCFPD in 

1984. This wil l allow more efficient operation of the Unit. Also, the wet gas 

compressors were removed and the practice of injecting unprocessed gas was 

discontinued. 
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6. Modifications to Plan 

It is understood that to meet changing conditions, this plan of operation may be 

modified from time to time, with the approval of the Supervisor of the U.S.G.S., 

the Commissioner of Public Lands of the State of New Mexico, and the Department 

of Energy and Minerals, Oil Conservation Division, State of New Mexico. 

ARCO Oil and Gas Company, as Unit Operator, will act prudently to preserve the 

rights of the mineral owners, and to effectively and efficiently recover the Unit 

Area Reserves. This Company will meet all economical offset obligations, act to 

prevent waste, conserve natural resources, and protect correlative rights. 

7. Effective Date and Duration of Plan 

This Amended Plan of Operation shall be effective September 1, 1990 and extend 

through the calendar year unless otherwise amended. 

If this Plan of Operation meets with your approval, please sign on the next page and 

return one copy for our files. 

Very truly yours, 

ARCO Oil and Gas Company 

OPERATOR 

/ • 
,-tyvu p - /ĥ -rx.c .., 7,-77 

Gary Bi/Smallwood 
Senior Engineer 
GBSreeg 
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APPROVED BY: 

APPROVED BY: 

DATE 
District Manager 
United States Department of the Interior 
Bureau of Land Management - Roswell District 

DATE 
Commissioner of Public Lands 
State of New Mexico 

APPROVED BY: DATE 
Division Director 
Department of Energy and Minerals 
Oil Conservation Division 
State of New Mexico 



EMPIRE ABO UNIT 
1989 AND 1990 PRODUCTION HISTORY 

Month BO 

January 127,553 

February 116,620 

March 128,827 

April 124,539 

May 121,138 

June 116,402 

July 116,771 

August 115,150 

September 112,295 

October 114,934 

November 108,525 

December 105,920 

January 113,005 

February 99,257 

March 91,535 

April 73,833 

May 103,666 

June 96,748 

Totals 1,986,718 

BW Gross MCFG 

174,883 1,998,160 

142,094 1,782,261 

168,504 2,019,490 

167,780 1,932,008 

162,709 1,801,256 

166,224 1,875,606 

143,037 1,961,348 

159,399 1,929,303 

157,023 1,871,241 

134,100 2,017,084 

125,801 1,976,391 

137,114 1,980,927 

124,600 2,050,366 

105,788 1,777,839 

58,042 1,409,616 

111,064 762,048 

145,908 1,529,593 

169,020 1,635,865 

2,553,090 32,310,402 

Injected MCFG Net MCFG 

1,449,096 549,064 

1,266,858 515,403 

1,483,893 535,597 

1317,495 614,513 

1,285,547 515,709 

1,349,515 526,091 

1,375,908 585,440 

1,459,950 469^53 

1,455,967 415,274 

1,442,749 574,335 

1,454,917 521,474 

1,398,743 582,184 

1,494,951 555,415 

1,319,546 458,293 

1,037,207 372,409 

612,893 149,155 

1,126,608 402,985 

1,237,824 398,041 

23,569,667 8,740,735 

GBS:eeg 
08/20/90 



TABLE I 

EMPIRE ABO UNIT 
Gas Injection Wells 

Previous Operator/ Unit Well 
Lease and Well Designation Location (Sec.-Twp-Rng) 

Hondo/State "A" No. 24 C-39 NW/4 SE/4 26 17 28 

Hondo/State "A" No. 16 D-37 SW/4 SW/4 26 17 28 

Amoco/State "BV" No. 1 F-25 SW/4 NW/4 32 17 28 

Hondo/State "A" No. 35 F-27 SW/4 NE/4 32 17 28 

ARCO/M. Yates B (ARC) No. 8 F-31 SW/4 NE/4 33 17 28 

Amoco/State "BM" No. 1 G-22 NE/4 SW/4 31 17 28 

Hondo/State "A" No. 9 G-24 NE/4 SE/4 31 17 28 

Gulf/NCT "C" No. 1 H-19 SW/4 SE/4 36 17 27 

Amoco/State "BE" No. 1 H-21 SW/4 SW/4 31 17 28 

Amoco/Malco "H" Fed. No. 9 MO NE/4 NW/4 3 18 27 

Amoco/State "F" No. 8 1-18 NE/4 NW/4 1 18 27 

Amoco/Malco "H" Fed. No. 2 J-12 SE/4 NE/4 3 18 27 

Amoco/Windfohr Fed. No. 4 K-7 NW/4 SE/4 4 18 27 

Exxon/CBDU "A" No. 8 M-6 SE/4 NW/4 9 18 27 

Cities Service/Hudson A #1 J-10 SE/4 NW/4 3 18 27 

GBS:eeg 
09/04/90 
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ARCO Oil and Gas Company 
Central District 
Post Oflice Box 1610 
Midland, Texas 79702 
Telephone 915 688 5200 

March 2, 1990 

•.•VISION 

5 Ha 

United States Department of the Interior 
Bureau of Land Management 
P. O. Drawer 1397 
Roswell, New Mexico 88201 

5-& 

T7-* 
Attn: Mr. Francis R. Cherry, Jr. 

District Manager 1 
State of New Mexico 
Mr. Bill Humphries 
Commissioner of Public Lands 
P. O. Box 1148 
Santa Fe, New Mexico 87501 

Attn: Mr. Floyd O. Prando, Director (3) 
Oil and Gas Division 

State of New Mexico 
Department of Energy and Minerals 
P. O. Box 2088 
Santa Fe, New Mexico 87501 

Attn: Mr. William J. LeMay (3) 
Division Director 

Working Interest Owners 
Empire Abo Unit 
Eddy County, New Mexico 

Gentlemen: 

In compliance with Section 11 of the Unit Agreement, Empire Abo Unit, 
Eddy County, New Mexico, ARCO Oil and Gas Company, as Unit 
Operator, on behalf of itself and other participating working interest owners, 
hereby submits for your approval a Plan of Operation to cover the period 
beginning January 1, 1990 and extending through the remainder of calendar 
year 1990. 

Yours very truly, 

Gary^B. Smallwood 
Senior Engineer 

GBS:eeg 

Attachments 

ARCO Oil and Ga i Company I t a Divi i ion o l At lant icf l lchl laldCompany AR3B—2600-D 



EMPIRE ABO UNIT 
1990 Plan of Operation 

SUBMITTED JANUARY 24, 1990 

1. Summary of Proposed Plan of Operation for 1990 

ARCO Oil and Gas Company proposes to continue operation of the Empire Abo 

Unit, Eddy County, New Mexico, substantially the same as in recent years. We 

will continue to reinject all available residue gas from the Phillips extraction plant 

and the Amoco extraction plant. Oil will be produced from the most efficient wells 

in order to maximize recovery. 

2. Project Area - Description and History 

The Empire Abo Unit is located in portions of Sections 34, 35, 36, Township 17 

South, Range 27 East; Sections 1, 2, 3, 4, 8, 9, 10, 11, 12, 15, 16, 17, Township 18 

South, Range 27 East; Sections 25, 26, 27, 28, 31, 32, 33, 34, 35, 36, Township 17 

South, Range 28 East; Sections 4, 5, 6, Township 18 South, Range 28 East; Sections 

29, 30, Township 17 South, Range 29 East, Eddy County, New Mexico. 

The Unit, as originally proposed, would have covered 11399.15 acres. Certain 

tracts within the Unit Area did not qualify for participation as of October 1, 1973, 

the effective date of the Unit. These tracts are: 2, 6, 28, 41, 42, 46, 55, 56, 69, 79, 

84, and 91. Total area of these tracts is 644.74 acres. The remaining 10,694.41 

acres comprised the Project Area for pressure maintenance until September 1, 1975. 

On this date Tracts 41, 79, and 84 joined the Unit. The addition of these three 

tracts, which cover 120.03 acres, increased the total area of the Unit to 10,814.44 

acres. Tracts 2, 6, 42, and 46 comprise the CITGO Empire Abo Unit, which 

received NMOCD approval in June, 1974. The Unit Area is now disposed as 

follows: 

Acres 
ARCO Empire Abo Unit 

CITGO Empire Abo Unit 

Non-Paititipating Tracts 

Total Area 

10314.44 

241.05 

11339.15 

283.66 

ARCO Oil and Gas Company operates a pressure maintenance project at the 

Empire Abo Unit. This project involves injection of plant residue gas from Abo 

production back into the Abo formation. 
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3. Current Performance 
In December, 1989, the Unitized Project Area averaged 3,417 BOPD with a 56 

percent water cut and a gas-oil ratio of 18,702 cubic feet of gas per barrel of oil. 

Gas injection averaged 45,121 MCFPD (see attached Production History Plot). 

Cumulative oil production from the Project Area through December, 1989 was 210.2 

MMBO. This is about 56.7 percent of the 371 MMBO originally in place. 

Cumulative net gas production from the Project Area through December, 1989 was 

268 BCF. This is about 57 percent of the 468 BCF originally in place. As of 

December, 1989, the Unit has 213 active producing wells. 

4. Basic Concepts Governing Future Unit Operations 

• Field production history and reservoir numeric model studies have 

demonstrated that oil recovery is governed by gravity drainage and secondary 

gas cap expansion. We will be able to maximize the beneficial effects of these 

recovery mechanisms by observation of well performance and producing from 

the most efficient wells, those with the lowest GOR's. Natural gas liquid 

production from individual wells will also be considered when determining the 

most efficient wells in the future. 

• Gas injection will help maintain reservoir pressure and control expansion of the 

secondary gas cap. 

5. Discussion of Past, Current, and Future Operations 

a) Gas Injection 

Fourteen gas injection wells along the north edge of the field handle all of the 

Empire Abo Unit injected gas. Table I lists these wells. Beginning in July, 

1974, and continuing through the latest month for which data is available 

(December, 1989), all available plant residue gas has been injected into the Abo 

gas cap. The Unit receives plant residue gas at about 700 psi and compresses 

it to 2000 psi for injection. Superhydration facilities at the extraction plants 

reduce hydrogen sulfide content to minimize possible corrosion. A rigorous 

corrosion treatment program is maintained. Permits for the Gas Injection 
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Facilities have been granted by the State of New Mexico Environmental 

Improvements Agency. We believe the injection facilities meet the 

requirements of the United States Geological Survey and the State of New 

Mexico. 

b) Workovers 

An intensive workover program in previous years has been successful in 

maximizing low GOR production. The majority of the workovers consisted of 

recompleting wells lower in the reef. As a result of this program, almost all 

possible lower recompletions have been performed. On the eastern portion of 

the field where water influx is. occurring, workovers consisting of recompleting 

wells higher in the reef have been successful. We will continue to seek out 

wells with recompletion potential. In 1990, we plan to convert the Empire Abo 

Unit Nos. J-10 and J-13 to gas injection. These conversions will increase 

recovery by balancing the Unit's gas injection and providing pressure support 

to low pressure areas of the Unit. 

c) Continuing Field Study 

In order to maximize future reserves, we will continue to maintain an intensive 

field surveillance program. We will also continue to evaluate alternate and 

enhanced recovery techniques. 

d) Injection of Non-Abo Gas 

Gas from non-Abo sources was delivered from the Gas Company of New 

Mexico (formerly Southern Union Gas Company) to the Empire Abo Unit. 

This began on June 18, 1976. Cumulative outside gas injected through 

December, 1987 was 4,061.8 MMCF. Outside gas has not been injected since 

July, 1983. Cumulative gas delivered back to the supplier through December, 

1986 was 411.3 MMCF and the net cumulative non-Abo gas bank was 

3,650.5 MMCF. 

e) Voidage Limit Removal 

The voidage limit was replaced with a gas production limit of 65 MMCFPD in 

1984. This will allow more efficient operation of the Unit. Also, the wet gas 

compressors were removed and the practice of injecting unprocessed gas was 

discontinued. 
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6. Modifications to Plan 

It is understood that to meet changing conditions, this plan of operation may be 

modified from time to time, with the approval of the Supervisor of the U.S.G.S., 

the Commissioner of Public Lands of the State of New Mexico, and the Department 

of Energy and Minerals, Oil Conservation Division, State of New Mexico. 

ARCO Oil and Gas Company, as Unit Operator, will act prudently to preserve the 

rights of the mineral owners, and to effectively and efficiently recover the Unit 

Area Reserves. This Company will meet all economical offset obligations, act to 

prevent waste, conserve natural resources, and protect correlative rights. 

7. Effective Date and Duration of Plan 

This Plan of Operation shall be effective January 1, 1990 and extend through the 

calendar year unless otherwise amended. 

If this Plan of Operation meets with your approval, please sign on the next page and 

return one copy for our files. 

Very truly yours, 

ARCO Oil and Gas Company 

OPERATOR 

Gary B/Smallwood 
Senior Engineer 

GBS:eeg 
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APPROVED BY: DATE: 
District Manager 
United States Department of the Interior 
Bureau of Land Management - Roswell District 

APPROVED BY: DATE: 
Commissioner of PublicJ^ands 
State orNew Mexico 

APPROVED BY: i^/S ^ C^/J^AAJ^—>. DATE: 3"&~?D 
Division Director 

tf( DepartmeijjT of Energy and Minerals 
Oil Conservation Division 
State of New Mexico 



TABLE I 

Previous Operator/ 
Lease and Well 

Hondo/State "A" No. 24 

Hondo/State "A" No. 16 

Amoco/State "BV" No. 1 

Hondo/State "A" No. 35 

ARCO/M. Yates B (ARC) No. 8 

Amoco/State "BM" No. 1 

Hondo/State "A" No. 9 

Gulf/NCT "C" No. 1 

Amoco/State "BE" No. 1 

Amoco/Malco "H" Fed. No. 9 

Amoco/State "F' No. 8 

Amoco/Malco "H" Fed. No. 2 

Amoco/Windfohr Fed. No. 4 

Exxon/CBDU "A" No. 8 

KFfCeeg 

EMPIRE ABO UNIT 
Gas Injection Wells 

Unit Well 
Designation Location (Sec.-Twp-Rng) 

C-39 NW/4 SE/4 26 17 28 

D-37 SW/4 SW/4 26 17 28 

F-25 SW/4 NW/4 32 17 28 

F-27 SW/4 NE/4 32 17 28 

F-31 SW/4 NE/4 33 17 28 

G-22 NE/4 SW/4 31 17 28 

G-24 NE/4 SE/4 31 17 28 

H-19 SW/4 SE/4 36 17 27 

H-21 SW/4 SW/4 31 17 28 

1-10 NE/4 NW/4 3 18 27 

1-18 NE/4 NW/4 1 18 27 

J-12 SE/4 NE/4 3 18 27 

K-7 NW/4 SE/4 4 18 27 

M-6 SE/4 NW/4 9 18 27 



EMPIRE ABO UNIT 
1989 PRODUCTION HISTORY 

Month BO BW Cross MCFG Injected MCFG Net MCFG 

January 127^53 174383 1,998,160 1,449,096 549,064 

February 116,620 142,094 1,782,261 1,266,858 515,403 

March 128327 168304 2,019,490 1,483,893 535,597 

April 124339 167,780 1,932,008 1317,495 614,513 

May 121,138 162,709 1301,256 1,285347 515,709 

June 116,402 166,224 1375,606 1349315 526,091 

July 116,771 143,037 1,961348 1375,908 585,440 

August 115,150 159399 1,929303 1,459,950 469353 

September 112,295 157,023 1371,241 1,455,967 415,274 

October 114,934 134,100 2,017,084 1,442,749 574335 

November 108325 125301 1,976391 1,454,917 521,474 

December 105.920 137,114 1,980,927 1398,743 582,184 

Totals 1,408,674 1338,668 23,145,075 16,740,638 6,404,437 

KFK:eeg 
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State of 9{eiv Mexico 
Commissioner of LPuBCic Lands 

W. R. Humphries 
COMMISSIONER 

Advisory Board M a r c h 2 0 , 1 9 9 0 

George Clark 
Chairman 

Kristin Conniff 
Vice Chairman 

Melvin Cordova 

Joe Kelly 

Robert Portillos 

Nancy Lynch Vigil 

Rex Wilson 

G r e e n h i l l Petroleum C o r p o r a t i o n 
16010 Barker's P o i n t Lane, S u i t e 325 
Hcu=t=r., Texas 77079 

ATTN: Mr. Gene L i n t o n 

RE: N o r t h Bwison Queen U n i t 

Gentlemen: 

We re c e i v e d your correspondence r e g a r d i n g t h e approval of 
t h e r e s i g n a t i o n of Texaco as U n i t Operator and t h e d e s i g n a t i o n of 
G r e e n h i l l Petroleum C o r p o r a t i o n as Successor U n i t Operator f o r 
t h e North Benson Queen U n i t . 

The Commissioner of P u b l i c Lands has t h i s date approved t h e 
r e s i g n a t i o n of Texaco as U n i t Operator and t h e d e s i g n a t i o n of 
G r e e n h i l l Petroleum C o r p o r a t i o n as t h e successor U n i t Operator of 
t h e North Benson Queen U n i t . Please advise a l l i n t e r e s t e d 
p a r t i es. 

I f you have any que s t i o n s , please c o n t a c t Susan Howarth a t (505) 
827-5791. 

Very t r u l y yours, 

W.R. HUMPHRIES, 
COMMISSIONER OF PUBLIC LANDS 

BYs 
FLOYD 0. PRAND0, D i r e c t o r 
O i l and Gas D i v i s i o n 
(505) 827-5744 

P.O. Von 1148 Santa Je, 9&{ 87504-1148 (505) 827-5760 



fexaco 
rroc.ucint; Jepar; 
Miciand "..vision 

March 23, 1990 

D i s t r i c t Supervisor 
Bureau of Land Management 
Roswell D i s t r i c t O f f i c e 
P. 0. Box 1397 
Roswell, New Mexico 88201 

Commissioner of P u b l i c Lands 
P. 0. Box 1148 
Santa Fe, New Mexico 87504-1148 

New Mexico O i l Conservation D i v i s i o n 
P. O. Box 2088 
Santa Fe, New Mexico 87501 

A l l Working I n t e r e s t Owners 
(Address L i s t Attached) 

RE: ^mw'̂ mtim^mxm UNIT 
'EDDY COUNTY. NEW MEXICO 

Gentlemen: 

I n accordance w i t h Section 10 of the U n i t Agreement f o r the 
Development and Operations of the Fo r t y Niner Ridge U n i t , Eddy 
County, New Mexico, Texaco Inc. submits f o r your approval a r e p o r t 
of past operations and a plan of development f o r t h e year 1990. 
Enclosed are a map of the area, p r o d u c t i o n p l o t s , a l i s t showing 
the s t a t u s of w e l l s i n the u n i t and a monthly o p e r a t i n g r e p o r t . 

PAST OPERATIONS 

The F o r t y Niner Ridge U n i t No., 1 was completed November 10, 1973, 
i n the Morrow gas zone f o r an i n i t i a l CAOF of 3,703 MCFPD. The 
w e l l i s l o c a t e d i n U n i t L e t t e r " J " , 1980 FSL and FEL, Section 16, 
T-23-S, R-30-E, Eddy County, New Mexico. The cumulative Morrow 
pr o d u c t i o n a t abandonment on October 1, 1981, was 870,011 MCF. 

A Wolfcamp completion i n Forty Niner Ridge U n i t Well No. 1 d u r i n g 
June, 1982, proved t o be non-productive. Later i n June, a 
successful completion of the Forty Niner Ridge Bone Spring pay was 
made from p e r f o r a t i o n s 7564 f e e t t o 7589 f e e t . The Bone Spring 
i n i t i a l l y produced 37 BOPD and 250 MCF on June 27, 1982, and 
s t a b i l i z e d a t 12 BOPD and 15 MCFPD i n J u l y , 1982. The Bone Spring 
pay was plugged back i n August, 1984. Cumulative p r o d u c t i o n from 
the Bone Spring i n Forty Niner Ridge U n i t Well No. 1 was 2,744 
b a r r e l s of o i l . 



Bureau of Land Management, 
Commissioner of Public Lands, 
New Mexico Oil Conservation 
Division, and Working 
Interest Owners -2- March 23, 1990 

Forty Niner Ridge Unit Well No. 1 was recompleted in the Delaware 
Cherry Canyon on August, 1984. I n i t i a l production was 128 BOPD, 
267 BWPD, and 19 MCF. Cumulative production from the Delaware zone 
as of December 1, 1987, was 38,170 barrels of o i l . The average 
daily production during November, 1987, was 18 BOPD, 219 BWPD, and 
14 MCFPD. A workover i s currently being done in this well to test 
another zone in the Delaware. The well i s currently swabbing load 
water. 

A second well, the Forty Niner Ridge Unit No. 2, was completed in 
November, 1974, as a Morrow producer. The well i s located 1980' 
FNL and FEL of Section 21, T--23-S, R-3 0-E. The i n i t i a l CAOF was 
2492 MCFPD. Cumulative production from the Morrow zone was 42,696 
MCF prior to abandonment in August, 1977. 

The Forty Niner Ridge Unit No. 2 was recompleted in the Forty Niner 
Ridge Bone Spring on September 1, 1979. Perforations were from 
7514 feet to 7568 feet. The i n i t i a l potential on October 19, 1977, 
was 11 BOPD, 46 MCFPD, and 8 BWPD. Cumulative production from this 
zone was 16,920 BO. 

The Forty Niner Ridge Unit No. 2 was recompleted to the Delaware 
in November of 1987. I t potentialed for 270 BOPD, 69 BWPD, GOR 370 
from perforations 6043 feet to 4048 feet. 

Forty Niner Ridge Unit No. 3 was completed on January 31, 1988. 
I t potentialed for 112 BOPD, 442 BWPD, and a GOR of 1277. 

PLANS FOR DEVELOPMENT 1990 

In 1990 Texaco plans to d r i l l the Forty Niner Ridge Unit No. 4 in 
the NE/4 of Section 21 (see enclosed map) . This well w i l l test 
Delaware sands equivalent to zones currently producing in the Forty 
Niner Ridge Unit No. 2. Potential workover zones w i l l be 
investigated in the Forty Niner Ridge Unit No. 3. 

Yours very truly, 

Portfolio Manager 

MOS/srt 
Attachments 

f i l e 
chrono 



FORTY NINER RIDGE UNIT 
EDDY COUNTY, NEW MEXICO 

Working Interest Owners 

Attention: R. A. Lowery 
Maralo, Inc. 
P. O. Box 832 
Midland, Texas 79702 

Meridian Oil, Inc. 
21 Desta Drive 
Midland, Texas 79705 

Bass Enterprises Prod. Co. 
F i r s t City Bank Tower 
201 Main Street 
Fort Worth, Texas 76102 

Mrs. Erma Lowe 
4600 Post Oak PI., Suite 307 
Houston, Texas 77027 



FORTY NINER RIDGE UNIT 

Supplementary Production I n f o r m a t i o n 

Wells Nos. 1, 2. & 3 

OCT-89 NOV-89 DEC-89 JAN-90 FEB-90 

OIL 1306 1397 1245 986 1094 

WATER 4107 6090 6178 6563 3598 

GAS 1404 1339 1339 1187 870 
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P.O. 80X1148 
SANTA FE. NEW MEXICO 87504-1148 

SLO REF NO. OG-1064 

March 27, 1989 

ARCO O i l and Gas Company 
A t t n : Karl F. Kurz 
P.O. Box 1610 
Midland, Texas 79702 

Re: 1989 Plan of Development 
Empire ABO Unit 
Eddy County, New Mexico 

Gentlemen: 

The Conimissioner of Public Lands has t h i s date approved the above 
captioned Plan of Development. 

Our approval i s subject t o l i k e approval by a l l other appropriate 
agencies. 

Enclosed i s an approved copy f o r your f i l e s . 

I f we may be of f u r t h e r help please do not hes i t a t e t o c a l l on 
us. 

Very t r u l y yours, 

W. R. HUMPHRIES 
COMMISSIONER OF PUBLIC LANDS 

BY: '""W^'viX, V*-\CiJ>~~s"\^ 
FLOYD 0.~PRAND0, Director 
O i l and Gas Div i s i o n 
(505) 827-5744 

cc: OCD 
BLM 

State of New Mexico 

W.R. HUMPHRIES 
COMMISSIONER Commissioner of Ritlic L^UTA 



ARCO Oil and Gas Company 
"anirai Cistrict 
-nst Office Sox :-510 
Midland. Texas 79702 
"eleonone 915 688 5200 

March 2, 1989 

United States Department of the Interior 
Bureau of Land Management 
P. O. Drawer 1397 
Roswell, New Mexico 88201 

Attn: Mr. Francis R. Cherry, Jr. 
District Manager 

State of New Mexico 
Mr. Bill Humphries 
Commissioner of Public Lands 
P. O. Box 1148 
Santa Fe, New Mexico 87501 

Attn: Mr. Floyd O. Prando, Director (3) 
Oil and Gas Division 

State of New Mexico 
Department of Energy and Minerals 
P. O. Box 2088 
Santa Fe, New Mexico 87501 

Attn: Mr. William J. LeMay (3) 
Division Director 

Working Interest Owners 
Empire Abo Unit 
Eddy County, New Mexico 

Gentlemen: 

In compliance with Section 11 of the Unit Agreement, Empire Abo Unit, 
Eddy County, New Mexico, ARCO Oil and Gas Company, as Unit 
Operator, on behalf of itself and other participating working interest owners, 
hereby submits for your approval a Plan of Operation to cover the period 
beginning January 1, 1989 and extending through the remainder of calendar 
year 1989. 

Yours very truly, 

Karl F. Kurz 
Senior Engineer 

KFK:ls 

Attachments 

4 R C O O i l a n d Gas C o m s a n v is- 'i D i v i s i o n of A t l a n i i c R i c h t i e l d C o m p a n y ,\R3B—2600-O 



EMPIRE ABO UNIT 
1989 Plan of Operation 

SUBMITTED JANUARY 27, 1989 

1. Summary of Proposed Plan of Operation for 1989 

ARCO Oil and Gas Company proposes to continue operation of the Empire Abo 

Unit, Eddy County, New Mexico, substantially the same as in recent years. We 

wil l continue to reinject all available residue gas from the Phillips extraction plant 

and the Amoco extraction plant. Oil wi l l be produced from the most efficient wells 

in order to maximize recovery. 

2. Project Area - Description and History 

The Empire Abo Unit is located in portions of Sections 34, 35, 36, Township 17 

South, Range 27 East; Sections \ , 2, 3, 4, 8, 9, 10, 11, 12, 15, 16, 17, Township 18 

South, Range 27 East; Sections 25, 26, 27, 28, 31, 32, 33, 34, 35, 36, Township 17 

South, Range 28 East; Sections 4, 5, 6, Township 18 South, Range 28 East; Sections 

29, 30, Township 17 South, Range 29 East, Eddy County, New Mexico. 

The Unit, as originally proposed, would have covered 11,399.15 acres. Certain 

tracts within the Unit Area did not qualify for participation as of October 1, 1973, 

the effective date of the Unit. These tracts are: 2, 6, 28, 41, 42, 46, 55, 56, 69, 79, 

84, and 91. Total area of these tracts is 644.74 acres. The remaining 10,694.41 

acres comprised the Project Area for pressure maintenance until September 1, 1975. 

On this date Tracts 41, 79, and 84 joined the Unit. The addition of these three 

tracts, which cover 120.03 acres, increased the total area of the Unit to 10,814.44 

acres. Tracts 2, 6, 42, and 46 comprise the CITGO Empire Abo Unit, which 

received NMOCD approval in June, 1974. The Unit Area is now disposed as 

follows: 

Acres 

ARCO Empire Abo Unit 

CITGO 

10,814.44 

241.05 

Non-Participating Tracts 

Total Area 11,339.15 

283.66 

ARCO Oil and Gas Company operates a pressure maintenance project at the 

Empire Abo Unit. This project involves injection of plant residue gas from Abo 

production back into the Abo formation. 



1989 EAU Plan of Operation 
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3. Current Performance 

In December, 1988, the Unitized Project Area averaged 4,204 BOPD with a 56 

percent water cut and a gas-oil ratio of 15,722 cubic feet of gas per barrel of oil. 

Gas injection averaged 42,555 MCFPD (see attached Production History Plot). 

Cumulative oil production from the Project Area through December, 1988 was 208.8 

MMBO. This is about 56.3 percent of the 371 MMBO originally in place. 

Cumulative net gas production from the Project Area through December, 1988 was 

262 BCF. This is about 56 percent of the 468 BCF originally in place. As of 

December, 1988, the Unit has 196 active producing wells. 

4. Basic Concepts Governing Future Unit Operations 

• Field production history and reservoir numeric model studies have 

demonstrated that oil recovery is governed by gravity drainage and secondary 

gas cap expansion. We will be able to maximize the beneficial effects of these 

recovery mechanisms by observation of well performance and producing from 

the most efficient wells, those with the lowest GOR's. Natural gas liquid 

production from individual wells will also be considered when determining the 

most efficient wells in the future. 

• Gas injection will help maintain reservoir pressure and control expansion of the 

secondary gas cap. 

5. Discussion of Past, Current, and Future Operations 

a) Gas Injection 

Fourteen gas injection wells along the north edge of the field handle all of the 

Empire Abo Unit injected gas. Table I lists these wells. Beginning in July, 

1974, and continuing through the latest month for which data is available 

(December, 1988), all available plant residue gas has been injected into the Abo 

gas cap. The Unit receives plant residue gas at about 700 psi and compresses 

it to 2000 psi for injection. Superhydration facilities at the extraction plants 

reduce hydrogen sulfide content to minimize possible corrosion. A rigorous 

corrosion treatment program is maintained. Permits for the Gas Injection 

Facilities have been granted by the State of New Mexico Environmental 
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Improvements Agency. We believe the injection facilities meet the 

requirements of the United States Geological Survey and the State of New 

Mexico. 

b) Workovers 

An intensive workover program in previous years has been successful in 

maximizing low GOR production. The majority of the workovers consisted of 

recompleting wells lower in the reef. As a result of this program, almost all 

possible lower recompletions have been performed. On the eastern portion of 

the field where water influx is occurring, workovers consisting of recompleting 

wells higher in the reef have been successful. We will continue to seek out 

wells with recompletion potential. 

c) Continuing Field Study 

In order to maximize future reserves, we will continue to maintain an intensive 

field surveillance program. We will also continue to evaluate alternate and 

enhanced recovery techniques. 

d) Injection of Non-Abo Gas 

Gas from non-Abo sources was delivered from the Gas Company of New 

Mexico (formerly Southern Union Gas Company) to the Empire Abo Unit. 

This began on June 18, 1976. Cumulative outside gas injected through 

December, 1987 was 4,061.8 MMCF. Outside gas has not been injected since 

July, 1983. Cumulative gas delivered back to the supplier through December, 

1986 was 411.3 MMCF and the net cumulative non-Abo gas bank was 

3,650.5 MMCF. 

e) Voidage Limit Removal 

The voidage limit was replaced with a gas production limit of 65 MMCFPD in 

1984. This will allow more efficient operation of the Unit. Also, the wet gas 

compressors were removed and the practice of injecting unprocessed gas was 

discontinued. 

6. Modifications to Plan 

It is understood that to meet changing conditions, this plan of operation may be 

modified from time to time, with the approval of the Supervisor of the U.S.G.S., 
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the Commissioner of Public Lands of the State of New Mexico, and the Department 

of Energy and Minerals, Oil Conservation Division, State of New Mexico. 

ARCO Oil and Gas Company, as Unit Operator, will act prudently to preserve the 

rights of the mineral owners, and to effectively and efficiently recover the Unit 

Area Reserves. This Company will meet all economical offset obligations, act to 

prevent waste, conserve natural resources, and protect correlative rights. 

7. Effective Date and Duration of Plan 

This Plan of Operation shall be effective January 1, 1989 and extend through the 

calendar year unless otherwise amended. 

If this Plan of Operation meets with your approval, please sign on the next page and 

return one copy for our files. 

Very truly yours, 

ARCO Oil and Gas Company 

OPERATOR 

Karl F. Kurz 
Senior Engineer 

KFL:ls 



1989 EAU Plan of Operation 
Page 5 

APPROVED BY: 
District Manager 
United States Department of the Interior 
Bureau of Land Management - Roswell District 

APPROVED BY: 

APPROVED BY: 

DATE: 

DATE: 
Commissioner of Public Lands 
State-oi New Mexico 

DATE: 3~% & ? 
DivisiOTi Director 
Department of Energy and Minerals 
Oil Conservation Division 
State of New Mexico 



TABLE I 

EMPIRE ABO UNIT 
Gas Injection Wells 

Previous Operator/ Unit Well 
Lease and Well Designation Location (Sec.-Twp-Rng) 

Hondo/State "A" No. 24 C-39 NW/4 SE/4 26 17 28 

Hondo/State "A" No. 16 D-37 SW/4 SW/4 26 17 28 

Amoco/State "BV" No. 1 F-25 SW/4 N W / 4 32 17 28 

Hondo/State "A" No. 35 F-27 SW/4 NE/4 32 17 28 

ARCO/M. Yates B (ARC) No. 8 F-31 SW/4 NE/4 33 17 28 

Amoco/State "BM" No. 1 G-22 NE/4 SW/4 31 17 28 

Hondo/State "A" No. 9 G-24 NE/4 SE/4 31 17 28 

Gulf/NCT "C" No. 1 H-19 SW/4 SE/4 36 17 27 

Amoco/State "BE" No. 1 H-21 SW/4 SW/4 31 17 28 

Amoco/Malco "H" Fed. No. 9 1-10 NE/4 N W / 4 3 18 27 

Amoco/State "F" No. 8 1-18 NE/4 N W / 4 1 18 27 

Amoco/Malco "H" Fed. No. 2 J-12 SE/4 NE/4 3 18 27 

Amoco/Windfohr Fed. No. 4 K-7 NW/4 SE/4 4 18 27 

Exxon/CBDU "A" No. 8 M-6 SE/4 NW/4 9 18 27 

KFK:ls 



EMPIRE ABO UNIT 
1988 PRODUCTION HISTORY 

Month BO BW 

January 113,818 149,648 

February 108,925 156,440 

March 118,744 187,991 

April 114,649 149,198 

May 119,566 151,639 

June 101,679 127,624 

July 112,261 133,287 

August 110,940 137,430 

September 110,977 130,694 

October 116,935 136,058 

November 114,838 155,527 

December 130,279 169,384 

Totals 1,373,611 1,784,920 

Gr. MCFG In i . MCFG Net MCFG 

1741,581 1,182,366 559,215 

1,830,786 1,187,228 643,558 

1,963,603 1,398,517 565,086 

1,881,405 1,228,990 652,415 

2,064,023 1,353,393 710,630 

1,623,061 1,073,659 549,402 

1,874,456 1330,213 544,243 

1,920,841 1357,566 563,275 

1,921^80 1,257,732 663,648 

1,934,267 1,135332 798,435 

1,850,061 1,060,974 789,087 

2,048,971 1319,197 729,774 

22,654,435 14,885,667 7,768,768 

KFK:EEG:ls 
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State of New Mexico 

W.R. HUMPHRIES SLO REF NO OG-723 
COMMISSIONER P.O. 80X1148 

SANTA FE. NEW MEXICO 87504-1148 

March 24, 1788 

C i t i e s S e r v i c e Carp. 
A t t n : Mr. Frank A. V i t r a n D 
P. 0. Box 50250 
M i d l a n d , Texas 7971D 

Gentlemen: 

The Comm i 55 i oner of Pub I ic Lands has t h i s date approved your 
1988 P l a n of Development f a r the above c a p t i o n e d u n i t area. 

Our a p p r o v a l i s s u b j e c t t o I i k e a p p r o v a l by a l I o t h e r 
a p p r o p r a i a t e a g encies. 

Enclosed is an approved copy f o r your f i l e s . 

I f we may be of f u r t h e r h e l p p l e a s e do n o t h e s i t a t e t o c a l I 
on us . 

Re : 1988 P l a n ' o f Development 
C i t g a Empire Aba U n i t 
Eddy Ca u n t y j New Mexico 

Very t r u l y y o u r s i 

U. R. HUMPHRIES 
COMMISSIONER OF PUBLIC LANDS 

FLOYD 0. PRANDOJ D i r e c t o r 
O i l and Gas D i v i s i o n 
(5D5) 827-5744 

URH/FOP/pm 
en c I s . 
cc '• OCD 

BLM 



CITIES SERVICE OIL AND GAS CORPORATION 
P.O.BOX 50250 MIDLAND, TEXAS 79710 

(915) 685-5600 

February 10, 1988 

0 

United States Department of the I n t e r i o r 1 
Bureau of Land Management 
P.O. Box 1397 
Roswell, NM 88201-1397 

Gentlemen: 

In compliance with section 10 of the Unit Agreement, Citgo Empire 
p.bo U n i t , Eddy County, New Mexico, C i t i e s Service O i l and Gas 
Corporation as Unit Operator hereby submits f o r your approval a 
Plan of Operation* beginning January 1, 1988, and extending 
through December^!, 1988. 

Sincerely yours, 

Frank A. Vitrano 
Operations Manager 
Midland D i s t r i c t 

FAV;SEG:ff 

cc: State of New Mexico, Commissioner of Public Lands 
New Mexico O i l Conservation Division 

A SUBSIDIARY OF OCCIDENTAL PETROLEUM CORPORATION 



Citgo Empire Abo Unit 

1988 Plan of Operation 

1.) Summary of Proposed Plan of Operation f o r 1988 

Ci t i e s Service O i l and Gas Corporation as operator of the 
Citgo Empire Abo Unit, Eddy County, New Mexico, proposes to 
continue operation of the u n i t i n 1988 s u b s t a n t i a l l y the same 
as i n recent years. We w i l l continue to r e - i n j e c t a l l available 
residue gas and w i l l produce o i l from the lowest gas-oil 
r a t i o wells to maximize e f f i c i e n c y . 

2.) Project Area - Description, History, and Performance 

The Citgo Empire Abo Unit consists of 361.06 acres i n Eddy 
County, New Mexico. The area i s located i n portions of 
Section 35, T-17-S, R-27-E, and Section 2, T-18-S, R-27-E. 
In December 1988, the Unit averaged 12 BOPD and 1 BWPD with a 
gas-oil r a t i o of 29,019 cubic feet of gas per b a r r e l of o i l . 
Gas i n j e c t i o n averaged 3 06 MCFPD, and cumulative production 
has been 2,541 MBO. The u n i t was uni t i z e d i n June 1974, with 
gas i n j e c t i o n begining i n June 1975. A natural gas l i q u i d s 
e x traction operation was i n i t i a t e d i n January 1977 and was 
suspended i n December 1986 due to low product prices. 

3.) Discussion of Operations 

The u n i t currently i n j e c t s gas i n t o the Abo gas cap through one 
i n j e c t i o n well located on the north end of the u n i t . A l l 
available residue gas i s injected i n t o the Abo gas cap through 
t h i s w e l l . Since the shut down of the natural gas l i q u i d s 
plant, the u n i t picks up the gas from the u n i t seperators at 
50 p s i and compresses i t to 1600 p s i f o r i n j e c t i o n . The are no 
plans at t h i s time t o do any remedial work on the Citgo 
Empire Abo Unit. We w i l l continue to evaluate the f e a s a b i l i t y 
of r e - a c t i v a t i n g the natural gas l i q u i d s plant as product 
prices continue to r i s e and the f e a s a b i l i t y of s e l l i n g small 
amounts of gas from the high GOR wells w i t h i n the l i m i t s of 
the f i e l d rules f o r reservoir voidage. 

4.) Modifications 

This plan of operation may be modified to meet any changing 
conditions at any time with the approval of the Bureau of 
Land Management, the Commisioner of Public Lands of the State 



of New Mexico, and the New Mexico O i l Conservation Division. 
C i t i e s Service O i l and Gas Corporation, as Unit operator, 
w i l l preserve a l l r i g h t s of the mineral owners, and w i l l 
e f f i c i e n t l y attempt to recover a l l recoverable Unit area 
reserves. 

Ef f e c t i v e Date and Duration of Plan 

This plan of operation s h a l l be e f f e c t i v e January 1, 1988 and 
extend through December 31, 1988 unless otherwise amended. 
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iStkte cf N e w Mexico 

BLO REF. NO. OG-432 

W.R.HUMPHRIES 
COMMISSIONER P.O.BOX 1148 

SANTA FE, NEW MEXICO 87504-1148 
September 9, 1967 

C i t i e s S e r v i c e O i l & Gas Carp. 
A t t e n t i o n : Frank A. V i t r a n a 
P. 0. Box 1919 
Mi d l a n d , Texas 79702 

Re = Citg o E m p i r e Abo U n i t 
1987 Plan af Development 
Eddy County, New Mexico 

Gent Iemen• 

The Commissioner of Publ i c Lands has t h i s date approved the 
above c a p t i o n e d P l a n of Development. Our a p p r o v a l is s u b j e c t t o 
I ike a p p r o v a l by a l I a p p r o p r i a t e agencies. 

I f we may be of f u r t h e r h e l p , p l e a s e da not h e s i t a t e t a c a l ! 
an us . 

Very t r u l y y o u r s , 

Ul. R. HUMPHRIES 
COMMISSIONER OF PUBLIC LANDS 

FLOYD 0. PRANDO, D i r e c t o r 
O i l 8* Gas D i v i s i o n 
(5D5) 827-5744 

URH/FOP/ams 
enc I o s u r e 
cc'Bureau af Land Management 

O i l C o n s e r v a t i o n D i v i s i o n 



United States Department of the Interior 
GEOLOGICAL SURVEY 

P. 0. Box 26124 
Albuquerque, New Mexico 87125 

JAN 2 8 1980 

Atlantic Richfield Company , 
Attention: Mr. G.V. Ricks C o w 
P. 0. Box 1610 
Midland, Texas 79702 

Gentlemen: 

The 1980 plan of development submitted for the Empire Abo unit 
area, Eddy County, New Mexico, was approved on this date subject 
to like approval by the appropriate State officials. 

Such plan proposes continuation of the gas injection pressure 
maintenance program with a reduced rate of i n f i l l drilling 
and further evaluation of horizontal drainhole wells. Four 
approved copies are enclosed. 

Sincerely yours 

v--^,.,. :.:ut.i:,o vs. 5uirscULriNU 

Area Oil and Gas Supervisor, SRMA 

Enclosure 

cc: NMOCD, Santa Fe/(ltr only) 

ONE HUNDRED YEARS OF EARTH SCIENCE IN THE PUBLIC SER VICE 



State of New Mexico 

A L E X J . A R M I J O 
COMMISSIONER 

Commissioner of Riolic Lands 
January 22, 1980 

Atl a n t i c R i c h f i e l d Company 
P. 0. Box 1610 
Midland, Texas 79702 

P. O. BOX 1148 
SANTAFE, NEW MEXICO 87501 

Re: Empire Abo Unit 
Eddy County, New Mexico 

ATTENTION: Mr. G. V. Ricks 

Gentlemen: 

The Commissioner of Public Lands has thi s date approved your 
Plan of Operation covering the period beginning January 1, 1980 and 
extending through the remainder of calender year 1980. Our approval 
i s subject to l i k e approval by the United States Geological Survey and 
the New Mexico O i l Conservation Division. 

Enclosed i s one approved copy for your f i l e s . 

Please remit a Three ($3.00) Dollar d i l i n g fee. 

Very t r u l y yours, 

ALEX J. ARMIJO 
COMMISSIONER OF PUBLIC LANDS 

BY: 
RAY D. GRAHAM, Director 
O i l and Gas Division 
AC 505-827-2748 

AJA/RDG/s 
encls. 
cc: OCD-Santa Fe, New Mexico 

USGS-Roswell New Mexico 
USGS-Albuquerque, New Mexico 

L / •/ 



United States Department of the Interior 
BUREAU OF LAND MANAGEMENT 

Roswell District Office 

P. O. Box 1397 

Roswell, New Mexico 88201 
IN REPLY 
REFER TO: 

Empire Abo Unit 

Ap r i l 11, 1984 

ARCO Oil and Gas Company 
Attention: Mr. Timothy J. Detmering 
P.O. Box 1610 
Midland, TX 79702 

Gentlemen: 

Enclosed are four approved copies of your 1984 Plan of Development and 
Operation for the Empire Abo Unit Area^ Eddy County, New Mexico, covering 
the period beginning January 1, 1984 and ending December 31, 1984. This 
plan, proposing to d r i l l horizontal drain holes from Unit Wells No. K-15, 
J-27, K-182 and G-312 and to continue to maintain an intensive f i e l d 
surveillance program i n order to evaluate alternate and/or enhanced 
recovery techniques during 1984, was approved this date, subject to l i k e 
approval by the New.Mexico Commissioner of Public Lands and the New Mexico 
Oil Conservation Division. 

Sincerely yours, 

SOHg: SgQ.' Earl R. Cunningham 

D i s t r i c t Manager 

Enclosures: (4) 

cc: » NMOCD, Santa Fe 



A R C O Oil and Gas Company 
Pormnn .• s!< c 
Pos! Off : e Box 1610 
Midland, Texas 79702 
Telephone 915 684 010 

February 22, 1985 

RECEIVED BY 

FEB 251985 
O. C. D. 

ARTESIA, OFFICE 

Mr. L. Clements 
Oil Conservation Division of the New Mexico 
Department of Energy and Minerals 

P. 0. Drawer DD 
Artesia, New Mexico 88210 

Dear Mr. Clements: 

ARCO - Empire Abo Unit 
Pressure Maintenance Report and 
Allowable Request for January through April, 1985 

ARCO Oil and Gas Company, A Division of Atlantic 
Richfield Company, as operator of the Empire Abo Unit 
Pressure Maintenance Project, Eddy County, New Mexico, 
submits with this letter the gas bank statements for 
January, 1985. The allowable for January through April, 
1985, has been set at 6534 BOPD. 

Sincerely, 

Teresa C. Block 

Associate Engineering Technician 
TCB:sc 
Atts. 
Xc: Mr. Dan Nutter 

Oil Conservation Division of the New Mexico 
Department of Energy and Minerals 

P. 0. Box 2088 
Santa Fe, New Mexico 
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O I L C ^ ' t ^ E R V A T I O N D I V I S I O N 
P. O . B O X 2 0 8 8 

S A N T A F E , N E W M t X I C O 8 7 5 0 1 

February 20, 1930 

ARCO O i l and Gas Company 
Post Office Box 1610 
Midland, Texas 79702 

Att e n t i o n i G. V. Ricks 

Ret Case Ho. 4952 
Empire Abo Unit 
1980 Plan of 
Operation 

Gentlement 

We hereby approve the 1980 Plan of Operation f o r the 
Empire Abo Unit, Eddy County, New Mexico, subject to l i k e 
approval by the United States Geological Survey and the 
Commissioner of Public Lands. 

Two approved copies of the Plan of Operation are 
returned herewith. 

Yours very t r u l y , 

JOE D. RAMEY 
Director 

JDR/EP/fd 
enc. 

cc: U.S.G.S. - Roswell 
Commissioner of Public Lands 



A R C O Oil and Gas Company 
Permian District A Post Off ice Box 1610 
Mid land, Texas 79702 
Telephone 915 604 0100 

January 9, 1980 

Un i t e d S t a t e s Department of the I n t e r i o r 
G e o l o g i c a l Survey 
P. 0. Drawer 1857 
Ro s w e l l , New Mexico 88201 

A t t n : Mr. James A. G i l l h a m ( 6 ) 
S u p e r v i s o r y Petroleum Engineer 

S t a t e of New Mexico 
Mr. A l e x J. Armi j o 
Commissioner of P u b l i c Lands 
P . 0. Box 11*»8 
Santa Fe, New Mexico 87501 

A t t n : Mr. Ray D. Graham, D i r e c t o r ( 3 ) 
O i l and Gas Department 

S t a t e of New Mexico 
Department of Energy and M i n e r a l s 
P. 0. Box 2088 
Santa Fe, New Mexico 87501 

A t t n : Mr. Joe D. Ramey (3) 
D i v i s i o n D i r e c t o r 

Working I n t e r e s t Owners 
Empire Abo U n i t 
Eddy County, New Mexico 

Gent 1emen: 

In compliance w i t h S e c t i o n 11 of the U n i t Agreement, 
Empire Abo U n i t , Eddy County, New Mexico, A t l a n t i c 
R i c h f i e l d Company, as U n i t O p e r a t o r , on b e h a l f o f i t 
s e l f and the o t h e r p a r t i c i p a t i n g w o r k i n g i n t e r e s t owners, 
hereby submits f o r your a p p r o v a l a Plan o f O p e r a t i o n t o 
cover t he p e r i o d b e g i n n i n g January 1 , 1980 and e x t e n d i n g 
t h r o u g h the remainder of c a l e n d e r year 1 9 8 0 . 

Very t r u l y you r s , 

C O ; ' - ASLANT I C RICHFIELD COMPANY, 
.V, . : i '.- OPERATOR 

'G. V. Ricks 
D i s t r i c t P r o d u c t i o n - D r i l l i n g S u p e r i n t e n d e n t 

RSL:ad 
At t ac hmen t s 

A F ' C O O i l - tnd Gas C o m p a n y is a D w i r i o ? o ! A t l an t i c R i c h f I ' j f r l C o r n p . t n y 



EMPIRE ABO UNIT 
1980 PLAN OF OPERATION 

SUBMITTED DECEMBER 19, 1979 

1 . Summary of Proposed Plan of Operation f o r 1980 

ARCO Oil and Gas Company, D i v i s i o n of A t l a n t i c R i c h f i e l d 
Company, as operator of the Empire Abo U n i t , Eddy County, 
New Mexico, proposes to continue operation of the Unit in 
1980 s u b s t a n t i a l l y the same as in recent years. We w i l l 
continue to r e i n j e c t a l l a v a i l a b l e r e s i d u a l gas along 
w i t h gas a v a i l a b l e from other sources. 

Oil w i l l be produced from the lowest g a s / o i l r a t i o w e l l s 
a v a i l a b l e to maximize o i l recovery e f f i c i e n c y . 

The rate of i n f i l l w ell d r i l l i n g in I98O w i l l be g r e a t l y 
reduced from th a t of 1979 w i t h a major emphasis placed 
on the e v a l u a t i o n of h o r i z o n t a l drainhol w e l l s . 

2. Project Area - De s c r i p t i o n and Hi s t o r y 

The Empire Abo Unit area c o n s i s t s of some 11,339.15 
acres in Eddy County, New Mexico. The area is located 
in p o r t i o n s of Sections 34, 35, 36, Township 17 South, 
Range 27 East; Sections 1, 2, 3, 4, 8, 9, 10, 11, 12, 
15> 16, 17, Township 18 South, Range 27 East, Sections 
25, 26 , 27 , 28 , 31 , 32 , 33 , 34, 35, 36, Township 17 
South, Range 28 East, Sections 4, 5, 6, Township 18 
South, Range 28 East; Sections 29, 30, Township 17 South, 
Range 29 East. Within the Unit area, the f o l l o w i n g t r a c t s 
did not q u a l i f y f o r p a r t i c i p a t i o n as of the e f f e c t i v e date 
of the Unit (October 1, 1973): 2, 6, 28, 41, 42, 46, 55, 56, 
69, 79, 84, 91. These n o n - p a r t i c i p a t i n g t r a c t s t o t a l e d 
644.74 acres. The remaining 10,694.41 acres were i n i t i a l l y 
developed as the p r o j e c t area f o r pressure maintenance by 
the i n j e c t i o n of plant residue gas from Abo production back 
i n t o the u n i t i z e d Abo for m a t i o n . The U n i t , on September 
1, 1975, expanded the Project Area by i n c l u s i o n of t r a c t s 
41, 79, and 84 ( t o t a l 120.03 acr e s ) . Tracts 2, 6, 42, and 
46 ( t o t a l 241.05 acres) have been formed i n t o the CITGO 
Cmpire Abo U n i t , which received N. M. 0. C. C. approval 
in June 1974, and began gas i n j e c t i o n in mid-1975. The 
o r i g i n a l proposed Unit Area i s now disposed as f o l l o w s : 

Acres 

ARCO Emp i re Abo Unit 

C I TGO Emp i re Abo Un i t 

N o n - p a r t i c i p a t i n g t r a c t s 

10,814.44 

241.05 

283.66 

11,339.15 
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Current Production 

In September 1973, j u s t before U n i t i z a t i o n , the pool 
had 235 producing wells averaging 24,734 BOPD w i t h 9.3% 
water production and a ga s - o i l r a t i o of 1543 cubic 
feet/BO. 

The pool t o t a l production was equivalent to 67,120 RSVB/D 
net voidage. The Project Area, in September 1973, had 
222 producing w e l l s averaging 23,252 BOPD w i t h 9.8% water 
production and a ga s - o i l r a t i o of 1505 cubic feet/BO. 
The p r o j e c t area production was equivalent to 61,808 RSVB/D 
net voidage. In November 1979, the U n i t i z e d Project Area 
averaged 36208 BOPD with a 11.9% water production and a 
gas - o i l r a t i o of 1718 cubic feet/BO. Gas i n j e c t i o n 
averaged 39,921 MCF per day. The p r o j e c t area production 
f o r November 1979 was equivalent to 41,182 RSVB/D net 
voidage (see attached Production H i s t o r y P l o t ) . Unit 
operations have thus increased the p r o j e c t area o i l pro
duction by 12,956 BOPD and reduced r e s e r v o i r voidage by 
20,626 RSVB/D. Un i t i z e d residue gas i n j e c t i o n f o r pressure 
maintenance is c a l c u l a t e d to increase f u t u r e recovery by 
about 30 MMBO compared to continued primary operations. 

Basic Concepts Governing Future Unit Operations 

a) F i e l d production h i s t o r y and r e s e r v o i r numeric model 
studies have demonstrated that r e s e r v o i r recovery i s 
governed by a g r a v i t y drainage mechanism w i t h an ex
panding secondary gas cap. Under u n i t i z e d operations 
A t l a n t i c Recovery Company, as opera t o r , w i l l be able 
to maximize the b e n e f i c i a l e f f e c t s of t h i s most e f f i 
c i e n t recovery mechanism by c a r e f u l observation of 
well performance and s h u t t i n g in or c u r t a i l i n g pro
duction from i n e f f i c i e n t w e l l s . As of November 1979, 
the P r o j e c t Area had approximately 135 former pro
ducing wells shut-in due to high g a s - o i l r a t i o s . 

b) I n j e c t i o n of gas w i l l act toward pressure maintenance 
and the o r d e r l y c o n t r o l of expansion of the secondary 
gas cap. 

Discussion of Past, Current, and Future Operations 

a) G a s I n j e c t i o n 

At present, the Unit has the c a p a b i l i t y to i n j e c t gas 
in t o the Abo gas cap through f i f t e e n i n j e c t i o n w e l l s 
located along the north edge of the f i e l d . Table I 
l i s t s the gas i n j e c t i o n w e l l s . 
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Beginning in July 197^ and c o n t i n u i n g through the 
l a t e s t month in which data is a v a i l a b l e (November 
1979) a l l a v a i l a b l e plant residue gas has been i n 
j e c t e d i n t o the Abo gas cap. 

The Unit picks up plant residue gas at about 700 psi 
and compresses i t to 2000 psi f o r i n j e c t i o n . The 
gas contains hydrogen s u l f i d e and superdehydration 
f a c i l i t i e s are i n s t a l l e d to minimize p o s s i b l e c o r r o s i o n . 
A rigorous c o r r o s i o n checking program i s maintained. 
Permits f o r the Gas i n j e c t i o n F a c i l i t i e s have been 
granted by the State of New Mexico, Environmental Im
provements Agency. A t l a n t i c R i c h f i e l d Company believes 
the i n j e c t i o n f a c i l i t i e s meet the requirements of the 
United States Geological Survey and the State of New 
Mexico. In a d d i t i o n , the I n j e c t i o n F a c i l i t i e s provide 
enough op e r a t i o n a l f l e x i b i l i t y to meet changing f i e l d 
c o n d i t i o n s . 

b) Workover s 

A continuous workover study is in progress on the U n i t . 
The major emphasis of t h i s program is to i d e n t i f y 
w e l l s w i t h lower completion p o s s i b i l i t i e s w i t h i n the 
Abo Reef and to perform these recomp1etions as the w e l l s 
begin to produce at excessively high GOR's. Through 
t h i s program we t r y to maximize our low GOR p r o d u c t i o n , 
thereby maximizing our o i l production e f f i c i e n c y . During 
1979 t h i r t y - f i v e of these squeeze-and-recomp1ete-1ower 
type workovers were performed. 

Other types of remedial work were also performed during 
1979. Thirteen casing leak r e p a i r s were done. In 
a d d i t i o n , three gas cone healing procedures were under
taken, one well was converted to a gas i n j e c t o r and two 
Chalk B l u f f Draw area w e l l s were restored and evaluated. 
We also acidized f i f t y w e l l s during 1979 and added per
f o r a t i o n s to one gas i n j e c t i o n w e l l . 

c) Continuing F i e l d Study 

In order to maximize f u t u r e reserves, ARCO Oi l and Gas 
Company, as Unit operator, w i l l continue to maintain 
an i n t e n s i v e f i e l d survel1ance program. We w i l l also 
continue to evaluate possible f u t u r e recovery techniques. 

d) I n f i l l D r i l l i n g 

During 1979, f i v e Phase V and f i f t y Phase VI i n f i l l w e l l s 
were put on p r o d u c t i o n . This completed the'100 we l l 
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d r i l l i n g program proposed i n 1977- Tables t l 
and I I I l i s t the 1979 i n f i l l w e l l s along w i t h 
t h e i r January 1980 a l l o w a b l e s and expected 
p r o d u c i n g g a s / o i l r a t i o s . 

e) H o r i z o n t a l D r a i n h o l e D r i l l i n g 

The Empire Abo U n i t w e l l K-142 was d r i l l e d i n 1979 
as the f i r s t t e s t of h o r i z o n t a l d r a i n h o l e s i n the 
U n i t . The d r a i n h o l e was s u c c e s s f u l l y d r i l l e d and 
the w e l l i s now p r o d u c i n g a p p r o x i m a t e l y 200 BOPD. 

Numeric model s t u d i e s i n d i c a t e t h a t h o r i z o n t a l 
d r a i n h o l e s can recover s i g n i f i c a n t a d d i t i o n a l r e 
serves due t o the d i s p e r s i o n o f w i t h d r a w a l s from 
the f o r m a t i o n r e s u l t i n g i n a r e d u c t i o n of a w e l l ' s 
s u c e p t a b i 1 i t y t o gas c o n i n g . 

We have proposed a second h o r i z o n t a l d r a i n h o l e w e l l , 
the Empire Abo U n i t J- 213 - We expect t o spud t h e 
J-213 in February, 1 980 . I f the J-213 proves suc
c e s s f u l , we w i l l p r o b a b l y propose a small package 
of d r a i n h o l e w e l l s t o the U n i t co-owners i n 1 980 . 

f ) I n j e c t i o n of Non-Abo Gas 

Gas from non-Abo sources i s d e l i v e r e d from t h e Gas 
Company of New Mexico ( f o r m e r l y Southern Union Gas 
Company) t o the Empire Abo U n i t . I t commenced on 
June 18, 1976. I n j e c t i o n o f t h i s o u t s i d e gas d u r i n g 
November 1979 averaged 3047 MCF/D. Cumulative o u t 
s i d e gas i n j e c t e d t h r o u g h November 30, 1979 i s 3041 
MMCF. Cumulative gas d e l i v e r e d back t o the s u p p l i e r 
t h r o u g h 30, 1979 i s 301 MMCF and th e net c u m u l a t i v e 
non-Abo gas bank i s 2740 MMCF. 

6. Mod i f i cat i on s 

I t i s u n d e r s t o o d t h a t t o meet changing c o n d i t i o n s , t h i s 
p l a n of o p e r a t i o n may be m o d i f i e d from time t o t i m e , w i t h 
the a p p r o v a l of the S u p e r v i s o r , the Commissioner o f P u b l i c 
Lands of the S t a t e of New Mexico, and the Dept. of Energy 
and M i n e r a l s , O i l C o n s e r v a t i o n D i v i s i o n , S t a t e of New 
Mex i co. 

A t l a n t i c R i c h f i e l d Company, as U n i t O p e r a t o r , w i l l act 
p r u d e n t l y t o pr e s e r v e a l l r i g h t s of t h e m i n e r a l owners, 
and t o e f f e c t i v e l y and e f f i c i e n t l y r e c o v e r t h e U n i t area 
r e s e r v e s . T h i s Company w i l l meet a l l economical o f f s e t 
o b l i g a t i o n s , act t o prevent waste, conserve n a t u r a l r e 
s o u r c e s , and p r o t e c t c o r r e l a t i v e r i g h t s . 
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7. E f f e c t i v e Date and Duration of Plan 

This Plan of Operations s h a l l be e f f e c t i v e January 1, 
1980, and extend through the calendar year unless 
otherwise amended. 

I f t h i s Plan of Operation meets w i t h your approval, please 
i n d i c a t e in the space below and r e t u r n one copy f o r our 
f i l e s . 

Very t r u l v yours, 

ATLANTIC RICHFIELD COMPANY 
OPERATOR 

G . V. Ricks 

D i s t r i c t P r o d u c t i o n / D r i l l i n g Superintendent 

RLS : ad 

APPROVED BY: DATE: 

Supervisory Petroleum Engineer 
United States Geological Survey 

APPROVED BY DATE : 

Commissioner of Public Lands 
^ t e of New Mexico 

APPROVED DATE : 

State of New Mexico 



TABLE I 

EMPIRE ABO UNIT 
GAS INJECTION WELLS 

Previous Operator/ 
Lease and We 11 

Un i t 
De s i q 

Wel I 
n at ion Locat ion (Sec . -T. -R.) 

Hondo/State "A" No. 21 C -38 NE/4 SW/4 26 17 28 

Hondo/State "A" No. 24 C -39 NW/4 SE/4 26 17 28 

Samedan/State "Walker" No. 1 D -35 SW/4 SE/4 27 17 28 -

Hondo/State "A" No. 16 D -37 SW/4 SW/4 26 17 28 

Amoco/State "BV" No. 1 F -25 SW/4 NW/4 32 17 28 

Hondo/State "A" No. 35 F -27 SW/4 NE/4 32 17 28 

ARCO/M.Yates B(ARC) No. 8 F -31 SW/4 NE/4 33 17 28 

Amoco/State "BM" No. 1 G -22 NE/4 SW/4 31 17 28 

Hondo/State "A" No. 9 G -24 NE/4 SE/4 31 17 28 

Gulf-NCT "C" No. 1 H -19 SW/4 SE/4 36 17 27 

Amoco/St ate "BE" No. 1 H -21 SW/4 SW/4 31 17 28 

Amoco/Malco "H" Fed. No • 9 1 -10 NE/4 NW/4 3 18 27 

Amoco/State "F" No. 8 1 -18 NE/4 NW/4 1 18 27 

Amoco/Windfohr Federal No . 4 K -7 NW/4 SE/4 4 18 27 

Amoco/Malco "H" Federal No. 2 J -12 SE/4 NE/4 3 18 27 

Exxon/CBDU "A" No. 8 M -6 NE/4 NW/4 9 18 27 



TABLE I I 

EMPIRE ABO UNIT 
1979 PHASE V INFILL WELLS 

WELL 

H-303 

1-251 

1-261 

L- 1 42 

M-l 32 

JANUARY 1980 
ALLOWABLE 

(BOPD ) 

40 

1 

20 

150 

15 

RECENT TEST 
GOR (CF/BO) 

2100 

1 6032 

3264 

2574 

14850 



TABLE I I I 

EMPIRE ABO UNIT 
1979 PHASE VI INFILL WELLS 

January I98O 
Allowable Recent Test 

Wel1 (BOPD) GOR (CF/BO) 

D-361 350 685 
E-362 500 517 

E-363 300 641 

E-374 400 781 

E-383 450 7̂ 3 
E-384 450 952 

E-392 238 1 137 

E-393 125 1269 

E-395 100 1591 
F-334 75 2027 

F-335 372 935 
F-336 425 504 

F-342 400 781 

F-343 425 633 
F-354 500 433 

F-363 500 487 

F-364 375 459 

F-373 425 813 
F-374 200 1 401 

F-375 430 784 

F-376 198 1 164 

F-382 350 840 

F-383 300 665 

F-391 250 972 

G-291 5 9353 



TABLE I I I (CONT'D) 

Wel 1 

January 1980 
A 11owab1e 

(BOPD ) 
Recent Test 
GOR (CF/BO) 

G-3 1 4 300 533 

G-315 1 50 628 

G-324 125 1 440 

G-334 368 627 

G-352 450 537 

G-353 500 384 

G-361 450 504 

H-341 500 415 
1-292 125 1 283 

J-235 75 2321 

K-l 31 100 1 250 

K-l 42 200 732 

K-143 1 40 750 

K-161 175 534 

L- 1 22 75 7767 
L-1 23 74 1559 

L-1 33 150 1 284 

L-1 34 5 1 9900 

L-155 100 7488 

L-156 75 5498 

L - 1 7 1 1 40 650 

M-l 23 15 1 2703 

M-l 33 100 2435 
M-l 41 60 1534 

M-153 1 1 1 640 
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O I L C O N S E R V A T I O N D I V I S I O N 
P. O . B O X 2 0 8 8 

S A N T A F E , N E W M E X I C O 8 7 5 0 1 

February 17, 1981 

ARCO Oil and Giia Company 
Post Office Box 1710 
Hobbs, Maw Mexico 03240 

Attention: G. V. Ricks 

Res Case No. 4952 
Empire Abo Unit 
1981 Plan of Operation 

Gentlemen: 

We hereby approve the 1981 Plan of Operation for the 
Empire Abo Unit, Eddy County, New Mexico, subject to l i k e 
approval by the United States Geological Survey and the 
Commissioner of Public Lands. 

Two approved copies of the Plan of Operation are re
turned herewith. 

Yours very t r u l y , 

JOE 0. RAHEY 
Director 

JOR/EP/fd 
enc. 

cc: U.S.G.S. - Albuquerque 
Commissioner of Public Lands 



A R C O Oil and Gas Company 
Permian Distr ict - West Area 
Post Off ice Box 1710 
Hobbs, New Mexico 83240 
Telephone 505 393 7163 

George V. Ricks 
Super intendent 
Product ion & Dri l l ing 

December 23, 1980 

U n i t e d States Department o f the I n t e r i o r 
G e o l o g i c a l Survey 
P. 0 . Drawer 1857 
R o s w e l l , New Mexico 88201 

A t t n : M r . James A. G i l l h a m (6) 
Superv isory Petroleum Engineer 

S ta te o f New Mexico 
Mr . A l e x J . A r m i j o 
Commissioner o f P u b l i c Lands 
P. 0. Box 1148 
Santa Fe, New Mexico 87501 

A t t n : M r . Ray D. Graham, D i r e c t o r (3) 
O i l and Gas Department 

S ta te o f New Mexico 
Department o f Energy and M i n e r a l s 
P. 0. Box 2088 , ^ 
Santa Fe, New Mexico 87501 ^ -*' '• *' 

' • '"' c 
Attn: Mr. Joe D. Ramey (3) _ h<* » 

Division Director H".".'. 0. *" 
\ V*" 

Working Inter e s t Owners • .' v -
Empire Abo Unit 0 -J"-'-'*' 
Eddy County, New Mexico 

Gentlemen: 

I n compliance w i t h Section I I of the Unit Agreement.--Empire 
Abo Unit, Eddy County, New Mexico, ARCO O i l and Gas Company, 
as Unit Operator, on behalf of i t s e l f and the other p a r t i c i 
pating working int e r e s t owners, hereby submits f o r your approval 
a Plan of Operation to cover the period beginning January 1, 
1981 and extending through the remainder of calendar year 
1981. 

Yours t r u l y , 

ARCO OIL AND GAS COMPANY 
OPERATOR 

G. V. Ricks 
D i s t r i c t Prod-Drlg Superintendent 

A R C O OM a n d Gas C o m p a n y is ri D i v i i i o . i nf A t k n i t i c ^ i c h l i ^ l d C o n i p . - i n y 



EMPIRE ABO UN IT 
1981 PLAN OF OPERATION 

SUBMITTED NOVEMBER 20, 1980 

1 . Summary of Proposed Plan of Operation f o r 1981 

ARCO Oil and Gas Company, D i v i s i o n of A t l a n t i c R i c h f i e l d 
Company, as operator of the Empire Abo U n i t , Eddy County, 
New Mexico, proposes to continue operation of the Unit i n 
1981 s u b s t a n t i a l l y the same as in recent years. We w i l l 
continue to r e i n j e c t a l l a v a i l a b l e residue gas along w i t h 
gas a v a i l a b l e from other sources. 

Oil w i l l be produced from the lowest g a s / o i l r a t i o w e l l s 
a v a i l a b l e to maximize o i l recovery e f f i c i e n c y . 

I n f i l l d r i l l i n g w i l l consist of at least two and p o s s i b l y 
f i v e h o r i z o n t a l drainhole w e l l s , pending continued evalua
t i o n s of the drainhole programs. 

2. Project Area - Des c r i p t i o n and Hi s t o r y 

The Empire Abo Unit area c o n s i s t s of some 11,339.15 acres 
in Eddy County, New Mexico. The area is located in por
t i o n s of Sections 34, 35, 36, Township 17 South, Range 27 
East; Sections 1, 2, 3, 4, 8, 9, 10, 11, 12, 15, 16, 17, 
Township 18 South, Range 27 East; Sections 25, 26, 27, 28, 31, 
32, 33 , 34, 35, 36, Township 17 South, Range 28 East; 
Sections 4, 5, 6, Township 18 South, Range 28 East; Sec
t i o n s 29, 30, Township 17 South, Range 29 East. W i t h i n the 
Unit area, the f o l l o w i n g t r a c t s did not q u a l i f y f o r p a r t i c i 
p ation as of the e f f e c t i v e date of the Unit (October 1, 1973): 
2, 6, 28, 41, 42, 46, 55, 56, 69, 79, 84, 91. These non-
p a r t i c i p a t i n g t r a c t s t o t a l e d 644. 74 acres. The remaining 
10,694.41 acres were i n i t i a l l y developed as the p r o j e c t area 
f o r pressure maintenance by the i n j e c t i o n of plant residue 
gas from Abo production back i n t o the u n i t i z e d Abo forma
t i o n . The U n i t , on September 1, 1975, expanded the P r o j e c t 
Area by i n c l u s i o n of t r a c t s 41, 79, and 84 ( t o t a l 120.03 
acres). Tracts 2, 6, 42, and 46 ( t o t a l 241.05 acres) have 
been formed i n t o the CITGO Empire Abo U n i t , which received 
N.M.O.C.C. approval in June 1974, and began gas i n j e c t i o n in 
mid-1975. The o r i g i n a l proposed Unit Area i s now disposed as 
f o i l o w s : 
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Ac r e s 

ARCO Emp i re Abo Un i t 10,814.44 

CITGO Empire Abo Unit 241.05 

N o n - p a r t i c i p a t i n g t r a c t s 283.66 

1 1 ,339. 15 

Current Performance 

In September, 1980, the U n i t i z e d Project Area averaged 
20,072 BOPD wi t h a 17.7? water production and a g a s - o i l 
r a t i o of 2959 cubic feet of gas per b a r r e l of o i l . Gas 
i n j e c t i o n averaged 32,204 MCFPD (see attached Production 
H i s t o r y P l o t ) . The pr o j e c t area production f o r September, 
1980 was equivalent to 52,552 RSVBPD net voidage. 

Cumulative production to date i s 186.7 MMBO which i s about 
50% of the 00IP (371 MMBO). Remaining reserves are pre
d i c t e d at 23.2 MMBO f o r an u l t i m a t e recovery of nearly 57? 
00 I P. 

4. Basic Concepts Governing Future Unit Operations 

a) F i e l d production h i s t o r y and r e s e r v o i r numeric model 
studies have demonstrated that r e s e r v o i r recovery i s 
governed by a g r a v i t y drainage mechanism w i t h an ex
panding secondary gas cap. Under u n i t i z e d o p e rations 
ARCO Oil and Gas Company, as operator, w i l l be able 
to maximize the b e n e f i c i a l e f f e c t s of t h i s most e f f i 
c i e n t recovery mechanism by c a r e f u l observation of 
well performance and s h u t t i n g in or c u r t a i l i n g pro
duction from i n e f f i c i e n t w e l l s . As of September, 1980, 
the Project Area had approximately 152 former producing 
w e l l s s h u t - i n due to high g a s - o i l r a t i o s . 

b) I n j e c t i o n of gas w i l l act toward pressure maintenance 
and the o r d e r l y c o n t r o l of expansion of the secondary 
gas cap. 
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5. Discussion of Past, Current, and Future Operations 

a) Gas I n j e c t i o n 

At present, the Unit has the c a p a b i l i t y to i n j e c t gas 
i n t o the Abo gas cap through sixteen i n j e c t i o n w e l l s 
located along the north edge of the f i e l d . Table I 
l i s t s the gas i n j e c t i o n w e l l s . 

Beginning in July 197^ and c o n t i n u i n g through the 
l a t e s t month in which data is a v a i l a b l e (September 
1980) a l l a v a i l a b l e plant residue gas has been i n 
j e c t e d i n t o the Abo gas cap. 

The Unit picks up plant residue gas at about 1700 psi 
and compresses i t to 2000 psi f o r i n j e c t i o n . The gas 
contains hydrogen s u l f i d e and superdehydration f a c i l i 
t i e s are i n s t a l l e d to minimize p o s s i b l e c o r r o s i o n . A 
rigorous corrosion checking program i s maintained. 
Permits f o r the Gas I n j e c t i o n F a c i l i t i e s have been 
granted by the State of New Mexico, Environmental Im
provements Agency. ARCO Oil and Gas Company believes 
the i n j e c t i o n f a c i l i t i e s meet the requirements of the 
United States Geological Survey and the State of New 
Mexico. In a d d i t i o n , the I n j e c t i o n F a c i l i t i e s provide 
enough ope r a t i o n a l f l e x i b i l i t y to meet changing f i e l d 
cond i t i on s. 

b) Workovers 

A continuous workover study is in progress on the U n i t . 
The major emphasis of t h i s program i s to i d e n t i f y w e l l s 
w i t h lower completion p o s s i b i l i t i e s w i t h i n the Abo Reef 
and to perform these r ecotnp 1 et i on s as the w e l l s begin 
to produce at excessively high GOR's. Through t h i s pro
gram we t r y to maximize our low GOR p r o d u c t i o n , thereby 
maximizing our o i l production e f f i c i e n c y . During 1980 
f i f t e e n of these squeeze-and-recompIete-1 ower type work-
overs were performed. Four more of these workovers are 
scheduled f o r the near f u t u r e . 

Other types of remedial work were also performed during 
1980. Five casing leak r e p a i r s were done. In a d d i t i o n , 
one well was recompleted higher to reduce i t s high water 
production and the upper p e r f s in another w e l l were 
squeezed to reduce the gas coning e f f e c t . A gas cone 
block was attempted on another of our w e l l s in an e f f o r t 
to create a p e r m e a b i l i t y b a r r i e r between the p e r f o r a t i o n s 
and gas cap. Other miscellaneous work included an evalu-



a t i o n of a Chalk B l u f f Draw Area we l l and plugging 
and abandoning a well w i t h collapsed casing. By 
the end of 1980, we also expect to have improved our 
i n j e c t i o n capacity by e i t h e r a c i d i z i n g or adding 
p e r f o r a t i o n s to eight of our i n j e c t i o n w e l l s . 

Continuing F i e l d Study 

In order to maximize f u t u r e reserves, ARCO Oil and 
Gas Company, as Unit operator, w i l l continue to main
t a i n an i n t e n s i v e f i e l d s u r v e i l l a n c e program. We w i l l 
also continue to evaluate possible f u t u r e recovery 
techniques. 

I n f i l l D r i l l i n g - Horizontal Drainholes 

The Empire Abo Unit Well J-213 was d r i l l e d in 1980 as 
the second t e s t of h o r i z o n t a l drainholes in the U n i t . 
The drainhole was a mechanical success, but was i n 
a d v e r t e n t l y d r i l l e d in a l o c a l i z e d t i g h t s e c t i o n of 
the r e e f . The well is c u r r e n t l y producing at the 
rate of 35 BOPD with no water production and a GOR 
of 900-1000 cubic f e e t of gas per b a r r e l of o i l . The 
f i r s t d r a i n h o l e w e l l , the K-142 has maintained a 200 
BOPD, low GOR production rate since i t s completion in 
October, 1979-

Numeric model studies i n d i c a t e that h o r i z o n t a l d r a i n -
holes can recover s i g n i f i c a n t additiona1 reserves due 
to the d i s p e r s i o n of withdrawals from the f o r m a t i o n 
r e s u l t i n g in a reduction of a we l l ' s s u s c e p t i b i l i t y 
to gas con ing. 

We now have approval to d r i l l two more d r a i n h o l e w e l l s 
the Empire Abo Unit J-241 and K-211. They are sched
uled to be d r i l l e d and completed by mid 1981 . 

We w i l l most l i k e l y be submitting a package f o r t h r e e 
more drainhole wells to the co-owners e a r l y in the 
year. This w i l l allow us to d r i l l a l l f i v e w e l l s i n 
sequence without the s i x to nine month delay we ex
perienced t h i s time in w a i t i n g on a r i g . Of course, 
the f i v e well d r i l l i n g program can be terminated at 
any time before or during the actual d r i l l i n g pending 
the c o n t i n u i n g evaluations of our cur r e n t d r a i n h o l e 
w e l l s and the i n i t i a l production t e s t s of the J-241 
and K-211 as they are completed. 
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e) I n j e c t i o n of Non-Abo Gas 

Gas from non-Abo sources is d e l i v e r e d from the Gas 
Company of New Mexico ( f o r m e r l y Southern Union Gas 
Company) to the Empire Abo Unit . I t commenced on 
June 18, 1976. Cumulative outside gas i n j e c t e d 
through September 30, 1980 is 3304 MMCF. Cumulative 
gas d e l i v e r e d back to the s u p p l i e r through September 
30, 1980 is 352 MMCF and the net cumulative non-Abo 
gas bank is 2952 MMCF. 

I t is understood th a t to meet changing c o n d i t i o n s , t h i s 
plan of operation may be modified from time to time, w i t h 
the approval of the Supervisor of the U.S.G.S, the 
Commissioner of Public Lands of the State of New Mexico, 
and the Department of Energy and Minerals, O i l Conserva
t i o n D i v i s i o n , State of New Mexico. 

ARCO Oil and Gas Company, as Unit Operator, w i l l act p r u 
dently to preserve a l l r i g h t s of the mineral owners, and 
to e f f e c t i v e l y and e f f i c i e n t l y recover the Unit area r e 
serves. This Company w i l l meet a l l economical o f f s e t 
o b l i g a t i o n s , act to prevent waste, conserve n a t u r a l r e 
sources, and pro t e c t c o r r e l a t i v e r i g h t s . 

7. E f f e c t i v e Date and Duration of Plan 

This Plan of Operation s h a l l be e f f e c t i v e January 1, 198 1 , 
and extend through the calendar year unless otherwise 
amended. 

I f t h i s Plan of Operation meets with your approval, please sign 
on the next page and re t u r n one copy f o r our f i l e s . 

Very t r u l y you r s , 

ARCO OIL AND GAS COMPANY 
OPERATOR 

G. V. Ricks 
D i s t r i c t Production/Dri11ing Superintendent 

6. M o d i f i c a t i o n s 

JLC:jaf 



Page 6 

APPROVED BY: DATE 

Supervisory Petroleum Engineer 
United States Geological Survey 

APPROVED BY 

APPROVED BY 

D i re c t o r s i o n L, , i ̂  ^ 
De/pt. of Energy and Minerals 

1 Conservation D i v i s i o n 
State of New Mexico 

DATE 

Commissioner of Public Lands 
State of New Mexico 

DATE: X//>A7 
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TABLE I 

EMPIRE ABO UNIT 
GAS INJECTION WELLS 

Previous Operator/ 
Lease and Well 

Unit Wel1 
Designation Locat i on (Sec .-T. -R. 

Hondo/State "A" No. 21 C-38 NE/4 SW/4 26 17 28 

Hondo/State "A" No. 24 C-39 NW/4 SE/4 26 17 28 

Samedan/State "Walker" No. 1 D-35 SW/4 SE/4 27 17 28 

Hondo/State "A" No. 16 D-37 SW/4 SW/4 26 17 28 

Amoco/State "BV" No. 1 F-25 SW/4 NW/4 32 17 28 

Hondo/State "A" No. 35 F-27 SW/4 NE/4 32 17 28 

ARCO/M. Yates B(ARC) No. 8 F-31 SW/4 NE/4 33 17 28 

Amoco/State "BM" No. 1 G-22 NE/4 SW/4 31 17 28 

Hondo/State "A" No. 9 G-24 NE/4 SE/4 31 17 28 

Gulf-NCT "C" No. 1 H-19 SW/4 SE/4 36 17 27 

Amoco/State "BE" No. 1 H-21 SW/4 SW/4 31 17 18 

Amoco/Malco "H" Fed. No. 9 1-10 NE/4 NW/4 3 18 27 

Amoco/State "F" No. 8 1-18 NE/4 NW/4 1 18 27 

Amoco/Malco "H" Federal No. 2 J-12 SE/4 NE/4 3 18 27 

Amoco/Windfohr Federal No. 4 K-7 NW/4 SE/4 4 18 27 

Exxon/CBDU "A" No. 8 M-6 NE/4 NW/4 9 18 27 



United States Department of the Interior 
<;KO!.IK;H-AI. sruvKY ^^-Q—v---~,-r~.-«,.~. 

South Central Region jejj' j L j (\$/)ghn) 
P. O. Box 26124 \W~ ' ' ' 

Albuquerque, New Mexico 87125 DEC 21 1981 
ii 
OIL CONS^vv, 

ARCO Oil and Gas Company 
Attention: Stephen R. S i l l s 
P. 0. Box 1610 
Midland, Texas 79702 

Gentlemen: 

Four approved copies of your 1982 plan of development for the Empire Abo 
unit area, Eddy County, New Mexico, are enclosed. Such plan, proposing 
to continue gas injection and to d r i l l three to five horizontal drain-
hole wells, was approved on this date subject to li k e approval by the 
appropriate o f f i c i a l s of the State of New Mexico. 

Sincerely yours, 

Enclosures 

cc: 
Comm. of Public Lands, Santa Fe 
NMOCD, Sa^taJFg. 

(0R!G. SCD ; ^ ̂ S W. SHELTON 

fQfj Gene F. Daniel 
Deputy Conservation Manager 
Oi l and Gas 



ENERGY AND MINERALS DEPARTMENT 
OIL CONSERVATION DIVISION 

STATE OF NEW MEXICO 

BRUCE KING December 29, 1981 POST OFFICE BOX 2088 
STATE LAND OFFICE BUILDING 
SANTA FE. NEW MEXICO 87501 

(505) 827-2434 

GOVERNOR 

LARRY KEHOE 
SECRETARY 

ARCO O i l and Gas Company 
P. 0. Box 1610 
Midland, Texas 79702 

Atte n t i o n : Steven R. S i l l s 

Re: 1982 Plan of Operation f o r 
Empire Abo Unit, Eddy County, 
New Mexico 

Dear Mr. S i l l s : 

Enclosed please f i n d two approved copies of your 198 2 
Plan of Operation f o r the Empire Abo Unit. This approval i s 
subject t o l i k e approval from the U. S. Geological Survey 
and the Commissioner of Public Lands f o r the State of New 
Mexico. 

Sincerely, 

W. PERRY PEARCE 
General Counsel 

WPP/dr 
enc. 

cc: U. S. Geological Survey - Albuquerque 
Commissioner of Public Lands 



A R C O Oil and Gas Company 
Permian District 
Post Office Box 1610 
Midland. Texas 79702 
Telephone 915 684 0100 

December 7, 1981 

United States Department of the Interior 
Geological Survey 
P. 0. Drawer 1857 
Roswell, New Mexico 88201 

Attn: Mr. James A. Gill ham (6) 
Supervisory Petroleum Engineer 

State of New Mexico 
Mr. Alex J. Armijo 
Commissioner of Public Lands 
P. 0. Box 1148 
Santa Fe, New Mexico 87501 

Attn: Mr. Ray D. Graham, Director (3) 
Oil and Gas Department 

State of New Mexico 
Department of Energy and Minerals 
P. 0. Box 2088 
Santa Fe, New Mexico 87501 

Attn: Mr. Joe D. Ramey (3) 
Division Director 

Working Interest Owners 
Empire Abo Unit 
Eddy County, New Mexico 

Gentlemen: 

In compliance with Section I I of the Unit Agreement, Empire 
Abo Unit, Eddy County, New Mexico, ARCO Oil and Gas Company, 
as Unit Operator, on behalf of itself and other partici
pating working interest owners, hereby submits for your 
approval a Plan of Operation to cover the period beginning 
January 1, 1982, and extending through the remainder of cal
endar year 1982. 

Yours truly, 

ARCO OIL AND GAS COMPANY 

OPERATOR 

Stephen R. Sills 

Engineer 

SRS:cn 

cc: G. V. Ricks 
Central File 

A R C O O i l a n d Gas C o m p a n y is a D i v i s i o n o l A I Ian t ic R ich f i e l d C o m p any 

DEC I11M1 

SANTA 



EMPIRE ABO UNIT 

1982 Plan of Operation 

SUBMITTED DECEMBER 7, 1981 

1. Summary of Proposed Plan of Operation for 1982 

ARCO Oil and Gas Company, Division of Atlantic Richfield Company, 
as operator of the Empire Abo Unit, Eddy County, New Mexico, 
proposes to continue operation of the Unit in 1982 substantially 
the same as in recent years. We will continue to reinject all 
available residue gas along with gas available from other sources. 

Oil will be produced from the lowest gas/oil ratio wells avail
able to maximize oil recovery efficiency. 

I n f i l l drilling will consist of at least three and possibly five 
horizontal drainhole wells, pending continued evaluations of the 
drainhole programs. 

2. Project Area - Description and History 

The Empire Abo Unit area consists of some 11,339.15 acres in 
Eddy County, New Mexico. The area is located in portions of 
Sections 34, 35, 36, Township 17 South, Range 27 East; Sections 
1, 2, 3, 4, 8, 9, 10, 11, 12, 15, 16, 17, Township 18 South, Range 
27 East; Sections 25, 26, 27, 28, 31, 32, 33, 34, 35, 36, Township 
17 South, Range 28 East; Sections 4, 5, 6, Township 18 South, Range 
28 East; Sections 29, 30, Township 17 South, Range 29 East. Within 
the Unit area, the following tracts did not qualify for participation 
as of the effective date of the Unit (October 1, 1973): 2, 6, 28, 
41, 42, 46, 55, 56, 69, 79, 84, 91. These nonparticipating tracts 
totaled 644.74 acres. The remaining 10,694.41 acres were i n i t i a l l y 
developed as the project area for pressure maintenance by the 
injection of plant residue gas from Abo production back into the 
unitized Abo formation. The Unit, on September 1, 1975, expanded 
the Project Area by inclusion of tracts 41, 79, and 84 (total 
120.03 acres). Tracts 2, 6, 42, and 46 (total 241.05 acres) have 
been formed into the CITGO Empire Abo Unit, which received 
N.M.O.C.C. approval in June, 1974, and began gas injection in 
mid-1975. The original proposed Unit Area is now disposed as 
follows: 

Acres 
ARCO Empire Abo Unit 10,814.44 

CITGO Empire Abo Unit 241.05 

Non-participating tracts 283.66 
11,339.15 
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Current Performance 

In October, 1981, the Unitized Project Area averaged 12,620 BOPD 
with a 32% water production and a gas-oil ratio of 5141 cubic 
feet of gas per barrel of o i l . Gas injection averaged 37,385 
MCFPD (see attached Production History Plot). The project area 
production for September, 1981, was equivalent to 54, 676 RSVBPD 
net voidage. 

Cumulative production to date is 192.4 MMBO which is about 52% 
of the 00IP (371 MMBO). Remaining reserves are predicted at 
17.7 MMBO for an ultimate recovery of nearly 57% 00IP. 

Basic Concepts Governing Future Unit Operations 

a) Field production history and reservoir numeric model studies 
have demonstrated that reservoir recovery is governed by 
a gravity drainage mechanism with an expanding secondary 
gas cap. Under unitized operations ARCO Oil and Gas Company, 
as operator, will be able to maximize the beneficial effects of 
this most efficient recovery mechanism by careful observation 
of well performance and shutting in or curtailing production 
from inefficient wells. As of October, 1981, the production 
from Project Area had approximately 156 former producing wells 
shut-in due to high gas-oil ratios. 

b) Injection of gas will act toward pressure maintenance and the 
orderly control of expansion of the secondary gas cap. 

Discussion of Past, Current, and Future Operations 

a) Gas Injection 

At present, the Unit has the capability to inject gas into the 
Abo gas cap through sixteen injection wells located along the 
north edge of the field. Table I lists the gas injection wells. 

Beginning in July, 1974, and continuing through the latest 
month in which data is available (October, 1981), all available 
plant residue gas has been injected into the Abo gas cap. 

The Unit picks up plant residue gas at about 700 psi and com
presses i t to 2000 psi for injection. The gas contains hydrogen 
sulfide and superdehydration facilities are installed to 
minimize possible corrosion. A rigorous corrosion checking 
program is maintained. Permits for the Gas Injection Facilities 
have been granted by the State of New Mexico, Environmental 
Improvements Agency. ARCO Oil and Gas Company believes the 
injection facilities meet the requirements of the United States 



Geological Survey and the State of New Mexico. In addition, 
the Injection Facilities provide enough operational f l e x i b i l i t y 
to meet changing field conditions. 

Workovers 

An intensive workover program in the last few years has been 
successful in maximizing low GOR production by identifying and 
recompleting wells with possibilities for production lower in 
the reef. As a result of this program, almost all possible lower 
recomp!etions have been performed, but ARCO Oil and Gas Company 
will continue to seek out wells with recompletion potential. 

Various types of remedial work were performed in 1981. Two wells 
were deepened and recompleted in the f i r s t quarter of 1981. Al
though the E-361 encountered low-porosity and was subsequently 
temporarily abandoned, deepening the L-15 increased the oil rate 
from 33 to 116 BOPD and reduced the GOR from 20,000 to 1,900 CF/BBL. 
The F-354 was treated unsuccessfully with an injectant designed to 
harden in the reservoir in an attempt to prevent gas coning. A 
workover is planned for the f i r s t quarter of 1982 to recomp!ete 
this well below the present interval inadvertently plugged off. 
Also during 1981, casing in the F-382 was repaired to stop water 
flow into the wellbore from a non-Abo zone. The B-48 and B-49 
are slated for conversion to injection of produced water late 
this year. This will increase oil production by allowing more 
production from wells with high water cuts. Produced water is 
currently being reinjected in the C-49 and C-50. 

Continuing Field Study 

In order to maximize future reserves, ARCO Oil and Gas Company, 
as Unit operator, will continue to maintain an intensive field 
surveillance program. We will also continue to evaluate possible 
future recovery techniques. 

Horizontal Drainhole Drilling 

Two additional drainholes were drilled in 1981 bringing the current 
number of horizontal completions to four. The third drainhole, the 
J-241,was inadvertantly drilled in an area of low porosity but 
has continued to produce 30 to 35 BOPD at solution GOR since 
completion. A conventional completion in this well would most 
likely have been impossible. Directional problems were encountered 
in the last drainhole well, the K-211, with the drainhole climbing 
up toward the gas-oil contact. As a result, early tests indicate 
the well is beginning to cone gas. ARCO Oil and Gas Company is 
presently evaluating methods of plugging back the drainhole to 
minimize this problem. New techniques presently under study will 
allow more frequent directional surveys while drilling which 
should improve directional control and the ultimate performance 
of future drainholes. 
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Three more drainholes will be drilled in the f i r s t quarter of 
1982. In addition, i f equipment problems are overcome, two 
additional drainholes will be kicked out from existing wells. 

Application for method approval of the drainhole process as i t 
is used in the Empire Abo Unit to reduce gas coning was made with 
the IRS October 5. A final ruling should be made in the near 
future on this tertiary application. 

e) Injection of Non-Abo Gas 

Gas from non-Abo sources is delivered from the Gas Company 
of New Mexico (formerly Southern Union Gas Company) to the 
Empire Abo Unit. I t commenced on June 18, 1976. Cumulative out
side gas injected through October 31, 1981, is 3641 MMCF. Cum
ulative gas delivered back to the supplier through October 31, 
1981 is 386 MMCF and the net cumulative non-Abo gas bank is 3255 MMCF. 

6. Modifications 

I t is understood that to meet changing conditions, this plan of 
operation may be modified from time to time, with the approval of the 
Supervisor of the U.S.G.S., the Commissioner of Public Lands of the 
State of New Mexico, and the Department of Energy and Minerals, Oil 
Conservation Division, State of New Mexico. 

ARCO Oil and Gas Company, as Unit Operator, will act prudently to 
preserve all rights of the mineral owners, and to effectively and 
efficiently recover the Unit area reserves. This Company will meet 
all economical offset obligations, act to prevent waste, conserve 
natural resources, and protect correlative rights. 

7. Effective Date and Duration of Plan 

This Plan of Operation shall be effective January 1, 1982, and extend 
through the calendar year unless otherwise amended. 

If this Plan of Operation meets with your approval, please sign on the next 
page and return one copy for our files. 

Very truly yours, 

ARCO OIL AND GAS COMPANY 
OPERATOR 

Stephen R. Sills 
Engineer 

SRS:cn 
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APPROVED BY: 
Supervisory Petroleum Engineer 
United States Geological Survey 

DATE 

APPROVED BY: DATE_ 
Commisioner of Public Lands 
State of New Mexico 

APPROVEL BY . M K&&&>^ DATE /xJ X 9 / 
Division Director / / " ' 
Dept. of Errergy and Minerals 
Oil Conservation Division 
State of New Mexico 
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TABLE I 

EMPIRE ABO UNIT 
GAS INJECTION WELLS 

Previous Operator/ 
Lease and Well 

Un i t Well 
Des i qnat i on Locat ion (Sec . -T. -R. 

Hondo/State "A" No. 21 C-38 NE/4 SW/4 26 17 28 

Hondo/State "A" Ho. 24 C-39 NW/4 SE/4 26 17 28 

Samedan/State "Walker" No. 1 D-35 SW/4 SE/4 27 17 28 

Hondo/State "A" No. 16 D-37 SW/4 SW/4 26 17 28 

Amoco/State "BV" No. 1 F-25 SW/4 NW/4 32 17 28 

Hondo/State "A" No. 35 F-27 SW/4 NE/4 32 17 28 

ARCO/M. Yates B(ARC) No. 8 F-31 SW/4 NE/4 33 17 28 

Amoco/State "BM" No. 1 G-22 NE/4 SW/4 31 17 28 

Hondo/State "A" No. 9 G-24 NE/4 SE/4 31 17 28 

Gulf-NCT "C" No. 1 H-19 SW/4 SE/4 36 17 27 

Amoco/State "BE" No. 1 H-21 SW/4 SW/4 31 17 18 

Amoco/Malco "H" Fed. No. 9 1-10 NE/4 NW/4 3 18 27 

Amoco/State "F" No. 8 1-18 NE/4 NW/4 1 18 27 

Amoco/Malco "H" Federal No. 2 J-12 SE/4 NE/4 3 18 27 

Amoco/Windfohr Federal No. k K-7 NW/4 SE/4 4 18 27 

Exxon/CBDU "A" No. 8 M-6 NE/4 NW/4 9 18 27 



State of N e w AAcxico 

JIM BACA 
COMMISSIONER 

Commissioner cf Riblic Lands 

September 9, 1986 

P.O. BOX 1148 
SANTA FE, NEW MEXICO 87504-1148 

ARCO O i l and Gas Company 
ATTENTION: Mr. Jack T. Lowder 
P. 0. Box 1610 
M i d l a n d , Texas 79702 

Gent lemen: 

Re Em p i r e Abo U n i t 
1986 P l a n o f O p e r a t i o n s 
Eddy C o u n t y , New M e x i c o 

The C o m m i s s i o n e r o f P u b l i c Lands has t h i s d a t e a p p r o v e d y o u r 
1986 P l a n o f O p e r a t i o n s , f o r t h e E m p i r e Abo U n i t A r e a , Eddy 
C o u n t y , New M e x i c o . Such p l a n p r o v i d e s f o r c o n t i n u e d o p e r a t i o n 
o f t h e u n i t s u b s t a n t i a l l y t h e same as i n r e c e n t y e a r s and w i l l 
c o n t i n u e t o r e i n j e c t a l l a v a i l a b l e r e s i d u e gas f r o m t h e P h i l l i p s 
e x t r a c t i o n p l a n t and t h e Am oco e x t r a c t i o n p l a n t . Our a p p r o v a l i s 
s u b j e c t t o l i k e a p p r o v a l by t h e New M e x i c o O i l C o n s e r v a t i o n 
D i v i s i o n and t h e B u r e a u o f Land Management. 

E n c l o s e d i s an a p p r o v e d copy f o r y o u r f i l e s . 

V e r y t r u l y y o u r s , 

JI M BACA 

COMMISSIONER OF PUBLIC LANDS 

BY 

FLOYD 0. PRAND0, D i r e c t o r 
O i l and Gas D i v i s i o n 
( 5 0 5 ) 827-5744 

JB/FOP/pm 
e n d s . 
cc : OCD-Santa Fe, New M e x i c o 

B L M - R o s w e l l , New M e x i c o A t t n Mr. Armando Lopez 



ARCO Oil and Gas Company 
Permian District 
Post Office Box 1610 
Midland, Texas 79702 
Telephone 915 684 0100 

July 23, 1986 

AUG 2 0 1986 

OIL CONSERVATION DIVISION 
SANTA FE 

United States Department of the Interior 
Bureau of Land Management 
P. 0. Drawer 1397 
Roswell, New Mexico 88201 

Attn: Mr. Earl R. Cunningham 
District Manager 

State of New Mexico 
Mr. Jim Baca 
Commissioner of Public Lands 
P. 0. Box 1148 
Santa Fe, New Mexico 87501 

Attn: Mr. Ray D. Graham, Director (3) 
Oil and Gas Department 

State of New Mexico 
Department of Energy and Minerals 
P. 0. Box 2088 
Santa Fe, New Mexico 87501 

Attn: Mr. Richard L. Stamets (3) 
Division Director 

Working Interest Owners 
Empire Abo Unit 
Eddy County, New Mexico 

Gentlemen: 

In compliance with Section I I of the Unit Agreement, Empire Abo Unit, 
Eddy County, New Mexico, 
on behalf of itself and 
hereby submits for your 
period beginning January 
of calendar year 1986. 

ARCO Oil and Gas Company, as Unit Operator, 
other participating working interest owners, 
approval a Plan of Operation to cover the 
1, 1986, and extending through the remainder 

Yours very truly, 

Jack T. Lowder 
Senior Engineer 

JTL:tis 
Attachment 

ARCO Oil and Gas Company is a Division of AtlanticRichf ieldCompany 



EMPIRE ABO UNIT 

1986 Plan of Operation 

SUBMITTED July 23, 1986 

1. Summary of Proposed Plan of Operation for 1986 

ARCO Oil and Gas Company proposes to continue operation of the 

Empire Abo Unit, Eddy County, New Mexico, substantially the same 

as in recent years. We will continue to reinject all available 

residue gas from the Phillips extraction plant and the Amoco 

extraction plant. Oil will be produced from the most efficient 

wells in order to maximize recovery. 

2. Project Area - Description and History 

The Empire Abo Unit is located in portions of Sections 34, 35, 

36, Township 17 South, Range 27 East; Sections 1, 2, 3, 4, 8, 

9, 10, 11, 12, 15, 16, 17, Township 18 South, Range 27 East; 

Sections 25, 26, 27, 28, 31 , 32, 33, 34, 35, 36, Township 17 

South, Range 28 East; Sections 4, 5, 6, Township 18 South, Range 

28 East; Sections 29, 30, Township 17 South, Range 29 East, 

Eddy County, New Mexico. 

The Unit, as originally proposed, would have covered 11,339.15 

acres. Certain tracts within the Unit Area did not qualify 

for participation as of October 1 , 1973, the effective date 

of the Unit. These tracts are: 2, 6, 28, 41 , 42, 46, 55, 56, 

69, 79, 84, and 91. Total area of these tracts is 644.74 acres. 

The remaining 10,694.41 acres comprised the Project Area for 

pressure maintenance until September 1, 1975. On this date 
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Tracts 41, 79, and 84 joined the Unit. The addition of these 

three tracts, which cover 120.03 acres, increased the total 

area of the Unit to 10,814.44 acres. Tracts 2, 6, 42, and 46 

comprise the CITGO Empire Abo Unit, which received NMOCD approval 

in June, 1974. The Unit Area is now disposed as follows: 

Acres 

ARCO Empire Abo Unit 10,814.44 

CITGO Empire Abo Unit 241.05 

Non-Participating Tracts 283.66 

Total Area 11,339.15 

ARCO Oil and Gas operates a pressure maintenance project at 

the Empire Abo Unit. This project involves injection of plant 

residue gas from Abo production back into the Abo formation. 

3. Current Performance 

In March, 1986, the Unitized Project Area averaged 5,273 BOPD 

with a 59 percent water cut and a gas-oil ratio of 12,453 cubic 

feet of gas per barrel of o i l . Gas injection averaged 40,559 

MCFPD (see attached Production History Plot). 

Cumulative oil production from the Project Area through March, 

1986 was 204.7 MMBO. This is about 55.2 percent of the 371 

MMBO originally in place. Remaining oil reserves are estimated 



Page Three 

to be 6.7 MMBO for an ultimate recovery of nearly 57 percent 

00IP. Cumulative net gas production from the Project Area through 

March, 1986 was 227 BCF. This is about 49 percent of the 468 

BCF originally in place. Remaining gas reserves are estimated 

to be 179 BCF for an ultimate recovery of nearly 87 percent 

OGIP. As of March, 1986, the Unit has 219 active producing 

wells. 

4. Basic Concepts Governing Future Unit Operations 

a) Field production history and reservoir numeric model studies 

have demonstrated that oil recovery is governed by gravity 

drainage and secondary gas cap expansion. We will be able 

to maximize the beneficial effects of these recovery 

mechanisms by observation of well performance and producing 

from the most efficient wells, those with the lowest GOR's. 

b) Gas injection will help maintain reservoir pressure and 

control expansion of the secondary gas cap. 

5. Discussion of Past, Current, and Future Operations 

a) Gas Injection 

Fifteen gas injection wells along the north edge of the 

field handle all of the Empire Abo Unit injected gas. 

Table I lists these wells, Beginning in July, 1974, and 

continuing through the latest month for which data is 

available (March, 1986), all available plant residue gas 
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has been injected into the Abo gas cap. The Unit receives 

plant residue gas at about 700 psi and compresses i t to 

2000 psi for injection. Superhydration facilities at the 

extraction plants reduce hydrogen sulfide content to minimize 

possible corrosion. A rigorous corrosion treatment program 

is maintained. Permits for the Gas Injection Facilities 

have been granted by the State of New Mexico, Environmental 

Improvements Agency. We believe the injection facilities 

meet the requirements of the United States Geological Survey 

and the State of New Mexico. 

b) Workovers 

An intensive workover program in the last few years has 

been successful in maximizing low GOR production. The 

majority of the workovers consisted of recompleting wells 

lower in the reef. As a result of this program, almost 

all possible lower recompletions have been performed. 

We will continue to seek out wells with recompletion 

potential. 

c) Horizontal Drainhole Drilling 

In 1981 four existing wells were recompleted as drainholes. 

These wells are: K-l 5, 1980' FS&EL, Sec. 2, 18S, 27E; 

J-27, 1650' FNL, 2310' FEL, Sec. 5, 18S, 28E; K-182, 1533' 

FSL, 2370' FWL, Sec. 1, 18S, 27E; and G-312, 1550' FSL, 

2511' FEL, Sec. 33, 17S, 28E. The results of these workovers 

are found in Table 1. 



Table 1. Drainhole Drilling Results 

OPT Status Comments 

83 BO/9 BW/852 MCFG Pmpg. Good porosity, high GOR 
due to existing gas cone 
Drainhole length 155 f t . 

Water SI Good porosity, watered out 
by water encroachment. 
Drainhole length 240 f t . 

10 BO/35 BW/12 MCFG Pmpg. Low porosity, possibly shale. 
Drainhole length 340 f t . 

26 BO/3 BW/98 MCFG Pmpg. Good porosity, low rate due 
to short (54 f t ) drainhole. 
Drainhole spiraled. 

Continuing Field Study 

In order to maximize future reserves, we will continue to 

maintain an intensive field surveillance program. We will 

also continue to evaluate alternate and enhanced recovery 

techniques. 

Injection of Non-Abo Gas 

Gas from non-Abo sources is delivered from the Gas Company 

of New Mexico (formerly Southern Union Gas Company) to the 

Empire Abo Unit. This began on June 18, 1976. Cumulative 

outside gas injected through March, 1986 was 4,062 MMCF. 

Outside gas has not been injected since July, 1983. 

Cumulative gas delivered back to the supplier through March, 

1986 was 411 MMCF and the net cumulative non-Abo gas bank 

was 3,650 MMCF. 

Voidage Limit Removal 

The voidage limit was replaced with a gas production limit 

of 65 MMCFPD in 1984. This will allow more efficient 

operation of the Unit. Also, the wet gas compressors were 

removed and the practice of injecting unprocessed gas was 

discontinued. 
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6. Modifications 

It is understood that to meet changing conditions, this plan 

of operation may be modified from time to time, with the approval 

of the Supervisor of the U.S.G.S., the Commissioner of Public 

Lands of the State of New Mexico, and the Department of Energy 

and Minerals, Oil Conservation Division, State of New Mexico. 

ARCO Oil and Gas Company, as Unit Operator, will act prudently 

to preserve all rights of the mineral owners, and to effectively 

and efficiently recover the Unit Area reserves. This Company 

will meet all economical offset obligations, act to prevent 

waste, conserve natural resources, and protect correlative rights. 

7. Effective Date and Duration of Plan 

This Plan of Operation shall be effective January 1, 1986, and 

extend through the calendar year unless otherwise amended. 

If this Plan of Operation meets with your approval, please sign on 

the next page and return one copy for our files. 

Very truly yours, 

ARCO OIL AND GAS COMPANY 

OPERATOR 

Jack T. Lowder 
Senior Engineer 

JTL:tis 
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APPROVED BY: DATE 
District Manager 
United States Department of the Interior 
Bureau of Land Management - Roswell District 

APPROVED BY: DATE 
Commissioner of Public Lands 
State of New Mexico 

APPROVED BY: 

Dept. of Energy and Minerals 
Oil Conservation Division 
State of New Mexico 





TABLE I 

EMPIRE ABO UNIT 
GAS INJECTION WELLS 

Previous Operator/ Unit Well 
Lease and Well Designation Location (Sec.-T.-R.) 

Hondo/State "A" No. 24 C-39 NW/4 SE/4 26 17 28 

Samedan/State "Walker" No. 1 D-35 SW/4 SE/4 27 17 28 

Hondo/State "A" No. 16 D-37 SW/4 SW/4 26 
* 

17 28 

Amoco/State "BV" No. 1 F-25 SW/4 NW/4 32 17 28 

Hondo/State "A" No. 35 F-27 SW/4 NE/4 32 17 28 

ARCO/M. Yates B(ARC) No. 8 F-31 SW/4 NE/4 33 17 28 

Amoco/State "BM" No. 1 G-22 NE/4 SW/4 31 17 28 

Hondo/State "A" No. 9 G-24 NE/4 SE/4 31 17 28 

Gulf-NCT "C" No. 1 H-19 SW/4 SE/4 36 17 27 

Amoco/State "BE" No. 1 H-21 SW/4 SW/4 31 17 18 

Amoco/Malco "H" Fed. No. 9 1-10 NE/4 NW/4 3 18 27 

Amoco/State "F" No. 8 1-18 NE/4 NW/4 1 18 27 

Amoco/Malco "H" Federal No. 2 J-12 SE/4 NE/4 3 18 27 

Amoco/Windfohr Federal No. 4 K-7 NW/4 SE/4 4 18 27 

Exxon/CBDU "A" No. 8 M-6 NE/4 NW/4 9 18 27 



EMPIRE ABO UNIT 

1985 Production History 

Gross Injected Net 
Month BO BW MCFG MCFG MCFG 

January 192,237 226,984 1,915,830 1 ,080,077 835,753 

February 165,035 194,190 1 ,737,635 1,048,331 689,304 

March 186,294 250,540 1 ,907,564 1 ,254,300 653,264 

Apri 1 177,743 239,060 1 ,878,389 1 ,241,095 637,294 

May 188,960 234,298 1,989,462 1 ,392,688 596,774 

June 178,195 225,125 1,981,217 1,316,712 664,505 

July 181,590 224,527 2,050,138 1 ,331 ,508 718,630 

August 175,955 218,953 1,949,042 1,206,069 742,973 

September 168,913 277,091 1,876,481 1,172,843 703,638 

October 174,607 197,090 2,012,658 1,235,820 776,838 

November 170,276 194,145 1 ,826,204 1 ,163,701 662,503 

December 168,935 181,986 2,068,120 1,255,622 812,498 

Total 2,128,740 2,663,989 23,192,740 14,698,766 8,493,974 
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50 Y E A R S 

E N E R G Y AND M I N E R A L S D E P A R T M E N T 
O I L C O N S E R V A T I O N D I V I S I O N 

S T A T E O F N E W M E X I C O 

1935 - 1985 

TONEY ANAYA 
G O V E R N O R 

March 26, 1985 

P O S T O F F I C E B O X 2088 

S T A T E L A N D O F F I C E B U I L D I N G 

S A N T A F E . N E W M E X I C O 87501 

(505) 827-5800 

ARCO O i l and Gas Company 
Permian D i s t r i c t 
P.O. Box 1610 
Midland, Texas 79702 

A t t e n t i o n : Timothy J. Detmering 

Dear Mr. Detmering: 

Enclosed please f i n d an approved copy o f the m a t e r i a l 
referenced above. Such approval i s co n t i n g e n t upon l i k e 
approval by the Commissioner o f P u b l i c Lands and the Bureau 
of Land Management. 

REJ/dp 

cc: Commissioner of Pu b l i c Lands - Santa Fe 
Bureau o f Land Management - Albuquerque 
OCD D i s t r i c t O f f i c e - A r t e s i a 

Re: Working I n t e r e s t Owners 
Empire Abo U n i t 
Eddy County, NM 
1985 Plan of Operation 

ROY E^JOHNSON 
Senior Petroleum Geologist 



State of NewAAextco 

JIM BACA 
COMMISSIONER 

imlsstoner or lublic 
March 28, 1985 

P.O. BOX 1143 
SANTA FE, NEW MEXICO 87504-114» 

:1Q Old S W » f t T r s . l 

ARCO O i l and Gas Company 
P. 0. Box 1610 
Midland , Texas 79702 

Re: 1985 Plan of Development 
Empire Abo Unit 
Eddy County, New Mexico 

ATTENTION: Mr. Timothy J. Detmering 

Gentlemen: 

The Commissioner of Public Lands has this date approved your 
1985 Plan o£ Development for the Empire Abo Unit, Eddy County, New 
Mexico. Such plan proposes to continue operation of The Empire 
Abo Unit, s u b s t a n t i a l l y the same as i n recent years. This Plan of 
Operation i s e f f e c t i v e as of January 1, 1985, and extends through 
the calander year. Our approval i s subject to l i k e approval by the 
New Mexico O i l Conservation Division and the Bureau of Land Manage

ment. 

Enclosed i s an approved copy for your f i l e s . 

Very t r u l y yours, 

JIM BACA 

RAY D. GRAHAM̂ ; Director 
O i l and Gas Di v i s i o n 
AC 505/827-5744 

JB/RDG/pm 
encls. 
cc: OCD-Santa Fe, New Mexico 

BLM-Albuquerque, New Mexico Attn: Fluids Branch 
BLM-Roswell, New Mexico Attn: Mr. Armando Lopez 



ARCO Oil and Gas Company 
Permian District 
Post Office Box 1610 
Midland, Texas 79702 
Telephone 915 684 0100 

March 20, 1985 

United States Department of the Interior 
Bureau of Land Management 
P. 0. Drawer 1397 
Roswell, New Mexico 88201 

Attn: Mr. Earl R. Cunningham 
District Manager 

State of New Mexico 
Mr. Jim Baca 
Commissioner of Public Lands 
P. 0. Box 1148 
Santa Fe, New Mexico 87501 

Attn: Mr. Ray D. Graham, Director (3) 
Oil and Gas Department 

State of New Mexico 
Department of Energy and Minerals 
P. 0. Box 2088 
Santa Fe, New Mexico 87501 

Attn: Mr. Richard L. Stamets (3) 
Division Director 

Working Interest Owners 
Empire Abo Unit 
Eddy County, New Mexico 

Gentlemen: 

In compliance with Section I I of the Unit Agreement, Empire 
Abo Unit, Eddy County, New Mexico, ARCO Oil and Gas Company, 
as Unit Operator, on behalf of itself and other participating 
working interest owners, hereby submits for your approval 
a Plan of Operation to cover the period beginning January 1, 1985, 
and extending through the remainder of calendar year 1985. 

Yours very truly,., 

Timothy/J/ Detmering 
Engineer 

TJD:sc 

Xc: Mr. G. V. Ricks 
CF 

A R C O Oi l and Gas C o m p a n y is a D i v i s i o n o l A t l a n t i c f i i c h f i e l d C o m p a n y 



EMPIRE ABO UNIT 

1985 Plan of Operation 

SUBMITTED March 20, 1985 

1. Summary of Proposed Plan of Operation for 1985 

ARCO Oil and Gas Company proposes to continue operation of 

the Empire Abo Unit, Eddy County, New Mexico, substantially 

the same as in recent years. We will continue to reinject 

all available residue gas from the Phillips extraction plant 

and the Amoco extraction plant. Oil will be produced from 

the most efficient wells in order to maximize recovery. 

2. Project Area - Description and History 

The Empire Abo Unit is located in portions of Sections 34, 

35, 36, Township 17 South, Range 27 East; Sections 1, 2, 3, 

4, 8, 9, 10, 11, 12, 15, 16, 17, Township 18 South, Range 27 

East; Sections 25, 26, 27, 28, 31, 32, 33, 34, 35, 36, Township 17 

South, Range 28 East; Sections 4, 5, 6, Township 18 South, 

Range 28 East; Sections 29, 30, Township 17 South, Range 29 

East, Eddy County, New Mexico. 

The Unit, as originally proposed, would have covered 11,339.15 

acres. Certain tracts within the Unit Area did not qualify 

for participation as of October 1, 1973, the effective date 

of the Unit. These tracts are: 2, 6, 28, 41, 42, 46, 55, 

56, 69, 79, 84, and 91. Total area of these tracts is 644.74 

acres. The remaining 10,694.41 acres comprised the Project 
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Area for pressure maintenance until September 1, 1975. On 

this date Tracts 41, 79, and 84 joined the Unit. The addition 

of these three tracts, which cover 120.03 acres, increased 

the total area of the Unit to 10,814.44 acres. Tracts 2, 

6, 42, and 46 comprise the CITGO Empire Abo Unit, which received 

NMOCD approval in June, 1974. The Unit Area is now disposed 

as follows: 

Acres 

ARCO Empire Abo Unit 10,814.44 

CITGO Empire Abo Unit 241.05 

Non-Participating Tracts 283.66 

Total Area 11,339.15 

ARCO Oil and Gas operates a pressure maintenance project at 

the Empire Abo Unit. This project involves injection of plant 

residue gas from Abo production back into the Abo formation. 

3. Current Performance 

In September, 1984, the Unitized Project Area averaged 

6,214 BOPD with a 60 percent water cut and a gas-oil ratio 

of 9,047 cubic feet of gas per barrel of o i l . Gas injection 

averaged 31,858 MCFPD (see attached Production History Plot). 

Cumulative oil production from the Project Area through 

September, 1984 was 201.4 MMBO. This is about 54.3 percent 
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of the 371 MMBO originally in place. Remaining oil reserves 

are estimated to be 9.9 MMBO for an ultimate recovery of nearly 

57 percent 00IP. Cumulative net gas production from the Project 

Area through September, 1984 was 213 BCF. This is about 46 

percent of the 468 BCF originally in place. Remaining gas 

reserves are estimated to be 193 BCF for an ultimate recovery 

of nearly 87 percent OGIP. As of September, 1984, the Unit 

has 248 active producing wells. 

4. Basic Concepts Governing Future Unit Operations 

a) Field production history and reservoir numeric model studies 

have demonstrated that oil recovery is governed by gravity 

drainage and secondary gas cap expansion. We will be 

able to maximize the beneficial effects of these recovery 

mechanisms by observation of well performance and producing 

from the most efficient wells, those with the lowest GOR's. 

b) Gas injection will help maintain reservoir pressure and 

control expansion of the secondary gas cap. 

5. Discussion of Past, Current, and Future Operations 

a) Gas Injection 

Fifteen gas injection wells along the north edge of the 

field handle all of the Empire Abo Unit injected gas. 

Table I lists these wells. Beginning in July, 1974, and 

continuing through the latest month for which data is 

available (September, 1984), all available plant residue 

gas has been injected into the Abo gas cap. The Unit 



receives plant residue gas at about 700 psi and compresses 

i t to 2000 psi for injection. Superhydration facilities 

at the extraction plants reduce hydrogen sulfide content 

to minimize possible corrosion. A rigorous corrosion 

treatment program is maintained. Permits for the Gas 

Injection Facilities have been granted by the State of 

New Mexico, Environmental Improvements Agency. We believe 

the injection facilities meet the requirements of the 

United States Geological Survey and the State of New Mexico. 

Workovers 

An intensive workover program in the last few years has 

been successful in maximizing low GOR production. The 

majority of the workovers consisted of recompleting wells 

lower in the reef. As a result of this program, almost 

all possible lower recompletions have been performed. 

We will continue to seek out wells with recompletion 

potential. 

Horizontal Drainhole Drilling 

In 1981 four existing wells were recompleted as drainholes. 

These wells are: K-15, 1980' FS&EL, Sec. 2, 18S, 27E; 

J-27, 1650' FNL, 2310' FEL, Sec. 5, 18S, 28E; K-182, 

1533" FSL, 2370' FWL, Sec. 1, 18S, 27E; and G-312, 1550' 

FSL, 2511' FEL, Sec. 33, 17S, 28E. The results of these 

workovers are found in Table 1. 
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Table 1. 1984 Drainhole Drilling Results 

Well OPT 

K-l5 83 BO/9 BW/852 MCFG 

J-27 Water 

K-182 10 BO/35 BW/12 MCFG 

G-512 26 BO/3 BW/ 98 MCFG 

Status Comments 

Pmpg. Good porosity, high GOR 
due to existing gas cone. 
Drainhole length 155 f t . 

SI Good porosity, watered out 
by water encroachment. 
Drainhole length 240 f t . 

Pmpg. Low porosity, possibly shale. 
Drainhole length 340 f t . 

Pmpg. Good porosity, low rate due 
to short ( 54 f t ) drainhole. 
Drainhole spiraled. 

d) Continuing Field Study 

In order to maximize future reserves, we will continue 

to maintain an intensive field surveillance program. 

We will also continue to evaluate alternate and enhanced 

recovery techniques. 

e) Injection of Non-Abo Gas 

Gas from non-Abo sources is delivered from the Gas Company 

of New Mexico (formerly Southern Union Gas Company) to 

the Empire Abo Unit. This began on June 18, 1976. Cumu

lative outside gas injected through September 31, 1984 

was 4,061 MMCF. Cumulative gas delivered back to the 

supplier through September 31 , 1984 was 411 MMCF and the 

net cumulative non-Abo gas bank was 3,650 MMCF. 

f) Voidage Limit Removal 

The voidage limit was replaced with a gas production limit 

of 65 MMCFPD in 1984. This will allow more efficient 
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operation of the Unit. Also, the wet gas compressors 

were removed and the practice of injecting unprocessed 

gas was discontinued. 

6. Modifications 

I t is understood that to meet changing conditions, this plan 

of operation may be modified from time to time, with the 

approval of the Supervisor of the U.S.G.S., the Commissioner 

of Public Lands of the State of New Mexico, and the Department 

of Energy and Minerals, Oil Conservation Division, State of 

New Mexico. 

ARCO Oil and Gas Company, as Unit Operator, will act prudently 

to preserve all rights of the mineral owners, and to effectively 

and efficiently recover the Unit Area reserves. This Company 

will meet all economical offset obligations, act to prevent 

waste, conserve natural resources, and protect 

correlative rights. 

7. Effective Date and Duration of Plan 

This Plan of Operation shall be effective January 1 , 1985, 

and extend through the calendar year unless otherwise amended. 
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If this Plan of Operation meets with your approval, please sign 

on the next page and return one copy for our files. 

Very Truly yours, 

ARCO OIL AND GAS COMPANY 

OPERATOR 

Timothy J. Detmering 
Engineer 

TJD:sc 
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TABLE I 

-
EMPIRE ABO UNIT 

GAS INJECTION WELLS 

Previous Operator/ 
Lease and Well 

Unit Well 
Designation 

Hondo/State "A" No. 24 C-39 

Samedan/State "Walker" No. 1 D-35 

Hondo/State "A" No. 16 D-37 

Amoco/State "BV" No. 1 F-25 

Hondo/State "A" No. 35 F-27 

ARCO/M. Yates B(ARC) No. 8 F-31 

Amoco/State "BM" No. 1 G-22 

Hondo/State "A" No. 9 G-24 

Gulf-NCT "C" No. 1 H-19 

Amoco/State "BE" No. 1 H-21 

Amoco/Malco "H" Fed. No. 9 1-10 

Amoco/State "F" No. 8 1-18 

Amoco/Malco "H" Federal No. 2 J-12 

Amoco/Windfohr Federal No. 4 K-7 

Exxon/CBDU "A" No. 8 M-6 

Location (Sec.-T.-R.) 

NW/4 SE/4 26 17 28 

SW/4 SE/4 27 17 28 

SW/4 SW/4 26 
» 

17 28 

SW/4 NW/4 32 17 28 

SW/4 NE/4 32 17 28 

SW/4 NE/4 33 17 28 

NE/4 SW/4 31 17 28 

NE/4 SE/4 31 17 28 

SW/4 SE/4 36 17 27 

SW/4 SW/4 31 17 18 

NE/4 NW/4 3 18 27 

NE/4 NW/4 1 18 27 

SE/4 NE/4 3 18 27 

NW/4 SE/4 4 18 27 

NE/4 NW/4 9 18 27 
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APPROVED BY: DATE 
District Manager 
United States Department of the Interior 
Bureau of Land Management - Roswell District 

APPROVED BY: DATE 
Commissioner of Public Lands 
State of New Mexico 



O I L C O N S E R V A T I O N D I V I S I O N 
P. O . B O X 2 0 8 8 

S A N T A FE, NEW M E X I C O 87501 

January 31, 1979 

Atlantic Richfield Company 
Post Office Box 1610 
Midland, Texas 79702 

Attentioni G. V. Ricks 

Ret Case No. 4952 
Empire Abo Unit 
1979 Plan of Operation 

Gentlemeni 

We hereby approve the 1979 Plan of Operation for 
the Empira..Abo Unit, Eddy County, New Mexico, subject 
to like approval by the United States Geological Survey 
and the Commissioner of Public Lands. 

Two approved copies of the Plan of Operation are 
returned herewith. 

Yours very truly, 

JOE D. RAMEY 
Director 

JOR/LT/fd 
enc. 

cc: U.S.G.S. - Roswell 
Commissioner of Public Lands 



Ati3niicRichfieidCompc.ny Hotlh Af ;-ncar» Woe: 
Pe?fjnian .'-Islnc' 

Post C'i K- Sox 
sVlid.ar.̂  Texas. 

January 26, 1973 

United States Department of the I n t e r i o r 
Geological Survey 
P. 0. Drawer 1857 
Roswell, New Mexico 88201 

A t t n : Mr. James A. Gillham (6) 
Supervisory Petroleum Engineer 

State of New Mexico 
Mr. Alex J. Armijo 
Commissioner of Public Lands 
P. 0. Box 1 1 if8 
Santa Fe, New Mexico 87501 

A t t n : Mr. Ray D. Graham, D i r e c t o r (3) 
Oil and Gas Department 

4 
State of New Mexico _ 
Department of Energy and Minerals C] 
Oil Conservation D i v i s i o n ' 
P. 0. Box 2088 
Santa Fe, Nev; Mexico 87501 

A t t n : Mr. Joe D. Ramey (3) 
D i v i s i o n D i r e c t o r 

"7^, Working I n t e r e s t Owners 
Empire Abo Unit 
Eddy County, New Mexico 

Gen 11emen: 

In compliance w i t h Section 11 of the Unit Agreement, 
Empire Abo U n i t , Eddy County, New Mexico, A t l a n t i c 
R i c h f i e l d Company, as Unit Operator, on behalf of i t 
s e l f and the other p a r t i c i p a t i n g working i n t e r e s t owners, 
hereby submits f o r your approval a Plan of Operation to 



United States Department of 
the I n t e r i o r et al 
Page 2 
January 26, 1979 

cover the period beginning January 1, 1979 and 
extending through the remainder of calendar year 
1979. 

Very t r u l y you rs , 

ATLANTIC RICHFIELD COMPANY 
OPERATOR 

G. V. Ricks 

D i s t r i c t P r o d u c t i o n - D r i l l i n g Superintendent 

WC/agp 
Attachments 



PLAN OF OPERATION FOR 1979 
EMPIRE ABO UNIT 

Submitted: January 26, 1979 

1 • P r o j e c t Area 

H i s t o r y and Background 

The Empire Abo Unit area c o n s i s t s of some 11,339.15 
acres in Eddy County, New Mexico. The area i s located 
in p o r t i o n s of Sections 34, 35, 36, Township 17 South, 
Range 27 East; Sections 1, 2, 3, 4, 8, 9, 10, 11, 12, 
15, 16, 17, Township 18 South, Range 27 East, Sections 
25, 26, 27, 28, 31, 32, 33, I k , 35, 36, Township 17 
South, Range 28 East, Sections k, 5, 6, Township 18 
South, Range 28 East; Sections 29, 30, Township 17 South, 
Range 29 East. Within the Unit area, the f o l l o w i n g t r a c t s d i d 
not q u a l i f y f o r p a r t i c i p a t i o n as of the e f f e c t i v e date of 
the Unit (October 1, 1973): 2, 6, 28, k \ , 42, 46, 55, 56, 
69, 79, 84, 91. These n o n - p a r t i c i p a t i n g t r a c t s t o t a l e d 
644.7k .acres . The remaining 10 ,694.41 acres were i n t i a l l y 
developed as the proj*ect area f o r pressure maintenance by the 
i n j e c t i o n of pla n t residue gas from Abo production back i n t o 
the u n i t i z e d Abo fo r m a t i o n . The U n i t , on September 1, 1975, 
expanded the Proj e c t Area by i n c l u s i o n of t r a c t s 41, 79, 
and 84 ( t o t a l 120.03 a c r e s ) . Tracts 2, 6, 42, and 46 ( t o t a l 
241.05 acres) have been formed i n t o the CITGO Empire Abo 
U n i t , which received N. M. 0. C. C. approval in June 1974, 
and began gas i n j e c t i o n in mid-1975. The o r i g i n a l proposed 
Unit Area is now disposed as f o l l o w s : 

Acres 

ARCO Empire Abo Unit 10,814.44 

CITGO Empire Abo Unit 241.05 

N o n - p a r t i c i p a t i n g t r a c t s 283.66 

11,339.15 

2. Current Production 

In September 1973, j u s t before U n i t i z a t i o n , the pool 
had 235 producing w e l l s averaging 24,734 BOPD w i t h 9-3% 
water production and a g a s - o i l r a t i o of 1543 cubic f e e t / 8 0 . 
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The pool t o t a l production was equivalent to 67,120 RSVB/D 
net voidage. The Proj e c t Area, in September • 1973 , had 
222 producing w e l l s averaging 23,252 BOPD w i t h 9-8% water 
production and a ga s - o i l r a t i o of 1505 cubic feet/BO. The 
p r o j e c t area production was equi v a l e n t to 61,808 RSVB/D 
net voidage. In November 1978, the U n i t i z e d P r o j e c t Area 
averaged 36,570 BOPD w i t h a 6,36% water production and a 
gas - o i l r a t i o of 1684 cubic feet/BO. Gas i n j e c t i o n averaged 
47,006 MCF per day. The p r o j e c t area production f o r 
November 1978 was equivalent to 26,135 RSVB/D net voidage 
(see attached Production H i s t o r y P l o t ) . Unit operations 
have thus increased the p r o j e c t area o i l production by 
13,318 BOPD and reduced r e s e r v o i r voidage by 35,673 RSVB/D. Unit 
ized residue gas i n j e c t i o n f o r pressure maintenance is c a l c u l a t 
ed to increase f u t u r e recovery by about 30 MMBO compared to 
continued primary o p e r a t i o n s . 

3• Basic Concepts Governing Future Unit Operations 

a) F i e l d production h i s t o r y and r e s e r v o i r numeric model 
studies have demonstrated t h a t r e s e r v o i r recovery i s 
governed by a g r a v i t y drainage mechanism w i t h an ex
panding secondary gas cap. Under u n i t i z e d operat ions 
A t l a n t i c R i c h f i e l d Company, as operator, w i l l be able 
to maximize the b e n e f i c i a l e f f e c t s of t h i s most e f f i c i e n t 
recovery mechanism by c a r e f u l observation of well per
formance and s h u t t i n g in or c u r t a i l i n g production from 
i n e f f i c i e n t w e l l s . As of November 1978, the P r o j e c t 
Area had 1 33 former producing w e l l s shut in or r e s t r i c t e d 
due to high g a s - o i l r a t i o , used f o r i n j e c t o r s or being 
otherwise i n e f f i c i e n t producers. 

b) I n j e c t i o n of gas w i l l act toward pressure maintenance 
and the o r d e r l y c o n t r o l of expansion of the secondary 
gas cap . 

4 . Operating Plans, Progress 

a) Gas I n j e c t i o n F a c i l i t i e s 

At present, the Unit is i n j e c t i n g gas i n t o the Abo Gas 
Cap in the f o l l o w i n g f i f t e e n w e l l s : 
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Previous Operator/ 
Lease and Well 

Unit WelI 
Designation Locat i on (Sec . -T. - R. ) 

Hondo/State "A" No. 21 C-38 NE/4 SW/4 26 17 28 

Hondo/State "A" No. 24 C-39 NW/4 SE/4 26 17 28 

Samedan/State "Walker" No. 1 D-35 SW/4 SE/4 27 17 28 

Hondo/State "A" No. 16 D-37 SW/4 SW/4 26 17 28 

Amoco/State "BV" No. 1 F-25 SW/4 NW/4 32 17 28 

Hondo/State "A" No. 35 F-27 SW/4 NE/4 32 17 28 

ARCo/M. Yates B (ARC) No. 8 F-31 SW/4 NE/4 33 17 28 

Amoco/State "BM" No. 1 G-22 NE/4 SW/4 31 17 28 

Hondo/State "A" No. 9 G-24 NE/4 SE/4 31 17 28 

Gulf-NCT "C" No. 1 H-19 SW/4 SE/4 36' 17 27 

Amoco/State "BE" No. 1 H-21 SW/4 SW/4 31 17 28 

Amoco/Malco "H" Federa 1 No. 9 1-10 NE/4 NW/4 3 18 27 

Amoco/State "F" No.' 8 1-18 NE/4 NW/4 1 18 27 

Amoco/Windfohr Rederal No. k K-7 NW/4 SE/4 4 18 27 

Exxon/CBDU "A" No. 8 M-6 NE/4 NW/4 9 18 27 

Beginning in July 1974 and c o n t i n u i n g through the 
l a t e s t month in which data is a v a i l a b l e (November 
1978) a l l a v a i l a b l e p l a n t residue gas has been i n j e c t e d 
i n t o the Abo gas cap. 

The Unit picks upplant residue gas at about 700 psi and 
compresses i t to 2000 psi f o r i n j e c t i o n . The gas con
t a i n s hydrogen s u l f i d e and superdehydration f a c i l i t i e s 
are i n s t a l l e d to minimize p o s s i b l e c o r r o s i o n . A r i g o r 
ous c o r r o s i o n checking program is maintained. Permits 
f o r the Gas I n j e c t i o n F a c i l i t i e s have been granted by 
the State of New Mexico, Environmental Improvement Agency. 
A t l a n t i c R i c h f i e l d Company believes the i n j e c t i o n f a c i l i 
t i e s meet the requirements of the United States Geologi
cal Survey and the State of New Mexico. In a d d i t i o n , 
the I n j e c t i o n F a c i l i t i e s provide enough o p e r a t i o n a l 
f l e x i b i l i t y to meet changing f i e l d c o n d i t i o n s . 
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b) Oil Production and Test F a c i l i t i e s 

Since September 1, 1974, i n j e c t i o n of a l l a v a i l a b l e 
residue gas w i t h i n the p r o j e c t area earned a top 
allowable of 41,041 BOPD or an increase of 17,789 BOPD 
over primary o p e r a t i o n s . In order to e f f e c t i v e l y and 
e f f i c i e n t l y handle t h i s increased p r o d u c t i o n , the o i l 
production and t e s t f a c i l i t i e s were enlarged and cent
r a l i z e d as o u t l i n e d in the Plan of Operation f o r 1974. 
The f a c i l i t i e s are 100% complete and the c o n s o l i d a t e d 
b a t t e r i e s are o p e r a t i n g s a t i s f a c t o r i l y . 

P r i o r to Unit operations there were approximately 
f i f t y (50) b a t t e r i e s w i t h i n the p r o j e c t area. Fourteen 
(14) separate b a t t e r y and t e s t f a c i l i t y l o c a t i o n s w i l l 
provide enough o p e r a t i o n a l f l e x i b i l i t y to hold l o s t 
production at an absolute minimum, as a r e s u l t of 
equipment f a i l u r e or a shut-down due to f i r e or other 
catastrophe. The ten l a r g e s t of the new b a t t e r i e s are 
handling a l l of the Unit production and serve a l l 
producing w e l l s w i t h automatic t e s t i n g f a c i l i t i e s . The 
rernaining "four b a t t e r i e s w i l l not be put i n t o s e r vice 
u n t i l the need a r i s e s . 

c) Workovers 

A continuous workover study i s in progress, so t h a t 
whenever well production data and r e s e r v o i r c o n d i t i o n s 
so i n d i c a t e , workovers are performed to lower g a s - o i l 
or w a t e r - o i l r a t i o s , and maximize producing well 
e f f i c i e n c y . Seventeen workovers of t h i s type have been 
performed in 1978 to date. 

d) Continuing F i e l d Study 

In order to maximize f u t u r e reserves, A t l a n t i c R i c h f i e l d 
Company, as Unit Operator, w i l l continue to maintain a 
comprehensive production and bottom hole t e s t i n g program 
in c o n j u n c t i o n w i t h numeric r e s e r v o i r simulator studies 
f o r f i e l d performance p r e d i c t i o n s . 
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e) New Producing Well Program 

We are moving ahead w i t h the program to d r i l l new 
producing w e l l s in the most f a v o r a b l e part of the 
Abo Reef se c t i o n to gain e f f i c i e n t low g a s - o i l r a t i o 
p r o d u c t i o n . 

L i s t e d below are the new Phase IV I n f i l l D r i l l i n g 
Program w e l l s completed in 1978 w i t h t h e i r allowable 
r a t e and g a s - o i l r a t i o . The Phase V I n f i l l w e l l s 
t h a t have been completed in 1978 are also shown w i t h 
t h e i r allowable and g a s - o i l r a t i o . 

UN IT WELL 
DES IGNATION 

ALLOWABLE 
OIL RATE(BOPD 

RECENT TEST 
GOR (CF/BO) 

E-341 250 5400 
E-351 250 4000 
E-361 300 500 
E-373 400 675 
F-321 300 750 
Ti-322 250 700 
G-323 300 550 
G-332 50 3500 
H-301 (A) 100 1 6000 
H-321 100 7000 
H-322 (B) 0 
H-331 150 2250 
1-272 100 1020 
1-273 100 1 320 
1-282 100 870 
J-223 (A) 0 
J-233 250 3200 
K-184 (C) 0 
K-l 92 250 1 100 
K-231 350 930 
K-232 (D) 0 
M-131 (A) 0 
M-151 (B) 0 
M-l 52 200 860 

(A) Workover recommended 
(B) Waiting on e l e c t r i c i t y f o r pump 
(C) W i l l be assigned an allowable fn February 1979 
(D) Waiting on an a c i d - f r a c s t i m u l a t i o n treatment 
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PHASE V INFILL DRILLING PROGRAM 

UN IT WELL 
DES 1 GNAT 1 ON 

ALLOWABLE 
OIL RATE (BOPD ) 

RECENT TEST 
GOR (CF/BO) 

F-322 300 2400 
F-352 200 500 
F-353 200 560 
F-362 350 560 
G-313 (A) 0 00 
G-333 150 1 100 
H-281 200 800 
H-295 200 800 
H-302 50 1 100 
H-303 (B) 0 
H-31 2 200 680 
1-283 40 1 280 
1-291 200 I 1 20 
J-203 150 5900 
J-2-34 100 7650 
K-193 100 1450 
K-l Sk 150 600 
L-\5k 350 800 

To be completed i n earl y 1979: G-343, H-294, 1-251, 1-261 
J-212, L-142, L-143, M- 1 32. 

(A) Waiting on acid s t i m u l a t i o n 
(B) Waiting on e l e c t r i c i t y f o r pump 

We plan to s t a r t the 50-well Phase VI I n f i l l D r i l l i n g 
Program during the f i r s t week in January 1979. 

f ) I n j e c t i o n of Non-Abo Gas 

Gas from non-Abo sources is d e l i v e r e d from the Gas 
Company of New Mexico ( f o r m e r l y Southern Union Gas 
Gas Company) to the Empire Abo U n i t . I t commenced 
at 4:30 PM on June 18, 1976. I n j e c t i o n of t h i s out
side gas during November 1978 averaged 3189 MCF/D. 
Cumulative outside gas i n j e c t e d through November 30, 
1978 i s 2287 MMCF. Cumulative gas d e l i v e r e d back 
to the s u p p l i e r through November 30, 1978 is 264 MMCF 
and the net cumulative non-Abo gas bank is 2023 MMCF. 
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5. Mod i f i cat i on s 

I t i s understood t h a t to meet changing c o n d i t i o n s , t h i s plan 
of o p e r a t i o n may be modified from time to time, w i t h the 
approval of the Supervisor, the Commissioner of Public Lands 
of the State of New Mexico, and the Dept. of Energy & Minerals, 
Oil Conservation D i v i s i o n , State of New Mexico. 

A t l a n t i c R i c h f i e l d Company, as Unit Operator, w i l l act prudently 
to preserve a l l r i g h t s of the mineral owners, and to e f f e c t i v e l y 
and e f f i c i e n t l y recover the Unit area reserves. This Company 
w i l l meet a l l economical o f f s e t o b l i g a t i o n s , act to prevent 
waste, conserve n a t u r a l resources, and p r o t e c t c o r r e l a t i v e 
r i g h t s . 

6 . E f f e c t i ve Date 

This Plan of Operations s h a l l be e f f e c t i v e January 1, 1979, 
and extend through the calendar year unless otherwise amended 

I f t h i s Plan of Operation meets w i t h your approval, please 
i n d i c a t e in the space below and r e t u r n one copy f o r our 
f i l e s . 

Very t r u l y yours, 

ATLANTIC RICHFIELD COMPANY 
OPERATOR 

G. V. Ricks 
D i s t r i c t P r o d u c t i o n / D r i l l i n g Superintendent 

WC/agp 

APPROVED BY: DATE 
Supervisory Petroleum Engineer 
United States Geological Survey 

APPROVED BY 

APPROVED BY 

Commi ss i oner 
State of New 

of Public 
Mexico 

Lands 

D/iyvision Director,, 
/Dj^pt. of Energy & Minerals 
' u i l Conservation D i v i s i o n 
State of New Mexico 

DATE 

DATE 





AtlanticRichfieldCompany North American Producing Division 
Permian District 
Post Office Box 1610 
Midland Texas 79702 
Telephone 915 684 0100 

January 10, 1978 

U n i t e d S ta tes Department 
o f t h e I n t e r i o r 
G e o l o g i c a l Survey 
P. 0 . Drawer 1857 
Roswe l l , New Mexico 88201 

A t t n : Mr. C a r l C. T r a y w i c k (6) 

S t a t e o f New Mexico 
Mr. P h i l R. Lucero 
Commissioner o f P u b l i c Lands 
P. O. Box 1148 
Santa Fe, New Mexico 87501 

A t t n : Mr. Ray D. Graham, D i r e c t o r (3) 
O i l and Gas Department 

S t a t e o f New Mexico 
Oil Conservation Commission <. -p -f-'f'c '% 
P. 0 . Box 2088 / -
Santa Fe, New Mexico 87501 

A t t n : Mr. Joe D. Ramey (3) 
S e c r e t a r y - D i r e c t o r 

Working I n t e r e s t Owners 
Empire Abo U n i t 
Eddy County, New Mexico 

Gentlemen: 

I n compliance with Section 11 of the Unit Agreement, Empire 
Abo Unit, Eddy County, New Mexico, A t l a n t i c R i c h f i e l d Company, 
as Unit Operator, on behalf of i t s e l f and the other p a r t i c i p a t 
ing working int e r e s t owners, hereby submits f o r your approval 
a Plan of Operation to cover the period beginning January 1, 1978, 

Assistant Area O i l and Gas Supervisor 



United States Department 
of the I n t e r i o r 
Page 2 
January 10, 1978 

and extending through the remainder of calendar year 1978. 

Very t r u l y yours, 

ATLANTIC RICHFIELD COMPANY 
OPERATOR 

G. V. Ricks 
D i s t r i c t Production - D r i l l i n g 
Superintendent 

GVR/ASK:agp 

At t achment s 



PLAN OF OPERATION FOR 1978 
EMPIRE ABO UNIT 

Submitted: January 10, 1978 

1. Project Area 

History and Background 

The Empire Abo Unit area consists of some 11,339.15 acres i n 
Eddy County, New Mexico. The area i s located i n portions of 
Sections 34, 35, 36, Township 17 South, Range 27 East; Sections 
1, 2, 3, 4, 8, 9, 10, 11, 12, 15, 16, 17, Township 18 South, 
Range 27 East; Sections 25, 26, 27, 28, 31, 32, 33, 34, 35, 36, 
Township 17 South, Range 28 East, Sections 4, 5, 6, Township 18 
South, Range 28 East; Sections 29, 30, Township 17 South, Range 
29 East. Within the Unit area, the fo l l o w i n g t r a c t s did not 
q u a l i f y f o r p a r t i c i p a t i o n as of the e f f e c t i v e date of the Unit 
(October 1, 1973): 2, 6, 28, 41, 42, 46, 55, 56, 69, 79, 84, 
91. These non-participating t r a c t s t o t a l e d 644.74 acres. The 
remaining 10,694.41 acres were i n t i a l l y developed as the project 
area f o r pressure maintenance by the i n j e c t i o n of plant residue 
gas from Abo production back int o the u n i t i z e d Abo formation. The 
Unit, on September 1, 1975, expanded the Project Area by inclusion 
of t r a c t s 41, 79, and 84 ( t o t a l 120.03 acres). Tracts 2, 6, 42, 
and 46 ( t o t a l 241.05 acres) have been formed i n t o the CITGO Empire 
Abo Unit, which received N. M. 0. C. C. approval i n June 1974, and 
began gas i n j e c t i o n i n mid-1975. The o r i g i n a l proposed Unit Area 
i s now disposed as follows: 

2. Current Production, Future Recovery 

I n September 1973, j u s t before U n i t i z a t i o n , the pool had 235 
producing wells averaging 24,734 BOPD with 9.3% water produc
t i o n and a gas-oil r a t i o of 1543 cubic feet/BO. The pool t o t a l 
production was equivalent to 67,120 RSVB/D net voidage. The 

Acres 

ARCO Empire Abo U n i t : 
CITGO Empire Abo U n i t : 
N o n - p a r t i c i p a t i n g t r a c t s : 

10 ,814.44 
241.05 
283.66 

11,339.15 
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Project Area, i n September 1973, had 222 producing wel ls 
averaging 23,252 BOPD wi th 9.8% water production and a 
gas -o i l r a t i o of 1505 cubic feet/BO. The pro jec t area 
production was equivalent to 61,808 RSVB/D net voidage. 
I n October 1977, the Uni t i zed Project Area averaged 
41,040 BOPD wi th 3.82% water production and a gas -o i l r a t i o 
of 1585 cubic feet/BO. Gas i n j e c t i o n averaged 39,444 MCF 
per day. The pro jec t area production f o r October 1977 
was equivalent to 42,261 RSVB/D net voidage (see attached 
Production Hi s to ry P l o t ) . Unit operations have thus i n 
creased the p ro jec t area o i l production by 17,788 BOPD 
and reduced reservoi r voidage by 19,547 RSVB/D. Uni t ized 
residue gas i n j e c t i o n f o r pressure maintenance i s ca lcu
la ted to increase f u t u r e recovery by about 30 MMBO compared 
to continued primary operations. 

3. Basic Concepts Governing Future Uni t Operations 

a) F i e l d production h i s t o r y and reservoi r numeric model 
studies have demonstrated tha t reservoi r recovery i s 
governed by a g r a v i t y drainage mechanism wi th an ex
panding secondary gas cap. Under u n i t i z e d operations, 
A t l a n t i c R i c h f i e l d Company, as operator, w i l l be able 
to maximize the b e n e f i c i a l e f f e c t s of t h i s most e f f i -
cent recovery mechanism by c a r e f u l observation of w e l l 
performance and shut t ing i n or c u r t a i l i n g production from 
i n e f f i c i e n t we l l s . As of October 1977, the Project Area 
had 115 former producing wells shut i n or r e s t r i c t e d due 
to high gas -o i l r a t i o , used f o r i n j e c t o r s or being other
wise i n e f f i c i e n t producers. 

b) I n j e c t i o n of gas w i l l act toward pressure maintenance 
and the o rde r ly con t ro l of expansion of the secondary 
gas cap. 

4. Operating Plans, Progress 

a) Gas I n j e c t i o n F a c i l i t i e s 

At present, the Unit i s i n j e c t i n g gas i n to the Abo Gas 
Cap i n the f o l l o w i n g f i f t e e n we l l s : 
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Previous Operator/ Unit Well 
Lease and Well Designation Location 

Hondo/State "A" No. 21 C-38 NE/4 SW/4 Sec. 26, T-17S, R-28E 

Hondo/State "A" No. 24 C-39 NW/4 SE/4 Sec. 26, T-17S, R-28E 

Samedan/State "Walker" No. 1 D-35 SW/4 SE/4 Sec. 27, T-17S, R-28E 

Hondo/State "A" No. 16 D-37 SW/4 SW/4 Sec. 26, T-17S, R-28E 

Amoco/State "BV" No. 1 F-25 SW/4 NW/4 Sec. 32, T-17S, R-28E 

Hondo/State "A" No.' 35 F-27 SW/4 NE/4 Sec. 32, T-17S, R-28E 

ARCo/M. Yates B (ARC) No. 8 F-31 SW/4 NE/4 Sec. 33, T-17S, R-28E 

Amoco/State "BM" No. 1 G-22 NE/4 SW/4 Sec. 3 1 , T-17S, R-28E 

Hondo/State "A" No. 9 G-24 NE/4 SE/4 Sec. 3 1 , T-17S, R-28E 

Gulf /NCT "C" No. 1 H-19 SW/4 SE/4 Sec. 36, T-17S, R-27E 

Amoco/State "BE" No. 1 H-21 SW/4 SW/4 Sec. 3 1 , T-17S, R-28E 

Amoco/Malco " H " Federa l No. 9 1-10 NE/4 NW/4 Sec. 3, T-18S, R-27E 

Amoco/State "F" No. 8 1-18 NE/4 NW/4 Sec. 1 , T-18S, R-27E 

Amoco/Windfohr Federa l No. 4 K-7 NW/4 SE/4. Sec. 4, T-18S, R-27E 

Exxon/CBDU "A" No. 8 M-6 NE/4 NW/4 Sec. 9, T-18S, R-27E 

Beginning i n July 1974, and continuing through the l a t e s t 
month on which data i s available (October 1977), a l l available 
plant residue gas has been injected into the Abo gas cap. 

The Unit picks up plant residue gas at about 700 psi and com
presses i t to 2000 psi f o r i n j e c t i o n . The gas contains hydrogen 
s u l f i d e and superdehydration f a c i l i t i e s are i n s t a l l e d to minimize 
possible corrosion. A rigorous corrosion checking program i s 
maintained. Permists f o r the Gas I n j e c t i o n F a c i l i t i e s have been 
granted by the State of New Mexico, Environmental Improvement 
Agency. A t l a n t i c R i c h f i e l d Company believes the i n j e c t i o n 
f a c i l i t i e s meet the requirements of the United States Geological 
Survey and the State of New Mexico. I n addition, the I n j e c t i o n 
F a c i l i t i e s provide enough operational f l e x i b i l i t y to meet changing 
f i e l d conditions. 
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b) O i l Production and Test F a c i l i t i e s 

Since September 1, 1974, i n j e c t i o n of a l l available residue 
gas w i t h i n the project area has earned an allowable of 
41,041 BOPD or an increase of 17,789 BOPD over primary 
operations. I n order to e f f e c t i v e l y and e f f i c i e n t l y handle 
t h i s increased production, the o i l production and t e s t 
f a c i l i t i e s were enlarged and centralized as outlined i n 
the Plan of Operation f o r 1974. The f a c i l i t i e s are 100% 
complete and the consolidated batteries are operating 
s a t i s f a c t o r i l y . 

Prior to Unit operations there were approximately f i f t y (50) 
b a t t e r i e s w i t h i n the project area. Fourteen (14) separate 
battery and t e s t f a c i l i t y locations w i l l provide enough 
operational f l e x i b i l i t y to hold l o s t production at an ab
solute minimum, as a res u l t of equipment f a i l u r e or a shut
down due to f i r e or other catastrophe. The ten largest of the 
new batteries are handling a l l of the Unit production and serve 
a l l producing wells with automatic t e s t i n g f a c i l i t i e s . The 
remaining four batteries w i l l not be put i n t o service u n t i l 
the need arises. 

c) Workovers 

A continuous workover study i s i n progress, so that whenever 
well production data and reservoir conditions so indicate, 
workovers are performed to lower gas-oil or water-oil r a t i o s , 
and maximize producing well e f f i c i e n c y . Fourteen workovers of 
t h i s type have been performed i n 1977 to date. I n addition, 
one producing well w i l l be worked over by the end of the year. 

d) Continuing F i e l d Study 

I n order to maximize future reserves, A t l a n t i c R i c h f i e l d 
Company, as Unit Operator, w i l l continue to maintain a 
comprehensive production and bottom hole t e s t i n g program 
i n conjunction with numeric reservoir simulator studies f o r 
f i e l d performance predictions. 
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e) New Producing Well Program 

We are moving ahead with the program to d r i l l new producing 
wells i n the most favorable part of the Abo Reef section to 
gain e f f i c i e n t , low gas-oil r a t i o production. 

Listed below are the new Phase I I I I n f i l l D r i l l i n g Program 
wells completed through October with t h e i r allowable rate 
and gas-oil r a t i o . 

RECENT TEST 
UNIT WELL ALLOWABLE GAS-OIL RAT 
DESIGNATION OIL RATE (BOPD) (CU.FT./B0) 

F-332 400 500 
G-342 400 470 
F-361 425 570 
F-333 350 400 
E-372 350 800 
F-341 350 460 
F-372 175 1020 
F-381 200 840 
G-351 350 760 
H-272 100 1900 
H-292 350 830 
H-293 375 610 
H-311 225 700 
1-281 175 870 
K-141 300 560 
K-183 150 820 
L-121 220 690 
L-153 300 400 
M-901 150 690 
M-101 150 3720 
N-90,1 50 610 
J-222 0* — _ 
M-l 22 0* — — 

(•Remedial study i n progress.) 

With co-owner approval to purchase the ARCO-Empire 33 State 
Com No. 1 w e l l , an additional Phase I I well (Empire Abo Unit 
G-301 location) was completed on 1/4/77. This well has 
produced 73.7 MBO by 12/1/77 and a recent GOR te s t shows that 
i t has 760 CF/BO. The December 1977 allowable f o r t h i s well 
i s 250 BOPD. 
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f ) I n j e c t i o n of Non-Abo Gas 

Gas from non-Abo sources i s delivered from the Gas Company 
of New Mexico (formerly Southern Union Gas Company) to the 
Empire Abo Unit. I t commenced at 4:30 PM on June 18, 1976. 
I n j e c t i o n of t h i s outside gas during October 1977 averaged 
402 MCF/D. Cumulative outside gas injected through October 
31, 1977 i s 1381 MMCF. Cumulative gas delivered back to the 
supplier through October 31, 1977 i s 264 MMCF and the net 
cumulative non-Abo gas bank i s 1117 MMCF. Also, the con
s t r u c t i o n of a larger compression l i q u i d s f l a s h and storage 
system f o r the gas i n j e c t i o n plant has been completed. 

5. Modifications 

I t i s understood that to meet changing conditions, t h i s plan of 
operation may be modified from time to time, with the approval 
of the Supervisor, the Commissioner of Public Lands of the State 
of New Mexico, and the New Mexico O i l Conservation Commission. 

A t l a n t i c R i c h f i e l d Company, as Unit Operator, w i l l act prudently 
to preserve a l l r i g h t s of the mineral owners, and to e f f e c t i v e l y 
and e f f i c i e n t l y recover the Unit area reserves. This Company 
w i l l meet a l l economical o f f s e t o b l i g a t i o n s , act to prevent 
waste, conserve natural resources, and protect c o r r e l a t i v e r i g h t s . 

6. Effective Date 

This Plan of Operations s h a l l be e f f e c t i v e January 1, 1978, and 
extend through the calendar year unless otherwise amended. 
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I f t h i s Plan of Operation meets with your approval, please 
indicate i n the space below and return one copy f o r our 
f i l e s . 

Very t r u l y yours, 

ATLANTIC RICHFIELD COMPANY 
OPERATOR 

G. V. Ricks 
D i s t r i c t P r o d u c t i o n - D r i l l i n g 
Super in tendent 

ASK/agp 

APPROVED BY: DATE: 
Supe rv i so r o f U n i t e d S ta tes 
G e o l o g i c a l Survey 

APPROVED BY: DATE: 
Commissioner o f P u b l i c Lands 
S t a t e o f New Mexico 

APPROVED 
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OIL CONSERVATION COMMISSION 
p. o . B O X 2 0 8 8 

SANTA F E , N £ W MEXICO 87501 

January-4, 1977 

Atlantic Richfield Company 
P. 0. Box 1610 
Midland, Texas 79701 

Attention: lifr. G.V. Ricks 

Re: 19t7 Plan of Operation 
Satire Abo Unit, Eddy County, 
Ne* Mexico. 

Gentlemen: 

This ia to advise that the New Mexico Oil Conservation 
Commission has this date approved the Plan of Operation for the 
calendar year 1977 for the Empire Abo Unit, Eddy County, 
New Mexico, subject to like approval by the United States 
Geological Survey and the Conffiaissioner of Public Lands of the 
State of Mew Mexico. 

Two approved copies of the plan are returned herewith. 

| Very truly yours, 

JOE D. RAMEY 
Secretary-Director 

JDR/JEK/cf 

cc: Commissioner of Public Lands - Santa Fe 
United States Geological Survey - Roswell 



AtlanticRichfieldCompany North American Producing Division 
- Permian District 

Post Office Box 1610 
Midland, Texas 79701 
Telephone 915 682 8631 

December 9, 1976 

U n i t e d Sta tes Department 
o f the I n t e r i o r 
Geo log i ca l Survey 
P. O. Drawer 1857 
Roswe l l , New Mexico 88201 

A t t n : Mr. C a r l C. Traywick (6) 
Assistant Area O i l and Gas Supervisor 

State of New Mexico 
Mr. Ph i l R. Lucero 
Commissioner o f Pub l i c Lands 
P. 0 . Box 1148 
Santa Fe, New Mexico 87501 

Attn: Mr. Ray D. Graham, Director (3) 
O i l and Gas Department 

State of New Mexico 
O i l Conservation Commission 
P. O, Box 2088 
Santa Fe, New Mexico 87501 

A t t n ; Mr. Joe D. Ramey (3) 
S e c r e t a r y - D i r e c t o r 

Working I n t e r e s t Owners 
Empire Abo U n i t 

Re; P lan o f O p e r a t i o n f o r 1977 
Empire Abo U n i t 
Eddy County, New Mexico 

Gentlemen: 

I n compliance with Section 11 of the Unit Agreement, Empire 
Abo Unit, Eddy County, New Mexico, A t l a n t i c R i c h f i e l d Company, 
as Unit Operator, on behalf of i t s e l f and the other p a r t i c i p a t 
ing working interest owners, hereby submits f o r your approval 
a Plan of Operation to cover the period beginning January 1, 1977f 
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December 9, 1976 

and extending through the remainder of calendar year 1977. 

Very t r u l y yours, 

ATLANTIC RICHFIELD COMPANY 
OPERATOR 

G. V. Ricks 
D i s t r i c t Production - D r i l l i n g 
Superintendent 

GVR/WWC:agp 

Attachments 



PLAN OF OPERATION FOR 1977 
EMPIRE ABO UNIT 

Submitted: December 9, 1976 

1. Project Area 

History and Background 

The Empire Abo Unit area consists of some 11,339.15 acres i n 
Eddy County, New Mexico. The area i s located i n portions of 
Sections 34, 35, 36, Township 17 South, Range 27 East; Sections 
1, 2, 3, 4, 8, 9, 10, 11, 12, 15, 16, 17, Township 18 South, 
Range 27 East; Sections 25, 26, 27, 28, 31, 32, 33, 34, 35, 36, 
Township 17 South, Range 28 East; Sections 4, 5, 6, Township 18 
South, Range 28 East; Sections 29, 30, Township 17 South, Range 
29 East. Within the Unit area, the following t r a c t s did not 
qu a l i f y f o r p a r t i c i p a t i o n as of the e f f e c t i v e date of the Unit 
(October 1, 1973): 2, 6, 28, 41, 42, 46, 55, 56, 69, 79, 84, 
91. These non-participating t r a c t s t o t a l e d 644.74 acres. The 
remaining 10,694.41 acres were i n i t i a l l y developed as the project 
area f o r pressure maintenance by the i n j e c t i o n of plant residue 
gas from Abo production back i n t o the un i t i z e d Abo formation. The 
Unit, on September 1, 1975, expanded the Project Area by inclusion 
of t r a c t s 41, 79, and 84 ( t o t a l 120.03 acres). Tracts 2, 6, 42, 
and 46 ( t o t a l 241.05 acres) have been formed i n t o the CITGO Empire 
Abo Unit, which received N. M. O. C. C. approval i n June 1974, and 
began gas i n j e c t i o n i n mid-1975. The o r i g i n a l proposed Unit Area 
i s now disposed as follows: 

2. Current Production, Future Recovery 

I n September 1973, j u s t before U n i t i z a t i o n , the pool had 235 
producing wells averaging 24,734 BOPD with 9.3% water produc
t i o n and a gas-oil r a t i o of 1543 cubic feet/BO. The pool t o t a l 
production was equivalent t o 67,120 RSVB/D net voidage. The 

Acres 

ARCO Empire Abo U n i t : 
CITGO Empire Abo U n i t : 
N o n - p a r t i c i p a t i n g t r a c t s : 

10 ,814.44 
241.05 
283.66 

11,339.15 
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Project Area, i n September 1973, had 222 producing wells 
averaging 23,252 BOPD with 9.8% water production and a 
gas-oil r a t i o of 1505 cubic feet/BO. The project area 
production was equivalent to 61,808 RSVB/D net voidage. 
In October 1976, the Unitized Project Area averaged 
41,045 BOPD with 3.25% water production and a gas-oil r a t i o 
of 1262 cubic feet/BO. Gas i n j e c t i o n averaged 33,651 MCF 
per day. The project area production f o r October 1976 
was equivalent to 24,344 RSVB/D net voidage (see attached 
Production History P l o t ) . Unit operations have thus i n 
creased the project area o i l production by 17,793 BOPD 
and reduced reservoir voidage by 37,464 RSVB/D. Unitized 
residue gas i n j e c t i o n f o r pressure maintenance i s calcu
lated to increase future recovery by about 30 MMBO compared 
to continued primary operations. 

3. Basic Concepts Governing Future Unit Operations 

a) Field production h i s t o r y and reservoir numeric model 
studies have demonstrated that reservoir recovery i s 
governed by a gravity drainage mechanism with an ex
panding secondary gas cap. Under un i t i z e d operations, 
A t l a n t i c R i c h f i e l d Company, as operator, w i l l be able 
to maximize the ben e f i c i a l e f f e c t s of t h i s most e f f i 
cient recovery mechanism by careful observation of well 
performance and shutting i n or c u r t a i l i n g production from 
i n e f f i c i e n t wells. As of October 1976, the Project Area 
had 119 former producing wells shut i n or r e s t r i c t e d due 
to high gas-oil r a t i o , used f o r i n j e c t o r s or being other
wise i n e f f i c i e n t producers. 

b) I n j e c t i o n of gas w i l l act toward pressure maintenance 
and the orderly control of expansion of the secondary 
gas cap. 

4. Operating Plans, Progress 

a) Gas I n j e c t i o n F a c i l i t i e s 

At present, the Unit i s i n j e c t i n g gas i n t o the Abo Gas 
Cap i n the following twelve wells: 
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Previous Operator/ Unit Well 
Lease and Well Designation Location 

H o n d o / S t a t e " A " N O . 24 C-39 NW/4 SE /4 Sec . 2 6 , T - 1 7 S , R-28E 

S a m e d a n / S t a t e " W a l k e r " No . 1 D - 3 5 SW/4 SE/4 Sec . 2 7 , T - 1 7 S , R-28E 

H o n d o / S t a t e " A " N O . 16 D - 3 7 SW/4 SW/4 Sec . 2 6 , T - 1 7 S , R-28E 

A m o c o / S t a t e " B V " N O . 1 F - 2 5 SW/4 NW/4 Sec . 3 2 , T - 1 7 S , R-28E 

H o n d o / S t a t e " A " N O . 35 F - 2 7 SW/4 NE/4 Sec. 3 2 , T - 1 7 S , R-28E 

ARCo/M. Y a t e s B (ARC) No. 8 F - 3 1 SW/4 NE/4 Sec. 3 3 , T - 1 7 S , R-28E 

A m o c o / S t a t e "BM" N O . 1 G-22 NE/4 SW/4 Sec . 3 1 , T - 1 7 S , R-28E 

H o n d o / S t a t e " A " N O . 9 G-24 NE/4 SE /4 Sec . 3 1 , T - 1 7 S , R-28E 

G u l f / N C T " C " No . 1 H - 1 9 SW/4 SE/4 Sec. 3 6 , T - 1 7 S , R-27E 

A m o c o / S t a t e " B E " N O . 1 H - 2 1 SW/4 SW/4 Sec . 3 1 , T - 1 7 S , R-28E 

Amoco /Malco " H " F e d e r a l No. 9 1-10 NE/4 NW/4 Sec . 3 , T - 1 8 S , R-27E 

A m o c o / S t a t e " F " No. 8 1-18 NE/4 NW/4 Sec . 1 , T - 1 8 S , R-27E 

Beginning i n July 1974, and continuing through the l a t e s t 
month on which data i s available (October 1976), a l l available 
plant residue gas has been injected i n t o the Abo gas cap. 

The Unit picks up plant residue gas at about 700 psi and com
presses i t to 1900 psi f o r i n j e c t i o n . The gas contains hydrogen 
su l f i d e and superdehydration f a c i l i t i e s are i n s t a l l e d to minimize 
possible corrosion. A rigorous corrosion checking program i s 
maintained. Permits f o r the Gas I n j e c t i o n F a c i l i t i e s have been 
granted by the State of New Mexico, Environmental Improvement 
Agency. A t l a n t i c R i c h f i e l d Company believes the i n j e c t i o n 
f a c i l i t i e s meet the requirements of the United States Geological 
Survey and the State of New Mexico. I n addition, the I n j e c t i o n 
F a c i l i t i e s provide enough operational f l e x i b i l i t y to meet changing 
f i e l d conditions. 
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b) O i l Production and Test F a c i l i t i e s 

Since September 1, 1974, i n j e c t i o n of a l l available residue 
gas w i t h i n the project area has earned an allowable of 
41,041 BOPD or an increase of 17,789 BOPD over primary 
operations. In order to e f f e c t i v e l y and e f f i c i e n t l y handle 
t h i s increased production, the o i l production and test 
f a c i l i t i e s were enlarged and centralized as outlined i n 
the Plan of Operation f o r 1974. The f a c i l i t i e s are 100% 
complete and f i n a l inspection i n A p r i l 1976 showed the 
consolidated batteries to be operating s a t i s f a c t o r i l y . 

Prior to Unit operations there were approximately f i f t y (50) 
batteries w i t h i n the project area. Fourteen (14) separate 
battery and test f a c i l i t y locations w i l l provide enough 
operational f l e x i b i l i t y to hold l o s t production at an ab
solute minimum, as a result of equipment f a i l u r e or a shut
down due to f i r e or other catastrophe. The ten largest of the 
new batteries are handling a l l of the Unit production and serve 
a l l producing wells with automatic t e s t i n g f a c i l i t i e s . The 
remaining four batteries w i l l not be put in t o service u n t i l 
the need arises. 

c) V/orkovers 

A continuous workover study i s i n progress, so that whenever 
wel l production data and reservoir conditions so indicate, 
v/orkovers are performed to lower gas-oil or water-oil r a t i o s , 
and maximize producing w e l l e f f i c i e n c y . Five workovers of 
t h i s type have been performed i n 1976 to date. I n addition, 
one producing well and one i n j e c t i o n w e l l w i l l be worked over 
by the end of the year. 

d) Continuing Field Study 

I n order to maximize future reserves, A t l a n t i c R i c h f i e l d 
Company, as Unit Operator, w i l l continue to maintain a 
comprehensive production and bottom hole t e s t i n g program 
i n conjunction with numeric model tests f o r f i e l d perfor
mance and predictions. 
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e) New Producing Well Program 

We are moving ahead with the program to d r i l l new producing 
wells i n the most favorable part of the Abo Reef section to 
gain e f f i c i e n t , low gas-oil r a t i o production. 

Listed below are the new Phase I I I n f i l l D r i l l i n g Program 
wells completed through October with t h e i r allowable rate 
and gas-oil r a t i o . 

UNIT WELL 
DESIGNATION 

E-382 

E-391 

F-371 

G-312 

G-321 

G-331 

G-341 

1-271 

J-202 

J-221 

J-232 

K-182 

K-191 

L - l l l 

L-131 

L-132 

L-152 

ALLOWABLE 

OIL RATE (BOPD) 

250 

300 

450 

150 

400 

400 

309 

200 

224 

350 

450 

200 

150 

150 

130 

350 

400 

INITIAL 
GAS-OIL RATIO 
(CU. FT./BO) 

680 

805 

531 

797 

627 

499 

524 

795 

1104 

452 

408 

716 

644 

713 

528 

558 

586 
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An additional proposed Phase I I w e l l (Empire Abo Unit 
G-301 location) w i l l be completed when co-owner approval 
i s obtained to purchase the ARCo Empire 33 State Com No. 
1 we l l . 

The f i r s t well i n the approved Phase I I I ( a ) I n f i l l D r i l l 
ing Program i s scheduled to be spudded i n December 1976. 
The other two wells are scheduled to be d r i l l e d and com
pleted i n the f i r s t quarter of 1977. 

The Phase 111(b) I n f i l l D r i l l i n g Program, consisting of 
twenty (20) wells has been submitted to the co-owners f o r 
approval. I f approved, these wells w i l l be d r i l l e d and 
completed during 1977. 

f ) New Program of Improved Pressure Maintenance 

Engineering studies indicate that ultimate o i l recovery 
from the Abo formation can be increased by augmenting 
the present i n j e c t i o n of Abo plant residue gas with addi
t i o n a l i n j e c t i o n gas from non-Abo sources. As much as 
25 MMCF per day of non-Abo gas may be available f o r i n 
j e c t i o n . The supplier requires the option to take back 
t h i s non-Abo gas at the same rate i t was furnished, f o r a 
maximum of 30 days out of any 180-day period. A f t e r Unit 
gas i n j e c t i o n i s halted, 60% of the Unit share of produced 
residue gas w i l l be returned to the non-Abo gas supplier 
u n t i l that supplier has recovered 88% of the o r i g i n a l 
BTUs supplied. 

Deliveries from the Gas Company of New Mexico (formerly 
Southern Union Gas Company) to the Empire Abo Unit 
commenced at 4:30 P. M. on June 19, 1976. I n j e c t i o n of 
outside gas during October averaged 4598 MCF/D. Cumulative 
outside gas injected through October 31, 1976 i s 865 MMCF. 

The construction of the additional gas i n j e c t i o n pipelines, 
four C r a l l high-pressure f i l t e r s , and additional gas i n 
j e c t i o n conversions f o r the Improved Pressure Maintenance 
Project i s now complete. Listed below are the i n j e c t i o n 
conversions which were submitted October 22, 1975. 
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UNIT WELL 
DESIGNATION LOCATION 

C-39 NW/4 SE/4 Sec. 26, T-17S, R-28E 

D-35 SW/4 SE/4 Sec. 27, T-17S, R-28E 

G-24 NE/4 SE/4 Sec. 31, T-17S, R-28E 

H-21 SW/4 SW/4 Sec. 31, T-17S, R-28E 

1-18 NE/4 NW/4 Sec. 1, T-18S, R-27E 

The construction of a larger compression l i q u i d s f l a s h 
and storage system f o r the gas i n j e c t i o n plant which was 
submitted on October 29, 1976 and approved by co-owners 
w i l l be completed by the end of 1976. 

5. Modifications 

I t i s understood that to meet changing conditions, t h i s plan 
of operation may be modified from time to time, with the 
approval of the Supervisor, the Commissioner of Public Lands 
of the State of New Mexico, and the New Mexico O i l Conservation 
Commission. 

A t l a n t i c R i c h f i e l d Company, as Unit Operator w i l l act prudently 
to preserve a l l r i g h t s of the mineral owners, and to e f f e c t i v e l y 
and e f f i c i e n t l y recovery the Unit area reserves. This Company 
w i l l meet a l l economical o f f s e t obligations, act to prevent 
waste, conserve natural resources, and protect c o r r e l a t i v e r i g h t s . 

6. Ef f e c t i v e Date 

This Plan of Operations s h a l l be e f f e c t i v e January 1, 1977, and 
extend through the calendar year unless otherwise amended. 
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I f t h i s Plan of Operation meets with your approval, please 
indicate i n the space below and return one copy"for our 
f i l e s . 

Very t r u l y yours, 

ATIANTIC RICHFIELD COMPANY 
OPERATOR 

G. V. Ricks 
D i s t r i c t P r o d u c t i o n - D r i l l i n g 
Super in tendent 

WVVC/agp 

APPROVED BY: DATE: 
Supervisor of United States 
Geological Survey 

APPROVED BY: DATE: 
Commissioner of Public Lands 
State of New Mexico 

APPROVED BY , , ATE: 
S ^ ^ t a r Y - D i i s e C T o r 
«ejw Mexico O i l Conserva t ion Commission 

/ kwuxxA^ <-i i 1 1 1 7 
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OIL CONSERVATION COMMISSION 
P. O. BOX 2 0 8 8 

SANTA F E NEW MEXICO 87501 

di 

January 6, 1976 

;,Atlantic R i c h f i e l d Company 
P. 0. Box 1610 
Midland, Texas 79701 

Attention: Mr. G. V. Ricks 

Re: 1976 Plan of Operation 
Empire Abo Unit 
Eddy County, New Mexico 

Gentlemen: 

This i s to advise that the New Mexico O i l Conservation 
Commission has t h i s date approved the Plan of Operation f o r 
the calendar year 1976 for the Empire Abo Unit, Eddy County, 
New Mexico, subject to l i k e approval by the United States 
Geological Survey and the Commissioner of Public Lands of 
the State of New Mexico. 

Two approved copies of the plan are returned herewith. 

Very t r u l y yours, 

JOE D . RAMF1Y 
Secretary-Director 

JDR/JEK/og 

cc: U. S. Geological Survey - Roswell 
Commissioner of Public Lands - Santa Fe 



Atlant'icRichfieldCompany North American Producing Division 
Permian District 
Post Office Box 1610 
Midland, Texas 79701 
Telephone 915 682 8631 

December 11, 1975 

United States Department 
of the I n t e r i o r 
Geological Survey 
P. O. Drawer 1857 
Roswell, New Mexico 88201 

Attn: Mr. N. 0. Frederick (6) 
Area O i l and Gas Supervisor 

State of New Mexico 
Mr. Ph i l R. Lucero 
Commissioner of Public Lands 
P. 0. Box 1148 
Santa Fe, New Mexico 87501 

Attn: Mr. Ray D. Graham, Director (3) 
O i l and Gas Department 

State of New Mexico 
O i l Conservation Commission 
P. 0. Box 2088 
Santa Fe,. New Mexico 87501 

A t t n : Mr. Joe D. Ramey (3) 
S e c r e t a r y - D i r e c t o r 

Working I n t e r e s t Owners 
Empire Abo U n i t 

Re: Plan o f O p e r a t i o n f o r 1976 
Empire Abo U n i t 
Eddy County, New Mexico 

Gentlemen: 

In compliance with Section 11 of the Unit Agreement, Empire 
Abo Unit, Eddy County, New Mexico, A t l a n t i c R i c h f i e l d Company, 
as Unit Operator, on benalf of i t s e l f and the other p a r t i c i p a t 
ing working interest owners, hereby submits f o r your approval 
a Plan of Operation to cover the period beginning January 1,1976, 



United States Department 
of the I n t e r i o r 
Page 2 
December 11, 1975 

and extending through the remainder of calendar year 1976. 

Very t r u l y yours, 

ATLANTIC RICHFIELD COMPANY 
OPERATOR 

G. V. Ricks 
D i s t r i c t Production 
Superintendent 

D r i l l i n g 

GVR/SHC:agp 

Attachments 



PLAN OF OPERATION FOR 1976 
EMPIRE ABO UNIT 

Submitted: December 11, 1975 

Pro j e c t Area 

H i s t o r y and Background 

The Empire Abo Unit area c o n s i s t s of some 11,339.15 acres i n 
Eddy County, New Mexico. The area i s located i n p o r t i o n s of 
Sections 34, 35, 36, Township 17 South, Range 27 East; Sections 
1, 2, 3, 4, 8, 9, 10, 11, 12, 15, 16, 17, Township 18 South, 
Range 27 East; Sections 25, 26, 27, 28, 31, 32, 33, 34, 35, 36, 
Township 17 South, Range 28 East; Sections 4, 5, 6, Township 18 
South, Range 28 East; Sections 29, 30, Township 17 South, Range 
29 East. W i t h i n the Unit area, the f o l l o w i n g t r a c t s d i d not 
q u a l i f y f o r p a r t i c i p a t i o n as of the e f f e c t i v e date o f the Unit 
(October 1, 1973): 2, 6, 28, 41, 42, 46, 55, 56, 69, 79, 84, 
91. These n o n - p a r t i c i p a t i n g t r a c t s t o t a l e d 644.74 acres. The 
remaining 10,694.41 acres were i n i t i a l l y developed as the p r o j e c t 
area f o r pressure maintenance by the i n j e c t i o n of p l a n t residue 
gas from Abo production back i n t o the u n i t i z e d Abo forma t i o n . The 
U n i t , on September 1, 1975, expanded the Proje c t Area by i n c l u s i o n 
of t r a c t s 41, 79, and 84 ( t o t a l 120.03 acres). Tracts 2, 6, 42, 
and 46 ( t o t a l 241.05 acres) have been formed i n t o the CITGO Empire 
Abo U n i t , which received N. M. 0. C. C. approval i n June 1974, and 
began gas i n j e c t i o n i n mid-1975. The o r i g i n a l proposed U n i t Area 
i s now disposed as f o l l o w s : 

Current Production, Future Recovery 

I n September 1973, j u s t before U n i t i z a t i o n , the pool had 235 
producing w e l l s averaging 24,734 BOPD w i t h 9.3% water produc
t i o n and a g a s - o i l r a t i o o f 1543 cubic feet/BO. The pool t o t a l 
p r oduction was equivalent t o 67,120 RSVB/D net voidage. The 

Acres 

ARCO Empire Abo U n i t : 
CITGO Empire Abo U n i t : 
N o n - p a r t i c i p a t i n g t r a c t s 

10,814.44 
241.05 
283.66 

11,339.15 
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Proj e c t Area, i n September 1973, had 222 producing w e l l s 
averaging 23,252 BOPD w i t h 9.8% water production and a 
g a s - o i l r a t i o o f 1505 cubic feet/BO. The p r o j e c t area 
p r o d u c t i o n was equivalent t o 61,808 RSVB/D net voidage. 
I n October 1975, the U n i t i z e d P r o j e c t Area averaged 
41,041 BOPD w i t h 3.1% water production and a g a s - o i l r a t i o 
o f 1377 cubic feet/BO. Gas i n j e c t i o n averaged 36,819 MCF 
per day. The p r o j e c t area production f o r October 1975, 
was equivalent t o 37,568 RSVB/D net voidage. Unit opera
t i o n s have thus increased the p r o j e c t area o i l p r o d u c t i o n 
by 17,789 BOPD and reduced r e s e r v o i r voidage by 24,240 
RSVB/D. U n i t i z e d residue gas i n j e c t i o n f o r pressure main
tenance i s c a l c u l a t e d t o increase f u t u r e recovery by about 
30 MMBO compared t o continued primary operations. 

3. Basic Concepts Governing Future U n i t Operations 

a) F i e l d p roduction h i s t o r y and r e s e r v o i r numeric model 
studies have demonstrated t h a t r e s e r v o i r recovery i s 
governed by a g r a v i t y drainage mechanism w i t h an ex
panding secondary gas cap. Under u n i t i z e d o p e r a t i o n s , 
A t l a n t i c R i c h f i e l d Company, as operator, w i l l be able 
t o maximize the b e n e f i c i a l e f f e c t s o f t h i s most e f f i 
c i e n t recovery mechanism by c a r e f u l o b s e r v a t i o n of w e l l 
performance and s h u t t i n g i n o r c u r t a i l i n g p roduction from 
i n e f f i c i e n t w e l l s . As of December 1975, the P r o j e c t Area 
had 103 former producing w e l l s shut i n o r r e s t r i c t e d due 
to high g a s - o i l r a t i o , used f o r i n j e c t o r s o r being o t h e r 
wise i n e f f i c i e n t producers. 

b) I n j e c t i o n of gas w i l l act toward pressure maintenance 
and the o r d e r l y c o n t r o l o f expansion o f the secondary 
gas cap. 

4. Operating Plans, Progress 

a) Gas I n j e c t i o n F a c i l i t i e s 

At present, the Unit i s i n j e c t i n g gas i n t o the Abo Gas 
Cap i n the f o l l o w i n g ten w e l l s : 
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Previous Operator/ 
Lease and Well 

Exxon/Chalk B l u f f 
Draw Un i t "A" NO. 4 

Amoco/Windfohr 
Federal No. 4 

Amoco/MALCO "H" 
Federal No. 9 

Amoco/State "BM" No. 1 

Amoco/State "BV" NO. 1 

ARCo/M. Yates B (ARC) No. 8 

Hondo/State "A" NO. 21 

Hondo/State "A" NO. 35 

Hondo/State "A" NO. 16 

Gulf/NCT "C" No. 1 

Unit Well 
Designation 

M-6 

K-7 

1-10 

G-22 

F-25 

F-31 

C-38 

F-27 

D-37 

H-19 

L o c a t i o n 

NE/4 NW/4 Sec. 9-T18S-R27E 

NW/4 SE/4 Sec. 4-T18S-R27E 

NE/4 NW/4 Sec. 3-T18S-R27E 

NE/4 SW/4 Sec. 31-T17S-R28E 

SW/4 NW/4 Sec. 32-T17S-R28E 

SW/4 NE/4 Sec. 33-T17S-R28E 

NE/4 SW/4 Sec. 26-T17S-R28E 

SW/4 NE/4 Sec. 32-T17S-R28E 

SW/4 SW/4 Sec. 26-T17S-R28E 

SW/4 SE/4 Sec. 36-T17S-R27E 

Beginning i n J u l y 1974, and c o n t i n u i n g through the l a t e s t 
month on which data i s a v a i l a b l e (October 1975), a l l a v a i l a b l e 
p l an t res idue gas has been i n j e c t e d i n t o the Abo gas cap. The 
U n i t p i cks up p l a n t res idue gas at about 700 p s i and compresses 
i t t o 1900 p s i f o r i n j e c t i o n . The gas conta ins hydrogen s u l 
f i d e and superdehydra t ion f a c i l i t i e s are i n s t a l l e d t o minimize 
pos s ib l e c o r r o s i o n . A r i g o r o u s c o r r o s i o n checking program i s 
main ta ined . Permits f o r the Gas I n j e c t i o n F a c i l i t i e s have been 
granted by the S ta te o f New Mexico, Environmental Improvement 
Agency. A t l a n t i c R i c h f i e l d Company be l i eves the i n j e c t i o n 

* f a c i l i t i e s meet the requirements o f the Un i t ed Sta tes Geo log ica l 
Survey and the S ta te o f New Mexico. I n a d d i t i o n , the I n j e c t i o n 
F a c i l i t i e s p rov ide enough o p e r a t i o n a l f l e x i b i l i t y t o meet 
changing f i e l d c o n d i t i o n s . 
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b) O i l Production and Test F a c i l i t i e s 

Since September 1, 1974, i n j e c t i o n o f a l l a v a i l a b l e residue 
gas w i t h i n the p r o j e c t area has earned an allowable o f 
41,041 BOPD or an increase o f 17,789 BOPD over primary 
operations. I n order t o e f f e c t i v e l y and e f f i c i e n t l y handle 
t h i s increased production, work i s i n progress on e n l a r g i n g 
and c e n t r a l i z i n g o i l p r o d u c t i o n and t e s t f a c i l i t i e s . Design 
c r i t e r i a f o r these f a c i l i t i e s were o u t l i n e d i n the Plan o f 
Operation f o r 1974. These have continued t o be the guide d u r i n g 
f i n a l design and c o n s t r u c t i o n . 

P r i o r t o U n i t operations there were approximately f i f t y (50) 
b a t t e r i e s w i t h i n the p r o j e c t area. The design plan which 
evolved i s composed o f 14 s t r a t e g i c a l l y l o c a t e d p r o d u c t i o n 
and t e s t s t a t i o n f a c i l i t i e s . E x h i b i t 1, attached t o the 
Plan o f Operation f o r 1974, shows the l o c a t i o n of each o f 
the f o u r t e e n (14) s i t e s and the w e l l s going i n t o each b a t t e r y , 
along w i t h l o c a t i o n o f gas i n j e c t i o n w e l l s , residue gas i n 
j e c t i o n l i n e s , and gas plan t l o c a t i o n s . Fourteen (14) separate 
b a t t e r y and t e s t f a c i l i t y l o c a t i o n s w i l l provide enough opera
t i o n a l f l e x i b i l i t y t o hold l o s t p r o d u c t i o n at an absolute m i n i 
mum, as a r e s u l t o f equipment f a i l u r e o r a shut-down due t o 
f i r e o r ot h e r catastrophe. The te n l a r g e s t o f the new b a t t e r i e s 
have been completed. They are handling a l l o f the Unit produc
t i o n and serve a l l producing w e l l s w i t h automatic t e s t i n g 
f a c i l i t i e s . The remaining f o u r b a t t e r i e s w i l l not be put i n t o 
s e r v i c e u n t i l the need a r i s e s . 

c) Workovers 

A continuous workover study i s i n progress, so t h a t whenever 
w e l l production data and r e s e r v o i r c o n d i t i o n s so i n d i c a t e , 
workovers are performed t o lower g a s - o i l o r w a t e r - o i l r a t i o s , 
and maximize producing w e l l e f f i c i e n c y . Seven workovers of 
t h i s type have been performed i n 1975 t o date. 

d) Continuing F i e l d Study 

I n order t o maximize f u t u r e reserves, A t l a n t i c R i c h f i e l d 
Company, as Unit Operator, w i l l continue t o m a i n t a i n a 
comprehensive production and bottom hole t e s t i n g program 
i n c o n j u n c t i o n w i t h numeric model t e s t s f o r f i e l d performance 
and p r e d i c t i o n s . 
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e) New Producing Well Program 

We are moving ahead w i t h the program t o d r i l l new producing 
w e l l s i n the most fav o r a b l e part of the Abo Reef s e c t i o n t o 
gain e f f i c i e n t , low g a s - o i l r a t i o production. 

L i s t e d below are the new w e l l s completed through Novembe 
w i t h t h e i r allowable o i l rate and g a s - o i l r a t i o . 

Allowable 
Unit Well O i l Rate Gas-•Oil Ratio 
Designation (BOPD) (Cu. ft./BO) 

E-371 400 748 
£-381 350 581 
F-331 450 407 
F-351 350 433 
G-311 400 480 
H-261 50 675 
H-271 349 442 
H-291 190 395 
1-231 400 865 
J-191 300 605 
J-201 278 618 
J-211 400 592 
J-231 300 608 
K-181 200 639 
L-141 300 802 
L-151 400 393 
M-l 21 350 853 

f ) New Program of Improved Pressure Maintenance 

Engineering studies i n d i c a t e t h a t u l t i m a t e o i l recovery 
from the Abo formation can be increased by augmenting 
the present i n j e c t i o n of Abo p l a n t residue gas w i t h a d d i 
t i o n a l i n j e c t i o n gas from non-Abo sources. As much as 
25 MMCF per day of non-Abo gas may be a v a i l a b l e f o r i n 
j e c t i o n . The s u p p l i e r requires the o p t i o n t o take back 
t h i s non-Abo gas at the same r a t e i t was f u r n i s h e d , f o r a 
maximum of 30 days out of any 180-day period. A f t e r U n i t 
gas i n j e c t i o n i s h a l t e d , 60% o f the Unit share of produced 
residue gas w i l l be returned t o the non-Abo gas s u p p l i e r 
u n t i l t h a t s u p p l i e r has recovered 88% of the o r i g i n a l 
BTUs supplied. 
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Undertaking t h i s p r o j e c t w i l l r e q u i r e the Unit working i n t e r e s t 
owners t o inve s t considerable money expanding i n j e c t i o n com
pressors, i n c r e a s i n g i n j e c t i o n l i n e c a p a c i t y and c o n v e r t i n g 
f i v e a d d i t i o n a l w e l l s t o gas i n j e c t i o n . 

F o l l o w i n g are the f i v e w e l l s proposed f o r conversion t o gas 
i n j e c t i o n (see map attached t o , "Revised Plan o f Operation 
f o r November 1 through December 31, 1975," submitted 
October 22, 1975). 

Unit Well 
Designation 

C-39 

D-35 

G-24 

H-21 

1-18 

5. M o d i f i c a t i o n s 

I t i s understood t h a t t o meet changing c o n d i t i o n s , t h i s plan o f 
op e r a t i o n may be modified from time t o time, w i t h the approval 
of the Supervisor, the Commissioner o f P l u b l i c Lands of the S t a t e 
of New Mexico, and the New Mexico O i l Conservation Commission. 

A t l a n t i c R i c h f i e l d Company, as Unit Operator w i l l act p r u d e n t l y t o 
preserve a l l r i g h t s o f the mineral owners, and t o e f f e c t i v e l y and 
e f f i c i e n t l y recover the Unit area reserves. This Company w i l l 
meet a l l economical o f f s e t o b l i g a t i o n s , act t o prevent waste, 
conserve n a t u r a l resources, and p r o t e c t c o r r e l a t i v e r i g h t s . 

L o c a t i o n 

NW/4 SE/4 Sec. 

SW/4 SE/4 Sec . 

NE/4 SE/4 Sec. 

SW/4 SW/4 Sec. 

NE/4 NW/4 Sec . 

2 6 - T17S-R28E 

2 7 - T17S-R28E 

31-T17S-R28E 

31-T17S-R28E 

1-T18S-R27E 
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6, Effective Date 

This Plan of Operations shall be e f f e c t i v e January 1, 1976, and 
extend through the calendar year unless otherwise amended. 

I f t h i s Plan of Operation meets with your approval, please 
indicate i n the space below and return one copy f o r our f i l e s . 

Very t r u l y yours, 

ATLANTIC RICHFIELD COMPANY 
OPERATOR 

G. V. Ricks 
D i s t r i c t P roduc t ion - D r i l l i n g 
Superintendent 

GVR/SHC:agp 

APPROVED BY: DATE: 
Supervisor of United States 
Geological Survey 

APPROVED BY: DATE: 
Commissioner of Public Lands 

APPROVED BY: 



O I L C O N S E R V A T I O N COMMISSION 
P. O. BOX 2 0 8 8 

SANTA FE, NEW MEXICO 87501 

November 7 , 1975 

Atlantic Richfield Company 
P. 0. Box 1610 
Midland, Texas 79701 

Attention: Mr. G. V. Ricks 

Re: Revised Plan of Operation 
November 1 through December 31, 
1975, Empire Abo Unit, Eddy 
County, New Mexico. 

Gentlemen: 

This i s to advise that the New Mexico Oil Conservation 
Commission has this date approved the Revised Plan of 
Operation, dated October 22, 1975, for the period 
November 1 through December 31, 1975 for the Empire Abo 
Unit, Eddy County, New Mexico, subject to like approval 
by the United States Geological Survey and the Commissioner 
of Public Lands of the State of New Mexico. 

Two approved copies of the application are returned here
with. 

Very truly yours. 

JOE D. RAMEY 
Secretary-Director 

JDR/JEK/og 

cc: United States Geological Survey 
Roswell, New Mexico 

Commissioner of Public Sands 
Santa Fe, New Mexico 



A9anticRichfieldCompany North American Producing Division 
Permian District 
Post Of fice Box 1610 
Midland. Texas 79701 
Telephone 915 682 8631 

October 22, 1975 

U n i t e d States Department 
o f the I n t e r i o r 
G e o l o g i c a l Survey 
P. O. Drawer 1857 
Roswel l , New Mexico 88201 

A t t n : Mr. N. 0 . F r e d e r i c k (6) 
Area O i l and Gas Superv i sor 

S ta te o f New Mexico 
Mr. P h i l R. Lucero 
Commissioner o f Public Lands 
P. O. Box 1148 
Santa Fe, New Mexico 87501 

A t t n : Mr. Ray D. Graham, D i r e c t o r (3) 
O i l and Gas Department 

State of New Mexico 
O i l Conservation Commission 
P. O. Box 2088 
Santa Fe, New Mexico 87501 

A t t n : Mr. Joe D. Ramey (3) 
S e c r e t a r y - D i r e c t o r 

Working I n t e r e s t Owners 
Empire Abo U n i t 

Re: Revised Plan o f Opera t ion f o r 
November 1 through December 3 1 , 1975 
Empire Abo U n i t 
Eddy County, New Mexico 

Gentlemen: 

I n compliance w i t h Section 11 of the Un i t Agreement, 
Empire Abo U n i t , Eddy County, New Mexico, A t l a n t i c 
R i c h f i e l d Company, as Unit Operator, on behalf of 
i t s e l f and the o t h e r p a r t i c i p a t i n g working i n t e r e s t 
owners, hereby submits f o r your approval-a Revised 
Plan o f Operation t o cover the period beginning 

1 



United States Department 
of the I n t e r i o r 
Page 2 
October 22, 1975 

November i ) 1975, and extending through the remainder 
of calendar year 1975. 

Principal reason f o r the requested revision i s the 
proposed Improved Pressure Maintenance Program f o r 
i n j e c t i o n of additional gas as discussed i n para
graph 4.f) of the attached Revised Plan. 

Very t r u l y yours, 

ATLANTIC RICHFIELD COMPANY 
OPERATOR 

G. V. Ricks 
D i s t r i c t Production - D r i l l i n g 
Superintendent 

GVR/ S HC/ li r 

Attachments 



REVISED PLAN OF OPERATION FOR 
NOVEMBER 1 THROUGH DECEMBER 31, 1975 

EMPIRE ABO UNIT 

Submitted: October 22, 1975 

1. P r o j e c t Area 

H i s t o r y and Background 

The Empire Abo Unit area c o n s i s t s o f some 11,339.15 
acres i n Eddy County, New Mexico. The area i s located 
i n p o r t i o n s o f Sections 34, 35, 36, Township 17 South, 
Range 27, East; Sections 1, 2, 3, 4, 8, 9, 10, 11, 12, 
15, 16, 17, Township 18 South, Range 27 East; Sections 
25, 26, 27, 28, 31, 32, 33, 34, 35, 36, Township 17 
South, Range 28 East; Sections 4, 5, 6, Township 18 
South, Range 28 East; Sections 29, 30, Township 17 South 
Range 29 East. W i t h i n the U n i t area, the f o l l o w i n g 
t r a c t s d i d not q u a l i f y f o r p a r t i c i p a t i o n as o f the 
e f f e c t i v e date o f the Unit (October 1, 1973): 2, 6, 28, 
41, 42, 46, 55, 56, 69, 79, 84, 91. These n o n - p a r t i c i 
p a t i n g t r a c t s t o t a l 644.74 acres. The remaining 10,694.41 
acres are being developed as the p r o j e c t area f o r pressure 
maintenance by the i n j e c t i o n o f p l a n t residue gas from Abo 
pro d u c t i o n back i n t o the u n i t i z e d Abo formation. The U n i t , 
on September 1, 1975, expanded the P r o j e c t Area by i n c l u 
s i o n of t r a c t s 41, 79, and 84. Tra c t s 2, 6, 42, and 46 
have been formed i n t o the CITGO Empire Abo U n i t , which 
received N. M. 0. C. C, approval i n June 1974, and 
r e c e n t l y began gas i n j e c t i o n . 

2. Current Production, Future Recovery 

I n September 1973, j u s t before U n i t i z a t i o n , the pool had 
235 producing w e l l s averaging 24,734 BOPD w i t h 9.3% 
water production and a g a s - o i l r a t i o o f 1543 cubic feet/BO. 
The pool t o t a l p r o d u c t i o n was equivalent t o 67,120 RSVB/D 
net voidage. The Proje c t Area, i n September 1973, had 
222 producing w e l l s averaging 23,252 BOPD w i t h 9.8% water 
produ c t i o n and a g a s - o i l r a t i o o f 1505 cubic feet/BO. 
The p r o j e c t area p r o d u c t i o n was equivalent t o 61,808 RSVB/D 
net voidage. I n June 1975, the U n i t i z e d P r o j e c t Area 
averaged 40,559 BOPD w i t h 3.8% water p r o d u c t i o n and a 
g a s - o i l r a t i o o f 1205 cubic feet/BO. Gas i n j e c t i o n 
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averaged 34,377 MCF per day. The project area produc
t i o n f o r June 1975, was equivalent to 30,531 RSVB/D 
net voidage. Unit operations have thus increased the 
project area o i l production by 17,307 BOPD and reduced 
reservoir voidage by 31,277 RSVB/D. Unitized residue 
gas i n j e c t i o n f o r pressure maintenance i s calculated 
to increase future recovery by about 30 MMBO compared 
to continued primary operations. 

3. Basic Concepts Governing Future Unit Operations 

a) Field production hi s t o r y and reservoir numeric 
model studies have demonstrated that reservoir 
recovery i s governed by a gravity drainage mech
anism with an expanding secondary gas cap. Under 
unit i z e d operations, A t l a n t i c Richfield Company, 
as operator, w i l l be able to maximize the benefi
c i a l effects of t h i s most e f f i c i e n t recovery 
mechanism by careful observation of well perfor
mance and shutting i n or c u r t a i l i n g production from 
i n e f f i c i e n t wells. As of June 1975, the Project 
Area had 62 former producing wells shut i n due to 
high gas-oil r a t i o , used f o r i n j e c t o r s or being 
otherwise i n e f f i c i e n t producers. I n addition, 22 
other i n e f f i c i e n t wells were r e s t r i c t e d to very 
low producing rates. 

b) I n j e c t i o n of gas w i l l act toward pressure mainte
nance and the orderly control of expansion of the 
secondary gas cap. 

4. Operating Plans, Progress 

a) Gas I n j e c t i o n F a c i l i t i e s 

At present, the Unit i s i n j e c t i n g gas into the 
Abo Gas Cap i n the following eight wells: 
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Previous Operator/ 
Lease and Well 

Unit Well 
Designation Location 

Exxon/Chalk Blu f f 
Draw Unit "A" NO. 

M-6 NE/4 NW/4 Sec. 
9-T18S-R27E 

Amoco/Windfohr 
Federa l No. 4 

K-7 NW/4 SE/4 Sec. 
4-T18S-R27E 

Amoco/MALCO "H" 
Federal No. 9 

1-10 NE/4 NW/4 Sec. 
3-T18S-R27E 

M. Yates, I I I Dooley 
ABO S ta t e No. 2 

G-19 NW/4 SE/4 Sec. 
36-T17S-R27E 

Amoco/State "BM" 
No. 1 

G-22 NE/4 SW/4 Sec. 
31-T17S-R28E 

Amoco/State "BV" 
No. 1 

F-25 SW/4 NW/4 Sec. 
32-T17S-R28E 

ARCo/M. Yates B 
(ARC) No. 8 

F-31 SW/4 NE/4 Sec. 
33-T17S-R28E 

Hondo/State "A" 
No. 21 

C-38 NE/4 SW/4 Sec. 
26-T17S-R28E 

Three additional wells have been approved by the New 
Mexico O i l Conservation Commission f o r conversion to 
gas i n j e c t i o n . A l l three of these wells (Unit F-27, 
Unit D-37, and Unit H-19) are now i n j e c t i n g gas. The 
object of these added i n j e c t i o n wells i s to achieve 
a better balance of injected gas throughout the gas 
cap. Construction of gas i n j e c t i o n f a c i l i t i e s and 
preparation of i n j e c t i o n wells was completed i n time 
to begin i n j e c t i n g gas i n June 1974. Beginning i n 
July and continuing through the l a t e s t month on 
which data i s available (July 1975), a l l available 
plant residue gas has been injected into the Abo gas 
cap. The Unit picks up plant residue gas at about 
700 psi and compresses i t to 1900 psi f o r i n j e c t i o n . 
The gas contains hydrogen s u l f i d e and superdehydra-
t i o n f a c i l i t i e s are i n s t a l l e d to minimize possible 
corrosion. A rigorous corrosion checking program 
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w i l l be maintained. Permits f o r the Gas I n j e c t i o n 
F a c i l i t i e s have been granted by the State of New-
Mexico, Environmental Improvement Agency. A t l a n t i c 
R i c h f i e l d Company believes the i n j e c t i o n f a c i l i t i e s 
meet the requirements of the United States Geological 
Survey and the State of New Mexico. In addition, the 
I n j e c t i o n F a c i l i t i e s provide enough operational 
f l e x i b i l i t y to meet changing f i e l d conditions. 

b) O i l Production and Test F a c i l i t i e s 

Since September 1, 1974, i n j e c t i o n of a l l available 
residue gas w i t h i n the project area has earned an 
allowable of 41,041 BOPD or an increase of 17,789 
BOPD over primary operations. I n order to e f f e c t i v e l y 
and e f f i c i e n t l y handle t h i s increased production, work 
i s i n progress on enlarging and c e n t r a l i z i n g o i l prod
uction and t e s t i n g f a c i l i t i e s . Design c r i t e r i a f o r 
these f a c i l i t i e s were outlined i n the Plan of Operation 
fo r 1974. These have continued to be the guide during 
f i n a l design and construction. 

Prior to Unit operations there were approximately 
f i f t y (50) batteries w i t h i n the project area. The 
design plan which evolved i s composed of 14 s t r a t e g i 
c a l l y located production and test s t a t i o n f a c i l i t i e s . 
Exhibit 1, attached to the Plan of Operation f o r 1974, 
shows the location of each of the fourteen (14) sites 
and the wells going into each battery, along with loca
t i o n of gas i n j e c t i o n wells, residue gas i n j e c t i o n 
l i n e s , and gas plant locations. Fourteen (14) separate 
battery and test f a c i l i t y locations w i l l provide enough 
operational f l e x i b i l i t y to hold l o s t production at an 
absolute minimum, as a result of equipment f a i l u r e or 
a shut-down due to f i r e or other catastrophe. The 
nine largest of the new batteries have been completed. 
They are handling 91% of the Unit production and 
serve 83% of the producing wells with automatic t e s t 
ing f a c i l i t i e s . Wells which w i l l be served by the 
remaining f i v e batteries continue to produce through 
t h e i r present f a c i l i t i e s , while equipment i n s t a l l a t i o n 
goes on. Completion of a l l o i l production and test 
f a c i l i t i e s i s now scheduled f o r the l a s t quarter of 
1975. 
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c) Workovers 

A continuous workover study i s i n progress, so that 
whenever w e l l production data and reservoir condi
tions so indicate, workovers are performed t o lower 
gas-oil or water-oil r a t i o s , and maximize producing 
well e f f i c i e n c y . Three workovers of t h i s type have 
been performed i n 1975 to date. 

d) Continuing Field Study 

I n order to maximize future reserves, A t l a n t i c 
R i c h f i e l d Company, as Unit Operator, w i l l continue 
to maintain a comprehensive production and bottom 
hole t e s t i n g program i n conjunction with numeric 
model tests f o r f i e l d performance and predictions. 

e) New Producing Well Program 

We are moving ahead with the program to d r i l l new 
producing wells i n the most favorable part of the 
Abo Reef section to gain e f f i c i e n t , low gas-oil 
r a t i o production. 

Listed below are the new wells completed through September 
with t h e i r allowable o i l rate and gas-oil r a t i o . 

Allowable 
U n i t Well 

Designat i o n 
O i l Rate 
(BOPD) 

Gas-Oil Ratio 
(Cu. ft./BO) 

E-371 250 748 
E-381 350 581 
F-331 450 776 
G-311 300 480 
H-261 300 675 
H-271 300 442 -
H-291 190 395 
J-191 300 605 
J-201 250 618 
J-211 450 866 
L-141 300 802 

Locations f o r the remaining wells have been approved by 
the N.M.O.C.C. and the wells are i n various stages of 
d r i l l i n g or completion at the present time. Based on 
results of t h i s program, further d r i l l i n g w i l l be con
sidered i n the future. 
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f ) New Program of Improved Pressure Maintenance 

Engineering studies indicate that ultimate o i l recovery 
from the Abo formation can be increased by augmenting 
the present i n j e c t i o n of Abo plant residue gas with 
additional i n j e c t i o n gas from non-Abo sources. As 
much as 25 MMCF per day of non-Abo gas may be a v a i l 
able f o r i n j e c t i o n . The supplier requires the option 
to take back t h i s non-Abo gas at the same rate i t was 
furnished, f o r a maximum of 30 days out of any 180-day 
period. After Unit gas i n j e c t i o n i s halted, 60% of 
the Unit share of produced residue gas w i l l be returned 
to the non-Abo gas supplier u n t i l that supplier has 
recovered 88% of the o r i g i n a l BTUs supplied. 

Undertaking t h i s project w i l l require the Unit working 
inte r e s t owners to invest considerable money expanding 
i n j e c t i o n compressors, increasing i n j e c t i o n l i n e 
capacity and converting f i v e additional wells to gas 
i n j e c t i o n . 

Following are the f i v e wells proposed f o r conversion 
to gas i n j e c t i o n (see map attached): 

Unit Well 

Designat i o n L o c a t i o n 

C-39 NW/4 SE/4 Sec. 26-T17S-R28E 

D-35 SW/4 SE/4 Sec. 27-T17S-R28E 

G-24 NE/4 SE/4 Sec. 31-T17S-R28E 

H-21 SW/4 SW/4 Sec. 31-T17S-R28E 

1-18 NE/4 NW/4 Sec. 1-T18S-R27E 

5. Modifications 

I t i s understood that to meet changing conditions, t h i s 
plan of operation may be modified from time to time, with 
the approval of the Supervisor, the Commissioner of Public 
Lands of the State of New Mexico, and the New Mexico O i l 
Conservation Commission. 

A t l a n t i c R i c h f i e l d Company, as Unit Operator w i l l act 
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prudently to preserve a l l r i g h t s of the mineral owners, 
and to e f f e c t i v e l y and e f f i c i e n t l y recover the Unit area 
reserves. This Company w i l l meet a l l economical o f f s e t 
obligations, act to prevent waste, conserve natural 
resources, and protect c o r r e l a t i v e r i g h t s . 

6. Effecti v e Date 

This Plan of Operations s h a l l be e f f e c t i v e November 1, 
1975, and extend through the calendar year unless other
wise amended. 

I f t h i s plan of Operation meets with your approval, 
please indicate i n the space below and return one copy 
fo r our f i l e s . 

Very t r u l y yours, 

ATLANTIC RICHFIELD COMPANY 
OPERATOR 

G. V. Ricks 
D i s t r i c t Production - D r i l l i n g 
Superintendent 

GVR/SHC/hr 

APPROVED BY: DATE: 
Supervisor of Unites States 
Geological Survey 

APPROVED BY: DATE: 

APPROVED BY: 





AtianticRichfieldCompany North American Producing Division 
Permian District 
Post Office Box 1610 
Midland Texas 79701 
Telephone 915 682 8631 

C, H. McClure 
District Land Manager 

September 30, 1975 

/ / 

Area O i l & Gas Supervisor 
United States Geological Survey 
P. 0. Drawer 1857 
Roswell, New Mexico 88201 

Commissioner of Public Lands 
State of New Mexico 
Atte n t i o n : Mr. Ray D. Graham 
D i s t r i c t O i l & Gas Department 
P. 0. Box 1148 
Santa Fe, New Mexico 87501 

New Mexico O i l Conservation Commission 
Box 2088 
Santa Fe, New Mexico 87501 

Subject: Empire Abo Unit 
Eddy County, New Mexico 
Proposed Projected Enlargement 
and Increased Allowable 
Commitment of Tracts 41, 79 & 84 

We furnish each of you herewith photostatic copy of 
o r i g i n a l recorded Amended C e r t i f i c a t e of Effectiveness 
executed September 16, 1975 by A t l a n t i c Richfield Company 
as operator, ef f e c t i v e September 1, 1975. 

A l l Working Interest Joinders under t r a c t s 41, 79 and 84 
were recorded i n Eddy County, New Mexico on September 19, 1975. 

Very t r u l y yours, 

LAND DEPARTMENT 

WLE:bk 

, n | i r̂ '-i *?i v y S n< 

J l OCT 3 - 1975 jy: 
OIL CONSERVATION COMM. 

Santa Fo 

Enclosure 



AMENDED CERTIFICATE OF EFFECTIVENESS 
EMPIRE ABO UNIT 

(Tracts 41, 79 and 84) 
EDDY COUNTY, NEW MEXICO 

WHEREAS, t h a t c e r t a i n Unit Agreement, Empire Abo U n i t , 
Eddy County, New Mexico, dated October 1, 1972, recorded i n 
Book 108, Page 235, of the Miscellaneous Records of Eddy County, 
New Mexico, became e f f e c t i v e October 1, 1973, except as to 
c e r t a i n Tracts i n the Unit Area which f a i l e d to q u a l i f y f o r 
lack of execution by s u f f i c i e n t Working I n t e r e s t Owners, among 
which excluded Tracts were the f o l l o w i n g : 

Tract 41: NE/4 NE/4, Sec. 4, T-18-S, R-28-E, NMPM; 

Tract 79: SE/4 SW/4, Sec. 27, T-17-S, R-28-E, NMPM; 

Tract 84: SE/4 NW/4, Sec. 5, T-18-S, R-28-E, NMPM; and 

WHEREAS, Section 32 of said Unit Agreement provides t h a t 
from and a f t e r the E f f e c t i v e Date the r i g h t of subsequent j o i n d e r 
s h a l l be subject to such requirements and on such basis as may be 
agreed upon by Working I n t e r e s t Owners owning not less than 65% 
of the Unit P a r t i c i p a t i o n then i n e f f e c t , and approved by the 
Commissioner of Public Lands of the State o f New Mexico and the 
Supervisor, United States Geological Survey; such subsequent 
j o i n d e r by a proposed Working I n t e r e s t Owner must be evidenced 
by the execution or r a t i f i c a t i o n of the Unit Agreement and Unit 
Operating Agreement and approved by the Land Commissioner and 
Supervisor where State and Federal land i s i n v o l v e d ; and f u r t h e r 
t h a t subsequent j o i n d e r s h a l l be e f f e c t i v e as of the f i r s t day 
of the month f o l l o w i n g the f i l i n g w i t h the Land Commissioner and 
the Supervisor of duly executed counterparts of a l l documents 
necessary to e s t a b l i s h e f f e c t i v e commitment of any Tract to the 
Agreement; and 

WHEREAS, p r i o r to September 1, 1975, the Working I n t e r e s t 
Owners of more than 65% of the Unit P a r t i c i p a t i o n then i n e f f e c t 
approved the j o i n d e r and i n c l u s i o n of Tracts Nos. 41, 79 and 84 
on the same basis of p a r t i c i p a t i o n as provided i n the o r i g i n a l 
Unit Agreement, and also p r i o r to September 1, 1975, s u f f i c i e n t 
owners of Working I n t e r e s t and the holder of record t i t l e to" 
each State lease involved r a t i f i e d the Unit Agreement-and Unit 
Operating Agreement to q u a l i f y Tracts Nos. 41, 79 and 84 f o r 
i n c l u s i o n i n the Unit Area, and a l l documents necessary to 
e s t a b l i s h e f f e c t i v e commitment of such Tracts were f i l e d w i t h 
the Land Commissioner and Supervisor; and 

WHEREAS, the commitment of Tracts Nos. 41, 79 and 84 was 
approved by the Land Commissioner on August 20, 1975, by the 
New Mexico O i l Conservation Commission on July 1, 1975 (Order 
No. R-4549-C), and by the Area O i l and Gas Supervisor, United 
States Geological Survey on August 21, 1975. 

NOW, THEREFORE, KNOW ALL MEN BY THESE PRESENTS: That 
ATLANTIC RICHFIELD COMPANY, the Unit Operator of the Empire Abo 
Un i t , does hereby c e r t i f y and declare t h a t a l l requirements of 
Section 32 of the Unit Agreement, Empire Abo U n i t , f o r the 
subsequent j o i n d e r of Tracts Nos. 41, 79 and 84 have been met 
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and s a t i s f i e d and that such Tracts were committed to the Unit 
Agreement e f f e c t i v e September 1, 1975. 

IN WITNESS WHEREOF, A t l a n t i c Richfield Company has executed 
t h i s C e r t i f i c a t e on t h i s 16th day of September, 1975. 

>..-ATT̂ ST: ATLANTIC RICHFIELD COMPANY 

•:\0\ 

Assistant Secretary ' Wilson 
Vice President Mb 

STATE OF TEXAS 

COUNTY OF DALLAS ) 

The foregoing instrument was acknowledged before me t h i s 
day of September, 1975, by J. L. WILSON, Vice President 

of ATLANTIC RICHFIELD COMPANY, a Pennsylvania corporation, on 
behalf of said corporation. 

My commission expires: 

mp.-J 

Notary" Public inland for 
Dallas County, Texas BILLIE F, 

STATE OF NEW MEXICO, County of Eddy, ss: I hereby certify that this Instrument was 

filed for record on the_]^day of J\PpJT 1/O'-'JSo'clock/)• M and 

duly recorded in book l^O . page Y7& of the Records of TflXJ) !dJlA<J*u~<i/ 

Mildred Branch, County Clark 

.Deputy 

- 2 -



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 
P. O . B O X 2 0 8 8 

SANTA F E NEW MEXICO 87501 

January 8, 1975 

<2 

Atlantic Richfield Company 
P. 0. Box 1610 
Midland, Texas 79701 

Attention: Mr. P. E. Fletcher 

Re: 1975 Plan of Operations 
Empire Abo Unit, Eddy 
County, New Mexico 

Gentlemen: 

This i s to advise that the New Mexico Oil Conservation 
Commission has this date approved the Plan of Operations 
for the calendar year 1975 for the Empire Abo Unit, 
Eddy County, New Mexico, subject to l i k e approval by 
the United States Geological Survey and the Commissioner 
of Public Lands of the State of New Mexico, subject 
to like approval by the United States Geological Survey 
and the Commissioner of Public Lands of the State of 
New Mexico. 

Two approved copies of the pla» are returned herewith. 

Very truly yours, 

A. L. PORTER, J r . 
Sec retary-D irec tor 

ALP/JEK/og 

cc: Commissioner of Public Lands 
Santa Fe, New Mexico 

United States Geological Survey 
Roswell, New Mexico 



AtlanticRichfieldCompany North American Producing Division 
Permian District 
Post Office Box 1610 
Midland. Texas 79701 
Telephone 915 682 863? 

December 20, 1974 

United States Department 
of t h e I n t e r i o r 
G eological Survey 
P, O. Drawer 185 7 
Roswell, New Mexico 88201 

A t t n : Mr. N. 0. F r e d e r i c k (6) 
Area O i l and Gas Supervisor 

State o f New Mexico 
Mr., Alex J. Ann i j o 
Commissioner of Pu b l i c Lands 
P. 0. Box 1148 
Santa Fe, New Mexico 87501 

A t t n : Mr. Ray D. Graham, D i r e c t o r (3) 
O i l and Gas Department 

State of New Mexico 
O i l Conservation Commission 
P. 0. Box 2088 
Santa Fe, New Mexico 87501 

A t t n : Mr. A. L . P o r t e r , J r . (3) 
S e c r e t a r y - D i r e c t o r 

working I n t e r e s t Owners 
Empire Abo U n i t 
(See attached l i s t ) 

Re: Plan o f Operation f o r 1975 
Empire Abo U n i t 
Eddy County, New Mexico 

Gentlemen: 

I n compliance -vith S e c i i o n 11 of the Un i t Agreement, 
Empire Abo U n i t , Eddy County, Nev Mexico, A t l a n t i c 
R i c h f i e l d Company, as Unit Operator, on behal f of 
i t s e l f and the o t h e r p a r t i c i p a t i n g -Marking i n t e r e s t 
owners, hereby submits f o r your approval a Plan o f 



United States Department 
of the I n t e r i o r 
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Operation to cover the period beginning January 1 
1975, and extending through the remainder of cale 
dar year 1975. 

Very t r u l y yours, 

ATLANTIC RICHFIELD COMPANY 
OPERATOR 

P. E. Fletcher 
Operations Manager 

PEF/SHC/agp 



PLAN OF OPERATION FOR 1975 
EMPIRE ABO UNIT 

Submitted: December 20, 1974 

1. P r o j e c t Area 

H i s t o r y and Background 

The Empire Abo U n i t area c o n s i s t s o f some 11,339.15 
acres i n Eddy County, New Mexico. The area i s l o c a t e d 
i n p o r t i o n s o f Sections 34, 35, 36, Township 17 South, 
Range 27 East; Sections 1, 2, 3, 4, 8, 9, 10, 11, 12, 
15, 16, 17, Township 18 South, Range 27 East; Sections 
25, 26, 27, 28, 31, 32, 33, 34, 35, 36, Township 17 
South, Range 28 East; Sections 4, 5, 6, Township 18 
South, Range 28 East; Sections 29, 30, Township 17 South, 
Range 29 East. W i t h i n the U n i t area, t h e f o l l o w i n g 
t r a c t s d i d not q u a l i f y f o r p a r t i c i p a t i o n as o f the 
e f f e c t i v e date of the Uni t (October 1, 1973): 2, 6, 28, 
41, 42, 46, 55, 56, 69, 79, 84, 91. These n o n - p a r t i c i 
p a t i n g t r a c t s t o t a l 644.74 acres. The remaining 10,694.41 
acres are being developed as the p r o j e c t area f o r pressure 
maintenance by the i n j e c t i o n o f p l a n t residue gas from Abo 
pr o d u c t i o n back i n t o the u n i t i z e d Abo fo r m a t i o n . 

T r a c t s 2, 6, 42, and 46 have been formed i n t o the CITGO 
Empire Abo U n i t , which received N. M. 0. C. C. approval 
i n June 1974, but i s not yet i n e f f e c t . 

2. Current Production, Future Recovery 

I n September 1973, j u s t before U n i t i z a t i o n , the pool had 
235 producing w e l l s averaging 24,734 BOPD w i t h 9.3% 
water p r o d u c t i o n and a g a s - o i l r a t i o o f 1543 cubic feet/BO. 
The pool t o t a l p r o d u c t i o n was e q u i v a l e n t t o 67,120 RSVB/D 
net voidage. The Pr o j e c t Area, i n September 1973, had 222 
producing w e l l s averaging 23,252 BOPD w i t h 9.8% water 
p r o d u c t i o n and a g a s - o i l r a t i o o f 1505 cubic feet/BO. The 
p r o j e c t area p r o d u c t i o n was e q u i v a l e n t t o 61,808 RSVB/D 
net voidage. I n October 1974, the U n i t i z e d P r o j e c t Area 
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averaged 40,533 BOPD w i t h 4.8% water p r o d u c t i o n and 
a g a s - o i l r a t i o o f 1211 cubic feet/BO. Gas i n j e c t i o n 
averaged 31,811 MCF per day. The p r o j e c t area produc
t i o n f o r October 1974, was eq u i v a l e n t t o 32,564 RSVB/D 
net voidage. U n i t o p e r a t i o n s have thus increased t h e 
p r o j e c t area o i l p r o d u c t i o n by 17,281 BOPD and reduced 
r e s e r v o i r voidage by 29,244 RSVB/D. U n i t i z e d residue 
gas i n j e c t i o n f o r pressure maintenance i s c a l c u l a t e d 
t o increase f u t u r e recovery by about 30 MMBO compared 
t o continued primary o p e r a t i o n s . 

3. Basic Concepts Governing Future U n i t Operations 

a) F i e l d p r o d u c t i o n h i s t o r y and r e s e r v o i r numeric 
model s t u d i e s have demonstrated t h a t r e s e r v o i r 
recovery i s governed by a g r a v i t y drainage mech
anism w i t h an expanding secondary gas cap. Under 
u n i t i z e d o p e r a t i o n s , A t l a n t i c R i c h f i e l d Company, 
as o p e r a t o r , w i l l be able t o maximize the b e n e f i 
c i a l e f f e c t s o f t h i s most e f f i c i e n t recovery 
mechanism by c a r e f u l o b s e r v a t i o n o f w e l l p e r f o r 
mance and s h u t t i n g i n o r c u r t a i l i n g p r o d u c t i o n from 
i n e f f i c i e n t w e l l s . As o f October 1974, the P r o j e c t 
Area had 62 former producing w e l l s shut i n due t o 
hi g h g a s - o i l r a t i o , used f o r i n j e c t o r s o r being 
otherwise i n e f f i c i e n t producers. 

b) I n j e c t i o n o f p l a n t residue gas w i l l act toward 
pressure maintenance and the o r d e r l y c o n t r o l o f 
expansion o f the secondary gas cap. 

4. Operating Plans, Progress 

a) Gas I n j e c t i o n F a c i l i t i e s 

At present, the U n i t i s i n j e c t i n g gas i n t o the 
Abo Gas Cap i n the f o l l o w i n g e i g h t w e l l s : 



Plan o f Operation f o r 1975 
Empire Abo U n i t 
Page 3 

Previous Operator/ U n i t Well 
Lease and Well Designation L o c a t i o n 

Exxon/Chalk B l u f f Draw 
U n i t "A" NO. 4 M-6 NE/4 NW/4 Sec. 9-T18S-R27E 

Amoco/Windfohr Federa l 
No. 4 K-7 NW/4 SE/4 Sec. 4-T18S-R27E 

Amoco/MALCO " H " Federa l 
No. 9 1-10 NE/4 NW/4 Sec. 3-T18S-R-27E 

M. Yates, I I I / D o o l e y ABO 
S t a t e No. 2 G-19 NW/4 SE/4 Sec. 36-T17S-R27E 

Amoco/State "BM" No. 1 G-22 NE/4 SW/4 Sec. 31-T17S-R28E 

Amoco/State "BV" No. 1 F-25 SW/4 NW/4 Sec. 32-T17S-R28E 

ARCo/M. Yates B (ARC) No. 8 F-31 SW/4 NE/4 Sec. 33-T17S-R28E 

Hondo/State " A " No. 21 C-38 NE/4 SW/4 Sec. 26-T17S-R28E 

One a d d i t i o n a l w e l l , t h e former Hondo/State "A" No. 35 
(U n i t d e s i g n a t i o n F-27) has been approved by the New 
Mexico O i l Conservation Commission f o r conversion t o 
gas i n j e c t i o n . Present plans are t o make the a c t u a l 
conversion when the w e l l i s needed. 

C o n s t r u c t i o n of gas i n j e c t i o n f a c i l i t i e s and p r e p a r a t i o n 
o f i n j e c t i o n w e l l s was completed i n time t o begin i n 
j e c t i n g gas i n June 1974. Beginning i n J u l y and con
t i n u i n g through the l a t e s t month on which data i s a v a i l 
able (October 1974), a l l a v a i l a b l e p l a n t residue gas has 
been i n j e c t e d i n t o the Abo gas cap. The U n i t picks up 
p l a n t residue gas at about 700 p s i and compresses i t 
t o 1900 p s i f o r i n j e c t i o n . The gas cont a i n s hydrogen 
s u l f i d e and superdehydration f a c i l i t i e s are i n s t a l l e d 
t o minimize p o s s i b l e c o r r o s i o n . A r i g o r o u s c o r r o s i o n 
checking program w i l l be maintained. Permits f o r the 
Gas I n j e c t i o n F a c i l i t i e s have been granted by the State 
o f New Mexico, Environmental Improvement Agency. A t l a n t i c 
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R i c h f i e l d Company bel i e v e s the i n j e c t i o n f a c i l i t i e s 
meet the requirements of the United States Geological 
Survey and t h e State o f New Mexico. I n a d d i t i o n , the 
I n j e c t i o n F a c i l i t i e s provide enough o p e r a t i o n a l 
f l e x i b i l i t y t o meet changing f i e l d conditons. 

b) O i l Production and Test F a c i l i t i e s 

Since September 1, 1974, i n j e c t i o n of a l l a v a i l a b l e 
residue gas w i t h i n the p r o j e c t area has earned an 
allow a b l e o f 40,555 BOPD o r an increase o f 17,303 
BOPD over primary o p e r a t i o n s . I n o r d e r t o e f f e c t i v e l y 
and e f f i c i e n t l y handle t h i s increased p r o d u c t i o n , work 
i s i n progress on e n l a r g i n g and c e n t r a l i z i n g o i l prod
u c t i o n and t e s t i n g f a c i l i t i e s . Design c r i t e r i a f o r 
these f a c i l i t i e s were o u t l i n e d i n the previous Plan o f 
Operation f o r 1974. These have continued t o be the 
guide d u r i n g f i n a l design and c o n s t r u c t i o n . 

P r i o r t o U n i t o p e r a t i o n s t h e r e were approximately 
f i f t y (50) b a t t e r i e s w i t h i n the p r o j e c t area. The 
design p l a n which evolved i s composed o f 14 s t r a t e g i 
c a l l y l o c a t e d p r o d u c t i o n and t e s t s t a t i o n f a c i l i t i e s . 
E x h i b i t 1, attached t o the Plan of Operation f o r 1974, 
shows t h e l o c a t i o n of each o f the f o u r t e e n (14) s i t e s 
and t h e w e l l s going i n t o each b a t t e r y , along w i t h l o c a 
t i o n o f gas i n j e c t i o n w e l l s , residue gas i n j e c t i o n 
l i n e s , and gas p l a n t l o c a t i o n s . Fourteen (14) separate 
b a t t e r y and t e s t f a c i l i t y l o c a t i o n s w i l l p r o vide enough 
o p e r a t i o n a l f l e x i b i l i t y t o hold l o s t p r o d u c t i o n at an 
absolute minimum, as a r e s u l t o f equipment f a i l u r e o r 
a shut-down due t o f i r e o r othe r catastrophe. The f o u r 
l a r g e s t of the new b a t t e r i e s have been completed. They 
are h a n d l i n g 48% of the U n i t p r o d u c t i o n and serve 44% 
o f the producing w e l l s w i t h automatic t e s t i n g f a c i l i t i e s . 
Wells which w i l l be served by the remaining 10 b a t t e r i e s 
continue t o produce through t h e i r present f a c i l i t i e s , 
w h i l e equipment i n s t a l l a t i o n goes on. Completion o f 
a l l o i l p r o d u c t i o n and t e s t f a c i l i t i e s i s now scheduled 
f o r the l a s t h a l f o f 1975. 
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c) Workovers 

A continuous workover study i s i n progess, so t h a t 
whenever w e l l p r o d u c t i o n data and r e s e r v o i r c o ndi
t i o n s so i n d i c a t e , workovers are performed t o 
lower g a s - o i l o r w a t e r - o i l r a t i o s , and maximize pro
ducing w e l l e f f i c i e n c y . Six workovers o f t h i s type 
have been performed i n the past year. 

d) C o n t i n u i n g F i e l d Study 

I n o r d e r t o maximize f u t u r e reserves, A t l a n t i c 
R i c h f i e l d Company, as U n i t o p e r a t o r , w i l l continue 
t o m a i n t a i n a comprehensive p r o d u c t i o n and bottom 
hole t e s t i n g program i n c o n j u n c t i o n w i t h numeric 
model t e s t s f o r f i e l d performance and p r e d i c t i o n s . 

e) New Producing Well Program 

P r e l i m i n a r y r e s u l t s of a study now i n progress i n 
d i c a t e d the d e s i r a b i l i t y o f d r i l l i n g new producing 
w e l l s i n the most f a v o r a b l e p a r t o f the Abo Reef 
s e c t i o n t o gain e f f i c i e n t , low g a s - o i l r a t i o produc
t i o n . Two w e l l s were approved by the N. M. 0. C. C. 
f o r d r i l l i n g at U n i t l o c a t i o n s F331 and J211. At 
present the F331 i s i n process o f completion. The 
J211 i s now d r i l l i n g . 

M o d i f i c a t i o n s - I t i s understood t h a t t o meet changing 
c o n d i t i o n s , t h i s p l a n o f o p e r a t i o n may be mo d i f i e d from 
time t o time, w i t h the approval of the Supervisor, the 
Commissioner of Pub l i c Lands of the State o f New Mexico, 
and the New Mexico O i l Conservation Commission. 

A t l a n t i c R i c h f i e l d Company, as U n i t Operator, w i l l act 
p r u d e n t l y t o preserve a l l r i g h t s o f t h e mi n e r a l owners, 
and t o e f f e c t i v e l y and e f f i c i e n t l y recover the U n i t area 
reserves. This Company w i l l meet a l l economical o f f s e t 
o b l i g a t i o n s , act t o prevent waste, conserve n a t u r a l 
resources, and p r o t e c t c o r r e l a t i v e r i g h t s . 
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E f f e c t i v e Date - This p l a n o f ope r a t i o n s s h a l l be 
e f f e c t i v e January 1, 1975, and extend through the 
calendar year unless otherwise amended. 

I f t h i s Plan o f Operation meets w i t h your approval, 
please indicate i n the space below and r e t u r n one copy 
f o r our f i l e s . 

Very t r u l y yours, 

ATLANTIC RICHFIELD COMPANY 

OPERATOR 

P. E. F l e t c h e r 

Operations Manager 

PEF/SHC/agp 

APPROVED BY: DATE: 
Supervisor o f United States 
Geological Survey 

APPROVED BY: DATE: 
Commissioner o f Public Lands 
Statenof New Mexico 

APPROVED BY: DATE: 
Se c r e t a r y - D i r e c t o r 
New Mexico O i l Conservation 
Commission 

/?7S-



O I L C O N S E R V A T I O N COMMISSION 
P. O. BOX 2088 

SANTA F E , NEW MEXICO 87501 

January 9, 1974 

Atlant i c R i c h f i e l d Company 
P. 0. Box 1610 
Midland, Texas 79701 

Attention: Mr. P^ I . Fletcher 

Re: 1974 Plan of Operation 
Empire Abo Unit, Eddy 
County, New Mexico 

Gentlemen: 

This i s to advise that the New Mexico Oil Conservation 
Commission has t h i s date approved the Plan of Operation 
for the calendar year 1974 for the Empire Abo Unit, Eddy 
County, New Mexico, subject to l i k e approval by the 
United States Geological Survey and the Commissioner of 
Public Lands of the State of New Mexico. 

Two approved copies of the plan are returned herewith. 

Very truly yours, 

A. L. PORTER, J r . 
Secretary-Director 

ALP/JEK/og 

cc: Commissioner of Public Lands - Santa Fe 
United States Geological Survey - Roswell 

/ 
f 

/ 
/ 



AtlanticRichfieldCompany North American Psoducnct Oh 

Fosi C ::ce B.;, :' 

Mid land, Texas, 

TolepM.j i ie 915 682 SS31 

December 10, 1973 

United States Department 
of the I n t e r i o r 
Geological Survey 
P. 0. Drawer 1857 
Roswell, New Mexico 88201 

A t t e n t i o n : Mr. N,> 0. Fr e d e r i c k (6) 
Area O i l and Gas Supervisor 

State of New Mexico 
Mr. Alex J„ Armijo 
Commissioner of Public Lands 
P. 0. Box 1148 
Santa Fe, New Mexico 

A t t e n t i o n : Mr. Ray D. Graham, D i r e c t o r (3) 
O i l and Gas Department 

State of New Mexico 
O i l Conservation Commission 
P. 0. Box 2088 
Santa Fe, New Mexico 

A t t e n t i o n : Mr. A. L. Por t e r , J r . (3) 
S e c r e t a r y - D i r e c t o r 

Working I n t e r e s t Owners 
Empire Abo U n i t 
(See at tached address l i s t ) 

Re: Plan of Opera t ion f o r 1974 
Empire Abo Un i t 
Eddy County, New Mexico 

Gentlemen: 

I n compliance w i t h Sec t ion 11 o f the Un i t Agreement, 
Abo U n i t , Eddy County, New Mexico, A t l a n t i c C c u . -
pany, as U n i t Operator on behal f o f i t s e l f • I 
p a r t i c i p a t i n g working i n t e r e s t owners, hereby sufarei? 
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your approval a Plan of Operation t o cover the oeriod 
beginning January 1, 197 1, and extending through the 
remainder of calendar year 1974. 

Very t r u l y yours, 

ATLANTIC RICHFIELD COMPANY 
OPERATOR 

P. E. Fletcher 
Operalions Manager 

PEF/SHC/agp 



PLAN OF OPERATION FOR 1974 
EMPIRE ABO UNIT 

1. P r o j e c t Area Submitted: December 10, 1973 

H i s t o r y and Background 

The Empire Abo Unit area c o n s i s t s of some 11,3 39. 1 5 
acres i n Eddy County, New Mexico (see attached p l a t , 
E x h i b i t 1). The area i s located i n p o r t i o n s of Sec
t i o n s 34, 35, 36, Township 17 South, Range 27 East; 
Sections 1, 2, 3, 4, 8, 9, 10, 11, 12, 15, 16, 17, 
Township 18 South, Range 27 East; Sections 25, 26, 
27, 28, 31, 32, 33, 34, 35, 36, Township 17 South, 
Range 28 East; Sections 4, 5, 6, Township 18 South, 
Range 28 East; Sections 29, 30, Township 17 South, 
Range 29 East. W i t h i n the Unit area, the f o l l w i n g 
t r a c t s d i d not q u a l i f y f o r p a r t i c i p a t i o n as of the 
e f f e c t i v e date of the Unit (October 1, 1973): 2, 6, 
28, 41, 42, 46, 55, 56, 69, 79, 84, 91. These non-
p a r t i c i p a t i n g t r a c t s t o t a l 644.74 acres. The remain
i n g 10,694.41 acres are being developed as the p r o j e c t 
area f o r pressure maintenance by the i n j e c t i o n of plant 
residue gas from Abo production back i n t o the u n i t i z e d 
Abo formation. 

The Abo producing zone i s found at an average depth 
of about 5800 f e e t (see attached type l o g , E x h i b i t 2). 
The Abo i s a lower Leonard (Permian) carbonate reef 
which has undergone complete d o l o m i t i z a t i o n . Vugs, 
f r a c t u r e s and f i s s u r e s have been observed i n cores 
throughout the main reef, w i t h l o c a l anhydrite i n f i l l 
i n g sometimes r e s t r i c t i n g flow. Reef development i s 
long (12-1/2 miles) and narrow (1-1/2 m i l e s ) . The reef 
c r e s t dips about 1° from southwest t o northeast. Aver
age gross reef thickness i s about 300 f e e t , ranging to 
the maximum of 732 f e e t on the Amoco State AT No. 1 
(L2-18S-27E). 

On the up-dip west and southwest end of the r e s e r v o i r 
productive l i m i t s are the r e s u l t of anhydrite deposi
t i o n , w h i l e on the back-reef north side there i s a 
f a c i e s change t o an impermeable carbonate "mud" i n t e r 
spersed w i t h green shale. L i m i t s t o the south, east, 
and northeast r e s u l t as the t o p of the reef dips 
below the o i l - w a t e r contact. 
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2. Current Production, Future Recovery 

I n September, 1973, the pool had 235 producing w e l l s 
averaging 24,734 BOPD w i t h 9.3% water production and 
a g a s - o i l r a t i o o f 1543 cubic feet/BO. The pool t o t a l 
production was equivalent to 67,120 RSVB/D net voidage. 
The P r o j e c t Area, i n September 1973, had 222 producing 
w e l l s averaging 23,252 BOPD w i t h 9.8% water production 
and a g a s - o i l r a t i o of 1505 cubic feet/BO. The p r o j e c t 
area production was equivalent t o 61,808 RSVB/D net 
voidage. The f i r s t month of u n i t operations (October 
1973) the p r o j e c t area averaged 30,374 BOPD w i t h 4.8% 
water production and a g a s - o i l r a t i o of 961 cubic feet/BO. 
The p r o j e c t area production f o r October 1973, was equivalent 
to 51,303 RSVB/D net voidage. Unit operations have t h e r e 
f o r e increased the p r o j e c t area o i l production by 7,122 
BOPD and reduced r e s e r v o i r voidage by 10,505 RSVB/D. Uni
t i z e d residue gas i n j e c t i o n f o r pressure maintenance i s 
ca l c u l a t e d t o increase f u t u r e recovery by about 30 MMBO 
compared t o continued primary operations. 

3. Basic Concepts Governing Future Unit Operations 

a) F i e l d production h i s t o r y and r e s e r v o i r numeric model 
studies have demonstrated t h a t r e s e r v o i r recovery i s 
governed by a g r a v i t y drainage mechanism w i t h an ex
panding secondary gas cap. Under u n i t i z e d operations, 
A t l a n t i c R i c h f i e l d Company, as operator, w i l l be able 
t o maximize the b e n e f i c i a l e f f e c t s of t h i s most e f f i 
c i e n t recovery mechanism by c a r e f u l observation of w e l l 
performance and s h u t t i n g i n o r c u r t a i l i n g production 
from i n e f f i c i e n t w e l l s . 

b) I n j e c t i o n of pla n t residue gas w i l l act toward pressure 
maintenance and the o r d e r l y c o n t r o l of expansion of the 
secondary gas cap. 

4. Operating Plans, Progress 

a) Gas I n j e c t i o n F a c i l i t i e s 

I n i t i a l l y gas i n j e c t i o n w i l l be i n t o the Abo Gas Cap 
i n the f o l l o w i n g e i g h t (8) w e l l s (see p l a t , E x h i b i t 1); 
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Previous Operator/ 
Lease and Well 

Exxon/Chalk Blu f f Draw 
Unit "A" NO. 4 

Amoco/Windfohr Federal 
No. 4 

Amoco/MALCO "H" Federal 
No. 9 

M. Yates, III/Dooley ABO 
State No. 2 

Amoco/State "BM" NO. 1 

Amoco/State "BV" NO. 1 

Unit Well 
Designation Location 

M-6 

K-7 

1-10 

G-19 

G-22 

F-25 

NE/4 NW/4 Sec. 9-T18S-R27E 

NW/4 SE/4 Sec. 4-T18S-R27E 

NE/4 NW/4 Sec. 3-T18S-R27E 

NW/4 SE/4 Sec. 36-T17S-R27E 

NE/4 SW/4 Sec. 31-T17S-R28E 

SW/4 NW/4 Sec. 32-T17S-R28E 

ARCo/M. Yates B (ARC) No. 8 F-31 

Hondo/State " A " NO. 21 C-38 

SW/4 NE/4 Sec. 33-T17S-R28E 

NE/4 SW/4 Sec. 26-T17S-R28E 

The only s i g n i f i c a n t change i n the i n j e c t i o n wells i s 
the s u b s t i t u t i o n of the Amoco/Malco "H" Federal No. 9 
fo r the Amoco/Malco "H" Federal No. 2. Prior to gas 
i n j e c t i o n A t l a n t i c R i c h f i e l d Company w i l l obtain a l l 
necessary regulatory body approvals f o r t h i s substi
t u t i o n . I n i t i a l plans are to pick up plant residue gas 
at about 700 psi and compress i t to 2000 psi f o r i n 
j e c t i o n . The gas w i l l contain hydrogen s u l f i d e and 
superdehydration f a c i l i t i e s are planned i n order to 
minimize possible corrosion. A rigorous corrosion 
checking program w i l l be maintained. Permits f o r the 
Gas I n j e c t i o n F a c i l i t i e s have been granted by the State 
of New Mexico, Environmental Improvement Agency, and 
construction i s i n progress. A t l a n t i c R i c h f i e l d Company 
believes the i n j e c t i o n f a c i l i t i e s w i l l meet the require
ments of the United States Geological Survey and the 
State of New Mexico. In addition, the I n j e c t i o n F a c i l i 
t i e s should provide enough operational f l e x i b i l i t y to 
meet changing f i e l d conditions. Present timing and con
s t r u c t i o n progress indicate we w i l l be ready to commence 
gas i n j e c t i o n by the s t a r t of the 2nd quarter, 1974. 

b) O i l Production and Test F a c i l i t i e s 

Upon the s t a r t of gas i n j e c t i o n the project area w i l l 
have an allowable of 40,192 BOPD or an increase of 
16,940 BOPD over primary operations. I n order to 
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e f f e c t i v e l y and e f f i c i e n t l y handle t h i s increased 
production, work has begun on e n l a r g i n g and c e n t r a l 
i z i n g o i l production and t e s t i n g f a c i l i t i e s . Designs 
f o r these f a c i l i t i e s were governed by the f o l l o w i n g 
requirements: 

1. Meet a l l e x i s t i n g and foreseeable environmental 
q u a l i t y requirements by the State of New Mexico 
and the Federal Government. 

2. Provide the maximum long-range economic b e n e f i t t o 
the Unit f o r the minimum p r a c t i c a l cost. 

3. Incorporate the maximum p r a c t i c a l use o f present 
equipment. 

4. I n s t a l l w e l l t e s t f a c i l i t i e s adequate to o b t a i n 
the w e l l performance data required f o r sound 
engineering s u r v e i l l a n c e o f r e s e r v o i r performance. 

5. E l i m i n a t e or minimize down time and r e s u l t a n t 
l o s t production. 

P r i o r t o Unit operations there were approximately 
f i f t y (50) b a t t e r i e s w i t h i n the p r o j e c t area. The 
design plan which has evolved i s composed of 14 
s t r a t e g i c a l l y located production and t e s t s t a t i o n 
f a c i l i t i e s . E x h i b i t 1 shows the l o c a t i o n of each of 
the f o u r t e e n (14) s i t e s and the w e l l s going i n t o each 
b a t t e r y , along w i t h l o c a t i o n of gas i n j e c t i o n w e l l s , 
residue gas i n j e c t i o n l i n e s , and gas p l a n t l o c a t i o n s . 
Fourteen (14) separate b a t t e r y and t e s t f a c i l i t y l oca
t i o n s w i l l provide enough o p e r a t i o n a l f l e x i b i l i t y t o 
h o l d l o s t p roduction at an absolute minimum, as a r e 
s u l t of equipment f a i l u r e or a shut-down due t o f i r e or 
o t h e r catastrophe. 

c) Workovers 

Whenever w e l l p r o d u c t i o n data and r e s e r v o i r c o n d i t i o n s 
so i n d i c a t e , workovers w i l l be performed t o lower g a s - o i l 
or w a t e r - o i l r a t i o s , and maximize producing w e l l e f f i c i e n c y . 

d) Continuing F i e l d Study 

I n order t o maximize f u t u r e reserves, A t l a n t i c R i c h f i e l d 
Company as Unit operator w i l l m a i n t a i n a comprehensive 
produc t i o n and bottom hole t e s t i n g program i n c o n j u n c t i o n 
w i t h numeric model t e s t s f o r f i e l d performance and p r e d i c t i o n s . 
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M o d i f i c a t i o n s - I t i s understood t h a t t o meet changing c o n d i t i o n s , 
t h i s plan of o p e r a t i o n may be modified from time t o time, w i t h 
the approval of the Supervisor, the Commissioner o f Public Lands 
of the State of New Mexico, and the New Mexico O i l Conservation 
Commission. 

A t l a n t i c R i c h f i e l d Company, as Unit operator, w i l l act p r u d e n t l y 
to preserve a l l r i g h t s of the mineral owners and t o e f f e c t i v e l y 
and e f f i c i e n t l y recover the Unit area reserves. This Company 
w i l l meet a l l economical o f f s e t o b l i g a t i o n s , act t o prevent 
waste, conserve n a t u r a l resources, and p r o t e c t c o r r e l a t i v e r i g h t s . 

E f f e c t i v e Date - This plan of o p e r a t i o n s h a l l be e f f e c t i v e 
January 1, 1974, and extend through the calendar year unless 
otherwise amended. 

I f t h i s Plan of Operation meets w i t h your approval, please 
i n d i c a t e i n the space below and r e t u r n one copy f o r our f i l e s . 

Very t r u l y yours, 

ATLANTIC RICHFIELD COMPANY 
OPERATOR 

P. E. F l e t c h e r 
Operations Manager 

PEF/SHC/agp 
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APPROVED BY: Date: 

Supervisor of United States 
Geological Survey 

APPROVED BY:___ Date: 
Commissioner of Public Lands, 

APPROVED BY: 

Commission 
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