
I ^ M NEW MEXICO ENERGY, MINERALS 
% £ # & NATURAL RESOURCES DEPARTMENT 

OIL CONSERVATION DIVISION 
2040 South Pachaco Street 
Santa Fa, N«w Maxico 87505 
(SOS)827-7131 

ADMINISTRATIVE ORDER SWD-680 

APPLICATION OF WILLOW PIPELINE CORPORATION FOR SALT WATER 
DISPOSAL, CHAVES COUNTY, NEWMEXICO. 

Under the provisions of Rule 701(B), Willow Pipeline Corporation made application to 
the New Mexico Oil Conservation Division on September 8, 1997, for permission to complete 
for salt water disposal its O'brien Fee '19' Well No.8 located 330 feet from the South line and 
990 feet from the East line (Unit P) of Section 19, Township 8 South, Range 29 East, NMPM, 
Chaves County, New Mexico. 

(1) The application has been duly filed under the provisions of Rule 701(B) of the 
Division Rules and Regulations; 

(2) Satisfactory information has been provided that all offset operators and surface 
owners have been duly notified; 

(3) The applicant has presented satisfactory evidence that all requirements prescribed 
in Rule 701 will be met; and 

(4) No objections have been received within the waiting period prescribed by said rule. 

(5) The application should be approved. 

The applicant herein, is hereby authorized to complete its O'brien Fee '19' Well No.8 
located 330 feet from the South line and 990 feet from the East line (Unit P) of Section 19, 
Township 8 South, Range 29 East, NMPM, Chaves County, New Mexico, in such manner as 
to permit the injection of salt water for disposal purposes into the San Andres formation at 
approximately 2,680 feet to 2,798 feet through 2 3/8-inch plastic-lined tubing set in a packer 
located at approximately 2,580 feet. 

ADMINISTRATIVE ORDER 
OF THE OIL CONSERVATION DIVISION 

THE DIVISION DIRECTOR FINDS THAT: 

IT IS THEREFORE ORDERED THAT: 
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IT IS FURTHER ORDERED THAT: 

The operator shall take all steps necessary to ensure that the injected water enters only 
the proposed injection interval and is not permitted to escape to other formations or onto the 
surface. 

Prior to commencing injection operations into the well, the casing shall be pressure 
tested from the surface to the packer setting depth to assure the integrity of said casing. 

The casing-tubing annulus shall be loaded with an inert fluid and equipped with a 
pressure gauge at the surface or left open to the atmosphere to facilitate detection of leakage in 
the casing, tubing, or packer. 

The injection well or system shall be equipped with a pressure limiting device which 
will limit the wellhead pressure on the injection well to no more than 536 psi. 

The Director of the Division may authorize an increase in injection pressure upon a 
proper showing by the operator of said well that such higher pressure will not result in 
migration of the injected fluid from the San Andres formation. Such proper showing shall 
consist of a valid step-rate test run in accordance with and acceptable to this office. 

The operator shall notify the supervisor of the Artesia district office of the Division of 
the date and time of the installation of disposal equipment and of the mechanical integrity test 
so that the same may be inspected and witnessed. 

The operator shall immediately notify the supervisor of the Artesia district office of the 
Division of the failure of the tubing, casing, or packer in said well and shall take such steps as 
may be timely and necessary to correct such failure or leakage. 

PROVIDED FURTHER THAT, jurisdiction of this cause is hereby retained by 
the Division for the entry of such further order or orders as may be deemed necessary or 
convenient for the prevention of waste and/or protection of correlative rights; upon failure of 
the operator to conduct operations in a manner which will ensure the protection of fresh water 
or in a manner inconsistent with the requirements set forth in this order, the Division may, 
after notice and hearing, terminate the injection authority granted herein. 

The operator shall submit monthly reports of the disposal operations in accordance with 
Rule Nos. 706 and 1120 of the Division Rules and Regulations. 



Administrative Order SWD-680 
Willow Pipeline Corporation 
October 20, 1997 
Page 3 

The injection authority granted herein shall terminate one year after the effective date of 
this order if the operator has not commenced injection operations into the subject well, 
provided however, the Division, upon written request by the operator, may grant an extension 
thereof for good cause shown. 

Approved at Santa Fe, New Mexico, on this 20th day of October, 1997. 

S E A L 

WJL/BES 

xc: Oil Conservation Division - Artesia 



PERMITS WEST, INC 
PROVIDING PERMITS for LAND USERS 
37 Verano Loop, Santa Fe, New Mexico 87505 (505) 466-8120 

September 7, 1997 
William LeMay, Director 
NM Oil Conservation Div. H e i ^ ? , , ' - ' t 
2040 South Pacheco 

Santa Fe, NM 87505 b ^ 

Dear Mr. LeMay: 

Enclosed are one original and one copy of Willow Pipeline Company's 
application to convert the O'Brien Fee 19-8 oil well to a water disposal 
well. 

Please call me if you have any questions. 

Brian Wood 

cc (w/ end.): Artesia OCD 



ABOVE THIS UNE FOR WVISJON USE ONLY 

NEW MEXICO OIL CONSERVATION DIVISION 
- Engineering Bureau -

ADMINISTRATIVE APPLICATION COVERSHEET 
THIS COVERSHEET IS MANDATORY FOR ALL ADMINISTRATIVE APPLICATIONS FOR EXCEPTIONS TO DIVISION RULES AND REGULATIONS 

Application Acronyms: 
[NSP-Non-Standard Proration Unit] [NSL-Non-Standard Location] 

[DD-Oirectional Drilling] [SD-Simuttaneous Dedication] 
[DHC-Downhole Commingling] [CTB-Lease Commingling] [PLC-Pool/Lease Commingling] 

[PC-Pool Commingling] [OLS - Off-Lease Storage] [OLM-Off-Lease Measurement] 
[WFX-Waterflood Expansion] [PMX-Pressure Maintenance Expansion] 

[SWD-Salt Water Disposal] [IPI-lnjection Pressure Increase] 
[EOR-Qualified Enhanced Oil Recovery Certification] [PPR-Positive Production Response] 

[1] TYPE OF APPLICATION - Check Those Which Apply for [A] 
[A] Location - Spacing Unit - Directional Drilling 

• NSL QNSP ODD QSD •• 1997 

Check One Only for [B] or [C] 
[B] Commingling - Storage - Measurement 

• DHC Q C T B Q P L C Q P C Q O L S Q O L M 

[C] Injection - Disposal - Pressure Increase - Enhanced Oil Recovery 
• W F X r jPMX a SWD Qrpi Q E O R Q P P R 

[2] NOTIFICATION REQUIRED TO: - Check Those Which Apply, or • Does Not Apply 
[A] • Working, Royalty or Overriding Royalty Interest Owners 

[B] ^Offset Operators, Leaseholders or Surface Owner 

[C] 03 Application is One Which Requires Published Legal Notice 

[D] • Notification and/or Concurrent Approval by BLM or SLO 
U.S. Bureau of Land Management - Commissioner of Public Lands, State Land Office 

[E] Ef For all of the above, Proof of Notification or Publication is Attached, and/or, 

[F] • Waivers are Attached 

[3] INFORMATION / DATA SUBMITTED IS COMPLETE - Statement of Understanding 

I hereby certify that I , or personnel under my supervision, have read and complied with all applicable Rules and 
Regulations of the Oil Conservation Division. Further, I assert that the attached application for administrative 
approval is accurate and complete to the best of my knowledge and where applicable, verify that all interest (WI, 
Rl, ORRI) is common. I further verify that all applicable API Numbers are included. I understand that any 
omission of data, information or notification is cause to have the application package returned with no action 
taken. 

Note: Statement must be competed by A\ individual with supervisory capacity. 
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AFFIDAVIT OF PUBLICATION 

County of Chaves 
State of New Mexico 

I, Fran Saunders, 
Legal Clerk 

Of the Roswell Daily Record, a daily 
newspaper published at Roswell, New 
Mexico, do solemnly swear that the 
clipping hereto attached was 
published once a week in the regular 
and entire issue of said paper and 
not in a supplement thereof for a 
period 
of: one time weeks 

Publish August 27,1997 

and ending with the issue dated 
August 27th 1997 

beginning with issue dated 
August 27th 

Clerk 

1997 

Willow Pipeline Company Is 
applying » convert the O'Brien Fee 
19 #8 oil weil to a water disposal 
well. Contact Is Brian Wood, 
Permits West, Inc., 37 Verano 
Loop, Santa Fe, NM 87505. Phone 
number Is (505) 466-8120. The 
O'Brien Fee 19 #8 Is located at 
330' FSL & 990" FEL. Sec. 19, T. 
8 S., P.- 29 E., Chaves County, 
NM. The well wHl dispose of water 
produced from surrounding oil wells 
Into the San Andres formation at a 
depth of 2,680' to 2,798' at a 
maximum rate of 250 barrels of 
water per day and at a maximum 
pressure of 1,000 psi- Interested 
parties must file objections or 

Sworn and subscribed to before me 

this 27th day of within 15 days. 

August ,1997 

Notary Public 

My Commission expires 

J u l y 2 5 , 1 9 9 8 

(SEAL) 



STATE OF NEW MEXICO 
ENERGY, MINERALS and NATURAL 

RESOURCES DEPARTMENT 

OIL CONSERVATION DIVISION 
PO BOX 2088 

SANTAFE, NM 87504-2088 

FORM C -108 
Reviled 7-1-81 

APPLICATION FOR AUTHORIZATION TO INJECT 

XXX 
I. PURPOSE: Secondary Recovery Pressure Maintenance Disposal Storage 

Application qualifies for administrative approval? XAYes No 
II OPERATOR- WILLOW PIPELINE COMPANY 

P.O. BOX 131, WEATHERFORD, OK. /3Uyb 
ADDRESS: 
CONTACT PARTY: BRIAN WOOD C/O PERMITS W E S T , INC. p H Q N E : 505 466-8120 

III. WELL DATA: Complete the data required on the reverse side of this form for each well processed for injection. Additional 
sheets may be attached if necessary. 

XXX 
IV. Is this an expansion of an existing project: ^ Yes No 

If yes, give the Division order number authorizing the project 
V. Attach a map that identifies all wells and leases within two miles of any proposed injection well with a one-half mile radius 

circle drawn around each proposed injection well. This circle identifies the well's area of review. 

VI. Attach a tabulation of data on all wells of public record within the area of review which penetrate the proposed injection zone. 
Such data shall include a description of each well's type, construction, date drilled, location, depth, record of completion, 
and a schematic of any plugged well illustrating all plugging detail. 

VII. Attach data on the proposed operation, including: 

1. Proposed average and maximum daily rate and volume of fluids to be injected; 
2. Whether the system is open or closed; 
3. Proposed average and maximum injection pressure; 
4. Sources and an appropriate analysis of injection fluid and compatibility with the receiving formation if other than 

reinjected produced water; and 
5. If injection is for disposal purposes into a zone not productive of oil or gas at or within one mile of the proposed well, 

attach a chemical analysis of the disposal zone formation water (may be measured or inferred from existing literature, 
studies, nearby wells, etc.). 

*VIII. Attach appropriate geological data on the injection zone including appropriate lithologic detail, geological name, thickness 
and depth. Give the geologic name, and depth to bottom of all underground sources of drinking water (aquifers containing 
waters with total dissolved solids concentrations of 10,000 mg/l or less) overlying the proposed injection zone as well as 
any such sources known to be immediately underlying the injection interval. 

IX. Describe the proposed stimulation program, if any. 

* X. Attach appropriate logging and test data on the well. (If well logs have been filed with the Division, they need not be 
resubmitted.) 

* XI. Attach a chemical analysis of fresh water from two or more fresh water wells (if available and producing) within one mile 
of any injection or disposal well showing location of wells and dates samples were taken. 

XII. Applicants for disposal wells must make an affirmative statement that they have examined available geologic and engineering 
data and find no evidence of open faults or any other hydrologic connection between the disposal zone and any underground 
source of drinking water. 

XIII. Applicants must complete the "Proof of Notice" section on the reverse side of this form. 

XIV. Certification: I hereby certify that the information submitted with this application is true and correct to the best of my 
knowledge and belief. 

BRIAN WOOD N n CONSULTANT NAME: BKIMIN K V U U U N / j TTTLE: 

, . <~'<? ! U 8-24-97 
SIGNATURE: / ^ ^ ^ T ^ J t Z t X , DATE: 

If the information required under Sections VI, VIII, X, and XI above has been previously submitted, it need not be 
resubmitted. Please show the date and circumstance of the earlier submittal. IN OCD FILES 

DISTRIBUTION: Original and one copy to Santa Fe with one copy to the appropriate District Office 



Side 2 

m. WELL DATA 

A. The foi lowing well data must be submitted for each injection well covered by this application. The data must be both in 
tabular and schematic form and shall include: 

(1) Lease name; Well No.; Location by Section, Township, and Range; and footage location within the section. 

(2) Each casing string used with its size, setting depth, sacks of cement used, hole size, top of cement, and how such 
top was determined. 

(3) A description of the tubing to be used including its size, lining material, and setting depth. 

(4) The name, model, and setting depth of the packer used or a description of any other seal system or assembly used. 

Divisioa District Offices have supplies of Well Data Sheets which may be used or which may be used as models for this 
purpose. Applicants for several identical wells may submit a "typical data sheet" rather than submitting the data for each 
well. 

B. The following must be submitted for each injection well covered by this application. All items must be addressed for the 
initial veil. Responses for additional wells need be shown only when different. Information shown on schematics need not 
be repeited. 

(1) The name of the injection formation and, if applicable, the field or pool name. 

(2) The injection interval and whether it is perforated or open-hole. 

(3) State if the well was drilled for injection or, if not, the original purpose of the well. 

(4) Give the depths of any other perforated intervals and detail on the sacks of cement or biidge plugs used to seal off 
such perforations. 

(5) Give the depth to and name of the next higher and next lower oil or gas zone in the area of the well, if any. 

XIV. PROOF OF NOTICE 

All applicants must furnish proof that a copy of the application has been furnished, by certified or registered mail, to the 
owner cf the surface of the land on which the well is to be located and to each leasehold operator within one-half mile of 
the well location. 

Where an application is subject to administrative approval, a proof of publication must be submitted. Such proof shall consist 
of a copy of the legal advertisement which was published in the county in which the well is located. The contents of such 
advertisement must include: 

(1) The name, address, phone number, and contact party for the applicant; 

(2) The intended purpose of the injection well; with the exact location of single wells or the section, township, and range 
location of multiple wells; 

(3) The formation name and depth with expected maximum injection rates and pressures; and 

(4) A notation that interested parties must file objections or requests for hearing with the Oil Conservation Division, 
PO Box 2088, Santa Fe, NM 87504-2088 within 15 days. 

NO ACTION WILL BE TAKEN ON THE APPLICATION UNTIL PROPER PROOF OF NOTICE HAS BEEN 
SUBMITTED. 

NOTICE: Surface owners or offset operators must file any objections or requests for hearing of administrative applications within 
15 day;; from the date this application was mailed to them. 



II. WELL DATA 

A. The following well data must be submitted for each injection well covered by this application. The data must be both in 
tabular and schematic form and shall include: 

(1) Lease name; Well No.; Location by Section, Township, and Range; and footage location within the section. 

(2) Each casing string used with its size, setting depth, sacks of cement used, hole size, top of cement, and how such 
top was determined. 

(3) A description of the tubing to be used including its size, lining material, and setting depth. 

(4) The name, model, and setting depth of the packer used or a description of any other seal system or assembly used. 

Division District Offices have supplies of WeU Data Sheets which may be used or which may be used as models for this 
purpose. Applicants for several identical wells may submit a "typical data sheet" rather than submitting the data for each 
well. 

B. The following must be submitted for each injection well covered by this application. All items must be addressed for the 
initial well. Responses for additional wells need be shown only when different. Information shown on schematics need not 
be repeated. 

(1) The name of the injection formation and, if applicable, the field or pool name. 

(2) The injection interval and whether it is perforated or open-hole. 

(3) State if the well was drilled for injection or, if not, the original purpose of the well. 

(4) Give the depths of any other perforated intervals and detail on the sacks of cement or bridge plugs used to seal off 
such perforations. 

(5) Give the depth to and name of the next higher and next lower oil or gas zone in the area of the well, if any. 

XIV. PROOF OF NOTICE 

All applicants must furnish proof that a copy of the application has been furnished, by certified or registered mail, to the 
owner of the surface of the land on which the well is to be located and to each leasehold operator within one-half mile of 
the well location. 

Where an application is subject to administrative approval, a proof of publication must be submitted. Such proof shall consist 
of a copy of the legal advertisement which was published in the county in which the well is located. The contents of such 
advertisement must include: 

(1) The name, address, phone number, and contact party for the applicant; 

(2) The intended purpose of the injection well; with the exact location of single wells or the section, township, and range 
location of multiple wells; 

(3) The formation name and depth with expected maximum injection rates and pressures; and 

(4) A notation that interested parties must file objections or requests for hearing with the Oil Conservation Division, 
PO Box 2088, Santa Fe, NM 87504-2088 within 15 days. 

NO ACTION WILL BE TAKEN ON THE APPLICATION UNTIL PROPER PROOF OF NOTICE HAS BEEN 
SUBMITTED. 

NOTICE: Surface owners or offset operators must file any objections or requests for hearing of administrative applications within 
15 days from the date this application was mailed to them. 
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Willow Pipeline Company PAGE 1 
O'Brien Fee 19 #8 
330' FSL & 990' FEL 
Sec. 19, T. 8 S., R. 29 E. 0 ^ 
Chaves County, New Mexico 

I. Purpose is water disposal. 

11. Operator is: Willow Pipeline Company 
Phone is: (405) 772-1111 

Address is: P.O. Box 131, Weatherford, Ok. 73096 
Contact is: Brian Wood (Permits West, Inc.). Phone is (505) 466-8120. 

III. A. (1) Lease is 320 acre fee oil and gas lease which comprises all of 
the S2 of Section 19, T. 8 S., R. 29 E. Well name and number is O'Brien 
Fee 19 #8. Well is at 330' FSL and 990' FEL Sec. 19, T. 8 S., R. 29 E. 
A. (2) Surface casing (8-5/8", 20#) was set at 120' in an 11" hole and 
cemented to the surface (visually observed and bond log run) with 4 
cubic yards Redi-mix. Production casing (5-1 /2" , 14#) was set at 
2840' in a 7-7/8" hole and cemented to «1,900' (bond log run) with 125 
sx 50/50 Poz mix. 
A. (3) Tubing will be 2-3/8" 6.5# plastic lined injection string. It will 
be set at «2,716' (disposal interval will be from 2,680' to 2,798'). 
A. (4) Baker Hi-Par packer will be set at 2,580'. 

B. (1) Disposal zone will be San Andres dolomite. 
B. (2) Disposal interval will be 2,680' to 2,798'. It was originally 
perforated (0.44") with four shots per foot from 2,680' to 2,686' and 
from 2,722' to 2,724' in 1981. Additional similar perforations will be 
shot in same formation and same overall interval (2,680' to 2,798'). 
B. (3) Well was spudded in July, 1981 and completed in October, 1981 
as an oil well in the Twin Lakes San Andres Associated field and pool. 
B. (4) San Andres dolomite was perforated (0.44") with four shots per 
foot from 2,680' to 2,686' and from 2,722' to 2,724' for a total of 40 
perforations. 
B. (5) Top of San Andres dolomite is at 2,050'. Oil and gas are produced 
in same and adjoining fields from this formation. Closest well 
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producing from San Andres is Willow's own O'Brien Fee 19-2 and 19-7 
wells which are 1,320' west and 1,980' north respectively. Both are 
currently shut-in, but will return to producing oil well status upon OCD 
C-104 approval (as will all other Willow wells). Top of Queen is at 
1,565'. Queen has been found productive elsewhere in the basin. There 
will be minimum 630' intereval between highest injection perforation 
and bottom of Queen. Nichol's Lynx #1 (SWNE 19-8s-29e) produces from 
the Fusselman. Top of that producing interval is 6,852'. That well is 
3,287' north. It is the only oil well within a 2 mile radius which 
produces from any zone other than the San Andres. 

IV. This is not an expansion of an existing injection project. 

V. A map is attached showing all wells within a half mile (just 4 oil 
wells - and all are operated by Willow), closest wells are Willow's 
O'Brien Fee 19-2 and 19-7 wells which are 1,980' west and north 
respectively) and within two miles (23 water injection + 47 oil + 13 
P&A). A star marks the O'Brien Fee 19-8 well. Based on a USGS Water 
Resources Div. data base search on July 16, 1997 and a July 24, 1997 
field inspection, there are no water wells within two miles. Details on 
the 83 wells are below. 

OPERATOR WELL LOCATION TYPE 
Stevens Huber State 1 SESW 16-8s-29e P&A 
Rhymes O'Brien 19-1 SWNW 19-8s-28e P&A 
Rhymes O'Brien 19-2 NENW 19-8s-28e P&A 
Rhymes O'Brien 19-3 SWNE 19-8s-28e P&A 
Stevens Red Lake Ridge #1 NENW 21-8s-29e P&A 
American O'Brien 24-1 NWSE 24-8s-28e P&A 
Larue & Muncy Sidney 1 SESW 24-8s-28e P&A 
Larue & Muncy Sidney 2 SENW 24-8s-28e P&A 
Stevens O'Brien R-3 NWNE 28-8s-29e P&A 
Marbob TLSAU 33 SENE 31-8s-29e P&A 
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Pelto TLSAU31 SENW 31-8s-29e P&A 
Pelto O'Brien N-3 SWNW 32-8s-29e P&A 
Sweeney O'Brien 2 NWSE 32-8s-29e P&A 

OPERATOR WELL LOCATION TYPE 
Marbob TLSAU 4 NESE 25-8s-28e WIW 
Marbob TLSAU 9 SWSW 25-8s-28e WIW 
Marbob TLSAU 11 SWSE 25-8s-28e WIW 
Marbob TLSAU 17 NENW 36-8s-28e WIW 
Marbob TLSAU 19 NENE 36-8s-28e WIW 
Marbob TLSAU 27 SWNE 36-8s-28e WIW 
Marbob TLSAU 38 NESE 36-8s-28e WIW 
Avra O'Brien LLL-1 SWSE 21-8s-29e WIW 
Avra O'Brien P-1 NENW 28-8s-29e WIW 
Marbob TLSAU 2 SWNW 30-8s-29e WIW 
Marbob TLSAU 2 SWNW 30-8s-29e WIW 
Marbob TLSAU 6 NESW 30-8s-29e WIW 
Marbob TLSAU 13 SWSW 30-8s-29e WIW 
Marbob TLSAU 15 SWSE 30-8s-29e WIW 
Marbob TLSAU 21 NENW 31-8s-29e WIW 
Marbob TLSAU 23 NENE 31-8s-29e WIW 
Marbob TLSAU 30 SWNW 31-8s-29e WIW 
Marbob TLSAU 32 SWNE 31-8s-29e WIW 
Marbob TLSAU 40 NESW 31-8s-29e WIW 
Marbob TLSAU 42 NESE 31-8s-29e WIW 
Marbob TLSAU 50 SWSE 31-8s-29e WIW 
Marbob TLSAU 43 NWSW 32-8s-29e WIW 
Marbob TLSAU 52 SWSW 32-8s-29e WIW 

OPERATOR WELL LOCATION TYPE 
Willow O'Brien 13-1 SESE 13-8s-28e Oil 
Willow O'Brien 24-2 NESE 24-8s-28e Oil 
Willow O'Brien 24-2 NENE 24-8s-28e Oil 
Marbob O'Brien 25-2 SESE 25-8s-28e Oil 
Marbob O'Brien 25-4 NWSE 25-8s-28e Oil 
Marbob O'Brien F-1 SWSW 25-8s-28e Oil 
Marbob O'Brien F-2 SESW 25-8s-28e Oil 
Marbob O'Brien F-4 NESW 25-8s-28e Oil 
Marbob O'Brien F-9 SENW 25-8s-28e Oil 
Sandco Sandco 2 SWNE 25-8s-28e Oil 
Sandco Sandco 3 NENE 25-8s-28e Oil 
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Willow O'Brien 25-5 SENE 25-8s-28e 0 
Marbob TLSAU122 SENE 36-8s-28e 0 
Marbob CitgoAState6 NWNE 36-8s-28e 0 
Marbob CitgoAState 7 SWNE 36-8s-28e 0 
Marbob CitgoAState8 SENE 36-8s-28e 0 
Willow O'Brien Deming 1 NENW 17-8-29e 0 
Willow O'Brien 18-1 SWSW 18-8s-29e 0 
Willow O'Brien 18-2 SWSE 18-8s-29e 0 
Willow O'Brien 18-3 SESW 18-8s-29e 0 
Willow O'Brien 18-4 NWSW 18-8s-29e 0 
Willow O'Brien 18-5 NESW 18-8s-29e 0 
Willow O'Brien 18-6 NWSE 18-8s-29e 0 
Nichols Lynx 1 SWNE 19-8s-29e 0 
Willow O'Brien 19-1 SESW 19-8s-29e 0 
Willow O'Brien 19-2 SWSE 19-8s-29e 0 
Willow O'Brien 19-3 SWSW 19-8s-29e 0 
Willow O'Brien 19-4 NWSW 19-8s-29e 0 
Willow O'Brien 19-5 NESW 19-8s-29e 0 
Willow O'Brien 19-6 NWSE 19-8s-29e 0 
Willow O'Brien 19-7 NESE 19-8s-29e 0 
Avra O'Brien LLL 1 SESW 21-8s-29e 0 
Avra O'Brien R 1 SWSE 21-8s-29e 0 
Avra O'Brien P 2 NWNW 28-8s-29e 0 
Avra O'Brien P 3 SWNW 28-8s-29e 0 
Marbob O'Brien K 2 NWSW 30-8s-29e 0 
Marbob TSLSAU 14 SESW 30-8s-29e 0 
Willow Kucheman 1 NWNW 30-8s-29e 0 
Willow Kucheman 3 NeNW 30-8s-29e 0 
Willow Kucheman 4 SENW 30-8s-29e 0 
Willow Kucheman 5 SWNE 30-8s-29e 0 
Marbob O'Brien I 1 NWNW 31-8s-29e 0 
Marbob O'Brien 1 3 NESW 31-8s-29e 0 
Marbob O'Brien J 2 NWSE 31-8s-29e 0 
Marbob O'Brien J 6 SESE 31-8s-29e 0 
Marbob O'Brien J 8 NWNE 31-8s-29e 0 
Marbob TLSAU123 SENW 31-8s-29e 0 

A map also shows all leases within a half mile (all fee) and within two 
miles (all fee or state). The only state leases are in 36-8s-28e and 16-
8s-29e. A star marks the O'Brien Fee 19-8 well. Details on those leases 
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within a half mile are: 

AREA 
N2 19-8s-29e 
S2 19-8s-29e 
SW4 20-8s-29e 
NW4 20-8s-29e 
W2 29-8s-29e 
NE4, N2NW4, & SWNW 30-8s-29e 

LESSEE 
N. Dale Nichols 
Willow Pipeline Company 
Stevens Operating 
Joseph Ortschid (Open-Lessor) 
Pelto Oil 
Willow Pipeline Company 

VI. There are four wells within a half mile. All are operated by Willow, all 
are in the south half of Section 19, and all are currently shut-in oil 
wells. Copies of the four completion reports are attached. 

Wel 1 Surf. Casinq Prod. Casinq Date Where TD Completion 
1 9- 1 20#, 308' 14#, 2796' 1978 SESW 2,800' Perf: 2,629'-2,674' 

1 50 sx cmt 100 sx cmt 
1 9- 2 20#, 122' 14#, 2794' 1979 SWSE 2,800' Perf: 2,632'-2,680' 

75 sx cmt 175 sx cemt 
1 9-6 20#, 125' 14#, 2787' 1981 NWSE 2,800' Perf: 2,641'-2,672' 

4 cu yd cmt 125 sx cmt 
1 9-7 20#, 126' 14#, 1868' 1981 NESE 2,845' Perf: 2,660'-2,687' 

4 cu yd cmt 100 sx cmt 
11#, 1,051' 
265 sx cmt 
9#, 1759' 

VII. 1. Average injection rate = 175 bwpd. Maximum rate = 250 bwpd. 
2. System will initially be open (trucked to well). Depending on 
volume, pipeline may be laid later. 
3. Average injection pressure=200 psi. Maximum pressure=1,000 psi. 
4. Water source will be Willow's 27 other wells producing from San 
Andres. Eleven water analyses are attached. Water produced from the 
San Andres dolomite will be disposed of into the San Andres dolomite. 
A summary follows (K = Kucheman, all others = OBrien): 
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Parameter K-1 K-3 K-4 K-5 13-1 18-3 1 8-5 18-6 1 9-1 1 9-4 25-5 
PH 5.9 5.9 5.9 6.3 6.1 5.9 6.8 6.5 5.9 5.9 6.2 
H2S 0 0 0 0 0 0 0 0 0 0 0 
TDS* 2.12 2.11 2.30 2.31 2.29 1.99 1.87 2.22 2.25 2.41 2.24 
Calcium 12,224 14,028 7,615 6,513 8,016 3,307 3,307 2,104 16,032 16,733 1,503 
Magnesium 2,917 3,161 2,188 1,884 3,829 1,033 1,520 912 5,349 5,71 3 790 
Sodium* 0.65 0.63 0.79 0.81 0.75 0.73 0.67 0.83 0.63 0.68 0.84 
Bicarbonate 366 454 308 1,800 669 483 722 620 527 473 781 
Sulfate 950 750 1,450 1,800 1,500 3,500 4,100 5,100 700 600 5,100 
Chlor ide* 1.30 1.30 1.40 1.40 1.40 1.18 1.10 1.30 1.40 1.50 1.31 
Iron 15 49 468 2,900 7 23 1,600 13 1,300 23 65 
Hardness* 0.43 0.48 0.28 0.24 0.36 0.13 0.15 0.09 0.62 0.65 0.07 
* x 100,000 

5. The San Andres dolomite is productive. The 19-8 well initially 
produced 10 bopd and 5 Mcfd from the San Andres dolomite when 
completed in 1981. There are four existing oil wells within a half 
mile which produce from the San Andres dolomite. There are 46 oil 
wells within two miles which produce from the San Andres dolomite. 

VI I I . The San Andres Formation is mainly dolomite with some anhydrite 
and limestone. It is at least 157' thick in the 19-8 wellbore. (Nichol's 
Lynx well which is 2/3 of a mile northwest recorded a 1,244' thick 
anhydrite, limestone, dolomite sequence.) Top is 2,680' and bottom is 
«2,837'. There is a 630' thick layer of anhydrite with some shale and 
dolomite above the San Andres in the 19-8 well. Strata beneath the 
San Andres, as recorded in the Lynx well, are (from shallow to deep): 

Rock Tvoe Top Bottom Thickness 
Sandstone, dolomite, anhydrite 3,296' 4,708' 1,41 2' 
Sandstone, ahydrite 4,708' 5,413' 705' 
Red shale 5,413' 6,174' 7 6 1 ' 
Limestone 6,174' 6,604' 430' 
Limestone 6,604' 6,770' 166' 
Limestone 6,770' 6,849' 79' 
Dolomite 6,849 7,491 ' 642' 
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No drinking water bearing zones are known be above or below the San 
Andres within a two mile radius. 

IX. Stimulation will include an acid job. 

X. DL & ML, G-R SN, and cement bond logs were run and are on file. 

XI . Based on a USGS Water Resources Div. data base search on July 16, 
1997 and a July 24, 1997 field inspection, there are no water wells 
within two miles. 

XII. Well files have been examined and a field inspection made. No 
evidence of open faults or other hydrologic connection between the 
San Adnres and any underground source of water has been found. 

X I I I . Notice (this application) has been sent to the surface owner (QSTS 
Ranch Partnership) and N. Dale Nichols, Joseph Ortschid, Pelto Oil, and 
Stevens Operating. N. Dale Nichols, Joseph Ortschid, Pelto Oil, 
Stevens Operating, and Willow Pipeline Company are the operators of 
all leases within a half mile. 
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Permian Treating Chemicals 
WATER ANALYSIS REPORT 

O i l Co. 
Lease 

Well No. 
Salesman 

Willow P i p e l i n e 
Kuchaman 
# 1 

ANALYSIS 
1 . pH 
2. S p e c i f i c G r a v i t y 60/60 F. 
3. CaCOT S a t u r a t i o n Index @ 80 

@ 140 
D i s s o l v e d Gasses 

Sample Loc. 
Date Reported 
Date Sampled 

5.900 
1.159 
F . +0 .692 
F . +2 .112 

MG/L 

21-May-1996 

EQ. WT. "MEQ/L 

4. Hydrogen S u l f i d e 
5. Carbon Dioxide 
6. Dissolved Oxygen 

Cations 
7. Calcium 
8. Magnesium 
9. Sodium 

10. Barium 

11. 
12 . 
13 . 
14 . 
15 . 
16 . 
17 . 
18 . 
19 . 

Na 

Ca 

Mg 

Fe 

Anions 
Hydroxyl 
Carbonate 
Bicarbonate 
S u l f a t e 
Chloride 

(Ca++ 
Mg+ + 
Na+) 
Ba+ + ) 

[OH-) 
CO^=) 
HC03-
S0 4^) 
c i -

T o t a l Dissolved Solids 
T o t a l I r o n (Fe) 
To t a l Hardness As CaC03 
R e s i s t i v i t y @ 75 F. (Calculated) 

Not Present 
Not Determined 
Not Determined 

12,224 / 20.1 
2,917 / 12 2 

(Calculated) 65^333 / 23^0 
Not Determined 

0 / 17.0 = 
0 / 30.0 = 

366 / 61.1 = 
950 / 48.8 = 

129,971 / 35.5 = 
211,761 

15 / 18.2 = 
42,538 

0.001 /cm. 

608.16 
239.10 

2,840.57 

0.00 
0.00 
5.99 

19.47 
661.15 

0.82 

LOGARITHMIC WATER PATTERN 
*meq/L. 

PROBABLE MINERAL COMPOSITION 

nun 1 

Hfff-
HJIII 1 

i f r f -

mill l IIIIII 1 

-ffHI 
1 IIIIJU 

- H f i 

—rTfiiii 1 HUH 

=±fr! 
1 lllllll 

IIIIII 1 

mini 1 

INJ II 1 IIIIII 1 IIIIII 1 

IIIIII 1 

1 mm 

1 IIIIII 

1 IIIIII 

\ IIIIII 

1 inm 

1 nun 

1 lllllll 

1 lllllll mini 1 

BHttH-

IIII11 T—fU-UJ1 1 

llllllli IIIIII 

IIIIII 1 1 IIIIII 

4 f f l 

A IIIIII 

-Hfl 

1 IIIIII 

-Hfl 

1 mini 

Cl 

HC03 

S04 

CO 3 
10 100 1000 10000 10000 1000 100 10 

C a l c i u m S u l f a t e S o l u b i l i t y P r o f i l e 
13 Be 

1294 
1288 
1282 
1276 
1276 
1264 
1258 
1232 
1246 
1246 

/ 

COMPOUND EQ. WT. X * m e q / L = m g / L . 

C a ( H C 0 3 ) 2 
8 1 . 04 5 99 485 

CaS04 68 . 07 19 47 1 , 325 

CaCl 2 
55 . 50 582 70 3 2 , 3 4 0 

M g ( H C 0 3 ) 2 73 . 17 0 00 0 

MgS04 60 . 1 9 0 00 0 

M g C L 2 
47 . 62 239 10 1 1 , 3 8 6 

NaHC03 84 . 00 0 00 0 

NaS04 7 1 . 03 0 00 0 

N a C l 58 .46 2 , 839 35 1 6 5 , 9 8 9 
I m p *F. 58 1SS 17B * M i l l i Equivalents per L i t e r 

This water i s somewhat c o r r o s i v e due t o the pH observed on a n a l y s i s . 
The c o r r o s i v i t y i s increased by the content of mineral s a l t s i n s o l u t i o n . 



Permian Treating Chemicals 
WATER ANALYSIS REPORT 

O i l Co. 
Lease 

Well No. 
Salesman 

Willow P i p e l i n e 
Kuchaman 
# 3-C 

ANALYSIS 
i 
2 
3 

pH 5. 
S p e c i f i c G r a v i t y 60/60 F. 1. 
CaC03 S a t u r a t i o n Index @ 80 F. 

@ 140 F. 
Dissolved Gasses 

Sample Loc. 
Date Reported 
Date Sampled 

890 
155 
+0.835 
+2.255 

MG/L 

21-May-1996 

EQ. WT, *MEQ/L 
4. Hydrogen S u l f i d e 
5. Carbon Dioxide 
6. Dissolved Oxygen 

Cations 
7. Calcium (Ca+H-
8. Magnesium Mg + + 

9. Sodium Na+) 
10. Barium (Ba + +) 

Anions 
Hydroxyl (OH") 
Carbonate C03=:) 
Bicarbonate HCO3") 
Su l f a t e (SO4-) 
Chloride Cl") 

11. 
12 . 
13 . 
14 . 
15 . 
16. 
17 . 
18 . 
19 . 

Na 

Ca 

Mg 

Not Present 
Not Determined 
Not Determined 

14 ,028 
3 , 1 6 1 

[ C a l c u l a t e d ) 62 ,740 
N o t D e t e r m i n e d 

0 
0 

454 
750 

129,971 
T o t a l Dissolved S o l i d s 
T o t a l I r o n (Fe) 
To t a l Hardness As CaC03 
R e s i s t i v i t y @ 75 F. (Calculated) 

211,104 
49 

48,043 
0.001 /cm. 

/ 20.1 
/ 12 . 2 
/ 23 . 0 

/ 17.0 
/ 30.0 
/ 61.1 
/ 48.8 
/ 35.5 

/ 18 . 2 

697.91 
259.10 

2,727.83 

0 . 00 
0 . 00 
7 .43 

15.37 
661.15 

2 . 69 

LOGARITHMIC WATER PATTERN 
*meq/L. 

PROBABLE MINERAL COMPOSITION 

Fe |l 

llllllllll 1 lllllll 
h 1111111 1 

HHH-
11111111 

1 IIIIII illlllll lljlLUIII 
1 iiiiiuUrTmiiJ 11111J 11111111 

miiii 1 

lllllll 1 

IVII1II Wi l l i 

11 M IS j iiun! 1 

miiii 1 

unui 1 

1 uniii 11 I I I I I I 11111111 

1 IIIIII \ l lllllll 1 lllllll 

1 iiiim 

1 mini 
lllllll 1 

HH-
llll l("kJHI II1 

lllllll lllllll 1 

11111111 1 IIIIIIIII lllllll lllllll1 

<nii IIIII IIIII 
1 limn 

-HH 

Cl 

HC03 

S04 

CO 3 
10000 1000 100 10 100 1000 10000 

Calcium Sulfate S o l u b i l i t y P r o f i l e 
1146 

1133 

113B 

1123 

112a 

1113 

1116 

l i e s 
nee 
1695 

1698 

/ 
/ 

y 
y y 

COMPOUND EQ. WT. X * m e q / L = m g / L . 

C a ( H C 0 3 ) 2 
8 1 . 04 7 43 602 

CaS04 68 .07 15 37 1 , 046 

C a C l 2 
55 50 675 1 1 3 7 , 4 6 9 

M g ( H C 0 3 ) 2 
73 17 0 00 0 

MgS04 60 . 19 0 00 0 

M g C L 2 47 . 62 259 10 1 2 , 3 3 8 

NaHC0 3 84 . 00 0 00 0 

NaS04 7 1 . 03 0 00 0 

N a C l 58 . 46 2 , 726 95 1 5 9 , 4 1 7 
i t w *F. se 130 170 * M i l l i Equivalents per L i t e r 

This water i s somewhat c o r r o s i v e due t o the pH observed on a n a l y s i s . 
The c o r r o s i v i t y i s increased by the content of mineral s a l t s i n s o l u t i o n . 



Permian Treating Chemicals 
WATER ANALYSIS REPORT 

O i l Co. 
Lease 
Well No. 
Salesman 

Willow Pipeline 
Kicheman 
# 4 

ANALYSIS 
1 . 
2 . 
3 . 

pH 5 
S p e c i f i c G r a v i t y 60/60 F. 1 
CaCO^ S a t u r a t i o n Index @ 80 F 

@ 140 F 
D i s s o l v e d Gasses 

Sample Loc. 
Formation 
Date Analyzed 

900 
148 

+0.472 
+1 .972 

MG/L 

Ol-July-1996 

EQ. WT. *MEQ/L 

4 
5 
6 

Hydrogen S u l f i d e 
Carbon Dioxide 
Dissolved Oxygen 

Cations 
7. Calcium 
8. Magnesium 
9. Sodium 

10 . Barium 

11. 
12 . 
13 . 
14 . 
15 . 
16 . 
17 . 
18 . 
19 . 

Anions 
Hydroxyl 
Carbonate 
Bicarbonate 
S u l f a t e 
Chloride 

(Ca+ + 
Mg+ + 
Na+) 
Ba+ + ) 

(OH-) 

HCO3-) 
S0 4^) 
Cl") 

T o t a l Dissolved Solids 
T o t a l I r o n (Fe) 
To t a l Hardness As CaCC>3 
R e s i s t i v i t y @ 75 F. (Calculated) 

LOGARITHMIC WATER PATTERN 
*meq/L. 

Not Present 
Not Determined 
Not Determined 

7,615 / 20.1 
2/188 / 12 2 

(Calculated) 78<700 / 23!o 
Not Determined 

0 / 17.0 = 
0 / 30.0 = 

308 / 61.1 = 
1,450 / 48.8 = 

139,968 / 35.5 = 
230,229 

468 / 18.2 = 
28,025 

0.001 /cm. 

378.86 
179 .34 

3,421.74 

0.00 
0.00 
5.04 

29.71 
942 .76 

25.71 

PROBABLE MINERAL COMPOSITION 
COMPOUND EQ. WT. X *meq/L = mg/L, 

10000 1000 100 100 1000 10000 

Calcium Sulfate S o l u b i l i t y P r o f i l e 
1 9 4 6 

1 9 3 6 

1 9 2 6 

1 9 1 8 

1 9 6 6 

1 8 9 8 

1 8 8 6 

1 8 7 6 

1 8 6 6 

1 8 5 6 

1 8 4 6 

y 
y 

y* 

y 
y 

Ca(HC0 3)2 

CaS04 

CaCl 2 

Mg(HC0 3) 2 

MgS04 

MgCL2 

NaHC03 

Na SO 4 

81. 04 

68 . 07 

55 .50 

73 . 17 

60 .19 

47 . 62 

84 . 00 

71 . 03 

5 . 04 

29 . 71 

344.10 

0 . 00 

0 . 00 

179.34 

0 . 00 

0 . 00 

409 

2, 023 

19,098 

0 

0 

8, 540 

0 

0 

NaCl 58.46 3,419.31 199,893 
T o p »F. s e l i e 1 3 6 i s e i 7 e * M i l l i Equivalents per L i t e r 

This water i s somewhat c o r r o s i v e due t o the pH observed on an a l y s i s . 
The c o r r o s i v i t y i s increased by the content of mineral s a l t s i n s o l u t i o n . 



SAMPLE 

Permian Treating Chemicals 
WATER ANALYSIS REPORT 

O i l Co. 
Lease 

Well No. 
Salesman 

Willow P i p e l i n e 
Kuchaman 
# 5 

ANALYSIS 
1. pH 
2. S p e c i f i c G r a v i t y 60/60 F. 
3. CaCOT S a t u r a t i o n Index @ 80 

@ 140 
Dissolved Gasses 

6. 
1. 
F. 
F. 

Sample Loc. 
Date Reported 
Date Sampled 

260 
154 
+0.937 
+2.437 

MG/L 

21-May-1996 

EQ. WT. *MEQ/L 

4. Hydrogen S u l f i d e 
5. Carbon Dioxide 
6. Dissolved Oxygen 

Cations 
7. Calcium (Ca++) 
8. Magnesium (Mg++) 
9. Sodium Na+) 

10. Barium (Ba++) 

Anions 
Hydroxyl (OH") 
Carbonate (003=) 
Bicarbonate HCO3-) 
Su l f a t e SO4-) 
Chloride Cl") 

11. 
12 . 
13 . 
14 . 
15. 
16 . 
17. 
18 . 
19 . 

T o t a l Dissolved S o l i d s 
T o t a l I r o n (Fe) 
To t a l Hardness As CaC03 
R e s i s t i v i t y @ 75 F. (Calculated) 

LOGARITHMIC WATER PATTERN 
*meq/L. 

Not Present 
Not Determined 
Not Determined 

6,513 / 20.1 = 324.03 
1,884 / 12.2 = 154.43 

(Calculated) 80,763 / 23.0 = 3,511.43 
Not Determined 

0 / 17.0 = 0.00 
0 / 30.0 = 0.00 

459 / 61.1 = 7.51 
1,800 / 48.8 = 36.89 

139,968 / 35.5 = 3,942.76 
231,387 
2,900 / 18.2 = 159.34 

24,021 
0.001 /cm. 

PROBABLE MINERAL COMPOSITION 
COMPOUND EQ. WT. X *meq/L = mg/L. 

10000 1000 100 100 1000 10000 

Calcium Sulfate S o l u b i l i t y P r o f i l e 
2228 

2289 

2198 

2187 
M 

2176 
* 2165 / 

2134 
L 

2143 
2132 
2121 
2118 

T o p "»F. 5 

y 
,y 

/ I 

/ 

Ca(HCO3)2 

CaS04 

CaCl2 

Mg(HC03)2 

MgS04 

MgCL2 

NaHC03 

NaS04 

81. 04 

68 . 07 

55 . 50 

73 . 17 

60 .19 

47 . 62 

84 . 00 

71 . 03 

7 . 51 

36 . 89 

279.63 

0 . 00 

0 . 00 

154 .43 

0 . 00 

0 .00 

609 

2, 511 

15,520 

0 

0 

7, 354 

0 

0 

NaCl 58.46 3,508.70 205,119 
138 178 * M i l l i Equivalents per L i t e r 

This water i s s l i g h t l y c o r r o s i v e due t o the pH observed on a n a l y s i s . 
The c o r r o s i v i t y i s increased by the content of mineral s a l t s i n s o l u t i o n . 



Permian Treating Chemicals 
WATER ANALYSIS REPORT 

O i l Co. 
Lease 

Well No. 
Salesman 

Willow Pipeline 
O'Br i en 
13-1 

ANALYSIS 
1 . 
2 . 
3 . 

4 
5 
6 

pH 
S p e c i f i c G r a v i t y 60/60 F. 
CaCC>3 S a t u r a t i o n Index @ 80 F. 

@ 140 F . 
D i s s o l v e d Gasses 

Sample Loc. 
Date Reported 
Date Sampled 

6.090 
1.148 

+1 .070 
+2 .680 

MG/L 

21-May-1996 

EQ. WT. *MEQ/L 

Hydrogen S u l f i d e 
Carbon D i o x i d e 
D i s s o l v e d Oxygen 

Cations 
7. Calcium (Ca++ 
8. Magnesium ( M g + + 

9. Sodium Na+) 
10. Barium (Ba++) 

Anions 
H y d r o x y l (OH~) 
Carbonate C 0 T = ) 
B i c a r b o n a t e (HCO3-
S u l f a t e SO4-) 
C h l o r i d e ( C l - ) 

11. 
12 . 
13 . 
14 . 
15 . 
16 . 
17. 
18. 
19 . 

Na 

Ca 

Mg 

Fe 

T o t a l D i s s o l v e d S o l i d s 
T o t a l I r o n (Fe) 
T o t a l Hardness As CaC03 
R e s i s t i v i t y @ 75 F. ( C a l c u l a t e d ) 

Not Present 
Not Determined 
Not Determined 

8,016 / 20.1 
3,829 / 12.2 

( C a l c u l a t e d ) 75,296 / 23.0 
Not Determined 

0 / 17.0 
0 / 30.0 

669 / 61.1 
1,500 / 48.8 

139,968 / 35.5 
229,278 

7 / 18.2 
35,782 

0.001 /cm. 

398.81 
313.85 

3,273 .74 

0.00 
0 . 00 

10.95 
30.74 

3,942.76 

0.38 

LOGARITHMIC WATER PATTERN 
*meq/L. 

PROBABLE MINERAL COMPOSITION 
COMPOUND EQ. WT. X *meq/L = mg/L, 

ifkh 

IIIIII 1 

IfH-

ifttii 1 

HttrrH— 

IIIIII 1 nun 1 
-ma 
1 IIIIII 

-MM -TTHH 

1 limn 1 nun 
lllill 1 MINI 1 

IIIII 1I11 

IIIIII 1 

IIIIII 1 

mm 1 

IIIIII 1 

1 IIIIII 

1 IIIIII 

y IIIIIII 1 IIIIIII 1 IIIIII 

l \ I I I I I I I I I Mil 
i i i i i i i iumn--. 

lllllll IIIIII 1 

[MNI 11 

mfH-
IIIIII 1 1 IIIIII 

4m 
^ I I I I I I 

"HHUr -Hfi -HHW 

Cl 

HC03 

S04 

C03 
10000 1000 100 10 1 10 100 1000 10000 

C a l c i u m S u l f a t e S o l u b i l i t y P r o f i l e 
I 8 6 0 
1 8 3B 
184B 
1 8 3 0 
1 8 2 8 
1 8 1 8 
1 8 8 8 
1 7 9 8 
1 7 8 8 
1 7 7 8 
1 7 6 8 

y 
y 

y 
/ 

y 

Ca(HCO3)2 

CaS04 

CaCl2 

Mg(HCO3)2 

MgS04 

MgCL2 

NaHC03 

NaS0 4 

81. 04 

68 . 07 

55 . 50 

73 . 17 

60 . 19 

47 . 62 

84 .00 

71 .03 

10 . 95 

30 . 74 

357 . 12 

0 . 00 

0 . 00 

313.85 

0 . 00 

0 . 00 

887 

2, 092 

19,820 

0 

0 

14,946 

0 

0 

NaCl 58.46 3,271.79 191,269 
T a w >F. 3 8 l i e 1 3 8 * M i l l i E q u i v a l e n t s per L i t e r 

T h i s water i s s l i g h t l y c o r r o s i v e due t o t h e pH observed on a n a l y s i s . 
The c o r r o s i v i t y i s i n c r e a s e d by t h e c o n t e n t o f m i n e r a l s a l t s i n s o l u t i o n . 



Permian Treating Chemicals 
WATER ANALYSIS REPORT 

O i l Co. 
Lease 
Well No. 
Salesman 

Willow P i p e l i n e 
O'Brien 18 
# 3 

Sample Loc. 
Formation 
Date Analyzed Ol-July-1996 

ANALYSIS 
1. pH 5.930 
2. S p e c i f i c Gravity 60/60 F. 1.135 
3. CaCOT Saturation Index @ 80 F. -0.026 

@ 140 F. +1.074 
Dissolved Gasses 

4. Hydrogen S u l f i d e 
5. Carbon Dioxide 
6. Dissolved Oxygen 

MG/L EQ. WT, *MEQ/L 

Cations 
7. Calcium 
8. Magnesium 
9. Sodium 

10. Barium 

Anions 
11. 
12 . 
13 . 
14 . 
15 . 
16 . 
17 . 
18 . 
19 . 

Na 

Ca 

Mg 

Hydroxyl 
Carbonate 
Bicarbonate 
S u l f a t e 
Chloride 

(Ca++ 
Mg++ 
Na+) 
(Ba+ + ) 

(OH") 
,C03=) 

Not Present 
Not Determined 
Not Determined 

3,307 
1,033 

(Calculated) 72,610 
Not Determined 

20 
12 
23 

164.53 
84.67 

156.96 

J3~-
(HCO3-) 
SO4-) 
Cl") 

T o t a l Dissolved Solids 
T o t a l I r o n (Fe) 
To t a l Hardness As CaC03 
R e s i s t i v i t y @ 75 F. (Calculated) 

LOGARITHMIC WATER PATTERN 
*meq/L. 

ttttff^ 

lllllll 1 

BHHff-
\ 
lllll~N 

lllilll lllllll 1 

lllllll 1 lllllll 1 

-H« 

1 IIIIII 

-Hfi 

'TTfilll 

l i fLH llll 
1 m mil 1 I I I I I I 

lllllll 1 

IIIIII 1 

IIIIII 1^ 

Illll 1 1 

lllllll 1 lllllll 1 

lllllll 1 lllllll 1 

1 IIIIII: 

1 IIIIII 

, 1 miiii 

11 ittii 

1 lllllll 

1 IIIIII 

1 IIIIII 

1 min 
IIIIM 1 

HWfH-

IIIIII 1 

I f f f-

irtuiM lllllll I 

l l l l l i f t -

1 IIIIIII 

-4k 
\Jjm\ 1 lllllll 1 IIIIII 

-Hfi 

Cl 

HC03 

S04 

CO 3 
10000 1000 100 10 100 1000 10000 

Calcium Sulfate S o l u b i l i t y P r o f i l e 
3 7 9 8 

3 7 8 4 

3 7 7 8 

3 7 7 2 

3 7 6 6 

3 7 6 6 

3 7 3 4 

3 7 4 8 

3 7 4 2 

3 7 3 6 

3 7 3 8 

/ 
/ 

/ 

— / 

7-

0 / 
0 / 

483 / 
3 , 5 0 0 / 

1 1 7 , 9 7 3 / 

17 . 0 
30 . 0 
6 1 . 1 
48 . 8 
35 . 5 3 

0 
0 
7 

7 1 
, 323 

. 0 0 

. 0 0 

. 9 1 

. 72 

.18 
1 9 8 , 9 0 6 

23 / 
1 2 , 5 1 1 

.001 /cm. 

18 . 2 = 1 . 26 

PROBABLE MINERAL 
COMPOUND EQ. WT. X 

COMPOSITION 
* m e q / L = m g / L . 

C a ( H C 0 3 ) 2 8 1 . 04 7 . 91 6 4 1 

CaS04 68 . 07 71 . 72 4 , 882 

C a C l 2 55 . 50 84 . 90 4 , 7 1 2 

Mg(HCO3)2 73 . 17 0 . 00 0 

MgS04 60 . 19 0 . 00 0 

M g C L 2 47 . 62 84 . 67 4 , 0 3 2 

N a H C 0 3 84 . 00 0 . 00 0 

NaS04 7 1 . 03 0 . 00 0 

N a C l 58 . 46 3 , 153 . 6 1 1 3 4 , 3 6 0 
Te»p * F . 3 8 * M i l l i Equivalents per L i t e r 

This water i s somewhat c o r r o s i v e due t o the pH observed on a n a l y s i s . 
The c o r r o s i v i t y i s increased by the content of mineral s a l t s m s o l u t i o n . 



Permian Treating Chemicals 
WATER ANALYSIS REPORT 

O i l Co. 
Lease 

Well No. 
Salesman 

Willow Pipeline 
O ' B r i e n 
18-5 

ANALYSIS 
i 
2 
3 

4 
5 
6 

9 
10 

pH 
S p e c i f i c G r a v i t y 60/60 F. 
CaCOT S a t u r a t i o n Index @ 80 

@ 140 
D i s s o l v e d Gasses 

Sample Loc. 
Date Reported 
Date Sampled 

6.750 
1.128 
F . +0 .879 
F . +1 .869 

MG/L 

21-May-1996 

EQ. WT, *MEQ/L 

1 1 . 
12 . 
13 . 
14 . 
15 . 
16 . 
17 . 
18 . 
19 . 

Hydrogen S u l f i d e 
Carbon Dioxide 
Dissolved Oxygen 

Cations 
Calcium (Ca + + 

Magnesium (Mg + + 

Sodium (Na+) 
Barium (Ba + +) 

Anions 
Hydroxyl (OH-) 
Carbonate (CO3-) 
Bicarbonate (HCO3-) 
Su l f a t e S0 4~) 
Chloride (Cl-) 
To t a l Dissolved Solids 
T o t a l I r o n (Fe) 
To t a l Hardness As CaC03 

R e s i s t i v i t y @ 75 F. (Calculated) 

LOGARITHMIC WATER PATTERN 
*meq/L. 

Not Present 
Not Determined 
Not Determined 

3,307 
1,520 

(Calculated) 66<880 
Not Determined 

0 
0 

722 
4,100 

109,975 
186,504 

1,600 
14 ,513 

1.010 /cm. 

/ 20.1 
/ 12.2 
/ 23 . 0 

/ 17.0 = 
/ 30.0 = 

61 
48 
35 

/ 18.2 

164.53 
124.59 
907.83 

0.00 
0 . 00 

11.82 
84 . 02 

097.89 

87.91 

PROBABLE MINERAL COMPOSITION 
EQ. WT. X *meq/L = m g / L . 

1000 1000 10000 

Calcium Sulfate S o l u b i l i t y P r o f i l e 
3 a ee 
37*3 
3790 
3785 
3788 
3775 
3778 
3765 
3768 
3735 
3758 

V 
V V / 

\ / 

V / 
\ / 

COMPOUND 

Ca(HC0 3) 2 

CaS04 

CaCl 2 

Mg(HC0 3) 2 

MgS04 

MgCL2 

NaHC03 

NaS04 

81. 04 

68 . 07 

55 . 50 

73 . 17 

60 . 19 

47 . 62 

84 . 00 

71. 03 

11 . 82 

84 . 02 

68 .69 

0 . 00 

0.00 

124.59 

0 .00 

0 . 00 

958 

719 

813 

0 

0 

933 

0 

0 

NaCl 58.46 2,904.60 169,803 
T.M> "F. 58 * M i l l i Equivalents per L i t e r 

This water i s s l i g h t l y c o r r o s i v e due t o the pH observed on a n a l y s i s . 
The c o r r o s i v i t y i s increased by the content of mineral s a l t s i n s o l u t i o n . 



Permian Treating Chemicals 
WATER ANALYSIS REPORT 

O i l Co. 
Lease 

Well No. 
Salesman 

Willow P i p e l i n e 
O'Br i en 
18-6 

ANALYSIS 
1 . pH 6, 
2. S p e c i f i c G r a v i t y 60/60 F. 1, 
3. CaC03 S a t u r a t i o n Index @ 80 F. 

@ 140 F. 
D i s s o l v e d Gasses 

Sample Loc. 
Date Reported 
Date Sampled 

470 
149 
+0.606 
+1.886 

MG/L 

21-May-1996 

EQ. WT. *MEQ/L 

4. Hydrogen S u l f i d e 
5. Carbon Dioxide 
6. Dissolved Oxygen 

7 
8 
9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 

Cations 
Calcium (Ca++ 
Magnesium (Mg + + 

Sodium (Na+) 
Barium (Ba++) 

Anions 
. Hydroxy1 (OH") 

Carbonate (C03=) 
Bicarbonate (HCO3-) 
Su l f a t e SO4-) 
Chloride Cl") 
To t a l Dissolved Solids 
T o t a l I r o n (Fe) 
To t a l Hardness As CaC03 
R e s i s t i v i t y @ 75 F. (Calculated) 

Not Present 
Not Determined 
Not Determined 

2,104 / 20.1 
912 / 12 2 

(Calculated) 82,817 / 23 !o 
Not Determined 

0 / 17.0 = 
0 / 30.0 = 

620 / 61.1 = 
5,100 / 48.8 = 

129,971 / 35.5 = 
221,524 

13 / 18.2 = 
9,008 

0.001 /cm. 

104.68 
74.75 

,600.74 

0.00 
0.00 

10.15 
104.51 
,661.15 

0.71 

LOGARITHMIC WATER PATTERN 
*meq/L. 

PROBABLE MINERAL 
COMPOUND EQ. WT. X 

COMPOSITION 
*meq/L = mg/L, 

Na 

Ca 

Mg 

Fe 

Htfffkt̂  
IIIIIII 1 

HH-

iiiimN 

HH-

IIIIII 1 

HH-
mm 1 1 nun 

-HH -HH 
1 IIIIII 

dm 
1 mm1 

IIIIIII 1 

mini 1 

IIIIII 1 

IIIIII 1 

mm 1 

kin 1 

nun 1 

IIIIII 1 

1 nun 

1 IIIIII 

<n IIIIII 

1 iiiim 

1 IIIIII 

1 IIIIII 

1 mini 

1 mini mini 1 

HH­

IIIIII 1 

HH­

IttUJI 

HH­
IIIIII 1 

iMf> 

1 min 

-mi 
\\}m 

-mn 
1 IIIIII 

-HH 

1 IIIIII: 

Cl 

HC03 

S04 

CO 3 

Ca(HCO3)2 

CaS04 

CaCl 2 

81. 04 

68 . 07 

55 . 50 

Mg(HC03)2 73.17 
10000 1000 100 10 1 10 100 1000 10000 

Calcium Sulfate S o l u b i l i t y P r o f i l e 
475a 

474a 

473a 

472a 
M 

4 7 1 8 
" 4 7 0 0 / 

4 6 9 0 
L 

4 6 8 8 

4 6 7 B 

4 6 6 B 

4 6 3 8 

T . » p » F . 

/ 
/ 

/ 
/ 

/ 
/ 

— 

MgS04 

MgCL2 

NaHC03 

NaS04 

60 .19 

47 . 62 

84 . 00 

71 . 03 

10 . 15 

94 . 53 

0 .00 

0 . 00 

9 . 98 

64 . 78 

0 . 00 

0 . 00 

822 

6, 435 

0 

0 

601 

3 , 085 

0 

0 

NaCl 58.46 3,596.38 210,244 
* M i l l i Equivalents per L i t e r 

This water i s s l i g h t l y c o r r o s i v e due t o the pH observed on an a l y s i s . 
The c o r r o s i v i t y i s increased by the content of mineral s a l t s i n s o l u t i o n . 



SAMPLE 

Permian Treating Chemicals 
WATER ANALYSIS REPORT 

O i l Co. 
Lease 

Well No. 
Salesman 

Willow P i p e l i n e 
0 1 B r i e n 
1 9 - 1 

ANALYSIS 
1. pH 
2. S p e c i f i c G r a v i t y 60/60 F. 
3. CaCCh S a t u r a t i o n Index @ 80 

@ 140 
Dissolved Gasses 

5. 
1. 
F. 
F. 

Sample Loc. 
Date Reported 
Date Sampled 

850 
160 

+ 1 . 2 3 8 
+3 .338 

M G / L 

21-May-1996 

EQ. WT, *MEQ/L 

4 
5 
6 

9 
10 

1 1 . 
12 . 
13 . 
14 . 
15 . 
1 6 . 
1 7 . 
18 . 
19 . 

Hydrogen S u l f i d e 
Carbon Dioxide 
Dissolved Oxygen 

Cations 
Calcium (Ca++ 
Magnesium (Mg + + 

Sodium (Na +) 
Barium (Ba + +) 

Anions 
Hydroxyl (OH-) 
Carbonate (C0 3-) 
Bicarbonate (HC03~) 
S u l f a t e SO4-) 
Chloride (Cl') 

Not Present 
Not Determined 
Not Determined 

16,032 
5,349 

(Calculated) 62,789 
Not Determined 

0 
0 

527 
700 

139,968 
T o t a l Dissolved S o l i d s 
T o t a l I r o n (Fe) 
To t a l Hardness As CaC03 

R e s i s t i v i t y @ 75 F. (Calculated) 

LOGARITHMIC WATER PATTERN 
*meq/L. 

225,365 
1,300 

62,055 
0.001 /cm. 

/ 20.1 
/ 12.2 
/ 23 . 0 

/ 17.0 
/ 30 . 0 
/ 61.1 
/ 48.8 
/ 35.5 

/ 18 . 2 

797.61 
438.44 

2,729.96 

0 . 00 
0 .00 
8.63 

14.34 
942.76 

71.43 

PROBABLE MINERAL COMPOSITION 
COMPOUND EQ. WT. X *meq/L = mg/L, 

10000 1000 100 10 100 1000 10000 

Calcium Sulfate S o l u b i l i t y P r o f i l e 
940 
934 
92S 
922 
916 
910 
904 
898 
892 
886 
88O 

^ y ^ 

y 

• 
/ 

/ 

/ 
/ 

Ca(HCO3)2 81 04 8 63 699 

CaS04 68 07 14 34 976 

CaCl2 55 50 774 64 42,993 

Mg(HC0 3) 2 
73 17 0 00 0 

MgS04 60 19 0 00 0 

MgCL2 47 62 438 44 20,879 

NaHC03 84 00 0 00 0 

NaS0 4 71 03 0 00 0 

NaCl 58 46 2 , 729 68 159,577 
T l W »F. 30 110 130 130 170 * M i l l i Equivalents per L i t e r 

This water i s somewhat c o r r o s i v e due t o the pH observed on a n a l y s i s . 
The c o r r o s i v i t y i s increased by the content of mineral s a l t s i n s o l u t i o n . 



r ' 

SAMPLE 

Permian Treat ing Chemicals 
WATER ANALYSIS REPORT 

O i l Co. 
Lease 

Well No. 
Salesman 

Willow Pipeline 
O ' B r i e n 
19-4 

ANALYSIS 
1 . pH 
2. S p e c i f i c G r a v i t y 60/60 F. 
3. CaCC>3 S a t u r a t i o n Index @ 80 

@ 140 
D i s s o l v e d Gasses 

5. 
1. 
F. 
F. 

Sample Loc. 
Date Reported 
Date Sampled 

920 
169 
+1.539 
+3.479 

MG/L 

21-May-1996 

EQ. WT. *MEQ/L 

4. Hydrogen S u l f i d e 
5. Carbon D i o x i d e 
6. D i s s o l v e d Oxygen 

Cations 
7. Calcium 
8. Magnesium 
9. Sodium 

10. Barium 

1 1 . 
12 . 
13 . 
14 . 
15 . 
16 . 
17. 
18 . 
19. 

Na I 

Ca 

Mg 

Anions 
H y d r o x y l 
Carbonate 
B i c a r b o n a t e 
S u l f a t e 
C h l o r i d e 

(Ca++) 
Mg+ + ) 
Na+) 
(Ba++) 

[OH") 
coa=) 
HCO3-) 
SO4 4) 
Cl") 

Not Present 
Not Determined 
Not Determined 

16,733 / 20.1 
5 713 / 12 2 

(Calculated) 67^712 / 23". 0 
Not Determined 

0 / 17.0 
0 / 30.0 

473 / 61.1 
600 / 48.8 

149,966 / 35.5 

832.49 
468.28 

2,944.00 

0.00 
0.00 
7 .74 

12 .30 
224.39 

T o t a l D i s s o l v e d S o l i d s 
T o t a l I r o n (Fe) 
T o t a l Hardness As CaC0 3 

R e s i s t i v i t y @ 75 F. ( C a l c u l a t e d ) 

LOGARITHMIC WATER PATTERN 
*meq/L. 

Fe 

MM 

mini 1 

MM 

IIIIIII 1 

MM 

mini 1 

MM 

mini 1 

-MM. -MM 4 W ^41 

1 IIIIIII 
mill! 1 

mini 1 

PH 1 

111)1111 

IIIIIII 1 

mini 1 

mini 1 

IIIIIII 1 

1 IIIIIH 1 mini iiinii 

1 iimiA ni 1 inm 
1 IIIIIII 

1 IIIIIII mini 1 mint< j i i i i i i 1 

l l l l l l l l 

IIIIIII 1 

itott-
1 mmi 

4m 
' 1 IIIIII 

-H+f 
1 nun 

-HH 

i IIIIIII 

" fm i 

Cl 

HC03 

S04 

CO 3 
10000 1000 100 10 10 100 1000 10000 

Calcium S u l f a t e S o l u b i l i t y P r o f i l e 
9 6 0 

8 5 4 

8 4 8 

8 4 2 

8 3 6 

8 3 0 

8 2 4 

8 1 8 

8 1 2 

/ 
/ 

/ 

4 1 , 1 9 7 
23 

6 5 , 3 0 8 
0 0 1 / c m . 

/ 18 . 2 = 1 .26 

PROBABLE MINERAL 
COMPOUND EQ. WT. X 

COMPOSITION 
* m e q / L = m g / L . 

C a ( H C 0 3 ) 2 8 1 . 04 7 . 74 627 

C a S 0 4 68 . 07 12 . 30 837 

C a C l 2 
55 . 50 812 .45 4 5 , 0 9 1 

M g ( H C 0 3 ) 2 73 . 17 0 .00 0 

M g S 0 4 60 . 19 0 . 00 0 

M g C L 2 
47 . 62 468 . 28 2 2 , 2 9 9 

NaHC0 3 84 . 00 0 . 00 0 

N a S 0 4 7 1 . 03 0 . 00 0 

N a C l 58 . 46 2 , 943 .66 1 7 2 , 0 8 7 
T C M P * F . 5 0 1 1 0 1 3 0 1 3 0 1 7 0 * M i l l i E q u i v a l e n t s per L i t e r 

T h i s w a t e r i s somewhat c o r r o s i v e due t o t h e pH observed on a n a l y s i s . 
The c o r r o s i v i t y i s i n c r e a s e d by t h e c o n t e n t o f m i n e r a l s a l t s i n s o l u t i o n . 



Permian Treat ing Chemicals 
WATER ANALYSIS REPORT 

O i l Co. 
Lease 

Well No. 
Salesman 

Willow Pipeline 
O'Brien 
25-5 

Sample Loc. 
Date Reported 
Date Sampled 

21-May-1996 

ANALYSIS 
1 . pH 6 . 2 1 0 
2. S p e c i f i c G r a v i t y 60/60 F. 1.153 
3. CaC0 3 S a t u r a t i o n Index @ 80 F. +0.300 

@ 140 F. +1.580 
D i s s o l v e d Gasses 

4. Hydrogen S u l f i d e 
5. Carbon D i o x i d e 
6. D i s s o l v e d Oxygen 

Cations 

MG/L EQ. WT. "MEQ/L 

7. Calcium 
8. Magnesium 
9. Sodium 

10. Barium 

11. 
12 . 
13 . 
14 . 
15 . 
16. 
17. 
18 . 
19 . 

Anions 
H y d r o x y l 
Carbonate 
B i c a r b o n a t e 
S u l f a t e 
C h l o r i d e 

(Ca+ + 
Mg+ + 
Na+) 
Ba++) 

(OH") 
C0 3 = ) 
HC6 2-: 
so4-c i -

T o t a l D i s s o l v e d S o l i d s 
T o t a l I r o n (Fe) 
T o t a l Hardness As CaC03 
R e s i s t i v i t y @ 75 F. ( C a l c u l a t e d ) 

LOGARITHMIC WATER PATTERN 
*meq/L. 

Not Present 
Not Determined 
Not Determined 

1,503 / 20.1 
790 / 12.2 

(Calculated) 84 {446 / 23.0 
Not Determined 

0 / 17.0 = 
0 / 30.0 = 

781 / 61.1 = 
5,100 / 48.8 = 

130,970 / 35.5 = 
223,590 

65 / 18.2 = 
7,006 

0.001 /cm. 

74 .78 
64.75 

3,671.57 

0.00 
0.00 

12 .78 
104.51 
689.30 

3.57 

PROBABLE MINERAL COMPOSITION 
COMPOUND EQ. WT. X *meq/L = mg/L. 

10000 1000 100 10 100 1000 10000 

Calcium S u l f a t e S o l u b i l i t y P r o f i l e 
5398 
5379 
5368 
3357 
5346 
5335 
3324 
5313 
5382 
3291 
3288 

/ 

=2= 
— 

/ 

C a ( H C 0 3 ) 2 

CaS0 4 

CaCl 2 

Mg(HC0 3)2 

MgS0 4 

MgCL2 

NaHC03 

NaS0 4 

81. 04 

68 . 07 

55 . 50 

73 . 17 

60 .19 

47 . 62 

84 . 00 

71 . 03 

12 . 78 

61. 99 

0 . 00 

0 . 00 

42 . 51 

22 . 24 

0 . 00 

0 . 00 

1 ,036 

4 , 2 2 0 

0 

0 

2 , 559 

1 , 059 

0 

0 

N a C l 5 8 . 4 6 3 , 6 6 7 . 0 6 2 1 4 , 3 7 6 
I m m v ' ¥ . 3 8 1 3 8 1 3 8 1 7 8 * M i l l i E q u i v a l e n t s per L i t e r 

T h i s w a ter i s s l i g h t l y c o r r o s i v e due t o t h e pH observed on a n a l y s i s . 
The c o r r o s i v i t y i s i n c r e a s e d by t h e c o n t e n t o f m i n e r a l s a l t s i n s o l u t i o n . 



CHECKLIST for ADMINISTRATIVE INJECTION APPLICATIONS 

Operator: j///uovj PfPeuAJf- (°D Well: sf 'five-A/ /9 - g 

Contact: $*/0AJ IA/OO&J Title:fyur/rs. W/esr (flft<AST) Phone: *f£>6 • Si £ 0 

DATE IN 9"£'J'7 RELEASE DATE 9'£3 ^91 DATE OUT /d_lO_y_J 

Proposed Injection Application is for: WATERFLOOD Expansion Initial 

Original Order: R- V_ Secondary Recovery Pressure Maintenance 

SENSITIVE AREAS SALT WATER DISPOSAL Commercial Well 

WiPR^ _C^itanNRNee| 

Data is complete for proposed well(s)? ^(z3 Additional Data Req'd 

AREA of REVIEW WELLS 

-4 Total # of AOR 0_ # of Plugged Wells 

Tabulation Complete _\_ Schematics of P & A's 

•• Cement Tops Adequate |_ AOR Repair Required 

INJECTION FORMATION 

Injection Formation(s) ^ A / / J * V p £ £ s Compatible Analysis 4^~* 

Source of Water or Injectate *£.//l P/&5t><r.r(oJ 

PROOF of NOTICE 

Copy of Legal Notice \< Information Printed Correctly 

Correct Operators Copies of Certified Mail Receipts 

A/J Objection Received Set to Hearing Date 

NOTES: 

APPLICATION QUALIFIES FOR ADMINISTRATIVE APPROVAL? f AT 

COMMUNICATION WITH CONTACT PERSON: 

1 st Contact: Telephoned Letter Date Nature of Discussion 

2nd Contact: Telephoned Letter Date Nature of Discussion _ 

3rd Contact: Telephoned Letter Date Nature of Discussion _ 


