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ESTATE OF NEW MEXICO 

ENERGY, MINERALS AND NATURAL RESOURCES DEPARTMENT 

OIL CONSERVATION DIVISION 
Afc. Hi***//// 

==DIWG FREE. 

llll 
BRUCE KING 

GOVERNOR 
November 1, 1991 POST OFFICE BOX 2088 

STATE LAND OFFICE BUILDING 
SANTA FE. NEW MEXICO 87504 

1505) 827-5800 

The Permian Corporation 
P. O. Box 3119 
Midland, Texas 79702-3119 

Attention: Larry Evans 

Re: $5,000 One-Well Plugging Bond 
The Permian Corporation, Principal 
Utica Mutual Insurance Co., Surety 
1600' PEL and 2450* FSL of Sec. 33, 
T-21-S, R-27-E, Eddy County 
Bond No. SU1461348 

Dear Mr. Evans: 

The Oil Conservation Division hereby approves cancellation of the 
above-captioned one-well plugging bond effective this date. 

Sincerely, 

WILLIAM J. 
Director 

dr/ 

cc: Oil Conservation Division 
Artesia, New Mexico 

0 

Utica Mutual Insurance Co. 
P. O. Box 530 
Utica, NY 13503 



0 STATE OF NEW MEXICO 

ENERGY, MINERALS AND NATURAL RESOURCES DEPARTMENT 

OIL CONSERVATION DIVISION 
Nt»Ht*i«,llll 

=DRUG FREE 
/ / / / 

BRUCE KING 
GOVERNOR 

November 1, 1991 POST OFFICE BOX 2088 
STATE LAND OFFICE BUILDING 
SANTA FE, NEW MEXICO 87504 

(505) 827-5800 

The Permian Corporation 
P. O. Box 3119 
Midland, Texas 79702-3119 

Attention: Larry Evans 

Re: $5,000 One-Well Plugging Bond 
The Permian Corporation, Principal 
Utica Mutual Insurance Co., Surety 
1400' FEL and 2230' FSL of Sec. 33, 
T-21-S, R-27-E, Eddy County 
Bond No. SU1461347 

Dear Mr. Evans: 

The Oil Conservation Division hereby approves cancellation of the 
above-referenced plugging bond effective this date. 

cc: Oil Conservation Division 
Artesia, New Mexico 

Utica Mutual Insurance Co. 
P. O. Box 530 
Utica, New York 13503 



0ILCONSERV -JN DfVfSION 
RECf /£D 

'91 flUms nn 9 43 

The Permian Corporation 

P.O. Box 3119 

Midland, Texas 79702-3119 

FAX 915/684-0501 

915/683-4711 

August 13, 1991 

Ms. Kathy M. Brown 
State of New Mexico 
Oi l Conservation Division 
P.O. Box 2088 
Santa Fe, New Mexico 87504 

Re: Two brine wells 
Eddy County 
Section 33, TWP So. Range 27 
East NMPM 

Dear Ms. Brown: 

As a follow-up to our conversation, we did not f i n d s a l t on either 
of the two wells we d r i l l e d on our Carlsbad yard. We have plugged 
both wells from top to bottom with cement, under the supervision 
of Messrs. Mike Stubbi f i e l d , Darrel Moore, and Mike Williams. 

Dry hole markers have been i n s t a l l e d and a l l evidence of any 
construction has been eradicated. New Mexico forms for plugging 
have been completed and f i l e d at the d i s t r i c t o f f i c e i n Artesia, 
New Mexico. 

Please f i n d attached copies of the New Mexico form C-103 showing 
the wells have been plugged. I f a l l state requirements have been 
met, please return the two plugging bonds that were posted on the 
onset of t h i s project. 

Please allow me to extend my appreciation for the help you and your 
associates have given us during t h i s project. I hope we w i l l be 
able to d r i l l i n another area for s a l t (brine water) i n the near 
future. _ 

<5poW ̂ /nckc UJ;i(o 

cc: Keith Bracewell 
B i l l Talley 
Steward Rogers 
Richard Lentz 
f i l e <fr PC^M^O -ft? tilt 

+0 -^<sj M-̂VSf-n 



Submit 3 Copies 
to Appropriate 
District Office 

DISTRICT.! 

P.O. Box 1980. Hobbs, NM 88240 

DISTRICT II 
P.O. Dfiwer DD, Aftt&U, NM 88210 

msTRTrrm 
1000 Rk) BfMOS RJI, AzSec, NM 87410 

Stats of New Mexico i 
E n ^ , Minerals snd NaQffaJ Resources Departmt^ 

OIL CONSERVATION DIVISION 
P.O. Box 2088 

Santa Fe, New Mexico 87504-2088 

Form C-103 
R«vli*d 1.1 J » 

SUNDRY NOTICES AND REPORTS ON WELLS 
DO NOT USE THIS FORM FOR PROPOSALS TO DRILL OR TO DEEPEN OR PLUG BACK TO A 

DIFFERENT RESERVOIR. USE "APPLICATION FOR PERMIT* 
(FORM C-101) FOR SUCH PROPOSALS.) 

m 
1. Type of Well: 

OAS I—| 
WHX LJ OTHER B r i n e W e l l 

2- Name of Operator 

The Permian Corp. 

3. Address of Operator 
P.O. Box 1183 Houston, Texas 77001 

WELL API NO. 

5. Indicate Tjpe of Lew < 

STATEI 1 FEE 

6. SUte OU & Gas Lease Na 

2 
7. Lease Kutte « Unit Agreement Nanw 

Tracy Leaae 
8. WellNo. 

9. Pool name or Wildcat 
W i l d c a t 

4, Weil Location 

Unit Letter Z. • ... 1600 Feet From The Eas t Line and _ 2450 Feet From Hie South 

Township 21 S 27-E 
10. Elevation (Show whither DF, RKB, KI. GH. tic.) 

3122 GL 

N M P M E d d y Cow 

H 1 
11- Check Appropriate Box to Indicate Nature of Notice, Report, or Other Data 

NOTICE OF INTENTION TO; 
PERFORM REMEDIAL WORK D PLUS AND ABANDON H 

TEMPORARILY ABANDON LZ! CHANGE PLANS Q 

PULL OR ALTER CASINO Q 

OTHER: D 

SUBSEQUENT REPORT OF: 

REMEDIAL WORK 0 ALTERING CASING 

COMMENCE DRILLING OPNS. LH PLUG AND ABANDONMEN 

CASING TEST AND CEMENT JOB 0 

OTHER:, - — — — — 

12. BeserS&e Proposed or Completed Operations (Ckariy stale all pertinent deiaiis. and gin pertmw/ <ktw, mctutting taimaitd dote t f starting any proposed 
work) SEE RULE 1103. 

Filled 4%" Cassing From Top To Bottom With 2.5 Yds Redy Mix Cement With 2% CC. 

I bbeby eeufy test 

SIGNATURE 

TYFEORFRKTNAfcE 

true aomptate ta thi! bot of my bxwledge «sd hdirf. 

Diatrict Manager 
, PATE . 

8-8-91 

Richard Lentz TELEPHONE NO.39 2 -65! 

(This «p*x for State Uie} 

APPROVED BY- TtUE • DATE • 

Trr,'_j bTCDCpqCTCT ni 



May 24, 1991 

VIA CERTIFIED M A I L 

State of New Mexico 
Oil Conservation Division 
P. O. Box 2088 
Santa Fe, NM 87504-2088 

RE: $5,000 One-Well Plugging Bond 
Principal: The Permian Corporation 
Surety: Utica Mutual 
Well Location: Tracy I I , 1,600 feet from East Line and 2,450 feet from South 

Line of Section 33, T-21-S, R-27-E, Eddy County 

Gentlemen: 

Enclosed is the One-Well Plugging Bond for the above well. 

Should you have any questions, please let me know. 

Sincerely, 

THE PERMIAN CORPORATION 

Mary E. Isbell, CPCU 
Risk Manager 

MEI:ltf 

Enclosure 

c - Larry Evans 
Midland, Texas 



May 24, 1991 

VIA CERTIFIED MAIL 

State of New Mexico 
Oil Conservation Division 
P. O. Box 2088 
Santa Fe, NM 87504-2088 

RE: $5,000 One-Well Plugging Bond 3 0 - 0 1 5 " - ^ 7-^3 
Principal: The Permian Corporation 
Surety: Utica Mutual 
Well Location: Tracy 1,1,400 feet from East Line and 2,230 feet from South Line 

of Section 33, T-21-S, R-27-E, Eddy County 

Gentlemen: 

Enclosed is the One-Well Plugging Bond for the above well. 

Should you have any questions, please let me know. 

Sincerely, 

THE PERMIAN CORPORATION 

Mary E. Isbell, CPCU 
Risk Manager 

MELltf 

Enclosure 

c - Larry Evans 
Midland, Texas 



STATE OP - - ' » 
N E W M E X I C O 

\ ^ MEMORANDUM OF MEETING OR CONVERSATION 
OIL 

CONSERVATION — i w i ^ S 
OIVISION 

53 Telephone 1 1 Personal 
Time 

3-00 Pr^ 

Date 

19- /--?/ 
Oriqinatinq Partv -Qihar Parties 

>i*eussion 
UJ<JJ5 u/C*-f dm'iUj berth d ^ j — (n o saJ^< 

Co<>Ar ±$<^);QQQ g^J OJCLS d y . ^eonxj i^-My^'t' J ^ l U J a rT^t^ 

ho If aurxj also (kJL^r <?qjjr° Oct) Ai<'br.\A~ h&J -fL&^ 

I ^> u • - JL - r . t. 

[\JjUJ trv@snr^JL rjfui'yt i^(7Yv^(Pr^Cj> r £>y ^cusS io c fc / ^ r r ^ ^ r ^ Cd-r-p 

lonclusions or Agreements 

but ion Siqned 



STATE OF NEW MEXICO 

ENERGY, MINERALS AND NATURAL RESOURCES DEPARTMENT 

OIL CONSERVATION DIVISION 

BRUCE KING 
GOVERNOR J u l y 25, 1991 

POST OFFICE BOX SOBS 
STATE LAND OFFICE BUILDING 
SANTA FE. NEW MEXICO B7504 

(505) 827-5800 

Mr. Owen Mobley 
The Permian Corporation 
P. O. Box 1183 
Houston, Texas 77001 

RE: Correction on Approval of Discharge Plan BW-24 
The Permian Corporation-Carlsbad Brine Station 

Dear Mr. Mobley: 

The approval l e t t e r f o r the discharge plan renewal BW-24 f o r The 
Permian Corporation (TPC) Carlsbad Brine Station has an er r o r . The 
approval dated A p r i l 29,1991 states t h a t TPC Carlsbad Brine Station 
i s located i n Section 33, Township 21 South, Range 30 East, NMPM, 
Eddy County, New Mexico. The correct location i s Section 33, 
Township 21 South, Range 27 East, NMPM, Eddy County, New Mexico. 
I am sorry f o r any inconvenience t h i s may have caused. 

The O i l Conservation Division (OCD) has not recieved any 
information on the status of t h i s proposed brine f a c i l i t y . Does 
TPC s t i l l plan to d r i l l the two permitted wells and construct the 
brine f a c i l i t y ? Please send the OCD an updated report on the 
current status and plans f o r t h i s f a c i l i t y . I f you have any 
questions, f e e l free t o contact me at (505) 827-5824. 

Sincerely, 

Kathy M. Brown 
Environmental Geologist 



OILCOHSEPV Mm^9^Jl cJ~fialz£X±on 
OFFICE PHONE: R E ' ' - v ^ 0 PROFESSIONAL ENGINEER RESIDENCE: 

(915)381-0531 TEXAS#11830K 3216 8AINBRIDGE DRIVE 
(915J56M730 » Q 1 m O U f . f | $ 2 3 ODESSA, TEXAS 79762 

FAX 915/381-9316 6067 W. TENTH ST. PHONE: (915) 362-4814 
DIRECT LINE: (915) 381-8420 ODESSA, TEXAS 79763 

May 7, 1991 

Mr. Mike Wiliams 
New Mexico O i l Conservation D i v i s i o n 
P.O. Drawer DD 
A r t e s i a , New Mexico 88210 

RE: The Permian Corporation - Carlsbad Brine 
Well Permit - Corrected Forms C-101 

f o r w e l l s No. 1 and No. 2 t o allow 
f o r 2" clearance f o r cementing. 

Dear S i r : 

Attached, as per our telephone conversation, are the corrected 
o r i g i n a l subject forms f o r the subject b r i n e w e l l request. 
The hole size has been changed t o 12", so t h a t the 8.5" O.D. 
coupling w i l l have more than the re q u i r e d clearance. The 5 H" 
casing has been changed t o 4 h " , so t h a t the 4 %" coupling O.D. 
of 5" w i l l leave the required two inches of clearance between 
the 4 h" and 7 5/8". 

I f you need any a d d i t i o n a l i n f o r m a t i o n , or i f t h i s i s not 
s a t i s f a c t o r y , please advise. 

Attachments 

cc Kathy Brown 
Larry Evans 
Owen Mobley 

- NMOCD Santa Fe 
•- TPC Midland 
- Houston 



Submit to Appropriate 
Dislricl Office 
State Lease — 6 copies 
Fee Lease - 5 copies 

DISTRICT I 
P.O. Box 1980, Hobbs, NM 88240 

P.O. Drawer DD, Artesia, NM 88210 

1000 Rio Brazos Rd., Aztec, NM 87410 

State of New Mexico 
Energy, Minerals and Natural Resources Department 

OIL CONSERVATION DIVISION 
P.O. Box 2088 

Santa Fe, New Mexico 87504-2088 

Form C-101 
Revteed 1-1-89 

APPLICATION FOR PERMIT TQ DRILL, DEEPEN, OR PLUG BACK " 

API NO. (assigned by OCD oo New Wells) 

5. Indicate Type of Lease 
STATE U FEE 0 

6. State: Oil & Gas Lease No. 

la. Typa of Work: 

DRILL [Xl 
b. TypeofWeU: 

on. OAS . . 
WELL [ I WELL [_J OTHER 

RE-ENTER Q DEEPEN • PLUG BACK • 

MULTTfLE StNCHJE _ 
ZONE fX] ZONE • 

7. Lease Name or Unit Agreement Name 

TRACY L E A S E 

T. Name of Operalor 8. Well No. 

THE P E R M I A N CORPORATION 
3. Address of Operator 

PO BOX 1183 HOUSTON TX 77001 
9. Poo) name or Wildcat 

W I L D C A T 

4. Well Locatioa 
Uait Letter 

Section 

.1 14 00 Feet From The E A S T Line and 22 30 

33 Township 2 1 S Range 2 7 - E J--.J Range / —u NMPM I ^ U L J I <-ou"iy | 

Fcst From The 

EDDY 

SOUTH Line 

County 

10. Proposed Deplh 

600" 
11. Formation 

ROCK S A L T 

12. Rotary or CT. 

ROTARY 
13. Elevations (Show whether DF, HT, GR, etc.) 

3122 GL 
14. Kind & Stattas Plug. Bond 15. DriUing Contractor 
#SU1326252/Utlca Mijt- NOT LET 

16. Approx. Date Work wil! start 

_2_WK£_A£TilR_A££m^ 
17. PROPOSED CASING AND CEMENT PROGRAM 

SIZE OF HOLE SIZE OF CASING WEIGHT PER FOOT SETTING DEPTH SACKS OF CEMENT EST. TOP 
12" 7 5 / 8 " 24# 400 200 cAxmlaJLe. 

4- 1/2 1 11.6# 525 105 c i r c u l a t e 

IN ABOVE SPACE DESCRIBE 
ZONE. GIVE BLOWOUT PREV 

•ESCRIBE" 
»EVENTERH 

PROF DSED PROGRAM: IP PROPOSAL IS TO DEEPEN OR PLUO BACK, OWE DATA ON PRESENT HSODUCTTVE ZONE AND PROPOSED NEW PRODUCTIVE 
LITANY,/ 

I hereby certify tharlhe jrfcfmzuOn pbove/w due sndrcmiplete to the best of mv knowledge snd belief. 

SIQNATURE 

TYPE OR PRINT NAME 

TTTLE CONSULTANT 

A.L. HICKERSON 

DATE_fl5^ni=3J 

TELEPHONE NO. 9 ] 5-3RT.-Q 

(Tliis space for Suite Ute) 

APPROVED BY 

CONDITIONS OF APPROVAL, IF ANY: 

TTTLE DATE 



Submit lo Appropriate 
District Office 
State Lease - 6 copies 
Fee Lease — 5 copies 

DISTRICT I 

P.O. Box 1980, Hobbs, NM 88240 

D1SJSICLII 

?.0. Drawer DD, Artesia, NM 88210 

.000 Rio Brazos Rd., Aztec, NM 87410 

State of New Mexico 
Energy, Minerals and Natural Resources Department 

OIL CONSERVATION DIVISION 
P.O. Box 2088 

Santa Fe, New Mexico 87504-2088 

Form C-101 
Revised 1-1-89 

API NO. ( assigned by OCD on New Welis) 

5. Indicate Type of Lease 

STATE U FEE 

& State Oil & Gas Lease No. 

APPLICATION FOR PERMIT TO DRILL, DEEPEN, OR PLUG BACK 
JL. Type of Work: 

DRILL fx) 
j . TypeofWeU: 

OIL OAS 
WELL | j WELL [__] OTHER 

RE-ENTER j~J DEEPEN Q PLUG BACK Q 

SIHOLE 
ZONE 

MULTIPLE . 
ZONE (_ ] 

7. Lease Name or Unit Agreement Name 

TRACY LEASE 

"Naiiie of Operator 8. Well No. 

THE PERMIAN CORPORATION 
Address of Operator 

PO BOX 1183 HOUSTON TX 77001 
9. Pool name or Wildcat 

W I L D C A T 

Weli Location 
Unit Letter 1 6 0 0 Feet From The E A S T 

Township 21-S Range 

Line and 2450 

27-E NMPM 

Feet From The S O U T H 

E D D Y 

Line 

Counly 

10. Proposed Depth 
600 

Elevations (Shaw whether DF, RT, GR, etc.) 
3122 GL 

11. Formation 

ROCK SALT 
12. Rotary or CT. 

ROTARY 
14. Kind & Status Plug. Bond 

#SU1326252/Utica Mut 
15. DriUing Contractor 

NOT LET 
16. Approx. Dale Work will start 

2 WKS AFTER APPROV 

PROPOSED CASING AND CEMENT PROGRAM 
SIZE OF HOLE SIZE OF CASING WEIGHT PER FOOT SETTING DEPTH SACKS OF CEMENT EST. TOP 

1 2 " 7 5 / 8 " 24# 4 0 0 ' 200 
7" 4 1 / 2 " 1 1 . 6 # 4 5 0 ' 90 c i r c u l a t e 

ABOVE SPACE DESCRIBE PROPOSED PROGRAM: I? PROPOSAL 13 TO DEEPEN m i u m BACK, O IVE DATA ON PRESENT PRODUCTIVE ZONE AND PROPOSED NTW PRODUCTIVE 
<fL OIVE BLOWOUT PREWjNTr̂ PROQRAJLl, ff AKY. 

•reby certify Ihat/he 

UTURE 

ebovp js/oue and complete to ihe best of my taowtedge end belief. 

, f j (. (^M I ' A ' ( / g ^ " TTTLE CONSULTANT DATE . 5-07-91 

EOR PRINT NAME A . L . PUCKERS ON THBMONENO. 915-381-053 

; space for Stale Use) 

;OVED BY- TTTLE . DATE . 

WTIONS OF APPROVAL, IF ANY: 
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THE PERMIAN CORPORATION The Permian Tower 2500 CityWest Boulevard Houston, Texas 77042 APRIL 29,1991 

Permian To Be Acquired By Ashland Oil 
On April 29,1991, National 
Intergroup, Inc. (Nil), parent com
pany of The Permian Corporation, 
announced that the company has 
signed a Stock Purchase Agreement 
for the sale of Permian to Ashland Oil, 
Inc. Perrnians management believes 
that this transaction is a positive 
step in the continued growth and 
development of Permian. 

Following the signing of the Stock 
Purchase Agreement, we will be 
working closely with Nil and Ashland 
to make final decisions on a number 
of issues involving details of the sale 
and the eventual merger process. It is 
anticipated that the transaction will 
be closed by the end of June or July. 
The transition of merging Permian 
and Scurlock (Ashland's gathering 
company subsidiary) will begin after 
the sale is closed. 

We expect me transition to be 
a smooth and orderly process with 
Ashland, Scurlock and Perrnian people 
working together to assure continued 
high levels of service to all Permian 
customers. 

I know that you will have many 
questions about this announcement. 
Let me answer a few of them today and 
let you know the process for providing 
more information to you. 

About Ashland 
First, who is Ashland? Many of us are 
familiar with Ashland and Scurlock. 
They have been worthy competitors to 
Permian, as v/ell as valuable customers 
and trading partners. Their geographic 
areas and ours are quite compatible 
and provide a strong fit for the two 
companies. The intention is to com
bine Permian with Ashland's Scurlock 
Oil gathering and marketing subsidiary 
in a manner which will minimize any 

negative impact on the employees and 
customer base of both entities. 

Ashland is engaged in the energy 
business through a number of 
operations. It operates gathering 
and trunk pipeline systems, as well 
as trucks and barges for the transpor
tation of crude oil and products. 
Ashland also operates refineries in 
Catlettsburg, Kentucky; St. Paul, 
Minnesota; and Canton, Ohio. The 
company is engaged in the sale and 
trading of refined products and 
chemicals, as well as exploration 
and production activities. 

Ashland's revenues in 1990 were 
over $9 billion with net earnings of 
about $182 million. Ashland is traded 
on lhe New York Stock Exchange. 
Stock symbol is ASH. 

Service Policies 
How will this affect my service? Of 
course, any transaction of this nature 
will mean some changes. However, 
there will be a period of transition 
with policies and procedures 
continuing as they are at the present 
until the most effective actions can be 
determined. Becoming part of the 
Ashland organization offers us an 
opportunity for challenging jobs for 
our employees and continued high 
service to our customers. 

How will I get more information 
about the transaction? As specific 
details of the merger are worked out, 
we will communicate them to you. 
We have discussed the sales process 
with you since it began, and we 
will continue to keep you informed 
through regular communications. 

How will this affect the Perrnian 
people and offices I now use? Specifics 
have not yet been determined. 
However, for the next few months, as 

the sales process is completed, we 
anticipate no changes. We will commu
nicate any changes to you as they occur. 

We are joining with a company 
that understands our business. It 
knows what we do. The strengths that 
Ashland will bring to the Permian 
organization will help our own organi
zation grow and prosper. 

I am looking forward to working 
widi Ashland and its management 
team to assure a smooth transition and 
to make our combined operations the 
most successful in the country. 

The ownership changes that 
Permian has had during the past few 
years have created uncertainty in the 
marketplace for all of us. Ashland 
is a major company in our business. 
It will stay in our business, giving us 
the stability that is so important to 
our future. 

Exciting Step 
I hope you share my excitement at 
this step. We will be sending you 
additional announcements during the 
next few weeks as events occur and 
more information is available. 

Let me extend to you my personal 
appreciation for being one of Pennian's 
valued customers. Despite the uncer
tainties both within our industry and 
within our company during the past 
few years, we have endeavored to set an 
example for the industry in providing 
tlie highest levels of service and 
operating performance in all sectors. 

Gaylon H. Simmons 
President and Chief Executive Officer 



State of New Mexico 
ENERGY, MINERALS and NATURAL RESOURCES DEPARTMENT 

Santa Fe, New Mexico 87505 

BRUCE KING 
GOVERNOR April 29, 1991 

ANITA LOCKWOOD 
CABINET SECRETARY 

CERTIFIED MAIL 
RETURN RECEIPT NO. P-327-278-159 

Mr. Owen Mobley 
The Permian Corporation 
P. O. Box 1183 
Houston, Texas 77001 

RE: Discharge Plan BW-24 Approval 
The Permian Corporation-Carlsbad Brine Station 
Eddy County, New Mexieo 

Dear Mr. Mobley: r/\ 
V 

The discharge plan BW-24 for The Permian Corporation Carlsbad Brine Station located in 
Section 33, Township 21 South, Range |pEast, NMPM, Eddy County, New Mexico, is hereby 
approved. The approved discharge plan consists of the discharge plan dated February 12, 1991, 
and the materials dated March 6, 1991, submitted as supplements to the application. 

The discharge plan was submittal pursuant to Section 5-101.B.3 of the New Mexico Water 
Quality Control Commission Regulations. It is approved pursuant to Sections 5-101. A and 3-
109.C. Please note Sections 3-109.E and 3-109.F which provide for possible future amendments 
or modifications of the plan. Please be advised that the approval of this plan does not relieve 
you of liability should your operation result in actual pollution of surface water, ground water, 
or the environment which may be actionable under other laws and/or regulations. 

The monitoring and reporting shall be as specified in the above referenced materials. Please 
note that Section 3-104 of the regulations requires that "When a plan has been approved, 
discharges must be consistent with the terms and conditions of the pilan." Pursuant to Section 
3-107.C. you are required to notify the Director of any facility expansion, production increase, 
or process modification that would result in any charge in the discharge of water quality or 
volume. 

VILLAGRA BUILDING • 408 Galisteo 

Forestry and Resources Conservation Division 
P.O. Box 1948 87504-1948 

827-5830 

Park and Recreation Division 
P.O. Box 1147 87504-1147 

827-7465 

2040 South Pacheco 

Office of the Secretary 
827-5950 

Administrative Services 
827-5925 

Energy Conservation & Management 
827-5900 

LAND OFFICE BUILDING - 310 Old Santa Fe Trail 

Oil Conservation Division 
P.O. Box 2088 87504-2088 

. 827-5800 

Mining and Minerals 
827-5970 



Mr. Owen Mobley 
April 29, 1991 
Page -2-

Pursuant to Section 3-109.G.4., this plan is for a period of five (5) years. This approval will 
expire April 29, 1996 and you should submit an application for renewal in ample time before 
tfiis date. Note that under Section 5-101.G. of the regulations, if a discharger submits a 
discharge plan renewal application at least 180 days before the discharge plan expires and is in 
compliance with the approved plan, then the existing discharge plan will not expire until the 
application for renewal has been approved or disapproved. 

On behalf of the staff of the Oil Conservation Division, I wish to thank you and your staff for 
your cooperation during this discharge plan review, 

Sincerely, 

QJL_ 

William J. LeMay 
Director 

WJL/KMB/sl 

cc: OCD Artesia Office 



UNITED STATES 
DEPARTMENT OF THE INTERIOR 

FISH AND WILDLIFE SERVICE 
Ecological Services 

Suite D, 3530 Pan American Highway, NE 
Albuquerque, New Mexico 87107 

0ILC0KSERV. : J W D i m i 0 M 

REV.: v'fO 

' 9 1 17 Rfj 8 S 8 

A p r i l 12, 1991 

Mr. William J. Lemay, Director 
New Mexico Energy, Minerals and 

Natural Resources Department 
O i l Conservation Division 
P.O. Box 2088 

Santa Fe, New Mexico 87504-2008 

Dear Mr. Lemay: 
This responds to your Notice of Publication on March 15, 1991, regarding the 
effects of granting a State of New Mexico discharge plan application. The 
U.S. Fish and W i l d l i f e Service has reviewed the proposed discharge plan and 
has not i d e n t i f i e d any resource issues of concern to our agency. 

(GW-70) - The Permian Corporation proposed brine extraction 
f a c i l i t y to be located i n the NW/4 SE/4, Section 33, Township 
21 South, Range 27 East, NMPM, Eddy County, New Mexico. 

I f you have any questions concerning our comments, please contact Richard Roy 
at (505) 883-7877 or FTS 474-7877. 

cc: 
Director, New Mexico Department of Game and Fish, Santa Fe, New Mexico 
Director, New Mexico Energy, Minerals and Natural Resources Department, 

Forestry and Resources Conservation Division, Santa Fe, New Mexico 
Regional Administrator, U.S. Environmental Protection Agency, Dallas, Texas 
Regional Director, U.S. Fish and W i l d l i f e Service, Fish and W i l d l i f e 

Enhancement, Albuquerque, New Mexico 

Sincerely, 

Field Supervisor 



Affidavit of Piftlication C^|y of Publication 
No. 13462 

STATE OF NEW MEXICO. 

County of Eddy: 

Gary D . S c o t t being duly 

sworn, says: That he is the Pnhl i shp r of The 

Artesia Daily Press, a dally newspaper of general circulation, 

published ln English at Artesia, said county and sitate, and that 

the hereto attached L e g a l N o t i c e 

was published ln a regular and entire Issue of the said Artesia 

Dally Press, a dally newspaper duly qualified for that purpose 

within the meaning of Chapter 167 o f the 1937 Session Laws of 

the state of New Mexico for 1 

tlie same day as follows: 

First Publication March 2 6 , 1991 

Second Publication 

Third Publication 

days 
consecutive weeks on 

Fourth Publication 

Subscribed and sworn to before me this £Ltb day 

of A p r i l 19 9 1 

Notary Public, Eddy County, New Mexico 

My Commission expires September 23, 1991 

LEGAL NOTICE 

NOTICE OF PUBLICATION 
STATE OF NEW MEXICO 

ENERGY, MINERALS AND 
NATURAL 

RESOURCES DEPART
MENT 

OIL CONSERVATION 
DIVISION 

Notice is hereby given that 
pursuant to New Mexico 
Water Quality Control Com
mission Regulations, the fol
lowing discharge plan applica
tions and renewal applications 
have been submitted to the Di
rector of the Oil Conservation 
Division, State Land Office 
Building, P.O. Box 2088, 
Santa Fe, New Mexico 87504-
2088, Telephone (505) 827-
5800: 
(GW-70) - The Permian Cor
poration, Owen Mobley, P.O. 
Box 1183, Houston, Texas 
77001, has submitted a dis
charge plan application for 
their proposed brine extraction 
facility to be located in the 
NW/4 SE/4 Section 33, Town
ship 21 South, Range 27 East 
NMPM, Eddy County, New 
Mexico. Proposed operations 
call for an average injection of 
20,000 bbls per month of 
fresh water through a dual-
cased well to dissolve the rock 
salt at a depth of approxi
mately 450 feet. Saturated 
brine will be extracted from a 
ssecond well simarily con
structed and stored in surface 
tanks. Groundwater most 
likely to be affected by a spill, 
leak or other accidental dis
charge to the surface is at a 
depth of approximately 150 
feet with a total dissolved 
solids concentration of approxi-
mately.2000 mg/l. Protectable 
fresh water extends to a depth 
of approximately 360 feet and 
the production casing is 
proposed to be set at 400 feet 
The discharge plan application 
addresses injection well con
struction and operation, and 
how spills, leaks and other ac
cidental discharges to the sur
face will be managed. 
Any interested person may ob
tain farther information from 

ihe Oil Conservation Division 
and may submit written com
ments to the Director of the 
Oil Conservation Divsion at 
the address given above! The 
discharge plan applicaiton 
may be viewed at the above 
address between 8:00 a.m. and 
5:00 p.m., Monday through 
Friday. Prior to ruling on any 
proposed discharge plan or its 
modification, the Director of 
the Oil Conservation Division 
shall allow at least thrity (30) 
days after the date of publica
tion of this notice during 
which comments may be sub-

' mitted to him and public hear
ing may be requested by any 
interested person. Requests for 

i public hearing shall set forth 
the reasons why a hearing 

'"should be held. A hearing will 
be held if the Director deter
mines there is significant pub
lic interest. 
If no public hearing is held, 
the Director will approve or 
disapprove the proposed plan 
based ori information avail
able. If a public hearing is 
held, the Director will approve 
or disapprove the proposed 
plan based on information in 
the plan and information sub
mitted at the hearing. 
GIVEN under the Seal of New 
Mexico Oil Conservation Com
mission at Santa Fe, New Mex-
ico, on this 15th day of 
March, 1991. To be published 
on or before March 27, 1991. 

STATE OF NEW MEXICO 
OILCONSERVATION 

- DIVISION 
s-William J. LeMay 

WILLIAM J. LEMAY, 
Director 

S E A L 
Published in the Artesia Daily 
Press, Artesia, N.M. March 
26, 1991. 

Legal 13462 
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PERMIAN BRINE SALES, INC 

P. 02 

f . O. BOX ! » * ! 

24-HOUR BRINE SERVICE THROUGHOUT THE PERMIAN BASIN 

ODESSA. TEXAS 
797«0 P H O N C U a - 0 8 3 t 

Juno 27, 1983 

Mr. Jerry Sexton 
Oil Conservation Division 
New Mexico Energy and Minerals Department 
P.O. Box 1980 
Hobbs, New Mexico 88240 

Dear Jerry: 

We, hereby request that we not be forced to solution mine salt in 
our brine Wells by circulating fresh water down the casing and out 
the tubing for the following reasons. 

The fresh water, being 202 lighter than brine, floats on top in the 
cavern. As salt goes into solution along the odye, the brine 
formed sinks to the bottom and is circulated out the tubing. 
In the Permian Basin, the rock salt is about 20% solids, therefore, 
as salt is dissolved in the top of the cavern, the solids f a l l and 
cover up the face of the salt lying below. Thus, over a period of 
time, the cavern formed is in the shape of a daisy - broad at the 
top and rapidly tapering to the stem. See Sketch B.W, Mo. 1 This 
causes frequent "cave-ins" of the cavern roof because of the broader 
unsupported roof. After a "cave-in", the tubing has to be pulled 
out of the brine well, the crooked tubing replaced, a d r i l l bit 
placed on the tubing and the tubing is drilled back into the brine 
veil with a reverse unit and pump. As the anhydrite ledges are 
covered with solids, you have to d r i l l a new hole through each ledge. 
Another difficulty In circulating down the casing is the frequent 
occurrence of plugging of the tubing. The solids falling to the 
bottom of the cavern form "key seats" at each anydrite ledge and 
also form a "block" around the tubing shoe. 

Sketch B.W, No. 1 also shows the approximate shape of a cavern 
washed by direct circulation. This method gives you a series of 
"cylinders" that are more conducive to trouble free operation. 
Attached for your information ls a sketch of the cavern at our 
Kermit LPG well. This well had two strings of tuVng ( V inside 7") 
in ?rder to allow us to make brine while storing propane; in the upper 
cavern. The well was installed in 1961 and the cavevn shape vas 
measured in 1966. We initially washed from bottom to top to get the 
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Mr. Jerry Sexton 
June 27„ 1983 
Page Two 

in i t i a l cylinders. We then washed 115,000 barrels of cavern top 
to bottom in order to pet storage space for propane. After storing 
propane,, we washed 220,000 barrels of cavern from the bottom, to the 
middle tubing. This technique of "shaping" a cavern to f i t your 
needs was first developed by Phillips Petroleum Company in Borger 
in 1952. 

Figure 13, from an article on Silurian Rock Salt of Ohio shows 
various methods of brine production. The reverse circulation ( in 
casing and out tubing) is known as the TULLY METHOD, and leads to 
early cavern abandonment,. 

Also attached is an article on "Solution Mining Studies" that points 
out that imperfect salt covers the underlying salt with impurities. 

Brine is not corrosive in the absence of oxygen. Therefore, the 
casing between the flow of brine and the fresh water zones is not 
likely to corrode and cause communication with the fresh water zones. 
When fresh water is pumped into a brine well and the rock salt goes 
into solution, the air present in thr uflfiar ic dicplaeod uith cal*. 
The air is then trapped under the ledges of anhydrite. This air 
is compressed when water in pumped into a r;ivrrn. Snme of our brine 
wells take as muuh as 12 hours nf pimping into a oloeod in idVcrr, ift 
order to pressure up to 1*$ times operating pressure for integrity 
testing. 

I apologize for the "wordiness" of this request, but the decision 
is of great importance to us. In a few of our wells, we have 
been forced to circulate down the casing because we could not get 
tubing far enough back into the cavern (from junk tubing frora 
previous i«4ve-iiiij) io make saturated brine using the direct method. 
It has been our ertperienr.f* rhnr uw continually have oavu- ins aad 
tubing plugging problems when we were forced to circulate down the 
casing. 

. We also feel that i f we run a recorded pressure tn6t on the cavern 
once a year, as we do on our Texas wells, we will further be 
assured that no leaking casing will allow contamination of fresh 
water. 

Your favorable consideration of our request to circulate our brine 
wells down the tubing and out the casing will be appreciated. 

Very truly yours, 
PEKMAIN BRI^E SALES, INC., 

A.L. H1CKERS0N 
PRESIDENT 

AM I/I;, m 
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IITRI-SMM 
Solution Mining Studies 

Richard H. Snow 
HugoJ. Nielsen 
litRttetrch (Mtlton 
Technology Canttr 
Otletoo. tttlnoit 60616 

ABSTRACT 
A model of the solution processes in a solution 

mine cavity was developed based on boundary 
layer theory. Computer predictions of solution 
rates were compared with data from laboratory ex
periments on perfect salt crystals, and a discrep
ancy of a factor of 3 resulted The discrepancy was 
traced to inadequacy of the Colburn ) factor corre
lation for predicting the mass transfer coefficient 
at the high Schmidt number (WOO) of salt in 
water. Reasonable results were obtained when the 
j-factor was changed to depend on ihe Schmidt 
number to the 0.52 power, a value that is in agree
ment with the penetration theory. 

The model includes different thickness param
eters for the profiles of concentration and velocity 
in the boundary layer, and this is necessary to pre
dict correct brine production rates. Experimental 
techniques to measure these profiles were devel
oped; preliminary results indicate that the ratio of 
the thickness is 0.03 for salt in water. 

A computer program was developed to predict 
the cavity growth and shape, the build-up of a con
centration pattern in the bulk solution and its 
effect on the boundary layer, and the concentra
tion of brine produced over a period of time when 
the feed water is top injected. The analysis can be 
extended to other cases. 

PROBLEM DEFINITION 
The objective of this project U to understand the 

processes that govern the solution of salt in a solu
tion mine. The problem is important to the num
ber companies of the Solution Mining Research 

Institute because this knowledge can determine the 
conditions which lead to the most efficient produc
tion of brine. This includesrii}eVeioping a cavity of ia 

;shape that minimizes j h £ J e ^ ^ 
"'which' can end production of i;brbe well alto-
'getheri Another'objective'is" the" prediction of the 
dimensions of the cavity, which determine the lo
cation of potential ground subsidence. This infor
mation is important from the point of view of 
property losses, especially since there is still no 
adequate means of measuring the size and shape of 
an underground cavity, at least in die presence of 
irregular wall shapes, piles of fallen rock, and un
certain configurations near the casing seal. 

A computer program was written from available 
boundary layer theory to predict the rate of cavity 
growth. However, laboratory experiments on small 
salt samples showed that the predictions were in 
error by a factor of S. This was surprising, since 
boundary layer theory gives accurate results for 
mass transfer of other materials. On further study, 
it was found that the properties of salt are rather 
unusual, in that it has a Schmidt number of about 
1000, while most materials that have been studied 
have a smaller Schmidt number. Consequently, 
some of the equations were not valid when applied 
to salt. 

As a result, it was decided that further measure
ments of velocity and concentration profiles in the 
salt boundary layer were necessary. Techniques to 
make these measurements had to be developed, 
since such measurements have never been done fo-
a material with the properties of salt. A digressior 
in the original research plan was, therefore, neces
sary, and this phase of the work is only now 

3-11 
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Solution Mining Stvdiet 

coming to fruition, ln the meantime an empirical 
modification in the mass-transfer equation has 
been made, and it is believed that the computer 
model now gives valid results. 

LITERATURE STUDY 
A study of the literature revealed only one di

rect observation of the shape of a full-scale cavity 
by Trump (1947). Some experiments on dissolving 
of cavities in blocks of salt had been done at the 
University of Texas, (Lcom'ev, and Kidryaskin, 
1966). These gave indications of the type of con-
vective flow to be expected, but there v/as no 
assurance that different behavior would not occur 
when scaled up 100-fold to an actual mine cavity 
size. 

Further experiments by Dune (1963) at the Uni 
vcrsity of Texas on slabs of rock salt indicated thay 
titc convective flow of a boundary layer near the 
salt face is the most important phenomenon in de
termining the solution process. Durie also investi
gated the boundary layer theory. He applied the 
equations of Eckert and Jackson (1951) developed 
for forced convection heat transfer in pipes, to th_ 
frce convection salt solution process. Although 
Dune's results did not fully agree with experiment, 
we concluded that this approach was worth investi
gating further, because the boundary layer Ibehav-
ior appeared to be the main process determining 
the solution rate and cavity growth. 

Although there is an extensive literature on 
boundary layer theory, most of it is not directly 
applicable to the salt solution problem. For exam
ple, many articles present experimental results on 
rates of mass or heat transfer in terms of empirical 
dimcnsionless equations that are valid only for 
special conditions, but not for the conditions of 
salt dissolving. A long-range plan was prepare d, be
ginning with further development of the boundary 
layer theory in the first year, and extending to 
other important effects in subsequent years. 

BASIC PHENOMENA AFFECTING 
SOLUTION IN A CAVITY 

At this point it is worthwhile to summarise the 
important effects occurring in the cavity. 

The rate of solution of a material such as salt is 
determined primarily by the conditions in the 
fluid. Conditions in the solid are important too, 
but their effects are superimposed on the fluid be
havior. If the solid is a perfect crystal, only one 
property of the solid is of primary importance: the 
solubility. Two other variables of imperfect salt 

may be important: the fraction of its surface that 
is covered by impurities and the roughness of its 
surface. 

An important property of the fluid is the diffu-
sivity of the salt molecules in solution. Since solu
tion cannot take place when saturated brine is 
adjacent to the crystal face, diffusivity allows solu
tion to occur by transporting salt molecules away 
from the face. An analysis of published salt diffu
sivity data showed that previous workers used an 
inconsistent definition of diffusivity that led to a 
25% error in some cases. 

A second property of the fluid that affects solu-N 

tion rate-is' the flow behavior. Flow aids the re
moval of dissolved salt from the crystal face. 
S Fluid flow may arise from two sources: forced 
convection, caused, for example, by pumping into 
the cavity; and free convection, caused by density 
differences. If both occur at once, the situation is 
difficult to analyze. However, calculations showed 
that the flow velocity due to pumping is important 
only during the first hours of cavity operation. 
Aftcr^aj.Jlpjjv^ue .to pumping can .cause mi xing 
i>Lthe_buJk_fluid in. the cavity if there is bottom 
injection, but forced flow does not normally reach 
tlie salt face directly. 

Free, or natural convection is ..the most impor
tant phenomenon-in-the-cavity. It is caused by the 
increased density of concentrated brine near the 
salt face compared with the density of brine in the 
bulk of the cavity. The downward flow of dense 
brine, and simultaneous molecular diffusion govern 
the concentration profile adjacent to the salt face 
and determine the rate of solution. Flow, in turn, 
is limited by drag of the fluid against the salt face 
and drag against the bulk fluid. Thus a balance of 
forces determines the velocity profile against the 
salt face. If the flow increases to the point where it 
becomes turbulent, this causes additional mixing 
which in turn affects the concentration profile and 
the solution rate. 

^ DEVELOPMENT OF BOUNDARY 
LAYER THEORY 

The general differential equations for boundary 
layers are known (Eckert and Jackson, 1951). If 
these equations could be solved exactly to deter
mine the flow pattern throughout the boundary 
layer at any depth in the cavity, then the solution 
rate would also be determined. 1.x general, these 
equations can only be solved on a computer. Even 
then, the problem is too difficult to obtain a prac
tical answer in a reasonable time With the largest 





OF PUBLICATION \ NOTICE OF 
. STATE OF NEW HEXICO 

••: ENERGY. MINERALS AND* * 
: NATURAL RESOURCES 

DEPARTMENT ~"v 

OU. CONSERVATION DIVISION 
Notice is hereby given that pur

suant to New Mexico Water Quality 
Control Commission Regulations, the 
following discharge plan applications 
and renewal applications have been 
submitted to the Director of the Oil 
Conservation Division, State Land 
Office Building, P.O. Box 2088, Santa 
Fe, New Mexico 87504-2088, Tele
phone (505) 872-5800: O «.< 

(QW-70) -The Permian Corpora
tion, Owen Mobley, P.O. Box 1183, 
Houston, Texas 77001, has submit
ted a discharge plan application 
for their proposed brine extraction 

: facility to.be located m tne NWM 
• 8EM, Section 33, Towmhip 21 
; South, Range 27 East, NMPM, 
| Eddy County, New Mexico. Prop
osed operations caB for an averse 
infection of 20,000 bbls per month 
of fresh water through a dual-
cased well todlssolve the reck salt 
at a depth of approximately 460 
feet Saturated brine will be ex
tracted from a second well slmarily 
constructed and stored In surface 
tanks. Groundwater most likely to 
be affected by a spBL leak or other 
accidental discharge to tho surface 
Is at a depth of approximately 150 
feet with a total dbohwd solids 
concentration of approximately 
2000 mg/l. Protectable fresh watar 
extends to a death of approximatê  
ly 360 fast and tha production 
easing!Is proposed to ba sat at 400 
feet The discharge plan «ppl'i?e-
rJon addressee Infection well con
struction and operation, and how 
spUls, leaks and other accidental 
discharges to tha surface win be 
managed, -'ro, ..-"3 ir-i-i--^ 

Any Interested person may obtain 
further information from the Oil Con
servation Division and may submit 
written comments lo the Director of 
the OO Conservation Division at the 
address given above. The discharge 
plan application may be viewed at the 
above address between 8:00 ajn. 
and 5fl0 p.m.. Monday through Fri
day. Prior to ruling on any proposed 
discharge plan or its modification, the 
Director of the Oil Conservation Divi- i 

-skm shall allow at least tMiyty (30)1 

days after the date of publication of 
this notice during which comments 
may be submitted to him and public 
hearing may be requested by any 
interested person. Requests fbr pub-' 
Uc hearing shall set forth the reasons 
why a hearing should be held. A 
hearing will be held if the Director 
determines there is significant public 
interest • 

If no public hearing is held, the 
Director will approve or disapprove 
the proposed plan based on informa
tion available. If a public hearing is 
held, the Director will approve or 
disapprove the proposed plan based 
on information in the plan and in
formation submitted at the hearino 

GIVEN under the Seal of New 
Mexioo Oil Conservation Commission 
St Santa Fe, New Mexioo, on this 15th 
lay of March, 1991. ...; r l 

STATE OF NEW MEXICO 
PIL CONSERVATION DIVISION 
WILLIAM J. LEMAY. Director 
journal: March 28,1991 

STATE OF MEXICO 
County of Bernalillo ss OHQONSEBS. l Q N 

RECi , * 0 

ThomasJ.Smithsonbe^^ >q7 m , _ 
manageroftheAlbuque^^ 9 1 ™ 2d flf] 
publish legal notices or advertisements within the meaning of Section 3. Chaper 167 
LsionLawsofl937,andm;*paymem 
costs; that the notice, a copy of which is hereto attached, was published m said paper 
in the regular daily edition, 

for V times, the first publication being on the...̂ :U...day 

o f ^sJbJfcv • 1 9 9 1 ' 3 1 1 ( 1 the subsequent consecutive 

„. . . i . 1991. 
publications on 

ô P!C:AL3SAL I sworn and subscribetfto before me, a Notary Public in 
S ^ y c ^ ^ M ^ s A for the County of Bernalillo andState of New 

OZTTc GRTtZ TMexico, this day of. .VfcAA. 1991. 
MOT" V. OISBUC« MEXICO I k ~}C. \(\ 

49 ai* * - H SE^^^TWyRICE c^..,^. 

!T,,!S1.,r .... . statement to come at end of month. 

C . ^ S 2 : CLA-22-A(R-12/91) ACCOUNT NUMBER. 



NOTICE QF PUBLICATION 

STATE OF NEW MEXICO 
ENERGY, MINERALS AND NATURAL RESOURCES DEPARTMENT 

OIL CONSERVATION DIVISION 

Notice is hereby given that pursuant to New Mexico Water Quality Control Commission 
Regulations, the following discharge plan applications and renewal applications have been 
submitted to the Director of the Oil Conservation Division, State Land Office Building, 
P. O. Box 2088, Santa Fe, New Mexico 87504-2088, Telephone (505) 827-5800: 

(GW-70) - The Permian Corporation, Owen Mobley, P. O. Box 1183, 
Houston, Texas 77001, has submitted a discharge plan application for their 
proposed brine extraction facility to be located in the NW/4 SE/4, Section 
33, Township 21 South, Range 27 East, NMPM, Eddy County, New Mexico. 
Proposed operations call for an average injection of 20,000 bbls per month 
of fresh water through a dual-cased weU to dissolve the rock salt at a depth 
of approximately 450 feet. Saturated brine will be extracted from a second 
weU simarfly constructed and stored in surface tanks. Groundwater most 
likely to be affected by a spill, leak or other accidental discharge to the 
surface is at a depth of approximately 150 feet with a total dissolved solids 
concentration of approximately 2000 mg/L Protectable fresh water extends 
to a depth of approximately 360 feet and the production casing is proposed 
to be set at 400 feet. The discharge plan application addresses injection well 
construction and operation, and how spills, leaks and other accidental 
discharges to the surface will be managed. 

Any interested person may obtain further information from the Oil Conservation Division 
and may submit written comments to the Director of the Oil Conservation Division at the 
address given above. The discharge plan application may be viewed at the above address 
between 8:00 a.m. and 5:00 p.m., Monday through Friday. Prior to ruling on any proposed 
discharge plan or its modification, the Director of the Oil Conservation Division shall allow 
at least thirty (30) days after the; date of publication of this notice during which comments 
may be submitted to him and public hearing may be requested by any interested person. 
Requests for public hearing shall set forth the reasons why a hearing should be held. A 
hearing will be held if the Director determines there is significant public interest. 

If no public hearing is held, this Director will approve or disapprove the proposed plan 
based on information available. If a public hearing is held, the Director will approve or 
disapprove the proposed plan based on information in the plan and information submitted 
at the hearing. 



GIVEN under the Seal of New Mexico Oil Conservation Commission at Santa Fe, New 
Mexico, on this 15th day of March, 1991. To be published on or before March 27, 1991. 

STATE OF NEW MEXICO 

S E A L 



f i STATE OF NEW MEXICO 

Nl 
ENERGY, MINERALS AND NATURAL RESOURCES DEPARTMENT 

OIL CONSERVATION DIVISION 

BRUCE KING POST OFFICE BOX 20B8 
GOVERNOB STATE LAND OFFICE BUILDING 

, , , . SANTA FE. NEW MEXICO 87504 
March 18, 1991 0051927-5800 

CERTIFIED MAIL 
RETURN RECEIPT NO. P-327-278-102 

Mr. Owen Mobley 
The Permian Corporation 
P. O. Box 1183 
Houston, Texas 77001 

RE: Discharge Plan Application, TPC-Carlsbad Brine Station 
Eddy County, New Mexico 

Dear Mr. Mobley: 

The Oil Conservation Division (OCD) has received and is in the process of reviewing the 
above referenced discharge plan renewal application. On March 1, 1991 the OCD 
requested additional hydrogeological information from The Penman Corporation (TPC) 
concerning the proposed brine extraction facility. This material was received by the OCD 
on March 7, 1991 and is being incorporated into the review process. 

Pursuant to the telephone conversation between the OCD and TPC on March 15, 1991 
please submit the following: 

1. Evidence that TPC brine extraction operations will not cause subsidence or collapse 
of overlying strata in the area of the proposed facility. 

2. Revised Forms C-101 and C-102 for Well No. 1 and Well No. 2. 

3. An explanation of how casing deterioration from contact with brine water will be 
prevented if packers are not used. 

Submission of the above requested information will allow review of your application to 
continue. Enclosed is a copy of the guidelines for discharge plans at brine extraction 
facilities, and a copy of the Water Quality Control Commission Regulations. 



Mr. Don Payne 
March 18, 1991 
Page -2-

If you have any questions, please do not hesitate to call me at (505) 827-5824. 

Sincerely, 

I 
Kathy M. Brown 
Environmental Bureau Geologist 

RCA/sl 
Enclosures 

cc: OCD Artesia Office 
A. L. Hickerson - PBS 
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OFFICE PHONE: 

(915) 381-0531 
(915) 563-4730 

FAX 915/381-9316 
DIRECTLINE: (915) 381-8420 

PROFESSIONAL ENGINEER^ 
TEXAS #11830K 

RESIDENCE: 
1216 BAINBRIDGE DRIVE 
ODESSA, TEXAS 79762 
PHONE: (915) 362-4814 6067 W. TENTH SJ.- .. .-. . _ ^ 

ODESSA, TEXAS 797&3j_ i r>,, • L' 

March 15, 1991 

Mr. William J. Lemay 
Director of Oil Conservation Division 
State o£ Mew Mexico 
P.O. Box 2088 
Santa Fe, New Mexico B7504-2088 

RE: Forms C101 and C102 for requested brine wells No. 1 
and No. 2 for The Permian Corporation. NW/4 of 
SE/4 of Section 33, T-21-S, R-27-E. 

ATTN: Kathy Moore 

Dear Sirs: 

Attached as requested by phone are subject forms. Also attached are 
copies of articles on fracturing between wells in the rock salt 
section, as well as articles on well configuration. 

Attached is a sketch showing three methods of solution mining of salt. 
The two well system is. used when the rock salt section is relatively 
thin, as at Carlsbad. 

The hole development generally has a triangular cross section. By 
introducing the fresh water through tubing set near the bottom of the 
section, and removing the brine from the tubing in the second well set 
near the bottom of the salt section, the hole can be developed with a 
minimum cross sectional diameter. This of course reduces the chance of 
subsidence. 

I have been solution mining salt for thirty-two years, from over f i f t y 
caverns. I presently have in operation three two well caverns. I have 
never had a subsidence to the surface. We do have some sloughing off 
of the shale and anhydrite stringers as the cavern is enlarged. 

I feel sure that the proposed operation on the Tracy Lease w i l l be safe. 

I f additional information is desired, please c a l l me. (915-381-0531). 

cc Owen Mobley -
Larry Evans = 
Richard Lentz 

TPC Houston 
TPC Midland 
- TPC Hobbs 



Submit to Appropriate 
District Office 
State Lease - 6 copes 
Fee Lease - 5 copies 

DISTRICT I 

P.O. Box 1980, Hobbs, NM 88240 

DISTRICT II 

P.O. Drawer DD, Artesia, NM 88210 

DISTRICT M 
1000 Rio Brazos Rd., Aztec, NM 87410 

State of New Mexico 
Energy, Minerals and Natural Resources Department 

OIL CONSERVATION DIVISION 
P.O. Box 2088 

Santa Fe, Ne w Mexico 87504-2088 

Form C-101 
Revised 1-1-89 

API NO. (assigned by OCD on New WeUs) 

5. Indicate Type of Lease 
STATE • FEE \K. 

6. State Oil & Gas Lease No. 

APPLICATION FOR PERMIT TO DRILL. DEEPEN, OR PLUG BACK 
la. Type of Work: 

DRILL [xl RE-ENTER [H DEEPEN • PLUG BACK [ 1 
b. TypeofWeU: . 

on. _ OAS 
WELLQ WEU. • OTHER B r d r i e W e l l 

SINGLE _ _ 
ZONE [_}{; 

MULTIPLE 
ZONE | ) 

7. Lease Name or Unit Agreement Name 

T r a c y Lease 

Z Name of Operator 

The Permian C o r p o r a t i o n 

8. Well No. 
2 

i. Address of Operator 

PO BOX 1183 HOUSTON TX 77001 
9. Pool name or Wildcat 

W i l d c a t 

Well Location 
Unit Letter 1 6 0 0 Feel From The E a s t 

Section 33 

Line and 2 4 5 0 Feet From The S o u t h line 

Township 2 1 - S Range 2 7 ^ E NMPM E d d y County 

10. Proposed Depth 

600.' 

11. Formation 

Rock S a l t 

IZ Rotary or CT. 

R o t a r y 
3. Elevations (Show whether DF, RT, CR. etc.) 

312& GT, 

14. Kind & Status Plug. Bond 
#SU1326252/Utica 

15. DriUing Contractor 
Not L e t 

16. Approx. Date Wort will start 

2 wks af t e r approv 
PROPOSED. CASING AND CEMENT PROGRAM 

SIZE OF HOLE SIZE OF CASING WEIGHT PER FOOT SETTING DEPTH SACKS OF CEMENT EST. TOP 
10 V 7 5 / 8 " 24# 4 0 0 ' 125 c i r c u l a t e 
6 3 / 4 " 5 V 17# 5 2 5 ' 85 c i r c u l a t e 

I 

V ABOVE SPACE DESCRIBE PROPOSED PROGRAM: IF PROPOS AL IS TO DEEPEN OR PLUG BACK, OIVE DATA ON PRESENT raoDUcnvE ZONE AND PROPOSED NEW PRODUCTTVE 
ONE. OIVE BLOWOUT PREVENTER PROGRAM, IF J 

/PE OR PRINT NAME A . L . H i c k e r s o n TELEPHONENO. 9 1 5 - 3 8 1 - 0 5 3 

hit space for State Use) 

PROVED BY 

<NDmONS OF APPROVAL, IF ANY: 

TITLE DATE 



ibmil to Appropriate 
istrict Office 
ate Lease • 4 copies 
e Lease • 3 copies 

m i c x j 

}. Box 1980, Hobbs, NM 88240 

). Drawer DD, Artesia, NM 88210 

STRICT m 
00 Rio Brazos Rd., Aaec, NM 87410 

State of New Mexico 
EnBfy, Minerals and Natural Resources DepartmJ^ 

OIL CONSERVATION DIVISION 
P.O. Box 2088 

Santa Fe, New Mexico 87504-2088 

WELL LOCATION AND ACREAGE DEDICATION PLAT 
All Distances must be from tha outer boundaries of the section 

Form C-102 
Revisvd 1-1-89 

pernor 

THE PERMIAN CORPORATION 

Leas* 
TPACY 

Well No. 
2 

nit Leuer Section 

33 

Township 

2 1 - S 

Range 
2 7 - E NMTM 

County 
EDDY 

dual Foouge Location of WeU: 

1 6 0 0 feetfromthe E A S T line and 2450 feetfromthe SOUTH i j n e 

round level Elev. 

3122 
Producing Formation 

ROCK SALT 
Pool 

WILDCAT 
Dedicated Acreage 

40 Acres 
1. Outline Ute acreage dedicated to the subject weU by colored pencil or hachure marks on the plat below. 

2. If more than one lease is dedicated to (he wctt, outline each aad identify (he ownership (hereof (both as to wotting interest and royalty). 

3. If more than one lease of different ownership is dedicated to the well, have the interest of all owners been consolidated by communiuzation, 
unitization, force-pooling, etc.? 

| [ Yes Q§ No If answer is "yes" type of consolidation 
lf answer is "no" list Ute owners and tract descriptions which have actually been consolidated. (Use reverse side of 
this form if neccessary. 
No allowable will be assigned to the weU until all interests have been consolidated (by communitiution, unitization, forced-pooling, or otherwise) 
or until a non-standard unit, eliminating such interest, has been approved by the Division. 

OPERATOR CERTIFICATION 
/ hereby certify that the information 

contained herein in true and complete to the 
best of my knowledge and belief. 

Signature-, 

//VO*"- ... „ 
Printed Name u / 

Marvin J. Reynolds i 
Position 

Vice President - Operations 
Company 

THE PERMIAN CORPORATION 
Dale 

February 14, 1991 ; 
SURVEYOR CERTIFICATION ! 

/ hereby certify that the welt location shown: 
on this plat was plotted from field notes of< 
actual surveys made by me or under my] 
supervison, and that the same is true and 
correct to the best of my knowledge and' 
belief. • 

Dale Surveyed 

Feb: 



' Submit to Appropriae 
District Office 
Slate Lease — 6 copies 
Fee Lease - 5 copies 

DISTRICT I 
P.O. BOA 1980, Hobbs, MM 88240 

cisiEicxn 

P.O. Drawer DO, Astasia, NM 88210 

1000 Rio Brazos Rd., Aztec, NM 87410 

State of New Mexico 
Energy, Minerals and Natural Resources Department 

OIL CONSERVATION DIVISION 
P.O. Bos 2088 

Santa Fe, New Mexico 87504-2088 

Form C-I 01 
Revised 1-1-89 

API NO. (assigned by OCD oa New Wells) 

5. Indicate Type of Lease 
STATE U FEE 

(5. State Oil & Gas Lease No. 

APPLICATION FOR PERMIT TO DRILL, DEEPEN, OR PLUG BACK 
la. Type of Work: 

DRILL fjjjj 
b. TypeofWeU: 

OIL . OAS __. 
WELL |_J WEU. L J OTHER Erine Well 

The Permian Corporation 

RE-ENTER Q DEEPEN Q PLUG BACK Q 

MULTMJ2 SINGLE 
ZONE |Xj ZONE • 

7. Lease Name or Uait Agreement Name 

T r a c y Lease 

8. Well No. 

V Address of Operator 

PO BOX 1183 HOUSTON TX 77001 
9. Pool came or Wildcat 

W i l d c a t 

Weil Location 
Unit Letter 1 1 4 9 0 Feet From The 

Township 

E A S T Line end 22 30 Feet From Tlie S o u t h Line 

2 1 - S Range 2 7 - E NMPM EDDY 

11. Formation 

Rock S a l t 

County 

11 Rotary « CT. 

R o t a r y 

10. Proposed Depth 
600 

l. Elevations (Show wkttker DF. RT, GR, ste.) 
3121_ G L 

14. Kind & Status Plug. Bead 
£U1326252/Utica Mut 

15. Drilling Contractor 
Not L e t 

16. Approx. Date Work wal start 

2 wks af t e r approv 
PROPOSED CASING AND CEMENT PROGRAM 

SIZE OF HOLE SIZE OF CASING WEIGHT PER FOOT SETTING DEPTH SACKS OF CEMENT EST. TOP 

10V* 1 7 5 / 8 " 24 # 4 0 0 ' 1.25 c i r c u l a t e 
6 3 / 4 " 5 %" 17 # 4 5 0 ' 75 c i r c u l a t e 

I ABOVE SPACE DESCRIBE PROPOSED PROGRAM: w FnovoSAt, is TO DEEFEN OR FLUO B ACX OIVE DATA ON RESENT FBODUCITVE ZONE AND PROPOSED NEW PRODUCTIVE 
'NE. OtVE lUXlWOVI' PREVENTED. PROGRAM, D/ANY. 

(NATURE 

eraby certify tot the infdrrSbcra sltove by&B and C-mplete to the best of my knowledge aid belief. 

TITLE . Consultant 

re OR PRINT NAME A , L . H i c k e r s o n 

. PATE 2 —11" 9.1 

mJrHONewo.915-381-05 

.is ipace for Side Use) 

«OVHJBY. TITLE . DATE . 

-.•DITtONS OF ASTROVAL, ff' ANY: 



ibrru't lo Appropriiis 
ikinci Officii 
4ie Lease • 4 wptc» 
e Lease - 3 copies 

'STRICT I 

'). UOA 1980. Hobbs* NM 88240 

STEJiTJJ. 

J. Drawer DD, Artesia, NM 8E210 

00 Rio Braz« Rd.. Aztec, NM 87410 

State of New Mexico 
I ^ ^ y , Minerals and Natural Resources Depaxtm^^ 

OIL CONSERVATION DIVISION 
P.O. Box 2088 

Santa Fe, New Mexico 87504-2088 

WELL LOCATION AND ACREAGE DEDICATION PLAT 
All Distances must bc from tho outer boundarios of tha section 

Form C-102 
Revised 1-1-89 

THE PERMIAN CORPORATION 
Lcasa 

TRACY 
"WclTNo. 

1 
mt Letitr Seclion 

33 
Township 

2 1 - S 
Range 

2 7 - E NMPM 

County 
EDDY 

ctiul Foouge Location of Well: 

H 0 0 fed from the E A S T line and 2230 feet faim the SOUTH ) , n e 

round level Elev. Producing Formation Pool Dedicated Acreage: 
3122 ROCK SALT WILDCAT 40 Acres 

1. Outline trie acreage dedicated to the subject well by colored pencil or hachure nurts on the plat below. 

2. if more than one lease is dsdieated to the well, outline each aaid identify the ownership Uiereof (both as to working interest and royalty). 

3. if more than one lease of different ownership is dedicated to the weil, have the interest of all owners been consolidated by comrnuniuzation, 
unitization, force-pooling, etc? 

Q Yeo Q§ No If answer is "yes" type of consolidation 
Jf answer is "no" lis! the owners and tract descriptions which have actually been consolidated. (U« reverse side; of 
this form if nsccessary. 
No allowable will bc assigned to the well until all interests have been consolidated (by comrnunitization, uniiiiauon, forced-pooling, or otherwise) 
or until a non-standard unit, eliminating such interest, has been approved by ths Division. 

OPERATOR CERTIFICATION • 
I hereby ctrlify that ihe information j 

contained herein in true and complete lo the 
best of my knowledge and belief. 

Signati 17̂  
Printed Name u ' / | 

Marvin J. Reynolds i 
Position , 

Vice President - Operations 
Company 

THE P E R M I A N CORPORATION, 

Dale 

February 14, 1991 ; 
SURVEYOR CERTIFICATION i 

/ hereby certify that the well location shown: 
on this plat was plotted from field notes ch 
actual surveys made by me or under my> 
supervison, and that the same is true and 
correct lo the best cf my knowledge and' 
belief. \ 

Dale Surveyed ; 

Febnaa 

XV) 1Mi VP0 137.0 1650 19X0 1310 2640 2000 1S00 1000 soo 



ABSTRACT 

This paper discusses the physical plant and types 
of experiments conducted at the solution mining 
test site in New Mexico. The primary purpose of 
the experiment was to test the ability to use the 
hydraulic fracturing along with solution extraction 
to perform a well to well extraction of values from 
thin-bedded potash deposits. The well configura
tion and a summary of the tests performed will be 
discussed. 

The development of the salt cavern storage cav
ity via horizontal hydraulic fracturing and solution 
as reported in our paper to the Second Salt Sympo
sium seemed sufficiently successful to warrant in
vestigation of the technique in solution mining 
potash (Shock, 1966). A location where an ade
quate section of salt and potash, where water, gas 
and electricity were available was thought desir
able. 

Search for a suitable pilot test site centered in 
the Carlsbad Potash Basin Area of New Mexico. 
There, several ore zones are being mined conven
tionally; and the potash reserves have been reason
ably well-mapped. Also, the mineral deposits are 
fairly uniform with a minimum of cross-bedding 
and folding. 

A consulting geologist familiar with the area was 
hired during the search for available potash leases. 
Land with potash reserves of probable commercial 
size was found, but asking prices were too high for 
speculation on an. unproven process. Fortunately, 
less desirable deposits under Federal and State 
Lands were also available—these via permits and 
leases f o r nomina l annual rentals. Federal 

arlsbad Basin, Mew feieo 

D.A. Shock 
J.G. Davis 
Continental Oil Company 

_ PoncaCity, Oklahoma ... 

t(>0£> 7i?Z - ^ 

potassium prospecting permits were subsequently 
obtained on several tracts totaling some 2,000 
acres in the vicinity of the existing potash mines 
(Fig. 1). 

Figure i . 

Several factors influenced the decision to con
duct the pilot test at the location finally selected. 
Freeport Sulfur drilled a core test on the tract sev
eral years ago, recovering about two feet of 30 per 
cent K G ore from the Third Ore Zone at a depth 
of 1,100 feet. In addition, the area is reasonably 
accessible by car or truck; water for process use is 
common in the surface sands; fuel gas is available 
within two miles; a primary electric transmission 
line crosses the property; in addition CONOCO 

433 



^ 434 Solution Mining Test Site 

conducts oil field operations out of a nearby office 
at Maljamar. 

The local geologic profile shows about 600 feet 
of alluvium, sand, limestone and dolomite above 
the 1,000 foot thick Salado Salt Section (Fig. 2). 
The Salado contains as many as twelve 

mately 15% K 2 0 . A composite of the ore zone 
based on log and core data from several wells is 
shown on Figure 3. The ore was quite thin, but 
usable for the test. This thinness actually may have 
been good for the test, because it required more 
finesse to precisely establish the floor and roof 
levels. 

GROUND SURFACE ELEVAT I ON — 3 4 15 

2 0 0 -

3 0 0 -

4 0 0 -

500 

7 0 0 -
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I 100-
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•f + 4 
E2S_S 
+ + +-
+ +• f 

BSRZ, 

-f + + 

+ + + 
t *• *• 
+ +-

4- + 

UNDIFFERENTIATED DEPOSITS OF 
A L L U V I U M , CALICHE AND SANDSTONE 

RUSTLER TOP 

MAGENTA DOLOMITE 
ANHYDRITE 
CULEBRA DOLOMITE 

SAND AND SILT 

SALADO TOP 
ANHYDRITE STRINGERS AND SALT 

T O P O F " S O L I D " SALT 

SALT (HALITE) 

109 MARKER BED (ANHYDRITE STRINGERS) 

SALT WITH ANHYDRITE STRINGERS 

VACA TRI STE SAND 

S A L T WITH ANHYDRITE STRINGERS 

UNION ANHYDRITE 

123 /124 MARKER BED (ANHYORITE) 
- 3 r d ORE ZONE 

- I ol ORE ZONE 

SMT NO. I 

SMT NO. 2 

SMT NO. 3 

SMT NO, 4 

OATA FROM A A C 

I 
PER CENT POTASSIUM CHLORIDE 

Figure 3. Four well composite of KC1 content of third ore zone. 

Figure 2. Geological section at the test site. 

potash ore zones scattered through its upper 700 
feet. These are known by numbers starting with 
the first ore deposit as the lowest zone. The first 
and third ore zones were of interest to us at the 
best probabilities for the test work. The first 
(which is the zone mined by Southwest Potash) 
was found to be all carnallite at our location. The 
third zone therefore was used. 

The third ore zone under the test site consists of 
about four feet of potash ore averaging approxi-

Although the site was acquired for the solution 
mining of potash, its usefulness is not limited to 
this work, since numerous thick sections of halite 
are available for additional work in either sohitjojL. 
mining or cavity construction. 

The prospecting permit expired after the com
pletion of the test set out in the original research 
proposal. Because of the potential value of the site 
for further work, CONOCO has applied for a lease 
on the permit area. 

straw; Wr&K-Xi "W^'^^iSmifilSW fwi-ttfX&lxWi*?* •&:*3?**i?iJ2i32tZ3 



Solution Mining Test Site 435 

TEST SITE DEVELOPMENT 

A large location was cleared for a pattern of four 
wells and for the associated surface equipment. 
The test wells were drilled in a triangular pattern as 
shown in Figure 4, and the center well was planned 
as the fracture well. I t was not known at the time 
the pattern was drilled if all three outside wells 
could be intersected with a fracture. Extensive 
work in fracturing has shown that horizontal frac
tures are seldom circular and that they nearly al
ways show a preference to travel outward in one 
direction more than in others. 

SMT No. 3 

Figure 4. Well pattern for New Mexico pilot tesl:. 

The general well program was to drill to the top 
of the Salado Salt and to set 8 5/8 inch casing with 
cement to the surface. A hole was then drilled to 
the base of the 123/124 Marker Bed, about 20 feet 
above the third ore zone. Four inch cores were cut 
in all wells from this point through the ore to a 
total depth of about 1,150 feet. These cores in
cluded the first ore zone in one well. 

Drilling and coring the salt section was done 
using a special diesel oil mud. The results were ex
cellent and we got good cuttings, gauge holes, ful l 
diameter cores and excellent cement jobs. Figure 5 
shows the core cut from the third zone. 

Numerous well logs were run to define the entire 
geologic section and to see if quantitative interpre
tations could be made in the potash ore. The logs 
included the gamma, neutron, caliper, compen
sated sonic, and formation density. 

Figure 5. Potash core SMT No. 3. 

Five and one-half inch casing was set and ce
mented in the three outer wells at the base of the 
123/124 Bed. This pipe was set high as a research 
requirement so that we could locate the fracture if 
it drifted above the ore zone in the center (frac) 
well. Two earthen pits were built with a total ca
pacity of about 9,000 barrels to store water for the 
hydraulic fracturing experiment. -v 

The fracturing operation was done by Halli
burton. The center well was fractured with water 
at rates up to about thirty barrels a minute. Com
munication was obtained with all three outer wells. 
The fracture reached the well to the south in about < 
five minutes and the other two wells in about ten 
minutes. Subsequent caliper surveys in the target 
wells 200 feet away showed the fracture had 
dropped about eight feet from its point of initia- j 
tion. 

With the fracture successfully completed, equip
ment was installed for the solution mining test. 
Electrical power was brought in from Central Val
ley Coop., who had a primary transmission line 
about a mile from the test site. We set three 67 1/2 
KVA Transformers and tied in to a master control 
panel for the pumps, lights, and other electrical 
equipment. Figure 6 and Figure 7 show the electri
cal panel, the water tanks, and one of the National 
pumps. 

Water had been found in the surface sands, how
ever when it was learned that water was being pro
vided for a water-floojl injection plant about two 
miles away, we purchased our water from their 
water supplier. A six inch water line was laid to the 
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skid-mounted. Diesel injection was handled with a 
smaller Bethlehem Triplex Pump. A single pole 
pulling unit was rented to manipulate pipe strings 
in the wells. A camping trailer was used as a labora
tory and a house trailer was rented as on-site living 
quarters (Figs. 8 and 9). Data gathering equipment 
used during the test included recording pressure 
gauges, a densometer on the brine production line, 
and a small flame photometer for brine analysis. A 
diagram of the equipment layout for the test site is 
shown in Figure 10. 

New Mexico laws were changed while the test 
was in progress to prohibit the surface disposal of 
brines. Therefore, the use of the two pits for brine 

Figure 6. Power panel. 

' if p> 

, I f f ' * 

M ( h i " I 

Figure 7. Storage tank and circulation pump. 

test site and the water flow automatically con
trolled into a 500 barrel fresh water tank. 

Another 500 barrel tank was provided for brine 
retention when desired during the test and a 
smaller tank for diesel storage. Diesel during the 
mining tests was used in the control of the upper 
level (roof level) of the mining. Two more 500 
barrel tanks were moved in later for handling diesel 
in and out of the wells during the well-to-well min
ing when larger quantities of diesel were needed. 

Water injection was handled with two National 
J-l50 Triplex Pumps. These had a combined out
put as rigged of 4,000 BPD at 1,500 PSI and were 

Figure 8. Laboratory and well equipment SMT No. 3. 

m 
mi 

Figure 9. Field trailer and well SMT No. 3. 
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Figure 10. SMT—Test site-Loco Hills, N.M. 

disposal was stopped and a disposal well was drilled 
into salt water zones at a depth of about 500 feet. 
This well accepted salt water very easily. 

TEST PROGRAM 

The test program carried out was to (1) test the 
initiation and propagation of hydraulic fractures in 
salt, (2) test the rate of solution for both salt and 
potash in a single well cavity (3) establish the cav
ity radius vs. height for a single well, (4) check the 
solution rates of salt and potash from the roof of 
single well cavities and (5) test the possibility of 
selective mining the thin potash zone in a well to 
well system. 

The fracture test reported in our paper "Hydro-
fracing as a Mining Technique" was successfully 
completed with the fracture staying below the pot
ash bed (Shock and Davis, 1969). Single well 
tests, run in wells SMT No. 1 and SMT No. 2 veri
fied our conclusions that we could reproduce our 
laboratory results with respect to single cavity solu
tion. Figure 11 shows the laboratory model of a 
test to create a cavity of limited height with maxi
mum width. Figure 12 shows, the model of the 
field cavity in SMT No. 1 based on data from a 
sonar survey. The conclusion of this test was that 
the laboratory solution experiments could be 
scaled to field condition. The final field experi
ment was a well to well test conducted between 
wells SMT 4 and SMT 3. The conclusions of this 
test were reported in a recent paper (Davis and 
Shock, 1969). 

, _ - \ 

Figure 12. Sonar model 6>f field cavity. 

CURRENT STATUS 

Several additional tests have been proposed for 
the test site. These include additional fracturing 
and potash solution tests as well as evaluation of 
anhydrous ammonia storage in salt. At the present 
potash solution tests have been suspended due to 
the lack of commercial incentive to mine potash. I t 
is anticipated that work will be resumed when it 
becomes evident that there is sufficient commercial 
incentive. Meanwhile the site stands a potential test 
center for numerous solution extraction and salt 
storage experiments. Its use will depend on the 
need for the field data. 
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Solution of Salt 411 

CAVITY WASHING TEST: No. 7 
SOURCE OF SALT: Potash Ore, Good Grade, New Mexico 
CONDITION OF TEST: 7" x 12" fracture, 11 " between wells 
MANNER OF TEST: Inlet and Outlet at bottom of fracture 
RECAPITULATION OF DATA 

Time 
Interval 
Min. 

Vol. of Water 
cc 

per time cumulative 
interval 

Flow Rate 
cc/min 

Specific Gravity-
Outlet Brine 

Calculated Vol. 
Salt Removed 

cc/stage 

Cumulative 
Volume of 

Cavity 
cc 

Vol. Water 
Vol. Cavity 

formed 

15 770 770 51.4 1.152 84.5 84.5 9.1 
15 800 1,570 53.3 1.148 85.8 170.3 9.3 
15 765 72,335 51.0 1.147 81.6 251.9 9.3 
15 755 3,090 50.3 1.145 79.0 330.9 9.5 
15 770 3,860 51.4 1.132 73.9 404.8 10.4 
15 760 4,620 50.7 1.117 64.5 469.3 11.7 
*15 980 5,600 - 1.098 69.6 538.9 14.1 
15 700 6,300 46.7 1.102 51.6 590.5 13.5 

**30 1,100 7,400 - 1.122 97.5 688.0 11.3 
15 655 8,055 43.7 1.139 65.9 753.9 10.0 

***15 630 8,685 42.0 1.129 58.7 812.6 10.7 
15 720 9,405 48.0 1.132 68.8 881.4 10.5 
15 780 10,185 52.0 1.158 89.4 970.8 8.7 
15 765 10,950 51.0 1.158 87.5 • 1,058.3 8.7 
15 750 11,700 50.0 1.157 85.3 1,143.6 8.8 

775 12,475 51.7 1.158 89.0 1,232.6 8.7 
15 775 13,250 51.7 1.158 89.0 1,321.6 8.7 
15 765 14,015 51.0 1.157 86.8 1,408.4 8.8 
15 770 14,785 51.3 1.156 87.2 1,495.6 8.8 
15 795 15,580 53.0 1,155 89.3 1,584.9 8.9 

610 16,190 40.7 1.139 61.4 1,646.3 1.0 
t11 900 17,090 - 1.153 99.7 1,746.0 9.0 

Drained 2,160 19,250 * - 1.134 209.0 1,955.0 10.3 

Total volume of cavity from amount drained = 2,160 cc 

No mold made, see pictures 

Width at inlet = 9-1/2 inches Depth at inlet = 1-1/16" 

Width at outlet = 8-1/4" Depth at outlet = 7/8" 

Width at midpoint = 8-1/2" Depth at midpoint = 1" 

Length overall = 14-1/2" 

* Found air in cavity and flushed out with water. 
**Found air to still be in cavity. Turned specimen over to purge of air and found small air leak to one side of inlet end of block. 

Plugged air leak and purged of air and continued. 
***Checked for and found same place as in ** leaking slightly. Repaired and purged of air. 

****Took sample for analysis. 
*****Found air leaking in again at the same place. Attempted to seal fracture and purged of air and'continued, 

t Found air still leaking in and filled cavity with water and shut down. 
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ABSTRACT 

Extensive development programs have been con
ducted for the past several years to devise tech
niques for the economical solution mining of pot
ash from the deeper areas of the large Canadian 
potash deposit. Economic considerations indicate 
that mining procedures utilizing wells connected 
by hydraulic fracturing could be attractive. Initial 
attempts to establish a fracture communication be
tween adjacent wells by initiating a fracture at the 
base of a potash seam were not productive. The 
communication appeared to be established momen
tarily, but it could not be maintained. The selected 
fracture point was a clay seam which, although 
thin, appeared to be continuous and to provide a 
weak plane in the deposit. Analysis of the experi
ment appeared conclusive in demonstrating that a 
fracture path along the clay seam was not estab
lished and consequently that these weakness planes 
were not suitable for fracture propagation. 

A different technique was developed and applied 
successfully. This new technique offers a high 
probability of success in initial fractures and virtu
ally guarantees a high percentage of successful frac
tures in a production well field. In addition to 
potash deposits, this technique should be applica
ble to salt deposits and most other soluble mineral 
deposits. The results of the experimental program 
and the development of the techniques are pre
sented in this paper. 

Hydraulic fracturing was originally developed as 
a technique for stimulating production of oil wells. 
The creation of a fracture by fluid injection en

larged the surface area exposed for oil flow, thus 
increasing the effective permeability and produc
tion rate of a given oil bearing formation. 

The same basic technique was later applied to 
fracturing soluble salt formations, in particular to 
sodium chloride (rock salt) deposits. In contrast to 
oil field fracturing where the production of a single 
well is stimulated, these soluble mineral fractures 
require the establishment of a communication or 
flow path between two or more wells to allow dis
solving or "solution mining" of the salt deposit. 
The hydraulic fracture technique has been utilized 
to establish this communication between wells. 

Typical salt fracturing operations were described 
at the two earlier Salt Symposia (Gilbert, 1963; 
Jacoby, 1963; Mair, 1963; Shock, 1966). The frac
turing procedure in rock salt mining invariably 
utilizes a salt-shale interface for a cleavage plane to 
initiate and propagate the fracture (Bays, U.S. 
Patent, Bays, 1960; Pullen, U.S. Patent; Redlinger, 
U.S. Patent). By following these salt-shale inter
faces successful fractures are often obtained, and 
communication paths have been established be
tween wells several hundred feet apart. 

More recently the same fracture techniques have 
been applied to the creation of cavities for natural 
gas and other hydrocarbon storage (Shock, 1966; 
Shock and Davis, 1969), where the cavities are 
created by solution mining of a salt formation. 
Cavity volumes of 100,000 barrels and greater vol
umes have been established by this method. The 
general convenience of underground storage indi
cates these cavity storage systems wil l become even 
more common. 
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Potash formations. 

The application of hydraulic fracturing to pot
ash solution mining is also of considerable interest. 
One experimental program has been described 
(Davis and Shock, 1969) and other unpublished 
tests have taken place. Of particular interest are the 
deeper portions of the large Saskatchewan potash 
deposit where the rich ore zones are too deep for 
conventional shaft mining to be economical. 

Interest in these deposits led to an experimental 
program to establish hydraulic fracture communi
cation between potash solution mining wells. The 
initial program followed conventional procedures 
wherein a weak clay stratum was selected as the 
fracture point in the potash zone of interest. A 
well was drilled into the formation, cased, ce
mented and subsequently notched at the clay 
stringer. A second well which was cased only to the 
top of the ore zone, with an open hole extending 
well below the zone, was used as a target well. 

After the completion of the injector well and 
notching of the casing, suitable pumping equip
ment and fluid reserves were established at the site. 
The injection of fluid was begum with the initial 
condition of the well as shown in Figure 1, and 

Figure 1. Initial well structure. 

observation of injection pressure clearly indicated a 
positive fracture, as represented in Figure 2. The 
indicated thickness of the fracture was determined 
in retrospect rather than in initial estimates and 
planning. 

With this conventional procedure, all that re
mained to be done was to maintain the injection of 
fluid, and at the same time monitor the target well 

Hydraulic Fracturing in Salt and Potash Formations 

* 
o 

Figure 2. Fracture propagation. 

for signs of success. These signs of success failed to 
appear, and after very large quantities of fluid had 
been Jnjexted--and—JKL_cojnmunication had been 
established, flui;djnjejcd^in_to_.the injector well was 
stopped. A further attempt to establish communi
cation was made by injection into the target well 
with the original injector well serving as the target. 
This also failed to establish a successful communi
cation". Additional manipulations were tried with 
additional lack of success in creating any flowbe-
tween the wells. 

Analysis of results. 

The negative results of this fracture experiment, 
coupled with several observations of unusual and 
unexpected behaviour during and after the tests 
prompted a detailed evaluation and analysis of the 
procedure. The volume of fluid injected, and the 
known distance the fluid had not travelled in at 
least one direction, strongly suggested that the 
fracture thickness was of the order of inches as 
shown previously in Figure 2. 

In contrast, most literature on hydraulic fractur
ing suggests that fractures are only a fraction of an 
inch thick. Results of some fracturing operations 
(Gilbert, 1963; Shock and Davis, 1969) confirm 
that the obtained fractures were only one or two 
tenths of an inch thick. 

The thickness of a fracture clearly depends upon 
the mechanical properties of the target formation 
and the pressures used in the fracture operation. 
Initiation and propagation of a fracture can only 
be accomplished by applying and maintaining a 
pressure higher than the static formation (over
burden) pressure. The excess pressure causes a 
compression of the formation to create the frac
ture opening. The thickness of this opening may be 
estimated from the formation mechanical proper
ties and the pressures used in fracturing. 
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In a completely isotropic formation, a fracture 
should propagate equally in all directions, produc
ing a circular envelope. I t is well known, of course, 
that variations in the structure of geological forma
tions (Jacoby, 1966) result in an areal propagation 
of a noncircular nature as represented in Figure 3. 
Fluid injected into the well will tend to follow the 
path of least resistance, and variable resistance of 
the formation results in the asymmetrical areal 
propagation. 

TARGET 
WELL 

INJECTOR 
WELL 

Figure 3. Areal propagation. 

The path of least resistance will also tend to 
direct the fracture upward under average condi
tions. Again the lack of an isotropic structure may 
cause any given fracture to go upward, downward 
or horizontally. In the first fracture experiment, 
the extensive open hole section in the target well 
and later results of logging and other tests sug
gested that the established fracture had probably 
travelled upward from the initiation depth. There 
was no absolute evidence for this conclusion, but it 
appeared, as shown schematically in Figure 4, to be 
the most probable situation. 

The "path of least resistance" principle further 
suggests that the drilling of the target well may be 
an invitation to failure. I t is inevitable that the 
drilling process mechanically alters stresses in the 
formation around the well, and magnifies the dis
turbance by altering temperature profiles adjacent 
to the well. These disruptions may cause weakness 
paths which neatly circumvent the target well. 

Figure 4. Fracture path and behavior. 

One of the more interesting observations was the 
behavior of the injection well during and after the 
tests. When the well was shut in a pressure of about 
2500 psi existed at the well head, corresponding to 
a pressure at the fracture depth of about 4500 psi. 
When the well head valve was opened there was an 
initial high flow of fluid from the well, but this 
slowed fairly quickly and within less than an hour 
had reduced to only a few gallons per minute. A t 
first it was assumed the reduction in flow was due 
entirely to plugging of the well by material coming 
back out of the fracture. Subsequent injection and 
flow tests clearly demonstrated that the restriction 
only occurred on withdrawal of fluid and thaixein-" 
jection encountered no similar flow resistance. The 
true behavior may be seen in Figure 5 which shows 
schematically the shut in condition, and in com
parison the situation with the well head open. I t 
may be noted that with a high flow rate from the 

WELL SHUT IK 

2 90S PS I 

WELL OPEN 

-LESS THAU loom 

FRACTURE 

ABOUT 

FRACTURE 
CLOSING 

Figure 5. Behavior of well on pressure release. 
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well head, the down hole pressure near the fracture 
is reduced considerably, and in fact reduced below 
the level necessary to keep the fracture open. Con
sequently, the fracture starts to close in the vicin
ity of the well, reducing the flow rate. As the flow 
rate is reduced, the down hole pressure adjacent to 
the fracture is even further reduced, and eventually 
the flow out of the well head is slowed to a mere 
trickle.-

Typical pressure behavior at the well head is 
shown in Figure 6. Here the well, initially shut in, 

Figure 6. Well pressure behavior. 

is at a static pressure sufficient to keep the fracture 
open. When the well head is opened there is an 
immediate drop in pressure, followed by a more 
gradual decrease to nearly zero pressure at the well 
head. Correspondingly when the well head is 
opened there is initially a high flow rate, which 
soon decreases to a level just above zero. I f the well 
is then shut in, the pressure will return nearly to 
the original pressure indicating that conditions in 
the fracture and the well are again stabilized. At 
this point the well could be opened again, and a 
repetition of the initial behavior will be obtained. 
Alternately, further injection could be carried out, 
with only a small increase in the well head pressure 
required to obtain significant injection flow rates. 

The well and fracture system is thus analogous 
to a balloon which may, within reasonable limits, 
be blown up or let down at wil l . What has actually 
been established underground might best be de
scribed as a "fracture pool." This fracture pool is a 
reservoir from which fluid may be withdrawn, or 

which may be extended by the injection of addi
tional f luid. 

New fracturing procedure. 

Careful consideration of all the above factors 
suggested a very different approach to establishing 
communication between wells (Manker, Garrett, 
and Wachtell, 1967). This procedure is based upon 
establishing a fracture pool, then either estimating 
or measuring the shape and extent of the fracture 
pool and subsequently drilling a well communicate 
with the pool. What must be done is simply blow 
up a balloon within the deposit and then direct one 
or more darts into the balloon. 

Since the initial experiment had established a 
very significant fracture pool within the potash de
posit, that portion of the procedure was already 
accomplished. What remained was to determine the 
location of the pool, and then drill a well into i t . 
The areal extent of the established pool could be 
estimated. I t is also quite probable that injection to 
establish the fracture pool creates disruptions 
which are transmitted to the ground surface where 
they could be measured. Since " t i l t meter" instru
ments capable of measuring extremely small angu
lar deflections are available, the progression and 
extent of the "fracture pool" probably could be 
determined by surface measurements. This, how
ever, had not been done during the initial experi
mental program, so the existing fracture pool was 
estimated. Calculations indicated its radius should 
be approximately twice the well spacing used in 
the initial test. I t , therefore, seemed almost certain 
that a well drilled with the same well spacing (more 
than 300 feet) would intersect the fracture pool 
and establish the desired communication. 

I t was anticipated that when the new well inter
sected the fracture pool, the high pressure in the 
pool (compared to the fluid head in the well) 
would cause the well to "blow-in." This "blow-in" 
would, of course, be short-lived since the low pres
sure at the well head would lead to the previously 
noted constriction of the fracture adjacent to the 
well, and a corresponding reduction in flow from 
the well. 

A new well was drilled and encountered the frac
ture pool exactly as anticipated. After the fracture 
pool was encountered, flow from the well subsided 
as predicted and a successful communication had 
been established. The initial path between the wells 
was sufficiently clear that only 50 psi differential 
was required to obtain flow rates in excess of 125 
gallons per minute through the fracture. I t is cer
tain that additional wells could be communicated 
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with the same fracture pool and injector well with 
a high degree of success. 

This new and relatively simple procedure is sum
marized in Figure 7 where, after selection of a de
sired well spacing and some basic calculations are 
made, the fracture is initiated and fluid is injected 
to establish the desired pool. Either surface deflec
tion observations or a calculated injection volume 
may be used to establish the size of the pool. A 
second well is drilled into the pool to complete the 
communication. The fracture pool can, if desired, 
be extended by • drilling additional wells in the 
pool, so that a multi-well operation can be estab
lished on a given pool. Occasionally new wells may 
not intersect the pool, but they can, of course, be 
used as injector wells to establish additional pools 
adjacent to the original pool. Alternately they 
may, when fluid is injected, communicate with the 
original pool. Thus, the number of successful frac
ture completions in a well field operation can ex
ceed 90%. 

I. SELECT DESIRED WELL SPACING 

^ ESTIMATE FRACTURE THICKNESS 

3. DETERMINE FLUID VOLUME REQUIRED 

4. INJECT AND OBSERVE SURFACE DEFLECTIONS 
OR 

INJECT TO CREATE ABOUT TWICE DESIRED RADIUS 
5. DRILL SECOND CAND ADDITIONAL) WELLS TO 

COMPLETE THE COMMUNICATION 

6. ESTABLISH ADDITIONAL * FRACTURE POOLS" 
AND WELL F I E L D S AS 0ES1RED 

Figure 7. Establishment and location of fracture pool. 

At the same time, the controllability of the 
method assures that a relatively high percentage of 
any given surface area can be mined by this tech
nique. Figure 8 shows the application in a fixed 
surface area. An initial fracture pool is established 
in the area, and intersection wells are drilled. Addi
tional pools are created as desired, and based on 
data from earlier wells, their behavior can readily 
be predicted. In some cases it would be desirable to 
establish a large initial pool, and if the pool was 
following desired strata, simply extend the single 
pool toward the area boundary. The major advan
tages of the procedure are summarized in Figure 9. 

The procedure offers several economies beyond 
good controllability and a high degree of success. 
Establishment of the fracture pool can be done 
with conventional pumps since the PpĴ l_Ĵ an_be, 

Figure 8. Mining in a fixed surface area. 

easily maintained during any necessary pump shut
down. Intersection wells may be drilled as con
venient and scheduled according to specific 
production requirements. Reduced costs for inter
section wells will normally be obtainable because 
of reduced well logging costs and because casing 
and cementing does not need to be designed for 
high fracturing pressures. " ~~ 

1. C O N T R O L L E D OPERATIONS 

2. NO A B S O L U T E L IMIT ON WELL SPACING 

3 S U C C E S S F U L COMMUNICATIONS CAN E X C E E D 
NINETY P E R C E N T 

4. HIGH P E R C E N T A G E OF GIVEN SURFACE 

AREA CAN BE MINED 

Figure 9. Advantages of procedure. 
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Beyond its demonstrated applicability to potash 
deposits, this new procedure is particularly applica
ble to salt solution mining, and for establishing 
underground storage cavities in salt formations. It 
can also be applied, with the use of suitable sol
vents, as a mining method for a wide variety of 
underground mineral deposits. 
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ABSTRACT 

"Hydraulic Fracturing" is a method used to 
create artificial fractures for the purpose of increas
ing flow capacity around a well or enhancing com
munication between two adjacent wells. The pres
ent paper reports on some theoretical, laboratory 
and field studies aimed at improving the knowledge 
of hydraulic fracture orientation and initiating 
pressure. Only vertical fractures are considered in 
detail, as they are the most abundant type encoun
tered in the field. 

The fractures are theoretically assumed to be 
tensile ruptures extending in a plane perpendicular 
to the direction of the smaller horizontal principal 
compressive stress. It is found that the pressures 
required to initiate and extend vertical fractures 
depend on the principal tectonic stresses, the 
porous-elastic parameters of the rock and its tensile 
strength. 

Experimental work on simulated wells in labora
tory rock samples under triaxial loading is de
scribed. Results confirm theoretical predictions of 
fracture type, fracture initiation pressure and frac
ture orientation. 

In the field, oriented impression packers were 
used to determine the fracture azimuth at the well
bore. Results indicate that vjells belonging to a 
common field yielded hydraulic fractures of ap
proximately same orientation. This seems to sub
stantiate the theoretical and laboratory conclusion 
that the smallest tectonic horizontal compressive 
stress direction determines the fracture orientation. 

INTRODUCTION 

Mining through wells is a common method used 
for the extraction of minerals like salt, potash, sul
phur and especially petroleum. Sometimes the 
entire mining process necessitates one well only. 
Often it requires an injection well in addition to 
the production well. Whether the purpose is to in
crease flow capacity around one well, or to en
hance communication between the injection and 
production wells, it is frequently necessary to in
duce artificial fractures in the ore bearing forma
tion. The method usually employed is that of 
"hydraulic fracturing." It consists of sealing off a 
section of the well and pressurizing it by injecting 
in a "fracturing fluid" like water, brine, oil, etc. 
The pressure in the isolated interval is continuously 
raised until fracture occurs. The pressure then 
drops momentarily, but if pumping is continued 
vigorously the fracture opens up and propagates. 
Propping agents are sometimes introduced into the 
fracture to keep it from closing back when pump
ing is stopped. If the fracture is large enough and 
extends in the right direction, it can vastly increase 
production. 

One of the unsolved problems of hydraulic frac
turing is the ability to predict the inclination of the 
fracture plane and the direction it will follow. 
Knowledge of fracture orientation can be ex
tremely valuable, for example, in the design of well 
layout in a producing field. Another problem, re
lated mainly to the design of a fracturing job is the 
capability to foresee the maximum pressure 
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required to cause formation breakdown. The pres
ent report concerns itself mainly with these two 
latter problems. First it is shown that theoretically 
there is a close relationship between the state of 
stress in the earth and both the breakdown pres
sure and fracture direction. Then some laboratory 
tests on simulated wellbores are described. These 
tests seem to support the theoretical analysis. Fi
nally a field method for detecting fracture direc
tion is described, and a number of encouraging 
field results- presented. 

rocH 

'VERTICAL FRACTURE 

THEORETICAL CONSIDERATIONS 

The theory of elasticity of porous materials can 
be used to estimate the pressures required to initi
ate and extend hydraulic fractures and their orien
tation and direction. To do so, a theoretical model 
is constructed based on some limiting assumptions 
regarding the materials involved. I t is assumed that 
the formation to be fractured is brittle elastic, po
rous*, isotropic and homogeneous. The fluid flow 
through the formation is laminar and follows 
Darcy's Law. The state of stress in the formation, 
prior to drilling of wellbore, is generally non-
hydrostatic with one of the principal stresses (S 3 3 ) 
assumed to be acting in the vertical direction. The 
latter assumption is justified especially in forma
tions of gentle dip (Anderson, 1963, p. 12). When 
a vertical circular wellbore is drilled the initial hori
zontal principal tectonic stresses (Si i , S2 2 ) redis
tribute around the cylindrical cavity in a manner 
defined by Hirsch solution (Haimson, 1967, p. 
311). 

The pressurization of the open hole in the well 
generates two additional stress fields, one due to 
the radial pressure on the well wall, and the other 
due to fluid flow into the formation resulting from 
the difference between the well pressure (P w ) and 
the reservoir fluid pressure (P 0 ) . The complete dis
tribution of horizontal stresses around the wellbore 
is found by superposing the three mentioned stress 
fields (Haimson, 1967, p. 312). At the vertical wall 
of the open hole, and away from the hole ends, the 
most vulnerable stress is the tangential (SQQ). 

Under normal in-situ stress conditions, this stress is 
the first to reach tensile values, as the wellbore 
pressure P w rises, finally causing a vertical tensile 
rupture that originates at the well's wall. Looking 
at a cross section of the well, the fracture is most 
likely to initiate at two diametrically opposed 
points, whose connecting line is perpendicular to 
the larger tensile principal tectonic stress ( S 2 2 ) , 

r s-- * 
(Fig. 1). In terms of effective stresses a jj = u 

Figure 1. Cross section of vertically fractured well. 

P f o r i = j 

for i f j _ 

the tangential stress at these two points is given by 

1 - 2v 

o de = 3 « 2 2 - o , , +(2 - a — 7 ~ ) ( p v v " P o ) (1) 

where: 

a = parameter of a porous elastic material; can 
be determined in the laboratory (Mann, 
1960). 

0 < a < 1 

v = Poisson's ratio of the rock. 

Failure in tension occurs when P w reaches a critical 
value (P^), also called breakdown pressure, at 
which OQQ > a t , where a t is the tensile strength of 
the rock in the horizontal plane. Hence the mini
mum critical pressure necessary to induce a vertical 
fracture is (Haimson, 1967, p. 312): 

P P 
c 

where: 

P = 
o 

Oj- - 3a22 + Oi 

1 - 2v 
(2a) 

1 - v 

0< a 
1 - Iv 

1 - v 
< 1 

If the formation permeability to the fractuing fluid 
is negligible, the third mentioned stress field is zero 
and the critical pressure (pi) then becomes: 

1 2 + 0. (2b) 

* This includes nonporous formations as a special case. 
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From equations (2a) and (2b) it can be easily veri
fied that P£ > Pg, or in other words, the break
down pressure in a permeable formation is usually 
lower than the pressure required to fracture an im
permeable but otherwise identical zone. 

The rock parameters a t , v, a can be measured in 
the laboratory in rock cores corresponding to the 
formation in question, and under conditions of 
loading and pore pressure similar to the in-situ 
ones. 

I t is assumed that the vertical tensile fracture 
initiated at the wellbore' wil l extend along a plane 
perpendicular to tlie direction of the larger hori
zontal principal tectonic stress ( S 2 2 ) . This assump
tion is based on the theory that a fracture follows 
the path of least resistance. The downhole pressure 
of the fracturing fluid necessary to keep the frac
ture open (P s) is the instantaneous shut-in pressure, 
and is given by. 

P , - P 0 > - o J 2 (3) 

I t should be noted that the values of P c and Ps 

are usually recorded by a pressure versus time plot 
taken during a fracturing job. 

The case of horizontal fracturing initiation will 
not be considered here. Theoretical relationships 
and experimental results related to horizontal frac
tures can be found elsewhere (Haimson, 1968). 
There is, however, the possibility that fractures 
that are initiated in the vertical plane, due to the 
stress distribution at the wellbore, may change 
orientation and become horizontal away from the 
wellbore, so as to be perpendicular to the smallest 
compressive stress. Under normal in-situ stress con
ditions this possibility is rather remote, but when it 
occurs it is very hard to detect. 

From equations (2, 3) it is evident that if the 
magnitudes of ©i i and a 2 2 are known, the break
down pressure (P c) and the pressure required to 
keep the fracture open (P s) can be predicted. More
over, it. can be assumed that within a certain forma-
tion and depth, the tectonic stresses remain 
constant in an area which is undistributed geologi
cally. I t is expected therefore that in the same 
"neighborhood" of a producing field, wells will 
yield fractures oriented essentially parallel to each 
other. The magnitudes of P c and Ps for these wells 
should not vary considerably from one well to the 
next. 

In those locations where the two horizontal 
principal tectonic stresses are approximately equal 
((?)! ~ o 2 2 ) there is no preferred direction for 
the vertical fracture and a weakness in the rock 
close to the wellbore can determine the fracture 

orientation. Such a weakness may be in the form 
of a natural crack or an induced one (vertical 
notch). The orientation of fractures at the wellbore 
can be detected as described elsewhere in this re
port, l f the fracture directions in a number of 
neighbor wells seem to be oriented at random, the 
horizontal state of stress is probably hydrostatic 
and by vertical notching fracture direction can 
actually be controlled. 

LABORATORY EXPERIMENTAL PROGRAM 

In an attempt to verify the relationships out
lined in the theoretical section between the orien
tation and breakdown pressure of vertical fractures 
and the magnitude and direction of the horizontal 
principal tectonic stresses, a series of tests were run 
on simulated wellbores in laboratory samples. 

Rectangular rock specimens (5.0 inches X 5.0 
inches X. 5.5 inches), with a vertical central hole 
(.30 inch in diameter), were loaded triaxically in a 
specially built steel frame. By use of four flat-jacks 
mounted between the sides of the sample and the 
internal walls of the frame, two unequal and inde
pendent horizontal compression loadings were ap
p l i ed . The vertical loading was transmitted, 
through a specially built upper platen by a hy
draulic compression tester. The upper platen also 
provided the fracturing fluid channeling into the. 
internal hole of the samples (Haimson, 1968). The 
unequal external triaxial loading on the sample 
closely simulated the most general state of tectonic 
stresses in the earth. In those tests where no hori
zontal loading was applied, cylindrical samples 
were used (usually 6.0 inches high, 3.5—5.0 inches 
in diameter). 

The simulated wellbore in the sample was an 
open hole, 2.0 inches long, terminated by the rock 
itself at. one end and by a hollow metal plug at the 
other. Through this hollow plug, pressurized frac
turing fluid was forced into the open hole. 

To run a test, the predetermined external tri
axial loading was first applied and kept constant 
throughout the rest of the experiment. Then the 
fracturing oil was introduced into the internal hole, 
pressurizing it at a constant rate (usually 6—15 
psi/sec). The pressure versus time curve was re
corded in an X-Y plotter. At some critical (break
down) pressure (P c), a. sudden drop in pressure was 
observed, indicating fracture. The test was then 
stopped, the external loading removed and the 
sample observed, sectioned and photographed. The 
experimental data was recorded and checked 
against the theoretical predictions. 
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Different types of impermeable and permeable 
rock were tested. The natural rock was obtained 
from quarries throughout the country. The artifi
cial rock was a mixture of water and gypsum ce
ment (hydrostone), which when allowed to set 
formed a solid material of rock-like properties 
(Haimson, 1969). 

The results of the laboratory tests can be sum
marized as follows: 

1. A l l the hydraulic fractures obtained were 
tensile ruptures oriented either in the vertical 
or the horizontal plane, depending on the 
loading conditions. 

2. In those cases where vertical fractures were 
obtained they were always perpendicular to 
the smaller horizontal compressive loading, 
notwithstanding the amount of oil penetra
tion into the rock. Figure 2 shows a typical 

Figure 2. Vertical fracture in Tennessee Marble. 

vertical fracture in impermeable Tennessee 
Marble. Figure 3 shows that the occurrence of 
a precrack in the impermeable charcoal gran
ite sample did not interfere with the direction 
of the fracture normal to the smaller hori
zontal load. In permeable rock, like hydro-
stone and Berea Sandstone, shown in Figures 
4, 5, fracturing fluid (hydraulic oil) leak-off 
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Figure 3. Vertical fracture in Charcoal Granite with precrack. 

Figure 4. Vertical fracture in hydrostone, also showing the amount 
of fluid penetration. 

into the sample did not affect the predicted 
direction of the fracture. 

3. When the horizontal loading was hydrostatic, 
the direction of the vertical fracture was at 



Figure 5. Vertical fracture in highly permeable Berea Sandstone. 

random (Fig. 6) and sometimes more than 
two fractures were observed (Figs. 7 and 8). 
In a number of samples, vertical notches were 
induced in the simulated wellbores prior to 
the fracturing tests, by use of a hydraulic 

Figure 6. Vertical fracture at random in hydrostone undei: hori
zontal hydrostatic stress condition. 
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jetting technique. With no horizontal loading, 
the tips of these notches provided the weakest 
points around the hole and all fractures initi
ated there and extended in the general 

Figure 7. Three evenly distributed vertical fractures in Indiana Lime
stone under no horizontal loading. 

Figure 8. Three evenly distributed vertical fractures in Cordova 
Cream under no horizontal loading. 
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direction of the notch. Figures 9 and 10 show 
typical fractures in notched wellbores. The 
horizontally sectioned samples of Ohio Sand
stone and Cordova Cream, respectively, 

Figure 9. Hydraulic fracture in vertically pre-notched Ohio Sand
stone. 

Figure 10. Hydraulic fracture in vertically pre-notched Cordova 
Cream. 

exhibit vertical fractures that were affected 
by the presence of notches. The latter not 
only controlled the direction of induced frac
tures, but also lowered considerably the 
breakdown pressure. For example, in Ohio 
Sandstone the Pc decreased from 1800 psi to 
1100 psi, and in Cordova Cream from 1050 
psi to 400 psi. 

4. In unnotched samples, the pressure required 
to initiate vertical fractures was close to that 
predicted by equations (2). Figure 11 shows 

VERTICAL FRACTURES 
HYDROSTONE 35/100 

0 1000 2000 3000 4000 5000 
psi 

Figure 11. Relationship between theoretically predicted P£ and ex
perimental values of breakdown pressure in impermeable Charcoal 
Granite. 

the relationship between the experimental 
points and the theoretical curve in the case of 
the impermeable Charcoal Granite. <JQQ is 
given by ogg = 3a2 2 - o M . Figure 12 shows 
the same relationship in the case of permeable 
hydrostone. The experimental points are not 
as close to the theoretical curve for P£ as the 
granite points are to P̂  (Fig. 11), but it 
should be remembered that two more rock 
parameters are involved in the permeable case; 
Hence the predictions are not as accurate. 

5. In a number of tests, two vertical holes were 
dril led in 5.0 inch diameter cylindrical 



Hydrsulic Fracturing and the Extraction of Minerals 

VERTICAL FRACTURES 

2000 ! , , , , ,— 
0 SOOO 2000 3000 4000 5000 

-crf 1 ' , psi 

Figure 12. Relationship between theoretically predicted P£ and P]? 
and experimental values of breakdown pressure in hydrostone 
35/100 (35 parts hydrostone to 100 parts water by weight). 

samples, to simulate an injection-production 
set of wells. The distance between the holes 
was eight times the hole diameter. In these 
tests no horizontal loading was applied, and 
the average vertical load was 500 psi. The si
multaneous pressurization of both holes re
sulted in a vertical fracture that emanated 
from one hole and did not necessarily extend 
in the direction of the other (Fig. 13). The 
separate pressurization of each hole yielded 
fractures that extended at random (Fig. 14). 
However when vertical notches were induced 
in the simulated wellbores, the chances of 
connecting the holes through fracturing were 
vastly increased. Figure 15 shows a horizontal 
section of an Indiana Limestone sample in 
which one of the holes had been vertically 
notched prior to its fracturing. The notch, as 
observed, had been directed towards the other 
well and its direction was followed by the 
fracture. When the other well was then pres
surized, the resulting fracture easily linked to 
the former. Note the lower breakdown pres
sure required in the notched hole. Figure 16 
depicts another method designed to eliminate 
guesswork from communicating. Here both 
wells had been vertically notched in mutually 
perpendicular planes. The hydraulic fractures 
joined at some short distance from the pro
duction well. This method of double-notching 
is especially recommended for the field where 
one cannot expect a hydraulic fracture to ex
tend irt a perfect straight line. With two 

Figure 13. Vertical fracture in Carthage Marble caused by simultane
ous pressurization of both wells. 

Figure 14. Vertical fractures in Indiana Limestone obtained by sepa
rate fracturing of both wells. 
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perpendicular fractures, they are always 
bound to meet at some distance from the tar
get well. 

Figure 15. Vertical fractures in Indiana Limestone, obtained by sep
arate fracturing of the wells, with one well being vertically pre-
notched in the direction of the other. 

Figure 16. Vertical fractures in Carthage Marble where both wells 
were pre-notched in mutually perpendicular planes. 

FIELD TESTS 

One of the main obstacles to a better under
standing of the hydraulic fracturing phenomenon is 
the great difficulties encountered in conducting sci
entific testing in the field. A fracturing job is con
ducted by remote control, from the surface, and 
there is no access to the pay formation for the 
purpose of verifying the direction and size of the 
fracture. Many researchers have suggested the use 
of different geological phenomenon as an indica
tion of vertical fracture orientation. Occurrence of 
normal faults (Hubbert, 1957), regional dip in for
mations (Frazer, 1962), strike of surface joints 
(Overby, 1968) have all been theoretically corre
lated to orientation of vertical fractures. In areas 
where strong evidence of faulting exists or where a 
surface joint survey is done, the approximate direc
tion of hydraulic fracturing can possibly be pre
dicted. However, a proven testing tool for verifying 
fracture azimuth at the wellbore, notwithstanding 
the availability of geological data, is the oriented 
impression packer. 

Such packers were used in the field tests de
scribed below. They consisted of a replaceable rub
ber sleeve, 10 or 20 feet long, mounted on an 
aluminum mandrel. The sleeve was made of cured 
reinforced rubber coated on the outside with a 
layer of uncured rubber. The lower portion of the 
mandrel contained a pressure relief valve and a 
landing seat for orientation of a compass running 
case. The packer was lowered on tubing into the 
well to the interval under investigation and then 
the rubber sleeve was hydraulically inflated. Per
forations in the mandrel permitted an even distri
bution of pressure within the packer. The packer 
was inflated until fu l l contact with the wellbore 
wall was achieved. The pressure in the packer was 
maintained for about one hour at a maximum of 
300 psi above the reservoir pressure. This allowed 
the uncured rubber of the sleeve to expand and 
conform to the wellbore wall, while a magnetic 
compass was used to determine the orientation of 
the tool. The compass was lowered into the well 
after the packer was inflated and fixed in its land
ing seat at the bottom of the mandrel. Multiple 
compass pictures were taken f rom a camera located 
in the running case, and where possible two sepa
rate compasses were used on each test. At the con
clusion of the test the pressure relief valve was 
opened and the impression packer removed from 
the well. From the location of the machined 
groove on the compass landing seat and the photo
graphs during the test, the magnetic north on the 
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packer was established. Thus, the orientation of 
any fractures or other irregularities, recorded per
manently on the impression packer, could be easily 
determined. 

Studies using impression packers were con
ducted in New York, Ohio and Illinois. The pur
pose of these studies was to determine the type 
and orientation of hydraulically induced fractures 
in oil producing formations. The breakdown and 
instantaneous shut-in pressures were also recorded. 
The reservoir studied in New York was the Rich-
burg Oil Sand in Alma Township, Allegany 
County. In Ohio, tlie study included the Clinton 
Sandstone in Falls Township, Hocking County, and 
in Illinois, a carbonate reservoir was investigated. 
Locations of the tested wells in two of the areas 
are shown in Figures 17 and 18. 

o o 
CD 

LOT 91 
ALMA TOWNSHIP 

ALLEGANY COUNTY, NEW YORK 

Figure 17. The distribution of the treated wells, and the direction of 
vertical fractures in the New York field. 

The impression packer results show that frac
tures created in each of the wells were vertical over 
the major portion of the treatment interval (Fig. 
19). The average azimuth of these fractures in each 
well is given in Table 1 and shown diagrarnmati-
cally (except for Illinois) in Figures 17 and 18. 
Table 2 enumerates some of the physical properties 
of the formations. I t can be easily verified that in 
each of the three fields the induced fractures were 

SECTION 13 

FALLS TOWNSHIP 

HOCKING COUNTY , OHIO 

Figure 18. The distribution of tlie treated wells, and the direction of 
vertical fractures in the Ohio field. 

SIDE 1 SIDE 2 

Figure 19. Packer with typical vertical fracture impression from well 
No. 3 in New York. 
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TABLE 1. Hydraulic Fracturing Results in Three Field Tests 

Location Well 
No. 

Depth 
Feet 

Critical 
Breakdown 

Pressure 
Pc, psi 

Instantaneous 
Shut-in 
Pressure 

Fracture 
Azimuth 

East of True Worth 

New York 1 1607-16 5264* 1864 93° 
• 2 1677-82 5848* 2013 65° 

3 1671-79 3256 2161 74° 

Ohio 1 2622-32 2938 2238 62° 

2 2634-52 - - 59° 

3 2671-81 2934 2259 67° 

4 2662-71 3054 2154 68° 

Illinois 1 314-332 539 - 49° 

2 321-338 643 393 67° 

3 314-323 588 338 72° 
V 

4 310-327 738 338 58° 
5 298-318 733 333 66° 

* Recently completed cable tool hole. The mud, still lining the hole, accounts for the unusually high values of breakdown pressure. 

TABLE 2. Physical Properties of Three Formations Tested 

Location 
Tensile 

Strength 
psi 

Porosity 
% 

Permeability 
md. 

P'oisson's 
Ratio 

Reservoir 
Pressure 

psi 

New York 

Ohio 

Illinois 

575 

1000 

725 

13.5 

15.0 

22.0 

0.5 

33.0 

8.0 

0-1 
0.2 
0.2 

530 

600 

0 
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nearly parallel to each other. Table 1 also gives the 
breakdown (critical) pressures and the instantane
ous shut-in pressures in the fractured wells. Again, 
a striking closeness between the values of the frac
turing pressures in each of the fields can be ob
served. Based on our hypothesis relating in situ 
stresses to hydraulic fracturing pressures and direc
tions, it appears that in each of the studied forma
tions there was' one constant tectonic stress field. 
By hydraulically fracturing a sample of wells like 
any of the three samples mentioned in this paper, 
one could get enough information to help design 
more scientifically the layout of a newly pros
pected field, or determine whether hydraulic frac
turing may be feasible in an established producing 
field. 

CONCLUSIONS 

The present report is merely an attempt to im
prove the existing knowledge of vertical hydraulic 
fractures. Theoretically it is shown that the break
down and shut-in pressures, usually recorded dur
ing a fracturing job, as well as the direction of 
fracture, are directly related to the principal 
tectonic stresses that exist in the formation. In
deed, laboratory tests on simulated wellbores indi
cate that the theoretically predicted breakdown 
pressures, in both porous and non-porous rock, 
were close to the experimental results. Moreover, 
as theoretically expected, vertical fractures were al
ways tensile ruptures that initiated and extended in 
a plane perpendicular to the direction of the 
smaller simulated horizontal compressive principal 
tectonic stress. In samples where the simulated hor
izontal in situ stress condition was hydrostatic ver
tical fractures extended at random and sometimes 
three rather than two ruptures were obtained. 
Notching appeared to be a helpful tool in con
trolling direction of fractures in such hydrostatic 
cases and was instrumental in achieving communi
cation between two wells. The three field tests re
ported here merely recorded the breakdown and 
shut-in pressures during hydraulic fracturing opera
tions, and the azimuth at the wellbores of resulting 
vertical fractures f rom impression packer readings. 
The closeness between the pressures and directions 
in each of the fields leaves little doubt as to the 
relationship between fracturing and tectonic 
stresses. Each of the three groups of wells belong 
to the same production field in a rather uniform 
geological system. Hence there is no reason to ex
pect that tectonic stresses would vary considerably 
from one well to another. The field results verify 

this assumption. I t seems that a sample of wells, 
intelligently picked and hydraulically ruptured, 
could provide with the necessary information 
about direction of fractures, breakdown pressures, 
and communication possibilities in an entire field. 
I f results in the sample are hardly uniform as far as 
fracture direction, it is probably because of the 
tectonic stresses in the horizontal plane being 
hydrostatic. In such a case, vertical notching of 
wells may prove very beneficial. 

NOMENCLATURE 

p fluid pressure 

Po reservoir pore fluid pres
sure 

Pc breakdown (cr i t ica l ) 
pressure 

Pc breakdown pressure in 
impermeable rock 

pp breakdown pressure in 
permeable rock 

p s - - wellbore instantaneous 
shut-in pressure 

p w wellbore pressure prior 
to fracturing 

stress tensor 

smaller horizontal princi
pal tectonic stress (ten
sion taken as positive) 

S 2 2 = larger horizontal princi
pal tectonic stress 

S3 3 = ver t i ca l principal tec
tonic stress 

a - parameter of a porous 
material 

v - Poisson's ratio 

a i j effective stress tensor 

a i j effective stress tensor 
around the wellbore due 
to tectonic stresses 

compressive loads ap
plied to specimens 

a t tensile strength in the a t 
horizontal plane as ap
plied to hydraulic frac
turing. 
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Solution Miming Operations in the 
Presence of Vertical Fracture Systems 

F. W. Jessen 
Department of Petroleum Engineering 
The University of Texas at Austin 

ABSTRACT 

Data is presented on experimental models in
volving the use of both vertical and horizontal frac
tures in two-well systems in which the fractures 
may exist initially adjacent to an insoluble or inert 
bed or located with massive salt above the fracture. 
Results of mathematical simulation and experi
mental model data are presented. Different solu
tion patterns are developed depending on the mode 
of fracture system. Shape of cavities formed in 
massive salt sections are affected more by solution 
at the roof surface while cavities formed in which 
insoluble beds appear as roof members take on the 
appearance which is expected from vertical surface 
exposure. 

Introduction and purpose. 

Though fracturing operations are frequently car
ried out in making .connections between wells 
which are to be used in developing brine produc
tion, rather limited information is available on the 
effect of orientation of the fracture plane. Numer
ous authors (Bays, Peters and Pullen, I960; Shock, 
1965; Shock and Davis, 1969) have presented data 
on fracturing techniques for use in salt solution 
mining operations,-and recently Davis and Shock 
(1969) reported results of mining thin bedded pot
ash salt beds exposed by horizontal fracture planes. 
With the advent of deeper and deeper exploration 
for minerals which may be recovered through solu
tion mining, the probability of utilizing induced 
fractures becomes greater. This study was under
taken because formation of vertical fractures 
occurs at greater frequency with depth, and be
cause no direct experimental evidence is available 
regarding the solution of salt in such fractures. 

Experimental work. 

The experimental work involved use of solid salt 
blocks obtained from the Grand Saline, Texas, 
mine of Morton Salt Company and from the 
United Salt mine at Hockley, Texas. In the case of 
the test in which an insoluble bed above the frac
ture was simulated, a cut approximately 1-2 mm in 
thickness was made with a saw into a previously 
smoothed face. Depth of the simulated fracture 
was 2 1/2 inches, and its length was 14 1/2 inches. 
After sealing a 1/4-inch Lucite sheet to the salt 
surface with Hysol, the whole block was sealed, 
with the same material, in a wooden frame so as to 
assure no leakage during the test period. Inlet and 
outlet wells were drilled through the Hysol seal and 
Lucite plate. Al l cuttings, including a small amount 
of salt, were removed by jetting with high pressure 
air. 

The washing system was comprised of two 
needle valves and a pressure regulator to control 
the rate of f low of water, a calibrated rotameter to 
measure the volume of inlet water, and several 
large cylinders to measure the volume of effluent. 
Specific gravity of the brine was determined with 
hydrometers. 

In order to eliminate air f rom the system an 
inverted Tee was placed in the feed water line at 
the highest elevation. Thus, any air which might be 
trapped in the salt cavity being formed during 
washing could be removed by turning the whole 
salt block over and allowing air to rise through the 
flexible nylon wash tubing and be expelled. 

The washing procedure was started by filling the 
fracture with water while the salt block was ori
ented in an upright position. The air present was 
removed. Next, the block was placed in a flat posi-
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tion with the inlet and outlet tubes at the top. 
Then, if no air bubbles could be seen in the flow 
stream, the block was inverted. Water now entered 
the bottom of the fracture and was produced from 
the bottom. Washing was continued in this manner, 
and readings were made every 15 minutes of the 
volume, rate, specific gravity of effluent, and 
amount of solids. The solids, consisting of fine 
anhydrite crystals, were removed when it appeared 
flow was impeded. This occurred only once with 
this particular salt block which contained only 1-2 
percent insoluble material. Some small amounts of 
water from the cavity were lost during such an 
operation, but since these volumes were small in 
comparison with the total volume of water 
measured or salt removed was introduced. 

Data for this test are shown in Table 1. A cavity 
with a total volume of 3835 cc was formed. Time 
of washing was 717 minutes (approximately 12 
hours). The rate of flow was decreased from an 
initial value of 200 cc per minute to an average of 
45-50 cc per minute after the first 45 minutes of 
circulation. The specific gravity of the effluent in
creased from 1.082 to 1.164 after about 1 hour 
and 15 minutes and remained at near this satura
tion for the next 5 hours and 45 minutes. The 
saturation of tlie effluent then decreased and the 
specific gravity remaining fairly constant at 1.115 
during the last 4 hours and 45 minutes. The aver
age flow rate during this time was 5 0 cc per minute 
whereas that during the previous 5 hour 45 min
utes leaching was 44 cc per minute. There appears 
to be a direct relationship between the circulation 
rate and the saturation of effluent, indicating con
trol of tlie development of the cavity was related 
to the rate of flow, since at no time was the efflu
ent brine saturated. In other words, though there 
was an ever-increasing surface exposed to attack, 
which should have provided greater solution of salt 
based on previous studies of solution rates in single 
well systems, (Durie and Jessen, 1964) the flow 
mechanism was such that a lesser efficiency of salt 
removal resulted. Thus a maximum width to depth 
(or heigth of fracture) ratio probably exists for 
commercial utilization in mining rather thin beds 
by solution techniques. 

The final cavity shape is shown in Figure 1 
whereas the progression with time is indicated in 
Figure 2. From a consideration of Figure 1 the 
volume may be expressed as 

V = 2/3 y a h - 2/3 a x (h - b) 

or 

V = 2/3 a b (x + y) (1) 

Figure 1. Insoluble bed above the fracture. 

PROJECTED PROGRESSION OF CAVITY 
GROWTH WITH INSOLUBLE BED 

ABOVE FRACTURE 

Figure 2. 

Substituting the corresponding values of a, b, x, 
and y at the end of the test into Equation 1 results 
in a value of 

V = 2/3 X 2 1/2 X 16(5-3/8 + 41/8) 
V = 261.25 cubic inches, or 
V = 4281 cubic centimeters. 
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Table 1. Washing Data For Vertical Fracture Impermeable 
Bed Above Fracture 

Source of Salt: Grand Saline Mine 
Morton Salt, Co., Grand Saline, Texas 

Initial Fracture Length = 13 inches 
Initial Fracture Width = 3 mm 
Initial Fracture Depth = 21/2 inches 

Time Interval Volume of Water Cumulative 
Minutes cc Flow Rate Specific Gravity Salt Removed Volume 

Per Time Interval Cumulative cc/Minute Effluent cc/Stage of Cavity 
cc 

8.5 1.700 1,700 200. 1.082 91.4 91.4 
4.0 800 2,500 200 1.1 57.6 149.0 
5.0 640 3,140 128 1.107 30.2 179.2 
5.0 640 3,780 128 1.121 32.5 211.7 
5.0 640 4,420 128 1.128 32.4 244.1 
5.0 670 5,090 134 1.128 34.9 279.0 
5.0 640 6,730 128 1.126 34.8 313.8 
13.0 1,750 8,480 134 1.122 138.0 451.8 
7.8 390 8,870 50 1.121 30.2 482.0 
8.0 400 9,200 50 1.130 32.1 514.1 
8.0 345 9,545 43 1.144 31.7 545.8 
12.0 490 10,035 40 1.160 48.1 594.9 
5.0 180 10,2.85 36 1.170 19.35 604.3 
10.0 445 10,730 44.5 1.173 47.5 651.8 
10.0 390 11,120 39.0 1.172 42.2 694.0 
13.0 425 11,545 32.3 1.176 46.7 740.7 
10.0 490 12,035 49.0 1.175 53.7 794.4 
10.0 420 12,455 42.0 1.170 44.99 839.3 
10.0 465 12,920 46.5 1.165 47.7 887.0 
10.0 360 13,280 36.0 1.170 38.5 925.5 
12.0 360 .3.640 30.0 1.176 35.3 960.8 
15.0 650 14,290 43.0 1.172 69.2 1,030.0 
15.0 600 14,890 40 * 1.170 64.0 1,094.0 
15.0 780 15,670 54 1.162 83.0 1,177.0 
15.0 780 16,450 54 1.156 76.8 1,253.8 
15.0 700 v,m 48 1.158 70.0 1,323.8 
15.0 780 17,880 52 1.155 76.5 1,400.3 
15.0 730 18,610 48.5 1.154 71.0 1,471.3 
15.0 685 19,295 45.7 1.154 66.8 . 1,538.1 
15.0 650 19,945 43.3 1.156 64.0 1,602.1 
15.0 600 20,545 40.0 1.158 59.75 1,661.85 
15.0 700 21,245 46.7 1.158 68.2 1,730.0 
15.0 650 21,895 43.3 1.148 64.0 1,794.0 
5.0 200 22,095 40.0 1.188 23.7 1,817.7 
32 1,640.0 23,735 51.0 1.170 174.5 1,932.2 
13.0 640.0 24,375 50.0 1.144 58.35 2,050,5 
15.0 570.0 24,945 38.0 1.14 51.5 2,102.0 
7.0 760.0 25,705 110.0 1.119 58.5 2,160.5 
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Time Interval 
Minutes 

Volume of Water 
cc 

Per Time Interval Cumulative 

Flow Rate 
cc/Minute 

Specific Gravity 
Effluent 

Salt Removed 
cc/Stage 

Cumulative 
Volume 
of Cavity 

cc 

8.0 560.0 26,265 70.0 1.125 45.2 2,205.7 
15.0 650.0 26,915 43.0 1.138 57.5 2,263.2 
15.0 770 27,685 51.0 1.142 70.0 2,333.2 
15.0 640 28,325 42.0 1.144 58.5 2,391.7 
15.0 855 29,180 57.0 1.136 75.3 2,467.0 
15.0 1,420 30,600 94. 1.12 110.5 2,677.5 
15.0 985 31,585 65.6 1.107 68.5 2,746.0 
15.0 870 32,455 58.0 1.110 61.5 2,807.5 
15.0 835 , 33,290 55.6 1.113 60.7 2,868.2 
15.0 790 34,080 52.6 1.115 58.7 2,926.9 
15.0 770 34,850 51.3 1.114 57.0 2,983.9 
15.0 785 35,635 52.2 1.113 57.5 3,041.4 
15.0 660 36,295 44.0 1.115 49.0 3,090.4 
15.0 640 36,935 42.6 1.114 47.4 3,137.8 
15.0 605 37,540 40.3 1.122 47.7 3,185.5 
15.0 620 38,160 41.3 1.123 48.5 3,234.0 
15.0 685 38,845 45.6 1.123 54.2 3,290.2 
15.0 635 39,480 42.3 1.123 50.5 3,340.7 
15.0 645 40,125 43.0 1.123 55.0 3,395.7 

Removed 4050 cc of saturated brine; specific gravity = 
1.198 442.0 

Total 3,837.7 

The total volume recovered through washing was shape of the washed cavity reveals the lower por-
4050 cc, representing a difference of 231 cc, or an tion of the initial vertical fracture still in existence, 
error of 5 percent in calculated and observed vol- In view of this, agreement of the calculated and 
umes. The fact that the model assumes solution to observed volumes is excellent, 
take place on the slanting side to the very bottom For the case in which a vertical fracture is 
of the fracture depth should result in a somewhat formed in massive salt, resulting in a system 
higher volume. As may be seen from Figure 3, final wherein soluble material exists above the top of 

the fracture plane, the salt block was sawed, a 
Lucite 1/4" thick plate sealed to the cut surface, 
and again the entire block sealed into a wooden 
box with Hysol. The particular salt specimen was 
12 inches wide, 24 inches long by 10 inches high. 
The cut was made 3 inches deep and the well spac
ing was 18 1/2 inches. Preparation for leaching 
operations was identical with that previously de
scribed except that provision was made to remove 
accumulated solid material by installing a glass Tee 
section just below the entrance of the water to the 
injection well. By inverting the entire block, fluid 
entry and production were at the bottom of the 
fracture. 

The washing of this salt fracture system was con
tinued for 18 1/2 hours during which a total of 
75,582 cc of water was circulated and a cavity hav-

Figure 3. Final cavity shape. 
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ing a total volume of 9160 cc was formed. Solids 
(anhydrite) withdrawn during the experiment and 
at the end of the run amounted to 812 cc. 

This volume is included in the total cavity vol
ume. Rate of flow was adjusted so that only par
tially saturated brine was produced. The specific 
gravity of the effluent during the first 6 hours and 
40 minutes averaged 1.125 (67-70 percent satura
tion) while during the remainder of the test the 
corresponding values averaged 1.165, i.e., 87 per
cent saturation. Nearly saturated brine was pro
duced at the end of the run. The data are tabulated 
in Table 2. 

Projected progression of the cavity shape is 
shown in Figure 4 while the final configuration 
obtained is represented in Figure 5. It is immedi-

PROJECTED PROGRESSION OF CAVITY 
GROWTH-NO INSOLUBLE BED 

ABOVE FRACTURE 

Figure 4. 
Figure 5. With soluble bed above the fracture. 

ately apparent that the two shapes developed, Fig
ure 1 and Figure 5, are similar only to the degree 
that bo tli have a triangular section. Figure 5 shows 
the growth of the cavity also in the exposed "roof" 
area while this growth is denied the cavity wherein 
an impermeable layer overlies the vertical fracture, 
i.e., where the fracture terminates in an insoluble 
bed. 

Using the same analytical approach to calculate 
the volume of cavity formed, the simplifying 
assumption is made that the progression is defined 
by two sections, the upper one that of a rectangle, 
the lower part that of a triangle. This leads to the 
geometric representation of Figure 6. In this case, 
the volume may be expressed as, 

V = | a b ( x + y ) + | [ 1 1 y h x - ( h - b ) 1, x] 

l i ! can be derived, since 

or 

v r + 4x^ 
2 _(h,-b) 

1^ + 4y 2 

V =|ab(x + y) +1 b j ^ l 2 + 4 y2 h, ( 
21, y 

-)] 

V1o + 

2VL 

1^ + 4y 2 

4x 2 

. .b 
V 1 2 + 4 y ^ - V l 2 + 4x 2 
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Table 2. Washing Data For Vertical Fracture Ending 
In Massive Salt 

Source of Salt: United Salt Company Mine 
Hockley, Texas 

Initial Fracture Length = 18 1/2 inches 
Initial Fracture Width = 3 mm 
Initial Fracture Depth ~ 3 inches 

Volume of Water Cumulative 
I Time Interval cc Flow Rate Specific Gravity Salt Removed Volume 
! Minutes Per Time Interval Cumulative cc/Minute Effluent cc/Stage of Cavity 

cc 

! 15.0 1,400 1,400 93.33 1.10 91.5 91.5 
I 15.0 1,315 2,715 87.66 1.105 91.4 182.9 
! 15.0 1,120 3,835 76.66 1.166 84.5 267.4 
i 15.0 975 4,810 65.0 1.126 79.1 346.5 
j 15.0 1,020 5,830 68.0 1.126 83.1 429.5 
! 15.0 1,015 6,845 87.7 1.125 82.0 511.5 
! 15.0 1,010 ' 7,855 . 67.3 1.125 82.0 593.5 
\ 15.0 1,000 8,853 66.7 1.126 81.5 675.0 
'} 15.0 977 9,832 65.1 1.127 79.7 754.7 
; 15.0 940 10,772 62.60 1.170 100.6 855.3 
j 15.0 1,015 11,787 67.66 1.133 86.4 941.3 
i 15.0 1,090 12,877 72.66 1.126 88.5 1,030.8 
5 30.0 1,920 14,799 64.0 1.126 156.0 1,186.2 
: 15.0 1,050 15,847 70.0 1.125 84.9 1,271.0 
•}• 15.0 1,050 16,897 70.0 1.125 84.9 1,356.0 
:f 15.0 955 17,852 63.66 1.125 76.5 1.432.5 
:i 15.0 880 18,732 58.66 1.100 57.7 1,490.2 

15.0 880 19,612 58.66 1.060 35.45 1,525.6 
•f 15.0 1,020 20,632 68.0 1.125 82.3 1,607.9 

15.0 980 21,612 65.3 1.127 81.0 1,688.9 
: 30.0 2,270 23,880 75.6 1.134 195.2 1,884.1 
f 15.0 1,030 24,912 68.33 1.137 90.6 1,974.7 
1 15.0 930 25,842 62.0 1.137 82.0 2,056.7 

15.0 1,030 26,872 69.5 1.137 97.0 2,153.7 
10.0 720 27,592 72.0 4 1.260 86.8 2,240.5 

; 15.0 1,420 29,012 94.66 1.156 140.0 2,380.5 
i 15.0 1,460 30,462 97.30 1.173 154.0 2,534.5 

15.0 1,200 31,662 80.0 1.154 123.0 2,658.3 
i 15.0 830.0 32,492 55.3 1.144 76.2 2,734.5 
i 15.0 1,180 33,672 78.6 1.138 106.0 2,840.5 

15.0 1,000 34,672 66.6 1.134 86.5 2,827.0 
!' 15.0 1,200 35,872 80.0 1.154 116.5 3,043.5 

15.0 1,440 37,312 96.0 1.152 138.5 3,182.0 
• 15.0 1,360 38,672 90.6 1.144 121.5 3,303.5 
I 15.0 1,175 39,847 78.3 1.142 106.2 3,403.7 
1 15.0 1,350 41,197 90.0 1.188 153.3 3,569.0 
! 15.0 1,440 42,637 96.0 1.172 135.3 3,704.3 
;, 15.0 1,230 43,862 82.0 1.153 114.8 3,819.1 

15.0 1,180 45,047 78.6 1.154 109.3 3,928.4 
15.0 1,030 46,077 68.6 1.146 97.0 4,085.4 

i'<' 
I,' 

Hi 
.1 
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Volume of Water Cumulative 
Time Interval cc_ Flow Rate Specific Gravity Salt Removed Volume 

Minutes Per Time Interval Cumulative cc/Minute Effluent cc/Stage of Cavity 
cc 

15.0 920 46,997 61.3 1.147 85.8 4,110.2 
15.0 940 48,037 62.6 1.147 87.5 4,197.7 
15.0 935 49,072 62.3 1.147 87.0 4,284.7 
15.0 895 49,967 59.6 1.150 85.3 4,370.0 
15.0 1,280 51,247 85.3 1.184 146.3 4,516.3 
15.0 1,360 52,607 90.6 1.164 140.5 4,656.8 
15.0 1,025 53,432 68.3 1.150 97.5 4,754.3 
15.0 1,050 54,482 70.0 1.150 100.5 4,854.8 
15.0 1,055 55,537 70.3 1.146 98.5 4,953.3 
15.0 1,005 56,542 67.0 1.146 93.2 5,046.5 
15.0 1,010 57,582 67.3 1.145 93.5 5,140.0 
15.0 980 57,432 65.3 1.145 91.0 5,231-0 
15.0 1,035 58,467 69.0 1.144 93.0 5,324.0 
15.0 960 59,427 64.0 1.144 88.1 5,412.1 
15.0 970 60,397 64.6 1.144 89.0 5,501.1 
15.0 1,000 61,397 66.6 1.144 91.6 5,592.7 
15.0 1,005 62,402 67.0 1.144 92.2 5,684.9 
15.0 1,300 63,702 86.6 1.152 117.5 5,702.4 
15.0 780 64,482 52.0 1.184 88.5 5,790.9 
15.0 850 65,332 56.6 1.184 94.5 5,885.4 
15.0 860 66,192 57.3 1.18 96.7 5,982.1 
15.0 820 67,012 54.6 1.177 86.2 6,068.3 
15.0 805 67,817 53.6 1.176 88.7 6,157.0 
15.0 810 68,627 54.0 1.176 89.5 6,246.5 
15.0 820 69,447 54.66 1.174 89.2 8,335.7 
15.0 830 70,277 55.33 1.173 90.0 6,425.7 
15.0 820 . 71,097 54.66 1.170 87.5 6,513.2 
15.0 810 71,907 54.00 1.170 86.5 6,599.7 
15.0 1,890 73,797 126. 1.132 145.5 6,745.2 
15.0 615 74,412 41.0 1.192 72.7 6,817.9 
15.0 560 74,972 34.3 1.190 63.5 6,881.4 
15.0 610 75,582 40.66 1.187 71.0 6,952.4 

Removed 9160 cc of saturated brine; Specific gravity = 1.2 

Solids obtained during washing and at time of final evacuation of cavity = 812 cc 
Total 8,929.4 

Then, substituting values for the conditions at 
the end of the test, 

= 51.765 inches 1X = 3.0 inches a = 1.4375 inches 

y =4.875 inches 12= 2.5 inches 

b = 21.0 inches x = 2.8125 inches 

V = | [ 3 x 4.875 x 51.765 - 30.765 x 2.5 x 2.8125 

+ 1.4375 x 21 x 7.6875] 

V = | x 773.4155 

V = 515.61 cubic inches, 
or 

V = 8449.3 cc. ! 
1 

The measured volume of the cavity, including the 
insoluble anhydrite was 9160 cc. The difference in 
volume, readily seen to occur because of the sim
plifying assumption of straight slant sides, is 711 
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INITIAL FRACTURE DEPTH = 3" 
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Figure 6. Final cavity shape. 

cc, or 717 percent. A somewhat more rounded side 
results when no insoluble material is present in a 
salt. The photographs showing the end views of the 
model illustrate this point remarkably well. 

To relate the change in volume with time, the 
data were analyzed and a curve-fit computer pro
gram, by L.N. Johnson (1969) available from the 
Computation Center of The University of Texas at 
Austin, was utilized. The general form of the equa
tion for the volume V, as a function of time is 

V = y - + C 1+C 2T + C 3 T
2 +C 4 T

3 +C 5 T
4 . 

For the case in which an impermeable bed exists 
immediately above the vertical fracture, the con
stants yield the following equation: 

-5 48 
V = —^— +48.75+ 133.4T- 15.97T2 + 2.42T3 - 0.11T4. 

(t) T 
Similarly, for the case where the fracture ends in 
massive salt, 

—33 
V , 4 T I133 .4 + 23.8T + 17.67T2 - 0.96T3 + .0164 

(t)= T + 

where V ( t j is the volume in f t 3 X 10""" 

T is time in hours. 

The increase in volume with time of cavities of 
the types formed in these experiments is shown in 
Figure 7. A first approximation, using only the 

first order term of time (T) gives a linear relation
ship in both instances. 

0 20 40 60 80 100 120 140 160 160 
TIME, OAYS — » 

Figure 7. 

Summary. 
Laboratory model studies of progression of cav

ities in salt formed by solution in vertical fracture, 
between two wells are reported. A triangular 
shaped cavity results when the solution takes place 
in a fracture bounded by an impermeable bed on 
top. There appears to be a limiting width to depth 
of salt bed even when little insoluble material is 
present. Action forms a cavity with expanding roof 
area and solution on the sides as solution prog
resses in a vertical fracture ending in massive salt. A 
definite limiting slope of 34 degrees of the sides 
results when as much as 10 percent anhydrite is 
present as insoluble material. Prediction of the vol
ume of cavity formed is possible through the use of 
equations developed which describe the volume 
changes as a function of time. Proper scaling 
should permit utilization for developing field cav
ities. 

REFERENCES 

Bays, C.A., Peters, W.C, and Pullen, M.W. 'Solu
tion Extraction of Salt Using Wells Connected 
by Hydraulic Fracture." AIME Trans., 217 
(1960), p. 266-277. 



Solution Mining Operations 391 

Top View, Final Cavity Impermeable bed Above Vertical Fracture 

End and Side View, Final Cavity Impermeable Bed Above Vertical 
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Top View of Final Cavity Vertical Fracture Ending in Massive Salt 

End and Side View of Final Cavity Vertical Fracture Ending in 
Massive Salt. 

Bottom View, Final Cavity Impermeable Bed Above Vertical Frac
ture 

Bottom View, Final Cavity Vertical Fracture Ending in Massive Salt 
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Solution of Salt in a Horizontal 
Fracture System Between Wells 

F.W. Jessen 
Petroleum Engineering Department 
The University of Texas 
Austin, Texas 

ABSTRACT 

Data is presented on experimental models 
involving the use of both vertical and horizontal 
fractures in two-well systems in which the fractures 
may exist initially adjacent to an insoluble or inert 
bed or located with massive salt above the fracture. 
Results of mathematical simulation and experi
mental model data are presented. Different solu
tion patterns are developed depending on the mode 
of fracture system. Shape of cavities formed in 
massive salt sections are affected more by solution 
at the roof surface while cavities formed in which 
insoluble beds appear as roof members take on the 
appearance which is expected from vertical surface 
exposure. 

Introduction and Purpose 
Brine production is obtained in many areas 

through solution of salt beds which have been pen
etrated by wells that have been connected by 
leaching operations. In other cases direct com
munication between drilled wells is attempted by 
the hydraulic fracturing technique! When fractures 
are formed and washing of soluble beds continues 
in the fracture, the progressive growth of the cavity 
formed becomes of interest because of possible 
means of modifying washing procedures and pos
sible subsidence caused by relatively large widths 
of cavities formed. Still another aspect of the 
importance of information concerning cavity 
growth is related to the question of future frac
tures emanating from other wells which may or 
may not be directed into a cavity. 

This study was undertaken to determine, 
through the use of laboratory models, the general 

shape of cavity developed from an initial hori
zontal fracture between two wells and to develop a 
relationship between the growth of the cavity vol
ume with time. Some idea as to the probable 
ultimate configuration was also believed possible as 
a result of the investigation. 

Experimental Procedure 

In order to determine the type of cavity pro
duced between two wells connected by a fracture a 
system was devised to simulate the conditions to 
be expected in field operations. For this purpose 
salt blocks of various size were utilized. To 
establish the fracture, or path of the fluid intro
duced initially, a 1/32" to 1/16" thick metal plate 
was laid on a smooth surface salt block, and fixed in 
position by means of molding clay. The edges of 
the salt block were then raised by means of the 
same clay, and Hysol #R8-2038 with hardener 
H2-3475, obtained from the Hysol Corporation, 
Olean, New York, was poured on the surface of the 
salt. Preliminary to this, of course, the block of salt 
was levelled so that a uniformly thick coating of 
plastic material could be obtained. After the resin 
had hardened the molding clay was removed, and 
the metal plate, used to form the initial fracture 
condition, was taken very carefully from the salt 
surface so as not to extend tlie fracture in any 
manner. Later fractures were completed without 
the use of any metal strips or plates, and jus"t suf
ficient amount of molding clay was placed to allow 
a fracture opening of about l/16th inch in depth. 

In order to seal the entire salt surface, other 
than the fracture, a piece of Lucite 1/4 inch thick 
was cut to the exact size of the salt block and was 
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cemented to the block with Hysol. Inlet and outlet 
connections were provided in the plastic sheet to 
f i t the particular fracture dimensions. No difficulty 
was experienced in obtaining complete coverage 
and sealing of the salt surface, though it was neces
sary to have the specimen block level, to employ a 
thin layer of Hysol solution for the final sealing, 
and to apply a small uniform load on the plastic 
plate. 

After the Hysol had dried, the block was in
verted and washing operations begun. In this man
ner, progression of solution of salt was that which 
would be possible with a fracture at the base of a 
soluble salt bed. 

Water was used directly from the tap. A needle 
valve served as a means of regulating the flow rates 
and, in addition, a by-pass was provided to assure 
somewhat better control when fluctuations in pres
sure occurred. No difficulty whatsoever was en
countered in establishing a uniform flow rate. The 
rate was measured by means of a rotameter placed 
in the line on the upstream side of the salt speci
men, and direct measurement was made of the 
brine produced from the outlet well. 

The amount of salt removed was determined 
from the volume of fluid flow during each definite 
time interval and the average specific gravity of the 
fluid during this time. A t the end of each experi
ment brine was drained from the cavity. This vol
ume was measured and the specific gravity deter
mined. Finally, after drying, the insoluble material 
was removed and weighed. From the known spe
cific gravity of this material (anhydrite) the volume 
of such was determined. Total volume was the sum 
of the volume of fluid drained and the volume of 
insoluble material. Further, a Plaster of Paris mold 
was made to give the configuration of the cavity, 
and a volume was also computed from the mold 
weight and determined specific gravity. In prac
tically every instance the final volume of the cavity 
was established well within 10 per cent by the 
three means described. 

A brief description of each leaching experiment, 
follows. The results are tabulated to show the pro
gression of each cavity during the period washed. 

With some of the test blocks, in order to fore
stall a leak occasioned by a break or crack in the 
salt, the entire salt block was encased in Hysol. 
Another box, made of wood, was used to hold the 
salt. The Hysol was poured around the salt, and to 
a depth sufficient to cover the plastic plate used on 
top of the salt to seal the salt and furnish the frac
ture and well spacing. 

Experiment No. 1 was set up in the manner 
described and washing was continued for twenty-
two hours and twenty minutes. A cavity of 3440 
cc. was produced using a cumulative volume of 
water of 30,580 cc. A plaster mold of the cavity 
was prepared. This mold served well to measure the 
dimensions of the cavity formed and yielded a final 
volume of 3240 cc. 
Experiment No. 2, the block for this test was pre
pared and totally enclosed in plastic as before. 
Initial fracture was one inch by sixteen inches. 
While washing, air kept leaking in through the 
bypass valve. Both valves were replaced and the air 
was purged from the cavity and the mining con
tinued for an elapsed time of seven hours and f i f 
teen minutes. A cumulative volume of 36,445 cc. 
of water was used producing a cavity of 1541.4 cc. 
A plaster mold was made of the cavity and the 
dimensions recorded. Total final volume of mold 
was 1515 cc, an excellent agreement with the 
value obtained from the washing data. See photo
graph showing molds of various cavities formed by 
using this procedure. 

Experiment No. 3 was conducted with a block hav
ing a two-inch by ten-inch initial fracture. The 
block appeared to be massive and it was decided to 
try to run the experiment without sealing i t in plas
tic. The block was set up, but after 1600 cc. of 
water were circulated i t was found a crevice leak 
existed. The block was sealed in plastic and was 
again set up and leaching continued. The cavity 
was formed with an elapsed time of five hours. A 
total volume of 9895 cc. of water was used produc
ing a cavity of 850.0 cc. A plaster mold of the 
cavity was made and the dimensions recorded. The 
solution of salt which resulted from fluid following 
the fracture was quite evident as a projection on 
one side of the mold. Volume determined from 
mold was 740 cc. 
Experiment No. 4, in which for the first time a 
low-grade potash ore was used, was set up in a 
block with an initial fracture one inch by ten 
inches. This block again appeared to be massive 
and was set up without sealing i t in plastic. The 
block was set up and mined, using fresh water. 
Solution of the potash salt was continued for five 
hours and thirty minutes using 10,860 cc. of water. 
A cavity having a calculated volume of 1050 cc. 
was formed. A plaster mold showed a volume of 
935 cc. Very good symmetry was observed. The 
physical dimensions were recorded from the moid. 
Experiment No. 5 was run on a block with an 
initial fracture of four inches by twenty-three 
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Plaster molds of leached cavities-bottom view. 



Plaster mold of Cavity No. 4—note symmetry. 

inches with a distance of twenty-one inches be
tween wells. The mining was continued for a 
period of sixteen hours and ten minutes. A volume 
of 34,670 cc. of fresh water was used to produce a 
calculated cavity volume of 3847.2 cc. A plaster 
mold was made of the cavity from which the phys
ical dimensions of the cavity were recorded. The 
measured volume from the mold was 3660 cc. This 
cavity was the largest formed and also represented 
the cavity having the longest course between wells. 
A photograph of the cavity mold shows the details 
of the configuration. As in the case of each cavity 
formed, the roof (top) of the cavity was perfectly 
smooth. 
Experiment No. 6 was conducted with a one-and-
one-half inch slab of potash ore with a one-inch by 
ten-inch fracture. The slab was completely sealed 
in plastic and set up and mined by circulating salt 
water with a specific gravity of 1.118. The water 
was supplied by a gravity flow system from a stor
age reservoir. The leaching was continued for five 
hours and fifty-five minutes using 11,440 cubic 

Solution of Salt 

centimeters of salt water. A cavity of 545 cc. was 
produced. The cavity was irregular due to fractures 
in the potash ore slab and a mold of the cavity was 
not made. A photograph showing the irregularities 
found near the inlet end and toward tlie middle of 
the cavity is included. I t appears some selective 
solution of sylvinite (sylvite) may have taken place. 
However, the same pattern was developed as in pre
vious instaiices, namely a flat, smooth roof and 
widening of the initial fracture width. Apparently, 
the use of salt water as a circulating medium does 
not change the basic mechanism of solution, but, 
as expected, greater volumes of brine must be cir
culated to remove a unit volume of ore. 
Experiment No. 7, again utilizing potash ore, was 
set up and run on a block using an initial fracture 
width of seven inches, with a distance of eleven 
inches between wells. The washing with fresh water 
took five hours and forty-one minutes using 
19,250 cc. of fresh water. A cavity of 2160 cc. was 

Plaster mold of Cavity No. 5 —bottom view. 
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formed. The block was not sealed in plastic and an 
air leak developed along a small fracture. The air-
leak was plugged with clay and was stopped for 
two to three hours but finally caused the mining to 
be terminated. The cavity was measured and the 
measurements recorded and several pictures ofthe 
cavity made. The typical configuration was ob
tained. The effect of having a larger initial width-
to-length ratio of the fracture is to decrease the 
time required to reach a particular saturation of 
brine. This means, of course, that with a wide frac
ture existing between wells, a greater amount of 
salt (potash) could be removed in the early stages 
of washing. I t would mean further that greater vol
umes of water could be employed initially and 
throughout the leaching operations. 

MATHEMATICAL ANALYSIS 

The objective was to obtain a function for vol
ume of salt removed as a function of time so that 
iat any time the rate of removal and the cavity may 
be predicted. 

The experimental work performed indicated the 
concentration of salt solution is constant along any 
horizontal plane, resulting in a flat* roof and flat 
floor for the cavity, with all progression being in 
the positive and negative vertical directions. The 
approach to the solution of the problem then 
centered on finding the curve for the outline of the 
cavity as viewed from above and then to integrate 
this function over the thickness of the cavity to 
obtain the volume. 



Cavity No. 7 after leaching. 
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First, in line in this approach was the streamline 
analogy. I t was felt that since concentration was 
constant on any horizontal plane, a model based 
on the source-sink analogy of fluid mechanics 
would closely approximate the outline shape. It 
did indeed do this fairly well for fluid velocities in 
a suitable range; however, the streamline function 
resisted integration and so was abandoned. 

The next approach was to analyze the cavities 
leached in the laboratory and to develop equations 
which represented the configuration with time of 
washing. All cavities leached had approximately 
the same shape given below. 

The volume was calculated first by approxi
mating the darkened lines in Figure 1(b) and 
Figure 1(c) by parabolas and then integrating over 
the outline indicated in Figure 1(a). 

For the parabola approximating the curve int 
Figure 1(c), the assumption was made that 

where: 

Y = at X 2 + b' X + C l 

Y(a) = b, Y(a) = 0, Y(c) = 0 

This results in three linear equations 

b = a i a 2 + b j a + Cj 

2ai a + b, = 0 

a, c 2 +b i c + Cj = 0 

whose solution is 

a, = 
-b . 2ab 

D l " (a-c)2 ' C l ' (a-c)2 

bc (c-2a) 
(a-c)2 

and thus the approximating parabola is 

[-bX2 + 2abX + bc (c-2a)] 
(a-c)2 

Likewise the equation for the curve indicated in 
Figure 1(b) was approximated by 

Inlet Outlet 
+ + + + 

(a) m IK. 
+ ++ + + + + + 
+ + + + + + + 

T 
c 

JL 

+ + + 

Am 
+ + + + + + + + + + 

+ +•+• + + + + + + + 
6, 

Side View 

End View 
Figure 1. Section taken half way down the length of the cavity: 
z = L/2 

Zb2 

and the area given for the top is 

A = | b L 

where b is the variable representing the half-width 
as one moves up and down the thickness (at 

z=y);b(a) = b 

The volume for the complete cavity then is given 
by 

11 8 \ c -bLX2dX . r

c . . v . v 
V = " 3 l i y V ° ~ 2 + / o abLXdX 

c bc + J" -TT (c-2a) LdX + /" b tan 34° X3 

o t ci 
dX 

r 2abtan34° X2 dX 

- / C bc (c-2a) tan 34° X dX ( 
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or Cavity No. 2 

4 be2 L r 5c 0 . , t 8 be3 tan 34°,a c , 
V = 3 (a-c)2 l 3 " d a l 3 (a-c)2 1 3 " 4 1 

where a, b, c, L are the dimensions indicated below 

Where 

Top View 

a = -jg- inches, 

19 
c = -jg- inches, 

V = 1670cc 

44 
b = -.jg- inches, 

308 
L = —TTT inches. 16 

The measured volume was 1470 cc; the pre
dicted volume is 1670 cc % error is = 14%. 

Cavity No. 3 

Where 

Cross Section 

a = - r r inches, 
16 

21 
c = inches, 

33 
b = -rr- inches, 

16 

227 
I = - ~ inches. 16 

In the following examples application of this 
formula is made for cavities washed in the lab
oratory to indicate the precentage error. 

Cavity No. 1 

V = 
4 be2 L r 5 
3 (a-c)3 [4- C - 3a ] + 

8 be3 tan 34° a c 
3 (a-c)2 3 4 

V = 1000 cc 

The measured volume was 817 cc; the predicted 
volume is 1000 cc. % error is = 22%. 

Cavity No. 4 

Where 

where 

a = —• inches, 
lb 

c = 4 1 - inches, 
lb 

V = 3200 cc 

b = inches, 

, 266 . . 
L = —inches. 

16 

a = -jg- inches, 

22 
c = -jg- inches, 

V = 918cc 

b = inches, 

L = — - inches. 

The measured volume was 3250; the predicted 
volume is 3200 cc. % error is = 1.6%. 

The measured volume was 935 cc; the predicted 
volume is 918 cc. % error is = 1.8%. 
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Cavity No. 5 where b Q is the initial fracture width. Also, bi is 
the slope of the line in Figure 1 and is seen to be 

Where 

12 96 
a = "JQ = .75 inches, b = -yg- = 6 inches, 16 in/hr. or 0.026 ft/hr. 

29 
c =-yg = 1.80 inches, L 

368 
16 = 22.8 inches 

b(t) then is given by 

V = 4000 cc. b(t) = 0.013t + 

Measured volume was 4175 cc; predicted vol
ume is 4000 cc. % error = 5%. 

In order to make this volume (V) function a 
function of time, it was necessary to determine 
experimentally how a, b, c, and L depend on time. 
Once this had been accomplished, the resulting 
formulas were substituted into the volume (V) 
function resulting in the desired relationship of vol
ume (V) as a function of time. 

First the b values were plotted versus time to get 
the form of the curve relating b, c, a, and L, to t. 
This graph (Figure 2) indicates these dimensions 
are linear functions of time. 

o m 

c «•> 

O — 
J3 . £ 

151— 

~ ~ 1 0 -
o * -

w « 

.5 2 
—. u 
JQ «*-
CVJ 

o 

a 

v 

o 

2 b f - b 0 

2 b f - b 0 

2b, - b 0 

2b f - b 0 

2bf - b 0 

for # I 
for # 2 
for # 3 

for # 4 
for # 5 

0 t* L I I I I I I I I I 1 I I I I I I I I I I I I l_„l 
5 10 15 20 25 

Time in hours 

Figure 2. 

On the basis of Figure 1 we may assume, since 
b( t) is a linear function that 

2b(t) = b i t + b 

Likewise L(t) is given by 

L(t) = 0.013t + L o 

I f the water is near saturation at the outlet the 

experiment shows that c changes at the ratio ~ of 

the rate of change of L. Thus: 

c(t) = 0.0045t 

Also, a changes at the ratio — as fast as does c. 
15 

Therefore: 

a(t) = 0.0012t. 

The volume in cubic feet as a function of time 
then is given by 

V (t) = [ 4 < ° - 0 1 3 t + T ) (0-0045t)2 (0.013t + L 0), 

3 (-0.0033t)2 

[(~) (0.0045t) -3(0.00120] 

+ [ 1 6 < ° - 0 1 3 t + 2> (0-0045t)3j 
9 (-0.0033t)2 

f 0.0012t 0.0045t, 
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Simplifying, 

V(t) = (0.013t + - f l (0.013t + LQ) (t)] 

- I(jgr-) (0.0131 + - f ) (t)M 

As an example, assume a calculation of the vol
ume removed after 100 hours from an initial cavity 
defined by: b„ = 50 feet, L„ = 400 feet. 

V (100) = (jjj£) [(0.013) (100) +--] [(0.013) (100) 

,11.2 + 400] - (1.3 + y ) (100)2 ] 

V (100) - 10,976 - 2.83 = 10,973 ft3 

Two methods were employed to determine sur
face areas. The first method was based on a model 
with flat sides such as occurred when insoluble 
material was present, and the other was based on a 
prolate spheroid. 

End view Top view 

Figure 3. 

Surface area for the slab side model is given by: 

S.A. = rr b-~+ 2L Vb1" + c2 

Where the first term gives the surface area of the 
elliptical top and the second term gives the surface 
area of the sides. 

For the prolate spheroid model the surface area 
is given by 

SURFACE . -n(L b . + 

AREA " v 2 

Where • 

b2 + Lb 
26 sin 6) 

G = 

Figure 4. 

It should be pointed out that this model is good 
only in the latter stages of the washing when the 
cavity does begin to assume the shape of half a 
prolate spheroid. 

Summary 

1. A study has been made in the laboratory by 
leaching salt blocks in which horizontal fractures 
connected two wells. 

2. Fracture width and length were varied. The 
minimum fracture width was 1 inch. The cor
responding length was 10 inches. The maximum 
width of fracture was 7 inches with 12 inches be
tween wells. Maximum length between wells was 
23 inches, corresponding fracture width was 4 
inches. 

3. The resulting configuration of cavity formed 
may be described in mathematical terms which per
mit prediction of the volume of cavity formed with 
time. 

4. When the initial fracture width is relatively 
large in comparison with the length between wells 
practically all the solution of salt takes place on 
the roof of the cavity, and relatively little widening 
of the cavity occurs with time. 
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CAVITY WASHING TEST: No. 1 
SOURCE OF SALT: Hockley Salt Mine, United Salt Company, Houston, Tex. 
CONDITION OF TEST: Fracture, 10" long, 1 " wide 
MANNER OF TEST: Inlet and outlet at bottom of fracture 
RECAPITULATION OF DATA 

Time Vol. of Water Calculated Vol. Cumulative Vol. Water 
nerval cc Flow Rate Specific Gravity Salt Removed Volume of Vol. Cavity 
Min. per time cumulative cc/min Outlet Brine cc/stage Cavity formed 

interval cc 

700 cc getting set up 
60 980 1,660 16 1.107 125 125.0 7.6 
60 900 2,560 15 1.138 86.5 211.5 10.4 
60 900 3,460 15 1.148 97.2 308.7 9.2 
60 900 4,360 15 1.150 97.2 405.9 9.2 
60 870 5,230 • 14.5 1.152 95.5 501.4 9.1 

400 cc used setting up 
60 855 6,485 14 1.160 140.5 641.9 8.8 
60 870 7,355 14.5 1.156 94.0 735.9 8.30 
60 900 8,255 15 1.157 99.0 834.9 9.1 
60 1,450 9,705 22 1.150 157.0 991.9 9.2 
SO 1,075 10,780 18 1.146 114.0 1,105.9 9.4 
60 1,100 11,880 18.5 1.150 119.0 1,224.9 9.2 
60 1,090 12,970 18 1.153 120.0 1,344.9 9.0 
60 985 13,955 16.5 1.155 107.5 1,452.4 9.1 
20 1,000 14,955 20 1.170 120 1,572.4 8.3 
60 825 15,780 15 1.156 90.0 1,662.4 9.1 
60 925 16,705 20 1.140 92.5 1,754.9 10.0 

120 1,875 18,580 20 1.137 178.5 1,933.4 10.5 
60 1,450 20,030 20 1.131 133.5 2,066.9 10.8 
30 750 20,780 20 1.123 64.0 2,130.9 12.7 

Drained 2650 cc 1.133 244.0 2,474.9 10.8 
60 1,350 24,780 20 1.156 147.0 2,621.9 9.2 
60 1,000 25,780 20 1.165 Shut in 2,733.4 9.0 
60 900 26,680 20 1.182 114.0 2,847.4 7.9 
30 650 27,330 20 1.178 83.5 2,930.9 7.8 

3,250 30,580 1.162 

Dried and weighed 
400 gm anhydrite 

, 374.0 3,304.9 8.7 

Insoluble material 135.5 3,440.4 
Volume (mold) = 3,240 cc 
Length = 16.25 inches Height at inlet = 2-1/4 inches 
Width at inlet = 10.25 inches Height at inlet = 2-7/8 inches 
Width at outlet - 8.00 inches 
Width at midpoint = 9.25 inches 
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CAVITY WASHING TEST: No. 2 
SOURCE OF SALT: Hockley Salt Mine, United Salt Company, Houston, Tex. 
CONDITION OF TEST: Fracture, 1 " Wide 16" Long 
MANNER OF TEST: Inlet, Outlet at bottom of fracture 
RECAPITULATION OF DATA 

Time 
ntervai 
Min. 

Vol. of Water 
cc 

per time cumulative 
interval 

Flow Rate 
cc/min 

Specific Gravity 
Outlet Brine 

Calculated Vol. 
Salt Removed 

cc/stage 

Cumulative 
Volume of 

Cavity 
cc 

Vol. Water 
Vol. Cavity 

formed 

15 1,000 .. .. - start up, flushed air from system, set rate 
15 800 1,800 53 1.047 25.8 25.8 31 
15 1,750 3,550 117 1.058 73.0 98.8 24 
15 2,150 5,700 143 1.048 77.0 175.8 28 
15 1,450 7,150 97 1.040 41.5 216.3 35 
Flushed out with air, 1,500 ml, no data taken, Sp. Gr. of solution was 1.041 

(8,650) 
8 725 9,375 91 1.034 17.5 233.8 41 
28 Flushed with air, 1,100 ml, no data taken, changed valves while shutdown 

(10,475) , 
17 1,400 11,875 82 1.022 21.6 255.4 65 
15 1,060 12,935 71 1.022 14.0 269.4 75 
5 1,100 Flushed air out of cavity, no data taken 

(14,035) 
10 910 14,945 91 1.034 22 291.4 41 
15 1,310 16,255 87 1.029 27 318.4 48 
15 1,350 17,605 90 1.015 14.5 332.9 92 
30 3,800 21,405 Tried to flush out air, connection broke, repaired, 

tried to flush air second time 
5 460 21,865 92 1.017 63.3 396.2 - ) air 

1.017 - )in 
10 980 22,845 98 1.012 - ) cavity 
Shut down, awaiting assistance in attempt to remove ail air from cavity 
10 1,000 23,845 Flushed out system, no data taken 

(1.074) 
10 600 24,445 60 1.090 39.5 435.7 15 
10 750 25,195 75 1.110 3 83.0 518.7 9 
15 1,150 26,345 76 1.115 95.0 613.7 12 
15 1,150 27,495 77 1.114 93.5 707.2 12 
15 1,100 28,595 73 1.113 90.5 797.7 12 
15 1,130 29,725 75 1.114 92.5 890.2 12 
15 1,170 30,895 78 1.116 100.0 990.2 12 
15 1,450 32,345 96 1.114 120.5 1,110.7 12 
15 1,150 33,495 76 1.112 95.0 1,205.7 12 
15 1,100 34,495 67 1.111 87.0 1,292.7 . 13 
15 970 35,365 65 1.098 70.5 1,363.2 14 
15 1,080 36,445 72 1.097 79.5 1,442.7 14 
15 Drained 1,400 ml, Sp. Gr. 1.062, Stopped test 61.5 1,504.2 

Dried and weighed -
110 gm anhydrite 

Insoluble material 37.2 1,541.4 
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CAVITY WASHING TEST: No. 2 (Continued) 

Cavity Dimensions after making plaster of Paris mold: 

Width at inlet end = 6" 

Width at outlet end = 5-1/4" 

Depth = 1-1/8", uniform over length 

Width at midpoint = 5-1/2" 

Length over-all = 19" 

Volume (from mold) = 1,515 cc 



406 Solution of Salt 

CAVITY WASHING TEST: No. 3 
SOURCE OF SALT: Hockley Salt Mine, United Salt Company, Houston, Tex. 
CONDITION OF TEST: Fracture 2 " Wide, 10" Long 
MANNER OF TEST: Inlet, Outlet at bottom of fracture 
RECAPITULATION OF DATA 

Time 
Interval 

Min. 

Vol. of Water 
cc 

per time cumulative 
interval 

Flow Rate 
cc/min 

Specific Gravity 
Outlet Brine 

Calculated Vol. 
Salt Removed 

cc/stage 

Cumulative 
Volume of 

Cavity 
cc 

Set up and purged air, ran in 100 ml, allowed to set 24 hours 
Started to run, found air leak, fractured salt segment, total of 1,600 ml 

shut down to seal fracture 
Sealed block of salt in Hysol 
Started up again 

run,Sp. Gr. 
(37) 

== 1.032, 
(37) 

Vol. Water 
Vol. Cavity 

formed 

10 500 2,100 50 1.045 16.6 53.6 30 
15 460 2,560 11 1.066 22.0 75.6 21 
20 590 3,150 10 1.098 41.6 117.2 14 
30 800 3,950 11 1.117 67.2 184.4 12 
30 860 4,810 19 1.125 78.0 262.4 11 
30 860 5,670 29 1.128 79.5 341.9 11 
30 790 6,460 26 1.129 73.8 415.7 11 
60 1,620 8,080 27 1.132 155.0 570.7 10 
30 680 8,760 22 1.135 66.0 636.7 10 
30 720 9,480 24 1.137 71.5 708.2 10 
15 415 9,895 28 1.139 41.5 749.7 10 

Stopped test, drained 810 cc of fluid, Sp. Gr. = 1.130 67.5 817.2 -

Cavity dimensions after making plaster of 
Paris mold: 

Dried and weighed 
100.3 gm anhydrite 

Insoluble material 

Width at inlet end = 5-1/2" 

Width at outlet = 3-5/8" 

Width at midpoint = 4-1/8' 

Depth = 1-5/16" 

Length over-all = 14" 

Volume (from mold) = 740 cc 

33.7 850.9 



Solution of Salt 407 
i 

CAVITY WASHING TEST: No. 4 
SOURCE OF SALT: Low Grade Potash Ore-Mew Mexico 
CONDITION OF TEST: Fracture 1 " Wide, 10" Long 
MANNER OF TEST: Inlet, Outlet at bottom of fracture 
RECAPITULATION OF DATA 

Time 
Interval 

Min. 

Vol. of Water 
cc 

per time cumulative 
interval 

Flow Rate 
cc/min 

Specific Gravity 
Outlet Brine 

Calculated Vol. 
Salt Removed 

cc/stage 

Cumulative 
Volume of 

Cavity 
cc 

Vol. Water 
Vol. Cavity 

formed 

5 540 540 108 1.052 20.4 20.4 27 
10 420 960 42 1.062 18.2 38.6 23 
15 460 1,420 31 1.083 27.6 66.2 17 
15 450 1,870 30 1.102 33.2 99.4 14 
15 460 2,330 31 1.112 37.4 13(3.8 12 
15 460 2,790 31 1.117 39.1 175.9 12 
15 440 3,230 

c 29 1.121 38.6 214.5 11 
15 460 3,690 31 1.125 41.6 256.1 11 
15 445 4,135 30 1.129 41.7 297.8 11 
15 460 4,595 31 1.130 43.8 341.4 10 
15 ' 460 5,055 31 1.132 43.9 385.3 10 
15 450 5,505 30 1.135 43.9 429.2 10 
15 450 5,955 30 1.138 44.8 474.0 10 
15 650 6,605 43 1.140 66.0 540.0 10 
15 350 6,955 23 1.142 35.8 575.8 10 
30 850 7,805 29 1.145 98.5 665.3 8.6 
30 860 8,665 29 . 1.149 93.0 758.3 9 
30 880 9,545 29 1.150 95.5 853.8 9 
15 465 10,010 31 1.151 50.8 904.6 9 
15 850* 10,860 30 1.146 89.5 994.1 9 

Drained an additional 600 cc of brine, Sp. Gr. 1.130 56.5 1,050.6** 

No insoluble material present. 

Width at inlet end = 4-7/8" 

Width at outlet end = 4-1/4" 

Width at midpoint = 4-1/2" 

Depth, uniform = 1-3/8" 

Length = 13-5/8" 

Volume from mold = 935 cc 

•Test stopped because of air leak caused by breakthrough at top of cavity which caused high flow just at end of last wash period of 15 
min. ' 

••Considering rate of flow to he normally 450 cc durg the 15 minute period, this would mean 400 cc of last 850 cc was drainage from 
cavity, thus volume of fluid, by drainage, would be 400 + 600 = 1,000 cc. 
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CAVITY WASHING TEST: No. 5 
SOURCE OF SALT: Hockley Salt Mine, United Salt Company, Houston, Tex. 
CONDITION OF TEST: 4 " x 23" Channel, 2 1 " between wells 
MANNER OF TEST: Inlet, Outlet at bottom of fracture 
RECAPITULATION OF DATA 

T . Vol. of Water r . ,. . .... Cumulative ... .... 
Time PI n ^ o -x- n Calculated Vol. , , Vol. Water 

Interval , ^ , t .
 F l o w R a t e Spec, ic Gravity S a ( t R e m o v e d Volume of v - ^ ~ -

m n per time cumulative cc/m.n Outlet Brine ^ Cavity f o r m e d 

interval cc 

17 700 700 - 1.053 27.1 27.1 26.5 
13 580 1,280 44.6 1.050 21.2 48.3 26.6 
15 500 1,780 33.3 1.052 19.9 68.2 25.1 
15 420 2,200 28.0 1.069 20.9 89.1 20.1 
15 510 2,710 34.0 1.089 32.9 122.0 15.5 
15 465 3,175 31.0 1.103 34.7 156.7 13.4 
15 475 3,650 31.7 1.110 37.7 194.4 12.7 
15 450 4,100 30.0 1.116 37.8 232.2 11.9 
15 445 4,545 29.6 1.120 38.6 270.8 11.5 
15 410 4,955 27.3 1.124 36.7 307.5 11.2 
15 500 5,455 33.3 1.129 46.6 354.1 10.7 
15 510 5,965 33.9 1.132 49.5 403.6 10.3 
30 950 6,915 31.7 1.135 92.0 495.6 10.3 
30 935 7,845 31.2 1.139 93.9 589.5 9.98 
30 950 8,800 31.7 1.145 98.6 688.1 9.7 
30 950 9,750 31.7 1.150 103.0 791.1 9.2 
30 930 10,680 31.0 1.152 102.0 893.1 S.1 
30 875 11,555 29.2 1.150 94.8 987.9 9.2 
10 320 11,875 32.0 1.150 34.7 1,022.6 9.2 
15 540 12,415 36.0 1.164 64.1 1,086.7 8.4 
15 475 12,890 31.7 1.165 56.7 1,143.4 8.4 
15 450 13,340 30.0 1.160 52.1 1,195.5 8.6 
15 485 13,825 32.3 1.154 54.0 1,249.5 9.0 
30 880 14,705 29.3 1.153 97.6 1,347.1 9.0 
30 930 15,635 31.0 1.153 , 103.0 1,450.1 9.0 
30 1,080 16,715 36.0 1.152 118.6 1,568.7 9.1 
30 1,070 17,785 35.7 1.149 115.7 1,684.4 9.2 
30 1,010 18,795 33.7 1.147 107.8 1,792.2 9.4 
30 990 19,785 33.0 1.149 106.9 1,899.1 9.3 
30 930 20,715 31.0 1.151 101.5 2,000.6 9.2 
30 1,020 21,735 34,0 1.151 112.5 2,113.1 9.1 
30 1,200 22,935 40.0 1.150 131.5 2,244.6 9.1 
30 1,360 24,295 45.3 1.146 143.8 2,388.4 9.4 
30 1,290 25,585 43.0 1.143 133.4 2,521.8 9.6 
30 1,310 26,895 43.7 1.144 136.5 2,658.3 9.6 
30 1,500 28,395 50.0 1.144 156.5 2,814.8 9.6 
30 1,320 39,715 44.0 1.144 138.5 2,953.3 9.5 
30 1,275 30,990 42.5 1.145 134.2 3,087.5 9.5 
30 1,230 32,220 41.0 1.146 130.5 3,218.0 9.4 
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CAVITY WASHING TEST: No. 5 (Continued) 

Time 
Interval 
Min. 

Vol. of Water 
cc 

per time cumulative 
interval 

Flow Rate Specific Gravity 
cc/min Outlet Brine 

Calculated Vol. 
Salt Removed 

cc/stage 

Cumulative 
Volume of 

Cavity 
cc 

Vol. Water 
Vol. Cavity 

formed 

30 1,200 33,420 40.0 1.147 128.0 3,346.0 9.4 
30 1,250 34,670 41.7 1.147 133.2 3,479.2 9.4 

Drained 3,700 cc of water, Sp. Gr. 1.139 368 3,847.2 

Insoluble material 328 4,175.2 

Volume from mold = 3,660 cc 

Width at inlet = 9 inches 

Width at outlet = 4-1/2" 

Width at midpoint = 6 inches 

Length overall = 28" 

Depth, uniform = 1-7/8" 
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CAVITY WASHING TEST: No. 6 
SOURCE OF SALT: Potash Ore, low grade. New Mexico 
CONDITION OF TEST: 1" x 10" cavity, 10" between wells 
MANNER OF TEST: Used salt water as fluid S.G. 1.118, 

Inlet and Outlet at bottom of fracture 
RECAPITULATION OF DATA 

Time 
Interval 

Min. 

Vol. of Water 
cc 

per time cumulative 
interval 

Flow Rate 
cc/imin 

Specific Gravity 
Outlet Brine 

Calculated Vol. 
Salt Removed 

cc/stage 

Cumulative 
Volume of 

Cavity 
cc 

Vol. Water 
Vol. Cavity 

formed 

10 400 400 40.0 1.118 0 0 165 
15 430 830 28.6 1.126 2.6 2.6 165 
30 1,025 1,855 34.2 1.140 16.1 18.7 63.7 
30 930 2,785 31.0 1.152 24.4 43.1 38 
30 1,000 3,785 33.3 1.162 31.8 74.9 31.2 
30 920 ,4,705 30.7 1.168 32.7 107.6 28.6 
30 920 5,625 30.7 1.169 33.2 140.8 28.7 
30 780 6,405 26.0 1.172 36.1 176.9 21.3 
30 940 7,345 31.3 1.174 34.3 211.2 27.4 
30 900 8,245 30.0 1.174 36.5 247.7 24.6 
30 840 9,085 28.0 1.175 34.5 282.2 24.3 
30 970 10,055 32.3 1.176 40.7 322.9 23.8 
30 840 10,895 28.0 1.176 35.2 358.1 23.8 

545 11,440 - 1.169 20.1 378.2 27.1 

Drained Cavity 

Checked S.G. 8/11/65 at 1.119 

Volume of cavity from amount drained at end of test = 545 cc 

No mold made, see picture 

Width at inlet = 3-1/4" Depth at inlet = 1-1/2" 

Width at outlet = 2-3/4" Depth at outlet = 3/8" 

Width at midpoint = 3-1/4" Depth at midpoint = 1" 

Length, overall = 12-1/2" 
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cy/t7. J l c^Lc/z£%5kmu$tn\- -
OFFICE PHONE: 

(915) 381-0531 
(915) 563-4730 

FAX 915/381-9316 
DIRECT LINE: (915) 381-8420 

PROFESSIONAL ENGINEER 
TEXAS #11830K 

' Q l 
6067 W. TENTH ST. 

ODESSA, TEXAS 79763 

P.10 

•OH DiVfS.ON 

fiH 9 

RESIDENCE: 
3216 BAINBRIDGE DRIVE 

£ §DESSA, TEXAS 79762 
PHONE: (915) 362-4814 

March 6, 1991 

Mr. William J. Lemay 
Director of Oil Conservation Division 
State of New Mexico 
P.O. Box 2088 
Santa Fe, New Mexico 87504-2088 

RE: Requested by Kathy Moore, here is the supplemental information 
for the brine well we requested on February 12, 1991. 
NW/4 of SE/4 of Section 33, T-21-2, R-27-E. 

Dear Sir: 

MAPS AND PLATS 

Attached is a map prepared by the County Surveyor, which shows the 
proposed site of the Permian Corporation wells on Orchard Lane, the 
canal across the west half of SE/4 of Section 33, and the location of 
the Gregory Steel property. Also we attached a survey of the property 
and a plat of the Industrial Development Parks properties to the east. 

NEARBY WELLS 

The closest oil well is the Oxy Tracy #1-D, now being re-entered. 
This well is approximately 1690 feet west and 470 feet south of the the 
TPC brine wells. This is more than 1/4 mile away. Attache is a copy 
of the upper part of a log of a well about 1/2 mile south, which has 
surface casing set at 400 feet, and the log of another oil well drilled 
about 2 1/2 miles NE of the TPC site. Attached is a copy of the 
C-101 and C-102 for the Oxy Tracy #1-D well. 

Attached is a copy of a map showing a l l oil wells drilled in the entire 
area. The ground water in the area will not be effected by this 
operation. 

WATER WELLS 

There have been no water v/ells drilled within 1/4 mile, because water 
is provided to the Orchard Lane Industrial Parks area from a city of 
Carlsbad water line lying along the west side of Orchard Lane. 



Mr. William J. Lemay 
March 6, 1991 
Page 2 

WATER WELLS CONTINUED 

Attached is a copy of a log of a water well drilled about 1/2 mile 
north of the TPC site. This log shows water sands at 145 feet and at 
249 feet. The water zone at 150 feet is probably the alluvium and 
the water at 249 feet is probably the Rustler zone. 

USGS MAP 

Attached is a copy of a part of a USGS map which shows the surface 
drainage to be toward the southwest toward Orchard Lane and the canal. 
The canal at its closest point is approximately 980 feet from the 
center of the TPC tract. 

GEOLOGY AND WELL SKETCH 

Attached is sketch #G-K of the two well casing plan on which is shown 
the geologic formation encountered. 

CONSTRUCTION PROCEDURE 

The 7 5/8 inch surface casing will be set through a l l fresh water 
aquifers and cement circulated. The 5 1/2 inch production string 
will be set inside the 7 5/8 inch and again cement circulated. After 
this production string is cemented, a cement bond log will be run. The 
well and casing will then be pressure tested to 500 PSIG. At this 
shallow depth, no deviation check will be necessary. Also no cores of 
the rock salt will be necessary. 

STIMULATION 

This is not an injection well where produced water is pumped into a 
porous zone. 

No stimulation is planned. The rock salt i s impervious, and as the 
salt i s dissolved by the injection of fresh water the brine i s returned 
to the surface to surface storage tanks for subsequent movement to oil 
well drilling sites for use as a drilling fluid. No stimulation is 
necessary as the fresh water introduced down well No. 2 will readily 
dissolve the rock salt as i t travels across to well No. 1. 

Because the rock salt section in this area is only about 100 feet 
thick, i t is necessary to dri l l two wells into the salt, initiate a 
fracture through the rock salt across to No. 1 well, where the brine 
goes up the well bore to storage after becoming saturated by 
traveling through the 300 feet of salt section. 



Hr. William J. Lemay 
March 6, 1991 
Page 3 

FRACTURE PROCEDURE 

The fracture between the wells is made by first circulating fresh water 
into the No. 1 well down the tubing and out the casing annulus until 
a hole several feet in diameter is dissolved between the tubing T.D. 
and the casing seat. This operation creates a larger "target" for the 
fracture to be initiated from the No. 2 well. 

To fracture, fresh water will be pumped down the No. 2 well at a rate 
of 8 BBLS per minute and i t should reach the "target" hole below the 
No. 1 well in about fifteen minutes. The fracture pressure will be 
about 800 PSIG for rock salt at this depth. After the fracture 
reaches the No. 1 well, fresh water is pumped until the fracture crack 
is washed out a l l the way to the No. 1 at which time, the water will 
circulate at a low pressure, at which time the fracture pump is stopped 
and connections made to permanent pumps and lines for normal operation. 

OPERATION 

The normal operation will be to pump fresh water down the tubing of the 
No. 2 well and, because the salt section is impervious, the water will 
be forced to travel through the fracture in the salt across to well No. 
1 and up the tubing and into the brine storage tanks. 

PACKERS 

It will not be possible to install a packer in well No. 1, because the 
well will be circulated down the tubing and out the casing annulus 
while washing out the target well. I t is felt that packers will not be 
necessary because of the extreme care being taken to protect the fresh 
water by installing and cementing two strings of casing through the 
fresh water zone. 



Mr. William J. Lemay 
March 6, 1991 
Page 4 

REVISED FORMS C-101 & C-102 FOR WELLS NO. 1 AND NO. 2 

Attached. 

If you have any questions or additional information is needed, please 
call me (915-381-0531). If you feel that i t would expedite approval, I 
can come to Santa Fe and meet with you. 

A.L. Hickerson 

cc NMOC - District Office Artesia 
Owen Mobley - TPC Houston 
Larry Evans - TPC Midland 
Richard Lentz - TPC Hobbs 
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f . 1 I . , . STATE ENGINEER OFFICE 

WELL. RECORD 

Section !. GENERAL INFORMATION 

't'tevii e<! i 

(A) Owner of well _ J f e ^ J U _ J ^ I U S £ . , _ 
Street or Post Office Address J J ^ I J S E ^ M ^ S ^ L 

_ .—^.-yw^Owncr's V/d! No.. 

, and is located in the. 

City and State Carl3bad„ NewJ'lexico „&$22Q 

WeU ms drilled under Permit N o . - _ Q r 2 I 2 Q _ _ _ _ « ,_ 

a. J [ J 'A _SJsL_ K —SE. H t i of Section _2tL_ Township . JdL3 Range 

b, Tract No of Map No of the . _ . 

c. Lot No.. of Block No.. .of lhe. 
Subdivision, recorded in. Eddy County. 

d. X=. 
the. 

. feet, Y" . feet, N.M. Coordinate System 

(B) Drilling Contractor W.H.Taylor , Sr. ., License No.. vro-fo/. Ji 

Address J-4Ql,Wt FQX Sfrt ,Cstr3,spafl, New Mrnrlcn ;y*?2n ._ 

Drilling Began -^QV'2SA3S3 Completed _ J t e c . 3 . 0 » l S & L . Type tools J'fcta.V'y Size t h o l e . 

Elevation of land surface or . . at well is ft. Total depth of weil__25-^L'lIi!l.. 

Completed well is shallow Q artesian. Depth to water upon completion of wejt . 

Section 2. PRINCIPAL WATER-BEARING STRATA 

. a. 

Depth in Feet 
From To 

Thickness 
in Feet Description of Water-Bearing Formation 

Estimated Yield 
(gallons per ininu!e) 

249' 35 r^al . VVWVXut*. 

Section 3. RECORD OF CASING 

Diameter Pounds Threads Depth in Feet Length Type of Shoe 
Pcrforaiions j 

(inches) per foo! per in. Bottom (feet) Type of Shoe 
To \ 

5"! "•• • -1» ~ : " 252'10" 253'10" 
r: j 

" n c ' i Y O " 

i ; 
.1 

i 

1 i ; ' i ' 1 : 



Section 6. LOG OF HOLE 
Depth in Feet 

From 

0 

11 

33 

kL. 

130 

145 

150 

205 

To 

11 

13 

33 

41 

ao 

_130_ 

145 

150 

205. 

212 

212 

218 

218 

Thickness 
in Feet 

11 

Color and Typa of Material Encountered 

white caliche 

yellow caliche 

z.: ™.|„-CI f ^ . . ' M r -

CS I cro-̂ m colored sivut. 

3Q 

J i i 

•34-

15 

^5 

20 

fyay cloy 

j ^ ^ m * K a l e L J X L C k _ — .... 

layers of dark brown clay nnd .i Lght-jyray clay, 

corse gravel and sand 

dark brown clay and th in 3 ern_ of gray clay 

a l l moat pure white clay ffjth t h i n layers of b ••. 

conglomerate rock 

^rayich whit0 clay 

238 245 gray cloy with some red clay in i t 

245 

249 

_249, 

252 

conglomerate rock 

water 
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Old Foe/ r«r/n/ncLl 

Scale: I-.aod 

PLAT OF SURVEY 

DESCRIPTION: 

Nw^SJEJe SAC.33 , ^ 

Indostr/dl Park 

Tracf 9 

/ 
/ 

/ 
18 

\ 

\ 

A tract of land ln Eddy County, New Mexico, being a part of the 

HWiSEi of Section 33, T.21S., R.27E., N.M.P.M., and being more partic-

ularly described as follows:! Beginning at the Northeast corner of said 

NWiSE±, Thence South along the East line of said NW±SEi 725.7 feet to 

the Northeasterly Right-of-Way line of County Road, Thence Northwesterly 

along said Right-of-Way line 965.87 feet to the North line of said NWi 

SEi, Thence East along said North line 633.18 feet to the point of be

ginning, containing in a l l 5•27^ acres of land, more or less. 

This is to certify that the above plat was made by me from field notes of a 
survey made under my supervision and is true and correct to the best of my 
knowledge cujd_hfij|ef. 

H. F. KANNADY, Registered 
Professional Engineer and Land 
Surveyor of New Mexico, No. 1 HO. 

6 -/0-S£ 

KANNADY ENGINEERING CO. 

308 /V. Ccinch I 
Ctxr/sb&d, tfew Mexico 
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Submit lo Appropriate 
DiAnctORio* 
Suu LuM-6cociai 
FMLMM-5OOCMI 

DISTRICT! 

P.O. Be* 1980, Hobbi, NM 88240 

DISTRICT II 

P.O. Drtwer DD, Artetia. NM 81210 

DISTRICT 111 
1000 Rio Braze* Rd., Aztec, NM 87410 

t l ^ ^ ^ W list fj 
(afe State of New Mexico' 

Energŷ inerals aid Natural Resources Department 

OIL CONSERVATION jfgg^pN 
F'.O. Box 2088 

Santa Fe, New Mexico 87504-2088 

DEC 3'90 
r s r PI 

API NO. (aarigaed by OO oo New Well*) 
30-015-21631 

5. Indicate Type of Leue 
STATE L J FEE 0 

6. Sale Oil k Gu Leue No. 

APPLICATION FOR PERMIT TO DRILL, DEEPEN, OR ̂ UC^BAGK: 
la. Type of Work ] ~ 

DRILL Q RE-ENTER [3 DEEPEN Q PLUG BACK Q 
k Type of WeU: • w 

oi , OAS 
VOX Q WELL (X] OTOE* 

2. Name of Openlor 7 

Muunu 

7. Leaae Name or Unit Agrecmeot Name 

Tracy D 

2DW 0 SOW , Q 

I WeONo. 
OXY USA I n c . 

9. Pool same or Wildcat 
Undesignated Morrow 

X Addreu of Operator 
P.O. Box 50250 Midland, TX. 79710 

4. WdlLocatioa 
Unit Letter 

Sectioa 33 

: 1980 Feet Frora Tb» South 

TOWDASS 

Line and 1980 Feet From HM West 

2 1 s Rang* 2 7 E 

ia Proposed Depdi 

NMPM Eddy 

Lite 

County 

11575' 
II. Formation 

Morrow 
12. Rotary or CT. 

13. EJevaliooa (Show whether DF, RT, GR, «<ej 
3119' 

14. Had Jt Status Plug. Bond 
Required/approved 

15. DriUing Contractor 
Unknown 

16. Approx. Date Work will start 
Af ter permit approval 

17. PROPOSED CASING AND CEMENT PROGR AM 
SEE OF HOLE SIZE OF CASING WEIGHT PER FOOT SETTING DEPTH SACKS OF CEMENT EST. TOP 

17 1/2" 13 3/8" 48# 415* 1000 Surface 
12 1/4" 9 5/8" 36# 3000' , 1075 Surface 

8 3/4" 5 1/2" 17-20# - 11575' 1300 Top of Wolfcamn 

TD-11575'. I t i s proposed to re-enter and test the Morrow 
formation. 5 1/2" casing w i l l be set § 11575'. The Blowout 
Prevention program w i l l be as follows: 

10" 5000# WP Blind and pipe rams 
3000| WP annular preventor and 
rotating head 

FP30VAL VALID FOR ^ 3 DAYS 
PERMiT EXPIRES 
UNLESS DRiLLiNG UNDERWAY 

IN ABOVE SPACE DESCRIBE PROPOSED PROGRAM: r PROPOSAL B TO DEEPEN OR PLUG SAO. OIVE DATA ON PRESENT PWXXxmvE ZONE AND PROPOSED NEW PRODUCTIVE 
ZONE. OIVE BLOWOUT PREVENTER PROORAM, T ANY. 

I hereby certify that Ihe isforaucioe above ia true and complete lo Ihe beet af my knowledge and bdirf. 

SJONATURE 

TYPE OR PRINT NAME F . A . Vi trano 

TTTLB R e g i o n Operations Manager D A T E 11/29/90 

(Prepared by David Stewart) TELEPHONE NO. 9156855717 

(Thii space for Stale Ute) 

APPROVED BY. 

ORIGINAL SIGNED BY 
MIKE WILLIAMS 
SUP£RVI9QR, DISTRICT I? 

DEC l 4 1990 
TITLE 

CONDITONS OP APPROVAL, IF ANY: 



4-̂jbmit lo Appropriate 
CUtriet Office 
State Lease • 4 copiee 
Fee Leue - 3 copes 

PJS7JBICXI 
P.O. Box 1980, Robot, NM 88240 

DISTRICT D 

P.O. Drawer DD, Artesia, NM 88210 

DISTRICT ITJ 
1000 Rio Brazos Rd, Aztec, NM 87410 

JL. State of New Mexico f-~- _ 0 c _ 
ts^y, Minerals and Natural Resources Depam. d^^^'^'HO 

OIL CONSERVATION DIVISION n r „ _ 
P.O. Box 2088 Ntl- 3 90 

Santa Fe, New Mexico 87504-2088 
C C. D. 

MmiA, OtHCf 
WELL LOCATION AND ACREAGE DEDICATION PLAT 

Al Distances must bo from the outer boundaries of the section 

Form C-102 
Revised M - » 

Operator 
OXY USA I n c . 

Lease 
Tracy. D 

Well No. 

Unit Letter 
K 

Soctioa 
33' 

Township Range 
21S 27E _NMfll 

County 
Eddy 

Actual Footage Location of WeU: 
1 9 8 0 feetfromthe South line and 1980 feetfromthe West Hue 

Ground level Bev. 
3119* 

Producing Formation, 
Morrow 

Foot 

Undesignated 
Dedicated Acreage: 

320 Acres 
1. Outline tbe acreage dedicated to tbe subject well by colored pencil or hachure marks on tbe plat below. 

2. If mere Ihsa one feass is dedicated to me weU, outline each and identify tbe ownership thereof (both u to working interest and royalty). 

3. If more man one leaae of different ownership is dedicated to the well, have the interest of all owners been consolidated by oontnatiu'tization, 
unitization, force-pooling, etc? 

Q Yes Q No If answer ia "yes" type of cooaolidatioe 
If answer is "no" list the owners and tract descriptions which have actually been consolidated. (Use reverse side of 
this form if cecceaaary. 
No allowable will be assigned to the well until all interests bave been consolidated (by cofnouinttization, unitization, forced-pooling, or otherwise) 
or until a two-standard unit, eliminating such interest, hu been approved by the Division. 

1980' 

o 
CO 
CTl 

r 

4-

OPERATOR CERTIFICATION 
/ htrtby unify that lh» information 

contained herein in true and compUU to Iht 
best of my biowUdge and belief. 

Printed Name 
F . A . V i t r a n o 

Position 
Region Operations Manager 

Company 
OXY USA I n c . 

Date 
1 1 / 2 9 / 9 0 

SURVEYOR CERTIFICATION 

/ htrtby ctrlify that Iht weU location shown 
on Ihit fiat wat plctitd from field nous cf 
actual surveys made by me or under my 
supervison, and that tht same is true and 
correct to th* best of my knowledge and 
belief. 

330 660 990 1320 1650 1980 2310 2640 2000 1500 1000 500 

Dale Surveyed 

Signature A Seal of 
Professorial Surveyor 

Certificate Na 



PERFORATING DEPTH CONTROL 

ft 
l i t Snxa 

D«f HOLE •KO ' D 
Te Jir. Wcjl-

U N i n - u w 
f ro - To 

1*01 itbOO 
—700 

700 
5URFACI 

1 

^NVER, COLORADO 80201 

REFERENCE Y 3 6 4 4 N 

>1 API NO. ...3..Q..-M5..:..2£.0.I#. 

REPRODUCTION FOR RESALE IN WHOLE OR PART PROHIBITED 

| 

•» «««* 
• • • o a o o 

8 jam ; 





Submit to Appropriate 
District Office 
State Lease — 6 copies 
Fee Lease — 5 copies 

DISTRICT! 

P.O. Box 1980, Hobbs, NM 88240 

DISTRICT]! 
P.O. Drawer DD, Artesia, NM 88210 
1000 Rio Brazos Rd., Aztec, NM 87410 

Statt: of New Mexico 
Energy, Minerals and Natural Resources Department 

OIL CONSERVATION DIVISION 
P.O. Box 2088 

Santa Fe, New Mexico 87504-2088 

Form C-101 
Revised 1-1-89 

API NO. (assigned by OCD on New Wells) 

5. Indicate Type of Lease 
STATE LJ FEE B 

6. State Oil & Gas Lease No. 

la. Type of Work: 
APPLICATION FOR PERMIT TO DRILL, DEEPEN, OR PLUG BACK 

DRILL 0 
b. Type of Well: 

OTJL OAS 
W B X Q WELL • OTHER J $ p i n e W e H 

RE-ENTER • DEEPEN Q PLUG BACK Q 

MULTIPLE SINGLE 
ZONE ZONE • 

7. Lease Name or Unit Agreement Name 

T r a c y Lease 

^ Name of Operator 

The Permian C o r p o r a t i o n 
3. Address of Operator 

8. WellNo. 
2 

PO BOX 1183 HOUSTON TX 77001 
9. Pool name or Wildcat 

W i l d c a t 
4. Well Location 

Unit Letter 1 6 0 0 Feet From The E a s t Lineaod 2450 Feet From The S o u t h Line 

Section 33 Township 2 1 - S 2 1 - S Range 2 7 ~ E NMPM E d d y County 

'ms//////////////////^ 
Edd^ 

13. Elevations (Show whether DF, RT, GR, etc.) 

31 2H m. 
17. 

#SU1326252/Utica m h . Not L e t 

12. Rotary or CT. 

R o t a r y 
16. Approx. Date Work will start 

2 wks a f t e r a p p r o v 

SIZE OF HOLE 
.10 V 
6 3 / 4 " 

PROPOSED CASING AND CEMENT PROGRAM 
SIZE OF CASING 

7 5 / 8 " 
5 V 

WEIGHT PER FOOT 
24# 
17# 

SETTING DEPTH 
400' 
525' 

SACKS OF CEMENT 
125 

EST. TOP 
c i r c u l a t e 
c i r c u l a t e 

IN ABOVE SPACE DESCRIBE PROPOSED PROGRAM: IF PROPOSAL IS TO DEEPEN OR PLUG BACK, OIVE DATA ON PRESENT PRODUCTIVE ZONE AND PROPOSED NEW PRODUCTIVE 
ZONE. QTVE BLOWOUT PREVENTER PROGRAM, Ey 

I hereby certify that the infejngtion 

SIGNATURE f < i y - ' 

to the best of my knowledge and belief. 

' P A A $ U _ — C o n s u l t a n t TITLE DATE . 
2 - 1 1 - 9 1 

TYPE OR PRINT NAME A . L . H i c k e r s o n TELEPHONE NO. 9 1 5 ~ 3 8 1 ~ 0 5 

(This apace for Stale Use) 

APPROVED BY. 

CONDITIONS OF APPROVAL, IP .WY: 

TITLE DATE 



'Ubmit to Appropriate 
Districl Office 
State Lease • 4 copies 
Fee Lease - 3 copies 

DISTRICT I 

P.O. Box 1980, Hobbs, NM 88240 

DISTRICT f l 

P.O. Drawer DD, Artesia, NM 88210 

DISTRICT m 
1000 Rio Brazos Rd., Aztec, NM 87410 

State of New Mexico 
Energy, Minerals and Natural Resources Department 

OIL CONSERVATION DIVISION 
P.O. Box 2088 

Santa Fe, New Mexico 87504-2088 

WELL LOCATION AND ACREAGE DEDICATION PLAT 
All Distances must bo from tha outer boundaries of the section 

Form C-102 
Revised 1.1-89 

Operator 

THE PERMIAN CORPORATION 

Lease 

TRACY 

Well No. 

1 
Unit Leuer Section 

33 
Township 

21-SOUTH 
Range 

27 - EAST NMT\1 

County 

EDDY 
Actual Footage Location of WeU: 

2230 f K P , f m m I h , SOUTH 1 i n e a t u l 14 00 f n t a f t . EAST , i n e 

Ground level Elev. 

3122 
Producing Formation 

ROCK SALT 
Pool 

WILDCAT 
Dedicated Acreage: 

4 0 Ac-res 
1. Outline the acreage dedicated to the subject well by colored pencil or hachure marks on the plat below. 

2. If more than one lease is dedicated to the well, ouUine each and identify the ownership thereof (both as to working interest and royally). 

3. If more than one lease of different ownership is dedicated lo the well, have the interest of all owners been consolidated by communitizauon, 
unitization, force-pooling, etc? 

j | Yes [ j £ No If answer is "yes" type of consolidation 
If answer is "no" list the owners and tract descriptions which have actually been consolidated. (Use reverse side of 
Ihis form if neccessary. 
No allowable will be assigned to the well until all interests have been consolidated (by communilization, uniiizauon, forced-pooling, or otherwise) 
or until a non-standard unit, eliminating such interest, has been approved by the Division. 

i 

i 
i 
i 
i 

T" 

OPERATOR CERTIFICATION 
/ hereby certify that the information 

contained herein in true and complete to the 
best of my knowledge and belief. 

Signature 

Printed Name 

Marvin J . Reynolds 
Position 

Vice President - Operations 
Company 

THE PERMIAN CORPORATION 
Date 

February 14, 1991 

"1 A 

I 
I 

40 ACRE LEASE I 
4—• 
I 

1400 

SURVEYOR CERTIFICATION 

/ hereby certify that the well location shown 
on this plat was plotted from field notes of 
actual surveys made by rm or under my 
supervison, and that the same is true aril 
correct to lhe best of my knowledge and 
belief. 

223(\ ' 

i I 

! ! 

i I 
v 1 

Date Surveyed 

Feb: 
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OFFICE PHONE. 
(915) 381-0531 
(915) 563-4730 

FAX 915/381-9316 
DIRECT LINE: (915)381-8420 

RE:*-

'91 FEB 20 
PROFESSIONAL ENGINEER 

TEXAS #11830K 

6067 W. TENTH ST. 
ODESSA, TEXAS 79763 

t j i OlWSfON 
• !"-0 RESIDENCE: 

3216 BAINBRIDGE DRIVE 
OfTl Q QTgESSA, TEXAS 79762 

*•* PVTONE: (915) 362-4814 

February 12, 1991 

Mr. William J. Lemay 
Director of O i l Conservation Division 
State of New Mexico 
P.O. Box 2088 
Santa Fe, New Mexico 87504-2088 

RE; Request f o r brine w e l l permit for The Permian 
Corporation i n Eddy County, NW/4 of SE/4 of 
Section 33, T-21-S, R-27-E. 

Dear S i r ; 

Permission i s requested to i n s t a l l a brine production f a c i l i t y 
(rock s a l t solution mining) i n Eddy County. 

This f a c i l i t y w i l l be used f o r the production of saturated 
IQ l b , per gallon brine f o r use by the o i l industry. 

Attached i s the application cover page, description of items 
I through XI, form C101 and C102, sketch of we l l casing plan, 
and a d e t a i l p l o t plan of the f a c i l i t y . 

Your early and favorable consideration w i l l be appreciated. 

I f you have any questions or i f additional information i s 
needed, please l e t me know (915-381-0531). 

Enclosures 

cc NMOC D i s t r i c t Office-Artesia 
Owen Mobley - TPC 
Larry Evans - TPC 
Richard Lentz - TPC 



11/90 
A State of New Mexico 

Energyr Minerals and Natural Resources Derailment 
OIL CONSERVATION DIVISION 

P.O. Box 2088 
^ Santa Fe, NM 87501 

DISCHARGE PLAN APPLICATION FOR BRINE EXTRACTION FACILITIES 
(Refer to OCD Guidelines for assistance in completing the application.) 

I. FACILITY NAME: TPC ^ Carlsbad Brine Station 

II OPERATOR: T^-e P e r r n i ^ n Corporation 

ADDRESS: P.O. Box 1183, Houston Tx 77001 

CONTACT PERSON: Owen Mobley PHONE: 713-787-
2500 

III. LOCATION: NW /4 SE /4 Section 33 Township 21 SouthRange 27 East 
Submit large scale topographic map showing exact location. 

IV. Attach the name and address of the landowner of the facility site and landowners of record within 
one-half mile of the site. 

V. Attach a description of the sources and quantities of fluids at the facility. 

VI. Attach a description of all fluid transferring and handling facilities. 

VII. Attach a description of underground facilities. 

VIII. Attach a contingency plan for reporting and clean-up of spills or releases. 

IX. Attach geological/hydrological evidence demonstrating that disposal of oil field wastes will not 
adversely impact fresh water. 

X. Attach such other information as is necessary to demonstrate compliance with any other OCD 
rules, regulations and/or orders. 

XI. CERTIFICATION 

I hereby certify that the information submitted with this application is true and 

correct to the best of my knowledge and belief. 

Name: A.L. Hickeyfeon /) Title: Prof. Engr. #11830K 

Signature: 4 . ^ ^ ^ ^ ^ j j f ^ i Date: 2-04-91 

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



BRINE WELL /APPLICATION 
FOR TPC CARLSBAD BRINE STATION 

ITEM IV -_ Names and addresses of landowners within one half mile of 
site. 

EDDY TRUST -
Dr. George D. Eddy, Jr., Trustee 
809 Terrace Mountain Drive 
•Austin, Texas 78746 

TRACY TRUST-
— Charles D. Tracy, Trustee 

1235 North Loop West, Suite 907 
Houston, Texas 77008 

TRACY TRUST -
Louise Tracy, Trustee 
8603 Enchanted Forest Drive — 
Houston, Texas 77088 

Joe D'laconi 
South Country Club Road 
Carlsbad, New Mexico 88220 

Steere Tank Lines 
921 N. Howard 
Carlsbad, New Mexico 88220 

Southeast Ready Mix 
P.O. Box 638 
Carlsbad, NewMexico -88220— 

DKK, Inc. 
1604 E. Green— — 
Carlsbad, New Mexico 88220 

Bearings,—Inc. 
P.O. Box 1210 
Carlsbad, New Mexico 88220 

M Si M Rental Tools 
1604 E. Green 
Carlsbad,- New Mexico—88220 

U.S. Land - Bureau of Land Management 
Box 1449 
Santa Fe, NM 87504 

.Gregory Steel 
Box 2308 
Carlsbad, New Mexico 88220 



ITEM V - Description, source and quantity of f l u i d at the f a c i l i t y 

Source - Fresh water from the City of Carlsbad 
quantity (2) 500 bbl tanks 
estimated us age of 20,000 bbls a month 

Brine Water fron brine wells. Fresh water is circulated 
through the underground rock salt section to dissolve 
the salt. 

ITEM VI 

Quantity - Stored in (4) 500 bbl tanks for subsequent 
hauling to d r i l l i n g sites for use as a d r i l l i n g and 
completion f l u i d . 

Description of f l u i d transferring and handling f a c i l i t i e s 
Pipelines - coated steel pipe and PVC pipe 

Pumps - Deming Centrifugal pump or equivalent, with 
electical motor. 

ITEM VII - Description of Underground Facilities 

Casing and cementing as shown on attached sketch 
No. G-K for two wells. 

ITEM V I I I - Contingency Plan for Reporting and Clean Up of Spills 
or Releases. 

The f^Luid handling area w i l l be surrounded by an earthen 
dike so that there w i l l be no releases from the area. 

Minor s p i l l s from hose dis-connection w i l l be contained 
in the buried plastic barrels provided. A plastic lined 
catch basin w i l l be provided for retention of any brine 
sp i l l s so that i t can be pumped back into storage. 

Operator w i l l be on site daily so that any major s p i l l s 
can be reported. 

ITEM IX - No Disposal of O i l f i e l d Wastes Will be Done at This 
F a c i l i t y . .„._ '_ 

ITEM X - Attached are plats, sketch and form C-101and C102. 
Pressure integrity tests w i l l be performed on each -
well to insure proper cementing before any operation 
is performed. 

ITEM XI - Other information to demonstrate compliance with rules 
and regulations. 

The surface casing (7 5/8") w i l l be set and cement c i r 
culated through a l l fresh water zones. The deepest 
fresh water is about 360 feet and the casing w i l l 



be set at 400 feet. 

The production string ( 5 - 1 / 2 w i l l be set inside the 
surface string and cement circulated. This string • 
w i l l be set through the line and anhydrite to the 
top._of the rock, salt section, with cement circulated. ... 

Open hole w i l l then be d r i l l e d through the rock salt 
section, and fresh water circulated from the No. 2 well 
to the No. 1 well to dissolve the rock salt and make 
.saturated 10 lb. per gallon brine for use as a 
d r i l l i n g and completion f l u i d by the o i l industry. 
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JL c^-fLcrzz'i&on 
OFFICE PHONE: PROFESSIONAL ENGINSEI I CQNSERV.- ' SQN DIVISION RESIDENCE: 
(915)381-0531 TEXAS#11830K R F P r J f ! ) ' 3216 BAINBRIDGE DRIVE 
(915)563-4730 ' U ODESSA, TEXAS 79762 

FAX 915/381-9316 6067 W. TENTH ST., Q * r-r-Q o f - PHONE: (915) 362-4814 
DIRECT LINE: (915) 381-8420 ODESSA, TEXAS 7976331 I L U C U n f ] 9 3 5 

February 12, 1991 

Mr. William J. Lemay 
Director of O i l Conservation Division 
State of New Mexico 
P.O. Box 2088 
Santa Fe, New Mexico 87504-2088 

RE; Request for brine well permit f o r The Permian 
Corporation i n Eddy County, NW/4 of SE/4 of" 
Section 33, T-21-S, R-27-E. 

Dear S i r ; 

Permission i s requested to i n s t a l l a brine production f a c i l i t y 
(rock s a l t solution mining) i n Eddy County. 

This f a c i l i t y w i l l be used f o r the production of saturated 
10. l b , per gallon brine f o r use by the o i l industry. 

Attached i s the application cover page, description of items 
I through XI, form C101 and C102, sketch of wel l casing plan, 
and a d e t a i l p l o t plan of the f a c i l i t y . 

Your early and favorable consideration w i l l be appreciated. 

I f you have any questions or i f additional information i s 
needed, please l e t me know (915-381-0531). 

Enclosures 

cc NMOC D i s t r i c t Office-Artesia 
Owen Mobley - TPC 
Larry Evans - TPC 
Richard Lentz - TPC 



11/90 

f State of New Mexico 
Minerals and Natural Resources EW r̂tment 
OIL CONSERVATION DIVISION 

P.O. Box 2088 
Santa Fe, NM 87501 

DISCHARGE PLAN APPLICATION FOR BRINE EXTRACTION FACILITIES 
(Refer to OCD Guidelines for assistance in completing the application.) 

I. FACILITY NAME: TPC ^ Carlsbad Brine Stat ion 

II. OPERATOR: T l i e P e r m i ^ n Corporation 

ADDRESS: P.O. Box 1183, Houston Tx 77001 

CONTACT PERSON: Owen Mobley PHONE: 713-787-
2500 

III. LOCATION: NW /4 SE /4 Section 33 Township 21 southRange 27 East 
Submit large scale topographic map showing exact location. 

IV. Attach the name and address of the landowner of the facility site and landowners of record within 
one-half mile of the site. 

V. Attach a description of the sources and quantities of fluids at the facility. 

VI. Attach a description of all fluid transferring and handling facilities. 

VII. Attach a description of underground facilities. 

VIII. Attach a contingency plan for reporting and clean-up of spills or releases. 

IX. Attach geological/hydrological evidence demonstrating that disposal of oil field wastes will not 
adversely impact fresh water. 

X. Attach such other information as is necessary to demonstrate compliance with any other OCD 
rules, regulations and/or orders. 

XI. CERTIFICATION 

I hereby certify that the infonnation submitted with this application is true and 

correct to the best of my knowledge and belief. 

Name: A.L. Hicker/son ^ Title: Prof. Engr. #11830K 

Signature: / ^ / . ^ ^ f l / t y j j d r t Date: 2-04-91 

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



1 

BRINE WELL APPLICATION 
FOR TPC CARLSBAD BRINE STATION 

ITEM_IV_-_. Names and addresses of landowners within one half mile of 
site. 

EDDY TRUST -
Dr. George D. Eddy, Jr., Trustee 
809 Terrace Mountain Drive 

. Austin, Texas 78746 

TRACY TRUST-
Charles D. Tracy, Trustee 
1235 North Loop West, Suite 907 
Houston, Texas 77008 

TRACY TRUST -
Louise Tracy, Trustee 

__ 8603 Enchanted Forest Drive 
Houston, Texas 77088 

Joe D'laconi 
South Country Club Road 
Carlsbad, New Mexico 88220 

Gregory Steel 
Box 2308 
Carlsbad, New Mexico 88220 

Steere Tank Lines 
921 N. Howard 
Carlsbad, New Mexico 88220 

Southeast Ready Mix 
P.O. Box 638 
Carlsbad, New Mexico 88220 

DKK, Inc. 
_ —1604 E. Green 

Carlsbad, New Mexico 88220 

Bearings,-Inc, 
P.O. Box 1210 
Carlsbad, New Mexico 88220 

M & M Rental Tools 
1604 E. Green 
-Carlsbad, New-Mexico- 88220 

U.S. Land - Bureau of Land Management 
Box 1449 
Santa Fe, NM 87504 



ITEM V - Description, source and quantity of f l u i d at the f a c i l i t y . I 

Source - Fresh water from the City of Carlsbad 
quantity (2) 500 bbl tanks 
estimated us age of 20,000 bbls a month -

Brine Water fron brine wells. Fresh water is circulated 
through the underground rock salt section to dissolve 
the salt. 

Quantity - Stored in (4) 500 bbl tanks for subsequent 
hauling to d r i l l i n g sites for use as a d r i l l i n g and 
completion f l u i d . 

ITEM VI - Description of f l u i d transferring and handling f a c i l i t i e s . 
Pipelines - coated steel pipe and PVC pipe 1 

Pumps - Deming Centrifugal pump or equivalent, with 
electical motor. 

ITEM VII - Description of Underground Facilities 

Casing and cementing as shown on attached sketch 
No. G-K for two wells. 

ITEM V I I I - Contingency Plan for Reporting and Clean Up of Spills 
or Releases. 

The f^Luid handling area w i l l be surrounded by an earthen 
dike so that there w i l l be no releases from the area. 

Minor s p i l l s from hose dis-connection w i l l be contained 
in the buried plastic barrels provided. A plastic lined 
catch basin w i l l be provided for retention of any brine 
sp i l l s so that i t can be pumped back into storage. 

Operator w i l l be on site daily so that any major s p i l l s 
can be reported. . 

ITEM IX - No Disposal of O i l f i e l d Wastes Will be Done at This 
Facility. . .. 

ITEM X - Attached are plats, sketch and form C-lOland C102. 
. .. Pressure integrity tests w i l l be performed on each-.. . 

well to insure proper cementing before any operation 
is performed. 

ITEM XI - Other information to demonstrate compliance with rules 
and regulations. 

The surface casing (7 5/8") w i l l be set and cement c i r 
culated through a l l fresh water zones. The deepest 
fresh water is about 360 feet and the casing w i l l 



be set at 400 feet. 

The production string (5 1/2'!) w i l l be set inside the 
surface string and cement circulated. This string 
w i l l be set through the lime and anhydrite to the 
top_of the rock salt section, with cement circulated. .. 

Open hole w i l l then be dr i l l e d through the rock salt 
section,-and fresh water circulated from the No. 2 well 
to the No. 1 well to dissolve the rock salt and make 
.saturated 10 lb. per gallon brine for use as a 
d r i l l i n g and completion f l u i d by the o i l industry. 



Submit to Appropriate 
District Office 
State Lease — 6 copies 
Fee Lease — 5 copies 

DISTRICT I 

P.O. Box 1980, Hobbs, NM 88240 

DISTRICT TI 

P.O. Drawer DD, Artesia, NM 88210 

DISTRICT m 
1000 Rio Brazos Rd., Aztec, NM 87410 

State of New Mexico 
Energy, Minerals and Natural Resources Department 

OIL CONSERVATION DIVISION 
P.O. Box 2088 

Santa Fe, New Mexico 87504-2088 

Form C-IOI 
Revised 1-1-89 

API NO. ( assigned by OCD cc New Wells) 

5. Indicate Type of Lease 
STATE U FEE _J 

6. State Oil & Gas Lease No. 

APPLICATION FOR PERMIT TO DRILL, DEEPEN, OR PLUG BACK 
la. Type of Work: 

DRILL [ 3 RE-ENTER • DEEPEN • PLUG BACK • 
b. TypeofWeU: 1— U J 

OIL OAS .—. smrxE MULTIPLE . . 
W E U . Q WELL • OTHER B r i n e W e l l ZONE ZONE Q 

7. Lease Name or Unit Agreement Name 

T r a c y Lease 
2. Name of Operator 

The Permian Corporation 
8. WellNo. 

3. Address of Operator 

PO BOX 1183 HOUSTON TX 77001 
9. Pool name or Wildcat 

W i l d c a t 

4. Well Location 
Unit Letter 

Section 33 

1 6 0 0 Feet From The 

Township 

E A S T Line and 2 4 5 0 

2 1 - S R a n „ 2 7 - E " J - " Range - ' " NMPM ^ ^ i - " . county 

Feet From The S o u t h 

EDDY 

Line 

County 

10. Proposed Depth 
600' 

11. Formation 
Rock S a l t 

12. Rotary or CT. 
R o t a r y 

13. Elevations (Show whether DF, RT, GR, tie.) 
3120 GL 

14. Kind & Status Plug. Bond 
[SU1326252/rjtica Mut 

IS. Drilling Contractor 
N o t L e t 

16. Approx. Date Work will sun 

2 wks af t e r approv 
17. PROPOSED CASING AND CEMENT PROGRAM 

SIZE OF HOLE SIZE OF CASING WEIGHT PER FOOT SETTING DEPTH SACKS OF CEMENT EST. TOP 
_10_? 7 5 /8" 24# 400' 125 c i r c u l a t e 
6 3 /4" 5 Ss" 17# 450' 75 c i r c u l a t e 

IN ABOVE SPACE DESCRIBE PROPOSED PROGRAM: IF PROPOSAL ts TO DEEPEN OR PIXIQ BACK, OIVE DATA ON PRESENT PRODUCTIVE ZONE AND PROPOSED NEW PRODUCTIVE 
ZONE. OIVE BLOWOUT PREVENTER PROGRAM, WANY. 

I hereby certify that the i 

SIGNATURE 

TYPE OR PRINT NAME A f L , H i c k e r s o n 

to ihe best of my knowledge aid belief. 

TITLE . Consultant DATE 2 - H - 9 3 

TELEPHONENO.915-381-05 

(Thia space for State Use) 

APPROVED BY- TTTLE . DATE . 

CONDmONSOF APPROVAL, IF ANY: 



Submit to Appropriate 
District Office 
State Lease - 6 copies 
Fee Lease - 5 copies 

DISTRICT I 
P.O. Box 1980. Hobbs, NM 88240 

DISTRICT n 
P.O. Drawer DD, Artesia, NM 88210 

DISTRICT rn 
1000 Rio Brazos Rd., Aztec, NM 87410 

State of New Mexico 
Energy, Minerals and Natural Resources Department 

OIL CONSERVATION DIVISION 
P.O. Box 2088 

Santa Fe, New Mexico 87504-2088 

Form C-101 
Revised 1-1-89 

API NO. (assigned by OCD on New WeUs) 

5. Indicate Type of Lease 
STATE • FEE 

6. State Oil & Cas Lease No. 

APPLICATION FOR PERMIT TO DRILL, DEEPEN, OR PLUG BACK 
a. Type of Woik: 

DRILL [xl RE-ENTER [H DEEPEN [H PLUG BACK [~\ 
b. TypeofWeU: . 

OIL — O A S — SINGLE _ _ MULTIPLE 
W E U . Q WELL • OTHER B r i n e W e l l ZONE f j ZONE • 

7. Lease Name or Unil Agreement Name 

Tracy Lease 

Name of Operator 

The Permian Corporation 
8. Well No. 

2 
Address of Operator 
PO BOX 1183 HOUSTON TX 77001 

9. Pool name or Wildcat 
Wildcat 

Well Location 
Unit Letter 1 4 0 0 Feet From The E a s t Line and 2 2 3 0 Feet From The S o u t h Line 

Section 33 Township 2 1 - S Range 2 7 - E NMPM E d d y County 

10. Proposed Depth 

6QQ* 

11. Formation 

Rock S a l t 
12. Rotary or CT. 

Rotary 
. Elevations (Show whether DF, RT, GR, etc.) 

3120 AT. 
14. Kind & Status Plug. Bond 
#SU1326252/Utica Ma: 

IS. Drilling Contractor 
Not Let 

16. Approx. Date Work will start 
2 wks a f t e r approv 

PROPOSED CASING AND CEMENT PROGRAM 
SIZE OF HOLE SIZE OF CASING WEIGHT PER FOOT SETTING DEPTH SACKS OF CEMENT EST. TOP 

10 V 7 5 / 8 " 24# 4 0 0 ' 125 c i r c u l a t e 
6 3 / 4 " 5 V 17# 5 2 5 ' 85 c i r c u l a t e 

! ABOVE SPACE DESCRIBE PROPOSED PROGRAM: IP PROPOSAL ts TO DEEPEN OR PUUO BACK, OIVE DATA ON PRESENT PRODUCTIVE ZONE AND PROPOSED NEW PRODUCTIVE 
NE. OIVE BLOWOUT PREVENTER PROGRAM, DV 

sreby certify tnat the 

NATURE 

to the best of my knowledge and belief. 

$<4A$Ls( Consultant TTTLE DATE. 2-11-91 

?E OR PRINT NAME A . L . H i c k e r s o n TELEPHONE NO. 915—381—0532 

is space for State Use) 

ttOVEDBY. TTTLE , DATE . 

.XimONS OF APPROVAL, ff ANY: 



i ibmil lo Appropriate 
••• 1.1 Office 

ue Leue - A copes 
• Lease - 3 copies 

). box 1980. Hobbi, NM 88240 

>. Drawer DD. Anew*. NM 88210 

TTRiam 
X) Rio Brazos Rd.. Anec. NM 87410 

State o f New Mexico 

Energy, Minerals and Natural Resources Dep a n m c r ^ 
Fonn C-102 
Reviwd M - W 

OIL CONSERVATION DIVISION 
P.O. Box 2088 

Santa Fc, New Mexico 87504-2088 

WELL LOCATION AND ACREAGE DEDICATION PLAT 
All Distances must be trom tho outof boundarws ot the soefcon 

,>craior 

THE PERMIAN CORPORATION 

i if i t r 

TPACY 
Wen No 

1 

n Leuer Secljon 

33 

Township 

2 1 - S 

Range 
2 7 ~ E NMPM 

County 
EDDV 

:luai Foouge Loci 
1600 

uoo of Well; 

feei from lhe EAST Une iod 2450 fecfromthe SOUTH BM 
round level Elev. 

3122 
Producing Forma uon 

ROCK SALT 
Pool 

WILDCAT 
Dedicated Acreage: 

40 A C T „ 
1. OuUine Ihc acreage dedicated to the subject well by colored pencil or hachure m.rka oo the plat below. 

2. l f more than one lease it dedicated lo the well. outline each and identify the ownership thereof (both I I to wotting interest u d royally) 

3. If more than one lease of different ownership i i dedicated to the well, hive the mir rest of all owners been consolidated by comnuniuiauon, 
uniiitauoo, force-pooling, etc.7 

Yei f"5$ No If answer i i "yes" type of consolidation n 

If answer n no" list lha owners and tract descriptions which hava actually been consolidated. (Use reverse u Je of 
this form if neccessary. _ 
No allowable will bc assigned lo the well until all interests have been consolidated (by communiuzaiion. unitization, forced-pooling, or otherwise! 
or until a non-standard unil. elirronaung such interest, hai been approved by (he Division. 

r 

0< 
A 

40 ACRE LEASE 

- 1600 

2450 

V 

0 330 660 990 1323 1650 1980 2310 2640 2000 1500 1000 500 

> 

OPERATOR CERTIFICATION 
/ hereby ct'lify lhal Iht itiformatio*. 

contained herein m Pitt and comp'"* '° 
buf of my knowledge and belief. 

Marvin J . Reynolds 
POUUOD | 

Vice President - Operations 
Company 

THE PERMIAN CORPORATION 
Date 

February 14, 1991 

SURVEYOR CERTIFICATION 

/ hereby certify thai lhe well location shown 
on ihu plat was plotted from fuld noies ©/j 
actual titneys made by me or under my\ 
supervisor, end thai iht same is true and 
correct to tht best of my knowledge and' 

belief 

DaU Surveyed 

Profe 



Submit io Appro rri Ut 
District Office 
Suit Lease . 4 copies 
Fee Lease - 3 copiea 

DISTRICT I 

P.O. Boi 1980. Hobbs, NM 88240 

DISTRICT n 
P.O. Drawer DD, Artesia, NM 88210 

DISTRICT m 
10O0 Rio Brazoa Rd. Anec. NM 87410 

Stale of New Mexico 

Energy, Minerals and Natural Resources Department 

OIL CONSERVATION DIVISION 
P.O. Box 2088 

Santa Fe. New Mexico 87504-2088 

WELL LOCATION AND ACREAGE DEDICATION PLAT 
All Distances must bo from tho outer boundaries ol the soction 

Form C-102 
Reviud 1-1-89 

THE PERMIAN CORPORATION 

Lease 

TRACY 

'"Well No. 

Unit Leuer Section 

33 

Township 

21-SOUTH 

Range 

27 - EAST Miim 

County 

EDDY 
Actual Foouge Loci 

2230 
uoo of Well: 

feetfromthe SOUTH U n e i n d 
1400 b t f f l n * . EAST l f l i e 

Ground level Dev. 

3122 

Producing Forma lion 

ROCK SALT 

K.I 
WILDCAT 

Dedicated Acreage 

" 0 A m , 

1. Outline the acreage dedicated to the subject well by colored pencil or hachure rr irks on the plat below. 

2. lf more than one tease is dedicated 10 (he well, outline each and identify lhe ownership thereof (both as 10 working interest and royally). 

3. If more lhan one lease of different ownership is dedicated to Ihe well, have Use interest of all ownen been consolidated by comiruniuialioa. 
uniiiuuoo, force-pooling, etc.? 

Yes [ j | No If answer 11 "yes" type of consolidation 
If answer is Oo" list the owners ind tract descriptions «*uch have actually been consolidated. (L'se reverse side of 
ihis form if neccessary. i 

No allowable will be assigned to lhe weU until all interest! have been consolidated (by cornniuniUzaUon, umuzauon, forced-pooling, or otherwise) 
or unul a non-sundird unil, elirmnaung such interest, has been approved by rhe Division 

r r 

OPERATOR CERTIFICATION 
/ htrtby ct'lify lhal iht informatio'. 

contained herein in tne and eompltie 10 iht 
best of my knowledge and btlitf 

Signature 

Pnnied Name 

Marvin J . Reynolds 

- 1400 

Posiuon 

Vice President - Operations 
Company 
THE PEP.MIAN COPPOPATION 
Dale 
February 14, 1991 

SURVEYOR CERTIFICATION 

/ htrtby ct'lify lhai iht well location sho»n 
on ihis plat' was ptotltd from field nous of 
actual surveys made by me or under m\ 
supervisor, and that the same is true anJ 
correct to the best of my knowledge and 
belief. 



1 h 
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