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(’ STATE OF NEW MEXICO ( ‘
ENERGY, MINERALS AND NATURAL RESOURCES DEFARTMENT ///
OIL CONSERVATION DIVISION Eﬁ"“’ﬁ&‘ 'FREE—____._—
__Ir'; - Sun//;/ﬁr;..x'——
BRUCE KING November 1, 1991 POST OFFICE BOX 2088

STATE LAND OFFICE BUILDING
SANTA FE, NEW MEXICO 87504
(505) B27-5800

GOVERNOR

- 024
The Permian Corporation /~

P. 0. Box 3119
Midland, Texas 79702-3119

Attention: Larry Evans

Re: $5,000 One-Well Plugging Bond
The Permian Corporation, Principal
Utica Mutual Insurance Co., Surety
1600' FEL and 2450' FSL of Sec.. 33,
T-21-S, R-27-E, Eddy County
Bond No. S$U1461348

Dear Mr. Evans:

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

ce: Cil Conservation Divisibn
Artesia, New Mexico

Utica Mutual Insurance Co.
P. O. Box 530
Utica, NY 13503
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. STATE OF NEW MEXICO .

ENERGY, MINERALS AND NATURAL RESOURCES DEPARTMENT //// |
OIL CONSERVATION DIVISION __-:ﬁ’ﬁ;&‘ FREE=
: T i a sz 7/.-/(/»'.-../.’_
amenon November 1, 1991 By
SANTA FE, NEW MEXICO 87504

(505) 827-5800

The Permian Corporation
P. 0. 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. $U1461347

Dear Mr. Evans:

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

Sincerely,

dr/

ce: Oil Conservation Division
Artesia, New Mexico

Utica Mutual Insurance Co.
P. 0. Box 530
Utica, New York 13503



oL CGNSER‘{ LN DIVISION The Permian Corporation
REZ: /5] P.O. Box 3119
Midland, Texas 79702-3119

“S1AURTIS nm 9 y3 FAX 915/684-0501

915/683-4711

August 13, 1991

Ms. Kathy M. Brown

State of New Mexico

0il 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£ind salt on either
of the two wells we drilled on our Carlsbad yard. We have plugged
both wells from top to bottom with cement, under the supervision
of Messrs. Mike Stubbifield, Darrel Moore, and Mike Williams.

Dry hole markers have been installed and all evidence of any
construction has been eradicated. New Mexico forms for plugging
have been completed and filed at the district office in Artesia,
New Mexico.

Please find attached copies of the New Mexico form C-103 showing
the wells have been plugged. If all state requirements have been
met, please return the two plugging bonds that were posted on the
onset of this project.

Please allow me to extend my appreciation for the help you and your
associates have given us during this project. I hope we will be
able to drill in another area for salt (brine water) in the near
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R T ’ o ; Stare of New Mexico i Farm C-103
' iﬁ?mﬂ E.n., Minerals and Namral Resources Depn‘m\?‘ Revisad 1.1-89
District Offica
DSCLL e OTL CONSERVATION DIVISION e
P.O. Box 2088
pI .O.IDﬂwu DD, Artesia, NM 88210 Santa Fe, New Mexico §7504-2088 5. Indicate Type of Lease
statE] FEE |

DISTRICTI
1000 Rio Brazos Rd., Azec, NM 87410

6. SuulOil & Gas Lease No

77

o7 USE TH O o T A EN O PLUG BACK TO A
(DON 1S FORM FOR PROPOSALS TO DRILL. OR TO DEEP : _ . i Nar
DIFFERENT RESERVOIR. USE "APPLICATION FOR PERMIT® 7. Leass Narne or Unit Ag Nume
. (FORM C-103) FOR SUCH PROPOSALS )
L Typeﬁeuc _ :
oL, QAS
WELL wie [ oner  Brine Well Tracy Lease
2 Name of Operator § Well No.
'The Permian Corp. 2 .
3, Address of Operatos 9. Pool name ar Wildeat
P.O. Box 1183 Houston, Texas 77001 Wildeat
4. Well Lomtion ,
Unit Letter 2. 1600 _ Feet From The _East Line and _ 2450 Fest From The _SOuth
Section 33 Township 21-5 Rage 2/-E nvpM  Eddy Coun
% ///////////////// 10. Elevation (Show wheiher DF, RKB. KT, GR, #ic.) V/ /// 7 ‘
/ 3122 GL ' AN |
1. Check Appropriate Box to Indicate Nature of Notice, Report, or Other Data '
NOTICE OF INTENTION TO: SUBSEQUENT REPORT OF:
PERFORM REMEDIALWORK | PLUIG AND ABANDON REMEDIAL WORK ) ALTERING CASING

COMMENCE DRILLING OPNS. PLUG AND ABANDONMEN

TEMFORARILY ABANDON || CHANGE PLANS H
PULLORALTER CASING [ CASING TEST AND GEMENT 0B L
OTHER: ] | omer:

12. Describe Proposed or Campleted Operations (Clearfy suate all pertinent details, and give pertinent dales, incliucting estimated date of starting any praposed

wark} SEE RULE 1103,

Filled 4%" Cassing From Top To Bottom With 2.5 Yds Redy Mix Cement With 27 C.C.

ove) true god complas to the best of my koewiedge sad belief.

District Manager

DATE §-8-91

TYPE OR PRINT NAME Richard Lentz

teLrrioNe o, 392631

(This space for State Ue)

DATE

APPROVED BY

———el WmATA v wmame? el GF LA

T BETEOCODCTET
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May 24, 1991

VIA CERTIFIED MAIL

State of New Mexico
Oil Conservation Division
P. O. Box 2088
Santa Fe, NM 87504-2088
20-015-2873Y
RE: $5,000 One-Well Plugging Bond
Principal: The Permian Corporation
Surety: Utica Mutual
Well Location: Tracy II, 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

MEILItf

Enclosure

¢~  Larry Evans
Midland, Texas
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May 24, 1991

VIA CERTIFIED MAIL

State of New Mexico

Qil Conservation Division
P. O. Box 2088

Santa Fe, NM 87504-2088

RE: $5,000 One-Well Plugging Bond 20 -0t - 246733
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

MEIL:1tf

Enclosure

¢-  Larry Evans
Midland, Texas
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. STATE OF NEW MEXICO
ENERGY, MINERALS AND NATURAL RESOURCES DEPARTMENT

CIL CONSERVATION DIVISION

BRUCE KING POST OFFICE BOX 2088 -
GOVERNOR Ju]_Y 25, 1991 STATE LAND OFFICE BUILDING
SANTA FE. NEW MEXICD 87504
(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 letter for the discharge plan renewal BW-24 for The
Permian Corporation (TPC) Carlsbad Brine Station has an error. The
approval dated April 29,1991 states that TPC Carlsbad Brine Station
is located in Section 33, Township 21 South, Range 30 East, NMPM,
Eddy County, New Mexico. The correct location is Section 33,
Township 21 South, Range 27 East, NMPM, Eddy County, New Mexico.
I am sorry for any inconvenience this may have caused.

The O0il Conservation Division (OCD) has not recieved any
information on the status of this proposed brine facility. Does
TPC still plan to drill the two permitted wells and construct the
brine facility? Please send the OCD an updated report on the
current status and plans for this facility. If you have any
questions, feel free to contact me at (505) 827-5824.

Sincerely,

Kathy M. Brown
Environmental Geologist
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oL CONSERY - fN MONL c:’ﬁa/émwn

OFFICE PHONE: REC: ¢ PROFESSIONAL ENGINEER RESIDENCE:
(915) 381-0531 ‘ TEXAS #11830K 3216 BAINBRIDGE DRIVE
(915) 563-4730 2 91 ﬂﬁ? ﬂﬂ S 213 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 0il Conservation Division
P.0. Drawer DD

Artesia, New Mexico 88210

RE: The Permian Corporation - Carlsbad Brine
Well Permit - Corrected Forms C-101
for wells No. 1 and No. 2 to allow
for 2" clearance for cementing.

Dear Sir:

Attached, as per our telephone conversation, are the corrected
original subject forms for the subject brine well request.

The hole size has been changed to 12", so that the 8.5" 0.D.
coupling will have more than the required clearance. The 5 %"
casing has been changed to 4 %", so that the 4 %" coupling 0.D.
of 5" will leave the required two inches of clearance between
the 4 %" and 7 5/8".

If you need any additional information, or if this is not
satisfactory, please advise.

A.L. chkerson

Attachments

cc Kathy Brown - NMOCD Santa Fe v///
Larry Evans - TPC Midland
Owen Mobley - Houston

ey
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Submit to Appropriate
District Office

State Lease — 6 copies
Fee Lease — 5 coptes

State of New Mexico
Energy, Minerals and Nawral Resources Department

OIL CONSERVATION DIVISION
P.O. Box 2088

RISTRICT)
P.O. Bax 1980, Hobbs, NM 83240
Santa Fe, New Mexico 87504-2088

DISTRICT I .
P.O. Drawer DD, Anesia, NM 88210

DISTRICT 111
1000 Rio Brazos Rd., Aztec, NM 87410

[API NO. ( assigned by OCD on New Wells)

Form C-101
Revised 1-1-89

5. Indicate Type of Lease

sate [ ree (X

6. Stte Oil & Gas Lease No.

APPLICATION FOR PERMIT TO DRILL, DEEPEN, OR PLUG BACK

0002

la. Type of Work:

7. Lease Name or Unit Agreemeat Name

o T DRILL [¥] RE-ENTER [ ]  DEEPEN [ ] PLUG BACK []
ot ‘S’e“ . mar o e TRACY LEASE
2 Name of Operator 8. Well No.
THE PERMIAN CORPORATION 1
3. Address of Operator - 9. Pool pame or Wildcat
PO BOX 1183 HOUSTON TX 77001 WILDCAT
4. Well Locaticn '
Unit Leter ] : 1400 Feet From The EAST Linesad 2230 Feet From The SOUTH Line
! Section Townshx 21-8 Range 27-F NMPM EDDY County
é// /////7///////// M%WWW%%W/
‘ . Proj p . Formation or

13 Elevauons (Shmv whethar DF RT, GR, etc.)

16. Approx. Date Work will start

14. Kind & Stams Flug. Boed 15. Drilling Contrastor

3122 GL #SUl326252/Utica Mut NOT LET 2 WKS AFTER APPROV
1. ' PROPOSED CASING AND CEMENT PROGRAM
SIZE OF HOLE SIZE CF CASING | WEIGHT PER FOOT | SETTING DEPTH | SACKS OF CEMENT EST. TOP
12" 7 5/8" 244 400° 200 circulate
7 4. 1/2" 11.64% 525! 105 circulate
IN ABOVE SPACE DESCRI PRO SED PROGRAM: 1P FROPOSAL IS TO DEEFEN OR FLUG BACK, GIVE DATA ON PRESENT FRODUCTIVE mnmm&bmmo&m

ZONE. QiVE BLOWOUT PRI'.

IFANY

pmewthf- best of my knowledge and belief. i
pate _05=07=91

/2{//////

m‘ Fit

‘ SIONATURE ymz _ CONSULTANT

| TYPEOR PRINT NAME A L. HICKERSON TELEFHONENO. 01 5-381 053
“ (This space for State Use)

APFROVED BY TITLE DATE

CONDITIONS OF AFFROVAL, IP ANY:
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Submit 1o Appropriate ' State of New Mexico Form C-101 |
District Office Energy, Minerals and Nawral Resources Department Revised 1-1-89
State Lease — 6 copies .
Fee Lease -- 5 copies
— OIL CONSERVATION DIVISION 5 oargeed o7 000 o New Wl
F.0. Bax 1980, Hobbs, NM 88240 P.O. Box.2088
DISTRICT T . Santa Fe, New Mexico 87504-2088 5. Tdicate Type of Lease
3.0. Drawer DD, Antesia, NM 88210 sTATE L] FEE
ASTRICTII 6. State Oil & Gas Lease No.
1000 Ric Brazos Rd., Azec, NM 87410 :
APPLICATION FOR PERMIT TO DRILL, DEEPEN, OR PLUG BACK 0 00000
1 Type of Work: 7. Lease Name or Unit Agreement Name
DRILL @ REENTER [ | DEEPEN [}  PLUGBACK [ ] :
» Type of Well: sHaLE — TRACY LEASE
wit, [} wew [] omem o [X] zone [ ]
Name of Operator 8. Well No.
THE PERMIAN CORPORATION 2
Address of Operator : 9. Fool name or Wildeat
PO BOX 1183 ° HOUSTON TX 77001 WILDCAT
Weli Location
Unit Lener 2 : 1600 Fest From The EAST Lincaed 2450 Fet FromThe SOQUTH Line
Secnon 'rowns:u 21-S  Range 27-E Nvpm  EDDY Coum
I /// / L o T i T e L T /7/
/ 1o. Proposed Depth 11. Formation 12 Ro:aryorCT
600" ROCK SALT ROTARY
El¢vauons (Shaw whzthar DF,RT, GR, clc) 14. K.md & Stamis Plug. Bond 13. Drilling Coatractor 16. Approx. Date Work will start
3122 #SU1326252/Utlca Mut NOT LET 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
12" 7.5/8" 244 400° 200 circulate
| 7 4 -1/2" 11.6% 450" 90 circulate

ABOVE SPACE DI:SC‘RI PROPO PROGRAM P FROFOSAL 15 TO DEEPEN OR FLUG BACK, GIVE DATA ON FPRESENT FRODUCTIVE ZONE AND PROPOSED NEW PRODUCTIVE
<E. OIVE BLOWOUT PREVE

Teby ccmfy M/h: joa thovp i e 10 the beat of my knowledge md balidf, ; _
iATURE /276! (.( TZQ ' (/ £: (/ CONSULTANT oarE . 5=07-91
] TORPRINTNAME . -A.L. HICKERSON TELERONENO. §15-381~-053
3 space for State Use)
{OVED BY TIME DATE

\ DITIONS OF AFPROVAL, IF ANY:
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THE PERMIAN CORPORATION  The PermianTower 2500 CityWest Boulevard Houston, Texas 77042

pCCﬂV

APRIL 29, 1991

Permian To Be Acquired By Ashldnd Oil

On April 29, 1991, National
Intergroup, Inc. (NII), parent com-
pany of The Permian Corporation,
announced that the company has
signed a Stock Purchase Agreement
for the sale of Permian to Ashland Qil,
Inc. Permian’ 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 NII and Ashland
o 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 the transition to be
a smooth and orderly process with
Ashland, Scurlock and Permian people
working together to assure continued
high levels of service to all Permian
customers.

1 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 well 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’ Scurlock
QOil 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
chernicals, as well as exploration
and production activities.

Ashlands revenues in 1990 were
over $9 billion with net earnings of
about $182 million. Ashland is traded
on the 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 Permian
people and offices 1 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.

1 am looking forward to working
with Ashland and its management
tearn to assure a smooth transition and
to rake 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 Permian’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
the highest levels of service and
operating performance in all sectors.

Thank you.

Gaylon H. Simmons
President and Chief Executive Officer



. Sfate of New Mexico

ENERGY, MINERALS and NATURAL RESOURCES DEPARTMENT
Santa Fe, New Mexico 87505

BRUCE KING ) ANITA LOCKWOOD
GOVERNOR April 29, 1991 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-Carisbad Brine Station
Eddy County, New Mexico

Dear Mr. Mobley: e

Ve
The discharge plan BW-24 for The Permian Corporation Carlsbad Brine Station located in
Section 33, Township 21 South, Range @EEast, 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 submitted 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 plan." 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 Gatisteo 2040 South Pacheco LAND OFFICE BUILDING - 310 Old Santa Fe Trail
Forestry and Resources Conservation Division ) Office of the Secretary Qil Conservation Division

P.0.Box 1948 87504-1948 827-5950 P.O. Box 2088 87504-2088

827-5830 : , 827-5800
Administrative Services

Park and Recreation Division 827-5925

P.O. Box 1147 87504-1147
827-7465 Energy Conservation & Management

827-5900

Mining and Minerals
827-5970



AT

“” P }.
Mr. Owen Mobley . ' b

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
this 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,

William J. LeMay

. Director

WIL/KMB/sl

cc: OCD Artesia Office




" UNITED STATES
DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE JLAPR 17 AM g 58
Ecological Services

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

OIL CONSERY i pryision
REv: vep

April 12, 1991

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

0il 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 Wildlife Service has reviewed the proposed discharge plan and
has not identified any resource issues of concern to our agency.

(GW-70) ~ The Permian Corporation 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.

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

Sincerely,

Jeaglifsr Fowler-Rro
Field Supervisor

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 Wildlife Service, Fish and Wildlife
Enhancement, Albuquerque, New Mexico



. “Affidavit of Pi@lication

No.__ 13462
STATE OF NEW MEXICO,
Cétinty of Eddy:
" Gary D. Scott being duly
sworn, says: That he is the Publisher of The

Artesia Daily Press, a dally newspaper of general circulation,
published in English at Artesia, said county and state, and that

the hereto attached___ Iegal Notice

was published in a regular and entire issue of the said Artesia
Daily Press, a daily newspaper duly qualified for that purpose

within the meaning of Chapter 167 of the 1937 Session Laws of
days

the state of New Mexico for___1 consecutive weeks on

the same day as follows:

First Publication March 26, 1991

Second Publication
Third Publication

Fourth Publication P / 7
% )7/// 7
Subscribed and sworn {o before me this g8th day

of. L April 1991

théry Bublic, Eddy County, New Mexico

My Commission explre§ -‘;‘gfar\?%ember 23, 1991

C¢@y of Publication

LEGAL NOTICE

NOTICE OF PUBLICATION
STATE OF NEW MEXICO
ENERGY, MINERALS AND
NATURAL
RESOURCES DEPART-
MENT

OIL CONSERVATION
DIVISION

the 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
1 5:00 p.m,, Monday through
* Friday. Prior to ruling on any

Notice is hereby given that| proposed discharge plan or its

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 Dj-
rector of the Ofl 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/1. Protectable
fresh water extends to a depth
of approximately 360 fect 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 syr-
face will be managed.

Any interested person may ob-
tain further information -from

| 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
i 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 ser forth
the reasons why a hearing
Tshould 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 on 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
OIL CONSERVATION
-DIVISION
s-William J. LeMay
WILLIAM J. LEMAY,
Director

"SEAL
Published in the Artesia Daily
Press, Artesia, N.M. March

26, 1991,
Legal 13462
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Mol 35, 19
. PERMIAN BRINE SALES, INC. =" 7% /7%

24:HOUR BRINE $ERVICE THROUGHOUT THE PERMIAN BASIN

] !ﬂlj.

N R 0.0

ODESSA, TEXAS
P, O, BOX 1881 79780 FHONE 333-0331%

June 27, 1983

Mr. Jerry Sexton

0il Conservation Division

New Mexico Energy and Mincrals Department
P.0. Box 1980

Hobbs, New Mexico 88240

Dear Jerry:

We, hereby request that we not be forced to solution mine salt 4n
our brine wells by circulating fresh water down the casing and out
the tubing for the following recasouns.

The fresh water, being 20% lighter than brine, floats on top in the
cavern. As salt gues into solution along the edge, the brine

formed sinks to the bottom and is circulated out the tubing.

In the Permian Basin, the rock salt is about 20% solids, thercfore,
as salt is dissolved in the top of the cavern, the solids fall 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. Sec Sketch B.W, No. 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 rcplaced, a drill bit
placed on the tubing and the tubing is drilled back into the brine
well with a reverse unit and pump. As the anhydrite ledges are
covered with solids, you have to drill a new hole through each ledge.
Another difficulty in circulating down the casing is the Erequent
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

wvashed by direct circulation. This method gives you a series of
"eylinders" that are more conducive to troubie free operation.
Attached for your information 1s a sketch of the cavern at our

Kermit LPG well. This well had two strings of tubing (4" inside ™
in order to allow us to make brine whilc storing propane in the upper
cavzrn, The well was installed 4n 1961 and the cavern shape was
meadured in 1966. We initially washed from bottom to top to get the
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Hr.ﬁierry Sexton
June 27, 1983
Page Two

initial cylinders. We then washed 115,000 barrels of cavern top
to bottom in order to get 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 fit your

needs was first developed by Phillips Petroleum Company in Borger
in 1952,

Figure 13, from an article on Silurian Rock Salt of Ohlo 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 Mininpg Studies” that points
out that imperfect salt covers the underlying salt with impurities.

Brine 18 not corrosive in the abscnce 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 dir present in the watar ic dicplocod uwith eale.
The air is then trapped under the ledges of anhydrite. This air

is compressed when water is pumped into a ciavern. Some of our brine
wells take as much as 12 hours of nmmping into 2 elonod 1n savern ik

order to pressurc up to M5 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 becausc we could not get
tubing far enough back into the cavern (from junk tubing from
previvus cave-lus) wo make saturated brine using the direct method.
It has been our experience rhar we continually have cavu- ins aad

tubing plugging problems when we were forced to circulate down the
casing.

We also feel that 1f we run a recorded pressure test on the cavern
once a year, as we do on our Texas wells, we will further be

assured that no leaking casing wil} 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 ypurs,

PERMALN BRINE SALES, INC. |

A,L. HICKERSON
PRESIDENT

ALt/ Lm
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ITRI-SMRI a
Solution Mining Studies

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 Colbumn j-faetor corre-
lation for predicting the mass transfer coefficient
at the high Schmidt number (1000) of salt in
water. Reasonable results were obtained when the
J-factor was changed to depend on the Schmidt
number to the 0.52 power, a value that is in agree-
ment with the penetration theory,

eters for the profiles of concentration and velocity
in the boundary layer, and this is necessary to pre-
dict correct brine production rates. Experimental
technigues 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 is to understand the
processes that govern the solution of salt in a eojvu.-
tion mine. The problem is important to the m=m-
ber companies of the Solution Mining Rescarch

) ¢

The model includes different thickness param-

a4l

Richard H. Spow
Hugo J. Nielsen

11T Researeh institute
Technology Canter

G{.btao. {llinols 60618

Institute because this knowledge can determine the

conditions which lead to the most ef{icient produc-
tion of brine. This includ¢sdevelopinga cavity of a

ishape that minimizes_the Y€ndency. of roof_falls,

“which can "end 'production of a:brine well alto-
'gether Anothér objective i3 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 measursing the size and shape of
an underground cavity, at least in the 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 3. This was surprising, since
boundary laycr 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. Consequenty,
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 propertics of salt. A digressior
in the original research plan was, therefore, neces:
sary, and this phase of the work is only now

v e -
.

——
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coming to [ruition. In the mcantime 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 onc 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, (Leont'ev, and Kidryaskin,
1966). These gave indications of the type of con-
vective flow to be expected, but there was no
assurance thut different behavior would not occur
when scaled up 100-fold to an actual mine cavity
size. .

Further experiments by Durie (1963) at the Uni-
versity of Texas on slabs of rock salt indicated tha
the convective flow of a boundary layer near l.hf
salt face is the most important phenomenon in de-
termining the solution process. Durie also investi-
gated the boundary layer theory. He applied the
cquations of Eckert and Jackson (1951) develope
for forced convection heat transfer in pipes, to the
free convection salt solution process. Although
Duric’s results did not fully agree with experiment,
we concluded that this approach was worth investi-
gating further, because the boundary layer behav-
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-
plc, many articles present experimental results on

'S1 11/13 ©R:48 P. @7
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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 sccond property of the fluid that affects solu-,
tion rate-is the flow behavior. Flow aids the re-
moval of dissolved salt from the crystal face.

7" 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 ocecur at once, the situation is

difficult to analyze. However, calculations showed
that the flow velocity due to pumping is jmportant

only during the first hours of cavity operation.

Alter_that, flow due to pumping can cause mixing
of _the_bulk_fluid in_the_cavity if there is bottom
Jinjection, but forced flow does not normally reach

. the salt face directly.

Free, or natural convection is_the-most impor-

| tant plienomenon-in-the- cavity, It is caused by the
' increascd 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,

L TR 45

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 increascs to the point where it [
ginning with further development of the bound j becomes urbulent, this causes additional mixing
layer theory in the first )gcar, and exten diingag 1\ t\;rlhu:hlm.mrn taffec_ts the concentration profile and |
other important effects in subsequent years. € solution rate.

rates of mass or heat transfer in terms of empirical !
dimensionless equations that are valid only for !
special conditions, but not for the conditions of |
salt dissolving, A longrange plan was prepared, be-

BASIC PHENOMENA AFFECTING
SOLUTION IN A CAVITY

At this point it is worthwhile to summarize 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 perfec: crystal, only one
property of the solid is of prim:ry importance: the
solubility. Two other variables of imperfect salt

TDEVELOPMENT 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. I general, these
equations can only be solved on a computer. Even

. --~'-_ ) - j.

then, the problem is too difficult to obtain a prac. -k
tical answer in a reasonable time with the largest . i&
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MILLIAM J. LEMAY,

DIL CONSERVATION DVISION |,
lounal: Merch 98, igr >

sTATE OF NV MEXICO - o
County of Bemalillo s$ '

o, N0 ¥y w1H SecniAnijF 5TATE’.2?R1(‘F
) fmissicr es = Sieansl

OIL CONSERY . 19N D,
I - RECT.vgp
saysthatheisNational Advertising :

ThomasJ. Smithso}x being duly sworndeclares and

manager of the Albuquerque Journal , and that this newspaper is duly qualified to 91 fl R R 25 A

publish legal notices or advertisements within the meaning of Section 3, Chaper 167, m §
Session Laws of 1937, and that payment th ;

costs; that the notice, a copy of which is hereto attac
in the regular daily edition,

erefore has been made or assessed as court
hed, was published in said paper

for \ _times, the first publication being on the... ...

RO NN , 1991, and the subsequent consecutive

of......
Aoy 1991,

publicationson

RNt

MeT a 1BLIC-MEW MERICO 3" NS\

%&mwﬁ&%md for the County of Bemnalillo and State of New
ST QRTIZ TMexico, this . 2s..... day of WIS ,1991.
&

T Statement to come at end of month.

ACCOUNTNUMBER A&

CLA-22-A (R-12/91)




NOTICE OF 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. Bax 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 well to dissolve the rock salt at a depth
of approximately 450 feet. Saturated brine will be extracted from a second
well simarily 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 approxirnately 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, the 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.
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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
OIL CONSERVATIO

WILLIAM J. LEMAY, Director

S E A L



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

F CliL CONSERVATION DIVISION
- ‘-?.‘j‘,
BRUCE KING POST OFFICE BOX 2088 -
GOVERNOR STATE LAND OFFICE BUILDING
: SANTA FE, NEW MEXICO 87504
March 18, 1991 (5051 827-5800

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 Permian 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 cf the guidelines for discharge plans at brine extraction
facilities, and a copy of the Water Quality Control Commnssion 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,

?(% /’l Lot

Kathy M. Brown
Environmental Bureau Geologist

RCA/s]
Enclosures

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

o R4
-~
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OFFICE PHONE: PROFESSIONAL ENGINEERS M S+ 7 18 DIVisS1on RESIDENCE:
(915) 381-0531 TEXAS #11830K RO oD H0Y, ) 16 AINBRIDGE DRIVE
(915) 563-4730 e ODESSA, TEXAS 79762
FAX 915/381-9316 6067 W. TENTHST.. . ... . N PHONE: (915) 362-4814
DIRECT LINE: (915) 381-8420 ODESSA, TEXAST79768. + iy £ Hil § 1]

March 15, 1991

Mr. William J. Lemay

Director of 0il Conservation Division
State of New Mexico

P.0. 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-21i-8, R-27-E.

ATTN: Kathy Moore
Deaxr Sirs:

Attached as requested by phone are subject forms. BAlso 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 Carlsbhad.

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 f£rom 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 vears, from over fifty
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 caverxn is enlarged.

I feel sure that the proposed operation on the Tracy Lease will be safe.
If additional information is desired, please call me. (915-381i-0531).
Very-Tru
% :

A.L. Hickerson

¢c Owen Mobley - TPC Houston
Larxy Evans = TPC Midland
Richard Lentz - TPC Hobbs
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Submit to Appropriate State of New Mexico

District Office Energy, Minerals and Nawral Resources Department
State Lease ~ 6 copies .
Fee Leasc — 5 copies

Form C-101
Revised 1-1-89

DISTRICTI OIL CONSERVATION DIVISION 50 (amigacd by OCD oa New Wells)

P.O. Box 1980, Hobbs, NM 88240 P.O. Box.2088

DISTRICTI . Santa Fe, New Mexico 87504-2088 5. Indicate Type of Lease

P.O. Drawer DD, Ariesia, NM 88210 sTATE L) FEE

DISTRICT Il 6. State Oil & Gas Lease No.
1000 Rio Brazos Rd., Azntec, NM 87410

APPLICATION FOR PERMIT TO DRILL, DEEPEN, OR PLUGBACK /7 /7

1a. Type of Work: : 7. Lease Name or Unit Agreement Name
DRILL [x] REENTER [ ] DEEPEN [ ]  PLUGBACK [ |
b. Type of Well: .
ouy.pe ¢ GAS SINGLE MULTIPLE Tracy Lease
wew ] wew [ omer Brine Well o [ ZONE ]
2. Name of Operator 8. Well No.
The Permian Corporation 2
3. Address of Operator : 9. Pool name or Wildcat
PO BOX 1183 HOUSTON TX 77001 Wildcat
. Well Location .
Unit Letter 2 : 1600 FetFromThe East Lineand 2450 Feet FomThe South Line
Section 33 ‘Townshi 21-S Range 27-E

Rotary
3. Elevations (Show whether DF, RT, GR, eic.) 14. Kind & Status Plug. Bond 15. Drilling Coutractor 16. Approx. Date Work will stant
3128 GI. #SU1326252/Utica Mak. Not Let 2 wks after approvi.
. 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 circulate
6 3/4" 5 L 174 5251 85 circulate

N ABOVE SPACE DESCRIBE PROPOSED PROGRAM: IF FROFOSAL 1S TO DEEPEN OR FLUG BACK, GIVE DATA ON PRESENT FRODUCTIVE ZONE AND PROPOSED NEW PRODUCTIVE
ONE. GIVE BLOWOUT PREVENTER PROGRAM, IF ANY.

o5

J ; -
hereby certify that the infoprtition apfve is Gl and corfplete (o the best of my knowledge and belief, ’ ) - /
i . g - ’

Consultant | 2-11-91

GNATURE e TMLE DATE
reorrrNTNaAME A.L. Hickerson TarroNeNo. 915-381-0532
his space for State Use)

PROVED BY TITLE DATE
/NDITIONS OF APPROVAL, IF ANY: '
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g’m“‘ o A e State of New Mexico

isrict omgempn , Minerals and Natural Resources Dep
ate Lease - 4 coplu

¢ Lease - 3 copies

OIL CONSERVATION DIVISION
P.O. Box 2088
Santa Fe, New Mexico 87504-2088

STRICT 1

J. Box 1980, Hobbs, NM 88240
STRICT T ) .

). Drawer DD, Artesia, NM 88210

Rio Brazos R4., Antec 87410
© N +NM ! All Distances must be from the outer boundarias of the section

Form C-102 !
Revisndg 1-1-89

WELL LOCATION AND ACREAGE DEDICATION PLAT

peralor Lease Well No.
THE PERMIAN CORPORATION TPACY 2
nit Letter Section Township Range County i
cwal Foowage Location of Well: |
1
1600 feet from the EAST linc and 2450 feet from the SOUTH line i
round leve! Elev. Producing Formation Pocl Dedicated Acreage: ‘
3122 POCK SALT WILDCAT 40 Aces
1. Culline the acreage dedicaled ta the subject well by colored peneil or hachure marks on the plat below. :
!
2. If more than one lease is dedicated to the well, outline each and identify the ownership thereof (both as to working interest and royaity). :
1
3. If more than one lease of different owaership is dedxcawcl (o the well, have the interest of all owners been cousolidaied by commuaitization, f
unilization, force-pooling, etc.? |
Yes H No If answer is “yes” type of consolidation |
If answer is "no” Jist the owners and tract descriptions which have actually been consohdaxed. {Use reverse side of l
this form if neccessary. i
No allowable will be assigned to the well until all interests have been consolidated (by commuaitization, unitizalion, forced-pooling, or otherwise) !
or until 2 non-standard unit, eliminating such interest, has beea approved by the Division. \
OPERATOR CERTIFICATION 1

e G G D Gy XD =

-

!
[
|
I
I
:
L K ——
T
l |
|
l

I hereby certify that ihe information
contained herein in true and complete to the !
best of my knowledge and belief.

P

Marvin J. Reynolds

‘Position

Vice President - 0perat1ons

Company
THE PERMIAN CORPORATION

Date

February 14, 1991 :

|
|
| |
| |
ll ! "1
l J ey Mear—— l -
| ' B} —-1600"——
| - o
{ i
] , i
| ‘; 1
; | 40 ACRE LEASE|
. |

I
} 2450"
I
l
I

SURVEYOR CERTIFICATION i

I hereby certify that the well location :howu.
on this plat was plotied from field notes o l
aciual swveys made by me or under my
supervison, and that the same (s true and
correct 10 the best of my knowledge and'
belief. ‘

Date Surveyed

Gz i

i

Proa 2310 2640

]
1320

B - ” ‘ '
¢ 33 es0 990 1650




® | ° .

* Subrmit to Appropriile State: of New Mexico Form C-101
District Office Energy, Minerals and Nawral Resources Department, Revised 1.1-89
Sute Lease ~ 6 copies
Fee Lease — 5 copies .

OIL CONSERVATION DIVISION 2576 (smiged vy OCD oa New Weily)

gé. Box 1980, Hobbs, NM 85240 P.C. Box 2088
Santa Fe, New Mexico 87504-2088

5. Indicate Type of Lease
STATE FEE
& State Oil & Gas Lease No.

DISTRICTY :
P.Q. Drawer DD, Astesia, INIM 88210

DISTRICT 111
1000 Rio Brazos Rd., Aznec, NM 87410

APPLICATION FOR PERMIT TO DRILL, DEEPEN, OR PLUGBACK 7777/, ///////0

la. Type of Work: 7. YLease Name or Unit Agreement Name
DRILL 55} RE-ENTER [ |  DEEPEN [] PLUG BACK [ ]
b. Type of Weil:
oL aAs sINGLE MULTDLE
wan [[] wen [] ommm  Brine Well v [X] wNe [ Tracy Lease
L Name of Operator 8. Well No.
The Permian Corporatlon 1
\. Address of Operalor ' 9. Pool pame or Wildeat
PO BOX 1183 HOUSTON TX 77001 Wildcat
. Well Location
Unit Leter 1 : 1490 Fect FromThe EAST Linessd 2230 Fet FromThe South Line
Secuom Townshi 21-58 Range 27-E EDDY County

WWW?W LA,

///////////”///////////// T T T

\. Elevations (Skow wkulw DF,RT, GR, etc.) 14, Kind & Status Flug. Boed 15. Drilling Coatractor 16. Approx. Datz Work will stant
31272 GL 1501326252 /0tica Mut] - Not Let 2 wks after approvi
PROPOSED CASING AND CEMENT PROGRAM
SIZE OF HOLE SIZE OF CASING | WEIGHT PERFOOT | SETTING DEPTH | SACKS OF CEMENT EST. TOP
10%" 7 5/8" 244 400" 125 circulate
6 3/4" 5 L 17# 450° 75 circulate

T ABOVE SPACE DESCRIBE PROPOSED PROGRAM: & PROROSAL IS TO DEEPEN OR FLUG BACK, OFVE DATA ON PRESENT FRODUCTIVE ZONE AND PROFOSED NEW FRODUCTIVE
NE. GIVE BLAOWOUT PREVENTER FROGRAM, u/"m

by cestify that the 4{& %z( /2 and g aetomsbano!myknawkdgemdmid. ‘ ' .

,mm' / _'/ e Consultant pate —2~J11=91

PE OR PRINT NAME A.L. Hickerson YOLEFHONENOC.§15-381 «05"
it spack for Stte Lise)

ROVED BY T DATE
DITIONS OF AWROVAL, 5 ANY: '



“bmit 10 Approprisie
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utnct Office
ate Lease « 4 copies
¢ Lease - 3 copics

SIRICT ]
3. Bor 1980, Hobbs, NM 88240

STRICT X
). Drawer DD, Anc,sm,M\A 88210

STRICT AL
30 Rio Brazcs Rd., Antec, NM 87410

State of New Mexico

E‘y, Minesals and Natural Resources Depmm.

OIL CONSERVATION DIVISION

P.O. Box 2088
Santa Fe, New Mexico 87504-2033

S ——

A,
Form C-102 !
Reviscd 1-1.89

WELL LOCATION AND ACREAGE DEDICATION PLAY

All Distances must be from the cuter boundaiias of the section

peraior | Leass Well No.
THE PERMIAN CORPORATICN TRACY ) 1

n Letier Seclion Township Range County i

33 21-5 27-E ey | EDDY !

ciual Fooage Lovcauos of Well: |

v !

1400 feet from the EAST line and 2230 feet fomthe S OUTH ling i

round level Elev, Producing Formatun Poat Dedicated Acreage: :

3122 ROCK SALT WILDCAT 40 Acres :

1. Cutline the acreage dedicaled 10 the subject well by colored pencil or hachure marks on the plat below, |

2 If more thaa ore Jease is dedicated W the well, outling each aud ideatify the ownesship thereof (both 25 10 working interest and royalty). :

!

3. If more than one tease of different ownership is dcd:awl to the well, have the interest of all owners been consolidated by communitization, :

unitization, force-paoling, ete.? )

Yes R No If answer is "yes® type of cousolidation ;

If answer is “ne” list the owness and tract descriptions which have schually been consohdatcd. (Use reverse side of [

this form if neccessary. i

No allowable will be assigned 1o the well until all intercsts have been consolidated (by communitization, unitizauon, forced- poaling, or otherwise) !

or untit 3 non-standard unit, eliminating such ioterest, has been approved by the Division. ;

- OPERATOR CERTIFICATION

ru.nm-—«.‘-m.—on-—n O EEDS Gey AW S DU e

u—w—---—uu-...n—-—lrm-—-_“k-i—m

wan

I hereby certify that the information
contained hevein in true and complete 10 1he
best of my knowledge and belief.

e e e

Signa /

,/'/ /W~ Whoa ..//

Prinfed Name l
Marvin J. Reynolds i

Position

Vice President - Operat1ons

Company
THE PERMIAN CORPORATI Olﬁ\J

Datie

February 14, 1991 :

””*m—g_—nn—a_:ﬂwmd———.‘-n—u—m-‘_——

|
|

Pt Eees i (mse VEVna QweN @y

-~

D WACT T W G SR W Send

|
i
|
!

o orel e s e o

GF——— 1400"' >
} |
|

{
40 ACRE LEASE|

ik bnae e cmcs ot siaas .w.@_. e e s asnm <ht e

bartain Gk GO CESED Swix) Svhe e

SURVEYOR CERTIFICATION |

1 hereby certify that the well location shown'
on this plat was plotied from field notes of;
actual swrveys wade by me or wder rm(
supervison, and tha! the same it true ond
correct 10 the best of my knowledge and'
belief.

Date Surveyed

F !%)@6@8‘\1991

|
|
!

DT
t i

0 330 b 990 1320 1650

1980 2310 2640

Signajure,aXSeal of T
Projessyn

/ A, //
wxcue W
J‘}PO} 2 Q@\U}' .:.
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Selution Mining Test Site—Carlsbad Basin, New Mexico

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.

Scarch 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 resérves 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
sizc 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 for nominal annual rentals. Federal

433

D.A. Shock
J.G. Davis

Continental Qil Company

<l cllod 4972
wos  Tbr-FEC

potassium prospecting permits were subsequently
obtained on several tracts totaling some 2,000

acres in the vicinity of the existing potash mines

(Fig. 1).

o camsmad
oA e
oy oA, O8RS o

Figure 1.

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 KCl 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
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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

GROUND SURFACE ELEVATION= 3415’

5
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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-

b iy g A » s P N Ty ¥ 7 S L g 0 e o ppry-gr b B G RN YW T e

‘ Solution Mining Test Site

mately 15% K, O. 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.

D&;\i\l | |
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PER CENT POTASSIUM CHLORIDE

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

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 solut;g,x;L~

mlmng or cav1ty construcuon

The prospecting permit explred 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.

B N R ULy T Ao
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Solution Mining Test Site

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. It 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. ! SMT No. 2

| 7

350

SMT No. 3

Figure 4. Well pattern for New Mexico pilot test.

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, full
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. .

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-
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-flood 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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Figure 6. Power panel. »

Figure 7. Storage tank and circulation pump,

e

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-150 Triplex Pumps. These had a combined out-
put as rigged of 4,000 BPD at 1,500 PSI and were

‘ Solution Mining Test Site

skid-mounted. Diesel injéction 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 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).
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Figure 12, Sonar model of 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. It
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' 5 12" fracture, 11" between wells
MANNER OF TEST: Inlet and Outlet at bottom of fracture
RECAPITULATION OF DATA

[

. Vol. of Water Cumulative
Ir&lerxal oo . Flow R_ate Specific G(avity (;llctuéa:?ndm\l/e%!. Volun_xe of %(:—!'EM;—&\%%
Min per time cumulative cc/min Qutlet Brine ct/stage Cavity formed
’ interval e
15 170 770 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 2519 93
15 755 3,090 50.3 1.145 79.0 330.9 9.5
15 770 3,860 514 1.132 73.9 494.8 10.4
15 760 4,620 50.7 1.117 64.5 469.3 11.7
*18 980 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 £88.0 11.3
15 655 8,065 43.7 1.139 65.9 753.9 10.0
**1h 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 - 875 - 1,068.3 8.7
15 750 11,700 50.0 1.157 85.3 1,143.6 8.8
bl 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
(1) 765 14,015 51.0 1.157 86.8 1,408.4 8.8
16 770 14,785 51.3 1.156 87.2 1,495.6 8.8
15 795 15,580 "~ B3.0 1.155 89.3 1,584.9 8.9
Rl 610 16,190 40.7 1.139 61.4 1,646.3 1.0
t11 900 17,090 - 1.153 98.7 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 atinlet = 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 onc 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.
Y Found air still leaking in and filled cavity with water and shut down.



Hydraulic Fracturing in Sait and Potash Formations

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 adjecent welis 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 i demonstrating that a
fracture path along the clay scam was not estab-
lished and consequently that these weakness planes
were not suitable for fracture propagation.

A different technique was developed and ¢pplied
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
potask 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-
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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 successtul 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 will 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 dnlled 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 begun 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

Hydrauii¢ Fracturing in Salt and Potash Formations

FLUID FLOW
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Figure 2, Fracture propagation.

for signs of success. These signs of success failed to

appear, and after very large quantities of fluid had
been _injected-an mmunication had been
established, fluid injection 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 flow be-

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. It 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,

INSECTION
" WELL

TARGET /T

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. It 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.
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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. At
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 that rein-~

Jjection 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. It
may be noted that with a high flow rate from the

WELL SHUT (& WELL OPEN

ﬁoo r5! LESS THAN 100P81
ﬂ @ I
(o ~
_——1 r\_
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T
A/zgoopﬂ ,4800P31
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:FRACTURI

CLOSING

N

7 FRACTURE

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,

1
l iNJECTION

ELL SHUT IN

¥ ELL OPEMED F

WELL MEAD PREIZURE

-
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Figure 6. Well pressure behavior.

is at a static pressure sufficient to keep the fracture
operr. 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. If 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 will. 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

‘/dr.aulic Fracturing in Salt and Fotash Formations

which may be extended by the injection of addi-
tional fluid.

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 it.
The areal extent of the established pool could be
estimated. It 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 “tilt 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. It, 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.

It 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. It 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

2. ESTIMATE FRACTURE THICKNESS

3 DETERMINE FLUID VOLUME REQUIRED

4 |NJ(E)%T AND OBSERVE SURFACE DEFLECTIONS

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

COMPLETE THE COMMUNICATION

6. ESTABLISH ADDITIONAL "FRACTURE POOLS"
AND WELL FIELDS AS DESIRED

Figurc 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 pool can be,
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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

and cementing does not need to be designed for
e i

‘high fracturing pressures.

L. CONTROLLED OPERATIONS
2. NO ABSOLUTE LIMIT ON WELL SPACING

3. SUCCESSFUL COMMUNICATICNS CAN EXCEED
NINETY PERCENT

4. HIGH PERCENTAGE OF GIVEN SURFACE
AREA CAN BE MINED

Figﬁre 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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Extraction of Minerals Through Wells

ABSTRACT

“Hydraulic Fracturing” is a method used to
create artifictal fractures for the purpose of increas-
ing flow capacity around a well or enhancing com-
munication between two adjacent wells. The pres-
ent paper reporis on some theoretical, laboratory
and field studies atmed 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 sirvess. It is found that the pressures
required to initiate and extend vertical fractures
depend on the principal tectoric 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 i 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 wells 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.
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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 communiczation 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 weil
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.

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 orten-
tation and direction. To do so, a theoretical model
is constructed based on some limiting assumptions
regarding the materials involved. 1t 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)
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 (S;;, S,,) 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 {luid flow into the formation resulting from
the difference between the well pressure (P, ) and
the reservoir fluid pressure (P, ). 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 (Sgg).
Under normal in-situ stress conditions, this stress is
the first to reach tensile values, as the wellbore
pressure P, 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 (Sz2),

(Fig. 1). In terms of effective stresses [o" = Sjj

+

Hydraulic Fracturing and the Extraction of Minerals

* 8,070, Py ‘

—— —-——
rock -
S
s e t— ! 4——"
/VER'I'ICAL FRACTURE

Figure 1. Cross section of vertically fractured well.

Pfori = j
fori # j ’

the tangential stress at these two points is given by
1 -2
0gp =3022-011 +(2 - @ 1 -v ) (P - Po) (1)

where:

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

Oaxl
v = Poisson’s ratio of the rock.

Failure in tension occurs when P, reaches a critical
value (PR}, also called breakdown pressure, at
which opg > 0., where o, 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):

- 30 + g
Pp_P = ot 22 11
¢ o ) 1.9 (2a)
B
where:
o< a_l__:_gi’_g 1
1 -

If the formation permeability to the fractuing fluid
is negligible, the third mentioned stress field 1s zero
and the critical pressure (p!) then becomes:

Pé-P = g,-30,, +o,, (2b)

o

* This includes nonporous formations as a special case.
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From equations (2a) and (2b) it can be easily veri-
fied that Pl > PP, 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 o, v, @ 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.

It is assumed that the vertical tensile fracture
initiated at the wellbor¢ will extend along a plane
perpendicular to the direction of the larger hori-
zontal principal tectonic stress (S; ;). 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,) is the instantaneous shut-in pressure,
and is given by:

PS-PO,;>~022 (3)

It should be noted that the values of P and P,
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, 50 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 ¢,; and 0,, are known, the break-
down pressure (P_) and the pressure required to
keep the fracture open (P,) 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. It 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, and P, 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
(0y; = 05,) there is no preferred direction for
the vertical fracture and a weakness in the rock
close to the wellbore can determine the fracture
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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. 1f the fracture directions in a number of
neighbor wells scem 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 3.0
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-
plied. 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
psifsec.). The pressure versus time curve was re-
corded in an X-Y plorter. At some critical (break-
down) pressure (P_), 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. All 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 Tennessce 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

Hydraulic Fracturing and the Extraction of Minerals

Hydrata,

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
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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- 3
ated there and extended in the general

e

oo o ©

Figure 5. Vertical fracture in highly permeable Berea Sandstone.
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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 Figure 7. Three cve.nly distribu.ted vertical fractures in Indiana Lime-
the fracturing tests, by use of a hydraulic stone under no horizontal loading.

Figure 6. Vertical fracture at random in hydrostone under hori- Figure 8, Three evenly distributed vertical fractures in Cordova
zontal hydrostatic stress condition, Cream under no horizontal loading. v




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,
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Figure 9. Hydraulic fracture in vertically pre-notched Ohio Sand-
stone.
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Figure 10. Hydraulic fracture in vertically pre-notched Cordova
Cream.
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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 P_ 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

50001
4000

3000

Pe s pPsi

[o)
1000 / o - EXPERIMENTAL P,

0 1000 2000 3000 4000 5000

-o \8) psi

Figure 11. Relationship between theoretically predicted P(i: 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. agg is
given by 6gg = 30,, - 0,,. 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 Pi (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
drilled in 5.0 inch diameter cylindrical
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Figure 12 Relationship between theoretically predicted P(i: and Pg
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
gucsswork 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 in 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 plancs.

ng/lic Fracturing and the Extraction of Minerals

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 welibore, 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 mandre]. 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 full 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 corapass 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 from 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, the study included the Clinton
Sandstone in Falls Township, Hocking County, and
in Iilinois, a carbonate reservoir was investigated.
Locations of the tested wells in two of the areas
are shown in Figures 17 and 18.

?
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RLLEGANY COUNTY, NEW YORK
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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 diagrammati-
cally (except for Illinois) in Figures 17 and 18.
Table 2 enumerates some of the physical properties
of the formations. It 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 the treated wells, and the direction of
vertical fractures in the Ohio field.

IMPRESSION -
PACKER

AFTER TREATAEKT

16T

WELL NO. 3

Figure 19. Packer with typical vertical fracture impression from well
No. 3 in New York, '

i
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TABLE 1. Hydraulic Fracturing Results in Three Field Tests
Critical Instantaneous Fracture
. Well Depth Breakdown Shut-in .
Lacation Azimuth
No. Feet Pressur.e Pressur.e East of True North -
Pe, psi P, psi
New York 1 1607-16 5264* 1864 93°
2 1677-82 h848* 2013 65°
3 1671-79 3258 2161 74°
Ohio 1 2622-32 2938 2238 §2°
2 2634-52 - - 59°
3 2671-81 2934 2259 67°
4 2662-71 3054 2154 68°
Hinois ] 314-332 539 . 49°
2 321-338 643 393 67°
K] 314-323 588 338 72°
[ 310327 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 pressufe.

TABLE 2. Physical Properties of Three Formations Tested

Tensile . . . Reservoir
. Porosity Permeability Poisson's
Location Stren.gth % nd. Ratio Pressqre
psi psi
New York 575 13.5 0.5 0.1 530
Ghio 1000 15.0 33.0 0.2 600
Hiinois 725 22.0 8.0 0.2 - 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 ficld 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 from 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
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this assumption. It 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.
If 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
= fluid pressure

P, = reservoir pore fluid pres-
sure

P, = breakdown (critical)
pressure

Pl = breakdown pressure in
impermeable rock

pP = breakdown pressure in
permeable rock

P, .. = wellbore instantaneous
shut-in pressure

P, = wellbore pressure prior
to fracturing

S = stress tensor

Si1 = smaller horizontal princi-
pal tectonic stress (ten-
sion taken as positive)

S,. = larger horizontal princi-
pal tectonic stress

S33 = vertical principal tec-
tonic stress

o = parameter of a porous
material

v = Poisson’s ratio

g = effective stress tensor

05 = effective stress tensor
around the wellbore due
to tectonic stresses

0y, 0y,0, = cqmpressive. loads ap-
plied to specimens

0, = tensile strength in the

horizontal plane as ap-
plied to hydraulic trac-
turing.




ACKNOWLEDGEMENTS

The theoretical and part of the experimental
work reported here was carried out by the senior
author at the University of Minnesota. He takes
this opportunity to thank Professors C. Fairhurst
and W.D. Lacabanne for their continued assistance
and support.

The authors wish to thank the management of
Halliburton Services for permission to publish this

paper.

432

" REFERENCES

Anderson, E.M., 1963, The dynamics of faulting:
Edinburgh and London, Oliver and Boyd, 206 p.

Frazer, C.D., and Pettitt, B.E., 1962, Results of a
field test to determine the type and orientation
of hydraulically induced formation fracture;
Jour. Petr. Tech. v. 14, p. 463.

Haimson, B., 1968, Hydraulic fracturing in porous
and non-porous rock and its potential for deter-

Hydraulic Fracturing and the Extraction of Minerals

mining in-situ stresses at great depth: Ph.D.
Thests, University of Minnesota.

Haimson, B., and Fairhurst, C., 1967, Initiation
and extension of hydraulic fractures in rocks:
Soc. Petr. Eng. Jour., Sept. 1967, p. 310-318.

———, 1969, Hydraulic fracturing in porous-
permeable materials: Jour. Petr. Tech. (to be
published). ‘

Hubbert, M.K., and Willis, D.G., 1957, Mechanics
of hydraulic fracturing: Trans. AIME, v. 210, p.
153.

Mann, R.L., and Fatt, I., 1960, Effects of pore
fluids in the elastic properties of sandstone:
Geophysics, v. 25, p. 433.

Overbey, W.K., and Rough, R.L., 1968, Surface
joint patterns predict wellbore fracture orienta-
tion: Oil and Gas Jour., Feb. 26, p. 84.



“Selution Mining Gperations in the
Presence of Vertical Fracture Systems

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 exper:-
mental model data are presented. Different solu-
tion patterns are developed depending on the mode
of fracture system. Shape of cavities formed in
masswe 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, 1960; 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.
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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. All 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 flow 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 from 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 positicn. 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 the 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 50 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 the 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=2/3yah-2/3ax(h-b)

W

or

]

V=2/3ab(x+y) (1)

Solution Mining Operations

A D

Figure 1. Insoluble bed above the fracture.

PROJECTED PROGRESSION OF CAVITY
GROWTH WITH INSOLUBLE BED
ABOVE FRAGCTURE

NSNEANE

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=2/3X21/2X16{53/8+41/8)
V = 261.25 cubic inches, or
V = 4281 cubic centimeters.
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Table 1. Washing Data For Vertical Fracture Irhpermeable
Bed Above Fracture

Source of Salt: Grand Saline Mina
Morton Salt, Co., Grand Saline, Toxas

Initial Fracture Length = 13 inches
Initial Fracture Width = 3 mm
Initial Fracture Depth = 2 1/2 inches

Time Interval Volume of Water : Cumulative

Minutes cC Flow Rate  Specific Gravity Salt Removed Volume

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

ce

8.5 1,700 1,700 200. 1.082 814 814
4.0 800 2,500 200 1.1 b1.6 149.0
5.0 840 3,140 128 1.107 30.2 1782
5.0 640 3,780 128 1.121 325 211.7
5.0 640 4,420 128 1.128 324 2441
5.0 670 5,090 134 1.128 34.9 279.0
5.0 840 6,730 128 ' 1.126 34.8 313.8
13.0 1,750 8,480 134 1.122 138.0 451.8
1.8 390 8,870 50 1121 30.2 A82.0
8.0 400 9,200 50 1.13 32.1 5141
8.0 345 9,545 43 1.144 31.7 545.8
12.0 490 10,035 40 1.160 48.1 hg4.9
5.0 180 10,285 36 1.170 19.35 604.3
10.0 445 10,730 44.% 1.173 415 €51.8
10.0 390 11,120 39.0 1.172 422 634.0
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 12,485 42.0 1.170 4499 839.3
10.0 465 12,820 46.5 1.165 43.7 887.0
10.0 360 13,280 36.0 1.170 38.5 9255
12.0 360 .3,640 30.0 1.176 35.3 960.8
15.0 650 14,290 43.0 1.172 639.2 1,030.0
15.0 600 14,890 40 s 1170 64.0 1,034.0
15.0 780 15,670 54 1.162 83.0 1,171.0
15.0 780 16,450 54 1.156 16.8 1,253.8
15.0 700 12,100 48 1.158 70.0 1,323.8
15.0 780 17,880 52 1.155 16.5 1,400.3
5.0 730 18,610 485 1.154 71.0 1,471.3
15.0 685 19,295 457 1.154 66.8 1,638.1
15.0 650 19,945 433 1.156 684.0 1,602.1

15.0 600 20,545 40.0 1.158 59.75 1,661.85
15.0 700 21,245 48,7 1.158 68.2 1,730.0
15.0 659 21,895 433 1.148 64.0 1.784.0
5.0 200 22,095 40.0 1.188 23.7 1817.7
32 1,640.0 23,735 51.0 1.170 1745 1,982.2
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 1100 1119 58.5 2,160.5
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Volume of Water Flow Rate Specific Gravity SaltRemoved  Cumulative
Time Interval cc cc/Minute Effluent cc/Stage Volume
Minutes Per Time Interval Cumulative 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 1.138 575 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 2,671.5
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 29839
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 3,000.4
15.0 640 36,935 42.6 1.114 47.4 3,1378
15.0 605 37,540 40.3 1.122 417 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
Rem L N
oved 4050 cc of saturated brine; specific gravity 1.198 2.0
Total 3,837.7

The total volume recovered through washing was
4050 cc, representing a difference of 231 cc, or an
error of 5 percent in calculated and observed vol-
umes. The fact that the model assumes solution to
take place on the slanting side to the very bottom
of the fracture depth should result in a somewhat
higher volume. As may be seen from Figure 3, final
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Figure 3. Final cavity shape.

shape of the washed cavity reveals the lower por-
tion of the initial vertical fracture still in existence.
In view of this, agreement of the calculated and
observed volumes is excellent.

For the case in which a vertical fracture is
formed in massive salt, resulting in a system
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-
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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.

a

ately apparent that the two shapes developed, Fig-
ure 1 and Figure 5, are similar only to the degree
that both 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,

YARRY;
=2 21,2 SEELER
V'3ab(X+V)+3[2 11+4Y2 hT(\/m)]
i

2AMZeay(n, b 22k

2
12+4X

L
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Figure 5, With soluble bed above the fracture.
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h; can be derived, since
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388 Solution Mining Operstions
Table 2. Washing Data For Vertical Fracture Ending
In Massive Salt
Source of Salt: United Salt Campany Mine
Hockley, Texas
Initial Fracture Length = 18 1/2 inches
Initial Fracture Width = 3 mm
Initial Fracture Depth = 3 inches
Volume of Water Cumulative
Time Interval ce Flow Rate Specific Gravity  Salt Removed Voluime
Minutes Per Time Interval Cumulative cc/Minute Etfluent cc/Stage of Cavity
: o
15.0 1,400 1,400 93.33 1.10 915 815
15.0 1,315 2,115 87.66 1.105 914 182.9
15.0 1,120 3,835 76.66 1.166 84.5 267.4
15.0 975 4,810 65.0 1.126 78.1 3465
15.0 1,020 5,830 68.0 1.126 83.1 4295
15.0 1,015 6,845 81.7 1.125 82.0 5118
15.0 1,010 © 7,855 . 673 1.125 82.0 593.5
15.0 1,000 8,853 66.7 1.128 815 §75.0
15.0 877 9,832 65.1 1.127 78.7 754.7
15.0 940 10,772 52.60 1.170 100.6 855.3
15.0 1,015 11,787 67.66 1.133 86.4 241.3
15.0 1,090 12,877 72.66 1.126 88.5 1,030.8
30.0 1,920 14,799 64.0 1.126 156.0 1,186.2
15.0 1,050 15,847 70.0 1.125 849 12710
15.0 1,050 16,897 700 1.125 849 1,356.0
15.0 955 17,852 63.66 1.125 76.5 71,4325
15.0 880 18,732 58.66 1.100 51.7 1,490.2
15.0 880 19,612 58.66 1.060 35.45 1,525.6
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 2,210 23,880 75.6 1.134 195.2 1,884.1
15.0 1,030 24,912 68.33 1.137 80.6 1,974.7
15.0 930 25,842 62.0 1.137 82.0 2,058.7
15.0 1,030 25,872 69.5 1.137 910 2,153.7
10.0 720 27,592 720 ° 1.260 86.8 2,240.5
15.0 1,420 29,012 94.66 1.156 140.0 2,380.5
15.0 1,460 30,462 §7.30 1.173 154.0 2,534.5
15.0 1,200 31,662 80.0 1.154 123.0 2.658.3
15.0 830.0 32,492 55.3 1.144 76.2 2,734,5
15.0 1,180 33,672 78.6 1.139 106.0 2,8405
15.0 1,000 34,672 66.6 1.134 86.5 2, 19270
15.0 1,200 35,872 80.0 1.154 1165 3,043.%
15.0° 1,440 37,312 36.0 1.152 138.5 3,182.0
15.0 1,360 38,672 90.6 1.144 1215 3, 3035
15.0 1,175 39,847 78.3 1.142 106.2 3,408.7
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 £2.0 1.183 114.8 38191
15.0 1,180 45,047 78.6 1.154 109.3 3, 978.4
15.0 1,030 46,077 68.6 1.146 97.0 4,085.4
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Volume of Water Cumulative
Time Intarval cC. Flow Rate Specific Gravity Salt Removed Volume
Minutes Per Timne Interval Cumulative ce/Minute Effluent cc/Stage of Cavity
cc

15.0 920 46,997 61.3 1.147 85.8 4,110.2
15.0 840 48,037 62.6 1.147 875 4,197.7
15.0 935 49,072 62.3 1.147 87.0 4,284.7
15.0 895 49,967 . 596 1.150 85.3 4,370.0
15.0 1,280 51,247 85.3 1.184 146.3 4516.3
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 54121
15.0 970 60,397 64.6 1.144 839.0 5,501.1
15.0 1,000 61,397 66.6 1.144 91.6 5,692.7
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 1175 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 1.1 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 6,335.7
15.0 830 70,277 55.33 1.173 90.0 6,425.7
15.0 820 » 11,097 54.66 1.170 815 6,513.2
15.0 810 71,907 54.00 1.170 86.5 6,5699.7
15.0 1,880 13,797 126. 1.132 145.5 6,745.2
15.0 615 714,412 41.0 1.192 72.7 6,817.9
15.0 560 ' 74,972 343 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, substituﬁng values for the conditions at V=lx 773.4155

the end of the test, 3
V = 515.61 cubic inches,

h, =561.765inches: 1 =3.0inches a=14375inches O
y =4.875 inches 1 =2.5 inches V =8448.3 cc.
b

=21.0 inches x =2.8125 inches o )
The measured volume of the cavity, including the

- insoluble anhydrite was 9160 cc. The difference in
[3x4.875 X 51765 — 30.765 x 2.5 x 2.8125 . volume, readily seen to occur because of the sim-
+1.4375 x 21 x 7.6875] plifying assumption of straight slant sides, is 711

V=

win
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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

cl

\ |
V== +C, +C,T+C, T2 40T +C,T .

For the case in which an impermeable bed exists
immediately above the vertical fracture, the con-
stants yield the following equation:
5.4
V( )= 51_ 8 +48.75+133.4T - 15.97T% + 2.42T% - 0.11T*.
t

Similarly, for the case where the fracture ends in
massive salt,

V  ———133.4+23.8T + 17.67T2 — 0.96T° +.016°
(= T+

where V) is the volume in ft> X 107
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

Solution Mining Operatians

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

60r [ VOLUME OF CAVITY . -
vs. TIME V+58.57
Initial vertical .
50¢ fracture V243 77—
() tmpermeabie bed '

T on top
~ 40T | (@ solubles above
Y fracture
o
. 30t
=
5
-l
Qeot -4
> APPROX: Vo(52+2431.2T)xI0
T APPROX:V+(50.4+32544T)*10™%

0 Lk A [} I T ¢ A V) Aok i 1. A, A " Soracd

(o} 20 40 60 80 100 120 140 160 180
TIME, DAYS —»
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-
résses 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.
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Solution of Salt in a Horizontal
Fracture System Between Wells

ABSTRACT

Data 1is presented on experimental models
involving the use of both vertical and horizontal
fractures in two-well systems tn 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 expern-
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

F.W. Jessen

Petroleum Engineering Department
The University of Texas
Austin, Texss

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

393

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 the fracture in any
manner. Later fractures were completed without
the use of any metal strips or plates, and just suf-
ficient amount of molding clay was placed to allow
a fracture opening of about 1/16th 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

y
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cemented to the block with Hysol Inlet and outlet
connections were provided in the plastic sheet to
fit 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. At the end of each cxperi-
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 fumnish the frac-
ture and well spacing.

Expervment 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 clapsed time of seven hours and fif-
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 agreecment 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 it in plas-
tic. The block was set up, but after 1600 cc. of
water were circulated it 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 racorded. The
solution of salt which resulted from fluid following
the fracture was quite evident as 2 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 it 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.
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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

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 the middle of
the cavity is included. It appears some selective
solution of sylvinite (sylvite) may have taken place.
However, the same pattern was developed as in pre-
vious instances, 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

Solution of Salt

Plagter moeld of Cn;ity No. H—-bottom view.



Note ragged, uneven solution at inlet and smooth roof at outlet.

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 of the
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. It would mean further that greater vol-
umes of water could be employed initially and
throughout the leaching operations.
4

MATHEMATICAL ANALYSIS

~ The objective was to cbtain a function for vol-
ume of salt removed as a function of time so that
at 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, resuiting 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.

VLR, 331 PR S g ot o % =
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Cavity No. 7 before leaching.

Cavity No. 7 after leaching. -
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First,in line in this approach was the streamline
analogy. It 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 in
Figure 1(c), the assumption was made that

Y = a, X2+b' X+¢

where:
Y(a) = b, Y(a) = 0, Y(c) = 0
Inlet Outtet
+ +4+ 4+ ¢+ + ++ 4+ F
ST +++J;+ + o+ +++_er;2_
—— o3 ———
(a) 34 f /ééi’m‘:‘

(b)

(¢)

Figure 1. Section taken half way down the length of the ca\uty
z = Lf2

This results in three linear equations

399

b=a1 3.2+b1 at¢
23, a+b; =0
2, ¢t +by c+¢;, =0

whose solution is

b, . Zab o belc-2a)
1 (a'C)2 3 1 (a_c)2 K 1 (a"C)2

and thus the approximating parabola is

1

Y=o

[-bX? + 2abX + bc (c-2a))

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

L

Z =7

y?
and the area given for the top is
4
A=—
3 bl

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

Z =—Ii)—l—3 (a)=b

The volume for the complete cavity then is given
by

8 ¢ bLX’d)\
%fo

V= 30r

C
+ fu abLXdX

+f ——(cZa) LdX +f b tan 34° X3 dX

: fz 2ab tan 34° X dX

. f:: bc (c-2a) tan 34° X dX&
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Or

. 3 a0
_ 4 be* L [@__3“1 8 bed tan 34 R

Vo 3 3{a-0)? 3

374

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

Cross Section

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

CavitX No. 1

8 bedtan34° a

4 be? L __‘_c_]
3 (a-c)? 3 4

5 .
v --W["g— C-3a] +

where
a= —1% inches, h = —-% inches,
c =%inches, L= —2—?%— inches.
V = 3200cc

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

Solution of Salt

Cavity No. 2
Where
=9 A
a == inches, b i inches,
.19 _ S8 .
T inches, L TS inches.
V = 1670 ¢cc

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

Cavity No. 3

Where
= _..5.. H = --3-3- 1 ¥
a= 16~mches, b T inches,
¢ = inches, L= 16 inches.
V = 1000 cc ’

The measured volume was 817 cc.; the predicted

volume is 1000 cc. % erroris = 22%.
Cavity No. 4
Where ’
a= -% inchgs, b= %ﬁ- inches,
c = «%—2- inches, L= 2116& inches.
V =918cc

The measured volurne was 935 cc.; the predicted
volume is 918 cc. % erroris = 1.8%.

s et
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Cavity No. 5
Where
a ="11"‘= J5inches, b =—?~§- = B inches,
¢ =2 - | 80inches, L = 358 - 228 inches
V = 4000 cc.

]

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, ¢, 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, ¢, a, and L, to t.
This graph (Figure 2) indicates these dimensions

are linear functions of time.

Time in hours

Figure 2.

s 2bg - b for # |
> © 2bg - by for #2
28 I5~ O 2bg - by for #3
;;; v 2bf"‘b° for #4
2= o 2by - by for #5
=z 10 i
es
4;:5:
=2 5 9
T >
= o
[=]
Pyt Ol daa e aaa ey b4
~ 0 5 10 15 20 25

On the basis of Figure 1 we may assume, since

b(t) is a linear function that

2b(t) = byt + b0

. 401

where b, is the initial fracture width. Also, b, is
the slope of the line in Figure 1 and is seen to be

—1%- in/hr. or 0.025 ft/hr.

b(t) then is given by

bO
b{t) = 0.013t =
Likewise L(t) is given by
L(t) = 0.013t+ L,
If the water is near saturation at the outlet the

experiment shows that ¢ changes at the ratio %—é of

the rate of change of L. Thus:
c(t) = 0.0045t

Also, a changes at the ratio -1% as fast as does c.

Therefore:
a(t) = 0.0012t.

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

.

b
(410.013t + ) (0.00450* (0.013t + L),
' 3(-0.00331)

Vit) =

4

[€) (0.00450 -3(0.001201

by
+ (18(0013t +72) (0.00450°,

9 {-0.00331)*

(00012t 0.0045t,
3 3
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Simplifying,

b
VY = [(%‘1) (0.013t + =) (0013t + L) (0]

11.2

- [35¢) (0013t + °>m2]

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.

vaoo = (5 (o oo + 3 1001 (100
+ 4001 - (1% (13 + 3y (10012 ]
Vv (100) = 10,976 - 2.83 = 10,973 ft

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:

SA.=rht+2 VEE T &

2

Solution of Salt

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 . - Lb 2, Lb . -
AREA. ° m(3 + b%+ 3 sin €)
Where:

\/__: 42

€ =

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 maximurn
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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Solition of Salt 403
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
Interval cc Fiow Rate Specific Gravity  Salt Removed Volume of  Vol. Cavity
Min, per time cumulative ce/min Qutlet Brine ¢c/stage Cavity formed
interval cc
700 cc getting set up
60 850 1,660 16 1.107 125 125.0 1.6
60 800 2,560 15 1.138 86.5 2115 10.4
60 00 3,460 15 1.148 97.2 308.7 8.2
60 900 4,360 15 1.150 37.2 405.9 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 7,356 14.5 1.156 4.0 735.9 8.30
60 800 8,255 15 1.157 839.0 824.9 9.1
60 1,450 9,705 22 1.150 157.0 991.9 9.2
60 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
680 985 13,855 16.5 1.155 107.5 1,452.4 9.1
20 1,000 14,955 20 1.170 120 1,672.4 8.3
60 825 15,780 15 1.156 90.0 1,662.4 9.1
60 925 16,705 © 20 1.140 82.5 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
80 1,000 25,780 20 1.165 Shutin 2,133.4 9.0
60 300 26,680 20 1.182 114.0 2,847.4 7.9
30 650 27,330 20 1.178 83.5 2,930.9 1.8
3,250 30,580 1.162 , 374.0 3,304.9 8.7
Dried and weighed '
400 gm anhydrite
Insoluble material 135.5 3,440.4

Volume {mold) = 3,240 cc

Length = 16.25 inches Height at inlet
Width at inlet = 10.25 inches Height at inlet
Width at outlet = 8.00 inches

Width at midpoint = 9.25 inches

2-1/4 inches
2-7/8 inches

#on
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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

Solution of Salt

. Vol. of Water Cumulative .
ITIITIE cC ' Flow Rate  Specific Gravity Calculated Vol, Volume of Vol. Water
nterval er time cumulative cc/min Qutlet Brine Salt Removed Cavit Vol. Cavity
Min. per —_—— cc/stage ¥ formed
interval cc

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 1.048 770 175.8 28

15 1,450 1,150 97 1.040 415 216.3 35
Flushed out with air, 1,600 ml, no data taken, Sp. Gr. of solution was 1.041

(8,650) _
8 125 9,375 91 1.034 175 233.8 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 N 1.034 22 291.4 41

15 1,310 16,255 87 1.029 27 3184 48

15 1,350 17,605 30 1.015 14.5 3329 92
30 3,800 21,405 Tried to flush out air, connection broke, repaired,

tried to flush air second time
5 480 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 all 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 1110 ° 83.0 ' 518.7 9

15 1,150 26,345 76 1.115 95.0 613.7 12

15 1,150 27,495 77 1.114 935 707.2 12

15 1,100 28,595 73 1.113 90.5 197.7 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 16 1.112 95.0 1,205.7 12

i5 1,100 34,495 67 1.1 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 inletend = 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

405
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CAVITY WASHING TEST: No. 3

SOURCE OF SALT: Hockley Sait Mine, United Salt Company, Houston, Tex.
CONDITION OF TEST: Fracture 2 Wide, 10" Long

MANMNER OF TEST= Inlet, Qutlet at bottom of fracture

RECAPITULATION OF DATA

. Vol. of Water Cumulative )
'Tlme e Flow Rate  Specific Gravity Calculated Vol, Volume of Vol, Wat W‘lt.ei
nterval . . . ; Salt Removed . Vol. Cavity
Min. per time cumulative cc/min Qutlet Bring cc/stage Cavity formed
interval 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 run, Sp. Gr. = 1.032,
shut down to seal fracture (37) (37)
Sealed block of salt in Hysol :
Started up again -
10 500 2,100 50 1.045 16.6 53.6 30
15 460 2,560 K} ' 1.066 22.0 75.6 21
20 590 3,150 30 1.098 41.6 117.2 14
30 800 3,950 2 117 67.2 184.4 12
30 860 4,810 29 1.125 78.0 262.4 11
30 860 5,670 29 1.128 79.5 3419 it
30 790 6,460 26 1.129 13.8 415.7 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 1.137 715 708.2 10
15 415 9,895 28 1.139 415 149.7 10
Stopped test, drained 810 cc of fluid, Sp. Gr. = 1.130 67.5 817.2 -
Dried and weighed
100.3 gm anhydrite
Insoluble material 33.7 850.9
Cavity dimensions after making plaster of
Paris mold:
Width at inlet end = 5-1/2" Depth = 1-5/16"
Width at outlet = 3-5/8"” Length over-all = 14"

Width at midpoint = 4-1/8” Volume (from meold) = 740 ¢ce
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CAVITY WASHING TEST: No. 4

SOURCE OF SALT: Low Grade Potash Ore—New Mexico
CONDITION OF TEST: Fracture 1" Wide, 10" Long
MANNER OF TEST: Inlet, Qutiet at bottom of fracture
RECAPITULATION OF DATA

. Vol. of Water Cumulative :
Time T Flow Rate  Specific Gravity Calculated Vol, Volume of Vol. Water Wat_er
Interval .= . . . Sait Removed . Vol. Cavity
Min. per time tumulative cc/min Qutlet Brine cc/stage Cavity formed
interval e
5 540 540 108 1.052 20.4 204 27
10 420 960 42 1.062 18.2 38.6 23
15 460 1,420 31 1.083 21.6 66.2 17
15 450 1,870 30 1.102 33.2 93.4 14
15 460 2,330 31 1.112 37.4 136.8 12
15 460 2,790 31 1.117 39.1 175.9 12
15 440 3,230 , 29 1.121 38.6 2145 1
15 460 3,690 31 1.125 41.6 256.1 1
15 445 4,135 30 1.129 41.7 297.8 11
15 460 4,595 31 1.130 43.8 3414 10
1 460 5,055 31 1.132 . 439 385.3 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 1149 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 9594.1 9
Drained an additional 600 cc of brine, Sp. Gr. 1.130 56.5 1,050.6%*

No insoiuble material present.
Width at inlet end = 4-7/8"
Width at outletend = 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 peri.od 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, Unitad Salt Company, Houston, Tex.

CONDITION OF TEST: 4 x 23" Channel, 21" between wells
MANNER OF TEST: Inlet, Outlet at bottom of fracture
RECAPITULATION OF DATA

Solution of Saft

. Vol. of Water Cumulative .
hTtlen:al g _ Flow R.ate Specific Gr.avity Csz:;uéa;;dﬂyeﬂ' Volurpe of \%—;
Min per time cumulative cc/min Qutlet Brine cc/stage Cavity formed
) interval cc

11 700 700 - 1.063 211 211 26.5
13 h80 1,280 44.6 1.060 21.2 48.3 -26.8
i 500 1,780 33.3 1.052 19.9 68.2 25.1
15 420 2,200 28.0 - 1.069 209 89.1 28.1
15 510 2,710 34.0 1.089 32.9 122.0 18.5
15 465 3,175 31.0 1.103 347 156.7 13.4
15 415 3,650 317 1.110 37.7 194.4 12.7
15 450 4,100 30.0 1.116 318 232.2 118
15 445 4,545 29.6 1.120 38.6 270.8 115
15 410 4,955 213 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 92.0 495.8 10.3
30 935 1,845 31.2 1.139 93.9 589.5 9.96
30 950 8,800 317 1.145 98.6 £688.1 8.7
30 850 8,750 317 1.150 103.0 791.1 9.2
30 930 10,680 31.0 1.152 102.0 893.1 9.1
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 3.7 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 80
30 880 14,705 29.3 1.153 97.6 1,347.1 5.0
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 1,668.7 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 8990 19,785 33.0 1.149 106.9 1,899.1 9.3
30 930 20,715 31.0 1.151 1015 2,000.6 3.2
30 1,020 21,736 34.0 1.151 1125 2,131 9.1
30 1,200 22535 40.0 1.150 1315 2,244.6 8.1
30 1,360 24,295 453 1.146 143.8 2,388.4 9.4
30 1,280 25,985 43.0 1.143 133.4 25218 . 9.8
30 1,310 26,895 43.7 1.144 1365 2,658.3 g8
30 1,600 28,395 50.0 1.144 156.5 28148 9.6
30 1,320 39,715 44.0 1.144 138.5 2,953.3 9.5
30 1,275 30,990 425 1.145 134.2 3,087.5 9.5
30 1,230 32,220 410 1.146 130.5 3,218.0 9.4
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CAVITY WASHING TEST: No. 5 (Continued)
. Vol. of Water Cumulative

Time — o Flow Rate  Specific Gravity Calcutated Vo, Volume of Mﬁ}ﬂ
Interval or ti umulati ce/min Outlet Brine Salt Removed Cavit Vol. Cavity

Min. per lime cumulative m SRl cc/stage Y formed

interval cc

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 3,8417.2

Insoluble material 328 4,175.2

Volume from mold = 3,660 cc
Width at inlet = 3 inches
Width at outlet = 4-1/2"
Width at midpoint = 6 inches

1 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 fiuid S.G. 1.118,
Inlet and Outlet at bottom of fracture
RECAPITULATION OF DATA

Solution of Salt

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

No mold made, see picture
Width at inlet = 3-1/4"
Width at outtet = 2-3/4”
Width at midpoint = 3-1/4"

Depth at inlet = 1-1/2"
Depth at outlet = 3/8”
Depth at midpoint = 1"
Length, overall = 12-1/2"

Time Yol ot Water Flow Rate  Specific Gravity Galcutated Vol. %JJTJJ:;“(I): Vol Water
l';\;ﬁwa‘ per time cumulative cc/min Qutlet Brine Salt ?emoved Cavity V(;I' Cav(njty
in. interval E— cc/stage ec orme

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 1.152 244 43.1 38
30 1,000 3,785 333 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 36.1 176.9 213
30 940 1,345 31.3 1.174 34.3 211.2 274
30 300 8,245 30.0 1.174 36.5 2427 24.6
30 840 9,085 28.0 1.175 345 282.2 243
30 970 10,055 32.3 1.176 40.7 3229 23.8
30 840 10,895 28.0 1.176 35.2 358.1 23.8

645 11,440 - 1.169 20.1 378.2 211

Drained Cavity
Checked S.G. 8/11/65 at 1.19
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OFFICE PHONE: PROFESSIONAL ENGINEER Resoved RESIDENCE:
E DRIVE
(915) 381-0531 TEXAS #11830K V » 3216 BAINBRIDG
01 Mo 7 AR i

(915) 563-4730 Q1A 7 AN 9 ¢ goessa Texas 7o7e2

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

March 6, 1991

Mr. William J. Lemay

Director of 0il Conservation Division
State of New Mexico

P.0. 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 all 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 wells 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.
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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 all 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 is impervious, and as the
salt is dissolved by the injection of fresh water the brine ig 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
necegsary as the fresh water introduced down well No. 2 will readily
dissolve the rock salt as it travels across to well No. 1.

Because the rock salt section in this area is only about 100 feet
thick, it is necessary to drill 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.



Mr. 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 it 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 all 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. It 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.
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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 it would expedite approval, I
can come to Santa Fe and meet with you.

Very Truly rs,
/// 7
/ / :
[ X &4

A.L. Hickerson

cc NMOC - District Office Artesia
Owen Mobley - TPC Houston
Larry Evans ~ TPC Midland
Richard Lentz - TPC Hobbs
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" STATE ENGINEER OFFICE
WELL RECORD

i

Section 1. GENERAL INFORMATION

(A) Owuer of well . Jesse W, Laman,Sr,
Street or Post Office Address 1419 _Fagle Avenne
City and State __C2rlsbad, New Mexico 88220

e, TR 3 Vel NO. e
505 - 865 /v.:Z.iL&:_

Well was drilled under Permit No, ... .G~2170

and {s locaied in the.

o, Wh 1 SW__%__SE_ v

4% of Section 28 Township .21 Range ... 2L "
b. Tract No, of Map No. of the -
¢. Lot No. of Block No., _. SU——— 1 1. — -
Subdivision, recorded in Eddy County,
L dX= feet, Y= feet, N.M, Coordinate Bystem i A0
the Vi
(B} Drilling Contractor WeH, TaVlQr;. ol License No, WO-£0),
Address JA@L.EQK.&&LMQQ!&&%E%.&M _CRR22eN. . e
Drilling Began ._Nov. 28,1988 Completed __1eca30,1988 _ Type tools . Batary Size ¢ hole S
ey o ‘ 4252010
Elevation of land surface or ot well is ft. Total depth of well... €22 20 it

Completed well is %.}9 shallow ] artesian. G

Depth to water upoa completion of well

Section 2. PRINCIPAL WATER-BEARING STRATA

Dcpth in Feet Thickness o , i ) Estimated Yield
From . in Feet Description of ‘Water-Bearing Formation (galicns per minu'e)
249° 259 A unknown washed it away 35 gal. Wumude
| Ranar Qg
!
}
&zotion 3. RECORD OF CASING }
Diameter Pounds Threads Pepth in Feat Length ¢ of Sh Pcrforations
(inches) per {oot per in. Top Boattom (feet) _Typwo:i'o_e__b rv’ug:;;vggﬂ;} _To
. , — ‘ = + TR
‘ I . _ , e FO
5% 3 - |- 252v10m  2k3ripn ooz 23271252 7 |
= '.
b 1
i oo »;sv,n.:»zmw#—m«n.' RS sompm




ry

Section 6. LOG OF HOLE P

Depth in Feet -

From

To

Thickness
in Feet

Color and Types of Material Encountersd

v

0

11

11

white caliche

13

0w i A

1ighh. bhrown_ eclay

yellow caliche B o . e e+ e e
Lol BERY Y e o e e
croam ecolored son o . .- -
grav_clay cremememms e ren e st e+ e n e pr -

conglomernte rack — —— S

layers of dark brown cley snd iight _agrev clew

o s e o S o v St A R L e | AL =
e i~ o o] caam g Y
corse gravel and sany

dark brown clay and thin lryera of gray clay

205

2ll most pure white cloy with thin layers of b

212

conglomerabe rock

'

218

20

rayvich white elav

e, e o

~3

gray clay with come rod clay in it

215

A

conglomerate rock

RL9

water

S AT




old Fvel/ [Tarmimal

AN conc.
Block

NWSCEQ Sec.33
<, ]
T2/3, R27 £, NMIM, fff”-

633./8"

[

Scale:l"-200°

PLAT OF SURVEY
DESCRIPTION ¢

A tract of land iﬁ Eddy County, New Mexico
NW{SE1 of Section 33, T.21S., R.27E., N.M.P.M.

—— —— — ——t e

Conc. 3.9¢"’ e '
,9’,;‘"* N /323.9¢ 33‘34

AN Tract 7
~N
~N

Indvstrial Rk
Svbdivis/on

Trac’ 9

, being a part of the

, and being more partic-

ularly described as follows: Beginning at the Northeast corner of saild

NW{SE+4, Thence South along the East line of sald NW{SE{ 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 NW#

SE{, Thence East along said North line 633.18 feet to the point of be-

ginning, containing in all 5.274% acres of land

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 a

H. F. KANNADY, Registered
Professional Engineer and Lond
Surveyor of New Mexico, No. 1140,

6-10-82

y, more or less,

KANNADY ENGINEERING CO.
L

3
Jo08 N.Canal

Carlsbad, New Mexico
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) Thidgeotl abeect 51 Frgin TPC &ém.’?m
¥ Submit 10 Appropriats q_u_j‘” e of New JELLY  Formcint
Qmmsw Enugy, and Namnl Resources Department Revised 1.1-89 4//
Fos Leass ~ § copies
OIL CONSERVATION DIVISION sty s R Wiy
BT T, ot ht 82240 P.O. Box 2088 30-015-21631
Santa Fe, New Mexico 87504-2088 S Tndeate Type of Lease ‘
B Drewa DD, Anesia, NM 88210 0EC 3°90 state ] mee K]
DISTRICT I 6 Suke Ofl & Gas Lease No. .
1000 Rio Brazos Rd., Aziec, NM 87410 A
APPLICATION FOR PERMIT TO DRILL, DEEPEN, OR gu,uq BACK. 777777777777
la. ork: 7. Lease Name or Unit Agreement Name
DRILL mmn ' DEEPEN n.uonAc: -
b Type of Well: D m D . D Tracy D h
"Z_ Name of Operaior % ‘ § Well No.
. OXY USA Inc. . -1
X Address of Operstar . 9. Pool same or Wildcat
P.O. Box 50250 Midland, TX. 79710 Undesignated Morrow
4 Well Location )
UnitLetter K 1980 petFromThe South Lineand 1980 _FeaFromThe _ West Lice
21s Ran 27E mA Eddy
7 7 4
v/ 10. Proposed Depth . *| 11. Formation 12 Rotary or C.T.
13. Elevatioos (Show whether DF, RT, GR, ete.) 14. Kind & Status Plug. Bood 1S. Drilling Coutractor 16. Approx. Dute Work will stant
3119 Required/approved Unknown After permit approval
1. PROPOSED CASING AND CEMENT PROGRAM
SIZE 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" i6# 3000 1075 Surface
8 3/4" 51/2" 17-20# 11575 1300 Top_of Wolfcamp,
TD-11575°¢. It is proposed to re-enter and test the Morrow
formation. 5 1/2" casing will be set @ 11575'. The Blowout

Prevention program will be as follows:

Pt TD-

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

rotating head

MM/// 73;,,?/)5{

T 1 574 Pt 11855 o

=/

}j- -3 /- ?é__
/lj.)d _Mtzéy
JRLID FOR 2 DAYS
;p; .I¢ é/s/ﬁ
RILLING UM D ERWAY

IN ABOVE SPACE DESCRIBE PROPOSED PROGRAM: P PROFOSAL IS TO DEEPEN OR PLUG BACK, GIVE DATA ON PRESENT PRODUCTIVE ZONE AND PROPOSED NEW PRODUCTIVE

2ZONE. OIVE BLOWOUT PREVENTER PROGRAM, I ANY.

!buabycan!ylbltmcin!ormmooMhm:ﬁmpl&buheﬁa!myw‘endbdﬁ

i

TIME

Region Onerations Manager

DATE

11/29/90

SJONATUR!

rreorPRNTNAME P oA. Vitrano

(Prevared by David Stewart)

TELEPHONENO. 9156855717

ORIGINAL SIGNED BY

(This space for State Use)
' MIKE WILLIAMS

TIM.E

DATE

DEC 1 4 1990

APTROVED BY SUPERVISOR, DISTRICT 1t

CONDITIONS OF APFFROVAL, IF ANY:

-
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~ . State-of New Mexico Bl
. ?&‘&rw : .‘y,Mmerals mdNamanmDepam ‘ ECEiVED ;m'}f.”
Poa Locse s 3 coplen”
OIL CONSERVATION DIVISION 0 ,
BT Hobe, N 85240 P.O. Box 2088 i 390
DISTRICTT Santa Fe, New Mexico 87504-2088
P.O. Drawer DD, Artesia, NM 88210 . C. D

m ESla, OFFiCE
WELL LOCATION AND ACREAGE DEDICATION PLAT

1000 Rio B Rd., Aztec, NM 87410
razos R Al Distances must be from the outer boundaries of the section

Uperaick Tease Well Na.
OXY USA Inc. - Tracy. D 1
K 337 21s : : 27,1-:" S N Eddy
‘Actual Footage Location of Well: L o :
1980 £ from the South 1980 “ fetfromthe V€St ' fine
Ground Tevel Elev. Producing Formation Pool . , Dedicated Acreage:
3119 Morrow l Undesignated 320 Acres

1. Qutline the acreage dedicated 10 the subject well by colored pencil or hachure marks oo the plat below.
2. If mars them one lease is dedicated to the well, outline each and jdeatify the owaership thereof (both a8 10 working interest aad royalty).
1Ummmmmd¢ﬂmm?ude¢uudmlhewmhwthenwdmownenbeeneouohdmdbymmmumu,

force-pooling, etc.?
Yes 0 ™ If answer is "yos™ type of consolidation
If answer is "no” list the owners and tract descriptions which have actually beea consolidated. (Usnvmendeuf
this form if neccessary.

Nolﬂow:bhmﬂbemgnedmmewenmumwmhwebmmummﬁnmmmfomm«wm)
or until a poo-standard unit, eliminating such interest, has boen approved by the Division.

OPERATOR CERTIFICATION

I hereby centify that the information
contained herain in true and complase 1o the| -
best of my knowladge and belief.

i

____________ — e o e e e e s . e F.A, Vitrano
T oo
Region Operations Manager

Company
OXY USA Inc.

Date
11/29/90

UKVEYOR CERTIFICATION

e

|

|

|

|

|

|

}

| I hereby certify that the well location shown
' on this plas was plotted from field notes of|
|

|

|

|

I

— c— el S G I — —— —

actual swrveys made by me or under my
supervison, and that the same is true and
correct to the best of my inowledge and

belief.
Date Surveyed

| Signature & Seal of
Professional Surveyor

l.
-

‘. C'em'ﬁaAu;No.‘;,_A :

T
0 330 660 990 1320 1650 19580 2310 2640 2000 1500 1000 500 ]
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‘T—Submn 0 Appropriate . State of New Mexico Form C-101
?&?mué copies Energy, Minerals and Natural Resources Department Revised 1-1-89
Fee Lease — § copies
DISTRICT] OIL CONSERVATION DIVISION 576 Goigesa oy 005 on New Wells)
P.O. Box 1980, Hobbs, NM 88240 P.O. Box 2088 ~
DISTRICT I - Santa Fe, Ne:yv Mexico 87504-2088 5. Indicate Type of Lease
P.O. Drawer DD, Anesia, NM 88210 STATE FEE

DISTRICT Il 6. State Ol & Gas Lease No.
1000 Rio Brazos Rd., Antec, NM 87410

APPLICATION FOR PERMIT TO DRILL, DEEPEN, OR PLUG BACK 00000000

la. Type of Work: 7. Lease Name or Unit Agreement Name
DRIL [x] RE-ENTER [ |  DEEPEN [ ] PLUGBACK []
b Dype of Well: sovaE MULTILE Tracy Lease
wr.u.[:l will [ omm Brine Well o [ o [ -

2. Name of Operator 8. Well No.
The Permian Corporation 2

3. Address of Operator ‘ 9. Pool name or Wildcat
PO _BOX 1183 HOUSTON TX 77001 Wildcat

4. Well Location
Unit Letter 2 : 1600 FetFromThe East Linesnd 2450 Feet FromThe South Line
Section 33 Township 21-5 Range 27— NMPM Eddy County

0 //A/////I/W///////V////f/fV/////ﬂ/////Y////////////

e e

13. Elevations (Show whether DF, RT, GR, etc.) 14, Xind & Status; Plug. Boad i5. Drilling Contractor 16. Approx. Date Work will start
3128 GT #5U01326252/Utica Mug. Not Let 2 wks after approvi.
1 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 circulate
6 3/4" 5 Ln 174# 52571 85 circulate

IN ABOVE SPACE DESCRIBE PROPOSED PROGRAM: IF PROFOSAL IS TO DEEPEN OR PLUG BACK, GIVE DATA ON PRESENT PRODUCTIVE ZONE AND PROPOSED NE\V PRODUCTIVE
ZONE. GIVE BLOWOUT PREVENTER PROGRAM, [FANY. .

1 hereby certify that the infoprition abfive is louwbwofmylcnowledgemdbdld
v v/ . .
SIONATURE / e Consultant DATE 2-11-91
TYPE OR PRINT NAME A.L. Hickerson taeroneno. 915-381-05°
(This space for State Use) .
APPROVED BY TmE DATE

CONDITIONS OF APPROVAL, IF ANY:




N
. v : .
‘ —————
gubm to Appropriste . . State of New Mexico ‘ Form C-102
District Office Energy, Minerals and Natural Resources Departrnent Reviscd 1-1-89
. }S:me Lease - 34 copics
ec Lease - 3 copies )
DISTRICT OIL CONSERVATION DIVISION
P.O. Box 1980, Hobbs, NM 88240 P.O. Box 2088
Santa Fe, New Mexico 87504-2088
DISTRICT I .
P.O. Drawer DD, Artesia, NM 88210
DISTRICT I WELL LOCATION AND ACREAGE DEDICATION PLAT
1000 Rio Brazos Rd., -NM 87410 All Distances must be from U:a outer boundaries of the section
Upcrator Lease Well No.
THE PERMIAN CORPORATION TRACY 1
Unit Letter Section Township Range County
Actual Footage Location of Well:
2230 feet from the SOUTH line and 1400 " feet from the EAST tine
Ground level Elev. Producing Formation Pool Dedicated Acreage:
3122 ROCK SALT WILDCAT 40 Acres

.

unitization, force-pooling, etc.?

Yes (% No

this form if neccessary.

1. Qutline the acreage dedicated to the subject well by colored pencil or hachure marks on the plat below.

If answer is "yes" type of consolidation

2. If more than one lease is dedicaled 1o the well, outline each and identify the ownership thereof (both as to working interest and royalty).

3. If more than one lease of different ownership is dedicated 1o the well, have the interest of all owners been consolidated by communitization,

If answer is "no” list the owners and tract descriptions which have actually been consolidated. (Use reverse side of

No allowable will be assigned 1o the well until ali interests have been consolidated (by communitization, unitizauon, forced-pooling, or otherwisc)
or until a non-standard unit, eliminaling such interest, has been approved by the Division.

———— e ——

OPERATOR CERTIFICATION

I hereby certify that the informatior .
contained herein in true and complete 10 rhz
best of my knowledge and belief.

‘Signature / |
-Prmled Name (/ = /

Marvin J. Reynolds

Position

Vice President - Operations
Company

THE PERMIAN CORPORATION
Date

1991
SURVEYOR CERTIFICATION

February 14,

i s —m— te— ot

e -

>'c,/’}-—' .

I hereby certify that the well location shown

|
|
|
|
I
I
L
]
{ — 1400'— on this plai was plotied from field notes of
: actual surveys made by me or wnder my

' ! supervison, and that the same is frue ani
| i correct 1o the best of my knowledge ard
| belief.

z ! 40 ACRE LEASE| D¢ Surveyed

e ——— e e e P e e e — mb@mmm

i Signay <
| I
| 223(" rof
| N
l o
| ‘ N
‘ r

' J ! &G %\”./ ﬁ/

| 1 %mw&

L 1L ot 4 ( ! : — ll

0 3n A ben 137 14EA asn N AN

000 1800
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‘ 04], L o’fiaﬁzu@iacorgcaf@w DIVISION

OFFICE PHONE: PROFESSIONAL ENGINEER REC: Jegp RESIDENCE:
(915) 381-0531 ’ TEXAS #11830K 5 ~ 3216 BAINBRIDGE DRIVE
(915) 563-4730 9 l F E B 2l ﬁm 9 SSA, TEXAS 79762
FAX 915/381-9316 6067 W. TENTH ST. NE: (915) 362-4814
DIRECT LINE: (915) 381-8420 : ' ODESSA, TEXAS 79763

February 12, 1991

Mr. William J, Lemay

Director of 0il Conservation Division
State of New Mexico

P.0. Box 2088

Santa Fe, New Mexico 87504-2088

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

Dear Sir;

Permission is requested to install a brine production facility
(rock salt solution mining) in Eddy County.

This facility will be used for the production of saturated
10 1b, per gallon brine for use by the oil industry.

Attached is the application cover page, description of items
I through XI, form Cl101 and C102, sketch of well casing plan,
and a detai% plot plan of the facility.

Your early and favorable consideration will be appreciated.

If you have any questions or if additional information is
needed, please let me know (915-381-0531).

A.L.” Hiékerson
Enclosures

cc NMOC District Office-Artesia
Owen Mobley - TPC
Larry Evans - TPC
Richard Lentz - TPC




11/90

State of New Mexico
Energ$?’Minerals and Natural Resources l’anment
OIL CONSERVATION DIVISION
P.O. Box 2088
Santa Fe, NM 87501

IL.

IIL

V.

VIL
VIIL

IX.

XL

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

FA:CILITYNAME: TPC ~ Carlsbad Brine Station

OPERATOR: The Permian Corporation

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

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

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

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

Attach a description of the sources and quantities of fluids .at the facility.
Attach a description of all fluid transferring and handling facilities.
Attach a description of underground facilities.

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

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

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

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. Hickepson , Title: Prof. Engr. #11830K

Signature: 422 ﬂlgé !W 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 ~-_
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'Iaconi
South Country Club Road
et~ e——.Carlsbad, New Mexico 88220 -

_Gregory .Steel

Carlsbad, New Mexico 88220
Steere Tank Lines

921 N. Howard

Carlsbad, New Mexico 88220

_Names and addresses of landowners within one half mile of -

Box 2308 - - - —

Southeast Ready Mix
P.0. Box 638

- -——— -.—Carlsbad,-New-Mexico-—88220— - -- -

DKK, Inc.
e 1604 . E.- Green

Carlsbad, New Mexico 88220

Bearings,—Inc.

P.O. Box 1210
Carlsbad, New Mexico- 88220
M & M Rental Tools
1604 E. Green
- —m——o-Carlsbad,-New- Mexico—88220

U.S. Land - Bureau of Land Management -

ee-—- - BOx 1449 -
Santa Fe, NM

87504




ITEM V - Description, source and quantity of fluid at the facility.

Source -~ Fresh water from the City of Carlsbad
quantity (2) 500 bbl tanks .

estimated us age of 20,000 bbls a month

Brine Water fion 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 drilling . sites for use as a drilling and
completion fluid.

ITEM VI - Description of fluid transferring and handling facilities.
Pipelines - coated steel pipe and PVC pipe

Pumps - Deming Centrifugal pump or equivalent with
electical motor.

ITEM VII - Description of Underground Facilities o '
Casing and cementing as shown on attached sketch
No. G-K for two wells.

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

" The fluid handling area will be surrounded by an earthen
dike so that there will be no releases from the area.

Minor spills from hose dis-connection will be contained

in the buried plastic barrels provided. A plastic lined

catch basin will be provided for retention of any brine
. spills so that it can be pumped back into storage.

Operator will be on site daily so that any major spills
can be reported

ITEM IX - No Disposal of Oilfield Wastes Will be Done at This
Facility. e e e

ITEM X =~ Attached are plats, sketch and form C~10land C102.

S . Pressure integrity tests will 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") will be set and cement cir-
culated through all fresh water zones. The deepest
- e ... fresh water 1is about 360 feet and the casing will




. . .

be set at 400 feet.

. The production string (5.1/2") will be set inside the
surface string and cement circulated. This string -
will be set through the lime and anhydrite to the

top.of the rock salt section, with cement circulated. ..

Open hole will then be drilled 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
drilling and completion fluid by the oil industry. ..
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OFFICE PHONE: PROFESSIONAL ENGINEER CONSERY 210N DwIsIo RESIDENCE:
(915) 381-0531 ' TEXAS #11830K RECS /ED 16 BAINBRIDGE DRIVE
(915) 563-4730 ah ODESSA, TEXAS 79762
FAX 915/381-9316 6067 W.TENTH ST, PHONE: (915) 362-4814
DIRECT LINE: (915) 381-8420 omwkmmwmmleEBZQ ﬂﬂ 9

February 12, 1991

Mr. William J, Lemay .

Director of 0il Conservation Division
State of New Mexico

P.O0. Box 2088

Santa Fe, New Mexico 87504-2088

RE; Request for brine well permit for The Permian
Corporation in Eddy County, NW/4 of SE/4 of
Section 33, T~21-S, R-27-E.

Dear Sir;

Permission is requested to install a brine production facility
(rock salt solution mining) in Eddy County.

This facility will be used for the production of saturated
10 1b. per gallon brine for use by the oil industry.

Attached is the application cover page, description of items
I through XI, form Cl101 and Cl102, sketch of well casing plan,
and a detail plot plan of the facility.

Your early and favorable consideration will be appreciated.

If you have any questions or if additional information is
needed, please let me know (915-381-0531).

Very7Truly urs,
‘y-r. /[ %4’
A.L. Hi¢kerso
Enclosures
cc NMOC District Office-Artesia
Owen Mobley - TPC

Larry Evans - TPC
Richard Lentz - TPC




, 11/90

State of New Mexico :

Ener&Miuerals and Natural Resources l’anment
OIL CONSERVATION DIVISION

P.O. Box 2088
Santa Fe, NM 87501

IL

1L

Iv.

VIL
VIIL

IX.

XL

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

FACILITYNAME: TPC ~ Carlsbad Brine Station

OPERATOR: The Permian Corporation

ADDRESS: P.0O. Box 1183, Houston Tx 77001

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

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

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

Attach a description of the sources and quantities of fluids at the facility.
Attach a description of all fluid transferring and handling facilities.
Attach a description of underground facilities.

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

Attach geological/hydrological evidence demonstrating that dispos‘al of oil field wastes will not
adversely impact fresh water,

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

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. Hickeyson 9 Title: Prof. Engr. $11830K

Signature: 422{ ﬁ%g //MW Date: 2-04-91

DISTRIBUTION: Original and one copy to Santa Fe with one copy to appropriate Division District Office.
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BRINE WELL APPLICATION
FOR TPC CARLSBAD BRINE STATION

. ITEM_IV. -  Names and addresses of landowners within one half mile of

site.
e . EDDY TRUST - -
Dr. George D. Eddy, Jr., Trustee
. 809 Terrace Mountain Drive

. Austin, Texas 78746.

TRACY TRUST-

Charleg 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'Iaconi
South Country Club Road
- —-.—--Carlsbad, New Mexico 88220 S e

Gregory Steel
Box 2308
Carlsbad, New Mexico 88220

Steere Tank Lines ‘ -
921 N. Howard
Carlsbad, New Mexico 88220
Southeast Ready Mix
P.0. Box 638

e —.__Carlsbad, New Mexico-- 88220 -« - - —

DKK, Inc.
e— 1604 E.- Green——m———  —

Carlsbad, New Mexico 88220

-eee—— Bearings,-Inc.— : - S

P.O. Box 1210
Carlsbad, New Mexico 88220

M & M Rental Tools
1604 E. Green

—- +es ——o—. .-Carlsbad, New-Mexico --88220 -

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




ITEM V - Description, source and quantity of fluid at the facility.

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 drilling sites for use as a drilling and
completion fluid.

ITEM VI - Description of fluid transferring and handling facilities.
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 VIII- Contingency Plan for Reporting and Clean Up of Spills
or Releases.

The £luid handling area will be surrounded by an earthen
dike so that there will be no releases from the area.

. Minor spills from hose dis-connection will be contained
in the buried plastic barrels provided. A plastic lined
catch basin will be provided for retention of any brine

. spills so that it can be pumped back into storage. .

Operator will be on site daily so that any major spills
can be reported.

ITEM IX - No Disposal of Oilfield Wastes Will be Done at This
Facility.

ITEM X -~ Attached are plats, sketch and form C-10land C102. .
L . Pressure integrity tests will be performed on each .

well to insure proper cementing before any operation
is performed.

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

The surface casing (7 5/8") will be set and cement cir-
culated through all fresh water zones. The deepest
fresh water is about 360 feet and the casing will

ey e




-Vbe.éét at 400 feet.

_The production string (5 1/2") will be set inside the

surface string and cement circulated.

This string

will be set through the lime and anhydrite to the

top of the rock salt section, with cement circulated. .. .__

. Open hole will then be drilled 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
drilling and

1b. per gallon brine for use as a
completion fluid by the oil industry.
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Submit to Appropriat State of New Mexico 10

Distriet Officg. T+ ) ) Energy, Minerals and Natural Resources Department ::::: 1.1{89

State Lease — 6 copies

Fee Lease — S copies -

—_— OIL CONSERVATION DIVISION  riro-cissi sy 605 oo Wl

P.O. Box 1980, Hobbs, NM 88240 P.O. Box 2088

DISTRICTTI . : | Santa Fe, New Mexico 87504-2088 5. Tndicats Type of Lease

P.O. Drawer DD, Anesia, NM 88210 STATE FEE

DISTRICT I 6. Staie Oil & Gas Lease No.
1000 Rio Brazos Rd., Aztec, NM 87410

APPLICATION FOR PERMIT TO DRILL, DEEPEN, OR PLUG BACK 70000

1a. Type of Work: : 7. Lease Name or Unit Agreement Name
DRILL [ RE-ENTER ]  DEEPEN [] PLUGBACK [ ]
b. Type of Well:
on. GAS SINGLE MULTIFLE
wvel [} wamL [7] om=  Brine Well ZONE o [ Tracy Lease
2. Name of Operator - 8. Well No.
The Permian Corporation 1
3. Address of Operator . 9. Pool pame or Wildeat
PO BOX 1183 HOUSTON TX 77001 ., Wildcat
4. Well Location .
Unit Letter 1 : 1600 Feet From The EAST Lineand 2450 Feet FomThe South Line

27-E EDDY

Section 33 Ty 2 /].-S b NMPM oy |
W//////////////////////////%mhwmmsoo' ook Salt N Rotary

13. Elevations (Show whether DF, RT, GR, etc.) 14, Kind & Sums Plug. Bond 15. Drilling Contractor 16. Approx. Date Work will stiant
3120 GL U1326252/Utica Mut Not Let 2 wks after approvi
1. 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 circulate
6 3/4" 5 L 17% 450" 75 circulate

" IN ABOVE SPACE DESCRIBE PROPOSED PROGRAM: ¥ PROPOSAL IS TO DEEPEN ORPLUG BACK, GIVE DATA ON PRESENT PRODUCTIVE ZONE AND PROPOSED NEW PRODUCTIVE
ZONE. GIVE BLOWOUT PREVENTER PROGRAM, I/ANY. .

eemplete 10 the best of my knowledge and belidf.

Consultant pate _2—11-91

SIGNATURE AL EY — TME
TYPE OR PRINT NAME A,L, Hickerson : TELEPHONEN0.9 ] 5-381-05_
(This space for State Use)

APPROVED BY ' Tme DATE

CONDITIONS OF AFPROVAL, IF ANY:



e ‘ State of New Mexico ‘
Submit to A ate : C-101
Dl:sl?lucl omgep o _ Energy, Minerals and Natural Resources Department o

State Lease -~ 6 copies Revised 1-1-89
Fee Lease — 5 copies

DISTRICT] OIL CONSERVATION DIVISION AP NO. ( assigned by OCD o New Wells)
P.0. Box 1980, Hobbs, NM 88240 P.O. Box 2088
DISTRICT . Santa Fe, New Mexico 87504-2088 5. Todicate Type of Lease
P.O. Drawer DD, Antesia, NM 88210 STATE FEE
DISTRICT I , ' 6. State Oil & Gas Lease No.
1000 Rio Brazos Rd., Aztec, NM 87410
APPLICATION FOR PERMIT TO DRILL, DEEPEN, OR PLUG BACK 0000
a Type of Work: 7. Lease Name or Unit Agreement Name
DRILL 5;'] RE-ENTER [] DEEPEN []  PLUGBACK []
b- Typeof Well: svaE ULTELE Tracy Lease
wver (] wew [ onmr Brine Well o [ o [ ]
. Name of Operator 8. Well No.
The Permian Corporation 2
Address of Operator : 9. Pool name or Wildcat
PO BOX 1183 HOUSTON TX 77001 Wildcat
Well Location
Unit Letter 2 : 1400 FetFromThe East Lieand 2230 Fet FomThe South Line
Section 33 21~ Range 27-E NMPM Edd Count
/ 7.
//////////////// 10. Proposed Depth 11. Formation 12 Rotary or C.T.
- 600" Rock Salt Rotary
. Elevations (Show whether DF, RT, GR, etc.) 14. Kind & Stamus Plug. Bood | 15. Drilling Contractor 16. Approx. Date Work will stan
3120 GIL #5U1326252/Utica Muk. Not Let 2 wks after approv.
' PROPOQSED CASING AND CEMENT PROGRAM
SIZE OF HOLE SIZE OF CASING | WEIGHT PER FOOT | SETTING DEPTH | SACKS OF CEMENT EST. TOP
10 %" 7 5/8" 244 400 125 circulate
6 3/4" 5 Liv 174# 5251 85 circulate

! ABOVE SPACE DESCRIBE PROPOSED PROGRAM: IF PROFOSAL IS TO DEEPEN OR PLUG BACK, OIVE DATA ON PRESENT PRODUCTIVE ZONE AND PROPOSED mzw PRODUCTIVE
NE. GIVE BLOWOUT PREVENTER PROGRAM, [F ANY.

apedy centify that the infopatjtion } and 10 the best of my knowledge and belief. ' ’ . ‘
. ' - . .
NATURE | mE Consultant pare __ 2—11-91

E OR PRINT NAME A.L. Hickerson

TeLEPHONENOD. 315-381-0532

is space for State Use)

ROVED BY TME

DATE
DITIONS OF APPROVAL, [F ANY:




: ' of New Mexi —
«thmai 1o Appropnals . r State e s Form C.102

isirict Office Energy, Minerals and Natural Resources Dep Revised 1-1-89
ale Lease - 4 copies

g OIL CONSERVATION DIVISION

). Box 1980, Hobbs, NM 88240 P.O. Box 2088

Santa Fe, New Mexico 87504-2088

;:%. rawer DD, Ariesia, NM 83210

m Rd. Astée. NM 57410 WELL LOCATION AND ACREAGE DEDICATION PLAT

Al Distances mus! be from the outer boundarnias of the section

ETabor Lease Well No
THE PERMIAN COFRPORATION TFACY . 1 |
o Letter Secuon Township Range Counly .
-ual Foolage Location of Well: !
1600  feetfromme ENST lineand 2450 feet fromthe SOUTH e |
round level Elev, Producing Formation Dedicated Acreage {
3122 POCK SALT WILDCAT 40 A

1. Qutline the pcreage dedicated Lo the subject well by colored peacil or hachure m.rks on the plal below,
2. If more than one lease is dedicated 1o e well, outling each end jdeatifly the ownership thereof (bolh as to working interesl and royalty).

1. If mare than one |ease of different ownership is dedicated 1o the well, have the wterest of all cwnen been consolidated by communiiization,
unitization, force-pocling, eie.?
L] Ye A No I maswer is “yes™ type of consolidation
If answer s “oo" list the ownen and tract descriplons which have actually been consolidated. (Use mverse mde of
this form il neccessary,
No allowshle will be assigned o the well unll wll interests have been consalidaled (by cormmunitizadon, unilizaton, forced-poaling, or otherwisg)
o until & pon-standard uni, eliminaling such inlerest, han been approved by the Division

OPERATOR CERTIFICATION

I harely cerify that the information
contained herein in true and compleie lo the |
best of rry dnowiedpe and belief,

ﬁiwm o
() A,

I
I
I
l 5
I
I
I

e

_____________ Marvin J. Reynolds
Position
Vice President - Gperatunns
Company

‘ THE PERMIAN CORFORATION
Date

February 14, 1991
SURVEYOR CERTIFICATION

i

1600 P |1 hereby cariify thar the well location shown
on this plat war plotied from feld motes ef|
actus! surveyr made by me or under m
nupervison, and thar the some o frue cnd
correct lo the beni of my bnowledge ond’
belief
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| . State of New Mexico . -

Submit 1o Appropriale

Form C-102
District Office Energy, Minerals and Natural Resources Department Reviwd 1-1:89
State Leage - d copies
Fee Lease - 3 copies
OIL CONSERVATION DIVISION
PO Box Iu'ﬂII.tl, Hobbs, NM 83240 P.O. Box 2088
. Santa Fe, New Mexico 87504-2088
E":.u]]. Dmnw:r DD, Anesia, NM 88210
DISTRICT 11 WELL LOCATION AND ACREAGE DEDICATION PLAT
WO Rio Besacs R, Atee, Nt 87410 All Distances must be from the outer boundaries of the section
alof Lease Wall [so.

THE FERMIAN CORPORATION TRACY - ‘ 2

Unit Lotter Section Township Range iCmm'_Ir
33 21-SOUTH 27 = EAST M | EDDY

Aciual Fu;ugl Location of Well;
Ground leve] Elev. 1 Producing Formaton TPool Dedicated Acreage

3122 I ROCK SALT WILDCAT 40 e

1. Outline the acreage dedicaled to the subject well by calored pencil or hachure marks on the plat below,
L If more (han one lease is dedicated 1o the well, cutling each snd identify the cwnership thereof (bath s to working imterest xnd royally)

3, If more than one Jease of differest ownership is dedicated 1o the well, have the interedt of all owners been consolidaled by communilization,
unitization, force-pooling, ele.?
Yes [} Ma If answrer is "yes" type of consolidation
If angwer i1 “pa" list the awnen aod tract descnplions which have actually been consolidsted. (L'se reverse mde of
this form il neccessary,
Mo allowabile will be sssigned to the well unil all {aeresis have been consolidated (by communitization, unitizauon, forced-poaling, of otherwise )
‘__ or until & pon-standard unit, eliminating such imteres, has been approved by the Divicion.

OPERATOR CERTIFICATION

r I herely cerilfy that the informalion
comtained herein in frue and complete 10 the
bexr of my knowledpe and belief

Signaiure, =

g \ P 4 J__-".!
AR\ I sl
Printed Name Iy

_____________________ ! Marvin J. Reynolds
T Posticn
Vice Presjdent - Operations
Company
THE PERMIAN CORPORATION

| I
| I
I |
I l
| I
| I
| |

Date
February 14, 1891

SURVEYOR CERTIFICATION

I hereby cartify that the well location shown
= 1400" | | on this plar’ war plotied from field motes of
aciual surveys mads by me or wndir m
muperviron, and that the some o frde and
correct fo the best of my baowlndge and

——————t e ———
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