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0il Conservation Division of the «;\‘\_ <.
New Mexico Dept. of Energy and Minera]s?.*-/f/‘-\ -,
P. 0. Box 2088 v %;
Santa Fe, New Mexico fgfl S
YN et
ion Mr. (e
Attention Mr. Ramey ==

Dear Mr. Ramey:

RE: Case No. 5762; Ordersgo. R-5295 2
ARCGO 011 and Gas Company

State Vacuum Unit - Waterflood Project
T17S, R34E, Lea County, New Mexico

Dear Mr. Ramey:

In the Order dated October 12, 1976, establishing the waterflood
project, wellhead injection pressure was limited to 860 psi. Ap-
proval of a higher wellhead pressure could be obtained by showing
that the increase in pressure would not fracture the confining
strata. On April 14, 1980, evidence was offered to show that a
wellhead injection pressure of 1422 psi would not fracture the
formaticn. This proposal was approved administratively and the
current Timitation is 1422. As operatcr of the unit, ARCO 011
and Gas Company applies for administrative approval of a wallhead
injection pressure of 1550 psi. The attached exhibits are offered
as evidence that this pressure will not fracture the confining

et ta
aLviaAaLa.

The exhibits are based on parting pressure tests run on April 19-
26, 1982. Exhibit No. 1 is a map of the unit area showing the five
injection wells which were tested. Four of the five wells were
tested last time and provide reference for comparison purposes.

The tests on these five wells indicate a range of surface parting
pressures from 1600 to 2198 psi as shown in Exhibit No. 2. The
necessary equipment and well data is included on Exhibit No. 3

The paper "Step-Rate Tests Determine Safe Injection Pres-
sures in  Floods"l was used as a reference to help determine

proper testing praocedures and analysis methods. The tests were

run by Atlantic Richfield Company using a downhole pressure recorder,
surface pressure recorder and a Halliburton turbine flowmeter. In-
dividual well data and results are shown in Exhibits 4 through 8.

Some injection wells exhibit non-D'Arcy flow characteristics which
prevents determination of the parting pressure by the normal rate vs.
pressure graphical technique. Two of the wells tested exhibited this
behavior. By using the technique outlined in the reference paper
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(g = D'q2) parting pressures were determined for the two wells and are
included as Exhibits 5A and 8A. Exhibits 9 and 10 are graphical sol-
utions of the Williams and Hazen formula for determining the pressure
drop due to friction in the injection tubing. Data for the individual
wells is listed on Exhibit 2.

Seme of the walls tested do not contain enough data voints for a well-
defined line after the formation parts. This is due to the limitatior
of the surface equipment during the tests. The wellheads have a 2000
psi working pressure limitation and this limited the injection rate
during the test.

We feel that an increased wellhead injection pressure is necessary if
we are to maintain adequate injection rates to promote the timely
production of the secondary reserves in the unit. Our application for
administrative approval of a wellhead injection pressure of 1550 psi
should insure that we are not fracturing the formation strata but

also allow us to increase our current injection rates. We will gladly
forward any additional information which may be required and ask for
your prompt consideration.

Yery truly yours,

|4 becd

J. L. Tweed
0isiricl tngineer
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STATE VACUUM UNIT

Exhibit 2

PRESSURE  PARTING  TESTS

) v 3 v o &> - 5 4 o
HYDRO-  INJ. RATE @ PRESS. DROP A P.TOTAL BTM HOLE SURF. PTG  PTG. GRAD-

CUM.INJ.  PRESS. BOMB STATIC  PTG.PRES, FRICTION @ SETTING PTG.PRES.  PRESSURE IENT

WELL 3/1/82 SETTING DEPTH HEAD! (BPD) AP¢(PSI/100 Depth(psi) (psi) (psi) (psi/ft)

NO. (MB) (FT) (PSI) FT) L

4 11.7 4609 1997.5 1200 2.30 7 106.0 7 Mn 4072 Zc¥ 2180.5 v .884

7 592.0 4694 2034.4 2600 5.20 - 244.1 7/ Mn 3390 x$# 1599.7 722 —

9 1201.3 1622 2003.2 1633 2.22 102.6 - 351025x & 1609.4 ~ .759

i3 178.1 4685 2030.5 2000 3.20 v 149.9 - Mn 407G 5«7 2198.4 v .870

17 57.1 4717 2044.3 2060 3.26 7 153.8 - Mn 3874 5« 57 1983.5 .821 - —

Y/
1. Injection water has specific gravityequal to 1.001; pressure gradient = -=433-psi/ft. 4334 '}r@/%
. r'j)
2. Taken from Exhibit10/11(Williams and Hazen formula).

3. Surface parting pressure = bottom hole parting pressure - hydrostatic head +A Pf

dol. ¥ = (ol 3 x g33¢ /
Ceol @ W&&uéi /Lo-% S 10 ael L 21

(b 7 = Lol ¢ X Col3 TL/OO’_ | \ |
o8 Rabeo frome Frhicets okl
Cp/ 7 - ('0/ 3‘00/4" + 6)0;/ 7

Col 15 = Cof 8= Col2




Exhibit 3

STATE VACUUM UNIT
PRESSURE PARTING TESTS
INJECTION WELL DATA

WELL COMPLETION CASING TUBING SIZE* DEPTH SET
NO. SIZE (DEPTH) IN.
4 3 4 Tiner (3440-4700') 2 3/8" 1153"
7 34" liner (4422-4728') 3 345 3238,
9 34" Tiner (4436-4765') 2 3/8" 436"
13 33" Tiner (4421-4717") 2 3/8" 4421"
17 31" liner (4429-4761') 2 3/8" 4429"

* A1l tubing is internally plastic coated

PERFORATIONS

4594-4624"
4671-4718"°

4605-4639'
4660-4710"
4721-4761"




o Exhibit 4
r/(
STEP RATE TEST REPORT
LEASE: _State Vacuum Unit DATE OF TEST 4-26-82
WELL NUMBER: 4 ELEMENT: 3301
COUNTY: Lea TEST DEPTH: 4609
-, M APPROXIMATE RATE BHP @ TEST DEPTH SURFACE ERESSURE
TIMe/ PM (BPD) (PS}) (PS1)
12:12 0 2823 833
12:32 350 3300 1050
12:49 650 3458 1458
1:04 1000 3878 1820
1:19 1200 4072 2030
1:34 1450 4174 2270
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Exhibit ¢

STEP RATE TEST REPGRT

LEASE:__ Syate Vacuum Unit DATE OF TEST _ 4-23-82

WELL NUMBER: 7 ELEMENT: 6941

COUNTY: Lea TEST DEPTH:_ 4634

AM APPROXIMATE RATE BHP @ TEST DEPTH SURFACE PRESSURE

TIME/ by (RPD) (PSI) (PSI)

11:16 0 2758 659
11:50 700 2851 890
12:06 1000 2919 920
12%21 1200 2971 1000
12:37 1450 3028 1050
12:53 1800 3122 1120
1:10 2000 3215 1230
1:19 2450 3306 1360
1:35 2600 3390 1500
1:44 3200 3540 1950
2:00 3500 3676 2020
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EXHIBIT 5
STATE VACUUM UNIT

COUNTY,

FORMATION PARTING PRESSURE
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Exhibit 6

STEP RATE TEST REPORT

™ 11;' T

LEASE: State Vacuum Unit DATE OF TEST 4-21-82
WELL NUMBER: S ELEMENT: 6941
COUNTY: l ea TEST DEPTH: ag990
TiME, AM APPROXIMATE RATE BHP @ TEST DEPTH SURFACE PRESSURE
PM (BPD) (PST) {PSI)
11:43 0 3090 1001
12:54 860 3270 1240
1:10 1100 3327 1500
i:25 1300 3411 1650
1:43 1500 3472 1750
1:58 1700 3529 1840
2:13 2000 3605 1670
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Exhibit 7
STEP RATE TEST REPORT J
LEASE: State Vacuum Unit DATE OF TEST__4-15-82 |
WELL NUMBER: 13 ELEMENT: 36391
COUNTY: |epa TEST DEPTH: 4685
AM APPROXIMATE RATE BHP @ TEST DEPTH SURFACE PRESSURE
TIME/ oy (BPD) (PS1) (PSI)
9:56 0 2630 560
11:51 860 2932 950
12:08 1000 3062 1160
12:24 1200 3249 1250
12:43 1400 3480 1400
12:57 1700 3656 1750
1:13 2000 4079 2100
1:30 2400 ‘ 4243 2360
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Exhibit

STEP RATE TEST REPORT

LEASE:_State Vacuum Unit

8

DATE OF TEST  2_1q9.87

WELL NUMBER: 17 ELEMENT: £941
COUNTY: Lea TEST DEPTH: 4717
TIME/ AM APPROXIMATE RATE BHP @ TEST DEPTH SURFACE PRESSURE
PM (BPD) (PS1) {PSI)
10:23 0 2851 754
11:32 860 3117 1109
11:47 1050 3208 1300
12:03 1370 3330 1500
12:19 1550 3462 1650
12:34 1700 3610 2025
12:49 2060 3874 2200
12:59 2406 4152 2460
i
i
\
\
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From Exhibit

D' = (q2 &Py

_ Substituting: 9y

q;

Injection Rate

BPD

0
860
1050
1370
1550
1700
2060
2400

STATE VACUUM UNIT
FORMATION PARTING PRESSURE
NON D'ARCY FLOW TECHNIQUE

Well No. 17

?
q; P,) / (a)% 8P, - a3 apy)

860 BPD Pl 3117

3208

1050 BPD P2

D' = .0018 (b/d)”!
BHP ® TEST DEPTH
(psi)

2851

3117

3208

3330

3462

3610

3874

4152

ap
ap

"

Exhibit

237
328

q + D'q°
{(BPD)

2191
3035
4748
5875
6902
9699
12768

8A
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Exhibit 5A

STATE VACUUM UNIT
FORMATION PARTING PRESSURE
NON D'ARCY FLOW TECHNIQUE

Well No. 7

From Exhibit

' 2 ?
D' = (qu‘Pl -4 Apz) / (ql Apz - Q2 API)

Substituting: q; = 700 BPD Py = 2851 aP; = g1/
gy = 1000 BPD P, = 2919 4Py = 149 -

Injection Rate D' = .0029 (b/d)~} g + D'¢°
BHP @ TEST DEPTH (BPD)

BPD {psi)
0 2758

700 2851 2121
1000 2919 3900
1200 2971 5376
1459 3028 7547
1800 3122 11196
2000 3215 13600
2450 3306 19857
2600 3390 22204
3200 3540 32896
3500 3676 39025
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STATE OF NEW MEXICO

ENERGY ano MINERALS DEPARTMENT

OlL. CONSERVATION DIVISION

BRUCE KING POST OFRCE BOX 20088
GOVERNOR STATE LAND OFFICE BUILOING
SANTA FE, NEW MEXICO 87501
July 13, 1982 (505) B27-2434

ARCO 0i} and Gas Company
Bax 1610
Midland, Texas 79702

Attention: Mr. J. L. Tweed, District Engineer

Re: Case No. 5762
Order No. R-5295

Gentlemen:

This is in reference to your letter of May 4, 1982, wherein
you request administrative approval to increase the injec-

tion pressure in your State Vacuum Unit in Lea County, New
Mexico.

By the authority granted me in Order No. R-5295, you are
hereby authorized to increase the injection pressure to
1550 psi.

Yours very truly,

JOE D. RAMEY
Director

JDR/fd

cc: OJCD Hotbbs
vCase 5762 File
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July 1, 1982

Mr. M. Stogner

0il Conservation Division
P. O. Box 2088

Santa Fe, New Mexico 87501

Dear Mr. Stogner:

ARCO 0il and Gas Company

Case No. 5762; Order No. R-5295

State Vacuum Unit - Waterflood Project
T17S, R34E, Lea Cournty, New Mexico

Attached please find a copy of our proposal to increase the
injection pressure on our State Vacuum Unit waterflood. Per
your phone conversation with our secretary today, we understood
that you never did receive the original sent May 4, 1982. Since
production from the subject unit is decreasing more rapidly than
anticipated, we would appreciate your most prompt consideration
of this request.

Very truly yours,

/\-ﬂ
uan A. Fraga

Engineer

JAF/MJIB:dmm

Attachments
.
2
r‘,i - ARCO Qitand Gas Company is a Diviston of AtlanticRichtieldCompany
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ARCO Oil’and Gas Company \,,\“-I:;[.
Permian Oistrict’ " A .
Post Office Box 1610 ; :

Midtand, Texas 79702 L "
Telephone 915 684 0100 LY BN TIPS ,

PR
May 4, 1982

0il Conservation Divisior of the

Rew Mexico Dept. of Energy and Minerals
P. 0. Box 2088
Santa Fe, New Mexico

Attention Mr. Ramey
Dear Mr. Ramey:

RE: Case No. 5762; Order No. R-5295
ARCO 0i1 and Gas Company
State Vacuum Unit - Waterflood Project
T17S, R34E, iLea County, New Mexico

Dear Mr. Ramey:

In the Order dated October 12, 1976, establishing the waterflood
project, wellhead injection pressure was limited to 860 psi. Ap-
proval of a higher wellhead pressure could be obtained by showing
that the increase in pressure would not fracture the confining
strata. On April 14, 1980, evidence was offered to show that a
wellhead injection pressure of 1422 psi would not fracture tae
formation. This proposal was approved administratively and the
current limitation is 1422. As operator of the unit, ARCO 0il
and Gas Company applies for administrative approval of a wellhead
injection pressure of 1550 psi. The attached exhibits are offered
as evidence that this pressure will not fracture the confining
strata.

The exhibits are based on parting pressure tests run on April 19-
26, 1982. Exhibit No. 1 is a map of the unit area showing the five
injection wells which were tested. Four of the five wells were
tested last time and provide reference for comparison purposes.

The tests on these five wells indicate a range of surface parting
pressures from 1600 to 2198 psi as shown in Exhibit No. 2. The
necessary equipment and well data is included on Exhibit No. 3

The paper "Step-Rate Tests Determine Safe Injection Pres-
sures in  Floods"l was used as a reference to help determine

proper testing procedures and analysis methods. The tests were

run by Atlantic Richfield Company using a downhole pressure recorder,
surface pressure recorder and a Halliburton turbine flowmeter. In-
dividual well data and results are shown in Exhibits 4 through 8.

Some injection wells exhibit non-D'Arcy flow characteristics which
prevents determination of the parting pressure by the normai rate vs.
pressure graphical technique. Two of the wells tested exhibited this
behavior. By using the technique outlined in the reference paper

ARCO Qil and Gas Company is s Division ol AllanticRichtieldCompany
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Case 5762; Order No. R-5295
May 4, 1982

Page 2

(q + D'qz) parting pressures were determined for the two wells and are

included as Exhibits SA and BA. Exhibits 9 and 10 are graphical sol-

utions of the Williams and Hazen formula for determininy the pressure

drop due to friction in the injection tubing. Data for the individual -
wells is listed on Exhibit 2.

Some of the wells tested do not contain enough data points for a well-
defined line after the formation parts. This is due to the limitation .

. of the surface equipment during the tests. The wellheads have a 2000
psi working pressure limitation and this limited the injection rate
during the test.

We feel that an increased wellhead injection pressure is necessary if
we are to maintain adequate injection rates to promote the timely
production of the secondary reserves in the unit. Our application for
administrative approval of a wellhead injection pressure of 1550 psi
should insure that we are not fracturing the formation strata but

also allow us to increase our current injection rates. We will gladly
forward any additional information which may be required and ask for
your prompt consideration.

Very truly yours,

J# becd

J. L. Tweed
District Engineer

JAF:JLT:cn
Attachments
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Exhibit 2

STATE VACUUM UNIT
PRESSURE  PARTING  TESTS ‘

HYORO-  INJ. RATE @  PRESS. DROP A PETOTAL BTM HOLE SURF. PTG? PTG. GRAD-

CUM.INJ.  PRESS. BOMB sm{c PTG.PRES. FRICTION @ SETTING  PTG.PRES.  PRESSURE TIENT
WELL 3/1/82 SETTING DEPTH  HEAD (BPD) AP¢(PSI/100 Depth(psi) (psi) (psi) (psi/ft)
NO. (MB) (FT) (PSI) 1)

4 11.7 4609 1997.5 1200 2.30 106.0 Mn 4072 2180.5 .884

7 592.0 4694 2034. 2600 5.20 244.1 Mn 3390 1599.7 722

9  1201.3 4622 2003.2 1633 2.22 102.6 3510 1609.4 .759
13 178.1 4685 2030.5 2000 3.20 149.9 Mn 4079 2198.4 .870
17 57.1 4717 2044.3 2060 3

.26 153.8 Mn 3874 1983.5 .821

1. Injection water has specific gravityequal to 1.001; pressure gradient = ,433 psi/ft.
2. Taken from Exhibit10/11(Williams and Hazen formula).

3. Surface parting pressure = bottom hole parting pressure - hycrostatic head +4 Pf




Exhibit 3

STATE VACUUM UNIT
PRESSURE PARTING TESTS
INJECTION WELL DATA

WELL COMPLETION CASING TUBING SIZE* DEPTH SET PERFORATIONS
NO. SIZE (DEPTH) IN.
4 31 liner (3440-4700') 2 3/8" 1153" ,
7 31" liner (4422-4728') 5 1785 4338 485324528,
9 31" Viner (4436-4765') 2 3/8" 4436 4605-4639°
13 34" Viner (4421-4717') 2 3/8" ‘3421 4660-4710"
17 " 33" liner (4429-4761') 2 3/8" 4429" 4721-4761"

* A11 tubing is internally plastic coated




Exhibit 4

STEP RATE TEST REPORT

LEASE:__State Vacuum Unit DATE OF TEST___ 4.26-82
WELL NUMBER: 4 . ELEMENT: 38301
COUNTY: lLea TES1 DEPTH:__ agpg -
TIME - APPROXIMATE RATE BHP @ TEST DEPTH SURFACE PRESSURE .
!/ oM (BPD) (PSI) - (PSI) -
12:12 0 2823 833 .o
12:32 350 3300 1050
12:49 650 3458 1458
1:04 1000 3878 1820
1:19 1200 4072 2030
1:34 1450 4174 2270
.
. 4
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Exhibit s
STEP RATE TEST REPORT

LEASE: ___ State Vacuum Unit DATE OF TEST 4-23-82

WELL NUMBER: 7 ELEMENT: 6941

COUNTY: iea TEST DEPTH: _ 4694

APPROXTMATE RATE BHP @ TEST DEPTH SURFACE PRESSURE
TIME/ BN (3PD) (PSI) . (PSI)

11:16 0 2756 659
11:50 700 2851 890
12:06 1000 2919 920
12321 1200 2971 1000
i2:37 1450 3028 1080
12:53 1800 3122 1120
1:10 2000 3215 1230
1:19 2450 3306 1360
1:35 2600 3390 1500
1:44 3200 3540 1950
2:00 3500 3676 2020
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STATE YACUUM UNIT
FORMATION PARTING PRESSURE
NON D'ARCY FLOW TECHNIQUE

Well No. 7

From Exhibit :

D' = (qy 4Py - q; 4P,) / (ql2 4Py - ot sPy)

. Substituting: 93 700 BPD Py = 2851

Qp = 1000 BPD P2 = 2919

Injection Rate D' = .0029 (b/d)”!
BHP @ TEST DEPTH

BPD (psi)
0 2758
700 2851
1000 2919
1200 2971
1450 3028
1500 3122
2000 3215
2450 3306
2600 3390
3200 3540
3500 3676

Exhibit

4P = 8l

a P2 = 149

q +D'q
{BPD)

2121
3900
5376
7547
11196
13600
19857
22204
32896
39025

5A




W
T x
: - =2
=% + — (7)] o
— =+
* : i
U $o4 X
W a o
w
« x - M~
X : 0 w > o
< :
X - DJDz o0 m <
S . -3
X - < -
T >z Q>
% x - [&] w
X W o €
= we z=2
X o o
— - < -
X Y -z
¢ - A o
== =
= o
X : o
X (=]
e w "
= = —
Y : o
. 3 M\rf M i\lll S — W
= : = @
= = =: s
= [ e prpmpre ]
! 3 H
B st et e e e e 1..xﬂ.ﬂ“w%yw“ﬂmhl““l.ﬂnﬂﬁﬂ.‘.{rﬂm B R s S - feeer pens L 3
. e == 3 2 ~
. = .Iclla%l = T=ts $ = o
3 M = o s 3 (=)
K = = : = ——= +
x A R Tt 3= \Ic\hl oo = Fot— &
= T — AT NI I S et amst
2 = 3 : R e e N s g Frbat ey fenat tvee o |
£ = 2 o 1= g R Y
nn = s SR =
4 — T - T
Iy 1 ;
Eo iSSP :
oY = X~ T huﬂ ml o [ e
w S o X !
2 = ==
vOl. NJ‘& X >
of E= : ;
R EEE——en =
ex e 1 o ) X
e e iy
O s e :
b b= -3 2c3
== } g = = o
P u.... [ ey |||I.M.| - —— ——— Nﬂw‘ l-in e
Zeneniiim =R z =
s e = ===
ml!l.uﬂﬂu..; : > 3 3
e e = =
= = : 2 =
e : === B
;W.WHHMW = i 3 S EIC T R :
PRt Smpiietutnbutuit Pisided N 3 porpind 4 | gy peant foys \ yutages Sl et ..l..lil
Y R e | FEErE e e e W ¢ g e i
............ 4 = ———r
T = 3 t = =4 : S
ptgipp epnhd 3 T T 1=t pOpes pumeg bovyy Sigry Jpag pigps SEETT ST pays
..... = -3 ¥ —t . = 3 AOU
= : : :
3 n " ~
(1S4} 3¥NSS3¥d 3T0H WOLLOB




Exhibit 6

STEP RATE TEST REPORT

LEASE: State Vacuum Unit DATE OF TEST_4-21-62
WELL NUMBER: 9 ELEMENT: 6941
COUNTY: Lea TEST DEPTH: ag00 -
TiMe, AM : APPROXIMATE RATE BHP @ TEST DEPTH SURFACE PRESSURE
P} {(8P0) (PSI) .. (PSI) .
11:43 0 3090 1001 ..
12:54 860 3270 1240 '
1:10 1100 3327 1500
1:25 1300 3411 1650
1:43 1500 3472 1750
1:58 1700 3529 1840
2:13 2000 3605 1970

ﬂ“‘ e
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Exhibit 7

STEP RATE TEST REPORT

LEASE: State Vacyum Unit DATE OF TEST__4-15-82
WELL NUMBER: 13 ELEMENT: 3639]
COUNTY: |ap TEST DEPTH: 4685 -
AM APPROXIMATE RATE BHP ® TEST DEPTH SURFACE PRESSURE
TIME/ o\ (BPD) (pS1) .. (PSI) -
29
9:56 0 2630 560 3
11:51 860 2932 950
12:08 1000 3062 1160
12:24 1200 3249 1250
12:43 1400 3480 1400
12:57 1700 3656 1750
1:13 2000 4079 2100 -
1:30 2400 4243 2360
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Exhibit 8

STEP RATE TEST REPORT

LEASE: State Vacuum Unit DATE OF TEST_ _4.19.82
WELL NUMBER: 17 _ . ELEMENT: _£041
COUNTY: Lea TEST DEPTH: 4717 -
TIME/ AM APPROXIMATE RATE "BHP @ TEST DEPTH SURFACE PRESSURE
PM (8PD) (PSI) .. (pPSI) )
10:23 0 2851 754 ‘
11:32 860 3117 1100 "
11:47 1050 3208 1300
12:03 1370 3330 1500
12:19 1550 3462 1650
12:34 1700 3610 2025
12: 49 2060 3874 2200
12:59 2400 4152 2400
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From Exhibit
D' = (QZAP1

_ Substituting: q

Injection Rate

BPD

0
860
1050
1370
1550
1700
2060
2400

Exhibit B8A
STATE VACUUM UNIT
FORMATION PARTING PRESSURE
NON D'ARCY FLOW TECHNIQUE
Well No. 17
= Q3 ‘Pz) / (qlz “Pz - Q% ‘Pl)
BPD l'1 = 3117 A Pl = 237
BPD P2 = 3208 APz = 328
D' = .0018 (b/d)”! q + D'q?
BHP @ TEST DEPTH (8PD)
(psi)
2851
3117 2191
3208 3035
3330 4748
3462 5875
3610 6902
3874 9699
4152 12768
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OtiL CONSERVATION DIVISION
P. O. BOX 2088
SANTA FE, NEW MEXICO 87501

May 19, 1980

ARCO 0il and Gas Company
Box 1610
Midland, Texas 79702

Attention: Mr. J. L. Tweed

Res: Case No, 5762
Order No, R-5295

Gentlemen:

This is in reference to your letter of April 14, 1930,
wherein you requesat administrative approval to increase
the injection pressure in your State Vacuum Unit In

Lea County, New Mexico.

By the authority granted me in Order No. R=5295, you
are hereby authorized to increase the injection pressure
to 1422 psi.

Yours very truly,

JOE D. RAMEY
Director

JDR/£4d




ARCO Qil and Gas Company
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April 14, 1980

0il Conservation Division of the
New Mexico Department of Energy
and Mincrals

P. 0. Box 2088

Santa Fe, New Mexico 87501

Attn: Mr. Joe Ramey

RE: Case No. 5762: Order No. R-5295
ARCO OIL AND GAS COMPANY
State Vacuum Unit
Waterflood Project
T17S, R34E, Lea County, New Mexico

Dear Mr. Ramevy:

In the Order dated October 12, 1976 establishing
the waterfliood project, wellhead injection pres-
sure was limited to 860 psi. It was stated that
higher wellhead pressure could be approved if it
could be shown that the increase in pressure would
not fracture the confining strata. In May, 1978,
evidence was offered to show that a wellhead in-
jection pressure of 1134 psi would not fracture
the formation., This proposal was approved adminis-
..+« 7 “'tratlvely and the current ltimitation is 1134 psi.

' As! operator of the unit, ARCO Cil and Gas Company
epplies for administrative approval of a wellhead
injection pressure of 1422 psi. This pressure was

. .-  detérmined from a key well parting pressure test
SRS Sy z:survey of the injection wells. The attached ex-

: " hibits are offered as evidence that this pressure

will not fracture the confining strata.

The exhibits are based on parting pressure tests
run on March 4-18, 1980. Exhibit 1 is a map of the
unit area showing the five injection wells which
were tested. We feel that these 5 wells are a good
representation of the injection wells in the field.
four of the five wells were tested last time and
provide references for comparison purposes. The
tests on these 5 wells indicated a range of surface
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parting pressures from 1572 psi to 2241 psi as
shown on Exhibit 2. The necessary equipment and
well data is included on Exhibit 3.

The paper '""Step-Rate Tests Determine Safe Injection
Pressures in Floods" (Exhibit 9) was used as a re-
ference to help determine proper testing procedures
and analysis methods. The tests were run by ARCO
0il and Gas Company using a downhole pressure re-
corder, a surface pressure recorder, and a Halli-
burton turbine {lowmeter. Individual well data

and results are shown in Exhibits 4 through 8.

Some of the wells exhibit non-D'Arcy flow charac-
teristics which prevents determination of the parting
pressure by normal rate vs. pressure graphical
technique. Two of the wells tested exhibited this
behavior. By using the technique outlined in the
reference paper (q + D'qz) parting pressures were
determined for the two weils and are included as
Exhibits 5A and 6A. Exhibits 10 and 11 are graphical
solutions of the Williams and Hazen formula for de-
termining the pressure drop due to friction in the
injection tubing. Data for the individual wells is
listed on Exhibit 2, |

Many of the wells tested do not contain enough data
points for a well-defined line after the formaticn
parts. This is due to the limitation of the surface 1
equipment during the tests. The wellheads have a
2000 psi working pressure limitation and this limited
the injection rate during the test. Well No. 15
showed no break during the test (Exhibit 7). This
well required extremely high injection rates during
the tests and the pump capacity of the pump truck was
reached before the formation parted. The slope of
this line is very similar to the slope of the line
before the break the last time the tests were run
orn this well. The slope last time was.6 psi/BWPD and
it was .53 psi/BWPD this time {(Exhibit 12). This
supports the fact that the parting pressure had not
been reached yet. Since there is no well-defined line
after the break,the last point of the line before the
break was chosen as thz parting pressure. We feel
that this is legitimate since the parting pressure is
at least this high. The actual parting pressures are
probably higher than these numbers.

|
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We feel that an increased wellhead injection pressure

is necessary if we are to maintain adequate injection
ratec t> promote the timely production of the secondary
reserves in the unit. Our application for administrative
approval of a wellhead injection pressure of 1422 psi
should insure that we are not fracturing the formation
strata but also aliow us to increase our current in-
jection rates. We will gladiy forward any additional
information which may be required and ask for your

prompt consideration.

Very truly yours,

{ / ,juﬁuz?j

A
g; L. Tweed
District Engineer

JLT:ad
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STATE VACUUM UNIT EXHIBIT 2
PRESSURE PARTING TESTS

HYDRO~- INJ.RATE2 PRESS.DROQP AFfTOTAL BTM HOLE SURF.PTG{ PTG.GRAD-
CUM,INJ. PRESS .BOMB STATIC PTG.PRES. FRICTIONZ @ SETTING PTG.PRES., PRESSURE IENT
WELL 3/1/80 SETTING DEPTH HEAD' (8PD) A% (PSI/100 DEPTH(psi) (psi) (psi) (psi/ft)
NO. (MB) (FT) (PsS1) FT)
4 8.4 4609 1995.7 1000 1.63 75.1 Mn 23865 1944 .4 .836
7 385.9 4574 1980.5 2800 6.0 274. 4 Mn 3278 1571.9 717
13 99.3 4685 2028.5 1900 2.95 138.2 Mn 3975 2084.7 .848
15 643.0 4661 2018.2 3800 10.5 4L89.4 Mn 3770 2241.,2 .809
17 32.6 L7 2052.8 1145 1.15 54.5 3580 1581.7 .755
1, Injection water has specific gravity equal to 1.001; pressure gradient = 433 psi/ft,

2, Taken from Exhibit 10 (Williams and Hazen formula).

3. Surface parting pressure = bottom hole parting pressure - hydrostatic head +AP¢




EXHIBIT 3

STATE VACUUM UNIT
PRESSURE PARTING TESTS

iNJECTION WELL DATA

WELL COMPLETION CASING TUBING SI1ZEX
NO. SIZE (DEPTH) LB DEPTH SET PERFORATIONS
4 33" liner (3440-4700) 2-3/8" 1153

2-1/16" 4550 hsoh-Le24!
7 33" liner (4426-4728) 2-3/8" Lo ke7i-4718"
13 33" liner (4241-4717) 2-3/8" haby! hseo-4710!
15 33" liner (4243-4708) 2-3/8" L2439y 4636-4686"
17 33" liner (4416-4750) 2-3/8" hkre! Leg2-4742¢

*

All tubing is internally plastic coated.




EXHIBIT &4

STEP RATE TEST REPORT

LEASE : m Uni DATE OF TEST 3-18-80
WELL NUMBER: %4 ' ELEMENT: 41838
COUNTY: |ea TEST DEPTH: 4609
AM APPROX. RATE BHP @ TEST DEPTH SURFACE PRESSURE
TIME/PH (BPD) (PS1) (PSi)
10:04 0 1982 Vacuum
10:18 250 2299 260
10:34 400 2652 635
10:49 609 3020 1010
11:04 800 3424 1425
11:19 1000 3864 1925
i1:36 1200 5192 2250
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EXHIBIT §
STEP RATE TEST REPORT
LEASE: State Vacuum DATE OF TEST 3-17-80 '
WELL NUMBER: 7 ELEMENT: 5505
COUNTY: Lea TEST DEPTH: 4574
AM APPROX. RATE BHP @ TEST DEPTH SURFACE PRESSURE
TIME/PM (BPD) (PS1) (PS1)
10:42 0 - 1839 Vacuum
12:16 400 1978 Vacuum
12:33 700 2079 130
12:48 1000 2191 280
1:03 1200 : 2299 390 |
1:20 1400 2392 560 |
1:34 1600 2507 620
1:49 1800 . 2600 730
2:05 2000 2692 : 850
2:20 2175 . 2836 1015
2:36 2450 2790 1240
2:51 2600 3107 1390
3:05 2800 3277 1650
3:20 3000 3357 i830
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From Exhibit 9:

D' = (q, &P,

1

Substituting: a9

9, =

Injection Rate
BPD

400
760
1000
1200
1400
- 1600
1800
2000
2175
24590
2600
2800
3009

EXHIBIT 5A

STATE VACUUM UNIT
FORMANTION PARTING PRESSURE
NON D'ARFY FLOW TECHNIQUE

WELL NO. 7

2 2

500 BPD P = 1978 AP = 88
700 BPD P, = 2079 AP, = 189
'=.00109 B/D" q + D'q?
BHP @ TEST DEPTH (BPD)
(psi)
1839
1978 573
2079 1233
2131 2087
2299 2765
2392 3530
2507 4383
2600 5322
2692 6348
2836 7331
2790 8974
3107 9948
3277 11321
3397 12783




EXHiBIT _5A
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EXHIBIT 6

STEP RATE TEST REPORT

LEASE: State Macuum DATE OF TEST 2-11-80
WELL NUMBER: 13 ELEMENT 1287
COUNTY: Lea TEST DEPTH: 4685

Al APPROX. RATE BHP @ TEST DEPTH SURFACE PRESSURE
TIME/RM (BPD) (pst) (PS1)

10:56 Q 1844 Vacuum

11:22 400 2555 280

11:42 600 2788 640

12:03PH 800 2995 : 960

12:23 1000 3305 1300

12: 44 1200 3618 1650

1:05 1400 2971 2160

b:21 1700 4198 : 2280
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EXHIBIT 6A
STATE VACUUM UNIT
FORMATION PARTING PRESSURE
NON D'ARCY FLOW TECHNIQUE
WELL NO. 13
From Exhibit _9 :
- 2 _2
D' = (q,AP, - qP,)/ (qjAP, a; AP.)
Substituting: q, = 600 ;= 2788 AP, = 528
9, = 800 P, = 2995 AP, = 735
D' = .00254
Injection Rate BHP @ TEST DEPTH q+D ' q2
(BPD) , (PS1) (BPD)
0 1844
400 2555 441
600 2788 691
80o 2395 962
1000 3305 1254
1200 3618 1566
1400 3971 1898
1700 4198 2434
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STEP RATE TEST REPORT

EXHIBIT 7

LEASE; state Vacuum DATE OF TEST 3-10-80
WELL NUMBER: 1&g ELEMENT : 5505
COUNTY ; Lea TEST DEPTH: 4661
AM APPROX. RATE BHP @ TEST DEPTH SURFACE PRESSURE

TIME/PM (BPD) (Ps1) (PpSi)

10:565 0 1727 Vacuum

1:25 PM 600 2155 150

1: 4] 1000 2312 340

2:02 1475 2508 560

2:23 1800 2687 775

2:42 2250 2919 1086

3:02 2600 2129 1340

3:22 3000 3359 1650

3:42 3350 3540 1900

4:01 3600 3645 2010
415 3830 3776 2225
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EXHIBIT 8

STEP RATE TEST REPORT

LEASE: State Vacuum DATE OF TEST 3-4-80

WELL NUMBER: 17 ELEMENT: 5506

COUNTY: Lea TEST DEPTH: L74)

) AM APPROX. RATE BHP @ TEST DEPTH SURFACE PRESSURE

YIME/PM (BPD) (PS1) (PSt)
10:51 0 2335 220
1i:08 260 2539 360
11:24 425 2713 537
11:39 5990 2918 750
11:66 850 3221 109y
12:11 PM 1015 3427 i300
12:26 i275% 3635 1540
12:42 1500 3796 1750
12:57 1700 3913 1900
1:12 2000 4039 2075
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EXHIBIT 9
]
;
St te tests det ] i
epP-rai€ eSS aegermine saic
s ¢ ° . .
injection pressures in floods
STEP-RATE injectivity tests can de- each step should last exactly as long
The author. .. fine the maximum safe injection pres-  as the preceding step.
Mardin Felsenthal is a sures that can be used without frac- In selecting rates for the test, one
4 senior research  engi- turing the reservoir rock. possible rule of thumb is to use 5, 10,
"_ S?FCOT”E: ;:o“n"é;”%“it‘;' This information is important in 20, 4C, 60, 80, and 100¢5 of the desired
_:_ Oklshoma. He works in waterfloods. It is of critical import- maximum test rate. The above sched-
-:t lhgharle’as ot }lo'rn}?tiodn ance in tertiary-recovery projecis uie may be varied o suit the condi-
. ilr:vgwaarul!m;érlg;ureggv: where we cannot afford to lose cost-  tions of the test. For instance, it may
5 ery. A pelioleum engi- ly injection fluids through uncontrolled be difficult to control accurately a
i neering_graduate from induced fractures. . very low rate in which case, the
of University of California, R
° he also holds an MS Recently, we tried the step-rate test test may be started at a somewhat
:N; from Penn state. in a number of projects. Although the higher rate than shown above.
N test concept is simple, results were Equipment. Injection rates during
! conclusive only if proper procedures the test should be controlled with a
¢ *‘and equipment were used. From this constant {low-rate regulator. We have
experience, a recommended pro- used regulatois inade by three dif-
cedure has been developed. ferent companies and obtained useful
This article presents the recom- data. All regulators should be tested
0 mended procedure and shows typical before use.
~d data. Use of a throttling valve as a flow-
Ty A remarkable point brought out by rate regulating device is not recom-
these data is that f{ormations some- mended. Reason is that this valve
on times fracture near hydrostatic head acts like an orifice. Pressures and
m .In pressure-depleted reservoirs. rates will thus interact continuously
The procedure. The early literature during the transient flow conditions of
2t references ' 2 generally talked about each rate step. Consequently, as well
e- pressure parting rather than fractur- pressures rise, injection rates will
al, ing during step-rate injectivity tests, tend to decline.
iy It was pointed out, however, at the Flow rates should be measured with
- outset that the-two expressions are a turbine flowmeter and a rate meter
- % = Synonymaous. such as thosa made by Halliburton,
re- % 2 The test well should be shut in It is advisable to calibrate this equip-
s E_C: fong enough so that the bottom-hole ment by timing flow into a 5gal con-
= g pressure is near the shut-in formation tainer (b/d = 10,236 = seconds to
om e~ pressure. The step-rate injectivity test fill a2 5-gal container).
2ar E ': that follows consists of a series of In critically important tests, it is
sti- = constant-rate injections with rates in- advisable to record rates throughout
ion S creasing {rom low to high in stepwise the test. For this purpose, we have
p. ‘é ;_ .’aa'uion._ _ fed 2 signa!l f{rom a rate meter
) o = In tight formation (K,,—5md) through a dampening circuit to a
its E = each step should last 60 min. Shorter strip-chart recorder. ise of a rate
nyl & %’ time spans can be used in higher- recorder is desivable but not manda-
25, 28 permeability formations as shown in tory.
er- 2= Table 1 of the appendix. The iime- Our experience has shown that best
as- step duration itself is not critical. It results were obtained when pressures
as only should be reasonably close to the were measured with a down-hole in-
recommended values shown, Also, strument, For instance, we Uused
t‘” THE Ol AN GAS JOURNAL — OCTOBER 28, 1574 49




Amerada-type pressure-recording de-
vices in all tests shown in Figs. 1-5.
Other down-hole devices may be
equally suitable. In addition, it is ad-
visable to observe surface pressures

. with a surface gage or recorder.

We found that it is often difficult to
obtain very accurate surface-pressure
readings because ol surges from the
injection pump. Nevertheless, surface

pressures are useful in many tests
for on-the-spot amalysis, waile the test
is in progress. Final lest analysis,
however, should be based on down-
hole pressure data.

Data analysis. The pressures at the
start of the test (at q = 0) and at
the end of each injection-rate step
are plotted against injecticn rates as
in Fig. 1. Shown are down-hole pres-

sures corrected to the surface cleva.
tion of the well and pressurcs re.
corded at the surface. The difference
in the two pressures is mainly dye
to friction losses in the pipes,
When the data show thatl il takes
a smaller pressure increment for a
unit-rate change, we generally infer
that fracturing has taken place. Thus,
the data of Fig. 1 indicate that Wel|

——

Figs. 13
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No. 1 fractured at about 1,300 psi
surface pressure.

Sometimes two breaks are indicaled
in the pressure-vs-rate plots, Each
break could represent a separate frac-
twre, For instance, data for Well No.
2 (Fig. 2) indicate a first fracture at
a surface pressure of 1,050 psi and a
second and more-severe iracturing
condition at 1,900 psi.

Occasionally, pressure-vs-rate plots
do not form a straight line but form
a curve with a distinctive upward cur-
vature near the origin as shown in
Fig. 3. The best explanation for this
is non-D’Arcy flow downstream from
the pressure-measuring device. This
implies that there is probably a
sizable pressure drop across the per-
lorations or other orifice-like obstruc-
lions. Aa added resistance is created
that is proportional to the sguare of
the injection rate. Thus, we observed
we could not interpret the step-rate
data for Well No. 3 from a standard
pressure-vs-rate (q) plot but could do
so from a plot of pressure vs. q +
Dg® (A method for determining D is
given in the appendix). Data in Fig.
lindicate that the fracturing pressure

- was about 1,300 psi in Well No. 3.
In some préssure-depleted reser-.

voirs, initial pressures are lower than
hydrostatic head. Such a situation oc-
cured during the tests illustrated in
Figs. 4 and §. Down-hole rates at the
end of the early steps were some-
what smaller in these tests than rates
measured at the surface because of
rising fluid levels in the wells. Ap-
propriate corrections for this condition
had to be made before the data could
te analyzed.

Coniplementary techniques. Pres-
sure-falioff tests are generaily a good
source of information on permeability
¢apacity, probable presence of f{rac-
lures, skin and nearness to faults or
barriers. An excellent opportusity
generally exists for conducting this
type of test while the test well is
being shut in before step-rate testing.
I the skin calculated from such a
lest is definitely negative, we can
ifer that we probably have a
fracture. One way to find out whether
(e fracture is natural or induced is
10 reduce the injection pressure for
“ime time, say 1 month, and then run
inother pressure-fallefl test. I the
skin is closer to zero in the second
test, we can conclude that an induced
lracture tended to close.

e -~ H H
uulcauxuf',' Capacicy and skin (be"

fore fracturing) can also be evaluated
directly from step-rate test data using
a multiple-rate flow-test analysis tech-
nique. * % A prerequisite to this tech-
nique is great care to keep rates con-
stant in each step and to obtain ac-
curale data. Use of the technique is
illustrated in the appendix.

Step-rate tests and pressure-fallofl
tests give virtuaily no information
about fluid-injection distribution. For
diagnosing the formation character-
istics near injection wells, in a verli-
cal dimension, injectivity-profile tests
are needed. These tests are very use-
ful and popuiar. Results obtained
from them can beneficially supple-
ment results obtained {rom step-rate
and pressure-falloff tests. Especially
heipful for this purpose are radio-
active tracer injection and/or tem-
perature decay surveys (Absolute
temperature profile while injecting,
followed by absolute temperature pro-
files after shutin of injection).

Typical data. Typical pressure-vs-
rate plots are shown in Figs. 1-5. The
remarkable feature brought ocut by
the last two fizures is that the fractur-
ing pressuré was near hydrostatic
head for most of the wells tested in
the oressure-depleted reservoirs B
and C. It was even slightly below the
hydrostatic head in one well (No. 6,
Fig. 5).

To place the data presented so far
into perspective, a pict of fracturing
gradients vs. shut-in fermation pres-
sure/depth ratios was preparad for
weils from six formes 7as. The result-
ing graph (Fig. 6) ccvers a wide
range of prior injection "istories, lith-
ology, depths, geograshic distribution
(five states), geoiogic ages [Missis-
sippian to Pliocene), and shu'-in for-
mation pressure/depth ratios. ’

Note that fracturing gradients
rangad from 0.43 psi/ft o 0.93 psi/ft
with the higher gradients generaliy
occurring at the higher shut-in for-
mation pressure/depth ratios. This
trend of increasing fracturing grad:-
ents with shut-in formation pressure
is in agreement with observations rz-
ported in several literature refer-
ences.’* This trend is especially well
ilustrated in Fig. 6 by the data for
reservoir D (solid circles denote data
taken in the first month of the flocod
and open circles dennte data taken in
the same wells 6 months later). Tiese
data indicate that [racturing pres-
sures should be reevaluated peri-
odically,

Vertical artows in Fig. 6 connect
tirst fracturing indications with sec-
ond f{racturing indicaiions during the
same lest in the same well. (Details
for Well No. 2 are shown in Fig. 2
and for Well Nos. §, 6, and 8 in
Fig. 5.) A preferred interpretation
for this is that a first fracture oc-
curred in comparatively hard, brittle
rock and a second {fracture in softer
and more plastic rock.

The dashed lines shown in Fig. 6
show a comparison with a prevalent
fracturing theory * * (explained in the
appendix). This presentation does not
exclude the possibility that a refine-
ment of this theory or some other
theory would result in a better fit of
the curves and data points.

Numbers on the dashed lines in Fig.
6 are Poisson’s ratios. It has been
speculated in the literature 8 thai data
points coinciding with relatively high
Poisson’s ratios (greater than 0.33)
might be indicative of fracture ex-
tension through plastic cap-rock
shales. This view is unconfirmed,
however, at this time, because injec-
tivity profiles, particularly tempera-
ture-decay surveys, were not made
at the time (or close to the time)
when the step-rate tests associated
with high Poisson’s ratios were made.

Will test damage formation? A
study of field records for injection
Wells Nos. 1-8 (Figs. 1-5) showed that
earlier injection pressures exceedad
the maximum pressure used during
the step-rate tests. The theory of rock
mechanics indicates that {ractures
once opened will tend to close again
when the injection pressure is re-
duced below the fracturing pressure.
What is happening is that the net
effect of the overburden becomes
stroriger than the force that tends to
keep an unpropped, induced fracture
open. This is the mechanism that ap-
parently occurred befere step-rate
testing in Wells Nos. 1-8.

No damage can conceivably be
caused by step-rate tests in old water-
floods as long as the injection pres-
sure during the tests does no! ex-
ceed injection pressures used earlier
during the waterflood history and as
lorg as high-quality injection water
is used. In a new waterflood, a typi-
cal well should be selected for a siep-
rate test. In this well, one should use
only low and moderate injection rates
until a fracturing pressure is definite-
ly established. Later tests should be
designed so that they do not greatly

L%




exceed this presswie for any appreci-
able length of time (more than a few
hours).
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Nomenclature
b’ = Odeh intercept
B = Constant, psi/(b/d)?
Bw = Water formation volume fac-

tor, RB/st-tk bbl
¢ = Total compressibility, psit.
C = Constant, (b/d)/psi
D = Non-D'Arcy flow constant,
(b/d)?

D' =

Another non-D*Arcy flow con- - pw = Bottom-hole pressure in well,
stant related to D as explained in psi
equation 5, (b/d) Ap = Dilference in pressures, psi
h = Net elfective pay, ft dpr = Friction loss through per. |
Kur = Absolute permcability to forations or slots, psi

air, md q

Injection rate, b/d
krw =

Relative permeability to r, = Outer radius of pressure in.
water fluence, ft
ke = Ellective permeability to.wat- rw = Well-bore radius, ft
er, md rwe = Elfective ell-bore radius, {t
m’ = Odeh stope s = Skin factor, dimensionless
n = Step number in step-rate test s’ = Apparent skin factor, dimen.
p = Pressure during step-rate test sionless
at time t, psi ! S = Overburden pressure, psi
pe = Shut-in formation pressure, t = Time since start of test, hr.
psi tn = Time at end of step n of step-
P = Fracturing pressure related rate test, hr
to same elevation as p,, psi Z = Depth, It
pi = True initial pressure during b = Porosity, fraction
step-rate test, defined by intercept of nw = Water viscosity, cp
p vs. q plot when q = o, psi v = Poisson’s ratio, dimensionless
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Appendix

PRESENTED here arc recommended ~lep-rate test times,
poa-D'Arcy flow-analysis techniques, and a multiple-rate
analysis technique applied to step-rate tests. Also, pre-
sented 15 @ orief desciipiivii of a {racturing theery used in
diagnosing step-rate test data.

Recommended time for each injection-rate step
Radius of investigation, ray = Y 0.00105Kt/¢pac (1)

This radius should de about 10 {t or larger to investigate
lormatlion properties adequately. For assumed typical
values of & = 0.2, pnx =07 ¢p, ¢ = 1.5 X 10-® psi*?, kre
= 005 for Kue =5 md, and 06.10 for Ko > 5 md, we
obtain.

: Table |
Test design values
) Average Recommended minimum
Ketr time for each step
5 md 60 min
+ 10 md and larger 30 min
Non-D’Arcy flow analysis techniques -
In non-D’Arcy radial flow:-
0.00708k. hap
q= ()

Fv[ln(re/rw) + s 4+ DQ]

Where D is the non-D’Arcy flow constant, (5/D)-1:

The s” term can be evaluated through a multiple-rate
flow-test analysis technique (described in ancther part of
this appendix) by substituting s’ for s in equation 16. Next,
s is plotted vs q for the early steps of the test. D is then
* $etermined from this plot with the aid of equation 3.
Analyses of 5 ( = s’ — Dq) for all steps of the step-rate
test follow. The s terms are finally plotted vs injection
pressures, and the point at which s becomes greatly more
megative is interpreted as the fracturing pressure.

The aforementioned procedure is rather time-consum-
¥g. A shortcut approach was, therefore, developed and
pplied to the data of Well No. 3. This approach gave the
uime results as the method based on the multiple-rate
Row-test analysis technique for this well.

For the derivation of the shortcul formula, Equation 2
¥2s rewritten as

3

q + D’q* = Cap 4

The apparent skin = s’ = s 4 Dg 3 .

Where:
C = 0.00708 keh/pco [In(r /1) + 5}

D’ = D/(In(r./r) + s 5

It was assumed here that In(r./r.} and C remained
virtually constant before fracturing occurred. This is a
reasonable assumption as long as q in a given step is
much larger than q in the preceding step. Selecting two
such steps (before indicated fractuving) as shown in Fig. 3,
we wrote ,

Q: + D’qy* = CAap, (€)

q2 + D'1a? = CAp; ¢
Dividing (6) = (7) gave:
D’ = (q:Ap1 — q1AP2) 7€q12Ap2 ~ q2*Apy) (8)

It should be emphasized that D’ and D carry the same
units, (b/d)-?, but are not identical. They are related as
shown in Equation 5. In the shortcut approach, pressure
is finaily plotted vs. (y+D’q*), as shown in Fig. 3.

In an alternate approach to solving the non-D’Arcy flow
problem, we start with this equation:

 0.00708k.h(Ap—~Apy)
q= ®
F'[In(re/rw) +S]

where Ap = p.—p. and Ap, is the friction loss which in
turn is related to q as follows:

Apy = Bqg? (10)
In Equation 10, B is a function of the water density and
the number and diameter of perforations that are open.

Defining C as above, we then obtain from 9 and 10 for
two rates, q; and g, before fracturing,

Q1+ BCq,2 = Cap, (11)

Q2+ECQ2_2 = Cap, (12)

It is evident from an analogy to Equations 6 and 7 that
BC=D’. It follows that we arrive in effect at the same

solution, i.e., Equation 8, regardless of whether we start
from Equation 2 or 9,

Muliiple-rate flow test analysis

The technique of applying multiple-rate flow-test an- -

alysis 'o step-rate injectivity test data is based on the prin-
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Table 2
Step-rate data during carly part
of test, Well No. 2
apt
t, Q. p.  Data Stepna. Odeh —
br b/d psi  point  n sum* q
0 0 g2 - - - -
0.5 100 70 a1 =630l 0.786
10 100 730 b 1 0 0.830
1S 250 86 ¢ 2 =010 0556
20 250 874 4 2 0.120 0.978
225 1% L143 e 3 -0335 0.658
25 150 1182 3 =0112 0.720
300 750 1216 3 0.124 0.765

R 2
‘Qden sum = IQl Iogt + (qa—~quiog it~ 00} + (Qa—q:}log(t—
) + ...+ Qe Qaes “Og {t=ta-1) 1/q« (13
iip— 9'”'1- {14}
pr=642 psi
=10h; g =1C0b/d
ta=20hs; Q2=250b/d
t3=3.0hr; qx=750b/d

Fig. 7
Odeh method of analysis
( TN
1.0 I
legend
O 1005/4
A o
0O o/ Intercept = 0.88
0.9 -
= [4
e
T: 0.8}~ Slope =0.35 -
e r ‘0~
-
o~
0.7+ / t -
a
a
Well No. 2
0.6 ) Reservoir A
—=0.4 -0.2 0 0.2
0deh sum
\ Stondard step-rote graph o3 shown in Fig. 2 GGJ/

ciple of “‘superposition.” The technique, sometimes called
the Odeh method, is well described in the literature for
drawdown tests.® * The equations presenied in the liter-

“ature can be used for the analysis of step-rate test data

afltar making a chanoe in <ion and a chanoa in sumbal
er making a change in sign and a change in symbol

notations. Applicable equations and their use are presented

. in the following paragraphs.

The multiple-rate {low-test analysis technique deter-
mines k.h and skin before fracturing. It is essential that
good data are available. Also, the correct initial preskure,
P, must be known. This is the pressure tha: represents the
intercept of the p vs. q plot when q =0. Note, for instance,
that using this criterion gives a lower p; for Well No. 4

[

(Fig. 4) than indicated by the first obscrved pressure,
The method can be applied in theory only to data takea
during the early rate steps when radial flow is the pr.
dominant flow mechanism in the formalion zone under
Investigation. This approach was uscd for the data of Wejj
No. 2 (Fig. 2). Data for the end of each of the early step;

and for one or more arbitrary points during 2ach of these

steps were tabulated as shown in the [irst three columps
of table 2, shown at left.

Sample calculations. For data point a (Step 1):
Odeh sum =g, (log {)/q,=100 (log 0.5)/100 = —0.301
(p—p1)/q1=(720—642)/100=0.78

For data pc')int g (Step 3):

Odeh sum = [q, log 14 {Q:—q:) log (t—t)+{g:—4qa) I
(t—12)}/qa

=100 tog 3+ (250—100) fog (3—1) 4 (750—
250) log (3—2))/750
=0.124

(P—p)/92=(1,216 —642)/750==0.765

5 -

The last two columns of Table 2 were plotted in Fig. 7. .

From this graph we read slope, m’ = 0.35, and intercept,
b’ = 0.88. Known also were: pw = 0.45¢p, Bw = 1.0, h =
270 [t (from a radioactive tracer-injectivity survey), ¢ =
0.186, ¢ = 1.5 x 10°% psi-t, and r« = 0.25 {t.

kwh = 162.6pwBw/m’ s
kwh = 162.6 x 0.45 x 1.0/0.35 = 209 md ft
k. = 209/270 = 0.77 md

b Ke .
s=1.151 }— —loge———+3.23} - (16)
m’ @_Il.wcrwz J
. 083 0.77
s = L151 |— — log +3.3} ¢
0.35 0.186 x 0.45 x 1.5 x 10-% x 0.0625 J :
= --14 .
Fyp = Ta€® (17)

fee = 0.25¢%¢ = 1.0 ft

" ‘The data plotted in Fig. 7 show that the method broke
down after point d was measured. That is, the following
data points, e, {, and g, fell no longer on tne old line.
This was interpreted to indicate that radial flow was no
longer the predominant flow regime and that fracturing
had occurred.

Fracturing theory for diagnosis.

e Sty -

L)y e A 4

i m s gm

The theory ®7 used in drawing the dashed lines in Fig.

6 is expressed by the equation:

p:/Z = [(8/2) = (p./2)} [/ = ;)] + P./Z (18)

The Poisson’s ratio, v is the ratio of maximum lateral .

deformation to maxirmum longitudinal deformation ob-
served during compression loading of rock samples. A low
ralio is generally associated with dense, brittle rock and

a higher ratio with more elastic rock. The overburden
pressure gradient, S/Z, used in constructing the theoretical

curves of Fig. 6, was 1.0 psi/ft of depth. Other terms are
defined in the nomenclature.
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Atl2aticRichtieldCompany Nartn Amencan Producing Division

Pernuan District
Post Office Box 1610 .
Midland Texas 79701 ) . h
Voiephone 915 682 863 ; SN :
. 1 4) =+ \
‘vl(.)l IR ,

May 19, 1978 .

Oil Conservation Division of the
New Mexico Department of

Energy and Minerals

P. 0. Box 2088

Santa Fe, New Mexico (—\\;4;

Attn: Mr. Ramey ./
— "‘*’i)

Re: (Case No, 5762;/Order No. R-5295
TIantic Richfield Company
State Vacuum Unit
Waterflood Project
T-178, R-34E, Lea County, New Mexico

Dear Mr. Ramey:

In the Order establishing the waterflood project, wellhead
injection pressure was limited to 860 psi. Appreval of a
higher wellhead pressure could be obtained by showing that
the increase in pressure would not fracture the confining
strata. As operator of the State Vacuum Unit, Atlantic
Richfield Company applies for administrative approval of

a wellhead injection pressure of 1134 psi. The attached
exnibits are offered as evidence that this pressure will
not fracture the confining strata,

The exhibits are based on pressure parting tests run on

April 24-26, 1978. Exhibit 1 is a map of the unit area showing
the seven injection wells which were tested. Insufficient

pump capacity on Well No. 9 prevented the use of data from

the test. The remaining six wells indicated a range of sur-
face parting pressures from 1234 psi to 2101 psi as shown on
Exhibit 2, Necessary equipment and well data is inciuded on
Exhibit 3.

The paper "Step-Rate Tests Determine Safe Injectijon Pressures

in Floods" (Exhibit 10) was used as a reference to help determine
proper testing procedures and analysis methods. The tests were
run by Atlantic Richfield Company using a downhole “~essure
recorder and a Hallibruton turbine flowmeter. Individual well
data and results are shown in Exhibits 4 through 9.

Some injection wells exhibit non-D'Arcy flow characteristics
‘which prevents determination of the parting pressure by the
normal rate vs. pressure graphical technique. Two of the wells
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tested exhibited this behavior, By using the technique
outlined in the reference paper (q + qu) parting pressures
were determined for the two wells and are included as
Exhibits 4A and 5A. Exhibit 11 is a graphical solution of
the Williams and Hazen formula for determining the pressure
drop aue to friction in the injection tubing. Data for the
individual wells is listed on Exhibit 2,

At the current limitiang pressure of 860 psi, injection rates

in the unit have begun to decline, We ferl that an increased
wellhead injection pressure is necessary if we are to maintain
adequate injection rates to promote the timely production of the
secondary reserves in the unit, OQur application for adminis-
trative approval of a wellhead injection pressure of 1134 psi
should insure that we are not fracturing the formation strata bLut
also allow us to increase our current injection rates. We will
gladly forward any additional information which may be required
and ask for your prompt consideration.

Very truly yours,

}§ Drted

J. L. Tweed

MG/agp
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FXHIBIT 2
STATE VACUUM UNIT
PRESSURE PARTING TESTS l
|
CUM, INJ, PRESS. BOMB HYDROSTATIC! INJ. RATE @ PRESS, DROP= APr-TOTAL @ BTM. HOLE SURF, PTG? PTG,
WELL 3/1/78 SETTING DEPTH HEAD PART, PRESS, FRICTION? SETTING DEPTH PTG. PRFESS, PRESSURE GRADIENT
NO, (MB) (FT) Pn (PSY) (BPD) AP; (PS1/100 FT) (PSI) (PSI) (PS1) (PSI/Fle
7 119.5 . 4671 2022.5 1700 2.34 109, 3 3305 1391.8 . 707
11 94,7 4693 2032.1 2050 3.32 155.8 3200 1323.7 .682
12 54,1 46 50 2017.8 1530 1.91 89.0 4030 2101.0 .865
15 173.5 4636 2007.4 2630 5. 20 241.1 3478 1711, 7 . 730
17 17,5 4721 2044, 2 1000 0.86 40,7 3238 1234.5 .686
19 98.1 4692 2031.6 1610 2.12 99.5 3446 1513.5 . 734
1. Injection water has specific gravity equal to 1.001; pressure gradient = ,433 psi/ft.
3. Surface Parting Pressure = Bottom Hole Parting Pressure - Hydrostatic head + £3Pf

\ 2. Taken from Exhibit 11 (Williams and Hazen formula).
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EXHIBIT 3
STATE VACUUM UNIT
Pressure Parting Tests
Injection Well Data
WELL OOMPLETION CASING TUBING SI1ZkE* DEPTH SET PERFORATIONS
NO. SIZE (DEPTH) IN, _

7 3%" liner 74426-4728" 2-3/8' 4426" 4671-4718"
11 3%” liner (4242-4768) 2-3/8" 4242 4693-4734"
13 33" liner (4241-4717) 2=-3/8" 4241" 4660-4710"'
15 33" liner (4249-4708) 2-3/8" 4249" 4636-4686"
17 3%” liner (4429-4761) 2-3/8" 4429° 4721-4761"
19 34" liner '4416-4750) 2-3/8" 4416 4692-4742"

*All tubing is internally plastic coated.




EXHIBIT 4
STEP? RATE TEST REPORT

LEASE: _ STATE~/ACIM UNIT DATE OF TEST: /24778

WELL NUMBEF:_ 7 ELFMENT : 7287

COUNTY: Lew Zounty, New Mexico TEST DEPTH: _4671°

- APPROX, RATE ) BHP @ TEST DEPTH SURFACE PRESSURE

TIME/ PM {BPD) (PSI) (PSI)
12:5 S 0 2118 5G0
1:00 : 200 2503 350
1:10 400 2569 725
1:20 600 2643 800
1:30 800 2739 900
1:40 1000 2864 1625
1:50 1200 2972 1125
2:00 1400 3101 1325
2:10 1600 3236 1475
2:20 1800 3358 1725
2:30 2000 3455 1875
2:40 2200 3563 2050
2:50 2400 3649 ' 2200
2:56 3200 3782 2500
3:02 4 3600 3866 2775




—
-~
m
x5
GX
b I8
po
o
m
i};-‘\
3z
~Q
J-‘-
™
t

X 10 INCHFS 46 1323

]i Hi Tl I l i W
i |
[ allt 1
‘l ! { 4 »,r}_ 4 g4 i ¢4 -
D 1 H 1
36 4H SEYRIDES B 4{444td {4 ‘44
. 0] i i
111 1 24992411 ; 7113 (11
b |l
2400
a ! ] q i i |
0
[« 4 +31 ES 14
- o .
3
w g 3 i '4 3 H 1
g » L{ . ‘_J<i
wn :ﬁ 1
o | 1
ul L4 {4 H 4434444 44 4 H 2 4 H
5 | | i
1
o H
g i
< | o i i {HH i
o . H THH
Ezm~——~ H | i i H
@ @ | ! HsHEHi
1 EXHIBIT 4
B HH T 1 HHHT 1 HiH R : STATE VACUUM UNIT
2 5 Lea County, New Mexico
o :
4 s 44 4 4 1 14 1 ]
| FORMATION PARTING PRESSURE
‘ WELL NO. 7
¢ Hilk ] | HuRHn ' T R IERNY ' SEC. 32-T!7S - R34E
SARABRARTRRESRSRRNE B! B3R ERN : i 1
2 [0} 200 400 600 200 1000 1200 1400 1600 1800 2000 2200 2400 2800 2800 3000 3200 3400 3600 3800 4000
INJECTION RATE (BwWPD)




r
)
:
3

From Exhibit 10:

EXHIBIT 4A

STATE VACUUM UNIT
Formation Parting Pressure
Non D'Arcy Flow Technique

Well No. 7

D = (a2AP] - 4;AP2)/(412A Py - a2 AP))

Substituting: a3

qg = 400 BPD; Py

D = .000555 B/D™1

INJECTION RATE
(BPD)

0

200

400

600

800

1000

1200

1400

1690

1800

2000

2200

2400

3200

3600

200 BPD; Py = 2503 psi
= 2569 psi
BHP @ T¥ST DEPTH q + Dg2
(PSI) {BPD)
2448
2503 222
2569 489
2649 800
2739 1155
2864 1355
2972 1999
3101 2488
3236 3020
3358 ‘3598
3455 4220
3563 4886
3649 5597
3782 8883
3866 10793
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STEY RATE TEST REFORT

EXHBIT 5

LEASE: SUANTE=-VACUUM DATE OF TEST; 1/25/78
WELL MBER: 11 ELFMENT: 7287
COUNTY: ILea County, New Mexico TES'T DEPTH: 4693’
. AM Appnox; RATE BHP @ TEST DEPTH SURFACE PRESSURE
TIME/ ™ (BPD) (PSI) (PSI)
8:34 0 2433
8:50 200 2518 650
9:00 400 2577 700
9:10 600 2624 725
9:20 800 2701 825
9:130 1000 2767 950
9:40 1200 2842 1050
9:50 1400 2922 1175
10:00 1600 3004 1280
10:10 1800 3080 1400
10:20 2000 3166 1410
10:30 2200 3252 1490
10:40 2400 3322. 1550
10: 50 2600 3402 1640
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EXHIBIT 5A

STATE VACUUM UNIT
Formation Parting Pressure
Non D'Arcy Flow Technlque

Well No. 11

From Exhibit 10:

D = (apAP) - 4 AP/ (a12A P, - a,2AP))

. Substituting: qy = 600 BPD; Pj = 2624 psi
qo = 800 BPD; P2 = 2701 psi
D = .000311 B/D"1
INJECTION RATE BHP @ TEST DEPTH q + Dg2
(BPD) (PSI) (BPD)
0 2433
200 2518 212
400 2577 450
600 2624 _ 712
800 2701 999
1000 2767 1311
1200 2842 1648
é 1400 2922 2009
: 1600 3004 2396
1800 3080 2807
2000 3166 3244
i 2200 3252 2705
' 2400 3322 4192
2600 3402 4702
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EXHIBIT 6

STEP RATE TEST REFORT

LEASE: STATE-VACUUM UNIT DATE OF TEST: 4/26/78
WELJ, NUMBER: 13 FLFEMENT : 1287
COUNTY: Lea County, New Mexico ‘TEST DEPTH: 4660
e : APPROX., RATE J BHP @ TEST DEPTH SURFACE PRESSURE
TIvVE/ P (BPD) (PSI) (PSI)
12:16 K 0 2392 540
12:25 200 2ssi 715
12:35 400 2725 ) 850
12:45 600 2917 : 1050
12:55 800 3164 1415
1:05 1000 3420 1700
1:15 1200 3662 1990
1:25 1400 3885 ' 2190
1:35 1;00 4055 2490
1:45 1800 . 4169 2580
1:55 2000 4263 2740
2:05 2200 4343 . 2860
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EXHIBIT 7

STEP RATE TEST REPORT

LEASE: STATFE=VACUUM DATE OF TEST: 4/25/78
WELY. NUMBER: 15 ELEMENT: 1287
COUNTY: lLea County, New Mexico TEST DEPTH: 4636
n i A;PROX. RATE ) BHP’@ TEST DEPTH SURFACE PRESSURE
TIME/ PM (BPD) (PSI) (PS1)
2145 X 0 2008 160
2:55 600 2230 350
3:05 1000 2460 625
$:15 1400 2724 925
3:25 1800 3010 1250
3:35 2200 3243 1575
3:45 2600 3420 1840
3:55 3000 3572 2120
1:05 | 3400 3663 2300

4:15 3800 3772 2500
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FXHIBIT 8

LEASE: STATE=-VACUUM UNIT - DATE OF TEST: 4/25/78

WELL sUMBER: 17 ELFMENT: 7287

COUNTY: Lea County, New Mexico TEST DEPTH: 4721'

: AM APPROX, RATE BHP @ TEST DEPTH SURFACE PRESSURE

TIME/ PM (BFD) (PSI) (PS1)
11:50 L 0 2477 569
12:05 200 2670 780
12:15 400 2854 930
12:25 €00 2973 1120
12:35- 800 3117 1280
12:15 1000 3239 1445
12:55 1200 3312 1555
1:05 14900 3390 1665
1:15 1600 3462 1785
1:25 1R800 3531 1890
1:35 2000 3585 2000
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STEP RATE TEST REFPORT

EXHIBIT 9

LEASE: STATE-VACUUM UNIT DATE CF TEST: 4/26/78
WELL NUMBER: 19 ELEMENT: 1287
COUNTY: Lea County, New Mexico -TEST DEPTH: 4692
AM APPROX, RATE ) BHP @ TEST DEPTH SURFACE PRESSURE
TIME/ P% (BPD) (PSI) (PS1)
9:01 0 2460 500
9:15 200 2336 500
9:25 400 2607 ) 600
9:35 600 2724 750
9:45 800 2887 920
9:55 1000 3027 1080
10:05 1200 3181 1260
10:15 1400 3314 1430
10: 25 1600 3415 1600
10:35 1800 349, 1709
10:45 2000 3565 1840
10: 55 2200 3622 1940
11:05 2400 3666 2020
11:15 3715 2110

2600
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EXHIBIT 10

TECHNOLOGY

Step-rate tests determine safe
injection pressures in floods

The author. ..

Marlin Felsenthal is a
senior research engi-
neer with Continental
0il Co. in Ponca City,
Oklahoma. He works n
the areas ¢f formation
evaluation, walerflood-
ing and tertiary recov-
ery. A petroleum engi-
neering graduate from
University of California,
he also holds an MS
from Penn state.

A

Felsenthal

S. Code).

material may be protected

.
bt
B

Notice: Thi
by copyright law (Title 17 U

STEP-RATE injectivity tests can de-
fine the maximum safe injection pres-
sures that can be used without frac-
turing the reservoir rock.

This information is important in
waterfloods. It is of critical import-
ance in tertiary-recovery projects
where we cannot afford to lose cost-
ly injection fiuids through uncontrolled
induced fractures.

Recently, we tried the step-rate test
in a number of projects. Although the
test concept is simple, results were
conclusive only if proper procedures
and equipment were used. From this
experience, a recommended pro-
cedure has been developed.

This article presents the recom-
mended procedure and shows typical
data.

A remarkable point brought out by
these data is that formatiois some-
times fracture near hydrostatic head
in pressure-depleted reservoirs.

The procedure. The early literature
references ' ? generally talked about
pressure parting rather than fractur-
ing during step-rate injectivity tests.
It was pointed out, however, at the
outset that the-two expressions are
synonymous.

The test well should be shut in
long enough so that the bottom-hole
pressure is near the shut-in formation
pressure. The step-rate injectivity test
that follows consists of a series of
constant-rate injections with rates in-
creasing from low to high in stepwise
fashion.

In tight formation (K. —5md)
each step should last 60 min. Shorter
time spans can be used in higher-
permeability formations as shown in
Table 1 of the appendix. The time-
step duration itseii is noi critical. it
only should be reasonably close to the
recommended values shown. Also,

THE OIL AND GAS JOURNAL — OCTOBER 28, 1574

each step =hould last exactly as long
as the preceding step.

In selecting rates for the test, one
possible rule of thumb is to use 5, 10,
20, 40, 60, 80, and 1009 of the desired
maximum test rate. The above sched-
ule may be varied to suit the condi-
tions of the test. For instance, it may
be difficult to control accurately a
very low rate in which case, the
test may be started at a somewhat
higher rate than shown above.

Equipment. Injection rates during
the test should te controlled with a
constant flow-rate regulator. We have
used regulators made by three dif-
fer=nt companies and obtained useful
data. All regulators should be tested
before use.

Use of a throttling valve as a flow-
rate regulating device is no! recom-
mended. Reason is that this valve
acts like an orifice. Pressures and
rates will thus interact continuously
during the transient flow conditions of
each rate step. Consequently, as well
pressures rise, ianjection rates will
tend to decline,

Flow rates should be measured with
a turbine flowmeter and a rate meter
such as those made by Halliburton.
It is advisable to calibrate this equip-
ment by timing flow into a 5-gal con-
tainer (b/d = 10,286 = seconds to
fill a 5-gal container).

In critically important tests, it is
advisable to record vates throughout
the test. For this purpose, we have
fed a signal from a rate meter
through a dampering circuit to a
strip-chart recorder. Use of a rate
recorder is desirable but not manda-
tory.

Our experience has shown that best
results were obizined when prossures
were measured with a down-hole in-
strument. For instance, we used

49
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Amerada-type pressure-recording de-
vices in all tests shown in Figs. 1-5.
Other down-hole devices may be
equally suitable. In addition, it is ad-
visable to observe surface pressures
with a surface gage or recorder.
We found that it is often difficult to
obtain very accurate surface-pressure
readings because of surges from the
injection pump. Nevertheless, surface

pressures are useful in many tesis
for on-the-spot analysis, while the test
is in progress. Final test analysis,
however, should be based on down-
hole pressure data.

Data analysis. The pressures at the
start of the test (at q = O) and at
the end of each injection-rate step
are plotted against injection rates as
in Fig. 1. Shown are down-hole pres-

S
H
H
1

sures corrected to the surface cleva.
tion of the well and pressures re-
corded at the surface. The difference
in the two pressurcs is mainly due
to friction losses in the pipes.
When the data show that it takes
a smaller pressure increment for 2
unit-rate change, we generally infer
that fracturing has taken place. Thus,
the data of Fig. 1| indicate that Wel

Step-rate tests on old and new floods '
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No. 1 fractured at about 1,300 psi

surface pressure.

Sometimes two breaks are indicated
in the pressure-vs-rate plots. Each
break could represent a separate {rac-
wre. For instance, data for Well No.
2 (Fig. 2) indicate a first fracture at
a surface pressure of 1,050 psi and a
second and more-severe fracturing
condition at 1,900 psi,

Occasionally, pressure-vs-rate plots
¢o not form a straight line but form
a curve with a distinctive upward cur-
vature near the origin as shown in
Fig. 3. The best explanation for this
is non-D'Arcy flow downsiream from
the pressure-measuring device. This
implics that there is probably a
sizable pressure drop across the per-
forations or other orifice-like obstruc-
tons. An added resistance is created

_that is propartional to the square of

the injection rate. Thus, we observed
we could not interpret the step-rate
data for Well No. 3 from a standard
pressure-vs-rate () plot but could do
so from a plot of pressure vs. g +
Dq* (A methed for determining D is
given in the appendix). Data in Fig.
3indicale that the fracturing pressure
was about 1,300 psi in Well No. 3.

In some pressure-depleted reser-.

voirs, initial pressures are lower than
hydrostatic head. Such a situation oc-
cured during the tests illustrated in
Figs. 4 and 5. Down-hole rates at the
end of the early steps were some-
what smaller in these tests than rates
measured at (he surface because of
rising fluid levels in the wells. Ap-
propriate corrections for this condition
had te be made before the data could
be analyzed.

Complemeniary iecunigucs. Pres-
sure-falloff tests are generally a good
source of information on permeability
capacity, probable presence of frac-
lures, skin and nearness to faults or
barriers.* An excellent opportunity
generally exists for conducting this
ype of test while the test well is
being shut in before step-rate testing.
Il the skin caltujated from such a
lest is definitely negative, we can
ifer that we probably have a
Iracture. One way to find out whether
e fracture is naiurai or induced is
1o reduce the injection pressure for
wme time, say 1 month, and then run
another pressure-falioff test. If the
sin is closer to zero in the second
‘est, we can conclude that an induced
lracture tended to close.

Permeability capacity and skin (be-
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fore fractuiing) can alse be evaluated
directiy from slep-rate test data using
a multiple-rate flow-test analysis tech-
nique. * ' A prerequisite to this tech-
nique is great care to keep rates con-
stant in each step and lo obtain ac-
curate data. Use of the technique is
illustrated in the appendix.
Step-rate tests and pressure-falioff
tests give virtually no information
about fluid-injection distribution. For
diagnosing the formaiion character-
istics near injection wells, in a verti-

cal dimension, injectivity-profile tests”

are needed. These tests are very use-
ful and popular. Results obtained
frem them can beneficially supple-
ment results obtained from step rate
and pressure-falloff tests. Especially
nelpful for this purpose are radio-
active tracer injection and/or tem-
perature decay surveys (Absolute
temperature profile while injecting,
foliowed by absolute temperature pro-
files after shutin of injection).

Typical data. Typical pressure-vs-
rate plots are shown in Figs. 1-5. The
remarkable feature brought out by
the last two figures is that the fractur-
ing pressure was near hydrostatic
head for most of the wells tested in
the pressure-depleted reservoirs B
and C. It was even slightly below the
hydrostatic head in one well (No. 6,
Fig. 5).

To place the data presented so far
into perspective, a plot of fracturing
gradients vs. shut-in formation pres-
sure/depth ratios was prepared for
wells from six formations. The result-
ing graph (Fig. 6) covers a wide
range of prior injection histories, lith-
ology, depths, geographic distribution
(five states), geologic ages (Missis-
sippian to Pliocene), and shut-in for-
mation pressure/depth ratios.

Note that fracturing gradients
ranged from 0.43 psi/ft to 0.93 psi/it
with the higher gradients generally
occurring at the higher shut-in for-
mation pressure/depth ratios. This
trend of increasing fracturing gradi-
ents with shut-in formation pressure
is in agreement with observations re-
ported in several literature refer-
ences.*® This trend is especially well
iilusiraied in Fig. ¢ by iie data for
reservoir D (solid circles denote data
taken in the first month of the flood
and open circles denote data taken in
the same wells 6 months later). These
data indicate that fracturing pres-
sures should be reevaluated peri-
odically.

Vertical arrows in Fig. 6 connect
first fracturing indications with sec-
ond fracturing indications during the
same test in the same well. (Details
for Well No. 2 are shown in Fig. 2
and for Well Nos. §, 6, and 8 in
Fig. 5.) A preferred interpretation
for this is that a first fracture oc-
curred in comparatively hard, brittle
rock and a second fracture in softer
and more plastic rock.

The dashed lines shown in Fig. 6
show a comparison with a prevalent
fracturing theory ® * (explained in the
appendix). This presentation does not
exclude the possibility that a refine-
ment of this theory or sorie other
theory would result in a better fit of
the curves and data points.

Numbers on the dashed lines in Fig.
6 are Poisson’s ratios. It has been
speculated in the literature ® that data
points coinciding with relatively high
Poisson’s ratios (greater than 0.35)
might be indicative of fracture ex-
tension through plastic cap-rock
shales, This view is unconfirmed,
however, at this time, because injec-
tivity profiles, particularly tempera-
ture-decay surveys, were not made
at the time (or close to the time)
when the step-rate tests associated
with high Poisson's ratios were made.

Wwill test damage formation? A
study of field records for injection
Wells Nos. 1-8 (Figs. 1-5) showed that
earlier injection pressures exceeded
the maximum pressure used during
the step-rate tests. The theory of rock
mechanics indicates that fractures
once opened will tend to close again
when the injection pressure is re-
duced below the fracturing pressure.
What is happening is that the net
effect of the overburden becomes
stronger than the force that tends to
keep an unpropped, induced fracture
open. This is the mechanism that ap-
parently occurred before step-rate
testing in Wells Nos. 1-8.

No damage can conceivably be
caused by step-rate tests in old water-
floods as long as the injection nres-
sure during the tests does not ex-
ceed injection pressures used earlier
during the waterflood history and as
Iong ag high-quality injection water
is used. In a new waterflood, a typi-
cal well shouid be selected for a step-
rate test. In this well, one should use
only low and moderate injection rates
until a {racturing pressure is definite-
ly established. Later tests should be
designed so that they do not greatly
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cxceed this pressure for any appraci-

D’ = Another non-D'Arcy flow con-

pw = Bottom-hole pressure in wel}
able length of time (more than a few  stant related to D as explained in  ps: '
hours). equation 5, (b/d)! Ap = Difference in pressures, psi
Acknowledpments h = Net effeclive pay, it Apr = Friction loss through per. ‘P";Zg:
I am indebted to H. C. Walther for Kar = Absolute permeability to forations or slots, psi 2. Gran
guidance and constructive criticisms,  air, md q = Injection rate, b/d “Injectivity
to H. A. Wahl for valuable sugges- k.w = Reiative permeability to r. = Ouler radius of pressure in. Continent
: tions, and to R. C. Cooper, Wayland water fluence, ft !
i Edwards. Dell Conley, and R. A, k« = Effective permeability to-wat- rw = Well-bore radius, ft
‘ Strode for assistznce in data collec-  er, md rw. = Effective well-bore radius,
tion and analysis. m’ = Odeh slope s = Skin [actor, dimensionless :
n = Step number in step-rate test s’ = Apparent skin factor, dimen.
Nomenclature p = Pressure during step-rate test sionless
o’ = Od: intercept at time t, psi ' S = Overburden pressure, psi N
B = Constant, psi/(b/d)? p. = Shut-in formation pressure, t = Time since start of test, hr.

, Bw = Water formation volume fac-  psi

t, = Time at end of step n of step-
tor, RB/st-tk bbl P =

Fracturing pressure related rate test, hr

¢ = Total compressibility, psi-* to same elevation as p., psi Z = Depth, ft
C = Constant, (b/d)/psi pi = True initial pressure during ¢ = Porosity, fraction
= Non-D'Arcy flow constant, step-rate test, defined by intercept of 1w = Water viscosity, ¢p )
(b/d)t p vs. q plot when q = o, psi v = Poisson’s ratio, dimensionless |
* {ormatio!
] Fig6 | values 0
i . . . i = 0.05 fi
N Frac gradients vs. pressure-depth ratio ' obtain.
|
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wn | Appendix
I PRESENTED here are recommended step-rate test times, V. here:
€n. pon-D'Arcy fiow-analysis techniques, and a multiple-rate C == 9.00708 ko h/pw [In(r./ry) + S)
analysis technique applied to step-rate tests. Also, pre- .
' «nted is a brief description of a fracturing theory used in D’ = D/[In(r./r.) + 5] 5
ro | diagnosing step-rate test data.
lep- It was assumed here that In{r./r,) and C remained
Recommended time for each injection-rate step viitually constant before fracturing occurred. This is a
reasonable assumption as long as q in a given step is
Radius of investigation, rmy = Y 0.00105kut/¢puc (i) much larger than q in the preceding step. Selecting two
such steps (before indicated fracturing) as shown in Fig. 3,
less This radius should be about 10 ft or larger to investigate we wrote
—_— formation properties adequately. For assumed ‘typical Q + D'qi* = CAp, (6)
-8 values of ¢ = 0.2, po = 0.7 cp, ¢ = 1.5 X 103 psi’}, Kkre
= 005 for Ky =5 md, and 0.10 for Ky > 5 md, we Q2 + D'qz?2 = CAp, )
obtain.
\ Dividing (6) + (7) gave:
Table |
Test design values D’ = (g:4P1 — 1Ap2) 7 (Q12Ap2 — q22Ap1) 8
A"i’"f‘ "'ﬁ?;‘;“fo'}d::cwi;&';"m Tt should be emphasized that D’ and D carry the same
units, (b/d)-t, but are not identical. They are related as
5 md 60 min shown in Equation 5. In the shortcut approach, pressure
10 md and farger 30 min is finally plotted vs. (q+D’q?), as shown in Fig. 3.
In an alternate approach {o solving the non-D’Arcy flow
Non-D’Arcy flow analysis techniques . problem, we start with this equation:
In non-D’Arcy radial flow: 0.00708kh(Ap—Ap()
q= 9
000708k‘hAp .Uw[lﬂ(l'e/l'w)'f‘S]
q= ¢))
pw[In(re/rv) + s + Dql where Ap = p.,—p. and Ap; is the friction loss which in
! turn is related to q as follows:
Where D is the non-D’Arcy flow constant, (B/D)-1:
Ap; = Bq? 10
The apparent skin — s* = 5 + Dq €)) Pi q (10)
The ' term can be evaluated through a multiple-rate In Equation 10, B is a function of the water density and
. . . - the number and diameter of perforations that are open.
flow-test analysis technique (described in another part of . .
. . o , . - Defining C as above, we then obtain from 9 and 10 for
this appendix) by substituting s’ for s in equation 16. Next, WO rates and before fracturin
§ is plotted vs q for the early steps of the test. D is then 1S G 9z B
¢stermined from this plot with the aid of equation 3. .
Analyses of s ( = " — Dq) for all steps of the step-rate G +BCaq* = Cap, {an
test follow. The s terms are finally plotted vs injection . :
pressures, and the point at which s becomes greatly more G:+BCq.* = CAp, (2)
aegative is interpreted as the fracturing pressure. . . . .
The aforemengone d procedure is rathge rptime-consum- It is evident from an analogy to Equations 6 and 7 that
W8 A shoricut approach was, therefore, developed R BC=D’. It follows that we arrive in effect at the same
. dliil was, uicicione, acveidpea ana R . .
ipplied to the data of We!ll No. 3. This approach gave the ::’;::";;’ l;;i;mEgu;:lgn 8, regardless of whether we siart
same results as the method based on the multiple-rate 4 )
flow-test analysis technique for this well. . .
For the derivation of the shortcut formula, Equation 2 Multiple-rate flow test analysis
was rewritten as
/ The technique of applying multiple-rate flow-test an- -
q + D’q? = CAp (4) alysis to step-rate injectivity test data ic based on the prin-
i974 THE OIL AND GAS JOURNAL _ OQCTOBER 28, 1974 g2
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Table 2
Step-rate data during carly part
of test, Well No. 2
apt
t, q. p.  Data Stepro. Qdeh
h b/d psi  point n sum* Q
0 0 642 - - - -
0.5 100 720 a 1 -0301 0.780
1.0 100 230 b 1 0 0880
15 250 8% ¢ 2 =010 0.856
2.0 250 874 d 2 0.120 0.928
225 750 143 e 3 —0335 0.668
250 750 1182 f 3 —GlI2 0.720
300 750 g 5 0.765

l216 0.124
*0den sum = {q logl+ (q2—q1 Iog(l—l\) + (qy—q2) log (t—
t) + ...+ (ge=gr-)) fog{t—ta-r) 2/ga (13}
1(p p1)/Qn 14
=642 psi
h—]Ohr q =100b/d
tz=2.0hr;q:>—-250bld .
ty=3.0 hr; g>=750b/d

Fig. 7
Odeh method of analysis
- ™
1.0
Legend
O 100b¢
A Bove
[ 75074 Infercep! = 0.88
0.9t~ -
e <
=4
=
=If 0.8 Slope = 0.35 -
/E‘
o |
0.7 /[ -~
Q
e
Well No. 2
06l [ ’ Reservoir A
—0.4 ~0.2 0 0.2
0deh sum
\ Stendard step-tate granh os showa in fig. 2 osy

ciple of “superposition.” The technique, sometimes called
the Odeh method, is well described in the literature for
drawdown tests.? ¢+ The equations presented in the liter-
ature can be used for the analysis of step-rate test data
after making a change in sign and a change in symbol
notations. Applicable equations and their use are presented
in the following paragraphs.

The multiple-rate flow-test analysis technique deter-
mines k.h and skin before fracturing. It is essential that
goud data are available. Also, the correct initial pressure,
pi, must be known. This is the pressure that represenis the
intercept of the p vs. q plot when q =0. Note, for instance,
that using this criterion gives a lower p; for Well No, 4

|4

(Fig. 4) than indicated by the first observed pressure,
The method can be applied in theory only 1o data takey
during the early rate steps when radial flow is the pre.
dominant flow mechanism in the formation zone unde;
investigation. This approach was used for the data of We)
No. 2 (Fig. 2). Data for the end of each of the »arly steps

and for one or more arbitrary points during each of these .

steps were tabulated as shown in the first three columns
of tabte 2, shown at left.

Sample calculations. For data point a (Step 1):
Odeh sumz=:q, (log t)/q;=100 (log 0.5)/100= —0.31
(p—p1)/q1==(720—-642}/100=0.78

For data point g (Step 3):

Odeh sum = [q; log t+(qz—qu) log (t—t)+(qi—q2) Iog .

(t—t233/qa
=[100 log 34- (250 —100) log (3 —1) 4 (750—
250) log (3—2)]/750
=0.124

(p—p)/q:=(1,216— 642) /750 =0.765

The last two columns of Table 2 were plotted in Fig. 7.
From this graph we read slope, m’ = 0.35, and intercep,
b’ = 0.88. Known also were: pw = 0.45 cp,
270 ft (from a radioactive tracer-injectivity survey), & =
0.186, ¢ = 1.5 x 10 psi-!, and rv = 0.25 {t.

kwh = 162.6}1\"3“’/"\' (]5)

kwh = 162.6 x 0.45x 1.0/0.35 = 209 md {t
ke = 209/270 = 0.77 md

b’ K«
s=1.151|— —log +-3.23] - (16)
m’ tI),u“-crwz
(.88 0.77
s = 1.151 |— — log +3.8
0.35 0.186 x 0.45 x 1.5 x 10°% x 0.0625 |
s= —14 4
Twe = Ia€? (17)

Fwe = 0.25e1¢ = 1.0 ft

The data plotted in Fig. 7 show that the method broke
down after point d was measured. That is, the following
data points, e, f, and g, fell no longer on the old line.
This was interpreted to indicate that radial flow was no
longer the predominant flow regime and that fracturing
had occurred.

Fracturing theory for diagnosis.

The thecry ¢ 7 used in drawing the dashed lines in Fig.
6 is expressed by the equation:

p/Z = [(8/2) — (p/2)] [p/(t — j)] + P/Z (18)

The Poisson’s ratio, v is the ratio of maximum lateral
deformation to maximum longitudinal deformation ob-
served during compression loading of rock samples. A low
ratio is generaily associated with dense, brittle rock and
a higher ratio with more elastic rock. ~he overburden
pressure gradient, S/Z, used in constructing the theoretical
curves of Fig. 6, was 1.0 psi/ft of depth. Other terms are
defined in the nomenclature.
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AtlanticRicritieidCompany

Nortnh American Producing Division :
Permian District ~ ;\
Post Office Box 1610 . N
Midland. Texas 79701 ; : ' TN
Telephone 915 682 8631 T RV S I

May 19, 1978

0il Conservation Division of the
New Mexico Department of

Energy and Minerals

P. O. Box 2088

Santa Fe, New Mexico

Attn: Mr, Ramey

Re: Case No. 5762; Order No. R-3295
Atlantic Richfield Company
State Vacuum Unit
Waterflood Project
T-17S, R-34E, Lea Ccunty, New Mexico

Dear Mr. Ramey:

In the Order establishing the waterflood project, wellhead
injection pressure was limited to 860 psi. Approval of a
higher wellhead pressure could be obtained by showing that
the increase in pressure would not fracture the confining
strata. As operator of the State Vacuum Unit, Atlantic
Richfield Company applies for administrative approval of

a wellhead injection pressure oi 1134 psi. The attached
exhibits are offered as evidence that this pressure will
not fracture the confining strata,

The exhibits are based on pressure parting tests run on

April 24-26 1978, Exhibit 1 is5 3 map of the unit area showing
the seven injection wells which were tested, Insufficient

pump capacity on Well No. 9 prevented the use of data from

the test. The remaining six wells indicated a range of sur-
face parting pressures from 1234 psi to 2101 psi as shown on
Exhibit 2, Necessary equipment and well data is included on
Exhibit 3.

The paper "Step-Rate Tests Determine Safe Injection Pressures
in Floods'" (Exhibit 10) was used as a reference to help determine
proper testing procedures and analysis methods. The tests were

- run by Atlantic Richfield Company using a downhole pressure

recorder and a Hallibruton turbine flowmeter, Individual well
data and results are shown in Exhibits 4 through 9.

Some injection wells exhibit non--D'Arcy flow characteristics

‘'which prevents determination of the parting pressure by the

normal rate vs. pressure graphical technique. Two of the wells




0Oil Conservation Division of the
New Mexico Department of

Energy and Minerals

May 19, 1978

Page 2

tested exhibited this behavior, By using the technique
outlined in the reference paper (q + qu) parting pressuras
were determined for the two wells and are included as
Exhibits 4A and 35A., Exhibit 11 is a graphical solution of
the Williams and Hazen formula for determining the pressure
drop due to friciicn in the injection tubing. Data for the
individual wells is listed on Exhibit 2.

At the current limiting pressure of 860 psi, injection rates

in the unit have begun to decline. We feel that an increased
wellhead injection pressure is necessary if we are to maintain
adequate injection rates to promote the timely production of the
secondary reserves in the unit. Our application for adminis-
trative approval of a wellhead injection pressure oY 1134 psi
should insure that we are not fracturing the formation strata but
also allow us to increase our current injection rates. We will
gladly forward any additional information which may be required
and ask for your prompt consideration,

Very‘truly yours,

MG/agp

Al o
o
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EXHIBIT 2
STATFE VACUUM UNTT

PRESSURE PARTING TESTS

CUM, INJ, PRESS, BOMB nvorosTaTicl 1IN, RATE @ PRESS. DROP=  AVPr-10TAlL @ BIM, HCLE SURF, PTG? PTG,
WELL 3/1/78 SETTING DEPTH HEAD PART, PRESS, FRIC'I‘I(')N2 SETTING DEPTH PTG, PRTSS. PRESSURE  GRADIENT
NO. (MB) (FT) P (PST) __(pro) Al (vS1/100 FT) (PS1) __(ps1) (rsi) (PS{/¥T)
7 119.5 1671 2022.5 1700 2. 31 109. 3 3305 1391.8 . 707
11 94,7 4693 2032.1 2050 3.32 155.8 3200 1323, 7 . 682
13 54,1 16 60 2017.8 1530 1.91 89.0 41030 2101.0 . 865
15 173.5 1636 2007.1 2630 | 5.20 241.1 31478 1711.7 . 750
17 17.5 1721 2014, 2 1000 0.86 40.7 3238 1234.5 . 686
19 98.1 4692 2031.6 1610 2.12 99.5 3446 1513.5 L7534
1. Injection water has speciiic gravity equal to 1.001; pressure gradient = .433 psi/ft.
2. Taken from Exhikit 11 (Williams and Hazen formula).
3. Surface Parting Pressure = Bottom Hole Partiﬁg Pressure — Hydrostatic head 4+ AP




EXHIBIT 3

STATE VACUUM UNIT
Pressure Parting Tests
Injection Well Data

WELL COMPLETION CASING TUBING SIZE* DEPTH SET PERFORATIONS
NO. SIZE (DEPTH) IN,

7 33" liner (4426-4728) 2-3/8' 4426" 4671-4718"
11 34" liner (4242-4768) 2-3/8" 4242" 4693-4734"
13 334" liner (4241-4717) 2-3/8" 4241 4660-4710"
13 33" liner (4249-4708) 2-3/8" 4249 4636;4656'
17 34" iiner (4429-4761) 2-3/8" 4429 4721-4761"
19 3* liner "4416-4750) 2-3/8" 4416 4692-4742"

*A1l tubing is internally plastic coated.

——

-
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EXHIBIT 4
STEP RATE TEST REPORT

LEASE:  STATE-VACUUM UNIT DATE OF TEST: 4/24/78

WELL NUMBER: 7 ELEMENT: 7287

COUNTY: Lea County, New Mexico TEST DEPTH: 4671

o APPROX, RATE BHP @ TEST DEPYH SURFACE PRESSURE

TIME/ PM (BPD) 1 (PST) (PSI)
12: 14 L 0 2448 3€0
1:00 200 2503 650
1:10 400 2569 725
1:20 600 2649 800
1:30 800 2739 900
1:40 1000 2864 1025
1:50 1200 2972 1125
2:00 1400 3101 1325
2:10 1600 _ 3236 1475
2:20 | 1800 : 3338 1725
2:30 2000 3455. 1875
2: 40 2200 3563 2050
2:50 2400 3649 ' 2200
2:56 3200 3732 2500
3:02 , 3600 3866 2775
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EXHIBIT 4A

STATE VACUUM UNIT
Formation Parting Pressure
Non D'Arcy Flow Technique

Well No, 7

From Exhibit 10:

D = (a2AP; - 9 AP2)/(a12A Py - a2 AP))

Substituting: qy = 200 BPD; Py = 2303 psi
qz = 400 BPD; P, = 2569 psi
D = .000555 B/D-1
INJECTION RATE BHP @ TEST DEPTH q + Dq2
(BPD) (PSI) (BPD)
0 2748

200 2503 222
400 2569 439
600 2649 800
800 2739 1155
1000 2864 1555
1200 2972 1999
1400 3101 2488
1600 3236 3020
1800 3358 3598
2000 3435 4220
2200 3563 4886
2400 3649 5597
3200 3782 8883
3600 3866 10793
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STEP RATE TEST REPORT

LEASE:  STATE-VACUUM DATE OF TEST: 4/25/78
WELL SUMBER: 11 ELEMENT 7287
COUNTY: Lea County, New Mexlico TEST DEPTH: 4693
MM APPROX. RATE BHP @ TEST DEPTH SURFACE PRESSURE
TIME/ ™ (BPD) (PS1) (PSI)
8:34 0 2433
8:50 200 2518 650
9:00 400 2577 700
9:10 600 2624 725
9:20 800 2701 825
9:30 1000 2767 950
9:40 1200 2842 1050
9:50 1400 2922 1175
10:00 1600 3004 1280
10:10 1800 3080 1400
10:20 2000 3166 1410
10:30 2200 3252 1490
10: 40 2400 3322 1550
10: 50 2600 3402 1640
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From Exhibit 10:

D = (aAP; - a, AP,/ (03°A P, ~ 052 AP))

1]

Well No, 11
Substituting: q 600 BPD; P; = 2624 psi

EXHIBIT 5A
STATE VACUUM UNIT
Formation Parting Pressure
Non D'Arcy Flow Technique

gqo = 800 BPD; Po = 2701 psi
D = .000311 B/D"}
INJECTION RATE BHP @ TEST DEPTH q + Dq2
(BPD) (PSI1) {BFD)
4] : 2433
200 2518 212
- 400 . 2577 : 450
600 2624 712
800 2701 999 {
1000 2767 : 1311 l
1200 2842 1648
|
1400 2922 2009
1600 3004 2396
1800 3080 2807
2000 3166 3244
2200 ' 3252 3705
2400 3322 | 4192
2600 3402 | 4702
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STEP RATE TFST REPORT

EXHIBIT 6

LEASE: STATE-VACUUM UNIT DATE OF TEST: 4/26/78
WELL NUMBER: 13 ELEMENT: 1287
COUNTY: Lea Coﬁntll New Mexico ‘-TEST DEPTH: 4660 "
= APPROX. RATE BHP @ TEST DEPTH SURFACE PRESSURE
TIME/ P (BPD) (PSI1) (PS1)
12:16 | o 2392 540
12:25 200 255i 715
12:35 400 2725 ’ 850
12:45 500 2917 1050
12:55 800 3164 1415
1:05 1000 3420 1700
1:15 1200 3662 1990
1:25 1400 3885 2190
1:35 1;00 4055 2490
1:45 1800 '4165 2580
1:55 2000 4263 2740
2:05 2200 4343 2860
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EXH:BIT 7

STEP RATE TEST REPORT

LEASE;: STATE-VACUWM DATE OF TEST: 4/25/28
WELL NUMBER: 15 ELEMENT: 7287
COUNTY: Leaz County, New Mexico TEST DEPTH: 4636°
et : APPROX, RATE 1 BHP @ TEST DEPTH SURFACE PRESSURE
TIME/ PM (BPD) (PSI) (PS1)
2:45 0 _ 2008 160
2:55 600 2230 350
3:05 1000 2460 625
3:15 1400 | 2724 925
3:25 1800 3010 1250
3:35 2200 3243 1575
3:45 600 3420 1840
3:55 3000 3572 2120
4:05 | 3400 ' " 3663 . 2300
415 3800 ' 3772 2500




10
FOE KR IP0QMINGE LX o licnes . - 46 1323

38 . . )
T f
1 4 i J r—d""’y 1
’#,r“<:
seodill { PARTING | [RRESHUREHHRL )i I
A7 E ;' T
N /"V‘J
N 1
Tttt BRI it
r“b* {
A
/
3400 : : ; ! L i1 L1} ’/. i H : Y
/
~—~ }/ J
_ M
% < i b ttnilnalitiiiis il
! ’
ok -
¥
320G A nebinfs 1 T 1tt - L - B ;r‘/ tr1 et i
w )t
: y | “
)] it 1] i Hhn i | A T ]
w0 I q % T T 21e
51 /
o 7] 1] E
a “/
w 3000 1H tH H ) H H H
4 Y
O / 1
= 1R | ) 1 111
”
2 E //f 3 4
o '/ s 4
/
E 2800 | 4 | 11000 1 /w, RANIRER J_. ] H
m /
&
- - - 1 L?/V\ 34+ - 1-4-¢ 44144 414 334 33 <41 +4
A _ HHETR I EXHIBIT 7
] STATE VACUUM UNIT
26C 1 [ Hilian ] ;,24" 11 stitenitniata dassiintisnninast ] TR Lea County, New Mexico
4 _;’/’
i 7/ } ] il SRREARREEINS L] FORMATION PARTING PRESSURE
il _ WELL NO. I5
i T ST : SEC. 32-Ti7S- R34E
24 1 LA L L :
0 200 800 1200 1600 2000 2400 2800 3200 3600 4000
INJECTION RATE { BWPD)




EXHIBIT 8

STEP RATE TEST REFORT

LEASE: STATE-VACUUM UNIT - DATE OF TEST:__ 4/25/78
WELL &UMBER: 17 ELEMENT : 7287
COUNTY: Lea County, New Mexico TEST DEPTH: 4721
AM APPRox; RATE BHP @ TEST DEPTH SURFACE PRESSURE
TIME/ PM (BPD) (PSI) (PS1)
11:50 | 0 2477 559
12:05 200 2670 780
12:15 400 2834 9230
12:25 £60 2973 1120
12:35. 800 3117 1280
12:45 1000 3239 1445
12:55 1200 3312 1555
1:05 1400 3390 1665
1:15- 1600 3462 1785
1:25 1800 3531 1590
1:35 2000 3585 2000
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o 9
STEP RATE TEST REPORT XHIBIT

LEASE: STATE-VACUUM UNIT DATE OF TEST: 4/26/78
WELL NUMBER: 19 ELEMENT: 7087
COUNTY: Lea County, New Mexico “TEST DEPTH: 4602
AM APPROX, RATE ) BEP @ TEST DEPTH SURFACE PRESSURE
TIME/ B¢ (BPD) (PSI) (PS1)
9:01 L 0 2460 500
a:15 200 2336. 500
9:25 400 2607 ’ . 600
9:35 600 2724 750
9:45 800 2887 920
9:55 1000 3027 1080
10:05 1200 3181 1260
10:15 1400 3314 ' 1430
10:25 1600 3415 | 1600
10:35 1800 o 3491 - 1700
10:45 2000 3565 . 1840
10: 35 2200 3622 .. . 1940
11:05 2400 3666 2020

11:15 2600 3715 2110
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ESHIBIT 10

U Martin Felsenthal is a
senior  research  engi-
reer with Continental
fit Co. in Ponca City,
Qilahoma.- He works 1n
the areas of formation
evaluation, waterflood-
ing and tertiary recov-
ery. A petroleum engi-
neering graduate from
University of California,
he also holds an MS
from Penn state.
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Notice: Th

fine the maximum safe injection pres-
sures that can be used without frac-
turing the reservoir rock.

This information is important in
waterfloods. It is of critical import-
ance in tertiary-recovery projects
where we cannot afford to lose cost-
ly injection fluids through uncoentroiled
induced fractures.

Recently, we tried the step-rate test
in a number of projects. Although the
test concept is simple, results were

. conclusive only if proper procedures

and equipment were used. From this
experience, a recommended pro-
cedure has been developed.

This article presents the recom-
mended procedure and shows typical
data.

A remarkable point brought out by
these data is that formations some-
times fracture near hydrostatic head

.in pressure-depleted reservoirs.

The procedure, The early literature
references * 2 generally talked abnut
pressure parting rather than fractur-
ing during step-rate injectivity tests.
It was pointed out, however, at the
cutset that the-two expressions are
Synonymous.

The test well should be shut in
long enough so that the bottom-hole
pressure is near the shut-in formation
pressure, The step-rate injectivity test
that follows consists of a series of
constant-rate injections with rates in-
creasing from low to high in stepwise
[ashion.

In tight forration (K, —5md)
each step should last 60 min. Shorter
time spans can be used in higher-
permeability formations as shown in
Table 1 of the appendix. The time-
step duration itself is not critical. It
only should be reasonably close to the
recommenced values shown. Also,

THE OII. AND GAS JOURNAL — OCTOBER 28, 1974

TECHNOLOGY

Step-rate tests determine safe
injection pressures in tloods

each step should last exactly as
as the preceding step.

Ir selecting rates for the test, one
possibie rule of thumb is to use 5, 10,
20, 40, 60, 80, and 1009 of the desired
maximum test rate. The above sched-
ule may be varied to suit the condi-
tions of the test. For instance, it may
te difficult to conirol accurately a
very low rate in which case, the
test may be started at a somewhat
higher rate than shown above.

Equipment. Injection rates during
the test should be controlled with a
constant flow-rate regulator. We have
used regulators made by three dii-
ferent companies and obtained useful
data. All regulators should be tested
before use.

Use of a throttling valve as a fiow-
rate regulating device is not recom-
mended. Reason is that this valve
acts like an orifice. Pressures and
rates will thus interact conatinuously
during the transient flow conditions of
each rate step. Consequently, as well
pressures rise, injection rates . will
tend to declite,

Flow rates should be measured with
a turbine flowmeter and a rate meter
such as those made by Halliburton.
It is advisable to calibrate this equip-
ment by timing flow into a 5-gal con-
tainer (b/d = 10,286 = seconds to
fill a 5-gal container).

In critically important tests, it is
advisable to record rates thrcughout
the test. For this purpose, we have
fed a signai irom a raie meier
through a dampening circuit to a
strip-chart recorder. Use of a. rate
recorder is desirable but not manda-
tor.

Our experience has shown that best
results were obtained when pressures
were measured with a down-hole in-
strument. For instance, we used

49
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Amerada-.ype pressure-recording de-
vices in all tests shown in Figs. 1-5.
Other down-hole devices may be
equally suitable. In addition, it is ad-
visable to observe surface pressures
with a surface pgage or recorder.
We found that it is often difficult to
obtain very accurate surface-pressure
readings because of surges from the
injection pump. Nevertheless, surface

pressures are useful in many tests
for on-the-spot analysis, while the test
is in progress. Final test analysis,
however, should be based on down-
hole pressure data.

Data analysis. The pressures at the
start of the test (at ¢ = O) and at
the end of each injection-rate step
are plotted against injection rates as
in Fig. 1. Shown are down-hole pres-

sures corrected to the surface eleva.
tion of the well and pressures re.
corded at the surface. The diflerence
in tae two pressures is mainly due
to friction losses in the pipes.
When the data show that it takes
a smaller pressure increment for a
unit-rate change, we generaily infer
that fracturing has taken place. Thus,
the data of Fig. 1 indicate that Wejl

Step-rate tests on old and new floods -

Figs. 1.y

f

Mature flood
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No. 1 fractured at about 1,300 psi
surface pressure.

Sometimes two breaks are indicated
in the pressure-vs-rate plots. Each
break could represent a separate frac-
nire. For instance, data for Well No.
2 (Fig. 2) indicate a first fracture at
a surface pressure of 1,050 psi and a
second and more-severe fracturing
condition at 1,900 psi.

Occasionally, pressure-vs-rate plots
do not form a straight line but form
1 curve with a distinctive upward cur-
vature near the origin as shown in
Fig. 3. The best explanation for this
is non-D'Arcy flow downstream from
the pressure-measuring device. This
implies that there is proobabily a
sizable pressure drop across the per-
‘orations or other orifice-like obstruc-
tons. An added resistance is created
that is proportional to the square of
the injection rate. Thus, we observed
#e could not interpret the step-rate
data for Well No. 3 from a standard
pressure-vs-rate (q) plot but could do
so from a plot of pressure vs. q +
Dg* (A method for determining D is
given in the appendix). Data in Fig.
3indicate that the fracturing pressure
was about 1,200 psi in Well No. 3.

In some pressure-depleted reser-.

voirs, initial pressures are lower than
hydrostatic head. Such a situation oc-
cured during the tests illustrated in
Figs. 4 and 5. Down-hole rates at the
end of the early steps were some-
what smaller in these tests than rates
measured at the surface because of
rsing fluid levels in the wetls. Ap-
propriate corrections for this condition
had to be made before the data could
be analyzea.

Complementary tecnniques. Pres-
sure-falloff tests are generally a good
source of information on permeability
capacity, probable presence of frac-
tures, skin and nearness to faults or
barriers.* An excellent opportunity
generally exists for conducting this
ype of test while the test well is
veing shut in before step-rate testing.
If the skin calculated from such a
test is definitely negative, we can
nfer that we probably have a

fracture. One way to find out whether.

e fracture is natural or induced is
o reduce the injection pressure for
some time, say 1 month, and then run
irother pressure-falloff test. If the
skin is closer to zero in the second
lest, we can conclude that an induced
lracture tended to close.

Permeability capacity and skin (be-

fore fracturing) can aiso be evaluated
directly {rom step-rale test dala using
a multiple-rate flow-test analysis tech-
nique, ' A prerequisite to this tech-
nique is great care to keep rates con-
stant in each st¢p and to obtain ac-
curate data. Use of the technique is
illustrated in the appendix.
Step-rate tests and pressure-falloff
tests give virtually no information
about fluid-injection distribution. For
diagnosing the formation character-
istics near injection wells, in a verti-

cal dimension, injectivity-profile tests ™

are needed. These tests are very use-
ful and popuiar. Results obtained
from them can beneficially supple-
ment resuiis obiained {rom siep-rate
and pressure-falloff tests. Especially
helpful for this purpose are radio-
active tracer injection and/or tem-
perature decay surveys (Absolute
temperature profile while injecting,
followed by absolute temperature pro-
files after shutin of injection).
Typical data. Typical pressure-vs-
rate plots are shown in Figs. 1-5. The
remarkable feature brought out by
the last two figures is that the fractur-
ing pressure was near hydrostatic
head for most of the wells tested in
the pressure-depleted reservoirs B

and C. It was even slightly below the

hydrostatic head in one weli (No. 6,
Fig. 5).

To place the data presented so far
into perspective, a plot of fracturing
gradients vs. shut-in formation pres-
sure/depth ratios was prepared for
wells from six formations. The result-
ing graph (Fig. 6) covers a wide
range of prior injection histories, lith-
ology, depths, geographic distribution
(five states), geologic ages (Missis-
sippian to Pliocene), and shut-in for-
mation pressure/depth ratios.

Note that fracturing gradients
ranged from 0.43 psi/ft to 0.83 psi/ft
with the higher gradients generally
occurring at the higher shut-in for-
mation pressure/depth raties. This
trend of increasing fracturing gradi-
ents with shut-in formation pressure
is in agreement with observations re-
ported in several literature refer-
ences.*® This trend is especially well
illustrated in Fig. 6 by the data for
reservoir D (solid circles denote data
taken in the first month of the flood
and open circles denote data taken in
the same weils 6§ monihs later). These
data indicate that f{racturing pres-
sures should be reevaluated peri-
odically.
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Vertical arrows in Fig. 6 connect
lirst fracturing indications with sec-
ond fracturing indications during the
same test in the same well. (Detnils
for Well No. 2 are shown in Fig, 2
and for Weli Nos. 5, 6, and 8 in
Fig. 5.) A preferred interpretation
for this is that a lirst [racture oc-
curred in comparatively hard, brittle
rock and a second fracture in softer
and more plastic rock.

The dashed lines shown in Fig. 6
show a comparison with a prevalent
fracturing theory ° ' (expiained in the
appendix). This presentation does not
exclude the possibility that a refine-
ment of this theory or some other
theory would rosult in 2 hetter fit of
the curves and data peints.

Numbers on the dashed lines in Fig.
6 are Poisson's ratios. [t has been
speculated in the literature * that data
points coinciding with relatively high
Poisson’s ratios (greater than 0.35)
might be indicative of fracture ex-
tension through plastic cap-rock
shales. This view is unconfirmed,
however, at this time, because injec-
tivity profiles, particularly tempera-
ture-decay survevs, were not made
at the time (or close to the time)

when the step-rate tests associated -

with high Poisson’s ratios were made.

Will test damage formation? A
study of field records for injection
Wells Nos. 1-8 (Figs. 1-5) showed that
earlier injection pressures exceeded
the maximum pressure used during
the step-rate tests. The theorv of rock
mechanics indicates that fractures
once opened will tend “inse again
when the injection pressure is re-
duced below the fractu.iig pressure.
What is happening ‘s that the net
effect of the overburden L-comes
stronger than the force that :>nds to
keep an unpropped, induced fracture
open. This is the mechani; that ap-
parently occurred before step-rate
testing in Wells Nos. 1-8.

No damage can conceivably be
caused by step-rate tests in old water-
floods as long as the injection pres-
sure during the tests does not ex-
ceed injection pressures used earlicr
during the waterflood history and as
long as high-quality injection water
is used. In a new waterflood, a typi-
cal well should be selected icr a step-
rate test. In this well, one should use
oaiy low and moderate injection rates
until a fracturing pressure is definite-
ly establish2d. Later tests should be
designed so that tney do noi greatily
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exceed this pressure for any appreci-
able length of time (more than a few
hours).
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Nomenclature
b’ = Odeh intercept
B = Constant, psi/(b/d)?

Bw = Water formatioa volume fac-
tor, RB/st-tk bbl

¢ Total compressibility, psi't

C Constant, (b/d)/psi

D = Mon-D'Arcy flew constant,
(b/d)t

P

D’ = Another non-D'Arcy flow con-
stant related to D as explained in
equation 5, (b/d)t

h = Net effective pay, ft

Kuar = Absclute permeability to
air, md

k.w = Relative permeability to
water

k. = Effective permeabitity to.wat-
er, md

’

m’ = Odeh slope

n = Step number in step-rate test

p = Pressure during siep-rate test
at time t, psi )

p. = Shut-in {ormation pressure,
psi

P, = Fracturing pressure related
to same eievation as p., psi

pi = True initial pressure during

step-rate test, defined by intercept of
p vs. q plot when q = o, psi

1]

pw = Bottom-hole pressure in wej|,
psi

Ap = Difference in pressures, psj

Apc = Friction loss through per.
fo. ations or slots, psi

q = Injection rate, b/d

r. = Outer radius of pressure in.
fluence, ft

rw = Well-bore radius, {t

rw. = Elfective well-bore radius, f{

s = SKkin factor, dimension'ess

s’ = Apparent skin factor, dimen. :
sionless

§ = CQCverburden pressure, psi

t = Time since start of test, hr,

t. = Time at end of step n of step.

rate test, hr
Z = Depth, ft

$ = Porosity, fraction
/tw = Walier viscosity, cp
v = Poisson’s ratio, dimensionless

Fig. 8
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Appendix

PRESENTED here are recommended step-rate test times,
son-D'Arcy flow-anaiysis techniques, and a multiple-rate
analysis technique applied to step-rate tests. Also, pre-
sented is a brief description of a fracturing theory used in
diagrosing step-rate test dala.

A is Mddaeys

Radius of investigation, ri,, = \f 0.00105Kot/puwc (1)

This radius should be about 10 ft or larger to investigate
formation properties adequately. For assumed typical
values of ¢ = 0.2, pa = 0.7 cp, ¢ = 1.5 X 10-° psi!, kra
= 005 for Ky =5 md, and 0.10 for K > 5 md, we
obtain.

Table 1}
Test design values
Average Recommended minimum

Kete time for each step

5 md 60 min

10 md and larger - 30 min

Non-D’Arcy flow analysis techniques -
In non-D’Arcy radial flow:
0.00708kw.hAp
q= €2)

pw[in(re/ry) + s 4+ Dql
Where D is the non-D'Arcy flow constant, (B/D)-!:
The apparent skin = s* = s 4+ Dq @

The s’ term can be evaiuated through a multiple-rate
fiow-test analysis technique (described in another part of
this appendix) by substituting s’ for s in equation 16. Next,
§ is plotted vs q for the early steps of the test. D is then
determired from this plet with the aid of equation 3.
Analyses of s ( = s* — Dq) for all steps of the step-rate
lest follow. The s terms are finally piotted vs injection
pressures, and the point at which s becomes greatly more
negative is interpreted as the fracturing pressure.

The aferementioned procedure is rather time-consum-
ng. A shortcut approach was, therefore, developed and
ipplied to the data of Well No. 3. This approach gave the
suime results as the method based on the multiple-rate
fow-test analysis technique for this well.

For the derivation of the shortcut formula, Equation 2
¥3s rewrittea as

q + D’q? = Cap 4)

THF Ot NN CAS INHIRNAT _ OCTORER 28. 1974

Where:
C = 0.00708 kuh/pw {In(r/re) + s)

D’ = D/[In(r./ra) + s (5)

It was assumed here that in(r./r«) and C remained
virtually constant before fracturing occurred. This is a
reasonable assumption as long as q in a given step is
much larger than q in the preceding step. Selecting two
such steps (before indicated fracturing) as shown in Fig. 3,
we wrote

qQ: + D’'q? = Cap, (6)

Q2 + D'q? = Cap, )
Dividing (6) = (7) gave:
D’ = (q:4p: — G14p2) /(q:?Ap2 — q22AP1) 8

It should be emphasized that D’ and D carry the same
units, (b/d)-!, but are not identical. They are related as
shown in Equation 5. In the shortcut approach, pressure
is finally plotted vs. (q+D’q?), as shown in Fig. 3.

In an alternate approach to solving the non-D’Arcy flow
problem, we start with this equation:

0.00708k . h{Ap — Ap()
qQ= (€)]
pwlin(re/rw) 5]

where Ap = pw—p. and Ap; is the friction loss which in
turn is related to q as follows:

Ap¢ = Bqg?® (10)

in Equation 10, B is a function of the water density and
the number and diameter of perforations that are open.
Defining C as above, we then obtain from 9 and 10 for
two rates, q, and q., before fracturing,

q1+BCq2 = Capy (1)

q: + chf = CApz (12)

It is evident from an analogy to Equations 6§ and 7 that
BC=D’. It follows that we arrive in effect at the same

solution, i.e., Equation 8, regardless of whether we start
from Equation 2 or 9.

Multiple-rate flow test analysis

The technigue of applying multiple-rate flow-test an- -

alysis to step-rate injectivity test data is based on the prin-
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Table 2
Step-rate data during early part
of test, Well No. 2
apt
t, Q. o, Data Stepne. 0deh —_—
h b/d psi point  n sum* q
0 0 642 - - - -
0.5 100 720 3 1 -0.301 0.780
1.0 100 730 b 1 0 0.830
1.5 250 856 ¢ 2 =010 0856
2.0 250 874 4 2 0.120 0.928
2.25 750 1143 e 3 -0.335 0.658
2.50 750 1,182 f 3 -0.112 0.720
3.50 750 1216 g 3 0.124 0.765
*Oden [m !ogt + (q2—q) log (t—t) + (q> —g2} log it —
R+ ..+ Qe=Qerd log (t=tab /g (13)
Ho=pla- {14)
=842 psi
t1=1.0hr; g =160b/d
t:=2.0hr; g2=250b/d
ts=23Chr; @2=750b/d
Fig. 7
Odeh method of analysis
— ~
1.0
Legend
O 100 bsd
A sob/d
0 1oy Intercept = 0.88
d
0.9 + -
b
3 <
f 0.8~ + Slope = 0.35 .
& o ‘0
//E]
a
]
Well No. 2
0.6 o Reservoir A
-0.4 -0.2 0 0.2
0deh sum
\ Standard step-rate graph os shpwn in fig. 2 w1 J

ciple of “‘superposition.” The technique, sometimes called
the Odeh method, is well described in the literature for
drawdown tests.3* The equations presented in the liter-

‘ature can be used for the ar.lysis of step-rate test data

after making a change in sign and a change in symbol
notations. Applicable equations and their use are presented
in the following paragraphs.

The muitiple-rate flow-test analysis technique deter-
mines k.h and skin before fracturing. it is essential that
good data are availabie. Also, the correct initial pressure,
pi, must be known. This is the pressure that represents the
intercept of the p vs. g plot when q =0. Note, for instance,
that using this criterion gives a lower p; for Well No. 4

£R

{Fig. {) than indicated by the {irst ohserved pressure,
The method can be applied in theory only to data takes
during the early rate steps when radial flow is the pre.
dominant flow mechanism in the formation zone under
investigation. This approach was used for the data of Wej;
No. 2 (Fig. 2). Data for the end of each ol the early steps

and for one or more arbitrary points during each of these .

steps were tabuiated as shown in the first three columrs
of table 2, shown at leit,

Sample calculations. For data point a (Step 1):
Odeh sum=q, (log t)/q,=100 (log 0.5)/100= —0.201
(p—p)/q,=(720—642)/100=0.78
For data point g (Step J3):
Odeh sum = [q log t+(qz2—q1) log (t—~t)) +{q1—q2) log
(t--t2)1/Ga
=[100 log 3+ (250—100) log (3—1)+(750—
250} log (3—2)1/750
=0.124

{p—pi)/q:=(1,216 —642)/750=10.765

The last two columns of Table 2 were plotted in Fig. 7.
From this graph we read slope, m’ = 0.35, and intercept,
b’ = 0.88. Known also were: uw = 0.45¢p, Bw = 1.0, h =
270 ft (from a radicactive tracer-injectivity survey), ¢ =
0.186, ¢ = 1.5 x 10°% psi't, and o = 0.25 ft.

Twe = 0.25e%¢ = 1.0 ft

kwh = 162.6uwBw/m’ (15) i

kwh = 162.6 x 0.45x 1.0/0.35 = 209 md ft

Kw = 209/270 —= 0.77 ind }

§

k:

b’ Kw : :

s=1.151| ———log—————+3.23| - (16) ;

m’ @}L\vcrwz .

t

¢

0.88 0.7 ;

s = Li5} |— — log 433 -
0.35 0.186 x 0.45 x 1.5 X 103 x 0.0625 !

i

s= —14 ) f
Twe = o€ an
i

The data plotted in Fig. 7 show that the method broke
down afr.r point d was measured. That is, the following
data points, e, f, and g, fell no longer on the old line.
This was interpreted to indicate that radial flow was no
longer the predominant flow regime and that fracturing
had occurred.

Fracturing theory for diagnosis.

The theory ® 7 used in drawing the dashed iines in Fig. -

6 is expressed by the equation:

P/Z = [(S/2) — (p/D)) [u/(1 — 1)) + Pe/Z (18)

. p—— h b

The Poisson’s ratio, v is the ratio of maximum lateral .

deformation te maximum longitudinal deformation ob-
served during compression loading of rock samples. A low
ratio is generally associated with dense, brittle rock and
a higher ratio with more elastic rock. The overburden
pressure gradient, S/Z, used in constructing the theoretical
curves of Fig, 6, was 1.0 psi/ft of depth. Other terms are
defined in the nomenclature.
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AllanticRichfieldCoempany

North American Producing Division
Permian District ’
Post Otfice Box 1610 et AT
Midland. Texas 79701 ST S '
Telephone 915 682 863 1 . i

May 19, 1978

Oil Conservationr Division of the
New Mexico Department of

Energy and Minerals

P. 0. Box 2088

Santa Fe, New Mexico

Attn: Mr. Ramey

Re: Case No. 5762; Order No. R-5295
Atlantic Richfield Company
State Vacuum Unit
Waterflood Project
T-178, R-34E, Lea County, New Mexico

Dear Mvr, Ramey:

In the Order establishing the waterflood project, wellhead
injection pressure was limited to 8380 psi. Approval of a
higher wellhead pressure could be obtained by showing that
the increase in pressure would not fracture the confining
strata. As operator of the State Vacuum Unit, Atlantic
Richfield Company applies for administrative approval of

a wellhead injection pressure of 1134 psi. The attached
exhibits are offered as evidence that this pressure will
not fracture the confining strata.

The exhibits are based on pressure parting tests run on

April 24-26, 1978, Exhibit 1 is a map of the unit area showing
the seven injection wells which were tested. Insufficient

pump capacity on Well No. 9 prevented the use of data from

the test, The remaining six wells indicated a range of sur-
face parting pressures Ifrom 1234 psi to 2101 psi as shown on
Exhibit 2. Necessary equipment and well data is included on
Exhibit 3.

The paper ''Step-Rate Tests Determine Safe Injection Pressures
in Floods” (Exhibit 10) was used as a reference to help determine

- proper testing procedures and analysis methods. The tests were

run by Atlantic Richfield Company using a downhole pressure
recorder and a Hallibruton turbine flowmeter., Individual well
data and results are shown in Exhibits 4 through 9.

Some injection wells exhibit non-D'Arcy flow characteristics
‘which prevents determination of the parting pressure by the
normal rate vs. pressure graphical technique. Two of the weslls
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0il Conservation Division of the
New Mexico Department of

Energy and Minerals

May 19, 1978

Page 2

tested exhibited this behavior, By using the technique
outlined in the reference paper (q + Dq2) parting pressures
were determined for the two wells and are included as
Exhibits 1A and 35A. Exhibit 1l is a graphical solution of
the Williams and Hazen formula for determining the pressure
drop due to friction in the injection tubing. Data for the
individual wells is listed on Exhibit 2,

At the current limiting pressure of 860 psi, injection rates

in the unit have begun to decline. We feel that an increased
wellhead injection pressure is necessary if we are to maintain
adequate injection rates to promote the timely production of the
secondary reserves in the unit. Our application for adminis=~
trative approval of a wellhead injection pressure of 1134 psi
should insure that we are not fracturing the formation strata but
also allow us to increase our current injection rates. We will
gladly forward any additional information which may be required
and ask for your prompt consideration.

Very truly yours,

4 hrsed

J. L. Tweed

MG/agp
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EXHIBIT 2
STATE VACUUM URIT
PRESSURI: PARTING TESTS
CUM, INJ, PRESS., BOMB HYOROSTATICY  INJ, RATE @ PRESS, l)[{,OP- AP =TOTAL @ BT™M. HOLE SURF, l"I‘GSi PTG,
WELL 3/1/178 SETTING DEPTH HEAD PART, PRESS, FRICTION“ SETTING DEPTH PTG, PRESS, PRESSURE GRADIENT
NO, (MB) (FT) Py (PST) __(mrp) AP (PSI/100 FT) (rs1) __(ps1) (PS1) (PS1/¥T)
7 119.5 1671 2022.5 1700 2.34 109. 3 . 33056 1391.8 . 707
11 91.7 1693 2032.1 2050 3.32 155.8 3200 1323.7 .682
13 54.1 46 6O 2017.8 1530 1.91 89.0 4030 2101.0 .865
15 173.5 4636 2007.4 2630 5.20 241, 1 3478 1711.7 . 750
17 17.5 4721 2044.2 1000 0.86 10.7 3238 1234.5 .686
19 98.1 1692 2031.06 1610 2.12 99.5 3446 1513.5 . 734
1. Injectlion water has specific gravity equal to 1.,001; pressure gradient = .433 psi/ft,.

2. Taken from Exhibit 11 (williams and Hazen formula).

3. Surface Parting Pressure = Bottom Hole Parting Pressure - Hydrostatic head + APy



EXHIBIT 3

STATE VACUUM UNIT
Pressure Parting Tests
Injection Well Data

WELL COMPLETION CASING TUBING SIZE* DEPTH SET PERFORATIONS
NO. SIZE (DEPTH) IN.

7 34" liner (4426-4728) 2-3/8' 4426 4671-4718"
11 34" liner (4242-4768) ‘2—3/8" 4242 4693-4734"
13 34" liner (4241-4717) 2-3/8" 4241 4660-4710"
15 34" liner (4249-4708) 2-3/8" 4249"' 4636-4686"
17 34" liner (4429-4761) 2-3/8" 4429 4721-4761"
19 31" liner “4416-4750) 2-3/8" 4416° 4692~4742"

*All tubing is internally plastic coated.

op ol




EXHIBIT 4
STEP RATE TEST REFORT

LEASE:  STATE-VACUUM UNIT DATE OF TEST: 4/24/78

WELL NUMBER: 7 ELEMENT : 7287

COUNTY: Lea County, New Mexico TEST DEP’I‘H-: 4671 "'

- APPROX, RATE ) BHP @ TEST DEPTH SURFACE PRESSURE

TIME/ PM (BPD) (PSI) (P31)
12: 44 g 0 ' 2348 560
1:00 200 2503 650
1:10 400 2569 725
1:20 600 2649 800
1:30 800 2739 900
1:40 1000 2864 1025
1:50 1200 2972 1125
2:00 1400 3101 1325
2:10 1600 3236 1475
2:20 1800 3358 S 1725
2:30 2000 3455 1875
2: 40 2200 3563 2050
2:50 2400 3649 ' 2200
2:56 2200 3782 2500
3:02 . 3600 3866 2775
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From Exhibit 10:

EXHIBIT 44

STATE VACUUM UNIT
Formation Parting Pressure
Non D'Arcy Flow Technique

Well No. 7

D = (q2AP; - qlapg)/(qlePZ - q22AP1)

Substituting: q;

qo = 400 BPD; Py

D = .000555 B/b-1

INJECTION RATE
(BPD)

0
200
400 -
600

800

200 BPD; P; = 2503 psi

= 2569 psi

BHP @ TEST DEPTH q + Dg2

(PSI) (BPD)

2448
2503 222
2569 ' 489
2649 800
2739 1155
2864 1555
2972 1999
3101 2488
3236 3020
3358 3598
3455 4220
3563 18886
3649 5597
3782 |RRR]2




1 CH 7 o
KB IO IRGES A0 46 1323

3 5288
1
4183 i 5 ] i 1131
o H b11441 14 41 ! { 141 11 1 1.
ULt
r"’1
) I n | § ! i .«*‘"‘4”&5‘
s ,L L
“w 1 T H H ——1—-—« —j Fua ﬂ rjg?h: H :!—\- E] Jﬁ I;?N::ﬂ"=>*\~~\\ L —”“_v‘f"”‘f - 14 1
Y L, N » %
8 r g N /,/"1'“‘ (11
- ‘ha*”"
N 1 T T 1 1 1
f"““
i il
L41¢d
32 - 4118 ] 4] /,“/ ? ] ’ {13 d | {4 -4
13 2 ,a"x/
1111 it L’/,{g‘: L] i S8h18T
wll
1 i 3 HH i 1
] WK Mcb
4 |-£ .44 ‘.‘y"f
i 1]
2 e H itk i 1 1 il
SERENRAE 4 { /’Fé!f ¢ I
tHiHH W i _ EXHIBIT 4A
//’ STATE VACUUM UNIT
* 4:-/” HUsi T i T e iy ] iea Couniy , New Mexico
L1 1 -
f,@r/w A1 H HHTH tH T 3 H1HH : - FORMATION PARTING PRESSURE
/('1 [1HHH ‘ NON DARCY FLOW TECHNIQUE
f | { L L WELL NO. 7
2 3 . BERI BN . gsUEN AL
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
q+ 0¥ q? (BWPD) = -




EXHBIT 3
STEP RATE TEST REFORT

LEASE: STATE=VACUUM ' DATE OF TEST: 1/25/78
WELL MBER: 11 ELFMENT: 7287
COUNTY: Lea County, New Mexico : TEST DEPTH: 4693 .
AM : APPROX, RATE ) BHP @ TEST DEPTH SURFACE PRESSURE
TIME/ ™ (BPD) (PSI) (PSI)
8:34 g 0 2433 |
8:50 200 2518 650
9:00 400 2577 700
9:10 600 _ 2624 725
9:20 | 800 2701 825
9:30 1000 2767 950
$:40 1200 2842 1030
9:50 1400 : 2922 1175
10:00 1600 3004 : 1280
10:10 1800 - 3080 - 1400
10:20 2000 3166 1410
10:30 2200 3252 . 1490
10: 40 2400 3322 1550
16:30 26060 2402 1640

i
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EXHIBIT 3A
STATE VACUUM UNIT
Formation Parting Pressure
Non D'Arcy Flow Technique
Well No. 11
From Exhibilt 10:
D = (auAP; - a3 APy)/(a12AP, - a,2AP))
Substituting: ay 600 BPD; P] = 2624 psi
‘ q2 = 800 BPD; Pg = 2701 psi
D = .000311 B/D™!
INJECTION RATE BHP @ TEST DEPTH ) q + qu
(BPD) (PSI) (BPD)
(8] 2433 .
200 )

2518

ek

N
AW

400 2577 B ... 450
600 2624 712
800 2701 999
1000 2767 1311
1200 2842 . 1648
1400 2922 , 2009
1600 3004 2396
1800 3080 2807
2000 3166 3244
2200 3252 3705
2400 3322 4192

2600 3402 4702

= | | |
Fn : .
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STEP RATE TEST REPORT

EXHIBIT 6

LEASL: STATE-VACUUM UNIT UATE OF TEST: 4/26/78
WELL NUMBER: 13 ELEMENT : 7287
COUNTY: Lea County, New Mexico -TEST DEPTH: 1660
= APPROX, RATE EHP @ TEST DEPTH SURFACE PRESSURE
TIVE/ P (BPD) (PSI) (PSI1)
12:16 L 0 2392 540
12:25 200 255i 715
12:35 400 2725 . 850
12:45 600 2917 1050
12: 55 800 3164 1415
1:05 1000 3420 1700
1:15 1200 3662 1990
1:25 1400 3885 2190 |
1:35 1;00 . 4055 2490
1:45 1800 4169" 2580
1:55 2000 4263 2740
2:05 2200 4343 2860
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STEP RATE TEST REFORT

EXHIBIT 7

LEASE: STATE-VACULM DATE OF TEST: 1/25/78
WELL NUMBER: 15 ELFEMENT: 7287
COUNTY: Lea County, New Mexico TEST DEPTH: 4636
A APPROX., RATE ) BHP @ TEST DEPTH SURFACE PRESSURE
TIME/ PM (BPD) (PS1) (PSI)
2:45  h 0 2008 160
2:55 600 2220 350
3:05 1000 2460 625
3:15 1400 272 925
3:25 1800 3010 1250
3:35 2200 3243 1575
3:45 2600 3420 1840
3:55 3000 3572 2120
4:05 3400 3663 2300
4:15 3800 3772 2500
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STEP RATE TEST RETORT

EXHIBIT 8

LEASE: STATE-VACUUM UNIT - DATE OF TEST: 4/25/78

WELL SUMBER: 17 ELEMENT: 7237

COUNTY: Lea County, New Mexico TEST DEPTH: 4721'

- AM APPROX, RATE | BHP @ TEST DEPTH SURFACE PRESSURE

TIME/ PM (BPD) (PSI) (PSI)
11:30 L 0 2477 369
12:05 200 2670 780
12:15 400 28354 930
12:25 £00 2973 1120
12:35- 800 3117 1280
12:45‘ 1000 3239 1445
12:35 1200 3312 1355
1:05 1400 2390 1665
1:15 1600 3462 1785
1:25 1800 3331 1890
1:35 2000 3385 2000
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STEP RATE TEST REFORT

EXHIBIT 9

LEASE: STATE-VACUUM UNIT DATE OF TEST: 4/26/78

WELL NUMBER: 19 ELEMENT: 7287

COUNTY: Lea County, New Mexico “TEST DEPTH: 4692
AM APPROX. RATE ) BHP @ TEST DEPTH SURFACE PRESSURE

TIME/ B¢ (BPD) (PSI) (PS1)
9:01 0 2460 500
9:15 200 2336- 300
9:25 400 2607 ) €00
9:35 600 2724 750
9:45 800 2887 920
9:55 1000 3027 1080
10:05 1200 3181 1260
10:15 1400 3314 1430
10: 28 1600 3415 1600
10:35 1800 3491, 1700
10:45 2000 3563 1840
10: 55 2200 3622 1940
11:05 2400 3666 2020
11:15 2600 3715

{4 I e S AN UM Ao A e




(PSI)

BOTTOM HOLE PRESSURE
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EXHIBIT 10

senior  research engi-
neer with Continental
Qi Co. in Ponca City,
Oklahoma. He works in
the areas of formation
evaluation, waterflood-
ing and tertiary recov-
ery. A petrofeum engi-
neering gracuate from
University of California,
he also holds an MS
from Penn state.

The author. ..

{ Wartin Felsenthal is 2

Felsenthal

s material may be protected

ght faw (Title 17 U.S. Code).
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Notice: T
by copyri

STEP-RATE injectivity tests can de-
tine the maximum saie injection pres-
sures that can be used without frac-
turing the reservoir rock.

This information is important in
waterfloods. It is of critical import-
ance in (tertiary-recovery projects
where we cannot afford to lose cost-
ly injection fluids through uncontrolled
induced fractures.

Recently, we tried the step-rate test
in a number of projects. Although the
test concept is simple, results were
cenclusive only if proper procedures
and equipment were used. From this
experience, a recommended pro-
cedure has been developed.

This article presents the recom-
mended procedure and shows typical
data.

A remarkable point brought out by
these data is that formations some-
times fracture near hydrostatic head
in pressure-depleted reservoirs.

The procedure. The early literature
references ! ? generally talked about
pressure parting rather than fractur-
ing during step-rate injectivity tests.
It was pointed out, however, at the
outset that the -two expressions are
synonymous,

The test well should be shut in
leng enough so that the bottom-hole
pressure is near the shut-in formation
pressure. The step-rate injectivity test
that follows consists of a series of
constant-rate injections with rates in-
creasing from low to high in stepwise
fashion.

In tight formation (Ka,—5md)
each step should last 60 min. Shorter
time spans can be used in higher-
permeability formations as shown in
Table 1 of the appendix. The time-
step duration itself is not critical. It
anly should be reasonably close to the

P S JR Alan
TeCQUILCIUEU  ValueS 31i0whn. nads,

l THF OIl. AND GAS JOURNAL — OCTOBER 28, 1974

TECHNOLOQY

Step-rate tests determine safe
injection pressures in flocds

each step should last exactly as long
as the preceding step.

in selecting rates for the test, one
possible rule of thumb is to use 5, 10,
20, 40, 60, 80, and 100% onf the desired
maximum test rate. The above sched-
ule may be varied to suit the condi-
tions of the test. For instance, it may
be difficuit to control accurately a
very loew rate in which case, the
test may be started at a somewhat
higher rate than shown abave.

Equipment. Injection rates during
the test should bz controlled with a
constant flow-rate regulator. We have
used regulators made by three dif-
ferent companies and obtained useful
data. All regulators should be tested
before use.

Use of a throttling valve as a flow-
rate regulating device is not recom-
mended. Reason is that this valve
acts like an orifice. Pressures and
rates will thus interact continuously
during the transient {low conditions of
each rate step. Consequently, as well
pressures rise, injection rates will
tend to decline.

Flow rates shouid be measured with
a turbine flowmeter and a rate meter
such as those made by Halliburton.
It is advisable to calibrate this equip-
ment by timing {low into a 5-gal con-
tainer (b/d = 10,286 = seconds tc
fill a 5-gal container).

In critically important tests, it is
advisable to record rates throughout
the test. For this purpose, we have

fod o eional fram a rata matar
124 4 Signa.s Tem & rae mewer

through a dampening circuit to a
strip-chart recorder. Use of a rate
recorder is desirable but not manda-
tory.

Cur experience has shown that bast
resuits were obtained wien pressures
were measured with a down-hole in-

[ e tteeieield = St - o nead
DAt UL HEDvanus, e oA
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Amerada-type pressure-recording de-
vices in ail tests shown in Figs. 1-5.
Other down-hole devices may be
equally suitable. In addition, it is ad-
visable to observe surface pressures
with a surface gage or recorder.
We found that it is often difficult to
obtain very accurate surface-pressure
readings because of surges from the
injection pump. Nevertheless, surface

pressures are useful in many tests
for on-the-spot analysis, while the test
is in progress. Final test analysis,
however, should be based on down-
hole pressure data.

Data analysis. The pressures at the
start of the test (at @ = 0) and at
the end of each injection-rate step
are plotted against injection rates as
in Fig. 1. Shown are down-hole pres-

sures corrected to the surface eleva.
tion of the well and pressures re.
corded at the surface. The difference
in the two pressures is mainly due
to friction losses in the pipes.
When the data show that it takes
a smaller pressure increment for 3
unit-rate change, we generally infer
that fracturing has taken place. Thuys,
the data of Fig. 1 indicate that We]l

Step-rate tests on old and new {loods -

Figs. 1.5

f
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No. L fractured at about 1,300 psi
surface pressure.

Sometimes two breaks are indicated
in the pressure-vs-rate plots. Each
break could represent a separate frac-
wre. For instance, data f{or Well No.
2 (Fig. 2) indicate a first {racture at
a surface pressure of 1,050 psi and a
second and more-severe fracturing
condition at 1,900 psi.

Qccasionally, pressure-vs-rate plots
¢o not form a straight line but form
a curve with a distinctive upward cur-
vature near the origin as shown in
Fig. 3. The best explanation for this
is non-D'Arcy flow duwnstream from
the pressure-measuring device. This
implies that there is probably a
sizable pressure drop across the per-
forations cr other orifice-like obstruc-

“vons. An added resistance is created

that is proportional to the square of
{re injection rate. Thus, we observed
we could not interpret the step-rate
data for Well No. 3 from a standard
pressure-vs-rate {qQ) plot but could do
so from a plot of pressure vs. q +
Dg* (A method for determining D is
given in the appendix). Data in Fig.
3 indicate that the fracturing pressure
was about 1,300 psi in Well No. 3.

In some pressure-depleted reser-.

voirs, initial pressures are lower than
hydrostatic head. Such a situation oc-
cured during the tests illustrated in
Figs. 4 and 5. Down-hole rates at the
end of the early steps were some-
what smaller in these tests than rates
measured at the surface because of
nsing fluid levels in the wells. Ap-
propriate corrections for this condition
had to be made before the data could
be analyzed.

Complementary techniques. Pres-
sure-failoff tests are generally a good
seurce of information on permeability
tapacity, probable presence of frac-
tures, skin and nearness to faults or
barriers.* An excellent opportunity
generally exists for conducting this
lype of test while the test wsll is
being shut in before step-rate testing.
Il the skin calculated from such a
lest is definitely negative, we can
nler that we probably have a
fracture. One way to find out wheiher
the fracture is natural or induced is
2 reduce the injection pressure for
sme time, say 1 month, and then run
another pressure-falloff test. If the
skin js closer to zero in the second
lest, we can conclude that an inducad
Iracture tended to close.

Permeability capacity and skin (be-

FIS mer sl A~ O TATITINTAT

fore fracturing) can also be evaluated
directly from step-rate test data using
a multiple-rate flow-test analysis tech-
nique. ** A prerequisite to this tech-
nique is great care to keep rates con-
stant in each step and to obtain ac-
curate Jdata. Use of the technique is
illustrated in the appendix.

Step-rate tests and pressure-falloff
tests give virtually no infermatien
about fluid-injection distribution. For
diagnosing the formation character-
istics near injection wells, in a verti-
cal dimension, injectivity-profile tests
are needed. These tests are very use-
ful and popular. Resuits abtained
from them can beneficially supple-
ment results obtained from step-rate
and pressure-falloff tests. Especially
helpful for this purpose are radio-
active tracer injection and/or tem-
perature decay surveys (Absoclute
temperature profile while injecting,
followed by absolute temperature pro-
files after shutin of injection).

Tyrical data. Typical pressure-vs-
rate plots are shown in Figs. 1-5. The
remarkable feature brought out by
the last two figures is that the fractur-

ing pressure was near hydrostatic

head for most of the wells tested in
the pressure-depleted reservoirs B
and C. It was even siightly below the
hydrostatic head in one well (No. 8§,
Fig. 5).

To place the data presented so far
into perspective, a plot of fracturing
gradients vs. shut-in formation pres-
sure/depth ratios was prepared for
wells from six formations. The result-
ing graph (Fig. 6) covers a wide
range of prior injection histories, lith-
ology, depths, geographic distribution
(five states), geologic ages (Missis-
sippian to Pliocene), and shut-in for-
mation pressure/depth ratios.

Note that {racturing gradients
ranged from 0.43 psi/ft 1o 0.93 psi/ft
with the higher gradients generally
occurring at the higher shut-in for-
mation pvessure/depth ratios. This
trend of increasing fracturing gradi-
ents with shut-in formatior: pressure
is in agreement. with observations re-
ported in several literature refer-
ences.* 3 This irend is especially well
illustrated in Fig. 6 by the data for
reservoir D (solid circles denote data
taken in the first month of the flood
and open circles denote data taken in
the same wells 6 months later). These
data indicate that (f{racturing pres-
sures should be reevaluated peri-
cdically.
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Vertical arrows in Fig. 6 connect
{irst fracturing indications with sec-
ond fracturing indications during the
same test in the same well. (Details
for Well No. 2 are shown in Fig. 2
and for Well Nos. 5, 6, and 8 in
Fig. 5.) A preferred interpretation
for this is that a first fracture oc-
curred in comparatively hard, brittle
rock and a second fracture in softer
and more plastic rock.

The dashed lines shown in Fig. 6
show a comparison with a prevalent
fracturing theory ¢ ° (explained in the
appendix). This presentation does not
exclude the possibility that a refine-
ment of this theory or some other
theory would result in a better fit of
the curves and data points.

Numbers on the dashed lines in Fig.
§ are Poisson’s ratios. It has been
speculateq in the literature 3 that data
points coinciding with relatively high
Poisson’s ratios (greater than 0.35)
might be indicative of fracture ex-
tension through plastic cap-rock
shales. This view is unconfirmed,
however, at this time, because injec-
tivity profiles, particularly tempera-
ture-decay surveys, were not made
at the time (or close to the time)
when the .step-rate tests associated
with high Poisson’s ratios were made.

Will test damage formation? A
study of field records for injection
Wells Nos. 1-8 (Figs. 1-5) showed that
earlier injection pressures exceeded
the maximum pressure used during
the step-rate tests. The theory of rock
mechanics indicates ihat fractures
once opened will tend to close again
when the injection pressure is re-
duced below the fracturing pressure.
What is happening is that the net
effect of the overburden becomes
stronger than the force that tends to
keep arn unpropped, induced fracture
open. This is the mechanism that ap-
parently occurred before step-rate
testing in Wells Nos. 1-8.

No damage can conceivably be
caused by step-rate tests in old water-
floods as long as the injection pres-
sure during the tests does not ex-
ceed injection pressures used earlier
during the waterflood history and as
long as high-quality injection water
is used. In a new waierflood, a typi-
cal well should be selected for a step-
rate test. In this well, one should use
only low and moderate injection rates
until a fracturing pressure is definite-
ly established. Later tests should be
designed so that they do not greatly
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exceed this pressure for any appreci-
able length of time (more than a f{ew
hours).
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Nomenclature
b’ = Odeh intercept
B = Constant, psi/(b/d)?
Bw = Water formation volume fac-

tor, RB/st-tk boi

P’ = Ancther non-D'Arcy fiow con-
stant related to D as explained in
equation 5, (b/d)™?

h = Net effective pay, ft

Kur = Absolute permeability to
air, md

ke = Relative permeability to
water

ke = Elfective permeability to.wat-
er, md

m’ = Odeh stope

n = Step number in step-rate test

p = Pressure during step-rate tcst
at time t, psi '

p. = Shut-in {ormation pressure,
psi
Py = Fracturing pressure related

pw == Bottom-hole pressure in welj, »
psi

Ap = Ditference in pressures, psi

Apr = Friction loss through per. |

forations or siots, psi

)

—

q = Injection rate, b/d

r. = QOuter radius of pressure in.
fluence, ft

rw = Well-bore radius, ft

rw. = Elfective well-bore radius, f;

s = Skin factor, dimensioniess .

s’ = Apparent skin factor, dimen. ;
sionless

S = Overburden pressure, psi

t = Time since start of test, hr.

t, = Time at end of step n of step-

rate test, hr

¢ = Total compressibility, psi‘. to same elevation as p,, psi Z = Depth, it
C = Constant, (b/d)/psi « = True initial pressure during % = Porosity, {raction
D = Non-D'Arcy fhow constant, siep-raie teci, deifined by intercepi oi nMw =  Water viscosity, cp
(b/d)* p vs. q piot when q = o, psi v = DPoisson's ratio, dimensionless
Fig. ¢
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Appendix

PRESENTED here are recommended step-rate test times,
won-D'Arcy flow-analysis techniques, and a multiple-rate
analysis technique applied to step-rate tests. Also, pre-
sented is a brief description of a fracturing theory used in

I Aiaanneino sten-rate test data.
dizgnosing sien-rate

Recommended time for each injection-rate step
Radius of investigaticn, i, = Y 0.00105k«t/$pwc (1)

This radius should be about 10 f: or larger to investigate
formation properties adequately. For assumed typical
vatues of ¢ = 3.2, pe = 0.7 cp, ¢ = 1.5 X 103 psi™?, kre
= 005 for Kur =5 md, and 0.10 for K. > 5 md, we
obtain.

Table |
Test design values

) Average Recommended minimum
Katr time for each step
5md . . 60 min

- 10 md and larger 30 min

Non-D'Arcy flow analysis techniques -
-In non-D'Arcy radial flow:
0.00708k hAp

q= 2)
pwlin(r./re) + s + Dq]

Where D is the non-D’Arcy flow constant, (B/D)-':

, The §’ terrn can be evaluated through a multiple-rate
Now-test analysis technique (described in another part of
this appendix) by substituting s’ for s in equation 16. Next,
s is plotted vs q for the early steps of the test. D is then
determined from this plot with the aid of equation 3.
Analyses of s ( = s — Dq) for all steps of the step-rate
test follow. The s terms are finaily plotted vs injection
pressures, and the point at which s becomes greatly more
negative is interpreted as the fracturing pressure.

The aforementioned procedure is rather time-consum-
Rg. A shortcut approach was, therefore, developed and
ipplied to the data of Well No. 3. This approach gave the
Same resuits as the method based on the multiple-rate
fow-test analysis technique for this well.

For the derivation of the shortcut forrula, Equation 2
#as rewritten as

q + Dg* = Cip {4)

THF 011 AND AS TNTIRNAT. __ OCTORFER 28. 1974

The apparent skin = s’ = s 4+ Dq 3

Where:
C == 0.00708 kwh/pw [In(re/re) + 5]

D’ = D/{In(r./t) + s )

It was assumed here that ln(r./r.) and C remained
virtually constant before fracturing occurred. This is a
reasonable assumption as long as q in a given step is
much larger than q in the preceding step. Selecting two
such sieps {beiore indicated iracturing) as shown in Fig. 3,
we wrote

Q: + D'q® = Capy - (8)

92 + D'g:? = CAp» )
Dividing (6) <+ (7) gave:
D’ = (q.:Apr — q14D2) / (Q12Ap2 — q22Ap1) ®

It should be emphasized that D’ and D carry the same
units, (b/d)-!, but are not identical. They are related as
shown in Equation 5. In the shortcut approach, pressure
is tinaliy plotted vs. (q+D’q?), as shown in Fig. 3.

In an alternate approach to soiving the non-D’Arcy flow
problem, we start with this equation:

0.00708kwh(Ap —Apr)
q= 9
P-w“n(re/rw) +S]

where Ap = pw—pe and Ap; is the {riction loss which in
turn is related to q as foilows:

Ap; = Bq? (10)
In Equation 10, B is a function of the water density and
the number and diameter of perfarations that are open.

Defining C as above, we then obiain from ¢ and 10 for
two rates, q; and q., before fracturing,

q1+ BCgy? = CAp,; (11)

dz2+ chf = CApz (12)

It is evident from an analogy to Equations 6 and 7 that
BC=D’. It follows that we arrive in effect at the same

solution, i.e., Equation 8, regardless of whether we start
from Equation 2 or 9.

Multiple-rate flow test analysis

The technique of applying muitiple-rate flow-test an- -

alysis to step-rate injectivity test data is based on the prin-

33




T

Table 2
Step-rate data during cariy part
of test, Well No., 2
apt
% q, p. Data Stepng.  Qdeh —_—
he b/d psi point  n sum* q
0 0 642 - - - -
0.5 100 720 a 1 -0.301 0.780
1.0 100 730 b )| 0 0.830
1.5 250 856 ¢ 2 -C110 0.856
20 250 374 d 2 0.120 0.928
2.2 750 1143 e 3 -0.335 0.668
2.50 750 1,182 f 3 =0.112 0.720
3.00 750 1216 g k] 0.124 0.765
*Qden sum = (q Iogt + (g2 —-q1) Iog(t-—h) + (qa-q2) log (t—
1) + ..+ lge=Qardlog th=t) 1fgs (17
tp--pga (14)
Dv=042 psi :

tr=10hr; qr=100b/d
12=2.0 hr;qz=250 bid
13=3.0hr; 3>=750b/d

Fig. 7

Odeh method of analysis
4 )

1.0 '

Legend
O 100 b/d
A 15064
O 15084 Intercept = 0.88
0.9~ =1
c t
=
={-’-‘oa-— Slope = 0.35 -
/9
o]
0.7 / { -]
g
N
Weil No. 2
0.6 | Reservoir A
~0.4 =02 0 0.2
Odeh sum
K Standard step-rote gragh os shawn in fig. 2
661/

ciple of “superposition.” The technique, sometimes called
the Odeh method, is well described in the literature for
drawdown tests.* * The equations presenied in the liter-

‘ature can be used for the analysis of step-rate test data

after making a change in sign and a change in symbol
notations. Applicable equations and their use are presented
in the following paragraphs. .

The muitiple-rate flow-test analysis technique deter-
mines K.h and skin before fracturing. It is essential that
good data are available. Also, the correct initial pressure,
pi- must be known. This is the pressure that represents the
intercept of the p vs. q plot when q=0. Note, for instance,
that using this criterion gives a lower p; for Well No. 4

=4

(Fig. 4) than indicated by the first observed pressure,

The method can be applied in theory only to data taxes
during the early rate steps when radial flow is the pre.
dominant flow mechanism in the formation zone unde
investigation. This approach was used lor the data of We|]
No. 2 (Fig. 2). Data for the end of each of the early steps
and for one or more arbitrary points during each of these
steps were tabulated as shown in the first three cojumn;s
of tabie 2, shown at left.

Sample calculations, For datz point a (Step 1):
Odeh sum=q, (log t)/q,=100 (log 9.5)/100= —0.301
(p—~p)/q1=(720—642)/100=0.78

For data point g (Step 3):

Odeh sum = [q; log t+(q:—q1) log (t—1;)~-(Q1—qy) iog |

(t—t2)1/qs
=[100 log 3+ (250-~100) log (3—-1)+(750—
250) log (3—2)1/750
=0.124

(p—p1)/q:=(1.216—642)/750=0.765
The last two columns of Table 2 were plotted in Fig. 7.
From thic graph we tead slope, m” = 0.35, and intercept,

b’ = 0.88. Known also were: uw = 0.45cp, Bwv = 1.0, h = °

270 ft (from a radioactive tracer-injectivity survey), ¢ =
0.186, ¢ = 1.5 x 10°% psi-!, and r., = 0.25 ft.

kwh = 162.6uwBw/m’ (15)
kwh = 162.6 x 0.45 x 1.0/0.35 = 209 md ft
ke = 209/270 = 0.77 md

-

b’ K
s = 1.151 } -« — IO —————+-3.23 (16)
m’ Puwcrw?
l0.88 0.77
s = 1.151 — log +3.3
0.35 0.186 x 0.45 x 1.5 x 10°5 x 0.0625
s = —1.4 )
o, == rqoes (in

Fae = 0.25e%¢ = 1.0 ft

The data plotted in Fig. 7 show that the method broke
down after point d was measured. That is, the following
data points, e, f, and g, fell no longer on the old line.
This was interpreted to indicate that radial flow was no
longer the predominant flow regime and that fracturing
had occurred.

Fracturing theory for diagnosis.

The theory ®7 used in drawing the dashed lines in Fig.
6 is expresser; by the equation:

PiZ = [(S12) = (p/2)} [/l — ] + P/ (19)

The Poisson’s ratio, v is the ratio of maximum lateral

i

deformation to maximum longitudinal deformation ob- .
served during compression loading of rock samples. A low :
ratio is generally assoctated with dense, brittle rock and .
a higher ratio with more elastic rock. The overburden

pressure gradient, S/Z, used in constructing the theoretical
curves of Fig. 6, wag 1.0 psi/ft of depth. Other terms are
defined in the nomenclature.
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AllanticRichfieldCompany North American Producing Division
New Mexico-Arizona District
P.O. Box 1710
Hobbs, New Mexico 88240
Telephone 565 3593 7163

June 10, 1977

New Mexico 0il Conservation Commission
P. O, Box 2088
Santa Fe, New Mexico 87501

Attn: Mr, J. D. Ramey
Re: Commencemeni of water injection

into the injection wells in the
Atlantic Richfield State Vacuum

L]
Unit Waterflood in Sections 29, '/ﬂ/
31 & 32, T-17-S, R-34-E

Iea County, New Mexico

Dear Sir:

On June 6, 1977, Atlantic @ chfield commenced injecting

water into the injectigif wells in the Atlantic Richfield
State Vacuum Unit Wrerflood. Permission was granted for

T - 9%t on the 12th day of October, 1976,

Order Number R-5295,

If further information is needed, please advise,

Yours very truly,
L. C. Hudry A f'=‘ 
ICH: rm
ce: New Mexico Oil Conservation Commission

Hobbs, New Mexico

Attn: Mr, J. Sexton

Mr. Jerry Tweed-Midland
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OIL CONSERVATION COMMISSION
P. O BOX 2088 ’

SANTA FE, NEVW MEXICO 87501

Jamary 24, 1977

Atlantic Richfield Campany

| . cYm
Po 0- |5 e g 101‘1

Midland, Texas 79701

Re: Emergency Holding Pits
State Vacuum Unit
Vacunm G54 Pool
Iea Cowmty, New Mexico

Attn: Mr. D. G. Chanosy
Gantlaman:

Referencz is made to your latter dated November 3, 1976,
wherein you requested a permit to construct a nylon-minforced
neoprene lined emergency holding pit at the tank battery and
antomatic custoly transfer system installed on your State Vacuum
Unit, Vacuum Graylrarg-San Andres Pool, Lea County, New Mexico.

Atlantic Richfield Conpany is hereby authorized to construct
and utilize the above dascribed pit as proposed subject to the
following provisions:

(1) The autamatic custody transfer system's
available storage capacity above the nornmal
high working level of the surge tank shall
ba maintained at at leaast 750 barrels.
{This is in acocordance with the provisions
of ACT Permit No. I-574.)

(2) The oil overflow lines t© the pit shall not
be connected to the smwxga tank witil the punp
(Itam 222 on Drawing Ho. F~-7>-429) has been
installed axd is cpexative.




. ———

-2- . ’ - : ‘ ) ' N . L »". E T. ]
Latter to Atlantic Richfield Company
Janvary 24, 1977

{3) The 2-inch line labeled "FPutire Inlet™ on
Drawing No. E-P-429 shall not be connacted
without prior approval fram this office.

{4) No deliberats flow of oil into the pit shall
he permitted.

{5) At any time an emargency situation cccurs,
causing o0il to overflow into the emargency
holding pit, the lobbs District Office of the
Caomission shall be immadiately motified.

All oil shall be ramoved from the pit within
12 hours after the LIACT resumes pipe line
shinments.

It is the Camission's belief that the systam as proposzed, if
operatad in accordance with the above provisions, is in the best
interest of consarvation and will prevent waste. Further, that if
proper attantion ani maintenance is given the systam, and if imme-
diate evacuation of the pit is made after use, that it will be
environmental ly beneficial.

The Commigsion reserves the right to rescind this aspproval if
it appears that excessive or negligent use is being made of the pit.

YVary trulv vours,

JOE D. RAMIY
Director

JDR/DSN/ £4

oc: 0OOC Hobbs (with application)
vCase File No, 5762

enc.,

e




AtlanticRichtioldCompany

» Pear Mr, Nutter:

WNorin American Producing Division
Permian District

Post Oilice Box 1610

Midland, Texas 79701

Telephone 915682 8631

November 3, 1976

Mr, Dan S, Nutter o
Chicf Geologist g ‘ -
New Mexico 01l Conservation Commission’ ™ v . , s
P. O, Box 2088 ’ RRITT Vihg
Santa Fe, New Mcxico 87501

Atlantic Richfield Company, as operator of the State Vacuum
Unit, requests a permit to coustruct one nylon reinforced
neoprence lined emergency holding pit at the consolidated
battery site of the State Vacuunm Unit. This pit will be
located at approximately the center of the west half (W/2)
of Section 32, T-1i7S, R-34E, Lea County, New Mexico.

Three sets of drawings showing the details, location, and
capacities of the proposed lined pit are attached to and
made a part of this application. The drawing is entitled
E-P-429, Emergency Holding Pit, Water Injection Plant and
Central Tank Battery, State Vacuum Unit Waterflocd.

A brief description of how the emergency holding pit will
be utilized in our operations is set out below,

The lined pit will be kept empty to insure sufficient capa~
city for emergency overflow from three 500-barrel LACT surge
tanks and two 500-barrel water tanks, All tanks and treating
vessel drains will also be connected to this lined pit. As
soon as any system malfunction has been corrected, the pit
will be emptied by pumping the water to the produced water
tank for injection and the oil back through the o0il treating
system for sale to the pipeline by the LACT unit. Any basic
sediment or non-pipeline oil that might enter the pit will be
sold to a reclaiming company so that the pit can be kept
empty for emergency use.

The cil surge tanks areequipped with an overflow line to the
proposed lined pit sco that in the event of a maifunction of
the LACT or the o0il treating vessels, o0il will be flowed to
the lined pit instead of onto the battery site vhich would
create a serious fire hazard, a safety hazard to the operat-
ing personnel, a major clean-up operation, and would cause

the waste of New Mexico's natural resources.




Mr, Dan S, Nutter

New Mexico 01l Conservation Commisslon
November 3, 1976

Page 2

The water tanks are equipped with an overflow line to the proposed
lined pit so that in the event of a malfunction of the oil treating
vessels or a malfunction of the supply water tank's high level shut-
down valve, the fluid will flow to the lined pit instead.of onto the
plant site, causing pollution and necessitating a major clean-up
operation,

The nylon reinforced neoprene lines will be purchased from Misco
Supply Company, Wichita, Kansas, Atlantic Richfield has used many

of these liners in Kansas, Oklakoma, and in the Empire Abo Unit in
New Mexico with success, This liner was recommended by Atlantic
Richfield's Research Center Chemical Engineering section after tests
were made to determine its resistance to saturated hydrocarbon

fluids and chemical and acid wastes., Copies of Misco's specifications
for the nylon reinforced neoprene liner are attached.

As operators of the Unit, we hope we do not have to use the emergency
holding pit but we do feel that the installation of the pit will be
environmentally beneficial and in the best interest of conservation and
the prevention of waste,

If any additional information is required by the Commission we will
furnish it to you,

Very truly yours,

<«
0.3 Cheop
D. G. Cha

ncey

DGC/agp
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MSCO SUPPLY (o
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Liwvon of MISCO INDUSTRHE o
FORMERLY MOUNTAIN IHON & SUPPLY COMPANY

SPECIFICATIONS FOR NYLON REINFORCED NEOPRENE

Total weicht, oz./sq.yd.
Gauge, inches
Kind of coating
Coating distrikbution
Base fabric: fiber
weight, oz./sq.yd.
count
denier
isile, ibs./in.
Mulien burst, 1bs.,/sg.in.
Hydrostatic, 1bs./sq.in.
Tongue tear, lbs.
‘Adhesion of coating, 1lbs./in.
ow Texp. Res.., 1/8 in. mandrel
36%¢1ane time, s<cconds
Abrasion Res., Tabker, cycles
Lbrasion Res., dubont Scrub, cycles

DTS S
Vil

MN-24
16.0 7
.021°
Neovrene”
50/50"
MNylon-
5.1 ~
22 x 227
840
450 X 375
825
750
40 x 49
20

~40°F
155~

300?1
25007

S}

v

. .
MISCO BUILDING o« WICHITA, KANSAS 67202 « PHONE (316) 265-6641




O11. CONSERVATION COMMISSION

e STATE OF NEW MEXICO .
i P. 0. BOX 2088 - SANTA FE A k
87501 ;' R ——

DIRECTOR LAND COMMISSIONER STATE GEOLOGIST

JOE D. RAMEY PHIL R. LUCERO EMERY C. ARNOLD
October 13, 1976

Re: CASE NO. 5762
Mr. Clarence Hinkle ORDER Nd"“R=3295
Hinkle, Bondurant, Cox :
& Eaton
Attormeys at Law Applicant:

Post Office Box 1€
Roswell, New Mexico 88201

Atlantic Richfield Company

Dear Sir:

Enclosed herewith are two copies of the above-referenced
Commission order recently entered in the subject case.

urs very truly
o

OED.RAéY 7

Director

JDR/ fd

Copy of order also sent to:

Hobbs OCC X
Artesia OQOCC X
Aztec OCC

Other
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1 BEFORE THE
NEW MEXICO OIL CONSERVATION COMMISSION
2 Santa Fe, New Mexico
September 15, 1976
3
EXAMINER HEARING
4
5 o ‘ )
IN THE MATTER OF: )
6 )
Application of Atlantic Richfield Co. ) CASE
7 for a unit agreement, Lea County, ) 5761
i New Mexico. ; i
8 ) RS
Application of Atlantic Richfield Co. y { CASE
3 9 for a waterflood project, Lea County, M \3N5762
8 % New Mexico. ) o
[ 10
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802 0
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18 || For the Applicant: Clarence E. Hinkle, Esq.
HINKLE, BONDURANT, COX & EATON
19 Attorneys at Law
Hinkle Building
20 Roswell, New Mexico
21
22
23
24 , l-
25 i

i
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1 INDZD X
2 Page
3 || JOHN KNEPLER
4 || Direct Examination hy Mr. Hinkle 4
& ll Cross Fxamination by Mr. Stamets 15
6 | Redirect Fxaminationrn by Mr. linkle 20
7
8 || THOMAS R. BARR
= 9 {| Pirect Examination by Mr. Hinkle 21
29
o
2 38 10 || Cross Examination by Mr, Stamets 24
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oz
;55~ 1
VI e
b : o4
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L Xnd
= ta2 13 EXHIBIT INDEX
-8
g iz 14 Offered  Admitte
ESE
o g 15 | Applicant's Exhibit One, Piat 6 15
‘5 U
3 16 | Applicant's Exhibit Two, Plat 7 15
17 || Applicant's Exhibit Three, Structure Map 7 15
18 || Applizant's Exhibit rFour, Cross Section 8 15
19 || Applicant's Exhibit Five, Cross Section 8 15
20 | Applicant’e Exhibits Six through Fifteen,
21 Schematic Drawings - Injection Wells 8 15
22 || Applicant's Exhibit Sixteen, Schematic Draw. 9 15
23 | Applicant's Exhibits Seventeen through
24 Twenty-six, Schematic Drawings -
25 Producinyg Wells 10 15
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EXHIBIT INDEX CONTINULD

Applicant's Exhibits Twenty-seven and
Twenty-eight, Schematic Drawings -

Pl

uagaed and Ahandoned Well:s

Applicant's Exhibits Twenty-nine through
Sixty-six, Schematic Drawings -
Wells within one-half mile

Applicant's Exhibit Number Sixty-seven, Plat

Of fered Admitted
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12 15
14 15
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1 MR, STMAMETS: We wil) call next Case 5761,
2 MR, CARR: Case 5761, application of Atlantic Richfie}d

3 |[Ccompany for a unit agreement, Lea County, New Mexico.
4 MR, HINKLE: Mr, Examinei, Clarence Hinkle, Hinkle,
5 | Bondurant, Cox and Faton, appearing on hehalf of Atlantic

6 | Richfield Company. We have two witnesses we would like to have

7 | swern.

8 (THEREUPON, the witnesses were duly sworn.)

9 MR. HINKLE: Mr, Examiner, we have a lot of exhibits,
10 | sixty-seven of them, in fact, but most of them are diagrammatic

11 |l gketches of the injection wells and producing wells so the
12 || testimony will be in respect to those. They are all under thesg

13 § folders.

Phone (505) 982-9212

144 MR. STAMETS: I presume what you would like to do

Generat Court Reporting Service
825 Calle Mejia, No. 122, Santa Fe, New Mexico 87501

15 || then is consolidate this case and the next case?

sid morrish reporting service

16 MR. HINKLE: Yes, sir, I would.

17 MR. STAMETS: Let me call that next case then. Case
18 || 5762 being the application of Atlantic Richfield Company for
19 | a waterflood project, Lea County, New Mexico,

20 For purposes of the record, Cases 5761 and 5762 will
21 || be consolidated.

22

23 JOHN KNEPLER

24 || called as a witness, having been first duly sworn, was [

25 | examined and testified as follows: {

e
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! ‘ DIRECT DXAMINATION

2 1BY MR. HINKLE:

3 Q State your rame, residence and by whom you are
4 employed?
5 A 'y name is Jchn Knepler, I live in Midlaud, Texas

6lland I'm employed by Atlantic Richfield Company.

14 experience as a petroleum engineexr?

15 A I graduated from the Missouri School of Mines with

7 0 What is your position with Atlantic Richfield?
8 A, I'm an Operations Engineer.
: g 9 Q Petrcleum engineer?
[-¢] 0
@
> g 10 A. Yes, sir.
T
&® E . . . .
goggg L Q Have you previously testified before the Commission?
'g 5:“}: :
§§g§ 12 A No, I have not.
LN o~
D XAG
| = . .
b 13 Q. State briefly your educational background and your
=85t
ot : O
E 328
géé
s
=
- o
& 3
3
-]

16| a B.S. in petroleum engineering in 1967 and I received a M.S.
17 | in petrcleum engineering from Stanford University in 1968. I
18 [ have worked for Atlantic Pichfield as an Operations Engineer

19 | for eight years. I'm a Registered Professional Engineer in

20 | the State of Louisiana and I've worked in the Permain Basin for

21 || three-and-a-half years.

22 Q Are you familiar with Atlantic Richfield's operationﬂ

234 in New Mexico and in particular in this Vacuum area?

24 a Yes, sir.

[ %]
[&1]

Q Have you made a study of the Vacuum Pool and all of
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the wells that have neen drilied in the area?
A Yes, sir.
MR, HINKLE: Are his qualifications sufficient?
MR, STAMETS: They are.
Q (Mr. Hinkle continuing.) What i{s Atlantic Richfield

seeking to accomplish by this application?

A Approval for --
Q There are two applications,
3 Approval for unitizatien and to waterflood the State

Vacuum Unit.

Q Have you prepared or has there been prapared under
your direction certain exhibits for introduction in this case?

A Yes, sir.

o} These are the erxhibits that have been marked One
through Sixty-seven, I beljeve?

A Yes, they are.

Q Refer tc Exhibit One and explain what this is and
what it shows?

-3 This exhibit shows the outlines of the prcposed unit
area and all wells that have been drilled on the unit area and
wells within two or more miles surrounding the same and the
formations which they are producing from.

This exhibit also shows the outlines of the West
Vacuum Unit which is contiguous to thzs proposed unit on the

east and southeast., Also it shows the outline of the EK Queen

|
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' Unit which lies to the southwest of the proposed unit.
2 Exhibit Number One also shows the ownership of all r
3l of the leasehold interests within the unit area and in the
4 I aurrounding area.

5 The proposied injection wells within the unit are
6 [{ shown by triangles and the additional injection well which is tr
7| be drilled is shown near the south bocundary of Section 32,

8 0 Refer to Exhibit Two and explain that?

9 A Exhibit Number Two is a plat showing the outlines of
10 )| the unit area which is the same as Exhibit A attached to the

Ml unit agreement, copies of which have been filed with the

3

@ o

S g

&L E

[-* R

m§§

802 T

8 59

5 §§§ 12 | application for approval of the unit agreement. !

[= PR

O Tag

; §92 13 ) Are all of the lands State lands?

@5

— s g s

g gz* 14 A Yes, they are.

Edz

o g i5 Q How many acres are involved?

® O

3 16 A Eight huridred, approximately.

17 Q Now., refer to Exhibit Three and explain what this
18 is?
19 A Exhibit Three is a structural map contoured on top

20 || of the Grayburg-San Andres formation with a twenty-foot
21 || contour interval, which is to be unitized. The Grayburg-

22 | san Andres formation as defined by the unit is the seven-

23 || hundred-and-seventeen-foot interval, the top of which is

24 || shown on the Lane Wells Radiocactivity Log dated January 30th,

25 |1 1948 at a subsurface depth of forty-one hundred and ninety-fouj'
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feet in the Cole and Darden Phillips State B No. 1-X Well

located six~hundred-and-sixty feet frcm the south line angd

Township 17 South, Range 34 East, Lea County,

Q What does Exhibit Three show in affect?

A It shows that the proposed unitized formation has
continuity and is substantially uniform over the entire
unit area.

0 Refer to Exhibit Four and explain this?

A Exhibit Four is a north-south cross section across
the unit, utilizing leogs of the unit wells and showing the

Grayburg~San Andres interval we propose to waterflood,

0 Iz the waterflood interval rather uniform throughout
the area?
n Yes,; sir, this exhibit and the next one indicate

that the unitized formation has continuity and is substantially
uniform over the entire area.

Q. The next exhibit is Five and it is an east and west
cross section showing the same thing?

A That is correct.

0 Now, refer to Exhibits Six through Fifteen and
explain what these are and what they show?

A Exhibits Six through Fifteen are schematic drawings
of ten of the eleven injection wells which are to be utilized

in the unit. These ten wells, Six through Fifteen, are wells




Page 9

! lthat are to be converted to injection, Each of these drawings
2 ishow all casing strings, including diameters and setting depths
3 lguantities used and tops cof cement, open-hole intervals as

4 lwell as tubing strings, including diameters and setting depths
5 land iocation of packers.

6 Logs of each well to be converted to injection were

7|1 filed with the hearing application.

8 o] In your opinion will the completion of these wells

9| in the manner shown by these exhibits confine injection water
10 | to the unitized formation?

1 A Yes, sir, they will.

t2 Q Do you intend to use plastic-coated tubing in

13 || connection with each injection well?

Thone (505) 982-9212

14 A Yes, we do.

15 Q Refer to Sixteen and state what that is,

sid morrish reporting service
General Court Reporting Service
825 Calle Mejia. No. 122, Santa Fe, New Mexico 87501

16 A This is a schematic drawing of the State Vacuum
17 || Unit Well No. 21 which is to be drilled and completed as an
18 | injecticon well on the south edge of the unit.

19 0 What would be the location of that well?

20 A Approximately three, thirty from the south line and
21 || twenty~three, ten from the west line of Section 32, 17 South,

22 || 34 East.

23 0 In this connection have you given all of the offset

24 || owners notice of the application?

25 A Yas, we have, ”‘
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1 0 llave you had any objections?

2 A No, we haven't, all of our offset owners are also

3 |lpartners in the proposed unit.

4 Q Now, refer to Exhibits Seventeen through Twenty-Six
5 land explain what these are. J
6 A These are schematic drawings of the producing wells

7)iin the unit. Each of these drawings show all casing strings,

8 [including diameters and setting depths, quantities used and top$
9 lof cement, open-hole intervals and tubing strings, including

10 | diameters.

16 || abandoned wells within the unit area. Each of these drawings

3
o
S 3
B, 5
@ &=
wé%ﬁ " Q Did you find any particular problem in connection
R I
g §2§ 2 4with any of these wells as far as waterflood is concerned?
>Eag
bl b= »
T h 13 A No; sir, I did not.
chbl
=N -]
B E25 14 Q Now, refer to Exhibits Twenty-seven and Twenty-eight.
Edz
= .
T 3 15 A These are schematic drawings of two plugged and
@&
:
(L2

17 | shows all casing strings left in the well, including diameters

18 || and setting depths, quantities and tops of cement, sizes and
19 { locations of cement plugs placed in the wells and the plugginql
20 [ date as completely as I was able to determine,
21 Q Why did you include these two wells?

22 A Atlantic Richfield is aware of the waterflow

23 || problems that have developed in the Vacuum Field and we are

24 || participating in the Vacuum Waterflow Committee.

25 Wellbore diagrams and Bradenhead surveys have been

>
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t || submitted to the Commission on all wells within the proposed

2 funit and no waterflow problems were found in any of these wells
3 We have submitted schematic diagrams on all wells

4 [within the unit area. All of these diagrams on active wells

5 Il indicate open-hole completions in the Grayburg-San Andres

6 || interval with at least six-hundred-and-sevanty-five feet of

7 || cement above the casing shoe.

8 The schematic drawing of the proposed injection well

9 || to be drilled indicates that we will c¢irculate cement to the

10 || surface on the production casing.
1 The schematic diagram of the two plugged and abandone
12  wells within the unit area indicate that these wells were

13 || properly plugged and should not be a source of water migration

Phone (505) 982-9212

14 i out of the waterflood zone.

15 le intend to run periodic injection surveys and step

sid morrish reporting service
General Court Reporting Service
825 Calle Mejia, No. 122, Santa Fe, New Mexico 87501

16 | rate tests on our injection wells to monitox waterflood
17 || performance and maximize ali producing rate and ultimate
18 |} recoveries. we will run the first set of the pressure parting
19 || tests within sixty to a hundred-and-twenty days after injection
20 || starts, if the injection wells have pressure on them. If theSﬁ
21 || wells are still taking water on a vacuum at that time we will

22 || be unable to run these tests and it would be unnecessary to do

23 || so. We plan to keep our injection pressures below the formatidpb
24 || parting pressure as indicated by these step rate tests. This

25 || formation parting pressure will continue to increase as

P
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reservoir pressure increases with the waterflood operation.
However, we do not at any time plan to exceed a formation rase
injection pressure in excess of one psi per foot. 1In addition,

we will equip the wellhead of each well within the unit area

in such a mannar =so that narindic Rradenhead monitorinag can

be done.

) :
o Now, refer to Exhibits Twenty-nine through Sixty-six

and explain what these are.

A. Exhibits Twenty-nine through Sixty-3ix are schematic
drawings of all wells producing, injection or plugged and
abandoned within one-half-mile of the unit houndary. Each
of these drawings show all casing strings, including the
diameters and setting depths, quantities used and tops of
cement, open-hole intervals and tuking strings, including
diameters, as completely as I was able to determine from the
Commission records.

Q Why did you include these wells?

A We wanted to be as certain as possible that there
were no problems to be anticipated with waterflows around our
proposed unit. There were schematic drawings and Bradenhead
surveys made on all wells in the field in accordance with the
Waterflow Committee recommendations and thera were no problems
appeared on any of these wells and we wanted the record to
reflect that they were, in our opinion, safe and should not

present any problem to our waterflood.
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o This was simply because they have had the waterflow
problem in the Vacuum area?

A In some parts of the field there have been problems.

MR, STAMETS: While we are right on this subiject,
do you know of your own knowliedge, if any of the wells cffsetti
your pnroposed waterflood had pressure on the Bradenhead?

A, Well, the criteria that was determined by the
Committee as a problem well would be a well that would flow
water under a certain -- had a certain pressure on it and would
flow water when the valve was open. Now, if a well actually
had pressure and it was just a puff of gas that would blow off
immediately this was not considered significant and T do not
know well-by-well if any of these had that problem but I do
know that none of them had a waterflow within the criteria
established by that Cormittes,

MR. STAMETS: Thank vyou.

Q. (Mr. Hinkle continuing.) Have you made an estimate
of the additional oil you expect to recover by reason of the
water flood?

A Yes, we expect to recover approximately one million,
seven hundred thousand barrels of secondary oil that would
otherwise be unrecoverable without waterflooding the unit area.

Q In your opinion, would it be helpful and advisable
if the order approving the waterflood project provides for

administrative approval of any changes which might prove

L
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! Inecessary as far as the location of the injection wells are

2 || concerned?

3 A Yes,
4 Q Are you requesting a project allowable?
5 A, Yes, we would like to have the benefit of a project

6l allowable as provided in Rule 701 of the Commission sc that

7 i the allowable assigned for the welils may be equal to the

2 ability of the wells to produce and so that they would not be
91 subject to the depth bracket allowable for the pool nor the
10 | market demand percentage factor.

n Q What quanitity of water do you anticipate you will
12 inject initiaily?

13 A Approximately fifty-five hundred barrels a day into

Phone (505) 982-9212

14§l the eleven wells beginning about January lst, 1977.

General Court Reporting Service
825 Calle Mejia, No. 122, Santa Fe, New Mexico 87501

15 Q What is going to be the source of your water?

sid morrish reporting service

16 A The City of Carlsbad ity water supply system which

17 || obtains water from the Ogallala formation in Lea County.

18 Q Do you also contemplate injecting produced water?
i9 A Yes, we do as it becomes available.
20 Q Have all of the wells in the proposed unit reached

21 | an advanced stage of production and are classed as stripper

22 | wells?

23 A Yes, Exhibit Sixty-seven is a plat of +he unit area
24 || and shows the proposed injection and producing wells and the

25 || average daily oil and water production for each well Quring
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May of 1976,
0 In your opinion wiil approval of this application
be in the interest of conservation, prevention of waste and

protect correlative rights?

?l
)
(4]
4]
e
o
%
[
o
™)

MR. HINKLE: We would like to offer Exhibits Cne
through Sixty-seven.

MR. STAMETS: Exhibits One through Sixty-seven will
be admitted.

(THEREUPON, Applicant's Exhibits One through

Sixty-seven were admitted into evidence.)

MR. HINKLE: That's all the direct we have.

CRUSS EXAMINATION

BY MR. STAMETS:

0 Going back to Exhibit Number Twenty-seven.

A Yes, sir.

Q The well here, located six, sixty north and east of
Secticn 31 has been plugged with a series of five-sack plugs,
it appears. Do you think this is adequate by today's
standards?

A Well, certainly if we were going tc plug this well
today we would probably put more than that amount of cement in
the well. However, this is the information which I was able

to £ind after diligent search of our records and the lease

' |
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owner on whose lease this well is located and the only source
of any data from this old well was the Commission's records

and the five sacks might or could be sufficient in the proper
location. On the note here in the middle of the diagram there‘
is a2 plug at the base of the salt with no description as to
what size it was and also the five-and-a-half casing, the

records indicate that it was probably pulled but not definitel%}
It could possibly be in the well. So certainly with this

cement with the casing in the well would be much better than

if this amount of cement was used in essentially an open-hole
interval of a dry hole that had been drilled with no casing
left in the well at all.

Q Nonetheless, this is not the type of plugging progr
you would recommend today?

A No, sir.

Q Is there a poseibility that Atlantic might have to
goe in this well and re-plug it to assure that water is not
going to escape through ie?

A Well, there is certainly a possibility. We do intend

to monitor all of the wells, including these plugged wells.

0 How would you propose to monitor this well?

A Since this well is cemented about the only thing we
could do would be tc maybe, and I have not physically been on
the site to look at it, we cnuld possibly get into the surface

casing and weld a valve on there to see if there was any pressyre
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on it and continue to monitor that but if a problem develops
and when the problem develops, it would just depend on what

the problem was and we would begin a search to try to determine
the source and correct the problem, yes, sir.

0. Now, did I understand you to say that you had checked
the Bradenhead on every well within the project area, every
well that has one? ‘

A There has been submitted and it is in the Commission l
files a sketch and a pressure survey on all wells in this

field and I have looked at the records on these wells, I have

not personally been out to the wells, especially if they weren'

on our lease but this Committee flagged all wells in which

there was any probiem that exceeded their criteria and this

was with people with the Commission staff in the Committee and
with their guidance and none of the wells in this area,
including the wells that I have shown all of these sketches
on, had any problem that was considered significant.

Q Will the Bradenheads be periodically tested in this

area during the course of your flood?

2 Yes, within the unit area. As I said we intend to
equip the wellheads so that we can periodically check the

pressure on them. Now, as far as those outside the unit area,

that would be dependent upon what Commission rules are
eventually issued for this field where a problem has been

found.
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0 Right. I was concerned primariily with the unit area
in this case.

A Yes, indeed, we will monitor those,

0 And you have reviewed the well constructicn on all of

the wells in the unit area and you are fairly confident that

they are in good shape?
A Yes, very much so.
0 Now, ycu indicated that you planned to limit pressureg

to one psi per foot. The recent Commission orders have limited
pressure generally to seven-tenths of a pound.

A Well, I said that first and foremost we will limit I

the pressure to what the step rate tests indicate we should
limit it to but under no circumstances would we go over one
psi. We fully anticipate that we will limit it to much less
than that by those step rate tests and other monitoring
techniques which we intend to employ.

0 Now, these step rate tests would be commenced, what,

sixty to a hundred-and-twenty days after you get some pressure
built up?

A Well, I said within sixty to a hundred-and~twenty
i days after injection starts, depending upon if the wells had

pressure on them and I think the way you have stated it would

on them to enable us to run the tests we will run them and we

anticipate that it would be somethiny like sixty to a hundred-

1
probably be more concise that once the wells get enough pressuir
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and-twenty days.

Q If you were initially limited to seven-tenths of a
pound per foot formula you would not have any problems with
that lease as the flcod began?

A I don't sce that we would, we anticipate that the
wells will take water on a vacuum for awhile and then the
pressure would gradually increase as we increased the pressure
in the reserxvoir, now, at which time we ran step rate tests
which indicated we would not be parting the formation in a
pressure in excess of that seven-tenths, we wouléd probably
come back to the Commission with that evidence and request
that we be allowed to go up to what the step rate test
indicated would be a safe operating pressure.

Q Do you plan to run a synergetic log on the well to
be drilled in here? This is a log which can be utilized to
calculate the parting pressure of the formations in the area.

A I'm not familiar with that log.

e It might be something to look into when this well is
drilled and I know that Schlumberger out of the Ecobbs office
has run them because I have seen a couple of them.

A It sounds like a new application of some existing
logging techniques.,

n It is.

A Which probably we will be running those logs anyway

and it wouldn't be any problem to incorporate that calculation
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from the data.

o} I would encourage you to work with our District

Supervisor in Hobbs on this particular problem and if it is run
the Commission would like ¢o nave a copy. Would you be agreeablle
to submitting copies of parting pressure tests as they are rxrun?

2. Yes, sir. |

0. And I presume the annulus on all of these wells woul
be loaded, gauged or left open or some other method to test
those?

A It will be loaded with a treated water to prevent
corrosion and hooked up for pregssure monitoring.

MR, HINKLE: One other question. I |

REDIRECT EXAMINATION

BY MR. HINKLE:
Q Does Atlantic Richfield own the leases upon which th

two dry holes are located, shown by Exhibits Twenty-seven and

Twenty-eight?
A We own the lease where one of tham is located.
Q Which one is that?
A Well No. 28 is located on Atlantic Richfield's lease

in the south half of Section 32.

o Were these wells plugged and abandoned by Atlantic’
Richfield?
i
A No, sir, they were plugged and abandoned a long time |’
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Q

A

witness?

By other owners?

By other owners, ves.

MR, HINKLE: That's all.

MR, STAMETS: Are there any other questions of this

He may be excused.
{THEREUPON, the witness was excuged.)
MR. HINKLE: We have one other witness.

THOMAS R. BARR

called as a witness, having been first duly sworn, was

examined and testified as follows:

DIRECT EXAMINATION

BY MR. HINKLE:

o

State your name, your residence and by whom you

are employed?

A

Thomas R. Barxr, I live in Midland, Texas and I'm

employed by Atlantic Richfield.

Q

A

Q

A

Vhat is your position with Atlantic Richfield?
Landman,
Have you had considerable experience as a Landman?

Yes, sir, I have been employed here in the Permian

Basin and New Mexico area for about a year-and-a-half and I

have had another additional year in other parts of the countryd
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Qo Are you familiar with the app’ication which Atlantic
Richfield has made for the pool of the unit agreement in this
case?

A, Yes, sir, I am,

Q. Have you been handling the matter as far as obtaining
approval of the unit by the working interest owners?

A Yes, sir, I have,

0. Has there been filed with the application in this
case, three copies of the unit agreement?

A Yes, sir.

Q Has this form been approved by the Commissioner of
Public Lands?

A Yes, sir, it has.

Q Is this substantially the same form as has heretcfore
been approved and used where State lands are involved or where
2 waterflood project is contemplated?

A Yes, sir, it is.

0 Is Atlantic Richfield designated as operatcr in the
unit agreement?

A Yes, sir.

0. I believe that the previous witness testified as to
the formation which is being uritized, there is only the one
formation being unitized by the unit?

A Yes, sir.

0 Does the unit agreement specilically provide for the

|

|
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primary purpose of the unit and what is that?

A Secondary recovery, sir,

Q@ Does the unit agreement contain a participating
formula?

A Yes, siy, Section 13 which begins on page twelve

provides that the respective tracts shown on Exhibit B attached
to the unit are to participate in accordance with the percent-
ages as set forth in Exhibits C-One, C-Two during Phase One
and Phase Two of the waterflood.

Q Have you contacted all of the working interest

owners and invited them to jecin the unit?

A Yes, sir,
0. What is the present status?
A We currently have signed joinders from all parties

with the exception of Texaco. Texaco has by phone stated that
they will join but it has not been formally approved through

their organization and shortly we expect their signed joinder

as well.
Q. So you contemplate one hundred percent joinder?
A Yes, sir.
Q And all of these parties have approved the partici-

pating formula?
A Yes, sir.

MR. HINKLE: That's all we have of this witness.
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CROSS EXAMINATION

BY MR. STAMETS:
N What percent do you have signed up on this unit at
this time?

A It depends on the hasis of Phase one or Phase Two.

If it is on the basis of Phase One we have approximately fifty

six, eight percent.
0. Do you anticipate a hundred ?ercent sign up?
A, Hopefully within two weeks, yes, sir.

MR. S'W'AMETS: Any other questions of the witness?
He may be excused.

(THEREUPON, the witness was excused.)

MR. STAMETS: Anything further in this case?

MR, HIWNKLE: That's all.

MR. STAMETS: The case will be taken under advise-

ment.

percent sign up. Texaco owns currently in Phase one fifty poin
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Exaniner Hearlng - Welnesday - Septerber 19, 1976 Docket No. 25-76
-o-

CASE 5759 Applicaticon of Global Survey, Ine. for a unit agreesent, Fddy County, Hew Mexleo, Applicant, in
the above-styled czuse, seexs epproval for the Global Survey Unit Area corprising 4,781 acres,
rore or less, of State and federal lands in Township 25 South, Hanges 26 end 2/ kasi, Eddy County,
New lexico.

CASE 5759: Application of Universal Fesources Corporatiocn for compulsory pooling, Eddy Counly, New Mexico,
Applicant, in the above-sivled cause, seeks an order pocling all mineral interests in the
Pennsylvanian formation unlerlying ke 8/2 of Section 36, Tovmship 17 South, hange 26 Fast, Eddy
County, New Mexico, to be dedicatesd to a well to be drilled €60 feet from the South line and 19380
feet from the Yeat line of said fection 26. Algo to be considered will te the cost of drilling
end completing #aid well and the aliccaticn of the cost thereof, ag well as actual operating costs
and charges fer supervision, Also to bLe considered will te the desipnation of applicant as
operater of the well and a charge for risx involved In drilling said well.

CASE 5760: Applicaticn of Morris R, Antweil for cocumpulsory pooling, Eddy County, Hew !exico, Applicant, in
the above-styled cause, sceks un order pcoling all mineral interests in the Pennsylvaniarn formaticn
underlying the S/2 of fection 33, Township 21 South, Fange 26 Fast, Avalon Field Extension, FEddy
County, tew lexico. Alsc to be considered will be the cost of driiling ard completing said well
and the sllocatiorn of the cost therecf, as well as cciual operating costs and charges for super-
vision. Also to te considered will be the designation of applicani as operator of the well end
a charge for risk involved in drilling said well,

CASE 5761: Application of Atlantic Richfield Comrany for a unii agreement, Lea County, New Mexico. Applicant,
in the above-styled cause, seeks approval for the State Vacuuwrn Unit Area comprising 8C0 acres,
more or less, of State lands in Seetions 29, 31, and 22, Township 17 South, Renge 24 East, Lea
County, New lMexico,

CASE 5762: Application of Atlantic Richfield Company {or a waterfleod project, Lea County, New Mexico.

. Applicant, in the above-styled cause, seeks authority to institute a waterflced project on its
Stete Vacuuwn Unit Area, Vacuum Pool, Lea County, Hew Mexico, by the injection of water into the
Grayburg-San Andres formation through 11 irnjection wells located in Unit M of Section 29, Units
A and I of Section 31, and Units C, ¥, G, I, K, M, N, and O of Seetion 32, all in Township 17
South, Range 34 East.

CASE 57¢3: Application of Roger C. Hanks for the ameniment of Oréer No. R-4A691-A, Eddy County, New Mexico.
Applicant, in the zbove-styled cause, seeks the amerndrent of Order MNo. R-4691-A, vwhich order
premulgated special pcel rules for the Norih Bagger Draw-Upper Pennsylvanian Pocl, Eddy Ceounty,
New Yexico. Applicant seeks the estublishrment of a special depth bracket allowable for said
pool of 350 barrels per day,

CASE 5767: Application of American Quasar Petroleum Co, of New Mexico for a unit agreement, Iea County,
New Mexico, Applicant, in the above-styled cause, sceks approval for the Brinninstool Unit
Area conprising 5,743 acres, rmore or less, of State and Federal lands in Township 23 Scuth,
Range 33 East, Lea County, MNew Mexico,

CASE 57/6: In the mattcr of the hearing called by the 0il Conservation Cormission on its cvn motion to
permit Conle: and Asscclates, Inc,, the Travelers Indemnity Company, and all oiher interested
parties to appear and show cause why the following wells in Harding County, New Yexico, should
not be plugged and abandoned in accordance with a Cormission-approved plugging program:

Township 15 North, Range 33 East:
Arthur Cain Well No. 3 located in Unit N of Section 4; Arthur Cain Well No., 2 located in Unic
K of Sectiorn 10; and State Well Mo, 1 located in Unit D of Section 21;

Township 16 North, Ranze 33 East:
State VWell No, 1-X lccated in Unit M of Section 27,
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ATLANTIC RICHI'IFLD COMPANY
STATE VACUUM UNIT
Schematic Drawing of Injection Well
Unit Well No. 1 (Phillips lea No, 21)
660' FSL & 680' FWL Section 29, T=17S, R=34E
Les County, New iMexico

All measurements are from KB 10' above GL

2~3/8" OD Tubing i N - Injection

Ground Flevation 4081'

X

8-5/8" casing set at 925'
w/400 sacks cement
Cement circulated _ _ é }

Packer to be set
at 4290’
51" casing set at 4353 : :
w/200 sacks cement e Open Hole 4353-4810'
Top at 3083' /Calculated) - g
—
—,-
D o
e

T
b1

TD 4810'

EXHIBIT N, €




ATIANTIC RICHFIELD COMPANY
STATE VACUUM UNIT
Schematic Drawing of Injection Well
Unit Well No, 2 (Sohio Hale-State No, 2)
990' FNL & 330' FFL Section 31, T-17S5, R-34E
Lea County, New Mexico

All Mcasurements are from KB 2.3' above GL

2-3/8" OD Tubing —— ! ;( I L — Injection

Ground Elevation 4080,.5
8-5/8" casing set at 1550°
w/500 sacks cement A B
Top at surface (calculated) 4
4 ————— Packer to be set
at 4590°"
534" casing sat at 4652'
w/100 sacks cement _.___ = ‘ Open Hole 4652-4739'
Top ot 3275 {calculated) —— ——
.
|
———
i
)
b i
—t
TD 47397

EXHIBIT D,




ATLANTIC RICHFIELD COMPANY
STATE VACUUM UNIT
Schematic Drawing of Injection Well
Unit Well No. 4 (A.R,Co, State "B" TG No. 4)
§90' FNL & 1650' FWL Section 32, T-175 R-34E
lma County, New Mexico

All Measurements are from XB 2' above GL

2-3/8" OD Tubing —~— E; . Injection

Ground Level 4076° —_—

8-5/8" Casing set at 1525'
w/600 sacks cement A
Cement circulated {

Packer to be set

4 at 4360

54" Casing set at 4426'
w/300 sacks cement Z LN Open Hole 4426-4708"'
Top at 2397' (calculated) (- S— o

)

g e

-—*-
;..
| — TD 4708’

EFHIBIT NO. 8
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ATIANTIC RICHFIFLD COMPANY
STATE VACU UNIT
Schematic Drawing o¢ Injection Well
Unit Well No. 7 (A,R.Co, Stats '"'B" TG No. 3)
1980' FNL & 660' FWL Section 32, T-17S, R=34E
Lea County, New lexico

All messurements wre from KB 10' abnve GIL,

2-3/8" OD Tubing —f—— | E l -——— Injection

! }]Eg 53" casing to be run
Ground Elevation ___l — and cemented back to surface
4074* I |

, 1

| |

|

I !

| |

!
) Liner packer set

8-5/8" casing set at at 1414°
1322 w/650 sacks ____
cement

Top at surface (calculated)

‘ ———— Packer to be set
‘ at 4490'
53" casing set at 4550° k
w/600 sacks cement ______ é , — ___ Open Hole 4550-4738’
» Top at liner top (calculatcd)’_‘_ ——
] ~———— ——1
"— ——’-J
e —)
fat— ——
h B ——
3 ~ —
TD 4738'

EXHIBIT M. _ 9




ATLANTIC RICHFIFELD COMPANY
STATE VACUUM UNIT
Schematic Drawing of Injection Well
Unit Well No, 9 (Texaco New Mexico "'D" State NCT=2 No. 3) )
1980' FNL & 1980' FEL Scction 32, T-17S, R-34F
Lea County, New )Mexico

Al}l measurenents are from KB 9' above GL

2-3/8" OD tubing ——— M:—— Injection

Ground Elevation 4069’
8-5/8" casing set at 904’
w/600 sacks cement Z
Cement Circulated 47
‘ ——— Packer to be set
at 4500
53" casing set at 4562'
w/1400 sacka cement ‘ > —— Open Hole 4562-4770°
Top at surface (calculated) — —
)
[—— —p
}e— —
il — ——
- - —
P 1
et —e
™ 4770’

EXHIPIT N, 10.
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ATLANTIC RICHFIELD COMPANY
STATE VACUUM UNIT
Schematic Drawing of Injection Well
Unit Well No, 11 (Texaco New Mexico "AO" State No, 1)
231Q' FSL & 330’ FEL Scction 31, T-17S, R-34%
Lea County, New Mexico

All measurements are from KB 10' above GL

2-3/8" on tubing _‘.__M:,____ Injection

Ground Elevation 4072’

8-5/8" casing sct at 1563° &
w/1000 sacks cement A
Cement circulated }
Packer to be set
at 4290°
53" casing set at 4353°
w500 sacks cement ‘ —  Open Holo 4353-4753"
Top at 1178’ (calculated) S -
-~
e — —-’-s
g ——F—)
i
——p|
m 4733"

EXHIBIT ™. 11
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ATLANTIC RICUFITID COMPANY
STATE VACUIN UNIT
Schernat ¢ Drawing of Injection Well
Unit Vell No, 13 (A.R.Co, State "¢ TG No, 3)
1980' FSL & 1980' I'V1. Scction 32, T-17s, K-34L
lez County, New Mexico

All nmeasurements are from KB 10,5' above GL

g M:‘—— Injection

53" casing to be run and
———— cemented back to surface

Ground FElevation 4075° +

T T

. Liner packer set
8~5/8" casing set at 1537 at 1448
w/650 sacks cement
Top at surface (calculated)
l ———— Packer to be set
at 4500
53" casing set at 4564' :
w/600 sacks cement —-— Open Hole 4364-4738'
Top at liner top (calculated) ’__.__ _...}
3
——— ——t
L‘-— — P
] { ——
» }
. i L
S - e ad
TD 4738°

EXHIBIT NO, 12




2-3/8" OD tubing

ATIANTIC RICHITELD CONPANY
STATE VACUUM UNIT

Schemat Le Draving of Injection Well
Unit Well No, 135 (A,1R,Co, State "C" TG No, 1)
1980" 'SL & 660" FDL Section 32, T-178, R=-34r
Lea County, New Mexico
All measurcments are from KB 10' above GL

10-3/4" casing set at

Ground Elevation 4057!

261' w/150 sacks cement __
Top at surface (calculated)

Liner Packer seat
7-5/8" casing set at 2932' at 2811°
w/625 sacks cement
Top at surface (calculated)
AN
+ . Packer to be set
N at 4300
53" casing set at 4360"'
w/130 sacks cement Z | N Open Hole 4360-1710°
Top at linertop (celculated) —_—
e li—
—
aafr— e
)
: - —

¥—‘*-‘—~w‘—i

*—N -——— Injection

-

Zl

™ 4710°

EXHIBIT NO,




Top at 2443' (calculated)

EREEER
SRE

— {

™ 4761’

ATLANTIC iCHPIELD COMPANY
STATE VACUUM UNIT
Schematic Drawing of Injection Well
Unit Well No, 17 (A.R.Co. State "C" TG No. 8) .
990' FSL & 990' FWL Section 32, T-17S, R-34E
lea County, New Mexico
All measurements are from KB 4' above GL
2-3/8" 0D tubing —— &q__ Injection
Ground Elevation 4078°*
8~5/8" casing set at 1571
w/600 sacks cement __ é B
Top at surface (calculated) {
* — . . Packer to be set
at 4470'

53" casing set at 4535° N
w/350 sacks cement / > Open Hole 4535-~4761"

EXHIBIT NO, 14




2~3/8" OD tubing

ATLANTIC RICHF]IELD COMPANY
STATE VACUUM UNIT
Schematic NDrawing of Injectfion Well
Unit well No, 19 (A, R,Co, State "C" TG No. 5)
990' FSL & 16306' FEL Section 32, T-175; R-34E
Lea County, New Mexico

All measurements are from KB 2' above Gi,

Ground Elevation 4074’

8-5/8" casing set at 1599! A

q__iM - Injection

X

w/650 sacks cement
Top at surface (calculated)
: | <~ Packer to be set
1 | at 4470’
4 51" casing set at 4332!
w/600 sacks cement ﬁ > Open Hole 4532-4750'
4 Top at 947’ (calculated) . -
8

Ty

Trrrt
L1t

D 47350!

EXHIBIT NO,

13




ATIANTIC RICHFIFID COMPANY
STATE VACUUM UNUYP NO, 21
Schematic Drawing of Injection Well
To be drilied approximstely 330" FSL & 2310' VW1, Section 32, T-17S, R-34E
Lea County, New Mexico

2-3/8" OD tubing ——— N -4—— Injection

Ground Elevation approximately

4075"
8-5/8" casing to he sot at
1600’ /600 sacks cement é B

Circulated to surface

Packer to be set

at 4650°
13'.‘_ — 10
. Approximate Perforations
O | =t— —» |0 4720-60"
t
O |-—t—r —=|0
-
2 S .- eve el ——  PBD 4770’
L, . . _4o>’ v
43" casing to be set at 4800’ A Cos F . .
/1000 sacks of cement y A TR PO -5"\ TD 4800'
Circulated to surface

EXHIBIT ND,

- o




ATLANTIC RICHFIELD OOMPANY
STATE VACUUM UNIT
Schematic Drawing of Producing Wwell
Unit Well No, 3 (A, R,Co, State "B" 1G No. 1)
660’ FNL & 660' WL Section 32, T=17S, R=-34§E
Lea County, New lexico

All Measurements are from KB 10' above GL

2-3/8" OD tubing — M E— Product ion

Ground Elevation 4078%' —

8-5/8" casing set

at 15147 w/720 ____ A N
sacks cement
Top at surface

(calculated)
54" caslng set at 4410°
w/700 sacks cement ___ é N Open Hole 4410-1735!'

Top at surface (calculated)

TD 47557

EXXIBIT no. 17
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ATLANTIC RICIfFIELD COMPANY
STATE VACUUM UNIT
Schematic Drawing of Producing Well
Unit Well No., 5 (Texaco New Mexico 'D' State NCT-2 No, 4)
990' FNL & 2310' FEL Section 32, T-17S, R-34E
Lea Ccunty, New Mexico

All measurements are from KB 7,5' above GI,

2-3/8" OD Tubing ——— K_ > Product ion

Ground Elevation 4Q77! —

Y

8-5/8" casing set at 1530'
w/1000 sacks cement ‘ﬁ
Cement clirculated

53" casing set at 4339’
w/500 sacks cement _ . l _ Open Hole 4339-4700'
Top at 1164' {(calculated)
’ ;
P 1 -}
a !
i i e
{
o i p—
TD 47007

EXHIBIT NO. 18




ATLANTIC RICHTFIELD COMPANY
STATE VACUWN UNIT
Schematic Drawing of Producing Well
Unit Well No, 6 (Sohio Hale State No, 1)
2310' FNL & 330' FEL Section 31, T-178, R=-34r
Lea County, New Mexico

All measurcments are from KB 3' above GL

2-3/8" OD tubing __D.M » Production

Ground Elevation 1077'

X

8-5/8" casing set at 1603’
w/500 sacks cement é k

Top at surface {(calculated)

7" casing sct at 4630’ /
w/100 sacks cement LN __ Open llole 4630-4731°

Top at 3080' (calculated)

TD 4731'

EXHIBIT N, 19




.\-‘ .

ATIANTIC RICHFIELD COMPANY
STATE VACUUM UNIT
Schematlc Drawing of Producing Well
Unit Well No, 8 (A.R,Co. State "B" 16 No, 2)
1980' FNL & 1980' FWL Section 32, T-17S, R=-34E
lea County, New Mexico

All measurements are from KB 10' above GL

N A
2-3/8" OD Tubing —- N — % production

=

p \ at 2868’
7-5/8" casing set at 2963’
w/600 sacks cement / T A
Top at surface
(calculated)

53" casing set at 4500°' :

w/135 sacks cement > — __ Open Hole 4500-4719°

L= ==

Ground Elevation 4066' — — i
10-3/4" casing set at 271°'
w/150 sacks cement , >
Top at surface (calculat
' T7J Liner packer set

PBD 4719°

™D 4775°

EXHIBIT NO, 20

1




ATIANTIC RICHI'ILLD COMPANY
STAE VACLUM UNIT
Schematic Drawing of IProducing Well
Unit Well No, 10 (Texaco New Mexico "DV State NCT-2 No. 1)
1980' FNL & 660' FEL Section 32, T-175, R-34F
Lea County, New Mextico

All measurements are from KR 11,5' above Gl

- —
2-3/8" OD tubing — M ____» Production

Ground Elevation 4064,5"

DY

8-5/8" casing set at 917'
%/500 sacks cement é S
Cement circulated

n-—v-

Top at 2331' (calculated}

53" casing set at 423G’ i
w/300 sacks cement ___ [ > - Open Hole 4236-4728"'
I

IR
— ——

™D 4728

EXHIBIT Mo, 21




ATLANTIC RICHF1ELD COMPANY
STATE VACUUM UNIT
Schematic Drawing of Producing Well
Unit Well No, 12 (A,R.Co, Stide "¢ TG No, 6)
990' FWL & 2310' FSL Scction 32, T-175, R-34T
Lea County, New Mexlceo

All measurcments are from KB 2' above GL

2-3/8" OD tubing —— m N Production

=

8-5/8" casing set at 1335°

w/675 sacks cement A L\

Top at surface (calculated)

Ground Elevation 4076 |

53" casing set at 45330° :4
W/B00 sacks coment - - ‘ k — — Open Hole 4530-4700°'

Top at 945' (calculatad)

| }—r- -
iix
p: — -
— —~——

™ 4700°

FXHIBIT NO, 22




ATIANTIC RICHTININ COMPANY
STATE VACUTM UNIT
Schematic Dlagram of Producing Well
Unit Well Yo, 14 (A,R.Co, State '"C" TG No. 2)
1980' FSIL & 1980' 'YL Section 32, T-175, R-34F
Iea County, New Mexico

All measurcments arc from KB 10' above GL

2-3/8" OD tubing

—— e Production
Ground Elcvation 4067 * .
L
10-3/4" casing set at :
272" w/130 sacks ____ ‘ ‘
cement
Top at surface (calculated)
Liner packer set
ar 2886°
7-5/8" casing set at
3004' w/675 sacks cement . TN
Top at surface (calculated)
53" casing set at 4525°
w/175 sacks cement /1 > ___ Open Hole 4525-4740!
Top at liner top (calculated)
)| |
1 L—’—- * -
-
— ——— ™ 4740'

EXHIBIT NO, 23




ANTEANTIC RICHFTELD COMPANY
STATE VACUUM UNIT
Schematic Drawing of Producting Well
Uit Well Yoo 16 (Cfexaeo Now Mexico TA0" state No, 2)
990°' FSL & 330' FFL Section 31, T-17S, R-34E
lLea County, New Mextico

All measurements are from KB 6' ahove GL

bing ) . . M- ——gm Production

Ground Elevation 4080°'

X

8-5/8" casing set at 1380
W/ 630 sacks cement - A B
Top at surface (c.lculated)

5}" casing set at 4456'
w/500 sacks cement Z k _______ Open Hole 4456-4786"

Top at 1281' (calculated)

— i 4-—‘
{ 3

:" — ——
e

TD 4786’

EXHIBIT N0, 24




ATLANTIC RICHFIFLD COMPANY
STATE VACUUM UNIT
Schematic Drawing of Producing Wwell
Unit Well No, 18 (A R.Co, State "C" TG No. 7)
990! FSL & 2310' FWL Sectton 32, 7T-17S, R-34E
Lea County, New Mexico

All measurements are from KB 4' ashaove GL

2-3/8" OD tubing RN o E — Production

Ground Elevation 4076°* =

i

=

8~5/8" casing set at 1560'
w/675 sacks cement A B.
Top at surface {calculated)

53" casing set at 4545 I\
w/250 sacks cement Z —_—

- Open Hole 4345-4749°*
Top at 2051' (calculated)

L e
—_ -

TD 4749’

EXHIBIT NO, 25




ATLANTIC RICHFIELD COMPANY
STATE VACUUM UNIT
Schematic Drawing of Producing Wwell
Unit Well No, 20 (A.R.Co. State "C" TG Yo, 4)
660' FSL & €60' FEL Bection 32, T-17S, R-34E
Lea County, New Mexico

All measurements are from KB 10' above GL

2-3/8" OD tubing —— » Production

— 53" casing to be run and

k4
Ground Elevation 4081 cemented back to surface

1
|
|
I
|
|
I

Liner packer set
8-5/8" casing set at 1572' . at 1566°
w/650 sacks of cement A

Top at surface { calculated)

54" casing set at 4477’ ,/// \\\
w/450 macka camant an ©

Top at liner top (calculated)

A\

i i e e o

™ 4762°

EXHIBIT NO. 26




COLi~-DARDEN OTL COMPANY
HALFE STATE ND. 1
Schematic Drawing of Plugged and Abandoned Well

Top at surfsce ‘calculated)
at 1575

Plug at base of salt

5%'' casing set at
4340' w/200 sacks
cement. Top at

3070 (calculated)

5 sacks cement plug
at 4500°

660' FNL & 660' FEL Section 31, T-175, R-34E
Lea County, New Mexico
All measurements are from KB 8' above GL

Well PRA June 1, 1949
Grourd Flevation 4082° 553, . 25 )y 2| —— 5 sacks cement plug

e e el e A at surface
8+5/8" casing set at 940°' /’/—_‘\\<:::::::) 54" easing pulled :
w/400 sacks cement 45 t§ from unknown depth

5 sacks cement plug

tial

10 sacks cement plug
4734-4823"

TD 4823°

EXHIBI'T NO, 27




DEVONIAN OIL COMPANY
STATE NO. 1
Schematic Drawing of Plugged and Ahandoned Wwell
660°' FSL & 1980' FWL Section 32, T-=17S, R=34k
lea County, New Mexico

All measurements are from KB 8' (est) above GIL

Well PRA Nov, 12, 1945

-
SRS P' 10 sacks cement plug
LT at surface

Ground Elevation 4085’ DS L

9-5/8" casing set at 800' &
w/300 sacks cement 2]
Top at surface (calcuiated)
—— T
Tl T 25 sacks cement plug

,4,-"}7";':: S ] —
e 880-925"

e p— R R
R 1
‘ o e e
A' ’ ‘."o""-' "\,|,
N,y Cb 15 sacks cement plug
1. ..- Py L '». 2740-~-2860"
*._‘{,‘.:' e

53" casing set at —
4664’ W/ 3060 sacks R AR AN

cement, Top at S
3558' (calculated) R P — . 30 sacks cement plug
: R 4650-4780"

4 -
LI N o R .
- Lo . Lo
N P S )
- '.“.’ "' '-l l\
vt N2
P L.
.’ - .
AT A
b P .p'
l-\ R4 IR
¢ Tyt

-4:-'":‘. PR
R ‘,,"_’-',"..'J ™ 4780°'

EXHIBIT NO,




TEXACO =~ WEST VACUUM UNIT NO, 4
(BTA ~ Am, State #3)
Unit X 1980' FS & WL
Section 28, T-17S, R-34F
Lea County, New Mexico

——’-

2-3/8" Injection
Tbg,

X

4066' GL ——

8-5/8" csg., @ 404’\Z >
w/325 gx., cmt,

Top @ surface (circulated) t

Packer @ 4468’

Perforated 4585-1602'

Al qatadhetapen

54" csg. @ 4744' AR B
w/200 sx, cmt, \\\‘\~\\1//i;; S

SN st
Top @ 3747' (log) j

EXBIBIT NO. 29



TEXACO -~ WEST VACUUM UNIT NO, 3

(BTA 011 Producers -~ Amstate No, 2)
Unit L 1980' FSL &k 660' FWL
Section 28, T-17S, R~-34E
ILea County, New Mexico

'

— X[
4075' GL
8-5/8" csg., set @ 392'
w/250 8x, cmi, &
Top @ surface (circulated)
i
(o} O
o} O
O (o)
53" csg. set @ 4680' —/ | N
w/200 sx, cmt,
Top @ 3600 (log)
1
\ 1
=

Perforations 4560=4602"'

Open Hole 4680-4741'

™D 4741°

EXHIBIT NO, 30




TEXACO - WEST VACUUM UNIT ND, S
WIW
(BTA 011 Producers - Amstate #1)
Unit M 660' FS & WL
Section 28, T-17S, R-34E
Lea County, New Mexico
Injection tubi
:M—_ nJ ) ng
065! GL
8-5/8" csg. @ 428' A B
w/250 sx emt,
Top @ surface
(circulated)
Packer @ 4465

O | —t— — a Perforations 4537-4687"

{ O | —t— —=10

lg‘-_— ———] O i

3
= Ler e s T T pon 4895t
Ll s e e e
Ser g

5} csg @ 4900' w/278 / e el 7.:-\
sx. cmt, — TD 4901’
Top @ 3200' (log)

+  EXHIBIT NO. 31




L. F, OIL COMPANY - AMERADA-STATE #1
Unit N 330’ FSL & 2308°' FWL
Sectiom 28, =175, R-34F
Lea County, New Mexico

Well P & A
June 19, 1954

T .4, 3% ——— 5 8x. cmt, plug €@ surface

Set cmt plug from
540' to 600’

Shot & pulled 54" @, 751'
Set 10 sx, cmt. plug fm,
751' to 715'

8-5/8" csg, @ 593'—_ : ) :
w/300 8x, cmt.

Top @ surface (circulated)

54" csg. @ 4625°
w/100 38x, cmt,
Top @ 3930 (o

35 ax, cat. plug
fm., 4878' to 4600°

TD 4878°'

EXHIBIT ¥0. 32




PHILLIPS - LEA NO, 14
Unit F 1980' FWL & 1880' FNL
_Section 29, T-17S, R-~-34E
Lea County, New Mexico
- - KA
rrogucing Tbg. eg—— | f I -

4084' DF .
8-5/8" csg. @ 325'~_A 5

w/325 sx, cmt, .

Top @ surface (circulated)

o|—> ~—|0° Perforations 4414-4635'
. 0 .—+ e O’
O | = -4——’_O‘I
1
b—'.*v-
] U PBD 4773'
43" csg. @ 4797' A

w/400 sx. cmt, N\/ . e .

. * 0\/’11) 48(1)‘
Top @ 2600' (log)

EXHIBIT NO, 33




PHILLIPS - LEA NO, 13
Unit G 1980' FNL & 165G' FEL
Sectfon 29, T=17$,R-34E
Lea County, New Mexico

NA
Producing Tubing i :f : I

4082' DF . ‘
8-5/8" csg. @ 330"

w/325 gx. ecmt, \Z S

Top @ surface (circulated)

|
O|— -— | O Perforated 4453~4722' ]
o|—> --—| 0 '
[2‘-—-» - OJ
_—
PBD 4760'
43" csg. @ 4797 e e,
%/400 sx cmt. /,' e o, \ TD 4800°'
Top @ 2700' (log) : . > —_—

EXHIBIT NO, 34




PHILLIPS ~ LEA NO, 4
Unit T 660' FEL & 1980' FSL
Section 29, T-17S, R=-34E
Lea County, New Mexico

2-3/8" Injection
Tbgv —

X

4074' GL

8-5/8" csg, @ 326'—/] N

w/274 sx. cmt,
Top @ surface (circulated)

Packer @ 4354!

0] ~a— —-[{0]

Perforated 4435-4729'
O] -4 | O
O |—¢— —1 0

e

EeS VT, | ———pBD 4752'
4}" csg. @ 4769’ ."r--;-:.7.:ff\

w/300 3x. cmt, e e TD 4770°
Top ¢ 2380° (calculated)

—/-

EXHIBIT NO. 35

A | | -

I



PHILLIPS PETROLEUM CO, -~ LEA NO, 11
Unit K 1980' FS & WL
Section 29, T-17S, R-34E
Lea County, New Mexico

Producing Tubing

1078"' GL
8~5/8" csg, @ 324 é S
w/325 sx. cmt,
Top @ surface
{circulated)
i
[
rcT-—.- aq——%‘ Perforated 4441-4706'
O |— -
.
1 o o e« =T TT————pBD 4726°
,. 0 . o ’..
54" csg. @ 4746' w/350 LA \
sx cmt, Top @ 2850' LI 4 : D 4750'
(log)
EXRIBIT N0, 36




SOHIO - PHILLIPS LEFA N0, 6

Unit K 2310' FS & WL
Scction 31, T-17S, R-34E
IL.eca County, New Mexico

Producing Tbg.*——ibﬂiﬂ———-

BT

4091°' GL

8-5.8" csg. G 414'-.£ B

w300 sx. cmt,
Top & surface (circulated)

Pg]—-——————-—Perforat ions 4639-4760"

o]
l
1

.
&
?

o

PBD 4850’

5)" csg. @ 4870'——_ ] . "o

‘w/225 sx, cmt, / * . LT . \ TD 4875'
~ 3 hd : —__—.—_——-—’_

Top €@ 3326' (calculated)

EXHIBIT NO. 37




PHILLIPS PETROLEUM CO. - LEA NO, 5
Unit P €60' FS & EL
Section 29, T-178, R-34E
Lea County, New Mexico

Producing Tubing N
4065' GL
‘I
)/”
f .

/ . |

.'I/;

o 8~5/8" csg. @ 344" '
o7 w/ 275 8x, cmt, —— B
i Top €@ surface
' {circulated)

Perforations 4392-4687"'

5]
l
f
|

] — --—|o
O j—i -—|o
i
-
i L . . < - - PBD 4756°
J R
43" csg € 4780' w/350[‘ R
sx, cmt, + ’ . \ TD 4780°'

Top @ 3018' (log)

EXHIBIT NO, 38




COLE-DARDEN OIL COMPANY - PHILLIPS STATE A NO. 5
Unit H 1980' FNL & 660' FEL
Section 30, T-17S, R-34E
Lea County, New Mexico

4084' GL —d L Cement Plug
RN Surface -~ 60°'
. ey
"W
R Cement Plug
- 270--370"
g-5/8" esg. @ 300'—] <0 Lo i\
w/400 sx. cmt. e

Top @ surface (circ.)

Cerment Plug
1560--1600"'

Cement Plug
2740-2800"'

TD 4880°

EXHIBIT NO. 39

l
|
|



A )

PHILLIPS PETROLEUM COMPANY - LEA NO, 19
(Cole -~ Darden Phillips State #2)
Unit I 660' FEL & 1980' FSL
Section 30, T-17S, R-34E
Lea County, New Mexico

Producing Tubing :=I:><:{

4082' casing head —
flange

8-5/8" csg. @ 1520' 4
w/ 500 sx. cmt, :&
Top @ surface
{(circulated)

51" csg. @ 4235' /200
sx, cmiy

Top @ 2963'
(calculated)

4 N _—

{ TD 4737'

Open Hole 4335-4737'

EXHIBIT NO. 40




Bt o 7

PHILLIPS - LEA NO, 12
Unit .J 1980' FS§ & FL
Sectton 29, T-17S, R=-34E

lea County, New Mexico

Producing Tbg. - <

2

4085° GL —

8-5/8" cBg. © 324'\4 l
vw/350 sx,. cmt.,

Top @ surface (circulated)

O —— ~%—— (O} Perforated 4454--4685"
O |—— -—| O
O =P ~——{ O

oe T e . © \PBD 475"

43" csg. @ 4799 —1 - __ | . s ., \
w/400 sx. cmt. - -
Top @ 2760' (log)

TD 4800'

EXHIBIT NO. 41




PHILLIPS PETROLEUM COMPANY - LEA NO, 18

(Cole - Darden Phillips State #1)
Unit P 660' 'S & EL
Section 30, T-175, U=34E
lLea County, New Mexico

Preducing Tubing - E

4080' Top of csg.—/0

head flange

8-3/8" csg. @ 910"

w/400 sx, cmt,—-"“—é k

Top @ surface (calculeted)

53" csg. @ 4325'———"/ ’: ____——"Open Hole 4325-4760'

w/ 250 sx. cmt,
Top @ 2610°
(calculated)

™D 4760'

EXHIBIT NO. 42




PHILLIPS NO. 23
Unit P 810' FEL & 510' FSL
Section 30, T-17S, R-34F
Lea County, New Mexico

Producirg Tubing

4083' GL
13-3/8" csg. @ﬁ
382!

w/425 sx. cmt, f

Top @ surface (circ.)

(¢] O] — Perforated 4894-4904"'
of —» —~— |0 and 4678-4698"
(o] oI
8-5/8" csg. @ —— I g ATy o > 100 sx. cat, plug
5378" I'i-.";:‘ NS U ,/ 5500~5200"
w/450 sx. cmt, ce AN T :
Top @ 2200' (log) LRSI S LA AR
oA ot .0 = 1"
ool e e L TR T AT Top of 54" @ 6130'
AR VR SOTSRY E A 60 sx. cmt, plug
61806130
&
b-- . . —————"PBD 13,387"
3 e, s @ “ e T
'.(.. 1_.-’;. "“-
TIPSR S ’
53" csg. @ 13,623 A% T oA e :
w/400 sx. cmt. A R SO SN T 13,623
Top @ 9850' (log)

EXHIBIT NO, 43




>

PHILLIPS - LEA NO, 20
(Cole Darden 0Oil Company - Phillips State #3)
Unit O 660" FSL & 1980' FEL
Section 30, T=175, R=-34E
Lea County, New Mexico

Producing Tby, M

14085' GL

8~5/8" csg. G 15031 ___
w/600 sx. cmt, A B

Top @ surface (circulated)

—

54" csg. @ 4358'-¥_£ > -Open Hole 4358~4755'
w/200 sx. cnmt, —_

Top @ 2986' (calculated)

J D 4755'

EXHIBIT NO. 44




PHILLIPS PETROLEUM COMPANY ~ LEA NO, 3

Unit B 660'

FNL & 1980' FEL

Scction 31, T-17S, R-34E

l.ea County,

New Mexico

Producing Tubing

4085' GL

§-5/8" csg. ¢ 1515"
w/ 600 sx cnt,

Top @& surface
(circulated)

Z

53" csg. @ 4495'————/

w/800 sx, cmt,
Top & 1625' (log)

L.

TD 4730°

:X________——-Open Hole 4495-4730'

EXHIBIT N0, 4%

|



SOH10 -~ PHILLIPS LEA NO, 7

Unit C 1980' FWL & 990' FNL
Section 31, T-17S5, R-34F
Lea County, New Mexico

KA

Producing Tbg., € — W —

4088' GL -

8-5/8" csg., © 375"
w/350 sx, cnt, / 5
Top @ surface (circulated)

ol —» |0 pPerforated 4623-4751'
QO § 2 e | O

™

° PBD 4811'

43" csz. @ 4847'\_/ L. .o '.
w/300 sx, cmt, Vi . . o N\

Top @ 3398' (calculated)

T 4850°

EXHIBIT NO. 46




SOHIC - PHILLIPS LEA NO, 1
(Penrose -~ Phillips Lea #1)
Unit F 1780' FNL & 1980"' FWL
Section 31, T-178, R-34E

Lea County, New Mexico

Producing Tubing

4097' Csg. Head-

Flange / A :

13~3/8" Casing @ 196
w/175 sx., cmt,
Top @ surface (Cir.)

s——

8-5/8" Csg. @—____ :f Eﬁ;
1524° i ‘

w/100 sx. cmt,
Top @ 1238' (calculated)

L \

\ 53" Csg. @ 4665'
w/100 sx, cmt,
Top @ 4430' (calculated) L L

j TD 4765°

EXHIBIT NO. 47




SOHIO PETROLEUM CO. - PHILLIPS LEA NO. 2
(N. G. Penrose)
Unit G 2310' FNL & 1650' FEL
Section 31, T-17S5, R-31E
Lea County, New Mexico

Producing Tubing ——— ——

4087' Casing
Head Flange

8-5/8" csg.

@ 1590' w/
500 sx cmt.
Top @ surface
(calculataod)

7

7" csg. @
4616' w/75 sx
cmt. Top @

3453' (calculated)

)

" 1 {

{ )} —m 4720

EXHIBIT NO. 48

i
‘ 5 ___ —wOpen Hole 4616-4720' , |

. | o



SOHIO PETROLEUM OOMPANY - PHILLIPS LEA NO, 3
{N. G, DPenrose)
Unit J 2310' FSIL & 1630' FEL
Section 31, T-173, R-34F
Lea County, New Mcxico

A

— X

Producing Tubing

X

4087' Casing —
Head I'lange

8-5/8" csg. @“‘Zj D§
1557' w/500 sx.
cmt,

Top € surface
(circulated)

———

Toep 7" stub 3920

7" csg. @ 4637°' A
w/100 sx. cmt,
Top @ 3227°'(calc.)

Perforated 4657--4722°'

v'
fi
[Gos]

T ]
43" csg. @ 4748'— TD 4752°'

w/75 sx, cmt,
Top @ 1625' (log)

¥Well P & A May 10, 1957 and 3920' of 7" pulled. Well
re—entered April 20, 1970 and full string of 44" run.

EXHIBIT NO. 49




SOHIO - PHILLIPS LEA NO, 6

Unit K 2310' FS & WL
Scction 31, T-178, R-34E
IL.eca County, New Mexico

Producing Tbhg, -a— N“——-—

X

4091' GL

8-5,8" esg. @ 414‘% E

w/300 sx., cmt,
Top @ surface (circulated)

Perforations 4639-4760'

1"
|

. - PBD 4850

54" csg., € 4870 — . . ‘e

%/225 sx, cmt, - . e ,\___’__,_.._.—TD 4875°"
Top € 3326' (calculated)

EXHIBIT ND. 30




Unit N 990'

KA
Producing Thg. *—‘V\L -

SOHIO - PHILLIPS LFA NO, 8
FSL & 1650' FWL
Section 31, T-17S, R-34E
lLea County, New Mexico

<

4092' GL

8-5/8" csg. ¢ 365" ~A
w/325 sx., cmt,
Top @ surface { circulated

43" csg, @ 4949'_
—_—
w/300 sx., cnmt. \/

~———PBD 4918’

\__,___._TD 4950"

Top @ 4498' (calculated)

EXHIBIT NO, 51

o |————————Perforated 4702-4B05'




TEXACO - NEW MEXICO 'D" STATE NCT-2 NO. 2
660' FN & EL
Section 32, T-17S, R-34E
lea County, New Mexico

P A 2/22/48

DF 4076'
GL 4065°

11% * .:-.»:',jw-_:.-'_:‘_’o S aees <4 ] =15 sx cmt, surface to 100'

8-5/8" csg set @ 911°'

w/500 sx, cmt, e Y e it

Cnmt, circ, to surface4 SU¥ Lt e o G
LN . et

30 sx, cmt, 850-950'

{
{ —=25 sx, cmt, 1150-1250'

54" csg. cut & pulled
fm, 1181°
7-7/8"
" w
53" csg. set @ 4261 / 1, 0 T e T
w/300 sx. cmt. il S R — 15 sx. cmt, 4225-4275°
Top & 2356' (calculated) [,-:J) -2 e
-’"-"'z:. 4"'_ .h’.l"
R Y T 35 sx. cmt, 4600-4900'
o ;~0. . ., _".
....'_”'.‘ _."."
- '._. re T
: ST
[N e’ a .
ol v s
s - . )
R B .
e —— TD 4960

FEXHIBIT NO. 52




o

WEST VACUUM UNIT NO. 7

(Ohio 0il Co, - State B-7998 #2)

Unit C 990' FNL & 2310' FWL
Section 33, T-17S, R-34E
Lea County, New Mexico

—— 2-3/8" Injection Tubing

—
———ne

4073' DF l

8-5/8" csg, @ 822‘-{ >

w/400 sx cmt, :
Top G surface (circulated)

—arn

—

AN

Packer 4459'

—Open Hole 4542-4675"'

/

53" csg, @ 4542' —~——— —_—
w/900 sx, cmt,
Top @ surface {calculated)

PBD 4675'

™ 4738°'

EXHIBIT NO, 53




TEXACO - WEST VACUUM UNIT NO. 14
(Chio 0il Company -~ State B-8097 #1)
Unit )1 1980" FNL & 6CO' FWL
Section 353, (=175, R-34%
Lea County, New Mexico

Producing Tubing

4068' casing head

— X[

flange

8-5/8" csg, at 818 é B.

w/400 sx, cnmt.
Top @ surface
{(circulated)

54" csg., @ 4266° w/7oo__i

s8x cmt., Top @ surface
{calculated)

l/T

Open Hole 4266-4710"'

D 4710°

EXHIBIT NO, 54



~—pr

TEXACO - WEST VACUUM UNIT NO, 15
(Ohio Oil Company —~ State B-7998 #1)
Unit F 1980' ¥N & WL
Section 33, T-175, R-34E
lea County, New Mexico

Production Tubing N

4071' GL

8-5/8" casing @ 813'£ B

w/400 sx cement
Top @ surface (calculated)

53" csg. @ 4272 w/750—4 'B‘—'——'—Open Hole 4272-4715'
sx cmt, Top @ surface
(Calculated)

| TD 4715'

EY.IIBIT NO, S5




WEST VACUUM UNIT NO. 23 LR
(Texas Company — State of New Mexico '"D" #15)
Unit K 1980' FS & WL
Section 33, T-175, R-34E
Lea County, New Mexico

2-3/8" Injection Tubing ——— y M

DY

4499' GL

8-5/8" casing @ 900'\4 s

w/450 sx cmt.
Top @ surface (circulated)

‘ Packer 4128°

A ; ———————Open Hole 4240-4703'

53" csg. @ 4240°
w/300 sx cmt,
Top @ 2182' (circulated)

FITTest
!

: — TD 4703°

EXHIBIT NO, 56




WF-V—'—
B

TEXACO - WEST VACUUM UNIT No, 22
(Texaco - State of New Mexico "0 NCT-2 #16)

Unit L 1980°

FSL & 660' FWL

Section 33, T-17S, R-34F

Lea County,

Producing Tubing

M¥ew Mexico

— X

4075' DF
(DF 8' above GL)

8~-3/8" csg, @ 885" 45
w/500 sx. cmt.
Top @ surface (circulated)

54" csg. @ 4251 w/275 —-—_/_
sx, cmt, Top @ 2391'
(calculated)

e

TD 4712'

::l,———_———-Open Hole 4251-4712°

EXHIBIT NO, 57




e 0

TEXACO = NEW MEXICO O STATE NCT-7 N, 21

—_— | X | —>

Producing Tubing

1047' GL
13--3,8" csg, @ B
40' w/25 sx,
cmt,

Top ¢ surface (circ,)

~ SR o~ PO Wi Tal ] 1/ \\A
LSSl VAR +3 TSE U A00U -—: L
w/750 sx. cmt.
Top ¢ surface
(circulated)
?
@] —»—L___—*——— (@]
Perforated 8766-8877"
O)|—> —~—— 0
lo|— =l
k»«, » T '.'Q\\ ]
- Tel ey PBD 8887
53" csg. 0 8920 A% 0 .‘“".,Zl;\
%/1900 sx. cmt. /-' 2. el — ——TD 8920
Top @ surface (calculated)

| ' EXHIBIT X0, 58




e

TEXACO -~ WEST VACUUM UNIT NO, 30
(Texaco - State of Nev Mexico 0" NCT-2 #18)
Unit M ©680' FS & WL
Section 33, T=175, R-~34E
Lea County, New 'axico

Producing Tubing — T I{ >|

above GL)

8-5/8" csg. @ 894‘\\2 s
w/500 sx cmt.

Top @ surface (circulated;

| I
53" csg. @ 4398' w/900 ——, | > ______—Open Hole 4398-1766" I

AN

sx. cmt, I
Top @ surface (calculated)

1‘ D 4766

EXHIBIT NO, 59



TEXACO -+ WEST VACUUM UNIT N0, 31)

(Texaco - State of New Mexico ''0" NCT-2 #17)
Unit X 660" FSL & 1980' FWL
Section 33, T--17S8, R=-34F
leca County, New Mexico

Production Tubing

4045' DF f

8-5/8" csg. @ 892'——4 B

w/450 sx cmt,
(circulated)

T

A
——-’—

—TD 4725'

FXHIBIT NO. 60

54" csg, @ 4399 yd LN __  ——Open hole 4399-4725"
w/600 sx cmt. Top
1 at 343' (calculated)
. '
|




Top @ surface (circ.)

TEXACO ~ VI'ST VACUUM UNIT N,

(Texaco - Statec of Vew Mexico 'AN
Unit C  GGu' FNL . 1980' rvl,
Section 4, T-1&6H, -34K

Lea County, New Mexlco

- v I ; I e—— ———1Injection Tubing

10
NCT=-2 No, 1)

¢

4062' Casing Head —
Flange

8-5/8" csg, @ —é >

1485
w/1000 sx, cmt,

i

55" csg. @ 4394 ———é >

w/ 500 sx. cmt.
Top @ 1220' (calculated)

BREREE
!

Packer 4I50°" I

™ 4893’

EXHIBIT N0, 61




i

Producing Tubing

TEXACO - WEST VACUUM UNIT NO, 39
(Mesa Retallers, inc, - State 1)
Unit D 330' FN & WL .
Section 4, T-18S, R-34E
Lea County, New Mexico
— XL

4067' Casing Head

Flange

8-5/8" csg. @ 1658‘\Z
w/500 sx cmt,
Top ¢ surface

(calculated)

PO 1 AN LD ArOont .. /3N
X Clle YW XOUL w/ LUYU
sx. cmt,

Top @ 3934' (calculated)

S
I
|

TD 4905°'

EXHIBIT NO. &2




Dalport (1l Corporation - Stanolind-State "A" #3

4052' Casing Head
Flange

8-5/8" csg. @ 1800'—— /" * . 5 Lo e

w/400 sx. cmt.

- fNE o %
Ton @ surfacs (Circ.)

™ -~ 4950'

Unit F

Section 4, T-18S, R=-34E
Lea County, New Mexico

1650' FNL & 2310' FWL

—~ Cement Plug

-—"’"“-

Surface to 50°'

50 sx. Cement plug
1650~1800"'

1800°

50 sx. cmt. plug
3250-3400"

Cement plug
4787-TD € 4850°

EXHIBIT N0, 63

: e




TEXACC - WEST VACUUM UNIT NO, 38
(Dalport 0il Co. - Phillips State "B #1)
Unit A 330' FNL & 660" FEL
Section 5, T-18S, R-34E
Lea County, New Mexico

Producing Tubing ——
4074' casing head —
flange
8-5/8" csiz. @ 1620
w/ 300 sx cmt, 4 h
Top @ surface (circulated)
53" csg. @ 4500' w/200
sx, cmt, Top @ 3300' -——ﬁ /Open Hole 4500-4885"'
(calculated) '
| f |
i g
L TD 4885"'

EXHIBIT NO, 64




MALCO PHILLIPS = STATE NO. 1 )
Unit B 330' FNL & 1980' FEL
' Section 6, T-18S, R=~34E _

Lea County, New Mexico 1
e e it N ] Cement Plug
AL S MRS Surface to 100°
W—.
B A SRR
8-5/8" csg. @ 1705'—,4 L N X‘—‘* Cement Plug
w/100 sx. cmt. : AT ANEL SPRY RPC 1700-1766"
Top @ surface {(calculatedY’” ~ - ~'\ ¢ ¥~/ ] ’ :
- T
T T T } =
..l‘, -“.e_ O:t.,‘ .‘z.:9~1
. ‘.. . detatey l I — Cement Plug
2 e L 2800-2866 '
T
ST v
b
1 Tt :./- ~ o]———— Cement Plug
AR O, 1 4700~4788" ~
. c. v e fa-y . .
PN e LAY SR
PR N T e
‘ PP -] 0 ¢
: ) TD 4788°
I EXHIBIT NO. 63
!
} .




i o

MURPHY BAXTER - NORTH E~-K QUEEN UNIT TRACT 3 No., 3
(Phillips - Lea #195)
Unit F 2310' FNL & 1650' FWL
Section 6, T-18S, R-34F
lea County, New Mexilco
2-3/8" Injection
Thg. —

X

4094' DF

8-5/8" csg. @ 325"

w/325 sx. cmt, Y 5

Top @ surface (circulated))

e

Tacker 3933'

Perforated 4117-4133"

T PED 4154°'

434" csg. @ 4190'——___ /;i;
w/300 sx. cmt, Z 1
Top € 2930' (log)

o %l N\ —TD 4190’

EXHIBIT NO, 66
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OIL CONSE COMMISSION
P. « 088
SANTA FE, NE 1EXICO 87501 -
AR S o\
» ) T - f
'i DO 2.} -
¢ Al v
( e ' .(\ -
- l/"'ll’
G
May 23, 1978

Mr. J. L. Tweed

Atlantic Richfield Company
Box 1610

Midland, Texas 79701

Dear Mr. Tweed:

As requested in your letter of May 19, 1978,
and as provided in Order No. R-5295, the injection
pressure in your State Vacuum unit can be increased
to 1130 pounds per square inch. The tests attached
to the above mentioned letter, indicate the formation
parting pressure in this area to be above the authorized
pressure increase.

Very truly yours,

Joe D. Ramey
Division Director

JDR/og




ATLANTIC RICHFIFELD COMPANY
STATE VACUUM UNIT
Schematic Drawing of Injection Well
Unit Well No, 1 (Phillips Lea No, 21)
660' FSL & 680' FWL Section 29, T-17S, R-34E
Lea County, New Mexico

All measurements are from XB 10' above GL

2~-3/8" OD Tubing ¢ M - Injection

Ground Elevation 4081'

8-5/8" casing set at 925°
w/400 sacks cement
Cement circulated ___ gﬁj * D;

Packer to be set
at 4290°'

53" casing set at 4353'
w/200 sacks cement
Top at 3083' (Calculated)

L/

Open Hole 4353-4810"' ‘

EERER

AEREER

™ 4810°'

EXHIBIT NO. 3




ATLANTIC RICHFIELD COMPANY
STATE VACUUM UNIT
Schematic Drawing of Injection Well
Unit Well No. 2 (Sohio Hale-State No, 2)
990' FNL & 330' FEL Section 31, T-17§, R-~34E
Lea County, New Mexico

All Measurements are from KB 2, 5' above GL

2-3/8'" OD Tubing —— I ; | --——  Injection

Ground Flevation 4080.5

L

B¢

8-5/8" casing set at 1550°'
w/500 sacks cement __ A l
Top at surface (calculated) {

x ; ——————— Packer to be set

at 4590°'
5%" casing set at 4652'
w/100 sacks cement _____ N

Top at 3878' {calculataed)

Open Hole 4652-4739!

'f

RERAR

™D 4739°

EXHIBIT NO,

L A _ III.!“‘:. ——




ATLANTIC RICHFILL) COMPANY
STATE VACULM UNIT
Schematic Drawing of Injection wWell
Unit well No, 4 (A,it,Co. State "B" G No. )
990' FNL & 1630' FWL Section 32, T-17S8 R-34F%
Leca County, New Mexico

All Measurements are from KB 2' above GL

2-3/8" OD Tubing —— M - Injection

Ground level 4076°

X

8-5/8" Casing set at 1323'
%/600 sacks cement A

Cement circulated ) 4

+ —-—  Packer to be set
at 4360’
53" Casing set at 4426'
w/300 sacks cement Z . 5 Open Hole 4426-4708'
Top at 2397' (calculated) e ——
y
——
——
—
! ?
——’_
——
3 ——
_— D 4708’

EXHIBIT NO,
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WEST TEXAS ELECTRICAL LOG SERVICE
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ATLANTIC RICHFIELD COMPANY

! Unit Well No, 7 (A.R.Co. State "B" TG No., 3)
! STATE VACUUM UNIT

: Lea County, New Mexico

EXHIBIT NO, 8
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ATIANTIC RICHFIELD COMPANY
STATE VACUTM™ UNIT
Schematic Drawing of Injection Well
Unit Well No. 7 ‘A . R.Co. State "B" TG No. )
1980*' FNL » 660' FWL Section 32, T-17S, R-34E
Lea County, New Mexico

All measurements are from XB 10' above GI,

2-3/8" OD Tubing -‘—N - Injection

I 53" casing to be run
Ground Elevation __ s and cemented back to surface

4074" | |—E

! [

‘ |

| |

| !

Liner packer set

8-5/8" casing set at at 1414'
1522' w/650 sacks é
cement

Top at surface (calculated)

* - Packer to be set
‘ at 4490'
54" casing set at 4550' / -\: '
w/600 sacks cement —_____ Open Hole 4550-4738
Top at liner top (Cnlrzulnted}’ l
Ln——- e e
S ] .
E o — ——
o
; PN {*—- D
L ™D 4738'

EXHIBIT NO, 9




ATIANTIC RICHFIELD COMPANY
STATE VACUUM UNIT
Schematic Drawing of Injection Well
Unit Well No, 9 (Texaco YMew Vexico 'D' State NCT-2 No, 3)
1980 FNI. & 1980°' FEL Section 32, T-173, R-34E
Lea County, New ‘lexico

All measurements are from KB 9' above GL

2-3/8" OD tubing e m: -a—— Injection

Ground Elevation 4069’ ¥

<

8-5/8'" casing set at 901’

w600 sacks cement _____ } B

Cement Circulated

& ———— Packer to bhe set
i at 4500'
51" casing set at 4562'
w/1400 sacks cement > —— Open Hole 4562-4770'
Top at esurface fezlculatsd) —— —
)
'*— ——
. e »
”— ——
e —p—
-« i‘— e o
E N 1
L‘._. [
™ 4770'

EXHIBIT 0. 11

R



ATLANTIC RICHVIDLD COMPANY
STAUE VACULN UNITE
Schemat i Drawing of Injection Well
Unit Vell No, 11 (Texaco New Mextco "AO" State Yo,
2310' ¥FSL ~ 3307 FLL Seetion 31, 1T-17S8, R=-34Tn
Lea County, New Mexico

All measurcnents are from KB 10' above GL

1)

2-3/8" OD tubing e M - Tnjection

Ground Elevation 1072’

B

8-5/8" casing set al 1363
w/1000 sacks cervent ‘f:

Cement circulated 4

w500 sacks cement

53" casing set at 4353’ :
Top at 1178° (calculated)

et
!

™m 4753'

Packer to be set
atc 42907

::;,___Open Hole 4353~4753'

EXHIBIT NO. i3

1



ATIANTIC RICHFITLD COMPANY
STATE VACIIAY UNET
Scher atic Drawing of Injection Well
Unit Well No, 13 (A R . Co, State "C" G No. 3)
1980" FSL & 19RO 'Rl Sectien 32, T-178, k-34L
Jloca County, New Mexico

All nmeasurerents are from KB 10,5' above GL

—— m -— Injection
Ground Elevation 4075° r- '5}" 1 b d
3" casing to be run an
| Fx cemented back to surface
! [
‘ |
' |
| |
|
| |
. ' Liner packer set
8-5/8" casing set at 1537 at 1448°
w/630 sacks cement
Top at surface (calculated)
‘ ———w— Packer to be set
at 4300"
51" casing set at 4564' \
w/600 sacks coment A'i be —— Open Hole 4364-4738°
Top at liner top (calculated) ’ —_—)
el ———'1
"-—— D
¢ ct— —_—
E “— .
TD 4738!

EXHIBIT M. _ 15




ATEANTIC RICHETIXLED CONPANY
STATE VACUUN UNIT
Schematic Drawing of Injection Well
Unit Woll No, 13 (A, R.Co. State "C" 16 No, 1)
1980 FSL x~ 660" FLL Section 32, 1-178, R-34F
Lea County, New Moexico

All measurements are from KB 10" above G,

2-3/8" OD tubing ——— I ; I -¢—— Injection

MV N

Ground Elevation 4057’ +

10-3/4" casing set at :
261' w/150 sacks cement _ Z

Top at surface (calculated)

Liner Packer set
7-5/8" casing set at 2932° at 2811’

w/625 sacks cement

Top at surface (calculatecd)

+ Packer to be set
at 4300'
53" casing set at 4360'

: w/130 sacks cenent 4 h ______ Opcen Hele 4360-4710!
. Top at linertop (calculated)

B .

4—- L

L e

—r
k’f»-
™ 4710°*

EXHIBIT NO. __11_




ATLANTIC RICHFIELD COMPANY
STATE VACUUM UNIT
Schematic Drawing of Injection Well
Unit Well No. 17 (A.R.Co. State "C" TG No. 8) -
990' 7SL & 990' PWL Section 32, T-17S, R-34E
Lea County, New Mexico

All measurements are from KB 4' above GL

2-3/8" OD tubing | ——— |5<| -¢—— Injection

—

Ground Elevation 4078'

X

8-5/8" casing set at 1571

w/600 sacks cemsnt é B

Top at surface (calculated) l
l Packer to be set
at 4470'
54" casing set at 4535
w/350 sacks cement £ > Open Hole 4535-4761"°

Top at 2443' (calculated)

RRE
4

———y

— i

- ~—
= |

™ 4761'

EXHIBIT RO, 19




(e SHE

ATLANTIC RICHFIFLD COMPANY
STATE VACUIM UNIT
Schemat ic Drawing of Injection Well
Unit %ell No, 19 (A, R,Co, State "C" TG No. 5) .
990' FSL & 1630' FEL Section 32, T-17S, R~34K
lL.ea County, New Mexico

All measurements are from XB 2' above GL

» 2-3/8" OD tubing f— M - Injection
i el

Ground Elevation 40747

DY

8-5/8" casing set at 1599
w/650 sacks cement ——— é B
Top et spurface (calculated)

i

‘ Packer to be geat
at 4470°

5}" casing set at 4332'

w/600 sacks cewent ﬁ > Open Hole 4532-4750"*
Top at 947" fcalculated) — '

,l

, —_—
—— s
— — s
= {dk—— ——
—
™ 4730°?

EXHIBIT NO.




Scheratic Drawing of Injection Well
To be drilled approximatcly 330’ FSIL % 2310° FVI Scction 32, T=178, R-34E
Lea County, New Mexico

ATIANTIC RICHFIFLD COMPANY
STATE VACUUM UNIT XNOo, 21

2-3/8" OD tubing 4—M -¢—— Injection

Ground Flevation approximately
4075"

X

8-5/8" casing to be sot at
1600' w/600) sacks cement ‘f: t};
Circulated to surface

O | ~t— - 10 .
Approximate Perforations
O | ~t— —>lo 4720-60"
L&*— —p—l O
.
- o T aoenw vewl ——  PBD 47707
® . L T
: ., e L
4}" casing to be sat at 4800 R
w/1000 sacks of cement o . ;‘,:,-\\\ ___ TD 4800’

Circulated to surface

EXHIBIT N, 22

Packer to be set
at 4650'




A

Law OFFICES

CLARENCE E HINKLE HINKLE- BONDU RANT, COX b4 EATON TELEPHONE {508) €22-6510
w. E.BONDURANT, JH. (19u4-1973)

LEWIS C. COX, MR 600 HINKLE BUILDING s ae
PAUL W. EATOR, JA. LISBELL LICENSED

CONRAD E COFFIELD POsT OFFIcE BOX 10O IN TEXAS ONLY
HAROLD L.HENSLEY, UR,
STUART D. SHANOR
C. D. MARTIN MIDLAND,TEXAS CFFICE

521 MIDLAND TOWER
PAUL J. KELLY, JR AuguSt 12, 1976 ‘915 683 4891 |
JAMES K. BOZARTH
PONALD O. HARRIS
JAMES H.ISBELL AR \‘
OOUGLAS L.LUNSFORD L LA
FAUL M. DSHARNDON : )

ROSWELL,NEW MEXICO 88201

0il Conservation Commission
P.O. Box 2088
Santa Fe, New Mexico 27501

Gentlemen:

We enclose herewith in triplicate two applications
by Atlantic Richfield, one for approval of the State Vacuum
Unit Agreement embracing 800 acres of land of the State of
New Mexico in Township 17 South, Range 34 East, Lea County,
and the other for a waterflood project in connection with
said unit.

We would like to have these applications set for
hearing on the examiner's docket for September 15.

Yours very truly,

WE, BONDURANT,, COX & EATON
&l , 1

~YET s ~a | W

AUkl e\

Enc. @ \J\J\

cc: Phillips Petroleum Company
cc: Texaco Inc.
cc: Schic Petroleum Company
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BEFORE THE OIL CONSERVATION COMMISSION

STATE OF NEW MEXICO

APPLICATION OF ATLANTIC RICHFIELD
COMPANY FOR APPROVAL OF A WATERFLOOD
PROJECT IN CONNECTION WITH THE PRO-
POSED UNIT AGREEMENT FOR THE OPERATION
AND DEVELOPMENT OF THE STATE VACUUM
UNIT AREA EMBRACING 800 ACRES OF LANDS
OF THE STATE OF NEW MEXICO IN TOWNSHIP
17 SOUTH, RANGE 34 EAST, LEA COUNTY.
APPLICANT PROPOSES TO INJECT WATER
INTO THE GRAYBURG-SAN ANDRES FORMATION
THROUGH 11 INJECTION WELLS. APPLICANT
ALLSO SEEKS ESTABLISHMENT OF A PROJECT
ALLOWABLE AND AN ADMINISTRATIVE PROCEDURE
WHEREBY THE LOCATION OF THE INJECTION
WELLS MAY BE CHANGED.

0il Conservation Commission
P.O. Box 2088
Santa Fe, New Mexico 87501

Comes now Atlantic Richfield Company, acting by and
through the undersigned attorneys, and hereby makes application
for approval of a water flood project in connection with the pro-
posed Unit Agreement for the Operation and Development of the
State Vacuum Unit Area embracing 800 acres of lands of the State
of New Mexico in Township 17 South, Range 34 East, Lea County.
Applicant proposes to inject water into the Grayburg-San Andres
formation through 11 injection wells. Applicant also seeks estab-
lishment of a project allowable and an administrative procedure
whereby the location of the injection wells may be changed. In
sapport of this application, applicant respectfully shows:

1. Applicant is in the process of forming a unit agreement
to be known as the State Vacuum Unit in which the Grayburg-San Andres
formation will be unitized as to the following described lands in
Lea County:

Township 17 South, Range 34 East, N.M.P.M.
Section 29 - SW4%SWk
Section 31 - EX%EX%
Section 32 - W%, SE%, NW%NEY%, ShiNE%
containing 800 acres, more or less




2. It is contemplated that applicant will be the unit
operator under the terms of the unit agreement and the primary
objective of the unit will be to formulate and put into effect a
secondary recovery project in order to effect additional recovery
of unitized substances, prevent waste and conserve natural resources
consistent with good engineering practices.

3. There is attached heretco as Exhikit No. 1 a plat showing
the outlines of the proposed unit area, the location of all wells
producing from the proposed unitized formation within the unit area
and all other wells within a radius of two miles thereof and the
formations from which the same are producing. This exhibit also
indicates the ownership of the respective leases and the 11 proposegd

injection wells within the unit or proiect area.

4. There are filed herewith logs of the respective injection
wells and alsc diagrammatic sketches of each injection well showing
all casing strings including diameters and setting depths, quantities
used and tops of cement and perforated intervals, tubing strings
including diameters and setting depths, and the type and location
of packers. There is attached as Exhihit "A" a list of the names
and locations of the proposed injection wells. All of these wells
except one are producing wells which will be converted to injection
wells. It is proposed to drill one well for injection purposes,
which will be located approximately 330 feet from the south line
and 2,310 feet from the west line of Section 32, Township 17 South,
Range 34 East. The proposed completion of this well is also shown
by one of the diagrammatic sketches.

5., Applicant proposes to inject water into the unitized
formation through the 11 injection wells referred to above. It is
anticipated that the injection of water will be started in all the
injection wells at approximately the same time and it is estimated
that the initial rate of injection will be approximately 5,500 barrels
per day. The water will be obtained from the City of Carlsbad water
supply system which obtains water from the Ogalalla supply wells in
Lea County. It is also anticipated that produced water from the
project will be injected as it becomes available.

6. Applicant has made application for approval of the
State Vacuum Unit Agreement above referred to.

7. Applicant also seeks the establishment of a project
allowable in accordance with the provisions of Rule 701 of the
Commission and alsc the establishment of an administrative procedure
for any changes which may prove necessary in connection with the
injection wells.




g. Applicant requests that this matter be heard before
an examiner and included on the first available examiner's docket.

Respectfully submitted,

RICHFIELD COMPANY

HINKLE, BONDURANT, COX & EATON
P.O. Box 10

Roswell, New Mexico 88201
Attorneys for Applicant
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EXHIBIT "A"

Unit Well No.l 1 (Phillips Lea No. 21) - 660' FSL and 680' FWL
Section 29, T. 17 ., R. 34 E. a

Unit Well No. 2 {(Sochio Hale-State No. 2) - 990' FNL and 330' FEL
Section 31, T. 17 S., R. 34 E. \

Unit Well No. 4 (A.R.Co. State "B8" TG No. 4) - 990" FNL and
1650' FWL Section 32, T. 17 S., R. 34 E.

Unit Well No. 7 (A.R.Co. State "B" TG No. 3) - 1980' FNL and
660" FWL Sectior 32, T, .17 S., R. 34 E.

Unit Well No. 9 (Texaco New Mexico "D State NCT-2 No. 3)-
1980' FNL and 1980' FEL Section 32, T. 17 S., R. 34 E.

Unit Well No. 11 (Texaco New Mexico "AO" State No. 1 -
231G' FSIL and 330' FEL Section 31, T. 17 S., R. 34 E.

Unit Well No. le (A.R. Co. State "C" TG No. 3) - 1980' FSL
and 1980 FWL Section 32, T. 17 S., R. 34 RE.

Unit Well No. 15 (A.R. Cn. State "C" TG No. 1) - 1980 FSL
and 660' FEL Section 32, T. 17 S., R. 34 E.

Unit Well No. 17 (A. R. Co. State "C" TG No. 8) - 99%0' FSL
and 990' FWL Section 32, T. 17 S., R. 34 E.

Unit Well No. 19 (A.R.Co. State "C" TG No. 5)- 990' FSL and
1650' FEL Section 32, T. 17 6., R. 34 E.

e R




'

BEFORL N OIL CONSERVATION COMMISSION
O T STATE OF NEW MEXICO

G IN THE MATTER OF THE HEARING

CCALLLD BY THL 013, CONSLRVATION
CCOMMIGSTION OF NiW MIXICO T'OR
THE PURPOSE OF CONSIDERIRNG:

CASLE NO. 5762

Order No. R- 5295

APPLICATION O ATLANTIC RICHFIELD COMPANY

FOR A WATLREFLOOD PROJECT, LEA

COUNTY, NEW MEXICO. i

v
ORDER OF THE COMMISSION p&r’/

BY THE COMMISSION:

(P2}

This cause came on for hearing at 92 a.m. on September 1

e — A o e b - ———— —— —— s o .

19 76 , at Santa Fe, illew Mexico, before Examiner, Richard L. Stamets.

NOW, on this day of _ september ¢ 19 _7¢ , the
Commission, a quorum belng present, having considered the

i testimony, the record, and the recommendations of the Examiner,

and being fully advised in the premises

FINDS:

(1) That due public notice having been given as reguired
by law, the Commission has jurisdiction of this cause and the

subjsct matter thereot.

(2} That the applicant, Atlantic Richfield Company

seeks authority to institute a waterflood project on its

i
!
i
!
i
]
{
]
4

County, New Mexico.

(3) That the w2lls in the project area are in an advanced
state of aepletion and should properly be classified as
"stripper" wells.

(4} That the proposed waterflood project should result

in the recovery of otherwise unrecoverable oil, thereby preventing

waste.,

47}

o s e e

zState Vacuum 27“,'74 —Tease, Vacuum Pool
XX885§, by the injection of water into the Grayburg-San Andres _ ‘*ﬁﬁﬁl”}‘
located in Unit M of Section 2@?'
formaclon through 11 injection wellsdw C, E, G, I, K M. N and
[a) Py - [ g I pr S B o N - 1 P
vOUL weoeLwLlivil Ja QJ.J. in 5
Township 17 South , Range 34 East , NMPM, Lea ;
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‘abandoned wells,

‘._2_
Case No. 5762

(%) That the Cole Darden 0il Company Hale 3tate Well No. 1
in Unit A, Section 31, Township }7 South, Range 34 East, NMPM,
Lea County, New Mexico, was not plugged and abandoned in sugch a
' Sk

5mannerras to assure that water injected through said State

e e . . . yhe
Vacuum Unit injection wells will not migrate fromiGrayhurg-

San Andres formation to &% other formations or the surface.

(6) That injection pressure around said Cole Darden 0il

}Company Hale State Well No. 1 shculd be limited to prevent such
?migration. !
. (7) That the operator should take all steps necessary to

:Ebsure that the injected water enters only the proposed injection

iinterval and 1s not permitted tc escape to other formations -eme

gor onto the surface from injection, production, or plugged and

(8) That the subject application should be approved and

i
14

fthe project should be governed by the provisions of Rules 701,
702, and 703 of the Commission Rules and Regulations,

i IT IS THEREFORE CRDERED:

é {1} That the applicant, Atlantic Richfield Company, is here=

ﬁby authorized to institute a waterflcod vroject on its State
fVacuum Unit, Vacuum Pool, by the injection of water into the
ﬁGrayburg-San Andres formation through the following-described wells

fin Township 17 South, Range 34 East, NMPM, Lea County, New Mexico:

o

"~ State Vac#hum Unit Well No. Unit Section Township Range
1 M 29 178 34E
2 A 31 17s 34E
4 c 32 178 34E !
7 E 32 17S 34E
9 G 32 175 34E |
11 I 31 17S 34 |
13 < 32 17s 34E |
15 1 32 178 34E |
17 M 32 17s UE
10 0 32 178 34E
21 N 32, 178 34E |
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{(2) That injection into cach of said wells should be through
iﬁternally coated tubing, set in a packer which shall be located
as near as practicable to the uppermost perforation, or in the
case of:ggén—hole conmpletion, to the casing shoe; that the casing—é

tubing annulus of each injection well shall be tested for leaks,

~be loaded with an inert fiuid and equipped with an approvel pressur

DRIGENN .4..4-&_._‘__ e

‘gauge or attention-attracting leak detection device)and that the

njection wells or system shall be cquipped in such a manner as i

[

"to limit wellhead pressure to no more than 860 psi. %
{3) That the Secretary-Director of the Commission may
ﬁadministratively authorize a pressure limitation in excess of

1860 psi upon a showing by the operator thot such higher pressure

l

+will not result in fracturing of the confining strata.

{4) That there shall be no injection under pressure &hroeugh

ﬁwells—ca—aﬂ¥—43-aere—unit~w§th i

into

‘qaetidng the Cole Darden 0Oil Company Hale State Well No. 1 in

f A said do-aexrtyoek e

+Unit A of Section 31,\Township 17 South, Range 32 East, NMPM, Lea
or into Aty WOLI( 80, dwe fo-4crs rac mezﬂardi onally o#sdHn’saﬁlv“'h
. County, New Mexicoﬂﬁuntil soetd wellha®P¥Zentered an replugged ‘in
raccordance with a new Commission approved plugging program or

i1

i asbeen | . .
isald well »8 egquipped in such a manner as to monitor for leaks

@below the salt section.

{5} That the operator shall immediately notify the super-
E ﬂvisor of the Commission's Hobbs district office of the failure

- - fof the tubing or packer in any of said injection wells, the leakage
, i i
; “0f water or oil from around any producing well, or the leakage of

‘water or 01l from any plugced and abandoned well within the

ﬂproject area and shall take such timely steps as may be necessary

~or required to correct such failure or leakadge.




by the provisions of Rules 701, 702, and 703 of the Commission

., Rules and Reqgulations.

‘herein authorized shall be submitted to the Commission in ;

.iaccordance with Rules 704 and 1120 of the Commission Rules and

[

B
|
,

i
i

)
Tk
b

1

...4_
Case No. 5762 i
Order No. R- :

¢
I

(6) That the subject waterflood project is hereby designated;

the ARCO State Vacuum Unit Waterflood Project and shall be governed
i

!
i
i

(7) That monthly prcgress reports of the waterflood project

Regulations.
{(8) That jurisdiction of this cause is retaired for the
entry of such further orders as the Commission may deem necessary.
DONE at Santa Fe, New Mexico, on the day and year hereinabove !

designated.
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BEIFORE THE OIL CONSERVATION COMMISSION

STATE OF NEW MEXICO

APPLICATION OF ATLANTIC RICHFIELD
COMPANY FOR APPROVAL OF A WATERFLOOD
PROJECT IN CONNECTION WI'TH THE PRO-
PASED UNIT AGREEMENT FOR THE OFPERATTON
AND DEVELOPMENT OF THE STATE VACUUM
UNIT AREA EMBRACING 800 ACRES 0OF LANDS
OF THE STATE OF NEW MEXICO IN TOWNSHIP
17 SOUTH, RANGE 34 EAST, LEA COUNTY.
NAPPLICANT PROPOSES TO INJECT WATER
INTO THE GRAYBURG-SAN ANDRES FORMATION
THROUGH 11 INJECTION WELLS, APPLICANT
ALSO SEEKS ESTABLISHMENT OF A PROJECT
ALLOWABLE AND AN ADMINISTRATIVE PROCEDURE
WHEREBY THF LOCATION OF THE INJECTION
WELLS MAY BE CHANGED.

0il Conservation Commission
P.O. Box 2088
Santa Fe, New Mexico 87501

' Comes now Atlantic Richfield Company, acting by and
through the undersigned attorneys, and herehy makes application
for approval of a water flood project in connection with the pro-
posed Unit Agreement for the Operation and Development of the
State Vacuum Unit Area embracing 800 acres of lands of the State
of New Mexico in Township 17 South, Range 34 East, Lea County.
applicant proposes to inject water into the Grayburg-San Andres
formation through 11 injection wells. Applicant also seeks estab-
lishment of a project allowable and an administrative procedure
whereby the location of the injection wells may be changed. In
support of this application, applicant respectfully shows:

1. Applicant is in the process of forming a unit agreement
to be known as the State Vacuum Unit in which the Grayburg-San Andres
formation will be unitized as to the following described lands in
Lea County:

Township 17 South, Range 34 East, N.M.P.M.
Section 29 - SW3%SWi
Section 31 - EXEL
Section 32 - W%, SEX%, NWLNEY%, S%NEX%
containing 800 acres, more or less




.is
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2. It is contemplated that applicant will be the unit
operator under the terms of the unit agreement and the primary
objective of the unit will be to formulate and put into effect a
secondary recovery project in order to effect additional recovery
of unitized substances, prevent waste and conserve natural resources
consistent with good engineering practices.

3. There is attached hereto as Exhibit No. 1 a piat showing
the outlines of the preoposed unit area, the location of all wells
producing from the proposed unitized formation within the unit area
and all other wells within a radius of two miles thereof and the
formations from which the same are producing. This exhibit also
indicates the ownership of the respective leases and the 11 proposed
injection wells within the unit or project area.

4. There are filed herewith logs of the respective injection
wells and also diagrammatic sketches of each injection well showing
all casing strings including diameters and setting depths, quantities
used and tops of cement and perforated intervals, tubing strings
including diameters and setting depths, and the type and location
of packers. There is attached as Exhibit "A"™ a list of the names
and locations of the proposed injection wells. All of these wells
except one areproducing wells which will be converted to inject? n
wells. It is proposed to drill one well for injection purposes,
which will be located approximately 330 feet from the south line
and 2,310 feet from the west line of Section 32, Township 17 South,
Range 34 East. The proposed completion of this well is also shown
by one of the diagrammatic sketches.

5., Applicant proposes to inject water into the unitized
formation through the 11 injection wells referred to above. It is
anticipated that the injection of water will be started in all the
injection wells at aplLroximately the same time and it is estimated
that the initial rate of injection will be approximately 5_500 harrels
per day. The water wiil be obtained from the City of Carlsbad water
supply system which obtains water from the Ogalalla supply wells in
Lea Cowntyv. Tt ic 2150 anbticipaied that produced water from the
project will be injected as it becomes available.

(.

6. Applicant has made application for approval of the
State Vacuum Unit Agreement above referred to.

7. Applicant also seeks the establishment of a project
allowable in accordance with the provisions of Rule 701 of the
Commission and also the establishment of an administrative procedure
for any changes which may prove necessary in connection with the
injection wells.




P
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8. Applicant reguests that this matter be heard before
an examiner and included on the first available examiner‘'s docket.

Respectfully submitted,

ATLANTIC RICHFIELD COMPANY

By

HINKLE, BONDURANT, COX & EATCON
P.O. Box 10

Roswell, New Mexico 88201
Attorneys for Applicant
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EXHIBIT "A"

Unit Well No. 1 (Phillips Lea No. 21) - 660' FSL and 680' FWL
Section 29, T. 17 S., R. 34 E.

Unit Well No. 2 (Sohio Hale-State No. 2) - 990' FNL and 330' FEL
Section 31, T. 17 S., R. 34 E.

Unit Well No. 4 (A.R.Co. State "B" TG No. 4) - 8990' FNL and
1650' FWL Section 32, T. 17 S., R. 34 E.
well No. 7 (A.R.Co. State "B TG No. 3) - 1980° FNL and
FWL Section 32, T, 17 S., R. 34 E.

Unit Well No. 9 {(Texaco New Mexico "D" State NCT-2 No. 3)-
1980' FNL and 1980' FEL Section 32, T. 17 S., R. 34 E.

Unit Well No. 11 (Texaco New Mexico "AO" State No. 1 -
2310' ¥SL and 330' FEL Section 31, T. 17 S., R. 34 E.

Unit Well No. le (A.R. Co. State “C" TG No. 3) - 1980' FSL
and 1980 FWL Section 32, T. 17 S., R. 34 E.

Unit Well No. 15 (A.R. Co. State "C" TG No. 1) - 1980 FSL
and 660' FEL Section 32, T. 17 S., R. 34 E.

Unit Well No. 17 (A. R. Co. State "C" TG No. 8) - 990' FSL
and 990' FWL Section 32, T. 17 S., R. 34 E.

Unit Well No. 19 (A.R.Co. State "C" TG No. 5)~ 990' FSIL and
1650' FEL Section 32, T. 17 5., R. 34 E. '




o

REFORE THE OIL CONSERVATION COMMISSION
OF THE STATE OF NEW MEXICO

IN THE MATTER OF THE HEARING
CALLED BY THE OIL CONSERVATION
COMMISSION OF NEW MEXICO FOR
THE PURPOSFE OF CONSIDERING:

CASE NO. 5762
Order No. R-5295

APPLICATION OF ATLANTIC RICHFIELD

COMPANY FOR A WATERFLOOD I'ROJECT,
LEA COUNTY, NEW MEXICO.

ORDER OF THE COMMISSION

'BY THE COMMISSION:

This cause came on for hearing at 9 a.m. on September 15,

1976, at Santa Fe, New Mexico, tefore Examiner Richard L. Stamets.

NOW, on this 12th day of October, 1976, the Commission,

@a quorum being present, having considered the testimony, the
. record, and the recommendations of the Examiner, and heing fullyv

advised in the premisesy,

E;NDS:

(1) That due public notice having been given as required

“by law, the Commission has jurisdiction of this cause ard the
‘isubject matter theraof.

(2) That the applicant, Atlantic Richfield Company, seeks

¥authority to institute a watarflood project on its State Vacuum

.Unit, Vacuum Pocl, by the injection of water into the Grayburg-
. San Andres formation thrcugh 11 injection wells located in Unit
‘M of Section 29, Units A and I of Section 31 and Units ¢, E. G,

"I, K, M, N, and O of Section 32, all in Township 17 South, Range

34 East, NMPM, Lea County, New Mexico.

(3) That the wells in the project area are in an advanced

“state of depletion and should properly be classified as "stripper"
wells.

(4) That the proposed waterflood project should result in

}the recovery of otherwise unrecoverable o0il, thereby preventing
waste.

(5) That the Cole Darden 0il Company Hale State Well No. 1

fin Unit A, Section 31, Township 17 South, Range 34 East, NMPM,

‘Lea County, New Mexico, was not plugged and abandoned in a

“manner such as to assure that water injected through said State
“Vacuum Unit injection wells will not migrate from the Grayburg-

‘San Andres formation to other formations or the surface.
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() That inlaction pressure arcun

e m e e A TS D e e SAA NS ML

and C
Company Hale State Well No. 1 should be limited

K)-

~migration.

(7) That the operator should take all steps necessary to

(8) That the subject application should be approved and
the project should be governed by the provisions of Rules 701,

. 702, and 703 of the Commigssion Rules and Regulations.,

IT IS THEREFORE CRDERED:

~ensure that the injected water enters only the proposed injection
~interval and is not permitted to escape to other formations or

. onto the surface from injection, production, or plugged and
-abandoned wells.

(1) That the applicant, Atlantic Richfield Company, is here~:

by authorized to institute a waterflood project on its State
" Vacuum Unit, Vacuum Pool, by the injection of water into the

: Grayburg—~San Andres formation through the following-described
.wells in Township 17 South, Range 34 East, NMPM, Lea County,
~ New Mexico:

State Vacuum Unit Well No. Unit Section Township Range

1 M 23 i7s 34E
2 A 31 1/8 34%
1 C 32 i75 34E
7 E 32 17s 34E
9 G 32 17s 34
11 I 31 17s 34E
13 K 32 17s 34E
18 X 32 17¢ 34E
17 M 32 17s 34E
19 o 32 17s 34E
21 N 32 17s 34E

(2) That injection into each of said wells should be through
internally coated tubing, set in a packer which shall be locatad

:.as near as practicable to the uppermost perforation, or in the
}fcase of an open-hole completion, to the casing shoe; that the

. casing-tubing annulus of each injection well shall be tested for
1eaks, be loaded with an inert fluid and equipped with an approved
/ pressure gauge or attention-attracting leak detection device, and
" that the injection wells or system shall be equipped in such a-

}manner as to limit wellhead pressure to no more than 860 psi.

(3) That the Secretary-Direntor of the Commission may
administrativelv authorize a pressure limitation in excess of

. 860 psi upon a showing by the operator that such higher pressure
~will not result in fracturing of the confining strata.
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(4) That there shall be no injection under pressure into
the Cole Dharden 0il1 Company Hale State Well No. 1 in Unit A of
Section 31, Toewnship 17 South, Range 32 East, NMPM, Lea County, :
New Mexico, or into any well on said 40-acre tract or any 40-acre '
tract directly or diagonally offsetting said well, until said i
well has been reentered and replugged in accordance with a
Commission approved plugging program or said well has been equipped
in such a manner as to monitor for leaks below the salt section. !

(5) That the operator shall immediately notify the super-
visor of the Commission's Hobbs district office of the failure
of the tubing or packer in any of said injection wells, the
leakage of water or oil from around any producing well, or the
leakage of water or oil from any plugged and abandoned well
~within the project area and shall take such timely steps as may
be necessary or required to correct such failure or leakage.

(6) That the subject waterflood project is heraby desiqnated
the ARCO State Vacuum Unit Waterflood Project and shall be
governed by the provisions of Rules 701, 702, and 703 of the
. Commission Rules and Regulations.

- {(7) 7That monthly progress reports of the waterflood g
" project herein authorized shall be submitted to the Commission :

© in accordance with Rules 704 and 1120 of the Commission Rules
- and Regulations.

(R} That duriadistion nf thie ca2use iz rziained £5r the

entry of such further orders as the Commission may deem necessary.

, DONE at Santa Fe, New Mexico, on the day and year herein-
above designatedqd.

STATE OF NEW MEXICO
OIL CONSERVATION COMMISSION

PHIL_R. LUCERO, Chaixman

S EAL
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