Amoco Production Company

Re: Request for revised maximum allowable surface injection pressure
E. Elliott SWD #1

Section 26-T30N-R9W
API# 30-045-27799
San Juar County, NM

Attached is information supporting our request to incraase the maximum allowable
surface injection pressure on the E.E. Ellictt SWD #1 well from 1480 psig to 1640 psig.
Our recommendation is supported by initial completior. fracturing data. & December
1998 injection log survey, and November 1999 refrac data on the Entrada formation.

First, analysis of the compietlon frm.&mno cata: the surface ISIPs for Entrada, Bluff, and

Morzison were 740. 1940, and 2400 psig, respectively. Detailed frac information can be

found in Attachment 1. Since injecgun began in October 1994, the surface injection

pressure has gradually increased from 1360 psig to current pressures of 1460-70 psig with

the injection of approximately 1.2 million BW. Since our pressures have not approached

the ISIPs recorded on the Bluff and Morrison fracs, the only formation capable of
ccepting injected water to date has been the Entrada formation.

Second, an injection log (spinner and temperature surveys) was run in December 1998 to
determine zones of injectivity. Our interpretation of the log indicates current and past

water injection is into the Entrada formation. A copy of the log and interpretation can be
found in Attachment 2.

Lastly, the Entrada was refraced in November 1999 to bypass near wellbore cement
damage which occurred during comp:etion of the Morrison formation. The Entrada refrac
ISIP was 1680 psig. Correcting for fluid densities equates to a current surface fracturing

pressure of approximately 1713 psig. Treating reports for the Entrada refrac are listed in
Attachment 3.

Based upon a discussion with Aztec N\MOCD personnel in Aztec, it is our understanding

that the maximum allowable surface ‘njection pressure is based on 0.2 psig/ft times the

depth of the top formation injection perforation. Using this formulae, it appears the

Elliott’s allowable pressure may have be calculated in error and should be 1513 psig,

rather that 1480 psig. However, based on the information presented, we believe that the

Entrada formation is the only formation in the well accepting fluid and hereby request

that its allowable maximum injection pressure be raised to 1640 psig (0.2 psi/ft*8202 ft =

1640 psig). The revised allowable pressure is also below the fracturing ISIP pressure P

noted during the recent refrac work. T¢ § /
Please advise should you have any questions(326-9219). o8 p A r }VJ v/c
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Attachments

Attachment 1

Completion Information:

Entrada:

Bluft:

Morrison:

Date: 11/24/90

Perf interval: 8,202-8.418’

Frac: 70 mgal 40# x-1l pad
86 mgal 30# x-1 + 243 m# 20/40 sand
max/min/avg prs = 1500/1200/520 psig @ 45 bpm
ISIP = 740 psig

Date: 11/300

Perf interval: 7,924-8,048’

Frac: 70 mgal 30# x-Il pad
82 mgal 30# x-1 + 232 m# 20/40 sand
max/min/avg prs = 2500/2030/1770 psig @ 45 bpm
[SIP = 1940 psig

Date: 11/300
Perf interval:
Frac:

7,564-7.764°

40 mgal 30% x-] pad

44 mgal 30# x-1 + 121 m# 20/40 sand
max/min/avg prs = 2600/n/a/2050 psig @ 35 bpm
ISIP = 2400 psig




Attachment 2

Summary:

Most, if not all, of current and past water injection into the Elliott SWD #1 is into the
.ower part of the Entrada formation. At matrix rates, the Morrison and Bluff formations
1o not appear to be accepting injection water.

[ntroduction: The logs run were the temperature, continuous spinner, pressure, and
lensity (gradiomanometer), as well as casing collar locator and background gamma-ray
for depth control. The logs were assumed to be on depth and perforations were noted o
‘he log center scale. Except for the gradiomanometer, that recorded incorrect water
lensities of 1.5 to 1.9 g/cc, tool calibrations are presumed to be adequate. Due to fill, the
logging total depth (LTD) was around 8,330, which is approximately 80 feet from the
bottom perforation.

Temperature data: The lack of character (no slope) on the injection temperature log
shows that most of the water injection into the reservoir was below the logging total
depth. As expected, the three passes shift sequentially toward cooler temperatures as
water injection continued. The shut-in pass is also consistent with major cold water
storage and past injection below the LTD. Longer term injection has apparently cooled
down the reservoir more that the cooling achieved during logging.

Spinner data: The spinner log is also qualitatively consistent with most, if not all, of the
water leaving the wellbore below the LTD. Attempts to interpret the spinner data relying
on only the up passes might suggest that some of the water may also be leaving the
wellbore near the top of the Morrison and near the top of the Entrada. This interpretation
s not consistent with what is seen on the static and dynamic temperature logs.

A copy of the injection log follows.



Attackment 3

Treating reports for the Entrada refrac noted an ISIP of 1680 psig. Correcting for the
density of normal injection water (0.434 psi/ft) from 2 % KC1 (0.438 psi/ft) water used
during the frac equates to a corrected surface ISIP of 1713 psig.

Treating reports and graphs follow.
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Treatment Report

Well : E.E. Elliot SWD #1
Field : S26-30N-9W
Formation : Entrada

Well Location

County San Juan

State . New Mexico

Country : USA
Prepared for : Greg Kempton Service Point . Farmington
Proposal No. : 8653 Business Phone : (505) 325-5096
Date Prepared : 11-10-1999 Fax No. : (505) 327-0317

Prepared by . Chris J. Mahaffey

Phone : (505) 330-2989

E-Mail Address . cmahaffey@farmington.dowell.slb.com

Comments :

Disciaimer Notice:
This information is presented in good faith, but no warranty is given by and Dowail assumes no liability for advice or recommendations made concerning results to
be obtained from the use of any product or service. The results given are estimates based on caiculations produced by a computer model inciuding various
assumptions on the well, reservoir and treatment. The resuits depend on input data provided by the Operator and estimates as to unknown data and can be no
more accurate than the model, the assumptions and such input data. The information presented is Dowell's best estimate of the actual results that may be
achieved and should be used for comparison purposes rather than absolute velues. The quality of input data, and hence results, may be improved through the
use of certain tests and procedures which Dowell can assist in selecting.

The Operator has superior knowledge of the well, the reservair, the field and conditions affecting them. If the Operator is aware of any conditions whereby a
neighboring well or wells might be affected by the treatment proposed hersin il is the Operator's responsibility to notify the owner or owners of the well or wells
accordingly.

Prices quoted are estimates only and are good for 30 days from the date of issue. Actual charges may vary depending upen time, equipment, and material
ultimatety required to perform these services.

Freedom from infringement of patents of Dowell or others is not to be inferred.
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Section 1: As Measured Pump Schedule

Client
Well

Formation :

District
Country

BPAmMoco

E.E. Elliot SWD #1

Entrada

Farmington
: USA
Loadcase :

Acq Load Case

As Measured Pump Schedule
Stg Stage Slurry Slurry Pump Fluid Fluid Proppant Max Prop Prop Prop
# Name Volume Rate Time Name Volume Name Conc Conc Mass
{bbl) | (bbi/min) | {min) {gal) (PPA) (PPA) {ib)
1 Acid 28.1 4.6 6.1 | 15% HCI 1176 None 0.0 0.0 0
2 Pre-Pad 152.0 31.6 4.8 YF130 6360 None : 0.0 0.0 0
3 Pre-Pad 119.0 : 44.9 2.7 YF130 4892 : 40/70 Arizon : 0.7 0.5 2391
4 Pre-Pad 178.6 45.2 40 | YF130 7188 | 40/70 Arizon | 1.1 1.0 6892
5 Pad 1250.0 351 . 356! YF130 52434 None : 1.3 0.0 1436
6 1.0PPA i 2264 45.1 5.0 YF130 9070 : 20/40 Brady 1.5 1.1 9690
7 20PPA | 3099 452 6.8 YF130 12040 | 20740 Brady 2.4 1.8 21609
8 2.5 PPA 318.0 452 ¢ 7.0 YF125 12028 | 20/40 Brady 2.7 2.4 29371
9 3.0 PPA 3245 454 72 YF125 12017 | 20/40 Brady 3.2 3.0 35617
10 3.5 PPA 330.9 454 7.3 YF+25 12016 | 20/40 Brady 3.8 3.5 41640
11 4.0 PPA 309.3 45.5 . 6.8 YF125 11014 = 20/40 Brady 4.3 4.0 43683
12 4.5 PPA 171.9 454 3.8! YF125 6010 : 20/40 Brady 4.7 . 4.5 26788
13 5.0 PPA 87.6 - 457 : 1.9 YF125 3007 | 20/40 Brady 5.2 4.9 14853
14 5.5 PPA 59.7 454 1.3 YF125 2007 : 20/40 Brady 59 : 5.5 11091
15 6.0 PPA 86.0 : 457 1.9 YF125 2921 : 20/40 Brady 6.1 5.2 15302
16 Flush 295.2 426 691 YF125 12419 None 2.2 0.0 | 161
As Measured Totals
Slurry Pump Time Clean Fluid Proppant Liquid 1 Liquid 2
(bbf} (min) (gal) (ib) (gal) (gal)
4247.2 109.1 166600 260525 0.0 0.0
Average Treating Pressure: 1500 psi
Maximum Treating Pressure: 2051 psi
Average Injection Rate: 38.9 bbl/min
Maximum injection Rate: 45.9 bbl/min
Maximum Horsepower 2227.8 hhp
Maximum Prop Concentration 6.1 PPA
Section 2: Message Log
# Time Message Treating Annulus Total Slurry Prop.
Pressure | Pressure Slurry Rate Conc.
(psi) (psi) (bbl) {bblimin) (PPA)
1 9:47:27 Pressure Test Lines 4738 0 : 0.0 : 0.0 0.0
2 ¢ 10:39:14 Started Acid 50 : 0 0.0 0.0 0.0
3 ! 10:45:20 '@ Started Pre-Pad Manually 1378 0: 28.1 8.1 0.0
4 10:50:09 | Started Pre-Pad Manually 1927 0 180.2 ¢ 449 ! 0.0
5 10:50:13 | Started Pumping Prop 1923 ! 0 183.2 45.0 0.0
6 10:52:48 | Started Pre-Pad Automatically 1785 0 299.5 449 0.5
7 | 10:52:53 Stage at Perfs: Acid 1785 0! 303.3 45.2 0.5
8 10:53:31 Stage at Perfs: Pre-Pad 1744 0 331.8 ¢ 45.0 1.0
9 10:56:45 | Started Pad Automatically 1657 ! 0 4779 ¢ 45.2 1.0
10 ¢ 10:56:53 . Stage at Perfs: Pre-Pad 1657 0: 484.0 . 45.4 1.0
11  10:57:36 @ Stopped Pumping Prop 1634 0 5164 ! 45.4 0.5
12 10:59:31 : Stage at Perfs: Pre-Pad 1685 | 0 : 603.1 45.3 0.0




Time Message Treating: | Annulus Total Slurry Prop.

Pressure | Pressure Slurry Rate Conc.

{psi) (psi) (bbl) (bbl/min) {PPA)
13 11:02:30 ° Shutdown - Fix Leak 1410 | 0 703.6 0.0 : 0.0
14 i 11:08:57 ' Continue Pad 1401 ¢ 0 - 703.7 14 0.0
15 11:11:22 Stage at Perfs: Pad 1776 0 781.8 453 0.0
16 11:32:15 | Started Pumping Prop 1977 0 1723.2 449 0.0
17 11:32:22 = Started 1.0 PPA Automatically 1968 0 1728.5 45.0 : 1.2
18 11:37:23 | Started 2.0 PPA Automatically 1794 0 1954.6 45.4 1.5
19 11:39:06 | Stage at Perfs: 1.0 PPA 1712 0 2032.1 ¢ 45.0 1.7
20 11:44:06 | Stage at Perfs: 2.0 PPA 1639 0 2258.1 ¢ 45.4 1.9
21 11:44:14 | Started 2.5 PPA Automatically 1625 | 0 2264.2 451 . 2.0
22 11:50:56 : Stage at Perfs: 2.5 PPA 1483 ! 0 2567.7 454 2.7
23 11:51:16 | Started 3.0 PPA Automatically 1479 0 2582.8 454 2.7
24 11:57:58 | Stage at Perfs: 3.0 PPA 1364 0 2886.8 453 3.2
25 11:58:25 | Started 3.5 PPA Automatically 1355 0: 2907.2 454 3.2
26 12:05:07 : Stage at Perfs: 3.5 PPA 1295 0 3211.3 455 37
27 | 12:05:42 | Started 4.0 PPA Automatically 1273 ¢ 0 3237.8 45.5 3.7
28 12:12:23 | Stage at Perfs: 4.0 PPA 1199 | 0 3541.7 455 : 4.2
29 12:12:30 Started 4.5 PPA Automaticaily 1199 0 3547.0 455 ¢ 4.2
30 12:16:17 | Started 5.0 PPA Automatically 1158 0 3719.2 45.5 4.7
31 12:18:12 | Started 5.5 PPA Automatically 1126 0 3806.5 455 5.1
32 12:19:10 | Stage at Perfs: 4.5 PPA 1108 0 3850.5 : 453 5.7
33 12:19:31 | Started 6.0 PPA Automaticaily 1089 0 3866.4 454 5.9
34 12:21:24 | Started Flush Manually 1044 0 3952.1 ¢ 45.3 2.2
35 12:21:27 | Stopped Pumping Prop 1030 0 3954.3 456 1.5
36 12:22:58 | Stage at Perfs: 5.0 PPA 1186 0 4023.3 453 ' 0.0
37 12:24:54 | Stage at Perfs: 5.5 PPA 1456 0 4110.7 45.2 0.0
38 12:26:13 | Stage at Perfs: 6.0 PPA 1639 0: 4170.1 452 0.0
39 12:28:54 : Shutdown - ISIP 1680 0: 42472 0.0 ! 0.0
40 12:34:38 { 5Min. Shut In 1561 0 4247.2 00 0.0




. COMPANY: AMOCO PRODUCTION |

WELL: E.E. ELLIOTT SWD #1
FIELD: ENTRADA

COUNTY: SAN JUAN STATE: NEW MEXICO
x PRODUCTION LOG
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