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Chavez, Carl J, EMNRD

From: Chavez, Carl J, EMNRD

Sent: Tuesday, August 10, 2010 6:20 AM

To: ‘Moore, Darrell’

Cc: ‘Lackey, Johnny'

Subject: Annual Fall-Off Test Electronic Test Data Request
Darrell:

Good morning. Similar to last year's fall-off test and electronic data submittal, OCD needs the CD with the electronic data
for our software evaluation from this year's test.

Please contact me if you have questions. Thanks.

Carl J. Chavez, CHMM

New Mexico Energy, Minerals & Natural Resources Dept.
Oil Conservation Division, Environmental Bureau

1220 South St. Francis Dr., Santa Fe, New Mexico 87505
Office: (505) 476-3490

Fax: (505) 476-3462

E-mail: CarlJ.Chavez@ state.nm.us

Website: http://www.emnrd.state.nm.us/ocd/index.htm
(Pollution Prevention Guidance is under "Publications")
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Mr. Carl Chavez, CHMM

New Mexico Energy, Minerals & Natural Resources Dept.
01l Conservation Division, Environmental Bureau

1220 South St. Francis Dr.

Santa Fe, NM 87505

RE: 2008 Annual Bottom-Hole Pressure Surveys and Pressure Falloff
Tests for Navajo Refining Company WDW-1, WDW-2, and WDW-3

Dear Mr. Chavez,

Enclosed, please find a copy of the 2008 Annual Bottom-Hole Pressure Surveys and
Pressure Falloff Tests for Navajo’s injection wells.

If you have any questions, please feel free to call me at 575-746-5281.

Sincerely,
NAVAJO REFINING COMPANY, LLC

] Mooy

Darrell Moore
Environmental Manager for Water and Waste

An Independent Refinery Serving . . .
NEW MEXICO » ARIZONA « WEST TEXAS ¢ NORTHERN MEXICO
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EXECUTIVE SUMMARY

Subsurface Construction Corp. (Subsurface) was contracted by Holly Corporation Inc.
(Holly) to perform falloff pressure tests (FOPT) and a bottom hole survey on Navajo
Refining (Navajo) Waste Disposal Well No. 1 (Mewbourne), Waste Disposal Well No. 2
(Chukka), and Waste Disposal Well No. 3 (Gaines) at their Artesia, New Mexico facility. A
pressure falloff test and bottom-hole pressure survey was also performed on all three wells.
The 2008 FOPT performed on the Mewbourne, Chukka, and Gaines wells met the New
Mexico Oil Conservation Division (OCD) annual well falloff test Guidelines, dated
December 3, 2007 and included the following:

e FOPT

o Bottom Hole Pressure Survey
These tests confirmed the validity of wells permit conditions.

A pressure falloff test was conducted on the Mewbourne, Chukka, and Gaines wells from
April 1, 2008 to April 4, 2008. All three wells inject into the Wolfcamp and Cisco
formations. It has appeared on previous FOPT conducted in 2006 and 2007 that all three
wells are in communication with each other; therefore gauges were placed in all three wells
simultaneously as cach well was consecutively shut-in for a period of twenty four hours.
During the shut-in period for a given well, at least one well continued injecting fluid into the
Wolfcamp and Cisco formations in order to maintain pressure between the wells. The first
well that was shut in was the Gaines while the Chukka continued injection. The second
well that was shut in was the Chukka while both the Gaines and Mewbourne continued to
inject. The third well that was shut in was the Mewbourne while the Chukka and Gaines
continued to inject. A chronology of field activities is presented as Appendix A. Results of
the testing indicate that all three wells are in communication and the permit parameters for

the three wells continue to remain conservative. The test plan is located in Appendix K.

SUBSUR
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1.0 INTRODUCTION

1.1

Holly Corporation Inc. retained Subsurface to perform the annual bottom-hole pressure
survey, pressure falloff test on Navajo’s Mewbourne, Chukka, and Gaines wells. An
FOPT, interference test, and bottom-hole pressure survey was conducted on the wells at
Navajo Refinery facility near Artesia, New Mexico. The interference pressure test was
conducted because the wells are injecting into the same formations; Wolfcamp and
Cisco. All well tests were conducted in accordance with United States Environmental
Protection Agency (USEPA) 40 CFR 146.13 and the State of New Mexico Falloff Test
Guidelines, December 3, 2007. The 2008 pressure falloff test procedure was conducted
in accordance with the USEPA's Region 6 “Pressure Falloff Testing Guidelines, Third
Revision”, dated August 8, 2002, and required by the State of New Mexico as of
December 3, 2007. The pressure falloff test, interference test, and bottom-hole pressure
survey performed on Wells No.l through 3 (Mewbourne, Chukka, and Gaines) also
met the OCD’s requirements for such testing. Note: There are references made in this
report to the permit document on file with the OCD for Navajo Refining in Artesia,

New Mexico.

FACILITY INFORMATION

Name: Navajo Refining Company (Subsidiary of Holly Corporation)
Location: Highway 82 East, Artesia, New Mexico 88211
Operator’s OGRD Number:

1.2 WELL INFORMATION

Well Name & No. OCD UIC Well API Number Legal Location
Permit Number Classification
WDW-1 Class 1 660 FSL, 2310-FEL
UIC-CLI-008-1 30-015-27592
(Mewbourne) Non-hazardous Sect 31 T17S R28E
WDW-2 Class I 1980 FNL, 660-FWL
UIC-CLI-008-2 o 30-015-20894 ’
(Chukka) Non-hazardous Sect 12 T18S R27E
WDW-3 Class 1 790 FSL, 2250-FWL
, UIC-CLI-008-3 s 30-015-26575 | Lo |
‘ (Gaines) Non-hazardous Sect 1 T18S R27E
SUBSUY
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2.0 REPORT OF EVENTS

All depths in this report are referenced to ground level (GL) from the drilling rig rotary
kelly bushing (RKB), unless the depth is specified as RKB or GL within this document.
The "zero" point for Newbourne is 12.5 feet below RKB at GL. The “zero” point for
Chukka is 13 feet below RKB at GI.. The “zero” point for Gaines 1s 20 feet below
RKB at GIL. The current wellbore configurations is presented on Figure 1 for
Newbourne well, Figure 2 for Chukka well, and Figure 3 for Gaines well.

Field operations began on April 1, 2008. A chronology of field activities is presented
as Appendix A. Bottom-hole pressure memory gauges were lowered in the Gaines well
to 7660 feet and allowed to stabilize for one hour. Navajo discontinued the injection of
non-hazardous plant effluent (waste water) into the Gaines well, while injection of
waste water was initiated into the Mewbourne well, and the Chukka well was shut in;
as described in Appendix A. Bottom-hole pressure memory gauges were lowered into
the Chukka well and Mewbourne well at 7820 feet and 7924 feet respectively. While
attempting to rig up on the Mewbourne well, it was discovered that the crown valve
was not holding and the flow was diverted to the Chukka well while the Mewbourne
well was shut in and the crown valve repaired. The gauges were allowed to stabilize
while continuing to inject waste water. The Gaines well was shut in for 24 hours to
complete the falloff test.

On April 2, 2008, the Chukka well was shut in and flow diverted to the Gaines well.
The holding tanks at the Navajo refinery were reaching their maximum level and,
therefore, it was necessary to start injection into the Mewbourne well. The Chukka
well was shut in for 24 hours to complete the falloff test and interference test.

On April 3, 2008, the Mewbourne well was shut in and flow was diverted to the
Chukka well. The Mewbourne well was shut in for 24 hours while both the Chukka

and Gaines wells continued injection to complete the falloff test and interference test.

On April 4, 2008, the wells were shut in and all memory pressure gauges were removed
from the wellbores. When the memory pressure gauges were removed from the
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wellbores a bottom hole pressure gradient survey was performed. Analyses of the
pressure falloff and interference tests are presented in Section 7.0. Details of the
bottom-hole pressure gradient survey are presented in Section &.0.

Upon completion of the well testing, the testing equipment was rigged down and the
sites were cleaned. The wellheads were secured and the well was returned to Navajo's

operations personnel.

3.0 WELLBORE DESCRIPTION
3.1 Mewbourne Well Nq. 1

The Mewbourne well was originally permitted as a Class II well under OCD permit No.
SWD-702 and was re-permitted and converted to a Class I non-hazardous well. The
initial wellbore consisted of;, 13-3/8-inch, 48 1b/ft surface casing string set at 390 feet,
cemented to the surface in a 17-1/2-inch hole; 9-5/8-inch, 36 Ib/ft intermediate casing
string set at 2555 feet, cemented to the surface in a 12-1/4-inch hole; 8-1/2-inch hole
drilled to 10,200 feet. The well was completed by drilling out the cemented plugs,
setting 7-inch casing to 9094 feet, cement to the surface in two stages with a DV tool at
5498 feet, and running 4-1/2-inch tubing to 7879 feet on an Arrow X-1 packer. The
upper perforations are located at 7924 feet to 8188 feet and lower perforations at §220
feet to 8476 feet. A cement plug was set across the bottom of the 7-inch casing at 9624
feet to 9734 feet. Figure 1 is a schematic of the Mewbourne Well No. 1. The cement
bond log is located in the “Discharge Plan Application and Application for
Authorization to Inject per Oil Conservation Division Form C-108, into Class I Wells

- WDW-1 and Proposed WDW-2 and WDW-3". The electric log encompassing the
completed interval is presented as Appendix J.

The well was re-permitted with approval on May 21, 1998, and re-completed on
August 4, 1998. Navajo started injecting into the well on September 23, 1999, under
the UIC-CLI-008-1 discharge plan. The UIC-CLI-008-1 discharge plan was revised
and approved by the OCD on May 3, 1999. The revised discharge plan included the
relocation of Chukka Well No. 2.

SUBSURFAC
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3.2

SUBSURFAGE

Chukka Well No. 2

The Chukka well was originally permitted as an oil and gas well and was re-permitted
and converted to a Class I non-hazardous well. The initial wellbore consisted of; 8-5/8-
inch, 32 Ib/ft surface casing string set at 1995 feet, cemented to the surface in a 11 inch
hole; 7-7/8-inch hole drilled to 10,372 feet. The well was completed by drilling out the
cemented plugs, setting 5-1/2-inch casing to 8869 feet, cement to the surface in two
stages with a DV tool at 5785 feet, and running 3-1/2-inch tubing to 7528 feet on an
Arrow X-1 packer. The upper perforations are located at 7570 feet to 7736 feet and
lower perforations at 7826 feet to 8399 feet. A cement plug was set across the bottom
of the 5-1/2-inch casing at 8770 feet. Figure 2 is a schematic of the Chukka Well No.
2. The cement bond log is located in the “Re-entry and Completion Report for Waste
Disposal Well No. 2. The clectric log encompassing the completed interval is located

in Appendix J.

Gaines Well No. 3

The Gaines well was originally permitted as an oil and gas well and was re-permitted
and converted to a Class I non-hazardous well. The initial wellbore consisted of 13-
3/8-inch, 54 1b/ft surface casing string set at 400 feet, cemented to the surface in a 17-
1/2-inch hole; 9-5/8-inch, 36 Ib/ft intermediate casing string set at 2604 feet, cemented
to the surface in a 12-1/4-inch hole; 7-inch, 26 1b/ft to 29 lb/ft production casing string
set at 9450 feet, cemented to the surface in a 8-3/4-inch hole; 4-1/2-inch, 11.6 Ib/ft
production liner string set at 10,119 feet with the top liner at 9051 feet, cemented to the
top of the liner in a 6-1/2-inch hole. The well was completed by drilling out the
cemented plugs, performing cement squeeze across three set of perforations; setting 4-
1/2-inch casing to 7575 feet on an Arrow X-1 packer. The upper perforations are
located at 7660 feet to 8450 feet and lower pérforations at 8540 feet to 8620 feet. A
cement plug was set across the top of the 4-1/2-inch liner at 9022 feet. Figure 3 is a
schematic of the Gaines Well No. 2. The cement bond log is located in the “Re-entry
and Completion Report for Waste Disposal Well No. 3”. The electric log
encompassing the completed interval is located in Appendix J.

R A
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4.0

On September 4, 2003, a request was submitted to modify UIC-CLI-008-1 (UIC-CLI-
008-2) discharge plan, to revise the location of WDW-3. The UIC-CLI-008-2 (UIC-
CLI-008-3) discharge plan was later modified to raise the top of the injection interval
from 7750 feet to 7650 feet. Approval to inject was granted June 23, 2004, under
permit number UIC-CLI-008-3). The well was permitted by both the OCD and BLM
on June 29, 2006, approval was granted on August 11, 2006, and the well completed in
March, 2007. In September, 2007, Navajo commenced injection into the Gaines Well
No. 3.

GEOLOGY FORMATION DECRIPTION

The proposed injection zones are porous carbonates of the lower portion of the
Wolfcamp Formation and the Cisco and Canyon Formations. These formations occur
in Mewbourne Well No. 1, Chukka Well No. 2, and Gaines Well No. 3 at the depths
shown in the table below. The injection zone is shown on the logs of Mewbourne Well
No. 1, Chukka Well No. 2, and Gaines Well No. 3 in Appendix J.

Mewbourne Chukka Gaines
Well No. 1 Well No. 2 Well No. 3
IHJ'FectiOn Zone | (KBelev=3693 ft) | (KBelev=3623ft) | (KB elev=73625 fi)
ormat
Trmation MD S MD sS MD S
below Depth below Depth below Depth
KB (ft) (ft) KB (fi) () KB (ft) (ft)-
Lower Wolfcamp 7450 -3757 7270 -3647 7303 -3678
Cisco 7816 -4123 7645 -4022 7650 -4025
Canyon 8475 -4782 8390 -4767 8390 -4765
Base of Injection
Zone (base of 9016 -5323 3894 -5271 8894 -5269
Canyon)

The lower portion of the Wolfcamp Formation (the Lower Wolfcamp) is the shallowest
porous unit in the proposed injection interval. The Wolfcamp Formation (Permian-
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Wolfcampaign age) consists of light brown to tan, fine to medium-grained, fossiliferous
limestones with variegated shale interbeds (Meyer, 1966, page 69). The top of the
Wolfcamp Formation was correlated for this study to be below the base of the massive,
dense dolomites of the overlying Abo Formation. The base of the Wolfcamp coincides
with the top of the Cisco Formation. The thickness of log porosity greater than 5% in
the entire Wolfcamp Formation ranges from 0 feet to 295 feet in a band 3 miles wide

that trends northeast-southwest across the study area.

The Lower Wolfcamp is the same interval used for injection in the 1&W, Inc., Walter
Solt SWD-1 (Map ID No. 83), which is completed between 7518 feet and 7812 feet.
These intervals may have sufficient permeability and lateral extent to accept injected
fluids. In Chukka Well No. 2, the lower 80 feet of the Lower Wolfcamp, from 7565
feet to 7645 feet, is porous carbonate that is similar in log character to the underlying
Cisco Formation. Navajo has demonstrated that the Cisco Formation has injection

capacity in Mewbourne Well No. 1.

The Cisco Formation (Pennsylvanian-Virgilian age) of the Northwest Shelf is described
by Meyer (1966, page 59) as consisting of uniform, light-colored, chalky, fossiliferous
limestones interbedded with variegated shales. Meyer (1966, page 59) also describes
the Cisco at the edge of the Permian basin as consisting of biothermal (mound) reefs
composed of thick, porous, coarse-grained dolomites. Locally, the Cisco consists of
porous dolomite that is 745 feet thick in Chukka Well No. 2, 659 feet thick in
Mewbourne Well No. 1, and 720 feet in Gaines Well No. 3. The total thickness of
intervals with log porosity greater than 5% is approximately 310 feet in Mewbourne
Well No. 1, 580 feet in WDW-2, and 572 feet in Gaines Well No. 3. The total
thickness with log porosity greater than 10% is approximately 100 feet in Mewbourne
Well No. 1, 32 feet in Chukka Well No. 2, and 65 feet in Gaines Well No. 3. The
thickness of the porous intervals in the Cisco ranges from 0 feet in the northwestern part
of the study area to nearly 700 feet in a band 3 miles wide that trends northeast-

southwest.

The Canyon Formation (Pennsylvanian-Missourian age) consists of white to tan to light

 brown fine grained, chalky, fossiliferous limestone with gray and red shale interbeds
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(Meyer, 1966, page 53). Locally, the Canyon occurs between the base of the Cisco
dolomites and the top of the Strawn formation of the Pennsylvanian (Desmoinesian)
age. The total thickness of intervals with log porosity greater than 5% is 34 feet in
Mewbourne Well No. 1, 30 feet in Chukka Well No. 2, and 10 feet in Gaines Well
No. 3. No intervals appear to have log porosity greater than 10% in any of the three

injection wells.

Permeability measurements that range from-less than 100 md to 2733 md are available
for the Lower Wolfcamp-Cisco-Canyon injection zone. Permeability measurements
from hydrocarbon-producing intervals in the Wolfcamp, Cisco, and Canyon were
referenced from Meyer (1966, Table 4). Meyer reported permeabilities in the Cisco of
up to 114 millidarcies (md), up to 38 md in the Canyon, and up to 200 md in the
Wolfcamp.

In summary, permeability values in the proposed injection zone from producing fields

‘ in the region range up to 200 md, as discussed above. However, based on test data for
Mewbourne Well No. 1, Chukka Well No. 2, and Gaines Well No. 3, permeability
values as high as 2733 md or higher occur in intervals in the injection zone. The
geological information can be referenced from the “Discharge Plan Application and
Application for Authorization to Inject per Oil Conservation Division Form C-108, into
Class I Wells WDW-1, Proposed WDW-2, and WDW-3”.

5.0 FLUID DECRIPTION

A chemical analysis of the formation fluid was recovered from the Mewbourne Well
No. 1, Chukka Well No. 2, and Gaines Well No. 3. The analysis on both the formation
water and injection waste water was performed by an independent lab. According to
the permits for all three wells, Navajo is required to perform an analysis of the injected
waste water on a quarterly basis and these records are to be retained for the life of the
wells. Refer to the “Discharge Plan Application and Application for Authorization to
Inject per Oil Conservation Division Form C-108, into Class I Wells WDW-1 and
Proposed WDW-2 and WDW-3" and the “Discharge Permit Approval Conditions”
‘ letter for all three wells..
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5.1 Formation Fluid

The formation fluid analytical results from the three wells are similar. The table below
illustrates the similarities and the constituents.
) Mewbourne Chukka Gaines
Chemical Average
Weli No. 1 Well No. 2 Well No. 3
Date July 31,1998 | June 14, 1999 | Nov 8, 2006
Fluoride (mg/1) 2.6 9.7 Not Detected 6.15
Chloride (mg/L) 19,000 15,000 10,447 14,815.67
NO3-N (mg/L) <10 <10 -- <10
S04 (mg/L) 2,200 2000 1,908 2,036
CaCO3 (mg/L) 1000 1210 -- 1105
Specific Gravity (g/L) 1.034 1.0249 -- 1.0295
TDS (mg/L) 33,000 20,000 -- 26,500
Specific Conductance 52,000 43,000 N 47.500
. (uMHOs/cm)
Potassium (mg/L) 213 235 85.5 177.83
Magnesium {mg/L.) 143 128 155 142
Calcium (mg/L) 390 609 393 464
Sodium (mg/L) 12,770 8,074 6,080 8,974.67
pH (s.u.) 8.1 7.2 -- 7.65

The data in the above table was referenced from “Discharge Plan Application and

Application for Authorization to Inject per Oil Conservation Division Form C-108,
into Class I Wells WDW-1 and Proposed WDW-2 and WDW-3"" and the “Discharge
Permit Approval Conditions”, “Re-entry and Completion Report Waste Disposal

Well No. 2, and “Re-entry and Completion Report Waste Disposal

5.2 Injection Fluid

Well No. 37,

The table below illustrates the average concentration levels and constituents for the

waste stream.

SUBSURFAGE
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Chemical Plant Waste Water | Plant Waste Water
Date Jan 22, 1998 June 14, 1999
Calcium (mg/L) 48 21
Magnesium (mg/L) 98 31
Potassium (mg/L) 51 18
Sodium (mg/L) 1200 424
Chloride (mg/1.) 1100 630
Fluoride (mg/L) 3.9 74
Nitrate-N (mg/L) <0.01 <10
Sulfate (mg/L) 1500 570
Alkalinity (CaCO3) (mg/L) 100 40
pH (s.u.) 6.0-9.0 6.0-9.0
Specific Gravity (g/L) 1.00-1.01 1.00 -1.01

The data in the above table was referenced from “Discharge Plan Application and

~Application for Authorization to Inject per Oil Conservation Division Form C-108,

into Class 1 Wells WDW-1 and Proposed WDW-2 and WDW-3" and the “Discharge
Permit Approval Conditions”, “Re-entry and Completion Report Waste Disposal
Well No. 2.

TRANSIENT PRESSURE ANALYSIS

Pressure buildup and falloff tests were conducted on the three injection wells during the
period from April 1, 2008 through April 4, 2008. The sequence of falloff testing was
Gaines Well No. 3 between April 1 and 2, 2008, Chukka Well No. 2 between April 2
and 3, 2008, and finally Mewbourne Well No. 1 between April 3 and 4, 2008. A
multiple rate analysis was used to determine the formation permeability for each of
the three well tests. The rate history from January 2008 through April 2, 2008 was
utilized in the analysis. The injection rate history is presented as Appendix C.
Figures 7 and & graphically depict the injection rate history used in the analysis.
Spartek Systems bottom-hole memory gauges (Serial Nos. 75871, 76169, 76171,
76173, 76181, 76182) were utilized during the testing to monitor and record the
pressure and temperature data. The certificates of calibration for the Spartek
Systems gauges are included in Appendix B. The specifications for the gauges are
also contained in Appendix B.

URFAGE
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6.1 Mewbourne Well No. 1

A pressure buildup pressure falloff test was conducted in Mewbourne Well No. 1
during the period from April 3, 2008 through April 4, 2008. Well No. 1 was shut in
at 1349 hours on April 3, 2008, and the falloff data was monitored for 25.75 hours.
The injection rate immediately prior to shutting the well in was 178.9 gpm (6134.74
bbls/day). The pressure data obtained during the transient pressure test is presented in
Appendix D. The PanSystem analysis output is contained in Appendix E.

Figure 9 shows the pressure response recorded by the pressure gauges during the
testing. Figure 10 is a Cartesian plot of the pressure falloff data. Figure 11 is a log-log
diagnostic plot of the falloff data, showing the change in pressure and the pressure
derivative versus equivalent shut-in time. Radial flow begins to appear at an equivalent
time of 42.8 hours (16.9 hours elapsed shut in time) and continues through the end of
the falloff test. The radial flow regime is indicated in Figure 11.

‘ The reservoir permeability was determined from the radial flow region of the
superposition Horner plot, Figure 12. The radial flow regime begins at a Horner time
of 81.7. Figure 13 shows an expanded view of the radial flow regime. The slope of the
radial flow period was determined to be 2.041335 psi cycle.

An estimate of mobility-thickness, kh/p, for the reservoir was determined to be 488,655
md-{t/cp from the following equation:

Kh 1626 %us B
7 m
where,
kh/n = formation transmissibility, millidarcy feet centipoise
Qs = rate prior to shut in, bpd
B = formation volume factor, reservoir volume/surface volume
m = slope of radial flow period, psi cycle
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kh _ |, ((6134.74)(1.0)
U 2.041335
488,655 md - ft/cp

I

N

The permeability-thickness, kh, was determined to be 351,832 md ft by multiplying the
transmissibility, kh/p, by the viscosity of the reservoir fluid, (., of 0.72 centipoise:

kh = (lﬂj Hres
u

(488,655)(0.72)

= 351,832 md -t

The average reservoir permeability using the available sand thickness of 175 feet is
2,010 md:

351,832
175

= 2,010 md

To determine whether the proper viscosity was used in arriving at this permeability, the
travel time for a pressure transient to pass beyond the waste front needs to be
calculated. The distance to the waste front is determined from the following equation:

| 1/2
_ 1013368 V
waste T h d)

syBsy

e o R L
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where,

T'waste = radius to waste front, feet

A" = total volume injected into the injection interval, gallons
h = formation thickness, feet

) = formation porosity, fraction

0.13368 = constant

The time necessary for a pressure transient to travel this distance is calculated from the
following equation:

= 948%M3va_sw

t waste

where,
twase = time for pressure transient to reach waste front, hours
) = formation porosity, fraction

Lwasie = Viscosity of the waste at reservoir conditions, centipoise

fwase = radius to waste front, feet

Ct = total compressibility of the formation and fluid, psi
k = formation permeability, millidarcies

948 = constant

Combining the previous two equations results in:

A%
tWaste = 12673 _HWH—StCQ

nk h

A cumulative volume of approximately 1,087,020,406 gallons of waste has been
injected into Well No. 1. The average viscosity of the waste fluid, at reservoir
conditions, is 0.76 centipoise. The formation has a porosity of 0.1 and a total
compressibility of 8.4 x 10 S psih.

SUBSURFACE

e
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The time necessary for a pressure transient to traverse the distance from the wellbore to

the leading edge of the waste front would be 0.795 hours:

(1,087,020,406)(0.76)(8.4x 10 ¢ )

=126.73
twaste T (2,0 1 0) (1 75)

= 0.795 hours

Since the time required to pass through the waste is less than the 16.9 hours required to
reach the beginning of the radial flow period, the assumption that the pressure transient
was traveling through reservoir brine during the period of the semi-log straight line was

valid.

The skin factor was determined from the following equation:

s =1.151 | Pt P 150 { ——k—T }3.23
m (t)HC: Tw

where:
S = formation skin damage, dimensionless
1.151 = constant
pwr = flowing pressure immediately prior to shut in, psi
pimr = pressure determined from extrapolating the radial flow semi-log line to a

At of one hour, psi

m = slope of the radial flow semi-log line, psi cycle
k = permeability of the formation, md
) = porosity of the injection interval, fraction

= viscosity of the fluid the pressure transient 1s traveling through,

centipoise
Ct = total compressibility of the formation plus fluid, psi
Iy = radius of the wellbore, feet
3.23 = constant
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The flowing pressure immediately prior to shut in, p.r was 4014.49 psi, while the
pressure determined from extrapolating the radial flow semi-log line to a At of one
hour, pin, was 3534.60 psi. The porosity of the injection interval, ¢, is 0.1 and the total
compressibility, ¢, is 8.4 x 10° psi’. The wellbore radius, r,, is 0.3646 feet. Using
these values in addition to the previously determined parameters, m, k, and p, results in
a skin of 262:

o pps1| 401449353460 2,010 .\ 303
| 2.041335 (0.1)(0.72)(8.4 x 10 Y0.3646)* |

= 262

The Quick-Match feature of PanSystem2 was used to optimize the reservoir
parameters. The final results of the auto-match are shown in Figures 14 through 16.
These figures show the falloff data in Cartesian, superposition Homer, and log-log
formats, with the simulated pressures overlaid. A summary of the falloff test results
are located in Table 1'V.

6.2 Chukka Well No. 2

A pressure buildup/pressure falloff test was conducted in Chukka Well No. 2 during
the period from April 2, 2008 through April 3, 2008. Well No. 2 was shut in at 1211
hours on April 2, 2008, and the falloff data were monitored for 26.56 hours. The
injection rate immediately prior to shutting the well in was 105.8 gpm (3627.77
bbl/day). The pressure data obtained during the transient pressure test are presented as
Appendix F. The PanSystem analysis output is contained in Appendix G.

Figure 17 shows the pressure response recorded by the pressure gauges during the
testing. Figure 18 is a Cartesian plot of the pressure falloff data. Figure 19 is a log-log
diagnostic plot of the falloff data, showing the change in pressure and the pressure
derivative versus equivalent shut-in time. Radial flow begins to appear at an equivalent
time of 100 hours (16.7 hours elapsed shut in time) and continues through the end of
the falloff test. The radial flow regime is indicated on Figure 19.

UBSURE

B
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The reservoir permeability was determined from the radial flow region of the
superposition Horner plot, Figure 20. The radial flow regime begins at a Horner time
of 40.6. Figure 21 shows an expanded view of the radial flow regime. The slope of the
radial flow period was determined to be 2.223432 psi cycle.

An estimate of mobility-thickness, kh/p, for the reservoir was determined to be 265,300
md-ft/cp:

kh _ o (3627.77)(1.0)

N 2.223432
265,300 md - ft/cp

The permeability-thickness, kh, was determined to be 191,016 md-fi:
kh =(265,300)(0.72)

= 191,016 md-ft

The average reservoir permeability using is 1,091 md:

K = 191,016
175

= 1,091 md

A cumulative volume of approximately 490,443,695 gallons of waste has been injected
into Well No. 1. The time necessary for a pressure transient to traverse the distance
from the wellbore to the leading edge of the waste front would be 0.661 hours:

(490,443,695)(0.76)(8.4x 10 )

wase = 126.73
s n (1,091)(175)

= 0.661 hours
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A
Since the time required to pass through the waste is less than the 16.7 hours required to
reach the beginning of the radial flow period, the assumption that the pressure transient
was traveling through reservoir brine during the period of the semi-log straight line was

valid.

The flowing pressure immediately prior to shut in, p,s was 3717.31 psi; while the
pressure determined from extrapolating the radial flow semi-log line to a At of one
hour, pip, was 3401.50 psi. The wellbore radius, ry, is 0.3281 feet. Using these values
in addition to the previously determined parameters, m, k, and p, results in a skin of
155:

s - 151 | 3731340150 1,091 \ 393
' 2223432 (0.1Y0.72)(8.4x 107 }0.3281)" '

=155

The Quick-Match feature of PanSystem2 was used to optimize the reservoir
parameters. The final results of the auto-match are shown on Figures 22 through 24.
These figures show the falloff data in Cartesian, superposition Horner, and log-log
formats, with the simulated pressures overlaid. A summary of the falloff test results

are located in Table V.

6.3 Gaines Well No. 3

A pressure buildup pressure falloff test was conducted in Gaines Well No. 3 during
the period from April 1, 2008 through April 2, 2008. Well No. 3 was shut in at 1004
hours on April 1, 2008, and the falloff data were monitored for 26.65 hours. The
injection rate immediately prior to shutting the well in was 274.4 gpm (9406.63
bbls/day). The pressure data obtained during the transient pressure test are presented in
Appendix H. The PanSystem analysis output is contained in Appendix I.

Figure 25 shows the pressure response recorded by the pressure gauges during the

testing. Figure 26 is a Cartesian plot of the pressure falloff data. Figure 27 is a log-log
diagnostic plot of the falloff data, showing the change in pressure and the pressure
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derivative versus equivalent shut-in time. Radial flow begins to appear at an equivalent
time 0f 0.121 hours (0.121 hours elapsed shut in time) and continues until an equivalent
time of 0.574 hours (0.573 hours elapsed shut in time). The radial flow regime is
indicated on Figure 27.

The reservoir permeability was determined from the radial flow region of the
superposition Horner plot, Figure 28. The radial flow regime begins at a Horner time
of 4125 and continues until a Horner time of 868. Figure 29 shows an expanded view
of the radial flow regime. The slope of the radial flow period was determined to be
4.758761 psi/cycle.

An estimate of mobility-thickness, kh/u, for the reservoir was determined to be

321,411
kh _ | (9406.63)(1.0)
W 4.758761

321,411 md - ft/cp

The permeability-thickness, kh, was determined to be 231,416 md ft:

kh = (321,411)(0.72)

il

231,416 md-ft

The average reservoir is 1322 md:

K = 231,416
175

=1,322md

A cumulative volume of approximately 9,344,077 gallons of waste has been injected
into Well No. 3. The time necessary for a pressure transient to traverse the distance
‘ from the wellbore to the leading edge of the waste front would be 0.010 hours:

RFACE
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(9,344,077)(0.76)(8.4x 10 )
n (1,322)(175)

twase = 126.73

= 0.010 hours

Since the time required to pass through the waste is less than the 0.121 hours required
to reach the beginning of the radial flow period, the assumption that the pressure
transient was traveling through reservoir brine during the period of the semi-log

straight line was valid.

The flowing pressure immediately prior to shut in, pys was 3919.19 psi; while the
pressure determined from extrapolating the radial flow semi-log line to a At of one
hour, piu, was 3443.11 psi. The porosity of the injection interval, ¢, is 0.1 and the total
compressibility, ¢, is 8.4 x 10 psi’. The wellbore radius, r, is 0.3281 feet. Using
these values in addition to the previously determined parameters, m, k, and p, results in
a skin of 107:

sy | 3919.19-344301 1,322 \ 323
' 4.758761 ¢ (0.1)0.72)(8.4x 107 }0.3281)’ '

=107

The Quick-Match feature of PanSystem2 was used to optimize the reservoir
parameters. The final results of the auto-match are shown on Figures 30 through 32.
These figures show the falloff data in Cartesian, superposition Horner, and log-log
formats, with the simulated pressures overlaid. A summary of the falloff test results
are located in Table VI.

BOTTOM HOLE PRESSURE GRADIENT SURVEY

On April 4, 2008, the bottom-hole pressure memory gauges (Spartek Gauges Serial
Nos. 75871, 76169, 76171, 76173, 76181, 76182) were removed from Mewbourne
Well No. 1, Chukka Well No. 2, and Gaines Well No. 3 after completion of the

interference test. Gradient stops were performed at 7000 feet, 6000 feet, 5000 feet,

18 70G6142/Navajo/2008 MIT/PFO Report




8.0

4000 feet, 3000 feet, 2000 feet, 1000 feet and at the surface. The bottom-hole pressure
measured (April, 2008) in the three wells is listed in the table below.

Depth Pressure Shut-in Time
Well Name ,
BGL (ft) (psia) (hrs)
Mewbourne Well No. 1 | 7924 3530.90 24.52
Chukka Well No. 2 7820 3396.63 25.51
Gaines Well No. 3 7660 344042 26.71

The results for the static gradient survey for Mewbourne Well No. 1 are presented in
Table I. Figure 4 presents this information graphically. The raw data for the gradient
survey is contained at the end of Appendix D. Tables II and III contain the static
gradient results for the Chukka and Gaines wells. Figures 5 and 6 are the graphical
presentations and Appendices FF and H contain the raw pressure data.

AREA OF REVIEW (UPDATE)

Federal Abstract Company was contracted by Subsurface and instructed to undertake a
review of well changes made within a 1.0 mile area of review of WDW-1
(Mewbourne), WDW-2 (Chukka), and WDW-3 (Gaines). Thirty wells were found in
which the owner had changed. Twenty two new plugged and abandoned oil and gas
wells were found. Five wells were placed in temporarily abandoned status. Six wells
were found that had retuned to production status. Twenty nine wells were found that
had been recompleted in an upper interval. There were fifieen new drills of which only
one penetrated the Wolfcamp interval and was recompleted in the upper Abo formation
by isolating the Wolfcamp formation with case iron bridge plugs (ID No. 959). All
P&A wells were successfully plugged and isolated from WDW-1, WDW-2, and
WDW-3 injection intervals according to current OCD records.

No new fresh water wells were reported within the search area since the discharge

application in 2003 and submittal of the area of review. See the “Discharge
Application 2003 submittal for a list of water wells located in the area of review.
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Table VII contains a listing of all wells within the one mile area of review of WDW-1,
WDW-2, and WDW-3. Figure 33 is a Midland Map Company base map of the area
containing the one mile area of review. Tables VII through XIV contain a list all wells
within the one mile area of review of WDW-1, WDW-2, and WDW-3 that have had
modifications to the current permit or have had new drilling and/or completion permits
issued since the 2003 discharge application submittal. Please refer to the “Discharge
Application 2003” submittal and to the OCD online well files for additional

information.

CONCLUSIONS

All testing was successful and met the OCD and EPA requirements. Holly
Corporation, Inc. fulfills all analysis and reporting requirements of the USEPA's
"Pressure Falloff Testing Guideline, Third Revision", issued by Region 6, dated August
8, 2002, with the submittal of this report. Pressure falloff and bottom-hole pressure

testing were conducted according to these guidelines.

RFAGE
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CERTIFICATION STATEMENT

I certify under penalty of law that I have personally examined and am familiar with the
information submitted in this document and all attached documents, and that, based on
my inquiry of those individuals immediately responsible for obtaining the information, I

believe that the submitted information is true, accurate, and complete.

Client: Holly Corporation, Inc.
Well Names: Mewbourne Well No. 1; Chukka Well No. 2; Gaines Well No. 3
Test Date: April 1, 2008 — April 4, 2008

I am aware that there are significant penalties for submitting false information, including

the possibility of fine and imprisonment for knowing violations.

Name and Title: James Bundy, Director of Engineering, PE

Phone Number: 713-880-4640

Signature Date Signed
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STATIC PRESSURE GRADIENT SURVEY
MEWBOURNE WELL NO. 1

TABLE 1

NAVAJO REFINING

APRIL 4, 2008
Pressure
Depth Pressure Gradient Temperature
(feet) (psig) (psi/tt) (°F)
0 87.3885 81.7257
0.4385
1000 525.9308 81.7905
0.4340
2000 959.9126 85.0381
0.4337
3000 1393.5728 88.381
0.4338
4000 1827.3278 91.8374
0.4338
5000 2261.1771 95.8101
0.4335
6000 2694.6965 100.0167
0.4343
7000 3128.9578 102.9243
0.4350
7924 3530.9212 94.5107
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TABLE II

NAVAJO REFINING

STATIC PRESSURE GRADIENT SURVEY

CHUKKA WELL NO. 2

APRIL 4, 2008
Pressure
Depth Pressure Gradient Temperature
(feet) (psig) (psi/ft) (°F)
0 91.316 80.1099
0.4584
1000 -549.6841 89.801
0.4338
2000 983.4583 90.6379
0.4342
3000 1417.702 92.4343
0.435
‘ 4000 1852.69 94.1052
’ 0.4359
5000 2288.588 95.983
0.4371
6000 2725.709 97.7668
0.4389
7000 3164.638 99.2016
0.4350
7570 3585.444 97.3018

®
i
s
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TABLE IV

SUMMARY OF THE FALLOFF TEST ANALYSIS RESULTS

MEWBOURNE WELL NO. 1

SOURCE

Log-Log and
Derivative
Information

Horner
Superposition Plot
Information

Horner
Superposition Plot
Analysis

PARAMETER

Total Shutin Time
Derivative Smoothing Factor
Radial Flow Period

Wellbore Storage

Slope of Semi-Log Line
Pressure at Infinite Shutin Time
Pressure at One-Hour Shutin

from Extrapolation of
Semi-Log Straight Line

Mobility-Thickness
Permeability-Thickness
Permeability

Skin Damage

VALUE
25.75 hours

0.2
16.9 to 25.75 hours

0.0641 barrel/psi
2.041335 psi/cycle

2527.37 psia

3534.60 psia

488,655 md-ft/cp
351,832 md-ft
2010 md

262
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TABLE V

SUMMARY OF THE FALLOFF TEST ANALYSIS RESULTS

CHUKKA WELL NO. 2
SOURCE PARAMETER VALUE
Log-Log and Total Shutin Time 26.56 hours
Derivative
Information Derivative Smoothing Factor 0.15
Radial Flow Period 16.7 to 26.56 hours
Wellbore Storage 0.0626 barrel/psi
Horner Slope of Semi-lL.og Line 2.223432 psi/cycle
Superposition Plot
Information Pressure at Infinite Shutin Time 3393.47 psia
Pressure at One-Hour Shutin 3401.50 psia
from Extrapolation of
Semi-Log Straight Line
Horner Mobility-Thickness 265,300 md-ft/cp
Superposition Plot
Analysis Permeability-Thickness 191,016 md-ft
Permeability 1,091 md
Skin Damage 155
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TABLE VI

SUMMARY OF THE FALLOFF TEST ANALYSIS RESULTS

GAINES WELL NO. 3

SOURCE

Log-Log and
Derivative
Information

Horner
Superposition Plot
Information

Horner
Superposition Plot
Analysis

PARAMETER

Total Shutin Time
Derivative Smoothing Factor
Radial Flow Period

Wellbore Storage

- Slope of Semi-Log Line

Pressure at Infinite Shutin Time
Pressure at One-Hour Shutin

from Extrapolation of
Semi-Log Straight Line

Mobility-Thickness
Permeability-Thickness
Permeability

Skin Damage

VALUE
26.65 hours

0.2
0.121 to 0.573 hours

0.0085 barrel/psi
4.758761 psi/cycle

3430.27 psia

3443.11 psia

321,41 1md-ft/cp
231,416 md-ft
1322 md

107
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’ ~ BELOW GROUND DETAILS

LT All depths are referenced fo the Kelly bushing elevation of 12.5' above
- ground level. Ground level elevation is 3,678' above mean sea level.

1. Surface Casing: 13 34", 48 ib/ft, J-55, ST&C set at 390" ina 17 14"
hole. Cemented with 150 sx Class C with 3 % calcium chloride, 375
sx Class C Litewate w/3% calcium chloride and 4 Ib/sx flocele.
Circulated 86 sx to surface.

(2)
C 2. Intermediate Casing : 9 34", 36 lb/ft, J-55, ST&C set at 2,555" ina 12

Y, " hole. Cemented w/800 sx of Class C Lite w/ Y In/sx flocele and 2
ib/sx Gilsonite and 12 % salt. Followed by 200 sx of Class C w/2 %
calcium chloride. Circulated 133 sx o surface.

3. Base of the USDW at 493"

4. Injection Tubing: 4 4", 11.6 Ib/ft, N-80, SMLS, R3, LT&C set at
.7.879"

5. DV Tool: at5,498'.

] 6. Annufus Fluid: 8.7 tb/gal brine water mixed w/UniChem Techni-Hib
. 370 corrosion inhibitor.

N KON 7. Protection Casing: 7", 29 ib/ft, N-80, LT&C: 9094' to 7031". 7", 29
Ib/ft, P-110, LT&C: 7031' to 5845". 7", 26 Ib/ft, P-110, LT&C; 5845

4000 to surface. Casing cemented in two stages as foliows:

First Stage - 600 sx modified Class H w/0.4 % CFR-3, 5 Ib/sx
Gilsonite, 0.5% Halad-344, and 1 Ib/sx salt mixed at 13.0 ppg.
Opened DV tool at 5498’ and circuiated 142 sx to surface.

Second Stage - Lead Slurry: 220 sx Interfill "C" (35:65:6) mixed at
11.7 ppg. Tail Slurry: 550 sx modified Class Hw/0.4 % CFR-3, 5
Ib/sx, Gilsonite, 0.5 % Halad-344, 0.1% HR-7, and 1 Ib/sx mixed at
13.0 ppg. Circulated 75 sx o surface. Top out w/20 sx permium
plus 3% calcium chloride.

8. Packer: 7" x3.5" EVI Oil Tools (Arrow), Model X-1 retrievable
: packer set at 7879". Minimum 1.D. is 3.0". Wireline re-entry guide
5 on bottom. To release: turn % turn to the right and pick up.

Confining Zone

9. Perforations (2 SPF):

Upper Zone - 7924-7942', 7974-8030", 8050-8056", 8066-8080",
8118-8127", 8132-8140", 8160-83164', 8170-8188".

Lower Zone - 8220-8254", 8260-8270", 8280-8302', 8360-8366",
8370-8378', 8400-8410', 8419-8423', 8430-8446', 8460-8464",
8470-8476".

10. PBTD: 9004

11. Cement Plug: 45 sx Class H from 9624’ to 9734".

HOUSTDN, TX. B
SOUTH BEND. IN. [
BATON ROUGE. LA K

FIGURE 1

NAVAJO REFINING COMPANY
ARTESIA, NEW MEXICO
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TOTAL BEPTH: 10,200 , WASTE DISPOSAL WELL NO. 1
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Confining Zone

B |-

Injection Interval

TOTAL DEPTH. 10,372

BELOW GROUND DETAILS

All depths are referenced to the Kelly bushing elevation of 13' above
ground level. Ground level elevation is 3610' above mean sea level.

1. Base of the USDW at 473",

2. Surface Casing: 8 %", 32 Ib/ft, set at 1995’ in an 11" hole.
Cemented to surface with 80D sacks of cement.

3. Injection Tubing: 3 15", 9.2 Ib/ft, J-55, smis, NUE 10 rd. set at 7528".
4. DV Tool: at5,785".

5. Annulus Fluid : 8.7 Ib/gal brine water mixed w/UniChem Techni-Hib
370 corrosion inhibitor,

6. Protection Casing: 5 %", 17 ib/ft, L-80, LT&C: 8869 to the surface
and setina 7 74" hole. Casing cemented in two stages as fallows:

First Stage - 575 sacks of modified Class "H" with 0.4 % CFR-3,5
Ib/sk Gilsonite, 0.5 % Halad-344, and 3 Ib/sk salt. Mixed at 13.0
ppg. Opened DV tool at 5785 and circulated 20 sacks to surface.

Second Stage - Lead Slurry: 300 sacks of Interfill "C" (35:65:6)
mixed at 11.7 ppg. Tail slurry: 695 sacks modified Class "H" with
0.4% CFR-3, 5 Ib/sk Gilsonite, 0.5 % Halad-344 and 3 Ib/sk salt
mixed at 13.0 ppg. Circulated 150 sacks to surface. Topped out
with 10 yards of Redi-mix.

7. Packer: 5 14" x 274" Weatherford Completion Tools (Arrow) Mode!
X-1 retrievable packer set at 7528'. Minimum 1D is 2.4375",
Wireline re-entry guide is on bottom. To release: turn % turn to the
right and pick up.

8. Perforations (2 SPF):
Zone 1: 7570-7620', 7676-7736'
Zone 2; 7826-7834', 7858-7880', 7886-7904", 7916-7936',
7944-7964', 7990-8042', 8096-8116", 8191-8201",
8304-8319',8395-8399'".

9. PBTD: 8770'

10. Cement Plug: 45 sacks from 9675 to 9775".

1
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HOUSTON, TX. ’
SOUTH BEND, IN.
BATON ROUGE, LA, J

FIGURE 2

NAVAJO REFINING COMPANY
ARTESIA, NEW MEXICO

BELOW GROUND DETAILS
WASTE DISPOSAL WELL NO, 2

H DATE: 07/13/01 [CHECKED BY: 1J0B NO: 70D5256
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13-3/8” at 400°

Top of Cement at 900°
7’ x 9/58” Casing Annulus

300PSI Sealant was placed across
the intervals

: Surface — 1000’
A B 9-5/8” at 2600’ 7000° —7550°
The Remaining Annulus Contains
Inhibited Brine 8.7 ppg

4-1/2” 11.6 1b/ft
J-55 LTC
Injection Tubing

- 7050°-7102" Squeezed with 80 sks

[l

Jil

7262°-7278’ Squeezed with 100 sks

Arrow X-1 Packer
7'x27/8° T 7]
7575 37K Tension

Perforations
‘ 7660°-8450°

2 JSPF, 60°, 0.5

il

7304°-7314° Squeezed with 80 sks,
=4—7676°-7698" Old Perforations Open

By

]

HHEI

TTHTTTTTTI

8540°-8620°
2 JSPF, 60°, 0.5 Cement was tagged at 9022’

4-1/2” Liner Top @ 9051’

J k 77 26 1o/t & 29 Ib/ft @ 9450°

CIBP @ 9800° w/35’ cement

E = 9861-9967
4 BATON ROUGE, LA
Figure 3
API# 30-015-26575 Injection Well / WDW-3
S1-T18S-R27E Navajo Refining
Formally Chalk Bluff Federal #1
NOt to Scale DATED: 12/14/05APPROVED BY: JOB NO. 70F5826
DRAWN BY: JDB | CHECKED BY: SCALE: N/A .
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WDW-2 Static Gradient Survey - April 3, 2008
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WDW-3 Static Gradient Survey - April 2, 2008
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APPENDIX A

NAVAJO REFINING COMPANY
CHRONOLOGY OF FIELD ACTIVITIES
WDW-1, WDW-2, AND WDW-3
“MEWBOURNE”, CHUKKA”, AND “GAINES”

MONDAY, MARCH 31, 2008

Traveled to Artesia, New Mexico, contacted the client, and contacted contractors.
Navajo started injecting into well No. 3 at a rate of 250 gpm at 10:00 am. MST. Well
No. 3 will be shut in until 10:00 a.m. tomorrow April 1, 2008.

TUESDAY, APRIL 1, 2008

Subsurface arrived at the jobsite at 6:30 a.m. MST and Pro Well Testing & Wireline (Pro
Well) arrived at the jobsite at 7:00 a.m. MST. Pro Well had the down hole pressure
gauge on bottom in well No. 3 at 9:14 a.m. MST and the well was shutin at 10:03 a.m.
MST. Pro Well moved over to well No. 2. At 10:05 a.m. MST Navajo control room had
well No. 1 at constant injection rate of 263 bpm. Pro Well had the pressure gauge on
bottom at 10:30 a.m. MST in well No. 2 and moved over to well No. 1. When Pro Well
started to remove the pressure gauge from the wellhead on well No. 1, the gauge blew out
of the top fitting releasing fluid into the air. The 2-inch crown ball valve did not hold and
was washed out, the needle valve on the gauge was locked down and would not close,
and the 1/2-inch fitting on the wellhead was washed out.

Well No. 1 had to be shut in and flow diverted to well No. 2. Well No. 2 was brought to
a constant rate of 268 gpm at 12:08 a.m. MST. Pro Well placed the bottom-hole pressure
gauge on bottom in well No. 1 at 5:40 am. MST. Pro Well had to hot shot out a
crossover and repair an o-ring before setting the bottom-hole gauge in well No. 1.
According to the schedule well No. 1 and well No. 2 will be exchanged and well No. 2
will go ahead of well No. 1. In well No. 1 the bottom of the well was tagged at 8856 ft.

SUBSURFACE
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APPENDIX A (Continued)

In well No. 2, the bottom of the well was tagged at 7928 ft, and in well No. 3 the bottom
could not be tagged there because there was not enough wire on the reel to tag bottom.
Pro Well only had 8000 feet on the reel. The bottom-hole gauge in well No. 1 was placed
at 7924 ft, in well No. 2 the bottom-hole gauge was placed at 7570 ft, and in well No. 3
the bottom-hole gauge was placed at 7660 ft. Subsurface left the jobsite at 6:00 a.m.
MST.

WEDNESDAY, APRIL 2, 2008

Subsurface arrived on the jobsite at 7:30 a.m. MST and checked wells. No leaks were
present. Spoke with Navajo Champion contract hand responsible for the well.
Subsurface informed the contract hand to be back at the well site at 11:45 a.m. and well
No. 2 would be shut in. Well No. 1 was opened and flow diverted from well No.2 at
12:00 p.m. MST and well No. 2 was shut in at 12:09 p.m. MST. The plant could not
keep well No.3 shut in due to a buildup of fluids in the holding tanks at the plant. The

control room requested that another well be opened.

At 1:04 p.m. MST well No. 3 was opened and injection started at 280 gpm. At 1:20 p.m.
MST flow was stabilized in well No. 1 and well No. 3 at 235 gpm and 230 gpm,
respectively. At 3:11 p.m. MST well No. 1 was flowing 235 gpm at 900 psig and well
No. 3 was flowing at 230 gpm at 570 psig. Well No. 2 was shut in with no leaks.
Between 12:00 p.m. MST and 1:00 p.m. MST the filters in the primary filter pod were
changed twice. Between 1:00 p.m. MST and 3:00 p.m. MST the filters in the primary
filter pod were again changed twice. The supervisor for the Champion crew informed me
that when the holding tanks at the plant are full, they have to change the filters frequently

due to solids being sent down the pipe line.

THURSDAY, APRIL 3, 2008

Subsurface arrived at the jobsite at 9:00 a.m. MST and checked all three wells. Well No.
3 was injecting at a rate of 232 gpm with a wellhead pressure of 565 psig. Well No. 2

was shut in with on leaks and a wellhead pressure of 95 psig. Well No. 1 was injecting at
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APPENDIX A (Continued)

a rate of 235 gpm with a welthead pressure of 900 psig. At 1:42 p.m. MST well No. 2
was opened at a rate of 145 gpm with a wellhead pressure of 650 psig. The plant needed
two operational wells to handle the fluids. At 1:50 p.m. MST well No. 1 was shut in
with 550 psig on the wellhead. At 2:35 p.m. MST well No. 2 had to be shut in to change
filters (no secondary bypass on well No. 2). At 3:05 p.m. MST well No. 2 had a stable
rate of 158 gpm with a wellhead pressure of 650 psig.

FRIDAY, APRIL 4, 2008

Subsurface arrived at the jobsite at 10:30 a.m. MST. Pro Well arrived at well No. 3 at
11:20 am. MST. Pro Well pulled all gauges from the wellbores making 5 minute
gradient stops every 1000 ft. Well No. 3 was shut in for 45 minutes before pulling
pressure memory gauge out of the wellbore. Well No. 2 was shut in for 55 minutes
before pulling pressure memory gauges out of the wellbore. On well No. 3, the wellhead
pressure remained constant at 48 psig. On well No. 2 at 7570 feet wellhead pressure was
240 psig, at 7000 feet wellhead pressure was 119 psig, at 6000 feet wellhead pressure
was 119 psig, at 5000 feet wellhead pressure was 114 psig, at 4000 feet wellhead
pressure was 110 psig, at 3000 feet wellhead pressure was 110 psig, at 2000 feet
wellhead pressure was 110 psig, at 1000 feet wellhead pressure was 108 psig, and at
surface wellhead pressure was 106 psig. On well No. 1, the wellhead pressure was
relative constant at 60 psig. All wells were turned over to Navajo Refining at 7:40 p.m.
MST.
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APPENDIX B

GAUGE CALIBRATION CERTIFICATES
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APPENDIX B

Spartek Systems Pressure Gauge
#1 Thevenaz Ind. Tr. e . .
Sylvan Lake, AB, Ca, T4S 1P5 Certificate of Calibration

Phone (403) 887-2443
Fax (403) 887-4050

Calibration Report - 75871.

0.025 20.00C Subset 2 Subset 3 Subset 4 Subset 5 Subset 6 Subset 7
0.020+
0.015 -
0.010F e |
C
e

(%F@
o
o
a

g
5 N -
30000 g
o -
E0.00S " \ /
-0.0101 —
-0.015
-0.025- e l—d ~ i - L - —{- - : - - - - -~
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
PSIA
GAUGE NUMBER: 75871
2-D POLYNOMIAL LMS CURVEFIT
Source of f: Pres Temp Pressure Equation:
Fit Order: 3 4 Pressure (PSI) = A + xp(B + xp(C + xp(D)))
Prescale: xp =m * (fp - £fp0) xt =m * (£t - £t0)
m: 001 0.01 Temperature Compenstation:
fp0 = 681662 ft0 = 152045 A = A0 + xt(Al + xt(A2 + xt (A3 + xt(A4))))
B = BO + xt(Bl + xt(B2 + xt(B3 + xt(B4))))
C =C€0 + xt(C1 + xt(C2 + xt(C3 + xt(C4a))))
D = DO + xt(Dl + xt(D2 + xt(D3 + xt(D4))))
0 1 2 3 4
Pressure (psi) STANDARD FIT COEFFICIENTS:
A 12.10286968 0.1470412742 0.0002468938414 -7.497062382E-07 -3.70888077E-09
B 1.667309854 -0.00140454224 -2.843588797E-07 -1.401645552E-09 2.298300841E-12
C -4.224954529E-06 =2.851033337E-08 -6.041581441E-10 -3.146294955E-12 -5.756520944E~-15
D -1.483149629E-11 7.399789391E-12 1.626124344E-13 8.394193027E-16 1.426114424E-18
Temperature (C) STANDARD FIT COEFFICIENTS
A 19.84409497
.ﬂ -0.3680945049
C -1.917152205E-05
D -2.247456296E-07




0 points eliminated.
Error File: Gauge # 75871

Pressure Temperature Count (Pres) Count (Temp) DIFF (press)
‘7si Deg. C ’ psi
513.28 20.00 0.41 -0.27 -0.27
1013.55 20.00 0.02 -0.33 -0.33
2013.87 20.00 -0.17 -0.33 -0.33
3014.16 20.00 -0.14 -0.20 -0.20
4014.44 20.00 -0.05 0.07 0.07
5014.69 20.00 0.16 0.48 0.48
6014.92 20.00 -0.10 1.03 1.03
12.41 50.00 -0.07 -0.20 -0.20
513.28 50.00 0.29 -0.30 -0.30
1013.55 50.00 0.06 -0.35 -0.35
2013.87 50.00 -0.01 -0.37 -0.37
3014.16 50.00 0.10 -0.28 -0.28
4014.44 50.00 0.27 -0.10 -0.1¢0
5014.69 50.00 0.34 0.21 0.21
6014.92 50.00 -0.01 0.64 0.64
12.41 75.00 -0.25 -0.03 -0.03
513.28 75.00 -0.02 -0.12 -0.12
1013.55 75.00 -0.15 ' -0.17 -0.17
2013.87 75.00 -0.07 -0.21 -0.21
3014.16 75.00 -0.18 -0.17 -0.17
4014.44 75.00 -0.62 -0.01 -0.01
5014.69 75.00 -0.36 0.24 0.24
6014.92 75.00 -0.16 0.59 0.59
12.41 95.10 0.23 0.11 0.11
513.28 95.10 0.11 0.04 0.04
1013.55 95.10 -0.18 -0.03 -0.03
2013.87 95.10 -0.09 -0.07 -0.07
3014.16 95.10 0.21 -0.03 -0.03
4014 .44 95.10 0.08 0.10 0.10
5014.69 95.10 -0.12 0.30 0.30
6014.92 95.10 0.07 0.56 0.56
12.41 115.10 0.01 0.05 0.05
513.28 115.10 0.00 -0.06 -0.06
1013.55 115.10 0.20 ~0.12 -0.12
) 2013.87 115.10 0.26 -0.17 -0.17
3014.16 115.10 0.21 -0.14 -0.14
4014 .44 115.10 0.55 : -0.04 -0.04
5014.69 115.10 0.66 0.07 0.07
6014.92 115.10 0.52 0.28 0.28
12.41 134.90 0.18 -0.01 -0.01
513.28 134.90 -0.20 -0.07 -0.07
1013.55 134.90 -0.63 -0.13 -0.13
2013.87 134.90 0.00 -0.20 -0.20
3014.16 | 134.90 0.08 -0.25 -0.25
4014.44 134.90 -0.61 -0.28 -0.28
5014.69 134.90 -0.85 -0.19 -0.19
6014.92 134.90 -0.66 -0.14 -0.14
12.41 149.80 0.03 0.31 0.31
513.28 149.80 0.29 0.26 0.26
1013.55 149.80 -0.26 0.18 0.18
2013.87 149.80 -0.17 0.08 0.08
3014.16 149.80 0.58 0.02 0.02
4014.44 149.80 0.21 ) -0.01 -0.01
5014.69 149.80 -0.23 -0.02 -0.02

6014.92 149.80 0.52 -0.10 - -0.10




Spartek Systems

#1 Thevenaz Ind. Tr.

Sylvan Lake, AB, Ca, T4S 1P5
Phone (403) 887-2443

Fax (403) 887-4050

MODEL 1139
SERIAL NUMBER 75871
CALIBRATED JUN13/08
PRESSURE RANGE 6014.92 psi
ACCURACY

Pressure Gauge
Certificate of Conformance

REVISION 0
DEADWEIGHT USED Piston Cylinder No. 528
E.U.B. CERT. DATE May 09 2006

TEMPERATURE RANGE  149.80 Deg. C

As shown in the graph below, this Spartek Gauge conformed to within +/- 0.025 %F.S. of the pressure
standard used in calibration, which is accurate to within +/- 0.01% of reading. This gives an overall

accuracy of +/-(0.025%F.S. + 0.01% of reading)

Spartek Quality Assurance
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Spartek Systems

#1 Thevenaz Ind. Tr.

Z

Phone (403) 887-2443
Fax (403) 887-4050

20.00 C Subset 2

Sylvan Lake, AB, Ca, T4S 1P5

Pressure Gauge
Certificate of Calibration

Calibration Report - 76169.
v

[l
Subset 3

Subset 6

L]

Subset 5

Subset 4

0.025

VUL

0.020

0.015

TTT1T

0.010

(%FS)
o
&

o
o
o
<

Diff. Pressure

o
o
=)

(%2

-0.010

3 T

-0.015

-0.025

500 1000 1500 2000
GAUGE NUMBER: 76169
2-D POLYNOMIAL LMS CURVEFIT
Source of f: Pres Temp
Fit Order: 3 4
Prescale: xp =m * (fp - fp0) Xt =
m: 0.01 0.01

fp0 = 681645 fto =

0 1
Pressure (psi) STANDARD FIT COEFFICIENTS:

0.1882850161
-0.001786427729
1.031978613E-07

A 13.44324838
B 2.01472189
C -4.883058348E-06
D 2.999047813E-10 -2.003609874E-11

Temperature (C) STANDARD FIT COEFFICIENTS
19.9770683

=0.,357215731

4.219414208E-06

-2.235439456E-07

m

2500 3000
PSIA
* {£E - EE0)
151106
2

0.00101019162
-3.408955408E-06
1.962575439E-09
-3.805828823E-13

3500 4000 4500 5000 5500

Pressure Equation:

Pressure (PSI) A + xp(B + xp(C + xp(D))

Temperature Compenstation:

A = A0 + xt (Al + xt(A2 + xt (A3 + xt(A4))))

B = B0 + xt(B1 + xt(B2 + xt (B3 + xt(B4))))

C =C0 + xt(Cl + xt(C2 + xt(C3 + xt(C4))))

D = DO + xt (D1l + xt(D2 + xt(D3 + xt(D4))))
3 4

2.870013815E-06 3.120425604E-09
-1.762779483E-08

1.037101793E-11

-2.326711214E-11
1.587160732E-14

-2.12811198E-15 -3.419813586E-18




0 points eliminated.
Error File: Gauge # 76169

Pressure Temperature Count (Pres) Count (Temp) DIFF (press)
‘rsi Deg. C psi
1003.75 20.00 0.05 -0.14 -0.14
1993.33 20.00 0.20 -0.19 -0.19
3008.16 20.00 -0.31 -0.16 -0.16
4012.02 20.00 -0.05 0.00 0.00
5001.33 20.00 0.20 0.20 0.20
5987.27 20.00 -0.09 0.47 0.47
13.50 50.00 ~0.08 -0.08 -0.08
1003.75 50.00 0.04 -0.16 -0.16
1993.33 50.00 0.20 -0.22 -0.22
3008.16 50.00 -0.33 -0.20 -0.20
4012.02 50.00 0.13 -0.11 -0.11
5001.33 50.00 0.42 0.02 0.02
5987.27 50.00 -0.10 0.28 0.28
13.50 85.00 0.13 0.07 0.07
1003.75 85.00 -0.18 0.01 0.01
1993.33 85.00 0.57 -0.04 -0.04
3008.16 85.00 -0.35 ~0.03 -0.03
4012.02 85.00 -0.46 0.02 0.02
5001.33 85.00 -0.39 0.12 0.12
5987.27 85.00 -0.19 0.30 0.30
13.50 110.00 -0.03 0.13 0.13
1003.75 110.00 -0.20 0.01 0.01
1993.33 110.00 -0.23 -0.06 -0.06
3008.16 110.00 0.10 -0.06 -0.06
4012.02 110.00 0.74 -0.01 -0.01
5001.33 110.00 0.46 0.09 0.09
5987.27 110.00 0.51 0.23 0.23
13.50 135.00 0.21 -0.10 -0.10
1003.75 135.00 -0.52 -0.17 -0.17
1993.33 135.00 1.07 -0.21 -0.21
3008.16 135.00 -0.47 -0.23 ~-0.23
4012.02 135.00 -0.58 -0.21 -0.21
5001.33 135.00 -0.14 -0.13 -0.13
‘5987.27 135.00 -0.65 -0.01 -0.01
13.50 150.00 0.04 0.17 0.17
1003.75 150.00 -0.05 0.07 0.07
1993.33 150.00 -0.42 0.01 0.01
3008.16 150.00 0.47 0.01 0.01
4012.02 150.00 0.23 0.03 0.03
5001.33 150.00 -0.28 0.08 0.08
5987.27 150.00 0.44 0.19 0.19




Spartek Systems Pressure Gauge

#1 Thevenaz Ind. Tr. o

Sylvan Lake, AB, Ca, T4S 1P5 Certificate of Conformance
Phone (403) 887-2443

Fax (403) 887-4050

MODEL : 1139 REVISION 0

SERIAL NUMBER 76169 DEADWEIGHT USED Piston Cylinder No. 528
CALIBRATED DEC15/06 E.U.B..CERT. DATE May 09 2006
PRESSURE RANGE 5987.27 psi TEMPERATURE RANGE  150.00 Deg. C
ACCURACY

As shown in the graph below, this Spartek Gauge conformed to within +/- 0.025 %F.S. of the pressure
standard used in calibration, which is accurate to within +/- 0.01% of reading. This gives an overall
accuracy of +/-(0.025%F.S. + 0.01% of reading)

Spartek Quality Assurance
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0.025

Spartek Systems ' Pressure Gauge

#1 Thevenaz Ind. Tr. . . .
Sylvan Lake, AB, Ca, T4S 1P5 Certificate of Calibration
Phone (403) 887-2443

Fax (403) 887-4050

Calibration Report - 76171.
[¥] [X]

(4] LY (X
20.00C Subset 2 Subset 3 Subset 4 Subset 5 Subset 6

0.020

0.015

0.010

(%FS)
=)
&

0.000

Diff. Pressure

o

.005

-0.010

-0.015

GAUGE NUMBER: 76171
2-D POLYNOMIAL LMS CURVEFIT

Source of f: Pres Temp Pressure Equation:
Fit Order: 3 4 Pressure (PSI) = A + xp(B + xp(C + xp(D)))
Prescale: xp =m * (fp - £fp0) =t = ¥ (FE — TEO)
m: 0.0/ 0.01 Temperature Compenstation:
fp0 = 682665 ft0 = 153842 A = A0 + xt(Al + xt(A2 + xt (A3 + xt(Ad))))

B = BO + xt (Bl + xt (B2 + xt (B3 + xt(B4))))
C = eb + xt(Cl + KE(C2 + XLt (C3 + XL (C4))))
D = DO + xt (Dl + xt(D2 + xt(D3 + xt(D4))))

0 1 2 3 4

Pressure (psi) STANDARD FIT COEFFICIENTS:

R 12.2551175 0.1748750913 0.0008052992962 2.47667845E-06 2.282281159E-09
B 1.56280682 -0.001353704805 -7.07917054E-07 -2.406321159E-09 6.234101618E-13
C -2.604719936E-06 6.63420475E-09 -3.231797389E-10 -2.556611828E-12 -5.25675259E-15
D 2.72637747E-11 5.127132241E-13 9.443784426E-14 6.343350966E-16 L.193555597E-18

Temperature (C) STANDARD FIT COEFFICIENTS

A 19.90653814
.E -0.3618117879

€ -1.3310091E-05
D -1.97185011E-07




0 points eliminated.
Error File: Gauge # 76171

Pressure Temperature Count (Pres) Count (Temp) DIFF (press)
| ‘si Deg. C ' psi
506.29 20.00 0.23 -0.26 -0.26
1002.18 20.00 0.01 -0.34 -0.34
1990.67 20.00 -0.13 -0.35 -0.35
3006.83 20.00 ~-0.03 -0.23 -0.23
3993.54 20.00 0.08 0.06 0.06
5011.74 20.00 -0.05 0.50 0.50
5998.13 20.00 0.00 1.08 1.08
12.41 50.00 0.24 -0.18 -0.18
506.20 50.00 -0.37 -0.30 ~0.30
1002.08 50.00 -0.10 -0.37 -0.37
1980.57 50.00 0.17 -0.41 -0.41
3006.71 50.00 0.12 -0.31 -0.31
3993.40 50.00 0.01 -0.15 ~0.15
5011.43 50.00 0.03 0.18 0.18
5997.99 50.00 0.07 0.61 0.61
12.41 85.00 0.12 0.10 0.10
506.24 85.00 -0.065 0.03 0.03
1002.11 85.00 0.06 -0.05 -0.05
1990.64 85.00 0.11 : -0.09 -0.09
3006.78 85.00 0.02 -0.07 -0.07
3593.498 85.00 -0.23 0.08 0.08
5011.53 85.00 -0.44 0.31 0.31
5998.09 85.00 -0.11 0.63 0.63
12.41 110.00 0.14 0.03 0.03
506.29 110.00 -0.36 -0.04 -0.04
1002.16 110.00 -0.18 -0.09 -0.09
1990.63 110.00 0.02 -0.14 -0.14
3006.78 110.00 0.15 -0.14 -0.14
3993.47 110.00 0.19 -0.02 ~-0.02
5011.48 110.00 0.37 0.20 0.20
5998.03 110.00 0.44 0.50 0.50
12.41 135.00 0.34 -0.11 -0.11
506.23 135:00 -0.25 -0.20 -0.20
1002.10 135.00 -0.09 -0.26 ~-0.26
1990.60 135.00 0.16 -0.34 -0.34
3006.74 135.00 0.27 -0.34 -0.34
3893.43 135.00 -0.17 -0.26 ~-0.26
5011.46 135.00 -0.53 -0.11 ~0.11
5898.00 135.00 -0.34 0.16 0.16
12.41 150.00 0.52 0.20 0.20
506.28 150.00 -0.64 0.12 6.12
1002.16 150.00 ~-0.44 0.05 0.05
1990.65 150.00 0.40 -0.02 -0.02
3006.80 150.00 0.36 -0.03 -0.03
3993.51 . 150.00 ~0.03 0.03 0.03
5011.54 150.00 -0.39 0.12 0.12
5998.09 150.00 0.44 0.32 0.32




Spartek Systems Pressure Gauge

#1 Thevenaz Ind. Tr. .

Sylvan Lake, AB, Ca, T4S 1P5 Certificate of Conformance
Phone (403) 887-2443

Fax (403) 887-4050

MODEL 1139 REVISION 0

SERIAL NUMBER 76171 DEADWEIGHT USED Piston Cylinder No. 528
CALIBRATED Dec08/05 E.U.B. CERT. DATE May 09 2006
PRESSURE RANGE 5998.13 psi TEMPERATURE RANGE  150.00 Deg. C
ACCURACY

As shown in the graph below, this Spartek Gauge conformed to within +/- 0.025 %F.S. of the preséure
standard used in calibration, which is accurate to within +/- 0.01% of reading. This gives an overall
accuracy of +/-(0.025%F.S. + 0.01% of reading)

Spartek Quality Assurance
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Spartek Systems

#1 Thevenaz Ind. Tr.

Sylvan Lake, AB, Ca, T4S 1P5
Phone (403) 887-2443

Fax (403) 887-4050

[a] (Y]
Subset 2 Subset 3 Subset 4

Calibration Report - 76173.

Pressure Gauge

[X]

Subset 5

Certificate of Calibration

o]
Subset 6 Subset 7

0.025

0.020

0.015

0.010

.005+

(%FS)

0.000-

Riff. Pressure
°
o
o
(5]

-0.010

-0.015

T

~0025J 7

500 1000 1500 2000 2500 3000

GAUGE NUMBER: 76173

2-D POLYNOMIAL LMS CURVEFIT
Source of f£: Pres Temp
Fit Order: 3 5
Prescale: xp =m * (fp - £fp0) xt = m * (ft - £ftO0)
m: 0.01 0.01
fp0 = 676252 ft0 = 150060
0 ! 2
Pressure (psi) STANDARD FIT COEFFICIENTS:
A 12.19084404 0.1152200:767 -1.195124921E-05
B 2.704273645E-12 1.436241159 -0.001272720556
C =1.294102279E~11 -2.082708752E-14 -8.074381749E-07
D 4.139520371E-12 1.340524904E-14 1.800435558E-17

Temperature (C) STANDARD FIT COEFFICIENTS

A
o
c
D

19.90573491
-0.3784073931
-7.784780708E-05
-3.859181491E-07

Pressure Equation:

Pressure

5000 5500

(PST) = A + xp(B + xp(C + xp(D)))

Temperature Compenstation:

A =

B =
Cc =
D

AD
BO
co
DO

+
+
+

+

=1
=8

xt (Al + xt (A2
xt (Bl + xt (B2
Xt (C1 + xt(C2
xt(Dl * Xt(D2

.133738362E-06
.442813661E-07

3.372317967E-08

1.534116645E-11

+

+

4

xt (A3 + xt(Ad))))
xt (B3 + xt(B4))))
xE(C3 + xti(CE))))
xt (D3 + xt(D4))))

-3.99811623E-09
-5.745944896E-09
5.518021801E-10
-7.576183767E~12




0 points eliminated.
Error File: Gauge # 76173

Pressure Temperature Count (Pres) Count (Temp) DIFF (press)
si Deg. C psi
513.28 - 20.20 0.35 -0.44 -0.44
1013.55 20.20 -0.01 -0.51 -0.51
2013.87 20.20 -0.16 -0.47 -0.47
3014.16 20.20 ~0.04 ~0.26 -0.26
4014.44 20.20 0.08 0.10 0.10
5014.69 20.20 0.04 0.64 0.64
6014.92 20.20 -0.04 1.37 1.37
12.41 50.10 -0.15 -0.18 -0.18
513.28 50.10 0.24 -0.29 -0.29
1013.55 50.10 -0.02 -0.34 -0.34
2013.87 50.10 -0.08 -0.34 -0.34
3014.16 50.10 -0.09 -0.20 -0.20
4014.44 50.10 0.08 0.07 0.07
5014.69 50.10 -0.01 0.45 0.45
6014.92 50.10 0.00 0.94 0.94
12.41 75.10 -0.04 -0.15 -0.15
513.28 75.10 0.16 -0.29 -0.28
1013.55 75.10 -0.04 -0.34 -0.34
2013.87 75.10 -0.06 -0.35 -0.35
3014.16 75.10 0.02 -0.27 -0.27
4014.44 75.10 0.04 -0.08 -0.08
5014.69 75.10 0.03 0.24 0.24
6014.92 75.10 -0.04 0.62 0.62
12.41 94.90 ~-0.18 0.07 0.07
513.28 94.30 0.22 -0.07 -0.07
1013.55 94.90 ~0.13 -0.13 -0.13
2013.87 94.30 -0.07 -0.16 -0.16
3014.16 94.90 0.05 ~0.10 -0.10
4014.44 94.90 -0.02 0.04 0.04
5014.69 94.80 -0.03 0.24 0.24
6014.82 94.30 6.02 0.33 0.33
12.41 114.90 -0.17 0.15 6.15
513.28 114.90 0.45 0.03 0.03
1013.55 114.90 -0.07 -0.04 -0.04
013.87 114.90C -0.18 -0.09 -0.09
3014.16 114.90 0.06 -0.01 -0.01
4014.44 114.90 0.03 0.14 0.14
5014.69 114.90 0.03 0.32 0.32
6014.92 114.90 -0.01 0.25 0.25
12.41 134.70 -0.26 0.56 0.56
513.28 134.70 0.45 0.31 0.31
1013.55 134.70 -0.19 0.19 0.19
2013.87 134.70 -0.10 0.01 0.01
3014.16 134.70 -0.02 -0.02 -0.02
4014 .44 134.70 -0.01 . 0.00 0.00
5014.69 134.70 0.13 -0.82 -0.82
6014.92 134.70 -0.08 ~0.93 -0.93
12.41 149.70 0.25 0.62 0.62
513.28 1435.70 -0.22 0.44 0.44
1013.55 149.70 -0.25 0.29 0.29
2013.87 149.70 0.18 0.12 0.12
3014.16 149.70 0.24 -0.04 -0.04
4014.44 149.70 -0.05 -0.18 ~0.19
5014.69 149.70 -0.25 -0.37 -0.37
6014.92 149.70 0.13 -0.74 -0.74




Spartek Systems Pressure Gauge

#1 Thevenaz Ind. Tr. v en

Sylvan Lake, AB, Ca, T4S 1P5 Certificate of Conformance
Phone (403) 887-2443

Fax (403) 887-4050

MODEL 1139 REVISION 0

SERIAL NUMBER - 76173 DEADWEIGHT USED Piston Cylinder No. 528
CALIBRATED JUN21/06 E.U.B. CERT. DATE May 09 2006
PRESSURE RANGE 6014.92 psi TEMPERATURE RANGE  149.70 Deg. C
ACCURACY

As shown in the graph below, this Spartek Gauge conformed to within +/- 0.025 %F.S. of the pressure
standard used in calibration, which is accurate to within +/- 0.01% of reading. This gives an overall
accuracy of +/-(0.025%F.S. + 0.01% of reading)

Spartek Quality Assurance
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Spartek Systems Pressure Gauge

#1 Thevenaz Ind. Tr. e . .
Sylvan Lake, AB, Ca, T4S 1P5 Certificate of Calibration

Phone (403) 887-2443
Fax (403) 887-4050

Calibration Report - 76181.
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500 1000 1500 2000 2800 3000 3500 4000 4500 5000 5500
PSIA
GAUGE NUMBER: 76181
2-D POLYNOMIAL LMS CURVEFIT
Source of f: Pres Temp Pressure Equation:
Fit Order: 3 4 Pressure (PSI) = A + xp(B + xp(C + xp(D)))
Prescale: xp = m * (fp - £fp0) xt =m * (ft - £ft0)
m: 0.01 0.01 Temperature Compenstation:
fp0 = 677307 £t0 = 151955 A = A0 + xt (Al + xt(A2 + xt (A3 + xt(A4))))
B = B0 + xt (Bl + xt(B2 + xt (B3 + xt(B4))))
C = CO # =L(CL + ®t(C2 #* xt(C3 + Xt (€4))))
D = DO + =t{Dl + %t (D2 * xt(D3 *+= xt(D4))))
0 b 2 3 4
Pressure (psi) STANDARD FIT COEFFICIENTS:
A 12.24595525 0.05962968258 -0.0001598124101 -2.25857516E-06 -8.885593028E-09
B 1.553310425 -0.001364682207 -1.712636915E-06 -9.880920148E-09 -9.235607997E-12
C -5.883112674E-06 3.737223715E=08 7.455408543E-10 3.981119031E-12 4.220166214E-15
D 4.102399605E-11 -8.520541739E-12 -1.478844911E-13 -7.70247043E-16 -9.211866484E-19

Temperature (C) STANDARD FIT COEFFICIENTS

A 19.9335461
.B -0.3590502979

C 5.883631425E-05
D -3.117057087E-08




0 points eliminated.

Error File: Gauge # 76181

Pressure
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Spartek Systems

#1 Thevenaz Ind. Tr.

Sylvan Lake, AB, Ca, T4S 1P5
Phone (403) 887-2443

Fax (403) 887-4050

MODEL 1139
SERIAL NUMBER 76181
CALIBRATED Jan04/06
PRESSURE RANGE 5998.27 psi
ACCURACY

Pressure Gauge
Certificate of Conformance

REVISION 0
DEADWEIGHT USED Piston Cylinder No. 528
E.U.B. CERT. DATE - May 09 2006

TEMPERATURE RANGE  150.00 Deg. C

As shown in the graph below, this Spartek Gauge conformed to within +/- 0.025 %F.S. of the pressure
standard used in calibration, which is accurate to within +/- 0.01% of reading. This gives an overall

accuracy of +/-(0.025%F.S. + 0.01% of reading)

Spartek Quality Assurance

5
0.025- 2234 C
I~ 7l
. . é
C ’
0.020 :
- 0
F :
i
0.010 E O A
- o/ \ /H\ E‘
0.005-F ;
@ C / g
w C i
=3
£0.000 e ‘
S - N
i} n
C K
-0.005 t O
-0.010 N V/ ‘
-0.0154 ;
-0.0204 !

PSIA

Date: Wednesday, April 09, 2008

@ M




Spartek Systems

#1 Thevenaz Ind. Tr.

’ Sylvan Lake, AB, Ca, T4S 1P5
Phone (403) 887-2443
Fax (403) 887-4050

Calibration Report - 76182.

Pressure Gauge

Certificate of Calibration
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500 1000 1500 000 2500 3000 3500 4000 4500 5000 5500
PSIA
GAUGE NUMBER: 76182
2-D POLYNOMIAL LMS CURVEFIT
Source of f: Pres Temp Pressure Equation:
Fit Order: 3 4 Pressure (PSI) = A + xp(B + xp(C + xp(D)))
Prescale: xp =m * (fp - £fp0) xt =m * (ft - £t0)
m: 003 0.01 Temperature Compenstation:
fp0 = 688862 ft0 = 152426 A = A0 + xt (Al + xt (A2 + xt (A3 + xt(n4))))
B = BO + xt(Bl + xt(B2 + xt (B3 + xt(B4))))
C=C0 #+ xt(cl + xE(C2 + xt(C3 + xt(C4))))
D = DO + xt(D1 + xt(D2 + xt (D3 + xt(D4))))
0 i 2 3 4
Pressure (psi) STANDARD FIT COEFFICIENTS:
A 13.47852494 0.2189303292 0.0005428346087 -5.845752466E-07 -4.705748664E-09
B 1.99173863 -0.001653224689 -7.67652636E-07 -2.220527404E-09 4.851584078E-12
C -4.524144325E-06 1.026879913E-08 -4.319609922E-12 -1.009417117E-12 -4.518369862E-15
D 1.235198867E-10 5.134001041E-13 6.499233546E~-14 4.86295983E~-16 1.270013257E-18

Temperature (C) STANDARD FIT COEFFICIENTS

A 19.94484003
‘ B -0.3611188605

C -4.342615759E-05

D -3.152177425E-07




0 points eliminated.
Error File: Gauge # 76182

Pressure Temperature Count (Pres)
si Deg. C
1003.75 20.00 -0.05
1993.33 20.00 0.22
3008.16 20.00 -0.27
4012.02 20.00 0.03
5001.33 20.00 0.11
5887.27 ' 20.00 -0.05
13.50 50.00 -0.05
1003.75 50.00 0.03
1993.33 50.00 0.23
3008.16 50.00 ~-0.29
4012.02 50.00 0.04
5001.33 50.00 0.20
5987.27 50.00 -0.08
13.50 85.00 0.22
1003.75 85.00 -0.54
1893.33 85.00 0.38
3008.16 85.00 0.01
4012.02 85.00 -0.21
5001.33 85.00 -0.15
5987.27 85.00 0.05
13.50 110.00 -0.16
1003.75 110.00 0.22
1993.33 110.00 0.08
3008.16 110.00 -0.27
4012.02 - 110.00 0.37
5001.33 110.00 0.13
5987.27 110.00 0.00
13.50 135.00 0.27
1003.75 135.00 -0.51
1993.33 135.00 0.06
3008.16 135.00 0.36
4012.02 135.00 -0.12
5001.33 135.00 -0.49
1987.27 135.00 0.13
3.50 150.00 0.22
1003.75 150.00 -0.55
1993.33 150.00 0.07
3008.16 150.00 0.44
4012.02 150.00 0.31
5001.33 150.00 -0.69

5987.27 150.00 0.31

Count

-0.17
-0.22
-0.18
0.00
0.22
0.51
-0.05
-0.13
~0.20
-0.18
~0.09
0.05
0.31
0.08
0.00
-0.08
-0.08
0.00
0.11
0.29
0.06
-0.03
-0.09
-0.09
-0.04
0.04
0.19
0.00
-0.06
-0.13
-0.16
~0.12
-0.05
0.07
0.14
0.06
~0.03
-0.05
-0.03
0.03
0.14

(Temp)

DIFF
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-0.17
-0.22
-0.18
0.00
0.22
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~-0.05
-0.13
-0.20
-0.18
-0.08
0.05
0.31
0.08
0.00
-0.08
-0.08
0.00
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0.06
-0.03
~0.09
-0.09%
-0.04
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0.19
0.00
-0.06
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-0.05
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-0.05
-0.03
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Spartek Systems

#1 Thevenaz Ind. Tr.

Sylvan Lake, AB, Ca, T4S 1P5
Phone (403) 887-2443

Fax (403) 887-4050

MODEL 1139
SERIAL NUMBER 76182
CALIBRATED DEC15/06
PRESSURE RANGE 5987.27 psi
ACCURACY

Pressure Gauge
Certificate of Conformance

REVISION 0
DEADWEIGHT USED Piston Cylinder No. 528
E.U.B. CERT. DATE May 09 2006

TEMPERATURE RANGE  150.00 Deg. C

As shown in the graph below, this Spartek Gauge conformed to within +/- 0.025 %F.S. of the pressure
standard used in calibration, which is accurate to within +/- 0.01% of reading. This gives an overall

accuracy of +/-(0.025%F.S. + 0.01% of reading)

Spartek Quality Assurance
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Spal‘tek Systems specializes in providing the oil and gas industry with high quality data to monitor well performance and
diagnose potential problems. Founded in 1994, Spartek Systems leads the industry in providing cost effective solutions for
acquiring reliable well information.

Product Overview

Spartek Systems once again demonstrates superior technological innovation with its latest series of Sapphire pressure
recorders. Working closely with our customers, our engineering team has developed a multi-purpose gauge that significantly
improves overall job performance. This new series of gauge incorporates the latest low-power three volt technology to
minimize power consumption. Depending on the
sampling rate, a pressure recorder could run up to one .
year on a single AA cell. Our engineers did not sacrifice ;
signal resolution or sampling speed in order to reduce
power consumption. The recorders utilize a proprietary
parallel dual digital (PDD) signal processing technigue
to maximize signal to noise and improve resolution. The
packaging of the sensor, electronics, and battery have
all been upgraded; incorporating metal to metal seals,
locking connectors, new corrosive resistant high
pressure housings, and a pressure bellows system to
protect the pressure sensor from extreme shock. The
software tools supporting the new Sapphire series have
been enhanced to provide programing features suchas ¢ A s
pressure triggers, multi-job programming, detailed job - en: e T I T
iogging, high sample rates (up to 1 sample per second), == e Rt 2 = =
’enhanced user diagnostics, and USB interface support.

[o learn more about these exciting new products,
contact a Spartek Systems sales representative for
more information.

Primary Features Applications

Long battery life »  Well Testing
3V, single cell operation 1sample/s sampling »  Monitor Well Performance
rate »  Permanent Sensors (Monitoring)
Pressure trigger »  Completion Diagnostics
Sour service operation »  Well Stimulation

»  Designed for USB with retrieval rates up to » Reservoir Characterization
50,000 samples/min »  Gradient Surveys

»  Data separation for multiple jobs

»  Advanced diagnostics

»  Surface readout

» Large Memory

»  Software support for Win 98/NT/2000/XP

»  Bellows for increased durability and accuracy SPARTEK SYSTEMS

GEOPHYSICAL INSTRUMENTATION

E-Mail: spartek@sparteksystems.com

. http://www.sparteksystems.com
Art 11/06/04




SPARTEK SYSTEMS

Pressure

GEOPHYSICAL INSTRUMENTATION

Sensor Type Sapphire Sapphire Sapphire
Range(s) (psi) 750, 1500, 3k, 6k, 10k, 15k, 750, 1500, 3k, 6k, 10k, 15k, 750, 1500, 3k, 6k, 10k, 15k
or (20k available in 1.25" O.D.) or (20k available in 1.0 0.D.) or (20k available in 1.0" 0.D.)
Accuracy 0.022% Full-Scale 0.022% Full-Scale 0.022% Fuil-Scale
Resolution 0.1 psi 0.0003% Full-Scale 0.0003% Full-Scale
Drift < 3 psi/year < 3 psi/year < 3 psi/ year
Temperature 150°C 302°F 150°C 302°F 170°C 338°F

Power Requirements

Fastest sample rate

30 sec/sample

1 sec/sample

Voltage (min) 3v 3V 3V
Current (Sleep) 0.10 mA 0.10 mA 0.20 mA
Current (Sample) 4.50 mA 4.50 mA 4.80 mA
Data Acquisition
Channels Pressure Pressure Pressure
Temperature Temperature Temperature
Time Time Time

1 sec/sample
1,000,000 samples

Contact your Spartek Representative
with your requirements.

Contact your Spartek Representative
with your reguirements.

Memory Capacity 30,000 samples 1,000,000 samples
Options
Pressure Trigger Yes Yes Yes
Housing
Material 17-4 PH 17-4 PH 17-4 PH
Options Inconel 718-NACE Inconel 718-NACE Inconel 718-NACE
Diameter (0.75”, or 1.257) (0.75", 1.00”, or 1.25") (0.75", 1.00", or 1.25")
Length (Varies with configuration) (Varies with configuration) {Varies with configuration)

Contact your Spartek Representative
with your requirements.

Communications

RS232/USB

RS232/USB

RS232/USB

Software Compatibility

Windows 98/ME/NT/2000/XP

Windows 98/ME/NT/20G0/XP

Windows 98/ME/NT/2000/XP

Surface Readout

No

Yes

Yes

Specifications subject to change without notice

For More Information, Pricing, and Technical Support Contact:

www.sparteksystems.com

#1 Thevenaz Industrial Trail, Sylvan Lake, Alberta,Canada,T4S 2J6
Tel: (403)887-2443 Fax: (403)887-4050 Email: sales@sparteksystems.com







APPENDIX C

. RATE AND VOLUME DATA FOR
MEWBOURNE, CHUKKA, AND GAINES WELLS




APPENDIX C
INJECTION RATE DATA

Mewbourne WDW-1

Chukka WDW-2

Avg Rate Avg Rate
Date/Time gpm Date/Time gpm

01/19/08 00:00 0.00 02/08/08 00:00 0.00
01/26/08 00:00 100.33 02/09/08 00:00 29.44
(02/09/08 00:00 158.22 02/23/08 00:00 100.22
02/15/08 00:00 190.43 02/26/08 00:00 93.80
02/26/08 00:00 178.91 03/01/08 00:00 89.70
03/01/08 00:00 171.62 03/05/08 00:00 61.21
03/05/08 00:00 158.10 03/10/08 00:00 84.79
03/23/08 00:00 169.06 03/14/08 00:00 62.61
03/25/08 00:00 164.04 03/17/08 00:00 84.01
03/29/08 00:00 173.27 03/19/08 00:00 63.21
03/31/08 09:37 181.69 03/23/08 00:00 76.36
04/01/08 10:03 205.50 03/26/08 00:00 63.71
04/01/08 11:52 235.90 03/29/08 00:00 78.04
04/02/08 11:53 108.69 . 03/29/08 03:06 96.50
04/02/08 12:46 272.96 03/29/08 03:32 0.00
04/02/08 14:37 218.70 03/29/08 14:52 97.20
04/03/08 13:38 229.62 03/29/08 16:15 68.84
04/03/08 13:49 178.93 03/31/08 09:39 99.39
04/03/08 21:48 114.53 04/01/08 11:42 0.00
04/04/08 09:12 106.11 04/02/08 05:36 168.43
04/04/08 16:38 114.47 04/02/08 11:54 160.55
04/04/08 17:29 214.98 04/02/08 12:11 105.81
04/04/08 19:33 189.68 04/03/08 13:38 0.00
04/05/08 10:01 186.45 04/03/08 14:20 143.95
04/05/08 11:46 191.51 04/03/08 14:41 0.00
04/05/08 16:53 193.69 04/04/08 10:24 153.29
04/05/08 18:20 191.24 04/04/08 11:17 155.87
04/06/08 00:00 188.59 04/04/08 13:05 174.41
04/04/08 13:11 130.03

04/04/08 13:13 68.22

04/04/08 15:50 0.00

04/04/08 16:44 154.10

04/05/08 02:41 104.09

04/05/08 04:53 101.31

04/05/08 05:17 82.17

04/05/08 08:01 100.21

04/05/08 09:47 102.18

04/05/08 13:09 104.00

04/05/08 17:57 102.02

04/06/08 00:00 94.99




Gaines WDW-3
Avg Rate Avg Rate
Date/Time gpm Date/Time gpm

01/06/08 00:00 0.00 03/29/08 08:24 231.38
01/08/08 00:00 22.37 03/29/08 14:49 236.37
01/09/08 00:00 70.24 03/29/08 16:16 - 201.31
01/12/08 00:00 141.56 03/29/08 19:11 228.33
(01/14/08 00:00 127.94 03/30/08 07:51 221.17
01/15/08 00:00 116.67 03/30/08 17:36 229.42
01/16/08 00:00 102.31 03/31/08 07:41 217.16
01/17/08 00:00 135.72 03/31/08 09:39 221.28
01/18/08 00:00 112.06 03/31/08 10:24 269.63
01/19/08 00:00 132.66 03/31/08 11:31 272.57
01/20/08 00:00 153.45 03/31/08 12:25 289.80
01/21/08 00:00 228.78 03/31/08 17:38 203.82
01/22/08 00:00 166.71 03/31/08 21:56 283.72
01/23/08 00:00 124.70 04/01/08 08:54 279.41
01/26/08 00:00 147.53 04/01/08 10:04 274.36
01/30/08 00:00 161.71 04/02/08 12:43 0.00
02/02/08 00:00 117.30 04/02/08 13:05 277.56
02/06/08 00:00 149.35 04/02/08 14:40 239.75
02/09/08 00:00 90.12 04/02/08 18:24 229.07
' ‘B 03/01/08 00:00 100.53 04/02/08 23:20 225.66
03/04/08 00:00 211.23 04/03/08 07:12 222.20
03/05/08 00:00 165.75 04/03/08 10:46 228.42
03/10/08 00:00 0.00 04/03/08 13:38 23463
03/11/08 00:00 112.83 04/03/08 13:50 201.00
03/17/08 00:00 230.10 04/03/08 14:15 242.11
03/18/08 00:00 195.95 04/03/08 14:39 263.15
03/20/08 00:00 216.63 04/03/08 17:41 237.47
03/21/08 00:00 233.78 04/03/08 19:02 230.98
03/23/08 00:00 |  213.02 04/03/08 21:08 223.09
03/27/08 00:00 199.20 04/03/08 23:06 219.17
03/29/08 00:00 212.51 04/04/08 07:00 227.61
03/29/08 00:21 220.13 04/04/08 11:15 233.06
03/29/08 03:02 227.86 | 04/04/08 12:08 0.00
03/29/08 03:30 0.00 04/04/08 13:03 45.09
03/29/08 03:33 113.85 04/04/08 15:48 327.42
03/29/08 03:38 187.68 04/04/08 16:41 277.85
03/29/08 03:44 202.93 04/05/08 09:05 220.55
03/29/08 03:47 210.86 04/05/08 14:47 228.84
03/29/08 03:53 216.07 04/05/08 17:54 221.22
03/29/08 04:01 222.84 04/05/08 19:15 225.73
03/29/08 06:26 227.14 04/06/08 00:00 220.42




APPENDIX D

PRESSURE AND TEMPERATURE DATA FOR
MEWBOURNE WELL NO. 1 FALLOFF

SUBSURFACE




Line
No.

CDUO G W N

o
o

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
85
66
67
68
69
70
71
72
73
74
75
76
77
18
79
80
B1
82
83
84
85
86
87
88
89
90
91
92
93
94
95

97

98

29
100
101
102
103
104
105
106
107
108
108
110
111

Date
M/d/yyyy

4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
"4/1/2008
4/1/2008
471/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008

11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
il:
11:
11:
11:
11:
:19:42

11

11:
11:
:20:00
11:
11:
:20:18
11:
11:
1i:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
:21:54
11:
11:
122:12

11

11

11

11

11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
1l:
11:
11:
11:
il:
11:
11:
11:
11:
11i:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
:125:42
11:
11:
11:
ii:
11:
11:
126:24
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
128:00
11:
11:
11:
11:
11:
11:
1l:
11:
11:

11

11

11

Time

imm:sS

18:05
18:10
18:15
18:20
18:25
18:30
18:35
18:40
18:45
18:50
18:55
18:00
153:06
19:12
15:18
19:24
19:30
19:36

19:48
19:54

20:06
20:12

20:24
20:30
20:36
20:42
20:48
20:54
21:00
21:086
21:12
21:18
21:24
21:30
21:36
21:42
21:48

22:00
22:06

22:18
22:24
22:30
22:36
22:42
22:48
22:54
23:00
23:06
23:12
23:18
23:24
23:30
23:386
23:42
23:48
23:54
24:00
24:06
24:12
24:18
24:24
24:30
24:36
24:42
24:48
24:54
25:00
25:06
25:12
25:18
25:24
25:30
25:36

25:48
25:54
26:00
26:06
26:12
26:18

26:30
26:36
26:42
26:48
26:54
27:00
27:06
27:12
27:18
27:24
27:30
27:36
27:42
27:48
27:54

28:06
28:12
28:18

28:30
28:36
28:42
28:48
28:54

YRR EYEEEEEY IR EE IR EER RN R R IR YN IE YR EEE Y I E R R R RN IR RN IR R IEEE IR EYEE YR YRR YRR EEEEEENEEEEYEEEIEERIIYY

DO OO OO PODODO D000 OOODO00CO0C00000NC000000000000000O0UN000000000000000DC0000C00000DO000000000000R00N00D000CC0000VA0A0

Time
hr

000000
001389
002778
004167
005556
006944
008333
009722
011111
012500
013889
015278
016344
018611
020278
021944
023611
025278
026944
028611
030278
031944
033611
035278
036544
038611
040278
041944
043611
045278
046944
048611
050278
051944
053611
055278
056944
058611
060278
061944
063611
065278
066944
068611
070278
071944
073611
075278
076944
078611
080278
081944
083611
085278
086944
088611
090278
091944

.093611
. 085278
. 096944

098611
100278

.101544

103611
105278
106944
108611
110278
111944
113611
115278
116944
118611
120278
121944
123611
125278
126944
128611
130278
131944
133611
135278
136944
138611
140278
141944
143611
145278
146944
148611
150278
151944
153611
155278
156944
158611
160278
161944
163611
165278
166944
168611
170278
171944
173611
175278
176944
178611
180278

APPENDIX D

Pressure and Temperature Data for Mewbourne Well No. 1

Pressure Temperat dPressur

psi

L0011
. 0996
. 0891
. 0543
L0736
L0570
.0482
. 0609
. 0548
L0704
.9962
.0293
L0726
.0687
.0454
.0748
. 0293
. 0548
.0836
. 0642
. 0869
-0226
.0619
.9866
. 0359
L0177
L0171
.0072
. 0060
L0171
.9805
. 0165
.9977
.9877
.9346
. 0093
.9484
.9540
. 9362
L9551
. 8589
L9136
.9888
.9811
L9451
.9424
.9313
. 0049
L9412
.9285
- 9695
. 9567
L9639
.9695
.9357
-0017
.9945
.9924
.9587
. 0274
.5406
.9667
L0112
.9437
.8970
.0105
.9653
.9694
. 9769
.9544
-99886
. 9652
. 9634
.9205
.9470
. 9658
.9641
.9723
.9184
-9189
.9184
L9562
.9352
.8963
. 9241
.9219
.B875
.8325
.9213
.9252
.9070
.8905
.8424
.B8883
. 8864
.8730
-8944
.9289
. 9266
.B410
. 8462
.8613
.9309
.8727
-8540
.9071
.8519
9036
.8906
.8745
-8617

degF

.4857
. 4889
.5003
.5052
.5068
.5165
.5230
.5247
.5425
.5555
.5588
L5571
. 5430
. 5409
.5312
.5230
.5182
.5035
L4970
.4758
. 4483
L4223
.4044
.4109
.4223
.4564
L4580
.4483
L4125
68.
68.
68.
68.
€8.
68.
68.
68.
€8.
68.
68.
68.
68.
68.
68.
€8.
68.
68.
68.
68.
68,
68.
68.
68.
68.
68.
68.
68.
8.
68.
68.
68.
68.
68,
68.
9.
69.
69.
69.
69.
69.
69.
69.
69.
69.
€9.
9.
70.
70.
70.
70.
70.
70.
70.
70.
0.
0.
70.
70.
70.
0.
71.
71.
71.
71.
1.
1.
1.
1.
71.
71.
71.
72.
2.
T72.
72.
72.
72.
72.
72.
2.
2.

3986
3996
3817
3589
3297
3102
2858
2696
2728
2858
2891
2177
2549
2289
2030
1818
1705
1640
1818
1832
2111
2468
2842
3411
3833
4434
5035
5636
6286
6887
7407
8008
8609
9259
9876
0461
1046
1793
2458
3222
4083
4944
5935
8779
7656
8452
8280
0125
0871
1683
2463
3275
4135
4963
5726
65489
7155
7788
8437
8973
9655
0401
1099
1943
2771
3632
4638
5401
6374
7251
8224
9278
0237
1162
2119
3093
4115
5186
6256
7262
8366
2371

o

psi

. 0000
-0986
-0.
-0.
. 0154
-0.
-0.
L0127
-0.
L0155
-0.
. 0338
L0426
-0.
-0.
.0293
-0.
L0249
.0288
-0.
L0227
-0642
. 0393
-0.
- 0493
.0183
. 0006
. 0100
. 0011
L0111
- 0266
.0260
. 0188
-0100
. 0531
.0747
- 0609
. 0055
.0177
.0188
.0039
- 0454
- 0753
.0022
. 0459
. 0028
-0.
.0736
. 0637
L0127
-0410
L0127
.0072
. 0055
-0.

0
-0.
-0.
-0.

0
-0.

o

o
-0.

0

0.
~0.

0

0
-0.

0.
-0,
-0.
-0.

0

0
-0.

o
-0.

Q0
-0.

o
-0.
-0.
0
-0.
-0.
-0.
0
0
-0.
-0.
-0.

0
-0.
-0.
[
0
-0.
-0.
0
o
0
-a.
-0,
o
-0.
0
-0.
-a.
-0.

0los
0349

0166
00BS

0061

0742

0039
0233

0449

0194

0753

0111

0337
0659
0071
0021
0337
0688
0869
0261
0445
0674
0533
0135
0452
0041
0075
0224
0441
0334
0018
0428
0265
0188
0017
0082
0539
0005
0006
0378
0210
0388
0278
0022
0344
0550
0888
0040
0182
0166
0481
0458
0018
0134
0214
0345
0023
0856
0052
0151
0696
0582
0187
0532
0552
0517
0128
0161
0129

1/198

Line
No.

112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
i3z
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
1798
180
181
182
183
184
185
186
187
188
188
1%0
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222

Date
M/d/yyyy

4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/172008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008
4/1/2008

h:

11:
1l:
11:
11:
11:
11:
11:
1i:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
1l:
11:
11:
11:
11:
1I:
11:
11:
1l:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11l:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
1i:
11:
11:
11:
11z
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
1i:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
11:
1il:
11:
11:
11:
11:
11:
11:
11:
11
11:
11:
11:
11:
i1

Time
mm:ss

29:00
289:086
29:12

3
7

CREONOAOBDNOO A ®

A i R e R Rt R s R i s e e s e R L P R R E R SR 2 SR 2 R 22 4 )

Time
hr

181944

183611
185278
186944
188611

190278
191944
193611
185278
196944

198611
200278
201944

203611
205278
206944
208611
210278
211944
213611
215278
216844
218611
220278
221944

223611
225278
226944
228611
230278
231944
233611
235278
236944

238611
240278
241944

243611
245278
246944
248611
250278
251944
253611
255278
256944

258611
260278
261944

263611
265278
266944
268611
270278
271944
2738611
275278
276944
278611
280278
281944
283611
285278
2863944
288611
290278
291944
293611
295278
2986944
298611
300278
301944
303611
305278
306944
308611
310278
311944
313611
315278
316944
318611
320278
321944
323611
325278
326944
328611
330278
331944
333611
335278
336944
338611
340278
341944

343611
345278

346944

348611

350278

351944

353611
355278

356944

358611

360278

361944

363611
365278

Pressure Temperat dPressur

psi

1.
11.
11.
11.
11.
11.

11.
11.

11.

11.
11.
11.

1%.
11.

1.
11.

11.
11.

11.
11.
11
11.
1.
11.
i1.
11.
11.
11.

11

11.
11.
11.

11.

11.
11.
11.

11.

11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.

11.
11.
11.

11,

11.

11.
11.
1.
11.
11.
i1.
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.
11.

11

1.
11.
i1.

11.
11.
1.

8219
B943
8872
8461
8535
9221
8862
8361
8709
3001
8795
8763
8258
8896
8155
8995
8238
8595
8369
7834
8279
8311
8143
7976
8453
7879
8198
8212
7995
8568
7795
7754
7947
7799
7930
7927
8003
7541
7363
8043
7748
80386
7626
7468
7403
7358
7127
77865
7379
7207
7137
7465
7721
7393
6838
7047
7288
7426
7037
6736
7159
6930
7073
7332
7139
6853
7218
7479
7272
7002
7259
6802
7152
6634
7011
6770
6886
6180
6772
68915
6604
7187
6825
6845
7187
6902
6908
6950
6960
6805
7113

. 7309
L6776
L7044
L7090
L6795
.7336
.7289
.6916
.7137
. 6961
.7213
.7884
L7538
L7366
.7350
.6812
.7538
. 6964
.7184
L6874

degF

73.
73

73.
73.
73.
73.
73.
73.
3.
73.
74.
4.
4.
4.
4.
4.
74.
74.
74.
74.
75.
5.
5.
75.
75.
5.
5.
75.
75.
76.
6.
76.
76.
76.
6.
76.
76.
T6.
77.
7.
7.

77.2

7.
7.
7.
77.
77.
77.
7.
77.
77.
7.
7.
17.
17,
17.
77.
78.
18.
78.
8.
78.
78.
8.
8.
78.
78.
78.
8.
8.
77.
77.
7.
77.
7.

0491
1642
2681
3735
4741
5714
6817
7741
8730
9687
0531
1455
2396
3320
41863
5087
5978
6952
8071
9108
az227
1378
2529
3680
4701
5869
6971
8187
9289
0440
1607
2790
3875
4978
6047
7117
8154
9191
0179
1200
2156
350
3614
4117
4538
4894
5202
5526
5899
6450
6887
7341
7811
8216
B702
9107
9625
0046
0646
1180
1763
2282
2687
2719
2476
2314
2006
1601
0970
0111
9074
7956
6839
5704
1716

.38987
-3404
.2869
.2270
.1816

1524
1378

.1249

1184
1135
1216

.1411
-1492

1459
1314

. 0873
L0779
.0552
L0341
.0185
. 0066
.98239
. 9564
.9256
.8980
.8689
.8526
.8316
.8138
.71B30
L7457
.70