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SELF-AFFIRMED REUBTTAL STATEMENT OF PRESTON MCGUIRE

1. My name is Preston McGuire. I work for Goodnight Midstream Permian, LLC
(“Goodnight Midstream”) as the Geology and Reservoir Engineering Manager. I provided direct

written testimony in these cases that were filed with the Commission on August 26, 2024.
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Rebuttal Summary Bullets

. Empire has failed to provide evidence of communication between the San Andres
disposal zone and the Grayburg producing interval. Their claims rely solely on
supposition without demonstrating the presence of through-going fractures that
would allow fluid migration. The alleged field-wide oil production decline does not
stand up to scrutiny, and Empire has not presented well-specific production data to
support its claims. Furthermore, they cannot show changes in produced water
chemistry that can be attributed to San Andres disposal operations. The sole basis
their experts rely on to allege fluid communication is increased sulfate
concentrations but that is not diagnostic and measured sulfate levels are well within
historic ranges.

. The claimed ROZ in the San Andres disposal zone lacks supporting evidence, does
not align with established field data, and is unreliable. Testing using the de-
pressuring production method, as described by Empire’s witness, establishes that
the water supply wells produced enough volume to develop a gas drive, which
should have resulted in some oil production if recoverable oil were present.
Additionally, Dr. Lindsay and Dr. Trentham acknowledge that the oil saturation
cutoff defining a ROZ is 20%, and Dr. Trentham concurs with Goodnight’s
placement of the ROZ base above the San Andres disposal zone, as shown in
Goodnight Exhibit B-32.

. Dr. Buchwalter’s reservoir simulation model is incomplete and does not account
for key factors affecting the Grayburg and San Andres reservoirs. It excluded

numerous San Andres water supply wells and their volumes, as well as significant
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San Andres SWDs and decades of injection data. Importantly, the model excluded
edge water from the Goat Seep aquifer into the Grayburg producing zone, omitting
a critical hydrodynamic factor as discussed by Dr. Lindsay. Additionally, it does
not reflect mechanical changes made to producing wells over time or the inherent
geological complexities of a carbonate ramp system, making it an inaccurate and
unreliable representation of reservoir behavior.

. The OCD’s new elevated concern with San Andres injection potentially
communicating with the Capitan Reef is unfounded. Goodnight has consistently
engaged with the OCD regarding the Capitan Reef in prior applications and
hearings, securing approval for 12 San Andres SWD permits. There is no clear
justification for the OCD’s newly heightened concerns. Much of the OCD’s
analysis is based on outdated 1970s research by Dr. William Hiss, which incorrectly
assumed a stratigraphic connection between the San Andres and the Capitan Reef.
Modern peer-reviewed studies confirm that no such connection exists. Goodnight
has conducted updated quality control on the San Andres data in the Hobbs Channel
area, demonstrating that the Hobbs Channel (accurately described as the Hobbs
Outflow) is limited to the overlying Artesia Group, where a known stratigraphic
and hydraulic connection with the Capitan Reef exists. Additional and updated
chemistry data supports this re-analysis. Moreover, water quality data confirms that
the Capitan Reef in this region far exceeds the criteria for an Underground Source

of Drinking Water (USDW).
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REBUTTAL TO EMPIRE’S CLAIM THAT THE BARRIER BETWEEN THE
DISPOSAL INTERVAL AND THE PRODUCING INTERVAL IS INEFFECTIVE

2. Empire has failed to show that the barrier between the San Andres disposal interval
is ineffective. They have not shown any data capable of withstanding scrutiny that confirms
communication between the Grayburg and Goodnight’s San Andres disposal interval. The San
Andres disposal interval and the oil productive intervals in the overlying Grayburg function as
separate reservoirs. Below is a summary of my rebuttal points relating to Empire’s claims that the
barrier is ineffective.

. Core data confirms the presence of a barrier. No through-going fractures in the core

would allow communication between the Grayburg producing interval and
Goodnight’s disposal zone and the measured vertical permeability confirms the
presence of an effective seal.

. The decline in EMSU total oil production is not abnormally high as claimed by Mr.

West, who appears to be cherry picking data. Declines are reasonable and predicted.
Empire has provided no other well-specific production data that is diagnostic of
communication.

. Empire has not seen a change in the produced water chemistry that exceeds normal

variability. Produced water from the EMSU Grayburg wells has changed very little.
Any minor changes identified are within the range of historic Grayburg water
chemistries following waterflooding and can be attributed to in-zone operations
with no indications that water from Goodnight’s produced water disposal interval

came through fractures into the Grayburg oil producing interval.
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Fracture Claims

3. Dr. Lindsay shows multiple core photos from the EMSU 679. All photos are of
rock above the permeability barrier, except for one. Empire Exhibit B-34 is a core photo from the
EMSU 679 from a depth of 4,335 MD, which is within the confining permeability barrier. The
photo shows a fracture, but the fracture has been filled with calcite cement at some point in the
geologic past and is no longer a conductive pathway for fluid. The vertical permeability from this
depth in the core report is 10 mD, but this datapoint is within a long interval (~100 feet) where the
vertical permeability is at or very near 0 mD as shown in Goodnight Exhibit B-27. This long
interval of non-permeable rock shown in the EMSU 679 core establishes that there are no long
throughgoing fractures that allow for the disposal interval to communicate with shallower
intervals. In his deposition and in his direct testimony, Dr. Lindsay discussed the concept of
fracture halos outside of the core that cannot be seen. It is reasonable to assume that there may be
additional fractures that are within the same interval as shown by Empire Exhibit B-34, but it is
also reasonable to assume that these fractures have been filled with minerals as shown in the core
interval and do not serve as fluid conduits.

4. Dr. Trentham discusses a similar situation where fractures heal and become barriers
to flow that was observed at the Goldsmith Landreth San Andres Unit and West Seminole Field.
He states the following on page 18 of his direct testimony;

This supports the hypothesis that reactivation of the fault altered the facies
distribution and resulted in the development of fractures at the reservoir

level. These fractures were later filled by anhydrite as [sic] serve as a barrier
to flow. This response is also reported to be present at West Seminole Field.

5. Dr. Trentham agrees that there is a barrier between the San Andres disposal zone

and the overlying Grayburg producing zone. Goodnight Exhibit B-39 are excerpts from his
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deposition transcript that will be referenced multiple times in this rebuttal. See Tr. 72:6 — 73:12;
82:13-83:14; 89:17-25 (claiming there must be a barrier between the two zones).

6. All the other core photos and discussions of fractures in Mr. Lindsay’s testimony,
and the testimony of Empire’s other witnesses, are not relevant as they relate to intervals that are
above the confining layer that isolates the disposal interval in the San Andres. There is clearly a
competent confining layer that isolates the San Andres disposal zone shown in the vertical
permeability data from the EMSU 679 core. That is confirmed by the fact that there are different
pressure systems associated with the producing Grayburg and the disposal interval in the San
Andres addressed elsewhere in my testimony. All other independent factors that inform on this
issue corroborate the conclusion that the barrier is competent, effective, and areally extensive, as
discussed in my direct testimony and below.

Decline in Oil Claims

7. Mr. West contends that the EMSU has seen a steep decline in oil production during
a nine-month period between November 2023 and July 2024 in his Exhibit I-18. Reviewing the
data, it is obvious he cherry picks a nine-month period in an attempt to find a production decline.
When looking at a longer period of production including months before and after his narrow

analysis, the data shows there is no abnormal production decline. Goodnight Exhibit B-40 shows

graphs of EMSU oil production data that was provided by Empire as the public data was unreliable.
The first graph shows EMSU oil production going back to January 1970. The graph shows the
increase in oil production from initiation of the waterflood in late 1986 and peaking in 1997 before
following an expected decline as the flood has continued to the present. The graph shows no
abnormal changes in the production trend and the field is currently experiencing the shallowest

decline in oil production that has been seen in the life of the field.
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8. The second graph on Goodnight Exhibit B-40 shows the same data as the first

graph but is zoomed in to the last five years of data going back to when Goodnight began disposal
operations. The added black line shows the producing well count and correlates to the y-axis on
the right. The bracketed interval shows the narrow period that Mr. West was referring to in his
Exhibit I-18. There is a major drop in production in March 2021 that was due to operational issues
during the ownership transition from XTO to Empire. Empire did not provide two months of
production data resulting in a data gap between August and November 2023. When expanding the
view of data outside Mr. West’s Exhibit I-18, the data does not show a major decline in oil
production. In fact, oil production recovered with a lower well count in the three months
immediately following the interval depicted in Mr. West’s exhibit. This is an indication that
the field is still capable of producing more oil with a lower well count and can be produced more
efficiently—not that that there is impairment from vertically offset disposal. Additionally, the
water production volumes in Mr. West’s Exhibit I-18 are not increasing with time and are relatively
consistent. One would expect that water production to significantly increase over time if
Goodnight’s SWDs were in communication with the Grayburg producing wells, which is not the
case.

0. Empire cannot point to any wells that have been affected by Goodnight’s disposal
operations. If the claimed communication between the Goodnight disposal zone and the productive
zone in the Grayburg was as pervasive as Empire claims, there should be many examples of wells
having a significant change in production since initiation of Goodnight’s disposal operations.
Empire should be able to show at least some evidence of producing wells that have been watered
out in the past few years by Goodnight’s disposal through a change in the production profile.

Empire has not, and cannot, point to any production data within EMSU that shows evidence of
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impacts from Goodnight’s disposal operations more than five years ago. Such evidence would
have been touted in their direct testimony. Instead, there is a history of compatible
complementary operations in the EMSU between the Grayburg and San Andres. San Andres
disposal operations have been conducted in the area for more than 60 years. Water disposal
and oil production have been compatible in the EMSU over that time. If there was a problem,
previous operators would have sought to shut-in and ban disposal operations in the San
Andres long ago.

Claims of Premature Well Failures

10.  Empire claimed Goodnight’s injection is, and has already, caused premature well
failures and increasing plugging and abandonment liabilities in their motion to refer these cases to
the Commission that they filed on January 3, 2024. Jack Wheeler made the following statement in
his self-affirmed statement attached as Exhibit A in their motion.

(3) injection of large volumes of water into the San Andres
formation will prematurely water out Empire’s wells, resulting in
the loss of oil and gas, vastly increase operating costs, and increase

plugging and abandonment liabilities decades earlier than would
otherwise be necessary;’

2 Significant recent increases in well failure and well costs lead
Empire to believe this is already occurring from the massive
amounts of water being injected into the formations.

11.  This allegation prompted Goodnight to issue a subpoena asking Empire to provide
all data that supports this claim. Empire responded with a list of wells that require remedial action
that was submitted to the BLM Office as part of its 2024 Plan of Development, listed as bates
numbers OCD 23614-17 03327 to 03329. The list contains 92 wells that require remedial action
which Empire alleges is due to Goodnight’s injection. Twenty-six of the wells are in the AGU and
unrelated to the dispute in this case while the remaining 66 wells are in the EMSU. These claims

are not supported by any data including Empire’s own analysis.
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12.  Empire Exhibit I-17 is an analysis estimating the alleged area of impact from five

Goodnight SWDs as of June 2024. Goodnight Exhibit B-41 is a re-publication of Empire

Exhibit I-17. It has been revised to show the position of the 66 EMSU wells that need remedial
action relative to Empire’s analysis of the impacted area from Goodnight’s injection shown by the
blue shaded areas. To be clear, Goodnight disagrees with Empire’s analysis. The point of the
Exhibit is to show that Empire’s own analysis does not support their claims. The date of first
injection in the Goodnight wells is posted on the well locations in red. The 66 EMSU wells are
colored by well type (pink are injectors, green are producers) and the date posted is the last
production/injection date from the table Empire provided. It is interesting that this document was
submitted to the BLM on February 27, 2024 but eight of the wells in the list had a last
injection/production date listed after the document was created (see rows 2, 14, 40, 49, 53, 58, 62,
and 66 on the table provided (OCD 23614-17 03327 to 03329)). Based on Empire’s analysis of
the affected area shown by Empire Exhibit I-17, which is the diameter of the blue color filled
circles on the exhibit (which are shown as a maximum extent possible), there are at most four wells
that possibly could have been impacted by Goodnight’s injection. These are EMSU 364, 380, 417,
and 419.

13. The EMSU 364 (API#: 30-025-04659) is currently an injection well that was drilled
in November 1934 and was temporarily abandoned by XTO in 2019. A request was made to extend
the temporary abandonment (TA) in February 2024 but the well failed a MIT at that time. The well
was then plugged by Empire in June 2024. As described above, it is interesting that the report
Empire submitted to the BLM stated that this well had a last injection date of March 2024, a date
that was after the BLM report was created. There is no indication in the well file as to why this 90-

year-old well failed the MIT in February 2024 but there is no indication that it was due to
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Goodnight’s injection. As discussed in Goodnight’s direct testimony, the Grayburg has a long
history of documented scaling and corrosion issue before and after waterflood operations
commenced and this old well has been exposed to these conditions for nearly a century. The well
was TA’d years before Goodnight began disposal operations and therefore Goodnight’s disposal
could not be the reason for the TA.

14. The EMSU 380 (API#: 30-025-04701) is currently an injection well that was drilled
in October 1934 and was shut-in November 2021 according to the BLM report. The well then
underwent remedial work in June 2023 to redress the packer. The well then passed a MIT and was
returned to injection the same month. It is inconceivable that Goodnight’s injection was the cause
of the mechanical failure on the packer in this well. If Empire had evidence that Goodnight was
the cause of this mechanical failure, then why haven’t they produced it?

15. The EMSU 417 (API#: 30-025-04686) is a production well that was drilled before
February 1942. The well records for this well are incomplete but a Certificate of Compliance and
Authorization to Trasport Oil was filed in February 1942 and is the earliest document in the file.
The well last produced in May 2023 according to the BLM report. Empire filed a Notice of
Intention (NOI) to do remedial work in August 2024 to clean the perforations of the well with acid
and to redress the pump and rod string design. A subsequent report on the well has not been filed
indicating that the work has not been completed and the well does not appear to have been returned
to production. Based on the NOI it appears that the reason the well has been inactive is due to
issues with the rod and pump equipment. Goodnight’s injection did not cause the issues with the
pump and the rod string equipment. There is no indication in the production history that the well
is seeing an encroachment of external water from Goodnight. Goodnight is not responsible for the

remedial work this well needs.
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16. The final well is the EMSU 419 (API#: 30-025-04695). It was drilled in August
1935. This well has the last date of production listed as January 2017; however, the well file shows
this well was actually TA’d in December 2016 by XTO. The well was then plugged in February
2020, more than a year before Goodnight’s injection commenced in the offsetting Sosa SWD. It is
not possible that Goodnight could have impacted this well. Again, this is a 90-year-old well that
has been exposed to corrosive conditions for nearly a century.

17. Out of the 92 wells that Empire claims Goodnight has impacted, only four fall
within Empire’s analysis of the affected area of the Goodnight’s SWDs. One of these four, the
EMSU 419, was plugged and abandoned before Goodnight began disposal operation in the
San Andres. The review of the well files for the other three wells shows no indication that
Goodnight contributed in any way to the need to remediate the wells. The vast majority of the
EMSU wells were drilled about eighty years ago. Wells of this vintage are expected to have
issues related to degradation. Empire has not provided any evidence that Goodnight is
impacting any of the EMSU operations.

Claims of Change in Produced Water Chemistry

18.  During Mr. West’s deposition, he claimed that Empire’s wells near Goodnight’s
SWDs are experiencing a change in the produced water chemistry that indicate that the SWDs are
communicating with the shallower producing interval in the Grayburg. Based on a review of the
produced water chemistry data Empire provided, this does not appear to be the case.

19.  Empire provided water chemistry for seven wells that meet the standard of analysis
for this evaluation. There must be three or more test dates to establish a change in TDS trend over
time. Wells with two datapoints can agree or disagree with the final trend, but neither point is
sufficient to establish a change in trend. In other words, there needs to be at least three datapoints

to establish a trend. The seven wells that meet the criteria for analysis are the EMSU 321, 325,
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3717, 401, 407, 440, and 441. Goodnight Exhibit B-42 shows the water chemistry analysis for

these seven wells. The first page shows a table of the seven wells with the TDS, chloride, and
sulfate values from the produced water chemistry analysis. The second page shows the graphical
representation of the data on page one of the exhibit.

20.  Empire and its expert witnesses have argued that increasing sulfate over time is a
primary indicator that Grayburg producing wells are in communication with the San Andres, which
tends to have higher sulfate concentrations. The graph of sulfate values shows that these values
are flat to decreasing over time. If there were communication from the disposal zone in the
San Andres into the Grayburg, the sulfate values should be increasing given the fact that
Dr. Lindsay testifies that the San Andres has a high sulfate content.

21. The water chemistry data Empire provided does not indicate communication with
disposal. If the SWDs were communicating with these producing wells one would expect that all
the values discussed would be consistently increasing with time. While the TDS and chloride
values have slightly increased over time in the EMSU 321, 325, 401, and 441 they are still well
within the range of all the other wells for these values and well within the historic range before
Goodnight commenced injection. See Empire Exhibit I-11 & I-12. None of the wells show
anomalously high TDS and chloride values. None of the data provided is diagnostic that the
Goodnight SWDs are in communication with the producing wells in the Grayburg.

22. Furthermore, because the EMSU has been under waterflood with San Andres as
make-up water since 1986 any variations in produced water chemistry and sulfate concentrations
could be a result of the waterflood itself or operational changes. For example, Empire could change
the chemical treatment of the injection water before it was injected into the Grayburg that would

result in chemistry changes or there may have been an adjustment of the water source for EOR
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operations. In sum, more variables would need to be taken into consideration to understand what
may be driving these minor variations in produced water chemistry. Proof that Goodnight’s
injection is the cause of changes in sulfate concentrations would have to rule out the EMSU’s own
waterflood injection of San Andres water. Empire has not done that. This chemistry data simply
does not indicate that the Goodnight disposal wells have communicated with the Empire producing
wells.

23.  If Goodnight’s SWDs were communicating with any of these wells there also
would be a change in the production profile of these wells. Empire has not shown any wells where
the production profile has changed that they can attribute to Goodnight’s operations.

24, There are many things wrong with Empire’s water chemistry story. Dr. Lindsay’s
proof of communication is based on water chemistry. He claims that there are three water
chemistries that have been observed at EMSU: 1) Grayburg connate; 2) Goat Seep; and 3)
San Andres. He states that each of these have a chemical fingerprint. Grayburg connate is
identified as having 120,000 ppm TDS and is barium rich. Goat Seep is less than 10,000 ppm
TDS and is sulfate poor. San Andres is less than 10,000 ppm and sulfate rich. He gave clear
definitions with no data to support them, but we have publications along with field measurements
to refute them. His simple conceptual modes does not match data obtained in the field.
Dr. Lindsay’s three-water model is unconfirmed by any data that Goodnight knows of. Dr. Lindsay
has not provided any data and Empire has confirmed repeatedly that they do not have the data in
their possession or control to confirm Dr. Lindsay’s claims. When questioned about this in his
deposition Dr. Lindsay stated that these results (the three chemical fingerprints) were presented to

him by Dr. Alden Carpenter, a geochemist for Chevron, who did research on EMSU. Dr. Lindsay
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does not have any of the data Dr. Carpenter presented but claims to have taken good notes. See
Goodnight Exhibit B-43, Tr. 166:15-169:25; 174:1-176:1.

25.  Water chemistry analysis at EMSU does not match Dr. Lindsay’s chemical
fingerprint. Measurements are drastically different, calling into question the validity of the notes
from the discussion with Dr. Carpenter. Goodnight Exhibit B-44 is an exhibit of fact submitted
at the Gulf Oil unitization hearing seeking to create the EMSU in Case No. 8397. This exhibit
shows that the make-up water (San Andres) had a TDS value of 66,077 ppm and the produced
water (Grayburg) had a TDS value of 7,530 ppm. The San Andres is confirmed to contain sulfate.
These TDS values strongly disagree with Dr. Lindsay’s claims. This document from Case No.
8397 is strong evidence of what the water chemistry was before injection began.

26. The San Andres water chemistry can vary substantially. An example of this
variation is shown in Goodnight Exhibit B-5, which appeared in my direct testimony. This is a
paper published by Chevron in 1996, which Alden Carpenter was an author of and was referenced
by Dr. Lindsay in his deposition. See Goodnight Exhibit B-43 Tr. 167:11-12; 175:16-18. The
data presented in this paper contradict the claimed chemical fingerprint of the three-water sources.
Table 2, found on page 181/13, provides a comprehensive water chemistry analysis for the
EMSU 461, a water supply well producing from the San Andres. This table shows that EMSU 461
has a TDS value of 21,385 ppm (significantly different from the Gulf Oil test discussed above).
The Grayburg producers listed in the same table exhibit TDS values ranging from 5,649 to
35,030 ppm. These tests were taken 5 years after water injection began but we believe the
Grayburg samples are still representative and are valid. The water supply well measurement would
not be affected by the date the water flood began. None of the measurements we have in our

possession agree with the assertions that Dr. Lindsay uses for his three-water chemistry. Dr.
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Lindsay did acknowledge he has not attempted to independently corroborate his chemical
definitions for these three-waters and confirmed that he has not reviewed any chemistry data. See
Goodnight Exhibit B-43 Tr. 169:18-22.

27. The chemistry of the water in the San Andres can have a range of values. The range
of values recovered in tests can be from about 7,000 TDS' to well over 200,000 TDS, but the bulk
average is about 30,000 ppm. Goodnight believes that the use of highly variable water chemistry
to prove damaging communication between the Grayburg oil reservoir and the San Andres water
management reservoir is invalid. There are other more reliable data that show the barrier between
these two reservoirs is competent and durable through time. Good confinement of the San Andres
disposal zone exists and it is safe to proceed.

Claims that there is not a Pressure Differential Between
the Producing Graybure and the San Andres Disposal Zone

28.  Data provided to Goodnight from Empire further confirms that there is a pressure
differential between the Grayburg and San Andres that is sustained across the field. Goodnight
Exhibit B-45 is a spreadsheet that was provided to Goodnight in response to a subpoena where
Goodnight was requesting the shut-in pressures for Empire’s EOR injection wells in the Grayburg
(OCD 23614-17 03623 EMSU Injection Wells 202402 Minimums.xls). The spreadsheet has only
been modified to remove wells that did not have data or had notes from Empire stating there were
data issues with the well. The highlighted column is labeled as “min_SIP reviewed”. Goodnight
understands this to mean that Empire has reviewed the data and confirmed them as being a valid
minimum shut-in pressure (SIP) for the wells listed. The data shows that the reviewed shut-in

pressures for the wells listed have an average pressure of 524 PSI. As discussed in my direct

! There are only two samples that have TDS less than 10,000 ppm in 30 townships that have been
reviewed.
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testimony, the shut-in pressures for the EOR injectors in the Grayburg are significantly different
than the all the SWDs in the EMSU which shut-in with negative wellhead pressures. See
Goodnight Exhibits B-11, B-12, B-21, B-22, and B-23 (McGuire direct testimony). This data
further confirms the pressure differential between the Grayburg producing interval and the San
Andres disposal interval indicating that there is an effective and competent barrier between these

Z0ones.

REBUTTAL TO CLAIMS OF A ROZ IN THE WATER SUPPLY/DISPOSAL ZONE

29.  Empire has not shown any data that confirms that there is a ROZ within the
San Andres disposal zone utilized by SWD operators within the EMSU. Below is a summary of
my rebuttal points.

. The claimed ROZ in the San Andres disposal zone has been tested using a
production method that has been described by Empire’s witness called DUROZ.
The water supply wells in the fields produced more than enough volume to develop
a gas drive that should have produced some oil if there was oil to be recovered.

. Dr. Lindsay and Dr. Trentham were unaware of the long history of disposal that has
been occurring in the EMSU, and therefore could not speak to how this history
could have affected the claimed ROZ in the disposal zone.

. Dr. Lindsay and Dr. Trentham both state that the cutoff for oil saturations, which
define a ROZ is 20%. Dr. Trentham agrees with where Goodnight placed the base
of the ROZ in Goodnight Exhibit B-32.

30. The disposal zone has been tested over nearly two decades using a production

method described by Dr. Trentham in his testimony called de-pressuring a residual oil zone

(DUROQOZ). Below is an excerpt from his testimony on page 22 describing this production method:
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Depressuring the Residual Oil Zone - DUROZ

Platang Field in southwestern Yoakum County, TX is an example

of a DUROZ production method, Depressuring the Upper Residual

Oil Zone, that does not use CO2. The method employs horizontal

wells land high in the ROZ/Oil Column that cannot be economically

produced with vertical wells. Initially, the operator will use

submersible pumps to produce 500 — 2,000 barrels of fluid a day.

Often the well is pumped for 30 to 60 days before the first oil is

produced. The drop in pressure associated with the high volumes of

water produced would result in swelling the oil and the development

of a solution gas drive. Since the only way to produce economic

volumes of oil is by reducing the pressure. Platang Field total

Production >72,000,000 BO since 2006.

31. This production method was effectively enacted by the EMSU water supply wells

that were used for make-up water to flood the Grayburg. These wells produced more than 20,000
BWPD for 18 years, from late 1986 through the middle of 2004 as shown in Empire Exhibit E-4.
A peak extraction rate of 100,000 BWPD was reached for the year 1996. The 11-year period from
1987 to 1998 averaged a produced water rate of more than 60,000 BWPD. This is magnitudes
more volume than what is described as needed to test a ROZ. Trentham set the threshold at 500 to
2,000 BWPD. Trentham also states that the wells at the Platang Field were pumped 30 to 60 days
before the first oil was produced. In contrast, the EMSU water supply wells were produced for
more than 4000 days at a high rate and no oil was ever produced. This is a definitive test of the
claimed ROZ in the San Andres water supply/water disposal zone. Further testing of the water
disposal/supply interval is not warranted.

32.  Dr. Lindsay and Dr. Trentham both described the de-pressuring of the ROZ concept

as a valid production method in their depositions. Goodnight Exhibit B-43 and Goodnight

Exhibit B-39 include excerpts from their deposition transcripts. Dr. Lindsay describes needing to
pump off tens of thousands of barrels to drop the pressure in the reservoir and produce the ROZ.

Goodnight Exhibit B-43 Tr. 134:22-135:20; 140:13-141:5. Dr. Trentham explained that he
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would have expected the EMSU water supply wells to produce some oil if the water
supply/disposal zone was a ROZ given the volumes extracted. Goodnight Exhibit B-39 Tr.
143:13-145:22; 147:9-24.

33. The water supply wells significantly dropped the pressure within the San Andres
due to the very large volumes of water produced. This pressure drop is significant enough to swell
oil and develop a solution gas drive that should have produced oil if there was oil in the intervals
to be produced. The water supply and water disposal occur in the same zone at EMSU that all
operators, including Goodnight, utilize as the water management interval. The fact that these
water supply wells never reported a single barrel of oil proves that there is not a ROZ within
this water management interval as they tested the interval with an accepted ROZ
development method as put forth by Empire’s own witnesses.

34.  Both Dr. Lindsay and Dr. Trentham acknowledged that they did not evaluate the

water supply wells at the EMSU. See Goodnight Exhibit B-43 (Dr. Lindsay) Tr. 108:11-112:10;

Goodnight Exhibit B-39 (Dr. Trantham) Tr. 67:4-68:19; 73:19-74:3; 121:3-13. Remarkably, they

had not been informed by Empire of the location of the water supply wells, what zone they were
completed in, or how much water they produced. They confirmed that they did not review or take
into consideration the water supply wells or the effect they would have on the claimed ROZ in this
interval. XTO was optimistic when pointing out the future potential of the ROZ in the sales
materials presented to Empire yet it seems the history of the water supply wells was not part of the
story. Also, Empire is well aware of this water management zone and chose not to inform their
ROZ experts.

35. In addition, neither Dr. Lindsay nor Dr. Trentham were aware that the San Andres

has been used as a disposal zone since the 1960s in and around the EMSU. They also did not
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realize that Empire itself has a disposal well in the San Andres within the Unit. See Goodnight

Exhibit B-43 (Dr. Lindsay) Tr. 135:20-136:11; 137:15-139:9; 217:9-218:6; Goodnight Exhibit

B-39 (Dr. Trantham) Tr. 116:17-23; 121:19-122:4. Because they were unaware of these disposal
wells, they were unable to speak to how this historical disposal could have impacted the claimed
ROZ in the disposal zone long before Goodnight began its disposal operations.

36.  Finally, both Dr. Lindsay and Dr. Trentham confirmed that 20% oil saturation is

the threshold for defining a ROZ. See Goodnight Exhibit B-43 (Dr. Lindsay) Tr. 104:18-105:8,

106:9-19; 143:20-144:4; Goodnight Exhibit B-39 (Dr. Trantham) Tr.126:7-15; 128:5-12; 129:6-

18; 140:13-25; 151:13-155:16. Dr. Lindsay also confirms that oil saturations above 20% are only
potentially commercial. Separate from the San Andres disposal zone, Dr. Trantham agreed with
where Goodnight put the base of a potential ROZ in the lower Grayburg, based on the EMSU
679 core data and a 20% oil saturation cutoff when reviewing Goodnight Exhibit B-32.

Goodnight Exhibit B-39 Tr. 151:13-155:16.

37. The claimed ROZ within the disposal interval of the San Andres has effectively and
definitively been tested using a production method described by Empire’s experts. The water
supply wells in the field should have produced some oil if there was oil to be produced from that
zone due to the drop in pressure from the massive amounts of water that was produced. Dr. Lindsay
and Dr. Trentham were both unaware of the long history of disposal operations that have occurred
in the EMSU and cannot speak to how that disposal could have affected the claimed ROZ. They
also confirmed that the oil saturation for a ROZ is 20%. Dr. Trentham agrees with Goodnight that
the base of the ROZ is well above the top of the disposal interval utilized by Goodnight and other

SWD operators.
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Buchwalter Model Rebuttal

38.  The reservoir simulation model that Empire and Dr. Buchwalter has put forth in
these cases does not accurately represent reality and is missing key details which, taken together,
strongly indicate that it was designed to provide a predetermined answer. Below is a summary of
my rebuttal points to Dr. Buchwalter’s reservoir modeling.

. The model does not incorporate all the San Andres water supply wells that are in
and around the EMSU, EMSU-B, and the AGU, nor the volumes of water that these
other water supply wells produced.

. The model does not include all the San Andres SWDs that are in and around the
three units or the volumes that were disposed into these SWDs. The model is also
missing decades of data for the volumes injected in some of the wells that were
included in the model.

. Dr. Buchwalter’s model excludes edge water from the Goat Seep Aquifer into the
Grayburg producing zone as explained by other Empire experts and documented
throughout the literature analyzing the EMSU.

. Dr. Buchwalter did not incorporate accurate perforations or the mechanical changes
made to producing wells in the three units over time and therefore cannot accurately
model the production history of the wells.

. The model does not accurately reflect the geologic reservoir complexities inherent
in complex carbonate ramp systems that other Empire witnesses have discussed.

39.  Dr. Buchwalter’s model is missing at least 18 San Andres water supply wells in the

area of the Empire units. Goodnight Exhibit B-19 in my direct testimony is a map showing the

San Andres water supply wells that have been identified by Goodnight while researching the area
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around the Empire units. The dots on the map identify the locations of the water supply wells and
their status as of April 2024. Dr. Buchwalter included only the six water supply wells inside
the EMSU and the two wells inside the AGU but did not include the other 18 wells shown on
the map. While many of the water production records for these wells are incomplete, using water
data that is available, Goodnight has estimated the cumulative water production volume from
these wells to be more than 850 million barrels of water and could be as high as 1.0 billion
barrels.

40. Goodnight Exhibit B-46 is a table showing all of the water supply wells that are

posted in Goodnight Exhibit B-19. The table shows the API number, well name, NMOSE Point of
Diversion (POD) number, cumulative water produced, and the source of the water volume data.
Wells with the source listed as “OCD” had complete production volumes available in OCD
records. Wells labeled with “Reconstructed from well tests” had their volumes estimated by taking
the tested daily production rate that was identified in the well files and multiplying it by the number
of days the well was active. This is justified because the wells that had a full history of production
volumes never saw a decline in the amount of water they could produce over time and were unable
to deplete the reservoir. Some wells had partial volumes that were available through OCD records
but had to be supplemented with reconstructed volumes from well tests as they began production
before the OCD records started. One well did not have any publicly available production volumes
or well tests. In that case the unitization documents were reviewed for the unit that well was
associated with. The unit documents identified the estimated make-up water volume that was
needed to enact the waterflood and that was used as the estimated volume that was produced from
that well. There was only one well where there were no documents identified that could be used

to estimate the produced volumes.
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41. The table shows that 852 MMBW have been produced from the San Andres
in the area around the three Empire units. This table likely underestimates the volumes of water
that was produced from the San Andres as we are missing data on one well and other wells had
the ability to produce at higher rates than was tested given offset tests in other water supply wells.
Only a fraction of this volume was incorporated into Dr. Buchwalter’s model and therefore
the model cannot possibly accurately simulate the reservoir dynamics of the San Andres in
this area.

42.  Dr. Buchwalter’s model also does not incorporate all the San Andres SWDs that

are in and around the Empire units. Goodnight Exhibit B-47 is a map showing all of the SWDs

that are withing five miles of the Empire units (black dotted line shows a five mile buffer around
the three units). This distance was chosen as the offset as Dr. Buchwalter claims that there should
be no produced water disposal in the San Andres within five miles of the units.? The wells are
color coded by operator and the shape of the symbol depicts its status (active=triangle,
plugged=circle, or pending=square). The first injection date and cumulative injected volumes are
posted with each well. Some wells were plugged before OCD records of injection volumes began
and no disposal volumes have been identified for those wells. These wells have been tagged with
“Cum Unk bbls” on the map. Other wells had incomplete volumes from OCD records, these wells
have their cumulative injected volumes tagged with “> XXX bbls” as they are missing data for the
cumulative barrels they have disposed of. When comparing this map to Dr. Buchwalter’s
Exhibit E-1, it is apparent how many SWDs were ignored in Dr. Buchwalter’s modeling efforts.

Strangely, he did not incorporate Empire’s own EMSU SWD within the model. To have an

2 Mr. West testified in his direct testimony that no injection should be allowed within two miles of
the units and potentially up to five miles with approval of “all unit holders.” See Exhibit I-6.
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accurate model, one must incorporate all the data for the area that is being modeled. Dr
Buchwalter states that all the data from the beginning of operations needs to be incorporated
to have the most accurate model possible including the SWDs. See Goodnight Exhibit B-52
Tr. 23:1-7; 62:16-21; 97:14-98:15.

43. Dr. Buchwalter’s model is not only missing many SWDs, but he is also not
incorporating all the volumes that have been disposed of into the wells he is modeling. As shown
by Goodnight Exhibit B-47, the date of first injection of the SWDs is included with many of the
first injection dates being pre-1994. This is critical as Dr. Buchwalter only modeled the SWD
volumes from 1994 onwards as shown by Empire Exhibit E-5. Many of the Rice SWDs that he
did include in his model commenced injection operations into the San Andres as early as the 1950s
and 1960s and had disposed of tens of millions of barrels as of 1994. This means he is missing
30 to 40 years of injection volumes in his model from those wells alone. It is not possible for
Dr. Buchwalter to have an accurate reservoir model when he is missing hundreds of millions
of disposal volumes from the wells he did model and the wells he did not incorporate into the
model at all.

44. Dr. Buchwalter states the following on page two of his written testimony about the
model and his justification for allowing the San Andres to communicate with the Grayburg:

One of the most significant findings of the study was that water
production from wells in the central portions of the field at EMSU
and AGU could not be matched without allowing some water to
migrate from the San Andres to Grayburg by adjusting the vertical
permeability between zones. Without adjusting the vertical
permeability of layer 8 (top of San Andres) and allowing water to
move into the Grayburg, there were over 100 wells in the central
portions of EMSU and AGU which produced very limited amounts
of water when there was no communication between zones. By
adjusting the vertical permeability based on historical production

performance, a fieldwide match was obtained both on production
and pressures.
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45.  In fact, Dr. Buchwalter was not able to obtain a history match to the water
production volumes even in his model that allowed for communication from the San Andres. See
Empire Exhibits E-12a, E-13a, E-14a, E-15a, E-16a, E-17a, and E-21a-p. The water production
graphs in these figures show that his model does not match the production history of the wells as
shown by the difference in the modeled curve in blue and the production history in black. The
model simply does not match the water production history on a well-by-well basis.

46.  Additionally, the examples given for the model run where he did not allow for San
Andres communication has a major problem. As shown in Empire Exhibits E-12b, E-13b, E-
14b, E-15b, E-16b, and E-17b the modeled water production rates for these wells showed no
water production, flat water production, or a decline in water production during the
waterflooding period that began in 1986. This model result makes no sense for a unit that
was on active waterflood. This shows that he is starting with a poor model and that nearly
all the modeled water production in these examples is from the San Andres with none of it
being from the waterflood. This is a critical error and shows that the modeling efforts
severely miss the mark of accurately modeling the waterflood.

47. There are three key details that Dr. Buchwalter excluded from his model that would
have allowed him to obtain a water production history match for the Grayburg wells without
allowing for communication from the San Andres. First, Dr. Buchwalter did not include the
perforations or the mechanical changes that were made to the Grayburg production and injection
wells over time in his model. He stated in his deposition that he just assumed that all the wells
were perforated in the oil column above -366 subsea, which is the initial oil-water-contact (OWC)
he used. This is simply not the case and fails to match reality as many of the wells had perforations

much deeper than -366. Goodnight Exhibit B-48 shows the list of wells where Dr. Buchwalter
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allowed communication from the San Andres. The table shows the API number, well name and
number, the deepest completed interval that was ever open in the well in measured depth, and the
same depth converted to a subsea value. As shown in red, 20 of the wells (40%) had completions
below the -366 subsea OWC that Dr. Buchwalter used and 32 of the wells (64%) had completions
below the -325 subsea OWC described in the unit documents (wells highlighted in yellow have
completions deeper than -325 but shallower than -366). Because many of these wells had
completions below Dr. Buchwalter’s OWC this could explain why he could not get a match to the
water production volumes as he just assumed that none of the wells were ever open below the
OWC. He likely did not need to allow San Andres communication in these wells to match the
water production history if he would have included the completion histories of these wells.
For the wells that were never open below the OWC, their water production histories can be
explained by the other points made below.

48.  Additionally, many of the EMSU wells were historically comingled with the

overlying Eumont gas pool in the Penrose. Goodnight Exhibit B-49 is a map that was presented

in the original cases to unitize the EMSU as Exhibit 23 in Case No. 8377. The 130 highlighted
wells historically had completion intervals that overlapped in both the Eumont and Eunice
Monument pools. Blue wells were classified as being in the Eumont Pool while green were
assigned to the Eunice Monument Pool at the time of the unitization hearing. These highlighted
wells have an indication posted of how many feet are exposed in each of the comingled wells, the
upper number being the feet exposed in the Eumont Pool and the lower number being the number
of feet exposed in the Eunice Monument Pool. For a model to be accurate in matching production,

the history of these comingled wells must be considered.
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49. Second, Dr. Buchwalter did not incorporate key reservoir aspects that Empire’s
other witnesses testified to, particularly the edge water drive from the Goat Seep Aquifer into the
Grayburg producing zone—especially the lower-most Grayburg zones. Dr. Lindsay testified that
there was an edge water encroachment into the Grayburg producing zone from the west as shown
in Empire Exhibits B-21 and B-27. Dr. Buchwalter was clearly unaware of Dr. Lindsay’s work on
the field. This is of critical importance because Dr. Buchwalter states in his testimony that he could
not get a history match to the water production volumes in the Grayburg producing wells without
allowing for the San Andres to communicate with the Grayburg producing wells and that was his
justification to allow the San Andres to communicate with the Grayburg in his model. It is possible
that he would have been able to get a much closer match to the water production volumes in
the model run where he did not artificially allow for the San Andres to communicate with
the Grayburg if he were to have simply incorporated the Goat Seep edge water into his model
which could account for missing water production volumes in his first model run. Dr.
Lindsay testified in his deposition that no reservoir model could be accurate for the EMSU
if the Goat Seep edge water was not incorporated. See Goodnight Exhibit B-43 Tr. 222:2-19.

50. During a March 2000 contested hearing (Case No. 12320) Chevron, who was the
operator of the EMSU at that time, was seeking to increase the maximum surface injection pressure
for several of the EMSU EOR injection wells. During the hearing Mr. Tracy Love, a petroleum
engineer for Chevron, testified that Chevron had identified water that was unaccounted for that

was being produced in the field. Goodnight Exhibit B-50 is an excerpt from the transcript of the

hearing of Mr. Love’s testimony. See Tr. 47:22-50:3. He stated that the water that was unaccounted
for was due to encroachment of edge water from the west. This edge water that Mr. Love is

referring to is sourced from the Goat Seep Aquifer as discussed by Dr. Lindsay. There is no

26

Released to Imaging: 2/10/2025 4:38:02 PM



Received by OCD: 2/10/2025 4:08:32 PM Page 28 of 409

discussion that San Andres is communicating with the Grayburg and providing any water
that is unaccounted for to the field. Dr. Lindsay testified in his deposition that it was “common
knowledge” at Chevron that the San Andres was high in sulfates and was migrating through
fractures into the Grayburg through “plumes” resulting in wells with high water production and
that it was “common knowledge” to Tracy Love, too. Dr. Lindsay also testified that Chevron never
mapped the so-called San Andres “plumes,” but that Tracy Love did prepare maps of high-water
cut wells and published a 1998 SPE paper on them. See Goodnight Exhibit B-43 Tr. 173:7-
174:18. However, there is no data or documentation corroborating Dr. Lindsay’s recollections or
his assertions that it was “common knowledge” or that there ever were “plumes” of San Andres
water migrating into the Grayburg. All we have is Tracy Love’s SPE paper and his testimony to
the Division in Case No. 12320. When asked about it at hearing in 2000, Tracy Love identified
only edge water and water cycling through high-permeability streaks as the only sources of
unaccounted for water in the EMSU—not San Andres water. And his 1998 SPE paper also
does not identify San Andres water as migrating into the Grayburg. See Goodnight Exhibit B-51.

51. Mr. Love also stated in his testimony that Chevron had done a full field simulation
on the EMSU. Given the fact that Mr. Love was directly asked about unaccounted water in the
EMSU and did not identify the San Andres as contributing water to Grayburg production strongly
suggests that Chevron did not believe this to be true and did not have that incorporated into their
simulation. If they did believe this and had it incorporated into their reservoir simulation, why
would he not mention it when directly asked?

52. Dr. Buchwalter struggled to obtain a history match to the water production in the
EMSU producers because he was missing key details of the Grayburg reservoir edge water and

the mechanical configurations of the wells. It is possible that he could have been able to get a
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history match to the water production without allowing the San Andres to communicate with
Grayburg if he had incorporated these details. Because he did not model the Goat Seep edge
water or the wells that had perforations below his OWC of -366, he was not able to match
the water production history of the wells and decided to artificially allow for communication
from the San Andres which would not have been necessary if the discussed details were
included in the model.

53. Third, it does not appear that Dr. Buchwalter understands the geology he is trying
to model and has not incorporated how complex the Grayburg reservoir is at EMSU. First, during
Dr. Buchwalter’s deposition he frequently referred to the two reservoirs as “sands”. The Grayburg
and San Andres are carbonate reservoirs with very little sand content. Goodnight Exhibit B-52
are excerpts from Dr. Buchwalter’s deposition where he consistently referred to the reservoirs as
“sands.” See Tr. 74:10; 113:6; 125:17;127:14; 170:2; 175:12; 211:7;216:14; 246:18; 255:12. This
goes to show that Dr. Buchwalter does not appear to understand the system he is trying to model
or at least has not taken the time to incorporate the well-documented complexity of the carbonate
system into his simulation.

54. In his deposition, Dr. Lindsay discussed the complexities of the Grayburg reservoir.
He referenced Empire Exhibit B-5, which illustrates the intricate geology of the Grayburg
carbonate system across the field, and emphasized the need to incorporate this complexity for an
accurate reservoir simulation. See Goodnight Exhibit B-43 Tr. 144:9-145:15.

55. Dr. Buchwalter did not incorporate a detailed static geologic model with the level
of detail needed to accurately model the flow dynamics of these intricate and complex reservoirs.
From reviewing Dr. Lindsay’s exhibits, particularly Exhibits B-5, B-28, and B-30, one can see

how complex the Grayburg reservoir is due to reservoir heterogeneity, facies changes, and
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stratigraphic relationships of a carbonate ramp system. Dr. Buchwalter used a single porosity and
permeability value for each of his layers in the model. Dr. Lindsay shows that there is large
variation in porosity and permeability within individual layers which Dr. Buchwalter did not
incorporate in the model. It is necessary to build a geologic model that incorporates petrophysical
log data and core data on a well-by-well basis such that the reservoir model includes the complex
variability of the reservoir across the field. These complexities are the reasons that EMSU had
conformance issues from the initiation of the waterflood. Mr. Love highlighted some of these

conformance issues in his testimony shown in Goodnight Exhibit B-50 that was discussed earlier

in my testimony. Mr. Love described the following about conformance issues relating to the
EMSU waterflood.

[W]e produce most everything we inject . . . Except for the start of
the flood before the water broke though in some of those high-
permeability streaks. We have a real bad problem with cycling water
through those high-permeability streaks. They’re like pipelines, and
until those broke through we were — you know, water production
was lower. But once the injection broke though, you’re almost at
one with your water in, water out, till you squeeze out of those high-
permeability streaks.

Goodnight Exhibit B-50 Tr. 48:16-24.

56. Chevron and XTO, the previous operators of the fields, had undertaken a lot of
conformance work by deepening wells, squeezing perforations, and adding perforations to help
the waterflood become more efficient and to address the issues that Mr. Love described above. To
have an accurate reservoir simulation model that matches the production history of the field, it is
critical to incorporate the well conformance work and the geologic complexity of the reservoirs. It
is possible that Dr. Buchwalter would have been able to match the water production rates in his
model run that did not allow for San Andres communication if he were to include these reservoir

complexities, like the high permeability streaks that allowed water to break through very quickly.
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57.  Dr. Buchwalter missed the mark of building a reservoir model that accurately
reflects the reality of how the EMSU and the other Empire fields actually operated and produced
by missing key details. Because of the reasons discussed above, the model he has presented does
not reliably reflect water production in the EMSU and cannot be used to support a conclusion that
the San Andres is communicating with the Grayburg. Dr. Buchwalter appears to have been biased
by Empire’s initial assumption that there is communication from the San Andres into the Grayburg
and, therefore, produced a model that gave Empire the answer they were looking for without taking
into consideration all the facts. He was also at a disadvantage because he was entirely reliant on
the information and data provided to him by Empire. They did not provide him the key missing
information and he did not do an independent investigation to determine what might be missing
from his model. See, e.g., Goodnight Exhibit B-52 Tr. 97:25-98:2.

Response to OCD Concerns

58. The OCD raises concerns about potential communication between the San Andres
disposal interval and the Capitan Reef. Those concerns are unfounded. Despite the absence of new
data or justification, the OCD has elevated its concerns on this issue after more than a 60-year
history of San Andres disposal occurring in the Hobbs Channel. Below is a summary of my
response points.

. Goodnight has always engaged with the OCD relating to questions about the

Capitan Reef in prior application and hearings. The OCD has already approved 12
Goodnight San Andres SWD permits. There is no clear justification for the OCD’s
newly elevated concerns.

. The OCD’s concerns stem largely from 1970s research by Dr. William Hiss. His

research assumed that the San Andres was stratigraphically connected to the
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Capitan Reef. Peer-reviewed research and modern stratigraphic models confirm
that the San Andres is not in stratigraphic or hydraulic communication with the
Capitan Reef.

. The work by Dr. Hiss needs to be updated and quality controlled. Goodnight has
performed this work for the San Andres data in the area of the Hobbs Channel.

. The updated a corrected water chemistry data shows that Hobbs Channel (Outflow)
is limited to the Artesia Group, above the San Andres, where there is a known
stratigraphic and hydraulic connection with the Capitan Reef.

. Available water quality data shows that the Capitan Reef within the investigated
area does not meet the standards for USDW quality water.

59. Goodnight has always been aware of the Capitan Reef and its status as a currently
protected aquifer. Contrary to OCD’s testimony, Goodnight has addressed the concerns raised by
the OCD about potential impacts on the Capitan Reef numerous times in our previous application
hearings, and in response to the Division’s follow-up questions. The OCD has posed questions in
the permitting phase and at hearings on these previous applications, asking Goodnight if we have
considered the Capitan Reef Aquifer, investigated its proximity, and evaluated any impact. We
state in each application that we do not impact any USDW including the Capitan Reef.

60. Goodnight Exhibit B-53 is a combination of hearing transcripts and an email in

which Goodnight answered questions relating to the disposal operations relative to the Capitan
Reef, showing that Goodnight has always been engaged with the OCD on this issue and has
answered any questions that have been raised. Also attached in the exhibit are hearing orders in
which the OCD acknowledged the discussions about the Capitan Reef. Goodnight has received

approval from the OCD for 12 San Andres permits in the EMSU area, which has a long history of
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San Andres disposal operations going back to the 1950s and 1960s. Until now, Goodnight had
understood it had resolved OCD’s concerns because OCD did not have any additional follow-
up questions or concerns and approved all of Goodnight’s previous SWD applications. It is
not clear what, if anything, has changed since these prior applications that has elevated their
concerns and broadened their area of investigation well beyond previous inquiries.

61.  In these cases, Goodnight is now being asked to comment on the disposal
operations of many different operators, some occurring before our injection began, and with absent
or incomplete records for those disposal operations. The OCD testimony does not provide any
new data that would show a reason to have a change in opinion on San Andres disposal in this area
after already approving 12 Goodnight permits and many others dating back 60 years.

62.  In 2020, the OCD provided a letter to the EPA titled Update of Underground
Injection Control Class Il Activities with the State of New Mexico for Possible Injection into
Underground Sources of Drinking Water: The Capitan Reef Aquifer System and was included in
the OCD testimony as OCD Exhibit 10. The letter included a list of 32 injection wells which the
OCD determined required additional investigation to determine if they were causing potential
impacts to the Capitan Reef and evaluate the potential or necessity for establishing exempt aquifer
status. The list is included in OCD Exhibit 10, Table 1 on page 13. All the wells listed are injecting
into the Artesia Group—comprised of the Grayburg, Queen, Seven Rivers, Yates and Tansill
formations—while no San Andres wells are listed. This highlights that OCD’s concern with
San Andres disposal appears to be only a recent development, yet no new information has come
to light following submission of this letter to the EPA to indicate the reason for the newly elevated

concern.
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63. The OCD appears to be heavily depending on the work of Dr. William Hiss for the
basis of their concern that the San Andres may be in hydraulic communication with the Capitan
Reef. Dr. Hiss aggregated thousands of produced water chemistry samples for the Permian Basin
in the mid-1970s and developed the first database of this kind. This work was instrumental in
developing an understanding of the water chemistry of various formations in the Permian Basin.
Dr. Hiss used this data to publish a map titled Chloride-lon Concentration in Ground Water in
Permian Guadalupian Rocks, Southeast New Mexico and West Texas. This work, while
contributing to the scientific understanding of the shelf-to-basin hydrology, needs to be updated
and has data quality control issues.

64. The Hiss map was used to define an area he called the “Hobbs Channel” and is

included as Goodnight Exhibit B-54. The map includes datapoints and contours of chloride

concentrations from various Guadalupian aged formations (Hiss put the data from all geologic
depths on one map) and a shaded area showing the limits of the Capitan Reef. Hiss described the
“Hobbs Channel” as an area with less than 10,000 ppm chloride concentration, (which equates to
~20,000 TDS). Goodnight Exhibit B-54 shows the area of low chloride concentration defined by
Hiss by overlaying the red contours that are shown on OCD Exhibit 2, which show Hobbs Channel.
Dr. Hiss postulated that the permeable facies of the Capitan Reef had the ability to flow into the
Guadalupian-aged back reef and shelf formations in the geologic past. His assumption is that
would have dropped the chloride (and TDS) concentration in those shelf formations. Dr. Hiss
included the San Andres in the group that is connected to the Capitan Reef.

65. Dr. Hiss was working under the stratigraphic framework as it was thought to be at

the time he published his work in the 1970s. Goodnight Exhibit B-55 shows a cross-section of

the shelf-to-basin stratigraphy as it was understood at the time of his publications. The image is
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copied from his chloride-ion concentration map and has been enlarged. In it, Dr. Hiss shows that
he believes the San Andres is laterally connected to the “Capitan Aquifer.” That interpretation has
changed. Current investigators and publications demonstrate the updated and corrected
stratigraphic model, accepted by academic institutions and peer reviewed in publication,
showing that the San Andres is not laterally connected to the Capitan Aquifer. Dr. Hiss was
working under the stratigraphic relationships as they were understood at the time when he was
publishing this work. Updated publications show that this stratigraphic understanding was not
correct.

66. Goodnight has presented valid peer reviewed data that has appeared in scientific
publications that the San Andres is not connected to the Capitan Reef either directly or indirectly
through the Goat Seep. The Capitan Aquifer and the San Andres are different stratigraphic ages
and are not in communication. This can be seen in Goodnight Exhibit B-29 showing the most up-
to-date stratigraphic model for the shelf-to-basin stratigraphic relationships and shows that the
San Andres is never in contact with the Goat Seep or the Capitan.

67. Further, Goodnight’s own investigation shows this same relationship with a cross-
section from the EMSU, through the shelf margin, and into the basin. Page one of Goodnight
Exhibit B-56 is a cross-section index map showing the path of the cross-section in black and the
wells used are indicated by red dots. The map also includes the unit boundaries of the three Empire
units, EMSU, EMSU-B, and AGU. The purple polygon is the Capitan Reef boundary from a 2009
Texas Water Development Board publication and is the most recent and accepted Capitan Reef
boundary. The red lines are the boundary of the “Hobbs Channel” as defined by the OCD exhibit.
We add them for geographic reference. The goal of the cross-section is to show the stratigraphic

relationships of the shelf-to-basin facies in the disposal area by taking a dip-oriented cross-section
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path and using wells that were approximately one mile apart along the path that had log coverage
across the Capitan Formation. The next page shows the cross-section with the Central Basin
Platform shelf being on the right and the Delaware Basin on the left. Blue shading on the figure
shows the Capitan and Goat Seep Reefs, green shading is the Grayburg interfingering with the
Goat Seep, and purple shading is the San Andres interfingering down dip into the Cherry Canyon
Member of the Delaware Mountain Group. As shown by the purple shading, the San Andres is
never in contact with the Goat Seep or the Capitan Reefs and is significantly deeper. Given the
fact that there is a competent barrier at the top of the San Andres, there is a very low probability
that the disposal water could migrate out of zone up into the Goat Seep. It is even more improbable
that disposal fluids in the San Andres could make migrate into the Capitan Reef given the
significant vertical separation between the formations. Additionally, given the nature of the
San Andres being deposited on a shelf slope with a rapidly increasing water depth to the west, the
San Andres porosity diminishes very quickly just west of EMSU. This is due to a finer grained
material (mud dominated) being deposited in the deeper water which has little to no porosity, as
opposed to the shallower water environment at EMSU which allowed for porosity development.
This lack of porosity can be seen in the down dip purple shaded section that interfinger with the
Cherry Canyon. These carbonates have very little if any porosity on a log. Rapid deepening along
the western margin of the Central Basin Platform further separated San Andres tallis slope fans
from the Goat Seep Reef that was deposited above. There is no pathway for water to migrate
from Goodnight’s San Andres disposal zone to the Goat Seep. Further, there is no pathway
for water to migrate to the Capitan Reef.

68. The San Andres is not connected to the Capitan or its back reef facies. The

San Andres data should not have been included on the Hiss chloride-ion concentration map, at
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least for the purpose of drawing hydraulic communication conclusion with the Capitan Reef. It is
not in hydraulic communication with the Capitan Reef. Next, the Hiss map contours do not match
the data points posted, particularly in the Hobbs Channel. The contours were drawn in a search
for, and the highlighting of, any low values found while ignoring contrarian data in the same space.
He gave no weight to the preponderance of the data but simply found and highlighted low values.
Dr. Hiss explains this in the legend of the map stating that the contours represent the following:

Lines of equal chloride-ion concentration, in thousands of

milligrams per liter. Dashed where inferred. Based on the lowest

concentration shown or interpreted to be present. Within any

area delineated by two lines, ground water having a chloride-ion

concentration indicated by the line values is probably present in at

least one water-bearing zone; ground water having a higher

chloride-ion concentration than that indicated by the contour values

is generally present also.

69. The Hobbs Channel only exists in the Artesia group. The hydrodynamic connection

between the reef and the back reef facies is shown in Goodnight Exhibit B-57. This map shows

the TDS values of waters within the Artesia Group from multiple different public datasets. The
additional data shows that there is room for improvement in the shape of the Hiss contours but
there is an indication that the Reef moved water into the back reef facies of the Artesia Group at
times during geologic history in the area defined as the Hobbs Channel (shown with the red lines).
Dr. Lindsay confirmed this connection and describes edge water from the Reef entering the
Grayburg at the EMSU. The outflow from the Reef coincides with the point where the reef system
comes in close proximity to the Central Basin Platform shelf edge. The outflow occurs at the point
where the permeable reef and high energy shelf carbonates are no longer separated by low
permeability lagoonal facies. This allows for communication along the trend for water to escape

the hydraulic head following the lower gradient pathway to the northeast. However, this
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pathway—which is geologically bound—only exists in the Artesia Group. San Andres is not part
of, nor does it participate in, this inter-reservoir exchange.

70. The Hobbs Channel is an offramp connection to the San Simon Channel freeway
in the Artesia Group. The San Simon Channel feature is a structural low created by fault slip
movement between the north end of the Central Basin Platform and the Northwest Shelf. It
connected the Delaware Basin to the Midland Basin during Leonardian time. The lithology of the
Guadalupian formations inside the San Simon Channel is different from the shelf rocks on either
side of it. The San Simon channel has a much higher siliciclastic content, sediments equivalent to
the Delaware Mountain Group filled the channel. Goodnight Exhibit B-58 is a structure map on
the top of San Andres formation utilizing publicly available tops that was aggregated by IHS. This
structure map shows the structural low of the San Simon Channel that separates the Central Basin
Platform from the Northwest Shelf.

71. The OCD’s Primacy Agreement for the OCD’s UIC Program does discuss the
Hobbs Channel in OCD Exhibit 4. This document gives a geologic description of the Hobbs
Channel as follows:

A major paleogeographic feature of the area is known as the Hobbs
Channel (Figure 8). This channel was a bathymetric low in the

Permian and connected the Delaware and Midland Basins on the
northern end of the Central Basin Platform.

72. The OCD Primacy Agreement is clearly describing the San Simon Channel, a
geologic feature of tectonic origin but called it “Hobbs.” Goodnight Exhibit B-59 is Figure 8
from OCD’s Primacy Agreement Appendix II (OCD Exhibit 4). The map shows how the Primacy
Agreement defines the Hobbs Channel’s geographic extent. The map has been overlain with the
Hiss definition of the Hobbs Channel from the chloride-ion contours (from OCD Exhibit 2) in red

and the boundary of the San Simon Channel in brown. At this point, it appears that the OCD has
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three partially conflicting definitions for the geographic location of the “Hobbs Channel” as shown
in Exhibit B-58. Our work has brought clarity to these discrepancies. See Goodnight Exhibit B-
56. The San Simon Channel and the Hobbs Channel are separate features with the Hobbs Channel
acting as a hydrodynamic conduit to the San Simon Channel at the Artesia Group level. The Hobbs
Channel only interacts with rocks within the Artesia Group. To clarify the distinction between
Hobbs Channel and the San Simon Channel, it is recommended to rename Hobbs Channel to the
'Hobbs Outflow,' as it is hydrodynamic in nature rather than a geological channel.

73.  Having established that there is no geologic connection between the San Andres
and Capitan Reef, and that the hydrodynamic feature observed at the Hobbs Outflow is limited to
the Artesia Group, Goodnight wanted to understand the basis for Hiss’s conclusion that a
geochemical signal connected the San Andres to the Capitan.

74. To do that Goodnight investigated all the San Andres datapoints on the Hiss
chloride concentration map in the Hobbs Outflow (as defined by OCD Exhibit 2). Goodnight
obtained the supporting database® that Hiss used to build the chloride-ion concentration map. This
publication was a data aggregation effort by Dr. Hiss of produced water chemistry. The database
does not identify the well that was sampled. It does have the section township and range along
with the date the sample was taken, the depth, the assigned formation name, and the chemistry
analysis of the water. Goodnight used the Chloride Ion map to further define the location within a
section. This could get the area down to plus or minus 2000 feet around the posted value on the

map.

3 Hiss, W.L., 1975, Water-quality data from oil and gas wells in part of the Permian Basin, southeastern New Mexico
and western Texas (No. 75-579). US Geological Survey.
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75.  Hiss identified 32 locations on his map as being tests of the San Andres formation
within the Hobbs Outflow. These 32 locations were overlaid on the OCD GIS map with a 2000-
foot halo around the Hiss points to identify candidates for the source of the sample. Criteria for
identifying the well candidate: 1) proximity to where Hiss spotted the data, 2) comparison of the
depth of the test as shown in the Hiss database to the completion or test interval of the candidate
well at the time the test was taken, 3) date restrictions were imposed so that we only consider wells
that existed when the sample was obtained, 4) when the Hiss database did not provide a depth for
the sample, multiple wells were identified as potential candidates based on location, depth of the
well, and timing of sample date. A confidence level was assigned to each of these identified
potential well candidates with many of them being confirmed. We reviewed 202 well files for this
effort. Once the well(s) was identified as representing the sample, the geologic tops were used to
quality control the formation name listed in the database. The formation name was either
confirmed or reassigned based on the tested interval listed in the dataset. Of the 32 Hiss plotted
San Andres datapoints, ten of them were determined to be San Andres. Nineteen were determined
to not be San Andres and were either from the Artesia Group or Leonard aged formations, or the
tested interval was San Andres comingled with another formation. Three of the Hiss datapoints
had no candidate well in the area and could not be resolved.

76. Goodnight also gathered San Andres water chemistry datasets from other sources
to update and supplement the Hiss analysis. This included the GoTech/NMWAIDS New Mexico
Water and Infrastructure Data System* which is housed at New Mexico Tech and the USGS

National Produced Water Geochemical Database® which is the combination of two previous

4 https://octane.nmt.edu/gotech/Water/producedwater.aspx.

> https://www.usgs.gov/tools/us-geological-survey-national-produced-waters-geochemical-database-viewer.
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datasets being the USGSBRIET® and the NATCARB.” The datasets were often inconsistent in the
name assigned to the formation although the well API number indicated the same well and the
same chemistry test. Any well that was listed as San Andres in any of these datasets was reviewed
regardless of agreement with other datasets. There were 57 wells that had been identified as
San Andres tests within the Hobbs Outflow. A similar quality control effort was made on these
wells as was with the Hiss data, but the effort was streamlined because the datasets identified the
well that was sampled. The well files for these identified wells were cross-referenced to the dataset
to confirm the formation that was tested given the tested interval and the date the sample was
taken. Of the 57 wells identified, 37 were determined to not be San Andres or were comingled
tests with other zones. Twenty were confirmed to be San Andres.

77. Goodnight Exhibit B-60 is the culmination of this quality control work. The

exhibit shows all San Andres datapoints that have been identified and quality controlled. The data
sources include Hiss, USGS, New Mexico Tech, data obtained from well files, and other
publications. The map also included Delaware Mountain Group (DMG) samples as the San Andres
is stratigraphically equivalent to DMG and not the Goat Seep or Capitan Reef. This map shows
that the San Andres has a marked boundary of rapidly changing salinity when compared to the
laterally equivalent DMG indicating that there is very little communication between these two
formations. As discussed above, this is due to a loss of porosity and permeability in the San Andres

as you move west due to a lithology change because of deeper water deposition.

¢ Breit, G.N. and Otton, J.K., 2002, Produced Waters Database (http://energy.cr.usgs.gov/prov/prodwat/contact.htm)
U.S. Geological Survey.

7 Bauer, J., et al, 2018, National Carbon Sequestration Database (https://catalog.newmexicowaterdata.
org/dataset/natcarb-viewer) United Stated Department of Energy.
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This quality control effort has been passed to Geolex to undertake a third-party peer

review of Goodnights work. Geolex has reviewed and adopted the Goodnight analysis. Geolex

will continue the analysis and state their conclusions.

79.

San Andres data in the Hobbs Outflow (as defined by OCD Exhibit 2) has an

average TDS of around 30,000 ppm but there is a wide range of TDS values. Dr. Trentham

provides a discussion of the hydrodynamic relationships that occurred within the San Andres. The

connate water was displaced by meteoric water which is why the water salinity in the San Andres

is lower than what it is to be expected for its depth. Empire Exhibit D-3 is a map showing Dr.

Trentham’s mapped San Andres “fairways.” He describes the fairways on page 7 and 8 of his

testimony in these cases as the following:

80.

The model for regional flushing of all, or portions, of these
reservoirs, developed herein and by Lindsay and Brown (1998,
2001, 2004), identifies the pathway of eastward migrating meteoric
waters moving down dip away from the recharge areas between the
present day Rio Grande Rift and what is now identified as the
western margin of the Northwest Shelf of the Permian Basin (prior
to the Laramide orogeny, the Permian Basin reservoir trends
extended much further to the west). The late stage (Tertiary), lower
salinity waters were following regional aquifer pathways that were
entirely different than those followed by the oil during migration
into the reservoirs. The initiation of this meteoric-driven flushing
was coincident with initial phase of Rio Grande Uplift and Tertiary
volcanism in the Trans Pecos, Exhibit D-3.

The original recharge surface extended essentially from the area
west of a line from El Paso to Socorro, NM to a line from Carlsbad
to north of Roswell. This potential recharge area was half the height
of the Permian Basin. During that time, large volumes of initially
fresh but soon mixed waters swept through the porous and
permeable reservoirs. The mixing occurred rapidly so that the
majority of the flushing was with relatively saline, oxygen rich
subsurface waters, and referred to as “Mother Nature’s Waterflood”
(MNW).

These lower salinity waters in the San Andres are not from the Capitan Reef

but from San Andres outcrops in central New Mexico that have migrated down these
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fairways. Work by Dr. Lindsay on the EMSU and reported on by Dr. Trentham further supports

the concept that the San Andres is not in hydraulic communication with the Capitan Reef. See

Goodnight Exhibit B 9§ 39 (McGuire direct testimony).

81.

Goodnight has done work to understand what the Capitan Reef water salinity is in

the northeast section of the Reef near the area of Goodnight’s operations. The OCD has referenced

a 2016 publication from the New Mexico Bureau of Geology and Mineral Resources by Lewis

Land titled “Overview of Fresh and Brackish Water Quality in New Mexico” in OCD Exhibit 13.

Dr. Land describes that fresh water in the Capitan Reef is only in limited areas near the recharge

arcas.

82.

Fresh water is present in the [Capitan Reef] aquifer only in the
immediate vicinity of its recharge area in the Guadalupe Mountains.
Mineral content rapidly increases east of the Pecos River, and
throughout most of its extent the Capitan Reef is a brine reservoir,
with TDS concentrations >100,000 mg/l in some of the deep
monitoring wells in Lea County (Hiss, 1975a; 1975b).

Dr. Land goes on to say the following about the Capitan Reef Aquifer as described

in the OCD testimony:

83.

Brackish water resources are clearly available in the Capitan Reef
aquifer, although for the most part that water is more accurately
described as a brine, and would thus not be suitable for conventional
desalination technologies. However, this highly saline water is a
valuable resource for industrial applications in southeastern New
Mexico and west Texas. Both the petroleum and potash mining
industries have recently expressed interest in exploiting brackish
water in the reef aquifer for water flooding of mature oil fields in the
Permian Basin region and for processing of potash ore.

The Capitan Reef near Goodnight’s SWD operations cannot be classified as a

USDW which is defined as having a TDS value of less than 10,000 ppm. Goodnight has done work

to confirm this by taking currently available data from the Capitan Reef. Goodnight Exhibit B-

61 is a map showing currently available data of what the TDS values of the Capitan Reef waters
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are. The map is made using multiple public data sources (datapoints are colored by the data source).
While there is a limited amount of data on the Capitan Reef salinity, there are more public sources
of data than described by the OCD testimony. The map shows that there are only three datapoints
that would qualify as USDW. There does not appear to be any trend in the data such that USDW
water is mappable or in a defined/confined area. There are USDW datapoints in close proximity
to datapoints that are well above the threshold for USDW waters. If the Captain Reef in this area
does not meet the standards of USDW then an aquifer exemption should not be needed.

84.  Even if the Capitan was USDW quality water, the UIC Primacy Agreement for the
OCD’s UIC Program (OCD Exhibit 4) has already concluded that the Capitan Reef could be
aquifer exempt. The document states the following on page 17.

It seems reasonable to conclude that the San Andres can be
exempted from UIC protection on the grounds that it is
economically impractical to use this aquifer as an underground
source of drinking water instead of as a brine disposal zone. The
same conclusion would be reached for the smaller amounts of fresh

water in other aquifers such as the Artesia Group, as well as the more
distant supplies in the Capitan Formation.

85. It is unclear why the OCD has not sought to obtain an aquifer exemption for the
Capitan Reef even when the UIC primacy agreement has already concluded that an exemption is
warranted.

86.  Goodnight is currently evaluating the OCD proposed monitoring plan and will be
proposing an alternative monitoring plan for the Capitan Reef. It should be noted that Goodnight
does not feel that OCD’s proposed monitoring plan is justified based on the above discussion but
will work with the OCD in a good faith effort to help them obtain data they feel would be useful.
Goodnight is currently in the process of identifying wellbores that could be potential candidates to
be converted to Capitan monitoring wells. These monitoring wells would be used to sample the

water chemistry on an agreed upon cadence to see if there are any material changes to the water
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chemistry of the Reef. A baseline must be established along with a clear understanding of what a
chemical change means and how the OCD would link any particular change in chemistry to the
source of that change. It should be noted that changes in water chemistry observed in the Reef are
not diagnostic for confirming that there is communication with the San Andres injection zone.
There is proven communication between the Reef and the Artesia Group where there are oilfield
operations that could impact the Reef, including saltwater disposal. The OCD has already listed
some of the wells of concern which they determined needed further investigation for potential
impacts to the Reef (OCD Exhibit 10, Table 1 on page 13). Some of these listed wells are within
the Hobbs Outflow and are in the general vicinity of Goodnights operations (within 2.5 to 6 miles).
Any change in a new monitoring well in this area would require a thorough investigation of all
variables suspected to influence it. Goodnight lacks access to all the necessary data to determine
the potential cause of changes observed in Capitan monitoring wells. Goodnight is willing to
discuss these issues with the OCD and work to put together a Capitan monitoring effort that would
satisfy their needs while taking into consideration Goodnight’s concerns.

Conclusions

87.  Empire has not shown evidence that supports their claims. They have not shown
that there is communication between the San Andres disposal zone and the EMSU Grayburg
producing zone. There is a 60-plus-year history of these two activities occurring in the same space
simultaneously with no reported problems. The barrier between the two has prevented problems
from occurring and continues to do so. There is no evidence that there is a ROZ in the San Andres
disposal zone, let alone that the claimed ROZ would be commercial if one existed. In fact, the zone
has been already thoroughly tested using a production method identified by Empire’s own expert
with the San Andres water supply wells and is proven to be negative for ROZ. Goodnight has not

impaired Empire’s correlative rights or caused any kind of waste given the above conclusions.
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88. The OCD should not be concerned with San Andres disposal in the Hobbs Outflow.
First, the San Andres is not connected to any part of the Capitan Reef given the up-to-date
stratigraphic relationships. The Hobbs Outflow hydrodynamic relationship only exists between the
Capitan Reef/Goat Seep and the Artesia Group as they are in stratigraphic communication.
Goodnight has done extensive work to update the Hiss model and correct the flaws in the data
which was the basis for OCD concerns. This work further concludes that the San Andres is not in
communication with the Capitan Reef. Second, the Capitan Reef water offset to Goodnight’s
injection does not qualify as a USDW. There are many public datapoints available that show the
TDS values of the Reef are greater than 10,000 ppm. Based on these conclusions, the OCD should
not have any concern about Goodnight’s San Andres disposal.

89. Given the above evidence and conclusions, the Commission should 1) deny
Empire’s applications to revoke the injection authority of Goodnight’s currently permitted SWDs
in Case Nos. 24018-24020 and 24025; 2) approve Goodnight’s request for the five injection
authority applications in Case Nos. 23614-23617 and 24123; and 3) approve the allowable daily

volume increase for the Dawson SWD in Case No. 23775.

-Remainder of the page left intentionally blank-
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90. [ affirm under penalty of perjury under the laws of the State of New Mexico that
the foregoing statements are true and correct. [ understand that this self-affirmed statement will be

used as written testimony in this case. This statement is made on the date next to my signature

below.
. C /.
%A/-ﬁ’ 2/10/2025
Preston McQGuire Date
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A. You know, there was -- | can't renenber which
gentleman it was that presented a | ot of the OCD records.
That was where | | ooked at that stuff.

Q Okay. Are you fam -- generally famliar with the

wat er supply well production volunmes in the EMSU?

A. That's that one well that you're referring to?
Q Well, there were six originally.

A Yeah.

Q Are you fanmiliar with the history of those six

water supply wells in the EMSU?

A Only cursorily.

Q. Okay. So you're not aware that they were -- they
produced fromthe San Andres in the unit?

A Cursorily | did see that, yes. But | don't know
exactly what interval within the San Andres they were
producing from

Q Okay. So you don't -- you're not aware of the
vol unmes they produced?

A No.

Q Okay. That would matter, though -- wouldn't
it? -- in your assessnent of the -- of the San Andres as an
ROZz?

A It woul d depend on where the productions of water
was fromin the San Andres --

Q Okay.
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A -- to the ROZ

Q What woul d make a difference?

A Well, I'"'m-- 1'"mmking sone assunptions. |'m
assum ng that the -- the water productions from deeper in

the San Andres, not fromthe ROZ zone.

Q Uh- huh.

A. So --

Q And - -

A. -- that would be -- that would be, you know, what
I would -- you know, that's just all that |I would recomrend,
you know, that, yeah, if it's -- if it's the | ower
San Andres, well, that's an entirely different portion of
the R- -- of the San Andres; therefore, the ROZ should be
all right.

Q. Okay. But you yourself didn't |look -- you're not

fam liar with what zones the water supply wells produced

fromor whether or not it overlaps with the clai nred ROz

ri ght?

an assessnment or an eval uation of where all the wells are
conpleted within the EMSU Unit? |In other words, |ike, where

the producing wells are | ocated and where the water supply

was,

A

Q

you haven't done an assessnment yourself of all of that?

A

You don't know as you sit here?
| don't know, no.

Ckay. So have you -- your yourself haven't done

That's correct. That's -- | consider that to be
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purposes of -- I'mgoing to use the word -- phrase
"reservoir characterization" to understand where the
geol ogic top of the San Andres is in the EMSU?

A. Ch, absolutely.

Q Okay. And why? \Why does it matter?

A Because even though they're both carbonate
reservoirs and even though they very often produce in the
sane fields, they're definitely reservoir characteristics.
The oil chemistry may be different. The water chemi stry for
sure is different between those. The top of the San Andres
base of the Grayburg is traditionally a barrier to vertical
flow So there's a | ot of reasons, that -- yeah, it's an
essential pick in any project you do.

Q. Say that part again about the barrier to vertical
flow, because | want to nake sure | understood what you just
sai d.

A The top of San Andres base of the Grayburg acts as
a barrier to vertical flow For instance, in the Foster and
Sout h Cowden Field that | worked, the project | worked on
was actually too deep and into the -- into the areas in the
| ower Grayburg and San Andres where there had been aqua
Grayburg production, and what we di scovered was that the
wat er chemi stries between the | ower G ayburg and the
San Andres were totally different. The upper G ayburg

originally had total dissolved solids of 27,000 parts per
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mllion. The lIower -- |lower G ayburg had -- was about 37-
to 40,000 parts per mllion total dissolved solids and the
San Andres was 62,000 parts per mllion total dissolved
solids so they acted as different reservoirs.

Q Yeah. So you would agree with ne that
under st andi ng where that -- if that barrier exists and where
it's located is inportant in characterizing the G ayburg
reservoir in relation to the San Andres reservoir?

A Correct.

Q. Okay. And the reason is because they -- in your
experience they function as different reservoirs?

A. Yes.

Q Okay. Have you eval uated Chevron -- at the tine
that these water supply wells were drilled, and there's six
of them | represent to you there's six of them have you
eval uated Chevron San Andres top picks in the EMSU water
supply wells at the time those wells were drilled?

A. No, | had not.

Q Ckay. So understanding that Chevron drilled these
six wells for purposes of providing the makeup water -- the
fill-up water and the makeup water fromthe San Andres,

woul dn't you think it would be inportant to understand

where -- where that zone was, this water supply zone?
A Yes.
Q Okay. But you haven't evaluated that, so you
Page 73
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i don't know where that is in relation to the G ayburg or the
2 claimed ROZ zone; right?
3 A Correct.
4 Q Ckay. Now, on that sane topic, you haven't
5 yoursel f eval uated where were this potential perneability
6 barrier is within the EMSU between the San Andres and the
7 Grayburg?
8 A That's correct.
9 Q Okay. Have you had discussions with Dr. Lindsay
10 about that barrier, that perm barrier?
11 A Yes, | have.
12 Q And what were those di scussions?
13 A. We tal ked about the -- the type of a barrier or
14 type of a break it was, what the top of the San Andres
15 | ooked li ke versus the base of the Gray. You know, just --
16 we both had other projects where we know that that's the
17 case, and so we just kind of did a general discussion about,
18 Ckay, so is the San Andres here simlar to a |lot of the
19 other reservoirs that we | ooked at? And Lindsay's answer to
20 me was yes. So...
21 Q In fact, he discusses it at length in this
22 di ssertati on, doesn't he?
23 A. Yeah. | have not read all 1400 pages. |'m sorry.
24 Q |"'mgoing to quiz you on it. But as to that part,
25 I mean, you're fanmiliar with his dissertation that he
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before anything occurs to change the state.

So if it's nore than a hundred pounds significantly, |
woul d say, yes, there would be a barrier. O her than that,
if neither one of them had been tested or produced, you're
going to -- there's going to be a pressure differenti al
bet ween t hem based on dept h.

Q Just based on a hydrostatic colum; right?

A Correct. Uh-huh.

Q So let's just assunme that the EMSU water supply
wells were conpleted in the McKni ght nmenber, which is the
deeper zone; correct?

A Yeah.

Q. And -- and |I'Il represent to you that the EMSU
wat er supply wells have produced nore than
350 million barrels of water over nore than 20 years. In
order for the waterflood in the Grayburg to be successful,
woul dn't there need be to a geol ogi c seal between those
zones where the waterflood occurs and where the water is
produced fronf?

A Okay. So in the EMSU, the water supply wells they
produce fromthe MKnight. Okay. And they're water supply
wel l's, and how much did they produce?

Q More than 350 nmillion barrels.

A. It had to conme from sonewhere. Didn't all cone
fromthe MKnight nmenber. But, yeah, that's def- -- and as
Page 82
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I remenmber your question, you said between the MKnight and
the Grayburg, didn't you say?

Q The wat erfl ood zone.

A. Yeah, the waterfl ood zone. Yeah. | woul d
anticipate that there would be an overall regional interval
of |l ower perneability between those two.

Q Because in order to operate a waterfl ood, for the
waterfl ood to be effective, you' d have to have a sea

bet ween the water supply zone and the waterfl ood zone;

correct?
A Yes.
Q. They couldn't be in comruni cati on because you

woul dn't be able to flood the Grayburg?

A In general, yes.

Q Okay. | want to transition to another topic
that's, again, related, which is, you know, again, sort of
the -- this ROZ concept generally, but specific to the EMSU.

Now, in your testinony you talk about -- as I
understand, you' ve identified the San Andres ROZ, residual

oil zone, in the EMSU as what you call a "Type 3" ROZ

correct?
A. Ri ght .
Q And, in general, as | understand it, a Type 3 is

created when there's an uplift to the west causing basically

meteoric water to flow down dip fromthe west to east
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yoursel f --

A. Ot her than where | see it in the two cores, yes,
correct.
Q And you haven't -- have you -- have you studied

the logs and the anal yses of the logs to see if there are
ot her perm barriers?

A. No, | have not.

Q Okay. But just speaking conceptually, the perm
barri er between whatever is the overlying productive zone,
okay, the Grayburg, whatever you want to call it, the
waterfl ood zone. |'mgoing to call it the waterfl ood zone,
okay. |I'mnot going to get into it with you about what

exactly the geologic definition is of San Andres, okay, but

anything that is the waterflood zone, okay. I|'mgoing to
call it the waterflood zone.

A. Okay.

Q But there's a barrier between the waterfl ood zone
and the water supply zone. Ckay. |'mgoing to use that

phrase, the water supply zone, where the water was w t hdrawn
from Okay?

A Okay. All right.

Q Okay.

A "Il accept that with the exception that | -- the
wat er supply zone is probably separated fromthe waterfl ood

zone by a nunber of hundreds of feet of San Andres.
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1 before you get started.

2 Q So going back to ny sort of hypothetical about

3 sort of the waterfl ood zone and then the water injection

4 zone -- rather, not the water injection, the water supply

5 zone. So you have the waterfl ood zone and then the water

6 supply zone. The water supply zone, would that be --

7 mean, if you produce 350 nillion barrels fromthat zone,

8 woul d that be an untouched -- considered to be an untouched

9 zone?

10 A. That's a good question. M gut tells ne that if

11 you' re producing that much water, the water has to be

12 replaced. It's not -- you're not draining it. You' re not

13 creating Carlsbad Caverns. So the water has -- there's

14 water that's nmoving in there that has to replace nost of

15 that water, so you're changing -- you're doing some change

16 of state to the rock in the water supply zone.

17 Q Are you -- are you aware, Dr. Trentham that that

18 sanme water supply zone has been functioning as a water

19 di sposal zone since the 19- -- before the 1960s in the EMSU?

20 A. No, |'mnot famliar with that.

21 Q So you haven't | ooked at the vol unes of disposa

22 t hat produce water within the San Andres within the EMSU?

23 A. No, | have not.

24 Q Would that -- would that also affect the --

25 potentially inpact the diagenesis or other issues within
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A Near the -- or relative to the exposure surfaces
and not -- excuse ne -- and not uniformy across the area.

Q Right. Okay. And then | was asking you about --
ki nd of near the break or before the break -- about your
fam liarity with the field, and | asked you in particular
about your awareness of the six water supply wells that CGulf
and Chevron used to supply the water for the waterflood in
the San Andres. Do you recall that?

A Yes. Unh-huh.

Q But they're also offsetting to the EMSU
approxi mately another 20 water supply wells within about 15
to 20 nmiles. Were you aware of those wells as well?

A No.

Q Okay. And then -- obviously, this case is
about -- you know, you understand that Goodnight is
currently disposing of produced water in the -- in an
interval within the San Andres; right?

A Yes.

Q And | asked you -- | represented to you that
there's been saltwater disposal within the San Andres goi ng

back into the '60s. Do you recall that?

A Yes.

Q But you -- and you were not aware of that; right?
A Correct.

Q And then one thing | neant to ask you about is
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whet her or not you were aware also that Enpire currently is

injecting produced water into the -- into the San Andres.

Were you aware of that?

A No.

Q Okay. Just wanted to nake sure. | just wanted to

ki nd of, you know, touch on those and make sure

whet her you were aware or not.

Okay. Now, back to where we left off, which is on

di scussi on about identifying the characteristics

residual oil zone. Okay. \Where we left off was

about these paraneters in your Exhibit D14, which is in

Deposition Exhibit 2.

So we had -- we wal ked through -- sone that we touched

on were the conparison to the waterflood at nmain

whet her it's nmore or | ess honpbgenous, wettability issues and
then whether it's relatively untouched. So |I want to kind

of get into these a little bit nore, in particular the oi

saturations.
So you -- in your testinony you refer to a
the Goldsmth Landreth South --
A San Andres Unit.
Q -- Andres Unit. Yeah, GLSAU. And I'm

refer to it going forward as the Goldsmith Unit.

understand that there's another Goldsmth Unit that

Dr. Lindsay worked on. But when | refer to the Goldsnith,

under st ood

of -- of a

t al ki ng

pay, the --

fair bit

going to
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of a standard to denonstrate that point; that when you | ook
at the core saturations of oil in the ROZ and you conpare
themto the nain pay of a mature waterfl ood, that the oil

saturations are conparable, they look very simlar; is that

ri ght?
A. Yes.
Q And that's -- that's the main takeaway fromthis

graph, is that conparison of oil saturations between the two
zones?

A Yeah.

Q And here, going back to that sane point where you
identified the range of the ROZ between 20 percent and
40 percent oil saturations, here the cutoff appears to be at
approxi mately, you know, 20 percent. Agree?

A Yes, about 20 percent. Uh-huh.

Q And | -- and I, you know, was curious about this
so | went back and | ooked at some other papers, and | know
t hat you guys published some final reports about this field
where you' ve identified on a ten-foot incremental basis the
oil saturations for each of these zones, including down to
t hese zones where you've identified these as being
noncomercial. Do you recall doing that work?

A Yes. Unh-huh.

Q Okay. And here you've identified this as the

commercial flood interval, at |least for this field. I n
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lithol ogy because there is very little porosity in the
i nterval bel ow the base of the main pay -- bel ow the base of
t he ROZ, because you' ve got a change in lithol ogy as well.
So there's two things going on there.

Q Now, so below this 20 percent interval, as |

understand it in the Goldsmth, you agree that this interva

bel ow 20 percent oil saturation is not comrercial. Agree?
A. Yes.
Q And it's not comerci al because of the oi

saturations?

A And the fact there's no porosity and you've a
change in lithology fromdolomte above to |inmestone bel ow

Q Okay. Those two -- those two factors evaluated --
now, did you discuss the lithology change in your
determi nation, in your papers, in your reports as being a
characteristic of that zone not being comrercial or not
being a target? Do you recall?

A. We didn't talk specifically about a change in
lithology indicating a change from comrercial to
noncomercial. W did nmention -- we did tal k about the fact
that there was |inestone below, but this is -- this is one
case, and in this one case, if there's a transition from
dolomite to |imestone, we didn't see that in any of the
other ROZ fields where we see the transition fromROZ to the

interval below the original oil/water content.
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Q In any of the other ones that you're famliar
with, you didn't see a correspondi ng change in the lithol ogy
from like, dolomte to |inmestone?

A Not that | -- not that | can recall. | don't
t hi nk there was any one.

Q Okay. So let me kind of drill down a little bit
on the oil saturation question. O the 19 or so projects in
the 12 or so ROZ fields -- I'msorry, Let ne restate that.

Of the 19 or so ROZ projects in the 12 dozen or so ROZ
fields, are you aware of any pilot or commercial project
that is targeting an ROZ interval with oil saturations bel ow
20 percent?

A They will include that interval in their ROZ but
not specifically targeting it.

Q In other words, are you aware of any ROZ projects
or zones that are targeting intervals that are bel ow

20 percent oil saturation?

A. Not by themsel ves, no.

Q Ckay. So if there's a -- if there's a depth
interval that -- where the oil saturation goes from
20 percent on average, okay -- say there's a ten-foot

interval with an average oil saturation of 20 percent. And
then every ten-foot increment below that is bel ow
20 percent. Okay. Are you aware of any ROZ projects that

are targeting those intervals below the | ower nost interval
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match for Seni nole San Andres, but that doesn't nean that
sane history match at Semi nole would be -- if you don't have

producti on somewhere el se, you can't have a history match

is | guess what |'m saying.

Q Okay. Well, let me -- let me -- I'mgoing to put
t hat conversation aside for now, because -- | may cone back
toit at the end. | don't want to get bogged down on it

because | have other things | want to touch on. But | think
I may -- | may cone back to it. So let's put a pinonit,
so to speak, and | nmay come back and see if | can get ny
term nol ogy nmore aligned with how I think you' re thinking
about it in the interim

Let's see. Now, and | don't want to, |like, get stuck
on this 20 percent, but it is a point | want to just make
sure | understand. In your testinony that's marked as
Exhibit D-2 that you filed in the case here, the paraneters
that you give throughout is that the ROZ is -- is identified
as having an oil saturation be 20 percent and 40 percent.

And based on our discussion, |'mnot aware of, and
personal ly haven't identified any other ROZ projects or
devel opnents, pilot or commercial, that -- where the -- and
I think you told ne, yes, that there's no -- none that
you're aware of where the averaged ROZ interval of the
entire ROZ interval is below 20 percent; right?

A. That's correct.
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Q Let ne -- let nme explore that with you a little
bit because this is a fascinating topic to ne. W talked a

little bit about wettability previously and how wettability

will influence the -- you know, how sticky, I'mgoing to
call it, the oil is in a zone; right? Like, howit's going
to be affected by a waterflood or a -- Mdther Nature's

Wat erfl ood or how locked in it is; right?

A Yeah.
Q Does the wettability of the reservoir have an
i npact on the core saturations, whether that -- whether the

core is influenced or affected by depressurization during
t he coring process?

A Okay, well -- so I'll use DUROZ as an exanpl e.
DUROZ, they don't use CO2. But DUROZ, what they're doing is
they' re depressurized -- they're depressuring the reservoir
by punping water, in some cases 2,000 barrels a day, to drop
the pressure in the reservoir so that any oil that's in we
call "dead-end pores," can be produced. Because there's
enough gas saturation in there, such that when you drop the
pressure of the reservoir, the gas expands and it drives
that oil towards the producing wells.

And that's the sanme thing that happens as you're

bringing it up to the surface is you're -- the gas

saturation within the oil in these dead-end pores, and even

on the -- on the grains, expands that oil and therefore it
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can be -- it can becone novabl e where at reservoir pressures
it was not novabl e.

Q So let me -- let me kind of talk through that with
you a little bit. So if -- now, in the EMSU San Andres --
and | know you haven't reviewed this and so you're not
fam liar and |'mjust representing to you this is the
case -- but nore than 350 million barrels of water has been
extracted from what we' ve been tal king about as the water
supply zone. Okay. |In the course of that -- that water
production history -- and |'mgoing to tell you, | think the
date is around 2007, or so, when XTO was the operator of the
EMSU -- XTO applied for the -- at the division for a venting
approval . Ckay.

And the wells that they sought approval for to vent
were -- included the water supply wells that were producing
water fromthe San Andres. Okay. And | understand that --
that, you know, based on the documentation fromthe
di vision, that they were venting fromthe water supply zone.

A Venti ng gas?

Q Venting gas, yeah. Now, we don't have a gas
anal ysis. W don't know what the gas was. But what does
that indicate to you was happening in that water supply
zone?

A That they were -- that they were produci ng sone

oil, didn't realize it and were reinjecting it into the
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Grayburg.

Q Now, you think they were producing oil ?
A | think they probably were. A small anpunt,
but -- I don't know how nmuch. | know when -- when Marat hon

had Yates Field, they were produci ng over 100, 000 barrels of
water a day, and so they were | ooking for places to dispose
of that water. And so they had -- they nade a deal with
McCaney Field with Burlington Resources at the tine, and
they had three very | arge tanks that they were -- they'd
transport the water from Yates Field to McCaney Field, and
the water would stay in the tanks | ong enough that literally
even though Marathon said it was just produced water and we
want to dispose of it, |I think they were taking
50, 000 barrels of water a day at McCaney, and they wound up
produci ng 500 barrels of oil fromthat 50,000 barrels of
produced water fromthe Yates Field because they didn't |et
it settle long enough for it to -- the oil to break out.
So nmy guess is if they were making gas out of the

wat er supply wells and making 350 million barrels of water,
t hat they m ght have made, you know, a significant anount of
oil that just got put back into the Grayburg and produced
| ater.

Q Let ne --

A | wasn't aware of that, but that's kind of --

that's of interest.
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1 Q Let nme kind of -- I'"'mgoing to talk through that

2 with you a little bit, because you said to me, | think

3 you're conparing a situation where -- just so | get the

4 term nol ogy out there -- what | think I was describing was a
5 situation where the water supply zone reached the bubble

6 point; is that --

7 A Yeah.

8 Q -- is that right? Okay. And the bubble point is
9 t he point where you --

10 A. It dropped pressure | ow enough to reach the bubble
11 point if, as you say, they had venting approval for those
12 wat er supply zones. Then, to me, they were probably also
13 making a fraction of -- well, | don't know how rnuch, but I
14 bet you they were maeking some oil

15 Q Now, on that --

16 A. | guess they're making oil too. So...

17 Q On that assunption. We don't know what the

18 conposition of the gas is; right? W don't know whet her

19 it's, you know, nitrogen, CO2 or methane; right? W don't
20 know? | don't have a conposition --
21 A. No, we don't know t hat. But | would assune if
22 they had to get a venting approval, it would have to be
23 hydr ocar bon gases.
24 Q Well, may be. | nean, they included a nunber of
25 wells, including their waterflood zone wells in a venting --
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in the venting request. GCkay. So it's not clear. |It's
not -- | mean, | don't know.
A. Yeah. Yeah, we're both maki ng assunptions, so...
Q Right. So I just want to tal k about those

assunptions. So we don't know what gas was being vented;

right? But we know sone gas -- | nean, apparently some gas
was -- right? -- because they asked for approval ?
A. Yeah.

Q. So not knowi ng what the gas was, right, let's
t hi nk about the zone area. MWhat |'mtal king about, it's
the -- it's the so-called water supply zone. Okay. And
know you haven't analyzed or evaluated any of the logs in
t hat zone or evaluated, yourself, the details around it.
But if that were the case and then we've reached the
bubbl e point of the water supply zone, and no oil was

produced because no oil was reported, okay. And now, you

know, | think your point is that maybe it wasn't reported,
it wasn't recognized. But ny -- what |'msaying is there's
no reported oil. Okay. And you haven't |ooked at the

records, so you don't know.

But that being the case, that there was no reported
oil, if there were oil you would -- as | understand you to
say, you woul d have expected it to nove; right?

A A fraction of it would have, yes.

Q Ckay. And if -- and if -- and that's because --
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i and that's the same process that happens with cores when you
2 bring themto the surface; right? They depressurize.

3 You're going to | ose sone oil because of that

4 depressurization?

5 A Yeah. Uh- huh.

6 Q Okay. So if -- if there were no oil down there,
7 or there was a small concentration of oil, would that still
8 be a concern | ooking at your core -- at your conventiona

9 cores in the -- in the San Andres?

10 A. I would think so, because you'd want to see what
11 ki nd of oil saturation there nmight be in that zone. Uh-huh
12 Q Now, what | understood you to say was that you --
13 when you're evaluating cores -- |'mgoing to say

14 geol ogi sts -- that geologists nentally adjust the

15 concentrations. |s there -- is there a nechanismto do it?
16 Is there a rule that you follow to figure out what the core
17 saturations are or should be?

18 A. Ch, | think everybody has their own valuations to
19 t hat . It's kind of |ike, as you say, the A, Ms and Ns,
20 everybody uses a slightly different one. It's just rule of
21 t hunb from our experience.
22 Q And what's the rule of thumb from your experience?
23 A | like the Hess eval uati on.
24 Q Which is what?
25 A Wth the 17, 24 and 32. The various saturations
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porosity -- of oil saturation by depth --
Q That's probably it.
A Yeah.
Q Rat her than --
A

That's the only thing |I've seen,

one, yes.
Q  GOkay
A. So --
A. Yeah, I'Il get down to that page,
first -- it's a three-page exhibit. Okay.
A. Okay.

(Exhibit 7 marked.)

Q (By M. Rankin) This is the first
exhibit. Did you -- do you recall seeing t
your review?

A Yeah, that's -- that's the graph
Landreth San Andreson Unit.

Q The only difference is that Prest

| anguage here on the side ROZ with an oil saturation cutoff

of 20 percent. Do you see that?

A Yes.

Q And he put that red line on top of the 20 percent

demarcati on. Do you see that?
A Yes.

Q Ot her than that, it's the sanme --

really. That

but this is the

page of the

his when -- in

from Gol dsnmith

on added this

sanme anbage
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right?

A Yeah.

Q Okay. So, yeah, the point here is just we're
| ooking at the cores. And these are conventional cores;
right? So these are, at least to you, with an asterisk
because you have to eval uate whether or not there's been
lost oil in the process of extracting it; right?

A. Correct.

Q But here we're | ooking at a range from 20 percent
up to -- you know, in the ROZ from 20 percent up above
60 percent; right?

A. Yeah. And those real high nunbers probably cone
in the tightest portion of the reservoir. You know, | owest
pernmeability.

Q Okay. Because those are the least likely to have
been efficiently or effectively swept; right?

A Ri ght. Yes.

Q Okay. Now, the next core here on this exhibit is
a plot of the core saturations fromthe EMSU 679 core. And
this is one of the cores that you | ooked at; correct?

A Yeah.

Q Okay. And he has -- it's a simlar plot. It's
meant to sort of inmtate or, you know, echo what you guys
did in the Goldsnmith Unit. And, again, he's got an ROZ

saturation cutoff of 20 percent?
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A Yeah.

Q Based on this, and in conparison to the Goldsmth,
do you have any reason to disagree with where M. Maguire
pl aced the ROZ interval in this core?

A No.

Q Now, there are ot her cores, and so we -- on this
EMSU, and we did the sanme thing -- or he did the sane thing
here, and he added those additional cores and shows in this
next page of the exhibit the average oil saturations for
t hose conventi onal cores. And, again, he puts the ROZ at
20 percent cutoff, and the difference here is we can now see
the main pay, and we can conpare the -- the average oil
saturation in the mai n pay agai nst the average oil
saturation in -- in the ROZ. And you -- | mean, | know
that -- | don't know if you've done these cal cul ati ons
yourself to cone up with an average. Have you?

A No, | have not.

Q Do you have any reason to di sagree or question the
calcul ations that are represented here as being the average
for each of these interval s?

A. So are these the average cutoff or the average --
t he average --

Q These are the --

A Go ahead.

Q | was going to say, these are the average oi
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saturations --

A For the entire --
Q -- as -- for the entire interval as -- in the
shaded interval, this grey here, this would be -- is

identified as the main pay. So in the unitization
docunents, the unit is identified as being from m nus 100
sub C, and that's -- so that's the top. And this is -- this
is the section that has been subject to waterfl ooding.

A Yeah.

Q So that's how we define the -- the average main
pay. So that's the average oil saturation fromthe core
anal ysi s.

A Okay.

Q Okay. And then -- and then fromthe ROZ, it's the
sane -- sanme process where it's an average of those -- the
core analysis plots. Do you have any reason to di sagree

with what's represented on this exhibit?

A. Well, there's a lot nore variability in the oi
saturation, but, no. In general, no.

Q Ckay. And you have no reason to disagree with the
pl acement of his -- of his -- you know, his characterization

of the base of the ROZ based on those core saturations?
A. No, | have no reason to disagree with it. It
| ooks simlar to GLSAU.

Q Right. Now, in your -- in your testinony, you
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1 identified the zone, the interval, the ROZ interval as being

2 from being m nus 350 down to mnus 719. Now, | understood

3 you to say that that was entirely based on and relying

4 entirely on Dr. Lindsay -- right? -- on his --

5 A That's correct.

6 Q -- on his interpretation?

7 A Yes. Uh- huh.

8 Q And you yourself haven't done anal ysis of the core

9 or any other data to cone up with what you believe is the

10 base of the ROZ; right?

11 A That's correct.

12 Q But based on these |logs -- based on these cores,

13 you have no reason to -- to put the base of the ROZ any

14 deeper than it's represented here at m nus 652 sub C?

15 A Not really, no. | mght bring it down a few

16 further feet, but not nuch, you know.

17 Q Okay. There?

18 A Yeah.

19 Q Let's see, we took -- resuned at 12:50. It's

20 1:50. I may take just a short break here, Dr. Trentham

21 just a five-m nute one, because | have another section, and

22 rather than get started on it, I'mgoing to take a quick

23 break. Okay~?

24 A. Okay. | appreciate it.

25 MR. RANKIN:  Thank you, guys. Five nminutes; so
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REBUTTAL EXHIBIT B-40

EMSU Monthly Oil Production
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EMSU Monthly Oil Production from Last 5 Years
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REBUTTAL EXHIBIT B-42

EMSU 321 EMSU 401
Date TDS |Chloride| Sulfate Date TDS |Chloride| Sulfate
4/22/2022) 19,590 10,162 677 4/10/2022| 15,882 7,519 367
9/29/2023] 19,288 10,012 626 9/27/2023| 17,956 9,145 424
4/8/2024| 21,767] 11,210 723 10/1/2024| 22,901 12,035 421
10/1/2024| 24,234| 12,841 599
EMSU 407
EMSU 325 Date TDS |Chloride| Sulfate
Date TDS |Chloride| Sulfate 9/7/2023] 26,874 13,909 624
4/10/2022| 17,262 8,018 590 12/21/2023] 22,904, 11,681 526
9/29/2023| 19,443 9,879 515 4/4/2024) 22,615 11,310 475
4/4/2024| 21,472 11,124 550 11/1/2024| 23,292 11,602 468
EMSU 377 EMSU 440
Date TDS |Chloride| Sulfate Date TDS |Chloride| Sulfate
5/17/2023] 26,813 11,901 529 1/4/2024) 21,720 11,104 393
12/21/2023] 22,708 11,593 611 4/4/2024| 20,614 10,380 366
4/4/2024| 22,221] 11,371 563 10/1/2024) 23,276 12,284 345
11/8/2024) 24,084) 12,291 581
EMSU 441
Date TDS |Chloride| Sulfate
5/25/2022] 17,562 8,748 106
4/4/2024) 17,971 8,943 153
10/1/2024| 20,404, 10,596 125
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T KEBUTTAL EXHIBIT B-43

STATE OF NEW MEXI CO
ENGERGY M NERALS AND NATURAL RESOURCES DEPARTMENT
O L AND GAS COW SSI ON

APPLI CATI ONS OF GOODNI GHT M DSTREAM

PERM AN, LLC, FOR APPROVAL OF

SALTWATER DI SPOSAL WELLS,

LEA COUNTY, NEW MEXI CO, CASE NOS: 23614-23617

APPLI CATI ON OF GOODNI GHT M DSTREAM

PERM AN, LLC TO AMEND ORDER NO. R-22026/ SWD- 2403
TO | NCREASE THE APPROVED | NJECTI ON RATE

IN I TS ANDRE DAWSON SWD #1

LEA COUNTY, NEW MEXI CO CASE NO. 23775

APPLI CATI ONS OF EMPI RE NEW MEXI CO, LLC,

TO REVCOKE | NJECTI ON AUTHORI TY,

LEA COUNTY, NEW MEXI CO CASE NOsS.
20418- 20420, 20425

APPLI CATI ON OF GOODNI GHT PERM AN

M DSTREAM LLC FOR APPROVAL OF A

SALTWATER DI SPOSAL WELL,

LEA COUNTY, NEW MEXI CO DI VI SI ON CASE 24123
ORDER NO. R-22869-A

VI DEOTAPED DEPOSI TI ON OF:

ROBERT FORREST LI NDSAY

FRI DAY, JANUARY 17, 2025

9:12 A M

VI A ZOOM VI DEOCONFERENCI NG PLATFORM

PURSUANT TO THE NEW MEXI CO RULES OF ClI VI L
PROCEDURE, THI S DEPQOSI TI ON WAS TAKEN BY:

ADAM G. RANKI N, ESQ

ATTORNEY FOR GOODNI GHT M DSTREAM PERM AN

REPORTED BY: Mary Therese Macfarlane CCR No. 122
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Q Do you have an understandi ng whether that's --
Enmpire's going to do that?
A. Well, that's up to them 11: 57
Q You have no indication fromthemthat they're
going to do that?
A. They say they will, but that's all 1've heard.
Q Who said that they will? Do you remenber who

said that?

A Par don?

Q Do you remenber who it was that said they will?

A W Il what?

Q They will take a core of the Lower San Andres.

A Oh, you'd have to talk to Darrell Davis about 11: 58

t hat .
Q Was that Darrell Davis who told you that they
plan to or they will?
A Uh, vyes.
Q We' ve tal ked about this termresidual oil zone, 11: 58
the ROZ, but we really haven't tal ked about how you defi ne
it. What is your definition of a residual oil zone?
A. Anyt hing that has an oil saturation greater than
20 percent, up to at |east maybe 40 percent, 50 percent,
until you get to the point where you finally have nobile 11:58
oil in a core.

Q Just to confirmthat, my understanding is that
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il aligns with the definition in the literature adopted by
2 M. Melzer -- or Dr. -- M. Mlzer and Dr. Trentham
3 Agr ee?
4 A Yes, that's correct.
5 Q. And are you aware of any ROZ Co2 projects that 11:59
6 have pursued ROZ zones with oil saturations bel ow 20
7 per cent ?
8 A No.
9 Q In addition to those oil saturations is it your
10 understanding that oil within an ROZ woul d be i mmbile,
11 correct?
12 A You know, people -- excuse ne. People talk
13 about residual oil zones being just nothing but residual, 12: 00
14 but in reality when you | ook at residual oil zones, from
15 top to bottomyou go from higher oil saturation to | ower.
16 And in the upper part sone of that what is called residual
17 is actually nobile or you could never produce it to begin
18 with if you do a residual oil zone now when you drill a 12: 00
19 wel |l for a residual oil zone.
20 Q |"mnot sure | quite -- | may have been
21 distracted. | wasn't quite followi ng that last bit.
22 MR. PADI LLA: Your cal endar's up again.
23 A When you | ook at a residual oil zone fromtop to
24 bottom the oil saturations go fromhigher to lower. In 12: 00
25 the top of the residual oil zone some of that oil is
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probably nobile or you would never recover it when you do

a residual oil zone test.

Q What's a residual oil zone tests?
A VWhen you do a horizontal well
Q Okay. When -- I'mgoing to -- I'mgoing to pin

t hat thought, because |I'm going to cone back to that.

Just a nonent. 12: 01
A Okay.
Q. Is your -- we tal ked about, you know, the 20
percent oil saturation being sort of the threshold, the
basel i ne for what you consider to be a residual oil zone.
Correct?
A Yes.
Q And, uhm so does that -- | nmean, if | were to
say at |east potentially comrercial, that would be, in 12: 01
your mnd, a potentially comercial residual oil zone is
one with a threshold, a baseline of 20 percent up to, you
know, up to basically the point of nobile oil
A That's correct.
MR. RANKIN: Okay. W're at noon our time, and
l'"'msure -- | don't know about you, Dr. Lindsay, but Dr.
Trentham didn't eat lunch. He says he doesn't eat |unch
So | need to eat lunch, |'m sure others do, too, 12:02
and we' re another hour in. | think it's a good place to
take a quick break
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And those things are generally nappabl e across
t he San Andres, right?
A. Yeah. Yeah, throughout the Perm an Basi n. I'n
t he shel ves. Not in the basin, in the shel ves.
Q In the shal es?
A. Yes. The shel ves.
Q Ch, shel ves.
A. Yeah, the shelf edge. They do not extend out
into the basin.
Q Okay. | got it. Al right. 12: 51
One question | have is: Are you famliar with
the six water supply wells that Chevron drilled in the
EMSU and the San Andres to supply water for the

wat er f | ood?

A Yeah. | know where they are, and we've used

sone of them for well |ogs because they cored sone of

them But that's about it. 12: 51
Q How deep do the cores go on those well log -- on

t hose wel | s?
A. Shoot, | don't know. They are down into the San
Andr es. | think they -- some of them | know this, only

went into the Upper San Andres.

Q. Do you have any idea as to --
A | don't know if all of them-- if any of them
got deeper into the Lower San Andres. | don't know that.
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Q You didn't use any of the cores fromthose wells 12:52
for your analysis.

A. Yes, | did.

Q For the --

A In the 458 and 457, those were cored, and they
are in nmy -- that main cross section

Q. Ckay. Okay. Now, on the -- those water supply
wells, you're famliar with where those wells are, the
first perfs are for those water supply wells?

A. No.

Q. Have you eval uated the | ocation of where 12: 52
those -- so do you know whet her those wells are conpl eted
in the Upper San Andres or the Lower San Andres?

A. No.

Q. You haven't evaluated --

A No.

Q. Have you eval uated - -

A Al --

Q |'"m sorry.

A Al'l we used those for was the ones that were
cored up in the Grayburg, and | described those cores to 12: 53
build the cross section. But that's all.

Q. So you didn't | ook at those wells to determ ne
wher e Chevron picked the tops in those water-supply wells?

A. At the top of the San Andres?
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Q  Uh-huh.

A. Uh, yes, in the 457 and 458 we did. And |'m not

too sure about sone of the others.

Q Okay. But you haven't |ooked at or eval uated 12: 53
where those wells are conpl eted, where the water zone is
that they are producing from --

A No.

Q. -- whether it's the Upper San Andres or the
Upper-. ..

A No. No.

Q. For -- the sanme for the EMSU 460, 461, 462. You

haven't | ooked at those to deternine where those perfs

are, whether they are in the Upper or Lower San Andres. 12: 54
A. No.
Q. Have you | ooked at those geophysical logs to

deterni ne where the pi marker is on those well [ogs for

the 460, 461, 462, for exanpl e?

A Let's see. For the -- | nmay have on the 461

years ago | ooked for the top of the San Andres.

have

| ooked at it for the San Andres in the 458 and t he 457,

because | utilized those in the cross section.

But on the others, | probably didn't |ook for

t he San Andres pi ck.

Q Now, just to be clear |'m asking about the top

of the Lower San Andres.
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A. Ch, no. Sonme of those wells -- sone of those
wells only went into the Upper San Andres, from what |
under st and. Sonme nay have went into the Lower San Andres,
but | never | ooked at it for the Lower San Andres marker. 12: 55
Q. Have you yourself evaluated to determ ne
whet her, which of the six water-supply wells were only
conpleted in the Upper San Andres?
A. No. No.
Q. So as you sit here today you can't tell ne
whet her the six water-supply wells were conpleted in the
Lower San Andres or the Upper San Andres.
A. No. No.
Q You haven't --
That was of no interest. W were focused on
figuring out the Grayburg Reservoir. That was the main 12: 55
focus.
Q Now, even with respect to this contest, this
di spute which is focused on the San Andres, you haven't

| ooked at those six water-supply wells --

A No.

Q. -- for purposes or your anal ysis today.

A. No.

Q Were you asked to?

A. They asked me what the pick was in the 458, and

so | gave that to them And |I think that's about the only
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one of the water-supply wells, to the best of ny 12: 56
know edge.
Q. But you didn't -- so you weren't asked to, and
you yourself didn't take it upon yourself to review or
anal yze the geophysical lots for those water-supply wells.
A No. No.
Q. VWhy not ?
A. Because | had a bunch of others, and there was

enough to make a cross section across the EMSU with these

ot hers.
Q. I ncl udi ng the --
A Wth these saltwater disposal wells.
Q Okay. Okay. Okay. 12: 57
The other question | had that came up at the end
of lunch was about -- renmenber we were tal ki ng about your

testi nmony that changed, and the | anguage that you told ne,
"potentially deeper", you know, could be potentially
deeper than the 750 because you went back and | ooked
at the -- you were able to look at the core and take sone 12: 57
phot ographs and see that there was staining
bel ow m nus 750 subsea. Do you recall that?
A. Yes. Yeah, that's correct, yeah. And then on
the 679 and in the R R Bell No. 4, the base of the core
there was oil stained, as well.

Q As to the 679, though, that you have the core
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1 is the lay person's sunmary of that process.
2 A Yep.
3 Q Okay. And it goes fromregional uplift, 13: 28
4 meteoric recharge, structural closes -- closures where,
5 you know, where there was oil, right, swept to a residua
6 oil concentration. Right?
7 A. Yes.
8 Q Then you had destruction of the recharge area,
9 which is your Rio Grande Rift.
10 Uhm then you get the backfill and resaturation
11 of the reservoirs. In this case that only occurred in the
12 Grayburg, right?
13 A Well, and in the San Andres, too. It just 13: 28
14 depends on which field you're | ooking at.
15 Q As to the EMsSU
16 A Well, to EMSU yes.
17 Q It did not resaturate the EMSU
18 A Yeah, it did resaturate EMSU
19 Q |"'msorry. It did not resaturate the San Andres
20 in the EMSU.
21 A That's correct.
22 Q Ckay. Now, the next part here that | didn't --
23 that we haven't tal ked about yet, although you've all uded
24 toit, is that what you're seeing as the play in these 13: 29
25 types of ROZs is that folks will go in and dril
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|aterally, horizontally, into the upper

concentrations of the residual oil
A Ri ght. Yeah.
Q And then they would do their

t hey would punp off water. And as |

Zone.

hi gher - oi |

Correct ?

conpl eti ons and

understand you to

say, that would -- the purpose of that is to reduce the
pressurization. Right?

A VWhen you rel ease the pressure, that frees the 13: 29
oil to migrate out of the core system

Q. Ckay. How much water do you generally need to
punmp off to do that?

A. Well, to put in a great big punp, first of all.
And you have to punp it down hundreds and hundreds of
pounds to start to get the oil to flow

Q. Typi cally, how many barrels m ght that be?

A. | don't know.

Q Hundr eds?

A. It -- oh, no. It --

Q Thousands?

A. Yes. So you've got an interesting problem 13: 30
t here, because then what do you do with the water, the
produced water? So you need a water-di sposal well.

Q And the EMSU had a water-di sposal right?

A. Pardon ne?

Q The EMSU has a water-di sposal well, right?
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A | think they put one in.
Q But have you studied that well?
A. No.
Q. Are you famliar with what zone it di sposes
into?
A. No.
Q. You haven't analyzed that well at all?
A. No.
Q Okay. So you don't know whether it disposes
into the | ower San Andres? 13: 30
A No, | have no idea.
Q Okay.
A This is just -- what that is, is that's the
general recipe for working on a residual oil zone, and one
t hat hasn't been nessed up by punping off water and, you
know, all the issues that have happened underneath the
EMSU.
Q. You're saying that this reci pe would apply in an 13:31
unt ouched system
A. That's right.
Q But the EMSU i s not untouched.
A. That's right.
Q Because it's had -- well, what? A long history
of water disposal --
A Yeah.
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Q -- prior to the --

A Wat er producti on and wat er disposal.

Q So that's occurred -- that occurred even before 13: 31
the EMSU was created. Right?

A Yeah. Well, let's see. No, no. They didn't
start producing water until after the unit was made, uh,
out of the, say, the San Andres.

Q. That's true. So the water production in those
six wells, do you recall -- | believe it -- off the top of
my head | believe it was around 1985 and '86, or '86 |
think it was, that they started producing the water.

Does that sound right to you?

A Sounds about right, yeah, because they needed
make-up water for the waterfl ood.

Q Are you aware of the fact that there were
exi sting saltwater disposal wells at the tine within what
| at er becanme the EMSU?

A Uhm nope. Don't know anythi ng about those.

Q Ckay. So all the tine that you worked on the
EMSU until the present, you never |ooked at or eval uated
any of the history of the water disposal that was 13: 32
occurring on the EMSU?

A. No. | was -- excuse ne. | was too busy
describing the cores and trying to build the reservoir

architecture on about a neter scale with itty-bitty little
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cycl es of deposition, and | didn't have tine to worry
about things like that. That was the production
engi neers' probl em
Q So even today you haven't | ooked at -- | nean, 13: 33
you told me that you | ooked at sonme of the SWD operators
and the wells that -- the geophysical |ogs for those
wells, right?
A Yeah, we've | ooked at trying to make a cross
section through EMSU usi ng, you know, the top of the San
Andres, the top of the Lower San Andres, and then trying 13: 33
to correlate, uh, strata in between.
Q But you haven't | ooked at where those saltwater
di sposal wells, where the disposal perfs are |ocated, what
dept hs or what zones?
A. No. No. No.
Q But to characterize the San Andres Reservoir,
woul dn't you want to understand where different wells are
perf'd and what the history of those wells are in the
di fferent zones?
A Down on the road once you get the cross section 13: 34
built, that would be good data to put in, but you have to
build the cross section first.
Q As you sit here today you are not aware of any
of the history of any of the saltwater disposal wells in

and around the EMSU into the San Andres, correct?
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A No. | just know that they are being injected
into the Lower San Andres, and that's about it.

Q And you don't know -- uh, your understanding is 13: 34
that the injection is into the Lower San Andres?

A Yes.

Q. Ckay. And, uhm -- but you don't know the
history -- you're not aware, for exanple, that there were

wells that were injecting into the San Andres starting in

t he 1960s?

A (Note: No audi bl e response.)

Q Dr. Lindsay, did you freeze on me? Are you
still there?

Does anybody el se think he froze?

(Note: Multiple responses.)

THE DEPONENT: Now we're back. Okay.

MR. RANKIN: Did you catch my |ast question
Dr. Lindsay? Oh-oh.

THE DEPONENT: Here we go. Now we're back
Technol ogy is great when it works.

THE VI DEOGRAPHER: Hol d on one second.

Coul d you bring down the exhibit, because his
spotlight light fell off. | got to respotlight him

Okay. There we go. 13: 35

MR. RANKI N: Dr. Lindsay, | think I had a

question pending, and | don't remenber what it was.
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A

about it.

Q

Mary, can you tell nme what ny |ast question was?

(Note: The pending question was read.)

And the answer is nope, don't know anyt hing

Okay. So this last bit here -- | mean ny

under st andi ng, when you describe this here in this 13: 36
exhibit -- and I'mgoing to put it back up, because | took
it down, real quick. This process that you're describing
here of horizontal wells drilling into the upper residual 13: 36
oil zone, |'ve heard that be referred to as DUROZ.

A Well, some people call it that, or sone people 13: 37
just call it the upper ROZ.

Q. Ckay. And | think that's |ike depressurization

of the residual oil zone, is that right, or upper --

depressuri zation in the upper residual oil zone?

A. Yeah. Yes.

Q. My question was, you know. How nuch water do
you think -- | guess it probably depends on the reservoir
and the conditions, but it's at | east thousands of
barrels, right?

A. Ch, it's going to be tens of thousands of
barrels.

Q Tens of thousands of barrels.

Hundr eds of thousands of barrel s?
A. It's a |l ot. It's a | ot, because you have to use
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great big pumps, submersible punps.

Q Yeah. Hundr eds of thousands of barrels,
mllions of barrels?
A. Oh, no. Tens of thousands, for sure, but that's

just off the top of ny head.

Q One thing you don't nention in here is carbon
di oxi de.
A Nope.

Q Why don't you?

A Well, that's another way to attack the ROZ, but
then the catch is you may have to do that with verti cal 13: 38
wells. So you have an injection well that's vertical that
injects water and Co2 and then water, because you want to
bl anket the -- the -- the Co2 so it won't fly through the

reservoir too fast, and you want to push it with water, or

alternating gas, and so that pushes oil laterally to a

vertical oil-producing well. 13: 38
Q Why - -
A. That's another way to attack a reservoir.
Q Why did you here suggest, or propose, or outline

t he upper ROZ approach instead of the Co2 approach?
A Ch, this is the standard procedure for attacking
an ROZ, what the recipe is here. But there's sonme people
that are trying Co2 with these ROZs. Kinder Morgan is a 13: 39

conpany that has been trying that in a couple of the
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fields. And | don't know nuch about it, and | don't know

how wel | i

t's worked, either, but that's another way to

attack the reservoir. It's a nobre traditional Co2 fl ood,

called a WAG, water alternating gas.

Q And the one that you nentioned, Kinder Mborgan,
woul d that be the Tall Cotton that you were thinking 13: 39
about ?

A That would be that. And then some ot her conpany
tried -- in the northern part of Goldsnmith they tried a

flood there, too, a Co2 flood, to the best of ny

know edge.

on it.

Q

But | know zip about it, because | didn't work

But here in terms of current technol ogy and

current approaches to residual oil zones, you're telling

me that the standard approach is this upper ROZ horizontal 13:40

approach?
A
Q

t he EMSU?
A
Q

A

Yes. Yes.

Is this what you would reconmmend be conducted in

You got to collect data first. W' re data poor.
Data poor in the Grayburg?

In the -- well, in the Grayburg we're data poor

because we know very little about the residual oil zone.

It's off to the west side. Need npre data on that.

And you al so need nore data on the San Andres
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1 ROz, as well. 13: 41

2 Q The other thing --

3 A That's your step. That's your first step

4 when you' re working on any kind of play is you coll ect

5 data and you analyze it before you do anything.

6 Ot herwi se, you're probably going to make a ni st ake.

7 Q So | think based on what you're telling ne

8 here -- there was one other thing | was interested about,

9 interested in here, and that's this next sentence that |I'm

10 showi ng on ny screen that |'mgoing to highlight this 13: 41

11 par agr aph, where you say that: An ROZ can be subdivi ded

12 into an upper ROZ that is potentially productive and a
13 | ower ROZ that remmi ns ROZ.
14 The way | think you were doing your cartoon with

15 your finger, right, where you had higher saturations that

16 may be sonme potentially nmobile oil, and then it decreases

17 into | ower saturations, you're telling ne the target would 13:41
18 be with horizontal wells in the upper of that. Right?

19 A That's correct.

20 Q So ny understanding is that based on that

21 di scussion that the upper ROZ woul d be that portion that

22 has the hi gher saturations, right?

23 A. That's correct, yeah
24 Q What's your cut-off?
25 A. Well, that's where you need sone -- uh, a core
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to let you know that. But you want to | ook at intervals
t hat have anywhere from 20 percent oil saturation and
hi gher, up to 40 or 50 or whatever, whatever's in the 13: 42
upper part of the ROZ.

Q And you woul d put your horizontal well on the
hi ghest saturations, right?

A. Yes. Yeah. And the better porosity, too.

Q Yeah.

A Because it's not uniformy porous and it's not
uniformy perneable. You have little beds that are kind
of like ny fingers here. |In between ny fingers there's
better porosity, and where ny fingers are there's | ower 13: 42
porosity. |It's very common, because sonetines you get
into the ROZs and you have these little neter-scale cycles
of deposition, and the upper part's grainy and porous, and
the lower part is nuddy and | ess porous.

So if you look at my illustration there, all of
the dark lines or the red lines that are going horizont al 13: 43
across the field, those are discrete individual cycles of
deposi ti on.
And so when you really | ook at a reservoir

really close, you're looking at little neter-scale cycles
of deposition.

Q This is -- and you're talking --

A. You need to correlate everything really well.
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i Q And just for the purposes of the court

2 reporter's record, we're |ooking at Exhibit B-5 here,

3 right?

4 A Yes. Yeah, B-5. Yep

5 Q And if | wanted to do a sinulation, a reservoir 13: 44
6 simul ation of any kind, | would -- to get an accurate

7 simulation, | would want to understand or incorporate for

8 the Grayburg in the EMSU the data you have on each of

9 t hese m crozones.

10 A Yeah. Yeah. MWhat you would do is |ook for the

11 bundl es that tend to have similar reservoir properties,

12 and the bundles of strata that don't have simlar

13 reservoir properties, and you're subdividing them And 13: 44
14 then you try to sinulate that as best as you can. |It's

15 very tricky business.

16 Q "' mgoing to ask you about --

17 A You need data. That's where you need dat a.

18 Q I"'mgoing to ask you a little bit nore about

19 simul ations in a nonent.
20 A And | am not a sinulation expert, so you don't
21 have to ask too hard of questi ons.
22 Q You're right. Neither aml. So you and | can
23 ki nd of stay at the 50, 000-foot |evel. 13: 44
24 A Yeah. But the big key thing of -- like, if you
25 were using this illustration and trying to sinmulate it,
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1 A. When | was working in Hobbs, we knew that we had 14:21
2 wat er plumes extending up out of the San Andres into the

3 Grayburg. It was comon know edge. And nobody mapped

4 them because it was such comon know edge, because al

5 you had to do was | ook at the map where the high water 14: 21
6 cuts were, and you |l ook at the water, and if it's

7 sulfate-rich water, you knew it was San Andres water. |t

8 was kind of that sinple. So nobody nmade a map, but they

9 were there, and they were there before the unit was

10 for med.

11 Q. Okay. Let nme ask this question: You said

12 sulfate rich. To you is that a marker that it's San 14: 22

13 Andr es?

14 A Yes.

15 Q. Is it Upper San Andres or Lower San Andres?

16 A. It's the San Andres. All of the San Andres is
17 full of sulfate.

18 Q Ckay.

19 A. It's water -- it's |less than 10,000 ppmand it's
20 sul fate rich, because where the waters canme from

21 originally went through evaporite beds and di ssol ved them
22 and that's where you got the source of the sulfate.

23 Q What's the data base that you rely on for the 14: 22
24 statenent that the San Andres has hi gh sul fates?

25 A. A wat er study.
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Q What water study?

The wat er study performed by Chevron Olfield

Research, by a fell ow naned Al den Carpenter and his

assistant Bill Patterson.

Q That sulfate -- that water study that was done

by Chevron, you don't have it, do you?

t hat

A. No. 14: 23
Q. And Enpire doesn't have it, do they.

A | don't think they do.

Q And - -

A But there's a publication by Alden Carpenter

you' ve actually referred to.

Q. Ckay. |Is that the -- is that a 1996 SPE?

A Somewhere around there, yeah. Yeah

Q Ckay.

A That was a beautiful water chenistry study.
Q Ckay. So there is the one paper that you're

aware of, but to your know edge you don't have the data,

and we haven't been provided data, so we aren't able to 14: 23

i ndependent|ly assess your --

A. Yeah.
Q Your --

A. What | had was ny detailed notes that | took

when Al den canme and presented it to us in Mdland for the

different water chem stries that he defined for connate
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water in the Grayburg, bottomwater in the San Andres, and

edge water coming into the Grayburg. It was a beautiful
st udy. 14: 24
Q. Yeah. But no data, right? W have no data to
review or to evaluate or assess, and we don't know where
the waters -- where the sanples came from how they were
handl ed, or anything like that. Right?
A No. No. Because Alden did all that work. That
was his job. He was a geochem st with Chevron Gl Field
Research Conpany --
Q Okay.
A -- out of La Habra, California.
Q. So that's the sole basis for your edification of 14:25
the San Andres as a sulfate-rich water.
A Absol utely. Yes.
Q. Ckay.
A. | look |lots of notes to make sure. Lots of
not es.
Q |'"msure you did, but of course we don't have
your notes, we don't have the details on the study, or
what el se they were taken from
A. The data -- the data is dead accurate that's in
t here.
Q I n where?
A. Ri ght there on the -- right below. |If you go 14: 25
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down to No. 8, there's the data.
Q So you're telling me that..
A. This is what -- this is their results in a

nutshell right there.

Q So you're telling nme that you think that the San

Andres is | ess than 10,000 parts per mllion?
A. Yes. Yes. And it's sulfate rich.
Q. Ckay. So if | were to show you -- | nean, have
you -- is that statement solely based on M. Carpenter --
your notes from M. Carpenter's presentation? 14: 25
A. Absol ut ely, yeah.
Q Okay.
A And there was anot her study done | ater that was
published in the APEG. | can't remenber the author's nane

ri ght now, but he cane and chatted with nme, and did a

study there around EMSU. And he came up with the sane

results, that it was, uh, fairly fresh water.

Q. But you haven't done, yourself, an anal ysis of

ot her avail abl e data bases to ascertain or corroborate M. 14: 26

Carpenter's -- the notes you' ve taken from M. Carpenter's

presentation, in ternms of the geochenistry.

A. Nope. No. But he -- just let me put it this

way: Al den Carpenter was an incredi bly good geochem st.

When he retired, he was asked by Harvard University to be

an adjunct professor in their geocheni stry section.
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A Yes. He nmentioned in his testinony that there

was scaling before the unit was forned.

Q Now - -
A He did a very nice job of the review on EMSU
Q Yeah. He dug into the historical literature, 14: 31
for sure.
The question | have, though, is about -- back to

these wells. You referred to Tracy Love and the work he
did showi ng the high-water-cut wells, and your opinion
is -- is your opinion that the high-water cut is 14: 31
associated only with water fromthe San Andres?
A. Most |ikely, yes.
Q. And that would be fromthe Upper San Andres,
ri ght?
A It would be -- yeah. However the water cones
out of the San Andres itself, and the Upper San Andres is
right there at the top, so it's probably conming out of it. 14:32
And it could be comi ng out of the Lower, too.
Q Ckay.
A We just know that it's San Andres water that's

ascendi ng up

Q That's --
A. From pl umes of water.
Q Your opinion is that's San Andres water com ng

up. That's your --
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A No. That is a fact, because we anal yzed the
water and it was sulfate rich.
Q And that's based on M. Carpenter's presentation

to you, based on --

A And basic water chemi stry studi es done by the
Hobbs Divi sion in Hobbs, New Mexico, before that. 14: 32
Q. So do you have the data on the Hobbs Divi sion,

the water chenmistry fromthe Hobbs Division?
A No. No. It was common know edge, though.
Q Okay. So you're telling nme it was conmon

know edge that there were these plunes --

A Yes.
Q. -- coning up?
A. Yes.

Q. But M. Love would know that, right? He would
be inforned of that. Right?
A Yes. And he wote an SPE paper on it, so you
can | ook that up. 14: 33
Q And -- okay. Very good.
Um | think |I can skip over that. (Note:
Pause.)
Now, just to make it for the record, Dr.
Li ndsay. You know, | kind of touched on this, but can you
confirmfor ne that you don't have the water chem stry

data either from M. Carpenter or fromthe Hobbs Division
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of Chevron, and your testinmony that you state here is
based on your recollection and your notes that you
acquired over time, fromthe presentation from M.
Car penter, and your own personal know edge. Right?

A That's correct.

Q. But because you don't have the data you're
unable to provide it to us. Right?

A. No, it's right there on Item 8.

Q Okay. So it's recreated here, but | don't

the data base itself. | don't know anything about wh
the wells were, the sanples were done. You know, | d
know any of the details that | mght want to know to

eval uat e whet her there are problens with assunptions,
what have you; with the way the data was collected; o
val ues, right?

A Well, one of the expert witnesses actually

report of a docunment that Alden Carpenter gave as a 't

at a conference. So you do have sonme of the informat
Q So we have that. W do have the one
Carpenter -- okay. That's fair. | don't disagree on
t hat .
Ckay. But that's -- | just want to nmake cl

that we don't have any of the actual data, the data b

14: 33

have 14: 34

ere

on't

or

r the

has a

al k 14: 34

i on.

ear

ase,

we don't know any thing about it. All we have is what

you' ve put here on your testinony.
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Page 108 of 409

A Yep. And that is the truth.
Q And in 8 where you say, "Additional work

confirms three water chem stries to be present,’

be clear the additional work you're tal king about there is

exactly what you and | were just tal king about, M.

Car penter?

A. Yes. So he identified Connate water that's in

the Grayburg that has a salinity of 120 ppm that's barium

rich, because happened during what's called Mt her

Nature's Waterfl ood, when water swept through the G ayburg
it dissolved potassiumfeldspar grains in the dolonitic
sandstones. And the K-feldspar grains actually had barium
in the crystal structure, because the potassiumions and
the bariumions are the sanme size, and so they tend to fit

together in the crystal lattice of the K-feldspar grains.

So when these grains preferentially dissolved that

freed-up bariuminto the connate water.

Q When you say K-feldspar, you nmean potassium

fel dspar?
A Pot assi um fel dspar, yes.

So these dolomtic sandstones, they're not
guartz-rich sandstones, they're al nost a subarkose.
t hey have a | ot of potassium fel dspar.

Q When you say 120 ppm you mean 120, 000 ppm

right?

just to

14: 35

14: 35

14: 36

So

14: 36
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Q And then it goes to say that -- I'll skip a
bullet: Plumes of water were easily identified by water 15: 40
chem stry which identified lowsalinity water that
contained sulfate. Right?
A Yes. Yes. That was the commopn say to know t hat
you were dealing with San Andres water.
Q. And when you tal k about plunes of water being
easily identified by water chenistry, again that's M.
Carpenter's presentation to you. Right?
A Yes. And then also earlier work, before Al den 15: 40
cane into the field, they had done water chenistry on sone
of the water plunes and realized they were sulfate-rich,
t 00.
Q And that was the work done by the Hobbs Division
at Chevron, right?
A Yes. Yes.
Q Ckay. So those two sources. But we don't have
that data, right?
A No.

Q. Ckay. So it's just your testinony here on that.

A Yes. And it was fairly common know edge.
Q What I'minterested in here is that you say that
pl umes of water can be easily identified by water 15: 41

chem stry. Right?

A Yes.
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Q So that's sonething -- | nean, is there any
reason to prevent anybody from goi ng out there and
measuring water chemstry in wells that are identified as
havi ng plunmes fromthe San Andres to see if they have
sul fate water?

A Yes. All you have to do is when you get the

sanpl e of water to see if it's low salinity, first of all

and then second or all if it's sulfite enriched.
Because - -
Q So --
A -- there could be two kinds of fresh water:
Edge water coming in that is not sulfate enriched that's 15: 41

coming fromthe Goat Seep Aquifer; and then there's bottom
water fromthe San Andres that's coming in that is also
| ess than 10,000 ppm but it's sulfated enriched.

So you | ook at the water chemistry to see is it
low-salinity water, and does it contain sulfate or does it
not contain sulfate? Then you know whether it's edge
wat er or bottom water. 15: 42

Q And the only way that you can distinguish, Dr.
Li ndsay, between the two is based on the sulfate.
Correct?

A. Yes. And the oil and the low, |ess-than-10, 000

ppm too

Q But they both have |l ess than 10,000 ppm
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fractured comunication with the San Andres?
A No. The whole field is under risk because of 15: 44
t hat doubl e- hunp nature of the anticline. That's putting
stress over the whole field.
When the structure fornmed, instead of just
sinmply flexing like this (denonstrating), it double flexed
like this (denonstrating), and put stress all over the
field.
Q. Ckay. The reason |'m asking is because, you
know, Chevron drilled and operated, and Enpire continued
to operate a saltwater disposal well right at the top of
this crestal structure. Are you aware of that? 15: 44
A Hmm no.
Q So you don't know the history of that saltwater
di sposal well and how much volunme it's disposed into the
San Andres?
A No. No.
Q. Is it surprising to you that Chevron would
choose to put a saltwater disposal well right on a cresta
high, if that were a concern?
A. Well, wherever we | ooked we found fractures, so 15: 45
t hat doesn't matter. The catch is if you are going to put
in a well there, you just want to make sure you cenent it
inreally good or you're going to have all sorts of

pr obl ens.
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i Q Ckay. But you hadn't done -- you were -- Enpire
2 didn't tell you about this EMSU sal twater disposal well.
3 A Uh, no. No.
4 Q. And you didn't independently research that well 15: 45
5 your sel f.
6 A No. No, not at all.
7 Q Now, the -- ny question to you about-- you know,
8 you were pointing out that there's two potential sources
9 of water, right? One is the San Andres, and one in --
10 A. There's three.
11 Q Three. Okay. The San Andres? 15: 46
12 A Yeah. You've got the connate water in the
13 reservoir.
14 Q Okay.
15 A And then you've got the edge water; and then
16 you' ve got the bottom water.
17 Q So | guess one of ny thought -- the reason |
18 referred to two is as two additional sources outside of
19 t he EMSU.
20 A Okay. 15: 46
21 Q So one would be the edge water coming in, and
22 the other would be the Upper San Andres water coming from
23 the bottom right?
24 A. Yes.
25 Q And as you're sitting here today, the way you
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A. No. No, not at all.

Q But based on what you know about the different
fluids and how they interact within the EMSU, woul d you
agree that any reservoir sinulation list that's intended
to nodel the EMSU should include entry of Goat Seep edge
wat er as part of that nodel ?

A Ch, absolutely. Absolutely. Yes. You have to 15: 52
account for all the water novenment within the reservoir.
bottom water comi ng up, edge water com ng in.

Q You nean -- it wouldn't have -- that's a big part
of the EMSU story, is that edge water.

A. Yes. Yes, through tinme. Gee, it started way
back in 1934 through 1937 is when the first edge water 15: 52
started to be sucked into the reservoir.

Q. And if a reservoir sinulation of the EMSU did
not include Goat Seep edge water encroaching in or noving
into the EMSU, it couldn't accurately represent the fluid
nmovenment or production in the EMSU. Wuld you agree?

A. No, probably not.

MR. RANKIN: Dr. Lindsay, |'mgoing to take 10 15: 53
m nutes, until 4:00 o'clock, just to make sure |'ve got
everything that | want or need, that | covered all ny
t opi cs.
THE DEPONENT: Okay.

MR. RANKIN: | know that M. NMbander is going to
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REBUTTAL EXHIBIT B-44°"

P @ 80X 1400 Martin Water Laboratones, Inc.
MOMAMANE TEXASL ?OT7RE

Pn 943:3238 OR 8831040

P00 W INDIANA

[ o] .
RESULT OF WATER ANALYSES ONE 883 4821

Item VII of C-108

WIDLAND TEXAS Y9700

LABORATORY NO. 284226
Mr, Stan Chapman SAMPLE RECEIVED 2-15-84
f 0. Box 670, Hotbs, NM RESULTS REPORTED._ 2-20-84
commany Gulf 0il Exploration & Production k.,
FIEL D OR POOL cogpallx
SECTION e BLOCK ___._ SURVEY COUNTY STATE
SOURCE OF SAMPLE AND DATE TAKEN.
wo. 1 Make-up water, (San Andres)
wo. 2 Produced water, (Grayburqg)
NO. 3
NO. 4
REMARKS:
CHEMICAL AND PHYSICAL PROPERTIES
NO. 1 NO. 2 NO. ) NO. 4
Specific Gravity at 60° F 1.0465 1.0051
pH When Sampled
pH When Receives 6 .80 7.22
B.carbonate as HZO2 964 1J83O
Supersaturation as CaCO3 75 120
Undersaturation as CaCO3 — -
Yown' Hardness as CaCO3 5,400 800
Catcium as Ca 1,400 144
Magnesium as Mg 462 107
Soc um and/e- Potassiu™ 23,244‘ 2L308
Sutfaze as SO« 3 N 432 30C
Chior.de as C! 36,575 2,841
tron as Fe 0.27 7.5 i
Barur as Ba ~
Turoronty. Eieciric
Color as Pt
Tota' Soics. Caculatec 66 .077 7.530 ;
Termperature °F !
Carbor Dioxide Caicorate:z '
Disso'vec Ox-ger W ngie: i
Hyoroge- Su'f ce 6090 325 ;
Res st:vity, ovyms.'m & 7- F 0.126 0.935
Suspended O |
Firtrad e Souics an ~p |
Vo ume Fiiterec. ~. i
Calciam Carbonsate aling Tendency NONE NONE
Calcium Sulfate Scalinc Tendency NONE NONE

Resuits Reported As M:iligrams Per Liter

Aco trona’ Determ.narions A~z Remarks

We see no evidence in the above results that would inci-

cate any incompatipilitv wnen mixing these two waters in anyv propertion.

Please

contact us if we can be of any additional assistance in this regard.

EXHIBIT NO. 335 _
Case No. 8397 i

Noverber 7,

e e - -

1984

Form No. 3

R i

Way&én C. Martin, #.A.
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REBUTTAL EXHIBIT B-45

VUL 01 PISDI]IY

AD0 1q paaraday

C

£C02/01/C

(/04

.
C L

C

NWd

Well No Number API No API14 Min P | Min_P_filtered |arit_mean |avg_SIP [min_SIP |min_SIP_reviewed inj P_PM |SI Date/Time Day |Mo |Year [Time cluster |Notes
=MP INJ 116 PSI 116 |30-025-06290 | 30025062900000 6 6 131 222 6 844 12 Fri, 12 Jan 2024 15:03:21 12|Jan | 2024| 15:03:21
+2/EMP INJ 118 PSI 118 [30-025-29598 | 30025295980000( 184 184 641 261 252 252 261 Tue, 21 Nov 2023 14:11:14 21|Nov | 2023| 14:11:14 1
B =MP INJ 134 PSI 134 |30-025-06306 | 30025063060000 312 529 348 317 324 Tue, 21 Nov 2023 14:11:14 21(Nov | 2023| 14:11:14 1
“1EMP INJ 148 PSI 148 |30-025-29946 | 30025299460000 68 584 100 127 Fri, 03 Nov 2023 08:03:33 3[Nov | 2023 8:03:33 2
INJ 183 PSI 183 |30-025-04493 | 30025044930000| 459 681 707 683 670 670 Fri, 03 Nov 2023 08:03:33 3[Nov | 2023 8:03:33 2
INJ 201 PSI 201 |30-025-04472 | 30025044720000 17 338 69 77 Tue, 06 Feb 2024 06:47:20 6[Feb | 2024 6:47:20
INJ 225 PSI 225 [30-025-29683 | 30025296830000 1 53 428 581 53 53 Sun, 21 Jan 2024 13:56:54 21|Jan | 2024| 13:56:54
INJ 229 PSI 229 [30-025-04467 | 30025044670000( 381 672 708 699 695 696 Fri, 03 Nov 2023 14:17:16 3[Nov | 2023 14:17:16 2
};EMP INJ 231 PSI 231 [30-025-04464 | 30025044640000( 522 686 737 747 707 744 Thu, 02 Nov 2023 13:22:22 2{Nov | 2023| 13:22:22
~<EMP INJ 241 PSI 241 [30-025-04489 | 30025044890000 78 545 578 609 550 550 Tue, 21 Nov 2023 14:11:14 21|Nov | 2023| 14:11:14 1
:EMP INJ 251 PSI 251 [30-025-04520 | 30025045200000( 427 503 599 599 587 587 rev |[Tue, 21 Nov 2023 14:11:14 21(Nov | 2023| 14:11:14 1
;:EMP INJ 261 PSI 261 [30-025-04471 | 30025044710000( 455 690 753 830 825 825 Fri, 03 Nov 2023 14:17:16 3[Nov | 2023 14:17:16 2
EMP INJ 263 PSI 263 [30-025-04456 | 30025044560000( 388 492 573 564 425 492 rev |Fri, 01 Dec 2023 10:52:50 1|Dec | 2023| 10:52:50
EMP INJ 273 PSI 273 [30-025-04609 | 30025046090000( 516 681 737 733 516 712 Mon, 25 Dec 2023 23:29:58 25|Dec | 2023| 23:29:58
EMP INJ 275 PSI 275 [30-025-04603 | 30025046030000 518 569 392 597 Tue, 05 Dec 2023 08:18:44 5[Dec | 2023 8:18:44
EMP INJ 285 PSI 285 [30-025-24563 | 30025245630000( 126 225 283 302 278 278 Tue, 30 Jan 2024 09:43:35 30|Jan | 2024| 9:43:35
EMP INJ 295 PSI 295 [30-025-04560 | 30025045600000( 102 102 354 328 102 102 Wed, 08 Nov 2023 08:31:12 8[Nov | 2023 8:31:12 6
EMP INJ 299 PSI 299 [30-025-04571 | 30025045710000 29 622 683 678 29 650 Tue, 07 Nov 2023 13:50:02 7[Nov | 2023 13:50:02 6
EMP INJ 316 PSI 316 [30-025-29882 | 30025298820000( 455 651 712 725 715 715 Thu, 16 Nov 2023 12:43:35 16|Nov | 2023| 12:43:35 5
EMP INJ 318 PSI 318 |30-025-29901 | 30025299010000( 112 112 145 140 121 121 Fri, 17 Nov 2023 10:31:37 17|Nov | 2023| 10:31:37 5
EMP INJ 320 PSI 320 |30-025-04578 | 30025045780000 179 539 571 622 Wed, 20 Dec 2023 12:41:43 20(Dec | 2023| 12:41:43
EMP INJ 322 PSI 322 |30-025-04574 | 30025045740000| 377 547 571 557 550 550 Wed, 08 Nov 2023 11:38:04 8[Nov | 2023 11:38:04 6
EMP INJ 334 PSI 334 |30-025-04544 | 30025045440000( 522 687 715 702 687 687 Tue, 21 Nov 2023 11:04:23 21(Nov | 2023| 11:04:23 1
EMP INJ 342 PSI 342 |30-025-04583 | 30025045830000 306 378 68 553 Tue, 26 Dec 2023 15:04:17 26|Dec | 2023| 15:04:17
EMP INJ 344 PSI 344 |30-025-04592 | 30025045920000| 337 337 759 787 559 743 Mon, 26 Feb 2024 12:37:59 26|Feb | 2024| 12:37:59 3
EMP INJ 348 PSI 348 |30-025-04607 | 30025046070000| 125 125 475 505 482 482 Tue, 21 Nov 2023 14:11:14 21|Nov | 2023| 14:11:14 1
EMP INJ 358 PSI 358 |30-025-04642 | 30025046420000 298 445 444 309 421 Mon, 26 Feb 2024 18:51:42 26(Feb | 2024| 18:51:42 3
EMP INJ 360 PSI 360 [30-025-04649 | 30025046490000 570 637 638 570 570 Mon, 26 Feb 2024 15:44:50 26|Feb | 2024| 15:44:50 3
EMP INJ 368 PSI 368 |30-025-04697 | 30025046970000| 489 489 686 684 489 667 Mon, 15 Jan 2024 14:41:12 15(Jan | 2024| 14:41:12 4
EMP INJ 370 PSI 370 |30-025-04684 | 30025046840000( 364 364 458 444 364 436 Mon, 15 Jan 2024 14:41:12 15(Jan | 2024 14:41:12 4
EMP INJ 380 PSI 380 |30-025-04701 | 30025047010000| 421 421 432 431 421 421 Fri, 17 Nov 2023 13:38:29 17|Nov | 2023| 13:38:29 5
EMP INJ 386 PSI 386 |30-025-04652 | 30025046520000 122 455 582 122 375 Mon, 26 Feb 2024 18:51:42 26|Feb | 2024| 18:51:42 3
EMP INJ 388 PSI 388 |30-025-04641 | 30025046410000( 497 497 750 746 497 709 Mon, 15 Jan 2024 14:41:12 15|Jan | 2024| 14:41:12 4
EMP INJ 398 PSI 398 |30-025-04647 | 30025046470000 94 94 645 757 738 738 Tue, 21 Nov 2023 14:11:14 21|Nov | 2023| 14:11:14 1
EMP INJ 400 PSI 400 [30-025-04653 | 30025046530000( 477 477 682 667 517 517 Wed, 13 Dec 2023 21:51:42 13|Dec | 2023| 21:51:42
EMP INJ 402 PSI 402 [30-025-04665 | 30025046650000( 380 380 697 709 681 681 Wed, 29 Nov 2023 15:16:45 29|Nov | 2023| 15:16:45
EMP INJ 404 PSI 404 |30-025-04688 | 30025046880000 11 308 656 3 688 0 Tue, 21 Nov 2023 14:11:14 21|Nov | 2023| 14:11:14 1
EMP INJ 426 PSI 426 [30-025-08711 | 30025087110000( 446 446 679 716 709 709 Fri, 17 Nov 2023 16:45:21 17|Nov | 2023| 16:45:21 5
524
Avg. Reviewed SIP
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REBUTTAL EXHIBIT B-46

API Well Name POD Produced Volume (Bbls) |Source
30-025-06737 ARGO A #005 CP761 10,158,116 |OCD
30-025-06741 ARGO A #009 CP730 13,289,425 |OCD
30-025-06742 ARGO A #010 CP731 7,853,600 |Reconstruction from well test
30-025-31234 ARROWHEAD GRAYBURG UNIT #600 CP760 82,575,467 |OCD plus reconstructed volumes from well tests
30-025-31303 ARROWHEAD GRAYBURG UNIT #601 CP761 21,975,448 [OCD plus reconstructed volumes from well tests
30-025-21664 EAST EUMONT UNIT #1 L5569 16,000,000 [From unitization hearing 16,000,000 bbls makeup water needed
30-025-29149 EMSU #457 CP670 42,169,647 [OCD plus reconstructed volumes from well tests
30-025-29618 EMSU #458 CP694 50,335,998 |OCD plus reconstructed volumes from well tests
30-025-29826 EMSU #459 CP697 108,178,865 |OCD plus reconstructed volumes from well tests
30-025-29620 EMSU #460 CP693 65,118,299 |OCD plus reconstructed volumes from well tests
30-025-29621 EMSU #461 CP695 19,365,192 [OCD plus reconstructed volumes from well tests
30-025-29622 EMSU #462 CP696 71,477,525 |OCD plus reconstructed volumes from well tests
30-025-06846 EUNICE KING #010 NO POD 6,275,575 |OCD
30-025-26601 HAWK FEDERAL B 1 #016 NO POD 14,350,284 [OCD plus reconstructed volumes from well tests
30-025-06835 J N CARSON NCT C #008 CP1739 3,040,484 |OCD
30-025-08784 J F JANDA NCT F #017 CP369 & CP848 5,906,150 [OCD plus reconstructed volumes from well tests
30-025-06639 LOCKHART A 17 #004 NO POD 40,728,236 |Reconstruction from well test
30-025-31268 MCDONALD STATE A/C 1-16 #001 CP764 25,220,790 |Reconstruction from well test
30-025-22629 New Mexico S State #4 NO POD 12,950,830 [Reconstruction from well test
30-025-24082 NORTH MONUMENT G/SA UNIT #009 L6933 4,163,276 |[OCD
30-025-31505 NORTH MONUMENT G/SA UNIT #018 NO POD 43,443,369 |OCD
30-025-33618 NORTH MONUMENT G/SA UNIT #624 NO POD 64,454,000 |Reconstruction from well test
30-025-05640 B V CULP NCT A #008 (North Monument) L5433 Unknown |No docuemts identified to reconstruct volumes
30-025-31733 SOUTH EUNICE 26 STATE #001 CP776 31,362,816 |Reconstruction from well test
30-025-21774 STATE A AC 2 #60 NO POD 23,449,684 [Reconstruction from well test
30-025-06758 TURNER #16 CP733 68,261,680 |Reconstruction from well test

852,104,756

Total Volume

AD0 1q paaraday

£C0c/01/C

£°80-F

C

NWd

607 J0 91T 23vg



Received by OCDT271072025 4.‘()8.‘}? PN I Page 11701709
27 2% " 25 30 29 28 2 26 2 30 29 28 . 27 RE BU I;6I AL EXH I BjT 3147 29 28 27 26 25 30 APACHE @ PLUGGED S d
l' 31 12/1960 ‘\ an 1 &.n res
19S 35E 19S36E 03/1995 19S37E | />34,298,306 bblg 19S 38E 19539 A\ ACTIVE KEY ENERGY SERVICES
34 35 " 36 31 32 33 04/2007 f 36 / 1 6, 21 3,7 12 bbls 32 ) \‘ 35 36 31 32 33 34 35 36 31 . PLUGGED A ACTIVE S WD S
’ >
A 3
. Cum-Unk-bbls ‘ 11/1952 . BASIC ENERGY SERVICES LEGACY RESERVES OPERATING
]
' >35,373,897 bbl * :
03 02 .l 01 06 05 04 03 02 01 @ 06 S 0t 03 ‘()‘2‘ 01 06 05 04 03 02 01 06 @ PLUGGED A ACTIVE E AGU Outllne
! 08/1960 03/2017 ~. . CAMERON 0&G ® PLUGGED
1 536,263,770 bbls 7,328,882 bbls .
: ‘. [\ ACTIVE MAVERICK PERMIAN LLC EMSU Outline
10 11 | 12 07 08 09 10 11 12 03/1982 A 10 11 124 0 08 09 10 11 12 07
. >27,493,283 bbls 11/1959 R ® PLUGGED A  ACTIVE
. - /2002? [ >48,817,372 bbls It CHESAPEAKE OPERATING MONUMENT DISPOSAL EMSU -B
.
1
1 14 1 13 18 17 16 1 14 13 14’020’497 bblSU 16 15 14 13 ‘\ 18 1 16 1 14 13 18 @ PLUGGED . PLUGGED
07/1959 . : :
1 18 07/1991 ~ CHEVRON OWL SWD OPERATING !
' 205 36E >14,502,855 bbls / | . 205 38E ' » 5 mile buffer
205 35E >].2,279,855 bblS N ~ 5 205 3( . PLUGGED A ACTIVE S
2
22 23 ‘ 24 19 20 21 22 23 24 19 20 21 22 23 o4 19 ~2()’ 21 22 23 24 19
| e CONOCOPHILLIPS PARKER ENERGY SUPPORT
.
1
: 20S 37E ‘s‘ (&  PLUGGED A ACTIVE
) 2
2 26 I‘ 25 30 29 28 2 26 2 0 29 28 2 2 25 0 29 “28 27 26 25 30 EMPIRE NEW MEXICO PERMIAN LINE SERVICE
1 12/1968 g
[ = 570,804 bbls ® ‘\‘ [o\ ACTIVE /o\  ACTIVE
. 04/1960 . EXXON MOBIL
' RICE OPERATING
34 35 v 36 31 32 34 ¢ 31 2 >59,869,210 bbls 36 1 32 “ 4 36 31
' ' ®  PLUGGED /o\  ACTIVE
. 08/2005 ' |
N . FAE II OPERATING
“ 1,086,652 bbls \‘ A (-] PENDING
. \ ACTIVE
. 01 ﬁo‘ 05 04 03 02 01 0¢ 0 E 04 0 02 01 06 05 04 03 “ 02 01 06 ” @ PLUGGED
1 GOODNIGHT MIDSTREAM SHELL OIL
‘. 03/1987 = '
bl >4,377,706 bbls A a0 09/2000, A ACTIVE ® PLUGGED
' v 1,628,929 bbls
11/2020 /020,
1 12 07 : 08 09 10 11 12 01/2023 09 10 1 8 212:084 bbls] v/ 22,185 bbls 09 l‘ 12 07 08 = PENDING AOUERAN SN L ORL N L
7 ! ‘ 2 7 711,885 bbls 21S 36E o] ] Lea re e 21S 37E 0 “ 11 L GRIZZLY OPERATING A ACTIVE
: " . 08/2005 ' A
' 05/2018 16,441,071 bbls 08/2005 ° - PUEEED TARGA MIDSTREAM SERVICES
| . 18 K 18,793,977 bbls 14 10/2019 5 01/2012 - 13,803,207 bbls
14 13 18 1 17 15 14 13 17 1 20,273,359 bbls 18 27,668,670 bbls i “ 13 18 17 HANSON OIL A ACTIVE
: 21S 35E 03/2021 & 1 2 , 09/1975 2 , . 1S 38E -~ PLUGGED
' 11,582,987 bbls 2 280 bbls A N1 @ 14,493 382 bbls J COOPER ENTERPRISES ® PLUGGED
2 24 19 1 20 21 2 3 24 19 09/1966 24 AN 03/2015 36,294,097 bbls 09/1975 2 ’ / S: 24 19 20 U Prlnted Date ]anuary 14 2025
' >43,135,269 bbls )\wsmm @/ 12/1968 8,356,146 bbls >507,899 bbls 09/1975 ) 09/1975 [\ ACTIVE e G e e e e
' CumyUnlksbbls . A
' New Mexico [ 112019 y/2012 | A 1,358,957 bbls CuprUnk bbls
' . 22,373,070 bbls  * - AR 7i19 bbls A : . Montana North Dakota
26 25 30 2 2 28 27 2 25 30 - 4 r 28 - 26 Y 25 30 29 28 | T T T ' ; . }
. oyzom@ 12/1960 » 0971975 . 7 cith oo | W
\ do106a Bbls LS 072022 Cum Unk Bbls >1,683,747 bbls ' Ldaho woon g
) 22,068,281 bbls A ' yoming
| ) o ) } ) ) i = ) ) A\ 04/2007 y 05/1974% } 3 Nebraska
o] o) o/ ole 20 o] oy 4 20 B o0 I 20 009 787 bbl o/ ole ‘ o 74
02/2020 \ . 07/1969 > 08/1968 >53’821’987“bb18 09/2019 Utah Colorado Kansas M
.612-041-bbls \ AV A=A | A 1-r0n-00m-1-1-T. issouri
14,612;041-bbls >2197,003 bbls >40;741;717-bbls A g 4,282,885 bbls
A 01 \ 7 0 ke 7 7 7 Oklahoma AL r
02 01 06 05 Q4~ 03 02 01 06 05 04 03 5 05 04 3 02 06/1992 “ 06 05 04 Arizonal NeW MexiCO rkKansa
. 07/2'005 09/1989 » |
R >2,515,836 bbls J\ Y —
~
11 12 07 08 09 10 ~ ~ ~ N 11 12 07 08 09 10 12 07 08 09 10 11 12 ! 07 08 09
.l 1211995 Andrews
S
) 011978 43,615 bbls
" >111,566,215/bbls . 10/2005 : 14 N
14 13 18 17 16 15 14 “ 13 18 17 16 15 14 70’037’890 bbls . 13 18 17 16
22S 34F 197 225 38E
208 35E % 228 36E RSITE Sg/;z; 6047 bbl h )
. 918, S
.
2 24 19 20 21 22 23 24 A 19 20 21 22 23 24 19 20 21 22 24 [ 19 20 21
|
~‘ >1,617,790 bblSk{ 7,865,595 bbls :
. Mil
26 25 30 29 28 27 26 25 A QO 29 28 27 26 25 30 29 28 27 26 25 " 30 29 28 e
. 01/1969 1in =1 miles
% >3,418,357 bbls
\‘ ,' 1 inch = 5,220 feet
5 36 1 2 34 35 36 1 A 2 4 5 6 31 2 34 5 &w 31 2
3 N 4
A\ ] 4
N R Coordinate System: GCS WGS 1984
¢ ’ Datum: WGS 1984
. . " 12/1985 'o Units: Degree
02 01 06 05 04 03 02 01 06 05 ~ 03 02 01 06 05 04 4151434 bbls 02 4 ! 06 05 04 Information depicted on this map is the sole property of
e 2004 ¢ 03/2004 g
. 03/ 04/2016 . ¢ / Goodnight Midstream. Electronic reproduction of
16, 5@7 154 bbls k 9,755 bbls 23S 37E 07/1994 03 K 726,532 bbls any portion of this map is striclty prohibited absent the
’ written consent of Goodnight Midstream.
K 32,835,408 bbls L o’ o This information is to be used for reference purpose only.
11 12 07 08 09 10 11 12 07 08 09 12 07 08 ; : 11 12 07 09 Goodnight Midstream does not guarantee the
235/35E 235 36E~ S - ' ® -7 235 38E accuracy of this material and is not responsible for any
23S 34E ~s * 10/1985, =
12/1968] = ~am .. ____________@-/-‘>3376045bb13
ﬁ H ) ) H >23,690,428 bbls 1 7 H ﬂ 7 F &
| GOODNIGHT
3 . . q ) v v . . . ; ” . 5 . 5 ) 5910 N. CENTRAL EXPWY SUITE 800 | DALLAS, TX 75206
Released to- Imaging:2/10/202514:38:02 PM 2 2 — - - - 2 2 — - - z 2 2 — — - - 2 =



kd_perez
Highlight


Received by OCD: 2/10/2025 INKL&BU“AL EXH I BIT B-48

Released to Imaging: 2/10/2025

Buchwalter Wells With Modified KZ

Bottom | Bottom
of of
Comp. | Comp. | Open
API Well # KB (MD) (SS) Hole

30-025-04321 104 3567 4053 -486(OH
30-025-04330 108 3549 4037 -488|OH
30-025-04332 120 3561 4120 -559
30-025-06285 128 3529 3900 -371
30-025-06303 136 3531 3932 -401|OH
30-025-12543 144 3550 4036 -486|OH
30-025-29946 148 3550 3804 -254
30-025-06324 156 3541 3840 -299
30-025-06311 158 3547 3892 -345|0OH
30-025-06300 160 3540 3840 -300|OH
30-025-04419 162 3534 3965 -431|OH
30-025-06297 170 3546 3985 -439(OH
30-025-06322 176 3541 3829 -288|OH
30-025-04493 183 3547 3844 -297|0OH
30-025-04513 184 3556 3859 -303|0OH
30-025-04515 187 3561 4000 -439(OH
30-025-04511 197 3578 4005 -427|(OH
30-025-04469 210 3567 3870 -303|0OH
30-025-04504 212 3577 3887 -310|OH
30-025-04657 218 3568 3912 -344
30-025-04502 227 3596 4020 -424|OH
30-025-04467 229 3567 3864 -297|0OH
30-025-04468 239 3588 3946 -358|OH
30-025-04489 241 3594 3896 -302|0OH
30-025-04520 251 3590 4059 -469(OH
30-025-04462 259 3577 3900 -323|0OH
30-025-04471 261 3585 3890 -305|0OH
30-025-04612 271 3541 3840 -299|0OH
30-025-04598 275 3576 3901 -325|0H
30-025-04593 277 3607 3912 -305|0OH
30-025-04573 280 3581 3921 -340
30-025-04577 281 3571 3894 -323|0OH
30-025-04539 293 3603 4032 -429(OH
30-025-04587 301 3594 3904 -310|OH
30-025-04597 305 3595 3886 -291|0OH
30-025-04578 320 3582 3940 -358|OH
30-025-04574 322 3585 4023 -438(OH
30-025-04559 326 3604 4034 -430(OH
30-025-04592 344 3573 3960 -387|OH
30-025-04607 348 3613 3932 -319|0OH
30-025-04629 356 3581 3941 -360
30-025-04649 360 3585 3945 -360|OH
30-025-04662 362 3591 3950 -359|0OH
30-025-04653 400 3596 4031 -435|0OH
30-025-04665 402 3612 3966 -354|0OH
30-025-04696 406 3651 4116 -465(0OH
30-025-08711 426 3599 4052 -453|OH
30-025-04750 436 3619 3970 -351|0OH
30-025-04749 444 3608 4008 -400(OH
30-025-04753 446 3622 3962 -340|OH
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{REBUTTAL EXHIBIT B-50

STATE OF NEW MEXICO
ENERGY, MINERALS AND NATURAL RESOURCES DEPARTMENT
OIL CONSERVATION DIVISION
IN THE MATTER OF THE HEARING CALLED BY

THE OIL CONSERVATION DIVISION FOR THE

PURPOSE OF CONSIDERING: CASE NO. 12,320

ORIGINAL

APPLICATION OF CHEVRON U.S.A. PRODUCTION
COMPANY FOR APPROVAL TO CONVERT THE EMSU
WELLS NOS. 210, 212, 222, 252 AND 258 TO
INJECTION IN THE EUNICE MONUMENT SOUTH
UNIT, LEA COUNTY, NEW MEXICO

2
o

%% o

REPORTER'S TRANSCRIPT OF PROCEEDINGS Sy

o L

EXAMINER HEARING =
2 &b
BEFORE: MARK ASHLEY, Hearing Examiner ST

March 2nd, 2000

Santa Fe, New Mexico

This matter came on for hearing before the New
Mexico 0il Conservation Division, MARK ASHLEY, Hearing
Examiner, on Thursday, March 2nd, 2000, at the New Mexico
Energy, Minerals and Natural Resources Department, Porter
Hall, 2040 South Pacheco, Santa Fe, New Mexico, Steven T.

Brenner, Certified Court Reporter No. 7 for the State of

New Mexico.

STEVEN T. BRENNER, CCR
(505) 989-9317
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Q. Now, I believe you mentioned something in your
direct testimony that you don't believe you've filled up
the reservoir yet; is that correct?

A. No, sir.

Q. All right, and you've been pumping water in for
how many years now?

A. Fifteen.

Q. Fifteen years. Have you done any injection-to-

withdrawal-ratio calculations for the waterflood unit as a

whole?
A. Yes, that's what I just presented.
Q. Okay. What is the injection-to-withdrawal ratio?
A. Right now, fieldwide, we're averaging about 1.1.
Q. 1.1 what?
A. The ratio, fluid in to fluid out.
Q. Barrels? It's measured in barrels?
A. Reservoir barrels to reservoir barrels.
Q. And the barrels in are measuring water?
A. Yes, sir.
Q. Are the barrels out measuring just water?
A. No, that's oil, gas and water.

Q. All right. What about -- Have you done any
injection-to-withdrawal-ratio calculations just for water,
to see if there's any water that you can't account for in

terms of the injection?

STEVEN T. BRENNER, CCR
(505) 989-9317
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A. Yes.
Q. Okay, and what do those show you?
A. They show in some areas that we're producing more

water than we've put in. And that comes from the edge
water to the west, there's an edge water encroachment to
the west, and the wells on the west side exhibit more water
influx than we put in.

Q. Okay, what about the rest of the waterflood area?

A. No, we produce most everything we inject.

Q. Okay, and that's always --

A. Except for on the west side where you have the
edge water encroachment.

Q. Okay, and that's always been the case?

A. Yes, sir.

Q. All right.

A. Except for the start of the flood before the
water broke through in some of those high-permeability
streaks. We have a real bad problem with cycling water
through those high-permeability streaks. They're like
pipelines, and until those broke through we were =-- you
know, water production was lower.

But once the injection broke through, you're
almost at one with your water in, water out, till you
squeeze out of those high-permeability streaks.

Q. Let me go back, if I could. Let me ask you this.

STEVEN T. BRENNER, CCR
(505) 989-9317
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Are there ways for an operator to calculate reservoir fill-

up in a waterflood unit such as this?

A. Yes.
Q. And have you done those calculations?
A. Yes, sir. You allocate injection and production

based on well pattern alignment.

Q. Okay, and can you just describe for me again
where that is on your exhibit?

A. That would be display -- or Exhibit Number 13.

Q. Okay. Does Exhibit 13 show everything that
you've done in that regard to try to determine the status
of the reservoir with respect to fill-up?

A. It shows the cumulative injection and production
for each injector-centered pattern and the allocated --
using the allocated production injection for that pattern.

Q. Okay. Well, I guess my guestion is, hava you
done any other calculations aside from what is shown in
Exhibit 13 to give you an idea of reservoir fill-up at this
point in time?

A. Yes, sir, there's been a full field simulation

done on this field, and it shows we have still not reached

fill-up.
Q. Okay, and where is that?
A. That is at Chevron Petroleum Technology Company.
Q. Is there any particular reason you didn't include

STEVEN T. BRENNER, CCR
(505) 989-9317
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that in the exhibit packet?

A. Didn't find it necessary, when you've got sound
reservoir engineering principles right here.

Q. Let me go back to Mr. Hartman's letter, point 3),
there at the bottom of the first page, where he asks that
"The wellhead injection pressure for the proposed injection

wells will always be kept at or below the NMOCD's maximum

surface injection pressure limit of .2 p.s.i. per foot."
What is it that you find objectionable about
that?

A. Currently we'll keep it at that level, but if
we -- as reservoir pressure increases, injection rate
decreases. Therefore you have to increase injection
pressure to maintain the same injection rate.

Q. Okay, but you wouldn't increase the injection
pressure without the approval of the Division?

A. No, sir, we'd use step-rate tests witnessed by
the OCD to increase our injection pressure.

Q. All right. And then Number 4) in Mr. Hartman's
letter asks that you assure that "The primary cement job
for the proposed injection wells has not been compromised
by nitro-glycerine stimulation or excessive acid
treatments."

Do you find that objectionable?

A. Yes, because we really can't control wha: was

STEVEN T. BRENNER, CCR
(505) 989-9317
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Problem Diagnosis, Treatment Design, and Implementation Process Improves Waterflood

Conformance

Tracy Love (Chevron USA), Andrew McCarty (Chevron USA), Matthew J. Miller (Dowell), and Mark Semmelbeck (Enron)
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This paper was prepared for presentation at the 1998 SPE Annual Technical Conference and ™~

Exhibition, New Orleans, 27-30 September 1998.

This paper was selected for presentation by an SPE Program Committee following review of
information contained in an abstract submitted by the author(s). Contents of the paper, as
presented, have not been reviewed by the Society of Petroleum Engineers and are subject to
correction by the author(s). The material, as presented, does not necessarily reflect any
position of the Sociely of Petroleum Engineers, its officers, or members. Papers presented at
SPE meetings are subject to publication review by Editorial Committees of the Society of
Petroleum Engineers. Electronic reproduction, distribution, or storage of any part of this paper
for commercial purposes without the written consent of the Society of Petroleum Engineers is
prohibited. Permission to reproduce in print is restricted to an abstract of not more than 300
words; illustrations may not be copied. The abstract must contain conspicuous
acknowledgment of where and by whom the paper was presented. Write Librarian, SPE, P.O,
Box 833836, Richardson, TX 75083-3836, U.S.A,, fax 01-972-952-9435.

ABSTRACT

The Eunice Monument South Unit (EMSU) produces from the
Grayburg formation in southeast New Mexico. The unit has
higher than expected water production and lower than
expected oil production since a waterflood was installed in
1986; poor vertical flood conformance is to blame. A major
project was initiated in 1996 to characterize the reservoir and
improve the flood conformance where possible.

Reservoir characterization included mapping high permeability
streaks, material balance, and percent pore volume swept
calculations. Two techniques, production data diagnostics and
injection well diagnostics, were then applied to characterize
the performance of individual wells. The subsets of wells that
were identified as underperforming by each method were
compared and a focus area was selected to pilot test a
waterflood conformance correction program. Primary
problems discovered included water cycling through high-
permeability streaks, water injection into the gas cap, and
wellbore zonal isolation problems.

The waterflood conformance correction program comprises
problem diagnosis, treatment selection and design, treatment
execution, and treatment evaluation. Several different
treatments (cement squeeze, near-wellbore gel treatment, and
deep-penctrating gel treatment) were executed depending on
the problem encountered. This program has been implemented
on 29 wells in EMSU. Production response to the treatments
is discussed.
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Introduction

The Eunice Monument field is located in southeastern Lea
County, New Mexico, approximately 15 miles southwest of
Hobbs, New Mexico, along the northwestern edge of the
Central basin platform. The original Eunice pool was
discovered in 1929 and developed on 40-acre spacing. Oil
production peaked in 1937 at 25,542 barrels of oil per day.

Chevron currently operates two adjacent waterflood units in
the Eunice Monument field, the Eunice Monument South Unit
(EMSU - 14,190 acres) and the Eunice Monument South Unit
B (EMSUB - 3000 acres). The EMSUB shares a common unit
boundary along the northwestern border of the EMSU
(southeast corner of the EMSUB). EMSU was unitized
February 1, 1985, with water injection commencing November
1986. EMSUB was unitized December 1, 1990, with water
injection commencing March {991. Both units are developed
on 40-acre well spacing with 80-acre 5-spot patterns. EMSU
and EMSUB produce oil primarily from dolomites of the
Grayburg formation. A minor amount of oil is produced from
the overlying lower Queen (Penrose). The underlying San
Andres formation, a water drive reservoir, is used for supply
water. Hydrocarbon entrapment in the field is controlled by a
combination of structural-stratigraphic trapping located along
the northwest margin of the Central Basin Platform.

As of April 1, 1998, EMSU consisted of 164 active producers,
138 active injectors, 4 water supply wells, and | water disposal
well. EMSUB consisted of 49 active producers and 51 active
injectors. The injection facilities are shared by both units.

Lithology. The Grayburg is a carbonate ramp environment,
relatively thick and porous to the southwest (more
packstones/grainstones) and thin and tight to the northeast
(more wackestones/mudstones). Sets of parasequences stack
to form six recognizable zones based on correlations of
relatively thin (approx. 2- to 10- ft thick), generally
impermeable sandstones (siliciclastics). The zonal markers
that can be correlated across most of the unit are made up of
dolomitic sandstones (subarkose to calclithites), which are
composed of well-sorted and very fine-grained siliciclastic
sand. These siliciclastic “markers™ are very well developed to
the northeast in the back-shoal environment, which makes
zonal correlations fairly obvious and straightforward. To the
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It is vertically impermeable and can have good porosity zones.
This zone has a karsted surface in its upper portion.

Zone 5 is typically water drive (3 to 20% oil cut) and Zone 6
overlies the top of the San Andres and contains an
unconformity in its upper part. There are oil shows well down
into the San Andres.

Waterflood performance. The total oil production rate at
EMSU decreased after the waterflood was implemented in
1986 primarily due to conversions to injection (Fig. 1).
However, patterns did suffer from rapid water breakthroughs,
slow pressure increases, and low injection:withdrawal ratios.
In all, the oil production rate decreased in 70% of the wells in
the field after the waterflood was implemented (Fig. 2). It is
believed that poor reservoir flood conformance reduced the
waterflood  effectiveness. The EMSU Waterflood
Conformance Project was initiated in 1996 to characterize the
flood conformance and correct it if feasible. The project focus
area (referred to as the conformance diamond) consists of 16
contiguous 80-acrc producer center patterns. Several elements
of this project are described in this paper.
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Oil production rate {bbls/day)

Fig. 2.— Comparison of prewaterflood and postwaterflood oil
production rate.

Reservoir Characterization

The EMSU reservoir characterization was a long process that
included the creation of conformance cross-sections, mapping
of high perm streaks, calculating the percent hydrocarbon pore
volume swept for each major zone, and production
diagnostics.

Conformance cross-sections.  Conformance cross-sections
were built for each producer-centered pattern in the field.
Injection profiles, porosity, gamma ray traces, and wellbore
configuration history werc correlated by structure for each
well. These cross-sections were useful for verifying strong
injector-producer correlations, identifying thief zones, and
provided data for the zonal processing calculations.
Permeability from core data was used, when available, to
confirm the location of high-permeability streaks. Figure 3
illustrates one of the structural cross-sections built for EMSU,
The cross-section line from well 257 to 259 is show in Fig. 8.
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Fig. 3.~ Structural cross-section.

The visual representation of the wells in each pattern
facilitated the study of fluid movement in the pattern. It also
highlighted the fact that a substantial fraction of the injected
water was entering the gas cap (formation above the -150-ft
marker). Zone 1 and the majority of Zone 2 are in the gas cap
throughout the conformance diamond.

Mapping of high perm streaks. Maps of high permeability
streaks were created for each zone and/or perm-streak trend in
order to capture their aerial extent. Core permeability data,
core descriptions, and log data were used in constructing these
maps. Where permeability data was absent or limited,
geostatistical models were incorporated.

Zonal processing. A waterflood monitoring tool, developed
by Chevron Petroleum Technology Center, was used to
calculate the zonal processing of each zone. Moveable
hydrocarbon pore volume calculations were generated for each
pattern accounting for S, So, and S, as immobile. Monthly
injection volumes were then allocated to each zone using
injection profiles and the cumulative injected volume was
calculated for each zone. A straight line interpolation was
used to account for changes in injection profiles between the
dates each profile was run. Sweep efficiencies were not
accounted for. The monitoring tool showed that Zones 1 and 2
were overprocessed, and Zones 3, 4, and 5 were
underprocessed. An overprocessed zone had more than 100%
of the hydrocarbon pore volume swept by water. Visual
inspection of the conformance cross section gave a quick
indication of vertical sweep efficiency and lent more credence
to the seriousness of the over processing.
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Production diagnostics. Production diagnostics for water or

CO; floods utilize six plots. They are as follows:

1) production history

2) production diagnostic plots (WOR and WOR’ versus
time)'

3) production decline curves
cumulative barrels of oil)

4) injection and production pattern plots (BWIPD from
offset injectors, BWPD, and BOPD all versus time)

5) injection withdrawal ratio (Qnjection/Qproduction)-

6) production and injection data contour and bubble maps.

(oil and water versus

These plots and maps are used as an initial screen for
production well performance. The information gathered may
indicate the well’s general production mechanism. Typically,
a few specific pieces of additional information must be
collected to confirm suspected production mechanisms and
problem types.

The data required for production diagnostics are monthly
average BOPD, BWPD, and BWIPD and/or Mscf/D for each
pattern. It is helpful to have a brief description and history of
the field and the individual wells. The well history should
contain the dates and description of workovers. The field
history should include the general characteristics of the
reservoir structure and dates when major field events occurred;
i.e., pattern realignment, unitization, infill drilling, waterflood
installation.

The production diagnostics were used to assess the severity of
water cycling between injector and producer pairs.
Characteristics of a water control candidate include a strong
correlation between injected and produced fluid rates, a sharp
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increase in the WOR versus time plot, and a sharp decrease in
the rate of oil production. The oil rate decreases sharply at the
onset of water injection because the injected water races
through a highly transmissible pathway and overwhelms the
lift capacity of the production well. The resulting high
wellbore fluid level suppress the oil production from low-
pressure, low-permeability zones, sometimes resulting in
downhole crossflows..

The signature of a direct communication between an injector
and producer is shown in Figs. 4-6. Three plots in particular
were used to ascertain the degree of communication between
the injectors and the producers. The plots used were the
injection and production pattern plots, Fig. 4, the injection
withdrawal ratios, and the production diagnostic plots, Fig. 5."

Figures 4-6 illustrate examples of each plot for a high degree
of injector to producer communication. Figure 4 indicates
that water increased and oil decreased in the producer soon
after injection began. Figure 5 shows a step change in the
WOR at the onset of water injection. This WOR change
occurs at the same time as the oil rate decreased to around |
bbl/day (Fig. 6). These are symptoms of a serious
conformance problem that may be correctable depending on
the nature of the problem.

10000 ¢ -

»  Water production
& Oil production :
~~~~~~ Water injection
.
1000
R
Production .
and injection g9 {°* . “
- *
rate (bbls/day) ‘N‘\“ ‘\...A“ ’ “‘
Y » -
WM“ : -,
10 .
- ‘o
‘&4;\ P
s,
"N
1 v T T T T T T —F
0 500 1000 1500 2000 2500 3000 3500 4000

Cumulative production days

Fig. 4.— Tllustration of oil rate decrease and water rate
increase that coincide with injection in an offset
injector.
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Fig. 6.— Oil rate decline for a production well in direct
communication with an injection well.

Focus Area

Conformance problems were observed over the entire field
(Fig. 7). A focus area, referred to as the conformance
diamond, was defined as a pilot area for the conformance
improvement work (Fig. 8). It was verified during the
reservoir characterization that the conformance diamond
contained natural fractures, injection into a gas cap, and
areally extensive permeability streaks; all of which cause the
characteristics illustrated in Figs. 4-6. Furthermore, these
problems were isolated to Zones 1 and 2 in the conformance
diamond. The overall goal for the conformance diamond was
to increase oil production and decrease water cycling. The
steps taken to achieve the goals include elimination of water
injection into the gas cap and stimulation of underprocessed
zones in both injection and production wells, Injection into
the gas cap was initially allowed at the onset of waterflood to
eliminate the possibility of sweeping oil into the gas cap and
decrease fill up time.
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Treatment design. Three different treatment designs were
applied in the conformance diamond depending on the
problem type, the well condition, and the reservoir features.
These three treatment types were cement squeezes for
abandoning the gas cap and high-permeability streaks, a
polymer gelant for deep penetration into matrix, and a flowing
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gel for treating natural fractures. A treatment matrix was
developed for selecting different cement slurries and gel types
depending on injectivity tests, zonal isolation, and wellbore
conditions (see Table 1 at the end of the text). Cement
squeeze treatments were used when an areally extensive
vertical barrier isolated an overprocessed zone from adjacent
target zones. A near wellbore abandonment was sufficient in
such a case. The gelant was applied when there was
communication in the reservoir between the layer being treated
and adjacent zones and matrix flow was evident. The flowing
gel was applied when linear flow behavior was evident.

The procedure detailed below is one of the polymer treatment
designs. The procedure begins by stimulating the zones
targeted for production (including acid wash of zones targeted
for polymer treatment), followed by a polymer gel treatment
for in-depth zone abandonment. and finally, a cement squeeze
treatment for near-wellbore isolation of the zones containing
polymer.

Two different polyacrylamide chrome acetate crosslinked
systems were available at the wellsite (see Table 1). System |
had a 24-hr working time (can penetrate matrix for 24 hours),
used an intermediate molecular weight polymer with a low
degree of hydrolysis, and was for wells that exhibit radial flow
characteristics, (Fig. 9). System 2 was a preformed gel that
used a high molecular weight polymer with a high degree of
hydrolysis. System 2 was for wells that exhibit linear flow
characteristics. Both systems used 0.5% polymer by weight,

1. Collect required execution data:

a) Tubing packer depth/displacement volume.
b) BHST

¢) BHSIP

d) Maximum BHP/STP.

2. Acidize wash the target interval with approximately 20
gal/ft HCI to insure good injectivity.

3. Set a retainer below the zone targeted for shutoff and acid
stimulate the zones below the retainer (use foam for acid
diversion).

4. Determine the conformance treatment placement
technique (use the placement technique selection guide in
SPE 38325).°

5. Employ appropriate placement technique (the remaining
steps are for mechanical isolation of an upper zone,
protecting the lower zones).

6. Plugback with a packer and sand topped with a CaCO,

pill.

Move in and rig up the mixing and pumping equipment.

Hydrate the polymer in the mixing equipment.

Pressure test lines.

0. Bcegin injectivity test,

a) Inject System 1 at one bbl/min.

b) Monitor injectivity decline.

c) If injectivity decline is that of radial flow (Fig. 9),
continue treatment with System [ until design volume
criteria are met.

= © % N
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d) If injectivity decline is that of linear flow (Fig. 9), Results
switch to System 2 and pump until design volume Thirty one workovers have been exccuted in the conformance
criteria arc met. diamond to date. The wells treated include 22 injection wells
11. Continue monitoring injectivity decline for duration of and 7 production wells. A summary of the treatments is given
treatment. in Table 2 (at the end of the text). The injection well
12. Go to flush when either of the design volume criteria in a) treatment results are shown in Table 3 and the production well
or b) is met, or when both conditions in ¢) and d) are met. treatment results are shown in Table 4.
E)) ;g}glgg?}lgta\lglugﬁ:azgix pt(l)rgpegbls /min at the Prodztc{inn response. The work in the conformance diamond
. S . . began in March 1997 and extended through April 1998.
maximum injection pressure (just below fracturing . . . .
pressure). Flgure‘ 10 shows ll?e' cqmbl‘ned water productlpn, oil
¢) Condition 1: Monitor and plot injectivity (1) vs. production, z.md water mjectlon.m the cpnfgrmance diamond.
cumulative volume injected. Condition 1 is met when Tht.: change in the .WOR slope n 1994 indicates the .OFISEl‘Of
1J falls to 0.5 BPD/PSI, where: 1J = BPD / (BHTP - serious water cycling. Production changes due to injection
P.) well treatments tuke many months to occur because the
d) Condition 2: Monitor and plot resistance factor (RF) underpr.ocessed zones in associated patterns must fill up and
versus cumulative volume injected. Condition 2 is pressurize befor-c maximum waterflood response is obsgrvec%.
met when RF > 7.0, where: RF = Up/ Uigg and Ui, Howevq, pr.ehmmary .results shqw an_increase in .011
= BPDuy / (BHTPu - Pro). and Uy = BPDy, / przd&rcgcl){n with decreasing water injection, water production,
(BHTPyqg - Pres) an '
13. Flush to tubing packer with System 1 or 2 without the 100000 o
crosslinker when job is done (low pH crosslinker retards \
cement), 10000 | MH_._.:—W
14. Rig down gel mixing and pumping equipment. :X,:dwm Production flattens when FI/FQ=1
15. Shut in until ready for cement squeeze (cement cap was 1000 4 o \ S
applied to provide near-wellbore strength). Minimize the ,;\E:‘“‘ R
shut in time between the end of the polymer treatment and 100 T
the start of the cement squeeze.
16. gake pr;:cau(ions to avoid breaking down the formation ol nange 1n WOR ndiates Water Cyclng
uring the cement squeeze. Conformance Work Begins
17. The wells with polymer System 1 will be shut in for 72- . . :
hrs after the polymer treatment. System 2 only requires a 3 5 % 3 3 % %3 8 3 38 —; 5 8
24-hr shut-in. 5 5§ 5 5 % 5 5pa§ 5 5 3 5 3
18' Drlll out cement and plugs' —— Oil rate (bbls/day} bbis —+— Water Rate (bbis/day) bbls
19. Inspect pumps, tubulars, and wellhead equipment. ++a-. Previous decline <+a.. Foracast
Reinstall production or injection strings. e e o ate (Sbls/day) bbls . FUFO —
20. Il:&m/;" to Izlrgduction or inj;;li;m SI?”ZIY - Start at 100 Fig. 10.— Production in the conformance diamond.
S an‘ merease overa " perioc: The following wells showefl a {apid Rroductiqn response
- following treatment:
09 Linear Flow 1. EMSU 638 production doubled following a workover that
s shut off the gas cap and stimulated low-pressure zones.
0r|® Additionally, each of the surrounding injectors had shutoff
. treatments to eliminate injection into the gas cap.
(b';‘":,f;;‘%si) 08 T e 2. Emsu 238 had a 30% production increase following a
o4 Radial FI;W. e Zone 6 plugback, stimulation of the productive zones, and
injector conformance work in the surrounding injection
03 wells.
* 3. EMSU 610 had a 50% production increase as a result of
o gas cap shutoff treatments in offset injectors.
%o 50 100 150 200 250 300 350 400 4. EMSU 609 production increased 30% immediately
Fig. 9. Location injectivity tC“T“'tV:fc"”ma injected (bbls) , following a shutoff treatment on offset injection well 211.
. 99— ctivity test verifies flow geometry.
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5. EMSU 212 had a 60% production increase a few months
after gas cap shut-off treatments in an offset injector.

6. EMSU 282 production dropped sharply following an
injector conformance treatment on EMSU 257 (may not
be related), and then rebounded following a clean out and
stimulation treatment on EMSU 282 in January.

Economic Analysis.  Decline curve analysis shows an
incremental recovery from preliminary results. The base oil
rate decline prior to the conformance project was 7.5% during
1996. The current incline in oil production is -8.8% which
matches the same incline prior to water cycling in 1990 and
1991. The projected forecast for response extrapolates out the
current incline until a FI/FO ratio of 1 is reached in 2004.
Production then flattens out for 2 years and assumes a 10%
decline which is 2.5 times the prewaterflood decline.
Subtracting off the 7.5% base decline yields an incremental 1.9
million barrels of oil. The associated economics for this
conservative forecast are shown in Table 5. The maximum
upside potential is believed to be bound by the initial
waterflood incline of -34% (1988-1991).

Implementation challenges.  There were some problems
during the execution of the conformance diamond well
workovers.  One common problem was behind pipe
communication due to poor cement bonding (presumably due
to previous acid treatments and aging wellbores), which made
achieving the designed acid and cement placement difficult.
Polymer treatments were not used in wells that had behind
pipe communication because the desired zonal isolation could
not be achieved. Isolation was also difficult in open-hole
wellbores due to rugose hole conditions and wash-outs around
the casing shoe. Due to behind pipe communication and open-
hole conditions, sand was used along with a cast iron bridge
plug or an inflate to plugback wells in order to protect the
target zones from cement or gel.  Crossflows caused
significant problems when trying to plugback with sand. Low
bottom hole pressures and thief zones also caused problems
when plugging back, and made it difficult to circulate, clean-
out, and gather good diagnostic data during injectivity tests.
Another problem was that despite the best diagnostic efforts,
some wells contained larger than expected thief zones that
hindered the effectiveness of the shutoff treatment. EMSU
259 and EMSU 239 are examples of this problem and mulitple
cement squeezes were required to shut off the offending zones.
Other problems included squeeze jobs that leaked and the
failure of some casing and tubing strings that were weakened
by corrosion. It was difficult to get a good cement bond when
iron sulfide scale was present. One best practice developed
was to acid wash the perforations and open-hole before the
squeeze in order to get a better bond. Another best practice
was to perform the cement squeeze after the target zones were
acid stimulated. This practice increased the success rate of
cement squeezes.

Summary

A focused reservoir conformance improvement project was
conducted for a section of the Eunice Monument South Unit.
The project goals were to increase oil production and reduce
water cycling in 16 contiguous patterns called the conformance
diamond.

The first phase of the project entailed reservoir
characterization. The characterization identified several items
that cause waterflood conformance problems. The problem
items included the existence of areally extensive high
permeability streaks, water injection into the gas cap (and high
permeability streaks in the gas cap), and the presence of
natural fractures.

Wellbore treatments were designed to eliminate water
injection into the gas cap and stimulate water injection and oil
production from the underprocessed zones. Cement squeezes
were applied when there was a barrier isolating the thief zone
from the rest of the pay. Gel treatments were applied to
achieve deep penetration into matrix or fractures.

The water injection rate into the gas cap was reduced by 85%
and the oil production rate has increased by 16% as of March
1998. It is too soon after the completion of the project to give
a full evaluation of the program’s economic impact.

Notation

BHST bottomhole static temperature [F]

BHSIP  bottomhole shut-in pressure [psi]

BHTP,,, initial bottomhole treating pressure [psi]

BHTP,, bottom hole treating pressure during treatment [psi]
BPD,,; initial injection rate [bbl/day]

BPD,,, injection rate during treatment [bbl/day]

DPI discounted profitability index {$/$]
FI/FO fluid in / fluid out of the reservoir [bbls/bbls]
1J injectivity [bbl/D/psi]

Winic initial injectivity [bbl/D/psi]

Ui injectivity during treatment [bbl/D/psi]
NPV net present value [$millions}

Pies reservoir pressure [psi]

RF resistance factor

Swi irreducible water saturation

Sor residual oil saturation

Ser residual gas saturation

WOR water / oil ratio [bbls/bbls]
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S| Metric Conversion Factors

cp x 1.0*E-03 =Pa.s
ft x 3.048*E-01 =m
°F x (°F-32)/1.8 =°C
in. x 2.54*E+00 =cm

Ibm x 4.535924*E-01 =kg
md x 9.869233*E-04 = um’
psi X 6.894757*E+00 =kPa

*Conversion factor is exact.

Table 1.-Treatment selection matrix.

Injectivity Cement Squeeze Polymer Squeeze
bpm psi Slurry 1 | Sturry 2 | System | | System 2

1 | 600-900 X

2 | 300-600 X X

3 | 100-300 X X

4 0-100 X X

5 0 X X

Cement Slurry 1: Low fluid loss cement with expanding agent to improve bond.

Cement Slurry 2: Thixotropic, low fluid loss cement to aid in early squeeze pressure; foamed with 250 scf/bbl N,.
Polymer System 1: Intermediate molecular weight polymer with low degree of hydrolysis and 24-hr working time.

Polymer System 2: High molecular weight polymer with high degree of hydrolysis.
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Table 2.-Treatment summary for conformance focus area.

Well Date Type Treatment Notes
Treated

EMSU 183 Nov-97 injector squeeze Z1-2, perforate Z3, acidize Z3-5 squeeze only tested to 380 psi
EMSU 199 Nov-97 injector squeeze Z1-2, acidize Z3-5 good squeeze; some backside communication during acid job
EMSU 201 Sep-97 injector perf Z3, acidize wellbore, squeeze Z6
EMSU 209 10/97 injector squeeze Z2, acidize Z3-5 squeeze only tested to 430 psi, bled 150 psi in 10 min
EMSU 211 Mar-97 injector 386 bbl MARCIT Z2, clean out and stimulate Z3-5 design 1500 bbl MARCIT; acid job broke into SA Z6

May-98 injector squeeze Z6, stimulate Z3-5 1 yr old MARCIT and cement leaked, several 100 psi in S min
EMSU 212 Nov-97 producer squeeze Z[-2, stimufate Z3-5
EMSU 225 Nov-97 injector squeeze Z1, stimulate Z2-4 squeeze leaked; 555 psi to zero in 25 min
EMSU 226 Jul-97 injector squeeze Z1, stimulate Z2-4 possible casing problem; very slight squeeze leak
EMSU 227 Jul-97 injector squeeze Z1-2, stimulate Z3-5; add perforations casing split during acid job (after squeeze)
EMSU 228 Jun-97 injector squeeze Z1-2, stimulate Z3-TD
EMSU 229 May-97 injector squeeze Z1-2, add perforations, stimulate Z3-TD squeeze bled 80 psi in 10 min
EMSU 237 Oct-97 injector add perforations in Z3-4, stimulate Z3-5 (not

completed in Z1-2)
EMSU 238 Jan-98 producer plug back to 3830 ft, stimulate openhole (3748-
3830 ft)
EMSU 239 Sep-97 injector MARCIT/cement Z1-2, add perforations Z3-4, all perforations communicated during acid job; did not use
stimulate Z3-5 MARCIT, only cement
EMSU 240 Jun-97 injector squeeze Z1-2, stimulate Z3-TD squeezed perforations leaked 500 psi to 0 in § min; acid job
had behind pipe communication
EMSU 241 Jun-97 injector squeeze Z1-2, stimulate openhole test squeeze to S00 psi; lost 450 psi in [ min.
EMSU 242 Jul-97 injector squeeze Z1-2, stimulate openhole test squeeze to 500 psi; no pressure loss
EMSU 243 Sep-97 injector squeeze Z1, stimulate openhole did not test squeeze
EMSU 244 Oct-97 producer | add perforations in Z2, plugback Z4 and lower Z3,
stimulate Z1-upper Z3
EMSU 245 Feb-98 injector clean out and stimulate
EMSU 255 Feb-98 injector clean out and stimulate could not get coiled tubing into hole, no clean out and
stimulation

Apr-98 injector clean out and stimulate

EMSU 257 Oct-97 injector 1060 bbl MARCIT/cement Z1-2, stimulate Z2a-5 communication during acid job. test squeeze to 315 psi; no
bleed off
EMSU 258 Apr-98 producer add perforations in Z3-4, stimulate 23-4, squeeze test squeeze to 400 psi, no bleed-off
Z1-2
EMSU 259 Jan-98 injector MARCIT/cement Z2, stimulate Z3-5 acid stimulation, then had well problems; tried several cement
squeezes, finally successful: no MARCIT
EMSU 638 Dec-97 producer add perforations, stimulate Z3-4, squeeze Z2 acid communicat;‘d behind pipe: test squeeze to 500 psi, no
pressure loss
EMSU 261 Dec-97 injector add perforations, stimulate Z3-5, squeeze Z1-2 had to rcpaif casing leak before acidrjoh; looks like squeeze
perforations leaked a bit
EMSU 279 Dec-97 injector stimulate Z3-5, squeeze Z2 Qnd casing shoe behind pipe communication during acid job; test squeeze to
500 psi; bled to 300 psi in 30 min

EMSU 280 Nov-97 producer stimulate Z3-4 behind pipe communication during acid job
EMSU 282 Jan-98 producer cleanout and stimulate behind pipe communication during acid job
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Table 3.-Injection well treatments through February 1998 for conformance diamond.

% Injection into the Gas Cap Injectivity (B/D/psi)
Well Date Before After Before After
Treated

EMSU 183 Nov-97 79% 0% 0.34 032
EMSU 199 Nov-97 76% 0% 0.64 0.35
EMSU 201 Sep-97 45% Z6 0%Z6 0.58 0.08
EMSU 209 10/97 §3% 0% vacuum vacuum
EMSU 211 Mar-97 2% 100% Z6 1.56 0.55

May-98 100%Z6 no results yet
EMSU 225 Nov-97 100% 38% 0.41 0.36
EMSU 226 Jul-97 42% 0% 0.98 0.7
EMSU 227 Jul-97 68% 21% 4.8 1.6
EMSU 228 Jun-97 21% 0% 0.65 0.9
EMSU 229 May-97 100% 19% 5 0.9
EMSU 237 Oct-97 0% 0% 0.6 13
EMSU 239 Sep-97 73% 17% 1.5 0.4
EMSU 240 Jun-97 68% 33% 1.7 1.2
EMSU 241 Jun-97 100% 0% 1.1 1
EMSU 242 Jul-97 87% 42% | 1.3
EMSU 243 Sep-97 68% 10% 0.54 0.3
EMSU 245 Feb-98 well distributed little change 1 no results yet
EMSU 255 Feb-98 well distributed little change 1.08 no results yet

Apr-98 no results yet
EMSU 257 Oct-97 100% 0% 1.2 0.4
EMSU 259 Jan-98 100% 0% 6 2
EMSU 261 Dec-97 50% 0% 0.97 0.39
EMSU 279 Dec-97 100% 0% 0.8 0.53

Table 4.-Production well treatments through February 1998 for conformance diamond.

Water Production Rate

QOil Production Rate (BOPD)

(BWPD)
Well Date Before After Before After
Treated
EMSU 212 Nov-97 960 170 13 13
EMSU 238 Jan-98 320 420 20 26
EMSU 244 Oct-97 155 161 14 12
EMSU 258 Apr-98 870 no results yet 2 no results yet
EMSU 638 Dec-97 1400 o 163 33 58
EMSU 280 Nov-97 370 390 11 I
EMSU 282 Jan-98 400 600 30 27
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Table 5.-Preliminary economics.

Preliminary Economics

24 jobs to date $43,000/ job
Total investment 1.0 MM$
After tax NPV @ 10% 1.8 MM$
Reserves 1.9 MMBO
% OOIP 2.1%
Rate of return 56%
DPI @ 10% discount 4.7
Payout 42 months
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But on the pressures, because your

nodeling -- as | understand, your nodeling here is
frombasically the -- first production, right?
This -- this nodel starts fromfirst production,
correct?

A Correct. Correct. Because that's going

to create the nobst accurate nodel possible.

Q And to do so, when you tal k about
pressures, you're going to need to know what -- or
get as close as you can to understandi ng what the

original reservoir pressure is, correct?

A. Correct.
Q And because we're dealing with nultiple
formations, you're going to need -- you're going to

want to know as best you can what the origina
reservoir pressures are for each of the subject

formati ons, correct?

A. Correct.
Q Okay. And those -- that's one of -- the
nunmber one drivers that would influence your -- your

nodel i ng, correct?

A. Correct.

Q Okay. Nunmber two is geology. Now, what
do you nean by geol ogy? Wat -- what kind of --

what input are you relying on or do you need to
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Exam nation by M. Rankin 62
data and the saltwater disposal data.

Q Okay. | want to wal k through those
separately. And that -- and that data on the
producing wells, the 638 producing and injection
wells -- when | say "injection wells" here, I'm
tal ki ng about the waterflood injection wells. Okay?

A Correct.

Q That goes back to the begi nning of

producti on data?

A. Correct.

Q What data -- that goes back to, what,
1938; is that right?

A. Correct.

Q Okay. So that's the start date for your
nodel ?

A Yes. As | said earlier, to have the nost

accurate nodel possible, you want to go back to day
one and -- if possible and then run the nodel
forward fromthat time. That would give you the
best nodel currently that you could possibly have,
so .

Q The question that | have is: Wy -- why
did you include the EMSU and the EMSU-B in the sane
nodel as the AGU?

A. The reason is, because | realized that
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Enpi re.

Q Okay. But my question is: You did not --
based on what information you got, you did not
extend -- you did not see any need to extend the
Grayburg grid beyond what's depicted on this
exhi bit?

A. No, | did not. The maps | was given,
clearly there wasn't water conmng in from-- from
the west, so | didn't have to extend the grid there.
And |'ve been told that the sand di m nishes in
quality as we nove to the east, and that's why we

didn't have wells there.

So | basically used the area with -- that
enconpassed basically the 600-odd wells to -- and
that's the -- the maps | was given, so .

Q What was your -- what was -- what

information allowed you to decide that there was not
water comng in fromthe west in the G ayburg?

A. Well, that -- there's a Chevron report in
the late '80s that states that this is a solution
drive reservoir, that the bottom of the Grayburg did
produce sonme water. But in addition to that, the
San Andres had to be communicating with the
Grayburg. And the proof in that is that oil is

lighter than -- excuse ne -- oil is lighter than
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the EMSU in the center and
Ckay?

data as of May 22, 2024.

part of the map,
And this is based off
Ckay?

to the south.

The | egend shows the different saltwater

di sposal operators. Each one of these, based on OCD
data, is conpleted and injecting into the
San Andres. This ny representation to you. Okay?
A. Okay.
Q Based on ny review and what you and | just
wal ked t hrough on your Exhibit E-1, I"'mjust -- |I'm
just asking you whether or not you're aware of sone

of these wells that were excluded and if you can

tell me, if you know, why.
The first one is the Parker Energy SWD
Nunmber 5. And that's this one over here. It's just

to the southeast of the EMSU and just to the north

of the AGU And it's directly to the south
of the wells that you have included on your
presumably in your nodel. Here, if you can

it's sort of right between

rry__
and EMSU ri ght

my cursor,
here in this section.

Do you see that

and you don't have the Parker as a category on your

| egend?
A. Yeah. As -- as | said, |I -- | integrate
Page 97
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Exam nation by M. Rankin 98
the data that |1've been given. | don't QC the data.
That's the responsibility of Enpire. And so --

Q Ckay.

A. | f you have sone wells that we don't have
in here, then first we'll have to | ook in our
dat abase and see -- see if they were included in the
nodel. And if not, if these -- do these wells in
total produce a significant amunt of -- or inject a
signi ficant ampbunt of saltwater disposal water?

Q Well, these are -- these show the total
curmul ative injection volunes. And ny understandi ng
is that you want to have an accurate nodel, so you
want to have all the data included, correct?

A. Yeah. We can always include this data and

update the nodel and see if it nmakes any difference.

Q Okay. So the Parker, based on the OCD
data, has a cunulative injection volunme of a little
over 8 mllion barrels as of --

A. Okay.

Q -- My 2024. Okay?

A. Okay.

Q The other well, | think, that | don't see
on your map -- or operator is this VM Henderson,
which is a southwest royalties well, but | think you

may have it represented up here in the green arrow

Page 98

Veritext Lega Solutions
Caendar-nm@veritext.com 505-243-5691 WWWw.veritext.com


pmcguire
Highlight

pmcguire
Highlight


© 00 N oo o b~ w NP

N NN N NN RBP P P PP PR PR R R
o A W N P O © 00 N OO 0o b~ W N -+ O

James Buchwalter - December 13, 2024

Exam nation by M. Rankin 113
A. And -- essentially, it's a subsea, but
then they've corrected it for the -- for -- based on
the basis fromthe -- | guess, maybe fromthe

average depth of the surface to where the reservoir
I S.

So, you know, sone of these sands m ght be
3500 to 4,000 feet. Well, reality is that they're
all corrected with the same subsea correction to get
that to the subsea depth, so .

It's based on -- you can -- you can think
of it as based on TVD, but it's basically all
corrected from subsea down based on a certain
nunber. And | can't renmenber what that nunber is
exactly, but | think it mght be in the -- in the --

in the document here sonewhere.

Q Okay. | guess what I'mtrying to get at
is, I just want -- I'mtrying to understand what --
what el evations each nodel layer is -- is assigned.

Ckay? Does that make sense?

A. Yeah. Well, it varies, of course, from
where you are in the structure, in any one of these
I ndi vi dual | ayers.

Q And the nodel incorporates the structure
you were given by Enpire, correct?

A. That's exactly correct, yes.
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| ayers because this is helpful. You know, | guess
everybody slices and dices the Grayburg in different

ways. Dr. Lindsey, who is one of Enpire's

w tnesses, | think he's got maybe seven | ayers.
|'ve seen six layers. Here, | think you' ve done
five.

To your know edge, do the |ayers you --
you've built into your nodel correspond to any ot her
set of -- anybody el se's approach or theory about
how to -- how to divide the G ayburg?

A Well, the nore -- there are two reasons to
divide it into layers. One, geology m ght change
vertically and, you know, is given different ranges
for porosity in different parts of the Grayburg. So
that's one reason to divide a nodel up, just to get
t he geol ogy nore accurate.

The ot her reason to divide sand up into
multiple layers is to just get better representation
of the physics so that the gas m ght -- you know,
the fluids will mgrate and you'll have a nore
accurate representation of where the fluids are in
any one point of this reservoir, so .

Q So you keep using the words --

A. It didn't have one cell that gets through
the Grayburg. It mght have -- you know, who knows?
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all three areas in the San Andres?

A. | think they are, yes.
Q Okay. Since we're on this graph,
894 mllion barrels original oil-in-place, where did

t hat nunber conme fron?

A. That -- that canme froma history match
where -- where -- as | said earlier, if you
under st and the production that's bei ng produced in
time and if you understand what the outreach
reservoir pressure, how it changes in tine. From
mat eri al bal ance perspective and a physics
perspective, you can then use that to back out how
much oil -water-gas we have in these two respective
sands. We have water in the San Andres.

Q Okay. |I'mgoing to ask that |ater, follow

up on that.

And then the 90 (sic) mllion barrels of
residual oil, where did that nunber cone fronf
A. That was given to nme by Enpire, and they

said the ROZ had 900 mIlion barrels underneath the
Empire | eases, so | put that in.
Q Do you know where that -- other than

comng fromEnpire, do you know the basis for that?

A. No, | do not. | was just given that
nunmber, and | put in. | assune it cane fromcore
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Exam nation by M. Rankin 170
little bit on the oil-in-place, but the ultinmte
nodel and the ultimte water noving into the sand
fromthe San Andres to the Grayburg is really
dependent on the shortcom ngs we have in water
production in the Grayburg. And that's -- that's
sonething that's nore or | ess independent of what's
going on in the San Andres. W just have to
represent the San Andres slightly different to get
it all to fit.

Q Now, we tal ked about this a little bit,
and | want -- | want to cone back to it now, |
guess. The -- you told ne that you did nultiple
runs of this nodel. | don't know, 200 or 300 or
nore nodel runs, right, to try to get a history
mat ch?

A. On this -- on this conputer, | got 366,
and on anot her conputer probably a couple hundred,
SO -- it was -- this was a very, very challenging
nodel to get everything to fit because we have lots
of data and a nunmber of things that we had to adjust
to get everything to fit.

Q How | ong have you been working on putting
t he nodel together?

A. This is probably as hard a nodel as |I've

ever had to tackl e. Thi s nodel takes somewhere
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A. -- in the wells.
Q Even if you -- even if you expanded the --

the size of the Grayburg, you couldn't match?

A. Well, | was given maps, and | -- within
t hose -- those maps, | put a contact in there and --
yeah, unless the Grayburg's got an aquifer that goes
out 36 mles, and we can see that that's not the
case. Because if we | ook at the cunul ative
water-oil ratio map in 1986, it showed that if the
Grayburg had water, it wasn't com ng from sonepl ace
36 mles away to the west, for exanple, in deeper
sands.

That water was comng up fromthe bottom
sonmehow, even in the Grayburg. And that water
wasn't enough to match the production in the
Grayburg without putting these | eaks between the
Grayburg and the San Andres at well | ocations that
produce high oil-water rati os.

Q So those maps that you were given, were
they provided to us as part of the production that

you prepared?

A. Probably not. | -- | don't know.
Q It sounds |like you're relying on --
A And maybe they were. | -- | don't -- |
don't know. | nean, that wasn't -- you know,
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f oundat i on.

A. | don't do |log analysis. The only thing I
can tell you, as | said earlier, is that the water
had to cone fromthe bottom It couldn't come from
the Grayburg that | had mapped. It had to conme --
not just froma -- fromthe bottom but it had to
cone fromsand at the bottom It goes out
30-sonmething mles, and we can clearly see fromthe
cunul ative water-oil ratio map in 1986, that that
water wasn't comng into the Grayburg wells on the
western side of the reservoir, so .

Q Well, | understand.

A. And you can do this, but the -- but the
data and the maps show that the water was com ng
fromthe San Andres.

Q So what | want to -- | understand
that's -- that's what you're saying. But | also
understand that you told me fromthe begi nning that
under standi ng the original reservoir pressure in
nodel ing the pressure correctly is key to making

your nodel run properly, right?

A. Yeah, correct. But, | nean, you nove --
you nove the -- the -- yeah, if you nove it down a
[ittle bit in the nodel, still it's under the sane

pressure in the San Andres. That's not changing the
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Exam nation by M. Rankin 216
we -- we can maybe qui bbl e about, you know, sone of
t he deci mal places there, based on the TDS, or
what ever. But assum ng that's a reasonabl e pressure
gradi ent, okay, for this reservoir, okay, | agree
with you that we would be able to calculate a

pressure at depths just doing the math, right?

A. Correct.

Q Okay. But that -- ny point to you is
that -- that calculation to -- to come up with a
deeper pressure at a deeper depth is -- is --
assunes that -- that there's not a differential in
pressure between -- along the way, sonmewhere going

down in depth, correct?

A. Well, assum ng sands -- sone sands aren't
overpressured, the gradient is going to stay
conparably the same. O course, when you go through
an oil sand, the gradient is going to change a
little bit potentially.

Q Or under-pressured, right?

A. It coul d. | mean, generally, the -- in
nost normal situations, the .43 gradient in any
reservoir is very reasonable.

Q But this is -- a rem nder, Dr. Buchwalter,
this is a carbon reservoir, right?

A. Ckay. It's a carbonate reservoir.
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Exam nation by M. Rankin 246
year 2040, we've got hundreds of pounds higher
pressure in the San Andres underneath the Grayburg

than we do at the limts of the reservoir, so

it's .

Q Okay. But ny question is --

A. It's just a big aquifer.

Q Inreal life, right?

A. Yeah.

Q And your nodel has it out -- going out
36 mles. So it's -- it's bigger than that in real
life, right?

A Wll, inreal life, it -- | mean, it --
it -- that size aquifer and that volune of aquifer

fits the production in pressures.

Q Why didn't you build a nodel aquifer going
out to the east or south or any other direction?

A. Well, ny understanding fromEnmpire was if
we noved it to the east, the sand degrades. And the
thing that's -- that's nore -- | nmean, honestly, |
don't know exactly the dinensions of the aquifer.

It could be different dinmensioned, but the key is
getting -- because it's a pretty inconpressible
fluid, if we | ook at the big picture trying to get
about the right answer, the key is getting that

volunme in. And | knew that the structure dipped, |
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A. It's a -- it's a conbination of
pernmeability and relative perneability. They were
bot h adjusted to get things to fit.

Q And you can't -- it's not -- you can't
simply tell nme, right? You -- you need to give ne
the curve to understand that, right?

A. Yeah, | could give you the curve, but --
you know, it's a curve that fit the historica
producti on dat a.

And part of what that curve does is, it's
maki ng adjustnents for the fact that, you know, I
put one perneability in the sand, but in addition,
there may be high perm streaks where water is just
shooting through the -- and things aren't uniform
the way things are noving.

And we actually adjust those relative
pernmeability curves so that the conbination, the
pernmeability and the relative perneability can all ow
us to get better estinmates and better fits of, let's
say, historical gas-oil ratios and water-oil rati os,
SO .

And, for exanple, if you increase the --
let's say the residual oil saturation, the
water-oil, that's -- it makes | ess nmobile oil,

right? And if -- if we have a very |low perneability
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Page 61
Spring will produce more water per barrel of oil, 1f
that"s a way to express It as a ratio, and the Wolfcamp
does.

Q. Is 1t higher TDS, or is i1t still -- they"re
both kind of comparable?

A. I think there®s a broad range there. There"s a
lot of change of grade, but in a true generality, the
Bone Spring salinity will be higher.

Q- Thank you.

EXAMINER GOETZE: My turn?
CROSS-EXAMINATION
BY EXAMINER GOETZE:

Q- Just a quick question: Do you know where you
are relative to the reef -- the Capitan Reef?

A. We are approximately three-and-a-half to four

miles east of the reef.
Q. Very good.
EXAMINER GOETZE: No more questions.
MR. RANKIN: Thank you, Mr. Examiner.
With that, I1*11 move on to the next.
EXAMINER GOETZE: The one 1"m working on,
22.
MR. RANKIN: Yeah. We®"ll catch up here.
Q. (BY MR. RANKIN) Mr. Drake, will you please find

before you the exhibit packet for Case Number 207227

PAUL BACA PROFESSIONAL COURT REPORTERS
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Page 40

Q. And 1 would make one request. In your Exhibit
8A, though we have a very nice diagram of where the edge
of the Ogallala is, could we have the source of that
presentation so 1t can be referenced? Your lawyer can
provide it at a later time.

A. Yes.

MR. RANKIN: You just want to know --

EXAMINER GOETZE: A big blue blob on a
piece of paper is not really a very good exhibit, so --
and particularly with the USGS interpretation and
Maddis®™ [sic; phonetic] work. So let"s clarify that,
please.

MR. RANKIN: Okay.

Q. (BY EXAMINER GOETZE) And then 1°m going to
throw out one more conversation. With regards to the
interaction between the San Andres and the Capitan Reef,
any conjecture as to any possibility of this having an
impact farther downdip to the reef structure?

A. I believe we"re six miles away from the reef,
if not more, at this location. We"re going to talk
about other sites today. |1 don"t think we have a
hydraulic communication to the reef or that we will be
affecting i1t at this point in time.

Q- Well, there"s already been a billion barrels of

water put in this area, the stuff 1"ve come up with in
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Page 41

our records with Rice Engineering alone. So we do have
concerns, and that"s typically why we request the water
sampling, so we can see what we do have i1s considered
protectable and nonprotectable. So 1If you are going to
move forward with this well, we would certainly ask that
water sampling be done. We have that obligation.

But other than that, your presentation is
good.

EXAMINER GOETZE: 1 have no further
questions for this witness.

MR. RANKIN: Mr. Examiner, just to clarify,
you"re requesting to collect water samples at the
injection interval zones, spots?

EXAMINER GOETZE: Yeah. What we"re going
to do 1s any -- you have the HESS paper, the outflow --
the Hobbs outflow, and 1t"s changed direction, I"m sure.
And we"ve been looking at it because we promised In our
primacy that we would monitor the water quality. HESS
map"s at less than 10,000. 1t is the Division™s
opportunity to revisit 1t. And when we drill new wells,
we"ve moved away from open hole. We don"t like that
anymore because we know at some point, we“re going to
have to cap these wells. And we"re also sampling so
that when the EPA comes back to us, through our exempt

aquifer program, that we have successfully looked at it
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Page 42

and have qualified locations.

There®s an SPE paper on overpressurization
of the San Andres. So we"re looking at a large-scale
operation here, and we understand there i1s a depletion,
and we"re moving things around. So It Is best to
collect data at the beginning of the story and not have
regrets later, especially when they come and ask us to
shut the program so that we can go back and look at the
exempt aquifers, as what happened in the state of
California.

So your presentation iIs good, and we have a
better understanding about what you®"re doing, but this
iIs something you"re going to have to get familiar with.
Okay?

MR. RANKIN: 1"m sure they will.

Thank you, Mr. Examiner.

With that, no further questions. Call our
next witness.

EXAMINER GOETZE: Please.

MR. RANKIN: Call Mr. Tomastik.

THOMAS E. TOMASTIK,
after having been previously sworn under oath, was

questioned and testified as follows:

PAUL BACA PROFESSIONAL COURT REPORTERS
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MS. LUCK: Yeah, thank you. 1 want to just

mention Mr. Drake did include his hydrologic statement as
D-2 with his affidavit in both of these cases. And he does
not believe that there i1s any connection between any
underground sources of drinking water and this injection
well.

TECHNICAL EXAMINER COSS: Yes. 1 appreciate
that, Ms. Luck.

HEARING OFFICER BRANCARD: Mr. Rose-Coss, IS
there anything in addition that you would like to see iIn
this application?

TECHNICAL EXAMINER COSS: Well, this application
is one of half a dozen or more similar applications i1n the
vicinity. And the Division had some concern there could be
potential for these iInjected waters to migrate into not the
drinking water sources, the shallow drinking water sources,
but the potential to protectable waters within the Capitan
Reef and has not seen any modeling by All or Goodnight to
suggest that these waters won"t eventually -- the iInjected
waters won"t eventually migrate towards the Capitan Reef and
potentially impact the protectable waters within the Capitan
Reef that the statute requires to protect.

So any one of these wells i1n solo, standalone,
doesn®"t necessarily pose a threat, but the Division is

considering their impact in toto. That"s a statement for

PAUL BACA PROFESSIONAL COURT REPORTERS
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the record, and 1t Goodnight or All would like to provide
modeling to such an extent, the Division would be pleased to
see 1It.

MS. LUCK: Thank for letting us know. |
appreciate that explanation.

TECHNICAL EXAMINER COSS: Yeah.

HEARING OFFICER BRANCARD: And Mr. Rose-Coss, for
this interval, this i1s San Andres, are we -- do we -- does
the Division normally look for a fault slip potential, also?

TECHNICAL EXAMINER COSS: The Division is less
concerned with the potential for fault slip for the San
Andres, but the San Andres is known to have communication
due to 1ts stratigraphic position with the Capitan Reef
formation.

HEARING OFFICER BRANCARD: Okay.

TECHNICAL EXAMINER COSS: It doesn"t communicate
with the basin like the Devonian, but it will communicate
with the Capitan Reef.

HEARING OFFICER BRANCARD: Thank you. So we will
take this case then, 21570, and accept the exhibits and take
It under advisement with the proviso that there may be
further communication from the Division on these cases on
that. |Is that acceptable, Ms. Luck?

MS. LUCK: Thank you. 1 appreciate 1t.

HEARING OFFICER BRANCARD: Okay.

PAUL BACA PROFESSIONAL COURT REPORTERS
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From: Nathan Alleman

To: Coss, Dylan

Cc: Grant Adams; Steve Drake - Retired; KALuck@hollandhart.com
Subject: Goodnight - Andre Dawson and Ernie Banks Capitan Reef Proximity
Date: Sunday, January 24, 2021 10:06:40 PM

[EXTERNAL EMAIL NOTIFICATION] This message was received from outside the Goodnight
Midstream Organization, do not click links or attachments unless you recognize the sender and know the content is
safe.

Dylan,
Goodnight’s attorney, Ms. Kaitlyn Luck, mentioned that at last week’s hearings for Goodnight’s
Andre Dawson SWD #1 (Case No. 21569) and Ernie Banks SWD #1 (Case No. 21570) OCD asked
about the proximity of the proposed SWD locations to the Capitan Reef. OCD did not specifically
request that Goodnight follow up with information related to this request, but as a means of
resolving this concern, we have provided the distance from each proposed SWD location to the
nearest point of the Capitan Reef.

e Andre Dawson SWD #1: 3.2 miles to the closest point of the Capitan Reef

e Ernie Banks SWD #1: 2.8 miles to the closest point of the Capitan Reef
Additionally, the Capitan Reef is shallower than the proposed injection formation (San Andres) and
there is stratigraphic separation between the San Andres and Capitan Reef formations. Based on
both the geographic distance and stratigraphic separation, these wells pose no threat of adverse
impact to the water quality in the Capitan Reef.
Please let us know if you have any further questions on this.
Regards,
Nate Alleman

Energy & Environmental Consultant
ALL Consulting

1718 South Cheyenne Avenue

Tulsa, OK 74119

Office: 918-382-7581

Cell: 918-237-0559
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STATE OF NEW MEXICO
ENERGY, MINERALS AND NATURAL RESOURCES DEPARTMENT
OIL CONSERVATION DIVISION

IN THE MATTER OF THE HEARING CALLED BY
THE OIL CONSERVATION DIVISION FOR THE
PURPOSE OF CONSIDERING:

APPLICATION OF GOODNIGHT MIDSTREAM PERMIAN, LLC FOR APPROVAL OF
A SALT WATER DISPOSAL WELL IN LEA COUNTY, NEW MEXICO.

CASE NO. 20555
ORDER NO. R-20855

ORDER OF THE DIVISION

BY THE DIVISION:

This case came on for hearing at 8:15 a.m. on June 14, 2019, at Santa Fe, New Mexico,
before Examiner Phillip R. Goetze.

NOW, on this 12 day of September 2019, the Division Director, having considered the
testimony, the record, and the recommendations of the Examiner,

FINDS THAT:

(1) Due public notice has been given, and the Division has jurisdiction of this case and
the subject matter.

(2 Goodnight Midstream Permian, LLC (“Applicant” or “Goodnight Midstream”)
seeks authority to utilize its Nolan Ryan SWD Well No. 1 (API No. 30-025-45349; the “Subject
Well”), located 779 feet from the South line and 1995 feet from the East line (Unit O) of Section
13, Township 21 South, Range 36 East, NMPM, Lea County, New Mexico, for disposal of
produced water into the San Andres formation through a perforated interval from 4100 feet to 4700
feet below surface.

(3) Goodnight Midstream submitted a Division Form C-108 application
(Administrative Application No. pMAM1907048843) on March 3, 2019, for authority to inject
into the Subject Well which was protested by the New Mexico State Land Office (“SLO”) and
Parker Energy Services, Inc.

“4) On May 14, 2019, Goodnight Midstream submitted an application for hearing for
approval of the Subject Well for commercial disposal of produced water,

Released to Imaging: 2/10/2025 4:38:02 PM



Received by OCD: 2/10/2025 4:08:32 PM Page 159 of 409

Case No. 20555
Order No. R-20855
Page 2 of 7

(5) Subsequently, the SLO filed an entry of appearance for this application on May 28,
2019.

(6) Applicant appeared at the hearing through counsel and presented geologic and
engineering evidence to the effect that:

(a) The Applicant seeks to drill the Subject Well to an approximate total depth
of 4800 feet below surface. The injection will occur through perforations
from approximately 4100 feet to approximately 4700 feet below surface.

(b) The Subject Well will be constructed with the following two casing strings:
a 9%-inch surface casing set at 1350 feet and a 7-inch production casing set
from the surface to 4800 feet. Both casings will have cement circulated to
the surface.

(c) The Subject Well will inject fluids through 4V2-inch, fiberglass-lined steel
tubing attached to a packer set at depth at or within 100 feet of the
shallowest perforation.

(d) The primary sources of produced water will be production from wells
completed in the Bone Spring and the Wolfcamp formations.

(e) The analyses of produced water samples provided by Applicant showed the
compatibility of the injection fluids with formation fluids in the proposed
disposal interval.

() The Applicant proposes the Subject Well as a commercial operation with a
maximum average injection rate of 15000 barrels of water per day (BWPD)
using a maximum surface injection pressure of 820 pounds per square inch

(psi).

(g) The depth of the deepest known source of fresh water in the vicinity of the
Subject Well was approximately 200 feet below surface and was identified
as the Rustler formation.

(h) Three active fresh-water wells were identified within a one-mile radius of
the Subject Well. The Applicant provided water quality analyses for the
three wells that showed total dissolved solid (TDS) concentrations less than
400 milligrams per liter (mg/L) in each case.

(1)
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Case No. 20555
Order No. R-20855
Page 3 of 7

) Applicant’s engineering witness testified that he has examined the available
geological and engineering data and found no evidence of open faults or
any other hydrologic connection between the disposal zone and any
underground sources of drinking water.

(k) The results of the one half-mile Area of Review (AOR) around the Subject
Well found one active well that penetrated the proposed injection interval.
The well, Parker Energy SWD No. 5 (API 30-025-38789), is properly cased
and cemented as to protect underground sources of drinking water and not
allow migration of injected fluids from the proposed injection interval.

) Applicant identified the San Andres formation for the disposal interval due
to the high porosity and the absence of historical hydrocarbon production in
the formation within a two-mile radius of the Subject Well.

(m)  Applicant further stated the top of the San Andres formation contains
several anhydrite intervals that provide an upper confining layer for the
proposed disposal interval while the low porosity rocks of the lower San
Andres and upper Glorieta formations provide a lower confining layer.

(n) Applicant has recently completed disposal wells in the same interval of the
San Andres formation as proposed for the Subject Well and found the
formation to be pressure depleted owing to large-scale water extraction used
to support prior enhanced recovery and drilling operations.

(0) The Applicant provided evidence of notification of this application to all
“affected persons” within a one half-mile radius of the surface location of
the Subject Well and with publication in a newspaper of general circulation
in the county.

(7 The SLO appeared through counsel at hearing and did not oppose the granting of
this application. The SLLO provided a statement into record expressing their concern
for the spacing of disposal wells and the potential impacts to adjacent state mineral
interests.

(8) No other party appeared at the hearing, or otherwise opposed the granting of this
application.

The Division concludes as follows:

9) The application has been duly filed under provisions of Rule 19.15.26.8 NMAC.
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Order No. R-20855
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(10)  Geologic and engineering interpretations submitted by the Applicant identified
geologic seals at the top and at the base of the proposed disposal zone that would prevent the
vertical migration of injection fluids.

(11)  The disposal fluids are compatible with existing formation fluids based on
analytical results provided by Applicant.

(12)  The application has been duly filed under the provisions of Division Rule
19.15.26.8 NMAC.

(13)  Applicant has presented satisfactory evidence that all requirements prescribed in
Division Rule 19.15.26.8 NMAC have been met.

(14)  Division records indicate Goodnight Midstream (OGRID 372311) as of the date of
this order is in compliance with Division Rule 19.15.5.9 NMAC.

(15)  Approval of disposal in the Subject Well will enable Applicant to support existing
production and future exploration in this area, thereby preventing waste, and will not impair
correlative rights.

IT IS THEREFORE ORDERED THAT:

(D Goodnight Midstream Permian, LLC (the “operator”) is hereby authorized to utilize
its Nolan Ryan SWD Well No. I (API No. 30-025-45349; the “Subject Well”), located 779 feet
from the South line and 1995 feet from the East line (Unit O) of Section 13, Township 21 South,
Range 36 East, NMPM, Lea County, New Mexico, for disposal of Underground Injection Control
Class II fluids into the San Andres formation.

(2) Disposal shall be through a perforated interval from 4100 feet to 4700 feet below
surface comprising the San Andres formation only. Injection is to be through 4¥s-inch, plastic-
lined tubing with a packer set within 100 feet above the top perforation of the permitted interval.

3) The operator shall take all steps necessary to ensure that the disposed water enters
only the permitted disposal interval and is not permitted to escape to other formations or onto the
surface.

4) Well construction and testing shall be in accordance with Division Rule 19.15.16
NMAC and all casing strings shall have cement circulated to surface. If cement does not circulate
on any casing string, the operator shall run a cement bond log (CBL) or other log to determine top
of cement and shall notify the Division’s District I office with the top of cement on the emergency
phone number prior to continuing with any further cement activity with the Subject Well. If
cement did not tie back in to next higher casing shoe, the operator shall perform remedial cement
job to bring cement, at a minimum, 200 feet above the next higher casing shoe.
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(5) After installation of tubing, the casing-tubing annulus shall be loaded with an inert
fluid and equipped with a pressure gauge or an approved leak detection device in order to
determine leakage in the casing, tubing, or packer. The casing shall be pressure tested from the
surface to the packer setting depth to assure casing integrity.

(6) The operator shall run a mudlog over the approved disposal interval for assessment
of the hydrocarbon potential and obtain a water sample for analysis of hydrocarbon content as well
as general water chemistry (including major cations, major anions, and Total Dissolved Solids
(TDS)). Prior to commencing injection, the operator shall supply the results of the water sample
and the mudlog to Division’s District I office and provide a copy of the same submittal to
Engineering Bureau in the Santa Fe office. If the analysis of the sample is found to contain a TDS
concentration of 10000 mg/L or less, the injection authority under this Order shall be suspended

ipso facto.

(7 The Subject Well shall pass an initial mechanical integrity test (“MIT”) prior to
commencing disposal and prior to resuming disposal each time the well has significant equipment
changes including, but not limited to, the packer being unseated, tubing being pulled, or when
casing repairs have occurred. The operator shall notify the Division’s District I office a minimum
of 48 hours in advance of the proposed date and time of the modification of disposal equipment
and of any MIT test so that the same may be inspected and witnessed. All MIT procedures and
schedules shall follow the requirements in Division Rule 19.15.26.11(A) NMAC.

(8) The operator shall file a Notice of Intent on Division Form C-103 with the
Division’s District I office prior to any testing of the well or for any activities that shall modify the
well construction or operation. The operator shall provide written notice of the date of
commencement of disposal to the Division’s District I office. The operator shall submit monthly
reports of the disposal operations on Division Form C-115, in accordance with Division Rules
19.15.26.13 NMAC and 19.15.7.24 NMAC.

9) If the Subject Well fails a MIT or if there is evidence that the mechanical integrity
of said well is impacting correlative rights, the public health, any underground sources of fresh
water, or the environment, the Division Director shall require the Subject Well to be shut-in within
24 hours of discovery and the operator shall redirect all disposal waters to another facility. The
operator shall take the necessary actions to address the impacts resulting from the mechanical
integrity issues in accordance with Division Rule 19.15.26.10 NMAC, and the Subject Well shall
be tested pursuant to Rule 19.15.26.11 NMAC prior to returning to injection.

(10)  Without limitation on the duties of the operator as provided in Rules 19.15.29
NMAC and 19.15.30 NMAC, or otherwise, the operator shall immediately notify the Division’s
District I office of any failure of the tubing, casing or packer in the Subject Well, or of any leakage
or release of water, oil or gas from or around any produced or plugged and abandoned well in the
area, and shall take such measures as may be timely and necessary to correct such failure or
leakage.
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(I11)  The wellhead injection pressure on the Subject Well shall be limited to no more
than 820 psi. The disposal well shall be equipped with a pressure limiting device in workable
condition which shall, at all times, limit surface tubing pressure to the maximum allowable
pressure for this well. The Subject Well shall be included in a Supervisory Control and Data
Acquisition (SCADA) system for operation as an injection well.

(12)  The Director of the Division may authorize an increase in tubing pressure upon a
proper showing by the operator of said well that such higher pressure will not result in migration
of the disposed fluid from the approved injection interval. Such proper showing shall be
demonstrated by sufficient evidence including but not limited to an acceptable Step-Rate Test.

(13)  The injection authority granted under this order is not transferable except upon
Division approval. The Division may require the operator to demonstrate mechanical integrity of
any injection well that will be transferred prior to approving transfer of authority to inject.

(14)  The Division may revoke this injection permit after notice and hearing if the
operator is in violation of Division Rule 19.15.5.9 NMAC.

(15)  The disposal authority granted herein shall terminate one (1) year after the effective
date of this order if the operator has not commenced injection operations into the Subject Well.
The Division, upon written request by the operator prior to the termination date, may grant an
extension thereof for good cause.

(16)  One (1) year after disposal into the Subject Well has ceased, the well will be
considered abandoned and the authority to dispose will terminate ipso facto as provided in Division
Rule 19.15.26.12(C) NMAC.

(17)  Compliance with this order does not relieve the operator of the obligation to comply
with other applicable federal, state or local laws or rules, or to exercise due care for the protection
of fresh water, public health and safety and the environment.

(18)  Jurisdiction is retained by the Division for the entry of such further orders as may
be necessary for the prevention of waste and/or protection of correlative rights or upon failure of
the operator to conduct operations (1) to protect fresh or protectable waters or (2) consistent with
the requirements in this order; whereupon the Division may, after notice and hearing or prior to
notice and hearing in event of an emergency, terminate the disposal authority granted herein.
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DONE,at, S

pta Fe, New Mexico, on the day and year hereinabove designated.

ADRIENNE SANDOVAL
Director
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STATE OF NEW MEXICO
ENERGY, MINERALS AND NATURAL RESOURCES DEPARTMENT
OIL CONSERVATION DIVISION

IN THE MATTER OF THE HEARING CALLED BY
THE OIL CONSERVATION DIVISION FOR THE
PURPOSE OF CONSIDERING:

APPLICATION OF GOODNIGHT MIDSTREAM PERMIAN, LLC FOR APPROVAL OF
A SALT WATER DISPOSAL WELL IN LEA COUNTY, NEW MEXICO.

CASE NO. 20556
ORDER NO. R-20863

ORDER OF THE DIVISION

BY THE DIVISION:

This case came on for hearing at 8:15 a.m. on June 14, 2019, at Santa Fe, New Mexico,
before Examiner Phillip R. Goetze.

NOW, on this 17" day of September 2019, the Division Director, having considered the
testimony, the record, and the recommendations of the Examiner,

FINDS THAT:

(1) Due public notice has been given, and the Division has jurisdiction of this case and
the subject matter.

(2) Cases No. 20556 and 20557 were consolidated at the hearing for the purpose of
testimony; however, a separate order will be issued for each case.

(3) In Case No. 20556, Goodnight Midstream Permian, LLC (“Applicant” or
“Goodnight Midstream™) seeks authority to utilize its Robinson SWD Well No. 1 (API No. 30-
025-Pending; the “Subject Well”), located 1868 feet from the North line and 1564 feet from the
West line (Unit F) of Section 4, Township 22 South, Range 36 East, NMPM, Lea County, New
Mexico, for disposal of produced water into the Glorieta formation through an open-hole interval
from 5750 feet to 6500 feet below surface.

4) Goodnight  Midstream  submitted a Division Form C-108 application
(Administrative Application No. pMAM1911552448) on April 18, 2019, for authority to inject
into the Subject Well which was protested by the New Mexico State Land Office (“SLO™) and
Blackbeard Operating, LLC (“Blackbeard”).
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(5) On May 14, 2019, Goodnight Midstream submitted an application for hearing for
approval of the Subject Well for disposal of produced water.

(6) Subsequently, the SLO filed an entry of appearance for this application on May 28,
2019 and Blackbeard filed an entry of appearance for this application on June 7, 2019.

(7) Applicant appeared at the hearing through counsel and presented geologic and
engineering evidence to the effect that:

(a) The Applicant seeks to drill the Subject Well to an approximate total depth
of 6600 feet below surface. The injection will occur through open hole
completion from approximately 5750 feet to approximately 6500 feet below
surface.

(b) The Subject Well will be constructed with the following two casing strings:
a 9%-inch surface casing set at 495 feet and a 7-inch production casing set
from the surface to 5750 feet. Both casings will have cement circulated to
the surface. Additionally, the well will have a 16-inch surface conductor
casing that will be cemented from surface.

(c) The Subject Well will inject fluids through 4%2-inch, fiberglass-lined steel
tubing attached to a packer set at depth at or within 100 feet of the top of
the open-hole completion.

(d) The primary sources of produced water will be production from wells
completed in the Bone Spring and the Wolfcamp formations.

(e) The analyses of produced water samples provided by Applicant showed the
compatibility of the injection fluids with formation fluids in the proposed
disposal interval.

(f) The Applicant proposes the Subject Well as a commercial operation with a
maximum average injection rate of 12500 barrels of water per day (BWPD)
using a maximum surface injection pressure of 1150 pounds per square inch

(psi).

(g2) The depth of the deepest known source of fresh water in the vicinity of the
Subject Well was identified as the Rustler formation with the lower contact
approximately 470 feet below surface.

(h) Three fresh-water wells were identified within a one-mile radius of the
Subject Well. The Applicant attempted to obtain water samples from each
water well but field inspections found the wells inoperative, and therefore,
samples could not be collected.
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(1) Applicant stated the Subject Well is located approximately 150 feet
southwest of the proposed Scully SWD No. | which is to be completed in
the shallower San Andres formation and is the subject of Case No. 20557.

g) Applicant’s engineering witness testified that he has examined the available
geological and engineering data and found no evidence of open faults or
any other hydrologic connection between the disposal zone and any
underground sources of drinking water.

(k) The results of the one half-mile Area of Review (AOR) around the Subject
Well found no active or plugged wells that penetrated the proposed injection
interval.

M Applicant identified the Glorieta formation for the disposal interval due to
the high porosity and the absence of historical hydrocarbon production in
the formation within a two-mile radius of the Subject Well. Applicant has
recently completed a disposal well in the same interval and found the
formation favorable for disposal at the proposed rates of injection.

(m)  Applicant further identified approximately 400 feet of tight limestone in the
lower San Andres formations that will provide a confining layer for the top
of the proposed injection interval in the Glorieta formation while the contact
with the stratigraphic equivalent of the Paddock formation formed a lower
confining layer.

(n) The Applicant provided evidence of notification of this application to all
“affected persons” within a one half-mile radius of the surface location of
the Subject Well and with publication in a newspaper of general circulation
in the county.

(8) The SLO appeared through counsel at hearing and did not oppose the granting of
this application. The SLO provided a statement into record expressing their concern
for the spacing of disposal wells and the potential impacts to adjacent state mineral
interests. :

9) Blackbeard appeared through counsel at hearing and did not oppose the granting of
this application.

(10)  No other party appeared at the hearing, or otherwise opposed the granting of this
application.

The Division concludes as follows:

(I1)  The application has been duly filed under provisions of Rule 19.15.26.8 NMAC.
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(12)  Geologic and engineering interpretations submitted by the Applicant identified
geologic seals at the top and at the base of the proposed disposal zone that would prevent the
vertical migration of injection fluids.

(I13) The disposal fluids are compatible with existing formation fluids based on
analytical results provided by Applicant.

(14)  Based on the testimony offered at hearing, the well’s location with respect to the
Capitan Reef aquifer, and to assist in future plugging under Rule 19.15.16.9 NMAC, the Division
shall stipulate a well design change to have the production casing set to total depth and injection
to occur through perforation of that casing.

(I5) The application has been duly filed under the provisions of Division Rule
19.15.26.8 NMAC.

(16)  Applicant has presented satisfactory evidence that all requirements prescribed in
Division Rule 19.15.26.8 NMAC have been met.

(17)  Division records indicate Goodnight Midstream (OGRID 372311) as of the date of
this order is in compliance with Division Rule 19.15.5.9 NMAC.

(18)  Approval of disposal in the Subject Well will enable Applicant to support existing
production and future exploration in this area, thereby preventing waste, and will not impair
correlative rights.

IT IS THEREFORE ORDERED THAT:

(1) Goodnight Midstream Permian, LLC (the “operator™) is hereby authorized to utilize
its Robinson SWD Well No. 1 (API No. 30-025-Pending; the “Subject Well”), located 1868 feet
from the North line and 1564 feet from the West line (Unit F) of Section 4, Township 22 South,
Range 36 East, NMPM, Lea County, New Mexico, for disposal of Underground Injection Control
Class II fluids into the Glorieta formation.

(2) Disposal shall be through a perforated interval from 5750 feet to 6500 feet below
surface comprising the Glorieta formation only. Injection is to be through 4%2-inch, plastic-lined
tubing with a packer set within 100 feet above the top perforation of the permitted interval.

(3) The 7-inch production casing shall be set to the total depth of the borehole and shall
have cement circulated to surface. Injection shall be through perforations

4) The operator shall take all steps necessary to ensure that the disposed water enters

only the permitted disposal interval and is not permitted to escape to other formations or onto the
surface.
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(5) Well construction and testing shall be in accordance with Division Rule 19.15.16
NMAC and all casing strings shall have cement circulated to surface. If cement does not circulate
on any casing string, the operator shall run a cement bond log (CBL) or other log to determine top
of cement and shall notify the Division’s District I office with the top of cement on the emergency
phone number prior to continuing with any further cement activity with the Subject Well. If
cement did not tie back in to next higher casing shoe, the operator shall perform remedial cement
job to bring cement, at a minimum, 200 feet above the next higher casing shoe.

(6) After installation of tubing, the casing-tubing annulus shall be loaded with an inert
fluid and equipped with a pressure gauge or an approved leak detection device in order to
determine leakage in the casing, tubing, or packer. The casing shall be pressure tested from the
surface to the packer setting depth to assure casing integrity.

(7) The operator shall run a mudlog over the approved disposal interval for assessment
of the hydrocarbon potential and obtain a water sample for analysis of hydrocarbon content as well
as general water chemistry (including major cations, major anions, and Total Dissolved Solids
(TDS)). Prior to commencing injection, the operator shall supply the results of the water sample
and the mudlog to Division’s District I office and provide a copy of the same submittal to
Engineering Bureau in the Santa Fe office. If the analysis of the sample is found to contain a TDS
concentration of 10000 milligrams per liter or less, the injection authority under this Order shall

be suspended ipso facto.

(8) The Subject Well shall pass an initial mechanical integrity test (“MIT”) prior to
commencing disposal and prior to resuming disposal each time the well has significant equipment
changes including, but not limited to, the packer being unseated, tubing being pulled, or when
casing repairs have occurred. The operator shall notify the Division’s District I office a minimum
of 48 hours in advance of the proposed date and time of the modification of disposal equipment
and of any MIT test so that the same may be inspected and witnessed. All MIT procedures and
schedules shall follow the requirements in Division Rule 19.15.26.11(A) NMAC.

9) The operator shall file a Notice of Intent on Division Form C-103 with the
Division’s District I office prior to any testing of the well or for any activities that shall modify the
well construction or operation. The operator shall provide written notice of the date of
commencement of disposal to the Division’s District I office. The operator shall submit monthly
reports of the disposal operations on Division Form C-115, in accordance with Division Rules
19.15.26.13 NMAC and 19.15.7.24 NMAC.

(10)  If the Subject Well fails a MIT or if there is evidence that the mechanical integrity
of said well is impacting correlative rights, the public health, any underground sources of fresh
water, or the environment, the Division Director shall require the Subject Well to be shut-in within
24 hours of discovery and the operator shall redirect all disposal waters to another facility. The
operator shall take the necessary actions to address the impacts resulting from the mechanical
integrity issues in accordance with Division Rule 19.15.26.10 NMAC, and the Subject Well shall
be tested pursuant to Rule 19.15.26.11 NMAC prior to returning to injection.

Released to Imaging: 2/10/2025 4:38:02 PM



Received by OCD: 2/10/2025 4:08:32 PM Page 170 of 409

Case No. 20556
Order No. R-20863
Page 6 of 7

(11) ~ Without limitation on the duties of the operator as provided in Rules 19.15.29
NMAC and 19.15.30 NMAC, or otherwise, the operator shall immediately notify the Division’s
District I office of any failure of the tubing, casing or packer in the Subject Well, or of any leakage
or release of water, oil or gas from around any produced or plugged and abandoned well in the
area, and shall take such measures as may be timely and necessary to correct such failure or
leakage.

(12)  The wellhead injection pressure on the Subject Well shall be limited to no more
than 1150 psi. The disposal well shall be equipped with a pressure limiting device in workable
condition which shall, at all times, limit surface tubing pressure to the maximum allowable
pressure for this well. The Subject Well shall be included in a Supervisory Control and Data
Acquisition (SCADA) system for operation as an injection well.

(13)  The Director of the Division may authorize an increase in tubing pressure upon a
proper showing by the operator of said well that such higher pressure will not result in migration
of the disposed fluid from the approved injection interval. Such proper showing shall be
demonstrated by sufficient evidence including but not limited to an acceptable Step-Rate Test.

(14)  The injection authority granted under this order is not transferable except upon
Division approval. The Division may require the operator to demonstrate mechanical integrity of
any injection well that will be transferred prior to approving transfer of authority to inject.

(15)  The Division may revoke this injection permit after notice and hearing if the
operator is in violation of Division Rule 19.15.5.9 NMAC.

(16)  The disposal authority granted herein shall terminate one (1) year after the effective
date of this order if the operator has not commenced injection operations into the Subject Well.
The Division, upon written request by the operator prior to the termination date, may grant an
extension thereof for good cause.

(I7)  One (1) year after disposal into the Subject Well has ceased, the well will be
considered abandoned and the authority to dispose will terminate ipso facto as provided in Division
Rule 19.15.26.12(C) NMAC.

(18)  Compliance with this order does not relieve the operator of the obligation to comply
with other applicable federal, state or local laws or rules, or to exercise due care for the protection
of fresh water, public health and safety and the environment.

(19)  Jurisdiction is retained by the Division for the entry of such further orders as may
be necessary for the prevention of waste and/or protection of correlative rights or upon failure of
the operator to conduct operations (1) to protect fresh or protectable waters or (2) consistent with
the requirements in this order; whereupon the Division may, after notice and hearing or prior to
notice and hearing in event of an emergency, terminate the disposal authority granted herein.
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DONE at Santa Fe, New Mexico, on the day and year hereinabove designated.

STATE OF NEW MEXICO
OIL CONSERVAI ION DIVISION

-
\
N

L% & ,
[\ 5 LY 7
ADRIENNE SANDOVAL
Director
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STATE OF NEW MEXICO
ENERGY, MINERALS AND NATURAL RESOURCES DEPARTMENT
OIL CONSERVATION DIVISION

IN THE MATTER OF THE HEARING CALLED BY
THE OIL CONSERVATION DIVISION FOR THE
PURPOSE OF CONSIDERING:

APPLICATION OF GOODNIGHT MIDSTREAM PERMIAN, LLC FOR APPROVAL OF
A SALT WATER DISPOSAL WELL IN LEA COUNTY, NEW MEXICO.

CASE NO. 20557
ORDER NO. R-20864

ORDER OF THE DIVISION

BY THE DIVISION:

This case came on for hearing at 8:15 a.m. on June 14, 2019, at Santa Fe, New Mexico,
before Examiner Phillip R. Goetze.

NOW, on this 17" day of September 2019, the Division Director, having considered the
testimony, the record, and the recommendations of the Examiner,

FINDS THAT:

(1) Due public notice has been given, and the Division has jurisdiction of this case and
the subject matter.

(2) Cases No. 20556 and 20557 were consolidated at the hearing for the purpose of
testimony; however, a separate order will be issued for each case.

(3) In Case No. 20557, Goodnight Midstream Permian, LLC (“Applicant” or
“Goodnight Midstream™) seeks authority to utilize its Scully SWD Well No. 1 (API No. 30-025-
Pending; the “Subject Well”), located 1724 feet from the North line and 1607 feet from the West
line (Unit F) of Section 4, Township 22 South, Range 36 East, NMPM, Lea County, New Mexico,
for disposal of produced water into the San Andres formation through an open-hole interval from
5750 feet to 6500 feet below surface.

4) Goodnight  Midstream  submitted a Division Form C-108 application
(Administrative Application No. pMAMI1911551157) on April 18, 2019, for authority to inject
into the Subject Well which was protested by the New Mexico State Land Office (“SLO”) and
Blackbeard Operating, LLC (“Blackbeard™).
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(5) On May 14, 2019, Goodnight Midstream submitted an application for hearing for
approval of the Subject Well for disposal of produced water.

(6) Subsequently, the SLO filed an entry of appearance for this application on May 28,
2019 and Blackbeard filed an entry of appearance for this application on June 7, 2019.

(7) Applicant appeared at the hearing through counsel and presented geologic and
engineering evidence to the effect that:

(a) The Applicant seeks to drill the Subject Well to an approximate total depth
of 5750 feet below surface. The injection will occur through open hole
completion from approximately 4450 feet to approximately 5750 feet below
surface.

(b) The Subject Well will be constructed with the following two casing strings:
a 9%-inch surface casing set at 495 feet and a 7-inch production casing set
from the surface to 4450 feet. Both casings will have cement circulated to
the surface. Additionally, the well will have a 16-inch surface conductor
casing that will be cemented from surface.

(c) The Subject Well will inject fluids through 4%2-inch, fiberglass-lined steel
tubing attached to a packer set at depth at or within 100 feet of the top of
the open-hole completion.

(d) The primary sources of produced water will be production from wells
completed in the Bone Spring and the Wolfcamp formations.

(e) The analyses of produced water samples provided by Applicant showed the
compatibility of the injection fluids with formation fluids in the proposed
disposal interval.

(f) The Applicant proposes the Subject Well as a commercial operation with a
maximum average injection rate of 17500 barrels of water per day (BWPD)
using a maximum surface injection pressure of 890 pounds per square inch

(psi).

(g) The depth of the deepest known source of fresh water in the vicinity of the
Subject Well was identified as the Rustler formation with the lower contact
approximately 470 feet below surface.

(h) Three fresh-water wells were identified within a one-mile radius of the
Subject Well. The Applicant attempted to obtain water samples from each
water well but field inspections found the wells inoperative, and therefore,
samples could not be collected.
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(1) Applicant stated the Subject Well is located approximately 150 feet
northeast of the proposed Robinson SWD No. 1 which is to be completed
in the deeper Glorieta formation and is the subject of Case No. 20556.

() Applicant’s engineering witness testified that he has examined the available
geological and engineering data and found no evidence of open faults or
any other hydrologic connection between the disposal zone and any
underground sources of drinking water.

(k) The results of the one half-mile Area of Review (AOR) around the Subject
Well found no active or plugged wells that penetrated the proposed injection
interval.

(D Applicant identified the San Andres formation for the disposal interval due
to the high porosity and the absence of historical hydrocarbon production in
the formation within a two-mile radius of the Subject Well.

(m)  Applicant further stated the top of the San Andres formation contains
several anhydrite intervals that provide an upper confining layer for the
proposed disposal interval while the low porosity rocks of the lower San
Andres and upper Glorieta formations provide a lower confining layer.

(n) The Applicant provided evidence of notification of this application to all
“affected persons” within a one half-mile radius of the surface location of
the Subject Well and with publication in a newspaper of general circulation
in the county.

(8) The SLO appeared through counsel at hearing and did not oppose the granting of
this application. The SLO provided a statement into record expressing their concern
for the spacing of disposal wells and the potential impacts to adjacent state mineral
interests.

9) Blackbeard appeared through counsel at hearing and did not oppose the granting of
this application.

(10)  No other party appeared at the hearing, or otherwise opposed the granting of this
application.

The Division concludes as follows:

(I1)  The application has been duly filed under provisions of Rule 19.15.26.8 NMAC.
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(12)  Geologic and engineering interpretations submitted by the Applicant identified
geologic seals at the top and at the base of the proposed disposal zone that would prevent the
vertical migration of injection fluids.

(13)  The disposal fluids are compatible with existing formation fluids based on
analytical results provided by Applicant.

(14)  Based on the testimony offered at hearing, the well’s location with respect to the
Capitan Reef aquifer, and to assist in future plugging under Rule 19.15.16.9 NMAC, the Division
shall stipulate a well design change to have the production casing set to total depth and injection
to occur through perforation of that casing.

(15)  The application has been duly filed under the provisions of Division Rule
19.15.26.8 NMAC.

(16)  Applicant has presented satisfactory evidence that all requirements prescribed in
Division Rule 19.15.26.8 NMAC have been met.

(17)  Division records indicate Goodnight Midstream (OGRID 372311) as of the date of
this order is in compliance with Division Rule 19.15.5.9 NMAC.

(18)  Approval of disposal in the Subject Well will enable Applicant to support existing
production and future exploration in this area, thereby preventing waste, and will not impair
correlative rights.

IT IS THEREFORE ORDERED THAT:

(1) Goodnight Midstream Permian, LLC (the “operator™) is hereby authorized to utilize
its Scully SWD Well No. 1 (API No. 30-025-Pending; the “Subject Well”), located 1724 feet from
the North line and 1607 feet from the West line (Unit F) of Section 4, Township 22 South, Range
36 East, NMPM, Lea County, New Mexico, for disposal of Underground Injection Control Class
IT fluids into the San Andres formation.

2) Disposal shall be through a perforated interval from 4450 feet to 5750 feet below
surface comprising the San Andres formation only. Injection is to be through 4%s-inch, plastic-
lined tubing with a packer set within 100 feet above the top perforation of the permitted interval.

(3) The 7-inch production casing shall be set to the total depth of the borehole and shall
have cement circulated to surface. Injection shall be through perforations

(4)  The operator shall take all steps necessary to ensure that the disposed water enters

only the permitted disposal interval and is not permitted to escape to other formations or onto the
surface.
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(5) Well construction and testing shall be in accordance with Division Rule 19.15.16
NMAC and all casing strings shall have cement circulated to surface. If cement does not circulate
on any casing string, the operator shall run a cement bond log (CBL) or other log to determine top
of cement and shall notify the Division’s District I office with the top of cement on the emergency
phone number prior to continuing with any further cement activity with the Subject Well. If
cement did not tie back in to next higher casing shoe, the operator shall perform remedial cement
Job to bring cement, at a minimum, 200 feet above the next higher casing shoe.

(6) After installation of tubing, the casing-tubing annulus shall be loaded with an inert
fluid and equipped with a pressure gauge or an approved leak detection device in order to
determine leakage in the casing, tubing, or packer. The casing shall be pressure tested from the
surface to the packer setting depth to assure casing integrity.

(7) The operator shall run a mudlog over the approved disposal interval for assessment
of the hydrocarbon potential and obtain a water sample for analysis of hydrocarbon content as well
as general water chemistry (including major cations, major anions, and Total Dissolved Solids
(TDS)). Prior to commencing injection, the operator shall supply the results of the water sample
and the mudlog to Division’s District I office and provide a copy of the same submittal to
Engineering Bureau in the Santa Fe office. If the analysis of the sample is found to contain a TDS
concentration of 10000 milligrams per liter or less, the injection authority under this Order shall

be suspended ipso facto.

(8) The Subject Well shall pass an initial mechanical integrity test (“MIT”) prior to
commencing disposal and prior to resuming disposal each time the well has significant equipment
changes including, but not limited to, the packer being unseated, tubing being pulled, or when
casing repairs have occurred. The operator shall notify the Division’s District I office a minimum
of 48 hours in advance of the proposed date and time of the modification of disposal equipment
and of any MIT test so that the same may be inspected and witnessed. All MIT procedures and
schedules shall follow the requirements in Division Rule 19.15.26.11(A) NMAC.

9) The operator shall file a Notice of Intent on Division Form C-103 with the
Division’s District I office prior to any testing of the well or for any activities that shall modify the
well construction or operation. The operator shall provide written notice of the date of
commencement of disposal to the Division’s District I office. The operator shall submit monthly
reports of the disposal operations on Division Form C-115, in accordance with Division Rules
19.15.26.13 NMAC and 19.15.7.24 NMAC.

(10)  If the Subject Well fails a MIT or if there is evidence that the mechanical integrity
of said well is impacting correlative rights, the public health, any underground sources of fresh
water, or the environment, the Division Director shall require the Subject Well to be shut-in within
24 hours of discovery and the operator shall redirect all disposal waters to another facility. The
operator shall take the necessary actions to address the impacts resulting from the mechanical
integrity issues in accordance with Division Rule 19.15.26.10 NMAC, and the Subject Well shall
be tested pursuant to Rule 19.15.26.11 NMAC prior to returning to injection.
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(I1)  Without limitation on the duties of the operator as provided in Rules 19.15.29
NMAC and 19.15.30 NMAC, or otherwise, the operator shall immediately notify the Division’s
District I office of any failure of the tubing, casing or packer in the Subject Well, or of any leakage
or release of water, oil or gas from around any produced or plugged and abandoned well in the
area, and shall take such measures as may be timely and necessary to correct such failure or
leakage.

(12)  The wellhead injection pressure on the Subject Well shall be limited to no more
than 890 psi. The disposal well shall be equipped with a pressure limiting device in workable
condition which shall, at all times, limit surface tubing pressure to the maximum allowable
pressure for this well. The Subject Well shall be included in a Supervisory Control and Data
Acquisition (SCADA) system for operation as an injection well.

(13)  The Director of the Division may authorize an increase in tubing pressure upon a
proper showing by the operator of said well that such higher pressure will not result in migration
of the disposed fluid from the approved injection interval. Such proper showing shall be
demonstrated by sufficient evidence including but not limited to an acceptable Step-Rate Test.

(14)  The injection authority granted under this order is not transferable except upon
Division approval. The Division may require the operator to demonstrate mechanical integrity of
any injection well that will be transferred prior to approving transfer of authority to inject.

(15)  The Division may revoke this injection permit after notice and hearing if the
operator is in violation of Division Rule 19.15.5.9 NMAC.

(16)  The disposal authority granted herein shall terminate one (1) year after the effective
date of this order if the operator has not commenced injection operations into the Subject Well.
The Division, upon written request by the operator prior to the termination date, may grant an
extension thereof for good cause.

(I7)  One (1) year after disposal into the Subject Well has ceased, the well will be
considered abandoned and the authority to dispose will terminate ipso facto as provided in Division
Rule 19.15.26.12(C) NMAC.

(18)  Compliance with this order does not relieve the operator of the obligation to comply
with other applicable federal, state or local laws or rules, or to exercise due care for the protection
of fresh water, public health and safety and the environment.

(19)  Jurisdiction is retained by the Division for the entry of such further orders as may
be necessary for the prevention of waste and/or protection of correlative rights or upon failure of
the operator to conduct operations (1) to protect fresh or protectable waters or (2) consistent with
the requirements in this order; whereupon the Division may, after notice and hearing or prior to
notice and hearing in event of an emergency, terminate the disposal authority granted herein.
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DONE at Santa Fe, New Mexico, on the day and year hereinabove designated.

STATE OF NEW MEXICO
OIL CONSERVATION DIVISION

3

ADRIENNE SANDOVAL
Director
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This map was prepared to assist potential users of industrial and agricultural water in the
general area of the Capiten reef located In southeastern New Mesico. It depicts the
warying quality that may be available from aquifers in the Guadalupian Series of Permian
age. Water containing relatively high concentrations of chloride lons (10,000 to more than
150,000 milligrams per litre) is found in rocks of the Guadalupiam Series on the Morthwest
Shelf rarthwest of Hobbs, Mew Mexico, on the Central Basin platfors, and in the Delaware
basin. Conversely, water containing relatively low chloride-ion concentrations [less than \
associated with the Capitan aguifer, the 3an Andres Lime-
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Basin. Leaching of soluble minerals from the Guadalupian Series at the surface has en-
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on the Northwestern shelf and in the Guadalupe Mountains. Fresh water enters the Ay
Guadalupian Series al cutcrops in the Guadalupe, Delaware, Apache, and Glass Mountains,
and at other exposures along the western and southern edges of the Permian basin, The -m
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where 1t Is overlain and (or) surrounded by more saline water as, for example, in the
wicinity of Carlsbad and in the San Andres Limestone and Grayburg Formation south of
Hobbs, Wew Mexico. Throughout the ares, water with a relatively low salinity can be found lll
inter-fingering with water that is relatively high In salinity. This relationship has ) mg
been shown to be a dependable qualitative indicator of the relative differences in B \ wl
hydraulic conductivity of the rocks.
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The data were cbtained from many scurces including various exploration, production, and

service companies within the petroleum industry and State and Federal agencies. The \
analyses represent samples of water collected over a period of approximately 45 years from

1926 to 1971 but are belleved to accurately depict, on a regional basis, the water now \
present in the Permian (Guadalupian} age sedimentary rocks.
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The two examples below illustrate use of the map. Water containing less than 5,000 milli-
grams per litre chloride Is available near Carlsbad, in an arcuate strip paral to the
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3% closer examina v

of this quality can be Identified from the plotted data peints. On the other hand, an
exploration for concentrated brines would be restricted to areas where the Guadalupian
rocks are krown to contain nearly saturated brines, as In the Delaware Mountain Group in
eastern Loving County, Texas.
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Line of equal chloride-ion concentration, in thousands of milligrans per litre. Dashed
where inferred. Based on lowest concentration shown or interpreted to be present.
Within any area delineated by two limes, ground water having a chloride-lon concentra-
tion indlcated by the line values is probably present in at least ome water-bearing | — /-
zone; ground water having a higher chloride-on concentration than that Indicated by
the contour values Is generally present alss,
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