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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).

Released to Imaging: 2/10/2025 4:32:46 PM



Received by OCD: 2/10/2025 3:58:27 PM

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
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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.

29

Released to Imaging: 2/10/2025 4:32:46 PM



Received by OCD: 2/10/2025 3:58:27 PM Page 31 of 409

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.

40

Released to Imaging: 2/10/2025 4:32:46 PM



Received by OCD: 2/10/2025 3:58:27 PM

78.

Page 42 of 409

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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