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SELF-AFFIRMED STATEMENT OF ROBERT F. LINDSAY — REBUTTAL

I, Robert F. Lindsay make the following self-affirmed statement:

1. I am over the age of 18, and have the capacity to execute this affirmation, which is
based on my personal knowledge.

2. I submit this statement on behalf of Empire New Mexico LLC in connection with
the above-referenced matters, in accordance with paragraph 7 of the Pre-Hearing Order issued in
these matters on December 5, 2024.

3. I have not previously testified before the New Mexico Oil Conservation Division
as an expert witness. My curriculum vitae is attached to my self-affirmed statement filed as Exhibit

B on August 26, 2024, in these matters.

EXHIBIT J
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4. I have reviewed the testimony of Mr. Preston McGuire filed on August 26, 2024

on behalf of Goodnight Midstream Permian, LLC (“Goodnight”). I make this statement in rebuttal

to some of the conclusions drawn by his testimony, particularly the items described below.

5. On page 3 of Preston McGuire’s testimony he indicates “Substantial data on the

sustained and geographically extensive pressure differentials between the Grayburg and San

Andres aquifer confirm (1) the presence of an effective geologic barrier between the two

formations, and (2) that the Grayburg reservoir and San Andres aquifer are distinct geologic zones

that are functionally severed and do not act, and cannot be considered, as a single reservoir.” These

are not true statements for the following reasons:

Released to Imaging: 2/11/2025 8:28:4

From a well log perspective it would appear that there is a barrier between the
overlying Grayburg Formation and underlying San Andres Formation.
However, cores from both EMSU-679 and RR Bell #4 show that there are
fractures through both Grayburg and San Andres formations.

Both EMSU Grayburg reservoir and San Andres residual oil zone (ROZ) were
dolomitized during the Permian. Dolomitization of carbonate rock forms a more
brittle rock that can be easily fractured.

When the EMSU asymmetric anticline formed during the Laramide orogeny in
the Cretaceous into the Early Tertiary, Grayburg and San Andres dolostones
were fractured. Fracture sets form what are termed fracture halos.
Undersaturated fluids later solution-widened many of the fractures. No one
individual solution-widened fracture will look like it is connected to other
fractures. However, the only way to solution-widen a fracture is to have

undersaturated water traverse through connected fractures.

N
e
-
~
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6.

Grayburg and San Andres formations are in fluid communication. Historically,
this has been proven by ascending plumes of water, where San Andres water
ascended vertically upsection into the Grayburg. San Andres water is <10,000
ppm and contains sulfate (SO4). This water is easy to identify via water analysis.
Grayburg reservoir connate water is 120,000 ppm and contains Barium (Ba).
Grayburg edge water, sourced from the Goat Seep aquifer, is <10,000 ppm and
contains no sulfate (SO4). Plumes of water were mapped in AGU prior to
unitization. EMSUB-887 is another example of where a plume of water
ascended vertically around the wellbore through fractures. EMSUB-887 core
was found to be highly fractured and a fracture study was performed on that

well.

On page 15 of Mr. McGuire’s testimony, he states “There has never been any

evidence that San Andres disposal operations have interfered with the Grayburg producing zone

in the 60 plus years since San Andres disposal began at the EMSU.” This is not true for the

following reasons:

As stated in my PhD dissertation and on page 45 of Mr. McGuire’s testimony, “There
have been places found in EMSU, EMSUB, and AGU where faults/fractures have
allowed Upper San Andres Formation fluids to move up section into Grayburg
Formation strata, which form vertically-oriented plumes of Upper San Andres
Formation water within the Grayburg Formation.” Injected water that is not managed
by proper water injection monitoring can cause nonuniform sweep in the reservoir and

bypass reserves.

Released to Imaging: 2/11/2025 8:28:44 AM
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e Chevron in their September 1989 Technical Committee Report on the Proposed
Arrowhead Grayburg Unit (Exhibit J-1) specifically states, “Although siliciclastics
between each zone generally prevent vertical communication, in some localized areas
of the field they do not act as permeability barriers. When the barriers break down in
the lower Grayburg members, the prolific San Andres aquifer can influx into the oil
production horizons resulting in large volumes of water production.” This additional
water production increases handling costs and prevents uniform sweep in the reservoir.

e There have been vertically oriented water plumes that have risen up section from the
San Andres ROZ into the Grayburg Reservoir through natural fractures, thus impacting
Grayburg oil production.

e Disposal operations since 1986 could have impacted production much worse than it has
if not for the large volumes of water produced from the San Andres water supply wells.
Now that water withdrawals have slowed and water disposal increased, the impact upon
Grayburg oil production will be much worse.

7. On page 21 of Mr. McGuire’s testimony he states, “The upper San Andres is capped
by tight dolomite and anhydrite, which serves as the upper geologic seal to prevent migration to
the formations above, most importantly the producing Grayburg formation. This is not correct for
the following reasons:

e Goodnight’s selection of the top of the San Andres is inaccurate and in most cases is

150’ to 200’ too low. This would put their top of the San Andres reservoir at
approximately the Lovington sandstone, which is not a complete barrier to fluid flow.

e There is also no bedded anhydrite within EMSU in the San Andres based on core

studies. Nonporous dolomite is fractured.

Released to Imaging: 2/11/2025 8:28:44 AM
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e Non-porous dolomite is not laterally continuous as a layer, with much of the upper San
Andres composed of sinkholes that are not laterally extensive but tend to form rounded
to elongate solution-widened vertically oriented features filled with collapse breccia.

8. On page 35 of Mr. McGuire’s testimony he states, “It appears Empire is seeking to

create a conflict with Goodnight’s disposal operations by calling a potential Grayburg ROZ (the
zone below the Grayburg oil-water contact at -325 feet subsea) the San Andres. It is not the San
Andres.” This is not true for the following reasons:

e Goodnight’s pick of the top of San Andres is low and therefore excludes a large portion
of the San Andres ROZ from their estimates of oil-in-place. The structure is highest
northeast of the Goodnight SWD wells, with R.R. Bell No. 4 (30-025-27504) reaching
a subsea elevation of -319° subsea, well above the Grayburg oil-water contact. This
results in a large San Andres ROZ in this area of the field. Even if we use Goodnight
witness William Knight’s testimony that there is a ROZ from -350’ to -500’ subsea,
this would indicate that there is 181° of ROZ at the R.R. Bell No. 4 location inside
EMSU.

e The Grayburg oil-water contact is not at -325’ subsea as stated by Goodnight. The
producible oil-water contact is at -540° subsea. Historically, water free oil was
produced from -100’ to -350” subsea. From -350’ to -540’ subsea a mixture of oil and
water was produced. Beneath -540’ subsea only water is produced from vertical wells.

e Oil saturations continue down section past -540’ subsea in core (EMSU-329) to the
base of the cored interval. A Grayburg ROZ in EMSU extends below -540 based on

this core information.

Released to Imaging: 2/11/2025 8:28:44 AM
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0. On page 34 of Mr. McGuire’s testimony he indicates “It appeared that the previous
operators of the EMSU were not focused on picking an accurate or precise San Andres top in the
EMSU. This is likely due to the fact that the San Andres aquifer is well below the oil-water contact
at the EMSU, was never prospective for hydrocarbons, and not included in the EMSU waterflood
operations.” These statements are not correct for the following reasons:

e You never, [ repeat never, correlate and try to pick the top of the San Andres formation

using engineering data.

e The San Andres formation top has been regionally correlated throughout the Permian
Basin by geologists that understand Permian Basin stratigraphy.

e The San Andres formation has been extensively studied in the Guadalupe Mountains
and the top of San Andres has been correlated into the subsurface via well logs and
cores.

e The San Andres top is a regional unconformity. Core tied back to well logs is the surest
way to identify the top of the San Andres.

e Using core and well logs is how Empire has identified the top of the San Andres.

e Since the San Andres and Grayburg are each composed of carbonate strata deposited
during lowstand, transgressive, and highstand cycles of deposition, the San Andres top
is not always easy to reconcile on the logs. It often takes core data to confirm the actual
top. When sea level rose, muddy deposits were laid down and when seal level fell,
porous carbonate material was deposited. It was important for Chevron and XTO to
know where the top of San Andres is so that they could drill their open hole completions

only through the Grayburg interval and avoid exposing the San Andres ROZ interval.

Released to Imaging: 2/11/2025 8:28:44 AM
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e Goodnight fails to honor the unitization type log top for the field on the Meyer B-4
Well No. 23 (now EMSU SWD #1) which has the top of San Andres at 3942’ (-347’
subsea) which puts it right at the top of their Grayburg ROZ from -350’ to -500’ subsea.
They have the San Andres picked at 4150’ (-555” subsea) which is 208’ too low.

e The R.R. Bell #4 where core data is available shows the top of San Andres at 3882’ (-
331’ subsea). This well has a large ROZ in the San Andres as shown by core data.

e EMSU-679 core data shows the top of the San Andres at 4144° (-548’ subsea). Even
with this well being in a downdip position, it cored oil down to -762” subsea and
therefore has at least a 214’ ROZ.

10. On page 45 of Preston McGuire’s testimony he states that “Dr. Lindsay’s
statements alleging the presence of localized pathways are not supported by any data and no
sources are cited to corroborate this statement. There is no discussion as to which Grayburg well
or wells he contends produced San Andres aquifer water or how he was able to diagnose the
purported plumes as water from the San Andres.” I have the following comments on this:

e A fracture study on EMSU-679 (Exhibit J-2) core was performed by me while
working for Chevron in 1991. This study has been provided to Goodnight.

e That fracture study focused on lower Grayburg Formation strata in zones 4, 5, and
6, as EMSU was under waterflood (secondary recovery) since unitization in the
1980’s.

e This study pointed out that there were 313 vertical fractures and 4 intervals of
collapse breccia within the 120 of oriented core, with northwesterly and poorly

developed northeasterly trend of fractures.
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e The lowermost part of the EMSU-679 oriented core extended 36’ down section into
the upper San Andres (Exhibit J-3) residual oil zone strata. Top of upper San
Andres was intersected at 4144’ (-548’ subsea), with oriented core extending down
section to 4180 (-584’ subsea).

e The remainder of the EMSU-679 cored interval, cores 3-5 from 4180’ to 4258’
(178’ total) were not oriented and were not included in the fracture study.

e As shown by Exhibit J-4, the upper San Andres had 129 total vertical fractures.
These fractures have a major trend northeast to southwest, with a lesser trend
northwest to southeast, and a minor trend north northeast to south southwest.

e As shown by Exhibit J-5, a total of 18 large vertical fractures were identified in the
San Andres, with lengths between 1-3 feet. These large vertical fractures have a
major trend to the east northeast to west southwest, with a lesser trend northwest to
southeast.

e As shown by Exhibit J-6, a total of 109 small vertical fractures were identified that
have lengths of a few inches. A major trend is northeast to southwest, with two
intermediate trends west to east and northwest to southeast trend. Even with these
fractures being small, they can contribute to communication between layers of
strata and into higher permeability intervals.

e Asshown by Exhibit J-7, a total of 82 fractures in collapse breccia were measured.
Fractures associated with collapse breccia trend northeast to southwest and west

northwest to south southwest.

N
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e As shown by Exhibit J-8, only a small number of pyritized fractures (4 in total)
were identified. Pyritized fractures trend northeast to southwest and east northeast
to west southwest.

e Fractures in the upper San Andres were found to be en echelon with many solution-
widened. En echelon fractures are indicative of a small fault zone surrounded by a
fracture halo containing swarms of fractures.

e On the scale of a 4-inch core width it is hard to envision the swarm of fractures that
surround the cored interval. However, these vertical en echelon fractures are
connected with each other, which allowed the late stage undersaturated fluid during
the late Eocene to Early Miocene, to dissolve and solution-widen individual
fractures in dolostone strata.

¢ Origin of fractures was when the Eunice Monument double-humped asymmetric
anticline formed during the Laramide orogeny. Folding of San Andres strata,
composed of brittle dolostone, created a series of intersecting fractures. Not only
did fractures form, but they formed as en echelon swarms of fractures with many
solution-widened by ascending late stage undersaturated fluids. Late stage
undersaturated fluids were provided in the Late Eocene to Early Miocene as
meteoric water recharged into the subsurface of the Permian Basin (Lindsay, 1998;
2024).

e Though a small fracture study in the EMSU 679 oriented core of only the uppermost
36’ of upper San Andres, this study has identified that the San Andres is extensively
fractured. The reason for so many fractures being present in such a short interval

of strata is due to the San Andres strata having been dolomitized. Dolomitization
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creates a rock that is much more brittle when compared to the limestone, and much
easier to fracture.

e In addition to the EMSU-679 oriented fracture study, I had previously performed
fracture studies on the EMSUB #887, AGU-225, and AGU-600 oriented cores in
the Grayburg interval. This study is included with this rebuttal (Appendix 1).

e EMSUB #887 experienced abnormal water production which field personnel
classified as a “plume” of San Andres water. After performing the oriented core
study, it was determined that large vertical fractures were the reason why water
ascended up-section out of the San Andres into Grayburg strata.

e AGU (Arrowhead Grayburg Unit) also experienced high water production in a
number of wells and was mapped to show plumes of San Andres water entering up-
section into the Grayburg. Oriented core studies on AGU-225 and AGU-600
showed two major fracture trends, north northeast to south southwest in the
southwest part of AGU and north northwest to south southeast in the northwest part
of AGU. Siliciclastics separating Grayburg zones 1, 2, 3, 4, 5, and 6 act as partial
barriers to fluid flow but when fractured, the barriers break down and
communication of fluids can occur. As Chevron pointed out on Exhibit J-1, “when
the barriers break down in the lower Grayburg members, the prolific San Andres
aquifer can influx into the oil productive horizons resulting in large volumes of
water production.” This indicates that fracturing in the Grayburg can impact fluid
flow from the San Andres and that there is no continuous barrier between the two

horizons.
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[ affirm under penalty of perjury under the laws of the State of New Mexico that this

statement is true and correct.

/L@:%é_;@ 2/tefzots”

Robert F. Lindsay DATE

11
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Proposed Arrowhead Grayburg Unit
Lea County, New Mexico
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A portion of the water production is probably attributable
to communication of Zones 4 and 5 with the Lower Grayburg
and San Andres aqguifers. Although siliciclastics between
each zone generally prevent vertical communication, in some
localized areas of the field they do not act as permeability
barriers. When the barriers break down in the lower
Grayburg members, the prolific San Andres aquifer can influx
into the o0il productive horizons resulting in large volumes
of water production.

Other water production may be attributable to completions in
the Penrose (Lower Queen) which has been found to be
influenced by a water drive in the EMSU. Additional
portions of the water production can be attributed to casing
leaks, which have been identified in 36 wells.

Localized areas of high water production consist of less

than five proration units. In most cases, wells adjacent to
high water production areas have produced significantly
less water. The change in water production appears to be

independent of completion depth, both subsea and
stratigraphically, and no clear water production trend is
identifiable.

Chevron indicates one source
of water production is from the
San Andres as barriers break
down in the Lower Grayburg.

When they break down, the
prolific San Andres aquifer can
influx into the oil productive
horizons resulting in large
volumes of water production.

They indicate that solution gas
drive is primary recovery
mechanism with water influx
having only a minor effect on
recovery.

Based on the lack of uniform water production and the
relationship of pressure depletion to recovery, solution gas
drive is thought to be the predominant primary recovery
mechanism with water influx having only a minor effect on
recovery. The Arrowhead Grayburg Pool is therefore a good
candidate for waterflooding with respect to primary recovery
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Logs of EMSU-649 and
EMSU-679 showing
Grayburg and San Andres
cored intervals (left)

Log of EMSU-679 showing
cored interval in the San
Andres (right)
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EMSU-679
San Andres
Total Fractures

Upper San Andres had
129 vertical fractures in
top 36’ of oriented core.
These fractures have a
major trend northeast to
southwest, with a lesser
trend northwest to
southeast, and a minor
trend north northeast to
south southwest

(129)
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EMSU-679
San Andres

Large Fractures
(18)
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A total of 18 large vertical
fractures were identified
in the San Andres, with
lengths between 1-3 feet.
These large vertical
fractures have a major
trend to the east
northeast to west
southwest, with a lesser
trend northwest to
southeast.
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EMSU-679
San Andres
Small Fractures

(109)
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A total of 109 small

| vertical fractures were
| identified that have

lengths of a few inches.
A major trend is
northeast to
southwest, with two
intermediate trends
west to east and
northwest to southeast
trend.

Even with these
fractures being small,
they can contribute to
communication
between layers and into
the higher permeability
intervals.




Received by OCD: 2/10/2025 5:02:27 PM E o« Page 24 0/'284
: xhi :

NIL J=/ |

EMSU-679
San Andres
Collapse Breccia

Fractures
(82)

A total of 82 fractures
were measured.
Fractures associated
with collapse breccia
trend northeast to
southwest, west
northwest to south
southwest, northwest to
southeast, and north
northeast to south
southwest.
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Only a small number of
fractures (4 in total) were
found to be pyritized.
Pyritized fractures trend
northeast to southwest
and east northeast to
west southwest.
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San Andres en echelon
solution-widened
fractures from 4233-34’
(-637 to -638’ subsea) in
EMSU-679 core.

Left photo =dry
Right photo = wet

Small fractures are in
fluid communication.
Otherwise, they would
not have been solution-
widened and saturated
with mobile oil. This is
typical of a fracture
halo, where individual
fractures appearto be
isolated, when in reality
they are connected to
each other.
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CORE LABORATORIES
CHEVRON U.S.A., INC. Field : EUNICE MONUMENT SOUTH File No.: 57181-16203
E.M.5.U. NO. 679 Formation : GRAYBURG Date : 10-16-90
CORE ANALYSTIS RESULTS
Core analysis
PERMEABILITY SATURATION
SAMPLE DEPTH PERWEABILITY| POROSITY GRAIN DESCRIPTION report for EMSU-
NUMBER (WERTICAL) | (HELIUM) | (PORE VODLUME} | DENSITY 6 .
KA HAX 90 DEG H/S E/M Kair OIL  MATER
e md md nd md md X X ¥ gwce 79 with fracture
f’f el 4141,0- 42,0 /ET0L NIZE 25.0 27.0 6.60 11.5 134 42.7 2.85 Dol slifanhy f vug styl orientation
| S 4142.0- 43,00 Flapprote o 294. 308. 5.30 11.8 13.1  44.8 2.85 Dol slifanhy vug
! 80 4143.0- 44, 0N M FPL NI ag g 0.13 0.11 7.9 12.6 64.4 2.82 Dal vf vug informati
: Pt 41440~ 45.0 MY E(2 ) 4SE'E 9,20 894, 606, 3.9 59 585 2.86 Dol slifanhy vf f wug styl : ation added
"‘"‘:}‘ 82 4145.0- 46.0413574, NITWHER) .56 0,35 n 33 a a 1.6 65.3 2.84 Dol vug styl
CFigh 4 W, A1 Fe 2.2, 41,97  2.86 Dol slifanhy F vuf wvu
r 83 AL4B.0- 4704 3w, N3] s 440 o 288, . = - 2 : = 5
84 4147.0- 48, ﬂ/!-'}{"#-’ M 'J ,;wi«, MS? ls'r’y‘f‘.?ff ;qa‘;.w]:(ii} ﬁ'u c}/‘ifsa-f W'B,-\law)ﬁ Pl 2 82 Dol vf T vug
; .,85 AL4B.0- 49,0 i, 7 coeken NEH, M’fs‘n@' ﬂi“‘ i 10.0 231 33.0 2.85 Dol vf f slifvug styl
i £ waicwe
g - 8645 4 4149.0- 50 - rad 97.0 114. 91:5. 12.8 20,3 33.8 2.84 Dol vf T p.p.
vat f . i i F
5 87 150, 0- 51, D47 1000 , /sl #7420 MY §6.0 126, 6.5 0.0 55.8 2.89 Dol cht s1i/pyr vf f vug
! 88 4151.0- 52.04/F'F W?‘EW TS TN ,os4o., /5056, 6.4 0.0 68.0 2.87 Dol slifcht s1ifpyr vf F wug
i —89 A152,0- 53,0039 E yrte, {_'LJ_(V 7 )&, ¢ %, ;w,r.r‘*‘ NZ‘M M’?;;U Mcmf 24,8 41.4 2.85 Dol slifcht s1i/pyr vf wug
RS Lo 1 4153,0- 54, nﬁﬁ“’% v i ﬂff?’f? Wi e, W?ﬂf‘“ *fl‘hv AsieEfA1.8 168 40.7 2.86 Dol s1i/anhy slifcht vf vug
ST g 4154,0- 55.0.0 7,52 ), A‘Sf N Fﬂf.“z)wff’f—‘- 8370/ 75.0 11.1 g A 2.86 Dol cht sli/anhy vf vug
o 4155.0- 56.QDEEN 14 i .;-'fm'y-ﬁac ]iﬁ-w pu.;w BDE 114 145 35.4 2.80 Dol cht vf vug
93 4156,0- 57,0/ Se% &) d{.'?j‘,i'_,ﬁﬂ'F j,. 5“&‘ M-M‘,‘ £y o, 953 e 14,6 21,2 324 2.85 Dol cht slifanhy vf vug
94 4157.0- 58, yw"f)ﬂ??w et N, WA R 6.60 8.0 210 42.1 2.83 Dol cht vf vug
95 4158.0- 59.0 z;fﬁffﬂ’ﬂc;owm«*qpms‘f;mu 4.90 6.0 25.0 3.4 2.86 Dol sli/anhy slifeht vf f s)i/vug
—_— 96 4159.0- 60.0 éy.:F'z e Néo"é ML T0 0.15 0.07 4.3 1.9 94,5 2.86 Dol sli/anhy s1i/shy vf T atyl
{97 4160.0- 61. uqu:u';f&u-f <01 0.04 0.07 4.1 1.3 91.6 2.86 Dol slifanhy F sty
./"’:'-__, 98 4161.0- B2.0 wister, NEGHE l,ﬁﬂ-f“.{ P0irn- 5B, cere 0.9 8.5 84,9 2.85 Dol slifanhy slifpyr F styl
BT e 4162.0- 53,0 V6Z°E,NEVE = 20,0 47.0 19.0 10,6 29.8  29.8 2.83 Dol sli/sdy p.p.
* 100 4163,0- 64.0 — __B4LD 138. 11.7 14,0  45.6 2.81 Dol alifsdy vf p.p. styl
101 4164.0- 65.0 Néﬂ'f@ﬂ»‘) 36.0 25.0 43.0 9.0 25.7 31.9 2.83 Dol vf p.p.
102 4165.0- B6.0M70% A1 L 711. 281, 61.0 9.6 27.9 1.9 2.85 Dol slifanhy vf p.p. foss
103 4166.0- B7. Nr::_'}..; Wz o'W 20.0 20.0 0,66 11.2 26.0 a1.z 2.83 Dol vf p.p. 3tyl
104 4167.0- 68.0 ] 1.70 1.80 1.70 1.0 22.8 32.5 2.83 Dol anhy p.p.
105 4168.0- 69,0 M5! % 4,50 5.00 3.50 10.7 20.8  36B.3 2.87 Dol anhy slifsdy wf p.p.
106 4159.0- 700NN poEi Tl 3. 10 3.80 3.10 10.7 231.5 31.8 2.85 Dol slifsdy slifanhy p.p.
| 1 -4
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CORE LABORATORIES
CHEVRON U.S.A., INC. Field : EUNICE MONUMENT SOUTH File No.: 57181-16203
E.M.S5.U. NO. 679 Formation : GRAYBURG Date : 10-16-90
C ORE ANALYSIS RESULTS
PERMEABILITY SATURATION
SAHPLE DEPTH PERMEABILITY| POROSITY : GRAIN DESCRIPTION
NUMBER (VERTICAL) | (HELIUM) | (PORE VOLUME) | DENSITY
KA MAX 90 DEG N/S E/M Kair oIL WATER
Tt md wd md md md X X X gn/ce

107 4170.0- Jl.@&yﬂz a3 52.0 z1.0 13.0 10.7 23.9 34.1 2.85 Dol slifady slifanhy F p.p.
108 1710~ T2.0 VERoL),ATEE, NHE 00 0.86 0.76 0.52 8.6 23.3 33.3 2.84 Dol F bnd p.p.
109 4172.0- 73.0 7.80 12,0 1.10 8.8 33,1 25,3 2.84 Dol sli/sdy p.p.
110 4173.0- 74.0 M52 0.25 0.48 0.18 7.2 170 26.4 2.82 Dol slifsdy F vf p.p.
111 4174.0- 75.0 - ol 21.0 1.30 0.16 6.7 321 334 2.84 Dol slifsdy F p.p.
12 4175.0- 76,0 MEYE (FEeE) 5.20 4.90 16.0 12,5 24,2 36.3 2.82 Dol s1i/sdy p.p.
113 4176.0- 77.0 M7 226. 159. 58.0 16.1  25.7 7.0 2.84 Dol sli/sdy p.p. styl
114 4177.0- 78.0 - 23z, 197. 165. 15.9  22.7  46.5 2.82 Dol slifsdy p.p.

Aoyt 115 AL78.0- 79.0 30, M7 E  MTE Ao oo, VO L) 0.89 6.6 33.4  52.4 2.84 Dol slifcht F styl

#0675 116 £179.0- 80,0 A ¥ 9w, A28 0 NG 70 X 77000 3.30 1.90 5 I S 5 2.84 Dol cht F sty

CORE NO, 3 4180-4240 CUT BO' REC 60°
117 4180.0- 81.0 5.50 4.80 3.20 10.5 25.2 319 2.86 Dal slifsdy slifanhy vf f p.p.
118 4181.0- 82.0 61.0 61.0 12.0 14,7 237 38.% .83 Dol sdy vf
119 4182.0- 83.0 12.0 11.0 24.0 12,7 249 37.4 2.82 Dol slifsdy vf p.p.
120 4183.0- 84.0 5.10 4.00 2,60 9.5 353  3l.1 2.83 Dol sli/sdy vf p.p. ool
121 4184.0- 85.0 5.70 5.10 4.30 6.3 26.5  60.7 2.80 Dol slifsdy vf
122 4185.0- 86.0 0.95 0.35 1.00 4.9 28.5 52.2 .85 Dol slifanhy vf f s1i/vug vol
123 4186.0- 87.0 12.0 1.10 2.40 6.8 4.2 152 z.84 Dol vf f ool
124 4187.0- B8,0 0.12 0.03 0.10 3.1 6.6  85.6 2.82 Dal vf f styl
125 4188.0- 89.0 0.90 0.24 0.14 3.2 2.1 813 2.84 Dol vf f styl
126 4189.0- 90.0 3.40 0.43 0.90 2.4 0.8 947 2.83 Dol vf f foss
127 4190,0- 91.0 0.04 0.02 0.40 5.3 3.9 85.4 2.84 Dal sli/pyr vf f p.p, foss
128 4191.0- 92.0 0.21 0.13 0,16 3.8 4 923 2.84 Dol vf f styl
129 4192.0- 93.0 0.98 D.91 0.24 5.9 4.0 79.4 2.83 Dol vf f vug
130 4193.0- 94.0 0.37 0.03 0.10 8.9 2.3 B1.5 2.82 Dol vf f sli/vug
131 4194.0- 95.0 11.0 1.90 1.50 2.1 1L.5  80.6 2.82 Dol sli/sdy vf f
132 41950~ 96.0 1.0 15.0 7.30 10.0 7.8 65.9 2.81 Dol vf p.p.
’ X & 8
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Eunice Monument South Unit Expansion Area B (EMSUB)
Eunice Monument South Unit (EMSU) and
Arrowhead Grayburg Unit (AGU)

Fracture Study

Robert F. Lindsay PhD
Lindsay Consulting LLC
Affiliate Professor Brigham Young University
Adjunct Professor University of Texas Permian Basin

A multi-field fracture study was conducted on Eunice Monument South Unit Expansion Area B
(EMSUB), Eunice Monument South Unit (EMSU), and Arrowhead Grayburg Unit (AGU) (Figure 1).
Four oriented core fracture studies were performed on Grayburg core, with one oriented core in
EMSUB and EMSU and two oriented cores in AGU. Oriented cored wells used in this fracture study
are: 1) EMSUB-887; 2) EMSU-679; and 3) AGU-225 and AGU-600.

These three unitized oil fields are along the northwest corner of the Central Basin Platform (Figure
2). EMSUB and EMSU are adjacent to each other. EMSU and AGU are separated by a structural
embayement (structural low).

The large structure at Eunice Monument is referred to as the Eunice High. The Eunice High is a
large structural pop-up block. Initial structural movement was during uplift of the Central Basin
Uplift (Platform) during the Marathon orogeny in the Late Mississippian through the
Pennsylvanian. This was followed by later structural development of the Eunice Monument
asymmetric anticline structural trap during the Laramide orogeny in the Cretaceous to the Early
Tertiary (Figure 3). The Eunice High is not a single large structural block. Instead, it is composed
of a series of smaller fault bounded, basement-cored blocks (Figure 4). These smaller fault blocks,
with variable throw, folded strata to form the double-humped Eunice Monument asymmetric
anticline.

During tectonism fault movement created a fracture halo, with fractures surrounding the fault
(Figure 5). Late-stage fluid flow in the Late Eocene to Early Miocene solution-widened many but
not all fractures. The shape and orientation of basement-cored structural blocks created variable
fracture trends in EMSUB, EMSU, and AGU.

Fracture diagrams are shown on two scales: 1) a large scale showing the northeast end of the
Delaware Basin and northwest part of the Central Basin Platform (CBP); and 2) a close-up map,
showing the three unitized oil fields (EMSUB, EMSU, and AGU). The close-up map shows the top
of Grayburg Formation structure map and unitized fields. These two illustrations help perceive
large and small scale tectonic modifications along the northwest corner of the CBP. These also

1
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help relate the position of each unit (field) with respect to the position of the Goat Seep and
Capitan aquifers further down-dip to the west. The Goat Seep aquifer is in fluid communication
with EMSU. The Capitan aquifer is too far down-dip and is stratigraphically younger (Queen, Seven
Rivers, and Yates age) and is not in fluid communication with EMSU.

Fault Trend

Only two vertical faults, approximately 6 ft in length, were identified in core (Figures 6 and 7).
One fault is in EMSUB and trends north northeast to south southwest. The second fault is in AGU
and also trends north northeast to south southwest. To be able to identify a fault in a 4 inch wide
core is difficult. In these two cases some luck was involved.

Fault movement, however large or small, creates fracture halos around the fault. Fracture halos
contain swarms of fractures, with some solution-widened (Figure 5).

Total Fractures

A plot of total vertical fractures show two major trends (Figures 8 and 9). In EMSU there is a major
trend northwest to southeast and a lesser trend northeast to southwest. In AGU there is a stong
trend north northeast to south southwest, with minor trends northwest to southeast and
northeast to southwest. A structural embayment (structural low) separates EMSU and AGU. The
structural embayment appears to have created the divergence in fracture orientations.

Large Fractures

Large vertical fractures, with lengths of 1 to 3 ft, are shown along the northwest corner of the
CBP (Figures 10 and 11). In EMSUB large vertical fractures have major trends to the northeast to
southwest, north northeast to south southeast, and north northwest to south southeast. In EMSU
there is only one major trend northwest to southeast, with a minor trend from northeast to
southwest. In the northwest part of AGU the major trend is north northwest to south southeast
and a minor trends east northeast to west southwest and northwest to southeast. In the
southwest part of AGU the is a major fracture trend north northeast to south southwest, with a
minor trend east northeast to west southwest.

This striking difference between some of the fracture trends is due to a structural embayment
(structural low) separating EMSU and AGU. The difference between EMSUB and AGU is due to
the structural grain shifting from northwest to north as one traverses north from EMSU to EMSUB.

Intermediate Fractures

Intermediate vertical fractures, with lengths of 4 inches to 1 ft, are shown along the northwest
corner of the CBP (Figures 12 and 13). In EMSUB there are three major trends northeast to
southwest, east northeast to west southwest, and northwest to southeast. In the northwest part
of AGU a major trend is to the north northeast to south southwest and northwest to southeast,
with a lesser trend northeast to southwest. In the southwest part of AGU there is a strong fracture
trend north northeast to south southwest and a lesser trend northeast to southwest.
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In EMSU, where the first fracture study was carried out, no intermediate vertical fractures were
originally broken out. Instead those fractures were labled as either large, greater than 1 ft, or
small, less than 1 ft. In EMSU what constituted large, intermediate, and small vertical fractures
was not completely understood. However, by the time EMSUB and AGU were studied the fracture
lengths, large, intermediate, and small, had been identified and utilized.

Small Fractures

Small vertical fractures, less than 4 inches, are shown along the northwest corner of the CBP
(Figures 14 and 15). In EMSUB there is one major trend north northeast to south southwest, with
minor trends to the northeast to southwest and northwest to southeast. In EMSU fracture trends
are northwest to southeast, north northwest to south southeast, west to east, and east northeast
to west southwest. In the northwest part of AGU there is one major fracture trend that is north
northwest to south southeast and northeast to southwest, with a minor trend east northeast to
west southwest. In the southwest part of AGU there is a major fracture trend north to south and
north northeast to south southwest, with lesser trends northeast to southwest and northwest to
southeast.

Solution-widened Fractures

At first solution-widened vertical fracctures were not considerd a stand alone separate group of
fractures until work commenced on EMSUB oriented core (Figures 16 and 17). Earlier studies on
EMSU had recognized that many fractures were solution-widened, but a separate category was
not decided on until working on EMSUB oriented core. In EMSUB solution-widened fractures have
a major trend north northeast to south southwest, with minor trends extending both northeast
to southwest and northwest to southeast. In the northwest part of AGU solution-widened
fractures have a strong trend north to south and lesser trend northeast to southwest. Solution-
widened fractures were observed in EMSU but were not mapped.

Pyritized Fractures

Pyritized vertical fractures are shown along the northwest corner of the CBP (Figures 18 and 19).
Only a few pyritized fractures were identified in EMSUB that trend northeast to southwest.
Whereas in EMSU pyritized fractures are common, with a major trend northwest to southeast
with two lesser trends northeast to southwest and east northeast to west southwest. In the
northwest part of AGU pyritized fractures are less common and trend north northwest to south
southeast and northeast to southwest.

Collapse Breccias and Solution Pipes

Vertical fractures bounding collapse breccias and solution pipes are difficult to identify in a 4 inch
core. However, in EMSU a few were identified that trend northeast to southwest and east
northeast to west southwest (Figures 20 and 21). No vertical fractures bounding collapse breccias
and solution pipes were identified in EMSUB and AGU.
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Stylolitic Tension Gashes

As core studies in EMSUB, EMSU, and AGU progressed, small stylolitic tension gashes were
identified (Figures 22 and 23). Surprisingly, as more and more cores were described the more
important and more common these small stylolitic tension gashes became. To the point that
these small stylolitic tension gashes may represent upward of 90% of all fractures in EMSUB,
EMSU, and AGU.

In the northwest part of AGU stylolitic tension gashes were mapped, with a strong fracture trend
north northeast to south southwest, lesser trends northwest to southeast, northeast to
southwest, with minor trends west northwest to south southeast and east northeast to west
southwest (Figures 22 and 23).

When the EMSU assymetric anticline formed during the Laramide orogeny. As strata folded,
stylolitized intervals were slightly fractured to create stylolitic tension gashes. Late-stage fluid flow
during the Late Eocene to Early Miocene solution-widened some of the stylolitic tension gashes.
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Figure 1. Index map of the Permian Basin and the position of Eunice Monument South Unit
(EMSU) in the northwest corner of the Central Basin Platform (CBP). The darkened area
representing EMSU also includes Eunice Monument South Unit Expansion Area B (EMSUB) and
Arrowhead Grayburg Unit (AGU).
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Figure 2. Index map of the northern end of the Delaware Basin and northwest corner of the
Central Basin Platform (CBP). The position of EMSUB, EMSU, and AGU are shown along the
northwest corner of the CBP. Down-dip limits of both the Capitan and Goat Seep aquifers are also
shown. The Goat Seep aquifer is in fluid communication with EMSU. However, the Capitan aquifer
is too far down-dip, is stratigraphically younger (Queen, Seven Rivers, and Yates), and is not in
fluid communication with EMSU.

Released to Imaging: 2/11/2025 8:28:44 AM



Received by OCD: 2/10/2025 5:02:27 PM

Eunice Monument

South Unit (EMSU)
Grayburg Reservoir

Page 36 of 284

EMSU: Present-day Qil,
Oil/Water Mix &
ROZ Column

SEA LEVEL

moo%\Q e

&
Q

1500 FT.

N [ Crotarg

Up-dip

S0 g
GUWater| zoes | |/~ geovence
7. TYPE 1

T o

Zone s

e UNIT BOUNDARY | |

'DEEPEST SAN ANDRES OIL IN CORE -719 FT.

METER 8
o FEET g

Lindsay (2014; 2016)|

Figure 3. West to east structural cross section through EMSU. The Eunice Monument asymmetric
anticline is not a simple anticline but a double-humped asymmetric anticline. Differential
movement of basement-cored fault blocks formed the double-humped shape of the asymmetric
anticline. Additional bending of the Eunice Monument asymmetric anticline placed additional
stress on brittle dolostone strata to form numerous fractures, with many but not all fractures

solution-widened.
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Figure 4. An interpretation of basement-cored fault blocks beneath Eunice Monument South Unit
(EMSU). These structural blocks moved into this present configuration during the Laramide
orogeny (Cretaceous-Early Tertiary) to create the odd looking double-humped Eunice Monument

asymmetric anticline seen in Figure 3.



Fault

Fractures

Figure 5. Fracture halo surrounding a fault. No lateral dimensions are intended. Fracture halos
form swarms of en echelon fractures. Though not being able to be seen in a 4-inch core, fracture
halos are connected. Late-stage fluid flow in the Late Eocene to Early Miocene solution-widened
many but not all fractures within the halo.



Received by OCD: 2/10/2025 5:02:27 PM Page 39 of 284

5 MON CHANNEL
W2 s
e i — ——f— — .
‘\\ | ’ ! - |

ABO REEF 7
TREND / 0 |

|
o

EMSUB-EMSU-AGU

Fracture Study
Fault Trend
6 ft

HO4LVd NISVE TVHLNG

Figure 6. Index map of the northwest corner of the Central Basin Platform, showing EMSUB,
EMSU, and AGU. This map shows two fault trends that were identified in core. Fault trends are
north to south in EMSUB and north northeast to south southwest in AGU. Faults are difficult to
identify in a 4-inch core.
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Figure 7. Close-up view of the northwest corner of the Central Basin Platform (CBP), showing
EMSUB, EMSU, and AGU. The map shows two fault trends that were identified in core. Fault
trends are north to south in EMSUB and north northeast to south southwest in AGU.

This close-up view is overlain on top of the Grayburg Formation structure throughout the greater
Eunice Monument area. The large structure at Eunice Monument is referred to as the Eunice High,
a large structural pop-up block. However, the Eunice High is composed of a series of smaller fault
bounded, basement-cored fault blocks.
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Figure 8. Index map of the northwest corner of the Central Basin Platform, showing EMSUB,
EMSU, and AGU. The map shows total vertical fractures that were identified in core. In EMSUB
two major fracture trends are northeast to southwest and east northeast to west southwest, with
minor trends northwest to southeast. In EMSU fracture trends are northwest to southeast and
northeast to southwest. In the northwest part of AGU total fracture trends are north northwest
to south southeast and northeast to southwest. In the southwest part of AGU there is a strong
trend north northeast to south southwest, with minor trends northeast to southwest and

northwest to southeast.
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Figure 9. Close-up view of the northwest corner of the Central Basin Platform, showing EMSUB,
EMSU, and AGU. The map shows total vertical fractures that were identified in core. In EMSUB
two major fracture trends are northeast to southwest and east northeast to west southwest, with
minor trends northwest to southeast. In EMSU fracture trends are northwest to southeast and
northeast to southwest. In the northwest part of AGU total fracture trends are north northwest
to south southeast and northeast to southwest. In the southwest part of AGU there is a strong
trend north northeast to south southwest, with minor trends northeast to southwest and
northwest to southeast. Close-up view is overlain on top of the Grayburg Formation structure
throughout the greater Eunice Monument area. The large structure at Eunice Monument is
referred to as the Eunice High, a large structural pop-up block. However, the Eunice High is
composed of a series of smaller fault bounded, basement-cored blocks.
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Figure 10. Index map of the northwest corner of the Central Basin Platform, showing EMSUB,
EMSU, and AGU. This map shows large vertical fractures, 1 — 3 ft in length, that were identified in
core. In EMSUB fracture trends are northeast to southwest and north northeast to south
southwest and north northwest to south southeast, with a minor trend northwest to southeast.
In EMSU fracture trends area northwest to southeast, with a minor trend northeast to southwest.
In the northwest part of AGU there are two fracture trends northwest to south east and another
north northeast to south southwest. In the southwest part of AGU there is a strong fracture trend
to the north northeast to south southwest, with a minor trend east northeast to west southwest.
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Figure 11. Close-up view of index map of the northwest corner of the Central Basin Platform,
showing EMSUB, EMSU, and AGU. The map shows large vertical fractures, 1 — 3 ft in length, that
were identified in core. In EMSUB fracture trends are northeast to southwest and north northeast
to south southwest and north northwest to south southeast. In EMSU fracture trends area
northwest to southeast, with a minor trend northeast to southwest. In the northwest part of AGU
there are two fracture trends are northwest to southeast and another north northeast to south
southwest. In the southwest part of AGU there is a strong fracture trend to the north northeast
to south southwest, with a minor trend east northeast to west southwest.

Close-up view is overlain on top of the Grayburg Formation structure throughout the greater
Eunice Monument area. The large structure in Eunice Monument is referred to as the Eunice High,
a large structural pop-up block. However, the Eunice High is composed of a series of smaller fault
bounded, basement-cored blocks.
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Figure 12. Index map of the northwest corner of the Central Basin Platform, showing EMSUB,
EMSU, and AGU. The map shows intermediate vertical fractures, 4 inches — 1 ft in length, that
were identified in core. In EMSUB fracture trends are northeast to southwest and east north
northeast to west southwest and northwest to southeast. In EMSU fracture trends were lumped
into either large or small fractures. It was not until later during studies of EMSUB and AGU that
intermediate sized fractures were identified and mapped. In the northwest part of AGU fracture
trends are north northeast to south southwest, northwest to southeast, and northeast to
southwest. In the southwest part of AGU there is a strong fracture trend north northeast to south
southwest, and a lesser trend northeast to southwest.

16

Released to Imaging: 2/11/2025 8:28:44 AM



Received by OCD: 2/10/2025 5:02:27 PM

EMSUB-EMSU-AGU

Fracture Study
Intermediate Fractures
4 inches—1 ft

Figure 13. Close-up of index map of the northwest corner of the Central Basin Platform, showing
EMSUB, EMSU, and AGU. The map shows intermediate vertical fractures, 4 inches — 1 ft in length,
that were identified in core. In EMSUB fracture trends are northeast to southwest, east north
northeast to west southwest and northwest to southeast. In EMSU fracture trends were lumped
into either large or small fractures. It was not until later during studies of EMSUB and AGU that
intermediate sized fractures were identified and mapped. In the northwest part of AGU fracture
trends are north northeast to south southwest, northwest to southeast, and northeast to
southwest.

Close-up view is overlain on top of the Grayburg Formation structure throughout the greater
Eunice Monument area. The large structure at Eunice Monument is referred to as the Eunice High,
a large structural pop-up block. However, the Eunice High is composed of a series of smaller fault
bounded, basement-cored blocks.
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Figure 14. Index map of the northwest corner of the Central Basin Platform, showing EMSUB,
EMSU, and AGU. This map shows small vertical fractures, <4 inches in length, that were identified
in core. In EMSUB fracture trends are north northeast to south southwest and northeast to
southwest. In EMSU fracture trends are northwest to southeast, west to east, and east northeast
to west southwest. In AGU fracture trends north northeast to south southwest, with minor trends
northeast to southwest and northwest to southeast.
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Figure 15. Close-up view of index map of the northwest corner of the Central Basin Platform,
showing EMSUB, EMSU, and AGU. This map shows small vertical fractures, <4 inches in length,
that were identified in core. In EMSUB fracture trends are north northeast to south southwest
and northeast to southwest. In EMSU fracture trends are northwest to southeast, west to east,
and east northeast to west southwest. In the northwest part of AGU fracture trends are north
northwest to south southeast and northeast to southwest. In the southwest part of AGU fracture
trends are north northeast to south southwest, with minor trends northeast to southwest and
northwest to southeast.

Close-up view is overlain on top of the Grayburg Formation structure throughout the greater
Eunice Monument area. The large structure is referred to as the Eunice High, a large structural
pop-up block. However, the Eunice High is composed of a series of smaller fault bounded,
basement-cored blocks.
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Figure 16. Index map of the northwest corner of the Central Basin Platform, showing EMSUB,
EMSU, and AGU. This map shows solution-widened vertical fractures that were identified in core.
In EMSUB a strong fracture trend is north northeast to south southwest, with lesser trends
northwest to southeast and northeast to southwest. In AGU solution-widened fractures trend
north to south and northeast to southwest. Solution-widened fractures were observed in EMSU

but were not mapped.
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Figure 17. Close-up view of index map of the northwest corner of the Central Basin Platform,
showing EMSUB, EMSU, and AGU. This map shows solution-widened vertical fractures that were
identified in core. In EMSUB a strong fracture trend is north northeast to south southwest, with
lesser trends northwest to southeast and northeast to southwest. Solution-widened fractures
were observed in EMSU but were not mapped. In AGU solution-widened fractures trend north to
south and northeast to southwest.

Close-up view is overlain on top of the Grayburg Formation structure throughout the greater
Eunice Monument area. The large structure at Eunice Monument is referred to as the Eunice High,
a large structural pop-up block. However, the Eunice High is composed of a series of smaller fault
bounded, basement-cored blocks.
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Figure 18. Index map of the northwest corner of the Central Basin Platform, showing EMSUB,
EMSU, and AGU. This map shows pyritized vertical fractures that were identified in core. In
EMSUB pyritized fracture trends are northeast to southwest and northwest to southeast. In EMSU
pyritized fracture trends are northwest to southeast, northeast to southwest, and east northeast
to west southwest. In AGU pyritized fractures trend north northwest to south southeast and
northeast to southwest.
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Figure 19. Close-up view of index map of the northwest corner of the Central Basin Platform,
showing EMSUB, EMSU, and AGU. This map shows pyritized vertical fractures that were identified
in core. In EMSUB pyritized fracture trends are northeast to southwest and northwest to
southeast. In EMSU pyritized fracture trends are northwest to southeast, northeast to southwest,
and east northeast to west southwest. In AGU pyritized fractures trend north northwest to south
southeast and northeast to southwest.

Close-up view is overlain on top of the Grayburg Formation structure throughout the greater
Eunice Monument area. The large structure at Eunice Monument is referred to as the Eunice High,
a large structural pop-up block. However, the Eunice High is composed of a series of smaller fault
bounded, basement-cored blocks.

23

Released to Imaging: 2/11/2025 8:28:44 AM



Received by OCD: 2/10/2025 5:02:27 PM

[’(ll;i’ 53 rlf 284

EMSUB-EMSU-AGU

Fracture Study
Fractures Bounding
Collapse Breccias
& Solution Pipes

7/ | —_
\K\ 7
ABO REEF
TREND /
i[f |
o
Go&\

%

IMON CHANNEL

—- T,L

o

o

L

HO4LVd NISVE TVHLNID

|
T

— ."( S—

\

Figure 20. Index map of the northwest corner of the Central Basin Platform, showing EMSUB,
EMSU, and AGU. This map shows vertical fractures bounding collapse breccias and solution pipes
that were identified in core. In EMSUB no collapse breccias and solution pipes were identified. In
EMSU fracture trends are northeast to southwest. In AGU no collapse breccias or solution pipes

were identified.
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Figure 21. Close-up view of index map of the northwest corner of the Central Basin Platform,
showing EMSUB, EMSU, and AGU. This map shows vertical fractures bounding collapse breccias
and solution pipes that were identified in core. In EMSUB no collapse breccias and solution pipes
were identified. In EMSU fracture trends are northeast to southwest. In AGU no collapse breccias
or solution pipes were identified.

Close-up view is overlain on top of the Grayburg Formation structure throughout the greater
Eunice Monument area. The large structure at Eunice Monument is referred to as the Eunice High,
a large structural pop-up block. However, the Eunice High is composed of a series of smaller fault
bounded, basement-cored blocks.
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Figure 22. Index map of the northwest corner of the Central Basin Platform, showing EMSUB,
EMSU, and AGU. This map shows vertical fractures that bound stylolitic tension gashes that were
identified in core. In EMSUB and EMSU stylolitic tension gashes were identified in core but were
not mapped. Tension gashes formed along stylolites as the Eunice Monument asymmetric
anticline formed during the Laramide orogeny. Stylolitic tension gashes were found to be the most
common type of fractures in EMSUB, EMSU, and AGU. In AGU stylolitic tension gashes trend north
northeast to south southwest, northwest to southeast, northeast to southwest, with minor trends
west northwest to south southeast and east northeast to west southwest.
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Figure 23. Index map of the northwest corner of the Central Basin Platform, showing EMSUB,
EMSU, and AGU. This map shows vertical fractures bounding stylolitic tension gashes that were
identified in core. In EMSUB and EMSU stylolitic tension gashes were identified in core but were
not mapped. Tension gashes formed along stylolites as the Eunice Monument asymmetric
anticline formed during the Laramide orogeny. Stylolitic tension gashes were found to be the most
common type of fracture in EMSUB, EMSU, and AGU. In AGU stylolitic tension gashes trend north
northeast to south southwest, northwest to southeast, northeast to southwest, with minor trends
west northwest to south southeast and east northeast to west southwest.
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STATE OF NEW MEXICO
DEPARTMENT OF ENERGY, MINERALS AND NATURAL RESOURCES
OIL CONSERVATION COMMISSION

APPLICATION OF GOODNIGHT

MIDSTREAM PERMIAN, LLC FOR APPROVAL

OF A SALTWATER DISPOSAL WELL, LEA COUNTY, CASE NO. 24123
NEW MEXICO ORDER NO. R-22869-A

APPLICATIONS OF GOODNIGHT MIDSTREAM
PERMIAN, LLC FOR APPROVAL OF
SALTWATER DISPOSAL WELLS

LEA COUNTY, NEW MEXICO CASE NOS. 23614-23617
APPLICATION OF GOODNIGHT MIDSTREAM

PERMIAN LLC TO AMEND ORDER NO. R-22026/SWD-2403

TO INCREASE THE APPROVED INJECTION RATE

IN ITS ANDRE DAWSON SWD #1,

LEA COUNTY, NEW MEXICO. CASE NO. 23775

APPLICATIONS OF EMPIRE NEW MEXICO LLC
TO REVOKE INJECTION AUTHORITY,

LEA COUNTY, NEW MEXICO CASE NOS. 24018-24020, 24025

SELF-AFFIRMED STATEMENT OF RYAN M. BAILEY - REBUTTAL

I, Ryan M. Bailey, make the following self-affirmed statement:

1. I am over the age of 18, and have the capacity to execute this affirmation, which is
based on my personal knowledge.

2. I am Co-founder and Vice President of Ops Geologic, LLC in The Woodlands,
Texas and I am a geologist with over 17 years of experience in the petroleum industry.

3. I submit this statement on behalf of Empire New Mexico, LLC in connection with
the above-referenced matters, in accordance with paragraph 7 of the Pre-Hearing Order issued in
these matters on December 5, 2024.

4. I have not previously testified before the New Mexico Oil Conservation

Commission. A copy of my curriculum vitae is attached as Exhibit K-56. In short, I graduated

EXHIBIT K



Received by OCD: 2/10/2025 5:02:27 PM Page 58 of 284

from the University of Alabama with a BS and MS in geology. My academic course work and
thesis focused on understanding structural styles within the Appalachian-Ouachita fold and thrust
belt, interpreting seismic and well log data to structurally restore a seismic profile in the Southern
Appalachian thrust belt in Alabama. I co-authored a paper in the Gulf Coast Association of
Geological Societies 2012 (Vol. 1) titled Structure of the Alleghanian Thrust Belt under the Gulf
Coastal Plain of Alabama. [ am a member of the American Association of Petroleum Geologists
and the Houston Geological Society.

5. I reviewed the available literature and utilized Dr. Lindsay’s lifelong work in the
field and core to define a stratigraphic model based on Dr. Lindsay’s original stratigraphic model.
I correlated the Grayburg and all zones within the Grayburg, Upper San Andres, Lovington Sand,
Lower San Andres, and Glorieta formations across the EMSU unit. In addition, I worked with Ops
Geologic petrophysicist, Scott Birkhead, who generated a petrophysical model over the EMSU
and mapped the resultant reservoir properties across the EMSU, including structure, isopach,
porosity, water saturation, pore volume, hydrocarbon pore volume, and oil in place.

6. I have reviewed the testimony of Mr. Preston McGuire previously filed on August
26, 2024, on behalf of Goodnight Midstream Permian, LLC (“Goodnight™). I make this statement
in rebuttal to some of the opinions stated therein by Mr. McGuire’s testimony, particularly the
items described below.

Summary
e [ reviewed the testimony of Preston McGuire and provide a stratigraphic model in rebuttal
to Mr. McGuire’s opinions. Scott Birkhead responds in rebuttal to the opinions expressed

by Dr. Davidson.
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e Base maps for the study area are shown in exhibits K-1 and K-2. Exhibit K-1 is a base
map that shows all wells within the Eunice Monument South Unit (“EMSU”) and exhibit
K-2 is a base map that shows all wells that were used to map the San Andres structure, all
active disposal wells colored by operator, and the core and petrophysical wells that were
utilized to develop reservoir property maps. Several publications document that the
Lovington sand lies within the Upper San Andres formation. (Foster, 1976; Fitchen, 1993;
Dutton et al., 2011; Trentham, 2011). Goodnight has incorrectly chosen to place the top of
the San Andres below the Lovington sand based on pressure differences above and below
the sand. Goodnight has chosen to use this model to argue there are not any ROZ zones
within the San Andres and thereby support the case for water disposal in the San Andres.
Our analysis demonstrates that Goodnight’s model is incorrect, as explained below.

e Exhibits K-3 and K-4 are type sections for the cored wells from the R.R. Bell 4 and EMSU
679 and are the basis for our stratigraphic model. This model is of critical importance as
it shows a ROZ in the Upper San Andres as opposed to Goodnight’s model of the ROZ
being in the Lower Grayburg.

In addition, I worked with Scott Birkhead to generate a petrophysical model for the Grayburg and
San Andres across the EMSU unit. Ops Geologic petrophysical model analyzed 29 wells - 18
wells were used to map the reservoir properties for the Upper San Andres and 12 wells were used
for the Lower San Andres. The resultant reservoir properties were mapped for the Upper and
Lower San Andres, inclusive of Net Reservoir, Pore Volume (PHIH), Oil Saturation (So),
Hydrocarbon Pore Volume (HCPV), and Original Oil in Place (OOIP). As explained by Mr.
Birkhead, the petrophysical model clearly identifies oil saturations over 20% throughout the Upper

San Andres as well as several potential zones within the Lower San Andres. Determining the oil
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saturations (SOIL LO and SOIL HI) as shown in the type logs in Track 6 of Exhibits K-3 and K-
4 were critical to identifying potential ROZ zones within the San Andres. The resultant
petrophysical model allowed for understanding the potential ranges of oil saturations throughout
the San Andres which, along with the reservoir property maps, allowed for developing and
mapping out potential ranges for original oil in place (OOIP). These reservoir property maps, along
with cross sections across the EMSU unit, will be utilized throughout to rebut Mr. McGuire’s
testimony.

Preston McGuire Statement

e On page 3 bullet 2 of Preston McGuire’s summary, he states: “Substantial data on
the sustained and geographically extensive pressure differentials between the
Grayburg and San Andres aquifer confirm (1) the presence of an effective geologic
barrier between the two formations, and (2) that the Grayburg reservoir and San
Andres aquifer are distinct geologic zones that are functionally severed and do not
act, and cannot be considered, as a single reservoir.”

Rebuttal

e lagree that the Grayburg and San Andres are separate geologic intervals. However,
based on fluid communication between the San Andres and Grayburg in wells
within the EMSU, it is undisputed that these reservoirs are in communication with
one another. In Dr. Lindsay’s fracture study to G.W. Burg on the EMSU 679 well
core (Exhibit K-5), he measured 313 fractures. Four intervals of collapse breccia
were present along with small fractures. The study shows a well-developed
northwesterly and a poorly developed northeasterly set of fractures as part of a

conjugate joint system in EMSU 679 well. Fractures and oil staining from a cored
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interval below the top of the San Andres from 4,229-4,239° is shown in the core
photo in Exhibit K-5. Similar fracturing, most likely higher frequency, would be
expected to be seen on the flanks and crest of the Eunice Monument anticline given
the flexuring of stratigraphy up onto the structure. In addition, based on Chevron’s
analysis in the EMSU (Strickland et al., 1996), which is referenced by Mr. McGuire
on page 6 bullet 19 of his testimony, there does not seem to be a consistent,
continuous regional geologic barrier between the Grayburg and San Andres. It is
noted:

o “During the time of primary production prior to unitization and initiating
the waterflood in the Eunice Monument field, barium sulfate scale
deposition was experienced in a number of producing wells. Although the
drilling was confined to the Penrose and Grayburg formations, apparently
some San Andres water was finding its way into the wellbore of these wells
and resulted in a barium sulfate scale, barite, deposition problem.
Production experience strongly suggests that mixing of water occurs in the
producing wellbores rather than in the formation. This problem was and
continues to manifest itself in downhole pump problems. Inflow of fluids
into the wells is not affected, thus leading to the conclusion that sulfate rich
water found its way into some producing wells before the waterflood was
initiated.

Barium sulfate scale has also been detected in the surface vessels that are

used to process the produced fluids.”
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e More importantly, Goodnight’s stratigraphic model is inaccurate. Based on Dr.
Lindsay’s field work on outcrop and core descriptions and literature across the
Northwest shelf and Central Basin Platform (Foster, 1976; Fitchen, 1993; Dutton
et al., 2011; Trentham, 2011) it is understood that the Lovington sand sits within
the Upper San Andres. Foster work regarding San Andres stratigraphy states, “the
upper part is dolomite with an interval of sandstone and black shale, known as the
Lovington sand, about 150’ below the top” (Exhibit K-6). Fitchen’s work states,
“On the platform, this unit contains several sandstone beds, the lowermost of which
lies 25-47m below the top of the San Andres formation”. I have also provided
Upper San Andres type logs from the BEG study and Bob Trentham’s work,
illustrating the Lovington Sand sitting within the upper San Andres (Exhibit’s K-7
and K-8). These statements are consistent with the outcrop analysis and
stratigraphic model provided by Dr. Lindsay and are the basis for how our
stratigraphic model was built.

e We define the top of the San Andres as the tight dolomite sequence approximately
130-150" above the Lovington Sand and thinning to the east onto the Eunice
Monument anticline, where it is approximately 100’ below the top of the San
Andres in the R.R. Bell 4. The top of the San Andres is correlated by a tight
dolostone/anhydrite sequence identified using gamma ray (GR), density (RHOB),
density/neutron porosity (DPHI/NPHI), sonic (DT), and photoelectric (PE) log
curves. This is illustrated in the type-log sections for the R.R. Bell 4 and EMSU
679 (Exhibits K-3 and K-4). Both wells were cored down into the San Andres and

allowed Dr. Lindsay to define the top of the San Andres based on his core
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descriptions, which provided the basis for our stratigraphic model. Goodnight has
generally defined the top of the San Andres below the Lovington Sand marker
except for in the EMSU 679 well, where the define the top as 40’ above the
Lovington sand marker and 125° below the OCD and Ops Geologic top of the San
Andres. However, in the Ryno SWD 1, Goodnight defines the top exactly where
we define the top of the San Andres.

e Exhibit K-9 is a base map showing the location of cross sections across EMSU.
Exhibits K-10 through K-12 are strike and dip sections across the field illustrating
our correlations and, exhibit K-13 is a structural dip section through the Ryno SWD,
EMSU 679, EMSU 001, EMSU 628, and EMSU 660 illustrating the difference
between Goodnight’s correlations and ours.

e In addition, the reported perforated intervals for EMSU 628 and EMSU 658 and
the bridge plug for EMSU 713 further support our model. In the EMSU 628, the
reported perforated intervals by XTO from 3,918°-3,924°, 3,935-3,950°, 4,030’-
4,040°, and 4,057-4,067 are designated as San Andres. The upper perforation sits
directly below our top of San Andres. These perforations are well above
Goodnight’s top of 4,089 MD for the San Andres. In EMSU 658, the reported
perforated intervals by XTO from 3,995-4,004, 4,018-4,030°, and 4,074-4,084’ are
designated San Andres and again sit well above Goodnight’s top of 4,145° MD for
the San Andres. The OCD has the top of the San Andres at 3,949 MD, which
matches the depth of our San Andres top. In EMSU 713, the bridge plug that was
set for this well from 4,042-4052" is designated Grayburg Zone 6. Our top of the

San Andres sits directly below this bridge plug and is consistently correlated with
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the EMSU 628 and 658 as shown in Exhibit K-14. Goodnight did not provide a
pick for the San Andres formation top in the EMSU 713, but the OCD top sits well
above our top at 3,942.

e Based on Dr. Lindsay’s analysis, the cited literature, and the perforated intervals
discussed above, wells with logs across the field were correlated, and structure and
isopach maps were generated for the Lower and Upper San Andres and Grayburg
(Exhibits K-15 through K-20). Based on log coverage over the intervals, the
following number of wells were used to generate the structure and isopach maps
across the EMSU unit for the Lower and Upper San Andres and Grayburg: 79 wells
were used to generate the Lower San Andres structure and 65 wells were used to
generate the isopach maps; 90 wells were used to generate the Upper San Andres
structure and 78 wells were used to generate the isopach maps; and 131 wells were
used to generate the Grayburg structure and 90 wells were used to generate the
isopach maps. The Eunice monument anticline is clearly shown in the structure
maps, oriented NW-SE across the east-central part of the EMSU (Exhibits K-15-
K17). The Lower San Andres maintains fairly consistent thickness across the
EMSU with slight thickness variations upwards of 30-60° in spots. Both the San
Andres and Grayburg thicken into the basin, though the Grayburg thickens more
rapidly (Exhibits K-18-K20). The Grayburg was deposited on a distally steepening
ramp (Lindsay, 2017) so expansion of the section into the basin is expected.

e Reservoir property maps for low and high cases for the Lower and Upper San
Andres net pay, average porosity above 4% cutoff (PHIT), average water saturation

below 80% cutoff (SWT), oil saturation (So), pore volume (PHIH), hydrocarbon
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pore volume (HCPV), and original oil in place (OOIP) are shown in exhibits K-21-
K46. In addition, combined maps for the Upper and Lower San Andres Net Pay,
PHIH, HCPV, and OOIP are shown in exhibits K-47 through K54. As mentioned
in the summary above, the low and high cases were based on low and high cases
Mr. Birkhead developed for the water saturation to determine the potential ranges
for oil saturations within the San Andres. Net pay calculations for both the Upper
and Lower San Andres were determined using a 4% PHIT cutoff, 80% water
saturation cutoff, and 60% volume of clay cutoff (VCL). Oil saturation maps were
generated using 1-Sw for each case. PHIH maps were generated by multiplying
the average porosity above the 4% cutoff with the net pay maps. HCPV maps were
generated by multiplying the PHIH maps by the So maps to give the total
hydrocarbon filled pore volume. OOIP maps were generated in millions of
barrels/section using the standard OOIP calculation of:
OOIP=7,758*A*HCPV/Bo

Where 7,758 is the constant that converts the results from acre-feet to barrels, A is
the area which is 640 acres/section, HCPV comes from the maps generated for each
formation, and 1.3 was used for the Bo known as the oil formation volume factor
which was provided by Empire’s engineers. For the Lower San Andres, OOIP
ranges from 5-40+ MMBLS/Section for the low case and 10-60+ MMBLS/Section
for the high case. For the Upper San Andres, OOIP ranges from 3-20+
MMBLS/Section for the low case and 5-30+ MMBLS/Section for the high case.
Total San Andres OOIP volumes range from 8-60+ MMBLS for the low case and

15-90+ MMBLS for the high case. OOIP was also calculated for the entire EMSU
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unit utilizing the HCPV maps, an area of 14,179.85 acres (hand drawn polygon, the
actual unit size from Gulf Oil’s Case No. 8399 is 14,189.84 more or less), and a Bo
of 1.3. Total OOIP volumes for the Upper San Andres in the EMSU unit range
from 191 MMBL for the low case to 331 MMBLS for the high case. For the Lower
San Andres, OOIP volumes for the EMSU unit range from 439 MMBLS for the
low case to 718 MMBLS for the high case. That brings the OOIP volumes for the
total San Andres to 630 MMBLS for the low case and 1,049 MMBLS for the high
case (Exhibit K-55)

Preston McGuire Statement

e Onpage 3 bullet 3 of Preston McGuire’s summary, he states: “Analysis of core data
and historical production tests confirms that the San Andres does not meet the
criteria for a ROZ because San Andres oil saturations are well below the defined
20% cutoff as defined by Empires” own ROZ experts, confirming that Goodnight’s
disposal operations will not cause waste or impair correlative rights in the San
Andres disposal zone.”

Rebuttal

e The cross sections I’ve provided (Exhibits K10 throughK-14) clearly show that oil
saturations are above 20% and potentially above 40% throughout the Upper San
Andres. And while we have fewer wells available for evaluation in the Lower San
Andres, there are clear zones of interest with oil saturations over 20% and
potentially in the range of 40-60%. In addition, the oil saturation maps generated

for the low and high cases for both the Lower San Andres (Exhibits K-26 and K-
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27) and Upper San Andres (Exhibits K-39 and K-40) clearly illustrate oil saturation
averages above 20% across the EMSU.

Preston McGuire Statement

e Onpage 3 bullet 4 of Preston McGuire’s summary, he states: “Because Goodnight’s
San Andres disposal zone is confined to intervals below any potential ROZ that
may exist in the Grayburg and is isolated by a sustained and geographically
extensive geologic seal, disposal operations will not interfere with Eunice
Monument South Unit (“EMSU”) operations in the Grayburg main pay zone or
ROZ intervals based on the effective seal of the disposal zone.”

Rebuttal

e First, disposal is impacting the potential ROZ zones within the San Andres as [ have
shown in the cross section exhibits. Second, I have also shown in my summary
from the literature (Strickland et al., 1996), that barium sulfate scale was causing
downhole pump problems and was detected in surface vessels. Chevron concluded
that sulfate rich water made its way into the producing wellbores before the water
flood. San Andres water is sulfate rich, and Grayburg water contains barium. If the
two are mixing prior to the waterflood, it can only be concluded that San Andres
water is migrating into the Grayburg. On face value this shouldn’t seem surprising
given that the Grayburg was the main producing zone, and the likely pressure drop
associated with Grayburg production allowed for fluids to migrate from the San
Andres into the Grayburg. In addition, the documented fracturing within the EMSU
679 core and the likelihood of higher frequency fracturing on the Eunice Monument

anticline would only enhance the potential for fluid communication. The
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information provided here certainly doesn’t lead one to conclude that there is a
geographically extensive geologic seal across the EMSU.

Preston McGuire Statement

e On page 11 bullet 25 of Preston McGuire’s testimony, he states: “The San Andres
at the EMSU has never been prospective for hydrocarbons and has been the defined
water management zone for the area, both for disposal and water supply, since as
early as the 1960s.”

Rebuttal

e Mr. McGuire ignores that to date, there have been no tertiary enhanced oil recovery
(EOR) efforts made in the San Andres within the EMSU unit. There are currently
several active CO2 floods in the San Andres along the same trend across the
Northwest Shelf and Central Basin Platform (Hobbs, Wasson, Seminole, Vacuum,
Means, Hanford, and Goldsmith-Landreth Units). I have illustrated the potential
oil saturations within the San Andres through our petrophysical modeling and I
have shown oil staining within the Upper San Andres from the EMSU core. It is
unreasonable to deny the possibility that the San Andres has potential for tertiary
recovery.

Preston McGuire Statement

e On page 15 bullet 36 of Preston McGuire’s testimony, he states: “While a ROZ
does not occur in the San Andres aquifer at the EMSU, one potentially exists below
the oil-water contact within the Grayburg but is entirely limited to the Grayburg.

There has never been any evidence that San Andres disposal operations have
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interfered with the Grayburg producing zone in the 60 plus years since San Andres
disposal began at the EMSU.”
Rebuttal

e [ have clearly shown from literature and through our correlations that what
Goodnight has determined to be the lower Grayburg is the Upper San Andres. What
Goodnight defines as a regional geographically extensive seal is difficult to
determine given Goodnight’s inconsistency in correlations, which I have illustrated
in Exhibit K-13. If we assume that the base of the Lovington sand is Goodnight’s
top seal, then I would question Goodnight’s description of a tight
dolomite/anhydrite interval as there is greater than 4% porosity and generally
increased porosity at the top of the interval, especially in wells on the Eunice
Monument anticline. If we assume Goodnight’s regional seal is the Lovington
sand, then Goodnight’s lithologic description of this interval as a tight
dolomite/anhydrite is inaccurate because the Lovington sand is a mix of dolomitic
sand and mudstone. Goodnight’s model is inconsistent with the outcrop and core
analysis by Dr. Lindsay and others, as well as the studies of the geoscientists whose
literature I have discussed in my testimony. On that basis, Goodnight’s testimony
about the formation in which ROZ zones exist and regarding regional seals between
the Grayburg and San Andres is incorrect because Goodnight’s model is wrong
lithologically and stratigraphically. In addition, I have exhibited potential ROZ
intervals well down into the San Andres that are currently being impacted by

Goodnight’s disposal. Goodnight has included cross sections in testimony but has
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not provided any structure, isopach, or reservoir property maps to support their
geologic analysis.

Preston McGuire Statement

e On page 35 bullet 94 of Preston McGuire’s testimony, he states: Goodnight
Midstream defines the boundary between the Grayburg and the San Andres as the
location of the mappable permeability barrier that prevents flow from occurring
between those two formations. This is a functional “Top of San Andres.”
Everything above performs and behaves together as a single unit and reservoir and
is isolated and distinct from everything below this barrier.”

Rebuttal

e In Mr. McGuire’s geologic overview of Goodnight’s existing injection in the
EMSU, he describes the Upper San Andres being capped by tight dolomite and
anhydrite which serves as the upper geologic seal to prevent migration to the
formations above. However, on Exhibit K-13 as well as the cross-section exhibits
provided by Mr. McGuire, one can see where Goodnight places the top of the San
Andres. Goodnight’s top is inconsistent across the field but in general it is below
the Lovington sand marker. The Lovington sand interval above Goodnight’s top is
a mixture of mudstone and dolomitized sands. The hotter gamma ray signature is
indicative of not only the mudstones but of the arkosic nature of the Lovington
sand. In addition, the Lovington sand interval has average porosities well over 4%.
Below Goodnight’s top is a dolomite/anhydrite unit, but this interval contains
porosities well over 4% as well. Goodnight’s statement on the lithology at the top

of the San Andres is more in-line with where I have placed the top of the San
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Andres, which has porous intervals but is a tighter interval than Goodnight’s top of
San Andres and is consistent with the work on outcrop, core, and literature I have
provided.

Preston McGuire Statement

e Onpage 35 bullet 96 of Preston McGuire’s testimony, he states: “It appears Empire
is seeking to create a conflict with Goodnight’s disposal operations by calling a
potential Grayburg ROZ (the zone below the Grayburg oil-water contact at -325
feet subsea) the San Andres. It is not San Andres. It is Grayburg because it is in
an interval that is geologically and functionally isolated and distinct from the
underlying San Andres. That means any residual oil in this zone is Grayburg oil
and it is Grayburg oil below the Grayburg oil-water contact. Because it is isolated
by the well-defined permeability barrier that separates the San Andres from the
Grayburg, the oil in this zone, and any current or proposed operations, will not be
affected by San Andres water management operations below.”

Rebuttal

e Mr. McGuire has chosen to ignore the work of many technical experts in the field
and their subsurface analyses. Goodnight is using an engineering approach to
define the top of the San Andres based on a purported pressure boundary as opposed
to utilizing lithostratigraphic or chronostratigraphic correlations. This theory is
akin to what would be utilized offshore to correlate compartmentalized sands over
long distances where paleo data is not readily available to chronostratigraphically
tie the sands. This methodology is inappropriate for this area given the amount of

existing outcrop and subsurface studies, the available well data, and the pre-existing
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stratigraphic models that were built based on these analyses. Mr. McGuire’s
opinion demonstrates that Goodnight lacks a basic understanding of the
stratigraphy and has built an incorrect model based on reservoir engineering. I

would presume it is also why they have picked inconsistent tops across the EMSU.

Preston McGuire Statement

Rebuttal

On page 37 bullet 102 of Preston McGuire’s testimony, he states: “Unlike the
majority of the EMSU producers and waterflood injection wells, the tops that were
reported in the WSW’s were consistent with the unitization exhibits and the
Chevron SPE publication discussed above, except for the EMSU #461. The top
that is reported for #461 is 4,002 feet, making the Grayburg only 255 feet thick.
This is inconsistent with the reported thickness for the Grayburg in the unitization
case file and with its thickness at the other WSW’s. Goodnight picked the San
Andres top in this well at 4,195°, which is consistent with the Grayburg thickness
reported in the unitization case file and with the other water supply wells that picked

the top of the San Andres at a mappable confining layer.”

The Grayburg is on a distally steepening ramp thickening into the basin (Lindsay,
2017; Lindsay 1991). The Grayburg does not have a consistent thickness across
the EMSU, especially from the basin onto the Eunice Monument anticline. This is
part of the fallacy in Goodnight’s top picks and Goodnight’s failure to understand
the stratigraphic model for the Grayburg/San Andres. OCD’s pick for the EMSU

#461 well is actually 20’ shallower than our top pick of 4,022’ but certainly more
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in line with our stratigraphic model for the San Andres than Goodnight’s pick of
4,195’ below the Lovington sand.

Preston McGuire Statement

e On page 37 bullet 103 of Preston McGuire’s testimony, he states: “Goodnight has
consistently used this method of picking the San Andres top at the mappable barrier
that separates the Grayburg from the San Andres. This top is confirmed to be the
barrier that separates two different pressure systems, one associated with the
Grayburg and the other associated with the San Andres aquifer. Because of the
difficulty identifying stratigraphic intervals within the San Andres carbonate ramp
system that exists within the EMSU, the best method for accurately picking the top
of the San Andres and the strongest evidence it is correct is not necessarily geologic
but engineering based data.

Rebuttal

e Mr. McGuire’s correlations illustrate the pitfalls with using an engineering-based
methodology to identify tops that cross chronostratigraphic surface boundaries.
The pick can be made very clearly across EMSU both lithologically and
chronostratigraphically as illustrated in Exhibits K-10 through K-14. Our model
relies on the previous work of many geologists who have spent decades defining
the stratigraphic framework. Throughout this rebuttal and in my exhibits, I have
illustrated the stratigraphic model and how the top is defined. It is incorrect to
construct a model to fit an agenda, and doing so shows a lack of basic research and
ignores fundamental geology. If Goodnight had argued that field rules designated

the top of the San Andres based on a type log and that top fit their model, then that
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would be fine. But that is not the case here. Similarly, if Goodnight had utilized a
different stratigraphic model from a nearby field that they could argue supports
their model, then that would be fine as well. But they have not done that either. So,
we must rely on the previous work that has been done and documented in the
literature and apply it to the EMSU. That is what I have done and illustrated

throughout this rebuttal.

18
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I affirm under penalty of perjury under the laws of the State of New Mexico that this statement is

true and correct.

yan Bailey 2-8-2025
Rya#d M. Bailey ¢ DATE
Vice President Geoscience

OPS GEOLOGIC
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EMSU 679 Core Photo Below the Top of San Andres

Visible Light: Core Depths 4,229-4,237

) I EMSU 679 Top of San Andres is

Lea County, New Mexico Job #: 202403666
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Note the fractures and oil
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Foster Type Log Loco Hills Field Oterro County, NM
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BEG Study Type Log for Jackson-Grayburg field on the
Northwest Shelf Eddy County, NM
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Type Log for the Central Basin Platform from Bob
Trentham’s Enhanced Oil Recovery in the Permian Basin

Study

Note the Lovington Sand
within the Upper San
Andres

The major San (\ :

Andres Sequence
Stratigraphic
boundaries may act
as the boundaries
for the original O/W
(base of ROZ) and
between the
present day Main
Pay and TZ/ROZ.
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Cross Section Base Map on San Andres Structure (SSTVD)
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Comparison of Ops Geologic (Red) vs. Goodnight San Andres Top (Blue)
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Comparison of Perf Designations with Goodnight Top
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Upper San Andres Structure Map (SSTVD)
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Upper San Andres Isopach Map (FT)
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Lower San Andres Net Pay (FT) Low Case
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Lower San Andres Average PHIT (%) Above 4% Cutoff
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Lower San Andres Average SWT (%) Low Case
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Lower San Andres Average SWT (%) High Case
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Lower San Andres Average So (%) Low Case
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Lower San Andres PHIH (FT) Low Case
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Lower San Andres OOIP (MMBLS/Section) High Case
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Upper San Andres Average SWT (%) Low Case
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Upper San Andres Average So (%) High Case

1 24
N
= EMSU*

JNOJUoD)

0.40 .

0.38

0.36

0.34
0.32
0.30
0.28
0.26

3

Petrophysics Wells
<> Empire SWD
Goodnight SWD
Goodnight SWD Application
Parker Energy SWD

r 36E

D P 151

)

Permian Line Service SWD
Pilot Water Solutions SWD
Qe is LpEra g SR8 94 M

'DWL."PW

MO S RER




Raceiped by OCP; 2/10/2025 5:02:27 PM
EXiTibiCKi4

Upper San Andres PHIH (FT) Low Case

= EMSU*

0OC FED

Page 117 of 284

0.40 .

0.38

0.36
0.34
0.32
0.30
0.28
0.26

JNOJUoD)

3

*Core Wells

Petrophysics Wells
<> Empire SWD
Goodnight SWD
Goodnight SWD Application
Parker Energy SWD

r 36E

WL/ PW} P 151

BT A

)

D

Permian Line Service SWD
Pilot Water Solutions SWD
Qe is LpEra g SR8 94 M




Raceiped by OCP-2/10/2025 5:02:27 PM
EXiTiDICKI42

Upper San Andres PHIH (FT) High Case

= EMSU*

0OC FED

Page 118 of 284

0.40 .

0.38

0.36
0.34
0.32
0.30
0.28
0.26

JNOJUoD)

3

*Core Wells

Petrophysics Wells
<> Empire SWD
Goodnight SWD
Goodnight SWD Application
Parker Energy SWD

r 36E

WL/ PW} P 151

BT A

)

D

Permian Line Service SWD
Pilot Water Solutions SWD
Qe is LpEra g SR8 94 M




Reéceived by OCP~2/10/2025 5:02:27 PM Page 119 of 284
AlHHIVIL N-40

Upper San Andres HCPV (FT) Low Case

SEMU BTD‘
1 @) 5
24 19 20 { pdl Z = =4 04
N ricE £ & swD 20 5
=3
3
2
c?2
1
= EMSU> = # - - -
5 &1 32 kS =
RIE £ M E SWD 0334
OC FED COM 1 ¥
H STATE 7
B 5
L 2
RREQMH
7 3 ] 10 1 12
SEAVER 1 SWD .
z HERMANDEZ i N 111
ERNIE BANKS SWD 1
RY! D1 4“
12 17 i 14

DraelepON SWD 1

Legend . E

*Core Wells

*Petrophysics Wells -

<> Empire SWD AQU .
Goodnight SWD =
Goodnight SWD Application r“'
Parker Energy SWD
Permian Line Service SWD

Pilot Water Solutions SWD

Released 1o pmacing: 2/11/202518:28:44 AM
v HHle Uptidliig oY




Receiyed by PCP,2/10/2025 5:02:27 PM Page 120 of 284
EXRiBIei Y :

Upper San Andres HCPV (FT) High Case

Core Wells

*Petrophysics Wells
0 Empire SWD

Goodnight SWD

Goodnight SWD Application

Parker Energy SWD

Permian Line Service SWD

Pilot Water Solutions SWD
&Yt bysEra TG SWIS 2044 AM




Raceiyed by OCP=-2/10/2025 5:02:27 PM
AlLITVIUL N4V

Upper San Andres OOIP (MMBLS/Se

ction) Low Case

Page 121 of 284

SEMU BTO|1
t , ) ) B
|
N - * e efid swo 20 18
16
o 14
3 12
77 % 25 o 10
= EMSU:ml EMHSU 7 g B.
]
4
o
e £ | az 23 24
e r=b RIGE E M E SWD 023
EMSU
- o STA
i} 5 3 1
4 3 WD
- A 10 ’
: "y F.“.E T
-~ F{Raéﬂi‘gcr E4
7 8 ] 10 11 1z 7
15@ SEAVER 1 SWD )y 4w
. HERNANDEZ | WDl ErTAN SO Hf 111
ERNIE BENKS SWD 1 =
E 45
18 a "y 15 14 13
, 6E
Dt JON SWD § i PIL 0 P 15-1 s
Legend 1 . .
*Core Wells -
* Petrophysics Wells —
<> Empire SWD
Goodnight SWD 2
Goodnight SWD Application .

Parker Energy SWD
Permian Line Service SWD
Pilot Water Solutions SWD

Released tq fwaging: 2/11/2029r8:28:44 AM
v hieo Uptidilig sy




Receiyed. b" DCD=2/10/2025 5:02:27 PM Page 122 of 284
EXRiBICK Y6

Upper San Andres OOIP (MMBLS/Section) High Case

Core Wells

Petrophysics Wells

Empire SWD

Goodnight SWD

Goodnight SWD Application

Parker Energy SWD

Permian Line Service SWD

Pilot Water Solutions SWD
ege(ﬁilézé sy AT 28:44 AM




Reéceived by PCP2/10/2025 5:02:27 PM Page 123 of 284
AlLHHVIUN=4/

Total San Andres Net Pay (FT) Low Case

= 450

24 ) 20 :
N ! RIGE E 11 & SWD 20

NEjV MEXITD H =TT 4 400
o 350
3 300
o 250

28 c

200 .

= EMSU*

EMSU 200

100
B
] g | 3z 3 34 35 ']
1RI{F/E|IES'IND033'I \
s o e s Net Pay Cutoffs:
@ : . PHIT: >4%
2 = rE'FERB"f‘JB EYER B &3}
DOG BO0DEN WD SWT <80%
EMSU
- s e Vclay: <60%
—EHSQ'OJTW‘I_E ﬁ
RR 4
5 10 1 1z 7
15@ SEA‘JE?I SWD . {;m./
z HERMANDEZ i Swol Eroam Swo i 11-1
E|m|+aﬁ~lcs
E L]
18 17 15 14 13 18
: t 36E - ,
- “ANORE Déd e
= snﬁTmzi“_Tmsm D'MJPE:PSW}PEH e R S e TR 2
Legend . . PAR;I;ZF{ E&G"S‘WD& .
i’% Core Wells —=1
*Petrophysics Wells : S
> Empire SWD GU
Goodnight SWD 7 ®
Goodnight SWD Application AG
Parker Energy SWD ~

Permian Line Service SWD

Pilot Water Solutions SWD

Released 1o pmacing: 2/11/202518:28:44 AM
v HHle Uptidliig oY




Receiyed by PCPA2/10/2025 5:02:27 PM Page 124 of 284
EXRiBICiKYs

Total San Andres Net Pay (FT) High Case
mRICE Eﬁmﬂ 20 -

600
250
200

EMSU

|

Net Pay Cutoffs:
2 PHIT: >4%

SWT: <80%
Vclay: <60%

EMSU

12 T
PI"F& N 7.1

13 18

15 14
. L7

Eara R
HELA '#WE&TEETRET-Z

Legend —t

PP 15-1

*Core Wells —

Petrophysics Wells

0 Empire SWD
Goodnight SWD
Goodnight SWD Application
Parker Energy SWD _
Permian Line Service SWD
Pilot Water Solutions SWD

@aﬁ%@ rpngi il T8 28:44 AM




Receiyed by PCP2/10/2025 5:02:27 PM Page 125 of 284
EXRiBICIK LS :

Total San Andres PHIH (FT) Low Case

3
E IEKIU H 5TAT

Core Wells

Petrophysics Wells

Empire SWD

Goodnight SWD

Goodnight SWD Application

Parker Energy SWD

Permian Line Service SWD

Pilot Water Solutions SWD
@e(ﬁe‘(été rpngi il T8 28:44 AM




Receiyed by PCDA2/10/2025 5:02:27 PM Page 126 of 284
EXRIBICIKES0 :

Total San Andres PHIH (FT) High Case

Core Wells

Petrophysics Wells

Empire SWD

Goodnight SWD

Goodnight SWD Application

Parker Energy SWD

Permian Line Service SWD

Pilot Water Solutions SWD
@e(ﬁfézg rpngi il T8 28:44 AM




Reaceiyed. by OCD: 2/10/2025 5:02:27 PM Page 127 of 284
AlTTVIL NV |

Total San Andres HCPV (FT) Low Case

1 | ﬂmuarn‘m )
N 2

NEWW MEXITD H STAT 4

= EMSU~ .

g i &
EMSLU ot
- LA ’
: L]
gy
= 10 e 7
g v
SEAVER 1 5WD - m_":'éwn”:”
- HERMANDEZ i SWD' ErMIAN SWD i 11-1
ERI\IITB:‘I*HSS‘.I‘U‘D'I
12 17 ! 15 E “ 14 = 8
. -~ E
- “AMDRE Didhe ‘ )
e — o AR T
k4
Legend . . PARI:R RGYT SWD 5 -
*Core Wells D 21 YAZ 28 BWD 1
*Petrophysics Wells &
0 Empire SWD
Goodnight SWD 7 =
Goodnight SWD Application
Parker Energy SWD : A

Permian Line Service SWD

Pilot Water Solutions SWD

Released 1o pmacing: 2/11/202518:28:44 AM
v HHle Uptidliig oY




Receiyed by PCD~2/10/2025 5:02:27 PM Page 128 of 284
EXRiBICIK D2 :

Total San Andres HCPV (FT) High Case

B MEX] H STAT 4

¢
¢

: ¢

legene |-

Core Wells

Petrophysics Wells

Empire SWD

Goodnight SWD

Goodnight SWD Application

Parker Energy SWD

Permian Line Service SWD

Pilot Water Solutions SWD
cgaﬁi(é@ rpngi il T8 28:44 AM




Received . by OCDX2/10/2025 5:02:27 PM Page 129 of 284
EXRiBICIKS3

Total San Andres OOIP (MMBLS/Section) Low Case

Core Wells

*Petrophysics Wells
<> Empire SWD

Goodnight SWD

Goodnight SWD Application

Parker Energy SWD

Permian Line Service SWD

Pilot Water Solutions SWD
&Yt bysEra TG SWIS 2044 AM




Receiyed by PCD2/10/2025 5:02:27 PM Page 130 of 284
EXRIBICK D4 :

Total San Andres OOIP (MMBLS/Section) High Case

Core Wells

Petrophysics Wells

Empire SWD

Goodnight SWD

Goodnight SWD Application

Parker Energy SWD

Permian Line Service SWD

Pilot Water Solutions SWD
cgaﬁi(ézé rpngi il T8 28:44 AM




Raceiyed by CD:-2/10/2025 5:02:27 PM Page 131 of 284
AlIIVIL N~VUJV

San Andres EMSU OOIP Volumes

Formation OOIP Low Case MMBLS OOIP High Case MMBLS
331.41

Upper San Andres 190.86

Lower San Andres 438.76 718.34
Total San Andres 629.62 1,049.75
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. Exhibit K-56
Ryan Bailey

39 N Lansdowne Cir., The Woodlands, TX 77382
Phone: 832-585-6865 Business E-Mail: rbailey@opsgeologic.com Personal E-Mail: rmb4112@gmail.com

Summary Qualifications

= 17 years of geology and multi-disciplinary management experience in field development and exploitation of
conventional and unconventional oil and gas resources across US Onshore.

* Team oriented leader with the ability to motivate staff to perform at a high level.
» Proven track history of leading multiple disciplines to execute active drilling programs.

= Delivered high quality mapping and geologic interpretations under short deadlines with technical excellence.

Experience: Ops Geologic (May 2021-Present)
Co-founder and Vice President Geoscience

» Responsible for generating client driven geoscience products from play fairway analysis and prospect
generation to field development plans, data acquisition, and ultimately execution of operations.

»  Recent projects include multiple M&A process evaluations of the Eagle Ford and Austin Chalk across South
Texas from Gonzales to Webb County, evaluation of the Bone Spring and Wolfcamp across Lea and Eddy
County, New Mexico, and exploration projects across the East Texas Basin and Texas Gulf Coast.

* Manage multi-disciplinary team of geoscientists and engineers to ensure quality, completion, and delivery of
client driven projects.

Arkatex Energy Advisors (August 2020-Present)

Founder and CEO

» Provide contract geoscience services including play fairway analysis, prospect generation, field development,
data acquisition, and operations support.

»  Developed West Haynesville exploration prospect in the East Texas basin which included reservoir
characterization utilizing log, petrophysical, and core analysis to identify the sweet spot of the play. Third
party funding has secured leases on ~40k acres to date with plans to operate soon.

JBL Energy Partners (January 2020-August 2020)
Vice President Geology

» Responsible for generating regional geological and rock property maps for Pennsylvanian sands within the
Ft. Worth basin, identifying prospect areas, and generating development plans for ~50k acres.

* Managed geological operations for horizontal drilling inclusive of identifying target intervals, generating
geoprogs, and coordinating mudlogging, geosteering, and wireline operations.

» Inaddition, responsible for generating prospects, screening potential prospects, and providing geological
analysis for potential acquisitions.
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Page 2

Anadarko Petroleum (July 2007-November 2019)
Area Asset Manager - Delaware Basin (Midland, TX) June 2019-November 2019

» Responsible for developing & delivering a value-based business strategy for the exploitation of Anadarko’s
Blacktip-Monroe asset area (55k gross acres). Identified & recommended strategic business options such as
acquisitions, divestitures, trades & facility buildouts. Coordinated the efforts of multiple disciplines including
geology, reservoir, drilling, completions, production, and regulatory teams to focus on critical tasks.

G&G Manager Delaware Basin (Midland, TX) September 2016-June 2019

* Managed a multi-disciplinary geology & geophysics staff focused on generating a series of regional geologic
interpretations for the key development horizons of the Delaware Basin. Integrated the results into a
multivariate analysis process to isolate key productivity drivers for each formation.

* Designed & managed appraisal studies to better describe the resource potential & development recipes for
key geologic areas across the basin including the Department of Energy sponsored HFTS #2 study.

* Implemented comprehensive test programs to optimize well spacing and completion designs. Tests included
production, open-hole & lateral logs, micro-seismic, fiber optic and bottom-hole pressure surveys, fluid &
time-lapse geochemistry sampling.

* Sponsored the acquisition and negotiated contracts for 1,800 sq. miles of new 3D seismic data (900 sq. miles of
multicomponent data) to better understand geomechanical properties and their influence on productivity.

G&G Manager - Base Assets (The Woodlands, TX) January 2016 - September 2016

* Managed a team of geoscientists responsible for the development of Anadarko’s Eaglebine, Marcellus, East
Chalk, Ozona, and Hugoton assets. Assisted with divestment of assets by providing geologic assessments of
future development and potential upside targets to prospective buyers.

G&G Supervisor - Appalachian Basin (The Woodlands, TX) September 2013 - December 2015

» Responsible for the geoscience staff in the Appalachian Basin which delivered more than 100,000 BOEPD
production.

» Identified additional deep and shallow exploitation plays within the basin.

» Assisted in the prediction of “sweet spots” through multivariate regression analyses of geologic and
completions data. This model workflow was integrated into other assets.

* Mentored young staff to facilitate their understanding of operations and development as well as advancing
mapping and interpretation skill sets.

Senior Geologist - Maverick Basin (The Woodlands, TX) May 2011 - September 2013

»  Assisted the team with development of the Eagleford shale horizontal program to deliver 200,000 BOEPD of
production to the company.

» Responsible for the geosteering of two rigs, designing field development plans for ~100,000 acres, and
regional mapping for the Eagleford shale petrophysical and core properties.

» Presented well proposals for management approval and partner meetings.
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Page 3

* Mentored new geologists on development and operational roles and responsibilities and led several core
workshops.

* Led an exploitation team to test two separate targets both of which were geologic successes.

Geologist I & II - US Onshore (The Woodlands, TX) July 2007 - May 2011

» Appalachian Basin - Lead development geologist for the start-up of the Marcellus shale horizontal drilling
program. Responsibilities included designing development plans, geosteering wells for four rigs, presenting
wells to management for funding, and regional mapping of core and petrophysical properties.

» East Texas/Carthage - Recommended & managed an active development drilling program as lead geologist
for the Cotton Valley sand & Haynesville shale horizontal program in Oak Hill and Henderson Fields.

» Performed detailed geologic mapping studies of the Hugoton field, Kansas and Golfino field offshore Brazil.

Education

University of Alabama- M.S. & B.S. Geology July 2007

M.S. Thesis: Seismic Interpretation And Structural Restoration Of A Seismic Profile Through The Southern
Appalachian Thrust Belt Under Gulf Coastal Plain Sediments

Undergraduate Research: Analysis of Acid Mine Drainage on The Water Quality of Lake Harris Via Geochemical
Analysis

Skills

= Exceptional leadership and management ability to implement business strategy
=  Excellent interpersonal and communication skills at all levels
= Strong organizational and time management skills leading geoscience & asset teams

=  Experienced in managing large data acquisition & appraisal programs for value optimization

High level community involvement in charity/fundraising (Midland Junior Achievement Board)

= Software expertise in Microsoft Office, Petra, Kingdom Suite, and Rockpilot steering software
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STATE OF NEW MEXICO
DEPARTMENT OF ENERGY, MINERALS AND NATURAL RESOURCES
OIL CONSERVATION COMMISSION

APPLICATION OF GOODNIGHT

MIDSTREAM PERMIAN, LLC FOR APPROVAL

OF A SALTWATER DISPOSAL WELL, CASE NO. 24123
LEA COUNTY, NEW MEXICO ORDER No. R-22869-A

APPLICATIONS OF GOODNIGHT MIDSTREAM

PERMIAN, LLC FOR APPROVAL OF

SALTWATER DISPOSAL WELLS

LEA COUNTY, NEW MEXICO CASE NOS. 23614-23617

APPLICATION OF GOODNIGHT MIDSTREAM

PERMIAN LLC TO AMEND ORDER NO. R-22026/SWD-2403

TO INCREASE THE APPROVED INJECTION RATE

IN ITS ANDRE DAWSON SWD #1,

LEA COUNTY, NEW MEXICO. CASE NO. 23775

APPLICATIONS OF EMPIRE NEW MEXICO LLC
TO REVOKE INJECTION AUTHORITY,
LEA COUNTY, NEW MEXICO CASE NOS. 24018-24020, 24025

SELF-AFFIRMED STATEMENT OF STANLEY SCOTT BIRKHEAD -REBUTTAL

1. My name is Stanley Scott Birkhead. | am working with Ops Geologic, LLC as a
Consulting Petrophysicist. | have been working as a professional petrophysicist since 2006. 1 am
also the sole proprietor of Petrobrane Petrophysical Consulting, LLC founded in October of 2022
in the state of Colorado.

2. This is my first time to testify before the New Mexico Oil Conservation Division
or Commission.  Highlighting my degrees, experience, geographic areas worked, and
responsibilities, please find my curriculum vitae attached as Empire Exhibit L-53.

3. | graduated from Texas A&M University in 2001 with a Bachelor of Arts in
Geology, and in 2005 with a Master of Science in Geology. My academic course work and thesis
focused on sedimentology with field work conducted on tidally influenced sandstones within the
Upper Sego Sandstone Member of the Mesaverde Group. | am a member of the Society of
Petrophysicists and Well Log Analysts, and volunteer with the Unconventional Resources
Technology Conference (URTEC) as a reviewer and moderator in special topics and petrophysical

themes.
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4, In 2005 | started my career at Kerr McGee Oil and Gas as a geologist in Gulf of
Mexico Development. As part of their training program, |1 was chosen to do a rotation in the
Petrophysics group for a fixed time. Due to an interest, a recognized aptitude in Petrophysics, as
well as a merger between Anadarko Petroleum Corporation and Kerr McGee, | chose to follow the
petrophysical career path. After the acquisition of Anadarko by Occidental Petroleum, I chose to
leave Occidental. My next assignment was with DeGolyer and MacNaughton as a Senior
Petrophysicist where | gained experience working petrophysics from the consultant’s perspective
with several international projects. In 2022 | founded Petrobrane Petrophysical Consulting, LLC
where | have worked for several small to mid-size clients. The client base has expanded from
typical oil and gas work to alternative energy development such as geothermal and energy storage
and carbon sequestration.

5. I have been fortunate enough to have widespread exposure to different plays and
play types across the world. Geographic locations of wells interpreted include all continents save
for Antarctica.

6. My experience includes working different play types including conventional,
carbonates, granite wash, and tight sandstones, as well as unconventional objectives such as shale
oil and gas. The objectives of the work included rank exploration, multiwell field studies, model
building, wireline and core analysis planning, core-log integration, rock typing, log quality control,
wireline witnessing and management, operational well interpretation, partner and vendor
communication, uncertainty analysis, reserves and dataroom assessment and presentation.

7. I have also been fortunate enough to teach internal corporate classes at Anadarko
Petroleum Corporation, assisted in directing the past Unconventional Resources Special Interest
Group over several years as well as volunteering with a small group (Petrophysical Interest Group)
to teach occasional one day courses at smaller universities to expose students to petrophysical

methods.
Ops Geologic Rebuttal’s to James A. Davidson’s Self Affirmed Statement

8. The following discussion was derived as a response to assertions made by the
Consulting Petrophysicist for Goodnight, Dr. James A. Davidson. The main takeaway from the
discussion that follows can be summarized as such: There are significant indications shown in the

following document that validate the likelihood of an ROZ in the San Andres of Eunice Monument
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South. While the absolute oil saturation of the Upper and Lower San Andres are currently
unknown, petrophysical interpretation of the wells reveals oil saturations that fall within the range
of an ROZ. Overly pessimistic interpretations by Goodnight ignore existing positive evidence.
This is reflected especially in wells where Goodnight has picked the San Andres deeper than
stratigraphically possible. Above their pick, and within the Ops Geologic interpreted San Andres
top, Goodnight interprets oil saturations similar to Ops Geologic. The EMSU 628 and EMSU 673
are two examples of this sharp transition in interpretations. The Ops Geologic interpretation of
these wells was done with the goal of exploring realistic volumes based on all the data included.
The remainder of this report will first list the Goodnight statement(s) being rebutted in red text,
followed by the Empire/Ops Geologic response in black text.

9. Dr. Davidson’s statement at page 3: “The remaining oil saturations in both the
San Andres and Grayburg are significantly lower than estimated by Empire.”

10. Oil saturation of the ROZ should be viewed as a spectrum, not an absolute value.
The zones with core establish the lowest the oil saturation in the San Andres could be. As explained
herein, the sum of the evidence points to higher oil saturations than Goodnight posits. The
available mudlogs establish shows, fluorescence and even cases of oil seen in the pits (Exhibit L-
1, L-2) (EMSU 660) which matches described properties published in ROZ recognition checklists.
The wireline data established very high resistivities parallel with porosity development denoting
hydrocarbon, along with comparative zones of porosity with low resistivity denoting water. Core
residual oil saturations are lower than the in-situ value due to degassing and flushing by water-
based mud (Egbogah et al, 1997; Wisenbaker, 1973, Tu etal, 2017). Egbogah wrote, “Most authors
conclude that the oil saturation in the reservoir is at least as great as, and probably appreciably
greater than, the saturation measured on the core samples. Therefore, core analyses should, if
possible, be supplemented by laboratory waterflood and water-oil relative permeability studies and
by specific log studies.” It would only increase oil saturations to use the additional studies.
Published corrections for core residual to in situ oil saturation are utilized here to establish the Ops
Geologic spectrum of oil saturations.

11. Dr. Davidson’s statement at page 3: “Aresidual oil zone analogous to those where
CO2 enhanced oil recovery operations have been employed exists only in the Grayburg Formation

in the Eunice Monument South Unit.”



Rece

IAY

d by OCD: 2/10/2025 5:02:27 PM Page 138 of 284

12. Empire/Ops Geologic response: The recognition of a residual oil zone within a
specific formation is dependent upon the data available, how it is interpreted, and how the top and
base of the formation is picked. Dr. Davidson relied on formation tops for the San Andres, as
picked for Goodnight by Preston McGuire. As explained by Ryan Bailey in his testimony
(Exhibit K), Mr. McGuire’s tops were inconsistently correlated across the study wells. Exhibit L-
3 highlights the inconsistency in the Goodnight tops picked by Preston McGuire. This cross
section shows a surface created from their San Andres pick. This surface shows their top of San
Andres crossing the Lovington Sand in a geologically impossible manner. This sand is defined as
being within the San Andres as discussed and referenced by Mr. Bailey in Exhibit K. There are
several examples of the top appearing to drive the saturation and not the rest of the data. An
example is in the EMSU 628 (Exhibit L-4) where the Sw from Goodnight is a relative match to
Ops Geologic’s Swlo curve, that is, Ops Geologic’s low case of the spectrum. Goodnight appears
to use their tops to artificially reduce the oil saturation in the San Andres. It appears as if Goodnight
determined the saturation of the San Andres with an assumption of facies change and did not utilize
the other data. In other wells, we continue to see a suspicious interpretation change happen just
above Goodnight’s top of San Andres. Interpretation of the ROZ as shown by Dr. Davidson, shows
a change in interpretation methods driven by their deeper pick of the Grayburg base and a
presumption of much poorer reservoir quality (rock types) over most of the San Andres (Exhibits
L-5-L-8). This assumption of poorer quality results in a pessimistic outcome that is inconsistent
with the common definition of an ROZ and the significant evidence shown by data from these
wells.

13. Table 1 highlights the impact of this tops difference. In the table the OOIP is shown
as calculated by Goodnight in one column for certain provided wells. In the next column over is
an OOIP calculated using their data but with the more consistent tops provided by Ops Geologic.
In many cases, we see large increases in OOIP just by using the new top set with their curves. This
shows two things, first, that the Goodnight interpretation of oil saturation changes based on where
the tops are picked, and second, Goodnight’s assertion that a barrier exists between the Grayburg
and San Andres falls apart. It is important to add that regardless of the tops used, there is still an

ROZ in the Upper and Lower San Andres.
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Table 1 Comparison of OOIP volumes from Ops Geologic, and Goodnight. Ops Geologic
cutoffs for calculation were SWT>= 80%, Phit>=4%. And Vcl<=60%.

14. Dr. Davidson’s statement at page 4: “The intervals of residual oil in the San
Andres aquifer are too thin, too widely spaced, and are not likely areally continuous enough to
support efficient enhanced recovery operations.”

15. Empire/Ops Geologic response: The presumption that any oil saturations are not
areally continuous is purely based upon opinion, interpretive assumptions, convenience, and the
contradiction of extensive saltwater injection. This subjective statement by Goodnight is not
sufficient to show lack of fluid and pressure communication or areal extent. The concept of,
“natures waterflood” is that a large, connected volume of rock had a significant amount of water
flow through the section reducing the oil saturations down to residual, or remaining oil saturation
levels. We see in the interpretation of the wireline, as well as shows in mudlogs and core for the
available wells that the ROZ zone consistently appears in the same intervals with oil saturations

greater than 20%. This suggests large amounts of continuity across the interval. In fact, the
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statements made by Dr. Davidson in his point 77 regarding water injection volumes support the
conclusion that significant connected volumes exist within and across the San Andres.

16. Dr. Davidson’s statement at page 4: “The likely presence of long intervals of
karsts and collapse breccias in the San Andres would further compromise the effectiveness of
enhanced oil recovery operations.”

17. Empire/Ops Geologic response: Intervals of karsts and collapse breccias are well
known through carbonate reservoirs such as the San Andres (Trentham et al, 2015). Reviewing the
“possible” karst flags provided in the report by Dr. Davidson Appendix B, the number of flags in
the San Andres is relatively minimal and are discontinuous. A paper by Love et al. (1998)
referenced by William J. Knight in the Revised Expert Report of: William J. Knight, P.G. January
16, 2025 reviews the existence of high perm pathways or “thief zones” and their impact on
waterflood conformance and oil production. Large amounts of water were going in without a
consequent increase in oil production. Results of the field test showed that of the six mitigations
applied to the waterflooded wells, all of them significantly increased production. This paper was
used as evidence by Goodnight to show that karst and collapse breccia fills will not allow for
successful CO2 EOR. On the contrary, the paper shows that while these zones clearly exist, issues
can be avoided or mitigated. Important points from the paper also include that the study only
included the Grayburg formation and this quote describing the Area below zone 5 when the author
wrote describing the San Andres, “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.” This shows that combinations of karst and collapse breccias

are not at all showstoppers for enhanced recovery.

18. Dr. Davidson’s statements at pages 4, 28:

“Given the sparse nature of the residual oil accumulations and the presence of significant
karsting, Goodnight’s San Andres disposal zone does not meet any reasonable definition
of an ROZ.”

e “Given the sparse, intermittent oil saturations, the saturation profile in the San Andres
aquifer is more likely representative of abandoned oil migration pathways than of a
previous oil-saturated interval.”

e “The San Andres Formation, both inside the EMSU and in the areas outside the EMSU

where Goodnight operates salt-water disposal wells, has an oil saturation profile that
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appears to be more representative of paleo oil migration pathways. Thick, continuous

intervals of oil saturation exceeding 20 percent are not present in the San Andres within

the EMSU.” (Davidson J. paragraph 71)

e “Based on the results of the core flood experiments carried out by the BEG (discussed
above), the residual oil saturations in the San Andres would be expected to be higher (in
the 20 to 40 percent range) if those intervals had been saturated to higher levels in the
past.” (Davidson J paragraph 70)

19. Empire/Ops Geologic response: There are several pieces of evidence pointing
towards the existence of multiple continuous ROZs in the Upper and Lower San Andres as
discussed in this document. Table 1 shows the results of OOIP calculations based upon the
bracketed low and high oil saturation cases. In the table there are dramatic differences between
the interpretations. While Goodnight proposed a San Andres nearly devoid of hydrocarbons, Ops
Geologic provides a range of residual oil saturations that does meet the reasonable definition of an
ROZ. The difference in volumes is exacerbated by the cutoff of eighty percent water saturation.
Because Goodnight maintains a saturation above 80% from its facies/Sw assumptions, oil in place
is often not calculated. This creates even larger differences. In Table 1, the data is for the section
of San Andres logged and the calculated OOIP. The entire section was not always penetrated
explaining the lower OOIP number in some wells on both sides. This is especially true in the
EMSU 679 and 713 where very little was penetrated. Importantly, there are clearly defined ROZ

intervals in the Upper and Lower San Andres (Table 2).
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San Andres

Estimated

Logged Interval
Well (ft)
EMSU 628 674
EMSU 658 397
EMSU 660 464
EMSU 673 400]
EMSU 679 220|
EMSU 713 140
EMSU 746 1343
Ryno (Snyder SWD 1 1328

Table 2 Estimated number of feet of Upper and Lower San Andres logged in each well.

20. Differences in interpretation are highlighted in wells such as the EMSU 746. In
this well, the saturations are similar in the Grayburg and Upper San Andres until a depth of ~4107
ft. Deeper than this point, the saturations diverge. The Ops Geologic solution continues to follow
the resistivity and porosity while the Goodnight water saturation immediately increases to largely
above 80% with no defined seal or change in resistivity to support the assertion.

21. The same thing holds true for the majority of the comparative wells. With the
Goodnight saturation reduced to conveniently less than 80% near their top of San Andres, no pay,
and thus no OOIP can be calculated. Dr. Davidson often states during his November deposition
that for his interpretation, the tops were inconsequential. From the REMOTE ORAL
DEPOSITION OF JAMES A. DAVIDSON, November 22, 2024, page 55 starting on line 6,

Davidson asserts that the definition of two broad rock types, shallow water facies, and deepwater

facies is based on the gamma ray. There is a critical problem using rock typing to define water
saturation in an area where you have little data. (Exhibit L-9) Figure A10 from Davidson’s self-
affirmed statement illustrates the problem. By choosing the facies first in a field with limited data,
the petrophysicist has told the logs what the water saturation will be instead of letting the logs
speak for themselves. For example, looking at Exhibit L-9 (Figure A10) of Dr. Davidson, the
simple choice of Wackestone or Wackestone/Packestone for facies, results in the water saturation

8
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never being lower than about ninety-two percent. Likewise, if you choose Packestone then you
are limited to an Sw that maxes out in the sixties. To be clear, the use of facies to define water
saturation without local, field-specific calibration is not accepted practice. In fact, it gives you an
answer before much if any of the actual work that should be done. The testimony from Dr.
Davidson’s deposition clearly states that they did not look into uncertainty. For fields with limited
data such as this, decisions are controlled by the range of properties.

22. Oil saturation measured from core is naturally biased towards the lowest possible
oil saturation that could be seen in the reservoir. In other words, it is the minimum amount of oil
possible. The likelihood of the reservoir condition saturations being higher than the core measured
values is almost certain. Corrections of core oil saturation can vary. Future core must be taken in
the EMSU to ascertain what the correction should be to get to an accurate reservoir saturation.
However, the presence of reservoir oil in the core cannot be debated. The whole core photos
provided by Bob Lindsay show oil in the reservoir 