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Exhibit B-27

Structural cross section through EMSU showing low salinity (<10,000 ppm) edge water entry into 
west side of EMSU. Source of edge water is Goat Seep Aquifer down-dip 1.5 to 2 miles of the west 
unit boundary of EMSU. Edge water entry is due to a drop in reservoir pressure from production 
through time. Injection of produced high salinity saltwater into San Andres strata will be sucked up 
by the drop in reservoir pressure to form vertically-oriented plumes of water entry into the 
Grayburg reservoir. Produced water, being heavier than low salinity (<10,000 ppm) edge water, will 
eventually through time work its way down-dip to contaminate the Goat Seep Aquifer. 



Exhibit B-28

Upper cross section from EMSU unitization hearings. Lower cross section is 3-d seismic through the 
same area. These show down-dip Goat Seep Aquifer (left) connected with Grayburg reservoir in 
EMSU (middle). Up-dip is lateral stratigraphic trap (right) and overlying vertical seal in base of 
Queen Formation. 3-d seismic show down-dip Goat Seep Aquifer (left) attached to eroded edge of 
Grayburg. Red arrows outline Grayburg. San Andres underlies the Grayburg. Datum is Yates 
Sandstone.



Exhibit B-29

Upper and lower illustrations show down-dip eroded edge of Grayburg Formation, with Goat Seep 
Dolostone attached to Grayburg, Western Escarpment, Guadalupe Mountains.



Exhibit B-30

Detailed outcrop study of San Andres, Cherry Canyon, Grayburg, and Queen formations from 
Western Escarpment, Guadalupe Mountains up-dip into Brokeoff Mountains west of the Guadalupe 
Mountains. Down-dip of eroded Grayburg edge is Goat Seep Dolostone (pink-red) attached directly 
to Grayburg Formation. Guadalupe Mountains receive rain and occasional snow and recharge 
meteoric water into the subsurface through the Goat Seep to become a low salinity (<10,000 ppm) 
aquifer free of sulfate in the subsurface. From Rush and Rankey (2023).



Exhibit B-31

San Andres collapse breccia along U.S. Highway 82 near the foothills of the Sacramento Mountains, 
New Mexico. Meteoric recharge of low salinity (<10,000 ppm) water dissolved San Andres 
evaporite strata (CaSO4) and formed a cavernous porosity, which caused carbonate strata forming 
the cave roof to collapse. Dissolved evaporite strata (CaSO4) added sulfate (SO4) to low salinity 
(<10,000 ppm) meteoric water as it recharged farther into the subsurface.



Exhibit B-32

EMSU R.R. Bell #4 3958 ft (-407 ft) nonporous 
to porous, partially oil-stained strata 
containing solution-widened fractures. Core is 
75 ft beneath top of the San Andres. Porosity 
= 8.2%. Permeability = 50.4 mD. Oil saturation 
= 15.4%. Water saturation = 41.0%. Core 
width is 3 inches (7.62 cm). Left: Core is dry. 
Right: Core is wet. Well location is near 
southeast unit boundary of EMSU. Within 
EMSU near the up-dip pinch out of the 
reservoir porosity, permeability, and oil 
saturation decrease and eventually terminate.



Exhibit B-33

EMSU-679 San Andres swarm of vertical 
fractures. Some fractures are solution-widened 
and oil-stained, and some are simple hairline 
fractures. Fractures are in nonporous (tight) to 
porous strata along the edge of a solution 
pipe or sink hole. 
Core is 11 ft beneath top of the San Andres. 
Porosity = 11.4%. 
Permeability = 560 mD to 1,044 mD. 
Oil saturation = 14.5%. 
Water saturation = 35.4%. 
Note intense fracturing in less porous strata 
adjacent to porous, oil-stained, grain-rich 
strata that filled the solution pipe or sink hole. 
Left: core is dry. Right: core is wet. Laramide 
(Late Cretaceous-Early Cenozoic) reactivation 
of basement-cored fault blocks folded Permian 
strata and preferentially fractured less porous 
San Andres dolostone strata. Core width is 3 
inches (7.62 cm).



Exhibit B-34

EMSU-679 San Andres 4335 ft (-739 ft) with 
less porous (gray) to more porous (beige) 
strata, adjacent to solution-widened fractures 
that are partially calcite cemented. 
Core is 191 ft beneath top of San Andres. 
Left Figure: Core is dry. 
Right Figure: Core is wet. 
Core width is 3 inches (7.62 cm). 
Porosity = 3.7%. 
Permeability = 11 mD to 46 mD. 
Oil saturation (So) = 0.0%. 
Water saturation (Sw) = 88.3%. 
Note porosity zonation adjacent to fractures 
(beige color), while strata farther away from 
the fracture is less porous (gray). Initial 
solution-widening of fractures was via 
undersaturated fluid that extended away from 
fractures into surrounding matrix and was 
followed later by a calcite cementation event 
as fluid reached saturation.



Table B-1

EMSU-679 San Andres 
core analysis 4141-4170 ft 
(-545 to -574 ft). 

Green = oil saturation 
percentage (So).



Table B-2

EMSU-679 San Andres 
core analysis 4170-4196 ft 
(-574 to -600ft). 

Green = oil saturation 
percentage (So).



Table B-3

EMSU-679 San Andres 
core analysis 4196-4225 ft 
(-600 to -629 ft). 

Green = oil saturation 
percentage (So).



Table B-4

EMSU-679 San Andres 
core analysis 4225-4251 ft 
(-629 to -655 ft). 

Green = oil saturation 
percentage (So).



Table B-5

EMSU-679 San Andres 
core analysis 4251-4280 ft 
(-655 to -684 ft). 

Green = oil saturation 
percentage (So).



Table B-6

EMSU-679 San Andres 
core analysis 4280-4321 ft 
(-684 to -725 ft). 

Green = oil saturation 
percentage (So).



Table B-7

EMSU-679 San Andres 
core analysis 4321-4350 ft 
(-725 to -754 ft). 

Green = oil saturation 
percentage (So).



Table B-8

EMSU-679 San Andres 
core analysis 4350-4358 ft 
(-754 to -762 ft). 

Green = oil saturation 
percentage (So).

Oil to bottom of core 
@-762 ft



Table B-9

EMSU R.R. Bell #4 San 
Andres core analysis from 
3883 ft to 3969 ft (-332 ft 
to -418 ft) in the residual 
oil zone (ROZ). 

Green = Oil saturation 
percentage (So). 

Core analysis depths were 
off by 100 ft and were 
hand adjusted to their 
proper depth.



Table B-10

EMSU R.R. Bell #4 San 
Andres core analysis from 
3969 ft to 4006 ft (-418 ft 
to -455 ft) in the residual 
oil zone (ROZ) to the base 
of the cored interval. 

Green = Oil saturation 
percentage (So). 

Core analysis depths are 
off by 100 ft and were 
hand adjusted to their 
proper depth. 

Lovington Sandstone 
between�3973–3986�ft�
helped locate proper core 
depths.



Plate B-1 EMSU-679 basal Grayburg and upper San Andres well log, core description, 
and core photographs (Plain light and UV) showing porous oil-stained strata. 



Plate B-2 EMSU R.R. Bell #4 basal Queen, Grayburg, and upper San Andres well log, core 
description, and core photographs (Plain light and UV) showing oil-stained strata. 


