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SELF-AFFIRMED STATEMENT OF GALEN DILLEWYN

My name is Galen Dillewyn. I have been recognized as an expert in subsurface characterization 
with over 20 years of detailed petrophysical (log) analysis and saturation profile modeling work. I 
was awarded a Bachelor of Science degree in Chemical Engineering from Texas Tech University 
in May 2000. Since July 2009, I have worked as an engineer for NUTECH Energy Alliance in 
Houston, Texas, supporting geological, petrophysical, completion engineering and optimization, 
and reservoir engineering services. This includes but is not limited to exploration of new fields 
and plays and development of existing fields. 

In the present case, NUTECH analyzed the wireline logs on 10 wells. NUTECH was selected for 
this work from our technical approach to characterization and that we had previously done 8 wells 
in the field for XTO, the previous operator of the field. The only information provided by Empire 
Petroleum was the raw raster images of the data. NUTECH digitized the data for analysis.

The scope of analysis was to determine reservoir quality, porosity, permeability, and saturations. 
Table F-1 shows the depths analyzed and the input curves used for each analysis. For the current 
wells analyzed, only open hole data, data which is obtained at the time of drilling, was used. No 
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subsequent data was provided for analysis. In the case of Wells EMSU-142 and EMSU-614 a 
pulsed neutron tool was run before the analysis was completed and therefore the saturations take 
into account the more recent data. The pulsed neutron is a tool that can obtain data after the well 
has had pipe run on it and is cased off.

NUTECH utilizes an eight-step process for analysis as indicated in Exhibit F-1. This is known in 
the industry as our NULOOK analysis.  The NULOOK process is designed to remove analyst bias 
from the analysis process and let the wireline data tell the story of the subsurface. 

NUTECH utilized core data available in the area, including core results from the EMSU-679 and 
R.R. Bell #4 obtained by Chevron.  See Exhibit F-2.

Step 1 is to validate the data. As with any data provided not all data is of the same quality. Some 
of the wireline tools are run over decades and the quality of the tools is different, some boreholes 
are more rugous than others providing issues for the tools that require borehole contact for proper 
measurement. Also, different tools by different vendors are slightly different and are subject to 
calibration. NUTECH utilizes downhole calibrations to verify correct tool measurement and 
consistent tool readings.

Step 2 calculates the volume of shale utilizing multiple indicators such as resistivity, gamma ray, 
spontaneous potential, and neutron-density difference.

Step 3 is where the irreducible water in the porosity is calculated.

Step 4 using the irreducible porosity from Step 3 the amount of clay can be determined.

Step 5 calculates the lithology in a volumetric basis. A variety of methods depending on the input 
data available are used. The primary method is the photoelectric effect (PE) curve. If mudlogs are 
available with descriptions that will also be utilized in a qualitative manner.

Step 6 is where the effective porosity is determined. This result is the same as core measured 
porosity. Once this is determined the water saturation is also calculated. A modified Simandoux 
equation is used for water saturation.  See Exhibit F-3.

Step 7 has permeability calculated. In this instance a Timur Coates free fluid permeability equation 
is utilized.  See Exhibit F-4.

Step 8 is the ranking of pay using predetermined thresholds. Every log analyzed has the flag cutoffs 
and any other parameters used in the analysis listed in the log header.
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An example NULOOK interpretation is shown in Exhibit F-5.  The various curves are described 
below.

Track 1 – Correlation: This is the original log data and includes SP, Gamma Ray, and Caliper. 
GR which wraps is shaded with consecutively darker shading with each wrap.

Track 2 – Reservoir Quality Flags:

 A yellow flag appears when the thresholds for Vclay, free fluid, and Kmin are met.
 A dark-cyan flag appears when the free water is less than the set threshold for free water 

production.
 A black flag appears when the volume of hydrocarbon exceeds a set percentage of effective 

porosity.
 A green flag appears when the permeability exceeds a Kfair threshold.
 A red flag appears when the permeability exceeds a Kgood threshold.

Note: The permeability threshold values are determined by area, based on client information 
and experience. A light-cyan flag appears on the right of the track when free water exceeds the 
set threshold. For intervals where Shale Vision processing is utilized, a purple flag is displayed.

Track 3 – Depth & Miscellaneous: Pay Rating the quality of a zone from 1 to 3. The flags in Track 
2 determine the Risk Rating for the identified zones. Three flags are required for a # 3 rated zone. 
Four flags indicate a # 2 rating. Five flags indicate a # 1 rated zone. Numbers rated 1 are always 
recommended for completion. Zones rated 2 have lesser permeability and/or possible water 
production, and should be considered for completion. Zones rated 3 have low permeability and/or, 
are water producing, and are not usually recommended. An interval with fair permeability but low 
hydrocarbon volume is also rated 3. If perforations are available, they are displayed in this track.  
In addition, the SHALE FLAG (purple bar) is placed on this track indicating an unconventional 
zone with Shale Vision Analysis.  Lastly, any completion information (such as PERF or DST) 
present is flagged accordingly.

Track 4 – Miscellaneous: Line Tension, Caliper Flag, TOC and CORTOC are presented in this 
track.

Track 5 – Lithology: PHIE, BVI, BVW as well as Volumetric Carbonate (Lime, Dolomite, 
Anhydrite), Quartz (Sand, Silica), Heavy (Unconventional), and Clay (Computed & Core 
Volumes)  

Track 6 – Resistivity: Resistivity data provided by the customer (Shallow, Medium, Deep)

Track 7 – Porosity/PE: All porosity data (neutron, density, and sonic) provided by the customer. 
PE is presented in this track when available.  If curves are normalized or edited they are present.  
Porosity may be presented on a Limestone Matrix or Sandstone Matrix dependent on formation 
type and preference.

Track 8 – Supplemental Data: MicroLog curves, density correction and Mud Log data when 
available.
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Track 9 – NUSPEC™: This is a variable density display of the textural pore size distribution. The 
textural geometric mean (dashed curve) overlaid on the VDL is used in permeability calculation. 
This representation is similar to the bins produced in NMR log analysis.

Track 10 – Pore Size Distribution: The percentages of the various pores in the matrix are 
displayed. Clay content is brown, silt/small pores are tan, medium pores are yellow, and large 
pores are red. This representation is similar to the bins produced in NMR log analysis.

Track 11 – Volumetric Analysis: This track contains several curves:

 Water Saturation (Sw) is presented with a scale of 1 to -1, from left to right. With this 
representation for Sw, the left edge of the track corresponds to 100% water saturation and 
the center of the track corresponds to 0% water saturation.

 Effective porosity (PHIE) is presented as a red curve in decimal equivalent porosity units. 
It is scaled from 0.3 to 0 (or 0.6 to 0), and is presented across the full width of the track. 
Bulk Volume Water (BVW) is presented as a dark-cyan curve.

 Bulk Volume Irreducible (BVI) is the light-gray curve which is enhanced with dark-cyan 
shading. Free water is indicated with a light-cyan shading between BVW and BVI.

 The Free Fluid Volume is the difference between BVI and PHIE.

 The volume of hydrocarbons is indicated with black shading between PHIE and BVW.

Track 12 – Permeability: Permeability is presented in mili-Darcys with a color spectrum trending 
from blue to red as permeability increases. The scaling is determined from the values selected for 
risk ratings and depends on the basin/formation. For intervals where Shale Vision processing is 
utilized, the color spectrum is set to purple, indicating that SHALEPERM is being calculated in 
micro-Darcys.

Track 13 – “W” & In-Place: “W” is a varying textural parameter derived from irreducible water 
(BVI) and effective porosity (PHIE) that takes into account the “m” and “n” values in the saturation 
equation. ADSGAS (Adsorbed Gas), TOTGAS(Total gas) are presented in this track or Oil-In-
Place based on hydrocarbon type or preference

Track 14 – Comments: Petrophysical Analyst comments on an identified zone.

Track 15 – Code: This coding provides a quick reference for the zone ratings. (See description for 
Track 2.) Intervals with Five flags have a code coloring of red intervals with Four flags have a 
code coloring of green, which intervals with Three flags have a code coloring of blue.

Track 16 – Fracture Track: Fracture Density Flags. 

Track 17– Fracture Track:  Gray flag to identify FIV zone and comments.

Track 18 – Fracture Track:  Cumulative Fracture Height.  
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The two formations analyzed at Eunice Monument were the Grayburg and the San Andres. An 
example of the work is in Exhibit F-6. For EMSU-673.  The Resistivity of the Water (RW) used 
was 0.4 ohm @ 75 degF. This was balanced in the reservoir above the Grayburg and in the 
evaporite sequence above that. The San Andres and Grayburg are primarily a dolomitic rock with 
some interspersed limestones. Both formations show evidence of hydrocarbon saturation. The 
work done on the 2 wells with pulsed neutron data shows that hydrocarbon sweep has occurred in 
areas where the waterflood is active but that the sweep has not been 100% effective with intervals 
of no sweep having occurred. The curves presented on each track are labeled on Exhibit F-5 and 
described on pages 3 and 4.  Of the 10 wells, 7 covered substantial portions of the San Andres 
interval and in each of the seven wells there is evidence of hydrocarbon saturation in the San 
Andres as shown in Exhibit F-7. In the Exhibit the water saturation reaches as low as 20% 
indicating a hydrocarbon saturation of 80%. The oil saturation varies from 80% down to 40% 
wherever porosity develops in the reservoir. 

The San Andres formation generally is made up of three characteristics that are commonly broken 
into three parts. The upper portion of the reservoir is generally where the porosity develops and 
has been the conventional target of large fields such as Slaughter field in Cochran County, Texas 
and Wasson Field in Yoakum County, Texas. Below the porosity section is generally a zone of 
increasing water saturation that shows both moveable hydrocarbon and moveable water. Below 
this zone is the third zone known as the residual oil zone, or ROZ. This is an area with extremely 
high water saturation that some operators such as Steward Energy have been successful in 
producing hydrocarbon from.
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SELF-AFFIRMED STATEMENT OF JOSEPH A. McSHANE

1. My name is Joseph McShane. I am over eighteen years of age, have personal 
knowledge of the matters addressed herein, and am competent to provide this Self-Affirmed 
Statement. I have not previously testified before the New Mexico Oil Conservation Division 
(“Division”). 

2. I obtained a Bachelor of Science degree in Geology from Stephen F. Austin State 
University in August 2001. Since August 2001, I have worked as a petroleum geologist for 
multiple companies including Chesapeake Energy, Petrohawk Energy, Halcon Resources, Ajax 
Resources and now Empire Petroleum focused on the characterization, management and 
development of conventional and unconventional oil and gas assets across multiple geologic basins 
including the Central Basin Platform and Northwest Shelf in the Permian Basin. In addition to 
three years of post-graduate work at Stephen F. Austin State University starting in 2005, I have 
overseen drilling programs, developed pilot proposals for new secondary/tertiary floods, 
characterized residual oil zones within the San Andres formation across the Permian Basin, and 
assisted in modeling of carbonate ramp systems. A substantial portion of my work responsibility 
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involves field level geologic characterization, mapping and well log interpretation in addition to 
well and development planning. A copy of my resume is attached. 

3. In the present case, I performed a geologic review and study of the unitized interval 
at the Eunice Monument South Unit (“EMSU”) consisting of the Grayburg and San Andres. 

4. As a part of my study on this matter, I have prepared the following exhibits:

• Geologic Overview of the EMSU
• Cross-sections including the proposed Goodnight SWD wells and active wells showing 

Empire’s unitized interval 
• Top of Grayburg and San Andres structure maps 
• A representative sampling of seven wells across the EMSU analyzed by Nutech 

indicating the presence of hydrocarbons within the San Andres reservoir
• Confirmation of EMSU 200H Well being completed in the Grayburg 
• Cross-section detailing lateral variability within Grayburg and San Andres 

 
A. Geologic Overview of the Grayburg and San Andres

5. The Grayburg formation underlying the EMSU is a mixed carbonate-siliciclastic 
composite sequence, with porous to non-porous ramp dolostones and interbedded less porous 
dolomitic sandstones. The Grayburg was deposited in a distally steepened carbonate ramp setting 
containing inner ramp, ramp crest shoal, and middle ramp facies. The San Andres was deposited 
in an open marine setting as part of a carbonate ramp setting as well and consists of middle ramp 
and ramp crest facies. The San Andres also has evidence of subaerial exposure with collapse 
breccias infilling solution enhanced karst features. The trap at EMSU is structural and stratigraphic 
in nature with an anticlinal closure on the west, north and south and then stratigraphic to the east 
where the porous dolograinstones are sealed up-dip by the inner ramp back shoal facies. In essence, 
the dip angle of the Grayburg and San Andres increases to 3-5 degrees on the west side of the 
EMSU creating the down-dip limit of the reservoir and up-dip on the eastern side the porosity 
degrades as a function of the depositional system. 

B. Unitized Interval at EMSU 

6. Exhibit G-1(a-c) consists of a map displaying the EMSU with a Subsea San Andres 
structure map. The map depicts all wells that penetrate the San Andres formation, Goodnight’s 
active SWD wells and proposed SWDs, and the location of two cross-sections. The two cross-
sections detail the unitized interval that was defined in the Commission’s order approving the 
EMSU, which stated: “The Unitized Interval shall include the formations from a lower limit 
defined by the base of the San Andres formation to an upper limit defined by the top of the 
Grayburg formation or a -100 foot subsea datum, whichever is higher.” The first cross-section 
depicts Empire’s wells within the unit completed in the Grayburg-San Andres reservoir alongside 
Goodnight’s active SWD wells and demonstrates that their perforated interval lies within Empire’s 
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unitized formation. The second cross-section details the same unitized interval with the pending 
SWD applications displayed on the NW-SE line through EMSU. 

C. Subsea Structure maps for Grayburg and San Andres Reservoirs

7. Exhibit G-2(a) and (b) is a Grayburg Subsea Structure Map made from the top of 
Empire’s unitized interval. The contour interval is 100’ with the producing oil-water-contact 
(POWC) FWL marked at -350’. The map shows a NW-SE strike with dip to the SW. There are no 
major faults present in the Grayburg section at EMSU. The geologic setting of EMSU is key in 
characterizing the stratigraphic framework and corresponding structure. The western edge of 
EMSU experiences a much steeper dip at around 3-4° compared to ≤2° on the eastern edge of the 
unit. Deep-seated structures moved during the Laramide orogenic event, causing deformation and 
leading to the current asymmetric anticline. 

8. The San Andres Subsea Structure Map is made from the base of Grayburg/top San 
Andres exposure surface that is characteristic of the top G9 (Sequence Stratigraphic top of San 
Andres) regionally. The contour interval is 100’ with the lowest known oil from core marked at -
750’ for reference. The map shows a strike similar to the Grayburg at NW-SE with a SW dip.

D. Log Analysis by Nutech Showcasing Hydrocarbon Presence in San Andres 

9. Exhibit G-3(a-j) identifies wells across the entire Eunice Monument South Unit 
that were chosen for detailed open hole (“OH”) log analysis to evaluate the presence of 
hydrocarbons in the San Andres reservoir. This exhibit contains a base map detailing the location 
of the 7 analyzed wells, 4 of which were recently evaluated using 2005 vintage OH triple combo 
logs. All 7 of the wells, EMSU 628, 660, 713, 746, 673, 658, and Ryno 1 SWD wells, indicate the 
presence of hydrocarbons in the San Andres reservoir. The analysis uses a standard Simandoux 
equation approach with an m & n that fits with San Andres intervals across the Permian. For all of 
the Nutech logs analyzed; the far left track contains Gamma Ray and Caliper; Track 2 contains an 
array of Reservoir Quality Pay Flags using a range of different parameters including the free fluid 
flag, free hydrocarbon flag, low water flag, fair permeability flag, good permeability flag, 
resistivity mineral flag, permeability mineral flag, gas mineral flag, and porosity mineral flag; 
Track 3 is Depth; Track 4 contains Resistivity; Track 5 contains Neutron, Sonic and Density 
Porosity; Track 6 contains Density Correction; Track 7 contains Clay Volume Indicator; Track 8 
contains the Lithology Track; Track 9 contains Bulk Volume Water, Bulk Volume Irreducible, 
Water Saturation and Effective Porosity; Track 10 is calculated Permeability; Track 11 contains 
calculated Oil in Place per 640 acre section (“OIP/sec”) and Track 12 contains an estimation of 
fracture density.

10. The EMSU 658 well covers approximately 400’ of the San Andres formation and 
has multiple packages of pay identified and estimated OIP of 60.9 MMBO/640-acre section. The 
EMSU 673 well had a Triple Combo (TCOM) OH log run in 2005 covering approximately 400’ 
of the San Andres reservoir with 75-100’ of hydrocarbons present and an estimated OIP of 
61.1MMBO/sec. The next well in the exhibit is EMSU 713 which had an TCOM OH log run in 
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2005 covering approximately200’of the San Andres reservoir. From the log analysis we can see 
approximately 40’ of hydrocarbons present and an estimated OIP of 13.6MMBO/sec. The next 
well, EMSU 660 had a TCOM OH log from 2005 that was analyzed over approximately 400’ of 
the San Andres reservoir and shows ~170’ of hydrocarbons present with an estimated OIP of 98.1 
MMBO/sec. The next well, EMSU 746 had a TCOM OH log run in 2005 that covers the entire 
unitized interval and all approximately 1000’ of the San Andres. The analysis shows over 200’ of 
hydrocarbons with an OIP of 174.5 MMBO/sec. Moving to the next well, the Ryno 1, one of 
Goodnight’s SWD wells that is currently disposing water into the San Andres, part of Empire’s 
unitized formation that again shows presence of hydrocarbons in the log analysis. This well is near 
the down-dip most portion of EMSU and has approximately 150’ of pay identified with an 
estimated OIP of 91.5 MMBO/sec. The final well in the exhibit is the EMSU 628 which again had 
a modern TCOM OH log from 2005 that was analyzed over greater than 500’ of the San Andres 
reservoir. The Simandoux calculation indicates greater than 250’ of hydrocarbons present within 
the San Andres with an estimated OIP of 89.4 MMBO/sec. 

E. Proof of Residual Oil Zone within the San Andres Reservoir

11. Exhibit G-4 contains a mudlog that was run on EMSU 660 during drilling that 
indicates the presence of hydrocarbons. The description across 150’ of the San Andres shows good 
to dull yellow fluorescence with regions of good cut and strong gas shows. The characteristics 
present in this mudlog align well with other San Andres residual oil zones actively being CO2 
flooded across the Permian Basin, including the Hobbs Unit to the northeast of EMSU. It is typical 
for mudlogs and well logs within the San Andres Residual Oil Zone to show hydrocarbon presence, 
but then drill stem tests (DSTs) and production will test 100% water. This occurs because during 
the Late Cretaceous, there was a regional uplift to the west, causing hydrodynamic flushing with 
meteoric waters low in salinity, high in sulfate that resulted in the San Andres being left in an 
imbibition state at residual oil saturations that can only be moved utilizing tertiary recovery 
methods.

F. Geochemical Evidence of a Residual Oil Zone in the San Andres

12. Exhibit G-5 is a geochemical analysis from EMSU 679 where the ratio of immobile 
to mobile oil is calculated utilizing the saturates versus aromatic compounds present and then a 
percentage aromatics versus depth plot is shown. Literature states that a Residual Oil Zone will 
characteristically contain a lower percentage of aromatic compounds due to the hydrodynamic 
flushing of meteoric waters in the Late Cretaceous1. 

G. EMSU 200H Landing Zone

13. Exhibit G-6 is cross-section displaying the EMSU 200H and associated landing 
zone accompanied by a location map. There is also a directional well view showing that the 
horizontal did indeed land in the Grayburg reservoir. Therefore, no production can be allocated to 
the San Andres. This is important, as an incorrect statement was made in the previous hearing for 

1 Aleidan, “Residual-Oil Zone: Paleo-Oil Characterization and Fundamental Analysis”, SPE Res Eval & Eng, 
20(02), (2016), Paper Number: SPE-179545-PA.



 

 

the Piazza well that we had in fact produced oil on primary from the EMSU 200H, but it is a 
producing Grayburg well. 

H. Geologic Barrier between Grayburg and San Andres Reservoirs 

14. Exhibit G-7(a, b) contains two different cross-sections that look at the Grayburg 
and San Andres reservoir sections across the EMSU. The cross-sections show the Grayburg-San 
Andres reservoir section. The blue highlighting shows a dolostone package capped by collapse 
breccia features just beneath the unconformity surface and Premier Sandstone within the Grayburg. 
The highlighting is included to show that while not ubiquitous across all of the EMSU, reservoir 
quality rock with greater than 10% porosity exists just below the Grayburg with varying 
thicknesses of tight anhydrite layers at the top of San Andres. Near the crest of the structure this 
reservoir rock is commonly capped by collapse breccias containing fractures that act as fluid 
conduits.  Included in this cross-section is a core description from the EMSU 679 well detailing 
the collapse breccia features right at the top San Andres near the unconformity, which are known 
to contain fractures of varying heights and occurrence. There has been extensive work done both 
in outcrop and in core that shows the presence of dissolution features and fractures near the top 
San Andres. Also, during the Laramide orogenic event the basinal structural blocks were still 
shifting and adjusting causing a double-humped asymmetric anticline to form resulting in flexures 
and fractures. The fractures happen throughout the field but are more prevalent near the crest of 
the structure where historically the large plumes of San Andres water were seen. The crest of the 
structure is where Goodnight’s current proposed salt-water disposal wells are planned, increasing 
the risk of contaminating Empire’s San Andres residual oil zone and communicating with our 
Grayburg operations.     

 I. Conclusions and Recommendations 

 15. Based on the above analysis and data, it is indisputable that the San Andres 
formation within the EMSU contains a Residual Oil Zone that can be developed with enhanced oil 
recovery methodologies such as CO2 injection. As a result, Goodnight’s proposal to inject 
produced water into the San Andres formation would result in the waste of hydrocarbons and 
thereby violate Empire’s correlative rights.  

 16. The attached Exhibits were either prepared by me or under my supervision or were 
compiled from company business records. 
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