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December 4, 2018 

New Mexico Energy, Minerals, and Natural Resources Department 
Oil Conservation Division District IV 
1220 South St. Francis Drive 
Santa Fe, New Mexico 87505 
(505) 476-3440 

RE: PATRIOT SWD NO. 1 AUTHORIZATION TO INJECT 
UPDATED 1-MILE AOR and NOTICE PARTY DETERMINATION 
NGL WATER SOLUTIONS PERMIAN, LLC 

Dear Mr. Goetze: 

The proposed Patriot SWD No. 1 well location has been relocated from Unit D (L1) to Unit E 
(L2) within Section 31-T24S-R34E to accommodate the operations of an offset oil and gas 
operator. The new location is shown in the attached C-102.  

The 1-Mile AOR evaluated for offset wellbores penetrating the injection formation and to 
determine notice parties as part of the C-108 Application has been updated for the new 
location. The revised maps and list are attached. Relocation of the proposed wellbore did 
not result in any material changes in the AOR.  

Any questions can be directed towards NGL Water Solutions Permian, LLC’s agent Lonquist 
& Co., LLC. 

Regards, 

Christopher B. Weyand 
Staff Engineer 
Lonquist & Co., LLC 

(512) 600-1764 
chris@lonquist.com 

EXHIBIT 2
NGL Water / Patriot Well
Case No. 16508 
January 10, 2018 Hearing
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NGL Water Solutions Permian, LLC

PCS: NAD 1983 SPCS NM-E FIPS 3001 (US Ft.)

Patriot SWD No. 1

Lea Co., NM
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Patriot SWD No. 1

1 Mile Area of Review List

API (30-025-…) WELL NAME WELL TYPE STATUS OPERATOR TVD (FT.) LATITUDE (NAD83 DD) LONGITUDE (NAD83 DD) DATE DRILLED

08378 PRE-ONGARD WELL #001 O P PRE-ONGARD WELL OPERATOR 5,348 32.17949300 -103.51959230 10/8/1959

24824 PRE-ONGARD WELL #001 O P PRE-ONGARD WELL OPERATOR 5,340 32.17948910 -103.51542660 1/1/1900

28643 DILLION 31 #001 G P EOG RESOURCES INC 15,275 32.17250440 -103.50254060 12/31/9999

28873 VACA RIDGE 30 FEDERAL #001 S A EOG RESOURCES INC 15,505 32.18674850 -103.51106260 9/12/1984

29000 DIAMOND 31 FEDERAL SWD #001 S A EOG RESOURCES INC 15,360 32.17223360 -103.51106260 10/15/1984

29086 DIAMOND SM-36 STATE #001H O A EOG RESOURCES INC 12,467 32.17223740 -103.51959230 1/2/1985

29141 RED RAIDER BKS STATE #001 O A COG OPERATING LLC 15,360 32.18675610 -103.52386470 3/29/1985

29210 PRE-ONGARD WELL #001 O P PRE-ONGARD WELL OPERATOR 15,480 32.18674850 -103.50682070 1/1/1900

31798 DIAMOND SM-36 STATE #002 G P EOG RESOURCES INC 14,032 32.16952130 -103.52815250 12/29/1992

39560 FALCON 25 FEDERAL #001 O A EOG RESOURCES INC 9,444 32.19492720 -103.52741240 11/30/2009

39716 RED RAIDER BKS STATE #002H O A COG OPERATING LLC 9,455 32.19492340 -103.52451320 4/1/2010

39717 RED RAIDER BKS STATE #003C O C EOG Y RESOURCES, INC. 0 32.18221724 -103.51873867 12/31/9999

40484 DIAMOND 31 FEDERAL COM #002 O A EOG RESOURCES INC 9,504 32.18116760 -103.51607510 1/3/2013

40485 DIAMOND 31 FEDERAL COM #003H O A EOG RESOURCES INC 9,505 32.18028640 -103.51322940 12/22/2012

40486 DIAMOND 31 FEDERAL COM #004H O A EOG RESOURCES INC 9,744 32.18053440 -103.51039120 12/8/2012

40492 DILLON 31 FEDERAL COM #002C O C EOG RESOURCES INC 0 32.18058780 -103.50807190 12/31/9999

40493 DILLON 31 FEDERAL COM #003C O C EOG RESOURCES INC 0 32.17967990 -103.50464630 12/31/9999

40494 DILLON 31 FEDERAL COM #004C O C EOG RESOURCES INC 0 32.18061450 -103.50180050 12/31/9999

40735 RED RAIDER BKS STATE #003C O C EOG Y RESOURCES, INC. 0 32.18220898 -103.51872893 12/31/9999

40817 VANGUARD 30 STATE COM #001H O A EOG RESOURCES INC 9,296 32.18190770 -103.51476290 11/29/2012

40923 DRAGON 36 STATE #001C O C EOG RESOURCES INC 0 32.16740800 -103.53277590 12/31/9999

40924 DRAGON 36 STATE #002C O C EOG RESOURCES INC 0 32.16740800 -103.53267670 12/31/9999

40925 DRAGON 36 STATE #003H O A EOG RESOURCES INC 9,464 32.16740420 -103.52819820 12/24/2014

40926 DRAGON 36 STATE #004H O A EOG RESOURCES INC 9,460 32.16740420 -103.52809910 1/8/2015

40927 DRAGON 36 STATE #005H O A EOG RESOURCES INC 9,426 32.16740040 -103.52391050 3/16/2014

40928 DRAGON 36 STATE #006H O A EOG RESOURCES INC 9,422 32.16740040 -103.52381130 4/3/2014

40929 DRAGON 36 STATE #007H O A EOG RESOURCES INC 9,417 32.16739650 -103.51976780 3/28/2014

40930 DRAGON 36 STATE #008H O A EOG RESOURCES INC 9,425 32.16739650 -103.51967620 4/15/2014

41308 DILLON 31 #001H O A EOG RESOURCES INC 9,468 32.16739270 -103.50627140 10/23/2013

41309 DILLON 31 #002H O A EOG RESOURCES INC 9,441 32.16739270 -103.50617220 11/12/2013

41310 DILLON 31 #003H O A EOG RESOURCES INC 9,451 32.16739270 -103.50607300 12/7/2013

41311 DILLON 31 #004C O C EOG RESOURCES INC 0 32.16738890 -103.50237270 12/31/9999

41312 DILLON 31 #005C O C EOG RESOURCES INC 0 32.16738890 -103.50227360 12/31/9999

41418 FALCON 25 FEDERAL #002H O A EOG RESOURCES INC 9,730 32.18201070 -103.53115840 2/18/2014

41419 HAWK 25 FEDERAL #002H O A EOG RESOURCES INC 9,453 32.18201070 -103.53125760 1/30/2014

41464 DRAGON 36 STATE #010H O N EOG RESOURCES INC 0 32.16740420 -103.52660370 12/26/2014

41465 DRAGON 36 STATE #009H O A EOG RESOURCES INC 9,460 32.16740420 -103.52670290 12/11/2014

41494 HAWK 25 FEDERAL #001H O A EOG RESOURCES INC 9,453 32.18201070 -103.53135680 1/8/2014

41615 DRAGON 36 STATE SWD #011 S A EOG RESOURCES INC 7,850 32.17934040 -103.52886960 6/10/2014

42203 DRAGON 36 STATE #012C O C EOG RESOURCES INC 0 32.16740411 -103.53286202 12/31/9999

42282 RED RAIDER BKS STATE #003C O C COG OPERATING LLC 0 32.18185402 -103.52046662 12/31/9999

42314 RED RAIDER BKS STATE #004C O C EOG Y RESOURCES, INC. 0 32.18185416 -103.52056406 12/31/9999

42316 DRAGON 36 STATE #701H O A EOG RESOURCES INC 12,557 32.17972025 -103.52408038 1/14/2015

42317 DRAGON 36 STATE #702H O A EOG RESOURCES INC 12,562 32.17972038 -103.52417780 2/8/2015

42432 DILLON 31 #501C O C EOG RESOURCES INC 0 32.16771813 -103.50843409 12/31/9999

42433 DILLON 31 #502H O C EOG RESOURCES INC 0 32.16740911 -103.50420220 12/31/9999

Patriot SWD No. 1 - 1 Mile Area of Review List

NM-OCD (2018)



Patriot SWD No. 1

1 Mile Area of Review List

42434 DILLON 31 #701C O C EOG RESOURCES INC 0 32.16780059 -103.50843415 12/31/9999

42435 DILLON 31 #702C O C EOG RESOURCES INC 0 32.16740921 -103.50429962 12/31/9999

42500 DRAGON 36 STATE #501H O A EOG RESOURCES INC 11,168 32.17978200 -103.52110920 4/23/2015

42501 DRAGON 36 STATE #502H O A EOG RESOURCES INC 11,189 32.17978220 -103.52120620 5/11/2015

42655 DRAGON 36 STATE #706H O A EOG RESOURCES INC 15,200 32.16742036 -103.53301740 7/12/2015

42656 DRAGON 36 STATE #703H O A EOG RESOURCES INC 12,475 32.16860013 -103.52907576 7/26/2015

42657 DRAGON 36 STATE #704H O A EOG RESOURCES INC 12,500 32.16860020 -103.52917319 8/19/2015

42658 DRAGON 36 STATE #705H O A EOG RESOURCES INC 12,495 32.16741996 -103.53292130 8/7/2015

42758 RED RAIDER BKS STATE #005H O A COG OPERATING LLC 9,331 32.18198970 -103.51857200 9/21/2015

42992 RED RAIDER BKS STATE #004H O A COG OPERATING LLC 9,342 32.18199740 -103.52283770 1/21/2017

43715 DRAGON 36 STATE #707H O A EOG RESOURCES INC 12,309 32.16732330 -103.52149010 7/19/2017

43716 DRAGON 36 STATE #708H O A EOG RESOURCES INC 12,329 32.16732330 -103.52137700 8/12/2017

44446 RED RAIDER 25 STATE #701H O A EOG RESOURCES INC 12,316 32.18191450 -103.52030290 3/14/2018

44447 RED RAIDER 25 STATE #702H O N EOG RESOURCES INC 0 32.18190530 -103.52040910 3/11/2018

44448 RED RAIDER 25 STATE COM #703H O N EOG RESOURCES INC 0 32.18189600 -103.52051500 12/31/9999

44624 DRAGON 36 STATE #301H O N EOG RESOURCES INC 0 32.16875170 -103.51967830 8/4/2018

44625 DRAGON 36 STATE #302H O N EOG RESOURCES INC 0 32.16875180 -103.51978430 8/6/2018

44757 DIAMOND 31 FEDERAL COM #701H O N EOG RESOURCES INC 0 32.16849660 -103.51548430 6/11/2018

44758 DIAMOND 31 FEDERAL COM #702H O N EOG RESOURCES INC 0 32.16849660 -103.51537120 6/12/2018

44759 DIAMOND 31 FEDERAL COM #703H O N EOG RESOURCES INC 0 32.16849660 -103.51525810 12/31/9999

44760 DIAMOND 31 FEDERAL COM #704H O N EOG RESOURCES INC 0 32.16880600 -103.51284250 6/19/2018

44761 DIAMOND 31 FEDERAL COM #705H O N EOG RESOURCES INC 0 32.16880600 -103.51272940 6/21/2018

45055 DIAMOND 31 FEDERAL COM #707H O N EOG RESOURCES INC 0 32.16762020 -103.51015250 12/31/9999

45056 DIAMOND 31 FEDERAL COM #706H O N EOG RESOURCES INC 0 32.16762020 -103.51025910 12/31/9999

45060 RED RAIDER 25 STATE #704H O N EOG RESOURCES INC 0 32.18208400 -103.52471840 12/31/9999

45061 RED RAIDER 25 STATE #705H O N EOG RESOURCES INC 0 32.18158930 -103.52498210 12/31/9999

Patriot SWD No. 1 - 1 Mile Area of Review List

NM-OCD (2018)
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STATE OF NEW MEXICO 
DEPARTMENT OF ENERGY, MINERALS AND NATURAL RESOURCES 

OIL CONSERVATION DIVISION 

APPLICATION OF NGL WATER SOLUTIONS  
PERMIAN, LLC TO APPROVE SALT WATER  
DISPOSAL WELL IN LEA COUNTY, NEW MEXICO 

Case No. 16508 

AFFIDAVIT OF SCOTT J. WILSON 

STATE OF COLORADO  ) 
) ss. 

COUNTY OF DENVER ) 

I, Scott J. Wilson, make the following affidavit based upon my own personal knowledge:  

1. I am over the age of eighteen (18) years of age and am otherwise competent to make

the statements contained herein. 

2. I am the Senior Vice President for Ryder Scott Company in Denver, Colorado.  My

responsibilities at Ryder Scott Company include the performance of reserve appraisals, technical 

evaluations, and reservoir analysis. 

3. I have obtained a bachelor’s degree in petroleum engineering from the Colorado

School of Mines, and a master’s degree in business from the University of Colorado.  I have 

worked as a petroleum engineer since 1983. 

4. I am familiar with the application that NGL Water Solutions Permian, LLC

(“NGL”) has filed in this matter, and I have conducted a nodal analysis and reservoir study related 

to the area which is the subject matter of the applications.  Copies of my study are attached hereto 

as Exhibit A. 

5. NGL seeks an order approving the Patriot SWD #1 well (“Patriot well”), a salt

water disposal well. 
EXHIBIT 3
NGL Water / Patriot Well
Case No. 16508 
January 10, 2018 Hearing
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6. The Patriot well is not located closer than approximately 1½ mile from other

disposal wells, approved for injection into the Devonian, Silurian, Fusselman and Montoya 

formations. 

7. The approved injection zone for the Patriot well is located below the base of the

Woodford Shale formation and above the Ordovician formation, which consists of significant shale 

deposits. 

8. The Patriot well will primarily be injecting fluids into the Wristen Group and

Fusselman formation, with some fluids potentially being injected into the Upper Montoya Group.  

Each of these sub-formations or zones is located within what is commonly referred to by operators 

and the Division as the “Devonian Silurian” formations.  These zones consist of a very thick 

sequence of limestone and dolostone which has a significant primary and secondary porosity and 

permeability that is collectively between 800 to 1,800 feet thick. 

9. I have reviewed step rate tests for similar disposal wells drilled within the area and

conducted a nodal analysis.  It is my opinion that a large percentage of surface pressure it was 

encountering using smaller diameter tubing was a result of friction pressure.  In Case No. 15720, 

evidence was presented to the Division showing that up to 85% of this surface pressure was due 

to friction.  Increasing the tubing size would reduce friction and would conserve pump horsepower, 

fuel, and reduce emissions 

10. My nodal analysis indicates that increasing the tubing size to 7” by 5 ½” would not

significantly increase reservoir pressures over a twenty-year time period. The injection zone is 

located within a reservoir with significant thickness which consists of high permeability rocks, 

which results in only very small pressure increases even when injection is increased to a rate of 

40,000 barrels per day over a 20 year period. 
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11. It is my opinion that increasing the tubing size will not cause fractures in the

formation.  Wellhead pressures are set at a maximum that is below the formation fracture pressure 

and, as a result, it is impossible to get above the formation fracture pressure while honoring 

wellhead pressure constraints. Consequently, it is highly unlikely that increasing the tubing size in 

the Patriot well would result in fractures to the formation. 

12. I have also studied the potential impact on pore pressures and put together a

simulation of the radial influence that the Patriot well would have if larger tubing is used for a 

period of time. A copy of this study is included within Exhibit A to this affidavit. This study shows 

that it is anticipated that there will be a minimal impact on reservoir pressures and that the majority 

of fluids will not travel greater than 1 mile in 20 years. 

13. My studies further indicate that additional injection wells located one mile away

from the Patriot well, will not create any materially adverse pressures in the formation. 

14. Exhibit A to this Affidavit was prepared by me, or compiled from NGL’s company

business records. 

15. The granting of this Application is in the interests of conservation, the prevention

of waste, and the protection of correlative rights.  

16. I attest that the information provided herein is correct and complete to the best of

my knowledge and belief. 

FURTHER AFFIANT SAYETH NAUGHT 

[signature page follows] 
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.2 psi/ft * 13,275 ft = 2,655 psia

2655 + .45 psi/ft * 13,275 ft = 8,629 psi

NGL Water Solutions, LLC 
Increasing tubing size will decrease friction losses and conserve horsepower
2 example tubing sizes and their impact on friction losses



NGL Water Solutions, LLC 
Terrain is level and infrastructure is plentiful.



Wells injecting water into the Devonian formation in the area. 
Area is roughly 30 miles (E-W) by 20 miles (N-S)

Existing well data source: DI Desktop

NGL Water Solutions, LLC 

Green markers are NGL Wells.



NGL Water Solutions, LLC 
Sil/Dev Thickness increases from NW to E-SE



NGL Water Solutions, LLC 
Sil/Dev structure dips from NW to SE



Reservoir Simulation grid incorporates the NGL proposed wells and the close offsets.
Observation wells are placed in grid corners to monitor the large scale pressure distribution.

NGL Water Solutions, LLC 
Simulation Grid matches Structure and Thickness



NGL Water Solutions, LLC 
3D view of grid shows Structural Relief.  

Thickness is accurate but not easy to see at this aspect ratio.



NGL Water Solutions, LLC
Light Blue color to the North East represents the thickest Sil/Dev.



NGL Water Solutions, LLC
Initial pressure is equilibrated by the model based on 
grid cell depth, fluids(water) and capillary pressure.



NGL Water Solutions, LLC
Pressure at 20 years is affected by original pressure, injected 
volumes, and the ability of the reservoir to dissipate pressure.



NGL Water Solutions, LLC
Large scale saturation profiles after 20 years of injection.

In-situ water is dark blue
injected water is light blue
Red and green cells are mixed/transition 



NGL Water Solutions, LLC
Detailed saturation profiles after 20 years of injection.

In-situ water is dark blue
injected water is light blue
Red and green cells are mixed/transition 



NGL Water Solutions, LLC
Simulation predictions for individual wells over time

Observation well pressure 
changes are not noticeable.

Injection well BH pressures 
remain below Frac pressures



Injection well rates are stable until max 
injection pressures are reached on Striker 
and Alpha wells (zone is thinner there).
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NGL Water Solutions, LLC
Simulation predictions for individual wells over time
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EXHIBIT 4
NGL Water / Patriot Well
Case No. 16508 
January 10, 2018 Hearing
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STATE OF NEW MEXICO 
DEPARTMENT OF ENERGY, MINERALS AND NATURAL RESOURCES 

OIL CONSERVATION DIVISION 

APPLICATION OF NGL WATER SOLUTIONS  
PERMIAN, LLC TO APPROVE SALT WATER  
DISPOSAL WELL IN LEA COUNTY, NEW MEXICO  

Case No. 16508 

AFFIDAVIT OF DR. STEVEN TAYLOR 

STATE OF NEW MEXICO ) 
) ss. 

COUNTY OF BERNALILLO ) 

I, Dr. Steven Taylor, make the following affidavit based upon my own personal 

knowledge. 

1. I am over eighteen (18) years of age and am otherwise competent to make the

statements contained herein.  

2. I have worked at the Los Alamos National Labs from 1991 to 2006.  I currently

am the secretary of GeoEnergy Monitoring Systems, Inc., a company that builds and conducts 

seismic monitoring.    

3. I have obtained a Bachelor of Science degree in geology at Ohio University

(1975) and a Ph.D. in Geophysics at the Massachusetts Institute of Technology (1980).  

4. I am familiar with the application that NGL Water Solutions Permian, LLC

(“NGL”) has filed in this matter and I have conducted a study related to the area which is the 

subject matter of the application. 

5. NGL seeks an order approving the Patriot SWD #1 well (”Patriot well”), a salt

water disposal well. 

EXHIBIT 5
NGL Water / Patriot Well
Case No. 16508 
January 10, 2018 Hearing
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6. In its applications, NGL requests approval to use larger diameter tubing in the 

Patriot well, which is 7” by 5½”. 

7. The Patriot well will not be located closer than approximately 1 mile from other 

disposal wells approved for injection into the Devonian and Silurian formations.   

8. The approved injection zone for the Patriot well is located below the base of the 

Woodford Shale formation and above the Ordovician formation, which consists of significant 

shale deposits. 

9. The Patriot well will primarily be injecting fluids into the Wristen Group and 

Fusselman Formation, with some fluids potentially being injected into the Upper Montoya 

Group.  Each of these sub-formations or zones are located within what is commonly referred to 

by operators and the Division as the “Devonian and Silurian” formation.  These zones consist of 

a very thick sequence of limestone and dolostone which has significant primary and secondary 

porosity and permeability that is collectively between 1,500 to 3,000 feet thick. 

10. The closest known fault line is located approximately 2 to 20 miles away from 

where the Patriot well is located. 

11. I have studied seismic catalogs, unpublished catalogs and USGS catalogs for the 

time period of 2010–2017.  Attached as Exhibit A is a copy of my study.  My study concludes 

that there is very little seismic activity in the areas where the Patriot well is located. 

12. I have also reviewed information provided by FTI Platt Sparks involving several 

different fault slip probability analysis conducted, using a tool created by Stanford University.  

These fault slip potential models showed low probability of slip or earthquakes to known 

mapped faults located closest to the Patriot well.  A copy of the studies are attached hereto as 

Exhibit B. 
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13. The Exhibits to this Affidavit was prepared by me, or were compiled from NGL’s 

company business records. 

14. The granting of this Application is in the interests of conservation, the prevention 

of waste, and the protection of correlative rights.  

15. I attest that the information provided herein is correct and complete to the best of 

my knowledge and belief. 

FURTHER AFFIANT SAYETH NAUGHT 

[signature page follows] 

  





Seismic Catalog Analysis Within 50 km of Patriot SWD Well  

Prepared for NGL-Permian 
by 

GeoEnergy Monitoring Systems 
January 5, 2019 

Analysis is based on NMT seismic catalogs, unpublished catalogs and USGS catalogs for the time 
period 2010-2017 selecting events within 50 km of the Striker 2 SWD well. Additionally, seismic 
monitoring through December 29, 2018 from the three NGL seismic stations installed at Striker 2, 
Striker 3 and Striker 6 SWD wells on September 6, 2018.  

Striker Two, Sand Dunes well, Lat/Long: 32.2072820/-103.7557370  
Striker Three, Gossett well, Lat/Long: 32.2551110/-104.0868610 
Striker Six, Madera well, Lat/Long: 32.2091150/-103.5359570 

Figure 1 shows seismic station locations for three wells (blue pushpins) with estimated detection levels 
for M 1.0 (green circles) and M 1.5 (red circles) along with NGL-Permian stations (yellow pushpins). 
Figure 2 shows seismicity listed in Table 1 shown as red circles and additional regional stations from 
TexNet and NMT (green pushpins). These regional stations are used along with the 3 Striker SWD 
seismic stations for regional monitoring.  

The USGS reports only two events in the vicinity since 2010. New Mexico Tech runs a seismic 
network (SC) north of the wells for the DOE Waste Isolation Plant (only short-period vertical 
components). There are a total of seven seismic events in this time period ranging in magnitude from 
1.0 to 3.1. Since the seismic deployment, there have been six event detections and having preliminary 
locations using available regional data (Figure 3). Due to the small magnitudes, the signal-to-noise 
levels are low so the locations have large uncertainty and there is little constraint on depth. 

Table 1: Seismicity Within 50 km of Striker SWD Wells 2010-2017

Date Origin Time GMT Latitude Longitude Depth (km) Magnitude

20111227 23:10:37 32.37 -103.95  NaN 1.6

20120318 10:57:22 32.281 -103.892 5.0 3.1

20170211 14:34:27 32.29 -103.92 NaN 1.5

20170302 11:38:53 32.37 -103.88 NaN 1.7

20170325 22:46:01 32.13 -103.77  NaN 1

20170503 17:47:21 32.082 -103.023 5.0 2.6

20170814 01:09:56 32.39 -103.56 NaN 1.2

EXHIBIT A



Table 2. New Mexico Area Reporting Period Seismicity (km units) 
Date Origin Time (GMT)  Lat  Long    Depth  Loc Error   M     (+/-)   
 09/10/18 23:35:43.942    32.1793  -103.5283 1   5.58   1.25   0.23 
 09/14/18 06:57:47.614    32.1540  -103.5030 1   5.58   1.11   0.41 
 09/15/18 16:48:21.041    32.1630  -103.5211 1   5.37   1.50   0.00 
 10/13/18 22:07:22.259    32.0998  -103.4560 6   5.64   1.60   0.12 
 11/18/18 09:04:52.707    32.2526  -103.7853 5   3.77   1.75   0.20 
 12/09/18 18:51:00.805    32.3634  -103.8510 1   2.09   1.44   0.08 

!
Figure 1. Striker SWD wells seismic station locations (blue push pins) and existing NGL-Permian 
seismic stations (yellow pushpins). Green and red circles around stations show approximate detection 
levels for ML 1.0 and 1.5, respectively.  



!  
Figure 2. Striker SWD wells seismic station locations (yellow push pins) and existing NGL-Permian 
seismic stations (yellow pushpins). Other regional seismic stations run by TexNet and New Mexico 
Tech are shown as green pushpins. Historic seismicity listed in Table 1 shown as red circles. Patriot 
SWD well is shown as blue pushpin. 



!
Figure 3. Seismic events in between September 6 and December 30, 2018 as red circles (Table 2). 
Patriot SWD well shown as blue pushpin. Seismic stations as yellow (NGL) or green (NMT and 
TexNet) pushpins. 



Texas Registered Engineering Firm No F – 16381 

 925-A Capital of Texas Highway, South  |  Austin, TX 78746 

512.327.6930 telephone  |  512.327.7069 fax  |  ftiplattsparks.com 

January 9, 2019

RE: FSP Analysis Multiple NGL SWD well locations 

Lea Counties, New Mexico 

FSP Analysis 

The FSP software used for this analysis was jointly developed by Stanford University, Exxon Mobil 

and XTO Energy as a tool for estimating fault slip potential resulting from fluid injection. 

I have reviewed the geology, seismic activity, injection history and future proposed injection in the 

Subject Area and I would conclude that the Proposed SWD wells do not pose a risk of increasing 

seismicity in the area. The primary risk reduction factor is that the faults are not optimally oriented to 

slip, and significant pressure increases would be necessary to initiate slip on the faults analyzed. 

Fault slip potential (FSP) was analyzed in the area of review shown on Exhibit No. 1.  The analysis 

integrates all of the proposed well locations as well as any existing injection wells in order to fully 

assess the pressure implications of injection in the area and the potential for slip along existing faults. 

Historical USGS earthquake events are denoted by the “blue” bulls-eye symbols. 

Exhibit No. 2 shows the FSP input parameters for the local stress, average reservoir depth, pressure 

gradients and reservoir characteristics.  Depths and reservoir characteristics were derived from nearby 

well logs and stress values were derived from the Lund Snee and Zoback (2018) paper related to Stress 

in the Permian Basin. 

Exhibit No. 3 shows the location of existing wells and locations of the Proposed SWD wells relative 

to the faults documented in this area.  The faults are sourced from the Texas Bureau of Economic 

Geology and these are also the fault traces shown in the referenced Snee/Zoback paper (Figure 3 in the 

paper) and shown as Exhibit No. 4 in my report.  The Snee/Zoback paper only considers fault 

EXHIBIT B
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orientation relative to the stress orientation in determination of fault slip potential.  Based on their 

limited analysis of the area they concluded the faults have low slip potential based on 

orientation/azimuth.  My analysis further incorporates the injection history and future injection 

projections and the injection reservoir characteristics to fully assess the potential for slip along these 

faults.  Existing wells were incorporated into the analysis using their injection volume histories and 

holding them constant into the future at their last reported monthly injection volume. The proposed 

wells were all modelled at 30,000 bbls/day and held constant for the life of the analysis (+25 years). 

The proposed wells are denoted in the model as follows: (Exhibit No. 3) 

AR – Asroc SWD 

HP – Harpoon SWD 

MC – McCloy Central SWD 

MM – Minuteman SWD 

MV – Maverick SWD 

MW – McCloy West SWD 

Mo – Moab SWD 

PT - Patriot SWD 

SR - Sparrow SWD 

SW - Sidewinder SWD 

TD -Trident SWD 

TH - Tomahawk SWD 

VP - Viper SWD 

Also included in the model are existing SWD injection wells as follows: (Exhibit No. 3) 

MD - Madera SWD 
S6 – Striker Six SWD 
VD – Vaca Draw SWD 

Exhibit No. 5 illustrates the geomechanical properties of the fault segments in the area of review.  It 

should be noted that the FSP software only calculates a single pressure change along a fault (at the fault 

mid-point) so it is critical that faults are broken into multiple segments to get a true evaluation of the 
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pressure increases associated with injection. Exhibit No. 5 also shows the direction of max hor. stress 

as denoted by the grey arrows outside the circle on the stereonet in the lower right portion of this exhibit.  

Faults that align parallel or closer to this orientation will have the highest potential for slip or lowest 

Delta PP to slip.  Faults 15-17 have the highest potential for slip and Faults 1-14 have very low potential 

for slip. 

 

Exhibit No. 6 shows that the input stress and fault values were varied by +/-10% to allow for 

uncertainty in the input parameters.  Even considering the variability of the inputs the model results 

show low probability for slip on the faults in the area of review.  An increase of 750 psi at Fault 15 still 

only results in a 10% probability of fault slip. 

 

Exhibit No. 7 takes a closer look at fault 15. The sensitivity analysis is highlighted in the lower right 

portion of this exhibit and shows that without any variability of inputs the ΔP needed to slip is 1,150 

psi along this fault.  A 10% decrease in the friction coefficient of the fault could lower ΔP needed to 

slip to 750 psi. 

 

Exhibit No. 8 takes a closer look at fault 16. The sensitivity analysis is highlighted in the lower right 

portion of this exhibit and shows that without any variability of inputs the ΔP needed to slip is 1,530 

psi along this fault.  A 10% decrease in the friction coefficient of the fault could lower ΔP needed to 

slip to 1,100 psi. Fault 17 shows similar FSP values as fault 16. 

 

Exhibit No. 9 takes a closer look at fault 14. The sensitivity analysis is highlighted in the lower right 

portion of this exhibit and shows that without any variability of inputs the ΔP needed to slip is +3,500 

psi along this fault.  A 10% change in the fault strike or SHmax azimuth could lower ΔP needed to slip 

to 1,850 psi. 

 

Exhibit No. 10 takes a closer look at fault 1. The sensitivity analysis is highlighted in the lower right 

portion of this exhibit and shows that without any variability of inputs the ΔP needed to slip is +5,600 

psi along this fault.  A 10% change in the fault strike or SHmax azimuth could lower ΔP needed to slip 

to 3,050 psi.  Faults 2-13 all exhibit similar high ΔP pressure values needed to initiate slip and thus 

fault slip potential is very low along all of the N-S trending faults. 
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In general, only Fault segment 15 shows any concern for fault slip potential.  The following exhibits 

will track the pressure changes at the faults moving forward in time based upon the anticipated injection 

in the future from these proposed wells and the existing wells in the Subject Area. 

 

Exhibit No. 11 illustrates the ΔP pressure in a “heat map” and shows ΔP pressure increases at the faults 

as of 1/1/2020.  This map indicates ΔP pressure increases of 7 psi at F15 and 53 psi at F17. 

 

 Exhibit No. 12 illustrates the ΔP pressure in a “heat map” and shows ΔP pressure increases at the 

faults as of 1/1/2025.  This map indicates ΔP pressure increases of 51 psi at F15 and 109 psi at F17. 

 

Exhibit No. 13 illustrates the ΔP pressure in a “heat map” and shows ΔP pressure increases at the faults 

as of 1/1/2030.  This map indicates ΔP pressure increases of 138 psi at F15 and 174 psi at F17. Note 

that these pressures are still well below the pressures that could initiate fault slip.  F7 shows a ΔP 

pressure increase of 909 psi however this fault requires extremely high pressures (+4,400 psi) to initiate 

fault slip. 

 

Exhibit No. 14 illustrates the ΔP pressure in a “heat map” and shows ΔP pressure increases at the faults 

as of 1/1/2035.  This map indicates ΔP pressure increases of 246 psi at F15 and 254 psi at F17. Note 

that these pressures are still well below the pressures that could initiate fault slip.  F7 shows a ΔP 

pressure increase of 1,190 psi however this fault requires extremely high pressures (+4,400 psi) to 

initiate fault slip. 

 

Exhibit No. 15 illustrates the ΔP pressure in a “heat map” and shows ΔP pressure increases at the faults 

as of 1/1/2040.  This map indicates ΔP pressure increases of 358 psi at F15 and 339 psi at F17. Note 

that these pressures are still well below the pressures that could initiate fault slip.  F7 shows a ΔP 

pressure increase of 1,421 psi however this fault requires extremely high pressures (+4,400 psi) to 

initiate fault slip. 

 

Exhibit No. 16 illustrates the ΔP pressure in a “heat map” and shows ΔP pressure increases at the faults 

as of 1/1/2045.  This map indicates ΔP pressure increases of 466 psi at F15 and 425 psi at F17. Note 
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that these pressures are still well below the pressures that could initiate fault slip.  F3 shows a ΔP 

pressure increase of 1,618 psi however this fault requires extremely high pressures (+4,400 psi) to 

initiate fault slip. 

 

The pressure analysis over time shows that pressure is expected to increase along the faults however 

pressures remain below critical levels.  The table below shows the ΔP pressure increases needed to 

imitate fault slip along each fault segment and the corresponding ΔP pressure increases as of 2045: 

 

 
This analysis demonstrates that there is a low likelihood of injection induced seismicity in the Subject 

Area. 

 

Conclusion 

The faults and fault trends in this area of review are not optimally oriented to slip. The orientation of 

the faults requires significant pressure changes (ΔP +1,000 psi) based on the fixed input parameters 

and the ΔP increase at the most vulnerable fault only reaches 466 psi by 2045.  This model assumes 

Fault Segment ΔP to slip (fixed inputs) ΔP to slip (10% varied inputs) ΔP at 2045
F1 5,600                                                       3,050                                                                       43                        

F2 6,300                                                       3,850                                                                       320                      

F3 7,000                                                       4,750                                                                       835                      

F4 7,000                                                       4,750                                                                       1,204                  

F5 6,850                                                       4,400                                                                       1,369                  

F6 6,850                                                       4,400                                                                       1,477                  

F7 6,850                                                       4,400                                                                       1,618                  

F8 6,850                                                       4,400                                                                       1,516                  

F9 6,850                                                       4,400                                                                       1,457                  

F10 6,850                                                       4,400                                                                       1,261                  

F11 6,850                                                       4,400                                                                       1,169                  

F12 6,850                                                       4,400                                                                       450                      

F13 6,990                                                       4,750                                                                       101                      

F14 3,500                                                       1,800                                                                       209                      

F15 1,150                                                       750                                                                           466                      

F16 1,530                                                       1,100                                                                       439                      

F17 1,530                                                       1,100                                                                       425                      
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constant injection rates over the next +25 years which is not a typical scenario as SWD wells tend to 

decrease injection volumes over time as the well ages and disposal demand decreases in the area.  If 

injection volumes are lower over time than the model represents, then the risk for fault slip is lowered 

also. 

 

In the event seismicity should occur in the future, the wells closest to the faults (proposed and existing) 

should be the wells considered for modification or reduction of injection rates. At this time there is no 

evidence to support rate reduction for any of the existing or proposed wells. 

 

Should you have any questions, please do not hesitate to call me at (512) 327-6930 or email me at 

todd.reynolds@ftiplattsparks.com. 
 
Regards, 

 

Todd W. Reynolds – Geologist/Geophysicist 

Managing Director, Economics/FTI Platt Sparks 

 

FTI Platt Sparks 

512.327.6930 office 

mailto:todd.reynolds@ftiplattsparks.com
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FSP INPUT PARAMETERSExh. No. 2

Input Parameter Comments

Hydrologic Parameters – Derived from Striker 6 SWD #2 logs

Stress Gradients – Derived from A Phi parameter from 
Snee/Zoback paper (.60)

Max Hor. Stress Direction - Derived from Snee/Zoback paper 
(N75E)

Fault dips assumed – 80 deg



Exh. No. 3

FSP INPUT Fault and well locations

FSP INPUT Injection history and 
projected future injection

Sidewinder

Patriot



From Lund Snee and Zoback (2018)

Area of Review

Exh. No. 4

Low slip potential 
based on fault 
orientation
(green faults)
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Fault segment
numbers
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