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Chavez, Carl J, EMNRD

From: Chavez, Carl J, EMNRD
Sent: Wednesday, December 16, 2015 9:47 AM
To: pthompson@merrion.bz
Cc: Griswold, Jim, EMNRD; Smith, Cory, EMNRD
Subject: Sunco Disposal Well No. 12014 and 2015 Fall-Off Test (FOT) Results (UICI-005) 

International Reservoir Technologies, Inc. (IRTI)

Philana: 
 
OCD has completed its review of the 2014 and 2015 Fall-off Pressure Test Analyses for the Sunco Disposal Well No.1 in 
San Juan County.  
 
OCD concurs with the 2015 FOT findings (11/16/2015) of the operator’s consultant, International Reservoir 
Technologies, Inc. (IRTI). The conclusion was that the FOT is affected by the wellbore storage and influence of an 
apparent highly conductive hydraulic fracture resulting in a linear flow regime, i.e., flow in a highly conductive hydraulic 
fracture. The pressure curve and semi-log derivative curve have the same slope and a half-slope is evident on both the 
pressure and derivative curves (~ 1/3 log cycle lower than pressure curve). Historical FOTs have indicated the presence of 
a fault boundary and even a dual fault boundary condition, but literature searches reveal no fault systems exist in the area. 
Estimated permeability is ~15.8 md with fracture half-length of ~467 ft. and extrapolated pressure of ~3,303 psig. 
 
While similar conclusions were made for the 2014 FOT, the FOT permeability results were significantly lower or 
marginal and not reflective of actual permeability conditions in the injection zone based on other well data. OCD believes 
the 2014 FOT results are erroneous because the rate of injection and pressure did not adequately stress the injection zone. 
OCD updated its FOT records to validate the 2015 FOT results and rejected the 2014 FOT results.    
 
OCD recommends in future FOTs that a pseudo-steady state injection rate be achieved, since IRTI noted this to be 
problematic.  
 
Please contact me if you have questions. Thank you. 
 
 
Carl J. Chavez, CHMM 
Environmental Engineer 
Oil Conservation Division- Environmental Bureau 
1220 South St. Francis Drive 
Santa Fe, New Mexico 87505 
Phone: (505) 476-3490 
Main Phone: (505) 476-3440 
Fax: (505) 476-3462 
E-mail:  CarlJ.Chavez@state.nm.us 
Website: www.emnrd.state.nm.us/ocd 
Why not prevent pollution, minimize waste, reduce operation costs, and move forward with the rest of the Nation? To see 
how, go to “Publications” and “Pollution Prevention” on the OCD Website. 
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Chavez, Carl J, EMNRD

From: Chavez, Carl J, EMNRD
Sent: Tuesday, November 24, 2015 2:26 PM
To: 'Ryan Davis'
Cc: Philana Thompson; Jeff Davis; Griswold, Jim, EMNRD
Subject: RE: Agua Moss, LLC (UICI-005) 2015 Sunco FOT Analysis
Attachments: SuncoDisposalWell1_FOT_2014 (1).pdf; SuncoDisposalWell1_FOT_2015.pdf

Mr. Davis: 
 
The New Mexico Oil Conservation Division is in receipt of you e-mail message below with attached Fall-Off Test 
documentation and will respond soon. 
 
Thank you. 
 
 
Carl J. Chavez, CHMM 
Environmental Engineer 
Oil Conservation Division- Environmental Bureau 
1220 South St. Francis Drive 
Santa Fe, New Mexico 87505 
Phone: (505) 476-3490 
Main Phone: (505) 476-3440 
Fax: (505) 476-3462 
E-mail:  CarlJ.Chavez@state.nm.us 
Website: www.emnrd.state.nm.us/ocd 
Why not prevent pollution, minimize waste, reduce operation costs, and move forward with the rest of the Nation? To see 
how, go to “Publications” and “Pollution Prevention” on the OCD Website. 
 
From: Ryan Davis [mailto:rdavis@merrion.bz]  
Sent: Tuesday, November 24, 2015 12:28 PM 
To: Chavez, Carl J, EMNRD <CarlJ.Chavez@state.nm.us> 
Cc: Philana Thompson <pthompson@merrion.bz>; Jeff Davis <jdaguamoss@hotmail.com> 
Subject: 2015 Sunco FOT Analysis 

 
Carl, 
 
We had a firm out Denver analysis the 2015 FOT data and also the 2014 FOT data. I have attached the analysis 
and we believe this validates our analysis for the 2015 FOT analysis. My intention is address the issues stated in 
the letter from the NMOCD dated 08/18/2015 and submit the third party analysis with the changes requested on 
the FOT.  Please let me know if you have any questions or concerns. 
 
Thanks, 
 
 
 
 Ryan Davis 
     Operations Manager 
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300 Union Blvd., Suite 400, Lakewood, Colorado 80228   (303) 279-0877  (303) 279-0936 Fax 

Sunco Disposal Well #1        2015 Fall-off Test Results 
 
Summary: 
The Sunco Disposal Well #1 pressure data indicated that the length of the shut-in test did allow 
the transient to reach a stabilized flow period and that the well has a significant hydraulic 
fracture.  The pressure transient effect of the frac plus the wellbore storage effects do obscure 
to some extent the reservoir property influences; however, a reasonable set of reservoir 
properties could be calculated. The conventional straight-line analysis for extrapolated pressure 
and the reservoir property calculations from the Horner and MDH type plots are acceptable.  
 

- Estimated Kw (permeability) = 15.8 md  (from MDH) 
- Estimated skin = -5.97  (Horner) to -5.73 (MDH) 
- Extrapolated pressure = 3230 to 3283 psig (Horner) 
- Fracture half-length = 467 feet  (from derivative half-slope line) 
- Radius of investigation = 1580 feet  (from MDH) 

Larger versions of the plots appear at the end of this document.  
 
Input data and assumptions: 

Assumptions: 
o Formation fluid properties equal injection water properties due to cumulative 

volume injected and miscibility of formation water and injection water 
o Reservoir temperature = 89 deg F 
o Porosity = 0.114 (fraction, estimated from density log) 
o Net pay = 110 feet 
o Rock compressibility = 4.50E-06 1/psi (correlation) 
o Wellbore radius = 0.506 ft 
o Wellbore volume total = 34.88 bbls   (tubing = 24.79 bbls, casing = 10.09 bbls) 
o Wellbore compressibility = injection water compressibility =2.63E-06 1/psi  (from 

Osif correlation) 
o Injected water specific gravity = 1.017 (pure water =1.0); density = 8.487 lb./gal, 

TDS = 30,900 mg/L 
o Injected water FVF = 1.0016 rb/stb (McCain correlation) 
o Injected water viscosity = 0.796 cp (McCain correlation)  



 
 

 
 

300 Union Blvd., Suite 400, Lakewood, Colorado 80228   (303) 279-0877  (303) 279-0936 Fax 

DATA PLOT: 
 
 

  



 
 

 
 

300 Union Blvd., Suite 400, Lakewood, Colorado 80228   (303) 279-0877  (303) 279-0936 Fax 

HORNER PLOT: 
 
Conclusions: As the stabilized flow period was reached relatively late in the conventional 
straight-line extrapolation for the extrapolated pressure and the reservoir property calculations 
are less certain.  

 
- Estimated extrapolated pressure = 3230. psig 
- Estimated Kw (permeability) = 6.13 md 
- Estimated skin = -5.97 
- Radius of investigation = 1070 feet 

 

 
  



 
 

 
 

300 Union Blvd., Suite 400, Lakewood, Colorado 80228   (303) 279-0877  (303) 279-0936 Fax 

HORNER PLOT – ESTIMATED EXTRAPOLATION : 
 
This plot approximates the behavior if the data had reached the appropriate flow regime. 
 
Conclusions: (Approximate.) 

 
- Estimated extrapolated pressure = 3283 psig 
- Estimated Kw (permeability) = 14.4 md 
- Estimated skin = -5.27 
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MDH PLOT: 
 
Conclusions: As the stabilized flow period was reached relatively late in the conventional 
straight-line extrapolation for the extrapolated pressure and the reservoir property calculations 
are less certain, however the MDH values do appear reasonable.  
 

- Estimated Kw (permeability) = 15.8 md 
- Estimated skin = -5.73 
- Radius of investigation = 1580 feet 
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DERIVATIVE PLOT: 
 
Conclusions: The behavior of the derivative curve is affected by the wellbore storage and the 
influence of an apparent hydraulic fracture. The data does appear valid. Also the plot indicates 
that the length of the shut-in test was sufficient to reach a stabilized period. A half-slope is 
shown in the derivative curve which is characteristic of linear-flow due to a hydraulic-fracture.  
The calculated half-length for the fracture was 467 feet. There is no clear indication of a 
boundary or fault.  
 

- Estimated Kw (permeability) = 15.8 md  
- Fracture half-length = 467 feet 
- Estimated extrapolated pressure = 3303 psig 
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ENLARGED PLOTS: 
 
 
 
HORNER PLOT: 
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HORNER PLOT – ESTIMATED EXTRAPOLATION : 
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MDH PLOT: 
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DERIVATIVE PLOT: 
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Chavez, Carl J, EMNRD

From: Philana Thompson <pthompson@merrion.bz>
Sent: Friday, June 19, 2015 12:28 PM
To: Chavez, Carl J, EMNRD
Cc: Ryan Davis; Jeff Davis
Subject: FOT
Attachments: 2015-6-19 Sunco SWD FOT-Submitted.pdf

Carl, 
Attached is the FOT report. Please let Ryan D or myself know if you have any questions or concerns. 
 
 
--  
Philana Thompson 
Regulatory Compliance 
Merrion Oil & Gas Corp 
cell 505-486-1171 
office 505-324-5336 
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Report	Components:	
1. Facility Operator Information 

a. Agua Moss, LLC 

b. PO Box 600 Farmington, NM 87499 

c. OGRID 247130 

2. Well Information: 

a. UIC Permit # UICI‐5‐0 

b. Class I 

c. Sunco Disposal #1 

d. 30‐045‐28653 

e. UL E, Sec 2, T29N, R12W 1595 FNL & 1005 FWL San Juan County 

3. Current Wellbore Diagram: Attached (page 4) 

4. Copy of Electronic Log: Previously submitted 1992 (page 5) 

5. Copy of Porosity Log: Previously submitted 1992 (page 6) 

6. See attached Fall off Test analysis 

a. FOT Procedure (page 7) 

b. Analysis (page 7) 

c. Results (page 9) 

d. Summary (page 9) 

7. Results Comparison attached (page 10) 

8. The raw test data will be kept on file for a period of 3‐year and will be made available to the 

NMOCD upon written request. (page 11)  

9. Conclusions (page 11) 

10. Any pressure or temperature anomaly: None seen 

11. See Falloff Test Calculations (page 12) 

12. Plots attached 

a. Pressure and Rate (fig 6)  (page 13) 

b. Injection Rate vs Time (fig 7) (page 14) 

c. Pressure and Rate (fig 8) (page 15) 

d. Elapsed Time (fig 9) (page 16) 

e. Derivative Plot (fig 10) (page 17) 

f. Horner Plot (fig 11) (page 18) 

g. Elapsed Gauge Time (fig 12) (page 19) 

h. Injection Volumes and Surface Pressure (fig13) (page 20) 

13. NO PVT data necessary, injected fluid is fresh‐to‐slightly saline water. No significant 

hydrocarbons present that would alter the density, compressibility and/or viscosity of the fluid. 

14. The Agua Moss, LLC internal Daily Injection Reports were used to determine the appropriate 

injection history to use for the analysis. A summary of those reports (November 2013 through 

January 2014) are attached. (page 21‐ 26) 

15. The Sunco Disposal #1 has injected approximately 13,547,086 bbls into the point lookout 

formation from 1994 through March 2015 (see attached). The offset well McGrath SWD #4 API 

30‐045‐25923 was plugged 7/25/2013. Cumulative injection 1994‐7/2013 27,746,479 bbls. 



16. 1 Mile AOR:  

a. AOR 1 mile (page 27) 

b. AOR 1 mile well data (page 28) 

c. The McGrath #4 was the only offset well that was injecting into the Point Lookout 

formation within 1 mile. This well was plugged 7/25/2013.  

17. Geological information was provided in the last Permit renewal submitted and approved in 

2012. 

18. Offset Wells:  One offset well that was completed in the same injection interval was the 

McGrath #4. This well was plugged 7/2013 and therefore was not impacted. 

19. Chronological listing of the daily, testing activities (operations log) attached (pages 30‐45) 

a. Date of Test: 4/28/15 thru 5/4/2015 

b. Time of the injection period:  50 hours 

c. Type of injection fluid: Produced water 

d. Final injection pressure & temp prior to shutting in in the well: 3764.43 psi, 69.42 °F 

e. Total shut‐in time: 90.5 hours 

f. Final static pressure & temp at the end of the fall‐off portion of the test:     3349.84 psi,  

88.14 F 
20. Location of the shut in valve: A wing valve located on the well’s Christmas Tree was closed to 

begin the FOT 

21. Pressure Gauges: (see attached) 

a. SP‐2000 Memory Pressure Gauge (page 46) 

b. Pressure range: 0‐5000 psig (page 47) 

c. Last Calibration: 2/4/14 (page 47) 

 

 



Wellbore Schematic: 

 

Figure 1: Wellbore Schematic 







At the request of the NMOCD, a Falloff Test (FOT) was performed on the Sunco SWD #1 Class I injection 

well (UICI-5-0) on 04/28/2015. Below is the summary of findings from the 2015 FOT.  

Procedure: 
Tandem electronic gauges were run in the subject well. The initial BHP was 3243 psi at a depth of 4405’. 

The injection period started at 12:30 pm on 04/28/2015, with a total of 7002 bbls injected over 50 

hours, and an average injection rate of 3361 bpd (98 gpm). The final bottom hole injection pressure was 

3764 psi. Injection was shut down and the well was shut it at the wellhead. The bottom hole pressures 

were monitored for 90 hours of pressure falloff. The final BHP was 3350 psi.  

Analysis: 
The data was compiled in excel and analyzed. A Cartesian plot of pressure and temperature  versus time 

was created see Figure 2 below.. 

 

Figure 2: Cart Pressure/Temp vs. Time 

The stabilization of pressure was confirmed prior to shut-in. The plot was reviewed for anomalous data, 

none found. 
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A log-log plot of pressure and the derivative was created to identify the radial flow period. Figure 3 

below shows the log-log plot used for the analysis with the radial flow period identified. 

 

Figure 3: Derivative Plot 

From Figure 3 above you can also see the change in the derivative at a shut-in time of approximately 55 

hours, indicating a boundary at approximately 849 feet.  

The radial flow interval was used to draw a straight line of best fit on the Horner Plot within the 

equivalent time interval. The slope m, P* and P1hr were determined from the straight line on the Horner 

Plot, Figure 4 below. 
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Figure 4: Horner Plot 

Using the parameters identified, as described above, the reservoir and completion parameter were 

calculated. Calculations can be found in Figure 5 below.  

 

Results: 
1. P*  =  2620 psi 

2. K  =  20.7 md 

3. S  =  -5.5 

4. Radius of Investigation  = 1,089 feet 

5. Boundary seen at approximately 849 feet 

Summary: 
The data from the FOT indicated a hydraulically fractured injection interval with a Fracture half-length of 

383 feet. The P* value calculated from the data was 2620 psi, being somewhat lower than previous 

values. The injection volumes into the Mesa Verde interval in this area have been on a decline over the 

last eight years, can be seen in Figure 13. The reduced injection volumes are attributable to less water 

being received at the Sunco SWD Facility and the P&A of the offset McGrath SWD 4. The lower P* value 
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is an indication of pressure dissipation into the reservoir, which is good. Although there has been 

boundaries seen in the past FOT’s and one seen on this analysis, the reservoir is not being constrained 

by the boundaries. You can also see in Figure 13 a decreasing trend with the surface pressures, which 

again is evidence of pressure dissipation in the reservoir.  As long as the surface pressure limitations 

keep us below fracture pressure, injecting into the well at the current injection rates will not damage 

the reservoir or migrate into other zones. The injection interval overall looks healthy and suitable for 

waste water disposal.   

Comparison with past Falloff Tests: 
The results from the 2015 FOT were compiled with previous FOT results from the facility and are shown 

below in Table 1. 

 

Table 1: Results Comparison 

 2015 2014 2010 2009 2008 2007 

Rate (bbl/day) 3340 739 4500    

P* (psi) 2620 3135 3231 3242 3176 3258 

K  (md) 20.6 3.4 13.6 10.2 20.7  

S -5.6 -4.1 -7.18 -7.23 -6.79  

Radius of Inv (ft) 1,085 336 1450 1250 1750 1620 

Frac ½ Length (ft) 378 336 893 926 596 688 

Boundary 846 None 648, 1520 755 987 none 

 

 

Agua Moss did not conduct the prior tests and is relying on the 2010 report submitted by Key Energy, 

the prior operator, for the prior results.  In comparing the results, there are a number of observations to 

make: 

 

1. Pressure transient analysis is not an exact science, and the results are non-unique.  All the 
calculated parameters vary significantly from year to year.  One interpretation sees a boundary, 
the next one sees TWO boundaries, and one sees no boundary.  The bottom line is that two 
different interpreters may come up with different results looking at the same data set, and even 
the same interpreter will come up with different results as data sets vary from year to year.  
Therefore, to a great extent, one must make qualitative conclusions from the analysis, without 
putting too much weight into the absolute numbers. 

2. The slightly lower P* suggests that there has been some pressure dissipation in the reservoir 
due to less injection activity in the injection interval.  That is a good sign, indicating the disposal 
zone has a lot of capacity to accept fluids. 



3. The injection rate in the 2010 test was 4500 BPD, while we were only able to inject 739 BPD 
during the 2014 test, because of facility constraints.  Since the injection rate drives the 
calculations, the calculated permeability was less and the calculated skin factor was greater 
than in past tests.  All calculated radius are driven by the permeability used in the equation.  
Because the permeability used in the 2014 analysis was significantly less than prior analysis, the 
calculated radius of investigation and fracture half-length both come up significantly lower.   

4. The radius of investigation for 2015 was adequate enough to see out beyond all but one of the 
previously seem boundaries.  In fact a boundary was identified at approximately 846 feet. 
Note:  On 2010 results seems peculiar to have a boundary beyond the Radius of Investigation. 

5. The parameters calculated compare well enough with previous FOT parameter to validate the 
2015 FOT results. The only major variance is the P*which is easily justified by reduced injection 
and pressure dissipation. 

Data: 
 

The raw test data obtain during the 2015 falloff test and used for the analysis will be kept on file for a 

period of three (3) years and will be available upon request. 

Conclusions: 
Based on the above analysis and results comparison, Agua Moss believes the Sunco SWD #1 2015 FOT 

was successfully completed and doesn’t show any indications of concern to continue the current waste 

injection operations. If the division is in agreement with the successful completion of the FOT, Agua 

Moss would like to propose conducting the next FOT on or before 04/2020. 

 



 

Figure 5: FOT Calculations 

 
  

       

       

       

       

       

       

       

       

Falloff Test Calculations BHP 3,782 

Lease Name Sunco SWD
Field Name Mesaverde 1.6E+07

Test Date 04/28/15

Cum Injection 7,002 BBlls

Injection Period 50 hours

Ave Inj Rate 3,361     BWD Cum Inj 1.35E+07 Bbl

Water specific gravity 1.00 Rate 3,361 Bbl/day

Inj Time 96,736 hrs Average pres 3,201 psi

Water vis 1.0000 cp Drainage radius 2,980 ft

Bw 1.00000 RB/ surf bbl

Reservoir temp 173 °F

Acres 640 Compressibility water 3.00E-06

I. Calculation of kh (md-ft) and k (md) Compress formation 3.65E-06

Slope (psi/cycle) 240 (1) System Comp. 0.000007

Pwf 3,782 psi KH 2277.080 md-ft

Pressure star (P*)2,620 psi Kw 20.701 md
Net thickness 110 ft KH/u 2,277               

II. Calculation of Skin Effect and Pressure Loss Due to Skin

Porosity 0.200 frac

Well bore radius 0.33 ft Skin -5.49 LN(rwa/rw)

P one hour 3,820 (2) Pseudo skin (1,146) psi

Water saturation 1.00 frac Flow Efficiency 199% (Pwf-Dpskin - Pstatic)/(Pwf-Pstatic)

Injection Time 50 hr

Time to Reach Radial 0.000 hr (200000+12000*S)*Ct/(kh/u)

Radius of Investigation 809       ft 0.029*(kt/Por*u*Ct) .̂5

Shut In Time 90.5 hr Time to Reach Boundary 55 hr

Time to Reach Radial 0.00023 hr 170000*Ct*exp (̂.14*S)/(kh/u) Time to Reach Radial 0.0002302 hr

Radius of Investigation 1,089     ft 0.029*(kt/Por*u*Ct) .̂5 Distance 849          ft

Time to end of Frac Flow 11.2 hr

Frac Half Length 383       0.029*(kt/Por*u*Ct) .̂5

Horner straight line starts 11 hours

Finite Conductivity Fracture of approximately 383' half length



 
Figure 6 

Start Injection @ 12:28 pm 
4/28/2015

Shut in for falloff @ 2:00 pm 
4/30/2015 End falloff @ 9:01 am 

5/04/2015 
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Figure 7 
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Figure 8
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Figure 9 
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Figure 10 
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Figure 11 
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Figure 12 
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Figure 13: Injection and Pressure Plot 
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