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June 28, 2019 
 
 
Mr. Bruce Davis 
Western Refining Southwest, Inc. 
Bloomfield Terminal  
P.O. Box 159 
Bloomfield, New Mexico 87413 
 
Re:  April 2019 Waste Disposal Well #2 Falloff Test Analysis Report – OGRID No. 267595 
 
Dear Mr. Davis: 
 
Western Refining Southwest, Inc (Western) retained Russell K. Hall & Associates, Inc. to 
perform the annual bottomhole pressure survey and pressure falloff test analysis on Waste 
Disposal Well #2 (WDW #2).  A pressure falloff test and bottomhole pressure survey were 
conducted on the well at the Western Refining Bloomfield Terminal facility near Bloomfield, 
New Mexico.  The well tests were conducted in accordance with United States Environmental 
Protection Agency (USEPA) 40 CFR 146.13 and the State of New Mexico Falloff Test 
Guidelines, dated December 3, 2007.  The 2019 pressure falloff test procedure was conducted in 
accordance with the USEPA's Region 6 "Pressure Falloff Testing Guidelines, Third Revision", 
dated August 8, 2002, and required by the State of New Mexico as of December 3, 2007.  The 
pressure falloff test and bottomhole pressure survey performed on WDW #2 also meet the New 
Mexico Oil Conservation Division (NMOCD) requirements for such testing.  Note: There are 
references made in this report to the permit document on file with the OCD for Western Refining 
in Bloomfield, New Mexico. 
 

The April 2019 WDW #2 Falloff Test Analysis Report is included below. 
 
In evaluating available information concerning this appraisal, we have excluded from our 
consideration all matters as to which legal or accounting interpretation, rather than engineering, 
may be controlling.  As in all aspects of oil and gas evaluation, there are uncertainties inherent in 
the interpretation of engineering data and conclusions necessarily represent only informed 
professional judgments. 
 
Russell K. Hall & Associates, Inc. is an independent consulting firm.  Our compensation is not 
contingent on the results obtained or reported.  This report was prepared by an engineer with 
more than 30 years of experience in the estimation, assessment, and evaluation of oil and gas 
production rates and related reservoir properties. 
 
We appreciate the opportunity to be of service to you.  If you have questions regarding this 
report, please contact us. 
 
  



Mr. Bruce Davis 
June 13, 2019  
Page 2 
 

  
  

 
 
 Sincerely, 
 

 Russell K. Hall & Associates, Inc. 
 
    
 _____________________________________ 
 Brent W. Hale 
 Petroleum Engineer 
 
BWH: 
Attachments 
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APRIL 2019 WDW #2 FALLOFF TEST ANALYSIS REPORT 
 
FACILITY INFORMATION 
 
Name:    Western Refining Southwest, Inc. 
Location: 50 County Road 4990 (PO Box 159) 

Bloomfield, New Mexico 87413 
 
WELL INFORMATION 
 

Well Name & 
No. 

OCD UIC or 
Discharge Plan 
Permit Number 

Well 
Classification 

API Number Legal Location 

WDW #2 UICI-011 
Class I 

Non-hazardous 
30-045-35747 

2028 FNL, 111 
FEL, H Sec 27 

T29S R11E 
 
All depths in this report are referenced to ground level (GL) from the drilling rig rotary kelly 
bushing (RKB), unless the depth is specified as RKB or GL within this document.  Appendix A 
contains the well schematic for Western’s WDW #2 and a section of the log covering the 
perforated interval.  Appendix B is a summary of the injection intervals for the well. 
 
The fluid used for the injection test is the terminal treated wastewater (effluent).  A current 
effluent analysis collected on March 29, 2019 is included in Appendix C.  A summary of the 
formation water is also in Appendix C.  The formation water analyses taken on January 25, 2017 
is included. 
  
Appendix D contains three well logs for WDW #2 ran by Schlumberger on September 5, 2016.  
They are: 1) Array Induction log, 2) Neutron Litho density log, and 3) Triple Combo log.  
 
REPORT OF EVENTS 
 

 April 15, 2019 9:30 AM – The pre-test injection flow test begins. 
 April 17, 2019 6:00 AM – Tefteller, Inc. runs tandem bottomhole pressure gauges in the 

well to monitor the falloff portion of the test. 
 April 17, 2019 12:00 PM – pre-flow period begins. 
 April 20, 2019 12:00 PM – well is flowing at 12.67 GPM with an injection pressure of 

1,222 PSI and with an average rate of 13.0 GPM for the 72-hour period.  Well is shut-in 
for falloff test. 

 April 30, 2019 12:00 PM - falloff test ends after 240.0 hours.  A pressure gradient survey 
is conducted as pressure gauges are retrieved from well. 

 
GENERAL TEST OPERATIONAL CONSIDERATIONS 
 

The falloff testing for WDW #2 was conducted with tandem bottomhole pressure memory 
gauges with a pre-flow period beginning at 12:00 PM on April 17, 2019 and ending at 12:00 PM 
on April 20, 2019.  The average flow rate for the 72-hour period prior to the beginning of the 
falloff test was 13.0 GPM with a final flowing rate of 12.67 GPM.  On the morning of  
April 17, 2019, tandem bottom hole pressure memory gauges were lowered into the well and 
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allowed to stabilize.  Lowering the gauges in the well had no impact on rates and a minimal 
impact on surface injection pressures.  The well was shut-in for 240 hours ending at 12:00 PM on 
April 30, 2019.  Field data are included in Appendix E. 
 
At the end of the falloff test, the bottomhole pressure gauges were pulled from the well making 
gradient stops every 1,000 feet.  Key test data are summarized as follows: 
 

Event 
Flow Rate 

GPM 
Surface 

psig 
Bottomhole  

psig 
Date/Time 

Start of flow 0.0 774.0 N.A. 4/17/2019 12:00 PM 
Final flow rate 12.67 1,222.0 4403.05 4/20/2019 12:00 PM 
Final falloff pressure 0.0 693.83 3850.24 4/30/2019 12:00 PM 
Final surface pressure 0.0 693.83 N.A.  

 
The memory gauges used are SP-2000 hybrid-quartz gauges provided by Tefteller, Inc. that have 
a resolution of 0.01 psi and an accuracy of ±0.05 percent of full scale.  The pressure range of the 
gauges were from 0 – 5,000 psi minimum.  The gauges were lowered to the top of the injection 
interval at 7,312 feet.  The recording period was set to record pressures at a minimum of every 
five minutes and more frequently during the early part of the falloff test period.  Calibration 
certificates are included in Appendix F. 
 
GEOLOGY 
 

The injection zone is the Entrada sandstone formation.  The formations occur in WDW #2 at the 
depths shown in the table below.  The injection zone is shown in WDW #2 logs in Appendix D.   
 

Injection Zone Formation 
Waste Disposal Well #2 

(KB elev = 5,550 ft) 
MD below KB (ft) SS Depth (ft) 

Bluff Sandstone Not completed 7,031 
Entrada Sandstone 7,312 to 7,470 7,308 

 
The Jurassic aged Entrada Sandstone is thought to be one of the best water disposal rock units in 
the San Juan Basin. The Entrada is the basal formation of the San Rafael Group which also 
includes the Todilto and Wanakah Formations. The Entrada Sandstone is present throughout the 
basin's subsurface and crops out along its margin as step cliffs. The Entrada unconformably 
overlies the Chinle Formation. The Todilto Formation made up of limestone and anhydrite in 
dense and thought to an impermeable barrier or seal and likely seal for the injection zone. 
 
The Entrada Sandstone consists of mottled reddish-brown very fine to medium grained well-
sorted, silica cemented quartz sandstone interbedded with thinner reddish-brown siltstones. The 
sandstone units are assembled in high-angle, large-scale crossbeds indicating eolian environment 
deposition and with the siltstones representing interdue and sabkha deposition. The cross-
stratified sandstone is competent, laterally persistent and with homogenous reservoir properties. 
Entrada Sandstone gross thickness ranges from 60 feet to 330 feet across the basin. 
 
At the WDW #2 location the Entrada is 158 feet thick. Based upon the nearby XTO Energy 
Ashcroft SWD #1 water disposal well density porosities are up to 18 percent with the most 
porous interval found in the upper 90 feet of the formation where many of the density porosities 



RUSSELL K. HALL & ASSOCIATES, INC. 
 Oil and Gas Consultants  
 

  
 April 2019 WDW #2 Falloff Test Analysis Report 
 Page 3 

are greater than 10 percent.  WDW #2 has a density porosity of 12.1 percent.  The two intervals 
with the highest porosity are 20 feet from 7,333 feet to 7,353 feet with 14.1 percent porosity and 
26 feet from 7,442 feet to 7,468 feet with 14.3 percent porosity. 
 
Permeability for the well as measured by this falloff test is 1.73 md or less.   
 
PREVIOUS FALLOFF TESTS 
 

This is the second test for this disposal well.  The first test report was submitted on December 12, 
2017, with a revised final report that was submitted on March 21, 2918 follow receipt of 
comments from NMOCD.  That test included a flow period of 75 hours with a final flow rate of 
13.84 GPM and with a final flowing pressure of 4,396.7 psig bottomhole and 1,226.8 psig at the 
surface.  The well was shut-in for 189.5 hours with a final falloff pressure of 4,012.6 psig 
bottomhole and 861 psig at the surface.  The calculated permeability was 4.24 md or less with a 
radius to the edge of injected fluid of 77 feet. 
 
ANNULUS PRESSURE TESTING 
 

On June 8, 2017, an Annulus Pressure Test (APT) was conducted.  The annulus was pressured 
up to 510 psig and held for 15 minutes.  The test was witnessed by the NMOCD and by the 
operator.  The test report and chart recording of the pressure in included in Appendix G and has 
been reported to the NMOCD using form C-103. 
 
EVALUATION OF THE TEST RESULTS 
 

The raw test data from the test are included in Appendix E with an injection history in Appendix 
I.  This includes details of the build-up portion of the April 2019 test.  These falloff data are 
presented in Figure 1 showing pressure and temperature during the falloff test.  The falloff data 
show no unexpected pressure changes.  The pressure drops quickly during the first few minutes 
and then continues to decline as the pressure in the reservoir adjusts to the no-flow period. 
 

 
Figure 1 – Falloff Test Pressure and Temperature. 



RUSSELL K. HALL & ASSOCIATES, INC. 
 Oil and Gas Consultants  
 

  
 April 2019 WDW #2 Falloff Test Analysis Report 
 Page 4 

A log-log plot, Figure 2, with a derivative diagnostic plot is used to identify flow regimes as 
described by Dr. John Lee in chapter 6 of “Estimating Ultimate Recovery of Developed Wells in 
Low-Permeability Reservoirs” or Monograph 4 published by the Society of Petroleum 
Evaluation Engineers (SPEE) in 2016.  Figure 6.5 of that chapter notes that a slope of ½ is 
characteristic of transient linear flow.  This plot shows a slope over 1.0 for the first 0.15 hours 
after which the slope of near to 0.25 through 10 hours and then drops to a slope of 0.10 at the end 
of the test.  The early time data exhibits limited storage effects after which bi-linear flow is 
dominant for about ten hours.  The later time data is more reasonably represented with a radial 
flow model.  Figure 6.6 of the SPEE monograph describes a bilinear flow regime which has a 
slope of ¼ of 0.25.  The bilinear flow regime is (page 122) “caused by both linear flow in a 
fracture (with significant pressure drop from fracture tip to wellbore) and by linear flow in the 
reservoir toward the fracture”.  The bilinear flow pattern is very near to the flow pattern observed 
with the drawdown data for WDW #2 for about ten hours after which radial flow patterns 
dominate the falloff data. 
 

 
Figure 2 – Flow Regime Identification 

The early portion of the test is shown in detail in Figure 3 with pressures from 0 to 36 hours 
which range from 4,370.45 psig to 3,981.72 psig.  The pressure decline is a smooth decline and 
is flattening over time as expected. 
 
Figure 4 shows the linear characteristics of the falloff test in some detail.   It is a plot of falloff 
pressure versus ttt   where t is flow time in hours and t  is falloff time in hours.  
Flow time is derived from the total fluid injected and the final flow rate as follows: 
 

 Cumulative injection:    56,196 gallons 
 Final flowing rate:    12.67 GPM 
 Equivalent flowing time (hours):  Gallons/(GPM X 60) = 56,196/(12.67*60) 
 Equivalent flowing time (hours):  73.92 hours 
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The pressure data, Figure 4, are linear beginning at 0.6 on the x axis.  Projection of the data to 
estimated reservoir pressure is shown in Figure 5.  This trend extrapolates to 3,700 psig which is 
the apparent reservoir pressure.  The data shows no indication of ending of a linear flow straight 
line or of reservoir boundaries when the falloff test ends after 240 hours. 
 

 
Figure 3 – Pressure vs Time for the Early Part of the Falloff Test. 

 

 
Figure 4 – Pressure vs. √𝑡 ൅ 𝛥𝑡 െ √𝛥𝑡 
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Figure 5 – Pressure vs. √𝑡 ൅ 𝛥𝑡 െ √𝛥𝑡 

A traditional Horner plot, Figure 6, shows an increasing slope throughout the falloff test.  When 
a straight line is obtained on a Horner plot, the slope of the line can be used to determine the 
permeability as described in “Pressure Buildup and Flow Test in Wells” published by the Society 
of Petroleum Engineers (SPE) in 1967.  Chapter 3 (pages 18 to 34) describes the process.  
Because of the increasing slope at the end of the test, permeability cannot be directly measured 
from the test data with standard radial flow techniques.  As the slope increases, calculated 
permeability decreases.  The final trend extrapolated to 3,795 psig is the apparent maximum 
reservoir pressure because of the increasing slope at the end of the test.  The slope measured at 
the end of the falloff on Figure 6 is a minimum slope possible straight-line segment.  Because the 
slope is increasing at the end of the falloff test, it is expected to increase to higher levels had the 
falloff test been continued for a longer period. At the end of the test, the measured slope becomes 
the minimum possible Horner slope.  This minimum slope yields a maximum permeability with 
the actual permeability not directly measurable from this test.  Figure 7 shows increased detail of 
the Horner plot data at the end of the falloff test. 
 
To better understand flow regimes and permeability a type curve analysis was prepared using the 
SPE Monograph 5 “Advances In Well Test Analysis” type curves Figures C.18 and C.19 
prepared by Gringarten, Ramey and Raghavan.  These type curves provide dimensionless 
pressure for vertically fractured wells in the center of a closed square with no well bore storage.  
Figure C.18 addresses infinite-conductivity fractures and Figure C.19 addresses uniform flux 
fractures.  Both address boundary dominated flow with xe/xf ratios from 1 to 10 and the uniform 
flux solution shows boundary ratios to 20.  For convenience, the figures are included in this 
report as Figures 8 and 9.  Figure 10 is a composite of the trendlines on from Figures 8 and 9 
showing how the uniform flux fracture and the infinite conductivity fracture compare. 
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Figure 6 – Traditional Horner Plot 

 

 
Figure 7 – Detail of Horner Plot at the End of the Falloff Test.  

 
Figures 8 and 9 are both used to better understand the flow regime.  During the early segment of 
the falloff test the data indicated fracture flow with a uniform flux fracture or a fracture with 
pressure drops in the fracture.  During the late portion of the test, the flow is best matched with 
the infinite conductivity fracture.  No signs of reservoir boundaries are seen in drawdown data.  
The drawdown data show that the fracture has damage near the wellbore and has little or no 
damage away from the wellbore as is shown in Figure 10. 
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Figure 8 – SPE Monograph 5 Type Curve C.18. 

In Figure 10, the delta PSI curve from Figure 2 is imposed on the type curves 8 and 9 which 
provides a positive match of the data.  The falloff test data match the type curve when the 
horizontal tdxf = 1.00 and t = 0.533 hours and when the vertical Pd = 1.0 and Delta P = 133.   
 
This match shows that the falloff test is in transient linear flow for about 30 minutes after which 
the flow regime begins a transition to a transient radial flow regime.  At the end of the 
drawdown’s 240 hours, the flow regime is a transient radial flow regime and no reservoir 
boundaries have been encountered.  The absence of observed boundary effects shows that the 
Xe/Xf ratio for the flow system is 20 or greater.  The type curve analysis with the fit noted gives a 
calculated permeability of 1.76 md and a fracture half-length of 28 feet.  The distance to the 
boundary is known to be more than a factor of 20 times the half-length or more than 563 feet. 
 
Absent the presence of reservoir boundaries, the Horner analysis for radial flow does not provide 
a reliable reservoir permeability and this was supplemented with linear flow analysis and type 
curve analysis.  The linear flow analysis likewise provides only indications of reservoir 
properties.  For this reason, the type curve permeability of 1.76 md is considered a more reliable 
measurement than the 1.73 md determined with radial and linear flow analysis.  Both are similar 
in the 2019 test giving some confidence that a reasonable permeability has been calculated. 
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Figure 9 – SPE Monograph 5 Type Curve C.19. 

 

 
Figure 10 – Type Curve Match. 
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It is our opinion that during the falloff test, the data transitioned from transient linear flow to 
transient radial flow and no boundary effects were observed during the 240-hour pressure falloff 
test. 
 
LONG-TERM PERFORMANCE 
 

Figure 11 is a history of pressures and injection rates.  Wellhead injection pressures have been at 
1,419 psig or less and are typically less than 1,300 psig.  The maximum injection rate is 41.84 
GPM with rates in normally from 15 GPM to 35 GPM.   
 

 
Figure 11 – WDW #2 2019 Pressure History. 

Figure 12 shows the stabilized flow period of 72 hours prior to beginning the falloff test.  The 
final flowing rate is 12.67 GPM with a final flowing wellhead pressure of 1,222.0 psig. The 
injection rates for the pre falloff flow test range from a maximum rate of 19 GPM to a final rate 
of 12.67 GPM with an average rate of 13.0 GPM. 
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CALCULATIONS 
 
Calculations for permeability with an assumed Horner plot straight line, for time for a pressure 
transient to reach the edge of the injected water, traditional skin factor and for fracture half 
length are included. 
 
1. Permeability: 

m

qBkh 6.162



 

Where: 
q = final flowing rate- BOPD 
B = formation volume factor 
m = slope from Horner plot of pressure vs log((t+dt)/dt) 
k = permeability – md 
h = net pay – feet perforated 
  = viscosity - cp 
q = 12.67 GPM  
q = 434 BWPD  
B = 1.0 
m = 156.46 or more (stabilized slope not observed on test) 
௞ℎ

ఓ
ൌ ଵ଺ଶ.଺௤஻

௠
ൌ

ሺଵ଺ଶ.଺ሻሺଵଶ.଺଻ሻሺଶସሻቀలబ
రమ
ቁሺଵ.଴ሻ

ଵହ଺
/156.46 = 451 md-ft/cp or less 

kh = (451*0.47) = 212 md-ft or less 
k = 212/123 = 1.73 md or less 

 

Figure 12 – WDW #2 2019 Pressure History for Stabilized Period Prior to Falloff Test. 
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2. Radius to edge of injected fluid: 

h

V
rwaste 

13368.0
  

Where: 
V = total volume injected, gallons 
   = porosity of injection zone - ratio 
h = net pay of injection zone in feet 
 = viscosity in cp 
V = 56,196 gallons 
 = 0.149 (average of perforated interval) 
h = 123 feet (perforated interval) 
 = 0.47 cp 
ct = swcws + cf = (0.149)(0.00000230)+0.00000410) = 0.00000444 
rwaste = ((0.13368)(56,196)/(π(0.149)(123))^(0.5) = 11 feet 

 
3. Time to reach edge of injected fluid: 

k

rc
t wastet

waste

2948 
  

Where: 
twaste = (948) (0.00000444) (0.47) (112)/1.73 = 0.1 hours or more 

 
4. Skin factor (with radial flow): 





















 23.3log151.1

2

1

wt

hrwf

rc

k

m

pp
S


 

Where: 
pwf = final flowing pressure, psi 
p1hr = projected pressure at 1 hour using radial flow straight line, psi 
rw = wellbore radius - feet 
pwf = 4403.05 psig 
p1hr = 4217.82 psig 
rw=0.3281feet 
S = 1.151[(4403.05-4217.82)/156.46 –  
       log(1.73/((0.149)(0.47)(0.00000444)(0.3281)2)+3.23] 
S = -3.80 

 
5. Fracture half length:  











tL
f chm

qB
kX


064.4

 

Where: 
mL = slope from linear flow chart of pressure vs ttt   
mL = 223.85 
Xfk0.5 = (4.064)(434)(1.0)/((223.85)(123)(0.47/((0.149)(0.00000444)))0.5 =   
          = 54 ft md  
Xf = 54/1.730.5 = 41 cumulative feet or more 
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6. Type Curve Analysis:  

 
Where: 

tdxf = 0.0002637kt/( μctXf
2) 

∆P = 141.2QBμPd/(KH) 
kh = 141.2QBμPd/(∆P ) 
Xf

2
 = 0.0002637kt/( tdxf  μct) 

Type Curve Match Point ON Figure 7C: 
 ∆P = 133.3 psi at Pd = 1.0 
 T = 0.533 hours at tdxf  = 1.0 

Match points show:  
1) early time transient linear flow,  
2) late time transient radial flow, 
3) no reservoir or drainage boundary, 

kh = 141.2(434)(1.0)(0.47)*(133.33)/(100) = 216.21 md-ft 
k = 1.76 md 
Xf

2
 = 0.0002637(1.76)(0.533)/( (1.0)(0.149)(0.47)(0.00000444) = 793.7 ft2 

Xf = 28 feet 
 
AREA OF REVIEW (AOR) UPDATE 
 

The area of review is shown on Figure 13 with the data attached as Appendix H which shows all 
wells known to have been drilled within a one-mile radius of WDW #2.  There are 57 wells in 
the one-mile radius of investigation.  One of these fifty-seven wells, Ashcroft SWD #1, 
penetrates the Entrada injection zone.  This well is 0.64 miles from the disposal well and is an 
active water disposal well. No wells are currently producing form the Entrada injection zone 
within the AOR. 
 

 
   Figure 13 – Area of Review. 
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CONCLUSIONS 
 

All testing was successful and meets both the OCD and EPA requirements.  Western Refining 
fulfills all analysis and reporting requirement of the USEPA's "Pressure Falloff Testing 
Guideline, Third Revision", issued by Region 6, and dated August 8, 2002, with the submittal of 
this report.  Pressure falloff and bottomhole pressure testing were conducted according to these 
guidelines. 
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