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EXECUTIVE SUMMARY 

At the request of the New Mexico Oil Conservation Division (New Mexico OCD), Mack 

Energy Corporation (Mack Energy) was asked to determine the capacity of the Berry 'A' 

Federal Brine Well (Berry 'A') prior to the wells plugging and abandonment. 

Subsurface Technology Inc. (Subsurface) simulated the approximate cavern size and 

configuration using the commercially available Visual SalGas, Version 2.0 (SalGas). 

The results of the simulation indicated a cavern size of approximately 49,973 barrels. The 

maximum radius of the cavern was determined to be approximately 33 feet at a depth of 

586 feet. 
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1.0 INTRODUCTION 

Mack Energy retained Subsurface to model the approximate cavern capacity and 

configuration of the Berry 'A ' brine production well. 

Mack Energy plans to plug and abandon the brine production well. The New Mexico 

OCD requested Mack Energy to determine the capacity of the brine well prior to 

commencing the plugging operations. 

Several methods were considered as to how best to satisfy this request. Conducting a 

sonar caliper survey was initially considered. However, the Berry 'A ' brine 

production well is completed with a 2-3/8-inch fresh water injection string set at 590 

feet. There are no sonar tools currently available in the United States capable of 

conducting a through-tubing sonar survey in pipe of this size. To conduct a sonar 

caliper survey, the 2-3/8-inch injection string would have to be removed from the well. 

The second method considered and agreed upon by the New Mexico OCD and Mack 

Energy was the use of the numerical leaching simulator SalGas to approximate the 

cavern size and configuration. 

2.0 HISTORY AND DESCRIPTION OF THE SALGAS NUMERICAL 

SIMULATION LEACHING MODEL 

The flow mechanism in a solution-mined cavity being developed through water 

circulation varies as the operation continues. Based on various laboratory experiments 

and the related empirical relations, a numeric leaching model was developed in 1974 

(Saberian, 1984). 

In 1977, cavern hydraulics calculations were added to the original leaching modeling 

followed in 1978 with the integration of gaseous pad calculations thus resulting in the 

creation ofthe original version of the numerical leaching model SalGas. 

The original version of SalGas ran on a mainframe computer and used punch cards for 

data input. In 1990, Ahmed Saberian configured the original version so that it could 
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be run on a personal computer. In 1994, Version 2.0 of SalGas was introduced and is 

the current version of the numerical leaching simulator. 

A graphical user interface (Visual SalGas) was developed and incorporated into the 

leaching simulator in 1994 and provides a menu-based generator for the data input 

files. SalGas can now be executed from the Visual SalGas interface through a 

windows environment. The graphical user interface has been improved and upgraded 

since its initial introduction. The current version is Visual SalGas, Version 1.5 and 

was used in the numeric leaching simulation ofthe Berry 'A' brine production well. 

SalGas simulates the mining operation by dividing the cavern into a series of circular 

disks (computational cells) and stacks these disks on top of each other. User defined 

time increments are input into the model. These time increments are further divided 

into smaller time increments. Upon initiation of SalGas, the model calculates the salt 

dissolution and fluid flow in the bottom cell for the first time increment and then for 

each of the cells above the bottom cell. This cycle is repeated for each of the user 

defined input times. The simulation is run under isothermal conditions with a 

temperature of 75°F applied throughout the simulated system. 

At the end of the simulation run, a report is generated that includes pertinent 

information from the simulation such as specific gravity of the produced brine, the 

radius of the individual cells, total water injected, total brine produced, etc. 

Detailed information about the model, theories and formulas used, programming 
description, flow charts, and model validation are available upon request. 

3.0 HISTORY OF THE BERRY 'A' FEDERAL BRINE WELL 

On June 26, 1998 while drilling the Berry 'A' brine production well, brine water was 

encountered at approximately 588 feet. The well was completed open-hole from 425 

feet (8-5/8-inch cemented casing shoe) to 646 feet (total depth). One thousand ninety 

six (1,096) barrels of brine were then produced from the well through January 1, 1999. 
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On June 29, 1999, the well was deepened to 696 feet and a submersible pump was set 

at 599 feet. Between July 1, 1999 and January 1, 2000, ninety seven hundred (9,700) 

barrels of brine were produced from the Berry 'A ' brine production well. Operations 

were then suspended until August 17, 2001. 

On August 17, 2001, a 2-7/8-inch injection string was set at 599 feet. Fresh water was 

injected down the tubing and brine was produced through the tubing-casing annulus. 

On November 2, 2001, the 2-7/8-inch hanging string was removed from the well and 

replaced with a 2-3/8-inch injection string. The 2-3/8-inch injection string was run to 

a depth of 590 feet in the well. Brine was extracted from the Berry 'A ' brine 

production well via the solution-mining method through 2006. A total of 305,133 

barrels of brine water were solution-mined from the Berry 'A ' brine production well. 

The volumes of brine produced and fresh water injected into the Berry 'A ' brine 

production well are summarized in Table I . The current wellbore schematic is 

presented in Figure 1. 

4.0 R E V I E W OF MODELING PARAMETERS AND SIMULATOR 

CONFIGURATION 

The modeling parameters used in the simulation were derived from the information 

supplied by Mack Energy. 

The Berry 'A ' brine production well was used on an intermittent basis though out the 

production history of the well. The production volumes supplied were the yearly total 

volumes of brine produced and fresh water injected. These volumes were converted to 

average yearly flow rates in gallons per minute (gpm) between 2001 and 2006. 

The total volume of brine produced (10,796 barrels) during the time that the well 

flowed naturally and during the time that a submersible pump was used to produce 

brine water, were not included in the simulation as no fresh water was injected and 

little, i f any, solution-mining would have occurred. 
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The LithoDensity, Compensated Neutron/Gamma Ray log of the offset well, Berry 

'A ' Federal No. 9, was reviewed for pertinent geologic data regarding the salt 

formation that the Berry 'A ' brine production well is completed in. 

The log indicates the top of the salt to be at approximately 485 feet and extends 

through the total depth of the well at 696 feet. The interval where the initial 

production of brine occurred (through natural flow and pumping) is indicated on this 

log between 590 feet and 610 feet. 

Another break in the salt sequence is indicated between 655 feet and 610 feet. The 

increase in the gamma ray response could either be a shale sequence or possibly a 

potassium carbonate (potash) layer in the salt. 

In order to provide a conservative estimate (maximum size) of the cavern capacity, 

the entire salt interval between 485 feet and 696 feet was assigned a dissolution 

factor of 1.0/ 

The increase in the dissolution factor caused by the preferential dissolution of 

possible potash_fay.ers.Jri_.jthe„salt_wsas not taken into account in the simulation^ 

Additionally, a decrease in the dissolution factor"due to any shale sequences in the 

salt was not accounted for in the simulation either. Thus, the possible effects that 

either condition might have on the cavern size during the simulation are 

counterbalanced. A reproduction of a portion of the LithoDensity, Compensated 

Neutron/Gamma Ray log is included as Appendix A. 

The Berry 'A ' brine production well was completed with the 8-5/8-inch cemented 

casing string set at 425 feet which is in the shale layer above the top of the salt at 

485 feet. To avoid solution-mining this shale layer, the 8-5/8-inch cemented casing 

string in the simulation runs was lowered to the top of the salt at 485 feet and an 

incompressible pad was placed at this depth. Configuring the simulator in this 

fashion prevents the unwanted dissolution of the shale sequence above the top of the 

salt. 

The initial simulation run was conducted with the 2-7/8-inch injection string 
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positioned at 599 feet. The fresh water injected was assigned a specific gravity of 

1.0. The initial specific gravity ofthe produced brine was assigned a value of 1.176 

(9.8-ppg brine as recorded by Mack Energy). The cavern was divided into one-foot 

increments (computational cells) with an initial borehole radius of 0.3177 feet. The 

initial leaching simulation at 599 feet was run for 78 days. 

The simulation was then restarted using the cavern size and brine specific gravity at 

the individual cavern depths as calculated from the initial 78-day simulated leaching 

period. A 2-3/8-inch injection string was positioned at 590 feet and the cavern was 

again divided into one-foot increments. The simulation was restarted and run for an 

additional 1885 days. The 1885-day injection period was further divided into six 

yearly time segments with individual brine production rates assigned to each 

segment. The production rates were derived from the total amount of brine 

produced during the particular year modeled. 

Table II summarizes the selected input values used in the leaching simulation. 

5.0 SIMULATION RESULTS 

The results of the final simulation indicate a total cavern volume of 49,973 barrels 

with a maximum radius of 33 feet at a depth of 586 feet. The amount of brine 

produced from the simulation was 305,009 barrels which is comparable to the total 

reported amount of brine produced (305,133 barrels). 

The amount of fresh water injected as calculated from the simulation was 316,021 

barrels. A volume of 381,416 barrels of fresh water was reported injected during the 

duration of the solution-mining operations. It is suspected that the excess fresh water 

that was reported used during the leaching operations was lost to the depleted salt 

water producing interval between 590 feet and 610 feet. 

The reported amount of brine water produced was 305,133 barrels. One barrel of 

saturated brine water contains approximately 123.09 pounds of salt (Halliburton, 

2001). Therefore, approximately 37,558,821 pounds of salt were produced during the 

solution-mining operations. One cubic foot of salt weighs approximately 135 pounds, 
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thus, the amount of salt produced was approximately 278,213 cubic feet. Converting 

cubic feet to barrels (0.1781 cubic feet per barrel) yields a cavern volume of 49,550 

barrels which compares favorably to the simulated cavern volume of 49,973 barrels. 

The results from the leaching simulation are summarized in Table III. A graphical 

representation of the simulated cavern configuration during each year of the solution-

mining process is presented in Figure 2. The output files generated from the leaching 

simulation are presented in Appendix B. 

6.0 CONCLUSIONS 

The cavern volume derived from actual field data compares favorably with the value 

generated from the SalGas leaching simulator, thus indicating the simulated cavern 

volume of 49,973 barrels represents a reasonable approximation of the cavern size. 

With the submittal of this document to the New Mexico OCD, all requirements for 

determining the approximate capacity of the Berry 'A' brine production well will have 

been satisfied. 

7.0 REFERENCES 

1. Solution Mining Research Institute, Research Project Report No. 84-0003A-S, 

SalGas User's Manual, A. Saberian, September 1984. 

2. Halliburton Cementing Tables, Physical Properties of Sodium Chloride Solutions, 

Page 64, 2001. 
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13-3/8-inch surface casing set at 
240 feet. 250 sacks of cement 
circulated to the surface. 

8-5/8-inch protection casing set 
at 425 feet and cemented with 
250 sacks of cement. 

Top of salt at 485 feet. 

Approximate 
cavern configuration. 

2-3/8-inch fresh water injection 
string set at 590 feet. 
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APPENDIX A 

Logging Date 31-March-1998 
Run Number One 
Depth Driller 4922 F 
Schlumberger Depth 4920 F 
Bottom Log Interval 4902 F 
Top Log Interval 175 F 
Casing Driller Size @ Depth 8.625 IN @ 1059 F @ 
Casing Schlumberger 1044 F 
Bit Size 7.S75 IN 
Type Fluid In Hole Brine Starch 

M
U

D
 Density j Viscosity 10 LB/Q 29 S 

M
U

D
 

Fluid Loss ! PH 22 C3 10 

M
U

D
 

Source Of Sample Circulation Tank 
RM @ Measured Temperature 0.135OHMM @ 76 DEGF @ 
RMF @ Measured Temperature 0.101 OHMM @ 76 DEGF @ 
RMC @ Measured Tern perature @ @ 
Source RMF RMC Calculated 
RM @ MRT RMF @ MRT 0.107 @ 98 0.080 @ 98 @ @ 
Maximum Recorded Temperatures 98 DEGF | 
Circulation Stopped Time 31 -March-1998 | 10:00 
Logger On Bottom Time 31-Wiarch-1998 | 13:30 
Unit Number Location 3015 | Roswell, NM i 

Recorded By Brad A. Woodard 
Witnessed By Tony Hall / Matt Brewer 
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