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DISCLAIMER: This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency thereof, nor any of their employees, 
makes any warranty, expressed or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial 
product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply 
its endorsement, recommendation, or favoring by the United States 
Government or any agency thereof. The views and opinions of 
authors expressed herein do not necessarily state or reflect those of 
the United States Government or any agency thereof. 

 
 
 
ABSTRACT:  
 
A joint venture between Enerdyne LLC, a small independent oil and gas producer, and 
Pumping Solutions Inc., developer of a low volume electric submersible pump, 
suspended from a cable, both based in Albuquerque, New Mexico, has re-established 
marginal oil production from the Red Mountain Oil Field, located in the San Juan Basin, 
New Mexico by working over 17 existing wells and installing submersible pumps. 
  
STATEMENT OF PROJECT OBJECTIVES 
 
Resume marginal oil production operations in the Red Mountain oil fields located in 
McKinley County, New Mexico by installing a cable suspended electric submersible 
pumping system (HDESP), determine if this system can reduce lift costs making it a 
more cost effective production system for similar oil fields within the region, and if 
warranted, drill additional wells to improved the economics. 
 
Three Phases of work have been defined in the DOE Form 4600.1 Notice of Financial 
Assistance Award for this project, in which the project objectives are to be attained 
through a joint venture between Enerdyne LLC (Enerdyne), owner and operator of the 
fields and Pumping Solutions Inc. (PSI), developer of the submersible pumping system. 
Upon analysis of the results of each Phase, the DOE will determine if the results justify 
the continuation of the project and approve the next Phase to proceed or terminate the 
project and request that the wells be plugged. This topical report shall provide the DOE 
with Phase I results and conclusions reached by Enerdyne and PSI. 
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PHASE I 
 
The objective of Phase I was to attempt to establish marginal oil production. This was 
accomplished by selecting 17 wells within the oil fields, removing existing equipment 
when necessary, cleaning out each casing, treating the pay zone of each well for minor 
skin damage, temporarily installing a HDESP in each well, and determining the oil cut of 
the production. 
 
Well Selection 
 
The Red Mountain Mesaverde  is oil productive from at least six shallow lenticular 
fluvial sandstone channels that pinch out both sides and occur at depths between 290’ and 
1100’. These channels average 15’ thick with porosity of 28% and permeability of 400 
millidarcies. Typical of fluvial deposits in this region, they meander in a southwesterly-
northeasterly direction and are characterized by upward fining of grain size distribution 
and have laminated wavy-bedded clay and silt stringer inner beds. These channels drape 
over two distinct deeper lying structures which have created structural-stratigraphic traps 
in which migrating 42 API gravity oil has accumulation. The type of drive is fresh water.  
 
Prior to fieldwork commencing, 17 of the 30 wells within the Red  Mountain oil fields 
were selected for this project. Because there was no question that reservoir characteristics 
would have the greatest impact on the success of this project, it was Enerdyne’s intention 
to test each of the productive sands, with the exception of the 1100’ sand, by include at 
least two wells that were completed in each of the productive sands. And  the well casing 
had to be  4.5” API pipe or greater to accommodate the HDESP. 
 
Well Clean Out      
 
In April 2003, Phase I fieldwork began with the first task being casing clean out. Because 
most of the subject wells were drilled in the 1960’s and 1970’s and had been shut-in for 
several years, it was the concluded by Enerdyne, that in order to give the wells the best 
chance to produce oil, they should be worked over to improve permeability prior to the 
HDESP installation. Using Enerdyne’s rig and other field equipment, the selected wells, 
which ranged in depth from 350’ to 575,’ were worked over using conventional methods. 
Typically, once the surface equipment was removed from the location and the rig was 
setup over the well, the well casing was scraped to remove any large oxidation buildup 
that could possibly hinder the HDESP installation, by rotating a 3 ¾” cone bit, treaded to 
a 24” finned sub on 2 3/8” tubing, to TD.   Fresh water treated with an environmentally 
benign liquid polymer dispersant, to keep clay fines from swelling within the reservoir, 
was circulated to remove casing debris and other solids from the hole. Samples of 
formation fluids were taken to determine their compatibility to hydrochloric acid and or 
wetting agent additives. Confident that no adverse reaction would occur, the well pay  
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zone was then treated with 55 gallons of 12% hydrochloric acid with a wetting agent 
additive to clean out the open hole or perforations of any mineral deposits and that would 
reduce permeability.  After allowing the acid to work for 24 hours, the well was 
circulated again to remove any spent acid and solids. The well was then treated with 55 
gallons of a .05% polymer dispersant and fresh water mixture to remove any sediment or 
clay, not reactive to hydrochloric acid, from the producing formation or perforations. The 
polymer dispersant mixture was agitated repeatedly for at least 24 hours before a 
submersible pump was installed.   
 
A typical water well seal was installed to prevent any debris from entering the well bore 
prior to the HDESP installation. The clean out process took two men, on average, three 
days per well with all 17 wells cleaned and ready for pump installation by late August 
2003. 
 
 
HDESP 
 
A newly developed pumping system, the HDESP consists of a 3 ¾” diameter light weight 
low volume electric submersible oil well pump that functions by hydraulically actuating 
diaphragms with a small hydraulic pump and electric motor. This gives the pump the 
ability to pump low viscosity fluids as well as abrasives given up by the reservoir. By 
increasing the length of the diaphragms and or the size of the electric motor, the pumping 
capacity increases. Its stainless steel construction allows the pump to be deployed in 
corrosive down hole environments without damage to the components. It is suspended, in 
the well, using a ¼” D stainless steel cable to which the electric power cable and 5/8” 
reinforced polyethylene tubing, with a burst pressure of 2500 psi, are tied. The stainless 
steel cable is tied off at the wellhead while the power cable and tubing pass through.   
The entire system can be deployed, continuously, by one man operating the CSPS trailer, 
a 16’ winch trailer that is equipped with hydraulically actuated spools that feed or gather 
the cables and tubing simultaneously. 
 
For this project, the HDESP appears to be perfectly suited to handle the field conditions 
and reservoir characteristics of the Red Mountain: the lack of reservoir pressure that 
exists due to the shallow nature of the pay requires a pump that can pump off without 
damaging the pump. Those wells that experience sand entry into the wellbore from the 
formation require a pump that will not prematurely wear out from sand abrasion to its 
components. During the winter months it is extremely difficult to prevent low volume 
wells, that produce fresh water, from freezing and splitting wellhead fittings and valves 
or metal flow lines, therefore a production system is needed that is not exposed to 
weather conditions. And, because the field is remote, a production system that has no 
above ground moving parts that require maintenance or can harm livestock or other 
native animals is most beneficial.  
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HDESP Installation 
 
In June 2003, PSI began to installing pumps employing their CSPS trailer. Once on 
location, the trailer was centered over the well and leveled with its hydraulic out riggers, 
the derrick was raised and the pumping system was prepared for installation. A 2 3/8”- 8 
round bull plug, modified to accept 5/8” polyethylene tubing and also provide a 
attachment loop for the ¼” stainless steel cable, was threaded into the top of the pump 
and tightened. The ¼” stainless steel suspension cable was then run from its trailer spool,  
through the derrick pulley and secured to the pump.  A threaded ½” NTP male flare 
fitting    was threaded into the bull plug and the 5/8” polyethylene tubing was run from its 
spool on the trailer, through the derrick pulley and secured to the pump with a ½” female 
push lock fitting clamped to the end of the tubing. The pump electric submersible motor 
lead was spliced to No. 3-10 polyethylene jacketed copper power cable after the cable 
had been run from its trailer spool and through the derrick pulley. The two cables and 
tubing were clamped together at the end of the pump and lowered into the well. As the 
pump was lowered, by the CSPS trailer, the tubing and cables were clamped together at 
40” intervals to prevent the tubing or electric power cable from stretching as well as to 
keep the suspension cable from twisting around the tubing which could squeeze the 
tubing and create a flow restriction. A pressure clamp clamped to an auxiliary line off the 
derrick was used to hold the system in place during cable-tubing clamping. After the TD 
was reached, the pump was lifted 5’ off bottom and typical 4” water well seal with 3/8” 
stainless steel eye bolts screwed into the bottom and top of the seal were used to tie off 
the suspension cable and carry the load of the system. Prior to setting the well seal 
permanently in the well casing, the power cable and tubing were guided through the seal 
and cut off at appropriate lengths to allow the power cable to be tied into an electric 
motor starter mounted on a 6”x 6” wooden post set approximately 5” from the well head 
and to allow the 5/8” production tubing to be tied into a flow line. The entire installation 
process for one would typically take two men 8 hours.    
 
Temporary Well Tie-in 
 
After a HDESP was installed, a 4”x 18”x 32” concrete pad, designed with openings to fit 
around the wellhead and also allow the electric cable and tubing to pass through, was 
place over the wellhead, production tubing and power cable, and the well was tied-into a 
power supply and gathering system. A 20 amp disconnect and 240 volt timer were 
mounted adjacent to the starter on the wooden post and wired together. A power supply 
cable was run to the well and wired into the disconnect. The production tubing was 
coupled and run, on the surface, to a production tank, tied-into another nearby flow line 
or into a portable tank.  The wellhead was then covered by bolting a 8”x 16”x 22” metal 
box to the concrete base. The location was fenced with pipe panels or t-posts and barbed 
wire and the well was produced for approximately one hour per day.  
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RESULTS 
 
HDESP Installations 
 
Production volumes and the fact that all but two HDESP installations went smoothly 
indicated that the clean out process was a success. It was estimated that 5-10 barrels of 
fluid were introduced into the reservoir during the clean out process, however the typical 
well made 5-8 barrels of fluid in 2 hours of pumping for several pumping cycles.   
 
Field tests taken by completely drawing down the fluid in the casing and then pumping 
the well so that the reservoir fluid entry could be gauged and the oil cut calculated, 
indicated that, given the current state of the reservoir, an average well would produce 30+ 
barrels of fluid in a 24 hour period with a 18% oil cut. Currently, only two wells are 
being produced because all tanks are full or close to full and, with winter coming on, all 
produced water should be removed soon from the tanks. 
 
The quantity of fluid that each well made per day upon pumping operations commencing 
along with the fact that all pumps made it to depth, indicate that the clean out technique, 
employed for Phase I, was effective. Although three wells did not respond with good 
fluid entry upon initial production, each well did eventually come around after the three 
wells were re-acidized by pumping them off and then dumping 30 gallons of 12% 
hydrochloric acid down the well bore through a ½” polyethylene tube. After allowing the 
acid to work for 24 hours, the wells were pumped once again and all made 15+ bbls. of 
fluid within a few hours of pumping. 
 
As earlier stated, PSI experienced  installation problems with two  wells: the Santa Fe 
106 and the State 2. The Santa Fe 106 is approximately 350’ deep and completed with an 
open hole. Typically, when installing a HDESP system, the pump is set at five feet above 
TD. When PSI tagged TD with the pump, the pump became diagonal in the open hole 
and lodged. Several attempts were made to free the pump, however the pump would not 
release and the ¼” suspension cable snapped from the pulling force, leaving the pump 
and approximately 300’ of cable in the hole. The well seal was installed and the well 
abandoned to be plugged during Phase II, of this project, if the pump and cable can not be 
fished from the hole with the Enerdyne drill rig. Another condition was encountered 
while installing the HDESP system in the State 2, a 525’ well that was drilled in the 
1970’s. It was discovered that this well has 5 1/2'” casing at the surface, but the second 
joint of casing is reduced to 4”; this diameter is too small for the typical pump to pass 
through. Therefore, in order to over come this condition, PSI had to reduce the diameter 
of a pump’s hydraulic gear housing. After two unsuccessful attempts to install the 
modified pump in the well, PSI was able to reduce the pump diameter to the point where 
it would clear the tighter casing and set the modified pump at 5’ above TD.   
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Three other pumps had to be pulled and replaced, after installation, for various reasons: 
one of the first pumps installed was returned to the shop for repairs because the pump 
was assembled with an aluminum component, embedded in an epoxy as a sealant, that 
reacted with residual hydrochloric acid from the clean out process. When this pump was 
submerged in the well, the epoxy sealant dissolved, leaving the aluminum component 
exposed. The aluminum would have corroded and the pump would have failed within a 
short period of time, therefore PSI replaced the epoxy-aluminum component with a 
similar part fabricated from stainless steel. The pump was reassembled, returned to the  
field and installed in the well where it has been operating without a problem. Fortunately, 
this circumstance was discovered during the second HDESP system installation, 
therefore, a costly situation was avoided by replacing the epoxy-aluminum components in 
the remaining pumps to be installed. By going to stainless steel, it also made it possible to 
re-acidize a well without pulling the system from the well bore. Two other pumps had to 
be pulled and replaced on account of upstream electrical problems: an electric short 
circuit that occurred with the power supply cable to a well location, cause one pump’s 
electric motor to short circuit, while another pump was pulled and replaced because the 
electric motor failed as a result of an assembly error. 
 
Minor problems were also experienced and solved during the installation and pulling of 
the pumping system. It was found that the production tubing, power cable and stainless 
steel cable had to be clamped together by weaving the clamp through the stainless steel 
cable and around the tubing and power cable. This prevented the clamp from slipping up 
or down during installation or pulling, which, if occurs, could cause the tubing and or 
power cable to fold within the well bore and tangle making it very difficult tom perform 
the task.  
 
Production 
 
The original plan for oil production was to allow each well to pump for a couple of days 
or until the well pumped off and then calculate the oil cut. The results would determine if 
the well was economic. It was found that the typical well made 8+ bbls. of fluid per day 
in the first four weeks of initial production, with the  pump operating  two hours per day. 
The average oil cut was calculated at 15%. Within a few weeks of pumping, the 
production tanks would be full and the produced water would require disposal. Once all 
wells were online, it was apparent that the volume of produced water was too great to 
manage. If all wells were allowed to pump for two hours per day, the total fluid produced 
would be approximately 4000+ bbls. per month; although it is doubtful that this 
production rate would last for more than 90 days.         
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Economics 
 
Phase I was estimated to take 90 days to complete. The actual time it took to complete the  
tasks described in Phase I was nearly twice as long. HDESP installations were delayed 
because of pump manufacturing delays. As a result of these delays and unforeseen 
conditions and tasks, Enerdyne’s in-kind contribution exceeded DOE contributions by 
$44,000.00. 
  
 
CONCLUSIONS & RECOMMENDATIONS 
 
Oil Production 
 
Marginal oil production has been re-established at the Red Mountain Oil Field using the 
cable suspended pumping system. However, in order for the field to be economic, 
produced water must be reintroduced into the reservoir to maintain reservoir pressure and 
as a method of disposal, as addressed in the AFE’s submitted for Phase II & III for this 
project.  
 
It is recommended that the project continue into Phase II; operating the field for a year to 
determine the economic benefits of the HDESP system. This would involve acquiring 
administrative approval from the New Mexico Oil Conservation Department to inject 
produced water back into the reservoir, converting those wells that do not produce paying 
quantities of oil to injectors and transfer the HDESP system in those converted wells to 
other wells within the field. 
 
HDESP System 
 
For any field with similar characteristics as the Red Mountain, the HDESP system will be 
ideal. However, it does not appear that the pumping system can be installed in a well that 
produces low viscosity oil or heavy paraffin, a deviated well, or any well with a casing 
condition that requires the pump to be pushed, pulled or turned. The current design of the 
pump, with flat ends and sharp edges that can catch on offsets or mineral buildup in the 
well bore, and cable suspension does not lend itself to any force other than pulling. It is 
recommended that, if these conditions are encountered, the pump should be installed 
using 1 ¼” steel tubing or schedule 80 PVC for production tubing using a water well 
winch truck for shallow installations and a small work over rig for deeper wells. 
Inevitably, a more streamline design, similar to logging tools, will be required.   
  
The economic benefits of the HDESP system during installation have been established; 
the average well installation took approximately 1/3 the time with the ESPS trailer when 
compared to a similar installation of pump, rods, and tubing with a small work over rig. 
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