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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 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 othenvise 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 margmal oil production from Red 
Mountain Oil Field, located in the San Juan Basin, New Mexico by working over 17 existing 
wells, installing submersible pumps and operating the oil field for approximately one year. 

The project was funded through a cooperative 50% cost sharing agreement between Enerdyne 
LLC and the National Energy Technology Laboratory (NETL), United States Department of 
Energy, executed on April 16,2003. The total estimated cost for this first Budget Period, of the 
Agreement, was $860,000.00 as detailed in Phase I & Phase I1 Authorization For Expenditures 
(AFE). 

This report describes tasks performed and results experienced by Enerdyne LLC during Budget 
Period I of the cooperative agreement. 
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INTRODUCTION 

Resume marginal oil production operations in the Red Mountain Oil Field, (Pl), located in 
McKinley County, New Mexico by installing a cable suspended electric submersible pumping 
system (HDESP), determine if ths  system can reduce lift costs malung it a more cost effective 
production system for similar oil fields withm the region, and if warranted, drill additional wells 
to improve the economics. 

Three Phases of work have been defined in the DOE Form 4600.1 Notice of Financial Assistance 
Award of 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 technical 
report shall provide the DOE with results and conclusions reached by Enerdyne and PSI during 
Budget Period I, which includes all tasks described in Phase I and Phase I1 (Operations). 

EXECUTIVE SUMMARY 

In April, 2003 a cooperative 50% cost share agreement between Enerdyne and the DOE was 
executed to investigate the feasibility of using cable suspended electric submersible pumps to 
reduce the lift costs and increase the ultimate oil recovery of the Red Mountain Oil Field, located 
on the Cham Slope of the San Juan Basin, New Mexico (Ml). The Field was discovered in 1934 
and has produced approximately 55,650 cubic meters (m3)), (350,000 barrels, bbls., 42 gallons, 
gals.) of oil. Prior to April, 2003 the field was producing only a few cubic meters of oil each 
month; however, the reservoir characteristics suggest that the field retains ample oil to be 
economic (M2) .  This field 
depths from 88-305 meters 
area for this experiment. 

is unique, in that, the oil accumulations, above fiesh water, occur at 
(m), (290 feet to 1,000 feet, e.), and serves as a relatively good test 
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Operations 

Phase I1 operations began in November 2003. Because flow lines were not buried at that time, 
production was limited due to the weather, given the high percentage of fresh water produced. 

In March 2004 work was resumed on a normal schedule. All pumps were operational with the 
exception of one pump that was lost during installation. Most wells produced for one hour per 
day to accommodate the limited tank volume at that time. 

While each well was produced daily, it was required to be shut down production during 
permanent tie-in operations. This task consumed the summer months. Approximately 1829m 
(6,OOOft.) of electrical cable and flow line were laid and buried within a .6096m (2ft.) deep 
trench to tie-in the producing wells to production tanks. 

In August 2004, all wells were tied-in, Produced fluids were pumped to six tanks batteries 
located within the field where, once the oil and water separation occurred (P6), produced water 
was drained from the production tank and placed in steel tanks to evaporate and or to be stored 
until other methods of disposal could be approved by the New Mexico Oil Conservation 
Division. 

RESULTS 

HDESP 

Once the HDESP system was installed and tied-into a production tank, pumping operations, 
regarding the system, were not at all labor intensive: wells were checked to confirm that the 
down hole pump was operational and that the well head had not developed any leakage from the 
flow line connection. Unlike the typical beam pump, no surface equipment with moving parts 
required attention: there were no fluids to check, no bearings nor seals to lubricate nor belts or 
bolts to tighten. One man was able to check all wells within two hours. 

However, at the end of the Phase I1 operations only 13 pumps were operational. One pump was 
lost during installation and three others failed due to apparent down hole electrical problems. 

In summary, in spite of the pump failures, the HDESP system was found to have several 
advantageous features: 

- 
- 
- 

- 
- 
- 

the system was able to pump acid, solids and fine sand without pump failure 
the pump was able to pump off without pump failure 
the system can be installed or removed in one third of the time required by 
conventional methods 
the pump can be tie-into rigid or flexible tubing 
the system eliminates costly surface equipment with moving parts 
the system can be solar operated therefore used in remote locations 

10. 



- the system operates for approximately half the cost to power a conventional 
surface mounted electric motor 

- the system reduces pumper man hours by 60% 

Conversely, the system can creates a unique set of potential problems during operations: 

- 
- 

- 

- 

- 
- 

the system can not be maneuvered in the well bore with flexible tubing 
differential stretch of the system components can cause the suspension cable 
to cut into or pinch off the flexible tubing during production 
the pulsating action of the pump can cause the suspension cable, tubing and or 
the electrical supply line to ware against the casing 
the pump is susceptible to failure from numerous electrical conditions above 
ground and down hole 
the system can be easily damaged during installation or replacement by 
typical oil field personnel 
the CSPS trailer is required to install or remove the system cost effectively 

Production 

The origmal plan for oil production was to allow each well to pump for a couple of days or until 
the well was pumped off and then calculate the oil cut to determine economics. It was found that 
the typical well makes 1.272m3 (8 + bbls.) of fluid per day for the first month of initial pumping, 
with the well pumped for two hours per day. The average oil cut was calculated at 
approximately 15%. Within a few weeks of pumping, the production tanks were full and 
produced water would have to be disposed to resume production. Once all wells were online, it 
was apparent that the volume of produced water was too great to manage; therefore, four 
additional tanks were set within the field and one existing 184 m3 ( 1  000 bbl.) tank was converted 
to produced water storage. 

After three months of daily pumping, fluid volumes decreased to approximately .447m3 (3+ 
bbls.) of fluid per day when pumping 1 hour per day. Aggregate oil cut was approximately 8% . 
Although several wells were capable of substantially more volume, it was difficult to keep up 
with the produced water. 
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CONCLUSIONS dk RECOMMENDATIONS 

Enerdyne has reached the conclusion that the cable suspended pumping system, HDESP, when 
installed in a shallow reservoir, such as the Red Mountain Oil Field, can be a more cost effective 
artificial lift method than the conventional rod pump method and therefore provides an operator 
the opportunity to extend the life of a similar field by reducing man hours to pump wells and by 
lowering the energy cost to operate. Because a submersible pump system eliminates the need for 
expensive surface equipment that requires constant maintenance, pumping labor costs are 
reduced by 60% ; this, coupled with the reduced electricity cost savings of approximately 45% to 
operate, creates a significant comparative cost advantage for the HDESP. Clearly, when the cost 
to pump a marginal well is reduced, the impact of any operating cost savings is substantial to the 
economic life of the that well, which is the case within the Red Mountain Oil Field , 

However, when a pump fails, the HDESP system cost effectiveness is reduced and or eliminated, 
when a comparison of the pull and run costs is made between HDESP and the conventional rod 
pump method. Using the line item costs from the AFE for Phase I, the cost to pull and replace a 
conventional rod pump would run approximately $2,750.00: rig cost for one day of $2,000.00 
and allowing $750.00 for a rebuilt 31.75 mm x 1.83 m (1 !A’’ x 6’)  rod pump, compared to 
$4,750.00 for one day use of the ESPS trailer ($750.00) and a submersible pump replacement 
($4,000.00). For that reason and as a result of the number of pump failures experienced during 
Phase 11, Enerdyne would recommend that certain pump design elements, mainly electrical 
components and connections, require adhtional research and development. In addition, quality 
control during pump assembly probably needs refinement as well, in order to achieve a level of 
pump reliability, that is essential to the oil field. 

It is further recommended that the HDESP not be installed with a suspension cable and or 
flexible production tubing in a 114.3 mm (4 %’) well casing. The lack of pump to wall clearance, 
with the current PSI pump design, is susceptible to pump hang up or loss and damage to the 
production tubing from twisting, crimping or abrasion. A 139.7mm (5 W )  well casing 
installation lends itself to less adversity but in order to do away with most of the installation and 
production problems associated with the HDESP, it is recommended that future submersible 
pump installations be with ridge tubing such as 3 1.75 mm (1 W7)  schedule 80 PVC or steel. By 
doing so, the required surface equipment would not change and the pump would not have to be 
pulled with the CSPS trailer but could be pulled with more familiar field equipment such as a 
water well winch truck or a small drill rig. There would also be a material cost benefit of more 
than 50% from the substitution: 3 1.75 mm (1 ?A”) schedule 80 PVC with galvanized couplings 
or used 3 1.75 mm (1 W’) steel upset tubing would cost $1 .OO per foot compared to $2.12 per 
foot for 6.35 mm (W) stainless steel cable and 15.88 mm (5/8”) high pressure neoprene tubing. 

Lastly, to continue on to Phase 111 would be recommended. Produced water, from current 
production should be converted from a liability to an asset, by re-injecting to increase reservoir 
pressure, which will certainly increase oil production and by developing surface usages that 
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AUTHQRIZATON FOR EXPENDITURE DATE REDMOUNTAIN LEASENAME 
RED MOUNTAIN FliASES 1 AND 2 VARIOUS 290-450 SAND RED MOUNTAIN 

LOCATION WELL Nos. TD FORMATION 
SECTIMJS m,z i ,  n, 2 7 , a  a 29. T-~ON, R-9-w 

..._.____-.. -.-..- .-*I. - ...._I ..--.-..-._-....-..._ .-............... I_... II ._.. --........- .--. ““.._ 
MENEFEE 

OPERATOR COUNTY STATE4 AFE NO. 
ENERDYNE LLC MCKINLEY NNV MEXICO TOTAL 

PURPOSE FOR EXPENDITURE NPE OF WELL LEASE No. WORK DATE 
PRODUCE MENEFEE SAND VSIW -1 WMPS OIL VARIWS 

INTANGIBLE MsrS TtElN OPERAJiONS COMPLETED 

._--_._.I _._.______- 

~ ~~ ..~.....I..__.. _..._ ...- I .......__.. ~ .-....-~....I.. ..-_.-I---.--.. .... .. ..-_.-._ ”.--. .... I .-.-- - -.... 
COMPLETION COST 

I-.I--..._----- .-----I ..-*----_. _I_.-_-.. 
COMPLIANCE $26,750 00 %,OM) 00 %71,750,00 
LEGAL FEES &TITLE OPlNlONS 2,000.00 2,000.00 
SURVM & STAKING 16.500.00 16,500.00 
SURFACEDAMAGES 2.000.00 2,000.00 
AOMINISTRATIVE OVERHEAD 33,000 00 3O,oW00 63,00000 
PLuGGlMG BOND 4,OW 00 4 . m  w 
MOVE IN a our, RIG UP 12,Sw bo 12.500.00 
FOOTAGE 49.500 00 49,500.00 
DAY R A E  52,000.00/ DAY 68,000 00 66,000.00 
BITS, REAMERS, MilLL FIPE 800 00 600.00 
ELECTRICAL SURVEY, OPEN HOLE LOG 
DRILL STEM TESTS 
CORING. SWS, ANALYSIS 1,50000 1,50000 
MUD, ADDITIVES. DIESEL & PKR FLUID 4.900 00 4.900 00 
CEMENTING. SURFACE 0 FT- 

INTERMEDIATE 
OIL SfRlNG 4.5” - 2o.wo.w 20,ooo.w 
FLOAT EMJIP, CENTRALIZER 2,200.00 2,200.00 

SWAB, BAILING, W.0, & COMPLETlON CSPS UNIT 12,750.00 40,750.00 53.500.00 

STIMULATIMJ TANK 7,660 00 2,35000 1o.ooo.00 
MISCELLANEOUS UBOR 29,500 00 49,25006 78.750.00 
ROADS, FENCING, LOCATION 8 PITS 6,890.00 6,890.w 
WELL SITE GEOLOGIST 12.500.00 12.500. 00 
PETRDLEUM ENGINEER 1,600.00 1.6W00 
MUD LOGGING 1,2M.00 1,200 00 
COYMUNICATW 4,550 00 4,550.00 
TRANSPORTATION a EWPMENT HAULING 21,500 00 45,000 00 68.500.00 
ABANWNMENT, PLUGGING, 8 RESTORATION 33,Mx) 00 33.w.M) 
FUEL, POWER, &WATER 13,500.00 13,250.00 26.750.00 
SPECIAL SERVICES 8 RENTALS 25,100.00 6,800.03 32,000.00 
OVERHEAD 11.ooo.00 34,oO0.00 45,ooo.00 
CONTINOENCY 20,oOo 00 21,5W.00 41.500.00 

SUB-TOTAL $419,440 00 6320,000 00 8739,440.00 

PERFORATING AND RADIO ACTIVE LOG 

FRAC OR ACIPSTIMULATION 4.250 00 3,000 00 7,250.00 

~ ~ ..-.-_-- I_ _-__-__ __I__I__ ___.__.I__ 

TAX 24,379 85 18,8M.00 42,979.95 

TOTAL INTANGleLE COSTS 5443,819.95 S338,WX.W $782,419.95 

TANGIBLE COSTS COMPLETION OPERATIONS COMPLETED 

_._._l..l.lI.-_ -I._--..-.--_--.____..----- --..-I_.._cI --_-_--I 

l______.-_-____.l..l~--.-.-~-.-.~--- _. -..-.-__I__.. ...I._____._ 

COST 
~ --I_--.---_--.I__-_ I-.... - -I_.--- ~ ----._-I. 
CASING COND FT. $0.00 so 00 $0.00 

SURF 
IMER FT 
PROD 12,oOo.00 12*000.00 
LINER 

NBlNG 6.aoO.M) 6,000 00 
RODS 
WELL HEAD & SURFACE 5,ow.Oo 5,m.m 
SURFACE FLOAT ECWIPMENT 
POLISH ROD ASSEMBLY 
PRooclcTlON PACKER 3,Dw.w) 3,000.00 
OOWN HOLE PUMP 213,150.00 213,15000 
SEPARATOR 1o.ooo.00 10,000 00 
TREATER 
VALVES, FITTINOS C M E S  ANDGAUGES 6,250 OD 2 , m  00 8,250.00 
PROWCTION TANKS 25.w 00 25,000.00 
WATER DISPOSAL TANK 30,m 00 30,WO.M) 
GATES, FENCES ANDSIGNS 7.500 00 6 , W W  14.00000 
TRlRW PUMP 
WWER MOVER (SIZE AND TYPE) 
ELECTRICAL EQUIPMENT 33,750.00 33.750 00 
LINE PIPE & CONNECTIONS 30,MK).00 2.500.00 32.500.00 
ANCHORS 
INSURANCE 3,750.m 3,750.00 
CONTINGENCY 2,500 00 2,500.00 5,000.00 
.___.___-I____ ___ _.x___......._.._._._ _____I_. -_ _____. 
SUBTOTAL $148,750.00 $253,gsO.00 8401.4oo.W 
TAX 8,646.09 14,685 28 23,331 38 

TOTAL TANGIBLE COSTS $157,396 09 $267,33428 3424,731.38 

TOTAL WELL COST $601,216.04 5805,935.26 $1,207,151.33 

I -... -... ̂...-.-..ll.--*.l__.__._II_..----.. ......-..------ -.----_.I-. .--- --.- ~ 

~.-.____-.-.-.---.--- ~ -____-_-I ~ .--_ -. ~ 

‘I~IL*IIE--PII-.UI-~=---~----=---*---~- I*-up-I*3P=l E-==uPICp *=-i.=il-=.I*ili.= 
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LIST OF ACRONYMS AND ABBREVIATIONS 

English 1 Metric Units, Standard for Metric Conversion Factors (attached) 
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EnglshlMetric Units 3 
Standards for Metric Conversion Fadors 

To convert from: To: Multiply by: 

FLOW 
(See Mass Per Unit Time or Volume Per Unit Time) 

dyne 
kilogram-force 
ounce-force 
pound-force (Ibf) 
poundal 

Btu (International Table) .A /  h . f?. OF 
(k, thermal conductivity) 

Btu (International Table) / ft2 
cal (thermochemical)/ cm s . "C 
cal (thermochemical)/ cm2 

angstrom 
foot 
foot (U.S. survey) 
inch 
micron 
mil 
mile (international nautical) 
mile (U.K. nautical) 
mile (U.S. nautical) 
mile (international) 
mile (statute) 
mile (U.S. survey) 
parsec 
yard 

grain 
gram 
hundredweight (long) 
hundredweight (short) 
ounce (avoirdupois) 
ounce (troy or apothecary) 
pennyweight 

FORCE 
newton (N) 
newton (N) 
newton (N) 
newton (N) 
newton (N) 

FORCE PER UNIT AREA 
(See Pressure) 

HEAT 
watt per meter kelvin { W / m . K) 

joule per meter ( J / m2 
watt per meter kclvin ( W / m K ) 
joule per meter * ( J / m2 

LENGTH 
meter (m) 
meter (m) 
meter (m) 
meter (m) 
meter (m) 
meter (rn) 
meter (m) 
meter (m) 
meter (m) 
meter (m) 
meter (m) 
meter (m) 
meter (m) 
meter (m) 

MASS 
kilogram (kg) 
kilogram (kg) 
kilogram (kg) 
kilogram (kg) 
kilogram (kg) 
kilogram (kg) 
kilogram (kg) 

1.000 000 E - 05 
9.806 650 E + 00 

4.488 222 E + 00 
2.780 139 E - 01 

1.382 550 E - 01 

1.730 735 E + 00 

I .350 653 E i- 04 
4.184 000 E + 02 
4.184 000 E + 04 

1.008 000 E * 10 
3.048 000 E - 01 
3.048 006 E - 01 
2.540 000 E - 02 
1.OOO OOO E - 06 
2.540 000 E - 05 
1.852 000 E + 03 
1.853 184E+03 
1.852 000 E + 03 
1.609 344 E + 03 
1.609 3 E + 03 

3.085 678 E + 16 
9.144 000 E + 01 

1.609 347 E + 03 

6.479 891 E - 05 
1 .OOO 000 E - 03 
5.080 235 E + 01 
4.535 924 E + 01 
2.834 952 E - 02 
3.110 348 E - 02 
1.555 174 E - 03 

( 
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1 
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