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Introduction

The purpose of this project was to evaluate improved progressing cavity (PC) pump stator elastomer materials in
NPR-3 crude under field conditions. The goal of the project was to test an elastomer material that can be used in
high API-gravity (greater than 38' API) crude oils. Currently available materials used for the construction of
pump stators swell and fail in contact with such crude oils. This limits the applicability of progressing cavity
pumps as a form of artificial lift in oil wells.

Published literature indicates that progressing cavity pumps have substantially lower capital costs to install and
use less power than rod pumps. Expanded use of this equipment would result in improved economics for oil
producers, delay the abandonment of marginal wells, and reduce energy consumption.

Cameron Elastomer Technology has broad experience in developing rubber compounds for the petroleum
industry. They provide sealing elements such as gaskets, o-rings, and other sealing components to their family
of equipment manufacturers which sell wellheads, blowout preventers, drilling risers, chokes and valves.

Part one of the test involved the use of a Roper surface transfer pump installed in a flow loop at Cameron's
facilities in Katy, Texas. Part Two consisted of a long-term test in producing wells using the compound selected
in the earlier test.

Operation

Although the geometry of its pumping elements may seem somewhat complicated, the operation of a
progressing cavity pump is surprisingly simple. The key components are the rotor and the stator. The rotor is a
single external hilix with a round cross-section, precision machined from high strength steel and chrome plated
for hardness. The stator is a double internal helix molded of a tough, abrasion resistant elastomer, permanently
bonded inside an alloy steel tube.

As the rotor turns within the stator, cavities are formed which progress from the suction to the discharge end of
the pump, conveying the pumped material. The continuous seal between the rotor and the stator keeps the fluid
moving steadily, at a fixed flow rate proportional to the rotational speed of the pump.

The elastomer compounds used to mold the stator are usually different types of Nitrile rubber. Unfortunately,
nitrile rubber can adsorb aromatic solvents such as benzene xylene and toluene. This can cause the elastomer to
swell and soften when exposed to crude oils containing high concentrations of these solvents. Published
literature from manufacturers claims that current compounds can be used in crude oils up to 40 degrees API but
this may be optimistic. Current operating experience suggests that difficulties increase substantially in crude oils
lighter than the low 30 degree API range. The actual aromatic content of the specific crude oil will obviously
govern whether or not a PC pump will be effective.

Operating experience at NPR-3 in the mid- 1980's demonstrated that nitrile compounds available at the time
were unable to tolerate crude oil from the Shannon formation with gravities in the low 30's. As part of the
project planning work, wells with existing PC pumps from that era were pulled in order to evaluate the
condition of the stator material. In one well, the stator compound



had swollen to such a degree that the elastomer had extruded 1/2" out the top of the pump. The rotor was also
found to be seized completely by the swollen stator.

Anticipated Benefits

Published literature indicates that progressing cavity pumps have substantially lower capital costs to install and
use less power than rod pumps. Expanded use of this equipment would result in improved economics for oil
producers, delay the abandonment of marginal wells, and reduce energy consumption. PC pumps also handle
abrasive materials and other solid much better. This would be an advantage in the open-hole completions of
NPR-3, which produce clay and mud from fractured shale reservoirs.

Test Program

Phase | was a test of elastomer compounds in a surface flow loop located at Cameron's facility in Katy, Texas. A
Roper(tm) surface transfer pump was used to pump crude oil around a loop while data acquisition equipment
measured the pump amperage and pressure for signs of swelling. A standard, commercially available nitrile
rubber was used in the stator in order to establish a control case. The test elastomer was run in parallel in order
to provide a comparison.

A 55-gallon sample of crude oil from Well 36-STX-23 was used to fill the loop. This well produced crude oil
with a corrected API gravity of 40 degrees. The oil is a light, paraffinic crude oil with a high quantity of wax.
Natural gas from the well contains large quantities of C3+ hydrocarbons.

Phase 11 of the test included the installation of PC pumps in two shale wells with high API gravities (40" API).
Early in Cameron's research program, they decided to construct a mold for an 025 stator. This designation
means that the pump has a transfer rate of 25 bbl. per 100 RPM Since the optimum operating range for PC
pumps is approximately 350 RPM the pump was designed to lift about 85 bbl. of fluid per day.

Additional support was provided by Griffin Legrand, who manufactured the steel rotors, fitted them to the
molded stators, and performed dynamometer testing of the completed pump. Griffin Legrand also provided
technical support for the well design and guidance in running and starting up the PC pumps. They also loaned
two electro-hydraulic surface units for the test. These units use an electric motor to run a hydraulic system that
turns the rod string. This gives the ability to vary rotation speed without the cost of a variable frequency drive. It
was originally thought that existing surface units purchased in 1988 could be salvaged, but the equipment lacked
certain safety devices that have become customary. Test priorities were as follows:

1. Verify the mechanical design and reliability of the pumping equipment.
» The equipment design contains expected safety features such as pressure relief valves and sufficient

pressure rating for all components. OSHA requirements for equipment guarding, etc. will be
enforced.



2. Evaluate the ability of Cameron's PC pump to operate and produce the light crude oil at NPR #3
effectively.

3. Evaluate well performance in order to determine if PC pumping is an effective method of artificial lift in
our candidate wells.

» Wells should show evidence of improved or production or reduced operating expenses compared to
rod pumping.

CANDIDATE WELLS

Since Cameron requested candidate wells that produce oil with a gravity of 40" API, a search revealed that the
only area of NPR-3 that produced this type of oil was in the south end of the field. Wells in this area produce
from the Steele and Niobrara formations which are naturally fractured shale formations. These wells feature an
open-hole completion because the shales are fluid sensitive and have been damaged when exposed to oilwell
cements. None of the usual sandstone reservoirs at NPR -3 produced oil lighter than about 340 API.

Well 36-STX-23 was completed in 1995 and had been on production on rod pump previously. Paraffin
deposition and low fluid inflow had restricted the well's ability to produce. It was producing approximately 5
BOPD under rod pump, with frequent paraffin control treatments.

Well 33-STX-23 had not produced previously to any significant degree. The well tended to produce clay with
the crude oil and rod pumps tended to quickly jam. As a result, the productive capacity of the well was
unknown.

Neither of these wells were ideal test candidates because they produced significantly less than Cameron's 025
pump was capable of handling, In addition, the open hole completion was also drilled directionally. Beginning
at about 1,200 feet, each of the wells were deviated to about 30 degrees from vertical. However, both wells were
determined to meet the most important criteria regardless of production and mechanics, the elastomer would be
exposed to a hostile environment.

TEST RESULTS:
Phase I - Test Loop

A standard nitrile rubber stator and a stator molded from Cameron's test compound were mounted on a
Roper(tm) transfer pump] and tested in the flow loop. A nitrogen blanket was used in order to minimize the
evaporation of light aromatic solvents. Both pumps were operated were operated with an 85F for 48 hours and
at 150'F. Motor amperage, output pressure, flow rate and fluid temperature were measured continuously during
the test. The standard nitrile rubber stator unexpectedly survived the trial. This was unexpected, given the
known chemistry of the stator material and the crude oil composition. Cameron hypothesizes that the volatile
aromatic solvents evaporated during the test, despite their attempt to control the evaporation. Since the result
was indeterminate, it was decided to terminate phase one and proceed with the field trial in wells.



Phase Il - Well 36-STX-23

This well is approximately 3090’ feet deep with a 7-7/8" open hole completion below the casing at 1392'. A pre-
test data sheet showing the mechanical configuration is attached at end of the report. The well is directionally
drilled starting at approximately 1500 feet. It achieves a 30' maximum deviation at about 2500 feet and
continues on a slant to its total depth.

Date Event

4-11-97 Move in service rig and pull rods and tubin. Pick up stator, tag bar sub, crossover, and 2-
7/8” tubing. Landed assembly in well

4-14-97 to Pump 20 bbl. Hot oil down tubing to melt paraffin. Ran rotor and rods. Finished hooking up

4-17-97 equipment

4-17-97 Started well at low rpm in order to trouble-shoot hydraulic equipment. 2 hours run time for
the day.

4-21-97 Started well at 80 rpm. And watched. 2 hours run time — making oil.

4-22-97 Started well at 80 rpm and rpoduced for 6 hours — making oil.

4-23-97 Operated for ¥2 hour and then lost oil flow to surface. Shut down to review situation

4-29-97 Operated for approximately 2 hours. No production

4-30-97 Operated for one hour — no production. Shut down until additional project funding can be
secured from DOE.

6-12-97 Pulled rods and tubing. Found that stator had de-bonded from the steel pump body.

6-17-97 Returned well to production via rod pump. Swab testing revealed that poor fluid inflow will
make it a poor candidate for a second generation stator.

Summary of activity for this well:

The pump operated for a total of approximately 10 hours before failing. An analysis of the production history
for this well shows that the well was not being produced effectively on rod pump before the test. The process of
tripping the pump in and out of the well, treating with hot oil, and producing the well for this short period of
time, apparently was enough to improve fluid inflow. The well has been showing improvement on rod pump
since the test period.

Phase 11 - Well 33-SBX-23

This well is approximately 2787' feet deep with a 7-7/8" open hole completion below the casing at 1200'. A pre-
test data sheet showing the mechanical configuration is attached at end of the report. The well is directionally
drilled starting at approximately 1200 feet. It achieves a 30" maximum deviation at about 1800 feet and
continues on a slant to its total depth. 33-SHX-23 was actually placed on PC pump a few days ahead of well 36,
so some learning is evident here.



Date

Event

4-09-97 Move in service rig and pull rods and tubing. Pick up stator, tag bar sub,
crossover, and 2-7/8" tubing. Hit fill in well higher than when we'd
started in the morning.

4-10-97 Pump 15 bbl. hot oil down tubing to unplug tubing. Ran rotor and
original 5/8" rods. Finished hooking up equipment. Tumed rods with
service rig to verify pump action before releasing rig.

4-16-97 Started well at low rpm in order to trouble-shoot hydraulic equipment.
Static fluid level in well approximately 600" from surface. Pump ran 2
hours when 5/8" rods parted in an obvious mannet. Shut down until
additional project funding can be secured from DOE.

6-10-97 Pulled rods and rotor. Replaced rod string with used 3/4" rods from

6-11-97 inventory.

6-12-97 Started well but pump failed to lift fluid to surface. Based on parallel
activity at 36-STX-23 on this date, it was decided to move the service
rig back here and pull the stator.

6-16-97 Pulled and replaced stator and matching rotor. Elastomer in original
rotor had debonded and broken up. Replaced rotor and stator again and
returned well to production

6-17-97 Started well. Pump failed to lift fluid to surface. Shut down in order to
wait for 2nd generation stator.

10-1597 Two 2nd generation pumps and rotors arrive at field.

10-16-97 to Pulled rods and rotor. Found 3/4" rods parted and corkscrewed.

10-23-97 Replaced bad rods, cleaned out well and ran new pump.

10-29-97 Returned well to production at 80 rpm

11-2-97 Well went down at 21:00 the previous night. Parted rods again.

11-21-97 to Pulled well and found parted 3/4" rods again. Pulled and laid down rod

11-24-97 string. Ran used, inspected 7/8" rods with slim-hole couplings. Returned
well to production. Running OK.

1-8-98 Well continues to pump OK but appears to be pumping off. Shut-in
temporarily to allow fluid infill into well.

1-13-98 to Returned to production. Produced for 19 hours before pumping off.

1-14-98 Placed on intermittent producing status.

2-03-98 to Returned to production. Failed to pump up. Shut down after 2-1/2 hours.

3-10-98 Continued to periodically try to return well to production. We were

never able to get it to pump fluid to surface.




Date Event

3-24-98 to Move in and rig up service rig. Pull rods and rotor. Rod string looks in
3-25-98 good condition. Flush tubing with hot oil to remove paraffin. Pull tubing
and stator. Stator is in good condition - no obvious damage or failure.
Perforated tubing sub below pump intake appears to have unscrewed
during operation and was left in hole. No attempt to recover. Replaced
stator with spare 2nd generation item. Ran rods and rotor and rigged
down service rig.

3-26-98 Returned well to production at 80 RPM. Got good pump action and had
fluid to surface in 3-1/2 hours.

Total operating hours on pump - 504.8
Total number of days in the well- 152 days

Summary of activity for this well:

The decision to use the existing 5/8" rods for these two wells was based on an recommendation by
support staff at Griffin Legrand. Not only was this advise was obviously flawed, but RMOTC lacked
operating experience with PC pumps and did not catch this mistake. Since the 5/8" rods parted
immediately on April 16, 1997, we were able to switch to 3/4" rods in 33-SHX-23 from the start. The
trial and error process of discovering that 7/8" rods were actually necessary caused substantial delays and
cost increases.

The reason for the loss of production appears to be a build-up of paraffin in the pump intake.
Unfortunately, the process of unseating the rotor causes the entire hydrostatic column of fluid in the
tubing to be dumped through the pump. Obstructions are frequently flushed out and are gone by the time
the tubing is brought to the surface.

Based on the apparent paraffin problem in both of the candidate wells, it may be necessary to treat the
wells with either a paraffin inhibitor or periodic treatments with hot oil. Other wells in the area have
responded well to this type of preventative treatment.

TECHNICAL OBSERVATIONS:
1. Verify the mechanical design and reliability of the pumping equipment.

» The equipment design contains expected safety features such as pressure relief valves and sufficient
pressure rating for all components. OSHA requirements for equipment guarding, etc. will be
enforced.

The surface equipment provided by Griffin Legrand passed rigorous safety inspections with the
addition of some minor guarding to prevent the deliberate insertion of fingers into the belts on the
drive head.



2. Evaluate the ability of Cameron's PC pump to operate and produce the light crude oil at NPR #3
effectively.

» The stator removed from 33-SHX-23 shows no physical effect from submersion in 40° API crude oil
for six months. Operating data such as rotating torque have shown no indication of elastomer
swelling.

A sample of the elastomer was removed from the stator pulled 3-25-98, for analysis by Cameron's
chemists. The stator will remain on the RMOTC test site while another candidate well is selected to
replace 36-STX-23. The pump will be run into the second well in order to continue its endurance
test. A goal of a | -year run is feasible.

3. Evaluate well performance in order to determine if PC pumping is an effective method of artificial lift in
our candidate wells.

» Wells should show evidence of improved or production or reduced operating expenses compared to
rod pumping.

33-SHX-23 has been successfully produced on PC pump for six months. This run time is substantially
better than its previous record on rod pump. In fact, it was not possible to effectively produce the well on
rod pump. PC pumping would be an obvious improvement if this elastomer material were to become
commercially available in a size that is more suited to the actual production rate.
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Naval Petroleum Reserve #3
Natrona County, Wyoming
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Typical Progressive Cavity
Pump Construction

Stator - Nitrile rubber or other
elastomer compond

:Stator Body (steel) |

Rotor - Chromed steel

iTag Bar Sub I
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PC Pump Equipment Used on the Test

Hdra’ulicxp‘)c;wer units furnished
by Griffin Legrand
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RMOTC Well Data Sheet

Well Number: 36 STX 23
Producing Formation:  Stecle Shale
APl Well Number: 49-025-11377

Location:  US Naval Petroleum Reserve #3 (Teapot Dome field)
1935' FSL, 1868 FWL (NE/4-SW/4) Section 23, T38N, R78W, Natrona County, WY

Elevations: 5308' GL, 5320' KB

Casing: 8-5/8" 24# J-55 Set at 1392'. Cemented with 500 sx 50-50 Poz. + 2% gel + 3% CaCl,
+ 5 #/sk gilsonite. Tail with 100sx class "G" + 3% CaCl, + 1/4 #/sk flocele

Tubing: 96 joints 2-3/8" used tubing with mud/gas anchor and seating nipple at 2996'.
No tubing anchor or anchor-catcher.

Rods: 119 - 5/8" rods
PBTD: 3000" (7-7/8" open hole below 8-5/8" casing)
Perfs: None - Oils show in natural fracture 2760-2796'.

Present Status:  producing approximately 5 BOPD on time clock.
Oil gravity 38 degrees API, 40 degrees, corrected
Water production - trace
solids - trace. produces fine bentonite clays.
Fluid level: Nearly pumped off:
Casing pressure: None. Casing and tubing produce to storage tank - no separation equipment.

Deviation: Directionally drilled - see attached directional surveys.
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RMOTC WellData Sheet

Well Number: 33 STX 23
Producing Formation:  Stecle Shale
APl Well Number: 49-025-10993

Location:  US Naval Petrolenm Reserve #3 (Teapot Dome field)
1415" FNL, 1874' FWL (SE/4-NW/4) Section 23, T38N, R78W, Natrona County, WY

Elevations: 5296' GL, 5308 KB

Casing: 8-5/8" 24# J-55 Set at 1200'. Cemented with 450 sx 50-50 Poz. + 2% CaCl, + 5 #/sk
gilsonite. Tail with 75sx class "G" + 2% CaCl, + 1/4 #/sk Kwikseal

Tubing: 84 joints 2-3/8" used tubing with mud/gas anchor and seating nipple at 2678'.
No tubing anchor or anchor-catcher.

Rods: 106 - 5/8" rods
PBTD: 2787 (7-7/8" open hole below 8-5/8" casing)
Perfs: None - Qils show in natural fracture at unknown depth. Well was originally a dry

hole. Oil was found during preparation for P&A.
Present Status:  producing approximately 5 BOPD on intermittant production
Oil gravity 38 degrees API, 40 degrees, corrected
Water production - trace
solids - trace. produces fine bentonite clays sufficient to quickly stick rod pump
Fluid level: Nearly pumped off: Static fluid level near surface.
Casing pressure: None. Casing and tubing produce to storage tank - no separation equipment.

Deviation: Directionally drilled - see attached directional surveys.




Y .

SUB-SURFACE
DIRECTIONAL
SURVEY

LAWRENCE-ALLISON & ASSOCIATES WEST, INC.

COMPANY

33 X 23

WELL NAME

NATRONA, WYOMING

LOCATION
JOB NUMBER TYPE OF SURVEY,
410-938 SINGLE SHOT

SURVEY BY -
STEVE COCHRAN

OFFICE
RM 410

DATE
9/23/87




== NORTRAK NAVIGATION SURVEY PROGRAM - Ve

&
rs

W

BUNO

aNoew

9/23/1987 Time:
Filename:
arget Coordinates:

DEFPTH
{feat)

0.0
1209.0
1240.0
1257.0
1288.0

1319.0
1351.0
1382.0
1413.0
1472.0

1506.0
1538.0
1601.0
1633.0
1663.0

17246.0
1757.0
1788.0
1820.0
1882.0

1913.0
19435.0
2051.0
2176.0
2332.0

2584.0
2731.¢0
2787.0

S MEASURED DRIFT

17:217:18
“LAW3323.5RV" Description:
6146.0 N
ng Radius of curvature methaod.

DRIFT COURSE

ANGLE DIRECTION LENGTH
(deqg) (deqg) (feet)
0.00 -0 - 0.0
1.00 N 32.00 W 1209.0
1.23 N 22.00 W 31.0
1.75 N 11.00 W 17.0
3.25 N B.0O W 31.0
5.00 N 8.00 W 3i.0
6.50 N 11.00 W 32.0
8.00 N 12.00 W 31.0
92.50 N 11.00 W 31.0
12.00 N 7.00 W 59.0
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26.50 N 3.00 E &2.0
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29.50 N 8.00 E 125.0
30.00 N 7.00 E 156.0
30.00 N ?.00 E 2352.0
22.50 N 7.00 E 147.0
29.950 N 7.00 E 56.0
Final Closure Direction: N 4.44
Final Claosure Distance: 618,016
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48.0 E Target TVD:
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DEPTH SECTION

{feet)

Q.0
1208.9
123%2.9

.1256.9

1287.9

1318.8
1350.7
1381.4
1412.0

1470.0

1%03.2
1534.2
1594.8

1625.1
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1740.8
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1798.3

1854.1 -

igoi1.8
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2112. 4
2247.9
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2593.7
2642.5

E N
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{(feet)

" 0.0

8.5
?.0
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10.7

12.9

16.0

. 19.8
$24.3
35.0

Cazes
. 80.0

&7.4
77-.4
87.4

" 109.9
121.8
138.2

147.5
174.9

188.4
203.1
253.7
3t4.46
391.9

S17.7
990.3
&18.0

LLISON % A
2700. 000

RECTANGULAR
-—— COORDINATES -SEVERITY
DG/100FT

nomo~Ww NOWYRO

MMM MMEZE EEEEE EXEEE T EEZEEE EZEENM
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TOONNDG OO

DU ONO &

222 ZZZZT2Z R2Z2Z2TZ ZZ222Z2. 2222 Z2Z22Z

b bW
Nhd

DOGLEG

0.00
0.08
1.02
3.38
4.86
5.65
4.78
4.86
4.86

4.82

'4.a8

3.98
5.18
4.03

3.33
5,17
4.03

_3.48
3.50

2.80

8.564
3.44
1.05
Q.40
0.45

Q.40

0.76
0.00
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