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Abstract

Failure control is a critical path to optimizing operations in today's petroleum industry. Failure control in its
simplest form is failure analysis with the goal of achieving corrective action. Accurate records and meaningful
reports are a key part of any failure control program. This paper is the third in a series involving the data
gathering and processing system used by Atlantic Richfield to optimize production operations and discusses the
new PC system version. Application is demonstrated by identifying some rod pumping problems, suggested
solutions, and results. :

Background

The original Equipment Performance Reporting System (EPRS) was created in 1964 to serve Sinclair Oil
operations. In 1969 when Atlantic Richfield and Sinclair merged to form the present organization it became
part and parcel of the new Company's procedures through the Continental U. S. and Canadian operations. The
EPRS consisted of four basic parts:

o Subsurface Failure Record-Keeping and Analysis

» Downhole Pump Selection and Performance

e Chemical Corrosion Inhibition

* Surface Equipment Failures
Data was entered into a mainframe data base via a three-part paper input form that was completed by the
individual directly responsible for the operation (the foreman or the supervisor). By 1971 the EPRS had more
than 34,000 records in its data banks; by the end of 1993, over 200,000. Note that records are more than just
failures; they include activities associated with operations, i.e., well workovers, stimulation, chemical
treating, etc.

The original paper! listed conclusions that are as applicable now as they were then, as follows:

A time and performance proven system is now in operation for gathering and putting to use equipment

performance data. Plans are in effect to add to the usefulness of the system. The system was created

primarily to aid in optimizing the profitability of producing properties. Surveys directed toward
determining how well it is performing its function indicate that the system is doing well indeed. In the
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short time this system has been in operation, company-wide operating costs have been reduced on the
order of 20 percent (20%) and in some operations by as much as 30 percent (30%). The greatest benefit,
however, comes from an awareness on the part of operating personnel of the magnitude of the problems
they face and the progress they have made toward solving them.

In 1987, a 14 year overview was published?. At that time, the system contained more than 181,000 records of
which 115,000 were downhole failures. During that 14 year period the downhole performance improved
significantly. Average time between rod failures increased from 19 to 43 months; time between any downhole
failure in active wells increased from 12 to 21 months. Performance did not increase just because by better records
were kept, but because by keeping better records problems could be identified and action could be taken.

The conclusions stated in the 1987 paper were:

The equipment performance system was created to aid in the optimization of profitability of producing
properties and to monitor the results of remedial actions. The system has documented major improvements in
the control of equipment failures. The improvements are the result of extensive personnel training, improved
corrosion inhibition, extensive use of new and improved equipment and techniques, and cooperation between
concerned personnel. The greatest benefit has come, however, from the increased awareness of operating
personnel conceming the magnitude of the problems they face and the progress they have made toward
solving them.

Again, obtaining involvement and awareness remains the key to successful problem resolution.

The input data form has changed somewhat with the times and the present version is shown in Figure 1. The
goal, however, is still the same, namely maximum profits, not minimum equipment failures®. Minimizing
equipment failures does not always mean maximizing profitability. The system as presently configured hac
served ARCO well; the latest step in optimization has been directed toward improving data acquisition, data
transfer, and data access for analysis by incorporating it into a PC-based system.

PC Based System

With the rapid increase in the data processing capacity of personal computers (PCs) and with the growth of
network technology to facilitate data sharing, it is obvious that there are advantages to adapting the EPRS to
a networked PC environment. The mainframe data base required that monthly reports be run and mailed to the
operating areas. Monthly reporting of the data was not as timely as desired. Reports using specific data sorting
criteria required that a special program be run. The PC-based system goals are to permit multiple users easy
and timely access to the data. For practical considerations, only records from 1986 on were transferred from the
mainframe to a data base accessible by a PC format. Thus, this PC-based system started with a base of 30,000
records for properties operated by ARCO at the time of conversion. Data not transferred to the PC system is
contained in the original data base located on mainframe.

The EPRS's ability to track many different well-related activities and record all possible well-related
activities gives the user a more complete view of overall well performance. Choices are enhanced when they
are available to field personnel on call, at the time of their choosing. Thus, the goal has been to provide
reports and ultimately data entry at field office locations.

As presently configured, the PC-based EPRS has three specific functions: data reporting, data entry, and
editing as follows:

» The Permanent Data Viewer is designed for report generation, for data viewing, and to create a variety of
pre-defined reports using information contained in the permanent databases.
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¢ The Temporary Data Editor allows new well activity information to be created and stored before it is
transferred to permanent databases. This temporary data is available for editing and viewing from the
Temporary Data Editor until it is transferred to a server's update directory or to a diskette for permanent
database loading.

o The Permanent Data Editor allows the EPRS users to view, add, modify and delete information in the
permanent database. Various utilities are available to Permanent Data Editor users to merge, move, and
delete well or property information from a database.

The typical EPRS user has both the Permanent Data Viewer and the Temporary Data Editor available for use
an their computer. The user at each District office who is responsible for maintaining the content of EPRS
databases will have access to the Permanent Data Editor. This user will edit the database information for all
other users.

Data Access and Integrity

The EPRS is available in three configurations allowing the system to be run on a wide area network, a local
area network or on a stand-alone or laptop version; yet access is to a single master data base designed to
maintain data integrity. The value of the tracking system employed is that any and all data can be accessed at
the will of the user, and at high speed.

Data acquisition time is optimized by dividing a single data base into smaller pieces. Each operating area has
been designated as a data base that includes all the ARCO operated leases for that area. Inthe Wide Area
Network configuration, permanent EPRS database files reside on a network file server in a District office,
currently located at Midland, Bakersfield, and Houston.

System performance is enhanced by moving all programs to the remote site's server and/or to the individual
user's local machine. Thus, EPRS data is accessed using the programs located on the network server or from the
users' own computers. EPRS access performance is further optimized by avoiding most of the remote access
communication. When system performance is unacceptable because of the speed of the phone lines, then a copy
of the permanent data base can be placed at the remote site. In short, the system can be configured many
different ways, and each user has choices accessing and updating the permanent database.

Regquirem

The path chosen to bring the EPRS to the field is a Microsoft Windows based data management and reporting
system. To use the EPRS, the following hardware is needed: *

* A personal computer using an INTEL 80386 or higher processor.

e A minimum of 4.0 M‘égabytes of extended memory. Note: More extended memory will greatly enhance
Windows and Equipment Performance System performance.

* One 3.5" (1.44 megabyte) diskette drive.
* A VGA or better color monitor.
* A Microsoft or compatible mouse is optional, but helpful.

The following software is needed:
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» Microsoft Windows 3.1 (or higher).
e MS DOS 5.0 (or higher) operating system.
EPRS Reports and Report Formats

The Equipment Performance Reporting System provides several standard reports that suffice for most operating
areas. Custom reports can be created easily. The standard reports are:

Problem Well Report (Figure 2)

The problem well report uses a rule base to scan the well activity listing for the specified lease(s) to determine
those wells that are classified as problem wells. If at least one of the following criteria is true, then the well is
considered a problem well:

* Rod pump life is less than 12 months.

Tubing life is less than 12 months.

» Two or more rod failures (body, coupling, pin, etc.) in the last 12 months.
* Three or more failures of any type in thé last 12 months.

¢ Electrical submersible pump life is less than two years.

* Hydraulic reciprocating pump life is less than four months.

* Hydraulic jet pump life is less than two years.

e Gas lift equipment (valves, mandrels) life is less than two years.

Summary information, as a percentage of total failures for tubing, and rod-end failures, is given at the end of
each report for all wells on the lease(s).

] iyi isting (Figur

The Well Activity Listing provides the user with a customized report containing failure data with specific,
user defined characteristics. Characteristics are selected from menus such as well type, specific failing
equipment (i.e., rods only), failure types (i.e., breaks only), failure locations (i.e., body only), failure causes, or
a combination of the different criteria (i.e., rod body break failures). Only the records of wells that meet all
the selected criteria are included in the report. If no criteria is defined, all records between the specified dates
will be provided. At the end of the report the cost is provided in three categories: failure cost, stimulation cost
and other cost.

ipment Failur Figure 4

The Equipment Failure Summary Report provides a one year review of well failures by month, ending with the
user specified month and year of failure. Only failures are included in this report.

486 SOUTHWESTERN PETROLEUM SHORT COURSE



i Fi

This report is a by-month summary of failures and costs over a three year period ending with the user specified
month and year.

iv lls By Type R Figur

This report provides a listing by well type of the most recent active well counts for a property. The active well
count includes those wells that are active for a given year; shut-in wells, temporarily abandoned wells, etc.,
are not included in this count. The total number of active wells is given for each well category by lease with a
grand total for each type.

n Figure 7

The Equipment Performance Report allows the user to generate a report of the number of failures for all active
wells of each type by year for the previous four years and up to the current month specified by the user. For
example, the number of pump failures for each active rod pumped well for each of the preceding five years to
date is included as a category in the Equipment Performance Report.

EPRS as a Comprehensive Data System
The EPRS data base contains well records from which reports can be generated which identify trends and
problem wells. To improve equipment performance and prevent premature failures, additional information

(loads, pump size, stroke length, strokes per minute, and production rates) is needed. This additional
information is always available from pulling unit contractors, and chemical and pump company personnel.

Based on experiences acquired in over 20 years of failure control performance, recommended practices?5¢ have
been developed which document successful paths to improving the performance of equipment. As shown in
Figure 8, ARCO's downhole equipment performance has improved considerably over the years (data from 1970
to 1984 has been previously published?).

Examples of failure data follow:

Table 1 contains failure rates for different areas for three categories: pumps, rods and tubing. The cost per
failure is shown in Table 2. Averages are useful to compare between areas, but ultimately failure control has to
be applied down to the individual leases and then to individual wells. Two examples of analysis for specific
failure control purposes follow:

» East Texas - The majority of the wells produce with high fluid levels and high oil cuts and these factors
dominate the overall performance. Part of the field, however, is under waterflood and most of the
failures occur in this area where production is at very high fluid rates and high water cuts. Wells are
3600' deep. High pumping speeds are the norm because small size units were originally installed. 26% of
the wells (most producing from the waterflood area) had 71% of the total failure cost for 1993. These
leases have a failure rate of 0.55 failures per well per year. The primary failure mechanism is wear and
the weekly batch treatments with a corrosion inhibitor has been the most important factor to reduced
failures.

* West Texas - Conditions range from a depth of 3500 to 6000’; production from 25 to 1000 BFPD with 0 to
99% water cuts, and with high H;S and CO, production. Wells are typically batch treated for corrosion
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weekly. One large West Texas waterflood (5000' depth San Andres production) performance is shown in
Figure 9. The bulk of the failures are bottom-joint tubing failures. Performance was improved by doing
three things: anchoring the tubing, using bottom discharge valves, and using pull tube discharge pumps.

Minimizing equipment failures is an ongoing process that requires utilizing available information to understand
and solve problems. Coupling the failure data and well information together provides a better understanding
of the rod pumping environment and methods are still being developed for proactive failure reduction. The
following examples show how failure data can be used to target failure causing factors. The EPRS approach can
and does result in the development of failure control procedures that are applicable throughout ARCO's
operations. Three examples follow:

Analysis of data from a high water producing area indicated that pitting-type failures are influenced by the
fluid velocity across the couplings. Table 3 shows the data grouped in rod failures per well per year. This is an
empirical relationship developed from wells with a water cut of more than 90% and are being inhibited for
corrosion. Based upon this relationship 2" tubing should be used to 250 BFPD, 2.5" tubing to 500 BFPD and 3"
tubing at rates greater than 500 BFPD.

The allowable range of loads on a rod string is defined by the Modified Goodman Diagram. However, there are
installations which, although acceptable based on the Goodman Diagram, are questionable for good
operations; this is particularly true if compression of the rod string occurs. Based on failure experience shown in
Figure 10, rod and tubing failures increase as the ratio of the minimum polished rod load to the peak polished
rod load (MPRL /PPRL) is reduced below 0.20.

Sorting data on polished rod failures revealed that some leases had very high polished rod failures. On
discussion with operations, it was identified that these leases used 1-1/8" polished rods. Other leases used 1-
1/4" polished rods. Based on this observation, the polished rods were changed out to the larger diameter as
they failed. After these changes it was also noticed that the frequency of repacking the stuffing boxes
decreased.

The conclusions described in the above examples were arrived at from singular experiences, but are applicabie
throughout all rod pumping applications.

Conclusions

The conclusions that follow assume that the Companies we work for compete in exploration and marketing only.
Actions that benefit one producer will likely benefit other producers since we often partner in fields, leases and
wells.

* The Equipment Performance Reporting System's goal is to provide:
- Methods to optimize the profitability of producing properties by monitoring operation and equipment
performance, implement remedial actions, and monitor the results of these actions.
- Emphasis and trends for major problem areas, and solutions applicable to all areas with similar
problems.
- Focused efforts on individual problem wells, rather than anall wells, thus optimizing the failure
control process.

* Similar approaches to failure control using this or a similar system in the hands of other Operators will
benefit all Operators, ARCO included. Simply said: Many heads are better than one.

* Common criteria used to classify failure frequency can be valuable to allow Operators to "bench mark"
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equipment performance and to develop failure control measures that, again, will benefit all Operators,
ARCO included.
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Tabie 1 - 1993 Rod Pumped Well
Performance Data-Failures/well/year

Number of | All Faiiures | % Pump % Rod % Tubing
Area Wails Failures Failures Failures
East Texas 13 0.21 38 % 24 % 38 %
West Texas 84 0.74 48 % 26% 26 %
New Mexica 79 0.36 84 % 28 % 8%
Norih Texas & 28 a.51 % 45 % 24 %
0
Caunfornia 2,155 0.48 73 % 17% 4%
Heavy oil
California 56 1.11 31 % 49% 20 %
Light oil

Table 2 - 1993 Rod Pumped Well
Performance Data-cost/failure

Numbper | casl par cost pat cost por cost per average | 'aiure cost
Sud ot Pump Pump Rod Tubing cost per | per welllyt
- Walls Failure Repair Failure Failure Failure
East Taxas 813 .380 2 1.804 4.445 3.260 $ 685
West Texas 584 396 587 2,532 4.204 3.470 2.570
New Mexico 279 .509 182 134 4777 .840 1,020
North Texas & 128 151 8 680 1,517 380 1,220
QOklahoma
Catifornia 2,155 $ 1,506 $225 $290 $2,056 §$ 1,374 3660
Heavy oil
Cailitornia lignt| 56 $4428 $ 682 $3,346 $10,748| $5945 $ 6.600
Qi

Table 3 - Rod failures vs. fluid viscosity

rod fatures per weii number Vrod Viud Vrelative

oer year ol wells lt/sec ft/sec ft/sec
0 13 2 3. 2]
0.5 11 .3 4 3
10 ] .4 S 2.5
3.5 10 40 8 46
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Figure 4 - Equipment Failure Summary: 5/31/94
All Wells in 32 Leases of Texas Sub-District
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Figure 5 - Failure Analysis Summary for Period
1/92 to 12/94 in one month intervals

492 SOUTHWESTERN PETROLEUM SHORT COURSE



Company: ARCO Asset: ARCO Sub-District: Texas

Rod Prog. Hsd, Uyd. Gas Plunger  Inject/  Flowing  Flowing Total
Date | Pump Cavity __ Piston Jet E.S.P. _Lift Life Disposal il Gas Active
Lease 1 May. 12,1993 | ] 0 [ ) [) 0 [] 0 1 ] 1
Leuse 2 Nov. 5,1992 | 3 L} [ ¢ L} ¢ ¢ [ [ ¢ 3
Lease ) Nov. 5,1992 | 7 0 0 0 [} [ 1 0 0 [} 8
Lense 4 Nov. 51992 | 1 0 o 0 0 [} 0 0 0 0 2
Lease 3 May. 12,1993 | [] [} [ 0 0 0 0 t 0 [} 1
Lease 6 Jun, 9,994 | 0 ° 0 0 [ ] [ 0 [ 0 [}
Lease 7 May. 12,1993 | ) L] [ 0 L] [] [ 0 1 ] 1
Lease 8 Nov. §,1992 | 3 o 0 0 [ [ [ [) [ 0 3
Lease 9 Nov. 5,992 | 3 ° [ 1 0 0 [ 1 0 [} s
Lease 10 Nov. 5,1992 1 3 0 0 0 [] ] 0 0 [ 0 ]
Lense 11 May. 12,1993 | t [] 0 [} [ [} ] [ [ [} t
Louse 12 May. 12,1993 | L [ 0 [} 0 0 [ 0 1 0 2
Lense 13 Nov. 51992 1 2 [ 0 0 0 0 0 0o L] 0 2
Lease 14 Nov. 5,1992 | 7 [] 9 0 0 ° [} 1 L] [ 8
Lease 15 Nov. 4,1992 | 4 [] ] 0 ] [ ] o [ 0 4
Lease 16 Jun. 9,1994 | [ [} [ 0 [} 0 [ [ [} ] [
Lense 17 May. 12,1993 | 1 0 ° 0 [] ° 0 t 0 [] b3
Lease 18 Dec §,1993 1 2 0 0 0 L] 0 0 0 9 L] 2
Lease 19 Jun. 95,1994 { 0 9 0 0 0 0 0 0 [ 0 0
Lease 20 May. 12,1993 f 0 ¢ 0 ] 0 0 0 0 1 ] 1
Lease 21 May. 12,1993 | 0 [} 0 0 [] 0 2 0 1 0 3
Leuse 22 May. 12,1993 | ] [ 0 ] [} 0 [} ] 2 [} 2
Leuse 23 Jun. 9,1994 | 0 0 [ [} 0 [] 0 0 0 0 0
Lease 24 Nov. 51992 | 7 [ [ 0 2 0 [ 0 [ 0 9
Lease 25 May. 12,1993 | 1 0 0 [} 0 0 0 0 [ 0 1
Lense 26 May. 12,1993 | 1 [} 0 0 0 [ 0 0 [ 0 1
Lease 27 Nov. §,1992 i 4 0 L] 0 0 0 ° 1 0 L] H
Lense 28 Nov. §,1992 | s [ [ 0 [ 0 [} 0 0 [ s
Lease 29 Nov. 8,1991 | 5 0 [} 0 [} [ [ t [} 0 [1
Lease 30 Nov. 5,1992 | 7 ° [} 0 0 [ 0 [ ° [ 7
Lense 31 Jun. 9,994 | 0 0 ° [} 0 [ [} [ 0 [} °
Lease 32 Nov. 5,199 | n [ 0 [ [} [} 2 8 2 s 8
L
Total Active for Sub-District: | 8% [ ] i 2 0 ] 1) 9 s 121
|
Report Total: | i35 L] 0 1 2 0 L) 14 9 5 121
Figure 6 - Active Well Counts by Type
1990 1991 1992 1993 5/31/94
All Weill Types #Wells 123 121 121 121 121
Tubing  0.12 0.25 0.33 0.38 0.26
Casing  0.03 0.05 0.00 0.00 0.00
All Failures  0.69 1.31 t.25 1.36 .37
Rod Pump Weils #Wells 85 8s 85 85 85
Pump  0.47 0.78 0.68 0.88 0.90
Rods 0.21 0.60 0.42 0.38 0.54
Tubing  0.13 0.25 0.41 0.47 0.31
Electrical Submersibie Pump Wells #Wells 2 2 2 2 2
Pump 0.00 0.00 0.00 1.00 0.00
Electrical  0.00 0.00 0.00 0.00 0.90
. Other  0.00 0.00 0.00 0.00 0.00
Hydraulic Jet Pump Weils #Wells 1 1 1 1 1
Pump 0.00 0.00 0.00 0.00 0.00
Other  0.00 0.00 0.00 0.00 0.00
Hydraulic Piston Pump Wells #Wells 0 [ 0 [} 0
- Pump anen cnna nana ansn
Other anes enna enen anee
= Gas Lift Wells #Wells 0 0 0 9 0
All Failures  *e** cane sann aenn anne
Plunger Lift Weils #Wells 5 ] 5 5 5
All Failures 0.00 0.00 0.00 0.00 0.00
Progressive Cavity Weils #Wells [ 0 0 0 0
Pump  ***e ensa anan cenn
Rods  **** sonw anan aans cane
mhiﬂz anaw Err: sann RSN anme
Flowing Gas Wells #Wells S s 5 5 N
Al Failures .00 0.00 0.00 0.20 0.00
Flowing Oil Wells #Wells 9 9 9 9 9
All Failures 0.00 0.00 0.44 0.44 0.00
Injection/Disposal Wells HWells 14 14 14 14 4
All Failures  0.14 0.64 0.43 0.14 0.17

Figure 7 - Equipment Performance Report: Number
of Failures/Active Weils of that Type/Year All
Active in 32 Leases of Texas Sub-District
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