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This paper has been prepared in recognition 
of a growing interest in the subject techniques. 
However, discussion of these techniques, of 
necessity, must be prefaced by defining the 
real and final objective, how is it to be ac- 
complished, when and where are necessary 
programs to be initiated, and who is respon- 
sible for the successful implementation and 
execution of these programs. 

The ultimate goal is effective equipment 
failure control to reduce costs or, in other 
words, effective cost control. Initially, equip- 
ment failures must be isolated, defined and 
their economic impact established in such a 
manner that an appropriate proposal for con- 
trol can be prepared for management approval. 
Experience has shown, as should be the case 
in line authority, that successful failure con- 
trol programs must be initiated and continued 
with the full support of management. Recog- 
nizing and defining equipment failures and 
their costs is a matter of simple uniform re- 
porting procedures. Analysis of this data pro- 
vides timely recognition of problem conditions 
and where either initial or revised control 
measures are needed. The latter must be a 
continuing procedure if an optimum failure 
control program is to be maintained. Local 
supervisory personnel thus have the necessary 
information to develop and direct required 
programs and to evaluate the results. With 
initial responsibility designated to management 
and supervisory personnel, the day-to-day 
execution of specified procedures is the re- 
sponsibility of operating personnel. Obviously, 
operating personnel must be properly trained 
if they are to effectively discharge this re- 
sponsibility. Both inter-company and industry- 
sponsored work shops and short courses are 
achieving this objective. 

In 1960 the production manager in Getty Oil 
Company’s North American Exploration and 
Production Division (then the Southern Division 
of Tidewater Oil Co.) charged the division 

engineering staff with the responsibility of 
developing and directing a division-wide 
corrosion-equipment failure control program. 
This decision was based largely on the recog- 
nized success of several smaller programs 
which had been conducted on a local basis. 
The final objective and considerations neces- 
sary to the accomplishment of that objective, 
as described above, were in view at that time. 
The development of an initial plan was a 
relatively simple matter compared to the 
several years of concentrated effort in field 
operations required to achieve a successful 
program. 

The key to success is commitment-on both 
the part of management and the people who 
recognize and define equipment failures, re- 
cord these observations, evaluate the problem 
and proceed to implement the necessary con- 
trol method(s). As results were realized, in- 
terest and support of the program grew and 
continue to grow today. Obviously, cost con- 
trol is vitally important to management, and 
operating personnel who are directly respon- 
sible for such cost control are always re- 
ceptive to an effective means of accomplishing 
that objective. Today, effective equipment 
failure control programs are a working, in- 
tegral phase of Getty Oil Company’s field 
operations. In this sense they are analogous 
to safety programs-effective prevention re- 
quires continuous surveillance and effort. 

The plan of field implementation must re 
main flexible so that alternate procedures may 
be executed and evaluated. Trial-and-error 
methods in field operations can become un- 
reasonably expensive and therefore must be 
tempered with good judgment. In selecting con- 
trol methods, economics are considered; i.e., 
the cost of a given equipment failure occur- 
rence may be less than the cost of an adequate 
control method and is thus better left alone, 
unless control is required for reasons of 
safety or for continuity of operations. It has 
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been necessary to recognize other conditions 
which contribute to equipment failure, other 
than metal loss resulting from corrosion. Wear 
and other adverse mechanical conditions which 
produce excessive loads on equipment must 
be corrected. Design and material selection 
are in themselves important factors in re- 
ducing equipment failures. 

A paper titled “Production’ Cost Control- 
A People Problem” was presented during the 
April 1970 Seventeenth Annual Meeting of the 
Southwestern Petroleum Short Course by Mr. 
C. F. Dwyer. Mr. Dwyer prefaced his dis- 
cussion of cost control procedures with a short 
discussion of the philosophy of cost control 
which he concluded by stating, “Normally, 
good people-once they know the problem-and 
believe a solution possible-will not sit still 
until it is corrected. Everyone wants to achieve; 
the system merely shows the way and people 
provide the action”. Successful equipment 
failure programs are dependent on motivating 
people to act. This begins with working with 
the people involved to establish that a problem 
exists and to define those characteristics which 
will make it possible to recognize that problem 
should it reoccur. This system continues- to es- 
tablish the-importance of failure data and cost 
records and their analysis as well as to es- 
tablish confidence in control methods. Ulti- 
mately a sustained program of recognition, 
definition, control and evaluation is estab- 
lished. 

The initial plan for a division-wide corrosion- 
equipment failure control program, developed 
in 1960, included a provision for obtaining the 
necessary data on the occurrences, causes and 
costs of equipment failures. Manual methods 
used in earlier local programs were inade- 
quate. A system was needed which employed a 
fast, simple and inexpensive method for re- 
cording data in the field. Furthermore the 
system must provide a means of data storage 
and retrieval to permit analyzing and repro- 
ducing this data in a permanent form for use 
by operating personnel. It was found that elec- 
tronic data processing techniques could be 
used to routinely process and analyze massive 
amounts of data quickly and at a nominal cost. 
Figures 1 through 10 illustrate input forms and 
various types of machine printouts to depict 
the evolution from the original formats and 
procedures to those being used today. 

Figure 1 is the original data input form- 

‘Equipment Failure Report’. The form con- 
sists of four major parts: (1) location and date, 
(2) failure data and depth of subsurface fail- 
ures, (3) cost information and (4) remarks. 
The form was designed to fully utilize the 
eighty character spaces on a data punch card. 
Numbers in parentheses identify the space on 
the punch card in which each piece of informa- 
tion goes. The electronic data processing 
machine is programmed to ‘read’ the punched 
cards, analyze the data and print out a perma- 
nent record. Location is defined by the use of 
the appropriate numeric characters to provide 
Division, District, Area codes, Lease Title 
No., Well No. and Date. Failure data is shown 
by circling the appropriate number in each 
data column and the depth of failure is nu- 
merically recorded. Cost data is recorded, as 
shown, to the nearest dollar. ‘Remarks’ shown 
in the designated spaces are permanently re- 
corded; ‘Other Remarks’ are not. The form 
provided a fast, simple means of recording 
required failure data on the job. Its use was 
originated on January 1, 1961, and was dis- 
continued on December 31, 1969, in favor of 
a revised form which is to be discussed later. 

Figure 2 is an example of the original print- 
out format. Printouts were issued monthly and 
distributed to operating personnel. Cumulative 
data printouts were issued and distributed at 
the close of each quarter concluding with an 
annual summary of that year’s reported data. 
Under this original format, data was not car- 
ried forward into the following year’s sum- 
maries. The Failure Report Summary in Fig. 
2 shows cumulative data for the first quarter. 
Note first the arrow locating the printout of 
input data shown in Fig. 1. Data was first 
sorted by sub-area, as shown in the upper 
left-hand comer, to group together the leases 
supervised by each foreman. Data for each 
lease was grouped together by well number. 
Individual well data was grouped together by 
failing equipment in chronological order. The 
printout was quickly scanned to locate repeat 
or high frequency failures which were optimum 
situations for implementing measures to im- 
prove failure control. A total cost was shown 
for each lease and the total subarea cost was 
shown and summarized to reflect the distribu- 
tion of failures and failure costs for specific 
types of equipment. Total costs were similarly 
shown and summarized for each Area, District, 
and the Division. This printout format was 
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initiated in January 1961 and was discontinued 
with completion of the 1969 Annual Summary 
in favor of a revised format which is to be 
discussed later. 

Figure 3 is typical of Special Summary 
printouts which were compiled for different 
types of failure analysis. One page of printout 
is used to illustrate the analysis of three 
years of pump failure data on a group of 150 
wells which was retrieved from the data files, 
sorted and printed out to show the distribution 
of these costs with respect to the failing pump 
part. Note that all barrel failures are grouped 
together as are plunger failures and valve 
ball and seat failures. This particular analysis 
revealed the following distribution of costs: 
PLN-54.1 per cent, BRL-32.1 per cent, VBS- 
10.6 per cent andOTH-3.2 per cent. 

Figure 4 is a graphical presentation of the 
data analysis obtained in another Special Sum- 
mary. The distribution of total subsurface 
failure costs reported in the Division for a 
three-year period is shown. This analysis 
revealed that subsurface ‘failure costs repre- 
sented 76.5 per cent of the total reported 
failure costs. The remaining 23.5 per cent, 
surface failures, was also analyzed for cost 
distribution. 

Figure 5 illustrates a summary printout of 
three years of pumping oil well failures. This 
summary included all wells in the Division. A 
typical well summary is shown designating 
repeat type failures and showing total costs 
per year. Summary of lease totals for this 
three-year period shows a distribution of those 
costs by failing equipment as well as repeat 
failures in each of those categories. Annual 
totals are augmented by showing the actual 
number of wells which failed each year and 
the cost per failed well per year. A similar 
analysis of total costs was made for each 
Area, District and the Division. 

Figure 6 illustrates the Sub-Surface Equip- 
ment Failure Report which has been in use 
since January 1, 1970. A similar form is used 
to report surface equipment failures. Informa- 
tion shown to locate and date the failure is 
basically the same as before. Present tech- 
niques do not require Division, District and 
Area coding and this available space on the 
form is now used to designate the producing 
reservoir to permit this subgrouping of fail- 
ures when desired. Certain failure and cost 
data, previously recorded, was found to be of 

no appreciable value. The primary advantage 
in this new form is the space available to 
record and identify those maintenance costs 
which occurred incidental to the failure cost. 
Previously these costs were either not shown 
or were included in the total cost, but not 
identified. With the present form, for example, 
rod and/or pump maintenance performed in 
conjunction with repairing a tubing failure can 
be reported and the costs so identified. Cur- 
rent techniques permit the use of a second 
punch card which allows expanding the number 
of ‘Remarks’ spaces available. 

Figure 7 is typical of the current Sub-Surface 
Equipment Failure Summary. Note first the 
arrow locating the printout of the input data 
illustrated in Figure 6. Rod maintenance 
costs are shown as reported and will be in- 
cluded in the analysis of total rod costs. Re- 
ported incidents of maintenance are not in- 
cluded in counting the total number of failures. 
The format of the printout is basically the 
same as before except now monthly and cumu- 
lative lease totals are recorded. Repeat fail- 
ures occurring on the same equipment are 
identified in the ‘Control’ column by designa- 
ting the number of days since the last failure. 
This type of designation is emphatic and 
,quickly draws attention to a problem condition. 
‘Furthermore each monthly printout now shows 
cumulative failure and maintenance data re- 
ported for the past twelve months. For exam- 
ple, when the January 1971 summary was 
printed, data for that month was added and 
data for the month of January 1970 was deleted. 
This readily available twelve-month perform- 
ance history is of great value to operating 
personnel for on-the-job evaluation of control 
methods and for making timely decisions with 
respect to equipment inspection and/or re- 
placement. This summary printout format was 
adopted in January 1970. 

Figure 8 illustrates the first monthly and 
quarterly data analysis developed in conjunc- 
tion with the revised summary printout dis- 
cussed previously. The number of failures, 
failure cost and maintenance costs are shown 
for each type of equipment. The number and 
cost of repeat failures and total costs are also 
shown. The analyses shown are for a Sector 
(previously Sub-Area). Similar analyses are 
printed out for each Area, District and the 
Division. 

Figures 9 and 10 show revised formats of 
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subsurface equipment failure analyses recently 
adopted to replace those shown in Fig. 8. The 
data presented is the same, only the format has 
been changed. Note that both monthly and quar- 
terly analyses are presented to provide a 
continuous record of performance which can 
be quickly reviewed. This enhances the value 
of data analyses to supervisors whose primary 
interest is in overall status and the total in 
dividual performance of the operating segments 
under his supervision. Furthermore the re- 
vised format reduced the number of summary 
printout pages by a factor of eight. 

Figures 11 and 12 show graphically the 
failure history and other pertinent information 
on a group of wells in West Texas and a group 
of wells in Illinois. 

The data on the West Texas wells shown in 
Figure 11 illustrates an effective, stabilized 
control program on 140 wells with an average 
failure cost of $145/well/yr through the year 
1966. In 1967 the original operation was ex- 
panded to include an additional 450 wells and 
failure costs increased to an average of $320/ 
well/yr. Obviously, equipment failure control 
on these wells was not effective. The plot of 
data for ensuing years shows that improved 
control has been established, and continues to 
improve. This has been accomplished over a 
period of time when per well production of 
water and oil has steadily increased, giving 
further credit to the effectiveness of control 
measures which have reduced failure costs to 
an average of $175/well/yr. The increase in 
treating costs under these conditions is typical; 
however, with control established, these costs 
are being reduced by optimizing treating methods. 

The plot of failure data on a group of wells 
in Illinois, shown in Figure 12, presents much 
the same record of improved equipment fail- 
ure control as above. Failure costs on approxi- 
mately 350 pumping wells in Illinois had risen 
to an average of $365/well/yr. Improved con- 
trol methods reduced these costs to $220/well/ 
yr. The increase in costs shown in 1970 is 
primarily attributed to a group of approxi- 
mately 50 wells which experienced rapid, large 
increases in production as a result of water- 
flood operations. 

Further, it is interesting to note the in- 
creases (26.5 per cent cumulative) in material 

prices and labor costs which have occurred 
over the ten-year period for which failure data 
is shown in the last two figures. The dollar 
impact of these increases on $/well/m costs 
gives further credit to the results of failure 
control programs. 

An equally successful companion program 
is being used to record, analyze and print out 
failure data on surface equipment. Cost per- 
formance studies on specific types of surface 
equipment, e.g., compressors, are significant 
as end uses of this program. 

Current EDP input and printout formats, as 
illustrated in Figures 6 through 10, have been 
well received and are recognized by operating 
personnel as being significant improvements 
in data reporting and analysis. The twelve 
months failure history shown on the printout 
provides operating personnel with sufficient 
data to readily evaluate control methods and 
to make necessary changes without delay. 
Monthly and Quarterly Summaries give addi- 
tional, more detailed information to facilitate 
evaluation of the total program. 

Annual Equipment Failure reports have been 
discontinued in favor of quarterly reviews 
conducted by local supervisors. These are not 
for general review, but rather to examine 
specific problems, establish revisions in con- 
trol methods as required and to evaluate the 
current status of failure control. These re- 
views are addressed to the objective-reduction 
of excessive equipment failure costs where 
they exist. 

Continued reduction in repeat or other high 
failure costs is being achieved and further re- 
ductions are to be realized. The outlook is 
good because management and operating per- 
sonnel alike are committed to maintaining 
established. performance and, furthermore, 
improving that performance as it may become 
possible to do so. 

In the final analysis, the specific endeavors 
of companies, as well as people, are aimed at 
achieving one ultimate goal-money; and “that 
is the name of the game”. If it is not already, 
it will ultimately be evident that the winning 
strategy must include an effective equipment 
failure control program-it’s “a matter of 
dollars and sense”. 
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