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The Survey Process

Many industries including process manufacturers, engineering and construction firms,
and instrument system vendors employ Instrument Technicians to install and maintain
instrument systems. Instrument Technicians have diverse job titles like Process Control
Technician, Instrument & Electrical Technician, Process Automation Specialist, Control
System Technician, Computer Control Network Technician and other similar modifiers.
The survey was sent to all of these industries and addressed all Instrument Technicians
regardless of their specific job title.

The survey questionnaire was mailed to plant managers in Texas and Louisiana with
support from the Gulf Coast Process Technology Alliance, and e-mailed to maintenance
and training supervisors with support from Felix McClairen at the American Petroleum
Institute. The mail lists represented manufacturers and end-users in the petrochemical
industries.

The questionnaire was divided into two sections. Part | of the survey focused on
demographic data detailing current and future industry employment trends for Process
Control Technicians. Part Il of the survey focused on the day-to-day knowledge required
by Process Control Technicians in the general areas of Academics, Instrumentation -
Electrical and Networking. Each of these broad knowledge areas was further subdivided
as follows:

Academics

» Math - basic math, applied math, geometry, trigonometry, conversions, ratios,
percentage, proportions, metrics

> Applied chemistry - chemical reactions, states of matter, liquids, solids, gasses,
observer level chemistry, acid/bases



» Applied physics - basic mechanics, hydraulics, pneumatics, electro-mechanics,
temperature pressure, fluidics, thermodynamics, pressure, radiation, light,
spectroscopy

> Interpersonal skills - communication, teamwork, initiative, hygiene, applied
speaking, listening, diversity (culture), sociology, work ethics, economics,
appropriate behavior

» Computer literacy - booting, keyboarding/mouse, printing, word processing,
Windows OS, Linux, spread sheet, internet, OPC/OLE, equipment connection

» Technical writing/reading - terminology, procedure writing, task specific writing,
memo formal communication, equipment documentation, flow charting/reading,
charting/graphics, grammar/punctuation, technical reading, comprehension,

interpretation

» Troubleshooting - problem solving, methodology, data gathering, data

interpretation

Instrumentation/Electrical

» Health, safety and environment - Hazcom, PPE, respiratory protocol, hearing,
OSHA impact, EPA (general), DOT, NEC, radiation safety, personal safety,
lifting, power hand tool safety, hazard recognition, environment, plant hazards,
safety permits/procedures

» Data management - recording meters, data loggers, document management

» Troubleshooting vendor diagnostic equipment - DVOM, O scope, counters, print
interpretation, data gathering, vendor diagnostic, logic, fault analysis, substitution
methods, troubleshooting SOP’s, troubleshooting methodologies

» Print/documentation - P&ID, loops, schematics, ladder logic, iso, plot plans, spec
sheets, PFD’s, work orders, calibration sheets, safety critical devices/sheets

» Basic process technology - process equipment, process systems, customer

relations



Power utilization - grounding, electrical circuits, AC, DC, motor circuits,
synchronous motors, lighting, transformers, VSD’s/VFD’s, distribution circuits,
utilization circuits, MCC'’s, wires, fuses, CB'’s

Basic electronics - digital logic, linear circuits, power supplies, Z calculations,

intrinsic safety, common components, shielding
Flow, level, pressure, temperature measurement - gages, transmitters, terms
Analyzers - pH, oxygen, ORP, humidity, terminology

Installation practices - bending, fitting, material compatibility, wiring, piping,
tubing, conduit, nuts/bolts, soldering, flanging, seals, gaskets, wetted parts,
equipment/devices, tools, crimping

Metrology - calibration, failure analysis, calibration equipment, traceability, record
keeping, calibration terms, custody transfer

Control logic - PLC, DCS, relays, loop configuration, standard loop, cascade,
ratio, hi/lo selectors, adder/subtractor, function block logic, configuration systems,
safety instrumented systems, operator stations/display, SCADA systems

Pneumatics - actuators, relays, dampers/fin fan positioners, transducers,

controllers, instrument air systems, air quality/quantity

Test equipment - Meggers, DVM’s, calibration systems, HART configurators,
communication, bus analyzers, CT’s, ammeters oscilloscopes, frequency testers,

decade boxes
Access Tools - ladders, scaffolds, lift baskets

Valves - types, application, accessories, characteristics, pressure-temperature
relief valves, isolating valves, manifolds, trim, problems, installation, hysteresis,
preventive maintenance, solenoids, fail safe devices, sizing, positioners,

characteristics



Networking

» Network architecture - equipment, media/signal, protocol, topologies, OSI,
Profibus, FF, vendor specification diagrams, function generator, memory, report

generator, terminology, bus structures

» Troubleshooting - software diagnostic tools, data analyzer, DVOM, network

analyzer, counters

» Software - drivers, OPC/OLE, GUI, vendor specific software, HMI, installation
and configuration systems, DOS, drivers, device drivers, diagnostic tools

» Computer architecture - CPU’s, memory, bus structure, terminology, SCSI,

drivers, equipment

The participants were asked to complete the questionnaire and return it to the Center
for Digital and Fieldbus Technological Education. Twenty-two responses were returned.
Two indicated they no longer employ Process Control Technicians. One responded in a
letter format that could not be compared with the other surveys. Therefore, nineteen

completed questionnaires were used in the data analysis process.



Data Analysis

The results of the industry trend portion of the questionnaire are as follows.

Of the nineteen respondents, all of them represented petrochemical or a related product
manufacturer. There were no respondents representing 1) an engineering, construction
or maintenance service provider; or 2) an instrumentation equipment or software
manufacturer.

Seventeen of the respondents are located in the Texas/Louisiana Gulf Coast area and
there was one each in the Western United States and Alaska. The nineteen
respondents employ 562 Process Control Technicians averaging 29.6 per site.

Their population of technicians in this survey is represented as:

Average years of experience 16.0 years
Percent with a college degree 17.9 %
Percent female 26 %
Percent racial minorities 21.5%

Percent in each age group:

Under 25 1.5%
25-35 17.3 %
35-45 41.8 %
45-55 32.3 %
55 and over 7.2 %

The minimum hiring requirements for current Instrument Technician hires was
compared to anticipated minimum hiring requirements five years in the future. Because
of the small sample size, statistical trends could not be used, however the data does

show increased education levels will be preferred. Four of the respondents that



currently only require a High School diploma or GED will require either:

>

>

>

>

field, intern or apprenticeship experience
an Instrument Technician Certificate
an Instrument Technician AA degree

an ISA or NICET Certification

The largest increases in minimum hiring requirements were for the Instrument

Technician AA degree and/or an ISA or NICET Certification. Both of these hiring

requirements rose from three respondents currently to six in the future.

The respondents use several sources for finding new Instrument Technicians.

>

>

>

>

75% use newspaper ads

50% use community colleges

37% use employment agencies

19% use referrals from within their company or local maintenance and
construction contractor companies

12% use proprietary schools

6% use job/career fairs or online Internet services

Over the next ten years, respondents project that they will hire 32.7% of their currently

employed Instrument Technician workforce. The reported increase in new hires occurs

as follows:
» this calendar year, 2001 41%
» the next 2 years, 2002-2003 12.1%
» the next 3 years, 2004-2006 7.8%

» the next 5 years, 2007-2011 8.7%



The types of instrument systems currently installed were compared to the anticipated
trends five years in the future. Again, because of the small sample size, statistical
trends could not be used, however the data does show a slight decrease in the number
of pneumatic and/or electrical panel mounted systems with a corresponding increase in
the number of PLCs, DCS and fieldbus systems over the next five years. There was a
slightly greater increase for Hart based systems over other fieldbus systems and there
was no interest indicated for Profibus systems.
Current incumbent Instrument Technician training is addressed in a number of different
ways as follows:

» 84% use onsite training presented by their company

» T79% use offsite contract/vendor training

» T4% use onsite contract/vendor training

» 21% use community colleges and proprietary schools

» 5% use computer based or web based training
The DACUM portion of the questionnaire contained 58 questions that directly addressed
the critical content components of a Process Control Technician curriculum. The
information addresses the three critical content areas for the proposed curriculum:
academics, instrumentation - electrical and networking.
These questions were divided into two categories to investigate current and future

considerations and were represented by the following.



Current curriculum content questions were designated as either:
» Training is below needs
» Training meets needs
» Training exceeds needs
Future curriculum content questions were designated as either:
» Training can be reduced
» Training can stay the same
» Training will have to be increased.
To determine the relevance of the data results and its implications for inclusion in the
curriculum, percentages were used as the primary data analysis methodology. Data
indicating 50% and above for each category and question was considered as reflecting
a strong relevance for consideration and inclusion in the curriculum. Conversely, data
demonstrating less than 50% show a weak relevance for consideration and inclusion
into the curriculum.

Results for Academics - Current

Findings for all academic components based on current status yielded consistent results
and indicated 50% and above scores in Math, Applied Chemistry, Applied Physics,
Interpersonal Skills, Computer Literacy, Technical Writing, and Troubleshooting for the
meets needs response. The scores ranged from a low of 53% for interpersonal skills

and computer literacy to a high of 89% for math. The results are shown in Table 1.
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Results for Academics - Future

The findings by future status indicated scores 50% and higher for all subjects
concerning the training increased component. The scores range from a low of 53% for
math, chemistry, physics, and technical writing to a high of 89% for computer literacy.
The results are shown in Table 2.

Results for Instrumentation/Electrical - Current

Findings from the current status produced 50% and above scores for all questions and
categories in this critical component for the Process Control Technician curriculum
meets criteria. The scores range from a low of 63% for troubleshooting vendor
diagnostic equipment and control logic to a high and 100% for access tools. Higher
overall percentages were found in this category than for the general Academic and
Networking components. The percentages may be found in Table 3.

Results for Instrumentation/Electrical - Future

The findings for instrumentation/electrical produced relevant percentages ranging from
53% for data management, print documentation, basic electronics, power utilization,
pneumatics and test equipment for training same to 95% for access tools. In addition,
percentages ranged from 58% for increased training for basic process technology,
analyzers, and metrology to 84% for control logic. The training reduced response
provided only weak responses from the returned surveys. The percentages may be

found in Table 4.
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Results for Networking - Current

The findings for networking revealed three of the four topics with relevant below needs
responses; networking architecture, software, and computer architecture. The other
question scoring 61% and suggesting a strong relevance was the troubleshooting topic
for the meets criteria. The findings are found in Table 5.

Results for Networking - Future

The findings for this critical content area reflected scores 50% and above for network
architecture, troubleshooting, software, and computer architecture. The percentages
ranged from a low of 67% for network architecture and computer architecture to a high
of 83% for software for increased training. The other topics needed question had two
responses that indicated a need for increased training. Training reduced yielded scores

of only 6% for all questions. The findings are found in Table 6.
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Discussion and Conclusion

Nineteen completed questionnaires were used in the data analysis process for the
Instrument Technician/Process Control Technician survey. Raw scores were computed
with percentages used as the primary statistical computation. Because of the nature of
this exploratory questionnaire and survey, percentages were deemed the appropriate
statistic for data analysis.

Of the nineteen returned questionnaires, a few had missing data (individual questions
with no responses). The missing data was excluded in the analysis to provide
consistency of data interpretation and response ratings. The data provided in this
survey is intended for use as a mechanism in the development of a viable Process
Control Technician curriculum for the future. Hence, all input is relevant for development
and incorporation into the curriculum.

The major findings are:

» There is an extremely low percentage of females employed as Instrument
Technicians.

» The percentage of Instrument Technicians under age 25 is low. This is
consistent with other data indicating that companies hire experienced
technicians from newspaper ads, referrals, contractors or promote from within
rather than from colleges.

» The demand for well-trained Process Control Technicians will be strong over
the next ten years as industry will hire over 30% of their current workforce.

» The number of companies that will require advanced degrees or other

advanced certifications for new hires will increase over the next five years.
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> Very few sites consider community colleges for current incumbent training. A
strong marketing effort with collaboration from industry will be needed to
inform stake holders, students and industry, that effective advanced training
in emerging technologies is available.

» The decrease in panel mounted instrumentation and increase in PLCs and
DCS systems is as expected. The increase in fieldbus is not as large as the
increase in Hart and other field busses at the exclusion of Profibus.

» The survey results for academics current status in math, applied chemistry,
applied physics, interpersonal skills, computer literacy, technical writing and
troubleshooting all meet current demands of industry. The responses indicate
a strong relevance level of 50% and above for inclusion and continuation in
the curriculum. There were no noteworthy affirmations for the below or
exceeds components. Future implications for the above suggest a strong
relevance for increased training in all of these areas. No relevant findings
were noted for the reduced or same category.

» Instrumentation/Electrical produced similar findings by current status as
Academics. All questions and topics provided by this critical content area
produced strong relevance of 50% and above in the meets area. No
remarkable findings were noted for the below or exceeds components. Future
implications for Instrumentation/Electrical Produced strong relevance for
increased training in the following areas: troubleshooting, basic process

technology, analyzers, metrology, and control logic. Other strong relevance
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topics indicated training should stay the same. No remarkable findings were
reflected in scores for reduced training.

Networking scores indicated radical differences from the other two critical
content areas for the below response by current status. More strong
relevance for below scores were reported in this area with network
architecture, network software, and network computer architecture all scoring
50% and above for strong relevance. The lone category with strong relevance
for meets needs was seen for the troubleshooting question. Future
Networking findings indicated a strong relevance for all topical questions:
network architecture, troubleshooting, network software and network
computer architecture concerning increased training. No remarkable results

were noted for the reduced training and training should stay the same areas.
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Summary/Recommendations

There is no information contained in the data that would invalidate the findings from the
survey. One limitation however, is the lack of a larger sample size. Although a relatively
small sample size was used in the computation of the data, the appropriate statistic and
analysis was used.

According to the responses by the manufacturers and end-users in the petrochemical
industries, a strong marketing effort will be required to inform students and industry
about the career opportunities and educational efforts underway, especially to
encourage women into the emerging technology field.

The current Process Control Technician curriculum/training is meeting their needs in the
two of the three critical curriculum content areas: Academics and
Instrumentation/Electrical. They believe that three areas of Networking are below
current industry standards: network architecture, network software and network
computer architecture.

Future increased training is needed in all areas of Academics and Networking.
Moreover, increased training is needed in the following Instrumentation/Electrical areas:
troubleshooting, basic process technology, analyzers, metrology, and control logic.
Employers and educators may view the information provided by the nineteen
respondents as credible and valuable information. The true indicator for the success of
the curriculum and the effective incorporation of the information provided here may be
manifested for years. This validation will ultimately be determined by the manufacturers
and end-users in the industry and will be based on whether their employee workforce

needs are met.



Attachments

Table 1. Percentages for Academic Responses by Current Status

Academic Area Below Meets Exceeds
Math 1% 89%*
Applied Chemistry 16% 84%*
Applied Physics 26% 74%*
Interpersonal Skills 42% 53%* 5%
Computer Literacy 42% 53%* 5%
Technical Writing 37% 58%* 5%
Troubleshooting 24% 70%* 6%

*Strong Relevance

Table 2. Percentages for Academic Responses by Future Status

Academic Area

Training Reduced

Training Same

Training Increased

Math 47% 53%*
Applied Chemistry 47% 53%*
Applied Physics 47% 53%*
Interpersonal Skills 42% 58%*
Computer Literacy 11% 89%*
Technical Writing 5% 42% 53%*
Troubleshooting 26% 74%*

*Strong Relevance
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Table 3. Percentages for Instrumentation/Electrical Responses by Current Status.

Instrumentation/Electrical Below Meets Exceeds
Health, Safety, Environment 10% 74%* 16%
Data Management 32% 68%*

Troubleshooting Vendor 37% 63%*

Diagnostic Equipment

Print Documentation 18% 72%*

Basic Process Technology 16% 84%*

Power Utilization 21% 79%*

Basic Electronics 21% 74%* 5%
Flow, Level, Pressure, 95%* 5%
Temperature, Measurement

Analyzers 16% 84%*

Installation Practices 1% 78%* 1%
Metrology 32% 68%*

Control Logic 26% 63%* 1%
Pneumatics 5% 90%* 5%
Test Equipment 5% 95%*

Access Tools 100%*

Valves 21% 68%* 1%
Other Topics Needed 6%

*Strong Relevance
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Table 4. Percentages for Instrumentation/Electrical Responses by Future Status.

Instrumentation/Electrical Training Training Training
Reduced Same Increased

Health, Safety, Environment 74%* 26%
Data Management 5% 53%* 42%
Troubleshooting Vendor 37% 63%*
Diagnostic Equipment
Print Documentation 53%* 47%
Basic Process Technology 5% 37% 58%*
Power Utilization 53%* 47%
Basic Electronics 53%* 47%
Flow, Level, Pressure, 84%* 16%
Temperature, Measurement
Analyzers 42% 58%*
Installation Practices 5% 84%* 11%
Metrology 42% 58%*
Control Logic 16% 84%*
Pneumatics 26% 53%* 21%
Test Equipment 53%* 47%
Access Tools 5% 95%*
Valves 74%* 26%
Other Topics Needed 6%

*Strong Relevance



Table 5. Percentages for Networking by Current Status

Networking Below Meets Exceeds
Network 61%* 39%

Architecture

Troubleshooting 39% 61%*

Software 56%* 44%

Computer 56%* 44%

Architecture

Other Topics 11%

Needed

*Strong Relevance

Table 6. Percentages for Networking by Future Status

Networking Training Reduced | Training Same Training Increased
Network 6% 27% 67%*
Architecture

Troubleshooting 6% 17% 77%*
Software 6% 1% 83%*
Computer 6% 27% 67%*
Architecture

Other Topics 11%
Needed

*Strong Relevance




