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ABSTRACT

The natural gas industry will confront many challenges in

the 1990s and beyond, one of which is the development of human

resources to meet future needs. An efficient, trained work force

in this era of environmental concern, high technology, and

alternative fuels is essential for the industry to continue to

meet the competition and to safely deliver our product and

service to all customers. Unfortunately, during this period

there will be an increasing shortfall of technical personnel to

replace those lost to attrition and a steady decline in the

availability of new employees who are able to read, write, and

perform simple math. Technological and government developments

that will impact the industry and the skill levels needed by the

industry employees are reviewed. In-house and external training

of professional and nonprofessional personnel and the benefits

and disadvantages of selected advanced training methods are

discussed. Recommendations are presented that can help improve

the training of gas industry employees to meet future needs.
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HUMAN RESOURCE NEEDS AND
DEVELOPMENT TOR THE

GAS INDUSTRY OF THE FUTURE

INTRODUCTION

The natural gas industry will confront many challenges in

the 1990s and beyond, one of which is the development of human

resources to meet future needs. It is quite clear that an

efficient, trained work force in this era of environmental

concern, high technology, and alternative fuels is essential for

the gas utility industry to meet the competition and to safely

deliver our product and service to all customers. But the trends

in available employees are disturbing and portend a growing

shortage of qualified personnel.

Today's college students are abandoning technical careers in

growing numbers, and in fact, changing U.S. demographics indicate

a possible shortage of 500,000 scientists and engineers by the

year 2000 (1). Recent studies of students and the adult

population also indicate that American students are barely

literate in science and mathematics, and that only about

6 percent of the adult population in the U.S.A. is "reasonably

literate" about science and technology (2). This is not a one-

time event; there has been a steady decline in the ability of

today's students to read, write, and perform simple math (3).

The evidence supports the concention that it will be more

difficult to obtain qualified employees to operate the future

utility industries.

Evidence also exists to support the view that the individual

employee's personal level of knowledge and technical

sophistication needed to operate a modern gas utility is

considerably greater now than it was 15 to 20 years ago. For

example, almost all segments of the gas industry today rely

heavily on the utilization of computers and programmed procedures

in daily operations. It is only necessary to examine the content

of recent gas industry conferences and symposia on the use of
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computers to appreciate the impact that this technology has had

on the ind;-try (4). Indeed, the widespread usage of computers

by the gas industry in the U.S.A. may be one of the major reasons

that the total number of employees has been steadily decreasing

from a peak of about 228,000 in. 1982 to about 204,000 in 1989 (5).

The purpose of this paper is to review future technological

and legislative developments that will affect the skill levels

needed by gas industry employees, to discuss current employee

training methods used to impart; the necessary skills, and to

present several recommendations to help the gas industry meet its

future manpower needs.

SOME DEVELOPMENTS THAT WILL AFFECT HUMAN RESOURCE NEEDS

Environmental Legislation

After more than a decade of political stalemate over U.S.

clean air laws, President Bush signed the Clean Air Act

Amendments of 1990 into law on November 15, 1990. This

legislation resulted from a variety of air quality problems that

many believe have occurred as a result of increased fossil fuel

usage (6). Among these problems are the formation of acid rain

and smog; ozone; carbon monoxide, sulfur oxide, and nitrogen

oxide emissions; and the Greenhouse Effect, which is caused by

the so-called greenhouse gases — carbon dioxide, methane, and a

few other gases. The Act is very complex, so a detailed

discussion to assess its impact on the energy industry is outside

the scope of this paper. Suffice it to say that the Act will

create several major opportunities for the gas industry because

of the clean-burning characteristics of natural gas. Natural

gas-fueled vehicles (NGVs) and low-emission waste combustion

systems, and increased substitution of natural gas for other

fuels in power production facilities to control acid rain

formation and reduce air pollutants are just a few examples of

markets that are expected to gather momentum as a result of the

Clean Air Act Amendments of 1990.
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This legislation will undoubtedly affect the gas industry in

ways that cannot be perceived at this time. However, it is a

virtual certainty that there will be an incremental increase in

gas demand and that new technical and managerial knowledge and

training will be required by gas industry employees to help

fulfill the terms of the Act and related pending legislation such

as the National Energy Security Act of 1991 (7).

Natural Gas Technologies

In addition to technological improvements that are

periodically incorporated into traditional gas industry

operations from the wellhead to the end-user, emerging natural

gas markets will require new or updated training programs for

technical, business, and service personnel, and for customers.

These markets include natural gas-fueled fuel cells, advanced

utility power production methods, new space conditioning systems,

and NGVs as mentioned above.

Local distribution company (LDC) operations themselves are

expected to undergo major changes in the 1990s, especially in the

larger companies. Several prime examples of systems already in

place could be cited to illustrate how advanced technologies are

being used by the gas industry. The Brooklyn Union Gas Company's

new Customer-Related Information System (CRIS II), which was

installed in January 1990, is exemplary (8). CRIS II employs an

advanced automated system that integrates and controls the

customer service operation and a $1 billion revenue stream

generated by 1.1 million customers. CRIS II enhances the

efficiency of many of Brooklyn Union's operations including

service orders, credit and collection, billing, cash processing,

meter reading, and marketing. Today, some 950, or 25 percent, of

Brooklyn Union's employees use this system, including many who

use hand-held terminals in the field. Brooklyn Union invested

$47 million to develop CRIS II, about two-thirds of which was

devoted to software development (9).

In the not-too-distant future, the integration of

communication systems, automated billings, and possibly other

4
I N S T I T U T E O F G A S T E C H N O L O G Y



services of gas, electric, water, telephone, and sewer utilities

is expected to be initiated through joint cooperative agreements

as the technologies are perfected. This has already started to

occur in Japan, where the Ministry of Construction has initiated

a plan to construct a management system for the City of Tokyo

and ten other major cities of all utility facilities in the

streets (10). In a related development, Tokyo Gas Company, Ltd.,

has initiated "Station 24," a system that continuously monitors

individual gas service to all customers from a central office (10)

This system is now being considered for addition of fire alarm,

smoke detector, and burglar alarm systems via telephone lines.

Regarding changes in the work environment, some of the more

progressive gas utilities are considering the addition of

"telecommuting" to their work schedule. This may be feasible

when an individual's assignment is performed mainly with a

personal computer, and the work can be performed at home via a

PC, modem, and telephone line to the office. Telecommuting in

this way has been reported by some to permit an individual to

stay home an additional one or two days per week while

maintaining productivity and simultaneously saving fuel and

improving the er aronraent.

All of these advanced technologies will require that the

employees involved in their development, maintenance, and use

receive specialized training. It is apparent that the LDC of the

future will rely quite heavily on high technology, and will need

employees who are able to work effectively in this type of

environment.

Government Regulations

The U.S. Department of Transportation's Office of Pipeline

Safety has promulgated several safety standards that contain

specific requirements regarding gas industry employee training

and qualification (11). The existing requirements are summarized

in Table 1. It is fortunate that none of these regulations

mandate employee certification in the sense that training

procedures and examinations developed and controlled by the
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government are necessary. The training and qualifying of

employees are left to the individual companies.

Currently, the regulations for training and qualifying gas

industry employees cover personnel involved with handling LP-gas,

pipe welding, joining plastic pipe, corrosion control, emergency

planning, and LNG plant operations. Other regulations that

require training and qualification are currently being

proposed. Among them are regulations that would require training

and qualification and possibly certification for compressor

station operators and pipeline operators (12,13). These

regulations evolved from the Pipeline Safety Reauthorization Act

of 1988 (Public Law 100-561, enacted October 31, 1988), which

gives the Department of Transportation discretionary authority to

require "that all individuals responsible for the operation and

maintenance of pipeline facilities be tested for qualifications

and certified to perform such functions." The regulations will

be published in 1991, but are expected to require training and

qualification and not certification or licensing of employees (14)

Although the Office of Pipeline Safety believes that personnel

competency is a problem that is generally limited to small

municipal and privately owned gas distribution utilities and

master meter systems, the draft regulations seem to apply to all

gas systems subject to the Natural Gas Pipeline Safety Act of

1968 (13).

Another potentially important federal regulation that may

require special training and qualification concerns the

Occupational Safety and Health Administration's (OSHA) excavation

and trenching standards that regulate the shoring of excavations

and the protection of employees against cave-ins (15). The gas

industry believes that OSHA is preempted from applying these

regulations to the gas industry because the Department of

Transportation has jurisdiction. This issue has not been settled

yet (16).

In addition to federal requirements for training and

qualification, several states have their own requirements. For

6
I N S T I T U T E O F G A S T E C H N O L O G Y



example, 21 states have licensing requirements for furnace and

boiler installers or servicemen (17). The license is usually

awarded after completion of a designated course, official

examination, and some period of on-the-job training.

Overall, the U.S. federal and state governments have

mandated training and qualifying requirements for certain gas

industry employees, primarily service and operating personnel,

and for certain employees of supporting industries. To date, the

Department of Transportation has left training in the hands of

the gas industry, probably because the industry is more qualified

than the government to provide it. At a joint meeting in 1986 of

two advisory committees of the Office of Pipeline Safety — the

Technical Pipeline Safety Standards Committee and the Hazardous

Liquid Pipeline Safety Standards Committee — the majority felt

that the federal role in any certification program should be one

of guidance, coordination, and oversight, and not direct

involvement (13). Presumably, the upcoming regulations for

pipeline operators will maintain this position.

GAS INDUSTRY TRAINING METHODS

State of the Art

Even a cursory examination of the training methods used by

the natural gas industry for its employees reveals a veritable

cornucopia of resources and techniques; they are many, varied,

and widespread. They can involve an in-company training staff

and often dedicated training departments and sometimes training

centers, outside consultants, independent training centers,

schools and universities, regional and national associations,

hard-copy and audio-visual documentation, self-study programs,

on-job and off-job training and apprenticeships, and an almost

unlimited reservoir of training aids and literature. One of the

better compilations of the training resources available to the

gas industry is th° American Gas Association's Training

Directory,, which is a compendium of manpower development and

training programs available from gas companies, gas-fired
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equipment manufacturers, consultants, associations, and

educational institutions (18). Essentially all subjects of

importance to the gas industry are covered, and there does not

appear to be a shortage of training resources.

A detailed assessment of the state of gas industry training

is of course not possible here, but some observations are in

order. A complete range of training programs can be found in the

gas industry. They include programs on safety; service and

repair skills; professional development on such subjects as

technology, accounting, finance, and rate-making; and management

development programs to impart supervisory and administrative

skills. Some companies conduct minimal in-house training

programs, except to meet regulatory requirements; they rely

mainly on outside training resources for their professional

employees. Some companies have given individual company

departments the responsibility of training their own departmental

employees, while others have assigned the responsibility to full-

time trainers in separate Education Departments. A few of the

larger companies have relatively complete in-house training

programs in progress and use their full-time Education Department

or Training Center staff as instructors. Most of these

companies, however, still send some of their professional

employees to specialized courses. Most companies also do not

rely on on-the-job training to fulfill the training needs of

higher level operating and maintenance employees.

Service and construction personnel and technicians are

generally trained in-house through specific training sequences

and apprenticeships to impart the skills necessary to perform

their assignments, while management training is often presented

in-house with company and invited specialists, When the subjects

are new or refresher courses or courses in the fundamentals of a

subject are needed, a significant portion of the training of

supervisors, engineers, and executives is often done through the

few gas industry-dedicated educational institutions that exist,

such as the Institute of Gas Technology. IGT has developed
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special expertise in many gas industry subjects, and uses full-

time career educators to present courses that are continuously

updated and guided by industry advisory committees.

As for self-study training, many companies offer their

employees instructional books, study guides, and home-study

courses, some of which are available with examination and

accompanying record keeping. Several programmed-instruction,

audio-visual, and computer-assisted instruction courses are also

used for self-study in many companies. A few companies have

incorporated "high-tech" methods of self-study into their

training programs such as the use of interactive videos and

expert systems.

Because there are only a few schools and institutions that

focus on the natural gas industry, or that provide training and

qualification to meet government mandates, the bulk of employee

training is done by the individual gas companies. It is

essential therefore that each company have a documented training

plan in hand, preferably developed by an in-depth needs-

assessment study to identify all necessary skills and the means

of providing and maintaining them. The plan should include

detailed training schedules for individual employees, the

internal and outside resources that will be utilized, and most

importantly, provision for recording and documenting the progress

of each individual.

Advanced Training Methods

Although established natural gas transmission and

distribution companies have developed standards and procedures

over many years for most company operations, revisions

incorporated today often result from the installation of more

sophisticated equipment and advanced technologies, and changing

government rules and market conditions. These revisions should

result in corresponding revisions in the training methods and

subject matter to ensure a continuous supply of qualified

personnel. A few of the advanced training methods that can be

used to help maintain this supply are reviewed here.
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As alluded to in the introduction, the impact of computers

on the gas industry has been and continues to be very large. An

encyclopedic compilation would be necessary to illustrate, even

in summary fashion, how this occurred. Also, as will become

apparent shortly, most if not all of the advanced training

methods utilize personal computers. So it behooves the present

and future employees of the gas industry to be literate in at

least the basics of computerese. This subject should be regarded

as essential for all gas industry business and technical

personnel if they are not so equipped.

Video cassettes have largely superseded the use of movie

films as gas industry training aids because of the lower cost of

the tapes, the simplicity of viewing on television sets, and the

proliferation of tape players (19). They are inexpensive to

produce compared to movie films and are especially suited for

subjects that require many hours of training. When combined with

lectures or text materials, video training is quite effective.

This approach has been used by several organizations, such as IGT

when it developed a 29-hour video-based training program,

including tapes, supporting text, and optional examinations, for

LNG plant operators. A recent on-line search of available; video

training cassettes for the gas industry on IGT's interactive

database, gasLine®, provided a listing of many. Among them were

cassettes on safety, customer relations, distribution,

construction, maintenance, and marketing. A recent summary on

the use of videos for distribution, construction, and maintenance

training by gas utilities indicates that most use them (19).

Computer-assisted instruction (CAI) takes full advantage of

the characteristics of personal computers and is usually very

cost effective. CAI is widely employed by the gas industry and

continues to be a preferred tool in the classroom and for self-

study. An on-line search of CAI on IGT's gasLine® listed

numerous gas industry applications. They included a diverse

series of subjects, such as meter reading, network analysis and
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design, network management, trenching and backfilling, leak

detection training and pinpointing, answering customer service

calls, and gas processing plant control. CAI provides a

consistent, systematic approach to employee training, immediate

feedback to the trainee, different levels of training, easy

reinforcement and review, and if desired, a printed record of the

performance and progress of each trainee. The interactive nature

of CAI and the fact that it can be performed at variable rates is

beneficial to all users.

Interactive video training programs for gas industry

personnel are becoming more common as the technology is perfected

and more course subjects are adapted to the format. The most

efficient format from the standpoint of large storage capacity is

the video disc. Discs allow immediate feedback to the trainee

and are most efficient for large numbers of trainees and repeat

usage. Some of the major disadvantages are that the content of

the discs cannot be changed unless a new master disc is producad,

although technology is being developed to permit erase-recording,

and most systems produced to date are relatively expensive.

Currently, the interactive video disc is being combined with

sound and live-motion video as "multimedia." For example, a

pipeline flow simulator has been assembled by combining

interactive video, audio, and graphics to create a realistic

training environment. This type of system is reported tc

simulate all aspects of the operator's job; SCADA-driven CRT

displays, telephone calls, weather reports, radio transmissions,

log books, and even control room meetings are all depicted (20).

The simulator enables trainees to predict and balance supply and

demand, take corrective actions to stabilize flows and pressures,

direct operators of compressor and regulator stations, and log

status reports. Several general-purpose and customized training

simulators have been produced in which pipeline dispatchers and

engineers can quickly gain experience by allowing them to

interact with a wide range of operating conditions in a safe
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environment (20,21). The training simulator can also provide a

sophisticated tool for operations planning and pipeline systems

design.

Some of these simulators are perhaps the first generation

that use what has come to be known as an expert system. Expert

systems have been defined in several different ways, but

basically, they combine the information of experts with computer

programs, which together permit the non-expert to function as an

expert or to learn to solve problems. Another slightly different

definition defines an expert system as a software tool that uses

so-called artificial intelligence technology aloug with the

knowledge of an expert to build applications that could not be

addressed with conventional programming, and in turn, to make the

knowledge available to anyone who has access to the system (22).

A few expert systems are currently available- to the gas industry;

they are expected to become more accessible and lower in cost as

demand grows. If expert systems can in fact make reliable

decisions without human intervention, there will certainly be a

market for stand-alone systems (22). Their use in the gas

industry for training and other applications is expected to

increase because the initial experience has been favorable (21).

RECOMMENDATIONS TO IMPROVE GAS INDUSTRY TRAINING

Because of the broad scope of skills needed to operate a

modern gas utility, it is almost impossible to have all the

expertise in-house and available when needed to mount a

continuous training program for all business, technical, and

service employees. At least some external training resources

must be utilized. Several recommendations are presented here to

help a gas utility train and qualify its employees more

efficiently, and generally at lower overall cost, by making more

effective use of these external resources, particularly in the

high-technology areas.
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Production of Training Aids

As already mentioned, development of some types of training

aids such as interactive videos and expert systems are expensive

to produce. Some gas companies have made the investment to

produce a limited number of them for certain subjects. It is

suggested that a central training aid exchange be set up in which

those aids that have already been produced may be shared with

other companies. The materials could be made available for

purchase, or in some cases at no cost, in a manner similar to

IGT's Gas Industry Microcomputer Cooperative. This is an

exchange for customi2ed gas industry software contributed by IGT

Members and is available to them at no charge.

Another approach to the development of training aids,

especially the more expensive ones, is for a number of companies

to form a consortium to share the production costs. A single

organization can perform the production work and provide the

resulting product to the consortium members. This approach has

been used by several organizations; an example is the video-based

training programs developed by IGT for LNG plant operators under

the sponsorship of several of IGT Members. The advantages of

using a gas industry-dedicated, not-for-profit organization,

other than lowering the cost to each company, are that the

organization can serve as a single distribution center and also

provide an independent grading and record-keeping service when

documentation is needed to support qualification or

certification. Any profit realized can in turn be used to

maintain the service and update the materials.

Presentation of Customized Courses

In a similar manner, customized courses on special subjects

can usually be developed more efficiently by forming a consortium

to finance development by one qualified organization. This

approach is especially beneficial when there is a long-term need

to sustain continuous course presentations at a training center

to a few employees from each of many different companies. In

this case, in-house development may not be justified by a single
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company. An example program is the three-course series

"Chartered Industrial Gas Consultant," (CIGC) developed by IGT

for industrial gas marketers under joint sponsorship with the

American Gas Association. CIGC has been offered each year since

1970. Another benefit of the use of this concept is the sharing

of experience and the exchange of information among employees who

attend the courses from different companies. The consortium

approach is also advantageous when several companies each desire

to have a cadre of instructors trained for in-company use.

It is important that an individual company's training needs

be made known to outside training centers and associations that

have continuous human resource development programs in

progress. Several of these groups hold periodic training

workshops and gas industry advisory committee meetings on human

resource needs to fine-tune the programs that are in progress or

to develop new ones. A conscious effort can often be made by

them to fill educational needs by including the subjects in

demand in future open-enrollment training programs.

Finally, external training resources can often be retained

to present complete courses and training programs at a location

of the company's choice. This often saves the company time,

effort, and the costs of sending their employees to the training

centers. For example, IGT is currently examining the feasibility

of presenting some of its open-enrollment courses on a regional

basis by microwave transmission, and nationally or worldwide by

satellite transmission. Within limits, such courses can offer

considerable savings and still provide complete interactive

exchange between individual trainee and instructor.

SUMMARY

The gas industry's human resource needs, especially those

that are technically oriented, are expected to become more acute

in the gas industry of the future. This is likely to occur

because of growing shortages of qualified employees and the

generally increasing skill levels needed to operate a modern gas
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company. It also appears that there will be greater requirements

for training and qualifying service employees. Several methods

are suggested to impart, improver and sustain the required

skills.
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Table 1. SUMMARY OF OFFICE OF PIPELINE SAFETY REQUIREMENTS
FOR GAS INDUSTRY PERSONNEL QUALIFICATION AND TRAININGa

Part Number
in Regulat ions

192.11

Summary

Petroleum Gas Systems - Incorporation by reference of
NFPA 58 and 59 requires that all persons employed in
handling LP-gas be properly trained in handling and
operating procedures.

Qualification of Welders - Incorporation by
reference of API 1104 and the ASME Boiler Code provides
welding tests that persons must pass before welding
pipelines.

Inspection and Test of Welds - Certain welds that are
visually inspected by a qualified welding inspector need
not be nondestructively tested.

Nondestructive Testing - Nondestructive testing of
welds must be performed by persons who are trained and
qualified in the test procedures and equipment.

Plastic Pipe, Qualifying Persons to Make Joints -
Persons joining plastic pipe must be qualified by
training and tests of specimen joints.

Plastic Pipe, Inspection of Joints - Persons inspecting
plastic pipe joints must be qualified by training or
experience in evaluating joint acceptability.

General Corrosion Control - Corrosion control procedures
must be carried out by or under the direction of a
person qualified by experience and training in corrosion
control methods.

Emergency Plans - Each operator must train personnel to
know the emergency procedures and verify that the
training is effective.

Training, Operations and Maintenance - Each operator
shall provide and implement a written plan of initial
training to instruct all permanent MiO and supervisory
personnel on the hazards of LNG, and they must be
trained at intervals of not more than 2 years.

Training, Security - Personnel responsible for security
at an LNG plant must be trained in accordance with a
written plan of initial instruction and then every
2 years.

Training, Fire Protection - All personnel involved in
M&O of an LNG plant and immediate supervisors must be
trained in accordance with a written plan of initial
instruction and then every 2 years.

Inspection General - Pipeline construction must be
inspected by persons trained and qualified in the phase
being inspected.

Training - Each operator must instruct M&O personnel to
carry out the M&O procedures, know the characteristics
of hazards, recognize emergencies, control accidental
releases, use fire fighting equipment, and safely repair
facilities. Annual reviews of personnel performance and
training effectiveness are required.

a Titles of Parts in Subchapter D, Pipeline Safety: Part 192 - Transportation
of Natural and Other Gas by Pipeline, Mimimum Federal Safety Standards; Part
193 - Liquefied Natural Gas Facilities, Federal Safety Standards; Part 195 -
Transportation of Hazardous Liquids by Pipeline.

192.227 and
195.222

192.241(b)

192 .243(b) (2) and
192 .234(b) (2)

192.285

192.287

192.453

192 .615(b) (2)

193.2713

193.2715

193.2717

195.204

195.403
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