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N tnr- of tﬂl Induﬂry

Coal has playaﬂ a vital-role: m the '

development of this Nation. Original-

1y used only as a source of heat, cosl-

grew rapidly as a source of power
* with the coming of the sieam engine.
.- By the beginning of the 20th century,
coal ad become vital, not only for
_heating' homes and pawering loco-
motives, but also as a source of ener-
&Y for producing electric powerand a
Jnecessary ingredient”’for-making
!tsel Although coal has been largely
" replaced by other fuels for heating
and transportation, it is used in prod-
ucts ranging from lipstick to chemi-

- cals, and most importantly as a

~ source of electric power.

Coal ususlly is divided into” two
classes, ‘bituminous and anthracite.
-Bituminous, or **soft™ coal, is the
most widely used and the most
plentiful, and accounts for most coal

- production. Production of anthra-
cite, or “*hard” coal, on the other
hand, is steadjly declining due to
dwmdlmg reserves and difficulty of
recovery. Other forms of coal, such

" as dignite and peat, are used in only
limited amounts.

* Most of the Natibri's. coal is mired
in the Appalachian area that extends
from Pennsylvania through Eastern
Ghm, West Virginia, Virginia, Ken-

P

" COAL mums .

tuc ky, Tgnnesse: and Aldbama.
.irge amqunts of coal also are mined

in Indiana, lllinoisqand in the Rgiky

MBuntain States. - . :

x, Types of Mines ‘

Coal is either mined underground
-orextracted from the earth’ssurface.
Underground mines employ. most of
the workers in the industry but pro-
duce Fess than half of all bituminous

coal. Surface mining, a more produg-

tive type than undergraund mining,
employs fewer minerf to produce
more coal.

The type of mine a company de- ’

cides 1o open depends on the geo-
laglc&l formation and the depth and
location of the coal seam. Under-
ground riines are used to reach coal
that lies deep below: the surface, A
series of entries must be construcied
so that air, miners, and equipment

can reach the seam and coal can be'

carried out. Depending on the depth
of the coal seam, thé entry may be
vertical (shaft mine), horizontal
(drift ming), or at an angle (slope
mine). (S€e chart.) Shaft mines are
used to reach coal lying far below the

;su;f;ace. Drift and slope mines are
“usually not as far underground as

shaft mines.

Four types of blﬁ;ﬂnﬁus cosl mifes

Shan Mirne

Drift Mine

- Mining ﬂctubslhns.

After the :nsl seam’ has  been
réached, nearly all underground
mines are constructed the same way..
Miners make a network of intercon..
necting tunnels so that the mine re-
sembles a maze with passagéways

going off in predetermined direc. o

tions, sometimes extending over
many miles. As coal is removed, the
tunnels- become longer and longer.

Throughout this process, a signifi-

cant amount of coal (pillars) is left
between the-tunriels to support the
roof. When miners reach the end of
the company's property, they start
working back toward the entrance,
rhining most of the remaining coal as
they retreat. Thls s c:alled ﬁstreat )

* mining. .

If the coal seam is nof too i‘ar
below ground, surface. mining is |
practlced Two types of surface
mines are strip and auger. At smp
mines, huge machines remove the
earth and expose the coal. Auger
mining iz wsed to remove coal from

. extremely steep hillsides. A large au-

ger (drill) bores into the l’u!l and pulls
the cnal aut )

Qesup:ﬂﬁni in the Industry

In 1976 about 210,000 “people
worked in the bituminous coal and
lignite mining industry. An additional
4,000 people were employed by
companies producing anthracite -
coal, ‘About 85 percent.of all persons
in these industries were production

workers who mined and processed
coal.

Minimg jobs range from apprentice
miners who usually act as h:lpers in
several occupations to highly skilled
and éxperiesiced miners who operate
equipment worth severhl hundred
thousand dollars. Jobs available in a
mme vary by type and meths:d of

. mmmg Lt .

Two ‘basic
‘rnethods ﬂf mining undergmund
coal, cc
account ft‘;ir 95 percem of mtal un-
derground production. A third meth-
od, longwall, makes up most of the
remaining production and is incre 4s-
ing in ir’ﬂportance The hand loading
method is rarely used.

Conventional mining is the cldast
method and requires the most work-

3



Q

ERIC

Aruitoxt provided by Eic:

.Ehmmateg thg drlllmg and bla';.

—— : LI

‘ers and pmce.dures This type of min-

ing, however, is ripu:lly being phased
out, In conventional mining, the cut-
ting machine operater (D.O.T.
930.883) uses a huge electri¢ chain
saw, with a cutter ranging in length
from 6 to 15 feet, to cut a strip, or
kerf. underneath the coal seam to
control the direction of the coal as it
falls after it has been blasted. Next
the drilling machine operaior (D.O.T.
930.782) drills holes into the coal
where the short firer (D.O.T.
931.281) places explosives. This
work can be dangerous and must be
timed very carefully. The shot firer,
for example, must allow enough time
for miners to leave the area before
the blast.

* After the blast, the loading ma-
chine operator (D.O.T. 9312.883)
scoops up and dumps the coal into
small rubber-tired cars, which are
run by the shutile car operator

- (D.0.T.932.883). Depending on the

type of haulage systern used, these

cars take thé coal to a conveyor belt,

for shipment to the main entry or to
the surface, or ongo mine cars that
are tramﬁmﬂed on tracks to the sur-
face. “
The Eantmugus fnmmg rnelhnd

The cpnlmuﬂu; mzmﬂg machine r;rp-
erator (D.O.T. 930.883 ) sits or lies in
acab and operates levers to cut orrip
out the ¢oal and load it directly onto
a conveyor or shuttle cars,

Longwall mining is basically an
extension’ Df continuous mlmng
this method, the lngwall mﬂchmf
opergtor runs a huge machine w’ﬁh
drums which shear angba autornatically
load coal onto a onveyor. At the

same time hydraulic jacks reinforce

' the roof. As the coal is cut and the

face progresses, the jacks are hydrau-
lically winched forward and the roof
is allowed to cave behind.

Many other workers are required

to run a safe and efficient under-
ground mine. Before miners are al-
lowed underground, the fire boss or
preshift examiner (D.O.T. 939.387)
inzpects the work area for loose roof,
dangerous gases, and adequate venti-
lation, If safety standards are not
met, the fire boss will not allow the
miners to cnter. The rock-dust ma-

chine operator (D.O. T, 939. 887)

~ chines)used anc

1 R

E

sprays limestong on the ming

and ground to hold down dust smée
coal dust is extremely explosive and

interferes with breaihing,
The roof bolter (D.Q.T. 930.883)

operates a machine to install roof

support bolts. This operation is ex-
tremely important because of the
éver-present threat of roof cave-ins,
the biggest cause of mine injuries.
The stopping builder (D .O.T.
869.884) constructs doors, walls, or
partitions in the passageways 1o force
air through the tunnels to working
areas. The supervisor, called a face
boss (D.O.T. 939.138), is in charge

-of all operations at the work site

where coal is actually mined. -

Tealnwork is very important in éﬁrj

types of underground mining. Miners
are dependent upon each other when
accidents occur for first aid and, if
necessary, assistance in leaving the

mine. A simple slip around a continu-

ous mining machine, for eéxample,
could result in severed limbs,
Most surface miners opeérate the
large machines that either femove
the garth above the coal or dig and
ad| the cbal. The number of work-
equired to operate a surface
mine\depends on/the types of ma-
the amount of over-
burden above ‘the coal seam, The
more overburden present, the great-
er the number of workers usually re-
quired.
“ In many strip mines, the overbur-
den is first drilled and blasted. Then

the overburden stripping joperaior or’

dragline operator (D.O.T, 859 883)
scoops the earth away to expose the
coal. Sometimes, a dragline is so
huge and complicated:to run that a

team of persons is required to oper- - % A .
° 934.885). Wash box attendants oper- °

ate the levers. -

Once the overburden is removed,
the coal loading machine operator
(D.O.T. 932.883) rips coal from the
seam and loads the coal into trucks
to be driven to the preparation plant.
In auger mines, the rotary auger op-
erator (D.O.T.930.782) runsthe ma-
chiine that pulls the coal from sides of
hills. Tractor operators (D.0.T.
929 8813) drive bulldozers t© move
materials or pull out imbedded boul-
ders or other objects. Helpers assist
in operating these machines.

1

) ‘er workers, not dire:tly in-
Around coal mines. 'Fr:r exam-
fllled repairers, called firters
BD] ZSI ), ﬁx all lypes nf

!Zarpemers ;nﬁstmst and mam,tam
b 3 'zhes. I::_'imf-i and stﬂrppingsi MVSﬂy

uged in mmgs Whnie these wnrkers

-generally need the same skills as their

ounterparts in other industries, they

“/require additional training to work
! under the unusual conditions in the

mines. Mechanics, for example, may
have to repair machines while on
their knees with only their headlamp
to illuminate the working area.
Truckdrivers h#ul coal to railroad
sidings or preparation plants and sup-
plies to the mine. .

Preparation Plapt  Occupations.
Rocks and otherAmpurities must be
removed before coal is crushed,
sized, ot blended to meet the buyer’s
wishes. These processes take place at
the preparation plant.  *

#any preparation plants are locat-

ed next to the mine. The plant’y size
and number of employgks

amount of coal prm;essed and degfee
of mechanization. Some plapts have
all controls centrally located and re-
quire few workers to oversee all
washing, separating, and crushing
operations. Among these workers is
the preparation plant central control
operator (D.0.T. 549.138) who over-

.sees all operations. Plants that are

not as mEEhaﬂiZEﬂ hfnwev::r ﬂf;éd

,wash bax a:tendg:lm (D,D.T. 5&].732) .

and separation tender (D.O.T.

ate equipment that sizes and sepa-
rates impurities from ceoal. The sepa-
ratbon tender operates a device that
further cleans coal with currents of
water. Most jobs in the preparalmn
plant are 'very rt‘.pE[ltlve

A«iminisl_raiive, }‘i‘ofeg.siammii Cleri-
cal, and Technical Oceupations. A
wide range of administrative, profes-
sional, technical and clerical person-
nel work in the coal-industry. At the
top of the administrative group are

- b 3
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neers (DO, T, 007.08],

\

exe.;uﬁvsl who ma!n;s all paliey deci-

sioms. A staff of specialists, such as
actountants, attorneys, and market

~ tesearchers, supply legal, technical,

apd market information for deci-

- sionmaking. Clerical and secrewarial

workers assist the administrative
A vangty of engmrse:mg and scien-
tific personnel work in the coal in-

- dustry. Mining engineers (D.O.T.

010.081 and ,187) examine coal
seams t‘ﬂr.dept.h and purity, deter-
mine the type of mine to be built, and
supervise-the construction and main-
tenance of mines. Mechanical engi-
151, (168,

“and .187) qversee the installation of

equipment, such as centralized heat
and water systems, while safety engi-

* neers (D.O.T. 010.081) are in charge

E

- NDeers.

RIC

of all health and safe:ty programs.
The sacientific staff conducts re-
search on means 1o make coal a
cleaner, more efficient, and more
easily transporntable energy source.

.For instance, many physicists, chem-

ists, and geglogists are studying feasi-
ble altarnatives fﬂl’ eﬂnvgﬁmg coal
Gt,her techhical persannel are re-
quired to assist scientists and engi-
For example, surveyors
(D.O.T. 013.188) hélp map out the
mining areas. Engineering and sci-
ence technicians may assist in re-
search efforts. N

Training, Other Quatifications,
and Advancemant *

. . 3
.Most miners start out as helpers to

- experienced workers and learn skills

on the job. Formal training, however,
is becoming more important due to
the growing use of technologically
#dvanced machinery and mining
methods. As a result, most compa-
nies supplement on-the-job traiging

ith formal programs and actively
seek recent graduates of high school
vocational programs in mining, or ju-
nior college o technical school pro-
grams“in mfhe h‘:ch{nulﬁgy

Mine tgahﬂc:lngy ‘programs are
available in a’few colleges through-
out the cotntry, modtly in coal min-
ing areas. The programs lead either

to- a cegfificate in mine technology

after 1 year, dr an assgdfm _degree
after 2 years. Courses cover areas

Q
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such as mine ventilation, roof bolt-

ing, and machinery repairs. Prospec-
‘give students do-not need a high ‘

: s::hml :ducatmn bpt must pass an

_-thught; others give
tion for a few weeks before allowing .

and Enghsh
' The type of formal training admin-
istered by coal cOompanies varies. Faor

-example, some- companies have

training mines where skills are
classroom instruc-

workers into a mine. All miners
working at mines covered by the
United Mine Workers of America
contract, however, must receive both
preservice and annual retraining ses-
sions from their employers. These
E;!ugrams include subjects such as
Miachine_operation, first aid, and

-health and safety regulations. The

U.S. Mining Enforcement and Safety .
Administration also conducts classes

-on health, safety, and mining meth-

ods, and mihe machinery manufac-
turers offer courses in machine op-
eration and maintenance :

As” fnmgrs gain more expenem:e"

they can move to higher paying jobs.
When a vacancy occurs, an an-
nouncement is posted and all work-
ers qualified may bid for the job. A
mining maghine operator’s helper,
for example, may become an opera-
tor. The position is filled on the basis
of seniority and ability. A small num-
ber of miners advance to supervisory
positions and, in some cases, to ad-
ministrative jobs in the office.

Miners must be at least 18 years
old and in good physical condition. A
high school diploma is not required.
All miners should be able to work in
close areas and have quick reflexes in
emergencies.

Requirements fot SEIEﬂtlﬁC and
engineering, ¥ admmlstranve. and
clerical jobs are similar to those in
other industries. College graduates
are preferred for jobs in advertising,
]ji:fﬁﬁhﬂéli accounting, and sales. For
clerical and secretarial jobs, employ-
ers usyally hire high school graduates
who have training in stenography and
typing.

Employment Qutliook

Coai is expected to play an in-.

creasingly important role as a basic
energy source. Rising demand for

T,
L

‘on the types of mines opened, an
* the mining methods and machiner
“usi:d In additian to Gpenlﬂgs duea,

o8 .

5 o .
P \

s,

‘electric ‘power euupled mth gﬁeﬂtﬂ

emphasis on developing domes
ergy supplies should resuit in acceie\r-
ated coal pfoduction: The extent of

. growth in production, lmw:ver, s
uncertain. ‘Oil, natural -gas, and nu- .
clear energy also are used to gener-
ate electricity, and the demand for -
coal will‘be determined, to some ex- ~
tent, by the price and availability of

th:se fuels. Growth in production
also depends on how -quickly eco-

- nomical methods of cqal gasifidation’

and liquification are developed. En-
vironmental standards relating to
strip mining and the use of high. sul-
fur content'coal, which causes air

pollution, may also affect coal out-
‘put. More coal, however, will Be
~ nesded {0 make steel, chemicals, and
" other products. '
.Einployment is expected to in-

crease but the amount of growth will
depend on the level of production,

hsmers retire, dle or transferto gtheér

Fe,lds af work..

Ea rnings and Workin
Conditions

In 1976, union wage rate¢ for min-
ers ranged from $48.62 tg 35892 a
day; workers in underground mines

generally earned slightly/ more than'

those in surface mines or/preparation
plants. In comparison/ production
workers in manufactu mg averaged
$41.52 a day.
Because

undergrbund miners

" spend time traveling/ from the mine

entrance to their working areas, they
have_a slightly longer day than sur-
face miners. Thos¢ in surface occu-
pations work a 7 /4 hour shift (36-
1/2-hour week),
miners work an

week).

Union minets receive 10 holidays
and 14 days of paid vacation each
year. As theit length of service in-

creases, they/gam extra vacation days
up to a totdl of 29. Union workkrs
also receivg benefits from a welfare
and retirement fund, and workers
suffering from pneumoconiosis
{black lyng) receive Federal aid.




Miﬂeﬁ hx\ra gnu:ual snc'l hgfsh
working conditions. Unﬂgfgmund

-mines are 'damp, dark, noisy, and

<pld. At nmﬁ, several mchg of wa-
ter may be on tunnel floors. Al-

- though mines: ﬁsve electric lights,
‘many arcas. are flluminated only by

. the lighu on the miners’ caps. Work-
ers m_mm:; with very low roofs have

. to work on their hands and knees,
backs, or stomachs in cramped areas,

proved considerably, miners mus
constantly be on guard for hazards.
There alko'is the risk of developing
pneumoconiosis from coal dust and
: EllIiIQS]E from me rgck dust genersted
'by Ehe dnlﬁqlg in the mmes -Smfas:e

= - ¥ =

-

¥ part of alfy lives that most peo-
ple take it for granted. But just imag-
ine not beingable to ride the elevator
to yc)ur apartment’ and instead having

to walk up all those flights of stairs.

Or think about having no lights, telé-
msmn set, or radio in your home. To-
day, it would be difficult to get used
to living without electricity.

Bringing electricity into our homes
andplaces of work and recreation is
not as simple, as just turning on a

switch. There are thousands of em- -

ployees working in the electric power
mdustry to thake all this passnbl:

H:Iura and Location of the

- lnﬂu:!ry

The delivery of electricity to users
&t the instant they need it is the
unique feature of the ‘electric power
systéms. Electricity cannot be stored
efficiently but must be used as it is
produced. Because a customer ¢an
pﬂwer at aﬁy time by merely ﬁitkiﬂg

mu‘*él havg suﬁ'u:lem x;apaf:lty to rneet
peak cﬂnsumer\ﬁeeds at any time.
An electric utility system includes
powerplants that generate electric
. power, substations that increase or
‘decrease the voltage of the power,

Q
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mi‘nes and preparatmn plsnts are
ug&illly lgss hazardous th:gn under—
\Emunﬂ mmes

-
B

o _ Sources of Adc‘liﬁﬁnil :
: lhformation

Fm' detmls about JDb ﬂppcrtumtles

\m mining, contact individual c¢oal
*.c:umpames General information on

mmmg occupatibns is availgble from:’

Though, safety conditiops have “imq‘;ﬁummd Mine Waorkers of America, 900 15th
t

. D.C. 20005,

~oal on, 1130 17th St
NW., Washingt C. 20036.
Mmuné Enfor:emem ‘Safety Administra-
tion, De Interior, Washington
D.C; 2ﬂ24ﬂﬂ

o - OCCUPATIONS IN THE
" . . ELECTRIC POWER INDUSTRY

and vast networks of transmission
and distribution lines. Electric utili-
ties rsmge fn:lm large’ syste‘ms Serving

cgmpames sgrvmg md:vxdua! :;nm=

‘munities. Most electric utilities -are

investor-ownéd (private) or owned
by cooperatives; otjasgs are owned by
cities, counties, and Pablic utility dis-

“tricts, as well as_by the Federal Gov-"
srnmem, While some utlhtles gener-

b

S

.

'mﬂy I:c th: pmduetlnn :llstnbu-
tion of electric power.

Producing and distributing large

quantities of electrical egergy in-
volves many processes and activities. /

The accompanying chart shows how
electric energy'is generated, and hov
it travels frog the genergtmg -station
to the users. . - s

ﬁ: finst ;tep’ iti pravidin'g gieo:

convert mechann:al energy mtd lé;:;
tncﬂg Ele::tn:ityz m pmdu Ce

stations that use water poy 'gr to np-

- erate the turbines. Still géier ‘gener-

ators, primarily for useg
service or to provide e ecmclty fm‘
spec!a! Purposes, are p
el :ngines or ga_s turl:,ineg

passes thmugh. a sthchya,rd‘ "
where the voltage is increased s6 that
the electricity may travel long dis-
tances without excessivé loss of paw-
er. Next the electricity passes onto
transmission lines that carry it from
the ‘génerating plant to substations,

in or increase the use of electric

Ganeraiing Flani

Hailad o
- — Bleam

Huw alectrh:ﬂy s made and brﬂUﬁht tt:r Ih) users

:

-

High Voilags Tranimissicns ¢
5 TR0 vels | g

Eﬂifsﬂqwn

rr-qivafﬁw

Traraturmar Vault — —
. Underground Cabis ui,ﬁu..

Low Yoitege

Sthosle

ate, transmit, antl distrifute fmly
ele;'tﬂ:uy, others distribute both "
eizf:tn:lty aﬂd gas. Ti‘us :haptsr ls

i:r:d by die-
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Jobs In the slactric power Industry are found throughout the country.

1

where the voltage is decreased apd
passed on to the distribution net-
works serving individual ‘customers.

. Transmission lines tie together the

generating stations of a single system
and a%ﬁg power facilities of sever-
al systemas. In this way, power can be
intefchanged among several utility
"systems to meet varying demands.

In 1976, 544,000 people worked in
the electric power industry, Most of
them, 461,000, worked in investor-

-owned ‘utilities and cooperatives and

80,400 worked in Federal and mu-
nicipal government utilities. A few
large ‘manyfacturing establishments,
which pphduce electric power for
their own-use, also employ electric
_ppwer workers,

6
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__auditing clerks, and c:

Since electricity reaches almost
every locality, jgbs in this industry
rsglmm the country.

electric power proj-

ects have created jobs in relatively
isolated areas, most utility jobs still
are found in heavily populated urban

* areas. A

Eleciric Utility Occupations. Many
dllf’ferenl types of workers are re-
quired in the electric power industry.
About 40 percent of the industry's
employees work in occupatigns relat-
ed to the geheration, transmission,
and distribution of ejectricity, and in
customer sefvice G:cupatmns
{These occupations are discussed in
detail later in this chapter.) The in-

u

dustry also emplays large numbers of - ,
tific,, .. .

. administrative, sales, :lencal and

_workers in engineering, sci

maintenance - occupations. A bnef
.discussion. on these m:‘l;upauﬂns is

given below. Further mfammtmn can

be found in statements covering indi-
vidual occupations elsewhere 111 ﬂie
Hﬂﬂdbﬂnk :

Eﬂgiﬁ:ﬁgring and Scientific Occupa-
tions. Engineers plan geferating
plant construction and additions, 4n-
terconnections of co iplex power
systems, and imstallations of new
transmission and distribution systems
and equipment. THE®y supervise con-

structian, develop improved npsntﬁ.;

ing methods, and test the efﬁcnency
of the many types of electrical equip-
ment. In planning modemn power sys-
tems, engineers help select plantsites,
types of fuel, and types of plants. En-
gineers also help industrial and com-
mercial customers make the best use
of electric power. For example, they
may demdhstrate how to modetnize .
a chemical manufacturing.plant or
how to remodel a store or hotel, sug-
gesting changes that would use elec-
tricity more effectively.

Administrative and Clerical Occupa-
tions. Because of the enormous
amount of recordkeeping required,
electric utilities employ many admin-

.istrative and clerical personnel..

Large numbers of stenographers,
typists, bg—nkkeepers office machine
operators, file clerks,%3ccolnting and

ployed. These workers
of the services rendered b
"pany, make up bills forge
and prepare a variety of sta
and statistical reports. An incr
amount of this work in the larger
fices now is being performed by co
puters. This generally results in mor
clerical work being done either by
fewer or by the same number of em-
ployees. The use of this equipment
also creates a need for programmers
and computer operators. Administra-
tive employees include accountants,
personnel officers, purchasing
agents, and lawyers.

Maintenance Qccupations. A consid-
erable number of workerggest, main-
tain, and repair equipment. The du-
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workers in other industries, [t may be

' necessary 1o, replace a switch or

"Mﬁ‘

transformer, for example, nrgeak‘
fection in a boiler may hav be

repaired. Among the more important |
skilled workers are electribians, in-

strument repairers, industrial ma-
chinery repairers, machinists, pipefit-
ters, w:lders, and bmlermakers

Emplo!mgm Outlook

Employment in ‘the electric power
industry is expected to incrézse

"about as fast as the avergge for all

industries through the  mid-1980’s.
The greater use of electric power in
industrial processes, growth of com-
mercial centers such as shdpping
malls, and population growth all will
contribute to an/fincreased demand.
for electricity | However ~due to the
growing use of automatic controls,
employment 1ll not increase as fast

Trends in gro th will differ from
one occupation to another in the
industry. The need for scientific, en-
gineeting, and technical employeesis
expécted to increase sharply as con-
struction of power genérating plants
increases and as research into devel-
qping more efficient energy usage to
combat shortages and higher prices
of fossil fuels becomes necessary.
Much of thls increase in employment

will bein the development and con-

struction of new nuclear power facili-
ties, -
In many other occupations in this

industry, only slight increases in efi-’

ployment are expected. Larger, more
efficient powetplants will limit
growth of employment of powerplant
employees. The increased use of
electronic data processing equip-
ment for billing and recordkeeping

T owill Fftriizt growth in some clerical

Q
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jobs. In occupations that wil] experi-
ence little or no growth, most job
openings will result from the need 1o
replace workers who die, retire, or
leave the electric power industry for
other reasons.

People hired by electric power
companies are likely to have relative-
ly seccure jobs. Even during dodu-
turris in the economy, these compa-
nies seldom lay off employees.

]

/

-

- ,:

Earnings and Working
‘Conditions v

Eamings ini the electric utility in-

dustry are relatively high. In 1976,
. nonsupervisory employées in private
electric power companies averag&d
$6.60 an hdur. By :nmpanscm. the
average for all nonsupervisory work-
ers in private industry, except farm-
4ing was $4.87 an hour.
Becausé supplying electricity is a
24-hour, 7-day-a-week activity, some

- employees work evenings, nights,

‘and weekends, usually on rotating
shifts. Most union contracts with
,electric utilities provide a higher rate
"of pay for evening and nightwork
than the basic day, tate®

Overtime work often is ﬂ:qulred
especlally during emergem;les suc:h
as ﬁmds hurricanes, or storms. Dur-
ing an “‘emergescy callout,” which is
a short-notice requestsgo report for
work during nonscheduled hours, the
worker generally is guaranteed a

* minimum of 3 or 4 houss' pay at

1 1/2 times the basic hourly rate.
Travel time to and from the job is
counted as worktime. -

In addition to these provisions that
affect pay, elgetric’ utilities provide
other emplo)
annual vacations are granted to
workers according to length of ser-
vice. A typical contract or employee
benefit program provides for a 1;
week vacation for 6 months to 1 year
of service, 2 weeks for 1 to 10 years,
‘and 3 weeks for 10 tp 20 years. Some
contracts and prﬂgfﬁns provide for 4
weeks after 18 years, 5 weeks after
25 years, and 6 weeks after 30 years.
The number of paid holida¥s ranges
from 6 to 12 a year. Nearly all com-
panies have benefit plans for their
employees. A typical program pro-
vides life, hospitalization, and surgi-
cal insurance and paid sick leave. Re-
tirement pension plans supplement
Federal social security payments and
generally are paid for in full or in part
by the employer.

Because of the dangers of electro-
cution and other hazards, electric
utilities and unions have made inten-
sive efforts to enforce safe working
practices. This has resulted in an in-
jury rate lower than in most manu-
facturing industries. However, some
occupations, especially those on line-

™

‘, /
™

e benefits. Generally,

L
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crews, are more. subjec:t to sce:d:nts
than others. B

Man# nonsupervisory elei:tnr_ util-
ity workers in production, transmis- -
nd ﬂlstnbuuﬂn departfhents
. argaining -
repr Sentdtive for mast of these
\,mr,, rs is ‘either the Infernational
Brotheérhood of Electrical Warkers
or tHE& Utility Workers Union of
America. Independent unions repre-

“sent some utility workers.

Sources of Additional
information

Information about:jobs in the elec-
tric power industry is available from
local electric utility companies, from
industry trade associations, or from

tamed t'n:m

Edjson Electric Institute, 90 Park ,
York, N:Y. 10016. ;

International Brotherhood of Electrical- W
ers, 1125 15thSt. MW, Washingion, D.C.
.20005.

Utility Workers®' Union of America, 815 16th
St. NW., Washington, D.C. 20006,

1

POWERPLANT _
OCCUPATIONS

Nature of the Work

Powerplants employ many differ-
ent types of workers to produce elec-
tricity. ‘All’ equipment in the plants
must be kept in good running order;
thus the machinery must be regularly a
cleaned and serviced, and all opera-
tions carefully checked and con-
trolled. Maintenance personnel, in-
cluding Eléé!f‘iéali instrument, and
mechanical repairers, inspect and re-
pair this equipment. For example, an

instrygaent repairer may notice that a
ga*unnected to a turbine does
not Mgister propetly. The repairer
may disassemble the gauge, locate
the specific problem, and replace a
part if necessary.

Other powerplant workers include
helpers and cleaners, and the custo-
dial staff, including janitors and
guards. In steam generating plants
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lants, gate tenders open and close
the headgates that control the flow of
ater to turbines. Supervision of
ywerplant operations is handled by
chief engineers called operations su-
pervizors, and by their assistants,
watch engineers (also called shift su-
pervisors): -
perators are the key workers in a
powerplant. They include four basic
classes of workers—switchboard,
bailer, turbine, and auxiliary equip-
ment operators. Their job is to ob-
serve and regulate the various kinds
of powerplant equipment, keep rec-
ords of all operations to make certain
that equipment functions efficiently,
and to detect any trouble that may
arise. In this way, operators ensure

that power production will not be in- -

terrupted..

Switchboard . operators (D.O.T
952.782) control the amount of elec-
tric power flowing from generators to
outgoing powerlines by watching in-
strument panels and by operating
switchboards. Switches contjol the
movement of electric current
through the generating station cir-
cuits and onto the transmission lines,
Instruments mounted on panelboards
show the power demand on the sta-
tion at any instant, the powerload on
each line leaving the station, the
amount of current being produced by
each generator, and the voltage.

The operators use switches to dis-
tribute the power demands among
the generators, to combine the cur-
rent from two or more generators,
and to regulate the flow of the elec-
tricity .onto various powerlines ac-
cording to the changing needs of
COnsumers. When power require-
ments change, thgy order generators
started ot smpped and, at the proper
cuus in ths: statmn or d!SCDﬁnECt
them. In doing this, they follow tele-
phone orders fyom the load dispatch-
er who directs the ﬁuw of current
throughout the system

Switchboard Qperatars and their
assistants also check their instru-
ments frequently to see that electric-
ity is moving through and out of the
powerplant properly, and that cor-
rect voltage is being maintained.

]

Q

RIC

Aruitoxt provided by Eic:

 using coal for fuel, coal handlers also.
‘are :mplnyad n hydraelectni: :

Amﬁmg their other duties, they keep
records of all switching Qperatluns
and of load conditions on generators,

-lines, and transformers. They obtain’

this information by making regular
meter resdmgs

Boiler operators (D O.T.
950.782)—employed only in stearn-
powered generating plants—are re-
sponsible for maintaining the proper
steam pressure needed to turn the
turbines. They note and regulate the
fuel, air, and water supply used inthe
boilers using control valves, meters,
and other instruments which are
mounted on panel boards. The size of
the generating unit determines the
number «of boilers used; thus a boiler
optrator may be responsible for op-
erating one or several boilers.

Turbine operators (D.O.T.
952.138) control the turbines that
drive the generators. In small plants,
they also may operate auxiliary
equipment or a switchboard. Since
modern steam turbines and gener-
ators operate at extfemely high

the nperataf fnust glve f:lnse atten-
tion. to the pressure gauges, ther-
mometers, and other instruments
showing the operations of the turbo-
generator unit. Turbine operators
record the information shown by
these instruments and check the oil
pressure at bearings, the speed of the
turbines, and the circulation and

amount of cooling water in the con-

densers that change the steam back

B

into water. They also are responsible

for starting and shutting down the

turbines and generators, as directed

by the switchboard operator in the -

control room. Other workers, such as

helpers and junhior operators, assist

the turbine operators.

Auxiliary  equipment  operators
(D.O.T. 952.782) check and record
the readings of instruments that indi-
cate the operating condition of
pumps, ‘fans, blowers, condensers,
evaporators, water conditioners,
compressors, and coal pulverizers.
Precise operation of this machinery
is directly related to the proper func-
tioning of boilers and turbines. .For
e¥ample, after steam goes thmugh

e turbines, it enters the condensers.
nge the steam becomes water. This

operation of the condensers provides.

somg of the force that drives the tur-

- bines. Since auxiliary equipment may

occasionally break down, these op-
erators must be able to detect trouble
quickly, and sometimes make minor
repairs. In small plants which do not
employ auxiliary equipment opera-
tors, these duties are perﬁ:rmed by
turbine operators, :

In most powerplants :dnstru;ted
in recent years—including nuclear—
the operation of boilers, turbines,
auxiliary equipment, and the switch-
ing required for balancing generator
output has been centralized in a sin-
gle control room. From here, central
control room operators (D.O.T.

.



950.782) er power
regulate- all the gp

erating Eq‘gipx

ment, which in older plantsrequires .

specialists such as boiler and turbine

' ‘operators. - Control room operators

Q
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have several assistants who patrol the
plant and check the equipment.
When equipment is not operating
properly, operators report problems

" to the plant superintendent or a

watch engineef. - : N
Watch engineers or shift supervi-
sors (D.O.T. 950.131) oversee the
workers in the powerplant who oper-
ate and maintain the boilers, tur-

bines; generators,. transformers,-

switchboards, and other machinery
and equipment. Watch engineers are
supervised by a chief engineer or a
plaot superintendent who is in charge.
of the entire plant. In small plants,
""" be the
general plant supervisor. '
Generally, a . nuclear-powered
plant requires about the same kind
and number of employees as a steam-

‘genierating plant powered by coal.

However, nuclear plants employ a
few additional employees such as
health and safety specialists.

Training, Other Qualiflcatlons,
and Advancement
New powerplant workers generally
begin at the bottom of the ladder—

.usually on celeanup jobs. Such work

gives beginners an opportunity to be-
come familiar with the equipment
and the operations of a powerplant.
They -advance to the more respon-
sible job of helper as openings occur.
Formal apprenticeships in these jobs
are uncommon. Applicants generally
are required to have a high school or
vocational school education.

It takes from 1 to 3 years to be-
come qualified as an auxiliary equip-
ment operator and frolm 4 to 8 years
to become a boiler operator, turbine
operator, or switchboard operator. A
person learning to be an auxiliary
equipment operator progresses from
helper to junior operator to operator.
A’boiler operator generally spends
from 2 to 6 months as a laborer be-
fore being promoted to the job of
helper. Depending on opgnings and
the worker's aptitude, the helper may
advance to junior boiler operator and
eventually to boiler operatar, or

transfer to, the maintenance depart-

‘ment and work up to boiler repairer.
‘Turbine operators advance from the

ranks of auxiliary equipment opera-
tors, s '

Where a utility system has a num-
ber of generating plants of different
size, operators usually first gét expe-
rience in the smaller stations and
then are promoted to jobs in the larg-

er stations as vacancies occur. Thus,.

how rapidly a worker advances also
may depend on the availability of
openings. If these are few, it may
take longer to obtain a particular job
than just to learn it. ’

In many States and_ large cities,
employees who operate equipment in
powerplants must be licensed by lo-
cal or State agencies. While licensing
requirements often vary from place
to. place,” the National Institute for

the Uniform Licensing of Power En-

gineers (NIULPE) is attempting to
standardize these requirements.
Some powerplant workers em-
plants must have special training to
work with nuclear fuel, in addition to
the knowledge and skills required for
conventional steam-generated elec-
tric powet. All confrol room opera-

" tors, assistant control rdbm opera-

tors, and some operators of high
pressure auxfliary equipment in nu-
clear powerplants must be licensed
by the Nuclear Regulatory Commis-
sion. .

New workers in the switchboard
operators section begin as helpers,
advance to junior operators, and

utility companies promote substation
operators to switchboard operating

jobs. The duties of both classes of

operators have much in commen.
Switchboard operators can advance
to work in the load dispatcher's of-
fice. .
Watch engineers are selected from
amgng experienced powerplant op-
erators. At least 5 to 10 years of ex-
perience as a first-class operator usu-
ally are required to qualify for a
watch engineer’s job. .

Employment Outlook

Employment of powerplant opera-
tors is expected to increase more
slowly than the average for all occu-

i
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 pations through the mid-1980's, even

though the -production - of ‘electrical
energy will increase at a rapid rate.
Although some new jobs will become _
available, most job openings will oc-
cur because of the need to replace:
workers who retire, die, ‘or leave the
industry for other work. People hired
by electric power companies are like-
ly to have relatively secure jobs.
Even duripg_downturns in the econ-
omy these g‘émp'anles seldom lay off:
‘employees.

Because of the increased demand
for electric power, it will be neces-
sary to build and operate many new "
generating stations. The use of larger
and more efficient equipment, how- -
ever, will result in a great increase inm
capacity and production Without -a
corresponding increase in the num-
ber of powerplant operators. For ex-'
ample, it takes only one turbine op-
erator to control a turbo-generator
regardless of the generator’s size.
Also, automatic equipment makes it
possible to control several boilers
from 4 central control room.

Earnings and Working
Conditions
The eamings of powerplant work—
ers vary by occupation and locality.
The following. tabulation shows esti-
mated average hourly earnings for
selected powerplant occupations in
privately owned utilities in 1976.

Average
hourly
earnings
§$5.66-
7.44
8.26

N

Boiler operatar...
Control room opers
Switchboard operator:
Switchboard operator, Class A ..
Switchboard operator, Class B ..
Turbine operator
Watch engineer..

7.56
7.03
7.26
8.67

.
£}

A powerplant is typically well-
lighted and ventilated, clean, and or-
derly, but there is some noise from
the equipment. _ .

Switchboard operators ip the con-
trol room often sit at the panel
boards, but boiler and turbine opera-
tors are almost constaritly on their
feet. Th‘g work of powerplant opera-
tors generally is not physically
strenuous, particulatly in the new

7w
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pmwafplanu‘ Sim;: g:neratmg sta--

. thone nperatg 24 hours a day, 7 daysa

N wegk some powerplant employees
‘must.work nights and. weekends, usu-

ally t;n rotating shlﬁs
) Rources of Additional
. ih,hrm:ﬂo@ .

For information concerning licens-

" ing of powerplant employees, con-
- tact State and local occupational li-

censing aggncnes in ycmr area or

National Institute for Uniform Licensing of
Power Engineers, 176 W. Adam 5t., Suite
1914, Chicago, lIL 60603,

-

" TRANSMISSION AND
DISTRIBUTION
OCCUPATIONS

Nature of the Work

.QOne-fourth of the workers in the

“electric power! industry are in trans-

* mission and distribution jobs. This
: phgse

of the utility system links the
eldctric power groduted in generat-
ing plants toindividual customers ac-
cording to their needs. The principal

workers in these jobs are those who ™~

control the flow of electricity—load

" dispatchers and siabstation opera-

tors—and employees who construct
and maintain powerlines—line in-
stallers and repairers, cable splicers,
troubles ground helpers, and labor-
ers. _
Load dispatchers (D.O.T.
950.168), also calleg system opeta-
tors or power dlspat:hers control
the flow of electricity throughout the
area served by the utility. They oper-
ate the plant equipment used to gen-
eraté electricity and direct.its flow.
The load dispatcher‘s source f)f infnf-

syste,m is thc: pnlot board! This baard;.

" which dominates the load dispatch-

er's room, is a complete map of the
utility’s transmission system. It en-
ables the dispatcher to determine, at
a glam:e the existing conditions at
any point in the system. Often lights
are connected to the pilot board,

10
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~-.. Substation

' whn:h show thE pusumns of switches
that control generating equipment:
and transmission. circuits;-as well as

high-voltage tonnections with sub-
stations and large ifidustrial custom-
ets. The board also may,have meters
and_several recording instruments
that make a graphn: record of opera-
tions for future anglysm and study.
Because jt takes some time to
(;harige the level af E]ettﬁéfty being

» antu:npate pawe,r dgmands 50 that, thg

system will be prepared  to meet

them. Power demands on utility sys- .
‘tems may change from hour to hour.

A sudden afternoon rainstorm, for
example, may cause a million lights
toybe switched on in a matter of min-
utes. Dispatchers telephone instruc-
tions to the switchboard operators at
the generating plants and the substa-
tions, telling them when to start or
stop additional boilers and gener-
-ators so that power production will
be in balance with power needs. -
Dispatchers also direct the han-
dling of 4ny emergency situation,
such as transformer or transmission ;

.line failure, and route current around |
the affected area. They also may be/
“in charge of interconnecting their

utility system with other systems aﬁd
dujcung transfers of current be-
tw£en systems as the need arises,

“(D.O.T.
952.782) ganerally are raspc:msible
for the operation of the step-up or
step-down substations. A step-up
substation usually is located adjacent.
to the powerplant to raise the voltage

- of the electricity so it can travel long

distances. A step-down substation, at
the other end of the transmission
lines, reduces power voltage ‘before it

15 sent out to the customer. Under

orders. from the load dispatcher,
these operators use a swi
direct the flow of current out of the
station. Ammeters, voltmetefs, and
other types of instruments register
the amount of electric power flowing
through each line. The flow of elec-
tricity from the incoming to the out-
going lines is controlled by circuit
breakers. The substation aperamrs.
using switchboard levers that‘:tlmrul
the circuit breakers, connect or
break the flow of %rgnté In=some

tchboard to -

B W
substamms. where. alternaung cur-
rent.is chafiged to direct current to
meet the rieeds of special users, the
_ Operator “controls converters which '
perform the change. ¥

In® addition to switching duties,
‘substation operators check the oper-
ating condition of all equipment to
make sure that itis working properly.
They supérvise the activities of the
other substation employ¢es on the
same shift In smaller substations, the
operator may be the only employee.

Some iétlll,tlés employ a mobile op-
erator \\shﬁ drives from one automat-
ic station to another, inspecting pow-
"erlines, operating controls, and. as-
sisting customers’ electricians in

large ‘commerical or governmental
installations. -
Line installers and repairers.
(D,O.T. 821. 3,31) make up the larg-
est smglg occupationiin the industry.
They construct and maintain the net-
work of powerlines that carriés elec-
tricity from generatmg plants to con-
Aumers.
' Installers bolt crossarms to trans-
/ mission poles and then bolt or clamp
! insulators in place on the crossarms,
Next, they raise wires and cables and
attach them to the insulators. Other
equipment, such as lightning arres-
tors, transformers, and switches, also
must be attached to the poles. Any
routine maintenance and replace-
ments necessary are performed by
- line installers and repairers. .

When wires, cables, or poles

break, it means an emergency call for

-a linecrew. Line repairers splice or
replace broken wires and cables and
replace broken insulators or other
damaged equipment. Most installers
and repairers now work from “buck-
et’” trucks with pneumatic lifts that
take them to the top of the pole at
the touch of a lever. -

In some power companies, line-
crew employees specialize in particu-
lar types of work. Those_ in one crew
may work on new constriction only,
and others may do only repair work.

Trouble shooters (D.O.T. 821.281)
are experienced line installers and
repairers who are assigned to special
crews that handle emergency calls.
They move from one job to another,
as ordered by a central service office
that receives reports of line trouble.

A

/



il!g- Iﬁlhllgri constructing nnﬂirgmﬁrid slactric power lines.

thgn tmubleshanters receive their

" orders by direct radio communica-
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tions with the central service office.

To do this job well, these workers
must have a thorough knowledge of
the company’s transmission and dis-
tfibutian ﬂethrk Upnn reaching

find and repnrt the source Df tmuble
and then attempt to-restore service
by making the necessary repairs. For
example, depending on the naturé
and extent of the problem, trouble-
shooters may have to install new
fuses or cut dtjwn iive wires. They
and swlti:hmg p:jml:s 50 that Ihey can
safely disconnect live circuits when
lines hn:afc down.

assnst in t‘,,:t::ri,fgzt,rL,u:tmgi ,rgpasurl,ngi and

" maintaining the transmission and dis-

tribution lines. For example, they dig
pole holés, and then help the line
installers and repairers tg raise the
poles while positioning them_in o the
holes.

Cable splicers (D.OT. 829.381)_
supervise the installation of insulated

cables on utility poles and towers, as
well as those buried underground

and those carried in underground

conduits. When cables are installed, .

these workers direct the laying of the -

conduit and the pulling of the cable
thrDugh it. The cables are joined at
connecting points in the transmission
and distribution systems. At each

£

connection—or break in the sys-
tem—insulation is wrapped around
the wiring and the cable is sealed
with lead sheathing. Most of the
physical work in placing new cables
or replacing old ones is done hy la-
borers..

Cable splicers spend most of their
time repairing and maintaining ca-
bles and'changing the layout of the
cable systems, They.must know the
arrangement of the wiring systems,
where the circuits are ¢onnected,
and where they lead to and come
from. When making repairs, they
must make sure that the continuity of
¢ach line is maintained from the sub-
station to the customer’s premises.
Gable splicers also periodically
check insulation on cables to make
sure it is in good condition.

a,nd @dvan;amant

Load dispatchers are selected from
experienced switchboard operators
and from operators of large substa-
tions. Usually, 7 to 10 years of expe-
rience as g senior switchboard or
substation operator are required for
promotion to load dispatcher. To
qualify for this job, an applicant must
have thorough knowledge of the en-
tire utility system. Substation opera-
tors generally bégin as assistant or
junior operators, Adv¥acement to

Fa
io

bnf

- the job of operator in a large substa-

tion requires from 3 to 7 years of on--

the-job training.

About 4 years of on-the-job trains *

ing are needed to quallfy as a skilled
ling'installer and rep

and repairers. For example, they may

and- equipment,
have formal apprenticeship programs
for line employees. Apprenticeship
programs combine on-the-job- train-

, ing with ¢lassroom instruction in
‘blueprint reading, elementary elec-
" trical theory, clectrical codes, and
‘methods of transmitting electrical

energy. After about 6 rmonths, ap-
prentices begin to do simple linework
under close supervision, and progress
to more difficult work as they ‘gain
experience, A line installer and re-
pairer may advance to troubleshoot-
er after sevéral years of experience,

Candidates for linework should be
strong and in good physical condition
because climbing poles and lifting
lines and equipment is strenuous.
They also must have steady nerves
and good balance to work at the top
of the poles and to avoid the hazards

- of live wires and falls.

Most cable \Sﬁlii:El’S get their train-
ing on the job, usually taking abou't 4

. New work- -
.+ €15 usually beglﬂ training as ground
_ helpers, and assist the line installers |

* help set poles in place or bass tools-
Some companies”

years to become fully qual{ified:

Workers begin as helpers and then
are promoted to assistant or junior
splicers. In these jobs, they are as-

signed more difficult tasks as their -

knowledge of the work “Increases.

Employment Duilé’ak

Several thousand job opportunities
are enpe;ted tD bE avanlable in trans-

thmugh ths m,ui 198() 5. Mast c;f'
these opportunities will occur be-
cause of the need to replace experi-
enced workers who retire, die, or
transfer to other fields of work.
Workers hired by electric power
companies are likely to have relative-
ly secure jobs. Even during down-
turns in the economy, these compa-
nies seldom lay off employees.
Some increase in the employment

workers is expected, although em-

11
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ployment trends will differ émnﬁg T

the various occu pafhens in this cate-
goty. Inspite of the need toconstruct
and maintain a rapidl y grovings num-
ber of transrnission aand distribution
_limes, the number of line instllers
" and repairers and troubleshoo ters s
- expected to increase only slightly be-
cause of the useeof more miechanized
equiprment. A limsited increase in the
number of cable splicers isexpected
becausge of the growirg use of Linde r-
ground lines in swburban areas. The
need for regular substation opera-

tors, however, will be recliced subs- ~

stantially, simce ghe inroduction of
improved and mo re avllom atic equip-
mé&ntmakes it posible £o operate
mofe substations by remote control

“4 Earnings mnd Worting
Condltions

Wages for tansiisson ad bt
bution wortkers vary by otcugzalion
and geograph it Ieecation. T he feallow
ing tabulations shows estim ated -aver .
age howrly eamin g O majr Lians
missiors and distri budoon ootupation s
in privately owne d utiliies in 1976

? iy

s s

G, .. 210/
Lines iy aike 1wy
lowad dingaic ke, LRE
Subsmlailezti 1T WY 114
Trausble gihuu\t;l ] 915
L ovact aap.os 1 , g

ups falus s eyl y  onl oL oaan N
plezasari tsatioundr i, L = Insteallors
and repairais, troeuble shgoxters, and
grownd helpers wenkh swtdouors, and
in efmer gen<ies, may waork irall knds
of weather Cable splicerns domesst of
their work bemcach city stecets  of

ten in cransped qualier § Safely =tan
dards developed Over me yeacs by
ulility companles  with, the
tion ot Fabor umioes heec g tcatl ¥ ic

Lo diia

duced the hazirdds o1 (fiee joba
Workecsstsinging high sloage 1ines
for exarmple, protect themsch == by
swearing rubber glaves Also baa
cades and s pecific warrslug =lgns uwu
ally are posted w here workeds lay

<onduits or run wiies undesigrowind

\]
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CUSTOMER SERVICE
OCCUPATIONS

Néture o the Workk -

Workersin customer service oceu-

pations include people w ho read, in-

stall, test, and re pair meters so that
the utility company can accurately
charge custormers for thedr consump -
lion of cleciric power. Also included
are wo tke rs who represent thie utility
company in sural areas, arid apypli-
ance repairers who swork in comnpa-
ny -ope liled shops, fizing- cuslomaers '
electrical equipmen. =
Elec #ric pﬁgler repriire 1y (DOT

12928 1) are the mostskilled work -
efs in this group Their main dulies
are 1o mamtain and fepair meters,
although they al=o fmiay scall and
lest melers Somes of these workkers
spedalie in repating siemplet Ly pes
ol met®n. sach @ (huse in hormes?
Othiers cais hadle all kimds of me
lers inslucdiyg the note complicasted
oness used in 1ndu strizl plants where
lage yuandiyesot’ declic power ae
consurrted. OFten, sormie of thie large

ayattins 1c~ulse specbalisls such as

meder £otallets (DT 21 381)
whorpatm gndiake ut recisis, and
meter tede oy (D0 f 29 281)

Adocrccags, s l2( 1 23 38, .

sl s iy prtilae. 250 Bk she

RAsln i oo dorm go 0 canto myre’ homee i
6o rd s loctrkity ussd,

)
i

-
———

: f o r
meters that register the amount of
electric energy used. They record the .
amount used during the current bill-
ing period and watch for, and report,
any tampering with meters. :

District representatives . usually
serve®as company agents in outlying -
districts: that- are too small 1o justify o .
more specialized worgers and in lov *
<alities where the utility company
does not have an office. They callect
overdue bills; make minor repairs;
and read, connect, and disconnect
plaints and reports of line trouble
from customers, and send them toa
central office. .

Appliarice repairers are discussed in
A separate chapter elsewhere in the
Flandborok.

Training, Other Quallfications,
and Advancement

M<ler tepaiiers begin their Jobs as
tsclpers 1n the meter testing and 1e-
prair de partments. Persons entering
this field should have a basic knowl.
edge of electricity. About 4 years of
weil thie Job tiaining are required
become thoroughly familiar with all
types ol repairs Some comnpanies
liave tur wal apprenticeship programs
i1 which the tralnee progresses ac-
vasding Lo a specihic plan

Inexpericniced WOTKErs Can yualtly
aameler icadets alter a fow weeks ot
training. Beginners ac:mn@aﬁy the
¢ Apeklericed teader on the
rounds untl they Love leainea the

mmiglar

jg}b

RIE-T Y T

[ XVY ' TR | Pacgeanan ibia

Ay

irgpo tlan g Mflcation fo o this oo cu

1=

L oves ansk dre tea ted on the jub

palionds vhe ability (o deal tacttully
with the public in handiifig service
conprlal s glnqrﬁfﬂﬂtgling uverdue
bills

Congliysnant Lbutie. b

(ISR R ETY )

i l.

A cypiEmilal hie s

e aLE 03 B34 pocted to EYTNVING,
chiange thioagh the mid [980°s The
nesed fur meter seade s will be hvited
besvawse of the tend tow ard less fre
quaent 1c adings Motcover auntomaltic
m&ler reading may become more
iew meters will re-

cormirivn , and
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quire less maintenance. However,
some job openiqgs for meter repair-
ers and meter gders will occur each
year because of the need to replace
workers whoretire, die, or transer (o
other fields of work. People Itired by

" electric power companies are likely

to have relatively secure jobs. Even
during downturns in e economy,

companies seldom lay off em-
ployees.

Earnings and Warking
Conditions

The earnings of customer service
workers vary according to the type of
job they have and the sectipn of the
country in which they work. The
following tabulation shows estimated
average hourly earnings for major
customer service jobs in privately
owned utilities in 1976,

_OCCUPATIONS IN THE
NUCLEAR ENERGY FIELD ‘

Nuclear energy is d source of hegt
and radiation that san be used fu
peaceful as well as :‘litdr’y Purposes
Although péaceful applications have
been expanding rapidly in rccent
years, they are still in the carly stages

of developinent Continuing reseagch
and development programs will be
needed during the next seveial deo
ades (o find newer . safer | and inore
efficiendways of utilizing this energy.
1976, 300,000 peuple
worthed 10 nudlear cncrgy a. oivities

Most were employed 1n ane design

In about

and cogineciing of nuckar toailities
and m the developmiciit and mang

facture of nwelear weapyona wiid uy

clear 1eactars and thelr pl¥lie iy
Many persons alse weie ﬁ,n]\';!l i
reseanch and develspasint ol nade b oy
chEIgy Must nualear crieg gy wali | S
v b bpan:

ale sulcfillata creplises 1n

afid cialtworl or=

AppliCaliviu i s = .

Lhis,, gl el e 31 e .

By 1othe produ i, of dec oot
by nucicar ieactas? Swaa. produa:
by 1eactor: now genciates olectinen,
1 nese

for many communites tEag

tor: have beconle vompelitlve. with
systoms that use fuastl fuels Gun boag
coal and uil) Lo warly 197 dbwae
wete 65 haclow: Toaolon L lite ve titigs

Aboul O Ph}ul..

were cltheyr In e planto.g siage
[rual p

vlal upsratlun

weic belng consh ucted
puse auclea: powes desalung plans
whicn would at the satnie Ume pio
vide a new suurce o1 fresh wale, and
electric power, afe being =tudicd

o

saals
mAarines By
eliminatiug refueling, uuclear pro
pulsion extends the ran ge and mobil

Nuclea: scactana alao pUtw w1

anid suirface vessels

ity of our naval furces
AlthOugh calling 1c.actoss sh cady
generale huge quaaltities ol pawer

]

rom a small amount of uranium,
mote eIflelent rcacluns may be in
vptiedun by the mid 1980’ Furliaer
1 the future, costrolled fuslon reac-

Lns mdy provide an even more effi
sdeic medthed of picdadng electine
iy

S b Ll sl Al applls st ol
soesdaal il BEY is L thz use ot raden
Lotlops. Radislowpes cantlt gadt
allun thay apedal st uinena such
as thickiess gauges can delew and
ar. saluable 1essasc i Lusida 1 souv)
tainciilal stadies -:.;éna;—\i,lluag caredi

s hse arnd naduan ¥

1., [ X IT N T & ..
Prodi ed

taM T
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Iv lns #lva

oy e the. fi
apibileg \L,fﬂ,ﬂjum of plutorae m nuclel
borabardment When
this fisslun
fu

lesp psGacos

by eution

et uis cnsitled from
nusl=l

anad

su e

prseess Lomband other
thed tis . dsin takea place wende;
r

This 1gaslloa oo
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I, unuzm . e sabvedled naly
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Cuonaolled flston e, whacsitial
t.atuie uf a nualéud scacwor The
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reactor is like a furnace, and needs
fuel to operate. The principal source,
material for reactor fuel is uranium
235. Uranium in i(s natural state con-
tains less than 1 percent of readily
fissionable material, U-235. Al
though natural uranium sometimes is
used as reactor fuel, a more concen-
trated and enriched fuel can be pro-
duced by increasing the proportion
of U-235 isotopes through a process
called gaseous diffusion. The rate of
fission and energy produced in a nu-
clear reactor usually is controlled by

inserting special neutron-absorbing
rods into the fuel chamber or “'core.™

When nuélear energy is used com-
mercially for power, the heat gener-
ated must be converted to electricity
by comventional power equipment.
The major difference between nucle-
ar and gonventional thermal electric
pow er stations is that the steam Lo
deoive turbines comes from a nuclear
reactor rather than from convention-
al power sources, (See accompany-
ing «hart )

Because of e potenual hazards of
nuclear radiation, special radiation-
resislant materials are used in reac-
nicasures

lors, and extensive salely

ar€ tuken to protect personnel

factins ol s Hisuloss Eivssyy

Fiald

Ch, b oadn leeas o b b desd e

al acdvities ace reqain:d 1or the

i
LY
plo. stion mining, mdling and 1 <fin

sduc U annd use of nuclear ener

Fhese jaow-sae. inciude the ea

ing of ulanium Learing ores, the

produs (ton of mucledar ue the
nnanuta ture of auclearrcadtore (e
anlul wyiponeals  amd nudear In

tuinaila, the prodlctics of spe .ial
malcials Lo use i Teaclors, the de
slgh EREMec Ty, and cynuruc ion
of naclear facilitics: e operation
ans! malpn tenance of Nudear reactons,
the dispuwsal of radloisotuepes, the
praduction o ovelear weaporns, and
re=scaich and tl;VI:l(,)piuf;iﬂ‘&(j!’k
These activities tahe place 0 vu
1add lyp.a of faciliiles Some woork
such as mlaing and millhng masufac
turing heat transfer equipinent, and
wonstiacting facilines, differs hittle
from stmiar work in other helds

L3
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Nutlear mactor generating slecircity

Nutlaar Reactor
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ithinium Agds o
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Other activities, however, such as
producing fuels reeded to run reac-
tors, are unique 1o the nuclear energy
field.

The Federal Government suppor s
about half of the basic nuclear cne:
gy activities. although private sup
port has been inereasing The U §
Energy Research and Developiment
Administraton (ERDA ) directs the
Federal Government's nuclear cuer
gy research program, and the Nucle
ar Regulatory Commission (NR()
controls the use of nuclear nalerials
by private organizations The opera
lion of EEDA owned toolliliey 11
cluding laboratories widnium .0

weapons manufacturing plan, 1s
contracted (o privale copuralives
Most of these operativas invalve re.
earch into the expansion of medical
and industrial applications of ndelear
energy and the advancement of raac-
tor technologies for generating clec
tricity. Production of nuclear mate;i
" als for civilian needs 15 also done 1n
some of these facilitics
Privately owned faciiucs ..
types of nuciear energy work cacpt
for the development and production
of military weapons and certain nu
clear fuel-processing uperativns
Some research is cariied out in
dependently by colleges and univer
sities and by nonprofit organizations

L]

all
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Occupations In the Nuciear
Energy Field
Eghace s, gg!;nlial;,

ased  craftwoirkers  account f
higher proportion of total employ-

lﬁuhnluaua!l

for a

malnly because much of the work is
stlll i the rescarch and development
phaae  Offlce persunnel in adminis
tallve and clertcal jubs repiesent an
viher large group. Must of the (e
mainder are semiskilled and
unskitled workers mvolved in pro
duction operations, plant protection,
annd s loes

A[lhuugh brimany wagbiuders wooh g
s the nudear cnergy field are
Uoaaed 1a nuclea, technoiogy, engi
nects Laled 1o v.her branches also

are cuployed Medhynical engineers
ate the largestaingle group but many
electrival and electronic, chemnical,
civil, and mewallurgical engineers
alsu work ia this field Maay of these
enghicers Jdu research and develop-
ment work, others deSign nuclear re-
actors, nuclear instrumenis, and oth
el equiprnent

Hescarch
snganizations that do nuclegr wnergy
wotk employ scicalisls in basic and

laboratotiva aud wilicr

applicd nuclear research Maost are
physivisis and chiemists, Lul mathe-
mallcians biological scientists, and
metallurgiaes also do nuclear energy
research

o
e

Large numbers of engineering and
science technicians, drafters, and ra.
diation monitors assist the engineers
and scientists in conducting researéh
and in designing and_testing equip-
ment.

Many highly skilled workers bujld
equipment for experimental and pilot
work and maintain the complex
equipment and machinery. Many
maintenance mechanics and all-
round machinists work in most nu-
clear energy activities, as do electri-
cians, plumbers, pipefitters, and oth-
er craftworkers and chemical-
process operators.

Activities in the Nuclear Energy
Fieid

The following sections briefly de-
scribe some major nuclear energy ac-
tivities and their workers,

Uranium Exploration and Mining.
The 9,500 people employed in urani-
um ¢xploration and mining in 1976
had jobs similar to those in mining of
other metallic ores. They mainly
work in the Colorado Plateau area of
the Far Wesl, in the States of New
Mexico, Wyoming, Utah, Colorado,
and Arizona. A relatively small num-
ber of mines account for the bulk of
production and employinent. Most
worke®s in uranium mings are in pro.
duction jobs Among them are min

ersanddrilless in underground mines
and truckdrivers, bulldozer upera

tors, and machine loaders at open pit
mines Scientists
mining engineers, Feologisis
granium exploration and

and engineers. -
alsu
worrk 1a
mining

Lirarstiaen Mdling 1 W ulluin
. m.talluigical a.nd  chemical
processes are used Lo extiact urani-
um from mined ore. Uranium milis,
located primarily in the Colorado
Plateau, employed about 1,700

b

mills

workers in 1976,

These mills employ skilled machin-
cry repairers, millwrights, pipefitters,
carpenters, clectricians, and chemi’
cal-process operators. A small pro-
portion of those working in milling
operations “are scientists and engi-
neers”

£
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Uranium Refining and Enriching.
Milled uranium is chemically.pro-
cessed to remove impurities and is
then converted to metal or interme-
diate chemical products fr reacior
fuel preparation. Corfventional
chemical and metallurgical processes
are used, but they must meet more
exacting standards than in most other
industries. The output of refining
plants may be further processed to
obtain enriched uranium.

Activity in this segment of the nu-
clear energy field is centered in Ohio,
Tennessee, Kentucky, and lllinois. In
1976 uranium refining and enriching
plants employed about 1 1,800 work-
ers. o

Maintenance craftwgrkers, partic -
ularly in the highly automated urani
um enriching plants, constitute a
large proportion of skilled workers in
this area. Many chemical-process up
erators also are employed. More than
one-third of the engineers and scien-
tists are chemical engincers and
chemists, )
Reaclor Muniafu. ardng. L PV
27,800 people were employ.d in the
design and manufacture of nuclear
reactors and r 1976
Reactor rﬂaﬁufagtmr’:;ra do ertctslve
development work tea-=-tirs and
auxiliary equipment wad genc.ally
build moust of the mricais conpo

1Clor pdi s

(92 4

nents, such as fuel elements control
rods, and feacior cuies )

Over one-third of the eimployees 1n
tirms that design and manufactiuic
arid

Engln::cla alunie repie

reaclors are scientists, ¢ aglece
technicians [
sent n:r:arly one Yuarte: of the cin
ployment. Most age mechanical wngl
neers and engincers who specializs in
reacior technology Assisung these
engineers and scientisls are many
drafters and engineering technicians
Reactor manufacturery cmploy
skilled workers, mostly all-round ma
chinists, in experimental, producuon
and Maintenance work Muclear 1e
actor operators also are criployesl to
operale experimental and test resg
tors. .

KReacror l'}ygfﬂllun aFid M _iditen oo

About 13,000 woikers operated ana
maintained nuclear reactors in 1976
Nuclear power stations employ reac
tor operators, mechanical, electrical

ERIC
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and ‘electroriic engineers, instrument
and electronic technicians, and radi-
ation monitors. Machinery and in-
strument repairers, electri¢ians, and
pipefitters maintain and repair the
reaclors. i

Research and Development Facilities.
A number of research and develop-
ment laboratones are operated for
ERDA by universities and industrial
concerns. Thesg facilities are major
centers for basic and applied nuclear
research in engineering, in physical
and life sciences, arld in the develop-
tnrs gnd other

ment of nuclear re

nuclear equipment than half
of h 30 000 r:mp oyed in ERDA
research and dev le nt facilities

are engimeers
porung h;;hmuans‘

ation monitars

Although most nuclear energy re-
scarch is done in ERDA research and
about 2,600
in pri-
educ a-

development facilities,
persons conducted reseagch
valely owned laboratories of
tional mstitutions, other nonprofitin.
stitutions, and industrial concerns in
1976 Mearly 3 out of 4 were in sci
and technic al

cntific. engincering,

jubs
F. ¢ . ; [T T wrad
Clihee LAef. 1 Iﬁfun:‘rl Is. Esiabiish-

inenls producing nuclear weapons
weapu. compuoneils, and other de-
farize materials employed about
32 TUU persuns s 1276 Amueng he

l;’.ug(; taniibier wf sclenlsts and cagl

s

ra empluysd ot these faciliies are

and mechanical

phystists chemists
clectiteal and clecuonic engineers
Many cagnecs tng and physical sci
cnue technicians, Jdeafters, and adi

allon enilors a=sist sclentlsts aind

cnglii.ers

Cortsdran &0 . 5 = dene Poscsltides ba
1976 abaut H6 00 pe,sons worked
on the const uction of nuclear facili
e uiost were craftworkers. About
1%.000 ot these were pipﬁ!and
steanifiliers ¥ 100 were clectrivians,
and 11200 were laborers Several
thisuzand
operaling cugingeis
ers also were required in nuclear

Cufpentirs, lronworkers,

. aud boilermak-

cunsbruction -

¥

(ther Nuclear Energy Activities.
About 2,400 workers produced spe-
cial materials such as beryllium, zir-
conium, and hafnium for use in reac-
tors in 1976. About 8,500 wbrkers
were employed in companies that
made reactor control insiruments
and radiation detection and monitor-
. Large numbers of engi-
are employed

ing devices
neers and techmclam
in these industries.

About 6,900 people were involved

* in the design, construction, or opera-

ien of particle accelerators used in
nuclear research. Particle accelera-
tors enable scientists to siudy the
structure and properties of elementa-
ry particles in the nucleus of anatom.

Other workédlg process and pack-
age radioisotopgs, produce radiogra-
phy units and radiation gauges, and -
package and dispose of radioactive

waste.

Gavernment Employment. In 1976,
the Energy Research and Develop-
ment Administration (ERDA) em-
ployed nearly 7,000 wgﬂg@rs who
were invglved in nucleal energy ac-
tivities. The Nuclear Regulatory
Commission (NRC) employed about
2,500 persons. Since ERDA and
NRC are primarily administrative
and regulatory agencies, nearly 9 out
of 10 employees are in admiﬁistfa—
live, profgssional, or cleric
Several thousand EmplﬂyEES dare en-
gaged in nuclear energy work ln uth-
er Federal agencies and in rEgulalury
activities and radiclogical health pro-
grams of State and local govern-

mienls

moucled: Lovacrpg; oA, cqruidiias

Lrralgu.
Maust or the occupation. discussed in
the preceding sections are sim
those found in other industrial activi-
tics, even though they may have job
titles unique to the nuclear ﬁz:fgy
field (such as nuclear engineer Madi-
ation chemist, and nuclear physicist)
and require some specialized Knowl-
edge of nuclear energy (A detailed
discussion of the duties, waining, and
employment outlook for most of
these occupations appears elsewhere
in the Handbook.)

The health physics oocupations
and some other occupauons that are
unique to the nuclear energy field
and require specialized training are

15
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discussed briefly in the following sec-
tions.

Health  physicists | (sometimes
called radiation or I'Edl(}lﬁgli;al physi-
cists or chemists) detect radiation
and apply safety standards to control
exposure to it. In 1976, aboth 650
health physicists were employed in
-radiation protection Qr)rk. research,
or teaching.

Health physicigts are responsible
for planning and organizing radio-
logical health programs at nuclear
energy facilities. They establish in-

ection slandards and determine
rocedures for prmer_tmg employees

-d

é\d eliminating radiological hazards

‘W‘

Ome superviséd the inspection of
wokk areas with potential radiation
hazirds and prepare instructions
coveling safe work procedures
Health physu;!stg also plan and su
pcrvnse tr ,lng pmgrarﬁs dedlmg

NE CASes,
research ph;)k;ls dealing with the ¢f
fects of humﬂﬂ:xpuaurc W radistion
and may develnp procedures for
using radivactive malcrials
Radiation rmeniturs
health-physics technivians) g astally
work under the supervision of health
Abuut | 200 r1adiatiun
monilors were employed 1 1976
They use special instri.nents to
monior work areas and cqulpniont
to detect radivactive contamination
Suil. water and ab samples arc takcis
1adiatlon

thi:y wmk on

(als.. . .11

physicists

frequently to deietmine
levels Moaato: . also inay « slect and
detecton
b adges Lad

champers L wn

test radiation wori by

workers, such as film
pocketl detecti.n
sure that they are functioning p up
erly Mounitors cal.ulate the aeun:
of ‘time that personnel may safely
work in contaminated a,:as . unsid-
ering maximum radiadon eaposure
limits and the radiation level lhey
also give Instiuctivns i radiation

safety procedures and pres.iribe spe
cial clothing requiremenis and othe
safety precautions for warkers cnier
ing radiation zones

Nuclear reactor UfFcrutir 5 o sleaan
work in nuclear power statlsns st
lar to that of boiler operators n con
ventional power plants; howeve, the
controls they operate are differcnt

%

e
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They also help to load and unload
nuclear fuels ysed in redctors. Those
who work with research and test re.
actors chtek reactor control panels
and adjust the controls to maintain
specified operating conditions within
the reactor. About 2,100 people
worked as nuclear reactor operators

r operators set up, main-
tain, and C(Zlﬂfdli;ld\lﬁ the operation of
particle accelerators, They adjust
machine controls to accelerate elec-
trically charged particles, based on
instructions from the scientist in
charge of the experiment, and set up
larget materials that are to be bom-
barded by the particles. .

Radivgruphers take radivgraphs o
~heck the conditon of metal cast-
ngs. welds, and other objects by ex
posiug them to a souice of radioac
uvity such as X rays or gamma rays
Ihey select the proper type of radi
ation source and film and use swand
ard mathematical fornulas to deter
mine cxposure distance and U

Afler processig the radivactive film.
the radiographer is able to discover
vracks and weaknesses 1 the object
fadiogsaphed so that u may be re
palied

17 TR
ceote ot slivd equlpaaent to ces

CFibadoday, T UL SR
tadivactve matestals that are ploced
in hot cells -rooms enclosed with ra-
Jlativn shiclding matenals such as
lead and concrewe By controlling
(mechanical

Talas e manipualatos”

deslee. that dacl a5 a feald of arms and
haanda) o uelde the cell and ot
seiving thelr actions through the cell
wiladu o ibey perform standard
chearlusl and Lactalluigl. al opera
Lens with Ladb,active materiais Hot
cell sechi lklans also cnter the gell
wedillg protectt.e Ch.thing w se( up
caperimaits o1 Lo decuntaminate he
cell and cquipricat  This classifica
Hon 1 divided 1ite several groups
Decortaminatt.n w rhers uee radi
abllon detection tnatiuinents te locale
plant areas ang materials \hac have
been caposed to radiation and de
with
afki chemi

sont.inindate theom spewial

cqulpment, Juergenis
cals  They also verlfy tne cilective.

ness L f the proccss Woasie (redtment

Uperiiury operale heat exchange

L]
unlls, pumps compl.assors and other

such equipment to decontaminate
and dispose of radioactive wastes.
Waste-disposal workers seal contami-
nated wastes in concrete containers
and’ transport the containers to be

buried underground.
Radioisotope-production  operators
use remote control manipulators and
other equipment o prepare radioiso-
topes for shlppmg and to pgriorm
chemical analyses to ensure that ra-
ca-

diéismﬂpi:s conform to spe cific

A
Training and Other
Qualifications
I'ramning and education require-

ments and advancement opportuni-
tes for most workers in the nuclear
cenergy field are similar to those
doing comparable jobs in other in-
dustries. These are discussed else-
where in the Handbook under the
specific occupations. However, addi-
tional spr’:cialized training is required
for many workers because the field
requires exacting work standards in
both its research and production ac-
tivities, and because it has unique
health and safety problems.

Many engineers and scientsts in
the nuclear energy ficld have ad
van.ed training, paitcularly thuse
Jdoing research, development, and
design work. Some employers re-
quire a Ph D degree In some jubs
an advanced degree is not required
but 1t often lncreases ong's advance.

ment oppottunities,
The fpecialized kiuwladge o1 4.,

- lear energy essenuial fof mos: scien

ufic and engineering positions can be
obtained at a college or univessity o
through un the-job ¢apericn: ¢

Many colieges and universities have
expanded their facilities and cuiricy

lums 1o provide U4ining in nuclear
energy. Most persons planning to
work in the nuclear energy field as
scienists and engimeers choose 1o
major in a specific nuclea; discipline,
although a degree in a traditional en.
gineering or science curriculum of.
ten 18 sufficient to begin work in the
field Some colleges and universities
award graduate degrees in nuclear
engineering or nuclear science Oth-
ers offer some graduate courses in
these Tields, but award degrees vnly

L
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in the traditional engineering or sci-
entific fields.
> Health. physicists should have at
least a bachelor’s degreé in physics,
chemistry,-or enginéering, and a y€ar
or more of graduate work in health
physics. A Ph. D. degree often is
required for teaching and research.
Skill requirements for craftwork-
ers in the nuclear energy ficld are
higher than in most industries be-
cause of the precision required to in
sure efficient operation and mainte-
nance of complex equipment and
machinery. For example, pipefuters
may have to fit pipe (o tolerances of
less than one ten-thousandth of an
inch and work with pipe made from
rare and costly metals._Welding also
must meet higher reliability stand-

hese

ards than 1n most fields
craftworkers generally obtain the 1c
quired additienal specialized shills
through apprenticeship training pro
grams of empl@yers and unions
High schoul graduasics who . .
taken Science courses can qualiy L
un-the job radiation
workers, Operalurs

radivgraphoers,

tralning  as
accelerator
hot-cell «echnictans

i

deconNtaminatl.n wurke . s, Tadiolso

tope production sperators, and 1a
divaclive wastc diapusal WOlkers
Nuulea: powst feactlofl upgia.
necd a basie uuﬂg:l’;l,aiuj!hé [V QYIEHN
tor tht,u,r;z and a working kfuswledg.
ol reaclol woubivls Mool Oporatan
tramees are High schoul graduates
Some recciv, speyiallecd valinlng 1
ther through a techurial sghool o
chroagh tralug progia.ns 1, .

rmlitary acrviee nrany tiain o ase

Ry S e stianl P =i
G

i, al

selectied fiom .
plant pe.sonner with caperie,. o
E:raliﬁg i"n;)i];:—ia varbles o sleol
wppElallisg i

Selﬁilf reaclol wwnliGls anuast b, I
cemsed by th. Nudlea,
Commissioa T. quality 101 aliccine

ting

Regodat o

the tralnee
and wrillen test given by (he NRC

waizl pPdss ik Hicia

along with a modical ea minatbui
The preparauon for FRC
gg—nnrally lasts at leas | yea: | ieens
es muslt be renewed ¢ cry <
however due to raprd techiwangrial
change Consequently continual
Iralning s necessary

prﬁdil’ah.m l:nf:}'uﬂd the peratudsh

I eps=ing

yes=

Aadditivaal

censg is necded fur a .enlur Lpeia

S

tor's license, which Buthorizes the

hglder to supervise a nuclear control
room. ’
All cmplaye&s whcn wark in [hé

lease.

Individuals whu handle ;lagsiﬁ;d
data (restricted for reasons ofna
al security) or who work on classified
projects in the nuclear energy field

MUusl pass a security clearanee -
The Energy Research and Dewvel
opment Administration, at its cop-
tractor vperated facilities, supporis
un-the Job and specialized training
programs to help prepare scientists,
technicians, and other
wufkers fur the nuclear energy field.
Additional edficational and traiy.
g vpportunides are offered in coup
sfdtlve prugrams arranged by ERDA

engineers,

labuiatonies with colleges and um
versillies Tewmpuiary cmployment at
these lab.ratones 1s u\fai]abiﬁ to fag-
ully sncnibers and students. Many
undergraduate and graduate enhgj-
ncsiing stadenls woik at labormawiics
and uther ERDA facilitics opoa iy
basis  and jaany graduale sty

Jdes thelr tiiala wuik ot EEIIA

Licsin
lJIg!lb .

labiusi tamies

Cfovoifiiie . . L we R TR N

with ang al
tucaiby s:ul_!eéiis

provide emph,  zs tva,
thets vow plantasa .

and artversities

cEackd, L3

1. T PR | PRI FIRTYY
Lo lacly o g & il fu o
s th as 2. age o ] indazliies
thoww gh he onmid 1980 Howeve

3
thuasl pr. nll idbie, D1l £Eaisl iﬂséldljlg

the safety ard ens hwnmen.ial effec iy
ut ine use of nuclear puwer, Conlin
ued conttoversy in his area couly
teaull I a sluwe, date of Indastpaj
gluwl: Lia, Inflally anddipated
Eapaasion ot nus leas
spasily and conlnued uilclcases in;
rzsearch and developmont t:;li,pz:i!\jif
tures she ald  woount fui At of e
givwdh 1 the ficld Besides the o

vpenings cicdled vy employmten

gluwth noany operang. will geous
wutheis retiie die W llil\\le [ %) ﬂlﬁ

£1 veLupallons ur inndaatiles ,

BEnegray

/ »fl l E

* 1

The rl;umhér of nuclear power
plants is txpﬂthdl ) be several times
greater in 1985 than 1l was in 1976,
This antiupatsd gmwlh will require
large increases in' the number of
workers in the design, construction,
operation, and malﬁlenam‘:e of these
plants. In design. rnzmy more engi-
neers and drafters will .be required.
Construction needs will call for large

numbers of craftworkers and labor-
ers. Many more nuclear reactor op
¢crators and maintenance personnel
will be needed to bring these plants
into opertation and keep them run-
ning efficiently. .

Expansion will require substantial
employment increases in the sectors
involved in mining and milling urani-
umn ore, processing reactor fuel, and
producing special materials for reac-
turs Also, because of the concern
about the . possible health hazards of
increasing num-
slved 10
- such as health
nonitors,

radiation.
bers of persons in

nuclear
reactor

should be nc:-.d;d

Employment associated with re-
scagech and development also 1s ex
Ekéii_;u N rease, lhuugh not as fast
ay in the areas directly affecied by
A ltureasing

of sclenUsts coginiesrs, and

pucleal Consiruction
dnber
Iéghmklun wll ﬂudy methuds e 1m
prove the Lfﬁuéngy of the nuciear
geligrallown uf electsic iy p;.:ur:!ul
uses for nuclear explosives. and the
Pij—'ﬁﬂibk; Ll imcdical applications o

nudlear Lience

R
Eorilings .. ow ooaha gy
Coiditlh nu

sasdengs 0 R i oa

3, iployed L, ¢ tltacions
ERD% latroratories and ulh:x Listal
lations ayetaged $6 211 1976 com
pared with $5 19 fu these in all
anutictunng hdusinies

Scientisis and engihecla cudo; od
at  ERDA insallattons  averaged
$:4 700 a y_arin 1976 Ci.rical per
ael earned an average of 35 15 an

it _w[gil; tz;?fﬂﬂﬂ;, avelaged
oW 36,585 an h@ur (Earanings data

Ealmm found 1n

Y

i 1he
tiums elsewhere

in lhé Hurid ook )
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Working conditions for most
workers jn the nuclear energy. field
generally are similar to those imother
industries, except for radiation safety
precautions. For instance, all urani-
um mines are equipped with me-
chanical ventilation systems that re-
duce the concentration of
radipactive radon substance that may
cause lung injury if inhaled over a
number of years. Efforts to elimipate
this hazard.are continuing. Manufac
turing Tacilities, power plants. and re
search laboratories are generally
well-lighted and well-ventilated
Only a small proportion of employ-
ces in the nuclear energy ficld actual
ly work in areas where direct radi
ation dangérs exist Even 1n these
areag, shiclding, automatic alanm sys-

tems, and other devices and clothing |

givedimple profectiun o the wurk ers

Extensive saf
INg practiceés protect the hewlth and
safety of workers, and ERDA ant 16

guatds and opeiat

cunlractors have malMalned an . s

#

cellent safety record. The NRC gdegu-

gvatlable from.

And Lrevcluprocnt A
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CCLUIrA LIivis IN -
eIl HJLEUM ANO NATURAL GAS
¥ H()DUL:TION AND GAS PROCESSIL...

. sese B 8 o mtbes, o a\ﬁ

Industry
s s, R I TR P
e Jew sy oo plans w1 ey

Buried beneatl the gio and tor
lisns o1 years uisder (remepgdus lieat
and pressure Wil o gaille malts be
came petiolenn g wha 1 usually
callea uil Maturar gus 15 Kooped by a
simila, process
Ol fad natun a1 e

F\!‘illlgh Gf aunh lx!lpt,.l[x:h [ [hsi il y
now furmish muic than (hice tuoitl »
of vur energy necds 1l and nagural
gas run oul falturies and Garspolta
heat iur

tion systerms, hotnes and

places of woik, and are basie faw
materials (o1 mauy produ s suin as
p!aﬁligs,:ghémlga]ﬁ foral

1zers, and synthetic fibeis In sptte of

micdicine s

efforts to decrease wur Nation's ue
pendence on pelro.eum 45 & soulde
of energy. petroleum and natural gay
will continue to supply the major
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yedrs U \*ﬂc
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ol ateaal gan 0 s becin s e o

i Iei sescnl yoa.a sl cap .ala

frel shay thire L. lear e ann unils ul

pebt slea oo tits wanit y that heve

ol sl b e s wvered Locatiag

and

acivon aall snak .

LAl o bl thea [ Jdeurn re
a slgaificant coulrd
woanbiy s cuefgy in

brigelasin L the

Joputiden o

Feouple v oo, duici. o akill,
e ntgeds 1 ne o spded Lo ol &cd gaa
holls ditd sie wells tmpao e exist
g wella aad pooucess natural gas o
1976 about 535223 000 workers woie
cinple od o dheae ac ivities Phms
thal wili b onowwnto o€ for wil . aitipa

ules cunployed maany f thes: wuork
wvis ahd the nigjor ol companics ain
pluyed (he rest Ucd upations in oil
refining are discuased in a scpaiate

chapier clsewheie 1n «he Handbuovk

.
o

Since oil and gas are difficult to
find, exploration and drilling are key
aftivitiés in thé pelri)léum industry

pdss;b!: presence x:nf ml. the :Dmpany
selects a we;ll site and iﬁstalls a mwer'-

LLILI!pmf;ﬂL A hnle is dnl!ed deep
into the earth until oil or gas is found
or the company decides 1o write the
effort off as a loss. Although a few
large 01l companies do their own
dnlhﬁg most 15 done by contractors.
‘here are hundreds of firms engaged

in the search for and-pmducl,ﬂn of

&E discovered,
plpes, valves, lan', and other equip-
ment are installed t r:cmirr;xl the flow
of these raw materifls from the well.
I'here were more than 600,000 wells
i this country in 1976, and a large
part of the petroleum industry’s
250,000 production workers were
needed w operate and maintain

them

Oil and gas sis Ganapulied W ic
tuernics by pipeline, ship, ralroad,
barge, or truck Many refineries are
thousands of miles from oil fields, but
gas processing plants usually are near
the fields so that water, sulfur com
putinds aad other impuiities can be
tcinoved befure the liquid gas is

piped o customicrs

Although drilling fo. uil and gas ia
Jdosne 1 35 States, about Line E@ntha
of the industry’s workers are em-
pliyed in 10 States
the nuiber of ullﬁ;:l.l jobs follow od
by t ouistana, Oklahvina, C alifornta
W,oming, Kansas, New Mexico,
Culorado, Ohio, and Hliners Thou
sands of additicaal Americaus are
sinpluyed by oll companies vvers.as,
masily in the Middle Easc Afri
Westein turupe. South Amnerica,
and 1u Ingonesia and othe, Far East

Teras leads in

ein <odntries

Vesupatlleas 1o i 2 o s.slly

Acibhwasa \-:Ilh o ade |;n§h el 2.4 .

S gud gas and L, d!l!l, Uperlle dl‘]d

maintain wells and prucess navural

L’splunué | T S PR Y P

first step i, petroleun. p.odictioy
Small crews of apegali;ed workers
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search for geologic formations that
are likely to contain oil. Exploration
parties study the surface and subsur-
face of the earth in drder to locate
places where oil migdlit be concen-
trated in underground rock forma-
tions. They seek clues to.the possible
existence of oil by examining types of
rock formations on and under the
earth’s surface. Besides detailed
ground surveys, aerial exploration
and magnetic surveys also are used
for a broad picture of the area
Several methods are used to dete
mine the nature and location of un-
derground rock formations. A tech-
nique called seismic progpecting is
widely used to map underground
roeck formations In this technique, a
large”shock is set off at the earth's
surface. This can be caused by explo
by a

sives or, mgre commonly
“thumper. "’ Which is a heavy welght
dropped on the ground The time 1
takes for the scund wa.es o reach
the rock formations and return o the
surface is carefully measured to lo-
cate the depth and position of uuder
ground features Subsuriace cvi
dence also i%t;nllc;lr;d by boring and
bringing up core samples of the 100k
clay, and sand that furm whe laysoa
lewfiibjusalars

the carth  Sianilas

used to explore offstiore arcas
Eaploration pattles a.c lod LY o
peftroleum geologose (D DAL
U24 QK1)
prets the naformation gatl, cied oy h.
parly
gtzuli_sglsl ;J\pl 11 ’ Patves mhay lis
clude othg geology 5‘;@.,_1;;1!3\,3 Fuls
T 023 081) stad,

fussil l@ﬁlalﬂ;ﬁjtf thic caith we vucale

who asnalyzes and e

I additisn e the petiode i
¥

yﬁ!i}lugii ¥ ( M () T
oil-bearing laycrs ot tuck rriaerul
(2184 (DGT 024 Unl) aludy phys
1cal and cheneal props.tes v mila
cral and rock samples; strutigraphier s
(DOT 024 081 da:lé!’ic!u{l

tilal,, il

the
rock layoes most lkoly w o
and natural gas. photogevlogis
(DOT 024 081 e kamine and 1nte

pret aerial phatographs ot land aus

faces., and perrolugises (D O |

024 081) invesugate the 1stury o
the formation of the eadth’s crust
Often a geologist must have knowl
edge of some or all of these =pecial
ties since not all exploration partica

i
include all these specialists. Explora-
tion parties also include drafters
.T. 010.281) and surveyors
‘0.T. 018.188), who assist in sur-
veying and mapping operations.

Many geologists also work in dis-
trict offices.of oil companies or ex-
ploration firms where they prepare
and study geological maps. They also
study samples from test drillimg to
find any clues to oil.

A geophysicist (D.GT 024.081)
usually leads a seismic prospecting
crew that may include: prospecting
computers (D.O.T. 010.288), who
perform the calculations and prepare
maps frum the information recorded
by the seismograph, which is an in-
stiument that measures the carth's
vibrations, and ohservers (DOT
010 168), who operate and maintain
electronic seismic equipment. Other

acuvities are 1elated
are: scouts (DOT
investigate the drill-

wirkers whose
to exploration
010 288), who

g exploratlon, and leasing activi

ues of other L
identify promising areas to explore
and lcase, anl® lease bﬁ@yfr.\ (DOT
191 118) who maks the necessary
Buasiiuse aodlg.iments with landown
cis o with gwners of mineral nghts

te sbisa tne ight w use the land

[ T 1 1 PO st o annihiods aro

Loogels.
wad Lo aaned piu\:i:a wicte the j.ies
ence of oil is likely but oniy drilling
can e o the presénce Gf oil Overall
placning nd supervision ot Jdrilling
waually a.¢ th, ;g;pun.ﬁiﬂ;luu; » uf the
peliole.din zngineer *

Wells arz alinost alweays staicd 1o
dl.o adlliz A ay RIS boatlder s (L2001
HOY B583) and a4 crow of rig builues
helpcrs (s} LS HoY BR7,
purlabi. dJdolhiag rig 0 support the
machine. y and ¢ uipinent that ralses

and luwers the drilling touls Kotary

install s

ditling 12 the normal way of deilling a
well A [gu;lving bll bOrcs a h’DlE in
the proand by chipping and cutling
tuck  [he bLit 1. attached 1o o length
of 1evolviag pip#s As the bit cuts
de.per Iniv e catth
added [xiliing pipe 1. hollow aud
iuns L ; entire fepth ot the well A
sucam of drilling mud 15 continuous
ly pumped into the helluw pipe and
cemies oul thiough boles 1 the drill
bt

H101¢ plpe 15

S
chemicals, and water. Its put
to cool the drill bit, plaster theayalls
of the hole to prevent cave-ins, and
carry crushed rock to the surface so
that drilling is contihuous until the
bit wears out. When a new bit is
needed, all of the pipe must by pulled
up out of the hole, a section atatime,
a new bit placed on the end of the
pipe, and the pipe returned to the
hole. ¥

The tool pusher or drilling supervi-
sor (D.O.T. 930.130) supervises one
or more drilling rigs and supplies ma-
terials and equipment to rig crews.

A typical rotary drilling cggw con-
sists of four or five workes€: driller,
derrick operator, engine operator,
and one or two helpers. Because
drilling rigs are operated 24 hours a
day, 7 days a week, several crews are

The  rotary  driller (D.O.T.
930 762) supervises the crew and
vperates machinery that
drilling speed and pressure, and rec-
ords operations. The rotary rig engine
operator (DO T. 950.782) is-in
charge of engines that provide the
puwer for drilling and hoisting. The
derrick operator (DOT 930.782),
whu is sccond in charge works on a
small platform high on the rig w help
run pipe in and out of the well hole,

controls

late mud through the ptpe. Rotary
Jridl Aelpers (12T 930 844) also
kuuwin as rtoaghuschs guidé the iow
et end ol the pipe to and trunf the

woll op.cening and . onnect and Jdis

Hogaarabeaais (lasr | BOY B84, ...

& 0etal labureds thougl: not conuid

cied part of a dnliing crew, do gener

al uiifield malatenance and construc

ten wot k. such as cleaning tanks and
building ruads

Vel Upar@blon o L x ciinmase
Whe.. otl s four ., the ddill pipe ana
bil afe pulléd tvuin he well, and
metal pipe knuwn as casiag 15 low
cred into the hole and cementad in
place The upper eads of the casing
arc fastened fo- a system of valves
called a “"Christmas tree ' P.essure
in the well forces crude vil and gas o
the surface, through the Christmas

19
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tree, and intg#fas traps and storage
tanks. If nathiral pressure is not great
enough to fofce the oil to the sur{m‘:;
pumps are us d.

Petroleum engineers (D O T.
010.081) generally plun and super-
vise well operation and maintenance
To prevent waste, they decide the
rate of oil flow and anticipate per.
formance of oil reservoirs by analyz-
‘pressure

ing information such as
readings-from the well Engincers arc
increasingly using compuiers for ana
lytical work. Some engineers special-
ize in areas such as overcoming ef
fects of corrosion on well ¢ i
the selection and dt\lgn uf prlldhk
tion equipment and prgc
the prevention of poNuuoun

1S1Ng

€RyER, 0ol In

b TETI T

companies hire enginecr aidcs to
make tests, keep records, poust maps

and otherwise ass18t enginecns

Faumpers (12 (3|
their helpets uperaye
muoltors puiﬁpsl giih\
equipment to force o\l from wellsy
Thear chiet duty 1a lglirtgtglgtg the

ﬁuw i il qi;,uu,h!l;.g tw a4 avhedule

LA IR, L

a-nd itew ) Lalsn

athe, surlace

setgp by the peuuleun cugmeer and

producvon supcisiaer Gieherall, o

pumpcr opcrales a g uy of wclis

Swittehers wark iy o tds  hicas ol

flows under nawal preasue Lod
dypen et Toyaedia Prilplng Fhl\:‘lssé

wupen and t;‘ll.!:él: valves g i'LjE,ulglg the

all flow tiom - 2l o Casikos wilss
Plpchines Gus geos (20 I 908 581
Mmicasuie aind 1o o d he T1w aald
lak c Sg!ilrlgﬁ (SR (T e ly ] rees
ers (DO T 40 /821 cat 1he A I
walctl and scdiiecaty gl 1 s

these Larput.tes by opnaing'd dialn al
the tank's tase o by

uﬁlhE SILLIN n,;l

chemitval wi cle sl Guiprent la

some flelde pumiptig  awilchi g
gaughug and tcaling op. tallina al
aulinitall.

Many skilioa '
ployed i,

talind svain o 5 oo [

WEldEia_plF}Eﬁllﬁl'S Clgs Tlnla.ls sib
machinists repalt and tinstall puiaps

gadges plplg. and ollar ey ol
Basn caslig M1

C . nE
e f!i L -3

FET il &y

Matuial lsas

processiag woarkers arc
The  dek,dration plun:
(D.Q T 541 782) tends a.. wufouiatl
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cally tontrolled treating unit, which
removes water and other impurities
from natural gas~Fhe gas -plant op
erator (D.O.T.953.380) tends com-
pressors that raise the pressure of the
gas for transmission in the plpgh
The gas-compresso
B50.782) assists cither of these two
;mplﬂyu:a,

Many workers in the larger natuial
ssing plants are employed
These n

gas proce
in malntenance actvitics

clude instrument (epairers, electn
cians, Welders, and labor ers
In sumerous smaller natural

plants, workers combmeskills, us
ly of operator and mainteaance
wurker Many small plants are so
highly automated they are virtually

dnatiended lThey aie checked al pe-

rodic inteivals by majintenance

warkeis ur upcrators, or they are

UMmifiils

cheched n v unuously by st
that aulomabieally report problems
and shut down the plant it an emer

ECii. ¥ tjﬁ?ilibpﬁ

CHIfNeld =y fa = 4

sitract basia

{FMisss

that iler asivieea vy a o

Hrzpraadile s

provide saothel huportant suurce of
stployaent Asaong theae employ
ahille d workeis such
(O F Y30 IH1) wiha s
poreinent loly Lig spave be
ing and the well
vave Ins, aoddleses
who Yurce acid
the well e in
Ry juigé‘:r p

iz flow o1 ool
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[{TT .j;l. g and zd\JLYhé aciivi
ey ;r.r D1 { tid e all 1idicaslng

afiiant o0 this wil h 1y done ulfshoie,
patuculasly i the Gulf of Meaicy off
the cogsts ot L owstdnag and Teaas
Addivcnal oilshure waik is being

done off thy wesl const of the (uied

States. Some drilling is expected to
take plice soon off the <oast.
Some wells have been drilled over
100 miles from shore and in water
more than 1,000 feet deep. These
offshore operations require the same
type of drilling crews as are em-
ployed on land-operatians. In addi-
tion, foéhaﬁ’: operations require fa-
dio eperators, coeks, ship's officers
and sanlur?‘and pilots for work or
drilling platforms, crewboats, hgrger.

and helicopters
(Dctailed discussions of profes-
stonal, technical, mechanical, and

" other occupations found not only in

the petroleum El1d natural
ducton industry, but in o
tries as well, are given elsewhere in
the Hundbook n the secuions cover-

g individual oceupations )

Tralning, Other
Quaitfications.and Advancament
Most woikeis I ﬁlu;p!uigaa!ulml
;<05 with an exptorstlon crew begin
as helpers and advance into one of
the specialized jobs Their raining
seveial months to

may vary from

several years New workers usually
are hircd in dhe fiudd by the crew
chicf v by lucal company repiesen
lalives ollege s«udenis majoring in
phiysteal o1 carth acienices or i eng
necring nay i&\ﬂii part tliae or Furﬁ
mera with Llplélél!un wiews and EEl
tull tunc ),bs aflcr giaduatioan
Members of dialting ciews uae i,
The
yuahticat.ns needed s nicchianical
and

sticiigels and Lian [LE:Y FPre i.us LXpe

tsgln as mughﬁc;ks ol

absiligy dddegfuate phiysical
tlenve 1y desirable bur ngt oo asaly
A=n th.: 2’ they
ads anee to aore skilled jobs

hiied as a

y avyulre eapeficiee,
NE=

E‘jl
ftoughneck miuy advance to Jdeiih k

cramnple a ~orkes
vpclaton and aficiseveral yoars be
coiie a artlier A daller can advaace
Lo the Job of tuol pusher in charge of
one v more drilling ngs

C.,m.pamca 5-:11::&;”3 L. pi.uph.
é\ltj malntc:ngn;c Juh; Ih;:y prefer
gpé!;;a!}ta who have mechanical abil
1ty and a knowledge of oilfield pro-
wenses Because this ype of work s
less strenuous than diilling and offers



the advantage of a fixed locale, mem- 4
bers of drilling crews or exploration
partiés who prefer not to trave[ often
transfer to well operation and main-
tenance jobi. New workers may start -
as roustabouts and advance to jobs as
switchers, gaugers, or Pumpers.
Training usually is acquired on the
job; at least 2 years of experience are
needed 1o begome an all-round

~

) pumper: 4 -
I nsts, such as geologists
and ‘geophisicists, college training
with at leastsa bachelor’s degree is’
required. The preferred educational
qualification for a petroleum engi-
neer is a degree in engineering with
specialization in courses on the pe-
troleum industry. However, collegde
gradhatew having degrees in chemi-
cal, miring, civil or mechanical engi-
neering, or in geology, geophysics, or
other related sciences often are hired
for pefroleum engineering jobs. Pe-
troleum engineering aides include
people with 2-year technical degrees
as well as former roustaboytg or
pumpers who have been prumaicd
Scientists and engineers usually
start at junior levels;, after several

years of experience they can advance

to managerial or administrative Jubs

Scientists and engineers who have

research ability, particularly (hose

with advanced degreea may t, aiisfer
- to'research or Cﬂnéu!ting work

e,

activilies
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1h thowsanas,
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Very tapid growth 1n the ol aid yas ealaction Industry
will result from expansicn of exploration and drilling

1965

_ . P
Information on training, qualifica-
tions, and advancement in natural

for petroleumn refining. A stitement
on petroleum refining can be found
elsewhere in the Handbook,

Employment Outlook

Employment ‘in petroleum and

natural gas production is expectedto

increase faster than the average for
all industries through the mid-1980’s.
Besides the job openings created by
employment growth, many openings
will occur as workers retire, die, or
leave the industry for other reasons.

Greatly increased prices for crude
oill and natural gas and a national
policy to move toward energy self-
sufficiency are expected to provide
the incentives for the industry to
expand rapidly. Growth will be con-
centrated in exploration and drilling,
and many moure workers will be need -
: pations associated
with these activities Opportunities
should be particularly good in off-
shore drilling. .

Eainliigs and Working
Covditiuns

st nensdpervisory sinph.,

ti it as. gas extraction averagea

&

1970

ERIC
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$5.70 an hour. In comparison, the
average for all nonsupervisory work-
ers in private industry, except farm-

ing, was $4.83 an hour. Earnings usu-
ally are higher in offshore operations

than in land operations.

Most oilfield jobs invblve rugged
outdoor work in all kinds of weather.
They often art in remote areas in
settings as varied as a western désert,
the Arctic’ Circle, or the Gulf of
Mexico. Physical strength and stam-
ina are important because the work
involves standing most of the time,
lifting moderately heavy objects, and
climbing and stooping to work with
power tools and handtools that often
are oily and dirty.

Drilling employees may expect. to
move from place to place since their
work in-a particular field may be
completed in a few months. Explora-
tion field personnel may be required
to move even more frequently. They
may be away from home for weeks or
moinths at a time. Well operation and
‘naintenance workers and natural gas
processing workers usually remain in
the same location for long periods.

On land, drilling crews usually
wurk 7 days, 8 hours a day, and then
have a few days off In offshore op-
erativns, they may work 7 days, 12
hours a day, and then have 7 days off
If the well is far from the voast, they
live on the drilling rig or on ships
anchored nearby Most wourkers in
well operations and maintenance and
nafural gas processing work 8 hg\urg a
day 5 days a week

SGuuives of Additheial
Infermation

oo tnfotmallon abo oo j oo 4
the petroleum industry may te aviil-
able from the personuel offices of
individual oil companies For intor-

jobs, write 1o:

American Associalion .of Peuviewn Usols
gists, PO Bozx 97y luba Okia 7410)

3uitely of Petivleum Eaginesrs of AIME,
6200 N Central Expressway, Dallus, Tex.
75206

American Ueolugical Instinte. 3205 Leesburg
Pike, Falls Church, Va 22041



 OCCUPATIONS IN THE
PETROLEUM REFINING INDUSTRY

The petroleum refining industry
forms the link between crude oil pro-
duction and the distribution and con-
sumption of petroleum products.
Products refined from crude oil sup-
ply the fuels and lubricants used for
all modes of tranfportation, for heat
in homes, factories, ahd other struc-
tures, and for fuel for the generation
of over one-third of our electric pow
er. In addition, basic petroleum com-
pounds are used‘to manufacture hun
dreds of everyday products such as
synthetic rubber, fcruhn:fs and plas
tics. .

In 1976 about 160,000 woikers
who had a wifle range of educational
backgrounds and skills, were em
ployed in the petroleum refining
dustry This industry covers oceupa
tions and activities involved in

Tefining vil Oceupativas 1n petrule

um and natural gas producion and
processing are discussed in a sepa-
rate chapter clsewherc i the Hand
bouk

Natuie and t wCaEwn wi .o
Industry
A aasdern ft:f'iuxgg} [N S
- + prant made up of tanks ana iy
connceted by a maze of plpes 5114
valves. From the time crude on en-

teis the 1cfinery s the shipincne of
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finished products, the pmdu::-ti:‘m
flow is almost continuous Operators
use instruments including computers
to measure and regulate the flow,
lemperature, and pressure
and gases going through

volume,
of liquids

the equipment Manual handling of

materials has been virtually eliminat.
ed”
Petsoleumn
heating crude ol as it flows through a
series of pipes in a furnace The
vapors from the heated oil pass into a
'fr'aﬂjuns v

telining  cunalpls ol

tewer where the various ©

or paits. of the oil are condensed.
IT'he hcaviest parts (f'm cxample,
h-t:;nx} fuel wGis and asphalt) _are

{Imwn off wlong the bottom of the
“lowei whers lemperatures are high-
est, lightei parts (et fuel and diesel
tuel) are diawn off along the middle
uf the tower, and the hightest (gaso
line ared gascs) asc taken off at the
top wheie temperawures are lowest
Since this process does not produce a
sufficiznt quantity of some products,
such as gasoline. further processing
Ly moore complicated methods com
Liea ot madifies produdts obtained

through Gactunaling to inciease the

yield o1 some producis Treating
tulls aiv used Lo jciiuve walot sul

tur co.mp.runds, and other impurities

Abansl 280 achinciics wetle s wp

— =S e

in he policleuan rellidng
wlaces

eration in 1976, They ranged in size
from plants with fewer than ten em-
ployees to those with several thou-
sand. Although many States have re-
fineries, about 85 percent of the
workers werefemployed in 10 States:
Texas, California, Pennsylvania, Iili-
wois, Louisiana. Oklahoma, Ohio,
New York, New Jersey, and Indiana.
Refineries usuilly are located near
oilfields, industrial centers, or deep-
water ports where tankers can dock.

Qccupations in the Industry

About 1 out of every 2 workers in
a refinery is involved in the operation
(as opposed to maintenance) of the
plant. A key worker in converting
crude oil into usable products is the
refinery operator (D.O.T. 542.280),
or chief operator, who is responsible
for one or more processing units, The
refinery operator, with help from
assistant operators, makes adjust-
ments for changés in temperature,
In modern re-

pressure, and oil flow
fineries, operators monitor instru-
ments on panels that show the entire
vperation of all processing units in
the refinery They also patrol units to
check their vperating condinon

Other plantworkers may 1€lude
st pump operatos (DO T

349.782,, also known as punipers,
and their helpers (D OT 549 8R4),
whe maiatain and opeiate pumps
that control all production through
vut the vefinety, ard treuter s (DO T
349 782) who cperale equiprhent tu
tstivve ihpuildes from gasoline, oil,
and products In automarted
plaris computers may do the work
Operators

uther

of punipers and Leateds
monitor the computers Lo spot poten-
tal problent ateas, and may make
toutine checks of (he refinery to
nahe suie that calvzs are uperating
prope.ly
Many (-1
buis of maintenance workeis o re
tobuild, repla.c and clecan
equipment In other plants, some
maintenance work is contraced w

Stleachiplisy laige tuan

pal

cotlipanies gutside dthe petroleam 1n
dustry Many malatenance workers
afe necded because high heat, pres.
sure, and corrosion quickly wear out
the complex refining equipment
Occupations ifivolved in mainte
nance include skilled builermakers,
electricians, carpenters, instrument

o
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J limpprovements

design cher
ment and plant layout,
supervise refining proc
ronmental engincers and techmicians
supervise and improve treatment and
disposal of refirmery waste waters and
gases. Drafters prepaie plans and
drawings needed in refinery con-
struction and malnténance

Refining companies employ inmany
administrative, clerical, and other
white collar personnel Administra
tive workers include midnagers, ac
countants, purchasing agents, law
yers, computer programmers,
computer analysts, and personnel
and training specialists. Typists, sec
retaries, buokkeepers. keypunch op
erators, and business machine opera
tors assist administiaive wurkers
{Dctailed di
‘e hanival

1061a fuund NOL Guly In pelio

ssiuna of professional
and olher

uLeup
leum retining but alsu in other indus
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maintenance work. They may be
transferred either to the operating
department' or the maintenance de-
partment when a vacancy occurs.
Workers newly assigned to an op-
erating department learn to operate
equipment under the guidance of ex-
perienced operators. Formal training
courses frequently are given in plant
operation. .
A superwsnr trains mexpernenu:d
5. Some

refineries givé classroom instruction
related to particular work. After 3 or
4 years, a per

rson may advance fr
ft worker in one

I

nainltenance crafts. Som
large refineries train ‘workers 1n sev-

eral crafts. For example, a qualified
instrument repairer may be given
electrician or machinist training
For scientists and enginéers, a
bachelor’'s degree in an appropriate

field usually is the nunumum educa

tivnal requirement Advanced de
grees are preferred for research
ork

For must lﬂbD!glué} santatunt ).l

2 year techmeal scheol talniag 1
required T aboratory assiatants begin

pt):sl
el responaibility a. they

in routine jobs and advance .

tions of grea
acquire experience and learn (o work
without close supervision lacapernl

cnced drafters begin as copyists o1

travers and can advan, ¢ Lo g
skilled . lélllné Julis
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HFQI.

employ persons who have had com-
mercial courses in high school or
business school. For occupations as-
ciated with computers, educational
equirements range from a high
chool level for keypunch operators

—

E’a
ui

to a college degree in the physical
science field for analysts.

Eniplﬁyrﬁenl G\ullg:’lk

Employiient in petioleum !:L:f"mlng
is expected to show little chanee
through the mid-1980's Refinery
output is expected to increase to
meet the Nation's growing demand
for petroleum products, but automat-
ed,
refliing capacity, und improved re-
fining techniques should make it pos
sible for the industry o increase pro-
Increasin E

computenized plants, increased

duction without
cmployment significantly Neverthe
lexs, thousands of job upenings will
iesult from the ueed o replace work-
ers who retire die, or transfer to oth-
el ecupatlions
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in petroleum refining averaged $7.72
an hour, compared with an average
of $4.83 an hour for production
workers in manufacturing industries

as a whole. 7
Because petroleum [ is refined

around the clock, operators may be
assipned to any one of the three
shifts, or they may be rotated on .
various shifts. Some c’:pératr;nrs work
weekends and get days off during the
week. Employees usually recefve ad-
ditional pay for shift work. Most
maintenance workers are on duty
during the day. '
Most refinery jobs require only
moderate  physical effort. A few
wurkers, however, have to open and
close heavy valves and climb stairs
and ladders to considerable heights.
Others may work in hot places or
inay be exposed-to unpleasant odors.
Many refinery workers are union
members and belong to the Oil,
Chemical and Atomic Workers Inter-
national Union. Some réfinery work-
ers are members of AFL-CIO eraft
uniong, or of varjous independent

unlerns

Butues ol aJdditiona
Infur.ation

o Inluonation on jub oppasta
sitles du the pelioleum redning in
duatey may be obtained from the per

sonnel offices of individual oil
General information on

Lulliphaings
Jubs in the 1adustry is available from.
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