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PREFACE

This peper ie the resuifvof‘the'aﬁtﬁof‘s'firm con- |
viction, based on two yeers'iexperienee~iﬁ the industry, that
the applicafien Qf'the pripeiples ef iﬁeustrigl engineering
has« long'been-overdue in fﬁe petrdleumerefiningeindustry
generally and in the activities invelved in the_maintenanee;
of refineries speeifically.'. |

The greater part of the materiel'centaihed in
Chapters II andSIIIf deallng Wlth the purpose and clas31f1-
cation of maintenance has been drawn from the Product1v1ty
~ Report on Plant Main%enance, publlshed by the Anglo—American
Conn011 on Product1v1ty U. K. Sectlon, in_ December 1952
The study of thls publlcat1on 1s 51ncere1y recommended to
a11 1nterested-1n glant englneerlng._ If some of the mater1a1
in the two cﬁapters appegte'ﬁoifpy}ow clpse;y~the=yording of
the Report, it will be only because the author found it
difficult to'improve‘nbdn.the_ﬁost exeelleht-and'clear
'phrasing of that puhlicationQ | o |

The author wishes to aekhewledge gratefﬁlif the
valuable advice received by him from Professor W. N. Cox, Jr.,
Dr. J. J. NModer, and Dr. R. N. Lehrer of the School of
Industrial'Engineering; and from Dr. J. M. Dalla Velle of the
School of Chem1ca1 Englneerlng, Georgia Institute of Tech—. B

nology. Thanks are also due to Professor Howard P, Emerson



' Head ‘of Industrial Engineering at the University of

Tennessee, for his helpful Suggesti-'ons. '
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ABSTRACT"

THE APPLICATIGN OF INDUSTRIAL ENGINEERING
TO PETROLEUM REFINERY MAINTENANCE
(99)

PAUL VRBA

The aim'ef thiS'WOrk‘wgs to investigate the'exiStiné_
,maintenance prncednree inleil_nefineries,'tdfénaw_eppropriate
conclusions as toltheir“effectiveness endite:innestigate |
and make recommendations concernlng the part which the
appllcatlon of the prlnciples of 1ndustr1a1 englneerlng
can play in improving the many services which ma;ntenance
renders to the;indﬁstfy. | o

The first section of the‘wofk'dealsiwitn«the purpose,
classification and evaluation of maintendnce. Also included
are the results of and conclusions drawn from a recently
published snrvey‘ofjmaintenénce activities in fifteen majorh
industries representing 12 per cent of.all manufacturing
plants in. the Unlted States with over flve hundred employees

The second sectlon CODSiStS of a descrxptlon and
'“systematizatlon of malntenance activities in. the oil
refining 1ndustry, a detalled ana1y51s of the relevant
applications of 1ndustr1a1 englneerlng to reflnery main-

tenance, and a con51derat10n of the modlflcations in



ix

spec1flc 1ndustr1a1 englneerlng technlques whlch are nec-"
essary as a result“;f the pecullar mature of such malntenaﬁce
work, - |

The 1nvest1gat10n has revealed th;'follow1ng facts

(i) The ;mportance of malntenance in an oil reflnerf
is not generally appreciatéd within the industry. ‘Only
rarely'is a refinerj'mﬁiﬁfeﬂdnce—ofganization‘pfévided.with '
the facilities=and,fes6urdes commensurate with the significént
positidn‘whichfit.dccupies iﬁ relation -to gfficientrpro—‘
duction. | |

(2) Full preventive maintenaﬁce must be the ultimate
objecfive of an-oil'fefinery maintenance depdftment.' A high
degree of plaﬁning, scheduling;and coordinating of maintenance
activities is therefore necessary.

(3) Many of the activities comnected with the
successful establishment and operatioﬁ“of preventive main-
tenance consist eésentially of the application of industrial
engineeriﬁg, Hence, the organizational strucfure of a
maihtenance'deparfment should make properjprbvisibn‘fof an
~ adeqﬁate indusfrial‘enginéering section. which musf be'placedﬁ
in such a pqsition within3the department“as to.be'able to
fulfill a1l its functions.

(4) The most important function of industrial
engineering in refinery maintenance is the measuremént5

evaluation and control of the effectiveness with which



X

lmainfenance islbeing or should.be-performed; wbrk measure-
ment is'recﬁmménded as a highly useful ﬁeans to this end,
:_aﬁd its vafious-téqhniques'are deécribed‘and critically
analyzed.' |

(5) Wage incéhtives for refinéry maintenance work,
based on properly esfablished stagdafds,-are‘considefed to
be valuable“motiﬁating agents towards mbré.éatisfactory
performanée. .

(6) It is concluded that in the oil refining industry,
the numercus and complex activities'of'maintenance pfesent a
most rewarding field of endeavour ﬁq industrial engineering
with its ﬁims of reducing the expenditufe of time, money,

and effort to 2 minimum.

Appfoved:

Date of Approval:




SECTION ONE




CHAPTER: I
INTRODUCTION

*One of the dictionary definitions of the verb "to
maintain" is "to hold or kéép in a'state of efficiency or
validify§ tO'Qﬁpport, sustain or ubﬁéld; to keep up".
It is these functibﬁs*which maiﬁténance ip‘ihdusfry aims to
| perform with respect to the physiéal‘assefé concerned in the
- efficient operation of an industrialiﬁndertéking._ HOweﬁer
modern and efficiénf thesprodudtioﬁ'faCilities of a plant may -
be; their value Willhdepend in the 1ast'ana1ysis.oﬁ their
availability and proper.functioning'in520cordance with a
predetermined program. In turn, these factors will be
achieved only by adequaté and efficiént maintenance. It'is
clear therefore that maintenance is not an end in itself but
is a necessary means to the end of dptimum economical pro-
duction. The importance of maintenance in a particular
industry, hdwever, Wiil.vary accbrdiﬁg-fé the tYP¢ of produdt
and the conditions under which it is made.
Modern_pefroléum'refining is a continuoﬁs process
industry, in which the production facilities represent very
| high capifai.invéStﬁents.; Any iéignesslbf processing plant
is an extfé@ély ékpepsive occurfen?e and-musﬁtthefefofe'be

- Kept to'd minimum. ' Under such conditions, the great



_Significahceeoffproper maintenance'istbeyond dOubt ‘ HMoreover,
owing to the hlgh degree of automatlc control in oil reflning
processes, the maintenance labor force in a reflnery represents
-a very high-proportiOn_of the totgl personnel employed and |
will therefore piay an exceptiooailyvimportent role in the
overall’ costs ot'cohversion of rew_material to finished
product. | | '.7

Brlefly, 1t is ‘the purpose of industrlal englneerlng‘
to analyze and improve all the aspects of ‘the performance of
work with a View to reducing its'dverall Costs consistent
with the reocired staﬁdards of queltty,"safety'and ecooomﬁ.'
| CDnsequéﬁt;y; it is‘cﬁdersteh&dbleftﬁat-the practical appli-
cations of indcstrial-engineering hgveibeen largely confined
to the field of production'activities-in‘the past. 'The*true
importance of the maintenance functionﬁanq its close relation
to productien have' only recently becomé-generally_appreciated;
and it is in the continuous process 1ndustr1es that recog—
nition of the p0551b1e advantages accruing from the proper
practlce of industrial englneerlng prlnciples in malntenance
activities w111 be. most fruitful.

”Thﬁsfpaper attempts to present a ﬁiéfﬁre of éxisting
. ﬁalntenance procedures in 011 reflnerles to draw approprlate
conclu51ons as to the;r‘effectlveness 'and to make recommenda—
tions concernlng the part whlch the pr1nc1p1es of 1ndustr1a1
englneerlng can play in 1mprov1ng the many serv1ces Whlch

_malntenance renders to the industry.



CHAPTER II.

THE PURPOSE OF MAINTENANCE

Slnce the tetms "halhtenaneeﬁ ahd "repe1tﬁ aee
usually a85001ated with each other, the bellef has grown that
there is a 51m11ar1ty in thelr meanlng. However malntenance
and repairs‘represent two distinet (and sqmetlmes even
epposed)'epﬁroaches tolthe service which maintenance is
Cailed ﬁpeﬁ_to give to the production departﬁents,ef:an
industrial undertaking. There was a time when the JOb of the
malntenance sectlon was limited to gettlng the plant back
into productlon ‘after it had broken down, and to doing thls
'w;th,more_accent on speed than on permanence and effect;veness
of feﬁair; Maintenance staffs’did ﬁhat they'couid in the
time alletted to theﬁ and, for ‘the servictng qf ﬁéchinery
and eéuipment thej had to empiey to the'maximum;those{perieds
of plant.idleness which'ldck of sales or the production-shift
1abeh system mlght make ava11ab1e SﬁChtpefieds'of ser-
vieingﬁwere not, however within the control of the
. maintenance enéineer whose pattern of work was largely
determined for him by production.poiicy,°and they séldom'teok
account of his difficulties or of his facilities. As a
result, a great deal of maintenance work"ﬁas dene'out.ef’
normal working heurs'with‘consequent increeSed 1ehof cost

and inadequate supervision. Under such conditions, productim



mapagement tended to. regard;ﬁéiﬂ%éégﬁée'as fﬁe ffictibﬁ in

the wheels of 1ndustry, rather than as the lubrlcant which

keeps them turnlng,_ Modern 1ndustry, however, has begun to-
recoghize‘the'advantages toube galned'from treating main-
tenance as an’ equal partner w1th production and- ralsing it to

the status of a planned operat10n (1)

The purposes and aims of malntenance are Jbroadly

Speaking, asffo11ows; |

1. To keep plag;-mndﬁequiﬁmént——ﬁroductibnfand service-—in
a cgndifionjtc peffarﬁ‘continuously the functién for
which they were designed; |

. 2. To'keep total produc{ionucosts'to'alminimum;*

3. To determine and increase fhe efficiency df:fhe"actual'
performance of maintenance work wﬁile:it'is beiﬁg done,
and}in that way tbqincreasg the availability of plant . -
for production: thisameahs not only. reductien. of time”

' taken”to perform'iﬂdividual.maintenance items, but also
thé use of improved methods so that.thé necessity.for
performing such items ﬁill fecur less frequently;

4. To impr6Ve_$hefoperation of the plant while in .
produétion;_

5, To improve working conditiqqs'in the plant and.vi#ini{y o

-‘for.all_qmployges; ...

.é.: Té.prbvidefior'opfimum safétyﬁandﬁeaith'df:allempibyegs

- conmsistent with the efficient performance of their work.



Thélﬁﬁf§6SE'gf'maipténﬁﬁce»iSfdifédted,'in!thé-idng
Tun, towardsftﬂe safegﬁardihg'of'ap‘invéstmént; hence,
maintenanée;WQrk:tht'befregarded as-a continhbus and not an
infermiftent:fﬁnétionf ~Fufthérmoré;”there-ar§;no short cﬁtSW:”
to_the‘aéhievemggtﬂ6¥;§nyuquthgseQa1ms-§ﬂ§ﬁputpése§-@f
maintenanée}? E?éﬁisftﬁafiéﬁ mﬁstfbeﬂihVésiigéié&,anﬁ'ﬁreaféd?'e
on its individuaifmerits;  TPg degree of technical knowledge
as such is far less Signifiééﬁf'in"fhe péfférmanée'af-ﬁéin—
tenance_than_is'the"methdd of application of' that knowledge
to any'specific‘proﬁleﬁ.*“The abevefs%éteménf‘is.jrobablj-

more-true-inrméintbnanpe than in any other activity.



CHAPTER III

THE CLASSIFICATION OF MAINTENANGE'(z)

Befbre ahf'diseueéion on mdintenagce‘prqb;ems_and
activ;tiee canheommence,,it is necessafy';e;qifferentiate
between the types of maiptegaﬁce_thatuare-ih eiistence,_t
their uses,'aﬁd theif advantages and disadventages, The
detailed sfages of thejmaihienehce poiieiesidiscussed‘belqw
do mot fall withiﬁ cleef4cut limits; on the'eontrary, much
overlapplng eX1sts between them therefore"the headings
under which. ma1ntenance has been classified here ‘do not have
an absolute 51gn1ficance but-are intended rather to_descrlbe

existing conditions.

‘Breakdown MainténaneelufThieanpe of maintenence‘is'a'system
which is designed to deaigwith tréubles'only if and when
they eccur. Such maintenance.may or may ﬁot”be organized as.
a separate ﬁepartment, but in either case it is regarded
merely as a service fb'be called upon by the production or
~operating departments when mechanicai,‘structurelg or other
failures 1mpede 1im{t or prevent‘the-desired rate of *
productlon. It is obv1ous that thlS is the most primltive
form of nalntenance and one whlch has a’ str1ct1y 11mited

appllcatlon.



 Such malntenance may be su1taﬁle where

(a) there ‘is temporary urgency for a limited and de-
finable perlod |

(b) plant capacity exceeds the current market demand

(c) - storage capacity for the:fipal[product~is large;

(d) the process isfobsolescenteand mere.modefn'equip—
ment 15 uhdef»censideration; 'However, in this case
fhere’must-also be evailable ‘ace to ereet new
plant while the equipment that is beiﬁg repiaced-

remains in proeduction;

' (e) many standardized and interchangeable -individual

units are concerned, a short life of equipment is
economically justified and replacement is easy, as:
~ for example: in industrial transportation vehicles.

- Breakdown maintenance is unsuitable where:

- (a) there is a well-established market which dan’ and

does absorb the full, production capacity or mere;

(b) the limitéd size of storage capacity for the final

products necessitates-a smooth continuity-of pro-

~duction;

(¢) the reeognized”improvements in proeeSS and'equip—

ment are not sufficiently- Slgnlflcant to Justlfy.
great capltal expenditures;

(d) available plant space is restricted;



(e) 1erge quantlfles of maten;al bEIHg processed cannot
be recovered if productlon breaks down.

The advantages of this system of-malntenance, where it
is applicable;“are.fﬂe virtualfabSence of clericdl or oaper
work, no necessity for the employmeht of‘highly qcalifiedd
staff iﬁ mainfeoaoce engineering'and possibl& the lower .
initial-capital‘cost.ofap1ant agd eqcipmept ifefhedsystem is
coﬁbinedowith a soitdble ceﬁital feplaceﬁent polief.

The=disadvahtages are'Heavy'coStsoofldepreéiation and

of plant spares the“neceSSity‘for'inSféﬁled spare equipment;

low ava11ab111ty and utilization of both equlpment and labor,
erratic nature of demands on malntenance personnel un-
reliability of production schedules and forecasts, wide'
fluctuations in.cost of.maintenance, poor wofking conditioos
for maintenance and operating personnel es a result of“_
unreliability'aod possible hazards of plant, and'unduly’high
losses of material-in productiop due to lack of ﬁérning of
equipment failure. t |

It is coccluded that generally maintenence_of this-
type'invoives fhe'acceptance:of a lower equipment efficiency
~resulting in lower production than could be achieved from
identical machinery and plant if the latter were maintained
at a hlgher 1eve1 by other methods avallable

Scheduled Maintenance --Scheduled malntenance 1s that which

is carrled ‘out to a definlte program, u5ua11y drawn up for

one calendar year in advance and added to as required.



The maintenaﬁce staff is.reSbonéible for producing.an'inventoryl
of all maJQr 1tems of plant equlpment and suggestlng to -
'management where and when malntenance work will be’ adv1sab1e
Generaliy,~productiontschedu1es will determlne the’ exact
avallablllty of un1ts or equlpment for malntenance actlvzty,
but often. other cOn51derat1®ns will. affect this, as<for
Aexample legal or safety-rgqulrements for perlodlc;iﬁspeptien
of bOiiers;~préssure‘VQ§§e1$ and'similagerUipmentQ
‘Schedﬁled“ﬁaiﬁfehéncevisfthe:natural system to use.

where plant is. not requlred to run continuously f@r twenty-

fours hours per day, seven’ days per week er wherefper1qqs;of-
idleness due to Suchzfagto§s=as;;gfipoilng;;rgyis;oh:ofulayout
for new product, Sf'éeaSOnéi decrease invdgmaﬁd*are customary
and,fofeSeeabié.' | |
The_system‘is unéuiTabie:in industniesfﬁhere'deﬁand'is
'inﬁekcess‘of‘capacity of éontinuéﬁsly-bﬁerating piént’ or
when there is no’ ganeral anpual. holiday or other custemary
break in productlon.
The advantages of tﬁis-method #ie:r
(a) - it is pdssiﬁie-fof mainteﬁancé.dépaftmgn%s”toimake-
valid ldpé-terpzforgcasts of 1aborfreqﬁiremeﬁtseand
"hepce toﬁestiméfe at .least some of its cests with
jreasonablg_éccuracy;
;(ﬁ);ja 1apgefpeaSﬁrénbfgflexibility'ip programﬁing
lﬁaintenagce work is retained untilat least near the

actuai*scheduledrdate-fdr-any specific- task;
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(ej'utneeOrdering end pufqhasingfof nequired:nep1ECemenfsﬂ
:,beebmee-muéh“mofeﬂpredictable thus ellmlnatlng the‘
accumulat1on of -excessive. stores and 1nventory.
The disadvantages are
(') the- scheduled perlods of product1on idleness may.
| “not” benadequate for all tke work tenbe.carn;ed,out,
'(B)‘-a.certein emeunthf clerical wor$ ﬁill>betneceseafy
 -ih preparing'reeords.and Idli@ﬁing«npfthe]pfogramn_
1¢:is"cohc1uded that Scheduled?maintenance'Sheuld" |
generally be the first step, both in.time and.principle.ﬁtenarqe
full preventive malntenance. * It is thus. a means toan end
:rather than an end in 1tself., Where the enforced periddic‘
idle . time of plant 1s of Such duratlon as to permlt the
carrying out of all.necessary.ma;ntenance.ﬁork, scheduling
~nill'gre£t1y increase the*efficient ufilizétipn_of such idle
time as:i-well as enable:the naihtenancefdepnrﬁment;to'nse_its
“laber to bettexr .advantage,

Planned ‘Maintemance.--This system:carries maintenance schedul-

ing several steps’ firther in as much as the laftet%fonns“the=
framewoék.of’a more detajied.analysis ieading to the‘nlanning'
of specific metnods'by‘which:maintendnce ﬁerk.iseperforme&;
Planneg'maintenance endeavourS'to determine whﬁt'work'is'
"reqnired nndxbyfwnom;as:wellfas_delit‘is to'be”acebmpliehed.
From records and-conditions;feundﬂanq from work previeusly

done under scheduled maintenance, tentative estimates can be
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made of the work content of the jobs involved and materials

and labor are:aceordingly aliochted and in advancé
Planned malntenance is most suitable for sitwations

where scheduled malntenance was c0n51dered 1nadequate namely

where demand 1s.;n‘excess.of-produc1ng capac;ty of a con-

tinuously operating plaﬁt;.or'where-thereiis fio custemary
periodic break'ip'production. 'The‘sﬁstem mayiwell'be‘ﬁn—  ;'
economical dnd unneces$ary,where these.conditions'do not!exist;
Its.advantages‘inpindéy | | '
(a)'-maintenéﬁée labOf“and facilities~éfé.more-fully
Cutilized;
(b) prOdupfiqn-BégoﬁeS;more reliablé‘aﬁd coﬁsistént
during nbfmalroperating periéds;
-(é) requipﬁeﬁt‘regords{gré-reinforced by extensi#é_d#fé '
~which give a means “of comparing‘maintenanqe-pér- _
‘ formance on d1fferent productlon programs.
Some of the possible dlsadvantages are:
(a) 1ast~migute alterations_to’planned shutndowns are
| _expensive, -hence there is a certain loss df'
flexibility in production:
(b) thefé is'aﬂharkéd'increQSQ in the clerical wbrk
conhected ﬁith‘maihteﬁance;-
(c) rit”is necessary to have'wellaqualifiedfiﬁspectidg
'.anﬁ:maintenance Supervision'ih order fhat'the full .

~ benefits of the system may. be obtained.
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.The conolusion may be'draun.that-planned:meintenance is

economlcally Justifled ma1n1y in contlnuously operatlng procese‘
industries Wlth hlgh rates of plant throughput Under such
CQnd1t1®DS,_thQ analysis of‘malntenance-performance'and its
comparison.with edvanoe'GStimates and a. strlct appllcatlon
of experlence galned w111 lead to reductlons inc both
malntenance and.production costs. &

Preventive Maintenance.;—This-system“comprises-a.pﬁilesophy

and approach to malntenance 1n whlch detalled inspectlon and

- study of ex1st1ng equ1pment and work procedures result in

effective economies through 1mprovement in. des1gn alteratlon

in the frequencxes of scheduled work and ‘the development of
new maintenance techglques, methods, andfmaterlals of con-
structien, Preventive maintenance is a develoﬁment'Of
plannéd’apa-gpheduteu-maigtenance, the prior establishment
of which‘it,preeuuee;it*ie.basedfon the requirement that
persons in charge'of maintenence nust possessuan.intimate'

knowledge of .the condition‘of their equipment at all times.

Hence, the prerequisites of preventive maintenance are ex-

tensive inspection and records. All the work under preventive
maintenance, namely inspection, maintenance, replacement
or modification; as well as the clerical work involved, is

ideally broken aaﬁﬁ into elements which are studied to

improve methods and' to obtain more accurate work con-

tents. Preventive maintemance attempts to relate the

performance of work to some more suitable and

- absolute standard thau past experience; good methods study
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and bek ﬁQaéu}émeﬁf’prbcedures'éfe aids in this objective.
Furthermore, at this level, the embhasis_of maintenance is on
upkeép; ﬁédification; and replacemeht of eqﬁipment to the
exclusioﬂ‘of-here repafrs;" |

| SinceEprevéntivé?maintenange‘isran'eﬁtéﬁsiOn of plannéq

maintenance, it follows that it will be suitable under some-
what similar coydition5§‘fhése include fhercaSesrwhere:

(a) continﬁitylof*produétion'is eéSéﬁtialrbecguse of
” in%iergiéﬁsfdrage,for;offtheﬂﬁaéﬁfe%of_fhe finished.
'prbdﬁéfé; .

(b) space fbfiexﬁg@%iégLéf'plaﬁt iS'rQS££i§ted or too

Qostly; .

(c) shortage of suitable lébor:existé;

(d) capital expéndituie is strictly limited;

“{e) the total cost of maintenanée is high compared with
rprodUGfion costs.

The advantages 6f‘prevéntivefﬁainténance aré'ﬁumerous,
both direct and indirect. They ‘include the fiexibility
arising frdﬁ accﬁrate'and advance knowledgé‘which pefmits 
reliéb1e forecésts of produétion to be madéj'very loﬁ actﬁal
déﬁreciatidn”of.plant and-equipﬂent; an abselﬂte’miﬁfmUﬁ”of
installed spares and stores inventory, better working conditions
for operating and maintehancé persoﬁne15'and-the loweét
overall maintenance costs_consistent*with:the highest qu#lity‘

of equipment condition.
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”Thé“df%aﬁvaﬁfagég*aie firSfl&}ﬁfhefhéceséity‘forl
fairly comprehensive ré@éfdukegping énd atteﬁdagt’clefical
wofk involved, aﬁdiéegoﬁiiy; the poséible'feihctance to
replace technically dbsoléte equipment becausejof.the satis-
factory condition'bf‘the eﬁiéting piant. 

It is concluded that there is no universally applicable
formula‘fbr‘preﬁentivé maintenance, since the létter-represents
an apbroach'to-the prdbiéms of maintenaﬁcé“whiéh depends:to
a great extent on the efforts of an efficient maintenance .
staff applied to specific conditions.  The administration of
pfeventive maiﬁtepance mﬁst be.on a'éufficiently high level
to ehsﬁre‘ihfégrainn_with'ﬁrOduction policf; Technical
methods for production and mainteﬁance must be under*constgnx
and related revieﬁ. -TﬁeJallocatiOn of function and -
reép@nsibility'must be cleariYJdefined. The applicatidn-ef
preventivéfmainténahce is most éuitable in processes where

maintenance costs repreSent a major part of the overall cost

~ of conversiongof'raw'mafefialito-finishgq‘product., The in-

stallation of preventive maintenance may often involve a -
review of the organizationmal structure of'é'plagt, and hence
it requirg$7the whole-hearted céoperétiom and aCce@tance by

all staff concerned,.
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" CHAPTER IV
A SURVEY OF MAINTENANCE PRACTICES IN INDUSTRY

Recently g.sﬁrvéy.was.madé‘Of mainténanée‘practices in
fifteen major industries‘by.the McGraw-Hill Research Depart-
ment.t3)_ The 542 plaﬁts réporting in‘the survey.representgd
12 per cent of all-manufacturing plants with over.500 employees
in the Unifed States, These.cpmpaﬁigs eﬁployed-a total-of
1;116,374 plant employees, of whom 93’451.W¢fe engaged in . .
maintenance:activities; the plants had é‘gbnneéted,moton-load-
of 5.8 million HP,'5§7 million square feet,of_manufaétu;ing
area, and,8.4.miilion_sqﬁare feet of ééntrélized”maintenance
shop qféa,¥ |

VAs;canzbe;sgen.in_T&ble'l,.the ratio éfﬁ@gigtehanée
to total plant;egployees_is almdst'three'times.as‘high,in
petroleum and coal4p1ants as it is.iﬁuany ofher in@ustry,
while in mpst‘of:thﬁother:industries su?véyeq{thé_ratio?is'
betwggp.qng—quafter,andlone—twelfth of that in,the_petroleﬁm
industry. ,Furthermore).tﬁg 1§ttgp”h§s,on1y Tlisquére_fget |
qf‘centralizéq,mainfenance;shop'aréa per craftsman. This ié
_explained partly;by the fact_that in petroleum refingries;
the mainténanqe shop is very dffen organized and functions as
a specialty production shop. A great deal of the maintenance
wag ié schedu1ed, hénPe 1itt1e's§ace is wastéd bn.occasionaily—

used.equipmenf; most of it being fully utilized. It should
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also be notedwthat;‘although the ‘space devoted to maintenance

shops in petroleum refineries appears inadequate when compared

with other types of industry quoted, the aCtuai,averége size

of the shops in fhe'fiftéen.repdrtihé.plaﬁts wéévin'ekcess

- of 55,000 squire feet, while the next highest average was

for the primafﬁ_mefais ihdustrj whicﬁ had an”average maintenance

shop size of 29,000 square feet. |
"‘Somg_othég'1ntéresting‘fécté“were*ung@vered'by*the-

surﬁéy_conCerning-maihteﬁancé.pfactrceS“in the‘54é'plant5‘in’

various induétfies::'

(a) 'Abpuf'ﬁs per”ceﬁt of-théfedmpqg%gg regularly
scheduled overtime for:maintenahéé';nd'chstiuétion7cfafts—*
men, and nihe'but-of every ten of'thesp‘claimEdithat;dvéffime
ﬁaintenahce”washréqﬁired because of production schedules.

(b) Only édrﬁer cent of the companies had a formal
training program foffmaintéﬁance craftsmen, and ‘28 pér cent
had one fof"mﬁinténgpce supq??iséfé;‘”It was' evident, thﬁt; o
e%eﬁramOng'tpefleadiuéﬁcompahiés;,ndi'engughgpfog?é$sfh?dﬂbeen
madéiin-fhis'fiéld,‘a1thougﬁVSpot-checks:had'révéaled that
the level of mainténance performance was ‘highér in those
plénts in which Sucﬁ traihingiprograms éxiéfeaf‘

(e) 'In;BG‘pef‘cent‘of"thQ'piants,fﬁaintehanCeHE;é%is—'
men‘weré;dfgagizea-in-ﬁnians,‘mbst bf'themﬂgaboﬁt;ésgﬁef-dent)
f-being“inrplant—wide unions rather than in éfaff”unithﬁ it R

‘was generally thought that plant-wide unions were to be
preferred because they minimized the jurisdictional problens’,

necessitated less duplicatioh of personnel; énd“f?cilitafed



ﬁﬂBLE 1. RATIOS OF MAINTENANCE EMPLOYEES TO CERTAIN CHARACTERISTICS IN INDUSTRY

Type of Magor : Ratio of One Maintenance CraftSman to Number of- " Units Reportlng
Industry

- Total Plant HP of Conn. F 2 of Plant: th of Centralized No. of Total Plant
Employees Motor Load Mfg area Malnt Shop Area Plants Employees

:Petroleum & coal products . 3 ",411'. o | 71 i 15 36,3621:
Chemical‘prece551ng '_ - S ) q _ 59. . 7;727 R ‘1;_1:8,w : o 52, . 74,?75
Primafy"hefals L - 9 133 10,439 ;; o186 4 95;522%
fpulp and paper o .10 _180; | .4,773_7:' ‘ - 128 - o 25; - 30,780
J&Stenezlclay & glass | S .:10;-, i, _7'65 _7 :_j '3,793 - o .128“ o Y 20 .: 31;961
Food proceSS1ng o 12 s6 . 5,995 - 162 35 48,303
jRubber and rubber prodﬁcfSi.'13 -  , 94_ 5,114 83 23 67,096 .
_Féﬂgicateqmétalproducts_ 18 .81 | 7,187 140 R 20,385 -
_Transporfegioﬁ equibmeﬁf : 187” v 73 5,744' o !77A. . - 45 ';f 201,797.
Texti}e;miil-preduets % 20 - &8 7,744 é18' ~;:. - 41 51,586
1Fﬁfnifufe o ST g 69 5. 366 148 o 10 10,481
ElectriEalﬁmaehinery . 27 - 105 71089 - 138 | | 33 105,846
Other machlnery =8 " s2 7983 137 104 237,766
Printlng and publlshlng . 32 - 52 : ;53896 © 178 23 20,628

L1



TABLE 1, RATIOS OF MAINTENANCE EMPLOYEES TO CERTAIN CHARACTERISTICS IN INDUSTRY (Cont'd)

Type of Major A - Ratio of One Malntenance Craftsman to Number of: Units Reporting
Industry ' '

‘ 2
Total Plant HP of Conn.,Ft of Plant th of Centralized No. of Total Plant
Employeées. . Motor Load Mfg. area Maint, Shop Area Plants Employees

Instruments = 37 60 5,294 | 97 | 16 39,559

A1l other Manufacturing 13 = 47 5,545 142 | 30 34,527

*Many of the planis in this category were petroleum refineries which are
usually spread over very'large'areas. Hence, the term "manufacturing area" does
not have ‘the same meaning in this 1ndustry as it dees in the others where it
denotes area under roof.

8T



19

better coopera{ion'in the opératibn of work—érder systems;
preventive'maintenancé aﬁd scheddlimglprograms.

)i(d)' Mést.plants,.abdut 88 per cent, had.a formal
written méiﬁtenance'workéorder,sYstem'of'soﬁe sort or another,
but the surfey revealed that the sgheduiing of work orders |
wés'MOre of-a cost acéounting device in‘most'p1ants than a
reality,'since‘SO;ﬁer cent of the plants¥SGhedu1ed less than
25 per cent of fheir'maiﬁtenance work-orders. |

(e) About 80 per cent of the plants keﬁt plant equip~
ment redords.ihitﬁe méihténaﬁce;departmént,:aﬁd of these
éeven_@ut of ten kept track of maintenance costs on such
‘records. ST

'(f). Théqsituatioﬁ_eﬁistihg"as fegafd$.érogress réports
made by maintenance departﬁents to top management was reveal-
ing. About 80 per cent of the mainténance departments reported-
progress either weekly or monthly, while the remainder did
so annually, occasionally, Qn'request, or not at all (5 per
cent). In spite of this appafently fairvsituation, the survéy
revealed a‘wideSpfead iailure of maintenance men to capitalize
fu11y7on'the'opportunities offered by progress repbrts; Less
than.tW6:in five ﬁlants reported on,fhe backlog of their‘work-
load. Only one plant in threg reported_maghine-downéime_g'
caused by_breakdowné of.equipﬁént;' Unless sugh-itemS'aé
these are reported to top management, it is impossible for the
laéter to realize the price of its failure to provide adeqﬁaté

maintenance facilities. Mbst of the reports overemphasized
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b1g,ﬂ1mmed1ate cash outlays on maJer progects.aQQ7ovértim¢,
!.Whlle exclﬁdlng 1te;s‘wh1ch have often :proved ‘to be"souypes '
of even greater,_thqugbsless opvxous, regtlneaexpénditufeé.i

(). Oﬁi}f@é3§¢£’géhtpdffthg;cbmﬁaniqéﬁrpperted‘that
theylmade:a-dgfinite‘periodicgl'reQiew of the cests of ‘main-
tenanceHOflallfequipmentaspart.of a regulariéqqipment |
replacemenf program}l”?his.was fatherfaféurpfiSihg revelation,
_partigﬁlarly SO»céhsiderihg théf fof‘companiesfdf'the'Size
covered”by'fheﬂsurve&;foﬁe'would hﬁve expecfed a'recégnitibn
of the important i@fluéhce:thét>maintenancé cost has on the
replacement of eqUipmént.. |

‘(h) Over onefhalf:df the pdmpaﬂiés used.outsfde con-
tractors for the maintenance of ﬁoofs, and fériﬁiqdew cIeéning,
‘whiie_lB'pericent'dld qof;use{them at all..'Less than twe
plants in five availed themSelﬁes regularly.ofﬂthe services
of outside consultants on special plant engiﬁeeringlandf
'maintenance.problems. Itﬂappeared that.thére was-a wide-
spread reluctance on thé part of plant managemehfé 6r heads of.
maintenance- departments to do so, probéblylbecause.bf-ah;imagined
implicétion.or admiSSion‘ef inabilify.td'perform the\jobslln~
question:.lﬂowevér, moderh plant.engineéfing“iéﬁsb'éqmplex‘
and specialized that there éhpuld*befno such reluctance to
accept égpéft-oﬁtside advice even .in the 1afgést_p1ants.

(1) Most plants (84 per cent) had a separate main-
tenance . shop, and. generally they sent less than 10 per cent

of the ma;ntenance-shop work to be domne out51de the company.
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Similarly, almost 90.pé?_ggnt:of thg'ﬁlénts'had,sepa;ate
maintenance stOck—?qoﬁé éhd_%ﬁ'equal'perdéntagé of companies
alléwed:the:ﬁaipténégceidépartmgnt.héad*to-determine'the
size of‘mainténhnce stock inventory. |

_(j} The SuEVGy'reveaieﬁ that;tbp.mgnagémeﬂt kéepé a.
tight'reinron-all types-Of maintenan¢e exp§nses in é;good
majority of the plants; in less than a majority.did the main-
tenance_departmént have‘aﬁy say-whétédevérjiﬁ authérizing
m&intgnangeuéipenditﬁré. ,In_a,langé_number,of,plants, pro-
duptipn-déparfﬁéhﬁ% ﬁe%g;gégpénsibié for;iu%ﬁoriziﬁé mﬁin;
'tenance.ggéenditurp bg=p?9dﬁ§tion equipment;' The ihferenée
was that productibh"&éﬁar}ﬁéhié{éouid)féil5fhekmainténancé men
how much maintenance shgq;d'bé done., _Sﬁch'a situation is
.iaherently unsatisfactorjr.espgcially where repai;‘cogts:are
included in maintenancé.budgets, since it is_advisable'fhax
responsibility ahd'costs shoﬁld g0 hanq in handTﬁith,v
authority to effect fgpairs'af the optimum time'and cdstf
from the-longnterm eébnOmic point 6f view,

(k) A majority of the plants used budgeting based on

historical data for the allocation of costs for new. facilities,

‘repairs,handAroutine:mainténéncé. ‘Héwgvér; ofién funds were
allocatedfbj individualrprdjects;wheréver éxéepf&oﬁallyﬁlarge
amounts‘qf-ﬁongy were invdlvédk‘_Three out of every four
plants bréke.down their major;maintenance césts‘py”opgrating
departménts; most of the cost breakdowns‘Showed;inéﬂfficieﬁt

detail, although it appeared that companies were trying to.

rectify the position.
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(1) As regards 1ﬁbr1cat10n of equipment 'OVEr“QG per
cent ‘of the companles reperted the ex1stence of a- planned
and scheduled lubrlcatlon program althOugh the respon51b111ty
for it appeared to be d1v1ded in’ almost one -fifth of the
plants questloned. It was gratifylng and 51gn1flcant that
over 22 per cesnt of the‘plants*had“automitfclcentralized-
lubrication equipment in generai practice-‘the.usefulneser
-of such 1nsta11at10ns appeared to be. galning recognltlon, at
least among the larger enterprlses.
| (m) There was little agreement On-the‘standards of
work’measurément used to eheek the efficiency of“maiﬁtenahde
workers, Time values based on standard data were used by
oniy S:pei’cent of the plénts”surveyedfwhile Q#e:ﬁéo-peyﬂ
cent based'theirs on estimates, and over 20 per;cent reieted
them to the amount of‘dqwn4time'offequipment, Eveh;theu'
small"nﬁmbef'ﬁsing'standardfdéta for' measuring maintenance
performance iﬁdicated‘the‘future possibilities'of_the method.,
lAmount of'dewh-time might'bevefgood'meashre'offthe effective-
ness of aJmaintenance'progrem,‘but it does notwnedeSSQrily
bear any ‘relation to the efficiency of individual maintenance
werkers;

Only 73per‘cent of”thefcoﬁpapies_surveyethad wagee
inéentive'piane for maintenance workers.-.Thistmay'havevﬁeen
due primarily to the general‘difficﬂlty“of’estéblishing,‘

adequate standards for maintenance work on which such plans
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Wouid_have to ﬁe:bgéeg.“,Wﬁiiﬁ'the numbgr of-g1gnts,that”
reported‘the existencé of-iﬁqentives_forhmgintenance,wprk
was inSUfficiént to give statistigal‘aCcuracy, the following
trends were apparent 'about‘One-third'indluded sﬁpérvisors_
}n thelrzplans, two- flfths flgured payments on an: ind1v1dua1
basis;;fhe.remaindqr using,group-lneentrves. -In one-third
of the cases lgss}than‘se perhcgnt éf gllzméinfeﬁance‘work
'wasron‘inCentive,'While.a{similgrghﬁmber:had_oyer 95 per.
cehtwcoVered; 0ne:ha1f\had&been operatingxtheirrincentive
plans'forjIOﬁger,than five years; and-finally,”QO per cent
-reportggfthat incentive plans'haq ingrggsgd’the prddudtivity
—of their.méintenance workérs,’although in most cgsesuthe
increase had‘beeﬁ;ZO per éentror less oj previous performﬁnce.
(n) Over 90 pgrréentrof thé‘plants reported the -
-existence of‘preventive méinfenance in one form or- another,
and most of these were using it for such items as motors;
productionﬁequipm?nt,.controls, and materialéshandling .
equipment. Seventy per cént of thé_plants using preventive .
maintenance had‘aasystém of check-1lists for guiding pre-
: ventive-maintenaﬁce work.-.Howevér- the”respdndents wére
about -evenly dlvided in ‘the methods used for orderlng
'?preventlve ma1ntenance work by 1nd1v1dua1 1tems of equlpment
by type of * equlpment or department or by one order for the
Whole plant on an- annual schedule ba51s. Another'fac¢or_
_wh;ch‘was 1pportaﬁt in any evaluation-of-how_seriodsly‘
companies régarded_préventive maintenance was the ratio of

fall-time and part-time preventive maintenance personnel.
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Tablelzééhows‘thése*vaiu§s|as-wéll‘as'the numbér;of~ﬁ§n*
engageqJin;such”wprkpaS'éempared:with'the‘tqtal maintenance
1aborﬂfofdé; It will,be’Seen'thﬂtathere exists a'gqgéideraplg
 variaﬁibn in"thé'Sigﬁificﬁﬁce attachéd“to?preventive main- -
tenanee"byfménagEmenfswinfvarious indﬁ§tries;= The percentage
of craftsmen ‘assigned té;preVQntive-maiqtenance»infthe
pétﬁqlehm industfy‘appears.to be one of theflewest of those
Shown;halfhoﬁgh‘tHiS~fadt mayfbe-partlyTgxplained by the
1arge%nupbeﬁ¢éf emﬁléyeggJggually_employed in thé'maintenaﬁaa
départmeﬁtS'dffoii refiﬁeri¢s; -NéVeftheIéségrit“is revealing
Vthdf“lesS"than‘lo per.centueg-the craftsmén;émplqyed in the
pétroleumrindﬂstfy‘arégehgagedvin3preventive‘mainfenaﬁceAon
apprQXimateiy-a full-time basis.

. From the. point of View”of-this'paper,tprobabiy the
most“significant-fact'exposeﬂ'by the survey is the extreme1§ 
high proportion of maintenance Qmployées to;others in an,
oii-refinery;f This high figure can be explained partly by
the qharagtgfistic_of_1ow'prppg§5:laboxrrequiiéments ef the
‘Vpeirsleum'iﬁd&sfry, in whiéﬁ»aﬁtoﬁatid\qpntfhifbf_opérations_
has been more fully &evgldped;than;in gnyyothef,type of -
in&ﬁéfry; Oer*fhé'yeaﬁs;'ﬁé*refiningwprocesses have
proéreSsed from the ‘batch or semi-continuous types t@*fuilj
continuous operations,va-cbmparable advance has' taken place
in the development of instruments for'indicating;‘recording;
andiconfrdlling such functions}as)?emperaturé5.pressure,
fibwarate;~apd“1iquid levéls.:_By_means‘of'remote trans-

missionﬂsystemsﬁit has become possible to centralize"practi@ lly

~
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‘all instruments in one control room, even though the plant

unit itself .may spread over 2 gensiderable area, Such.

centralization has simplified eperatihgaproblems_in many,

‘ways, one of the.latter being the lowloperatjng'labor require-

ment of modern refinery processes. However, this same

tendency epd the ‘ever-increasing complexity.of refining
processes have multiplied similer.problemshoi,maintenapce
manifold, |

Nevertheless ~the, above—mentloned 81tuat10n is not
the. only reason for the hlgh malntenance/total employees
ratlo.ﬁ Mest of the proce551ng unlts in an oil reflnery
represent extremely hlgh cap1tal 1nvestments. As a result-
it 1s essentlal to keep them in cont1nuous ou-stream Operatlon

for long periods. of'tlme. Scheduled shut- downs for overhaul

and repa1r must be kept to a mlnlmum wh1le emergency shut-~ |
‘downs must be prevented The\amount and quallty of malntenance
- fdemanded by these economic con51deratlons is. necessarlly

" much greater than in. other industries..

 The SCQPe,and diversity ef_thelectlvttiesrinvelyed

in‘a modern oil refinery are so extensive that the maintenance.

force must include most of the knOWn skilled crafts in‘existecce,_

Furthermdre.?such labor w111 command relatlvely hlgh wages

-and thus the 51gn1f1cance of ma1ntenance 1s further increased

by the financial considerations involved.



TABLE 2, ALLOCATION OF LABOR TO PREVENTIVE MAINTENANCE

Percentage of Craftsmen

Percentage of Craftsmenion Preventive

Maintenance Devoting te it:

Printing & Publishing

_ : Assigned to Preventive 100% of Mofe fhaﬁ'56% Less than 50%
Type of Industry . Maintenance ‘their time of their time oﬁftheirJtimg
Petroleum & Coal Products 12.0 60.5 o 732.5l_ V}QB |
' Chemical Procéésing_: | 14.90 64,5 ‘ 1645_1 19.0
Primary Metal Industries 42.0 37.5- 48.5 14,0
Pulp & Paper | 20.0 _ig,o 31;3' .50.5
‘Stone, Clay &_Giass _19;3 | ié;O S.Q: 74.Q
Food Processing 23.5 35.0 15.0 50.0
~ Bubber &.Rﬁbbér\?rodutté - 14.5 27.0 14.5 58.5
Fabricated Metal Products 20.0 52.0 34,5 13.5
Transportation Bquipment- 18.54 éSﬂOA‘ lr14¢0 18;0;
Textile Mill pfoaucfs 19.0 4.5 18.5 37.0
Furniture 21.5 © 20.5 71.5 8.0
" Electrical Machinery 15.5 27.5 11.5 61.0
"Maéhinery'(except Electri&ﬁl) , 16.0 37;0:h 20.0 43.0
| ‘  3l.0 44.5 15.0 40.5

QZJ



TABLE 2,

ALLOCATION OF LABOR TO PREVENTIVE MAINTENANCE (Cont'd)

Percehtagé of Craftsmen on Preventive
Maintenance Devoting to it:

. Percentage of Crafismen

_ ' : Assigned to Preventive 100% of = More than 50%. Less than 50%
. Type of Industry Maintenance their time of their time of their stime
- Instruments 11.0 27.0 . 6.5 ' 66.5
Ali'other Industries

LA
5y

10.0 4300 10.0 - 47.0

All'figures-are given-to'the-neafest 0.5'perléenf.r

L2
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'CHAPTER ¥
_ MEASURING THE EFFECTIVENESS OF MAINTENANCE

The.fofegoing:aréfséme.of_the”feéSOns‘for the great
importance whieh musf‘be:gttaChed‘to ﬁaintenanée activities
in an oil réfinery."It'foliows_that any improvement achieved
in the performance of maiﬁfenénce undér'sﬁqh conditions_will
be reflected,siggificantly in the overall economic¢s of the
industry |

Great care should be exercised in the app11cat1on of
published maintenance cost data to any particular plant within
a specific industry. It is rarely that maintenance cost
statistics‘have been dgvéldped on an adequately coﬁpﬁrabie
basis, aﬁd.in any caselliftxgnugefuifinfdrmatiqn;can’nopmally J
be gained from them as to-fﬁéseffectiVéﬁéSS=bf ?lmaintenance
departiment in any one spe01f1c plant. There are Véridus-rea-
sons for this unrellablllty ‘of publlsﬁed data, aﬁd'%hey_
include the follow1ng; the definition ‘0of the functions of a
maintenance department varies from ﬁlant'tg plant and froﬁ one
industry to apothef. ‘The fype of product, age,-aﬁd'C§nditiqi
of plant and equipment, diffgreﬁt.kinds of'opefations and pro-
cesses used, all these influence the scope ang reqﬁiremeﬁté of
maintenance; moreofer maﬁagement‘policy very often determines
the costs of malntenance by its quality requirements.

The efflclency of the maintenance force depends to a great
extent on proper organization, superv1szon, plannlng,_tools,

and equipment, while methods study, work measurement and
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simplificafion all affect the proper‘ufiiizafioﬁ of the labor
and material facilities of a maintenahce department. Other
variables which enter'tﬁetpicture'arefeccoﬁntihg standards
~and procedures used, eand the local jabor‘rates prevalent in
the geographlcal area of 1ocat10n. |

| In order to measure the effectlveness of a main-
tenance program,_certaln'crlterla should be evaluated, these

' being the size of the maintenance job to be.performed, the
‘size of thermaintenance fofceS'to perform it, the efficiehcy
of the maintenance fofce; the qulaity of the.ﬁéinteﬁance
work-requiréa;'and'the level or amount of maintenance
necessery. (4) |

The size of the maintenance job?may”be detetmihed“by

firstly making a:completerinﬁentory of allithe'physicei

essets of e-plant,.such aeftﬁe structures, equipment, and‘
services; sometimee referred to as "olant equiﬁment records",
Secondly, the varlous functlons to be performed by the “'
malntenance department on all these dlfferent phy51ca1 asséts
must be determlned and listed. Such a thorough analy51s is
not easy or speedy, but 1t w111 1nd1cate Wlth reasonable
accuracy what the size of the malntenance task in a plantr
really is. Consequently, it will help management to ascertein
the nature and the complex1ty of the functlons of the plant |

malntenance department
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Having decidedVon'the maintenancé?requirements

management” w111 wish to ascertaln the nature and size of the -

'maintenance‘fOTCETrequ1red to perform them, -This is best

and most commbniy‘done'by the7app;i¢afidnaé£’work;staﬁdards'
to the to%él'wcrkwload greﬁped'accofding'to men-hour require-
ments for the various crafts and serv1ces concerned 'As

has been stated, varlous forms of work- measurement standards
are in use; however, the;gost 501ent1fmc arehundoubtedly
those based on standard]dafe'or:preidetefﬁihe&ftime standards
.a1thoggh'nct'a11 maintenanice jobs can be fixed in this
 manner. "A'widely used alterﬁatiVe is the estimation cf-mén—
fhours and skills requlred for predlctable JObS by experlenced
- executlves, 5uperv1sors and staff Having applied werk-
measufe#eﬁt‘standards_te the various compeﬁents-of‘the total
wofk—ioea,'it‘remains‘eh;&ﬂ%@’match the job with an adequate
labor force. It is always:neceséary‘to re~evaluate the
"malntenance man— pewer requlrements at perlodlc 1ntervals

| 31nce condltlons that affect them are. constantly changln

-The basic pr1n01p1e for meaSurlnﬁ the.efflclency‘of_

the malntenance force is to compare actual performance of

a job with the standard time allowed for that JOb assuming
similar'quality standards-are'being”met.‘ Just as in pro-'
ductlon work time standards can be based on work factor

estimates, on past experience, or on the more sclentlflc
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methods of work measurement such’' as ‘elementary time values,

The quaiifj'gi.maintenance'ie‘best'measmredﬁbf}a;
‘cembinafion ef-inspectiOn”and perfermandemteSts. The most_
1mportant part of the former is satlsfactory supervzsory
control and: Inspectlon whlle the JOb is actually belng per—
fOrmed. 'Performance data which give a'good inSight'iﬁto the

qﬁalify”of”maintenance@“ork performed 1nclude productlon

department quallty reports mechanlcal downtlme reports,
frequency'of repairs, reasons for repairs, and safety Teports.
Hewever' such information'must be carefully investigated and -

'l.'n. o

evaluated before any conclusions as to quality of maintenance

i

work can ‘be made.'a

| The amount of malntenance Wthh 2, plant Should have

is a functlon of the prev1ously mentloned factors. It is
not,always.easy to deglde whether management is over-
mainfaining-or'unaer-mainiaining"a'blant " but iffit-is well
informed concerning the ether yardsticks of effectlve
malntenance management can usually get any further necessary
detalls from 1tSEma1nteance departments and productlon-
departments which will enable it to decide the matter.

It must be noted that the amoent or 1ntenS1ty of malntenance
is. purely ‘a management decision, whlch is bound to be
‘affected by a great number of extraneous circumstances and

economic considerations.
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CHAPTER VI

APPLICATION OF INDUSTRIAL ENGINEERING TO

“PETROLEUM REFINERY MAINTENANCE.

The.detailed pr6bedhre§ of'industrial enéineering
which haVé been evolﬁéd-frdm study and trial-and-error
practices in othef ﬁéﬁdf iﬁdustries cannot.be applied
-dire¢t1y in the petroléum.refinéry. The diécbvery of this
fact by oilirefinefy mapagements has led to a certain
reluctance on.their'pért'to utilize the valuable toéls
offered by perSOnnel-qualified in industrial engineering.
In common with many other industries,.petrbléum refining
also suffered from-the ﬁefarious activities:of éofcalled
wefficiency experts" when industrial enginééring was in
its infaﬁcy; and, owiﬁg to the-peculiar_ﬁature of the
industry, it has usuélly'taken longer fbf the sound phiios_
ophy of industrial engineering to get"éstéblished in
petroleum refining than in other manufacturing industries.
| While the brbad_prinbiples of indusfrial engineering
are equailj.appiicable to‘petfoléﬁm refining as to other
iﬁduétrial undértékingé,.the prbCedures-by which these
prinéiﬁlesrare appliéd are necessarily différent, just as
much as the equipment and processesAuSédlin‘petroleum
refining and similar continuous process industriesrdiffer
widelf'f?om those found‘in the.productionéline T

type of manufacturing;indﬁsfriés; Thefbtbad Sééic -
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industrial enginéering principlés'can be generaily'
described as: orgaﬁizatioh, coordiﬁatibﬁ, plaﬁning,
standardization, réviéw; and improvement. :

In the relatively short time of its exisfénée, the
péf&biédm9réfiningjiﬁdﬁstiy_has‘Overtaken ﬁost other majbf.
industries by the spéed of its development and its flexi-
bility in;thé fﬁce.offﬁhé_éver—chaﬁgiﬁé_dhalléﬁges of-the
industrial wbrid. Tﬁis'energy and creatiﬁeness were made
.poSSible 1argé1y'by‘the-eommendable approaqh of the
industry'é.managers and'engineersg However, since process
changéé anﬂlimprovements-in operating techhiques due t0- 
bettér‘equipment have_élways resulted iﬁ thé=most pro-
nounced economies in petroleum refining, there has beéﬁﬂé
tendenéy to overlook the possible improvéments in the
mechanical methods and procedures of pldnt maintenance,
which was always regarded as an-inevitable but unfortunafe
cost to be charged against the finished products. A gross
‘breakdown of capital expehditures in an average refinery
shows a capital investment in process equipﬁénf of between
$2,000 and $3,000 per proqess employee, wth;_outlays of
between $400 and $600 per'maintenance man for tools and
equipment are considered normal. Ohbviously, tﬁere-can be
no eQﬁalization of the two figures and none is intended by
the above compérison, but conéidering-the fact that other
well—regulated'industries show maintenance‘department.
invesfments of approximately $2,506 per man, it does appear

that maintenance is not receiving the attention it merits
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in theibetrolét@fiﬁﬂuétr;:(5)’

Petroleum refining generaiiyfislcontinuousiywexpanding
its'production,.and therefore the markef for petroleum
products is beceming inbreasingly more comgetitive, in
spite of the great demands of a modern mechanized world.
Consequently, it is necessary that the quality of petroleum
products and the efficiendy of their distribution and
marketing must not only be maintained but COH;aﬁtly
improved, and above all; the operating costs of_productibn
and refining must be kgﬁt.to‘a-minimum. ﬁhile.manufacturing
gostsfaréutending towards general stabilify,'fhe greatest
figld of_Péféntial reduction in costs is in igc@éasing
maintenanbe‘accqmplished'per unit,éost;. This.c?n be=and:
is being achievéd by the application of basic industrial
“engineering principles, such aénwork‘planhing, craft 
scheduling, standardization of methods and of eduipmenf, -
and by imprpved‘COOperatiOn, procedures, and prganiZ%tion.
Such activities are-essentially industriai_eﬁgineEring.
techniques‘applied to réfinery praéticés butﬁt@éyfdiffer_
frdm.the.dgtailed studies which are customary in the-

'ppoductien—lihe type of manufacturing industries.
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'CHAPTER: VII
DESCRIPTION OF MAINTENANCE ACTIVITIES IN THE OIL REFINERY
The tasks of a maintenance_depértment in an oil
refiﬁery are far-reaching, varied, and numerous. Table 3
attempts to‘iist them according %o the type of engineering

work inyolved, namely mechanical, civil, electrical, plant

utilities, and general, This list, or any list for that

.matter, cannot claim to be all-inclusive, nor does it have

an absolute significance.' There is a great deal of‘overf
lapping begﬁeenftre v;r}oﬁé diVisions due“primarily to the
extreme complex1ty of the work 1nvolved in any modern plant
Rarely does a- malntenance JOb concern only oni craft

‘ & :

lelSlon or sectlon of the malntenance department

Mechanical Engineering.--The act1v1t1es:1nvolvedrin

the proper-tnstallatioh, inspection, servicigg,'apd repair
of_thenéreot multitode end varietj of equipment useo in a
mooern petroieuﬁ refinery are tremendous. Apart from .
normal depreciation_due_tbusage corrosioﬁ and erosion
probiems“freqﬁently‘ariSe a large proportlon of the_ :
equlpment 1n the refinery 1s located out 1n the open with-
out any cover or protectlon agalnst the elements; harmful
industrial atmoepheres arelsometimes encOUntered and have

to be taken into account. All such rigours have to be

overcome not only by the equipment but also by the men

maintaining it, Many-prooesses‘of oi1 refining demand
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the use of extreme conditions of temnerature and pressure
which increase:the depreciatiOn and hazards of the equip-
ment. The processes are largely continuous twenty—four

" hours per day, seven days a week operat1ons and hence the
performance of malntenance 1s further compllcated by the
absence of frequently re0urr1ng 1noperat1ve perlods in

the plant, dur1ng which malntenance work could be carrled
out, The act1v1t1es llsted under the mechanlcal type of
englneerlng are mostly self- explanatory. Each‘forms a'
w1de subJect in 1tse1f and most of them occur in other'

branches of 1ndustry.

ClVll Eng1neer1ng.—~These act1v1t1es 1nclude the
physical upkeep and constructlon of bu11d1ngs structures
orounds and roads.' In most reflnerles the construction
act1v1t1es of the malntenance department are 11m1ted in
scoPe, 51nce 1t,1$ obv1ous that ma jor fabrrcatlons, con-
struction'and instailation of plants are highlﬁ snecialized
functlons requlrlng outside consultants and contractors.
However, much 01V11 englneerlng work Wlll be of a routlne
or minor constructlon nature and as such w111 fall under

the functlens of the malntenance department

Electrlcal Englneerlng ——Instrumentatlon in the modern

oil reflnery has become so vast and compllcated a functlon
, that many.reflnerles have set up completely separate f
departments to handle the selection 1nsta11at10n maln“
tenance and‘repair of instruments. In a 1arge size

refinery, such an arrangement is often a necessity since
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CIVIL ' ,‘ELEGTRICAL ‘
Furnaces - Buildings Instruments & controls
Pumps - Grounds - Mlotors & generators
Valves Roads * Power supply
Piping - Structures . Power distribution
Vessels Soil- Mechanics Communications equipment
Tanks. : Site preparation :
Ptessure vessels Hydraulics
Heat- transfer
equipment
Motors ‘
Compiressors & blowers
Transportation
_ equipment
Haterials handling
equlpment
Welding & tlnning
Carpentry
Machining
Cleaning
Lubricatien
Construction & erectlon
Insulating '
PLANT UTILITIES GENERAL
Steam Stores
Water Safety
Electricity Fire prevention
Heating Janitoring _
Lighting House-keeping
Ventilating . . Guarding & protection
- Air-conditioning Salvage
: - - Corrosion

Palnting & decoratlng

Table 3.

Scope of 0il Refinery Maintenance
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the‘naturé énd-progress‘éf modern‘inStfument pracfice
-réQuires high?gﬁgggqigiiged[pexsonnel.on.a.full—time basis"
fq_handie all’fhe-related problems. |

Gther functlons whlch fall under thls head1ng are the :
Jsérv1c1ng and repalr of electrlc motors used fer every
concelvable purpose the prov1S1on-and ma1ntenance of power
supply hndfdistribution;‘all work connected with communi-
cations eqﬁipmént such as telephones, radio‘tfanémission
and reception?'batfer§ 6perafed equipment for materials
hhndiing eQuipment, and.many cher dufies bccurfing in ”
an induStry, which utilizes more electriczal ehérgy_thaﬁ do
most other industrles.‘ |

Plant Ut111t1es.-—Like 1nstrumentat10u, plant

uti11ties and services are often organized as a speciai'
department sincelthey fail into.a category between process-
ing and maintenance, due to their similarity © other
auxiiiary upitsrof.petroléum refining processes. They
requiré'maintenance.iﬁ themselves just like‘proceésing
plantsldo; and.yet their function is one of service to
processing in'the‘same way as maihtenance pfovides service.
The proper upkeep of heatlng and 11ght1ng facilltles
in plant bulldlngs and folces is a'continuqus~funct10n
‘of the department which must be'attendgd fofefficiently_
and regu1ar1y.for reasoﬁs of employee qomfort; health,

safety, and mérale.’
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General.-—Under this heading are listed miscellaneous
other fqnctiopg:aﬁd divisions of a maiptehance department
which are not covered by the previous categories. Depend- .
ing on company policy and on the siéé_qf the plant) some
of them, such as sﬁfefy and stores, may form Separa?e
departménts of the organization. ;waever, whether this is
the case or not, such.séﬁafation mustlﬁof preclude close
cooperatioﬁ“between tﬁem and the maintenance_dépaftment.

Maintenance departments are indubitably the largest
users of stores in a refinery, and hence,thé control of
‘and responsibiiity for refinery stores are usually allotted
to them. A great deal'éf clerical work will be involved
in an efficient stores:pperafion, and this—isfonly one of
many instances of the need for'adeqﬁate‘office-staffs,to
be provided fof maintenance departments in order that
foremen and supervisors, as well as staff engineers, should
not be over-burdened with non-technical work.

'Safetj and fire Qfévention work whiéh concerns the
maintenance depa?tﬁent'is the.upkeep oi‘such equipment,
whiie régponéibilify fof,training, inspectienland adminis-
trétion 9f‘gompany policy in: these mattefs is“usua11§-given
to.a safety direcfor of executive statusfaﬁd his staff - :
organization.

Corrosion engineering has beéome¢§fhigh1y sgeqialized.
branch of science, and qualifigd engineers within the
maintenance department will usually be provided. Protective

painting is closely connected with corrosion prevention.
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Such tasks as janitor seryfce; hbuse—keepipg!rapd
salvage are normally carried out by unskilled labor

employed within the maintenance department.
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| CHAPTER VIII
TYPES OF REFINERY MAINTENANCE ACTIVITIES

There are esséntiélly two types of maintenance
activities in the oil refinéfy, namely centinuous or routine
malntenance and turn—around or shut- down ma1ntenance (6)
The terms are more or. less self-explanatory, and the two
types differ'only-in scope and detailed'qharacter'but are

essentially the same as regards the organizafidn, planning

and scheduling techniqués used in their performance.

ContinuouS'MainteqanCé

The hatureyof a'qontinuégs_process industfy like
petroléum"refiniﬁé”ﬁ?kes it imperative ;h#t firstly,
ﬁnschgduled;shut—dowhs-of plant be p;eveﬁtad at all cost,
and éeédndlf,'thét schédu1éd'shut—dOWnrof.tﬁfﬁfaround time
be kept to an absoiﬁte minimum consistent with the‘efficientl
cohclusiqn of all néceSsary wdrk. In accordance with the
second reqniremént, it is essential'that'asfmuch main-
tenance and fabrication‘work as is possible be pefformed
in advance of the actual scheduled shut-down while the
' unit-is on stream, Such'preparatory work comprises one
‘cafeéory of what is meant here by continuous mainten#nce;
fhe second category includes norﬁal routine maintenance
_ work which may or may not be directly comnected with the

unit in gquestion.
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In cbntinuous'maintenah¢é the tiﬁé element is not of
as great a sigpificance as it 15 iﬁithe case'Of'a unit
shut—down where work ﬁust be pepfdrmed ﬁt greét speed
within a specified minimum period. Many of the continuous
maintenance duties allow for a fair degree of flexibility
as regards manpowéf‘ﬁsed_andsdeadiines'to be met. Never-
theless, the planning and coordinafiop required_are just
as great as in:shutldown~maintenanc¢;"‘
‘Contindous-@aintenanée may be ldgicaily.divided intQ.
two.brbgd'catggories; o | |
(a) Pfépafafo}y ﬁb;k-cdﬁﬁec%e&h;i;ﬁ{scheduied
unit shut-downs;
(b) Cué&éméry'or routine dﬁties of the mginténancg
" department. | | |

Preparatory Work.-~The continuous maintenance functions

connected with periodic and scheduled shut—doﬁﬁé of
indivi&ual refihing'ﬁhits can be'furthef-divided into work
rperformed On'ceftain'types of equipment.while the unit.is
on-stream and the actual preparatory work which can be
performed in connectiom with ah&uin advance of the
scheduled unit shut-down.

In the first sub-division, there”wili”be equipment
which“by its nafure‘of function makés‘it é¢ohomica11y
desirable that itlshould_be dub1icéted; Such installations
| wiliiihclﬁde-pipe—lines, valves, pumps, heat—QXChahgeiS,
and édnﬁénseré, as well as cgrtain"types'6f‘equipment; such

as motors and steam-drivers, in the case of which spare
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ﬁhits afé invariably available.hqglso,‘in most refining
proéesséé‘cértéin auxiliary eqﬁipﬁent,'Such'as instrumehts,
utilifies, and'even.éertéin vessels, is not or does not
have‘tdhbe in doﬁtinuous use.eﬁen thbugh the processing
unit as a wﬁole:is on stream without interrUption"hetweeﬁ
IScheduled“sﬁutdewns; In addition, there is a multitude
of duties pertaining to such maintenance and repair of
specific equipﬁénf'Which can be performed while the unit

is on sffeam, namely painting, lighting;'insulating,
structural and similar work.

. The actﬁél'pféparatbry'work has as its.ultimate aim
the limiting of shut~-down maintehange to replacement,
instaIiatidn;iahd Statutory'inspectioh of equipméﬁf.
Thisnmeans fhét it is concerned primarily with the
fabrication of and preparation for jobs, the necessity
for"whicﬁ*is indicated:bj iﬁspectiQn or factually determined.
Nost equipment which is subject to relatively uniform
wear or:¢orrosion, and the efféctive or safe lifetimeiof
‘which'caﬁ therefore be predicted, will fall into this
category. Typicdl eXamplés'of such items éreibiping;
furnace;tubes, heat.eﬁchanger-fubes ana shelis, rotofs of
pumps,"frabtiohating tower,lihings andlsimilér equipment;

Routine Work.--In addition to the work connected with the

continuously operating processing units which are subject
to periodic scheduled shut-downs, the maintenance department

of an oil refinery has a multitude of continuous géheral
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plant eeglneerlng dut1es to cwrfy out Wlthout whlch no
plant could functlon. The problens presented by the
variety and quantlty of Such dutles requ1re a high degree
of plannlng and 1ntegrat1ng act1v1ty, in order that_labor,
and equipment avaiiaﬁle can be utilized meSt”effectively.

‘The work considered under this heading fglis into the
foliewing broad ciaséificationé: Auxiliaryroperating
equipment, such‘asebatch—treating, blending, packaging
.epdrmaterials‘handling plant is often'eitﬁer ﬁholly or
partly_intermitteht in operafion; and.it'thérefore affords
adequate-Oppo%tﬁnity to'the:carrying,out of planned
maiﬁtenapcei

_Certain‘ﬁianf.ﬁtilities'and serviees;.ééiforﬂeﬁémple
water, power distribution,-heating, lightieg, or eoﬁmuni—
cations, may be shut down either paftly or completely for
limited periods of time toipermit necessary work;

Some equipment is generally available for maintenance
work, a most useful atffibute from the point of view of
planning. This includes foads, buildings, structures,
maintenhnce shop equipmeht, materials handling installa-
tions énﬁ mobile'equipmenf, vehicies, eﬁd grounds;

Miseelléneous functicons of the maintenance department
such as cleaning of equipment not in immediate'use,
preventive péinting-qnd‘upkeep of yessels;”structures,'
buildings, general repair,‘jaqitering, sélvage,‘éﬂd
similar'work‘all haee te have vdryihg degrees of priofitﬁ'

and effort allocated to them;
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In most refineries, the mainfeﬁance department is |
bffen called'upéh'fo perform construction and ereétiqn
work, However, there is usually é limit'to tﬁe scope and
size of projec{s of thié type which a plant maiantenance
organizationlcan handlé; 6bvibusly,largg-sqa1¢ undertakings
of.thié kind have to bé.hﬁndled by a specializedvdepartmeﬁt

or outside contractors,

Shut-down Maihteﬁaﬁce_

In the bontinuousqprocéss.industries, special con-
siderations. enter into the planning, management and
'executienlof-mainténaﬁce; since there is an'appréciable
amount of work oﬁﬁinspéption, upkeep; fepaif‘apd replace-
ment which can only be pérformed wheh thg'pléntg,or-one
$f'itstindividua1'ﬁnitsi is shut‘d0wn..jAs ﬁas been
stated, the economics of continuous operatidn‘demand that
plant must;not stand.id}g for mere than an absolute
minimum period of time, and therefore unécheduled shut-
downs must be eliminated while scheduled shut-downs have
to be highly planned and coordinated operations.

The ovefalluprQCESs‘offrgfining petrbleum'from»its '
crude’ form into a multifude‘of'fiﬁished producté_is made
up of a number'of"unit opefatiohs such as fractional
distillation, selvent refining, craéking, and poiymeriza;
tion, which are all Qerformed in almost separaté plant
entities even to %ﬁé extent of requiring iptermediate
product stéragé‘facilities;’,lt is-indgéd 8“ranefoccurreﬁcé,

usually brought about by highly exceptional circumstances,
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that a whole serles of reflnery plant unlts is shut down
at one dnd the~same t1me, apart from many other reascns
one obviousfobstacic.to such actlen.would-hc the inadequacy
of‘the,maintenahcc man?éwer and equipment,-rﬁence,;thc
practice is.tc stagger the periodic schedhied'shut—downs‘
of individual units over as long a'time‘aé poséible. The
frequency of'shut—dcwhs'ﬁill‘vary entireiy'according te
the type‘of”unit concerhedtand the conditions under which
it operates-”there are‘certaih types whrch reqhire grcater
than annual overhaul frequency, Whlle others will operate
satlsfactorlly for numbers of years w1thout a maJor unit
shut- down. : | | o

It is . customary that dur1ng a shut downrall man- hcurs
notmscheduled for top prlorlty emergency_or non-deferrable
normalirépéirs areldiverted intc the shecific.wcerpool;
.though of course such actlon is far from haphazard
Extremely careful advance plannlng and schedullng is per-
formed so that the cptlmum in coordrnatlon of a1l proce551ng,
maintenance and cohstruction activitiesrislachiéved.
'Furtherhore; all maihtenanCe bersonnelfinvciredrih shﬁt—‘
down;0peratioh5”are ushally reqcired to wcrk'cvértimelahd
on a round-the-clock,shift basis until“the work has been
satlsfactorlly completed | N | )

Planning of the shut—dcwh:must also take 1hto account
the nece881ty for thorough 1nspect10n of 1nsta11at10ns and
equlpment the nature of Wthh permlts such 1nspect10n only

when they are out of operatiOn.
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CHAPTER IX
ORGANIZATION OF A MAINTENANCE DEPARTMENT

The priﬁcipaljbbjebtiVes'of-a.mainfeﬁance system in
an 0il refinery are td_anticipate anﬁ'ﬁrévent unscheduled
interruptions in the operation of the plant and auxiliary
services,'and to keep éll*equipment in optimum‘condition
consistent with'highly effigiént production. In order to
aéhiévé thesewdbjeétiyes,.thejdrganizatienalgphaSe of
g ﬁaiptenance and'itSfimp?ovement;must receiveua_grgaf'deal_
oﬁ'study and at;enti6ﬁ}*mﬁ6h*ﬁoré-sOithén it hag'dbne in
most refinefies in_the past; _

The essential requirément for fhe establishment of
an efficient maintenance orgénization in this or any other
type of industrial undertﬁking is'th¢7provisian'of means
which will ensufe*thatffhe‘maintenéﬁée conffibutién'to.
poiicy'is'made bqfore that péiicy‘has.taken=éhape=as a
final-produCtioﬁ program. ,This means fhét decisiens
regardihg the organization 6f a maintenance department afg
matters requiriﬁg_tbp—level management consideration and
approval; hence,“maﬁagemeﬁt_must‘be made aware of the
gfeat importance attached to the provision of effective
-maintenance in its plants.

The ofganiZatioh of the mainténénce department will

be largely inflﬁencéd by the size of the piant concerned.
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However, by their very nature, petroleum refineries generally

'fall into the medium to large categories compared with other

industrial undertakings *namely from 500 employees upwards.
As has been stated prev1ously, the average oil reflnery
finds it necessary tokhave one ma1ntenance man to approx1-

mately every two employees engaged 1n other work ‘80 that

‘only rarely w111 there - be’, a smaller staff than 200 men

‘engaged in malntenance work. Judglng by the'number of

employees'invoived alone;,there is therefore no justifi-

‘cation for the maintenance department in an oil refinery

to be placed under the control of the pdeuotion or
processing department as used to be done in the past.
Incidentally, such a situation still exists in other

industries in which theasize'énd'scope'Oflplant;-as'well

as the possibly economical practice of breakdown maintenarce,

make such a system of control feasible.

" Although most-modern:refineries have a separate
department handiing maintenance and minor construction
nork,wthere is still a widespread lack of recognition of
the importahée'of such work which is:often manifeésted in
the'subordinate position to which the maintenance depart-
ment is relegated in the plant. In many cases, reconsidera-
tion of the status of the.chief‘meintenEnCe eXecntive'may
be the first step towards more effective maintenance. He
shouldtbe raised to at least an equal 1eve1‘in‘the plant
organiZation'with the head of the processing department;
like the latter, he should be responsible directly and

©
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solely to the ehief plant executive. Similarly, other
maintenance supefqiSory personnel should be plaeed on an
equitable footing with their counterparts in other |
deﬁartmeﬂts. o h |

The most important factor inm the sdceessful_execution

of maintenence is a clear definition of the functions of

line and staff members.ef-the department at all levels. In
perticular, individeal-responsibilityafot making plans andl
budgets and for exercising cohtroi over actual costs
1ncurred W1th1n those re5p0n31b111t1es must be stressed
| Only teo often does an overlapping of resyon51b1r1ty \

result in confusion and bad personnel morale,

‘\t' )

uthorityk}_

more , respon51b111ty must be closely a111ed with;
at all levels of a malntenance department

The mpst commqn organizational scheme for mainteﬁeﬁck
departments in oil refiheries is the line and staff arranée—
ment or seme modificetion thefeof A typical example of
such an organlzatlon is. shown in the chart in Figure 1
The advantage of this type of arrangement is that a
distinct division of responsibility is achieved and that
lines of ‘communication are clearly defined in both

(7

directions. However, the drawback of the organizatioﬁ
shown is that even though pr0v1810n for an industrial
englneerlng division has been made, many of the functlons,‘
such as planning and estimatihg‘for which an industrial

engineer is best fitted and should be respomsible, are
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Figure 1. Organizational Chart of Refinery Maintenance Depaftment
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placed comnletely-entside tne-sphere et‘thatisectiOn's
ireSponsibilities. lTnis may be one.ef theﬁresuits of too
rigid an insistence on the strict_ééparation‘of line and
staff.dnties. |

The type of'reflnery'maintenaneeidepartment organination B
best fitted to utiiize effectively the fnnctions of industrial
aenglneerlng is shown in Flgure 2, The Chief Industrial
Engineer would be respon31b1e dlrectly to the Superintendent_
of the Englneerlng D1vision 1n_a_stafflcanacity. He would
be previded witn‘adequate personnel to enable him to apply
‘the'prineiplee ofrhis‘profeesion to all maintenance activitiee.
His Work nill inelude the pianning and scheduiing of preventive
and other ma1ntenance even to the extent.of initiating certain
werk;ordegs. All inspectlon act1v1t1es, both perlodlc and
réﬁtine;'and checking of completed.work will be handled by the
industriallengineering department; it is undeéirable for
mainténéncé inspectors to be directly résponsible to the men
who snpervise andrdirectjtﬁe‘nork to be inspected. The
maintenance foremen andteupervisors should heefree to devote
_ themselvee solely:to the egecutioﬁ and sﬁpervisgon of"main~_
tenance work. In-connection with this priﬁéibie 1t is
,recommended that a11 requests for malntenance work should be
'routed through the 1ndustr1a1 englneerlng department whlch
is then able to evaluate and 1nterpret the work orders’ from
'theaW1der perspect;ve of,standands better metheds, safety

and prevention of future recurfence.__Thus all maintenance
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work would'bé ﬁetailed in the best.possible way,‘aﬁd it would
be pbssible.for the industriallénéiﬁeering staff.to ahalyze_
‘and investigaté‘the causes of and need‘for the performance
of any mainfénancg tasks, _Loﬁg-tgrﬁ planping of maintenance
activities, scheduling of unif‘shgtadoqu; and periodic
maiﬁténance actiﬁitieé'such:as paintiné.programs, all such
functions:could_be exécﬁted-or céntrolled by the industrial
engiﬁeériﬁg_stafi}'in;addition,to'thé ségting of suitable
' standards for ﬁgthod,:fate;-apa time;of perfqrmance'qf-méin—_'
tenance tasks. ,The'instéilation and administration of a
possiblé wage,incenfive scheme for ﬁaintenahce employees'cgn
Be-handled by the depar§QEﬁt. Other indﬁstrial engineering
functions wo;ld-ﬁéﬁthe{provision'of all maintenance reviewé
and reports tormaﬁageﬁent, and the responsibility for in-
vestigating and-recommendipg‘the employmentrﬁf outside
coﬁtractors.for cértain-maiﬁtenan¢e dr‘conStruétion_worgg

The ‘principal benefits of such a modified line and
stéff ofganizatioﬁ would be firsfly, that it will release
maintenance persdnne; for their proper functi@ns,thus |
utilizing mdst effecti?ely the respeéfive skills of the
various engineeriﬁg difisiohs; and secondly, it enables
suitabiy qﬁélifiéd industrial engineers to c6n¢ern themseiVeé
with therall-impprtaﬁt planning and scheduling work which:iS'
of vital signifiéance'for the success of a full preventive

maintenance program in an oil refinery.
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 CHAPTER X

-

'WORK STUDY AND MEASUREMENT

The fundamental'prdbiem which.is‘tofbe solved by

work study and measurement of maintenance activities in an

- oilrrefinery'is'whethef the size andiutilization of the

maintenance labor force are consistent with the most economical

pefformaﬁce of the neéessary'work load, This is in effect

"a similar problem to that'ﬁhich often faces‘a production

departméht'iﬁ'manufacturiﬁg indﬁstrigs."As has aireédy been
pointed out, there can'be”ﬁb Objection'fo-tfeafing_a mainf_
tenanée_department after the ménnér of a production Operdtion,
since the former also has a "product” to sell, namely a
muititude of skills, craff#,.ser?ices and duties. However,
one great diffiéulty ih7this type of épproach is that of
suitably defining and measuring the produétivity of a re-

finery maintenance department., The activities of maintenance

in an oil refinery are so complex and varied that they do nct

yield any clear Quanfitative or arithmetical expressidn of
output or "ﬁfoduCtion" as is uSﬁally'available in a manu-

facturing production department. . Hence, it is very difficult

to compare thé'results of maintenance with the effort ex-

pended in their achievement. Furthermore, unless some means
of measuring maintenance can be arrived at, it will not be .

possible to determine (exbept by subjective opinion) whether
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ina&equate'maintenance:iS‘the result'of”an-inadequate main-
tenance labor force or of an adequate force 1neff101ent1y

, utlllzed or whether adequate ma1ntenance is belng obtained
economically. _

Work measurement is the means whereby an attempt is
made to determine the amount of time Wthh should be requireda
.for the execution of_a'ngen set of motions. A_speo1fic
combination_of these motions‘will constitutefthe accomplish-
ing of a given task, and therefore the'time-that should be
requlred to perform such a task is 1nd1rect1y determlned
‘In add1tion to the bas1c txme value, it is necessary to make
an allowance for certaln factors connected w1th the vork

and the final total figure will represent the standard time

for the specific taska
The'following:mau‘be'considered-as'the four basic
phases 1nvolved in any method of work measurement used (8)
(1) Deflnltlon of-the-purposes of theestudy;
(ii) Determlnatlon of the best methods p0851b1e
'under the prevalllng condltlons to” fulflll the
_purposes de51red H - -

-

' (111). Establlshment of a va]ue for the normal tzme* '

for the actual work performed, thefoptlmum method

being practiced;

*The normal tlme is deflned ‘as the tlme taken,by an
average qualified worker performing at normal rate for the
completion of the specific work being considered.
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i‘(-‘iv) Determlnatlon of and maklng allowance for any

'factors relevant to the work so that a fa1r standard

time for the Job may be ebtalned

"The f1rst of these phases has already been dealt
with. The'next“two arermutually complementary since the
best availablelmethod is‘that'whieh'allews'fdr the attain-
ment of .the obJect1ves in the shortest time con31stent with
mlnamum ‘cost, optlmum quallty and adequate safety. A'Jeb
will nofﬁally be broken dewn into smaller elements which
can be studied individaally'with a view to their elimination
or_improvement};those feﬁ&ihing Wiil havé the basic normal
timES-reqsifed.for-theiffperformance‘determinéd. ‘The
extent to which thiS'proeess ef'sub—diyisidngis-qarriedffofms‘
an importaht"peint of difference betweeﬁ_the vafieus tech~
niques,available; and'it is’the degree to which it is
'ecbnomiCally desirabie to proéeed with 1t which determines
the most SUttabie“approaeh in a specific application.
Methods study consists mainly of the élimination of unnecessary
elementsfof'work and'the fﬁllest_utilization_ofimechanical
aids avaiiable: It‘willibe_only rarely that the maintenance
methods’study wiii require the same degree‘Of.sﬁb—division
of the work as is uSUaliih the case'eftpnoddctieﬁ methods,
This consideration will affect the choice of the typé,ef
wofk‘measurement*fbjbe qsed. In any case, the normal tiﬁes
will have to be'deterpined for each element_of_the'task,’and"

the method of determination‘must vary according to their
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individual length.  Generally speaking, the accuracy of the
determinatien ef-nermal_timesfis éﬁversehyjaffected‘by‘undue
increases in the*length”ef'iﬁte;valj hence, a balance must be

sought between“the'two-requiremehts'of accuracy 2nd ease of

.determination.

The.last‘phaSeioﬁeWOrk.measurement.deals'with‘allew-

qnee#factors for fatigue, rests, unavoidahleldelays, working

. eonditiens;;and similar;reﬂﬁted effects; These factors are

usually empiricaﬂly-determined percentagesAadded'te nermal
time values to givewthe.sfandard timehforua‘jeb,‘and-they'
will depend to aecertaiu extent on management policy.

- The attempt Willenow'be"made'to trace the possible

“application to refipery maintenance work, modified where

necessary, of the methodS‘éhd-techﬁiQues ofawerg:measurement
and to compare fhem‘with‘the soldtion ofesimiler]preblems.
in~production'departments of manufacturing,indusfries, By
their use in the latter, it is possible to arrive at a
standardfamount of effort, usually expreésed in. terms ef
man-hours of work; which is necessary for the production of
a specific quantity of. product in a Spec1f1ed manner. A
cemparlson can ‘thHen be made between the actual ‘ang - standafd
performanoes, anq‘henee.a.means foriebtalnang'the‘labor

utilization of the department is available. The desirability

‘jef having a, s1m11ar crlterlon of effectiveness for the

.malntenance‘depap;ment~1s.prenoqnced. Not only w111 the.
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setting- of proper Work Standards make the control of main-
tenance 1abor conS1derab1y eaS1er, but it will be of utmost
51gn1flcance in the plann1ng and scheduling of work in the.
practice of preventive maintenance programs and in the
‘schedullng of un1t shutndowns A conparison of standard
tlmes with actual man- hours expended in the performance of
Speciflc malntenance actLV1t1es will disclose the effectlve—
‘ness w1th whlch the reflnery ma1ntenance labor is belng |
utlllzed Last but not least proper work standards provrde
'reflnery management_wlthve:sound pa51sgfor‘estahllsh1ng
incenttvedsystemswforrits maintenance personnel;‘ o

| EsSenfially, the actual operations invoived ihfa“
.great number of ma1ntenance act1v1t1es are 51m11ar to those‘
Whlch form part of certaln productlon procedures. ‘Thus the
work of a reflnery malntenance machine shop, 1nvolv1ng as
it does 'work ch lathes milllng machlnes shapers, power
tools, etc., bears a marked 51m11ar1ty to that of the metal-
_ﬁorkingrlndustrles. However unllke the Work of productlon
in'manutacturinv‘dndustriesL certaln types of reflnery main-
"tenance and most repa1r act1v1t1es 1n an 011 reflnery contahl
.only a 11mited number of operatlons whlch can be con51dered
as belng ent1re1y repetltlve as for example the lubrlcatlon
of mechanlcal equipment or certaln frequent and perlodlc
1nspect10n procedures.k. ost of the work is elther non-

_repetltlve or recurs only at long 1ntervals. Both the.
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techniques and_the ex?ected resﬂlts ef wérk study applied
to such_maintenahce*activities-mUSt be'ﬁodified“in the 1light
of this characteristic.

. The several categories of work meaéurement‘techniques.
will new be considered in detail; |

Gress Estimatesa-—As'céﬁ:beﬁimagined" this'is the crudest

method of arr1v1ng at standard t1mes for maintenance jobs.:
it c0n31sts of an everall estlmatlon of the t1me to be .
allowed for the'cempletibn of”a job and'is”based on past’
experlence of 1dentlcal or similar. tasks. Sﬁch*procedure
c0nta1ns 11tt1e 1f any crltlcal ana1y51s of the methods
“employed since the methods of work degree of effort nd
any.requ;slte:allowance;factqrs are allfconggdered s;mul—rj
taneously=es‘an entity. |

‘The unrestricted uSe.of this method-tg{measuring?the
work- of an oil refinery:maintenence departmeht is highly’
undesirable, but for certain activities it will be the only -
way:of arriving atha‘standarqttime;. In such cases, it will
_berbetterlthah~no‘standard at-all, ~ﬁdWever Tthe*peﬁseniwho"-
'1s made- respon51b1e for such estlmatlng must be hlghly
capable and fully- experienced in the. performance of the: rated
task. The*accuracy‘efathe'estlmatlng-method ig problematlcal
- at best;-ﬁut it cansbe;impreved;by placing strict limitatidns
- on the eXtent-and-r&hge efvoperatiQMS‘everlﬁﬁiCh estimatihg‘
t&kee place. Whereverlpossible;xsueh estimqted-sténdard

time vélues should be combined with more scientifieally
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Coﬁstant attempts'shquld_élso be made'ib break down and. re-
arrange operations for which standards are thus being esti-
mated in such a maﬁner as”fo pefmit the Settihg-of standards
to be pérformed by one of the better methods of work:meaSure-
ment. | |

Time Studies;;-Acco?ding'to”Dy. Ralph_Eg B?THES,”"timé study

is used to determine the. time required.by a qualified person

(9)

working at normal pace to do a specified task". Its
furthe;3purstes‘aretthe-¢5tablishmeht'6f timeﬁstandards_inw
Qonnection‘with'sqhé@uliﬁg and plaﬁning work, their use as
an aid\towards détermining standard costs and preparing
budgets, and their application as a baéis for the payment
of mage'inﬁeﬂtivgs. |

The technique of using time'studiésffor,méasuring;
maintenance wprk‘(or;aﬁy_kind o$ work) is undoubtedly the
most refined of allAsincé it uses one of several accurate.
timing'deviqeg, such_as,a-gfopfwatqﬁ, mbtion~pictu;e_¢amera
driven.at known synchrenized speed, or some form of timef

recorder. However, this very refinement is its economic

‘limiting factor whgnAmaintenance work is. under gonsideratiop,

While most production operatiOns:consist of elements, tﬁe'_r.
dﬁration of;which.isﬁmeasufed in fermswofnsecond51or_fractions
of a minute, the majority of maintenance activities will be
ﬁade up- of appréciably longer work elements which- will

usually amount tosseverallminutes or even fracfions of an.

hour at a timéu
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| It is- not so much the p0551b111ty-0f obtelnlng data
by detailed tlme study which is 11m1ted per se but rather 1
the use to whlch such data can be put 1n establlshlng -
reflnery meintenance work_standards will" be found to be so,
The primary function‘of time study is to inteStigate'an
oﬁeretion With a view-to’improving its performance when it
next'occure.end to'eetabliShzthe time required for its com-
pletion by‘theﬂnéw method. rherefqre,:itS‘éﬁplicatidn in
this sense to'refinery'maintenance will necessarily be
'restrlcted by the degree of repetltlveness of the work
concerned - '

Elemental Stendard”Data,;—The shortecomings ofdthe application

of time etudies'to‘nainten;nce work can be largely overcome
by a su1tab1e modlflcatlon in method. This is based on the
pr1n01p1e that common work elements are found in a 1arge
number of Jobs performed even though spe01flc JObS may be
f a non—repetltlve nature. -Not only has this been proved

.'to be true but most JObS are made up of dlfferent com-
blnatlons of relatlvely few such ‘elements.

When the detalled time studles are begun the‘eiement;
T are sultably selected and 1solated from representatlve Jobs '
S0 - that it is p0551b1e to construct tables or graphs of
‘normal tlmes appllcable to a11 the elements maklng up a
' great number of jobs. In such- nomographs, the different
£actors of varlation between eimilar but‘not identical jobs

will be allowed for and specified. The total normal time



for the completion of a task c#nlthen_be found by determining
and adding foéether the relevant éleﬁéntal times. When |
suitable-allewahcé for extraneous factors has Been ﬁa¢e,‘
the standard time for theipéfférmaﬁce of a task by a
specified method has been obtained. It is evident that in
many cases fhis type of procedure offers alconsiderable o
advance on plain time Studiés; |

‘The method makeéxit"pdssibieLfbr a job to be Staﬁdarde
ized wifhoﬁt*a-largehnﬁmbéi of detailed time studies being
neéessary and with a minimum‘time7taken-to set the standafd.
It enables formulae to be.prepared_which Wiil.faciiitafe
quick calcﬁiatioﬁ of the standard time for a giveﬁ job. iﬁ
fact, it wiil‘ofteh.bé‘pogsible to determine the Standard-time
without any time studieévhaﬁing to be taken at all. Further-
more, advance determination'of standard times can be made
before the actual'performanée.of the task. This will ’
obviously beﬁof greéf significance'in'thé pianning of
maintenanée5wbrk’£or'unithhﬁt—dowﬂs: .

A ﬁafning iS'ﬁéedeﬁ in tﬁe=éase‘of5the formulae
based on ele;ental\timé sténdaras.and'the tables qf ailowénce
factors fOrjéxtfanedﬁs;ééﬁdifions; TheirWlimitationS'should |
be deféfmined aﬁd-ciearlﬁ'specifiéd in order fo avoid undue
ﬂiscrepanpies,_fhe=éXisteﬁce‘of'which would biabe the
_ whele:s§sfem'o£ workwmeasurement-into a stéié.of uhdeserved

ill-repute.
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In oil.refineey daiofenanoe wdrk%'a greatpnumber.of”
standard-data mgy‘heye:to'be:determined-to;cever‘all the
-many‘activities;to,which}the method caﬁ be applied. Not
only will this mean the expenditure of much effort and time
in the setting up of a work measurement progfam.in the |
refinery, but alsothe'adﬁinistrafion and clerical work
involved*are 1ie§ie-to'eeem greaf.- It is'therefOre'reCOm—
mended that extensiﬁe fraining'be‘given'initially'to,the
.staff-persennel whoewiildheeoalled upon,to.administer the
system. ,Forthermore!lgfteflthe-initial'sfudies have been
made,- there will-invarigbiy Qe;scope,for qombining~individud1
elemeets intoroomposife ones in order to reduce the derk of
referenee-andfmeasuremeot while maintaining an aceeptable
.standard-of-aeguréey,' |

Predetermined Basic Time Standards.--Whatever their‘detail-

@ndxhoyever oomprehensive-the elemental standard data
evadlabledmay'be certain malntenance activities will have
| to ‘be - scheduled for whnﬂicomplete 1nformat10n will not exist.
" That does not mean that all the elements of a particular
task‘willlbe unknown; any‘relevﬁntielemeotalfétandards
aPpljcable whiCﬁieremavailable Shoﬁld be'uSedd'xHOEever‘ a-
number of elements may st111 remaln for Wthh ‘standard tlmes.
_have not been establlshed prev10usly It is hlghly d981rab1e
to avoid mere guesswork in thelr determlnat1on.

A number of recently developed technlques e31st whlch~_
have.not heretofore been app11ed to oil’ reflnery malntenance"

operations. They go under a variety of names such as the



Work FactoriSystem; the M;T;A., or;§egug'éystem, Metheds
Time MeaSuremenxa(M.T;Mg),Lthe B.MET;"systemi and'bthers:
Essentially,-theSe teehniqﬁesweonSiSt ef_the_breaking—aewn-ﬂ
of the‘joﬁ oﬁ*of itsegrogser e1ements,_inxo micro-elements-
which representfthe“fuﬁqamental motions of the.hnman body'and
limbs. ' Any manipulatlve_elemeﬁt-ﬁse&'ia'the.peffermance.of
a task is‘neeessarilyfcompesed-of these,faadamehtal motions.

The various systems claim’ to have obtained experimentally

- the normal times for the performance -of saéh basic‘moti@as;ﬂ‘d”

and they previde appropriate allowance factors for the.

eifects‘ofJSuch*variables'asaweight distanee speed .and

pr901s1on relevant to the required expendlture of effort

It 1s neather the purpose noy.is: 1¢ W1th1n the scepe

[

of this work to analyze cr1t1ca11y the varlous systems 'y‘

attempt to- do so WOuld be greatly hlndered by the conSplcuous

lack of ‘factual lnfqrmatlon whlph ex1sts regardlng some of the
systemszr HoweVer,¢it.eheuldlberneted that.valid criticisms
havenbeen»raised of the eweebing'claims-madenby'their
originaters‘congerniﬁé.accufacy; ecope and applieafion'of
some of the systems. S Q? on the other hand, the various
systems have been:appiled in a number,of cases with feputedly
cehsiderableasuceéee;‘eachfapplicatipns uhdoﬁbtedlyrrequirel

suitably gualified and trained personnelete be-employed‘in

their plamning -and. GXecution;- It is"claimed that under such

conditions the work of constructlng standard time values

based on synthetie:data”will‘be 1ess tédieusVand'lepgthy

than when conventional time studies are used.
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leltatlon of Work Measurements.w—ﬂs has been shown, the

appllcatlon of the pr1n01ples of work study and measurement
to any act1v1ty con51sts fundamentally of the selection of

a method of its performahce.and'the deteruination_offa'tihe_
to be allowed for 1ts completlon.. It'is axiouatic“therefore
that no tlme value obtalned can be accurate ‘unless the methai
used in practioe is”andfremains the same as that on which

the determination of that time was basedt"Forlbptimumj

aceuraey of'uork-mea3uremeht rigid specification of and

adherence to the standard method of performlng the task is:

necessary.
Since the conditions under which much maintenance work

in a-petroleum'refineryiis performed do notvaliOW'for”suEh"

~strict observance of a specified staﬁdard method, fhe

resuitant'accuracy'ofiindimidual tiﬁe'vaiues3is'iike1§:toh

be lower than 1n comparable hlghly repetltlve productlon woﬂs

‘However over a perlod of tlme there w111 be a mutual com—

pensatlon of any p051tive and negatlve errors Whlch w111
result 1n a generally acceptable set of standards

| ‘It is evident that there is a limit to ‘the’ deta11 of
1nvest1gat10n in uork measurement of ref1nery malntenance*

beyond which it Wlll not be economlcally de51rab1e to'

"proceed.' Exactly where such a 11m1t lies w111 depend on the'
hature'and cond;tlons of the work unger‘conslderatlon, What

Ais.likeiy, as'uell.as desirable, is that as the form of
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maintenance in a: part1Cu1ar reflnery progresses from the
break down ‘and repair type through schedullng and plannlng
to full preventlve maintenance, so-w111 the tgchnlques of
work meéSufementneevaﬁee’fme?somefkiﬁd'of gresSuestimating'
to the more refined, effective and scientific methods

described.
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~ CHAPTER XI
WAGE INCENTIVES

So far aékthé aufhof‘ﬁas been able to ascertain from
the available 1iteraturé;‘very few; if any,'oil refineries
have wage inéentive plans in.operation for their main~
tenance personnel. There appears to be no overwhelming reason
for their absence unless it is the fact that direct wage
incentive plans are‘notﬂih génera1'use in fﬁe processing
divisions ef petroleum refineries either, and hence manage-

ments may be reluctanf-to‘Créate a possible‘source of diSSent

within their organization. However, maintenance wage

incentive plans: are becoming widely’aCcepted in other

industries, and there have been many instances of success

beyond all expectations when they have been properly and’

judiciously applied. This fact alone should be a sufficient

‘reason for refinery managements-td consider wage incentives

as a foolrfor imprqviﬁg fhéir own'maintenénée:o;ganiZation}
The two prerequigites of a successful wﬁge incentive
system are firstly, a sysfematié job evaluatiqn of the many
employee categories involved, and secondly, the establish-
ment of fair standards for all tasks to be performed. The
most important comsideration in the installation of a wage'

incentive plan is that full agreement on and understanding'of

- 1ts purposes and operation must be reached between all groups
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coneerned, namely empidfees, manegement;'and unione;_ Further_
more, the scheme must be'based from the:begipningeOn a true
and sound relationshipebetﬁeen performance and payment.

The type of incentive seheme ueed wili‘véry-according
to individuaﬂecaseS‘and tdeks. While certain maintenance jols -
are amenable to the estaﬁlishment of standerd times by the
Varlous methods of work measurement and hence to the settlng
of fair rates, there are some act1v1ties Where it may not  be
practical to do so. ‘In the_former_case, it will not be
difficult to instéll.ﬁagetincentives,'although'cioser
inSpection‘and'eheCking fef quality df the work perfotmed
may be reqﬁired than_wou;d be necessary in production
operations. Infthe'letter case, it will be peeessafy-to use
one of several_ether measures. For example, it is possible
tolstandardize the amount of maintenance to unit operating
time over a given peripd} such a ratio will remain'appfoxi—
mately constant eXcept, of course, at periods of ma jor ex-
pansiop‘or cutnbaeks in_ﬁroductiohrand at the time bf‘a“
scheduled shut-down. W#ge incentives for maintenance workers
can then be based‘on_severalﬂfactors which affect the given
- ratio, sueh'as_qhalﬁty'ef_eroduct; departmental or unit
cleanliness, eccident rate, and break—dOWns of equipment,

| Two examples are glven below of the applicatlon of
‘Wage 1ncent1ves to maintenance work:

-In"one Chlcago=company(1l)

financlal 1ncent1ves for
malntenance ‘and repair work have been in exlstence at its

plants-s1nce 1928 andﬂthey_now cover more,than 2,000 maintenance
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Workefs,‘raﬁging:fTOmJSO-to‘GOO men peffpiaht;egfhe“averege
effectiveness of the ﬁainfeﬁence labor fo}be.has risen from
85 per cent of normal to 20 per cent above measured normal
performance. The scheme includes more than 90 per cent of the
total malntenance force.- " The first step in 1ts installation‘
- was to establlsh normal-tlmes for the'operatlons'lnvolved.
. A"totglfof:750;mechanicsﬁfﬁom"tWehty different'créffs eéré'
studied oﬁef'a'period'ef months§ sﬁffieient:sfudies°were
made of each job"to-élldﬁ‘fhe determining of normal times
~ under -average conditions. /About 15 per cent of the main-
teoanoe'eCtivifieé-wefe-found to Ee of a repetitive nature;
‘?fhe”remeindEr“wefe'ciassified undef'the“foiibwinv~diViSions
for the purpose of establlshinc standard times ‘u:'i:ﬁ
’(a) Inltlal trlps The. t1me consumed in gettlng to
and from’ the JOb and in travellng from one - JOb to
”anether are tabulateo. All possible comblnatlons
for thefpiant'heve*been studied and are listed.
(b) Matefialﬁtrips."Standafdé have beenHSet u§ for“
their storage points to the-job,lWiTh due allowance
'fforfweight of materiél locatlon of job, ‘ete, '
‘(cj"Basic*operationé.e These standards cover the work
dfrreﬁoving:and replaCing parts, fittings and GQUup—'
ment, éach“vafying_With'fhe”relevant coutfbfliﬁg
'_faetors Suéh'asTWeights; sizé and shepe,_eaSe of
héhdiing, and'accessibility of work olace. Data
are recorded during progfess of the job at sufficiently
freQuenteintervals to inSu}e'credit to tﬁe'worker for

all elements of the job.
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(d) Miscellanedus:operations. - This standard covefs
operations pecesséry-for the_comgléfion,of a main-
-tenance jpb.which itWWasﬂfoqu impractical tozisoléte
‘on account of their complexity. Exhaustive studies '

- of many‘completejrepair'and’constrﬂction jobs led to
the,cqnélusion that there existed a definite relation-

ship between the n¢rma1 times taken fér the prinecipal
,operatﬁoné and those forfvarious,smallerAoperations |
uinvolved”in the-fask,_as for'ex;mpie_rgceiving'in;,‘

~structions’ from foremen, studying and planning; the

_1jqp?-é®nversing‘with other workmen;.instructing
helyeré, bieaning téolé and personal-hygiene,_c@n-_

. necting extensipn.lights and minor-adngtﬁeﬁts of
tpols.;jA tablgfﬁas set.up to allew credit for such o
auiiliagy.operatibns on the basis of tota;rnormalr
work credit. |
(es In adéitidﬁ“fo the above ‘basic divisions of

Sténdards, various a11owance$ have. been, established.

,:?;hg'process allowance ‘deals with unbalangce due to a .

n.ﬁﬁmber'of_workgrs being émpl@yed on the same job. A

_variable standards scale is used to control extreme .
variations of bénasféarned from week to week;‘.Coﬁ—‘
qition=factqrs allow far'unusuéi.Working,cpnditions
such as éxtremestémpefatures, location of wofk, and
opqupatiqngl-ha?ards.

.The chief requirement of the wage inéentive system

has been found to be efficient inspection and checking of the
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work perfOrmedj‘one'Checker*to*evefy'eighteen'maintenance men

has been found to be sufficient. In order to keep' the
standards'ﬁﬁ;to—date and to establish new ones where necessary,
the bomﬁanyzempldys'bhe}time-study man for'every’?ﬁo.men'on
incentives o “ »

(12)uses Substantlally the same- method

Another company
of settlng 1ts tlme standards as the above.' However 1t uses
a mod1f1cat10n of the spllt—premlum plan 1n 1ts wage” incentive
system 1n order to brlng employees wzthin the 1ncent1ve ‘range

before they actually feach 100 per cent of standard perﬁbrmance.

A process allowance is added to maintenance work performed at

between 66 273 per cent and 133 1/3 per cent of standard. This

allowance decreases from 33 1/3 per cent at the low point to |

"zgro at’the high point; and it is applied after the job is

compleféd;_ The-compény states that since’thé installation of
the incéntivé gﬁsfem the effectiveness of utilization of the

maintenance labor force has more than ‘doubled the previous

figure of about 60 per cent efficiency. It is conceded that

the wage incentive plan for maintenance abtivitfes-is not:

s

. easy to operate and that a great deal of time is required -

for its"adminiSfrafidn;_‘However; the effort expeﬁded'h&s*beeﬁ
found well worth while bdth”fiﬂancidlly‘éﬁd‘from'the_péiﬁt
of view of geﬂefal‘éatisfébtion of mdnagement, supervision,
and labor alike.

Various bases £6r maintenance incentives have been

used in different types of industries, ‘but the only generally



satlsfactory plans are these based on the ratlo of actual tlme
to standard tlme requlred for a- task In an 011 reflnery
-maintenance department —the'latter 1s”the .only suffitmently
flexible baS1s to allow for the: necessary v£;1at1®ns in |
assignment  -of work and craftsmen. Although in the 11m1t;ng
case, it requires standards to be Setgfor eaCh‘job‘and‘reporfs_
made of the acfﬁalltime‘taken,‘in pracfiggké_gféaf‘deal"of |
simplifiéation.is féasiblé and much of the"wérk cag'belhandledr
en a group inéentive pasis. rThe‘chéracter'of'réfiHEry"
maintenance work is such that it is partiCﬁlarly important

to achieve reasonable stﬁn@ardization of methcds and pro¢edureé
before attempting to3intr¢duce wage ihdénti?e échémes. "To
this end, consistent énd efficient management is a prime
requisife._

The-incentiVe‘ideﬁjin maintenance should be promoted
as-a‘rébognition-by the management of.the importance of good
mz2intenance ahd’as-éncouragement'to-cboperafion,rattentive
ness, and éa:eful-workmanghip.' It must néver:be.ﬁsed to
stimulate speed;ahd:any:signs'of‘deteriorating quality of

work must be checked immediately.
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CHAPTER XII
PREVENTIVE MAINTENANCE51N\PETROLEUM-REFINING

The ideal of preventlve malntenance in.oil reflnlng
is to forestall any breakdown of equlpment by proper
operation upkeep, modlflcatlon and replacement _ It is
obvious that the ma1ntenance force 1s not the sole govern—
-1ng factor in the establlshment and operatron bf a: successful
preventfre maintenanee progran.‘ In fact, the'efforts and
eooperation of practically'all iine ane staff groups in'the
' refinery are reouiredrto attain success and therefore the
controi of.prerentive maintenanee must be a function df'
refinery management. _

In the foilowing‘bages;‘sone of the'actirfties included
in'nrerentire maintenanoe:areIdesoribed It is not pOSS1b1e
to cover completely all the aspects of the subJect Let it
be remembered however that preventlve malntenance has been
descrlbed as a "phllOSOphy and approach" to the problems of
_malntenance rather than any one SpélelC technlque in |
their solution, The key to 5uccess in its practical app1f~.r.
cation lles in the manner and method by which SUch a way of
thlnklng Wlll manlfest 1tse1f in management and labor -
engineer and craftsman, accountant and stores—clerk

The act1v1t1es of preventlve malntenance are w1de-

Spread and numerOus° A11 of the departments staff groups,
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aﬁdlemployees'of fhe:refinery eontribute,in some measure to
-its'suecesSfﬁl'operatioo%..The industrial engineer plays the
major part iﬁ its contr_ei and execu?_c"i_on, but probably the
most important of his functions in thefpreveﬁti?e maintenance
program is the-constaot study of all records and reports
concerning its cost‘and'performance;‘ If is hie-objective

to invesfigafe its operatlon contlnuously from every possible
angie so as to establish p0551b1e future 1mprovements from
historical facts and ‘new technlcal developments. He wlll

act as an adv1sor to manegement-on all phases of the prograﬁ_
thus assuming a significant role in the formulation of
refinery pol1cy.‘ 

Ref1nery Malntenance Manual ——As the flrst step in 1nsta111ng_

a’ complete preventlve malntenance program in an oil reflnery,
it is hlghly recommended that con51derat10n be glven to the
compllatlon of an exten51ve‘p1ant manual. In most ref1ner1es
tﬁe'large‘qﬁantity of_inﬁor?atioﬁ;relevant,to'blant engi-
neerﬁhg,adtivities"alreadf"eﬁietshbut“it is’ﬁsﬂalig“wideiy"
SQEttered in.files biue-prfnts catalogs contracts and
L-correspondence The function of such a manual would be:

(1) To satlsfy the contlnuous need of malntenance'
and operat1ng executlves for a quick and rellable
:source of 1nformat10n on a11 phy51ca1 detalls of
'propertles bulldlngs plant unlts and equ1pment
_(2) To prov1de a comprehen51ve and contlnuoos
inventory of equlpment Wthh will serve as a ba51s

for preventlve maintenance records,



(3) To help'in*the?training of new maiﬁtéﬁange

eﬁployee8° | | |

(4)l To Sp901fy the standard methods and’ procedures

“for serv101ng and malntalnlng the phy51ca1 assets

of the refinery, o

The work of compllatlon will con51st of the collectlon
and search of all ex1st1nw Sources of 1nformat1on the
1nspect10n of refinery un1ts and 1nstallat1ons to obtaln a
coumplete descrlption and 1nventory, and the contact1ng of
manufacturers of equ1pment'1n order to ascertaln detailed
procedures for the best. operatlon and malntenance of
their- products. - | |

When all the neceesary information nas.been"gathered
together, the most useful and intelligiblellajout‘of‘the'
- manual must be chosen. A suggested form of publlcatlon -
would Contain three magor sectlons the flrSt deallng w1th
general 1nformat10n about the malntenance organ1zat10n and
system- the second, llstlng a11 equlpment, plant and bu1ld—
1ngs show1ng spec1f1cat1ons design data and d1menslons
complete with plans, charts and diagrams; and'tne last
eeetion.should_give all the relevant facts-pértainingfto'
correct“operating and maintenance procedures;<13) It is
neceSSary that a large amoﬁnt of detail be provided in'euchl
a manual in order to cover fully ‘the requ1rements of all
personnel who w111 be u51ng 1t ThlS does not mean that all
ma1ntenance employees need be 1sened nith'tﬁe eomplete
_}nblieation although most superv1sors and staff englneers

will requlre a copy of the whole manual
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| It is suggested that the generalrinfermafion section
should include fnll‘infornatiOn on suehitopics as the.
organizational structure of the departnent‘and‘a definition
of the authority and ré'spbﬁsib‘ility- of all levels of n{a.in-'
tenance perSonnel The cost accountlng system 1n use and
he malntenance work order scheme should be adequately
descrlbed. It is. often necessary to have 1nformat1on on
1ega1 and statutory requlrements_pertainlng to safety and
health, or local, sfate“and-federal regulations cencerning
Vland bnildings structures, waste\d1Sposa1 and'otner
51m11ar ordinances WhiCh have to be complled with in
1ndustria1 operatlons.

The section dealing with equipment should?incinde
details of plant'layont, eeuipment location, and fieor
areas, a11 compiete with the relevanf dranings and pians;
Such 1nformat10n is 1ndlspensab1e to good plannlng of .
'process modlflcatlons and reflnery maintenance programs.r
Plans should be prov1ded Sh0W1ng all heatlng and llghtlncr
1nsta11at10ns and dlstrlbution equzpment ‘also charts of
floor 1oad1ngs 1nterna1 and external piping, and flre
protection faC111tles. Detalls of built-in materlals handllng
equipment and'pernanent emergency medlcal snpplles should
be given, As regards actual items of equlpment manu;_

: faeturerS' name de31gn partlculars serial numbers
specificatlons and ratlngsshould all be 11sted. Where
necessary, flow—sheets and w1r1ng dlagrams should supplement

englneerlng drawings of all eQulpment



The section on procedures should gtue 2 brief description
of the equipnent,.its'nature‘and:functton and ﬁaterials-of
construction;' Detailed.instructiens'regarding the proper
operatlon, 1nspect10n and’ the servlc1ng of a11 equipment
buildings and grounds should be given.

Naturally, adequate 1ndex1ng and . cross referenc1ng
should be a part of the manua;. It may be necessary to
review,'improve,-and enlarge such a‘manual on a continuous
basis to-keep it up to date. |

InSpect1on and Records.-—The cornerstone of prevent1ve

ma1ntenance is the perledlc 1nspect1on of arl process1ng

equ1pment " The optlmum frequency of 1nspect10n will vary

wfth:the“type and service of equ1pment but it is obv1ous

that it should always be kept to a minimum consistent w1th

the alms of the program. The jnitial frequency of 1nSpect1a1

Wiii have to be determined by Judgment based on past |

enperience and on’inStructions'iSSued by the nanufacturers

of the equipment, 'Insp§ctieh and maintenance recor&s will

show when frequency"should'be changed 'In nost cases,

optlmum 1nSpect10n frequency will have to be synchronlzed

w1th the requlslte perlods of acce551b111ty of equlpment

.It 1s ax1omatic that the 1nSpect10n 1tse1f should be per~

_formed by hlghly exper1enced personnel who have been tralned

in the proper method of 1nSpect1ng the equlpment allotted =

to them. o | | |
' An-equallﬁhsiénificant‘requirementeef suecesstui

maintenance is the‘keeping and analyzing of records of all
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1nformaticn.uncovered by 1nspect10ns.f ”his dystem of reccrés
forms the. ba81s for scheduling necessary repalrs of equipment
and it’ must therefore be flex1ble_and all—;nclu51ve. Adequate
continuous recorde must include details of work performed
and;inspectiOnsfcerriedrcut; If an inSpection:reveais
equipment to be in afsatisfacrory‘cdﬁdifion,fonly.the'dafe

of inspection need be noted. 'If mgihteﬁanc¢§workeié
requiied on the ednibmentf:the inspeétor7mﬁst note its details
and relay such 1nformat10n to the proper Superv1sory authcrlty
for the 1SSue cf the required maintenance work: order As

has been stated previously, much of ‘the work’ of.1nSpection

and keeping of reccrds snculd‘be_handled under theianspices
of‘the industrialwengineering'department;

Design;‘anont; and”Tooling-for’Maintenance.—-Refinery

preventive maintenance begins in fact with the design of the
plant. 7It-is here that much.can be done to simplify the
continuous werkfpi*nnitfmaintenance by providing*for.better
planning, hanaling, and-werﬁing conditions.. If the design
is satisfactory from'the7naintenance pcint.of rrew,vtne down-
time ofiplenf'ie rednced_by minimizing theltime reduired for
specific meintéﬁenceftasks.- |

Firstij, all egquipment on the unit-musf be fully
accGSSible so that men'and méterials*cén’moVe in and out of
the'unithith ease, Ajl‘eQUipment subject.t0hoverhéu1.or
replacement mustlhare'a.ready means of approach and sufficient
space for manéenVre*neceSéary for such work. Eneugh room
musf_be»providedlfor fhe‘movement or mobile7equipmenf such

as craneé,'trucks and fork;lifts.
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Process nnits ane'often'craﬁmed into snall areas,
While certain saV1ngs are: thus achleved very often these
have been far outwelghed by 1ncreased costs of malntenance
resu1t1ng from lack of space The serv1clnn of pumps the
removal for cleanlng of heat exchangerﬂtnbe‘bundles thef
p051t10n1ng of mannhole covers, a11 these are matters for
con51derat10n whlle the unlt 1s st111 in. the draw1ng board
stage | Slmxlarly, bu11t—1n 1nsta11at10ns Wthh facllitate
the maintenance of the unlt both routine and Shut down are
basic design problems.. They should cover Such flxtures as
ptoper width of staitways, prov151on of-platforms, permanent
sca:foldiﬁg, gantries, monorail beans,}anﬁ:btidge cranes.

. The designer must make utmostluse‘of the latest
atailahle:insttuments which'willHfacilitateﬁore#enttve main-
'tenance by d1sc1051ng ‘and 1nterpret1ng faulty condltlons
Spare items of equ1pment must be 1nsta11ed in order that it
may be poss1b1e to carry out perlodlc 1nspect10ns of certaln
'crltlcal equipment with a view to avoidlng ma jor repaxrs or.
_emergencyzshut downs, | ‘

It is necessary that each plece of equlpment and its
arrangement in the unit should serve two complementary
purposes- the requ1rements of eff1c1ent operatlon and those
for convenlent malntenance. It is the deSIgner s duty to
reconcile 1ow 1n1t1a1 costs w1th low operating and serv1c1ng.

costs.(14)
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~ The 1ocat10n and layout of most reflnery malntenance

shops leave a great deal to be de51red_ Craft ShOpS and their
stores facilities are usﬁaily scattered-about the plant in

a number of.sma;l buildings and sites.  The toolihg of men
and equipment'ie bad,'handling faciltties and handutools

are outmoded and old, worn out machine tools are made to

turn out inaccurate work réhuifing'much_unneEeseary time for
completion. It is seldom that any one craft,fworking alone,
can complete a”maintenance'job' Uéhaiiy;:a number of them
have to perform thelr respectlve dutles on a piece of equip-
ment ; therefore with scattered craft shops and stores the
agoypt,of-handling and rehandllng will be'unnecessarlly |
e%cessive. _The’principal field for improvement is in the
centralization of maintenance facilities; all craft-shops,
offices for field crafts,fstoree,.cleaning facilities, and
garages shoﬁldtbe_brought'togethef into a given area, even
intoﬁonecentrei_buil&inghere possible. Buch centrali-
zation ﬁill reduCe-aﬁd simplify handligg; impfove supervision,
systematize the flow 4nd comtrol of work through the machine
shooe and gice'gfeater flexibility during peak loads.
‘Fcrthermore- certain fa0111tles common to a11 crafts Wlll

no longer have to be dupllcated and greater coord1nat10n as
E'?well as closer cooperatlon within ‘the maintenance department
Wlll result .ww _ - .
The craft shops must be properly tooled for thelr

tasks; Good machinery, good machine and hand tools, brlng



about'efiieieﬁtMutilizstioﬁaof'thé=médsteﬁgsee7workers'
efforts. Costs of maintaining the departméﬁf'é-ownléqﬁipment
mﬁst'also be kept to a minimum. Good sachine ‘shop facilities
are essentxal especially durlng unit shut downs when un-
predictable JObS have to be performed at hlghest speed and
quality. '

An oil refinefy ﬁeeds proper-matefiEIS”hahdling and
'transportatlon equipment. Jib—craﬁes ‘hoiSts forkelifts-
various trucks and trailers are all great savers of time and
effort, and they ShOuld be used wherever possible. Good
streight roads'afe essential prereouisltes to fully'etfectiwa
utillzatlon of all mobile‘equipment'sinee theyufeduoe the
1nterna1 dlstances within a refinery'and'steeent oostly-
delays esée01a11y at tlmeS'of bad Weatﬁer. 'The use of,
short wave rad1o COmmunlcat1ons generally is to be recom—
mended 1n part1cu1ar for QUle and effIC1ent malntenance
operatlon durlng unit shut downs. In the latter case the
use eof mob11e stores and offlces in malntenance Work has

also been found to be hlghly successful

Corr051on Palntlng and Chemical Cleanlng Programs.——A

large proportlon of the Work in a modern 011 reflnery 1nv01ves
 the detrlmentary effects of .corrosion and erosion of equ1p-
'-ment. The loss or failure ot metalﬂsurfaces-in vessels,
pipes,'oumps,'furnaces.aﬂd heat transfer equipment present

~a ﬁultitude ot probleﬁs which7réquire the'cdntinuous_appli—

cation of specialized metallurgical knowledge. Many



denote various corrosion-proof materials,

department.

e

refineries recognize the need for employing highly qualified

specialists in the'maintenance departments to perform such

work.,

It is desirable. that continugus corrosion records be

- kept, which should be based on frequent periodic'field in-

speetions and on data obtained during shut-downs. So as to
facilitate‘feedy-identification of the types of materials
of constpuction_igluse at any particular unit or equipment,
a standard color scheme_sﬁOﬁlé:be,USed on'the‘records to |
. - " (15) |
‘One of the measures of counteracting the effects of
egternalnoorrosion of eqoipment-is the protectivespaiﬁting
of exposed surfaqest. Refioery process_aﬁd auxiliéry,equipw

ment- is often exposed to . deleterlous industrial atmospheres

as well as to severe and varylng conditions of the weather.

The losses resulting from palntlng neglect are often ob- -

scured by other factors of operatlon and malntenance and

they may not be recogn1zed for thelr true worth-I in prectice,-

?

it may be economlcally advantageous, dependlng on the size

and scope of the ref1nery,.to app01nt a well Qualifled

‘englneer to handle‘allntechnloal work in commection with

plant painting procedures and practices, Such a position

 should be a staff function'within the_maintengnee

(16)
The economic level of painting maintenanoe will vary

from one refinery to another and from one type of equipment
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to another, but in all cases it is a sufficiently impertant

problem to merit close attention by refihery‘mahagement.and

technical departments. ?aihfs_and coatings have to be

scientifically formulated and selected, usually with the aid

of outside paint manﬁfacturing chenists and engineers, so as
to provide the most economical protective device: to a wide

. o ‘ I,
variety of specific refinery conditions.

The execution of a painting'program.is a function of

the malntenance department and must be coordlnated with its

'-other act1v1t1es W1th1n the whole plant.. The program is

.dependent on perlodlc 1n5pect10ns of equ1pment Most ef the

work connected with paintlng of equ1pment w111 have to be

'carr1ed cut durlng unlt shut-downs,. 51nce palntlng procedures

carry excesszve safety hazards when performed on Operatlng
equipment. Good SChEdullng of such Work-WIII therefore be
necessary.

Apart from protecfiﬁe painriog_énd_coating programs,
also important‘are the yarious.color.schemes.used_toﬁattain
specific objectives in go=oi1-refineryu Such color schemes
axé not standardiZed"throughout the induétry‘butlthevtrend is
in that directioog Major equipment-such‘as veSéels,‘taﬁks,

columnS'and reactors are usually painted in-a combination of

Valumlnum and hlack or oray palntS, while machlnery such as

compressors englnes and motors are palnted dark green.

Machines in‘the machlne shops are pa1nted-1n contrastlng,
colors to accentuate and differentiate between various

critical or hazardous.parts. All fire-fighting equipment
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is palnted in brilllantlyrdlstlnct1ve coloré usuaily'bfipht-
red. Foan llnes,'steam and water plpes are all palnted in
different colors to distinguish and identify them easily.

pipe lines for various products are provideH wifh'disfiﬁguish_
ing color bands to facilifate ease of fecdgnition and location
and to prOvide"wafﬁing of pdséibielhaéafas;

"Most‘réfihefy éqﬁipment, such as‘ffaetibnéting
towers,”réabtibﬁ'vessels;”héatlexChanger and‘fﬁrnéce’tubés,
pumpsi'ahd steam-boilers, has to be cleaned périodicaily'to
remove surface“scaieSQTdepOSits and“impﬁritiés which reduce
its Opefating effiéiehéy; " The scales and depbsits‘usually
‘found in refinery equipmeﬁt consist of’rélétively éimple
1nbrgani¢ éomﬁﬁunds,"highly'cémpiex:orgahic substancés“and7"
mixtures of the two. It has beén usuai:in'the paét fb%rémoﬁr
-most of them by mechanlcal means such as reamlng and sand— g
blastlng, these operatlons require the by pa381ng or shutting
down and dismantling- of equlpment and they are 1n_themselves
time and labor cpﬁs?ming; Chemical’qiéaning(l7)Ain?dlveST
thé'contadfiﬁgjbf;équibmehtﬁﬁifh‘ﬁ‘$ﬁitgﬁ}é'sdivént or‘aéid
under conditions which ﬁfli'ﬁfing about ‘the: greatest éfféctive—
nesg_of_Scalé'reﬁpvai;f“fﬁghséIeétionfofkfhe'ﬁrbﬁef*sdlveﬁt |
Will'depend Qﬁ'thé'physical_and'chémidai-charaéterih%iCS‘of 
the scale Orldéposit-concerned. _Subh‘cheﬁical'cleaﬁiﬁg is
':more”economical_if properiy'ébplied than any mechanical
'methddslﬁhiCh'génergliy requife‘a‘gfeat deal of manual labor.

However, it will not be pdséible to use chemical cleaning in
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every case, dependingllargely on scale composition and con-
ditions. Procedures have been_developed‘which give solvent
conCentrations, temperatures and'time'intervals'to be used
on a varlety of types of metal under g1ven scallng cond1t1ons
Certaln 1nh1b1tors are - 1n use wh1ch permlt rapld solutlon
of deposits whlle protect1ng the base‘metal‘from attack by
the solvent. R |

Chemlcal cleanlng is more effect1ve and econom1ca1
in the long run if it is. practlced at reasonably frequent
1ntervals sxnce the complex1ty of depos1ts 1ncreases w1th
“scale thlckness wh11e the solublllty power of solvents
'fdecreases. Thus the dec131on whether and when to use. chene
1ca1 clean1ng methods becomes one of enﬂlneer1ng economlcs
in the light of the overall prevemtlve malntenance program

When spares or by—pass fac111t1es are prov1ded it

is p0551b1e to clean certaln equxpment 1n S1tu. Furthermore,

in 11m1ted cases such as the water-side of heat transfer
equ1pment, 1t is practlcable to clean .while the equlpment is
.in-normal operat1on The use of mob11e clean1ng fac11rt1es
-mounted on trucks is 1nd1cated in such cases,

Work Orders ‘and Accountlng Systems.——Snccessful preventlve

malntenance is founded to a large extent on hlstorlcal

‘records of work done Such records are the basis of main-

tenance labor schedu11ng, cost control and of any reV1ew of
gy

procedureso Hence, the fundamental rule: should be that no

maintenance work must be'performed without a -written order,
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,There will be exceptlons to thls rule in the case of

*emergencles when- t1me 1s of the essence and nsrmal precedures

may ‘be c1rcumvented but even in Such contlnwen01es a work

order shOuld be-1ssued as:soon‘as p0551b1e_aiterwardss(18)

The work orders in use 1n reflnery malntenance vary

‘accordlng to requlrements and malntenance practlces- Most

of them include brief work 1nstruct10ns on how the JOb should
be performed more elaborate guldance belng g1ven in standard
practlce manuals All the necessary data regardlng the

equlpment and 1ts 1ocat10n must be glven and mater1a1

'requ151t10ns must be made out to match the requlrements somef

where along the line between the 1ssu1ng authorlty and the
malntenance worker to whom the task has - been aSS1gned

In the type of malntenance department organlzatlon

Suggested the 1ndustr1a1 englneerlng sec ion would be

respoﬁsibie for clearlng all maintenance work orders. It is

preferable to plaee'a'limit on the expenditure which can be

authorized bﬁ employees beléw the higher xecutive letei,
in order that cloSeTQOntroiﬁbvet maintenance costs can‘be

achieved. Also, Work orders should be cl arly separated |
1nto these coverlng rewularly recurrlng P eventlve malntenance
work_and those for non—repetltlve actlvit es 1nvolv1ng
specific repaif or’donstfﬁction. The for'er'shguldiusaally

be issued in the form of blanket drders.coveriqg‘continaous

maintenance activities on a periodic basis; examples of such
work orders would be'these-involving insﬁeetion, cieaning,

overhauling and checking of various types |of refiner&
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- equipment éuch'asrmgtors{ ipgffg@gnts, valves,”cpﬁpressors,
and other machinery, %hé éé¥vicing'6ffutilities equipment
such as heating, lighting and ventilating systems, the
execution of painting prégrams and similar éctivities,,'
Special instructiens for the methods to be used in all pre-
;Véntive mafnfenanoefwérk are aanecessity. |

'N@n-fepetitive work'ef repair. and conétructi@ﬁ must
be handled on an individual day-to-day basis, though the
élerical.andxwérk,ordér'procedures will be' the same. |

Béveral copies of work:orders:arejﬁade out, varying

usually‘frem.threé to five,-acpérding to pilant feqﬂireﬁents.
As;in most other adminiirativeﬁoperatien§, théré_ig.scbpe
‘ﬁor'wo?k simplificationzand method imprgvement @f‘the forms
used and of.their_routing. DIt:is desirable thatﬁthe}numbér
of-pebple who-should be given copies-of-maintenance:work
orders, either for perusal or for filing, should be kept to
a minimum-cenSistent'with'he.Successful operation of the
department. | .

| Turﬁaround-and shut~d6§ﬁ sch§du1ing~requires a high
degree of plannihg;:an'inxégfal part of which is the issue
of-relevant-wbrk orders and material requisitions. Co-
operation béfween planning, estimating; steres'coht?ai, anﬁ_
Purchasing-departments-musf be exténsivé‘iniorderrthaf all
necessary werk possible-can be performed before the'Shﬂtedown
is ordered. Much of tﬁe actual maintehahce work involved
will be prediCtaBIéjas such, it Willzbe'subject.to‘sudh

anticipatory treatment, while the remainder will be dealt
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with as the need for'it‘ériSQsnbr”becbmes:evidenf. To this

‘end, it is advisable to appoint a number of job coordinators

from the ranks of the craft foremen, with responsibility over

certain integrated multi-craft operations.

" One of the objEC%ives-of‘a”gdod'mainfeﬁance-work order

system is the“ségregafich”df ﬁaintendhce'cbsts~by'Various
units_oflﬁrbducts; and the resultant basis for future bud-
getary estimating and control of all refinery maintenance
work. Like'all other refinery activities, maintenance must
be subjécf'tdlciase‘CGSt accounting control, in ofdef:thaf
ekfféﬁe‘fiﬁctﬁatiOnS may be detected,'énalyzéd, gnd cor-:
rected. It is”not'usuai for mainteﬁance!cqsts to beﬂf

ailoéatéd”fO'eaCh plant on a labor-materials utilization

basis, while construction work is usually booked separateiy..

The latter will always be a matter for top management
décisien; WhiChTalone.can coordinate the ccnstfuctioﬁ'pro—'
jectsldfﬂtﬁéicoﬁﬁéﬁy as a whole td avoid'dupiication-ahd
uneconomical purchase. The cost accounting procedures. for
maintenance must pdeide“managementiith adequate informa-
tion to Be'qonsidefed'in*deciding the overall financial and

operating policies of the company.

t
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CHAPTER XIII
' CONCLUSIOKS AND RECOMMENDATIONS = .-

Maintenance 1s an- englneerlnglserv1ce by Whlch the
ph551cal assets of an 1ndustr1al undertaklng are sustalned
for optlmum productlon._ Its long-term purpose is the safe-
guarding of an 1nvestment hence malntenance work is a
contlnuous function not‘an-1nterm1ttent one.

The general cla551f1cat10n of ma1ntenance 1nvolves

-”four types , breakdown, scheduled planned and preventlve

v |_ 3 I

malntenance Breakdown malntenance 1s prxmltlve and solelym,
.curatlve 1t does not attempt to. forestall the need for |
repalr or replacement of equ1pment by adequate upkeep and
serv101ng. It 1nv01ves the acceptance of low equlpment_
eff1c1ency re8ult1ng in low prodnct1v1ty. Scheduled o

ma1ntenance is the first step both in tlme and. prlnclple

towards prevent1ve malntenance. It Wlll be most useful in
ach1ev1ng more eff1c1ent utlllzation of maintenance facilities
by disCIosing'when and_nhere‘maintenance'work is to_be
performed. The scheduling of maintenance can often be.
integrated with regular periods of plant idleness if the

latter are readily‘determinable. Planned maintenance carries

scheduling still further by endeavouring to specify also
what work is required and by whom it is to be performed,

This form of maintenance will be justified economically in
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continuous process'industries operating under high. plant
‘throughput rates. The analysis of maintenance performance
and its comparison with advance estimates should reveal

possible improvements and cost reductions. .Preventive

| maintenance cqmprises.a ﬁhilosophy and approach fo main-
tenéece, in which detai1ed iﬁspection'and 5tuéy:of_éxisting
equipmenf and methods will result in effective econoﬁies
through improvement in design,‘alteratioe_in fhe‘freqﬁgncies
of schediled work, and the development of ﬂee'maintenanee
techniques, methods and maferials. Preventive maintenance
is the ultimate‘develepment:of SChedﬁled.and‘planned maiﬁ—
tenance, and';t pleges an emﬁhasis on upkeep, modificetibn
and replédement of"équipment.to the exclusion of mere | |
repairs. It requires a high degree of cooperation between
all departments and at all leveis.

A publlshed survey of existlng malntenance practices
revealed that One eut of every three plant. empleyees 1n the
011 reflnlng 1ndustry was engaged in malntenance work This
ratio is between three and twelve tlmes as hlgh as in other
types of 1ndustry, this fact is thought fo be prlmarlly due
to the low operatlng labor requlrements of reflnery process
departments resulting from a high degree of automatic
control. ~Furthermore, the.high capital investment necessary
in éontinuoﬁs process industries like'oil”refining'makeé
_adequate malntenance of operatlng equipment economlcally

essent1a1
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In order to meaéure'the éffectivepess-of a maintenénce;
department it is.necgssary}to'establish certgingperformanQe
criteria; these are the size of the.mainténaﬁcé task,. the
size of the maintenance labor fotce:and‘its efficieﬁcy, the
'qaalitj of maintenance obtained, and thé:intensity of main-
tenance d951rab1e.d_ . . | |

The . nature and'eéénomics of the petroleum refining
1ndustry demand that forced shut downs of pr006851ng units
be prevented at all cost and scheduled shut down time be
kept tO'a.minimum consistentnwith the'efficient'performgnpe
of all necéssary work, In th@ light of .these requirements,
it is essential that as much of the work oi;mainténancé as
is pbssible'should be ﬁerférmed while ﬁlént ﬁgits éfe in
operation, so that.shutfdawn maintenance m#y bewlimitedrto
statutory inspection, replaéement apd installation of equip-
ment. A high degree of pbordination and planning'aré-
necessary prerequisites to success. |

'-éood organization of the‘maintenance.department is
the‘foundaiiénfof:eﬁficient operation. The €ssential require-
ment.for thé eStablishment;of an efficient maintenance
organization is thélpfévision of means-which will ensure'that
the maintenance contribution to operating policy is made and
conszdered before tnat policy has’ taken shape as a final
productien'programw' Decisionslregarding'the'organizatioﬁ of
maintenance activities are.mattets for top-lével management
consideration,and_éppro?aig hence, manégement must be in-

formed of the true significance of effective maintenance.
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Froﬁ the 1nf0rmafﬁon 5vai1ab1er 1t appears that the
malntenance organlzatlon 1n an 011 reflnery often occuples a
subordinate pos1t10n to the pr006551ng department - Such a
state of affairs is;ggghly‘undesirable and should be remedied.,
In connection with this principle, the status of the Chief
Engineer and of his staff should bé‘raiéed to thé‘iével of
their respective counterpér{slin the procéssing déparfment.
The most commoen type'ofﬂréiinéfy maintenance organization_
has been found to.bé-thé line and staff érrangement; ﬁThié
has its proveﬁ.advantages*and disadvantages;_as regards
maintenance;rfhe rigidity gnd‘compléxity;Of thig type
of-organizatiOn with its frequeﬂt separation of
authority from reSpon51b111ty,lmay result in c®n£u510n
and inefficiency. . A modlfled 11ne and staff malntenance
organizatien is recommended wh;ch should include an industrial
engiﬁeéring staff division within the maintenance department.
The Chief Industrial Engineer should be reSponsible-directly
to the Superintendent of Engineering, and he should be
providéd with adequaté staff to fulfii; all the fungtions
connécted With tﬁé,plgng;hg and schedu1ing of maiﬁténanée
activities; ali ﬁoyk orde;sAshould.thérefore be routed
{hrough this di?iéioﬁ‘for pﬂipqées of analysis, recording,
and_contpol;  The éctivifiés of the industr131 engineering
section would also include responsibility.fof~a11 inspections,
methods(?palysis, ﬁofk measurement,-wage.inceptives, ma-i_n—l

tenance reviews and reports, cost control and outside contracts.
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" Work Siudy and measurement is to‘be;re¢Qmmended as
one 6f the most useful tools in tﬁeaapplicatién of industrial
engineering to oil refinery‘maintenance; If is considered
to be the bést megns'of detérmining and cohtrolling fhe
effectiveness of mainténancg, an indiSpensabie_aid'tb ﬁlan—
ning,‘sche&uling'and prgveﬁfive'maintenénpe; and,é hecessary
foundafibn'for'wage incgﬁtives. Of the several methods
'described, the mosf"suit#bie‘is‘thought;to ﬁé.that based on
‘ElemeﬁtalrStanqard'Déta}-“This recognizes the fact that
élthough'most'mainfénanceiébfivities may‘be n®n+Tepétitive,

' common basic elemeﬁts will be found in a variety of specific
tasksf- Standard times are determined_for the.relgtiVely _
small number of these basic elements, and suitable combina-

*ticns of such valués’will-be_ﬁsed‘in measﬁring thg'éfﬁeétive—
ness of past and preéént.maintenanée activities aﬁd in plan-
ningﬂfOr the future.

Wage iﬁCentiﬁes are fecommended:aé ﬁotivatingJagénts
fbrfﬁépter pérformance_of maintenance,after'properrstéﬂ&ards
have beeu-eStabiiSﬁed,  There iS no.single-outstahdihg plan

that can be appiiédPto all industrial plants or even to all
0il refingriesj individual companies must match specific
conditions with partﬁculaf plans or suitable ﬁodifications.

Group incentive plans are considered to belbettef‘than none,

 but where possible, individﬁal incentives Should be used,

Any_wage incentive plan must be based on a true relationship
bétﬁéeﬁ”ﬁérfofmanéé.ané oﬁtput,_ghd i{% bﬂrposé musf,bé |

undefstoodiand agreed upon by all empioyees coﬁberned._
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Preventive maint??ance'is=éingiéé'6ut aé'fhé.mésf
impoftant activity in an'6il refinery, .Examples are given
to ilTlustrate the uﬁderiying*phiiésephy*of‘this;funétibn;f
It is conceded that no pxl'evéntiw?e*??maintena'nce_ program can' be
.sﬁécéssfu;fwifhéﬁ% the”coopération and active effo£t'of'all.
refinery personn€l. It will be the furction of the ‘industrial
enginéer to coo%diﬁafeé iﬁveStigatE‘and_cbntrol.the'practice
of preventivéfmaintenahcé};  |

It is”cenéiuded‘that fhis'papérfhas:covéféd'bniy a
limited number of'fhe'pdkential'impréveﬁenfé“éﬁd saﬁiﬁgé
made poééib&e¥by_%he‘apﬁlicafion_of theﬁpf&nciples of
industrial'engineéring'in an oil refipery. However, it
.apbéars‘%ﬁdt'the”nﬁmerogé‘éhd compléx'aéfivifi%s o£'refiﬁery'
maintenance foér a_mbst reﬁarding’and’significént’fiéidfbf

ehideéavour to such efforts.’
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