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Introduction

Operations	within	the	oil,	gas,	and	petro	chemical	sectors	provide	the	most
operational,	safety,	and	maintenance	challenges	available.	Also	planning,
estimating,	and	scheduling	in	these	areas	must	achieve	a	higher	level	of	accuracy
and	reliability.	Thus	we	have	used	the	title	Reliable	Maintenance	Planning,
Estimating	and	Scheduling	(RMPES)	along	with	estimating.	However,	this	book
has	universal	applications	for	all	type	operations	because	if	you	can	do	it	within
oil,	gas,	and	petro	chemical	sectors	you	can	do	it	most	anywhere.	This	book	will
be	much	different	than	most	others	you	have	used,	read,	or	researched.	Of
course,	it	will	cover	material	and	ground	that	has	been	plowed	and	still	being
cultivated	before	by	some	great	author/trainers	like	Joel	Levitt	and	Don	Nyman
in	their	book;	Maintenance	Planning,	Scheduling	and	Coordination	and	also
other	great	books	on	planning	and	scheduling	by	Tim	Kister	and	Bruce	Hawkins,
Doc	Palmer,	and	Michael	Brown.

Thanks	especially	to	Ricky	Smith	and	Jerry	Wilson	who	have	provided	the	case
study,	Alcoa-Mt.	Holly	from	1997	to	2012.	I	have	used	this	as	the	closing
Chapter	20—A	Model	for	Success:	Developing	Your	Next	Steps	for	Sustainable
and	Reliable	Maintenance	Planning,	Estimating,	and	Scheduling.	Thanks	to
Phillip	Slater	and	Art	Posey	for	Chapter	17—MRO	Material	Management:	The
Missing	Link	in	Reliability.

And	last	but	not	least,	thanks	to	a	real	maintenance	planner,	Gary	Royer,	who
came	from	a	giant	corporation	and	made	many	things	work	well	as	a	“one	man
band”	so	to	speak	within	a	small	undisciplined	operation.	He	never	gave	up	on
improving,	and	has	made	excellent	progress.	His	story	is	Chapter	19—How	This
Book	Can	Apply	to	the	Very	Small	Work	Unit	in	Oil	and	Gas	or	to	Any	Type	of
Maintenance	Operation.



This	book	will	be	about	reliable	maintenance	planning,	estimating,	and
scheduling	(RMPES)	within	organizations	having	very	critical	and	complex
equipment,	extreme	HSSE	challenges,	and	located	in	environmentally	sensitive
locations	in	most	cases.	For	today’s	oil,	gas,	and	petrochemical	operations	it	will
cover	the	complete	scope	of	planning,	estimating,	and	scheduling	of	work	in
these	critical	continuous	process	operations.	It	will	also	include	in	detail	an
added	focus	a	planner/scheduler	can	have	on	reliability	and	continuous	reliability
improvement	(CRI).

Appendix	A-The	Scoreboard	for	Maintenance	Excellence	Version	2015	is	a
major	body	of	work	within	this	book.	The	Scoreboard	for	Maintenance
Excellence	provides	an	extensive	and	prescriptive	self-assessment	guide	to	38
best	practice	areas	with	600	evaluation	items.	It	was	updated	from	the	previous
version	to	include	many	areas	specific	to	oil,	gas	and	petro	chemical	operations.
It	also	goes	well	beyond	the	descriptive	and	often	vague	terms	of	ISO	55000
requirements	with	prescriptive	action	items.	It	is	available	from	The
Maintenance	Excellence	Institute	International	in	easy	to	use	Excel	format.	Go
to	www.pride-in-maintenance.com	for	details	to	receive	your	own	Excel	copy.

Planners	and	schedulers	(P/S)	play	a	key	role	within	good	maintenance	and
reliability	improvement	processes.	This	book	will	further	define	how	their	roles
can	support	CRI	and	how	these	positions	when	properly	trained	can	become	an
important	new	dimension	to	their	key	position	within	in	large	and	small
operations.

I	will	refer	to	all	leaders	in	this	book;	Top	Leaders,	Maintenance	Leaders,	and
Craft	Leaders.	I	will	also	refer	infrequently	to	“managers	of	the	status	quo,”
which	I	have	seen	in	many	cases	at	all	levels.	Leaders	at	these	three	levels	will
all	gain	a	better	understanding	of	the	professionals	that	perform	RMPES.	My
underlying	goal	is	that	this	book	will	expand	the	P/S	role	and	the	appreciation	of
this	profession	to	another	level	of	professional	recognition.



During	my	career	back	in	1972	I	was	lucky	enough	to	be	on	a	team	that
interviewed,	selected,	personally	trained,	and	implemented	over	70	planners
across	the	State	of	North	Carolina	for	the	NC	Department	of	Transportation’s
Fleet	Equipment	Maintenance	Management	Division.	Later	I	will	share	with	you
the	true	story	of	the	outstanding	career	progressions	by	these	mechanics	that
reluctantly	left	their	tool	boxes	behind	for	a	new	role	as	planners/service
managers	within	in	a	governmental	agency,	the	NC	Department	of
Transportation.

Our	stated	focus	is	on	oil	and	natural	gas	operations	and	large	petro	chemical
organizations	with	large	complex	equipment,	continuous	processing	units,	and
integrated	systems	that	present	some	of	the	greatest	challenges	to	performing
effective	maintenance.	Asset	integrity	management,	process	safety	management,
risk	management,	HSSE,	and	change	management	all	add	to	a	need	for	a	fully
integrated	process	for	capital	planning,	day-to-day	maintenance	and
shutdown/turnaround	activities.	This	book	will	primarily	cover	day-to-day
RMPES	and	how	integration	to	shutdown,	turnaround,	and	outage	(STO)	should
occur.

A	profit-centered	maintenance	strategy	requires	effective	and	reliable
maintenance	planning,	estimating,	and	scheduling	(RMPES)	and	many	other
best	practices.	RMPES	is	considered	by	me	and	many	others	as	one	of	the	most
important	maintenance	best	practices	because	it	is	a	very	important	enabler	of
profit,	gained	value	customer	service,	craft	labor	productivity,	and	physical	asset
productivity.	Effective	and	reliable	maintenance	planning,	estimating,	and
scheduling	enables:

1.	craft	labor	productivity-Improved	OCE	(Overall	Craft	Effectiveness)

2.	asset	productivity-Improved	OEE	(Overall	Equipment	Effectiveness)

3.	reliable	and	safe	repair	methods



4.	reliable	planned	time	for	knowing	your	TMR	(Total	Maintenance
Requirements)

5.	increased	operations	labor	productivity

6.	validated	direct	savings	and	gained	value	that	contributes	directly	to	the
bottom	line.

We	will	first	of	all	define	the	benefits	of	successful	RMPES	to	three	key	groups:

1.	Top	leaders:	C-positions,	especially	the	chief	financial	officer,	VP-operations,
managing	directors,	and	also	engineering	and	maintenance	managers

2.	Maintenance	leaders:	Maintenance	managers,	supervisors,	foremen,
maintenance	engineers	and	reliability	engineers





Figure	I.1			Surface	facilities	operations.	Courtesy	of	General	Electric.

3.	Craft	leaders:	Subject	matter	experts,	crew	leaders,	and	other	technician
specialists.	I	like	to	think	of	a	craft	leader	in	sports	term;	“It’s	your	Go	to	Guy
when	a	real	problem	occurs.”

We	will	define	for	each	of	these	three	groups	the	foundation	on	why	RMPES	is
important.	From	the	500	plus	plant	visits	and	assessments,	I	have	personally
performed,	less	that	20%	really	applied	RMPES	effectively.	Many	had	planners
physically	in	the	wrong	place	doing	ineffective	RMPES	for	the	customer.	That
leaves	80%	in	both	large	and	small	operations	that	need	help.	From	that	real-life
sample	of	shop	level	personal	experience	there	were	some	obvious	needs.

a.	A	clear	and	comprehensive	maintenance	strategy	was	not	defined	by	the
maintenance	leader	up	to	their	top	leaders	and	down	to	craft	leaders

b.	Maintenance	leaders	did	not	know	“where	they	were	in	terms	of	best
practices”	and	therefore	did	not	have	a	clear	path	forward	that	could	achieve
validated	and	measured	benefits	from	their	existing	RMPES

c.	Top	leaders	did	not	truly	understand	maintenance	and	certainly	had	no	idea	of
their	“total	maintenance	requirements.”

d.	Top	leaders	and	maintenance	leaders	set	lower	performance	goals	for	total
backlog,	when	in	fact	“total	maintenance	requirements”	often	exceeded	current
craft	capacity.

e.	Craft	leaders	and	craft	technician	were	still	operating	in	a	reactive,	fire
fighting	mode	and	did	not	really	have	effective	planning/scheduling	or	did	not
clearly	see	the	true	benefits	when	planning/scheduling	was	in	place.	Figure	I.1
illustrates	the	scope	of	surface	facility	operations	within	the	oil,	gas,	and	petro
chemical	sectors.

Our	goal	is	that	this	book	will	benefit	both	large	oil	and	gas	operations	as	well	as
smaller	discrete	manufacturing	operations.	Ninety	percent	of	this	book	will



apply	to	all	type	operations,	because	the	best	practice	for	RMPES	basic
processes	apply	to	every	operation.	Again,	leaders	at	all	three	levels	will	gain	a
better	understanding	of	the	professionals	that	perform	RMPES.	My	underlying
goal	is	that	this	book	will	expand	the	P/S	role	as	it	is	related	to	maintenance	and
reliability	excellence	and	will	increase	the	appreciation	of	this	profession	to	an
even	higher	level	of	professional	recognition	in	the	future.

1



Profit	and	Customer-Centered	Benefits	of	Planning
and	Scheduling

Abstract

This	chapter	sounds	the	alarm	for	top	leaders	to	understand	the	importance	of
maintenance	as	key	to	total	operations	success.	If	your	current	maintenance
strategy,	leadership	philosophies,	and	planning	and	scheduling	processes	do	not
allow	you	to	manage	maintenance	like	a	profitable	internal	business,	you	could
be	in	trouble	or	heading	toward	serious	trouble.	Top	leaders	that	still	view
maintenance	as	a	“traditional	cost	center”	and	then	continuously	“squeeze	blood
from	the	maintenance	turnip”	are	on	the	road	to	major	problems	with	physical
asset	management.	This	chapter	summarizes	that	investments	in	reliable
maintenance	planning,	estimating,	and	scheduling	along	with	other	best	practices
can	have	many	measurable	benefits.

Keywords

Chief	maintenance	officer,	CMO;	Contract
maintenance;	Cost	center;	Customer-centered;
Maintenance;	Maintenance	leader;	Maintenance
manager;	P–F	interval;	Physical	asset	management;
Planner/scheduler;	Profit	ability;	Profit	optimization;



Profit-centered;	Value-adding	investments

Effective	and	reliable	maintenance	planning	and	scheduling	that	we	will	discuss
later	is	an	essential	element	for	physical	asset	management	operation.	But	does
your	view	of	maintenance	and	physical	asset	management	process	see	it	as	a
profitable	in-house	business	within	your	organization?	Would	your	current
maintenance	operation	sustain	itself	as	a	contract	maintenance	organization	and
make	a	profit?	These	might	seem	to	be	two	strange	questions.	But,	if	your
current	maintenance	strategy,	leadership	philosophy,	and	planning	and
scheduling	processes	do	not	allow	you	to	manage	maintenance	like	a	profitable
internal	business,	you	could	be	in	trouble	or	heading	toward	serious	trouble.

Top	leaders	that	still	view	maintenance	as	a	“traditional	cost	center”	and	then
continuously	“squeeze	blood	from	the	maintenance	turnip”	are	on	the	road	to
major	problems	with	physical	asset	management.	This	attitude	has	resulted	in
catastrophic	failures	within	airlines,	refineries,	ships	at	sea,	and	many	other
operations.	Maintenance	requirements	are	everywhere	and	the	need	for	effective
maintenance	is	continuous	because…	Maintenance	is	forever!	Maintenance	of
our	body,	soul,	mind,	spirit,	house,	car,	physical	assets,	and	infrastructures	all
around	us	will	be	with	us	forever.

Are	top	leaders	gambling	with	maintenance?	There	can	be	a	very	high	cost
of	gambling	with	maintenance,	and	most	operations	lose	when	they	gamble
with	their	maintenance	chips.	There	is	an	extremely	high	cost	to	bad
maintenance	within	oil	and	gas	operations,	on	the	plant	shop	floor,	in
combat,	and	everywhere	the	maintenance	process	fails	in	the	proper	care	of
physical	assets.	Look	at	Figure	1.1	below	to	gain	an	understanding	of	the	P–
F	interval.	What	chances	are	you	willing	to	take	when	you	know	that	a
failure	is	occurring”?

Point	P	above	is	like	the	saying,	“You	can’t	be	a	little	bit	pregnant.”	Point	P	can
be	confirmed	by	numerous	possible	means,	but	the	P–F	Interval	is	basically	the
unknown	time	between	seeing	a	certain	failure	start	and	at	what	time	the	failure
actually	occurs.	If	you	have	not	invested	wisely	in	predictive	maintenance	or
continuous	monitoring,	you	may	be	at	the	point	where	you	can	manage	and	lead
forward	as	a	profitable	internal	business.

You	may	also	be	a	potential	takeover	target	for	contract	maintenance.	Many
operations	have	lost	heavily	by	gambling	with	indiscriminate	cuts	to	a	core



requirement:	the	resources	necessary	for	effective	physical	asset	management
and	maintenance.	Quantum	leaps	backward	will	occur	for	the	top	leader	that
fails	to	view	maintenance	as	a	core	business	requirement.	I	feel	strongly	that
indiscriminate	downsizing	and	“dumb	sizing”	of	maintenance	is	finally	being
recognized	as	a	failed	business	practice.	Where	are	your	maintenance	chips
being	stacked?	Do	not	view	maintenance	as	a	cost	center	and	not	worthy	of
effective	planning	and	scheduling.	View	it	with	a	profit	and	customer-centered
mentality	and	with	an	attitude	that	promotes	initiative,	customer	service,	profit
optimization,	and	ownership.	Invest	in	reliable	maintenance	planning,
estimating,	and	scheduling,	and	the	other	best	practices	we	will	discuss	later	to
ensure	success.





Figure	1.1			The	P–F	interval.

Profit	and	customer-centered	contract	maintenance.	You	might	say	that
profit	and	customer-centered	maintenance	is	not	possible	for	an	in-house
maintenance	operation.	But	a	profit-centered	strategy	does	exist	in	the
thousands	of	successful	businesses	that	provide	contract	maintenance
services	everywhere	we	look,	especially	within	many	oil	and	gas	operations.
Maybe	we	invest	our	maintenance	chips	(or	even	real	U.S.	dollars)	heavily
in	profit-centered	contract	maintenance	providers	who	are	truly	in	the
maintenance	for	profit	as	business	to	truly	serve	their	customers.	They	will
expand	even	further	if	organizations	continue	to	give	up	on	in-house
maintenance	operations.

Third-party	maintenance	will	continue	to	be	a	common	practice	in	organizations
that	have	continually	gambled	with	maintenance	costs	and	have	lost.	For	some
of	the	maintenance	operations	that	I	have	seen	as	a	result	of	hundreds	of
maintenance	benchmarking	assessments,	the	best	answer	for	survival	is	a
partnership	with	a	contract	maintenance	provider.	It	is	often	a	hard	choice,
especially	when	it	is	tempered	with	all	the	relentless	pressure	from	unions.	For
some	operations,	quality	service	from	qualified	maintenance	service	providers	is
unfortunately	the	best	choice	available.	However,	we	should	not	give	up	on	in-
house	maintenance	when	contract	maintenance	could	be	just	as	bad	if	they
operate	within	our	current	organization	without	effective	planning	and
scheduling.

This	is	not	a	scare	tactic	that	advocates	third-party	maintenance	in	total	for	an
organization.	It	positively	and	unequivocally	does	not	support	the	dumb-sizing
of	in-house	maintenance	to	provide	lean	maintenance,	which	in	turn	fails	to	meet
the	total	maintenance	requirement	needs.	Dumb-sizing	of	maintenance	and
reengineering	without	true	engineering	has	failed.	Third-party	maintenance	in
specialty	areas	or	areas	where	current	maintenance	skills	or	competencies	are
lacking	will	be	needed	and	be	a	growing	practice.	It	provides	real	profit	to	the
maintenance	provider	and	savings	to	the	customer.

Greater	third-party	maintenance	of	all	types	is	occurring	around	the	world,
especially	in	the	Middle	East,	and	will	continue	to	occur	in	United	States’



operations	where	maintenance	is	not	treated	as	an	internal	business	opportunity.
It	will	obviously	occur	where	the	maintenance	operations	have	deteriorated	to
the	point	that	a	third-party	service	is	more	effective	and	less	costly	than	in-house
maintenance	staff.

Where	is	your	chief	maintenance	officer?	We	now	have	more	“C-positions”
than	we	know	the	terms	for:	CEO	(Chief	Executive	Officer),	COO	(Chief
Operating	Officer),	CFO	(Chief	Financial	Officer),	CIO	(Chief	Information
Officer),	CPO	(Chief	Purchasing	Officer).	An	important	position	that	is
missing	is	the	chief	maintenance	officer	(CMO).	The	evolution	of	the	CMO
position	must	occur	to	provide	leadership	to	physical	asset	management
within	large	manufacturing	operations.	I	sincerely	believe	that	the	real
maintenance	leaders	will	begin	to	emerge	as	CMOs	in	the	business	world.
This	new	staff	addition	of	a	CMO	is	desperately	needed,	and	smart
organizations	will	have	someone	near	the	top	that	is	officially	designated	to
ensure	that	physical	assets	are	properly	cared	for.	I	believe	that	the	CMO
will	join	the	ranks	of	the	CEO,	COO,	CFO,	and	CIO	in	large	multisite
manufacturing	operations	to	manage	physical	assets.	This	can	be	a	real
technical	asset	for	large	oil	companies,	for	example,	using	the	same	business
system	and	associated	computerized	maintenance	management	system	such
as	SAP.	These	CMOs	will	manage	and	most	importantly	lead	maintenance
forward	as	a	“profit	center.”	A	good	CMO	with	“profit	ability”	will	be	in
place	to	lead	maintenance	forward	to	profitability.	A	good	CMO	will	help
the	CFO	take	the	“right”	fork	in	road	as	it	relates	to	physical	asset
management	and	profitability	providing	consistent	application	of	let’s	say
SAP.	Regardless	of	the	size	of	the	operation,	every	manufacturing	operation
needs	a	CMO.	For	smaller	operations,	it	might	be	a	CMO	equivalent,	a	true
maintenance	leader	or	a	maintenance	leader	supervisor	that	can	really
manage	maintenance	as	a	business	and	as	an	internal	profit	center.

Profit	ability.	Leadership	ability	is	an	important	personal	attribute,	but
being	in	the	“maintenance-for-profit	business”	also	requires	an	important
new	type	of	ability	that	we	call	“profit	ability.”	To	lead	maintenance
forward,	we	must	learn	from	the	leaders	within	the	third-party
maintenance	business.	There	are	many	good	ones	out	there,	but	one	that	I
personally	know	about	is	a	company	in	Oman	that	manages	their	pipeline
maintenance	like	they	own	the	contractor.	Of	course	not	literally,	but	this
was	a	great	example	of	true	“profit	ability”	on	both	sides.	This	attendee	who
was	responsible	for	all	of	Oman’s	pipeline	maintenance	was	at	my



“Maximizing	the	Value	of	Contracted	Services”	course	in	Dubai.	He	could
have	taught	the	course.	One	of	the	key	things	that	stood	out	was	that	the
contractor	was	required	to	employ	a	planner/scheduler	that	worked	closely
with	the	pipeline	company	planner/scheduler.	Direct	measurement	of
contractor	work,	schedule	compliance,	plus	other	key	metrics	were	at	the
heart	of	their	profit-centered	relationship.

Having	a	good	CMO	adds	the	missing	link	to	achieving	total	operations	success
and	profit	=	optimization.	Maintenance	has	rapidly	evolved	into	an	internal
business	opportunity	and	can	almost	now	stated	financially	correct	as	a	true
“profit	center.”	The	change	from	a	“run-to-failure”	strategy	into	a	proactive,
planned	process	for	asset	management	requires	a	CMO	with	demonstrated
technical	and	personal	leadership.	Plan	on	becoming	the	CMO	in	your	operation
regardless	of	your	organization’s	size	or	current	level	in	your	organization.
Ensure	that	an	effective	planning	and	scheduling	process	is	in	place.

No	matter	how	bad	something	is,	it	can	always	be	used	as	an	illustrative	bad
example.	We	all	learn	lessons	either	the	hard	way	or	the	easy	way.
Therefore,	bad	examples	are	not	wasted.	I	think	we	can	learn	important
good	lessons	about	maintenance	the	easy	way	by	having	an	effective	CMO.	I
think	that	a	new	breed	of	corporate	officer	will	evolve.	An	effective	CMO
will	be	a	firm	requirement	for	organizational	success.	CMOs	will	take	their
place	near	the	top	with	the	CEO,	COO,	CFO,	CIO,	and	the	corporate
quality	gurus.	I	think	we	will	start	to	listen	closely	to	the	maintenance
messenger,	our	CMOs.	We	will	not	and	should	not	shoot	the	maintenance
messenger.	Many	have	been	seriously	wounded	when	they	have	tried	to
state	the	“true	state	of	maintenance”	within	an	organization.
Manufacturing	plant	managers,	CFOs,	COOs,	and	VPs	of	manufacturing
operations	who	do	not	understand	the	true	value	of	maintenance	will
continue	to	be	the	bad	examples.	The	CMOs	of	successful	organizations	will
have	an	important	and	unprecedented	role	in	the	success	of	their	total
operation.

The	successful	manufacturing	company,	whether	discrete	or	continuous
processing,	will	have	true	maintenance	leaders,	not	managers	of	the	status	quo.
The	true	maintenance	leaders	and	CMOs	of	these	successful	companies	will
know	the	contribution	to	profit	that	their	maintenance	operations	provide.	They
will	view	maintenance	improvements	and	practices	such	as	planning	estimating
and	scheduling	as	value-adding	investments	that	provide	a	measurable	return	on



investment.	The	return	on	investment	for	RMPES	plus	supporting	practices	such
as	effective	preventive	and	predictive	maintenance	with	good	parts	inventory
and	procurement	can	be	unbelievable.	CMOs	will	measure	the	results	of	the
maintenance	process	whether	it	is	internal	or	outsourced	maintenance.	They	will
validate	the	investments	they	have	made	just	as	they	try	to	validate	other	return
on	investments.	The	CMO	will	be	the	maintenance	messenger!

The	true	CMO	will	also	be	the	maintenance	leader	that	understands	how	to
operate	the	total	maintenance	process	as	an	internal	business	within	a	business.
They	will	be	able	to	turn	in-house	maintenance	into	a	profit	center	comparable	to
contract	service	providers.	All	true	corporate	top	leaders	must	strive	to
understand	current	and	future	trends,	take	action,	and	proactively	plan	for	the
maintenance	strategy	within	their	total	operation.

There	must	be	a	maintenance	champion	to	manage	all	of	a	company’s	physical
assets.	The	real	maintenance	leader	readily	accepts	the	role	as	champion	for
maintenance	excellence.	Likewise,	integrity	of	purpose	and	the	integrity	of	the
maintenance	champions	must	set	an	example	for	others	in	the	organization	to
follow.	Ralph	Waldo	Emerson	said	it	very	well	when	he	remarked,	“What	you
are	thunder	so	loudly,	I	cannot	hear	a	word	you	say	to	the	contrary.”	Leadership
by	example	and	“walking	your	talk”	is	essential	for	the	maintenance	champion
and	all	company	leaders.

The	maintenance	champion	as	CMO	understands	and	can	communicate	the	true
cost	of	deferred	maintenance	as	well	as	the	cost	of	inadequate
preventive/predictive	maintenance.	The	CMO	is	prepared	to	provide	proactive
leadership	and	support	to	the	company’s	compliance	to	regulatory	issues.	The
real	CMO	must	be	prepared	to	take	bad	news	about	the	true	“state	of
maintenance”	to	company	leaders	with	courage,	confidence,	and	most
importantly	with	credibility.	The	maintenance	messenger	does	not	always	bring
good	news	to	top	leaders	and	must	possess	the	skills	and	traits	to	be	candid,
honest,	and	credible,	backed	up	with	facts.

The	effective	CMO	utilizes	a	true	teaming	process	to	bring	maintenance,
operations,	and	operators	together	to	detect,	solve,	and	prevent	maintenance
problems.	This	book	also	will	show	how	a	planner/scheduler	can	be	another	key
resource	for	improving	reliability.	The	effective	CMO	will	take	the	lead	for
implementing	best	practices	such	as	an	effective	CMMS.	They	will	work	closely
with	information	services	staff	and	CMMS	vendors	over	the	long	term	to	make	it



work	to	enhance	the	business	of	maintenance.

The	CMO	and	pride	in	ownership.	The	true	CMO	also	encourages	pride	in
ownership	with	equipment	operators	and	maintenance	as	they	do	their	part
to	fix	and	prevent	maintenance	problems	through	a	cooperative	team	effort
of	operation-based	maintenance.	The	CMO	has	the	integrity	and	inspires
individual	integrity	to	the	point	that	all	employees	do	their	jobs	as	if	they
too	owned	the	company.	Individual	integrity	includes	pride	in	one’s	work	no
matter	what	the	task.	An	effective	CMO	can	help	your	operation	go	beyond
the	bottom	line	to	ensure	long-term	total	operations	success	of	the	company
and	the	maintenance	process.

Take	action	on	this	question.	As	a	maintenance	leader,	you	must	act	on	this
key	question:	“If	I	owned	my	maintenance	operation,	what	would	I	do
differently	to	make	a	profit?”	Another	question	could	be,	“How	high	is	your
return	on	maintenance	management?”	If	you	begin	to	think	like	the	chief
maintenance	officer,	you	will	get	others	to	think	this	way	too.
Planner/schedulers	are	maintenance	leaders	too…so	you	should	also	think
this	way	because	you	will	make	so	much	it	actually	happens!	You	will	get
more	people	thinking	“profit	and	customer	centered.”	As	each	crafts	person
feels	they	own	part	of	the	business,	you	will	experience	a	groundswell	of
profit	ability.	One	key	part	of	this	answer	will	be	to	get	maximum	value
received	from	your	information	technology	tools,	your	CMMS,	which	for
95%	of	every	Scoreboard	benchmark	assessment	I	have	done	over	the	past
40		years	needed	some	type	of	improvement	to	gain	maximum	value.

Effective	in-house	maintenance	plus	high	quality	maintenance	contractors.
Profit	and	customer-centered	in-house	maintenance	in	combination	with	the
wise	use	of	high	quality	contract	maintenance	services	will	be	the	key	to	the
final	evolution	that	occurs.	There	will	be	a	revolution	within	organizations
that	do	not	fully	recognize	maintenance	as	a	core	business	requirement	and
establish	core	competencies	for	it.	The	bill	will	come	due	for	those
operations	that	have	subscribed	to	the	“pay-me-later	syndrome”	for
deferred	maintenance.	There	will	also	be	a	revolution	within	those
operations	that	have	gambled	with	maintenance	and	have	lost,	with	no	time
left	before	profit	and	customer-centered	contract	maintenance	provides	the
best	financial	option	for	a	real	solution.	Whereby	maintenance	was	once
considered	to	be	a	necessary	evil,	it	is	now	being	viewed	as	a	key	contributor
to	profit	in	a	manufacturing	or	service-providing	operation.	My	goal	is	for



this	book	to	build	your	case	clearly	within	your	organization	for	reliable
planning,	estimating,	and	scheduling.

Where	is	the	profit	in	maintenance,	really?	You	might	ask	yourself	after
reading	this	far,	“Where	is	the	profit	in	maintenance	really	for	an	in-house
operation	trying	to	keep	its	head	above	water?”	Later	we	will	cover	areas
where	planning	and	scheduling	provides	other	profit	and	productivity
improvement	opportunities.	For	example,	what	if	the	net	profit	ratio	of	an
operation	is	4%?	What	does	a	4%	net	profit	ratio	mean	in	terms	of	the
amount	of	equivalent	sales	needed	to	generate	profits?	A	net	profit	ratio	of
4%	requires	$25	of	equivalent	sales	for	each	$1	of	net	profit	generated.

Therefore,	when	we	view	maintenance	in	these	terms,	we	can	readily	see	that	a
small	savings	in	maintenance	can	mean	a	great	deal	to	the	bottom	line	and
equivalent	pure	sales	revenue	as	shown	in	Figure	1.2.	Maintenance	as	a	profit
center	is	illustrated	below	showing	that	only	a	$40,000	savings	is	required	to
translate	into	the	equivalent	of	$1,000,000	in	sales	revenue.	As	we	will	discuss
in	later	chapters,	there	are	many	more	areas	such	as	the	value	of	increased	asset
uptime,	increased	net	capacity,	and	just-in-time	throughput,	increased	product
quality,	and	increased	customer	service	that	all	contribute	to	the	bottom	line	and
subsequently	to	profit.





Figure	1.2			Maintenance	as	a	profit	center.

Investments	in	reliable	maintenance,	estimating	and	scheduling	and	other	best
practices	can	achieve	results	comparable	to	the	following:

•	15–25%	increase	in	critical	capacity	constraining	equipment	uptime

•	20–30%	increase	in	maintenance	productivity	of	the	craft	workforce

•	25–30%	increase	in	planned	maintenance	work

•	10–25%	reduction	in	emergency	repairs

•	20–30%	reduction	in	excess	and	obsolete	inventory

•	10–20%	reduction	in	maintenance	repair	costs

Other	improvements	can	include:

•	Improved	product	quality

•	Improved	utilization	of	equipment	operators

•	Improved	equipment	productivity	(OEE	(Overall	Equipment	Effectiveness))
and	production	throughput	capacity

•	Improved	equipment	life	lower	life	cycle	cost

•	Improved	productivity	of	the	total	operation	and	pure	profit

The	results	listed	above	can	be	achieved	by	maintenance	organizations	who	have
committed	to	continuous	maintenance	improvement	or	other	terms	such	as
maintenance	benchmarking	and	best	practices	implementation.	Your
organization	must	realize	that	there	are	no	easy	answers	and	no	“quick	fixes.”
Organizations	that	have	invested	in	maintenance	over	the	long	term	have
realized	a	tangible	return	on	that	investment.

Consider	what	would	happen	if	your	numbers	were	used	in	the	following	very



basic	examples:

•	Maintenance	craft	productivity	increase	of	20%

20%	net	improvement	in	craft	productivity	(craft	utilization,	craft
performance,	and	craft	service	quality)	would	be	20	×	40	craftsmen	×
$35,000/year	=	$280,000/year.

•	Increased	equipment	uptime	of	25%

25%	downtime	reduced	from	8%	to	6%—value	of	increased	uptime	would
0.25	×	baseline	$800,000	value	of	downtime	=	$200,000/year.

•	Inventory	reduction	in	maintenance	storeroom	of	25%

25%	reduction	from	$1,000,000	to	$800,000	would	be	$200,000	×	0.30
inventory	carrying	costs	=	$60,000/year.

•	Improved	pricing	from	suppliers	of	1%

1%	direct	price	savings	(not	high	cost	of	low	bid	buying)	would	be	0.01	×
$1,000,000	purchase	volume/year	=	$10,000/year.

•	Reduction	in	net	maintenance	repair	costs	of	10%

10%	would	be	0.10	×	$750,000	annual	repair	cost	=	$75,000/year	if	all
required	maintenance	requirements	were	being	met.

•	Improved	product	quality	of	1%

1%	reduction	through	equipment-related	scrap,	rework	returns,	waste,	and
better	yields	would	be	0.01	×	$2,000,000	value	of	production	standard	cost	=
$20,000/year.

•	Improved	equipment	life	of	one-half	year

1/2		year	longer	productive	asset	life	would	be	0.5	year	×	$10	million	capital
investment	×	0.10	expected	capital	ROI	=	$500,000	minus	additional
$200,000	additional	maintenance	cost	=	$300,000/year.

These	examples	all	contribute	to	the	bottom	line	either	directly	or	indirectly.



They	illustrate	briefly	that	tangible	ROI	can	be	significant,	depending	on	the	size
of	the	maintenance	operation	and	the	type	of	organization	being	supported.
Maintenance	leaders	must	be	able	to	gain	support	for	continuous	maintenance
improvement	by	developing	valid	economic	justifications.	Take	the	time	to
evaluate	the	potential	savings	and	benefits	that	are	possible	within	your	own
organization.	Gain	valuable	support	and	develop	a	partnership	for	profit	with
operations.	Include	all	other	key	departments	that	will	receive	benefits	from
improved	maintenance.	The	application	of	today’s	best	maintenance	practices
will	provide	the	opportunity	for	maintenance	to	contribute	directly	to	the	bottom
line.	However,	the	pursuit	of	maintenance	excellence	requires	leadership.

Core	requirement	versus	core	competencies	for	maintenance.	The	core
requirement	for	good	maintenance	never	goes	away	because	“maintenance
is	forever”!	There	will	always	be	a	need	to	maintain.	Maintenance	of	our
physical	bodies,	minds,	souls,	cars,	computers,	and	all	physical	assets
providing	products	or	services	will	always	be	required.	Maintenance,
gravity,	extinction,	and	change	are	truly	forever.	Yet	some	organizations
today	have	neglected	maintaining	their	core	competencies	in	maintenance	to
the	point	that	they	have	lost	complete	control.	The	core	requirement	for
good	maintenance	will	always	remain	(forever)	but	the	core	competency	to
do	good	maintenance	can	be	missing.	In	some	cases,	we	know	that	the	best
and	often	only	solution	is	value-added	outsourcing.	Maintenance	is	a	core
requirement	for	profitable	survival	and	total	operations	success.	If	the
internal	core	competency	for	maintenance	is	not	present,	it	must	be
regained	with	internal	leadership	of	top	leaders	and	maintenance	leaders.
Neglect	of	the	past	can	either	be	overcome	internally	or	externally.	The	core
requirement	for	maintenance	can	be	reduced,	but	it	can	never	go	away.



Symptoms	of	Ineffective	Planning

Top	leaders	must	know	the	true	state	of	maintenance	in	their	organization	and
understand	the	symptoms	of	ineffective	planning,	which	one	of	today’s	most
important	best	practices.	Lack	of	effective	planning	will	include	the	following:

1.	Delays	encountered	by	our	most	valuable	resources,	the	craft	workforce

a.	Gaining	information	about	the	job

b.	Obtaining	permits

c.	Identifying	and	obtaining	parts	and	materials

d.	Identifying	blueprints,	tools,	and	skills	needed

e.	Getting	all	of	above	to	the	job	site

f.	Waiting	for	required	parts	not	in	stock

2.	Crafts	waiting	at	job	site	for	supervisor	or	operations	to	clarify	work	to	be
done

3.	Delays	or	drop	in	productivity	when	operations	request	work	without
sufficient	planning

4.	Equipment	is	not	ready,	even	if	on	a	schedule

5.	Number	of	crafts	does	not	match	scope	of	work

6.	Coordination	of	support	crafts;	not	the	right	skill,	come	too	late	or	early	and
stand	around	watching

7.	Crafts	have	no	prior	knowledge	of	job	tasks	or	parts

8.	Crafts	leave	job	site	for	parts,	go	to	storeroom,	or	wait	for	delivery



9.	If	parts	to	be	ordered,	job	is	left	disassembled	and	crafts	go	to	next	job

10.	Many	jobs	in	process	awaiting	parts

11.	Crafts	cannot	develop	work	rhythms	due	to	start/stops	and	going	from	crisis
to	crisis

12.	Supervisors	become	dispatcher	for	emergencies



Benefits	of	Effective	Planning

With	effective	planning	and	scheduling,	top	leaders	can	begin	to	see	the	benefits,
which	include:

1.	Provides	central	source	of	equipment	condition,	workload,	and	resources
available	to	perform	it

2.	Improves	employee	safety	and	regulatory	compliance

3.	Helps	achieve	optimal	level	of	maintenance	in	support	of	long-	and	short-term
operational	needs

4.	Challenges	work	request	of	questionable	value

5.	Provides	forecast	of	labor	and	material	needs

6.	Permits	recognition	of	labor	shortages	and	allows	for	leveling	of	peak
workloads

7.	Establishes	expectations	for	what	is	to	be	accomplished	each	week,	and
variations	from	the	schedule	are	visible

8.	Improves	productivity	by	anticipating	needs	and	avoiding	delays

9.	Increases	productivity	of	both	operations	and	maintenance

10.	Provides	factual	data:	performance	measurements,	cost	variations

11.	Provides	info	to	identify	problems	that	need	focused	attention

12.	Reduces	the	total	cost	of	maintenance	while	improving	customer	service

13.	Increases	useful	life	of	physical	assets

14.	Improves	preparation,	management,	and	control	of	minor	and	major	projects



a.	Outages

b.	Turnarounds

c.	Renovations

Later	we	will	discuss	The	Scoreboard	for	Maintenance	Excellence,	which	can
define	the	overall	state	of	maintenance	and	give	top	leaders	a	road	map	for	their
overall	maintenance	strategy	with	reliable	planning,	estimating,	and	scheduling
as	one	major	cornerstone	to	success.

What	happens	when	you	get	scared	half	to	death.
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Defining	Results	to	Top	Leaders	and	Operations
Leaders

Abstract

This	chapter	strives	to	ensure	that	maintenance	leaders	provide	top	leaders
accurate	results	so	they	will	realize	the	potential	increases	in	profits	from	the
best	practice	of	reliable	maintenance	planning,	estimating,	and	scheduling.	We
can	be	very	efficient	at	firefighting	and	performing	reactive	maintenance	repair
but	not	be	truly	productive.	To	break	this	cycle	we	must	develop	a	new,
disciplined	approach	to	identifying,	prioritizing,	and	completing	properly
planned	maintenance	work.	The	total	operation	must	understand	that	an	effective
maintenance	planning	and	scheduling	program	will	produce	greater	productivity
of	the	craft	workforce	by	increasing	uptime,	minimizing	costs,	and	increasing
overall	production	throughput	and	capacity.

Keywords
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operations	success

“Show	me	the	money!”	The	true	goals	in	business	are	results	in	the	form	of
profits,	along	with	total	operation	success	and	sustainability	in	the	marketplace.
In	turn,	top	leaders	and	operations	leaders	must	see	clearly	defined	results.	A
reliable	maintenance	planning,	estimating,	and	scheduling	process	allows	the
maintenance	business	to	perform	as	a	profit	center.	First,	consider	the	Harvard
Business	Review’s	(HBR)	definition	of	asset	management,	which	is	all	about
managing	money.	So,	what	about	their	discussions	of	physical	asset
management?	There	are	basically	no	articles	on	physical	asset	management,
even	though	physical	assets	provide	the	means	to	make	money	and	profits	to
share	dividends	with	stakeholders.	To	me,	that	is	a	definite	case	for	improving
physical	asset	management.	However,	when	one	searches	for	“physical	asset
management”	within	HBR	articles,	contributed	by	hundreds	of	management
gurus,	the	results	contain	only	articles	on	asset	management	as	related	to	money
management.	That	is	incredibly	unbelievable	to	me.

However,	things	are	changing.	Remember	that	change	and	gravity	are	constant.
New	circumstances	now	require	maximum	uptime,	throughput,	and	quality.	With
many	low-cost	producers	competing	around	the	world,	the	previously	dominant
and	status	quo	organizations	are	fighting	for	survival.	During	these	challenging
and	economically	difficult	times,	all	operations	are	looking	for	improvement
opportunities.

Top	leaders	must	recognize	that	an	important	area	for	improvement	is	the
maintaining	of	facilities	and	other	physical	assets.	In	the	past,	the	maintenance
department	may	have	been	viewed	as	a	“necessary	evil”—costly	“wrench
turners,”	often	viewed	unjustly	as	those	who	sat	in	the	shop	and	waited	for
equipment	to	fail.	That	outlook	is	now	history	for	smart	companies	that	are
finding	ways	to	detect	and	prevent	catastrophic	failures	before	they	occur.
Predictive	maintenance	technologies	such	as	vibration	analysis,	infrared
imaging,	acoustic	testing,	and	preventive	maintenance	help	companies	to
maximize	profits	by	minimizing	downtime.	For	example,	the	information	from
the	P–F	interval,	as	illustrated	in	Chapter	1,	can	be	analyzed	when	deciding
whether	to	shut	down	a	piece	of	equipment	for	planned	maintenance.	Planned
maintenance	is	up	to	three	times	more	productive	than	purely	reactive,
“firefighting”	maintenance	strategies.

We	must	show	top	leaders	accurate	results	so	that	they	will	realize	the	potential



increases	in	profits	resulting	from	the	best	practice	of	reliable	maintenance
planning,	estimating,	and	scheduling.	This	is	especially	necessary	in	large	and
small	oil	and	gas	surface	maintenance	facilities.	In	addition	to	identifying
potential	failures,	we	must	also	focus	our	resources	on	correcting	potential
problems	before	a	catastrophic	failure	occurs.	With	decreasing	work	forces	and
increasing	responsibilities,	this	can	easily	become	a	second	priority.	However,	as
less	work	is	completed,	more	failures	occur	and	our	time	is	spent	repairing
failures,	not	on	preventing	failures	from	happening.

It	is	very	important	to	understand	the	differences	between	productivity	and
efficiency.	We	can	be	very	efficient	at	firefighting	and	performing	reactive
maintenance	repair,	but	are	we	truly	being	productive?	In	other	words,	like	the
government	at	times,	we	can	be	very	efficient	at	doing	the	wrong	things.	Later,
in	Chapter	6,	we	will	discuss	productivity	in	greater	detail,	reviewing	plant	labor
productivity	(standard	labor	variances),	physical	asset	productivity,	and	craft
labor	productivity,	which	The	Maintenance	Excellence	Institute	International
(TMEII)	has	coined	as	overall	craft	effectiveness	(OCE)	.The	way	to	break	this
cycle	is	to	approach	maintenance	planning,	estimating,	and	scheduling	as	a	part
of	a	new	external	profit	center.	To	do	this,	we	must	develop	a	new,	disciplined
approach	to	identifying,	prioritizing,	and	completing	properly	planned
maintenance	work.	The	total	operation	must	understand	that	an	effective
maintenance	planning	and	scheduling	program	will	result	in	greater	productivity
of	the	craft	workforce	by	increasing	uptime,	minimizing	costs,	and	increasing
overall	production	throughput	and	capacity.	Survival	is	a	keyword,	and	this	best
equates	to	the	highest	possible	profit	margins	for	all	for-profit	operations.

Here	again,	the	increased	productivity	of	people	and	physical	assets	is	a	direct
result	of	planning	and	scheduling.	It	is	basically	a	disciplined	approach	for
utilizing	existing	maintenance	resources	to	increase	craft	productivity	and	asset
productivity	by	increasing	uptime	and	minimizing	the	overall	production	costs.
This	is	accomplished	in	many	ways,	such	as	the	following:

•	Prioritization	of	work

•	Developing	the	physical	steps	to	complete	the	job

•	Procuring	the	necessary	tools	and	materials

•	Scheduling	the	work	to	be	done



•	Completing	the	work	with	reasonable	performance	levels

•	Identifying	any	additional	work	to	be	completed	on	the	equipment

•	Filing	written	documentation	for	equipment	history

From	my	past	experience	as	a	plant	manager	of	two	large	manufacturing	plants,	I
see	the	primary	and	true	goal	as	being	“total	operations	success.”	Maintenance
must	be	very	customer	centered,	with	operations	and	production	being	the
internal	customers.	When	we	view	maintenance	as	an	internal	business,	the
strategy	and	philosophy	become	more	apparent	to	all.	For	top	leaders,
maintenance	leaders,	and	craft	leaders,	what	are	the	underlying	results	from
maintenance	and	reliability	excellence?	Your	obvious	answer	might	be	to
improve	the	long-term	viability	of	your	facility	due	to	the	reduced	costs
associated	with	maintenance	and	equipment	downtime.	That	translates	into	total
operations	success.	But	for	some	craftspeople	and	technicians	in	the	trenches,
that	can	often	mean	very	little.	Later	chapters	address	how	change	can	be	viewed
in	a	more	positive	light.	Nonetheless,	how	many	times	have	you	been	called	out
in	the	middle	of	the	night	to	deal	with	an	equipment	failure?	Or	had	a	vacation
cancelled	due	to	issues	with	critical	equipment?	Or	had	a	technician	cover	work
when	he	or	she	had	an	important	event	to	attend?	Better	planning	and	scheduling
practices	will	reduce	the	frequency	of	these	catastrophic	failures.	Later	in	this
book,	I	will	explore	the	philosophy	of	pride	in	maintenance	for	maintenance
technicians	and	pride	in	ownership	for	operators.

One	can	very	easily	sit	back	and	play	the	victim	by	claiming	there	are	too	few
staff	members	to	keep	the	area	running	or	complete	the	total	backlog	of	work.
You	can	manage	the	status	quo	for	just	so	long,	then	you	must	decide	to	lead.	If
you	do	not	lead	and	have	a	disciplined	system	in	place,	then	you	do	not	know
how	many	people	it	truly	takes	to	maintain	your	equipment.	Planners	are	there	to
help	you	determine	one	very	important	number:	the	total	maintenance
requirements	or	your	total	backlog	of	work,	which	includes	completing	100%	of
your	preventative	maintenance	(PM)	tasks,	deferred	maintenance,	and	maybe
minor	projects.	With	reliable	information	from	the	planner,	the	maintenance
leader	can	then	take	facts	to	the	top	leaders.	Reliable	estimating	methods	add
greatly	to	the	accuracy	of	your	backlog	photos.	All	of	this	may	or	may	not	lead
to	more	staffing,	but	facts	on	total	maintenance	requirements	can	support	the
various	best	practices	necessary	to	improve	the	productivity	of	existing
resources;	people	assets,	and	physical	assets.



During	my	40+	years	in	manufacturing	and	maintenance,	I	have	seen	in	detail
more	than	400	different	types	of	plants.	Many	were	in	the	oil-gas-petrochemical
sector	or	were	discrete	manufacturing	facilities,	including	pharmaceuticals,
universities,	hospitals,	and	fleet	operations.	One	was	Boeing	Commercial
Airplanes,	which	at	that	time	was	improving	its	maintenance	processes
significantly	during	the	1990’s.	Their	approach	then	was	to	have	what	they
called	“the	plan	of	the	day.”	It	was	a	relatively	simple	system	that	worked.	They
were	also	moving	rapidly	into	predictive	maintenance	and	condition	monitoring
—an	important	first	step	in	establishing	an	effective	planning	and	scheduling
program.

First,	we	must	identify	the	current	planning	and	scheduling	practices.	From	my
experience	in	performing	on-site	scoreboards	for	maintenance	excellence	audits,
I	have	seen	very	few	sites	with	true	world-class	planning,	estimating,	and
scheduling.	Improving	your	process	requires	getting	out	in	the	operating	areas
and	speaking	with	supervisors,	planners,	and	maintenance	and	hourly
employees.	Process	mapping	of	work	initiation	through	work	completion	and
work	order	closeout	are	excellent	tools	to	visually	see	the	entire	current	process.
From	this	graphical	representation,	you	can	quickly	see	areas	for	improvement,
especially	by	applying	key	principles	from	this	book.

It	is	very	likely	that	you	will	run	into	a	lot	of	frustrations	around	what	is
currently	in	place.	In	this	case,	a	third-party	audit	can	be	extremely	beneficial
and	cost-effective.	Just	like	a	third-party	maintenance	consultant,	you	will	get	an
opportunity	to	hear	a	multitude	of	excuses	for	why	it	cannot	work.	You	must
keep	digging	for	information	to	help	build	a	successful	system.	Here	is	a	very
important	recommendation	for	newly	hired	maintenance	leader:	have	a	third-
party	conduct	a	due-diligence	audit	to	determine	the	current	state	of	maintenance
that	you	will	be	inheriting.	This	can	be	related	to	the	new	ISO	5001	or	it	can	be
an	audit	based	upon	the	2015	version	of	The	Scoreboard	for	Maintenance
Excellence,	included	as	Appendix	A	in	this	book.	PAS	55:	2008,	which	recently
led	to	the	ISO	55000	standards,	is	a	very	descriptive	narrative	that	is	often
unclear.	The	Scoreboard	for	Maintenance	Excellence	has	X	best	practices	areas
rating	of	the	y	evaluation	criteria	and	is	very	prescriptive	as	to	what	is	required
for	world-class	maintenance.	For	planning,	estimating,	and	scheduling,	here	are
some	things	are	some	things	to	look	for:

•	Is	your	backlog	of	maintenance	work	extremely	large?



•	Are	reliable	estimates	and	estimating	techniques	being	used?

•	Do	you	seem	to	accomplish	very	little	with	the	people	you	have?

•	Do	you	have	repetitive	failures	on	critical	equipment?

•	Are	all	jobs	estimated	and	scheduled	based	upon	the	Noah’s	Ark	method	(e.g.,
2	×	2	with	two	employees,	2		h;	2	×	4	with	two	employees,	4		h)?

•	Are	parts	on	the	job	before	it	is	started?

•	Do	employees	understand	what	is	expected	of	them?

These	are	just	some	of	the	symptoms	of	a	planning	and	scheduling	system	that	is
not	functioning	well.	For	example,	I	have	seen	planners	who	went	to	the
storeroom	and	retrieved	parts	for	jobs,	while	others	labored	over	data	entry	and
struggled	with	scope	of	work,	poor	storeroom	support,	and	gaining	cooperation
with	production	to	schedule	PMs	and	other	work.

When	we	look	at	planning,	estimating,	and	scheduling	closely,	we	see	that	it	is
not	rocket	science.	Other	best	practices	complement	planning	and	scheduling,
such	as	effective	PM	and	predictive	maintenance	(PDM),	plus	a	responsive	and
customer-driven	maintenance	storeroom.	For	planning	and	scheduling,	the	goal
is	to	get	the	most	critical	jobs	completed	in	the	most	productive	way.	If	you	have
attempted	a	planning	and	scheduling	project	and	it	failed	or	did	not	achieve	its
full	potential,	then	learn	from	those	mistakes	and	drive	down	a	different	path
next	time.

Problems	with	well-defined	roles,	responsibilities,	and	written	guidelines	often
have	been	encountered	in	past	attempts	to	fully	implement	planning,	estimating,
and	scheduling.	Someone	once	said,	“As	soon	as	the	man	with	the	briefcase	left,
we	quickly	reverted	to	the	comfort	of	how	it	was	done	in	the	past.”	You	must
make	sure	the	newest	variation	of	a	planning	and	scheduling	program	becomes	a
way	of	natural	operation,	where	you	get	serious	about	creating	clear	roles	and
responsibilities	for	everyone	in	the	organization.	This	includes	everyone	from
the	mechanics	to	craft	leaders,	maintenance	leaders,	and	most	importantly,	top
leaders.

To	lead	maintenance	forward	as	a	business,	a	key	challenge	is	to	make	sure	that
the	new	roles	and	responsibilities	of	your	planners/schedulers	(Chapter	7)



become	a	part	of	the	way	you	do	business.	You	must	take	a	realistic	approach	to
what	can	be	sustained	and	implemented	for	long-term	benefits.	I	love	the	term	of
being	“rigidly	flexible,”	which	personally	I	am.	Your	system	also	has	to	be
flexible	enough	to	accommodate	the	skill	set	and	resources	of	each	area.	Your
planners	will	have	a	key	role	with	very	well-defined	responsibilities.	As	stated	in
the	introduction,	planners	can	be	a	viable	resource	to	support	maintenance	and
reliability	improvement,	but	they	cannot	neglect	their	primary	roles	and
responsibilities;	rather,	they	must	integrate	the	areas	related	to	reliability
improvement	into	their	daily	routines.	Much	of	the	work	they	should	be	doing
relates	to	reliability.

It	has	been	said	that,	in	general,	planning	consumes	approximately	10%	of
project	time	versus	implementation,	which	consumes	90%	of	the	time.	Creating
a	planning	and	scheduling	process	on	paper	is	easy	using	this	book	and	many
other	books	like	it.	All	are	excellent	guidelines	for	planning	based	upon	your
unique	site	requirements	and	your	computerized	maintenance	management
system.	However,	how	many	times	does	a	program	of	the	month	fail	when	it
runs	into	the	“not	this	again”	mentality	of	the	workforce?	We	have	“cried	wolf”
so	many	times	when	implementing	new	types	of	systems	or	programs	that	the
majority	of	the	workforce	has	quit	listening.	Before	you	roll	the	system	out,
make	sure	you	have	documented	lessons	learned	(as	to	why	you	failed	in	the
past,	if	that	is	the	case)	and	what	you	will	do	differently	to	succeed	now.	Again,	I
recommend	that	you	conduct	a	thorough	assessment	of	the	total	physical	asset
management	process.	Do	not	form	a	committee	but	rather	use	a	leadership-
driven,	self-managed	team	that	is	chartered	for	a	specific	reason,	such	as	how
planning	and	scheduling	should	be	conducted	at	your	site.	This	is	a	cross-
functional	team	from	across	the	entire	operation,	including	technicians	and	craft
leaders.	Also,	this	team	should	have	a	clear	charter	sponsored	by	top	leaders.	A
sample	charter	for	a	leadership-driven,	self-managed	team	is	included	in
Appendix	D.	You	can	began	with	just	some	informal	polling,	shop	floor
observations,	and	even	develop	a	process	map	of	the	vision	of	your	future
system.	Selected	sections	of	an	actual	process	map	for	the	British	Petroleum
(BP)	refinery	in	Texas	City,	Texas	are	included	in	Appendix	E.	Find	out	what	the
perception	is	of	the	current	or	previous	planning	and	scheduling	systems.	Make
notes	of	previous	weaknesses	and	address	them	specifically	in	your
implementation	plan.	Also,	please	do	not	think	your	operation	is	the	only	one
having	problems	with	this	best	practice.	Approximately	75%	of	the	plant	sites
that	I	have	audited	with	the	Scoreboard	for	Maintenance	Excellence	have	had
serious	challenges	with	planning	and	scheduling.



I	have	seen	and	facilitated	a	number	of	cross-functional	teams	made	up	of
middle	managers,	front-line	supervisors,	and	even	some	hourly	employees	and
current	planners,	plus	key	support	staff,	for	CMMS.	Remember	that	an	existing
planner	should	be	classified	as	a	super-user	of	your	system.	The	employees
selected	should	be	some	of	the	most	influential	and	respected	members	of	their
respective	work	areas.	The	team	should	be	sponsored	by	a	top	leader	to	develop
the	system	and	a	define	timeline	for	rollout.	The	rollout	should	include	defined
team	member	roles	and	responsibilities	(especially	the	planner/scheduler),	as
defined	in	Chapter	7.

You	must	decide	on	appropriate	metrics,	meeting	frequencies	and	agendas,	and
sustainability	plans.	Off-site	time	of	a	week	or	so	can	useful	for	team	training
and	solution	discussions	with	a	third-party	facilitator	to	help	train	and	work
through	the	entire	system.	This	can	be	a	very	good	investment,	especially	if	there
are	other	best	practices	that	must	be	implemented	to	complement	the	planning
and	scheduling	process.	In	this	case,	a	detailed	process	map	of	the	current
system	should	be	developed	as	a	team	deliverable,	providing	a	graphic
representation	of	the	document	flow	and	actions	required	by	all	involved.	A
process	map	of	the	recommended	solution	also	serves	as	an	important	project
deliverable.

There	may	be	some	very	heated	discussion	on	what	will	or	will	not	work,	but	in
the	end	the	goal	is	to	develop	a	plan	that	can	be	implemented	and	sustained	over
time	as	a	normal	business	practice.	It	is	recommended	that	this	same	team	be
part	of	the	implementation	solution,	as	either	resource	persons	or	active
participants	in	the	operation	of	the	planning	and	scheduling	system.	Normally,	a
consensus	can	be	achieved	on	the	system	without	creating	unsolvable	issues
within	operations	or	within	the	maintenance	department.	Also,	a	strong	team
leader	should	be	named	by	the	team	sponsor	or	nominated	by	the	actual	team
members.	During	the	team’s	activities,	every	effort	should	be	taken	to	define	and
quantify	benefits	from	planning	and	scheduling,	as	well	as	other	best	practices
that	may	be	needed	to	complement	planning	and	scheduling.	These	values	may
be	in	direct	savings,	cost	avoidances,	or	gained	value	as	shown	as	increases	in
craft	labor	productivity	(i.e.,	OCE).	A	dollar	range	of	benefits	can	be	used.	For
example,	one	client	manufacturing	a	wide	range	of	cosmetics	had	an	annual
potential	savings/gained	value	of	$3,000,000.	If	our	estimate	of	benefits	was
only	50%	accurate,	then	savings	and	gained	value	would	be	$1,500,000,	which	is
not	a	bad	return	on	investment	for	a	short	amount	of	consulting	and	training
time.	Also,	the	team	can	look	back	and	say,	“Wow,	we	did	it	ourselves!”



The	logical	next	step	is	to	present	the	team’s	findings	and	plans	to	the	team
sponsor	for	final	approval.	This	is	a	very	crucial	step	because	without	support	of
top	leaders	and	operational/production	leaders,	the	system	will	never	be
sustainable.	Sustainability	is	one	important	evaluation	category	that	was
included	our	2015	Scoreboard	for	Maintenance	Excellence.	It	is	also	highly
recommended	that	the	proposal	be	signed	off	by	key	top	leaders,	including	the
vice	president	(VP)	of	operations.	When	the	management	team	signs	the	cover
page	to	indicate	their	approval,	support,	and	commitment,	this	covers	new
ground	by	doing	something	may	never	have	been	done	before	for	maintenance.
This	signoff	can	help	set	the	expectations	that	the	system	will	be	implemented
across	the	total	operation	this	time	by	committed	top	leaders.	Remember,	there	is
a	big	difference	between	involvement	and	commitment:	It	is	like	an	egg	and
bacon	breakfast—the	chicken	was	involved,	but	the	pig	was	committed.

Now	the	real	work	of	implementation	begins,	which	I	stated	earlier	was	90%	of
the	work.	At	this	point,	we	have	an	agreed-upon	document	for	how	the	operation
will	plan	and	schedule	maintenance.	Dedicated	resources	may	be	needed	to
successfully	roll	out	the	system.	This	should	be	defined	in	the	report	to	top
leaders.	The	developmental	team	becomes	responsible	for	the	individual	area
rollouts.	This	was	one	of	the	key	reasons	that	we	selected	some	of	the	most
influential	and	well-respected	members	from	each	operational	area.	Because
they	helped	to	develop	the	system,	they	have	built-in	ownership,	so	they	then
become	the	drivers	at	the	lowest	level	in	their	periods.	Communication	to	the
shop	floor	is	a	very	important	element	for	success,	up	and	down	and	all	across
the	organization.

In	some	cases,	area	team	members	can	hold	short	meetings	with	their	areas	to
review	the	system,	including	a	line-by-line	review	of	the	system,	allowing	for	a
question-and-answer	session.	It	is	recommended	that	assigned	planners	and	the
third-party	facilitator	also	attend	these	meetings.	Questions	can	be	brought	back
to	the	team	as	a	whole	to	get	a	consensus	decision,	but	most	should	have	been
having	addressed	in	the	document	as	it	stands.	In	the	end,	a	complete	and
comprehensive	description	of	the	system	is	a	very	effective	way	to	communicate
details	as	well	as	to	maintain	the	integrity	of	the	system	into	operations.

Sustainability	is	important	to	our	nation’s	infrastructure	as	well	as	an	ongoing
business.	So	our	new	scoreboard	includes	a	new	evaluation	category	Number	34
for	Sustainability.	Once	the	system	is	rolled	out,	the	main	focus	must	be	on
sustainability.	The	first	6		months	is	the	crucial	timeframe	for	establishing	a



foothold	in	the	organizational	culture.	Each	work	area	must	feel	a	constant
presence	to	ensure	that	using	the	new	or	improved	planning	and	scheduling
system	becomes	second	nature.	Customers	must	also	see	value-added	results.
The	implementation	team	members	should	be	encouraged	to	attend	area
meetings	at	least	weekly.	As	planning	progresses	into	scheduling,	with	weekly
and	daily	schedules,	the	team	can	also	attend	some	of	these	meetings,	along	with
the	planner	and	employees	who	are	having	work	schedules	for	their	respective
areas.	The	team	should	also	conduct	monthly	meetings	to	allow	team	members
to	discuss	issues	and	advancement	of	the	process.	By	openly	and	regularly
sharing,	you	will	be	able	to	make	decisions	on	the	progress	and	status	of	the
system.	In	turn,	you	can	keep	top	leaders	well	informed	of	the	shop-level	results.
This	also	helps	the	team	members	to	stay	aware	of	how	the	system	is
progressing,	and	maybe	even	inspiring	some	competition	between	areas	to	try	to
be	the	best.

To	ensure	sustainability,	you	may	use	The	Scoreboard	for	Maintenance
Excellence™	as	a	system	audits	tool.	This	tool	can	very	easily	be	completed	as	a
team-based	self-assessment	performed	at,	for	example,	6-month	intervals	to
show	progress.	This	is	another	way	to	document	results	to	top	leaders	as	well	at
the	grassroots	level	and	to	your	most	important	maintenance	asset—your
craftspeople.	Basically,	our	scoreboard	is	a	checklist	of	38	benchmark/best
practice	areas.	Each	best	practice	has	number	of	evaluation	criteria	that	are	rated
on	a	scale	of	5–10,	with	5	=	poor,	6	=	below	average,	7	=	average,	8	=	good,	9	=
very	good,	and	10	=	so-called	world	class.	The	scoreboard	is	very	easy	to	use,
with	each	criterion	defined	in	clear	prescriptive	terms.

Ratings	are	not	absolute	values,	but	the	scoreboard	results	can	be	a	total	overall
score	of	38	best	practices	or	just	scores	for	the	two	work	management	and
control	categories	and	the	two	planning	and	scheduling	categories.	The	score	for
each	best	practice	category	is	a	category	progress	score,	and	it	provides	valuable
benefits	information	to	all	involved.	There	can	also	be	specific	checklists	for
areas,	such	as	conducting	scheduling	meetings	with	operations,	completeness	of
work	scope	of	major	job	packages,	or	a	checklist	to	help	identify	well-planned
jobs	in	the	backlog.	This	becomes	a	real	tool	when	you	see	an	area	start	to
backslide	a	little.	One	good	practice	is	for	the	planner	to	get	periodic	feedback
from	supervisors	and	craft	workforce	surveys	related	to	his	or	her	work.

I	was	personally	amazed	one	time	when	a	VP	of	operations	attended	a	kickoff
meeting	for	a	Scoreboard	audit	for	the	world’s	largest	contract	packaging



operation.	It	made	the	group	snap	to	attention	when	the	VP	came	into	the	audit
kickoff	meeting	just	to	see	how	things	were	going.	A	few	well-placed	questions
about	some	part	of	the	system	that	is	lacking	always	goes	a	long	way	to	show	the
team	that	the	expectations	are	real	and	will	be	followed	up	on.	When	I	returned	8
	months	later	to	train	their	prospective	planners	for	just	3		days,	he	was	plant
manager/president	of	this	single	plant	operation.	I	heard	him	tell	all	of	the
second-shift	employees	about	their	new	crafts	skill	training	program	and	the
great	opportunities	ahead	to	move	from	packaging	into	maintenance.

Later,	I	will	discuss	how	to	measure	the	effectiveness	of	your	planning	and
scheduling	process,	as	well	as	your	crafts	skills	training	program.	It	will	also	be
an	important	part	of	the	overall	measurement	tool—the	reliable	maintenance
excellence	index	(RMEI),	which	is	detailed	in	Chapter	25.	Here,	we	develop
metrics	to	measure	the	impact	of	the	planning	and	scheduling	system,	plus	a
range	of	10–15	other	key	metrics,	including	financial,	physical	assets,
maintenance	storeroom,	quality,	and	craft	productivity	items.	During	our	own
scoreboard	audits,	the	RMEI	is	developed	and	reviewed	with	the	client.	In
general,	the	current	client	selects	from	metrics	that	we	propose	and	determines
what	levels	of	achievement	that	they	are	driving	toward	for	each	metric.	Using	a
one-page	Microsoft	Excel	document,	the	client	reports	and	monitors	on	a
monthly	basis.	The	implementation	team’s	planner	representative,	as	a	super-
user	of	the	CMMS,	would	normally	maintain	the	RMEI.	Based	on	the	agreed-
upon	metrics	to	measure	planning	and	scheduling	system	utilization,	the	RMEI
also	integrates	metrics	from	operations	and	financial	areas.	This	goes	a	long	way
in	helping	everyone	to	understand	the	total	scope	of	planning	and	scheduling,	as
well	as	the	scope	of	other	improvement	activities	that	may	be	ongoing.	Just	like
the	broad-based	scoreboard	audits,	the	RMEI	goes	down	to	both	shop	and	plant
levels.	It	is	a	way	to	keep	everyone	actively	monitoring	the	overall	goals	within
the	RMEI.

Here	I	note	that	there	has	been	much	discussion	about	the	balanced	scorecard.	I
have	both	books	by	the	originators	of	the	concept,	and	neither	book	mentions	the
words	“maintenance”	or	“physical	asset	management”	anywhere.	Also,	as	I
discussed	before,	HBR	does	not	include	articles	related	to	physical	asset
management.	If	physical	asset	management	is	not	part	of	a	“balanced	scorecard,”
there	a	great	imbalance	for	sure.

There	is	a	good	saying	within	the	industrial	engineering	community	(as	well	as
others)	that	states:	“What	gets	measured	gets	done”	Once	your	system	has	been



rolled	out	and	people	understand	that	it	is	not	going	away,	you	will	see	amazing
things	start	to	happen.	People	adapt	to	a	system	that	helps	them	find	ways	to
make	it	easier	to	use	in	their	areas.	You	will	see	a	crossover	stage	by	operations,
with	their	roles	and	responsibilities	being	accepted,	and	team	members	will
enhance	the	system	to	make	their	jobs	easier.

For	example,	planners	and	schedulers	provide	a	vital	service	to	support	a	plant
shutdown,	turnaround,	or	outage,	especially	in	oil	and	gas	operations	that	have
both	planners	and	schedulers.	As	planners	scope	out	work	for	shutdowns	for	the
equipment,	they	could	very	easily	tag	each	job	during	the	scoping	process.	It
could	also	identify	the	mechanic	assigned,	the	trade	crews	involved,	and	even
contractor	support	personnel.	This	tag	also	may	include	where	the	parts	are
located,	such	as	in	a	job	box,	a	controlled	laydown	area,	staged	in	the	storeroom,
or	(best	of	all)	delivered	to	the	jobsite.	This	can	help	reduce	the	“morning	rush”
of	a	shutdown	when	supervisors	are	running	to	get	mechanics	on	their	respective
jobs	and	to	answer	any	questions	when	contractors’	are	clocking	into	the	refinery
(or	any	site	for	that	matter).	With	the	use	of	radiofrequency	identification	(RFID)
tags	that	contain	chips	for	significant	data,	the	sky	is	almost	the	limit	as	to	what
you	can	do	with	RFID	tags	on	a	wireless	basis.	Your	hourly	mechanics	should
give	very	positive	feedback	on	the	system,	and	they	may	even	leave	more	notes
than	usual	on	what	they	found	and	the	necessary	follow-up	work.	Nonetheless,
all	work	completed	during	a	shutdown	turnaround	or	outage	should	be
documented	on	a	formal	work	order	and	captured	in	the	equipment	history	file.
Examples	like	this	can	often	be	seen	across	the	total	operation	once	each	area
takes	ownership	of	the	system	and	it	becomes	part	of	the	everyday	culture	and
way	of	supporting	the	business	of	maintenance.

Once	you	start	to	see	people	taking	the	system	to	the	next	level,	you	will	have
succeeded	with	your	initial	implementation.	Now,	it	is	time	to	take	another	look
in	the	mirror	for	continuous	improvement,	find	your	weaknesses,	and	focus	on
ways	to	continue	to	improve	them.	Those	who	do	not	continue	to	improve	will
be	left	behind.	Also,	do	not	forget	to	celebrate	the	successes	that	you	have
achieved	along	the	way.	These	will	be	readily	denoted	on	your	RMEI	on	a
monthly	basis,	where	direct	savings	and	gained	value	can	be	calculated	on
improvements	from	your	baseline	timepoint.



Conclusion

Planning	and	scheduling	can	be	exciting	when	applied	properly.	The	concepts	of
an	effective	planning	and	scheduling	system	have	been	around	for	years.	Your
charter	today	may	be	to	successfully	develop	and	implement	a	new	system	or	to
revive	a	system	that	has	to	achieve	its	maximum	value.	You	may	very	well
become	a	part	of	the	way	your	site	does	business	for	years	to	come.	If	you	are
currently	a	planner/scheduler,	do	not	just	sit	back	and	watch	what	happens—be
motivated	to	make	good	things	happen.

In	a	world	where	only	the	strong	survive,	it	is	imperative	to	focus	on	the	costs
that	are	within	your	control.	We	all	must	change	the	perception	that	maintenance
is	a	business	and	that	planning	and	scheduling	are	essential	to	success.	This	book
includes	a	number	of	chapters	that	appear	to	be	outside	the	scope	of	reliable
maintenance	planning	and	scheduling,	but	there	is	a	purpose	for	including	them;
they	will	cover	some	areas	that	other	books	have	neglected	to	cover.	As	stated	in
the	introduction,	by	the	inclusion	of	“reliable”	in	the	book’s	title,	I	wanted	to
emphasize	my	belief	that	a	planner/scheduler	is	a	next	step	for	a	greater
leadership	role	within	a	maintenance	department.	Therefore,	these	additional
topics	support	professional	development	of	a	planner	or	scheduler	(or	a
combined	planner/scheduler	position).

Five	key	things	to	for	you	to	consider	and	remember	are	as	follows:

1.	Always	know	your	total	maintenance	requirements	in	terms	of	job	types,	job
status,	man	hours	required,	and	specifically	the	high	cost	of	deferred
maintenance	throughout	the	organization.

2.	Use	a	reliable	method	of	estimating	that	is	based	on	improving	repair	methods
and	providing	estimated	job	times	for	scheduling	by	using	a	system	such	as	the
ACE	Team	Process	developed	by	TMEII	(discussed	in	detail	in	Chapter	17).

3.	Remember,	“What	gets	measured	get	done.”

4.	P.T.	Barnum	of	circus	fame	said,	“Without	publicity,	a	terrible	thing	happens



—nothing.”	Therefore,	publicize	and	communicate	your	success	across	and	up
and	down	your	organization.

5.	It	has	been	said	that,	“Nothing	happens	until	someone	sells	something.”	This
is	a	true	statement	for	those	managing	the	status	quo,	never	selling	the	top
leaders	on	the	benefits	of	planning	and	scheduling.

3



Leadership

Creating	Maintenance	Leaders,	Not	Just	Maintenance
Managers

Abstract

This	chapter	is	to	help	the	planner/scheduler	understand	leadership	and	to	realize
that	each	planner/scheduler	is	a	leader	within	their	respective	maintenance
operations.	It	also	looks	at	the	key	differences	between	managers	and	leaders	and
provides	a	number	of	important	topics	on	leadership.	Maintenance	planners	must
be	leaders	or	develop	into	true	leaders	for	their	future	success.	We	need	still
managers,	but	more	maintenance	leaders	are	needed	within	the	physical	asset
management	arena.	Leadership	is	rarely	an	innate	quality.	It	is	a	combination	of
hard	work,	conviction,	and	instinctive	strategy,	which	need	to	be	developed	and
nurtured.

Keywords
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vs	managers;	Leadership;	Motivate;	Patience;



Perseverance;	Personal	goals;	Power	of	optimism;
Professional	goals;	Publicize;	Take	responsibility;
Vision

Maintenance	planners	must	be	leaders	or	develop	into	true	leadership	for	their
future	success.	We	still	need	managers,	but	more	maintenance	leaders	are	needed
within	the	physical	asset	management	arena.	Figure	3.1	summarizes	some	of	the
basic	differences	between	maintenance	managers	and	maintenance	leaders.

Leadership	is	rarely	an	innate	quality.	Rather,	it	is	a	combination	of	hard	work,
conviction,	and	instinctive	strategy,	which	needs	to	be	developed	and	nurtured.
When	you	see	someone	who	is	naturally	charismatic	and	inspiring,	you	are
likely	disregarding	an	immense	amount	of	work	that	has	occurred	behind	the
scenes.	This	is	precisely	the	reason	why	we	are	witnessing	an	increasing	demand
for	cultivating	this	talent	at	the	earliest	possible	age.	Whether	in	sports,	business,
or	entrepreneurship,	today’s	youth	are	striving	to	sow	the	seeds	of	leadership	in
hopes	of	future	success.

In	my	case,	I	served	26		years	within	the	US	Army	Corps	of	Engineers,	as	a
trained	civil	affairs	officer	and	last	as	a	military	police	officer.	I	can	say	without
question	that	my	formal	education	did	nothing	to	expand	my	leadership
capabilities.	The	US	Army	offered	some	of	the	best	opportunities	for	teamwork
and	to	build	leadership	skills.	Below	are	some	key	points	for	leadership	in	the
business	of	maintenance:

1.	It	all	starts	with	a	well-defined	and	measurable	vision

People	buy	into	the	leader	before	they	buy	into	the	vision.

John	Maxwell

The	true	essence	of	leadership	begins	with	envisioning	a	set	of	personal	or



professional	goals.	Do	not	just	have	a	vague	image	in	your	mind;	rather,	define
the	target	with	focused	clarity.	Think	through	the	final	result	over	and	over	to
make	sure	you	will	be	committed	until	the	end.	As	discussed	in	Chapter	2,	a
team	process	brings	together	a	synergy	of	cross-functional	members	of	an
organization.

However,	stating	objectives	is	not	enough.	Enforcing	the	purpose	and	mission
are	equally	important.	Provide	a	clear	and	realistic	path	forward	to	your	team.
Believe	in	yourself	and	be	persistent	when	things	look	difficult.	Without	John	F.
Kennedy’s	ambitious	vision,	Neil	Armstrong	would	not	be	the	first	man	on	the
moon.	No	dream	is	too	big	until	you	have	realized	it.





Figure	3.1			Basic	differences	between	maintenance	leaders	and
maintenance	managers.

2.	Communicate	often	and	clearly.	Publicize	your	goals	when	it	is	appropriate.
Report	periodic	reviews	of	your	personal	goals	and	the	positive	status	of	ongoing
improvement	goals

Great	leaders	are	almost	always	great	simplifiers,	who	can	cut	through
argument,	debate,	and	doubt,	to	offer	a	solution	everybody	can	understand.

General	Colin	Powell

Communication	is	the	fundamental	link	between	vision	and	reality.	Deliver	the
message	concisely	and	with	conviction	so	that	it	permeates	through	all	levels	of
the	organization.	Your	people	need	to	understand	why	they	are	working	on	a
task,	what	they	should	be	doing,	and	where	it	will	lead	them.	This	entails	having
good	presentation	skills,	being	a	good	listener,	and	facilitating	problem-solving
on	the	leadership-driven	self-managed	teams	established	to	improve	the	planning
and	scheduling	process.	Effective	communication	skills	make	a	standout	leader.

3.	Do	not	underestimate	the	power	of	optimism.	Become	a	member	of	an
Optimist	Club	International	and	do	not	be	nominated	to	join	a	local	pessimist
club.

If	opportunity	doesn’t	knock,	build	a	door.

Milton	Berle



A	great	story	in	this	regard	is	Walt	Disney’s	remarkable	story.	It	was	1928	in
New	York	when	Walt	learned	that	his	distributor	hired	most	of	Disney’s
animators	to	start	a	new	studio.	He	practically	lost	everything,	including	his
staff,	the	contract,	his	income,	and	the	hit	character	Oswald	the	Rabbit.	He
immediately	sent	a	telegram	to	his	brother	Roy	saying,	“Don’t	worry.	Everything
okay.	Will	give	details	when	I	arrive.”	On	his	3-day	journey	back	to	Hollywood,
Walt	took	out	his	sketchbook	and	created	the	character	of	Mickey	Mouse.	Within
a	year,	Mickey	was	the	most	popular	cartoon	in	the	world.

Optimism	helps	channel	the	negative	energy	of	fear	and	uncertainty	towards
driving	innovation.	As	a	leader,	you	will	be	surrounded	by	skeptics.	Reject
pessimism	and	turn	the	volume	up	on	positivity.

4.	Motivate	and	empower

If	your	actions	inspire	others	to	dream	more,	learn	more,	do	more	and	become
more,	you	are	a	leader.

John	Quincy	Adams

Without	the	right	kind	of	stimulus,	people	produce	mediocre	work	and	drain	out
quickly.	Some	get	inspired	by	power,	some	by	incentives,	some	by	appreciation,
and	some	by	interesting	work.	It	is	your	responsibility	to	identify	specific
motivation	factors	in	your	employees	and	empower	them.	There	are	three	main
types	of	motivation:	fear	motivation,	incentive	motivation,	and	attitude
motivation.	All	three	at	times	may	play	a	part	within	our	professional	lives	and
careers.	As	I	have	said	many	times	before,	a	successful	planner	is	on	a	career
path	to	becoming	a	supervisor	or	a	maintenance	leader	at	a	higher	level.	As	a
leader,	your	efforts	to	nourish	and	empower	your	team	will	also	indicate	that	you
care	for	them,	which	in	turn	is	a	great	fuel	to	boost	productivity	and	loyalty.



5.	Accept	feedback	generously.

Leadership	and	learning	are	indispensable	to	each	other.

John	F.	Kennedy

One	of	the	best	ways	to	grow	and	improve	is	by	graciously	accepting
constructive	feedback.	Planners	may	receive	feedback	from	their	services
through	surveys	conducted	or	direct/indirect	communication	with	supervisors
and	operations	staff.	Each	planner	must	be	able	to	take	constructive	criticism	and
not	let	it	be	a	negative	factor.	Many	managers,	especially	chief	executive	officers
(CEOs),	by	way	of	their	power,	find	it	demeaning	to	be	advised	by	their	juniors.
However,	your	people	hold	the	key	to	invaluable	information	that	can	make	you
more	successful.	Therefore,	leave	your	ego	behind,	and	ask	what	you	can	do
better.	You	may	choose	to	do	that	in	an	informal	setting	or	through	a	defined
360-degree	feedback	model.

6.	Lead	by	example.

You	don’t	lead	by	pointing	and	telling	people	some	place	to	go.	You	lead	by
going	to	that	place	and	making	a	case.

Ken	Kasey

Planners	and	schedulers	in	essence	are	leading	their	organization	on	a	path
forward	to	productive	and	cost-effective	execution	of	the	maintenance	mission.
Teaching	by	force	and	directive	orders	is	passé.	This	is	the	generation	of
producing	future	leaders	by	walking	the	talk.	Do	not	waste	hours	trying	to



convince	people.	Instead,	demonstrate	the	benefits	of	a	particular	decision	by
your	own	actions.	You	cannot	expect	others	to	do	what	you	would	not	do.
Besides	garnering	respect	and	trust,	you	will	be	able	to	set	higher	standards	and
achieve	better	results.	The	easiest	way	to	begin	is	by	thinking	of	your	role
model.	Who	would	you	want	to	emulate?	What	kind	of	traits	does	that	person
have?

7.	Take	responsibility	and	own	up!

A	good	leader	is	a	person	who	takes	a	little	more	than	his	share	of	the	blame	and
a	little	less	than	his	share	of	the	credit.

John	Maxwell.

As	the	top	maintenance	leader,	you	may	have	to	come	clean	on	the	declining
state	of	maintenance,	if	it	does	exist.	While	serving	as	a	major	within	the	30th
Infantry	brigade,	I	worked	for	a	brigadier	general	with	a	full	staff	of	lieutenant
colonels	commanding	armor,	infantry,	artillery,	and	direct	support	maintenance
battalions.	My	unit	was	a	larger-than-normal	company	responsible	for	combat
engineering	support	to	the	brigade,	which	included	ribbon	bridge	construction.
During	the	final	assault,	which	crossed	our	ribbon	bridge	to	the	objective,	one
commander	of	an	armor	battalion	failed	to	make	the	final	river	assault	crossing
due	to	bad	maintenance.	At	the	general’s	staff	meeting	for	an	after-action	review,
this	commander	was	relieved	and	fired	right	on	the	spot.

When	things	go	wrong	with	critical	equipment	and	the	plan	was	not	completed
as	scheduled	due	to	many	factors,	there	will	be	finger-pointing.	In	your	role	as
planner,	you	must	realize	things	will	go	wrong,	and	it	is	not	for	you	to	assess
who	is	to	blame.	Say	no	to	passing	blame	onto	others—that	is	the	most
diminishing	quality	any	leader	can	possess.	Being	at	the	top	implies	taking
ownership	of	your	vision	and	your	team’s	actions.	In	spite	of	having	a	robust	set
of	internal	controls,	any	organization	will	have	its	share	of	slip-ups	and	errors.
You	will	need	a	whole	lot	of	courage	to	apologize	for	mistakes	and	take



measures	to	improve	upon	them.	I	have	also	said	this	many	times:	Maintenance
leaders	must	have	courage.	You	must	have	courage	to	be	the	messenger	to	top
leaders	about	total	maintenance	requirements	not	been	accomplished	and	a
declining	state	of	maintenance	(if	it	is	present).

8.	Use	your	power	to	drive	change

Anyone	can	hold	the	helm	when	the	sea	is	calm.

Publilius	Syrus

A	planner	can	drive	change	and	in	essence	create	a	sense	of	so-called	power
within	the	maintenance	organization.	By	having	a	finger	on	all	the	factors	related
to	a	specific	job,	the	planner	can	answer	many	questions.	Having	the	right
answers	as	to	when	repair	jobs	can	be	completed	builds	a	base	of	knowledge.	As
the	craftspeople	complete	schedules	regularly	on	time,	the	credibility	of
maintenance	plus	planning,	scheduling,	and	execution	of	work	builds	the	so-
called	power	to	provide	greater	customer	service.

In	the	book	Onward:	How	Starbucks	Fought	for	Its	Life	Without	Losing	its	Soul,
Starbucks	CEO	Howard	Schultz	shared	his	remarkable	story,	giving	us	many
leadership	lessons.	Eight	years	after	stepping	down	from	the	daily	oversight	of
Starbucks,	Schultz	returned	as	CEO	in	2008.	His	aim	was	to	bring	back	the	core
values	that	Starbucks	was	originally	known	for.	He	made	some	drastic	decisions,
including	closing	900	stores	and	shutting	the	remaining	11,000	US	stores	for	a
day	to	retrain	115,000	people.	The	media	questioned	the	relevance	of	these
changes,	but	Schultz	explained,	“It	was	honest,	it	was	authentic	and	it	was
necessary.”

Maintenance	leaders	and	planners	are	often	faced	with	challenges	that	require
bold	and	unconventional	decisions.	Trust	your	instincts	and	use	your	authority	to
your	advantage,	but	always	bring	the	facts	related	to	the	situation.	Change	is
necessary	to	establish	an	environment	for	continuous	growth.	And,	just	like



gravity,	change	is	constant.

9.	Cultivate	patience

Patience	and	perseverance	have	a	magical	effect	before	which	difficulties
disappear	and	obstacles	vanish.

John	Quincy	Adams

Have	you	ever	heard	the	saying	to	have	the	patience	of	Job?	During	Job’s	return
to	a	righteous	way	of	life,	his	three	friends	came	to	give	him	their	thoughts	and
advice	as	to	why	he	had	lost	everything	in	life.	They	sat	with	Job	for	seven	days
and	seven	nights	without	saying	a	word.	Maybe	this	standoff	led	to	the	slogan,
“He	has	the	patience	of	Job.”

Successful	leaders	are	proactive	yet	patient.	They	understand	that	a	lifespan
consists	of	periods	of	sprint	followed	by	periods	of	recovery	time.	Many	of	us
are	prone	to	making	snap	decisions	under	deadlines	and	pressure.	Be	careful
when	you	are	influenced	by	excitement	and	wishes	to	see	quick	results.	This
especially	holds	true	for	small	businesses	and	start-up	phases	of	projects,	where
patience	can	make	or	kill.	The	Dutch	often	say	that	a	handful	of	patience	is
worth	a	bushel	of	brains.

10.	There	is	no	one	leadership	style.

In	matters	of	style,	swim	with	the	current;	in	matters	of	principle,	stand	like	a
rock.

Thomas	Jefferson



When	there	are	no	two	people	in	this	world	exactly	alike,	how	can	there	be	a
single	way	to	lead?	Daniel	Goleman	studied	around	3000	mid-level	managers,
uncovering	six	different	leadership	styles:

a.	Commanding

b.	Visionary

c.	Affiliative

d.	Democratic

e.	Pacesetting

f.	Coaching

Leadership	style	depends	on	underlying	emotional	intelligence	competencies,
when	the	style	works	best,	and	the	overall	impact	on	climate	or	culture.

Emotional	intelligence	is	the	driver	for	each	of	these	techniques,	and	it	can	have
a	deep	impact	on	your	organizational	climate	and	culture.	Effective	leaders	have
all	of	these	cards	up	their	sleeve	and	address	the	demands	of	the	particular
situation.	They	are	flexible	and	keep	switching	from	one	style	to	the	other.

11.	Opportunity	never	knocks

Opportunity	never	calls,	and	it	never	stays	the	night.	If	you	want	a	seat	at	the
table,	you	have	to	hunt	down	every	opportunity	yourself.	You	are	not	entitled	to
anything.	For	maintenance	planners,	it	is	very	important	that	they	possess	the
initiative	and	the	desire	to	create	their	own	opportunities	for	job	improvement
and	service	to	their	customers.	Maintenance	staff	who	are	nominated	and
recruited	to	become	planner	schedulers	are	beginning	a	key	new	role	for	their
future	within	the	maintenance	organization.

12.	It	is	better	to	be	best	than	to	be	first

If	you	watch	the	Hollywood	version	of	success,	you	can	easily	get	duped	into
thinking	you	have	to	be	the	first	to	hit	the	market	in	order	to	win.	That	is	true	if



you	are	a	reporter	and	want	credit	for	breaking	a	story.	Otherwise,	keep	in	mind
that	Myspace	predated	Facebook.

The	first	person	out	the	gate	may	get	the	competitive	advantage	and	land	early.
However,	when	the	honeymoon	phase	is	over,	people	want	quality.	As	long	as
you	focus	on	creating	quality,	you	will	always	have	something	to	offer.
Maintenance	must	be	focused	on	quality	repairs	and	not	create	unrealistic
planning	times,	in	which	case	craftspeople	are	forced	to	take	shortcuts	that	result
in	callbacks	to	a	job	that	was	initially	done	incorrectly.

13.	Leaders	believe	in	serving	others	over	themselves

Maintenance	is	a	vital	service	for	total	operation	success.	The	planner’s	service
to	both	maintenance	and	operations	puts	this	position	in	a	very	important	service
role.	In	turn,	planners	must	believe	that	their	service	is	making	a	difference
within	the	organization	and	is	creating	value	that	can	be	measured.

14.	Quality	is	important

One	of	the	three	elements	of	overall	craft	effectiveness	is	what	I	call	craft	service
quality	(CSQ),	which	will	provide	a	good	measure	of	the	quality	of	repairs
within	maintenance.	A	truly	successful	person	is	not	successful	because	of	their
position	in	life.	It	does	not	matter	if	you	are	a	janitor	or	a	CEO—success	is
defined	by	how	content	you	are	with	where	you	are.	Kevin	O’Leary	(a	self-made
millionaire	and	TV	personality)	will	tell	you	that	success	means	being	rich,
while	Gandhi	successfully	led	a	revolution	and	freed	both	India	and	Pakistan
while	living	poor.

Quality	of	life	is	not	defined	by	what	you	own	or	how	high	up	the	ladder	you
have	climbed.	It	is	defined	by	your	satisfaction	with	what	you	have.	No	matter
where	you	are	in	your	life,	strive	to	create	quality	experiences	for	those	around
you.	Planners	create	expectations	with	the	development	and	publishing	of	a
weekly	or	daily	schedule.	Craftspeople	who	truly	exhibit	a	pride	in	maintenance
attitude	normally	can	meet	expectations.

15.	Execution	trumps	ideas

Everyone	has	great	ideas.	Some	executed	idea	have	brought	great	success.	For
example,	someone	thought	there	should	be	a	Website	where	people	can	socialize
online,	so	Facebook	was	invented.	Someone	said	it	would	be	cool	if	you	could



shop	online;	now	Amazon	exists	for	fast	service	from	online	shopping.	John
Lennon’s	and	Paul	McCartney’s	best	songs	used	only	a	handful	of	basic	chords.
Those	names	rose	to	prominence	because	they	thought	of	something	no	one	else
did.	They	took	action	and	accomplished	something	no	one	else	did,	and	most	of
them	continue	doing	so	to	this	day.

Ideas	are	important,	but	anyone	can	come	up	with	ideas.	Backing	those	thoughts
with	action	is	how	you	create	success.	The	idea	of	planning	and	scheduling
along	with	good	estimating	is	not	rocket	science	and	is	a	very	good	idea,	but
execution	and	implementation	are	the	key.

16.	Respect	is	something	you	earn

Planners	may	or	may	not	begin	their	work	with	respect	from	all	within
maintenance	or	operations.	The	advice	I	have	heard	the	most	in	my	life—at
home,	in	school,	in	the	military,	in	corporate	America—is	that	respect	is
something	that	is	earned.	You	are	not	entitled	to	respect.	You	are	entitled	to
common	courtesy	and	politeness,	but	you	have	to	prove	yourself	worthy	of
peoples’	respect.	It	does	not	come	from	a	title;	it	comes	from	your	daily	actions
and	attitude.	Respect	everyone,	act	ethically,	and	always	follow	through.	People
will	respect	such	traits	in	a	planner	or	scheduler.

17.	Leaders	believe	in	their	place	in	history

A	successful	person	knows	his	or	her	place	within	the	work	environment	and	is
comfortable	with	it.	Whether	or	not	you	have	made	a	blip	in	the	history	books,
you	have	your	own	history,	a	work	history,	family	history,	and	a	history	in	your
community.	With	time	comes	memory.	People	remember	your	actions	in	the
past,	and	they	judge	you	in	the	present	based	on	them.	If	you	understand	your
place	in	your	organization,	you	will	be	prepared	for	successful	results.

18.	Quitting	is	the	only	failure

Some	people	talk	about	treading	water	or	keeping	your	head	above	water,	but
that	is	only	enough	to	remain	in	the	same	spot.	To	actually	reach	your	goal,	you
cannot	tread	water—you	have	to	keep	swimming.

You	can	only	see	by	looking	back	and	forward,	but	that	gives	the	confidence	to
keep	swimming.



19.	Success	is	about	more	than	money

Money	does	have	its	uses.	While	it	may	be	the	root	of	all	evil,	it	is	also	a
resource	that	can	be	used	to	enact	good	change.	If	you	define	your	worth	by	how
much	money	you	have,	you	have	a	long	way	to	go	before	you	are	as	valuable	as
anyone	on	the	Forbes	billionaire	list.	You	will	also	likely	never	reach	that
billionaire	list,	because	it	takes	a	belief	in	your	own	value	to	reach	that	level.
This	brings	me	to	the	final	point.

20.	Believe	in	yourself

Successful	people	think	that	they	are	successful—it	is	what	makes	them
successful.	Perspective	is	everything	in	life,	and	the	only	way	to	reach	success	is
to	move	with	a	successful	perspective.	You	become	what	you	think.	If	you	do
not	believe	in	yourself,	no	one	else	will.

4



How	to	Create	PRIDE	in	Maintenance	within	Craft
Leaders	and	the	Technical	Workforce

Abstract

This	chapter	strives	to	understand	the	importance	of	planners	readily	soliciting
and	accepting	ideas	from	the	crafts	workforce.	Planners	who	have	luckily	moved
from	being	a	good	craftsperson	into	one	as	a	planner	at	the	next	level	will	have
an	important	advantage.	We	will	also	see	why	planners	not	only	support
reliability	improvement	but	also	help	create	pride	in	maintenance	within	craft
leaders	and	the	technical	workforce.	One	of	the	key	points	included:	“Do	every
job	as	if	you	owned	the	plant,	the	department,	or	the	piece	of	equipment	you
operate	or	maintain.	Every	employee	in	a	plant	is	a	manager	of	a	small	piece	of
the	business.”

Keywords

Craft	leader;	Golden	rule;	PRIDE	in	Excellence;
PRIDE	in	Maintenance;	PRIDE	in	Work;	Reliability
improvement

This	chapter	strives	to	understand	the	importance	of	planners	readily	soliciting
and	accepting	ideas	from	the	crafts	workforce.	Planners	who	have	moved	from
being	a	good	craftsperson	into	one	as	a	planner	at	the	next	level	will	have	an



important	advantage	compared	with	a	brand-new	mechanical	engineer	being
assigned	as	a	planner.	This	chapter	also	examines	why	planners	not	only	support
reliability	improvement	but	help	to	create	People	Really	Interested	In
Developing	Excellence	(PRIDE)	in	maintenance	within	craft	leaders	and	the
technical	workforce.

I	begin	this	chapter	with	something	I	wrote	while	serving	as	plant	manager	of
manufacturing	operations	for	the	Crescent	Xcelite	tool	plant	in	Sumter,	South
Carolina.	PRIDE	in	maintenance	is	something	that	every	maintenance	leader
must	practice	and	believe	in.	Planners	are	in	the	category	of	maintenance	leaders
as	well.	This	introduction	talks	about	PRIDE	in	excellence,	which	parallels	all
we	will	talk	about	for	achieving	PRIDE	in	maintenance	in	this	chapter.	Late	in
1983	when	this	was	written	to	our	plant	employees,	little	did	we	know	that	more
than	100	of	the	500	employees	from	the	total	plant	direct	labor	workforce	would
face	layoffs	(in	late	1984	and	1985)	due	to	the	dumping	of	foreign	hand	tools
into	US	markets.	Because	South	Carolina	is	a	right-to-work	state,	the	layoff	was
based	upon	employee	seniority.	The	good	news	was	that	we	were	able	to	call
back	almost	everyone	by	early	1986.	We	began	the	layoff	process	with	positive
expectations	that	the	business	would	return,	which	it	did.	So,	what	about	PRIDE
in	excellence?

PRIDE	in	Excellence:	The	very	famous	German	sports	car	manufacturer,
Porsche,	had	a	slogan	that	said,	“Excellence	is	expected.”	To	me,	this	is	what
customers,	distributors,	and	group	sales/marketing	people	expect.
Excellence	is	expected	from	the	world-famous	Crescent	and	Xcelite	trade
name	brands.

In	our	employee	communication	meetings,	the	topic	of	foreign	competition	and
the	real	threat	that	it	presented	to	the	American	hand	tool	industry	at	that	time
was	an	issue	that	all	employees	had	to	keep	in	mind.	Crescent/Xcelite	was
continually	addressing	both	foreign	and	domestic	competition	through	an
aggressive	capital	investment	effort	to	upgrade	old	equipment,	secure	new
equipment,	and	improve	manufacturing	methods,	implementing	a	closed-loop
MRP	(Materials	Requirements	Planning)	system	(pilot	plant	in	Cooper
Industries)	and	improving	processes	by	whatever	means	available.	We	were	also
scheduling	a	vibration	analysis	service	across	this	large	plant	with	a	large
portfolio	of	rotating	equipment.	At	that	time,	we	did	not	have	planners;	the	two
supervisors	did	a	good	job	reporting	at	weekly	operations	meetings	on	upcoming
PM’s	(preventive	maintenance)	and	critical	jobs.



However,	although	money	buys	the	new	equipment	and	raw	materials,	people
are	the	most	important	assets	for	developing	continued	excellence	in	a
company’s	products.	Personalized	human	skills,	ranging	from	die	making	to
final	inspection,	were	the	assets	that	determined	the	outcome	of	the	“big	game”
with	foreign	and	domestic	competitors.	To	win	the	“big	game,”	each	employee	at
Crescent/Xcelite	was	encouraged	to	consider	taking	“PRIDE	in	excellence”	as	a
renewed	effort	for	the	1984–1986	period,	which	was	very	challenging.

Below,	I	listed	a	few	of	the	thoughts	that	I	used	with	the	production	and
maintenance	employees	at	Crescent/Xcelite	in	1984.	They	will	still	apply	to
every	job	at	your	plant	as	well	as	to	your	personal	family	life.	Add	one	or	two	to
your	list	of	resolutions.

1.	Do	every	job	as	if	you	owned	the	plant,	the	department,	or	the	piece	of
equipment	you	operate	or	maintain.	Every	employee	in	the	plant	is,	in	a	real
sense,	a	manager	of	a	small	business,	regardless	of	the	operation.
Crescent/Xcelite	as	a	plant	is	made	up	of	many	small	plants	or	teams.	Be	a	proud
competitor	on	your	team.

2.	Develop	a	commitment	to	excellence	in	everything	you	do.	Have	fun	and	seek
justice	against	poor	quality	where	it	is	due.	If	work	is	thought	of	as	a	hobby,	such
as	golf	or	fishing,	imagine	how	much	fun	it	would	be	to	meet	that	7:00	a.m.
starting	time	at	the	plant.

3.	Develop	PRIDE	in	your	work,	regardless	of	the	task.	Give	105%	to	your
performance	whenever	possible	to	make	up	for	the	times	you	were	at	only	95%.

4.	Maintain	a	sincere	belief	in	your	capabilities,	as	well	as	the	potential	of	those
you	meet	each	day.	Practice	positive	reinforcement	on	yourself	and	others.

5.	Practice	the	golden	rule.	If	it	does	not	work	the	first	time,	then	Practice!,
Practice!,	Practice!

6.	Practice	good	maintenance	in	all	areas:	physical,	spiritual,	family,	equipment,
mental,	financial,	etc.	Plan	to	wear	out	rather	than	rust	out.	I	have	a	saying	that
“maintenance	is	forever.”

7.	Particularly	for	planner/schedulers,	it	is	your	job	to	“make	things	happen”
rather	than	“watch	things	happen.”	Try	not	to	be	in	the	group	of	people	that
wonders	what	happened.	Reduce	work-in-process	and	stamp	out	rework-in-



process.

8.	Develop	PRIDE	in	yourself,	your	company,	and	your	country.

9.	Establish	written	and	specific	written	personal	goals	in	all	areas	of	your	life.

10.	If	none	of	the	above	items	works	for	you,	just	keep	smiling.	People	will
really	wonder	what	you	are	up	to!

PRIDE	in	excellence	is	a	very	personal	matter	that	we	as	individual	Americans
must	address.	The	late	Congressman	Larry	McDonald	(who	died	in	a	Korean	Air
Lines	accident	when	the	plane	was	shot	down	by	Soviet	interceptors	in	1983)
made	a	closing	statement	in	the	documentary	film	No	Place	to	Hide	with	these
words:	“Freedom	is	not	free.”	Excellence,	quality,	and	success	likewise	are	not
free;	all	take	hard	work	and	commitment	from	people.

PRIDE,	on	the	other	hand,	is	free	when	the	work	is	done.	When	the	game	is
over,	you	can	look	back	and	say,	“I	did	the	very	best	I	could	do.”	A	departmental
team	can	say,	“We	did	the	best	we	could	do!”	Our	goal	should	be	to	look	back	a
year	later	and	be	able	to	honestly	say,	“We	did	our	best!”	If	a	planner	can	do	this,
he	or	she	can	and	will	be	successful.

Think	about	leading	your	maintenance	operation	with	the	above	as	part	of	your
personal	philosophy	for	achieving	PRIDE	in	maintenance.	Planning	for
excellence	will	help	create	positive	expectations	for	every	planner/scheduler
(P/S)	serving	their	customers	all	around	the	world.

PRIDE	in	Maintenance:	The	term	“PRIDE	in	Maintenance”	was	first	used
in	1981	while	I	was	on	the	Cooper	Tools	Group	staff	as	group	manager	of
industrial	engineering,	striving	to	improve	maintenance	processes	across
seven	plant	sites.	The	first	step,	along	with	creating	the	original	Scoreboard
for	Maintenance	Excellence,	was	to	sponsor	a	groupwide	training	session	on
maintenance	best	practices.	This	was	a	weeklong	session	held	in	Greenville,
Mississippi,	on	the	Mississippi	River,	way	down	south	at	two	of	the
Nicholson	saw	plants.	We	had	plant	managers	attend	for	one	day	and	then
engineering	managers,	maintenance	supervisors/foreman,	planners	and
storeroom	managers	for	the	rest	of	the	week.	We	also	had	two	predictive
maintenance	equipment	vendors	come	in	to	discuss	this	new	technology	and
to	demonstrate	the	benefits	of	vibration	analysis	and	other	technologies.	To
our	good	fortune	during	an	in-plant	demo,	one	vendor	actually	found	a	bad



bearing	on	a	major	piece	of	equipment.	This	was	in	the	mill	for	rolling
specialty	steel	for	hacksaw	and	band	saw	blades.	The	training	event	was	a
success	at	creating	a	better	understanding	about	the	importance	of
maintenance	for	top	leaders	and	maintenance	leaders.	It	also	helped	to
avoid	a	catastrophic	bearing	failure	at	the	Nicholson	steel	mill.

However,	we	neglected	to	include	any	craftspeople	in	this	weeklong	event.	The
consultant	that	I	used	for	the	training	was	Mr.	George	Smith	from	Orange,	New
Jersey,	who	had	just	recently	purchased	Marshall	Institute	from	the	founders.
George	discussed	many	topics	related	to	the	crafts	workforce	throughout	his
presentations.	Therefore,	I	said	to	George,	“We	forgot	a	very	important	group.
We	did	not	get	your	message	down	to	the	crafts	level.	I	will	talk	to	the	plant
manager	here	at	the	Greenville	plant.	We	will	see	if	we	can	get	the	crafts
together	for	at	least	a	1		h	session	and	you	can	talk	to	them	too	before	you
leave.”	The	plant	manager	agreed,	and	George	talked	to	20	or	more	craft	people
on	the	topic	that	I	called	“PRIDE	in	Maintenance.”	George	was	a	Navy	pilot	in
World	War	II,	and	he	had	some	real	maintenance	stories	to	tell	about	why
PRIDE	in	maintenance	was	important	.For	example,	he	always	told	the	aircraft
mechanic	working	on	his	plane	to	be	ready	for	a	test	to	“see	how	she’s	running.”
We	videotaped	George’s	presentation,	and	his	words	apply	today	just	as	much	as
they	did	back	in	the	1980s.

Planners	must	not	forget	the	crafts	people	either.	The	craft	workforce	must	not
be	forgotten	in	today’s	world	of	fancy	new	terms	and	technological	advances.
Your	crafts	workforce	will	be	really	interested	in	developing	excellence	in
maintenance	when	they	feel	that	they	are	a	true	member	of	the	team.	Our	domain
name,	www.Pride-in-Maintenance.com,	reflects	our	belief	about	the	important	of
maintenance,	the	value	of	maintenance	people	and	the	work	they	do,	and	how
we	must	change	attitudes	about	the	profession	of	maintenance.

I	now	would	like	to	reinforce	some	key	points	made	in	previous	chapters	that
have	been	leading	toward	our	main	subjects:	reliable	maintenance	planning,
estimating,	and	scheduling.	Your	improvement	strategy	must	include	all
maintenance	resources,	equipment,	and	facility	assets,	as	well	as	the	craftspeople
and	equipment	operators.	It	must	also	include	MRO	parts	and	material	assets,
maintenance	informational	assets,	and	the	added	value	resource	of	synergistic
team-based	processes.	Maintenance	leaders	and	top	leaders	must	support	their
most	important	maintenance	resource	of	all,	the	crafts	workforce,	which	should
be	considered	as	your	most	valuable	people.	Figure	4.1	illustrates	the	support



role,	which	must	start	with	top	leaders	realizing	that	the	foundation	for
maintenance	excellence	begins	with	PRIDE	in	maintenance.

Our	vision	is	to	help	achieve	PRIDE	in	Maintenance	from	within	the	craft
workforce	and	their	maintenance	leaders.	In	addition,	top	leaders	should	realize
the	true	value	of	their	total	maintenance	operation	(Chapter	1)	and	then	take
positive	actions	to	support	the	maintenance	leaders,	craft	leaders,	and	the	craft
workforce.	The	Maintenance	Excellence	Institute	International	provides	a	wide
range	of	consulting	with	our	maintenance	excellence	services,	temporary
operational	services	and	customized	and	public	training	for	maintenance
excellence	offerings	we	call	TrueWorkShops™.	We	support	all	types	of
maintenance	operations.	However,	the	bottom	line	is	that	PRIDE	in	maintenance
within	your	craft	workforce	is	the	foundation	for	your	success	for	building	long-
term	maintenance	and	reliability	excellence	and	sustainability.	Your	craft
workforce	can	be	a	valuable	source	of	new	ideas	and	positive	reinforcement
during	your	journey	toward	maintenance	and	reliability	excellence.

During	each	Scoreboard	for	Maintenance	Excellence	assessment,	we	always
interview	a	number	of	craftspeople.	We	get	very	candid	input	and	many
comments	that	support	the	improvement	needs	of	the	overall	maintenance
operation.	However,	we	lacked	a	focused	method	that	could	bring	out	more	ideas
and	concerns	from	the	craft	workforce.	Following	an	assessment,	one	client
requested	that	we	conduct	a	session	with	the	craft	workforce	and	support	staff	to
get	ideas	directly	from	this	group.	They	did	not	want	any	supervisors	or
managers	present,	which	might	hinder	open	discussion	of	ideas	and	concerns.	As
a	result,	the	first	PRIDE	in	Maintenance	sessions	for	the	craft	workforce	and
support	staff	were	developed.	This	client	wanted	to	make	sure	that	their	craft	and
support	employees	(approximately	350	in	total)	had	the	opportunity	to	express
both	their	concerns	and	ideas.	It	is	important	to:





Figure	4.1			Build	your	foundation	upon	PRIDE	in	maintenance.	Most
valuable	player	(MVP).

1.	Understand	the	client’s	goals	for	maintenance	improvement	per	assessment
results,	which	should	include	a	new	P/S,	for	example.

2.	Provide	ideas	that	the	crafts	people	thought	were	important	and	needed	by	the
operation.

From	the	results	of	this	first	session,	more	than	300	good	ideas	were	generated.
Therefore,	we	feel	that	it	is	well	worth	the	time	to	bring	crafts	and	support	staff
together	for	a	session	devoted	to	sharing	ideas	and	concerns.	We	firmly	believe
that	maintenance	excellence	begins	with	PRIDE	in	maintenance.	It	is	important
to	have	people	at	all	levels	with	PRIDE	in	maintenance—People	Really
Interested	in	Developing	Excellence	in	Maintenance.	These	sessions	can	help
you	gain	people	with	greater	PRIDE	in	maintenance.	They	will	be	your	own
craftspeople	who	can	add	greater	value	to	your	maintenance	operation	by
sharing	their	ideas	and	being	a	vital	part	of	helping	you	implement	today’s
proven	best	practices	for	maintenance	excellence.

A	Positive	and	Proven	Approach:	PRIDE	in	Maintenance	sessions	with	your
craft	workforce	should	begin	only	after	the	consultant	has	a	clear
understanding	of	the	client’s	current	improvement	goals,	current
challenges,	and	past	successes.	To	do	this,	a	Scoreboard	for	Maintenance
Excellence	assessment	is	recommended.	The	following	key	steps	(illustrated
in	Figure	4.2)	should	be	taken	to	help	your	craft	workforce	become	a
valuable	source	of	new	ideas	and	attitudes.

1.	Develop	your	results	from	the	Scoreboard	for	Maintenance	Excellence
Assessment.

2.	Develop	your	PRIDE	in	Maintenance	session	materials.	Gain	your	approval	of
materials	and	your	commitment	to	begin.

3.	Conduct	PRIDE	in	Maintenance	sessions	for	the	craft	workforce	and	support
staff	to	share	goals	and	key	challenges	(1		h).



4.	Conduct	PRIDE	in	Maintenance	team	exercises	with	the	craft	workforce
focused	on	your	key	challenges	(1		h).

5.	Have	the	teams	present	their	recommendations.	Presentations	from	each	team
should	be	videotaped	and	a	summary	of	all	team	recommendations	prepared.

6.	Have	the	client	review	the	assessment	results	and	crafts	team
recommendations,	then	determine	their	strategic,	tactical,	operation,	and	“do	it
now”	commitments.

7.	Provide	implementation	support	from	The	Maintenance	Excellence	Institute
as	needed.

8.	Continue	with	continuous	reliability	improvement	and	chartered	cross-
functional	teams	as	a	possible	next	step.

9.	Measure	and	validate	results.

Gaining	Support	from	the	Craft	Workforce:	Without	support	from	the	craft
workforce,	achieving	maintenance	excellence	can	be	extremely	difficult.
Planners	especially	must	have	the	craft	workforce	on	their	side	and	gain
respect	from	them.	In	Chapter	13,	we	will	define	some	of	the	traits	to	look
for	when	hiring	a	P/S.	PRIDE	in	Maintenance	sessions	developed
specifically	for	the	crafts	workforce	and	other	maintenance	support	staff
can	add	much	to	your	maintenance	improvement	efforts.	They	can	serve	as
one	way	to	introduce	the	concepts	of	your	P/S.	They	can	serve	as	a	means	to
gain	craft	level	support	for	the	P/S,	to	achieve	better	understanding	and
greater	cooperation	for	current	and	future	maintenance	improvements.	It	is
important	that	maintenance	leaders	provide	very	positive	reinforcement	to
the	crafts	workers	that	their	job	is	important	and	that	their	ideas	are
needed	and	are	welcomed.	Because	they	perform	such	a	mission-essential
role	to	success,	the	need	for	their	positive	input,	ideas,	and	active
participation	is	critical.





Figure	4.2			Your	craft	workforce	is	a	valuable	source	of	ideas.

PRIDE	in	Maintenance	sessions	also	help	instill	a	philosophy	of	profit-centered
maintenance	into	the	thinking	and	attitudes	of	each	participant.	For	public
service	as	well	as	oil	and	gas	operations,	it	is	about	maximizing	customer
service.	PRIDE	in	Maintenance	sessions	help	to	support	internal	teamwork	as
well	as	to	eliminate	the	fear	of	changing	the	status	quo.	It	is	important	for	your
craftspeople	to	understand	their	contribution	to	greater	profit	and	service	and
how	they	fit	into	your	P/S	process.	You	must	challenge	and	support	them	to	do
each	job	as	if	they	owned	the	company.	PRIDE	in	Maintenance	materials	should
be	customized	to	the	operation,	whether	the	goal	is	to	maximize	profit,	service,
or	both.	The	client	should	be	able	to	review	and	approve	all	client-specific
materials	that	are	developed	for	the	presentation.	Session	materials,	including
participant	handouts,	case	studies,	and	additional	maintenance	excellence
references,	are	provided	to	each	attendee.	Each	session	can	include	up	to	a
maximum	of	25	participants,	allowing	for	three	teams	of	eight	craftspeople
across	typical	craft	functions.	We	like	to	videotape	all	team	presentations	and
give	each	client	reproduction	rights	for	future	use	of	their	PRIDE	in
Maintenance	video	and	all	custom	materials	prepared	for	their	session.
Determining	the	true	value	of	training	often	seems	difficult.	However,	when	you
can	incorporate	ideas	from	your	crafts	workforce	into	various	plans	of	action,	the
value	of	this	type	of	training	can	be	readily	demonstrated.	Scarce	craft	resources
are	a	terrible	thing	to	waste.	So,	take	action	now	to	consider	investing	in	your
most	valuable	maintenance	resources	to	get	their	ideas.





Figure	4.3			Maintenance	leadership	team	at	UNC-Chapel	Hill.

The	following	is	a	case	study	example	from	the	Facilities	Services	Division	for
the	University	of	North	Carolina	(UNC)	at	Chapel	Hill.	It	shows	a	section	from
their	newsletter,	which	is	one	of	the	communications	tools	they	used	to	spread
the	word	about	their	workforce’s	involvement	in	maintenance	improvement.
Each	of	the	more	than	300	recommendations	from	their	initial	PRIDE	in
Maintenance	sessions	were	reviewed	by	the	Maintenance	Leadership	Team,	who
are	shown	in	Figure	4.3.	This	team	looked	at	each	recommendation,	and	their
goal	while	reviewing	each	employee’s	idea	was	to	answer	one	of	these	three
questions:

1.	What	can	I	(we)	do	now	to	put	this	idea	into	action?

2.	How	can	this	idea	be	put	into	action	based	upon	additional	internal	review	and
help?

3.	How	can	this	idea	be	put	into	action	with	support	and	cooperation	from
departments	outside	the	UNC-Chapel	Hill	(UNC-CH)’s	Facilities	Services
Division	and	additional	external	review?

Based	on	question	3,	some	recommendations	needed	support	and	cooperation
from	other	departments.	The	following	is	an	excerpt	from	UNC-CH	newsletter,
describing	how	they	created	a	cross-functional	team	to	address	a	major
improvement	opportunity.	This	newsletter	column	started	out	as	PRIDE	in
Maintenance,	but	was	quickly	changed	to	PRIDE	in	Maintenance	and
Construction	because	minor	construction	and	renovation	work	was	an	important
part	of	the	division’s	direct	responsibility.



PRIDE	in	Maintenance	and	Construction

Excerpt	from	the	Resource	Newsletter	of	UNC-CH
Facilities	Services	Division

PRIDE	in	Maintenance	and	Construction	has	continued	with	follow	up	on
each	of	the	over	300	recommendations	received	from	employees	during	the
initial	PRIDE	in	Maintenance	sessions.	The	Team	headed	by	Steve
Copeland	with	Stanley	Young,	Bob	Woods,	Bob	Humphreys,	Mark
McIntyre	and	Joe	Emory	completed	the	review	of	each	and	every
recommendation	received	back	in	November	2003.

Systems	Performance	Team	Chartered:	The	review	of	all	employee
recommendations	led	to	a	number	of	recommendations	where	support	and
cooperation	from	departments	outside	the	Facilities	Services	Division	was
necessary.	Therefore,	the	Systems	Performance	Team	was	chartered.	Its	job
was	to	provide	additional	external	review	and	recommendations	for	a	top
priority	issue	that	was	common	across	all	PRIDE	in	Maintenance	sessions.

The	objective	of	this	team	is	to	recommend	methods	to	improve	overall	building
systems	performance.	The	scope	includes	design	and	construction	phases	and	the
commissioning	process	of	new	facilities.	The	team	started	in	January	2004	and
has	been	meeting	biweekly.	It	has	looking	at	ways	that	Building	Services	can	be
more	closely	involved	with	design	and	construction	processes	and	how	to
eliminate	additional	work	that	typically	must	be	performed	on	new	facilities
constructed	by	contractors.	This	team	addressed	specific	quality	control
improvement	opportunities	during	the	design/construction	phases	to	improve
contractor	accountability.	It	considered	how	to	better	support	the	construction
administration	process	and	how	to	support	the	final	user’s	requirement	for	the
facility	during	commissioning.

Team	leader	Joe	Wall	from	Construction	was	supported	by	Ricky	Robinson



—Maintenance/Plumbing,	Rodney	Davis—Life	Safety	and	Access,	Robbie
Everhart—HVAC,	Terry	Bowers—Housing	Support,	Eddie	Short—
Construction	Administrator,	Joel	Carlin—Engineering	Information
Services,	Ed	Willis,	PE—Manager	of	Construction	Management,	Cindy
Shea—Sustainability	Coordinator,	Julie	Thurston,	PE—A/E	Services,	Pete
Peters—The	Maintenance	Excellence	Institute,	and	Carole	Questa	and
Keith	Snead—Facilities	Planning/Design.

The	Systems	Performance	Team	prepared	its	final	recommendations	and	a
presentation	by	team	members	was	planned	during	April	2004.	Their	work	has
had	very	positive	actions	on	important	employee	recommendations	from	our
PRIDE	in	Maintenance	session	held	last	year.

Results	from	the	Systems	Performance	Team	helped	to	ensure	that	maintenance
was	involved	during	the	design,	preconstruction,	construction,	final	inspection,
and	commissioning	phases	of	new	facilities	on	the	UNC-CH	campus.	Facilities
maintenance	staff	from	each	craft	area	became	an	important	part	of	the	total
team.	Significant	costs	were	tried	to	be	eliminated	by	ensuring	contractors	did
the	job	right	the	first	time	and	by	not	having	to	call	maintenance	in	to	correct
contractor	mistakes	after	commissioning.	Tracking	of	warranted	items	was	also
improved	with	vendors	and	contractors	being	held	more	accountable.

Summary:	Achieving	PRIDE	in	Maintenance	requires	many	things	within	an
organization.	It	requires	a	top	leader	who	understands	the	value	of	maintenance
and	its	challenges.	It	requires	maintenance	managers,	supervisors,	and	foreman
that	are	true	maintenance	leaders	within	the	important	profession	of
maintenance.	It	requires	crafts	leaders	and	a	craft	workforce	trained	and
dedicated	to	profit	and	customer-centered	service.	Effective	storeroom	and
support	staff	all	combine	to	perform	the	business	of	maintenance.	Across	all
these	people	resources	there	must	be	dedication	to	the	maintenance	profession
and	PRIDE	in	Maintenance	that	comes	from	teamwork,	personal	motivation,
good	leadership,	and	good	maintenance	practices.	Your	maintenance	operation
will	continue	to	improve	its	progress	on	the	journey	toward	maintenance
excellence.	Maintenance	excellence	is	truly	not	a	final	destination	but	rather	a
continuous	journey.
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Define	Your	Physical	Asset	Management	Strategy
with	The	Scoreboard	for	Maintenance	Excellence	and
Go	Beyond	ISO	55000

Abstract

This	chapter	is	to	help	the	planner	understand	how	their	current	operation
compares	with	others	in	regard	to	best	practices	that	support	the	planning
scheduling	process	such	as	the	maintenance	storeroom,	the	parts	supply	chain,
preventive	and	predictive	maintenance,	reliability	process	improvements,	and
many	others	that	we	that	will	detail	in	Appendix	A—	the	Scoreboard	for
Maintenance	Excellence™	version	2015.	Here	are	many	new	best	practice
categories	specific	to	oil,	gas,	and	petrochemical	operations	and	any	complex
operation	with	extreme	health,	safety,	security,	and	environmental	challenges
(HSSE).	This	chapter	defines	how	we	can	get	down	to	the	detailed	level	of
“determining	where	we	are”	with	actually	applying	today's	best	practices.

Keywords
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repair	operations	(MRO)	parts	and	material
resources;	PAS	55:	2008;	People	resources;
Performance	benchmarking;	Physical	asset	resources;
Process	benchmarking;	Process	map;	Scoreboard	for
Maintenance	Excellence;	Self-assessment;	Soloman
auditing;	Strategic	benchmarking;	Team-based;
Technical	skill	resources

Previous	chapters	have	provided	a	prelude	of	important	topics	that	the	planner
and	others	in	maintenance	should	understand	especially	the	practice	of	true
leadership	true	leadership.	The	planner	should	also	understand	how	his	or	her
current	operation	compares	with	others	in	regards	to	best	practices	that	support
the	planning	scheduling	process,	such	as	the	maintenance	storeroom,	their	parts
supply	chain,	preventive	and	predictive	maintenance	(PdM),	reliability	process
improvements,	and	many	others	we	will	detail	in	Appendix	A—The	Scoreboard
for	Maintenance	Excellence	version	2015.	Here	are	many	new	best-practice
categories	specific	to	oil,	gas,	and	petrochemical	operations	and	any	complex
operation	with	extreme	health,	safety,	security,	and	environmental	(HSSE)
challenges.	It	is	also	important	for	top	leaders	to	understand	their	HSSE
challenges	as	well	as	to	know	the	scope	of	the	Scoreboard	practices	as	well	as
the	return	on	investment	that	can	be	achieved	with	an	effective	planning	and
scheduling	process.	Before	beginning	or	renewing	our	material	specific	to
developing	or	improving	a	planning,	estimating,	and	scheduling	process,	we
must	get	down	to	the	detailed	level	of	“determining	where	we	are”	with	actually
applying	today’s	best	practices.

You	may	have	developed	a	viable	physical	asset	management	strategy	defined	in
PASS	55:	2008	Part	1	and	2,	now	morphed	into	the	ISO	55000	standards.
However,	you	will	need	to	take	these	open-ended	descriptive	requirements	down
to	the	shop	level	with	prescriptive	actions	to	be	taken	and	measured.	Your
planners,	storeroom,	preventive	maintenance	(PM)/PdM,	and	all	programs	for
reliability	improvement	must	be	fully	integrated	for	gaining	maximum	value
from	your	planning/scheduling	process.	This	chapter	introduces	the	2015	version
of	The	Scoreboard	for	Maintenance	Excellence,	focused	on	oil,	gas,	and
petrochemical	plant	maintenance	as	your	global	benchmark	or	guideline	for
maintenance	best	practices.	The	2015	version	has	38	best-practice	categories	and



600	specific	evaluation	items.	It	has	evolved	since	1981	(then	with	10
benchmark	categories	and	100	benchmark	criteria)	into	today’s	most	complete
benchmarking	tool	to	define	where	you	are	on	your	journey	toward	maintenance
and	reliability	excellence.	Combined	with	the	other	three	benchmarking	tools	of
The	Maintenance	Excellence	Institute	International	(TMEII),	we	feel	sure	that
this	book	provides	today’s	best	process,	starting	from	global,	external
benchmarking	and	going	down	to	the	craft	workforce	level.	We	will	discuss	in
detail	how	reliable	benchmarks	for	craft	repair	times	are	with	the	ACE	(a
consensus	of	experts)	Team	Benchmarking	Process.	This	is	included	later	in
Chapter	15,	“Developing	Improved	Repair	Methods	and	Reliable	Maintenance
Planning	Times	with	the	ACE	Team	Process.”	The	four	levels	of	maintenance
benchmarking	are	illustrated	in	Figure	5.1.





Figure	5.1			Maintenance	benchmarking	from	four	important	levels.



Understanding	the	Types	of	Benchmarking

A	benchmark	is	a	point	of	reference	for	a	measurement.	The	term	presumably
originates	from	the	practice	of	making	dimensional	height	measurements	of	an
object	on	a	workbench	using	a	graduated	scale	or	similar	tool	and	using	the
surface	of	the	workbench	as	the	origin	for	the	measurements.	In	surveying,
benchmarks	are	landmarks	of	reliable,	precisely	known	altitude	and	location	and
are	often	manmade	objects,	such	as	features	of	permanent	structures	that	are
unlikely	to	change	or	special-purpose	“monuments,”	which	are	typically	small
concrete	obelisks	set	permanently	into	the	earth.	Does	your	current	operation
have	a	current	benchmark	or	assessment	as	to	“where	you	are”	with	your
physical	asset	management	process?	Also,	how	do	you	compare	to	implementing
a	physical	asset	management	strategy?	If	you	desire	to	be	committed	to
continuous	reliability	improvement	and	progressing	toward	a	profit-	and
customer-centered	operation,	here	is	where	we	begin	to	help	you	get	started,
especially	with	the	key	elements	required	for	successful	planning,	estimating,
and	scheduling.

As	a	planner	is	beginning	their	new	position,	they	can	then	see	“where	their
organization	stands”	and	what	may	be	missing	from	within	their	own	operation.
During	my	visits	to	many,	many	plants,	I	have	seen	serious	gaps	existing	that
caused	the	maintenance	planning	and	scheduling	process	not	to	achieve	its
expected	results.	Therefore,	I	encourage	every	planner	or	maintenance	leader	to
use	this	document	or	review	any	type	of	other	audits,	such	as	one	resulting	from
an	ISO	55000	audit,	and	like	Nike,	Inc.,	says,	“Just	do	it.”	Now	that	is	obviously
easier	said	in	a	book	than	doing	it	in	the	often	hectic	maintenance	environment
no	matter	how	well	planned.	We	will	now	review	parts	of	the	2015	version	of
The	Scoreboard	for	Maintenance	Excellence	contained	within	Appendix	A	and
enhanced	for	use	within	the	oil,	gas,	and	petrochemical	sectors	of	business.	This
new	Scoreboard	for	Maintenance	Excellence	addresses	38	major	benchmark
categories	with	600	total	benchmarking	evaluation	criteria.	The	benchmark
categories	are	recognized	maintenance	best	practices	from	around	the	world.
Some	are	easier	than	others	and	basically	can	be	“do	it	now”	items.	Many	are
strategic,	tactical,	or	even	operational	tasks	and	improvement	opportunities	that



may	require	added	internal	and	external	resources	to	implement.	The	Scoreboard
for	Maintenance	Excellence	provides	the	first	of	four	benchmarking	tools
introduced	in	this	book	that	the	planner	can	use.	First	is	the	global	one	that
“benchmarks	where	you	are	with	applying	external	best	practices	that	other
successful	operations	recognize	and	use	or	regulatory	agencies	require.	Results
from	a	Scoreboard	assessment	will	identify	the	gaps	and	allow	development	of
complete	strategic,	tactical,	operational,	or	“do	it	now”	plans	for	physical	asset
management.

Benchmarking	is	a	very	versatile	tool	that	can	be	applied	in	various	ways	to	meet
a	range	of	requirements	for	improvement.	The	following	is	a	summary	of
different	terms	used	to	distinguish	the	various	ways	of	applying	benchmarking
and	how	benchmarking	tools	from	TMEII	fit	these	summary	definitions.

1.	Strategic	benchmarking:	Improving	an	organization’s	overall	performance	by
examining	the	long-term	strategies	and	general	approaches	that	have	enabled
high-performers	to	succeed.	It	involves	high-level	aspects	such	as	core
competencies,	developing	new	products	and	services,	changing	the	balance	of
activities,	and	improving	capabilities	for	dealing	with	changes	in	the	culture	of
the	organizational	environment.	This	type	of	benchmarking	may	be	difficult	to
implement,	and	the	benefits	are	likely	to	take	a	long	time	to	see	results.	I
consider	an	ISO	55000	audit	to	be	in	this	category	as	well	as	best	practices	from
the	total	scope	of	the	Scoreboard.

The	Scoreboard	for	Maintenance	Excellence	is	strategic	benchmarking	and
what	we	term	global	benchmarking	because	it	applies	to	the	total
maintenance	process	and	overall	best	practices	for	the	“business	of
maintenance.”	Results	from	using	The	Scoreboard	for	Maintenance
Excellence	will	include	a	strategic,	tactical,	and	operational	level	of
difficulty	in	improvement	opportunities.	There	will	almost	always	be	“do	it
now”	opportunities	that	can	be	immediately	implemented.

2.	Performance	benchmarking	or	competitive	benchmarking:	A	total
organization	considers	their	positions	in	relation	to	the	performance
characteristics	of	key	products	and	services	compared	with	benchmarking
partners	(or	competitors	such	as	contract	maintenance	providers)	from	the	same
sector.	In	our	scope,	this	is	physical	asset	management.	In	the	commercial	world,
companies	tend	to	undertake	this	type	of	benchmarking	through	trade
associations	or	third	parties	to	protect	confidentiality.	Very	seldom	will	you	see



an	in-house	maintenance	operation	openly	benchmark	with	a	contract
maintenance	provider.	Conversely,	contract	maintenance	providers	base	their
entire	business	case	upon	comparing/benchmarking	what	they	can	do	for	your
organization	compared	with	what	you	are	now	doing	or	not	doing.	The	planner
should	also	strive	to	plan	and	schedule	contractors’	work	and	especially	make
use	of	the	estimated	repair	times	and	performance	measurement	just	as	we	will
talk	about	measuring	our	own	maintenance	workforce.	As	stated	several	places
in	this	book,	you	may	always	takeover	a	target	for	contract	maintenance
providers	in	one	form	or	another.	With	the	Scoreboard,	it	can	serve
performance/competitive	benchmarking	as	it	did	within	the	Boeing	Commercial
Airplane	Group,	in	which	all	manufacturing	units	all	across	the	United	States
were	assessed	using	the	same	Boeing	Scoreboard	for	Maintenance	we	developed
with	specific	Boeing	criteria	added	to	the	1993	Scoreboard.	And	because	this
audit	had	a	5%	impact	on	maintenance	in	the	top	leader’s	annual	performance
reviews,	this	was	very	competitive	benchmarking.

3.	Process	benchmarking:	Focuses	on	improving	specific	critical	processes	and
operations.	Benchmarking	partners	are	sought	from	best-practice	organizations
that	perform	similar	work	or	deliver	similar	services.	Process	benchmarking
invariably	involves	producing	process	maps	to	facilitate	comparison	and
analysis.	This	type	of	benchmarking	can	result	in	short-	and	long-term	benefits.
Solomon	Associates	for	refinery	studies	provide	standardized	peer	groupings	for
performance	comparisons	within	major	geographic	areas,	operating	regions,
size/complexity	groups,	and	those	of	similar	configuration	within	the	operating
region.	Customized	peer	group	selection	lets	you	request	more	narrowly	defined
peer	groups	for	each	of	their	refineries.	Therefore,	as	in	the	military	when	you
know	that	a	command	maintenance	management	inspection	(CMMI)	is	coming
or	that	a	Solomon	Associates	audit	is	planned,	this	always	brings	maintenance	to
attention	as	well	as	operational	concerns	for	each	Solomon	audit.

We	feel	very,	very	strongly	that	process	benchmarking	must	go	beyond	analysis
paralysis	and	lead	directly	to	successful	implementation	and	measured	results.
This	gets	down	to	the	focused	implementation	of	tactical	and	operational	plans
of	actions	that	are	based	on	priorities	defined	from	The	Scoreboard	for
Maintenance	Excellence	benchmarking	or	assessment	results.	It	may	involve
vendors	of	predictive	technology	equipment,	integrated	suppliers,	or	external
consultant	resources	to	help	recruit,	train,	and	install	a	planning	function;	to	help
install	a	CMMS;	or	to	help	modernize	an	MRO	(maintenance	repair	operations)
storeroom.	Process	benchmarking	is	the	complete	business	case	analysis.	Results



of	process	benchmarking	plus	implementation	must	be	nailed	down	with	a	valid
measurement	process	that	your	financial	folks	can	readily	understand	and	agree
upon.	Here	is	where	The	Reliable	Maintenance	Excellence	Index	(RMEI)	comes
into	play	as	a	key	benchmarking	tool	at	the	shop	level	as	the	example	shown	in
Figure	5.2.	How	to	develop	your	own	RMEI	will	be	in	discussed	in	Chapter	25,
“How	to	Measure	Total	Operations	Success	with	The	Reliable	Maintenance
Excellence	Index.”

4.	Functional	benchmarking	or	generic	benchmarking:	This	is	benchmarking
with	partners	drawn	from	different	business	sectors,	public/private	operations,
military	organizations,	and	different	maintenance	environments	to	find	ways	of
improving	similar	functions	or	work	processes.	This	sort	of	benchmarking
related	to	planning	and	scheduling	can	lead	to	innovation	and	dramatic
improvements.	Although	this	book	focuses	on	the	oil,	gas,	and	petrochemical
sectors,	it	can	be	easily	applied	universally	across	all	types	of	operations.
Because	planning	and	scheduling	within	these	areas	is	so	critical,	there	are
special	best	practices	necessary	for	total	operations	success.





Figure	5.2			The	RMEI	example.

The	various	Scoreboard	versions	available	from	TMEII	include	The	Scoreboard
for	Maintenance	Excellence	(manufacturing	plants),	The	Scoreboard	for
Facilities	Management	Excellence	(pure	facilities	maintenance),	The	Healthcare
Facilities	Scoreboard	for	Maintenance	Excellence	(hospitals	and	other	healthcare
facilities),	and	The	Scoreboard	for	Fleet	Management	Excellence	(equipment
fleet	operations).	These	four	represent	unique	maintenance	processes	requiring
the	art	and	science	of	maintenance	but	applications	within	different	work
environments.	The	sharing	of	practices	and	innovations	across	these
maintenance	practice	areas	often	can	have	dramatic	improvements	or	can
enlighten	one	practitioner	because	exposure	to	other	types	of	maintenance
environments	is	made	via	benchmarking.

5.	Internal	benchmarking:	This	involves	seeking	partners	from	within	the	same
organization	(e.g.,	from	business	units	located	in	different	parts	of	the	world).
The	main	advantages	of	internal	benchmarking	are	(1)	access	to	sensitive	data
and	information	and	standardized	data	are	often	readily	available,	(2)	less	time
and	fewer	resources	are	usually	needed,	and	(3)	the	same	CMMS	such	as	SAP
may	be	in	use.	There	may	be	fewer	barriers	to	implementation	because	practices
may	be	relatively	easy	to	transfer	across	the	same	organization.	However,	real
innovation	may	be	lacking,	and	best-in-class	performance	is	more	likely	to	be
found	through	external	benchmarking.

The	Scoreboard	for	Maintenance	Excellence	is	ideal	for	this	internal
benchmarking	by	making	comparisons	between	maintenance	operations	within	a
larger	organization.	A	Strategy	for	Developing	a	Corporate-Wide	Scoreboard	in
this	chapter	defines	how	multiple	site	operations	can	provide	internal
benchmarking	with	TMEII	tools.	A	Scoreboard	for	Maintenance	Excellence
assessment	will	define	“where	you	are”	and	helps	you	to	then	define	a	physical
asset	management	strategy	to	cover	the	gaps	in	your	current	strategy.

We	also	consider	the	RMEI,	as	was	shown	in	Figure	5.2,	as	an	important	internal
benchmarking	process,	but	this	tool	is	at	the	grassroots	level—the	shop	floor.	It
should	also	focus	not	just	on	maintenance	but	rather	the	success	of	the	total
operations,	whether	a	plant,	a	pure	facilities	complex,	a	fleet	operations,	or



healthcare	facility,	as	well	as	the	equipment	maintenance	process.	It	is	here	from
the	RMEI	that	we	will	measure	the	success	of	our	planning	and	scheduling
process.

6.	External	benchmarking:	Outside	organizations	that	are	known	to	be	best	in
class	are	sought	out	to	provide	opportunities	of	learning	from	those	who	are	at
the	leading	edge.	For	example,	the	North	American	Maintenance	Excellence
award	is	given	to	nominees	each	year,	and	in	1999,	the	Marathon	Ashland
Petroleum	refinery	in	Robinson,	IL,	received	this	prestigious	award.	During
most	of	1998,	I	was	fortunate	to	work	with	Marathon	to	evaluate	and	select	a
CMMS	system,	which	resulted	in	the	selection	of	Meridian’s	solution,	which
included	robust	reliability-related	data	analysis.	The	Robinson	refinery	also	had
a	world-class	planning,	estimating,	and	scheduling	process	at	that	time.

External	benchmarking	keeps	in	mind	that	not	every	best-practice	solution	can
be	transferred	to	others.	This	type	of	benchmarking	may	take	up	more	time	and
resources	to	ensure	the	comparability	of	data	and	information,	the	credibility	of
the	findings,	and	the	development	of	sound	recommendations.	External	learning
is	also	often	slower	because	of	the	“not	invented	here”	syndrome.

The	Scoreboard	for	Maintenance	Excellence	is	also	an	external
benchmarking	tool,	defining	“where	you	are”	with	overall	maintenance	and
physical	asset	management	best	practices	at	a	single	site	or	across	multiple
sites	within	the	same	organization.	In	fact,	at	Marathon	we	conducted
Scoreboard	assessments	at	each	of	their	five	refineries	to	help	determine
functional	requirements	for	a	future	CMMS	and	other	best-practice	needs.

7.	International	benchmarking:	This	is	used	when	partners	are	sought	from	other
countries	because	best	practitioners	are	located	elsewhere	in	the	world	and/or
there	are	too	few	benchmarking	partners	within	the	same	country	to	produce
valid	results.	The	Toyota	production	system	is	a	prime	example.	Globalization
and	advances	in	information	technology	(IT)	are	increasing	opportunities	for
international	projects.	However,	these	can	take	more	time	and	resources	to	set	up
and	implement,	and	the	results	may	require	careful	analysis	because	of	national
differences.

However,	our	work	with	many	international	maintenance	operations	has	shown
that	we	can	learn	or	have	our	so-called	best	practices	reconfirmed	when	we	see
maintenance	in	other	countries.	For	example,	my	experience	with	Boeing,



SIDERA	Argentina,	Ford	Argentina,	Coke	Argentina,	Avon	Brazil,	and	AC
Smith	Mexico	reconfirms	that	a	very	simple	best	practice—cleanliness	in	shops
and	plant	areas—is	an	important	contributor	to	maintenance	excellence	and	pride
in	maintenance.	I	truly	believe	this	and	have	seen	it;	therefore,	planners	get	your
maintenance	leader	to	periodically	have	you	schedule	some	shop	clean-up	time
as	needed.

Our	Scoreboards	all	began	originally	as	The	Scoreboard	for	Excellence	in
Maintenance	and	Tooling	services	in	1981	while	I	was	the	industrial	engineering
manager	for	the	Cooper	Tool	Group,	the	hand	tool	division	of	Cooper	Industries.
One	of	my	many	roles	on	a	very	small	corporate	staff	was	to	improve
maintenance	processes	at	our	seven	plants:	Crescent-Xcelite,	Weller,	Plumb,
Nicholson	File,	Nicholson	Saw,	Wiss,	and	Lufkin.	Ironically,	after	learning	the
manufacturing	operations	in	each	of	these	high-quality	hand	tool	plants,	I	got	the
chance	to	be	plant	manager	of	the	one	making	the	“Knuckle	Buster”	Crescent
Wrench.	I	was	hired	at	the	Cooper	Tool	Group	corporate	level,	not	only	for	my
industrial	engineering	background	but	also	for	my	previous	maintenance
experience	installing	a	very	extensive	fleet	maintenance	management	across	100
county	shops	from	1973	to	1975	for	the	North	Carolina	Division	of	Highway’s
Equipment	Unit	in	the	North	Carolina	Department	of	Transportation.	We
recruited,	selected,	trained,	and	installed	over	66	planners	across	the	14	divisions
within	the	North	Carolina	Department	of	Transportation.



How	Do	You	Get	“There”	If	You	Do	Not	Know	Where
There	Is	When	You	Start?

That	question	was	my	first	concern	as	I	tried	to	spread	the	maintenance	gospel.
A	map	is	completely	useless	if	you	do	not	know	your	current	location—“where
you	are	right	now	on	the	ground.”	For	the	seven	Cooper	Tool	Group	plants,	my
first	task	was	to	determine	“where	we	are”	with	regards	to	current	maintenance
practices.	Therefore,	research	began	to	put	together	an	assessment	tool	to
benchmark	where	we	were	with	best	practices.	Tooling	services	were	included	in
this	first	Scoreboard	because	all	plants	had	extensive	tool	rooms.	For	example,
Nicholson	File	in	Cullman,	AL,	made	80%	of	their	repair	parts	for	their	custom-
built	file-making	machines.	It	was	a	parts	manufacturing	business	and	in	the
business	of	maintenance.	We	began	with	a	self-assessment,	which	helped	to	get
each	plant	to	understand	the	basic	best	practices	that	were	to	come	as	we	later
got	down	to	supporting	each	plant.	The	evolution	of	The	Scoreboard	for
Maintenance	Excellence	is	summarized	in	Figure	5.3.

The	1993	version	of	The	Scoreboard	for	Maintenance	Excellence,	shown
graphically	in	Figure	5.4,	evolved	and	was	used	until	2003,	when	the	next
enhancement	was	made	in	2010	using	Excel	and	allowing	up	to	five	evaluators
to	be	analyzed	for	level	of	consensus.

Over	30	Years	of	Application	and	Evolution:You	can	see	how	this	external,
global	benchmarking	process	has	evolved	from	over	30	years	of	successful
application	to	many	different	types	of	public	and	private	organizations.	Its
counterpart,	the	Scoreboard	for	Facilities	Management	Excellence™,	was
also	developed	for	pure	facilities	maintenance	operations.

We	will	define	now	a	recommended	approach	to	develop	your	overall
maintenance	strategy	and	your	own	unique	Scoreboard	for	Maintenance
Excellence	for	continuously	evaluating	progress	on	your	journey	toward
physical	asset	management	excellence.	Of	course,	the	very	first	step	is	for	the
top	leaders,	maintenance	leader,	and	the	overall	plant	to	have	a	firm	commitment
to	improving	the	total	maintenance	operation.	This	is	something	we	discussed	in



Chapter	1	and	is	a	main	ingredient	for	ISO	55000	success.	Supply	and
maintenance	are	high	priorities	across	all	five	of	the	U.S.	military	services.
Without	a	C-position	(Chief	Maintenance	Officer)	as	a	champion	for
maintenance,	the	total	operation	may	not	view	and	accept	as	core	business
requirement.

However,	it	is	very	important	to	avoid	taking	a	piecemeal	approach.	A	consistent
piecemeal	approach	I	and	others	can	also	confirm	is	that	a	new	CMMS	is	not
“the	solution.”	Others	within	the	organization	must	also	understand	this	and
share	the	commitment	for	best	practices	that	are	enhanced	by	a	good	CMMS.
One	key	element	of	success	is	having	a	commitment	from	top-level	leaders
across	the	organization	and	craft	leaders.	Establishing	a	formal	maintenance
excellence	strategy	team	is	highly	recommended,	including	having	a	current
planner.	This	high-	to	mid-level,	leadership-driven,	cross-functional	team	can	be
made	up	from	maintenance	leaders,	key	operations	leaders,	shop-level
maintenance	staff,	IT,	engineering,	procurement,	operations/customer,	and
financial	and	human	resources	staff.	Some	may	be	designated	as	resources	only
when	they	are	needed.	At	least	one	craft	employee	is	always	a	recommended
member	of	the	maintenance	excellence	strategy	team.	Figure	5.5	illustrates
continuous	reliability	improvement	steps	to	improve	the	total	operation.





Figure	5.3			Evolution	of	the	Scoreboard	for	Maintenance	Excellence.

The	Maintenance	Excellence	Strategy	Team:	The	mission	of	this	team	is	to
develop,	lead,	and	facilitate	the	overall	maintenance	improvement	process
and	to	ensure	measurement	of	results.	Top	leader	support	and	required
resources	must	be	provided.	This	team	can	also	sponsor	other	teams	within
the	organization	(e.g.,	to	support	implementation	operational	plans	for	an
individual	site’s	planning	and	scheduling	process).	One	of	the	very	first
things	that	this	team	should	do	is	to	sponsor	a	comprehensive	evaluation	of
the	total	physical	asset	management	and	maintenance	operation.	Again,	this
is	the	first	step	to	help	determine	“where	you	are.”	A	sample	charter	for	a
maintenance	excellence	strategy	team	is	included	in	Appendix	D.	This
example	was	used	for	a	multisite	operation	that	was	also	undergoing	the
installation	of	a	new	CMMS,	storeroom	modernizations,	and	maintenance
planner	selection	and	training.	Another	case	study	charter	for	a	new	CMMS
for	Ghana’s	national	power	transmission	company	is	also	included	in
Appendix	D.





Figure	5.4			The	1993	Scoreboard	for	Maintenance	Excellence.

How	to	Determine	“Where	You	Are”:	The	real	goal	is	improvement	of	your
total	maintenance	operation	to	better	support	profit-	and	customer-service	of
the	total	operation.	Maintenance	leaders	must	clearly	understand	and
remember—your	maintenance	operation	is	not	the	tail	wagging	the	dog,	and
you	are	working	for	your	production	customers	as	a	total	maintenance
operation.	Within	plant	maintenance	operations,	this	is	maintenance	and
repair	of	all	production	and	facility	assets;	supporting	infrastructure;	overhaul
and	renovation	activities;	engineering	support	processes;	and	all	material
management	and	procurement	of	typical	repair	parts,	supplies,	and	contracted
services.	You	should	benchmark	your	current	operation	against	today’s	best
practices	for	PM	and	PdM,	especially	planning	and	scheduling,	effective	spare
parts	control,	work	orders,	work	management,	and	the	effective	use	of
computerized	systems	for	maintenance	business	management.	The	2015
Scoreboard	also	includes	13	new	categories,	most	of	which	apply	to	the	oil	and
gas	sectors	as	well	as	large,	complex,	continuous	processing	operations.	This
step	is	important	because	it	gives	you	a	baseline	as	to	your	starting	point	for
making	improvements	and	for	validating	results.	It	will	help	to	ensure	that	you
are	taking	the	right	steps	for	taking	care	of	your	mission-essential	physical
assets.	They	are	included	in	Figures	5.6	and	5.7.





Figure	5.5			Continuous	reliability	improvement	steps	to	improve	the	total
operation.

In	most	cases,	an	independent	evaluation	helps	to	reinforce	the	local
maintenance	leader’s	desire	to	take	positive	action	in	the	first	place	and	to	do
something	to	improve	the	overall	maintenance	process.	For	multiple	site
operations,	this	provides	a	great	opportunity	for	developing	standard	best
practices	that	can	be	used	across	the	corporation	and	for	all	sites.

The	Scoreboard	for	Maintenance	Excellence:	You	can	also	develop	your	own
Scoreboard	for	Maintenance	Excellence	as	Boeing	did	using	the	TMEII	1993
Scoreboard	as	the	baseline.	You	then	begin	with	a	self-assessment,	but	we
normally	recommend	getting	help	from	a	third-party	consulting	resource	and
beginning	with	at	least	a	pilot	plant	site.	For	example,	for	Boeing,	we	tested
the	Boeing	Scoreboard	at	the	Portland	plant	before	it	was	used	on	all	five
manufacturing	regions	(at	that	time	with	central	leadership	at	corporate	level).
Therefore,	if	you	plan	a	corporate-wide	assessment/audit,	define	your	own
Scoreboard	and	test	it	on	what	you	see	as	your	best	plant	and	especially	the
best	planning	and	scheduling	process.	Personally,	I	will	wager	a	significant
sum	of	money	that	the	best	plant	will	have	the	best	planning	and	scheduling
process.	Figure	5.8	illustrates	how	The	Scoreboard	for	Maintenance
Excellence	includes	these	six	key	maintenance	resources	and	how	hidden
resources	can	evolve	from	the	synergy	of	team	efforts.





Figure	5.6			Part	1:	Scoreboard	for	Maintenance	Excellence.





Figure	5.7			Part	2:	Scoreboard	for	Maintenance	Excellence.





Figure	5.8			Six	maintenance	resources	to	improve	maintenance	in	total,	not
piecemeal.

The	2015	version	of	The	Scoreboard	for	Maintenance	Excellence	was	updated
by	adding	or	expanding	these	15	important	best-practice	categories	shown	in
Figure	5.9.

The	Scoreboard	for	Maintenance	Excellence	provides	a	means	to	evaluate	how
we	are	managing	our	six	key	maintenance	resources:	people,	technical	skills,
physical	assets,	information,	parts	and	materials,	and	our	hidden	resources—the
synergy	of	team	efforts.	The	following	shows	how	the	38	evaluation	categories
are	broken	down	across	the	six	key	maintenance	resource	areas:



1.	People	Resources

•	Top	management	support	to	maintenance	and	physical	asset	management

•	The	maintenance	organizational	climate	and	culture

•	Pride	in	maintenance

•	Maintenance	organization,	administration,	and	human	resources

•	Contractor	management

•	Operator-based	maintenance	and	pride	in	ownership

•	HSSE	compliance

•	Shop	facilities,	equipment,	and	tools

•	Risk-based	inspections	and	risk	mitigation

•	Process	safety	management	(and	management	of	change)

•	Risk-based	maintenance





Figure	5.9			Fifteen	new	or	expanded	Scoreboard	for	Maintenance
Excellence	benchmark	categories	in	version	2015.



2.	Technical	Skill	Resources

•	Craft	skills	development	and	technical	skills

•	Maintenance	engineering	and	reliability	engineering	support

•	Reliability	centered	maintenance	(RCM)

•	Overall	craft	effectiveness



3.	Physical	Assets	and	Equipment	Resources

•	Production	asset	and	facility	condition	evaluation	program

•	PM	and	lubrication

•	Predictive	maintenance	and	condition	monitoring	technology	applications

•	Process	control	and	instrumentation	system	technology

•	Energy	management	and	control

•	Maintenance	and	quality	control

•	Sustainability

•	Critical	asset	facilitation	and	overall	equipment	effectiveness



4.	Information	Resources

•	Maintenance	strategy,	policy,	and	total	cost	of	ownership

•	Maintenance	business	operations,	budget,	and	cost	control

•	Work	management	and	control:	maintenance	and	repair

•	Work	management	and	control:	shutdowns,	turnarounds,	and	outages	(STOs)

•	Shop-level	maintenance	planning	and	scheduling

•	STO	and	major	planning/scheduling	and	project	management

•	Manufacturing	facilities	planning	and	property	management

•	Maintenance	performance	measurement

•	Traceability

•	CMMS	and	business	system



5.	Parts	and	Material	Resources

•	Storeroom	operations	and	internal	MRO	customer	service

•	MRO	materials	management	and	procurement



6.	Hidden	Resources—The	Synergy	of	Team	Efforts

•	Maintenance	leadership,	management,	and	supervision

•	Reliability	analysis	tools:	root	cause	analysis,	root	cause	corrective	action,
failure	modes	effects	analysis,	root	cause	failure	analysis,	and	failure	reporting
analysis	and	corrective	action	system

•	Continuous	reliability	improvement

Your	Global	Benchmark:	An	assessment	using	The	Scoreboard	for
Maintenance	Excellence	provides	a	“global,	external”	benchmark	against
today’s	best	maintenance	practices.	It	is	very	important	to	note	that	the
overall	total	score	for	the	assessment	is	not	an	absolute	value.	However,	the
assessment	results	and	the	overall	total	score	do	represent	an	important
benchmark	and	a	baseline	value.	Results	will	identify	relative	strengths
within	an	operation	and	opportunities	for	improvement	from	among	the	38
best-practice	areas	and	600	prescriptive	evaluation	items.	The	assignment	of
baseline	values	to	each	evaluation	item	is	not	an	exact	science.	It	should	be
based	on	an	objective	assessment	of	the	best	practice	item	when	observed	at
a	point	in	time.

Benchmarking	Results:	Overall	assessment	results	fall	into	five	possible
overall	rating	levels	as	shown	in	Figure	4.6:	excellent,	very	good,	good,
average,	and	below	average.	Each	of	the	five	overall	ratings	levels
represents	at	least	a	nine	percentage	point	spread.

A	summary	of	baseline	value	assignment	for	each	rating	level	is	as	follows
(Figure	5.10):

Baseline	Value	10:	Excellent:	The	practices	and	principles	for	this	evaluation
item	are	clearly	in	place,	and	this	rating	provides	an	example	of	world-class
application	of	the	practice.	There	is	evidence	that	this	practice	has	received
high-priority	support	in	the	past	to	achieve	its	current	level.



For	an	overall	baseline	rating	of	excellent,	the	range	of	total	baseline	points
is	5400–6000	points	or	90–100%	of	the	total	possible	baseline	points	of	6000.





Figure	5.10			Benchmark	rating	summaries	by	total	point	range.

Baseline	Value	9:	Very	Good:	This	rating	denotes	that	current	practices	are
approaching	world-class	level	as	a	result	of	high-priority	focus	on	continuous
improvement	for	this	evaluation	item.	This	practice	continues	to	be	a	high
priority	for	improvement	within	the	organization.

For	an	overall	very	good	baseline	rating,	the	range	of	total	baseline	points	is
4800–5399	points	or	80–89%	of	the	total	possible	baseline	points	of	6000.

Baseline	Value	8:	Good:	This	rating	denotes	that	the	practice	is	clearly	above
average	and	above	what	is	typically	seen	in	similar	maintenance	operations.
There	is	a	need	for	additional	emphasis,	to	reassess	priorities,	and	to	reconfirm
commitments	to	improvement	for	this	evaluation	item.

For	an	overall	good	baseline	rating,	the	range	of	total	baseline	points	is
4200–4899	points	or	70–79%	of	the	total	possible	baseline	points	of	6000.

Baseline	Value	7:	Average:	This	rating	represents	the	typical	application	of	the
practice	as	seen	within	a	maintenance	operation	that	has	had	very	little
emphasis	toward	improvement.	It	reflects	an	operation	that	typically	is	just
maintaining	the	status	quo.	The	organization	should	conduct	a	complete
assessment	of	maintenance	operations	and	review	this	practice	in	detail	for
improvement	or	for	implementation	if	it	is	not	currently	in	place.

For	an	overall	average	baseline	rating,	the	range	of	total	baseline	points	is
3600–4199	points	or	60–69%	of	the	total	possible	baseline	points	of	6000.

Baseline	Value	6:	Below	Average:	This	rating	(a	score	of	6)	denotes	that	the
application	of	this	practice	is	below	what	is	typically	seen	in	similar
maintenance	operations.	This	practice	may	not	be	currently	in	place	and	should
be	considered	as	part	of	the	organization’s	continuous	improvement	process.
Immediate	attention	may	be	needed	in	some	areas	to	correct	conditions	having
an	adverse	effect	on	customer	service,	safety,	regulatory	compliance,	or
maintenance	costs.

For	an	overall	baseline	rating	of	below	average,	the	total	baseline	points	are



from	3000	to	3599	points	of	the	total	possible	baseline	points	of	6000.

Baseline	Value	5:	Poor:	This	rating	denotes	that	the	application	of	this	practice
is	below	what	is	typically	seen	in	similar	maintenance	operations.	Similar	to	a
below	average	rating,	this	practice	may	not	be	currently	in	place	and	should	be
considered	as	part	of	the	organization’s	continuous	improvement	process.
Immediate	attention	is	to	correct	conditions	having	an	adverse	effect	on
customer	service,	safety,	regulatory	compliance,	or	maintenance	costs.

For	an	overall	baseline	rating	of	poor,	the	total	baseline	points	are	less	than
2999,	or	49%	or	less	of	the	total	possible	baseline	points	of	6000.

Figure	5.11	provides	key	comments	for	each	of	the	Scoreboard	for	Maintenance
Excellence	benchmark	rating	levels.

Appendix	A	includes	a	complete	Scoreboard	for	Maintenance	Excellence
formatted	as	shown	in	the	following	example	in	Figure	5.12.

Benchmark	Criteria	Number	1:	This	example	also	illustrates	the	very	first
benchmark	evaluation	criteria	on	the	Scoreboard,	which	is	related	to
whether	or	not	maintenance	is	a	considered	a	priority	in	your	operation.
Does	your	organization	include	maintenance	within	its	plant	goals	as	a	key
item?





Figure	5.11			Rating	summary	comments	for	results	from	a	Scoreboard	for
Maintenance	Excellence	assessment.





Figure	5.12			Example	format	of	benchmark	evaluation	criteria.

Lesson	Learned:	As	a	plant	manager	of	a	high-quality	hand	tool
manufacturing	plant	in	the	mid-1980s,	I	was	fortunate	to	be	a	part	of	an
operation	that	did	have	maintenance	as	a	key	written	part	of	our	plant
goals,	as	listed	below:



Plant	Operating	Goals:	Crescent-Xcelite	Plant	(A
Division	of	Cooper	Industries)

1.	Aggressive	investigation	and	follow-through	of	potential	new	products	and
markets.	Maintain	a	close	working	relationship	with	sales	and	marketing
functions	to	enable	Crescent-Xcelite	to	react	to	customer	and	marketplace
changes.

2.	New	manufacturing	technology	will	be	integrated	into	our	manufacturing
methods	and	process.	This	will	allow	Crescent-Xcelite	to	be	competitive	in	the
basic	areas	of	quality,	price,	and	service.

3.	Maintain	technical	competence	or	workforce	(internal	and	external	training).

4.	Clean,	orderly,	safe	workplace.

5.	Create	an	atmosphere	of	pride	in	workmanship	(quality	awareness	and	quality
improvement	programs).

6.	Balanced	line	product	flow	through	manufacturing	phases	using	hard
automation	or	robotics	when	economically	feasible.

7.	Control	all	inventory	levels	using	automated	reporting	and	Materials
Requirement	Planning	(MRP)	system	and	capacity	planning.

8.	PM	to	monitor	and	adjust	equipment	to	eliminate	production	disruptions.

9.	Simplified	quick-change	tooling	to	accommodate	short	runs	and	reduce
Materials	Requirement	Planning	(MRP).

10.	Equipment	and	tooling	monitored	to	achieve	100%	first-run	quality
capability.

11.	Create	a	no-crisis	atmosphere	for	all	employees.



In	our	case,	effective	PM	and	PdM	was	one	of	our	key	operating	goals	for	the
plant	and	was	one	of	the	factors	contributing	our	quality	and	service	level	during
a	period	of	intense	competition	from	foreign	hand	tool	manufacturers.	Our	PM
included	not	only	heavy	machining	equipment,	heat	treat,	plating,	molding,	and
automated	forging	equipment,	but	it	also	included	all	of	the	tooling	fixtures,
cutters,	and	dies	used	in	a	high-quality	machining	operation.	I	vividly	remember
that	our	contracted	vibration	analysis	service	saved	us	from	having	a	major
catastrophic	failure	with	a	new	automatic	side	polishing	machine

Never,	never,	never	give	up:	If	you	do	not	have	a	top	leader	that	appreciates
and	values	maintenance	as	a	key	contributor	to	profit	and	customer	service,
then	do	not	give	up.	As	Jim	Valvano	(the	late	coach	of	the	1983	North
Carolina	State	National	Champions)	and	Great	Britain’s	World	War	II
leader	Winston	Churchill	both	said,	“Never,	never,	never	give	up!”	Continue
the	good	fight,	get	the	facts	for	true	return	on	maintenance	investments,	and
continue	to	educate	top	leaders	that	pride	in	maintenance	is	a	core
requirement	for	total	operations	success.	As	a	new	or	experienced	planner,
you	play	a	key	role	in	leading	maintenance	forward	with	proactive
maintenance	and	greater	productivity.	Know	what	best	practices	you	need
or	just	the	often	very	plain	adjustments	needed	to	make	your	planning,
estimating,	and	scheduling	a	reliable	process	in	your	operation.

We	strongly	believe	in	basic	maintenance	best	practices	as	the	foundation	for
maintenance	excellence.	Our	improvement	process	includes	all	maintenance
resources,	equipment,	and	facility	assets	as	well	as	the	craftspeople	and
equipment	operators.	It	also	includes	MRO	materials	management	assets,
maintenance	informational	assets,	and	the	added	value	resource	of	synergistic
team-based	processes.	Continuous	reliability	improvement	improves	the	total
maintenance	operation.

The	Scoreboard	for	Maintenance	Excellence	concept	and	the	various	Scoreboard
versions	have	been	used	to	perform	over	200	maintenance	assessments/audits,
and	over	5000	organizations	have	requested	and	received	copies	for	their	internal
use.	For	example,	The	Scoreboard	for	Maintenance	Excellence	was	used	by
plant	maintenance	operations	at	Honda	of	America	after	making	slight
modifications	and	then	using	it	extensively	as	a	self-assessment	to	help	direct
their	maintenance	strategy.	It	was	then	translated	into	Japanese	for	presentation
to	key	Japanese	executives	visiting	Honda	plants	in	the	United	States.	Another
excellent	example	as	discussed	previously	is	where	the	Boeing	Commercial



Airplane	group	combined	elements	from	this	same	Scoreboard	with	their
company-wide	maintenance	goals	to	develop	The	Boeing	Scoreboard	for
Maintenance	Excellence.	At	Boeing,	over	60	manufacturing	maintenance	work
units	at	region,	group,	and	team	levels	were	then	evaluated	with	structured	on-
site	visits.	The	use	of	this	comprehensive	best-practice	guideline,	specifically
tailored	to	the	maintenance	of	aircraft	manufacturing	equipment	(and	the
associated	manufacturing	and	test	facilities	complexes)	across	the	United	States,
is	still	one	of	the	largest	internal	benchmarking	efforts	ever	undertaken.

A	Complete	Scoreboard	Self-Assessment	is	Recommended,	So	“Just	do	it!”:
For	example,	MRO	materials	management,	storeroom	operation,	and
procurement	may	be	an	area	needing	special	attention.	Shop-level	planning
and	scheduling	is	often	a	typical	need	and	can	be	a	primary	focus	area.
Regardless	of	the	different	areas	creating	the	obvious	concerns	and
“organizational	pain,”	a	short-term,	piecemeal	approach	to	an	evaluation	is
not	recommended.	A	complete	benchmark	evaluation	of	the	total
maintenance	operation	is	highly	recommended.	There	are	600	specific
evaluation	items	that	are	evaluated	through	direct	shop	floor	interviews,
close	observations,	and	review	of	information	or	procedures.	Each	one	is
important;	some	provide	more	value	more	than	others.	However,	each	of	the
600	items	on	The	Scoreboard	for	Maintenance	Excellence	is	part	of
establishing	a	solid	foundation	for	profit-	and	customer-centered
maintenance.	Long-term	continuous	reliability	improvement	is	also	a	very
important	connecting	link	that	ensures	that	we	consider	all	maintenance
resources	in	our	improvement	process.	The	journey	is	not	to	maintenance
excellence	but	rather	a	journey	that	continuously	moves	toward
maintenance	excellence.	Another	key	point	is	all	about	what	this	book
encourages	you	to	do	with	all	topics	in	this	book.	That	key	point	borrowed
from	the	Nike	commercial	says	to	”Just	do	it.”

Several	organizations	such	as	TMEII	stand	ready	to	support	your	mission-
essential	plant	maintenance	operation	with	an	assessment	performed	by	well-
qualified	staff.	Although	a	self-assessment	has	many	benefits,	we	believe	an
assessment	conducted	by	an	outside	resource	provides	a	greater	sense	of	the	“big
picture”	in	terms	of	objectivity	and	completeness.	Regardless	of	your	situation,	it
is	important	that	you	do	something	to	“determine	where	you	are.”	Should	you
want	to	begin	with	an	internal	self-assessment	of	maintenance,	here	are	some
guidelines	to	consider	when	using	The	Scoreboard	for	Maintenance	Excellence.
You	can	do	a	self-assessment	at	any	time	by	using	Appendix	A	in	this	book.	See



Figures	5.13	and	5.14	for	key	steps	for	your	self-assessment.

Obtain	Leadership	Buy-In

1.	Establish	a	firm	commitment	from	the	organization’s	top	leadership	for
conducting	a	total	maintenance	operation	assessment.	Figure	5.2	illustrates	this
important	key	to	your	success.	Not	only	must	the	commitment	be	from	top
leadership,	it	must	also	begin	with	the	maintenance	leader.

2.	Establish	a	firm	commitment	from	the	organization’s	top	leadership	to	take
action	based	on	your	current	needs.	Every	organization	is	different	and	may	have
a	need	to	focus	on	one	or	more	specific	best-practice	categories.	For	example,	in
this	case,	the	self-assessment	can	focus	on	areas	such	as	improving	storeroom
operations	or	planning	and	scheduling	processes.	However,	the	assessment	must
take	a	complete	look	at	all	Scoreboard	categories	and	get	a	complete	“where	we
are	now”	picture	of	the	total	maintenance	process.





Figure	5.13			Key	steps	for	the	Scoreboard	for	Maintenance	Excellence
assessment.





Figure	5.14			Key	steps	for	your	self-assessment.

3.	Maintenance	leaders	must	be	brave	enough	and	prepared	to	share	good	news
and	bad	news	on	the	basis	of	results	of	the	evaluation	to	top	leaders.	When	we
perform	an	assessment,	we	strive	to	make	it	a	very	positive	process	for	all
involved.	There	will	always	be	successes	to	highlight	and	really	no	bad	news;
rather,	we	focus	on	opportunities.

Step	1:	Charter	Maintenance	Excellence	Strategy	Team

(a)	Establish	a	maintenance	excellence	strategy	team	to	guide	and	promote
improved	maintenance	practices	within	your	organization	whether	at	single	or
multiple	sites

(b)	Use	a	team-based	approach	with	a	cross-functional	evaluation	team
specifically	chartered	for	conducting	and	preparing	the	results	of	your	evaluation

(c)	Have	at	least	one	team	member	(or	designated	resource	person)	with	a	solid
background	and	knowledge	in	each	of	the	38	evaluation	categories

(d)	Consider	bringing	on	board	third-party	outside	support	to	be	a	part	of	your
team	and	the	assessment	process.

Step	2:	Understand	the	Evaluation	Categories	and	Evaluation	Criteria

(a)	Gain	complete	understanding	of	each	of	the	600	evaluation	items

(b)	Modify	existing	evaluation	criteria	as	required	for	your	organization

(c)	Define	the	importance	and	weighted	value	of	evaluation	categories

(d)	Add	or	delete	evaluation	criteria	as	required	for	your	unique	operation

(e)	Ensure	that	all	team	members	understand	the	scoring	process	for	each
evaluation	item

(f)	Ensure	that	consistency	in	scoring	each	evaluation	category	is	applied	using
standard	guidelines



Step	3:	Develop	Assessment	Action	Plan

(a)	Determine	baseline	information	requirements,	persons	to	interview,	and
observations	needed	before	the	start	of	the	evaluation.	A	pre-assessment
checklist	follows:



Pre	Assessment	Checklist	for	Baseline	Information

The	following	checklist	is	not	all	inclusive	of	the	information	required	for	an
assessment.	It	does	represent	very	important	areas	that	we	try	to	get	before
performing	an	assessment.	All	of	the	data/information	listed	in	the	following
checklist	may	not	be	readily	available.	As	much	information	as	possible	should
be	assembled	and	reviewed	before	the	start	date	of	the	assessment.	When	we
perform	an	assessment,	this	step	allows	us	to	gain	a	better	understanding	of	the
client’s	operation	before	the	on-site	visit	and	helps	save	a	lot	of	time	when	on
site.

Organization	Charts/Job	Descriptions

•	Mission	statement/quality	statement	for	your	overall	organization

•	Mission	statement	for	your	maintenance	operation

•	Staff	directory	of	personnel	and	contact	information/e-mail,	etc

•	Organization	chart	for	your	plant/facility

•	Maintenance	organization	charts	by	each	craft	area

•	Head	counts	in	each	craft	area

•	Position	descriptions	of	key	maintenance	leaders—managers,	supervisors,
foremen,	maintenance	engineers,	planners,	team	leaders,	storeroom	supervisor,
etc.

•	Craft	job	descriptions—sample	from	each	craft	area



Craft	Skills	Development

•	Information	on	craft	training	completed	in	past	several	years	(i.e.,	in-house
programs,	vendor)

•	Seminars	or	ongoing	apprenticeship	programs,	etc.

•	Results	of	past	craft	skills	assessments	or	employee	surveys	on	training	needs,
etc.

Craft	Labor	Rates/Overtime	History

•	Average	hourly	rate	by	craft	area

•	Average	fringe	benefit	percentage	factor	for	your	organization

•	Overtime	rates

•	Past	3	to	5-year	history	of	overtime

•	Overtime	hours	(by	craft	area,	if	available)

•	Overtime	payroll	costs	(by	craft	area,	if	available)

Maintenance	Budget	and	Cost	Accounting

•	Total	maintenance	budget	(3	years)



•	Total	craft	labor	cost	(3–5	years)

•	Total	parts/materials	(3–5	years)

•	Contract	maintenance	costs	(3–5	years)	(by	type	of	service	if	available)

•	Copy	of	current	maintenance	budget

•	Copy	of	previous	year’s	maintenance	budget

•	Procedures	for	charging	craft	labor	and	parts/materials	to	equipment	history	or
to	maintenance	budget	accounts

•	Procedures	for	monitoring	equipment/process	uptime

PM,	PdM,	RCM,	and	Total	Productive	Maintenance
(TPM)	Processes

•	Sample	lubrication	services	checklists	or	charts

•	Sample	PM	checklist/instructions

•	List	of	equipment	having	PdM	services	for	vibration	analysis,	oil	analysis,
infrared	or	other	technologies

•	Any	summary	results	of	major	success	with	PM/PdM	and	reliability
improvement	at	the	plant/facility	site

•	Summary	of	experiences	with	RCM-type	processes

•	Summary	of	experiences	with	TPM-type	processes

Maintenance	Storeroom	and	MRO	Purchasing



Operations

•	Total	dollar	value	of	current	maintenance-related	inventory	(ABC	classification
if	available)

•	Inventory	dollar	value	of	critical	spares/insurance-type	items

•	Inventory	dollar	value	of	all	other	items

•	Estimated	value	of	items	not	on	inventory	system

•	Total	number	of	stocked	items	(stock-keeping	units)

•	Total	number	of	critical	spares/insurance	items

•	Total	stock	items—all	other	parts	not	classified	as	critical	spares

•	Copy	of	storeroom	procedures	for

•	Purchase	requisitions/purchase	orders

•	Additions	to	stock/establishing	stock	levels

•	Issuing/receiving

•	Receiving	requirements	for	incoming	quality	validation

•	Obsolete	parts

•	Parts/material	inventory	classification

•	Results	of	most	recent	physical	inventory	or	cycle	count	results

•	Accuracy	level,	write-offs,	or	adjustments

•	Copy	of	storeroom	catalog	(if	online	will	review	on-site)

•	Information	on	vendor	stocking	plans	and	vendor	partnerships	currently	in



place

Work	Orders	and	Work	Control

•	Copy	of	work	order	currently	being	used	and	priority	system	description

•	Copy	of	work	order/work	control	procedures

•	Current	backlog	by	craft	area	(if	available)

•	Planning	and	Scheduling	Procedures

•	Work	management	procedures

•	Time-keeping	methods	(operations	personnel	and	maintenance	personnel)

CMMS

•	System	name	and	date	initially	installed

•	CMMS	system	administrator’s	name	and	contact	information

•	Names	of	other	key	staff	with	responsibilities	for	data	integrity:

•	Parts	information

•	Equipment/asset	information

•	PM/PdM	procedures

•	Maintenance	budgeting	and	service	charge	backs



•	Shop-level	planning	and	scheduling

•	Project-type	planning	and	scheduling

•	Your	primary	CMMS	vendor	support	person	and	contact	information

Maintenance	Performance	Reports

•	Copy	of	any	reports	or	current	information	that	is	being	used	to	evaluate
maintenance	performance

•	Summary	of	key	performance	indicators	that	you	feel	are	needed

•	Operations	performance	report

•	Copy	of	any	reports	or	information	used	to	evaluate	operations	performance
that	uses	maintenance-related	data	(i.e.,	equipment	uptime	[availability])

(b)	Develop	schedule	and	implementation	plan	for	the	assessment

(c)	Develop	and	implement	a	communication	plan	within	the	organization	to
inform	all	about	the	process

Step	4:	Conduct	Assessment	of	Total	Maintenance	Operation

(a)	Assign	team	members	to	specific	evaluation	categories	(ideally,	in	two-
person	teams	for	each	category)

(b)	Conduct	kickoff	meeting,	firm	up	specific	interview	and	observation
schedules,	etc.

(c)	Conduct	the	assessment,	record	observations,	and	assign	scores	to	each
evaluation	item

(d)	Ensure	CMMS	is	an	effective	business	management	tool	for	maintenance



Step	5:	Analyze,	Review,	and	Present	Results

(a)	Review	all	scoring	for	consistency

(b)	Develop	final	results	of	the	assessment	and	document	in	a	written	report

(c)	Determine	strengths/weaknesses	and	priorities	for	action

(d)	Define	potential	benefits,	either	direct	or	indirect	savings,	or	gained	value
from	existing	resources

(e)	Gain	internal	team	consensus	on	methodology	for	determining	benefits	and
the	value	and	type	of	savings

(f)	Present	results	to	top	leaders	with	specific	benefits	and	improvement
potential	clearly	defined

(g)	Refine	results	based	on	feedback	from	top	leaders

(h)	Gain	commitment	from	top	leaders	for	investments	to	implement
recommendations

Step	6:	Develop	Path	Forward	for	Maintenance	Excellence

(a)	Develop	a	strategic	plan	of	action	for	implementing	best	practices

(b)	Define	tactical	plans	and	operational	plan	of	actions

(c)	Define	key	performance	measures,	especially	those	that	will	validate
projected	benefits

(d)	Implement	methodology	to	measure	performance	and	results

(e)	Measure	benefits	and	validate	Return	on	Investment	(ROI)

(f)	Maintain	a	continuous	reliability	improvement	process	(i.e.,	repeat
assessment	process)

–	Follow-up	initial	use	of	Scoreboard	for	Maintenance	Excellence	with	periodic
assessments	every	6–9	months



–	Follow-up	initial	use	of	CMMS	benchmarking	system

–	Continuously	validate	results	with	Maintenance	Excellence	Index

Invest	in	External	Resources:	It	is	extremely	important	to	know	where	your
organization	stands	on	physical	asset	management	and	maintenance	issues
and	challenges	so	that	it	can	quickly	identify	areas	for	improvement.	Every
delay	along	the	way	delays	receiving	the	potential	benefits	and	added	value.
Self-assessments	are	recommended	and	very	good	starting	points	when
nothing	else	is	available	for	using	external	support.	However,	a	more
comprehensive,	objective	assessment	performed	by	external	consulting
resources	(or	possibly	qualified	corporate-level	staff	with	decades	of
maintenance-focused	expertise)	is	highly	recommended.	In	the	long	run,
external	resources	will	provide	additional	justification	and	measurable
results.	Therefore,	take	a	look	at	using	an	external	resource	to	support	this
essential	first	step	after	your	organization	makes	the	initial	commitment.

Typical	Project	Plan	of	Action:	The	recommended	path	forward	offers	an
excellent	opportunity	for	immediate	results	at	the	pilot	site	plus	the	time	to
learn	from	this	assessment	before	conducting	future	assessments.	TMEII
highly	recommends	having	a	maintenance	excellence	strategy	team	in	place
to	provide	overall	leadership,	support,	and	direction.	The	measurement	of
results	ensures	that	initial	projections	of	benefits	are	achieved	and	that	the
ROI	for	this	pilot	effort	exceeds	expectations.	Included	in	Figure	5.15	is	a
typical	project	schedule	in	which	the	self-assessment	includes	two	sites.



Recommended	Next	Steps	after	the	Scoreboard	for
Maintenance	Excellence	Assessment

Document	Assessment	Results:	After	The	Scoreboard	for	Maintenance
Excellence	assessment	has	been	completed,	a	written	and	oral	report	to	top
leaders	will	document	the	results	with	a	presentation	of	recommendations
and	a	plan	of	action.	Key	areas	of	the	report	presentation	will	help	you	to

•	Determine	strengths/weaknesses	and	priorities	for	action

•	Benchmark	your	CMMS	installation

•	Maximize	benefits	of	CMMS

•	Develop	maintenance	as	a	profit	center

•	Define	potential	savings

•	Develop	recommended	plan	of	action	(and	implement)





Figure	5.15			Typical	project	schedule	in	which	the	assessment	includes	two
sites.

•	Develop	method	to	measure	and	validate	results

•	Initiate	a	maintenance	excellence	index

Determine	Strengths/Weaknesses	and	Priorities	for	Action:	After	an
objective	assessment	is	completed,	it	is	very	easy	to	identify	strengths	and
weaknesses,	which	then	leads	to	defining	the	priorities	for	action.	In	some
operations	it	is	very	often	back	to	the	basics,	such	as

•	PM	has	been	neglected;	no	time	to	do	it

•	The	understanding	of	predictive	technologies	is	limited

•	The	application	of	continuous	reliability	improvement	was	never	initiated

•	The	parts	storeroom	was	never	given	the	proper	attention	it	needed

•	The	accountability	for	craft	time	is	not	being	done

•	The	charge	back	to	the	customer	was	not	done	or	is	incomplete

•	A	reactive,	fire-fighting	repair	strategy	is	in	place

•	Valuable	craft	time	is	wasted	(e.g.,	chasing	parts/materials,	waiting,	unplanned
work)

•	There	is	never	time	to	do	the	job	right	the	first	time

•	The	asset	uptime	is	uncertain	and	the	manufacturing	operation	is	not	reliable

•	Quality	is	inconsistent	because	of	maintenance	processes

•	There	is	never	time	for	craft	training

•	The	CMMS	was	purchased	as	“the	solution”	and	not	“the	tool.”



•	The	existing	CMMS	functionality	is	not	being	fully	used

Very	often,	the	CMMS	takes	the	hit	as	the	cause	of	all	of	the	weaknesses.
CMMS	is	blamed	for	not	being	able	to	do	this	and	that,	causing	all	types	of
problems	and	extra	work.	This	attitude	will	generally	always	be	the	case	when
the	CMMS	was	purchased	as	“the	solution”	and	not	“the	tool”.	The	bottom	line
here	is	that	most	systems	are	underutilized,	and	when	fully	used	with	all	of	their
intended	functionality	they	will	serve	their	primary	IT	purpose.

Therefore,	just	as	we	can	benchmark	a	total	maintenance	operation	and	its	best-
practice	application	with	the	38-category	Scoreboard	for	Maintenance
Excellence,	we	can	also	benchmark	the	CMMS	that	is	in	place.	We	really	need
to	evaluate	the	CMMS	and	its	current	application	as	to	its	effectiveness	in
supporting	all	best	practices.	Is	your	CMMS	enhancing	current	and	future	best
practices	or	not?	Are	we	getting	maximum	value	from	this	IT	investment?	Is
your	CMMS	truly	a	maintenance	business	management	system?	How	can	we
improve	the	current	use	of	the	system?	In	Chapter	8,	“Planner	Review	of	a
Critical	Planning	Tool	Evaluating	Your	CMMS	Systems	Effectiveness,”	we	will
answer	and	take	action	on	these	key	questions	for	reliable	maintenance	planning,
estimating,	and	scheduling.



Chapter	6



Planners	Must	Understand	Productivity	and	How
Reliable	Maintenance	Planning,	Estimating	and
Scheduling	(RMPES)	Enhances	Total	Operations
Excellence

Abstract

This	chapter	is	extremely	important	for	the	planner	to	understand	how	they
impact	productivity	improvement	within	the	craft	workforce	as	well	as	across
the	total	operation.	The	profit	and	customer-centered	maintenance	operation
must	clearly	understand	productivity	and	be	committed	to	measuring	craft
productivity.	All	the	best	practices	we	discuss	in	this	book	contribute	either
directly	or	indirectly	to	improving	craft	productivity	and	physical	asset
productivity.	I	know	for	sure	that	it	applies	to	the	profit	and	customer-centered
maintenance	contractor	striving	to	meet	contract	terms	and	conditions.	Defining
overall	productivity	from	the	total	maintenance	process	of	the	total	operations
can	be	a	slippery	task.	Attempting	to	increase	productivity	can	be	even	more
difficult	if	managers	mistake	efficiency	for	productivity.

Keywords

ACE	Team;	cost	avoidance;	direct	cost	savings;
effectiveness	factor;	gained	value;	OCE;	OEE;



Overall	Craft	Effectiveness,Overall	Equipment
Effectiveness;	performance	factor;	planning	times;
quality	factor;	wrench	time

This	chapter	is	extremely	important	for	the	planner	to	understand	how	they
impact	productivity	improvement	within	the	craft	workforce	as	well	as	across
the	total	operation.	The	profit	and	customer-centered	maintenance	operation
must	clearly	understand	productivity	and	be	committed	to	measuring	craft
productivity.	All	the	best	practices	we	discuss	in	this	book	contribute	either
directly	or	indirectly	to	improving	craft	productivity	and	physical	asset
productivity.	I	know	for	sure	that	it	applies	to	the	profit	and	customer-centered
maintenance	contractor	striving	to	meet	contract	terms	and	conditions.	Defining
overall	productivity	from	the	total	maintenance	process	of	the	total	operations
can	be	a	slippery	task.	Attempting	to	increase	productivity	can	be	even	more
difficult	if	managers	mistake	efficiency	for	productivity.

We	can	be	very	efficient	doing	the	wrong	things	such	as	firefighting	and	reacting
to	emergency	repairs.	A	focus	on	increasing	work	order	completion	rates	may
sacrifice	quality	of	repair	work.	Cutting	costs	by	specifying	cheap,	prone-to-fail
equipment	or	parts	yields	the	high	cost	of	low-bid	buying	and	maybe	achieving
short-term	budget	requirements.	Doctors	and	lawyers	practice	medicine	and	law;
maintenance	and	good	engineering	need	to	get	it	right	the	first	time!

Today’s	economic	climate	requires	that	we	define	and	then	improve	maintenance
and	engineering	productivity.	Every	employee	must	take	ownership	in	the
organizational	mission	and	the	maintenance	mission.	One	manager	for	the
decision	support	for	operations	and	maintenance	program	at	the	Pacific	National
Laboratory	in	Richland,	Washington,	categorizes	productivity	into	four	levels:
(1)	Survival:	In	a	low-productivity	environment,	the	goal	is	survival.	Chronic
operations	and	maintenance	problems	will	plague	such	an	organization,	and	low
reliability	or	outright	equipment	failures	characterize	this	category.	(2)
Adequacy:	Uncertainty	might	characterize	this	category,	but	the	department	is
keeping	equipment	running.	Low	efficiency	and	low	productivity	are	classic
traits	of	this	category.	(3)	Accuracy:	Departments	in	this	segment	are	secure	in
their	knowledge	of	operating	and	maintaining	their	facilities	but	would	like
better	performance	measurements	and	want	to	know	how	their	operations	and
maintenance	affect	facility	processes.	(4)	Optimized:	These	departments	know
the	slope	of	their	performance	curve.	They	search	for	ways	to	optimize	the	state



of	an	already	effective	maintenance	process.

What	is	productivity?	One	definition	of	productivity	is	that	it	is	a	measure
relating	to	quantity	or	quality	of	output	compared	to	the	inputs	required	to
produce	it.	When	we	look	at	just	three	elements	of	total	plant	productivity,
production	labor,	production	equipment	productivity,	and	craft	labor
productivity	all	have	the	same	three	key	factors	in	common.	The	same
applies	to	craft	employees	performing	repair	and	preventive	maintenance
(PM)	to	support	production	operation	customer.	My	definition	includes
three	key	factors	for	productivity:

1.	The	Effectiveness	Factor—Doing	the	right	things.

2.	The	Efficiency	or	Performance	Factor—Doing	the	right	things	and	giving	the
best	personal	performance	as	possible.

3.	The	Quality	Factor—Doing	the	right	things	giving	the	best	personal
performance	as	possible	with	high	quality	results.

These	three	factors	apply	to	production	labor	productivity,	to	asset	productivity
overall	equipment	effectiveness	(OEE),	and	to	craft	labor	productivity	as	shown
in	Figure	6.1.

Supporting	the	improvement	of	craft	productivity	can	easily	provide	a	return	on
investment	of	six	equivalent	craft	employees	to	one	qualified	planner.	In
addition,	craft	labor	productivity	can	be	measured	for	all	three	elements.	Surveys
consistently	show	that	wrench	time	(craft	utilization	(CU)),	one	element	of	craft
productivity	within	a	reactive,	firefighting	maintenance	environment,	is	in	the
range	of	30–40%.	A	study	using	work	sampling	of	a	major	corporation’s
maintenance	operation	revealed	26%.	My	surveys	from	speech	and	seminar
attendees	over	the	past	15	years	shows	some	people	that	think	their	true	wrench
time	is	15%,	20%,	or	25%	and	much	lower	than	30%.	Therefore,	if	your	baseline
pure	wrench	time	baseline	is	conservatively	at	40%,	this	means	that	for	a	10-h
day,	there	are	only	4	h	of	actual	hands-on,	wrench	time.	You	can	do	the	math	on
other	levels,	10%,	20%,	or	30%.	Craft	workforce	should	not	take	all	the	blame:
Typically,	most	of	the	lost	wrench	time	is	not	the	fault	of	the	craft	workforce.
Lost	wrench	time	can	be	attributed	to	the	following	reasons:







Figure	6.1			Three	key	productivity	factors	compared	for	three	elements	of
total	plant	productivity.

Note:	Total	plant	productivity	would	also	include	material	variances,	actual
throughput	compared	to	capacity,	and	net	profit.

1.	Running	from	emergency	to	emergency;	a	reactive,	firefighting	operation.

2.	Waiting	on	parts	and	finding	parts	or	part	information.

3.	Waiting	on	other	information,	drawings,	instructions,	manuals,	etc.

4.	Waiting	for	the	equipment	to	be	shut	down.

5.	Waiting	on	rental	equipment	to	arrive.

6.	Waiting	on	other	crafts	to	finish	their	part	of	the	job.

7.	Travel	to/from	job	site.

8.	Lack	of	effective	planning	and	scheduling.

9.	Make	ready,	put	away,	clean	up,	meetings.

10.	Troubleshooting,	however,	is	another	story:	(1)	With	a	“hit-and-miss
approach”	it	can	be	wasted	time.	(2)	But	it	can	also	be	scheduled	by	the	planner,
performed	by	a	qualified	person	to	really	determine	the	scope	of	work	and	parts
needed	so	a	true	planned	job	can	occur.

There	is	a	question	by	some	maintenance	gurus	about	whether	we	can	or	should
measure	craft	productivity	directly.	My	answer	to	this	is	a	resounding	yes!	A
reliable	planner	will	be	able	to	establish	reliable	repair	times	for	many	reasons
other	than	measuring	craft	labor	performance.	We	will	describe	in	detail	a
method	that	is	easy	to	use	and	acceptable	to	the	craft	workforce	that	we	call	the
ACE	(a	consensus	of	experts)	Team	Benchmarking	Process™	to	be	discussed	in
detailed	in	Chapter	15,	Developing	Improved	Repair	Methods	plus	Reliable
Maintenance	Planning	Times	with	the	ACE	Team	Process.	Craft	resources	are



becoming	more	difficult	to	find	in	many	areas	and	there	is	a	true	crisis	and
shortage	of	craft	labor.	One	question	we	want	to	answer	for	you	is,	“How	can	we
get	maximum	value	from	craft	labor	resources	and	achieve	higher	craft
productivity?”

First,	we	must	be	able	to	measure	it:	Maintenance	operations	that	continue
to	operate	in	a	reactive,	run-to-failure,	firefighting	mode	and	disregard
implementation	of	today’s	best	practices	will	continue	to	waste	their	most
valuable	asset	and	very	costly	resource—craft	time.	Often	true	wrench	time
is	within	the	20–30%	range	for	operations	covering	a	wide	geographic
service	area.	An	example	is	PM	and	maintenance	of	a	countrywide	pipeline
like	in	Oman.	With	best	practices	such	as	effective	maintenance
planning/scheduling,	preventive/predictive	maintenance,	more	effective
storerooms	and	parts	support,	delivery	to	job	site,	crafts	skill	training,	and
the	best	tools,	we	can	contribute	to	proactive,	planned	maintenance,	and
more	productive	hands-on	“wrench	time.”	The	sticky	question	of	craft
productivity	measurement	and	improvements	in	union	plants	often	comes
up.	Consistent	craft	productivity	measurement	and	improvements	in	union
manufacturing	in	U.S.	plants	must	occur.

Union	plants	cannot	increase	hourly	rates	higher	and	higher	with	little	or	no
productivity.	This	is	not	mathematically	possible	forever.	I	have	said	before	that
we	cannot	perform	maintenance	off	shore,	except	for	maybe	troubleshooting	via
online	monitoring/operation	of	process	control	systems	and	worst	case,	moving
the	plant.	Maybe	we	can	send	items	offshore	for	rebuilding,	etc.	What	are	our
options	when	current	productivity	of	both	production	operators	and	crafts	people
do	not	increase	as	union	labor	rates	continuously	go	higher	and	higher?At	some
point,	higher	wages	without	productivity	gains	will	lead	to	plant	closings	due	to
profits	and	offshore	relocation	for	cheaper	labor.	We	might	replace	union
maintenance	with	contractor	maintenance	or	even	move	plants	to	right-to-work
states.	After	seeing	the	Cooper	Tool	Group	move	six	unionized	plants	from	the
North	(Plumb,	Crescent,	Wiss,	Lufkin,	Weller,	and	Nicholson	saw	and	the
Nicholson	file	plant)	to	the	South,	there	must	be	significant	cost	improvement.
Craft	productivity	can	be	measured	and	improved.	In	addition,	if	we	can	do	it	for
in-house	maintenance,	we	can	surely	do	it	for	maintenance	contractors	as	well.
Therefore,	what	your	wrench	time	or	CU	is	can	be	shown	in	Figure	6.2.	Figure
6.3	illustrates	craft	labor	resources	and	key	factors	for	keeping	them	as	our	most
important	maintenance	resource.







Figure	6.2			How	valuable	craft	time	can	slip	away.





Figure	6.3			Craft	labor	resources—our	most	important	maintenance
resource.

With	a	good	planning,	estimating,	and	scheduling	process,	significant	gained
value	is	available	from	increased	wrench	time	or	hands-on	tools	time.	An
improvement	in	actual	wrench	time	from	40%	to	50%	represents	a	25%	net	gain
in	craft	time	available	equivalent	and	a	significant	gained	value.	When	we	are
able	to	combine	gains	in	wrench	time	with	increased	craft	performance	(CP)
when	doing	the	job,	we	increase	our	total	gain	in	craft	productivity.	Measuring
and	improving	overall	craft	productivity	should	be	a	key	metric/KPI	to	justify
effective	planning	and	scheduling,	CMMS,	and	other	investments	for
maintenance	improvement.	Increased	reliability	that	increases	asset	uptime	and
throughput	is	likewise	very	important.

Before	further	addressing	overall	craft	effectiveness,	I	want	to	cover	three	types
of	cost	improvements:

1.	Direct	cost	savings.	They	come	from	direct	savings	in	standard	labor	and
materials	cost.	For	maintenance,	this	can	come	via	staff	reductions,	by	using
contractors,	or	parts	procurement	of	like	quality	parts	at	reduced	costs.

2.	Cost	avoidances.	A	good	maintenance	example	is	when	PM/PdM/CBM
detects	a	problem	when	it	can	be	a	planned	repair	before	a	catastrophic,	high
consequence	failure	occurs.	With	a	little	estimating	between	cost	of	planned
work	versus	possible	cost	of	major	unexpected	failure,	this	extra	can	give	you
valid	cost	avoidances	and	return	on	investment	(ROI)	for	PM/PdM/CBM
activities.

3.	Gained	Value.	This	one	is	the	value	of	(1)	gained	labor	productivity	or	(2)
value	of	gained	production.	It	can	be	said	simply	as	doing	more	with	existing
resources,	i.e.,	gained	value.

Planners,	pay	attention,	as	we	will	now	look	at	a	new	term,	overall	craft
effectiveness	(OCE).	As	we	saw	previously,	OCE	has	the	same	basic	factors	as
(OEE;	availability,	performance,	and	quality)	but	applied	to	craft	productivity
and	people	resources	as	compared	to	OEE,	focused	upon	critical	physical	assets
and	physical	asset	productivity.



The	profit	and	customer-centered	maintenance	leader	(in	house	or	contractor)
must	consider	total	asset	management	in	terms	of	improvement	opportunities
across	all	maintenance	resources.	There	are	many	questions	to	be	asked	about
how	we	can	improve	the	contribution	that	each	of	these	six	resources	(from
Chapter	5)	makes	toward	your	goal	for	maintenance	excellence:

•	Physical	resources:	equipment	and	facilities.

•	People	resources:	craft	labor	and	equipment	operators.

•	Technical	skill	resources:	craft	labor	that	is	enhanced	by	effective	training.

•	Material	resources:	maintenance	repair	operations	(MRO)	parts	and	supplies.

•	Information	resources:	useful	planning,	scheduling,	and	reliability	information,
and	not	a	sea	of	useless	data.

•	Hidden	resources:	The	seemingly	magical	synergy	of	teamwork	as	a	true
people	asset	multiplier.

Measuring	and	improving	OCE	must	be	one	of	many	components	to	continuous
reliability	improvement	process	and	total	asset	management.	OCE	includes	three
key	elements	very	closely	related	to	the	three	elements	of	the	OEE	Factor.



Overall	Equipment	Effectiveness

We	must	clearly	understand	the	elements	of	OCE	and	how	the	OCE	factor
relates	to	better	use	of	our	craft	workforce.	Most	everyone	recognizes	and
understands	the	world-class	metric	OEE	that	measures	the	combination	of	three
elements	for	the	physical	asset:	equipment	asset	availability,	performance,	and
quality	output.	OEE	is	about	measuring	asset	productivity.	The	calculation	of
OEE	is	shown	in	Figure	6.4.

The	OCE	factor	focuses	upon	craft	labor	productivity	and	measuring/improving
the	value-added	contribution	that	people	assets	make.	Just	like	OEE,	there	are
three	elements	to	the	OCE	factor:

•	Effectiveness	factor:	CU	for	OCE	and	Asset	availability	for	OEE.

•	Efficiency	factor:	CP	for	OCE	and	Asset	performance	for	OEE.

•	Quality	factor:	Craft	service	quality	(CSQ)	for	OCE	and	Quality	of	asset	output
for	OEE.





Figure	6.4			Overall	craft	effectiveness.

All	three	elements	of	OCE	can	be	as	well	defined	as	all	three	of	the	OEE	factors.
We	will	now	review	the	three	key	elements	for	measuring	OCE	and	see	how
they	very	closely	align	with	the	three	elements	for	determining	the	OEE	factor
for	equipment	assets.	Figure	6.5	provides	a	comparative	summary	and	Figure	6.6
defines	how	OCE	is	calculated.

OCE	focuses	upon	your	craft	labor	resources:	I	strongly	believe	in	basic
maintenance	best	practices	as	the	foundation	for	maintenance	excellence.
This	is	what	I	call	continuous	reliability	improvement	(CRI).	CRI	is	about
maintenance	business	process	improvement	that	includes	opportunities
across	all	maintenance	resources:	equipment	and	facility	assets,	as	well	as
people	resources—our	crafts	workforce	and	equipment	operators.	CRI
must	also	include	MRO	materials	management	assets,	maintenance
informational	assets,	and	the	added	value	resource	of	synergistic	team-
based	processes.	CRI	improves	the	total	maintenance	operation	and	can
start	with	measuring	and	improving	OCE.

The	Maintenance	Excellence	Institute	International	advocates,	supports,	and
clearly	understands	the	need	for	reliability-centered	maintenance	(RCM)	and
total	productive	maintenance	(TPM)	types	of	improvement	processes.	But	out	on
the	shop	floor,	we	see	today’s	trend	toward	forgetting	about	the	basics	of
“blocking	and	tackling”	while	going	for	the	long	touchdown	pass	with	some	new
“analysis	paralysis”	scheme.	RCM	and	root	cause	analysis	(RCA)	are	not	really
analysis	paralysis	when	done	correctly	with	true	information	and	when	they	are
not	based	upon	“precisely	inaccurate”	data.

Build	upon	the	basics:	Your	approach	must	be	built	upon	the	basics	and
then	include,	but	go	well	beyond,	the	traditional	RCM/TPM	approaches	to
CRI	(Figure	6.7).

Maintenance	excellence	can	start	with	PRIDE	in	maintenance:	Do	not	take
a	piecemeal	approach	that	focuses	only	RCM-type	processes	on	physical
assets	and	equipment	resources.	Often	the	maintenance	information
resource	piece,	among	others,	is	a	missing	link	for	the	successful	RCM-type
process.	RCM	alone	can	often	become	analysis	paralysis	with	no	data	or



bad	data.	Your	approach	should	be	about	improvement	opportunities	across
all	maintenance	resources.	There	of	course	must	be	priorities	as	to	where	we
start	and	where	we	make	investments.	I	have	been	asked	numerous	times
what	would	I	want	first	in	starting	a	new	maintenance	operation?	I	reply
that	after	finding	the	best	craft	people	available	(with	PRIDE	in
maintenance)	I	would	establish	effective	planning,	estimating	and
scheduling,	an	effective	PM/PdM	program,	and	a	responsive	parts
storeroom	and	procurement	process.





Figure	6.5			Summary	comparisons	of	overall	craft	effectiveness	(OCE)	and
overall	equipment	effectiveness	(OEE).





Figure	6.6			Calculating	overall	craft	effectiveness	(OCE).





Figure	6.7			Continuous	Reliability	Improvements	(CRI).

For	example,	with	the	crafts	labor	resource,	we	can	easily	measure	the	three
elements	of	OCE,	as	we	will	see	later.	However,	we	can	start	the	journey	toward
maintenance	excellence	by	just	helping	to	achieve	PRIDE	in	maintenance	from
within	the	crafts	workforce	and	among	maintenance	leaders	at	all	levels	and
PRIDE	in	maintenance	around	the	world	as	illustrated	in	Figure	6.8.

A	very	important	question	for	the	crafts	workforce:	I	have	seen
maintenance	operations	and	talked	to	crafts	people	all	around	the	world,
starting	in	South	Vietnam	in	1970.	Almost	all	attendees	at	hundreds	of	my
workshops	also	agree	that	their	crafts	people	want	to	do	a	good	job	and	be
appreciated	for	what	they	do	to	help	achieve	the	mission	of	the	organization.
In	addition,	when	asked	the	following	question,	I	have	received	positive
responses	from	almost	100%	of	the	thousands	of	dedicated	professional
crafts	people	I	have	interviewed.	Dedicated	union	leaders	and	union	crafts
people	are	also	included	in	my	personal	sample.





Figure	6.8			PRIDE	in	maintenance	around	the	world.

The	question	I	always	ask	is,	“How	would	you	do	this	job,	lead	this	crew,	or	lead
maintenance	if	it	were	in	fact	your	own	maintenance	business?”	What	if	we
could	get	attitudes	that	are	more	positive	plus	action	from	all	our	crafts	focused
on	this	important	question?	I	think	you	as	maintenance	leaders	and	especially
planner/schedulers	can	do	it	with	a	combination	of	many	things	from	this	book.
So	again	I	ask	you	to	apply	what	you	think	will	work	and	then	test	other	ideas
that	you	may	not	fully	agree	with	right	now	from	previous	chapters.

Your	own	internal	people	can	add	greater	value	to	your	maintenance	operation
with	a	profit	and	customer-centered	attitude	about	their	job	and	the	profession	of
maintenance.	We	feel	strongly	that	maintenance	excellence	begins	with	PRIDE
in	maintenance.	We	will	later	see	“How	OCE	Impacts	Your	Bottom	Line”	and
how	we	can	measure	and	improve	the	productivity	of	two	important
maintenance	resources:	craft	labor	as	well	as	contractor	performance
expectations.

Remember	that	craft	labor	is	a	terrible	thing	to	waste:	How	to	improve
OCE	is	a	very	key	question	we	need	to	answer.	Getting	maximum	value
from	craft	labor	resources	and	higher	craft	productivity	requires
measurement	and	as	well	as	the	big	picture	of	knowing	where	you	are	now
with	a	Scoreboard	assessment.	Maintenance	operations	that	continue	to
operate	in	a	reactive,	run-to-failure,	firefighting	mode	and	disregard
implementation	of	today’s	best	practices	will	continue	to	waste	their	most
valuable	asset	and	very	costly	resource—craft	time.	Typically,	due	to	no
fault	of	the	craft	workforce,	surveys	and	baseline	measurements	consistently
show	that	only	about	30–40%	of	an	8-h	day	is	devoted	to	actual,	hands-on
wrench	time.	It	is	very	important	to	understand,	“How	your	valuable	craft
time	can	slip	away,”	as	illustrated	in.	Best	practices	such	as	effective
maintenance	planning/scheduling,	preventive/predictive	maintenance,	more
effective	storerooms,	and	parts	support	all	contribute	to	proactive,	planned
maintenance	and	more	productive	hands-on	“wrench	time.”	Measuring	and
improving	OCE	must	be	one	of	many	components	to	CRI	process	and	total
asset	management.	OCE	includes	three	key	elements	very	closely	related	to
the	three	elements	of	the	OEE	factor	(Figure	6.9),	which	we	will	discuss	next



in	more	detail().



Craft	Utilization

CU:	The	first	element	of	the	OCE	Factor	is	CU	or	pure	wrench	time.	This
element	of	OCE	relates	to	measuring	how	effective	we	are	in	planning	and
scheduling	craft	resources	so	that	these	assets	are	doing	value-added,	productive
work	(wrench	time).	Effective	planning/scheduling	within	a	proactive
maintenance	process	is	one	important	key	to	increased	wrench	time	and	CU.	It	is
also	about	having	an	effective	storeroom	with	the	right	part,	at	the	right	place	in
time	to	do	scheduled	work	with	minimal	nonproductive	time	on	the	part	of	the
crafts	person	or	crew	assigned	to	the	job.	Your	valuable	craft	time	can	just	slip
away	to	a	level	of	30–40%	or	below	when	crafts	service	a	large	geographic	area
—a	large	plant,	refinery,	or	facilities	complex.





Figure	6.9			The	three	elements	of	overall	craft	effectiveness	(OCE).

Pure	wrench	time	is	just	that	and	does	not	include	time	caused	by	the	following:

1.	Running/traveling	from	emergency	to	emergency	in	a	reactive,	firefighting
mode.

2.	Waiting	on	parts	issue,	actually	finding	parts,	or	getting	parts	information.

3.	Waiting	on	other	asset	info,	asset	drawings,	repair	instructions,
documentation,	etc.

4.	Waiting	for	the	equipment	or	asset	to	be	shut	down	to	begin	work	with	all
necessary	risk	assessments.

5.	Waiting	on	rental	equipment	or	contractor	support	to	arrive	at	job	site.

6.	Waiting	on	other	crafts	or	crews	to	finish	their	part	of	the	job.

7.	Traveling	to/from	job	site.

8.	All	other	make-ready,	put-away,	or	shop	cleanup	time.

9.	Meetings,	normal	breaks,	training	time,	and	excessive	troubleshooting	due	to
lack	of	technical	skills.

10.	Lack	of	effective	planning	and	scheduling.

CU	(or	wrench	time)	can	be	measured	and	expressed	simply	as	shown	in	Figure
6.10	as	the	ratio	of:

Improve	wrench	time	first	Go	on	the	attack	to	increase	wrench	time	in	your
operation	even	if	you	do	nothing	to	improve	the	other	two	OCE	factors:	CP
and	the	CSQ	level.	As	we	will	see	in	the	following	examples,	very	dramatic
and	significant	tangible	benefits	can	be	realized	with	just	focusing	on
increasing	wrench	time.	Improvement	of	10–30%	points	from	your	current
baseline	of	wrench	time	can	typically	be	expected.	In	addition,	often	this	can
be	achieved	just	from	more	effective	maintenance	planning	and	scheduling.



Let	us	now	look	at	several	examples	showing	the	value	of	CU	improvement
within	a	20-person	workforce	with	an	average	hourly	rate	of	$18.00	and	see
the	significant	benefits	that	a	10%	increase	in	CU	can	provide.

Gained	value	of	10%	in	wrench	time:	What	if	through	better	planning	and
scheduling,	good	parts	availability,	and	having	equipment	available	to	fix	it
on	a	scheduled	basis,	we	are	able	to	increase	actual	wrench	time	by	just
10%	from	a	baseline	of	40%?	What	is	the	gained	value	to	us	if	we	get	a
wrench	time	increase	across	the	board	for	a	20-person	crew	being	paid	an
average	hourly	rate	of	$18/h?	First	let	us	look	at	what	it	is	really	costing	us
at	various	levels	of	wrench	time.

Total	Craft	Hours	Available	and	Annual	Craft	Labor
Costs	for	Crew	of	20	Crafts





41,600	Craft	Hours	@	$18/h	=	$748,800	Craft	Labor	Cost/Year





Figure	6.10			Craft	utilization	(CU)	calculation.

Wrench	Time	and	Actual	Costs	Per	Hour	at	Various
Levels	of	CU

Example:	What	if	baseline	for	wrench	time	is	40%?	With	effective	planning
and	scheduling	we	can	achieve	at	a	minimum	of	a	10-point	improvement	in
CU	from	our	current	baseline.	Starting	from	a	baseline	of	40%	and
increasing	wrench	time	up	to	a	level	of	50%,	we	in	effect	get	a	25%	increase
in	craft	capacity	for	doing	actual	work.

•	Total	hours	gained	in	wrench	time:	4160	h

20,800	h	@	50%	−	16,640	h	@	40%	=	4160	h	gained

•	Total	gain	in	equivalent	number	of	crafts	positions:	5





•	Total	gained	value	of	5	equivalent	positions:	$187,200





Valuable	craft	time	can	be	regained:	For	the	20-person	craft	workforce,	just
a	10%	improvement	up	to	50%	wrench	time	is	4160	h	of	added	wrench
time.	This	gain	represents	a	25%	increase	in	overall	craft	labor	capacity.
The	maintenance	best	practice	for	planning	and	scheduling	requires	a
dedicated	planner(s).	An	effective	maintenance	planner	can	support	and
plan	for	20	to	30	crafts	positions.	With	only	a	10%	increase	in	CU	for	a	20-
person	craft	workforce,	we	can	get	more	than	a	5	to	1	return	to	offset	a
maintenance	planner	position.

Example	B:	What	if	wrench	time	is	30%?	For	many	operations,	wrench
time	is	only	about	30%	and	sometimes	below	30%.	Again,	with	effective
planning	and	scheduling,	good	PM/PdM	and	parts	availability	we	can
eliminate	excessive	non-wrench	time.	An	improvement	of	at	least	20	points
in	CU	is	very	realistic.	If	we	begin	from	a	baseline	of	30%	up	to	a	level	of
50%,	we	are	in	effect	getting	a	67%	percent	increase	in	craft	capacity	for
actual	hands-on	work.

The	gained	value	of	going	from	30%	up	to	50%	wrench	time:

•	Total	hours	gained	in	wrench	time:	8320	h

20,800	h	@	50%	−	12,480	h	@	30%	=	8320	h	gained

•	Total	gain	in	equivalent	number	of	crafts	positions:	13





•	Total	gained	value	of	13.3	equivalent	positions:	$497,952





Valuable	craft	time	can	be	regained:	Tremendous	opportunities	are
available	for	the	20-person	craft	workforce	with	wrench	time	currently	in
the	30–40%	range.	Just	a	10–20%	improvement	up	to	50%	wrench	time	can
be	from	4000	to	8000	h	of	added	wrench	time.	This	gain	represents	a	25–
67%	increase	in	overall	net	craft	labor	capacity.	There	is	one	important	best
practice	needed	to	help	you	regain	valuable	craft	resources.	The
maintenance	best	practice	for	planning	and	scheduling	requires	dedicated
planners	that	are	effective	maintenance	planners/schedulers	that	can
support	and	plan	for	20	to	30	crafts	positions.

Use	your	CMMS/EAM	as	a	mission-essential	information	technology	tool	that
supports	planning	and	scheduling,	better	MRO	materials	management,	and
effective	preventive/predictive	maintenance.	They	are	three	best	practices	for
improving	craft	wrench	time.	Bottom	line	results	that	give	us	5–13	more
equivalent	craft	positions	and	up	to	$500,000	in	gained	value	of	more	wrench
time	with	existing	staff	can	be	dramatic	proof	that	internal	maintenance
operations	can	be	profit	centered.



Craft	Performance

CP:	The	second	key	element	affecting	OCE	is	CP.	This	element	relates	to	how
efficient	we	are	in	actually	doing	hands-on	craft	work	when	compared	to	an
established	planned	time	or	performance	standard.	CP	is	expressed	as	the	ratio
of:





CP	is	directly	related	to	the	level	of	individual	craft	skills	and	overall	trades
experience	as	well	as	the	personal	motivation	and	effort	of	each	craftsperson	or
crew.	Effective	craft	skills	training,	technical	development,	and	PRIDE	in
maintenance	all	contribute	to	a	high	level	of	CP.

CP	calculation:	For	example,	the	planned	time	for	a	minor	overhaul	or
planned	repair	is	10	h	based	on	a	standard	procedure	with	parts	list,	special
tools,	permits	required,	etc.

•





•





An	effective	planning	and	scheduling	function	requires	reasonable	repair
estimates.	They	are	what	I	call	reliable	planning	times	needed	for	scheduling,
and	they	should	be	established	for	as	much	maintenance	work	as	possible.
Because	maintenance	work	is	not	highly	repetitive,	the	task	of	developing
reliable	planning	times	is	more	difficult.	However,	there	are	a	number	of
methods	for	establishing	planning	times	for	maintenance	work	including:

•	Reasonable	estimates:	A	knowledgeable	person,	either	a	supervisor	or	planner,
uses	their	experience	to	provide	their	best	estimate	of	the	time	required.	This
approach	does	not	scope	out	the	job	in	much	detail	to	determine	method	nor
outline	job	tasks	or	special	equipment	needed.	However,	it	can	have	value	when
there	is	no	reliable	work	measurement	method	in	place.

•	Historical	data:	The	results	of	past	experience	are	captured	via	the	CMMS	or
other	means	to	get	average	times	to	do	a	specific	task.	Over	time,	a	database	of
estimated	time	is	developed	that	can	be	updated	with	a	running	average	time
computed	for	the	tasks.	I	often	call	this	“hysterical	data”	due	to	inconsistencies
in	reporting	time,	actual	location	of	work,	and	delays	in	getting	parts	or
equipment	access,	etc.

•	Predetermined	standard	data:	Standard	data	tables	for	a	wide	range	of	small
maintenance	tasks	have	been	developed.	Standard	data	represents	the	building
blocks	that	can	then	be	used	to	estimate	larger,	more	complex	jobs.	Each
standard	data	table	provides	what	the	operation	is,	what	is	included	in	the	time
value,	and	the	table	of	standard	data	time	for	the	variables	that	are	included.	The
universal	maintenance	standards	(UMS)	method	used	back	in	the	1970s	and
developed	by	the	U.S.	Navy	and	H.	B.	Maynard	Inc.	represents	a	predetermined
standard	data	method.	We	used	this	method	in	the	early	1970s	to	train	65	fleet
maintenance	planners	for	the	North	Carolina	Department	of	Transportation’s
Division	of	Highways.	UMS	is	a	very	detailed	method	when	using	standard	data
for	every	motion	and	turns	of	all	types	of	tools	used	by	a	mechanic	to	complete	a
“benchmark	job.”	Benchmark	jobs	were	put	on	a	“spreadsheet”	for	“slotting”	to
get	wrench	time,	upon	which	allowances	were	added	to	create	the	planning	time
for	scheduling.	Once	“spreadsheets”	were	developed	for	all	trade	areas	and	types
of	work,	the	relatively	small	number	of	benchmark	jobs	analyzed	for	putting	on
“spreadsheets”	allows	a	good	planner	to	estimate	wrench	time	for	a	wide	number
of	incoming	jobs.	In	addition,	the	accuracy	of	the	slotting	process	is	95%	within
the	respective	UMS	time	ranges.



•	The	ACE	team	benchmarking	process:	As	a	means	to	overcome	many	of	the
inherent	difficulties	associated	with	developing	maintenance	performance
standards,	the	ACE	team	benchmarking	process	was	developed.	This	process	is
detailed	in	Chapter	15,	with	complete	forms	in	Appendix	H.	This	process	was
developed	back	in	1978	by	Ralph	W.	“Pete”	Peters,	founder	of	The	Maintenance
Excellence	Institute	International	(TMEII)	as	part	of	a	Masters	program	in
management	information	systems	at	North	Carolina	State	University.	This
method	is	based	upon	UMS	slotting	and	range-of-time	concept	principles	plus
the	principles	of	the	Delphi	technique	to	gain	a	consensus.	It	relies	primarily	on
the	combined	experience	and	estimating	and	methods	improvement	ability	of	a
group	of	skilled	crafts	personnel,	planners,	and	supervisor.	The	objective	is	to
determine	reliable	planning	times	for	a	number	of	selected	“benchmark”	jobs.
This	team-based	process	that	uses	skilled	crafts	people	places	a	high	emphasis
on	continuous	maintenance	improvement	to	reflect	improvements	in
performance	and	repair	methods	plus	repair	quality.

Generally,	the	ACE	team	benchmarking	process	parallels	the	UMS	approach	in
that	the	“range-of-time	concept”	and	the	“slotting”	technique	is	used	once	the
work	content	times	for	a	representative	number	of	“benchmark	jobs”	have	been
established.	The	ACE	team	benchmarking	process	focuses	primarily	on	three
key	areas:	(1)	repair	methods	improvement	to	reduce	mean	time	to	repair
(MTTR);	(2)	repair	quality	and	safety;	and	(3)	on	the	development	of	work
content	times	for	representative	“benchmark	jobs”	that	are	typical	types	of	craft
work	being	performed.

Once	a	number	of	benchmark	job	times	have	been	established,	these	jobs	are
then	categorized	onto	spreadsheets	by	craft	and	task	area	and	according	to	work
groups	that	represent	various	ranges	of	times.	Spreadsheets	are	then	set	up	with
four	work	groups/sheet	with	each	work	group	having	a	time	slot	or	“range	of
time.”	For	example,	work	group	E	would	be	for	benchmark	jobs	ranging	from
0.9	h	up	to	1.5	h	and	assigned	a	standard	time	(slot	time)	of	1.2	h.	Likewise,
work	group	F	would	be	for	benchmark	jobs	ranging	from	1.5	h	up	to	2.5	h	and
assigned	a	standard	time	of	2.0	h.	Spreadsheets	include	brief	descriptions	of	the
benchmark	jobs	and	represent	pure	wrench	time.	Work	content	comparison	is
then	done	by	an	experienced	person,	typically	a	trained	planner,	to	establish
planning	times	within	the	95%	confidence	range.	A	users	guide	complete	with
step-by-step	procedures	and	forms	for	establishing	the	ACE	team	benchmarking
process	is	available	in	Appendix	G.	Figure	6.11	below	illustrates	the	ACE	team
time	ranges	for	work	groups	A	to	T	with	a	time	range	of	up	to	30	h,	ranging	from



28	to	32	h.

Planning	times	are	essential:	Planning	times	provide	a	number	of	key
benefits	for	the	planning/scheduling	process.	First,	they	provide	a	means	to
determine	existing	workloads	for	scheduling	by	craft	areas	and	backlog	of
work	in	each	trade	area.	Planning	times	allow	the	maintenance	planner	to
balance	repair	priorities	against	available	craft	hours	and	to	establish
realistic	repair	schedules	that	can	be	accomplished	as	promised.	Secondly,
planning	times	provide	a	target	or	goal	for	each	job	that	allows	for
measurement	of	CP.	Due	to	the	variability	of	maintenance	type	work	and
the	inherent	sensitivity	toward	measurement,	the	objective	is	not	so	much
the	measurement	of	individual	CP.	The	planner	must	always	remember	that
one	real	objective	is	measurement	of	the	overall	performance	of	the	craft
workforce	as	a	whole.	While	measurement	of	the	individual	crafts	person	is
possible,	CP	measurement	is	intended	to	be	for	the	maintenance	craft	labor
resources	and	getting	maximum	value	as	shown	in	Figure	6.12.





Figure	6.11			Illustrates	the	ACE	(a	consensus	of	experts)	team	time	ranges
for	work	groups	A	to	T.





Figure	6.12			Range	of	overall	craft	effectiveness	(OCE)	element	values.

CSQ:	The	third	element	affecting	OCE	relates	to	the	relative	quality	of	the	repair
work.	This	element	includes	quality	of	the	actual	work,	where	certain	jobs
possibly	require	a	callback	to	the	initial	repair,	thus	requiring	another	trip	to	fix	it
right	the	second	time.	Recall	the	last	time	you	had	to	call	back	a	repair	person	to
your	home	for	a	job	not	performed	to	your	satisfaction.	This	is	not	a	good	thing
for	a	real	profit-centered	maintenance	company!	However,	CSQ	can	be
negatively	impacted	within	a	plant	or	facility	complex	due	to	no	fault	of	the
crafts	person	when	hasty	repairs,	patch	jobs,	or	inferior	repair	parts/materials
create	the	need	for	a	callback.

We	can	measure	callbacks	via	the	CMMS	with	special	coding	of	callback	work
orders.	Typically,	the	CSQ	element	of	OCE	is	a	more	subjective	value	and
therefore	it	must	be	viewed	accordingly	in	each	operation.	However,	the	CSQ
level	does	affect	overall	craft	labor	productivity	and	the	bottom	line	results	of	the
entire	maintenance	process.	When	reliable	data	are	present	for	all	three	elements
of	OCE,	then	the	OCE	factor	can	be	determined	by	multiplying	each	of	these
three	elements:





What	OCE	can	you	expect?	Since	OCE	is	a	rather	new	concept,	there	are
actually	a	limited	number	of	case	studies	outside	the	real	worldwide
experiences	of	MEI	staff	and	alliance	members.	Some	organizations	try	to
measure	just	wrench	time,	and	it	is	accepted	that	30–40%	is	typical	and
70%	is	great.	Other	organizations	may	measure	and	track	CP	if	a	sound
planning	process	and	reliable	planning	times	are	in	place.	Also,	other	good
consulting	firms	shy	away	from	the	often	sensitive	issue	of	measuring	craft
labor	at	all,	especially	within	a	union	environment.	The	Maintenance
Excellence	Institute	International	does	recommend	measurement	even	for	a
union	shop.	This	is	because	at	some	point	high	wages,	growing	continuously
without	productivity	improvement,	will	make	the	operation	a	candidate	for
contract	maintenance.

The	Maintenance	Excellence	Institute	International	(TMEII)	feels	strongly	that
measuring	and	improving	productivity	of	craft	labor	resources	is	essential	to
profit-centered	maintenance	and	continuous	reliability	improvement.	Measuring
and	improving	OCE	must	be	addressed	by	today’s	in-house	maintenance
operation.	Likewise,	we	feel	that	the	range	of	OCE	element	values	shown	in
Figure	6.13	represents	the	high,	medium,	and	low	combinations	for	OCE.
Successful	operations	can	expect	an	OCE	factor	in	the	high	range	of	65%	or
more.





Figure	6.13			Actual	cost	per	hour	at	various	levels	of	wrench	time.

Note:	Maximum	possible	CU	is	85%	(as	shown	previously	in	Figure	6.2	above
considering	paid	holidays,	vacation	time,	breaks,	but	not	shop	cleanup,	employee
meetings,	craft	training,	etc.).

All	three	elements	of	OCE	are	important:	Maintenance	craft	labor	may	be
very	efficient	with	100%	CP	and	still	not	be	effective	if	CU	is	low	and	craft
service	quality	is	poor.





Note:	This	is	the	prime	example	of	having	high	efficiency	but	doing	low	quality
work	and	having	low	actual	wrench	time	putting	out	fires	from	emergency,
nonplanned	work.

The	nature	of	determining	the	value	of	CSQ	can	be	accomplished	and	requires	a
“good	call”	by	the	respective	supervisor	responsible	for	work	execution.	This
element	typically	can	used	for	calculating	OCE	if	callbacks	are	recorded
correctly.	Plus,	there	should	not	be	many	callbacks	as	a	percentage	of	work
orders	completed.	The	element	of	quality	of	repairs	is	a	very	important	element
of	OCE.	It	is	an	important	part	of	effective	planning	and	scheduling	related	to
monitoring	and	control	of	work.	Another	key	part	of	planning	is	determining	the
scope	of	the	repair	job	and	the	special	tools	or	equipment	that	are	required	for	a
quality	repair.	That	is	also	why	Category	27,	Maintenance	and	Quality	Control,
is	included	as	a	best	practice	category	on	the	Scoreboard.	A	continuing	concern
of	the	maintenance	planning	function	should	be	on	improving	existing	repair
methods	whether	by	using	better	tools,	repair	procedures,	or	diagnostic
equipment	and	using	the	right	skills	for	the	job.	Providing	the	best	possible	tools,
special	equipment,	shop	areas,	repair	procedures,	and	craft	skills	can	be	a	key
contributor	to	improving	CSQ.	And	CSQ	is	a	key	performance	indicator	that	is
determined	from	periodic	review	of	callbacks,	customer	complaints,	and
customer	surveys.	Therefore,	The	Maintenance	Excellence	Institute	International
(TMEII)	feels	that	the	OCE	factor	is	best	determined	by	using	all	three	elements
for	the	OCE	factor	calculations:





The	impact	of	improving	both	craft	utilization	and	performance:	Improved
CU	through	more	effective	planning	of	all	resources	will	increase	available
wrench	time.	Improved	performance	results	from	the	fact	that	work	is
planned	and	the	right	tools,	equipment,	and	parts	are	available	made	by
planning	the	right	craftsperson	or	crew	for	the	job	with	the	type	of	skills
needed.	Improving	CP	is	a	continuous	process	with	a	program	for	craft
skills	training	and	methods	improvement	to	do	the	job	right	the	first	time	in
a	safe	and	efficient	manner.	The	ACE	team	benchmarking	process
mentioned	earlier	provides	reliable	planning	times	based	upon	“ACE”	and
a	tremendous	repair	methods	improvement	effort	as	benchmark	jobs	are
analyzed.



Example	C:	What	if	We	Increase	Wrench	Time	from	30%	to	50%	and	CP
from	80%	to	90%

When	we	look	at	the	combination	of	improving	both	craft	utilization	and
performance,	we	see	an	even	greater	opportunity	for	a	return	on	investment.	Let
us	now	look	at	a	very	realistic	20-point	improvement	in	CU	and	a	10-point
increase	in	CP	for	the	same	20-person	craft	workforce	shown	in	Figure	6.14,
actual	cost	per	hour	at	various	levels	of	wrench	time,	and	having	an	average
hourly	rate	of	$18.00.



Example	C	Details

•	Baseline	Cost	per	Direct	Maintenance	Hour	@	30%	Utilization	and	80%
Performance





Baseline	Cost:	$748,800	÷	9984	Direct	Hours	=	$75	Cost	per	Direct	Craft	Hour





Figure	6.14			Summary	comparisons	of	previous	examples.

•	Improved	Cost	per	Hour	with	50%	CU	and	90%	CP





Cost	per	Direct	Craft	Hour	@	50%	CU	and	90%	CP	=	$40

$748,800	÷	18,720	Direct	Hours	=	$40	Cost	per	Direct	Hour.

•	Total	Direct	Craft	Hours	Gained	=	8736	Total	Direct	Hours	Gained	(87%
Increase)

18,720	direct	hrs	−	9984	direct	hrs	@	Baseline	=	8736	Direct	Craft	Hours
Gained

8736	direct	hrs	Gained	÷	9984	direct	hrs	@	Baseline	=	0.87.5	×	100	=	87%	Gain
in	Direct	Craft	Hours

•	Total	Gain	in	Equivalent	Number	of	Craft	Position:	17	Equivalent	Craft
Positions

20	crafts	×	0.87	(%	Hours	Gained)	=	17.4	Equivalent	Craft	Positions

8736	h	Gained	÷	499	h/Craft	Baseline	Average	=	17.4	Equivalent	Craft	Positions

•	Total	Gained	Value	=	$655,200

Gain	of	8736	Direct	Craft	Hours	×	$75	Baseline	Cost/Direct	Hour	=	$655,200
Gained	Value

$655,200	÷	$748,800	=	87%	Gain	from	a	Baseline	of	30%	Wrench	Time	and
80%	CP

Summary	of	our	previous	examples:	The	previous	examples	have	illustrated
that	increasing	OCE	provides	greater	craft	capacity	and	gained	value	from
increased	wrench	time.	Improving	CP	in	combination	with	improving	CU
simply	compounds	our	return	on	investment,	an	astronomical	amount	of
87%	as	shown	in	Figure	6.15.

Where	can	we	apply	OCE	gained	value?	Maintenance	operations	that
continually	fight	fires	and	react	to	emergency	repairs	never	have	enough
time	to	cover	all	the	work	(core	requirements)	that	needs	to	be	done.	Over
time,	more	crafts	people	or	more	contracted	services	typically	seem	to	be



the	only	answers.	Improving	CU	provides	additional	craft	capacity	in	terms
of	total	productive	craft	hours	available.	In	relation	to	OEE,	OCE	is
increased	people	asset	availability	and	capacity.	It	is	gained	value	that	can
be	calculated	and	estimated	and	then	measured.	The	additional	equivalent
craft	hours	can	then	be	used	to	reduce	overtime,	devote	to	PM/PdM,	reduce
the	current	backlog,	and	attack	deferred	maintenance,	which	does	not	go
away.	Previously,	Figure	6.2	showed,	“How	your	valuable	craft	time	can	just
slip	away.”

Indiscriminate	cutting	of	maintenance	is	bloodletting:	Typically,	operations
that	gain	productive	craft	hours	desperately	need	them	to	invest	the	time
elsewhere.	Likewise,	we	cannot	automatically	and	indiscriminately	reduce
head	count	when	we	improve	overall	craft	productivity.	Indiscriminate
cutting	of	maintenance	is	killing	the	goose	that	lays	the	golden	egg.	If	an
organization	is	not	achieving	core	requirements	for	maintenance,	the
cutting	of	craft	positions	to	meet	budgets	is	like	using	bloodletting	as	a	new
cure	for	a	heart	attack.	It	will	not	work.	Just	like	the	high	cost	of	low-bid
buying,	gambling	with	maintenance	costs	can	be	fatal.	Long-term
stabilization	and	reduction	of	head	count	can	occur.	Attrition	can	absorb
valid	staff	reductions	that	may	result	over	the	long	term.	We	also	may
regain	our	competitive	edge	and	get	back	some	of	the	contract	work	we	lost
previously	to	low	performance	and	productivity.	We	cannot
indiscriminately	cut	craft	labor	resources	when	we	increase	OCE.	The
planner/scheduler	helps	ensure	greater	craft	productivity	and	then
maintains	the	total	maintenance	requirements	from	backlog	management	to
use	the	gained	craft	capacity.





Figure	6.15			Craft	labor	resources.

Think	profit	centered:	Today’s	maintenance	leaders	(supervisors	and
planners	included)	and	crafts	people	must	develop	the	“maintenance-for-
profit”	mindset	that	the	competition	uses	to	stay	in	business.	Measuring	and
improving	OCE	and	the	gained	value	received	from	improving	our	craft
productivity	is	an	important	part	of	successful	total	asset	management.
Profit-centered	in-house	maintenance	in	combination	with	the	wise	use	of
high	quality	contract	maintenance	services	will	be	the	key	to	the	final
evolution	that	occurs.	There	will	be	revolution	within	organizations	that	do
not	fully	recognize	maintenance	as	a	core	business	requirement	and
establish	the	necessary	core	competencies	for	maintenance.	The	bill	will
come	due	for	those	operations	that	have	subscribed	to	the	“pay	me	later
syndrome”	for	deferred	maintenance.	It	will	be	revolution	within	those
operations	that	have	gambled	with	maintenance	and	have	lost	with	no	time
left	before	profit-centered	contract	maintenance	provides	the	best	financial
option	for	a	real	solution.

Maintenance	is	forever:	Contract	maintenance	will	be	an	even	greater
option	and	business	opportunity	in	the	future.	Again,	we	must	remember
that	maintenance	is	forever!	Some	organizations	today	have	neglected
maintaining	core	competencies	in	maintenance	to	the	point	that	they	have
lost	complete	control.	The	core	requirement	for	maintenance	still	remains,
but	the	core	competency	is	missing.	In	some	cases,	the	best	and	often	only
solution	may	be	value-added	outsourcing.	Maintenance	is	a	core
requirement	for	profitable	survival	and	total	operations	success.	If	the
internal	core	competency	for	maintenance	is	not	present,	it	must	be
regained.	Neglect	of	the	past	must	be	overcome.	It	will	be	overcome	with	a
growing	number	of	profit-centered	maintenance	providers	that	clearly
understand	OCE	and	providing	value	added	maintenance	service	at	a
profit.	Your	planner/schedulers	can	help	your	organization	take	a	profits-
centered	approach.

Technology	supports	data	collection	for	measuring	OCE:	We	can	easily
collect	data	with	today’s	technology	(which,	in	fact,	has	been	available	for	a
long	time).	Bar	coding	can	support	asset	tagging	and	identification,	parts



identification,	as	well	as	the	work	order	itself.	Parts	charged	to	a	work
order	that	has	a	bar	code	is	fast	and	accurate.	But	one	challenge	is	linking	a
work	order	to	an	asset	of	a	subcomponent	of	an	asset.	Often	we	see
companies	that	have	not	finished	the	task	of	numbering	all	of	their	assets.
The	planner	must	make	sure	that	asset	numbering	is	complete.	One	way	to
get	complete	asset	numbering	is	to	do	it	“correctly	the	second	time.”	During
this	second	time	numbering	activity,	many	important	things	can	occur:

1.	Existing	asset	number	can	be	confirmed.	Many	times	migration	of	data	to	a
new	CMMS	is	done	hastily	and	not	really	validated.

2.	Missing	asset	numbers	can	be	established.	Missing	data	from	an	old	system
stays	missing	upon	data	migration	unless	it	is	validated.

3.	Parent–child	relationships	can	be	reviewed.	For	example,	one	rule	of	thumb	is
that	if	a	critical	subsystem	or	component	has	a	need	for	reliability	improvement
and	its	related	failure	data,	then	it	should	have	an	asset	number.

4.	A	complete	list	of	asset	numbers	to	correct	items	1,	2,	and	3	above	is	the	ideal
time	to	affix	appropriate	bar	codes	to	item	outside	and	those	inside	the	confines
of	the	facility.

5.	With	assets	now	bar	coded	along	with	a	bar-coded	work	order	we	can	link	the
work	performed	to	the	asset,	a	subsystem,	or	a	critical	component	with	all	the
labor	charged	back	to	a	work	center	or	department	account	number.

6.	The	next	step	forward	can	be	handheld	devices	that	can	wirelessly	receive
new	work	orders,	contain	complete	PM	task	lists,	collect	time	to	a	work	order,
and	have	clock	on	and	off	of	a	job	as	required.	Prompts	can	be	in	place	for
defining	type	failure	and	cause	of	failures	as	well.

7.	With	all	of	the	above	in	place,	the	once	tedious	task	of	using	special	codes	for
non-wrench	time	can	be	eliminated.	Since	we	are	most	interested	in	two	key
areas	of	OCE,	CP	and	CU	(wrench	time),	they	can	now	be	easily	accounted	for
due	to	bar	coding	on	the	asset.

8.	The	crafts	person	is	assigned	a	job	and	“the	total	job	clock	starts.”	They	clock
on	at	the	asset	to	begin	their	wrench-time	work	(hopefully	planned	with	all	items
needed	for	the	repair).	If	they	must	clock	off	to	get	parts,	they	clock	off	by
swiping	the	bar	code.	When	they	come	back,	they	clock	on	the	job	to	finish	it



and	clock	off	again.

9.	All	of	the	time	clocked	on	the	job	is	wrench	time	and	all	other	non-wrench
activities,	such	as	travel	to/from	the	site,	personal	fatigue	and	delays	(PF&D),
hopefully	have	been	designated	as	job	allowances	for	scheduling	purposes.

10.	When	the	crafts	person	reviews	and	provides	all	required	input	for	the	work
order,	they	do	it	and	then	close	the	job	to	maintenance	before	required	approvals
are	given	and	before	final	review	by	the	planner.

Summary:	So	what	does	all	this	application	of	handheld	devices	and	bar	coding
give	us?

1.	First,	we	can	have	time	reporting	for	pay	purposes	with	simple	clock	in	and
clock	out	at	the	site	entrance.

2.	We	can	easily	track	available	hours	charged	to	work	orders	where	the	goal	can
approach	100%.	From	the	tracking	of	total	planned	time	accrued	to	work	orders,
we	can	get	actual	time	worked	and	therefore	CP	that	we	want	to	measure,	across
the	entire	workforce.

3.	By	clocking	on	and	clocking	off	for	actual	hands	on	time,	we	are	getting	a
much	better	picture	of	wrench	time	to	give	a	better	measure	of	CU.

4.	We	are	also	able	to	see	the	impact	of	emergency	work	when	a	person	is	pulled
off	and	put	back	on	a	planned	job.

5.	Scope	changes	can	be	readily	be	analyzed	for	additional	planned	times	or
extremes	when	planned	time	is	much	more	than	originally	planned.

Overall,	the	use	of	bar	coding	is	not	new	for	some	maintenance	operations.
Some	I	have	seen	even	included	assigning	a	hardened	laptop	for	each	crafts
person.	Some	make	use	of	the	phone	system	approach,	while	others	use	a
handheld	data	collection	device.	The	return	on	investment	to	enhance	craft
productivity	and	reliable	data	for	RCM	and	root	cause	analysis	(RCA)	can	be
high	when	all	elements	we	have	discussed	are	in	place.
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What	to	Look	for	When	Hiring	a	Reliable
Planner/Scheduler

Abstract

This	chapter	provides	a	comprehensive	review	of	a	planner/scheduler	position.
The	primary	scope	and	role	of	planning	and	scheduling	is	to	improve	craft	labor
productivity	and	quality	through	the	elimination	of	unforeseen	obstacles	such	as
potential	delays,	coronation	parts,	machine	time,	and	available	resources.
Therefore,	the	planner/scheduler	is	responsible	for	planning,	estimating,	and
scheduling	of	all	maintenance	work	performed	across	their	area	of	responsibility.
They	support	direct	liaison	and	coordination	between	operations	and	the
maintenance	department,	along	with	maintaining	appropriate	records	and	files
that	can	lead	to	meaningful	analysis	and	reporting	of	results	from	execution	of
work.	They	must	clearly	define	the	scope	of	work	and	check	the	requested	work
priority	and	requested	completion	dates	to	see	if	they	are	realistic,	and	in	turn
determine	if	they	provide	realistic	lead	time.

Keywords

Backlog;	Blanket	work	orders;	Job	packages;	Job
plans;	KAHADA;	Measure	contractors;	Planner;
Planner/scheduler;	Plant	engineering;	Ready	backlog;
Scheduler;	Scope	of	work;	Special	skills;	Standing



work	orders;	Total	backlog;	Total	maintenance
requirements;	Troubleshooting;	Work	order;	Work
requests

A.	Typical	Roles	and	Responsibilities	of	a	Planner/Scheduler:	Let	us	first	look	at
the	overall	roles	and	responsibilities	of	a	planner/scheduler	as	a	baseline	for
upcoming	topics	related	to	each	area	of	the	planner	position.	Taking	a	fairly
complete	picture	of	the	roles	and	responsibilities	of	planner/schedulers	is	a	good
first	step.	In	this	chapter,	I	provide	some	hints,	observations,	and
recommendations	that	can	assist	you	as	maintenance	leader,	those	who	are	in	a
planner/scheduler	position,	or	someone	that	has	just	been	selected	for	such	a
position.	I	also	strive	to	illustrate	how	the	planner/scheduler	can	make	a
significant	impact	on	improving	reliability	and	be	a	key	leader	for	continuous
improvement.

1.	The	title	of	this	book,	Reliable	Maintenance	Planning,	Estimating,	and
Scheduling,	indicates	that	this	book	will	address	a	planner’s	additional
responsibilities	for	supporting	the	site’s	reliability	improvement	process.	The
planner’s	unique	position	in	the	organization	provides	many	natural	job-related
opportunities	to	contribute.

2.	Maintenance	planners/schedulers	typically	report	to	the	maintenance	leader.

3.	The	primary	scope	and	role	of	planning	and	scheduling	is	to	improve	craft
labor	productivity	and	quality	through	the	elimination	of	unforeseen	obstacles,
such	as	potential	delays,	coronation	parts,	machine	time,	and	available	resources.
Therefore,	the	planner/scheduler	is	responsible	for	planning,	estimating,	and
scheduling	of	all	maintenance	work	performed	across	his	or	her	areas	of
responsibility.	The	planner/scheduler	supports	direct	liaison	and	coordination
between	operations	and	the	maintenance	department,	along	with	maintaining
appropriate	records	and	files	that	can	lead	to	meaningful	analysis	and	reporting
of	results	from	the	execution	of	work.

4.	Remember	that	small	operations	may	have	a	combination	planner/scheduler,
whereas	larger	plants,	such	as	a	large	refinery,	will	normally	have	separate
planners	and	schedulers.	In	some	cases,	I	have	seen	day-to-day	planners	plus
shutdown	turnaround	outage	planners,	along	with	planners	for	your	facilities
maintenance,	such	as	control	room	office	buildings	and	testing	laboratories.



5.	As	stated,	this	position	acts	as	the	principal	contact	and	liaison	between
maintenance	and	the	various	plant	departments/customers	that	are	served	by
maintenance.	This	person	ensures	his	or	her	areas	of	responsibility	for	functions
receives	prompt	efficient	and	quality	service	from	maintenance.	The
planner/scheduler	also	strives	to	ensure	that	maintenance	can	provide	this	service
and	operations	allows	equipment	to	be	shut	down	for	various	types	of
maintenance,	including	preventive	and	predictive	maintenance’s	inspections.

6.	The	planner	serves	as	the	central	point	where	all	work	requests	are	received
and	reviews	these	before	they	are	turned	into	official	work	orders.	True
emergency	work	will	typically	go	directly	to	the	first-line	supervisor	or	crew
leader	of	the	trade	area	required	for	the	work.	The	work	order	in	this	case	may
be	completed	after	the	fact	and	would	come	back	through	the	planner	through	a
supervisor	or	craftsperson.

7.	Reviewing	and	screening	of	each	work	order	is	a	very	critical	task	performed
by	the	planner/scheduler.	First,	the	planner/scheduler	defines	whether	the	work
order	is	filled	out	correctly	or	if	additional	clarification	is	needed	for	the	work
requests.	Here,	the	planner	plays	a	big	role	in	training	and	encouraging	the
operations	staff	to	request	work	properly.	In	large	refining	operations,	each
operating	unit	may	have	a	maintenance	coordinator,	who	supports	direct
coordination	with	the	planner	as	well	the	craft	workforce	when	they	come	to
perform	repairs.	For	any	type	of	operation,	it	is	good	practice	to	have	someone
designated	within	the	department	to	create	work	orders	and	be	able	to	see	the
ongoing	status	(hopefully	online	and	in	real	time).

8.	Other	key	areas	during	the	review	of	work	orders	include	clearly	defining	the
scope	of	work,	as	well	as	checking	the	requested	work/priority	and	requested
completion	dates	to	see	if	they	are	realistic	and	provide	realistic	lead	times.	One
key	point	about	planning	is	that	we	must	have	lead	times.	Without	lead	times,
everything	is	unplanned	reactive	maintenance,

9.	The	planner/scheduler	makes	sure	that	accounting	codes	and	other	coding	for
chargebacks	are	correct	and	that	all	required	approvals	have	been	received.

10.	At	times,	the	planner/scheduler	may	need	to	discuss	the	details	of	the	job
with	the	person	requesting	the	job	when	appropriate.	If	a	maintenance
coordinator	is	assigned	within	each	unit	of	a	large	refinery,	then	that	person
typically	will	have	written	up	the	job	request	and	has	knowledge	of	the	location



within	the	unit	and	the	problems	to	be	repaired.	In	many	cases,	this	is	an
engineer	or	experienced	operator	who	should	be	able	to	define	complete
requirements	or	a	work	request.

11.	The	planner/scheduler	will	also	assemble	drawings,	PID	diagrams,	and	make
additional	diagrams	in	order	to	clarify	work	included	on	the	work	order.

12.	At	times,	the	work	requests	may	not	be	valid.	The	originator	should	be
questioned	and	issues	should	be	readily	resolved	with	operations.	If	issues	are
not	readily	resolved,	the	maintenance	leader	can	be	contacted	in	the	next	step
that	the	planner/scheduler	takes	for	resolution.

13.	Some	work	orders	may	require	information	from	plant	engineering,	so	the
planner	might	refer	some	work	orders	for	further	review	by	engineering.

14.	If	planned	work	orders	involve	the	participation	of	several	shops	or
functional	crews,	they	are	crossed	over	to	a	planner	in	that	area.	However,	a
single	planner/scheduler	must	plan	and	then	coordinate	various	functional	crews
with	their	respective	supervisors	during	the	scheduling	process.

15.	Planners	should	examine	jobs	to	be	done	during	the	scoping	process	and
determine	the	best	way	or	method	to	accomplish	the	work.	Planners	may	consult
with	the	requester,	maintenance	supervisors,	and	subject	matter	experts	within
the	craft	workforce.

16.	For	job	packages	for	more	complex	jobs,	the	documentation	required	may	be
much	more	than	normal.	It	may	include	blueprints,	drawings,	parts	list,	special
procedures,	or	repair	or	instructional	manuals	for	the	repair—all	that	is	needed	to
clarify	the	intent	of	the	work	order	to	the	craftsperson	doing	the	job.

17.	Planners	normally	will	identify	parts	and	materials	required.	They	may
create	the	purchase	requisition,	monitor	status	of	incoming	parts	not	in	inventory,
and	arrange	for	kitting	or	delivery	to	the	job	site,	shop,	or	secure	job	boxes	as
appropriate	throughout	the	site.

18.	Planners	should	determine	if	critical	spares/insurance	items	are	in	stock	by
verifying	availability	with	stores	or	via	direct	online	access.	Note	that	planners
are	in	an	excellent	position	to	recommend	items	to	consider	for	including	within
the	storeroom	as	critical	spares.	They	see	what	is	repetitively	coming	up	for
nonstock	item	purchasing	as	well	as	what	is	being	repaired	over	and	over	again.



Being	active	in	this	area	can	support	improving	reliability	and	uptime.

19.	A	top	priority	for	the	planner	is	ensuring	that	safety	needs	are	met	as	well	as
all	health,	safety,	security,	and	environmental	issues.

20.	For	reliable	estimations,	the	sequence	of	job	steps	should	be	well	defined	and
come	from	doing	a	good	scope	of	work.	Also,	for	each	step,	the	number	of
technicians	that	were	required,	man-hours	for	each	step,	and	total	duration	of	the
job	should	be	established.	A	parts	list	should	be	developed,	along	with	any
special	tools	or	equipment	that	might	be	needed.

21.	A	reliable	method	to	estimate	times	for	scheduling	must	be	in	place.	The
Maintenance	Excellence	Institute	International	highly	recommends	use	of	the
ACE	(A	Consensus	of	Experts)	team	benchmarking	process.	This	method	is
based	on	the	slotting	concept	but	uses	a	consensus	of	experts	via	a	cross-
functional	team	to	analyze	benchmark	jobs	(for	wrench	time),	which	then	are
used	in	slotting	with	site-specific	allowances	added	to	determine	a	reliable	time
scheduling	purposes.	More	details	for	applying	the	ACE	team	process	are
provided	in	Chapter	15.

22.	Cost	estimates	may	be	required	for	selected	jobs,	including	direct	labor	costs,
material	costs,	and	rental	equipment	costs,	to	reach	a	total	estimated	cost.	As
discussed	previously,	one	good	performance	metric	is	to	establish	a	reasonable
cost	variance,	typically	from	5%	to	10%.	My	philosophy	has	always	been	to
measure	contractors	just	as	we	measure	our	in-house	craft	personnel	related	to
costs	and	productivity.	Therefore,	an	extreme	cost	variance	by	a	contractor	may
become	obvious	early	on	before	the	total	cost	has	exceeded	all	expectations	and
it	is	too	late	to	make	adjustments.	Planners	should	be	accountable	for	cost
estimates	that	they	make,	and	project	engineers	should	be	accountable	for	their
cost	estimates	as	well.

23.	Maintaining	the	total	maintenance	requirements	in	the	form	of	backlog	is	a
critical	role	of	the	planner/scheduler.	This	is	a	backlog	file	of	work	orders
waiting	for	scheduling	in	accordance	with	their	priority	limits	with	an	estimated
date	for	completion.	Work	orders	without	parts	in	hand	are	never	ever	included
on	a	weekly	schedule.	Proactive	planning	occurs	when	a	part	comes	in,	the
equipment	is	made	available,	and	the	repair	is	made	with	the	needed	parts.

24.	The	total	maintenance	requirement	backlog	consists	of	total	backlog	plus



ready	backlog.	It	should	be	accurate	and	readily	available	for	the	maintenance
leader	to	see	and	to	brief	top	leaders	on	staffing	needs,	use	of	overtime,	and	work
that	can	be	referred	until	shutdown	occurs.	However,	deferred	maintenance
needing	immediate	attention	that	will	be	of	greater	cost	if	left	unrepaired	should
be	reported	to	top	leaders	at	every	opportunity.

25.	Based	upon	approved	schedules,	the	planner	assembles	all	relevant	work
orders	plus	supporting	documents	for	the	area	supervisors.	At	this	time,	any
planning/job	packages	are	discussed,	along	with	any	special	instructions	or
considerations	to	be	observed	in	the	execution	of	the	job.	Any	new	upcoming
jobs	are	also	reviewed.	All	work	orders,	including	emergencies	for	tracking
purposes,	come	through	the	planner.

26.	Follow-up	to	progress	being	made	on	the	current	schedule	is	important	and
can	come	from	a	number	of	sources.	The	key	source	is	from	the	maintenance
supervisor	who	monitors	order	progress	and	provides	feedback	to	the	planner.
The	planner	then	carefully	reviews	the	completed	schedule	and	corresponding
work	orders.	If	real-time	labor	reporting	is	being	done	for	a	big	job,	then	good
visibility	of	status	is	available.	In	this	case,	the	planner,	supervisor,	and	person
requesting	the	job	can	track	hours	spent	versus	hours	planned	for	a	status.
However,	it	is	the	supervisor’s	responsibility	to	inform	the	planner	or	customer
of	the	true	job	status.	With	staffing	adjustments,	the	supervisor	may	bring	a	job
back	on	schedule.	For	jobs	that	will	not	meet	their	scheduled	completion	times,
the	supervisor	must	notify	both	the	planner	and	the	customer.

27.	Based	on	current	control	procedures,	the	planner	provides	a	final	review	of
work	orders	and	administrative	support	performs	the	final	closeout	in	the	CMMS
(computerized	maintenance	management	system)	system.	This	is	an	important
step	toward	work	order	closure,	allowing	the	planner	to	ensure	that	key
information	is	accurately	charged	to	the	work	order,	such	as	valid	work
completion,	cause	of	failure,	failure	codes,	and	craft	time.

28.	Selected	jobs	may	be	charged	to	standing	work	orders/blanket	work	orders
for	minor	repairs	or	for	asset	logbook-type	jobs.	The	planner	needs	to	be	kept
advised	as	to	the	status	of	these	jobs.	Generally,	they	are	closed	out	monthly	and
reported,	with	a	new	blanket	order	created	for	the	next	month’s	work	with	this
type	of	general-purpose	work	order.	Note	that	troubleshooting	is	an	important
skill.	It	can	often	be	scheduled	by	a	planner	needing	the	true	scope	of	work	that
is	not	visible	until	the	item	is	disassembled	and	parts	for	replacement	are



determined.	My	recommendation	is	to	consider	this	time	as	wrench	time	and
track	it	as	a	work	type	if	need	be.	This	is	also	an	area	for	additional	training	to
ensure	systematic	troubleshooting	practices	are	used	by	all.	There	are	a	number
of	technical	training	companies	that	offer	both	electrical	and	mechanical
troubleshooting	courses.

29.	Where	there	are	multiple	planners	across	a	large	site,	each	planner	must
ensure	that	they	coordinate	complex	multiskilled	jobs	with	the	applicable	shops
served	by	other	planners.

30.	Planners	should	schedule	other	weekly	meetings	with	operations	supervisors
and	maintenance	supervisors	who	work	in	relevant	areas	regarding	facilities	or
equipment	to	be	maintained	and	work	requests	generated.

31.	A	skilled	planner	can	make	excellent	recommendations	to	the	operations
team	related	to	long-term	maintenance	needs.	In	collaboration	with	production,
the	planner	can	prepare	a	weekly	or	monthly	forecast	of	work	expected	to	be
scheduled.	At	times,	the	planner	may	solicit	relatively	simple	corrective
maintenance	in	order	to	avoid	major	repairs	at	a	later	date.	As	we	discussed
previously,	finding	small	repairable	items	from	PM	tasks,	which	can	be	planned
and	scheduled	before	a	catastrophic	failure,	provides	direct	cost	avoidance	and
return	on	investments	for	PM	and	PdM.	It	is	a	good	rule	of	thumb	to	track	these
work	types	with	a	separate	repair	type	code,	showing	jobs	that	were	generated	as
a	result	of	PM/PdM.	Even	better	is	when	the	planner	can	extract	related	actual
repair	costs	to	projected	costs	of	a	catastrophic	failure.

32.	Planners	should	always	maintain	part	of	their	ready	backlog	that	can	be
scheduled	when	windows	of	opportunity	occur	as	equipment	is	not	being	used
for	any	reason.

33.	When	the	ready	backlog	has	all	the	resources	necessary	to	schedule,	the
planner	can	file	these	by	supervisor	and	by	completion	date.	This	can	be	readily
accomplished	by	a	computerized	system	to	include	visibility	to	the	requester
with	regard	to	their	specific	work	requests	(now	the	form	of	work	orders),	status
of	work	orders	on	the	schedule,	and	completed	work	orders	in	their	respective
areas.	However,	the	planner	maintains	the	master	backlog	summary,	which	must
be	accurate	and	define	all	completed	jobs	without	delay,	jobs	that	are
questionable,	backlog	status,	and	estimated	times,	especially	for	current	backlog
jobs	ready	for	scheduling.



34.	After	the	job	is	fully	planned,	with	man-hours	and	job	duration	established,
the	planner	verifies	the	availability	of	parts	material	and	any	special	tools	prior
to	scheduling.	Always	remember	that	a	job	does	not	appear	on	a	schedule	unless
all	parts,	materials,	and	special	tools/equipment	are	available.

35.	With	regards	to	PM/PdM,	the	planner	should	have	knowledge	of	required
resources	within	each	department	and	attempt	to	level	load	this	type	of	work	to
ensure	that	all	annual	PMs	are	spread	out	across	the	year	and	do	not	all	come	at
the	same	time.

36.	As	a	schedule	is	being	firmed	up	for	the	next	week,	generally	the	planner
will	convene	a	scheduling	meeting	during	the	last	days	of	the	current	week.
Typically,	the	day	may	be	Thursday	(or	Wednesday	in	the	Middle	East,	where
there	is	a	Sunday	to	Thursday	work	week).	At	times,	this	may	include	planner
participation	as	part	of	a	regularly	scheduled	production/operations	review
meeting,	with	the	planner	scheduled	on	the	agenda	to	review	next	week’s
schedule.	It	is	at	these	scheduling	meetings	that	commitment	is	gained	for
equipment	to	be	available	for	PMs	and	other	scheduled	repairs.	It	is	a	good
practice	to	have	operations	agree	and	formally	sign	off	on	next	week’s	schedule.

37.	For	a	continuous	process	operation,	such	as	a	refinery,	gas	plant,	or
petrochemical	operation	running	24/7,	much	can	occur	on	Friday.	Saturday,	and
Sunday	if	the	scheduling	meeting	is	held	on	Thursday	afternoon,	for	example.
Therefore,	work	generated	after	the	schedule	is	put	in	place	must	be	viewed	in
terms	of	priority.	Whether	or	not	it	should	be	added	to	the	schedule	can	be
finalized	after	the	weekend.

38.	It	is	highly	recommended	that	the	first	day	of	the	scheduled	week	be	as
firmly	established	as	is	possible.

39.	If	anything	is	rigidly	flexible,	it	must	be	the	weekly	schedule.	Best	practice	is
for	operations	to	approve	any	break	in	an	established	schedule	by	signing	off	at
the	scheduling	meeting.	As	stated	previously,	critical	spares	coming	in	during	the
schedule	week	that	can	be	used	for	critical	equipment	repair	are	coordinated	with
operations,	equipment	is	made	available,	and	repairs	are	made	by	adjusting
lesser	priority	items	on	the	schedule.	Again,	this	is	very	proactive	planning
process	that	does	count	toward	customer	service	(i.e.,	schedule	compliance).

40.	As	a	planner	begins	to	develop	a	schedule,	craft	labor	availability	must	be



known	on	a	daily	basis.	It	is	generally	a	supervisor’s	responsibility	to	let	the
planner	know	about	planned	vacations	and	sick	leave.	This	affects	the	labor
resources	that	are	available	on	a	daily	basis	during	the	weekly	schedule.

41.	When	developing	a	schedule,	the	planner	considers	the	ready	backlog	in	each
supervisor’s	area	and/or	trade	group.	At	this	point,	the	planner	must	match	labor
requirements	with	labor	availability	and	take	into	account	any	carryover	work
from	the	previous	week’s	schedule.	All	known	skill	requirements	are
determined,	and	one	planner	may	need	to	make	arrangements	with	other
planners.	For	example,	a	job	such	as	on-site	fabrication	with	welding	may	come
from	coordination	with	a	central	shop	planner.	The	planner	may	also	have
visibility	across	a	number	of	shops,	monitoring	backlog	and	seeing	differences	in
workloads.	Therefore,	it	is	recommended	that	craft	resources	be	cross-leveled	to
accomplish	work	in	areas	with	greater	backlog.

42.	At	times,	there	may	be	special	skills	involved	that	require	planner	knowledge
of	the	workforce	to	designate	specific	crafts	resources	to	these	type	of	jobs.
Normally,	this	is	common	knowledge	between	the	planner	and	the	supervisor.
Nonetheless,	the	planner	coordinates	with	the	supervisor	so	that	specific
individuals	can	be	assigned	with	the	technical	skills	needed	for	a	particular	job.

43.	While	planners	do	not	actually	assign	crafts	to	specific	jobs,	they	allocate
and	coordinate	these	requirements	through	a	maintenance	supervisor	and,	in
some	cases,	the	maintenance	leader.

44.	When	selecting	jobs	for	scheduling,	the	planner	strives	to	meet	the	deadlines
established	by	the	requesting	department	while	maintaining	the	preventive
maintenance	schedule.	This	is	essential.	If	any	work	orders	cannot	be	scheduled
within	the	requested	priority	lead	time,	the	department	management	and	the
requester	should	be	given	prompt	notification	so	that	appropriate	actions	can	be
taken	to	get	the	work	done	in	a	satisfactory	and	timely	manner.	Here	is	where
our	organizational	structure,	with	the	planner	as	the	direct	liaison,	comes	into
effect	by	creating	close	communications	when	schedule	complete	dates	cannot
be	met	or	equipment	may	not	be	released	for	repairs.

45.	As	discussed,	the	planner	attends	meetings	with	the	operations	planning
department	and	participates	actively	in	the	overall	plant	scheduling	for	the
following	week’s	work.	Here,	the	planner	negotiates	downtime	during	which
preventive	or	corrective	repair	can	be	performed.	At	this	point,	the	next	week’s



schedule	can	be	finalized	to	ensure	that	scheduled	work	balances	with	the	labor
resources	available	so	that	a	full	day’s	work	is	provided	for	each	person.	This
relates	directly	to	a	term	I	first	heard	from	George	Smith:	“keep	a	half	a	day
ahead”	(KAHADA).	In	general,	this	is	accomplished	via	the	supervisor.	It	can	be
as	simple	as	putting	in	work	orders	and	a	slot	for	each	craftsperson	or	as
sophisticated	as	wireless	communication	of	work	orders	to	a	handheld	device
used	by	the	craftsperson	for	work	orders	and	time	reporting,	as	we	discuss	in
Chapter	6.

46.	Why	is	the	KAHADA	system	a	good	thing	to	practice?	It	like	knowing	who
your	next	opponent	is	for	a	game	in	sports.	It	gives	you	time	to	have	a	mental
picture	and	think	about	the	first	job	tomorrow	morning—to	get	psyched	up,	so	to
speak.	On	the	other	hand,	if	the	job	looks	to	be	tough,	then	a	person	might
decide	to	take	a	vacation	day—not	really!	Most	maintenance	people	welcome	a
challenge,	so	KAHADA	helps	them	while	allowing	the	storeroom	to	have	the
right	parts	and	the	planner	and	supervisor	to	avoid	a	hectic	shift	startup.

47.	One	area	directly	related	to	reliability	is	for	the	planner	to	recommend
equipment	that	might	be	included	within	the	preventive	maintenance	program.
Also,	the	practice	of	continuous	renewal	of	work	orders	should	be	taken	from
feedback	as	the	craft	workforce	completes	each	PM/PdM	task.	Here,	the	planner
can	help	encourage	craftspeople	to	make	recommended	changes	and	have	the
major	responsibility	for	updating	PM/PdM	task	descriptions,	frequencies,	and
estimated	times.

48.	The	planning	and	scheduling	of	PMs	must	be	coordinated	with	operations
and	maintenance	supervisors.	There	must	be	a	well-defined	timeframe	for
completion	of	each	PM	on	the	schedule.	Normally,	PM	compliance	is	calculated
on	a	monthly	basis;	however,	PMs	should	be	released	on	a	weekly	basis.	This
helps	to	eliminate	last-minute	completions	at	the	end	of	the	month.	This	method
establishes	a	sense	of	discipline	so	that	PMs	are	scheduled	on	a	weekly	basis	and
hopefully	completed	on	a	weekly	basis,	depending	on	the	equipment	availability.
PdM	that	can	be	performed	with	the	equipment	running	is	ideal.	This	can	be
done	by	an	individual	with,	for	example,	a	vibration	monitoring	device,	infrared
device,	or	by	continuous	monitoring	via	wireless	communications	to	the	plant’s
control	center.

49.	With	regard	to	man-hours	required	for	a	PM	or	PdM	program,	it	is	always
good	for	the	planners	to	know	the	total	equivalent	man-hours	required	to	achieve



100%	PM	compliance.	This	can	be	done	when	reliable	estimates	are	in	place,
simply	by	calculating	the	number	of	occurrences	per	year	for	weekly,	monthly,
semiannual,	and	annual	requirements	to	get	the	total	man-hours	required,	then
dividing	by	average	man-hours	worked	per	year	by	a	craft	position.	Figure	7.1
provides	a	structure	for	determining	the	equivalent	number	of	craftspeople
required	for	100%	PM/PdM	compliance.

				Top	leaders	must	clearly	understand	the	resources	needed	for	an	effective
PM/PdM	program	that	achieves	100%	compliance	to	existing	tasks.	I	have	seen
some	organizations	complete	project	work	to	the	point	that	PMs	were	being
almost	totally	neglected.	If	all	PMs	have	estimated	times	and	frequencies,	this
calculation	is	very	straightforward	to	compile	from	the	PM	task	database.	Often,
a	trained	planner	can	do	it	with	just	Microsoft	Excel	or	Crystal	Reports.	Also,
with	SAP	Business	Objects	Analysis	edition	for	Microsoft	Office,	it	is	to	easy
analyze,	digest,	and	share	data	from	multidimensional	sources	in	a	Microsoft
Office	environment	and	use	powerful	analytics	to	discover,	compare,	and
forecast	business	drivers	in	Excel.	SAP	Crystal	Reports	that	produces	clear	and
customizable	reports	for	all	types	of	business	insight	that	are	easy	to	understand
and	act	upon,	delivered	upon	demand.





Figure	7.1			A	method	for	defining	total	staffing	requirements	for	PM/PdM
needs.

50.	Just	as	planners	can	support	reliability	improvement,	they	can	also	review
with	the	maintenance	supervisors	the	actual	hours	required	versus	estimated
labor	and	material	used	for	completed	jobs.	This	may	be	in	order	to	determine
any	corrective	action	needed	to	improve	the	accuracy	of	estimating	and	for
improving	methods	of	doing	work.

51.	Planners	can	assist	maintenance	and	operations	management	with	periodic
reviews	of	cost	and	where	recommended	corrective	actions	are	needed	to	reduce
maintenance	costs.	Planners	are	in	an	excellent	position	to	see	this	type	of
information	as	it	comes	through	via	the	completed	work	orders.

52.	Another	important	responsibility	of	the	planner	is	to	keep	the	maintenance
leader	properly	informed	on	all	abnormal	or	critical	situations	and	to	seek	advice
on	matters	outside	the	planner’s	knowledge	or	authority.	The	planner	should
have	the	knowledge	to	make	suggested	improvements	to	the	planning	and
scheduling	process	and	other	areas	within	maintenance,	even	some	denoted	from
the	Scoreboard	for	Maintenance	Excellence.	As	stated	in	Chapter	5,	the	planner
should	be	able	to	see	the	big	picture	across	his	or	her	total	maintenance	operation
regarding	best	practices	that	could	help	their	own	organizations.

53.	Another	important	database	that	the	planner	develops	is	the	file	of	standard
work	orders	for	job	plans.	These	are	regularly	occurring	repair	jobs	seen	from
history	that	can	simplify	the	planning	process	by	these	jobs	becoming	templates
for	other	jobs.

54.	A	file	of	job	packages	for	major	jobs	also	may	include	templates	taken	from
previously	performed	job	plans.	Therefore,	maintaining	a	good	record	and	file	of
job	packages	is	also	important	for	the	planner,	along	with	other	records,	files,
and	reports,	to	include	preparation	and	distribution	of	meaningful	and	accurate
control	reports,	such	as	The	Reliable	Maintenance	Excellence	Index.

55.	This	position	also	has	the	responsibility	of	performing	other	tasks	and	special
assignments	as	needed	by	the	maintenance	leader.



B.	Summary	of	Position	Goals	and	Relationships:	The	primary	goals	of	the
planner/scheduler	can	be	summarized	as	follows:

1.	Ensuring	that	the	production/operations	areas	are	served	and	receive	prompt
efficient	and	quality	service	from	the	maintenance	function,	which	operates	at	a
high	level	of	productivity

2.	Ensuring	that	the	maintenance	function	is	given	every	opportunity	to	provide
production/operations	with	the	service	that	it	requires

3.	Accurately	defining	and	providing	reliable	estimates	for	work	requests

4.	Properly	preparing	schedules	and	distributing	them	along	with	other
meaningful	control	reports.

Relationships:	The	maintenance	planner/scheduler	coordinates	with	many	areas
within	a	plant.	While	reporting	to	the	maintenance	leader,	this	position	works
closely	with	maintenance	supervisors,	operational	supervisors,	stores,	and
procurement	personnel,	and	maintains	good	working	relationships	with	all	other
organizational	units	within	the	plant.

C.	Selection	Criteria:	Requirements	and	Qualifications:	The	selection	of	the	right
person	for	a	planner/scheduler	position	is	an	important	decision	process.	Ideally,
the	following	areas	should	be	a	part	of	the	position	requirements	and
qualifications:

1.	It	is	necessary	to	have	a	mechanical/electrical	background,	with	technical
school	training	desired.

2.	This	position	should	have	adequate	trade	knowledge	to	establish	reliable
estimated	labor	hours	and	materials	as	well	as	to	visualize	the	job	to	be
performed.	Proper	scoping	of	the	work	will	ensure	that	the	required	job	tasks	are
considered.

3.	Good	communication	skills	by	oral/written	means	are	very	desirable	and
critical	to	the	success	of	a	planner/scheduler.

4.	At	all	times,	the	planner/scheduler	should	display	a	high	degree	of	respect	for
and	be	able	to	tactfully	deal	with	both	senior	and	subordinate	employees.



5.	This	position	must	have	the	ability	and	willingness	to	handle	and	organize
various	types	of	paperwork	and	have	higher	than	average	administrative	and
mathematical	skills.

6.	Planners	in	today’s	modern	technology	world	must	have	or	acquire	a	good
knowledge	of	personal	computers	and	possess	reasonable	data	entry	and	typing
skills.

7.	Planning	and	organizational	skills	must	be	well	developed	or	acquired	via
concentrated	formal	and	informal	training.

8.	Planners/schedulers	must	be	the	champions	of	a	proactive	maintenance
strategy	as	they	are	the	cornerstone	for	the	overall	improvement	process	within
maintenance.

9.	Good	work	instructions	must	be	understood	and	developed	by
planners/schedulers	who	know	and	understand	what	good	work	instructions	are.

10.	The	ability	to	read	and	understand	blueprints	and	shop	drawings	is	a
necessary	skill.

11.	In	turn,	planners/schedulers	should	be	able	to	produce	easily	understood
sketches,	etc.,	that	can	clarify	work	instructions	when	needed.

12.	Planners/schedulers	must	thoroughly	understand	the	overall	work
management	process,	including	the	use	of	work	orders,	priorities,	planning
methods,	scheduling	techniques,	etc.

13.	The	ability	to	monitor	multiple	jobs	in	a	controlled	situation	while
simultaneously	considering	new	jobs	coming	in	and	closing	out	completed	jobs
is	needed.

14.	The	planner/scheduler	must	gain	the	respect	of	his	or	her	peers,	have	tough
skin	during	tough	times,	and	be	able	to	function	well	under	pressure.

15.	Maintenance	at	times	can	be	in	a	state	of	chaos.	Planner/schedulers	in	turn
must	be	able	to	bring	order	to	the	situation	at	hand.

16.	Planners/schedulers	must	always	Remember	Who	They	Work	For?—the
customer	of	maintenance	working	with	a	mindset	and	commitment	to	good



customer	service.

17.	They	must	possess	a	personal	leadership	style	and	a	demonstrated	level	of
capability	that	will	gain	respect	from	within	both	maintenance	and	the
production	operations.

18.	Lastly,	they	must	enjoy	their	work,	have	fun,	and	always	demonstrate	a
philosophy	of	positive	expectations	during	all	encounters	with	maintenance	staff.

Summary:	Planners/schedulers	should	always	remember	that	they	were	selected
for	a	very	important	purpose.	Often,	they	may	be	near	the	pay	level	of	a
maintenance	supervisor	or	foreman.	We	have	just	seen	the	extensive	list	of	roles
and	responsibilities	each	person	in	this	position	is	expected	to	fill.	New	or
current	planners/schedulers	must	realize	the	importance	of	their	position	and
what	they	can	do	to	improve	the	productivity	of	both	people	and	physical	assets.
This	position	is	an	excellent	steppingstone	to	greater	responsibilities.	I	have	seen
this	happen	firsthand	with	the	planners	we	recruited,	selected,	and	trained	from
65	mechanics	who	became	service	managers	within	the	North	Carolina
Department	of	Transportation.	All	of	them	became	either	a	division
superintendent,	an	equipment	inspector,	or	a	shop	supervisor.
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Planner	Review	of	the	Maintenance	Business	System
—Your	CMMS-EAM	System

Abstract

This	chapter	introduces	the	CMMS	Benchmarking	System	as	the	second
benchmarking	tool	and	the	improvement	process	that	the	planner	or	others	can
take	to	gain	better	use	of	your	CMMS	and	information	technology	for
maintenance.	This	benchmarking	tool	is	introduced	as	a	means	to	help	the
planner/scheduler	evaluate	the	effectiveness	of	their	current	CMMS,	to	define
functional	gaps,	and	to	define	how	to	enhance	current	use	or	to	help	upgrade
functional	gaps.	It	is	also	a	methodology	to	help	develop	and	justify	a	CMMS
replacement	strategy	where	many	existing	planners	can	play	a	critical	role.	It
includes	50	evaluation	criteria	to	help	gain	maximum	value	from	an	existing
CMMS	system.
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integrity;	Data	migration;	Deferred	maintenance;	Life
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Planners	today	very	seldom	operate	without	a	computerized	maintenance
management	system	(CMMS),	which	I	like	to	refer	to	as	the	maintenance
business	management	system.	With	a	payroll	module	plus	purchase	order
creation,	it	could	fit	that	purpose.	This	chapter	introduces	the	CMMS
Benchmarking	System	as	the	second	benchmarking	tool	and	the	improvement
process	the	planner	or	others	can	take	to	gain	better	use	of	your	CMMS	and
information	technology	for	maintenance.	This	benchmarking	tool	is	introduced
as	a	means	to	help	the	planner/scheduler	evaluate	the	effectiveness	of	their
current	CMMS,	to	define	functional	gaps,	and	to	define	how	to	enhance	current
use	or	to	help	upgrade	functional	gaps.	It	is	also	a	methodology	to	help	develop
and	justify	a	CMMS	replacement	strategy	where	many	existing	planners	can
play	a	critical	role.

Often	this	is	the	data	migration	from	a	stand	alone	system	into	an	enterprise	asset
management	(EAM)	system	such	as	SAP,	JD	Edwards	One	World,	and	others.
Often	a	change	provides	a	company	with	a	chance	to	get	it	right	the	second	time.
It	has	been	said	many	times	that	computerizing	a	bad	process	workflow	and
procedures	only	increases	the	magnitude	of	the	problem.	Therefore,	the	key	to
successful	implementation	is	to	ensure	the	correct	best	practices	are	in	place
such	as	planning	and	scheduling,	and	a	good	preventive	and	predictive
maintenance	(PM/PdM)	program	and	well-planned	storeroom	and	parts
inventory	is	in	place.	In	the	1980s,	I	developed	this	from	a	concept	used	by	the
late	Oliver	Wight,	the	guru	for	materials	requirements	planning	(MRP	II)	for
shop	floor	production	control	systems	that	were	emerging.	Our	plant	was	the
pilot	for	all	of	Cooper	Industries	divisions	and	plants.	A	little	background	from
Oliver	Wight	International	would	be	very	appropriate	here	on	your	journey
toward	maintenance	excellence.

Journey	to	Business	Excellence.



The	journey	to	excellence	is	never	ending.	It	encompasses	every	part	and	every
process	in	your	company.	The	will	to	sustain	such	a	journey	depends	on	visible
results	delivered	continually	to	all	your	stakeholders.	For	this	reason,	the	journey
begins	with	short	projects	that	produce	results	quickly	and	grows	into	a	longer
business	improvement	program	that	assures	success	in	the	future.

How	do	you	measure	your	progress?	The	Oliver	Wight	Business	Maturity	Map
enables	you	to	understand	the	maturity	of	your	business	and	the	projects	within
your	business	improvement	program	that	will	deliver	the	best	real	gain	now.	This
is	addressed	in	Oliver	Wight	education,	which	is	arranged	both	publicly	and
privately	in	all	parts	of	the	world.





Is	the	journey	worth	the	effort?	Only	the	excellent	companies	consistently	win	in
business,	and	the	standard	of	excellence	is	raised	every	day	as	customers	expect
more	value	and	shareholders	expect	more	return.	An	excellence	program	unites
your	people,	your	customers,	and	your	suppliers	by	engaging	them	in	a	common
set	of	goals,	and	achieves	a	pace	of	change	to	outperform	competition	and
differentiate	your	company	in	the	marketplace.

“Our	new	Sixth	Edition	Class	A	Checklist	excellence	standard	will	be	more
demanding	upon	companies	and	may	require	a	longer	period	of	improvement.
These	higher	standards	reflect	the	realities	of	today’s	increasingly	competitive
markets.	While	the	journey	may	be	long,	the	rewards	arrive	relatively	quickly.
You	can	expect	that	each	project	within	your	business	improvement	program
will	offer	significant	and	sustainable	benefits	with	rapid	payback	to	your
business.	I	encourage	you	to	sign	up	for	their	site	and	use	the	excellent	free
knowledge	base	of	manufacturing	info	available	at
http://www.oliverwight.com/checklist.htm.	The	Checklist	raises	the	standard	of
demonstrated	superior	business	performance	to	qualify	for	the	coveted	Class	A
award.	No	longer	an	MRP	checklist	or	a	manufacturing	excellence	standard,	the
Sixth	Edition	Checklist	is	a	standard	of	excellence	for	all	businesses.	Take	up	the
challenge	and	begin	a	journey	to	Class	A	with	Oliver	Wight	International,	and
use	the	Scoreboard	and	CMMS	benchmarking	for	your	journey	to	maintenance.

The	CMMS	Benchmarking	System	has	nine	benchmark	categories	and	50
benchmark	items,	is	easily	adaptable,	and	can	be	specifically	tailored	to	all
CMMS	systems	for	their	intended	application	and	operating	context.	The
CMMS	system	is	an	internal	benchmarking	tool	like	the	Scoreboard	that	is
becoming	a	model	process	for	benchmarking	effective	use	of	CMMS.	It	is
designed	as	a	methodology	for	developing	a	benchmark	rating	of	your	current
CMMS	into	four	classifications	(Class	A,	B,	C,	or	D)	to	determine	how	well	this
tool	is	supporting	best	practices	and	the	total	maintenance	process.	It	is	not
designed	to	compare	the	functionality	of	various	CMMS	systems	nor	is	it
intended	to	compare	vendors.	The	CMMS	Benchmarking	System	provides	a
methodology	for	developing	a	benchmark	rating	of	your	existing	CMMS	to
determine	how	well	this	tool	is	supporting	best	practices	and	the	total
maintenance	process	in	all	operations,	large	or	small.







Figure	8.1			Effective	computerized	maintenance	management	system	is	key
to	continuous	reliability	improvement.

It	can	also	be	used	as	a	method	to	measure	the	future	success	and	progress	of	a
CMMS	system	implementation	that	is	now	being	installed.	Maintenance	best
practices	are	the	key	and	the	CMMS	is	the	information	technology	tool	that	links
it	all	together.	Maintenance	information	is	one	of	the	key	maintenance	resources
(Figure	8.1)	and	must	be	a	part	of	your	approach	to	continuous	reliability
improvement,	which	covers	all	six	maintenance	resources.

A	summary	of	The	CMMS	Benchmarking	System	is	shown	in	Figure	8.2	with
the	nine	assessment	categories	that	include	a	total	of	50	benchmark	items	for
benchmarking	your	CMMS	installation.	The	CMMS	Benchmarking	System
rating	scale	is	shown	in	Figure	8.3.



Conducting	the	CMMS	Benchmark	Evaluation?

The	CMMS	benchmark	evaluation	can	be	conducted	internally	by	the
planner/scheduler,	maintenance	leader,	or	via	an	internal	team	effort	of
knowledgeable	maintenance	people.	Other	options	include	using	support	from	an
independent	resource	to	provide	an	objective	maintenance	benchmarking
resource.	The	Scoreboard	for	Maintenance	Excellence™	process	in	combination
with	the	CMMS	Benchmarking	System	provides	powerful	tools	to	help	achieve
greater	value	from	all	the	six	types	of	maintenance	resources	across	all	types	of
maintenance	operations.

The	CMMS	Benchmarking	System	provides	a	means	to	evaluate	and	classify
your	current	installation	as	either	“Class	A,	B,	C	or	D.”	Nine	major	categories
are	included	along	with	50	specific	benchmark	items.	Each	benchmark	item	that
is	rated	as	being	accomplished	satisfactorily	receives	a	maximum	score	of	4
points.	If	an	area	is	currently	being	“worked	on,”	a	score	of	1,	2,	or	3	can	be
assigned	based	on	the	level	of	progress	achieved.	For	example,	if	spare	parts
inventory	accuracy	is	at	92%	compared	to	the	target	of	98%,	a	score	of	3	points
is	given.	A	maximum	of	200	points	is	possible.	A	benchmark	rating	of	“Class	A”
is	within	the	180	to	200	point	range.	The	complete	CMMS	Benchmarking
System	is	included	as	an	Appendix,	and	a	sample	is	included	below	in	Figure	8.4
for	Category	A-CMMS	Data	Integrity;	Items	#1	and	#2.





Figure	8.2			Summary—the	computerized	maintenance	management	system
(CMMS)	Benchmarking	System	best	practice	categories.





Figure	8.3			The	computerized	maintenance	management	system	(CMMS)
Benchmarking	System	rating	scale.

Developing	a	future	“Class	A”	CMMS	installation	requires	that	each
organization	start	early	in	the	implementation	phase	with	establishing	how	they
will	determine	the	overall	success	of	their	installation.	The	CMMS
Benchmarking	System	provides	the	framework	for	internal	benchmarking	of	the
CMMS	installation	as	it	matures.	It	is	recommended	that	a	team	process	be	used
for	the	CMMS	benchmarking	evaluation	and	that	it	be	included	as	part	of	the
CMMS	evaluation	team’s	initial	work.	Appendix	D	includes	a	charter	format	for
a	Leadership	Driven,	Self-Managed	Team	at	GRIDCO	Ghana	for	first
evaluating,	selecting,	and	implementing	CMMS	with	concurrent	best	practices
of	which	planning	and	scheduling	was	a	critical	need	across	all	six	regions	of
Ghana’s	power	transmission	grid.





Figure	8.4			Example	Category	A—computerized	maintenance	management
system	(CMMS)	data	integrity	from	the	CMMS	Benchmarking	System

Establishing	a	“Class	A”	CMMS	requires	that	a	number	of	key	databases	be
established	and	that	a	number	of	maintenance	best	practices	be	in	place.	Data
integrity,	accuracy,	and	continuous	maintenance	of	the	key	databases	provide	the
foundation	for	a	“Class	A”	CMMS	installation.	There	are	a	number	of	other
factors	related	to	the	CMMS	and	to	maintenance	best	practices	that	in
combination	produce	a	future	“Class	A”	installation.

We	will	now	review	each	of	the	nine	major	categories	from	the	CMMS
Benchmarking	System	and	provide	key	recommendations	and	examples	for	each
of	the	50	benchmark	items	to	get	your	CMMS	implementation	started	on	the
right	track	from	day	one.

A.	Computerized	maintenance	management	system
data	integrity

1.	Equipment	(asset)	history	data	complete	and	accuracy	98%	or	better

2.	Spare	parts	inventory	master	record	accuracy	98%	or	better

3.	Bill	of	materials	for	critical	equipment	includes	listing	of	critical	spare	parts

4.	Preventive	maintenance	tasks/frequencies	data	complete	for	95%	of	applicable
assets

5.	Direct	responsibilities	for	maintaining	parts	inventory	database	are	assigned

6.	Direct	responsibilities	for	maintaining	equipment/asset	database	are	assigned



1.	Accuracy	of	equipment	history	database:	The	equipment	database	represents
one	of	the	essential	databases	that	must	be	developed	or	updated	as	part	of
implementing	a	new	CMMS.	It	requires	that	a	complete	review	of	all	equipment
be	made	to	include	all	parent/child	systems	and	subsystems	that	will	be	tracked
for	costs,	repairs	performed,	etc.	The	work	to	develop	or	update	this	database
should	begin	as	soon	as	possible	after	the	data	structure	of	the	equipment	master
file	for	the	new	CMMS	is	known.	A	number	of	examples	from	a	refinery’s	use	of
SAP	are	included.





				The	equipment	master	information	for	a	piece	of	equipment	(parent/child),
manufacturer,	serial	number,	equipment	specs,	and	location	will	all	need	to	be
established.	If	the	installation	and	removal	of	components	within	certain	process
type	operations	requires	tracking	by	serial	number	and	compliance	to	process
safety	management	requirements,	these	equipment	items	will	have	to	be
designated	in	the	equipment	database.

				If	an	equipment	database	exists	as	part	of	an	old	CMMS,	now	is	the	time	to
review	the	accuracy	of	the	old	equipment	database	prior	to	conversion	to	the
new	system.	Conversion	of	the	new	equipment	master	database	into	the	new
system	should	be	done	only	after	a	thorough	and	complete	update	of	the	old
database	has	occurred.	Once	the	new	equipment	master	database	has	been
converted	to	the	new	CMMS,	a	process	to	maintain	it	at	an	accuracy	level	of
98%	or	above	should	be	established.





























2.	Accuracy	of	spare	parts	database:	The	spare	parts	database	represents	another
key	database	that	must	be	developed	or	updated	as	part	of	implementing	a	new
CMMS.	For	operations	not	having	a	parts	inventory	system,	this	will	require
doing	a	complete	physical	inventory	of	spare	parts	and	materials.	All	inventory
master	record	data	for	each	item	will	need	to	be	developed	based	on	the
inventory	master	record	structure	for	the	new	CMMS	and	loaded	directly	to	the
inventory	module.





				Operations	that	have	an	existing	spare	parts	database	should	take	the	time	to
do	a	complete	review	of	it	prior	to	conversion.	Typically,	this	will	allow	for
purging	the	database	of	obsolete	parts	and	doing	a	complete	review	of	the
inventory	master	record	data.	This	can	be	a	very	time-consuming	process,	but	it
allows	the	operation	an	excellent	opportunity	to	revise	part	descriptions,	review
safety	stock	levels,	reorder	points	and	vendor	data,	and	start	the	new	CMMS
with	an	accurate	parts	inventory	database.









3.	Bill	of	materials:	One	key	functional	capability	of	CMMS	is	to	provide	a
spare	parts	listing	(bill	of	materials)	within	the	equipment	module.	This	requires
researching	where	spare	parts	are	used	and	linking	inventory	records	with
equipment	master	records	that	are	component	parts	of	an	equipment	asset.	This
function	would	also	add,	change,	or	delete	items	from	an	established	spares	list
or	copy	a	spares	list	to	another	equipment	master	record.	In	addition,	this	feature
would	copy	all	or	part	of	a	spares	list	to	a	work	order	job	plan	and	create	a	parts
requisition	or	pick	list	to	the	storeroom.





				The	process	of	establishing	a	spares	list	is	time-consuming	and	would	involve
only	major	spares	that	are	currently	carried	in	stock.	Most	CMMS	systems	have
the	capability	to	build	the	spare	parts	list	as	items	are	issued	to	or	purchased	for	a
piece	of	equipment.	It	is	recommended	that	equipment	bill	of	materials	be
established,	but	the	conversion	of	equipment	master	data	can	take	place	without
this	information	being	available.	Because	bill	of	materials	for	spare	parts	is	so
beneficial	for	planning	purposes,	it	is	recommended	that	the	process	to	identify
and	code	key	critical	spares	in	the	equipment	master	database	be	a	priority	to
complete.

4.	PM	tasks/frequencies:	The	PM/PdM	database	is	another	key	database
necessary	for	establishing	a	“Class	A”	installation.	If	a	current	PM/PdM
database	is	present,	it	is	recommended	that	the	existing	procedures	be	reviewed
and	updated	prior	to	conversion	to	the	new	system.	If	the	existing	PM/PdM
database	has	been	updated	continuously	on	the	old	system,	conversion	can
probably	occur	directly	from	the	old	to	the	new	PM/PdM	database;	this,
however,	will	depend	on	the	PM/PdM	database	structure	of	the	new	system.

				It	is	recommended	that	in	the	very	early	stages	of	a	new	CMMS
benchmark/selection	process,	the	status	of	the	current	PM/PdM	program	be
evaluated;	this	is	an	excellent	time	to	establish	a	team	for	applying	reliability-
centered	maintenance.	This	process	provides	the	best	maintenance	strategy	for
the	failure	within	the	equipment’s	operating	context.	If	a	process	for	the
review/update	of	PM/PdM	procedures	has	not	been	in	place,	then	it	is	very
important	to	get	something	started	as	soon	as	possible.	This	provides	an
excellent	opportunity	to	establish	a	team	of	experienced	craft	people,	engineers,
and	maintenance	supervisors	to	work	on	PM/PdM	procedures	to	review	and
update	task	descriptions,	frequencies,	and	making	sure	that	all	equipment	is
covered	by	proper	procedures.	It	is	also	a	good	idea	to	know	the	equivalent
staffing	needed	to	achieve	100%	PM	compliance.	The	format	below	is	a	good
guideline	for	a	summary	of	overall	calculations.





5.	Maintaining	parts	database:	After	a	new	CMMS	is	installed,	it	is	highly
recommended	that	one	person	be	assigned	direct	responsibility	for	maintaining
the	parts	database.	This	person	would	have	responsibility	for	making	all
additions	and	deletions	to	inventory	master	records,	changing	stock	levels,
reordering	points	and	safety	stock	levels,	and	changing	any	data	contained	in	the
inventory	master	records.	This	person	could	also	be	designated	responsibility	for
coordinating	the	development	of	the	spares	list	if	this	information	is	not
available.	This	person	would	be	responsible	for	recommending	obsolete	items
based	on	monitoring	of	usage	rates	or	due	to	equipment	being	removed	from	the
operation.	The	practice	of	having	one	primary	person	assigned	direct
responsibility	for	the	inventory	master	records	can	help	ensure	that	parts
database	accuracy	is	98%	or	greater.





6.	Maintaining	equipment	database:	It	is	also	highly	recommended	that	one
person	also	be	assigned	direct	responsibility	for	maintaining	the	equipment
database.	This	person	would	be	responsible	for	making	all	changes	to	equipment
master	records.	Information	on	new	equipment	would	come	to	this	person	for
setting	up	parent–child	relationships	of	components	in	the	equipment	master
records.	Information	on	equipment	being	removed	from	the	operation	would	also
come	to	this	person	to	delete	equipment	master	records.





				Coordination	between	this	person	and	the	person	responsible	for	the	parts
database	would	be	required	to	ensure	that	obsolete	parts	are	identified	and/or
removed	from	the	inventory	system	due	to	removal	of	equipment.

B.	Computerized	maintenance	management	system
(CMMS)	education	and	training

7.	Initial	CMMS	orientation	training	for	all	maintenance	employees

8.	An	ongoing	CMMS	training	program	for	maintenance	and	storeroom
employees

9.	Initial	CMMS	orientation	training	for	operations	employees

10.	CMMS	systems	administrator	(and	backup)	designated	and	trained

7.	Initial	CMMS	training:	One	of	biggest	roadblocks	to	an	effective	CMMS
installation	is	the	lack	of	initial	training	on	the	system.	Many	organizations	never
take	the	time	up	front	to	properly	train	their	people	on	the	system.	Shop-level
people	must	gain	confidence	in	using	the	system	for	reporting	work	order
information	and	knowing	how	to	look	up	parts	information.	The	CMMS
implementation	plan	should	include	an	adequate	level	of	actual	hands-on
training	on	the	system	for	all	maintenance	employees	prior	to	the	“go	live”	date.
It	is	important	to	invest	the	time	and	expense	to	“train	the	trainers”	who	can	in
turn	can	assist	with	the	training	back	in	the	shop.	Many	organizations	set	up
“conference	room	pilots”	where	the	CMMS	software	is	set	up	and	training
occurs	with	actual	data	using	CMMS	vendor	trainers	or	in-house	trainers.	It	is



highly	recommended	that	competency-based	training	be	conducted	so	that	each
person	can	demonstrate	competency	in	each	function	they	must	perform	on	the
system.	See	Appendix	L–An	SAP	Planner	Training	Checklist.	Planners	should
be	validated	in	their	competency	during	the	vendor	training	provided,	whether	it
is	SAP	or	any	other	system.

8.	Ongoing	CMMS	training:	The	CMMS	implementation	plan	must	consider
having	an	ongoing	training	program	for	maintenance	and	storeroom	personnel.
After	the	initial	training,	there	must	be	someone	in	the	organization	with	the
responsibility	for	ongoing	training.





				If	a	good	“trainer”	(often	the	planner	as	a	“super	user”)	has	been	developed
within	the	organization	prior	to	the	“go	live”	date,	this	person	can	be	the	key	to
future	internal	training	on	the	new	system.	Ongoing	training	can	include	one-on-
one	support	that	helps	to	follow	up	on	the	initial	training.	Note:	Very	important
in	my	opinion	and	experience	is	to	select	a	person	that	can	serve	as	a	back	up	to
the	trainer.

9.	Initial	CMMS	training	for	operations	personnel:	The	customers	of
maintenance	must	gain	a	basic	understanding	of	the	system	and	know	how	to
request	work,	check	status	of	work	requested,	and	understand	the	priority
system.	During	implementation,	operations	personnel	need	to	get	an	overview	of
how	the	total	system	will	work	and	the	specific	things	they	will	need	to	do	to
request	work.	If	the	organization	has	a	formal	planning	and	scheduling	process,
they	will	also	need	to	know	the	internal	procedures	on	how	this	will	work.

10.	CMMS	systems	administrator/backup	trained:	It	is	important	that	each	site
have	one	person	trained	and	dedicated	as	the	systems	administrator	with	a
backup	trained	whenever	possible.	Typically,	this	person	will	be	from
information	services	and	have	a	complete	knowledge	of	system	software,
hardware,	database	structures,	interfaces	with	other	systems,	and	report	writing
capabilities.	The	systems	administrator	will	also	have	responsibility	for	direct
contact	with	the	CMMS	vendor	for	debugging	software	problems	and	for
coordinating	software	upgrades.





C.	Work	control

11.	A	work	control	function	is	established	or	a	well-defined	documented	process
is	being	used

12.	Online	work	request	(or	manual	system)	used	to	request	work	based	on
priorities

13.	Work	order	system	used	to	account	for	100%	of	all	craft	hours	available

14.	Backlog	reports	are	prepared	by	type	of	work	to	include	estimated	hours
required

15.	Well-defined	priority	system	is	established	based	on	criticality	of	equipment,
safety	factors,	cost	of	downtime,	etc.

11.	Work	control	function	established:	A	well-defined	process	for	requesting
work,	planning,	scheduling,	assigning	work,	and	closing	work	orders	should	be
established.	The	work	control	function	will	depend	on	the	size	of	the
maintenance	operation.	Work	control	may	involve	calls	coming	directly	to	a
dispatcher	who	creates	the	work	order	entry	and	forwards	the	work	order	to	a
supervisor	for	assignment.	The	work	request	could	also	be	forwarded	directly	to
an	available	crafts	person	by	the	dispatcher	for	execution	of	true	emergency
work.

				Work	control	can	also	be	where	work	requests	are	forwarded	manually	or
electronically	to	a	planner	who	goes	through	a	formal	planning	process	for
determining	scope	of	work,	craft	requirements,	and	parts	requirements	to
develop	a	schedule.	PM/PdM	work	would	be	generated	and	integrated	into	the



scheduling	process.	The	status	of	the	work	order	would	be	monitored,	which
might	be	in	progress,	awaiting	parts,	awaiting	equipment,	awaiting	craft
assignment,	or	awaiting	engineering	support,	etc.	A	work	order	backlog	would
also	be	maintained	to	provide	a	clear	picture	of	work	order	status.	Effective	work
control	provides	systematic	control	of	all	incoming	work	through	to	the	actual
closing	of	the	work	order.	The	work	control	process	should	be	documented	with
clearly	defined	written	procedures	unique	to	each	maintenance	operation.













12.	Online	work	request	based	on	priorities:	Requesting	work	online	represents
an	advanced	CMMS	functional	capability	where	the	customer	enters	the	work
request	directly	into	the	system	on	a	local	area	network	or	via	e-mail.	Online
work	requests	would	include	basic	information	about	work	required,	equipment
location,	date	work	is	to	be	completed	by,	name	of	requestor,	and	priority	of	the
work.	This	information	would	go	to	the	work	control	function	where	the	jobs
would	be	planned,	scheduled,	and	assigned	based	on	the	overall	workload.	The
requestor	would	have	the	capability	to	track	the	status	of	their	jobs	online	and
even	give	final	approval	that	the	work	was	completed	satisfactorily.





13.	Work	order	system	accounts	for	100%	of	craft	hours:	Handled	devices	can
have	a	high	return	on	investment	when	applied	to	time	reporting	to	work	orders
as	well	as	wireless	transfer	of	work	orders	to	the	crafts	person.	This	method	of
data	collection	uses	barcodes	on	work	orders,	assets,	and	on	all	parts.	All	craft
work	should	be	charged	to	a	work	order	of	some	type.	Accountability	of	labor
resources	is	an	important	part	of	managing	maintenance	as	an	internal	business.
Quick	reporting	to	standing	work	orders	can	be	established	for	jobs	of	short
duration	within	a	department	or	for	the	reporting	of	non-craft	time	such	as
meetings,	delays	in	getting	the	equipment	to	work	on,	training,	and	chasing
parts.

14.	Backlog	reports:	Maintaining	good	control	of	the	work	to	be	done	is	essential
to	the	maintenance	process.	Having	the	capability	to	visually	see	the	backlog
helps	to	effectively	plan	and	schedule	craft	resources.

The	CMMS	reporting	system	should	provide	the	capability	to	show	the	backlog
of	work	in	a	number	of	ways,	some	of	which	include:

•	By	type	of	work •	By	overdue	work	orders

•	By	craft •	By	parts	status

•	By	department •	By	priority







15.	Priority	system:	A	“Class	A”	CMMS	installation	will	have	in	place	a	priority
system	that	allows	the	most	critical	repairs	to	get	done	first.	An	effective	priority
system	adds	professionalism	to	the	maintenance	operation	and	directly	supports
effective	planning	and	scheduling.	There	are	two	basic	systems	for	establishing
priorities:

a.	Straight	numeric	–	Priority	1,	2,	3,	4,	5	etc.	where	each	priority	level	is	defined
by	a	definition,	such	as	Priority	1:	A	true	emergency	repair	that	affects	safety,
health,	or	environmental	issues.

b.	Ranking	Index	of	Maintenance	Expenditures	(RIME)	system	–	The	RIME	is	a
system	that	combines	the	criticality	index	of	the	equipment	(10	highest	to	1
lowest)	with	criticality	of	the	work	type	(10	highest	to	1	lowest	importance)	to
compute	the	RIME	priority	number.	The	RIME	priority	number	equals	the
equipment	criticality	index	multiplied	by	the	criticality	number	of	the	work	type.
Many	CMMS	systems	will	compute	the	RIME	number	when	assets	are	assigned
critical	values	and	work	types	designed	the	same	way	as	shown	below.





Ranking	Index	of	Maintenance	Expenditures

D.	Budget	and	cost	control

16.	Craft	labor,	parts,	and	vendor	support	costs	are	charged	to	work	order	and
accounted	for	in	equipment/asset	history	file

17.	Budget	status	on	maintenance	expenditures	by	operating	departments	is
available

18.	Cost	improvements	due	to	computerized	maintenance	management	system
and	best	practice	implementation	have	been	documented

19.	Deferred	maintenance	and	repairs	are	identified	to	management	during
budgeting	process

20.	Life	cycle	costing	is	supported	by	monitoring	of	repair	costs	to	replacement
value

16.	Craft	labor,	parts,	and	vendor	support	costs:	The	equipment	history	file
should	provide	the	source	of	all	costs	charged	to	the	asset.	Here	it	is	important	to
ensure	that	all	labor	is	charged	to	the	work	orders	for	each	asset	and	that	parts
are	charged	to	the	respective	work	orders.

17.	Budget	status–operating	departments:	Operating	departments	should	be	held
accountable	for	their	respective	maintenance	budgets.	With	an	effective	work
order	system	in	place	for	charging	of	all	maintenance	costs,	the	accounting



process	should	allow	for	monitoring	the	status	of	departmental	budgets.	One
recommended	practice	is	for	maintenance	to	be	established	as	a	zero-based
budget	operation	and	that	all	labor	and	parts	be	charged	back	to	the	internal
customer.	This	practice	helps	ensure	accountability	for	all	craft	time,	parts,	and
materials	to	work	orders.

18.	Cost	improvements	due	to	CMMS:	The	impact	of	a	successful	CMMS
installation	should	be	reduced	costs	and	achieving	gained	value	in	terms	of
greater	output	from	existing	resources.	The	CMMS	team	should	be	held
accountable	for	documenting	the	savings	that	are	achieved	from	the	new	CMMS
and	the	maintenance	best	practices	that	evolve.	The	areas	that	were	used	to
justify	the	CMMS	capital	investment	such	as	reduced	parts	inventory,	increased
uptime,	and	increased	craft	productivity	should	all	be	documented	to	show	that
improvements	did	occur.

19.	Deferred	maintenance	identified:	It	is	important	that	maintenance	provides
management	with	a	clear	picture	of	maintenance	requirements	that	require
funding	for	the	annual	budget.	Deferred	maintenance	on	critical	assets	can	lead
to	excessive	total	costs	and	unexpected	failures.	Benefits	from	CMMS	will
provide	improved	capability	to	document	deferred	maintenance	that	must	be
given	priority	during	the	budgeting	process	each	year.





20.	Life	cycle	costing	supported:	Complete	equipment	repair	history	provides
the	base	for	making	better	replacement	decisions.	Many	organizations	often	fail
to	have	access	to	accurate	equipment	repair	costs	to	support	effective
replacement	decisions	and	continue	to	operate	and	maintain	equipment	beyond
its	economically	useful	life.	As	a	result,	the	capital	justification	process	then
lacks	the	necessary	life	cycle	costing	information	to	support	replacement
decisions.





E.	Planning	and	scheduling

21.	A	documented	process	for	planning	and	scheduling	has	been	established

22.	The	level	of	proactive,	planned	work	is	monitored	and	documented
improvements	have	occurred

23.	Craft	utilization	(true	wrench	time)	is	measured,	and	documented
improvements	have	occurred

24.	Daily	or	weekly	work	schedules	are	available	for	planned	work

25.	Status	of	parts	on	order	is	available	for	support	to	maintenance	planning
process

26.	Scheduling	coordination	between	maintenance	and	operations	has	increased

27.	Emergency	repairs,	hours,	and	costs	are	tracked	and	analyzed	for	reduction

21.	Planning	and	scheduling:	This	maintenance	best	practice	area	is	essential	to
better	customer	service	to	operations	and	for	greater	utilization	of	craft
resources.	For	most	maintenance	operations	with	25–30	crafts	people,	a	fulltime
planner	can	be	justified.	The	CMMS	system	functionality	must	support	the
planning	process	for	control	of	work	orders,	backlog	reporting,	status	of	work
orders,	parts	status,	craft	labor	availability,	etc.	The	planning	and	scheduling
function	supports	changing	from	a	“run-to-failure	strategy”	to	one	for	proactive,
planned	maintenance.





















22.	Planned	work	increasing:	The	bottom	line	results	for	the	planning	process
are	to	actually	increase	the	level	of	planned	work.	Percent	planned	work	should
be	monitored	and	included	as	one	of	the	overall	maintenance	performance
metrics.	In	some	organizations	with	effective	PM/PdM	programs,	the	level	of
planned	work	can	be	in	the	90%	range	or	more.





23.	Craft	utilization	measured	and	improving:	Effective	planning	and	scheduling
is	essential	to	increasing	the	level	of	actual	hands-on	wrench	time	of	the	craft
workforce.	Improving	craft	utilization	allows	more	work	to	get	done	with	current
staff	by	eliminating	non-craft	activities	such	as	waiting	for	equipment,	searching
for	parts,	and	scheduling	the	right	sequence	for	different	crafts	on	the	job.





24.	Work	schedules	available:	One	key	responsibility	of	the	planning	process	is
to	establish	realistic	work	schedules	for	bringing	together	the	right	type	craft
resources,	the	parts	required,	the	equipment	to	be	repaired	or	serviced,	along
with	having	the	time	available	to	complete	the	job	right	the	first	time.	The	actual
schedule	may	only	start	with	a	one-day	schedule	and	gradually	work	up	to
scheduling	longer	periods	of	time.	Work	schedules	provide	a	very	important
customer	service	link	with	operations	that	helps	to	improve	overall	coordination
between	maintenance	and	operations.





25.	Spare	parts	status	is	available:	One	of	the	most	essential	areas	to	support
effective	planning	is	the	maintenance	storeroom	and	the	accuracy	of	the	parts
inventory	management	system.	Jobs	should	not	be	put	on	the	schedule	without
parts	being	on	hand.	The	planner	must	have	complete	visibility	of	inventory	on-
hand	balances,	parts	on	order,	and	the	capability	to	reserve	parts	for	planned
work.





26.	Scheduling	coordination	with	operations:	As	the	planning	function	develops,
there	will	be	improved	coordination	with	operations	to	develop	and	agree	upon
work	schedules.	This	may	involve	coordination	meetings	near	the	end	of	each
week	to	plan	weekend	work	or	to	schedule	major	jobs	for	the	upcoming	week.
Direct	coordination	with	operations	allows	maintenance	to	review	PM/PdM
schedules	or	to	review	jobs	where	parts	are	available	to	allow	the	job	to	be
scheduled	based	on	operations	scheduling	equipment	availability.

27.	True	emergency	repairs	tracked:	Many	organizations	really	focus	on
reducing	true	emergency	repairs	that	create	uncertainty	for	operations	scheduling
and	contribute	to	significantly	higher	total	repair	costs	than	planned	work.
Improved	reporting	capabilities	of	an	effective	CMMS	will	allow	for	better
tracking	of	emergency	repairs,	document	causes	for	failures,	and	assist	in	the
elimination	of	the	root	causes	for	failures.

				Maintenance	repair	operations	(MRO)	materials	management	is	the	overall
area	of	MRO	parts	and	materials	procurement,	storage,	inventory	management,
and	issues	represents	another	best	practice	area	that	often	needs	major	work
when	implementing	a	CMMS	and	developing	a	“Class	A”	installation.	Many
organizations	never	take	the	time	to	set	up	a	well-planned	and	controlled
storeroom	operation	and	often	find	out	that	their	parts	database	is	a	weak	link
needing	major	updates	before	it	can	truly	be	used	effectively.

F.	Maintenance	repair	operations	(MRO)	materials
management

28.	Inventory	management	module	fully	utilized	and	integrated	with	work	order
module

29.	Inventory	cycle	counting	based	on	defined	criteria	is	used,	and	inventory



accuracy	is	95%	or	better

30.	Parts	kitting	and	staging	is	available	and	used	for	planned	jobs

31.	Electronic	requisitioning	capability	available	and	used

32.	Critical	and/or	capital	spares	are	designated	in	parts	inventory	master	record
database

33.	Reorder	notification	for	stock	items	is	generated	and	used	for	reorder
decisions

34.	Warranty	information	and	status	is	available

28.	Inventory	management	module:	The	work	order	module	must	be	fully
integrated	with	an	accurate	parts	inventory	management	module	to	charge	parts
back	to	work	orders,	to	check	parts	availability	status	for	planned	work,	to
reserve	parts,	and	to	check	status	of	direct	purchases.	A	“Class	A”	CMMS
installation	will	develop,	maintain,	and	fully	utilize	the	inventory	module	and
ensure	that	it	is	fully	integrated	with	the	work	order	module.

29.	Inventory	cycle	counting	established:	Inventory	accuracy	should	be	one	of
the	key	metrics	for	MRO	materials	management,	and	it	can	best	be
accomplished	by	cycle	counting	rather	than	annual	physical	inventories.	Most
CMMS	systems	will	allow	for	your	own	criteria	to	be	developed	such	as	doing
an	ABC	analysis	of	inventory	items	(based	on	either	usage	value	or	frequency	of
issue)	and	then	scheduling	of	periodic	counts	for	each	classification	of	inventory
item	that	you	want	to	cycle	count.	For	example,	A	items	would	be	counted	more
frequently	than	B	and	C	items.	The	real	value	of	cycle	counting	is	that	it	is	a
continuous	process	that	creates	a	high	level	of	discipline	and	allows	for
inventory	problems	and	adjustments	to	be	made	throughout	the	year	rather	than
once	following	the	annual	inventory.





30.	Parts	kitting	and	staging:	This	best	practice	area	is	key	to	the	planning
process	and	can	evolve	over	time	as	the	planning	process	matures	to	the	point	of
being	able	to	give	the	storeroom	prior	notification	on	the	parts	required	for
planned	jobs.	Controlled	staging	areas	are	set	for	parts	that	are	either	pulled	from
stock	or	received	from	direct	purchases.





31.	Electronic	parts	requisitioning:	This	functional	capability	can	provide
paperless	work	flow	for	requisitioning	of	parts	directly	from	maintenance	to	the
storeroom	for	creation	of	a	pick	list	for	the	item	or	go	to	purchasing	to	create	a
purchase	order	for	a	stock	item	or	direct	purchase.	In	some	cases,	electronic
requisitioning	might	go	directly	to	the	vendor	using	e-commerce	capability.





32.	Critical	spares	identified:	Critical	spares	(or	insurance	items)	that	may	be	a
one-of-a-kind,	high	cost	spare	are	often	in	the	parts	inventory	system.	It	is
recommended	that	these	items	be	classified	and	identified	in	the	item	master
record	as	such.	This	practice	will	help	separate	these	items	from	the	regular
inventory	management	process	and	identify	them	as	a	separate	part	of	the	total
inventory	value	that	has	been	fixed.	Critical	spares	should	also	be	identified	in
the	spares	list	for	the	equipment	they	have	been	purchased	for.





33.	Reorder	notification	process:	The	capability	to	determine	when	and	what	to
reorder	based	on	a	review	of	stock	level	reorder	points	is	an	important	feature	for
a	“Class	A”	installation.	A	recommended	reorder	report	should	be	generated
periodically	and	reviewed	for	validity	as	well	as	for	any	future	needs	that	may
not	be	reflected	in	current	on-hand	balances.	Based	on	final	review	of	the
recommended	reorder	report,	electronic	requisitioning	then	could	occur	directly
to	purchasing.

34.	Warranty	information:	Many	organizations	fail	to	have	a	process	in	place	to
track	warranty	information	and	in	turn	incur	added	costs	by	not	being	able	to	get
proper	credit	for	items	under	warranty.	Tracking	specific	high	value	parts	or
components	and	specific	equipment	under	warranty	should	be	a	CMMS
functionality	of	the	equipment	master	or	the	inventory	item	master	database.	The
system	should	provide	a	quick	reference	and	alert	to	the	fact	that	the	item	is	still
under	warranty	and	that	a	follow-up	claim	to	the	vendor	is	needed.

G.	Preventive/predictive	maintenance	(PM/PdM)

35.	PM/PdM	change	process	is	in	place	for	continuous	review/update	of
tasks/frequencies

36.	PM/PdM	compliance	is	measured	and	overall	compliance	is	98%	or	better

37.	The	long-range	PM/PdM	schedule	is	available	and	level	loaded	as	needed
with	computerized	maintenance	management	system	(CMMS)

38.	Lube	service	specifications,	tasks,	and	frequencies	included	in	CMMS
database

39.	CMMS	provides	mean	time	between	failures,	mean	time	to	repair,	failure
trends,	and	other	reliability	data



40.	PM/PdM	task	descriptions	contain	enough	information	for	new	crafts	person
to	perform	task

35.	PM/PdM	change	process:	This	best	practice	area	simply	ensures	that
PM/PdM	procedures	are	subject	to	a	continuous	review	process	and	that	all
changes	to	the	program	are	made	in	a	timely	manner.	The	CMMS	system	should
provide	an	easy	method	to	update	task	descriptions	and	task	frequencies	and
allow	for	mass	updating	when	the	procedure	applies	to	more	than	one	piece	of
equipment.

36.	PM/PdM	compliance	is	measured:	One	key	measure	of	overall	maintenance
performance	should	be	how	well	the	PM/PdM	program	is	being	executed	based
on	the	schedule.	Measuring	PM/PdM	compliance	ensures	accountability	from
maintenance	and	from	operations.	Normally,	a	scheduling	window	of	a	week
will	be	established	to	determine	compliance.	A	goal	of	98%	or	better	for
PM/PdM	compliance	should	be	expected.

37.	Long	range	PM/PdM	scheduling:	As	a	PM/PdM	schedule	is	loaded	to	the
system,	peaks	and	valleys	may	occur	for	the	actual	scheduling	due	to	frequencies
of	tasks	coming	due	at	the	same	time	period.	The	CMMS	system	should	provide
the	capability	to	level	load	the	actual	PM/PdM	schedule	and	to	view	upcoming
PM/PdM	work	loads	to	assist	in	the	overall	planning	process.

38.	Lubrication	services:	Ideally,	lubrication	services,	tasks,	frequencies,	and
specifications	should	be	included	as	part	of	the	PM/PdM	module.	A	continuous
change	process	for	this	area	should	also	be	put	in	place	as	well	as	an	audit
process	established	to	ensure	all	lube	and	PM/PdM	tasks	are	being	performed	as
scheduled.

39.	CMMS	captures	reliability	data:	The	elimination	of	root	causes	of	problems
is	the	goal	rather	than	just	more	PM/PDM.	One	important	feature	of	a	“Class	A”
installation	is	being	able	to	capture	failure	information	that	can	in	turn	be	used
for	reliability	improvement.	This	requires	development	of	a	good	coding	system
for	defining	causes	for	failures	and	accurately	entering	this	information	as	the
work	order	is	closed.



40.	Complete	PM/PDM	task	descriptions:	PM/PdM	task	descriptions	often
provide	vague	terminology	to	check,	adjust,	inspect,	etc.	and	do	not	provide
clear	direction	for	specifically	what	is	to	be	done.	Task	descriptions	should	be
reviewed	periodically	and	details	added	that	to	the	level	that	a	new	crafts	person
would	understand	exactly	what	is	to	be	done	and	be	able	to	adequately	perform
the	stated	task.

















H.	Maintenance	performance	measurement

41.	Downtime	(equipment/asset	availability)	due	to	maintenance	is	measured
and	documented	improvements	have	occurred

42.	Craft	performance	against	estimated	repair	times	is	measured	and
documented	improvements	have	occurred

43.	Maintenance	customer	service	levels	are	measured	and	documented;
schedule	compliance	improvements	have	occurred

44.	The	maintenance	performance	process	is	well	established	and	based	on
multiple	indicators	compared	to	baseline	performance	values

41.	Equipment	downtime	reduction:	Another	key	metric	for	measuring	overall
maintenance	performance	is	increased	equipment	uptime.	The	improvement	in
this	metric	is	a	combination	of	many	of	the	previously	mentioned	best	practices
all	coming	together	for	improved	reliability.	Downtime	due	to	maintenance
should	be	tracked	and	positive	improvement	trends	should	be	occurring	within	a
“Class	A”	installation.





42.	Craft	performance:	Two	key	areas	affecting	overall	craft	productivity	are
craft	utilization	(wrench	time)	and	craft	performance.	Measurement	of	craft
performance	requires	that	realistic	planning	times	be	established	for	repair	work
and	PM	tasks.	A	standard	job	plan	database	can	be	developed	for	defining	job
scope,	sequence	of	tasks,	special	tools	listing,	and	estimated	times.	The	goal	is
measurement	of	the	overall	craft	workforce	and	not	individual	performance.
Planning	times	are	also	an	essential	part	of	the	planning	process	for	developing	a
more	accurate	picture	of	workload	and	to	support	scheduling	of	overtime	and
staff	additions.

43.	Maintenance	customer	service:	The	results	of	improved	maintenance
planning	must	be	improved	customer	service.	The	overall	measurement	process
should	include	metrics	such	as	compliance	to	meeting	established	schedules	and
jobs	actually	completed	on	schedule.

44.	Maintenance	performance	measurement	process:	In	this	area,	it	is	important
to	have	a	performance	measurement	process	that	includes	a	number	of	key
metrics	in	each	of	the	following	major	categories:

a.	Budget	and	cost

b.	Craft	productivity

c.	Equipment	uptime

d.	Planning	and	scheduling

e.	Customer	service

f.	MRO	materials	management

g.	Preventive	and	predictive	maintenance

The	overall	maintenance	performance	process	should	be	established	so	that	it
clearly	validates	the	benefits	being	received	from	the	CMMS	and	maintenance
best	practice	implementation.







I.	Other	uses	of	computerized	maintenance
management	system	(CMMS)

45.	Maintenance	leaders	use	CMMS	to	manage	maintenance	as	internal	business

46.	Operations	staff	understand	CMMS	and	use	it	for	better	maintenance	service

47.	Engineering	changes	related	to	equipment/asset	data,	drawings,	and
specifications	are	effectively	implemented

48.	Hierarchies	of	systems/subsystems	used	for	equipment/asset	numbering	in
CMMS	database

49.	Failure	and	repair	codes	used	to	track	trends	for	reliability	improvement

50.	Maintenance	standard	task	database	available	and	used	for	recurring	planned
jobs

45.	Maintenance	managed	as	a	business:	One	true	indicator	for	a	successful
CMMS	installation	is	that	it	has	changed	the	way	that	maintenance	views	its	role
in	the	organization.	It	should	progress	to	the	point	that	maintenance	is	viewed
and	managed	as	an	internal	business.	This	view	requires	greater	accountability
for	labor	and	parts	costs,	greater	concern	for	customer	service,	better	planning,
and	greater	attention	to	reliability	improvement	and	increased	concern	for	the
maintenance	contribution	to	the	bottom	line.

46.	Operations	understands	benefits	of	CMMS:	There	is	direct	evidence	that
operations	understands	that	an	improved	CMMS	is	a	contributor	to	improved
customer	service.	The	scheduling	process	is	continuously	improving	through
better	coordination	and	cooperation	between	maintenance	and	operations	within



a	“Class	A”	installation.

47.	Engineering	changes:	Accurate	engineering	drawings	are	essential	to
maintenance	planning	and	to	actually	making	the	repairs.	Asset	documentation
must	be	kept	up	to	date	based	on	a	formal	engineering	change	process.	Feedback
to	engineering	must	be	made	on	all	changes	as	they	occur	on	the	shop	floor.
Engineering	must	in	turn	ensure	that	master	drawings	are	updated	and	that
current	revisions	are	made	available	to	maintenance.	Appendix	I:	Management
of	Change	(MOC)	Procedure	–	Courtesy	of	Peru	LNG	is	provided	as	an	MOC
guideline.

48.	Equipment	database	structure:	To	provide	equipment	history	information	in	a
logical	parent–child	relationship,	the	equipment	database	structure	has	been
developed	using	an	identification	of	systems	and	subsystems.	Accessing	the
equipment	database	should	allow	for	drill	down	from	a	parent	level	to	lower
level	child	locations	that	are	significant	enough	for	equipment	master
information	to	be	maintained.	This	definitely	includes	instrument	loops	within
refineries	and	all	continuous	processing	plants.





49.	Failure	and	repair	codes:	The	reporting	capability	of	the	CMMS	should
provide	good	failure	trending	and	support	analysis	of	the	failure	information	that
is	entered	from	completed	work	orders.	Improving	reliability	requires	good
information	that	helps	to	pinpoint	root	causes	of	failure.





50.	Maintenance	standard	task	database:	Developing	the	maintenance	standard
task	database	(or	standard	repair	procedures	and	detailed	job	packages)	for
recurring	jobs	is	an	important	part	of	a	planner’s	job	function.	This	allows	for
determining	scope	of	work,	special	tools	and	equipment,	and	for	estimating
repair	times.	Once	a	standard	repair	procedure	is	established,	it	can	then	be	used
as	a	template	for	other	similar	jobs,	resulting	in	less	time	for	developing
additional	repair	procedures.	This	database	is	an	excellent	source	of	benchmark
jobs	for	review	by	the	ACE	team	discussed	in	Chapter	16,	Developing	Improved
Repair	Methods	plus	Reliable	Maintenance	Planning	Times	with	the	ACE	Team
Process™.

Summary:	Developing	a	“Class	A”	CMMS	installation	requires	the
combination	of	good	system	functionality	and	improved	maintenance
practices.	The	CMMS	team	should	begin	very	early	during	implementation
with	how	it	will	measure	the	success	of	the	installation.	The
recommendations	provided	here	for	using	the	CMMS	Benchmarking
System	can	help	your	organization	achieve	maximum	return	on	its	CMMS
investment.

Understand	the	power	of	CMMS/EAM	to	support	potential	savings:	The
evaluation	of	your	CMMS	using	the	CMMS	Benchmarking	System	will
identify	improvement	opportunities	that	translate	into	direct	savings.	It	is
important	that	these	areas	be	highlighted	and	that	the	future	process	for
performance	measurement	is	focused	upon	these	specific	areas	that	may
have	been	used	initially	for	CMMS/EAM	capital	project	justification.	The
opportunities	to	realize	both	quantifiable	and	qualifiable	benefits	are
numerous.	Maintenance	must	be	given	the	best	practice	tools,	the	people
resources,	and	capital	investments	to	address	the	improvement
opportunities,	and	in	turn	are	held	accountable	for	results.	As	summarized
in	Part	2,	there	are	12	key	areas	where	direct	savings,	cost	avoidances,	and
gained	value	can	be	established	and	documented.	Effective	CMMS/EAM
will	contribute	to	all	of	them	and	help	to	increase:

1.	Value	of	asset/equipment	uptime	providing	increased	capacity	and	throughput

2.	Value	of	increased	quality	and	service	levels	due	to	maintenance



3.	Value	of	facility	availability	or	cost	avoidance	from	being	nonavailable

4.	Value	of	increased	direct	labor	utilization	(production	operations)

5.	Gained	value	from	increased	craft	labor	utilization/effectiveness	via	gains	in
wrench	time

6.	Gained	value	from	increased	craft	labor	performance/efficiency

7.	Gained	value	of	clerical	time	for	supervisors,	planners,	engineering,	and
administrative	staff

8.	Value	of	MRO	materials	and	parts	inventory	reduction

9.	Value	of	overall	MRO	materials	management	improvement

10.	Value	of	overall	maintenance	costs	reductions	with	equal	or	greater	service
levels

11.	Value	of	increased	facility	and	equipment	life	and	net	life	cycle	cost
reduction

12.	Other	manufacturing	and	maintenance	operational	benefits,	including
improved	reliability	and	other	reduced	costs

Use	CMMS	to	develop	your	maintenance	operation	as	a	profit	center:	A
fully	utilized	CMMS	is	your	business	management	system	to	support	the
business	of	maintenance.	It	is	a	mission-essential	information	technology
tool,	and	effective	physical	asset	management	and	maintenance	is	also
mission	essential	and	a	core	requirement	for	success.	Often	we	see	the
CMMS	being	purchased	as	“the	solution”	and	never	really	integrated	with
the	business	system,	or	the	necessary	basic	best	practices	are	not	initiated	to
really	make	the	IT	investment	work.	Often	maintenance	is	only	viewed	as	a
“necessary	evil”	and	not	as	a	valid	“profit	center”	and	internal	business.
Many	times	the	maintenance	leaders	cannot	sell	management	on	doing
maintenance	the	right	way	or	able	to	convince	them	that	the	right	thing	to
do	is	to	shut	down	for	preventive	maintenance.	Conversely,	when
maintenance	is	viewed	as	a	“profit	center,”	the	opportunities	to	realize	both
quantifiable	and	quantifiable	benefits	are	numerous.	In	turn,	maintenance
support	to	the	profit	optimization	process	continues	when	CMMS	is	used



effectively	to	develop	your	maintenance	operation	as	a	profit	center.
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Defining	Maintenance	Strategies	for	Critical
Equipment	With	Reliability-Centered	Maintenance
(RCM)

Abstract

This	chapter	is	specifically	included	to	expose	the	planner/scheduler	to	the
concept	of	reliability-centered	maintenance	RCM	and	the	fundamental	RCM
concepts	and	the	seven	key	elements.	The	process	is	used	to	determine	the
maintenance	requirements	of	any	physical	asset	in	its	operating	context.	In
addition,	it	provides	a	detailed	process	to	answer	the	question:	What	must	be
done	to	ensure	that	any	physical	asset	continues	to	do	whatever	its	users	want	it
to	do	in	its	present	operating	context?

Keywords

Bathtub	curves;	Default	actions;	Defining	functions;
Failure	consequences;	Failure	effects;	Failure	modes;
FMEA;	Functional	failure;	Functions;	Operating
context;	Performance	standards;	P–F	interval;
Proactive	maintenance;	Proactive	tasks;	RCM
Decision	Diagram;	Reliability-centered	Maintenance



(RCM);	Task	intervals

This	chapter	is	included	to	expose	the	planner/scheduler	to	the	concept	of
reliability-centered	maintenance	(RCM).	Some	professionals	believe	that	the	so-
called	classical	RCM	has	been	made	much	more	complicated	than	it	needs	to	be.
Nonetheless,	RCM	was	first	introduced	in	the	field	of	commercial	aviation.	It
made	its	way	to	the	nuclear	industry	in	the	mid-1980s,	then	spread	to	other
organizations.	In	all,	it	is	been	estimated	that	more	than	60%	of	all	RCM
programs	initiated	have	failed	to	be	successfully	implemented.	According	to
Neil	Bloom	(2005)	in	his	book	Reliability	Centered	Maintenance—
Implementation	Made	Simple,	RCM	became	overly	complicated	in	its	transfer
from	the	airlines	and	history.	Also,	it	is	his	belief	that	the	successful	application
of	the	process	is	inversely	proportional	to	the	complexity	it	has	acquired.	Bloom
also	stated	that	some	consultants	employ	an	elixir	of	obfuscation	to	allow	them
sole	possession	of	understanding	the	process,	and	hence	a	continued	income
stream.

Bloom	(2005)	clearly	stated	that	RCM	is	not	a	preventive	maintenance	(PM)
reduction	program.	It	is	a	reliability	program.	RCM	will	indeed	identify	those
unnecessary	PMs	that	may	become	candidates	for	deletion.	RCM	is	almost
always	described	as	a	process	of	identifying	critical	components	whose	failure
would	result	in	an	unwanted	consequence	to	one’s	facility.	As	a	planner,	your
organization	may	have	experienced	some	of	the	following	reasons	for	lack	of
success	or	it	may	have	a	successful.	You	may	be	what	is	needed	to	get	the	RCM
analysis	on	the	right	track.	Many	times,	one	or	more	of	the	following
occurrances	cause	a	lack	of	success:

1.	Lost	of	in-house	control

2.	An	incorrect	mix	of	personnel	performing	the	analysis

3.	Unnecessary	and	costly	administrative	burdens

4.	Fundamental	RCM	concepts	are	not	understood



5.	Confusion	determining	system	functions

6.	Confusion	concerning	system	boundaries	and	interface

7.	Divergent	expectations

8.	Confusion	regarding	convention

9.	Misunderstanding	hidden	failures	and	redundancy

10.	Misunderstanding	run-to-failure

11.	Inappropriate	component	classifications

12.	Instruments	were	not	included	as	part	of	the	RCM	analysis

My	goal	for	this	chapter	is	for	the	planner/scheduler	to	understand	item	4—the
fundamental	RCM	concepts.	Let	us	start	with	a	definition	and	then	a	question.
First,	RCM	can	be	defined	as	a	process	that	is	used	to	determine	the	maintenance
requirements	of	any	physical	asset	in	its	operating	context.	It	provides	a	detailed
process	to	answer	this	question:	What	must	be	done	to	ensure	that	any	physical
asset	continues	to	do	whatever	its	users	want	it	to	do	in	its	present	operating
state?

RCM	can	be	defined	as	the	seven	key	elements	as	shown	in	Figures	9.1–9.17.





Figure	9.1			The	seven	key	elements	of	RCM.





Figure	9.2			The	principles	that	define	and	characterize	RCM.





Figure	9.3			RCM	is	typically	implemented	in	seven	steps.





Figure	9.4			RCM	is	typically	implemented	in	seven	steps.





Figure	9.5			Functions	and	performance	standards.





Figure	9.6			Functional	failures.





Figure	9.7			Functional	failures.





Figure	9.8			Failure	modes.





Figure	9.9			Failure	effects.





Figure	9.10			Failure	modes	and	effects	analysis	(FMEA).





Figure	9.11			Failure	consequences.





Figure	9.12			Evaluating	consequences	with	an	RCM	decision	diagram.





Figure	9.13			Proactive	maintenance.





Figure	9.14			The	P–F	Interval.





Figure	9.15			Areas	of	the	“bathtub	curve	”





Figure	9.16			Common	equipment	failure	patterns.





Figure	9.17			Default	actions.
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Defining	Total	Maintenance	Requirements	and
Backlog

Abstract

This	chapter	looks	at	some	of	the	items	connected	to	the	“How	Much	Work?”
question	as	related	to	our	total	maintenance	requirements	and	our	current
backlog.	Trying	to	manage	maintenance	without	managing	the	backlog	can	be	a
losing	situation.	A	certain	level	of	backlog	is	needed	in	order	to	plan	and
schedule	work.	Backlog	gives	us	a	picture	of	resources	and	whether	we	are
capable	of	accomplishing	work	with	in-house	staff,	overtime,	staff	additions,	or
outsourcing	to	contract	maintenance	providers.	Backlog	in	its	simplest	terms	is
work	that	has	not	yet	been	completed.

Keywords

Backlog;	Backlog	integrity;	Backlog	management;
Backlog	relief;	Job	status	codes;	Priority	systems;
Ready	backlog;	RIME	System;	Total	backlog;	Total
maintenance	requirements

This	book	strives	to	answer	many	important	questions,	including	the	who,	what,
when,	where,	why,	and	“how	to”	of	effective	planning,	estimating,	and
scheduling.	So	far,	I	have	tried	to	answer	some	of	these	questions	in	previous



chapters	and	appendices.

1.	Why?	Chapters	1,	Chapter	2,	and	6.

2.	Who?	Appendix	C.

3.	What?	Chapter	7.

4.	When?	Generally,	you	apply	reliable	maintenance	planning	estimating
scheduling	(RMPES)	when	there	is	a	desire	to	move	from	reactive,	firefighting-
type	maintenance	to	a	proactive,	planned	maintenance	strategy.

5.	Where?	This	book	focuses	on	the	oil,	gas,	and	petrochemical	sectors,	but
much	of	the	information	is	applicable	to	all	types	of	operations.

6.	How	much?	Chapter	10.

7.	How	to?	Chapters	3,	4,	5,	8,	and	9,	and	Appendix	A.

In	this	chapter,	we	look	at	some	of	the	items	related	to	the	“how	much?”
question	regarding	total	maintenance	requirements	(TMR)	and	current	backlog.
In	the	simplest	terms,	backlog	is	the	work	that	has	not	yet	been	completed.
Trying	to	manage	maintenance	without	managing	the	backlog	can	be	a	losing
situation.	However,	you	must	have	a	certain	level	of	backlog	in	order	to	plan	and
schedule	work.	Backlog	provides	a	picture	of	resources	and	whether	it	is
possible	to	achieve	work	with	in-house	staff,	overtime,	staff	additions,	or
outsourcing	to	contract	maintenance	providers.

As	a	work	request	is	generated	and	becomes	a	work	order,	it	contains	key
information,	of	which	one	is	a	priority	code.	In	this	way,	the	planner	can
determine	when	the	job	will	be	planned,	scheduled,	and	performed	in	relation	to
other	jobs	being	requested.	As	a	planner	completes	all	the	planning	functions	for
each	work	order,	the	job	then	becomes	available	to	schedule.	If	the	planner	and
scheduler	are	two	positions,	the	scheduler	then	receives	the	available	planned
job.	Likewise,	if	the	planning	process	is	not	completed,	the	job	is	not	ready	for
the	schedule	and	is	unavailable.	This	may	be	due	to	a	number	of	reasons,	such	as
awaiting	parts	because	of	out-of-stock	items	or	nonstocked	items	that	must	be
purchased.

I	have	always	considered	TMR	as	one	of	the	key	items	that	a	maintenance



leader,	supported	by	the	planner/scheduler,	should	always	be	ready	to	review
with	top	leaders.	We	can	think	of	TMR	as	all	of	the	work	required	during	a
period	of	time,	such	as	on	an	annual	basis.	TMR	includes	everything	that	needs
to	be	done,	including	(most	importantly)	the	identified	deferred	maintenance,
which	can	cost	more	if	not	repaired	in	a	reasonable	timeframe.	TMR	also	can	be
minor	project	work	that	maintenance	typically	is	staffed	to	perform	and	has	done
in	the	past.

When	the	maintenance	leader	requires	additional	staff	resources,	a	valid
estimation	of	TMR	plus	the	validation	of	current	craft	productivity	(OCE)	is
available.	In	this	case,	using	these	current	facts	on	workload	increases	the	chance
that	a	request	using	documented	needs	will	be	successful.	If	not	successful,	then
the	maintenance	leader	will	have	provided	due	diligence	by	informing	top
leaders	of	critical	deferred	maintenance.	TMR	also	includes	the	equivalent
staffing	needed	to	achieve	100%	preventive	maintenance	compliance.

In	most	cases,	the	planner	may	have	this	information	in	a	master	plan,	broken
down	into	two	areas:

1.	Total	backlog,	which	includes	work	waiting	to	be	scheduled	(unavailable)	due
to	a	number	of	reasons.

2.	Ready	backlog,	which	is	work	that	is	ready	to	go	on	to	a	schedule,	with	all
parts	and	materials	being	ready	(available).

In	this	case,	what	I	call	total	maintenance	requirements	is	the	total	backlog	plus
ready	backlog.	TMR	includes	measured	labor	hours	required	and	translated	into
labor	weeks.	The	labor	hours	that	the	work	is	estimated	to	take	are	the	available
resource.	The	normal	range	for	backlog	is	typically	based	on	80–90%	of	jobs
being	planned.	Most	companies	set	their	own	criteria	for	total	backlog.

•	Ready	available	backlog	is	equal	to	2–4	weeks	of	labor	hours.

•	Total	backlog.

•	TMR—the	total	backlog	(unavailable)	plus	the	ready	backlog	(available)—for
the	schedule	Total	backlog	is	equal	to	4-6	weeks	of	labor	hours.

Backlog	“is	what	it	is,”	so	to	speak,	if	maintenance	is	clearly	working	at	a
documented	high	level	of	productivity	and	deferred	maintenance	is	clearly	being



reported	correctly	to	top	leaders.

Now,	we	will	take	a	look	at	some	of	the	formats	for	joining	backlog,	coding
backlog,	and	computing	weeks	of	backlog.	Again,	all	of	this	is	a	critical	role	and
responsibility	of	the	planner/scheduler.	First,	as	a	minimum,	the	planner	should
maintain	a	continuous	TMR	list	of	total	backlog	plus	ready	backlog,	with	the
following	items	summarized	in	an	end-of-the-month	report:

•	Total	weeks	of	total	backlog	and	ready	backlog.

•	Total	TMR	jobs/labor	hours	for	all	open	work	orders.

•	Total	backlog	jobs/labor	hours	for	work	orders	unavailable	to	be	scheduled.

•	Total	ready	backlog	job/labor	hours	ready	to	be	scheduled.

•	Backlog	aging

•	<1	month

•	<1–2	months

•	<3–6	months

•	>6	months

•	Total	backlog	summary	by	reason	code	for	being	unavailable.

•	Trend	charts

•	Total	labor	hours	completed	versus	number	of	work	orders	completed.

•	Total	available	labor	hours.

•	Total	scheduled	overtime	hours.	(Figures	10.1–10.6).





Figure	10.1			Key	elements	of	backlog	management.





Figure	10.2			Two	types	of	priority	systems.





Figure	10.3			The	Ranking	Index	for	Maintenance	Expenditures	(RIME)
system.





Figure	10.4			Example	of	Ranking	Index	for	Maintenance	Expenditures
(RIME)	system.





Figure	10.5			Two	examples	of	“do	it	now”	(DIN)	work	and	convenience
work.





Figure	10.6			Benefits	of	the	Ranking	Index	for	Maintenance	Expenditures
(RIME)	system.

One	advantage	of	using	the	Ranking	Index	for	Maintenance	Expenditures
(RIME)	system	is	that	it	provides	another	level	of	professionalism	for	the
planning	process.	In	other	words,	if	the	operations	team	understands	that	it	is
based	on	criticality	of	equipment	and	criticality	of	the	work	type,	then	the
acceptance	of	work	to	be	scheduled	increases.	The	RIME	system	can	also	be
used	by	the	planner	as	a	validation	tool	in	determining	the	validity	of	a	job
priority	assigned	by	the	originator.	Most	often,	the	job	priority	is	self-evident	and
validation	by	the	planner	is	seldom	required.	It	is	been	said	that	“the	squeaky
wheel	gets	the	most	grease,”	such	as	a	persistent	operations	person	who	wants	to
get	work	done	immediately.	However,	if	there	is	a	question	about	job	priority
assignments,	the	planner	must	always	direct	questions	back	to	the	work	order
approving	authority	for	resolution.	For	a	refinery	unit,	this	authority	may	be
granted	to	the	unit	maintenance	coordinator,	unit	manager,	or	the	maintenance
leader.	If	procedures	state	that	operations	must	approve	all	scheduled	breaks,
then	the	unit	manager	must	sign	off	on	work	that	changes	the	schedule
significantly.

One	of	the	things	I	distinctly	remember	about	the	scoreboard	assessment	at	the
Marathon	Ashland	Petroleum	refinery	in	Robinson,	Illinois	(the	1999	North
American	Maintenance	Excellence	(NAME)	Award	winner)	was	a	comment	by
their	senior	planner.	He	stated,	“We	have	a	very	hard-and-fast	rule	about
classifying	work	as	an	emergency	work	here	at	our	refinery”	Now	here	we	are
within	a	site	with	all	types	of	critical	failure	consequences,	but	they	wanted	to	be
proactive	and	plan	work	to	be	as	safe	as	possible.	Not	a	bad	idea!	So	let	us
consider	what	Kister	and	Hawkins	defined	as	emergency	(“E”)	work,	which	all
companies	should	adapt:

“Emergency—Must	be	performed	immediately.	Higher	priority	than	scheduled
work,	critical	machinery	down	or	in	danger	of	going	down	until	requested	work
is	complete.	‘E’	to	be	used	only	if	production	loss,	delivery	performance,
personnel	safety	(new	and	eminent),	and	equipment	damage	or	material	loss	are
involved	and	no	bypass	is	available.	Start	immediately	and	work	expeditiously
and	continuously	to	completion,	including	the	use	of	overtime	without	specific



further	approval.	Only	personnel	authorized	to	approve	overtime	can	assign	‘E’
to	work	orders.	Emergency	work	order	reports	will	be	sent	to	the	plant	manager
for	review.”(Figures	10.7–10.13).

Maintaining	an	accurate	backlog	is	an	important	responsibility	of	the
maintenance	planner.	From	this	document,	schedules	based	on	priorities	are
created.	This	document	in	terms	of	TMR	defines	staffing	needs	for	the	valuable
resource	of	craftspeople.	It	is	a	means	to	define	the	facts	of	workload	to	top
leaders.	In	turn,	the	backlog	must	have	accurate	estimates	of	the	time	required
for	as	many	jobs	as	possible.	It	must	also	have	reliable	estimates	of	jobs	that
have	not	been	completed	through	the	planning	process.	Every	company	site	is
different,	and	requirements	for	backlog	levels	may	vary.	One	constant	is	that
there	must	be	control	of	the	backlog,	regardless	of	what	has	been	accrued.
Backlog	is	necessary	for	having	planned	work	to	develop	effective	scheduling.
In	Chapters	11–18,	we	will	review	the	five	key	areas	of	the	planning	process:





Figure	10.7			Areas	where	the	planner	should	monitor	backlog.





Figure	10.8			Maintaining	backlog	integrity.





Figure	10.9			Maintaining	backlog	integrity.





Figure	10.10			Balancing	the	maintenance	resources	with	the	backlog.





Figure	10.11			Monitoring	backlog	trends.





Figure	10.12			Backlog	status	code	examples.





Figure	10.13			Calculating	weeks	of	backlog.

1.	Planning

2.	Estimating

3.	Scheduling

4.	Monitoring

5.	Controlling
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Overview	of	a	Reliable	Planning-Estimating-
Scheduling-Monitoring-Controlling	Process

Abstract

This	chapter	looks	at	the	overall	range	of	planning	and	scheduling,	which	has
five	key	phases:	planning,	estimating,	scheduling,	monitoring,	and	controlling.
The	maintenance	function	must	do	a	better	job	in	defining	staffing	needs	by
defining	total	maintenance	requirements	and	showing	maximum	craft	labor
productivity.	It	also	identifies	areas	contributing	to	increased	maintenance	costs
and	greater	staffing	needs.	A	key	area	is	what	ineffective	planning	looks	like	to
the	organization,	and	this	can	be	turned	into	benefits	of	effective	planning.	This
chapter	looks	at	selling	this	best	practice	to	maintenance	and	how	to	improve
craft	productivity	to	equal	5+	equivalent	crafts	positions.

Keywords

Contractor	management;	Engineering	support;
Maintenance	challenges;	Maintenance	supervisor;
Planner	needs;	Planner	responsibilities;	Process
mapping;	Purchasing	benefits;	Selling	benefits;
Storeroom	benefits;	Work	control



When	we	consider	the	overall	range	of	planning	and	scheduling,	there	are	five
key	phases:

1.	Planning

2.	Scheduling

3.	Estimating

4.	Monitoring

5.	Controlling

As	we	discussed	previously,	the	planner	begins	with	a	reliable	backlog	of	total
maintenance	requirements	(TMR).	From	that	baseline,	labor	resources	are
considered.	During	annual	budgeting,	one	of	the	main	questions	asked	by	top
leaders	is	how	many	staff	positions	are	required.	Measurement	of	TMR	provides
the	definition	of	inherent	workload.	It	is	the	staff	required	to	preserve	an	asset
related	to	its	size,	replacement	value,	and	usage.	Without	this	investment,	the
asset	will	inevitably	deteriorate.	In	many	cases,	there	is	a	shortfall	between	what
is	needed	and	what	gets	accomplished,	thereby	creating	deferred	maintenance.
Deferred	maintenance	is	a	key	element	for	which	the	maintenance	leader	must
clearly	show	that	short-term	savings	will	create	higher	long-term	costs.

The	maintenance	function	must	do	a	better	job	in	defining	staffing	needs.	That	is
why	I	always	say	(1)	define	total	maintenance	requirements	and	(2)	show
maximum	craft	labor	productivity.	If	you	have	done	this,	you	have	done	due
diligence	in	regard	to	your	current	state	of	maintenance.	Chapter	10,	Defining
Total	Maintenance	Requirements	and	Backlog,	is	a	very	important	part	of	the
planner’s	job	and	one	that	can	help	directly	define	staff	requirements.	Without
solid	evidence	and	facts,	relying	on	vague	evidence	and	indirect	measures	of
increased	in	work	(such	as	rising	customer	complaints,	increasing	downtime,
growing	use	of	contractors,	etc.)	may	be	inadequate	justification	for	additional
staff.	Other	areas	contributing	to	maintenance	costs	and	staffing	are	the	shown	in
Figure	11.1.

A	good	book	for	your	maintenance	library	is	Maintenance	Planning,	Scheduling
and	Coordination	by	Don	Nyman	and	Joel	Levitt.	Monitoring	and	controlling	is
much	like	their	term	coordination	that	is	shown	in	Figure	11.2.



One	last	illustration	concept	from	their	book	is	Figure	11.3,	which	illustrates	a
steady	state	of	parts	maintenance	(PM)	work	and	backlog	relief	work	that	is
planned	work.	In	addition,	we	see	urgent	response	work,	deferred	maintenance
work,	plus	capital	program	requirements	across	time	periods	showing	a
reduction	in	urgent	response/emergency	work.	This	in	turn	allows	for	deferred
maintenance	to	be	accomplished.	All	of	this	occurs	when	we	have	a	complete
shift	from	an	environment	that	is	reactive	to	a	maintenance	strategy	that	is
proactive	and	well	-planned.





Figure	11.1			Areas	contributing	to	maintenance	costs	and	staffing.





Figure	11.2			Monitoring	and	controlling	is	coordination.

Appendix	E−	Case	Study:	Process	Mapping	for	a	Refinery	–	Work	Initiation	to
Completed	Work	Reliability	Improvement	Analysis	is	a	very	detailed	process
mapping	within	a	refinery.	Figure	11.4	illustrates	the	planning,	estimating,	and
scheduling	work	process	flow.	Key	to	this	illustration	is	the	center	block
containing	coordination	and	communication.	I	often	call	it	the	three	C’s:
coordination,	cooperation,	and	communication.

Let	us	now	review	how	management	can	better	understand	the	symptoms	of
ineffective	planning	in	Figure	11.5,	Figure	11.6,	and	Figure	11.7.

As	it	has	been	said	before,	“Nothing	happens	until	somebody	sells	something!”
This	too	applies	to	planning/scheduling,	which	we	touched	on	in	Chapter	1,
Profit	and	Customer-centered	Benefits	of	Planning	and	Scheduling.	Figure	11.8,
Figure	11.9,	and	Figure	11.10	provide	areas	where	we	must	strive	to	sell	the
benefits	of	planning	and	scheduling.





Figure	11.3			Illustrates	a	steady	state	of	PM	work	and	planned	backlog
relief	work	with	reduction	in	urgent	response/emergency	work,	which	in

turn	allows	for	deferred	maintenance	to	be	accomplished.





Figure	11.4			Illustrates	the	planning,	estimating	and	scheduling	work
process	integrated	coordination	and	communication.





Figure	11.5			Examples	of	ineffective	planning	#1.





Figure	11.6			Examples	of	ineffective	planning	#2.





Figure	11.7			Examples	of	ineffective	planning	#3.





Figure	11.8			Selling	the	benefits	of	planning	and	scheduling	to	management
#1.





Figure	11.9			Selling	the	benefits	of	planning	and	scheduling	to	management
#2.





Figure	11.10			Selling	the	benefits	of	planning	and	scheduling	to
management	#3.

Selling	benefits	of	planning	and	scheduling	to	operations	is	essential.	As	they	are
the	customers,	they	are	the	service	receivers,	and	they	are	focused	on	production
with	the	process	that	provides	plant	throughput	to	create	profit.	Within	refineries,
for	example,	it	is	important	to	understand	the	integration	of	complex	processes
and	types	of	output	that	are	possible.	Figure	11.11	illustrates	common	processes
found	in	a	refinery.

Within	operations	shown	in	Figures	11.11–11.13	are	many	complex	and
hazardous	maintenance	challenges.	They	can	be	summarized	as	four	major
challenges	in	Figures	11.14	and	11.15.

Therefore,	we	must	sell	planning	and	scheduling	to	the	operations	management
staff	and	operators.	They	must	be	trained	in	the	CMMS/EAM	as	to	information
required	for	creating	a	work	request.	If	a	modern	CMMS/EAM	in	place,	they
can	do	this	electronically	while	monitoring	their	own	backlog	of	work,	schedule,
and	status	of	work	in	progress.	Figures	11.16	and	11.7	define	key	benefits	to	the
operations/production	customers.

Just	remember,	the	planner	you	must	be	a	salesman	too	as	shown	in	Figure
11.18!	Many	times	this	will	be	selling	benefits	to	your	own	maintenance
organization.	Sometimes	this	can	be	very	difficult	if	a	planner	is	not	well	trained,
respected,	and	viewed	as	a	valuable	asset	supporting	the	maintenance	mission
(Figures	11.19–11.24).

Figure	11.25	illustrates	most	all	of	the	“right	things”	that	planner/scheduler	must
get	right	in	terms	of	planning	a	maintenance	job	(Figure	11.26).

Figure	11.27	(from	Maintenance	Planning,	Scheduling	and	Coordination	by	Don
Nyman	and	Joel	Levitt)	shows	how	small	reductions	in	all	areas	of
nonproductive	time	can	increase	direct	wrench	time	available	from	35%	up	to
65%.	Figures	11.28	and	11.29	include	two	case	study	examples.	Figure	11.30	is	a
very	good	way	to	see	the	scope	of	possible	gained	value	in	your	operation.	First,
provide	a	good	estimate	of	true	wrench	time.	This	totals	hours	working	directly
on	a	job	(tool	time)	compared	to	total	labor	hours	paid.	Second,	estimate	your



goal	for	improving	the	craft	utilization	factor	of	OCE	(overall	craft
effectiveness),	which	is	wrench	time.	Then	do	the	simple	math	based	on	number
of	pure	crafts	people	and	average	annual	wages	(Figures	11.31	and	11.32).

Now	is	an	appropriate	time	to	discuss	where	the	maintenance	storeroom	is
included	within	the	total	operation.	There	are	three	main	options:	(1)	it	reports	to
maintenance,	(2)	it	is	part	of	finance/purchasing,	and	(3)	it	could	be	a	contracted
storeroom	in	Figures	11.33–11.36.

When	we	organize	the	planning	process	it	should	report	directly	to	the
maintenance	leader	and	be	structured	so	that	there	is	open	and	cooperative
communication	with	the	operational	side	of	the	business.	That	type	of
organization	is	shown	in	Figure	11.37	and	of	course	depends	as	much	on
relationships	between	planners,	maintenance	supervisors,	and	operational	staff	as
much	as	any	other	factor.	Figure	11.37	strives	to	illustrate	a	closed-loop-type
organization	with	actions	clearly	displaying	a	service-oriented	approach	to
operations.	This	relationship	is	further	enhanced	when	production	planning	can
also	work	hand	in	hand	with	maintenance	planning.	In	contrast	to	Figure	11.38,
this	could	be	viewed	as	indirect	liaison	with	planner	reporting	primarily	to	the
maintenance	leader.





Figure	11.11			Illustrates	common	processes	found	in	a	refinery	#1.

The	maintenance	supervisor	is	a	key	maintenance	leader.	In	Figures	11.39–11.42
we	will	cover	the	important	role	played	by	the	supervisor	who	supports	the
execution	of	work	from	the	schedule	and	also	the	monitoring	and	controlling
areas	of	the	five	steps	in	the	overall	planning	process	(Figures	11.43–11.55).

Now	to	add	to	Chapter	7,	What	to	Look	for	When	Hiring	a	Reliable	Planner-
Scheduler,	we	will	see	that	good	planning	starts	with	a	good	planner	having
qualities	as	shown	in	Figure	11.56	and	Figure	11.57.	As	a	special	note,	I
personally	recommend	having	at	least	one	backup	planner,	designated	and
trained	to	support	an	existing	planner	during	time	off	and	possibly	during	major
shutdown,	turnaround,	or	outage	(STO)	periods.





Figure	11.12			Illustrates	common	processes	found	in	a	refinery	#2.





Figure	11.13			Refinery	process	flow	#3.





Figure	11.14			Challenges	#1	and	#2.





Figure	11.15			Challenges	#3	and	#4.





Figure	11.16			Key	benefits	to	the	operations/production	customers	#1.





Figure	11.17			Key	benefits	to	the	operations/production	customers	#2.





Figure	11.18			Selling	benefits	to	your	own	maintenance	organization.





Figure	11.19			Benefits	to	the	maintenance	organization	#1.





Figure	11.20			Benefits	to	the	maintenance	organization	#2.





Figure	11.21			Benefits	to	the	maintenance	organization	#3.





Figure	11.22			Benefits	to	the	storeroom	and	purchasing	organization	#1.





Figure	11.23			Benefits	to	the	storeroom	and	purchasing	organization	#2.





Figure	11.24			Benefits	to	the	bottom	line.





Figure	11.25			Illustrates	the	“right	things”	that	planner/scheduler	must	get
right.





Figure	11.26			Planner/scheduler	must	make	things	happen.





Figure	11.27			Typical	workday:	reactive	versus	proactive	planned	work.





Figure	11.28			Example:	1	planner	equals	an	additional	8	equivalent	crafts
positions.

CATEGORY	9:	Work	Management	and	Control:	Maintenance	and	Repair	and
CATEGORY	11:	Shop	Level	Reliable	Planning,	Estimating	and	Scheduling	from
the	Scoreboard	for	Maintenance	Excellence™	in	Figure	11.58	and	Figure	11.59.





Figure	11.29			Example:	gained	value	of	120	equivalent	crafts	positions.





Figure	11.30			What	is	possible	gained	value	of	increased	wrench	time	in
your	operation?

Category	10:	Work	Management	and	Control:	Shutdowns,	Turnarounds	and
Outages	(STO),	Category	12:	STO	and	Major	Maintenance	Planning/Scheduling
with	Project	Management,	and	Category	13:	Contractor	Management	from	The
Scoreboard	for	Maintenance	Excellence™	are	included	as	Figure	11.60,	Figure
11.61,	and	Figure	11.62.	Contractor	work	planning	during	a	major	shutdown,
turnaround,	or	outage	(STO)	will	be	an	important	part	of	the	total	work	package
of	an	STO.





Figure	11.31			Ensure	your	storeroom	promotes	the	planning	process.





Figure	11.32			Ensure	maintenance,	the	storeroom,	and	purchasing	work
well	together.





Figure	11.33			Three	major	options.





Figure	11.34			Reporting	to	finance	or	purchasing.





Figure	11.35			Reporting	to	maintenance	(recommended).





Figure	11.36			Keys	to	successful	storeroom	regardless	of	organizational
position.





Figure	11.37			Illustrates	a	closed-loop-type	organization.





Figure	11.38			This	organization	is	viewed	as	indirect	liaison	with	planner
reporting	to	the	maintenance	leader.





Figure	11.39			The	important	role	of	the	maintenance	supervisor	#1.





Figure	11.40			The	important	role	of	the	maintenance	supervisor	#2.





Figure	11.41			The	important	role	of	the	maintenance	supervisor	#3.





Figure	11.42			The	important	role	of	the	maintenance	supervisor	#4.





Figure	11.43			Engineering	support	to	maintenance	#1.





Figure	11.44			Engineering	support	to	maintenance	#2.





Figure	11.45			Responsibilities	of	the	planner/scheduler	#1.





Figure	11.46			Responsibilities	of	the	planner/scheduler	#2.





Figure	11.47			Responsibilities	of	the	planner/scheduler	#3.





Figure	11.48			Planner/scheduler	needs	for	effectiveness	#1.





Figure	11.49			Planner/scheduler	needs	for	effectiveness	#2.





Figure	11.50			Planner/scheduler	needs	for	effectiveness	#3.





Figure	11.51			Defining	number	of	planner/schedulers	required.





Figure	11.52			Worksheet	for	ratio	of	crafts	to	planners.	From	Maintenance
Planning,	Scheduling	and	Coordination	by	Don	Nyman	and	Joel	Levitt.





Figure	11.53			Conversion	table	for	worksheet:	total	points	on	worksheet	for
ratio	of	crafts	to	planners.





Figure	11.54			Factors	influencing	number	of	planners	#1.





Figure	11.55			Factors	influencing	number	of	planners	#2.





Figure	11.56			Qualities	desired	in	a	planner/scheduler	#1.





Figure	11.57			Qualities	desired	in	a	planner/scheduler	#2.





Figure	11.58			CATEGORY	9:	Work	management	and	control:	maintenance
and	repair.









Figure	11.59			CATEGORY	11:	Shop	level	reliable	planning,	estimating,	and
scheduling.





Figure	11.60			Category	10:	Work	management	and	control:	shutdowns,
turnarounds,	and	outages	(STO).





Figure	11.61			Category	12:	STO	and	major	maintenance
planning/scheduling	with	project	management.





Figure	11.62			Category13:	Contractor	management.
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Why	the	Work	Order	Is	a	Prime	Source	for
Reliability	Information

Abstract

The	work	order	is	the	single	most	important	document	within	maintenance.
Beginning	as	a	work	request,	it	becomes	a	description	of	work	to	be
accomplished.	If	maintenance	was	operating	as	a	business,	it	would	in	essence
be	the	invoice	given	to	the	customer	with	total	costs	of	labor,	parts,	and	materials
used.	Crafts	people	understand	that	the	work	order	must	be	accurate	and
correctly	document	work	that	was	performed.	Work	orders	may	come	in	many
formats.	This	process	allows	the	planner	to	have	a	continuing	picture	of
equipment	problems	of	all	types	and	magnitude.	From	the	analysis	of	work
orders,	the	planner	and	others	can	play	a	very	important	role	within	a	strategy	of
continuous	reliability	improvement.

Keywords

Cause	of	failure;	Detailed	planning;	Job	plan;	Job
plan	database;	Repetitive	jobs;	Scope	of	work;	Total
cost	of	ownership;	Troubleshooting;	Work	order

The	work	order	is	the	single	most	important	document	within	maintenance.
Beginning	as	a	work	request,	it	becomes	a	description	of	work	to	be



accomplished.	The	work	order	would	be	viewed	as	the	main	document	if
maintenance	was	operating	as	a	business;	in	essence,	it	would	be	the	invoice
given	to	the	customer	with	total	costs	of	labor,	parts,	and	materials	used.	We
strive	to	have	our	craftspeople	understand	this	analogy	so	that	the	work	order	is
accurate	and	correctly	documents	the	work	that	was	performed.

Work	orders	may	come	in	many	formats,	as	shown	by	the	examples	in	Figures
12.1–12.4.

A	beneficial	job	plan	requires	that	a	logical	step-by-step	process	be	followed.
Job	planning	encompasses	verification	of	all	aspects	of	the	job,	as	well	as
resources	such	as	material	manpower	and	equipment	required	to	complete	the
work	in	an	orderly	manner	and	at	optimum	costs.

The	job	objectives	and	scope	must	be	defined	and	described	by	the	planner	while
listing	the	steps	to	be	performed,	thus	defining	what	is	to	be	done.	There	may
have	been	a	similar	job	performed	in	the	past	with	a	job	plan	already	developed,
which	would	be	in	the	planner’s	database	for	job	plans.	In	a	case	where	the
planner	is	not	familiar	with	the	job,	a	visit	to	the	jobsite	may	be	necessary	for
discussion	with	the	requester	as	a	possible	next	step.	At	this	point,	the	planner
may	not	have	experience	in	the	trade	that	will	be	required	for	the	repair.
Nonetheless,	the	planner	must	try	to	identify	the	cause	of	the	failure	and	possible
consequences	of	the	failure.	In	some	cases,	plan	troubleshooting	may	be
necessary	to	get	the	full	details	of	the	repair	job	and	the	extent	of	repair	parts
required.

On	the	occasions	where	troubleshooting	is	required	and	disassembly	is	needed,
we	are	in	a	good	position	to	define	the	cause	of	the	problem.	The	planner	and	the
craftsperson	involved	with	this	event	should	be	concerned	with	why	the	failure
occurred.	At	times	like	this,	a	member	of	maintenance	engineering,	plant
engineering,	or	reliability	engineering	may	be	called	to	the	scene	to	give	their
analysis	of	the	condition.	Planners	should	never	allow	these	types	of	events	to
pass	without	documenting	the	cause	of	failure,	whether	it	is	the	operator	or	wear-
and-tear	of	a	system	component.

To	complete	the	work	order	correctly,	a	number	of	important	criteria	should	be
established.	These	criteria	are	included	in	Figure	12.5.

Two	key	questions	are:	(1)	What	work	orders	should	be	planned?	(2)	How	much



planning	is	enough?	Here,	we	are	talking	about	the	approximate	degree	of	detail
to	which	jobs	should	be	planned.	During	the	early	installation	phases	of	planning
and	scheduling,	there	may	be	insufficient	planning	capacity	to	plan	all	jobs.
Therefore,	as	proactive	maintenance	replaces	firefighting,	the	organization	plant
will	settle	down	into	more	capability	for	planning	more	jobs	as	planning	and
scheduling	matures.	So,	the	level	of	detail	is	less	during	the	early	phases	of
implementation	than	in	the	later	phases.





Figure	12.1			Work	request	example	#1.

•	In	general,	large	jobs	are	planned	first.	Larger	jobs	are	usually	accompanied	by
delays	and	conflicts,	therefore	giving	greater	opportunity	for	benefits	from
planning.

•	Cutoffs	of	4–8	h	may	initially	be	established	for	the	magnitude	of	jobs	to	be
planned.

•	The	selected	cutoff	point	should	be	progressively	reduced	as	the	planning
process	matures.

•	Delays	encountered	in	smaller	jobs	have	a	more	dramatic	percentage	impact,
but	planning	coverage	should	ultimately	include	all	jobs	that	can	benefit.

•	Detailed	planning	of	large	jobs	requires	much	more	effort	than	what	is	justified
on	simple	jobs.

•	The	usual	tendency	is	to	underplan	large	jobs	and	overplan	small	jobs.

•	Smaller	jobs	require	less	planning.

•	However,	a	1-h	job	that	is	missing	essential	materials	can	cause	much	wasted
time	due	to	unnecessary	travel.

•	Also,	a	small	job	will	have	a	greater	unproductive	time	as	a	percentage	of	total
time	than	a	larger	job.

•	Focusing	on	repetitive	jobs	is	important	during	early	stages	of	planning	and
scheduling.

•	As	the	planner’s	library/database	of	plan	job	packages	increases,	this	leads	to
reduced	work.





Figure	12.2			Work	request	example	#2.

•	These	benefits	are	a	prime	reason	to	provide	ample	planning	capacities	(such	as
a	backup	planner)	to	have	sufficient	planning	capacity	during	the	early	phases	of
program	installation.

•	We	must	remember	the	Pareto	principle	during	early	phases	of	installation,
whereby	80%	of	the	benefits	are	derived	from	20%	of	the	effort.

The	planning	process	should	cover	80%	or	more	of	the	available	man-hours.	The
remaining	20%,	which	constitutes	emergencies	and	unplanned	work	for	one
reason	or	another,	falls	upon	the	supervisor	and	his	team	to	execute	effectively
with	as	much	productivity	as	possible.	Chapter	16	focused	on	scheduling,	we
will	talk	about	when	the	planner	does	not	plan	for	emergency	work.	However,
the	planner	can	plan	for	emergency	work.	In	this	case,	selected	craftspeople	are
designated	to	lower	priority	planned	jobs,	but	they	can	leave	that	job	and	do	it
now	(DIN,	as	part	of	a	DIN	squad)	as	emergencies	emerge.	In	this	case,	the
planner	knows	the	percent	of	emergency	work	versus	planned	work	and	can
have	the	supervisor’s	scheduled	staff	loaded	accordingly.





Figure	12.3			Work	order	example	#1.

When	working	with	the	Facilities	Management	Division	for	Raleigh,	North
Carolina	state	government	facilities,	we	received	numerous	hot/cold	calls	and
calls	to	unstop	drains,	sinks,	etc.	We	solved	this	challenge	by	having	one	repair
van	plus	typically	used	parts	and	one	plumber	assigned	to	take	all	so-called
emergency	calls	that	were	dispatched	by	our	central	call	center.	This	was	back	in
the	“good	old	days”	of	papers	work	orders	and	fat	files	of	completed	work
orders.	We	did	have	an	estimator	for	jobs	with	other	Raleigh	state	government
agencies,	and	they	paid	our	department	for	the	work.





Figure	12.4			Work	order	example	#2.





Figure	12.5			Important	criteria	to	be	established	for	selected	work	order.

So,	Why	is	the	Work	Order	the	Prime	Source	for	Reliability	Info?	The	work
order	provides	the	most	comprehensive	description	of	work	accomplished,
repairs	parts	used,	reasons	for	failure,	and	causes	of	failure.	Over	the	life	of	the
equipment,	the	work	order	tracks	total	cost	of	ownership	and	life	cycle	cost	as
they	accrue	over	time,	allowing	replacements	or	major	repair	decisions	to	be
made	at	the	most	economical	point	in	time.	As	work	orders	are	completed	and
signed	off	by	the	supervisor,	the	planner	makes	one	final	review	before	the	work
order	is	closed	in	maintenance.	This	process	allows	the	planner	to	have	a
continuing	picture	of	equipment	problems	of	all	types	and	magnitude.	From	this
pure	observation	of	work	orders	plus	the	analysis	of	work	orders,	the	planner	can
play	a	very	important	role	within	a	strategy	of	continuous	reliability
improvement.	As	we	will	see	in	Chapter	15,	the	planner/scheduler	is	a	key
member	of	an	A	Consensus	of	Experts	(ACE)	team	that	reviews	basic	job	plans,
large	and	small,	for	key	steps	and	wrench	time	for	each	step	and	the	total	job.
Teams	established	by	maintenance	engineers	or	reliability	engineers	have	their
ideal	team	member	in	the	planner	position.
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Detailed	Planning	with	a	Reliable	Scope	of	Work	and
a	Complete	Job	Package

Abstract

This	chapter	looks	at	detailed	planning	with	a	reliable	scope	of	work	so	that	a
complete	job	package	or	job	plan	can	be	developed	based	upon	the	scope	of
work.	When	there	is	sufficient	planning	capacity,	“all	jobs	that	can	benefit”
should	be	planned.	Planners	should	avoid	getting	involved	with	emergency
work;	nonetheless,	they	should	know	the	percentage	of	man-hours	normally
required	for	emergency	work.	With	repetitive	jobs	the	planner	can	invest	more
time	because	the	details	of	planning	these	jobs	will	have	a	positive	impact	in
reducing	planning	time	in	the	future.	The	planner	can	also	use	the	“building
block	of	time”	approach	where	previously	planned	work	is	often	applicable	as	a
portion	of	a	new	job	package.

Keywords

ACE	Team	Process;	Detailed	planning;	Equipment
records;	Labor	estimates;	Labor	estimating;	Labor
library;	Maintenance	technical	library;	Material
library;	Planned	job	packages;	Planner	worksheet;
Refinery	work	flow;	Scope	of	work;	Standard



operating	procedures

When	there	is	sufficient	planning	capacity,	“all	jobs	that	can	benefit”	should	be
planned.	We	mentioned	that	planners	should	avoid	getting	involved	with
emergency	work,	but	nonetheless	they	should	know	the	percentage	of	man-hours
normally	required	for	emergency	work.	Then	as	I	said	before,	“they	can	plan	for
emergency	work,”	and	factor	this	into	the	available	hours	for	planned	work.
With	repetitive	jobs,	the	planner	can	invest	more	time	because	the	details	of
planning	these	jobs	will	have	a	positive	impact	in	reducing	planning	time	in	the
future.

The	planner	can	also	use	the	“building	block	of	time”	approach	where	previously
planned	work	is	often	applicable	as	a	portion	of	a	new	job	package	example.
Figure	13.1	illustrates	the	building	block	approach.

In	Figure	13.1,	tasks	1,	2,	3,	or	4	maybe	repetitive-type	jobs	serving	as	templates
for	equivalent	work	content	that	can	be	used	over	and	over	again	by	the	planner.
There	are	many	conditions	that	support	the	maturing	stage	s	of	s	planning
program.	Some	of	these	are	listed	in	Figure	13.2.

One	of	the	most	important	sources	of	information	is	from	within	the
maintenance	technical	library.	This	is	where	information	such	as	equipment
history,	equipment	manuals,	parts	manuals,	parts	lists,	and	assembly	drawings
can	be	found	along	with	site	drawings	of	equipment	that	is	in	place.	This	should
be	a	controlled	area	with	Internet	access,	drawing	files,	large	reference	tables,
and	proper	shelving	for	books	and	catalogs.	Here	there	may	be	parts	catalogs	for
specific	equipment	or	suppliers	of	specific	components.	This	is	the	one	place
that	should	have	ease	of	accessibility	yet	be	controlled	consistently.	It	should	not
be	like	the	example	shown	in	Figure	13.3.

There	are	many	benefits	for	a	planner	to	have	a	well-organized	library	of	the
documents	that	are	catalogs	and	the	computer	network	established	with	Internet.
These	benefits	include:

•	the	planner’s	job	is	simplified,	accelerated	and	more	productive

•	the	planner	can	maintain	job	plans	that	are	more	consistent	and	with	good
quality



•	this	library	becomes	the	universal	resource	for	other	groups,	such	as
maintenance	engineering	defining	specifications	and	problem	solving

•	and	this	foundation	can	be	good	for	further	computer	assistance	via	electronic
document	management	systems.

Key	records	and	the	maintenance	technical	library	are	very	important	and	should
include:

Equipment	records:	These	contain	all	the	pertinent	data	for	the	equipment
and	subsystems	such	as	installation	data,	make	model,	vendor	capacity	for
service,	and	parts	support.	One	important	item	is	the	original	asset	capacity
and	specifications,	not	to	be	confused	with	equipment	history	of	all	repairs
performed	on	the	equipment.





Figure	13.1			Building	blocks	of	time.

Equipment	history:	This	captures	all	the	work	order	history	of	repairs
performed	on	the	equipment.

Library	of	planning	aids:	There	are	a	number	of	means	to	simplify	the
planning	process	for	machine	repair	and	overhaul	by	classifying	the	debacle
groups	of	machines	and	then	building	libraries	of	preplanned	work	element
sequences	along	with	the	bill	of	materials.	This	concept	establishes	and
documents	the	work	sequence	news	for	each	type	of	equipment,	class	by
clients.	Here	the	documentation	records	the	procedure	needed	to	take	the
equipment	completely	apart	and	then	put	it	back	together	with	replacement
parts	as	needed.	In	this	case,	when	the	ACE	Team	Process	is	used	a	number
of	individual	benchmark	jobs	can	be	developed	from	the	disassembly	part
of	the	job	as	well	as	the	assembly	part	of	the	job.

Labor	libraries:	Labor	libraries	should	be	filed	so	that	document	retrieval	is
as	convenient	as	possible.	This	might	be	by	unit	equipment	specific	type	of
skill	required	or	by	the	job	code.	Having	a	labor	library	supports
development	of	job	steps	sequences	and	labor	resource	requirements
listings:

•	Crew	size	by	skill

•	Job	duration

•	Man-hours	by	skill

Labor	estimating:	Having	the	term	estimating	within	the	actual	title	of	this
book	strives	to	emphasize	the	importance	that	estimating	plays	in	so	many
areas	of	planning	and	scheduling.	There	is	an	old	saying	that	“what	gets
measured	gets	done.”	This	ranges	from	maintenance	strategy	goals	to
personal	goal	setting	down	to	work	at	the	shop	floor	level.	Even	where	a
labor	library	is	in	place,	some	form	of	reliable	estimating	is	required	to
extend	it	to	as	much	work	as	possible.	Later	we	will	discuss	some
methodologies	along	with	the	ACE	Team	Benchmarking	Process	for	the
task	level	work	content	shown	previously	in	Figure	13.1.







Figure	13.2			Signs	of	a	maturing	planning	process.





Figure	13.3			Invest	in	a	good	area	for	the	maintenance	technical	library.

Material	library:	For	critical	units	of	equipment,	this	library	should	include
parts	lists	and	bills	of	materials.	The	material	library	supports
identification	of	materials	or	parts	requirements	for	jobs	to	be	planned,
including:

•	the	parts	involved

•	stockroom	number	of	each	item

•	manufacturing	ID	for	each	part

•	storeroom	location

•	unit	of	issue

Purchasing/Stores:	These	catalogs	can	be	in	hard	copy	or	electronic	format	and
are	essential	for	all	parties.	They	contain	much	the	same	information	that	is	in
the	material	libraries	used	by	the	planner.	So	some	form	of	storeroom	catalog	or
vendor	catalog	is	used	to	develop	material	libraries.	We	can	sort	these	catalogs
by:

•	component	description

•	assets	where	used

•	stock	number

•	vendor	serial	number

If	searching	a	computerized	parts	inventory,	we	can	search	by	keywords	and
perform	many	types	of	analysis	such	as	doing	an	ABC	analysis,	looking	at	parts
usage,	or	identifying	obsolete	items.

Planned	job	packages:	This	library	of	planned	job	packages	is	very
important	to	the	planner.	When	completed	and	reviewed,	job	plans	become
viable	templates	to	save	the	planner	much	time	when	the	same	job	is



planned	again.	In	addition,	job	plans	within	major	job	packages	can	become
jobs	that	the	ACE	Team	uses	for	benchmark	job	analysis.

Other	references:	The	library	would	include	services	and	any	other
information	from	experienced	supervisors,	crafts	people,	as	well	the
planner.	One	of	the	things	that	can	be	done	is	to	take	a	video	of	critical
repair	jobs	as	they	are	being	performed	by	an	SME.	This	could	be	an	SME
nearing	retirement	and	he	is	the	“go	to	guy”	for	a	specific	repair.	Therefore,
he	becomes	the	star	of	his	own	personal	training	film.

Standard	operating	procedures:	Within	complex	operations	such	as
refineries,	these	SOPs	are	included	for	lockout	tag	out,	safety,	risk
assessment,	and	management	of	change	compliance	etc.	Figures	13.4–13.12
illustrate	work	flow	within	a	refinery	unit	where	(1)	operators	can	do	some
repair	or	help	crafts	person,	(2)	the	unit	has	an	asset	coordinator,	and	(3)
work	is	carefully	reviewed	when	job	has	been	completed.	This	was	a
standard	operating	procedure	for	this	refinery.

Job	packages:	When	planning	work	within	a	refinery	you	are	faced	with
large	and	complex	equipment	that	is	physically	linked	to	form	the	process.
When	planning	work	within	this	environment,	many	factors	are	involved
and	plan	job	packages	are	often	the	best	approach.	Especially	during
shutdown	turnaround	and	outage	planning,	all	jobs	must	be	detailed	with	a
job	package,	which	is	all	of	the	documentation	from	the	planning	efforts.	In
most	cases,	job	packages	are	reviewed	with	the	supervisor	and	the	person
making	the	requested	work.	They	are	also	reviewed	between	a	supervisor
and	the	craftsperson	who	will	be	assigned	the	work.

During	the	verbal	exchange	between	the	maintenance	supervisor	and	the
requester	clarification	of	work	to	be	performed	is	confirmed	between	strategic
planning	phase	and	the	tactical	execution	phase	as	a	work	is	being	completed.
Figures	13.13	and	13.14	summarizes	a	list	of	items	typically	included	in	a	job
package:





Figure	13.4			Work	ID	to	job	completion–refinery.





Figure	13.5			Work	ID.	Work	order	processing–refinery	#1.





Figure	13.6			Work	ID.	Work	order	processing–refinery	#2.





Figure	13.7			Routine	maintenance	work	planning	process–refinery	#1.





Figure	13.8			Routine	maintenance	work	planning	process–refinery	#2.





Figure	13.9			Routine	maintenance	work	daily	scheduling	process–refinery
#1.





Figure	13.10			Routine	maintenance	work	daily	scheduling	process–refinery
#2.





Figure	13.11			Routine	maintenance	work	execution	and	acceptance
process–refinery	#1.





Figure	13.12			Routine	maintenance	work	execution	and	acceptance
process–refinery	#2.





Figure	13.13			List	of	items	typically	included	in	a	job	package.





Figure	13.14			Planner	worksheet	example.
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Understanding	Risk-Based	Maintenance	by	Using
Risked-Based	Planning	with	Risk-Based	Inspections

Abstract

This	chapter	is	to	ensure	that	planning/scheduling	always	considers	safety	and
all	HSSE	factors	when	developing	small	job	plans	or	large	job	packages.	In
refineries	extreme	care	is	needed	to	make	sure	that	work	is	properly	identified,
accepted	for	quality,	and	all	mitigations	for	risk	related	to	the	job	have	been
considered.	Risk-based	maintenance	is	something	that	a	planner	must	understand
within	their	special	work	environment.	This	chapter	strives	to	introduce	the	key
concepts	of	risk-based	maintenance	and	how	it	can	help	define	risk-based
inspections.	Risk	is	calculated	as	the	product	of	the	probability	of	failure	and	the
consequence	associated	with	a	failure:	Risk		=		Probability	of	Failure	x
Consequence	of	Failure.

Keywords

Asset	criticality;	Health,	safety,	security,	and	environmental	(HSSE);	Operating
context;	Risk	matrix;	Risk	ranking;	Risk-based	inspection	(RBI);	Risk-based
maintenance	(RBM)



Basic	Overview

¹

In	RBI	analysis,	risk	is	calculated	as	the	product	of	the	probability	of	failure	and
the	consequence	associated	with	a	failure.	Planning	must	always	consider	safety
and	all	health,	safety,	security	&	environmental	(HSSE)	factors	when	developing
small	job	plans	or	large	job	packages.	In	refineries	as	we	saw	in	the	work
process	flow	process	Chapter	14,	there	is	extreme	care	in	making	sure	that	work
is	properly	identified,	accepted	for	quality,	and	all	mitigation	for	risk	related	to
the	job	has	been	considered.	So	risk-based	maintenance	(RBM)	is	something	that
a	planner	must	understand	within	their	special	work	environment.	This	chapter
strives	to	introduce	the	key	concepts	of	RBM	and	how	selected	software	systems
can	help	define	risk-based	inspections	(RBI).	First,	let	us	define	what	risk	is	and
how	it	is	calculated.	And,	as	I	always	say,	it	is	like	gambling	with	maintenance
costs	and	equipment	conditions	that	are	deferred	to	a	later	date.

Risk	is	calculated	as	the	product	of	the	probability	of	failure	and	the
consequence	associated	with	a	failure:

Risk	=	Probability	of	Failure	×	Consequence	of	Failure

Risk	is	usually	considered	a	better	measure	for	prioritization	than	either	the
probability	of	failure	alone	or	the	consequence	of	failure	alone,	because	it	is
more	descriptive	of	the	actual	damage/loss	caused.	As	an	example,	if	you	need
to	prioritize	two	assets	where	one	asset	has	a	high	probability	of	failure	but	low
consequence	of	failure,	and	the	other	asset	has	a	low	probability	of	failure	but	a
high	consequence	of	failure,	the	analysis	would	yield	completely	opposite	results
if	you	considered	only	one	factor	or	the	other.	The	use	of	risk	eliminates	this
ambiguity.

The	probability	of	failure	(POF)	is	determined	using	applicable	damage	factors
(mechanisms),	a	generic	failure	frequency,	and	a	management	system	factor:





where:

•	gff	is	the	generic	failure	frequency

•	FMS	is	the	management	system	factor

•	Df(t)	is	the	overall	damage	factor

The	generic	failure	frequency	is	based	on	industry	averages	of	equipment	failure.
The	management	system	factor	is	a	measure	of	how	well	the	management	and
labor	force	of	the	plant	are	trained	to	handle	both	the	day-to-day	activities	of	the
plant	and	any	emergencies	that	may	arise	due	to	an	accident.	The	overall	damage
factor	is	the	combination	of	the	various	damage	factors	that	are	applicable	to	the
particular	piece	of	equipment	being	analyzed.

The	consequence	of	failure	is	calculated	as	the	combined	values	of	the
consequences	for	damage	to	the	failed	equipment,	damage	to	the	surrounding
equipment,	loss	of	production,	the	cost	due	to	personnel	injury,	and	the	damage
to	the	environment.	The	consequence	of	failure	can	include	both	a	financial
consequence	(FC)	and	an	area	(safety)	consequence	(CA):









•	FCcmd	is	the	financial	consequence	to	failed	equipment

•	FCaffa	is	the	financial	consequence	to	surrounding	equipment

•	FCprod	is	the	financial	consequence	due	to	production	downtime

•	FCinj	is	the	financial	consequence	due	to	personnel	injury

•	FCenviron	is	the	financial	consequence	due	to	environmental	damage/cleanup

•	CAequip	is	the	area	consequence	to	surrounding	equipment

•	CApersonnel	is	the	area	consequence	to	nearby	personnel

For	further	detail	on	calculating	probability	of	failure	and/or	consequence	of
failure,	please	consult	API	RP	581.



Evolution	of	Maintenance	Strategies	to	Create
Transition	Between	ReliaSoft

Since	the	1950s,	maintenance	strategies	have	evolved	through	an	event-based
response,	time	based,	condition	based,	reliability	based,	and	then	risk	based.
Figure	14.1	illustrate	development	of	these	maintenance	strategies.	RBM	is
extremely	important	within	large	complex	operations	like	refineries.	In	addition,
as	you	will	see,	the	analysis	for	risk	leads	to	what	we	call	RBI	(Figures	14.2–
14.10).

There	are	a	number	of	software	systems	that	can	support	the	analysis	of
reliability	data	and	in	turn	support	RBM	with	defining	the	best	RBI	plan.	The
following	will	describe	such	a	system	that	is	available	from	ReliaSoft.	This
material	is	reprinted	with	permission	from	ReliaSoft	Corporation	based	on
“Introduction	to	Risk	Based	Inspection	(RBI),”	Reliability	HotWire,	Issue	151
(September	2013).	For	more	information	about	the	RBI	software	tool,	visit
http://www.ReliaSoft.com/rbi/.





Figure	14.1			Development	of	maintenance	strategies.





Figure	14.2			The	concept	of	risk-based	management	(RBM).





Figure	14.3			Outline	of	risk-based	maintenence	(RBM)	methodology	(Part
1).





Figure	14.4			Outline	of	risk-based	maintenence	(RBM)	methodology	(Part
2).





Figure	14.5			Risk-based	maintenence	(RBM)	methodology	leads	to	RBM
planning	and	scheduling.





Figure	14.6			Risk-based	maintenence	(RBM)	risk	matrix.





Figure	14.7			Overview	of	risk-based	maintenance	(RBM).





Figure	14.8			Factors	for	risk-based	maintenance	(RBM)	implementation.





Figure	14.9			Remember	the	“operating	context”	of	the	asset.





Figure	14.10			Process	of	risk	analysis	and	inspection	plan	optimization.



Introduction	to	the	RBI	Software	from	ReliaSoft
Corporation

ReliaSoft’s	new	RBI	software	tool	facilitates	RBI	analysis	for	oil	and	gas,
chemical,	and	power	plants	in	adherence	to	the	principles	and	guidelines
presented	in	the	American	Petroleum	Institute’s	recommendations	in	the	API	RP
580	and	RP	581	publications,	as	well	as	the	American	Society	of	Mechanical
Engineers’	recommendations	in	the	ASME	PCC-3-2007	publication.	RBI	also
includes	all	of	the	standard	features	available	in	RCM++,	a	software	tool	that	is
widely	used	for	Failure	Modes	and	Effects	Analysis	(FMEA)	and	Reliability
Centered	Maintenance	(RCM).

The	RBI	interface	is	identical	to	RCM++,	with	the	addition	of	RBI	specific
options	on	the	System	Hierarchy	tab.





The	equipment	and	component	types	that	are	available	for	RBI	analysis	are
currently	limited	to	those	addressed	API	RP	581.	The	equipment	and	component
types	that	are	available	for	RBI	analysis	are	currently	limited	to	those	addressed
in	API	RP	581.





Each	equipment	type	also	has	associated	components.	For	example,	the	Vessel-
FinFan	equipment	has	the	specific	components	shown	below	available	for
analysis.





While	the	system	hierarchy	can	contain	items	that	are	not	RBI	related,	those
items	will	be	ignored	when	performing	an	RBI	analysis.	For	example,	in	the
following	picture	the	system	is	the	hydrogen	generation	unit,	which	has	several
items	that	receive	RBI	analysis	and	several	that	do	not.





Once	you	create	the	assets,	you	must	answer	questions	and	fill	out	the	relevant
properties	for	the	asset	to	be	analyzed.	All	of	these	inputs	are	used	to	create	a
failure	model	that	determines	the	probability	of	failure,	and	calculates	the
consequences	of	failure.	The	results	also	include	the	recommended	inspections,
if	any,	that	should	be	performed	to	keep	the	asset	under	the	maximum	allowable
risk.



Case	Study	Example

A	small	town	wants	to	do	a	risk	analysis	on	a	proposed	high-pressure	24-inch
pipe	carrying	crude	oil	for	which	the	oil	transportation	company	is	willing	to	pay
a	rent	of	$500,000	in	advance	for	the	next	20		years.	The	company	will	also
perform	an	inspection	on	the	pipe	halfway	through	the	rental	period.	Since	the
city	is	self-insured	and	is	not	willing	to	take	any	financial	chances,	the	city
council	would	like	to	know	if	the	$500,000	offsets	the	possible	risk	associated
with	the	pipe.	The	city	has	requested	the	required	information	from	the	oil
transportation	company	to	conduct	its	own	RBI	analysis	of	the	pipe.	The	pipe	is
composed	of	carbon	steel.	The	heavy	crude,	which	contains	100		ppm	H2S,	is
being	pumped	through	at	an	operating	temperature	of	25		°C	with	a	pressure	of
4.5		MPa.





The	only	two	damage	mechanisms	expected	are	general	thinning	and	external
corrosion.





For	their	analysis,	the	city	assumed	that	the	effectiveness	of	the	performed
inspections	was	average.	All	other	property	values	were	estimated	based	on
other	similar	pipes	used	elsewhere.





The	city	based	the	financial	portion	of	the	consequences	on	the	current
population	density	and	the	property	values	around	the	proposed	pipe	area.	For
the	initial	estimate,	the	city	did	not	take	into	account	inflation	or	any	possible
losses	associated	with	property	value	changes,	or	possible	resident	dislike	of	the
pipeline	across	city	land.





Results

The	analyzed	results	show	that	in	case	of	a	containment	failure	of	the	pipe,	the
expected	cost	associated	with	a	failure	would	be	almost	$4.9		million.	This	far
exceeds	the	$500,000	payment	to	be	received.	However,	the	probability	that	a
failure	will	occur	within	20		years	under	normal	circumstances	is	estimated	to	be
only	0.7%.	Therefore,	the	expected	financial	risk	is	the	product	of	the	two,	or	a
little	over	$36,000.	This	is	well	under	the	$500,000	payment	to	be	received.





In	terms	of	a	cost	analysis	of	the	risk,	and	not	including	the	potential	loss	in
property	value	by	having	the	pipe	run	across	city	property,	the	city	council
recommended	that	the	community	accept	the	proposed	pipeline	as	an	additional
revenue	source	with	minimal	risk.



Category	22	on	Risk	Based	Maintenance	from	The	Scoreboard	for
Maintenance	Excellence

The	following	pages	include	category	22	for	risk-based	maintenance	(RBM).

22.	Risk-Based	Maintenance	(RBM)

Item#

1.

This	company	has	a	process	and	resources	to	perform	the	asset	condition	and	risk	assessment	and	define	the	appropriate	maintenance	program.	All	equipment	displaying	abnormal	values	is	refurbished	or	replaced.	In	this	way	it	is	possible	to	extend	the	useful	life	and	guarantee	over	time	high	levels	of	reliability,	safety,	and	efficiency	of	the	plant.

2.

3.

Table	Continued



Item# Rating:	excellent—10,	very	good—9,	good—8,	average—7,	below	average—6,	poor—5

4. Physical	asset	operators	and	owners	within	the	oil,	gas,	and	petrochemical	sectors	are	increasingly	being	held	to	a	higher	“standard	of	care”	with	regard	to	their	physical	assets.

5. Preventing	all	failures	is	generally	not	feasible	from	either	a	technical	or	an	economical	point	of	view.	The	airline	industry	attempted	failure	prevention	until	the	mid-1970s	and	found	with	the	increase	in	technology	of	modern	equipment	that	their	traditional	maintenance	strategies	did	not	have	the	desired	result.	Is	your	organization	still	applying	these	ineffective	strategies	or	has	not	developed	a	physical	asset	management	strategy	discussed	in	Benchmark	Area	2?	Maintenance	strategies	must	evolve	to	support	the	technological	requirements	of	modern	equipment	and	the	challenges	of	a	competitive	and	legislated	environment.	To	the	same	degree	that	financial	auditors	apply	“due	diligence”	to	the	management	of	an	organization’s	financial	assets,	maintainers	must	apply	due	diligence	in	the	management	of	physical	assets.	To	the	same	degree	that	the	justice	system	requires	“due	process”	in	the	implementation	of	the	law,	so	should	physical	asset	managers	apply	due	process	in	the	management	of	physical	assets?	Unfortunately,	many	physical	asset	managers	are	still	managing	their	assets	using	gut	feelings.	It	is	no	wonder	that:

6. Your	maintenance	strategies	have	evolved	to	support	the	technological	requirements	of	modern	equipment	and	the	challenges	of	a	competitive	and	legislated	environment,	to	the	same	degree	that	financial	auditors	apply	due	diligence	to	the	management	of	an	organization’s	financial	assets.	Maintainers	are	applying	due	diligence	in	the	management	of	physical	assets	to	the	same	degree	that	the	justice	system	requires	due	process	in	the	implementation	of	the	law,	so	should	physical	asset	managers	apply	due	process	in	the	management	of	physical	assets?

7. When	looking	closely	at	your	company,	most	people	will	not	find	a	disorientating	mismatch	between	the	long-term	nature	of	your	liabilities	and	then	see	an	increasingly	short-term	nature	of	your	assets	management	strategy.

8. RBM:	Your	maintenance	strategy	considers	RBM	as	an	evolution	of	reliability-centered	maintenance	(RCM)	since	RCM	is	based	in	the	equipment	condition	and	the	importance	of	equipment	to	the	overall	process/system,	but	RCM	is	limited	because	it	does	not	solve	the	quantification	of	failures.

9. Your	company	has	the	capability	to	quantify	problems	with	probability	as	well	as	level	of	consequences	of	failure	and	RBM	has	been	successfully	applied	and	has	achieved	significant	direct	savings	or	cost	avoidance	in	plants	such	as	oil	and	gas,	petrochemical,	and	power	generation	and	power	distribution	networks,	etc.	And,	it	achieves	important	savings.

10. API	RP	580	standard	defines	risk	as	the	combination	of	the	probability	of	an	event	occurring	during	a	time	period	and	the	consequences	associated	with	the	event.	In	mathematical	terms:	Where	risk	factor	=	%probability	of	failure	×	consequence	of	that	failure.	Does	your	company	define	risk	factors	to	obtain	an	economic	value	(if	the	consequence	is	valued)	or	a	classification	by	a	risk	matrix?

Table	Continued



Item#

11.

12.

13.

14.

15.

The	monitoring	and	maintenance	programs	for	high-risk	assets	are	typically	condition-based	maintenance	(CBM)	programs.	Some	use	signals	from	wireless	input	to	a	central	data	collector	from	numerous	PdM	technologies	within	control	loops	or	on	stand-alone	assets.

Table	Continued



Item# Rating:	excellent—10,	very	good—9,	good—8,	average—7,	below	average—6,	poor—5

16. RBM	is	a	suitable	strategy	for	all	maintenance	plants	as	well	as	your	site.	As	a	methodology,	it	provides	a	systematic	approach	to	determine	the	most	appropriate	asset	maintenance	plans.	Upon	implementation	of	these	maintenance	plans,	the	risk	of	asset	failure	will	be	acceptably	low.

17. A	framework	for	determining	risk	is	in	place.	Here	the	RBM	framework	is	applied	to	each	system	in	a	facility.	A	system,	for	example,	may	be	a	high-pressure	vessel.	That	system	will	have	neighboring	systems	that	pass	fluid	to	and	from	the	vessel.	The	likely	failure	modes	of	the	system	are	first	determined.	Then,	the	typical	RBM	framework	is	applied	to	each	risk.	Is	this	framework	present	at	your	plant?

18. Collect	data:	For	each	risk	that	is	being	identified.	Accurate	data	about	the	risk	needs	to	be	collected.	This	will	include	information	about	the	risk,	its	general	consequences,	and	the	general	methods	used	to	mitigate	and	predict	the	risk.

19. Risk	Evaluation:	At	the	risk-evaluation	stage,	your	operation	considers	both	the	probability	of	the	risk	and	the	consequence	of	the	risk,	quantified	in	the	context	of	the	facility/process	under	consideration.

20. Rank	risks:	With	the	risk	evaluation	complete,	the	probability	and	consequence	are	then	combined	to	determine	the	total	risk.	This	total	risk	is	ranked	against	predetermined	levels	of	risk.	As	a	result,	your	decision	on	risk	is	either	acceptable	or	unacceptable.

21. Create	an	inspection	plan:	If	the	risk	is	unacceptable,	you	evaluate	a	plan	to	inspect	the	system	using	a	condition	monitoring	approach	where	possible.	Or,	if	it	is	more	cost	appropriate,	and	technically	feasible,	a	preventative	maintenance	program	might	be	selected.

22. Propose	mitigation	measures:	At	this	stage,	you	have	a	proposal	for	mitigating	the	risk,	using	the	condition	monitoring	and	maintenance	approach.

23. Reassessment:	Finally,	your	proposal	is	evaluated	against	other	factors,	such	as	legal	and	regulatory	requirements.	If	the	proposal	needs	are	deficient,	then	the	process	starts	again.	Otherwise,	the	maintenance	proposal	is	put	into	place.

24. RBM	decision	methods	can	be	categorized	into	qualitative,	quantitative,	and	semiquantitative	method.	However,	RBM	is	not	widely	applied,	and	most	of	the	applications	focus	on	the	area	of	process	plant	[3]	and	petroleum	transport	system.

22.	Risk-based	maintenance	Subtotal	score	possible:	240



Further	Reading

American	Petroleum	Institute.	API	RP	581	Risk-based	Inspection
Technology.	second	ed.	Washington,	D.C:	American	Petroleum	Institute;	2008.

¹	This	overview	of	basic	RBI	concepts	is	reprinted	with	permission	from
ReliaSoft	Corporation	based	on	“Introduction	to	Risk	Based	Inspection	(RBI),”
Reliability	HotWire,	Issue	151	(September	2013).
http://www.weibull.com/hotwire/issue151/hottopics151.htm



Chapter	15



Developing	Improved	Repair	Methods	and	Reliable
Maintenance	Planning	Times	with	the	ACE	Team
Process

Abstract

This	chapter	outlines	the	methodology	for	applying	the	ACE	Team
Benchmarking	process.	This	very	easy-to-use	procedure	will	allow	a
planner/scheduler	to	be	the	central	organizer	of	the	ACE	Team	within	an
organization	desiring	to	use	this	methodology	for	developing	benchmark	jobs,
the	use	of	slotting,	plus	allowances	to	develop	reliable	planning	times	for
scheduling.	This	chapter	also	includes	a	step	by	step	process	to	charter	the	ACE
Team.	It	is	a	true	team-based	process	that	utilizes	skilled	crafts	people,
technicians,	supervisors,	planners	and	other	knowledgeable	people	to	do	two
things;	a)	Improve	current	repair	methods,	safety	and	quality	and	then	b)
Establish	work	content	time	for	selected	“benchmark	jobs”	for	planners	and
others	to	use	in	developing	reliable	planning	times

Keywords

ACE	System	time	ranges;	ACE	Team;	Benchmark
analysis	sheet;	Benchmark	jobs;	Craft	performance;
OCE;	Range	of	time	concept;	Reliable	planning	times;



Slotting;	Spread	sheets;	Work	content	comparison;
Wrench	time

Work	measurement	within	maintenance	has	never	been	nor	will	it	be	an	exact
science.	However,	we	must	have	a	reliable	method	to	establish	maintenance
repair	time	that	is	acceptable,	accurate	within	limits,	and	reasonable	from	the
point	of	view	of	the	craftspeople.	There	have	been	several	ways	that	time
standards	for	maintenance	work	have	been	developed.	These	include

1.	Construction	Trade	Estimates	(Commercially	published):	These	types	of
standards	are	used	by	contractors	when	bidding	on	construction	jobs.	Therefore,
they	are	not	recommended	for	in-house	maintenance	work	because	construction
is	not	recommended	for	skilled	craft	technicians.	These	standards	include
engineering	safety	standards	in	the	interest	of	better	safety,	and	most	relate	to
construction	rather	than	maintenance.

2.	Educated	Guesses:	Many	planning	and	scheduling	processes	start,	they
normally	began	with	pure	estimates	or	educated	guesses.	Of	course,	they	are	the
least	costly	and	least	time-consuming.	Disadvantages	include	that	they	reflect
personal	judgment,	whether	by	a	supervisor	or	planner.	In	addition,	the	time	is
typically	the	time	in	which	the	person	feels	they	could	accomplish	the	repair.
One	key	point	here	is	that	as	a	planner	gets	started	and	the	time	estimated	is
needed	for	the	backlog,	there	must	be	a	starting	point	and	educated	guesses	can
be	useful.	It	is	very	important	to	quantify	backlog	not	in	jobs	but	rather	in	man
hours.	Remember	that	the	common	denominator	is	man	hours.	As	time	and
experience	continues,	other	methods	may	be	considered.

3.	Historical	Averages:	This	method	considers	work	orders	of	the	same	type	and
taking	out	extreme	highs	and	lows	and	then	taken	an	average	of	a	specific	job.
Some	computerized	maintenance	management	systems	(CMMS)	have	this
functionality,	but	results	are	just	averages	with	all	of	the	current	nonrelated
maintenance	activities	included.	The	craft	performance	(CP)	factor	of	overall
craft	effectiveness	(OCE)	is	standard	labor	hours	divided	by	actual	labor	hours.
Using	historical	averages,	CP	is	normally	100%.	Therefore,	this	makes
performance	and	schedule	compliance	looked	favorable	when	using	historical
estimates.	Thus,	we	might	ask	“how	demanding	are	these	expectations.”	If	work
order	descriptions	are	not	complete,	then	the	averages	will	not	be	reliable.	In
essence,	they	reflect	the	current	work	environment,	methods,	and	tooling	rather



than	standard	procedures	and	methods.

4.	Adjusted	Averages:	Adjusted	averages	provide	the	first	step	toward	true
expectancy	or	a	standard.	These	averages	require	a	base,	perhaps	6	months,
during	which	time	averages	are	collected	for	repetitive	jobs	and	activity	work
sampling	is	concurrently	performed.	This	work	sampling	looks	to	establish	the
average	CP	for	various	crews.	If	a	given	job	averages	10	labor	hours	and	the
crew	averages	70%	performance	during	the	base,	then	7	labor	hours	becomes	the
adjusted	average.	This	method	is	not	recommended	in	any	situation.

5.	Slotting:	This	is	what	the	ACE	Team	Process	is	all	about.	However,	it	goes
way	beyond	just	an	estimate	of	time.	It	includes	finding	ways	to	improve	repair
methods	and	identify	how	the	failure	occurred	and	how	future	failures	can	be
detected	before	actual	failure.	It	is	a	method	that	uses	experienced	craftspeople,
planners	and	supervisors	to	provide	benchmark	job	estimates	on	jobs	they
understand	and	have	had	a	hand	in	developing	“work	content	time	for
benchmark	jobs.”

6.	Universal	Maintenance	Standards	(UMS):	UMS	look	at	method	analysis	and
use	“standard	data”	for	every	detailed	motion	of	using	a	maintenance	tool.	It	was
first	used	by	the	U.S	Navy	and	then	by	consulting	firms	such	as	H.	B	Maynard.	I
take	back	what	I	said	earlier	about	the	Harvard	Business	Review.	They	did
publish	a	great	White	Paper	on	UMS,	covering	it	very	well.

Why	the	ACE	Team	Process:	The	ACE	Team	exists	to	provide	a	well-
qualified	team	of	experienced	craftspeople,	technicians,	and	supervisors	to
establish	benchmark	repair	jobs	and	work	content	time	for	these	jobs.	The
ACE	Team	is	chartered	to	help	develop	the	ACE	System	for	establishing
maintenance	performance	standards	at	each	site.

Process:	What	are	the	steps	to	be	followed,	and	what	are	the	questions	to	be
answered	by	this	team?

1.	Orientation,	charter	review,	and	charter	acceptance	or	modification.

2.	Ensure	that	all	team	members	understand	team	objectives	and	agree	on	what
needs	to	be	achieved	and	the	criticality	of	this	initiative	to	the	planning	and
scheduling	process.

3.	Understand	the	current	concepts	of	the	ACE	System	as	defined	in	your



organization’s	maintenance	planning	and	scheduling	standard	operating
procedure	(SOP).

4.	Understand	the	basics	of	the	new	XYZ	system	for	CMMS/enterprise	asset
management	(EAM),	the	characteristics,	functionality,	and	performance.

5.	Determine	critical	repair	jobs	that	should	be	used	as	representative	benchmark
jobs;	define	key	steps	and	elements	for	each	benchmark	job;	and	define	any
special	tools,	safety	requirements,	and	other	special	requirements	for	the	job.

6.	Determine	ways	to	improve	doing	the	jobs	being	analyzed	as	benchmark	jobs,
considering	better	tools,	equipment,	skills,	and	even	better	preventive
maintenance	(PM)/predictive	maintenance	techniques	to	avoid	this	type	of
failure	problem.

7.	Conduct	the	ACE	Team	Process	as	outlined	in	the	10-step	approach	from	the
SOP.

8.	Develop	a	team	consensus	on	work	content	times	for	all	of	the	benchmark
jobs	selected.

9.	Continuously	improve	the	ACE	Team	Process	within	the	XYZ	organization	as
an	element	of	our	continuous	reliability	improvement	efforts.

Evidence	of	Success:	(What	results	are	expected,	in	what	periods,	for	this
team	to	be	successful?)

1.	A	sufficient	number	of	benchmark	jobs	will	be	developed	as	to	individual
tasks	and	steps	along	with	estimated	work	content	times	to	complete	the	site’s
ACE	Team	spreadsheets.

2.	The	actual	period	to	complete	the	initial	spreadsheets	will	depend	on	the	time
allocated	by	the	ACE	Team	at	each	site.

3.	ACE	Teams	from	one	site	are	expected	to	share	their	results	with	the	other
sites.	Because	of	the	similar	nature	of	equipment,	the	sharing	of	benchmark	job
write-ups	and	even	work	content	times	that	ACE	Teams	have	developed	can	be
shared	throughout	the	operation.

4.	Overall	success	will	be	determined	by	each	planner	having	adequate



spreadsheets	that	cover	all	construct	areas	as	well	as	types	of	crafts	work
(mechanical,	electrical,	etc.)	so	that	planning	times	can	eventually	be	established
for	80%	or	more	of	the	available	craft	hours.

Resources:	(Who	are	the	team	members,	team	leader,	and	team	facilitator	that
will	support	the	team	if	needed?	How	much	time	should	be	spent	in	meetings
and	outside	of	meetings?).	The	ACE	Team	should	consist	of	the	following
representatives:

•	One	maintenance	planner/team	leader

•	One	maintenance	supervisor

•	Two	to	three	crafts	representatives	from	area	1

•	Two	to	three	crafts	representatives	from	area	2

•	Two	to	three	craft	representative	from	area	3

Note:	Crafts	representatives	should	rotate	periodically	and	sufficient	numbers
should	be	designated	so	as	to	have	at	least	two	to	three	representatives	from	each
craft	area	when	benchmark	jobs	from	these	areas	are	being	reviewed	for	job
steps	and	estimated	for	work	content	time.

•	An	initial	ACE	Team	meeting	will	be	for	1	h	or	more.	The	team	shall	meet
initially	for	at	least	3	h	each	week.	This	team’s	activities	and	success	will	be
considered	as	part	of	each	team	member’s	job.

Constraints:	(What	authority	does	the	team	have,	what	items	are	outside	of	the
scope	of	the	team,	and	what	budget	does	the	team	have?)

1.	No	changes	to	organization	structure	are	anticipated.

2.	Benchmark	job	plans	are	to	be	reviewed	and	approved	by	the	maintenance
manager.

3.	Each	team	must	obtain	buy	in	and	overcome	concerns	from	the	other	crafts	on
their	estimates	for	benchmark	jobs	and	repair	methods	recommended	for	each
benchmark	job.



4.	Team	presents	implementation	status	reports	as	required	and	any	additional
recommendations	to	the	XYZ	maintenance	excellence	strategy	team.

5.	The	ACE	Team	has	the	authority	to	recommend	new	and	improved	repair
methods,	new	tools	to	help	craft	productivity	and	safety,	and	other	improvements
to	improve	asset	reliability	as	developed	during	the	ACE	Team	Process.

Expectations:	(What	are	the	outputs,	when	are	they	expected,	and	to	whom
should	they	be	given?)

1.	Spreadsheets	for	the	site	that	cover	all	crafts	areas	and	construct	types	are
completed	by	_____.

2.	Reliable	planning	times	are	provided	for	benchmark	jobs	so	that	effective
planning,	performance	measurement,	backlog	control,	and	level	of	PM	work	can
be	established	with	a	high	level	of	confidence.

3.	ACE	Team	provides	a	steady	source	of	continuous	improvement	ideas	to
make	repair	jobs	safer	and	easier.

4.	Minutes	are	to	be	completed	for	all	team	meetings	and	sent	to	the	maintenance
manager	and	the	XYZ	maintenance	excellence	strategy	team.



The	Methodology	for	Applying	the	ACE	Team
Benchmarking	Process

This	section	will	outline	the	methodology	for	applying	the	ACE	Team
Benchmarking	process.	This	very	easy-to-use	procedure	will	allow	a
planner/scheduler	to	be	the	central	organizer	of	the	ACE	Team	within	an
organization	desiring	to	use	this	methodology	for	developing	benchmark	jobs,
the	use	of	slotting,	and	allowances	to	develop	reliable	planning	times	for
scheduling.	A	graphical	illustration	of	this	process	is	included	in	Figure	15.1.



ACE	Team	Benchmarking	Process

A	New	Maintenance	Work	Measurement	Tool	from
the	Maintenance	Excellence	Institute	International

A	True	Team-Based	Approach:	Here,	we	will	outline	a	new	and	highly
recommended	methodology	for	establishing	team-based	maintenance
performance	standards	that	we	call	reliable	planning	times.	The	ACE	Team
Benchmarking	process	(ACE	System)	was	developed	by	The	Maintenance
Excellence	Institute	International	founder	back	in	the	1980s.	It	is	a	true
team-based	process	that	uses	skilled	craftspeople,	technicians,	supervisors,
planners,	and	other	knowledgeable	people	to	do	two	things:

1.	Improve	current	repair	methods,	safety,	and	quality

2.	Establish	work	content	time	for	selected	benchmark	jobs	for	planners	and
others	to	use	in	developing	reliable	planning	times





Figure	15.1			The	ACE	Team	benchmark	job	analysis.	ACE,	a	consensus	of
experts.

Benchmark	Jobs:	This	is	a	proven	process	that	uses	“a	consensus	of
experts”	(ACE)	who	have	performed	these	jobs	and	can	also	help	improve
them.	In	turn,	relatively	few	representative	“benchmark	jobs”	are
developed	for	the	major	work	areas/types	within	the	operation.	Benchmark
jobs	are	then	arranged	into	time	categories	(“time	slots”)	on	spreadsheets
for	the	various	craft	work	areas.

Spreadsheets:	By	using	spreadsheets	to	do	what	is	termed	“work	content
comparison”	or	“slotting”,	a	planner	is	then	able	to	establish	planning	times	for
many	jobs	using	a	relative	small	sample	of	“benchmark	jobs”.	This	publication
also	provides	the	step-by-step	process	on	using	the	ACE	System.	Most
importantly,	it	will	illustrate	how	this	method	supports	continuous	reliability
improvement	and	quality	repair	procedures	for	all	types	of	maintenance	repair
operations.

Nearly	every	CMMS	allows	a	user	to	enter	“planned”	or	“standard”	hours	on	a
work	order	and	then	report	on	actual	versus	planned	hours	(the	CP	element	of
OCE)	when	the	job	is	complete.	This	holds	true	for	PM	and	corrective
maintenance	work	orders	as	well	as	project-type	work	for	renovation,	major
overhauls,	and	capitalized	repairs.	Most	do	not	use	this	for	one	main	reason:
They	do	not	have	reliable	planning	times	or	standard	hours	available.

Determining	the	standard	hours	an	average	maintenance	technician	will	require
to	complete	a	task	under	standard	operating	conditions	provides	everyone
involved	a	sense	of	what	is	expected.	The	standards	provide	management	with
valuable	input	for	backlog	determination,	manpower	planning,	scheduling,
budgeting,	and	costing.	Labor	standards	also	form	the	baseline	for	determining
craft	productivity	and	labor	savings	for	improved	methods.

The	ACE	System	Supports	Continuous	Reliability	Improvement:
Maintenance	work	by	its	very	nature	seldom	follows	an	exact	pattern	for
each	occurrence	of	the	same	job.	Therefore,	exact	methods	and	exact	times
for	doing	most	maintenance	jobs	cannot	be	established	as	they	can	for
production-type	work.	However,	the	need	for	having	reliable	performance



measures	for	maintenance	planning	becomes	increasingly	important	as	the
cost	of	maintenance	labor	rises	and	the	complexity	of	production	equipment
increases.	To	work	smarter,	not	harder,	maintenance	work	must	be	planned,
have	a	reasonable	time	for	completion,	use	effective	and	safe	methods	that
are	performed	with	the	best	personal	tools	and	special	equipment	possible
and	have	the	right	craft	skill	using	the	right	parts	and	materials	for	the	job
at	hand.

Investment	for	Planners:	With	an	investment	in	maintenance	planners,
there	must	be	a	method	to	establish	reliable	planning	times	for	as	many
repair	jobs	as	possible.	The	ACE	System	provides	that	method	as	well	as	a
team-based	process	to	improve	the	quality	of	repair	procedures.	Various
methods	for	establishing	maintenance	performance	standards	have	been
used,	including	reasonable	estimates,	scientific	wild	average	guess	(SWAGs),
historical	data,	and	engineered	standards	such	as	UMS	using
predetermined	standard	data.	These	techniques	generally	require	that	an
outside	party	establish	the	standards,	which	are	then	imposed	upon	the
maintenance	force.	This	approach	often	brings	about	undue	concern	and
conflict	between	management	and	the	maintenance	workforce	over	the
reliability	of	the	standards.

The	ACE	System:	A	Team-Based	Approach:	Rather	than	progressing
forward	together	in	a	spirit	of	continuous	improvement,	the	maintenance
workforce	in	this	type	of	environment	often	works	against	management’s
program	for	maintenance	improvement.	The	ACE	System	overcomes	this
problem	with	a	team-based	approach	involving	craft	people	who	will
actually	do	the	work	that	will	be	planned	later	as	the	planning	and
estimating	process	matures.	As	shown	later,	the	ACE	System	is	truly	a
team-based	process	that	looks	first	at	improving	maintenance	repair
methods,	the	reliability	of	those	repairs	to	improve	asset	uptime,	and	then
secondly	to	establish	a	benchmark	time	for	the	job.

Gaining	Acceptance	for	Performance	Standards:	To	overcome	many	of	the
inherent	difficulties	associated	with	developing	maintenance	performance
standards,	the	ACE	System	is	recommended	and	should	be	established	as
the	standard	process	for	modern	maintenance	management.	Other	methods
such	as	the	use	of	standard	data	can	supplement	the	ACE	System.	The	ACE
System	methodology	primarily	relies	on	the	combined	experience	and
estimating	ability	of	a	group	of	skilled	craftspeople,	planners,	and	other



with	technical	knowledge	of	the	repairs	being	made	within	the	operation.

The	objective	of	the	ACE	Team	Benchmarking	process	is	to	determine	reliable
planning	times	for	several	selected	benchmark	jobs	and	to	gain	a	consensus	and
overall	agreement	on	the	established	work	content	time.	This	system	places	a
very	high	emphasis	on	improving	current	repair	methods,	continuous
maintenance	improvement,	and	the	changing	of	planning	times	to	reflect
improvements	in	performance	and	methods	as	they	occur.	The	ACE	System	is	a
very	progressive	method	to	developing	maintenance	performance	standards,	a
very	hard	area	in	itself	to	develop	reliable	and	well-accepted	planning	times	for
maintenance.	The	complete	10-step	approach	to	implementing	the	ACE	Team
Benchmark	process	within	your	current	planning,	estimating,	and	scheduling	can
be	found	at	http://www.pride-in-maintenance.com.



Application	Guide	for	the	ACE	Team	Benchmarking
Process

Generally,	the	ACE	System	parallels	the	concepts	of	the	UMS	approach.	For	the
UMS	and	the	ACE	System,	the	“range	of	time	concept”	and	“slotting”	are	used
once	the	work	content	times	for	a	representative	number	of	“benchmark	jobs”
have	been	established.	The	ACE	System	focuses	primarily	on	the	development
of	work	content	times	for	representative	“benchmark	jobs”	that	are	typical	of	the
craft	work	performed	by	the	group.	An	example	of	an	actual	UMS	benchmark
job	that	has	been	analyzed	with	standard	data	to	establish	work	content	time	is
included	in	Figure	15.1.

For	the	example	illustrated	in	Figure	15.2,	we	see	that	through	the	use	of	UMS
standard	data,	the	eight	elements	of	the	job,	including	oiling	of	the	parts,	have
been	analyzed	and	assigned	time	values	that	total	1.07	h.	Because	the	time	value
for	this	benchmark	job	falls	within	the	time	range	of	0.9–1.5	h	(see	Figure	15.3),
it	is	assigned	a	standard	work	content	time	of	1.2	h.

What	this	implies	is	that	the	actual	work	content	for	this	benchmark	job	will
generally	be	performed	within	the	time	range	for	the	work	group	G	(0.9–1.5	h)
with	a	confidence	level	of	95%.	When	we	refer	to	“work	content,”	the	following
applies:	The	work	content	of	the	benchmark	job	excludes	things	such	as	travel
time,	securing	tools	and	parts,	prints,	delays,	and	personal	allowances,	etc.	The
benchmark	time	that	is	estimated	does	not	include	the	typical	“make-ready”	and
“put-away”	activities	that	are	associated	with	the	job.	Therefore,	several
allowances	must	be	added	to	the	work	content	time	by	a	planner	to	get	the	actual
planning	time	for	the	job.





Figure	15.2			An	example	of	a	benchmark	job	analysis	using	UMS	standard
data.	UMS,	Universal	Maintenance	Standards.





Figure	15.3			Example	of	an	ACE	Team	benchmark	analysis.	ACE,	a
consensus	of	experts.

Important	Note:	The	estimated	time	for	a	benchmark	job	is	for	pure	work
content	time	and	is	made	under	these	conditions:

1.	The	right	craft	skills	and	level	of	competency	is	available	to	do	the	job.

2.	An	average	skilled	crafts	person,	two-person	team,	or	crew	is	doing	the	job
giving	100%	effort	(i.e.,	a	“fair	day’s	work	for	a	fair	day’s	pay”).





Figure	15.4			Example	spreadsheets	for	workgroups	E,	F,	G,	and	H.

3.	The	correct	tools	are	available	at	the	job	site	or	with	the	craftsperson	or	crew.

4.	The	correct	parts	are	available	at	the	job	site	or	with	the	craftsperson	or	crew.

5.	The	machine/process/asset	is	available	and	ready	to	be	repaired.

6.	The	craftsperson	or	crew	is	at	the	job	site	with	all	of	the	above	and	proceeds	to
complete	the	job	from	start	to	finish	without	major	interruption.

Once	a	sufficient	number	of	benchmark	job	times	have	been	established	for	craft
areas	and	work	types,	these	jobs	are	categorized	onto	spreadsheets.	They	are
established	on	spreadsheets	by	craft	and	task	area	and	according	to	the	standard
workgroups	(Figure	15.4),	which	represent	various	ranges	of	time.	This	is
exactly	the	concept	behind	the	UMS	approach.	Figure	15.5	provides	an	example
of	a	spreadsheet	for	workgroups	E,	F,	G,	and	H	with	jobs	that	have	benchmark
times	of	1.2,	2.0,	3.0,	and	4.0	h,	respectively.	A	complete	set	of	ACE	Team
Spreadsheets	for	Workgroup	A	(0.1	h)	up	to	Workgroup	T	(30.0	h)	is	available	in
the	forms	section	of	Appendix	G.

ACE	System	Work	Groupings	and	Time	Ranges:	Figure	15.6	includes	a
listing	of	the	ACE	System	work	groupings	and	the	respective	time	ranges
for	each	workgroup	from	A	to	T.	Likewise,	spreadsheets	for	Workgroups	A,
B,	C,	and	D	would	be	developed	with	benchmark	jobs	having	a	work
content	time	below	1.2	h.	Spreadsheets	for	Workgroups	I,	J,	K,	and	L	for
benchmark	jobs	having	work	content	times	from	5.0	to	9.0	h,	respectively,
would	also	be	developed,	as	they	were	needed.	Figure	15.7	shows	the	ACE
System	standard	work	groupings	and	time	ranges	for	Workgroup	U	(from
32	h)	to	Workgroup	CC	(68	h).

Spreadsheets	Provide	Means	for	Work	Content	Comparison:	After
sufficient	spreadsheets	have	been	prepared	based	on	the	representative
benchmark	jobs	from	various	craft/task	areas,	a	planner/analyst	now	has
the	means	to	establish	planning	times	for	many	different	maintenance	jobs
using	a	relatively	few	benchmark	jobs	as	a	guide	for	work	content
comparison.	By	using	work	content	comparison	(or	slotting	as	it	is	called)



combined	with	a	good	background	in	craft	work	and	knowledge	of	the
benchmark	jobs,	a	planner	now	has	the	tools	to	establish	reliable
performance	standards	consistently,	quickly,	and	with	confidence	for	many
different	jobs.





Figure	15	5			Example	spreadsheets	for	comparing	areas	for	Workgroups	A,
B,	C,	and	D.





Figure	15.6			ACE	System	standard	work	groupings	and	time	ranges:	A	to
T.





Figure	15.7			ACE	System	standard	work	groupings	and	time	ranges:	32–
68	h.

Because	the	actual	times	assigned	to	the	benchmark	jobs	are	so	critical,	it	is	very
important	to	use	a	technique	that	is	readily	acceptable.	The	ACE	System
provides	such	a	technique	because	it	is	based	on	the	combined	experience	of	a
team	of	skilled	craftspeople	and	others.	It	is	their	consensus	agreement	on	the
range	of	time	for	the	benchmark	jobs.	A	consensus	of	experts	who	know	the
mission-essential	maintenance	work	that	is	to	be	done.



The	11-Step	Procedure	for	Using	the	ACE	System

1.	Select	“benchmark	jobs”:	Review	past	historical	data	from	work	orders	and
select	representative	jobs	that	are	normally	performed	by	the	craft	groups.
Special	attention	should	be	paid	to	determine	the	20%	of	total	jobs	(or	types	of
work)	that	represent	80%	of	the	available	craft	manpower.	Focus	on	determining
repetitive	jobs	where	possible	in	all	craft	areas.

2.	Select,	train,	and	establish	a	team	of	experts	(ACEs):	It	is	important	to	select
craftspeople,	supervisors,	and	planners	who,	as	a	group,	have	had	experience	in
the	wide	range	of	jobs	selected	as	benchmark	jobs.	All	craft	areas	should	be
represented	in	the	group.	To	ensure	that	this	group	understands	the	overall
objectives	of	the	maintenance	planning	effort,	special	training	sessions	should	be
conducted	to	cover	the	procedures	to	be	used,	reasons	for	establishing
performance	measures,	etc.	A	total	of	6–10	knowledgeable	team	members	is	the
recommended	size	for	the	team.

3.	Develop	an	ACE	Team	Charter:	At	this	point,	it	is	highly	recommended	that	a
formal	ACE	Team	charter	is	established.	Section	1.0	of	the	Appendix	provides	a
sample	charter	format	that	can	easily	be	tailored	for	each	site.	The	ACE	Team
has	an	important	task	that	will	take	time	to	accomplish.	However,	the	task	of	the
ACE	Team	will	be	important	and,	in	turn,	their	success	as	a	team	can
significantly	contribute	to	continuous	reliability	improvement	and	increased
asset	uptime.

4.	Develop	major	elemental	breakdown	for	benchmark	jobs:

a.	For	each	benchmark	job	that	is	selected,	a	brief	element	analysis	should	be
made	to	determine	the	major	elements	or	steps	for	completing	the	total	job.
Another	example	is	shown	in	Figure	15.3.	Here,	the	elements	of	the	same	job
that	we	illustrated	in	Figure	15.2	are	used	but	arranged	in	a	more	logical
sequence	of	the	actual	repair	method.	In	this	example,	a	standard	time	allowance
for	cleaning	and	oiling	a	small	group	of	parts	had	already	been	established;
therefore,	reference	to	CLN-1	task	was	made.	This	task	referenced	back	to	a
standardized	lube	specification	(#AC-2000).



b.	This	listing	of	the	major	steps	of	the	job	should	provide	a	clear,	concise
description	of	the	work	content	for	the	job	under	normal	conditions.	It	is
important	that	the	work	content	for	a	benchmark	job	be	described	and	viewed	in
terms	of	what	is	a	normal	repair	and	not	what	may	occur	as	a	rare	exception.	All
exceptions	along	with	make-ready	and	put-away	time	are	accounted	for	by	the
planner	when	the	actual	planned	time	is	completed.

c.	An	excellent	resource	to	consider	for	doing	the	basic	element	analysis	for	each
benchmark	job	is	the	craftspeople	(ACEs)	that	are	selected	for	doing	the
estimating	or	even	other	craftspeople	within	the	operation.	Brief	training	on
methods/operations	analysis	can	be	included	in	the	initial	training	for	the	ACEs.
Very	significant	methods	improvements	and	methods	to	improve	reliability	can
be	discovered	and	implemented	as	a	result	of	this	important	step.

d.	The	ACE	Team	Process	must	include	and	also	lead	to	getting	answers	to	the
following	questions

–	Are	we	using	the	best	method,	equipment,	or	tools	for	the	job?

–	Are	we	using	the	safest	method	for	doing	this	job?

–	Are	we	using	the	best-quality	repair	parts	and	materials,	or	is	this	a	part	of	our
problem?

–	What	type	of	preventive	task	and/or	predictive	task	would	help	identify	or
eliminate	the	root	cause	of	the	problem?

–	Where	can	we	work	even	smarter,	not	necessarily	harder?

e.	Major	exceptions	to	a	routine	job	should	be	noted	if	they	are	significant;	an
exception	will	generally	be	analyzed	as	a	separate	benchmark	job	along	with	an
estimate	of	time	required	for	such	repair.

f.	This	portion	of	the	ACE	Team	Process	ensures	that	the	work	content	of	each
benchmark	job	is	clearly	defined	so	that	each	person/planner	doing	the
estimating	has	the	same	understanding	about	the	nature	and	scope	of	the	job.
When	the	benchmark	jobs	are	finally	categorized	onto	“spreadsheets”,	the
“benchmark	job	description”	information	developed	in	this	step	is	then	used	as
key	information	about	the	benchmark	job	on	the	ACE	Team	spreadsheets.



5.	Conduct	first	independent	evaluation	of	benchmark	jobs:

a.	Each	member	of	the	group	is	now	asked	to	review	the	work	content	of	the
benchmark	jobs	and	to	assign	each	job	to	one	of	the	UMS	time	ranges	or	slots.
Each	member	of	the	group	provides	an	independent	estimate,	which	represents
an	unbiased	personal	estimate	of	the	pure	work	content	time	for	the	benchmark
job.	It	is	essential	that	each	team	member	do	an	independent	evaluation	of	each
benchmark	job	and	not	be	influenced	by	others	on	the	team	with	their	first
evaluation.

b.	Focus	on	work	content	time:	It	is	important	here	for	each	member	of	the	team
to	remember	that	only	the	work	content	of	the	benchmark	job	description	is	to	be
estimated	and	not	the	make-ready	and	put-away	activities	associated	with	the
job.	This	part	of	the	procedure	is	concerned	only	with	estimating	the	pure	work
content	excluding	things	such	as	travel	time,	securing	tools	and	parts,	prints,
delays,	and	personal	allowances,	etc.

c.	The	estimate	should	be	made	for	each	job	under	the	following	conditions:

–	An	average	skilled	craftsman	is	doing	the	job	giving	100%	effort,	i.e.,	a	“fair
day’s	work	for	a	fair	day’s	pay”.

–	The	correct	tools	are	available	at	the	job	site	or	with	the	craftsperson.

–	The	correct	parts	are	available	at	the	job	site	or	with	the	craftsperson.

–	The	machine	is	available	and	ready	to	be	repaired.

–	The	craftsperson	is	at	the	job	site	with	all	of	the	above	and	proceeds	to
complete	the	job	from	start	to	finish	without	major	interruption.

d.	Therefore,	the	work	accomplished	under	these	conditions	represents	the	“pure
work	content”	of	the	job	to	be	performed.	Establishing	the	“range	of	time”
estimate	for	this	pure	work	content	is	the	prime	objective	of	the	first	evaluation.

e.	It	is	important	for	each	ACE	Team	member	to	remember	that	to	develop	a
planning	time	requires	the	pure	work	content	time	plus	additional	time
allowances	to	cover	“make-ready”	and	“put-away”	type	activities	associated
with	each	job	as	illustrated	in	Figure	15.8.	The	“make-ready	time”	and	“put-
away	time”	will	be	accounted	for	as	the	planner	adds	time	and	allowances	for



these	elements	as	the	actual	planning	time	is	completed.	Make-ready	and	put-
away	times	are	established	specifically	for	each	operation	and	added	to	the	work
content	time	to	get	the	total	planned	time	for	the	job	being	estimated.

6.	Summarize	first	independent	evaluation:

a.	Results	of	the	first	evaluation	are	then	summarized	to	check	the	agreement
among	the	group	as	to	the	time	range	for	each	benchmark	job.	A	coefficient	of
concordance	can	be	computed	from	the	results	if	required,	but	normally	this
level	of	detail	is	not	needed.	A	coefficient	of	concordance	value	of	0.0	denotes
no	agreement	whereas	a	value	of	1.0	denotes	complete	agreement	or	consensus
among	the	ACEs.	A	consensus	can	generally	be	reached	by	the	ACE	Team
within	one,	two,	and	at	the	most	three	rounds	of	evaluations.

b.	Define	high	and/or	low	estimates.	Team	members	who	are	significantly	higher
or	lower	than	the	rest	of	the	group	for	a	particular	benchmark	job	are	then	asked
to	explain	their	reasons	for	their	respective	high	or	low	estimates.	They	explain
their	reason	for	their	estimate	to	the	group,	discussing	the	method,	condition,	or
situation	for	their	initial	time	estimate.	This	information	will	then	be	used	during
the	second	evaluation	to	refine	the	next	round	of	time	estimates	from	the	entire
group.





Figure	15.8			Planning	time	elements.

7.	Conduct	second	independent	evaluation	of	benchmark	jobs:

a.	A	second	evaluation	is	conducted	using	the	overall	results	from	the	first
evaluation	as	a	guide	for	the	entire	team.	Various	reasons	for	high	or	low
estimates	from	the	first	evaluation	are	provided	to	the	group	before	the	second
evaluation.	This	can	normally	be	done	in	an	open	team	discussion	with	team
members	making	personal	notes	to	use	in	their	second	independent	evaluation.

b.	The	second	round	allows	for	adjustment	to	the	first	estimates	if	the	other	ACE
Team	members’	reasons	for	a	higher	or	lower	estimated	time	are	considered	to
be	valid.	In	other	words,	results	from	the	first	evaluation	plus	reasons	for	highs
and	lows	will	allow	each	team	member	to	reconsider	their	first	estimate.	In	many
cases,	a	review	of	the	repair	method	or	scope	of	work	will	be	more	clearly
defined,	causing	a	change	to	the	time	estimate	for	the	second	evaluation.

8.	Summarize	second	evaluation:

a.	Results	of	the	second	evaluation	are	then	summarized	to	evaluate	changes	or
improvements	in	the	level	of	agreement.	The	goal	is	a	consensus	among	the
ACEs	as	to	the	time	range	(workgroup)	for	each	benchmark	job.	The	second
round	should	bring	an	agreement	as	to	the	time	range.

b.	The	second	independent	evaluation	should	produce	improved	agreement
among	the	group.	If	an	extreme	variance	in	time	range	estimates	still	exists,	then
further	information	regarding	the	work	content,	scope,	and	repair	method	for	the
job	may	be	needed.	Here,	those	with	high/low	estimates	should	review	their
reasons	for	their	estimates	again,	with	the	team	describing	the	scope	of	work	that
they	see	is	causing	differences	from	the	rest	of	the	team.

9.	Conduct	third	independent	evaluation	if	required:	This	evaluation	is	required
only	if	there	remains	a	wide	variance	in	the	estimates	among	the	group	members.

10.	Conduct	a	review	session	to	establish	final	results:	This	session	serves	to
finalize	the	results	achieved	and	to	discuss	any	of	the	high	or	low	estimates	that
have	not	been	completely	resolved.	A	final	team	consensus	on	all	time	ranges	is



the	objective	of	this	session.

11.	Develop	spreadsheets:

a.	The	benchmark	jobs	with	good	work	content	descriptions	and	agreed-upon
time	ranges	can	now	be	categorized	onto	spreadsheets.	From	these
“spreadsheets,”	which	give	work	content	examples	for	a	wide	range	of	typical
maintenance	jobs,	a	multitude	of	individual	maintenance	performance	standards
can	be	established	by	the	planner	through	the	use	of	work	content	comparison.

b.	The	basic	foundation	for	the	maintenance	planning	system	is	now	available
for	generating	consistent	planning	times	that	will	be	readily	acceptable	by	the
maintenance	workforce	that	developed	them.	Attachment	B	to	these	appendices
provides	a	graphical	illustration	of	the	ACE	System.

The	ACE	Team	approach	combines	the	DELPHI	technique	for	estimating	along
with	a	proven	team	process	plus	the	inherent	and	inevitable	ability	of	most
people	to	establish	a	high	level	of	performance	measures	for	themselves.	As
used	in	this	application,	the	objective	for	the	ACE	Team	Process	is	to	obtain	the
most	reliable,	reasonable	estimate	of	maintenance-related	work	content	time
from	a	group	of	experienced	craftspeople,	supervisors,	and	planners.	This
process	provides	an	excellent	means	to	evaluate	repair	methods	and	safety
practices	and	even	to	do	a	risk	analysis	on	jobs	that	leads	to	improved	safety
practices.	The	ACE	Team	Process	can	significantly	contribute	to	continuous
reliability.

The	ACE	Team	approach	allows	for	independent	estimates	by	each	member	of
the	group,	which	in	turn	builds	into	a	consensus	of	expert	opinion	for	a	final
estimate.	Therefore,	the	final	results	are	more	readily	acceptable	because	they
were	developed	by	skilled	and	well-respected	craftspeople	from	within	the	work
unit.	Application	of	the	ACE	System	promotes	a	commitment	to	quality	repair
procedures	and	provides	the	foundation	for	developing	reliable	planning	times
for	a	wide	range	of	maintenance	activities.	Figure	15.9	illustrates	the	complete
ACE	Team	Process.





Figure	15.9			The	complete	ACE	Team	Process.	ACE,	a	consensus	of	experts.
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Successful	Scheduling	by	Keeping	the	Promise	and
Completing	the	Schedule

Abstract

This	chapter	explains	how	the	planner	uses	spreadsheets	from	ACE	Team
Process	for	determining	reliable	planning	times	for	the	schedule.	It	also	includes
how	three	types	of	allowances	are	added	to	the	benchmark	time	to	get	a	reliable
planning	time	for	the	schedule:	travel	time,	miscellaneous	allowances,	and
personal	fatigue	and	delay	allowances.	This	also	provides	an	accurate	backlog
based	on	labor	hours	and	current	craft	performance.	We	also	look	at	defining	a
firm	schedule	in	coordination	with	operations	and	available	craft	hours,	as	well
monitoring,	controlling,	and	execution	of	scheduled	work.

Keywords

Master	schedule;	Miscellaneous	allowances;	Personal
fatigue	and	delay	allowance;	Schedule;	Schedule
breaks;	Schedule	compliance;	Schedule	deviations;
Shop	load	plan;	Shop	schedule;	Travel	allowances

In	this	chapter,	we	look	at	scheduling,	beginning	with	how	the	planner	can	use
the	ACE	team	process	for	determining	reliable	planning	times	for	the	schedule.
First	of	all,	the	planner	must	have	an	accurate	backlog	that	he	or	she	has



calculated	based	upon	current	craft	performance.	Now,	we	will	look	at	defining	a
schedule	with	standard	reliable	estimates	for	an	expectancy	of	how	long	the	job
will	take.	Nyman	and	Levitt	described	this	as	“analytical	estimating,”	which	is
very	much	like	the	slotting	concept	of	the	ACE	team	process.	Figure	16.1
illustrates	how	a	planner	can	define	the	work	content	for	a	job	being	estimated
for	the	schedule.	Appendix	H	provides	an	excellent	baseline	for	a	scheduling
standard	operating	procedure.

At	this	point,	the	planner	is	considering	the	work	content	of	the	job	at	hand	to	be
estimated.	So,	in	Figure	16.1,	the	planner	looks	at	jobs	in	Group	D	(1.5	h)	and
sees	nothing	that	compares	directly,	but	the	job	at	hand	is	certainly	greater	than
1.5	h.	Now,	looking	at	jobs	in	Work	Group	E	(2.0	h),	the	planner	also	sees
nothing	that	matches.	Then,	when	the	planner	looks	at	Work	Group	F	(3.9	h),	he
or	she	knows	for	sure	that	the	job	at	hand	is	less	than	3	h.	Because	the	job	is
greater	than	1.5	h	and	less	than	3	h,	the	planner	slots	the	job	in	Work	Group	E	at
2.0	h.	This	method	has	proven	to	be	95%	accurate	that	the	job	will	range	from
1.5	h	to	2.5	h.





Figure	16.1			Using	benchmark	spreadsheets	for	estimating	wrench	time.

This	wrench	time	must	have	three	types	of	allowances	added	for	it	to	become	a
reliable	estimate	for	the	schedules.	The	three	types	of	allowances	are	shown	in
Figures	16.2	and	Figures	16.3,	Figure	16.4	and	Figure	16.5.





Figure	16.2			Allowances	for	determining	the	total	planned	time	for	the
schedule.





Figure	16.3			Example	of	travel	time.





Figure	16.4			Example	miscellaneous	allowance	table.





Figure	16.5			Example	personal	fatigue	and	delay	(PF&D)	allowance	table.
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Maintenance,	Repair,	and	Operations	(MRO)
Material	Management

The	Missing	Link	in	Reliability

Abstract

This	chapter	takes	a	close	look	at	why	our	spare	parts	can	have	a	big	impact	on
reliability.	Typically,	most	operations,	maintenance,	and	reliability	professionals
associate	materials	management	with	having,	or	not	having,	spare	parts	on	hand.
Despite	their	focus	on	optimizing	plant	performance,	too	little	attention	is	paid	to
the	maintenance	of	the	spare	parts	that	they	hold	in	stock.	The	reason	for	this	is
that	materials	management	is	often	thought	of	as	a	sideline	or	support	activity
rather	than	as	a	core	function	for	achieving	reliability,	and	so	the	influence	that
materials	management	actually	has	on	reliability	is	underestimated.	The	reality	is
that	many	companies	could	significantly	improve	their	reliability	outcomes	by
improving	their	materials	management.

Keywords

Asset	tracking;	Configuration	data;	Downtime;	Maintenance	repair	operations
(MRO)	materials	management;	Reliability	program;	Spare	parts	ownership;
Spares	management;	Spares	tracking;	Work	orders



I	am	very	pleased	to	have	contributions	from	two	authors,	Phillip	Slater	and	Art
Posey,	to	kickoff	this	chapter	on	maintenance,	repair,	and	operations	(MRO)
material	management.	As	shown	in	this	chapter,	there	must	be	close	integration
between	maintenance,	storeroom,	purchasing,	vendors,	and	even	finance.
Reliable	spares	and	reliable	vendors	are	part	of	a	reliable	MRO	supply	chain.





Introduction

“Oh	no,	not	again!”—Is	this	the	perennial	cry	of	the	maintenance	and	reliability
professional?	We	all	know	this	situation:	The	maintenance	team	rectified	a
failure	and	that	repair	has	now	failed	again	shortly	after.	This	is	both	annoying
and	frustrating—after	all,	why	can’t	we	get	these	things	right	the	first	time?
Usually,	we	are	quick	to	blame	the	technician,	the	technique,	or	the	design.	But
none	of	these	may	be	the	fault;	the	cause	of	the	breakdown	could	be	a	poorly
maintained	spare	part.

Empirically,	we	can	say	that	equipment	failures	result	from	a	combination	of
poor	design,	incorrect	operation,	incorrect	installation,	inappropriate	care
activities,	and	poor	cleanliness/environmental	management.	Therefore,	it	ought
to	be	no	surprise	that	we	can	also	say	that	a	vast	majority	of	failures	are	self-
induced,	as	we	control	four	of	those	five	factors.

Maintenance	and	reliability	practitioners	might	also	consider	that	reliable
operations	are	achieved	through	a	combination	of	equipment	selection,
maintenance	program	design,	the	use	of	tools	to	enable	condition	monitoring,
and	skills	development	of	the	team.	However,	many	self-induced	and	premature
failures	are	more	likely	the	result	of	poor	materials	handling	and	storage
methods	for	spare	parts.	For	many	maintenance	and	reliability	practitioners,
materials	management	is	the	missing	link	in	achieving	reliability.

Typically,	most	MRO	professionals	associate	materials	management	with
having,	or	not	having,	spare	parts	on	hand.	Despite	their	focus	on	optimizing
plant	performance,	too	little	attention	is	paid	to	the	maintenance	of	the	spare
parts	that	they	hold	in	stock.	The	reason	for	this	is	that	materials	management	is
often	thought	of	as	a	sideline	or	support	activity	rather	than	as	a	core	function	for
achieving	reliability,	so	the	influence	that	materials	management	actually	has	on
reliability	is	underestimated.	The	reality	is	that	many	companies	could
significantly	improve	their	reliability	outcomes	by	improving	their	materials
management.



Why	Your	Data	Does	Not	Tell	You	What	You	Think	It
Does

In	order	to	explain	this	and	determine	what	to	do	about	it,	let	us	initially	try	to
understand	why	this	problem	is	not	obvious—that	is,	why	your	data	does	not	tell
you	that	you	have	a	materials	management	problem.

Firstly,	downtime	is	typically	recorded	as	equipment	failure	rather	than	as	a
material	or	spares	failure.	So,	your	data	is	often	at	too	high	a	level	to	recognize
that	the	part	failure	is	the	root	cause.	In	addition,	root	cause	investigations	are
not	performed	on	most	failures,	so	assumptions	are	often	made	about	the	cause
of	the	failure;	usually,	it	is	blamed	on	the	installation,	not	a	faulty	part.	This
problem	is	further	exacerbated	by	the	time	that	may	elapse	between	the
installation	of	a	spare	part	and	its	subsequent	failure.	If	enough	time	has	elapsed,
we	tend	to	disassociate	the	failure	from	the	installation	of	the	part,	even	though
the	spare	part	has	exhibited	an	extremely	shortened	life	span.	Without	some	form
of	root	cause	analysis,	we	are	often	just	too	busy	getting	and	keeping	the	plant
going	to	consider	this	issue.

Other	ways	that	we	can	mislead	ourselves	into	not	recognizing	materials
management	issues	as	the	cause	of	our	problems	include	the	following:

•	Work	orders	were	not	closed	off.	If	we	are	not	disciplined	in	finalizing	work
orders,	then	the	data	is	not	available	anyway.	If	we	accept	too	long	a	delay	in
finalizing	work	orders,	then	not	only	is	data	timeliness	an	issue	but	we	also	end
up	relying	on	memory,	which	we	all	know	can	sometimes	be	selective!

•	Configuration	data	are	out	of	date.	If	our	records	do	not	reflect	our	equipment
configuration,	then	how	will	we	confidently	track	any	problem,	not	just	spares
problems?

•	Equipment	hierarchies	are	not	sufficiently	granular.	As	mentioned	above,	if
your	equipment	records	are	set	at	too	high	a	level,	then	we	will	not	be	able	to
recognize	problems.



•	The	team	records	their	actions,	not	the	equipment	needs.	That	is,	records	reflect
what	was	done	(e.g.,	replaced	fan	belt)	rather	than	observing	equipment	issues
and	requirements	(e.g.,	broken	fan	belt	seems	relatively	new,	not	sure	why	it	was
broken).

•	Tracking	of	assets	is	inaccurate.	Who	really	tracks	their	spares	as	assets?	Is
there	an	engineering	spares	register	in	the	COMPUTERIZED	MAINTENANCE
MANAGEMENT	SYSTEM	(CMMS)?

•	Multiple	failure	causes	are	rarely	listed,	even	if	they	are	known.	If	an
equipment	item	fails	due	to	a	worn	part	and	the	repair	is	delayed	due	to	a	lack	of
availability	of	the	part,	is	the	delay	time	documented?

•	Improper	root	cause	conclusions	can	skew	the	data.	If	a	motor	is	pulled	from
stores	and	prematurely	fails,	it	may	be	attributed	to	a	poor	rewind,	when	the	true
root	cause	may	have	been	poor	storage	techniques.



How	Proper	Spares	Storage	Can	Significantly
Improve	Your	Reliability

Let	us	define	maintenance	as	the	actions	required	to	preserve	equipment	in	a
suitably	operational	state	such	that	it	operates	as	expected	when	required.	In	that
case,	perhaps	we	can	extend	that	definition	of	equipment	to	our	spare	parts—
after	all,	aren’t	they	also	part	of	our	equipment	and	don’t	we	want	them	to
operate	as	expected	when	required?	Many	early-life	failures	can	and	do	result
from	poor	preservation	of	the	spare	parts,	which	results	from	improper	storage
practices.

The	key	issues	for	equipment	operating	in	a	plant	are	exposure	to	the
environment	and	the	effects	of	being	in	operation.	For	both	mechanical	and
electrical	elements	of	equipment,	the	effects	of	being	in	operation	include	the
kinetic	effects	of	wear,	heat,	and	vibration.	Our	primary	methods	of	preserving
these	parts	are	lubrication	and	observation.

For	parts	that	we	have	in	storage,	the	issues	are	similar.	We	still	need	to	deal
with	the	effects	of	exposure	to	the	environment,	but	we	also	need	to	deal	with
the	effects	of	not	being	in	operation—that	is,	the	effects	of	being	stationary.	Let
us	consider	these	issues.

Exposure	to	the	Environment

The	key	things	to	consider	are	where	the	spare	is	kept	and	how	is	it	stored.	For
example,	is	it	the	same	environment	as	the	operating	equipment?	Sometimes,	we
are	very	careful	to	protect	the	operating	equipment	with	environmental	controls,
such	as	air	conditioning	or	dust	proofing,	but	then	keep	the	spares	in	a	storeroom
without	either	of	these.



Even	items	kept	in	suitable	storage	or	under	cover	are	exposed	to	the
environment	and	exhibit	failure	modes	from	exposure,	such	as	the	following:

•	Rust

•	Oxidation	of	rubber	components	in	seals,	belts,	and	other	parts

•	Buildup	of	dust	(especially	important	in	electrical,	rotating,	and	reciprocating
equipment)

•	Lubrication	failure	(through	contamination,	migration,	and	evaporation)

•	Vibration	from	the	operating	facility	(slight	vibration	over	a	period	of	time	can
degrade	many	spare	parts,	from	bearings	to	electronic	components)

Effects	of	Being	Stationary

It	is	easy	to	assume	that	because	a	part	is	not	in	operation	and	is	environmentally
protected,	then	it	will	be	acceptable	to	operate	as	expected	when	required.
However,	the	main	enemy	of	reliability	for	items	that	are	stationary	is	gravity,
and	gravity	is	always	with	us!

The	two	main	influences	of	gravity	are

•	Flat	spots	that	result	from	a	constant	weight	on	one	section	in	seals,	shafts,	and
bearings.

•	Lubricants	flowing	to	the	lower	areas,	leaving	upper	areas	without	lubrication.

It	is	really	important	to	recognize	that,	although	you	can	control	exposure,	you
must	manage	gravity	(i.e.,	the	effects	of	gravity).	Therefore,	environmental
control	is	likely	to	be	passive	(in	that	we	provide	infrastructure	that	provides	the
control)	but	managing	the	effects	of	gravity	will	need	to	be	active	(we	need	to
perform	tasks	regularly	to	ensure	the	integrity	of	the	part).

To	demonstrate	this	visually,	Figure	17.1	shows	the	relationship	between	parts	in



operation	and	parts	in	storage.	Figure	17.2	shows	the	crossover	between	active
and	passive	issues	for	parts	in	storage.

In	Figure	17.1,	you	can	see	that	whether	a	part	is	in	storage	or	in	operation,	we
must	still	manage	the	effects	of	rust,	dust,	lubrication	(lack	of),	and	other
environmental	impacts.	This	diagram	alone	indicates	that,	for	reliable	plant
operation,	we	must	maintain	our	parts	because	they	are	subject	to	many	of	the
same	issues	as	the	items	in	operation.





Figure	17.1			The	relationship	between	parts	in	storage	and	parts	in
operation.





Figure	17.2			The	crossover	between	active	and	passive	issues	for	parts	in
storage.

In	Figure	17.2,	we	see	that	those	same	core	issues	of	rust,	dust,	and	lubrication
require	active	involvement	if	we	are	to	ensure	that	a	part	will	operate	as	required
when	needed.	This	is	in	addition	to	actions	that	must	be	taken	in	order	to	counter
the	effects	of	gravity	and	other	environmental	protection.



The	Real	Function	of	Your	Storeroom

By	viewing	spare	parts	management	in	this	way,	we	can	see	that	the	real	function
of	your	storeroom	is	not	just	to	store	and	control	access	to	parts	but	also	to
maintain	them	in	a	condition	so	that	they	are	fit	for	use	when	required.	This
means	ensuring	an	appropriate	care	and	maintenance	routine	as	well	as
providing	environmental	protection.	Neatness	and	organization	of	spare	parts
only	helps	ensure	storeroom	efficiency;	it	does	not	guarantee	spare	parts
integrity.

Some	basic	storeroom	practices	that	affect	reliability	include	the	following:

•	Proper	storage—safe	from	the	environmental	effects	of	dust,	water,	vibration,
and	light

•	Preservation	of	parts—appropriate	lubrication	and	managing	the	effects	of
gravity

•	Rigorous	rotation	of	parts—using	the	oldest	parts	first	(it	seems	that	the	newest
parts	are	always	pulled	first	by	technicians)

•	Proper	labeling	of	parts	so	that	the	correct	part	is	selected—for	example,	not
selecting	a	20	μm	filter	when	a	5	μm	filter	is	required

•	Proper	access	and	equipment	for	lifting	devices—in	order	to	avoid	mechanical
damage	to	parts	when	storing	or	retrieving	them



Spare	Parts	Ownership	Can	Help	Drive	Reliability
Outcomes

Two	of	the	main	problems	with	maintaining	spare	parts	are	identifying	who	is
actually	responsible	for	their	care	and	whether	they	are	qualified	for	the	job.
With	parts	in	operation,	it	is	usually	clear	who	is	responsible	for	their	care	and
maintenance	and	for	achieving	reliability	outcomes—the	maintenance	and
reliability	function.	Spare	parts	in	storage	are	often	given	over	to	the	storeroom
or	warehouse,	who	is	responsible	for	care	and	control.	However,	who	sees	the
whole	picture?	Who	really	understands	how	those	parts	fit	in	with	the	overall
reliability	plans?	Surely	this	is	also	the	responsibility	of	the	maintenance	and
reliability	function.

Are	warehouse	clerks	really	clerks,	or	should	they	be	warehouse	technicians,
where	the	care	of	the	parts	is	as	important	as	the	oversight	of	receipts,	issues,
and	counts?	If	so,	a	warehouse	technician	cannot	perform	a	job	to	support	plant
reliability	unless	they	have	access	to	all	manuals	that	reference	storage
requirements	and	have	been	trained	in	the	following	areas:

•	Lubrication

•	Effects	of	ozone	on	rubber	components

•	Requirements	for	storage	of	code	materials	(if	applicable)

•	Motor	care	and	storage

•	How	hydraulic	cylinders	work	and	how	proper	storage	can	extend	the	life	cycle

•	How	desiccants	work	and	how	they	can	enhance	storage	quality

•	Bearing	types,	component	storage,	and	preservation	methods

•	Valve	types	and	lubrication	requirements



•	Temperature,	humidity,	cleanliness,	and	static	electricity	effects	on	electrical
components

If	you	align	your	spare	parts	ownership	with	the	need	to	deliver	reliability
outcomes,	then	you	can	start	to	see	how	you	can	achieve	your	outcomes	with
appropriate	spare	parts	maintenance.



Establishing	a	Spares	Maintenance	Program

Establishing	a	spares	maintenance	program	is	really	just	like	establishing	the	rest
of	your	maintenance/reliability	program.	As	we	have	discussed,	the	difference	is
that	maintenance/reliability	programs	typically	address	kinetic	effects	(i.e.,
reliability	issues	that	arise	through	the	physical	operation	of	the	asset),	whereas	a
spares	maintenance	program	will	address	static	effects	(i.e.,	issues	that	arise
through	not	operating).	Both	programs,	of	course,	need	to	address	environmental
effects.

Therefore,	establishing	a	spares	maintenance	program	only	really	requires	a
change	in	mindset	for	your	failure	mode	and	effects	analysis	You	now	need	to
consider	how	the	item	will	fail	through	not	operating	rather	than	how	it	will	fail
through	operating.	The	rest	of	the	program	development	is	the	same	as	with	any
other	maintenance/reliability	program:	you	need	to	identify	the	what,	why,	when,
how,	who,	and	where	of	your	spares	maintenance	program.

This	is	an	opportunity	to	expand	your	maintenance	process	and	procedures	to	the
personnel	in	the	storeroom.	A	world-class	spares	maintenance	program	is	not
likely	to	require	any	more	personnel	than	you	currently	have.	It	is	an	opportunity
to	transform	the	perception	of	your	storeroom	personnel	from	a	simple	receiving,
issuing,	and	counting	role	to	a	role	integral	to	the	reliability	of	the	facility.	A
written	detailed	program	could	add	the	structure	and	professionalism	to
transform	your	storeroom	and	your	storeroom	personnel.



Conclusion

Maintenance	and	reliability	professionals	spend	an	overwhelming	amount	of
time	and	energy	ensuring	that	they	preserve	the	equipment	in	their	care	in	a
suitably	operational	state	such	that	it	operates	as	expected,	when	required.
However,	in	doing	this,	they	may	overlook	one	of	the	single	greatest	causes	of
equipment	failure	and	subsequent	downtime:	poor	materials	management.	For
many,	this	is	the	missing	link	in	their	reliability	program.	Poor	materials
management	results	from	systemic	issues	with	the	way	that	reliability	data	is
collected,	inappropriate	techniques	for	storage,	a	misalignment	of
responsibilities,	poor	training,	and	a	lack	of	formal	policy	and	procedures	in	this
area.

Empirically,	we	know	all	this	to	be	true;	equally,	we	know	from	experience	that
correction	of	these	issues	can	have	a	significant	impact	on	the	outcomes	from
any	maintenance	and	reliability	program.	Materials	maintenance	is	the	missing
link	in	most	reliability	programs	and	is	vital	for	a	reliability	program	to	be	a
long-term	success.
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How	to	Measure	Total	Operations	Success	with	the
Reliable	Maintenance	Excellence	Index

Abstract

This	chapter	covers	the	third	area	for	benchmarking,	the	Reliable	Maintenance
Excellence	Index.	As	we	saw	previously,	we	start	with	the	Scoreboard	for
Maintenance	Excellence,	then	we	can	use	the	CMMS	Benchmarking	System,	the
ACE	Team	system	for	measuring	craft	productivity	at	the	shop	for	level,	and
then	compile	the	Reliable	Maintenance	Excellence	Index	(RMEI)	for	measuring
overall	total	operations	success.	The	RMEI	is	a	one	page,	Excel	spreadsheet	that
covers	12–15	key	metrics	across	the	total	operation.

Keywords

Balanced	scorecard;	Performance	metrics;	Profit
optimization;	Reliable	Maintenance	Excellence	Index
(RMEI)

During	this	chapter	we	will	look	at	the	third	area	for	benchmarking	which	is	the
reliable	maintenance	excellence	index.	As	we	saw	previously	we	start	with	the
scoreboard	for	maintenance	excellence,	then	we	can	use	the	CMMS
benchmarking	system,	the	ace	team	system	for	measuring	craft	productivity	at
the	shop	for	level	and	then	compile	the	reliability	maintenance	excellence	index



for	measuring	overall	total	operations	success.	Figure	18.1	again	illustrates	the
four	levels	of	benchmarking.





Figure	18.1			Illustrates	the	four	levels	of	benchmarking.
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How	This	Book	Can	Apply	to	the	Very	Small	Work
Unit	in	Oil	and	Gas	or	to	Any	Type	of	Maintenance
Operation

Abstract

This	chapter	provides	a	great	case	study	from	a	highly	experienced	planner	who
had	retired	from	a	large,	famous	company	known	for	maintenance	excellence
and	started	his	second	career	in	a	much	smaller	plant	as	more	than	“just	a
planner.”	In	contrast,	his	new	company	acted	as	if	maintenance	was	an
unwelcomed	cost	to	the	business.	The	lack	of	support	and	commitment	resulted
in	underperformance	and	missing	its	full	potential	for	value-added	cost	savings
to	the	organization.	However,	this	planner	made	the	best	of	the	situation,	and	his
story	provides	a	great	example	of	what	one	planner	can	do	to	develop	a	more
proactive	maintenance	strategy.

Keywords

Breakdown	maintenance;	Contractor	management
program;	Higher	throughput;	Life	cycle;	Top
management	support;	Unplanned	downtime

This	chapter	gives	a	great	case	study	on	“Different	Schools	of	Thought	on
Executing	Plant	Maintenance.”	It	comes	from	Gary	Royer,	a	highly	experienced



planner	retired	from	a	large,	famous	company	known	for	maintenance
excellence,	who	started	his	second	career	in	a	much	smaller	plant	as	more	than
“just	a	planner.”

My	experiences	at	the	“King	of	Beer”	(Anheuser-Busch)	and	“Queen	of
Chocolate”	shaped	up	to	be	like	the	poles	of	the	earth	due	to	exact	opposite
support	levels	that	the	maintenance	group	received.	The	contrasting	approach	to
maintenance	appeared	to	be	based	on	the	perceived	value	that	the	corporate
leadership	had	of	the	maintenance	group’s	contributions.

Before	I	retired	from	Anheuser-Busch,	The	“King”	recognized	the	value	added
back	to	the	organization	in	the	deliverance	of	a	quality	product	to	its	consumers.
Maintaining	the	plant	equipment	through	its	entire	life	cycle	at	peak	efficiency
and	performance	translated	into	higher	throughput,	less	unplanned	downtime,
and	ultimately	added	profits	to	the	bottom	line.	Proactive	maintenance	was	an
integral	part	of	the	culture	for	the	90	plus	machinists	and	45	electricians	at	our
24/7	plant.

In	contrast,	the	“Queen”	acted	as	if	maintenance	was	an	unwelcomed	cost	to	the
business.	The	lack	of	support	and	commitment	resulted	in	underperformance	and
missing	its	full	potential	for	value-added	cost	savings	to	the	organization.	The
bedrock	of	any	maintenance	organization	begins	with	buy	in	by	top	management
in	any	company.

At	the	“King,”	maintenance	had	a	seat	at	the	table	with	a	senior	vice	president
who	was	the	“Champion	for	World	Class	Maintenance.”	He	made	sure	the	value-
added	contribution	by	the	maintenance	department	was	well	known,	respected,
and	appreciated.	Funding	and	support	for	staffing,	tools,	and	systems	were
provided.	When	it	was	time	for	the	migration	from	the	previous	computerized
maintenance	management	system	(CMMS),	the	change	from	“Champs”	to
“SAP”	was	planned	and	executed.	The	mintenance	champion	made	sure	that
adequate	resources	and	timelines	were	provided	to	assure	a	successful	rollout.

The	SAP	structure	tree,	equipment	hierarchy,	preventive	maintenance	(PM)
tasks,	and	task	instructions	were	preplanned.	Workloads	were	proportionally
divided	into	dedicated	business	units	so	that	each	assigned	technical	planner	was
able	to	do	the	best	job	possible	in	his	or	her	area.	Training	throughout	the	SAP
rollout	was	well	planned	and	scheduled.	Maintenance	audits	were	later
performed	on	an	18-month	rotational	schedule	at	the	domestic	breweries.



Lessons	learned,	corporate	benchmarks,	and	best	practice	PM	enhancements
were	dividends	earned	from	this	process.

Adequate	maintenance	shop	support	staffing	was	available	to	assist	in	planned
modular	PMs	as	each	business	unit	had	planned	scheduled	outages	per	month.
Annual	weeklong	shutdowns	were	scheduled	for	each	production	line	for
extended	refresh	overhauls.	Corporate	training	resources	were	provided	at	the
“Learning	Center”	to	assist	in	developing	technical	skills	and	for	professional
development.	True	“world-class	maintenance”	requires	and	achieves	maximum
results	when	top	management	embraces	it	and	demonstrates	it	by	providing	a
“CHAMPION”	for	the	maintenance	team.

Little	did	I	realize	that	the	training	and	the	years	of	experience	with	this	world-
class	operation	would	later	serve	me	well	at	my	next	employer,	the	“Queen.”
The	supportive	culture	that	I	was	accustomed	was	radically	different.	Everything
I	was	taught	and	had	experienced	throughout	my	career	with	the	“King”	was	put
to	the	test	with	the	“Queen.”

Polar	opposite	support	awaited	my	arrival.	It	became	apparent	that	reactive,
breakdown	maintenance	was	the	norm	after	I	completed	an	on-boarding
assessment	of	the	current	state	and	performance	evaluation	of	the	maintenance
group.	The	current	CMMS	was	“MP2”	and	was	not	rolled	out	properly.	It	had
very	few	PM	tasks	or	instructions	documented	after	3		years	in	service.	Prior	to
MP2,	several	years	had	transpired	after	the	termination	of	the	previous	CMMS
“Elke”	system.	During	this	time	gap,	production	management	tried	what
ultimately	was	a	failed	experiment	and	was	actually	directing	the	maintenance
group	via	direct	plant	intercom	calls	to	specific	crafts	people	on	shift.	Proper
data	migration	did	not	occur.	Seamless	communication	between	the	accounting
systems	and	MP2	was	not	established,	and	as	a	result,	other	useful	data
management	tools	did	not	exist.	Double	data	input	by	maintenance	was	required
for	all	purchase	of	parts	by	the	accounting	system.

The	staff	at	the	“Queen”	consisted	of	fewer	than	20	mechanics	and	electricians
to	cover	three	shifts	of	production	that	was	steadily	increasing	to	meet	market
demands.	A	centralized	maintenance	library	for	PDF	and	hard	copy	manuals	and
drawings	was	needed	and	was	one	of	the	earlier	project	priorities.	A	weekly
maintenance	metrics	report	was	started	to	measure	and	track	key	performance
indicator	(KPI)	progress.



One	highlight,	to	my	surprise,	was	that	one	experienced	technician	had	been
selected	to	get	the	maintenance	storeroom	in	shape,	which	he	was	doing	when	I
arrived.	We	decided	to	use	barcodes,	and	he	successfully	laid	out	an	effective
storage	arrangement	with	bins	for	some	items	and	other	appropriate	storage	and
control	methods	for	all	items.	We	even	used	regular	cycle	counts	to	help	achieve
higher	inventory	accuracy.	Now	we	were	prepared	to	move	forward	with	the
next	steps	of	bar-coded	assets	and	work	orders	when	that	time	might	occur.

A	major	cultural	change	was	needed.	I	soon	realized	that	upper	management	did
not	support	the	required	investment	needed	to	turn	this	situation	around	in	a
timely	fashion.	Lip	service	was	extended,	but	it	lacked	real	meaning	without	the
proper	funding	and	support.	To	expedite	the	positive	change	required	with
limited	external	backing,	I	scheduled	communication	meetings	across	the	shifts
to	offer	a	“vision	of	the	future”	that	could	be	done	with	a	total	internal
commitment	by	all	the	skilled	craft	persons	in	the	department.

As	I	have	explained	already,	no	one	in	maintenance	likes	to	constantly	be	called
for	machine	breakdowns	and	have	to	break	away	from	a	job	in	progress.
Pressure	experienced	when	production	is	halted,	with	operators	not	producing
and	management	standing	around	watching	and	asking	when	will	the	machine	or
line	be	fixed,	did	not	need	to	occur.	The	team	was	open	to	my	proposed	antidote
to	the	reactive	work	with	which	they	were	so	familiar.

Proactive	maintenance	was	the	solution,	and	they	were	willing	to	embrace	the
efforts	required	through	this	journey.	This	involved	their	help	at	times	to	assist	in
writing	some	of	the	earlier	basic	PMs	that	I	later	entered	into	the	CMMS.	It	also
required	their	willingness	to	identify	PM	repair	work	on	the	machinery	before
breakdowns	occurred.	The	team	knew	that	they	had	a	vested	interest	in	a
successful	outcome.	I	shared	basic	reminders	of	the	importance	for	proper	date-
stamped	work	details	documented	in	each	work	order	and	how	accurate	recorded
parts	usage	would	ultimately	become	a	very	good	time-saving	tool	used	by	the
team.	Properly	documented	work	histories,	parts	usage,	bill	of	materials	(BOM),
tasks	and	task	instructions	by	equipment	were	recognized	as	key	tools	in	the
turnaround	from	a	reactive	to	a	proactive	maintenance	culture.

The	shift	maintenance	supervisors	(from	each	of	the	three	shifts)	and	I	focused
on	the	system	tools,	databases,	and	procedures	that	we	needed	to	create,	build
on,	and	use	to	continue	the	turnaround	momentum.	Periodic	training	in	the	new
systems	were	scheduled.	Internal	department	efforts	were	steadily	paying



dividends,	but	further	external	work	was	needed	to	build	and	improve
relationships	with	the	service	end	users	in	production	and	process	areas.

Maintenance	planning	meetings	were	arranged	to	bridge	the	differences	between
maintenance	and	operation	groups	that	had	developed	and	festered	through	the
years.	Regular	meetings	now	occurred	to	continue	working	together	to
communicate	and	maximize	uptime	and	minimize	unplanned	downtime.	This
partnership	grew	stronger	over	time	as	recognition	of	results	of	the	maintenance
team’s	proactive	efforts	had	directly	increased	machine	efficiencies	throughout
the	plant.

The	maintenance	team	was	tasked	with	maintaining	an	aged	facility	and
infrastructure	along	with	installation	of	new	technologies,	new	machinery,	and
new	lines.	This	required	another	early	initiative	and	led	me	to	establish	a
maintenance	contractor	management	program	that	included	an	standard
operating	procedures	(SOP)	that	defines	the	procedures	to	follow	for	work	scope
identification	with	detail	specifications,	reviewing	work	scope	to	secure	quotes,
vendor	selection,	job	scheduling,	reviewing	job	progress,	through	completion.

It	also	included	a	final	audit	review	before	payment	authorization.	The	program
included	a	pool	of	approved	contractors	to	safely	perform	specific	work	in	a
food	manufacturing	facility.

The	attention	to	this	process	served	us	well	as	the	business	growth	continued.
Well-managed	and	-executed	plant	shutdowns	using	both	internal	and	external
maintenance	resources	became	the	norm.

A	comprehensive	multiyear	preventative	PM	program	was	established	to	address
and	service	all	critically	identified	plant	equipment	and	to	provide	for	timely
lubrication,	calibrations,	and	other	regulatory	required	work;	utilities	systems
that	provided	electric	power,	boiler	steam,	condensate	return	systems,	air
compressors,	dryers,	and	refrigeration	equipment	such	as	chillers,	HVAC	and
exhaust	fans,	were	also	included.	Proper	PM	task	identification,	schedule
frequency,	parts	inventory,	and	parts	kitting	management	are	very	important
functions	for	any	size	manufacturing	organization	that	requires	constant	review
for	frequencies	and	detailed	task	instruction	improvements.

Then	there	are	and	use	of	root	cause	analyst	tools	to	eliminate	downtime
occurrences	to	resolve	issues	before	they	become	repetitive.	A	predictive	PM



program	was	begun	with	continual	refinement	for	improved	results.
Recruitment,	technical	training,	and	development	of	qualified	technicians	along
with	succession	planning	are	other	challenges	now	faced	with	the	baby	boomer
technicians	currently	exiting	the	workforce.

To	those	who	accept	the	challenges	encountered	in	a	smaller	or	less-developed
maintenance	organization,	be	receptive	to	outside	audits	that	can	identify	areas
to	improve	and	serve	as	a	benchmark	to	compare	how	your	group	performance
rates	with	your	peers	in	industry.	Use	the	maintenance	metrics	KPI	report	as	a
great	communication	tool	with	top	management.	This	can	demonstrate	with	facts
the	progressive	positive	results	being	achieved	by	a	highly	engaged	and	well-
managed	maintenance	team.

Finally,	with	well-documented	results	showing	successes,	you	should	be	able	to
go	back	and	demonstrate	the	value	added	by	such	a	well-run	maintenance	team.
Of	course	our	job	is	never	done.	Continue	to	educate	others	in	your	organization
on	the	value	derived	from	a	well-supported	maintenance	team.	We	are	not	a	cost
but	an	investment	in	their	success.	In	a	globally	competitive	environment,
maintenance	planners	and	leaders	must	continue	to	evolve,	grow,	and	meet	the
future	challenges.	Learn	that	smart	delivery	of	maintenance	service	goes	hand	in
hand	with	a	more	productive	successful	world-class	organization.

Current	and	future	planners	must	continually	strive	to	grow	in	knowledge,
experience,	awareness	of	tools	and	systems	available,	and	their	use.	You	may
never	know	what	challenges	await	you.	It	is	nice	to	work	in	a	well-structured
organization	with	resources	and	detailed	processes	provided	for	by	other	team
members.	However,	opportunities	do	exist	in	smaller	companies	lacking	all	the
bells	and	whistles	for	the	maintenance	group,	which	provides	a	chance	to	test
your	skills	and	personally	grow	and	achieve	greater	personal	success	and
satisfaction.	The	choice	is	yours,	but	be	prepared.	Best	wishes	to	all	pursuing
and	advancing	their	maintenance	career.

By	Gary	Royer

Maintenance	Planner

A	Premier	Chocolate	Company
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A	Model	for	Success

Developing	Your	Next	Steps	for	Sustainable	and
Reliable	Maintenance	Planning—Estimating	and
Scheduling

Ricky	Smith,		and	Jerry	Wilson

Abstract

This	chapter	is	an	appropriate	closing	chapter	because	it	can	be	viewed	as	a	true
model	of	success	case	study.	The	maintenance	planning	and	scheduling	process
must	be	developed	using	known	best	practices	and	executed	to	the	standards
listed	in	this	chapter.	Alcoa	Mt.	Holly	has	been	the	standard	for	proactive
planning	and	scheduling	for	over	30	years.	The	chapter	author	worked	at	this
facility	for	a	number	of	years,	and	his	experience	there	helped	him	understand
the	advantage	of	proactive	planning	and	scheduling.	The	case	study	numbers
listed	have	been	validated	by	many	external	organizations	over	a	period	of	many
years.	This	process	requires	two	things:	a	different	way	of	thinking	and
discipline	to	follow	the	process.
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A	maintenance	planning	and	scheduling	process	must	be	developed	using	known
best	practices	and	executed	to	the	standards	listed	in	this	chapter.	Alcoa	Mt.
Holly	has	been	the	standard	for	proactive	planning	and	scheduling	for	over	30
	years.	I	worked	at	this	facility	for	a	number	of	years	and	my	time	there	helped
me	understand	the	advantage	of	proactive	planning	and	scheduling.	The	numbers
listed	below	have	been	validated	by	many	external	organizations	over	a	period	of
many	years.	This	process	requires	two	things:	a	different	way	of	thinking	and
discipline	to	follow	the	process.





One	of	the	major	objectives	of	maintenance	planning	and	scheduling	is	to
optimize	“wrench	time.”

Wrench	time	is	defined	as	the	actual	amount	of	time	a	crafts	person	spends	doing
value-added	work.	A	wrench	time	study,	or	work	sampling	study,	is	aimed	at
identifying	and	then	eliminating	or	mitigating	the	time	spent	on	non-value-added
tasks.

•	World-class	wrench	time	is	55–65%

•	Most	companies	have	a	wrench	time	of	18–30%

•	Wrench	time	can	be	increased	by	effective	planning.





Your	system	is	perfectly	designed	to	deliver	precisely	the	results	you’re	getting.

W.	Edwards	Deming



Planning

Planning	is	the	identification	of	all	of	the	resources	required	to	schedule	and
execute	maintenance	work	effectively	and	efficiently.	Planning	is	completed
before	work	is	scheduled.





The	start	of	the	planning	process	begins	when	a	planner	receives	a	work	request.
The	planner	or	a	maintenance	technician	makes	a	job	site	inspection	in	order	to
identify	everything	that	will	be	necessary	to	prevent	delays	to	the	job	once	it	is
started.	The	planner	should	preferably	be	a	fully	skilled	crafts	person	who	also
has	the	additional	skills	necessary	to	execute	the	responsibilities	of	planning.
Those	skills	are:

•	Broad	technical	expertise	for	the	craft

•	Detail	oriented

•	Organized

•	Communications	skills

•	Computer	skills

If	you	think	you	have	to	get	by	with	something	less	than	a	fully	qualified
maintenance	person,	then	you	are	selling	planning	and	scheduling	(P&S)	short.
While	all	of	the	skills,	in	addition	to	technical	expertise,	are	important,	most	can
be	easily	learned.	Technical	expertise	will	allow	a	planner	to	quickly	asses	a
work	request	and	job	site.	In	short	order,	they	will	have	identified	everything	that
is	needed	for	an	effective	job	plan.	I	say	“effective”	because	I	am	not	one	that
believes	every	job	plan	has	to	contain	a	complete	list	of	information,	common	to
all	jobs,	in	order	to	qualify	as	fully	planned	and	ready	to	schedule.	All	of	the
activities	that	are	completed	during	P&S	are	also	completed	when	no	planning
and	scheduling	takes	place.	The	equipment	has	to	be	shut	down;	parts	have	to	be
obtained,	etc.	A	planner	does	these	activities	much	more	efficiently.	Knowing
this,	why	would	any	organization	choose	not	to	use	a	fully	qualified	planner	as
defined	here?



The	Job	Plan

A	job	plan	is	required	for	any	job	that	is	critical	to	the	operation.	A	job	plan
should	only	contain	the	information	that	the	average	maintenance	technician
would	need	to	execute	the	job	at	the	desired	quality	level;	any	more	than	that,
and	you	start	running	the	risk	of	the	job	plan	information	being	ignored.	If	you
want	to,	you	can	include	reams	of	data	with	the	job	plan,	but	on	the	official	form,
only	required	information	should	be	present.	If	your	maintenance	personnel	are
ignoring	what	is	documented	in	the	job	plans,	it	could	be	a	result	of	too	much
information	that	they	do	not	need.	If	this	is	happening,	they	are	likely	missing
key	information	such	as	changes	that	have	been	made	in	parts,	procedures,
specifications,	etc.	that	could	be	crucial	to	improving	reliability.	Therefore,	I
believe	that	planners	should	only	include	what	is	absolutely	necessary.

Too	many	job	plans	focus	on	information	that	the	average	maintenance
technician	already	knows.	If	we	approached	job	plans	a	little	differently	by
focusing	just	on	what	the	technician	needs	to	know	but	might	not,	we	may	find
that	the	job	plans	would	become	more	useful.	The	job	summary	should	use
bullets	rather	than	text	to	list	the	major	steps	of	the	job.	Details	that	a	less
experienced	technician	might	need	can	be	put	in	the	job	package	as	an
attachment,	referred	to	in	the	bulleted	list.	When	details	are	put	in	attachments,
this	enables	most	technicians	to	quickly	access	the	information	they	need	by
reducing	the	amount	of	information	they	must	go	through.	Any	changes	from
what	the	technicians	would	think	of	as	status	quo	should	be	highlighted	to	draw
their	attention.	With	the	exception	of	attachments,	you	should	only	use	details	in
a	job	plan	where	you	are	going	to	require	a	signature	from	the	technician	to
show	that	the	work	was	done	exactly	as	required,	and	these	details	can	usually
be	simplified	with	bullets.	You	can	make	things	even	easier	for	your	technicians
by	standardizing	groupings	of	information	and	by	having	no	more	than	seven
bullets	in	each	grouping.	Additionally,	each	bullet	should	have	no	more	than
seven	words	where	possible.

The	following	are	some	basics	that	must	be	present	for	the	job	to	qualify	as	fully
planned,	including:



Job	scope:	What	needs	to	be	accomplished	by	this	job,	and	what	are	the
basic	activities	that	will	need	to	be	executed	for	completion?	If	prework	is
needed,	like	insulation	removal,	an	electrical	disconnect,	or	any	other
activity	that	must	be	completed	before	the	main	task	can	be	initiated,	the
planner	will	note	this	and	start	making	arrangements	to	have	the	need
resolved	before	the	primary	work	is	scheduled	to	start.	Any	follow-up	work
should	be	noted,	such	as	jobs	to	repair	equipment	that	was	replaced	with
spares.

Labor	needs	by	craft,	skill	level,	and	duration:	The	planner	will	make
estimates	for	the	labor	hours,	and	number	of	individuals	needed,	for	each
craft,	as	well	as	an	overall	estimate	for	the	chronological	time	to	complete
the	job	from	start	to	finish.	The	minimum	skill	level	required	for	each	craft
should	also	be	documented	in	the	job	plan.	For	example,	if	a	second	year
apprentice	is	qualified,	that	information	should	be	documented	in	order	for
the	maintenance	manager	to	make	the	most	effective	labor	utilization.

Parts:	All	of	the	necessary	parts	will	be	identified,	and	those	not	stocked	in	the
storeroom,	or	otherwise	unavailable,	will	be	ordered.	The	job	will	not	be
considered	as	“ready	to	schedule”	until	all	necessary	parts	are	available.	Usually,
all	parts	required	to	do	the	job	will	be	acquired	and	assembled	in	a	“kit”	a	day	or
two	before	the	job	is	scheduled	to	commence.

Permits:	Necessary	permits	will	be	identified	and	initiated	prior	to	the	job	start
time.

Procedures:	If	a	job	requires	a	procedure	that	is	anything	other	than	common
practice	due	to	regulatory	compliance,	reliability,	or	safe	practice	rules,	it	should
be	included	in	the	job	plan	package	and	listed	as	an	attachment	on	the	job	plan
form.	Usually	this	information	will	be	stored	in,	or	linked	to,	the	functional
location	or	equipment	master	in	the	CMMS,	so	that	the	next	time	the	equipment
has	to	be	worked	on,	that	information	will	be	immediately	available	and	it	will
require	less	time	for	the	planner	to	prepare	the	job.

Specifications:	These	should	be	listed	when	applicable	and	in	bullet	form	when
possible.	For	example,	if	bolts	and	nuts	are	stored	in	bulk	in	the	shop	and	a
particular	job	requires	a	bolt	of	a	different	grade	than	normal,	that	should	be
listed.



Special	tools	and	equipment:	These	will	be	noted	and	assembled	for	the	job.

Some	job	plans	will	be	created	with	much	more	detail	because	of	the	complexity
of	the	job.	Job	plans	should	be	saved	by	electronically	tying	them	to	the
functional	location	for	the	equipment	in	the	CMMS	system	(these	are	known	as
“preplanned	job	packages”).	In	short	order,	the	planner	will	have	documented
plans	for	the	equipment	types	that	fail	most	often.	This	will	be	a	big	time-saver
for	the	planner	in	the	future.

Many	times	a	planner	or	maintenance	technician	may	have	to	visit	a	site	to	scope
the	work.	Following	is	an	example	of	a	very	simple	job	site	inspection	form	used
by	a	planner	for	a	mechanical	maintenance	crew.





Key	traits	of	an	organization	that	has	an	effective	planner:

•	Necessary	planner	responsibilities	do	not	take	a	back	seat	to	other	needs.

•	The	majority	of	a	planner’s	time	is	spent	working	on	future	work.

•	Maintenance	personnel	seldom	have	to	acquire	additional	parts	on	“planned”
jobs.

•	They	have	documented	the	type	of	jobs	that	should	not	be	planned	in	order	to
increase	the	effectiveness	of	their	planner(s).

•	They	define	emergency	work	and	track	its	level.

•	Emergency	work	is	15%	or	less	of	total	labor	hours.

•	Planning	documentation	is	valued	and	reviewed	by	the	field	personnel.	Field
personnel	realize	the	importance	of	sticking	to	the	plan	for	consistency	and
maintaining	the	schedule.

•	The	planner	effectively	executes	the	following	responsibilities:

Inspecting	the	job

Writing	a	job	scope

Identifying	parts

Ordering	parts



Identifying	and	assembling	necessary	procedures

Identifying	required	permits

Electronically	maintaining	current	status	of	the	work	orders	and	backlogs

Because	the	planner	is	such	a	skilled	and	resourceful	person,	one	of	those	who
can	always	make	things	happen,	it	is	all	too	easy	for	him/her	to	be	saddled	with
responsibilities	that	rob	time	from	necessary	planning	responsibilities.
Management	must	always	be	wary	of	this	and	protect	against	sacrificing
planning	quality	for	convenience.	I	am	not	saying	that	your	planner	cannot	have
additional	responsibilities	but	only	that	management	must	ensure	that	the
planning	responsibilities	have	first	priority	and	that	any	additional
responsibilities	do	not	impinge	on	them.	We	discussed	earlier	how	a	planner’s
time	is	leveraged	by	three	or	more	times;	it	is	unlikely	that	any	other
responsibilities	assigned	to	a	planner	will	have	anywhere	near	that	level	of	value.
However,	in	my	experience,	it	is	a	common	problem	that	planners	have	either
been	assigned,	or	they	have	assumed,	other	responsibilities	that	limit	the	amount
of	time	they	have	to	do	their	foremost	job.	Thus	planning	quality	and/or	quantity
suffers.	Some	common	responsibilities	that	I	find	planners	fulfilling	that	do	not
require	a	planner’s	expertise	and	could	compete	with	higher	value	adding
activities	necessary	for	well	planned	jobs	are:

•	Kitting	the	parts

•	Stocking	new	spare	parts

•	Maintaining	the	CMMS	information

•	Ordering	parts	for	emergency	jobs	or	jobs	already	in	progress.	Avoid	this	at	all
cost!

Note:	It	is	the	responsibility	of	someone	else	to	take	of	emergency	work.	Pulling
a	planner	into	emergency	work	reduces	wrench	time	and	decreases	work
efficiency.



Scheduling

Maintenance	scheduling	is	the	coordination	of	the	schedule	for	the	maintenance
resources	(labor,	materials,	tools,	and	equipment)	and	that	of	the	assets
(production	equipment)	in	order	to:

•	Minimize	interruptions	to	the	production	schedule.

•	Maximize	maintenance	work	within	the	opportunities	present	in	the	production
schedule.

•	Maximize	utilization	of	the	maintenance	labor	resources.

•	Proactively	initiate	and	execute	preventive,	predictive,	and	corrective
maintenance	work.

•	Maximize	wrench	time	for	the	maintenance	organization.





Each	of	these	bullets	has	already	been	discussed	in	detail.	So,	let	us	look	at	how
an	effective	schedule	is	built.	An	effective	schedule	should	have	an	appropriate
amount	of	fill-in	work	as	discussed	earlier.	Depending	on	your	organization’s
level	of	emergency	work,	you	may	need	more	or	less	fill-in	work	to	protect	the
remaining	planned	and	scheduled	work	from	interruption.	The	majority	of	the
labor	hours	available	will	be	scheduled	as	routine	work	that	has	been	planned.
The	remaining	minority	of	the	hours	will	be	scheduled	as	fill-in	work.	By
design,	fill-in	work	will	be	sidelined	as	emergency	work	necessitates.	Forty-six
percent	of	the	survey	respondents	report	that	their	P&S	jobs	are	frequently
interrupted	by	emergency	jobs.	Interrupting	fill-in	work	does	not	count	as	a
schedule	breaker	nor	should	it	require	supervision	approval.	I	have	seen	highly
proactive	maintenance	organizations	effectively	operate	with	as	little	as	5–10%
fill-in	work,	and	I	have	seen	those	that	required	40–50%.	As	a	rule	of	thumb,	if
your	P&S	system	is	properly	designed	and	executed,	in	6–12		months	you	should
need	20%	or	less	fill-in	work	to	protect	your	higher	value	work	from	interruption
by	emergency	jobs.

One	of	the	most	effective	tools	in	scheduling	maintenance	work,	particularly	in	a
situation	where	a	single	maintenance	organization	serves	more	than	one
production	or	manufacturing	area,	is	the	use	of	a	maintenance	coordinator.	A
maintenance	coordinator,	who	reports	through	the	production	department,	serves
as	a	point	of	contact	for	all	information	and	a	funnel	for	setting	priorities	for
maintenance.	I	have	often	seen	where	each	shift	supervisor,	and	each	production
manager,	believes	his	or	her	maintenance	work	is	top	priority.	A	maintenance
coordinator	can	minimize	this.	They	should	attend	all	production	meetings	and
be	thoroughly	capable	of	leveling	work	order	priorities	across	department	lines.
The	maintenance	coordinator	has	knowledge	of	all	production	schedule	issues
such	as	order	ship	dates,	production	start-up	and	shut-down	dates,	production
delays,	and	product	priorities.	A	representative	from	the	production	department,
armed	with	this	information,	can	much	more	effectively	prioritize,	help	schedule
work	orders,	minimize	priority	changes,	minimize	schedule	changes,	and	find
opportunities	in	the	production	schedule	for	maintenance	work,	than	all	of	the
maintenance	managers	talking	with	the	production	supervisors	in	the	plant.	I
strongly	believe	that	the	maintenance	coordinator	role	is	just	as	critical	as	a
planner	and	scheduler	in	all	but	the	smallest	P&S	efforts.	In	the	case	of	a
maintenance	coordinator,	justification	for	the	position	should	not	come	from	the
maintenance	department	but	from	the	production	department.	If	your	P&S



system	is	able	to	deliver	positive	gains	to	your	maintenance	department,	a
maintenance	coordinator	position	will	be	paid	for	by	the	gains	delivered	to	the
production	department.	The	cost	associated	with	an	hour	for	the	production
department	is	much	more	valuable	than	an	hour	of	maintenance	department	time.
Reducing	the	time	required	to	perform	a	maintenance	job	will	in	turn	save	the
same	amount	of	time	for	production.	If	you	have	questions	about	justifying	a
maintenance	coordinator,	keep	this	section	in	mind.

A	maintenance	coordinator	working	with	a	maintenance	scheduler	can	create	a
synergy	that	will	cause	a	paradigm	change	in	the	reactiveness	of	a	maintenance
organization.	This	is	the	result	of	merging	the	production	and	maintenance
schedules,	along	with	adjusting	priorities,	which	will	enable	more	proactive
work	to	be	scheduled	and	completed	than	without	a	maintenance	coordinator.

The	last	benefit	of	having	a	maintenance	coordinator	that	I	will	mention	is	that
of	an	advocate	in	the	production	management	meetings.	The	maintenance
coordinator’s	allegiance	should	be	to	the	operating	department,	but	his	or	her
participation	in	the	P&S	process	with	maintenance	will	instill	a	high	degree	of
ownership	in	the	maintenance	schedule.	Having	his	or	her	input	in	the
production	scheduling	meetings	will	be	invaluable	to	the	maintenance
organization	in	getting	support	for	proactive	work	and	eliminating	delays	to
maintenance	caused	by	production.	Forty-seven	percent	of	our	survey
respondents	reported	that	maintenance	frequently	waits	for	equipment	to	be
shutdown	and/or	prepared	for	work	that	was	scheduled.

Key	principle:	If	your	maintenance	organization	has	to	struggle	with
competing	priorities	from	the	production	department	and/or	a	lack	of
support	for	the	P&S	effort,	make	the	case	for	a	maintenance	coordinator.

Following	are	some	of	the	key	maintenance	coordinator	responsibilities:

•	Level	work	priorities	across	the	department.

•	Communicate	all	production	schedules	to	maintenance.





Figure	20.1			The	scheduling	process.

•	Ensure	timely	equipment	preparation	for	maintenance.

•	Delete	duplicate	and	unnecessary	work	orders.

•	Help	maintenance	find	opportunities	to	complete	all	proactive	work	on	time.

A	process	that	I	have	seen	work	very	well	is	for	all	maintenance	work	requests
from	the	operating	department	to	go	through	the	maintenance	coordinator	before
going	to	the	planner.	This	gives	the	maintenance	coordinator	an	opportunity	to
assign	a	more	equitable	priority	to	each	work	order	given	his	broader	perspective
across	the	entire	production	department.	Going	through	the	maintenance
coordinator	before	the	planner	also	helps	the	planner	respond	to	true	priorities.

The	scheduling	meeting	should	be	attended	by	the	maintenance	coordinator,	the
scheduler(s),	the	maintenance	supervisor,	and	the	planner(s).	If	the	scheduler	has
properly	communicated	with	the	maintenance	coordinator	and	the	maintenance
supervisor	prior	to	the	meeting,	the	weekly	scheduling	meeting	should	be	simply
a	final	approval	of	the	schedule.	I	have	sat	in	scheduling	meetings	for	a	large
maintenance	organization	that	were	very	well	prepared	for	and	took	only	15
	min.	It	was	very	impressive.	The	people	in	those	meetings	were	very	good	at
what	they	did	and	they	came	to	the	meeting	prepared.	They	had	a	well-defined
process	and	everyone	followed	it.	I	have	also	sat	in	scheduling	meetings	that
were	either	unorganized,	ill-prepared	for,	involved	turf	wars	between
maintenance	and	production,	or	were	simply	games	being	played	out	because
management	required	the	meeting.	I	have	seen	these	meetings	take	from	one	to
four	hours.

Daily	versus	weekly	scheduling,	which	is	better?	I	believe	that	for	the	most
effective	scheduling,	both	should	be	used.	That	does	not	mean	that	you	have
daily	scheduling	meetings.	I	think	you	can	do	both	with	only	a	single	weekly
scheduling	meeting.

This	allows	a	weekly	schedule,	agreed	on	in	advance,	that	provides	the	overall
target	for	the	following	week,	then	daily	updates	as	needed.	Daily	changes,	if
any,	are	usually	small.	What	this	will	do	for	your	organization	is	provide



increased	flexibility	to	meet	needs	unforeseen	when	the	weekly	schedule	was
built.	Inflexibility	is	one	of	the	key	downfalls	of	a	rigid	scheduling	process.
Keep	in	mind,	the	scheduling	process	should	be	very	rigidly	adhered	to.
However,	that	process	can	have	some	degree	of	flexibility	designed	into	it.	For
example,	let	us	assume	it	is	Tuesday	morning	and	an	operator	just	reported	a
blower	making	an	odd	noise.	A	work	order	is	written,	and	the	planner	inspects
the	job.	The	planner	determines	that	a	bearing	needs	to	be	replaced.	Also,	since
there	are	several	of	these	blowers	in	the	plant,	there	is	a	documented	job	plan
that	was	previously	created.	For	this	job	to	be	fully	planned,	all	the	planner	has
to	do	is	order	the	bearings	and	set	the	status	to	“ready	to	schedule,”	and	all	of	the
remaining	information	will	already	exist	in	the	preplanned	documentation.	Using
the	process	described	in	Figure	20.1,	the	job	can	be	placed	on	Wednesday’s
schedule	as	long	as	everything	is	ready	by	1:30	p.m.	This	is	making	the
scheduling	process	work	for	you	rather	than	punishing	the	organization	that	does
not	have	the	flexibility	to	count	this	as	a	planned	and	scheduled	job.	The	planner
was	not	rushed	abnormally,	and	the	job	plan	has	the	necessary	elements	of	a
fully	planned	and	scheduled	job.

Figure	20.1	is	an	actual	scheduling	process	from	a	plant	that	has	a	mechanical
maintenance	crew	and	a	control	system/electrical	crew,	each	with	their	own
maintenance	team	manager.	These	two	crews	maintain	three	separate	production
areas	that	operate	around	the	clock	seven	days	per	week.	Each	production	area
has	its	own	maintenance	coordinator.	There	is	a	crew	manager	for	each	shift	to
manage	production	issues.	The	entire	group	(about	eight	people)	gets	together
for	their	weekly	scheduling	meeting.	With	these	clarifications,	the	process	is
fairly	self-explanatory.	In	this	particular	organization,	the	two	planners	also
served	as	the	schedulers.

Some	situations	that	you	want	to	prevent	from	being	counted	as	scheduled
include,	for	example,	when	a	rush	to	meet	a	deadline	results	in	a	poor	quality	job
plan,	or	when	your	planner	is	still	creating	or	amending	the	job	plan	while	work
on	the	job	is	underway.	In	my	opinion,	this	is	a	cardinal	sin.	When	your	planner
is	planning	the	job	while	work	is	in	progress	on	the	job,	that	is	not	future	work—
his	time	is	not	being	leveraged.	You	should	only	use	the	planner’s	time	where	it
will	be	leveraged	(more	about	this	in	the	next	chapter).	If	work	is	in	progress,	a
regular	maintenance	person	should	be	executing	all	necessary	activities	from
turning	wrenches,	ordering	parts,	and	finding	procedures.	Once	work	starts,	you
have	missed	the	opportunity	to	leverage	a	planner’s	time.	This	is	an	essential
principle	that	must	be	understood	and	practiced.



Scheduling	cutoff	times	is	a	critical	piece	of	an	effective	scheduling	process.

In	Figure	20.1,	you	will	notice	that	there	are	two	separate	cutoff	times.	The	first
is	the	cutoff	to	get	work	on	the	next	week’s	schedule,	which	is	2:00	p.m.
Wednesday.	The	second	cutoff	time	is	1:30	p.m.	daily	for	updates	to	the	next
day’s	schedule.	Cutoff	times	are	necessary	in	order	to	“publish”	a	schedule.	With
a	firm	day	and	time,	the	scheduler	can	electronically	issue	an	official	schedule
for	either	the	next	week	or	the	next	day,	whichever	the	case	may	be.	There	are	no
separate	schedules;	the	weekly	schedule	is	updated	daily.	Once	published,	the
production	department	can	start	planning	to	make	the	necessary	preparations	to
the	equipment	before	maintenance	arrives	at	the	job	site.	Depending	on	your
type	of	industry,	these	activities	may	include:

•	Shutting	the	equipment	down

•	Cleaning/decontaminating	the	equipment

•	Preparing	permits	to	work	on	the	equipment	(lockout/tag	out),	etc.

Maintenance	can	also	begin	a	myriad	of	activities.	For	example:

•	The	parts	clerk	can	start	kitting	the	parts	for	jobs	a	day	or	two	before	execution
time.

•	Maintenance	can	look	at	the	schedule	and	start	planning	their	personal
activities.

•	The	planner	can	change	the	status	of	the	work	to	“scheduled”	and	discontinue
tracking	those	jobs;	they	will	now	effectively	be	in	progress.

Without	a	cutoff	time,	it	would	be	impossible	to	publish	a	schedule,	causing	an
almost	endless	amount	of	back-and-forth	communication	between	all	involved	in
the	process	to	execute	a	job.	Forty-eight	percent	of	survey	respondents	report
using	a	formal	cutoff	time	for	creating	a	schedule.	Only	41%	of	respondents
report	publishing	a	schedule	electronically,	available	to	all.	Notice	in	Figure	20.1
that	this	organization	had	a	firm	rule	that	in	order	for	work	to	be	counted	as
scheduled,	it	had	to	be	on	the	schedule	for	at	least	24		h.	This	particular
organization	had	historically	“punched	the	card”	by	regularly	listing	work	as
planned	and	scheduled	when	it	clearly	had	not	been,	thus	management	created
the	24		h	requirement	in	an	attempt	to	improve	the	quality	of	planning	and



scheduling.	Normally,	I	would	not	suggest	a	24		h	requirement	such	as	this.

Key	principle:	Publish	a	weekly	schedule	electronically,	which	is	available
to	any	who	may	need	the	information,	and	then	update	it	daily	as	results
and	demands	change.

Can	planning	and	scheduling	be	treated	separately,	or	must	they	be	implemented
together?	Yes	to	both	questions!

•	Planning	prevents	delays	by	identifying	the	needs	of	the	job.

•	Planning	enables	scheduling,	by	quantifying	the	resource	needs	in	order	for	a
block	of	time	to	be	set	aside	to	do	the	job.

•	Scheduling	enables	effectiveness	by	maximizing	resource	utilization	in	both
maintenance	and	production.

•	Scheduling	alone	can	improve	effectiveness	with	only	an	estimate	of	labor
needs	by	reducing	the	down	time	between	maintenance	jobs,	eliminating	false
starts	when	production	cannot	free	up	the	equipment,	and	by	reducing	the	down
time	when	maintenance	has	to	wait	while	production	shuts	down	and	prepares
equipment.

•	Together,	P&S	are	much	more	effective	on	certain	jobs.

•	Not	all	jobs	are	candidates	for	P&S	(this	will	be	detailed	in	the	next	section).

Ultimately,	you	will	want	the	majority	of	your	work	to	be	both	planned	and
scheduled	because	this	is	how	you	will	get	the	most	effectiveness	increase.

Some	work,	however,	is	not	well	suited	for	planning	and	thus	will	only	be
scheduled.	One	example	is	fill-in	work	and	inspections;	planning	would	not	be
done	beyond	a	basic	labor	estimate,	which	should	always	be	documented	to
enable	effective	scheduling	and	backlog	management.	The	major	consideration
would	be	if	the	work	was	very	straightforward	and	only	required	“free	issue”
parts	(parts	stocked	in	the	shop)	or	no	parts	at	all.	Then	the	job	would	only	need
to	be	scheduled.	Running	jobs	such	as	this	through	the	planning	process	would
not	add	value.	In	this	case,	more	time	would	be	required	to	plan	than	would	be
saved	by	delays.



The	characteristics	of	a	job	that	present	the	opportunity	for	savings	are
complexity	and	predictability.	Complexity	can	come	in	the	form	of	technical
difficulties,	multiple	crew	involvement,	special	permits,	special	equipment	or
tools,	special	procedures,	and	multiple	part/material	needs.	It	is	complexity	that
creates	the	opportunity,	if	not	the	likelihood,	of	delays.	And,	it	is	on	the
prevention	of	delays	that	we	want	our	planner	focused.	The	more	labor	that	is
required	by	a	particular	job,	the	more	value	a	half	hour	savings	can	be	worth.	If
you	save	one	person	a	half	hour	by	having	a	part	ready	before	the	job	is	started,
versus	saving	10	people	a	half	hour,	it	can	make	the	difference	in	whether	a	job
should	be	planned	or	not.	If	the	planner	would	spend	more	than	30		min
inspecting	the	job,	updating	status,	ordering	parts,	etc.	then	he	has	used	more
than	the	30		min	saved,	in	the	example	of	a	one-person	job.	You	must	protect
your	planner	from	these	types	of	errors.	Very	simple	and/or	short	jobs	do	not
have	much	value	that	can	be	added	via	planning,	so	they	would	normally	not	go
through	the	planning	process.	This	practice	frees	the	planner	to	focus	on	jobs
where	planning	can	leverage	his	time	by	three	or	more	times.

Predictability	is	a	term	I	use	to	describe	if	the	parts,	person-hours,	technical
skills,	and	other	resources	the	job	will	need	can	be	accurately	identified.	Jobs
that	have	low	predictability	are	not	good	candidates	since	a	planner	would	not
be	able	to	accurately	predict	the	resource	and	part	needs	for	the	job	or	may	not
be	able	to	estimate	the	amount	of	time	a	given	job	would	require	to	be
completed.	A	good	example	of	this	sort	is	some	jobs	for	an	instrumentation	crew.
Take,	for	instance,	a	level	transmitter	work	order.	In	inspecting	the	job,	a
planner	will	not	be	able	to	determine	if	the	fuse	is	blown,	the	probe	is	bad,	or	if
an	amplifier	or	communication	card	needs	to	be	replaced.	In	this	case,	the
planner	would	not	be	able	to	specify	the	parts	for	the	job	or	how	long	the	repair
might	take.	The	best	that	can	be	done	is	to	make	an	“average”	time-required
estimate	and	stop	the	planning	there.



Reasons	why	Maintenance	and	Planning	Fail

1.	Not	knowing	what	effective	planning	and	scheduling	looks	like.

				Visit	an	organization	that	has	proven	effective	planning	and	scheduling	with
key	maintenance	and	production	leadership.	Talk	to	and	interview	key
maintenance	technicians	and	planners.

2.	Planner/Schedulers	are	not	trained	by	true	maintenance	planning	and
scheduling	professionals.

				Identify	organizations	whose	primary	focus	is	on	training	planners	and
schedulers.	Bring	the	instructor	back	to	your	site	to	train	site	personnel	in
effective	planning	and	scheduling.	The	instructor	should	help	the	planner	with
on-site	coaching.	If	wrench	time	for	maintenance	staff	of	20	maintenance	techs
is	20–40%,	you	just	doubled	the	amount	of	proactive	work	conducted	at	your
site.

3.	The	culture	must	be	changed	from	reactive	to	proactive.

				Patience	and	discipline	is	required	to	move	from	reactive	to	proactive.

If	their	thinking	does	not	change	maintenance	planning	will	always	be	reactive.

4.	Maintenance	planning	and	scheduling	metrics	are	not	used	to	track	and	lead
performance.

				Use	the	Society	for	Maintenance	and	Reliability	Professional	(SMRP)	Metrics
and	Definitions	to	move	your	maintenance	planning	and	scheduling	to	a
proactive	state.	(www.smrp.org)

				These	metrics	were	developed	by	maintenance	and	reliability	professionals
worldwide	and	validated	by	a	large	number	of	professionals.	A	few	SMRP
metrics	to	use	for	planning	and	scheduling	are:

•	Planned	Work



•	Unplanned	Work

•	Actual	Cost	to	Planning	Estimate

•	Actual	Hours	to	Planning	Estimate

•	Reactive	Work

•	Proactive	Work

•	Schedule	Compliance	Hours

•	Schedule	Compliance	Work	Orders

•	Standing	Work	Orders

•	Ready	Backlog

•	Total	Backlog

•	PM	&	PdM	Compliance

Proactive	maintenance	planning	and	scheduling	takes	time	to	create	a
proactive	culture,	however,	patience	and	perseverance	will	pay	off.



Appendix	A



The	Scoreboard	for	Maintenance	Excellence—Version
2015

1.	Top	leaders’	support	to	maintenance	and	physical	asset	management

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. The	organization	has	a	strategic	plan	that	is	the	starting	point	for	development	of	the	asset	management	and	maintenance	strategy,	policy,	objectives,	and	plans.

2. Top	leaders	realize	that	the	overall	maintenance	strategy	must	be	holistic	and	that	just	one	best	practice	alone,	such	as	Computerized	Maintenance	Management	Systems	(CMMS),	alone	is	not	the	answer.

3. Top	leaders	understand	maintenance	in	regard	to	its	broader	sense	as	systematic	and	coordinated	activities	and	practices.	This	is	the	way	an	organization	optimally	and	sustainably	manages	its	assets	and	asset	systems,	their	associated	performance,	risks	and	expenditures	over	their	life	cycles	to	achieve	its	organizational	strategic	plans.

4. Top	leaders	consider	and	optimize	the	conflicting	priorities	of	asset	utilization	and	maintenance,	of	short-term	performance	opportunities	and	long-term	sustainability,	and	between	capital	investments	and	subsequent	operating	costs,	risks,	and	performance.

5. Top	leaders	have	provided	an	organizational	structure	that	facilitates	the	implementation	of	the	key	principles	of	asset	management	with	clear	direction	and	leadership.

6 Top	leaders	should	arrange	for	the	creation	of	the	asset	management	strategy.	Key	staff	in	the	organization	shall	establish,	document,	implement,	and	maintain	a	long-term	asset	management	strategy	that	shall	be	approved	and	authorized	by	top	leaders.

7. Top	leaders	should	appoint	a	member(s)	of	management	at	C-level	whose	responsibility	is	to	ensure	that	the	assets	and	assets	systems	deliver	the	requirements	of	the	asset	management	policy,	strategy,	objectives,	and	plans	and	who	have	the	authority	to	achieve	this.

8. Top	leaders	should	ensure	that	adequate	resources	are	available	for	establishing	and	maintaining	the	asset	management	system,	including	equipment,	human	resources,	expertise	and	training.	Resources	can	be	considered	adequate	if	they	are	sufficient	to	deliver	asset	management	plan(s)	and	activities,	including	performance	measurement	and	required	throughput	to	meet	business	plans.
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Item#

9.

10.

1.	Top	leaders	support	maintenance	and	physical	asset	management	score	Subtotal	Score	Possible:	100



2.	Maintenance	strategy,	policy	and	total	cost	of	ownership

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

Your	current	maintenance	strategy	provides	answers	to	the	following	questions:

1. Do	we	know	what	(existing)	assets	we	have,	where	they	are,	what	condition	they	are	in,	what	function	they	perform,	their	inherent	risk	to	operate,	and	their	contribution	to	value?

2. Do	we	know	the	quality	of	the	existing	asset	information	to	include	top	three	databases?	(a)	equipment	asset	register,	(b)	parts	and	material	inventory,	and	(c)	preventive	maintenance	(PM)/predictive	maintenance	(PdM)/condition-based	maintenance	(CBM)	database	for	reliability	analysis.

3. Do	we	know	what	we	want	from	our	assets	in	the	short,	medium,	and	long	term	in	their	current	operating	context?

4. Can	our	assets	deliver	our	asset	management	objectives	cost	effectively	within	their	current	operating	context?

5. Are	we	getting	the	most	value	from	our	assets	and	trying	to	gain	more	value	from	them?

6. Do	we	have	enough	capability	(or	overcapacity)	in	our	current	asset	portfolio?

7. Have	some	assets	or	asset	systems	become	redundant,	underused,	unprofitable,	or	too	expensive?

8. Are	we	confident	that	the	risks	of	our	assets	causing	harm	to	people	and	the	environment	are	tolerable	and	at	organizational/legally	accepted	levels	of	risk?

9. Is	our	asset-related	expenditure	(capital	investment	and	costs)	insufficient,	excessive	or	optimal	and	correctly	assigned	across	the	asset	portfolio?	10	=	optimal,	5	=	insufficient,	excessive	=	6,	7,	8,	9.

10. Can	we	readily	evaluate	the	benefits	(performance,	risk	reduction,	compliance,	sustainability)	of	proposed	work	or	investment	and,	conversely,	quantify	the	total	impact	to	the	organization	of	not	performing	such	work,	i.e.,	not	investing	or	delaying	such	capital,	shutdown,	or	repair	actions.
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

Your	current	maintenance	strategy	provides	answers	to	the	following	questions:

11. Are	we	allowing	future	problems	to	develop	and	increase	maintenance	requirements/backlogs	(such	as	performance	deterioration,	avoiding	risks,	and	decreasing	expenditure	requirements)	in	our	efforts	to	obtain	short-term	gains?

12. Have	we	given	due	consideration	to	the	other	aspects	of	the	organization	that	affect	our	asset	management	plan(s),	such	as	people,	knowledge,	finance	and	intangible	assets	such	as	synergistic	team-based	activities	via	leadership-driven,	self-managed	teams?

13. Do	we	review	the	appropriateness	of	our	asset	management	strategy	in	light	of	changes	in	the	operating,	regulatory,	the	financial	environment,	and	existing	operating	context?

14. Are	we	continually	improving	our	asset	management	system	performance	and	realizing	the	benefits	of	the	improvements	and	know	what	and	where	improvements	will	be	most	effective?

15. Do	we	have	the	necessary	asset	management	policy,	strategy,	and	plan	to	ensure	that	we	manage	our	assets	in	a	sustainable	way?

16. Does	our	approach	to	sustainable	management	of	the	assets	take	appropriate	account	of	the	needs	of	our	stakeholders	and	are	we	open	in	our	communication	with	internal	and	external	stakeholders?

17. Are	the	working	conditions,	skills	and	well-being	of	our	employees	and	contracted	service	providers	given	appropriate	consideration?

18. Are	we	optimizing	our	asset	management	process(es)	and/or	procedures	in	light	of	the	latest	developments	in	technology	and	innovation?

19. Can	we	answer	all	of	the	above	questions	confidently,	with	a	clear	audit	trail,	and	demonstrate	the	answers	to	our	internal	and	external	stakeholders?

20. The	steps	to	forming,	implementing,	and	maintaining	the	asset	management	policy	are	typically	as	follows:	•	Identify	the	requirements	of	the	organizational	strategic	plan	in	terms	of	how	it	will	be	achieved	•	Identify	current	successes	and	gaps	in	application	of	currently	accepted	best	practices	as	included	in	this	Scoreboard	document	•	The	asset	management	policy	should	clearly	define	how	it	facilitates,	supports,	and	enables	achievement	of	the	organization’s	vision,	mission,	and	business	objectives	and	align	with	the	organization’s	physical	asset	management	policies	•	It	should	consider	risks,	objectives,	strategies,	constraints,	boundaries,	timescales,	and	responsibilities	•	Identify	all	legal,	regulatory,	statutory,	and	other	top	leader–designated	mandatory	asset	management	requirements

21. Whole	life	asset	management	is	being	used	and	includes	risk	exposures	and	performance	attributes,	and	considers	the	asset’s	economic	life	as	the	result	of	an	optimization	process	(depending	upon	the	design,	utilization,	maintenance,	obsolescence,	and	other	factors).
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

Your	current	maintenance	strategy	provides	answers	to	the	following	questions:

22. The	asset	life	cycle	costs,	risks	and	performance	are	considered	and	optimized,	which	requires	definition	of	clear	asset	boundaries	for	measuring	performance,	life	cycle	expenditures	and	attributing	associated	risks	and	consequences.

23. There	is	a	clear	understanding	about	the	relationship	between	asset	management	activities	and	their	actual	or	potential	effect	upon	short-term	and	long-term	costs,	risks,	performance,	and	asset	life	cycle	cost	or	asset	system	sustainability.

24. Information	for	decisions	on	total	cost	of	ownership	is	available	for	decisions	to	be	made	in	regard	to	the	optimal	mix	of	life	cycle	activities	such	as	design/selection,	acquisition/construction,	utilization,	maintenance,	renewal,	modification,	enhancement,	decommissioning	and	disposal.

25. The	asset	management	policy	should	be	regularly	reviewed,	at	a	frequency	determined	by	the	organization,	and	following	significant	changes	to	the	operational	context	of	the	organization.	Issues	identified	should	be	addressed,	and	changes,	where	appropriate,	should	be	implemented.

26. Reviews	should	ensure	that	the	asset	management	policy	is	current	and	effective	and	ensures	that	the	policy	is	continuously	improved	in	light	of	developments	in	appropriate	fields	such	as	technology,	operations,	asset	care	techniques,	etc.

27. Communication	of	the	policy	has	been	made	to	all	relevant	stakeholders,	including	contracted	service	providers,	where	there	is	a	requirement	that	these	persons	are	made	aware	of	their	asset	management	strategy-related	obligations.

28. The	asset	management	plan(s)	should	include	a	long-term	asset	replacement	program	to	provide	an	overview	of	future	asset	replacement	requirements	and	associated	capital-funding	needs.

29. Top	leaders	have	a	clear	understanding	as	to	how	the	operating	context	factors	influence	life	cycle	costs.

30. Major	changes	in	top	leaders	and	maintenance	leaders	should	trigger	an	internal	or	external	audit	of	current	state	of	overall	physical	asset	management	as	a	due	diligence	step	for	the	newcomer.

2.	Maintenance	strategy,	policy	and	total	cost	of	ownership	score	Subtotal	Score	Possible:	300



3.	The	organizational	climate	and	culture

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. The	organization’s	vision,	mission,	and	requirements	for	success	include	physical	asset	management	and	maintenance	as	a	top	priority.

2. Senior	management	is	visible	and	actively	involved	in	continuous	maintenance	improvement	and	is	obviously	committed	to	achieving	maintenance	excellence	with	key	resources	needed.
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

3. The	organization’s	business	strategy	and	the	plan	for	total	operations	success	is	known	to	all	in	maintenance	and	includes	a	strategy	for	maintenance	process	improvement.

4. Maintenance	is	kept	well	informed	of	changing	business	conditions,	strategies,	and	long-range	plans.

5. The	organization’s	culture	and	the	maintenance	environment	results	in	innovation,	pride	in	maintenance,	trust,	and	an	obvious	spirit	of	continuous	improvement.

6. Open	communication	exists	within	maintenance	and	the	overall	organization	to	ensure	interdepartmental	cooperation,	idea	sharing,	and	basic	teamwork.

7. The	organization	process	of	gaining	employee	involvement	in	continuous	improvement	includes	the	use	of	leadership	driven,	self-managed	teams	formally	chartered	for	addressing	a	specific	site	challenge	needing	ideas	or	solutions	from	a	cross-functional	group	of	employees.

8. The	team-based	approach	process	being	used	such	as	Six	Sigma	et	al.	is	well	accepted,	and	employees	are	open	to	participation.

9. Crafts	understand	that	the	company’s	strength	is	fast,	small-quantity	shipments	for	critical	customer	reasons.	This	in	turn	requires	frequent	changes	of	tooling	and	setups	rather	than	large	production	runs.	Example:	Contract	packaging	of	cancer	trial	medicine	packaged	and	shipped	directly	to	a	doctor	or	hospital	for	a	cancer	patient.

3.	The	organizational	climate	and	culture	score	Subtotal	Score	Possible:	90



4.	Maintenance	organization,	administration	and	human	resources

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. The	maintenance	organization	chart	is	current	and	complete	with	fully	defined	areas	of	responsibility.

2. The	maintenance	organization	is	sufficiently	staffed	to	respond	to	cover	three	key	areas:	(a)	emergencies,	(b)	reliable	routine	work,	and	(c)	staffing	to	accomplish	timely	backlog	relief.

3. Maintenance	leaders	do	not	allow	extensive	craft	resources	to	be	consumed	with	emergency	repairs,	and	have	performance	metrics	that	strive	to	limit	emergency	work	to	only	10–20%	of	available	craft	hours.

4. There	are	a	number	of	ways	to	organize	maintenance.	Does	your	organization	have	sufficient	resources	to	achieve	the	three	main	types	of	work	that	are	listed	in	Item	2	above?
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

5. The	maintenance	organization	of	supervisors	and	planners	is	organized	such	there	is	direct	liaison	at	the	level	of	supervisor	and	most	importantly	the	planner.	Indirect	liaison	is	viewed	as	maintenance	leader	to	operational	leader	and	can	be	the	wrong	approach.	Operations	whose	customers	must	be	in	direct	communication	with	the	planning	and	supervisory	function	within	maintenance	operations.

6 Having	total	responsibility	for	the	business	of	maintenance	includes	not	only	the	craft	resources	supervisors	and	planners	it	should	but	also	maintenance	engineering	and	storeroom	operations.	Does	your	organization	have	complete	responsibility	for	parts	inventory	control?	Yes	=	10,	No	=	5,	6,	7,	8,	or	9	depending	on	service	level	being	received.

7. Clear-cut	craft	job	descriptions	have	been	developed	that	completely	define	job	responsibilities	and	skill	levels	required	for	each	craft.

8. Craft	personnel	are	provided	copies	of	their	job	descriptions	and	counseled	periodically	on	job	performance,	job	responsibilities,	and	craft	skills	development	needs.

9. One	single	head	of	maintenance	operations	is	a	capable	maintenance	leader	that	is	supported	by	adequate	clerical	and	technical	staff	of	planners,	first-line	supervisors,	stores	personnel,	maintenance	engineering,	plant	engineering,	and	technical	training	support.

10. The	maintenance	department	head	(top	leader)	has	high	visibility	within	the	organization	and	reports	to	a	level	such	as	the	plant	manager	or	site	top	leader.

11. The	first-line	supervisors	are	responsible	for	the	performance	of	12–15	crafts	people.	Responsible	for	12–15	=	10,	8–11	=	8,	16–20	=	8;	less	than	8	=	5,	and	over	20	=	5.

12. A	time-keeping	system	is	in	place	to	charge	craft	time	to	each	job	or	task	on	each	work	order.	10	=	work	orders;	assets	and	parts	are	bar	coded	to	facilitate	tracking	total	time	on	a	work	order,	wrench	time	to	work	order,	and	all	other	non-tool	time.

13. Monthly	or	weekly	reports	are	available	to	show	distribution	of	maintenance	labor	in	critical	categories:	HSSE-related	work,	true	emergency	repairs,	corrective	work,	PM/PdM	work,	project-type	work,	work	generated	from	PM/PdM/CBM-identified	repairs	before	major	failure	etc.	and	other	categories	per	organizational	needs.

14. Monthly	or	weekly	reports	are	available	to	monitor	backlog	status	to	include	total	backlog	and	ready	backlog	ready	for	scheduling	and	priority	of	planned	or	project	work,	etc.

15 Backlog	trend	data	is	available	to	highlight	the	need	for	craft	increases,	scheduled	overtime,	or	subcontracting.	If	multiple	shops	are	on	a	site,	the	workload	at	each	site	is	monitored	and	cross-leveling	can	occur	upon	planner	determination	to	move	crafts	from	shop	to	shop	on	a	temporary	basis.

Table	Continued



Item#

16.

17.

18.

4.	Maintenance	organization,	administration	and	human	resources	score	Subtotal	Score	Possible:	180



5.	Craft	skills	development	and	technical	skills

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. The	types	and	levels	of	craft	skills	required	for	an	effective	maintenance	operation	have	been	identified,	and	sufficiently	trained	staff	are	in	place.

2. Job	descriptions	include	well-defined	standards	for	job	knowledge	and	skill	levels	required	for	each	craft	area.

3. An	assessment	of	the	current	job	knowledge	and	skill	level	of	each	crafts	person	has	been	made	to	determine	individual	training	needs.

4. The	overall	training	needs	for	the	maintenance	staff	have	been	developed	with	a	plan	of	action	and	cost.

5. The	organization	has	committed	to	providing	the	necessary	resources	for	maintenance	training	and	skills	development.

6. A	program	for	craft	skills	development	has	been	designed	to	address	priority	training	needs	and	is	being	implemented.

7. Results	of	training	are	determined	by	a	competency-based	approach	that	ensures	demonstrated	capability	to	perform	on	newly	trained	craft	tasks.

8. A	policy	to	pay	for	skills	gained	is	available	or	is	being	developed	as	part	of	the	craft	skills	development	program.	This	would	be	a	key	element	for	Item	#9	below.

9. The	benefits	of	developing	multicraft	capabilities	within	maintenance	have	been	evaluated	and	incorporated	into	the	craft	skills	training	program	as	applicable.	Craft	performance	when	effectively	planned/scheduled	and	being	measured	by	a	reliable	method	has	shown	steady	improvement.

10. Individual	training	plans	for	each	crafts	person	are	being	used	to	document	compliance-type	training	as	well	as	training	that	the	crafts	person	and	supervisor	see	as	being	needed.
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

11. Actual	hands-on	job	competency	is	being	documented	(for	example	by	the	work	order	system)	to	help	validate	overall	craft	skill	levels.

12. The	overall	craft	workforce	has	shown	the	initiative	for	continuous	craft	skills	development.

5.	Craft	skills	development	and	technical	skills	score	Subtotal	Score	Possible:	120



6.	Operator-based	maintenance	and	pride	in	ownership

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. Operators	are	responsible	for	cleaning	their	equipment	and	trained	to	perform	selected	levels	of	operator-based	maintenance.

2. Operator	training	and	certification	is	a	top	priority	before	an	operator	is	placed	on	specific	equipment	or	processes	to	monitor.

3. An	initial	cleaning	to	bring	equipment	to	an	optimal	or	“as	new”	status	has	been	planned	or	has	been	completed	for	critical	equipment	where	operator-based	maintenance	is	to	be	performed.

4. Operators	have	been	trained	to	perform	periodic	inspections	on	their	equipment	and	report	problems.

5. Operators	have	been	trained	and	have	proper	tools	and	equipment	to	do	selected	lubrication,	tighten	bolts	and	fasteners,	and	to	detect	symptoms	of	deterioration.

6. The	process	of	transferring	maintenance	tasks	and	skills	to	operators	has	been	well	coordinated	between	maintenance,	operations,	engineering,	and	human	resources	staff.

7. Operators	have	developed	greater	“pride	in	ownership”	and	understand	their	expanded	role	in	detecting	and	preventing	maintenance	problems.

8. Results	from	operator-based	maintenance	have	been	measured	with	such	things	as	improved	production	levels,	quality	of	output	and	cost	avoidance	from	reporting	small	problems	and	repairing	them	before	major	failures	occur.

9. The	organization	has	a	formal	operator	training	program	that	includes	safe	start-up,	operation,	and	proper	shutdown	before	operators	are	assigned	to	a	machine.

10. The	organization	can	contribute	(or	document)	increased	uptime	and	asset	reliability	in	part	to	successful	operator	training

6.	Operator-based	maintenance	and	pride	in	ownership	score	Subtotal	Score:	100



7.	Maintenance	leadership,	management	and	supervision

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. This	organization	has	shown	maintenance	leadership	rather	than	just	maintenance	‘management.	The	maintenance	leader	is	a	well-respected	member	of	a	top	leader	staff	and	has	the	leadership	and	technical	ability	to	lead	maintenance	forward	and	to	support	total	operations	excellence.

2. The	maintenance	leader	has	taken	the	leadership	role	and	helped	top	leaders	understand	the	critical	importance	of	overall	physical	asset	management	and	has	contributed	greatly	to	the	organization’s	strategic	plan	for	asset	management.

3. The	maintenance	leader	has	responsibility	for	the	total	business	of	maintenance	and	support	to	maintenance.	In	addition,	he	has	managed	areas	such	as	the	maintenance	storeroom	and	inventory	as	a	cornerstone	for	maintenance	excellence	described	in	Best	Categories	16	and	17.

4. Nonsupervisory	work	is	minimized	as	a	result	of	supervisors	having	adequate	clerical	support,	responsive	storeroom	support,	effective	planner	support,	craft	training	support	etc.

5. Supervisors	primarily	perform	direct	supervision	of	maintenance	to	include	scheduling	work	assignments,	verifying	quality	of	completed	work,	evaluating	performance,	etc.

6. Supervisors	actively	support	good	housekeeping	and	the	safety	program	by	conducting/attending	meetings,	providing	ideas	and	having	an	attitude	that	creates	greater	safety	awareness	and	overall	HSSE	compliance.

7. An	effective	supervisory	and	leadership	development	program	is	available	to	increase	supervisory	capabilities	as	well	special	technical	skills.

8. Maintenance	supervisors	are	team	players	and	are	able	to	gain	cooperation	and	support	from	operations	management	staff	for	the	improvement	of	overall	customer	service.

9. Supervisors	actively	support	continuous	maintenance	improvement	with	personal	ideas	and	suggestions.

10. Supervisors	promote	pride	in	maintenance	and	encourage,	listen	to	and	get	ideas	from	craft	employees.

11. Supervisors	have	the	technical	background	to	identify	training	needs	of	their	craft	workforce	and	create	positive	support	to	craft	skills	development.

12. Supervisors	manage	and	lead	their	work	groups	as	if	“they	owned	their	section	of	the	company.”



7.	Maintenance	leadership,	management	and	supervision	score	Subtotal	Score	Possible:	120



8.	Maintenance	business	operations,	budget	and	cost	control

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. The	maintenance	budget	is	based	on	a	realistic	projection	of	actual	needs	rather	than	past	budget	levels	and	considers	critical	repairs	that	have	been	deferred.

2. Maintenance	expenditures	are	charged	to	back	to	assets	within	work	centers	within	operating	departments	in	a	way	similar	to	zero-based	budgeting	where	maintenance	allocates	most	of	its	labor	back	to	the	customer.

3. Customers	of	maintenance	are	measured	based	on	budget	compliance	and	unit	productivity	but	do	not	hold	back	on	their	maintenance	budget	when	nontypical	events	occur.

Budget	variances	are	monitored	at	customer	level	as	well	overall	maintenance	to	highlight	problem	areas	and	evaluate	variances	early	on	that	can	lead	to	increased	total	cost	of	ownership	(TOC).

4. Deferred	maintenance	repairs	to	operating	equipment	and	facilities-related	assets	are	identified	and	presented	to	management	during	the	budgeting	process	with	an	evaluation	as	to	the	increased	future	cost	impact	of	deferring	maintenance.

5. Maintenance	is	analyzing	the	TOC	and	advising	top	leaders	when	replacements	are	the	most	economical	option	rather	than	continuously	repairing	aged	equipment.

6. Maintenance	has	been	assigned	authority	to	make	purchases	at	a	level	that	ensures	minimal	delay	in	purchase	order	creation,	minimal	approval	levels,	and	confidence	that	maintenance	will	stay	within	established	purchasing	guidelines.

7. Maintenance	provides	key	input	and	support	to	long-range	budget	planning	for	new	equipment,	equipment	overhaul	and	retrofit,	facility	expansions,	rearrangements,	and	repairs.

8. Labor	and	material	costs	are	established	for	all	work	orders	accumulated	to	the	equipment	history	file	along	with	well-defined	descriptions	of	actions	taken.	The	planner	has	responsibility	for	the	labor	and	material	costs	while	the	supervisor	and	tradesperson	have	responsibility	for	well-defined	work	accomplished.

9. An	equipment	history	file	is	maintained	for	major	pieces	of	equipment	to	track	life-cycle	cost,	types	of	repairs,	and	causes	of	failure	and	repair	trends.

10. The	equipment	history	file	is	reviewed	periodically	to	analyze	repair	trends	and	define	root	causes	on	critical	equipment	as	means	to	evaluate	recurring	problem	and	to	improve	reliability.	The	planner	who	is	most	knowledgeable	about	work	planned,	scheduled,	and	completed	may	be	a	key	resource	in	this	important	activity	to	support	the	reliability	improvement	effort.

11. Labor	and	material	costs	are	estimated	prior	to	the	start	of	major	planned	repair	work	and	projects.
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

12. Major	work	order	and	project	are	established	and	planned	with	well-defined	cost	variances	limits	within	5–10%	and	are	investigated	when	extreme	variances	occur	and	explained	to	person	authorizing	the	work.	Planner	scope	of	work	and	estimates	are	also	reviewed	for	accuracy,	as	well	as	change	orders	needed	and	authorized.

13. Cost	approval	guidelines	are	established	for	large	or	special	repair	jobs	as	compared	to	normal	repair.

14. The	cost	of	downtime	is	known	and	published	for	major	pieces	of	equipment	or	work	centers	and	is	used	in	determining	priorities	for	repair	as	well	positive	cost	impact	when	uptime	and	value	of	all	throughput	increases	and	can	be	sold.

15. Maintenance	operations	can	operate	as	an	internal	business	with	current	financial,	budgeting,	and	cost	accounting	systems.

8.	Maintenance	business	operations,	budget	and	cost	control	score	Subtotal	Score	Possible:	150



9.	Work	management	and	control:	maintenance	and	repair	(M/R)

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. A	work	management	function	is	established	within	the	maintenance	operation	generally	crafted	along	functionality	of	the	CMMS.

2. Written	work	management	procedures	that	governs	work	management	and	control	per	the	current	CMMS	are	available.

3. A	printed	or	electronic	work	order	form	is	used	to	capture	key	planning,	cost,	performance,	and	job	priority	information.	10	=	Bar-coded	assets,	parts,	and	work	order.

4. A	written	procedure	that	governs	the	origination,	authorization,	and	processing	of	all	work	orders	is	available	and	understood	by	all	in	maintenance	and	operations.

5. The	responsibility	for	screening	and	processing	of	work	orders	is	assigned	and	clearly	defined.

6. Work	orders	are	classified	by	type,	e.g.,	emergency,	planned	equipment	repairs,	building	systems,	PM/PdM,	project-type	work,	planned	work	created	from	PM/PdMs.

7. Reasonable	“date	required”	is	included	on	each	work	order	with	restrictions	against	“ASAP,”	etc.

8. The	originating	departments	are	required	to	indicate	equipment	location	and	number,	work	center	number,	and	other	applicable	information	on	the	work	orders.

9. A	well-defined	procedure	for	determining	the	priority	of	repair	work	is	established	based	on	the	criticality	of	the	work	and	the	criticality	of	equipment,	safety	factors,	cost	of	downtime,	etc.

10. Work	orders	are	given	a	priority	classification	based	on	an	established	priority	system.
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

11. Work	orders	provide	complete	description	of	repairs	performed,	type	labor	and	parts	used	and	coding	to	track	causes	of	failure.

12. Work	management	system	provides	info	back	to	customer:	backlogs,	work	orders	in	progress,	work	completed,	work	schedules,	and	actual	cost	chargebacks	to	customer.10	=	Real	time	system.

9.	Work	management	and	control:	maintenance	and	repair	score	Subtotal	Score	Possible:	120



10.	Work	management	and	control:	shutdown,	turnarounds,	and	outages
(STO)

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. Work	management	and	control	is	established	for	major	overhaul	repairs,	shutdowns,	turnarounds	and	outages	(STO)	and	includes	effective	work	management	and	control	by	in-house	staff	and	contracted	resources.

2. Work	management	and	control	of	major	projects	provide	means	for	monitoring	project	costs,	schedule	compliance	and	performance	of	both	in-house	and	contracted	resources	with	a	robust	project	management	system.

3. Work	orders	are	used	to	provide	key	planning	info,	labor/material	costs	and	performance	info	for	all	major	STO	and	overhaul	work.

4. Equipment	history	is	updated	with	info	from	work	orders	generated	from	major	overhaul	repairs	and	SATO	work.

5. The	responsibility	for	screening	and	processing	of	work	orders	for	major	repairs	is	assigned	to	one	person	or	unit.

6. Change	order	procedures	and	control	are	clear	to	all	and	approved	at	the	appropriate	level	based	on	company	requirements.

7. Change	orders	are	reviewed	by	planners	just	as	they	review	all	jobs:	scope	of	work,	key	job	steps,	equipment	required,	and	total	additional	cost	and	impact	on	total	STO	duration	and	appropriate	approvals	received	before	work	execution.

8. Work	orders	for	major	repairs,	shutdown,	and	overhauls	are	monitored	for	schedule	compliance,	overall	costs,	and	performance	info	including	both	in-house	staff	and	contracted	services.

9. Cost	variances	are	measured	at	key	milestones	with	cost	variance	info	so	extreme	variance	can	be	investigated	sooner	than	later	when	it	is	too	late.	A	5–10%	variance	is	set	as	maximum	with	clear	reasons	for	increased	scope	of	work.

10. Has	the	current	level	of	plant	maintenance/asset	management	achieved	the	desired	reliability	to	make	an	STO	(a)	needed	at	longer	time	frame	than	normal,	(b)needed	at	a	shorter	time	frame,	or	(c)	needed	at	the	appropriate	period	based	on	age	and	state	of	asset	capabilities	in	their	operation	context.?	a	=	10,	9,	8;	b	=	5;	c	=	7,	6.
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

11. The	organization	has	the	capability	to	manage	the	turnaround	program	and	be	cost-effective	as	compared	to	the	best	in	the	sector,	has	a	strategy	for	reducing	costs	in	the	face	of	an	ageing	plant	and	rising	manpower	and	material	costs,	and	where	can	we	get	high	level	technical	advice?

12. The	organization	knows	what	manpower	is	available	in	house,	the	competence	levels	where	to	get	additional	resources,	who	will	lead	the	site	team,	who	will	do	the	work	plus	the	cross-functional	team	to	design,	monitor,	and	control	the	event	organization?

13. Have	STOs	received	significant	level	of	attention	of	companies,	do	companies	have	a	history	of	tolerating	higher	than	necessary	downtime,	have	older	age	of	plants,	see	STO	as	a	“necessary	evil,”	are	striving	to	lengthen	the	STO	intervals	from	12	to	24	months	and	even	4,	5,	and	sometimes	8	years?

14. The	organization’s	history	of	planning	and	preparation	for	STOs	has	been:	carried	out	more	carefully,	alignment	of	capital	programs,	has	been	scrutinizing	and	challenging	scope	of	work

15. A	process	of	assessing	plant	equipment	deterioration	is	in	place,	the	likely	impact	on	reliability	is	known,	the	planning	stocks	are	safeguarded	and	have	partnered	with	major	plant	overhaul	engineering	contractors	and	have	a	learning	organization	from	past	history	to	manage	STOs	effectively.

16. The	plant	beginning	an	STO	has	personnel	available	when	required	and	capable	of	performing	design	specifications	economically	and	(a)	safely	for	life	of	plant,	(b)	knows	sum	of	activities	performed	to	protect	reliability	of	the	plant,	(c)	helps	provide	consistent	means	of	production,	and	(d)	helps	generate	profit,	all	while	(e)	reducing	the	TOC.

17. Top	leaders	clearly	understand	that	STO	is	a	significant	maintenance	and	engineering	event	during	which	new	plant	is	installed,	existing	plant	overhauled,	and	redundant	plant	removed,	which	has	a	direct	connection	between	successful	accomplishment	and	the	company’s	profitability.

18. The	company	includes	profit	lost	during	period	of	STO,	which	is	considered	part	of	turnaround	cost	because	they	know	the	total	true	cost	of	event	and	the	real	impact	can	be	assessed.

19. All	involved	with	STOs	realize	the	potential	hazard	to	plant	reliability	or	can	diminish	or	destroy	reliability	if	not:	properly	planned,	prepared,	executed,	and	there	are	poor	decisions	made	by	managers	and	engineers,	bad	workmanship,	use	of	incorrect	materials	and	damage	done	while	plant	is	being	shut	down,	overhauled,	and	restarted.

20. Technical	uncertainty	due	to	occurrence	of	unforeseen	problems	can	be	accurately	reported,	knowing	when	cost	estimates	are	being	exceeded,	event’s	duration	must	be	extended,	how	both	cost	and	duration	increases	can	be	justified.	Are	reasonable	cost	and	time	contingencies	built	into	an	STO	plan	with	accurate	loss	of	revenue/profit	considered?

Table	Continued



Item#

21.

22.

23.

24.

25.

26.

10.	Work	management	and	control:	shutdowns,	turnarounds,	and	outages	(STO)	score	Subtotal	Score	Possible:	260



11.	Shop-level	reliable	planning,	estimating	and	scheduling	(M/R)

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. A	formal	maintenance	planning	function	has	been	established	and	staffed	with	qualified	planners	in	an	approximate	ratio	of	one	planner	to	20–25	crafts	people.

2. The	screening	of	work	orders,	reliable	estimation	of	repair	times,	coordination	of	repair	parts,	and	planning	of	repair	work	is	performed	as	a	support	service	to	the	supervisor.

Planner/schedulers	realize	their	primary	scope	and	role	of	planning	and	scheduling	is	to	improve	craft	labor	productivity	and	quality	through	the	elimination	of	unforeseen	obstacles	such	as	potential	delays	coronation	parts	machine	time	and	available	resources.

Planner/schedulers	clearly	understand	the	scope	of	their	defined	roles	and	responsibilities	within	your	organization	and	are	in	an	organizational	structure	that	promotes	close	coordination,	cooperation	and	communication	with	their	customer	in	operations.
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

3. The	planner	uses	the	priority	system	in	combination	with	parts	and	craft	labor	availability	to	develop	a	start	date	for	each	planned	job	to	be	scheduled.

4. A	daily	or	weekly	maintenance	work	schedule	is	available	to	the	supervisor	who	schedules	and	assigns	work	to	crafts	personnel	with	multiple	week	“look	aheads”	if	required.

5. The	maintenance	planner	develops	reliable	and	well-accepted	estimated	times	for	planned	repair	work	and	includes	on	work	order	for	each	craft	to	allow	performance	reporting,	backload	levels,	and	even	documentation	of	work	competency	for	selected	jobs.

6. A	day’s	planned	work	is	available	for	each	crafts	person,	keeping	at	least	a	half	a	day	ahead	(KAHADA)	during	the	working	day	known	in	advance.

7. A	master	plan	for	all	repairs	is	available	indicating	planned	start	date,	duration,	completion	date,	and	type	of	crafts	required	to	define	“total	maintenance	requirements.”

8. The	master	plan	is	reviewed	and	updated	by	maintenance,	operations,	and	engineering	as	required	with	project-type	work	expected	from	maintenance.	Care	is	taken	not	to	overload	maintenance	with	project	work	that	causes	PM/PdM	and	other	work	to	be	neglected.

9. Total	maintenance	requirements	are	a	total	of	Total	Backlog	+	Ready	Backlog	that	has	all	resources	(except	labor	or	equipment	availability)	available	to	be	scheduled.

10. A	firm	rule	of	thumb	is	never	to	put	anything	on	the	schedule	without	parts	in	house.	There	must	be	a	contingency	plan	if	needed	parts	do	not	arrive	for	critical	equipment.

11. When	parts	arrive	for	critical	equipment	and	can	be	inserted	to	the	current	schedule,	this	is	considered	very	proactive	maintenance	cooperation	with	operations.

12. Scheduling/progress	meetings	are	held	periodically	with	operations	to	ensure	understanding,	agreement,	and	coordination	of	planned	work,	backlogs,	and	problem	areas.

13. Operations	cooperate	with	and	support	maintenance	to	accomplish	repair	and	PM	schedules.

14. Operations	staff	sign	off	on	the	agreed-upon	schedule	and	are	responsible	to	approve	change	in	schedules	and	are	accountable	to	top	leaders	for	adverse	results.

15. Setups	and	changeovers	are	coordinated	with	maintenance	to	allow	scheduling	of	selected	maintenance	repairs,	PM	inspections,	and	lubrication	services	during	scheduled	downtime	or	unexpected	“windows	of	opportunity”	to	insert	ready	backlog	jobs	into	the	schedule.

16. Planned	repairs	are	scheduled	by	a	valid	priority	system,	completed	on	time	and	in	line	with	completion	dates	promised	to	operations,	and	measured	accordingly.
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

17. Deferred	maintenance	is	clearly	defined	on	the	master	plan,	and	increased	costs	are	identified	to	management	as	to	the	impact	of	deferring	critical	repairs,	overhauls,	etc.

18. Maintenance	planners	and	production	planners	work	closely	to	support	planned	repairs,	adjust	schedules,	and	ensure	schedule	compliance	in	a	mutual	goal.

19. The	planning	process	directly	supports	the	supervisor	and	provides	means	for	effective	scheduling	of	work,	direct	assignment	of	crafts,	and	monitoring	of	work	in	progress	by	the	supervisor.

20. Planners’	training	has	included	formal	training	in	planning/scheduling	techniques,	super	user	training	on	the	CMMS,	report-generating	software	or	via	Excel,	and	on-the-job	training	to	include	developing	realistic	planning	times	for	craft	work	being	planned.	Understand	use	of	MS	project	or	the	company’s	larger	project	management	system	such	as	Primavera	6.

21. Benefits	of	planning/scheduling	investments	are	being	validated	by	various	metrics	that	document	areas	such	as	reduced	emergency	work,	improved	craft	productivity,	improved	schedule	compliance,	reduced	cost,	and	improved	customer	service.

22. Planning	and	scheduling	procedures	have	been	established	defining	work	management	and	control	procedures,	the	planning/scheduling	process,	the	priority	system,	etc.

23. A	reasonable	number	of	backup	planner/schedulers	are	selected	and	properly	trained	and	used	to	cover	for	the	full-time	staff.	The	number	is	based	on	the	size	and	type	of	work	being	planned.	Ideally,	just	like	the	full-time	planner,	they	should	have	good	shop	experience	and	sound	technical	experience.

24 If	a	maintenance	coordinator	is	assigned	within	a	unit	of	a	large	refinery	or	any	production,	the	planner	will	coordinate	with	that	person	about	the	job	request,	location	within	the	unit,	the	problems	to	be	repaired,	and	related	risks.	In	many	cases,	this	is	an	engineer	or	experienced	operator	who	should	be	able	to	define	complete	requirements	or	a	work	request	and	in	some	cases	prepare	a	risk	assessment	for	the	planner	to	use	for	the	job.

25. If	issues	of	any	nature	arise	that	are	not	readily	resolved	by	the	planner	and	operations,	the	maintenance	leader	should	be	the	next	person	that	the	planner/scheduler	goes	to	for	resolution.

26. If	planned	work	orders	involve	participation	by	several	shops	or	functional	crews,	they	are	crossed	over	to	a	planner	in	that	area.	However,	a	single	planner/scheduler	must	plan	and	then	coordinate	various	functional	crews	with	the	respective	supervisors	during	the	scheduling	process.

27 Planners	are	in	an	excellent	position	to	ensure	critical	spares	by	asset	are	accounted	for	as	well	as	to	recommend	items	to	consider	for	including	within	the	storeroom	as	critical	spares.
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Item#

29.

30.

11.	Shop-level	reliable	planning,	estimating	and	scheduling	M/R	score	Subtotal	Score	Possible:	300



12.	STO	and	major	planning/scheduling	with	project	management

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. The	planning	and	scheduling	function	includes	major	repairs,	overhauls,	and	STO-type	work	not	considered	as	part	of	normal	maintenance	work	and	any	work	requiring	an	STO	event.

2. The	planner	team	is	a	resource	(or	member)	for	the	STO	team	of	senior	managers	and	the	maintenance	leader.	Planners	should	meet	at	regular	intervals	to	review	current	jobs	awaiting	a	planned	STO	event.

3. Are	your	total	backlog	jobs	coded	and	planned	effectively	to	await	an	STO	event?	In	large	plants	and	refineries,	planners	support	the	plant	schedulers	with	normally	detailed	job	packages	for	estimates	of	all	required	resources	for	an	STO	job.

4. Schedulers	from	Item	#3	coordinate	parts/materials,	develop	daily	or	weekly	schedules,	monitor	status	of	work	along	with	onsite	observations,	from	the	supervisor	input	and	from	a	planner’s	job	package,	which	could	include	several	crews,	defined	job	steps,	and	estimated	time	for	each	step.	With	real-time	reporting	to	a	project	management	system	or	CMMS	status,	including	costs	can	be	readily	determined	from	progress	reporting.

5. Current	planning/scheduling	manpower	is	available	with	the	competency	levels	needed	to	support	the	site	team	during	an	STO.

6. All	planners	and	schedulers	involved	with	STOs	must	realize	the	potential	hazard	to	plant	reliability	or	can	diminish	or	destroy	reliability	if	not	properly	planned,	prepared,	and	executed.

7. There	may	even	be	poor	decisions	by	managers	and	engineers,	bad	workmanship,	use	of	incorrect	materials	and	damage	done	while	the	plant	is	being	shut	down,	overhauled,	or	restarted.	Planners	realize	that	properly	planned,	well-prepared	work,	and	work	executed	to	all	health,	safety,	security,	and	environmental	(HSSE)	requirements	is	essential.

8. The	use	of	work	orders,	estimation	of	repair	times,	coordination	and	staging	of	repair	parts/materials	and	planning/scheduling	of	internal	resources	and	contractor	support	is	also	included	for	major	work	and	STO	work	not	considered	day-to-day	maintenance	and	repair.

Table	Continued



Item#

9.

10.

11.

12.

13.

14.

15.

16.

12.	STO	and	major	maintenance	planning/scheduling	with	project	management	score	Subtotal	Score	Possible:	160



13.	Contractor	management

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. Contracted	work	is	clearly	defined	because	the	better	the	definition	at	the	early	stages,	the	better	the	job	will	go.

2. Loose	specifications	for	both	materials	and	work	to	be	done	are	avoided.

3. Communication	of	your	ideas	to	a	contractor	is	included	in	the	scope	of	work,	and	make	sure	they	understand	with	meeting	of	the	minds	at	kickoff	and	status	update	meetings.

4. Ensure	that	the	contractor	understands	the	quality	of	materials	needed	from	clear	specifications.

5. Negotiation	and	award	of	the	contract	has	had	key	due	diligence	by	the	key	owner’s	representative.

6. For	larger	jobs,	owners	may	check	out	finances,	credit,	insurance,	and	staff.

7. Owners	may	visit	other	jobs	to	see	contractor	quality	of	work	and	call	references.
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

8. Maintain	at	shop	level	a	copy	of	the	contract	documents	and	keep	a	fair	and	complete	set	of	contract	info	including	requests	for	changes	of	scope.

9. Be	aware	of	and	avoid,	if	possible,	lowball	bids	and	negotiate	a	schedule	of	extras	if	applicable	(i.e.,	“the	high	cost	of	low	bid	buying”).

10. Avoid	a	common	ploy	where	lowballing	the	bid	to	get	the	job	floods	the	company	with	small	extras.

11. Always	add	in	for	clauses	like	“all	extras	not	included	in	the	original	price	have	to	be	agreed	to	in	writing	prior	to	the	commencement	of	the	work.”

12. Are	there	deduction	clauses	in	the	contract	that	spell	out	what	you	will	charge	back	and	when	you	will	charge	it?	Examples	would	be	debris	removal,	cleanup,	missing	firm	completion	dates.

13. Negotiate	cancellation	clauses	and	spell	out	how	and	why	you	can	cancel	the	contract.	Otherwise,	you	could	find	yourself	with	a	mechanic’s	lien	against	you	over	an	inadequate	job	after	you	did	not	pay	the	final	payment.

14. For	ongoing	service	bids,	avoid	both	too	short	of	a	contract	term	and	too	long	of	a	contract	term	for	two	reasons:	1.	If	the	term	is	too	short,	then	the	contractor	will	charge	excessively	for	mobilization	costs	2.	If	the	term	is	too	long,	you	might	be	stuck	with	a	barely	adequate	vendor	with	no	easy	way	to	improve	the	situation

15. Is	the	contract	as	clear	as	possible	about	responsibilities	on	who	supplies	what,	where	to	unload,	site	rules	(safety,	owner	contact,	cleanup,	security,	keys,	etc.)?

16. Are	there	statements	about	how	the	site	is	to	be	left	at	the	end	of	each	workday?

17. Ensure	who	is	responsible	for	locking	up,	barricades,	traffic	management,	cleaning,	and	debris	removal.

18. Does	the	agreement	also	include	who	is	responsible	for	municipal	permits,	job	plans,	and	all	HSSE	issues?

19. Are	contractors’	insurance	policies	reviewed	with	an	agreement	about	what	happens	when	(if)	the	contractor	damages	your	property?

20. Damage	to	a	neighbor’s	property	that	then	might	sue	you	or	might	spoil	a	good	relationship	is	included	as	required.

21. Are	all	insurance	certificates	up	to	date	covering:	general	liability,	casualty	(property	damage),	workmen’s	compensation,	and	auto	liability?

22. If	the	contractor	did	a	design	build,	then	malpractice	and	errors	and	omissions	are	included.



23. Define	performance	as	to	what	a	good	job	would	look	like.

24. Add	clause	like	“all	work	is	expected	to	be	done	in	a	professional	and	workmanship-like	manner	and	all	work	will	be	in	compliance	with	applicable	codes.”
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

25. Owners	should	prepare	the	area	to	be	worked	on	and	remove	as	much	as	possible	to	avoid	breakage/theft	and	isolate	area	so	contractors	have	no	reason	to	wander	around	the	plant	or	a	large	multioperational	site	such	as	refinery.

26. Does	the	owner	manage	the	contractor	and	keep	a	record	of	the	job/project	as	it	unfolds	and	provides	feedback?

27. Does	owner	perform	frequent	inspections	and	document	results	with	a	functional	planned	schedule	and	compare	progress	to	projections	with	problems	being	identified	as	early	as	possible	for	resolution?

28. Clear	agreements	have	been	made	about	when	and	amounts	of	progress	or	final	payments	are	to	be	made,	etc.

29. To	avoid	sloppy	record	keeping,	all	contractor	work	is	documented	on	the	owner	on	their	CMMS/EAM.

30. Owner	requires	copy	of	paid	receipts	to	prove	subcontractors	and	material	vendors	have	been	paid.

31. Owner	should	get	a	“release	of	all	liens	form”	signed	before	last	payment	because:	1.	You	could	have	paid	off	the	general	contractor	and	still	be	hit	with	liens	from	unpaid	jobs	2.	Consult	with	your	legal	department	about	lien	laws	in	your	state	or	country	and	be	sure	you	are	covered

13.	Contractor	management	score	Subtotal	Score	Possible:	310



14.	Manufacturing	facilities	planning	and	property	management

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. The	equipment	asset	inventory	system	provides	an	accurate	and	complete	record	of	asset	information	for	both	plant	and	facility	assets.

2. New	facilities	planning,	equipment	additions	and	renovations	are	well	coordinated	with	both	plant	and	facility	maintenance	staff.

3. Maintenance	staff	provides	input	into	the	engineering	planning	process	for	new	facilities,	major	facility	additions	and	new	production	equipment	additions.

4. An	effective	procedure	for	adding	new	facilities	and	new	equipment	info	to	the	asset	inventory	is	used	as	well	as	the	deletion	of	equipment	being	removed	from	the	facility.

5. Maintenance	requirements	are	clearly	designated	as	to	responsibilities	for	both	plant	maintenance	and	facility	maintenance,	and	the	site	is	effectively	organized	and	staffed	to	accomplish	both.

6. The	overall	property	management	function	within	the	organization	provides	close	coordination	with	the	site’s	maintenance	operation	when	planning	new	facilities,	renovations,	or	major	production	equipment	additions.
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Item#

7.

8.

9.

14.	Manufacturing	facilities,	planning	and	property	management	score	Subtotal	Score	Possible:	90



15.	Production	asset	and	facility	condition	evaluation	program

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. A	process	is	in	place	to	periodically	evaluate	the	current	operational	status	of	production	equipment	and,	in	turn,	defines	repair,	overhaul,	or	replacement	recommendations	for	life	cycle	cost	reduction	opportunities.

2. A	facility	condition	assessment	process	is	in	place	to	evaluate	current	operational	status	of	facility-type	equipment	and,	in	turn,	defines	repair,	overhaul,	or	replacement	recommendations	for	life	cycle	cost	reduction	opportunities.

3. The	PM	and	PdM	programs	provide	key	info	as	to	overall	state	of	maintenance	for	production	asset.

4. The	PM	and	PdM	programs	provide	key	info	as	to	overall	state	of	maintenance	for	facility-type	assets.

5. The	current	evaluation	processes	for	production	and	facility	assets	support	defining	the	true	maintenance	requirements	of	the	operation	and	support	STO	planning.

6. The	current	evaluation	processes	for	production	and	facility	assets	provide	an	effective	baseline	for	replacement	planning,	total	cost	of	ownership,	and	capital	justification	of	new	assets,	both	production	and	facilities	related.

15.	Production	asset	and	facility	condition	evaluation	program	score	Subtotal	Score:	60



16.	Storeroom	operations	and	internal	MRO	customer	service

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. The	parts	inventory	system	provides	an	accurate	and	complete	record	of	information	for	each	stock	item.	Parts	“where	used”	is	included	in	the	master	database	along	with	usage,	vendor	information,	and	warranty	information.
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

2. The	“ABC”	classification	of	stock	items	is	known	and	proper	storage	methods	and	accountability	are	established	for	each.

3. “A”	and	“B”	items	have	valid	reorder	points,	EOQ,	and	safety	stock	levels	established.

4. “C”	items	(50%	of	stock	items	with	5%	of	total	inventory	value)	are	identified	and	use	two-bin	system	or	floor	issue.

5. Inventory	accuracy	is	determined	by	an	effective	cycle	counting	program.	Cycle	counting	used	=	10;	count	once	per	year	=	7,	count	occasionally	=	5,	do	no	inventory	counts	=	0.

6. Inventory	accuracy	is	regularly	measured	and	is	95%	or	above.	95%	or	above	=	10;	90–95%	=	9;	80–89%	=	8;	70–79%	=	7;	<70%	=	5

7. An	up-to-date	storeroom	catalogue	is	readily	available	to	crafts	(hard	copy	or	electronic)	and	includes	all	stock	items,	storage	locations,	stock	numbers,	etc.	Stock	items	are	bar	coded	to	include	parts	number,	storage	location,	and	reference	back	to	parts	data	defined	in	Item	#1	above.

8. Parts	usage	history	is	continually	reviewed	to	determine	proper	stock	levels,	excess	inventory	items,	and	obsolete	items.

9. A	critical	spares	listing	is	available	for	critical	assets,	and	critical	spares	(insurance	items)	are	denoted	in	the	parts	inventory	database.

10. Spare	parts	for	critical	instrumentation	system	components	are	listed	with	inventory	tracking	numbers	by	control	loop	or	controlled	equipment	and	stored	in	a	separate	area.	Remotely	stored	items	(for	safety	or	quick	access)	must	be	listed	in	main	inventory	as	to	storage	location.

11. Storeroom	procedures	are	in	place	that	define	issues,	receipts,	inventory	control,	access	control,	parts	accountability,	reserving	of	parts,	staging,	quality	control	of	parts,	etc.

12. An	operations	assessment	has	been	conducted	for	the	storeroom	operations	to	provide	overall	evaluation	of	facilities,	storage	and	handling	of	equipment,	staffing	levels,	inventory	levels,	systems,	and	procedures.

16.	Storeroom	operations	and	internal	MRO	customer	service	score	Subtotal	Score:	120



17.	MRO	materials	management	and	procurement

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. Procedures	and	evaluation	criteria	for	adding	new	maintenance	parts	and	materials	to	stores	are	used.

2. Stores	requisitions	and	issues	are	tied	to	the	maintenance	work	order	and	charged	directly	to	the	repair	job.

3. Maintenance	planners	and	the	storeroom	personnel	coordinate	to	reserve	repair	parts	and	material	for	planned	work.	“Kitting”	or	staging	for	pickup	and	direct	delivery	to	the	job	site	is	done	whenever	possible.
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

4. Purchasing	has	an	effective	program	to	evaluate	vendor	performance	and	quality.

5. Purchasing	has	developed	partnerships	with	selected	vendors	and	suppliers	and	is	committed	to	purchasing	based	on	fast	delivery,	quality	parts,	and	service.

6. Maintenance	storeroom	staff	is	well	trained,	customer	oriented,	and	provide	a	high	level	of	customer	service	to	maintenance.	A	program	to	cross-train	each	person	on	a	specific	task	such	as	receiving,	issuing,	order	picking,	cycle	counting,	or	running	the	recommended	reorder	report.

7. Maintenance	storeroom	and	MRO	procurement	performance	indicators	such	as	%	inventory	accuracy	or	number	of	parts	requests	not	available	from	stocked	inventory	items	not	filled	are	evaluated	and	reported	on	a	monthly	basis.

8. Maintenance	and	purchasing	work	together	to	coordinate	planned	reduction	in	stock	items	based	on	improved	vendor	delivery	capabilities.	Indiscriminate	cuts	to	inventory	are	avoided.

9. An	effective	control	method	is	in	place	for	emergency	purchases.

10. Purchasing	and	maintenance	work	together	to	ensure	procurement	of	quality	parts	and	materials	and	the	“high	cost	of	low	bid	buying	is	avoided.”

11. Stock	outs	are	being	monitored	as	a	performance	measure	of	customer	service	from	the	storeroom	operation	and	the	MRO	procurement	process.

12. Standardization	of	parts	and	components	is	being	pursued	by	maintenance	and	procurement	staff.

17.	MRO	materials	management	and	procurement	score	Subtotal	Score:	120



18.	Preventive	maintenance	and	lubrication

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. The	scope	and	frequency	of	PM	and	lubrication	services	have	been	established	on	applicable	equipment.

2. Operations	staff	support	and	agree	with	the	frequency	and	scope	of	the	PM	and	lubrication	program.

3. Optimum	routes	for	PM	inspections	and	lubrication	services	are	established.

4. PM	checklists	with	clear,	concise	instructions	have	been	developed	for	each	piece	of	equipment.	Lubrication	checklists	and	charts	are	available	for	each	asset	included	under	the	lubrication	program.

5. Inspection	intervals	and	procedures	are	periodically	reviewed	for	changes/improvements	and	updated	as	required	as	part	of	well-defined	PM	change	process.

6. Planned	times	are	established	for	all	PM	and	lubrication	tasks.
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

7. The	total	craft	labor	requirements	by	craft	type	to	accomplish	the	overall	PM	program	has	been	established	to	validate	staffing	needs	for	effective	PM.

8. The	required	level	of	manpower	is	being	committed	to	achieve	the	total	scope	of	PM	services.

9. Actual	craft	time	devoted	to	PM	is	known	and	evaluated	as	a	percentage	of	total	craft	time	available.

10. Goals	for	PM	compliance	are	established,	and	overall	compliance	and	results	are	measured	against	the	company	benchmark.

11. All	noncompliance	with	scheduled	PM	and	lube	services	is	aggressively	evaluated	and	corrected.	Lubrication	services	are	viewed	as	a	key	part	of	preventive	maintenance	and	are	not	neglected	or	overlooked.

12. Maintenance	and	operations	work	with	close	communication,	coordination,	and	cooperation	to	schedule	PM	and	lube	services.

13. The	success	of	PM	is	measured	based	on	multiple	factors:	Reduced	emergency	repairs,	increased	planned	maintenance	work,	reduced	downtime	costs,	the	elimination	of	the	root	cause	of	problems,	and	improved	product	throughput	and	quality,	etc.

14. Preventive	maintenance	is	a	highly	visible	function	within	maintenance	and	is	well	received	as	an	operational	strategy.

15. The	PM	staff	are	well-qualified	crafts	people	who	serve	as	good	maintenance	ambassadors	and	“customer	service	representatives.”

16. A	PM	master	schedule	is	developed	to	evaluate	the	weekly	or	monthly	plan	and	to	level	load	tasks	when	required.

17. Corrective	repair	work	orders	are	generated	and	become	planned	work	as	a	result	of	PM	inspections,	and	provide	one	measure	of	PM	success.

18. PM	manpower	needs	are	adjusted	to	satisfy	changing	PM	inspection	requirements.

18.	Preventive	maintenance	and	lubrication	score	Subtotal	Score	Possible:	180



19.	Predictive	maintenance	and	condition	monitoring	technology
applications

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. Equipment	has	been	evaluated	for	the	application	of	PdM	technology	and	the	scope	and	frequency	of	PdM	services	has	been	established	on	all	applicable	equipment.

2. A	plan	for	using	current	PdM	technology	is	being	developed	or	is	now	being	put	in	action.	Predictive	maintenance	techniques	used	on	all	applicable	equipment	=	10;	application	of	PdM	in	progress	based	on	plan	=	9;	PdM	plan	developed,	no	progress	=	6;	no	plan	for	PdM	=	0.
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19.	Predictive	maintenance	and	conditioning	monitoring	technology	applications	score	Subtotal	Score	Possible:	150



20.	Reliability-centered	maintenance	(RCM)

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. A	process	such	as	RCM	is	used	to	determine	the	maintenance	requirements	of	any	critical	physical	asset	in	its	operating	context.

2. Criticality	analysis	to	define	top	candidates	for	review	has	been	conducted	regarding	those	factors	in	production	consequence	(pd),	safety/env.	cons.	(sf),	service	level	(sl),	redundancy	(rf),	frequency	of	failure	(ff),	and	downtime	(dt).
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

3. The	maintenance	team	strives	to	ensure	any	physical	asset	continues	to	do	whatever	its	users	want	it	to	do	in	its	present	operating	context.

4. Operations	context	is	clearly	defined	and	understood	by	maintenance	and	operations	to	include	the	type	of	process	that	is	the	most	important	feature	of	the	“operating	context.”	Some	areas	must	be	very	clear	before	starting	the	RCM	process.	•	Continuous	processing	where	failure	may	stop	entire	plant	or	failure	could	significantly	reduce	output	•	Batch	processing	or	discrete	manufacturing

5. Other	factors	related	to	operating	context	of	the	asset	include:	redundancy	factors,	quality	standards,	environmental	standards,	actual	physical	location,	safety	hazards,	shift	arrangements,	work-in-process	levels,	repair	time	and	overall	mean	time	to	repair	(MTTR),	spares	availability,	market	demand,	and	raw	material	supply.

6. Strategies	and	operating	principles	are	defined	and	characterized,	the	key	steps	of	which	are:	•	A	focus	on	the	preservation	of	system	function	•	Identification	of	specific	failure	modes	to	define	loss	of	function	or	functional	failure	•	Prioritization	of	the	importance	of	the	failure	modes,	because	not	all	functions	or	functional	failures	are	equal	•	Failure	consequences	•	Identification	of	effective	and	applicable	PM/PdM	tasks	for	the	appropriate	failure	modes	•	Applicable	means	that	the	task	will	prevent,	mitigate,	detect	the	onset	of,	or	discover	the	failure	mode	Effective	means	that	among	competing	candidates	the	selected	PM/PdM	task	is	the	most	cost-effective	option.

7. Maintenance	can	define	ways	the	asset	can	fail	to	fulfill	its	function	where	a	functional	failure	is	defined	as	the	inability	of	any	asset	to	fulfill	a	function	to	a	standard	of	performance	that	is	acceptable	to	the	user.

8. Maintenance	understands	that	it	is	more	accurate	to	define	failure	in	terms	of	a	specific	function	rather	than	the	asset	as	a	whole.	Categories	of	functional	failures	may	include	partial	and	total	failure,	upper	and	lower	limits,	gauges	and	indicators,	along	with	the	operating	context.	The	RCM	process	looks	to	define/record	all	functional	failures	with	each	function.

9. The	organization’s	work	order	system	captures	functional	failures,	cause	of	failures,	and	frequencies.

10. When	defining	functions,	the	function	statement	should	consist	of	a	verb,	object,	and	a	desired	standard	of	performance,	e.g.,	“to	pump	water	from	Tank	X	to	Tank	Y	at	not	less	than	300	gallons	per	minute.”

11. Performance	standards	are	defined	in	two	ways:	Desired	Performance:	What	the	user	wants	the	asset	to	do;	and	Design	Capability:	What	the	asset	can	do.

12. Function	statements	may	include	the	appropriate	but	different	types	of	performance	standards	depending	on	the	asset	such	as	multiple,	quantitative,	qualitative,	absolute,	variable,	or	upper	and	lower	limit	types	of	standards.
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

13. A	failure	mode	that	causes	functional	failures	is	being	documented	by	the	work	order	system	by	helping	maintenance	define	the	options	for	a	maintenance	strategy	or	development	of	caring	for	equipment	plans.

14. Based	upon	an	analysis	of	work	completed,	a	reactive	maintenance	strategy	of	dealing	with	failure	events	after	they	occur	is	prevalent.

15. Proactive	maintenance	that	deals	with	events	before	they	occur	or	deciding,	planning,	and	scheduling	how	they	should	be	dealt	with	is	a	solid	strategy.

16. Failure	mode	categories	are	designated	when	(a)	capability	falls	below	desired	performance,	and	(b)	desired	performance	rises	above	capability	and	when	asset	is	not	capable	from	the	start	per	design	or	operating	procedures.

17. Failure	mode	categories	capability	falling	below	desired	performance	can	be	identified	as	deterioration	(all	forms	of	wear	and	tear,	lubrication	failure,	dirt/dust,	disassembly	where	integrity	of	the	assemblies	(welds,	rivets,	bolts)	decline	due	to	fatigue	or	corrosion	and	human	errors.

18. When	desired	performance	rises	above	capability,	the	following	can	be	identified:	1.	Sustained,	deliberate	overloading	2.	Sustained,	unintentional	overloading	3.	Incorrect	process	materials

19. The	level	of	detail	in	defining	failure	of	a	mode	provides	enough	detail	to	select	a	suitable	failure	management	strategy.

20. Failure	modes	that	might	reasonably	be	expected	to	occur	in	the	current	operating	context	are	defined	and	will	include:	failures	that	have	occurred	on	the	same	or	similar	assets;	failure	modes	that	are	already	under	PM/PdM;	any	other	failure	modes	that	are	considered	real	possibilities	and	where	consequences	are	very	severe	if	a	failure	occurs.

21. Failure	effects	and	failure	consequences’	are	not	the	same.	Failure	effects	answer	the	question,	“What	happens?”	whereas	failure	consequences	answer	the	question	“How	does	it	matter?”	Failure	consequences	are	factored	as	one	element	of	component/equipment	criticality	rating	method	being	used.

22. Describing	the	effects	of	a	failure	strives	to	answer	this	question	“What	evidence	is	there	that	the	failure	occurred?”	part	of	which	may	be	answered	by	a	maintenance	planner:	•	In	what	way	did	the	failure	pose	a	threat	to	safety	and	the	environment?	•	In	what	ways	did	the	failure	affect	production	or	operations?	•	What	physical	damage	is	caused	by	the	failure?	•	What	must	be	done	to	repair	the	failure?	Is	this	reported	correctly	on	a	work	order,	is	part	of	a	standard	procedure,	or	becomes	an	after	action	report	completed	for	total	cost	of	downtime?

23. Completing	the	failure	mode	and	effects	analysis	(FMEA)	utilizes	steps	1–20	above	that	point	maintenance	toward	the	best	maintenance	strategy	to	use.
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

24. Failure	consequences	answer	the	question,	“How	does	it	matter?”	There	are	many	consequences	of	failure	that:	•	Impact	on	output,	quality	and	customer	service	•	Impact	personal	safety	and	environmental	issues	•	Increase	operating	costs,	energy	consumption	•	Are	related	to	nature	and	the	severity	of	the	effects	are	governed	by	whether	the	users	of	the	asset	really	believe	that	a	failure	matters

25. The	focus	on	consequences	starts	the	RCM	process	of	task	selection	•	Assessment	of	the	effects	of	each	failure	mode	•	Classifying	into	four	basic	categories	of	consequences	•	Safety	and	environmental	consequences	•	Operational	consequences	•	Nonoperational	consequences	•	Hidden	failure	consequences

26. What	can	be	done	to	predict	or	prevent	each	failure?	•	Proactive	tasks:	Tasks	undertaken	before	a	failure	occurs	to	prevent	asset	from	going	into	a	failed	state	include:	preventive,	predictive,	scheduled	restoration/overhaul,	scheduled	discard/replacement,	condition	monitoring	and	proactive	task	is	worth	doing	if	it	reduces	the	consequences	of	failure	enough	to	justify	the	direct	and	indirect	cost	of	doing	the	task

27. The	organization	uses	the	RCM	process	to	make	the	best	failure	management	decision	for	critical	assets	by	considering:	•	Age-related	failures	•	Non-age-related	failures	(operator	error)	•	Cost	factors	for	scheduled	restoration/overhaul	•	Cost	factors	for	scheduled	discard/replacement	•	Identifying	potential	failures	and	the	P–F	interval,	which	is	the	time	that	a	potential	failure	begins	to	the	time	that	a	functional	failure	actually	occurs,	and	the	question,	“Is	the	P-F	interval	enough	time	to	deal	with	failure/consequences	and	what	condition	monitoring	options	available?”

28. Decisions	are	made	on	what	should	be	done	if	a	suitable	proactive	task	cannot	be	found:	•	For	hidden	functions	that	cause	multiple	failures	look	for	a	possible	failure	finding	task;	if	one	is	not	available	maybe	redesign?	•	If	safety	or	environmental	issue	cannot	be	resolved	by	proactive	task;	redesign	or	change	the	process	•	For	operational	consequences,	if	no	proactive	tasks	are	available	and	costs	are	less	than	no	scheduled	maintenance	(run	to	failure).	Look	to	redesign	if	costs	too	high	•	For	nonoperational	consequences	(same	as	above)

29. There	is	a	very	clear	and	solid	understanding	about	the	P–F	interval	curve	and	the	high	cost	of	gambling	with	maintenance	costs	when	the	onsets	of	failures	are	known.
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

30. The	maintenance	operation	uses	other	tools	and	personnel	including	dedicated	staff,	ad	hoc	staff,	craft	specialists,	planners,	vendors,	and	quality	to	support	the	RCM	process.

31. A	strategy	of	just	in	time	training	is	used	as	needed	during	kickoff	sessions	and	during	implementation.

32. A	method	to	measure	the	results	of	the	reliability	improvement	process	is	in	place	and	top	leaders	are	given	status	reports	as	it	relates	to	measure	improvements	such	as	increased	uptime	along	with	decreased	TOC	and	more	accurate	replacement	recommendations.

33. Reduced	mean	time	between	failures	(MTBF)	is	being	measured.

34. Reduced	MTTR	is	being	measured	to	include	logistics	time	for	parts	procurement	plus	actual	repair	and	any	related	initial	start-up	time	after	repair.

20.	Reliability-centered	maintenance	(RCM)	score	Subtotal	Score	Possible:	0



21.	Reliability	analysis	tools:	root	cause	analysis	(RCA),	root	cause
corrective	action	(RCCA),	failure	modes	effects	analysis	(FMEA),	and
failure	reporting	analysis	and	corrective	action	system	(FRACAS)

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. A	root	cause	analysis	(RCA)	process	is	in	place	as	an	effective	process	supporting	RCM	for	finding	the	root	causes	of	an	event	and	facilitating	effective	corrective	actions	to	prevent	recurrence.
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

2. The	goal	to	understand	the	concepts	of	RCA	and	root	cause	corrective	action	(RCCA)	is	to	enable	and	apply	the	concepts	to	prevent	or	eliminate	errors,	defects	and	downtime	has	been	communicated	to	the	entire	maintenance	organization.

3. RCCA	for	nonconformances	has	been	a	requirement	of	the	aerospace	industry	for	many	years.	The	organization	has	a	plan	or	is	implementing	a	process	of	determining	the	causes	that	led	to	a	nonconformance	or	a	failure	event	of	a	physical	asset.

4. RCCA	and	RCA	combine	to	form	and	effective	method	for	implementing	corrective	actions	to	prevent	recurrence	and	is	another	tool	to	support	RCM.	While	these	tools	are	not	new,	they	may	not	have	been	aggressively	enforced	in	the	past	as	they	are	being	done	currently	in	your	company.

5. RCCA	when	done	correctly;	this	organization	strictly	enforces	the	requirements	for	taking	corrective	action.

6. This	organization	does	not	look	at	root	cause	analysis	only	as	a	way	to	get	through	the	nonconformance	reply	response	portion	of	an	audit.	These	tools	can	be	applied	to	all	aspects	of	business	for	problem	solving	and	process	improvement	with	the	approach	varying	based	upon	different	functions	within	the	organization	and	total	size	of	the	business.

7. An	effective	tool	for	problem	solving	is	“a	process	for	identifying	the	information	required”	as	well	as	meeting	corrective	action	requirements	with	steps	described	that	encompass	essential	elements	of	any	corrective	action	system	that	may	be	accomplished	with	different	tools	or	called	by	different	names.

8. Corrective	action	establishes	and	maintains	documented	procedures	with	actions	taken	to	a	degree	appropriate	to	the	magnitude	of	the	problems	and	commensurate	with	the	risks	encountered.	Key	elements	include:	•	Implementation	with	record	of	any	changes	•	Effective	handling	•	Investigating	of	the	cause	and	recording	the	results	•	Determination	of	action	needed	to	eliminate	the	cause	•	Controls	to	ensure	that	action	taken	is	effective

9. Events	are	recognized	as	an	all-inclusive	term	for	any	of	the	following:	equipment	failure,	product	failure,	audit	findings,	special	cause,	accidents,	customer	complaint	and	failure	mode	and	effects	analysis	(FMEA).

10. Focus	is	first	on	containment	to	“put	out	the	fire,”	then	assess	the	damage,	contain	all	effects	and	notify	all	who	are	appropriate.

11. Assess	the	damage	defines	how	many	parts	were	impacted?	How	much	were	they	impacted?	and	were	there	any	other	damages?

Table	Continued



Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

12. The	process	includes	containing	all	effects,	including	where	all	the	impacted	parts	are,	segregating	all	impacted	parts,	and	determining	if	impacted	parts	were	under	warranty	or	of	inferior	quality.

13. A	process	for	notifying	affected	customers	is	in	place	to	include	required	standard	documentation.

14. When	you	have	had	an	event,	is	it	immediately	contained	and	will	the	problem	solution	prevent	the	event	from	reoccurring?

15. The	team	approach	is	a	leadership	driven,	self-managed	that	is	formally	chartered;	these	individuals	can	provide	necessary	resources	to	understand	the	problem,	provide	additional	information,	and	since	they	have	particular	technical	expertise,	can	act	as	advisors	and	provide	support	to	top	leaders.

16. The	organization	also	understands	the	role	of	a	failure	reporting	analysis	and	corrective	action	system	(FRACAS)	for	helping	improve	reliability.	This	is	a	process	in	which	you	identify	any	reports	from	your	CMMS/EAM	or	use	reliability	software	that	can	help	you	to	eliminate	causes	of	equipment	breakdown,	mitigate	or	control	failure.

17. FRACAS	is	viewed	as	a	way	to	maximize	the	information	available	from	your	CMMS/EAM	for	control	of	losses	and	to	eliminate	failures.	This	is	a	process	in	which	you	identify	data	and	reports	from	good	work	order	reporting	into	your	CMMS/EAM	with	special	reliability	software	for	data	analysis.

21.	Reliability	analysis	tools	score	Subtotal	Score	Possible:	170



22.	Risk-based	maintenance	(RBM)

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. Maintenance	in	this	company	has	been	carried	out	by	integrating	analysis,	measurement,	and	periodic	test	activities	to	standard	preventive	maintenance.	The	gathered	information	is	viewed	in	the	context	of	the	environmental,	and	has	been	related	to	process	conditions	of	the	equipment	in	the	system	in	its	operating	context.

This	company	has	a	process	and	resources	to	perform	the	asset	condition	and	risk	assessment	and	define	the	appropriate	maintenance	program.	All	equipment	displaying	abnormal	values	is	refurbished	or	replaced.	In	this	way,	it	is	possible	to	extend	the	useful	life	and	guarantee	over	time	of	high	levels	of	reliability,	safety,	and	efficiency	of	the	plant.
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2. A	risk-based	maintenance	strategy	is	in	place	that	prioritizes	maintenance	resources	toward	assets	that	carry	the	most	risk	if	they	were	to	fail.	It	is	a	methodology	for	determining	the	most	economical	use	of	maintenance	resources.	This	is	done	so	that	the	maintenance	effort	across	a	facility	is	optimized	to	minimize	the	total	risk	of	failure.	A	risk-based	maintenance	strategy	is	based	on	two	main	phases:	•	Risk	assessment	•	Maintenance	planning	based	on	the	risk

3. This	company	realizes	that	the	objective	of	maintenance	over	the	last	20	years	has	steadily	shifted	from	a	“prevention”	approach	to	“risk”-based	approach.	This	thinking	has	been	spawned	within	the	oil,	gas,	and	petrochemical	sectors	by	the	following	factors:	•	Increasing	complexity	of	systems	with	relatively	high	reliability	at	the	component	level,	but	failures	have	become	less	predictable	at	the	system	level.	•	Equipment	chained	together	into	continuous	processes,	bigger	pieces	of	equipment	with	higher	capacities.	Bigger	losses	when	failures	occur.	•	Lean	processes	with	less	in-process	storage,	lower	inventory	levels.	Short	duration	downtime	affecting	output.	•	Rising	expectations	of	customers	wanting	higher	quality	at	lower	prices	in	real	terms.	Organizations	unable	to	adapt	to	these	rising	demands	go	out	of	business.	•	Workers,	unions,	passengers,	consumers	and	the	general	public	demand	higher	safety	and	environmental	compliance.	Industrial	action,	lawsuits,	and	consumer	resistance	more	prevalent.

4. Physical	asset	operators	and	owners	within	the	oil,	gas,	and	petrochemical	sectors	are	increasingly	being	held	to	a	higher	“standard	of	care”	with	regard	to	their	physical	assets.

5. Preventing	all	failures	is	generally	not	feasible	from	either	a	technical	or	an	economical	point	of	view.	The	airline	industry	attempted	failure	prevention	until	the	mid-1970s	and	found	that	with	the	increase	in	technology	of	modern	equipment,	their	traditional	maintenance	strategies	did	not	have	the	desired	result.	Is	your	organization	still	applying	these	ineffective	strategies	or	has	not	developed	a	physical	asset	management	strategy	discussed	in	Bench	Mark	Area	2?	Maintenance	strategies	must	evolve	to	support	the	technological	requirements	of	modern	equipment	and	the	challenges	of	a	competitive	and	legislated	environment.	To	the	same	degree	that	financial	auditors	apply	“due	diligence”	to	the	management	of	an	organization’s	financial	assets,	maintainers	must	apply	due	diligence	in	the	management	of	physical	assets.	To	the	same	degree	that	the	justice	system	requires	“due	process”	in	the	implementation	of	the	law,	so	should	physical	asset	managers	apply	due	process	in	the	management	of	physical	assets?	Unfortunately,	many	physical	asset	managers	are	still	managing	their	assets	using	gut	feelings.	It	is	no	wonder	that:
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

6. Your	maintenance	strategies	have	evolved	to	support	the	technological	requirements	of	modern	equipment	and	the	challenges	of	a	competitive	and	legislated	environment,	to	the	same	degree	that	financial	auditors	apply	due	diligence	to	the	management	of	an	organization’s	financial	assets.	Maintainers	are	applying	due	diligence	in	the	management	of	physical	assets	to	the	same	degree	that	the	justice	system	requires	due	process	in	the	implementation	of	the	law,	so	should	physical	asset	managers	apply	due	process	in	the	management	of	physical	assets.

7. When	looking	closely	at	your	company,	most	people	will	not	find	a	disorientating	mismatch	between	the	long-term	natures	of	your	liabilities	and	then	see	an	increasingly	short-term	nature	of	your	assets	management	strategy.

8. Risk-based	maintenance:	Your	maintenance	strategy	considers	risk-based	maintenance	(RBM)	as	an	evolution	of	RCM	since	RCM	is	based	on	the	equipment	condition	and	the	importance	of	equipment	to	the	overall	process/system;	but	RCM	is	limited	because	it	does	not	solve	the	quantification	of	failures.

9. Your	company	has	the	capability	to	quantify	problems	with	probability	as	well	level	of	consequences	of	failure	and	has	applied	RBM	successfully	and	achieved	significant	direct	savings	or	cost	avoidance	in	oil	and	gas	plants,	petrochemical	plants,	power	generation	and	power	distribution	networks,	etc.	And,	it	achieves	important	savings.

10. API	RP	580	standard	defines	risk	as	the	combination	of	the	probability	of	an	event	occurring	during	a	time	period	and	the	consequences	associated	with	the	event.	In	mathematical	terms:	Where	Risk	Factor	=	%Probability	of	failure	×	consequence	of	that	failure.	Does	your	company	define	risk	factors	to	obtain	an	economic	value	(if	the	consequence	is	valued)	or	a	classification	by	a	risk	matrix?

11. API	considers	the	risk-based	inspections	(RBI)	as	the	next	generation	of	inspection	interval	settings,	focusing	attention	specifically	on	the	equipment	and	associated	deterioration	mechanisms	representing	the	most	risk	to	the	facility.	It	recognizes	the	ultimate	goal	of	inspection	is	the	safety	and	reliability	of	facilities.	Has	your	company	integrated	risk	factors	into	PM/PdM	inspections	or	stand-alone	RBI	tasks	for	critical	processes?

12. F.I.	Khan	and	M.M.	Haddara	propose	an	RBM	methodology	broken	down	into	three	modules:	•	Module	I:	Risk	estimation,	including	a	failure	scenario	development,	a	consequence	assessment	and	a	probability	failure	analysis;	it	can	be	conducted	using	fault	tree	analysis.	•	Module	II:	Risk	evaluation,	setting	up	acceptance	criteria	and	applying	these	criteria	to	the	estimated	risk	for	each	unit	in	the	system.	•	Module	III:	Maintenance	planning,	optimizing	the	maintenance	plan	to	reduce	the	probability	of	failure,	reducing	the	total	risk	level	of	the	system.

Table	Continued



Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

13. Some	see	RBM	as	a	simpler	methodology	than	RCM;	it	also	requires	an	initial	reliability	study	but	includes	an	economic	risk	assessment,	so	it	allows	doing	financial	analysis	and	makes	it	easier	to	choose	timed-based	and	on-condition	tasks	as	well	as	complex	actions	such	as	spare	parts	quantity	and	location,	redesign	of	equipment,	or	changes	in	the	process.	Does	your	approach	go	beyond	traditional	RCM?

14. Your	strategy	includes	maintenance	based	on	equipment	performance	monitoring	and	the	control	of	the	corrective	actions	taken	as	a	result.	The	real	actual	equipment	condition	is	continuously	assessed	by	the	online	detection	of	significant	working	device	parameters	and	their	automatic	comparison	with	average	values	and	performance.	Maintenance	is	carried	out	when	certain	indicators	give	the	signaling	that	the	equipment	is	deteriorating	and	the	failure	probability	is	increasing.	This	strategy,	in	the	long	term,	allows	reducing	drastically	the	costs	associated	with	maintenance,	thereby	minimizing	the	occurrence	of	serious	faults	and	optimizing	the	available	economic	resources	management.

15. The	maintenance	frequency	and	type	are	prioritized	based	on	the	risk	of	failure.	Assets	that	have	a	greater	risk	and	consequence	of	failure	are	maintained	and	monitored	more	frequently.	Assets	that	carry	a	lower	risk	are	subjected	to	a	less	stringent	maintenance	program.	By	this	process,	the	total	risk	of	failure	is	minimized	across	the	facility	in	the	most	economical	way.

The	monitoring	and	maintenance	programs	for	high	risk	assets	are	typically	CBM	programs.	Some	use	signals	from	wireless	input	to	central	data	collectors	from	numerous	PdM	technologies	within	control	loops	or	on	stand-alone	assets.

16. Risk-based	maintenance	is	a	suitable	strategy	for	all	maintenance	plants	as	well	as	your	site.	As	a	methodology,	it	provides	a	systematic	approach	to	determine	the	most	appropriate	asset	maintenance	plans.	Upon	implementation	of	these	maintenance	plans,	the	risk	of	asset	failure	will	be	acceptably	low.

17 A	framework	for	determining	risk	is	in	place.	Here	the	risk-based	maintenance	framework	is	applied	to	each	system	in	a	facility.	A	system,	for	example,	may	be	a	high-pressure	vessel.	That	system	will	have	neighboring	systems	that	pass	fluid	to	and	from	the	vessel.	The	likely	failure	modes	of	the	system	are	first	determined.	Then,	the	typical	risk-based	maintenance	framework	is	applied	to	each	risk.	Is	this	framework	present	at	your	plant?

18. Collect	data—For	each	risk	that	is	being	identified,	accurate	data	about	the	risk	needs	to	be	collected.	This	will	include	information	about	the	risk,	its	general	consequences,	and	the	general	methods	used	to	mitigate	and	predict	the	risk.

19. Risk	evaluation—At	the	risk	evaluation	stage,	your	operation	considers	both	the	probability	of	the	risk	and	the	consequence	of	the	risk,	and	quantified	in	the	context	of	the	facility/process	under	consideration.
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20. Rank	risks—With	the	risk	evaluation	complete,	the	probability	and	consequence	are	then	combined	to	determine	the	total	risk.	This	total	risk	is	ranked	against	predetermined	levels	of	risk.	As	a	result,	your	decision	on	risk	is	either	acceptable	or	unacceptable.

21. Create	an	inspection	plan—If	the	risk	is	unacceptable,	you	evaluate	a	plan	to	inspect	the	system	using	a	condition	monitoring	approach	where	possible.	Or,	if	it	is	more	cost	appropriate,	and	technically	feasible	a	preventative	maintenance	program	might	be	selected.

22. Propose	mitigation	measures—At	this	stage,	you	have	a	proposal	for	mitigating	the	risk,	using	the	condition	monitoring	and	maintenance	approach.

23. Reassessment—Finally,	your	proposal	is	evaluated	against	other	factors,	such	as	legal	and	regulatory	requirements.	If	the	proposal	needs	are	deficient,	then	the	process	starts	again.	Otherwise,	the	maintenance	proposal	is	put	into	place.

24. Risk-based	maintenance	decision	methods	are	categorized	into	qualitative,	quantitative,	and	semi-quantitative	method.	For	not	long	ago,	risk-based	maintenance	is	not	widely	applied,	and	most	of	the	applications	focus	on	the	area	of	process	plant	and	petroleum	transport	system.

22.	Risked-based	maintenance	score	Subtotal	Score	Possible:	240



23.	Process	control	and	instrumentation	systems	technology

Item# Rating:	excellent—10,	very	good—9,	good—8,	average—7,	below	average—6,	poor—5	or	less

1. List	of	all	instrumentation	systems	sorted	for	criticality.

2. Instrument	systems	assigned	machine	unit	(tracking)	number	along	with	other	vital	info	such	as	location,	contract	service	vendor,	type	(process,	regulatory	compliance,	condition	monitoring,	etc.).

3. Operational	instructions	and	data,	installation	drawings,	catalog	info,	maintenance	documents,	and	parts	info	on	file	and	indexed.

4. Instrument	system	components	tagged	and	identified	according	to	standards.

5. Calibration	procedures	and	maintenance	tasks	written	and	referenced	in	work	order	system.

6. Calibration	records	up	to	date,	filed,	and	indexed.	Historical	records	dated	through	previous	two	years	or	according	to	insurance	carrier	and/or	legal	counsel.

7. Critical	system	operational	and	emergency	procedures	written,	up	to	date,	and	available	to	operators	at	control	panels	or	other	essential	locations.

8. All	hand-held	and	portable	instruments	used	for	operational	checks	and	maintenance	functions	listed	with	tracking	numbers	and	with	service/calibration	schedules	entered	into	work	order	system.

Table	Continued



Item# Rating:	excellent—10,	very	good—9,	good—8,	average—7,	below	average—6,	poor—5	or	less

9. All	laboratory	measurement	equipment	identified	with	tracking	numbers,	calibration	stickers,	and	calibration	schedules	entered	in	work	order	system.

23.	Process	control	and	instrumentation	systems	technology	score	Subtotal	Score	Possible:	90



24.	Energy	management	and	control

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. Energy	costs	are	reflected	in	facility	budget	via	monthly	tracking	of	energy	usage,	demand,	and	cost	by	each	customer	location/building.	Designated	individual	analyzes	usage,	demand,	and	costs	on	a	monthly	basis	to	identify	and	correct	problems.

2. An	energy	team	(or	designated	staff	position)	has	been	formed	and	chartered	to	deal	with	energy	management	issues	and	is	actively	involved	in	advising	on	utility	conservation;	its	recommendations	and	results	are	published	periodically.

3. Steam	trap	surveys	are	performed	to	look	at	operating	status,	inlet	and	outlet	pressures,	replacement	needs,	etc.;	this	is	done	on	a	routine	basis	as	part	of	the	RWP/PM	program.

4. Air	compressions	have	been	properly	sized	and	air	leaks	are	routinely	corrected.

5. Overall	systems	analysis	of	the	heating	and	cooling	systems	of	existing	facilities	is	being	conducted	to	optimize	the	efficiency	and	operation	of	the	entire	heating	and	cooling	system.

6. Boilers	in	the	facility	are	well	maintained	and	periodically	inspected	and	trimmed	for	maximum	efficiency.

7. A	water	management	strategy	is	in	place	to	control	process	water,	monitor	usage	and	address	corrosion.

8. A	comprehensive	energy	audit	has	been	conducted	for	the	facility	based	upon	federal	energy	management	guidelines.

9. Chronic	facility	breakdowns	and	problems	impacting	energy	are	aggressively	investigated	to	determine	root	causes.

10. New	technologies	such	as	infrared	analysis	are	introduced	to	check	the	condition	of	roofs,	switch	gears	etc.

11. Energy-efficient	motors,	lights,	ballasts,	etc.	are	used	throughout	the	facility	or	are	being	planned	as	part	of	new	facilities	and	major	renovations.

12. Facility	automatic	energy	control	systems	are	in	place	and	being	planned	for	use	in	new	facilities.

24.	Energy	management	and	control	score	Subtotal	Score:	120





25.	Maintenance	engineering	and	reliability	engineering	support

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. Engineering	and	maintenance	work	closely	during	the	design	and	specification	stages	to	improve	equipment	reliability	and	maintainability.

2. Purchase	of	new	equipment	and	modifications	to	existing	equipment	are	subject	to	maintenance	review	prior	to	final	approval.

3. Engineering	provides	key	support	to	maintenance	and	operations	for	improving	equipment	effectiveness.

4. Engineering	provides	key	support	to	maintenance	during	installation	and	start-up	of	new	equipment	to	ensure	that	operating	specifications	are	achieved.

5. Engineering	supports	maintenance	as	required	to	troubleshoot	chronic	equipment	problems	and	to	define/eliminate	root	causes.

6. Engineering	and	maintenance	work	closely	to	develop	an	effective	equipment	and	spare	parts	standardization	program.

7. Capital	additions,	building	systems	changes,	and	facility	layout	changes	are	subject	to	maintenance	review	before	final	approval.

8. Up-to-date	prints,	parts/service	manuals	and	other	documentation	for	equipment	and	facility	assets	are	available	to	maintenance.

9. Engineering	coordinates	material	requisitioning	with	maintenance	for	project	work,	major	overhauls,	and	machine	building.

25.	Maintenance	engineering	and	reliability	engineering	support	score	Subtotal	Score:	90



26.	Health,	safety,	security,	and	environmental	(HSSE)	compliance

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. Maintenance	leaders	have	created	a	broad-based	awareness	and	appreciation	for	achieving	a	safe	maintenance	operation.

2. Maintenance	employees	attend	at	least	one	safety	meeting	per	month.

3. Maintenance	has	shown	a	continual	improvement	in	its	safety	record	over	the	past	five	years.

4. All	permits	and	safety	equipment	are	available	and	prescribed	for	each	job	that	requires	them.

5. All	cranes,	hoists,	lift	trucks,	and	lifting	equipment	are	inspected	as	part	of	the	preventive	maintenance	program.

6. Good	housekeeping	within	maintenance	shops	and	storerooms	is	a	top	priority.

7. Maintenance	tools,	equipment,	and	leftover	materials	are	always	removed	from	the	job	site	after	work	completion.

8. Maintenance	continually	evaluates	areas	throughout	the	operation	where	safety	conditions	can	be	improved.

9. The	total	scope	of	regulatory	compliance	issues	within	the	organization	has	been	defined	and	a	prioritized	plan	of	action	established.
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

10. Maintenance	responsibilities	related	to	regulatory	compliance	have	been	well	defined.

11. Maintenance	has	the	technical	knowledge	and	experience	to	support	the	organization’s	regulatory	compliance	action.

12. Maintenance	works	closely	with	other	staff	groups	in	the	organization	for	a	totally	integrated	approach	to	regulatory	compliance.

13. A	complete	security	assessment	has	been	conducted	so	that	accountability	of	all	persons	entering	and	exiting	the	site	is	well	controlled.

14. Recommended	physical	barriers	to	unauthorized	large	or	small	vehicle	entrance	is	in	place.

15. Cyber	security	issues	have	been	reviewed	and	actions	for	preventing	system	hackers	are	in	place.

26.	Health,	safety,	security,	and	environmental	compliance	score	Subtotal	Score:	120



27.	Maintenance	and	quality	control

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. Quality	control	has	included	maintenance	processes	within	its	span	of	factors	impacting	quality	and	has	included	maintenance	factors	within	its	baseline	measurement	of	quality.

2. Major	repairs	and	setups	impacting	quality	have	clearly	defined	procedures	and	specifications	established.

3. Documentation	of	all	equipment	conditions,	factors,	and	settings	that	contribute	to	quality	performance	is	available.

4. Quality	of	maintenance	repairs	is	evaluated	and	used	as	a	key	performance	indicator	and	as	a	means	to	validate	crafts	skills.

5. Maintenance	and	quality	work	together	with	close	coordination	and	cooperation	to	resolve	quality	issues	related	to	maintenance	processes.

6. Optimum	machine	speeds	have	been	established	and	included	in	setup	procedures	and	operator	training.

7. All	machine-related	quality	defects	are	aggressively	evaluated	and	corrected.

8. Losses	due	to	minor	stoppages,	idling,	and	minor	equipment	failures	are	addressed	by	operations	and	maintenance	for	corrections.

9. Chronic	equipment	breakdowns	and	problems	are	aggressively	investigated	as	to	cause.

27.	Maintenance	and	quality	control	score	Subtotal	Score:	90



28.	Maintenance	performance	measurement

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. Maintenance	performance	measurement	includes	a	wide	range	of	performance	indicators	in	order	to	evaluate	the	total	effectiveness	and	impact	of	maintenance	service	throughout	the	operation	to	include	craft	labor,	planning/scheduling,	P.M.,	asset	reliability,	equipment	effectiveness,	and	cost,	etc.

2. Maintenance	labor	and	material	costs	are	reported	monthly	and	reviewed	against	previous	costs	or	budgeted	costs	to	evaluate	current	trends.

3. Equipment	downtime	attributable	to	maintenance	is	monitored.	The	cost	of	downtime	for	major	pieces	of	equipment	or	processes	is	known	and	used	to	measure	value	of	increased	equipment	uptime.

4. Realistic	labor	performance	standards/estimates	have	been	developed	and	used	for	all	planned	work	and	recurring	tasks.

5. Maintenance	labor	performance	is	reported	monthly	or	weekly	to	evaluate	actual	performance	against	established	performance	standards.

6. The	measurement	of	craft	utilization	is	available	from	the	labor	reporting	system	to	evaluate	productive	hands-on,	wrench	time	versus	nonproductive	craft	time.

7. Periodic	reviews	are	done	to	evaluate	the	maintenance	operation	by	determining	overall	craft	utilization	and	the	nature	of	delays	and	nonproductive	time	such	as	waiting	for	parts,	instructions,	unbalanced	crew,	or	waiting	for	equipment,	etc.

8. The	effectiveness	of	maintenance	planning	is	evaluated	by	factors	such	as	percent	work	orders	planned	versus	total	work	orders,	percent	work	orders	completed	as	planned	versus	total	planned	work	orders,	and	percent	work	orders	with	estimates	versus	total	work	orders	completed.

9. Baseline	performance	factors	and	information	is	available	to	evaluate	all	ongoing	improvements	against	past	performance.	Periodic	reports	to	summarize	and	highlight	the	tangible	benefits	from	continuous	maintenance	improvement	are	provided.

10. A	method	to	measure	performance	of	contracted	services	is	in	place.

11. The	craft	workforce	understands	the	need	for	improved	craft	labor	productivity	and	the	challenge	to	remain	competitive	with	contract	service	providers.

12. Maintenance	performance	measures	are	linked	to	operational	performance	and	support	total	operations	success	and	profit	optimization.



28.	Maintenance	performance	measurement	score	Subtotal	Score:	120



29.	Computerized	maintenance	management	systems	(CMMS)	and	business
systems

Item#

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.



13.

14.

15.

16.

17.

18.

29.	Computerized	maintenance	management	systems	(CMMS)	and	business	systems	score	Subtotal	Score	Possible:	180



30.	Shop	facilities,	equipment,	and	tools

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. Maintenance	shop	facilities	are	located	in	an	ideal	location	with	adequate	space,	lighting,	and	ventilation.
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

2. Standard	tools	are	provided	to	craft	employees	and	accounted	for	by	a	method	that	ensures	good	accountability	and	control.

3. An	adequate	number	of	specialty	tools	and	equipment	are	available	and	easily	checked	out	through	a	tool	control	procedure.

4. All	personal	safety	equipment	necessary	within	the	operation	is	provided	and	used	by	maintenance	employees.

5. Safety	equipment	for	special	jobs	such	as	confined	space	entry,	electrical	system	lockout,	etc.,	is	available	and	used.

6. Maintenance	achieves	a	high	level	of	housekeeping	in	its	shop	areas.

7. Maintenance	maintains	a	broad	awareness	of	new	tools	and	equipment	to	improve	methods,	craft	safety,	and	performance.

8. Maintenance	continually	upgrades	tools	and	equipment	to	increase	craft	safety	and	performance.

9. An	effective	process	to	manage	special	tools	and	equipment	inventory	is	in	place.

30.	Shop	facilities	score	Subtotal	Score:	90



31.	Continuous	reliability	improvement

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. Continuous	reliability	improvement	is	recognized	as	an	important	strategy	as	evidenced	by	the	current	status	of	maintenance	and	the	ongoing	improvement	activities.

2. The	current	level	of	commitment	to	continuous	reliability	improvement	is	based	on	results	of	overall	assessment.

3. Maintenance	improvement	opportunities	have	been	identified	with	potential	costs	and	savings	established.

4. Improvement	priorities	have	been	established	based	on	projected	benefits	and	valid	economic	justifications.

5. Top	leaders	have	reviewed,	modified,	and/or	approved	maintenance	improvement	priorities	and	have	made	a	commitment	to	action.

6. Sufficient	resources	(time,	dollars,	and	staff)	have	been	established	to	address	priority	areas.

7. Implementation	plans	and	leaders	for	each	priority	area	are	established.

8. A	team-based	approach	is	used	to	identify	and	implement	practical	solutions	to	maintenance	improvement	opportunities.

9. Continuous	reliability	improvement	for	the	maintenance	resource	of	physical	asset	and	equipment	resource	is	rated	as:

10. Continuous	reliability	improvement	for	the	maintenance	resource	of	craft	labor	resources	is	rated	as:
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

11. Continuous	reliability	improvement	for	the	maintenance	resource	of	MRO	material	resources	is	rated	as:

12. Continuous	reliability	improvement	for	the	maintenance	resource	of	information	resources	is	rated	as:

13. Continuous	reliability	improvement	for	the	maintenance	resource	of	technical	skills	and	knowledge	is	rated	as:

14. Maintenance	employees	participate	on	functional	teams	within	maintenance	and	on	cross-functional	teams	with	other	department	employees	to	develop	maintenance	improvements.

15. Written	charters	are	established	for	each	team	to	outline	reasons	for	the	team,	process	to	be	used,	resources	available,	constraints,	expectations,	and	results	expected.

31.	Continuous	reliability	improvement	score	Subtotal	Score:	150



32.	Critical	asset	facilitation	and	overall	equipment	effectiveness	(OEE)

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. Overall	equipment	effectiveness	(OEE)	ratings	have	been	established	for	major	equipment	assets	or	processes	to	provide	a	baseline	measurement	of	availability,	performance,	and	quality.

2. Priorities	have	been	established	with	a	plan	of	action	for	improving	OEE.

3. The	OEE	factor	of	availability	is	being	measured	and	methodology	rated	as:

4. The	OEE	factor	of	performance	is	being	measured	and	methodology	is	rated	as:

5. The	OEE	factor	of	quality	is	being	measured	and	methodology	is	rated	as:

6. Equipment	improvement	teams	have	been	established	to	focus	on	improving	equipment	effectiveness	based	on	established	priorities	for	critical	equipment.

7. Improvements	in	OEE	are	evaluated	against	baseline	OEE	measurements	to	determine	progress.

8. Optimum	machine	speeds	have	been	established	and	included	in	setup	procedures	and	operator	training.

9. All	machine-related	quality	defects	are	aggressively	evaluated	and	corrected.

10. A	process	for	critical	asset	facilitation	has	been	implemented.

11. Critical	asset	facilitation	for	condition-based	maintenance	includes	CBM	technologies	and	hardware	requirements,	durations,	and/or	hours	for	each	routine,	frequencies	for	each	routine,	necessary	tools	and	equipment	for	each	routine,	and	perform/record	baseline	of	test	and	measures.
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Item#

12.

13.

14.

15.

32.	Critical	asset	facilitation	and	overall	equipment	effectiveness	(OEE)	score	Subtotal	Score	Possible:	150



33.	Overall	craft	effectiveness	(OCE)

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. Improvement	of	craft	productivity	and	overall	craft	effectiveness	(OCE)	is	being	established	as	an	important	element	of	the	overall	maintenance	improvement	process.

2. Priorities	have	been	established	with	a	plan	of	action	for	improving	the	OCE	factor	for	craft	utilization	(wrench	time).

3. Priorities	have	been	established	with	a	plan	of	action	for	improving	the	OCE	factor	for	craft	performance.
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

4. Priorities	have	been	established	with	a	plan	of	action	for	improving	the	OCE	factor	for	craft	service	and	quality.

5. Improvements	in	OCE	and	craft	productivity	are	evaluated	against	baseline	measurements	to	determine	progress.

6. A	team	effort	is	being	used	that	involves	the	craft	workforce	to	provide	a	cooperative	effort	for	improving	OCE	and	eliminating	a	reactive,	fire-fighting	strategy	that	wastes	valuable	craft	resources.

33.	Overall	craft	effectiveness	(OCE)	score	Subtotal	Score:	50



34.	Sustainability

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. The	organization	understands	that	the	organizing	principle	for	sustainability	is	sustainable	development,	which	includes	the	four	interconnected	domains:	ecology,	economics,	politics,	and	culture.

2. Ways	of	reducing	negative	human	impact	are	environmentally	friendly	chemical	engineering,	environmental	resources	management,	and	environmental	protection	that	have	been	demonstrated	or	being	planned.

3. Sustainability	is	derived	from	the	Latin	sustinere	(tenere,	to	hold;	sub,	up).	Sustain	can	mean	“maintain,”	“support,”	or	“endure.”	Sustainable	development	is	present	in	regard	to	maintenance	and	physical	asset	management	to	meet	the	needs	of	the	current	operation	without	compromising	the	ability	of	future	site	operations	to	meet	their	own	need	to	maintain	physical	assets.

4. Top	leaders	fully	understand	that	sustainability	within	physical	asset	management	concerns	the	specification	or	strategy	with	a	set	of	best	practices	to	be	undertaken	by	a	present	operations	staff.	It	is	a	strategy	that	will	not	diminish	the	prospects	of	future	operations	to	enjoy	levels	of	throughput,	profits,	uptime,	utility,	or	welfare	comparable	to	those	enjoyed	by	the	present	operation.

5. The	organization’s	philosophical	and	analytic	framework	of	sustainability	draws	on	and	connects	with	many	different	disciplines	and	fields	and	has	emerged	as	a	sustainability	science	with	internal	or	external	staff	to	support	or	be	directly	responsible	for	it.

6. There	is	evidence	that	the	organization	is	developing	fewer	carbon-hungry	technology	and	transport	systems	and	attempts	by	individuals	to	lead	carbon-neutral	lifestyles.	There	is	monitoring	of	the	fossil	fuel	use	embodied	in	all	the	goods	and	services	they	use.	Engineering	of	emerging	technologies	such	as	carbon-neutral	fuel	and	energy	storage	systems	such	as	power	to	gas,	compressed	air	energy	storage,	and	pumped-storage	hydroelectricity	are	necessary	to	store	power	from	transient	renewable	energy	sources	including	emerging	renewables	such	as	airborne	wind	turbines.
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

7. Water	efficiency	is	being	improved	on	an	organizational	scale	by	increased	demand	management,	improved	infrastructure,	improved	plant	control,	and	reuse	of	water	such	as	condensate	water.	People	are	becoming	more	self-aware,	self-sufficient	by	harvesting	rainwater	and	reducing	use	of	their	water	system.

8. Sustainable	use	of	some	materials	has	targeted	the	idea	of	dematerialization,	converting	the	linear	path	of	materials	(extraction,	use,	disposal	in	landfill)	to	a	circular	material	flow	that	reuses	materials	as	much	as	possible	via	recycling.

9. Top	leaders	understand	that	the	effects	of	some	chemical	agents	need	long-term	measurements	to	avoid	legal	battles	in	regard	to	their	danger	to	human	health	per	classifications	of	toxic	carcinogenic	agents	defined	by	the	International	Agency	for	Research	on	Cancer.

10. Top	leaders	realize	and	strive	for	a	green	economy	defined	as	one	that	improves	economic	impact,	human	well-being	and	social	equity,	while	significantly	reducing	environmental	risks	and	ecological	scarcities	while	not	favoring	one	political	perspective	over	another	but	works	to	minimize	excessive	depletion	of	natural	capital.

11. Top	leaders	have	benchmarked	with	research	from	areas	such	the	World	Council	for	Sustainable	Development	focused	on	progressive	corporate	leaders	who	have	embedded	sustainability	into	commercial	strategy,	thus	yielding	a	leadership	competency	model	for	sustainability.	The	expansion	of	sustainable	business	opportunities	has	contributed	to	job	creation	through	the	introduction	of	green-collar	workers.

34.	Sustainability	score	Subtotal	Score	Possible:	110



35.	Traceability

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. Traceability.	Your	organization	understands	traceability	to	mean	the	property	of	the	result	of	a	measurement	or	the	value	of	a	standard	whereby	it	can	be	related	to	stated	references,	usually	national	or	international	standards,	through	an	unbroken	chain	of	comparisons	all	having	stated	uncertainties.

2. Measuring	and	testing	equipment.	These	devices	are	calibrated	against	certified	measurement	standards,	which	have	known	valid	relationship/traceability	to	national	standards	at	established	periods	to	assure	continued	accuracy.
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

3. Your	organization	uses	International	Laboratory	Accreditation	Cooperation	(ILAC)	to	allow	labs	to	use	suppliers	accredited	by	other	organizations	that	have	reciprocity	agreements.	Here	different	assessment	organizations	assess	each	other	on	a	regular	basis	and	the	web	of	reciprocal	organizations	is	large.	In	the	United	States,	there	are	a	number	of	organizations	that	have	wide	reciprocity	with	both	the	European	(EA)	and	Pacific	(APLAC)	mutual	recognition	bodies.

4. In	order	to	have	reciprocity,	you	have	an	essential	agreement	of	what	the	standard	(ISO	17025)	means,	and	this	includes	traceability.	Traceability	has	gone	from	being	a	U.S.	government	contractual	term	to	an	internationally	recognized	regulatory	term,	defined	in	detail	by	ILAC.

5. Elements	of	Traceability—Traceability	is	characterized	by	a	number	of	essential	elements:	•	An	unbroken	chain	of	comparisons	going	back	to	a	standard	acceptable	to	the	parties,	usually	a	national	or	international	standard	•	Measurement	uncertainty;	the	measurement	uncertainty	for	each	step	in	the	traceability	chain	must	be	calculated	according	to	defined	methods	and	must	be	stated	so	that	an	overall	uncertainty	for	the	whole	chain	may	be	calculated	Documentation.	Each	step	in	the	chain	must	be	performed	according	to	documented	and	generally	acknowledged	procedures;	the	results	must	equally	be	documented.

6. Does	your	organization	realize	that	the	inevitability	of	traceability	in	the	oil	and	gas	sector	is	now	following	a	reputational	crisis	following	the	BP	Deepwater	Horizon	oil	spill,	the	WikiLeaks	disclosures	and	recent	events	around	the	Keystone	XL	oil	pipeline,	and	controversy	in	the	United	Kingdom	over	the	European	fuel	quality	regulation.

7. Has	your	site	viewed	traceability	as	a	key	feature	of	the	rising	tide	of	transparency	and	accountability,	as	businesses,	customers,	and	consumers	become	more	discerning	in	their	choice	of	fuel.

8. The	growth	of	traceability	within	the	industry	looks	set	to	focus	on	so-called	“unconventional	oil	production,”	which	has	greater	environmental	and	social	impacts	than	conventional	fossil	fuels.

9. The	evidence	is	already	there	that	the	trend	of	traceability	is	playing	out	in	the	purchasing	decisions	of	some	leading	businesses.	Retailers	such	as	Timberland,	Walgreens,	and	Bed	Bath	&	Beyond	have	pledged	to	avoid	using	unconventional	oil	derived	from	oil	sands.

10. To	date,	the	oil	and	gas	industry	has	taken	a	rather	predictable	line	of	defense:	crude	oil	is	fungible	and	traded	as	a	commodity,	and	it	is	not	practical	to	trace	a	final	product	back	to	its	source.

11. The	position	has	been	enabled	by	the	lack	of	disclosure	from	the	oil	and	gas	companies	themselves	regarding	the	derivation	of	their	products.
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

12. But	this	looks	set	to	change	as	nongovernmental	organization	campaigns	gather	speed,	developments	in	science	and	technology	unfold,	and	regulations	kick	in.

13. Forest	Ethics	is	helping	companies	trace	the	fuel	their	shipping	suppliers	use	back	to	specific	refineries.	Players	like	Greenpeace,	World	Wildlife	Fund,	Friends	of	the	Earth,	and	the	Pembina	Institute	are	highlighting	the	damaging	environmental	and	social	consequences	of	unconventional	oil,	and	are	pressuring	both	businesses	and	consumers	on	the	oil	sands	issue.

14. In	parallel,	emerging	technology	is	enabling	the	traceability	of	crude	oil	back	to	its	origin	based	on	the	product’s	very	specific	chemical	composition.	The	science	has	already	been	proven	in	the	Gulf	of	Mexico	where	the	chemical	“fingerprinting”	of	oil	following	Deepwater	Horizon	enabled	investigators	to	determine	that	it	indeed	came	from	the	Macondo	well.

15. Regulatory	action	is	another	potential	challenge	to	the	sector.	The	European	fuel	quality	regulation	is	set	to	designate	transport	fuel	from	tar	sands	as	resulting	in	22%	more	greenhouse	gas	emissions	than	from	conventional	fuels.	According	to	the	Guardian	newspaper,	this	would	“make	suppliers,	who	have	to	reduce	the	emissions	from	their	fuels	by	10%	by	2020	very	reluctant	to	include	in	their	fuel	mix.”

16. Low-carbon	fuel	standards	are	emerging	in	markets	around	the	world.

17. The	overriding	risk	for	oil	companies	is	that,	as	traceability	develops	through	market	or	regulatory	action,	they	will	be	caught	on	the	back	foot,	defensively	attempting	to	minimize	the	reputational	and	financial	loss	that	can	come	from	investment	in	unconventional	oil.

18. In	the	worst	case,	unconventional	assets	will	be	downgraded	by	investors	or	even	entirely	stranded	if	markets	discriminate	against	them.

19. The	key	message	is	to	jump	before	you	are	pushed,	and	competitive	advantage	is	likely	to	emerge	for	those	companies	that	sell	“oil	sands	free”	fuels	with	appropriate	branding	and	verified	sourcing.	In	order	to	have	reciprocity,	there	must	be	essential	agreement	of	what	the	standard	(ISO	17025)	means,	and	this	includes	traceability.	Traceability	has	gone	from	being	a	U.S.	government	contractual	term	to	an	internationally	recognized	regulatory	term,	defined	in	detail	by	ILAC.

35.	Traceability	score	Subtotal	Score	Possible:	190



36.	Process	safety	management	(PSM)	and	management	of	change	(MOC)

Item#

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.



11.

12.

13.

Note:	All	evaluation	items	starting	at	#14	may	be	included	in	your	management	of	change	(MOC)	process	procedure,	and	some	may	not	be	included	depending	on	the	scope	of	a	change.

14.

15.

16.

17.

18.
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19

20.

21.

22.

23.

24.

25.

26.

36.	Process	safety	management	(PSM)	and	management	of	change	(MOC)	score	Subtotal	Score	Possible:	260



37.	Risk-based	inspections	(RBI)	and	risk	mitigation

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. The	organization’s	chief	reason	for	implementing	an	RBI	program	is	to	help	manage	the	risk	of	a	complex	and	potentially	dangerous	system.

2. Has	your	organization	had	a	major	event	that	was	dangerous	to	HSSE	requirements	in	the	last	five	years.	If	No	=	10;	If	Yes	rate	based	on	scope	i.e.,	5,	6,	7,	8,	or	9.	Remember	that	equipment	failures	cost	just	the	U.S.	refining	industry	over	$4	billion	per	year.	Two-thirds	of	those	costs	are	associated	with	failures	of	static	equipment;	the	average	refinery	has	a	risk	of	$25	million	per	year	due	to	failures	of	static	equipment	and	two-thirds	of	those	costs	are	associated	with	piping	failures.

3. A	good	RBI	program	can	also	help	an	owner/operator	understand	if	the	plant	is	not	being	run	as	designed	or	if	a	new	feedstock	is	causing	more	harm	than	expected	to	remaining	life	of	equipment.

4. By	using	RBI	as	a	tool,	your	organization	is	helping	owner/operators	increase	turn-around	schedules	and	avoid	shutdown	inspection	activities	while	maintaining	production.

5. Your	organization	understands	why	predicting	any	failure	prior	to	occurrence,	whether	catastrophic	or	minor,	can	have	a	large	impact	on	reputation	in	the	market	space	and	the	community,	and	using	tools	like	RBI	can	help	owner.
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

6. Primary	cost	savings	are	moving	from	a	time-based	to	a	risk-based	approach	often	with	less	inspection	but	also	applying	more	effective	inspection	techniques	to	look	for	the	appropriate	damage	mechanism.	Your	organization	is	focusing	on	resources	on	the	5–10%	of	the	assets	that	are	driving	the	bulk	of	the	risk.

7. You	have	seen	the	cost	benefit	of	RBI	require	50–90%	fewer	inspection	points	than	a	traditional	API	inspection	program	while	reducing	the	risk	of	failures	by	80–95%.

8. You	have	seen	other	benefits	of	RBI	that	extend	plant	shutdown	intervals	and	reduce	the	number	of	equipment	items	being	opened	by	30–60%.	And	over	a	five-year	period,	the	benefit	of	RBI	is	generally	5–20	times	the	cost	of	implementation	and	management.

9. From	a	HSSE	standpoint,	a	good	RBI	approach	will	force	an	owner/operator	to	have	a	better	understanding	of	their	key	hazardous	processes	and	provide	a	solid	mitigation	program.	Has	this	been	shown	in	your	company?

10. You	have	seen	and	have	achieved	greater	HSSE	awareness	and	compliance	by	the	multidisciplinary	approach	to	the	RBI	process	when	operations	and	process	engineers,	along	with	maintenance	teams,	provide	their	input	on	how	the	plant	works.	This	allows	for	the	development	of	inspection	plans	that	truly	address	where	corrosion	and	cracking	is	likely	to	occur.

11. Your	approach	to	good	RBI	has	helped	top	leaders	down	to	the	operators	understand	better	the	corrosion	mechanism	and	deterioration	rates	and	in	doing	so	predict	leaks	prior	to	happening.

12. An	extension	of	a	good	RBI	program	supports	your	physical	asset	integrity	operating	windows	and	also	helps	the	mechanical	integrity	departments	understand	process	changes	that	accelerate	through-wall	corrosion	events.

13. One	of	the	primary	objectives	of	PSM	is	to	minimize	the	risk	of	release	of	highly	hazardous	chemicals,	which	has	not	occurred	at	your	site	in	the	last	five	years.	5	years+	=	10.

14. All	categories	of	equipment	that	contain	or	control	a	hazardous	process,	including	piping	systems,	must	be	covered	in	a	mechanical	integrity	program.

15. Your	organization	is	going	through	a	process	implementing	a	good	RBI	program	and	will	allow	your	organization	to:	(a)	develop	a	systematic	process	for	understanding	hazardous	processes,	(b)	determine	mitigation	plans,	and	(c)	create	an	inventory	and	analysis	for	all	PSM-related	equipment	and	have	a	good	documentation	trail	of	inspections,	decisions,	and	nonconformances.

16. Your	organization	is	going	through	implementing	a	good	RBI	program	that	will	allow	your	organization	to	develop	a	systematic	process	for	understanding	hazardous	processes	and	determining	mitigation	plans.
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Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

17. You	have	a	good	documentation	trail	of	inspections,	decisions,	and	nonconformances.

18. You	have	created	an	inventory	and	informed	analysis	for	all	PSM-related	equipment	and	have	a	well-documented	audit	trail	of	all	inspections,	decisions,	and	nonconformances.

19. Your	organization	is	in	compliance	with	the	new	OSHA	and	EPA	documents	that	require	inspection	and	test	procedures	following	recognized	and	generally	accepted	good	engineering	practices	defined	in	Appendix	C	of	the	OSHA	regulations,	good	engineering	practice	areas	that	are	described.

20. The	codes	and	standards	are	relied	upon	to	establish	good	engineering	practice	within	your	organization.	These	codes	and	standards	are	published	by	organizations	as	the	American	Society	of	Mechanical	Engineers,	American	Petroleum	Institute,	American	National	Standards	Institute,	National	Fire	Protection	Association,	American	Society	for	Testing	and	Materials,	National	Boiler	and	Pressure	Vessel	Inspectors,	National	Association	of	Corrosion	Engineers,	American	Society	of	Exchanger	Manufacturers	Association,	and	model	building	code.

21. Various	engineering	societies	issue	technical	reports	that	impact	process	design.	For	example,	the	American	Institute	of	Chemical	Engineers	has	published	technical	reports	on	topics	such	as	two-phase	flow	for	venting	devices.	This	type	of	technically	recognized	report	is	being	used	by	your	organization	for	guidelines	toward	good	engineering	practice.

22. The	recently	enacted	Environmental	Protection	Agency	regulation	EPA	40	CFR	68	for	Accident	Release	Prevention	is	being	used	and	closely	parallels	the	OSHA	regulation,	but	adds	a	new	section	(Subpart	G)	titled	Risk	Management	Plan.	Are	you	in	compliance	with	this	section	by	having	an	offsite	consequence	analysis	to	calculate	worst-case	release	scenarios	for	the	site?	The	EPA	has	defined	a	consequence	analysis	of	the	same	type	used	in	risk-based	inspection.

23. Worst-case	release	is	defined	and	used	as	being	“the	release	of	the	largest	quantity	of	a	regulated	substance	from	a	vessel	or	process	line	failure	that	results	in	the	greatest	distance	to	an	endpoint…”

24. The	shortcoming	of	a	worst-case	scenario	approach	is	understood	because	of	its	overemphasis	on	the	failure	consequence	without	regard	to	the	probability	of	the	event	occurring.	Your	organization	realizes	that	true	risk	management	evaluates	both	the	consequence	and	probability	of	the	event,	and	the	combination	determines	the	risk.

25. The	API	codes	covering	the	inspection	of	fixed	equipment	and	piping	are	clearly	recognized	and	generally	accepted	as	good	engineering	practices	in	their	respective	areas.	They	have	recently	been	revised	to	acknowledge	the	use	of	risk-based	methods	in	inspection	programs.	The	API-570	Piping	Inspection	Code	was	the	first	API	recommended	practice	to	take	a	rudimentary	risk	management	approach,	by	categorizing	piping	based	on	the	flammability	or	toxicity	of	its	contents.
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26. Class	1	is	the	highest	consequence	category,	and	Class	3	is	the	lowest.	The	required	coverage	and	frequency	of	inspections	is	based	on	the	fluid	categories.	In	a	refinery,	most	of	the	process	lines	are	Class	2,	based	on	flammability.	The	weakness	of	the	API-570	classification	scheme	is	that	it	uses	contents	as	the	sole	basis	for	determining	categories.	Your	organization	understands	the	weaknesses	of	certain	areas	of	API-570.

27. As	an	example,	the	API-570	classification	does	not	discriminate	between	a	10-inch	line	full	of	liquid	propane	(Class	1)	and	a	2-inch	propane	vapor	line	(Class	1).	The	RBI	approach	based	on	the	API	Risk	Based	Inspection	methodology	(API	590	and	581)	does	provide	significant	discrimination	between	the	two	propane	lines,	however.

28. API	580	requirements	for	an	RBI	program	are,	from	a	management	system	point	of	view:	vision/mission,	policies,	procedures,	risk	acceptance	criteria,	personnel	competencies,	document	and	data	management	of	change	(MOC),	etc.,	documented	method	for	probability	of	failure	determination,	and	documented	method	for	consequence	of	failure	determination.

29. Documented	methods	are	in	place	for	managing	risks	through	inspections	and	other	mitigation	activities	(e.g.,	operating	conditions,	inventory	control	or	release	containment,	etc.)

37.	Risk-based	inspections	and	risk	mitigation	score	Subtotal	Score	Possible:	290



38.	Pride	in	maintenance

Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

1. Overall,	has	your	crafts	workforce	displayed	evidence	that	they	were	indeed	proud	of	their	profession?

If	your	craft	employees	were	independently	surveyed,	would	they	reveal	that	their	positions	were	essential	to	company	success	and	are	fully	a	part	of	the	mission-vision-values	of	the	organization?

2. Your	organization	has	held	events	to	recognize	employees	on	their	job	achievement	as	well	as	outstanding	service	to	their	community.

3. Your	organization	has	held	or	sponsored	activities	such	as	a	softball	team,	a	bowling	league,	golf	league,	or	soccer	team	or	any	events	for	all	of	maintenance	to	enjoy	off-site	as	teams	outside	of	work	hours.

4. Turnover	related	to	technicians	moving	to	another	company	has	been	normal	compared	to	your	expectations.

5. Subject	matter	experts,	well	before	official	retirement,	are	able	to	influence	and	train	new	employees	with	a	positive	attitude	and	with	special	recognition	from	the	company.

Table	Continued



Item# Rating:	Excellent—10,	Very	Good—9,	Good—8,	Average—7,	Below	Average—6,	Poor—5

6. Technicians	at	other	plants	desire	to	work	at	your	site	due	to	its	positive	culture	and	environment	as	well	as	its	pay	scales	being	competitive	in	your	area.

7. Craft	employees	are	all	given	opportunities	to	contribute	their	skills	and	ideas	for	improving	site	reliability.

8. Pride	in	maintenance	is	a	basic	philosophy	embraced	and	practiced	by	a	majority	of	the	staff	in	the	maintenance	and	storeroom	teams.

38.	Pride	in	maintenance	score	Subtotal	Score	Possible:	80



Appendix	B



Acronyms	and	Glossary	of	Maintenance,	Maintenance
Repair	Operations	Stores/Inventory,	and	Oil	and	Gas
Terms

List	of	Acronyms

API

			American	Petroleum	Institute

APL

			Applications	parts	list

BBL

			Barrel

BCF

			Billion	cubic	feet	of	natural	gas



BITE

			Built-in	test	equipment

BOE

			Barrel	of	oil	equivalent

BOED

			Barrels	of	oil	equivalent	per	day

BOM

			Bill	of	materials

BTU

			British	thermal	unit

CAGR

			Compound	annual	growth	rate

CBM

			Coal	bed	methane



CBM

			Conditioned-based	maintenance

CCF

			Centum	cubic	feet

CM

			Corrective	maintenance

CMMS

			Computerized	maintenance	management	system

CMO

			Chief	maintenance	officer

CNG

			Compressed	natural	gas

CO2e

			Carbon	dioxide	equivalents



CPM

			Critical	path	method

CRI

			Continuous	reliability	improvement

CSS

			Carbon	capture	and	storage

DT

			Downtime

E&P

			Exploration	and	production

ECN

			Engineering	change	notice

EOQ

			Economic	order	quantity



EOR

			Enhanced	oil	recovery

EUR

			Estimated	ultimate	recovery

EWO

			Engineering	work	order

FEED

			Front-end	engineering	and	design

FIFO

			First	in–first	out

FISH

			First	in	still	here

FMEA

			Failure	modes	and	effects	analysis



FMECA

			Failure	modes,	effects,	and	criticality	analysis

FPSO

			Floating	production,	storage,	and	offloading

FTA

			Fault	tree	analysis

GCR

			Gas	cost	recovery

GSE

			General	support	equipment

GWP

			Global	warming	potential

HSSE

			Health,	safety,	security,	and	environment



IOR

			Improved	oil	recovery

JIT

			Just-in-time

JOA

			Joint	operating	agreement

KPI

			Key	performance	indicator

LCA

			Life	cycle	analysis

LCC

			Life	cycle	cost

LDC

			Local	distribution	company



LIFO

			Last	in–first	out

LNG

			Liquefied	natural	gas

LOR

			Level	of	repair

LSA

			Logical	support	analysis

MBBL

			One	thousand	barrels	of	crude	oil,	bitumen,	condensate,	or	natural	gas	liquids

MBD

			One	thousand	barrels	per	day

MBOE

			One	thousand	barrels	of	oil	equivalent



MCF

			One	thousand	cubic	feet

MIL-STD

			United	States	military	standard

MMBBL

			One	million	barrels

MMBOE

			One	million	barrels	of	oil	equivalent

MMBTU

			One	million	British	thermal	units

MMCF

			One	million	standard	cubic	feet	of	natural	gas

MOC

			Management	of	change



MRO

			Maintenance	repair	operations

MTBF

			Mean	time	between	failures

MTPA

			Millions	of	tons	per	annum

MTTR

			Mean	time	to	repair

NDT

			Nondestructive	testing

NGLs

			Natural	gas	liquids

NGV

			Natural	gas	vehicle



NYMEX

			New	York	Mercantile	Exchange

OBM

			Operator-based	maintenance

OCE

			Overall	craft	effectiveness

OEE

			Overall	equipment	effectiveness

PCCM

			Profit	and	customer-centered	maintenance

PCM

			Profit-centered	maintenance

PdM

			Predictive	maintenance



PERT

			Projection	evaluation	and	review	technique

PM

			Preventive	maintenance

PMRPW

			Preventive	maintenance–related	planned	work

PRA

			Probabilistic	risk	assessment

PSA

			Probabilistic	safety	assessment

Psi

			Pounds	per	square	inch

PSM

			Process	safety	management



PSC

			Production	sharing	contract

RBI

			Risk-based	inspection

RBM

			Risk-based	maintenance

RCM

			Reliability-centered	maintenance

RIME

			Ranking	index	for	maintenance	expenditures

ROCE

			Return	on	capital	employee

ROI

			Return	on	investment



ROMI

			Return	on	maintenance	investment

ROP

			Reorder	point

RPI

			Reliability	performance	indicator

S-LCA

			Social	life	cycle	analysis

SAGD

			Steam-assisted	gravity	drainage

SKU

			Stock	keeping	unit

TCF

			One	trillion	cubic	feet	of	natural	gas



TCO

			Total	cost	of	ownership

ToSS

			Total	system	support

TPM

			Total	productive	maintenance

TRR

			Total	recordable	rate

UM

			Unscheduled	maintenance

WO

			Work	order

YTD

			Year-to-date



Glossary

ABC	inventory	policy			A	collection	of	prioritizing	practices	to	give	varied
levels	of	attention	to	different	classes	of	inventories.	For	example,	Class	A
items	typically	make	up	15	to	25%	of	stock	items	but	75	to	85%	of
inventory	value.	Class	C	items,	in	turn,	might	be	60%	of	the	stock	items	but
only	10%	of	the	inventory	value.	Class	B	items	would	be	somewhere	in
between	these	two.

ACE	system			Today’s	best	methodology	for	establishing	quality	repair
methods	and	team-based	planning	times	(see	ACE	Team	Benchmarking
Process).

ACE	Team	Benchmarking	Process	(also	known	as	the	ACE	Team
Process)			A	propriety	system	for	maintenance	work	measurement
developed	by	The	Maintenance	Excellence	Institute	International	in	the
1980s.	It	is	a	team-based	process	for	using	experienced	craftspeople,
supervisors,	and	planners	to	develop	a	consensus	on	maintenance	repair
method	improvement,	job	task	times,	and	total	work	content/wrench	time.
It	involves	a	consensus	of	experts	(ACE)	for	first	evaluating	a	job	for
improved	methods,	tools,	special	equipment,	and	root	cause	elimination.
Secondly,	this	process	develops	a	consensus	on	work	content	and	then
spreadsheets	for	work	content	comparison	(slotting).	The	process	provides	a
methodology	for	a	planner	to	include	various	job-specific	allowances	to
wrench	time	and	then	develop	reliable	planning	times	for	scheduling
purposes.	The	ACE	Team	process	allows	for	a	wide	range	and	number	of
jobs	to	be	estimated	using	a	relatively	small	number	of	benchmark	jobs
arranged	on	spreadsheets	by	craft	areas.



Acreage			Land	leased	for	oil	and	gas	exploration	and/or	land	for	which	a
company	owns	the	mineral	rights.

Actuarial	analysis			Statistical	analysis	of	failure	data	to	determine	the	age-
reliability	characteristics	of	an	item.

Adjustments			Minor	tune-up	actions	requiring	only	hand	tools,	no	parts,	and
usually	lasting	less	than	a	half	hour.

American	Petroleum	Institute	(API)			The	American	Petroleum	Institute	is
the	oil	and	gas	industry’s	trade	organization.	API’s	research	and
engineering	work	provides	a	basis	for	establishing	operating	and	safety
standard	issues	and	specifications	for	the	manufacturing	of	oil	field
equipment	and	furnishes	statistical	and	other	information	to	related
agencies.	Visit	API	at	www.api.org.

Anticline			A	convex-upward	formation	of	rock	layers,	which	may	form	a	trap
for	hydrocarbons.

Applications	parts	list			A	list	of	all	parts	required	to	perform	a	specific
maintenance	activity,	typically	set	up	as	a	standard	list	attached	to	a
standard	job	for	routine	tasks.	Not	to	be	confused	with	a	bill	of	materials.

Apprentice			A	craftsperson	in	training,	typically	following	a	specifically	defined
technical	training	program	while	gaining	hands	on	experience	in	a	craft	area	to
gain	a	specified	number	of	hours	experience.



Aquifer			An	underground	layer	of	water-bearing	permeable	rock	or
unconsolidated	materials	(gravel,	sand,	silt,	or	clay)	from	which	groundwater
can	be	extracted	using	a	water	well.

Area	maintenance			A	method	for	organizing	maintenance	operations	in
which	the	first-line	maintenance	leader	is	responsible	for	all	maintenance
crafts	within	a	certain	department,	area,	or	location	within	the	facility.

Asset	care			An	alternative	term	for	the	maintenance	process.	A	kinder,
gentler	term	but	still	pure	maintenance	and	physical	asset	management.

Asset	list			A	register	of	physical	assets	(equipment,	facilities,	building
systems,	etc.)	usually	with	information	on	manufacturer,	vendor,
specifications,	classification,	costs,	warranty,	and	tax	status.

Asset	management			The	systematic	planning	and	control	of	a	physical	asset
resource	throughout	its	economic	life;	the	systematic	planning	and	control
of	a	physical	resource	throughout	its	life.	This	may	include	the	specification,
design,	and	construction	of	the	asset;	its	operation,	maintenance	and
modification	while	in	use;	and	its	disposal	when	no	longer	required.

Asset	number			A	unique	alphanumerical	identification	of	an	asset	list,
which	is	used	for	its	management.

Asset	register			A	list	of	all	the	assets	in	a	particular	workplace,	together
with	information	about	those	assets,	such	as	manufacturer,	vendor,	make,



model,	specifications,	etc.

Asset	utilization			The	percentage	of	total	time	the	equipment/asset	is
running.

Assets			The	physical	resources	of	a	business,	such	as	plant	equipment,	facilities,
building	systems,	fleets,	or	their	parts	and	components;	unlike	in	the	accounting
definition,	in	maintenance	this	is	commonly	taken	to	be	any	item	of	physical
plant	or	equipment.

Availability			The	probability	that	an	asset	will,	when	used	under	specified
conditions,	operate	satisfactorily	and	effectively.	Also,	the	percentage	of	time	or
number	of	occurrences	for	which	an	asset	will	operate	properly	when	called
upon;	the	proportion	of	total	time	that	an	item	of	equipment	is	capable	of
performing	its	specified	functions,	normally	expressed	as	a	percentage.	It	can	be
calculated	by	dividing	the	equipment	available	hours	by	the	total	number	of
hours	in	any	given	period.

Available	hours			The	total	number	of	hours	that	an	item	of	equipment	is
capable	of	performing	its	specified	functions.	It	is	equal	to	the	total	hours	in
any	given	period,	less	the	downtime	hours.

Average	life			How	long,	on	average,	a	component	will	last	before	it	suffers	a
failure.	Commonly	measured	by	mean	time	between	failures	(MTBF).

Backlog			Work	orders	planned	and	prioritized,	awaiting	scheduling	and
execution;	work	that	has	not	been	completed	by	the	“required	by”	date.	The
period	for	which	each	work	order	is	overdue	is	defined	as	the	difference	between



the	current	date	and	the	“required	by”	date.	All	work	for	which	no	“required	by”
date	has	been	specified	is	generally	included	on	the	backlog.	Backlog	is
generally	measured	in	crew-weeks:	the	total	number	of	labor	hours	represented
by	the	work	on	the	backlog,	divided	by	the	number	of	labor	hours	available	to	be
worked	in	an	average	week	by	the	work	crew	responsible	for	completing	this
work.	As	such,	it	is	one	of	the	common	key	performance	indicators	(KPI)	used
in	maintenance.

Bar	code			An	identification	method	using	symbols	for	encoding	data	using
lines	of	varying	thickness,	with	designated	alphanumeric	characters.	It	can
be	used	on	work	orders,	physical	assets,	and	parts	to	form	a	state-of-the-art
information	gathering	methodology.

Barrel	(BBL)			One	stock	tank	barrel	of	42	US	gallons	liquid	volume	used	in
reference	to	crude	oil,	bitumen,	condensate,	or	natural	gas	liquids.

Barrel	of	oil	equivalent	(BOE)			A	measure	used	to	aggregate	oil	and	gas
resources	or	production,	with	one	BOE	being	approximately	equal	to	6000
cubic	feet	of	natural	gas.

Basin			A	large,	natural	depression	on	the	earth’s	surface	in	which	sediments,
generally	brought	by	water,	accumulate.

Benchmarking			The	process	of	comparing	performance	with	other
organizations,	identifying	comparatively	high-performance	organizations,	and
learning	what	it	is	they	do	that	allows	them	to	achieve	that	high	level	of
performance.



Bill	of	materials	(BOM)			List	of	components	and	parts	for	an	asset,	usually
structured	in	hierarchical	layers	from	gross	assemblies	or	major	end	items
to	minor	items	down	to	component	parts;	a	list	of	all	the	parts.

Bitumen			A	highly	viscous	form	of	crude	oil	(greater	than	10,000	cP)
resembling	cold	molasses	(at	room	temperature).	Bitumen	must	be	heated	or
combined	with	lighter	hydrocarbons	for	it	to	be	produced.	It	contains	sulfur,
metals,	and	other	nonhydrocarbons	in	its	natural	form.

Borehole			A	hole	in	the	earth	made	by	a	drilling	rig.

Breakdown			Failure	to	perform	to	a	functional	standard;	a	specific	type	of
failure	where	an	item	of	plant	or	equipment	is	completely	unable	to	function.

Breakdown	maintenance			A	maintenance	strategy	or	policy	where	no
maintenance	is	done	until	an	item	fails	and	no	longer	meets	its	functional
standard;	see	No	scheduled	maintenance.

British	thermal	unit	(BTU)			A	unit	of	measure	for	heat	energy.	The
quantity	of	heat	necessary	to	raise	the	temperature	of	one	pound	of	water
1	°F	under	a	stated	pressure.

Built-in	test	equipment	(BITE)			Diagnostic	and	checkout	devices	integrated
into	equipment	to	assist	operation,	trouble	shooting	and	service.

Business	vacation			A	well-planned	event	that	combines	real	business	and/or



training	with	a	fun	time	either	before	or	after	the	event.	“Killing	two	birds
with	one	stone”	for	fun	and	professional	development	at	a	place	such	as	The
Maintenance	Excellence	Institute	International’s	oceanfront	site,	The
Breakwaters	on	Oak	Island	in	North	Carolina.

Calibrate			To	verify	the	accuracy	of	equipment	and	assure	performance	within
tolerance,	usually	by	comparison	to	a	reference	standard	that	can	be	traced	to	a
primary	standard.

Call-out			To	summon	a	tradesperson	to	the	workplace	during	his	normal
nonworking	time	so	that	he	can	perform	a	maintenance	activity	(normally	an
emergency	maintenance	task).

CAPEX			Capital	expenditures.

Capital			Durable	items	with	long	lives	or	high	values	that	necessitate	asset
control	and	depreciation	under	tax	guidelines,	rather	than	being	expensed.

Carbon	capture	and	storage	(CCS)			Process	by	which	carbon	dioxide
emissions	are	captured	and	removed	from	the	atmosphere	and	then	stored,
normally	via	injection	into	a	secure	underground	geological	formation.

Carbon	dioxide	equivalents	(CO2e)			The	quantity	that	describes,	for	a
given	mixture	and	amount	of	greenhouse	gas,	the	amount	of	CO2	that
would	have	the	same	global	warming	potential	(GWP)	when	measured	over
a	specified	timescale	(generally	100	years).



Carbon	intensity			The	quantity	of	greenhouse	gas	emissions	associated	with
producing	an	intermediate	or	final	product.	For	the	oil	and	gas	industry,
carbon	intensity	is	commonly	expressed	in	units	of	tons	CO2e	per	product
volume	(e.g.,	tons	CO2e/BBL	or	tons	CO2e/MCF).

Carbon	sequestration			The	fixation	of	atmospheric	carbon	dioxide	in	a
carbon	sink	through	biological	or	physical	processes.

Carbon	sink			A	reservoir	that	absorbs	or	takes	up	released	carbon	from
another	part	of	the	carbon	cycle.	The	four	sinks,	which	are	regions	of	the
earth	within	which	carbon	behaves	in	a	systematic	manner,	are	the
atmosphere,	terrestrial	biosphere	(usually	including	freshwater	systems),
oceans,	and	sediments	(including	fossil	fuels).

Carrying	costs			Expense	of	handling,	space,	information,	insurance,	special
conditions,	obsolescence,	personnel,	and	the	cost	of	capital	or	alternative	use
of	funds	to	keep	parts	in	inventory.	Also,	called	holding	costs	and	generally
in	the	30–40%	range	when	all	factors	are	considered.

Casing			Thick-walled	steel	pipe	placed	in	wells	to	isolate	formation	fluids	(such
as	freshwater)	and	to	prevent	borehole	collapse.

Central	maintenance			A	method	for	organizing	maintenance	operations	in
which	the	maintenance	leader	is	responsible	for	all	maintenance	and	all
craft	areas	operating	on	call	from	a	central	location	to	support	the	entire
operation.

Centum	cubic	feet	(CFF)			One	hundred	cubic	feet;	residential	billing	units



are	common	in	CCF.	One	cubic	foot	of	natural	gas	contains	about	1000
BTUs;	1	CCF	contains	about	100,000	BTUs.	CCF	is	a	volumetric
measurement.	Because	the	exact	composition	of	the	natural	gas	can	be
different,	so	can	the	BTUs	it	contains.	One	Therm	is	exactly	100,000	BTUs
of	any	fuel.	Some	gas	companies	therefore	use	the	Therm	as	their	unit	of
sale.	Often,	the	Therm	and	CCF	are	used	interchangeably,	although
technically	they	are	not	exactly	the	same	thing	unless	the	natural	gas	is	pure
methane.

Change	out			The	removal	of	a	component	or	part	and	the	replacement	of	it
with	a	new	or	rebuilt	one.

Chief	maintenance	officer	(CMO)			The	technical	leader	(or	actual	leader)	of
a	profit-centered	maintenance	operation	within	a	large	or	small	corporation
or	nonmanufacturing	organization.	First	coined,	defined	and	promoted	by
staff	from	The	Maintenance	Excellence	Institute	International	in	the	late
1990s.	The	CMO	represents	the	prototype	of	the	New	Millennium	leader	for
maintenance	and	physical	asset	management	and	managing	the
maintenance	process	as	a	true	profit	center.

Checkout			The	determination	of	the	working	condition	of	a	system.

City	gate	stations			City	gate	stations	mark	the	point	where	natural	gas
leaves	the	transmission	system	and	enters	the	distribution	System.	City	gate
stations	have	equipment	that	reduces	the	pressure	of	the	gas,	meter/measure
it,	add	odorant,	and	may	include	heaters	to	heat	the	gas	if	the	pressure	drop
is	large	enough	to	cause	it	to	drop	below	32	°F.

Clean			To	remove	all	sources	of	dirt,	debris,	and	contamination	for	the	purpose
of	inspection	and	to	avoid	chronic	losses.



CMMS	benchmarking	system			A	methodology	developed	by	staff	from	The
Maintenance	Excellence	Institute	International	to	evaluate	the	effectiveness
of	a	computerized	maintenance	management	system	(CMMS)/	enterprise
asset	management	(EAM)	installation.	A	process	for	evaluating
CMMS/EAM	implementation	progress	and	full	utilization	of	system
functionality	to	enhance	best	practices.

Coal	bed	methane	(CBM)			Natural	gas	extracted	from	coal	beds.

Code			Symbolic	designation	used	for	identification,	such	as	failure	code,	repair
code,	and	commodity	code.

Commodity	code			Classifications	of	parts	by	group	and	class	according	to
their	material	content	or	type	of	consolidation	of	procurement,	storage,	and
use.

Completion			The	process	of	making	a	well	ready	to	produce	natural	gas	or	oil.
Completion	involves	installing	permanent	equipment,	such	as	a	wellhead,	and
often	includes	hydraulic	fracturing.

Component			A	constituent	part	of	an	asset,	usually	modular	and	replaceable,	that
may	be	serialized	and	interchangeable;	a	subassembly	of	an	asset,	usually
removable	in	one	piece	and	interchangeable	with	other,	standard	components
(e.g.,	truck	engine).

Component	number			Designation,	usually	structured	by	system,	group,	or



serial	number.

Compound	annual	growth	rate	(CAGR)			The	average	year-over-year
growth	rate	of	a	metric	over	a	specific	period	of	time.

Compressed	natural	gas	(CNG)			Natural	gas	that	is	compressed	into
storage	cylinders	for	use	in	transportation	fuel	in	buses,	trucks,	cars,	and
forklifts.	CNG	is	not	the	same	as	liquid	propane	gas	that	is	typically
contained	in	cylinders.

Computerized	maintenance	management	system	(CMMS)			Integrated
computer	system	modules	such	as	work	orders,	equipment,	inventory,
purchasing,	planning,	and	preventive	maintenance	that	support	asset
management	and	overall	maintenance	management.

Condensate			Mixture	of	hydrocarbons	that	are	in	a	gaseous	state	under	reservoir
conditions	and,	when	produced,	become	a	liquid	as	the	temperature	and	pressure
is	reduced.

Condition-based	maintenance	(CBM)			Maintenance	based	on	the	measured
condition	of	an	asset.	Testing	and/or	inspection	of	characteristics	that	will
warn	of	pending	failure	and	performance	of	maintenance	after	the	warning
threshold	but	before	total	failure.	Predictive	maintenance	technologies	such
as	vibration	analysis,	thermography/infrared,	oil	analysis,	and	ultrasonic
provide	tools	and	technology	for	condition-based	maintenance.	An
equipment	maintenance	strategy	based	on	measuring	the	condition	of
equipment	in	order	to	assess	whether	it	will	fail	during	some	future	period,
and	then	taking	appropriate	action	to	avoid	the	consequences	of	that
failure.	The	terms	condition	based	maintenance,	on-condition	maintenance
and	predictive	maintenance	can	be	used	interchangeably.



Condition	monitoring			The	use	of	specialist	equipment	to	measure	the
condition	of	equipment.	Vibration	analysis,	oil	analysis	and	thermography
are	all	examples	of	condition	monitoring	techniques.

Conditional	probability	of	failure			The	probability	that	an	item	will	fail
during	a	particular	age	interval,	given	that	it	survives	to	enter	that	age.

Confidence			Degree	of	certainty	that	something	will	happen.	For	example,	a	low
confidence	of	replenishment	means	repair	parts	probably	will	not	be	readily
available	and	is	one	reason	that	maintenance	personnel	retain	excess	parts	in
uncontrolled	areas.

Configuration			The	arrangement	and	contour	of	the	physical	and	functional
characteristics	of	systems,	equipment,	and	related	items	of	hardware	or	software;
the	shape	of	a	thing	at	a	given	time.	The	specific	parts	used	to	construct	a
machine.

Consumables			Supplies	such	as	fuel,	lubricants,	paper,	printer	ribbons,	cleaning
materials,	and	forms	that	are	exhausted	during	use	in	operation	and	maintenance.

Contingency			Alternate	actions	that	can	be	taken	if	the	main	actions	do	not
work.

Continuous	reliability	improvement	(CRI)			A	process	developed	and	used
by	staff	from	The	Maintenance	Excellence	Institute	International	that	goes
beyond	current	reliability-centered	maintenance	(RCM)	approaches	to



outline	a	continuous,	integrated	process	for	improving	total	reliability	of	the
following	resources:

•	Equipment/facility	resources	(asset	care/management	and	maximum	uptime	via
RCM	techniques)

•	Craft	and	operator	resources	(recognizing	the	most	important	resource:
craftspeople	and	equipment/process	operators)

•	Maintenance	repair	operations	(MRO)	resources	(establishing	effective
materials	management	processes)

•	Maintenance	information	resources	(effective	information	technology
applications	for	maintenance)

•	Maintenance	technical	knowledge/craft	skills	base	(closing	the	technical
knowledge	resource	gap)

•	Synergistic	team	processes	(tapping	the	value-added	resource	of	effective
leadership-driven	team,	self-managed	teams	to	support	total	operations	success)





Contract	acceptance	sheet			A	document	that	is	completed	by	the
appropriate	contract	supervisor	and	contractor	to	indicate	job	completion
and	acceptance.	It	also	forms	part	of	the	appraisal	of	the	contractor’s
performance.

Conventional	resources			Discrete	accumulations	of	hydrocarbons	contained
in	rocks	with	relatively	high	matrix	permeability,	which	normally	have
relatively	high	recovery	factors.

Coordination			Daily	adjustment	of	maintenance	activities	to	achieve	the	best
short-term	use	of	resources	or	to	accommodate	changes	in	needs	for	service.

Corrective	maintenance	(CM)			Unscheduled	maintenance	or	repair	actions,
performed	as	a	result	of	failures	or	deficiencies,	to	restore	items	to	a	specific
condition.	Maintenance	done	to	bring	an	asset	back	to	its	standard
functional	performance.	Any	maintenance	activity	that	is	required	to
correct	a	failure	that	has	occurred	or	is	in	the	process	of	occurring.	This
activity	may	consist	of	repair,	restoration,	or	replacement	of	components.

Craft	availability			Percentage	of	time	that	craft	labor	is	free	to	perform
productive	work	during	a	scheduled	working	period.

Craft	leaders			Subject	matter	experts	(SMEs),	crew	leaders,	and	technician
specialists.

Craft	utilization			Percentage	of	time	that	craft	labor	is	engaged	in



productive	work,	hands-on	during	a	scheduled	working	period.	The	actual
wrench	time	as	compared	to	total	time	paid.





Craftsperson			A	skilled	maintenance	worker	who	has	typically	been	formally
trained	through	an	apprenticeship	program.	See	also	MVP	and	Tradesperson.

Critical			Describes	items	that	are	especially	important	to	product	performance
and	more	vital	to	operation	than	noncritical	items.

Critical	equipment			Items	especially	important	to	performance,	capacity,
and	throughput	and	more	vital	to	the	operation	than	noncritical	items.

Criticality			The	priority	rank	of	a	failure	mode	based	on	some	assessment
criteria.

Critical	path	method	(CPM)			A	logical	method	of	planning	and	control	that
analyzes	events,	the	time	required,	and	the	interactions	of	the	considered
activities.

Critical	spare			Parts	and	materials	that	are	not	used	often	enough	to	meet
detailed	stock	accounting	criteria	but	are	stocked	as	“insurance	items”
because	of	their	essentially	or	the	lead	time	involved	in	procuring
replacements;	similar	to	safety	stocks,	except	on	low-use	parts.	Normally
critical	spares	require	special	approval.

Crossdocking			Term	for	the	function	capability	of	an	inventory	management
module	to	track	high-priority	inbound	orders	into	receiving,	to	initiate	immediate
delivery	and	to	receive/process	issue	transactions	with	minimal	manual	effort.
Crossdocking	provides	quick	turnaround	at	receiving	without	putting	items	into



storage	locations	and	then	having	to	pick	for	issue	later.

Cycle	count			An	inventory	accountability	strategy	where	counting	and
verification	of	stock	item	quantities	is	done	continuously	based	on	a
predetermined	schedule	and	frequency	based	on	the	ABC	classification	of
the	item.	As	opposed	to	an	annual	physical	inventory,	cycle	counting	allows
for	continuous	counting,	immediate	reconciliation	of	inventory
discrepancies	and	inventory	accuracy	of	98%	plus.

Dead	stocks			Items	for	which	no	demand	has	occurred	over	a	specific
period	of	time.

Defect			A	condition	that	causes	deviation	from	design	or	expected	performance.
A	term	typically	used	in	the	maintenance	of	mobile	equipment.	A	defect	is
typically	a	potential	failure	or	other	condition	that	will	require	maintenance
attention	at	some	time	in	the	future,	but	which	is	not	currently	preventing	the
equipment	from	fulfilling	its	functions.

Deferred	maintenance			Maintenance	that	can	be	or	has	been	postponed
from	a	schedule.

Deterioration	rate			The	rate	at	which	an	item	approaches	a	departure	from
its	functional	standard.

Demand			Requests	and	orders	for	an	item.	Demands	become	issues	only	when	a
requested	part	is	given	from	stock.



Developed	acreage			The	number	of	acres	that	are	allocated	or	assignable	to
productive	wells	or	wells	capable	of	production.

Developed	reserves			Reserves	that	can	be	expected	to	be	recovered	through
existing	wells	with	existing	equipment	and	operating	methods	or	in	which
the	cost	of	the	required	equipment	is	relatively	minor	compared	to	the	cost
of	a	new	well	and,	if	extraction	is	by	means	other	than	a	well,	through
installed	equipment	and	infrastructure	operational	at	the	time	of	the
reserves	estimate.

Development	well			A	well	drilled	within	the	proved	area	of	an	oil	or	gas
reservoir	to	the	depth	of	a	stratigraphic	horizon	known	to	be	productive.

Direct	costs			Any	expenses	that	can	be	associated	with	a	specific	product,
operation,	or	service	that	is	value	added.

Directional	Drilling			The	application	of	special	tools	and	techniques	to	drill
a	wellbore	at	a	predetermined	angle.	Horizontal	drilling	is	a	form	of
directional	drilling	where	the	wellbore	is	ultimately	drilled	at	±90°	to	the
vertical	direction.

Discard	task			The	removal	and	disposal	of	items	or	parts.	One	type	of
maintenance	strategy	for	selected	components.

Disposal			The	act	of	getting	rid	of	excess	or	surplus	property	under	proper
authorization.	Such	processes	as	transfer,	donation,	sale,	abandonment,
destruction,	or	recycling	may	accomplish	disposal.



Distribution	line			System	of	low-pressure	pipes	used	to	move	gas	to
customers	within	a	service	area.

Distribution	system			The	distribution	system	moves	the	natural	gas	from
city	gate	stations	to	the	users.	Distribution	systems	typically	operate	in	the
2-60	psi	range	for	residential	areas,	often	higher	in	industrial	areas.	The
operating	pressure	depends	on	how	old	the	system	is,	what	it	is	made	of	(i.e.,
cast	iron,	steel,	plastic),	what	load	it	needs	to	serve	and	how	far	it	is	from
the	city	gate	station.

Down			Out	of	service,	usually	due	to	breakdown,	unsatisfactory	condition,	or
production	scheduling.

Downtime	(DT)			The	time	that	an	item	of	equipment	is	out	of	service,	as	a
result	of	equipment	failure.	The	time	that	an	item	of	equipment	is	available,
but	not	utilized	is	generally	not	included	in	the	calculation	of	downtime.

Drilling	rig			The	machine	used	to	drill	a	wellbore.

Dry	gas			Dry	gas	is	almost	pure	methane	and	occurs	in	the	absence	of	liquid
hydrocarbons	or	by	processing	natural	gas	to	remove	liquid	hydrocarbons
and	impurities.

Dry	hole			A	well	incapable	of	economically	producing	salable	hydrocarbons
in	sufficient	quantities	to	justify	commercial	exploitation.



Economic	life			The	total	length	of	time	that	an	asset	is	expected	to	remain
actively	in	service	before	it	is	expected	that	it	would	be	cheaper	to	replace
the	equipment	rather	than	continuing	to	maintain	it.	In	practice,	equipment
is	more	often	replaced	for	other	reasons,	includingbecause	it	no	longer
meets	operational	requirements	for	efficiency,	product	quality,	comfort	etc.,
or	because	newer	equipment	can	provide	the	same	quality	and	quantity	of
output	more	efficiently.

Economic	order	quantity	(EOQ)			Amount	of	an	item	that	should	be
ordered	at	one	time	to	get	the	lowest	possible	combination	of	inventory
carrying	costs	and	ordering	costs.

Economic	repair			A	repair	that	will	restore	the	item	to	a	sound	condition	at
a	cost	less	than	the	value	of	its	estimated	remaining	useful	life.

Economically	producible			A	resource	that	generates	revenue	that	exceeds,
or	is	reasonably	expected	to	exceed,	the	costs	of	the	operation.

Emergency	maintenance			A	condition	requiring	immediate	corrective
action	for	safety,	environmental,	or	economic	risk,	caused	by	equipment
breakdown.

Emergency	maintenance	task			A	maintenance	task	carried	out	in	order	to
avert	an	immediate	safety	or	environmental	hazard,	or	to	correct	a	failure
with	significant	economic	impact.



Engineering	change			Any	design	change	that	will	require	revision	to
specifications,	drawings,	documents,	or	configurations.

Engineering	change	notice	(ECN)			A	control	document	from	engineering
authorizing	changes	or	modifications	to	a	previous	design	or	configuration.

Engineering	work	order			The	prime	document	used	to	initiate	an
engineering	investigation,	engineering	design	activity,	or	engineering
modifications	to	an	item	of	equipment.

Enhanced	oil	recovery	(EOR)			One	or	more	of	a	variety	of	processes	that
seek	to	improve	recovery	of	hydrocarbon	from	a	reservoir	after	the	primary
production	phase.

Environmental	assessment			A	study	that	can	be	required	to	assess	the
potential	direct,	indirect,	and	cumulative	environmental	impacts	of	a
project.

Environmental	consequences			A	failure	has	environmental	consequences	if
it	could	cause	a	breach	of	any	known	environmental	standard	or	regulation.

Equipment	configuration			List	of	assets	usually	arranged	to	simulate	the
process,	or	functional	or	sequential	flow.

Equipment	maintenance	strategies			The	choice	of	routine	maintenance
tasks	and	the	timing	of	those	tasks,	designed	to	ensure	that	an	item	of



equipment	continues	to	fulfill	its	intended	functions.

Equipment	repair	history			A	chronological	list	of	defaults,	repairs,	and
costs	on	key	assets	so	that	chronic	problems	can	be	identified	and	corrected
and	economic	decisions	made.

Equipment	use			Accumulated	hours,	cycles,	distance,	throughput,	etc.,	or
performance.

Estimated	plant	replacement	value			The	estimated	cost	of	capital	required
to	replace	all	the	existing	assets	with	new	assets	capable	of	producing	the
same	quantity	and	quality	of	output.

Estimated	ultimate	recovery	(EUR)			The	sum	of	reserves	remaining	as	of	a
given	date	and	cumulative	production	as	of	that	date.

Estimating	index			The	ratio	of	estimated	labor	hours	required	completing
the	work	specified	on	work	orders	to	the	actual	labor	hours	required	to
complete	the	work	specified	on	those	work	orders,	commonly	expressed	as	a
percentage.	This	is	also	a	measure	of	craft	performance,	one	element	of
craft	labor	productivity,	particularly	when	there	are	well-defined	estimating
standards.

Examination			A	comprehensive	inspection	with	measurement	and	physical
testing	to	determine	the	condition	of	an	item.



Expediting			Special	efforts	to	accelerate	a	process.	An	expediter	coordinates	and
assures	adequate	supplies	of	parts,	materials	and	equipment.	Typically	found	in	a
reactive	maintenance	operation.

Expense			Those	items	that	are	directly	charged	as	a	cost	of	doing	business.	They
generally	have	a	short,	nondurable	life.	Most	nonrepairable	repair	parts	are
expensed	when	installed	on	equipment.

Expensed	inventory			Parts	written	off	as	a	“cost	of	sales.”	Material
transferred	from	ledger	inventory	to	expensed	inventory	is	to	be	used	within
12	months.

Expert	system			Decision	support	software	with	some	ability	to	make	or
evaluate	decisions	based	on	rules	or	experience	parameters	incorporated	in
the	database;	a	software-based	system	that	makes	or	evaluates	decisions
based	on	rules	established	within	the	software.	Typically	used	for	fault
diagnosis.

Exploratory	well			A	well	drilled	to	find	a	new	field	or	to	find	a	new
reservoir	in	a	field	previously	found	to	be	productive	of	oil	or	gas	in	another
reservoir.

Failsafe			An	item	is	failsafe	if,	when	the	item	itself	incurs	a	failure,	that	failure
becomes	apparent	to	the	operating	workforce	in	the	normal	course	of	events.

Failure			Termination	of	the	ability	of	an	item	to	perform	its	required	function	to
a	standard;	an	item	of	equipment	has	suffered	a	failure	when	it	is	no	longer
capable	of	fulfilling	one	or	more	of	its	intended	functions.	Note	that	an	item	does



not	need	to	be	completely	unable	to	function	to	have	suffered	a	failure.	For
example,	a	pump	that	is	still	operating,	but	is	not	capable	of	pumping	the
required	flow	rate,	has	failed.	In	reliability-centered	maintenance	terminology,	a
failure	is	often	called	a	functional	failure.

Failure	analysis			The	logical,	systematic	examination	of	an	item	or	its
design,	to	identify	and	analyze	the	probability,	causes,	and	consequences	of
real	or	potential	malfunction.	A	study	of	failures	to	analyze	the	root	causes,
to	develop	improvements,	to	eliminate	or	reduce	the	occurrence	of	failures.
(See	also	Failure	modes,	effects,	and	critical	analysis.)

Failure	cause			See	Failure	mode.

Failure	coding			Identifying	and	indexing	the	causes	of	equipment	failure	on
which	corrective	action	can	be	based,	such	as	lack	of	lubrication,	operator
abuse,	material	fatigue,	etc.;	a	code	typically	entered	against	a	work	order
in	a	CMMS	that	indicates	the	cause	of	failure	(e.g.,	lack	of	lubrication,
metal	fatigue).

Failure	consequences			A	term	used	in	reliability-centered	maintenance.	The
consequences	of	all	failures	can	be	classified	as	being	eitherhidden,	safety,
environmental,	operational,	or	nonoperational.	Very	important	to	a	risk-
based	maintenance	approach	that	considers	probability	of	failure	and
failure	consequences.

Failure	effect			A	description	of	the	events	that	occur	after	a	failure	has
occurred	as	a	result	of	a	specific	failure	mode.	Used	in	reliability-centered
maintenance	and	FMEA/FMECA	analyses.



Failure	finding	interval			The	frequency	with	which	a	failure	finding	task	is
performed.	It	is	determined	by	the	frequency	of	failure	of	the	protective
device,	and	the	desired	availability	required	of	that	protective	device.

Failure	finding	task			Used	in	reliability-centered	maintenance	terminology.
A	routine	maintenance	task,	normally	an	inspection	or	a	testing	task,
designed	to	determine,	for	hidden	failures,	whether	an	item	or	component
has	failed.	A	failure	finding	task	should	not	be	confused	with	an	on-
condition	task,	which	is	intended	to	determine	whether	an	item	is	about	to
fail.	Failure	finding	tasks	are	sometimes	referred	to	as	functional	tests.

Failure	mode			Any	event	that	causes	a	failure.

Failure	modes	and	effects	analysis	(FMEA)			A	structured	method	of
determining	equipment	functions,	functional	failures,	assessing	the	causes	of
failures	and	their	failure	effects.	The	first	part	of	a	reliability-centered
maintenance	analysis	is	a	FMEA.

Failure	modes,	effects,	and	critical	analysis	(FMECA)			A	logical,
progressive	method	used	to	understand	and	assess	the	root	causes	of	failures
and	their	subsequent	effect	on	production,	safety,	cost,	quality,	etc.

Failure	pattern			The	relationship	between	the	conditional	probability	of
failure	of	an	item	and	its	age.	Failure	patterns	are	generally	applied	to
failure	modes.	Research	in	the	airline	industry	established	that	there	are	six
distinct	failure	patterns.	The	type	of	failure	pattern	that	applies	to	any	given
failure	mode	is	of	vital	importance	in	determining	the	most	appropriate
equipment	maintenance	strategy.	This	fact	is	one	of	the	key	principles
underlying	reliability-centered	maintenance.



Failure	rate			The	number	of	failures	per	unit	measure	of	life	(cycles,	time,
miles,	events,	and	the	like)	as	applicable	for	the	item.

Farm-in			The	acquisition	of	part	or	all	of	an	oil,	natural	gas,	or	mineral	interest
from	a	third	party.

Farm-out			The	assignment	of	part	or	all	of	an	oil,	natural	gas,	or	mineral	interest
to	a	third	party.

Fault	tree	analysis	(FTA)			A	review	of	failures,	faults,	defects,	and
shortcomings	based	on	a	hierarchy	or	relationship	to	find	the	root	cause.

Field			An	area	consisting	of	a	single	hydrocarbon	reservoir	or	multiple
geologically	related	reservoirs	all	grouped	on	or	related	to	the	same	individual
geological	structure	or	stratigraphic	condition.

Fill	rate			Service	level	of	a	specific	stock	point.	An	85%	fill	rate	means	that
if	100	parts	are	requested,	then	85	of	them	are	available	and	issued.	This
also	means	that	15%	of	parts	requests	are	not	filled	due	to	stock	outs.	Goal
for	service	levels	should	be	98%	plus.

First	in–first	out	(FIFO)			Use	the	oldest	item	in	inventory	next.	FIFO
accounting	values	each	item	used	at	the	cost	of	the	oldest	item	in	inventory.
Contrasts	with	LIFO	(last	in–first	out).



First	in	still	here	(FISH)			A	fun	term	for	obsolete	parts	not	identified	and
still	taking	up	space.

Flaring			The	burning	of	natural	gas	for	safety	reasons	or	when	there	is	no	way	to
transport	the	gas	to	market	or	use	the	gas	for	other	beneficial	purposes	(e.g.,
enhanced	oil	recovery,	reservoir	pressure	maintenance).	The	practice	of	flaring	is
being	steadily	reduced	as	pipelines	are	completed	and	in	response	to
environmental	concerns.	One	major	refining	company	calls	flaring	“the	flames
of	incompetency.”

Floating	production,	storage,	and	offloading	(FPSO)			Provides	alternative
to	pipeline	to	store	oil	production	and	load	vessels	for	movement	to	markets.





Peng	Bo	FPSO	in	Bohai	Bay,	China

Forecast			To	calculate	or	predict	some	future	event	or	condition,	usually	as	a
result	of	rational	study	and	analysis	of	pertinent	data.	The	projection	of	the	most
probable,	as	in	forecasting	failures	and	maintenance	activities.

Formation			A	rock	layer	that	has	distinct	characteristics	(e.g.,	rock	type,
geologic	age).

Forward	workload			All	known	backlog	work	and	work	which	is	due	or
predicted	to	become	backlog	work	within	a	pre-specified	future	time	period.

Fossil	fuel			A	fuel	source	(e.g.,	oil,	condensate,	natural	gas,	natural	gas
liquids	or	coal)	formed	in	the	earth	from	plant	or	animal	remains.

Frequency			Count	of	occurrences	during	each	time	period	or	event.	A	typical
frequency	chart	for	inventory	plots	demand	versus	days.

Front-end	engineering	and	design	(FEED)			Part	of	a	project’s	life	cycle.

Fugitive	emissions			Emissions	of	gases	or	vapors	from	pressurized
equipment,	including	pipelines,	due	to	leakage,	unintended,	or	irregular
releases	of	gases.



Function			A	separate	and	distinct	action	required	to	achieve	a	given	objective,	to
be	accomplished	by	the	use	of	hardware,	computer	programs,	personnel,
facilities,	procedural	data,	or	a	combination	thereof;	or	an	operation	a	system
must	perform	to	fulfill	its	mission	or	reach	its	objective;	the	definition	of	what
we	want	an	item	of	equipment	to	do,	and	the	level	of	performance	that	the	users
of	the	equipment	require	when	it	does	it.	An	item	of	equipment	can	have	many
functions,	commonly	split	into	primary	and	secondary	functions.

Functional	failure			Used	in	reliability-centered	maintenance	terminology.
The	inability	of	an	item	of	equipment	to	fulfill	one	or	more	of	its	functions.
Interchangeably	used	with	“failure.”

Functional	levels			Rankings	of	the	physical	hierarchy	of	a	product.	Typical
levels	of	significance	from	the	smallest	to	the	largest	are	part,	subassembly,
assembly,	subsystem,	and	system.

Functional	maintenance	structure			A	method	for	organizing	the
maintenance	operation	where	the	first-line	maintenance	leader	is
responsible	for	conduction	a	specific	kind	of	maintenance,	for	example,
electrical	maintenance,	pump	maintenance,	HVAC	maintenance,	etc.

Gantt	chart			A	bar	chart	format	of	scheduled	activities	showing	the
duration	and	sequencing	of	activities.

Gas	cost	recovery	(GCR)			Most	gas	utility	companies	bill	their	customers
based	on	the	actual	cost	of	gas	as	a	separate	charge	from	the	distribution
charge	and	other	charges	on	the	bill.	The	GCR	factor	is	the	cost	for	the	gas
itself,	before	delivery	and	other	charges	are	added	on.



Gathering	system			Pipelines,	compressors,	and	additional	equipment	used
to	move	gas	from	the	wellhead	to	a	processing	facility.

General	support	equipment	(GSE)			Equipment	that	has	maintenance
application	to	more	than	a	single	model	or	type	of	equipment.

Global	warming	potential	(GWP)			The	relative	measure	of	how	much	heat
a	greenhouse	gas	traps	in	the	atmosphere.	It	compares	the	amount	of	heat
trapped	by	a	certain	mass	of	the	gas	in	question	to	the	amount	of	heat
trapped	by	a	similar	mass	of	carbon	dioxide.	GWP	is	calculated	over	a
specific	time	interval,	commonly	100	years.	GWP	is	expressed	as	a	multiple
of	that	for	carbon	dioxide	(whose	GWP	is	standardized	to	1).

Go-line			Used	in	relation	to	mobile	equipment.	Equipment	that	is	available	but
not	being	utilized	is	typically	parked	on	the	go-line.	This	term	is	used
interchangeably	with	ready	line.

Greenhouse	gas			Atmospheric	gases	that	are	transparent	to	solar	(short-
wave)	radiation	but	opaque	to	long-wave	(infrared)	radiation,	thus
preventing	long-wave	radiant	energy	from	leaving	Earth’s	atmosphere.	The
net	effect	of	these	gases	is	a	trapping	of	absorbed	radiation	and	a	tendency
to	warm	the	planet’s	surface.	The	greenhouse	gases	most	relevant	to	the	oil
and	gas	industry	are	carbon	dioxide,	methane,	and	nitrous	oxide.

Hardware			A	physical	object	or	physical	objects,	as	distinguished	from
capability	or	function.	A	generic	term	dealing	with	physical	items	of	equipment-
tools	instruments,	components,	parts-as	opposed	to	funds,	personnel,	services,
programs,	and	plans,	which	are	termed	“software.”



Heavy	oil			Crude	oil	with	an	API	gravity	that	is	less	than	20°.	Heavy	oil
generally	does	not	flow	easily	due	to	its	elevated	viscosity.

Hidden	failure			A	failure	that,	on	its	own,	does	not	become	evident	to	the
operating	crew	under	normal	circumstances.	Typically,	protective	devices
that	are	not	fail-safe	(examples	could	include	standby	plant	and	equipment,
emergency	systems,	etc.)

Hold	for	disposition	stock			Defective	material	held	at	a	stock	location
pending	removal	for	repair	or	for	scrap.

Horizontal	drilling			A	drilling	technique	whereby	a	well	is	progressively
turned	from	vertical	to	horizontal	so	as	to	allow	for	greater	exposure	to	an
oil	or	natural	gas	reservoir.	Horizontal	laterals	can	be	more	than	a	mile
long.	In	general,	longer	exposure	lengths	allow	for	more	oil	and	natural	gas
to	be	recovered	from	a	well	and	often	can	reduce	the	number	of	wells
required	to	develop	a	field,	thereby	minimizing	surface	disturbance.
Horizontal	drilling	technology	has	been	extensively	used	since	the	1980s	and
is	appropriate	for	many,	but	not	all,	developments.

Hot	work			Typically	used	in	welding,	a	work	area	that	is	too	hot	to	handle
safely	without	special	personal	protective	equipment	(PPE).





Hydraulic	fracturing			Hydraulic	fracturing	(also	referred	to	as	frac’ing	or
fracking)	is	an	essential	completion	technique	in	use	since	the	1940s	that
facilitates	production	of	oil	and	natural	gas	trapped	in	low-permeability
reservoir	rocks.	The	process	involves	pumping	fluid	at	high	pressure	into
the	target	formation,	thereby	creating	small	fractures	in	the	rock	that
enable	hydrocarbons	to	flow	to	the	wellbore.

Hydraulic	fracturing	fluids			Mixture	of	water	and	proppant	along	with
minor	amounts	of	chemical	additives	used	to	hydraulically	fracture	low
permeability	formations.	Water	and	sand	typically	comprise	up	to	99.5%	of
the	mixture.

Hydrocarbons			An	organic	compound	containing	only	carbon	and	hydrogen	and
often	occurring	in	nature	as	petroleum,	natural	gas,	coal,	and	bitumens	or	in
refined	products	such	as	gasoline	and	jet	fuel.

Identification			Means	by	which	items	are	named	or	numbered	to	indicate	that
they	have	a	given	set	of	characteristics.	Identification	may	be	in	terms	of	name,
part	number,	drawing	number,	code,	stock	number,	or	catalog	number.	Items
may	also	be	identified	as	part	of	an	assembly,	a	piece	of	equipment,	or	a	system.

Improved	oil	recovery	(IOR)			Term	used	to	describe	methods	employed	to
improve	the	flow	of	hydrocarbons	from	the	reservoir	to	the	wellbore	or	to
recover	more	oil	or	natural	gas.	Enhanced	oil	recovery	(EOR)	is	one	form	of
IOR.

Indirect	costs			Expenses	not	directly	associated	with	specific	products,
operations,	or	services;	usually	considered	overhead.



Infant	mortality			The	relatively	high	conditional	probability	of	failure
during	the	period	immediately	after	an	item	returns	to	service.

Infill	wells			Wells	drilled	into	the	same	reservoir	as	known	producing	wells
so	that	oil	or	natural	gas	does	not	have	to	travel	as	far	through	the
formation,	thereby	helping	to	improve	or	accelerate	recovery.

Inherent	reliability			A	measure	of	the	reliability	of	an	item,	in	its	present
operating	context,	assuming	adherence	to	ideal	equipment	maintenance
strategies.

In-situ	recovery			Techniques	used	to	extract	hydrocarbons	from	deposits	of
extra-heavy	crude	oil,	bitumen,	or	oil	shale	without	removing	the	soil	and
other	overburden	materials.

Inspection			A	review	to	determine	maintenance	needs	and	priority	on
equipment.	Any	task	undertaken	to	determine	the	condition	of	equipment,	and/or
to	determine	the	tools,	labor,	materials,	and	equipment	required	to	repair	the
item.

Insurance	items			Parts	and	materials	that	are	considered	as	critical	spares
but	not	used	often	enough	to	meet	detailed	stock	accounting	criteria.
Insurance	items	are	stocked	because	of	their	essentially	or	the	lead	time
involved	in	procuring	replacements.	May	be	of	high	dollar	value	to	classify
them	as	capital	spares.



Interchangeable			Parts	with	different	configurations	and	numbers	that	may	be
substituted	for	another	part,	usually	without	any	modification	or	different
performance,	because	they	have	the	same	form,	fit,	and	function.

Interface			A	common	boundary	between	two	or	more	items,	characteristics,
systems,	functions,	activities,	departments,	or	objectives.	That	portion	impinges
upon	or	directly	affects	something	else.

Interval-based			Periodic	preventive	maintenance	based	on	calendar	time	or
hours	operated.

Inventory	turnover			Ratio	of	the	value	of	materials	and	parts	issues
annually	to	the	value	of	materials	and	parts	on-hand,	expressed	as
percentage.	For	maintenance,	two	to	three	turns	per	year	is	expected,	with
much	more	being	a	sign	of	excess	inventory.

Inventory			Physical	count	of	all	items	on	hand	by	number,	weight,	length,	or
other	measurement,	as	well	as	any	items	held	in	anticipation	of	future	use.
Annual	physical	inventory	remains	accurate	for	a	short	time	unless	cycle
counting	is	used.

Inventory	control			A	phase	or	function	of	logistics	that	includes
management,	cataloging,	requirements,	determination,	procurement,
inspection,	storage,	distribution,	overhaul,	and	disposal	of	material.
Managing	the	acquisition,	receipt,	storing	and	issuance	of	materials	and
spare	parts;	managing	the	investment	efficiently	of	the	store’s	inventory.

Issues			Stock	consumed	through	stores.



Item			Generic	term	used	to	identify	a	specific	entity.	Items	may	be	parts,
components,	assemblies,	subassemblies,	accessories,	groups,	parents,
components,	equipment,	or	attachments.

Item	of	supply			An	article	or	material	that	is	recurrently	purchased,
stocked,	distributed,	used	and	is	identified	by	one	distinctive	set	of	numbers
or	letters	throughout	the	organization	concerned.	It	consists	of	any	number
of	pieces	or	objects	that	can	be	treated	as	a	unit.

Jack-up	rig			An	offshore	rig	with	retractable	steel	legs	that	are	placed	on
the	ocean	floor	to	raise	the	rig	above	the	waterline.

Joint	operating	agreement	(JOA)			An	agreement	governing	the	rights	and
obligations	of	co-owners	in	a	field	or	undeveloped	acreage,	which	defines,
amongst	other	things,	how	costs	and	revenues	are	to	be	shared	among	the
parties	and	who	is	the	operator.

Just-in-time	(JIT)			A	buzzword	term	for	proactive	planning	of	many
processes,	such	as	JIT	inventory	service,	JIT	maintenance	services,	JIT
training	conducted	as	needed	for	project	activities	rather	train-train-train
and	then	doing	projects	and	activities,	etc.	Often	seen	with	total	productive
maintenance	(TPM)	training	that	drags	out	long	before	an	actual	start	date.

Keep	full			Term	used	for	maintaining	set	levels	of	shop	stock	inventory	of
Class	C	items	(see	also	Shop	stock).	May	involve	vendor-supplied	C	items
and	periodic	refill	of	“bins”	and	invoice	of	amount	used	to	refill.



Key	performance	indicators	(KPIs)			A	select	number	of	key	measures	that
enable	performance	against	targets	to	be	monitored.

Knuckle	buster			A	poor-quality,	imitation,	adjustable	wrench.

Last	in–first	out	(LIFO)			Use	newest	inventory	next.	LIFO	accounting
values	each	item	used	at	the	cost	of	the	last	item	added	to	inventory.
Contrasts	with	First-in-first	out	(FIFO).

Lead	time			Allowance	made	for	that	amount	of	time	estimated	or	actually
required	to	accomplish	a	specific	task	such	as	acquiring	a	part.	Remote
locations	may	have	much	longer	lead	times	than	operations	near	a	large	city
or	industrialized	area.

Lease			A	legal	document	executed	between	a	mineral	owner	and	a	company	or
individual	that	conveys	the	right	to	explore	for	and	develop	hydrocarbons	and/or
other	products	for	a	specified	period	of	time	over	a	given	area.

Ledger	inventory			Items	carried	on	the	corporate	financial	balance	sheet	as
material	valued	at	cost.

Level	of	repair	(LOR)			Locations	and	facilities	at	which	items	are	to	be
repaired.	Typical	levels	are	operator,	field	technician,	bench,	and	factory.

Level	of	services	(stores)			Usually	measured	as	the	ratio	of	stock	outs	to	all
stores	issues.



Life			That	strange	experience	you	have	in	a	maintenance	context	when	an
emergency	breakdown	occurs;	you	may	want	to	look	at	equipment	life.

Life	cycle	analysis	(LCA)			LCA	is	an	analytical	methodology	used	to
comprehensively	quantify	and	interpret	the	environmental	flows	to	and
from	the	environment	(including	air	emissions,	water	effluents,	solid	waste,
and	the	consumption/depletion	of	energy	and	other	resources)	over	the	life
cycle	of	a	product	or	process.	LCAs	should	be	performed	in	adherence	to
the	International	Organization	for	Standardization	(ISO)	14040	series	of
standards.

Life	cycle			The	series	of	phases	or	events	that	constitute	the	total	existence
of	anything.	The	entire	“womb	to	tomb”	scenario	of	a	product	from	the	time
concept	planning	is	started	until	the	product	is	finally	discarded.

Life	cycle	cost	(LCC)			All	costs	associated	with	the	items	of	life	cycle
including	design,	manufacture,	operation	maintenance,	and	disposal;	a
process	of	estimating	and	assessing	the	total	costs	of	ownership,	operation,
and	maintenance	of	an	item	of	equipment	during	its	projected	equipment
life.	Typically	used	in	comparing	alternative	equipment	design	or	purchase
options	in	order	to	select	the	most	appropriate	option.

Liquefied	natural	gas	(LNG)			Natural	gas	that	has	been	converted	to	a
liquid	by	refrigerating	it	to	−260	°F.	Liquefying	natural	gas	reduces	the
fuel’s	volume	by	600	times,	enabling	it	to	be	shipped	economically	from
distant	producing	areas	to	markets.

Local	distribution	company	(LDC)			A	company	that	delivers	natural	gas	to



end	users	in	a	geographic	area.	Could	also	apply	to	a	local	distributor	for
maintenance	parts	and	materials.

Logistics	engineering			The	professional	art	of	applying	science	to	the
optimum	planning,	handling	and	implementation	of	personnel,	materials
and	facilities.	This	includes	life-cycle	designs,	procurements,	production,
maintenance,	and	supply.

Logistics	support	analysis	(LSA)			A	methodology	for	determining	the	type
and	quantity	of	logistics	support	required	for	a	system	over	its	entire	life
cycle.	Used	to	determine	the	cost-effectiveness	of	asset-based	solutions.

Main			Gas	pipe	generally	laid	along	street	right-of-ways	from	which	extends
smaller	lateral	service	lines	to	individual	customer	gas	meters.

Maintainability			The	inherent	characteristic	of	a	design	or	installation	that
determines	the	ease,	economy,	safety,	and	accuracy	with	which	maintenance
actions	can	be	performed.	Also,	the	ability	to	restore	a	product	to	service	or	to
perform	preventive	maintenance	within	required	limits.	The	rapidity	and	ease
with	which	maintenance	operations	can	be	performed	to	help	prevent
malfunctions	or	correct	them	if	they	occur,	usually	measures	as	mean	time	to
repair;	the	ease	and	speed	with	which	any	maintenance	activity	can	be	carried
out	on	an	item	of	equipment.	May	be	measured	by	mean	time	to	repair;	a
function	of	equipment	design,	and	maintenance	task	design	(including	use	of
appropriate	tools,	jigs,	work	platforms,	etc.)

Maintainability	engineering			The	application	of	applied	scientific
knowledge,	methods,	and	management	skills	to	the	development	of
equipment,	systems,	projects,	or	operations	that	have	the	inherent	ability	of
being	effectively	and	efficiently	maintained;	the	set	of	technical	processes



that	apply	maintainability	theory	to	establish	system	maintainability
requirements,	allocate	these	requirements	down	to	system	elements,	and
predict	and	verify	system	maintainability	performance.

Maintenance			The	function	of	keeping	items	or	equipment	in,	or	restoring	them
to,	serviceable	condition.	It	includes	servicing,	test,	inspection,
adjustment/alignment,	removal,	replacement,	reinstallation,	troubleshooting,
calibration,	condition	determination,	repair,	modification,	overhaul,	rebuilding,
and	reclamation.	Maintenance	includes	both	corrective	and	preventive	activities.
Any	activity	carried	out	to	retain	an	item	in,	or	restore	it	to,	an	acceptable
condition	for	use	or	to	meet	its	functional	standard.

Maintenance	engineering			Developing	concepts,	criteria,	and	technical
requirements	for	maintenance	during	the	conceptual	and	acquisition	phases
of	a	project.	Providing	policy	guidance	for	maintenance	activities,	and
exercising	technical	and	management	direction	and	review	of	maintenance
programs.	A	staff	function	intended	to	ensure	that	maintenance	techniques
are	effective,	equipment	is	designed	for	optimum	maintainability	persistent
and	chronic	problems	are	analyzed	and	corrective	actions	or	modifications
are	made.

The	Reliable	Maintenance	Excellence	Index	(RMEI)			An	essential
component	to	The	Maintenance	Excellence	Institute	International’s
implementation	of	profit	and	customer-centered	maintenance.	It	is	a
progressive	approach	to	managing	the	business	of	maintenance	with
performance	measurement	of	maintenance	operations	achieved	by
integrating	multiple	metrics	into	a	composite	total	RMEI	value.	It	includes
the	comparison	of	current	performance	to	both	the	performance	goal	and
baseline	value	for	each	metric	selected.	It	is	ideally	suited	to	measure
progress	across	multiple	sites	within	a	large	organization.

Maintenance	leaders			Maintenance	managers,	supervisors,	foremen,



maintenance	engineers,	and	reliability	engineers.

Maintenance	policy			A	statement	of	principle	used	to	guide	maintenance
management	decision-making.

Maintenance	repair	operations	(MRO)			Term	for	maintenance	repair
operations	and	generally	used	as	MRO	items	referring	to	parts,	materials,
tools,	and	equipment	used	in	the	maintenance	process.

Maintenance	requirements			There	are	two	foundational	needs	for	an
effective	facility	management	or	plant	maintenance	operation:

Maintenance	business	process	improvement:			Business	process
improvement	is	what	this	book	strives	to	help	and	promote	with	a	profit	and
customer-centered	strategy	and	related	attitudes.	If	this	is	truly	present,
then	the	plant	maintenance	leader	or	facilities	management	leader	in
governmental	operations	at	least	has	a	chance	to	survive.	However,
regardless	of	the	type	of	maintenance	operation,	they	must	be	able	to	show
top	leaders	they	really	are	maximizing	all	available	maintenance	resources
and	there	is	a	true	need	for	resources	to	address	the	next	item,	the	basic
maintenance	requirements.

Total	maintenance	requirements

a)	Knowing	your	total	maintenance	requirements:Achieving	the	total
maintenance	requirement	is	the	primary	mission.	It	is	executing	the	required
maintenance	while	providing,	maintaining,	and	improving	the	asset	or	facilities
and	related	services	for	production	operation	and	the	tenants/customers.	This	is
what	maintenance	leaders	must	achieve	in	addition	to	many	other	activities	that
compete	for	engineering,	craft,	and	administrative	resources.	Defining	true



maintenance	requirement	to	top	leaders	is	extremely	important	when	all
resources	are	maxed	out	and	basic	preventive	maintenance	is	being	neglected.	If
you	do	not	know	and	cannot	convince	top	leaders	what	your	total	true
maintenance	requirements	are,	then	you	will	experience	really	mean	times
between	failures	with	your	boss	and	your	boss’s	boss!

b)	Inspection	is	a	maintenance	requirement	when	the	basic	objective	is	to	assure
that	a	requisite	condition	or	quality	exists.	In	order	to	inspect	for	the	desired
condition,	it	may	be	necessary	to	remove	the	item,	to	gain	access	by	removing
other	items,	or	to	disassemble	partially	the	item	for	inspection	purposes.	In	such
cases,	these	associated	actions	necessary	to	accomplish	the	required	inspection
would	be	specific	tasks.

c)	Troubleshooting	is	a	maintenance	operation	that	involves	the	logical	process
(series	of	tasks)	that	leads	to	positive	identification,	location,	and	isolation	of	the
cause	of	a	malfunction.

d)	Remove	is	a	maintenance	requirement	when	the	basic	objective	is	to	separate
the	item	from	the	next	higher	assembly.	This	requirement	is	usually	applied	for	a
configuration	change.

e)	Remove	and	replace	is	a	maintenance	requirement	that	constitutes	the	removal
of	one	item	and	replacement	of	it	with	another	like	item.	Such	action	can	result
from	a	failure	or	from	a	scheduled	action.

f)	Remove	and	reinstall	is	a	maintenance	requirement	when	an	item	is	removed
for	any	reason,	and	the	same	items	reinstalled.

g)	Adjustment/alignment	is	a	maintenance	requirement	when	the	primary	cause
of	the	maintenance	action	is	to	adjust	or	align,	or	to	verify	adjustment/alignment
of	specific	equipment.	Adjustment/alignment	accomplished	subsequent	to	repair
of	a	given	item	is	not	considered	to	be	a	separate	requirement	and	is	included	as
a	task	in	the	repair	requirement.

h)	Functional	test	constitutes	a	system	or	subsystem	operational	checkout	either
as	a	condition	verification	after	the	accomplishment	of	corrective	maintenance
action	or	as	a	scheduled	requirement	on	a	periodic	basis.

i)	Conditioning	is	a	maintenance	requirement	whenever	an	item	is	completely
disassembled,	refurbished,	tested,	and	returned	to	a	serviceable	condition,



meeting	all	requirements	set	forth	is	applicable	specifications.	It	may	result	from
either	a	scheduled	or	unscheduled	requirement	and	is	generally	accomplished	at
the	depot/factory	level	of	maintenance.

Maintenance	schedule			A	comprehensive	list	of	planned	maintenance	and
its	sequence	of	occurrence	based	on	priority	in	a	designated	period	of	time;
a	list	of	planned	maintenance	tasks	to	be	performed	during	a	given	time
period,	together	with	the	expected	start	times	and	durations	of	each	of	these
tasks.	Schedules	can	apply	to	different	time	periods	(e.g.,	daily	schedule,
weekly	schedule).

Maintenance	shutdown			A	period	of	time	during	which	a	plant,
department,	process,	or	asset	is	removed	from	service	specifically	for
maintenance.

Maintenance	strategy			Principles	and	strategies	for	guiding	decisions	for
maintenance	management;	a	long-term	plan,	covering	all	aspects	of
maintenance	management	that	sets	the	direction	for	maintenance
management,	and	contains	firm	action	plans	for	achieving	a	desired	future
state	for	the	maintenance	function.

Maintenance	task	routing	file			A	computer	file	containing	skills,	hours,	and
descriptions	to	perform	standard	maintenance	tasks.

Maintenance,	winning			Maintenance	that	wins	most	than	it	loses;
maintenance	that	plays	well	as	part	of	the	total	operations	team;
maintenance	that	never,	never,	never	gives	up	on	trying	to	get	better;
maintenance	that	performs	like	Richard	Petty’s	pit	crew.



Management	of	change	(MOC)			May	refer	to	the	management	of
organizational	changes.	From	a	technical	standpoint	in	a	complex
continuous	operation,	this	may	be	defined	in	a	formally	written
management	of	change	(MOC)	process	procedures	and	cover	complete
documentation	of	all	physical	and	procedural	changes	depending	on	the
scope	of	the	change.

Mean	time	between	failures			A	measure	of	equipment	reliability.	Equal	to
the	number	of	failures	in	a	given	time	period,	divided	by	the	total
equipment	uptime	in	that	period.

Mean	time	to	repair			A	measure	of	maintainability.	Equal	to	the	total
equipment	downtime	in	a	given	time	period,	divided	by	the	number	of
failures	in	that	period.

Mercaptan			A	distinctive	odorant	added	to	natural	gas.	The	rotten-egg	smell
ensures	that	gas	escaping	into	the	atmosphere	will	be	detected.

Model	work	order			A	work	order	stored	in	the	CMMS	which	contains	all
the	necessary	information	required	to	perform	a	maintenance	task	(see	also
Standard	job).

Modification			Change	in	configuration;	any	activity	carried	out	on	an	asset
which	increases	the	capability	of	that	asset	to	perform	its	required	functions.

Modularization			Separation	of	components	of	a	product	or	equipment	into
physically	and	functionally	distinct	entities	to	facilitate	identification,	removal
and	replacement	unitization.



Most	valuable	people	(MVP)			Your	craftspeople	and	your	storeroom	staff.

MRO	materials	management			The	overall	management	of	the	process	for
requisitioning,	storage/warehousing,	purchasing,	inventory	management
and	issue	of	MRO	type	items	used	in	the	maintenance	process.

Natural	gas			A	fossil	fuel	composed	mostly	of	methane	(CH4).	Naturally
occurring	hydrocarbon	gases	found	in	porous	rock	formations.	Its	principal
component	is	usually	methane.	Nonhydrocarbon	gases,	such	as	carbon
dioxide	and	hydrogen	sulfide,	can	sometimes	be	present	in	natural	gas.

Natural	gas	liquids	(NGLs)			A	general	term	for	highly	volatile	liquid
products	separated	from	natural	gas	in	a	gas	processing	plant.	NGLs
include	ethane,	propane,	butane	and	condensate.

Natural	gas	vehicle	(NVG)			A	vehicle	designed	or	converted	to	run	on
compressed	natural	gas	(CNG).

Net	acres			The	percentage	that	a	company	owns	in	an	acreage	position	with
multiple	owners.	For	example,	a	company	that	has	a	50%	interest	in	a	lease
covering	10,000	acres	owns	5000	net	acres.

Nondestructive	testing	(NDT)			Testing	of	equipment	to	detect	abnormalities
in	physical,	chemical,	or	electrical	characteristics,	using	such	technologies	as
ultrasonic	(thickness),	liquid	dye	penetrates	(cracks),	X-ray	(weld
discontinuities),	and	voltage	generators	(resistance).



Nonoperational	consequences			A	failure	has	nonoperational	consequences	if
the	only	impact	of	the	failure	is	the	direct	cost	of	the	repair	(plus	any
secondary	damage	caused	to	other	equipment	as	a	result	of	the	failure).

Nonrepairable			Parts	or	items	that	are	discarded	upon	failure	for	technical	or
economic	reasons.

Nonroutine	maintenance			Maintenance	performed	at	irregular	intervals,
with	each	job	unique,	and	based	on	inspection,	failure,	or	condition.	Any
maintenance	task	that	is	not	performed	at	a	regular,	predetermined
frequency.

No	scheduled	maintenance			An	equipment	maintenance	strategy	where	no
routine	maintenance	tasks	are	performed	on	the	equipment.	The	only
maintenance	performed	on	the	equipment	is	corrective	maintenance,	and
then	only	after	the	equipment	has	suffered	a	failure.	Also	described	as	a
“run-to-failure”	strategy.

Obsolescence			Decrease	in	value	or	use	of	items	that	have	been	superseded	by
superior	items.

Obsolete			Designation	of	an	item	for	which	there	is	no	replacement.	The	part
has	probably	become	unnecessary	as	a	result	of	design	change.

Odorant			Any	material	added	to	natural	gas	to	impart	a	distinctive	odor	to	aid	in
leak	detection,	commonly	mercaptan.



Oil	analysis			See	Teratology.

Oil	sands			Geologic	formation	comprised	predominantly	of	sand	grains	and
bitumen,	a	highly	viscous	form	of	crude	oil.

On-condition	maintenance			See	Condition-based	maintenance.

One	million	barrels	(MMBBL)			One	million	barrels	of	crude	oil,	bitumen,
condensate	or	natural	gas	liquids.

One	million	cubic	feet	(MMCF)			In	the	United	States,	standard	conditions
are	defined	as	gas	at	14.7	psia	and	60	°F.

One	thousand	cubic	feet	(MCF)			A	common	volumetric	unit	of
measurement	for	natural	gas.	One	MCF	has	about	1	million	BTUs	in	it,
when	natural	gas	has	about	1000	BTUs	per	cubic	foot.

Operating	context			The	operational	situation	within	which	an	asset
operates.	For	example,	is	it	a	stand-alone	piece	of	plant,	or	is	it	one	of	a
duty–standby	pair?	Is	it	part	of	a	batch	manufacturing	process	or	a
continuous	production	process?	What	is	the	impact	of	failure	of	this	item	of
equipment	on	the	remainder	of	the	production	process?	The	operating
context	has	enormous	influence	over	the	choice	of	appropriate	equipment
maintenance	strategies	for	any	asset.



Operating	hours			The	length	of	time	that	an	item	of	equipment	is	actually
operating.

Operational	consequences			A	failure	has	operational	consequences	if	it	has
a	direct	adverse	impact	on	operational	capability	(lost	production,	increased
production	costs,	loss	of	product	quality,	or	reduced	customer	service).

Operational	efficiency			Used	in	the	calculation	of	overall	equipment
effectiveness.	The	actual	output	produced	from	an	asset	in	a	given	time
period	divided	by	the	output	that	would	have	been	produced	from	that	asset
in	that	period,	had	it	produced	at	its	rated	capacity.	Normally	expressed	as
a	percentage.

Operator			The	entity	responsible	for	managing	operations	in	a	field	or
undeveloped	acreage	position.

Operator-based	maintenance	(OBM)			A	maintenance	excellence	strategy
where	equipment	or	process	operators	are	trained	and	accountable	for
selected	maintenance	tasks.	Also	known	as	autonomous	maintenance.

Order	point			Quantity	of	parts	at	which	an	order	will	be	placed	when	usage
reduces	stock	to	that	level;	also	called	reorder	point	(ROP).

Order	quantity			Number	of	items	demanded.	The	economic	order	quantity
(EOQ),	also	called	minimum	cost	quantity,	is	a	specific	number;	but	the
actual	order	quantity	may	vary	as	a	result	of	cost,	transportation,	discounts,
or	extraordinary	demand.



Outage			A	term	used	in	some	industries,	for	example,	electrical	power
distribution,	to	denote	when	an	item	or	system	is	not	in	use.

Overall	craft	effectiveness	(OCE)			The	OCE	Factor	is	a	method	developed
by	TMEI	founder	Ralph	“Pete”	Peters	to	measure	craft	labor	productivity
that	combines	three	key	elements:	craft	utilization,	craft	performance	and
craft	methods	and	quality.	Typically,	the	OCE	factor	is	determined	by	only
the	two	elements:	%	Craft	Utilization	×	Craft	Performance.	Compares	to
overall	equipment	effectiveness	in	basic	concepts	but	applies	directly	to
productivity	of	craft	labor	assets.





Overall	equipment	effectiveness	(OEE)			The	OEE	factor	is	a	method	to
measure	overall	equipment	effectiveness	that	originated	with	Japan’s	total
productive	maintenance	(TPM)	strategy	for	maintenance	improvement.	The
OEE	factor	combines	three	key	elements;	equipment	availability,
performance,	and	quality	measurement	into	a	common	metric	that	reflects
key	elements	of	the	manufacturing	environment.	The	OEE	factor	equals	%
Availability	×	%	Performance	×	%	Quality.	Compares	to	OCE	in	basic
concept	but	applies	directly	to	the	productivity	of	physical	assets.





Overhaul			A	comprehensive	examination	and	restoration	of	an	item	to	an
acceptable	condition.

Pareto’s	principle			Named	for	Vilfredo	Pareto,	a	very	smart	Italian
economist	whose	principle	applies	to	about	anything!	A	critical	percentage
(often	about	20%)	of	parts	or	people	or	users	should	receive	attention
before	the	insignificant	many,	which	are	usually	about	80%.

Part	numbers			Unique	identifying	numbers	and	letters	that	denote	each
specific	part	configuration;	also	called	stock	numbers	or	item	numbers.

Periodic	maintenance			Cyclic	maintenance	actions	carried	out	at	regular
intervals,	based	on	repair	history	data,	use,	or	elapsed	time.

Percent	planned	work			The	percentage	of	total	work	(in	labor	hours)
performed	in	a	given	time	period	which	has	been	planned	in	advance.

P–F	interval			A	term	used	in	reliability-centered	maintenance.	The	time
from	when	a	potential	failure	can	first	be	detected	on	an	asset	or	component
using	a	selected	predictive	maintenance	task,	until	the	asset	or	component
has	failed.	Reliability-centered	maintenance	principles	state	that	the
frequency	with	which	a	predictive	maintenance	task	should	be	performed	is
determined	solely	by	the	P–F	interval.





Permeability			The	permeability	of	a	rock	is	the	measure	of	the	resistance	to	the
flow	of	fluid	through	the	rock.	High	permeability	means	fluid	passes	through	the
rock	easily.

Pick	list			A	selection	of	required	stores	items	for	a	work	order	or	task.

Planned	maintenance			Maintenance	carried	out	according	to	a	documented
plan	of	tasks,	skills,	and	resources;	any	maintenance	activity	for	which	a
predetermined	job	procedure	has	been	documented,	for	which	all	labor,
materials,	tools,	and	equipment	required	to	carry	out	the	task	have	been
estimated,	and	their	availability	assured	before	commencement	of	the	task.

Plant	engineering			A	staff	function	whose	prime	responsibility	is	to	ensure
that	maintenance	techniques	are	effective,	that	equipment	is	designed	and
modified	to	improve	maintainability,	that	ongoing	maintenance	technical
problems	are	investigated,	and	appropriate	corrective	and	improvement
actions	are	taken.	Used	interchangeably	with	maintenance	engineering	and
reliability	engineering.

Play			An	area	in	which	hydrocarbon	accumulations	or	prospects	with	similar
characteristics	occur,	such	as	the	Lower	Tertiary	play	in	the	deepwater	Gulf	of
Mexico	or	the	Marcellus	play	in	the	eastern	United	States.

Pounds	per	square	inch	(Psi)			The	common	method	of	measuring	natural
gas	pressure.	One	psi	is	equal	to	28″	of	water	column.	A	common	delivery
pressure	for	residential	applications	is	1/4	psi	or	7″	water	column.	A
common	delivery	pressure	for	industrial	customers	may	be	10	psi.	Power
plants	may	get	gas	pressure	delivered	in	several	100	psi	or	have	a



compressor	on-site	to	boost	the	pressure	to	run	combustion	turbines.

Porosity			The	measure	of	a	rock’s	ability	to	hold	a	fluid.	Porosity	is	normally
expressed	as	a	percentage	of	the	total	rock	that	is	taken	up	by	pore	space.

Possible	reserves			Additional	reserves	that	are	less	certain	to	be	recovered
than	probable	reserves.

Potential	failure			A	term	used	in	reliability-centered	maintenance.	An
identifiable	condition	which	indicates	that	a	functional	failure	is	either
about	to	occur,	or	in	the	process	of	occurring.

Predictive	maintenance	(PdM)			Use	of	measured	physical	parameters
against	known	engineering	limits	for	detecting,	analyzing,	and	correcting
equipment	problems	before	a	failure	occurs;	examples	include	vibration
analysis,	sonic	testing,	dye	testing,	infrared	testing,	thermal	testing,	coolant
analysis,	teratology,	and	equipment	history	analysis.	Subset	of	preventive
maintenance	that	uses	nondestructive	testing	such	as	spectral	oil	analysis,
vibration	evaluation,	and	ultrasonic	with	statistics	and	probabilities	to
predict	when	and	what	maintenance	should	be	done	to	prevent	failures;	an
equipment	maintenance	strategy	based	on	measuring	the	condition	of
equipment	in	order	to	assess	whether	it	will	fail	during	some	future	period,
and	then	taking	appropriate	action	to	avoid	the	consequences	of	that
failure.	The	terms	condition	based	maintenance,	on	condition	maintenance,
and	predictive	maintenance	can	be	used	interchangeably.

Preventive	maintenance	(PM)			Maintenance	carried	out	at	predetermined
intervals,	or	to	other	prescribed	criteria,	and	intended	to	reduce	the
likelihood	of	a	functional	failure.	Actions	performed	in	an	attempt	to	keep
an	item	in	a	specific	operating	condition	by	means	of	systematic	inspection,



detection,	and	prevention	of	incipient	failure;	an	equipment	maintenance
strategy	based	on	replacing,	overhauling	or	remanufacturing	an	item	at	a
fixed	interval,	regardless	of	its	condition	at	the	time.	Scheduled	Restoration
tasks	and	scheduled	discard	tasks	are	both	examples	of	preventive
maintenance	tasks.	See	also	Scheduled	maintenance.

PRIDE-in-Maintenance			Coined	originally	in	1981	as	the	theme	for	a
presentation	to	the	craft	work	force	at	a	manufacturing	plant	in	Greenville,
Mississippi.	It	is	about	changing	the	hearts,	minds	and	attitudes	about	the
profession	and	practice	of	maintenance.	It	is	about	PRIDE	and	People	Really
Interested	in	Developing	Excellence	in	maintenance	operations	of	all	types.	Its
foundation	starts	with	the	most	important	maintenance	resource,	the	crafts	work
force.	The	goal	is	to	achieve	PRIDE-in-Maintenance	from	within	the	crafts	work
force	and	among	their	maintenance	leaders	and	to	have	top	leaders	realize	the
true	value	of	their	total	maintenance	operation	and	take	positive	action.

Priority			The	relative	importance	of	a	single	job	in	relationship	to	other	jobs,
operational	needs,	safety,	etc.,	and	the	time	within	which	the	job	should	be	done;
used	for	scheduling	work	orders.

Proactive	maintenance			A	maintenance	strategy	that	is	anticipatory	and
includes	a	level	of	planning;	any	tasks	used	to	predict	or	prevent	equipment
failures.

Probable	reserves			Additional	reserves	that	are	less	certain	to	be	recovered
than	proved	reserves	but	which,	together	with	proved	reserves,	are	as	likely
as	not	to	be	recovered.

Probabilistic	risk	assessment			A	“top-down”	approach	used	to	apportion
risk	to	individual	areas	of	plant	and	equipment,	and	possibly	to	individual



assets	so	as	to	achieve	an	overall	target	level	of	risk	for	a	plant,	site,	or
organization.	These	levels	of	risk	are	then	used	in	risk-based	techniques,
such	as	reliability-centered	maintenance,	to	assist	in	the	development	of
appropriate	equipment	maintenance	strategies	and	to	identify	required
equipment	modifications.

Probabilistic	safety	assessment			Similar	to	probabilistic	risk	assessment,
except	focused	solely	on	safety-related	risks.

Process	safety	management	(PSM)			Several	PSM	regulations	and	industry
guidelines	drive	PSM	practices.	Most	companies	have	in-house	staff	or
contracted	services	to	help	their	companies	comply	with	these	PSM
regulatory	requirements	as	well	as	other	established	industry	sector
standards,	such	as	those	from	API.

Processing			Processing	is	the	process	of	removing	impurities	and	byproducts
such	as	water,	carbon	dioxide,	sulfur,	helium,	and	heavy	hydrocarbons	from	the
natural	gas	that	is	processed.

Processing	natural	gas			The	extraction	of	impurities	such	as	water	vapor,
H2S	(hydrogen	sulfide),	and	CO2	from	newly	produced	gas	or	gas	in
storage.

Procurement			Process	of	obtaining	persons,	services,	supplies,	facilities,
materials,	or	equipment.	It	may	include	the	function	of	design,	standards
determination,	specification	development,	and	selection	of	suppliers,	financing,
contract	administration,	and	other	related	functions.



Produced	water			Water	produced	in	connection	with	oil	and	natural	gas
exploration	and	development	activities.

Production			The	process	of	extracting	natural	gas	from	the	rocks	buried	beneath
the	earth’s	surface.	The	wells	in	the	gas	field	produce	by	allowing	pressured	gas
in	the	rock	formations	to	flow	or	be	lifted	to	the	surface	in	a	controlled	manner.

Wellhead			is	a	series	of	valves,	flanges,	gages	and	vertical	piping	that	delivers
fluids/gas	from	the	well	to	the	surface	of	the	earth.

Gathering	Lines			deliver	gas	from	wells	and	transport	it	to	the	processing
plant	or	directly	to	the	transmission	system.

Production	sharing	contract	(PSC)			An	agreement	between	a	host
government	and	the	owners	(or	co-owners)	of	a	well	or	field	regarding	the
percentage	of	production	each	party	will	receive	after	the	parties	have
recovered	a	specified	amount	of	capital	and	operational	expenses.

Productive	well			A	well	that	is	capable	of	producing	hydrocarbons	in
sufficient	quantities	to	justify	commercial	exploitation.

Profit-centered	maintenance	(PCM)			A	value-adding	business	approach	to
the	leadership	and	management	of	maintenance	and	physical	asset
management.	Simply	stated,	it	asks	the	question,	“If	I	owned	this
maintenance	operation	as	a	business	to	make	a	profit,	what	would	I	do
differently?”	On	a	broader	scope,	it	is	the	application	of	world-class
maintenance	practices,	attitudes,	and	leadership	principles.	When	applied,
it	makes	an	in-house	maintenance	operation	equivalent	to	a	profit	center



with	both	a	financial	system	and	performance	measurement	process	in	place
to	validate	results.





Profit	and	customer-centered	maintenance	(PCCM)			On	a	broader	scope,	it
combines	the	philosophies	of	profit-centered	with	customer-centered	into
management	and	leadership	of	all	types	of	maintenance	processes.	It	is	the
application	of	maintenance	best	practices,	attitudes,	and	leadership
principles	to	both	profit	and	maintenance	customer	service.	When	applied,
it	makes	an	in-house	maintenance	operation	equivalent	to	a	profit	center
when	both	a	financial	system	and	performance	measurement	process	in
place	to	validate	results.





Project	evaluation	and	review	technique	(PERT)	chart			Scheduling	tool	that
shows	the	interdependencies	between	project	activities	in	flowchart	format.

Proppant			Sand	or	manmade,	sand-sized	particles	pumped	into	a	formation
during	a	hydraulic	fracturing	treatment	to	keep	fractures	open	so	that	oil	and
natural	gas	can	flow	through	the	fractures	to	the	wellbore.

Protective	device			Devices	and	assets	intended	to	eliminate	or	reduce	the
consequences	of	equipment	failure.	Some	examples	include	standby	plant
and	equipment,	emergency	systems,	safety	valves,	alarms,	trip	devices,	and
guards.

Proved	developed	reserves			Proved	reserves	that	can	be	expected	to	be
recovered	through	existing	wells	with	existing	equipment	and	operating
methods	or	in	which	the	cost	of	the	required	equipment	is	relatively	minor
compared	to	the	cost	of	a	new	well.

Proved	reserves			Proved	oil	and	gas	reserves	are	those	quantities	of	oil	and
gas	that,	by	analysis	of	geosciences	and	engineering	data,	can	be	estimated
with	reasonable	certainty	to	be	economically	producible.

Provisioning			Process	of	determining	and	selecting	the	varieties	and	quantities
of	repair	parts,	spares,	special	tools,	and	test	and	support	equipment	that	should
be	procured	and	stocked	to	sustain	and	maintain	equipment	for	specified	periods
of	time.	It	includes	identification	of	items	of	supply;	establishing	data	for
catalogs,	technical	manuals,	and	allowance	lists;	and	providing	instructions	and
schedules	for	delivery	of	provisioned	items.



Purchase	order			The	prime	document	created	by	an	organization,	and
issued	to	an	external	supplier,	ordering	specific	materials,	parts,	supplies,
equipment	or	services.

Purchase	requisition			The	prime	document	raised	by	user	departments
authorizing	the	purchase	of	specific	materials,	parts,	supplies,	equipment	or
services	from	external	suppliers.

Quality	rate			Used	in	the	calculation	of	overall	equipment	effectiveness
(OEE)	and	overall	craft	effectiveness	(OCE).	For	OEE,	the	proportion	of
the	output	from	a	machine	or	process	that	meets	required	product	quality
standards.	For	OCE,	the	proportion	of	repairs	completed	right	the	first
time.	Normally	specified	as	a	percentage.

Risk-based	maintenance	(RBM)			A	risk-based	maintenance	strategy	is	in
place	to	prioritize	maintenance	resources	toward	assets	that	carry	the	most
risk	if	they	were	to	fail.	It	is	a	methodology	for	determining	the	most
economical	use	of	maintenance	resources.	This	is	done	so	that	the
maintenance	effort	across	a	facility	is	optimized	to	minimize	the	total	risk	of
failure.	A	risk-based	maintenance	strategy	is	based	on	the	main	phases	of
risk	assessment	for	probability	of	failure,	consequences	of	failure,	and
maintenance	planning	based	on	the	risk.

Reaction	time/response	time			The	time	required	between	the	receipt	of	an
order	or	impulse	triggering	some	action	and	the	initiation	of	the	action.

Ready	line			Used	in	relation	to	mobile	equipment.	Equipment	that	is
available	but	not	being	utilized	is	typically	parked	on	the	ready	line.	This



term	is	used	interchangeably	with	go-line.

Reasonable	certainty			A	high	degree	of	certainty.	Much	more	likely	to	be
achieved	than	not.

Rebuild			Restore	an	item	to	an	acceptable	condition	in	accordance	with	the
original	design	specifications.

Rebuild/recondition			Total	teardown	and	reassembly	of	a	product,	usually	to	the
latest	configuration.

Recompletion			The	process	of	entering	an	existing	wellbore	and	performing
work	designed	to	establish	production	from	a	new	zone.

Recordable	cases			As	related	to	health,	safety	and	environment	(HSE),
recordable	cases	include	occupational	death,	nonfatal	occupational	illness
and	those	nonfatal	occupational	injuries	which	involve	one	or	more	of	the
following:	loss	of	consciousness,	restriction	of	work	or	motion,	transfer	to
another	job	or	medical	treatment	(other	than	first	aid).

Redesign			A	term	that,	in	reliability-centered	maintenance,	means	any	one-off
intervention	to	enhance	the	capability	of	a	piece	of	equipment,	a	job	procedure,	a
management	system,	or	people’s	skills.

Redundancy			Two	or	more	parts,	components,	or	systems	joined	functionally	so
that	if	one	fails,	some	or	all	of	the	remaining	components	are	capable	of



continuing	with	function	accomplishment;	fail-safe;	backup.

Refurbish			Clean	and	replace	worn	parts	on	a	selective	basis	to	make	the
product	usable	to	a	customer.	Less	involved	than	rebuild.

Reliability			The	probability	that	an	item	will	perform	its	intended	function
without	failure	for	a	specified	time	period	under	specified	conditions.	The	ability
of	an	item	to	perform	a	required	function	under	stated	conditions	for	a	stated
period	of	time;	is	usually	expressed	as	the	mean	time	between	failures.	Normally
measured	by	mean	time	between	failures.

Reliability	analysis			The	process	of	identifying	maintenance	of	significant
items	and	classifying	them	with	respect	to	malfunction	on	safety
environmental,	operational,	and	economic	consequences.	Possible	failure
mode	of	an	item	is	identified	and	an	appropriate	maintenance	policy	is
assigned	to	counter	it.	Subsets	are	failure	mode,	effect,	and	criticality
analysis	(FMECA),	fault	tree	analysis	(FTA),	risk	analysis,	and	HAZOP
(hazardous	operations)	analysis.

Reliability-centered	maintenance	(RCM)			Optimizing	maintenance
intervention	and	tactics	to	meet	predetermined	reliability	goals.	A
structured	process,	originally	developed	in	the	airline	industry,	but	now
commonly	used	in	all	industries	to	determine	the	equipment	maintenance
strategies	required	for	any	physical	asset	to	ensure	that	it	continues	to	fulfill
its	intended	functions	in	its	present	operating	context.	A	number	of	books
have	been	written	on	the	subject.	The	seven	key	elements	of	RCM	are
shown	in	the	following	figure.





Reliability	engineering			A	staff	function	whose	prime	responsibility	is	to
ensure	that	maintenance	techniques	are	effective,	that	equipment	is
designed	and	modified	to	improve	maintainability,	that	ongoing
maintenance	technical	problems	are	investigated,	and	appropriate
corrective	and	improvement	actions	are	taken.	Used	interchangeably	with
plant	engineering	and	maintenance	engineering.

Reorder	point	(ROP)			The	minimum	quantity,	established	by	economic
calculation	and	management	direction,	that	triggers	the	ordering	of	more
items.

Repair			To	restore	an	item	to	an	acceptable	condition	by	the	renewal,
replacement,	or	mending	of	worn	or	damaged	parts.	Restoration	or	replacement
of	parts	or	components	as	necessitated	by	wear,	tear,	damage,	or	failure;	to	return
the	facility,	equipment,	or	part	to	efficient	operating	condition;	any	activity
which	returns	the	capability	of	an	asset	that	has	failed	to	a	level	of	performance
equal	to,	or	greater	than,	that	specified	by	its	functions,	but	not	greater	than	its
original	maximum	capability.	An	activity	that	increases	the	maximum	capability
of	an	asset	is	a	modification.

Repair	parts			Individual	parts	or	assemblies	required	for	the	maintenance
or	repair	of	equipment,	systems,	or	spares.	Such	repair	parts	may	also	be
repairable	or	nonrepairable	assemblies,	or	one-piece	items.	Consumable
supplies	used	in	maintenance	or	repair,	such	as	wiping	rags,	solvents,	and
lubricants,	are	not	considered	repair	parts.	Repair	parts	are	also	service
parts.

Repairable			Parts	or	items	that	are	technically	and	economically	repairable.	A
repairable	part,	upon	becoming	defective,	is	subject	to	return	to	the	repair	point



for	repair	action.

Replaceable	Item			Hardware	that	is	functionally	interchangeable	with
another	item	but	differs	physically	from	the	original	part	to	the	extent	that
installation	of	the	replacement	requires	such	operations	as	drilling,	reaming,
cutting,	filling,	or	shimming	in	addition	to	normal	attachment	or
installation	operations.

Reserves			Estimated	remaining	quantities	of	oil	and	gas	and	related	substances
anticipated	to	be	economically	producible,	as	of	a	given	date,	by	application	of
development	projects	to	known	accumulations.	In	addition,	there	must	exist,	or
there	must	be	a	reasonable	expectation	that	there	will	exist,	the	legal	right	to
produce	or	a	revenue	interest	in	production,	installed	means	of	delivering	oil	and
gas	or	related	substances	to	market	and	all	permits	and	financing	required	to
implement	the	project.

Reservoir			A	porous	and	permeable	underground	formation	containing	a	natural
accumulation	of	producible	oil	and/or	gas	that	is	confined	by	impermeable	rock
or	water	barriers	and	is	individual	and	separate	from	other	reservoirs.

Resources			Quantities	of	oil	and	gas	estimated	to	exist	in	naturally	occurring
accumulations.	A	portion	of	the	resources	may	be	estimated	to	be	recoverable,
and	another	portion	may	be	considered	to	be	unrecoverable.	Resources	include
both	discovered	and	undiscovered	accumulations.

Restoration			Any	activity	which	returns	the	capability	of	an	asset	that	has	not
failed	to	a	level	of	performance	equal	to,	or	greater	than,	that	specified	by	its
functions,	but	not	greater	than	its	original	maximum	capability.	Not	to	be
confused	with	a	modification	or	a	repair.



Return-on-assets			An	accounting	term	that,	with	regard	to	maintenance,	is	the
profit	attributable	to	a	particular	plant	or	factory,	divided	by	the	amount	of
money	invested	in	plant	and	equipment	at	that	plant	or	factory.	It	is	normally
expressed	as	a	percentage.	As	such,	it	is	roughly	equivalent	to	the	interest	rate
that	you	get	on	money	invested	in	the	bank,	except	that	in	this	case	the	money	is
invested	in	plant	and	equipment.

Return	on	capital	employed	(ROCE)			ROCE	is	a	measure	of	the
profitability	of	a	company’s	capital	employed	in	its	business	compared	with
that	of	its	peers.	ROCE	is	calculated	as	a	ratio,	with	the	numerator	of	net
income	plus	after-tax	interest	expense	and	the	denominator	of	average	total
equity	plus	total	debt.	The	net	income	is	adjusted	for	nonoperational	or
special	items	impacts.

Ranking	index	for	maintenance	expenditures	(RIME)			A	maintenance
priority	methodology	that	provides	a	method	to	include	a	ranking	of
equipment/asset	criticality	combined	with	the	repair	work	classification
ranking	to	produce	a	priority	index	value.

Reliability	performance	indicators	(RPI)			Also	known	as	key	metrics	that
relate	to	the	measurement	of	asset	reliability.	Examples	include	the
following:

•	Maximum	corrective	time	(MCT)	and	maximum	preventive	time	(MPT).	The
most	time	expected	for	maintenance,	usually	specified	at	95%	confidence	level.

•	Mean	active	maintenance	time	(MAMT).	Weighted	average	of	mean	corrective
time	and	mean	preventive	time	but	excluding	administrative	and	logistics
support	time.

•	Mean	downtime	(MDT).	Average	time	a	system	cannot	perform	its	mission;
including	response	time,	active	maintenance,	supply	time	and	administrative	and



logistics	support	time.

•	Mean	time	between	failures	(MTBF).	The	average	time/distance/events	a
product	or	equipment	process	delivers	between	breakdowns.

•	Mean	time	between	maintenance	(MTBM).	The	average	time	between
corrective	and	preventive	actions.

•	Mean	time	to	repair	(MTTR).	The	average	time	it	takes	to	fix	a	failed	item.

Risk			The	potential	for	the	realization	of	the	unwanted,	negative	consequences
of	an	event.	The	product	of	conditional	probability	of	an	event,	and	the	event
outcomes.

Risk-based	inspection			An	organization’s	chief	reason	for	implementing	an
RBI	program	is	to	help	manage	the	risk	of	a	complex	and	potentially
dangerous	system.	A	good	RBI	program	can	also	help	an	owner/operator
understand	of	the	plant	is	not	being	run	as	designed	or	if	a	new	feedstock	is
causing	more	harm	than	expected	to	remaining	life	of	equipment.	Also,	RBI
is	tool	for	helping	owner/operators	increase	turn	around	schedules	and
avoiding	shutdown	inspection	activities	while	maintaining	production.

Rotable			A	term	often	used	in	the	maintenance	of	heavy	mobile	equipment.	A
rotable	component	is	one	which,	when	it	has	failed	or	is	about	to	fail,	is	removed
from	the	asset	and	a	replacement	component	is	installed	in	its	place.	The
component	that	has	been	removed	is	then	repaired	or	restored,	and	placed	back
in	the	maintenance	store	or	warehouse,	ready	for	re-issue.

Routine	maintenance	task			Any	maintenance	task	that	is	performed	at	a
regular,	predefined	interval.



Running	maintenance			Maintenance	that	can	be	done	while	the	asset	is	in
service.

Run-to-failure			An	equipment	maintenance	strategy	where	no	routine
maintenance	tasks	are	performed	on	the	equipment.	The	only	maintenance
performed	on	the	equipment	is	corrective	maintenance,	and	then	only	after	the
equipment	has	suffered	a	failure.	Also	known	as	“no	scheduled	maintenance.”

Safety	consequences			A	failure	has	safety	consequences	if	it	causes	a	loss	of
function	or	other	damage	that	could	hurt	or	kill	someone.

Safety	stock			Quantity	of	an	item,	in	addition	to	the	normal	level	of	supply,
required	to	be	on	hand	to	permit	continuing	operation	with	a	specific	level
of	confidence	if	the	supply	is	late	or	demand	suddenly	increases.

Salvage			The	saving	of	reuse	of	condemned,	discarded,	or	abandoned	property,
and	of	materials	contained	therein	for	reuse	or	scrapping.	As	a	noun,	it	refers	to
property	that	has	some	value	in	excess	of	its	basic	material	content,	but	is	in	such
condition	that	it	has	no	reasonable	prospect	of	original	use,	and	its	repair	or
rehabilitation	is	clearly	not	practical.

Schedule	compliance			The	number	of	scheduled	jobs	actually	accomplished
during	the	period	covered	by	an	approved	schedule;	also	the	number	of
scheduled	labor	hours	actually	worked	against	a	planned	number	of
scheduled	labor	hours,	expressed	as	percentage;	one	of	the	key	performance
indicators	often	used	to	monitor	and	control	maintenance.	It	is	defined	as
the	number	of	scheduled	work	orders	completed	in	a	given	time	period
(normally	one	week),	divided	by	the	total	number	of	scheduled	work	orders
that	should	have	been	completed	during	that	period,	according	to	the
approved	maintenance	schedule	for	that	period.	It	is	normally	expressed	as



a	percentage,	and	will	always	be	less	than	or	equal	to	100%.	The	closer	to
100%,	the	better	the	performance	for	that	time	period.

Scheduled	discard	task			Replacement	of	an	item	at	a	fixed,	predetermined
interval,	regardless	of	its	current	condition;	a	maintenance	task	to	replace	a
component	with	a	new	component	at	a	specified,	predetermined	frequency,
regardless	of	the	condition	of	the	component	at	the	time	of	its	replacement.
An	example	would	be	the	routine	replacement	of	the	oil	filter	on	a	motor
vehicle	every	6000	miles.	The	frequency	with	which	a	scheduled	discard
task	should	be	performed	is	determined	by	the	useful	life	of	the	component.

Scheduled	maintenance	(SM)			Preplanned	actions	performed	to	keep	an
item	in	specified	operating	condition	by	means	of	systematic	inspection,
detection,	and	prevention	of	incipient	failure.	Sometimes	called	preventive
maintenance,	but	actually	a	subset	of	PM.

Scheduled	operating	time			The	time	during	which	an	asset	is	scheduled	to
be	operating,	according	to	a	long-term	production	schedule.

Scheduled	restoration	task			A	maintenance	task	to	restore	a	component	at	a
specified,	pre-determined	frequency,	regardless	of	the	condition	of	the
component	at	the	time	of	its	replacement.	An	example	would	be	the	routine
overhaul	of	a	slurry	pump	every	1000	operating	hours.	The	frequency	with
which	a	scheduled	restoration	task	should	be	performed	is	determined	by
the	useful	life	of	the	component.

Scheduled	work	order			A	work	order	that	has	been	planned	and	included
on	an	approved	maintenance	schedule.



Scoping			A	planning	activity	which	outlines	the	extent/scope	and	detail	of	work
to	be	done	and	defines	the	resources	needed.

Scoreboard	for	Excellence			Baseline	for	today’s	most	comprehensive
benchmarking	guides	for	maintenance	operations.	Developed	initially	in
1981	and	enhanced	into	its	present	format	of	five	different	Scoreboard	for
Excellence	versions.	See	Scoreboard	for	Facilities	Management	Excellence
and	Scoreboard	for	Maintenance	Excellence.





Scoreboard	for	Facilities	Management	Excellence			Today’s	most
comprehensive	benchmarking	guide	for	pure	facilities	maintenance
operations.	Developed	along	the	same	format	as	the	Scoreboard	for
Maintenance	Excellence,	the	New	Millennium	version	includes	27
evaluation	(best	practice)	categories	and	300	evaluation	categories.	An
excellence	benchmarking	guide	for	operations	within	large	physical	plant
and	facilities	complexes	such	as	universities,	state	and	municipal	building
complexes,	healthcare	facilities,	secondary	school	complexes	and	retail
organizations	with	nationwide	system	of	sites.	Provides	an	essential
benchmarking	guide	where	results	become	an	important	external
benchmark	against	recognized	best	practices	and	also	the	user’s	baseline	for
Continuous	Reliability	Improvement.









Scoreboard	for	Maintenance	Excellence			TMEII	has	today’s	most
comprehensive	benchmarking	guide	for	plant	maintenance	operations	and
now	an	updated	2015	version	for	complex	continuous	processing	operations.
Developed	initially	in	1982	and	enhanced	into	its	present	format	of	38
evaluation	(best	practice)	categories	and	600	evaluation	items.	Previous
versions	have	been	used	for	over	200	assessment/audits	and	has	been	used
by	approximately	5000	organizations	for	benchmarking	all	types	of
maintenance	operations.	Provides	an	essential	benchmarking	guide	where
results	become	an	important	external	benchmark	against	recognized	best
practices	and	also	the	user’s	baseline	for	Continuous	Reliability
Improvement.









Secondary	damage			Any	additional	damage	to	equipment,	above	and
beyond	the	initial	failure	mode,	that	occurs	as	a	direct	consequence	of	the
initial	failure	mode.

Secondary	failures			Malfunctions	that	are	caused	by	the	failure	of	another
item.

Secondary	function			A	term	used	in	reliability-centered	maintenance.	The
secondary	functionality	required	of	an	asset	generally	not	associated	with
the	reason	for	acquiring	the	asset,	but	now	that	the	asset	has	been	acquired,
the	asset	is	now	required	to	provide	this	functionality.	For	example,	a
secondary	function	of	a	pump	may	be	to	ensure	that	all	of	the	liquid	that	is
pumped	is	contained	within	the	pump	(i.e.,	the	pump	does	no’t	leak).	An
asset	may	have	tens	or	hundreds	of	secondary	functions	associated	with	it.

Serial	number			Number	or	letters	that	uniquely	identify	an	item.

Service	contract			Contract	calling	directly	for	a	contractor’s	time	and	effort
rather	than	for	a	specific	end	product.

Service	level			Frequency	usually	expressed	as	a	percentage,	with	which	a
repair	part	demand	can	be	filled	through	a	particular	service	stock	echelon.
A	95%	level	of	service	means	that	95	out	of	100	demands	are	properly
issued.	If	viewed	from	the	end	customer	service	technician	perspective,	the
service	level	is	the	percent	of	parts	received	out	of	those	requested,	from	all
levels	of	the	support	system.



Service	line			The	pipe	the	carries	the	gas	from	the	distribution	mains	in	the
street,	across	private	property	to	the	customer’s	meter.

Serviceability			Characteristics	of	an	item,	equipment,	or	system	that	make	it
easy	to	maintain	after	it	is	put	into	operation;	similar	to	maintainability.

Servicing			The	replenishment	of	consumables	needed	to	keep	an	item	in
operating	condition.

Shale			A	very	fine-grained	sedimentary	rock	that	is	formed	by	the	consolidation
of	clay,	mud,	or	silt	and	that	usually	has	a	finely	stratified	or	laminated	structure.
Certain	shale	formations,	such	as	the	Eagle	Ford	and	the	Barnett,	contain	large
amounts	of	oil	and	natural	gas.

Shelf	life			The	period	of	time	during	which	an	item	can	remain	unused	in
proper	storage	without	significant	deterioration.

Shop	stock			Self-service	items,	such	as	nuts,	bolts,	fitting,	etc.,	that	are
stored	directly	in	the	shop	work	area.	May	be	on	consignment	directly	from
the	vendor	or	vendor	may	inventory	and	“keep	full”	as	needed	without
significant	paperwork	requirement.

Shutdown			The	period	of	time	when	equipment	is	out	of	service.

Shutdown,	turnaround,	and	outages	(STO)			Typically,	a	well-planned,
scheduled,	and	executed	amount	of	work	(all	types)	with	complete	or	partial



shutdown	of	production	activities.	Much	more	complex	for	oil	and	gas
operations	as	compared	to	discrete	manufacturing.

Shutdown	maintenance			Maintenance	done	while	the	asset	is	out	of	service,
as	in	the	annual	plant	shutdown.

Social	life	cycle	analysis	(S-LCA)			A	methodology	for	assessing	internalities
and	externalities	of	the	production	of	goods	and	services	based	on	social	and
socioeconomic	indicators.

Sour	gas			Sour	gas	is	natural	gas	or	any	other	gas	containing	significant
amounts	of	hydrogen	sulfide	(H2S).

Spacing			The	distance	between	wells	producing	from	the	same	reservoir.
Spacing	is	often	expressed	in	terms	of	acres	(e.g.,	80-acer	spacing)	and	is	often
established	by	regulatory	agencies.

Specifications			Physical,	chemical,	or	performance	characteristics	of	equipment,
parts,	or	work	required	to	meet	minimum	acceptable	standards.

Standard	item			Part,	component,	material,	subassembly,	assembly,	or
equipment	that	is	identified	or	described	accurately	by	a	standard
document	or	drawing.

Standardization			Process	of	establishing	the	greatest	practical	uniformity	of
items	and	of	practices	to	assure	the	minimum	feasible	variety	of	such	items	and



practices,	and	affect	optimum	interchangeability.

Standard	job			A	work	order	stored	in	the	CMMS	that	contains	all	the
necessary	information	required	to	perform	a	maintenance	task	(see	also
Model	Work	Order).

Standby			Assets	installed	or	available	but	not	in	use.

Standing	work	order			A	work	order	that	is	left	open	either	indefinitely	or
for	a	predetermined	period	of	time	for	the	purpose	of	collecting	labor	hours,
costs,	and/or	history	for	tasks	for	which	it	has	been	decided	that	individual
work	orders	should	not	be	raised.	Examples	would	include	standing	work
orders	raised	to	collect	time	spent	at	safety	meetings,	or	in	general
housekeeping	activities;	a	work	order	that	remains	open,	usually	for	the
annual	budget	cycle,	to	accommodate	information	small	jobs	or	for	specific
tasks.

Steam-assisted	gravity	drainage	(SAGD)			A	process	used	to	recover
bitumen	that	is	too	deep	to	mine.	A	pair	of	horizontal	wells	is	drilled	from	a
central	well	pad.	In	a	plant	nearby,	steam	generators	heat	water	and
transform	it	into	steam.	The	steam	then	travels	through	above-ground
pipelines	to	the	wells.	It	enters	the	ground	via	the	steam	injection	well	and
heats	the	bitumen	to	a	temperature	at	which	it	can	flow	by	gravity	into	the
producing	well.	The	resulting	bitumen	and	condensed	steam	emulsion	is
then	piped	from	the	producing	well	to	the	plant,	where	it	is	separated	and
treated.	The	water	is	recycled	for	generating	new	steam.





Stock	keeping	unit	(SKU)			A	warehouse	inventory	management	term	for
individual	stock	items	carried	in	inventory.

Stock	number			Number	assigned	by	the	stocking	organization	to	each
group	of	articles	or	material,	which	are	then	treated	as	if	identical	within
the	using	supply	system;	also	called	part	number,	item	number,	or	part
identifier.

Stock	out			Indicates	that	all	quantities	of	a	part	normally	on	hand	have
been	used,	so	that	the	items	are	not	presently	available.	Demand	for	a
nonstock	part	is	usually	treated	as	a	separate	situation	and	procured	via
defined	procedures	and	vendors.

Storage			Natural	gas	can	be	stored	in	underground	storage	fields.	Storage	fields
are	typically	old	gas	fields	that	have	been	depleted	of	natural	gas,	salt-domes	that
have	been	hollowed	out	by	solution	mining,	or	other	porous	rock	that	is
surrounded	by	impermeable	rock.

•	Injection	is	the	process	of	pumping	natural	gas	into	storage	fields,	using	during
off-peak	summer	months

•	Withdrawal	is	the	process	of	pumping	natural	gas	out	of	storage	fields,	usually
during	periods	of	winter	peak	demand

Storage	underground			The	use	of	subsurface	porous	rock	formations	for
storing	gas.	Depleted	natural	gas	production	fields	are	often	used	for
storage.	Typically,	natural	gas	is	pumped	into	a	field	during	the	summer
when	demand	and	commodity	prices	usually	are	lower	and	pumped	out	of
storage	during	winter	when	demand	is	high.



Stores	issue			The	issue	and/or	delivery	of	parts	and	materials	from	the	store
or	warehouse.

Stores	requisition			The	prime	document	raised	by	user	departments
authorizing	the	issue	of	specific	materials,	parts,	supplies,	or	equipment
from	the	store	or	warehouse.

Sweet	Gas			Natural	gas	that	contains	little	or	no	hydrogen	sulfide.

Supply			Procurement,	storage,	and	distribution	of	items.

Support	equipment			Items	required	to	maintain	systems	in	effective
operating	condition	under	various	environments.	Support	equipment
includes	general	and	special-purpose	vehicles,	power	units,	stands,	test
equipment,	tools,	or	test	benches	needed	to	facilitate	or	sustain	maintenance
action,	to	detect	or	diagnose	malfunctions,	or	to	monitor	the	operational
status	of	equipment	and	systems.

Sustainability			Sustainable	development	is	present	in	regards	to	maintenance
and	physical	asset	management	to	meet	the	needs	of	the	current	operation
without	compromising	the	ability	of	future	site	operations	to	meet	their	own
need	to	maintain	physical	assets.	The	organization	understands	that	the
organizing	principle	for	sustainability	is	sustainable	development,	which
includes	the	four	interconnected	domains	ofecology,	economics,	politics,	and
culture.



Teamwork	works!			The	proven	practice	of	the	synergistic	results	by
uncommon	people	working	toward	a	common	mutual	goal.	Often,	this	is
ordinary	people	achieving	extraordinary	results	(see	also	Maintenance,
winning)

Technical	data	and	information			Includes,	but	is	not	limited	to,	production
and	engineering	data,	prints	and	drawings,	documents	such	as	standards,
specifications,	technical	manuals,	changes	in	modifications,	inspection	and
testing	procedures,	and	performance	and	failure	data.

Terotechnology			An	integration	of	management,	financial,	engineering,
operating	maintenance,	and	other	practices	applied	to	physical	assets	in	pursuit
of	an	economical	life	cycle;	the	application	of	managerial,	financial,	engineering
and	other	skills	to	extend	the	operational	life	of,	and	increase	the	efficiency	of,
equipment	and	machinery.

Test	and	support	equipment			All	special	tools	and	checkout	equipment,
metrology	and	calibrations	equipment,	maintenance	stands,	and	handling
equipment	required	for	maintenance.	Includes	external	and	built-in	test
equipment	(BITE)	considered	part	of	the	supported	system	or	equipment.

Thermography			The	process	of	monitoring	the	condition	of	equipment	through
the	measurement	and	analysis	of	heat.	Typically	conducted	through	the	use	of
infra-red	cameras	and	associated	software.	Commonly	used	for	monitoring	the
condition	of	high	voltage	insulators	and	electrical	connections,	as	well	as	for
monitoring	the	condition	of	refractory	in	furnaces	and	boilers,	amongst	other
applications.

Throwaway	maintenance			Maintenance	performed	by	discarding	used
parts	rather	than	attempting	to	repair	them.



Top	leaders			C-positions,	especially	the	CFO,	VP	operations,	managing
directors,	and	engineering/maintenance	managers.

Total	asset	management			An	integrated	approach	to	asset	management	that
incorporates	elements	such	as	reliability	centered	maintenance,	total
productive	maintenance,	design	for	maintainability,	design	for	reliability,
value	engineering,	life	cycle	costing,	probabalistic	risk	assessment,	and
others,	to	arrive	at	the	optimum	cost-benefit-risk	asset	solution	to	meet	any
given	production	requirements.

Total	productive	maintenance	(TPM)			A	Japanese-based	maintenance
strategy	for	companywide	equipment	management	program	emphasizing
operator	involvement	in	equipment	maintenance,	continuous	improvement
in	equipment	effectiveness,	and	measurement	of	overall	equipment
effectiveness	(OEE).

Traceability			Traceability	is	characterized	by	a	number	of	essential	elements:	a)
an	unbroken	chain	of	comparisons	going	back	to	a	standard	acceptable	to	the
parties,	usually	a	national	or	international	standard;	b)	measurement	of
uncertainty;	the	measurement	uncertainty	for	each	step	in	the	traceability	chain
must	be	calculated	according	to	defined	methods;	and	c)	must	be	stated	so	that
an	overall	uncertainty	for	the	whole	chain	may	be	calculate	and	have
documentation	for	each	step	in	the	chain	performed	according	to	documented
and	generally	acknowledged	procedures.	The	results	must	equally	be
documented.

Tradesperson			Alternative	to	“craftsperson.”	A	skilled	maintenance	worker	who
has	typically	been	formally	trained	through	an	apprenticeship	program.	TMEI
likes	to	think	of	craftspeople	and	tradespeople	as	our	MVPs—today’s	most
valuable	people	for	all	types	of	maintenance	operations	around	the	world.



Transmission	lines			A	gas	pipeline	that	transports	large	quantities	of	highly
pressurized	natural	gas	over	long	distances.

Transportation			The	movement	by	a	pipeline	operator	of	natural	gas	owned	by
another	party,	typically	a	distribution	company	or	end-user.	Transportation
service	is	a	type	of	tariff	many	gas	companies	offer	to	large	users	who	desire	to
purchase	their	gas	from	someone	other	than	the	local	distribution	company
(LDC).

Teratology			The	process	of	monitoring	the	condition	of	equipment	through	the
analysis	of	properties	of	its	lubricating	and	other	oils.	Typically	conducted
through	the	measurement	of	particulates	in	the	oil,	or	the	measurement	of	the
chemical	composition	of	the	oil	(spectrographic	oil	analysis).	Commonly	used
for	monitoring	the	condition	of	large	gearboxes,	engines,	and	transformers,
amongst	other	applications.

Tight	gas			Natural	gas	produced	from	relatively	impermeable	rock.	Getting
tight	gas	out	usually	requires	enhanced	technology	applications	like
hydraulic	fracturing.	The	term	is	generally	used	for	reservoirs	other	than
shale.

Total	recordable	rate	(TRR)			The	total	recordable	rate	is	a	measure	of	the
rate	of	recordable	cases,	normalized	per	100	workers	per	year.	The	factor	is
derived	by	multiplying	the	number	of	recordable	injuries	in	a	calendar	year
by	200,000	(100	employees	working	2000	h	per	year)	and	dividing	this	value
by	the	total	man	hours	actually	worked	in	the	year.

Total	shareholder	return	(TSR)			Represents	share	price	appreciation	and



dividends	returned	to	shareholders	over	a	period.	It	is	calculated	as	follows:
[(stock	price	at	the	end	of	the	period)	–	(stock	price	at	the	start	of	the
period)	+	(dividends	paid	during	the	calculation	period)	÷	(stock	price	at	the
start	of	the	period)].

Total	system	support	(ToSS)			The	composite	of	all	considerations	needed	to
assure	the	effective	and	economical	support	of	a	system	throughout	its
programmed	life	cycle.

Transmission			Transmission	is	the	process	of	moving	gas	from	producing
regions	or	storage	fields	to	major	consuming	areas.

•	Compression	is	the	process	of	increasing	the	pressure	of	the	gas	moving
through	a	pipeline,	so	that	more	gas	can	be	moved	a	further	distance.	Large
pipelines	may	operate	in	the	range	of	3,000	psi	and	be	up	to	60″	in	diameter.

•	Compressor	is	the	device	used	to	add	pressure	to	the	gas	moving	through	the
pipeline.	Compressors	are	typically	powered	by	natural	gas	engines	and	are	rated
in	hundreds	or	thousands	of	horsepower	per	compressor.

Troubleshooting			Locating	or	isolating	and	identifying	discrepancies	or
malfunctions	of	equipment	and	determine	the	corrective	action	required.

Turnaround	time			Interval	between	the	time	a	repairable	item	is	removed
from	use	and	the	time	it	is	again	available	if	full	serviceable	condition.

Turnover			Measurement	on	either	numbers	of	parts	or	on	monetary	value	that
evaluates	how	often	a	part	is	demanded	versus	the	average	number	kept	in
inventory.	For	example,	if	two	widgets	are	kept	in	inventory	and	eight	are	used
each	year,	then	the	turnover	is	8/2	=	4	times	per	year.	In	monetary	terms,



turnover	is	cost	of	inventory	sold/average	cost	of	inventory	carried.

Unconventional	reservoirs			Reservoirs	with	permeability	so	low	(generally
less	than	0.1	millidarcy)	that	horizontal	hydraulically	fractured	stimulated
wells	or	other	advanced	completion	techniques	must	be	utilized	to	extract
hydrocarbons	at	commercial	rates.	Shale	reservoirs	such	as	the	Eagle	Ford
and	Barnett,	as	well	as	tight	reservoirs	like	the	Bakken	and	Three	Forks,
both	are	examples	of	unconventional	reservoirs.

Undeveloped	acreage			Acreage	on	which	wells	have	not	been	drilled	or
completed	to	a	point	that	would	permit	the	production	of	commercial
quantities	of	oil	and	gas	regardless	of	whether	or	not	the	acreage	contains
proved	reserves.

Unit			The	joining	of	interests	in	a	reservoir	or	field	to	provide	for	development
and	operations	without	regard	to	separate	property	interests.	Also,	the	area
covered	by	a	unitization	agreement.

Unplanned	maintenance			Maintenance	done	without	planning	or
scheduling;	could	be	related	to	a	breakdown,	running	repair,	or	corrective
work;	any	maintenance	activity	for	which	a	predetermined	job	procedure
has	not	been	documented,	or	for	which	all	labor,	materials,	tools,	and
equipment	required	to	carry	out	the	task	have	been	not	been	estimated,	and
their	availability	assured	before	commencement	of	the	task.

Unscheduled	maintenance	(UM)			Emergency	maintenance	(EM)	or
corrective	maintenance	(CM)	to	restore	a	failed	item	to	usable	condition.



Up			In	a	condition	suitable	for	use.

Uptime			The	time	that	an	item	of	equipment	is	in	service	and	operating.

Usage			Quantity	of	items	consumed	or	necessary	for	product	support.	Usage	is
generally	greater	than	the	technical	failure	rate.

Useful	life			The	maximum	length	of	time	that	a	component	can	be	left	in
service,	before	it	will	start	to	experience	a	rapidly	increasing	probability	of
failure.	The	useful	life	determines	the	frequency	with	which	a	scheduled
restoration	or	a	scheduled	discard	task	should	be	performed.

Utilization			The	proportion	of	available	time	that	an	item	of	equipment	is
operating.	Calculated	by	dividing	equipment	operating	hours	by	equipment
available	hours.	Generally	expressed	as	a	percentage.

Value	engineering			A	systematic	approach	to	assessing	and	analyzing	the
user’s	requirements	of	a	new	asset,	and	ensuring	that	those	requirements
are	met,	but	not	exceeded.	Consists	primarily	of	eliminating	perceived	“non-
value-adding”	features	of	new	equipment.

Variance	analysis			Interpretation	of	the	causes	for	a	difference	between
actual	and	some	norm,	budget,	or	estimate.

Vibration	analysis			The	process	of	monitoring	the	condition	of	equipment,
and	the	diagnosis	of	faults	in	equipment	through	the	measurement	and



analysis	of	vibration	within	that	equipment.	Typically	conducted	through
handheld	or	permanently	positioned	accelerometers	placed	on	key
measurement	points	on	the	equipment.	Commonly	used	on	most	large	items
of	rotating	equipment,	such	as	turbines,	centrifugal	pumps,	motors,
gearboxes	etc.

Warranty			Guarantee	that	an	item	will	perform	as	specified	for	at	least	a
specified	time,	or	will	be	repaired	or	replaced	at	no	cost	to	the	user.

Warranty	claims			Replacement	or	reimbursement	due	to	bad	parts	or
equipment	from	a	vendor	or	original	equipment	manufacturer	(OEM).
Sunken	gold	treasure	within	most	maintenance	storerooms	where	warranty
claims	never	get	identified	and	sent	back	to	the	item	vendor	or	OEM.	For
the	most	part,	it	is	not	the	CMMS’s	fault!

Waterflood			An	improved	oil	recovery	technique	that	involves	injecting	water
into	a	producing	reservoir	to	enhance	movement	of	oil	to	producing	wells.

Wear	out			Deterioration	as	a	result	of	age,	corrosion,	temperature,	or
friction	that	generally	increases	the	failure	rate	over	time.

Wet	gas			Produced	gas	that	contains	natural	gas	liquids.

Working	interest			The	right	granted	to	the	lessee	of	a	property	to	explore
for,	produce	and	own	oil,	gas	or	other	minerals.	The	working	interest
owners	bear	the	exploration,	development,	and	operating	costs.



Workload			The	number	of	labor	hours	needed	to	carry	out	a	maintenance
program,	including	all	scheduled	and	unscheduled	work	and	maintenance
support	of	project	work.

Work	order	(WO)			A	unique	control	document	that	comprehensively
describes	the	job	to	be	done;	may	include	formal	requisition	for
maintenance,	authorization,	and	charge	codes,	as	well	as	what	actually	was
done.	The	prime	document	used	by	the	maintenance	function	to	manage
maintenance	tasks.	It	may	include	such	information	as	a	description	of	the
work	required,	the	task	priority,	the	job	procedure	to	be	followed,	the	parts,
materials,	tools	and	equipment	required	to	complete	the	job,	the	labor
hours,	costs	and	materials	consumed	in	completing	the	task,	as	well	as	key
information	on	failure	causes,	what	work	was	performed	etc.

Work	request			The	initial	request	for	maintenance	service	or	work	usually
as	a	statement	of	the	problem.	The	work	request	provides	the	preliminary
information	for	creation	of	the	work	order.	Depending	on	the	cost	and	scope
of	a	work	request	an	approval	process	may	be	required	before	the	work
order	is	created,	planned,	and	scheduled.	The	prime	document	raised	by
user	departments	requesting	the	initiation	of	a	maintenance	task.	This	is
usually	converted	to	a	work	order	after	the	work	request	has	been
authorized	for	completion.

X-maintenance			Extreme	maintenance	challenges:	Illustrates	four	key	stages
that	as	assets	age	and	new	assets	are	also	added,	the	total	maintenance
requirements	increase	often	without	a	corresponding	increase	in	staffing	levels.





Zero-based	budgeting			An	accounting	strategy	that,	as	related	to
maintenance,	is	the	charge	back	of	all	maintenance	work	to	the	customer
and	is	based	on	a	computed	shop	rate	per	hour	plus	parts	and	rental
equipment	if	required.
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Maintenance	Planner/Scheduler	or	Maintenance
Coordinator:	Position	Description,	Job	Evaluation
Form

Position	Questionnaire





1.	Primary	purpose	and	function	of	position.	Please	explain	in	two	or	three
sentences.	Provides	overall	maintenance	planning	and	scheduling	support	to
include	contract	maintenance	and	the	planning	of	repairs	and	overhauls	during
scheduled	shutdowns,	turnarounds,	and	outages	(STO)	in	support	to	engineering.
Provides	close	interaction	and	support	to	storeroom	operations	and	is	responsible
for	maintaining	the	site’s	preventive	maintenance	program.	Serves	as	a	primary
resource	for	computerized	maintenance	management	system	(CMMS)
implementation	and	the	maintenance	of	all	related	databases.

2.	Duties	and	responsibilities.	List	in	order	of	importance	the	major	duties	that
are	performed	and	normally	assigned	to	the	position.	Indicate	the	percentage	of
time	spent	on	each	duty.	Please	add	additional	sheets	if	needed.

%	of	time

5 1.	Coordinates	maintenance	work	order	(MWO)	system,	processing	of	MWOs,	and	provides	overall	work	control	to	ensure	maximum	utilization	of	internal	craft	labor	and	contractor	labor.

5 2.	Reviews	MWOs	to	confirm	priorities	with	manufacturing	operations	and	maintenance	and	to	establish	craft	requirements.	Reviews	drawings/prints,	equipment,	and	parts	manuals	as	required	to	determine	sequence	of	crafts,	scope	of	work,	and	job	plans	for	major	repairs.	Utilizes	the	site’s	priority	system	to	support	effective	planning/scheduling	of	critical	repairs.

10 3.	Develops	labor	estimates	for	planned	work	and	establishes	schedules	based	on	confirmed	priorities	and	craft	labor	availability.	Coordinates	with	manufacturing	operations	to	establish	firm	schedules	for	equipment	availability	prior	to	start	of	repair.
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%	of	time

5 4.	Develops	and	maintains	a	current	backlog	summary	of	maintenance	repairs	and	preventive	maintenance/predictive	maintenance	(PM/PdM)	inspections	due.	Evaluates	level	of	backlog	and	provides	recommendations	on	use	of	overtime	for	priority	repairs	and	PM	scheduling.	Monitors	status	of	ongoing	major	planned	repairs,	overhauls,	or	new	system	installations.	Maintains	the	site’s	master	plan	for	major	repairs,	overhauls,	and	all	maintenance	work	to	be	scheduled	during	scheduled	shutdowns	or	as	future	capital	projects.

10 5.	Develops	and	coordinates	modernization	of	current	stores	area	into	an	organized	storeroom	operation	with	an	effective	parts	inventory	management	system,	access	control	method,	and	bin	location	system	along	with	improved	storage	methods.	Provides	support	and	coordinates	completing	a	physical	inventory	of	existing	stock	items	and	developing	the	initial	parts	database	master	file	on	a	new	CMMS.	Becomes	the	primary	resource	for	ensuring	that	the	parts	database	is	maintained	over	the	long	term	with	proper	internal	stock	numbers,	vendor	part	information,	min/max	stock	levels,	specifications,	etc.

10 6.	Determines	material	and	spare	parts	availability	prior	to	scheduling.	Works	with	craft	supervisors	and	crafts	workforce	to	determine	parts	required	on	major	repair.	Coordinates	with	storeroom	to	reserve	and	kit	parts	prior	to	major	planned	repairs.	Maintains	status	of	requested	materials/parts	to	meet	established	repair	schedule.	Provides	recommendations	to	storeroom	on	stock	levels,	additions,	and/or	deletions	from	inventory.	Identifies	critical	spares	and	updates	equipment	history	database	with	critical	spares	that	are	carried	in	storeroom	inventory.

10 7.	Develops	job	plans	and	standard	repair	practices	during	planning	process.	Coordinates	entering	of	job	plans	to	the	CMMS	and	updating	these	standard	job	plans	as	required.

5 8.	Evaluates	requirements	for	contract	maintenance	against	existing	craft	capability	and	current	backlog	levels.

2 9.	Ensures	that	information	on	contract	maintenance	repairs,	overhauls,	and	all	repairs	is	added	to	the	equipment	history	database	and	that	this	database	is	accurately	maintained.

10 10.	Responsible	for	coordinating	the	PM/PdM	review	team	for	review	and	updating	of	current	PM/PdM	procedures	and	the	development	of	new	PM/PdM	inspection	procedures	and	frequencies.	Develops	planning	times	for	PM	inspection	procedures	and	frequencies	for	revision	and	improvements	and	ensures	PM/PdM	database	is	accurately	maintained.	Coordinates	development	of	predictive	maintenance	technology	applications	based	upon	results	of	assessment	for	predictive	technologies	application	at	the	Las	Vegas	site.	Ensures	that	current	PM/PdM	procedures	reflect	actual	operating	conditions.
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%	of	time

2 11.	Supports	scheduling	PdM	technology	application	such	as	oil	analysis/infrared,	etc.	and	planning	of	maintenance	repairs	to	correct	deficiencies	found	during	both	PM	and	PdM	inspections.	Coordinates	introduction	of	all	new	PdM	technologies	to	the	operation.

5 12.	Develops	and	provides	data	(MTTR/MTBF)	and	recommendations	for	improving	equipment	reliability.	Reviews	equipment	repair	history	and	PM/PdM	results	for	failure	trends	and	supports	maintenance	in	identifying	and	correcting	root	causes	of	major	failures.

2 13.	Coordinates	with	plant	operations	staff	to	establish	PM/PdM,	lubrication,	and	parts	requirements	for	any	new	equipment	or	systems.	Updates	equipment	history	database	with	information	on	vendor,	equipment	specifications,	warranty,	information,	parts	lists,	etc.

5 14.	Responsible	for	supporting	implementation	and	administration	of	a	future	computerized	maintenance	management	system	(CMMS)	as	a	prime	internal	technical	resource.	Coordinates	development	and	maintenance	of	databases	for	equipment	history,	work	orders,	and	PM.	Supervises	clerical	support	for	major	data	entry	tasks.

2 15.	Provides	support	to	updating	engineering	drawings	and	coordinates	cross-referencing	of	engineering	drawing	numbers	to	equipment	history	database.	Supports	craft	areas	(and	contract	maintenance)	by	providing	drawings/prints	as	required	with	MWO	for	major	planned	repairs	and	overhauls.

2 16.	Works	closely	with	the	maintenance	manager,	all	craft	supervisors,	and	manufacturing	operations	staff	to	support	effective	planning	for	shutdowns	and	special	projects.	Develops	the	overall	master	plan	for	maintenance-related	activities	and	coordinates	development	of	materials/parts	requirements	and	requisitioning,	estimates	of	craft	labor,	and	plan	for	contract	maintenance	support	as	required.

5 17.	Serves	as	the	primary	support	to	the	maintenance	manager	in	developing	performance	information	for	the	Accuride	Maintenance	Excellence	Index,	life	cycle	costing,	and	other	maintenance	cost	information.

5 18.	Performs	other	related	duties	and	special	projects	as	assigned.	a.	Provides	training	and	support	for	a	maintenance	planner/coordinator	backup	in	case	the	incumbent	is	absent.	b.	Provides	support	to	the	maintenance	manager	for	other	maintenance	initiatives	such	as	craft	skill	development,	operator-based	maintenance,	or	vendor	partnership	for	MRO	parts	and	materials.



3.	Briefly	describe	any	special	functions	performed	in	addition	to	normal
responsibilities.

Serves	as	a	key	internal	resource	for	effective	CMMS	implementation,	supports
utilization	of	all	CMMS	system	modules,	and	supports	training	of	internal	users
on	a	new	CMMS	system.
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Charter:	Format	for	a	Leadership	Driven-Self-Managed	Team	at	GRIDCo
Ghana

Ralph	W.	Peters,		and	Franklin	Takyi,					The	Maintenance	Excellence
Institute	International,	Ghana

The	GRIDCo	CMMS	Selection	and	Best	Practices	Implementation	Team-
Draft	January	14,	2014

1.	Purpose:	To	provide	senior	guidance	to	CMMS	(computerized	maintenance	management	system)	selection	and	best	practice	across	the	entire	GRIDCo	operation	in	Ghana.	Support	the	team	with	resources	of	people	and	capital	to	complete	a	very	important	project	for	GRIDCo’s	current	operation	and	future	goals	for	expanded	power	transmission.	This	team	is	to	identify	areas	for	improvement	and	to	ensure	that	total	operations	success	and	profit	optimization	occur	as	a	result	of	this	major	project.

2.	Expectations	(sponsor’s):	a.	Team	will	incorporate	the	5	steps	of	the	“Action	Cycle”	into	their	work	processes	(Assess	the	Situation/Determine	the	Causes/Target	Solutions/Implement	Actions/Make	it	ongoing)	b.	Team	will	establish	a	consistent	reporting	process	to	keep	their	sponsor	informed	of	progress	c.	Team	Will	escalate	issues,	that	cannot	be	resolved	in	the	team,	to	the	sponsor	d.	Team	Will	establish	a	measurement	process	on	Day	One	with	key	baseline	data	that	will	validate	results	over	time	e.	Team	will	use	a	facilitator	throughout	the	process

3.	Importance	of	this	project	to	GRIDCo:	a.	Customers	are	serviced	faster	and	more	efficiently	to	restore	power	transmission	b.	Reduce	waiting	times	for	parts	to	arrive	in	the	field	c.	Control	of	inventory	levels	d.	One	central	location	for	parts:	Overall	and	regionally	e.	Meet	regulatory	requirements	and	company	goals	for	2014
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4.	Team	skills:	a.	All	GRIDCo	areas	represented	will	work	have	process	experience.	Combined	years	of	experience	exceeds	____	years	b.	Trades	knowledge	and	parts	materials	management	knowledge.	Involve	a	direct	trades	person	on	this	team	c.	Different	leadership	levels,	styles,	and	approaches	to	problem-solving	d.	Understanding	of	regulatory	requirements,	system	engineering,	and	grid	control	system

5.	Scope:	The	scope	of	the	parts	team	will	include	making	decision	on	top	CMMS	to	purchase	and	define	a	successful	implementation	plan.	Review,	modify,	and	approve	resources	for	a	final	GRIDCo	plan	of	action	that	is	based	around	an	initial	plan	of	action	proposed	by	the	Maintenance	Excellence	Institute	International	(TMEII).	This	team	is	the	decision-making	process	for	the	overall	project	along	with	top	leader	approvals	for	funds.

6.	Deliverables:	a.	Team	charter	b.	Increased	power	transmission	delivery	on	existing	system	and	new	systems	c.	Improved	cost	control	and	accountability	to	people	of	Ghana	d.	Right	materials/quantities	in	place	at	right	place	e.	Efficient	use	of	space	in	the	stock	room	(ease	of	movement)	f.	Increase	levels	of	productivity	in	the	power	transmission	work	processes	g.	Project	resources	are	in	place	and	used	effectively	to	meet	project	schedule	h.	Clearly	defined	roles	and	responsibilities	(defined	ownership	of	processes)	i.	List	of	standard	in-stock	parts	and	all	functionalities	of	a	world-class	CMMS	j.	Improve	levels	of	communications	k.	Controlled	location(s)	for	parts	and	parts	management	via	CMMS	l.	Implement	a	measurement	to	document	project	results	and	validate	a	ROI	(return	on	investment)	acceptable	to	GRIDCo	top	leaders



GRIDCo’s	recommended	team	members:	draft

Team	sponsor:	Mr.	Norbert	Anku	Responsibilities:	•	Clarity	purpose	and	expectations	•	Agree	with	team	on	metrics	to	measure	results	and	ROI	•	Provide	support	and	resources	•	Resolve	issues	beyond	the	team’s	authority	level	•	Consult	with	the	team	leader	and/or	facilitator	as	needed	•	Ensure	GRIDCo	management	team	is	provided	feedback	on	progress.	•	Review	and	approve	recommendations	•	Support	and	endorse	the	new	shift	in	the	team	approach	to	CMMS	and	best	practice	implementation	•	Liaison	with	the	TMEII	support	team	as	required
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Case	Study–Process	Mapping	for	a	Refinery





























































Appendix	F



The	CMMS	Benchmarking	System

Introduction

Today’s	information	technology	for	computerized	maintenance	management
offers	the	maintenance	leader	an	exceptional	tool	for	asset	management	and	for
managing	the	maintenance	process	as	an	internal	business	and	“profit	center.”
However,	maintenance	surveys	and	assessments	conducted	by	The	Maintenance
Excellence	Institute	International	and	others	validate	that	poor	utilization	of
existing	maintenance	software	is	often	a	major	improvement	opportunity.

We	will	now	review	each	of	the	nine	major	categories	from	the	CMMS
Benchmarking	System	and	provide	key	recommendations	on	each	of	the	50
benchmark	items	for	getting	your	computerized	maintenance	management
system	(CMMS)	implementation	started	on	the	right	track	from	day	one.

CMMS	Data	Integrity

1.	Equipment	(Asset)	History	Database:	The	equipment	database	represents	one
of	the	essential	databases	that	must	be	developed	or	updated	as	part	of
implementing	a	new	CMMS.	It	requires	that	a	complete	review	of	all	equipment
be	made	to	include	all	parent/child	systems	and	subsystems	that	will	be	tracked
for	costs,	repairs	performed,	etc.	The	work	to	develop	or	update	this	database
should	begin	as	soon	as	possible	after	the	data	structure	of	the	equipment	master



file	for	the	new	CMMS	is	known.

The	equipment	master	information	for	a	piece	of	equipment	(parent/child),
manufacturer,	serial	number,	equipment	specs,	and	location	will	all	need	to	be
established.	If	the	installation	and	removal	of	components	within	certain	process
type	operations	requires	tracking	by	serial	number	and	compliance	to	process
safety	management	requirements,	then	these	equipment	items	will	have	to	be
designated	in	the	equipment	database.

If	an	equipment	database	exists	as	part	of	an	old	CMMS,	then	now	is	the	time	to
review	the	accuracy	of	the	old	equipment	database	before	conversion	to	the	new
system.	Conversion	of	the	new	equipment	master	database	into	the	new	system
should	be	done	only	after	a	thorough	and	complete	update	of	the	old	database
has	occurred.	Once	the	new	equipment	master	database	has	been	converted	to
the	new	CMMS,	a	process	to	maintain	it	at	an	accuracy	level	of	95%	or	above
should	be	established.

2.	Spare	Parts	Database:	The	spare	parts	database	represents	another	key
database	that	must	be	developed	or	updated	as	part	of	implementing	a	new
CMMS.	For	operations	not	having	a	parts	inventory	system,	this	will	require
doing	a	complete	physical	inventory	of	spare	parts	and	materials.	All	inventory
master	record	data	for	each	item	will	need	to	be	developed	based	on	the
inventory	master	record	structure	for	the	new	CMMS	and	loaded	directly	to	the
inventory	module.

Operations	that	have	an	existing	spare	parts	database	should	take	the	time	to	do	a
complete	review	of	it	before	conversion.	Typically,	this	will	allow	for	purging
the	database	of	obsolete	parts	and	doing	a	complete	review	of	the	inventory
master	record	data.	This	can	be	a	very	time-consuming	process,	but	it	allows	the
operation	an	excellent	chance	to	finally	take	the	time	to	revise	part	descriptions,
review	safety	stock	levels,	reorder	points	and	vendor	data,	and	start	the	new
CMMS	with	an	accurate	parts	inventory	database.

3.	Bill	of	Materials:	One	key	functional	capability	of	CMMS	is	to	provide	a



spare	parts	listing	(bill	of	materials)	within	the	equipment	module.	This	requires
researching	where	spare	parts	are	used	and	linking	inventory	records	with
equipment	master	records	that	are	component	parts	of	an	equipment	asset.	This
function	would	also	add,	change,	or	delete	items	from	an	established	spares	list
or	copy	a	spares	list	to	another	equipment	master	record.	In	addition,	this	feature
would	copy	all	or	part	of	a	spares	list	to	a	work	order	job	plan	and	create	a	parts
requisition	or	pick	list	to	the	storeroom.

The	process	of	establishing	a	spares	list	is	time-consuming	and	would	involve
only	major	spares	that	are	currently	carried	in	stock.	Most	CMMS	systems	have
the	capability	to	build	the	spare	parts	list	as	items	are	issued	to	or	purchased	for	a
piece	of	equipment.	It	is	recommended	that	an	equipment	bill	of	materials	be
established,	but	the	conversion	of	equipment	master	data	can	take	place	without
this	information	being	available.	Because	a	bill	of	materials	for	spare	parts	is	so
beneficial	for	planning	purposes,	it	is	recommended	that	the	process	to	identify
key	spares	in	the	equipment	master	be	a	priority	area.

4.	Preventive	Maintenance	Tasks/Frequencies:	The	preventive	and	predictive
maintenance	(PM/PdM)	database	is	another	key	database	necessary	for
establishing	a	“Class	A”	installation.	If	a	current	PM/PdM	database	is	present,
then	it	is	recommended	that	the	existing	procedures	be	reviewed	and	updated
before	conversion	to	the	new	system.	If	the	existing	PM/PdM	database	has	been
updated	continuously	on	the	old	system,	then	conversion	can	probably	occur
directly	from	the	old	to	the	new	PM/PdM	database;	however,	this	will	depend	on
the	PM/PdM	database	structure	of	the	new	system.

It	is	recommended	that	in	the	very	early	stages	of	a	new	CMMS
benchmark/selection	process	that	the	status	of	the	current	PM/PdM	program	be
evaluated.	If	a	process	for	the	review/update	of	PM/PdM	procedures	has	not
been	in	place,	then	it	is	very	important	to	get	something	started	as	soon	as
possible.	This	provides	an	excellent	opportunity	to	establish	a	team	of
experienced	craftspeople,	engineers,	and	maintenance	supervisors	to	work	on
PM/PdM	procedures	to	review,	to	update	task	descriptions,	and	frequencies,	and
to	ensure	that	all	equipment	is	covered	by	proper	procedures.



5.	Maintaining	Parts	Database:	After	a	new	CMMS	is	installed,	it	is	highly
recommended	that	one	person	be	assigned	direct	responsibility	for	maintaining
the	parts	database.	This	person	would	have	responsibility	for	making	all
additions	and	deletions	to	inventory	master	records,	changing	stock	levels,
reorder	points	and	safety	stock	levels,	and	changing	any	data	contained	in	the
inventory	master	records.	This	person	could	also	be	designated	responsibility	for
coordinating	the	development	of	the	spares	list	if	this	information	is	not
available.	This	person	would	be	responsible	for	recommending	obsolete	items	on
the	basis	of	the	monitoring	of	usage	rates	or	because	of	equipment	being
removed	from	the	operation.	The	practice	of	having	one	primary	person	assigned
direct	responsibility	for	the	inventory	master	records	can	help	ensure	that	parts
database	accuracy	is	95%	or	greater.

6.	Maintaining	Equipment	Database:	It	is	also	highly	recommended	that	one
person	be	assigned	direct	responsibility	for	maintaining	the	equipment	database.
This	person	would	be	responsible	for	making	all	changes	to	equipment	master
records.	Information	on	new	equipment	would	come	to	this	person	for	setting	up
parent/child	relationships	of	components	in	the	equipment	master	records.
Information	on	equipment	being	removed	from	the	operation	would	also	come	to
this	person	to	delete	equipment	master	records.	Coordination	between	this
person	and	the	person	responsible	for	the	parts	database	would	be	required	to
ensure	that	obsolete	parts	were	identified	and/or	removed	from	the	inventory
system	because	of	removal	of	equipment.

CMMS	Education	and	Training

7.	Initial	CMMS	Training:	One	of	biggest	roadblocks	to	an	effective	CMMS
installation	is	the	lack	of	initial	training	on	the	system.	Many	organizations	never
take	the	time	up	front	to	properly	train	their	people	on	the	system.	Shop-level
people	must	gain	confidence	in	using	the	system	for	reporting	work	order
information	and	knowing	how	to	look	up	parts	information.	The	CMMS
implementation	plan	should	include	an	adequate	level	of	actual	hands-on
training	on	the	system	for	all	maintenance	employees	before	the	“go-live”	date.
It	is	important	to	invest	the	time	and	expense	to	“train	the	trainers”	who	can,	in



turn,	assist	with	the	training	back	in	the	shop.	Many	organizations	set	up
“conference	room	pilots”	where	the	CMMS	software	is	set	up	and	training
occurs	with	actual	data	using	CMMS	vendor	trainers	or	in-house	trainers.	It	is
highly	recommended	that	competency-based	training	be	conducted	so	that	each
person	trained	can	demonstrate	competency	in	each	function	they	must	perform
on	the	system.

8.	Ongoing	CMMS	Training:	The	CMMS	Implementation	Plan	must	consider
having	an	ongoing	training	program	for	maintenance	and	storeroom	personnel.
After	the	initial	training,	there	must	be	someone	in	the	organization	with	the
responsibility	for	ongoing	training.	If	a	good	“trainer”	has	been	developed	within
the	organization	before	the	go-live	date,	then	this	person	can	be	the	key	to	future
internal	training	on	the	new	system.	Ongoing	training	can	include	one-on-one
support	that	helps	to	follow	up	on	the	initial	training.

9.	Initial	CMMS	Training	for	Operations	Personnel:	The	customers	of
maintenance	must	gain	a	basic	understanding	of	the	system	and	know	how	to
request	work,	check	the	status	of	the	work	requested,	and	understand	the	priority
system.	During	implementation,	operations	personnel	need	to	get	an	overview	of
how	the	total	system	will	work	and	the	specific	things	they	will	need	to	do	to
request	work.	If	the	organization	has	a	formal	planning	and	scheduling	process,
then	they	will	also	need	to	know	the	internal	procedures	on	how	this	will	work.

10.	CMMS	Systems	Administrator/Backup	Trained:	It	is	important	that	each	site
have	one	person	trained	and	dedicated	as	the	systems	administrator	with	a
backup	trained	whenever	possible.	This	person	will	typically	be	from
information	services	and	have	a	complete	knowledge	of	system	software,
hardware,	database	structures,	and	interfaces	with	other	systems	as	well	as
report-writing	capabilities.	The	systems	administrator	will	also	have
responsibility	for	direct	contact	with	the	CMMS	vendor	for	debugging	software
problems	and	for	coordinating	software	upgrades.

Work	Control

11.	Work	Control	Function	Established:	A	well-defined	process	for	requesting



work,	planning,	scheduling,	assigning	work,	and	closing	work	orders	should	be
established.	The	work	control	function	will	depend	on	the	size	of	the
maintenance	operation.	Work	control	may	involve	calls	coming	directly	to	a
dispatcher	who	creates	the	work	order	entry	and	forwards	the	work	order	to	a
supervisor	for	assignment.	The	work	request	could	also	be	forwarded	directly	to
an	available	craftsperson	by	the	dispatcher	for	execution	of	true	emergency
work.

Work	control	can	also	be	where	work	requests	are	forwarded	manually	or
electronically	to	a	planner	who	goes	through	a	formal	planning	process	for
determining	the	scope	of	work,	craft	requirements,	and	parts	requirements	to
develop	a	schedule.	PM/PdM	work	would	be	generated	and	integrated	into	the
scheduling	process.	The	status	of	the	work	order	would	be	monitored,	which
might	be	in	progress,	awaiting	parts,	awaiting	equipment,	awaiting	craft
assignment,	or	awaiting	engineering	support,	etc.	A	work	order	backlog	would
also	be	maintained	to	provide	a	clear	picture	of	the	work	order	status.

Effective	work	control	provides	systematic	control	of	all	incoming	work	through
to	the	actual	closing	of	the	work	order.	The	work	control	process	should	be
documented	with	clearly	defined	written	procedures	unique	to	each	maintenance
operation.

12.	Online	Work	Request	Based	on	Priorities:	Requesting	work	online	represents
an	advanced	CMMS	functional	capability	in	which	the	customer	enters	the	work
request	directly	into	the	system	on	a	local	area	network	or	via	e-mail.	Online
work	requests	would	include	basic	information	about	the	work	required,
equipment	location,	the	date	the	work	is	to	be	completed	by,	the	name	of	the
requestor,	and	the	priority	of	the	work.	This	information	would	go	to	the	work
control	function	where	the	jobs	would	be	planned,	scheduled,	and	assigned
based	on	the	overall	workload.	The	requestor	would	have	the	capability	to	track
the	status	of	their	jobs	online	and	even	give	final	approval	that	the	work	was
satisfactorily	completed.

13.	Work	Order	System	Accounts	for	100%	of	Craft	Hours:	All	craft	work
should	be	charged	to	a	work	order	of	some	type.	Accountability	of	labor



resources	is	an	important	part	of	managing	maintenance	as	an	internal	business.
Quick	reporting	to	standing	work	orders	can	be	established	for	jobs	of	short
duration	within	a	department	or	for	the	reporting	of	noncraft	time	such	as
meetings,	delays	in	getting	the	equipment	to	work	on,	training,	and	chasing
parts.

14.	Backlog	Reports:	Maintaining	good	control	of	the	work	to	be	done	is
essential	to	the	maintenance	process.	Having	the	capability	to	visually	see	the
backlog	helps	to	effectively	plan	and	schedule	craft	resources.

The	CMMS	reporting	system	should	provide	the	capability	to	show	the	backlog
of	work	in	several	ways:

•	By	Type	of	Work •	By	Overdue	Work	Orders

•	By	craft •	By	parts	status

•	By	department •	By	priority



15.	Priority	System:	A	Class	A	CMMS	installation	will	have	in	place	a	priority
system	that	allows	for	the	most	critical	repairs	to	get	done	first.	An	effective
priority	system	adds	professionalism	to	the	maintenance	operation	and	directly
supports	effective	planning	and	scheduling.	There	are	two	basic	systems	for
establishing	priorities:

•	Straight	numeric	priority	(1,	2,	3,	4,	5,	etc.),	in	which	each	priority	level	is
defined	by	a	definition	such	as	Priority	1:	a	true	emergency	repair	that	affects
safety,	health,	or	environmental	issues.

•	RIME	system:	This	system	combines	the	criticality	index	of	the	equipment	(10
highest	to	1	lowest)	with	the	criticality	of	the	work	type	(10	highest	to	1	lowest)
to	compute	the	ranking	index	for	maintenance	expenditures	(RIME)	priority
number.	The	RIME	priority	number	equals	the	equipment	criticality	index
multiplied	by	the	criticality	number	of	the	work	type.

Budget	and	Cost	Control

16.	Craft	Labor,	Parts,	and	Vendor	Support	Costs:	The	equipment	history	file
should	provide	the	source	of	all	costs	charged	to	the	asset.	Here,	it	is	important
to	ensure	that	all	labor	is	charged	to	the	work	orders	for	each	asset	and	that	parts
are	charged	to	the	respective	work	orders.

17.	Budget	Status-Operating	Departments:	Operating	departments	should	be
held	accountable	for	their	respective	maintenance	budgets.	With	an	effective
work	order	system	in	place	for	charging	of	all	maintenance	costs,	the	accounting
process	should	allow	for	monitoring	the	status	of	departmental	budgets.	One
recommended	practice	is	for	maintenance	to	be	established	as	a	zero-based
budget	operation	and	that	all	labor	and	parts	be	charged	back	to	the	internal
customer.	This	practice	helps	ensure	accountability	for	all	craft	time,	parts,	and
materials	to	work	orders.



18.	Cost	Improvements	Due	to	CMMS:	The	effect	of	a	successful	CMMS
installation	should	be	reduced	costs	and	achieving	gained	value	in	terms	of
greater	output	from	existing	resources.	The	CMMS	team	should	be	held
accountable	for	documenting	the	savings	that	are	achieved	from	the	new	CMMS
and	the	maintenance	best	practices	that	evolve.	The	areas	that	were	used	to
justify	the	CMMS	capital	investment	(e.g.,	reduced	parts	inventory,	increased
uptime,	and	increased	craft	productivity)	should	all	be	documented	to	show	that
improvements	did	occur.

19.	Deferred	Maintenance	Identified:	It	is	important	that	maintenance	provides
management	with	a	clear	picture	of	maintenance	requirements	that	require
funding	for	the	annual	budget.	Deferred	maintenance	on	critical	assets	can	lead
to	excessive	total	costs	and	unexpected	failures.	Benefits	from	CMMS	will
provide	improved	capability	to	document	deferred	maintenance	that	must	be
given	priority	during	the	budgeting	process	each	year.

20.	Life-Cycle	Costing	Supported:	A	complete	equipment	repair	history	provides
the	basis	for	making	better	replacement	decisions.	Many	organizations	often	fail
to	have	access	to	accurate	equipment	repair	costs	to	support	effective
replacement	decisions	and	continue	to	operate	and	maintain	equipment	beyond
its	economically	useful	life.	As	a	result,	the	capital	justification	process	then
lacks	the	necessary	life-cycle	costing	information	to	support	replacement
decisions.

Planning	and	Scheduling

21.	Planning	and	Scheduling:	This	maintenance	best-practice	area	is	essential	to
better	customer	service	and	operations	as	well	as	greater	utilization	of	craft
resources.	For	most	maintenance	operations	with	25–30	craftspeople,	a	full-time
planner	can	be	justified.	The	CMMS	system	functionality	must	support	the
planning	process	for	control	of	work	orders,	backlog	reporting,	status	of	work
orders,	parts	status,	craft	labor	availability,	etc.	The	planning	and	scheduling
function	supports	changing	from	a	“run	to	failure	strategy”	to	one	for	proactive,
planned	maintenance.



22.	Planned	Work	Increasing:	The	bottom-line	result	for	the	planning	process	is
to	actually	increase	the	level	of	planned	work.	The	percentage	of	planned	work
should	be	monitored	and	included	as	one	of	the	overall	maintenance
performance	metrics.	In	some	organizations	with	effective	PM/PdM	programs,
the	level	of	planned	work	can	be	in	the	90%	range	or	more.

23.	Craft	Utilization	Measured	and	Improving:	Effective	planning	and
scheduling	is	essential	to	increasing	the	level	of	actual	hands-on	wrench	time	of
the	craft	work	force.	Improving	craft	utilization	allows	more	work	to	get	done
with	current	staff	by	eliminating	noncraft	activities	such	as	waiting	for
equipment,	searching	for	parts,	and	scheduling	the	right	sequence	for	different
crafts	on	the	job.

24.	Work	Schedules	Available:	One	key	responsibility	of	the	planning	process	is
to	establish	realistic	work	schedules	for	bringing	together	the	right	type	craft
resources,	the	parts	required,	the	equipment	to	be	repaired	or	serviced,	and
having	the	time	available	to	complete	the	job	right	the	first	time.	The	actual
schedule	may	only	start	with	a	1-day	schedule	and	gradually	work	up	to
scheduling	longer	periods	of	time.	Work	schedules	provide	a	very	important
customer	service	link	with	operations	that	helps	to	improve	overall	coordination
between	maintenance	and	operations.

25.	Spare	Parts	Status	Is	Available:	One	of	the	most	essential	areas	to	support
effective	planning	is	the	maintenance	storeroom	and	the	accuracy	of	the	parts
inventory	management	system.	Jobs	should	not	be	put	on	the	schedule	without
parts	being	on	hand.	The	planner	must	have	complete	visibility	of	inventory-on-
hand	balances,	parts	on	order,	and	the	capability	to	reserve	parts	for	planned
work.

26.	Scheduling	Coordination	with	Operations:	As	the	planning	function
develops,	there	will	be	improved	coordination	with	operations	to	develop	and
agree	upon	work	schedules.	This	may	involve	coordination	meetings	near	the
end	of	each	week	to	plan	week	end	work	or	to	schedule	major	jobs	for	the
upcoming	week.	Direct	coordination	with	operations	allows	maintenance	to
review	PM/PdM	schedules	or	to	review	jobs	where	parts	are	available	to	allow
the	job	to	be	scheduled	based	on	operations	scheduling	equipment	availability.

27.	True	Emergency	Repairs	Tracked:	Many	organizations	really	focus	on
reducing	true	emergency	repairs,	which	create	uncertainty	for	operations



scheduling	and	contribute	to	significantly	higher	total	repair	costs	than	planned
work.	Improved	reporting	capabilities	of	an	effective	CMMS	will	allow	for
better	tracking	of	emergency	repairs,	document	causes	for	failures,	and	assist	in
the	elimination	of	the	root	causes	for	failures.

Maintenance	Repair	Operations	Materials
Management

The	overall	area	of	maintenance	repair	operations	(MRO)	parts	and	materials
procurement,	storage,	inventory	management,	and	issues	represents	another	best-
practice	area	that	often	needs	major	work	when	implementing	a	CMMS	and
developing	a	Class	A	installation.	Many	organizations	never	take	the	time	to	set
up	a	well-planned	and	controlled	storeroom	operation	and	often	find	out	that
their	parts	database	is	a	weak	link	needing	major	updates	before	it	can	truly	be
effectively	used.

28.	Inventory	Management	Module:	The	work	order	module	must	be	fully
integrated	with	an	accurate	parts	inventory	management	module	to	charge	parts
back	to	work	orders,	to	check	parts	availability	status	for	planned	work,	to
reserve	parts,	and	to	check	the	status	of	direct	purchases.	A	Class	A	CMMS
installation	will	develop,	maintain,	and	fully	utilize	the	inventory	module	and
ensure	that	it	is	fully	integrated	with	the	work	order	module.

29.	Inventory	Cycle	Counting	Established:	Inventory	accuracy	should	be	one	of
the	key	metrics	for	MRO	materials	management,	and	it	can	best	be
accomplished	by	cycle	counting	rather	than	annual	physical	inventories.	Most
CMMS	systems	will	allow	for	your	own	criteria	to	be	developed,	such	as	doing
an	ABC	analysis	of	inventory	items	(based	on	either	usage	value	or	frequency	of
issue)	and	then	scheduling	of	periodic	counts	for	each	classification	of	inventory
item	that	you	want	to	cycle	count.	For	example,	A	items	would	be	counted	more
frequently	than	B	and	C	items.	The	real	value	of	cycle	counting	is	that	it	is	a
continuous	process	that	creates	a	high	level	of	discipline	and	allows	for



inventory	problems	and	adjustment	to	be	made	throughout	the	year	rather	than
once	after	the	annual	inventory.

30.	Parts	Kiting:	This	best-practice	area	is	key	to	the	planning	process	and	can
evolve	over	time	as	the	planning	process	matures	to	the	point	of	being	able	to
give	the	storeroom	prior	notification	on	the	parts	required	for	planned	jobs.
Controlled	staging	areas	are	set	for	parts	that	are	either	pulled	from	stock	or
received	from	direct	purchases.

31.	Electronic	Parts	Requisitioning:	This	functional	capability	can	provide
paperless	work	flow	for	requisitioning	of	parts	directly	from	maintenance	to	the
storeroom	for	creation	of	a	pick	list	for	the	item	or	go	to	purchasing	to	create	a
purchase	order	for	a	stock	item	or	direct	purchase.	In	some	cases,	electronic
requisitioning	might	go	directly	to	the	vendor	using	e-commerce	capability.

32.	Critical	Spares	Identified:	Critical	spares	(or	insurance	items),	which	may	be
a	one-of-a-kind,	high-cost	spare,	are	often	a	part	of	the	parts	inventory	system.	It
is	recommended	that	these	items	be	classified	and	identified	in	the	item	master
record	as	such.	This	practice	will	help	to	separate	these	items	from	the	regular
inventory	management	process	and	identify	them	as	a	separate	part	of	the	total
inventory	value	that	has	been	fixed.	Critical	spares	should	also	be	identified	in
the	spares	list	for	the	equipment	they	have	been	purchased	for.

33.	Reorder	Notification	Process:	The	capability	to	determine	when	and	what	to
reorder	on	the	basis	of	a	review	of	stock-level	reorder	points	is	an	important
feature	for	a	Class	A	installation.	A	recommended	reorder	report	should	be
generated	periodically	and	reviewed	for	validity	as	well	as	for	any	future	needs
that	may	not	be	reflected	in	current	on-hand	balances.	On	the	basis	of	a	final
review	of	the	recommended	reorder	report,	electronic	requisitioning	then	could
occur	directly	to	purchasing.

34.	Warranty	Information:	Many	organizations	fail	to	have	a	process	in	place	to
track	warranty	information	and,	in	turn,	they	incur	added	costs	by	not	being	able
to	get	proper	credit	for	items	under	warranty.	Tracking	specific	high-value	parts
or	components	and	specific	equipment	under	warranty	should	be	a	CMMS
functionality	of	the	equipment	master	or	the	inventory	item	master	database.	The
system	should	provide	a	quick	reference	and	alert	to	the	fact	that	the	item	is	still
under	warranty	and	that	a	follow-up	claim	to	the	vendor	is	needed.



Preventive/Predictive	Maintenance

35.	PM/PdM	Change	Process:	This	best-practice	area	simply	ensures	that
PM/PdM	procedures	are	subject	to	a	continuous	review	process	and	that	all
changes	to	the	program	are	made	in	a	timely	manner.	The	CMMS	system	should
provide	an	easy	method	to	update	task	descriptions	and	task	frequencies	and
allow	for	mass	updating	when	the	procedure	applies	to	more	than	one	piece	of
equipment.

36.	PM/PdM	Compliance	Is	Measured:	One	key	measure	of	overall	maintenance
performance	should	be	how	well	the	PM/PdM	program	is	being	executed	based
on	the	schedule.	Measuring	PM/PdM	compliance	ensures	accountability	from
maintenance	and	from	operations.	Normally,	a	scheduling	window	of	1	week
will	be	established	to	determine	compliance.	A	goal	of	98%	or	better	for
PM/PdM	compliance	should	be	expected.

37.	Long-Range	PM/PdM	Scheduling:	As	a	PM/PdM	schedule	is	loaded	to	the
system,	peaks	and	valleys	may	occur	for	the	actual	scheduling	because	of
frequencies	of	tasks	coming	due	at	the	same	time	period.	The	CMMS	system
should	provide	the	capability	to	level	load	the	actual	PM/PdM	schedule	and	to
view	upcoming	PM/PdM	workloads	to	assist	in	the	overall	planning	process.

38.	Lubrication	Services:	Lubrication	services,	tasks,	frequencies,	and
specifications	should	ideally	be	included	as	part	of	the	PM/PdM	module.	A
continuous	change	process	for	this	area	should	also	be	put	in	place	as	well	as	an
audit	process	established	to	ensure	all	lube	and	PM/PdM	tasks	are	being
performed	as	scheduled.

39.	CMMS	Captures	Reliability	Data:	The	elimination	of	root	causes	of
problems	is	the	goal	rather	than	just	more	PM/PDM.	One	important	feature	of	a
“Class	A”	installation	is	being	able	to	capture	failure	information	that	can	in	turn
be	used	for	reliability	improvement.	This	requires	that	a	good	coding	system	for
defining	causes	for	failures	be	developed	and	that	this	information	be	accurately
entered	as	the	work	order	is	closed.



40.	Complete	PM/PDM	Task	Descriptions:	PM/PdM	task	descriptions	often
provide	vague	terminology	to	check,	adjust,	inspect,	etc.	and	do	not	provide
clear	direction	for	specifically	what	is	to	be	done.	Task	descriptions	should	be
reviewed	periodically	and	details	added	that	to	the	level	that	a	new	crafts	person
would	understand	exactly	what	is	to	be	done	and	be	able	to	adequately	perform
the	stated	task.

Maintenance	Performance	Measurement

41.	Equipment	Downtime	Reduction:	Another	key	metric	for	measuring	overall
maintenance	performance	is	increased	equipment	uptime.	The	improvement	in
this	metric	is	a	combination	of	many	of	the	previously	mentioned	best	practices
all	coming	together	for	improved	reliability.	Downtime	due	to	maintenance
should	be	tracked	and	positive	improvement	trends	should	be	occurring	within	a
Class	A	installation.

42.	Craft	Performance:	Two	key	areas	affecting	overall	craft	productivity	are
craft	utilization	(wrench	time)	and	craft	performance.	Measurement	of	craft
performance	requires	that	realistic	planning	times	be	established	for	repair	work
and	PM	tasks.	A	standard	job	plan	database	can	be	developed	for	defining	job
scope,	sequence	of	tasks,	special	tools	listing,	and	estimated	times.	The	goal	is
measurement	of	the	overall	craft	work	force	and	not	individual	performance.
Planning	times	are	also	an	essential	part	of	the	planning	process	for	developing	a
more	accurate	picture	of	work	load	and	to	support	scheduling	of	overtime	and
staff	additions.

43.	Maintenance	Customer	Service:	The	results	of	improved	maintenance
planning	must	be	improved	customer	service.	The	overall	measurement	process
should	include	metrics	such	as	compliance	to	meeting	established	schedules	and
jobs	actually	completed	on	schedule.

44.	Maintenance	Performance	Measurement	Process:	In	this	area,	it	is	important
to	have	a	performance	measurement	process	that	includes	several	key	metrics	in
each	of	the	following	major	categories:



•	Budget	and	cost •	Planning	and	scheduling

•	Craft	productivity •	Customer	service

•	Equipment	uptime •	MRO	materials	management

•	PM/PdM



The	overall	maintenance	performance	process	should	be	established	so	that	it
clearly	validates	the	benefits	being	received	from	the	CMMS	and	maintenance
best-practice	implementation.

Other	Uses	of	CMMS

45.	Maintenance	Managed	as	a	Business:	One	true	indicator	for	a	successful
CMMS	installation	is	that	it	has	changed	the	way	that	maintenance	views	it	role
in	the	organization.	It	should	progress	to	the	point	that	maintenance	is	viewed
and	managed	as	an	internal	business.	This	view	requires	greater	accountability
for	labor	and	parts	costs,	greater	concern	for	customer	service,	better	planning,
greater	attention	to	reliability	improvement,	and	increased	concern	for	the
maintenance	contribution	to	the	bottom	line.

46.	Operations	Understands	Benefits	of	CMMS:	There	is	direct	evidence	that
operations	understands	that	an	improved	CMMS	is	a	contributor	to	improve
customer	service.	The	scheduling	process	is	continuously	improving	through
better	coordination	and	cooperation	between	maintenance	and	operations	within
a	Class	A	installation.

47.	Engineering	Changes:	Accurate	engineering	drawings	are	essential	to
maintenance	planning	and	to	actually	making	the	repairs.	Asset	documentation
must	be	kept	up	to	date	on	the	basis	of	a	formal	engineering	change	process.
Feedback	to	engineering	must	be	made	on	all	changes	as	they	occur	on	the	shop
floor.	Engineering	must	in	turn	ensure	that	master	drawings	are	updated	and	that
current	revisions	made	available	to	maintenance.

48.	Equipment	Database	Structure:	To	provide	equipment	history	information	in
a	logical	parent/child	relationship,	the	equipment	database	structure	has	been
developed	using	an	identification	of	systems	and	subsystems.	Accessing	the
equipment	database	should	allow	for	drilldown	from	a	parent	level	to	lower-level



child	locations	that	are	significant	enough	for	equipment	master	information	to
be	maintained.

49.	Failure	and	Repair	Codes:	The	reporting	capability	of	the	CMMS	should
provide	good	failure	trending	and	support	analysis	of	the	failure	information	that
is	entered	from	completed	work	orders.	Improving	reliability	requires	good
information	that	helps	to	pinpoint	root	causes	of	failure.

50.	Maintenance	Standard	Task	Database:	Developing	the	maintenance	standard
task	database	(or	standard	repair	procedures)	for	recurring	jobs	is	an	important
part	of	a	planner’s	job	function.	This	allows	for	determining	the	scope	of	work
and	special	tools	and	equipment	and	for	estimating	repair	times.	Once	a	standard
repair	procedure	is	established,	it	can	then	be	used	as	a	template	for	other	similar
jobs,	resulting	in	less	time	for	developing	additional	repair	procedures.

Summary

Developing	a	Class	A	CMMS	installation	requires	the	combination	good	system
functionality	and	improved	maintenance	practices.	The	CMMS	team	should
begin	very	early	during	implementation	with	how	it	will	measure	the	success	of
the	installation.	The	recommendations	provided	here	for	using	the	CMMS
Benchmarking	System	can	help	your	organization	achieve	maximum	return	on
its	CMMS	investment.

The	Maintenance	Excellence	Institute	International	is	fully	committed	to
ensuring	that	all	clients	now	using	CMMS	gain	maximum	value	from	their
software	investment.	Maintenance	organizations	take	an	important	step	when
they	invest	in	software	to	help	manage	the	business	of	maintenance.	They	often
do	not	achieve	maximum	return	on	investment	from	CMMS	software
investments.	One	of	the	services	from	The	Maintenance	Excellence	Institute
International	is	to	provide	Scoreboard	for	Maintenance	Excellence	Assessments
that	includes	an	independent	benchmark	evaluation	of	the	current	CMMS
installation.



Purpose

The	CMMS	Benchmarking	System	was	developed	to	support	getting	maximum
value	from	an	investment	in	CMMS	by	evaluating	how	well	existing	CMMS
functionality	is	being	used.	The	benchmarking	system	provides	a	methodology
for	developing	an	overall	benchmark	rating	of	your	CMMS	installation	as	the
baseline	for	determining	how	well	CMMS	is	supporting	best	practices	within	the
total	maintenance	operation.	It	can	also	be	used	as	the	baseline	to	measure	the
success	of	a	future	CMMS	that	is	just	being	installed.

Benchmarking	Your	CMMS	Installation

The	CMMS	Benchmarking	System	provides	a	means	to	evaluate	and	classify
your	current	installation	as	either	Class	A,	B,	C,	or	D.	A	total	of	nine	major
categories	are	included	along	with	50	specific	evaluation	items.	Each	evaluation
item	that	is	rated	as	being	accomplished	satisfactorily	receives	a	maximum	score
of	4	points.	If	an	area	is	currently	being	“worked	on,”	a	score	of	1,	2,	or	3	points
can	be	assigned	based	on	the	level	of	progress	achieved.	For	example,	if	spare
parts	inventory	accuracy	is	at	92%	compared	with	the	target	of	95%,	a	score	of	3
points	is	given.	A	maximum	of	200	points	is	possible.	A	benchmark	rating	of
Class	A	is	within	the	180-	to	200-point	range.	The	complete	CMMS
Benchmarking	Rating	Scale	is	given	at	the	completion	of	the	benchmarking
form.

Conducting	the	CMMS	Benchmark	Evaluation



The	Maintenance	Excellence	Institute	International	conducts	the	CMMS
benchmark	evaluation	to	provide	an	independent	and	objective	evaluation.	It	is
not	to	make	functionality	comparisons	between	different	CMMS	systems.
However,	it	will	identify	gaps	in	functionally,	best-practice	needs,	and	support
decisions	on	upgrades.	Results	from	the	benchmark	evaluation	will	establish	a
baseline	classification	for	your	current	installation.	A	written	report	with	specific
recommendations	and	a	plan	of	action	to	improve	your	CMMS	installation	to	the
Class	A	level	will	be	provided	along	with	guidelines	for	using	the	CMMS
Benchmarking	System	in	the	future	as	an	internal	benchmarking	tool.

Category	number Category	description

CMMS	data	integrity

1 Equipment	(asset)	history	data	complete	and	accuracy	95%	or	better

2 Spare	parts	inventory	master	record	accuracy	98%	or	better

3 Bill	of	materials	for	critical	equipment	includes	critical	spare	parts	denoted	in	the	parts	database

4 Preventive	maintenance	(PM)	tasks/frequencies	data	complete	for	98%	of	applicable	assets

5 Direct	responsibilities	for	maintaining	parts	inventory	is	assigned

6 Direct	responsibilities	for	maintaining	equipment/asset	database	is	assigned

CMMS	education	and	training

7 Initial	CMMS	training	for	all	maintenance	employees

8 An	ongoing	CMMS	training	program	for	maintenance	and	storeroom	employees

9 Initial	CMMS	orientation	training	for	operations	employees



10 A	CMMS	systems	administrator	(and	backup)	designated	and	trained

Work	control

11 A	work	control	function	is	established	or	a	well-defined	documented	process	is	being	used

12 Online	work	request	(or	manual	system)	used	to	request	work	based	on	priorities

13 Work	order	system	used	to	account	for	100%	of	all	craft	hours	available

Table	Continued



Category	number Category	description

14 Backlog	reports	are	prepared	by	type	of	work	to	include	estimated	hours	required

15 Well-defined	priority	system	is	established	based	on	criticality	of	equipment,	safety	factors,	cost	of	downtime,	etc.

Budget	and	cost	control

16 Craft	labor,	parts,	and	vendor	support	costs	are	charged	to	work	order	and	accounted	for	in	equipment/asset	history	file

17 Budget	status	on	maintenance	expenditures	by	operating	departments	is	available

18 Cost	improvements	due	to	CMMS	and	best-practice	implementation	have	been	documented

19 Deferred	maintenance	and	repairs	identified	to	management	during	budgeting	process

20 Life-cycle	costing	is	supported	by	monitoring	of	repair	costs	to	replacement	value

Planning	and	scheduling

21 A	documented	process	for	planning	and	scheduling	has	been	established

22 The	level	of	proactive,	planned	work	is	monitored	and	documented	improvements	have	occurred

23 Craft	utilization	(true	wrench	time)	is	measured	and	documented	improvements	have	occurred

24 Daily	or	weekly	work	schedules	are	available	for	planned	work

25 Status	of	parts	on	order	is	available	for	support	to	maintenance	planning	process

26 Scheduling	coordination	between	maintenance	and	operations	has	increased



27 Emergency	repairs,	hours,	and	costs	tracked	and	analyzed	for	reduction

MRO	materials	management

28 Inventory	management	module	fully	utilized	and	integrated	with	work	order	module

Table	Continued



Category	number Category	description

29 Inventory	cycle	counting	based	on	defined	criteria	is	used	and	inventory	accuracy	is	95%	or	better

30 Parts	kiting	is	available	and	used	for	planned	jobs

31 Electronic	requisitioning	capability	available	and	used

32 Critical	and/or	capital	spares	are	designated	in	parts	inventory	master	record	database

33 Reorder	notification	for	stock	items	is	generated	and	used	for	reorder	decisions

34 Warranty	information	and	status	is	available

PM/PdM

35 PM/PdM	change	process	is	in	place	for	continuous	review/update	of	tasks/frequencies

36 PM/PdM	compliance	is	measured	and	overall	compliance	is	98%	or	better

37 The	long-range	PM/PdM	schedule	is	available	and	level	loaded	as	needed	with	CMMS

38 Lube	service	specifications,	tasks,	and	frequencies	included	in	database

39 CMMS	provides	MTBF,	MTTR,	failure	trends	and	other	reliability	data

40 PM/PdM	task	descriptions	contain	enough	information	for	new	craftsperson	to	perform	task

Maintenance	performance	measurement

41 Downtime	(equipment/asset	availability)	due	to	maintenance	is	measured	and	documented	improvements	have	occurred



42 Craft	performance	against	estimated	repair	times	is	measured	and	documented	improvements	have	occurred

43 Maintenance	customer	service	levels	are	measured	and	documented	improvements	have	occurred

Table	Continued



Category	number Category	description

44 The	maintenance	performance	process	is	well	established	and	based	on	multiple	indicators	compared	with	baseline	performance	values

Other	uses	of	CMMS

45 Maintenance	leaders	use	CMMS	to	manage	maintenance	as	internal	business

46 Operations	staff	understands	CMMS	and	uses	it	for	better	maintenance	service

47 Engineering	changes	related	to	equipment/asset	data,	drawings,	and	specifications	are	effectively	implemented

48 Hierarchies	of	systems/subsystems	used	for	equipment/asset	numbering	in	database

49 Failure	and	repair	codes	used	to	track	trends	for	reliability	improvement

50 Maintenance	standard	task	database	available	and	used	for	recurring	planned	jobs

Total	cmms	benchmark	rating	score



CMMS,	computerized	maintenance	management	system;	PM/PdM,	preventive
and	predictive	maintenance;	MRO,	maintenance	repair	operations;	MTTR,	mean
time	to	repair;	MFBF,	mean	time	between	failure.

Summary	of	CMMS	Benchmarking	Evaluation





Appendix	G



The	ACE	Team	Benchmarking	Process	Team	Charter
Example





I.	Opportunity:	What	is	the	reason	this	team	exists?

				The	ACE	Team	(where	ACE	means	“a	consensus	of	experts”)	exists	to
provide	a	well-qualified	team	of	experienced	craftspeople,	technicians,	and
supervisors	that	establish	benchmark	repairs	jobs	and	work	content	time	for
these	jobs.	The	ACE	Team	is	chartered	to	help	develop	the	ACE	System	for
establishing	maintenance	performance	standards	at	each	work	site.

II.	Process:	What	are	the	steps	to	be	followed,	and	what	are	the	questions	to	be
answered	by	this	team?

a.	Orientation,	charter	review,	and	charter	acceptance	or	modification.

b.	Ensure	that	all	team	members	understand	team	objectives	and	agree	on	what
needs	to	be	achieved	and	the	criticality	of	this	initiative	to	the	planning	and
scheduling	process.

c.	Understand	the	current	concepts	of	the	ACE	System	as	defined	in	the	XYZ
Company’s	maintenance	planning	and	scheduling	standard	operating	procedure
(SOP).

d.	Understand	the	basics	of	the	new	XYZ	system	for	computerized	maintenance
management	system	(CMMS)/	enterprise	asset	management	(EAM),	the
characteristics,	functionality,	and	performance.

e.	Determine	the	critical	repair	jobs	that	should	be	used	as	representative
benchmark	jobs,	define	key	steps	and	elements	for	each	benchmark	job,	and
define	any	special	tools,	safety	requirements,	and	other	special	requirements	for
the	job.

f.	Determine	ways	to	improve	doing	the	jobs	being	analyzed	as	benchmark	jobs
considering	better	tools,	equipment,	skills,	and	even	better
predictive/preventative	maintenance	techniques	to	avoid	this	type	of	failure
problem.

g.	Conduct	the	ACE	Team	process	as	outlined	in	the	10-step	approach	from	the
SOP.



h.	Develop	a	team	consensus	on	work	content	times	for	all	the	benchmark	jobs
selected.

i.	Continuously	improve	the	ACE	Team	process	within	the	XYZ	organization	as
an	element	of	our	CRI	efforts.

III.	Evidence	of	success:	What	results	are	expected,	in	what	periods,	for	this
team	to	be	successful?

a.	A	sufficient	number	of	benchmark	jobs	will	be	developed	as	to	individual
tasks	and	steps	along	with	estimated	work	content	times	to	complete	the	site’s
ACE	Team	spreadsheets.

b.	The	actual	period	to	complete	the	initial	spreadsheets	will	depend	on	time
allocated	by	the	ACE	Team	at	each	site.

c.	ACE	Teams	from	one	site	are	expected	to	share	their	results	with	the	other
sites.	Due	to	the	similar	nature	of	equipment,	benchmark	job	write-ups	and	even
work	content	times	that	ACE	Teams	have	developed	can	be	shared	throughout
the	operation.

d.	Overall	success	will	be	determined	by	each	planner	having	adequate
spreadsheets	that	cover	all	construct	areas	as	well	as	types	of	crafts	work
(mechanical,	electrical,	etc.)	so	that	planning	times	can	eventually	be	established
for	80%	or	more	of	the	available	craft	hours.

IV.	Resources:	Who	are	the	team	members,	team	leader,	and	team	facilitator?
Who	will	support	the	team	if	needed?	How	much	time	should	be	spent	both	in
meetings	and	outside	of	meetings?	The	ACE	Team	should	consist	of	the
following	representatives:

a.	One	maintenance	planner:	team	leader

b.	One	maintenance	supervisor

c.	Two	or	three	crafts	representatives	from	Area	1

d.	Two	or	three	crafts	representatives	from	Area	2

e.	Two	or	three	craft	representative	from	Area	3



Note:	Crafts	representatives	should	rotate	periodically	and	sufficient
numbers	designated	so	as	to	have	at	least	two	to	three	representatives	from
each	craft	area	when	benchmark	jobs	from	these	areas	are	being	reviewed
for	job	steps	and	estimated	for	work	content	time.

a.	The	initial	ACE	Team	meeting	will	be	for	1	h.	The	team	should	meet	initially
for	at	least	3	h	each	week.	This	team’s	activities	and	success	will	be	considered
as	part	of	each	team	member’s	job.

V.	Constraints:	What	authority	does	the	team	have?	What	items	are	outside	the
scope	of	the	team?	What	budget	does	the	team	have?

a.	No	changes	to	organization	structure	are	anticipated.

b.	Benchmark	job	plans	are	to	be	reviewed	and	approved	by	the	maintenance
manager.

c.	Each	team	must	obtain	buy-in	and	overcome	concerns	from	the	other	crafts	on
their	estimates	for	benchmark	jobs	and	repair	methods	recommended	for	each
benchmark	job.

d.	The	team	presents	implementation	status	reports	as	required	and	any
additional	recommendations	to	the	Maintenance	Excellence	Strategy	Team.

e.	The	ACE	Team	has	the	authority	to	recommend	new	and	improved	repair
methods,	new	tools	to	help	craft	productivity	and	safety,	and	other	ways	to
improve	asset	reliability	as	developed	during	the	ACE	Team	process.

VI.	Expectations:	What	are	the	outputs,	when	are	they	expected,	and	to	whom
should	they	be	given?

a.	Spreadsheets	for	the	site	that	cover	all	crafts	areas	and	construct	types	are
completed.

b.	Reliable	planning	times	are	provided	for	benchmark	jobs	so	that	effective
planning,	performance	measurement,	backlog	control,	and	level	of	PM	work	can
be	established	with	a	high	level	of	confidence.



c.	The	ACE	Team	provides	a	steady	source	of	continuous	improvement	ideas	to
make	repair	jobs	safer	and	easier.

d.	Minutes	are	to	be	completed	for	all	team	meetings	and	sent	to	the	maintenance
manager	and	the	Maintenance	Excellence	Strategy	Team.





Figure	G.1			The	ACE	team	benchmark	job	analysis.

The	Methodology	for	Applying	the	ACE	Team
Benchmarking	Process

This	section	outlines	the	methodology	for	applying	the	ACE	Team
Benchmarking	process.	This	very	easy-to-use	procedure	allows	a
planner/scheduler	to	be	the	central	organizer	of	the	ACE	Team	within	an
organization	desiring	to	use	this	methodology	for	developing	benchmark	jobs,
the	use	of	slotting,	plus	allowances	to	develop	reliable	planning	times	for
scheduling.	A	graphical	representation	of	this	process	is	included	in	Figure	G.1.

A	New	Maintenance	Work	Measurement	Tool	from
The	Maintenance	Excellence	Institute	International

A	True	Team-Based	Approach:	Here,	we	will	outline	a	new	and	highly
recommended	methodology	for	establishing	team-based	maintenance
performance	standards,	which	we	call	reliable	planning	times.	The	ACE
Team	Benchmarking	Process	(ACE	System)	was	developed	by	the	author	in
the	1980s.	It	is	a	true	team-based	process	that	uses	skilled	craftspeople,
technicians,	supervisors,	planners,	and	other	knowledgeable	people	to	do
two	things:

1.	Improve	current	repair	methods,	safety,	and	quality.

2.	Establish	work	content	time	for	selected	“benchmark	jobs”	for	planners	and



others	to	use	in	developing	reliable	planning	times.

Benchmark	Jobs:	This	is	a	proven	process	that	uses	“a	consensus	of
experts,”	or	ACE,	who	have	performed	these	jobs	and	can	also	help	to
improve	them.	In	turn,	a	relatively	small	number	of	representative
benchmark	jobs	are	developed	for	the	major	work	areas/types	within	the
operation.	Benchmark	jobs	are	then	arranged	into	time	categories	(“time
slots”)	on	spreadsheets	for	the	various	craft	work	areas.

Spreadsheets:	By	using	spreadsheets	to	do	what	is	termed	work	content
comparison	or	“slotting,”	a	planner	is	then	able	to	establish	planning	times
for	a	large	number	of	jobs	using	a	relative	small	sample	of	benchmark	jobs.
This	publication	also	provides	the	step-by-step	process	for	using	the	ACE
System.	Most	importantly,	it	will	illustrate	how	this	method	supports	CRI
and	quality	repair	procedures	for	all	types	of	maintenance	repair
operations.

Nearly	every	CMMS	allows	a	user	to	enter	“planned”	or	“standard”	hours	on	a
work	order,	and	then	report	on	actual	versus	planned	hours	(the	craft
performance	element	of	Overall	Craft	Effectiveness	(OCE))	when	the	job	is
complete.	This	holds	true	for	both	preventive	and	corrective	maintenance	work
orders,	as	well	project	type	work	for	renovation,	major	overhauls,	and
capitalized	repairs.	Most	do	not	use	this	for	one	main	reason;	they	do	not	have
reliable	planning	times	or	standard	hours	available.

Determining	the	standard	hours	an	average	maintenance	technician	will	require
to	complete	a	task	under	standard	operating	conditions	provides	everyone
involved	with	a	sense	of	what	is	expected.	The	standards	provide	management
with	valuable	input	for	backlog	determination,	manpower	planning,	scheduling,
budgeting,	and	costing.	Labor	standards	also	form	the	baseline	for	determining
craft	productivity	and	labor	savings	for	improved	methods.



The	ACE	System	Supports	Continuous	Reliability	Improvement:
Maintenance	work,	by	its	very	nature,	seldom	follows	an	exact	pattern	for
each	occurrence	of	the	same	job.	Therefore,	exact	methods	and	exact	times
for	doing	most	maintenance	jobs	cannot	be	established	as	they	can	for
production-type	work.	However,	the	need	to	have	reliable	performance
measures	for	maintenance	planning	becomes	increasingly	important	as	the
cost	of	maintenance	labor	rises	and	the	complexity	of	production	equipment
increases.

To	work	smarter,	not	harder,	maintenance	work	must	be	planned,	have	a
reasonable	time	for	completion,	use	effective	and	safe	methods,	be	performed
with	the	best	personal	tools	and	special	equipment	possible,	and	have	the	right
craft	skill	using	the	right	parts	and	materials	for	the	job	at	hand.

Investment	for	Planners:	With	an	investment	in	maintenance	planners,
there	must	be	a	method	to	establish	reliable	planning	times	for	as	many
repair	jobs	as	possible.	The	ACE	System	provides	that	method,	as	well	as	a
team-based	process	to	improve	the	quality	of	repair	procedures.

Various	methods	for	establishing	maintenance	performance	standards	have	been
used,	including	reasonable	estimates,	scientific	wild	average	guess	(SWAGs),
historical	data,	and	engineered	standards	such	as	universal	maintenance
standards	(UMS)	using	predetermined	standard	data.	These	techniques	generally
require	that	an	outside	party	establish	the	standards,	which	are	then	imposed
upon	the	maintenance	force.	This	approach	often	brings	about	undue	concern
and	conflict	between	management	and	the	maintenance	workforce	over	the
reliability	of	the	standards.

The	ACE	System:	A	Team-Based	Approach:	Rather	than	progressing
forward	together	in	the	spirit	of	continuous	improvement,	the	maintenance
workforce	in	this	type	of	environment	often	works	against	the	management
program	for	maintenance	improvement.	The	ACE	System	overcomes	this



problem	with	a	team-based	approach	involving	craftpeople	who	will
actually	do	the	work	that	will	be	planned	later	as	the	planning	and
estimating	process	matures.	As	shown	later,	the	ACE	System	is	truly	a
team-based	process	that	looks	first	at	improving	maintenance	repair
methods,	the	reliability	of	those	repairs	to	improve	asset	uptime,	and	then
secondly	to	establish	a	benchmark	time	the	job.

Gaining	Acceptance	for	Performance	Standards:	To	overcome	many	of	the
inherent	difficulties	associated	with	developing	maintenance	performance
standards,	the	ACE	System	is	recommended	and	should	be	established	as
the	standard	process	for	modern	maintenance	management.	Other	methods,
such	as	the	use	of	standard	data,	can	supplement	the	ACE	System.	The
ACE	System	methodology	relies	primarily	on	the	combined	experience	and
estimating	ability	of	a	group	of	skilled	craftspeople,	planners,	and	others
with	technical	knowledge	of	the	repairs	being	made	within	the	operation.

The	objective	of	the	ACE	Team	Benchmarking	Process	is	to	determine	reliable
planning	times	for	a	number	of	selected	benchmark	jobs	and	to	gain	a	consensus
and	overall	agreement	on	the	established	work	content	time.	This	system	places
a	very	high	emphasis	on	improving	current	repair	methods,	continuous
maintenance	improvement,	and	the	changing	of	planning	times	to	reflect
improvements	in	performance	and	methods	as	they	occur.	The	ACE	System	is	a
very	progressive	method	to	develop	maintenance	performance	standards	through
reliable	and	well-accepted	planning	times	for	maintenance.

The	complete	10-step	approach	to	implementing	the	ACE	Team	Process	within
your	current	planning,	estimating,	and	scheduling	can	be	found	at	www.Pride-in-
Maintenance.com.

The	Basic	Approach:	A	Simple	Procedure	that	Works



Generally,	the	ACE	System	parallels	the	concepts	of	the	UMS	approach.	For
both	UMS	and	the	ACE	System,	the	range-of-time	concept	and	slotting	are	used
once	the	work	content	times	for	a	representative	number	of	benchmark	jobs	have
been	established.	The	ACE	System	focuses	primarily	on	the	development	of
work	content	times	for	representative	benchmark	jobs	that	are	typical	of	the	craft
work	performed	by	the	group.	An	example	of	an	actual	UMS	benchmark	job	that
has	been	analyzed	with	standard	data	to	establish	work	content	time	is	included
as	Figure	G.1.

For	the	example	illustrated	in	Figure	G.2,	we	see	that	through	the	use	of	UMS
standard	data,	the	eight	elements	of	the	job,	including	oiling	of	the	parts,	have
been	analyzed	and	assigned	time	values	that	total	1.07	h.	Because	the	time	value
for	this	benchmark	job	falls	within	the	time	range	of	0.9–1.5	h	(see	Figure	G.3),
it	is	assigned	a	standard	work	content	time	of	1.2	h.

What	this	implies	is	that	the	actual	work	content	for	this	benchmark	job	will
generally	be	performed	within	the	time	range	for	Work	Group	G	(0.9–1.5	h)	with
confidence	level	of	95%.	When	we	refer	to	“work	content,”	the	following
applies.

The	work	content	of	the	benchmark	job	excludes	things	such	as	travel	time,
securing	tools	and	parts,	prints,	delays,	and	personal	allowances,	etc.	The
benchmark	time	that	is	estimated	does	not	include	the	typical	“make	ready”	and
“put	away”	activities	that	are	associated	with	the	job.	Therefore,	a	number	of
allowances	must	be	added	to	work	content	time	by	a	planner	to	get	the	actual
planning	time	for	the	job	being.





Figure	G.2			An	example	of	a	benchmark	job	analysis	using	UMS	standard
data.

Important	Note:	The	estimated	time	for	a	benchmark	job	is	for	pure	work
content	time	and	is	made	under	these	conditions:

1.	The	right	craft	skills	and	level	of	competency	are	available	to	do	the	job.

2.	An	average	skilled	craftsperson,	two-person	team,	or	crew	is	giving	100%
effort	to	the	job—that	is,	a	fair	day’s	work	for	a	fair	day’s	pay.

3.	The	correct	tools	are	available	at	the	job	site	or	with	the	craftsperson	or	crew.

4.	The	correct	parts	are	available	at	the	job	site	or	with	the	craftsperson	or	crew.

5.	The	machine/process/asset	is	available	and	ready	to	be	repaired.

6.	The	craftsperson	or	crew	is	at	the	job	site	with	all	of	the	above	and	proceeds	to
complete	the	job	from	start	to	finish	without	major	interruption.





Figure	G.3			Example	of	an	ACE	team	benchmark	analysis.

Once	a	sufficient	number	of	benchmark	job	times	have	been	established	for	craft
areas	and	work	types,	these	jobs	are	categorized	onto	spreadsheets.	They	are
established	on	spreadsheets	by	craft	and	task	area	and	according	to	the	standard
work	groups	(Figure	G.4),	which	represent	various	ranges	of	time.	This	is
exactly	the	concept	behind	the	UMS	approach.	Figure	G.5	provides	an	example
of	a	spreadsheet	for	work	groups	E,	F,	G,	and	H	with	jobs	that	have	benchmark
times	of	1.2,	2.0,	3.0,	and	4.0	h	respectively.

A	complete	set	of	ACE	Team	Spreadsheets	for	Work	Group	A	(0.1	h)	up	to	Work
Group	T	(30.0	h)	is	available	in	the	forms	section	of	this	appendix.

ACE	System	Work	Groupings	and	Time	Ranges

Figure	G.6	includes	a	listing	of	the	ACE	System	work	groupings,	with	the
respective	time	ranges	for	each	work	group	from	A	to	T.	Likewise,	spreadsheets
for	Work	Groups	A,	B,	C,	and	D	could	be	developed	with	benchmark	jobs
having	work	content	time	below	1.2	h.	Spreadsheets	for	Work	Groups	I,	J,	K,
and	L	for	benchmark	jobs	having	work	content	time	from	5.0	to	9.0	h,
respectively,	could	also	be	developed	as	they	were	needed.	Figure	G.7	shows	the
ACE	System	standard	work	groupings	and	time	ranges	for	Work	Group	U	for
32	h	to	Work	Group	CC	for	68	h.





Figure	G.4			Example	spreadsheets	for	work	groups	E,	F,	G,	and	H.





Figure	G.5			Example	spreadsheets	for	comparing	areas	of	work	groups	A,
B,	C,	and	D.





Figure	G.6			ACE	system	standard	work	groupings	and	time	ranges:	A	to	T.





Figure	G.7			ACE	system	standard	work	groupings	and	time	ranges:	32	to
68	h.

Spreadsheets	Provide	Means	for	Work	Content
Comparison

After	sufficient	spreadsheets	have	been	prepared	based	on	the	representative
benchmark	jobs	from	various	craft/task	areas,	a	planner/analyst	now	has	the
means	to	establish	planning	times	for	many	different	maintenance	jobs	using	a
relatively	small	number	of	benchmark	jobs	as	a	guide	for	work	content
comparison.	By	using	work	content	comparison	(or	slotting,	as	it	is	called)
combined	with	a	good	background	in	craft	work	and	knowledge	of	the
benchmark	jobs,	a	planner	now	has	the	tools	to	establish	reliable	performance
standards	consistently,	quickly,	and	with	confidence	for	a	large	variety	of
different	jobs.

Because	the	actual	times	assigned	to	the	benchmark	jobs	are	so	critical,	it	is	very
important	to	use	a	technique	that	is	readily	acceptable.	The	ACE	System
provides	such	a	technique	because	it	is	based	on	the	combined	experience	of	a
team	of	skilled	craftspeople	and	others.	It	is	their	consensus	agreement	on	the
range	of	time	for	the	benchmark	jobs—a	consensus	of	experts	who	know	the
mission-essential	maintenance	work	that	is	to	be	done.

The	Procedure	for	Using	the	ACE	System



Select	“Benchmark	Jobs.”

Review	past	historical	data	from	work	orders	and	select	representative	jobs	that
are	normally	performed	by	the	craft	groups.	Special	attention	should	be	paid	to
determine	the	20%	of	total	jobs	(or	types	of	work)	that	represent	80%	of	the
available	craft	manpower.	Focus	on	determining	repetitive	jobs	where	possible
in	all	craft	areas.

Select,	Train,	and	Establish	the	Team	of	Experts	(ACE
Team)

It	is	important	to	select	craftspeople,	supervisors,	and	planners	who	as	a	group
have	had	experience	in	the	wide	range	of	jobs	selected	as	benchmark	jobs.	All
craft	areas	should	be	represented	in	the	group.	In	order	to	ensure	that	this	group
understands	the	overall	objectives	of	the	maintenance	planning	effort,	special
training	sessions	should	be	conducted	to	cover	the	procedures	to	be	used,
reasons	for	establishing	performance	measures,	etc.	A	total	of	6–10
knowledgeable	team	members	is	the	recommended	size	for	the	team.

Develop	the	ACE	Team	Charter

At	this	point,	it	is	highly	recommended	that	a	formal	ACE	Team	charter	be
established	as	outlined	in	first	part	of	this	appendix.	The	ACE	Team	has	an
important	task	that	will	take	time	to	accomplish.	However,	the	task	of	the	ACE
Team	will	be	important,	and	in	turn	their	success	as	a	team	can	contribute
significantly	to	CRI	and	increased	asset	uptime.



Develop	Major	Elemental	Breakdown	for	Benchmark
Jobs

1.	For	each	benchmark	job	that	is	selected,	a	brief	element	analysis	should	be
made	to	determine	the	major	elements	or	steps	for	completing	the	total	job.
Another	example	is	shown	in	Figure	G.3.	Here,	the	elements	of	the	same	job	that
we	illustrated	in	Figure	G.2	are	used,	but	they	are	arranged	in	a	more	logical
sequence	of	the	actual	repair	method.	In	this	example,	a	standard	time	allowance
for	cleaning	and	oiling	a	small	group	of	parts	had	already	been	established,	so
reference	to	CLN-1	task	was	made.	This	task	referenced	back	to	a	standardized
lube	specification	(#AC-2000).

2.	This	listing	of	the	major	steps	of	the	job	should	provide	a	clear,	concise
description	of	the	work	content	for	the	job	under	normal	conditions.	It	is
important	that	the	work	content	for	a	benchmark	job	be	described	and	viewed	in
terms	of	what	is	a	normal	repair	and	not	what	may	occur	as	a	rare	exception.	All
exceptions,	along	with	make-ready	and	put-away	time,	are	accounted	for	by	the
planner	when	the	actual	planned	time	is	completed.

3.	An	excellent	resource	to	consider	for	doing	the	basic	element	analysis	for	each
benchmark	job	is	the	craftspeople	(ACEs)	who	are	selected	for	doing	the
estimating	or	even	other	craftspeople	within	the	operation.	Brief	training	on
methods/operations	analysis	can	be	included	in	the	initial	training	for	the	ACEs.
Very	significant	methods	improvements	and	methods	to	improve	reliability	can
be	discovered	and	implemented	as	a	result	of	this	important	step.

4.	The	ACE	Team	process	must	include	and	also	lead	to	getting	answers	to	the
following	questions:

a.	“Are	we	using	the	best	method,	equipment,	or	tools	for	the	job?”

b.	“Are	we	using	the	safest	method	for	doing	this	job?”

c.	“Are	we	using	the	best	quality	repair	parts	and	materials	or	is	this	a	part	of	our



problem?”

d.	“What	type	of	preventive	task	and/or	predictive	task	would	help	identify	or
eliminate	the	root	cause	of	the	problem?”

e.	“Where	can	we	work	even	smarter,	not	necessarily	harder?”

5.	Major	exceptions	to	a	routine	job	should	be	noted	if	they	are	significant.
Generally,	an	exception	will	be	analyzed	as	a	separate	benchmark	job,	along
with	an	estimate	of	time	required	for	such	repair.

6.	This	portion	of	the	ACE	Team	process	ensures	that	the	work	content	of	each
benchmark	job	is	clearly	defined	so	that	each	person/planner	doing	the
estimating	has	the	same	understanding	about	the	nature	and	scope	of	the	job.
When	the	benchmark	jobs	are	finally	categorized	into	spreadsheets,	the
benchmark	job	description	information	developed	in	this	step	is	then	used	as	key
information	about	the	benchmark	job	on	the	ACE	Team	spreadsheets.

Conduct	First	Independent	Evaluation	of	Benchmark
Jobs

1.	Each	member	of	the	group	is	now	asked	to	review	the	work	content	of	the
benchmark	jobs	and	to	assign	each	job	to	one	of	the	UMS	time	ranges	or	slots.
Each	member	of	the	group	provides	an	independent	estimate,	which	represents
an	unbiased	personal	estimate	of	the	“pure	work	content”	time	for	the
benchmark	job.	It	is	essential	that	each	team	member	do	an	independent
evaluation	of	each	benchmark	job	and	not	be	influenced	by	others	on	the	team
with	their	first	evaluation.

2.	Focus	on	Work	Content	Time:	It	is	important	here	for	each	member	of	the
team	to	remember	that	only	the	work	content	of	the	benchmark	job	description	is
to	be	estimated	and	not	the	make-ready	and	put-away	activities	associated	with
the	job.	This	part	of	the	procedure	is	concerned	only	with	estimating	the	pure
work	content,	excluding	things	such	as	travel	time,	securing	tools	and	parts,
prints,	delays,	and	personal	allowances,	etc.



3.	The	estimate	should	be	made	for	each	job	under	these	conditions:

a.	An	average	skilled	craftsman	is	doing	the	job	giving	100%	effort	(i.e.,	a	fair
day’s	work	for	a	fair	day’s	pay).

b.	The	correct	tools	are	available	at	the	job	site	or	with	the	craftsperson.

c.	The	correct	parts	are	available	at	the	job	site	or	with	the	craftsperson.





Figure	G.8			Planning	time	elements.

d.	The	machine	is	available	and	ready	to	be	repaired.

e.	The	craftsperson	is	at	the	job	site	with	all	of	the	above	and	proceeds	to
complete	the	job	from	start	to	finish	without	major	interruption.

4.	The	work	accomplished	under	these	conditions	therefore	represents	the	“pure
work	content”	of	the	job	to	be	performed.	Establishing	the	range-of	time
estimate	for	this	pure	work	content	is	the	prime	objective	of	the	first	evaluation.

5.	It	is	important	for	each	ACE	Team	member	to	remember	that	to	develop
planning	time	requires	pure	work	content	time	plus	additional	time	allowances	to
cover	make-ready	and	put-away	activities	associated	with	each	job,	as	illustrated
in	Figure	G.4.	The	make-ready	time	and	put-away	time	will	be	accounted	for	as
the	planner	adds	time	and	allowances	for	these	elements	as	the	actual	planning
time	is	completed.	Make-ready	and	put-away	times	are	established	specifically
for	each	operation	and	added	to	the	work	content	time	to	get	the	total	planned
time	for	the	job	being	estimated	(Figure	G.8).

Summarize	First	Independent	Evaluation

1.	Results	of	the	first	evaluation	are	then	summarized	to	check	the	agreement
among	the	group	as	to	the	time	range	for	each	benchmark	job.	A	coefficient	of
concordance	can	be	computed	from	the	results	if	required	but	normally	this	level
of	detail	is	not	needed.	A	coefficient	of	concordance	value	of	0.0	denotes	no
agreement,	while	a	value	of	1.0	denotes	complete	agreement	or	consensus
among	the	ACEs.	Generally,	a	consensus	can	be	reached	by	the	ACE	Team	in
one,	two,	or	at	the	most	three	rounds	of	evaluations.

2.	Define	High	and/or	Low	Estimates:	Team	members	who	are	significantly
higher	or	lower	than	the	rest	of	the	group	for	a	particular	benchmark	job	are	then



asked	to	explain	their	reasons	for	their	respective	high	or	low	estimates.	They
explain	their	reason	for	their	estimate	to	the	group,	discussing	the	method,
condition,	or	situation	for	their	initial	time	estimate.	This	information	will	then
be	used	during	the	second	evaluation	to	refine	the	next	round	of	time	estimates
from	the	entire	group.

Conduct	Second	Independent	Evaluation	of
Benchmark	Jobs

1.	A	second	evaluation	is	conducted	using	the	overall	results	from	the	first
evaluation	as	a	guide	for	the	entire	team.	Various	reasons	for	high	or	low
estimates	from	the	first	evaluation	are	provided	to	the	group	prior	to	the	second
evaluation.	Normally,	this	can	be	done	in	an	open	team	discussion,	with	team
members	making	personal	notes	to	use	in	their	second	independent	evaluation.

2.	The	second	round	allows	for	adjustment	to	the	first	estimates	if	the	other	ACE
Team	member’s	reason	for	a	higher	or	lower	estimated	time	is	considered	to	be
valid.	In	other	words,	results	from	the	first	evaluation	plus	reasons	for	highs	and
lows	will	allow	each	team	member	to	reconsider	their	first	estimate.	In	many
cases,	a	review	of	the	repair	method	or	scope	of	work	will	be	more	clearly
defined,	causing	a	change	to	the	time	estimate	for	the	second	evaluation.

Summarize	Second	Evaluation

1.	Results	of	the	second	evaluation	are	then	summarized	to	evaluate	changes	or
improvements	in	the	level	of	agreement.	The	goal	is	a	consensus	among	the
ACEs	as	to	the	time	range	(Work	Group)	for	each	benchmark	job.	The	second
round	should	bring	an	agreement	as	to	the	time	range.

2.	The	second	independent	evaluation	should	produce	improved	agreement



among	the	group.	If	an	extreme	variance	in	time	range	estimates	still	exists,
further	information	regarding	the	work	content,	scope,	and	repair	method	for	the
job	may	be	needed.	Here,	those	with	high/low	estimates	should	again	review
their	reasons	for	their	estimates	with	the	team,	describing	the	scope	of	work	that
they	see	is	causing	differences	from	the	rest	of	the	team.

Conduct	a	Third	Independent	Evaluation	if	Required

This	evaluation	is	required	only	if	there	remains	a	wide	variance	in	the	estimates
among	the	group.

Conduct	a	Review	Session	to	Establish	Final	Results

This	session	serves	to	finalize	the	results	achieved	and	to	discuss	any	of	the	high
or	low	estimates	that	have	not	been	resolved	completely.	A	final	team	consensus
on	all	time	ranges	is	the	objective	of	this	session.

Develop	Spreadsheets

1.	The	benchmark	jobs	with	good	work	content	descriptions	and	agreed-upon
time	ranges	can	now	be	categorized	onto	spreadsheets.	From	these	spreadsheets,
which	give	work	content	examples	for	a	wide	range	of	typical	maintenance	jobs,
a	multitude	of	individual	maintenance	performance	standards	can	be	established
by	the	planner	through	the	use	of	work	content	comparison.



2.	The	basic	foundation	for	the	maintenance	planning	system	is	now	available
for	generating	consistent	planning	times	that	will	be	readily	acceptable	by	the
maintenance	workforce	that	developed	them.	Figure	G.9	provides	a	graphical
illustration	of	the	ACE	System.

The	ACE	Team	approach	combines	the	Delphi	technique	for	estimating	along
with	a	proven	team	process	plus	the	inherent	and	inevitable	ability	of	most
people	to	establish	a	high	level	of	performance	measures	for	themselves.	As
used	in	this	application,	the	objective	for	the	ACE	Team	process	is	to	obtain	the
most	reliable,	reasonable	estimate	of	maintenance-related	“work	content”	time
from	a	group	of	experienced	craftspeople,	supervisors	and	planners.	This	process
provides	an	excellent	means	to	evaluate	repair	method,	safety	practices,	and
even	to	do	risk	analysis	on	jobs	that	leads	to	improved	safety	practices.	The	ACE
Team	process	can	contribute	significantly	to	continuous	reliability.

The	ACE	Team	approach	allows	for	independent	estimates	by	each	member	of
the	group,	which	in	turn	builds	into	a	consensus	of	expert	opinion	for	a	final
estimate.	The	final	results	are	therefore	more	readily	acceptable	because	they
were	developed	by	skilled	and	well-respected	craftspeople	from	within	the	work
unit.	Application	of	the	ACE	System	promotes	a	commitment	to	quality	repair
procedures	and	provides	the	foundation	for	developing	reliable	planning	times
for	a	wide	range	of	maintenance	activities	(Figure	G.9).





Figure	G.9			The	complete	ACE	team	process.

























Appendix	H



Shop	Load	Plan,	Master	Schedule	and	Shop
Schedules:	Example	Forms	and	Steps	on	How	to	Use

Shop	Load	Plan

Sample	Form:	Shop	Load	Plan.	Figure	H.1	is	a	sample	shop	load	plan	form.
The	computerized	maintenance	management	system	(CMMS)	used	by	the
center	should	support	computer-aided	scheduling,	including	interactive
manpower	and	other	resource	scheduling	and	schedule	balancing.	The	shop
load	plan	should	be	automated	as	a	standard	report	in	the	CMMS.	A	single
database	should	support	all	three	levels	of	scheduling	(i.e.,	shop	load	plan,
master	schedule,	and	shop	schedule)	in	a	networked	system.	Although	it	is
possible	to	examine	the	shop	load	plan	on	a	video	display	terminal,	the
practical	limitations	on	the	number	of	lines	and	columns	that	can	be
displayed	at	one	time	makes	a	printout	on	wide	paper	convenient	for	use	by
managers.

Data	Elements.	The	following	data	elements	are	shown	on	the	shop	load
plan.	The	information	either	is	contained	in	the	CMMS	database	or	is
derived	from	the	CMMS	database.	The	information	is	defined	below	as	an
aid	to	understanding	the	schedule	format.	The	only	item	that	should	require
entry	in	the	scheduling	process	is	for	the	scheduling	period.	The	rest	of	the
information	is	based	on	other	data	entered	in	the	CMMS	during	the	work
reception	and	planning	process	or	is	extracted	from	other	databases,	such	as
labor	accounting.



1 Period	covered The	time	period	this	schedule	considers.	Normally	for	the	shop	load	plan,	this	period	is	a	quarter;	however,	the	immediate	next	3	months	may	be	subdivided	into	a	1-month	short-term	and	a	2-month	midterm	load	plan	for	additional	scheduling	control.

2 Shop The	shop	or	craft	group	being	scheduled,	such	as	carpenters.	(The	sample	form	shows	12	shops;	this	should	be	adjusted	to	meet	local	needs.)

3 Number	of	employees The	average	number	of	employees	available	in	each	shop.

4 Gross	work	hours	available The	total	number	of	work	hours	available	in	each	shop	during	the	schedule	period.

5 Adjustments The	number	of	work	hours	that	will	not	be	available	in	each	shop	for	facilities	maintenance	work	due	to	leave,	training,	jury	duty,	and	similar	nonproduction	activities.	(This	may	be	presented	on	more	than	one	line	if	it	is	desired	to	have	a	line	for	each	type	of	adjustment.)
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6 Net	work	hours	available The	net	work	hours	available	in	each	shop	for	facilities	maintenance	work,	computed	as	item	4	minus	item	5.

7 Trouble	call	(TC)	ticket	level	of	effort	(LOE) The	number	of	hours	allocated	by	shop	for	jobs	issued	under	trouble	call	tickets.	Usually,	this	is	based	on	past	experience.

8 Preventive	maintenance	(PM)	scheduled The	number	of	hours	for	scheduled	PM	work	by	shop.	This	is	determined	from	the	PM	schedule	contained	in	the	CMMS	database.	A	typical	example	is	shown	as	Figure	H.1.

9 Predictive	testing	and	inspection	(PT&I)	scheduled The	number	of	hours	for	scheduled	PT&I	work	by	shop.	This	is	determined	from	the	PT&I	schedule	contained	in	the	CMMS	database.

10 Scheduled,	Recurring The	number	of	hours	by	shop	for	other	scheduled	recurring	work.	This	may	be	determined	from	the	CMMS	database.	It	may	be	presented	on	more	than	one	line	if	grouped,	such	as	by	type	or	work	order.

11 Total	LOE	scheduled Total	hours	committed	to	items	7,	8,	9,	and	10	above.

12 Carryover	from	prior	period: Work	scheduled	or	started	in	the	prior	period	but	not	completed,	and	thus	carried	over	to	this	period.	This	may	be	automatically	computed	by	comparing	work	order	labor	estimates	against	labor	charges	to	date.

13 Available	to	schedule Net	work	hours	available	(item	6)	less	item	total	LOE	scheduled	(item	11),and	carryover	(item	12).	This	is	the	workforce	available	for	scheduling	new	work	orders.

14 Work	order	number	(WO#) Work	order	number	for	each	work	order	listed.

15 Description An	entry	giving	a	short	title	for	each	work	order.	The	number	of	hours	estimated	for	each	shop	for	the	work	order	follows	on	the	same	line.

16 Requested	start	date	(RSD) Requested	start	date	for	the	work	order.

17 Required	completion	date	(RCD) Required	completion	date	for	the	work	order.

18 Priority	(PRI) Priority	of	the	work	order.

19 Material	status	indicator	(MAT) Normally,	this	block	contains	the	date	on	which	the	required	material	is	expected	to	be	available	or	that	the	material	is	available.	This	is	the	overall	status	of	the	field	“Avail”	on	a	planner’s	work	order	material/equipment	requirements	or	checked	off	as	yes	on	work	order	form.

20 Work	hours The	estimated	work	hours	for	the	work	order	for	each	shop.

21 Total The	total	labor	hours	for	the	work	order	for	all	shops.



22 Labor Estimated	total	labor	cost	for	the	work	order.

23 Mtl Estimated	total	material	cost	for	the	work	order.

24 Other Estimated	total	other	cost	for	the	work	order.	This	would	include	items	such	as	equipment	rentals	and	contracted	services.

25 Total The	total	cost	for	the	work	order.







Figure	H.1			Sample	form:	shop	load	plan.

Instructions	for	Use:	Shop	Load	Plan

1.	Normally,	the	shop	load	plan	is	prepared	covering	a	quarter.	However,	shop
load	plans	should	be	prepared	and	maintained	looking	18		months	into	the	future.
The	last	period	should	include	all	work	that	is	in	an	estimated	and	approved	but
unscheduled	status.	A	center	also	may	wish	to	extract	a	short-term	(next	month)
and	a	midterm	(following	two	months)	shop	load	plan	for	closer	work
scheduling	and	management.	After	final	approval	of	a	work	order,	it	is	assigned
to	a	shop	load	plan.	Normally,	this	level	of	scheduling	is	done	by	a	senior
maintenance	planner,	not	in	the	shop’s	organization.	This	starts	the	work
performance	phase	and	triggers	material	acquisition	to	ensure	that	the	required
material	is	available	for	the	assigned	start	period.	Approved	work	orders	remain
in	the	shop	load	plan	until	completed	or	canceled.

2.	The	primary	purpose	of	the	shop	load	plan	is	to	provide	for	the	orderly
scheduling	of	work	in	accordance	with	the	center’s	mission	priorities,	to	assist	in
resource	scheduling	and	management,	and	to	provide	senior	managers	with
information	on	pending	work.	It	also	provides	a	valuable	tool	for	evaluating	the
workforce	skill	mix	against	workload	requirements.	If	the	shop	load	plan
consistently	shows	a	significant	amount	of	overscheduling	or	unscheduled
backlog	in	a	shop	coupled	with	underscheduling	in	another	shop,	realignment	of
workforce	assets	from	the	underscheduled	to	the	overscheduled	shop	may	be	in
order.

Master	Schedule

Sample	Form:	Master	Schedule.	Figure	H.2	is	a	sample	form	for	a	master



schedule.	The	master	schedule	is	based	on	the	shop	load	plan.	However,	its
focus	is	on	scheduling	work	performance	to	a	specific	week	and	tracking
material	status	of	work	orders	that	are	due	for	master	scheduling	in	the
future	according	to	the	current	and	approaching	shop	load	plans.	Normally,
master	schedules	are	prepared	covering	6–10		weeks	into	the	future.	Jobs
with	long	lead-time	material	requirements	may	be	scheduled	further	in	the
future.	Of	special	interest	is	the	Work	Orders	Waiting	Material	section.
This	is	used	to	highlight	the	material	status	of	work	orders	waiting	material
that	need	to	start	during	the	master	schedule	period	covered.

Data	Elements.	The	following	data	elements	are	shown	on	the	master
schedule	form.	As	with	the	shop	load	plan,	the	information	either	is
contained	in	the	CMMS	database	or	is	derived	from	the	CMMS	database
by	manipulation	and	calculation.	The	data	elements	are	defined	below	as	an
aid	to	understanding	the	schedule	form.	The	only	data	that	should	require
entry	in	the	scheduling	process	are	for	the	period	during	which	the	work
order	is	being	scheduled	(normally,	the	specific	workweek).	The	rest	is
based	on	other	data	entered	in	the	CMMS	during	the	work	reception	and
planning	process,	the	material	management	process,	or	extracted	from
other	databases	such	as	labor	accounting.

1 Period	covered The	time	period	this	schedule	considers.	Normally	for	the	master	schedule,	this	is	a	workweek.

2 Shop The	shop	or	craft	group	being	scheduled	(e.g.,	shop	01,	carpenters).

3 Number	of	employees The	average	onboard	manpower	in	each	shop	during	the	schedule	period.
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4 Gross	work	hours	available The	total	number	of	work	hours	in	each	shop	available	during	this	period.

5 Adjustments The	number	of	work	hours	that	will	not	be	available	for	facilities	maintenance	work	due	to	leave,	training,	jury	duty,	and	similar	nonproduction	activities.	This	may	be	presented	on	more	than	one	line	if	it	is	desired	to	have	a	line	for	each	type	of	adjustment.

6 Net	work	hours	available The	net	available	work	hours	for	facilities	maintenance	work.

7 TC	LOE The	level	of	effort	(the	number	of	hours)	allocated	for	jobs,	usually	issued	under	trouble	call	tickets.	Usually,	this	is	based	on	past	experience.

8 PM	scheduled The	numbers	of	hours	for	scheduled	PM	work.

9 PT&I	scheduled The	number	of	hours	for	scheduled	PT&I	work.

10 Scheduled	and	recurring The	number	of	hours	for	other	scheduled	or	recurring	work.	This	may	be	presented	on	more	than	one	line	if	grouped,	such	as	by	type	or	work	order.

11 Total	LOE	scheduled Total	hours	committed	to	items	7,	8,	9,	and	10.

12 Available	to	schedule Net	work	hours	available	(item	6)	minus	item	11.	This	is	the	workforce	available	for	scheduling	specific	work	orders.

13 WO# Work	order	number	for	each	specific	work	order	listed.

14 Description Entry	giving	a	short	title	for	each	work	order.	Also,	the	numbers	of	work	hours	scheduled	for	the	work	order	by	each	shop	during	this	schedule	period	are	entered	under	the	shop	number	on	the	same	line.

15 RSD Requested	start	date	for	the	work	order.

16 RCD Requested	completion	date	for	the	work	order.

17 PRI The	work	order	priority	rating.

18 MAT Material	status	indicator.	Normally,	this	entry	is	the	date	on	which	material	required	for	the	work	order	is	expected	to	be	available,	or	a	code	indicating	that	the	material	is	currently	available.

19 Total Total	labor	hours	for	the	shops.



20 Labor Expended	labor	hours.	The	total	labor	hours	used	or	scheduled	for	the	work	order	prior	to	this	schedule	period.

21 Mtl Cumulative	material	cost	of	material	used	for	work	order.

22 Other Cumulative	costs	of	other	than	labor	and	material	used	for	the	work	order.	This	includes	such	items	as	equipment	rentals	and	contracted	services.

23 Total Cumulative	total	cost.



Instructions	for	Use:	Master	Schedule

1.	The	master	schedule	is	used	to	direct	and	coordinate	the	execution	of	work	in
the	shops.	It	provides	the	coordinating	linkage	between	the	shops	on	jobs
involving	more	than	one	shop	and	it	highlights	the	material	status	of	pending
work	orders.	Normally,	it	is	maintained	under	the	direction	of	the	shop
supervisor	working	in	close	coordination	with	the	shop	supervisors	and	the
maintenance	planners.	Work	is	scheduled	by	assigning	it	to	a	specific	workweek;
the	automation	program	used	should	perform	all	necessary	calculations,
including	computing	estimated	carryover	work	and	resources	expended	(or
projected	to	be	expended)	up	to	the	period	under	consideration.





Figure	H.2			Sample	form:	master	schedule.

2.	It	is	essential	for	the	master	schedule	to	give	close	attention	to	balancing	the
work	to	each	shop	to	ensure	that	all	forces	are	productively	employed.	To	this
end,	the	master	scheduler	will	assign	labor	hours	to	each	scheduled	job	within
available	manpower	and	job	phasing	requirements.

3.	Although	it	is	possible	to	examine	the	master	schedule	on	a	video	display
terminal,	the	practical	limitation	on	the	number	of	lines	and	columns	that	can	be
displayed	at	one	time	makes	it	difficult	to	see	all	work	that	is	subject	to
scheduling.	Accordingly,	printouts	on	wide	paper	and	wall-mounted	scheduling
boards	normally	are	used	to	display	job	status.

Shop	Schedule

Sample	Form:	Shop	Schedule.	A	form	for	a	shop	schedule	is	provided	as
Figure	H.3.	The	shop	schedule	provides	the	day-to-day
scheduling/assignment	of	workers	and	equipment	to	work	orders.	It	is	used
by	the	shop	supervisor	as	an	aid	in	scheduling	personnel	and	shared
equipment	assets.

Data	Elements.	The	following	data	elements	are	shown	on	the	shop	schedule
form.	The	information	either	is	contained	in	the	CMMS	database	or	is
derived	from	the	CMMS	database	by	manipulation	and	calculation.	The
data	elements	are	defined	below	as	an	aid	to	understanding	the	schedule
form.	The	only	data	elements	that	should	be	entered	during	the	scheduling
process	are	the	assigned	hours	for	each	work	order	and	employee	being
scheduled.	The	remaining	data	elements	should	be	provided	by	the
computer	based	on	other	data	entered	in	the	CMMS	during	the	work
reception	and	planning	process,	the	material	management	process,	or



extracted	from	other	databases.	For	example,	hours	for	PM	on	the	schedule
shown	be	the	top	priority	based	upon	level	loading	PM	across	the	entire
year	as	shown	in	Figure	H.4.

1 Period	covered The	time	period	this	schedule	considers.	Normally	for	the	shop	schedule,	this	is	a	specific	day.

2 Shop The	shop	or	craft	group	being	scheduled	(e.g.,	shop	01,	carpenters).

3 Employee The	name	or	other	identifier	of	the	worker	being	scheduled.

4 Gross	work	hours	available The	total	number	of	work	hours	available	for	each	worker	during	this	period,	normally	8	h.

5 Adjustments The	number	of	work	hours	that	will	not	be	available	for	facilities	maintenance	work	due	to	leave,	training,	jury	duty,	and	similar	nonproduction	activities.	This	may	be	presented	on	more	than	one	line	if	it	is	desired	to	have	a	line	for	each	type	of	adjustment.

6 Net	work	hours	available The	net	available	work	hours	for	each	employee	for	facilities	maintenance	work.

7 WO# Work	order	number	for	each	work	order	listed.

8 Description An	entry	giving	a	short	title	for	each	work	order.	The	hours	assigned	to	each	employee	for	each	work	order	number	follows	on	the	same	line	under	the	employee’s	identification.
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9 RSD Requested	start	date	for	the	work	order.

10 RCD Requested	completion	date	for	the	work	order.

11 PRI The	work	order	priority	rating.

12 MAT Material	status	indicator.	Normally,	this	is	a	code	or	symbol	indicating	that	the	material	is	currently	available.

13 Total Total	hours	for	all	employees.

14 Labor Cumulative	labor	hours	for	the	work	order	prior	to	this	schedule	period.	This	information	is	provided	as	part	of	the	labor	distribution/timekeeping	process.

15 Mtl Cumulative	cost	of	material	used	for	the	work	order.

16 Other Cumulative	cost	of	other	than	labor	and	material	used	for	the	work	order.	This	includes	such	items	as	equipment	rentals	and	contracted	services.

23. Total Cumulative	total	cost.



Instructions	for	Use:	Shop	Schedule

The	shop	supervisor	uses	the	shop	schedule	for	scheduling	and	managing	craft
personnel.	It	is	typically	prepared	on	a	weekly	basis	for	each	day	of	the
following	week,	based	on	jobs	scheduled	in	the	master	schedule.	The	shop
supervisor	enters	the	hours	each	employee	is	scheduled	to	work	on	each	assigned
job	for	each	day.	The	workforce	availability	is	determined	from	leave,	training,
and	related	activities	that	are	also	scheduled	through	the	shop	supervisor.	A
planner/supervisor’s	projection	of	resources	over	a	4-week	period	is	shown	in
Figure	H.5.	Also,	a	weekly	schedule	example	with	90%	of	the	availability	is
shown	in	Figure	H.6.





Figure	H.3			Sample	shop	schedule.





Figure	H.4			Sample	PM	leveling	and	planning	by	shop	area.





Figure	H.5			Sample	4-week	shop	look-ahead	of	resources	by	trade	type
(mechanical.	Electrical,	and	instrumentation).





Figure	H.6			Sample	weekly	maintenance	work	schedule	at	90%	loading.



Appendix	L



Routine	Planner	Training	Checklist

The	purpose	of	this	document	is	to	ensure	new	planners	are	trained	on	all	aspects
of	planning/scheduling	a	maintenance	order	in	SAP/P3.

Personal	Details

Name: Employee	Number:

Position: Team/Work	Group:

Level: Performance/Functional	Unit:

Team	Leader	Name:



Section	1	(Basic)

Activity

Work	identification

•	Retrieve	approved	notifications	from	notification	backlog

•	Ability	to	review/edit	notification	for	needed	corrections

•	Understand	the	RIME	system	and	how	to	edit	to	assign	(provide	employee	with	the	RIME	document)

Planning/Estimating

•	Create	maintenance	order	from	approved	notification

•	Explain	the	job	note	process

•	Review	reusable	job	plan	process	(creation,	use,	retrieval,	etc.)

•	Review	tasking	process	in	SAP

•	Review	PM	activity	field	in	SAP

•	Review	revision	coding	system	in	SAP	for	EBB	purposes

•	Provide	copy	of	revision	codes	used	for	EBB

Table	Continued



Activity

•	Review	estimating	process	(supply	employee	with	the	fluor	estimating	template)

•	Generation	of	WCC	associated	with	the	ISSOW

Approval	process

•	Explain	cost	approval	process	EBB

•	Provide	employee	with	the	different	levels	of	approval	per	work	process	flow	process

•	Explain	approval	process	for	opportunity	contractors

•	Provide	CWR	to	employee	for	approval	to	use	tier	2	and	Tier	3	contractors,	if	required

Initiating	approved	work

•	Forward	cost	estimate	to	cost	analyst

•	Inform	employee	which	cost	analyst	is	assigned	to	his	area	of	responsibility

•	Order	needed	materials	and	rental	equipment	per	job	requirements

•	Know	how	to	search	SAP	identified	materials

•	Know	how	to	search	material	by	use	of	BOM

•	Know	how	to	use	the	VAM	system

•	Know	how	to	create	a	free	text	requisition



•	Know	how	to	use	the	total	control	system

•	Have	employee	set	up	in	the	total	control	system

•	Inform	employee	of	their	assigned	procurement	coordinator	and	procurement	associate

Scheduling

•	Review	backlog

•	Review	the	different	planner	groups

•	Facilitation	of	weekly/daily	scheduling	meetings.	Provide	employee	with	meeting	agenda	document

•	Assignment	of	scheduled	work

Pre	for	Execution

•	Generation	of	CWR	for	opportunity	contractors	once	they	have	been	approved

Table	Continued



Activity

•	Minimum	requirements	for	job	packages.	Provide	employee	with	job	package	requirement	document

Scope	Change

•	Review	JCO	process	and	supply	employee	with	JCO	form

Post	Execution

•	Returning	of	rental	equipment,	materials,	and	repair	items

•	Entry	of	history	in	SAP

•	Close	maintenance	orders	to	maintenance

•	Revision	of	reusable	job	plan	if	required

•	Update	of	BOM	if	required



BOM,	bill	of	materials;	VAM,	vendor	agreement	manager;	EBB,	events	based
Budgeting;	RIME,	ranking	index	of	maintenance	expenditures;	PM,	preventive
maintenance;	ISSOW,	integrated	risk	management	and	safety	system;	WCC,
work	control	center;	JCO,	job	control	order;	CWR,	corrective	work	order.

Section	2	(SAP)

Activity

SAP	user	menu

•	How	to	access	maintenance	systems	(logistics,	plant	Maintenance,	Maintenance	processing,	etc.)

•	Adding	and	deleting	favorites

•	Renaming	and	organizing	favorites

Creating	notification

•	Know	the	difference	between	Maintenance	request	and	malfunction	report

•	Entering	short	and	long	text

•	Assigning	functional	location

•	Assigning	main	work	centers

•	Assigning	the	priority.	Explain	how	RIME	is	assigned	and	give	copy	of	RIME	document



•	Approving	the	notification.	Knowing	what	level	of	approval	is	required	based	on	the	estimated	cost	(ex.	10K	approved	@	unit	level,	above	10K	approved	at	Asset	Supt.	Level,	etc.)

Table	Continued



Activity

Closing	Out/Documenting	work	history

•	Know	how	to	capture	and	input	history	of	work	performed	and	condition	of	repair

•	Know	how	to	close	a	notification	in	conjunction	with	closing	out	an	MO

Creating	maintenance	order

•	Know	how	to	create	a	maintenance	order	from	a	notification

•	Understand	the	different	order	types	and	assignment

•	Understand	the	different	PM	Activity	type	codes	and	assigning	the	one	that	best	fits	the	description	of	the	MO

•	Transferring	long	text	from	the	notification	to	the	MO

•	Understanding	and	assigning	revision	codes	for	EBB.	Furnish	employee	with	EBB	list

•	Using	the	radial	buttons	in	the	control	tab	to	identify	emergency/break-in	or	planned	jobs.

•	Selecting	approver	in	the	partner	field	of	the	MO

Tasking	operations

•	Operation	activity	number

•	Work	centers

•	Short	and	long	text



•	Craft	number	(number	of	craft	per	operation)

•	Duration	hours	of	operation

Material	procurement

•	Search	for	SAP-identified	materials	in	the	component	field

•	Search	material	through	the	use	of	the	VAM	system.	Explain	what	the	VAM	is,	how	it	is	used,	and	what	the	benefits	are

•	Create	requisition	from	beginning	to	end	(ex.	assigning	purchasing	group,	vendor,	offset	material	date,	etc.)

•	Search	for	material	via	BOM

•	How	to	request	a	BOM	to	be	added	in	SAP

Table	Continued



Activity

Scheduling

•	Know	the	different	planner	group	codes	used	for	status	of	work	orders	and	scheduling	(ex.	124	=	daily,	123	=	weekly,	etc.)

Reusable	job	plans

•	Have	a	basic	understanding	of	how	to	create,	edit,	and	assign	reusable	job	plans	(job	templates)

Closing	of	MO

•	See	notification	closeout	and	document	work	history

Notifications/Maintenance	orders/Order	operations

•	Understand	how	to	create,	modify,	and	execute	variants

•	Know	how	to	use	“current	function”	for	viewing	layouts

•	Know	how	to	transport	reports	form	SAP	to	excel



BOM,	bill	of	materials;	VAM,	vendor	agreement	manager;	EBB,	events	based
Budgeting;	MO,	maintenance	order.

Sign	Off

Date Employee	Signature Team	Leader	Signature



Index

Note:	Page	numbers	followed	by,	“f”	and	“t”	indicate,	figures	and	tables
respectively.

A

A	Strategy	for	Developing	a	Corporate-Wide	Scoreboard,	43

ACE	(a	consensus	of	experts)

system

basic	approach,	246–251

benchmark	jobs,	251

See	also	ACE	benchmark	jobs



performance	standards,	gaining	acceptance	for,	246

review	session,	254

spreadsheets,	developing,	254

team	charter,	252

team-based	approach,	245–246

team	of	experts,	251–252

time	ranges,	249,	250f–251f

work	content	comparison,	249–251

work	content	time,	253,	253f

work	groupings,	249,	250f–251f

Team	Benchmarking	Process™,	19,	69,	91,	208–211,	242,	255f



benchmark	jobs,	245

constraints,	243

continuous	reliability	improvement,	245

evidence	of	success,	242

expectations,	243

investment	for	planners,	245

maintenance	work	measurement	tool,	244–246

methodology	for	applying,	244

note,	243

resources,	243



spreadsheets,	245

team-based	approach,	244

ACE	benchmark	jobs

benchmark	jobs,	251

elemental	breakdown	for,	252

first	independent	evaluation	of,	253

second	independent	evaluation	of,	254

third	independent	evaluation	of,	254

ACE	system	work	groupings	and	time	ranges,	459–460

spreadsheets,	460f

work	content	comparison,	means	for,	461–462



for	work	groups,	468f–470f

standard	work	groupings,	461f

10-step	procedure,	462

planning	time	elements,	464f

ACE	team	benchmarking	process

analysis	sheet,	458f

complete	team	process,	466f

example	process,	459f

job	analysis,	455f,	467f–468f

maintenance	work	measurement	tool,	455–457



methodology	for,	455–457

planning	time	elements,	464f

10-step	procedure,	457–459

Adjusted	averages,	241

Adjustment/alignment,	387

Allowances

application	of,	260f

for	determining	total	planned	time,	258f

miscellaneous,	259f

personal,	fatigue	and	delay,	259f

American	Petroleum	Institute	(API),	372



Analysis	paralysis	scheme,	73

Anticline,	372

Applications	parts	list,	372

Apprentice,	372

Aquifer,	372

Area	maintenance,	372

Asset	care,	372

Asset	list,	372

Asset	management,	372

Asset	number,	372



Asset	register,	372

Asset	utilization,	372

Assets,	372

criticality,	237t–240t

history,	103f,	103t,	120

management,	definition	of,	11

numbering	structure,	140t

tracking,	279

Availability,	372

Available	hours,	372

Average	life,	372



B

Backlog,	92,	92,	372

calculating	weeks	of,	164f

definition	of,	158

integrity,	maintaining,	162f–163f

job	status	codes,	164f

maintenance	resources	with,	balancing,	163f

management,	159f

monitoring,	162f

ready,	92,	96,	158



reports,	118

total,	91,	96,	158

trends,	monitoring,	163f

Bar	code,	373

Barrel	(BBL),	373

Barrel	of	oil	equivalent	(BOE),	373

Baseline	information,	preassessment	checklist	for,	60–64

craft	labor	rates/overtime	history,	61

craft	skills	development,	61

maintenance	budget	and	cost	accounting,	61



maintenance	storeroom,	62

MRO	purchasing	operations,	62

organization	charts/job	descriptions,	61

predictive	maintenance,	39–40,	47–48,	57,	61–62

preventive	maintenance,	39–40,	47–48,	57,	61–62

reliability	centered	maintenance,	61–62

total	productive	maintenance,	61–62

work	control,	62

work	orders,	62

Basin,	373

Bathtub	curve,	154f



Being	stationary,	effects	of,	280–281,	280f

Benchmark(ing),	40–45,	40f,	373

analysis	sheet,	248f

baseline	value	assignment,	54–55

definition	of,	40–41

evaluation	criteria,	format	of,	55,	57f

external,	44

functional,	42

internal,	43

international,	44



jobs,	245–246,	251

analysis,	247f

elemental	breakdown	for,	252

first	independent	evaluation	of,	253

independent	evaluation	of,	253

second	independent	evaluation	of,	254

third	independent	evaluation	of,	254

levels	of,	285f

maintenance,	40f

performance,	41–42

process,	42



results,	54

strategic,	41

Bill	of	materials	(BOM),	109–110,	373

Bitumen,	373

Blanket	work	orders,	92

Bohai	Bay,	China,	381

Borehole,	373

Bowers,	Terry,	36

Breakdown,	373

Breakdown	maintenance,	298,	373



British	thermal	unit	(BTU),	373

Budget,	120

status-operating	departments,	121

Built-in	test	equipment	(BITE),	373

Business	vacation,	373



C

Calibrate,	373

Call-out,	373

CAPEX,	373

Capital,	373

Carbon	capture	and	storage	(CCS),	373

Carbon	dioxide	equivalents	(CO2e),	373

Carbon	intensity,	373

Carbon	sequestration,	373

Carbon	sink,	374



Carlin,	Joel,	36

Carrying	costs,	374

Casing,	374

Cause	of	failure,	201

Central	maintenance,	374

Centum	cubic	feet	(CFF),	374

Change	out,	374

Checkout,	374

Chief	maintenance	officer	(CMO),	3,	374

as	maintenance	leader,	3–4



pride	in	ownership,	5

City	gate	stations,	374

Clean,	374

Closed-loop-type	organization,	184f

CMMS	benchmarking	system,	374

budget	and	cost	control,	443

data	integrity,	439–441

bill	of	materials,	440

equipment	(asset)	history	database,	439

maintaining	equipment	database,	441

maintaining	parts	database,	440



preventive	maintenance	tasks/frequencies,	440

spare	parts	database,	439–440

education	and	training,	See	CMMS	education	and	training

evaluation,	448–452,	449t–452t

installation,	448

maintenance	performance	measurement,	446–447

maintenance	repair	operations	materials	management,	444–445

planning	and	scheduling,	443–444

preventive/predictive	maintenance,	445–446

purpose,	448



uses	of,	447

work	control

backlog	reports,	442

function	established,	442

online	work	request	based	on	priorities,	442

priority	systems,	442–443

work	order	system,	442

CMMS	education	and	training

initial	training,	441

for	operations	personnel,	441

ongoing	training,	441



systems	administrator/backup	trained,	441

Coal	bed	methane	(CBM),	374

Code,	374

Commodity	code,	374

Communication,	and	leadership,	22

Competitive	benchmarking,	41–42

Completion,	374

Component,	375

Component	number,	375

Compound	annual	growth	rate	(CAGR),	375



Compressed	natural	gas	(CNG),	375

Compression,	405

Compressor,	405

Computerized	maintenance	management	system	(CMMS),	14–15,	42–43,	71,
79–80,	82,	87,	92,	241,	285,	305,	307,	375,	439,	471

backlog	reports,	118

benchmark	evaluation,	conducting,	101–120

bill	of	materials,	109–110

captures	reliability	data,	134

cost	improvements	due	to,	121

craft	hours,	work	order	system	accounts	for,	118



data	integrity,	103t

for	developing	maintenance	operation	as	profit	center,	143

education	and	training,	112t

equipment	database,	maintaining,	111–112

equipment	history	database,	accuracy	of,	103–104

initial	training,	112

ongoing	training,	112–113

online	work	request	based	on	priorities,	118

operations	personnel,	initial	training	for,	113

operations	understands	benefits	of,	141

parts	database,	maintaining,	110–111



preventive	maintenance	tasks/frequencies,	110

priority	system,	120

spare	parts	database,	accuracy	of,	107–108

systems	administrator/backup	trained,	113

uses	of,	140t

work	control,	114,	114t,	115f–117f

Condensate,	375

Condition	monitoring,	375

Conditional	probability	of	failure,	375

Condition-based	maintenance	(CBM),	375,	389



Conditioning,	387

Confidence,	375

Configuration,	375

Configuration	data,	278

Consequence	of	failure,	224

Construction	trade	estimates,	241

Consumables,	375

Contingency,	375

Continuous	reliability	improvement	(CRI),	73,	74f,	76,	82–83,	245,	375

Contract	acceptance	sheet,	376

Contract	maintenance,	profit	and	customer-centered,	2–3



Contractor	management,	181,	199f,	299

Convenience	work,	160f

Conventional	resources,	376

Coordination,	167,	168f,	170f,	376

Core	competencies,	for	maintenance,	8

Core	requirement,	for	maintenance,	8

Corrective	maintenance	(CM),	376

Cost

avoidance,	71

center,	1–2



control,	120

improvements	due	to	CMMS,	121

life	cycle,	122

Craft	availability,	376

Craft	labor,	121

resources,	69–70,	71f,	76

Craft	leaders,	376

PRIDE	in	Excellence	within,	29–30

PRIDE	in	Maintenance	and	Construction	within,	36–37

PRIDE	in	Maintenance	within,	31–35,	32f,	34f

Craft	performance	(CP),	71–72,	77,	79–85,	87–88,	139,	241



Craft	productivity,	69–71,	85–87,	447t

improved	by	planning	and	scheduling,	276f

Craft	service	quality	(CSQ),	26,	72,	77,	82–84

Craft	utilization	(CU),	68–70,	70f,	76–79,	376

measuring	and	improving,	128,	128f

Craftsperson,	377

Crescent-Xcelite	Plant

leadership	buy-in,	obtaining,	59–60

operating	goals,	57–60

Critical,	377



Critical	equipment,	377

Critical	path	method	(CPM),	377

Critical	spare,	377

identifying,	132,	133f

Criticality,	377

Crossdocking,	377

Customer-centered	benefits,	of	planning	and	scheduling,	1–10

Cycle	count,	377

Cycle	counting,	131,	131f



D

Data	integrity,	103t

Data	migration,	99

Davis,	Rodney,	36

Dead	stocks,	378

Defect,	378

Deferred	maintenance,	5–6,	12–13,	120–121,	378

DELPHI	technique,	254

Demand,	378

Detailed	planning,	207–222



Deterioration	rate,	378

Developed	acreage,	378

Developed	reserves,	378

Development	well,	378

Direct	cost	savings,	71

Direct	costs,	378

Directional	drilling,	378

Discard	task,	378

Disposal,	378

Distribution	line,	378



Distribution	system,	378

Do	it	now	(DIN)	work,	160f

Down,	378

Downtime	(DT),	278,	282,	378

Drilling	rig,	378

Dry	gas,	378

Dry	hole,	378



E

Economic	life,	378–379

Economic	order	quantity	(EOQ),	379

Economic	repair,	379

Economically	producible,	379

Educated	guesses,	241

Effective	planning,	benefits	of,	9

Effectiveness	factor,	68,	68f,	72

Efficiency,	12

Electronic	parts	requisitioning,	132,	132f



Elke	system,	298

Emergency	maintenance,	379

Emergency	maintenance	task,	379

Emergency	work,	161–162

Emotional	intelligence,	26

Empowerment,	23

Engineering	change,	379

Engineering	change	notice	(ECN),	379

Engineering	support,	187f

Engineering	work	order,	379



Enhanced	oil	recovery	(EOR),	379,	383

Environmental	assessment,	379

Environmental	consequences,	379

Equipment	configuration,	379

Equipment

database	structure,	141,	141f

downtime	reduction,	139

failure	patterns,	154f

history,	208

history	database,	accuracy	of,	103–104,	110–111

records,	207–208



Equipment	maintenance	strategies,	379

Equipment	repair	history,	379

Equipment	use,	379

Estimated	plant	replacement	value,	379

Estimated	ultimate	recovery	(EUR),	379

Estimating,	11–14,	19

Estimating	index,	379

Everhart,	Robbie,	36

Examination,	379

Execution,	27



Expediting,	379

Expense,	380

Expensed	inventory,	380

Expert	system,	380

Exploratory	well,	380

External	benchmarking,	44



F

Facilities	Management	Excellence™,	45

Failsafe,	380

Failure	analysis,	380

See	also	Failure	modes,	effects,	and	critical	analysis	(FMECA)

Failure	cause,	380

See	also	Failure	mode

Failure	coding,	380

Failure	consequences,	380

Failure	effect,	380



Failure	finding	interval,	380

Failure	finding	task,	380

Failure	mode,	380

Failure	modes	and	effects	analysis	(FMEA),	151f,	343t–345t,	380

of	reliability-centered	maintenance,	145–156

Failure	modes,	effects,	and	critical	analysis	(FMECA),	380

Failure	pattern,	381

Failure	rate,	381

Failure	reporting	analysis	and	corrective	action	system	(FRACAS),	343t–345t

Failure,	380



Farm-in,	381

Farm-out,	381

Fault	tree	analysis	(FTA),	381

Feedback,	accepting,	23

Field,	381

Fill	rate,	381

First	in	still	here	(FISH),	381

First	in–first	out	(FIFO),	381,	385

Flaring,	381

Floating	production,	storage,	and	offloading	(FPSO),	381

Forecast,	381



Formation,	382

Forward	workload,	382

Fossil	fuel,	382

Frequency,	382

Front-end	engineering	and	design	(FEED),	382

Fugitive	emissions,	382

Function,	382

Functional	benchmarking,	42

Functional	failure,	382

Functional	levels,	382



Functional	maintenance	structure,	382

Functional	test,	387



G

Gained	value,	71

Gantt	chart,	382

Gas	cost	recovery	(GCR),	382

Gathering	lines,	393

Gathering	system,	382

General	support	equipment	(GSE),	382

Generic	benchmarking,	42

Global	warming	potential	(GWP),	382

Golden	rule,	30,	30



Go-line,	382

Greenhouse	gas,	382

GRIDCo	Ghana,	420f–421f

CMMS	Selection	and	Best	Practices	Implementation	Team-Draft,	417

leadership	driven-self-managed	team	at,	419



H

Hardware,	382

Health,	safety,	security,	and	environmental	(HSSE)	challenges,	39,	223

Healthcare	Facilities	Scoreboard	for	Maintenance	Excellence,	43

Heavy	oil,	383

Hidden	failure,	383

High	quality	maintenance	contractors,	in-house	maintenance	plus,	5–6

Higher	throughput,	297

Historical	averages,	241

Hold	for	disposition	stock,	383



Horizontal	drilling,	383

Hot	work,	383

Human	capital,	planning	and	scheduling	of,	295f

Hydraulic	fracturing,	383

Hydraulic	fracturing	fluids,	383

Hydrocarbons,	383



I

Identification,	383

Improved	oil	recovery	(IOR),	383

Indirect	costs,	383

Ineffective	planning,	171f

symptoms	of,	8–9

Infant	mortality,	383

Infill	wells,	383

Information	resources,	53

Inherent	reliability,	384



In-house	maintenance	plus	high	quality	maintenance	contractors,	5–6

Injection,	403

In-situ	recovery,	384

Inspection	plan,	creating,	237t–240t

Inspection,	384,	387

Insurance	items,	384

Interchangeable,	384

Interface,	384

Internal	benchmarking,	43

International	benchmarking,	44



Interval-based,	384

Inventory,	384

cycle	counting,	131,	131f

management	module,	131

Inventory	control,	384

Inventory	turnover,	384

ISO	55000,	39–41,	45

Issues,	384

Item	of	supply,	384

Item,	384



J

Jack-up	rig,	384

Job	close	out,	270f

Job	follow	up,	270f

Job	packages,	90–91,	95,	211

items,	221f

planned,	211

Job	plan,	95,	201,	206,	304–307

database,	201

labor	needs,	305



parts,	305

permits,	305

procedures,	305

special	tools	and	equipment,	305

specifications,	305

Job	scope,	304

inspection	sheet,	306f–307f

Job	status	codes,	164f

Joint	operating	agreement	(JOA),	384

Just-in-time	(JIT),	384



K

KAHADA	(Keep	a	half	a	day	ahead),	94

Keep	full,	384

See	also	Shop	stock

Key	performance	indicators	(KPIs),	384

Knowing	your	total	maintenance	requirements,	386

Knuckle	buster,	385



L

Labor	estimating,	208–210

Labor	libraries,	208

Last	in–first	out	(LIFO),	385

Lead	by	example,	23–24

Lead	time,	385

Leaders	vs	managers,	21,	22f

Leadership,	21–28

buy-in,	obtaining,	59–60

communication,	22



definition	of,	21

empowerment,	23

execution	of,	27

feedback,	accepting,	23

lead	by	example,	23–24

motivation,	23

opportunity,	26

patience	and,	25

perseverance	and,	25

personal	goals,	26



place	in	history,	believe	in,	27

power,	24–25

power	of	optimism,	22

professional	goals,	21

publicity,	22

quality,	22,	26–27

quit	from,	27

respect	and,	27

responsibilities,	24

self-confidence,	28

style,	25–26



success	of,	27–28

vision,	21

Lease,	385

Ledger	inventory,	385

Level	of	repair	(LOR),	385

Level	of	services	(stores),	385

Library	of	planning	aids,	208

Life,	385

Life	cycle,	297,	385

costing,	122



Life	cycle	analysis	(LCA),	385

Life	cycle	cost	(LCC),	385

Liquefied	natural	gas	(LNG),	385

Local	distribution	company	(LDC),	385,	405

Logistics	engineering,	385

Logistics	support	analysis	(LSA),	385

Lubrication	services,	134



M

Main,	385

Maintainability,	385–386

Maintainability	engineering,	386

Maintenance,	386

challenges,	173,	175f–176f

contract	maintenance,	profit	and	customer-centered,	2–3

core	requirement	versus	core	competencies	for,	8

costs,	168f

customer	service,	139



deferred,	5–6,	12–13,	121

failure	of,	313–314

indiscriminate	cutting	of,	85–86

managed	as	business,	141

organization,	benefits	of,	177f–178f

performance	measurement	process,	139t,	140,	140f

predictive,	14,	39–40,	47–48,	57,	61–62,	71,	73,	89,	92,	94–95,	95f,	128,	133t,
134

preventative,	12–14,	39–40,	47–48,	57,	61–62,	67–69,	71,	73,	89,	92–95,	95f,
110,	128,	133t,	134

profit	in,	6–8,	6f

reliability	centered,	61–62,	138f



standard	task	database,	142

storeroom,	62

strategies,	development	of,	224f

technical	library,	207,	210f

total	productive,	61–62

as	traditional	cost	center,	1–2

winning,	388,	404

Maintenance	business	process	improvement,	386

Maintenance	business	system,	planner	review	of,	99–144

computerized	maintenance	management	system



backlog	reports,	118

benchmark	evaluation,	conducting,	101–120

bill	of	materials,	109–110

craft	hours	,	work	order	system	accounts	for,	118

data	integrity,	103t

education	and	training,	112t

equipment	database,	maintaining,	111–112

equipment	history	database,	accuracy	of,	103–104

initial	training,	112

ongoing	training,	112–113

online	work	request	based	on	priorities,	118



operations	personnel,	initial	training	for,	113

parts	database,	maintaining,	110–111

preventive	maintenance	tasks/frequencies,	110

priority	system,	120

spare	parts	database,	accuracy	of,	107–108

systems	administrator/backup	trained,	113

work	control,	114,	114t,	115f–117f

Ranking	Index	of	Maintenance	Expenditures	(RIME)	system,	120–143,	120f

budget	and	cost	control,	120

budget	status–operating	departments,	121



CMMS	captures	reliability	data,	134

CMMS,	operations	understands	benefits	of,	141

complete	PM/PDM	task	descriptions,	134

cost	improvements	due	to	CMMS,	121

craft	labor,	121

craft	performance,	139

craft	utilization,	measuring	and	improving,	128,	128f

critical	spares,	identifying,	132,	133f

deferred	maintenance,	121,	121f

electronic	parts	requisitioning,	132,	132f

engineering	changes,	141



equipment	database	structure,	141,	141f

equipment	downtime	reduction,	139

inventory	cycle	counting,	131,	131f

inventory	management	module,	131

life	cycle	costing,	122,	122f

long	range	PM/PdM	scheduling,	134

lubrication	services,	134

maintenance	customer	service,	139

maintenance	managed	as	business,	141

maintenance	performance	measurement	process,	139t,	140,	140f



maintenance	standard	task	database,	142

MRO	materials	management,	130t–131t

parts	kitting	and	staging,	131,	132f

parts	of,	121

planned	work,	increasing,	128,	128f

planning	and	scheduling,	122,	123f–127f

PM/PdM	change	process,	134

PM/PdM	compliance,	134

reliability	centered	maintenance,	138f

reorder	notification	process,	133

scheduling	coordination	with	operations,	130



spare	parts	status,	130

true	emergency	repairs,	tracking,	130

vendor	support	costs,	121

warranty	information,	133

work	schedules,	128,	129f

Maintenance	coordinator,	308–311

Maintenance	coordinator

duties	and	responsibilities,	409

job	evaluation	form,	409–413

primary	purpose,	409



task	list,	414f–415f,	415,	416

Maintenance	engineering,	386

Maintenance	excellence,	scoreboard	for

computerized	maintenance	management	systems	(CMMS)	and	business	systems,
354t

continuous	reliability	improvement,	355t–356t

contractor	management,	332t–334t

craft	skills	development	and	technical	skills,	321t–322t

critical	asset	facilitation	and	overall	equipment	effectiveness	(OEE),	356t–357t

energy	management	and	control,	350t

health,	safety,	security,	and	environmental	(HSSE)	compliance,	351t–352t



maintenance	and	quality	control,	352t

maintenance	business	operations,	budget	and	cost	control,	324t–325t

maintenance	engineering	and	reliability	engineering	support,	351t

maintenance	leadership,	management	and	supervision,	323t

maintenance	organization,	administration	and	human	resources,	319t–321t

maintenance	performance	measurement,	353t

maintenance	strategy,	policy	and	total	cost	of	ownership,	316t–318t

management	of	change	(MOC),	362t–363t

manufacturing	facilities	planning	and	property	management,	334t–335t

MRO	materials	management	and	procurement,	336t–337t

operator-based	maintenance	and	pride	in	ownership,	322t



organizational	climate	and	culture,	318t–319t

overall	craft	effectiveness	(OCE),	357t–358t

predictive	maintenance	and	condition	monitoring	technology	applications,	338t–
339t

preventive	maintenance	and	lubrication,	337t–338t

pride	in	maintenance,	366t–367t

process	control	and	instrumentation	systems	technology,	349t–350t

process	safety	management	(PSM),	362t–363t

production	asset	and	facility	condition	evaluation	program,	335t

reliability	analysis	tools,	343t–345t

reliability-centered	maintenance	(RCM),	339t–343t



risk	mitigation,	363t–366t

risk-based	inspections	(RBI),	363t–366t

risk-based	maintenance	(RBM),	345t–349t

shop	facilities,	equipment,	and	tools,	354t–355t

shop-level	reliable	planning,	estimating	and	scheduling	(M/R),	328t–331t

STO	and	major	planning/scheduling	with	project	management,	331t–332t

storeroom	operations	and	internal	MRO	customer	service,	335t–336t

sustainability,	358t–359t

top	leaders’	support	to	management,	315

traceability,	359t–361t



work	management	and	control:	maintenance	and	repair	(M/R),	325t–326t

work	management	and	control,	shutdown,	turnarounds,	and	outages	(STO),
326t–328t

Maintenance	Excellence	Institute	International,	32,	73,	244–246

Maintenance	excellence	strategy	team,	45–47

Maintenance	leaders,	3–5,	8,	12–14,	185f,	386

distinguished	from	maintenance	managers,	21,	22f

gambling,	1

Maintenance	Leadership	Team,	35

Maintenance	managers,	4

distinguished	from	maintenance	leaders,	21,	22f



Maintenance	planner/scheduler

duties	and	responsibilities,	409

job	evaluation	form,	409–413

primary	purpose,	409

task	list,	414f–415f,	415,	416

Maintenance	policy,	386

Maintenance	repair	operations	(MRO),	115f–116f,	386,	444

materials	management,	444–445

See	also	Maintenance	repair	operations	materials	management

parts	and	material	resources,	53

purchasing	operations,	62



Maintenance	repair	operations	materials	management,	277f,	130t–131t,	277–284

data,	278–279

spare	parts	ownership,	281–282

spares	maintenance	program,	establishing,	282

spares	storage,	279–281

being	stationary,	effects	of,	280–281,	280f

exposure	to	environment,	279–280

storeroom	function,	281

Maintenance	requirements,	386

Maintenance	schedule,	387



Maintenance	shutdown,	387

Maintenance	strategy,	387

Maintenance	supervisor,	173

role	of,	174,	185f–186f

Maintenance	task	routing	file,	387

Management	of	change	(MOC),	388

Master	schedule,	474–477,	474t–475t

instructions	for	use,	475–477

Material	library,	210

Maximum	corrective	time	(MCT),	397

Maximum	preventive	time	(MPT),	397



McDonald,	Larry,	30

Mean	active	maintenance	time	(MAMT),	397

Mean	downtime	(MDT),	397

Mean	time	between	failures	(MTBF),	372,	388,	397

Mean	time	between	maintenance	(MTBM),	397

Mean	time	to	repair	(MTTR),	388,	397

Measure	contractors,	91

Mercaptan,	388

Miscellaneous	allowances,	259f

Mitigation	measures,	237t–240t



Model	work	order,	388,	402

See	also	Standard	job

Modification,	388

Modularization,	388

Most	valuable	people	(MVP),	388

Most	valuable	player	(MVP),	32f

Motivation,	23

MP2,	298

MRO	materials	management,	388



N

Natural	gas,	388

Natural	gas	liquids	(NGLs),	388

Natural	gas	vehicle	(NVG),	388

Net	acres,	388

No	scheduled	maintenance,	388–389

See	also	Run-to-failure

Nondestructive	testing	(NDT),	388

Nonoperational	consequences,	388

Nonrepairable,	388



Nonroutine	maintenance,	388



O

Obsolescence,	389

Obsolete,	389

Odorant,	389

Oil	analysis,	See	Teratology

Oil	sands,	389

On-condition	maintenance,	See	Condition-based	maintenance	(CBM)

One	million	barrels	(MMBBL),	389

One	million	cubic	feet	(MMCF),	389

One	thousand	cubic	feet	(MCF),	389



Online	work	orders,	118

Operating	context,	228f,	389

Operating	hours,	389

Operational	consequences,	389

Operational	efficiency,	389

Operations	leaders,	defining	results	to,	11–20

Operator,	389

Operator-based	maintenance	(OBM),	389

Opportunity,	26

Optimization,	67



Order	point,	389

Order	quantity,	389

Original	equipment	manufacturer	(OEM),	406

Outage,	389

Overall	craft	effectiveness	(OCE),	12,	15–16,	72,	72f,	241,	389

calculation	of,	74f

comparison	with	overall	equipment	effectiveness,	73f

data	collection,	technology	for,	87–88

elements	of,	83

gained	value,	85

Overall	equipment	effectiveness	(OEE),	68,	390,	404



comparison	with	overall	craft	effectiveness,	73f

Overhaul,	390



P

Pareto’s	principle,	390

Part	numbers,	390

Parts	and	material	resources,	53

Parts	inventory	master,	103f,	103t,	130t–131t

Parts	kitting,	131,	132f

Parts	maintenance,	167–168,	169f

PASS	55:	2008,	39–40

Patience,	25

Pay-me-later	syndrome,	5–6



People	resources,	51

Percent	planned	work,	390

Performance	benchmarking,	41–42

Performance	factor,	68,	68f,	72

Periodic	maintenance,	390

Permeability,	391

Perseverance,	25

Personal,	fatigue	and	delay	allowance	(PF&D),	259f

Peters,	Pete,	36

P–F	interval,	1,	2f,	153f,	391



Physical	asset	and	equipment	resources,	53

Physical	asset	management,	1–3,	11

Pick	list,	391

Planned	job	packages,	211

Planned	maintenance,	391

Planned	work,	increasing,	128,	128f

Planner	skills,	307

Planner	worksheet,	222f

Planners/schedulers	(P/S),	5,	14,	18–19,	31,	34–35

factors	influencing,	191f

hiring,	89–98



position	goals	and	relationships,	96

roles	and	responsibilities,	89–96

selection	criteria,	96–97

needs	of,	188f–189f

qualities	of,	192f

ratio	of	crafts	to,	worksheet	for,	190f–191f

responsibilities	of,	187f–188f

right	things,	179f

Planning,	11–19,	302–303

aids,	library	of,	208



detailed,	202,	207–222

failure	of,	313–314

of	human	capital,	295f

ineffective,	171f

job,	304–307

profit	and	customer-centered	benefits	of,	1–10

promoted	by	storerooms,	182f

skills,	303

maturing	process,	signs	of,	209f

RIME	system,	122,	123f–127f

storerooms	support	to,	182f



times,	79–82,	84

Plant	engineering,	90,	391

Plant	operating	goals,	57–60

Play,	391

Porosity,	391

Possible	reserves,	391

Potential	failure,	391

Pounds	per	square	inch	(Psi),	391

Power,	24–25

Power	of	optimism,	22



Predictability,	313

Predictive	maintenance	(PDM/PdM),	14,	39–40,	47–48,	57,	61–62,	71,	73,	89,
92,	94–95,	95f,	128,	133t,	392

change	process,	134

complete	task	descriptions,	134,	135f–138f

compliance,	134

long	range	scheduling,	134

Preplanned	job	packages,	305

Preventive	maintenance	(PM),	12–14,	39–40,	47–48,	57,	61–62,	67–69,	71,	73,
89,	92–95,	95f,	128,	133t

change	process,	134,	392

See	also	Scheduled	maintenance	(SM)



complete	task	descriptions,	134

compliance,	134

long	range	scheduling,	134

tasks/frequencies,	110

PRIDE	in	Excellence,	29–30

PRIDE	in	Maintenance,	31–33,	32f,	73–74,	75f,	76,	392

gaining	support	from	craft	workforce,	33–35

positive	and	proven	approach,	33,	34f

PRIDE	in	Maintenance	and	Construction,	36–37

PRIDE	in	Work,	30

Priority,	392



Priority	systems,	120,	159f

Proactive	maintenance,	392

Proactive	planned	work,	180f

Probabilistic	risk	assessment,	392

Probabilistic	safety	assessment,	392

Probability	of	failure	(POF),	223

Probable	reserves,	392

Process	benchmarking,	42

Process	mapping,	42,	168

Process	safety	management	(PSM),	392



Processing,	392

Processing	natural	gas,	393

Procurement,	393

Produced	water,	393

Production,	393

Production	sharing	contract	(PSC),	393

Productive	well,	393

Productivity,	12

categories	of,	67

definition	of,	67–68

Profit



ability,	3

in	maintenance,	6–8,	6f

optimization,	3–4

Profit	and	customer-centered	maintenance	(PCCM),	393–394

Profit-centered	benefits,	of	planning	and	scheduling,	1–10

Profit-centered	maintenance	(PCM),	393

Project	evaluation	and	review	technique	(PERT)	chart,	394

Proppant,	394

Protective	device,	394

Proved	developed	reserves,	394



Proved	reserves,	394

Provisioning,	394

Publicity,	22

Purchase	order,	394

Purchase	requisition,	394

Purchasing	benefits,	178f

Purchasing/stores,	210



Q

Quality	factor,	68,	68f,	72

Quality	of	leadership,	22,	26–27

Quality	rate,	395

Questa,	Carole,	36



R

Range	of	time	concept,	246

Ranking	Index	for	Maintenance	Expenditures	(RIME)	system,	120–143,	120f,
159f–160f,	161,	397

benefits	of,	161f

budget	and	cost	control,	120

budget	status-operating	departments,	121

CMMS

operations	understands	benefits	of,	141

reliability	data,	134

complete	PM/PDM	task	descriptions,	134



cost	improvements	due	to	CMMS,	121

craft	labor,	121

craft	performance,	139

craft	utilization,	measuring	and	improving,	128,	128f

critical	spares,	identifying,	132,	133f

deferred	maintenance,	121,	121f

electronic	parts	requisitioning,	132,	132f

engineering	changes,	141

equipment

database	structure,	141,	141f



downtime	reduction,	139

inventory	cycle	counting,	131,	131f

inventory	management	module,	131

life	cycle	costing,	122,	122f

long	range	PM/PdM	scheduling,	134

lubrication	services,	134

maintenance	customer	service,	139

maintenance	managed	as	business,	141

maintenance	performance	measurement	process,	139t,	140,	140f

maintenance	standard	task	database,	142

MRO	materials	management,	130t–131t



parts	kitting	and	staging,	131,	132f

parts	of,	121

planned	work,	increasing,	128,	128f

planning	and	scheduling,	122,	123f–127f

PM/PdM

change	process,	134

compliance,	134

reliability	centered	maintenance,	138f

reorder	notification	process,	133

scheduling	coordination	with	operations,	130



spare	parts	status,	130

true	emergency	repairs,	tracking,	130

vendor	support	costs,	121

warranty	information,	133

work	schedules,	128,	129f

RCM++,	229,	229f–232f

Reaction	time/response	time,	395

Reactive	planned	work,	180f

Ready	backlog,	92,	96,	158

Ready	line,	395

Reasonable	certainty,	395



Rebuild,	395

Rebuild/recondition,	395

Recompletion,	395

Recordable	cases,	395

Redesign,	395

Redundancy,	395

Refinery	process	flow,	173,	174f–175f

Refinery	work	flow,	211,	212f–220f

Refinery,	process	mapping	for

facilities	and	services	work	analysis	process,	431f



facilities	and	services	work	documentation	process,	437f

facilities	and	services	work	execution	process,	431f

contractor	work	accountability	process,	436f

emergency	deviance	and	schedule	deviation	process,	434f

job	change	order	process,	433f

job	site	data	collection	process,	435f

rental	process,	432f

facilities	and	services	work	identification,	425f

after	hours,	426f

facilities	and	services	work	planning	process,	427f–428f

project	work,	429f



facilities	and	services	work	scheduling	process,	430f

Refurbish,	395

Reliability,	395

Reliability	analysis,	395

Reliability	centered	maintenance	(RCM),	61–62,	73,	88,	138f,	145–156,	395–
396

bathtub	curve,	154f

decision	diagram,	152f

default	actions,	155f

elements	of,	146f

equipment	failure	patterns,	154f



failure	consequences	of,	152f

failure	effects	of,	150f

failure	modes	and	effects	analysis	of,	151f

failure	modes	of,	149f

functional	failure	of,	148f–149f

functions	and	performance	standards	of,	148f

implementation	of,	147f

operating	context,	146

P–F	interval,	153f

principles	of,	146f



proactive	maintenance	of,	153f

Reliability	engineering,	396

Reliability	improvement,	29,	33

Reliability	performance	indicators	(RPI),	397

Reliable	Maintenance	Excellence	Index	(RMEI),	17–19,	42–44,	43f,	95,	285–
296,	286f–290f

customer-centered,	295f

development	of,	287f,	290f–291f

human	capital,	planning	and	scheduling	of,	295f

performance	data	collection,	295f

performance	metrics	and	purpose,	291f–295f



profit-centered,	295f

Reliable	planning	times,	244

ReliaSoft,	229

Remove,	387

Remove	and	reinstall,	387

Remove	and	replace,	387

Reorder	notification	process,	133

Reorder	point	(ROP),	396

See	also	Order	point

Repair,	396

Repair	parts,	396



Repairable,	396

Repetitive	jobs,	202

Replaceable	item,	396

Reserves,	397

Reservoir,	397

Resources,	397

Respect,	27

Responsibilities	of	leadership,	24

Restoration,	397

Return-on-assets,	397



Return	on	capital	employed	(ROCE),	397

Risk,	397

definition	of,	223

matrix,	226f

ranking,	237t–240t

Risk-based	inspection	(RBI),	223–240,	397–398

equipment,	229f–230f

software,	229–232

Risk-based	maintenance	(RBM),	223–240,	225f–226f,	395

case	study	example,	232–236,	232f–236f

category	22	for,	237t–240t



factors	for	implementation,	227f

operating	context,	228f

outline	of,	225f

overview	of,	227f

quantitative	analysis,	228f

results,	236–240,	236f

risk	matrix,	226f

Robinson,	Ricky,	36

Root	cause	analysis	(RCA),	343t–345t

Root	cause	corrective	action	(RCCA),	343t–345t



Rotable,	398

Routine	maintenance	task,	398

Routine	maintenance	work

acceptance	process,	219f–220f

execution	process,	219f

planning	process,	215f–216f

scheduling	process,	217f–218f

Routine	planner	training	checklist

personal	details,	483

basic,	483–485

SAP,	485–487



sign	off,	487

Running	maintenance,	398

Run-to-failure,	398

Run-to-failure	strategy,	122



S

Safety	consequences,	398

Safety	stock,	398

Salvage,	398

Schedule	compliance,	398

Scheduled	discard	task,	398

Scheduled	maintenance	(SM),	392,	398

Scheduled	operating	time,	398

Scheduled	restoration	task,	398

Scheduled	work	order,	399



Scheduling,	11–19,	257–276,	308–313,	310f

allowances,	application	of,	260f

compliance,	270f–271f,	273f–274f

coordination	meeting,	preparation	for,	261f–264f

coordination	required	by	planners	for,	260f–261f

coordination	with	operations,	130

function,	measures	for,	274f–276f

guidelines	for	completing,	264f–270f

of	human	capital,	295f

job	close	out	and	follow	up,	270f



key	procedures	for,	263f

long	range	PM/PdM,	134

miscellaneous	allowances,	259f

non-compliance,	reasons	for,	271f–273f

performance,	273f–275f

personal,	fatigue	and	delay	allowance,	259f

profit	and	customer-centered	benefits	of,	1–10

RIME	system,	122,	123f–127f

total	planned	time,	allowances	for	determining,	258f

travel	time,	258f–276f

Scope	of	work,	90–92,	201,	207–222



Scoping,	399

Scoreboard	for	Excellence,	See	Scoreboard	for	Facilities	Management
Excellence,	Scoreboard	for	Maintenance	Excellence

Scoreboard	for	Facilities	Management	Excellence,	43,	399

Scoreboard	for	Fleet	Management	Excellence,	43

Scoreboard	for	Maintenance	Excellence,	13–17,	31–33,	95

baseline	information,	preassessment	checklist	for,	60–64

craft	labor	rates/overtime	history,	61

craft	skills	development,	61

maintenance	budget	and	cost	accounting,	61

maintenance	storeroom,	62



MRO	purchasing	operations,	62

organization	charts/job	descriptions,	61

predictive	maintenance,	39–40,	47–48,	57,	61–62

preventive	maintenance,	39–40,	47–48,	57,	61–62

reliability	centered	maintenance,	61–62

total	productive	maintenance,	61–62

work	control,	62

work	orders,	62

benchmark	evaluation	criteria,	format	of,	57f

continuous	reliability	improvement,	48f,	59f



current	position	of,	determining,	47–48,	49f–50f,	52f

definition	of,	41

evolution	of,	45–47,	46f

external	benchmarking,	44

functional	benchmarking,	42

internal	benchmarking,	43

maintenance	benchmarking,	40f

maintenance	resources,	51f

hidden	resources,	53–57

information	resources,	53

parts	and	material	resources,	53



people	resources,	51

physical	asset	and	equipment	resources,	53

technical	skill	resources,	53

1993	version	of,	47f

performance	benchmarking,	41–42

physical	asset	management	strategy	with,	39–66

plant	operating	goals,	57–60

process	benchmarking,	42

rating	summary	comments,	56f

self-assessment,	60f



strategic	benchmarking,	41

Scoreboard	for	Maintenance	Excellence,	399–400

Secondary	damage,	401

Secondary	failures,	401

Secondary	function,	401–402

Self-assessment,	60f

Self-confidence,	28

Selling	benefits,	172f,	173,	177f

Serial	number,	402

Service	contract,	402

Service	level,	402



Service	line,	402

Serviceability,	402

Servicing,	402

Shale,	402

Shelf	life,	402

Shop	load	plan,	471–474,	471t–472t

instructions	for	use,	474

Shop	schedule,	477–478

sample,	479f

4-week	shop	look-ahead	of	resources	by	trade	type,	481f



PM	leveling	and	planning	by	shop	area,	480f

weekly	maintenance	work	schedule	at	90%	loading,	482f

Shop	stock,	384,	402

Short,	Eddie,	36

Shutdown,	402

Shutdown	maintenance,	402

Shutdown,	turnaround,	or	outage	(STO),	116f–117f,	126f–127f,	174–181,	198f,
402

Slotting,	242,	246

Snea,	Keith,	36

Social	life	cycle	analysis	(S-LCA),	402



Society	for	Maintenance	and	Reliability	Professional	(SMRP)	Metrics	and
Definitions,	314

Solomon	auditing,	42

Sour	gas,	402

Spacing,	402

Spare	parts

database,	accuracy	of,	107–108,	111–112

ownership,	281–282

status,	130

Spares	maintenance	program,	establishing,	282

Spares	storage,	279–281



being	stationary,	effects	of,	280–281,	280f

exposure	to	environment,	279–280

Spares	tracking,	279

Special	skills,	93

Specifications,	402

Spreadsheets,	245,	249–252,	249f–250f,	257f

developing,	254

Staffing,	168f

Standard	item,	402

Standard	job,	402

See	also	Model	Work	Order



Standard	operating	procedure	(SOP),	211,	242

Standardization,	402

Standby,	402

Standing	work	orders,	92,	402–403

Steam-assisted	gravity	drainage	(SAGD),	403

Stock	keeping	unit	(SKU),	403

Stock	number,	403

Stock	out,	403

Storage,	403

Storage	underground,	403



Storeroom

benefits,	178f

function,	281

planning	process	promoted	by,	182f

reporting

to	finance	or	purchasing,	183f

to	maintenance,	183f

success,	184f

support	to	planning	process,	182f

Stores	issue,	403

Stores	requisition,	403



Strategic	benchmarking,	41

Supply,	403

Support	equipment,	404

Sustainability,	16–17,	404

Sweet	gas,	403

Systems	Performance	Team,	36



T

Teamwork	works,	404

Technical	data	and	information,	404

Technical	skill	resources,	53

Teratology,	389,	405

Terotechnology,	404

Test	and	support	equipment,	404

The	Maintenance	Excellence	Institute	(TMEI),	386

The	Maintenance	Excellence	Institute	International	(TMEII),	12,	39–41,	43,	48–
51,	59

Thermography,	404



Throwaway	maintenance,	404

Thurston,	Julie,	36

Tight	gas,	405

Time	standards	for	maintenance	work

adjusted	averages,	241

construction	trade	estimates,	241

educated	guesses,	241

historical	averages,	241

slotting,	242

universal	maintenance	standards,	242,	246



Top	leaders,	404

defining	results	to,	11–20

Top	management	support,	297–298,	300

Total	asset	management,	404

Total	backlog,	91,	96,	158

Total	cost	of	ownership,	206

Total	maintenance	requirements	(TMR),	12–13,	19,	91,	157–158,	162–165

Total	operations	success,	12

Total	planned	time,	allowances	for	determining,	258f

Total	productive	maintenance	(TPM),	61–62,	73,	404

Total	recordable	rate	(TRR),	405



Total	shareholder	return	(TSR),	405

Total	system	support	(ToSS),	405

Traceability,	404–405

Tradesperson,	405

Transmission,	405

Transmission	lines,	405

Transportation,	405

Travel	time,	258f–276f

Troubleshooting,	92,	201,	387,	405

True	emergency	repairs,	tracking,	130



TrueWorkShops™,	32

Turnaround	time,	405

Turnover,	405



U

Unconventional	reservoirs,	405–406

Undeveloped	acreage,	406

Unit,	406

Universal	maintenance	standards	(UMS),	242

Unplanned	downtime,	297,	299

Unplanned	maintenance,	406

Unscheduled	maintenance	(UM),	406

Up,	406

Uptime,	406



Usage,	406

Useful	life,	406

Utilization,	406



V

Value	engineering,	406

Value-adding	investments,	4

Variance	analysis,	406

Vendor	support	costs,	121

Vibration	analysis,	406

Vision	of	leadership,	21



W

Wall,	Joe,	36

Warranty,	406

claims,	406

information,	133

Waterflood,	406

Wear	out,	406

Wellhead,	393

Wet	gas,	406

Willis,	Ed,	36



Withdrawal,	403

Work	content,	246–247

comparison,	249–251

Work	control,	62,	114t,	180,	193f–197f

Work	identification,	212f–214f

Work	order	(WO),	62,	201–206,	202f–205f,	278,	407

blanket,	92

cause	of	failure,	201

criteria	for,	206f

as	prime	source	for	reliability	information,	206



processing,	213f–214f

standing,	92

Work	requests,	89–90,	92,	407

Work	schedules,	RIME	system,	128,	129f

Working	interest,	407

Workload,	407

World-class	wrench	time,	302

Wrench	time,	68–71,	76–84,	83f,	87–88,	257f,	258,	307–308,	314

definition	of,	302

world-class,	302



X

X-maintenance,	407



Z

Zero-based	budgeting,	407



Appendix	I



Management	of	Change	(MOC)	Procedures	Example





Appendix	1			Project	communications	routes.

Introduction

The	company	recognizes	that	changes	are	inevitable	and	initiated	during	the
course	of	project	development	and	execution;	these	changes	may	or	may	not
have	a	significant	impact	upon	environment,	community,	safety,	integrity,	cost,
or	schedule.	Notwithstanding	the	severity	or	magnitude	of	the	change,	the
processes	for	managing	changes	will	be	according	to	this	document,
supplemented	by	other	procedures	from	the	suite	of	change	control	processes,
such	as	technical	queries;	deviations;	environmental,	social,	and	health/safety
nonconformances;	variations	orders;	etc.

Change	management	procedures	are	developed	to	ensure	that	changes	are
properly	reviewed	and	approved	by	persons	with	the	required	expertise	prior	to
implementation,	to	eliminate	workplace	hazards	that	could	lead	to	injuries,
equipment	damage,	production	losses,	project	reputational	impact,	or
environmental	impact.	Also,	accountability	for	proper	change	implementation	of
change	management	review	procedures	will	address	both	permanent	and
temporary	changes.	Temporary	change	reviews	and	approvals	will	specify	the
duration	of	the	change	and	will	require	review	if	an	extension	is	required.
Temporary	changes	are	to	be	considered	in	the	same	manner	as	permanent
changes.

Definitions	and	Abbreviations



CN Change	notification

DCC Document	control	center

ESHS Environmental,	social,	and	health	and	safety

GM General	manager

IFIs International	financial	institutions	providing	finance	to	the	projects

MCC Management	of	change	control	coordinator

PM Project	manager

PCMT Project	construction	management	team,	a	group	consisting	of	representatives	from	each	of	the	key	areas

RPNR Reassessment	of	project	requirements	in	terms	of	project	deign	capacity,	consumption	demands,	or	technical	improvements

VO Variation	order

VOR Variation	order	request

Deviations This	is	the	formal	documentation	that	a	change	not	affecting	the	scope	of	work	(e.g.,	quantity	and	price	fluctuations,	productivity	trends,	errors,	omissions)	has	occurred

Key	areas The	disciplines	or	departments	that	may	be	affected	by	the	change	and	must,	therefore,	be	informed	and	participate	in	the	decision	making	process	regarding	the	change	notice	and	management	of	change	(MOC)	procedure.

Project	sponsors The	company	and	all	or	any	of	its	co-investors	who	hold	a	financial	interest	in	the	project



Responsibilities

All	members	of	the	project	team,	including	the	company,	project	sponsors,
contractors,	and	vendors,	are	responsible	for	identification,	communication,	and
management	of	change.	The	management	of	change	process	provides	the	project
team	with	an	early	warning	of	conditions	that	might	affect	one	or	more	of	the
following	key	areas:

•	Reassessment	of	project	needs	or	requirements	(RPNR)

•	Equipment

•	Materials

•	Documentation	(drawings,	plans,	specifications,	procedures)

•	Organizational

•	Environmental,	social,	and	health/safety

•	Cost	and/or	schedule

•	Logistics

•	Security

•	Other

When	reviewing	a	potential	change,	it	is	important	that	each	of	the	above	key
areas	is	considered,	as	each	one	could	be	influenced	by,	and	in	turn	affect,
others.	Also,	the	potential	changes	should	be	circulated	around	the	project	in	an
expeditious	manner	so	that	a	positive	and	prompt	response	can	be	issued	to	the



initiator	of	the	change	notice.

The	management	of	change	process	project	communication	routes	are	illustrated
in	Appendix	1.

Accountability

A	management	change	coordinator	(MCC)	shall	be	appointed	for	the	plant	and
pipeline	construction	project.	The	discipline	of	the	MCC	will	depend	on	the
nature	of	the	change.	Where	the	change	affects	the	whole	project	and	not	just
one	of	the	functions,	the	construction	manager	shall	take	the	lead.	The
responsible	person	shall	remain	the	plant	or	pipeline	construction	manager	even
when	the	MCC	has	been	delegated	the	task.	The	appointed	management	change
coordinator	shall	ensure	that	the	requirements	of	this	procedure	are	followed	and
fully	implemented.

Process

The	early	identification,	communication,	and	management	of	change	are	the
responsibility	of	all	members	of	the	project	management	team,	contractors,	and
suppliers.	The	management	of	change	review	process	is	illustrated	Figure	I.1.
Once	a	potential	change	is	identified,	the	initiator	shall	advise	the	project
construction	management	team	via	a	change	notification	(CN)	form	(Figure	I.2).
The	construction	manager	will	then	designate	an	MCC	to	complete	sections	1
and	2	of	the	CN	form	and	the	reviewers’	required	part	in	section	3.	Each	CN
form	will	have	a	unique	number	(Figure	I.3).







Figure	I.1			Management	of	change	review	process.

The	change	notice	request	form	shall	then	be	sent	to	all	identified	reviewers,	and
the	accountable	person	for	the	plant	or	pipeline.

The	impact	with	an	estimate	of	accuracy	and	the	forecasted	effect	on	the
schedule	(days/weeks)	should	be	added	to	the	CN	Form.	Any	extended
comments	and	relevant	backup	documents	should	then	be	attached	to	and
become	part	of	the	CN	Form.

The	reviewers	shall	review	the	data	supplied	and	form	a	team;	whether	this	is
physical	team	that	is	able	to	meet	depends	on	the	locations	of	the	individuals.	At
minimum,	the	team	should	meet,	via	conference	call	if	required,	to	discuss	each
reviewer’s	perspective	on	the	proposed	change.

If	the	change	notice	cannot	be	accepted	in	its	present	form,	the	reviewers	may
request	risk	assessments	or	mitigation	measures	to	be	developed	and
implemented.	The	parties	involved	shall	include	the	following:

•	Initiator:	the	party	identifying	the	change	or	initiating	the	MOC	process

•	Responsible:	plant	and	pipeline	construction	managers

•	Accountable:	plant	and	pipeline	project	managers

•	Consulted:	engineering	manager,	health	and	safety	(H&S)	manager,
environmental	and	community	affairs	manager,	environmental	supervisors,
community	affairs	supervisors,	security	director



All	parties	involved	can	question	the	change.	All	questions	must	be	resolved
before	the	CN	can	be	approved	for	implementation.	Reviewers	may	reject	the
change	if	their	concerns	cannot	be	allayed	through	risk	assessment	or	identified
mitigation	measures	being	implemented.





Figure	I.2			Change	notification	form.





Figure	I.3			MOC	decision	tree.

Common	Justifications	for	a	Change

The	most	common	justifications	for	changes	are	listed	on	the	CN	form	and
include	the	following:

NO. Type	of	issue Description

1. RPR	change Partners	require	a	technical	scope	change.

2. ESHS The	change	will	potentially	affect	the	health	and	safety	of	persons,	or	protection	of	the	environment	and	community,	during	fabrication,	construction,	commissioning,	operations,	maintenance	or	decommissioning.	The	change	could	be	outside	of	the	scope	of	approvals	received	and	may	require	additional	approvals/notifications.

Table	Continued



NO. Type	of	issue Description

3. Functional The	facilities	cannot	function/be	operated/be	maintained	as	required	without	the	change.

4. Constructability The	facilities	cannot	be	fabricated	or	constructed	as	designed	or	specified.

5. Statutory The	change	is	necessary	to	comply	with	legislation	or	other	mandatory	requirements.

6. Schedule The	schedule	may	be	at	risk	if	the	change	cannot	be	accommodated.

7. Procurement Supplier	cannot	meet	previous	commitments	and	obligations.

8. Security Exposure	to	security	risk	is	increased/decreased.



Routing	of	the	CN

The	assignment	of	file	numbers	to	CN	forms	shall	be	responsibility	of	the
company’s	MCC.	The	CN	form,	with	any	associated	reference	documents,	is
raised	and	signed	by	the	originating	entity;	this	shall	include	details	of	estimated
costs	and	schedule	impact.

The	impact	with	an	estimate	of	accuracy	and	the	forecasted	effect	on	the
schedule	(days/weeks)	should	be	added	to	the	CN.	Any	extended	comments	and
relevant	backup	documents	should	then	be	attached	to	the	CN	and	become	part
of	the	CN.

All	CNs	are	to	be	signed	by	the	technical	authority	who	then	forwards	to	the
company’s	MCC,	who	shall,	in	turn,	facilitate	the	required	company	signatures.

Subsequently,	the	MCC	then	passes	the	CN	around	the	project	for	input	(if
applicable),	on	the	key	areas	by	each	of	the	following	company	departments:

•	Construction	management

•	Environment	and	social

•	H&S	department	(for	H&S	issues)

•	Other	personnel,	if	applicable,	for	specialist	topics



•	Project	management,	and	above,	where	financial	authorities	are	exceeded

It	should	be	noted	that	at	any	of	the	above	reviews,	the	basis	of	the	CN	can	be
rejected/questioned;	these	must	be	resolved	if	the	CN	is	to	be	approved	for
action	or	formally	rejected.

When	fully	approved,	the	company’s	MCC	enters	details	and	forwards	copies	of
the	CN	and	attachments	to	the	project	manager,	CN	originator,	and	company’s
document	control	center.

Distribution	of	the	CN

The	construction	management	team	CCC	will	issue	both	approved	and	rejected
CNs	to	the	Company’s	CCC,	DCC,	and	the	CN	originator.

Changes	Originating	from	a	Project	Sponsor

All	communications	received	by	the	project	management	team	shall	be	checked
for	any	change	in	the	key	areas	of	the	project	or	the	level	of	involvement	of	any
of	the	project	sponsors.	If	these	communications	on	changes	are	received	by
telephone,	the	originator	is	to	be	requested	to	confirm	the	change	in	writing,
preferably	by	letter.

All	requests	for	changes	received	from	a	Sponsor	are	to	be	logged	and	managed
by	project	change	control	coordinator	and	a	notification	sent	to	the	originator
that	the	change	is	being	reviewed.	A	summary	of	all	changes	shall	be	circulated



to	all	sponsors	with	the	monthly	report.

Changes	Originating	from	a	Contractor

Changes	originating	from	a	contractor	are	to	be	reviewed	by	the	company
project	management	team	and	if	valid,	will	be	converted	to	a	CN	by	the
company’s	CCC	and	processed	in	accordance	with	this	procedure.

E&S	Rating	Criteria

Management	of	change	from	an	environmental	and	social	perspective	must	be
tested	against	the	following	rating	criteria	to	adequately	classify	the	effects	of
the	change	on	community	and	environment:

•	Changes	to	the	execution	strategy	and	methodology	that	have	the	potential	to
affect	implementation	of	key	mitigation	measures	agreed	through	the	ESIA
process	and	other	commitments,

•	Contract	deviation	requests	that	have	the	potential	to	affect	environmental	and
social	mitigation	measures	or	the	functioning	of	the	E&S	management	system

•	Design	changes	initiated	by	either	company	or	the	construction	contractors	and
subcontractors	that	have	the	potential	to	impact	the	ability	for	the	project	to	meet
project	adopted	environmental	and	social	standards	(e.g.,	emissions,	discharges,
noise,	vibrations,	water	use	constraints,	etc.)¹

•	Changes	to	pipeline	route,	access	roads,	or	any	other	site	affecting	the	project
footprint	minimization	objectives



•	Changes	to	locations	for	temporary	facilities	(pipe	storage	yards,	camps)	to
those	contained	in	the	ESIA	(e.g.,	camp	location	not	covered	by	ESIA	or	project
description)

•	New	activities	that	have	not	been	assessed	as	part	of	the	ESIA	process

•	Route	changes

•	Major	changes	to	construction	planning,	such	as	an	introduction	of	additional
spreads	and	implications	on	training	and	resources	and	community	issues





Classes	of	Change	for	E&S	Impact

Significance	ranking Description

Class	I:	Major Changes	include	project	activities	or	facilities	with	potential	impacts	on	the	environment,	neighboring	communities,	occupied	residences,	utilized	social	infrastructure,	or	cultural	resources	that	are	not	detailed	in	the	ESIA’s	or	fall	outside	500	m	from	the	pipeline	route	corridor	and	access	routes	described	in	the	ESIA	or	in	the	pipeline	corridor,	where	either:	1.	One	or	more	of	the	following	conditions	are	encountered	or	otherwise	might	be	irreversibly	impacted:	a	Significant	cultural	properties	where	data	recovery	will	be	required	b	Critical	natural	habitat	c	Protected	species	d	Permanently	exceeding	project	environmental	effluent	and	emissions	standards	unless	corrected	as	per	proposed	MOC	or	2.	Physical	relocation	or	economic	displacement	of	households	not	covered	by	the	principles	and	types	of	compensation	measures	addressed	in	the	applicable	compensation	plan.	Suggested	change	falls	outside	ESIA	study	area	and	will	require	substantial	additional	environmental	and	social	assessment	and	mitigation	measures	to	ensure	that	it	does	not	irreversibly	impact	important	resources.	Will	have	an	impact	on	project	schedule.

Class	II:	Moderate Changes	requiring	a	development	or	other	project	activity	outside	of	the	ESIA	study	area	where	no	critical	habitats	or	species	are	disturbed.	•	Does	not	impact	significant	cultural/archaeological	finds	or	social	infrastructure,	either	because	none	exist	in	the	impacted	area	or	they	can	be	avoided	or	approved	mitigation	measures	implemented.	•	Does	not	result	in	significant	impacts	to	communities,	possessors	of	land,	or	landowners	that	are	not	covered	by	mitigation,	compensation	or	other	measures	previously	adopted	by	the	project.	•	Additional	land	purchase	may	be	required	but	can	be	covered	by	existing	mechanisms	as	outlined	in	the	compensation	management	plan.	•	The	change	has	ramifications	related	to	the	ESHS	MS;	that	is,	changes	to	the	ESHS	MS	provisions	(e.g.,	resources,	training,	procedures)	are	required,	although	these	changes	are	not	significant.	The	company	will	conduct	archaeological	surveys	or	environmental	and	social	assessments	appropriate	to	the	proposed	change	of	the	area	affected.	The	assessment	will	require	additional	but	limited	study	or	survey	and	may	impact	the	construction	schedule.

Class	III:	Minor Changes	to	the	plant,	marine	facilities,	quarry,	pipeline,	accesses,	construction	camps,	and	pipeyards	within	the	corridor/area	studied	in	the	ESIA.	The	changes	do	not	affect	the	ability	to	meet	project	environmental	and	social	standards	or	any	of	the	key	ESIA	mitigation	safeguards.	The	assessment	of	the	change	can	be	conducted	with	limited	or	no	additional	environmental	or	social	study	or	survey	and	the	required	environmental	and	social	appraisal	will	not	impact	construction	schedule.



Resulting	Actions

Each	affected	party	initiates	its	own	change	implementation	process	following
approval	of	the	change.	For	the	incorporation	into	the	plant	design	and
construction,	the	plant	PMT	will	ensure	that	contractors	have	incorporated	the
change	technically	and	commercially	by	reviewing	the	appropriate	drawings
(e.g.,	P&IDs,	layouts)	and	invoices.	Plant	project	controls	manager	will	also
notify	finance	and	accounting	of	the	change	if	it	affects	project	cost	or	timing.
This	is	similar	for	the	pipeline.

Upon	receipt	of	the	signed/approved	CN,	the	MCC	shall	advise	the	project
manager(s)	of	the	outcome	so	that	work	may	proceed	accordingly.	Any
instruction	to	a	contractor	is	to	be	made	in	writing	through	the	company
contracts	administration	department	following	the	contract	variation	order
request	(VOR)	and	variation	order	(VO)	procedures.

Advising	Partners	of	Change

Partners	are	consulted	with	via	the	Technical	and	Management	Committee
members	as	an	“affected	party”	on	major	changes.	Partners	are	advised	about	all
changes	in	accordance	with	the	shareholder	agreements.	Communication	with
partners	is	via	the	general	manager.

Advising	Regulators	of	Change



Regulators	are	consulted	with	(via	plant	permit	coordinator)	and	their	approval
sought	(as	part	of	the	change	impact	assessment	process)	if	the	change	affects
information	previously	used	for	obtaining	permits.

Once	a	decision	is	made	to	incorporate	the	change,	revised	documentation	will
be	submitted	and	new	permits	obtained	(if	necessary)	prior	to	implementation	of
the	change	at	the	plant	site.

Advising	Lenders	of	Change

The	lenders	shall	be	notified	of	significant	changes	depending	upon	the
significance	and	scope	of	the	change,	and	in	particular	those	changes	with
associated	potential	environmental	and	social	impacts.	The	changes	could
include,	for	example:

•	Pipeline	right-of-way	reroutes

•	Construction	methodology

•	Location	and	details	of	infrastructure	and	temporary	facilities	(access	roads,
camps,	pipe	storage	yards,	borrow	and	spoil	sites)

•	Design	specifications	and	operating	specifications,	including	emissions

•	Any	change	that	potential	differs,	or	goes	beyond,	from	what	was	described	in
the	ESIA	and	other	project	definition	documents

Decisions	regarding	the	notification	method	will	be	based	on	the	three-tiered
change	classification	structure	described	above.	The	MCC	views	all	proposed



changes	and	is	in	the	best	position	to	ensure	that	each	change	is	assigned	a
significance	ranking.	The	change	control	coordinator	should	liaise	with
company’s	environment	and	social	manager	for	advice	on	the	appropriate
ranking	assignation.

Lenders	will	be	specifically	notified	on	changes	that	fall	into	Class	I	due	to	E&S
reasons.	Notification	of	other	changes	will	be	in	accordance	with	the	loan
agreements	reached	with	the	company.

Communication	with	lenders	of	a	Class	I	E&S	change	is	the	responsibility	of	the
company’s	environmental	and	social	manager.	Consequently,	any	Class	I	change
needs	to	be	immediately	reported	to	company’s	environmental	and	social
manager	(the	MCC	coordinator	is	responsible	for	this	reporting).

Updates	Required

On	completing	and	approving	the	CN,	the	reviewers	will	assist	the	MCC	in
identifying	all	the	documentation	and	processes	that	require	updating	and
revising.	The	document	number,	date	action	was	assigned,	and	responsibility
shall	be	completed	on	the	CN	request	form.	The	MCC	shall	follow	up	until	all
actions	are	closed.

¹	Key	environmental	and	social	mitigation	measures	include	but	are	not	limited
to	the	following:

1.	Seasonal	and	geographical	construction	constraints	(e.g.,	environmentally
sensitive	areas,	culturally	sensitive	areas)



2.	Key	reinstatement	safeguards	ensuring

a.	Minimization	of	project	footprint

b.	Protection	of	buffer	zones	and	pinchpoints	(water	bodies	and	wetlands)

c.	Protection	of	the	long-term	viability	of	topsoil	(either	the	seed	bank	and	soil
structure)

d.	Erosion	and	sedimentation	control

e.	Pollution	prevention

f.	Biorestoration	to	restore	natural	habitat

g.	Limits	on	open	ROW	(width	or	length)

h.	Limits	on	open	trench

3.	River	crossing	mitigation	measures,	including	special	method	statements

4.	Measures	that	ensure	disruption	to	communities	along	ROW	is	minimized
(disruption	by	construction	workers,	traffic,	construction	activities,	location	and
timing,	infrastructure	impacts)

5.	Construction	contractors	fail	to	meet	objectives,	targets,	or	key	performance
indictors

6.	Special	ROW	stabilization	measures	(including	special	protection	for
geohazard	areas)



Appendix	J



Risk	Management





Introduction

Purpose	and	Objectives

Risk	management	is	the	systematic	process	of	identifying,	analyzing,	and
responding	to	project	risks.	It	includes	maximizing	the	probability	and
consequences	of	positive	events	and	minimizing	the	probability	and
consequences	of	adverse	events	to	project	objectives.	A	risk	management	plan
defines	how	a	project	team	will	handle	risks	to	achieve	that	goal.

Risk-Related	Definitions

There	are	several	terms	used	in	risk	management	that	we	need	to	define	to
ensure	clear	communications.

Risk

An	uncertain	event	or	condition	that,	if	it	occurs,	has	a	positive	or	negative	effect
on	a	project’s	objectives.	Risk	is	often	a	measure	of	the	inability	to	achieve
overall	project	objectives	within	defined	project	requirements	and	constraints
and	has	three	components:	(1)	the	probability	of	occurrence,	(2)	the	impact	of
the	risk	on	the	program,	and	(3)	the	time	horizon	during	which	the	consequences



will	occur	if	the	risk	is	not	mitigated.

Probability	of	Occurrence

The	following	table	defines	the	probability	of	occurrence	(Table	J.1).

Risk	Impact

The	following	table	defines	the	risk	impact	categories	and	terms.	For	positive
risks,	consider	the	opposite	of	the	impact	description.	The	examples	would
remain	the	same	except	having	a	positive	impact	to	the	project	(Table	J.2).

Risk	Score

The	risk	score	is	a	value	calculated	that	is	the	product	of	probability	of
occurrence	and	impact.	You	use	the	score	to	compare	risks	as	part	of	the	risk
prioritization	process.	Table	J.3	is	the	matrix	used	to	develop	the	risk	score.	The
values	range	from	1	(very	low	exposure)	to	50	(very	high	exposure).	Although
there	are	no	specific	break	points	in	the	risk	exposure	ranking,	those	risks	with
an	exposure	value	of	less	than	20	are	generally	considered	low	risks,	those	risks
with	an	exposure	value	between	20	and	39	are	gen1erally	considered	moderate
risks,	and	those	risks	with	an	exposure	value	between	40	and	50	are	generally
considered	high	risks.	The	definitions	of	low,	moderate,	and	high	are	as	follows:



•	Low	risk:	Has	little	or	no	potential	for	increase	in	cost,	disruption	of	schedule,
or	degradation	of	performance.	Actions	within	the	scope	of	the	planned	project
and	normal	management	attention	should	result	in	controlling	acceptable	risk.
No	response	plans	will	be	made	for	these	risks.	The	project	will	monitor	for
them	and	manage	them	as	they	come	up.

•	Moderate	risk:	May	cause	some	increase	in	cost,	disruption	of	schedule,	or
degradation	of	performance.	Special	action	and	management	attention	may	be
required	to	control	acceptable	risk.	The	project	will	do	some	response	planning
for	these	risks.

•	High	risk:	Likely	to	cause	significant	increase	in	cost,	disruption	of	schedule,
or	degradation	of	performance.	Significant	additional	action	and	high-priority
management	attention	will	be	required	to	control	acceptable	risk.	The	project
will	do	in-depth	response	plans	for	these	risks.

Positive	risks	can	use	the	same	table	and	descriptions,	except	instead	of	trying	to
avoid	the	risk,	we	will	endeavor	to	make	the	risk	occur	and	gain	the	positive
impact.

Organization

This	section	defines	the	roles	and	responsibilities	for	risk	management.

Table	J.1

Risk	probability	of	occurrence



Probability	range Natural	language	expression Probability	value	used	for	calculations

91–99% “Very	likely”	to	occur 95%

61–90% “Probably”	will	occur 76%

41–60% “May	occur”	about	half	of	the	time 51%

11–40% “Unlikely”	to	occur 26%

1–10% “Very	unlikely”	to	occur 5%



Table	J.2

Risk	impact

Impact	description

An	event	that,	if	it	occurred,	would	cause	project	failure	(inability	to	achieve	minimum	acceptable	requirements)

An	event	that,	if	it	occurred,	would	cause	major	cost/schedule	increases.	Secondary	requirements	may	not	be	achieved.

An	event	that,	if	it	occurred,	would	cause	moderate	cost/schedule	increases,	but	important	requirements	would	still	be	met.

An	event	that,	if	it	occurred,	would	cause	only	a	small	cost/schedule	increase.	Requirements	would	still	be	achieved.

An	event	that,	if	it	occurred,	would	have	no	effect	on	the	project.



a	These	examples	are	simply	rules	of	thumb	and	you	should	adjust	them
according	to	your	specific	project	needs.

Table	J.3

Risk	score

Impact

Probability Negligible	(1) Minor	(3) Moderate	(5)

Very	likely	to	occur	(5) 5 15 25

Probably	will	occur	(4) 4 12 20

Approximately	50%	chance	of	occurring	(3) 3 9 15

Unlikely	(2) 2 6 10

Very	unlikely	to	occur	(1) 1 3 5



Project	Management	Office/Enterprise	Project
Management	Office	(EPMO)

The	EPMO	has	issued	a	project	risk	management	supplement	that	this	project
will	use	to	form	the	basis	of	the	risk	management	process.

The	Information	Technology	Department’s	Project	Management	Office	provides
support	to	the	project	manager	and	has	some	additional	processes	and	templates
for	software	development	projects	that	will	be	used	in	this	project.

Roles	and	Responsibilities

See	Table	J.4.

Table	J.4

Roles	and	responsibilities



Project	Manager:	The	overall	coordinator	of	the	Risk	Management	Program.

Project	team:	Responsible	for	identifying,	monitoring,	and	managing	risks

Subject	matter	experts	(SMEs):	Responsible	for	implementing	risk	management	tasks	per	this	plan

End	users



Risk	Management	Structure	and	Procedures

This	section	describes	the	risk	management	process	and	provides	an	overview	of
the	risk	management	approach.

Risk	Assessment

Size: With	a	budget	of	$490,000,	this	project	is	a	medium-sized	project.

Complexity: This	project	involves	multiple	divisions	within	the	organization,	but	it	does	not	involve	any	other	external	organization.	The	project	does	work	with	complex	formulas.	We	rate	this	medium	complexity.

Importance	to	Business: This	project	is	determined	to	be	of	high	priority	within	the	organization.

Visibility: While	not	directly	public	facing,	delivers	very	important	public	information.

Agency	history: Agency	seldom	does	IT	projects	of	this	size	or	complexity.

Skill	Levels

Vendor: ITD	is	updating	an	ITD	based	app.	ITD	has	already	done	this	with	other	sections	of	the	app,	they	are	just	moving	the	rest	of	the	app	off	the	mainframe	system.

Project	Mgr.: Relying	on	ITD’s	internal	PM.	Agency	staff	has	no	formal	PM	experience.

Agency	project	team Approximately	50%	of	the	SMEs	have	done	a	similar	project



Summary

Risk	management	effort	decision: It	has	been	determined	that	the	project	will	spend	a	moderate	amount	of	time	performing	the	following	risk	assessment	activities.



Identification

What

Brainstorming/affinity	diagram/risk	breakdown	structure	(RBS):	The	stakeholders	will	be	divided	into	five	groups	of	six	to	eight	people.	One	group	will	consist	of	impacted	division	management,	including	the	sponsor.	Three	groups	will	consist	of	members	of	each	impacted	division	(who	are	not	part	of	the	core	project	team)	and	should	consist	of	at	least	two	consumers	and	two	SMEs	from	each	division.	Finally	the	last	group	will	consist	of	the	core	project	team.

Table	Continued



What

Each	group	will	be	brought	in,	given	a	brief	overview	of	the	project,	then,	using	the	brainstorming	technique,	they	will	be	asked	to	identify	any	opportunities	they	see.	We	will	then	ask	them	to	identify	any	risks.	We	will	ask	the	groups	to	then	perform	an	affinity	diagram	to	categorize	the	risks	and	identify	any	missing	risks/opportunities.	In	addition	to	the	above,	the	core	project	team	will	perform	a	RBS.	This	involves	stepping	through	the	work	breakdown	structure	task	by	task	and	identifying	risks	and	opportunities	associated	with	the	task.

Delphi	technique:	We	will	query	each	of	the	key	EA	architects	to	identify	risks	associated	with	this	project.	They	will	be	given	a	week	to	respond.	After	they	return	all	submissions,	we	will	send	the	total	risk	list	to	them	for	a	one-time	only	review.	They	will	be	given	an	additional	week	for	review/response.

E-mail:	At	the	end	of	each	of	the	above	activities,	everyone	will	be	asked	to	e-mail	the	PM	with	any	additional	opportunities	or	risks	that	occur	to	them	after	the	session.



The	project	will	use	the	following	categories	of	risk	in	this	process:

Schedule

Schedule	creation

Timescale

Budget	personnel

Project	resources

Contractors

Project	management

Change	management	process

Project	size	and	duration

Expectations

End	users

Customer/sponsor	project

Vendors	commitment

Technological	objectives

Product	requirements

Environment

Internal



Organization	and	management

Development	environment	design	and	implementation

External

Politics

Qualitative	Analysis

What

Review:	The	PM	will	ask	the	core	team	to	review	the	risks	to	determine	if	they	understand	the	risks	enough	to	score.	The	team	should	notify	the	PM	of	any	risk	they	are	unsure	of	and	the	PM	can	clarify	or	get	more	information	from	the	originator.	The	team	will	have	3	days	to	perform	the	review.

Scoring:	The	project	team	will	determine	the	impact	and	probability	scores	for	each	risk	to	calculate	the	risk	score.	They	will	use	the	tables	in	Section	J.2	of	this	document.



What

Threshold	1:	Anything	with	a	probability	of	“very	likely”	(5)	will	be	considered	a	fact	and	managed	in	the	project	plan.	Threshold	2:	Anything	with	a	risk	score	of	20	or	below	will	be	included	on	the	noncritical	risk	list.

All	risks	not	excluded	by	the	above	thresholds	will	be	passed	to	quantitative	analysis.

Stage	gate:	Meet	with	the	executive	steering	committee	to	review	the	key	risks	and	get	a	go/no-go	decision	to	proceed	with	planning.



Quantitative	Analysis

What

A	moderate	risk	effort	indicates	that	an	EMV	analysis	will	be	performed	for	each	of	the	risked	passed	onto	this	phase.

Analyze:	The	project	team	and	SMEs	from	the	effected	divisions	will	meet	to	perform	a	basic	EMV	for	each	risk.	A	decision	tree	will	be	developed	for	a	risk	as	needed.



Risk	Response	Planning

What

The	top	risks	evaluated	in	the	quantitative	analysis	will	be	assigned	out	to	the	core	project	team,	SMEs,	and	management	if	necessary.	Each	risk	owner	will	be	assigned	to	develop	strategies	to	avoid,	if	possible,	or	mitigate/transfer	the	risk.	These	responses	should	be	documented	in	the	risk	register.	Risk	owners	are	given	1	week	to	complete.

Stage	gate:	Meet	with	the	executive	steering	committee	to	review	the	key	risks	and	get	a	go/no-go	decision	to	proceed	with	planning.



Risk	Monitoring	and	Control

What

Monitoring:	Risk	owners	are	responsible	for	monitoring	their	risks	and	notifying	the	PM	via	e-mail	when	a	trigger	occurs	and	that	the	response	plan	has	been	initiated.

New	risk	identification:	Any	stakeholder	can	identify	additional	risks.	The	stakeholder	should	notify	the	project	manager	of	the	new	risk	(or	possible	risk)	via	e-mail.

Audits:	The	PM	will	be	responsible	for	overseeing	risk	activities	and	ensuring	the	risk	register	is	updated.

Review:	The	project	team	will	review	the	project’s	risks	biweekly	(in	every	other	weekly	team	meeting).

Reporting:	Risks	will	be	reported	in	two	ways.	(1)	The	PM	maintains	a	risk	log	in	the	project	repository.	The	risk	log	will	contain	a	list	of	risks	that	are	active	on	the	project,	the	priority	of	the	risk,	the	assignment,	and	a	current	status.	(2)	The	monthly	status	report	and	the	quarterly	large-project	oversight	report	will	contain	a	summary	of	the	risk	log	and	any	new	risks	identified	and	added	to	the	risk	register.



Risk	Register

The	project’s	risk	register	is	located	in	the	project	repository	at	the	company’s
electronic	project	database	and	should	cover	the	following	points:

•	Date	identified:	The	date	the	risk	was	identified.

•	Status:	Identifies	whether	the	risk	is	potential,	active,	or	closed.

•	Risk	description:	A	description	of	the	risk.

•	Risk	probability:	The	likelihood	that	the	risk	will	occur.	See	the	Evaluating
Risk	Probability	section	for	possible	values.	In	this	category,	the	descriptive
words	low,	moderate,	or	high	will	be	used.

•	Risk	impact:	The	effect	of	the	project	objects	if	the	risk	event	occurs.	See	the
Evaluating	Risk	Impact	section	of	the	table	below	for	possible	values.	In	this
category,	the	descriptive	words	low,	moderate,	or	high	will	be	used.

•	Risk	score:	Reflects	the	severity	of	the	risk’s	effect	on	objectives.	The	risk
score	is	determined	by	multiplying	the	risk	probability	and	risk	impact	values.
The	intent	is	to	assign	a	relative	value	to	the	impact	on	project	objectives	if	the
risk	in	question	should	occur.

•	Risk	assignment:	Person(s)	responsible	for	the	risk	if	it	should	occur.

•	Agreed	response:	The	strategy	that	is	most	likely	to	be	effective.

•	Avoidance:	Risk	avoidance	entails	changing	the	project	plan	to	eliminate	the
risk	or	condition	or	to	protect	the	project	objectives	from	its	impact.

•	Transference:	Risk	transference	is	seeking	to	shift	the	consequence	of	a	risk	to



a	third	party	together	with	ownership	of	the	response.	Transferring	the	risk
simply	gives	another	party	responsibility	for	its	management;	it	does	not
eliminate	it.

•	Mitigation:	Risk	mitigation	seeks	to	reduce	the	probability	and/or
consequences	of	an	adverse	risk	event	to	an	acceptable	threshold.	Taking	early
action	to	reduce	the	probability	of	a	risk’s	occurring	or	its	impact	on	the	project
is	more	effective	than	trying	to	repair	the	consequences	after	it	occurs.

•	Acceptance:	This	technique	indicates	that	the	project	team	has	decided	not	to
change	the	project	plan	to	deal	with	a	risk	or	is	unable	to	identify	any	other
suitable	response	strategy.

•	Risk	Response	Plan:	Specific	actions	to	enhance	opportunities	and	reduce
threats	to	the	project’s	objectives.

Risk	Register

Technology	Risks

Risks	1–9	are	technology	risks.	They	also	deal	with	issues	related	to	the	potential
for	the	system	to	evolve	and	function	for	an	acceptable	life	cycle.

Risk	ID

12

Risk	owner



JG/CF

Description:	There	will	almost	certainly	be	general	conflicts	between	project	needs	and	normal	business	cycles	of	the	agency.	An	example	may	be	a	cyclical	peak	in	a	given	business	process	converging	with	a	critical	time	frame	in	system	development	or	testing.

Assessment:	The	project	has	not	yet	identified	any	conflicts	of	significance.	The	implementation	plan	and	overall	timeline	have	been	developed	to	minimize	these.	However,	testing	and	training	will	continue	to	require	the	involvement	of	various	users;	therefore,	scheduling	will	become	critical	in	the	later	stages	of	each	phase.	Project	management	will	monitor	this	issue	and	work	with	the	business	units	and	the	steering	committee	to	resolve	any	conflicts.

Response	plan:	Business	process	schedules	and	issues	will	be	considered	as	part	of	the	analysis	leading	to	scheduling	of	future	phases	of	the	project.	As	specific	conflicts	arise	during	the	life	of	the	project,	the	project	team	will	work	with	the	affected	business	units	to	try	to	optimally	balance	the	needs	of	both.

Lessons	learned:	This	risk	has	not	been	active.
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Measuring	the	True	Value	of	Maintenance	Activities













Introduction

Gaining	full	value	from	capital	or	physical	assets	is	an	important	challenge	for
organizations	operating	in	increasingly	competitive	environments,	where
production	interruptions	due	to	equipment	failures	lead	to	expensive	repair	costs
and	lost	revenue	opportunities.

A	key	requirement	for	ensuring	that	capital	assets	deliver	value	is	an	enterprise
asset	management	(EAM)	system	that	automates	maintenance	planning	and
scheduling,	tracks	supplies	of	inventory,	enables	online	procurement,	and
integrates	with	financial	and	other	information	systems.

While	implementing	a	CMMS/EAM	solution	can	be	a	relatively	straightforward
initiative,	identifying	the	right	solution,	determining	which	organizational
processes	need	adjustment,	and	ensuring	that	maintenance	best	practices	are
deployed	are	essential	to	ensuring	that	your	computerized	maintenance
management	system	CMMS/EAM	solution	delivers	promised	benefits.

The	purpose	of	this	white	paper,	“Measuring	the	True	Value	of	Maintenance
Activities,”	is	to	help	you	gain	maximum	value	from	your	CMMS/EAM
investment	and	to	support	continuous	improvement	of	all	related	maintenance
activities.	Key	topics	include:

•	Understanding	all	of	the	components	of	EAM

•	Understanding	some	of	the	operational	and	organizational	changes	needed	to



gain	advantages	from	CMMS/EAM	solutions

•	Measuring	your	maintenance	activities	against	industry	best	practices

•	Measuring	bottom	line	results	from	your	maintenance	investments:

•	The	Scoreboard	for	Maintenance	Excellence	for	maximizing	overall	best
practices

•	The	Benchmarking	System	for	optimizing	your	IT	investment

•	The	Maintenance	Excellence	Index	for	validating	bottom	line	results

The	Maintenance	Excellence	Institute	(TMEI)	has	developed	this	white	paper	to
help	senior	executives	understand	the	value	of	maintenance	activities	and	help
maintenance	professionals	align	resources	to	ensure	that	they	are	contributing
positively	to	bottom	line	results.

The	mission	of	TMEI	is	to	help	organizations	gain	greater	value	from	their
assets.	We	do	this	by	helping	clients	more	effectively	manage	each	stage	of	the
physical	asset	life	cycle	process—from	acquisition	to	disposition.	However,	we
believe	that	people	assets	are	the	most	important	resource	and	that	our	Training
for	Maintenance	Excellence	builds	leadership	and	technical	reliability	and
maintenance	skills	at	all	levels.





Understanding	the	True	Value	of	Maintenance	and
Physical	Asset	Management

There	can	be	a	very	high	cost	when	we	gamble	with	deferred	maintenance	costs.
This	applies	to	all	operations	where	maintenance	activities	occur,	such	as
exploration	and	production	facilities	in	the	oil	and	gas	sector,	manufacturing
plant	operations,	university	facility	complexes,	equipment	fleet	operations,
health	care	facilities,	chemical	plants,	or	power	plants.

With	this	context,	the	maxim	“maintenance	is	forever”	always	holds	true.	It	is
also	true	that	if	we	do	not	achieve	the	existing	“maintenance	requirements”	of
each	physical	asset,	we	are	gambling	with	mission-critical	assets.	The	“high	cost
of	gambling	with	maintenance”	may	become	a	catastrophic	failure	that	causes
loss	of	innocent	lives,	time,	profits,	or	service.	Gambling	with	maintenance	costs
is	not	an	option	when	we	fully	understand	the	enormous	potential	from
improving	maintenance	activities	and	then	invest	wisely	in	maintenance.

Maintenance	activities	and	effective	asset	management	add	value	to	every	type
of	operation.	Very	often,	the	true	value	of	maintenance	is	not	understood	by
everyone	in	the	organization.	Leaders	within	the	maintenance	organization	must
communicate	to	top-level	leaders	a	complete	understanding	of	the	importance	of
maintenance.	Maintenance	leaders	must	measure	and	communicate	the	true
value	of	maintenance	activities	to	top	leaders.	Craft	leaders	in	the	shop	must
clearly	see	that	those	at	or	near	the	“top”	truly	appreciate	the	service	that
maintenance	performs.	Everyone	in	maintenance	must	continuously	demonstrate
the	true	value	of	their	own	maintenance	activities	and	build	understanding	across
the	organization.



Likewise,	all	senior	level	positions	of	an	organization	must	gain	an
understanding	that	effective	management	of	physical	assets	and	related
maintenance	processes	is	vital	to	total	operations	success.	The	chief	financial
officer,	for	example,	must	see	how	maintenance	contributes	to	profit	and	profit
optimization.	Everyone	must	understand	the	following	four	strategic
maintenance	challenges	that	most	growing	organizations	face.	Regardless	of	the
operation’s	current	size	or	scope,	plant	maintenance	and	facilities	management
leaders	in	the	public	and	private	sectors	are	faced	with	four	unique	but	very
interrelated	challenges:

•	Challenge	1:	Maintain	existing	production	assets	and	facilities	in	safe	and
sound	conditions.

•	Challenge	2:	Improve,	enhance,	and	then	maintain	existing	assets	and	facilities
to	achieve	environmental/regulatory	standards,	greater	production	capacity	at
better	quality,	and	while	using	the	best	energy	practices.

•	Challenge	3:	Enhance,	renovate,	and	modify/overhaul	existing	assets/facilities
using	capital	funds	or	funds	from	tenant/customer	and	then	maintain	the
additions.

•	Challenge	4:	Commission	new	production	assets	or	facilities.	Assume
increased	scope	of	work	to	maintain	the	new	assets.	Be	prepared	to	assume	more
work	from	Challenges	1,	2,	and	3	above	as	production	assets	and	facilities	get
older	and	older.

Many	organizations	experience	all	four	challenges	concurrently.	Moreover,	often
some	organizations	face	indiscriminate	budget	cuts	by	executives	who	do	not
understand	the	true	value	of	maintenance.

Subsequently,	maintenance	budget	cuts	often	fall	in	the	one	place	that	they	can
hurt	the	worst—which	is	the	reduction	of	maintenance	crafts	people,	the
technicians	within	all	of	the	necessary	trade	areas	who	are	out	there	doing	hands-
on	repairs,	the	emergency	responses,	and	weekend	service	calls.	The



indiscriminate	cutting	of	these	scarce	craft	resources	has	been	an	unfortunate	by-
product	of	the	recent	trend	toward	cost	cutting.

Unfortunately,	if	an	organization	is	not	doing	continuous	reliability	improvement
(CRI)	across	all	its	maintenance	resources	or	defining	true	maintenance
requirements	and	achieving	them,	cutting	craft	positions	to	generate	cost	savings
will	have	the	opposite	effect.

The	core	competency	for	doing	maintenance	may	not	be	present,	so	contracted
skills	from	a	service	provider	may	truly	be	needed.	However,	regardless	of	the
operation’s	size	or	scope,	the	core	requirement	for	executing	required
maintenance	remains	forever.	The	two	core	needs	for	an	effective	facility
management	or	plant	maintenance	operation	need	to	be	understood	by	both
maintenance	leaders	and	senior	executives:

•	Maintenance	business	process	improvement:	Maintenance	leaders	must	be
pursuing	business	process	improvement	with	a	profit	and	customer-centered
strategy	and	related	attitudes	toward	their	maintenance	operation	and	customers.
Top	leaders	should	require	it,	support	it,	and	understand	it.	There	must	be
Continuous	Reliability	CRI	across	all	resources:	people,	materials,	assets,	capital
dollars,	and	information	resources.	If	continuous	improvement	is	truly	present,
then	the	plant	maintenance	leader	or	facilities	management	leader	at	least	has	a
chance	to	survive.	They	must	be	able	to	show	top	leaders	that	they	really	are
measuring	results	and	maximizing	all	available	maintenance	resources.	Then
there	is	a	true	need	and	a	clear	case	for	adding	resources	to	address	the	new
requirements	plus	the	baseline	maintenance	requirements	for	the	asset.

•	Maintenance	requirements	for	the	physical	asset:	The	primary	mission	is
executing	the	required	maintenance	activities	for	each	asset	while	improving	the
equipment	or	facilities	for	the	customer.	This	is	what	maintenance	leaders	must
achieve	in	addition	to	many	other	activities	that	compete	for	engineering,	craft,
and	administrative	resources.	Defining	true	maintenance	requirements	to	top
leaders	is	extremely	important.	Because	when	all	resources	are	strained	and



basic	preventive	maintenance	or	regulatory	compliance	is	neglected,	top	leaders
must	have	the	right	information	to	make	the	right	choices.	Eliminating
maintenance	resources	at	a	time	when	basic	maintenance	requirements	are	not
being	met	should	not	be	considered	even	as	a	short-term	option.

Eliminating	maintenance	resources	to	match	lean	manufacturing	trends	can	be
fatal.	It	really	will	not	work	if	one	has	truly	maximized	use	of	existing	resources
and	your	baseline	maintenance	requirements	are	not	being	accomplished.	The
labor	resource	needs	for	the	existing	maintenance	requirements	must	come	from
somewhere.	Labor	resource	needs	can	be	offset	by	either	new	craft	resources
and/or	greater	productivity	of	existing	craft	resources.

Therefore,	the	existing	baseline	of	maintenance	requirements	and	any	growing
maintenance	needs	of	an	organization	must	continuously	be	highlighted	to	top-
level	leaders.	Equally	important,	the	maintenance	operation	must	continuously
improve	its	operation	and	be	provided	investments	for	implementing	operational
improvements	such	as	an	EAM	or	CMMS	system	that	supports	continuous
improvement	of	maintenance	activities.





















Determining	Where	You	Are	and	Where	You	Need	to
Go	with	Maintenance	Best	Practices

Do	you	know	where	you	stand	with	applying	today’s	best	practices	for
maintenance	and	physical	asset	management?	Do	you	have	a	baseline	as	to	what
is	considered	today’s	best	practice	and	whether	or	not	you	have	applied	them
effectively?	Are	there	best	practices	that	you	have	heard	about	that	need	to	be
considered	and	implemented?	If	not,	you	may	very	well	be	gambling	with	the
long-term	success	of	your	total	operation.

Effective	maintenance	and	physical	asset	management	add	value	and	can	be
measured,	as	we	will	review	later.	There	are	many	maintenance	practices	to
consider	and	many	software	solutions	to	support	profit	optimization	whether	at
one	site	or	across	multiple	sites.	There	are	some	very	important	steps	that	you
should	take	to	gain	maximum	value	from	your	maintenance	operation	and	your
investment	in	an	EAM/CMMS	system	and	help	on	your	journey	to	maintenance
excellence.	Now	is	the	time	to	take	action	to	gain	maximum	return	on	all
maintenance	investments.

Make	the	commitment:	The	very	first	step	is	to	make	a	commitment	to
continuous	reliability	improvement	of	your	total	maintenance	operation.
You	should	take	the	time	to	benchmark	your	current	operation	against
today’s	best	practices	for	CRI,	preventive/predictive	maintenance,	planning
and	scheduling,	effective	maintenance,	repair,	and	operations	(MRO)
materials	management,	storeroom	operations,	inventory	control,	work
orders,	work	control,	and	the	effective	use	of	computerized	systems	for
maintenance	and	respective	business	systems.	Making	the	initial
commitment	is	often	the	hardest	first	step.







How	to	determine	“where	you	are”:	Make	a	commitment	to	conduct	an
objective	evaluation	of	your	total	maintenance	operation.	Within	plant
maintenance	operations	this	is	maintenance	and	repair	of	all	production
and	facility	assets,	supporting	infrastructure,	overhaul	and	renovation
activities,	engineering	support	processes,	as	well	as	all	material	management
and	procurement	of	typical	repair	parts,	supplies	plus	contracted	services.

Facilities	management	operations,	fleet	operations,	and	health	care	all	have
unique	differences	to	be	considered.	You	should	benchmark	your	current
operation	against	today’s	best	practices	for	preventive	maintenance,	planning
and	scheduling,	effective	spare	parts	control,	work	orders,	work	management,
and	the	effective	use	of	computerized	systems	for	maintenance	business
management.	A	complete	review	of	maintenance	operations	and	the	physical
asset	management	process	is	important	because	it	gives	you	a	baseline	as	to	your
starting	point	for	making	improvements	and	for	validating	results.	It	will	help	to
ensure	that	you	are	taking	the	right	steps	for	taking	care	of	your	mission-
essential	physical	assets.	An	independent	evaluation,	in	most	cases,	helps	to
reinforce	the	local	maintenance	leader	or	facilities	manager’s	desire	to	take
positive	action	in	the	first	place.	Most	want	to	do	something	to	improve	the
overall	maintenance	process	but	never	have	the	resources.

For	multiple	site	operations,	an	evaluation	of	several	sites	provides	a	great
opportunity	for	developing	standard	best	practices	that	can	be	used	across	the
corporation	and	for	new	sites.	There	are	a	number	of	very	good	benchmarking
tools	to	help	you	get	started	with	this	important	first	step	and	others	along	the
path	forward	to	maintenance	excellence.

The	Scoreboard	for	Maintenance	Excellence:	Today’s	most	comprehensive
benchmarking	guide,	The	Scoreboard	for	Maintenance	Excellence,	is
available	to	define	“where	you	are”	in	terms	of	today’s	maintenance	best
practices.	Developed	by	the	Maintenance	Excellence	Institute,	this	external



benchmarking	process	has	evolved	from	over	20		years	of	successful
application	to	many	different	types	of	public	and	private	organizations.

Currently	there	are	four	versions	of	the	Scoreboard	for	Excellence:

•	The	Scoreboard	for	Maintenance	Excellence

•	The	Scoreboard	for	Facilities	Management	Excellence

•	The	Scoreboard	for	Fleet	Management	Excellence

•	The	Scoreboard	Health	Care	Facilities	Management	Excellence

This	benchmarking	process	or	maintenance	audit	gets	down	to	the	detailed	level
of	“determining	where	you	are”	with	actually	applying	today’s	best	practices	for
maintenance	in	27	major	evaluation	categories	with	300	very	specific	evaluation
criteria.	The	Scoreboard	for	Maintenance	Excellence	provides	the	first	of	three
benchmarking	tools	introduced	here	and	is	the	major	one	that	benchmarks	where
you	are	with	applying	external	best	practices	that	other	successful	maintenance
operations	recognize	and	use.

The	Scoreboard	for	Excellence	concept	and	the	various	versions	of	the
scoreboard	have	been	used	to	perform	over	200	maintenance	evaluations,	and
over	5000	organizations	have	requested	and	received	information	for	their
internal	use.

The	Scoreboard	for	Maintenance	Excellence,	as	shown	in	the	summary,	includes
27	evaluation	categories	(plant	maintenance	best	practices	areas).	It	evaluates
the	total	maintenance	operation	within	the	scope	of	coverage	for	a
manufacturing	organization.	There	can	also	be	well-defined	focus	areas	when	an
evaluation	is	conducted	such	as	on	an	EAM/CMMS	system,	planning/scheduling,
MRO	materials	management,	or	application	of	CRI	and	predictive	maintenance



technologies.





The	Scoreboard	for	Maintenance	Excellence

Summary	of	Evaluation	Categories





A	complete	evaluation	is	recommended:	For	example,	MRO	materials
management,	storeroom	operation,	and	procurement	may	be	areas	needing
special	attention.	Shop-level	planning	and	scheduling	is	often	a	typical	need
and	can	be	a	primary	focus	area.	Regardless	of	the	different	areas	creating
the	obvious	concerns	and	“organizational	pain,”	a	short-term,	piecemeal
approach	to	an	evaluation	is	not	recommended.	A	complete	evaluation	of
the	total	maintenance	operation	is	highly	recommended.	There	are	300
specific	evaluation	items	that	are	evaluated	through	direct	shop	floor
interviews,	close	observations,	and	review	of	information	or	procedures.
Each	one	is	important;	some	apply	and	provide	more	value	more	than
others.	But	each	of	the	300	items	on	The	Scoreboard	for	Maintenance
Excellence	summarized	following	is	part	of	establishing	a	solid	foundation
for	profit-centered	maintenance.	Long-term	CRI	is	also	a	very	important
connecting	link.

Guidelines	for	conducting	a	total	maintenance	operations	evaluation:

While	a	self-evaluation	has	benefits,	a	comprehensive	evaluation	conducted	by
an	external	resource	provides	a	greater	sense	of	the	“big	picture”	in	terms	of
objectivity	and	completeness.	Regardless	of	your	situation,	it	is	important	that
you	do	something	to	“determine	where	you	are.”	Should	you	want	to	conduct	an
evaluation	of	maintenance	activities,	here	are	some	guidelines	to	consider	when
using	The	Scoreboard	for	Maintenance	Excellence.

Key	steps	for	using	The	Scoreboard	for	Maintenance	Excellence:

1.	Obtain	leadership	buy-in

2.	Create	a	maintenance	excellence	strategy	team



3.	Understand	the	evaluation	categories	and	evaluation	criteria

4.	Develop	an	action	plan

5.	Conduct	evaluation	of	total	maintenance	operation

6.	Analyze,	review,	and	present	results

7.	Develop	path	forward	for	maintenance	excellence

8.	Summary	of	deliverables	to	achieve	results:

a.	A	recommended	maintenance	excellence	strategy	team	charter	and	functioning
team

b.	The	Scoreboard	for	Maintenance	Excellence	developed	for	the	organization
and	revised	if	required	after	the	pilot	evaluation

c.	In-depth	evaluation	of	current	maintenance	practices	at	a	pilot	site

d.	Recommendations	in	all	27	maintenance	evaluation	categories

e.	Benchmark	evaluation	of	the	current	CMMS/EAM	systems	installation	based
on	the	Benchmarking	System	criteria

f.	Recommendations	to	improve	utilization	of	the	current	CMMS/EAM
installation

g.	Recommended	path	forward	for	a	strategic	level	plan	with	tactical/operational
items

h.	Definition	of	improvement	opportunities

i.	Summary	of	potential	benefits	with	an	estimate	of	savings	and	gained	value	for
each

j.	Documented	evaluation	of	results	in	a	written	report

k.	Recommended	performance	measurement	process	ready	for	immediate
implementation



l.	A	maintenance	excellence	index	(MEI)	that	validates	overall	performance
improvement

m.	Recommended	metrics,	data	sources,	and	documentation	in	a	standard
operating	procedure	guide	for	the	client-specific	MEI

n.	Plan	of	action	for	future	evaluations	at	other	sites

o.	An	organization	maintenance	champion	(CMO)	established

p.	Oral	presentation	of	results	to	top	leaders





Establish	a	maintenance	excellence	strategy	team:	One	key	element	of
success	is	having	a	commitment	from	top-level	leaders	across	the
organization.	Establishing	a	maintenance	excellence	strategy	team	is	highly
recommended.	This	high-level,	leadership-driven	cross-function	team	made
up	from	maintenance	leaders,	key	operations	leaders,	shop-level
maintenance	staff,	IT,	engineering,	procurement,	operations/customers,	and
financial	planners.	The	mission	of	this	team	is	to	lead	and	facilitate	the
overall	CRI	process	and	to	ensure	measurement	of	the	results	that	are
achieved.	This	team	would	also	sponsor	other	teams	within	the	organization
to	support	implementation	of	the	recommended	path	forward.	One	of	the
very	first	things	that	this	team	should	do	is	to	sponsor	a	comprehensive
evaluation	of	the	total	physical	asset	management	and	maintenance
operation	and	help	to	determine	“where	you	are.”	There	are	a	number	of
very	good	benchmarking	tools	to	help	you	get	started	with	this	important
first	step	and	others	along	the	path	forward	to	maintenance	excellence.

Invest	in	external	resources:	It	is	extremely	important	to	know	where	your
organization	stands	on	physical	asset	management	and	maintenance	issues
and	challenges	so	it	can	quickly	identify	areas	for	improvement.	Every	delay
along	the	way	delays	receiving	the	potential	benefits	and	added	value.	Self-
evaluations	can	be	a	starting	point	when	nothing	else	is	available	for	using
external	support.	But	a	more	comprehensive,	objective	evaluation
performed	by	external	consulting	resources	(or	possibly	qualified	corporate
level	staff)	with	maintenance-focused	expertise	is	highly	recommended.	In
the	long	run,	external	resources	will	provide	additional	justification	and
measurable	results.	Use	external	resources	to	support	this	essential	first	step
after	your	organization	makes	the	initial	commitment.





Developing	Your	EAM/CMMS	System	to	Successfully
Manage	the	Business	of	Maintenance

Today’s	information	technology	for	CMMS/EAM	offers	the	maintenance	leader
or	facilities	manager	an	exceptional	tool	for	managing	maintenance	activities
and	the	overall	maintenance	operation.	Maintenance	processes	and	services	can
be	managed	as	an	internal	business.	There	are	many	improvement	opportunities
identified	when	a	Scoreboard	for	Maintenance	Excellence	type	evaluation	is
conducted.	Maintenance	surveys	and	benchmark	evaluations	conducted	by
external	sources	validate	that	poor	utilization	of	existing	CMMS/EAM	systems
is	a	major	improvement	opportunity.	What	are	some	of	the	typical	benefits	of	an
improved	CMMS/EAM	system	that	could	be	missing	from	your	operation?

•	Improved	work	control

•	Improved	planning	and	scheduling

•	Enhanced	preventive	and	predictive	maintenance

•	Improved	parts	and	materials	availability

•	Improved	MRO	materials	management

•	Improved	reliability	analysis

•	Increased	budget	accountability

•	Increased	capability	to	measure	performance	and	service

•	Increased	level	of	maintenance	information

Benchmark	your	CMMS/EAM	system	installation:	The	CMMS/EAM



Benchmarking	System	is	another	tool	available	to	evaluate	the	utilization	of
an	CMMS/EAM	system	installation.	It	is	designed	as	a	methodology	for
developing	a	benchmark	rating	of	your	current	CMMS/EAM	system	(Class
A,	B,	C,	or	D)	to	determine	how	well	this	tool	is	supporting	best	practices
and	the	total	maintenance	process.	It	is	not	designed	to	evaluate	the
functionality	of	various	CMMS/EAM	systems	nor	is	it	intended	to	compare
vendors.

The	system	provides	a	methodology	for	developing	a	benchmark	rating	of	your
existing	CMMS/EAM	installation	to	determine	how	well	this	tool	is	supporting
best	practices	and	the	total	maintenance	process.	It	can	also	be	used	as	a	method
to	measure	the	future	success	and	progress	of	a	new	CMMS/EAM	system
implementation	that	is	now	being	installed.	Maintenance	best	practices	are	the
key,	and	the	CMMS/EAM	is	the	information	technology	tool	that	links	it	all
together.	The	CMMS/EAM	Benchmarking	System	gives	you	an	easy	way	to
evaluate	how	well	you	are	using	your	CMMS/EAM	investment.

Maintenance	information	is	a	key	resource:	We	illustrate	below	some	key
points	on	maintenance	information	as	one	of	the	key	resources	for	CRI.	A
summary	of	The	CMMS/EAM	Benchmarking	System	is	shown	with	nine
major	evaluation	categories	that	include	a	total	of	50	evaluation	items	for
benchmarking	your	CMMS/EAM	installation.





Measuring	the	Bottom	Line	Results	from	Your
Maintenance	Investments

Maximizing	maintenance	for	profit	optimization	or	increased	service	to
customers	is	the	goal.	The	goal	is	successful	implementation	of	prioritized
improvement	opportunities	and	to	help	improve	all	internal	resources	do	a	better
job	for	the	tenant/customer.	We	can	measure	the	“true	value”	of	maintenance
activities.

Here	we	will	introduce	the	third	benchmarking	tool,	the	Maintenance	Excellence
Index.	As	a	result	of	applying	all	three	benchmarking	tools	in	this	proven
approach,	the	journey	to	maintenance	excellence	is	well	underway	with	these
world-class	methodologies	in	place	to	measure	results	and	long-term
contribution	to	profit:

•	The	Scoreboard	for	Maintenance	Excellence	for	maximizing	overall	best
practices

•	The	CMMS/EAM	System	Benchmarking	System	for	optimizing	your	IT
investment

•	Maintenance	Excellence	Index	(MEI)	for	validating	bottom	line	results

This	section	covers	the	process	of	defining	and	gaining	consensus	on	very
specific	key	performance	indicators	related	to	the	total	maintenance	operation.	It
covers	a	recommended	set	of	internal	benchmarks	or	metrics	for	today’s
facilities	leader,	the	purpose	for	each	and	where	they	traditionally	can	be	found
in	the	CMMS/EAM	or	financial	system.	Most	important	this	section	illustrates
how	your	own	uniquely	developed	Maintenance	Excellence	Index	will	validate



results	and	ROI	for	maintenance	operations.

Measure	and	validate	results:	The	topic	of	measurement	must	be	foremost
in	our	minds	as	we	begin	to	determine	“where	we	are”	with	the	evaluation
of	physical	asset	management	and	the	maintenance	activities.	Each	of	the
300	evaluation	items	on	The	Scoreboard	for	Maintenance	Excellence	must
be	viewed	in	terms	of	whether	or	not	there	are	tangible	or	intangible
benefits	possible.	Are	we	able	to	make	improvements	that	generate	benefits
and	can	we	measure	them?	Often	performance	measurement	is	something
new	to	the	in-house	maintenance	operation,	but	we	highly	recommend	that
a	performance	measurement	system	be	put	in	place.

Contract	maintenance	providers	understand	the	value	of	measurement	so	that
their	customers	clearly	see	value-added	services	received.	Justification	for
investments	in	maintenance	best	practices	for	in-house	maintenance	operations
must	be	validated.	If	your	maintenance	operation	were	a	third-party	contract
maintenance	provider	that	you	owned	and	operated,	you	would	expect	a	profit.
We	too	must	measure	and	validate	results	from	internal	maintenance
improvement.

Initiate	a	maintenance	excellence	index:	A	proven	approach	has	been	to
help	clients	create	an	MEI	that	includes	10	to	15	key	performance
indicators	with	agreed	upon	weighted	values.	These	metrics	are	then	used	to
provide	a	spreadsheet	that	brings	them	all	together	into	a	composite	total
MEI	performance	value,	an	index	of	how	all	resources	are	contributing	to
your	part	of	profit	optimization.	The	metrics	selected	should	be	applicable
to	the	specific	organization.	For	example,	a	pure	facilities	maintenance
operation	without	critical	production	or	operations	equipment	to	maintain
would	not	use	OEE	as	part	its	MEI	to	measure	overall	equipment
effectiveness,	a	world-class	metric	best	suited	to	a	small	number	of	mission
essential	critical	assets	within	a	production	operations.	The	metrics
encompass	the	measurement	of	all	key	resources	necessary	for	effective
physical	asset	management:



•	People	resources	and	craft	labor

•	Dollar	resources	and	overall	budget	dollars	from	both	maintenance	and	the
customer

•	MRO	material	resources

•	Planning	resources	and	customer	service

•	The	physical	asset	as	a	key	resource,	its	uptime,	availability	and	reliability	to
perform	its	function

•	Information	resources	and	how	data	become	true	information	via	effective
CMMS/EAM

Potential	performance	metrics	for	using	on	an	MEI:	The	following	section
provides	a	review	of	21	key	metrics	that	should	be	considered.	There	are
numerous	other	metrics	and	key	performance	indicators	available,	but	these
21	metrics	encompass	the	measurement	of	all	key	resources	necessary	for
effective	physical	asset	management.

























Using	CMMS/EAM	to	Develop	Your	Maintenance	as
a	Profit	Center

This	section	summarizes	12	direct	and	indirect	savings	opportunities	and
illustrates	how	one	of	those	opportunities	increased	craft	productivity.	It	also
shows	how	just	one	of	many	best	practice	areas	from	The	Scoreboard	for
Maintenance	Excellence,	effective	shop-level	planning	and	scheduling,	provides
more	than	a	five-to-one	return	on	the	investment	for	just	one	planner	position	for
a	20-person	craft	workforce.

Understand	the	power	of	CMMS/EAM	to	support	potential	savings:	The
evaluation	of	your	CMMS/EAM	using	The	CMMS/EAM	Benchmarking
System	will	identify	improvement	opportunities	that	translate	into	direct
savings.	It	is	important	that	these	areas	be	highlighted	and	that	the	future
process	for	performance	measurement	is	focused	upon	these	specific	areas
that	may	have	been	used	initially	for	CMMS/EAM	capital	project
justification.	The	opportunities	to	realize	both	quantifiable	and	qualitative
benefits	are	numerous.

Maintenance	must	be	given	the	best	practice	tools,	the	people	resources,	and
capital	investments	to	address	the	improvement	opportunities	and	in	turn	be	held
accountable	for	results.	Direct	savings,	cost	avoidances,	and	gained	value	can	be
established	and	documented	with	an	effective	CMMS/EAM	system.

Applied	best	practices	plus	the	right	EAM/CMMS	system	will	help	to	increase
the:



1.	Value	of	asset/equipment	uptime	providing	increased	capacity	and	throughput

2.	Value	of	increased	quality	and	service	levels	due	to	maintenance

3.	Value	of	facility	availability	or	cost	avoidance	from	nonavailability

4.	Value	of	increased	direct	labor	utilization	(production	operations)

5.	Gained	value	from	increased	craft	labor	utilization/effectiveness	via	gains	in
wrench	time

6.	Gained	value	from	increased	craft	labor	performance/efficiency

7.	Gained	value	of	clerical	time	for	supervisors,	planners,	engineering,	and
administrative	staff

8.	Value	of	MRO	materials	and	parts	inventory	reduction

9.	Value	of	overall	MRO	materials	management	improvement

10.	Value	of	overall	maintenance	costs	reductions	with	equal	or	greater	service
levels

11.	Value	of	increased	facility	and	equipment	life	and	net	life	cycle	cost
reduction

12.	Other	manufacturing	and	maintenance	operational	benefits,	improved
reliability,	and	other	reduced	costs

What	is	your	craft	utilization?	Surveys	consistently	show	that	wrench	time
(craft	utilization)	within	a	reactive	maintenance	environment	is	within	the
range	of	30–40%.	This	means	that	for	a	10-h	day	there	are	only	4		h	of
actual	hands-on	wrench	time.	Typically,	low	craft	utilization	is	due	to	no
fault	of	the	craft	workforce.	Most	of	the	lost	craft	labor	productivity	can	be
attributed	to	the	following	reasons:

1.	Running	from	emergency	to	emergency	(a	reactive	operation)

2.	Waiting	on	parts	and	finding	parts	or	part	information



3.	Waiting	on	other	information,	drawings,	instructions

4.	Waiting	for	the	equipment	to	be	shut	down

5.	Waiting	on	rental	equipment	to	arrive

6.	Waiting	on	other	crafts	to	finish	their	part	of	the	job

7.	Travel	to/from	job	site

8.	Lack	of	effective	planning	and	scheduling

9.	Make	ready,	put	away,	clean	up,	meetings,	troubleshooting

The	most	valuable	resource:	Maintenance	operations	that	continue	to
operate	in	a	reactive,	run-to-failure,	firefighting	mode	and	disregard
implementation	of	today’s	best	practices	will	continue	to	waste	their	most
valuable	asset	and	very	costly	technical	resource:	craft	time.	Best	practices
such	as	effective	maintenance	planning/scheduling,	preventive/predictive
maintenance,	more	effective	storerooms	and	parts	support	all	contribute	to
proactive,	planned	maintenance	and	more	productive	hands-on	“wrench
time.”

An	improvement	in	actual	wrench	time	from	40%	to	50%	represents	a	25%	net
gain	in	craft	time	available	and	a	significant	gained	value.	When	we	are	able	to
combine	gains	in	wrench	time	with	increased	craft	performance	when	doing	the
job,	we	increase	our	total	gain	in	craft	productivity.	Measuring	and	improving
overall	craft	productivity	can	be	a	key	component	to	justify	an	effective
CMMS/EAM	system	and	other	investments	for	maintenance	improvement.

Example:	Gained	value	from	10%	increase	in	wrench	time.	What	if	through
better	planning	and	scheduling,	good	parts	availability,	and	having
equipment	available	to	fix	it	on	a	scheduled	basis,	we	are	able	to	increase
actual	wrench	time	by	10%?	What	is	the	value	to	us	if	we	get	that	10%
increase	across	the	board	for	a	20-person	crew	operating	now	at	40%
wrench	time	and	being	paid	an	average	hourly	rate	of	$18	per	hour?











Example:	Gained	value	of	10%	increase	in	wrench	time.	With	effective
planning	and	scheduling,	we	can	achieve	at	a	minimum	a	10-point
improvement	in	craft	utilization.	From	a	baseline	of	40%	up	to	a	level	of
50%,	we	in	effect	get	a	25%	increase	in	craft	capacity	for	actual	work.	The
40%	baseline	for	our	example	is	very	conservative	since	wrench	time
typically	is	normally	30–40%	and/or	below.

Total	Hours	Gained	in	Wrench	Time:	4160		h

20,800		h	@	50%		−		16,640		h	@	40%		=		4160		h	gained

Total	Gain	in	Equivalent	Number	of	Crafts	Positions:	5

4160		h	gained

832	Average	Wrench	Time	Hours	@	40%		=		5	Equivalent	Craft	Positions

Total	Gained	Value	of	5	Equivalent	Positions:	$187,200

5	Equivalents		×		40		h/week		×		52		weeks/year		×		$18.00/hour		=		$187,200
Gained	Value

Valuable	craft	time	can	slip	away:	With	only	a	10%	improvement,	40%	up
to	50%	wrench	time,	the	20-person	craft	workforce	gains	4160		h	of	wrench
time,	which	represents	a	25%	increase	in	craft	labor	capacity.	The
maintenance	best	practice	for	planning	and	scheduling	requires	a	dedicated
planner(s).	An	effective	maintenance	planner	in	turn	can	support	and	plan
for	20	to	30	craft	positions.	With	only	a	10%	increase	in	craft	utilization	for
a	20-person	craft	workforce,	this	can	be	much	more	than	a	five-to-one
return	to	offset	a	maintenance	planner	position.

If	the	wrench	time	in	our	example	is	really	at	the	30%	level,	then	the	gain	up	to
50%	craft	utilization	is	8320		h	of	wrench	time;	this	increase	in	craft	labor
capacity	is	extraordinary	as	shown	below:



Total	Gain	in	Equivalent	Craft	Positions:	13.3	Equivalent	Positions

8320		h	gained

624	Average	Wrench	Time	Hours	@	30%		=		13.3	Equivalent	Craft	Positions

Total	Gained	Value	of	13.3	Equivalent	Positions:	$497,952

13.3	Equivalents		×		40		h/week		×		52		weeks/year		×		$18.00/h		=		$497,952
Gained	Value

Your	maintenance	operation	as	a	profit	center:	A	fully	utilized	CMMS/EAM
system	is	your	business	management	system	to	support	the	business	of
maintenance	and	a	philosophy	of	profit-centered	maintenance.	Your
CMMS/EAM	system	is	a	mission-essential	information	technology	tool	that
can	support	planning	and	scheduling,	better	MRO	materials	management,
and	effective	preventive	maintenance,	three	key	elements	for	improving
craft	wrench	time.	Bottom	line	results	that	give	us	5–13	more	equivalent
craft	positions	and	up	to	$500,000	in	gained	value	of	more	wrench	time	with
existing	staff	can	be	dramatic	proof	that	internal	maintenance	operations
can	be	profit	centered.

















Summary

We	can	measure	the	true	value	of	maintenance	activities	and	document	savings
that	go	directly	to	the	bottom	line.	We	can	change	the	status	quo	and	view	all
maintenance	operations	as	potential	profit	centers.	Maintenance	and	physical
asset	management	operations	within	your	organization	can	be	true	contributors
to	profit	generation	or	increased	service	levels.	We	know	that	the	value	of
effective	CMMS/EAM	can	have	tremendous	ROI	potential.	The	cost	of	external
resources	and	support	services	for	getting	started	with	a	Scoreboard	for
Maintenance	Excellence	evaluation	is	also	a	very	good	investment.	The	value	of
our	investments	in	information	technology	and	best	practices	is	now	something
that	can	be	validated	by	the	three	tools	we	have	discussed	previously:

•	The	Scoreboard	for	Maintenance	Excellence	for	maximizing	overall	best
practices

•	The	CMMS/EAM	System	Benchmarking	System	for	optimizing	your	IT
investment

•	Maintenance	Excellence	Index	for	validating	bottom	line	results

Go	Beyond	RCM	and	TPM

We	understand	the	need	for	the	reliability-centered	maintenance	(RCM)	and	total
productive	maintenance	(TPM)	types	of	improvement	processes.	On	the	shop
floor,	we	often	see	a	trend	toward	forgetting	about	the	basics	of	“blocking	and
tackling”	while	going	for	the	long	touchdown	pass	with	some	new	analysis
paralysis	scheme.	We	strongly	believe	in	basic	maintenance	best	practices	as	the



foundation	for	maintenance	excellence.	Build	your	approach	upon	the	basics	but
then	go	well	beyond	the	traditional	RCM/TPM	approaches	with	CRI;	an
improvement	process	includes	all	maintenance	resources,	equipment,	and	facility
assets	as	well	as	the	crafts	people	and	equipment	operators.	It	also	includes
MRO	materials	management	assets,	maintenance	informational	assets,	and	the
added	value	resource	of	synergistic	team-based	processes.	CRI	improves	the
total	maintenance	operation.

A	profit-centered	approach	is	needed:	Both	large	and	small	maintenance
operations	can	operate	as	a	true	profit-centered	maintenance	organization.
This	must	encompass	all	aspects	of	their	extensive	business	enterprise:
administration,	financial,	design,	maintenance,	construction,
planning/scheduling,	procurement,	and	overall	MRO	materials
management.	Constraints	may	continue	from	within	the	public	sector
organizations.

Attitudes	that	in-house	maintenance	is	a	“necessary	evil”	will	die	hard.	But	to
survive	in	the	twenty-first	century,	both	private	and	public	sectors	must	put	in
place	effective	performance	measurement	processes	that	truly	validate	profit-
centered	results.

By

Ralph	W.	“Pete”	Peters

Founder,	President,	The	Maintenance	Excellence	Institute
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About	The	Maintenance	Excellence	Institute
International

The	Maintenance	Excellence	Institute	is	an	alliance	of	highly	qualified
individuals	and	organizations	with	the	technical	knowledge	and	practical
experience	to	help	you	manage	and	lead	your	maintenance	operation	as	an
internal	business.	Our	cornerstone	value	is	to	implement	profit-centered
practices	and	attitudes	in	large	and	small	maintenance	operations.	Our	profit-
centered	approach	for	maintenance	excellence	services	and	continuous	reliability
improvement	are	focused	on	four	main	areas	of	physical	asset	management	and
maintenance:	plant	maintenance	operations,	health	care	facilities	management,
facilities	management	operations,	and	fleet	maintenance	operations.
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Appendix	M



Planner	Viewpoints	on	the	Question;	“Is	it	Required
to	Have	a	Trades	Background	to	be	a	Planner?”

Introduction:	The	following	discussion	is	a	very	interesting	look	at	the	question,
“Is	it	required	to	have	a	trades	background	to	be	a	planner?”	My	personal	answer
to	this	question	is	that	you	make	a	good	selection	and	promote	someone	from
your	crafts	workforce.	In	the	book,	I	also	recommend	training	a	back	up	planner
as	well.	I	think	you	will	enjoy	these	comments	shared	on	a	blog	site.	Answers
come	from	a	wide	range	of	individuals,	and	when	you	look	at	all	in	total	you	will
see	what	type	of	person	is	needed	for	this	important	position.

Maintenance	Planner:	Having	a	trade	helps	you	understand	the	concepts	and
understand	exactly	what	you	need	to	do,	especially	when	it	comes	to	parts
planning	so	that	you	plan	the	correct	parts	and	know	exactly	what	it	is	in	relation
to	the	problem.	You	can	do	it	without	the	trade	as	an	on-the-job	training	and	you
get	to	understand	the	job	well.

Project	Manager:	Trade	background	is	a	good	start	but	not	essential—neither	is
an	engineering	degree	or	university	degree—essential	experience	in	that	industry
is	helpful	but	you	can	be	trained	as	a	planner,	whether	it	is	industrial	planning
town	planning	or	any	other	planning.

I	don’t	believe	so.	I	think	understanding	the	trade	and	its	expectations	are
important,	especially	if	you	are	coming	into	a	union	environment.	You	always
want	to	have	a	“basic”	understanding	of	what	you	are	asking	your	people	to
jump	into.	Understanding	the	industry	you	wish	to	work	in	is	key.	Understanding
the	working	environment	is	second	to	that.	Having	a	trade	is	good.	Having	a



trade	with	a	degree	is	better.	Having	a	degree	and	proven	frontline	management
experience,	successfully	working	with	tradesmen,	is	best.	To	be	clear,	your	team
is	going	to	be	on	board	with	you,	until	they	aren’t.	That	said,	the	more	you	know
about	what	they	do	and	how	to	work	with	that,	the	better	you’ll	be.	Know	your
team,	lean	on	your	team.

Contract	Manager:	It	is	a	must	because	you	have	to	know	the
language/terminology	of	the	trade	and	the	usual	function	of	that	particular	part,
e.g.,	if	it	is	a	gearbox,	you	have	to	know	the	power	train/drive	train,	which	is
how	the	power	or	drive	is	transmitted	to	the	axles	or	whatever	is	being	driven.	If
you	are	an	electrician	you	can	do	well	if	you	plan	for	electrical	department,	the
field	that	you	know.

Sr.	Consultant:	Planners	do	not	necessarily	need	to	be	a	tradesperson.	It	does
help,	but	to	me	planners	need	to	be	very	organized,	have	good	communicating
skills,	plus	many	other	skills.	Planning	work	orders	need	attention	to	quality	not
quantity,	and	do	planners	know	everything,	no,	so	they	use	their	resources	to
help	them	plan.	Fox	example,	mechanical	planners	will	need	electrical	planning
help	some	time	in	the	future.	And	vice	versa,	so	they	use	their	resources	to	help
the	plan.	One	thing	that	I	have	done,	when	developing	a	new	planning
department,	and	I	have	developed	several	of	them,	is	to	centralize	all	the
planners.	That	way	they	can	use	each	other	when	needed.

Equipment	Superintendent:	It	helps	to	be	a	trades	person	with	computer	skills,
because	you	have	a	clear	picture	of	the	components,	how	they	work,	and	what	it
takes	to	get	the	job	done,	PMs,	repairs	etc.	However	I’m	training	somebody	that
never	was	involved	with	machinery	and	they	are	learning	the	basic	skills	very
fast	and	strategies	to	set	weekly	and	monthly	plans	and	become	a	planner.	The
most	important	thing	is	the	attitude	to	learn	adaptation	and	be	an	organized
person.	On	the	other	hand,	the	planner	has	to	be	sharpest	man	on	your	payroll	so
a	good	tradesman	that	becomes	a	planner	is	the	best	choice	in	my	opinion
because	of	the	experience...on	the	field.



Assistant	Maintenance	Planner:	You	will	be	working	in	a	dreamland	if	you	do
not	have	any	skill.	Whatever	you	do	will	be	imagination	because	you	do	not
have	a	clear	picture	of	the	equipment	and	their	components.

Maintenance	Planner:	No,	but	you	need	to	replace	the	experience	factor	with
education	in	an	engineering	or	maintenance	organization	experience.	Knowledge
or	experience	or	both	makes	the	planner.

Lead	Maintenance	and	Management	Consultant:	Just	an	opinion	mind	you
however	expecting	someone	to	plan	anything	without	having	the	skill
set/experience	is	a	setup	for	disappointment,	if	not	complete	failure.	I	personally
would	not	entertain	the	thought	of	hiring	a	planner	who	has	never	had	the
pleasure	and	opportunity	to	“do”	the	tasks.	Over	the	years	I	have	encountered
(quote)	degreed	engineers	(unquote)	without	hands-on	experience	who	could	not
find	their	hands	if	they	were	sitting	on	them.

Equipment	Superintendent:	I	agree	with	the	above	comment,	especially	for	a
planner	position	where	it	is	critical	to	have	somebody	that	knows	the	business	of
maintenance.

Lead	Maintenance	and	Management	Consultant:	Thank	you!	Although	quite
time	consuming,	I	would	pair	the	potential	planner	with	a	lead	or	tech	so	that
she/he	will	at	least	get	an	overview	of	what	might	be	involved	in	performing	the
tasks.

Area	Manager:	I	would	say	it	all	depends	on	the	maturity	and	culture	of	the	team
you	are	planning	for.	Having	a	trades	background	gives	you	instant	buy-in	with
the	maintainers	and	supervisors	executing	the	plan.	If	they	are	accepting	and



mature,	you	will	have	help	building	the	plan	based	on	their	input.	Gain	trust	by
saying	things	like:	You	guys	are	the	best	preplanners	on	site	and	such	will	help
the	initial	period.	Having	a	trade	though	helps	with	things	like	the	imperatives	of
what	is	needed	on	the	identification	of	work	through	notifications	and	possible
feedback	to	initiators.	If	you	take	an	interest	in	the	equipment	and	the	team,	that
will	help	break	down	barriers	as	well.

Senior	Turnaround	Planner:	Many	employers	make	it	a	specific	qualification	to
have	a	trade.	In	some	cases,	a	technologist	is	equally	accepted.	Humans	are
adaptive	creatures	so	anything	is	possible.	Also	depends	on	what	one’s	other
qualifications	are.	In	a	previous	role,	I	saw	initially	that	very	few	planners	had	a
trade.	Then	as	planners	with	trades	were	hired	and	began	to	significantly
outperform	those	without	trades,	there	was	a	paradigm	shift	in	hiring	strategy
and	movement	of	planners	without	trade	tickets	(except	for	a	select	few	who
were	able	to	produce	good	results,	of	which	most	were	technologists	or
engineers).	One	interesting	observation	was	that	non-trades	often	expected
promotions	or	wanted	transfers	to	engineering	or	other	roles,	whereas	the
tradespersons	seemingly	were	more	likely	to	want	to	hone	and	expand	their
skills	(subsequently	leading	to	increased	compensation)	but	stay	within	the	field
of	planning	and	scheduling.	This	pattern	or	tendency	further	bolstered	the
employer’s	desire	to	hire	trades.	Someone	said	previously	that	“it	is	quite	time-
consuming	if	people	do	not	have	a	trade.”

Experienced	Maintenance	Reliability,	Turnaround	Professional:	Planner	must
have	a	trade	skill,	or	your	team	will	call	you	a	data	encoder	or	a	data	reporter.
Planning	always	goes	with	scheduling;	if	you	don’t	know	what	you’re	planning,
how	can	you	schedule?	You	may	learn	the	language	and	be	familiar	with	all	the
equipment,	but	if	you	never	had	an	experience	to	work	on	it	“hands	on”	or	just
even	visually	seeing	what	you	plan	on	site,	you	can	never	progress	as	a	true
planner.

Take	note:	being	a	successful	planner	is	the	best/good	career	path	to
maintenance	management.	So,	learn	from	the	ground,	move	up	slowly,	and



surely	you	will	avoid	getting	embarrassed	once	you	get	on	TOP.	All	the	best,	Get
greasy,	and	Life	will	be	Easy!!!

Maintenance	Mechanical	Planner:	Trade	background	is	a	good	start	but	not
essential,	neither	is	an	engineering	degree	or	university	degree	essential
experience	in	that	industry.	It	is	helpful	but	you	can	be	trained	as	a	planner	and
transform	yourself	to	become	the	professional	planner,	whether	it	is	industrial
planning,	town	planning,	or	any	other	planning.	But	it	all	depends	on	the
maturity	and	culture	of	the	team	you	are	planning	on	and	what	might	be	involved
in	performing	the	tasks.

SAP-PM-Maintenance	Planning	Consultant:	A	good	planner	will	understand
how	work	gets	done	and	the	issues	a	tradesperson	faces.	The	best	way	to	learn	is
by	doing;	if	you	haven’t	worked	in	maintenance	you	will	not	be	able	plan
effectively.	The	best	planners	know	how	to	plan	because	of	experience	on	the
floor,	so	either	tradespeople	or	engineers/technologists	who	have	spent	a	few
years	on	the	shop	floor	have	the	right	skill	set.	Planners	without	a	trade/tech
ticket	don’t	have	the	needed	experience.

Project	and	Shutdown	Superintendent:	Definitely	having	a	relevant	trade	to	what
you	are	planning	for	is	a	good	foundation,	but	I	have	also	come	across
individuals	in	my	career	that	have	the	natural	aptitude	to	be	able	to	look	at	a	task
and	understand	the	requirements	for	completion.	The	difference	is	having	the
experience	of	what	influences	can	prevent	a	task	being	completed	and	being	able
to	plan	contingencies,	which	comes	with	having	the	experience.

Mechanical	Planner:	A	planner	without	a	trade	can	succeed.	If	the	company	has
a	decent	computerized	maintenance	management	system	set	up	with	routine	job
plans	that	can	be	pulled	across.	If	they	are	willing	to	improve,	the	skill	will
come.



Planner:	It	has	been	my	experience	that	in	the	position	of	planner	it	is	far	more
important	to	be	able	to	understand	how	the	process	works	(maintenance	and
production)	so	that	you	can	better	understand	how	the	work	should	“flow.”
Understanding	what	unmet	time	frames	can	do	to	the	overall	scope	of	work	and
the	“domino”	effect	it	can	have	on	other	jobs	is	critical.	Also,	be	involved	in
understanding	what	goals	are	set	for	the	work	that	is	being	done	(especially	new
installations	and/or	upgrades).	A	degree	is	nice,	a	title	is	impressive,	but	a	good
maintenance	understanding	can	go	a	long	way	in	becoming	a	successful	planner.

Senior	Turnaround	Planner:	I	recently	witnessed	at	a	facility	where	third-party
consultants	were	brought	in	that	worked	with	a	team	of	internal	experts	from
multiple	aspects	of	the	business.	The	mandate	of	this	group	was	to	draw
conclusions	on	how	and	where	to	focus	improvement	efforts	for	the	company.	It
was	determined	early	on	that	improvements	in	planning	would	make	for	huge
gains.	That	is	no	surprise!	However,	a	particular	recommendation	coming	out	of
this	was	to	only	hire	planners	with	a	trade	ticket	and	to	laterally	move	or	offer
buyouts	to	those	preexisting	that	did	not	have	a	ticket.	Planners	should	have	a
trade,	especially	to	perform	maintenance.

National	Contracts	Manager:	Four	of	the	best	planners	I	had	were	not
tradespeople.	Two	women	and	two	men,	they	started	out	at	the	lowest	level	of
their	occupation	and	worked	themselves	up	in	the	Planners	office	to	become	the
best.	Unfortunately,	they	will	have	to	do	some	engineering	studies	if	they	want	to
go	beyond	being	planners.	One	was	a	fixed	plant	and	the	other	three	were	mobile
heavy	earth-moving	planners.	In	saying	all	of	this,	there	is	always	an	advantage
for	those	who	have	a	trade	as	they	will	have	a	better	understanding	of	the
physical	attributes	of	a	job.

Maintenance/Production	Planner	Trainee:	I	am	a	maintenance	planner	of	a	small
airline	company,	who	began	operating	Fokker	50s	right	out	of	university.	I	have
no	trade	in	aviation	at	all;	I	must	say	I	am	not	a	really	expert	maintenance
planner,	but	my	first/last	two	performance	reviews	were	very	satisfactory.	My
point	is,	I	agree	with	most	of	the	discussion	above,	which	generally	says,	“you



don’t	really	need	to	have	the	trade,	just	good	organizing	skills.”	Though	an
initial	familiarization	of	principles	of	operations/organization	is	musts	to	know
before	you	even	begin.

Maintenance	Planner:	Coming	from	a	19-year-certified	millwright/certified
welder	who	has	been	a	mechanical	planner	for	the	past	decade,	the	experience
that	came	about	by	way	of	my	trades	was	and	is	invaluable,	maybe	not	a	must,
but	it	sure	helps	to	be	able	to	talk	the	talk	after	you	have	walked	the	talk.	Did	I
say	that	right?

Top	Contributor:	It	helps	when	you	have	a	trade,	and	also	it	depends	on	which
field	you	are.	As	Max	said,	you	need	to	have	a	clear	picture	of	what	type	of	a	job
you	are	planning,	as	you	are	supposed	to	understand	the	drawings	in	case	you
are	in	the	mining	industry,	are	supposed	to	know	the	working	principles	of	most
machinery	in	your	area.	Throughout	my	working	career,	mostly	in	the	mining
industry,	all	the	planners	I	have	worked	with	had	an	engineering	trade,	and	this
helps,	as	you	will	not	rely	on	the	foremen	to	have	most	of	the	information	on
components	or	spares	to	be	arranged	for	a	particular	job,	so	my	choice	is	a
planner	with	a	trade.
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