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This	is	a	training	program	covering	the	basics	of	fiber	op4c	network	design.	It	does	
not	cover	the	basics	of	fiber	op4cs	(assuming	the	knowledge	of	a	FOA	CFOT)	nor	the	
specifics	of	cable	plant	design,	either	OSP	or	premises,	which	are	covered	in	many	
other	courses.	Someone	with	a	CFOT	and	this	course	will	be	prepared	to	work	with	
those	qualified	to	design	communica4ons	and/or	cabling	networks	(e.g.	architects	
and	engineers,	BICSI	RCDDs,	etc.)	to	do	the	fiber-specific	design	of	a	complete	
communica4ons	project.		
Designers	must	have	an	in-depth	knowledge	of	fiber	op4c	components	and	systems	
and	installa4on	processes	as	well	as	all	applicable	standards,	codes	and	any	other	
local	regula4ons.	
Prepara4on	for	this	course	should	include	a	thorough	knowledge	of	fiber	op4cs	and	
some	knowledge	of	or	experience	in	communica4ons	and/or	cable	plant	network	
design	and	installa4on.	

	The	program	was	developed	by	Jim	Hayes	of	VDV	Academy,	the	training	organiza4on	
of	VDV	Works	LLC	(www.vdvworks.com)		and	formerly	of	Fotec	and	Fiber	U,	as	well	as	
founder	and	President	of	The	Fiber	Op4c	Associa4on.	It’s	is	based	on	25	years	of	
experience	in	the	business,	including	star4ng	one	of	the	first	fiber	op4c	test	
equipment	companies	in	1981,	Fotec,	which	was	sold	to	Fluke	Networks	in	2001.		



The	FOA	is	the	interna4onal	professional	society	of	fiber	op4cs,	chartered	to	promote	
fiber	op4cs	through	educa4on,	cer4fica4on	and	standards..	Founded	in	1995	by	a	
dozen	prominent	fiber	op4cs	trainers	and	industry	personnel,	it	has	grown	to	now	
being	involved	in:	

Administering	technical	cer4fica4on	programs	
Evalua4ng	and	approving	training	schools	
Developing	courses	and	training	programs	
Training	instructors	
Providing	a	free	online	source	of	technical	informa4on	and	educa4on	
Par4cipa4ng	in	industry	standards	ac4vi4es	
Publishing	an	online	monthly	newsle_er	
Promo4ng	all	FO	applica4ons	and	educa4on	

To	date,	the	FOA	has	approved	over	200	training	programs,	including	colleges,	union	
appren4ceships,	professional	training	organiza4ons	and	companies	offering	employee	
training	programs	in	the	US	and	in	~40	countries	around	the	world.	Over	53,000	
students	have	successfully	completed	requirements	for	the	FOA	CFOT	cer4fica4on.	
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FOA-approved	schools	offer	training	and	cer4fica4on	that	is	good	prepara4on	or	
addi4onal	knowledge	in	topics	appropriate	for	the	fiber	op4c	designer,	network	
owner,	facili4es	manager,	contractor	or	installer.	
CFOT®	-	basic	fiber	op4cs	
CPCT	–	premises	cabling	
Specialist	cer4fica4ons	in	skills	for	those	doing	installa4on	(splicing,	connectors,	
tes4ng)	and	applica4ons	for	those	wan4ng	to	know	details	of	how	fiber	is	used	(FTTH,	
data	centers,	OLANs,	DAS,	FTTA-fiber	to	the	antenna)	
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A	new	textbook	for	training	or	studying	for	FOA	CFOS/D	and	other	cer4fica4ons	
An	up-to-date	reference	on	fiber	op4c	design	for	the	contractor,	installer,	designer,	
project	manager,	facili4es	manager	and	user	
New	reference	book	and	textbook	for	FOA	CFOS/D	cer4fica4on	classes	
Based-on	and	complementary	to	The	FOA	Online	Reference	Guide	
Arranged	logically	for	teaching		or	use	as	a	reference	by	network	owners,	project	
managers,	facility	managers,	installers	and	technicians	
Overview	of	fiber	op4cs	for	those	new	to	the	technology	(Chapter	2)Keyed	to	
available	FOA	Instructor	curriculum	materials		
Available	from	the	FOA		FOA	eStore	or	Amazon.com	worldwide	

The	purpose	of	this	book	is	to	provide	a	reference	guide	to	those	involved	with	the	
design	of	fiber	op4c	networks	or	those	teaching	the	personnel	who	will	do	this	work.	
This	book	is	also	the	reference	guide	for	FOA	CFOS/D	Design	Specialist	cer4fica4on.	
As	defined	here,	a	fiber	op4c	network	is	a	communica4ons	system	that	operates	over	
fiber	op4cs,	but	is	likely	to	also	include	copper	cabling	and	wireless.	With	a	subject	so	
broad,	it’s	impossible	to	cover	every	aspect	of	the	topic	in	depth.	What	will	be	
covered	in	this	book	is	primarily	the	basics	of	design	of	both	premises	and	outside	
plant	fiber	op4c	cabling	to	support	prac4cally	all	types	of	communica4ons	systems.	It	
is	assumed	that	the	reader	is	familiar	with	basic	fiber	op4c	technology	used	for	
premises	and	outside	plant	networks	at	the	level	of	a	CFOT.	If	not,	you	should	begin	
by	studying	general	fiber	op4cs	using	Chapter	2	-	Jargon	in	this	book,	the	other	FOA	
textbooks,	FOA	Online	Guide	(www.foaguide.org)	or	take	the	basic	self-study	course	
at	Fiber	U	(www.fiberu.org).	
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Besides	the	Design	book,	FOA	has	a	basic	fiber	op4cs	book	in	English,	Spanish	and	
French,	an	OSP	–	outside	plant	–	book,	a	premises	cabling	(copper,	fiber	and	wireless)	
and	an	OSP	construc4on	guide.	All	these	books	are	good	references	for	the	fiber	op4c	
designer,	network	owner,	contractor,	installer,	facili4es	manager	or	anyone	whose	
work	involves	fiber	op4cs.	



The	FOA	Online	Reference	Guide	to	Fiber	Op4cs	was	created	to	be	a	single	source	of	
technically	correct,	unbiased	informa4on	on	fiber	op4cs	available	for	everyone	for	free.	It	has	
grown	to	hundreds	of	pages	of	informa4on	in	sec4ons	appropriate	for	student	study	and	
assigned	projects	as	well	as	material	for	those	looking	for	a	refresher	course	in	fiber	or	just	
looking	for	some	par4cular	informa4on.	
For	those	studying	for	FOA	cer4fica4ons,	both	basic	and	advanced,	there	are	study	guides	to	
point	you	to	the	appropriate	materials.	
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The	FOA	"Tech	Bulle4ns"	were	created	as	detailed,	step-by-step	guides	for	fiber	op4c	
users.	They	are	full	of	detailed	guidelines	for	designing	and	using	fiber	op4c	
components	and	systems.	They	can	be	downloaded	and	printed	for	reference.	



FOA	YouTube	videos	cover	all	aspects	of	fiber	op4cs	including	over	40	lectures	from	
the	basics	to	advanced	topics,	how-to	hands-on	prac4ces	and	of	course	design.	For	
those	who	prefer	video	instruc4on,	the	FOA	YouTube	videos	are	an	excellent	means	
of	learning.	
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Fiber	U	online	training	provides	self-study	courses	on	all	FOA	cer4fica4on	topics	and	
some	extras.	You	can	use	Fiber	U	to	learn	about	fiber	op4c	subjects	online	at	your	
own	pace,	test	your	knowledge	at	every	step	and	take	an	online	test	aker	finishing	to	
get	a	“Fiber	U	Cer4ficate	of	Comple4on.”	The		Fiber	U	Cer4ficate	of	Comple4on	can	
be	used	as	evidence	of	your	knowledge	of	a	subject	along	with	evidence	of	
experience	in	that	area	of	fiber	op4cs	to	apply	for	FOA	cer4fica4on.	
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Another	good	handout	for	the	course	is	Lennie	Lightwave’s	Guide	to	Fiber	Op7cs.	You	
can	see	it	on	the	web	at	www.LennieLightwave.com	and	a	printable	version	in	PDF	
format	is	linked	from	the	site	or	included	on	this	CD	with	the	file	name	llguide.pdf.	
“Lennie”	online	includes	a	complete	tutorial	on	fiber	op4cs	and	our	unique	“virtual	
hands-on	courses”	in	fiber	op4c	termina4on	and	tes4ng.	

Also	see	the	“Virtual	Hands-On”	sec4on	of	Lennie	Lightwave’s	Guide,	FOA	Tech	Topics:h_p://
www.thefoa.org/tech/index.html		and	videos	on	the	FOA	Website:	h_p://www.thefoa.org/
video/FOA_Videos/Termina4on.html	
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What	is	Fiber	Op4c	Design?	
Fiber	op4c	design	as	covered	in	this	presenta4on	refers	to	the	specialized	processes	
leading	to	a	successful	installa4on	and	opera4on	of	a	fiber	op4c	network.	
Design	requires	working	with	higher	level	network	and	cable	plant	designers	such	as	
the	architects	and	engineers	overseeing	a	major	project	or	contractors	involved	with	
building	the	projects.	In	most	areas,	major	projects	will	require	an	architect	or	
licensed	professional	engineer	to	approve	the	course	for	legal	issues.	
Other	groups	like	engineers	or	designers	involved	in	aspects	of	project	design	such	as	
security,	CATV	or	industrial	system	designers		or	specialized	designers	like	
manufacturer-cer4fied	contractors	or	BICSI	RCDDs	for	premises	cabling	may	also	be	
overseeing	various	parts	of	the	project	that	involves	the	design	and	installa4on	of	
fiber	op4c	cable	plants	and	systems.	
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Designers	must	have	an	in-depth	knowledge	of	fiber	fiber	op4c	components	and	
systems	and	installa4on	processes	as	well	as	all	applicable	standards,	codes	and	any	
other	local	regula4ons.	
Remember,	you	MUST	know	the	local	legal	requirements	before	undertaking	any	
project!	
The	purpose	of	this	presenta4on	is	to	cover	the	issues	appropriate	to	and	specific	to	
fiber	op4c	cable	plant	and	network	design	and	prepare	the	student	for	the	FOA	CFOS/
D	design	specialty	cer4fica4on	exam.	Those	involved	in	fiber	op4c	project	design	
should	already	have	some	background	in	fiber	op4cs,	such	as	having	completed	a	FOA	
CFOT	course	and	cer4fica4on,	and	may	have	other	training	in	the	special4es	of	cable	
plant	design	such	as	electrical	contrac4ng	appren4ceship,	the	BICSI	RCDD,	SCTE	or	ISA	
training	etc.	



A	fiber	op4c	network	designer	needs	to	know	about	fiber	op4cs	–	the	basics	of	how	
fiber	op4c	communica4ons	systems	work,	the	types	of	fiber	op4c	components,	
installa4on	prac4ces	for	outside	plant	(OSP)	and	premises	installa4ons	and	tes4ng	
requirements.		
The	designer	also	needs	to	know	enough	about	networking	and	communica4ons	
equipment	and	systems	to	understand	how	the	total	network	–	electronics	and	the	
cable	plant	–	work	together	to	create	a	communica4ons	network.	In	addi4on,	some	
familiarity	with	design	sokware	and	GIS	systems	is	needed	to	create	and	document	
the	actual	design	–	and	that	is	not	covered	in	this	curriculum	since	there	are	so	may	
op4ons	and	the	student	needs	to	know	the	op4on	that	is	chosen	for	the	network	
they	are	designing.	Finally,	the	designer	needs	to	be	familiar	with	project	
management.	We	cover	project	management	in	this	course	but	there	are	other	
courses	available	that	deal	with	project	management	independent	of	the	type	of	
project	and	some	designers	may	find	their	training	helpful.		
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Many	people	are	confused	by	the	terms	standards	and	codes,	which	can	be	a	
problem.	Standards	are	guidelines,	codes	are	laws,	and	both	are	important	issues	in	
the	design	and	building	of	a	network.	
A	standard	specifies	system	or	cabling	components,	transmission	performance,	
system	architecture,	and	the	measurement	procedures	needed	for	verifica4on	of	the	
installed	cable	plant.		
Codes	are	usually	related	to	building,	electricity,	fire	and	other	safety	issues.	In	the	
United	States,	the	Na4onal	Electrical	Code	(NEC),	or	NFPA	70,	is	a	standard	code	for	
the	safe	installa4on	of	electrical	wiring	and	equipment.	Most	local	areas	have	building	
codes	that	specify	how	to	build	structures	that	are	safe	for	occupancy.	
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ISO/IEC	Guide	2:1996,	defini4on	3.2	defines	a	standard	as:	'A	document	established	
by	consensus	and	approved	by	a	recognized	body	that	provides	for	common	and	
repeated	use,	rules,	guidelines	or	characteris7cs	for	ac7vi7es	or	their	results,	aimed	at	
the	achievement	of	the	op7mum	degree	of	order	in	a	given	context'. 		

Our	favorite	quotes	on	standards:	
“Standards	are	mutually	agreeable	specifica4ons	for	product	development.”	(Former	
head	of	TIA	802.3	Ethernet	standards	commi_ee)	
“The	wonderful	thing	about	standards	is	we	have	so	many	to	choose	from.”	(Bob	
Metcalfe,	co	inventor	of	Ethernet)	
“Why	do	we	have	interna4onal	standards?	Because	those	who	control	the	standards	
control	the	marketplace.”	(Massachuse_s	Port	Authority)	
“We	don’t	write	standards	for	installers	or	users,	we	write	standards	for	
manufacturers.”	(Former	head	of	TIA	TR-42	cabling	standards	commi_ee)	

The	last	comment	is	most	important	–	manufacturers	write	the	standards	for	
themselves	and	they	are	tasked	with	providing	explana4ons	of	the	standards	to	users,	
e.g.	designers.	Refer	to	manufacturers	documents	and	websites	for	the	appropriate	
standards	and	to	ensure	you	get	the	latest	revisions	as	they	are	constantly	changing.	
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Here	are	examples	of	codes	in	the	US	

Na4onal	Electric	Code®	(NEC)	
The	NEC	covers	the	safe	installa4on	of	electrical	conductors,	equipment,	and	
raceways;	signaling	and	communica4ons	conductors,	equipment,	and	raceways;	and	
op4cal	fiber	cables	and	raceways	for	buildings.	Canada’s	version	is	CEC.	

NFPA	1	Fire	Code®	
This	code	provides	requirements	to	establish	a	reasonable	level	of	fire	safety	and	
property	protec4on	in	new	and	exis4ng	buildings.	

NFPA	5000®	Building	Construc4on	and	Safety	Code	
The	NFPA	5000	presents	requirements	for	protec4on,	building	construc4on	and	
occupancy	features.	
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The	biggest	advantage	of	op4cal	fiber	is	the	fact	it	can	transport	more	informa4on	
longer	distances		in	less	4me	than	any	other	communica4ons	medium.		In	addi4on,	it	
is	unaffected	by	the	interference	of	electromagne4c	radia4on	which	makes	it	possible	
to	transmit	informa4on	and	data	with	less	noise	and	less	error.	Fiber	is	lighter	than	
copper	wires	which	makes	it	popular	for	aircrak	and	automo4ve	applica4ons.	These	
advantages	open	up	the	doors	for	many	other	advantages	that	make	the	use	of	
op4cal	fiber	the	most	logical	choice	in	data	transmission.	
A	single	fiber	can	transmit	more	communica4ons	signals	than	the	giant	copper	cable	
shown!	
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Any	project	beings	by	defining	the	communica4ons	needs	of	the	users	–	what	kinds	of	
communica4ons	and	from	where	to	where	–	that	will	define	the	types	of	
communica4ons	equipment	and	the	type	of	cable	plant	required	to	support	it.	
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Establish	the	link	route		and	parameters	
Communica4ons	assumes	one	is	crea4ng	a	link	from	point	A	to	point	B.	From	this	
point,	it	is	necessary	to:	
Determine	the	link	

Path	-	where	it	must	go	
Distance	-	how	far	
Obstacles	-	what	must	be	traversed	or	avoided	

Determine	the	communica4ons	needs	-	the	system	requirements	for	protocol	and	
bandwidth	or	bitrate	



Whether	the	cable	plant	will	be	indoors	or	outdoors,	you	must	inspect	every	bit	of	
the	route,	looking	for	the	types	of	terrain,	how	he	cable	will	be	placed,	obstacles,	etc.	
to	fully	understand	the	project.	
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If	you	are	placing	cable	underground,	you	must	worry	about	other	cables	and	pipes	
along	the	route.	Calling	811	or	visi4ng	the	www.commongroundalliance.com	website	
will	connect	you	to	others	who	are	aware	of	the	cables	and	pipes	along	your	route.	
Don’t	assume	anybody	knows	the	exact	loca4ons	–	double	check	by	using	cable	
loca4ng	equipment	and	perhaps	even	digging	pilot	holes	manually	before	using	heavy	
equipment.	This	is	IMPORTANT.	digging	into	underground	electrical	cables	or	gas	
pipelines	can	kill	you.	
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For	a	long	4me,	many	local	governments	have	known	that	whenever	they	dig	up	a	
street	for	any	underground	services	they	should	install	fiber	ducts	–	lots	of	them	in	
fact.	Now	the	US	govt	has	agreed	with	a	DoT	execu4ve	order	in	2016.	
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This	is	a	short	–	and	likely	incomplete	–	checklist	of	things	that	need	considering	
when	designing	a	fiber	op4c	network!	
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The	4me	to	begin	documenta4on	is	when	the	project	is	conceived-not	aker	it’s	
completed.	You	will	begin	having	records	and	drawings,	create	paperwork	for	
outsiders	who	will	become	involved,	then	keep	records	for	building	and	opera4ng	–	
maybe	even	restoring	aker	damage	to	–	the	system.	Don’t	forget	backups!	
Simply,	the	SOW	defines	the	system.	The	RFQ	is	to	inform	possible	contractors	of	your	
need	and	request	their	input.	RFP	is	for	bidders	to	give	you	their	es4mates	of	costs.	
The	contract	will	be	the	legal	agreement	with	the	contractor.	All	are	important.		
For	more	info	see	h_p://www.thefoa.org/tech/ref/install/paperwork.html	

24



The	key	to	any	successful	project	is	an	understanding	of	the	project,	the	requirements	
of	the	customer	and	the	expecta4ons	of	the	contractor.	These	are	spelled	out	in	a	
number	of	documents	that	are	created	by	and	oken	nego4ated	amont	the	par4es	
involved.	The	paperwork	begins	before	the	project	starts	so	the	scope	of	work	is	
known	to	everyone	and	end	only	when	the	final	copies	of	the	documenta4on	are	
presented	to	the	customer.	Here	are	descrip4ons	of	the	most	common	documents,	
the	Scope	of	Work	(SOW),	Request	for	Proposal	(RFP),	Request	for	Quote	(RFQ)	and	
contract,	that	are	used	to	define	a	project.	
The	actual	technical	design	documenta4on	includes	drawings	of	the	project,	lists	of	
components,	installa4on	instruc4ons,	etc.	which	are	supplied	to	the	bidders	and	the	
contractor	who	builds	the	project.	

For	more	informa4on	on	these	project	documents,	see	h_p://www.thefoa.org/tech/
ref/install/paperwork.html	
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FOA	doesn’t	get	into	the	ni_y	gri_y	of	design	sokware	because	it	has	so	many	
op4ons	and	users	tend	to	favor	the	ones	they	are	familiar	with.	Needless	to	say,	the	
designer	or	design	team	will	use	some	kind	of	sokware	and	having	GIS	data	is	
expected	today.	Many	areas	will	have	GIS	data	available,	for	example	on	pole	
loca4ons	or	current	cables,	if	you	can	find	it	and	it	will	be	shared.	
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There	is	a	lot	of	informa4on	in	this	slide	and	it	is	all	important!	This	document	is	the	basis	of	the	project.	Refer	to	the	document	
“Scope	of	Work	and	Examples.doc	for	more	informa4on.	
Outlining	the	Scope	of	Work	Process	-					The	following	may	be	considered	for	inclusion	in	a	comprehensive	working	outline:	
1.  Objec4ves	-	Precisely	iden4fy	desired	end	objec4ves	of	the	project	and	associated	technical	requirements.	
2.	Context	of	Project	-	List	background	informa4on	that	will	aid	a	contractor	in	understanding	the	nature	and	origin	of	the	
requirements.	Include	a	brief	summary	of	appropriate	objec4ves,	statutory	program	authority,	major	programs,	and	goals	set	by	
policy	and/or	procedure	if	relevant.	Describe	the	rela4onship	of	the	effort	to	major	programs	and	goals.	
3.	Scope	-	Clearly	describe	the	scope	of	required	contractor	efforts	in	support	of	project	objec4ves.	
a.	Technical	considera4ons	-	Set	forth	technical	considera4ons	that	may	influence	a	contractor's	approach	or	efforts.	Any	known	
specific	phenomena,	techniques,	methodologies,	or	results	of	previous	related	work	that	may	influence	a	contractor's	efforts	or	
direc4on	of	approach	should	be	specified.	
b.	Tasks	-	List	specific	tasks	and	subtasks	to	be	accomplished	by	a	contractor	to	sa4sfy	the	objec4ves,	together	with	the	required	
sequence	of	tasks	in	mi	express	order	of	accomplishment.	
4.	Acceptance	-	Establish	milestones	or	management	control	points	in	the	sequence	of	tasks	where	the	customer	requires	
review,	approval,	acceptance,	or	rejec4on.	
Establish	relevant	and	well-defined	baselines	for	contractor	performance	measurement.	These	baselines	will	serve	at	least	four	
purposes.	They	will:	(a)	prevent	a	contractor	from	driking	into	areas	not	per4nent	to	the	effort;	(b)	measure	the	results	of	
completed	work;	(c)	assist	in	defining	whether	or	not	subsequent	changes	or	redirec4on	of	effort	falls	within	the	original	scope	
of	work;	and	(d)	assist	the	project	manager	and	the	contrac4ng	officer	in	monitoring	the	progress	of	work.	This	monitoring	is	
par4cularly	important	for	phase-type	contracts	where	it	is	necessary	to	detect	unsa4sfactory	performance	at	an	early	stage.	It	
will	allow	a	project	manager	to	inform	procurement	personnel	of	unpromising	contractor	ac4ons	that	should	be	dealt	with	
promptly	before	their	effect	compromises	the	en4re	contract	effort.	
5.	Responsibili4es	-	Iden4fy	all	combined	customer	and	contractor	par4cipa4on	needed	for	the	project,	as	well	as	the	nature	and	
extent	of	all	task	responsibili4es.	All	tasks	requiring	customer	support	(customer-furnished	equipment,	facili4es,	materials,	ect.)	
should	be	stated	specifically.	The	nature	and	requirements	of	customer	support	to	be	provided	should	also	be	stated	specifically.	
6.	Schedule	-	Generate	a	schedule	for	the	sequence	of	tasks	to	be	performed	by	a	contractor	and	a	similar	schedule	for	related	
responsibili4es	of	the	customer.	
7.	Deliverables	iden4fy	contractor	delivery	requirements	precisely	and	schedule	a	delivery	date	for	each.	Include	details	about	
the	type	and	quan4ty	of	all	deliverables.	For	instance,	such	details	must	be	provided	for	theore4cal	models,	computer	sokware,	
drawings,	documenta4on,	reports,	or	other	data.	State	precisely	what	a	contractor	is	to	deliver	at	specified	4mes	as	the	work	
progresses	and	on	comple4on	of	contract	performance.	Delivery	schedules	may	be	stated	in	calendar	or	work	days	of	elapsed	
4me	(e.g.,	X	calendar	days	aker	award	of	contract)	or	in	terms	of	a	specific	calendar	date.	
8.	Data/Documenta4on	Requirements	-	Iden4fy	all	technical	data/documenta4on	requirements,	including	the	intended	use	for	
these	data	by	the	project	manager.	
9.	Informa4on	Requirements	-	Iden4fy	management	informa4on	requirements	that	a	contractor	must	sa4sfy.	
10.	Time	-	Es4mate	professional	and	technical	person-hours,	-weeks,	-months,	or	-years	required	of	a	contractor	to	perform	the	
contract	effort	as	appropriate.	Developing	the	outline	will:	(a)	allow	full	a_en4on	to	be	directed	to	technical	content;	(b)	help	
guard	against	significant	omissions;	(c)	aid	in	achieving	smoothness	and	con4nuity;	and	(d)	help	eliminate	unnecessary	and	
redundant	material.	
From:	h_p://www.thefoa.org/tech/ref/install/paperwork.html	
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Within	the	project	plan,	there	are	of	course	issues	on	codes	that	apply	to	the	
installa4on,	permits	and	easements,	which	require	working	with	local	authori4es.	But	
close	examina4on	of	the	route	of	the	link	will	provide	informa4on	on	what	will	be	
important	for	route	prepara4on	and	installa4on	issues.	There	will	always	be	the	need	
to	enter	buildings	and	if	necessary,	build	local	huts,	pedestals,	manholes	or	
handholes.	And	wherever	equipment	is	located,	there	is	a	need	for	power	with	
backups	and	grounding.	
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Planning	a	network	has	other	considera4ons	–	like	where	do	you	store	all	the	
components	you	ordered	–	like	this	60	miles	of	cable	for	a	rural	project	–	or	
equipment	that	must	be	stored	in	environmentally	controlled	loca4on	and	secured	
from	thek	–	remember	it’s	expensive	stuff!	Oken	there	is	a	need	for	24	our	security	
at	storage	and	work	sites	to	prevent	loss.	
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Choosing	a	contractor	is	one	of	the	most	important	steps	in	a	project.	Some4mes	the	
contractor	is	just	hired	to	do	the	installa4on,	but	oken	their	exper4se	in	similar	
projects	means	they	par4cipate	in	the	design	process.	Using	the	lowest	bidder	can	be	
risky,	unless	all	contractors	are	equally	qualified.	Don’t	forget	the	issue	of	mutual	
trust	and	compa4bility	–	these	are	people	you	have	to	work	with	on	a	project	to	solve	
problems,	not	point	fingers.	
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At	some	point	early	in	the	project,	it’s	necessary	to	commit	to	the	sokware	for	the	
design.	Today,	GIS	compa4bility	is	expected.	Some	“cloud”	sokware	allows	easy	
collabora4on	if	the	contractor	is	part	of	a	design/build	team.	But	if	the	par4es	
involved	have	already	commi_ed	to	some	sokware	and	experienced	in	its	use,	that’s	
a	big	factor.	
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Once	the	basic	design	of	the	cable	plant	is	done,	the	next	step	is	choosing	
components	appropriate	for	the	installa4on:	
Fiber	type(s)	
Cable	type(s)	
Connector		type(s)	
Splice		type(s)	
Installa4on	hardware		type(s)	
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Communica4ons	equipment	chosen		must	be	compa4ble	with	customer	
requirements:	

Link	protocol	-	what	is	to	be	transmi_ed	
Distance	requirements	-	how	far?	Short	links	on	HCS	or	MM	GI	fiber,	longer	
links	on	SM.	Or	what	fiber	does	the	customer	have	available?	

Consider	future	expansion	-	can	the	equipment	be	expanded	or	upgraded	
The	chosen	communica4ons	equipment	will		determine	the	maximum	loss	of	the	
cable	plant	which	will	be	calculated	in	the	loss	budget.	Each	type	of	equipment	will	
have	a	minimum	output	power	of	the	transmi_er	and	minimum	receiver	power	
requirement	specified,	so	the	difference	between	those	two	specifica4ons	
determines	the	maximum	loss	of	the	cable	plant.	
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Once	the	basic	design	of	the	cable	plant	is	done,	the	next	step	is	choosing	
components	appropriate	for	the	installa4on:	
Fiber	type(s)	
Cable	type(s)	
Connector		type(s)	
Splice		type(s)	
Installa4on	hardware		type(s)	
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Cable	is	one	of	the	components	of	a	fiber	op4c	system.	It’s	the	first	to	consider,	as	it	must	be	chosen	to	
fit	the	installa4on	environment.	First,		we’ll	examine	the	differences	in	installa4on	environments	and	
then	consider	cable	types,	looking	at	each	of	these	in	detail	and	their	installa4on.	



Before	es4ma4ng	costs	or	purchasing	components,	it’s	necessary	to	create	
comprehensive	parts	lists.	One	big	issue	is	to	order	enough	–	if	you	run	short	on	
cable,	for	example,	it	may	take	weeks	or	months	to	get	more,	a	disaster	for	project	
schedules.	Most	contractors	tell	us	they	plan	on	10-15%	extra,	especially	cable,	where	
excess	can	be	saved	for	future	expansion	or	restora4on	of	a	cable	break.	
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When	es4ma4ng	costs,	start	with	the	most	expensive	components,	typically	cable	
then	hardware.	For	construc4on	costs,	be	careful	to	determine	the	work	needed	
accurately	–	we	recently	heard	a	contractor	complain	that	they	were	losing	money	on	
a	project	because	they	had	bid	a	job	without	looking	at	local	geology	and	part	of	the	
trenching	was	through	limestone	bedrock!		Remember	crews	have	to	drive	to	job	
sites,	setup,	do	their	work,	then	clean	up	and	drove	home	on	the	clock.	
Documenta4on	can	take	lots	of	4me.	And	some	contracts	call	for	training	the	
customer	on	opera4on	of	the	network.	
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When	designing	the	network,	the	fiber	op4c	cable	plant	design	must	include	
performance	requirements	–	the	loss	determined	by	the	power/loss	budget	of	the	
system,	the	bandwidth	for	high	speed	systems,	and	for	singlemode,	reflectance,	
especially	on	short	singlemode	links.	
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Aker	a	fiber	op4c	cable	plant	is	installed,	it	may	be	used	with	a	number	of	different	types	of	
fiber	op4c	networks.	Computer	networks,	telephone	signals,	video	links,	and	even	audio	can	
be	sent	on	the	installed	fibers.	Each	network	type	has	a	requirement	for	the	performance	of	
the	fiber	op4c	cable	link.	Most	simply	specify	the	maximum	loss	in	the	link	that	can	be	
tolerated,	a	func4on	of	component	specifica4ons	and	installa4on	quality.	Others	also	specify	
the	bandwidth	performance	of	the	fiber	which	is	determined	by	the	specifica4ons	of	the	fiber	
chosen.	
Every	fiber	op4c	link	has	a	maximum	loss	of	a	cable	plant	over	which	it	can	work.	That	loss	is	
determined	by	the	output	power	of	the	transmi_er	coupled	into	the	fiber	and	the	sensi4vity	
of	the	receiver,	all	expressed	in	dBm,	and	the	difference	between	is	the	maximum	los	in	dB.	
The	loss	of	the	fiber	op4c	cable	(in	dB)	it	uses	must	be	less	than	that	maximum	loss	for	
proper	opera4on.		
While	every	link	installed	must	meet	some	maximum	loss	to	allow	opera4on	of	the	network	
intended	to	use	it,	different	networks	may	have	different	link	margins.	Therefore	we	use	a	
different	approach.	The	loss	of	the	link	is	considered	acceptable	if	it	is	less	than	standard	
maximum	values	calculated	from	the	characteris4cs	of	the	link	installa4on.			
What	causes	the	losses	in	the	fiber	op4c	cable?	First	the	fiber	itself.	The	next	loss	factor	is	
termina4ons.	Splices	are	common	in	singlemode	but	rare	in	mul4mode	networks	Singlemode	
fiber	is	usually	spliced	with	a	fusion	splicer	which	welds	the	two	fibers	together	in	an	electric	
arc,	with	much	lower	losses.		
The	final	loss	factor	is	stress	in	installa4on.	Fiber	op4c	cable	pulled	with	too	much	tension	
may	be	damaged.	Each	4me	you	make	a	bend	with	a	fiber	op4c	cable,	you	put	some	stress	in	
the	fiber	which	can	cause	loss.	Even	cable	4es	4ghtened	on	the	cable	can	cause	loss.	Stress	
loss	should	be	zero!	
The	drawings	here	illustrate	the	example	in	the	textbook	in	Chapter	10.	
Here	is	a	link.	The	transmi_er	couples	a	certain	amount	of	power	into	the	fiber	in	the	cable	
plant.	As	the	light	is	transmi_ed	down	the	fiber,	it	is	a_enuated	by	the	a_enua4on	of	the	
fiber	and	the	loss	in	connectors	and	splices.	In	this	link,	the	cable	plant	has	5	connec4ons	and	
a	splice,	plus	the	length	of	the	fiber	to	cause	loss.	



The	ability	of	any	fiber	op4c	system	to	transmit	data	ul4mately	depends	on	the	
op4cal	power	at	the	receiver	as	shown	above,	which	shows	the	data	link	bit	error	rate	
as	a	func4on	of	op4cal	power	at	the	receiver.	(BER	is	the	inverse	of	signal-to-noise	
ra4o,	e.g.	high	BER	means	poor	signal	to	noise	ra4o.)		Either	too	li_le	or	too	much	
power	will	cause	high	bit	error	rates.	Too	much	power,	and	the	receiver	amplifier	
saturates,	too	li_le	and	noise	becomes	a	problem	as	it	interferes	with	the	signal.		
This	receiver	power	depends	on	two	basic	factors:	how	much	power	is	launched	into	
the	fiber	by	the	transmi_er	and	how	much	is	lost	by	a_enua4on	in	the	op4cal	fiber	
cable	plant	that	connects	the	transmi_er	and	receiver.	The	op4cal	power	budget	of	
the	link	is	determined	by	two	factors,	the	sensi4vity	of	the	receiver,	which	is	
determined	in	the	bit	error	rate	curve	above	and	the	output	power	of	the	transmi_er	
into	the	fiber.	The	minimum	power	level	that	produces	an	acceptable	bit	error	rate	
determines	the	sensi4vity	the	receiver.	The	power	from	the	transmi_er	coupled	into	
the	op4cal	fiber	determines	the	transmi_ed	power.	The	difference	between	these	
two	power	levels	determines	the	loss	margin	(loss	budget	or	power	budget)	of	the	
link.		
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FOA	LossCalc	es4mates	the	op4cal	loss	of	a	fiber	op4c	link.	This	will	save	4me	for	the	
installer	of	a	fiber	op4c	link	needing	to	know	whether	test	results	are	reasonable	and/
or	make	a	"pass/fail"	determina4on.	It	can	also	help	the	designer	of	a	link	to	
determine	if	communica4ons	equipment	will	operate	over	this	link.	By	choosing	the	
type	of	link	(singlemode	or	mul4mode)	and	specifying	the	length	of	the	fiber	and	
numbers	of	connec4ons	and	splices,	it	will	calculate	the	end	to	end	loss	of	the	link.	
The	app	has	default	specifica4ons	for	singlemode	and	mul4mode	links	or	the	user	
may	create	custom	setups	with	specifica4ons	appropriate	for	any	applica4on.	h_p://
itunes.apple.com/us/app/foa-losscalc/id476262894?mt=8&ls=1 		
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Tes4ng	The	Installed	Network		
Once	a	fiber	op4c	cable	plant,	network,	system	or	link	is	installed,	it	needs	to	be	
tested	for	four	reasons:		

1. 	to	insure	the	fiber	op4c	cable	installa4on	was	properly	installed	
to	specified	industry	standards.	
2. 	to	insure	the	equipment	intended	for	use	on	the	cable	plant	
will	operate	properly	on	the	cabling	
3. 	to	insure	the	communica4ons	equipment	is	working	to	
specifica4ons	
4. 	to	document	the	cable	plant	and	network	for	reference	in	case	
of	future	problems	

Every	fiber	in	every	cable	should	be	tested:	
Con4nuity	-	to	make	sure	light	passes	
Inser4on	loss	to	see	if	it	meets	loss	budget	calcula4ons.	Loss	should	be	similar	
to	loss	budget	calcula4on	

OSP	cables	with	splices	or	difficult	installa4on	should	be	tested	with	OTDR	
Keep	records	in	the	cable	plant	documenta4on	for	troubleshoo4ng	

Before	commi|ng	to	an	installa4on,	a	test	plan	must	be	included	in	the	design	and	
documenta4on.	



Dirty	connectors	are	one	of	the	biggest	causes	of	high	loss	when	tes4ng	cables	and	
network	problems.	Dirt,	contamina4on	and	damage	to	the	connector	end	face	cause	
high	loss	and	problems	with	reflectance	that	can	affect	network	opera4on.		
Every	connector	must	be	inspected,	and	if	needed,	thoroughly	cleaned	and	inspected	
to	verify	the	cleaning.		
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Con4nuity	tes4ng	is	done		with	a	visible	light	source	-	a	LED	or	incandescent	bulb	in	a	
fiber	tracer	or	a	higher	power	visible	laser	in	a	visual	fault	locator.	
The	low-powered		fiber	tracer	can	be	used	to	confirm	that	light	can	indeed	be	
transmi_ed	through	the	fiber	and	the	proper	connec4ons	between	transmi_er	and	
receiver	have	been	made.	
The	higher	powered	laser	in	a	visual	fault	locator	can	trace	fibers	longer	distances	and	
even	find	breaks.	In	a	4ght	bend,	kink	or	break,	the	light	lost	can	be	seen	through	the	
jacket	of	simplex	or	zipcord	cable	and	4ght	buffered	fibers.		
Visual	fault	locators	can	also	be	used	to	op4mize	mechanical	splices	and	prepolished/
splice	type	connectors	by	adjus4ng	the	fibers	to	minimize	the	visible	light	lost.	
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Inser4on	loss	tes4ng	simulates	the	way	the	cable	will	be	used	by	the	systems	
opera4ng	over	it.	A	source,	similar	to	the	system	source	is	used	for	inser4ng	light	into	
the	cable	under	test.	A	meter	is	used	to	measure	the	source	output	and	the	loss	
when	the	cable	under	test	is	added.	A	double-ended	test	like	this	measures	the	loss	
of	the	fiber	and	connectors	on	both	ends,	plus	anything	in	the	middle.	
The	source	should	match	the	system	source	in	type	(LED	or	laser)	and	wavelength	
(850	or	1300	nm	for	LEDs	and	850,	1310	or	1550	nm	for	lasers.)	
The	power	meter	needs	to	be	calibrated	to	NIST	(standards	US	na4onal	standards	
labs)	and	be	able	to	measure	at	appropriate	wavelengths	(850,	1310	or	1550	nm.)	
The	reference	cables	are	cri4cal	to	making	good	measurements.	They	must	mate	with	
the	cable	under	test,	so	connectors	must	match	or	ma4ng	adapters	be	available,	and	
the	fiber	must	be	the	same	type	(MM	or	SM)	and	core	diameter.	
One	makes	the	measurement	by	calibra4ng	the	output	of	the	source	at	the	end	of	
the	launch	cable	and	storing	this	measurement	as	“0	dB”	loss.	The	a_ach	the	cable	to	
test	and	receive	reference	cable	and	meter,	then	measure	the	loss.	The	loss	will	be	a	
nega4ve	number.	
Alterna4ve	methods	of	se|ng	the	“0	dB”	reference	include	using	both	launch	and	
receive	cables	or	both	those	cables	and	a	third	reference	cable.	These	methods	are	
used	with	some	types	of	connectors	not	compa4ble	with	direct	connec4on	to	a	
power	meter.	The	measured	loss	is	reduced	by	one	connector	loss	value	with	two	
reference	cables	and	two	connector	loss	values	with	three	reference	cables.	The	
method	used	for	referencing	should	be	disclosed	with	the	cable	loss	data.	
Another	test	uses	only	a	launch	reference	cable	and	the	cable	under	test.	This	
method	allows	tes4ng	a	single	cable	from	each	end	to	find	out	if	either	connector	is	
bad.	



Unlike	sources	and	power	meters	which	measure	the	loss	of	the	fiber	op4c	cable	
plant	directly,	the	OTDR	works	indirectly.	It	uses	backsca_ered	light	of	the	fiber	to	
imply		loss	(remember	that	sca_ering	is	the	major	cause	of	loss	in	the	fiber.)	The	
OTDR	works	like	RADAR,	sending	a	high	power	laser	light		pulse	down	the	fiber	and	
looking	for	return	signals	from	backsca_ered	light	in	the	fiber	itself	or	reflected	light	
from	connector	or		splice	interfaces.	At	any	point	in	4me,	the	light	the	OTDR	sees	is	
the	light	sca_ered		from	the	pulse	passing	through	a	region	of	the	fiber.		
Only	a	small	amount	of	light	is	sca_ered	back	toward	the	OTDR,	but		with	sensi4ve	
receivers	and	signal	averaging,	it	is	possible	to	make	measurements	over	rela4vely	
long	distances.	Since	it	is	possible	to	calibrate	the	speed	of	the	pulse	as	it	passes	
down	the	fiber,	the	OTDR	can	measure	4me,	calculate	the	pulse	posi4on	in	the	fiber	
and	correlate	what	it	sees	in	backsca_ered	light	with	an	actual	loca4on	in	the	fiber.	
	Thus	it	can	create		a	display	of	the	amount	of	backsca_ered	light	at	any	point	in	the	
fiber.	Since	the	pulse	is	a_enuated	in	the	fiber	as	it	passes	along	the	fiber	and	suffers	
loss	in	connectors	and	splices,	the	amount		of	power	in	the	test	pulse	decreases	as	it	
passes	along	the	fiber	in	the	cable	plant	under	test.	The	por4on	of	the	light		being	
backsca_ered	will	be	reduced	accordingly,	producing	a		picture	of	the	loss	occurring	
in	the	fiber.	Some	calcula4ons	are	necessary	to	convert	this	informa4on	into	a	display,	
since	the	process	occurs	twice,	once	going	out	from	the	OTDR	and	once		on	the	
return	path	from	the	sca_ering	at	the	test	pulse.	The	final	OTDR	display	is	dB	on	the	
Y-axis	and	distance	on	the	X-axis.	
The	OTDR	test	is	an	indirect	test	and	will	not	generally	correlate	with	inser4on	loss	
tes4ng.	However,	it	is	useful	to	confirm	splice	losses	and	find	faults	in	fibers,	like	
breaks	or	severe	stress	losses	such	as	from	too	4ght	bends.	
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Long	distance	networks	will	likely	be	used	for	very	fast	communica4ons	
systems	–	40-100Gb/stoday		or	more	in	the	future	–	requiring	tes4ng	for	
dispersion:	chroma4c	dispersion	and	polariza4on	mode	dispersion	and	
spectral	a_enua4on	for	wavelength	mul4plexing.	
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A	major	part	of	any	design	project	is	the	paperwork	–	it	takes	4me	but	it’s	absolutely	
essen4al	for	the	customer	to	have	for	opera4ng	the	system	or	making	repairs	if	
damaged.	The	progression	of	paperwork	is	SOW,	RFP,	RFQ	and	Contract.	Part	of	all	
this	will	be	the	technical	design	documenta4on	–	the	drawings	and	GIS	data.	
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			A	request	for	proposal	(RFP)	is	an	early	stage	in	a	procurement	process,	issuing	an	invita4on	
for	suppliers,	oken	through	a	bidding	process,	to	submit	a	proposal	on	a	specific	commodity	
or	service.	The	RFP	process	brings	structure	to	the	procurement	decision	and	allows	the	risks	
and	benefits	to	be	iden4fied	clearly	upfront.				A	RFP	typically	involves	more	than	a	request	
for	the	price	and	in	fact	may	not	request	pricing	at	all,	wai4ng	for	a	final	Request	for	Quote	
(RFQ)	to	follow.	Other	requested	informa4on	may	include	basic	corporate	informa4on	and	
history,	financial	informa4on,	technical	capability	(used	on	major	procurements	of	services,	
where	the	item	has	not	previously	been	made	or	where	the	requirement	could	be	met	by	
varying	technical	means),	product	informa4on	such	as	stock	availability	and	es4mated	
comple4on	period,	and	customer	references	that	can	be	checked	to	determine	a	company's	
suitability.	
			RFPs	oken	include	specifica4ons	of	the	item,	project	or	service	for	which	a	proposal	is	
requested.	The	more	detailed	the	specifica4ons,	the	be_er	the	chances	that	the	proposal	
provided	will	be	accurate.	Generally	RFPs	are	sent	to	an	approved	supplier	or	vendor	list.				
The	bidders	return	a	proposal	by	a	set	date	and	4me.	Late	proposals	may	or	may	not	be	
considered,	depending	on	the	terms	of	the	ini4al	RFP.	The	proposals	are	used	to	evaluate	the	
suitability	as	a	supplier,	vendor,	or	ins4tu4onal	partner.	Discussions	may	be	held	on	the	
proposals	(oken	to	clarify	technical	capabili4es	or	to	note	errors	in	a	proposal).	In	some	
instances,	all	or	only	selected	bidders	may	be	invited	to	par4cipate	in	subsequent	bids,	or	
may	be	asked	to	submit	their	best	technical	and	financial	proposal,	commonly	referred	to	as	a	
Best	and	Final	Offer	(BAFO).	

from:	h_p://www.thefoa.org/tech/ref/install/paperwork.html	

49



				A	request	for	quota4on	(RFQ)	is	a	standard	business	process	whose	purpose	is	to	
invite	suppliers	into	a	bidding	process	to	bid	on	specific	products	or	services.	RFQ	
generally	means	the	same	thing	as	IFB	(Invita4on	For	Bid).	An	RFQ	typically	involves	
more	than	the	price	per	item.	Informa4on	like	payment	terms,	quality	level	per	item	
or	contract	length	are	possible	to	be	requested	during	the	bidding	process.				To	
receive	correct	quotes,	RFQs	oken	include	the	specifica4ons	of	the	items/services	to	
make	sure	all	the	suppliers	are	bidding	on	the	same	item/service.	Logically,	the	more	
detailed	the	specifica4ons,	the	more	accurate	the	quote	will	be	and	comparable	to	
the	other	suppliers.	Another	reason	for	being	detailed	in	sending	out	an	RFQ	is	that	
the	specifica4ons	could	be	used	as	legal	binding	documenta4on	for	the	suppliers.				
The	suppliers	have	to	return	the	bidding	by	a	set	date	and	4me	to	be	considered	for	
an	award.	Discussions	may	be	held	on	the	bids	(oken	to	clarify	technical	capabili4es	
or	to	note	errors	in	a	proposal).	The	bid	does	not	have	to	mean	the	end	of	the	
bidding.	Mul4ple	rounds	can	follow	or	even	a	Reverse	auc4on	can	follow	to	generate	
the	best	market	price.				RFQ's	are	best	suited	to	products	and	services	that	are	as	
standardised	and	as	commodi4sed	as	possible,	as	this	makes	each	suppliers’	quotes	
comparable.	In	prac4ce,	many	businesses	use	a	RFQ	where	an	RFT	or	RFI	would	be	
more	appropriate.				An	RFQ	allows	different	contractors	to	provide	a	quota4on,	
among	which	the	best	will	be	selected.	It	also	makes	the	poten4al	for	compe44ve	
bidding	a	lot	higher,	since	the	suppliers	could	be	quite	certain	that	they	are	not	the	
only	ones	bidding	for	the	products.	

From:	h_p://www.thefoa.org/tech/ref/install/paperwork.html	
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				The	contract	for	a	project	must	include	detailed	requirements	for	the	project,	
spelling	out	exactly	what	is	to	be	installed,	acceptable	test	results,	and	
documenta4on	to	be	provided.	All	this	should	be	discussed	and	nego4ated	between	
the	customer	and	the	contractor	and	agreed	to	in	wri4ng.	They	are	not	irrelevant	
details,	as	they	are	important	to	ensure	the	customer	gets	what	they	expect	and	the	
contractor	knows	what	is	expected	of	them	when	designing	the	network,	es4ma4ng	
costs,	doing	the	actual	installa4on	and	providing	proof	of	performance	in	order	to	
show	the	work	is	completed	and	payment	should	be	made.	

From:	h_p://www.thefoa.org/tech/ref/install/paperwork.html	
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The	most	important	part	of	managing	the	project	is	to	have	a	commi_ed,	
knowledgeable	manager	with	the	responsibility	for	the	project	and	the	authority	to	
direct	the	work	and	make	decisions	when	necessary.	That	person,	or	someone	who	
has	delegated	responsibility,	needs	to	be	available	at	all	4mes	when	workers	are	on	
the	job.	Likewise,	lists	of	other	contacts	for	companies,	local	authori4es,	emergency	
numbers	must	be	readily	available	for	work	crews	who	need	help	or	ques4ons	
answered.	
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The	project	will	move	faster	and	be	easier	if	design	has	been	done	properly	and	all	
par4es	have	reviewed	it	to	ensure	everyone	knows	what	is	expected	of	them.	All	
drawings	and	documenta4on	must	be	kept	up	to	date	and	available	to	workers.		
It’s	best	if	the	manager	does	daily	debriefings	–	seeing	how	progress	is	being	made	
and	correc4ng	problems	ASAP.		
Today	most	contractors	take	photos	at	every	step	at	every	loca4on	and	include	those	
pictures	in	the	documenta4on	to	provide	a	record	of	the	work	in	case	there	is	some	
ques4on	about	what	was	done.	
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The	most	important	part	of	any	project	is	safety.	The	design	stage	of	the	project	
should	determine	site	risks	and	hazards	and	check	OSHA	standards	for	relevant	
documents.	Safety	rules	and	emergency	contacts		should	be	posted	on	the	job	sites	
and	workers	trained	in	proper	safety	procedures	and	be	equipped	with	proper	safety	
gear.	When	working	near	traffic	or	people,	the	work	areas	should	be	marked	clearly	
and	where	required,	traffic	enforcement	provided.		
FOA	has	guidelines	for	fiber	safety	-	h_p://www.thefoa.org/tech/ref/safety/safe.html	
and	video	-	h_p://www.youtube.com/watch?
v=qhqclWudh7s&list=PLC7CC6B17EF009849&index=27&feature=plpp_video		
Here	is	a	link	to	OSHA	for	telecom:	h_ps://www.osha.gov/pls/oshaweb/
owadisp.show_document?p_table=STANDARDS&p_id=9867&p_text_version=FALSE		
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