
Welcome	everybody,		the	title	for	our	presentation	today	is	---Applying Process 
Safety Experiences AND Lessons Learnt, to Achieve Improvements In 
Plant Up-Time AND Production Stability 
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Typical	application	is	for	identifying	potential	major	hazards,	their	consequences	and	
the	required	risk	reduction	measures.	
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FACT:	Irrespective	of	the	organization,	an	overly	protected	design	will	lead	to	
unwanted	trips	leading	to	-	loss	of	production	and	revenue-		without	providing	any	
enhanced	safety.	
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Cost	of	implementing	the	measure	–	not	taken	maintenance	cost	or	depreciation	of	
equipment	value	into	account.	

Benefit	 is	 assumed	 to	 be	 100%	avoidance	of	 the	 scenario,	 rather	 than	 incremental	
benefit	over	the	existing	case.	

	
	
/………..	And	we	have	created	a	generic	flow	scheme	for	a	typical	upstream	
hydrocarbon	process	facility	for	the	purpose	of	this	presentation..	
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We	can	see	the	Process	Safeguarding	Flow	Scheme	for	our	generic	process.	For	ease,	
let	me	talk	you	through,	on	a	Block	flow	diagram.		
	
	

10	



As	we	can	see	here,	the	well	fluids	received	at	the	common	production	manifold,	are	
sent	to	first	stage	separation	for	trains	1	and	2.		
		
The	oil	stream,	separated	at	the	1st	stage,	is	channeled	to	2nd	stage	separation,,,,,	
From	where	it	is	routed	to	the	crude	oil	tank,	Before	being	exported	through	the	
booster	and	main	pumps.	
	
Now	looking	at	the	gas	stream	–	shown	here	in	yellow	-	Gas	stream	separated	in	the	
1st	stage	separation	is	sent	to	the	gas	export	via	1st	Stage	Separator	KOD.	While	gases	
from	the	2nd	Stage		separation,	which	obviously	will	be	at	a	lower	pressure,		are	sent	
to	compressors	before	being	exported	off,		
		
In	case	of	any	emergency	or	operational	upset,	off-gases	will	be	routed	to	the	HP	
flare	KOD	(V-6001)		
	
Finally,	Produced	Water	(PW),	shown	in	blue,	is	routed	to	the	produced	water	
treatment	units.		
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Here	is	a	3D	layout	which	We	developed	for	the	facility.	
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Here	are	the	Process	Parameters	for	the	equipments	in	the	facility.	
	
Now	lets	discuss	our	example	scenarios..	

13	



	
Our	1st	example	is	about	“Single point failures resulting in immediate plant 
shutdown”		
	
Single	point	failure,	as	the	name	suggests,	is	shutdown	of	a	process	caused	by	
malfunction	of	any	single	component;	e.g.	transmitters,	switches,	fusible	plug	loops	
etc.		
	
Re-starting	the	plant	will	involve	several	steps,	each	of	which	will	contribute	to	the	
time	required	to	re-start.		Re-starting	may	be	MORE	complicated	when	it	involves	
facilities	spread	over	a	bigger	area	or	a	larger	sequence	of	operations		
	
Here,	we	have	explained	potential	problems	from	such	a	scenario,	using	example	of	a	
transmitter	in	our	representative	process.	
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Run	Slide	animation	
This	scenario	considers	that	high	level	trip	LAHH-6002	on	the	HP	Flare	KOD,	
malfunctions	and	initiates	an	unintended	ESD	level	2.	ESD	level	2	is	plant	shutdown	
without	depressurization	and	will	obviously	lead	to	deferment	of	production.	For	
example	closure	of	ESDV	on	the	1st	stage	separator	shown	here.	
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Steps	required	to	re-start	after	an	ESD	Level	2,	along	with	the	estimates	of	time	
required,	are	provided	in	this	table.	
	
A	recommendation	to	avoid	this	scenario	may	be	to	provide	2	additional	Level	
Transmitters	with	2oo3	logic	
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The	cost	of	implementing	the	recommendation	can	then	be	compared	against	the	
potential	value	of	deferred	production.		
	
In	our	methodology,	Value	of	deferred	production	is	calculated	for	two	different	IRRs	
as	was	explained	in	the	beginning.	
	
As	can	be	seen	from	the	assessment	table,	even	for	very	low	daily	production	rates,	
the	calculated	ratio	is	quite	low	and	therefore,	the	recommendation	of	installing	
2oo3	Level	Transmitters	can	be	easily	justified.	
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Our	second	scenario	is	about	cascade	effects	of single point failure in an area or 
equipment	
	
Simply	put,	cascade	effect	is	‘knock-on’	effect	
	
Here,	we	have	used	example	of	1	level	transmitter	failing,	and	eventually	leading	to	a	
ESD	level	2	via	a	series	of	events.	
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Run	Slide	animation	
	
Here	we	assume	LT-3004	on	2nd	Stage	Separator	KOD	(V-3002)	causing	a	spurious	
high-high	level	trip	during	normal	operations	and	initiating	closure	of	SDV-3003	on	
inlet	of		the	2nd	Stage	Separator	KOD	(V-3002).		
	
This	will	lead	to	compressors	not	receiving	any	feed	from	V-3002	and	therefore	going	
into	shutdown	following	low	suction	pressure.	Both	the	trains	will	be	impacted	
		
As	in	our	process,	the	PCV	at	the	2nd	stage	separator	to	flare	is	not	designed	for	the	
blocked	outlet	case,		
	
The	following	sequence	of	events	will	take	place:	
•  Overpressurisation	of	the	2nd	Stage	Separation,	up	to	the	High-High	Pressure	trip	

set	point.	
•  PAHH-1007	on	2nd	stage	separator	will	actuate	and	close	SDV-1002,	at	the	1st	stage	

separator	outlet.	
•  This	will	cause	liquid	level	built-up	in	the	1st	Stage	Separator	(V-1001),	eventually	

leading	to	actuation	of	LAHH-1004	to	close	ESDV-1001	at	the	inlet.	
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So,	we	can	see	that	cascading	effect	leads	to	shutdown	of	major	equipment	or	
let’s	say	ESD-2.		
	
A	recommendation	to	avoid	this	scenario	may	be	to	provide	2	additional	Level	
Transmitters	with	2oo3	logic	
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Again,	having	evaluated	the	time	required	to	re-start,	value	of	deferred	production	
can	be	calculated,	for	two	different	IRRs.		
	
Also	for	this	case,	it		can	be	seen	that,	even	for	very	low	daily	production	rates,	the	
calculated	cost	/	benefit	ratio	is	quite	low.		Therefore,	the	recommendation	of	
installing	2oo3	Level	Transmitters	can	be	easily	justified.	
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Non	SIL	rated	Safety	Instrumented	Functions	are	the	ones	where	required	SIL	ratings	
are	assessed	as	SIL	0	or	as	SIL	a.	
	
As	per	IEC	61511-3	,	no	special	safety	requirements	are	to	be	implemented	if	a	SIF	
loop	is	classified	as	non	SIL	rated.	This	may	lead	to	use	of	lower	reliability	
components	in	such	loops.		
	
This	example	aims	to	cover	scenarios	where	such	loops	may	contribute	to	
shutdowns,	however,	only	an	alarm	function	could	have	been	adequate.	In	these	
cases,	such	instrumented	functions	are	more	of	a	nuisance	without	adding	any	safety	
benefit.	
	
To	explain	this	scenario	in	our	example	process,	lets	get	to	the	plant	layout.	
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Run	Slide	animation	
	
As	per	our	assumptions	and	common	engineering	practice,	design	pressure	of	2nd	
Stage	Separator	(V-1002)	is	equal	to	the	maximum	operating	pressure	of	the	1st	Stage	
separator.	Therefore,	it	can	be	safely	assumed	that	SIL	rating	for	the	low	low	level	SIF	
loop	LALL-1004,	provided	on	the	first	stage	separator	would	have	been	assessed	as	
SIL	0.	Note	that,	in	reality	this	information	shall	be	referenced	from	plant’s	SIL	
classification	study.	
	
For	this	assessment,	we	assume	LT-1004	causing	a	spurious	low-low	level	trip	during	
normal	operations.		
Also,	it	is	assumed	that	HP	separator	will	be	at	‘normal	liquid	level’	when	the	spurious	
trip	occurs.	This	will	lead	to	the	closure	of	SDV-1002	on	the	outlet	of	V-1001,	which,	
in	turn	will	lead	to	Liquid	build-up	in	the	1st	Stage	Separation,	which	may	initiate	
closure	of	ESDV-1001	via	LAHH-1004.	Other	possible	impacts	following	this	trip	are	
already	discussed	under	cascade	effects	scenario.	
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The	recommendation	in	this	scenario	will	be	to	change	functionality	of	LT-1004	loop	
from	Low-low	level	ESD	trip	to	an	alarm	in	DCS.	As	risk	reduction	measure	does	not	
recommend	providing	extra	prevention	or	control	measures,	a	CBA	is	not	required	in	
this	case.		
	
The	paper	authored	along	with	this	presentation,	provides	a	detailed	methodology	
and	guidance	on	points	to	consider	in	such	risk	assessments.		
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	As	no	new	instrument	have	been	added	in	this	example,	therefore	there	is	no	need	
to	perform	CBA	in	this	case.	The	table	for	this	example	only	shows	the	potential	
monetary	loss	due	to	this	trip.	
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For	The	PW	stream	in	this	set-up,	it	was	identified	that	the	produced	water	pumps		
were	not	on	the	emergency	load	list.	
	
	Failure	of	power	to	these	pumps	will	lead	to	level	build-up	in	the	produced	water	
tank.	
	Now	that	the	water	route	is	blocked,	the	oil	and	water	comingled	stream	from	
separators	will	find	its	way	to	the	export	route.	
	
This	will	lead	to	few	other	upsets,	which	are	explained	in	the	paper	submitted.		
	
To	prevent	these	potential	scenarios,	produced	water	pumps	shall	be	included	in	the	
emergency	load	list.	
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Upset	in	a	common	equipment	will	lead	to	production	being	compromised	on	all	the	
trains. 
 
In our example set-up, the common equipment is e.g. 2nd Stage Separator KOD. 
Potential process issues with these KODs have already been discussed under the 
previous scenarios. 
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Let	us	see	this	in	our	example	
.	
	
	
	

29	



Run	next	three	animations	
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Further	Advice	can	be	provided	upon	request	
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