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• In	recent	years,	interest	in	unconventional	resource	
exploration	has	grown	substantially	due	horizontal	
drilling	and	hydraulic	fracturing	techniques.

• Currently,	the	industry	is	in	a	state	of	”trial-and-error”	
and	does	not	have	a	systematic	methodology	for	
choosing	optimal	engineering	parameters	for	individual	
wells	and	for	unconventional	reservoirs	as	a	whole.

• Only	immature	research	results	are	available	regarding	
the	physical	characteristics	of	“sweet	spots”,	i.e.,	
locations	with	high	potential	for	oil	and	gas.

• With	drilling	costs	at	an	all	time	high,	choosing	the	
optimal	completion	parameters	and	right	locations	for	
new	wells	is	a	crucial	issue.	

• There	is	a	huge	amount	of	available	data	that	the	
industry	has	been	collecting	which	opens	up	a	great	
opportunity	to	explore	data-driven	approaches.

Motivation
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Project	Objectives

• The	overall	objective	of	the	project	is	to	develop	a	methodology/workflow	
which	may	help	guide	decisions	on	where	to	drill	and	how	to	complete	a	
well for	unconventional	exploration.		

• Specific	goals	of	the	project	include:
a. Developing	a	methodology	to	build	a	predictive	model	using	

available	Shell	Data	to	help	identify	the	most	probable	“sweet–
spot”	candidates	for	determining	drilling	locations	and	well	
completion	parameters;	and

b. Developing	a	software	based	workflow	of	the	developed	
methodology	in	(a)	that	includes	data	integration	and	interpolation	
steps;	and		

c. Developing	an	interactive	method	to	further	evaluate	the	most	
probable	“sweet-spot”	candidates	to	help	guide	decisions	about	the	
drilling	location	and	the	well	completion	parameters.
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• IBM	has	developed	a	data-driven	sweet	spotting	technique	for	shale	plays	previously	explored	with	vertical	wells.
• The	technique	involves	two	main	steps:

1. extracting	features	from	high-dimensional	vertical	well	logs	using	functional	Principal	Component	Analysis	(fPCA)
2. building	models	that	predict	sweet	spots	in	shale	plays	by	correlating	extracted	features	with	production	data	from	

horizontal	wells.	
• Method	tested	with	well	log	data	from	2020	vertical	wells	and	production	data	from	702	horizontal	wells	in	a	

single	field.
• Some	important	questions	were	left	unanswered	in	this	previous	work,	which	Shell	and	IBM	would	like	to	address	

jointly	in	this	project:	use	of	features	from	horizontal	well	logs,	effect	of	completion	parameters.

Previous	work
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Horizontal	Production	Data	Pre-processing	(SummarizeCumProd)
Production	data:

Well	log	inventory:

Polygon	area:

Cumulative	production	data	for	oil	&	gas:
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Create	(discrete)	Formation	3D	Map	(at	vertical	wells)
Depth Formation
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Model	Formation	3D Map	and	interpolate	to	horizontal	wells

From	previous	slide	we	created	a	discrete	3D	
formation	map	at	vertical	well	locations:

𝐷𝑒𝑝𝑡ℎ = 𝑓) 𝑇𝑂𝑃 + 𝑓. 𝑋, 𝑌 + 𝐸𝑟𝑟𝑜𝑟

We	noted	that	Depth	has	a	clear	relationship	with	
Formation	Tops	at	vertical	wells:

1. 2.
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3D	formation	depths	at	horizontal	well	coordinates	(red)4. Depth	vs	Top	at	horizontal	well	coordinates5.
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Extracting	Log	Sections	and	normalizing	logs	by	formations

Formations

Black	points:	observed	well	log.	Red	points:	
interpolated	values	at	a	grid	of	fixed	size	𝑛).

⋮ ⋮ ⋮ ⋮⋮

Well	1

𝑛 )

⋮ ⋮ ⋮ ⋮⋮

Normalized	well	logs	(.csv)	stratified	by	formation
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Extracting	Features	from	well	logs	in	each	formation	(fPCA)

⋮ ⋮ ⋮ ⋮⋮

90	University-logs

Example	of	two	well	logs

Normalized	well	logs	stratified	by	formation

⋮ ⋮ ⋮ ⋮⋮ ⋮

Principal	component	scores	in	each	formation
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Interpolate	Features	(PCs)	onto	horizontal	well	coordinates	

Interpolate	principal	
components	(from	formation)	
at	vertical	wells	(blue	circles)
onto	horizontal	wells	(red	circle)	
that	land	in	target	formation.

Principal	component	scores	in	each	formation
Interpolated	principal	components	merged	with	

Production	Data

Formation	1
Formation	2
Formation	3
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Modeling	Production	using	Principal	Component	Features

• We	observed	98	producing	horizontal	wells	in	the	University-logs	polygon.

• Calculated	10	principal	components	for	vertical	wells	in	each	formation	for:
DEN,	DENCOR,	GR,	NEU_LIM,	RESDEP,	RESSLW,	PEF,	RESMED,	DTC,	and DTS

• Interpolated	principal	components	from	appropriate	target	formations	onto	the	
corresponding	horizontal	well	coordinates.	

• Cumulative	Production	(12	months).
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Model	selection:	repeated	10cv	Oil

Experimental	setting:
• features	=	{fPCA’s}
• Predicted	Variable

• 12	months	of	Cumulative	
production	(LOG)

• Model	Selection		
• 10	k-fold	crossvalidation

with	3	repeats
• Preprocessing	

• center	and	scale
• Metric	

• RMSE
• Comparison	of	ML	models	based	on	

Hothorn et	al.	(2005)	and	Eugster et	
al.	(2008).



IBM CONFIDENTIALJun-17

Model	selection:	repeated	10cv	Gas

Experimental	setting:
• features	=	{fPCA’s}
• Predicted	Variable

• 12	months	of	Cumulative	
production	(LOG)

• Model	Selection		
• 10	k-fold	crossvalidation

with	3	repeats
• Preprocessing	

• center	and	scale
• Metric	

• RMSE
• Comparison	of	ML	models	based	on	

Hothorn et	al.	(2005)	and	Eugster et	
al.	(2008).



List	of	ML	models



Nested	Leave	one	out	validation
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Summary	of	Results

• We	have	developed	a	workflow	in	R	which	currently	includes
• Data	pre-processing	of	vertical	well	log	files	(.las)	and	production	

data
• Polygon-based	area	selection
• Feature	extraction	using	FPCA
• Spatial	interpolation	taking	into	consideration	multiple	sub-layers
• Feature	selection	and	machine	learning	techniques

• Using	this	workflow	we	were	able	to	reproduce	the	results	in	IBM’s	previous	
work	using	Shell’s	data	from	the	University	area.	
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Future	Work

• Extracting		features	from	the	horizontal	well	logs
• Consider	completion	parameters
• Cognitive	tools	for	data	integration

• Cleaning
• Dictionary	
• (very time consuming process executed by Shell experts)

• Validating reason for missing data in some formations.

• Look for more interpretable machine learning models

• Look for more interpretable geological features

• Experimenting more systematically with different combinations of feature 
extraction, feature selection and machine learning algorithms.
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