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Porosity	(F),	can	be	defined	as	the	ra5o	between	the	volume	of	
the	pores	and	the	total	rock	volume.		
Porosity	defines	the	forma5on	fluid	storage	capabili5es	of	the	
reservoir.	
Well	logs	allow	the	in-situ,	indirect	evalua5on	of	the	forma5on	
porosity.	The	most	used	ones	are:	
• 	Density	
• 	Neutron	
• 	Sonic	
• Nuclear	Magne>c	Resonance	
Since	all	these	measurements	are	influenced	by	forma5on	
fluids	and	minerals	of	the	matrix,	these	logs	are	also	used	to	
iden5fy	the	different	lithologies.	

Porosity	Logs	
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Density		log	
The	Density	log	measures	the	apparent	density	(RHOB)	of	the	
forma5on,	by	means	of	the	 interac5on	between	the	gamma	
rays	emiNed	by	a	radioac5ve	source	and	the	rock.	

The	apparent	density	is	affected	by:	
- 	density	of	the	“matrix”	of	the	rock,	
- 	porosity	of	rock,	
- 	density	of	the	fluids	that	saturate	the	rock.	
Applica5ons	of	the	density	log	are:	
- 	in-situ	evalua5on	of	the	porosity,	
- 	in-situ	lithological	analysis,	
- 	in-situ	analysis	of	the	fluids.					
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Density	log	
The	Density	Log	allows	the	measurement,	
at	in	situ	condi5ons,	of	the	bulk	density	
(ρb)	subsurface	forma5ons.	
The	bulk	density	ρb	is	propor5onal	to	the	
Total	Porosity	of	the	rock	(Φt)	and,	taking	
advantage	of	this	rela5onship,	it	is	
possible	to	determine	the	porosity	of	the	
forma5on	with	high	accuracy.		

The	primary	measurement	of	porosity	is	
the	electronic	density	(ρe)of	the	rock			
which	is	propor5onal	to	ρb.	
The	physical	principle	used	is	the	
interac5on	between	the	Gamma	Rays	
emiNed	by	a	GR	source	and	the	maNer.		
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Density	log	

Energy	of	the	density	log	source	(662	KeV)	

This	interac>on	does	not	occur	due	to	the	lower	energy	
of	GRs	emiMed	by		the	Density	log	source	

Predominant	interac>on	for	the	ρb		measurement	

Predominant	interac>on	for		the	measurement	of	Pef	
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Gamma	rays	produced	by	a	radioac5ve	source	
interact	with	the	subsurface	forma5ons.	
The	Gamma	rays	generated	by	a	Cs	137	source,	
because	of	their	energy	(662	KeV),	may	only	interact	
with	the	electrons	orbi5ng	around	atomic	nuclei.	
Heavier	is	the	forma5on	higher	is	its	electronic	
density	and	lesser	is	the	count	rate	of	gamma	rays	
detected	by	the	Sodium	Iodide	(NaI)	scin5lla5on	
detectors	placed	at	a	fixed	distance	from	the	source.	
This	is	due	to	both	the	Compton	interac5on	for	
higher	energy	gamma	rays	and	by	the	Photoelectric	
Absorp5on	effect	for	lower	energy	gamma	rays.	
The	Count	Rate	of	gamma	rays	at	a	high	energy	
window	is	used	for	the	measurement	of	the	bulk	
density	(rb)	and	the	Count	Rate	of	the	gamma	rays	at	
a	low	energy	window	is	used	for	the	measurement	of	
the	Pef.	

Density	log	

16”	

12”	

Not	at	scale	

DOI	@	5”	
VR	@	1	S	
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Density	log	ρb	=	bulk	density	
ρe	=	electronic	density	
Z		=	Atomic	number	
A		=	Atomic	weight		
ρe	=	ρb	(2Z/A)	
for	a	monoatomic	substance		

ρb	=	1,0704	ρe	-	0,1883	
for	a	large	number	of	substances	
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Density API Test Pit 

Austin Limestone 
Rho =2.21 g/cc 

Bedford Limestone 
Rho = 2.42 g/cc 

Vermont Marble  
Rho = 2.675 g/cc 

Short Spaced Detector Count rate 
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Density	log:	the	calibra>on	process	

The	“density	transform”	is	the	
	equa>on	of	this	straight	line	
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“Density	transform”	and	DRHO	

ρmc	 ρb	

DRHO	Correc5on		
is	a	func5on	of:	
ρmc-ρb	contrast	&	tmc	

tmc	
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Density	log	porosity	
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Densi>es	of	minerals	and	reservoir	fluids	
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Sw = 100 % and Sw = Sxo 
ρb = (1- Φ) ρma + Φ ρmf 

Basic Density log equations      

Sw < 100 % and SRH = 1- Sxo 
ρb = (1- Φ)ρma + Sxo Φ ρmf  + [(1 – Sxo) Φ] ρhy 
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When	the	reservoir	is	
par5ally	gas	saturated,	the	
Forma5on	Density	is	
lower	with	respect	to	the	
one	we	can	measure	
when	the	same	rock	is	
totally	oil	or	water	
saturated.	
This	effect	is	known	as	
“GAS	EFFECT	ON	DENSITY	
LOG”.	
In	front	of	Gas	Bearing	
levels,	the	RHOB	curve	
needs	to	be	corrected	for	
this	“GAS	EFFECT”.	

Density	log:	
the	gas	effect	
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Neutron	log						
The	neutron	log	is	mostly	influenced	by	the	hydrogen	content	
of	the	forma5on.		
In	“clean”	water	or	oil	saturated	forma5ons,	the	neutron	log	
measures	an	“apparent”	total	porosity	of	the	rock.	
When	the	log	is	acquired	in	“limestone	matrix”	(i.e.	ρma	=	2,71	
g/cc),	the	neutron	log	measures	directly	the	total	porosity	of	
the	forma5on.	
If	the	lithology	of	the	matrix	is	different	from	
“limestone”	(calcite),	the	so	called	lithology	correc5on	is	
required.		

Other	neutron	log	applica5ons	are:	
–  forma5on	fluid	analysis,	
–  lithology	analysis.	
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The	neutrons	produced	by	the	chemical	
source	at	the	average	energy	of	4,5	MeV,	
interact	with	the	nuclei	of	the	elements	
present	in	the	forma5on	loosing	some	of	
their			energy	at	each	collision.		
The	highest	energy	is	lost	when	the	neutron	
hits	a	Hydrogen	atom	of	a	similar	mass.		
With	high	forma5on	hydrogen	content	the	
loss	of	energy	by	the	neutrons	is	fast	and	less	
5me	is	necessary	to	reduce	the	energy	of	the	
neutron	to	“epithermal”	level	first	(0,6	eV)	
and	to	“thermal”	energy	later	(0,025	eV).		
When	a	neutron	is	“thermalized”	it	can	only	
be	captured	by	high	cross	sec5on	elements		
present	in	the	forma5on	such	as	Clorine	(Cl),	
Iron	(Fe),	Boron	(Bo)	and	Gadolinium	(Gd).	
The	excess	of	energy	of	these	atoms	is	
released	by	the	emission	of	capture	γ	rays	of	
specific	energy	(γ	ray	Spectrometry).	

Neutron	log	(CNL)					
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APS 
Electronic source 

14 MeV 

Chemical source 
4.5 MeV 

(inelastic scattering) 

Neutron	log						

CNL	type	of	tool	
DOI	@	8”-12”	
VR	@	2	m	

12”	
16”	
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Neutron	calibra>on	&	
	“Neutron	Porosity	Transform”	
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This	chart	is	used	for	the	lithology	
correc5on	of	Neutron	readings	

Neutron	log						



20		Basics	of	Geophysical	Well	Logs_Porosity	

HImf 

HIma 

Sxo 

Vma 

Φ

1-Φ

1 

HImf 

HIma 
Vma 

Φ

1-Φ

1 

HIhy 

Sxo 

SRH 

Sw = 100 % and Sw = Sxo 

HIlog = (1- Φ) HIma + Φ HImf 

since HIma is negligible 
HIlog = Φ Himf  
where HImf = 1 

Basic	Neutron	log	equa>ons						

Sw < 100 % and SRH = 1- Sxo 

HIlog = (1- Φ) HIma +  
	 			Sxo	Φ Himf   + 

    [(1 – Sxo) Φ] HIhy 
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When	the	porosity	is	
par5ally	saturated	by	low	
density	hydrocarbon,		
neutron	readings	are	
lower	with	respect	to	the	
ones	in	a	water	or	water	
and	oil	saturated	
forma5on.	
This	is	the	so	called	gas	
effect.	
In	gas	bearing	zones,	a	
“light	hydrocarbon	
correc5on”	is	necessary	
before	a	quan5ta5ve	use	
of	the	neutron	curve.	

Neutron	log	
Gas	effect						
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Density/Neutron	scales	

These	are	the	so	called	
“compa5ble”	scales	for	the	
presenta5on	of	Density	
Neutron	logs	based	on	a	
“limestone”	matrix,	i.e.	when	
NPHI	=	0,	RHOB	is	2,70	g/cc).	
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COMPENSATED DENSITY NEUTRON 
FORMATION DENSITY 
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NPHI (p.u.) limestone matrix 
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RHOB	vs	NPHI	
Crossplot		
for	CNL	

Schlumberger	



25		Basics	of	Geophysical	Well	Logs_Porosity	

Shales	

Shales	

Oil	bearing	sands	

Gas	bearing	sands	

Water	bearing	sands	



26		Basics	of	Geophysical	Well	Logs_Porosity	

A	typical	
Density/Neutron	

crossplot	
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Acous>c	(sonic)	logs	

Acous5c	logs	measure	the	velocity	of	
propaga5on	of	acous5c	waves	in	
subsurface	forma5ons.		

This	velocity	is	a	func5on	of:	
- 	rock	matrix		
- 	porosity	distribu5on	

Applica5ons	of	acous5c	logs	are:	
-	porosity	evalua5on,	
-	lithology	iden5fica5on.	
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Acous>c	waves	in	a	wellbore	
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Wave	train	components		
D 	Direct	waves	
P			 	Compressional	waves	
S				Shear	waves	
St		Stoneley	waves	

Standard	acous5c	tools	are	based	only	on	compressional	wave	
measurements,	while	new	technology	acous5c	tools	(Array	Sonic)	measure	
all	the	component	of	the	wave	train	(P,	S	and	Stoneley).		
Direct	waves	are	strongly	aNenuated	and	not	detected.	
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Acous>c	logs:	conven>onal	BHC	tools	

T R1 R2 

5 ft 

2 ft 3 ft 

Spaziature	Long	Spacing		
8’-10’/10’-12’	
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Acous>c	log	measurements	

Acous5g	logging	tools	measure	
the	reciprocal	of	the	acous5c	
velocity,	the	interval	Transit	
Time	Δt.	
Transit	Time	is	measured	in	
µsec/m,	i.e.	the	5me	in	µsec	
required	to	the	wave	to	cross	1	
foot	of	forma5on.	
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Porosity	from	Sonic	Logs	
Wyllie	equa>on	
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Porosity	from	sonic	logs:	Raimer	Hunt	equa>ons	
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Porosity	from	sonic:	Wyllie	vs	Raimer	Hunt	

Raimer	Hunt	equa5ons	
are	mostly	used	in	
unconsolidated	
forma5ons	because	
they	allow	for	an	
intrinsic	correc5on	of	
the	under-compac5on	
effect.	
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Cycle	Skipping	on	BHC	Acous>c	Logs	
in	presence	of	gas	

In	acous5c	transit	5me	or	sonic	logging	when,	due	to	
the	aNenua5on	of	the	acous5c	waves	generated	by	
the	presence	of	gas,	the	amplitude	of	the	first	arrival	
of	the	acous5c	wave	train	is	large	enough	to	be	
detected	by	the	near	receiver	of	a	receiver	pair	but	
not	large	enough	to	be	detected	by	the	far	receiver,	
then	one	or	more	cycles	will	be	skipped	un5l	a	later	
cycle	arrives	which	has	energy	above	the	detec5on	
level.		
This	situa5on	is	called	"cycle	skipping."		
Its	onset	is	characterized	by	a	sharp	deflec5on	on	the	
transit	5me	curve	corresponding	to	one	or	more	
added	cycles	of	5me	between	receivers.		
"Short	cycle	skipping,"	where	the	near	receiver	is	
triggered	a	cycle	too	late	can	also	occur,	resul5ng	in	
an	abnormally	short	travel	5me	(TT).		

Gas	
effect	

GWC	
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Cycle	Skipping	on	BHC	Acous>c	Logs	
in	presence	of	gas	

In	acous5c	transit	5me	or	sonic	logging	when,	due	to	
the	aNenua5on	of	the	acous5c	waves	generated	by	
the	presence	of	gas,	the	amplitude	of	the	first	arrival	
of	the	acous5c	wave	train	is	large	enough	to	be	
detected	by	the	near	receiver	of	a	receiver	pair	but	
not	large	enough	to	be	detected	by	the	far	receiver,	
then	one	or	more	cycles	will	be	skipped	un5l	a	later	
cycle	arrives	which	has	energy	above	the	detec5on	
level.		
This	situa5on	is	called	"cycle	skipping."		
Its	onset	is	characterized	by	a	sharp	deflec5on	on	the	
transit	5me	curve	corresponding	to	one	or	more	
added	cycles	of	5me	between	receivers.		
"Short	cycle	skipping,"	where	the	near	receiver	is	
triggered	a	cycle	too	late	can	also	occur,	resul5ng	in	
an	abnormally	short	travel	5me	(TT).		
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Lithology	and	
porosity	

determina>on	by	
means	of	the	Sonic/
Neutron	crossplot.	
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Density Sonic Neutron  
(CNL) 

Neutron  
(APS) 

8”1/2 8”1/2 8”1/2 8”1/2 

Comparisons	among	
porosity		

logging	tools		


