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CORSO	  DI	  PETROFISICA	  INTEGRATA	  -‐	  
MODULO	  WELL	  LOGGING	  -‐	  M.Pipan	  	  

CORSO	  DI	  PETROFISICA	  INTEGRATA	  
MODULO	  DI	  WELL-‐LOGGING	  
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STRUTTURA	  DEL	  CORSO	  E	  MODALITA’	  DI	  ESAME	  

!  	  2CFU	  PER	  16	  ORE	  DI	  LEZIONE	  FRONTALE	  
!  	  ESAME	  ORALE	  

	  TESTI	  CONSIGLIATI:	  

!  	  Asquith	  G.,	  Gibson	  C.,	  Basic	  Well	  Log	  Analysis	  for	  Geologists,	  Ed.	  The	  American	  

AssociaOon	  of	  Petroleum	  Geologists	  

!  	  Serra	  O.	  &	  L.,	  Well	  Logging:	  data	  acquisiOon	  and	  applicaOons,	  Ed.	  Serralog	  

!  	  Serra	  O.	  &	  L.,	  Well	  Logging	  and	  Geology,	  Ed.	  Serralog	  
!  	  Serra	  O.,	  Well	  Logging	  and	  Reservoir	  EvaluaOon,	  Ed.	  Technip	  
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CORSO	  DI	  PETROFISICA	  INTEGRATA	  -‐	  
MODULO	  WELL	  LOGGING	  -‐	  M.Pipan	  	  

Obie@vi	  del	  modulo:	  

•  	  Misure	  in	  pozzo:	  fondamenO	  e	  uOlizzo	  per	  la	  
determinazione	  dei	  parametri	  della	  formazione	  
•  	  Metodi:	  
✴  	  	  ResisOvita’	  e	  potenziali	  spontanei	  
✴  	  Log	  di	  porosita’	  (sonic,	  density,neutron,	  combinazione	  
neutron-‐density)	  

✴  	  Log	  di	  litologia	  e	  resisOvita’	  
✴  Electrical	  resisOvity	  imaging	  (RAB-‐FMS)	  
✴  VSP	  
•  	  Principi	  ed	  esempi	  di	  interpretazione	  
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Well	  logs:	  what?	  

Well	  logs	  were	  developed	  with	  the	  objecOve	  of	  the	  indirect	  
evaluaOon	  of	  the	  geological	  and	  petrophysical	  characterizaOon	  
of	  the	  subsurface	  formaOons.	  

This	  is	  achieved	  by	  the	  acquisiOon,	  along	  with	  the	  well	  bore	  of	  a	  
drilled	  well,	  of	  a	  large	  number	  of	  physical	  measurements	  
(resisOvity,	  density,	  Hydrogen	  Index,	  acousOc	  waves	  velocity,	  
etc.)	  which,	  by	  means	  of	  a	  complex	  interpretaOon	  process,	  are	  
translated	  into	  petrophysical	  properOes	  (Water	  SaturaOon,	  
Porosity,	  Permeability,	  Volume	  of	  shale,	  etc.),	  geological	  
characters	  of	  the	  formaOon	  (lithology,	  layer’s	  dip,	  deposiOonal	  
environments,	  sedimentary	  facies,	  etc.)	  and	  thermodynamic	  
data	  (temperature,	  fluid	  composiOon	  and	  viscosity,	  etc.).	  
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Well	  logging	  history	  

The	  first	  electrical	  log	  was	  
recorded	  in	  1927	  in	  the	  well	  
Pechelbronn	  7	  in	  the	  form	  of	  a	  
single	  graph	  of	  the	  electrical	  
resisOvity	  of	  the	  formaOons	  cut	  by	  
the	  well	  recorded	  with	  a	  
staOonary	  method.	  
The	  resisOvity	  profile	  was	  mainly	  
used,	  at	  the	  beginning	  of	  the	  well	  
logging	  technology,	  for	  
correlaOon	  purposes	  and	  for	  
locaOon	  of	  potenOal	  hydrocarbon	  
bearing	  levels	  	  	  	  	  
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Evolu:on	  of	  well	  logging	  technology	  

Since	  this	  first	  log,	  the	  technology	  evolved	  very	  rapidly	  and,	  
thanks	  to	  sophisOcated	  developments,	  revoluOonized	  the	  oil	  
and	  gas	  ExploraOon	  and	  ProducOon	  industry.	  
Well	  logging	  technology	  is	  now	  used	  in	  all	  the	  phases	  of	  the	  
E&P	  process	  from	  the	  drilling	  of	  the	  first	  wildcat	  well	  in	  a	  field	  
up	  to	  the	  abandonment	  of	  the	  last	  producOve	  level	  in	  the	  same	  
field.	  
Due	  to	  the	  exploitaOon	  of	  a	  large	  number	  of	  physical	  principles,	  
well	  logs	  can	  now	  measure	  a	  large	  number	  of	  physical	  
properOes	  of	  the	  geological	  formaOon	  intersected	  by	  a	  well	  and	  
both	  in	  open	  and	  cased	  hole	  condiOons.	  
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Well	  logs	  are	  acquired	  and	  used	  in	  all	  phases	  of	  the	  E&P	  
process:	  
–  during	  the	  drilling	  phase	  (Logging	  While	  Drilling);	  
–  soon	  ader	  the	  drilling	  phase	  (Open	  Hole	  Wire	  Line	  

Logging);	  
–  ader	  the	  compleOon	  of	  the	  well	  and	  during	  the	  

exploitaOon	  phase	  up	  to	  the	  end	  of	  the	  reservoir	  life	  
(Cased	  Hole	  Wire	  Line	  Logging	  and	  ProducOon	  
Logging).	  

Well	  logs:	  what?	  
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GEOPHYSICAL WELL LOGS 

Logging While Drilling 
(LWD) 

Open Hole 

Wire Line Logging 
(OH WLL) 

Cased  Hole 

Wire Line Logging 
(CH WLL) 

• Correlations 
• Formation Evaluation 
• Geosteering 
• Pressure Predictions 
• Seismic interpretation 

• Correlations 
• Formation Evaluation 
• Geological applications 
• Rock Mechanics 

• Formation Evaluation 
• Production logs 
• Auxiliary measurements 
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A	  well	  log	  is	  the	  product	  of	  a	  survey	  operaOon	  consisOng	  of	  one	  or	  more	  
curves,	  providing	  a	  permanent	  record	  of	  one	  or	  more	  physical	  

measurements	  as	  a	  funcOon	  of	  depth	  in	  a	  well	  bore	  

Modern	  well	  logging	  
(Open	  Hole	  Wire	  Line)	  
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Modern	  well	  logging	  
(Open	  Hole	  Logging	  While	  Drilling)	  

Modern	  Logging	  While	  Drilling	  technologies	  allow	  the	  acquisiOon	  of	  high	  
quality	  logging	  curves	  (both	  in	  Real	  Time	  and	  Memory	  modes)	  for	  Real	  
Time	  &/or	  Near	  Real	  Time	  FormaOon	  EvaluaOon	  and	  Geosteering.	  
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Modern	  well	  logging	  
(Open	  Hole	  Logging	  While	  Drilling)	  

Geosteering.	  
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Scope	  of	  log	  interpreta:on	  
Log	  interpreta:on	  is	  the	  
process	  by	  which	  the	  large	  
number	  of	  formaOon	  
properOes	  measured	  in	  a	  
well	  bore	  are	  translated	  
into	  a	  desired	  formaOon	  
characterisOcs	  and	  
petrophysical	  parameters	  
such	  as	  porosity,	  
hydrocarbon	  saturaOon,	  
permeability,	  lithology,	  
reservoir	  geometry	  and	  
structure.	  
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Petrophysics	  is	  the	  study	  of	  
the	  physical	  properOes	  of	  
(sedimentary)	  rocks	  and	  their	  
intersOOal	  fluids	  for	  purposes	  
of	  interpreOng	  down	  hole	  
measurements	  in	  terms	  of	  
reservoir	  rock	  characterisOcs.	  

Well	  logging	  applica:ons	  
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Well	  logging	  applica:ons	  
Forma:on	  Evalua:on	  is	  the	  
analysis	  and	  interpretaOon	  of	  
well	  log	  data,	  drill	  stem	  tests,	  
etc.	  in	  terms	  of	  the	  nature	  of	  
the	  formaOons	  and	  their	  fluid	  
content.	  The	  objecOves	  of	  
formaOon	  evaluaOon	  are:	  	  
– to	  determine	  the	  best	  means	  for	  
their	  recovery,	  and	  	  

– to	  ascertain	  if	  commercially	  
producible	  hydrocarbons	  are	  
present,	  	  

– to	  derive	  lithology	  and	  other	  
informaOon	  on	  formaOon	  
characterisOcs	  for	  use	  in	  further	  
exploraOon	  and	  development.	  	  

Source: SPWLA Glossary 
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Master	  log	  

The	  Master	  Log	  (or	  Mud	  Log)	  is	  a	  
document	  showing	  (in	  the	  form	  of	  
a	  log)	  the	  variaOon	  of	  drilling	  
parameters	  and	  while	  drilling	  
informaOon	  which	  are	  essenOal	  to	  
the	  geological	  and	  petrophysical	  
interpretaOon	  of	  well	  data	  (well	  
logs	  included):	  
– rate	  of	  PenetraOon	  (ROP),	  
– drilling	  parameters,	  	  
–  lithological	  descripOon	  of	  cufngs,	  
– chemical	  composiOon	  and	  calcimetry,	  
– gas	  curves,	  
– mud	  data,	  
– drilling	  operaOon	  (i.e.	  coring,	  etc.)	  
– others.	  



17	  	  Basics	  of	  Geophysical	  Well	  Logs_Introduc:on	  

LocalizaOon	  of	  	  
fluid	  contacts	  
within	  the	  
reservoir	  

Pressure	  Measurements	  
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Reservoir	  Characteriza:on	  
corresponds	  to	  the	  idenOficaOon	  
of	  a	  model	  for	  the	  reservoir,	  the	  
dynamic	  behaviour	  of	  which	  
must	  be	  as	  similar	  as	  possible	  to	  
that	  of	  the	  reservoir.	  	  
Well	  logs	  contribute	  mostly	  to	  
the	  staOc	  part	  of	  the	  model	  by	  
gathering	  informaOon	  about	  
geological,	  geochemical,	  
petrophysical	  and	  
geomechanical	  characters	  of	  the	  
reservoir.	  

Well	  logging	  applica:ons	  
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The	  most	  important	  log	  measurement:	  depth!	  

The	  fundamental	  measurement	  provided	  by	  
the	  Service	  Company	  is	  depth.	  
An	  accurate	  descripOon	  of	  the	  reservoir	  may	  
not	  have	  a	  high	  value	  without	  an	  accurate	  
depth	  locaOon	  of	  the	  events.	  
Depth	  control	  is	  of	  very	  high	  importance	  for	  
the	  success	  of	  any	  log	  operaOon	  aimed	  
exploraOon,	  compleOon	  and	  producOon	  of	  
hydrocarbons.	  	  
In	  case	  of	  wireline	  operaOons	  the	  accuracy	  
of	  depth	  measurement	  is	  of	  +/-‐	  1	  foot	  (0,3	  
m),	  thanks	  to	  the	  techniques	  in	  use	  based	  
on	  	  odometers	  (calibrated	  wheels),	  accurate	  
checks	  (magneOc	  markers)	  and	  while	  drilling	  
correcOons	  as	  funcOon	  of	  depth,	  tool	  weight	  
type	  of	  cable,	  type	  of	  mud,	  etc..	  

In case of While Drilling (LWD) 
operations, depth uncertainty is 
much higher since absolute depth  
is based on drill pipe length 
measurements (Drillers depth). 

Main drum for  
OH Logging 

(7 conductor 
cable) 

Drum for 
CH Logging 
(monocond. 

cable) 

Odometer 
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Digital 
signals 

mV 

C
al

ip
er

 
Physical 

parameters 
Editing and 

Normalization 

Interpretation 

Petrophysics 

Geology 

Geomechanics 

Well	  logs:	  what?	  

Field logs 
+ 

Digital data 
+ 

Quality 
Control 

Sensors 

Electronics 

To
ol

 

Acquisition system 

Cable 

Calibration 
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The	  Forma:on	  Evalua:on	  Process	  

Main	  steps	  of	  the	  process	  are:	  
•  planning	  of	  the	  well	  data	  acquisiOon,	  
•  acquisiOon	  phase	  with	  Quality	  Control,	  
•  pre	  and/or	  post	  processing,	  
•  interpretaOon,	  
•  delivery	  of	  the	  results	  and	  integraOon.	  
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Petrophysical	  parameters	  

Main	  petrophysical	  parameters	  evaluated	  by	  means	  of	  well	  
log	  interpretaOon	  are:	  
• 	  porosity	  (Φ),	  
• 	  water	  saturaOon	  (Sw),	  
• 	  permeability	  (K)	  
By	  means	  of	  well	  log	  interpretaOon,	  the	  thickness	  of	  
producOve	  levels,	  can	  be	  easily	  evaluated:	  
• 	  gross	  pay,	  	  
• 	  net	  sand,	  	  
• 	  net	  reservoir,	  
• 	  net	  pay	  and	  net	  to	  gross.	  
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Petrophysical	  parameters	  
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The	  petrophysical	  parameters	  derived	  from	  
well	  log	  interpretaOon	  can,	  therefore,	  be	  
used	  to	  compute	  the	  volume	  of	  hydrocarbon	  
(oil	  and/or	  gas)	  originally	  in	  place.	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  7758	  •	  A	  •	  h	  •	  Φ	  •	  (1-‐Sw)	  
STOOIP	  =	  	  -‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐-‐	  (stb)	  

	   	  	  	  	  	  	  	  	  Boi	   	  	  

A	  •	  h	  	  	  	   	  =	  Bulk	  reservoir	  volume	  
Φ	  	  	  	  	  	  	  	  	   	  =	  average	  effecOve	  porosity	  (%)	  
1-‐	  Sw	  	  	   	  =	  iniOal	  oil	  saturaOon	  
Sw	   	  =	  average	  Water	  SaturaOon	  
Boi	  	  	  	  	  	   	  =	  oil	  volume	  factor	  

Well	  logs:	  what?	  

OWC 

10 

20 

30 

h	  

A1 

A3 

A2 

A4 
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Porosity	  is	  the	  pore	  volume	  per	  unit	  volume	  of	  formaOon	  (raOo	  
between	  pore	  volume	  and	  rock	  volume).	  
                                   Φt	  (%)=	  Vp/Vt	  *	  100	  
Porosity	  is	  expressed	  in	  percentage.	  
Porosity	  is	  evaluated	  by	  means	  of	  the,	  so	  called,	  porosity	  logs:	  
density,	  neutron,	  acousOc,	  dielectric	  and	  MagneOc	  Resonance.	  	  
Porosity	  logs	  are	  sensiOve	  to	  total	  porosity	  (Φt)	  while	  the	  
effecOve	  porosity	  (Φe)	  is	  evaluated,	  in	  clasOc	  sequences,	  by	  
means	  of	  empirical	  relaOonships	  between	  Φt,	  Φe	  and	  Volume	  
of	  shale	  (Vsh),	  according	  to	  the	  distribuOon	  of	  the	  shales.	  

In	  case	  of	  laminated	  shale:	  Φe	  =	  Φt	  (1-‐Vsh)	  

Petrophysical	  parameters:	  porosity	  
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Total	  porosity	  vs	  effec:ve	  porosity	  
Effec:ve	  porosity	  
–  Core	  analysis	  context:	  pore	  space	  that	  is	  accessible	  to	  helium	  (or	  

water)	  
–  Log	  analysis	  context:	  pore	  space	  that	  is	  occupied	  by	  free	  water	  and	  

hydrocarbons	  	  (excludes	  clay	  bound	  water)	  
Total	  porosity:	  
–  Core	  analysis	  context:	  coincides	  with	  effecOve	  porosity	  (totally	  

inaccessible	  pores	  are	  rare)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
–  Log	  analysis	  context:	  porosity	  normally	  measured	  by	  logs	  (with	  

reference	  to	  the	  pore	  space	  occupied	  by	  free	  and	  bound	  water)	  
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Porosity:	  primary	  vs	  secondary	  

FormaOon	  Porosity	  can	  be	  classified	  as:	  
primary	  and	  secondary:	  

•  Primary	  porosity	  is	  the	  porosity	  of	  rock	  formed	  at	  the	  
moment	  of	  the	  deposiOon	  and	  modified	  only	  for	  the	  
compacOon	  (therefore	  not	  considering	  the	  changes	  
due	  to	  chemical	  effects	  (i.e.	  fluid	  migraOon	  through	  the	  
sediments).	  

•  Secondary	  porosity	  is	  the	  addiOonal	  porosity	  
generated	  by	  post	  deposiOonal	  events	  and	  generated	  
(or	  canceled)	  by	  chemical	  dissoluOon,	  diagenesis,	  
dolomiOzaOon	  or	  tectonic	  events	  such	  as	  the	  
generaOon	  of	  fractures	  and	  joints.	  
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Primary	  porosity	  

pores	  formed	  at	  the	  moment	  of	  
the	  deposiOon	  of	  the	  sediment:	  

–  intergranular	  (spaces	  between	  
grains,	  typical	  of	  clasOc	  
formaOons	  such	  sandstones)	  	  

–  intercrystalline	  (spaces	  	  
between	  crystals	  typical	  of	  the	  
carbonates)	  

Secondary	  porosity	  

pores	  formed	  ader	  the	  deposiOon	  
of	  the	  sediment:	  

–  due	  to	  fracturing	  (especially	  in	  
competent	  rocks),	  

–  due	  to	  dissoluOon	  (i.e.	  vuggy	  
porosity),	  

–  due	  to	  diageneOc	  effects	  
(dolomiOzaOon,	  recrystalli-‐
zaOon,	  	  silicificaOon,	  etc.)	  

With	  respect	  the	  origin	  of	  the	  pores,	  porosity	  can	  be	  classified	  as:	  

Petrophysical	  parameters:	  porosity	  
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Laboratory	  petrophysical	  measurements	  
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Rela:ve	  influence	  of	  geological	  aaributes	  on	  well	  logs	  
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Porosity	  measurements	  
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The	  problem	  of	  different	  scales	  of	  the	  	  
measurements	  

Reservoir 
scale 
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Porosity	  distribu:on	  in	  sedimentary	  rocks	  

PorosiOes	  of	  subsurface	  formaOon	  can	  vary	  widely:	  

• 	  carbonates	  (limestone/dolomites):	  
–  from	  0	  to	  45	  %	  

• 	  evaporites	  (salt,	  anhydrite,	  gypsum,	  silvite,	  ecc.):	  
–  pracOcally	  0	  porosity	  

• 	  consolidated	  sandstones:	  
–  from	  5	  to	  15	  %	  

• 	  unconsolidated	  sands:	  
–  30%	  and	  more	  

• 	  shales	  or	  clays:	  
–  oden	  more	  than	  40	  %	  
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Porosity	  distribu:on	  in	  typical	  sedimentary	  rocks	  
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Petrophysical	  parameters:	  porosity	  

An	  example	  of	  correlaOon	  
between	  porosity	  measurements	  

	  on	  cores	  and	  from	  log	  	  
interpretaOon	  in	  sandstones	  
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Water	  SaturaOon	  of	  a	  formaOon	  is	  the	  fracOon	  of	  its	  pore	  volume	  
occupied	  by	  formaOon	  water.	  

	  	  	  Sw	  (%)=	  Vw/Vp	  *100	  	  	  (Vp	  pore	  volume,	  Vw	  volume	  of	  water)	  
SaturaOons	  are	  expressed	  in	  percentage.	  	  
Therefore	  oil	  or	  gas	  saturaOon	  is	  the	  fracOon	  of	  pore	  volume	  that	  contains	  
oil	  or	  gas.	  
The	  symbols	  used	  are:	  

 Sw	  	  for	  water	  saturaOon;	  
 Sh	  for	  general	  hydrocarbon	  saturaOon;	  
 So	  and/or	  Sg	  for	  oil	  and/or	  gas	  saturaOon.	  

The	  summaOon	  of	  all	  saturaOons,	  in	  a	  given	  formaOon	  rock,	  must	  total	  to	  
100%	  and	  therefore:	  

 Sh	  =	  1	  -‐	  Sw	  

Petrophysical	  parameters:	  Water	  Satura:on	  
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•  Water	  SaturaOon	  (Sw)	  is	  generally	  evaluated	  by	  the	  
relaOonships	  among	  resisOvity	  and	  porosity	  of	  the	  reservoir	  
rock.	  

•  This	  relaOonship,	  in	  clean	  formaOons,	  is	  expressed	  by	  the	  
Archie	  equaOons.	  

•  Sw	  of	  a	  formaOon	  can	  vary	  from	  100%	  to	  quite	  small	  amount	  
(4-‐5%)	  always	  present	  in	  the	  pores:	  this	  amount	  is	  the,	  so	  
called,	  irreducible	  or	  connate	  water	  saturaOon	  Swirr.	  	  

Petrophysical	  parameters:	  Water	  Satura:on	  
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Petrophysical	  parameters:	  Water	  Satura:on	  

ARCHIE’S	  LAW	  

TOTAL	  SATURATION	  

ρ=aΦ-‐m	  ρ	  w	  

or,	  in	  general:	  

ρ=F	  ρ	  w	  =	  (aΦ-‐m	  S	  -‐k	  )	  ρ	  w	  

Where	  Φ=porosity,	  S=	  saturaOon(from	  0.1	  to	  1),	  a=tortuosity,	  
m=cementaOon,	  k=2	  (if	  H2O>	  H2Omin,	  otherwise	  up	  to5)	  
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Irreducible	  water	  saturaOon	  (Swirr)	  in	  typical	  reservoir	  rocks	  

Petrophysical	  parameters:	  Water	  Satura:on	  
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• Permeability	  is	  a	  measure	  of	  the	  ease	  
with	  which	  fluids	  can	  flow	  through	  the	  
formaOon.	  

• The	  unit	  of	  permeability	  is	  the	  Darcy	  
(D)	  and	  the	  symbol	  of	  permeability	  is	  
K;	  the	  pracOcal	  unit	  in	  use	  is	  the	  
milliDarcy	  (1	  mD	  =	  1/1000	  D).	  

• The	  permeability	  of	  1D	  is	  defined	  as	  
the	  permeability	  allowing	  to	  a	  fluid	  of	  
1cp	  of	  viscosity	  to	  flow	  in	  a	  secOon	  of	  
rock	  of	  1	  cm2	  at	  a	  rate	  of	  1	  cm3/sec	  
with	  a	  pressure	  gradient	  of	  1	  atm/cm.	  

• 1D	  =	  0,9869	  10-‐12	  m2	  

Petrophysical	  parameters:	  Permeability	  
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Petrophysical	  parameters:	  Permeability	  
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Geological	  control	  of	  permeability	  
• Shaly	  sands	  

–  layering,	  
–  grain	  size	  and	  sorOng,	  
–  orientaOon	  and	  shape	  of	  the	  clasts,	  
–  packing,	  
–  cementaOon,	  
–  clay	  content.	  

• Carbonates	  
–  degree	  of	  diagenesis	  (i.e.	  dolomiOzaOon),	  
–  Porosity	  development,	  
–  Fracture	  presence	  and	  orientaOon.	  

Petrophysical	  parameters:	  Permeability	  
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Classifica:on	  of	  permeability	  
Absolute	  Permeability	  
The	  permeability	  of	  the	  reservoir	  rock	  
when	  the	  pores	  are	  filled	  by	  a	  single	  fluid	  
Rela:ve	  permeability	  
The	  permeability	  of	  the	  reservoir	  rock	  
when	  the	  pores	  are	  filled	  by	  more	  than	  
one	  fluid;	  it	  is	  the	  raOo	  between	  the	  
effecOve	  permeability	  to	  a	  fluid	  in	  
presence	  of	  other	  fluids	  and	  absolute	  
permeability.	  

Effec:ve	  Permeability	  
Kw	  =	  effecOve	  permeability	  to	  water	  
Ko	  =	  effecOve	  permeability	  to	  oil	  
Kg	  =	  effecOve	  permeability	  to	  gas	  

Rela:ve	  permeability	  
Krw	  	  =	  Kw	  /	  K 	  K	  rel.	  to	  water	  
Kro	  	  	  =	  Ko	  /	  K 	  K	  rel.	  to	  oil	  
Krg	  	  	  =	  Kg	  /	  K 	  K	  rel.	  to	  gas	  

Horizontal	  Permeability	  (Kh)	  and	  ver:cal	  
permeability	  (Kv)	  
Permeability	  is	  a	  tensorial	  property	  which	  
depends	  on	  the	  direcOon	  of	  the	  
measurements;	  
Kh	  e	  Kv	  in	  a	  sedimentary	  rock	  may	  vary	  as	  
a	  funcOon	  of	  the	  grain	  disposiOon	  and,	  in	  
competent	  rocks,	  as	  a	  funcOon	  of	  
fracture	  distribuOon	  and	  orientaOon.	  
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Horizontal	  vs	  ver:cal	  permeability	  
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The	  borehole	  
environment	  
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The	  borehole	  
environment	  
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The	  borehole	  
environment	  

ResisOvity	  profile,	  hydrocarbon	  zone	  

Sw	  of	  uninvaded	  zone	  >>	  60%	  
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The	  borehole	  
environment	  

ResisOvity	  profile,	  hydrocarbon	  zone	  

Sw	  in	  uninvaded	  zone	  <<60%	  


