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Electrical	  conduc=vity	  in	  subsurface	  rocks	  
Electrical	  current	  flows	  through	  underground	  rocks	  
mostly	  for	  the	  presence,	  within	  the	  pores,	  of	  the	  
forma9on	  water	  and	  its	  content	  in	  dissolved	  ions	  
(electroly9c	  conduc9on).	  
More	  rarely,	  electrical	  conduc9vity	  of	  underground	  
rocks	  is	  due	  to	  the	  presence	  of	  conduc9ve	  metals	  
such	  as	  pyrite	  or	  iron	  bearing	  cemen9ng	  material	  
such	  as	  for	  the	  presence	  of	  siderite	  (movements	  of	  
electrons).	  	  
In	  presence	  of	  clay	  minerals	  within	  the	  rock,	  the	  
ionic	  conduc9vity	  is	  due	  to	  the	  movements	  of	  ions	  
on	  top	  of	  the	  clay	  surface	  (surface	  conduc9vity)	  that	  
can	  strongly	  influence	  the	  bulk	  conduc9vity	  of	  the	  
forma9on.	  	  
In	  the	  well	  logging	  process,	  the	  measured	  forma9on	  
property	  is	  Resis9vity	  (the	  inverse	  of	  Conduc9vity).	  
Forma9on	  Resis9vity	  is	  expressed	  in	  ohm	  m,	  while	  
Forma9on	  Conduc9vity	  is	  expressed	  in	  S/m.	  

L 

V 

r	  =	  R	  (L/S)	  
V	  =	  r	  I	  

R	  =	  K	  (V/I)	  

Rela=onships	  between	  
	  electrical	  resistance	  

	  and	  resis=vity	  

I 
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PHI	  =	  100%	  
Rw	  =	  V/I1	  

PHI	  =	  30%	  
Sw	  =	  100%	  
Ro	  =	  V/I2	  
Ro	  >	  Rw	  

PHI	  =	  30%	  
Sw	  =	  20%	  
Rt	  =	  V/I3	  
Rt	  >>	  Ro	  

V 

Example	  

I1 

I2 

I3 

V 

V 
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Exercise:	  	  
using	  the	  Schlumberger	  chart	  
Gen-‐9,	  evaluate	  the	  resis9vity	  
of	  the	  forma9on	  water	  at	  the	  
Forma9on	  temperature	  of	  	  
50	  °C.	  
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BHT	  (BoRom	  Hole	  temperature)	  extrapolated	  
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Es=ma=on	  of	  forma=on	  temperature	  	  
at	  any	  given	  depth	  
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Geothermal	  gradient	  

1627	  ∘C	  

6727	  ∘C	  
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Archie	  rela=onships	  
in	  clean	  forma=ons	  

In	  reservoir	  rocks	  completely	  saturated	  by	  water	  	  	  	  	  (Sw=100%)	  

Ro	  =	  (F*	  Rw)	   	   	  i.e.	  Ro/Rw	  =	  F	  
where 	  F	  =	  (a	  /	  Φt

m),	  	  

Nomenclature	  
Ro	   	  =	  Resis9vity	  of	  the	  rock	  water	  saturated;	  
Rw 	  =	  Resis9vity	  of	  forma9on	  water;	  
F 	  =	  Forma9on	  Resis9vity	  Factor;	  
Φt	   	  =	  total	  porosity;	  
a 	  =	  lithology	  coefficient;	  
m	   	  =	  cementa9on	  exponent;	  
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Forma=on	  Resis=vity	  Factor:	  	  
rela=onships	  between	  porosity	  and	  resis=vity	  
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Φ = 20% 

Φ = 5% 

30 400 
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m = -2 

Determina=on	  of	  “m”	  
by	  means	  of	  core	  analysis	  

The	  sample	  is	  saturated	  by	  water	  	  
(Sw=	  100	  %)	  	  

with	  a	  brine	  of	  known	  salinity	  @	  known	  
ambient	  temperature.	  
Ro	  =	  F*Rw,	  	  	  	  	  F=Ro/Rw	  
F	  =	  Φ^-‐m	  	  	  	  (or	  	  F=1/	  Φ^m)	  

        (Log FF2  –  Log FF1) 
m = ------------------------ 
         (Log Φ2 – Log Φ1) 
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Forma=on	  Factor	  vs	  porosity	  in	  carbonates	  

Field	  C:	  facies	  B	  Field	  C:	  facies	  A	  
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Archie	  rela=onships	  in	  clean	  forma=ons	  

	   	   	  Rt	  =	  (F*	  Rw	  /	  Swn)	  
or 	   	  Rt/Ro	  =	  Sw^-‐n	  	   	  i.e.	  RI	  =	  Sw^-‐n	  	  

where	  F	  =	  (a	  /	  Φt	  m),	  	  
and 	   	  Sw	  =	  [(a/	  Φt	  m)	  *	  (Rw	  /Rt)]1/n	  

Nomenclature	  
Rt	   	  =	  true	  forma9on	  resis9vity	  
Rw 	  =	  forma9on	  water	  resis9vity	  
Sw	   	  =	  water	  satura9on	  of	  the	  forma9on	  water	  
Sh	   	  =	  hydrocarbon	  satura9on	  (Sh	  =	  1-‐	  Sw)	  
F 	  =	  forma9on	  resis9vity	  factor	  
Φt	   	  =	  total	  porosity	  
m	   	  =	  cementa9on	  exponent	  
n	  	   	  =	  satura9on	  exponent	  
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n = -2 

Determination of “n” 
by means of core measurements 

        (Log RI2  –  Log RI1) 
n = ------------------------ 
        (Log Sw2 – Log Sw1) 
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Resis=vity	  Index	  vs	  Sw	  (n	  exponent)	  

n	  =	  -‐1,96	  
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Exercise on Rt & Ro relationhips at different Sw 

Phi Rw a m n Sw Ro Rt Rt/Ro 
0,3 0,1 1 1,9 2 1 0,99 0,99 1,0 
0,3 0,1 1 1,9 2 0,5 0,99 3,94 4,0 
0,3 0,1 1 1,9 2 0,4 0,99 6,16 6,3 
0,3 0,1 1 1,9 2 0,3 0,99 10,95 11,1 
0,3 0,1 1 1,9 2 0,2 0,99 24,63 25,0 
0,3 0,1 1 1,9 2 0,1 0,99 98,51 100,0 

0,15 0,1 1 1,9 2 1 3,68 3,68 1,0 
0,15 0,1 1 1,9 2 0,5 3,68 14,71 4,0 
0,15 0,1 1 1,9 2 0,4 3,68 22,98 6,3 
0,15 0,1 1 1,9 2 0,3 3,68 40,85 11,1 
0,15 0,1 1 1,9 2 0,2 3,68 91,91 25,0 
0,15 0,1 1 1,9 2 0,1 3,68 367,64 100,0 
0,3 0,05 1 1,9 2 1 0,49 0,49 1,0 
0,3 0,05 1 1,9 2 0,5 0,49 1,97 4,0 
0,3 0,05 1 1,9 2 0,4 0,49 3,08 6,3 
0,3 0,05 1 1,9 2 0,3 0,49 5,47 11,1 
0,3 0,05 1 1,9 2 0,2 0,49 12,31 25,0 
0,3 0,05 1 1,9 2 0,1 0,49 49,25 100,0 
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Open	  hole	  well	  logs:	  an	  example	  
Caliper	  -‐	  GR	   Resis=vity	   Density/Neutron	  
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Well	  log	  interpreta=on:	  	  
not	  only	  petrophysics!	  

•  Since	  the	  physical	  proper9es	  of	  the	  logged	  forma9ons	  
are	  influenced	  by	  their	  mineralogical	  composi9on,	  by	  the	  
distribu9on	  of	  the	  different	  components,	  by	  the	  fluid	  
content,	  by	  the	  structural	  seang,	  etc.,	  well	  logs	  can	  
provide	  important	  geological	  informa9on	  about	  the	  
reservoir	  rock.	  

•  The	  geological	  characters	  that	  can	  be	  derived	  by	  using	  
well	  logs	  are:	  
–  composi9onal,	  
–  textural,	  
–  structural.	  
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Logging	  measurements	  	  
and	  sedimentary	  characters	  	  

Comparative response of well log to the four, main geological parameters used in facies recognition (from O. Serra & Abbott, 1980, modified by M. Gonfalini) 
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Well	  logs:	  when?	  

Well	  logs	  are	  acquired	  and	  used	  in	  different	  phases	  
of	  an	  E&P	  process:	  
– during	  the	  drilling	  phase	  (Logging	  While	  
Drilling).	  

– soon	  aher	  the	  drilling	  phase	  (Open	  Hole	  Wire	  
Line	  Logging)	  

– aher	  the	  comple9on	  of	  the	  well	  and	  during	  the	  
exploita9on	  phase	  up	  to	  the	  end	  of	  the	  
reservoir	  life.	  (Cased	  Hole	  Wire	  Line	  Logging	  
and	  Produc9on	  Logging)	  
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Depth	  of	  Inves=ga=on	  (DOI)	  

Depth	  of	  inves=ga=on	  is	  the	  
distance	  away	  from	  the	  
borehole	  axis	  to	  which	  the	  
forma9on	  is	  having	  effects	  
on	  a	  tool	  reading.	  
Depth	  of	  inves9ga9on	  of	  a	  
tool	  is	  a	  func9on	  of:	  
• 	  tool	  physics	  
• 	  sensors’	  geometry	  
• 	  forma9on	  proper9es	  	  
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Some	  defini=on:	  ver=cal	  resolu=on	  
Ver=cal	  resolu=on	  is	  the	  
capability	  to	  resolve	  thin	  beds.	  	  
Ohen	  expressed	  as	  the	  mini-‐
mum	  thickness	  of	  forma9on	  that	  
can	  be	  dis9nguished	  by	  a	  tool	  
under	  opera9ng	  condi9ons.	  	  

Insufficient	  
Ver=cal	  Resolu=on	  
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Ver=cal	  resolu=on	  	  
vs	  depth	  of	  inves=ga=on	  

Rela9onships	  
between	  	  

ver9cal	  
resolu9on	  

and	  	  

depth	  of	  
inves9ga9on	  

M.	  Reider:	  The	  geological	  interpreta=on	  of	  well	  logs	  
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Ver=cal	  resolu=on	  vs	  depth	  of	  inves=ga=on	  
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Sampling	  rate	  

Sampling rate 

Relationships between vertical resolution and depth of 
investigation 

Standard sampling rate :  1 sample each ½ ft (@15 cm). 
High sampling rate:  3-6 samples per ft. 
Very high sampling rate:  up to 10 samples per inch. 

GR 
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What	  a	  log	  measure	  represents?	  

Sampling	  rate	  

Ver=cal	  resolu=on	  

Tool	  response	  at	  each	  depth	  point	  represents	  the	  
average	  value	  of	  the	  physical	  parameter	  measured	  by	  
the	  tool	  in	  the	  volume	  of	  forma=on	  inves=gated	  
which	  is	  a	  func=on	  of:	  
• 	  ver=cal	  resolu=on	  
• 	  depth	  of	  inves=ga=on	  	  
• 	  azimuthal	  aperture.	  
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Inves=ga=on	  Geometry	  &	  Borehole	  environment	  
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Log	  Open	  Hole	  WL:	  	  
typical	  logging	  speeds	  

min Max 
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Well	  logs:	  who?	  

• Today,	  due	  to	  the	  very	  high	  technological	  content,	  the	  
complexity	  of	  the	  technologies	  which	  requires	  very	  large	  
investments	  (research,	  design,	  manufacturing,	  facili9es,	  
educa9on	  and	  training	  of	  the	  field	  personnel,	  etc.),	  the	  
acquisi9on	  of	  well	  logs	  is	  performed	  by	  Service	  Companies.	  

• Service	  Companies	  can	  also	  provide	  as	  a	  service	  both	  
processing	  and	  interpreta9on	  of	  the	  acquired	  data.	  	  

•  In	  general	  the	  major	  Oil	  Companies	  have,	  in	  their	  
organiza9on,	  internal	  technical	  services	  and	  the	  interpreta9on	  
of	  the	  well	  logging	  data	  is	  performed	  by	  their	  specialists	  using	  
dedicated	  Sohware	  and	  Hardware	  environments.	  	  
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Well	  logs:	  who?	  
• The	  interpreta9on	  can	  be	  produced	  immediately	  aher	  the	  logs	  
(Quick	  Look	  interpreta9on),	  at	  the	  well	  site	  and/or	  at	  the	  Oil	  
Company	  headquarters.	  

•  In	  this	  phase,	  the	  analyst	  generally	  uses	  a	  limited	  number	  of	  
well	  data,	  with	  standard	  parameters	  and	  simplified	  
petrophysical	  models.	  

• Today	  this	  interpreta9on	  is	  ohen	  performed	  by	  using	  digital	  
data	  sent	  via	  Internet	  or	  satellites	  to	  the	  headquarters	  of	  the	  
Oil	  company,	  but	  it	  can	  be	  also	  performed	  	  by	  using	  the	  field	  
prints	  and	  picking	  a	  limited	  number	  of	  measurements	  geang	  
use	  of	  calculators	  and	  graphical	  solu9on.	  	  

• This	  interpreta9on	  is	  generally	  used	  for	  opera9onal	  decisions	  
such	  as	  casing/liner	  seang,	  side	  wall	  coring,	  forma9on	  tes9ng,	  
well	  abandonment.	  
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	  An	  important	  statement	  
Lithology	  logs	  are	  ohen	  used	  to	  accurately	  define	  the	  
thickness	  of	  the	  reservoir.	  
Primary	  informa9on	  given	  by	  the	  direct	  interpreta9on	  
of	  well	  logs	  are	  top	  and	  bo)om	  of	  the	  levels	  of	  interest.	  
In	  case	  of	  a	  ver9cal	  well	  and	  horizontal	  levels,	  the	  
thickness	  of	  the	  geological	  units	  is	  sufficiently	  accurate.	  
When	  the	  well	  deviated	  more	  than	  5°,	  it	  is	  necessary	  to	  
correct	  the	  measured	  ver9cal	  thickness	  (MT)	  in	  order	  
to	  obtain	  the	  ver9cal	  thickness	  (TVT)	  by	  using	  the	  
rela9ve	  angle	  of	  the	  layer	  rela9ve	  to	  the	  well	  axis	  (A).	  
When	  the	  layers	  dip	  due	  to	  the	  presence	  of	  folds	  and/
or	  faults,	  the	  measured	  thickness	  need	  to	  be	  corrected	  
to	  obtain	  the	  true	  stra9graphic	  thickness	  (TST).	  
When	  the	  well	  is	  deviated	  and	  the	  layers	  dip,	  the	  
correc9on	  is	  more	  complex	  and	  addi9onal	  data	  are	  
required.	  

(A) 

(B) 

(C) 
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Some	  of	  the	  most	  common	  logging	  
grids	  


