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?W h at trace  interval sh ould 
be  used for th e  volum e?

A close  trace  inte rval is lik ely to b e  m ore  use ful in com paring 
rock  prope rtie s w ith  se ism ic data, but m ay give  a m isleading 
im pre ssion of reliable  d e tail. A trace  grid  e xactly m atch ing th at 
of an e xisting 3D surve y m ay b e  particularly use ful. M ost of th e  
w ork  done  so far involve s re gional data volum e s w ith  a trace  
spacing m uch  large r th an norm ally use d  for se ism ic data. W h e re  
logs are  available  from  a large  num be r of w ells in a d evelope d  
field th e  h orizontal sam pling by th e  w ells m ay b e  com parable  to 
th e  se ism ic sam pling. In such  case s, th e  d e tail in th e  w ell data 
volum e  m ay b e  as good as th at in th e  se ism ic volum e.

Abstract
A new  tool for e xploration is a data volum e  of rock  prope rtie s in a form  
com patible  w ith  se ism ic data, but d e rive d  from  w ell inform ation. Such  volum e s 
can b e  pre pare d  for fundam e ntal rock  prope rtie s such  as sh ale  P-w ave  velocity, 
or for d e rive d  prope rtie s such  as gas sand sh e ar w ave  velocity, norm al incid e nce  
re fle ctivity at a sh ale -gas sand inte rface , or Poisson re flectivity of an oil sand.

H ow  th e  volum e s are  
ge ne rate d
Th e  starting point for th e  rock  prope rty volum e s is th e  standard  
suite  of w e ll logs re corde d  in m ost w ells. Th e  standard  se t of rock  
prope rtie s in a dom inantly clastic se q ue nce  re q uire s velocity, 
d e nsity and  re sistivity logs. Prope rtie s com pute d  using fluid  
re placem e nt re q uire  m e asure m e nts or assum ptions about 
prope rtie s of th e  fluids, e specially de nsity of th e  oil and gas, and  
salinity of th e  w ate r. Te m pe rature s use d  are  base d  on th e  
te m pe rature  m easure m e nts m ade  w h ile  logging, and  form ation 
pre ssure s are  e stim ate d  from  drilling m ud w e igh ts. 

A petroph ysicist classifie s th e  rock s pe ne trate d  by e ach  w ell, 
se parating inte rvals into w ate r-filled sand, sh ale , and  all oth e r 
lith ologie s (salt, coal, lim e stone , h ydrocarbon-filled sand, e tc.). 
Th e se  last inte rvals are  e xclude d  from  th e  analysis. 

W ells are  th e n d ivid e d  into uniform  d e pth  inte rvals, using an 
inte rval large  e nough  to contain significant quantitie s of both  
sh ale  and w ate r-filled sand, but sm all e nough  to ade quately 
d e scrib e  system atic variations. If th e  ch ose n inte rval is too sm all, 
m any of th e  inte rvals w ill contain only sand, or only sh ale.  If th e  
inte rval is too large , th e re  m ay b e  significant d iffe re nce s in rock  
prope rtie s from  top to bottom , due  to th e  d iffe re nce  in 
com paction, and  m ore  d e pth  sam ple s w ill include  rock s w ith  
w id ely varying d e positional e nvironm e nts. For th e  Gulf of 
M exico, th e  inte rval ch ose n is 200 ft (61 m ).

For e ach  inte rval, th e  ave rage s of th e  fundam e ntal prope rtie s of 
sand and sh ale  are  com pute d, along w ith  th e  am ounts of sand 
and sh ale  w ith in th e  inte rval and th e  variation of e ach  prope rty 
w ith in th e  inte rval (re corde d  as standard  d eviation). Additional 
rock  prope rtie s can b e  com pute d  from  th e  fundam e ntal prope rtie s 
using standard  proce dure s such  as th e  Gre e nb e rg-Castagna 
tech nique (Gre e nb e rg &  Castagna, 19 9 2) for com puting sh e ar-
w ave  ve locitie s, inve rse  Gassm ann's e q uation (Gassm ann, 19 51) 
for com puting dry-rock  prope rtie s, and  Gassm ann's e q uation 
along w ith  th e  dry-rock  prope rtie s to com pute  th e  prope rtie s of 
h ydrocarbon-filled sands (H ilte rm an e t al, 19 9 9 , H ilte rm an, 19 9 0, 
H ilte rm an e t al, 19 9 8).

Once  th e  w ell database  is constructe d, th e  SEG-Y  volum e s can 
b e  ge ne rate d.  Th e re  are  seve ral points to b e  consid e re d :

FIGURE 1   SAND DENSITY AT 10000 FT (3050 M)

FIGURE 2   PROPORTION OF SAND AT 5000 FT (1524 M) USING W H AT IS APPARENTLY A BARELY 
ADEQUATE EXTRAPOLATION DISTANCE BETW EEN W ELLS. TH E INDIVIDUAL W ELLS CAN BE SEEN AS 

CIRCLES IN M ANY PLACES, AND TH ERE ARE SIGNIFICANT GAPS IN TH E DATA.

Introduction
One  of th e  pe re nnial problem s in e xploration is putting w ell 
inform ation into a form  w h e re  it can b e  e asily relate d  to se ism ic 
data. An additional tool for th is is now  available : data volum e s of 
rock  prope rtie s in SEG-Y  form at, ge ne rate d  from  w ell logs. Th e se  
volum e s are  com patible  w ith  all standard  se ism ic inte rpre tation 
system s, and  can b e  use d  by th e  inte rpre te r to constrain 
inte rpre tation of se ism ic data by giving th e  probable  prope rtie s of 
rock s in an undrilled prospect. 

Th e  Que stions

FIGURE 3   PROPORTION OF SAND AT 10000 FT (3050 M) USING TH E SAM E EXTRAPOLATION AS 
FIGURE 2.  AT TH IS DEPTH  TH E EXTRAPOLATION DISTANCE IS CLEARLY INADEQUATE.

?H ow  far sh ould w e  
interpolate betw e en w ells or 
extrapolate from  a single 

w ell? 
In are as w ith  m any w ells, th is is not a critical decision, but in th e  
d e e p w ate r are as of th e  Gulf, for e xam ple , w h e re  w ells are  w id ely 
space d, it is an im portant param ete r. Even w h e n inte rpolation is 
ade quate  at sh allow  de pth s (Figure  2) it m ay not b e  d e e pe r 
(Figure  3). A plot of th e  valid sam ple s for e ach  trace  (Figure  5) 
m ay h elp th e  use r ch oose  th e  b e st com prom ise : using too large  a 
d istance  rapidly increase s th e  com putation e ffort and m ay give  
th e  im pre ssion of reliable  inform ation w h e re  th e re  is none; and 
using too sh ort a d istance  leave s large  gaps in th e  data volum e.

?W h at m ap projection 
sh ould be  used? 

Th e  w ell locations are  d e fine d  in latitude  and  longitude , but a 
SEG-Y  3D data volum e  m ust b e  d e fine d  in a projection. For a 
re gional volum e , th e  d iffe re nce s b e tw e e n projections can b e  q uite  
noticeable : w e  h ave  ge ne rate d  volum e s ove r m ost of th e  Gulf of 
M exico using both  th e  Louisiana South  projection and Unive rsal 
Transve rse  M e rcator Z one  15 Figure  4). In both  case s th e  are a 
cove re d  goe s w ell be yond th e  are a norm ally use d  for th e  
projection.

FIGURE 4   BIN CENTERS COM PUTED ON TW O DIFFERENT PROJECTIONS: LOUISIANA SOUTH  STATE 
PLANE, AND UNIVERSAL TRANSVERSE M ERCATOR Z ONE 15

FEW  GAPS

MO RE GAPS

TH IS O NE'S 

MO STLY GAPS

M ore  q ue stions ne xt poste r

IT MAKES A 

DIFFERENCE 

W H EN YO U GET 

AW AY
 FRO M TH E 

O RIGIN

TH IS O NE'S 

MO STLY GAPS

START H ERE!

Th e questions start at th e top of th e next colum n . 
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?
FIGURE 5  TOTAL NUM BER OF VALID SAM PLES PER TRACE FOR TH E DATA VOLUM E SH OW N IN FIGURES 

2 AND 3.  TH E RED VALUES ARE H IGH , AND TH E BLUE AND M AGENTA VALUES ARE LOW .

? H ow  far sh ould w e  
interpolate or extrapolate 

vertically?
W ells are  ofte n m issing log data from  part of th e ir d e pth  range , 
and  sand prope rtie s m ay b e  m issing ove r a d e pth  range  sim ply 
b e cause  th e re  is no sand for seve ral h undre d  fe e t. Th e  w ell 
database  is care fully constructe d  to leave  gaps w h e re  data is 
m issing, but by producing trace s on a re gular grid  w e  alw ays 
ge ne rate  value s w h e re  th e re  are  no data. H ow  far do w e  w ant to 
carry th is proce ss? (Figure s 6-9 )

FIGURE 6   SAND VELOCITY DATA: 200 FT 
SAM PLE INTERVAL, W ITH  M ANY GAPS.

FIGURE 7   INTERPOLATED  W ITH  100 FT 
SAM PLES AND 500 FT VERTICAL SEARCH  DISTANCE.

FIGURE 8   VELOCITIES  INTERPOLATED W ITH  100 
FT SAM PLES AND 1000 FT VERTICAL SEARCH .

FIGURE 9    ORIGINAL VELOCITIES W ITH  BOTH  
INTERPOLATIONS.

? W h at vertical sam ple 
interval sh ould be  used?

Th e  w e lls are  sam pled at a fixe d  inte rval, but th e re  is no re ason 
w h y th e  volum e  ge ne rate d  sh ould use  th e  sam e  inte rval. A close r 
inte rval w ill give  a sm ooth e r transition in are as w h e re  th e re  are  
abrupt ch ange s in prope rtie s w ith  d e pth . Th e  volum e  could also 
b e  ge ne rate d  in re flection tim e , to m atch  se ism ic data, if d e sire d. 
In m ost case s th e re  w ill be  ade quate  velocity control from  th e  
w ell inform ation alone  to do th is.

Sh ould th e  area of th e  
volum e be  lim ited?

You m igh t w ant to do th is to re strict com putation to a lease  line , 
or to stop e xtrapolation of th e  data into an are a of low  inte re st or 
sparse  data or across a m ajor fault.  Th is w as done  in Figure  1.

FIGURE 10  VERTICAL SAM PLING AT 50 FT AND 100 FT INTERVALS

W ith  th e se  
que stions 

answ ered, w e  can 
start com puting 

th e  volum e
Com pute  th e  X and Y  coordinate s for e ach  b in ce nte r, using th e  
specifie d  grid : origin, orie ntation and spacing of inline s and  
crossline s.

Conve rt th e  location to latitude  and  longitude  (th e  only 
uniform  location inform ation in th e  w ell database  for all w ells 
is th e  ge ograph ic location: th e  m ap projection use d  for X and 
Y  coordinate s varie s w ith  state  and  zone ).

Ch eck  th at th e  trace  is w ith in th e  are a of inte re st (if d e fine d  
by a lim iting polygon).

Ide ntify all w ells w ith in th e  spe cifie d  e xtrapolation d istance .

For e ach  sam ple :

1. Search  th e  id e ntifie d  w ells for data w ith in th e  ve rtical 
inte rpolation d istance  specifie d.

2. Com pute  a w e igh te d  ave rage  value  of th e  d e sire d  rock  
prope rty, w e igh ting th e  w ell data inve rsely w ith  d istance , 
and  inve rsely w ith  d iffe re nce  in d e pth  from  th e  d e pth  of 
th e  sam ple.

As e ach  trace  is com plete d, it is w ritte n in 32-b it floating point 
form at to a standard  SEG Y  form at file.

Th is file  can b e  loade d  into any standard  se ism ic inte rpre tation 
system .

Th e  ge ne ration of th e se  volum e s tak e s tim e , so w e  ge ne rate  
graph ical progre ss re ports (update d  eve ry 1000 trace s), allow ing 
th e  use r to ch e ck  th at th e  value s use d  for inte rpolation and 
lim its on th e  are a cove re d  are  re alistic w ith out w aiting for th e  
job to finish .

Th e se  plots are  of tw o form s:

M aps . . .

. . . and  se ctions.

FIGURE 11  QC M AP

FIGURE 12  QC SECTION

Th ere's a 
gap in th e 
sam ples h ere

Anoth er question at th e top of th e next colum n

O n your left

Look  at th is!  W et sand norm al 

incidence reflectivity at 5000 ft 

for th e wh ole of th e Gulf of 

Mexico!

Th ank s for dropping by!  Don't forget to look  at 

details of th e database on posters 4 and 5.

Th is sets up th e grid

For each  trace

with in each  trace
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Rock  Property D ata Volum es  from  Well LogsRock  Property D ata Volum es  from  Well Logs
L. R . Denh am *, Interactive Interpretation &  Training, Inc.

H . R oice  Nelson, Jr., Geok inetics Processing &  Interpretation

H ow  th e  
volum es are  
generated

H ow  th e  
database  w as 

built
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FIGURE 16.  SAND P-W AVE VELOCITY AT TH E TOP OF GEOPRESSURE.  TH IS M AP IS CREATED BY 
M APPING TH E DEPTH  TO GEOPRESSURE AS A H ORIZ ON, AND EXTRACTING VALUES FROM  TH E SAND P-

W AVE VELOCITY VOLUM E AGAINST IT.

FIGURE 17   VERTICAL SECTION TH ROUGH  SAND PERCENTAGE VOLUM E FIGURE 18   VERTICAL SECTION TH ROUGH  SH ALE P-W AVE VELOCITY VOLUM E

FIGURE 20   DEPTH  SLICE TH ROUGH  SH ALE P-W AVE VELOCITY VOLUM E AT 6000 FT

FIGURE 19   VERTICAL SECTION TH ROUGH  M UD W EIGH T VOLUM E

Look  at th is!  No 

sand, h igh  m ud 

weigh t, and low 

sh ale velocity, all 

in th e sam e place
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Th e  raw  w ell log Th e  e d ite d  w ell log

FIGURE 13

FIGURE 14

W h at goe s in th e  database

M ud w e igh t: value s 
inte rpolate d  eve ry 

200 ft from  
sh allow e st 

m easure m e nt to 
th e  d e e pe st

Te m pe rature : 
value s inte rpolate d  
eve ry 200 ft from  

sh allow e st 
m easure m e nt to 

th e  d e e pe st

Sh ale  d e nsity: 
value s e ve ry 200 ft 

from  sh allow e st 
d e nsity log to th e  
d e e pe st.  Th e re  is 
at least one  sh ale  
sam ple  in any 200 

ft inte rval.

Sh ale  velocity: 
value s eve ry 200 ft 

from  sh allow e st 
velocity log to th e  
d e e pe st.  Th e re  is 
at le ast one  sh ale  
sam ple  in any 200 

ft inte rval.

Sand d e nsity: 
value s are  not 

eve ry 200 ft from  
sh allow e st d e nsity 
log to th e  d e e pe st. 

 Th e re  is not 
alw ays one  sand  

sam ple  in a 200 ft 
inte rval.

Sand ve locity: 
value s are  not 

eve ry 200 ft from  
sh allow e st ve locity 
log to th e  d e e pe st. 

 Th e re  is not 
alw ays one  sand  

sam ple  in a 200 ft 
inte rval.

FIGURE 15

Th e  data 
com e s in as 
a scanne d  
pape r log 
in TIFF 
form at

Th e  
scanne d  
im age  is 

d igitize d  at 
1 ft 

inte rvals 
and e d ite d

A volum e  ca
n b e  b

uilt 
from  any of th

e se

Using th e  
inte rpre te d  
sand log, 

ave rage  value s 
for e ach  

lith ology are  
com pute d  for 
e ach  200 ft 

inte rval

Most well logs used 

started out lik e th is

From  w ell log to database O ver 5500 wells in 

th e database

O th er derived attributes are possible

And it wasn't a 
good copy th at 

was scanned
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4 Sand P-w ave  Velocity
4 Sand De nsity
4 Sand Total Footage
4 Sh ale  P-w ave  Velocity
4 Sh ale  De nsity
4 Sh ale  Total Footage

4 W et Sand P-w ave  Ve locity Standard  
Deviation

4 W et Sand De nsity Standard  Deviation
4 Sh ale  P-w ave  Velocity Standard  

Deviation
4 Sh ale  De nsity Standard  Deviation
4 Ave rage  P-w ave  Velocity
4 Ave rage  P-w ave  Velocity Standard  

Deviation
4 Ave rage  De nsity
4 Ave rage  De nsity Standard  Deviation

4 Tem pe rature
4 M ud W e igh t

4 W et Sand Sh e ar W ave  Velocity
4 Sh ale  Sh e ar W ave  Velocity

Com pute d  
prope rtie s 

(Gre e nb e rg-Castagna)

Prim ary Prope rtie s 
from  Logs

Com pute d  from  th e  
Prim ary Prope rtie s

Inte rpolate d  from  
W e ll M easurem e nts

Com pute d  by 
Fluid  Substitution

(Gassm ann)

4 Gas Sand P-w ave  Velocity
4 Gas Sand De nsity
4 Gas Sand Sh e ar W ave  Velocity
4 Dead Oil Sand P-w ave  Velocity
4 Dead Oil Sand De nsity
4 Dead Oil Sand Sh e ar W ave  Velocity
4 Live  Oil Sand P-w ave  Velocity
4 Live  Oil Sand De nsity
4 Live  Oil Sand Sh e ar W ave  Velocity

Additional 
Com pute d  Prope rtie s

4 W et Sand P-w ave/S-w ave  Velocity R atio
4 W et Sand Poisson's R atio
4 W et Sand Acoustic Im pe dance
4 W et Sand Norm al Incid e nce  R e flectivity
4 W et Sand Delta P-w ave  Velocity
4 W et Sand Delta Density
4 W et Sand Delta Poisson's R atio
4 W et Sand Inte rce pt
4 W et Sand Slope
4 Dead Oil Sand P-w ave/S-w ave  Velocity R atio
4 Dead Oil Sand Poisson's R atio
4 Dead Oil Sand Acoustic Im pe dance
4 Dead Oil Sand Norm al Incid e nce  R e flectivity
4 Dead Oil Sand Delta P-w ave  Velocity
4 Dead Oil Sand Delta Density
4 Dead Oil Sand Delta Poisson's R atio
4 Dead Oil Sand Inte rce pt
4 Dead Oil Sand Slope
4 Live  Oil Sand P-w ave/S-w ave  Velocity R atio
4 Live  Oil Sand Poisson's R atio
4 Live  Oil Sand Acoustic Im pe dance
4 Live  Oil Sand Norm al Incid e nce  R e flectivity
4 Live  Oil Sand Delta P-w ave  Velocity
4 Live  Oil Sand Delta Density
4 Live  Oil Sand Delta Poisson's R atio
4 Live  Oil Sand Inte rce pt
4 Live  Oil Sand Slope
4 Gas Sand P-w ave/S-w ave  Velocity R atio
4 Gas Sand Poisson's R atio
4 Gas Sand Acoustic Im pe dance
4 Gas Sand Norm al Incid e nce  R e flectivity
4 Gas Sand Delta P-w ave  Velocity
4 Gas Sand Delta Density
4 Gas Sand Delta Poisson's R atio
4 Gas Sand Inte rce pt
4 Gas Sand Slope

Som e of th ese 

are in Figure 15

Th is is in Figure 15

Look  at Figure 11!

Figures 15 and 19

If th e rest is sh ale, 

divide by 2 and it's 

percentage sand!

W h at is
 G

EO PH YSICS 

with out an EQ UATIO N? 

 (T
h is is

 th e tok en 

equation)

dY/dX

Dead O il is 

oil with  no 

dissolved gas

Live O il is 

gas- saturated




