
METHOD FOR CREATING A STRATIGRAPHIC MODEL  USING
PSUEDOCORES CREATED FROM FOREHOLE IMAGES:  TECHNICAL
FIELD The present invention relates generally to
stratigraphie modeling of subterranean reservoirs,
and more particular, to a method for establishing
fine-scale stratioraphic correlation and reservoir
continuity' using a combination of cores and borehole
images obtained from nearby wellbores.  I 0
BACKGROUND OF THE: INVENTION For appropriate
development ofn reservoir model of a hydrocarbon
reservoir, detaljed stratigraphic models and
intormationare taptired to prediot the charaCter of
the reservoir reservoir between wellbores. Regular
wireline logs from the 'weilbotes-do not provide
sufficient detail Conventional cores provide the
necessary detail, but are limited in extent and ,ait
very expensive ,Previous Work on stratigraphic
interpretation' from borehole images has
heerrsesticted to one-well-at-a-time:-effortsand has
not been 'carefully calibrated to core& Thereita peed
for a. method for creating a more detialed
stratigraphic model which relies upon borehole images
and core information obtained front wellhores which
are .located heat oneanother in a field SUMMARY OF
THE INVENTION  In a first aspect of the present
invention, there is provided a method for creating a
stratigraphic model comprising the steps of: 



a) obtaining a core film,. a wellbore, the wellbore
having an interval of stratigraphic interest
including a cored interval from which the core was
obtained; b) examining the core and creating a
graphic core description from the core; obtaining
wireline data, including a borehole image, over an
intenial of stratigraphic interest which contains the
cored interval; d)process the wrireline data into an
interpretable borehok image;  e)comparing the
detailed graphic core description with a portion of
the. borehole image corresponding to the cored
interval to create a catalogue of geologic image
facies; comparing the borehole image to the catalogue
of geologic image facies to create a preliminary
pseudocore for the interval of stiatiaraphic
interest; examining the interpretable borehole image
and the preliminary pseudocore to create a master
psendocore interpretation; h) obtaining a second
Wirefine data from a second wellborc covering a
second interval of stratigraphie interest, the second
wireline data including a second borehole image; i)
processing the second wireline data into a second
interpretable borehole image; j) comparing the second
borehole image to the catalogue of geologic image
facies to create a second pteliminarypseudoeore for
the second interval of stratigmphie interest; k)
ekatninhig the second baterpretabile:boreliele image
and the second relintary pseudotoretocreate a
se,condmasterpseudocore; and. 1)correlating between
thefirst and second master psuedocores of the 



wellbores to create a stratigraphic mt3del.  In a
second aspect of the present invention, there is
provided a method for creating a detailed
stratigraphic interpretation of for an uncored
wellbore comprising: a) obtaining a core from a
wellbore, the wellbore having an interval of
stratigraphic interest including a cored interval
from which the core was obtained; b) examining the
core and creating a graphic core description from the
core; c) obtaining wireline data, including a
borehole image, over an interval of stratigraphic
interest which contains the cored interval; d)
processing the wireline data into an interpretable
borehole image; e) comparing the detailed graphic
core description with a portion of the borehole image
corresponding to the cored interval to create a
catalogue of geologic image facies; comparing the
borehole image to the catalogue of geologic image
facies to create a preliminary pseudocore for the
interval of stratigraphic interest: examining the
interpretable borehole image and the preliminary
pseudocore to create a master pseudocore
interpretation; h)obtaining a second wireline data
fiom a second uncored wellbore covering a second
interval of stratigraphic interest, the second
wireline data including a second borehole image. 



processing the second wireline data into a second
interpretable borehole Image;  j) comparing the
second borehole image to the catalogue of geologic
image facies to create a second preliminary
pseudocore for the second interval of stratigraphic
interest; and k) examining the second interpretable
borehole image and the second preliminary pseudocore
to cseate a second master pseudocore for the uncored
wellbore to create stratigraphic information based in
part from the core of the other wellbore. Optionally,
a reservoir model may be built from the stratigraphic
model Embodiments of the invention provide a method
for establishing fine-scale stratigraphic correlation
and reservoir continuity using a combination of cores
and borehole image data from a plurality of nearby
wellbores, Embodiments of the invention provide a
method for creating a detailed stratigraphic
interpretation of a wellbore without cores by
assigning geologic image facies derived from a
different wellbore. BRIEF DESCRIPTION OF THE DRAWINGS
These and other embodiments, features and advantages
of the present invention will become better
understood with regard to the following description,
pending claims and accompanying drawings where:    G.
I is a schematic illusbation of a 3-dimension
reservoir model made in accordance with the present
invention which has tine exemplary pseudocores which
are correlated between wellbores to create a
stratigraphio model; 5 FIG. 2 is a flowchart of a
prefSdethbodUhieiit of a method used i constructing
the stratigraphic model of FIG. 1; FIG, 3A shoxvs a
core, split into four segments, and FIG. 313
illustratesuous detailed graphic core description of
the core; 4 and 4B, respectively, show original trst:
frGthWit1iflethta.1d a segment interpretable borehole
image which was made from he wireline data; 



ri   G. 5 sb ws exemplary geologic. image facies A,d
C generatS :frorn.a graphic core description and a
borehole image; and FIG. 6 depicts the conversion o
bor hole image into a graphic geMogic de nption
referred to as a "pseudocore". 20DETAILED DE CRlFTIGN
OF THON ThprSet.hwthiqnptOvids a method for creating
a strattgraphie model from borehole image data and
one or more cores. SubsequentlY, a reservoir model
may be tirade from the tratigraplaie model. 25 FIG. 1
shows a 34irnenal resenmir model which contairts
welIbotes A, B. and C Geologic interpretations or
"master psealocores" are shown adjacent each of the
wellbores. The master psnedocores are based upon
borehole images calibrated across one or more cored
intervals. The three cores are associated with cored
intervals in the wellbores. Connecting lines
illustrate the correlation of reservoir zones or
facies between pairs of Wellbores.        s a.
flowchart which describes the steps taken in an
exemplary method of const.g a sfratigraphic model.
First, a core is obtained in step 110 from a cored
interval within a wellbore. The core is examined and
a detailed graphic core description, is created in
step 120. Wireline data is then obtained in step 130
over 5 interval of stratigraphic interest of the
wellbore which also contains the cored interval, The
cored intenral is generally much smaller in length
than the overall interval of stratigraphic interest
of the wellbore for which additional stmtigraphic
information is sought The svireline data includes a
borehole image. This wirelint data is then processed
in step 140 Into an interpretable borehole image. 



I The detailed graphic tore description is compared
with -the portion of the interpretable borehole image
which corresponds to the cored interval.
SubsequentlY, a catalogue of geologic image Packs is
created in step 150, This catalogue of geologic image
facies is then compared against the borehole image in
step 160 to create a preliminary pseudocom for the
interval of stratigraphic intecest. A workstation is
preferably used in step 170 to interactively examine
the interpretable borehole image and the preliminary
pseudocore for the interval of stratigraphic interest
to create a master pseudocare. 70 Second Wire ine
data is obtai d in step 180 from a second wellbore
whichers a second interval of stratigraphic interest.
The second wireline data includes a second borehole
image. The second wireline data is processed into a
second interpretable borehole image in step 190. The
second borehole image is compared in step 200 with
the catalogue of geologic image facies to create a
second preliminary PseudOcore for 25 the second
interval of stratigraphic interest The second
interpretable borehole image is mined in step 210,
preferably interactively with a computer workstation,
to create a second rnasterpseudocore for the second
interval of stmtigraphic interest The master
psoudoeores are correlated between the wellbores to
create a stratigraphie model in step 220. This
stratigraphie model may then be used in building a
reservoir 30 model in step 230. Optional]ban orte
core may be used in developing art enhanced catalogue
of geologic image facies. Detailed graphic core
descriptions for these additional cores 4  are
compared with corresponding portiollS of
interpretable borehole images to create the enhanced
catalogue of geologic image facies, Again, this
enhanced catalogue of geologic image facies is
compared against borehole images to create
preliminary pseuclocores. The additional cores may
come from first wellbore, the second wellborn, or
both. The above method may be extended such that a
correlation is between a number of wellbores in
constructing the stratigraphic model. The
stratigraphic model is preferably a 3-dimensional
model as is the reservoir model. However, the present
method may also be useful in constructing
2-din-tensional models.. 



10 The afo d steps m constnitiflg
th:stratigtaphic:rnodt1 shailnow be  described in
greater detail. Sten 110:Ohlainirig Cores 15 Cores
are taken from one or more intervals of interest in
at least one of the welibores A, B or a Referring to
FIG. 1, two spaced apart cores and cored intervals
are shown    ellbore A and a third core is shown in
wellbore B. in this example, no colts are taken from
wellbore a Corn information from \venoms A and B can
be 20 extrapolated to wellborn C, as will be
described below. Corresponding to each of the tures
is a cored interval in the respective wellborn from
which the core was obtained. It is possible to
utilize this method with only one core. However, more
preferably, cores would be taken from each of the
wellbores. Further, ideally one core would be taken
from each reservoir Zone in each wellborn. Typically,
the cores are of 100-200 25 feet in length and 4-6
inches in diameter, As mentioned above, the cores
contribute to creating the overall catalogue of
geologic image facies.   c l20.Min Core s andtreatin
ttilIcd.Gttt.hieQjre nese( eti The core from step 110
is examined and a detailed graphic core description
is developed.. FIG. 34. shows four adjacent and
distinct segments of a core. Typically, 



5 each of the segments is approximately three feet in
length. FIG. 3B illustrates a continuous detailed
graphic core desciiption corresponding to the four
segments of core. The graphic core description
consists of a graphicsummary of physical
characteristics of the core. By way of example, and
not limitation, these characteristics may include
lithology, grain size, physical structures and other
10 attributes of the core. The process of creating a
detailed graphic core description from an interval of
core is well kmovim to those skilled in the art of
examining geologic data from wells and will not he
'described in further detail. Step 130:Obtaining
Whelinc Data Including Borehole Image Data Wirele
data is mitt obtained for the wellbare over an
interval of stratigraphic interest 'This interval of
stratigraphie interest contains the smaller cored
interval from which the core was extracted.
Typically, these intervals of stratigraphic interest
are of approximately 1000 to 5000 feet in length,
Accordingly, this interval of interest is 20 many
times the length of the cored interval. Wireline data
is obtained by running a wireline tool down the
vvellbore of interest. The wireline data obtained may
include, by way of example and not limitatiom
borehole image data and at least a minimal suite of
conventional well logs (gamma 25 ray, density, sonic,
neutron, caliper, porosity, dc). This data is
preferably gathered in a digital format. A prefened
image tool is Oil Based Micro Imager (OEMI}Tm
commercially available from Schluml3erger Information
Solutions of Houston, Texas, Those skilled in the art
will appreciate that other types of imaging may be
used as well with the.invention. 30  Step
140.Prncesshw. WireflneDatii into Interpretable
Borehole Images  cline data, hicluding the borehole
Iata4ftpvl30, is pre ably processed into a digital
file containing an interpretable borehole image
covering the 5 interval of stratigraphic interest ma
4A shows a short segment, i.e , five feet of a much
longer interval of borehole imago data This data is
displayed as traces in na. 4A, PIG. 413 shows these
traces converted to an interpretable borehole image.
This conversion is readily performed by commercially
available software, such as Recant's' 



software available from Pettis Technology, The of
Houston, Texas. Alternative commercial software to
create interpretable borehole images is available
from vendors such as Schlumberger, Crocker Data
Processing, TerraSciences and Teehsia. Preferably,
the image of the entire interval of stratigraphie
interest is contahied within a single data tile.
Although less preferred, the interval could be
contained on multiple adjacent data files. 15 Step
145:!Optional Ploilin thehole hua es AIthouh not
shown on the flowchart GING-. 2, the digital tie of
the interpretable borehole image of step 140 is
preferably plotted along side conventional well log
data 20 onto a long continuous piece of paper to
create aplot of interpretable borehole images for the
interval of stratigraphic interest in the wellbom. It
has been found that examination using the long
continuous piece of paper is advantageous over using
a computer workstation when examining the
interpretable borehole image or images. 2550:Creafin
Catc imarm Fa es- The detailed gaphic core
description of step 120 is compared to the plot of
the intwpietable borehole image of step 140 for the
same depth interval as the cored interval of step
110, Key features and attributes are identified in
the interpretable 30 borehole image, Non-limiting
examples of features and attributes may include
bedding, layering, image color, dipping or inclined
surfaces, etc.  Ma result, definitions of geologic
image facies am created in the interpretable borehole
image for the cored interval, For the purposes of
this specification, the term u8eologic image fade?
shathefer to a geologic classification of intervals
from interpretable borehole image into categories
(fames) _ These categories are based on 5 attributes
including image color, image texture and patterns,
physical structures and other features visible m
interpretable borehole images. Referring to FIG. 5,
intervals I -7 are identified from the graphic core
description. Segments of the borehole image that
correspond to these intervals 1-7, are defined as 10
geologic image fames A, B, and C For example, fames A
is massive sandstone and occurs in intervals 1,3 and
7. Fames B is shale and occurs in intervals 2,4 and
6. Facies C is bedded sandstone and occurs in
interval 5. Consequently, a catalogue of geologic
image fames is defined to translate image character
into geologic interpretation. 



15 atcp 160:Assigning Geologic Image Fades in the
Remainder of the Interval of Stratigranbie Interest
Referring to .FIG 6, a borehole image is shown on the
left. Geolo* itnage facies are 20 assigned to the
entire interval of interest of the borehole image
using the catalogue established in step 150. For
example, tbe top interval is shale and is assigned
facies B. The next interval is assigned with fames C
and so on A graphical representation of the entire
succession of geologic image facies is created using
geologic patterns to represent each image facies.
This graphical representation is referred to as a 2$
preliminary "pseudoeoren and is shown on the right
side in FIG. 6. Step 170Creatin a Master Pseudocore
Interpretation  The interpretable borehole image from
step 140, for the entire a interval of 30
snatigraphie interest, is interactively examined
using a computer workstation with commercially
available image viewing software, such as Petrie
Recall This step preferably includes 'interactively
changing the vertical wale and dynamic color scaling
Of the images to emphasis subtle features.
Furthemiore, the software is ideally used to 8
measure and record clipping bed surfaces and to
identify faults and other structural features
Subsequently, the geologic description of the
borehole images (Pseudocom) of the entire interval of
interest in the cored well in 160 is updated with the
additional analysis to create a rnasMr psendocore for
all intervals of intemst in the wellhore. 5 Step
l0iObtaining Second Wheline Data 



Wire!iri data is obtained from a second wel bore
coveng a second Interval of stratigrapluc interest
This second wireithe data again includes a borehole
image, and pmferah y, a suite of conventional well
logs as described in step 130. Step 190.Processing
Second ireline Data ThI second *iretine.4t is then
pmc ssed into a second interpretable borehole 15
image. The second vaireline data may or may not
include a portion corresponding to a cored interval.
If a core and core interval are available, this core
and cored interval are available to enhance the
catalogue of geologic image facies. Step 200:Creating
a second prelianinatv psetadocore  20  e second
borehole image is compared to the
existing:eta1oge:ofgcotogicyimagc cies. As a result a
second preliminary pseadoeore is cleated for the
second interval :ofiaiigraphie:intret 25Step 21 :
econd Master Pseudocore      



The second interpretable borehole inlet, iPThactivSy
examined and compared with the second preliminary
pseuclocore, Ast.relt. a second master pscudocore is
developed for the second interval of stratigraphic
interest This second master 30 pseudocom is created
in a manner similar to that described above with
respect to step 170.  WO
2007/118136PCT/1J82007/066043 Sten 220:Correlating
the Master PSeudocores fromtbe Wellbores to Create a
3- Dimensionalautric Model;  Referring again to FIG,
I, zones of similar thein the master pseudocore,s are
correlated betwreen wellbores, This correlation is
accomplished by recognizing facies or groups of
facies that occur in the same vertical order in
adjacent wells. As a simple example, a series of a
facies A-C-B in one wellbore may be eon-elated with a
similar set of facies A-C-B in another wallow. Of
course, actual geology is typically much more
complex. However, the basic principles of correlating
conesPending 10 stratigraphic intervals are still
applied. The geologic character represented in the
psueclocotes enables more precise swat-graphic
correlation than is possible using conventional
wireline log data without interpreted borehole
images. 30:Building a Reservoir Model froirtbicS 15
Subsequently, I 6th he stntigrarihic model or
interpretation of step 220, a -eservoir model may be
constructed. This is accomplished by utilizmg the
correlated zones of s.iithlai character from step 220
as input for constructing 3-D reservoir bodies using
commercially available software. This software may
hiclude GOCAD, or PETREL by 20 Schltmtherget
Geoquest, In the event t tidditlualllctres arc
available, these cores may be used to further define
or improve the detailed comparisons of core character
to interpretable borehole images performed in step
160, These Improved detailed comparisons can be
applied 25 to all intervals of interest in the master
pseudocore interpretations of step 200. 



While in the foregoing specification thistion has
been described in relation to certain preferred
embodiments thereof, and many details have been set
forth for purpose of illustration, it will be
apparent to those skilled in the art that the
invention is susceptible to alteration and that
certain other details described herein can vary
considerably without departing from the basic
principles of the invention.  WHAT S CLAIMED IS: A
method for creating a staphic modcl. Otimprising the
steps of; oh inThg a core from a wellbore, thebore
having an interval of strattgraphic interest
including a cored interval from which the core was
obtained; b)examiningand creating a graphic co
description fro the core; obtaining wireline data,
including a borehole image, o: nn. teal o
stratigraphic interest \ which contains the cored
interval; 15d)rocessin e wire e data into an
interprejatie.botvhoie image; nonlPar' borehole i
catakonne   detailed graphic core description with a
portiori o ge corresponding to the cored interval to
create a 



geologic image facies;  20 comparing the borehole
image to the catalogue()logic image. faPies to create
a preliminary pseadoeore for the interval of
stratiara .ic interests,: 25gexamining the
interpretable borehole image and thepreliminfl pseudo
core to create a master psendocore interpre 0      mg
a second %lifeline data from a second wellhore
covering a second interval of stratigraphic
interest:, the second wire line data 30.including a
second borehole image; processing the second
wirejine4ataipto a seeond interpretable borehole
image;  comparing the second borehole image- to the
catalogue of geologic image facies to create a second
preliminary pseudocore for the second :intrn1. of
stratigraphic interest;  kiexamining the second
terpretable borehole image and the second preliminary
pseudoco o crate a second masterpseudocore; and
correlating between the first and second mast
psuedoco af.the wellbores to acute a stratigraphic
model 



The method of claim 1 fm:ther comprising the step of:
building a reservbit model from the stratigraphic
model. The method of claifutther including the step
of: using a least one other core obtained from one of
the first and second wellbores to exihane,e the
catalogue of geologic image facies prior to the
creation of any preliminary pseudocore, The method of
claim 3 wherein: the at least one other core is
obtained fro he first wellbore, The
method..Qfiaim.3:whrin: the least one other core is
obtained kom the sec and wdllbore" The method of
claim 1 wherein: the stratigraphic model is
three-dimensional, The method of claim wherein:
thestratigraphic model is two-dimension  The method
&claim I wherein: step (e) includes plotting a
digital file ofmterpretable boreholea on to paper.
:59.The method of clai the v'ireline data includes a
suite ofbore logs, 



10.The method of claim 9 wherein:          the suite
of wellbore logs includes at least one of gamma ray,
density, sort c, 10neutrons caliper, and porosity
logs. A method for creating a dcicdtratigzphi
interpretation of for an encored wellbore comprising:
1.5obtairimg a core from a welibtire, the weilbore
having an interval of stratigraphic interest
including a cored interval from which the core was
obtained; examining the core and creating a graphic
care descr lion ito core, obtaining wirefine data,
including a borehole image, over an interval of
stratigraphic iMerest which contains the cored
intewal; 25pr essing the wirelS data intoan
interpretable borehole image-, comparing the detailed
graphic core description with a portion of the
borehole image corresponding to the cored interval to
create a catalogue of geologic image facies;
comparing the borehole image to the catalogue of
geologic image facies to create a preliminary
pseudocore for the interval of stratigraphic
interest;  examining theinterpretabIc borehole image
and the preliminary pseudocore to dreate a master
pseudocore interpretation; 5.It)obtaining a second
wireline clatafrom a second moored wellbore coveting
a second interval of stratigraphic interest, the
second wireline data including a second borehole
image;                 processing the second wireline
data into a second interpreble 10borehole image; 



comparing the :second borehole image to frie
catalogueof geologic image facies tO create a second
preiiininary psendocore for the second interval of
stratiginphic interest; and 15 k)examining the second
interpretable borehole image and the second
preliminary pseudoeore to create a second master
psettdocore for the urtcored wellbore to create
stmtigrapbic information based in part from the core
of the other wellbore. 20 


