- - INTERACTIVE COLOUR ANALYSI S OF GEOPHYSI CAL DATA Background of the

I'dvention 1. Field of the Invention The invention relates to :

i ntyerpret ational display of geohpyscial data and, nore particul arl

n by vvay of limtation, it relates to an 10 i mpr oved math0()9;f\)la'.‘m‘‘”5_‘K
interactive analysis and display of related nultiple properties of

geophysi cal data. 2. Description of the Prlor Art. The prior art includes ..

i sol ated i nstances of attenpts to increas® tha interpretation yield of such
15 - as seismc data through use anal ysi s. U. S.
Pat ent No. 2,944,620 teaches a i gﬁ*ﬁ §9% §§£é$€y£§5g¥%§%h wher ei n
frequencies are assigned to data ingacgg Eg e%%tt trinsic values in the
direction of stratum thickness, -aﬂ%—sg-ég =t: Batl ours are recorded
in accordance with band width of frequency to display the amount of .
frequency band energy present in the display. Thi s approach effectively
attenpts to isolate particul ar BaersesenNdbapdehe dtheetiomt erest, and then

wi th assignation of 25 sel ected col ours per band wmdih the output is
- 2- g ‘

T Field of the Invention

The invention relates to interpretational
display of geohpyscial data and, more particularly,

but not by way of limitation, it relates to an

[ ]

o

improved method for interactive analysis and display
of related mhltiple properties of geophysical data.

2. Description of the Prior Art

The'prior art includes ishiated instances of
attempts to increase the ihtezpretation-yield of such
i5 as seismic data through the use of variable colour
analysis. U.S. Patent No. 2,944,620 teaches a
frequency diversitj approach wherein frequencies are
assigned to data in accordance with intrinsic values
in the direction of straﬁum.thickness, and éelecﬁed
20 colours are recorded in accordance with band width of
frequency to display the ambunt of frequency band
energy présent in the display. This approach
effect 1vely attempts to isolate particular frequency
band widths of interest, and then with assignaticon of

25 . selected colours per band width the output is



dfsptayed to provide a basic energy indication. u. S Patent No. 3, 6626%%?%2)

t eaches the selection of one or nor.e intrinsic or extrinsic values of

sgi sm ¢ dat.a .and the .assigning of a selected colour to each of the 5

val ues. Thereafter t he data val ues are displayed in colour overlay wth
colour intensities d|rectly varied by the intrinsic or extrinsic property
data val ues, as they are assigned a sel ectedscol our. Summary of the

| nk@ation 10 The present invention relates to inprovenents in
col our presentation dispaagededogppptiydécalbastia emdntps Indicdnidm aclu.sve
a final output display having greater informational content for the

i nterpreting geophysikeitent NoTh3,pF@s3Rb teaches orhdEelectimmafsone ome or
nore paranetric attributes of geophysical data, sei sm c dat a;

expl oration and- deI|ﬁ@%@léﬁtéﬂésbéd9rda¥ﬁrbhﬂl?h%ﬂfh%ﬁa°%ﬂﬁ?kﬁﬂiﬁﬂdﬁ§aeé@ﬁ
data set into a unrta pi xe

f
visual display. . Thé& foasﬁgnﬁﬁé%?dﬁatvgtigggg?s‘rf\?@ t'?ﬂrar?oaé%ﬁu‘{ﬁ S‘T‘Pge
| ect ed dat
felated to tRe part ré’\étlé’r S5 opanes e BEEEF epfHE AP Vi ddL 3 121 Bvels” 1
mx. Aplurality ofg QEeEbhgiayeQEQh'E foﬁffgﬁééﬁ§1é¥éfﬂaf¥ké¥¥g“#arf%r

m x, may then 25 be conbined™in over ay and enpiri 'y vari éd to
by the 1ntr1n51c or extrinsic property data values, as

they are aséigned a_Selected:colour.

Summary of the Invention

10 . The preseﬁ; iﬁvention relates to improvements in
colour presentation of selected geophysicél data
#aiues'thereby to achieve a final output display
having'greater'inforhational content for the
interpreting geothsicist. The present_invention

15 _ proceSses_one or more parametric att;ibutesfof
geophysi¢a1 data,_e,g. seismic data, exploration and
deiineation ore body data and the like,:and_converté
each data set into a unitary pixel array in two
dimensions for output on a visual display. The

20 ___individual pixel_a::ays then exhibit the selected data
property in_variable pixel epveragejand intensity ﬁhat
is related to the particular property and represented
in_a'selected colour mix. 'Alplufaiity of pro?erties,
each in a different_selected colour, or mix, may then

25 be combined,in overlay and empirical;y va:ied to .



ovide interactive colour effects whi.ch are decisive of certain

}g ophysi cal properties and propensities. Therefore, it is an object of the
present invention to provide a nethod for interactive colour 5

di spl ay- whi ch yields increased information to the interpreter. It is also
an object of the present invention to provide a versatile colour analysis
tool which can be utilized with varylng ;orns of dinensionally related 10
goephysi cal- data. It is still further obj ect of ‘this |nvent|on to

provide a col our an§$é§|§8£? Fﬁggngoﬁggéegffgkéé %ﬂfgd B { 1 qg and.,_

assi gnnent of i nP&F° I ONs 'S ye her

obj ect of the ‘i nyan t hod
wherein the operé? Ebggﬁaghgégéh?ﬁéé%ﬁt% %ﬁ oﬁﬁageianlca y and
interactively to enpirirgaakb¥or@s0iveid b@sébji@é@ wdus?@t;tw;er&@

Finally, it is an object of the present invention to provide: a nethod for-.

concurrently di sphegntgorever pkowbasua abé ehed ofer timserdcgbapytdional data
while allowing the interpreter to adjust interactively and visualize '
si mul tanéous 25 displegr wancbnyoeldevenatewed ammrmanicm erpithiecal | y

1nterpreter.

It'is_also an object of the:present invention to
provide a versatile colour analysis tool which can be
utilized with varying forms of dimensionally related

10  goephysical data. | |

It is still further an object of this invention
'to provide a cdloUr analysis tool having incfeased.
flexibility of uéage éhd"assignmeﬁt of interpretive
functions. |

15 B "It is yet another object of the invention to
provide a seismic data interpretation method wherein

 the opefaéor can change the output display both .

dynémiéally'and intéractively to empiricélly resolve a
best data xndicatlon.

20 - F1na11y, it is an object of the present

| invention to provide a method for concurrently

diSplayiﬁg Sevgrél measurable properties of -_
geophysiéal daéa whi;e allowing the interpreter to
adjust ihﬁeractively'and visualize simultaneous

25 ' variation of several variables while empirically



-4- relating such effects to hydrocarbons, mneral occurrence or other (ig%%
i ndicators of interest. The follow ng description and rel ated draw ngs

i Llustrate a .rethod and systemfor the interactive 5 anal ysis and

col our display of related nultiple propergi-<es of geophysical data. The
present invention as set out in the appended clains relates to various

aspects of this nethod and system but attention is drawn to .the fact that

t he—description 10 relarihgrswengsffmors donthiydxiocasbphesembnetale with.

our copending app! i 34 Nthed 1 Wi UNd R P BE GhEakRap: No- 2090660)

fromwhich the present application was diyvi éts out an
invention by way of its appERictPlioning mseﬁlpélapeén%relate@odawms

aspects of the nethodipngseysten ndtHdE aaﬁcmw E@rdtRe ma&e&&ﬂel S. a

flow diagram il lustragi n hod for J.n leve col our of
geophysi cal data; FI &n %% siifh‘# °§1°6‘c’k431 éara §h5\ﬁiﬁ§e§0muiggpfx

i nt erconnection of ecpteperties idf gebphysiicaledatai.ve Tbeopredespl ay; FIG
3 is an idealized illyNepiidh £8P thQ %tbb%ﬂd@ht E:!lhh!fuﬁeria@es to

seism ¢ wave as conbined, into an |nteract|ve col oure

FIG 4 is a block di JfRei0RR WRAGHRMAE Fhls AeFhod é&ﬂr??ﬁbeﬂutbFHteractlve
col our display; FIG attentidn oV dirwmacofthiehd€agti ¢hatogha8ndescription

10 and drawings are identical to those on file with our
copending application No. 8137059 (Published
Specification No. 2090660) from which the present
application was divided out and which sets out an
invention by way of its appended claims which relates

15 to other aspects of the method and system. '

In the accompanying drawings

FIG. 1 is a flow diagram illustrating the method
for interaetive colour display of geoéhysical data;

| FIG. 2 is a unit block diagram showing

20 interconnection of'equipmentzutilized for interactive

colour display; ' '

"FIG. 3 is an idealized illustration showing
three coloured attributes of a seismic wave as :
combined into an inte;acti#e coloured wave;

25 ' FIG. 4 is a block diagram of equipment utilized
in carrying out interactive colour display: '

FIG. 5 is a flow diagram of the grid program
utilized to assign two-dimensional pzxel values to
selected geophysxcal data- o ,

30 FIG. 6 is an example of a typlcal seismic survey
section; _

FIG. 7 is a red section display of selected
portions of the seismic section of FIG. 6;

FIG. 8 is a green colour display of the selected



ilized to assign two-dinensional .pixel values to sel ected geophysical

at'a; 30 : FIG 6 is an exanple of a typical seismc survey

ection; FIG 7 is a red section dlsplay of selected portions of .the
seisme section of FIG 6; FIG 8 is .a green col our dlsplay of the selected
-5- portions of the seisnic section of FIG 6; -FIG 9 is a blue col our

di splay of the selected portions of the seisnic section of FIG 6; FIG 10
is a three colour display of the 5 - 5sel ected portions of the sei sm cw’
section of FIG 6; FIG. 11 is a second seisnic survey section of typica
type; FIG 12 ispartheas of| bue feipniy sfctioplettBE pdition of the
seismc section of FIG _11 illustrating 10 t he pi xel for t|on FIG
13"is a typical form ofI&€ar?hifodcPlid ?Qﬁ?&ﬁ14¥§ﬁﬁ4¢i ested

seismc data; FIG__14 is a.three- dlnen3| n d|s hree col our™’
present ati on; 159°r%1°ns of Qii—? M RS %‘%f’e cgentIa"‘{lthe‘ earth section

| showi ng a typlcal ore ngy ggl Qegtégpeée@gggﬁgu%lggféy:g%|€i a col our

di spl ay of gamma data
5 selected portlons of the selsmlc section of FIG 6,

@

_ " FIG. 11 is a second seismic survey section of-
typical t?pe; _ |
.FIG: iz.is_a-ﬁhree coloﬁr display of a_seiected
portion-of.the seismic section of FIG. 11 illustratihg
10 the plxel formatlon,' _
FIG. 13 1s a typlcal form of earth ‘model as
fdrmed from three-dimensional seismic data;
| FIG. 14 is a three-dlmensxonal dlsplay in three
colour presentatlon, |
15 FIG. 15 is a_:ebresentative earth section
| | shcwiﬁg a typical ore body'delineeﬁion technique;
TFIG. 16 is a colour display'of gammé data from
delineation drill holes for é known ore ‘-body:; and
FIG.'17 is an interéétive_colour display of
.20 ' gamma'end_iesistivity fbr the_same ore body.

Detailed'DeSCriptidn of the Invention

Referring to FIG. 1, the technique of the
present_invention_allows the interpreter to more
easily comprehend the simultaneous variation of

25 several geophysical data variables in order to relate




delineation drill holes for a known ore body; and FIG 17 is an interactié?%ggz:
col our display of 20 ‘gamma and resistivity for the sanme ore body.

Detailed Description of the Invention Referring to FIG 1, the techni que of

the present- invention allows the interpreter to nore easily conprehend the

si mul taneous variation of 25 several geophysical data variables in

order to relate -6- the effects to hydrocarbon or mneral occurrence, or
otther geophysical indicators of interest. M3ré& specifically, -the nethod

rel'ates to quantifyi _ hvsi cal o bl et -
5 qgani’ i !agyh;v” °{§fge§4t¥°ﬁ@§§%%§5% Shaph DAREEEE B0CuBEENLN e N2
sonme function o e varia . , , | i e .

oaded 1t o di o tal PEITLSIFARINAY O ersat QPR aTESe b A24T o

further described, b data, vahy ' X d+40 b iR $ed
ﬁ%%?gﬁ%aﬁll}g APt hod 2231a40880td0quantitPing Sehede

channel” of refresh many vari ables or channels as are present

in the total data cogpiéajésphysial efdrddblermang aBsngaingashéhen be
interactively applied to the red, green, and/or blue col our guns of a

standard tel gvision goamtifiehidmes urider coraespondidgt dakayvaduésiraher
varied via | ook-up tables, conbining |logic and other functi.on processes
present - gradation that is some function of the_var;able._ The
resulting quantified data is then loaded inté digital
-refresh memory'of a colour display system, as will be
further described; as each data variable is aséigned.
10 to a selected channel of tefresh“memo:y.for as many
variables or channels as are present in the total data
compilation. The refresh memory channel can then be
interactively épplied to thé réd,-green, and/or Blue
colour guns of a standard telgvision colour monitor,
15 .and'the.daté may be further varied.via-look-up'tables,
combining logic and other function processes presént
in.thé image ?rocgséing-compﬁter.' |
As shoWn'in FIG. 1, Ehe.selécted geobhysical.
trace data as cdmpiled in the fieid for the particular
20 éxploraiibn undertaking is available on tape 10.
Such taped trace'data.as.bn_tape 10 is compiléd as a
matter of standard précedure in seismic and other
minerai logging exploration undertakings, aﬁd is’
readily available in pré-processed and digitized form

.25 " for use in the present syStem{ Tape 10'containing



R the inage processing conputer. As shown in FIG 1, the sel ected *
abphysical. trace data as conpiled in the field for the particular 20
&xpl oration undertaking is avail able on tape 10. Such taped trace data as

ori tape 10 is conpiled as a matter of standard procedure in seisni'c.and *
ot her m neral |ogging exploration undertakings, and is readily available in.
pre-processed and digitized form25 _ for use in the present system _
Tape 10 contai ni ng -7- the geophysical data is then input to a selcted_ -

form of CO”p“teEhézﬁégaHggfégP'éééée{ézéﬂé§"ﬁn§E%VEJ'atgéféﬂéd“¥bﬁ%escribEd :

bel ow. The raster ata -output of selected attributes or properties

of the data areog computbbeD208éPihaéPEo StHsO&L] 24t iU, Us WA Fe
cattributes tapes 14, 16 and 18 whereupon they are ready for interactive

i ntroduction tofubehdrspesyribedhbebewect eThatias tud predraiatee curpual t he

sel ected paraneters or property.values of the input data; - for 10

exanpl e, in theofaselettsdi ahtribdatesi spupsopértias ichl e dagia dre _
anmpl i tude, frequency, envel ope (energy), phase, instantaneous velocity, _
etc. Thé indivi 4bap PHEPHRE &PrraBPERIS R deR@ UdIRREe RIf Attnihutes nay t hen

be selectively applied to_the 15 refresh menories 21, 22 and 23 of
-interactive_col&&?es 14; 16 and 18 whereupon they are regdy for

interactive introduction to the_display; . The
selected attributeé may be any.of the selected
paramete;s.ér property values of the input data; . for
210+ - example, in the case oflseismic data input; the
variables might be amplit@de;.frequency, envelope
(energy),-phaSe, ipstantaneous velocity, etc.
| The individual trains of rasterized data.values
6: attributes may then be seiectively applied to the
15 refresh memories 21, 22 and 23 of interactive colour
control 24. The outputs of :ef:esh memories 21-23
are then processed'throﬁgh image computer 25'aﬁd
applied to a monitor display 26. The monitor
display 26, and the application of ﬁasterized data
20 from the refresh memories 21-23, is further subject to
opeiator seiectivity. as will be ftrther deséribéd
below. | | . |
Referring to FIG.lz; thé technique of the
- preseﬁt invention is p:esently practicéd utilizing a

25 Hewlett-Packard magnetic tape drive 28 which receives



control 24. The out puts of refresh nenories 21-23 are then processed <:%j;;é
t hrough i mage conputer 25 and applied to a nonitor display 26. The

mni t or di splay 26, and the application .of rasterized data 20 fromthe
refresh mefories 21-23, is further subject to operator selectivity, as will

be further described below. Referring to FIG 2, the technique of the

present invention is presently practiced uliéiging a 25 :
HeWlett - Packard magnetic tape drive 28 whi ch“receives -8- input of the

- d hysi_cal t ' | ' t 1.1.h standard
i oo stor age 30 (rewrBEReplt, Enf ekhsp kISR sibpiiei el ded SLIRTTG)

The magnetic tape drigy@c28085Sn coactioh UREth Oé‘éax‘ﬂ?éﬂi tﬂ%&%ﬂ%‘ftagraet gﬂlf or

which is programmed for rasterization to specifically format the_

the remai nder of the (HERQieR&-Pxckard) addeifpot ekéyhsrT@PuUter- 34 is the
Control Data Corporation Mdel 174, known as CYBER, as it functions to

provide rasterized 1(QHewletitrPackat8bn of Théemagheriedafs amparea?st @alsoback
to magnetic tape drive 28 for recall to disc storage 30. Qutput fromdisc
storage 30 i $then afpncddons vashi sher gempytetod burhigtiiprogr ammed) £or)
Model 70 Image Process Conputer, International_|maging Systens, which
. . rasterization to specifically format "the Qata for the
remainder of the imaging system. - The rasterizing.'
computer 34 is the Control Data Corporation Model 174,
‘known as CYBER, as it functions to provide rasterized
10 information of the selected data parameters back to
magnetic tépe drive 28 for recall to disc storage 30.
Output from disc storage 30 is then applied to the

2s Model 70 Image

| .interactive_colour control 24, the I
Process.Computer,-Intérnatidnal Imaging Systems, ﬁhich
15 - . functions in coaction with a standard colour ﬁonitor_
' 38 and track ball control pointer 40. The colour
monitot with track ball may be such as the Model 5411
' as available.from CONRAC, Covina, California.
EIG;'B illust:ates.in idealized form a variable
20 area diéplay wherein the traces are shaded with an
intensity that ié proportional to the attribﬁtes.
Thus, and by way of eiample, seismic data wavé forms
42, 44 and 46 may represent seismic energy amplitude,

instantaneous frequency and approximate interval



1 functions-in coaction with a standard col our nonitor 38 and track

Ep I control pointer 40. The colour nonitor with track ball nmay be such
‘the Mbdel 5411 as available from CONRAC, Covina, California. FIG 3
LM ustrates in idealized forma variable 20 area di splay wherein the

traces are shaded with an intensity that is proportional to the attributes. .
Thus, and by way of exanple, seismc data wave forns 42, 44 and 46. may
- represent seismc energy anplitude, instfntaneous frequency and appr ox

i nterval -9- velocity, respectively, for a selected event series.- That
i's, each pixel iveke@htEnhaRIPeGEY DY WhRE orSed efteds eveny feRdEFON Of

t hat tiv t f. th ld b der st ood
too that 5 Pﬁ‘%&”ﬁﬁ[ﬁ RAR LT, carty AP e %“wage?gﬁg{a?;f in
hape, ld b t t

feggleut\il\gz werg ?%d%gcray mli{)g%férrthéré;e%ﬂfrkxe’{gs%e%%qlvg rrgr%mg% {’ude t here

woul d be a two ogpd hé@fsﬁi@'énéég%p 51 ORE FeouaRElbedlarlda SEBKIATUGL Lnar

anpl i tude shaded areas and | ess i xel | cat1 ons for ‘the | ower I t ude

areas. sThus, tgReaimdiyidicat Wisid1ay), Ctma‘la.yl I g«a%t:rearoes :ecdaaaumael
shading 48 followed by a |ight red shading 50 an medi um r ed shadlng 52.
The i nstant aneousnf skeapencyould coerof wery high resolution in this
| depiction, but if resolution were reduced to two or
‘three pixels per maximum amplitude,:thefe'woﬁld be a
two or three stair-step slope to each of the maximum
10 amplitude shaded areas and less pixe1 indications for
the lower amplitude areés.- Thus, the amplitude
"function code 42 illustrates a deep red Sha&ing 48
- followed by a light red shading 50 and a medium red
shading 52. The instantaneous frequency data or curve
15 44 wéuld-be.rasterizéd as a light blue rasterization
54 followed by a dark biue shading .56 and a medium
blue shading 58. Fipaily,_the green ‘gun infdrmatién
_of rasterized curve 46 woﬁld'show a dark greén pixel
combiﬁétion_ﬁﬂ followed by a dark green lesser peak 62
20 and a light green peak 64. The colour.composite'of
the three attribute colour lines 42, 44 and 46 would
then reproduce as pixel array 66 with yellow pixel
pattern 68, voilet pixel pattern 70 and white pixel
pattefn'72. |

25 .. PIG. 4 illustrates the manner in which three or



15 - 44 woul d be rasterized as a |light blue rasterization 54 foll owe

a dark bl ue shading 56 and a nmedi um bl ue shadi ng 58. Finally,the gre
~gun information of rasterized curve 46 would show a dark green pixe

conbi nation 60 followed by a dark green | esser peak 62 20 and a |ight
green peak 64. The col our conposite of the three attribute colour |ines
42, 44 and 46 woul d then reproduce as pixel array 66 with yell ow pixel

pattern 68, voilet pixel pattern 70 and whtt¥d pt xel pattern 72. 25
FIG 4 illustrates the manner in whic

’ _
sel ected digital varW&SPegfcﬁhebée}%%H%% 4+ﬂ¥ﬁ§#1 ?Qﬁ%ﬁ&ﬁ? ﬁ?ﬁo%ﬁtgPaQSFour
.control 24, and then |nteg$§tt§?F¥?$ﬁ®%F ﬁgp gng, qpq&&}&%q thF RdeEEEnby

transformati on such éEtPr varialfl e col our

space assignnent, et nter%ﬁﬁveige(: <§1 BN d eépér@édh'wd;ﬁ intd¢breker’ Bg

exanpl e, a rasterize rude 4 a rasterize ase séction 7

a rasterized Ve'OC't¥r§ﬁ§¥bQﬂaZ§onaQQc§ é@séﬁﬁéﬂEﬁhﬁmkiﬂdéaﬁﬂma@@&hgqn or
nore, if desired, as | ustrated by position 80. ‘In this case we

ar e dea"“Q\EtflSel&ﬁkﬁabeetcemahrtspseelaﬁsﬁgnmennyeﬁtqwepHMmesseueby
conventional seismc processes for the respective attributes and then
rasterlzed through t r@efresh memories include 1nput of, for example, a
aster;zed amplitude section 74, a rasterized phase
section 76, a rasterized velocity séction 78, and a
ras:erized additional section or more, if desired, as
10 - illustrated by ?osition 80.. 1In this case we are
| déaling with seismic sectiohal trace information as
preprocessed by conventional seismic processes for the
respéctive attributes and_thén rasterized through the |
computer 34 (FIG. 2) for the opéfative placement in
15 the diéc starage 30 as the rasterized attribute
| digital data tapes.
The rasterized attribute data 74-80 is then
availablé at display memory 82, display memory 84,
display memory 86 and display memory 88 (refresh
20 memories) of the colour control 24. The colour
control 24 also includes look=-up tabies.90, 92, 94-96
‘which receive input of the.attribute data from
respective display memories 82-88. | The look-up
ltable5'90-96 fuﬁction'underroperator control in

25 conjunction with a track ball 40 to apply linear or "



onputer 34 (FIG 2) for the operative placenent in 15 the disc storage
the rasterized attribute digital data tapes. The rasterized-attribute

_ 74-80 is then avail abl e at display. nmenory 82, display nmehory 84,

gpl-ay menory 86 and display nenory 88 (refresh 20 menories) of the .°

col our control 24. The col our control 24 also includes | ook-up tables 90,

92, 94-96 which receive input of the attribute data fromrespective display

menori es 82-88. The | ook-up tabl es 93196 functi on under operator controkes

,in 25 conjunction with a track ball 40 to- apply. |linear .or
non- | i near tran%?%T-%“?%r@ﬂﬂﬁ@%ﬁpI%es‘é cttic\/@ﬁ%é?{'gﬁtei §§ t8®sel ected ones

“of the attribute data, Once agai nder_ fr I, ral,, outputs from
tEe_ rezpect ive ‘P’%b‘%—‘ﬁ’pn?a%‘?e g&ﬁ%eﬁ esa;ﬂ)floirlteh(fp%%%l%%@e gs?g écted ones of.
the red conbini 1 ogl ¢, 100 > &I i R gi rang . Lhe bl ue.
conbi ni ng Logicggﬁi.gggﬁ%é o rdﬁ%§ﬁ$ gl cs F%$ﬁ¥#ggr§§§ cf?vgrgﬁrinary

. col aurs 100-104 e t ' ' _ 4 ol :
. " Qct De&t fsbi Nug NGB IR0 U WA o illeib respective
outputs are thenﬁgp5€%€dc10 . tC)%he colour TV nmonitor 38 for fina

presentgtion of ghhectadesnesiyp €nd ted idogeining dvigdd 2ed ,f ahe |
Rasteri zation of selected sections is carried out in the conputer 34 as
progranmed to cgté¥nocémbheing logic 102 and the blue combining '
| logic 104. . 'The combining'logics_fo: the_respective
: pirimafy coldurs-lOO—lb4 are also located in the image
computer and their respective outputs are then applied
10 _ “to the colour TV monitor 38 for final presentation of
the interaétivé éolour image in rasterized form._
Rasterization of selected sections is carried |
§ut in the computer 34 as programmed to carry out the
‘functions illustrated in the flow diagram of FIG. 5..
‘15 - It should be understood that this is but one
rasterization program that mﬁy be utilized for section
rasterization. In effeét, the screen is viewed as a
512 x 512 unit grid and a selected part of a seismic
section is overlayed dn'theigrid by feeding into
- 20 'réfresh-memoriés 36 horizontal scans containing
numbers representing colour levels for one of the
selected seismic propertiés or attribdtes.of the
éection. ; rhe'digital humbers willllay7in'the area
.bounded ftbm the zero line to the peaks and/or troughs

25 : of- the individual seismic traces. The horizontal



..

fGnctions illustrated in the flow diagramof FIG 5. 15 It should be D
understood that this is but one rasterization programthat may be utilize '

fQr section rasterization. In effect, the screen is viewed as a 512 x 5
unit grid and a selected part of a seisnmic section i.s overlayed on the grld
by feeding into 20 refresh menories 36 horizontal scans contalnlng
nunbers representing colour |evels for one of the selected seismc
properties or attributes of the section. - The bigital nunbers will |ay in

t he area bounded fromthe ze line to the peaks, and/ or trou hs 25
of -the individual seiSSANE VﬁageEken ?ﬁ@eﬂ5r$§%n?ﬁ. 3 imer, b ng @At then

appear one at a tinme, heglnghng, gEeLHe LthPxﬁ%tPcfrs g ctaisor;[ 'J’ﬁlbg: e

section will be in the®vertical rrection aces can

di spl ayed snrrultaneow%uvee@chalwetsibstanC@% 510 DelaReRe races,
and t he maxi mum hori zontal displacenment for pea anp I tude, can be varled

through input set-up dafspllagenr e@aextaﬁeéuexwpé@d baewreey distdngd ay the
relative anplitude of a seismc trace section, the maxinum 13 -

anpl i tude of % he sectietweien fthestrdeés;rranédthe n@a:cntmurhdnay&ﬂntalangi ng
fromO to 255, is then associated with each successive anplltude The -
displacement for peak amplitude, can be varled through
input set-up of the_process; ' |
For example, in ordér to display the relative
amplitude of a seismi¢ trace section, the maximum |
19 . amplit{:de of the section is first determined. A
colour level, ranging from 0 to 255, is then
associated with each successive amplitude. 'The
absolute value of the maximum amplitude.is:assigned a
"level of 255 and the other'amplitudes:a:e.éssigned-
15 ‘colour leveis relative to the maximum of either the
entire éection'ér that portion of a seismic secfion
. that ié being displayed. The amplitude values of
'the traces afe then converted to values-representing _
grids or pixel units on the screen.
20 _ Thus, the locations of zero crossovers along
each of the réspective Seismic traces oi_the'section,
- in successive manner, are first détermined. ‘The
maximum colour level (or the minimum in,thé case of a
trough) is found between each'two_zero crossovers.

25 This'is done'ovet all of the section so that each



a

apsol ute value of the maxi num anplitude is assigned a | evel of 255 and the
er anplitudes are assigned 15 colour levels relative to the maxi mum
either -the entire section or that portion of a seismc section that is
ng -di spl ayed. The anplitude val ues of the traces are then converted to

.

val ues. representing grids or pixel units on the screen. 20 Thus, -
the locations of zero crossovers along each of the respective seismc o
traces of the section, in successive mald3er, are first determ ned. The

maxi mum col our | evel (or the mninumin the case of a trough.) is found
bet ween each t wFamRle @hddevsestipn will nave twodonaluoeeraasdchitede
section so that each -13- sanple of .the section will have two val ues
associ at ed wi t hivi%hi ity vize éﬁﬁl@@@&ét“ﬁ g#PdgﬁhﬁtSHahﬁ andokour |evel.

V | th t i d h )

section as a gr APiouE LRI N SRAA1ZAY cBabiaBr g EhR athrERCed ShR
ht 1 1 det f

rightnost scan in %erk%rnfetal g 'L’E';‘E tt A Qﬁu ”Blaéé!t'gﬁhag %f%%%‘gne '

a trace has anplitudes i ng mnt ver |ca gri : up .
‘the corrgspondi ng apliwe li9Vane Qrerttfi%falaaﬁkew%nand @hgcwght,aog@ the 10
scan.: The spaci ng between traces and the nunber of gri trace is

al | oned to span gtedrerid R dtAMedBY scanning - the trade amplitude to

ldetermine if a trace has amplitudes falling within
that vértital grid, then picking up the corresponding
colour level for that amplitude and placing it in the

10 scan. :Thé'spacing'between tracés and the number of
grids a trace is allowed to span'deterﬁines how many
traces must be examined for each scan. Figuratively,
as one scan is completed, it‘is-rolléd off the section
to the right and the next scan is then constructed.-

15 Referring more §articu1arly'to FIG. 5, the
computer is initialized and receives input of the
particular seismic section for interpretation at stage
100.  The following flow stage 112 then carries out
caléulation of'the”selected attribute,.relative

20" amplitude having been the example above, and flow

| stage 114 functions to éssigh colour codes to the
array values and tb convert all array values to
pixéls.""'$he colour codes and pixels for the input
‘array are then output at stage 116, and a decision

25 = stage 118 queries as to whether or not there is



traces nust be examined for each scan. Figuratively, as one scan is <i§§37
conpleted, it is roIIed off the section to the right and the next scan s '

t hen constructed.’ 15 Referring nore particularly to FIG 5, the
conputer is*initialized and receives |nput of the particular seismc '
section for interpretation at stage 100. The follow ng fl ow stage 112

then carries out calculation of the selected_attribute, felative 20
anplit ude havi ng been the exanple above, afnd ﬁlﬁm/stage 114 functions to

[ | ¢ d t I d_.t I t
assi gn col our_codes (g Lhs Y ASLIGREANTcho GaIVERLaTlhoptr oy yeles 1o
t st 116, d 1 t
oL osLage 115, and @ di SRR cecyctIORITIONE! LERE80 AELINLs Yy

program recycles and jqqu ts@é&ﬂ%%l%god&%€%h!e§riE? 98¥t1§H£E§§§E§fa&H9'tai
array for interpretation, calculation, "etc system counters and

tables are 5 i tdiclliazadhy excage A20. sPeaem d8dntbed se@dsatids pipee!
and col our values for the array as enabl ed. Deci si on stage 124 recycles

the operationsof readimiticaltizsddy atdgeoll@dr val ues as additional arrays
are still required to fill 10 - out the first scan of imge. When al
arrays for a - S;age'lzz thgn reads all pixel and qo*our values
- for the array aé enabled. Decision stage.l24
recycles the operation-of reqdin§ out pixel and colour
values as adéitional arrays aré still required to fill
10 out the first scan of image. When all arrays for a
scan have been tead} the flow stage 126 stores the
colour values in scan. The flow stages 128 and 130
then;yrite the scan to file and increment the tables,
and decision stage 132 queries as to whether or not
15 all scans hﬁve been completed. If not,'affi;mative
| | :indication is applied to flow stage 134 to call up
colour and §ixe1 values for next array.  If next
.ﬁrray'values are needed, affirmative output to stage.
136 queries‘the existence of more stages if there are
20 such, and stage 138 reads and s;ores the set tables.
Program recycling is cafried out from a terminal 140
to a decision stage_llz to query array finished |
~whereupon, if finished, stage 144 moves the table
entries up while dropping the topmost one. - Functibn'

25 then returns to stages 126-132 which functions to



SC

n have been read, the flow stage 126 stores the col our values in scan.
fl ow stages 128 and 130 then wite the scan to file and increnent the

..‘ s,, and deci sion stage 132 queries as to whether or not 15 | al

s ‘have been conpl et ed. I'f not, affirmative indication is applied to

flow stage 134 to call up col our and pixel values for next array | f next
array val ues are needed, affirmative outpyt_to stage 136 queries the
exi stence of nore stages if there are 20 such, and stage 138 reads ammV

stores the set tahlas JUAW W R9%S! kRA LheR2hBI RBrEULCAREMiAet erm nal 140
to a decision stage 142 to query array finished whereupon, if finished,

stage 144 noves thegpdiade Nidgdcdsivn Whiage dBepehaJrabeet 0pERSinadEe is

Function 25

then returns to stages 126-132 which functions to -15-

wite scans-to fldéadeﬂui\ﬁuﬁ1umpumnme thanimage cegputed byfreshsion stage
132 the rasterized image is read out for input to the inmage conmputer
refresh nenory. Snemory. Referrlng again to FIG 4, the imge

‘conput er operator has manual control over colour .mx and the ability to
change total contrast cﬂeQQR¥«ﬁﬁ[§&§1&|§ﬁ|§}G-_4Th5?e|§ma€ﬂe°%%é¥ﬁﬁbr may

exercise contro

fron1k oard 32, track b an ter front
erator.yl%as manual contro over ce ournRJL.Ix and the

ability to change total contrast of the output

~display. That is, the operator may exercise control

10

15

20

25

from:keyboard 32, track ball 40 and computer front
panel contrcls so that the display can be changed both
dynamically and_interactively to'provide.a best
interpretive presentation. Adjustments. are made
empirically in_changing'the individual attribute data
displays to flnally arrive at a best presentation

output. Thus, the operator may use keyboard or track

~ ball to obtain a best_lnteractlve colour mix for each

attribute;. that is, application of selected
percentage of_each'attribute to each colour ranging
from pure colcur to a selected mix. - Once a desired

colour mix is obtained, the operator may adjust the

“tonal contrast of each colour separately or

collectively. Keyboard control changes the functlons

_ of the look~-up tables 90-96, i.e. linear, non-linear,

etc., so0 that tcnal contrast can be heightened or

lessened'in selected manner for known amplitude ranges

2



10 panel controls so that the display can be changed both dynam caI'I

and interactively to provide a best interpretive presentation. —

Adj ustments are tmde enpirically in changing the individual attribute data:

displays to finally arrive at a best presentation-15 output..  Thus,

_the operator may use keyboard or track ball to obtain a best interactive
colour mx for each attribute; that is, appljcation of selected percentage

ofggﬁgﬂ attrgbute éo each col our ranging from pure colour to a sel ected

m X. ce a desire ; u ] X i s obtained, the operator may adj ust

t he tonal contrast o%gegg %E %ﬁré%%%hrately or coIIectivgly. Key%oarh

control changes the functipfg, of dKWwd kel daAblsRS sHicIGecition LEDEBRhat

non-linear, etc., so that tonal contrast can be heightened or 25..

| essened in sel ect edhaBNBEEnT 9¢1 &dosdh ol i Xkt magrigms purposés.of Shetionut

data. FIG 6 shows a typical seisnic section 150 that has been selected for

i | lustration purposed50 Secai bbnddO $sreey isrsfiouofegosaen 6gpsh POIRbBN

depth point 5 stacked information that shows seisnic energy_down to

just bel ow tBree secshaskedalrformabion that RPMived STHE ﬁ&FFSgnPSV“ to
rogression indicate ' ints . ' '

progr essi on i ndi cat es sucgessive, shot polnis along 4 uryakdiiT9" WRLED

the horizontal prog:eséion indicates successive shot
points along a survey line of eight_or ten miles
length and designated by unité 0-170. This section

10 'is selected because it shows two existing producihg
wells as drilled approkimately at locations 152 and
154.  The producing strata for the well 152 is within
the prominent seismic indication &t area 156, while_ 
producing zone fot Qeil_154 is indicated by the

15 seiSmic eveﬁt aggregation at zone 158. = The vertical
extremity including the zones 156 énd 158 were then

-exciséd generally as shown by horizontal brackets.l60
and 162 for separate rasterization and interactive .
colour examination. _. _

20 . FIG. 7 illustrates, in black and white
reprpducticn, a red colour printout 164 of the
selected sections 160 and 162. Thus, the red print
164 represents one selected attribute of the seismic
‘sections 160 and 162 és applied to the red processing

25 of colour monitor 38 with presentation in pixel or



¢

I ength and designated by units 0-170. This section 10 - IS selected
edause it shows two existing producing wells. as drilled approximately at
"‘Bﬂp tions 152 and 154. The producing strata for the well 152 is within .
' promnent seismc indication at area 156, while producing zone for well

4 is indicated by the 15 sei sm c event aggregation at zone 158.
The vertical extrenity including the zones 156 and 158 were then excised .
general |y as shown by horizontal bracketk?160 and 162 for separate
rasterization and |nt%ract|ve col our exani i on.

7
illustrates, in BF38KkEQRE-whi IR FRPr3cHLR °EP?%R§hkﬁcﬁﬁpﬁﬁqqﬁ?ﬁﬂ9'164 of
th | t'd d 162 th t t
e ool eot ed SeckhaniAth BAedohe ard et e LRty MARoA Rt SRUSRET 5 O
red processing ZQhFth%Q gngFan%ggftprBB7m5gg Bguctlon é%%g{ﬁanel or.

-17- grid form tua fographic Tepro ack parts
of FIG 7 are tr'glrﬁs@ﬁﬁé@daﬁeéh&hwembnetwIi@. porthonst®f &1G 7 are in
bright red as presented on the TV noni-tor 38. The FIG 8 5

‘reproducts on 166 repevdutitonalieésshews ethe egihense 16k e (s, ontat1 60
different selected attribute of that energy as reproduced on the green

el ectronics of Teénd 162, but a dlfferent selected attrzbute of that

énergy as reproduced on the green electronics of TV
monitor 38. In the actual photo, the black portions
are black and the whité-portibns of FIG. 8 are green.
‘10 FIG. 9 then'shows'rep:oduction'of a photbgraph showing
a blue picture 168, black being black and the white of
' FIG. 9 being'blue_ih actuality, wherein the same zones
‘and seismic sections 160 and 162’are'illus£rated for.
yet a"thifd;attribute_of the sections as they respond
15 . to seismic energy. |
FIG. 10 illustrates the three colour composite
of the red, green'and blue rép;oduétions 164-168 as
proddced'for'éaCh of three distinct'attributes of the
seismic energy within selected sections 160 and 162.
20 In the three colour picture 170, most of the black of
FIG. 10 is coloured dark blue while the white of FIG.
.10 ranges from white to yellow tq teal tb lighter blue.
It is a practice in'ihterpreting seismic surveys to
look for "bright spots™ as an indicator of possible

25 producing zones; indication both of the producing'



.nmoni tor 38. In the actual photo, the black portions are black and the -<ZEZD
white portions of FIG 8 are gréen. 10 FIG 9 then shows reproduction |,
of ‘a phot ograph shomnng a blue picture 168, black being black and the white

of FIG 9 being blue in actuality, wherein the sane zones and seisnic

sections 160 and 162 are illustrated for yet a third attribute of the
secti-ons as they respond 15 to seismc fEergy_ FIG 10 illustrates the
t hkee col our conposite of the red, green and-BlTe reproductions 164-168 as

produced for each of- ori’:r%efg;fta?gcisgt%kgu%?t?f% ep er?i”an ner withi n

sel ected sections 166 pic Ure

most of the black of Jd G 115(?; b% ealleur@Ha@eaklah%nwféﬁes;@a Wi dre eFI G

10 ranges fromwhite to yellowto teal to Iighter blue.™ s a practlce in

interpreting seisnic tedlveduet ankeektion. " br reet z6net 556 asasarwmra_@ GRirQssof
possi bl e 25 . producing zones; indication both of the producing - 18-

zones 156 and 158 wertheexipperelandblogkt ertremities weiti a Hedvyfteddli te

i ndi cation interspersed with sone teal blue indication. The zone 156 was
whi te across % he upparentir@ll Pastiont thareacsodst whichegane tamliglication,
central portion thereacross which gave an indi-cation, later to be proven
fron]knomﬁedge of théaﬁgq tior He| proven from knowledge of the well itself, -

that the producing zone was a highly water saturated
zone. In like manner, the zone 158 gave strong_whlte
indications acfoss the top and bottom with a much
10 lesser m;d-portion of teal blue, and the weil
o associated with zone 158 has pkoven to be a sound
producing well, _ _
. ' FIG. 11 illustrates reproduction of another.
- seismic section 172'taken along a line of survey
15 | indicated genetally by arrow 174 with reco;dation of
seismic.energy down to about four seconds travel time.
The display is made up of Common Depth Point
- information shown in shaded wiggle trace form and.
serves to give a good event indication of hydrocarbon
20 containing zones in and of itself. However, che
portion selected w1th1n squared lines 176 was
subjected to three colour interactive ana1y51s w1th -
the selected attributes colour a551gned {Envelope,
Amplitude and Frequency). '

25 . FIG. 12 is a repzoduction’l?B of the rasterized,



r‘

that t he producing zone was a highly water saturated zone. .In like
yner, the zone 158 gave strong white indications across- t he top and
gg tomwth a much 10 - lesser md-portion of teal blue, and the well
oci-sted with zone 158 has proven to be a sound producing well. FIG 11
/| ustrates reproduction of another seismc section 172 taken along a line
of survey 15 I ndi cat ed generally,pﬁ_ @rrow 174 with recordation of o
seism c energy down to about four seconds travel tine. The display is na
‘up of Common Dept iy EOLES1 b O3B O 5 Mg 10 nARs Wsddoe thatezbaem and
serves to give a good event indication of hydrocarbon 20 cont ai ni ng
zones in and of ifse(f1G. tDyeyfter tiredraidtive wiaAgisdd.Wi L Mhe squared
lines 176 was subjected to three colour interactive analysis_.with the
sel ected .attri butesredhotiomsk?@niesl o FErpead tipal sdnilniterrds taid Ehaguency) .

FIG 12 is a reproduction 178 of ‘the rasterized, -19- three-col our
out put -of the TvlﬁnmftargqnﬁftﬂSQIHﬂlQRNﬂ9:Fm;qﬁhﬂatelibeaﬁﬂéﬁllnteractlve
anal ysi's. The reproduction 178 is of partlcular interest in that it is of

a good résolut|oﬂtE%cF¥¥%s?$a§%FQ?ﬁa1ﬂQ«£h§5ver lcadi S§@ure of events and

the verti cal SCacr:]oncentrat:.on. . The dark events such as 180 were of

dark blue colou#. The geneiai-background_field such
as at 182 is a teal green colour. Some pink tingeing
- effect shows up adjacent thé white spots, and clearly

10 thﬁé spots as indicated by 184 indicate the existence

of probable good hydrocarbon producing zones. The
‘left side zones are pfobable oil_Zonés and'ghe'right
side zones exhibit teal within'thé white and strongiy
suggest ‘gas producing ;onés.

15 . Referfing to FIG. 13, there is shown a
three-dimensional model of terrain’as ¢onstruct§d'from
conventionalathree-dimeﬁsional seismic information.
That is, it is comhoh practice today to run a
plurality of parallel lines of survey which digital

20 procéssiﬁg.ﬁhen'enables'to be ‘placed in
three~dimensional relationship and output with any
_selected angular cut or cross-Section; For example,

-a plurality of surveys such as that shown in section |
172 of FIG. 11 mlght be_run-ln the same dlrectlon but

25 f with each offset relative to the others by a



concentration. The dark events such as 180 were of dark bl ue col our. .
The general background field such as at 182 is a teal green col our. SAUE
pi,nk tingeing, effect shows up adjacent the white spots, and clearly 10

white spots-as indicated by 184 indicate the existence of probable good

hydr ocar bon produci ng zones. The | eft side zones are probable oil zones
and the right side zones exhibit teal within the white and strongly suggest
gassproduci ng zones. 15 - Referring2€@o~FIG 13, there is shown a’

"t hree-di nensi onal nodel of terrain as cons%rgcted_fron1 opventi onal

t hr ee- di mensi onal seﬁEﬁF@tﬁﬁﬂéPﬁﬂtPHﬁpe?hﬁ | %?tfyef%'p j *Sradtd® FeS5day
to.run a plurality ofaetbarfal Ite_l el _.nes gﬁcsﬁgxeX%Mgfa%%gﬁé ?Aeﬂ%‘{)iwwﬁhﬁnand

processi ng then enables £'6 “od pFﬁéed n ree-dr nensi

output with any sel ecﬂee‘%e%rx}%h%'éd%lﬁ Qﬁe?’éﬂ?éés&fﬁé@ﬂoﬁ?f Oéutex%'l-ﬁ-i"@m"}"'

plurality of surveys such”as that shown in section 172 of FIG m ght be

run in the sane diregdf @uUl32{hich shbwd eRElveEsedl reddd iMe dife the
others by a -20- predeterm ned nunmber of feet, e.g. 220 feet, 440 feet,

880 feet, et  Suckcomvemtdernilaghadéddaigghayttaes et neitpdihed as t he
t hree-di nensi onal cut (SEISCUT) of FIG 13 which shows the vertical data in
the - horizontal data shown in variable area display at a
_éelected time depth of cut: The_isotime model 180
is cut to show the earth structuré_at 2500
-milliseconds.
10 . The information of a three-dimensional model 180
| is also capable of being interactively c¢olour analyzed
to providg greater interpretive indication of the
earth make-hp. FIG. 14 illustrates a three coloui
readout 182 of a 2.5 second time cut in conjunction
15 with the unéerlying sub-strata. The actual colours
- as they are reproduced in the TV monitér output are
labelled on FIG. 14 with the first letter of the
respective colours cyan, yellow, white and magénta.
The vertical depth plane 184 is largely magenta but
20 also showing the associated strata of cyan, white and
| yellow. The 2.5 second isotime plane of cut andlits
colour contours actually enable ciassification of the
geologic age of the individual strata as well as
delineation of a producing sand in the white areas.

25 ~ Hard copy colour printouts of the sliced



conventi onal shaded wi ggle trace but with the horizontal data shown
ari abl e area display at a selected tine depth of cut. The i'sotine

180 is cut to show the earth structure at 2500 nilliseconds. 10

: ynformati on of a three-di nensional nodel 180 is al so capable of being
i nteractively col our anal yzed to provide greater interpretive indication.of
the earth make-up. FIG 14 illustrates_a three col our readout 182 of a
2.5 second time cut in conjunction 15 © 1 @ith the under | yi ng sub- strataud
The actual col our as;}h%¥ are r Egguced nitor_output are

ToEel | od on Fi & A8 PnnIP RO Ry, Be! RE0dNCIRIA Saflglle 2T°
yel T oW Wbl e ang RS §arTho Kbl 681 adER hPhARCodBA.L S0} AU gELY mmOEi 2

but 20 also’s e “R880¢ stra cyan e and yel l ow. .
The 2.5 second '%%1 gl Q@efgfr ¢Hpugndol ascs%eﬂhseai Nx%ﬁl?&éﬁ‘a”y enabl e
classification of e geol ogi c age of the individual strata as well as . :
del i neation of agigddesi.ng sand in the white areas. 25 Hard copy

col our printouts of the sliced. -21- three-dinmensional data may be
.produced 8 n vari abl e dé&hsist,y abgrehdr mumpetopfaspanfjal hy nulgm&dodatmage

conmputer 25 for input to a conventional Applicon
may be quantified and subjected to 1nteract1ve colour

.analy51s~1n accordance with the present method. The
selected attributes utilized in analysis mayfbe
related in type; however, this is not necessary since

10 ~ diverse data findings for a related spatial volume hay
| be combined for ihteradﬁive anal§sis,_ For éxample,
for a given earth survey area, it may be desirable to
analyse plural attributes of seismic data with a
related attribute derived from such as, e.g. magneto
15 .telluric, of induéed polarization exploration, or well
| log borehole daté that may exist within the survey
area.
Inﬁeractive'colour analysis in accordance with
the piésént invention may be carried out with many
20 different forms of data. In addition to seismic data
as previously exemplifiéd, it is desirable to
simultanéously consider several attributes of data.
 derived from ekploration and delineation or production.
drilling.yields. Thié is especialiy'true of uranium

25 ore bodies and densely drilled ¢il fields wherein a



plotter 5 ' Thus, a great nunber of spatially related data may
be quantified and subjected to interactive colour analysis in accordance
w,th the present nethod. The selected attributes utilized in analysis ma
be rel ated-in type; however, this is not necessary since 10 - di verse
data findings for a related spatial volune may be conblned for interactive
analysis. For exanple, for a given earth survey area, it may be. desirabl e
t o\anal yse pl ural attrlbutes of selsn1c data2dith a related attribute
derived from such as, 0 telluric, or induced

pol ari zati on expl or at“l'le(?ﬁe SP‘%EPP‘:I 63 BY)F?E?'E)'P\LJe dEE M ¢ HhA YRR WS s*%°r\ﬁhﬂ3r|en

the survey area. Interactive _cal our alys S accordance, with the present

i nventi on nay be car 1%8F *out ERFt X ﬁﬁﬁ ©o0*" a %?*?% R e e A
In addition to seismgdata. Pgr qui ggﬁi,yagx ;i eﬁaodéad‘lq? djlqshr I ee to

S|nultaneously consi der ‘sevefal attri es o a derive rom-exp oratlon

and delineation or prRductdi@rRy ¢bbk! sBacYh |d5 EacH 6 drfe i ljg true
of uranium 25 ore bod|lesyand densef'y %I’I | e?jcm | fi elﬁezqﬁee?el% a

-22- . dense dag a net iipgaed WalkheabuaRblEetyarsoss WeI Bl Ofpe goFor
exanple, in a typlcal urani um ore body,
derive such as spontaneous ootentlal (SP) , natural
gamma (NG), single point resistance or'reslst1v1ty,-
density, etc. In recene7yeafs, it has been the
practice to record values .for eaeh'Variable or
10 attribute_on magnetic tapeS'for every six-inch
interval down hole. This provides an immense data
source for the exploration geclogist, and fuil
| interpretation iS'now'enabled.by'interactive colour
.analysis. Quantzfled colour output of downhole
15 values recorded for the various tools can reflect rock
type and degree of uran;um mlneralizatxon, as well as
formation fluid and oil saturation. o
Referring to FIG. 15, an idealized partial earth
section 190 is shown as it might undergo ﬁrenium _
20 delineation drilling. It is readily apparent,
however, that the method could_be'eqﬁally weli applied
to any form of well log data. The eafth section 190
includes a plurality of boreholes 192 formed in
surface 194 downward in para;lel alignment within

25 earth 196. BOrehole_insituments are then run down



e may be as many as several thousand drill holes on a fifty foot

i ng. Each of these holes is 5. ~ logged with downhol.e t'ool s of
--known type to derive such as spontaneous potential (SP), natural gamma .
G, dingle point resistance or resistivity, density, etc. . In recent

~years, it has been the practice to record values for each variable or 10
‘attribute on magnetic tapes for every sixsinch interval down hole. This -
provides an imrense data source for the eXploration geologist, and full -

i nterpretation i gaaWegnakedrRY1i AbELECLIYCaRE! OhE POR| ¥Side qat@iafyd fied
col our out put of ébmnhole 150+ values recorded for The various tools can

reflect rock typanangedgacesvel pdeanbyust g DT abédodé@Non ahadgved tidikape
formation fluid and oil "saturation. Referring to FIG 15, an_.idealized

partial earth seandodig@iizedsfiovniaputt toi theé compuger ut2nfam 20 :
delineation drilling. It is readily apparent, however, that the nethod
coul d be equal | y nasitlerdgation.t o dnyapoppeafofestrong waenium The earth
“section 190 includes a _plurality of boreholes 192 formed in surface 194
downwar d 3 n par ami®eraligafdan \thRi Aas8ral gapmathogddeas vaor dhiihe

: (r)\;t[trjgggt Za?;ef Eyrr]a‘irezersuréod%\ﬁg log_a%?.?:hr%aglb.. gixetghgmgy\lréiggé easre19.2- and the .

_ éaléulatéd}  Bach trace or log has a variable
_'starting depth depending on the elevation of the hole,
~ therefore, each iog of SP; NG,.reéistivity, density

10 ©  and &hateyer additional attributes, must be corrected
to some common highér.eleGation, e.g. dash line 198,
as éhosen_f:om the data-of the paiticular'siée;

In Sumhary, from the raw field data, the
following_parametets may be calculated.by processing
15 _ and correctéd.to'a common elevatién:
1) logarithm of natural gamma
'2) resistance
3). change of resistance with depth (AR/Ad)
4) density _
20 - - 5) spontaneous potential
Data traces for one or more of the above
attributes may then be rasterized and input Ebr
interactive colour processing and display as eitber a.
vertical c#qss-seétion'or,.if'three-dimensional_data

25 is available, as a horizontal cross-section



the respective paranmeters is recorded on magnetic tape and digitized forp
input to the conputer 12 for rasterization. In an area of strong uran{u
5, m neralization, the natural gamma | og has very high values so t
Iogarlthn1of t he ganma val ues are cal cul at ed. Each trace or log has a
vari abl e starting depth dependlng on the elevation of the hole, therefore,
each~l og of SP, NG resistivity, density 10 and what ever additi onal

at tydibutes, nust be corrected to some comon ﬁlgher el evation, e.g. dash

line 198, as chosen foQ@?%Eﬁngﬁkg gb Lhe P@%iﬁ‘%&{?aéﬁ £ q&g?y@m%kys el om

the raw field data, OW n armm ers my

processing 15 angdyveqr,r eCrRds 018 SOEPDHLES CVAd s arlé dé&%reat @Ot
natural gamma 2) resistance 3) ﬁange of resistance with depth [err] 4)

density 20 specificS)e_leeaembﬁne@usw@é et i da vl i sefver aQne
or nore of the above attributes may then be rasterized and input for-:

i nteractive colour priwasandgdandldhepesy asherizwnmtal verdtical can be
cross-section or, if three-dinensional data 25 is available, as a
hori zont al cross- secicomgtructed. showing the areal relationship of the -

40’

three chosen variables. _

.The colour attributed to each attribute trace
value may be determined from the maximﬁm and’ minimum
values of, for exsmple, the resistaﬁce log. A colour

10 level'ranging form 0-225 would be designated for each
amplitude_talue above the minimum value or "shale
line”. The shale line is defined as the ﬁidimum
value on any complete downhole resistance trace, and
selected ones of the attrzbute variables may be

15 - assigned colour levels as determlned by their
amplitudes. These colour levels are then combined
‘and displayed on the television monitor and image
processing-computer.

| FlG. 16 illustrates interactive colour response

20 from the gamma attribute for a series of twelve R
drilling holes, e.g. similar to that illustrated in
FIG. 15.  The gamma values were assigned pseude
eolours ranging from darkest blue through reds to pure
white.in accordance witﬁ increasing gamma intensity.

- 25 The vertical cross-section 200 represents a linear



v esponding to a certain elevation relative to sea level. | Thus, if
I bute traces are derived for a specific elevation relative to sea IeveI
several thousand drill holes, a horizontal section can be 5
gt ruct ed showi ng the areal relatlonshlp of the three chosen vari abl es.
The colour attributed to each attribute trace value may be determined from

t he maxi mrum and m ni rum val ues of, for ggnple t he resistance |og. A -
col our 10 ‘I'evel ranging f0rn10 225 ul d be de5|gnated for each \4?
anpl i tude val ue abo e Lhe nal hale line-
is defined as th?eﬁ1ﬁ?ﬂuﬂ$né?t o anyn%é%ﬁﬂ {Eg ﬁgrﬁéﬁﬁégiﬁge trace,-

and sel ect ed one§ogf ﬁge?ﬁg#iégg&e These céﬁﬁbr 04. ass ed col our

| evel s as det erm ned evel s are t hen

conbined and di ssbeuﬁéoeﬂatbe éﬁ‘é eaws@nsmarprz@wis BIGRAGRTIPGAEIR10
~conputer. FIG 16 illTustrates interactive col our response 20 romthe

gamma attribute Llaght megersapflitael yeesli206 nGaddledeldnpatsion bdr to t hat
illustrated in FIG 15. The .gamma val ues were assi gned pseudo col ours

rangi ng BSrom dar kbet ubhuéunhooelghoci!)dss tshoun easvs tyelilowadoamdddiona wit h

I ncreasi ng ganmma i nt ensi tl}; 2 Thfné’e,iél calwtg:rossz section 200
represents a |iné§# with hig er gamma ensity ite zones 210.

.Some.sllghtly darker magenta bands 212 indicate the
diPPing of the rocks within the section of survey.

- FIG. 17 illustraﬁés a combined resistance and

10 . gamma log section 214 for the same earth section.

" The gamma iog indicatioh was input on the red channel
of the TV monitor while the resistance data was input
on the blue and green chénnels of the monitor and then
interactively weighted to provide the optimum

15 ~ sectional pzcture. Agaln, the-dlp of the earth
section can be seen as moving from left to right as
indicated by the upper band 216 (light pink). The’
main'body_of the section shows up as dark pink areas
218, and the uranium oté body is clearly delineated in

20 white areas 220.

- The interactive analysis method is extremely
uséful to the-interpreter who has an abundance of
downhoie data recotded as logs. | Applications, of
coutse, can be found in any area of-geoséiédce wheré

25 drill hole data is available; however, some specific.



-25- section of data coordinated to a selected el evation 202 and displayéﬁ ¥/
al ong depth coordi nate 204. The background of the cross-section 202\s
predom nantly,light nagenta, i.e. areas 206, and a delineation of 5

the urani Um ore body is shown as a yellow formation 208 with hi gher ganm
intensity white zones 210. Sone slightly darker magenta bands. 212 indicate
the dipping of the rocks within the section gf survey. FIG 17 illustrates

a Geobi ned resistance and 10 gama | og section 214 for the sane earth

section. The gamm JCEbﬂfEﬂé%%?dg‘ﬂﬂa%rbﬂﬁﬁh @RpiBeatednChraNg: &1 1dwes TV

nonitor while the resistance data was input on the blue and green channels
of the nonitor and then interactiyvely cneilogtiedcbofit o¥t st HecOPIasUM 15
sectional picture. Again, the dip of the earth section can be seen.as .
moving fromleft to right as indi)catdatabgsshmitppdonband 216 (Ii-ght- pink):
The main body of the section shows up as dark pink areas 218, and the
uraniumore body is clearly del idieatmdeei seg0ence mapst ¢harbzen®2D. The
interactive apalysis nmethod is extrenely useful to the interpreter who has
an abundance ®f downhol e data. recor $8Ft48n8dgs. ~ Applications, of course,
can be found in any area of geosgience Qhere 2? . griIL.hoIe data is '
avail abl e; however, some speci{d'c OF€ density/mineralization maps

(horizontal sections),
e) interpretation of depositional
_ _ environments by using areal chenges in
10 L - _ARAAD,

ES determination of the'pQSition of "gamma
front" in érilling areas to assist |
delineation personnel in determining
future drill hole locations (horizontal

15 ' ) o and vertical sections), and
| g) calculation of uranium ore reeervesuby
correcting the input data from the
gamma log for dead time and k factor.
-In fact, interactive colour analysis may be o
20 utilized with dive:se.forms-of geophysical data, -the
primary requirement being that the data be capable of
being organized.into_a two-dimensional c00rdinatedl
disﬁlay suitable for grid presentation.
Interaétive'enalysis can be readily extended- '

25 - - into the geologic, geochemical, 0oil well logging



applications in uraniumexploration are as follows: a) . lithologic

r. cross-sections, b) data assimlation, c) mne sequence neps '

zontal 5 ' sectlons) d) ore _
density/ nineral i zati on maps (horlzontal sections), e) |nterpretation of
deposi tional environnents by using areal changes in 10

AR/'AD, f) determ nation of the position of "gamma front” in drilling areas
to assi st dellneatlon personnel in detér%ﬂrﬂng future drill hole Iocatlonai-
(horlzontal and verti sectians

cal cul ation of u?‘ﬁﬁ?ﬁﬁf%?@tf%geﬁ‘é% bif%ﬁ‘r ecCEa°ng SRR " mdq:?r? from the
gamma | og for deggfﬁbgg aggﬁg fg&é %mféfoli o% eddt r%ﬁtégyeo(f;ol our analysis

may be 20 i vers or s geophy .the prlnary

requi rement be'ngziﬁéka&bésdé&@l@eb&a§ﬁé%df5? f&%dﬁhdﬂéE%HJE%idtho a
t wo- di mensi onal coordinated display suitable for grid presentation.

I nteractive anal pgbsegsbn§echentel ywbet efeerh25ize datdyt quidrazgeol ogic,

geochen1ca| oil well | ogging '

: 5 content and labile constituents, respectively. Shale
could then be coded black, depth could be scaled aiong
one axis of the colour'print?_and'the colour displayed
across the whole print, or byfhaving'separated strips,
a cross-section built from information from correlated .-

10 well data could be displayed. Extendiné this
info:mation stili furthe#, a colour fence diagram of
lithofacies having direct application in exploration

- could be made. ' Also, contours and isometric |
pro:ectlons from mapp1ng programs and the like would

15 improve the precision of display. Other variables

| which may be advantageously displayed inciude: pore
"size, porosity, permeability, cement and fracture
‘density, and related factors. It should also be
notedothat'qualitafive estimates such as high, medium

20 and low porosity can be translated into ooiour :
intensities for use in individual interactive
prooessing channels, and new variables such as
g:ain/maﬁrix'ratio may'be'readily indicéted.

| ﬂ;n the field of organic gebchemistry; colouf

25 processing channels could be loaded with data



-27- interpretation, etc. areas. For exanple, in the geologic area,'&fiéyh
recognition of the display of |ithofacies could be aided by | oading ea “=n
cQl our pr.ocessing channel with grain-size data, quartz 5 content and

| abil e constituents, respectively. Shal e coul d then be coded bl ack, depth
coul d be scal ed al ong one axis of the colour print, and the col our .
di sptayed across the whole print, or by having separated strips, a
crdssssection built frominfornmation fromtoffeTated 10 wel | data _
coul d be displ ayed: .SExtending this %nfornation ﬁ%iH f4¥t£§?1 a,colour
fence diagram of |itHGP4ERESPAaPPRGERFr 2RI %HDI FRERTDENh WEFSAIE o coul d
be made: Al so, cont a i ri | kO r.Qu. INg prograns

and the |ike woul d 1%%H%§s ?ggrgggg%hégp$%g+§§%$lég%%ﬁéggég?giquLher

vari abl es which may Qe aduaBh2EBAYE! YaRld SRASY Cebd N Stk PY R TR
porosity, perneability, cenent and fracture density, and related factors.

I't should al so be notRganiiat mduakkt ayb¥p €5¢i NBESPIEINd s Woddy, BRa1dm 20
and | ow porosity can be translated into colour intensities for use in-

i ndi vi dual irdteracti\adspr beespengfibabbpl soloumd pracessadildngs empiloyad in
grain/matrix ratio may be readily indicated. In the field of organic

geocheni stry, col our éi5plays pimedsatnpethanneureoutachanomdsdasi th data

resetvoir pairs interpretatioﬁ.
In electrophysical well log analyéis, many of
the logging responses.could be advantageously
10 processed interactively through the colour channels,
i.e. resistivity, porosity and gamma ray response
being obvious choices as these would-aid in displaying
water saturation verSus depth plots, estimating oil in
place, showing capillary pressure and permeabilityx
15 Interactive colqur represeﬁtation_may well be useful
| in the clearer recognition of sand-body types from
logging responses, especially the gamma ray énd sonic
responses, and restivity and porosity mgasurements, aé
these have definite lithologic connotatiéns'and the
20 complex combination of responses could be ﬁo;é feadily
| interpreted using colour than by any method currently
availabie. Continuous dip meter iog information is
similarly complex and is greatly enﬁanced by
interactive’colbur analysis.

25 . The foregoing describes a novel method for



28- indicating percent organic carbon and hydrocarbon | evels and types
bdai ned from pyrolysis, -chromat ographi c, and nmass spectroneter devices.
nilc matter type, e.g. anorphous or woody, could 5 al.so be
-specifically col our. processed and enpl oyed i-n displays ained at better
source rock and source reservoir pairs interpretation. 1n electrophysical
well |og analysis, many of the |ogging responses could be advantageously .10.
processed interactively through the coTof? Thannels, i.e. resistivity, \o

-porosity and gama_ray response bei ng. pbvi ous. chai ces, as thes yl.d aid in
di spl ayi ng mater1§595¥§%?8 S%fgﬁg Eéhiﬁ?tﬁcﬁ%,r Tt RS i B g% I"ace,

. showi ng capillar r . an idity: s j ol our
represent ati on n%?gmgﬁﬁfggf%sg?gﬁﬁ?ﬁe%h%#%yg%%iramﬂﬁﬁﬁﬁﬁ:qéﬁ?ﬁg g%ndjbody
types froml oggi Bget§eBPNRES cERPEREAL1Y dAdpudrgriddng A rs¥tiet izagPoNses,
and restivity and porosity neasurenents, as these have definite |ithologic
connot ations. andihpat2@ata theoupheseTosbivatdsiowy niespdevleu: d be nore.
readily interpreted using colour than by any nmethod current|y available.
Conti nuods di p néhéenkbogyi wédghtingntherabyi tarbyimprgdat andest greatly

enhanced by o S : _
: interpretive presentation for the data collection.

The skilled operator is able to. interactively ahalyse'-
the pluralities of related data attributes by
- empirical process adjustment to provide definitive

10 ' display of particular properties in question.



interactive colouy anal ysis. 25 ' The LQLegQLng_desgLLbes_a
nmet hod for -29- interactive colour analysis-of related tﬁﬁ of da

The anal ysis techhique provides a method wher eby fu" u& qt&m"' |
ive

contlnually adj ust gridded or rasterized input da o
col our m x and col our 5 I ntensity wei ghting thereby to bring about a
best—qntefpretlve presentation for the data collection. The skilled
opergior is able to interactively analyse the®luralities of related data
attributes by enpirical process adj ustment to provide definitive 10°

di splay of particular properties in question. - 30 - CLAIMS 1. A

met hod for hydrocarbon indicator interpretatjon of seisnic sectlon trace
data utilizing 5 a programed di gi tal <&FMS er and i mage processor
conprising : proceSS|ng sai d seismc section trace data to produce.
rasterized plural replicas of said data which are each weighted in

accordance with a sel gcted o pornod for hydrocarbon indicator

interpretation'of seismic section trace data ﬁﬁiiizing |
) a programmed digital computer and image p:oéessor
comprising : '
processing said seismic séétion trace data to
produce rasterized plural replicaé of said data which
are each weighted in accordanée with a selected |
IIQ | different parametric a;tribhte.of said data, each
| replica being represented in a grid-of values witﬁ
respéctive attributes in grid units within a seiected
grid scale and colour level within a selected
inténsity range; and
15 storing the plural replicas of data; ‘whereby
said rasterized plural replicas bf seismic trace data
may be reproduced in overlay with each daté replica
interactively applied in a seIectedlcolour that is
-intensity varied in'éroportion'to the respective
20 parametric attribute.
2. A method as set forth in Claim 1, wherein said
selected colours are the three primary'coldurs.
3. A method as set forth in Claim 1 or 2, wherein

' said processing includes:



different paranetric attribute of said data, each replica being
entedTma gridof—values with respective attributes in grird units

W h a sel ' nd colour level within a selected jntensity .
range’ and 1$ﬂmﬂ"ﬂﬂlmmni"mrng the plural replicas of data; - whereby said
rasterized plurak .replscas of seismc trace data may be reproduced in -
overlay with each data replica interacgi%fly applied in a selected col our- .
that is intensity varied in proportion t0 the respective 20 par amet T
- attribute. 2. A et ho . set r L ned-al mil, . I £l ' lLect ed
colours are the three E??ﬁé?;ﬁgo};f&%réﬁéfg %Aﬁn%t%%@e‘a% g’ehtsea::‘eg'rntsﬁ'h?n Clarm
1 or 2, wherein $ahdePBaegSsknNPepPebbfesd in udifor®'PHuriiddre data for
each replica wherein the trace data is represented in uniformgrid units
di sposed rel ati vaikpoga@hrelLactvacto eadissovste Zero crbgeyvurd as set forth
in Caim3, wherein said 5 - processing further includes: varying '
colour intensity4ef thd meabeddasaset foftmcin oflaimtihe whearmist rdadd
attribute and designating such colour |evel for each grid unit of said
trace datia for e®SRCEEFRPgafurther includes:

varying coléur intenéity.of the iraqe data as a
function of.the parametric attribute and designating
such colour level for each grid unit of said trace
déta.for each replica,

iO 5. A method as set forth in Claim 4, wherein said
step of varjing includes: |
pre-selectihg a non-linear tréﬁsformation of
said tracé data colour 1eye1.
6. A method as set fdrth in Claim 4, wherein said
15 step of varfing includes: |

.ﬁre—sélecting input of a linear fransformation
of said trace data colour level.

7; A method for hydrocarbon indicator |
interprgtation'of_plural related seismic sections of

20 - 'three-dimenéional seisﬁic trace data utilizing a
programmed digital computer and an image processor,
comprising:

processing said seismic data to générate plural
attribute outputs of said data for a selécted_piane

25 through said three-dimensional seismic trace data;



10 5. A method as set forth in Caim4, MhEFEIﬁ_SHTd_STFKTTﬁ‘ Y
varyi ng includes: pre-selecting a-non-linear trans trac

data colour. level'. 6. A method as set forth in mnm""mmmilsal d 15
step of varying includes: pre-selecting input of a kinearttmansformation of
said trace data colour level. 7. A nmet hod for hydrocarbon |nd|cator
|nteLpretat|on of plural rel ated seisnic sgcgpops of 20- :
th&gg;dlﬁEhSlonal seismc trace data utilizing a programed digital .
conputer and an inmage pr 0C?§§QE:1§@H@re§éH%fpé@ﬁ&%hﬂﬂalsad&rsﬂu%@ c data
to generate plural attribute outputs of said data for a selected pl ane. 25
through said three-diompait8nab gehephtet s agei i, grid -ditpudit@riednngnheach

of said plural attribute outputs to generate a uniformgrid output wherein
the seisnic data for sedismiat ieritbuEeroedput atsr impresentpt ix represented of

pixel area within a selected grid 5 scal e and colour intensity within
a sel ected intensity asadgéunghdont ofi Rgxehi ar ez tvivuine yriel eakeduss idor
interactive reproduction in selected col our, over] wherein each attrihute

grld out put i% a sel Scadg and coliour Lntensvty within a selected intensity
range; and storing sald_attrlbute grid oqtputs_for
interactive reproduction in selected colour overlay
~ wherein each attribute grid output is a selected.
colour mix and weight of intensity.

10 8. A system for proeessing geophysical data of
fwo-cordinate character utilizihg a.programmed digital
.c0mputer and an image processor to enable enhancement
of ihterpretation, comprising:

means for storing'pIUral records of said

15 | geophysical data that are each indicative of a

selected pafamet:ic attribute of said data;

means for rasteriiing each of said stored -
records into a two-dimensional grid Wherein'individual
record indications are represented by a charaeteristic

20 number of grid units within a selected grid scale and
colour level within a selected iniensity raﬁge; -and

means for storing each of said_tﬁo-dimeﬁsional
grids; | |
whereby each of said rasterized records may be

23 interactively reproduced in a different colou:'and



m x and-weight of intensity. 10 8. A system for processing
/i cal -data of two-cordinate character utilizing a progranmed digit al
r and”jmu ml Hﬂ j]jm) to enabl e enhancenent of intérpretation,
A sing: o on lural records of said 15 geophysical
data that are each indicative of a selected paranetric attribute of said
data; neans for rasterizing each of said stored records into a
t wo- di nensi onal grid wherein individuat #&cord indications are representgdf
- by a characteristic 20Q. er of gridunjts within a selected grid
scal e and col our PH8¢&FR %PtﬁFﬁdauEéFeE?gHsFﬁ?Eh%?t@sr%uﬁﬁ? L FHSHFs for
'storing.each of said.t nal grids; whereby each of said rasterized
records may be ngerlaylﬁggfgg gé?? reproduced in a different colaur and -

-33- placed in grid unit registration as a pl ural col our overtay
reproducti on. :

]



