3 LMe3ed@a2 664 T+2W O 01127b57 8 May 2003 OBTAI NI NG AN | MAGE OF AN
UNDERGROUND FORMATION 5 10 15 20 25 30 The present invention relates to a
nmet hod of obtaining an i nage of an underground formati on around a borehol e
ext endi ng t hrough the underground formation. The i nage thdtMay AP%e

' tho. under or CUAP T Wt Hnt BPGane -t B BOPERSFE NG AR e i ©pr oduced

to provide detailed informati on of the underground formation while drilling
the borehole. This information allows planning the direction into which the
borehol e i s dfPfIBIESFhits RIS HSHANPUSE B W#eP? tO9Fs required that a

hori zont abpbor ghahezhhahape B G dddRddshkeiridt by §r6{ihﬁ formation
| ayer. USA patent “specification No. 5 300 929 relates to a nethod of

del i neat ibrerekol at exfandipst M@ ughs e amdier gratingnformael knowkheet hod
conpri ses; gk pg+an Lt 'Qrggl[ rc he. surface and
fixedly erréa %?%gg %’Igur 52_ ggﬁgggﬁ?%trdecel \Perfj%%ns :a f)éoeréh%? e that extends

t Brough thefkadtorébitacibuatdngot e denyirdiurer tdoiad i gmire tioegenerate

seism c ene and recording with th ree- conpqnent_receiver data in the
Tormof (HORSEOTEN EobRaEReNs BECHAE ST GFr ) StatBieh TG Re R ¢ he
conponentiss PrddecSei 661 reveasy dekte 1diete ahirdimaftliA W chhd he seismic
energy arrives at the_three-conponent receiver as a function of travel

tinme; (dunAegRowRdLpERatias peing Fsdddéadathendanahalacdhisthe ray
ext endi nq&wﬁmsx@eappws_§9§nhﬁﬁgceheeﬁa% NG AN JH i And (e)

sel ecting a new surface position for the omidirectional source, and
¥@peal i nponedyssl € b)s (dyilled. \Hipigl1ik. PE3TicglRmy Y2063 fTHe watowni tret hod i s

applied t ter.m . b |t .ang sedi nment
surroundil%’gqt%hqgh?a %‘?)grr%,gmuﬁg?%%ﬁgﬁhgeggfgﬁgﬁg itg%gsill%l %C?LI%T%O the salt
done. Bedauddede e necthonab sbincéocandtibe thiyee.s conponent receiver
are spaced apart at_either sjde or.the _boupd , e seism c energy passes
Chrough the Didertattiy Took s oRELon Noo BU3bY 928+ 2TaREs (5%

method of delineating an interface between a salt and a
15 sediment. The known method comprises
(a) arranging an omnidirectional source at the surface
and fixedly arranging a three-component receiver in a
borehole that extends through the salt;
(b) activating the omnidirectional source to generate
20 seismic energy and recording with the three-component
receiver data in the form of the components of the
seismic energy;
(c) determining from the components of the seismic energy
the directions from which the seismic energy arrives at
25 the three-component receiver as a function of travel
time;
(d) accepting a point as being located at the interface
if the ray extending through the point has the
corresponding travel time; and
30 (e) selecting a new surface position for the omni-

directional source, and repeating steps (b)-(d).
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It is ‘Woﬁplw% of the present invention to provide a nmethod for obtaining
an image of the underground 10 fornmation using an omidirectional source
and an threeconponent receiver that are both located in a borehol e

ext endi ng t hrough the underground formation, which allows 8May2603

refl ectors thdhe e neiehed| sxi 2Pehérdytentetedriya Hhaonpddid2zYi onal

SouT oo RIS e 48,005 L one! shiiel) sclote san be pradee ooun

t he boreho e met hod al ning an 11mag

under gr oumbmieor nete mrirarthmcbar doe kol & éxiéhdidndntclr digh gakt udokes gr ound
formati onaccor di rlqbto th.e.‘_.{)r esent a? isnventi on c%gpri es the steps of (a)
sel ecting 5 “RmSert 't %ﬁﬂﬁq R ¥ hn" BWht i PEE: FoFalt ce and a

t hisee- conpoREBharAC eiammsitdy t4ee hasebeti eapseteati B i durdieie ob= ufier gr ound
positions in the fornmation, and attributing a value of zero to the 25

under gr ouR@UPESTMrorFRe @D SBIYQRTI L UrPdPREAi EBEPRGRaItour ce and a

threeconpoRaRt oeeeid §orddh @ dl Fst position in the borehole; (c) activating
the omi directironal source to generate seisn c energy and recording with

the three-conptnént 230 obdesitvarf ddiea presdrt f onwentiphe toopponadnis of the
refl ect edmgghgm %O%n%lbgéiﬁélgg%%erﬁ%%%g?% r%tggﬁg?%g%&ent s of the

refl ected séism C €ner irec rom Whrc 5¥%ected seismc
eblrgy arfbymstabnt heingr @aer conpiahardctrined Vesoasc8baad anctiheesf two- way

travel tineg; WO 01/ Z7657 3 ,(e) selecti first underground position; 8
My 5003 PPIPRRFBEI ZEFRG vEia S FeHE YL T orabRaiPas BoRBRALRG 1 om t he
omi di r ecék 0881 HQULERolight e el BRI HEhPOS +h @1 8AY haskH @ 1tifkkes

t hr ee- conponent receiver and thg S two-way travel time of seismc energy
passi ng alB#glRBerrAYSCLEF Saddeft iHFf HaE ddt® $eisRECcERETONt ed arri val

directi Onexhﬁ@e@%gmthél B?ﬁﬁ@.@‘i%lectt&cﬁ{élarsréﬁ’?ée di &ﬁﬁk&% ggeobtained in

step (d) pertarning to reflected seismc 10 energy having the sanme two-way
t¥avel tipesithonaddi hhet hefdecspred adar da annehend uaranndi bimeed to t he
under gr ou}gg 49-931 ion; (h) selecting a next underground position and

repeati ng s'?eps f) and (g) until the last underground position; 15 and (i)
arrangi ng theTonmhilsr esdli bhal mebhede odndbite tineemonpmagat ofeaei ver in a

next position in th orehol.e, and repeating.the steps (b) through,(h)

it 1 "o ne TSRS e BRERFBAGh: RECHBPLRORS R Uk et eReLPAmgBIgRhe. 20
under gr owkk foid@d § PBuEENPOEREAJon aelcodididn) & dreppedppasender ground
positions. In the specificatiog and in the clainms the term two-way travel

t4%e’ is%ﬂﬁﬁﬁﬁkpﬁe?%mp¥65Fﬁet Fnétfpstg es for seisnic energy to go froma
source Viga g defiggt #rnb@Mparr 8€ep¥eitions for an omni-

directional source and a three-component receiver in the
becrehole, selecting a number of underground positions in
the formation, and attributing a value of zero to the

25 underground positions;
(b) arranging an omnidirectional source and a three-
component receiver in a first position in the borehole;
(c) activating the omnidirectional source to generate
seismic energy and recording with the three-component

30 receiver data in the form of the components of the
reflected seismic energy;
(d) determining from the components of the reflected
seismic energy the directions from which the reflected
seismic energy arrives at the three-component receiver as

35 a function of two-way travel time;



Tt w | kwipei/amster stood that in order to performthe calculations in step
(f), it isrequired to know the seistic velocities in the formation. These
seismc velocities can be obtained from previous seismc work 30 done in
relation tg .the formation,_ or éhe can_be abtai ned from cob MaydMds. In
addi ti on, ‘SniE ARt T n“%?SVPB&“P 5Pfat59 'on the seisnic

vel oci ti egf)The lduerdinn thél anpiwbe desecithes Ry waw0f exeapkends in
nore detail with reference to, the_acconpan in% Fi gure. WO 01| 27657 4 8
May 2003 EROPhe&s et EsteRohmnE heSPBHRER éﬁd & ansiwxgrwnd that is being

drilled i r i h ONg 3 n~bLhi ; ol eho 1lis
drilled be R IR (P e O%??E%Qsﬁéﬁgﬁdgg% SnfThdeadte b%/ﬁﬁegﬁg of a
drdl | 5 stronyaassartied Scimdieh sieishict ehrgoxsperHding dlonptahed. Near
the drill %it 3, the drill string assenbly 5 conprises an ommidirectional
source 9 afid’a downhol e t hr ee- conponent receiver 10. 10 During nor nal

oper ati on,(gh hecdepting ttd idatesedlf tohertblctibetbar eheligal, and in order to
obtain the. inmage, drilli is interrupted, and the omidirectional source 9
s act i vaBsdSCECONTE SRR AL EY BY5FhetBrAPdAFEaNRdn Sl BRRIRN o
spreads oyt bBtaihR@ fief MEdON (D, é@:@é‘ﬂniﬁ? ¥BVeelnQrte Pedaifing to the
reflected seismc energy at different nonents in tine are schenmatically
shBwn by eRergishayipignddelsamgsinprwhuttanayvet| témer 2884 adskigeent in the

under r oupfle! QEEBLERR Gactieeh ifd | AL %ﬁtffﬁh@gﬁstbh%aéo sei smic energy.

The wave fronts pertaining to the r ect sersmc ener at different
nonent s i andéngranedsplesdstiossl | y shown by the dashed |ines 20. Line 22

repr esent ray _extending fromthe omidirectional source 9 taq the
ol octor (b SRHeBEERS: & Pra't Mt b vt CFeReR0dr £EBSRIaXat o
recei ved $yepbe (Ehr eadcqaponenti Ir etss Viers d Oundet gdesntihpogarpement s of the

rﬁilected sgisnic energy intine. fromthis data the directions from which
t sei sn?Cenergy arrives can be deternmined as a function of 30 the

two-vay t[ayedriiARinhexhedolniBar «ft IBHIEr HWaEe POSH LABStBBee3l and 32
are selected in the formation, and a first one is chosen, |et us assune
that it |GOTREREHELABCPISE FHn B3GR NRA - ke TR Ehfcbosrbeileies in the
undergro foLoBii PRe LHE 3%ed5 (w3l HE&RIH o of gy o€ ding from

t he VI'O 01 G5795g8 May 28 5 é%ﬁidirégﬁ%onQ?Ps%%ggé M?o{%ﬁg refl ector
at positiprsBoiemdaban tbet herehode donpirtanin ridoei imageOoifstbel cul ated as

L 25, el diya  ERYRL CLbA® RhpdYsYNF LIP3 0MELB08 bR "
underground positions.

In the specification and in the claims the term
‘two-way travel time’ is used to refer to the time it
takes for seismic energy to go from a source via a

25 reflector to a receiver.

It will be understood that in order to perform the
calculations in step (£}, it is required to know the
seismic velocities in the formation. These seismic
velocities can be obtained from previous seismic work

30 done in relation to the formation, or they can be
obtained from core samples. In addition, sonic
measurements can provide information on the seismic
velocities.

The invention will now be described by way of example

35 in more detail with reference to the accompanying Figure.



51line 35 The data is accepted if the calculated arrival direction is
subst antd %’%7957equal to an arrival digection that has the sanme two-way
travel tinme. In this exanple, this is clearly not the case for underground
position 30, 10 so that the data is not accepted. Then a n&¥ayg@@8ground
position 31 isnséhecttadiumexts t$eownrthal ldveecenan odf a feoreatyolxt®endi ng
fromthe Ldi.recti.qnal o tot eflector .at_pasitio and back
to the th?gg?céﬁp%ﬁé%}% rdezcszie)ili/éé(rs 1 ?g Qﬁ?%ﬁpgfbé]a’dl%o&gp‘ﬁv%ﬁ“ £ tHe t wo- way
travel tigkief eserpiliec rermyrgasks Ny Abodgilhedr &y. mErs @y £oi nci des
with line 22, .Ip.this case the calculated arrival direction is , |,
subst anti SFEY el 3 GUTHENASS Vot e GEeT SROGE PemEBR Al dh %idhh ¢ he
regl ect or s48; ngnd stsR&nay 4,hakn26h c@knri desr whphakisBgd’, has 4 he same
two-way travel "tine. Thus the data is accepted and the accepted data are
added to ¥peabv@fue attributed to the underground position 31. This adding
is also refer t S Jp:grati.qn.y T t he. { i underqr. sition 32 is
sel ected. 25 Qﬁgrch%upg?gﬂ'g?ﬁ?&%lhgg?é%f%%% %Ergﬁg %%fgggﬁgﬁ ing fromthe
omi di r ectoropal sesusne otintial itter triefl Ect ovuBte pBSkhdoa Fdwahdllack to the
three-conponent receiver 10 shown as,dashed line 37 is not substantially
equal to Car FPURPREPFe ASET V6t the refl ection fromthe 30 reflector 18.
Thws the dat apwsingt naemapt e rdavidry tireateek 1 hepihrgeiundeear ewnd
positions 30, 31 and 32, an iimage of the underground formation 2 is

obt ai ned, 3%t EhEPRaBErEBRBE des 229 i QHIRT EPr PBERLE LHeuRBBESr ound

posi tion 3d; ang, OiEefLJ'J%EEQ'tht%Tdt Ml athd Gmyi 4DHeEPE8HAE BABLELORS 30 and
32. WO Ul' 27657 6 8 May 2003 Drilling is resuned, and after some
di st ance It deeviated} | E416Ra Cale®Rs Gl f3Hi terd ppycelier emng-r epeat ed, and so

on. In tmiira%@%ie&g%?cggﬁgEg i9”§§‘}e%fds|[ %%t“@%@rwgdférﬁgé%y gn near the

drill bit al ne in particul ar whien nofé than ree uhder ground
Adsi t i onsrat erseleztredf fonteapk rpedintiingn tal arhe thef boceadl eeibmicase there
are nore reflectorsdtﬁggwt:hg refle%tor. 18 .shown_in_the Fj;gur?l_ rays from
these 10 FEHECIRDF sSCHhOTIERGWAP™RAES B 8 R aiCaFTrer EAt ¥onent s in
tinme. Detsgiowmivig txoniibregonpaeentis.of the reflected seismc energy the
directions from which the reflfcted s§isnic energy arrives at the

t hr ee- conpond@ RS YT eFRREF asTE5L§FGRctBor SoPRSRE My R rBR@1 tine is known,

it can f e aled bec #aeivht b, t eeArhques 1Kt dNems | Pethecpstigbe
" Conpari son of signal processing techniques for estimating the effects of
gRi sot r oFPSBY CC MRBEY h BRE B2¥eakpioRt SCRSEHEInIANg Fresheeti ng, 39, 1991,

20 pages y3F4e38%d seismic energy at different moments in time are
schematically shown by the dashed lines 20. Line 22
represents a ray extending from the omnidirectional
source 9 to the reflector 18 and back to the three-

25 component receiver 10.

The data received by the three-component receiver 10
includes the components of the reflected seismic energy
in time. From this data the directions from which the
seismic energy arrives can be determined as a function of

30 the two-way travel time.

Next a number of underground positions 30, 31 and 32
are selected in the formation, and a first one is chosen,
let us assume that it is underground position 30. Knowing
the seismic velocities in the underground formaticn, the

35 arrival direction of the ray extending from the



The data is accepted if the calculated arrival direction is substantially
equal tdVAAVEIET val direction that hag the same two-way travel time. To do
so, suitably, the difference between the calculated arrival 25 direction
and the arrival direction pertaining to reflected seismc &Mag20R3vi ng the
same two- wanntiddwedcttiioreel ssoletee nd ned. thhemedlweitght Ftagiayitisonled®@r m ned

using a predeterm ned function of this difference. The data are multiplied
with the mepéhﬁa% tﬂ}ﬁd‘%%%%"%%ﬁ? d*85€4 V&Te r}psed:ac}ri:ut]f?e“ea

under groundspeeitli @ tHe wwed-ghdy ftretedntisel oF examplie ada4angul ar

wi ndow function. The w ndaow function or box function is a function of the
di f f er enceP28§éRGt RACGhERG v fUNES | BRY edBaFiorni Pt Wasdiesbl ut e val ue of
thegdi fferenge kg | ess 35 than a predeternm ned value and that it equals 0
every WO 01127657 7 8 May 2003 where el se. Consequently for a | arge

di fference theThei gataf dct @cdeptEdhrid ttke wet jhnddtddt arrsvalso that no

data are ed. .and.for relatively s ifference the weight. factor is
1 so that n&g ea‘&%anaﬁé u%pset .n%Knanl%I?%rﬂn%tE‘\"/eaﬁeﬁﬁﬁﬁvﬁgngﬁrg%tiléma cosi ne
squared. Sthagbhy¥s the datm tthai-wsy nappesl onikbe UAdehadsOwREmMPAR,tion is

t he magni tude of the reflected‘_é‘}e% smc energy, which is the sum of the
conponent stBiSthé FépREdVedOdei CatferifF orneREIEquARePPESLIEN Bfe sum 10

of14 he squagsesnot the earRonantytofaddpted! ected seismc energy. The
magni tude of the reflected seismc energy is then determined with the

m gration techhPgliea Ppkér Hadergrpuncheasitieen i 91t yscanlpetedt eNarted from
the data by, gomparygg ah!gee%'o%ctoefd.t%% P SRELOYs AL o dn LAE em Ll ed

seism c energy and making a correction for geonefrical spreading.
Al t hough igmisdpogstbbraiosappiog théonitdraatiehleethni guepbsitany Pdsition

of the omi dir.ectiopal u relativ the three- onent receiver, it
i's prefen%ﬂﬁ:RF?%a?gtﬁggoﬁﬁgfgiﬁgﬁﬁéaéﬁ%sékﬁ%%y%ﬁdfgﬂgstﬁ?%@ggggs nent
rdcei ver are walhcislethe trothayspeaivieilcatinen afidséhsimbe e€hergy the word
“coincident' is used as follows. Eﬁggde\/i ces are, said to be coipcident when

they are #2%3R2 #+°PRACK 6t RBY -a FESh TR F15 2t bR el 17 @R ch case

25 they cam e consd sler edeasadpalbeedcalrGihalll ok PUEPOSESis | N that case the
reflectivity can be cal cul ated using a zero-offset mgration algorithm In

order to dURSHRALSH Ihee@RIVEP &hCsREFE ViRdy €Bl (et SORMRESHPE r om t he

arrival of JAsiar; GOMPFSRSLRE ¥RYES-308r( QP MY aHe A FEASH , such as a
hydr ophone or an accel eroneter can be included in the t'hree-conponent

r 8fei ver . CRiaqidiaeotidh skivni é2ehapgfheanase Faimetr )t CBANTAcEH - known
oo o NS R ot e soeb BBl L0 Y WP c A a1
to the value attributed to the underground position 31.
This adding is also referred to as migration.
Then the third underground position 32 is selected.
25 The calculated arrival direction of the ray extending
from the omnidirectional source 9 to the reflector at
position 32 and back to the three-component receiver 10
shown as dashed line 37 is not substantially equal to the
arrival direction of the reflection from the
30 reflector 18. Thus the data is not accepted.
Having treated the three underground positions 30; 31
and 32, an image of the underground formation 2 is
obtained, which image comprises a reflector attributed to
underground position 31 and no reflectors attributed to

35 underground positions 30 and 32.



directjpons fromwhich the reflected seismc energy arrives at the
three-kgﬁéﬁﬁéﬁ{]receiver as a functign of two-way travel tine are
determned in-situ, and the results are transferred to surface where the
anal ysis 5 takes place. Instead of using an ommidirectional8 Maya2Qi3e
source, the dPFELIBING iiSsalers i@t beand i B8 asenar déstantd hahabecdse t he
seism c epet IS +the ' e:ggﬂﬁr | Ll LiLng. The p e

i nventi onagﬁgéie eéctné: sal% Frgpvl%e met ’o?%%r&%%%gﬁ%{enkgga%eip#gagte&f'r ogr;ﬁggn%

under grouod.formation in the nei ghbourhood of a borehole that is being
drill ed. V\D,Ol% (657 9 8 May 2003 CL Al MS 1. A nethod of obtaining an
i mge of an unBe éﬁ&uﬁ@yfSﬂntihf%ﬁ§nﬁmF%9b%reﬁ%?eug%ﬁﬁﬁﬁQRPqhrough the -

ungler gr oupgrimet iBhi eRa Whheh grtiod congsn ses bheashers an 5 (a) selecting
a nunber of positions for an omidirectional source and a three-conponent
recei ver PRTtheLbarembies, megitedtialy & HimberdoF Juadedg POFE RsT t3 s in

the forrra;w@cz%?df@trt BByl i3 13 A Ul K 260 $9rEf81uNder ground

positions; 10 arrangi ng-an omni directional source and a threeconponent
receiver in altiegsepbbereonrienmire bwiEletegorg chhawt thati ng t he

omi di rectlpn urge ener isn.c energy.and recaording with the
three-con%%ﬁ“é%%tggcg:évgbgggt 5%i %‘H}%hg%f%'{rgrﬁ’ofr?% Eﬁﬂxﬁoﬁgﬁtsf of the 15
ref | ect edrsel sotorenengy; showndeterlli Meng- deaivwddiea godpdderteshtof t he

reflected seism c,ener.%\ﬁ/ the directions fromwhich the reflected seismc
ener gy arfeUeRtatiBh& Rr ee- conponent receiver as a function of two-way

travel time; @&é@@iﬁ@hgc&ag anbl compoHerty Amd postbkeBcteld cal cul ating
the arrival direction of a ray extending fromthe omidirectional source to

, / g !
t he under$fto¥Rc peRPEFYntARdIBACK LEShe Bk ethiDnpbhentefdesitggt and t he

two-way tdeavghidi ér;ees?t;gssk.%m@sea%r PhPAFSidG- Ah L he 28cka¥%ed Ps
accepting the data if "the calculated arrival direction is substantially
ddual to arfuneiian dfrbeervaYasrenedi fdame nistkapynl) pércabnifeg to

or oL ST AL JEHATACHHR SRS R Nd TBYeLYL MR a0, a0t o 20
V~' O Ol' 27Gspafison of signal processing techniques for

estimating the effects of anisotropy’ by C Macbeth and

S Crampin, Geophysical Prospecting, 39, 1991,
20 pages 357-385.

The data is accepted if the calculated arrival
direction is substantially equal to an arrival direction
that has the same twe-way travel time. To do so,
suitably, the difference between the calculated arrival

25 direction and the arrival direction pertaining to
reflected seismic energy having the same two-way travel
time is determined. Then a weight factor is determined
using a predetermined function of this difference. The
data are multiplied with the weight factor, and the

30 weighted data are mapped on the underground position. The
weight function is for example a rectangular window
function. The window function or box function is &
function of the difference, such that the window function
equals 1 if the absolute value of the difference is less

35 than a predetermined value and that it equals 0 every-



8 May 20%6;}:)76 | ecting a next underground position and repeating steps
(f) and (g) until the | ast underground;position; and (i) arranging the

omi directional source and the threes conponent receiver in a next position
in the borehgle, and repeating the_steps (b) through (h) unt8 May290B8ast
posi tion al SHFXHeEHOF ehbPRSEGUSP LAY N LPHe ai Aaggeofd itfife tmses grlpaind
formati on covgdrdrsd nNe: @ set 1 9f pd ped. der.ground positions. 10 2.
The met hod accgr ding to c|éi9m01,§hahg§§i ﬁgéggﬁg g)Jag:cﬂ“rplr? scgss%le’i}éﬁ*‘i‘ﬁ%‘?ng t he
di ff erence Bétiedtq Heerpedul avddfarravaklditeelyormand ther g Fdyal

direction a b ,g;q,dc i ).pertaining to reflected seismc energy
havi ng the és'g(r%etw?' _myf%€%€.£|£§i %m?onﬁ‘#pg??naafé B dm@arped t Rra wei ght
fact8r whi chliterasgriadetvesignedtineesboni of at 8bs ; dif fs%f}fefa and mappi ng

t he wei ght ed daﬁ%a.gq ELPe ut_&gqe;?round position. 3. The thod according to
claiml or 2, wRBr&ERR e s hat steprarpye dsonhehsumnak rgh@und
conponent s pbstbeor0 ilsefdret; I SHA y. orded in.step (c). 4. The
net hod acco?di ng to any one nﬁbrfjﬁ&e%gl %%Bnﬁigféﬁggfgﬁﬁ eS8 directi onal
source and $Rer¥Hr e¥BéFbodénttheciverf artee covmmddents bf Fhe nmet hod

accordi ng tp: ANY-pB8 Qkithe Ll - 5 wherein. the three-conponent
recei ver further Includes acpreese[s}%lyéo?eréoer.square root of the sum

.BAl 10 A32. _Aarpfv.m@A.sg\ﬁE.rAg.TAff) the. A@n@oln;aﬂﬂi@b]f t]he]refleftef sfisTic] |
CGUV} xsni c a] cTal cal.cal cal ca] ca].ca] ca] ca] ca] ca] ca] caJ ca] ca] ca] ca
] ca] ca] ca] gegﬁ::g aﬁ:%%c%%gﬁ%‘%g Ca %a%@&! Wﬁfﬂe@ﬁpﬁﬁ $ehSmic energy is

7@ & } xsni dhrcadd tetmahed] eatbakea) faheakeahc alsd] g&] ca] ca] ca] ca] ca] ca]
calca]ca]c a ca%_ca%c %ca%ca] cal.ca] cal'/ 1HQR, 50P01 snid_Z]]ca]ca]ca]calc
a] ca] ca] ca%%ﬂ] = %‘? a] tAF cAPEAPERL vALYaFes] & o e ed] £admal cal cal ¢

tGKIE i : arma :

a] Ca]$i(:0a/}s11(;;0t xsni d arZT}I:]:%ac]:%r; ?:ﬁgg] tél;(]ecg]egé gg]ega]sceaj]séna %aﬁ%edﬁ%]vﬁ’at]}ba] caj ca]
caﬁ a] ca] cé%‘@a]%&i%%a’-’j%hﬁ‘&h‘f caPerf¥aind] vaknd@p@83% R AR(ELA((()) ++++

[111223"3$3h3t Méqm‘l\(]% 2k l§%ca] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca
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to each other as is technically feasible, in which case

25 they can be considered as one for calculation purposes.
In that case the reflectivity can be calculated using a
zero~-offset migration algorithm.

In order to distinguish the arrival of shear waves
(or s waves) from the arrival of faster compression waves

30 (or p waves), a sensor, such as a hydrophone or an
accelerometer can be included in the three-component
receiver.

The reflected seismic energy can be passed to surface
by known means of transferring data, so that the analysis

35 part oI the method is done at surface. Alternatively, the
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10 The present invention provides a simple method for
. obtaining an image from an underground formation in the

neighbourhood of a becrehole that is being drilled.
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formation around a borehole extending through the
underground formation, which method comprises the steps
of ‘

5 (a) selecting a number of positions for an omni-
directional source and a three-component receiver in the
borehole, selecting a number of underground positions in
the formation, and attributing a value of zero to the
underground positions; '

10 (b) arranging an omnidirectional source and a three-
component receiver in a first position in the borehole;
{(c) activating the omnidirectional source to generate
seismic energy and recording with the three-component
receiver data in the form of the components of the

15 reflected seismic energy:;
(d) determining from the components of the reflected
seismic enexrgy the directions from which the reflected
seismic energy arrives at the three-component receiver as
a function of two-way travel time;

20 (e) selecting a first underground position;
{(f) calculating the arrival direction of a ray extending
from the omnidirectional source to the underground
position and back to the three-component receiver and the
two-way travel time of seismic energy passing along the

25 ray;
(g) accepting the data if the calculated arrival
direction is substantially equal to an arrival direction
as obtained in step (d) pertaining to reflected seismic
energy having the same two-way travel time, and adding

30 the accepted data to the value attributed to the

underground position;
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and repeating the steps (b) throuch (h) until the last
position along the borehole to obtain the image of the
underground formation comprising a set of data mapped on
underground positions.

10 2. The method according to claim 1, wherein step (g)
comprises determining the difference between the
calculated arrival direction and the arrival direction as
obtained in step (c) pertaining to reflectéd seismic
energy having the same two-way travel time, multiplying

15 the data with a weight factor which is a predetermined
function of this difference, and mapping the weighted
data on the underground position.

3. The method according to claim 1 or 2, wherein the
data used in step (g) is the sum of the components of the

20 reflected seismic energy recorded in step (c).

4. The method according to any one of the claims 1-3,
wherein the omnidirectional source and the three-
component receiver are coincident.

5. The method according to any one of the claims 1-4,

25 wherein the three-component receiver further includes a

pressure sensor.



