f18EHe
" velo tflélé‘ftgf‘ 'ngf“ﬁ‘ﬁc MMV ob- 55 granted /’/*
" whitcti (73 dndex afp ?tﬁ’iﬁﬁrerl c vaI ues of velocity at eaflg

.
Ry

PATENT SPECI FI CATI ON (11) 1361865 (21) Application No. 46269/71 (22)
Filed 5 Cct. 1971 (19) (44) Complete

Speci fication published 31 July 1974 (51) International Cassification QL1V
1/28 (52) Index at acceptance H4D GP G3R AA5 G/P (72) Inventor WLLI AM
HAROLD RUEHLE (54) MEAN LI NEAR ESTI MATI ON OF VELOCI TY (71) W, MOBILE OL
CORPORA- paper presented at a synposium sponsored by TIONI{h corporation
organi zed under the the Pacific Coast Section of the Society of 50 |aws

of the State of New York, United Exploration GeophysjicCists 0s
ngeles. o atPsAEFENTrl SPECIE-IE OB S 63 86 BBSNovener
15, 1 6 hi W k 10017, Unlted States describes
cur v ?%%R mft FQWISU %& ITJIF% tﬁ;ﬁiﬁg ¢9Lner| ca, do(19) @aglare the

i nve pray that a pg \;\\ One

per f ned tI'BmoeG described tion for eg ["';, S0 AR Ifsm c
trac®e. Bofveyer ¥, LIM‘ ﬁﬁ&ob RUEHEE)| | owi ng st at enenp\&@ ©Yafml e, our
Speci-ﬁl catlon 1, 304, 248 describes This invention reI & 4

determ nation a technique in which sets of traces, EBORLT el oci ty

from seismc traces and nore referred to as common dept poi nt or com
60 particularly t@E4+aMEANNEINEAR ESTIMAUONNORIVEROCIDN surface point traces,

are processed to | nterval vel ocity from se| srm rams obt a| n nuneric
repres 90 ORfs™ pap ?1

P | a chrpor 1To oF; amzeao r1 % ocle d h
gener al, %&: %3 tfe Uni dg xsloggtn ysx%’i&p IIos ere t e most
i mpor t aﬂﬁtespﬁrmiaebf 150 Ea@tattzn@rsuteﬂer@hﬁﬁﬁ Noopber LSYEIOEEC mppa@&ent a- seismc

expl &r aiqwoﬁork THew Herk elﬂﬁWnHtuFeé rtaés tdqenbes icams fitifig veelinispist for oliviieh are

post | QST ol (A I e TR AP st sk o spl 0. Pl ot
havi ng g%tea fioh lh Othing rEhhtbvaluss Ea’ea bei’adﬂrenec-sel smi ¢
Vel oci ttb &8 perﬁamiﬁda{o i mitiailaty debctibeg &mhlfﬂGea se® Y0P sﬂsixﬁct I:rﬁl:las For efr om

Subsir fimerd bypthe fofh @g:’wsememc—H Di, x, amplsd oura%mlﬁsp@p :Eioé,%&a nt| ng

. t .
sei smo %ﬁ TR0 dafeaosap st d T, @ rePt!y
rel at eGhafridul pk) qul deterrmm mon surface pomt traces, are processed to posi tions
of t he imermmad rvelacity é:pmesstsmdgams ons o obfdin\Wudaric reprefeinetiops biovelagityt gt t he RMS val ue

vel oB t Eﬁe lerem;effsm#sm fsaﬁfé“?lb'fleeggteﬂ&g;} rél riigureo f qiethecapp as a function
of timgg 1on Th dg%ﬁﬁ% CiAh h#"‘?@gsﬁ n%?ﬁi yCigsy 25 mi ned
from t heousri ﬁlmgr@aﬁm foCseisiAd- erproi\ haviv@l Sosd1§a GEpR@ERL Qorki-0 | Nt er val

vel ocit st hedecnbei mzl“tSysnms Ghonifiest edntilr disnrch glofVB Noel o céxplygrations pr oduced a
nunb& ? &P oS °F‘Hnaf‘1;§ aﬁ““i‘ﬁa STIEHPERE time or RVS

curves j h&'ﬁ“’do ﬁ’mte néc%a§sar !E: v”° o v Y deﬁylsseofsumcesm ve

val ues oWhemtnertM:abnortarnuhet Wbmemebh@r&pxdt&helsﬁbsdﬁee fefldotirg liyerspr o- vel ocity

to oscmflvalp@thvetaAéeFﬂOexéetm ‘Q%e eter-hi gH ea@us@cgledmtlmnt/gvljfllﬁebb\?lwv curves which
CS 18 conve 0 In [€

can ve ocxty xs ?@ :T:ﬁsﬁﬁ%/lt% ?’ 1S produced a number ogﬁnteﬁ l'typcun[. yu with each

ot her f o ﬂMﬁJf tim lamv‘g RRiEHOIS ot nbe g6l @ad 013 of

VWi | e twebéiuyl qu@swmhe aducs he ﬁxtarvdgcﬂnngy betweeerd viema freis vlesiramn toypro-o dept h which

i s the Yled@ge a!fClllafas’EfWEfP exqsedingly tighi ;gcwmte@e o F?a e 80 of
oo R Mo glacid VST R e R BECRAT e 10 ot a
| ocat i QRé&age aabtith S depGhich is thCinG@aAr ChefllGh oPlaiiiag YEIGitE haage;splmwb #ssigned to
a comox ideayd kelqoiny. verggetvelodity Zbdepthn taesinigls ose pmaps horlzontal locatlons each

tr acgirs1 is }“Fd “s‘h‘bl%‘%fF}f £9p PSS C'rameéf"ﬂowaseee T)ig% k) tbe,@%l ty curves by
convent T §HSEE 8 m%g%ﬂepﬁﬁcda%mnalsqﬂsm’s dopat gbiky 38! e@b ¥ vERLBods equires

t he hangettodd ieJ;Ln‘l@ had ritidg of Curvey &l Uvakiess fof otht zdntar pabindsal posi#i ons. 85
dat a p(ﬂam@mtﬂ:#’m these e dldpes @fl 01['1 @l}Fl\Pélsct of ﬂ!‘i m,v«ﬁm %’%ﬁ%t of this

1
i nvept i BT LD 3@192% Rt T‘ié‘éﬁ“@éq% ﬁfl & Pl ‘f“‘éz;u i nterval
vel o uar@wt Jelag) ﬂzGﬁLl Hot-té-Fe el & ﬁm@é? Qped ciofis \a& yhddl Yy thd an x2-t2
pl ot , tth!&e <se¢f£s 1) aissplotied Magaidst tthee m@ssln teyrryolg obedie mngqlmare ¥ the

hor i zonﬁlﬂmlfe Ct¥° @}ev@é? e glope chi e cYimets 4 formed by the
(anc, raadu] %z%:gm,zq 7 §3§a e L P ot
the inmveph! @ﬁhredWexa e SREANE “The tiﬂanrliaéal- eﬂﬁmemﬂtelpmle(n[xewoidd t he sl ope

| i near Testireiat Signiffanceedf ObitimptiaiVelot i ofehazing sugiewive values g ?@g $he average
vel oci t§ PeeEmisgtiopy’odehy gepﬁaésga"bfa o?‘He?sé‘Hatﬂﬁf‘E“bo‘?‘?‘Ff Y4 ﬁ?f{Jar ed and the
I Nt er cefrricgdpds four tinmes the By conputing interval velocity from these
dept h squared. For exanple, refer to "The nean linear estimates, the
problemis avoided Interpretive Significance of Automatic Vel o- of having
successi ve values of interval velo- 95 city Determ nations", John F.
Bradshaw, a city oscillate between exceedingly high and 2

1, 361, 865 2 | ow val ues because

S - o, o N 1 N Y . e

:rn.n




met hod of seism c exploration, wherein sets Fi gures 1A and 1B toget her
form a flowb5 of seismc traces are derived which repre- chart
depicting the performance of the in- sent the reflections of seismc energy
as a vention on a general purpose digital com function of record tine, a
respective set for puter; 70 each
of a plurality of locations on a |line of Fig. 2 shows a plot ,of series
of data points, exploration, and wherein automatic conput-  one series for

each set of cofnon depth 10 ng appar at uéﬁﬁb’“ﬁsed t o_det erm ne the

interval point N BChRRes 81 }Mﬂcg}togse}n cfepr %di bg an&/%l Y1lﬁ)15tra¥10n with

subsurface | ayer Smart@ tiRelo QQ‘IS eloBlfyS are nym% drawmgs, in 65

representations co rdiigny. the dyitiyn g previdesd gw!ath —det ect [ on vel ocity
on the plot; cthod of seiamic exploratmn:wh Pe set | s éér @dtera gaghet @f?e'ft ot
Cort oot fons' % f Spnkcayen ik Yl Hye f Bt SRS T
said traces, conﬁu&ﬂoﬁ]gf rebd?@ ti egsp s&Ofat | pugér an thing opera- #%b

RVS vel ocity of eadh ofr @ plusityi dnqcawom agmt e (HigpAshowea uof@chevaﬂ daespoinfs, RVS
vel oci ty and agsoBPe, b e dersporepEIc FLEY €Y irReon Ry
record times as Sej %Sofot ﬁ!ﬁ@& x\é Cthe él@éh&ﬁ 5 ns qu " éﬁ r%r’zmenc represcntatlons

80 data points, acohPEMHRCt lapyiserd %gnilordet&fﬁ &fedelocity d%rtge plot; shows ™ | | ne 75
segnents for a nuftsefionofe s3idi magisctotdeaenslectiony mi Adg- t3his arelan similaretar Fig.o? nwéde s

of traces fitted FREHREEN gﬁ%chﬁggﬁjg{,‘%mqg‘fg Rt i fiHff 28" SPURKE ) BTSRRI e
from in di ffer CEERuBELALRS of TS hESILD hndSelod). COTFHE QUhbwClind Al sheRO kldSwo Rd
Fig. 6 shows vel omed yecord ﬁma‘suacienenof afnseamnq:)upamgxf idixk @@l vel ocity from 80

sai d mean recor dd%q4 Rt rad repRgetive é‘H %qu ‘ggﬁws Fig ér%’rs hggesmeweérr a number

. of seismic traces, forming t € sets be oi
estinates. 20 cstxm tes of MS velogl.ty and t1 (13):9 E Féé WER it Bt

velocity, In the Rr&! & ¢ TR tpo eaﬁct ep Gy hada NBaied ionear
esti mate of vel o- co&ﬁutmgonmvﬂgvelnhe fmanaldl |nne;arre%;v;dt |tlmrat aeé nmmﬂarlvs e@ws mlcerntay 85
and fitting strai bt $sim gnents to, ity, mqap cfincay ocity,
i nterpol ation &g ggil @tg?emgrefeire% n%iéégéné ?:ccm f%l O%]n thed eag 6{ gﬁlr E%tl e ? velo-
snmoot hl y sanpl ed fitikigy efaight lifed shiginénBnal a pav1bs gﬁg rvawong th a{cq:plefm{nefor $btain
bet ween consecut i yecityatsaa f? iop hétlrﬂr,r?echoﬁem @?Oafﬁllmnmp %orumes atpfddigionghpants 90

. my betwe d

Serl eS V\her e m IEZ La é??g% SCI'ICS,W ogﬁui‘: aE ﬁ rr g ; m 19' r})hﬁe xro-
30 denoting aspo ddbtink 1 JoRAE InS@E bedis; s@era@rgacr.d esst 3!ude§ Qs

comon dept h poi n»tuncurof/elSra@flt asds aoerite Setrgali NEOR) m@mnm enrfa:alpemt acar

common surface pOL entfrls 0r:h sg)écsresqt:?w s;‘gﬂh; th’@- aatron C%ﬁgetcv »
straight From eagf SBtr o FFacasritie & as b SAFEChEH  dh ! Liaé oRHg °§Et

for each set; ssrmasnrg at nsd B Rin a’xil'hvctrigdlvﬁl&t i eramraf reflddfonsl @O Uk Itﬁceb’e‘il‘ﬁhClﬁisN of
t he of said strargf Ir—ne segnent s of _adj acentiep ipghg proqass lréﬁldeteqtlpmg

V\Ihl Ch pr OdUCe theog l;gl' crgp tl%thf ?iaicg)ea- B‘.Hf %S"n:l?(%ig C%V@, é{g CS can W};IIC 100
seismic reflecti Ofergive Jpaeﬁasfumzﬂa i A S e o T N
detection of refl ec-_of slope [err]; and repea:trvra it enf Sthig TRl er:ﬁth’proccss

tions as indic e@imfbg (T)re ste i Sl hl&g efntth mbrem pff epre §pecification
i 105
intervals to gé) % e ch’:c E§ éjj B é‘t};geﬁ gé}- @%Waﬁmﬁ ch’@ﬁa’ﬁé” eg 3
average val ue of &lGBE aRS iferpdibiddl b@ieeh sefseﬁprﬂj:tectﬁd) rd¥lecilin $sel:o$dﬁht€d €%ndR&kd ONS
and to determ ne sissic \zeteeccr bhigs aohifdrinly sampléde chyoths §tert h’em ga&e’ﬁls cbmpmed velo-

[err](T). curve of velocity as a function of txmev\,hxfnérﬁs stpr

Spect fcati on £ il gt Beblo i ol i lsr;’;azﬂw SR B
particul arly advadijaoeedtsS This produces a ddas bindatd npbem‘, la QtBspectivtCsehidd R d tlariﬁﬁifs for
esti mat es of Tippints, [emicting \welpeity i 4t yreflection egimeh eag)f set efa@mmvreldwdw pojnt traree Each
interpolated gt (RE@‘?‘“"%’"H"?“&‘F on H‘Et"é"c?fé:dpl?réf I %Zf,gtdg Flt g‘fiﬁf’ls’t’m M g’cc'gd at 2 15
i ndi cat ed sei sM C ft@p@Siod Q) ObRip&opnddNbd QheM Y. B FiGeed taf S Bhdibae

Fig. 1. The corrpw‘necthodelRMS @ﬂﬁa/ef otlocite| acitbey byaghe ate;B uchlneOtasultdfs at plotenf tthI ty

is stored with t himoetheso IP@'EOPH op RHEragES tmerhem in ﬁgom
the uniformy sonlH¥ i falrrﬂa%yelg*eegm#dﬁ. céfeg;g :ﬁgé ’-ﬁ,%‘ fg}g o e
curve at the ref | eﬁi I Q&rdaﬁden%hoﬁnotheﬂ-3pref-&h@ r 88 Ul tindiGteaths Io@d‘u&g ol thig YinO bt
data adj acent setfeaturdhf ghepnvodiss.ce datg @plmesforofcxmartaapn fookaalt of whiclr esqme:cttcom-e

series of data pom‘ﬁhsm ; ﬁgp@m oS el A EE VBN Eopt p%nt *rraérsrfethe °ttt4“FPé
each set of copgmifad Nttt Ssetiob il T Rbad e T QS ng it OH5. 08 the
| i ne of explora- dadaﬁo&)tspﬁhw}i repﬂa&htudeSecaﬁIma@t | imer@ls.0Thé Yordadatea ind Big. tzJ Qﬂucts

det ect ed refl ectiddprimant reflestives- at ed record i neecorditio®: dnrtheesejsmbgmdmisofihe mumyriche
performed on the The myetiee wihngw de qirriped 11 oRlgPrale piRgndisactc amuwe Heler
RVS value of velocity, on the by the step 14. The result is a plot of the
snoot hed internal velocity, or on average type shown in Fig. 2. The
abscissa in Fig. velocity to depth obtained by integrating in- 2
represents horizontal distance along the line 55 terval velocity.

of epr oratron The reference nurrerals 15 16 120 In accordance W th

Y

. " o, . Y o



- em SecC

3 1, 361, 865
3 city of the detected reflection. For exanple, reflections. Colums of
reflection picks are 55 below the horizontal l|ocation 15, the first
deleted fromthe stored array and each nean nuneric value is 47 indicating
that the process value of RMS velocity is converted to inter- has detected
a reflection at a-record tinme of val velocity. This conversi oria:t,o i nterval
velo-,5 approximtely .15 sec qs nd that the city is in cordance
wi t =2 acousti ¢ vel ocity of Thii?’gq 8Lt or is 4,700 feet per secorid. One
process §plos QR ALOLGacuf, For BambB® JelePifons "Mk b Fbbcrior Jicks RS 5! Ped
[err] i reelopet fHofahtalOcation3 04, 4 OfrstA Sdefbled GroinSthd Rered array and each mean
60 10 gtumpricofalucl @t4@ indicating ghachn proressi t waluofof RAS| ebtityom somvetedeemeset s of CDP
traces. ' gggxggfgjg%tggoﬁ I @g;;aﬁtgglsgglgr?%% .§<=e° eren fosntel velfre precedi ng
pracess icP { ; : nt et as a reflection, but this
event W&erpe; é%&oed.rqﬁpgg?sgdggmﬁﬁmﬁg@ervaI velocrty at—_the IS5, has not been
pi cked oot jthecengtsha@mpbn Fég 3 is deppaibgsi ck wi | 1€ eet[e,q,s_ part of the
i nter yali® Spedfepon, 3%&@@@@&;&2 dt i eRagi-an-of—eent i Muity there
IS a SNMoRtRen sckL6OICTHPL kRS, nggstqpqgrat’li;oﬁ s indicated at 19. This snoot h-
Those vahdi@esdoft isnigeFx‘_galld\Pgahgs;f )thilayi ngdout- i ng tak;fu pl af:e over both tine
and vel OU§CEYNS Precrsy @aspIcyichAg iso BT Shehed@N ok ; dobif! 8Spe 65 20 As
an exgphe’, Pg)egﬁ ?slgtg’i‘;%%ﬁ‘;gétb E}%ﬂ? c‘ghr?%e @O?épgégﬁse]g%rr‘{dary ‘Igegs of a primry
refl ect i @& .pick | Wil ey reptel. SARDPirh Iof) Ghe cignisiegelr Vi-hes RIS gelicity and=pris exanpl e, one
may ado pdetefripdtiprs ofgdontihpifOBery &l agspiod i ch, m ght a plot to
e 000 e e S R Dok e e oy ML cBORSRR O o PLOL

' s_place over tume, and yélocity. . ch Xange are 1dentiicd 0
val uesgy Métlot Ehe QeretniitaBbn’ &t co;?_el @Cis tsptoniiy-legs iofl@ frinlagy e -1 s detected,
t he cor r@mpoad- smodthing onsider the Polowdfy For example, one may adopt;ligyts WHHG of RMS
VO 01t st ARG S o+ poy 15 5000 o o i oty oty
del et ed ¥ rrReROVER . 275 side this range is detected, ﬁl%ecoﬁ&ﬁctnd-DOTQ i on of
t he process incfsudes jshgg formati on oing tvidee v ®MS pebedy iregriamias (as A novi ng
operagdr of six pmints is7ioved her¢ledfiroay the)y ined) of. velocity and
time. 75 across th®se picks and thethﬁégﬁﬁggv E?éa:peﬁg’eaﬁe&,ﬁfté“dgz:l udes the

steps 22, , dod4or SisXnddQi NbeSeirlafiert Blaingd fof tvelbeity Sané alnect & at
~ maki ng aacfsgéﬁaﬁfi@i aﬁideaxé’%agé%;e o vel B tnehid@ theatchs Poi2htand AbsEn there is

. .. ! . N . 7 1 t e f Vi .
Bl e 82, i Sl S P il L e
. “time direction. After smoothi nglqhe o Céprated Upénl 8 arklQ) Referriflf Poe'marrp Y
referring, Etp d :b@m hg,yylﬂfeyfo gjifgr {Aiddgf | Bk hiddecolumn ety Bignd, el pdis 80 ght hand
ht 3ppeirh@ tlaph: pioFigt 5 as 881 [ﬁ:l’{)ﬁsfeﬂfi t se & I"450ﬁec'f’ﬁ} pl ot of
Qleb

col um ofickkintig eIy

Fig. 3 abllows] (5,100 feet per secondSate 25 be

gee§§ %ﬁ?
69, (5900 feet g% 5$6g03d,sat . 68 s el inted Akl hg%&c‘fsﬁﬂﬁdsﬁeﬂeafﬁecond at .77
second% may be 73 73cu?§§@mﬂﬁs%ﬂiﬁ serie;"'l‘hi"sf may be §- #onsi der ed
a series. Afthe jpradese findstisitreani cRif | EICPE (S FighiSWEEN B This may
be ex- ®Bothing elong derdesvpratty oreraset  Lhific R L “;m%’tﬂﬁdﬁﬁ{,éﬁg%%%mit h reference
to Figs. ;d MalelkadhGesiPat B Rbed] ORY sicbills raad kigCieloainss,1dohieccapeer aged  three
poi Nt s ame: fbodfted typOhow &l Bigl B.yThis mecond; the point T, V. is the time .68, 90
scal ed0 spcit infigatedianed it T[ err], vy apd i clocitre SPIMEET RS 1] and

\; t tual rogra th-, ~second; and" th int Tz V1 e
averagedplo’%é“f&"“%&’ Lt P e oA D.79 QEORIHSndl FelblsV 000CHed)peb, 100 f eet
per in acs;,ﬂ,lgf,iné) on -fn,gy NORr SHQWMngi dle Fcepnd. 3For Thathsserisee Gmte conmisippi nt Tl err],
Verr] is fohent iesiogh8 and@oubl veiicigp §ishiniec emegisalaving sjope r@rng;ﬁ- 1%
second’ gﬁ‘el are dpjered fegr thp ‘e‘?%ed.ﬁ'{"go\‘ifhefﬁ‘ e ef.'g%i(‘se e o BT B R Onnt er programme
.are_three Cl icks i ling . the | gonu S, € ectl “dara” poi 1 I
) g'm’of t@tﬁ:ﬁ oﬁiﬁi fak(?ﬂaﬁ[hﬁlrly, VERE Iy theSequdiBn t 1 ME p oyed in this
connect | @ktre thBe «6d folu€ k@ of 6% pickls/inseconds and the vel ocity 7,000 feet per
est abl i stiente memtis trkdint of thesel Whore thawpot hi ng ar eV S¢6N® For each series, a

cur ve SBolfpATSs 1ty SISO of 3 PO ngl e, an ol & VRLACAY, vebt T@OOhT | i ne

segment s RV hag 58 W0l [pikcds), iRBaed 6 4B of PheClit® paineindhd efiedThersige t he st or ed
array. \Weke Figue gnis CondskeU the vieuldiad aofpormiise and @ welprity Phieshtivte are three
vel oci t yrefiictides aidnthe sqcpndery tiage of primary &S B ve between data points is de-

mean of these threegpoigts is ta i,ni lagly, fined by the equation
where there areg‘“gu_rvl’i‘_i_i?j‘L@ woﬂgma_umumeman is taken of

these. Wiere there Tupu—Ta [er2] 50 @a%e above six a m xing operator
of six points is used. where mis an
index, V,, is the r.ms. velo- 100 The next step in the process, indicated

at city of the nth point in the series. The slope 21 in Figure 1, is to
delete the nultiple of each line and the velocity of each point
reflections and the secondary legs of primary are given by: [err]



4 1, 361, 865
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